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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∂ëˆÃ[˝ 

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) Â[˝ÁÃ[˝-a]ÁÃ[˝„Zı∑Qˆ YÃ[˝]ÁS« Y“◊TˆÃ[˝÷Y◊ªRÙO ◊[˝ÿôˆÁ◊Ã[˝Tˆ\ˆÁ„[˝ 

◊ªJÙyac˜ %Á„_ÁªJÙXÁ EıÃ[˝”X * YÁ=◊_Ã[˝ [˝L¤X X›◊Tˆ◊ªRÙO [˝ÓÁFÓÁ 

EıÃ[˝”X * ^◊V c˜O„_EıÆœÙ„XÃ[˝ ◊ÿöˆÃ[˝ \ˆÃ[˝ 510 eV c Ã̃̂  A[˝e 

a«©øGPˆX W˝–”[˝„EıÃ[˝ ]ÁX 0·0073 c Ã̃^, TˆÁc˜„_ c˜Ác˜O‰QŒˆÁ„LX 

YÃ[˝]ÁS«Ã[˝ n = 2 %[˝ÿöˆÁÃ[˝ V«◊ªRÙO =Yÿôˆ„Ã[˝Ã[˝ ]„W˝Ó `◊N˛ 

YÁUÔEıÓ GSXÁ EıÃ[˝”X * 4 + 3 + 3 

F) Eı◊PˆX YVÁUÔ„Eı ÊªJÙÏ∂ëˆEı W˝]Ô %X«^ÁÃ^› Eı›\ˆÁ„[˝ \ˆÁG EıÃ[˝Á 

c˜Ã^ =VÁc˜Ã[˝S ac˜„^Á„G %Á„_ÁªJÙXÁ EıÃ[˝”X * E«ıÃ[˝›-\ˆÁc˜Oa 

a…y◊ªRÙO [˝ÓÁFÓÁ EıÃ[˝”X * %ÁV Ồ ÊªJÙÏ∂ëˆEı GÓÁ„aÃ[˝ ÂEıÁÃ^Á≥RÙOÁ] 

Y“◊T Ã̂[˝÷Y %Á„_ÁªJÙXÁ EıÃ[˝”X * 4 + 3 + 3 

G) ÂEı_Áa [˝Á ◊XÃ̂ TˆÁEıÁÃ[˝ Eı◊PˆX [˝ÿô«ˆÃ[˝ È[˝◊`rÙÓm◊_ %Á„_ÁªJÙXÁ 

EıÃ[˝”X * _ÓÁ◊ªRÙO„aÃ[˝ Y“◊TˆaÁ]Óm◊_ %Á„_ÁªJÙXÁ EıÃ[˝”X * 

[˝–Á„GÃ[˝ a…‰yÃ[˝ aÁc˜Á„^Ó Eı›\ˆÁ„[˝ ÂEı_Á„aÃ[˝ GPˆX ◊XSÔÃ^ EıÃ[˝Á 

c˜Ã^ %Á„_ÁªJÙXÁ EıÃ[˝”X * 2 + 4 + 4 

H) Y◊ªRÙO [˝SÔÁ_› Eı› A[˝e Eı›\ˆÁ„[˝ AÃ[˝ a ◊rÙ c˜Ã^ ? ◊•YÃ[˝]ÁS«Eı 

%S«Ã[˝ `◊N˛ C TˆÁÃ[˝ &≥VX [˝SÔÁ_› ÂEıÁXÀ ÂEıÁXÀ ◊[˝b„Ã̂ Ã[˝ 

=YÃ[˝ Eı›\ˆÁ„[˝ ◊X\ˆ¤Ã[˝ Eı„Ã[˝ %Á„_ÁªJÙXÁ EıÃ[˝”X * 5 + 5 

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

Eı) a]„^ÁL› C %ÁÃ^X›Ã^ [˝μ˘„XÃ[˝ Y◊Ã[˝ªJÙÃ^ ◊V„Ã^ TˆÁ„VÃ[˝ 

T«ˆ_XÁ]…_Eı %Á„_ÁªJÙXÁ EıÃ[˝”X * 6 

F) %Ã̂ ‰∏JÙÏ∂ë̂Eı YVÁ„UÔÃ[˝ ÂEıÁXÀ ÂEıÁXÀ È[˝◊`rÙÓm◊_ %XÓ W˝Ã[˝„XÃ[˝ 

ÊªJÙÏ∂ëˆEı YVÁUÔ ÂU„Eı TˆÁ„Eı %Á_ÁVÁ\ˆÁ„[˝ ◊ªJÙ◊c˜‘Tˆ Eı„Ã[˝‰ªK˜ ? 

