
PHE-11  1   P.T.O. 

 PHE-11  

BACHELOR OF SCIENCE (B.Sc.) 

Term-End Examination 

June, 2022 

PHYSICS 

PHE-11 : MODERN PHYSICS 

Time : 2 hours Maximum Marks : 50 

Note :  Attempt all questions. The marks for each question 

are indicated against it. Symbols have their usual 

meanings. You may use a calculator. The values of 

physical constants are given at the end.   

1. Attempt any five parts : 53=15 

(a) The total energy of a particle is exactly twice 

its rest energy. Calculate its speed. 

(b) Calculate the speed at which a rod is moving 

when its length is contracted to one-third of 

its proper length. 
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(c) Calculate the minimum uncertainty in the 

momentum of a proton confined to a nucleus 

of size 10–14 m. Also calculate the minimum 

kinetic energy. 

(d) Write down the electronic configuration for 

Gallium (Z = 31) and Rubidium (Z = 37). 

(e) A ball of mass 100 g moves with a velocity 

66 ms–1. Compare its de Broglie wavelength 

with that of a proton moving with the 

velocity 1·0  108 ms–1. 

(f) Draw the binding energy curve and explain 

nuclear fission on its basis. 

(g) State the charge, baryon number and spin of 

a photon and a proton. 

(h) Write the selection rules for X-ray spectra. 

State giving reasons whether the following 

transitions are allowed : 

(i) 32 P3/2  22 P1/2 

(ii) 22 P3/2  22 S1/2 

2. Attempt any one part : 15=5 

(a) Write down Lorentz transformation 

equation. Hence show that t = t where t 

is the proper time. 2+3 

(b) Derive the relativistic energy-momentum 

relation for a free particle. 5  
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3. Attempt any two parts : 25=10 

(a) Show that Hermitian operators have real 

expectation values. 5 

(b) The wave function of a moving particle is 

given by  = Nx exp
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. Determine the 

normalization constant N.  5 

(c) Prove the Ehrenfest theorem  
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4. Attempt any one part (a or b) : 110=10 

(a) (i) What is the maximum frequency of  

X-rays produced in a tube operating at 

a potential difference of 10 kV ? 2 

(ii) State Hund’s rules and using them 

find the spectral terms for ground state 

of Si atom. 3+5 

(b) Solve the time independent Schrödinger 

equation for the one-dimensional potential 

barrier :  

 V(x) = 0  x < – L 

 V(x) = V0  – L < x < L 

 V(x) = 0   x > L 

 Explain the phenomenon of tunnelling 

through the barrier. 7+3 
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5. Attempt any two parts : 25=10 

(a) The half-life of a radioactive element is 

2·0  1010 years. Calculate the disintegration 

constant (in s–1) and the number of 

disintegrations per second from 1 g of  

the element. Take Avogadro’s number 

6·03  1023, given that A = 238. 2+3  

(b) Discuss Liquid Drop model and explain the 

phenomenon of fission on its basis. 5 

(c) List four applications of radioisotopes as 

tracers. Describe any one of them. 2+3 

  

 Physical Constants : 

h = 6.626  10–34 Js  

me = 9  10–31 kg  

mp = 1.6725  10–27 kg  

mn = 1.6747  10–27 kg 

R = 2·18  10–18 J 
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 nr.EM.B©.-11  

{dkmZ ñZmVH$ (~r.Eg gr.) 

gÌm§V narjm 

OyZ, 2022 

^m¡{VH$ {dkmZ 

nr.EM.B©.-11 : AmYw{ZH$ ^m¡{VH$s 

g_` : 2 KÊQ>o  A{YH$V_ A§H$ : 50 

ZmoQ> : g^r àíZ H$s{OE & àË`oH$ àíZ Ho$ A§H$ CgHo$ gm_Zo {XE JE 

h¢ & àVrH$m| Ho$ AnZo gm_mÝ` AW© h¢ & Amn H¡$ëHw$boQ>a H$m 

à`moJ H$a gH$Vo h¢ & ^m¡{VH$ {Z`Vm§H$m| Ho$ _mZ A§V _| {XE JE 

h¢ & 
 

1. H$moB© nm±M  ^mJ H$s{OE : 53=15 

(H$) EH$ H$U H$s Hw$b D$Om© CgH$s {dam_ D$Om© H$s XþJwZr 

h¡ & H$U H$s Mmb H$s JUZm H$s{OE & 

(I) EH$ N>‹S> H$s Mmb Ho$ Cg _mZ H$s JUZm H$s{OE {Og 

na J{V_mZ hmoZo na CgH$s b§~mB© g§Hw${MV hmoH$a CgH$s 

C{MV b§~mB© H$s EH$-{VhmB© hmo OmEJr & 
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(J) Am_mn 10–14 m Ho$ EH$ Zm{^H$ _| n[aéÕ àmoQ>m°Z Ho$ 
g§doJ _| Ý`yZV_ A{ZpíMVVm n[aH${bV H$s{OE & 
Ý`yZV_ J{VO D$Om© ^r n[aH${bV H$s{OE &   

