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 PHE-13  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2021 

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. Answer any five parts : 53=15 

(a) List the symmetry elements of a methane 

molecule. 

(b) Using the Wigner-Seitz method, construct 

the first Brillouin zone for a 2D rectangular 

reciprocal lattice. Clearly indicate the 

Brillouin zone in the diagram.   

(c) How many independent elastic constants 

does a cubic crystal have ? Explain the 

significance of any two of these constants.    

(d) A longitudinal wave is propagating along a 

linear monatomic chain. Calculate the group 

velocity and phase velocity of this wave if its 

frequency is  = oL = 2
M

K
. K is the force 

constant and M is the mass of the atom. 
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(e) Energy of the lowest allowed level for an 

electron in a 1D box is 9·0 eV. Will the 

electron ever have an energy of 400 eV ? 

Justify your answer. 

(f) The gap energy of a superconductor is  

2·73    10–3  eV. Calculate its transition 

temperature.  

(g) Explain any three types of point defects in a 

crystal with appropriate diagrams. 

(h) Distinguish between ferromagnets, 

antiferromagnets and ferrites, based on their 

spin alignments. 

2. Answer any two parts : 25=10 

(a) Define the atomic packing fraction for a 

crystal lattice. Write down the basis vectors 

for an fcc structure and calculate its atomic 

packing fraction. 1+1+3 

(b) Show that the reciprocal lattice of a simple 

cubic lattice also has a simple cubic crystal 

structure. 5 

(c) Describe the experimental arrangement for 

the Laue method of X-ray diffraction. What 

is the limitation of this method in studying 

crystal structure ? 4+1 
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3. Answer any one part : 15=5 

(a) Modeling the NaCl as an infinite linear 

chain of Na+ and Cl– ions, obtain a value for 

the Madelung constant. 5 

(b) State the differences between Einstein’s and 

Debye’s theory for the heat capacity of a 

solid. The Debye temperature for silver is 

225 K. Calculate the highest possible 

frequency for lattice vibrations in silver. 2+3 

4. Answer any two parts : 25=10 

(a) Derive an expression for the effective mass 

of an electron in a crystalline solid placed in 

an electric field. 5 

(b) Describe with the help of a diagram the 

formation of the depletion region in a p-n 

junction. Derive an expression for the  

built-in-potential. 2+3 

(c) Aluminium has three valence electrons per 

atom, an atomic weight of 0·02698 kg mol–1, 

density 2700 kg m–3 and conductivity  

3·54  107 –1 m–1. Calculate the relaxation 

time. 5 
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5. Answer any two parts : 25=10 

(a) Draw the labelled diagram of hysteresis loop 

(complete cycle of magnetisation) for a 

ferromagnetic material. Define remanence 

and coercivity. Explain the kind of hysteresis 

loop that a ferromagnetic material should 

have so that it can be used for a transformer 

core.  2+2+1 

(b) Explain the photolithographic method used 

to manufacture microelectronic circuits. 5 

(c) What is a transducer ? Explain how a 

polymer capacitor can be used as a humidity 

transducer. 1+4 

  

 Physical Constants : 

h = 6.62  10–34 Js  

NA = 6.02  1023 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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 nr.EM.B©.-13  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

{Xgå~a, 2021  

^m¡{VH$ {dkmZ 

nr.EM.B©.-13 : KZ AdñWm ^m¡{VH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ >: g^r àíZ A{Zdm`© h¢ & {H$ÝVw Am§V[aH$ {dH$ën {XE JE h¢ & 
Amn H¡$ëHw$boQ>a H$m à`moJ H$a gH$Vo h¢ & àVrH$m| Ho$ AnZo 
gm_mÝ` AW© h¢ & ^m¡{VH$ {Z`Vm§H$m| Ho$ _mZ A§V _| {XE JE h¢ & 

 

1. {H$Ýht nm±M  ^mJm| Ho$ CÎma Xr{OE : 53=15 

(H$) _oW¡Z AUw Ho$ g_{_{V Ad`dm| H$mo gyMr~Õ H$s{OE & 

(I) {d½Z¡a-gmBQ²>µO {d{Y Ûmam, EH$ 2D Am`VmH$ma ì`wËH«$_ 
OmbH$ H$m àW_ {~«bwdm§ joÌ Amao{IV H$s{OE & 
AmaoI _| {~«bwdm§ joÌ H$mo ñnîQ> {M{•V H$s{OE &  

(J) EH$ KZr` {H«$ñQ>b _| {H$VZo ñdV§Ì àË`mñWVm§H$ hmoVo  
h¢ ? BZ_| go {H$Ýht Xmo {Z`Vm§H$m| H$s gmW©H$Vm  
g_PmBE & 

(K) EH$na_mpÊdH$ aoIr` ûm¥§Ibm Ho$ AZw{Xe EH$ AZwX¡¿ ©̀ 
Va§J g§M[aV hmoVr h¡ & Bg Va§J H$m g_yh doJ Am¡a 
àmdñWm doJ n[aH${bV H$s{OE `{X BgH$s Amd¥{Îm  

 = oL = 2
M

K  h¡ & K ~b {Z`Vm§H$ h¡ Am¡a M 

na_mUw H$m Ðì`_mZ & 
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(L>) EH$-{d_r` ~m°Šg _| BboŠQ´>m°Z Ho$ Ý`yZV_ AZw_V ñVa 

