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

◊Qˆ„a∂ëˆÃ[˝, 2015 C L«X, 2016  

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

y„Ã̂ ÁV` Yy ( 13th Paper : Structure of Atoms, 
Molecular Spectra and Solid State 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∂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) Ã[˝Á]X ◊y‘Ã^Á (Raman effect) [˝_„Tˆ Eı› Â[˝ÁMıÁÃ^ ? 
Ã[˝Á]X [˝SÔÁ_›„Tˆ Ê∫RÙOÁEıaÀ ÂÃ[˝FÁ C %ÓÁ◊≥RÙO-Ê∫RÙOÁEıaÀ ÂÃ[˝FÁ 
ÂEıÁXÀm◊_„Eı [˝_Á c Ã̃^ ? ÂEıÁÃ^Á≥RÙOÁ] Tˆ„√º¯Ã[˝ aÁc˜Á„^Ó Ã[˝Á]X 
◊y‘Ã^Á Eı›\ˆÁ„[˝ [˝ÓÁFÓÁ EıÃ[˝Á ^ÁÃ̂  ae„l˘„Y ◊_F«X 
(GÁ◊S◊TˆEı\ˆÁ„[˝ Y“◊Tˆ◊úˆTˆ EıÃ[˝ÁÃ[˝ Y“„Ã^ÁLX ÂXc˜O) * Ã[˝Á]X 
◊y‘Ã^ÁÃ[˝ Eı„Ã^Eı◊ªRÙO Y“„Ã^Á„GÃ[˝ EıUÁ ◊_F«X * 

   2 + 3 + 3 + 2 

F) %◊[˝◊¨K˜~ Aj-Ã[˝◊`Ω [˝SÔÁ_› C È[˝◊`rÙÓ]…_Eı Aj-Ã[˝◊`Ω 

[˝SÔÁ_›Ã[˝ =da V«◊ªRÙOÃ[˝ YÁUÔEıÓ ◊X„V¤` EıÃ[˝”X * Aj-Ã[˝◊`ΩÃ[˝ 

È[˝◊`rÙÓ]…_Eı [˝SÔÁ_› ◊[˝b„Ã^ Â]ÁL„_Ã[˝ EıÁL ae„l˘„Y 

◊_F«X A[˝e Â]Ï„_Ã[˝ Y^ÔÁÃ̂  aÁÃ[˝S›„Tˆ Ac Õ G„[˝bSÁÃ[˝ Eı› 

Y“\ˆÁ[˝ Y‰QÕˆ‰ªK˜ TˆÁ =‰{F EıÃ[˝”X * AEı◊ªRÙO Aj-Ã[˝◊`Ω X„_ 

c˜O„_EıÆœÙX„Eı 30 kV ◊[˝\ˆ[˝ Y“„\ˆ„VÃ[˝ ]„W˝Ó ◊V„Ã^ ±ºˆÃ[˝Á◊SüTˆ 

EıÃ[˝Á c˜„Ã^‰ªK˜ * Ac˜O X„_ a[˝‰ªJÙ„Ã^ Eı] TˆÃ[˝ÜÍV„HÔÓÃ[˝ Â^ 

Aj-Ã[˝◊`Ω ÈTˆÃ[˝› c˜„[˝ TˆÁÃ[˝ TˆÃ[˝ÜÍVHÔÓ EıTˆ ?  3 + 5 + 2 

G) %Á„_ÁEıTˆ◊QÕˆd ◊[˝bÃ^Eı %Ác ÕX∫RÙOÁc˜O„XÃ[˝ a]›EıÃ[˝S ◊_F«X 

A[˝e ÂaFÁX ÂU„Eı Y“ÁÃ[˝ïˆ (threshold) Eı+Á„·¯Ã[˝ 

TˆÁdY^Ô [˝ÓÁFÓÁ EıÃ[˝”X * ◊X[˝ ◊w¯ (Stopping) ◊[˝\ˆ[˝ ◊Eı ? 

