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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : SUBJECTIVE QUESTIONS 

Hkkx - I : fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

Subjective Easy, only learning value problems 
Section (A) : Photoelectric Effect  

[k.M+ (A) : izdk'k fo|qr izHkko 

A-1. When a light of wavelength 400 nm falls on a metal of workfunction 2.5 eV, what will be the maximum 
magnitude of linear momentum of emitted photoelectron?  

 tc 400 nm rjaxnS/;Z okyk izdk'k 2.5 eV dk;Z Qyu okys /kkrq ij fxjrk gS rks mRlftZr gksus okys QksVks bysDVªku 

ds js[kh; laosx dk vf/kdre ifjek.k Kkr djksA    

Ans. 
2 4P 1.24 10

2.5 eV 0.6 eV
2m 4000

 
   
 

; P =  31 192 9.1 10 0.6 1.6 10      = 4.2 ×10 – 25 kg.m/s 

Sol. KEmax = 
hc

 


 

 
2 4P 1.24 10

2.5 eV 0.6eV
2m 4000

 
   
 

; P = 31 192 9.1 10 0.6 1.6 10       = 4.2 ×10 – 25 kg.m/s 

 

A-2. The electric field associated with a monochromatic light is given by E = E0 sin (1.2 × 1015 t - kx). Find 
the maximum kinetic energy of the photoelectrons when this light falls on a metal surface whose work 
function is 2.0 eV       

 ,d o.khZ izdk'k ls lEcfU/kr fo|qr {ks=k E = E0 sin (1.2 × 1015 t - kx) }kjk fn;k tkrk gSA tc 2.0 eV dk;Z Qyu 

okyh /kkrq dh lrg ij ;g izdk'k fxjrk gS rks QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZ Kkr djks  

Ans: 15(0.6 10 h 2e) J   = 0.48 eV 

Sol. frequency of the light  izdk'k dh vko`fÙk  

  = 
1

2
 × 1.2 × 1015 = 0.6 × 1015 Hz 

 KE = hv –  = 0.48 eV 
 

A-3. One milliwatt of light of wavelength  = 4560 Å is incident on a cesium metal surface. Calculate the 

electron current liberated. Assume a quantum efficiency of  = 0.5 %. [Work function for cesium = 1.89 
eV] Take hc = 12400 eV-Å.    

 4560 Å rjaxnS/;Z  okyk 1 feyh okWV izdk'k flft;e lrg ij fxjrk gSA mRlftZr bysDVªkWu /kkjk Kkr djksA DokUVe 

n{krk 0.5 %. ekfu;s [lhft;e ds fy;s dk;Z Qyu = 1.89 eV] hc = 12400 eV-Å yhft;sA 

Ans.  =  . 
P e

E 100

  = 1.84  106 amp ,fEi;j 

Sol.  =  .  
P e

E 100

 = 1.84  106 amp,fEi;j 

 
 

A-4. Suppose the wavelength of the incident light in photoelectric effect experiment is increased from 3000 

Aº to 3040 Aº. Find the corresponding change in the stopping potential. [Take the product hc = 12.4  

107 eV m] 

 ekuk vkifrr izdk'k dh rjaxnS/;Z dks  3000 Aº ls 3040 Aº rd c<+k;k tkrk gSA fujks/kh foHko esa laxr ifjorZu Kkr 

djksA [ hc = 12.4  107 eV m]   

Ans. dVs = 
2

hc d hc
.

e 228e


 


× 107  5.5  102 volt 
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Sol. Vs = 
hc W

e e



 

 On differentiating vodyu djus ij  dVs = 
2

hc
(d )

e
 


 = –5.5 × 10–2 volt 

 dVs = –
2

hc hc
.

e 228e


 


 × 107  5.5  102 volt 

 
A-5. The magnetic field at a point associated with a light wave is B = 2 × 10–6 Tesla sin [(3.0 × 1015 s–1 )t] 
 sin [(6.0 × 10 15 s – 1)t]. If this light falls on a metal surface having a work function of 2.0 eV, what will be 

the maximum kinetic energy of the photoelectrons ?   

 fdlh fcUnq ij izdk'k rjax ls lEcfU/kr pqEcdh; {ks=k B = 2 × 10–6  ¼Vslyk½ sin [(3.0 × 1015 s–1 )t]  

 sin [(6.0 × 10 15 s – 1)t] gSA ;fn ;g izdk'k 2.0 eV dk;Z Qyu okys /kkrq lrg ij fxjrk gks rks QksVks bysDVªkWu dh  

vf/kdre xfrt ÅtkZ Kkr djksaA 

Ans : 
159 10

h 2   eV
2 e

 
 

 
= 3.93 eV 

Sol. B = 2 × 10–6 Tesla Vslyk sin [3.0 × 1015 s–1 )t] sin [(6.0 × 1015 s–1)t] 

 1 × 10–6 Tesla Vslyk  [cos {3.0 × 1015 s–1 )t} – cos {(9.0 × 10 15 s–1)t}] 

 maximum frequency of the wave rjax dh vf/kdre vko`fr 
159 10

2




s–1  

  maximum kinetic energy of the photoelectrons QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZ   

  =
159 10

h 2   eV
2 e

 
   

 = 3.93 eV  Ans. 

 
A-6. In an experiment on photoelectric effect, light of wavelength 800 nm (less than threshold wavelength) is 

incident on a cesium plate at the rate of 5.0 W .The  potential of the collector plate is made sufficiently 
positive with respect to the emitter so that the current reaches its saturation value .Assuming that on the 
average one of every 106 photons is able to eject a photoelectron, find  the photo current in the circuit. 

 ,d izdk'k fo|qr izHkko ijh{k.k esa 800 nm rjaxnS/;Z ¼nsgyh rjaxnS/;Z ls de½ okyh izdk'k fdj.k flft;e IysV ij 

5.0 W dh nj ls vkifrr gksrh gSA laxzkgd IysV ds foHko dks mRltZd ds lkis{k bl izdkj i;kZIr /kukRed j[kk 

tkrk gS fd /kkjk] blds lar`Ir eku rd igq¡p ldsA ;g ekfu;s dh vkSlru  106 QksVkWuksa esa ls ,d QksVkWu gh QksVks 

bysDVªkWu fudky ldrk gSA ifjiFk esa izdk'k /kkjk Kkr djksA  

Ans : 
6

P

hc 10




e  A = 3.2 µ A  

Sol. No. of Photons QksVksu dh la[;k  = 
P

E

 =
P

hc


  · s–1 

 no of photo electron s/s izfr lsd.M QksVks bysDVªku dh la[;k =
P

hc


 . 

6

1

10
 

  Photo current QksVks /kkjk =  
6

P

hc 10




· e  =  

–9 –19

–34 8 6

5 800 10 (1.6 10 )

6.63 10 3 10 10

   

   
A = 3.2 µ A. 
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A-7.# In a photoelectric effect experiment, photons of energy 5 eV are incident on the photocathode of work 

function 3 eV. For photon intensity A = 1015 m–2 s–1, saturation current of 4.0  A is obtained. Sketch the 

variation of photocurrent ip against the anode voltage Va in the figure below for photon intensity A 

(curve A) and B = 2 × 1015 m–2 s–1 (curve B) (in JEE graph was to be drawn in the answer sheet itself.)  

 çdk'k fo|qr ijh{k.k esa 5 eV ÅtkZ okyk QksVkWu 3 eV dk;Z Qyu okys QksVks dSFkksM+ ij vkifrr gksrk gSA QksVkWu dh 

rhozrk A = 1015 m–2 s–1, rFkk lar`Ir /kkjk 4.0  A çsf{kr dh tkrh gSA çdk'k /kkjk ip dk ,uksM+ foHko Va ds lkFk 

fopyu dk [khapk xzkQ uhps fp=k esa QksVkWu dh rhozrk A (oØ  A) vkSj B = 2 × 1015 m–2 s–1 (oØ  B) ds fy, n'kkZ;k 

x;k gSA ( JEE esa xzkQ mÙkj iqfLrdk esa cuk gqvk FkkA)        

 

ip(A) 

VA (volts) 

    –6  –4   –2 0 2 4 6 

2 

4 

6 

8 

 
Ans.  

       
Sol. Maximum kinetic energy of the photoelectrons would be  
   Kmax = E – W = (5 – 3) eV = 2eV 
 Therefore, the stopping potential is 2 Volt. Saturation current depends on the intensity of light incident. 

When the intensity is doubled the saturation current will also become two fold. The corresponding 
graphs are shown in  

 figure.                    
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Sol. QksVks bysDVªku dh vf/kdre xfrt ÅtkZ  
   Kmax = E – W = (5 – 3) eV = 2eV 

 vr% fujks/kh foHko 2 oksYV gS  lUr`Ir /kkjk vkifrr izdk'k dh rhozrk ij fuHkZj djrh gSA tc rhozrk nqxuh dh tkrh 

gS rks lr`Ir /kkjk Hkh nqxuh gks tk,sxhA lEcfU/kr vkjs[k fp=k esa n'kkZ;k x;k gSA       

 
     

Section (B) : Photon emission from a source and radiation pressure  

[k.M+ (B) : ,d lzksr ls QksVkWu mRltZu ,oa fofdj.k nkc 

B-1. Intensity of sunlight falling normally on the earth surface is 1.4 × 103W/m2. Assume that the light is 
monochromatic with average wavelength 5000Å and that no light is absorbed in between the sun and 

the earth’s surface. The distance between the sun and the earth is 1.5 × 1011m.         
 (a) Calculate the number of the photons falling per second on each square meter of earth’s surface 

directly below the sun. 
 (b) How many photons are there in each cubic meter near the earth’s surface at any instant ? 
 (c) How many photons does the sun emits per second ?  

 i`Foh lrg ij yEcor~ fxjus okyh lw;Z izdk'k dh rhozrk 1.4 × 103W/m2 gSA ;g ekfu;s fd ;g izdk'k ,d o.khZ gS 

rFkk vkSlr rjaxnS/;Z 5000Å gS rFkk i`Foh vkSj lw;Z ds e/; dksbZ izdk'k vo'kksf"kr ugha gksrk gSA iF̀oh rFkk lw;Z ds 

e/; nwjh  1.5 × 1011m gSA    

 (a) lh/ks lw;Z ds Bhd uhps izfr oxZ ehVj i`Foh lrg ij fxjus okys QksVkWuks dh la[;k Kkr dhft,\ 

 (b) fdlh {k.k i`Foh lrg ds ikl izfr eh3 esa fdrus QksVkWu gS ? 

 (c) lw;Z ls izfr lsd.M mRlftZr QksVkWuks dh la[;k fdruh gS \ 

Ans. (a) N =
47 10

hc


 = 3.5 × 1021, (b) 

4

2

7 10

hc


= 1.2 × 1013, (c) 

4 11 27 10 4 (1.5 10 )

hc

   
=9.9 × 1044   

Sol. (a) n = 
P

E

 =
3

–34 8

–10

1.4 10

6.63 10 3 10

5000 10



  



  = 3.5 × 1021  

 (b) If N be the no. of photons then these photons will fall on the surface in time 

 (b) ;fn N QksVksu dh la[;k gS rks ;s lHkh i`"B ij t le; eas vkifrr gksxsa  

  t = 
1

C
 

   n = 
N

t
 = N. C 

   N =
n

C
  = 

21

8

3.5 10

3 10




 = 1.2 × 1013 

 (c) No of photon emithed per second by the sun  

    lw;Z }kjk izfr lsd.M mRlftZr QksVku dh la[;k  

   = n . 4r2 = 3.5 × 1021 × 4 (1.5 × 1011)2 = 9.9 × 1044 
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B-2. A parallel beam of monochromatic light of wavelength 663 nm is incident on a totally reflecting plane 
mirror. The angle of incidence is 60° and the number of photons striking the mirror per second is  
5 × 1019. Calculate the force exerted by the light beam on the mirror. (h = 6.63 × 10–34 J.s.) 

 iw.kZ ijkorZd lery niZ.k ij 663 nm rjaxnS/;Z okys ,d o.khZ; çdk'k dk lekukUrj iqat Mkyk tkrk gSA vkiru 

dks.k 60° gS rFkk çfr lSd.M niZ.k ls Vdjkus okys QkWVksu dh la[;k 5 × 1019 gSA niZ.k ij fxjus okys çdk'k iqat 

ds dkj.k yxus okys cy dh x.kuk dhft,A (h = 6.63 × 10–34 J.s.)  

Ans.  5 × 10–8 N 

Sol. F = 
P

t




 = change of momentum of one photon x no. of photons per second = 

h
2 cos60º

 
  

 
 ×

dn

dt
 

 F =
P

t




  = ,d QksVkWu ds laosx esa ifjorZu x izfr lSda.M QkWVksu dh la[;k =

h
2 cos60º

 
  

 
  ×

dn

dt
 

   = 
34

9

6.63 10

663 10








 × 2 × 

1

2
 × (5 × 1019) = 5 × 10–8 N 

 

B-3. A beam of white light is incident normally on a plane surface absorbing 70% of the light and reflecting 
the rest. If the incident beam carries 30 W of power, find the force exerted by it on the surface. 

 'osr çdk'k dk iqat tc yEcor~ :i ls ,d lery lrg ij fxjrk gS rks ;g lrg 70% çdk'k dks vo'kksf"kr djrh 

gS rFkk 'ks"k izdk'k dks ijkofrZr dj nsrh gSA vxj lrg ij vkifrr çdk'k dh 'kfDr 30 W gS rks blds }kjk lrg 

ij yxk, x, cy dk eku crkb, \ 

Ans.  7

8

1.3 30
1.3 10

3 10


 


N       

Sol. change in momentum laosx esa ifjorZu 

 P = 0.7 × 
h


  + 2 × 0.3 × 

h


 

 = 1.3 
P

c
 = 1.3 ×  

8

30

3 10
= 1.3 × 10–7 N. 

 
B-4. A sodium lamp of power 10 W is emitting photons of wavelength 590 nm. Assuming that 60% of the 

consumed energy is converted into light, find the number of photons emitted per second by the lamp.  

 10 W 'kfDr dk lksfM;e ysEi 590 nm rjaxnS/;Z dk QkWVksu mRlftZr dj jgk gSA ySEi ls izfr lSd.M mRlftZr 

gksus okys QksVkWu dh la[;k Kkr djksA ;g ekfu;s fd 60% miHkksx ÅtkZ izdk'k esa ifjofrZr gksrh gSA   

Ans.  
8354 10

hc


= 1.77 × 1019   

Sol. Power consumed = 10 W  miHkksx 'kfDr  = 10W  

 Power emitted = 0.6 × 10W = 6W   mRlftZr 'kfDr = 0.6 × 10W  = 6W 

 Number of photons emitted per second = 
Power emitted

energy of each photon
 

 izfr lsd.M mRlftZr QksVksUl dh la[;k  = 
miHkksx  'kfDr  

izR; sd QksVku dh ÅtkZ
 

 =  
8

34

9

6

(3 10 )
(6.63 10 )

590 10






 



= 1.77 × 1019  
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Section (C) : de–Broglie wave length    

[k.M+ (C) : Mh czksXyh rjax 

C-1. Photoelectrons are liberated by ultraviolet light of wavelength 3000 Å from a metallic surface for which 
the photoelectric threshold wavelength is 4000 Å. Calculate the de Broglie wavelength of electrons 
emitted with maximum kinetic energy. 

 4000 Å izdk'k oS|qr nsgyh rjaxnS/;Z dh /kkrq lrg ls 3000 Å rjaxnS/;Z dh ijkcSaxuh fdj.kkas }kjk QksVks bysDVªkWu 

mRlftZr gksrs gSA vf/kdre xfrt ÅtkZ okys mRlftZr bysDVªkWuks dh Mh czksXyh rjaxnS/;Z Kkr djks  

Ans. d = th

th

h. .

2m.c.( )

 

  
  = 

7

e

6 10 h

m c


m = 12.08 Å 

Sol. Maximum K.E. of the electron bysDVªkWu dh vf/kdre ÅtkZ e– = E – 

  E =
th

hc hc


 
  

 d = de–broglie wavelength, Mh&czksxyh rjaxnS/;Z 

  
h

p
=  

h

2mE
= 

th

th

h

2m.hc.
.

  

 

 

 d =  th

th

h. .

2m.c.( )

 

  
 

 = 12.08 Å. 
 
C-2. Two identical nonrelativistic particles move at right angles to each other, possessing de-Broglie 

wavelengths, 1 & 2. Find the de-Broglie wavelength of each particle in the frame of their centre of 
mass.  

 nks leku rFkk ,d nwljs ls vlaca) d.k ijLij ledks.k ij xfr djrs gSa rFkk mudh Mh czksxyh rjaxnS/;Z 1 o 2 gSA 

buds nzO;eku dsUnz ds funsZ'k ra=k ds lkis{k izR;sd d.k dh Mh czksxyh rjaxnS/;Z Kkr djks\   

Ans.  =
1 2

2 2

1 2

2 

  
    

Sol.  

 Let  1P  and  2P  be the momenta of the two particles.   

 ekuk  1P  rFkk  2P  nksauks d.kksa ds laosx gS   

 The velocity of the centre of mass nzO;eku dsUnz dk osx 

  1 2
cm

P P
V

2m


  

 Hence, momentum of particle 1 in c.m. frame vr% nzO;eku dsUnz Ýse es d.k 1 dk laosx 

  
1

1 1 cmP m(v v )   

 = 1 2
1

P P
mv m

2m


   = 1 2P P

2


 

  2 2

1 1 2 1 2

1
| P |  P P 2PP cos90º

2
    

  
2 2

2 2

1 2

h 1 h h

2
 

  
   =  1 2

2 2

1 2

2 

  
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Section (D) : Bohr’s Theory for hydrogen, hydrogen like atoms (properties) 

[k.M+ (D) : gkbMªkstu] gkbMªkstu tSls ijek.kqvksa ds fy;s cksgj fl)kUr 
 

D-1. Find the numerical value of de-Broglie wavelength of an electron in the 1st orbit of hydrogen atom 
assuming Bohr’s atomic model. You can use standard values of the constants. Leave your answer in 

terms of .           

 cksgj ds ijek.kq izfr:i ds vuqlkj gkbMªkstu ijek.kq dh izFke d{kk esa fLFkr bysDVªkWu dh Mh czksxyh  

rjaxnS/;Z dk la[;kRed eku Kkr djksA lHkh fLFkjkad ds ekud eku iz;qDr djsaA vkids mRrj dks fLFkjkad '' ds inksa 

esa fy[ksA 

Ans.  = 2r = 2 × 0.529 Å = 1.058  Å    

Sol.  = 2r = 2 × 0.529 Å = 1.058  Å    
 

D-2. Find the radius and energy of a He+ ion in the states (a) n = 2, (b) n = 3.    

 He+ vk;u dh f=kT;k o ÅtkZ fuEu Lrjks esa Kkr djksA  (a) n = 2, (b) n = 3. 

Ans : (a) r = 0.529 × 
22

2
 = 1.058 Å 

      E = –13.6 ×
2

2

2

2
 = – 13.6 eV 

 (b) r = 0.529 ×  
23

2
= 2.38 Å 

      E  = – 13.6 × 
2

2

2

3
 = – 6.04 eV. 

Sol. r = 0.529 ; 

 (a) r (n = 2) = 0.529 × 
22

2
 = 1.058 Å 

      E(n = 2) = –13.6 × 
2

2

2

2
= – 13.6 eV 

 (b) r (n = 3) = 0.529 ×
23

2
  = 2.38 Å 

      E (n = 3) = – 13.6 ×
2

2

2

3
  = – 6.04 eV. 

 

D-3. A positive hydrogen like ion having electron at its ground state ejects it, if a photon of wavelength 228 Å 
or less is absorbed by it. Identify the ion.  