Ac˜O W˝Ã[˝„XÃ[˝ YVÁ„UÔ ªJ«Ù∂ëˆEıX ªJÙy‘ Y“◊y‘Ã^Á◊ªRÙO %Á„_ÁªJÙXÁ 

EıÃ[˝”X * 3 + 3 
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G) `◊N˛ Y◊ªRÙOÃ[˝ aÁc˜Á„^Ó ◊ªJÙyac˜ W˝ÁT«̂ , %W˝ÔY◊Ã[˝[˝Ác˜› A[˝e 

%‹ôˆÃ[˝„EıÃ[˝ ]„W˝Ó YÁUÔEıÓ [˝ÓÁFÓÁ EıÃ[˝”X * 6 

H) ◊ªJÙyac˜ Aj-Ã[˝◊`ΩÃ[˝ %◊[˝◊¨K˜~ [˝SÔÁ_›Ã[˝ =dY◊w¯ [˝ÓÁFÓÁ 

EıÃ[˝”X * AEı◊ªRÙO %p˚ÁTˆ Â]Ï_ 7·4 keV `◊N˛Ã[˝ αK Aj-

Ã[˝◊`Ω =dY~ Eı„Ã[˝ * ^◊V h = 6·62 × 10 34− J-s, 
17 m10091 −×⋅=HR  A[˝e  

 1 eV = 1·6 × 10 19− J c Ã̃^, TˆÁc˜„_ Â]Ï_◊ªRÙO„Eı `XÁN˛ 

EıÃ[˝”X * 3 + 3 

I¯) Â[˝Á„Ã[˝Ã[˝ Tˆ√º¯ Y“„Ã^ÁG Eı„Ã[˝ c˜Ác Õ‰QŒˆÁ„LX YÃ[˝]ÁS«Ã[˝ 

c˜O„_EıÆœÙX◊ªRÙOÃ[˝ %Á[˝Tˆ¤„XÃ[˝ ◊[˝◊\ˆ~ Eıl˘Y„UÃ[˝ [˝ÓÁaÁW˝Ô A[˝e 

`◊N˛Ã[˝ Ã[˝Á◊`]Á_Á ◊XÃ[˝÷YS EıÃ[˝”X * 6 

ªJÙ) YÃ[˝]ÁS«Ã[˝ Â\ˆkÙÃ[˝ Y“◊TˆÃ[˝÷Y Eı› ? Ac˜O Y“◊TˆÃ[˝÷„Y [˝Ó[˝c˜÷Tˆ 

ÂEıÁÃ^Á≥RÙOÁ] aeFÓÁm◊_ [˝ÓÁFÓÁ EıÃ[˝”X * 0·8 T ÊªJÙÏ∂ëˆEı 

Âl˘‰y 600 nm TˆÃ[˝ÜÍV„HÔÓÃ[˝ AEı◊ªRÙO [˝SÔÁ_›„Ã[˝FÁÃ[˝ 

aÁW˝ÁÃ[˝S L›]ÁX ÿöˆÁXÁ‹ôˆÃ[˝ EıTˆ c˜„[˝ ^◊V 

 e/m  =  1·76 × 1011  Ckg 1−  c˜Ã^ ? 1 + 3 + 2 

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

Eı) L◊ªRÙO_ YÃ[˝]ÁS«Ã[˝ `◊N˛ÿôˆÃ[˝ %Á„_ÁªJÙXÁ EıÃ[˝”X * 3 

F) ^◊V e = 1·6 × 10 19− C, 12
0 10858 −×⋅=∈ , 

h = 6·62 × 10 34− J-s  A[˝e  

 c  =  3 × 10 8  ms 1−   c Ã̃̂ , TˆÁc˜„_ a…©ø GPˆX 

W˝–”[˝„EıÃ[˝ ]ÁX ◊XSÔÃ^ EıÃ[˝”X * 3 

G) Eı◊PˆX YVÁ„UÔÃ[˝ %Á„Y◊l˘Eı TˆÁY aey‘Á‹ô̂  ◊Qˆ[˝Ác Õ-AÃ[˝ Tˆ√º¯◊ªRÙO 

[˝ÓÁFÓÁ EıÃ[˝”X * 3 

H) 490 nm TˆÃ[˝ÜÍV„HÔÓÃ[˝ AEı◊ªRÙO ◊[˝◊EıÃ[˝S ÂEıÁX W˝ÁT«ˆÃ[˝ =YÃ[˝ 

%ÁY◊TˆTˆ c˜_ * %ÁY◊TˆTˆ %Á„_Á„EıÃ[˝ `◊N˛ C Eı+Á·¯ 

EıTˆ ? ^◊V B W˝ÁT«ˆÃ[˝ EıÁ^Ô %„Yl˘Eı 2·7 eV c Ã̃̂ , TˆÁc˜„_ 

◊XGÔTˆ ÂZıÁ‰ªRÙOÁ-c˜O„_EıÆœÙ„XÃ[˝ G◊Tˆ`◊N˛ EıTˆ c˜„[˝ ? 3 

I¯) ZıÁ◊]Ô `◊N˛ Eı› ? =b’TˆÁÃ[˝ a„Ü AÃ[˝ Y◊Ã[˝[˝Tˆ¤X Eı›\ˆÁ„[˝ 

c˜Ã^ ?   2 + 1 

ªJÙ) 2/35 2,5 DF  A[˝e 01S  `◊N˛ÿôˆÃ[˝m◊_Ã[˝ a„Ü ^«N˛ 

L, S A[˝e J-Ã[˝ ]ÁXm◊_ ◊XSÔÃ^ EıÃ[˝”X * 3 

ªK˜) ◊]_ÁÃ[˝ a…ªJÙEı Eı› ? ÂEı_Áa %l˘m◊_Ã[˝ =YÃ[˝ ÂEıÁX Tˆ„_Ã[˝ 

%‹ôˆfÍVHÔÓm◊_ ^UÁy‘„] 10a, 5b A[˝e 15c c˜„_ ◊]_ÁÃ[˝ 

a…ªJÙEım◊_Ã[˝ ]ÁX EıTˆ ?  1 + 2 

L) %◊TˆY◊Ã[˝[˝Á◊c˜TˆÁÃ[˝ BCS Tˆ√º¯◊ªRÙO %Á„_ÁªJÙXÁ EıÃ[˝”X * 3 
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1. Answer any two questions : 10 × 2 = 20 

a) Discuss elaborately with diagrams the 

Bohr-Sommerfeld atomic model. Explain 

the Pauli exclusion principle. If the rest 

mass of an electron is 510 eV and the fine-

structure constant is 0·0073, then compute 

the energy difference between the two sub-

states of hydrogen atom with n = 2. 

   4 + 3 + 3 

b) How are solids classified according to their 

magnetic properties ? Discuss with 

examples. Explain Curie-Weiss law. 