AEı◊ªRÙO W˝ÁT«ˆÃ[˝ EıÁ^Ô %„Yl˘Eı ( work function )     

2·2 eV* Ac Õ W˝ÁT«ˆ◊ªRÙOÃ[˝ Y“ÁÃ[˝ïˆ Eı+Á·¯ EıTˆ ? Ac˜O W˝ÁT«ˆÃ[˝ 

CYÃ[˝ 400 nm AÃ[˝ AEı◊ªRÙO ◊[˝◊EıÃ[˝S %ÁY◊TˆTˆ c˜_ * 

AÃ[˝ Zı„_ Â^ c Õ„_EıÆœÙX ◊XGÔTˆ c˜„[˝ TˆÁÃ[˝ G◊Tˆ`◊N˛ ◊XSÔÃ̂  

EıÃ[˝”X * 4 + 2 + ( 2 + 2 ) 

H) =Y^«N˛ ◊ªJÙ‰yÃ[˝ aÁc˜Á„^Ó Y◊ªRÙO Tˆ„√º¯Ã[˝ ( band theory ) 

V ◊rÙ„EıÁS ÂU„Eı W˝ÁT«ˆ, %W˝ÔY◊Ã[˝[˝Ác˜› C %‹ôˆÃ[˝„EıÃ[˝ YÁUÔEıÓ 

T«ˆ„_ W˝Ã[˝”X * TˆÁY]ÁyÁÃ[˝ a„Ü W˝ÁT«ˆ, %W˝ÔY◊Ã[˝[˝Ác˜› A[˝e 

%‹ôˆÃ[˝Eı YVÁ„UÔÃ[˝ È[˝V«Ó◊TˆEı Y◊Ã[˝[˝Á◊c˜TˆÁ Eı›\ˆÁ„[˝ Y◊Ã[˝[˝◊Tˆ¤Tˆ 

c˜Ã̂  [˝ÓÁFÓÁ EıÃ[˝”X * ÂQˆÁ◊Ye ( doping )-AÃ[˝ a„Ü ÂEıÁ„XÁ 

ÿëˆ\ˆÁ[˝L (intrinsic) %W Ô̋Y◊Ã[˝[˝Ác˜›Ã[˝ È[˝V«Ó◊TˆEı Y◊Ã[˝[˝Á◊c˜TˆÁ 

Eı›\ˆÁ„[˝ Y◊Ã[˝[˝◊Tˆ¤Tˆ c Ã̃^ ?  5 + 2 + 3 
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I¯) %◊XÃ^TˆÁEıÁÃ[˝ A[˝e ÂEı_Á◊aTˆ YVÁ„UÔÃ[˝ YÁUÔEıÓ ◊X„V¤` 

EıÃ[˝”X * _ÓÁ◊ªRÙOa A[˝e ÂEı_Áa ]„W˝ÓEıÁÃ[˝ a+EÔı◊ªRÙO 

◊_F«X * ◊]_ÁÃ[˝ a…ªJÙEı EıÁ„Eı [˝„_ A[˝e Âam◊_ Eı›\ˆÁ„[˝ 
◊XSÔÃ^ EıÃ[˝Á c˜Ã^ ? ÂEı_Áa◊[˝VÓÁÃ^ Aj-Ã[˝◊`Ω [˝Ó[˝Tˆ¤„XÃ[˝ 
\…ˆ◊]EıÁ a+„EÔı ae„l˘„Y ◊_F«X * 2 + 1 + 2 + 2 + 3 

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

Eı) L›]ÁX ◊y‘Ã^Á (Zeeman effect) [˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? 
ÿëˆÁ\ˆÁ◊[˝Eı (normal) L›]ÁX˝ ◊y‘Ã^Á C [˝Ó◊Tˆy‘]› 
(anomalous) L›]ÁX ◊y‘Ã^ÁÃ[˝ YÁUÔEıÓ ◊X„V¤` EıÃ[˝”X * 

   3 + 3 
F) YÃ[˝Á‰ªJÙÏ∂ëˆEı ( paramagnetic ) C %Ã^‰∏JÙÏ∂ë̂Eı 

(ferromagnetic) YVÁ„UÔÃ[˝ YÁUÔEıÓ ◊X„V¤̀  EıÃ[˝”X * 
ÊªJÙÏ∂ëˆEı È`◊U_Ó (magnetic hysteresis) [˝_„Tˆ Eı› 
Â[˝ÁMıÁÃ^ ?  3 + 3 

G) %ÁÃ^X›Ã^ [˝μ˘X (ionic bond) Eı› A[˝e Am◊_ Eı›\ˆÁ„[˝ 
G◊PˆTˆ c Ã̃̂  ? a]„^ÁL› [˝μ˘X (covalent bond) C 
%ÁÃ^X›Ã^ [˝μ˘„XÃ[˝ ]„W˝Ó YÁUÔEıÓ Eı› ?  4 + 2 