 ,d /kukRed gkbMªkstu ds leku vk;u ftlds ikl ewy voLFkk esa bysDVªku gS] bysDVªkWu mRlftZr djrk gS] ;fn ;g  

228Å ;k de rjax nS/;Z dk QksVkWu vo'kksf"kr djrk gSA vk;u igpkuks 

Ans. He+1 

Sol. BE of last electron vfUre bysDVªku dh ca/ku ÅtkZ  

 E = 13.6 × Z2 = 
hc


   Z2 =  

41.24 10

13.6 228




 4   Z = 2 

 

D-4. Find the temperature at which the average kinetic energy of the molecules of hydrogen equals the 
binding energy of its electron in ground state, assuming average kinetic energy of hydrogen gas 

molecule = 
3

kT
2

.            

 og rki Kkr djks ftl ij gkbMªkstu v.kqvksa dh vkSlr xfrt ÅtkZ ewy voLFkk esa blds bysDVªkWu dh cU/ku ÅtkZ 

ds leku gSA ;g ekfu;s fd gkbMªkstu xSl ds v.kqvksa dh vkSlr xfrt ÅtkZ = 
3

kT
2

 

Ans.  K = 02E
T

3K
  = 1.05 × 105

 
K 
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Sol. 1.5 KT = 13.6 eV 

 T =  
–19

–23

13.6 1.6 10

1.5 1.38 10

 

 
 K = 1.05 × 105 K 

 

D-5. A monochromatic light source of frequency  illuminates a metallic surface and ejects photoelectrons. 
The photoelectrons having maximum energy are just able to ionize the hydrogen atoms in ground state. 

When the whole experiment is repeated with incident radiations of frequency 
5

6

 
 
 

 the photoelectrons 

so emitted are able to excite the hydrogen atom which then emits a radiation of wavelength of 1215 Å. 

Find the  frequency .   

 vko`fÙk okyk ,d o.khZ; izdk'k L=kksr tc /kkrq lrg ij fxjrk gS rks QksVks bysDVªkWu mRlftZr djrk gSA mRlftZr 

QksVks bysDVªkWu dh vf/kdre ÅtkZ] ewy voLFkk okys gkbMªkstu ijek.kq ds vk;uu ds fy;s Bhd i;kZIr gSA tc iwjk 

ijh{k.k nqckjk 
5

6

 
 
 

 vko`fÙk okys izdk'k ds vkifrr fofdj.k ds lkFk nksgjk;k tkrk gS rks mRlftZr QksVksbysDVªkWu 

gkbMªkstu ijek.kq iqat dks mRrsftr djrk gS tks 1215 Å rjaxnS/;Z okyh fofdj.k mRlftZr djrk gSA vko`fÙk Kkr 

djksA 

Ans.  = 
106 hc 10

13.6e
h 1215

 
 

 
= 5×1015 Hz, 

Sol. K
1max

 = maximum K.E. of ejected electron in first case çFke fLFkfr esa mRlftZr bysDVªkWuksa dh vf/kdre xfrt 

ÅtkZ   = 13.6 eV 

   E

 =  + K

1max
 

   h =  + 13.6 eV  ..........(i) 

  K
2max

 = E

 –  = h.. 

5

6
 –   

      = 
5

6
h – (h – 13.6 eV) ..........(ii) 

  The energy of radiation of  = 1215 Å is   = 1215 Å ds fofdj.k dh ÅtkZ 

   = 
12400

1215
eV = 10.2 eV 

  This is the energy of the e– ;g bysDVªkWuksa dh ÅtkZ gS 

  10.2 eV = 
h

13.6eV
6


    

    = 
(13.6 10.2) 6eV

h

 
 = 5 × 1015 Hz. 

 

Section (E) : Electronic Transition in the H/H-Like atom/Species & Effect of motion of 
Nucleus 

[k.M+ (E) : gkbMªkstu@gkbMªkstu tSls ijek.kq esa bysDVªkWu laØe.k rFkk ukfHkd dh xfr dk izHkko 
 

E-1. Find the smallest wavelength in emission spectra of (a) hydrogen, (b) He +  

 fuEu ds mRltZu LisDVªe esa U;wure rjaxnS/;Z crkb;s (a) gkbMªkstu (b) He + 

Ans: (a) 91 nm (b) 23 nm  

Sol. The smallest wavelength corresponds to transition from n = 1 to n =. 

 n = 1 ls n = laØe.k ds laxr U;wure rjaxnS/;Z  

 (a) E = 13.6 eV   = 
41.24 10

13.6


Å = 911  Å = 91 nm. 

 (b) E = 13.6 × 22 ev 

      =  
4124 10

13.6 4




 Å = 228  Å = 23 nm. 
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E-2. Calculate the angular frequency of revolution of an electron occupying the second Bohr orbit of He+ ion. 

 He+ vk;u ds nwljh cksgj d{k esa mifLFkr bysDVªkWu ds pDdj dh dks.kh; vko`fÙk crkb;sA 

Ans. 
2

0

3

0

v z
.

r n
 =

6 2

10 3

2.19 10 Z

0.529 10 n





 = 2.07 × 1016 s1 

Sol. v = 2.19 × 106 × 
z

n
m/sec 

 r = 0.529 × 10–10 × 
2n

z
m  On putting values eku j[kus ij, 

 
v

r
 =  

6 2

10 3

2.19 10 Z

0.529 10 n





= 2.07 × 1016 s–1 

 

E-3. Find the quantum number n corresponding to the excited state of He+ ion, if on transition to the ground 
state that ion emits two photons in succession with wave lengths 108.5 and 30.4 nm. 

 He+ vk;u dh mÙkstu voLFkk ds laxr DokaVe la[;k n crkb;s] ;fn vk;u ewy voLFkk esa laØe.k ds fy;s nks 

108.5 vkSj 30.4 nm rjaxnS/;Z okys Øekxr QksVkWu mRlftZr djrk gSA  

Ans. n = 5 

Sol. Total energy of radiation fofdj.k dh dqy ÅtkZ 

  E = 
1 2

hc hc


 
 

 13.6 × 4 × 
2

1
1

n

 
 

 
 =  

1240 1240

108.5 30.4

 
 

 
eV 

 1 –
2

1

n
   = 

1

13.6 4
 × 52.22 

 n = 5. 

 

E-4. Consider a gas of hydrogen like ions in an excited state A. It emits photons having wavelength equal to 
the wavelength of the first line of the Lyman series together with photons of five other wavelengths. 
Identify the gas and find the principal quantum number of the state A.       

 fdlh mÙksftr Lrj  A esa gkbMªkstu leku vk;u dh xSl ij fopkj dhft,A ;g ykbeu Js.kh dh igyh js[kk ds 

cjkcj rjaxnS/;Z okyk QksVkWu ik¡p vU; rjaxnS/;Z okys QksVkWuks ds lkFk mRlftZr djrh gSA xSl dks igpkfu;s rFkk 

Lrj A dh eq[; DokaVe la[;k crkb;sA  

Ans: He + 4, 
Sol. Since there are six transition 

 pwafd N% laØe.k gS 

 nC2  = 6    n = 4 
 since one of the photons matches with first line of lyman series 

 pwafd ,d QksVku ykbeu Js.kh dh izFke js[kk ls lac/k gSA 

 13.6
1

1–
4

 
 
 

  = 13.6 z2 
2 2

1 2

1 1
–

n n

 
  
 

 

  
2

1

Z
–  

 
2

1

2z
= 

2 2

1 2

1 1
–

n n

 
  
 

 

 since n cannot be more than 4, hence  

 pwfd ;g pkj ls vf/kd ugh gks ldrk vr%  

  Z = 2 

 The ion is vk;u He+  gSa 
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E-5. A stationary hydrogen atom emits a photon corresponding to first line of the Lyman series. What 
velocity does the atom acquire ? 

 ,d fLFkj gkbMªkstu ijek.kq ykbeu Js.kh dh igyh js[kk ds lxar QksVkWu mRlftZr djrk gSA ijek.kq dk osx D;k 

gksxk \  

Ans.  
E 1

.
c m

=
p

13.6 3e

4cm


  = 3.25 m/s 

Sol. Energy of the first line in Lyman series ykbeu Js.kh esa çFke js[kk dh ÅtkZ 

  E = 13.6 ×  
1

1
4

 
 

 
eV  = 10.2 eV 

 velocity of atoms ijek.kq dk osx = 
p

m
 =  

E 1
.

c m
= 

19

8 24

10.2 1.6 10

3 10 1.67 10





 

  
m/s = 3.25 m/s. 

 
 

E-6. From the condition of the foregoing problem, find how much (in %) the energy of the emitted photon 
differs from the energy of the corresponding transition in a hydrogen atom.  

 mijksDr iz'u ds vuqlkj Kkr dhft,] mRlftZr QksVkWu dh ÅtkZ gkbMªkstu ijek.kq esa laxr laØe.k dh ÅtkZ ls 

fdruh (% esa) fHkUu gS\   

Ans. 
E - E

E

( )
× 100 = 0.55 x 106 % 

Sol.  

 From momentum conservation laosx laj{k.k ls  

  mv = 
Ε

C
 ........ I 

 From energy consideration ÅtkZ laj{k.k ls  

 EH =  
1

2
mv2   =  

1

2
×  

–27 2

–19

(1.67 10 ) (3.25)

1.6 10

 


ev = 5.5 × 10–8 ev 

 % change in energy ÅtkZ ifjorZu   = HE

E
 × 100  

    =  
–85.5 10

10.2


× 100 = 0.55 × 10–6 % 

 

E-7. Consider a gas consisting Li+2 (which is hydrogen like ion).   

 (a)  Find the wavelength of radiation required to excite the electron in Li++ from n = 1 and n = 3. 
(Ionisation energy of the hydrogen atom equals 13.6 eV). 

 (b)  How many spectral lines are observed in the emission spectrum of the above excited system ? 

 ,d xSl esa f} vk;fur fyfFk;e vk;u tks gkbMªkstu ds leku gS] ftldk ijek.kq Øekad 3 gS A 

 (a)  Li++ vk;u ds bysDVªkWu dks igys ls rhljs cksgj d{k rd mÙkstu ds fy;s vko';d fofdj.k dk rjaxnS/;Z crkb;s 

(gkbMªkstu ijek.kq dh vk;uu ÅtkZ13.6 eV gS )  

 (b)  mijksDr mÙksftr fudk; ds mRltZu LisDVªe esa fdruh LisDVªe js[kk,a fn[kk;h nsaxh A 

Ans. (a)  
hc

13.6 8e
= 113.7 Å  (b) 3 

Sol. (a) E = 13.6 × 32 × 
2

1 1

1 3

 
 

 
 eV = 13.6 × 8 eV 

  = 
hc

E
 =  

12400

13.6 8
Å = 113.7 Å 

 (b) no. of spectral lines LisDVªe js[kkvksa dh la[;k = nC
2
  

  = 3C
2
 = 3. 
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E-8. A free atom of iron emits a photon of energy 6.4 keV. Then find the recoil kinetic  energy of the atom. 
(Take mass of iron atom = 9.3 × 10–26  kg).    

 yksgs dk eqDr ijek.kq 6.4 keV ÅtkZ dk QksVkWu mRlftZr djrk gSA 'ks"k ijek.kq dh izfrf{kIr xfrt ÅtkZ Kkr djksA 

¼yksgs ds ,d ijek.kq dk nzO;eku = 9.3 × 10–26  kg)    

Ans: Krecoil = 

2
3

26

6.4 10 e 1
J

c 2 (9.3 10 )

 
 

  
 = 3.9 × 10 – 4 eV 

Sol. Momentum of recoiling atom çfrf{kIr ijek.kq dk laosx 

 = momentum of the photon QksVkWu dk laosx 

 = 
E

c
  

 K.E. of recoiling atom çfrf{kIr ijek.kq dh xfrt ÅtkZ =  
2P

2m
= 

2

2

E

2mc
 

 = 

2
3

8 26

6.4 10 1.6 1
J

3 10 2 (9.3 10 )

  
 

   
 

 = 0.63 × 10–22 J  = 3.9 × 10–4 eV. 
 
 

Section (F) : Atomic Collisions  

[k.M+ (F) : ijek.koh; VDdj ¼la?kV~V½   

F-1. At what minimum kinetic energy must a hydrogen atom move for its inelastic headon collision with 
another stationary hydrogen atom so that one of them emits a photon? Both atoms are supposed to be 
in the ground state prior to the collision.  

 gkbMªkstu ijek.kq dh U;wure xfrt ÅtkZ D;k gksuh pkfg;s ftlls ;g nwljs fLFkj gkbMªkstu ijek.kq ls lEeq[k 

vizR;kLFk VDdj dj nksuks esa ls dksbZ ,d ijek.kq QksVkWu mRltZu dj ldsA nksuksa ijek.kq VDdj ls igys ewy 

voLFkk esa ekus A  

Ans. Tmin  =  
T

2
= 10.2 = 20.4 eV 

Sol. The loss in kinetic energy should be 10.2 eV so that the hydrogen atom may be excited to first excited 
state. For minimum kinetic energy case, the two atoms will move together. 

 gkbMªkstu ds izFke mÙksftr voLFkk esa vkus ds fy, 10.2 eV dh xfrt ÅtkZ gkfu vfHk"V gSA U;wure xfrt ÅtkZ ds 

izdj.k ds fy, ;s nks ijek.kq lkFk xfr djsxsA  

 mv0 = (m + m) v   v = v0 /2 

 loss in kinetic energy xfrt ÅtkZ esa gkfu =  
1

2
mv0

2 –  
1

2
 (2m) 

2

0v

2

 
 
 

 

 10.2eV = 
1

4
. mv0

2 = 
1

4
.T 

  T = 2 × 10.2 eV = 20.4 eV 
 

Section (G) : X-rays    

[k.M+ (G) : X-fdj.ksa  
 

G-1. Find the cutoff wavelength for the continuous X-rays coming from an X-ray tube operating at 40 kV. 

 ,d X-fdj.k ufydk] ftl ij 40 kV foHko vkjksfir gS] ls fudyus okyh ¼lrr~½ % X-fdj.k ds fy;s nsgyh rjaxnS/;Z 

Kkr dhft;s \     

Ans.  = 
3

hc

40 10 e
m = 31.05  pm   

Sol.  = 
3

hc

40 10 e
m = 31.05 pm   
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G-2. If the operating potential in an X -ray tube is increased by 0.1%, by what percentage does the cutoff 
wavelength decrease?  

 ;fn X -fdj.k ufydk] esa vkjksfir foHko 0.1% ls c<+k fn;k tk;s rks nsgyh rjaxnS/;Z fdruh izfr'kr de gksxh \  

Ans: approximately 0.1% yxHkx 0.1%  

Sol. cut off = 
hc

eV
 

 



 =

V

V


   

  % decrease in cut off wavelength vUrd rjaxnS/;Z esa  % deh = 0.1%. 

 
G-3. On increasing the operating voltage in an x-ray tube to 1.5 times, the shortest wavelength decreases by 

26 pm. Find the original value of operating voltage. 

 ;fn X fdj.k ufydk ij dk;Zdkjh foHko okLrfod eku dk 1.5 xquk dj fn;k tk;] rks NksVh rjaxnS/;Z 26 pm rd 

?kV tkrh  gSA dk;Zdkjh foHko dk okLrfod eku Kkr djksaA  

Ans: v1 = 
12

1

hc

1.5e( 26 10 )  
 V = 15.9 kV 

Sol. KE = 
min

hc


 

 min = 
hc

KE
 

 1 – 2 = 1.24 × 104  
1 1

–
v 1 · 5v

 
 
 

ºA 

 26 × 10–2 = 1.24 × 104 × 
1

3V
 

  V = 
4

–2

1.24 10

3 26 10



 
 = 15.9 × 103 V 

 
G-4. An X-ray tube operates at 20 kV. Suppose the electron converts 70% of its energy into a photon at 

each collision. Find the lowest three wavelength emitted from the tube. Neglect the energy imparted to 
the atom with which the electron collides.  

 ,d X-fdj.k ufydk 20 kV ij dk;Z djrh gSA ekuk bysDVªku izR;sd VDdj esa viuh ÅtkZ dh 70% ÅtkZ QksVkWu esa 

ifjofrZr djrk gSA ufydk }kjk mRlftZr U;wure rhu rjaxnS/;Z crkb;sA bysDVªku dh ijek.kq ds lkFk VDdj esa 

ijek.kq dks nh x;h ÅtkZ ux.; ekusaA 

Ans. 1 =
3

hc

20 10 (0.7)e 
  = 88.6 pm , 2 =  

3

hc

20 10 (0.7 0.3)e  
= 295.6 pm, 

 3 =  
3 2

hc

20 10 0.7 (0.3) e  
= 985.6 pm, 

Sol. 1 =  
3

hc

20 10 (0.7)e 
= 88.6 pm , 2 =  

3

hc

20 10 (0.7 0.3)e  
= 295.6 pm, 

 3 =
3 2

hc

20 10 0.7 (0.3) e  
  = 985.6 pm, 
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G-5.# Figure shows the variation of frequency of a characteristic x-ray and atomic number. 
 (i) Name the characteristic x-ray 
 (ii) Find the energy of photon emitted when this x-ray is emitted by a metal having z = 101.  

 fp=k esa vfHkyk{kf.kd x-fdj.k dh vkof̀r rFkk ijek.kq Øekad dk fopyu n'kkZ;k x;k gS -   

 (i) vfHkyk{kf.kd x-fdj.k dk uke crkvks&  

 (ii) tc ;g x-fdj.k z = 101 okyh /kkrq ls mRlftZr gksrh gS] rks mRlftZr QksVkWu dh ÅtkZ Kkr djksA  

        
Ans  (i) k       (ii) 102 keV. 

Sol. From graph  = K(z – 1)2  where K is constant 

 xzkQ ls    = K(z – 1)2  tgka K fu;r gSA  

     = a(z – 1)  a = K  

 we get ge izkIr djrs gS b = 1 

 So vr%  its K – x-ray  ;g K – x-fdj.k gS  

 Energy of photon QksVkWu dh ÅtkZ  = 13.6 × (z – b)2  

 For ds fy,   K    n1 = 1 

           n = 2 

 E = 13.6 × (100)2 
2 2

1 2

1 1

n n

 
 

 
= 102 KeV Ans.   

 

G-6. Find the wavelength of the K line in copper (Z = 29), if the wave length of the K line in iron (Z = 26) is 
known to be equal to 193 pm. (Take b = 1)  

 ;fn yksgs (Z = 26) dh K js[kk dh rjxanS/;Z 193 pm gks rks rk¡cs (Z = 29 ) dh K js[kk dh rjaxnS/;Z Kkr djksA 

Ans. = 

2
26 1

29 1

 
 

 
 193 pm = 154 pm  

Sol. 
1


= R(Z – b)2  

2 2

1 1

1 2

 
 

 
  

 apply this equation we get,  bl lehdj.k dk mi;ksx djus ij ge izkIr djrs gS 

  = 

2
26 1

29 1

 
 

 
 193 pm = 154 pm  

 
G-7.  A hydrogen like atom (atomic number Z) is in a higher excited state of quantum number n. This excited 

atom can make a transition to the first excited state by successively emitting two photons of energies 
10.20 eV & 17.00 eV respectively. Alternatively, the atom from the same excited state can make a 
transition to the second excited state by sucessively emitting two photons of energies 4.25 eV & 5.95 
eV respectively. Determine the values of n & Z. (Ionization energy of hydrogen atom = 13.6 eV)   

 ,d gkbMªkstu ds leku ijek.kq ¼ijek.kq la[;k Z½ DokUVe la[;k n okys mPp mÙksftr Lrj ij gSA ;g mÙksftr 

ijek.kq Øe'k%  10.20 eV o 17.00 eV ÅtkZvksa ds nks Øfed QksVkWu mRlftZr dj izFke mÙksftr Lrj rd lapj.k 

dj ldrk gSA blds vykok leku mÙksftr Lrj ls ;g ijek.kq Øe'k% 4.25 eV o 5.95 eV ds nks Øfed izksVkWu 

mRlftZr dj f}rh; mÙksftr Lrj rd lapj.k dj ldrk gSA n o Z ds eku Kkr djksA ¼gkbMªkstu ijek.kq dh 

vk;uhdj.k ÅtkZ = 13.6 eV)        

Ans.  n = 6, Z = 3  
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Sol. From the  given conditions : nh xbZ fLFkfr ds fy, 

  En – E2 = (10.2 + 17)eV = 27.2 eV. 

 and rFkk En – E3 = (4.25 + 5.95) eV = 10.2 eV 

 Equations (i) – (ii) gives. 

 leh0 (i) – (ii)  ls  

   E3 – E2 = 17.0 eV 

 or ;k  Z2 (13.6) 
1 1

–
4 9

 
 
 

 = 17.0 

   Z2(13.6)(5/36) = 17.0 

    Z2 = 9. 
 or   Z = 3. 

