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Term-End Examination 
December, 2020 

PHE-11 : MODERN PHYSICS 

Time : 2 Hours     Maximum Marks : 50 

Note : (i) Attempt all questions. The marks for 

each question are indicated against it. 

 (ii) You may use a calculator.  

 (iii) The values of physical constants are 

given at the end. 

 (iv) Symbols have their usual meanings.  

1. Answer any five parts : 3 each 

(a) Calculate the mass of an electron having 
kinetic energy 10 MeV. 

(b) Calculate the de-Broglie wavelength 

associated with an electron moving with 

velocity 7 110 ms− .  
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(c) A proton is confined to a nucleus of radius 
−× 155 10 m.  Calculate the minimum 

uncertainty in its momentum and its 
minimum kinetic energy.   

(d) A free neutron at rest has a mean life time 
of 900 s. If we measure its mean life time 
to be 1800 s, what is its speed relative to us ? 

(e) Determine < x > for the ground state 
harmonic oscillator wave function : 

2 2

1
2 /2

0( ) a xax e− 
ψ =  

π 
 

where a is a constant.   

(f) Write down the permissible values of l and 

lm  for n = 4 state of the hydrogen atom. 

Hence, determine the number of 
degenerate eigenfunctions.  

(g) Show whether the reaction : 

ep n e+ −λ° + Σ → + + + υ  

satisfies baryon number, lepton number 
and charge conservation.   
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2. Attempt any one part : 

(a) Prove the relativistic velocity addition 

formulae.  5 

(b) A pion at rest decays into a muon and 

neutrino (zero rest mass). Using the 

relativistic laws of conservation of energy 

and momentum, obtain the momentum of 

muon in terms of mπ  and µm . 5 

3. Attempt any two parts : 

(a) The wave function of a particle of mass m 

inside a 1-D infinite potential well :  

   = − ≤ ≤V ( ) 0x a x  

            0 otherwise=  

is given by : 

2 2( ) A sin B cosx xx
a a
π π

ψ = +  

Calculate A and B and the energy eigen 

values corresponding to the wave function 

given above. 2 + 3    
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(b) Prove that : 5 
[L , L ] Lx y zi=   

(c) The wave function of a particle of mass m 
is given by : 5 

−αψ = − ∞ < < ∞2( ) N ,xx e x  

where 
1
42N α =  π 

. 

Obtain the expectation value of the K. E. of 
the particle.    

4. Attempt any two parts : 5 each 
(a) (i) State the conditors that a physically 

acceptable wave function must satisfy. 
3 

(ii) If for two operations P and 
Q, [P, Q] = 1, show that : 2 

           2 2[P , Q ] 2 (PQ QP)= +    

(b) The wavelength of the Lα  X-ray line of 
platinum (atomic no. 78) is 1.321 Å. An 
unknown substance emits X-rays of 
wavelength 4.174 Å. Calculate the atomic 
number of the unknown substance. It is 
given that b = 7.4 for Lα  lines.  

(c) Using Hund’s rule, obtain the spectral 
terms and ground state of Sc [Z = 21]. 
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5- Attempt any two parts : 5 each 
(a) Explain the liquid drop model of fission 

with the help of diagrams.  
(b) Explain the working of a cyclotron with the 

help of a schematic diagram.  
(c) Calculate the time required for 10% of the 

sample of thorium to disintegrate. Assume 
the half life of thorium to be 101.4 10×  
years.  

Physical Constants : 

−= × 346.62 10 J-sh  
319.1 10 kgem −= ×  
−= × 271.67 10 kgpm  

R = 13.6 eV 
−= × 8 13 10 msc   

−= × 271.67 10 kgnm   
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      PHE-11 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2020 
ih-,p-bZ--11 % vk/qfud HkkSfrdh 

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

uk sV % (i) lHkh iz'u dhft,A izR;sd iz'u ds vad mlds 

lkeus fn, x, gSaA 

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

 (iii) HkkSfrd fLFkjkadksa ds eku var esa fn;s x;s gSaA 

 (iv) izrhdksa ds vius lkekU; vFkZ gSaA 

1- fdUgha ik ¡p Hkkxksa ds mÙkj nhft, % izR;sd 3 

(d)  xfrt ÅtkZ 10 MeV okys ,d bysDVªkWu dk 

nzO;eku ifjdfyr dhft,A  

([k)  7 110 ms−  dh pky ls xfreku ,d bysDVªkWu 

dk ns&czkWXyh rjaxnS?;Z ifjdfyr dhft,A  
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(x)  ,d izksVkWu −× 155 10 m  f=kT;k okys ,d 

