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◊`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 ) 

ªJÙT«̂ ¤V` Yy ( 14th Paper : Nuclear Physics ) 
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) ÂEı≥V–Eı›Ã^ [˝„_Ã[˝ È[˝◊`rÙÓm◊_ ◊_F«X * ÂEı≥V–Eı›Ã^ [˝„_Ã[˝ 

Â]aX Tˆ√º¯ [˝_„Tˆ Eı› Â[˝ÁMıÁÃ̂  [˝ÓÁFÓÁ EıÃ[˝”X * ÂEı≥V–„EıÃ[˝ 

GPˆ„XÃ[˝ [˝ÓÁFÓÁ ◊c˜„a„[˝ ÊY“ÁªRÙOX-c Õ„_EıÆœÙX Tˆ„√º¯Ã[˝ [˝ÓUÔTˆÁÃ[˝ 

◊[˝b„Ã^ ae„l˘„Y ◊_F«X * 4 + 3 + 3 

F) %Á_ZıÁ EıSÁÃ[˝ YÁ{Á [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? %Á_ZıÁ EıSÁÃ[˝ 

YÁ{Á aey‘Á‹ôˆ GÁc˜OGÁÃ[˝-XÁªRÙOÁ_ a…y◊ªRÙO [˝ÓÁFÓÁ EıÃ[˝”X * Â^ 

a[˝ ÂTˆL◊ïòıÃ^ ÂEı≥V–Eı ÂU„Eı %Á_ZıÁ EıSÁ ◊XGÔTˆ c˜Ã^ 

Âam◊_Ã[˝ È[˝◊`rÙÓ ◊ªJÙ◊c˜‘Tˆ EıÃ[˝„Tˆ a…y◊ªRÙO Eı›\ˆÁ„[˝ aÁc˜Á^Ó 

Eı„Ã[˝ ?  2 + 5 + 3 

G) ÂEı≥V–Eı ae„^ÁLX Y“◊y‘Ã^Á◊ªRÙO =Y^«N˛ =VÁc˜Ã[˝„SÃ[˝ aÁc˜Á„^Ó 

[˝ÓÁFÓÁ EıÃ[˝”X * ÂEı≥V–Eı ◊[˝\ˆÁLX Y“◊y‘Ã^ÁÃ[˝ a„Ü AÃ[˝ 

YÁUÔEıÓ Eı› ? ◊[˝p˚ÁX›Ã[˝Á Y ◊U[˝›„Tˆ Ac˜O ÂEı≥V–Eı ae„^ÁLX 

Y“◊y‘Ã^ÁÃ̂  `◊N˛ %Ác˜Ã[˝S EıÃ[˝„Tˆ ◊EıªK«˜ %a«◊[˝W˝ÁÃ[˝ ]«„FÁ]«◊F 

c˜‰¨K˜X %UªJÙ a…^ÔY „úˆ Ac˜O ◊[˝◊y‘Ã^Á %◊[˝Ã[˝Tˆ\ˆÁ„[˝ ªJÙ„_‰ªK˜ * 

AÃ[˝ EıÁÃ[˝S [˝ÓÁFÓÁ EıÃ[˝”X * 4 + 2 + 4 

H) =Y^«N˛ ◊ªJÙ‰yÃ[˝ aÁc˜Á„^Ó AEı◊ªRÙO aÁc˜O‰zıÁÆœÙ„XÃ[˝ 

(cyclotron) EıÁ^ÔY“SÁ_› [˝ÓÁFÓÁ EıÃ[˝”X * c˜O„_EıÆœÙX„Eı 

±ºˆÃ[˝Á◊XüTˆ EıÃ[˝ÁÃ[˝ LXÓ aÁc˜O‰zıÁÆœÙX ÂEıX [˝Ó[˝c˜ÁÃ[˝ EıÃ[˝Á ^ÁÃ^ 

XÁ ? ◊[˝ªRÙOÁÆœÙX EıÁ„Eı [˝_Á c˜Ã^ ?  6 + 2 + 2 

I¯) ÂEıÁ„XÁ ÂEı≥V–„EıÃ[˝ a]Á„[˝` \ˆG¬Áe` (packing 