 From equation (i) , leh0 (i) ls 

   Z2 (13.6) 
2

1 1
–

4 n

 
 
 

 = 27.2 

 or ;k  (3)2 (13.6) 
2

1 1
–

4 n

 
 
 

 = 27.2. 

 or ;k   
2

1 1
–

4 n

 
 
 

 = 0.222 

 or ;k   
2

1

n
 = 0.0278. 

 or ;k   n2 = 36. 

    n = 6. 
 
G-8. Characteristic X-rays of frequency 4.2 × 1018 Hz are emitted from a metal due to transition from  

L- to K-shell. Find the atomic number of the metal using Moseley’s law. Take Rydberg constant  
R = 1.1 × 107 m–1.  

 tc ,d /kkrq esa L ls K d{k esa LFkkukUrj.k gksrk gS rks 4.2 × 1018 Hz vko`fÙk okyh vfHkyk{kf.kd X fdj.k mRlftZr 

gksrh gSA ekstys fu;e dk mi;ksx djds ijek.kq Øekad Kkr djksA fjMcxZ fu;rkad R = 1.1 × 107 m–1 ysaA   

Ans. 42  

Sol. E = hv = Rhc (z – b)2  
2 2

1 2

1 1

n n

 
 

 
 

 For K-series  b = 1   K-Js.kh ds fy, b = 1  

  v = Rc (z – 1)2 
2 2

1 2

1 1

n n

 
 

 

 

 Substituting the values eku izfr LFkkfir djus ij   

 4.2 × 1018 = (1.1× 107) (3 × 108) (z – 1)2 
1 1

1 4

 
 

 
 

  (z – 1)2 = 1697 
 or z – 1  41 or z = 42    

 

 

E 

L 

K 

n = 2 2 

n = 1 1 
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Section (H) : for JEE Main 

[k.M+ (H) : JEE Main ds fy, 

H-1 . An electron beam of energy 10 KeV is incident on metallic foil. If the interatomic distance is 0.55Å . Find 
the angle of diffraction. 

 ,d /kkrq dh iUuh ij ,d bysDVªkWu iqat fxjrk gS ftldh ÅtkZ 10 KeV gSA ;fn nks ijek.kqvksa ds chp nwjh 0.55Å  

rks foorZu dk dks.k crkb;sA  

Sol. = Dsin       and  rFkk  
12.27

Å
V

   so  vr% 
12.27

Dsin
V

   

 
10

10

3

12.27 10
0.55 10 sin

10 10




  


  

 sin  = 
12.27

0.2231
0.53 100




  or 1sin (0.2231) 12.89º    

 

PART - II : ONLY ONE OPTION CORRECT TYPE 

Hkkx - II : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

Single Choice Objective, straight concept/formula oriented 
Section (A) : Photoelectric Effects  

[k.M+ (A) : izdk'k fo|qr izHkko   

A-1. In a photoelectric experiment, if stopping potential is applied, then photocurrent becomes zero. This 
means that :       

 (A) the emission of photoelectrons is stopped  
 (B*) the photoelectrons are emitted but are reabsorbed by the emitter metal 
 (C) the photoelectrons are accumulated near the collector plate 
 (D) the photoelectrons are dispersed from the sides of the apparatus. 

 ,d izdk'k fo|qr izHkko iz;ksx esa ;fn fujks/kh foHko yxkrs gSa rks izdk'k /kkjk 'kwU; gks tkrh gSA bldk vFkZ gS fd  

 (A) QksVks bysDVªkWu dk mRltZu :d x;k gSaA  

 (B*) QksVks bysDVªkWu mRlftZr gks jgs gS ijUrq mRltZd /kkrq }kjk iqu% vo'kksf"kr gks tkrs gSA   

 (C) QksVks bysDVªkWu lxzkgad IysV ds ikl ,df+=kr gks tkrs gSaA  

 (D) QksVks bysDVªkWu midj.k ds fdukjks ls ckgj fudy tkrs gSaA   

Sol Emission of photo electron is independent of external factor. It depends only on the nature of the 
material and wavelength of incident light  

 QksVks bysDVªkWu dk mRltZu ckº; dkjdks ij fuHkZj ugh gSA og dsoy inkFkZ dh izd`fr o vkifrr izdk'k dh 

rjaxnS/;Z ij gh fuHkZj djrk gSA 

 
A-2. If the frequency of light in a photoelectric experiment is doubled then maximum kinetic energy of 

photoelectron       
 (A) be doubled      (B) be halved   
 (C*) become more than double   (D) become less than double   

 ;fn izdk'k fo|qr izHkko iz;ksx esa izdk'k dh vko`fÙk dks nqxuk djsa rks QkWVksbysDVªkWu dh vf/kdre xfrt ÅtkZ  

 (A) nqxquh gks tk,xh     (B) vk/kh gks tk,xh   

 (C*) nqxqus ls T;knk gks tk,xh   (D) nqxqus ls de gks tk,xh 

Sol. Einstein's formula vkbULVhu dk lw=k 

  kmax 1 = eV1 +  

 if frequency is doubled, ;fn vkof̀Ùk nqxquh dh tk, 

  kmax 2 = eV2 + > 2 Kmax 1  
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A-3. Two separate monochromatic light beams A and B of the same intensity (energy per unit area per unit 

time) are falling normally on a unit area of a metallic surface. Their wavelength are A and B 
respectively. Assuming that all the incident light is used in ejecting the photoelectrons, the ratio of the 
number of photoelectrons from beam A to that from B is 

 leku rhozrk ds nks vyx vyx ,d o.khZ izdk'k iqat  A o B esa fdlh /kkrq lrg ds bdkbZ {ks=kQy ij vfHkyEcor~ 

vkifrr gksrs gSaA budh rjax nS/;Z Øe'k% A vkSj B gSaA ;g ekfu;s fd vkifrr iwjk izdk'k QksVks bysDVªkWu mRlZtu ds 

dke vkrk gS] iaqt A o B ls mRlftZr QksVks bysDVªkWuksa dh la[;k dk vuqikr gSA  

 (A*) A

B

 
 
 

  (B) B

A

 
 
 

  (C) 

2

A

B

 
 
 

  (D) 

2

B

A

 
 
 

 

Sol. The number of photo electron depends on the number of photons 

 QksVks bysDVªkWuks dh la[;k QksVkWu dh la[;k ij fuHkZj djrh gSA 

 Number of photon QksVkWu dh la[;k = 
hc / 

I
 = 

hc

 ·I
 

 Ratio of no. of Photoelectrons QksVks bysDVªkWu dh la[;k dk vuqikr = A

B




 

 

A-4. Which one of the following graphs in figure shows the variation of photoelectric current (I) with voltage 
(V) between the electrodes in a photoelectric cell ? 

 (A*)   (B)      

 

 (C) 

  

  (D)  

 
 fuEu essa ls dkSulk xzkQ QksVks fo|qr lsy ds bysDVªksMksa ds e/; izdk'k fo|qr /kkjk (I) rFkk foHko (V) ds chp ifjorZu 

n'kkZrk gSaA 

 (A*)   (B)      

 

 (C) 

  

  (D)   

 

Sol. Experimental obervation. çk;ksfxd çs{k.k 
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A-5. When a centimetre thick surface is illuminated with light of wavelength , the stopping potential is V. 

When the same surface is illuminated by light of wavelength 2, the stopping potential is V/3. The 
threshold wavelength for the surface is : 

 (A) 
4

3


   (B*) 4    (C) 6    (D) 

8

3


 

 tc ,d lseh eksVh lrg dks  rjaxnS/;Z okys izdk'k ls izdkf'kr djrs gS rks fujks/kh foHko V gSaA tc leku lrg dks 

2 rjaxnS/;Z okys izdk'k ls izdkf'kr djrs gS rks fujks/kh foHko V/3 gSaA lrg dh nSgyh rjax nS/;Z gSaA 

 (A) 
4

3


   (B*) 4    (C) 6    (D) 

8

3


 

 

Sol.  
hC


=  + eV  ....(i)  

hC

2
=  +  

eV

3
 ....(ii) 

 3 · ii – i  

 
3

– 1
2

 
 
 

hc


   = 2  = 

hc

4
 

  th = 4 
 
A-6. The anode plate in an experiment on photoelectric effect is kept vertically above the cathode plate. 

Light source is put on and a saturation photocurrent is recorded. An electric field is switched on which 
has vertically downward direction   

 (A) The photocurrent will increase  (B*) The kinetic energy of the electrons will increase 
 (C) The stopping potential will decrease  (D) The threshold wavelength will increase 

 ,d izdk'k fo|qr izHkko iz;ksx esa ,suksM IysV dks dSFkksM IysV ds Åij Å/okZ/kj j[krs gSaA izdk'k L=kksr dks pkyq djrs 

gSa vkSj lar`Ir izdk'k /kkjk izsf{kr djrs gSaA ,d fo|qr {ks=k tks m/okZ/kj uhps dh vksj gS] dks pkyq djrs gSaA 

 (A) izdk'k /kkjk c<+sxh    (B*) bysDVªkWuks dh xfrt ÅtkZ c<sxh 

 (C) fujks/kh foHko ?kVsxk    (D) nSgyh rjax nS/;Z c<sxh 

Sol. The electrons will get accelerated in the electric field. Hence, kinetic energy will increase. 

 bysDVªkWu fo|qr {ks=k esa Rofjr gksxkA vr% xfrt ÅtkZ c<+sxhA 

 

A-7. The maximum kinetic energy of photoelectrons emitted from a surface when photons of energy 6 eV fall 
on it is 4 eV. The stopping potential is : 

 tc 6 eV ÅtkZ okys QksVkWu fdlh lrg ij fxjrs gS rc /kkrq dh lrg ls mRlftZr QksVks bysDVªksu dh vf/kdre 

xfrt ÅtkZ 4 eV gS] rks fujks/kh foHko gSaA  

 (A) 2V   (B*) 4V   (C) 6V   (D) 10V 
Sol. Stopping potential = maximum kinetic energy of e = 4V. 

 fujks/kh foHko = bysDVªkWu dh vf/kdre xfrt ÅtkZ = 4V. 

 
A-8. Ultraviolet light of wavelength 300 nm and intensity 1 W/m2 falls on the surface of a photosensitive 

material. If one percent of the incident photons produce photoelectrons then the number of 
photoelectrons emitted per second from an area of 1 cm2 of the surface is nearly  

 ,d izdk'k lqxzkgh inkFkZ dh lrg ij 300 nm rajxnS?;Z ,oa 1 W/m2 rhzork dk ijkcSaxuh izdk'k vkifrr gksrk gSA 

;fn vkifrr QksVksu dk ,d izfr'kr QksVks bysDVªkWu mRlftZr djrk gS] rc lrg ds fudV 1 cm2 {kS=kQy ls izfr 

lsd.M mRlftZr QksVks bysDVªkWuksa dh yxHkx la[;k gksxhµ 

 (A) 1.51 × 1013  (B*) 1.51 × 1012  (C) 4.12 × 1013  (D) 2.13 × 1011 

Ans. (B) 

Sol. 
 IA Nhc

100



 

 
–41 10 12400

N
100 3000


  × 1.6 × 10–19 

 N = 1.5 × 1012 (approx yxHkx) 
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Section (B) : Photon Emission from a source and radiation pressure 

[k.M+ (B) : ,d lzksr ls QksVkWu mRltZu ,oa fofdj.k nkc 

B-1. A photon of light enters a block of glass after travelling through vacuum. The energy of the photon on 
entering the glass block       

 (A) increases because its associated wavelength decreases 
 (B) Decreases because the speed of the radiation decreases 
 (C) Stays the same because the speed of the radiation and the associated wavelength do not change 
 (D*) Stays the same because the frequency of the radiation does not change 

 izdk'k dk ,d QksVkWu fuokZr ls pyrk gqvk ,d dkWp ds CykWd esa izos'k djrk gSA dkWp ds CykWd es a izos'k djus ij 

QksVkWu dh ÅtkZ 

 (A) c<sxh D;ksafd blls lEcfU/kr rjaxnS/;Z ?kVsxhA 

 (B) ?kVsxh D;ksafd fofdj.k dh pky ?kVsxhA 

 (C) leku jgsxh D;ksafd fofdj.k dh pky vkSj lEcfU/kr rjaxnS/;Z ugha cnyrh gSA 

 (D*) leku jgrh gS D;ksafd fofdj.k dh vko`fÙk ugha cnyrh gSA 

Sol. Frequency of light does not change with medium. 

 izdk'k dh vko`fr ek/;e cnyus ij ugh cnyrh  
 

Section (C) : de-Broglie waves     

[k.M+ (C) : Mh czksXyh rjax   

C-1. The energy of a photon of frequency  is E = h and the momentum of a photon of wavelength  is p = 

h/. From this statement one may conclude that the wave velocity of light is equal to : 

 (A) 3 × 108 ms–1 (B*) 
E

p
   (C) E p   (D) 

2

E

p

 
 
 

 

  vko`fr okys QksVkWu dh ÅtkZ E = h gSa rFkk  rjaxnS/;Z okys QksVkWu dk laosx p = h/ gSA bl dFku ls ;g fu"d"kZ 

fudkyk tk ldrk gS fd izdk'k rjax dk osx cjkcj gSa& 

 (A) 3 × 108 ms–1 (B*) 
E

p
   (C) E p   (D) 

2

E

p

 
 
 

 

Sol. C =  ·   = 
h

p
  · 

E

h
 = 

E

p
 

 

C-2. The de Broglie wavelength of an electron moving with a velocity 1.5 × 108 ms–1 is equal to that of a 
photon. The ratio of the kinetic energy of the electron to that of the energy of photon is (apply non 
relativistic formula for electron) :   

 (A) 2   (B) 4   (C) 
1

2
   (D*) 

1

4
 

 1.5 × 108 ms–1 ls xfr dj jgs bysDVªkWu dh Mh czksXyh rjaxnS/;Z QksVkWu ds cjkcj gSaA bysDVªkWu dh xfrt ÅtkZ rFkk 

QksVkWu dh ÅtkZ dk vuqikr gSaA ¼ bysDVªkWu ds fy, vlkis{kokn ds lw=k dk mi;ksx djsaA½  

 (A) 2   (B) 4   (C) 
1

2
   (D*) 

1

4
 

 

Sol. 
d
 = 

h

mv
 

 E

 = energy of photon QksVkWu dh ÅtkZ = 

hc


 and energy of rFkk bysDVªkWu dh ÅtkZ e– = 

2p

2m
=

hv

2
 

 The required ratio vko';d vuqikr = . 

hv
12

hc 4

 


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C-3. A particle of mass M at rest decays into two particles of masses m
1
 and m

2
 having non zero velocities. 

The ratio of the de Broglie wavelengths of the particles, 
1
/

2
 is : 

 M nzO;eku dk fLFkj d.k m
1
 o m

2 
nzO;eku ds nks VqdMks esa foHkDr gks tkrk gSa rFkk budk osx 'kwU; ugha gSA d.kksa 

dh Mh&czksXyh rjaxnS/;Z  dk vuqikr vFkkZr 
1
/

2
 gSaA  

 (A) 1

2

m

m
   (B) 2

1

m

m
   (C*) 1 : 1  (D) 2

1

m

m
 

Sol  = 
h

p
 

 Since the momenta of the two particles are equal,  are same. 

 pwafd nksuks d.kks dk laosx rqY; gS vr% buds  Hkh rqY; gksxsA  

 
C-4. Let p and E denote the linear momentum and the energy of a photon. For another photon of smaller 

wavelength (in same medium)   
 (A*) both p and E increase   (B) p increases and E decreases     
 (C) p decreases and E increases  (D) both p and E decreases 

 ekuk p rFkk E QksVkWu ds js[kh; laosx rFkk ÅtkZ dks O;Dr djrs gSaA y?kq rjaxnS/;Z ds vU; QksVkWu ds fy, ¼leku 

ek/;e esa½  

 (A*) nksuksa p vkSj E c<+rs gSa    (B) p c<+rk gS rFkk E ?kVrk gS 

 (C) p ?kVrk gS rFkk E c<+rk gS   (D) nksuks p vkSj E ?kVrs gSa 

Sol. Applying p = 
h


  and E = 

hc


 

 iz;qDr djus ij p = 
h


 rFkk E =

hc


  

 If  decreases E and p increases.  

 ;fn  ?kVrk gS rks E rFkk p c<rs gSA  

 

C-5. The de Broglie wavelength of a neutron correspoding to root mean square speed at 927ºC is . What 
will be the de Broglie wavelength of the neutron correspoding to root mean square speed at 27ºC? 

 (A) 
2


   (B)    (C*) 2    (D) 4 

 oxZ ek/; ewy pky ds laxr 927ºC ij U;wVªkWu dh Mh&czksxyh rjaxnS/;Z   gSaA oxZ ek/; ewy pky ds laxr 27ºC ij 

U;wVªkWu dh Mh&czksxyh rjaxnS/;Z gksxh & 

 (A) 
2


   (B)    (C*) 2    (D) 4  

Sol. K.E. of neutron E = 
3

2
kT   U;wVªkWu dh xfrt ÅtkZ E = 

3

2
kT 

 
d
 =  

h

p
=  

h

2mE
 = 

h

3
2m kT

2


 

  
2
 =   

(927 273)
.

27 273





= 2.  

 

C-6. The wavelength  of de Broglie waves associated with an electron (mass m, charge e) accelerated 
through a potential difference of V is given by (h is Planck’s constant) :  

 (A)  = h/mV  (B)  = h/2 meV  (C)  = h/ meV  (D*)  = h/ 2meV  

 V foHko ls Rofjr bysDVªkWu (nzO;eku m, vkos'k e) ls lEcfU/kr Mh&czksXyh rjaxnS/;Z  ls nh tkrh gS (h Iykad fu;rkad) 

 (A)  = h/mV  (B)  = h/2 meV  (C)  = h/ meV  (D*)  = h/ 2meV  

Sol. (D)  = 
h

P
=  

h

2mK
= 

h

2meV
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Section (D) : Bohr’s atomic model of H-atom & H-Like species (Properties) 

[k.M+ (D) : gkbMªkstu] gkbMªkstu tSls ijek.kqvksa ds fy;s cksgj fl)kUr ¼xq.k/keZ½  

D-1. If a0 is the Bohr radius, the radius of the n = 2 electronic orbit in triply ionized beryllium is - 
 (A) 4a0   (B*) a0   (C) a0/4   (D) a0/16 

 ;fn a0 cksgj f=kT;k gks rks f=k vk;fur csfjfy;e ds fy;s n = 2 d{k dh f=kT;k gS -  

 (A) 4a0   (B*) a0   (C) a0/4   (D) a0/16 
Ans. B   

Sol. r = a0 
2n

Z
 = a0 .  

