
D–3277/PHE–13   P. T. O. 

No. of Printed Pages : 10 PHE–13 

BACHELOR OF SCIENCE  
(B. Sc.) 

Term-End Examination 
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PHYSICS 
PHE-13 : PHYSICS OF SOLIDS 

Time : 2 Hours     Maximum Marks : 50 

Note : All questions are compulsory, however 

internal choices are given. You may use a 

calculator. Symbols have their usual 

meanings. The values of physical constants 

are given at the end.   

1. Attempt any five parts : 5×3=15 

(a) List the symmetry elements of the benzene 
(C6H6) molecule. 

(b) Determine the Miller indices of a plane 
which intersects the three axes at the 

points  1 22 , 2a a  and 33a , respectively, 
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where 1 2,
→ →
a a  and 3a

→
are basis vectors. 

Determine also the interplanar distance for 
this family of planes if the lattice constant 

a = 4.0 Å. 

(c) For a transverse wave represented by the 

function ( )3 0 exp  = − ω u u i kx t , derive the 

expression for its velocity, using the 

relation 
2 2

3 3
442 2C∂ ∂

ξ =
∂ ∂

u u
t x

. 

(d) Write down the electronic configuration of 
Ge (Z = 32). Explain what type of bonding 
would you expect in Germanium (Ge). 

(e) The expression for the energy of an 

electron in a crystalline solid is 
2 220 k

m
 . 

Calculate its velocity and effective mass.  

(f) Explain what are Type I and Type II 
super- conductors. 

(g) Explain any three types of point defects in 

a crystal with the help of appropriate 
diagrams. 
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(h) Explain the classification of polymers on 

the basis of their structure. 

2. Attempt any two parts : 5×2=10 

(a) Define the atomic packing fraction for 

crystal lattice. Calculate the atomic 

packing fraction for a simple cubic lattice.  

1+4 

(b) Write down the primitive lattice vectors for 

a face centered cubic (fcc) structure. 

Determine its reciprocal lattice vectors.  

1+4 
(c) Determine the condition governing the 

geometric  structure factor for a bcc lattice 

and list any two missing planes. 4+1 

3. Attempt any one part : 5×1=5 

(a) Calculate the Madelung  constant for a 

hypothetical one-dimensional NaCl lattice. 

(b) Derive the dispersion relation for the 

vibrations  of a linear chain of identical 

atoms.  
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4. Answer any two parts : 5×2=10 

(a) State the basic assumptions of the 
Sommerfeld model. Define Fermi energy. 
If the Fermi temperature of Na is  
3.75 × 104 K, calculate the Fermi energy  
of Na.  2+1+2 

(b) The electron and hole concentrations in an 
intrinsic semiconductor are given by : 

( )F

B

E E
N exp

T

 −
 = −
 
 

ic
e cn

k
  

and 
( )F

B

E E
N exp

T

 −
 = −
 
 

i v
h vn

k
  

Derive an expression for the intrinsic 
Fermi energy FE

i
. Where is the Fermi 

level located at T = 0K ? 4+1 

(c) A 2D square lattice has a side of length  
4.0 Å. What is the momentum of an 
electron whose wave terminates at the 
boundary of the first Brillouin zone ? Also 
calculate the energy of the electrons  
(in eV). 2+3 
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5. Attempt any two parts : 5×2=10 

(a) Determine the magnetic moment of 
2 3

2 4Ni Fe O+ +  in units of Bohr magneton. 

Note that is has an inverse spinel structure 

and 2Ni +  has 4s03d8 valence configuration. 

(b) Describe the float zone technique of crystal 
growth. 

(c) Describe the working of a photovoltaic 
solar cell. 

Physical constants : 

346.62 10 Js−= ×h   

23
AN 6.02 10= ×  mol–1 

e = 1.6 × 10–19 C 

me = 9.1 × 10–31 kg 

kB = 1.38 × 10–23 JK–1  
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      PHE–13 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk  

fnlEcj] 2024 

HkkSfrd foKku 

ih-,p-bZ--13 % ?ku voLFkk HkkSfrdh 

le; % 2 ?k.Vs     vf/dre vad % 50 

uk sV % lHkh iz'u vfuok;Z gSa] fdUrq vkUrfjd fodYi fn, 

x, gSaA vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

izrhdksa ds vius lkekU; vFkZ gSaA HkkSfrd fu;rkadksa 

ds eku var esa fn, x, gSaA 

1- dksbZ ik ¡p Hkkx gy dhft, % 5×3=15 

(d)  csathu ( )6 6C H  v.kq ds lefefr vo;oksa dks 

lwphc¼ dhft,A 

([k)  ,d lery rhuksa v{kksa dks Øe'k% 1 22 ,2a a  

vkSj 33a  fcUnqvksa ij foPNsfnr djrk gS] tgk¡ 

1,
→
a  2

→
a  ,oa 3

→
a  csfll lfn'k gSaA bl lery 
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ds feyj lwpdkad fu/kZfjr dhft,A ;fn tkyd 

