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June, 2025 

PHE-13 : PHYSICS OF SOLIDS  

Time : 2 Hours  Maximum Marks : 50 

Note : (i) All questions are compulsory. 

However, internal choices are given.  

 (ii) You may use a calculator.  

 (iii)  Symbols have their usual meanings.  

 (iv) The values of physical constants are 

given at the end. 

1. Attempt any five parts : 5×3=15 

(a) What are Miller indices ? Determine the 

Miller indices of a crystal plane which 

intersects the three axes at the points 

1 23 , 2a a and 31a , respectively, where 

1a


, 2a


 and 3a


 are the basis vectors. 
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(b) Show that reciprocal lattice of simple 

cubic structure is also a simple cube. 

(c) For a linear monatomic chain of atoms, 

the dispersion relation is given by : 

OL sin
2

ka
     

Determine the expression for the group 

velocity for 1ka  . 

(d) The potential energy is expressed as : 

6 12
U( )

a b
r

r r
    

Calculate the inter-molecular distance 

( )er  for which the potential energy is 

minimum. 

(e) State the limitations of the Drude-

Lorentz’s theory for electrical 

conductivity in metals. 

(f) Write the expression for the Hall 

coefficient. State its two uses. 

(g) Distinguish between piezoelectric and 

ferroelectric materials. Give one 

example of each. 
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(h) What are the factors that determine the 

amount of power available from a 

photovoltaic device ? 

2. Attempt any two parts : 2×5=10 

(a) What is a rotational symmetry ? Show 

that 5-fold rotational symmetry is not 

possible in a 2-D lattice. 1+4 

(b) Calculate the atomic packing fraction of 

a bcc lattice structure. 5 

(c) Explain the Laue method for X-ray 

diffraction. What are the limitations of 

this method ? 4+1 

3. Attempt any one part : 1×5=5 

(a) Derive an expression for the heat 

capacity of a solid on the basis of 

Einstein’s theory. State its limitation at 

low temperature. 4+1 

(b) Derive the Madelung constant for an 

NaCl lattice assumed to be arranged in 

one dimension. 5 
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4. Attempt any two parts : 2×5=10 

(a) On the basis of the Sommerfeld model, 

derive an expression for the allowed 

values of energy of an electron in 

metals. 5 

(b) Consider a 1-D crystal of length L 

having N unit cells. Show that the total 

number of energy states (n) for an 

electrons in an allowed band of a 

crystalline solid is equal to the number 

of unit cells. 5 

(c) Explain qualitatively phonon-mediated 

electron interaction leading to the 

formation of Cooper pairs in the BCS 

theory of superconductivity. 5 

5. Attempt any two parts : 2×5=10 

(a) With the help of a diagram, explain the 

float zone technique of crystal growth. 5 

(b) What are nanostructures ? Describe the 

bottom up method to obtain nano-

structures using a schematic diagram. 

1+4 
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(c) What are transducers ? Derive the 

expression for gauge factor of a resistive 

strain transducer. 1+4 

Physical constants : 

346.62 10 Jsh    

23 –1
AN 6.02 10 mol   

191.6 10 Ce    

23 1
B 1.38 10 JKk     

319.1 10 kgem     
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 PHE–13 

foKku Lukrd (ch- ,l&lh-) 

l=kar ijh{kk  

twu] 2025 

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

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

uksV % (i) lHkh iz'u vfuok;Z gSa] fdUrq vkUrfjd fodYi fn, 

x, gSaA 

 (ii) vki dSYdqysVj dk iz;ksx dj ldrs gSaA 

 (iii) izrhdksa ds vius lkekU; vFkZ gSaA  

 (iv) HkkSfrd fu;rkadksa ds eku var esa fn, x, gSaA 

1- fdUgha ik¡p Hkkxksas dks gy dhft, % 5×3=15 

(d) feyj lwpdkad D;k gksrs gSa \ 1a


] 2a


 vkSj 3a


 

csfll lfn'kksa ds vuqfn'k rhu v{kksa dks Øe'k% 

13a , 22a  vkSj 31a  ij foPNsfnr djus okys 

fØLVy lery ds feyj lwpdkad Kkr dhft,A 
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([k) fl¼ dhft, fd ljy ?kuh; lajpuk dk O;qRØe 