H$s D$Om© H$m _mZ 9·0 eV h¡ & Š`m H$^r ^r BboŠQ´>m°Z 

H$s D$Om© H$m _mZ 400 eV hmo gH$Vm h¡ ? AnZo CÎma 

H$s nw{ï> H$s{OE & 

(M) EH$ A{VMmbH$ H$s A§Vamb D$Om© H$m _mZ  

2·73  10–3 eV h¡ & BgH$m g§H«$_U Vmn_mZ 

n[aH${bV H$s{OE & 

(N>) C{MV AmaoIm| Ho$ gmW {H«$ñQ>b _| {H$Ýht VrZ àH$ma Ho$ 

{~ÝXþ Xmof g_PmBE &  

(O) àMH«$Um| Ho$ A{^{dÝ`mg Ho$ AmYma na bmoh-Mw§~H$, 

à{V-bmohMw§~H$ Am¡a \o$amBQ> _| AÝVa ñnï> H$s{OE & 

2. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) {H«$ñQ>b OmbH$ Ho$ {bE na_mÊdr` g§Hw$bZ JwUm§H$ H$s 

n[a^mfm Xr{OE & fcc g§aMZm Ho$ {bE AmYma g{Xe 

{b{IE Am¡a CgH$m na_mÊdr` g§Hw$bZ JwUm§H$ 

n[aH${bV H$s{OE &   1+1+3  

(I) {XImBE {H$ EH$ gab KZr` OmbH$ Ho$ ì`wËH«$_ 

OmbH$ H$s {H«$ñQ>b g§aMZm ^r gab KZr` hmoVr h¡ &  5 

(J) EŠg-{H$aU {ddV©Z H$s bmCE {d{Y Ho$ {bE àm`mo{JH$ 

ì`dñWm H$m dU©Z H$s{OE & {H«$ñQ>b g§aMZm Ho$ 

AÜ``Z _| Bg {d{Y H$s Š`m H$_r h¡ ?  4+1 
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3. {H$gr EH$  ^mJ H$m CÎma Xr{OE :  15=5 

(H$) NaCl H$mo Na+ Am¡a Cl– Am`Zm| H$s EH$ AZÝV aoIr` 

ûm¥§Ibm Ho$ ê$n _| _m°S>b H$aVo hþE _mS>obw§J {Z`Vm§H$ H$m 

_mZ àmßV H$s{OE & 5 

(I) R>mog H$s D$î_m-Ym[aVm Ho$ {bE AmBÝñQ>mBZ Am¡a {S>~mB© 

Ho$ {gÕm§Vm| _| AÝVa ~VmBE & Mm±Xr H$m {S>~mB© Vmn_mZ 

225 K h¡ & Mm±Xr _| gå^d OmbH$ H$ånZ H$s Amd¥{Îm 

H$m CƒV_ _mZ n[aH${bV H$s{OE & 2+3 

 

4. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) {dÚwV² joÌ _| aIo EH$ {H«$ñQ>br` R>mog _| BboŠQ>́m°Z Ho$ 

à^mdr Ðì`_mZ H$m ì`§OH$ ì`wËnÞ H$s{OE & 5 

(I) AmaoI H$s ghm`Vm go EH$ p-n g§{Y _| Adj` naV 

~ZZo H$s à{H«$`m H$m dU©Z H$s{OE & {Z{_©V {d^d H$m 

ì`§OH$ ì`wËnÞ H$s{OE & 2+3 

(J) Eobw{_{Z`_ Ho$ àË`oH$ na_mUw _| VrZ g§`moOH$Vm 

BboŠQ>́m°Z hmoVo h¢ & `{X Eobw{_{Z`_ H$m na_mUw ^ma 

0·02698 kg mol–1 hmo, KZËd 2700 kg m–3 hmo 

Am¡a MmbH$Vm 3·54  10
7
 –1 m–1 hmo, Vmo BgHo$ 

{bE {dlm§{V H$mb n[aH${bV H$s{OE & 5 
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5. {H$Ýht Xmo  ^mJm| Ho$ CÎma Xr{OE : 25=10 

(H$) EH$ bmoh-Mw§~H$s` nXmW© Ho$ {bE e¡{Wë` nme 
(Mw§~H$s` àH«$_ H$m nyU© AmdV©Z) H$m Zm_m§{H$V AmaoI 
~ZmBE & Mw§~H$Ëdmdeof Am¡a {ZJ«m{hVm H$s n[a^mfm 
Xr{OE & EH$ bmoh-Mw§~H$s` nXmW© H$m e¡{Wë` nme 
{H$g àH$ma H$m hmoZm Mm{hE {Oggo {H$ CgH$m à`moJ 
EH$ Q´>m°Ýg\$m°_©a H«$moS> _| {H$`m Om gHo$ &   2+2+1 

(I) ^m-Aí_boIZ {d{Y Ûmam _mBH«$moBboŠQ´>m°{ZH$ n[anWm| Ho$ 
{Z_m©U H$s {d{Y g_PmBE &  5 

(J) Q´>m°ÝgS>çyga Š`m hmoVm h¡ ? g_PmBE {H$ AmÐ©Vm 
Q´>m°ÝgS>çyga Ho$ ê$n _| ~hþbH$ g§Ym[aÌ H$m à`moJ H¡$go 
{H$`m OmVm h¡ & 1+4 

^m¡{VH$ {Z`Vm§H$ :  

h = 6.62  10–34 Js  

NA = 6.02  1023 mol–1 

e = 1·6  10–19 C 

me = 9.1  10–31 kg 

kB = 1.38  10–23 JK–1  