22

4
= a0 

 
D-2. Consider 2 hydrogen like ions A and B. Ionization energy of A is greater than that of B. Let r, u, E and L 

represent the radius of the orbit, speed of the electron, energy of the atom and orbital angular 
momentum of the electron respectively. In ground state:    

 (A) rA > rB  (B*) uA > uB  (C) EA > EB  (D) LA > LB 

 gkbMªkstu tSls nks vk;u A  rFkk B ij fopkj dhft,A A dh vk;uu ÅtkZ gkbMªkstu tSls vU; vk;u B ls vf/kd 

gSA ekuk r, u, E rFkk L Øe'k% d{k dh f=kT;k] bysDVªkWu dh pky] ijek.kq dh ÅtkZ vkSj bysDVkWu ds d{kh; dks.kh; 

laosx dks iznf'kZr djrs gSaA ewy voLFkk esa  

 (A) rA > rB  (B*) uA > uB  (C) EA > EB  (D) LA > LB 

 

Sol. E = ionization energy vk;uu ÅtkZ 

       = 13.6 × z2 eV 

 E
A 

> E
B
   Z

A
 > Z

B
  

  L = 
nh

2
 

  L
A
 = L

B
 

 E = energy of the orbit d{kd dh ÅtkZ E  – 
2

2

Z

n
 

 E
A
 < E

B
 

 u  
Z

n
 

  u
A
 > u

B
 

  r  
2n

Z
 

  r
A
 < r

B .
 

 

D-3. Which energy state of doubly ionized lithium (Li++) has the same energy as that of the ground state of 
hydrogen ? Given Z for lithium = 3 :   

 (A) n = 1  (B) n = 2  (C*) n = 3  (D) n = 4 

 f} vk;fur fyfFk;e (Li++) vk;u ds fdl ÅtkZ ry dh ÅtkZ gkbMªkstu dh ewy voLFkk esa ÅtkZ ds leku gS \ 

fn;k gS fyfFk;e ds fy, Z = 3 :   

 (A) n = 1  (B) n = 2  (C*) n = 3  (D) n = 4 
Sol. En (Li2+) = E1 (H) 

  – 13.6
2

2

3

n
  = –13.6 × 

1

1
 

  n = 3 
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D-4. In Bohr’s model of hydrogen atom, the centripetal force is provided by the Coulomb attraction between 
the proton and the electron. If a

0
 is the radius of the ground state orbit, m is the mass and e the charge 

of an electron and 
0
 is the vacuum permittivity, the speed of the electron is :   

 (A) zero   (B) 
0 0

e

a m
   (C*) 

0 0

e

4 a m
  (D) 

0 04 a m

e


 

 gkbMªkstu ijek.kq ds cksgj izfr:i esa bysDVªkWu rFkk izksVkWu ds chp yxus okyk dwykWe cy vfHkdsUnzh; cy iznku 

djrk gSA ;fn a
0
 ewy voLFkk ds d{k dh f=kT;k] m  nzO;eku vkSj e ,d bysDVªkWu ij vkos'k rFkk 

0
 fuokZr dh 

ikjxE;rk gks rks bysDVªkWu dh pky gS -  

 (A) 'kwU;   (B) 
0 0

e

a m
   (C*) 

0 0

e

4 a m
  (D) 

0 04 a m

e


 

Sol. 
2

0

mv

a
 = 

2

2

0 0

1 e
.

4 a
 

  v = 
0 0

e

4 a m
 .  

 

D-5. If an orbital electron of the hydrogen atom jumps from the ground state to a higher energy state, its 
orbital speed reduces to half its initial value. If the radius of the electron orbit in the ground state is r, 
then the radius of the new orbit would be :  

 (A) 2r   (B*) 4r   (C) 8r   (D) 16r 

 ;fn gkbMªkstu ijek.kq esa ,d d{kh; bysDVªkWu ewy Lrj ls mPp Lrj esa tkrk gS rks pky izkjfEHkd dh vk/kh gks tkrh 

gSA ;fn bysDVªkWu dh ewy voLFkk dh f=kT;k r  gks rks u;s d{k dh f=kT;k gksxh :–  

 (A) 2r   (B*) 4r   (C) 8r   (D) 16r 
Sol. Since speed reduces to half , KE reduced to  

 pwafd pky ?kVdj vk/kh jg tkrh gS] rks xfrt ÅtkZ ?kVdj  

  
1

4
th jg tk;xh     n = 2 

 mvr = 
nh

2
 

 mv0 r = 1. 
h

2
  ..........I 

 m 0v

2
 r` = 2 · 

h

2
 ..........II 

 I o II ls  

 r´ = 4.r 
 
D-6. In the Bohr model of the hydrogen atom, the ratio of the kinetic energy to the total energy of the 

electron in a quantum state n is :    

 (A*) – 1   (B) + 1   (C) 
1

n
   (D) 

2

1

n
 

 gkbMªkstu ijek.kq ds cksgj uewus esa Dok.Ve voLFkk n esa bysDVªkWu dh xfrt ÅtkZ rFkk dqy ÅtkZ dk vuqikr gS :  

 (A*) – 1   (B) + 1   (C) 
1

n
   (D) 

2

1

n
 

Sol. According to the Bohr model  cksgj izfr:i ds vuqlkj  

  P.E. = – 2 K.E. = 2 T. E.   K.E. = – T.E. 

 Where tgk¡  T.E. = 
4

2 2 2

0

–me

8 n h
 

 K. E.= – 
4

2 2 2

0

–me

8 n h
     

K.E.

T.E.
= –1  
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D-7. The innermost orbit of the hydrogen atom has a diameter of 1.06 Å. What is the diameter of the tenth 
orbit ? 

 (A) 5.3 Å  (B) 10.6 Å  (C) 53 Å  (D*) 106 Å 

 gkbMªkstu ijek.kq ds lcls vUnj okys d{k dk O;kl 1.06 Å gSA nlosa d{k dk O;kl gS -  

 (A) 5.3 Å  (B) 10.6 Å  (C) 53 Å  (D*) 106 Å 

Sol. r  n2    r10 = 102 × 1.06 Å = 106 Å. 
  
D-8. The orbital speed of the electron in the ground state of hydrogen is v. What will be its orbital speed 

when it is excited to the energy state – 3.4 eV ?  

 (A) 2 v   (B*) 
v

2
    (C) 

v

4
   (D) 

v

8
 

 gkbMªkstu dh ewy voLFkk esa bysDVªkWu dh d{kh; pky v gSA tc bldks  – 3.4 eV ÅtkZ ry rd mÙksftr fd;k 

tkrk gS rks bldh d{kh; pky gksxhA   

 (A) 2 v   (B*) 
v

2
    (C) 

v

4
   (D) 

v

8
 

Sol. E  
2

1

n
  

  
13.6

3.4
 =

2

2

2

1

n

n
  n2 = 2 

 v   
z

n
 (z = 1)   v2 = 

v

2
  

 
D-9. The total energy of the electron in the first excited state of hydrogen is – 3.4 eV. What is the kinetic 

energy of the electron in this state ?     

 (A) + 1.7 eV  (B*) + 3.4 eV  (C) + 6.8 eV  (D) – 13.4 eV   

 gkbMªkstu dh igyh mÙkstu voLFkk esa bysDVªkWu dh dqy ÅtkZ – 3.4 eV. gSA bl voLFkk esa bysDVªkWu dh xfrt ÅtkZ 

gS- 

 (A) + 1.7 eV  (B*) + 3.4 eV  (C) + 6.8 eV  (D) – 13.4 eV   
Sol. In quantum state of a bohr atom  –T.E = KE 

 cksgj ijek.kq dh DokaVe voLFkk esa   –(–3.4) = KE 

      3.4 ev = KE 
 

D-10. In above Q., the potential energy of the electron is :  
 (A) – 1.7 eV  (B) – 3.4 eV  (C*) – 6.8 eV  (D) – 13.4 eV 

 mijksDr iz'u esa bysDVªkWu dh fLFkfrt ÅtkZ gS :  

 (A) – 1.7 eV  (B) – 3.4 eV  (C*) – 6.8 eV  (D) – 13.4 eV 
Sol. P.E = 2(T.E.) 
 = 2 (– 3.4 ) 
 = – 6.8 eV 
 

D-11. Imagine an atom made of a proton and a hypothetical particle of double the mass as that of an electron 

but the same charge. Apply Bohr theory to consider transitions of the hypothetical particle to the ground 

state. Then, the longest wavelength (in terms of Rydberge constant for hydrogen atom) is  

 (A) 
1

2R
  (B) 

5

3R
 (C) 

1

3R
 (D*) 

2

3R
 

 

 

 

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 23 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

 ,d vf/kdfYir ijek.kq ,d izksVksu rFkk ,d bysDVªkWu ds nksxqus æO;eku ysfdu leku vkos'k ds ,d vf/kdfYir d.k 

ls feydj cuk gqvk gSA vf/kdfYir d.k ls ewy voLFkk ds laØe.k ds fy, cksgj fl}kUr mi;ksx fyft;sA rc 

nh?kZre rajxnS?;Z gksxkµ¼gkbMªkstu ijek.kq ds fy, fjMcxZ fu;rkad ds inksa esa½  

 (A) 
1

2R
  (B) 

5

3R
 (C) 

1

3R
 (D*) 

2

3R
 

Sol. (d) 

 
1 1 1

R'
1 4

 
    

 

 
1 3

2R
4

 
    

 

  = 
2

3R
 

 
D-12. The force of attraction between the positively charged nucleus and the electron in a hydrogen atom is 

given by f = 
2

2

e
k

r
. Assume that the nucleus is fixed. The electron, initially moving in an orbit of radius R1 

jumps into an orbit of smaller radius R2. The decrease in the total energy of the atom is.    

(A) 
 

 
 

2

1 2

ke 1 1

2 R R
 (B) 

 
 

 

2

1 2

2 2

2 1

R Rke

2 R R
 (C*) 

 
 

 

2

2 1

ke 1 1

2 R R
 (D) 

 
 

 

2

2

2 2

1 2

Rke R

2 R R
 

 ,d gkbMªkstu ijek.kq ds /kukRed vkosf'kr ukfHkd ,oa bysDVªkWu ds e/; vkd"kZ.k cy f = 
2

2

e
k

r
 }kjk fn;k x;k gSA 

ekfu;s fd ukfHkd tM+or~ gSA bysDVªkWu izkjEHk esa R1 f=kT;k dh d{kk esa xfr'khy gS rFkk NksVh f=kT;k R2 dh d{kk esa 

dwnrk gSA ijek.kq dh dqy ÅtkZ esa deh gksxhµ 

 (A) 
 

 
 

2

1 2

ke 1 1

2 R R
 (B) 

 
 

 

2

1 2

2 2

2 1

R Rke

2 R R
 (C*) 

 
 

 

2

2 1

ke 1 1

2 R R
 (D) 

 
 

 

2

2

2 2

1 2

Rke R

2 R R
 

Ans. (C) 

Sol. F = 
2

2

ke

r
 

  
2 2

2

ke mv

rr
   T.E. = 

2 2ke ke

2r r
   

  
2

2 ke
mv

r
   T.Ei = 

2
2

1

ke
mv

2r


  

 
2

21 ke
mv

2 2r
   T.Ef = 

2

2

ke

2r


 

 decrease ÅtkZ esa deh = T.E.i – T.E.f  = 
2 2

1 2

ke ke

2r 2r

  
  
 

 
2

2 1

ke 1 1

2 r r

 
  

 
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D-13. It is observed that some of the spectral lines in hydrogen spectrum have wavelengths almost equal to 
those of the spectral lines in He+ ion, Out of the following the transitions in He+ that will make this 
possible is     

 (A) n = 3 to n = 1 (B*) n = 6 to n = 4 (C) n = 5 to n = 3 (D) n = 3 to n = 2 

 ;g izsf{kr fd;k x;k gS fd gkbMªkstu ijek.kq dh dqN LisDVªe js[kkvksa ds rajxnS?;Z He+ vk;u esa LisDVªe js[kkvksa ds 

rajxnS?;Z ds yxHkx leku gSA fuEu esa ls dkSulk He+ vk;u esa laØe.k bldks laHko cukrk gSA   

 (A) n = 3 ls n = 1 (B*) n = 6 ls n = 4 (C) n = 5 ls n = 3 (D) n = 3 ls n = 2 

Ans. (B) 

Sol. 13.6 × 4 × 
1 1 1 1

13.6
16 36 4 9

   
      

   
 

 E in 6 to 4  in He+ 

 matches with E in H  of 3 to 2 

 He+ esa 6 ls 4 esa E gkbMªkstu esa 3 ls 2 esa E ls feyku djrk gSA 

 
Section (E) : Electronic transition in the H/H-like atom/Species of effect of motion of 

Nucleus 

[k.M+ (E) : gkbMªkstu@gkbMªkstu tSls ijek.kq esa bysDVªkWu laØe.k rFkk ukfHkd dh xfr dk izHkko   

E-1. Three photons coming from emission spectra of hydrogen sample are picked up. Their energies are 
12.1eV, 10.2eV and 1.9eV. These photons must come from   

 (A)  a single atom    (B)  two atoms  
 (C)  three atom     (D*)  either two atoms or three atoms  

 gkbMªkstu uewus ds mRltZu LisDVªWe ls rhu QksVkWu dks fy;k tkrk gSA budh ÅtkZ 12.1eV, 10.2eV rFkk 1.9eV. 

gSA ;g QksVkWu vkus pkfg;s - 

 (A)  ,d ijek.kq ls     (B)  nks ijek.kq ls  

 (C)  rhu ijek.kq ls     (D*)  ;k rks nks ;k rhu ijek.kq ls  

Sol. 12.1 = E(n = 3) – E (n = 1) 
 10.2 = E(n = 2) – E (n = 1) 
 1.9  = E(n = 3) – E (n = 2) 
 At least two atoms must be enveloped as there connot be two transition from same level from same 

atom. 

 pwafd ,d gh ijek.kq ds leku Lrjks ds e/; nks laØe.k ugh gks ldrs vr% U;wure nks ijek.kq vkc) gksus pkfg,A  

 
E-2. In a hypothetical atom, if transition from n = 4 to n = 3 produces visible light then the possible transition 

to obtain infrared radiation is :     
 (A) n = 5 to n = 3 (B) n = 4 to n = 2 (C) n = 3 to n = 1 (D*) none of these 

 ,d dkYifud ijek.kq esa ;fn n = 4 ls n = 3 esa laØe.k ls n`'; izdk'k mRiUu gksrk gS rks vojDr fofdj.k izkIr 

djus ds fy;s laHkkfor laØe.k gS -     

 (A) n = 5 ls n = 3 (B) n = 4 ls n = 2 (C) n = 3 ls n = 1 (D*)  buesa ls dksbZ ugha  

Sol. All the transition energies in option (A), (B) and (C) are greater than corresponding to n = 4 to n = 3. 
Hence, option (D). 

 (A),(B) rFkk (C) fodYiksa esa lHkh laØe.k ÅtkZ,sa n = 4 ls n = 3 laØe.k ls vf/kd gksrh gSA vr% fodYi (D) gSA 
 

E-3. The ionization energy of hydrogen atom is 13.6 eV. Hydrogen atoms in the ground state are excited by 
electromagnetic radiation of energy 12.1 eV. How many spectral lines will be emitted by the hydrogen 
atoms? 

 (A) one   (B) two   (C*) three   (D) four 

 gkbMªkstu ijek.kq dh vk;uu ÅtkZ 13.6 eV. gSA ewy voLFkk okys gkbMªkstu ijek.kq dks 12.1 eV. okys fo|qr 

pqEcdh; fofdj.k }kjk mÙksftr fd;k tkrk gSA gkbMªkstu ijek.kq }kjk fdruh LisDVªe js[kk,sa mRlftZr gksxh \  

 (A) ,d   (B) nks   (C*) rhu   (D) pkj  
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Sol 12.1 eV radiation will excite a hydrogen atom in ground state to n = 3  

 12.1 eV ÅtkZ fofdj.k gkbMªkstu ijek.kq dks ewyLrj ls n = 3  Lrj rd mÙksftr djsxkA 

 state number of possible transition = nC2 = 3C2 = 3. 

 laHkkO; laØe.k = nC2 = 3C2 = 3. 

 
E-4. Energy levels A, B and C of a certain atom correspond to increasing values of energy, i.e. E

A
 < E

B
 < E

C
. 

If 
1
, 

2
 and 

3
 are the wavelengths of radiations corresponding to transitions C to B, B to A and C to A 

respectively, which of the following relations is correct ?    

 (A) 
3
 = 

1
 + 

2
  (B*) 

3
 = 1 2

1 2

 

  
 (C) 

1
 + 

2
 + 

3
 = 0 (D) 

3
2 = 

1
2 + 

2
2 

 ÅtkZ ds c<rs gq,s eku ds laxr ,d fuf'pr ijek.kq A, B vkSj C ds ÅtkZ Lrj vFkkZr~ E
A
 < E

B
 < E

C
 gSA ;fn 

1
, 


2
 rFkk 

3
 Øe'k% C ls B, B ls A rFkk C ls A laØe.k ds laxr fofdj.k dh rjaxnS/;Z gS rks fuEu esa dkSulk laca/k 

lgh gS     

 (A) 
3
 = 

1
 + 

2
  (B*) 

3
 = 1 2

1 2

 

  
 (C) 

1
 + 

2
 + 

3
 = 0 (D) 

3
2 = 

1
2 + 

2
2 

 

Sol.  

  E
C
 – E

A
 = (E

C
 – E

A
) + (E

B
 – E

A
) 

  
3

hc


 = 

1 2

hc hc


 
      

  
3
 = 1 2

1 2

 

  
 . 

 

E-5. The wavelength of the first line in balmer series in the hydrogen spectrum is . What is the wavelength 
of the second line :  

 (A*) 
20

27


  (B) 

3

16


   (C) 

5

36


   (D) 

3

4


 

 gkbMªkstu LisDVªe dh ckej Js.kh dh igyh js[kk dh rjaxnS/;Z gSA nwljh js[kk dh rjaxnS/;Z gS  

 (A*) 
20

27


  (B) 

3

16


   (C) 

5

36


   (D) 

3

4


 

Sol. 
1

1


 = R 

1 1
–

4 9

 
 
 

   1 = 
4 9

5R


 

 similarly blh izdkj  
2

1


 = R

2

1 1
–

4 4

 
 
 

  2 =  
16

3R
=  

16

3
 × 

5

4 9




 = 

20

27
  

 

E-6. The frequency of the first line in Lyman series in the hydrogen spectrum is . What is the frequency of 
the corresponding line in the spectrum of doubly ionized Lithium ?    