H) Eı◊Pˆ„XÃ[˝ %Á„Y◊l˘Eı TˆÁY aey‘Á‹ôˆ Q«ˆ_e C ÂY◊ªRÙOªRÙO 
(Dulong and Petit) a…y◊ªRÙO Y◊Ã[˝[˝Tˆ¤„XÃ[˝ LXÓ 
%Ác˜OX∫RÙOÁc˜OX Â^ ◊ªJÙ‹ôˆÁW˝ÁÃ[˝Á =Yÿö̂ ÁYXÁ Eı„Ã[˝◊ªK˜„_X TˆÁÃ[˝ 
a+„EÔı ◊_F«X (GÁ◊S◊TˆEı\ˆÁ„[˝ Y“◊TˆúˆÁÃ[˝ Y“„Ã^ÁLX ÂXc Õ)* 
%Ác˜OX∫RÙOÁc Õ„XÃ[˝ Y‹öˆÁÃ^ Eı› a›]Á[˝à˘TˆÁ ◊ªK˜_ ?  4 + 2 

I¯) Â[˝ÁÃ[˝ =YÿöˆÁ◊YTˆ c˜Ác˜O‰QŒˆÁ„LX YÃ[˝]ÁS« ]„Qˆ_◊ªRÙOÃ[˝ 
a›]Á[˝à˘TˆÁm◊_ Eı› ? Â[˝Á„Ã[˝Ã[˝ aÁV ̀ Ó X›◊Tˆ (Bohr’s 

correspondence principle) [˝_„Tˆ Eı› Â[˝ÁMıÁÃ̂  ? 
   3 + 3 

ªJÙ) \ˆÃ[˝ [˝SÔÁ_› ◊[˝‰`¿bS (mass spectroscopy) [˝_„Tˆ Eı› 

Â[˝ÁMıÁ„XÁ c˜Ã^ ? YVÁUÔ◊[˝VÓÁ C Ã[˝aÁÃ^X ◊[˝VÓÁÃ^ AÃ[˝ mÃ[˝”±ºˆ 

a+„EÔı ◊_F«X * 4 + 2 

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

Eı) TˆÁY›Ã^ ◊X:aÃ[˝S ◊Eı ? TˆÁY]ÁyÁ ◊XÃ^◊‹óˆTˆ Y“[˝Ác˜]ÁyÁ EıÁ„Eı 

[˝_Á c˜Ã^ ?  2 + 1 

F) ÂEıÁ„XÁ ÂEıÁ„bÃ[˝ ae[˝◊à˘ %S«YÁTˆ (packing fraction) 

[˝_„Tˆ Eı› Â[˝ÁMıÁÃ^ ? AEı◊ªRÙO aÃ[˝_ HXEıÁEıÁÃ[˝ ÂEıÁ„bÃ[˝ 

ae[˝◊à˘ %X«YÁTˆ GSXÁ EıÃ[˝”X * 1 + 2 

G) YÓÁ„`X-[˝ÁEÀı (Paschen-Back) ◊y‘Ã^Á [˝_„Tˆ Eı› Â[˝ÁMıÁ 

^ÁÃ̂  ?  

H) %◊TˆY◊Ã[˝[˝Á◊c˜TˆÁ [˝_„Tˆ Eı› Â[˝ÁMıÁÃ^ ? 

I¯) Eı◊PˆX Aj-Ã[˝◊`Ω (hard X-ray) Eı› ? AEı◊ªRÙO Aj-Ã[˝◊`Ω 

X„_ 50 kV ◊[˝\ˆ[˝ Y“„\ˆV Y“„Ã^ÁG EıÃ[˝Á c˜_ * Ac˜O X_ 

ÂU„Eı a[ Ô̋◊X∂ô  Â^ TˆÃ[˝ÜÍVHÔÓ ◊[˝◊`rÙ Aj-Ã[˝◊`Ω ◊XGÔTˆ c˜„Tˆ 

YÁ„Ã[˝ TˆÁ ◊Eı X„_Ã[˝ _l˘Ó ◊c˜aÁ„[˝ [˝Ó[˝c˜÷Tˆ W˝ÁT«ˆÃ[˝ CYÃ[˝ 

◊X\ˆ¤Ã[˝ EıÃ[˝„[˝ ?  2 + 1 

ªJÙ) ÂEıÁ„XÁ %W˝ÔY◊Ã[˝[˝Ác˜›„Tˆ ◊X◊bà˘ Y◊ªRÙO (forbidden band) 

