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 PHE-13  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

December, 2022 

 

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 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) State and explain symmetry in a carbon 

dioxide molecule.    

(b) Determine the Miller indices of a plane that 

makes an intercept of 1 on the x-axis, – 1 on 

the y-axis and is parallel to the z-axis.  

(c) State the properties of hydrogen bonds, with 

one example.   
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(d) Debye temperature for gold is 170 K. 

Calculate the thermal energy of one mole of 

gold at Debye temperature on the basis of 

classical theory.    

(e) Calculate the velocity and effective mass of 

an electron in a crystalline solid whose 

energy is given by the relation E = 
m

k5 22
.  

(f) With the help of appropriate diagrams, 

distinguish between ferromagnets, 

antiferromagnets and ferrites.      

(g) Distinguish between piezoelectric and 

ferroelectric materials. Give one example of 

each.    

(h) Write the expression for the Hall coefficient. 

What are its uses ?    

2. Attempt any two parts : 25=10 

(a) Show that the reciprocal lattice of a simple 

cubic lattice is also a simple cubic structure. 5 

(b) Prove that for a close packed hcp lattice, 

3

8

a

c
 . 5 

(c) Describe the Laue method of X-ray 

diffraction. Why is it not possible to 

determine the interplanar spacing by this 

method ?  4+1 
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3. Attempt any one part : 15=5 

(a) Write down the equation of motion for the 

longitudinal vibration of a chain of two 

different types of atoms. Explain the 

characteristics of the dispersion curve for 

this system. How is it different from the 

dispersion curve of a monatomic chain ? 2+2+1   

(b) Derive an expression for the heat capacity of 

a solid on the basis of Debye’s theory. 5  

4. Attempt any two parts : 25=10 

(a) The Fermi energy of a metal is 7 eV. 

Assuming that Fermi energy is independent 

of temperature, calculate the electronic heat 

capacity at room temperature.  5  

(b) Obtain the expression for the built-in 

potential (Vbi) in terms of the donor and 

acceptor concentrations for a p – n junction. 5   

(c) Define the following terms for a 

superconductor :  

 Critical temperature, critical magnetic field, 

critical current density, isotope effect, 

Meissner effect.  5  
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5. Attempt any two parts : 25=10 

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

crystal pulling technique for semiconductor 

crystal growth. 5    

(b) Calculate the magnetic moment of  

Co2+ 3
2Fe O4 in units of Bohr magnetons. 

The atomic number of Co is 27. 5  

(c) What are liquid crystals ? Explain the 

working of a Liquid Crystal Display. 2+3  

 

 Physical Constants : 

h = 6.62  10–34 Js 

NA = 6.023  1023 mole–1 

1 eV = 1.6  10–19 J 

kB = 1.38  10–23 J K–1 

me = 9.1  10–31 kg  

mp = 1.66  10–27 kg 
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 nr.EM.B©.-13  

{dkmZ ñZmVH$ (~r.Eg gr.) 
gÌm§V narjm 

{Xgå~a, 2022 

 

^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$ÝVw, AmÝV[aH$ {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$Ýht nm±M  ^mJm| H$mo hb H$s{OE : 53=15 

(H$) H$m~©Z S>mBAm°ŠgmBS> AUw H$s g_{_{V ~VmBE Am¡a 

g_PmBE &      

(I) EH$ g_Vb Ho$ {_ba gyMH$m§H$ {ZYm©[aV H$s{OE Omo  

x Am¡a y-Ajm| Ho$ gmW H«$_e: 1 Am¡a – 1 Ho$ 

A§V:IÊS> ~ZmVm h¡ Am¡a z-Aj Ho$ g_mÝVa h¡ &   

(J) EH$ CXmhaU Ho$ gmW, hmBS´>moOZ Am~§Ym| Ho$ JwUY_© 

~VmBE &  
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(K) gmoZo H$m {S>~mB© Vmn_mZ 170 K h¡ & {Maà{V{îR>V 

{gÕm§V Ho$ AmYma na {S>~mB© Vmn_mZ na gmoZo Ho$ EH$ 

_mob H$s D$î_r` D$Om© n[aH${bV H$s{OE &   

(L>) {H$gr {H«$ñQ>br` R>mog _| BboŠQ´>m°Z H$s D$Om© 

{ZåZ{b{IV ì`§OH$ Ûmam Xr J`r h¡ : E = 
m

k5 22

Bg BboŠQ´>m°Z H$m doJ Am¡a à^mdr Ðì`_mZ n[aH${bV 

H$s{OE &  

(M) Cn`wº$ AmaoIm| H$s ghm`Vm go bmohMwå~H$,  

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

(N>) Xm~-{dÚwV² Am¡a bmoh-{dÚwV² nXmWm] _| AÝVa ñnï>  

H$s{OE & àË òH$ H$m EH$ CXmhaU Xr{OE &  

(O>) hm°b JwUm§H$ H$m ì`§OH$ {b{IE & BgHo$ Š`m Cn`moJ  

h¢ ?   