(K) J¡{b`_ (Z = 31) Am¡a ê${~{S>`_ (Z = 37) Ho$ {bE 
BboŠQ>́m°{ZH$ {dÝ`mg {b{IE & 

(L>) Ðì`_mZ 100 g H$s EH$ J§oX 66 ms–1 Ho$ doJ go 
J{V_mZ h¡ & doJ 1·0  108 ms–1 go J{V_mZ EH$ 
àmoQ>m°Z Ho$ Xo ~«m°½br Va§JX¡¿`© go CgHo$ Xo ~«m°½br 
Va§JX¡¿`© H$s VwbZm H$s{OE & 

(M) ~§YZ D$Om© dH«$ ~ZmBE Am¡a CgHo$ AmYma na Zm{^H$s` 
{dI§S>Z g_PmBE & 

(N>) EH$ \$moQ>m°Z Am¡a EH$ àmoQ>m°Z Ho$ {bE {dÚwV Amdoe, 
~o[aAm°Z g§»`m Am¡a pñnZ {b{IE & 

(O>) X-{H$aU ñnoŠQ´>_ Ho$ {bE daU {Z`_ {b{IE & H$maU 
g{hV ~VmBE {H$ {ZåZ{b{IV g§H«$_U AZw_V h¢ AWdm 
Zht : 

(i) 32 P3/2  22 P1/2 

(ii) 22 P3/2  22 S1/2 

2. H$moB© EH$  ^mJ H$s{OE : 15=5 

(H$) bm°a§oµO ê$nm§VaU g_rH$aU {b{IE & Bggo {gÕ H$s{OE 

{H$ t = t, Ohm± t C{MV g_`m§Vamb h¡ & 2+3 

(I) EH$ _wº$ H$U Ho$ {bE Amno{jH$s` D$Om©-g§doJ g§~§Y 

ì`wËnÞ H$s{OE & 5 



PHE-11  7   P.T.O. 

3. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) {gÕ H$s{OE {H$ h{_©Q>r g§H$maH$m| Ho$ dmñV{dH$ àË`mem 

_mZ hmoVo h¢ & 5 

(I) EH$ J{V_mZ H$U H$m Va§J \$bZ  = Nx exp
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h¡ & àgm_mÝ`rH$aU {Z`Vm§H$ N n[aH${bV H$s{OE &  5 

(J) EohaZ\o$ñQ> à_o`  
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 {gÕ H$s{OE & 5 

4. H$moB© EH$  ^mJ (H$ `m I) H$s{OE : 110=10 

(H$) (i) {d^dm§Va 10 kV na {H«$`mpÝdV EH$ X-{H$aU 
Z{bH$m go CËnÞ X-{H$aUm| H$s A{YH$V_ 
Amd¥{Îm Š`m hmoJr ? 2 

(ii) hþÊS> Ho$ {Z`_ {b{IE Am¡a BZ {Z`_m| H$m à`moJ 
H$aHo$ Si na_mUw H$s _yb AdñWm Ho$ {bE 
ñnoŠQ>́_r nX kmV H$s{OE & 3+5 

(I) {ZåZ{b{IV EH${d_ {d^d amo{YH$m Ho$ {bE H$mb 
ñdV§Ì lmo{S>ÝJa g_rH$aU hb H$s{OE  : 

 V(x) = 0  x < – L 

 V(x) = V0  – L < x < L 

 V(x) = 0   x > L 

 amo{YH$m Ho$ Ama-nma gwa§JZ H$s n[aKQ>Zm H$mo  
g_PmBE & 7+3 



PHE-11 8  

5. H$moB© Xmo  ^mJ H$s{OE : 25=10 

(H$) EH$ ao{S>`moEpŠQ>d VÎd H$s AY©-Am ẁ  

2·0  1010 df© h¡ & BgHo$ {dKQ>Z pñWam§H$ H$s JUZm 

(s–1 _|) H$s{OE & 1 g VÎd Ho$ {bE à{V goH§$S> 

{dKQ>Zm| H$s g§»`m H$s JUZm H$s{OE & AmdmoJmÐmo 

g§»`m 6·03  1023 br{OE, {X`m J`m h¡ {H$  

A = 238. 2+3 

(I) Ðd ~y±X _m°S>b H$m {ddaU Xr{OE Am¡a CgHo$ AmYma na 

{dI§S>Z H$s n[aKQ>Zm g_PmBE & 5 

(J) Q>o´ga Ho$ ê$n _| ao{S>`moAmBgmoQ>mon Ho$ Mma AZwà`moJ 

gyMr~Õ H$s{OE & {H$gr EH$ AZwà`moJ H$m dU©Z 

H$s{OE & 2+3 

^m¡{VH$ {Z`Vm§H$ :  

h = 6.626  10–34 Js  

me = 9  10–31 kg  

mp = 1.6725  10–27 kg  

mn = 1.6747  10–27 kg 

R = 2·18  10–18 J 