fraction) EıÁ„Eı [˝„_ ? ÂEıX AÃ[˝ ]ÁX @SÁ±¡Eı ◊Eıe[˝Á 

W˝SÁ±¡Eı A]X◊Eı `…XÓC c˜„Tˆ YÁ„Ã[˝ ? \ˆÃ[˝aeFÓÁÃ[˝ a„Ü 

a]Á„[˝` \ˆG¬Áe„`Ã[˝ Y◊Ã[˝[˝Tˆ¤„XÃ[˝ Â_F◊ªJÙy %·¯X Eı„Ã[˝ Ac˜O 

Â_F◊ªJÙy ÂU„Eı %Á]Ã[˝Á Eı› mÃ[˝”±ºˆY…SÔ TˆUÓ ÂY„Tˆ YÁ◊Ã[˝, TˆÁ 

%Á„_ÁªJÙXÁ EıÃ[˝”X * 2 + 3 + 5 

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

Eı) ◊[ ª̋RÙOÁ Ã[˝◊`ΩÃ[˝ È[˝◊`rÙÓm◊_ [˝SÔXÁ EıÃ[˝”X * %ÁYÁTˆ V ◊rÙ„Tˆ 

◊[˝ªRÙOÁ ◊[˝HªRÙO„XÃ[˝ Âl˘‰y `◊N˛ aeÃ[˝l˘S X›◊TˆÃ[˝ Â^ ◊[˝ªJ«ÙÓ◊Tˆ 

_l˘Ó EıÃ[˝Á ^ÁÃ^ TˆÁÃ[˝ EıÁÃ[˝S [˝ÓÁFÓÁ EıÃ[˝”X * 4 + 2 
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F) Â_¥RÙOX C c˜ÓÁQŒˆ„XÃ[˝ YÁUÔEıÓm◊_ ◊_F«X * =\ˆÃ^ Y“EıÁÃ[˝ 

EıSÁÃ[˝ V«◊ªRÙO Eı„Ã[˝ =VÁc Ã̃[˝S ◊VX * 1 Mev/c 2  ÂEı 

◊Eı„_ÁG–Á] AEı„Eı Y“EıÁ` EıÃ[˝”X * 4 + 2 

G) ÂEı≥V–Eı›Ã̂  ◊[˝◊y‘Ã̂ Á [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? ÂEı≥V–Eı›Ã^ 

◊[˝◊y‘Ã̂ ÁÃ[˝ Âl˘‰y Y“„^ÁLÓ aeÃ[˝l˘S a…ym◊_ ◊_F«X * 

   2 + 4 

H) Y“E ı◊Tˆ„Tˆ Â^ ªJÙÁÃ[˝ Y“EıÁ„Ã[˝Ã[˝ ◊]U◊ïòıÃ^Á _l˘Ó EıÃ[˝Á ^ÁÃ̂  

TˆÁ„VÃ[˝ XÁ] =‰{F Eı„Ã[˝ Âam◊_ a+„EÔı ae„l˘„Y 

◊_F«X * 6 

I¯) Ã[˝ÁaÁÃ^◊XEı aÁ]Ó C ÂTˆL◊ïòıÃ^ aÁ„]ÓÃ[˝ YÁUÔEıÓ ◊X„V¤` 

EıÃ[˝”X * ÂTˆL◊ïòıÃ^ aÁ]Ó ◊Eı Y“E ıTˆ %„UÔ AEı◊ªRÙO aÁ]Ó ? 

%ÁYXÁÃ[˝ =w¯„Ã[ Ã̋[˝ aY„l˘ ^«◊N˛ ◊VX * 3 + 3 

ªJÙ) ÂEıÁ„XÁ ÂEı≥V–Eı›Ã^ ◊[˝◊y‘Ã^ÁÃ[˝ Âl˘‰y Q ]ÁX ( Q value )  

[˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? Â^ÏG ÂEı≥V–„EıÃ[˝ W˝ÁÃ[˝SÁÃ[˝ CYÃ[˝ ◊\ˆ◊w¯ 