2. {H$Ýht Xmo$ ^mJm| H$mo hb H$s{OE : 25=10 

(H$) {gÕ H$s{OE {H$ EH$ gab KZr` g§aMZm Ho$ ì`wËH«$_ 
OmbH$ H$s g§aMZm ^r EH$ gab KZr` OmbH$ hmoVr h¡ & 5   

(I) gwg§Hw${bV hcp OmbH$ Ho$ {bE {gÕ H$s{OE {H$  

3

8

a

c
 . 5 

(J) EŠg-{H$aU {ddV©Z H$s bmCE {d{Y H$m dU©Z  

H$s{OE & Bg {d{Y Ûmam h_ AÝVamVbr` Xÿar Š`m| 

{ZYm©[aV Zht H$a gH$Vo h¢ ? 4+1 
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3. {H$gr EH$$ ^mJ H$mo hb H$s{OE : 15=5 

(H$) Xmo {^Þ àH$ma Ho$ na_mUwAm| H$s ûm¥§Ibm Ho$ AZwX¡Ü ©̀ 

H$ånZ Ho$ g§JV J{V g_rH$aU {b{IE & Bg {ZH$m` Ho$ 

n[ajonU dH«$ Ho$ A{^bjU g_PmBE & `h EH$ 

EH$na_mpÊdH$ ûm¥§Ibm Ho$ n[ajonU dH«$ go H¡$go {^Þ  

h¡ ?  2+2+1 

(I) {S>~mB© {gÕm§V Ho$ AmYma na R>mog H$s D$î_m-Ym[aVm H$m 

ì`§OH$ ì`wËnÞ H$s{OE &  5 

  

4. {H$Ýht Xmo$ ^mJm| H$mo hb H$s{OE : 25=10 

(H$) {H$gr YmVw H$s \$_u D$Om© 7 eV h¡ & `h _mZVo hþE {H$ 

\$_u D$Om© Vmn_mZ na {Z^©a Zht H$aVr, H$_ao Ho$ 

Vmn_mZ na BboŠQ´>m°{ZH$ D$î_m-Ym[aVm n[aH${bV 

H$s{OE &  5 

(I) EH$ p – n g§{Y Ho$ {bE XmVm Am¡a J«mhr gm§ÐVm Ho$ nXm| 
_| {Z{_©V {d^d (Vbi) H$m ì`§OH$ àmßV H$s{OE &  5 

(J) EH$ A{VMmbH$ Ho$ {bE {ZåZ{b{IV nXm| H$s n[a^mfm 

Xr{OE :  

 H«$mpÝVH$ Vmn_mZ, H«$mpÝVH$ Mwå~H$s` joÌ, H«$mpÝVH$ 

Ymam KZËd, g_ñWm{ZH$ à^md, _mBñZa à^md & 5  
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5. {H$Ýht Xmo$ ^mJm| H$mo hb H$s{OE : 25=10 

(H$) AmaoI H$s ghm`Vm go, AY©MmbH$ nXmWm] H$s {H«$ñQ>b 

d¥{Õ H$s {H«$ñQ>b H$f©U {d{Y g_PmBE & 5 

(I) ~moa _¡½ZoQ>m°Z Ho$ nXm| _| Co2+ 3
2Fe O4 H$m Mwå~H$s` 

AmKyU© n[aH${bV H$s{OE & Co H$m na_mUw H«$_m§H$ 27 

h¡ & 5 

(J) Ðd {H«$ñQ>b Š`m hmoVo h¢ ? Ðd {H«$ñQ>b àXe© H$m 

àMmbZ g_PmBE & 2+3 

  

^m¡{VH$ {Z`Vm§H$ : 

h = 6.62  10–34 Js 

NA = 6.023  1023 mole–1 

1 eV = 1.6  10–19 J 

kB = 1.38  10–23 J K–1 

me = 9.1  10–31 kg  

mp = 1.66  10–27 kg 

 