 (A)    (B) 3    (C*) 9    (D) 27 

 gkbMªkstu LisDVªe dh ykbeu Js.kh dh igyh js[kk dh vko`fÙk gSA f} vk;fur fyfFk;e vk;u ds LisDVªe ds laxr 

js[kk dh vko`fÙk gS-    

 (A)    (B) 3    (C*) 9    (D) 27  
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Sol. E = 13.6
2

2

Z

n

 
 
 

  

  EH =  
2

2

13.6(1)

(1)
 –

2

2

13.6(1)

(2)
  = 10.2 eV = h 

 ELi =  
2

2

13.6(3)

(1)
– 

2

2

13.6(3)

(2)
 = 91.80 eV = h (9 ) 

 

E-7. A sodium atom emits a photon of wavelength 590 nm and recoils with velocity v equal to  

 (A*) 0.029 m/s   (B) 0.048 m/s  (C) 0.0023 m/s  (D) data inadequate  

 ,d lksfM;e ijek.kq 590 nm rajxnS?;Z dk ,d QksVkWu mRlftZr djrk gS vkSj izfr{ksi osx v  ds cjkcj gksxkµ  

 (A*) 0.029 m/s    (B) 0.048 m/s   (D) 0.0023 m/s   (D) vkadMs vi;kZIr gS  

Sol. (A) 

 
h

mv


 

 
34

27 9

h 6.63 10
v

m 23 1.67 10 590 10



 


 

    
 

 = 
66.3

23 1.67 59 
 

 = 0.029 m/s 
 

Section (F) : Atomic Collisions 

[k.M+ (F) : ijek.koh; VDdj ¼la?kV~V½   

F-1. An electron with kinetic energy 10 eV is incident on a hydrogen atom in its ground state. The collision  
 (A*) must be elastic    (B) may be partially elastic  
 (C) must be completely inelastic   (D) may be completely inelastic   

 ,d 10 eV xfrt ÅtkZ okyk bysDVªkWu ewy voLFkk okys gkbMªkstu ijek.kq ij vkifrr gksrk gSA VDdj –  

 (A*) izR;kLFk gksuh pkfg,A     (B) vkaf'kd çR;kLFk gks ldrh gSA  

 (C) iw.kZr;k vizR;kLFk gksuh pkfg,A    (D) iw.kZr;k vizR;kLFk gks ldrh gSA  

Sol. 10 eV electron cannot excite a hydrogen atom Hence collision is elastic. 

 10 eV bysDVªkWu gkbMªkstu ijek.kq dks mÙksftr ugh dj ldrk vr% VDdj izR;kLrFk gSA  

 
Section (G) : X-rays   

[k.M+ (G) : X-fdj.ksa  
G-1. Consider a photon of continuous X-ray coming from a Coolidge tube. Energy of photon comes from  
 (A*)  the kinetic energy of the striking electron  
 (B)  the kinetic energy of the free electrons of the target 
 (C)  the kinetic energy of the ions of the target 
 (D)  an atomic transition in the target  

 dwfyt ufydk ls fudyus okyh lrr~ X-fdj.k ds QksVkWu dh dYiuk djksA QksVkWu dh ÅtkZ fdlls izkIr gksrh gS -  

 (A*) Vdjkus okys bysDVªkWu dh xfrt ÅtkZ ls  

 (B)  y{; ds eqDr bysDVªkWu dh xfrt ÅtkZ ls  

 (C)  y{; ds vk;u dh xfrt ÅtkZ ls  

 (D) y{; esa ijekf.od laØe.k ls  
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Sol. The continuous x-ray comes out because the striking electron loses its kinetic energy 

 lrr~ x-fdj.ks mRlftZr gksxh D;ksfd Vdjkus okyk bysDVªkWu xfrt ÅtkZ [kks,xkA  
 
 

G-2. If the voltage across the filament is increased, the cutoff wavelength         
 (A) will increase  (B) will decrease (C*) will remain unchanged  (D) will change  

 ;fn rUrq ds fljks ij foHko c<k;k tk;s rks nSgyh rjaxnS/;Z -  

 (A) c<+sxh   (B) ?kVsxh   (C*) vifjofrZr jgsxh    (D) cnysxh  

Sol. The cut off wavelength depends on the accelerating potential difference which is unchanged. Hence, 
the wavelength will remain unchanged. 

 vUrd rjaxnS/;Z Rofjr foHkokUrj tks vifjofrZr gS] ij fuHkZj djrh gSA vr% rjaxnS/;Z vifjofrZr jgsxhA 

 
G-3. The characteristic X-ray spectrum is emitted due to transition of 
 (A) valence electrons of the atom   
 (B*) inner electrons of the atom 
 (C) nucleus of the atom    
 (D) both, the inner electrons and the nucleus of the atom  

 vfHkykf{k.kd X-fdj.k LisDVªe fuEu ds mÙkstu ds dkj.k mRlftZr gksrk gSA 

 (A) ijek.kq ds la;kstd bysDVªkWu ds dkj.k  (B*) ijek.kq ds vkUrfjd bysDVªkWu ds dkj.k 

 (C) ijek.kq ds ukfHkd ds dkj.k   (D) vkUrfjd bysDVªkWu rFkk ijek.kq ds ukfHkd nksauks ds dkj.k 

Sol. The characteristic x-rays are obtained due to the transition of electron from inner orbits.  

 lrr~ x-fdj.k vkUrfjd dks'kks ds bysDVªku ds laØe.k ds dkj.k mRiUu gksrh gSSA 
 
 

G-4. When ultraviolet light is incident on a photocell, its stopping potential is V
0
 and the maximum kinetic 

energy of the photoelectrons is K
max

. When X-rays are incident on the same cell, then : 

 (A*) V
0
 and K

max
 both increase   (B) V

0
 and K

max
 both decrease 

 (C) V
0
 increases but K

max
 remains the same (D) K

max
 increases but V

0
 remains the same  

 tc izdk'k lsy ij ijkcSaxuh izdk'k vkifrr gksrk gS rks fujks/kh foHko V
0
 rFkk QksVks bysDVªkWu dh vf/kdre ÅtkZ 

K
max 

gSA tc blh lsy ij X-fdj.k vkifrr gksrh gS] rc : 

 (A*) V
0
 rFkk K

max
 nksuksa c<+rs gSa    (B) V

0
 rFkk K

max
 nksuksa ?kVrs gSa  

 (C) V
0
 c<+rk gS ijUrq K

max
 leku jgrh gS   (D) K

max
 c<+rh gS ijUrq V

0
 leku jgrk gS  

Sol. The energy of x–ray is more that of U.V. light. Hence, the K.E. of emitted photoelectron is more and 
hence stopping potential required is also more. 

 x–fdj.k dh ÅtkZ U.V. çdk'k ls vf/kd gksrh gSA vr% mRlftZr QksVkWu dh xfrt ÅtkZ vf/kd gksxh rFkk vko';d  

fujks/kh foHko Hkh vf/kd gksxkA   

 

Section (H) : for JEE Main 

[k.M+ (H) : JEE Main ds fy, 

H-1.  In Davisson-Germer experiment, the filament emits      
 (A) Photons  (B) Protons  (C) X-rays  (D*) Electrons 

  MsfoUlu teZj ds iz;ksx esa fQykesUV mRlftZr djrk gS&      

 (A) QksVkWu   (B) izksVkWu   (C) X-fdj.ksa   (D) bysDVªkWu 
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H-2. In the Davisson and Germer experiment, the velocity of electrons emitted from the electron gun can be 
increased by :          

 (A*) increasing the potential difference between the anode and filament 
 (B) increasing the filament current 
 (C) decreasing the filament current 
 (D) decreasing the potential difference between the anode and filament 

 Msfolu vkSj teZj ds iz;ksx esa ^bysDVªkWu xu]* }kjk mRlftZr bysDVªksuksa ds osx dks c<+k;k tk ldrk gS  :  

 (A) ,uksM vkSj fQykesaV ds chp foHkokUrj dk eku c<+kdj 

 (B) fQykesaV & /kkjk dk eku c<+k dj 

 (C) fQykesaV & /kkjk dk eku de djds 

 (D) ,uksM ¼/kukxz½ vkSj fQykesaV ¼rUrq½ ds chp foHkokUrj dk eku de djds  

Sol.  (1)  

  
  

Sol.  (1)  
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PART - III : MATCH THE COLUMN 

Hkkx - III : dkWye dks lqesfyr dhft, (MATCH THE COLUMN ) 

 
1.# In the shown experimental setup to study photoelectric effect, two conducting electrodes are enclosed 

in an evacuated glass-tube as shown. A parallel beam of monochromatic radiation, falls on 
photosensitive electrode. Assume that for each photons incident, a photoelectron is ejected if its energy 
is greater than work function of electrode. Match the statements in column I with corresponding graphs 
in column II.          

 izdk'k oS|qr izHkko ds v/;;u ds fy, fn[kk;s x;s iz;ksfxd O;oLFkk esa] nks pkyd bysDVªksM fn[kk;h xbZ ,d fuokZfrr 

dk¡p dh uyh esa cUn gSA ,do.khZ izdk'k dk ,d lekUrj iqat izdk'k laosnh bysDVªkWM ij fxjrk gSA ;g ekfu, fd 

izR;sd vkifrr QksVksu ds fy,] QksVksbysDVªkWu mRlftZr gksrk gS ;fn bldh ÅtkZ bysDVªkWM ds dk;ZQyu ls vf/kd 

gksrh gSA dkWye-I esa dFkuksa dks dkWye-II esa fn;s xzkQ ls lqesfyr dhft,A  

     
 Column-I  Column-II 

 (A) 
Saturation photocurrent (for same metal) versus 
intensity of radiation is represented by 
 

(p)  

 (B) 
Maximum kinetic energy of ejected photoelectrons 
versus frequency for electrodes of different work 
function is represented by 

(q) 

 

 (C) 
Photo current versus applied voltage for different 
intensity of radiation (for same metal) is represented 
by 

(r) 

 

 (D) 
Photo current versus applied voltage at constant 
intensity  of radiation for electrodes of different work 
function. 

(s) 
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 dkWye-I  dkWye-II 

 (A) 

lar`Ir izdk'k /kkjk ¼leku /kkrq ds fy,½ dk fofdj.k dh rhozrk 

ds lkFk xzkQ 

 

(p)  

 (B) 
mRlftZr QksVksbysDVªkWu dh vf/kdre xfrt ÅtkZ dk vko`fr 

ds lkFk xzkQ ¼ftlesa bysDVªkM ds vyx vyx dk;ZQyu gSA½ 
(q) 

 

 (C) 
fofdj.k ¼leku /kkrq ds fy,½ dh vyx vyx rhozrk ds  fy, 

izdk'k /kkjk dk vkjksfir oksYVrk ds lkFk xzkQ 
(r) 

 

 (D) 
vyx&vyx dk;ZQyuksa ds bysDVªkWM ds fy,  fofdj.k dh 

fu;r rhozrk ij izdk'k /kkjk dk vkjksfir oksYVrk ds lkFk xzkQ 
(s) 

 

Ans. (A)  r, (B) s, (C) p (D) q 
Sol. Saturation photo current is directly proportional to intensity. 

 lar`Ir izdk'k /kkjk rhozrk ds lh/ks lekuqikrh gksrh gSA  

 Kmax = h –  
 Stopping voltage is independent of intensity. 

 fujks/kh foHko rhozrk ij fuHkZj ugh djrk gSA  
 

2. The energy, the magnitude of linear momentum, magnitude of angular momentum and orbital radius of 
an electron in a hydrogen atom corresponding to the quantum number n are E, p, L and r respectively. 
Then according to Bohr's theory of hydrogen atom, match the expressions in column-I with statement in 
column-II.    

 DokaVe la[;k n ds laxr gkbMªkstu ijek.kq esa bysDVªkWu dh ÅtkZ] js[kh; laosx dk ifjek.k] dks.kh; laosx dk ifjek.k 

rFkk d{k f=kT;k Øe'k% E, p, L o r gSA rc gkbMªkstu ijek.kq ds cksgj fl)kUr ds vuqlkj dkWye-I dks dkWye-II ls 

lqesfyr dfj;sA   

  Column-I      Column-II  
 (A) Epr      (p) is independent of n. 

 (B) 
p

E
      (q) is directly proportional to n 

 (C) Er      (r) is inversely proportional to n. 
 (D) pr      (s) is directly proportional to L. 

  dkWye-I       dkWye-II  

 (A) Epr      (p) n ls LorU=k gSA 

 (B) 
p

E
      (q) n ds lh/ks lekuqikrh gSA 

 (C) Er      (r) n ds O;qRØekuqikrh gSA 

 (D) pr      (s) L ds lh/ks lekuqikrh gSA 

Ans. (A) r  (B) q,s  (C) p  (D) q,s  
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Sol. E  
2

1

n
, V  

1

n
 and rFkk  r  n2  

 (A) Epr  
2

1 1

nn
  × n2   or ;k  Epr  

1

n
 

 (B) 2p 1
n

E n
     or ;k 

p

E
  n 

 (C) Er  
2

1

n
 × n2   or ;k Er is independent of n 

 (C) Er   
2

1

n
  × n2    ;k Er ,  n ls LorU=k gS 

 (D) Pr  
1

n
 × n2   or ;k pr  n 

 
3. In each situation of column I a physical quantity related to orbiting electron in a hydrogen like atom is 

given.The terms ‘Z’ and ‘n’ given in column-II have usual meaning in Bohr’s theory. Match the 
quantities in column-I with the terms which depend on quantity given in column-II.  

 dkWye - I dh izR;sd fLFkfr esa gkbMªkstu ln`'k ijek.kq dh d{kk esa ?kwers gq;s bysDVªkWu ls lacaf/kr HkkSfrd jkf'k nh xbZ 

gSA dkWye  II esa fn;s x;s in ‘Z’ rFkk ‘n’ dk cksgj vo/kkj.kk esa izpfyr vFkZ gSA dkWye-II esa fn;s x;s inksa dks 

dkWye-I ls lqesfyr dfj;sA 

  Column I      Column II  
 (A) Frequency of orbiting electron   (p) is directly proportional to Z2   
 (B) Angular momentum of orbiting electron  (q) is directly proportional to n.  
 (C) Magnetic moment of orbiting electron   (r) is inversely proportional to n3    
 (D) The average current due to orbiting of electron  (s) is independent of Z     

  dkWye I       dkWye II  

 (A)  d{kk esa ?kwers gq;s bysDVªkWu dh vkof̀Ùk    (p) Z2  ds lh/ks lekuqikrh gksrk ¼gksrh½ gSA   

 (B) d{kk esa ?kwers gq;s bysDVªkWu dk dks.kh; laosx   (q) n ds lh/ks lekuqikrh gksrk ¼gksrh½ gSA   

 (C) d{kk esa ?kwers gq;s bysDVªkWu dk pqEcdh; vk?kw.kZ   (r) n3   ds O;qRØekuqikrh gksrk ¼gksrh½ gSA   

 (D) d{kk esa ?kwers gq;s bysDVªkWu ds dkj.k vkSlr /kkjk   (s) Z ls Lora=k  gksrk ¼gksrh½ gSA      

Ans.  (A) p,r   (b) q,s  (C) q,s  (D) p,r 

Sol. (A) Frequency of orbiting electron vn 
2

3

z

n
  f = 

v

2 r
. 

 (B) angular momentum of orbiting electron L = 
nh

2
 . 

 (C) Magnetic moment of orbiting electron  n. M = i × R2 = 
e

T
R2 

 (D) Average current due to orbiting of electron i  
2

3

z

n
. 

gy%  (A) ?kwers gq, bysDVªkWu dh vkof̀r vn  
2

3

z

n
. f =

v

2 r
 . 

 (B) pDdj dkVrs gq, bysDVªkWu dk dks.kh; laosx L =
nh

2
 . 

 (C) pDdj dkVrs gq, bysDVªkWu dk pqEcdh; vk?kw.kZ  n. M = i × R2 = 
e

T
R2 

 (D) pDdj dkVrs gq, bysDVªkWu ds dkj.k vkSlr /kkjk i  
2

3

z

n
. f = 

v

2 r
. 
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

PART - I : ONLY ONE OPTION CORRECT TYPE 

Hkkx-I : dsoy ,d lgh fodYi çdkj (ONLY ONE OPTION CORRECT TYPE) 

Section (A) : Photoelectric Effect  izdk'k fo|qr izHkko 

1. The photoelectrons emitted from a metal surface : 
 (A) Are all at rest    (B) Have the same kinetic energy 
 (C) Have the same momentum    
 (D*) Have speeds varying from zero up to a certain maximum value 

 /kkfRod lrg ls mRlftZr QksVks bysDVªkWu   

 (A) lHkh fojke voLFkk esa gksrs gSa   (B) lHkh dh xfrt ÅtkZ leku gksrh gSa 

 (C) lHkh dk laosx leku gksrk gSa   (D*) 'kwU; ls fuf'pr vf/kdre pky ds gksrs gSaA 

Sol. Have speeds varying from zero up to a certain maximum value 

 pky 'kwU; ls fuf'pr vf/kdre eku rd cnyrh gSA 

 

2.# A point source causes photoelectric effect from a small metal plate. Which of the following curves may 
represent the saturation photocurrent as a function of the distance between the source and the metal? 

 (A)  (B)  (C)  (D*)   

 ,d NksVh /kkfRod IysV ij ,d fcUnqor lzksr }kjk izdk'k fo|qr izHkko mRiUu djrs gSaA fuEu esa ls dkSulk oØ lzksr 

rFkk /kkrq ds chp nwjh ds Qyu ds :i esa lar`Ir izdk'k /kkjk dks iznf'kZr dj ldrk gSaA  

 (A) 

nwjh

/k
kj
k

 

  (B) 

nwjh

/k
kj
k

 

  (C) 

nwjh

/k
kj
k  (D*)  

nwjh

/k
kj
k  

Sol. With distance intensity will fall as 
2

1

r
 

 nwjh ds lkFk rhozrk 
2

1

r
 vuqlkj ?kVrh gSA 

 

3. In a photoelectric experiment, with light of wavelength , the fastest electron has speed v. If the exciting 

wavelength is changed to 
3

4


, the speed of the fastest emitted electron will become 

 (A) v
3

4
  (B) v

4

3
   (C) less than v

3

4
   (D*) greater than v 

4

3
    

 izdk'k fo|qr iz;ksx esa iz;qDr  rjaxnS/;Z ds izdk'k ls mRlftZr lcls rst bysDVªku dh pky v gSA ;fn iz;qDr izdk'k 

dh rjaxnS/;Z  
3

4


 dj nh tk,s] rks lcls rst mRlftZr bysDVªku dh pky gksxh&   

 (A) v
3

4
  (B) v

4

3
   (C) v

3

4
  ls de  (D*) v

4

3
  ls vf/kd  
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Sol. In photoelectric experiment, speed of fastest emitted electron is given by – 

 çdk'k fo|qr ç;ksx esa ] rst mRlftZr bysDVªkWu dh pky 

    
1

2
mv2

max = 
hc

w


   

 Case fLFkfr - I :   
1

2
mv2 = 

hc
w


  ...........(i) 

 Case fLFkfr - II :  
1

2
mv´2 = 

hc
w

3 / 4



 

    21
mv´

2
 = 

4hc
w

3



   ...........(ii) 

 From eqn. (i) & (ii) 

 leh0 (i) rFkk (ii) ls 

   v´2 = 24 w
v

3 3
  

 Hence,  vr% . 
4

v´ v
3

   

 
4. In a photoelectric experiment, the frequency and intensity of a light source are both doubled. Then 

consider the following statements. 
 (i)  The saturation photocurrent remains almost the same.  
 (ii) The maximum kinetic energy of the photoelectrons is doubled. 
 (A) Both (i) and (ii) are true   (B*) (i) is true but (ii) is false 
 (C) (i) is false but (ii) is true   (D) both (i) and (ii) are false  

 izdk'k fo|qr iz;ksx esa ;fn izdk'k lzksr dh vkof̀r rFkk rhozrk nksuks dks nqxuk dj nsa rks fuEu dFkuksa ij fopkj 

dhft;s  

 (i)  lar`Ir izdk'k fo|qr /kkjk yxHkx leku jgsxh  

 (ii) QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZ nqxuh gks tk;sxh  

 (A) (i) vkSj (ii) nksuksa lgh gS    (B*) (i) lgh gS ijUrq (ii) xyr gS  

 (C) (i) xyr gS ijUrq (ii) lgh gS    (D) (i) vkSj (ii) nksuksa xyr gS  

Sol. Since frequency of light solurce is double, the energy carried by each photon will be doubled.  
 Hence intensity will be doubled even if number of photons remains constant. Hence saturation current 

is constant. Since frequency is doubled, maximum KE increases but it is not doubled. 

 pwafd izdk'k lzksr dh vkof̀r nqxquh gS] izR;sd QksVku dh ÅtkZ Hkh nqxquh gks tk,xhA 

 vr% rhozrk nqxqrh gks tk,xh tcfd QksVku la[;k fu;r jgsxhA vr% lar`Ir /kkjk fu;r gSA  

 pwafd vko`fr nqxquh gS] KE c<rk gS ijUrq nqxquk ugh gksrk gSSA 

 
5. When a monochromatic point source of light is at a distance of 0.2 m from a photoelectric cell, the cut-

off voltage and the saturation current are respectively 0.6 V and 18 mA. If the same source is placed 
0.6 m away from the cell, then :     

 (A) the stopping potential will be 0.2 V   (B) the stopping potential will be 1.8 V 
 (C) the saturation current will be 6.0 mA   (D*) the saturation current will be 2.0 mA   

 tc ,d ,do.khZ; izdk'k fcUnq lzksr izdk'k fo|qr lsy ls 0.2 m nwjh ij gS] fujks/kh foHko rFkk lar`Ir /kkjk Øe'k% 0.6 

V rFkk 18 mA gSA ;fn ;g lzksr lsy ls 0.6 m nwjh ij j[kk tk;s rks :  

 (A) fujks/kh foHko 0.2 V gksxkA    (B) fujks/kh foHko 1.8 V gksxkA    

 (C) lar`Ir /kkjk 6.0 mA gksxhA    (D*) lar`Ir /kkjk 2.0 mA gksxhA  
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Sol. When the source is 3 times farther, number of photons falling on the surface becomes 
1

9
th but the 

frequency remains same. Hence stopping potential will be same i.e. 0.6V and saturation current 
become  

 
1

18
9

 mA = 2mA,  

 tc lzksr 3 xquk nwj gksxk rks i`"B ij fxjus okys QksVku dh la[;k 
1

9
 jg tk,xh fdUrq vko`fr leku gh jgsxhA vr% 

fujks/kh foHko leku 0.6V  jgsxk o lar`Ir /kkjk  

1
18

9
  mA = 2mA,  

 
6. An image of the sun is formed by a lens of focal length 30 cm on the metal surface of a photo-electric 

cell and it produces a current . The lens forming the image is then replaced by another lens of the 
same diameter but of focal length 15 cm. The photoelectric current in this case will be : (In both cases 
the plate is kept at focal plane and normal to the axis lens). (Assume saturation current only).  