Eı„Ã[˝ Eı›\ˆÁ„[˝ ÂEı≥V–Eı ◊[˝◊y‘Ã^Á aey‘Á‹ôˆ EıTˆEım◊_ 

Y^Ô„[˝l˘S [˝ÓÁFÓÁ EıÃ[˝Á ^ÁÃ̂  ?  3 + 3 

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

Eı) AEı◊ªRÙO ÂTˆL◊ïòıÃ^ ÂEı≥V–„EıÃ[˝ %W˝ÔÁÃ^« 22 ◊VX * Ac˜O 

=YÁVÁ„XÃ[˝ 10 g  A[˝e 20 g \ˆÃ[˝◊[˝◊`rÙ V«◊ªRÙO ◊\ˆ~ X]«XÁ 

◊X„Ã̂  AEı◊ªRÙO [˝Á„jÃ[˝ AEı◊ªRÙO ÂFÁ„YÃ[˝ V«c Õ ÂEıÁXÁÃ̂  %Á_ÁVÁ 

\ˆÁ„[˝ Ã[˝ÁFÁ c˜_ * B [˝Á„jÃ[˝ %Á„Ã[˝Eı◊ªRÙO ÂFÁ„YÃ[˝ ]„W˝Ó Ac˜O 

ÂTˆL◊ïòıÃ̂  =YÁVÁ„XÃ[˝ 30 g Ã[˝ÁFÁ c˜_ * Ac Õ [˝Áj◊ªRÙO 

44 ◊VX [˝Á„V %Á[˝ÁÃ[˝ F«_„_ V«◊ªRÙO ÂFÁ„Y ◊Eı Y◊Ã[˝]ÁS 

ÂTˆL◊ïòıÃ^ =YÁVÁX YÁCÃ^Á ^Á„[˝ ? 3 

F) c˜O„_EıÆœÙ„XÃ[˝ ÂEıÁXÀ ÂEıÁXÀ È[˝◊`rÙÓm◊_Ã[˝ LXÓ TˆÁ„Eı ZıÁ◊]ÔÃ̂ X 

( Fermion ) [˝_Á c˜Ã^ ? ÂEıÁ„XÁ Â[˝ÁaX ( boson ) 

EıSÁÃ[˝ ÂU„Eı TˆÁÃ[˝ YÁUÔEıÓm◊_ ◊Eı ?  3 

G) ÂEı≥V–Eı ◊[˝\ˆÁLX Y“◊y‘Ã̂ Á [˝ÓÁFÓÁ EıÃ[˝ÁÃ[˝ LXÓ ÂEı≥V–„EıÃ[˝ 

TˆÃ[˝_ ◊[˝≥V« GPˆ„XÃ[˝ ]„Qˆ_◊ªRÙO [˝ÓÁFÓÁ EıÃ[˝”X * 3 

H) GÁ]Á Ã[˝◊`ΩÃ[˝ W˝]Ôm◊_ ◊_F«X * Ac˜O Ã[˝◊`ΩÃ[˝ V«◊ªRÙO Y“„Ã^Á„GÃ[˝ 

=‰{F EıÃ[˝”X * 3 

I¯) ◊X=ÆœÙX C ÊY“ÁªRÙO„XÃ[˝ ÂEıÁÃ^ÁEÔı◊\ˆ◊w¯Eı GPˆX ◊_F«X * AEı◊ªRÙO 

◊[˝◊¨K˜~ ◊X=ÆœÙX Eı›Ã[˝Eı] \ˆÁI¯X Y“◊y‘Ã^ÁÃ[˝ ]„W˝Ó ◊V„Ã^ ^ÁÃ̂  ? 

