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BACHELOR OF SCIENCE (B. Sc.) 

Term-End Examination 

December, 2022 

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) Determine the speed of an electron having 

kinetic energy of 1.0 MeV and rest mass 

0.5 MeV/ 2c .  
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(b) A microscope is used to locate the position 
of an electron within a distance of 0.2 Å. 

Calculate the uncertainty in the 
momentum of the electron.  

(c) Calculate the de Broglie wavelength of a 
100 eV electron. 

(d) In the lab-frame, two particles are 

observed to travel in opposite directions 

with speed −× 8 12.0 10 ms . Calculate the 

relative speed of the particles.   

(e) How long does it take for 70% of a sample 
of radon to decay ? Half life of radon is  
3.8 days.  

(f) Write the charge, baryon number and spin 
for a photon and a proton.  

(g) Write the values of l and lm  for n = 3. 

What is the number of degenerate eigen 

functions for n = 3 state of the hydrogen 
atom ? 
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(h) Write down the selection rules for X-ray 
spectra. Which one of the following 
transitions is allowed for X-rays ?  

(i) IL K→  

(ii) IIIL K→  

2. Attempt any one part :  

(a) An observer on earth measures the 
wavelength of light emitted by a distant 
galaxy to be 6840 Å. If the wavelength of 
the light emitted in the galaxy is 4000 Å, 
calculate the velocity of galaxy with respect 
to the earth.  5 

(b) Using the Lorentz transformation 
equations, derive the relativistic velocity 
addition formula.  5 

3. Attempt any two parts : 5 each 

(a) Define the parity operator and obtain its 
eigen values.  

(b) State the properties of a physically 
acceptable wave function. 

(c) Show that : 

[L , L ] Lx y zi=   
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4. Attempt any two parts : 5 each 

(a) Consider a one-dimensional potential 
barrier as shown in the figure : 

 

 

 

Write the Schrödinger equation for  regions 
I, II and III. Determine the wave functions 
in region II. 

(b) Determine the mean potential energy of a 
simple harmonic oscillator in its ground 
state given by : 

1/2 2 2
0 exp

2
a a x  

ψ = −  
π   

 

where ω
=


2 ma . 

(c) Using Hund’s rules, obtain the spectral 
terms and ground state of Sc [Z = 21]. 

5. Attempt any two parts : 5 each 

(a) Define multiplication factor (k) for a 
nuclear chain reaction. Explain how the 
chain reaction proceeds for (i) k > 1,  
(ii) k < 1 and (iii) k = 1. 



 [ 5 ] PHE-11 

  P. T. O. 

(b) Describe the shell model of the nucleus. 

(c) Explain the working of a cyclotron with the 
help of a schematic diagram.  

Physical constants : 

−= × 346.626 10 J-sh   

319.1 10 kgem −= ×   
−= × 271.67 10pm  kg 

R = 13.6 eV 

c = 8 13 10 ms−×  

−= × 271.67 10nm  kg 
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      PHE-11 

foKku Lukrd (ch- ,l&lh-) 

l=kkar ijh{kk 

fnlEcj] 2022 

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 1.0 MeV vkSj fojke nzO;eku  

0.5 MeV/ 2c  ds ,d bysDV ªkWu dh pky dh 

x.kuk dhft,A 
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([k)  ,d lw{en'khZ dk iz;ksx djds fdlh bysDV ªkWu 

dh fLFkfr dks 0.2 Å rd dh nwjh ds Hkhrj 

ekik tk ldrk gSA bysDVªkWu ds laosx esa 

vfuf'prrk ifjdfyr dhft,A 

(x)  100 eV ÅtkZ okys ,d bysDV ªkWu dk Mh czksXyh 

rjaxnS?;Z ifjdfyr dhft,A 

(?k)  iz;ksx'kkyk ra=k eas nks d.k foijhr fn'kkvksa esa 
8 12.0 10 ms−×  dh ,dleku pky ls xfreku 

gSaA d.kksa dh vkisf{kd pky ifjdfyr dhft,A 

(Ä)  jsMkWu ds ,d izfrn'kZ ds 70% Hkkx ds {k; 

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

v/Z&vk;q 3-8 fnu gSA  

(p)  ,d iQksVkWu vkSj ,d izksVkWu ds fy, vkos'k] 

csfjvkWu la[;k vkSj fLiu fyf[k,A  

(N)  n = 3 ds fy, l vkSj lm  ds eku fyf[k,A 

gkbM ªkstu ijek.kq dh n = 3 voLFkk ds fy, 

viHkz"V vkbxsu iQyuksa dh la[;k D;k gS \ 

(t)  X-fdj.k LisDVªe ds fy, oj.k fu;e fyf[k,A 

X-fdj.k ds fy, fuEufyf[kr esa ls dkSu&lk 

laØe.k vuqer gS \ 

 (i) IL K→  

 (ii) IIIL K→  
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2- dksbZ ,d Hkkx dhft, %  

(d)  i`Foh ij fLFkr ,d izs{kd ,d nwjLFk eankfduh 

ls mRlftZr izdk'k ds rjaxnS?;Z dk eku  

6840 Å ekirk gSA ;fn eankfduh eas mRlftZr 

izdk'k dk rjaxnS?;Z 4000 Å gks] rks i`Foh ds 

lkis{k eankfduh dk osx ifjdfyr dhft,A 5 

([k)  ykWjsat :ikarj.k lehdj.kksa dk iz;ksx djrs gq, 

vkisf{kdh; osx ;ksx laca/ O;qRiUu dhft,A 5 

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

(d)  iSfjVh ladkjd dh ifjHkk"kk nhft, vkSj mlds 

vkbxsu eku izkIr dhft,A 

([k)  ,d HkkSfrd fudk; ds fy, ekU; rjax iQyu 

ds xq.k/eZ crkb,A 
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(x)  fl¼ dhft, fd % 

[L , L ] Lx y zi=   

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

(d)  ,d ,dfoeh; foHko jksf/dk ysa tSlk fd uhps 

fp=k esa fn[kk;k x;k x;k gS % 

 

 

 

 

 {ks=k I, II vkSj III ds fy, JksfMaxj lehdj.k 

fyf[k, vkSj {ks=k II esa rjax iQyu fu/kZfjr 

dhft,A 

([k)  ewy voLFkk esa fLFkr ljy vkorhZ nksyd ds 

fy, vkSlr fLFkfrt ÅtkZ ifjdfyr dhft,] 

;fn ewy voLFkk dk rjax iQyu fuEufyf[kr  

gS % 

1/2 2 2
0 exp

2
a a x  

ψ = −  
π   

 

 tgk¡ ω
=


2 ma A 
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(x)  gq.M ds fu;e dk iz;ksx djrs gq, 

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

voLFkk Kkr dhft,A 

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

(d)  ukfHkdh;  Ük`a[kyk vfHkfØ;k ds fy, xq.ku 

dkjd (k) dh ifjHkk"kk nhft,A le>kb, fd 

(i) k > 1, (ii) k < 1 vkSj (iii) k = 1 ds fy,  

Ük`a[kyk vfHkfØ;k dSls vkxs c<+rh gSA 

([k)  ukfHkd ds dks'k ekWMy dk fooj.k nhft,A 

(x)  ,d O;ofLFkr vkjs[k dh lgk;rk ls 

lkbDyksVªkWu dh dk;Ziz.kkyh dks le>kb,A 

HkkSfrd fu;rkad % 

−= × 346.626 10 J-sh   
319.1 10 kgem −= ×   
−= × 271.67 10pm  kg 

R = 13.6 eV 

c = 8 13 10 ms−×  

−= × 271.67 10nm  kg 
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