Discuss the quantum model of ideal 

magnetic gas. 4 + 3 + 3 

c) Discuss the characteristics of crystalline 

solids. Explain the symmetries of the 

lattice. How the structure of crystals be 

determined using Bragg’s law ? Discuss. 

   2 + 4 + 4 

d) What is band spectra and how is it 

formed ? Discuss on what factors and how 

the energy and vibrational spectra of the 

diatomic molecules depend. 5 + 5 

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

a) Make a comparative discussion of the 

covalent and ionic bonds mentioning their 

meanings. 6 

b) What are the characteristics of a 

ferromagnetic material that differentiate it 

from other magnetic materials ? Discuss 

the process of hysteresis cycle in such 

materials. 3 + 3 

c) Explain with the help of energy band 

diagrams the differences among metals, 

semiconductors and insulators. 6 
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d) Explain with diagram the origin of 

continuous X-ray spectrum. An unknown 
element produces αK  X-ray photons of 

7·4 keV. If  h = 6·62 × 10 34− J-s,  

 17 m10091 −×⋅=HR  and  

 1 eV = 1·6 × 10 19− J, then identify the 

element. 3 + 3 

e) Derive the expressions for the radii of the 

orbits and energies of the revolving electron 

of the hydrogen atom, using Bohr’s theory. 

   6 

f) What is the vector model of an atom ? 

Explain the quantum numbers used in this 

model. What will be the normal Zeemann 

shift of a 600 nm wavelength spectral line 

in a magnetic field of 0·8 T, if 

 e/m  =  1·76 × 1011  Ckg 1−  ? 1 + 3 + 2 

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

a) Discuss the energy levels of a complex 

atom.  3 

b) Compute the value of the fine-structure 

constant, given that  e = 1·6 × 10 19− C, 

 12
0 10858 −×⋅=∈ , h = 6·62 × 10 34− J-s 

and  c  =  3 × 10 8  ms 1−  . 3 

c) Explain the Debye theory of the specific 

heat of solids. 3 

d) A radiation of 490 nm wavelength falls on a 

metal surface. What are the energy and 

frequency of the incident light ? If the work-

function of the metal is 2·7 eV, what is the 

kinetic energy of the emitted photo- 

electron ? 3 

e) What is Fermi energy ? How does it change 

with temperature ? 2 + 1 

f) Compute the values of L, S and J 

associated with the energy states 

2/35 2,5 DF  and 01S . 3 

g) What are Miller indices ? What are the 

Miller indices for a crystal where the 

lengths of the intercepts of a plane on the 

axes are 10a, 5b and 15c, respectively. 

   1 + 2 

h) Discuss the BCS theory of 

superconductivity. 3 

    
 