[˝_„Tˆ ◊Eı Â[˝ÁMıÁÃ^ ? AÃ[˝Eı] XÁ]EıÃ[˝„SÃ[˝ ^«◊N˛ ◊_F«X * 

ªK˜) %Á„Y◊l˘Eı TˆÁY aey‘Á‹ôˆ ◊Qˆ[˝Ác Õ (Debye) Tˆ„√º̄ Ã[˝ ]…_ 

%X«◊]◊Tˆ (assumptions) m◊_Ã[˝ ◊[˝b„Ã̂  ◊_F«X * 

L) ÊªJÙÏ∂ëˆEı◊[˝VÓÁÃ[˝ Âl˘‰y E«ıÃ[˝›-\ˆÁc˜Oa (Curic-Weiss) a…y◊ªRÙO 

◊_F«X A[˝e ae„l˘„Y [˝ÓÁFÓÁ EıÃ[˝”X * 
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1. Answer any two questions : 10 × 2 = 20 

a) What is meant by Raman effect ? What are 

Stokes and anti-Stokes lines in the Raman 

spectra ? Briefly describe how the Raman 

spectra can be explained with the help of 

quantum theory ( no mathematical 

deduction is necessary ). Mention a few 

applications of Raman effect. 2 + 3 + 3 + 2 

b) Distinguish between the origins of 

continuous and characteristic X-ray 

spectrum. Describe briefly the work of 

Moseley on characteristic X-ray spectrum 

and the impact of the work on the periodic 

table of elements. Find the shortest 

wavelength of X-ray produced in an X-ray 

tube whose accelerating potential is 30 kV. 

   3 + 5 + 2 

c) Write down the Einstein’s photoelectric 

equation and explain the significance of 

threshold frequency from there. What is 

stopping potential ? The work function of a 

metal is 2·2 eV. What is the threshold 

frequency of this material ? A radiation of 

wavelength 400 nm is incident on this 

metal. Find out the kinetic energy of the 

electron that comes out in the process. 

   4 + 2 + ( 2 + 2 ) 

d) Distinguish conductivity of the metals, 

semiconductors and insulators from the 

standpoint of band theory giving suitable 

diagrams. Explain how band theory helps 

us to understand the variation of the 

electrical conductivities of metal, 

semiconductors and insulators with 

temperature. How does the electrical 

conductivity of an intrinsic semiconductor 

change with doping ? 5 + 2 + 3 

e) Distinguish between amorphous and 

crystalline substances. Write down the 

relationship between lattice and crystal. 

What  are  Miller  indices  and  how  are 

they determined ? Write briefly on the role 

of X-ray diffraction in crystallography. 

   2 + 1 + 2 + 2 + 3 
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2. Answer any three questions : 6 × 3 = 18 

a) What is meant by Zeeman effect ? 

Distinguish between normal Zeeman effect 

and anomalous Zeeman effect. 3 + 3 

b) Distinguish between paramagnetic and 

ferromagnetic materials. What is meant by 

magnetic hysteresis ? 3 + 3 

c) What are ionic bonds and how are they 

formed ? How does a covalent bond differ 

from an ionic bond ? 4 + 2 

d) Explain the ideas that Einstein used for the 

modification of Dulong and Petit’s law for 

the specific heats of solids. ( No 

mathematical deduction is necessary. ) 

What were the limitations of Einstein’s 

approach ? 4 + 2 

e) What are the limitations of Bohr’s theory of 

hydrogen atom model ? What is known as 

Bohr’s correspondence principle ? 3 + 3 

f) What is meant by mass spectroscopy ? 

Write down its importance in physics and 

in chemistry. 4 + 2 

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

a) What is thermionic emission ? What is 

known as temperature controlled current ? 

   2 + 1 

b) What is packing fraction of a cell ? 

Calculate the packing fraction for a simple 

cubic cell. 1 + 2 

c) Explain what is meant by Paschen-Back 

effect. 

d) What is meant by superconductivity ? 

e) What is a hard X-ray ? In an X-ray tube a 

potential difference of 50 kV is applied. Will 

the smallest wavelength of radiation that 

would come out of this tube depend on the 

target material used in the tube ? 2 + 1 

f) Explain what is meant by forbidden band in 

a semiconductor and justify the name. 

g) What are the main assumptions of Debye’s 

theory of specific heat ? 

h) Write down and briefly explain the Curie-

Weiss law in magnetism. 

    