 ,d 30 cm dh Qksdl nwjh okys ySal ds }kjk izdk'k fo|qr lsy dh /kkrq lrg ij lw;Z dk izfrfcEc curk gSa rFkk 

blls mRiUu /kkjk  gSA bl ySal dks nwljs ySal ls cny fn;k tkrk gS] ftldk O;kl leku gS ijUrq Qksdl nwjh  15 

cm gSA bl fLFkfr esa izdk'k fo|qr /kkjk gksxh ¼bu nksuks fLFkfr;ks esa IysV Qksdl ry esa rFkk ysal dh v{k ds yEcor 

j[kh gSA½ ¼dsoy lar`Ir /kkjk ekfu;s½    

 (A) /2   (B) 2    (C*)    (D) 4   

Sol. The current  is proportional to light energy falling on the lens per second which is same in the two 

cases. Hence same . 

 /kkjk  ySUl ij vkifrr çfr lSd.M çdk'k ÅtkZ ds lekuqikrh gS tks nksauks fLFkfr;ksa esa leku gS vFkkZr~ leku  gSA 

 

7. The work function of a certain metal is 
0

hC


. When a monochromatic light of wavelength  < 0 is 

incident such that the plate gains a total power P. If the efficiency of photoelectric emission is % and 
all the emitted photoelectrons are captured by a hollow conducting sphere of radius R already charged 
to potential V,  then neglecting any interaction between plate and the sphere, expression of potential of 
the sphere at time t is (e= 1.6×10–19 C ) :  

 fdlh IysV dk dk;ZQyu  
0

hC


 gSA tc  < 0  rjaxnS/;Z dk ,d o.khZ; izdk'k IysV ij bl izdkj vkifrr  gksrk gS] 

fd blls IysV ij dqy 'kfDr P izkIr gksrh gSA ;fn izdk'k & fo|qr  mRltZu dh n{krk  % gks rFkk lHkh mRlftZr 

QksVks &bysDVªkWu R f=kT;k rFkk V foHko rd vkosf'kr [kks[kys lqpkyd xksys }kjk xzg.k fd;s tkrs gSA IysV rFkk xksys 

ds chp vU;ksU; fØ;k ux.; ekus A fdlh Hkh le; t ij xksys ds foHko dk O;atd gS &   

 (A) V + 
0

100 Pe t

4 RhC

 


 (B*) V – 

0

Pe t

400 RhC

 


 (C) V   (D) 

0

Pe t

4 RhC




 

Sol. Number of photons emitted per second. izfr lsd.M mRlftZr QksVu dh la[;k  

  N = 
100


 × 

P

hc


 

 Potential of the sphere after time t is  l;e t i'pkr xksys dk foHko  

  V' = V – 
o

(Ne)t

4 R
 = V – 

0

P et

400 Rhc

 


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Photon emission from a source and radiation pressure  

,d lzksr ls QksVkWu mRltZu ,oa fofdj.k nkc 

8. Radiation pressure on any surface (for a given intensity):   
 (A) is dependent on wavelength of the light used 
 (B*) is dependent on nature of surface 
 (C) is dependent on frequency and nature of surface 
 (D) depends on the nature of source from which light is coming and on nature of surface on which it is 

falling. 

 fdlh lrg ij fofdj.k nkc ¼nh xbZ rhozrk ds fy,½ :  

 (A) mi;ksx esa fy;s x;s izdk'k dh rjaxnS/;Z ij fuHkZj djrk gS  

 (B*) ;g lrg dh izÑfr ij fuHkZj djrk gS  

 (C) ;g lrg dh izÑfr rFkk vkof̀Ùk ij fuHkZj djrk gS  

 (D) ;g izdk'k lzksr dh izÑfr ij ftlls izdk'k vkrk gS rFkk ftl lrg ij izdk'k fxjrk gS] mldh izÑfr ij fuHkZj 

djrk gS  

Sol. The radiation pressure fofdj.k nkc  

  P = 
F

A
= 

2h 
 

 

N

A
   = 2

C


   

 if reflected completely. It is independent of wavelength. It will depend on  the nature of the surface and 
the intensity of light. 

 ;fn iw.kZ ijkofrZr gks tk;s rksA ;g rjaxnS/;Z ij fuHkZj ugh djrk gSA ;g i`"B dh izd`fr o izdk'k rhozrk ij fuHkZj 

djrk gSA 

 

9.# The radiation force experienced by body exposed to radiation of intensity , assuming surface of body to 
be perfectly absorbing is :       

  rhozrk okyh fofdj.k }kjk oLrq ij fofdj.k cy vkjksfir gSA ekfu;s oLrq dh lrg iw.kZ vo'kks"kd gS :  

    
R

H

 = Intensity 
of radiation

 
R

H

 = fofdj.k dh

rhozrk

 

 (A) 
2R

c

 
  (B) 

RH

c

 
  (C) 

RH

2 c


  (D*) 

RH

c


 

Sol. Radiation force fofdj.k cy  

  = 
C


 × Area {kS=kQy  =  

C


 · 

1

2
 · 2R · H = 

RH

C


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de–Broglie wave length    Mh czksXyh rjax 

10. Which one of the following statements is NOT true for de Broglie waves ? 
 (A) All atomic particles in motion have matter waves of some de-Broglie wavelengths associated with 

them 
 (B*) The higher the momentum, the longer is the wavelength 
 (C) The faster the particle, the shorter is the wavelength 
 (D) For the same velocity, a heavier particle has a shorter wavelength   

 Mh&czksxyh rjaxksa ds fy;s dkSulk dFku lgh ugha gS ? 

 (A) izR;sd ijek.oh; d.k dh xfr ds fy;s muls dqN Mh&czksXyh rjaxnS/;Z lEcfU/kr gksrh gSA  

 (B*) vf/kd laosx ds fy, vf/kd yEch rjaxnS/;Z gksrh gSA  

 (C) rst d.k ds fy;s NksVh rjaxnS/;Z gksrh gSA  

 (D) leku osx ds fy;s Hkkjh d.k dh rjaxnS/;Z NksVh gksrh gSA  

Sol.  = 
h

p
 

 Hence, higher the momentum, smaller the wavelength.  

 vr% ftruk vf/kd laosx gksxk mruh gh de rjaxnS/;Z gksxhA 

 

Bohr’s Theory for hydrogen, hydrogen like atoms (properties) 

gkbMªkstu] gkbMªkstu tSls ijek.kqvksa ds fy;s cksgj fl)kUr 

11. An -particle of energy 5 MeV is scattered through 180° by a fixed uranium nucleus. The distance of 
closest approach is of the order of :   

 5 MeV ÅtkZ okyk ,d -d.k fLFkj ;qjsfu;e ukfHkd ds dkj.k 180° ij fopfyr gksrk gSA ukfHkd rFkk -d.k ds 

e/; U;wure nwjh dh dksfV fdruh gksxhA:  

 (A) 1 Å   (B) 10–10 cm  (C*) 10–12 cm  (D) 10–15 cm 

Sol. The distance of closest approach is given by  U;wure nwjh ds fy, 

  r0 = 
2

0 k

1 2Ze
.

4 E
 

 Here tgk¡ Z = 92 for uranium and (;qjsfu;e ds fy, rFkk) Ek = 5MeV = 5 × 106 × 1.6 × 10–19 J. 

  Also ,oa e = 1.6 × 10–19 C and rFkk 

 
0

1

4
 = 98 × 109 Nm2C–2. Using these values, we get r0  10–12 cm, which is choice (C) 

 
0

1

4
= 98 × 109 Nm2C–2. mijksDr ekuksa dk mi;ksx djds gy djus ij r0  10–12 cm, tks fodYi (C) gSA 

 
12.  An energy of 24.6 eV is required to remove one of the electrons from a neutral helium atom. The 

energy (In eV) required to remove both the electrons from a neutral helium atom is :  

 mnklhu ghfy;e ijek.kq ls ,d bysDVªkWu dks gVkus ds fy;s vko';d ÅtkZ 24.6 eV gSA mnklhu ghfy;e ijek.kq ls 

nksuksa bysDVªkWu dks gVkus ds fy;s vko';d ÅtkZ (eV esa) gS -  

 (A) 38.2    (B) 49.2   (C) 51.8  (D*) 79.0  
Sol. Energy required to remove the second e–  

 nwljs e–  dks gVkus ds fy, vfHk"V ÅtkZ  

  TE = (54.4 + 24.6) = 79.0 eV. 
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13. An atom consists of three energy levels given by a ground state with energy E0 = 0, the first excited 
state with energy E1 = K and the second excited state with energy E2 = 2K where K > 0. The atom is 
initially in the ground state. Light from a laser which emits photons with energy 1.5K is shined on the 
atom. Which of the following is/are correct ?  

 ,d ijek.kq esa rhu ÅtkZ Lrj gS rFkk ewy voLFkk dh ÅtkZ E0 = 0, gSA igyh mÙkstu voLFkk dh ÅtkZ E1 = K rFkk 

nwljh mÙkstu voLFkk dh ÅtkZ E2 = 2K gS tgk¡ K > 0 gSA ijek.kq izkjEHk esa ewy voLFkk esa gS yslj ¼ftlls 1.5K 

ÅtkZ dk QksVkWu fudyrk gS½ ls ijek.kq ij izdk'k Mkyk tkrk gSA fuEu esa ls dkSulk@dkSuls dFku lgh gS\   

 (A) The photons are absorbed, putting one atom in a state E1 and one atom in a state E2. 
 (B) A photon will always be absorbed, but half the time the atom will go into the state with energy  K and 

the other half into the state with energy 2K. In this way, energy will be conserved on the average. 
 (C) The atom absorbs a photon, goes into the first excited state with energy K and emits a photon with 

energy 0.5 K to conserve energy. 
 (D*) The atom does not absorb any photon and stays in the ground state.  

 (A) ,d ijek.kq dks  E1 voLFkk rFkk ,d ijek.kq dks E2 voLFkk esa j[kus ij QksVkWu vo'kksf"kr gksrk gSA 

 (B) QksVkWu ges'kk vo'kksf"kr gksxk] ijUrq ijek.kq vk/ks le; K ÅtkZ okyh voLFkk esa rFkk vk/ks le; 2K ÅtkZ okyh 

voLFkk esa tk;sxkA bl izfØ;k esa vkSlru ÅtkZ lajf{kr jgsxhA  

 (C) ijek.kq QksVkWu dks vo'kksf"kr djrk gS rFkk K ÅtkZ ds lkFk izFke mÙksftr voLFkk esa tkrk gS rFkk laj{k.k ds 

dkj.k 0.5 K ÅtkZ dk QksVkWu mRlftZr djrk gSA  

 (D*) ijek.kq dksbZ QksVkWu vo'kksf"kr ugha djrk rFkk ewy voLFkk esa jgrk gSA   

Sol. The atom will absorb photon whose energy is equal to the energy gap between two energy levels of the 
atom. 

 ijek.kq ml QksVkWu dks vo'kksf"kr djsxk ftldh ÅtkZ ijek.kq ds ÅtkZ Lrj ds e/; ÅtkZ vUrjky ds cjkcj gSA 

 
14. In a hydrogen like atom electron makes transition from an energy level with quantum number n to 

another with quantum number (n – 1). If n >> 1, the frequency of radiation emitted is proportional to : 

 gkbMªkstu ln`'; ijek.kq esa bysDVªkWu ÅtkZ Lrj ds DokaVe la[;k n ls vU; DokaVe la[;k  (n – 1) esa laØe.k djrk 

gSA ;fn n >> 1 gS, mRlftZr fofdj.k dh vko`fÙk lekuqikrh gS :   

 (A) 
2

1

n
   (B*) 

3

1

n
   (C) n2   (D) 

4

1

n
 

Ans. (B) 
Sol. En – En–1 

 = 
2 2

2 2

–13.6 Z –13.6 Z

n (n – 1)
  

 = 2

2 2

1 1
13.6Z –

(n – 1) n

 
 
 

 

 hv = 
2 2

2

2 2

n – (n – 1)
13.6Z

n (n – 1)

 
 
 

 

 = 
 

2

2 2

13.6Z 1
– 1

n 1– 1/n

 
 
 
 

 

 = 

–22

2

13.6Z 1
1– – 1

nn

  
  
   

 

 = 
2

2

13.6Z 2
1 –1

nn

 
 

 
 = 

2

3

2 13.6 Z

n


  

3

1
v

n
     (b) 
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15. The relation between 1: wavelength of series limit of Lyman series, 2: the wavelength of the series 

limit of Balmer series & 3: the wavelength of first line of Lyman series is :  

 ;fn 1 % ykbeu Js.kh dh lhekUr rjaxnS/;Z gS, 2 % ckej Js.kh dh lhekUr rjaxnS/;Z rFkk 3 % ykbeu Js.kh dh izFke 

js[kk dh rjaxnS/;Z gks rks % 

 (A) 1 = 2 + 3     (B) 3 = 1 + 2   

 (C) 2 = 3  1     (D*) 
1

1


 –

2

1


  = 

3

1


 

STaRT-2012 

Sol.  
1

K


= E – E1    

2

K


 = E – E2 

  
3

K


= E2 – E3    

1

1


 – 

2

1


 =

3

1


  

 

16. Ultraviolet light of wavelengths  and  when allowed to fall on hydrogen atoms in their ground state is 

found to liberate electrons with kinetic energy 1.8 eV and 4.0 eV respectively. Find the value of  
1

2




. 

 vk| voLFkk esa mifLFkr gkbMªkstu ijek.kqvksa ij tc  rFkk  rjaxns/;Z okyk ijkcSaxuh izdk'k vkifrr gksrk gS] rks 

Øe'k% 1.8 eV rFkk 4.0 eV xfrt ÅtkZ okys bysDVªkWu mRlftZr gksrk gSA  
1

2




 dk eku Kkr djsaA 

 (A) 
7

8
   (B*) 

8

7
   (C) 

9

20
   (D) 

20

9
  

Sol. K = E – 13.6 (in eV) or 

 (1.8 × 1.6 × 10–19) = 
1

hc


 – 13.6 × 1.6 × 10–19   ......(1) 

 Similarly for the second wavelength : blh izdkj  ds fy, 

 (4.0 × 1.6 × 10–19) =
2

hc


  – 13.6 × 1.6 × 10–19  ......(2) 

 Solving  these two equations , we get  gy djus ij  

   = 1

2

8

7





 

X-rays   X-fdj.ksa  

17. In a discharge tube when 200 volt potential difference is applied 6.25  1018 electrons move from 

cathode to anode and 3.125  1018 singly charged positive ions move from anode to cathode in one 
second. Then the power of tube is:    

 ,d foltZu ufydk esa  200 oksYV foHkokUrj vkjksfir djus ij 6.25  1018 bysDVªkWu dSFkksM+ ls ,uksM+ dh rjQ rFkk  

3.125  1018  ,dy vkosf'kr /kukRed vk;u ,uksM+ ls dSFkksM+ dh rjQ ,d lSd.M esa xfr djrs gS rks ufydk dh 

'kfDr gksxh:     

 (A) 100 watt okWV  (B) 200 watt okWV  (C*) 300 watt okWV (D) 400 watt okWV 

Sol. P = P– + P+ 
 = 200 × (6.25 × 1018 + 3.125 × 1018) × 1.6 ×10–19 W 
 = 300 W.  
 

18. An X-ray photon of wavelength  and frequency  collides with an intially stationary electron (but free to 

move) and bounces off. If  and  are respectively the wavelength and frequency of the scattered 
photon, then :  

 ,d X-fdj.k QksVkWu ftldh rjaxnS/;Z  rFkk vko`fr  gS] izkjEHk esa fLFkj bysDVªkWu ¼tks xfr ds fy;s Lora=k gS½ ls 

Vdjk dj ykSVrk gSA ;fn fodf.kZr QksVkWu dh rjaxnS/;Z rFkk vkof̀r Øe'k%  rFkk  gS rks :  

 (A)  = ;  =   (B)  < ;  >   (C)  > ;  >   (D*)  > ;  <  
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Sol. Some of the energy of photon will be absorbed by the electron. Hence, energy of the photon will reduce 
correspendingly wavelength will increase and frequency decreases. 