fLFkjkad 4.0 Åa =  gks] rks bl lery lewg ds 

fy, varjkryh; nwjh Hkh fu/kZfjr dhft,A 

(x) iQyu ( )3 0 exp  = − ω u u i kx t  }kjk O;Dr 

vuqizLFk rjax ds fy,] fuEufyf[kr laca/]  
2 2

3 3
442 2C∂ ∂

ξ =
∂ ∂

u u
t x

 

dk iz;ksx djds rjax ds osx dk O;atd O;qRiUu 

dhft,A 

(?k) ( )Ge Z 32=  ds fy, bysDVªkWfud foU;kl 

fyf[k,A tesZfu;e ( )Ge  esa fdl izdkj dk 

vkca/u gksxk] le>kb,A 

(Ä) fdlh fØLVyh; Bksl esa bysDVªkWu dh ÅtkZ dk 

O;atd 
2 220 k

m
  gSA bysDVªkWu dk osx vkSj 

izHkkoh nzO;eku ifjdfyr dhft,A 

(p) iz:i I vkSj iz:i II vfrpkyd D;k gksrs gSa] 

le>kb,A 

(N) mi;qDr vkjs[kksa dh lgk;rk ls fØLVy ds fdUgha 

rhu izdkj ds fcUnq nks"k le>kb,A 

(t) lajpuk ds vk/kj ij cgqydksa dk oxhZdj.k 

le>kb,A 
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2- dksbZ nks Hkkx gy dhft, % 5×2=10 

(d) fØLVy tkyd ds fy, ijek.oh; ladqyu xq.kd 

dh ifjHkk"kk nhft,A ljy ?kuh; tkyd ds fy, 

ijek.oh; ladqyu xq.kd ifjdfyr dhft,A 1$4 

([k) iQyd dsafnzr ?kuh; ( )fcc  lajpuk ds fy, 

vHkkT; tkyd lfn'k fyf[k,A blds fy, 

O;qRØe tkyd lfn'k fu/kZfjr dhft,A 1$4 

(x) var%dsafnzr ?kuh; (bcc) tkyd ds fy, T;kferh; 

lajpuk xq.kd fu/kZfjr djus okyh izfrca/ dh 

O;qRifÙk dhft, vkSj fdUgha nks yqIr leryksa dks 

lwphc¼ dhft,A 4$1 

3- dksbZ ,d Hkkx gy dhft, % 5×1=5 

(d) ,d dkYifud ,dfoeh; NaCl tkyd ds fy, 

esMyax fu;rkad ifjdfyr dhft,A 

([k) ,d gh izdkj ds ijek.kqvksa dh js[kh;  Ük`a[kyk ds 

dEiuksa ds fy, ifj{ksi.k laca/ O;qRiUu dhft,A 

4- dksbZ nk s Hkkx gy dhft, % 5×2=10 

(d) lksejiQSYM ekWMy dh ewyHkwr vfHk/kj.kk,¡ 

crkb,A iQehZ ÅtkZ dh ifjHkk"kk nhft,A ;fn Na  

dk iQehZ rkieku 43.75 10×  K gks] rks Na  dh 

iQehZ ÅtkZ ifjdfyr dhft,A 2$1$2 
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([k) fdlh uSt v/Zpkyd esa bysDVªkWu vkSj gksy dh 

lkUnzrkvksa ds O;atd fuEufyf[kr gSa % 

   

( )F

B

E E
N exp

T

 −
 = −
 
 

ic
e cn

k   

rFkk  
( )F

B

E E
N exp

T

 −
 = −
 
 

i v
h vn

k  

 uSt iQehZ ÅtkZ FE
i
 dk O;atd O;qRié dhft,A 

T 0K=  ij iQehZ Lrj dgk¡ fLFkj gksxk \ 4$1 

(x)  fdlh f}foeh; oxkZdkj tkyd dh ,d Hkqtk 

dh yEckbZ 4.0 Å  gSA ml bysDVªkWu ds laosx 

dk eku D;k gksxk ftldh laxr rjax] izFke 

fczyqvk¡ {ks=k dh lhek ij lekIr gks tkrh gS \ 

bysDVªkWu dh ÅtkZ (eV  dh bdkb;ksa esa) Hkh 

ifjdfyr dhft,A 2$3  

5- dksbZ nks Hkkx gy dhft, % 5×2=10 

(d) cksg~j eSXusVkWu dh bdkb;ksa esa 2 3
2 4Ni Fe O+ +  dk 

pqEcdh; vk?kw.kZ ifjdfyr dhft,A è;ku jgs fd 

bldh lajpuk izfrykse fLiusy izdkj dh gS vkSj 
2Ni +  dk la;kstdrk foU;kl 4s0 3d8 gSA 
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([k) fØLVy o`f¼ ds Iyoh tksu (float zone) rduhd 

dk o.kZu dhft,A 

(x) izdk'k oksYVh; lkSj lsy (photovoltaic solar cell) 

dh dk;Ziz.kkyh dk fooj.k nhft,A 

HkkSfrd fu;rkad % 

346.62 10 Js−= ×h   
23

AN 6.02 10= ×  mol–1 

e = 1.6 × 10–19 C 
me = 9.1 × 10–31 kg 
kB = 1.38 × 10–23 JK–1 
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