tkyd Hkh ljy ?kuh; gksrk gSA 

(x) ,dijekf.od ijek.kqvksa dh js[kh; Ükà[kyk dk 

ifj{ksi.k lEcU/k fuEufyf[kr gksrk gS % 

OL sin
2

ka
    

1ka   ds fy, lewg osx dk O;atd izkIr 

dhft,A 

(?k) fLFkfrt ÅtkZ dks fuEufyf[kr O;atd ls fu:fir 

fd;k x;k gS % 

6 12
U( )

a b
r

r r
  

 

fLFkfrt ÅtkZ ds U;wure eku ds fy, varjk&v.kqd 

nwjh ( )er  ifjdfyr dhft,A 

(³) /kkrqvksa esa oS|qr pkyu ds lanHkZ esa MªwMs&ykWjsat 

fl¼kUr dh dfe;k¡ crkb,A 

(p) gky xq.kkad dk O;atd fyf[k,A blds nks mi;ksx 

crkb,A 
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(N) nkcfo|qr~ vkSj ykSgfo|qr~ inkFkks± esa vUrj crkb,A 

izR;sd dk ,d&,d mnkgj.k nhft,A 

(t) izdk'k oksYVh; ;qfDr ls miyC/k 'kfDr dk eku fdu 

dkjdksa ls fu/kkZfjr gksrk gS \ 

2- fdUgha nks Hkkxksa dks gy dhft, % 2×5=10 

(d) ?kw.kZu lefefr D;k gksrh gS \ fl¼ dhft, fd 2-D 

tkyd esa 5-oyu ?kw.kZu lefefr lEHko ugha gSA 1$4 

([k) vUr%dsfUær ?kuh; (bcc) tkyd lajpuk dk 

ijek.oh; ladqyu xq.kd ifjdfyr dhft,A 5 

(x) X&fdj.k foorZu dh ykm, fof/k dks le>kb,A bl 

fof/k dh D;k dfe;k¡ gksrh gSa \ 4$1 

3- fdlh ,d Hkkx dks gy dhft, % 1×5=5 

(d) vkbULVhu ds fl¼kUr ds vk/kkj ij Bkslksa dh Å"ek 

/kkfjrk dk O;atd O;qRiUu dhft,A U;wu rkiekuksa ij 

bldh deh crkb,A 4$1 
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([k) ,d foek esa lajfpr NaCl tkyd dk esMyax 

fu;rkad O;qRiUu dhft,A 5 

4- fdUgha nks Hkkxksa dks gy dhft, % 2×5=10 

(d) lksejQSYM ekWMy ds vk/kkj ij /kkrqvksa esa bysDVªkWuksa 

dh ÅtkZ ds vuqer ekuksa ds fy, O;atd dks O;qRiUu 

dhft,A  5 

([k) L-yEckbZ ds N ,dd dksf"Bdkvksa okys ,d&foeh; 

fØLVy ds fy, fl¼ dhft, fd vuqer cSaM esa 

bysDVªkWuksa dh dqy ÅtkZ voLFkkvksa dh la[;k (n) 

fØLVy dh dqy ,dd dksf"Bdkvksa dh la[;k ds 

cjkcj gksrh gSA 5 

(x) vfrpkydrk ds BCS fl¼kUr esa dwij ;qXeksa ds 

tuu dh] QksukWu dh e/;LFkrk ds dkj.k bysDVªkWuksa 

ds chp vU;ksU;fØ;k ds vk/kkj ij O;k[;k  

dhft,A  5 

5- fdUgha nks Hkkxksa dks gy dhft, % 2×5=10 

(d) mfpr vkjs[k dh lgk;rk ls Iyoh tksu fØLVy o`f¼ 

rduhd dh O;k[;k dhft,A 5 
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([k) uSukslajpuk,¡ D;k gksrh gSa \ mfpr vksj[k dh lgk;rk 

ls v/kLFky mRFkkiu ls uSukslajpuk izkIr djus dh 

fof/k dks le>kb,A 1$4 

(x) VªkalM~;wlj D;k gksrs gSa \ izfrjks/kh foÏfr VªkalM~;wlj 

ds xst dkjd dk O;atd O;qRiUu dhft,A 1$4 

HkkSfrd fu;rkad % 

346.62 10 Jsh    

23 –1
AN 6.02 10 mol   

191.6 10 Ce    

23 1
B 1.38 10 JKk     

319.1 10 kgem     

× × × × × 

 

 

 

 

 