 QksVkWu dh dqN ÅtkZ bysDVªkWu }kjk vo'kksf"kr gksxhA vr% QksVkWu dh ÅtkZ rjaxnS/;Z c<+us ij rFkk vkof̀Ùk ?kVus ij 

?kVsxhA 

19. The wavelengths of K x-rays of two metals ‘A’ and ‘B’ are 
4

1875R
 and 

1

675R
 respectively, where ‘R’ 

is rydberg constant. The number of elements lying between ‘A’ and ‘B’ according to their atomic 
numbers is      

 nks /kkrqvksa A rFkk B dh K x-fdj.kksa dh rjaxnS/;Z Øe'k% 
4

1875R
 rFkk 

1

675R
 gSa] tgk¡ R fjMcxZ fu;rkad gSA A 

rFkk B ds chp fLFkr ijek.kq Øekad ds vuqlkj rRoksa dh la[;k gS&  

 (A) 3   (B) 6   (C) 5   (D*) 4 

Sol.  
1


= R (Z – 1)2 × 

1
1–

4

 
 
 

 

  
1875R

4
  = R  

2

1Z – 1
3

4
   Z1 = 26 

 and rFkk  675 R = R .  
2

2Z 2
3

4
  Z2 = 31 

 Hence number of elements vr% rRoks dh la[;k = 4 

 
20. An X-ray tube is operated at 66 kV. Then, in the continuous spectrum of the emitted X-rays :  
 (A)  wavelengths 0.01 nm and 0.02 nm will both be present  
 (B)  wavelengths 0.01 nm and 0.02 nm will both be absent 
 (C)  wavelengths 0.01 nm will be present but wavelength 0.02 nm will be absent 
 (D*)  wavelength 0.01 nm will be absent but wavelength 0.02 nm will be present    

 ,d X-fdj.k ufydk 66 kV foHko ij dk;Zjr gS rks mRlftZr X-fdj.k ds lrr~ LiSDVªe esa :  

 (A) 0.01 nm rFkk 0.02 nm nksuksa rjaxnS/;Z mifLFkr gksxh  

 (B)  0.01 nm rFkk 0.02 nm nksuksa rjaxnS/;Z vuqifLFkr gksxh  

 (C)  0.01 nm okyh rjaxnS/;Z mifLFkr gksxh ysfdu 0.02 nm okyh vuqifLFkr gksxh  

 (D*)  0.01 nm okyh rjaxnS/;Z vuqifLFkr gksxh ysfdu 0.02 nm okyh mifLFkr gksxh   

Sol. min =
hC

E
  =

4

3

1.24 10

66 10




 Å 

 Since 0.01 nm is less than min , it will be absent but 0.02 nm and longer wavelength will be present 

 pwafd 0.01 nm min  ls de gS] ;g vuqifLFkr jgsxk fdUrq 0.02 nm o blds yach rjaxnS/;Z mifLFkr gksxhA  

 
21. For the structural analysis of crystals, X-rays are used because : 
 (A*) X-rays have wavelength of the order of the inter-atomic spacing 
 (B) X-rays are highly penetrating radiations 
 (C) Wavelength of X-rays is of the order of nuclear size 
 (D) X-rays are coherent radiations  

 fØLVy dh lajpuk v/;;u ds fy;s X-fdj.k dk mi;ksx fd;k tkrk gS D;ksafd -  

 (A*) X-fdj.k dh rjaxnS/;Z dh dksVh vUr% ijek.kfod nwjh ds cjkcj gksrh gS  

 (B) X-fdj.k dh Hksnu {kerk vf/kd gksrh gS  

 (C) X-fdj.k dh rjaxnS/;Z dh dksfV ukfHkd ds vkdkj dh gksrh gS  

 (D) X-fdj.k dyk lEc) fofdj.k gksrs gSa  
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22.# Given curve shows the intensity-wavelength relations of X-rays coming from two different Coolidge 
tubes A and B. The dark curve represents the relation for the tube A in which the potential difference 
between the target and the filament is VA and the atomic number of the target material is ZA. Similarly 
dotted curve is for tube B. Respective quantities are VB and ZB for the tube B. Then,     

 fn;s x;s oØ esa nks fofHkUu dwfyt ufydkvksa A rFkk B ls izkIr X-fdj.k dh rhozrk rFkk rjaxnS/;Z esa laca/k n'kkZ;k 

x;k gSA xgjk oØ ufydk A ds fy, laca/k iznf'kZr djrk gS  ftlesa y{; rFkk rarq ds e/; foHkokUrj VA rFkk y{; 

ds /kkrq dk ijek.kq Øekad ZA  gSA blh izdkj fcUnqor oØ ufydk B ds fy, gSA ;s jkf'k;k¡ nwljh ufydk ds fy;s 

Øe'k% VB rFkk ZB gS rks -   

            rjaxnS/;Z

r
ho
zr
k

K K

 
 (A) VA > VB, ZA > ZB  (B*) VA > VB, ZA < ZB   (C) VA < VB, ZA > ZB (D) VA < VB, ZA < ZB 

Sol. (k)A > (k)B    ZB > ZA 

 (cut off)A < (cut off)B   VA > VB . 
 

23. If min is minimum wavelength produced in X-ray tube and k is the wavelength of k line. As the 
operating tube voltage is increased.    

 (A*) (k – min) increases   (B) (k – min) decreases 

 (C) k  increases    (D) k decreases  

 ;fn min, X-fdj.k ufydk esa mRiUu U;wure rjaxnS/;Z gS rFkk k, k js[kk dh rjaxnS/;Z gSA ;fn ufydk ij vkjksfir 

foHkkokUrj c<+k;s rks -    

 (A*) (k – min)  c<+rk gS    (B) (k – min) ?kVrk gS 

 (C) k  c<+rk gS     (D) k ?kVrk gS    

Sol. By increasing the operating voltage, k does not change but min decreases 

 vkjksfir foHko c<+kus ij k ifjofrZr ugha gksxk ijUrq min ?kV tk,xkA 

  
 Hence vr%, k – min c<+sxkA 

 

24. According to Moseley’s law the ratio of the slopes of graph between   and Z for K and K is :  

 ekSt+ys ds fu;ekuqlkj    rFkk Z ds e/; xzkQ dh <ky dk vuqikr K vkSj K ds fy;s gSa :   

 (A*) 
32

27
  (B) 

27

32
  (C) 

33

22
  (D) 

22

33
 

Sol. K
  = K (Z – ) × 

1
1–

4
 K

  = K (z – ) × 
1

1
9

  

 Ratio for 
K

K





ds vuqikr  = 

8

9

3

4

 = 
32

27
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25. If the frequency of K X-ray emitted from element with atomic number 31 is f, then the frequency of K 
X-ray emitted from the element with atomic number 51 would be (assume that screening constant for 

K is 1) :     

 ;fn ijek.kq Øekad 31 okys rRo ls fudyus okyh K X-fdj.k dh vko`fr f gS rks ijek.kq Øekad 51 okys rRo ls 

fudyus okyh K X-fdj.k dh vkof̀Ùk gksxh ¼ekfu,s dh K ds fy, ijhj{k.k fu;rkad 1 gS½ -  

 (A)  
5

3
f   (B)  

51

31
f  (C) 

9

25
f   (D*) 

25

9
f  

Sol. hf = 13.6(Z – 1)2 . 
1

1
4

 
 

 
 

 = 13.6 ×  
3

4
 (31 – 1)2 

 hf = 13.6 × 
3

4
 (51 – 1)2 

  
f '

f
 = 

2

2

50

30
    f' = 

25

9
.f  

 

Atomic Collisions  ijek.koh; VDdj ¼la?kV~V½   

26. An  particle with a kinetic energy of 2.1 eV makes a head on collision with a hydrogen in ground state 
atom moving towards it with a kinetic energy of 8.4 eV. The collision.  

 (A) must be perfectly elastic   (B) may be perfectly inelastic 
 (C*) may be inelastic    (D) must be perfectly inelastic 

 2.1eV xfrt ÅtkZ dk ,d –d.k] gkbMªkstu ijek.kq ls ewy voLFkk ess tks fd 8.4 eV xfrt ÅtkZ ls mldh rjQ 

xfreku gS] lEeq[k VDdj djrk gSA rc VDdj -      

 (A) iw.kZ izR;kLFk gksxhA    (B) iw.kZ vizR;kLFk gks ldrh gSA  

 (C*) vizR;kLFk gks ldrh gSA   (D) iw.kZ vizR;kLFk VDdj gksxhA   

Sol. The maximum kinetic energy avaiable for transition to potential energy/excitation energy is : 

 fLFkfrt ÅtkZ ;k mÙkstu ÅtkZ ds laØe.k ds fy, miyC/k vf/kdre xfrt ÅtkZ 

 H

H

m m1
.

2 m m



 
. (vrel)2 

 = H4m,m

5m
.(v + vH)2 =

2m

5
.(v

2 + vH
2 + 2vvH) 

 = 4 H2.E 2E 2E2m 2E.
2. .

5 4m m 4m m


 

  
  

 =
2 2.1

2 8.4 2 2.1 8.4
5 2

 
     

 
= 10.5 eV > 10.2 eV 

 Hence, inelastic collision is possible. vr% vçR;kLFk VDdj lEHko gSA 
 

 
27._ The photoelectric threshold wavelength of tungsten is 230 nm. The energy of electrons ejected from its 

surface by ultraviolet light of wavelength 180 nm is     

 VaxLVu dh izdk'k fo|qr nsgyh rjaxnS/;Z 230 nm gSA 180 nm rjaxnS/;Z ds ijkcSaxuh izdk'k }kjk blds ry ls 

mRlftZr bysDVªkWuksa dh ÅtkZ gS & 

 (A) 0.15 eV  (B*) 1.5 eV  (C) 15 eV  (D) 1.5 keV 
Ans. (B)   

Sol. 
 12400eV 500hc hc

–
1800 2300 1800 2300




 = 1.5eV 
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28._ In an X ray tube the electrons are expected to strike the target with a velocity that is 10% of the velocity 

of light. The applied voltage should be       

 X fdj.k ufydk esa bysDVªkWu izdk'k ds osx ds 10% osx ds lkFk okys y{; ds Vdjkus okyk gSA vkjksfir foHko gksuk 

pkfg, 

 (A) 517.6 V  (B) 1052 V  (C) 2.559 kV  (D) 5.680 kV 

Ans. (C)  

Sol. ve = 0.1C = 0.3 × 108 m/s 

 Assuming non-relatioistic case : 

 
17

19

9.1 9 10
v

2 1.6 10





 


 
= 

81.9
100

3.2
  

 = 2559 volt = 2.559 kv 
 

 

29._ In and atom an electron excites to the fourth orbit. When it jumps back to the energy levels a spectrum 

is formed. Total number of spectral lines in this spectrum would be   

 ,d ijek.kq esa ,d bysDVªkWu pkSFkh d{kk ls mÙksftr gksrk gSA tc ;g okil ÅtkZ Lrjksa ls dwnrk gS] rks ,d o.kZØe 

cukrk gSA bl o.kZØe esa o.kZØeh; js[kkvksa dh dqy la[;k gksxh 

 (A) 3   (B) 4   (C) 5   (D) 6 

Ans. (A)  

Sol. Since there is only one atom, so number of line will be 3  

 

PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 

Hkkx - II : ,dy ,oa f}&iw.kk±d eku izdkj ¼SINGLE AND DOUBLE VALUE INTEGER TYPE½ 

1.# In an experiment on photoelectric effect, the separation between emitter and the collector plates is 10 
cm. Plates are connected through an ammeter without any cell. A Magnetic field B exists parallel to the 
plates. The work function of the emitter is 2.39eV and the light of wavelengths between 400 nm and 
600 nm is incident on it. If minimum value of B for which the current registered by the ammeter is zero 
is n × 10–6 T. Then find out value of n (Neglect any effect of space charge). (Assume emission of photo 
electron to be randomly every possible direction)     

B
A

10cm

 
 

 ,d izdk'k fo|qr izHkko ijh{k.k esa mRltZd rFkk laxzkgd IysVksa ds e/; nwjh 10 cm gS rFkk budks fcuk lSy ds ,d 

vehVj ls tksM+rs gSaA    

   

B
A

10cm

   
 IysVksa ds e/; rFkk buds lekukUrj pqEcdh; {ks=k B mifLFkr gSA mRltZd dk dk;Z Qyu 2.39 eV gS rFkk vkifrr 

izdk'k dh rjaxnS/;Z 400 nm rFkk 600 nm ds e/; gSA B dk U;wure eku n × 10–6 T gS rks n dk eku Kkr dfj;s 

ftlds fy;s vehVj }kjk n'kkZ;h /kkjk 'kwU; gSA vUrjk{ks=k ds vU; vkos'kksa dk izHkko ux.; ekusaA  (QkWVksbyDVªkWu dk 

mRltZu izR;sd lEHko fn'kk eas ;kn`fPNd ekfu;s)    

Ans. 57 
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Sol. If the electron emitted with maximum velocity and tangentially does not reach collector plate, no other 
electron will reach and the ammeter reading will be zero maximum kinetic energy of the emitted 
electron. 

 ;fn vf/kdre rFkk Li'kZ js[kh; osx okyk mRlftZr bysDVªkWu laxzkgd IysV ij ugha igq¡prk gS] dksbZ Hkh bysDVªkWu ugha 

igq¡psxk rFkk vehVj dk ikB~;kad 'kwU; gksxk rFkk mRlftZr bysDVªkWu dh vf/kdre xfrt ÅtkZ 

  
1

2
mvmax

2 = 
hc

2.39eV
400 nm

 
 

 
  ................(i) 

 For electrons not to reach the collector plate, B should be such that 

 bysDVªkWu ds laxzkgd IysV rd ugha igq¡pus ds fy, B bl çdkj gksuk pkfg, 

  eVmaxB = 
2

maxmv

R
  R = 

10

2
 = 5 cm 

  B = maxmV

e.(5cm)
 = 

m 2 hc
. 2.39 eV

e (5 cm) m 400 nm

 
 

  
= 57 × 10–6 T. 

 
2. A light beam of wavelength 400 nm is incident on a metal plate of work function 2.2 eV. A particular 

electron absorbs a photon and makes some collisions before coming out of the metal. Assuming that 
10% of the instantaneous energy is lost to the metal in each collision. Find the minimum number of 
collisions the electron can suffer before it becomes unable to come out of metal. (use hc = 12400 eV Å)   

 ,d 400 nm rjaxnS/;Z okyk izdk'k iqat 2.2 eV dk;Z Qyu okyh /kkfRod IysV ij vkifrr gksrk gSA dksbZ fuf'pr 

bysDVªkWu ,d QksVkWu dk vo'kks"k.k djrk gS rFkk /kkfRod IysV ls ckgj fudyus ls igys dqN VDdj djrk gSA ;g 

ekfu;s dh izR;sd VDdj esa rkR{kf.kd ÅtkZ dk 10% /kkrq esa âkl gksrk gSA mijksDr vo/kkj.kk esa bysDVªkWu dh VDdjksa 

dh U;wure la[;k crkb;s rkfd ;g /kkrq ls ckgj ugha vk;sA (hc = 12400 eV Å mi;ksx djs)   

Ans. 4 

Sol. E = Energy of the photon QksVksu dh ÅtkZ  =
hc


  = 

41.24 10

4000


 eV 

 KE of e = 3.1 eV 
 For e– not to come out, its energy should be less then 2.2 eV. 

 e– ds ckgj ugh vkus ds fy, bldh ÅtkZ 2.2 eV ls de gksuh pkfg,A  

 i.e., (3.1) × (0.9)n < 2.2 n > 4 
 
3.# In the figure shown electromagnetic radiations of wavelength 200nm are incident on the metallic plate 

A. The photo electrons are accelerated by a potential difference 10.2 eV. These electrons strike another 
metal plate B from which electromagnetic radiations are emitted. The minimum wavelength of the 
emitted photons is 100nm. Find the work function of the metal ‘A’ (in eV). Use hc = 12400 eVÅ,   

 fp=kkuqlkj 200nm rjaxnS/;Z okyh fo|qr pqEcdh; fofdj.k /kkfRod IysV A ij vkifrr gksrh gSA QksVks bysDVªkWu dks 

10.2 eV foHkokUrj ls Rofjr fd;k tkrk gSA ;g bysDVªkWu nwljh /kkfRod IysV B ls Vdjkrs gSa] ftlls fo|qr pqEcdh; 

rjaxs fudyrh gSA mRlftZr gksus okys QksVkWu dh U;wure rjaxnS/;Z 100nm gSA /kkrq ‘A’ dk dk;Z Qyu (eV esa) Kkr 

djksA (hc = 12400 eVÅ, dk iz;ksx djks½    

 

10.2V  

Ans. W = 
9 9

hc hc
10.2 eV

200 10 e 100 10 e 

 
  

  
 = 4 eV 
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Sol. W = work function of plate A IysV A dk dk;Z Qyu 

  
hc

w


 = KEmax 

 Energy of the electron before striking the plate B is 

 IysV B ls Vdjkus ls igys bysDVªkWu dh ÅtkZ 

  K.E. = 
hc

w eV
 

  
 

 = 
min

hc


 

  w =  
min

hc hc


 
 + eV 

  = 
12400 12400

10.2  eV
200 10 100 10

  
   

   
 = 4 eV.  

 
4. Consider Bohr's theory for hydrogen atom. The magnitude of angular momentum, orbit radius and 

frequency of the electron in nth energy state in a hydrogen atom are, r & f respectively. Find out the 

value of ' x ', if (fr) is directly proportional to nx.  

 gkbMªkstu ijek.kq ds fy;s cksgj fl)kUr dks ekfu;sA gkbMªkstu ijek.kq ds n  os ÅtkZ Lrj okys bysDVªkWu ds dks.kh; 

laosx dk ifjek.k] d{kh; f=kT;k rFkk vko`fr ds eku Øe'k%  , r vkSj f gSA ' x ', dk eku Kkr dfj;s ;fn in (fr) lh/ks 

nx  ds lekuqikrh gSA   

Ans. 0 

Sol. fr f =
1

T
  = 

2 r




 

 =  
2 r




 × r ×  = 

nh

2 2




 
 

 = 
0

z
v

nhn

2 2




 

 = independen of 'n' ls Lora=k  

 So vr%,  fr  nº.   

 
5.  The first excitation potential of He+ ion is n, and the ionization potential of Li++ ion is m then find out 

value of m/n.   

 He+ vk;u dk igyk mÙkstu foHko n gS ,oa  Li++ vk;u dk vk;uu foHko m gS rks m/n dk eku Kkr djksA 

Ans. 3 
Sol. For Ist excitation potential at of He 

 He ds izFke mRrstu foHko ds fy,  

 ni = 1 nf = 2 z = 2 

 E = Ef – Ei = –13.6 (z)2 
2 2

f i

1 1
–

n n

 
 
 

 = 40.8 eV 

 So excitation potential = 40.8 volt vr% mRrstu foHko  = 40.8 volt 

 For the ionisation of Li++   Li++ ds vk;uu ds fy,   

 n1 = 1 nf =    z = 3 

 E = Ef – Ei = –13.6 (z)2 
2 2

f i

1 1
–

n n

 
 
 

 = 
2

2

i

13.6z

n


 

 =  
2

2

13.6(3)

(1)
= 1.224 × 102 eV 

 So excitation potential = 1.224 × 102 Volt vr% mRrstu foHko = 1.224 × 102 Volt 

 
122.4

40.8
= 3 
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6. A neutron moving with a speed v strikes a hydrogen atom in ground state moving towards it with the 
same speed. If the minimum speed of the neutron for which elastic collision dose not take place is  
3.13 × 10n m/s, then find out the value of n. (The mass of neutron = mass of hydrogen = 1.67 × 10– 27kg) 

 ,d v pky ls xfr'khy U;wVªkWu] leku pky ls bldh vksj xfr djrs gq, ewy voLFkk okys gkbMªkstu ijek.kq ls 

Vdjkrk gSA U;wVªkWu dh U;wure pky 3.13 × 10n m/s gS] rks n dk eku Kkr dfj;s] ftlds fy, VDdj izR;kLFk u 

gksA ¼U;wVªkWu dk nzO;eku = gkbMªkstu dk nzO;eku = 1.67 × 10– 27kg)   

Ans. 4 
Sol. In case of inelastic callision, the H-atom will be in excited state. The minimum energy will be when it is 

perfectly inelastic is, the two (n) and (H) both come to rest will move will same velocity i.e. 

 vizR;kLFk VDdj esa] H-ijekq.k mÙksftr voLFkk esa gksxkA tc ;g iw.kZr% vizR;kLFk gksxh rc U;wure ÅtkZ gksxh vFkkZr 

(n) o (H) nksuks fLFkj gks tk, vFkok leku osx ls xfr djsaA  

  nV + vH  n + H 

 from energy conservation  ÅtkZ laj{k.k ls  

  2 × 
1

2
 mv2 = E   

E
v

m
  ;  

   v = 
27

10.2 e

1.67 10
 = 3.13 × 104 m/s 

 where E is the excitation energy tgka E mÙksftr ÅtkZ gSA 
 

7. Electrons in hydrogen-like atoms (Z = 3) make transitions from the fifth to the fourth orbit and from the 
fourth to the third orbit. The resulting radiations are incident normally on a metal plate and eject 
photoelectrons. The stopping potential for the photoelectrons ejected by the shorter wavelength is  
3.95 V. The work function   of the metal = x ev. Then find x (Rydberg constant = 1.094 × 107 m–1)  

 gkbMªkstu ln`'k ijek.kq (Z = 3) esa bysDVªkWu iape ls prqFkZ rFkk prqFkZ ls r`rh; d{kk esa tkrk gSA mRlftZr fodhj.k 

/kkrq IysV ls izdk'k bysDVªkWu mRlftZr djrs gSA y?kq rjaxnS/;Z }kjk mRlftZr fd, x;s izdk'k bysDVªkWu dk fujks/kh 

foHko 3.95 V gSA /kkrq dk dk;ZQyu = x eV gS rc x Kkr djksaA  (fjMcxZ fu;rkad = 1.094 × 107 m–1)  

Ans.  2 
Sol. The stopping potential for shorter wavelength is 3.95 volt i.e., maximum kinetic energy of 

photoelectrons corresponding to shorter wavelength will be 3.95 eV. Further energy of incident photons 
corresponding to shorter wavelength will be in transition from n = 4 to n = 3. 