ukfHkd esa ifj#¼ gSA izksVkWu ds laosx esa U;wure 

vfuf'prrk vkSj mldh U;wure xfrt ÅtkZ 

ifjdfyr dhft,A   

(?k)  fojkekoLFkk esa fLFkr ,d eqDr U;wVªkWu dk 

vkSlr thoudky 900 s gSA vxj ge mldk 

vkSlr thoudky 1800 s ekirs gSa] rks og 

gekjs lkis{k fdl pky ls py jgk gS\ 

(³)  vkorhZ nksyd ds ewy voLFkk rjax iQyu % 

2 2

1
2 /2

0( ) a xax e− 
ψ =  

π   

 ds fy, x  dk eku fu/kZfjr dhft,] tgk¡ 

a vpj gSA 

(p)  gkbM ªkstu ijek.kq ds n = 4 voLFkk ds fy, l 

vkSj lm  ds vuqer eku fyf[k, vkSj blls 

viHkz"V vkbxsuiQyuksa dh la[;k fu/kZfjr 

dhft,A  
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(N)  fn[kkb, fd fuEufyf[kr izfØ;k csfjvkWu la[;k] 

ysIVkWu la[;k vkSj vkos'k laj{k.k dk ikyu 

djrh gS vFkok ugha % 

ep n e+ −λ° + Σ → + + + υ  

2- dksbZ ,d Hkkx dhft, % izR;sd 5 

(d)  vkisf{kdh; osx ;ksx laca/ksa dks fl¼ dhft,A 

([k)  fojkekoLFkk esa fLFkr ,d ik;kWu dk ,d 

E;wvkWu vkSj ,d U;wfVªuks esa {k; gksrk gSA 

vkisf{kdh; ÅtkZ vkSj laosx fu;eksa dk iz;ksx 

djrs gq,] E;wvkWu ds laosx dks mπ  vkSj mµ  

ds inksa esa fu/kZfjr dhft,A  

3- dksbZ n k s Hkkx dhft, % izR;sd 5 

(d)  fuEufyf[kr ,d&foeh; vuar foHko dwi % 

= − ≤ ≤V ( ) 0x a x  

    = 0   vU;Fkk 
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 esa fLFkr nzO;eku m okys ,d d.k dk rjax 

iQyu fuEufyf[kr gS % 

2 2( ) A sin B cosx xx
a a
π π

ψ = +  

 bl rjax iQyu ds fy, A, B vkSj ÅtkZ vkbxsu 

eku ifjdfyr dhft,A 2] 3 

([k)  fl¼ dhft, fd [L , L ] Lx y zi=   gSA 

(x)  nzO;eku m okys ,d d.k dk rjax iQyu 

fuEufyf[kr gS % 

2( ) N xx e x−αψ = − ∞ < < ∞  

 tgk¡ 
1
42N α =  π 
A d.k dh xfrt ÅtkZ dk 

izR;k'kk eku izkIr dhft,A  

4- dksbZ n k s Hkkx dhft, % izR;sd 5 

(d)  (i) ,d HkkSfrd fudk; dks fu:fir djus ds 

fy, rjax iQyu dks fdu izfrca/ksa dks 

larq"V djuk gksxk] crkb,A 3  
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 (ii) ;fn fdUgha n k s ladkjdksa P vkSj Q ds fy, 

[P, Q] = 1, rks fl¼ dhft, fd % 2 

                
2 2[P , Q ] 2 (PQ QP)= +  

([k)  IySfVue ds Lα  X-fdj.k js[kk dk rjaxnS?;Z 

1.321 Å gSA ,d vKkr inkFkZ ls 4-174 Å 

rjaxnS?;Z okyh X-fdj.ksa mRlftZr gksrh gSaA ;fn 

IySfVue dh ijek.kq la[;k 78 gks] rks vKkr 

inkFkZ dh ijek.kq la[;k Kkr dhft,A fn;k x;k 

gS fd Lα  js[kkvksa ds fy, b = 7.4 gSA 

(x)  gq.M ds fu;eksa dk iz;ksx djrs gq,  

Sc  [Z = 21] ds fy, LisDVªeh in vkSj ewy 

voLFkk Kkr dhft,A  

5- dksbZ n k s Hkkx dhft, % izR;sd 5 

(d)  vkjs[kksa dh lgk;rk ls fo[kaMu dk nzo cw¡n 

ekWMy le>kb,A  

([k)  ,d lkbDyksVªkWu ds lkekU; y{k.k fn[kkrs gq, 

mldk vkjs[k [khafp;s vkSj mldh dk;Ziz.kkyh 

le>kb,A  
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(x)  Fkksfj;e ds ,d uewus ds 10% Hkkx ds {k; 

gksus esa yxs le; dh x.kuk dhft,A Fkksfj;e 

dh v/Z&vk;q 101.4 10×  o"kZ ysaA  

HkkSfrd fu;rkad 

−= × 346.62 10 J-sh  

319.1 10 kgem −= ×  

−= × 271.67 10 kgpm  

R = 13.6 eV 

−= × 8 13 10 msc   

−= × 271.67 10 kgnm   
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