   2 + 1 

ªJÙ) ◊[˝ªRÙOÁ \ˆÁI¯„XÃ[˝ Âl˘‰y K c˜O„_EıÆœÙX %◊W˝G–c˜S [˝_„Tˆ ◊Eı 

Â[˝ÁMıÁÃ^ ?  3 

ªK˜) ÂTˆL◊ïòıÃ^ \ˆÁI¯„XÃ[˝ Zı„_ GÁ]Á Ã[˝◊`Ω ◊XGÔTˆ c Ã̃^ * YÃ[˝]ÁS«Ã[˝ 

%\ˆÓ‹ô̂ „Ã[˝ c˜O„_EıÆœÙ„XÃ[˝ `◊N˛ÿôˆÃ[˝ Y◊Ã[˝[˝Tˆ¤„XÃ[˝ Zı„_ Â^ Aj 

( X ) Ã[˝◊`Ω YÁCÃ^Á ^ÁÃ̂  GÁ]Á Ã[˝◊`Ω TˆÁÃ[˝ T«ˆ_XÁÃ^ %◊W˝Eı 

`◊N˛`Á_› * Ac˜O Y^Ô„[˝l˘S ÂU„Eı ÂEı≥V–„EıÃ[˝ `◊N˛ÿôˆÃ[˝ 

a+„EÔı ◊Eı ◊aà˘Á„‹ôˆ ÂYgÏªªK˜Á„XÁ ^ÁÃ^ ? 3 

L) YÁÃ[˝]ÁS◊[˝Eı \ˆÃ[˝ AEıEı ( atomic mass unit [˝Á 

amu ) Eı› ? %Á]Ã[˝Á ^FX [˝◊_ Â^ 1 amu Y“ÁÃ̂  

931 MeV-AÃ[˝ a]ÁX, TˆFX Eı› Â[˝ÁMıÁÃ^ ?  2 + 1 
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1. Answer any two questions : 10 × 2 = 20 

a) Write down the characteristics of the 

nuclear force. Explain what is meant by the 

meson theory of nuclear forces. Write 

briefly about the failure of the proton-

electron theory of the structure of the 

nucleus. 4 + 3 + 3 

b) What is meant by the range of alpha 

particles ? Explain the Geiger-Nuttall law in 

connection with the range of alpha 

particles. How does this law help us to 

identify the characteristics of the different 

alpha emitting radioactive nuclei ? 2 + 5 +3 

c) Explain the process of nuclear fusion with 

suitable example. How does it differ from 

nuclear fission ? Explain why the scientists 

are still encountering difficulties in 

extracting the energy through the process 

of fusion on the surface of the earth while 

this is taking place on the sun without any 

break. 4 + 2 + 4 

d) With a suitable diagram explain the 

working principle of a cyclotron. Why a 

cyclotron cannot be used for accelerating 

an electron ? What is a betatron ? 6 + 2 + 2 

e) What is meant by packing fraction of a 

nucleus ? Why can its value be either 

negative or positive or even zero ? Draw the 

graph showing the variation of packing 

fraction with mass number and discuss 

what important information we can extract 

from the graph. 2 + 3 + 5 

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

a) Describe the characteristics of beta ray. 

Explain the reason for the observation of 

apparent violation of the principle of 

conservation of energy in the case of beta 

decay. 4 + 2 

b) Write down the differences between the 

leptons and hadrons with two examples of 

each type of particles. Express 1 MeV/c 2  

in kilogram. 4 + 2 

c) What is meant by a nuclear reaction ? Write 

down the conservation principles with a 

nuclear reaction. 2 + 4 
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d) Mentioning the names, write briefly about 

the four types of interactions observed in 

nature. 6 

e) Distinguish between chemical equilibrium 

and radioactive equilibrium. Is radioactive 

equilibrium a real equilibrium ? Give 

arguments in favour of your answer. 3 + 3 

f) What is meant by the Q value of a nuclear 

reaction ? What is a compound nucleus 

and how does the idea help to explain some 

of the observations related to the nuclear 

reactions ? 3 + 3 

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

a) The half-life of a radioactive nucleus is 

22 days. Two samples of the nuclei 

weighing 10 g and 20 g kept separately in 

the two corners of a compartment of a box. 

Another sample of 30 g is kept in separate 

compartment. If the box is opened after 

44 days, what amount of the radioactive 

nuclei will be found in the two 

compartments ? 3 

b) Which characteristics of an electron make it 

a fermion ? How does it differ from a 

boson particle ? 3 

c) Write down briefly about the liquid drop 

model of a nucleus for the explanation of 

the phenomenon of nuclear fission. 3 

d) Write down the properties of gamma rays 

and mention two of its applications. 3 

e) Write down the quark structure of a 

neutron and a proton. How does an isolated 

neutron decay ? 2 + 1 

f) What is meant by the K electron capture in 

beta decay ? 3 

g) Gamma rays come out during a radioactive 

decay and this ray is much more energetic 

than the X-ray that comes out of an 

electronic transition in an atom. What may 

be concluded about the nuclear energy 

levels from this observation ? 3 

h) What is atomic mass unit ( amu ) ? When 

we say that 1 amu is approximately 

equivalent to 931 MeV, what does that 

really mean ? 2 + 1 

    
 
 