  E4 – 3 = E4 – E3 = 
2

2

(13.6)(3)

(4)


– 

2

2

(13.6)(3)

(3)

 
 
  

= 5.95 eV 

 Now from the equation, 
  Kmax = E – W 
 we have, W = E – Kmax = E4 –3 – Kmax  
  = (5.95 – 3.95) eV = 2 eV 

gy%   y?kq rjaxnS/;Z ds fy;s fujks/kh foHko 3.95 volt gS] vFkkZr~ y?kq rjaxnS/;Z ds laxr mRlftZr izdk'k bySDVªkWu dh 

vf/kdre xfrt ÅtkZ 3.95 eV rFkk ;g n = 4 ls n = 3 laØe.k ds dkj.k gksxkA 

  E4 – 3 = E4 – E3 = –
2

2

(13.6)(3)

(4)


– 

2

2

(13.6)(3)

(3)

 
 
  

= 5.95 eV 

  Kmax = E – W 

 vr% W = E – Kmax = E4 –3 – Kmax  

  = (5.95 – 3.95) eV = 2 eV 
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8. An electron of energy 20 eV collides with a hydrogen atom in the ground state. As a result of the 
colision, the atom is excited to a higher energy state and the electron is scattered with reduced velocity. 

The atom subsequently returns to its ground state with emission of radiation of wavelength 1.216 × 10–7 

m. If the velocity of the scattered electron is 1.86 × 10n m/s then find n.  

 20 eV ÅtkZ okyk bysDVªkWu vk| voLFkk esa fLFkj gkbMªkstu ijek.kq ls Vdjkrk gSA QyLo:i gkbMªkstu mÙksftr 

voLFkk esa igq¡p tkrk gS rFkk bysDVªkWu ?kVh gqbZ pky ls izdhf.kZr gks tkrk gSA ijek.kq 1.216 × 10–7 m rjaxnS/;Z 

okys fofdj.k dks mRlftZr djds vk| voLFkk esa vkrk gSA vxj izdhf.kZr bysDVªkWu dh vafre pky 1.86 × 10n m/s 

gS] rc n Kkr fdft,sA    

Ans n = 6 
Sol. The energy lost by the electron in exciting the hydrogen atom equals the energy corresponding to 

radiation of  = 1.21 × 10–7.  

 bySDVªkWu dh xfrt ÅtkZ esa gkfu  = 1.216 × 10–7 m okys rjaxnS/;Z ds laxr ÅtkZ ds cjkcj gksxhA 

  = hv =  
hc


= 

34 8

7

6.63 10 3.0 10

1.216 10





  


 

  = 16.36 × 10–19 J 

 Reduced energy of  'e' bysDVªkWu dh ?kVh gqbZ ÅtkZ 

 E = 20 × 1.6 × 10–19 – 16.36 × 10–19 

 E = 15.64 × 10–19 

 The velocity v of the scattered electron is given by  izdhf.kZr bysDVªkWu dh pky  

  21
mv E

2
  

 or v =  

1/ 2
2E

m

 
 
 

=  

1/ 2
19

31

2 15.64 10

9.11 10





  
 

 
 

  = 1.86 × 106 ms–1  
 
 
9. Calculate the value of X if magnetic field strength at the centre of a hydrogen atom caused by an 

electron moving along the first Bohr orbit is 
x

T
2

:       

 gkbMªkstu ijek.kq dh igyh cksgj d{kk esa xfr'khy bysDVªkWu ds dkj.k blds dsUnz ij pqEcdh; {ks=k dh rhozrk 
x

T
2

 

gS rks X dk eku Kkr djksA 

 Ans. 25 

Sol.  

 Effective current çHkkoh /kkjk 

   = 
e

2




  

  B = 0

2R

 
       

 B = 0

2R

 
  = 0 0

2

e eV
. .

2 2 R 4 R

 


 
 

 =10–7 × 1.6 × 10–19 × 
6

10 2

(2.19 10 )

(0.529 10 )




T  

 = 12.5 T = 
25

2
T 
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10. Radiation from a hydrogen discharge tube (energy of photons  13.6 eV) goes through a filter which 
transmits only waves of wavelength greater than 4400 Å and is incident on a metal of work function  

2.0 eV. If stopping potential is n × 10–2 volts. Find the value of ‘n’  

 gkbMªkstu foltZu ufydk ls fofdj.k ¼QkWVksu dh ÅtkZ   13.6 eV½ ,d fQYVj ls xqtjrh gS tks dsoy 4400 Å ls  

vf/kd rjaxnS/;Z okyh fofdj.kksa dks ikjxfer djrh gS rFkk 2.0 eV dk;Z Qyu okys /kkrq ij vkifrr gksrh gSA ;fn 

fujks/kh foHko n × 10–2 oksYV gS rks n dk eku Kkr djksA 

Ans. 55 

Sol. V0 = 
h.c

·e
 – 2 

     = 
41.2 10

– 2
4400

 
 
 

volt 

     = 0.55 volts = 55 × 10–2  volts;  n = 55  
 
11. The ionization energy of a hydrogen like Bohr atom is 4 Rydberg.  
  If the wavelength of radiation emitted when the electron jumps from the first excited state to the ground 

state is N-m and if the radius of the first orbit of this atom is r-m then the value of 
N

r
 = P × 102 then, 

value of P. (Bohr radius of hydrogen = 5 × 1011 m; 1 Rydberg = 2.2 × 1018 J)      

 gkbMªkstu leku cksgj ijek.kq dh vk;uu ÅtkZ 4 fjMcxZ gSA tc bysDVªkWu igyh mÙkstu voLFkk ls ewy voLFkk esa 

vkrk gS rks mRlftZr fofdj.k dh rjaxnS/;Z N-m gS ,oa bl ijek.kq ds igys d{k dh f=kT;k r-m gS rc 
N

r
= P × 102 

gks rks P  dk eku gksxk (gkbMªkstu dh cksgj f=kT;k = 5 × 1011 m;  1 fjMcxZ = 2.2 × 1018 J)   

Ans. 12 
Sol. (a) In energy units, 1 rydberg = 13.6 eV. The energy needed to detach the electron is 4 × 13.6 eV. The 

energy in the ground state is, therefore, E1 = –4 × 13.6 eV. The energy of the first excited state (n = 2) 

is E2 =  1E

4
= 13.6 eV .  E = 40.8 eV. The wavelength of the radiation emitted is  

     = 
hc

E
 

 (b) The energy of a hydrogen-like ion in ground state is E = Z2E0 where Z = atomic number and  

E0 = – 13.6 eV. Thus, Z = 2. The radius of the first orbit is 0a

Z
 where a0 = 5 × 10–11 m. Thus, 

 r = 0a

Z
 = 2.5 × 10–11 m 

Sol. (a) ÅtkZ ek=kd eas] 1 fjMcxZ = 13.6 eV bysDVªku dks vyx djus ds fy, vfHk"V ÅtkZ 4 × 13.6 eV vr% ewy 

voLFkk esa ÅtkZ E1 = –4 × 13.6 eV gks izFke mÙksftr voLFkk (n = 2) dh ÅtkZ E2 = 1E

4
 = 13.6 eV.  E = 40.8 

eV mRlftZr fofdj.k dh rjaxnS/;Z gSA  

   = 
hc

E
 

 (b) gkbMªkstu ln`'k ijek.kq dh ewy voLFkk esa ÅtkZ E = Z2E0 gS tgka Z = ijek.kq Øekad o E0 = – 13.6 eV gSA  

 vr%  Z = 2 izFke d{kk dh f=kT;k  0a

Z
 tgka  a0 = 5 × 10–11 m. bl izdkj  

  r =  0a

Z
= 2.5 × 10–11 m 
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PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj 
 

1. Photoelectric effect supports particle nature of light because  
 (A*) there is a minimum frequency below which no photoelectrons are emitted 
 (B*) the maximum kinetic energy of photoelectrons depends only on the frequency of light and is 

independent of intensity. 

 (C*) even when the metal surface is illuminated with very small intensity the photoelectrons (if   th) 
leave the surface immediately  

 (D) electric charge of the photoelectrons is quantized 

 izdk'k fo|qr izHkko izdk'k ds d.k izd`fr dk leFkZu djrk gS] D;ksafd &  

 (A*) ,d U;wure vko`fÙk ds uhps dksbZ QksVks bysDVªkWu mRlftZr ugh gksrs gSA   

 (B*) QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZ dsoy vkifrr izdk'k dh vko`fÙk ij fuHkZj djrh gS rFkk bldh rhozrk 

ij fuHkZj ugha djrh gSA   

 (C*) tc /kkrq dh lrg dks cgqr de rhozrk ds izdk'k ls izdkf'kr djrs gS rks QksVks bysDVªk Wu ( ;fn   th) rqjUr 

lrg ls ckgj fudyrs gSaA  

 (D) QksVks bysDVªkWu ij fo|qr vkos'k DokUVhÑr gksrk gSaA 

Sol. The photo electric effect can be explained if photon is considered as particle i.e.quantum nature 

 izdk'k oS|qr izHkko dh O;k[;k QksVku dks d.k ekuus ij laHko gSA ¼vFkkZr Dok.Ve izd`fr½ 

 
2. Select the correct alternative(s): 
 When photons of energy 4.25 eV strike the surface of a metal A, the ejected photo electrons have 

maximum kinetic energy TA eV and de Broglie wave length A. The maximum kinetic energy of photo 
electrons liberated from another metal  B by photons of energy 4.70 eV is TB = (TA - 1.50) eV. If the  

de-Brogleie wave length of these photo electrons is B = 2A, then:  
 (A*) the work function of A is 2.25 eV  (B*) the work function of B is 4.20 eV 
 (C*) TA = 2.00 eV    (D) TB = 2.75 eV   

 lgh fodYi@fodYiksa dks pqfu;s : 

 tc fdlh /kkrq A dh lrg ij 4.25 eV ÅtkZ dk QksVkWu Vdjkrk gS rks mRlftZr QksVks bysDVªkWu dh vf/kdre xfrt 

ÅtkZ  TA eV rFkk Mh&czksxyh rjaxnS/;Z A gSA ;fn ,d vU; lrg B ls 4.70 eV ÅtkZ ds QksVkWu }kjk eqDr QksVks 

bysDVªkWu dh vf/kdre xfrt ÅtkZ TB = (TA -1.50) eV gSA ;fn bu QksVks bysDVªkWuksa dh Mh&czksxyh rjaxnS/;Z  

B = 2A gS] rc :  

 (A*) A dk dk;ZQyu 2.25 eV gS    (B*) B dk dk;ZQyu 4.20 eV gS  

 (C*) TA = 2.00 eV    (D) TB = 2.75 eV  [JEE 1994, 2 ]   
 Ans. ABC     
Sol. Kmax = E – W 

 Therefore blfy, , 

   TA = 4.25 – WA   ......(i) 
   TB = (TA – 1.50) = 4.70 – WB  ......(ii) 
 Equation (i) and (ii) gives, 

 leh0 (i) rFkk (ii) ls, 

   WB – WA = 1.95 eV  ......(iii) 
 de-Broglie wavelength is given by  

 Mh&czksxyh rjaxnS/;Z 

   =  
h

2Km
 or ;k    

1

K
  

  K = KE of elecron bysDVªkWu dh xfrt ÅtkZ .  

   B

A




 = A

B

K

K
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 or  ;k   2 = A

A

T

T – 1.5
 or  ;k  TA = 2eV 

 From equation (i)  leh0 (i) ls 

  WA = 4.25 – TA = 2.25 eV 

 From equations (iii) , leh0 (iii) ls 

  WB + 1.95 eV = (2.25 + 1.95) eV 

 or ;k WB = 4.20 eV. 

  TB = 4.70 – WB = 4.70 – 4.20 = 0.50 eV. 
 
3. Consider a hypothetical hydrogen like atom. The wavelength in Å for the spectral lines for transition 

from n = p to n = 1 are given by :    

  = 
2

2

1500 p

p 1
 where p = 2, 3, 4, ... (given hc = 12400 eV/Å) 

 (A*) The wavelength of the least energetic and the most energetic photons in this series is 2000 Å, 
1500 Å. 

 (B*) Difference between energies of fourth and third orbit is 0.40 eV.  
 (C) Energy of second orbit is 6.2 eV 
 (D*) The ionisation potential of this element is 8.27 V. 

 ,d dkYifud gkbMªkstu leku ijek.kq dh dYiuk djksA n = p ls n = 1 ds LFkkukUrj.k ds fy;s LiSDVªe js[kk dh          

rjaxnS/;Z Å esa fuEu ls nh tkrh gS -     

   = 
2

2

1500 p

p 1
 tgk¡ p = 2, 3, 4, ... (fn;k x;k gS hc = 12400 eV/Å) 

 (A) bl Js.kh ds U;wure ÅtkZoku o vf/kdre ÅtkZoku okys QksVkWu dh rjaxnS/;Z Øe'k% 2000 Å, 1500 Å gSA 

 (B) pkSFkh o rhljh d{kk dh ÅtkZvksa ds e/; vUrj  0.40 eV gSA  

 (C) f}rh; d{kk dh ÅtkZ 6.2 eV gSA 

 (D) bl rRo dk vk;uu foHko 8.27 V gSA 

Ans. (a) 2000 Å, 1500 Å,  
 (b) Assume energy of level 1 to be zero 

  Lrj 1  dh ÅtkZ 'kwU; ekfu,  

  ------------------E4 = 7.75 eV 
  ------------------E3 = 7.35 eV 
  ------------------E2 = 6.2 eV 
  ------------------E1 = 0 eV 
 
 (c) 8.27 volt 

Sol.  = 
2

2

1500 p

p 1
 = 

2

1500

1–1/p
 

 (a) max = 
2

1500

1–1/2
 =  

4

3
 × 1500 Å = 2000 Å 

  min = 

2

1500

1
1



= 1500 Å. 

 (b) 2  1 = 
1500

1
1

4


 = 2000 Å 

  E2  1 =
hc


  =  

12400

2000
eV = 6.2 eV 

  3  1 =  
1500

1
1

9


= 
9

8
 × 1500 Å 
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  E3  1 = 
12400

9
1500

8


 eV = 7.35 eV 

  E4  1 = 
12400

16
1500

15


 eV = 7.75 eV. 

  Assume energy of level 1 to be zero Lrj 1  dh ÅtkZ 'kwU; ekfu,  

   ------------------E4 = 7.75 eV 
   ------------------E3 = 7.35 eV 
   ------------------E2 = 6.2 eV 
   ------------------E1 = 0 eV 

 (c) Ionization energy   vk;uu ÅtkZ 

   E = ( – 1) =  
12400

1500
eV = 8.27 eV 

  The ionization potential vk;uu foHko = 8.27 eV. 

 

4. A sample of hydrogen atom gas contains 100 atoms. All the atoms are excited to the same nth excited 

state. The total energy released by all the atoms is 
4800

49
Rch (where Rch = 13.6 eV), as they come to 

the ground state through various types of transitions. Find  

 (A) maximum energy of the emitted photon will be less than 
48

49
Rch. 

 (B) maximum energy of the emitted photon may be grater than 
48

49
Rch  

 (C*) the value of n = 6  
 (D*)  total number of photons that can be emitted by this sample may be less than 600. 

  

 ,d gkbMªkstu ijek.kq xSl ds uewus esa 100 ijek.kq gSA lHkh ijek.kq dks leku noas ÅtkZ voLFkk rd mÙksftr fd;k 

x;k gSA tc ;g ijek.kq fofHkUu laØe.k djrs gq, ewy voLFkk esa vkrs gSa rks lHkh ijek.kqvksa }kjk mRlftZr dqy ÅtkZ 

4800

49
Rch (tgk¡ Rch = 13.6 eV), gSA Kkr djks -  

 (A)  mRlftZr QksVkWu dh vf/kdre ÅtkZ 
48

49
Rch ls de gksxhA 

 (B)  mRlftZr QksVkWu dh vf/kdre ÅtkZ 
48

49
Rch ls vf/kd gks ldrh gSA 

 (C) n = 6  gksxk  

 (D) bl uewus }kjk mRlftZr gks ldus okys vf/kdre QksVkWuks dh dqy la[;k 600 ls de gks ldrh gSA  

Ans.  (i) 
48

49
Rch, (ii) n = 6, (iii) 600 

Sol. (i) Maximum energy from one atom ,d ijek.kq ls vf/kdre ÅtkZ 

  = 
4800

49
Rch × 

1

100
 = 

48

49
Rch. 

 (ii) E = 13.6
2

1
1  eV

(n 1)

 
 

 
  

  = 
48

49
 × 13.6 = 13.6 × 

2

1
1

(n 1)

 
 

 
   n = 6. 

 (iii) Since n = 6 is the excited state. An atom can emit a maximum transition of 6. 

 pwafd n = 6 mÙksftr voLFkk gS ,d ijek.kq vf/kdre laØe.k voLFkk 6 rd mRlftZr dj ldrk gSA   

  Total no. of photons QkWVksuksa dh dqy la[;k = 6 × 100 = 600.  
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5. One hydrogen atom in its ground state is excited by means of monochromatic radiation of wavelength 
975 Å. You may assume the ionization energy for hydrogen atom is 13.6eV  

 vk| voLFkk esa fLFkj ,d gkbMªkstu ijek.kq 975 Å okys fofdj.k }kjk mÙksftr fd;k tkrk gSA mRltZu LiSDVªe esa 

fHkUu&fHkUu js[kk,¡ izkIr gksxhA ekfu;s fd gkbMªkstu ijek.kq dh vk;uu ÅtkZ 13.6eV gSA  

 (A) Total number of lines in emission spectrum would be 6. 
 (B*) Energy difference between 3rd and 4th orbit is 0.66 eV. 

 (C*) logest wavelength in emission spectrum would be 1.875 m. 
 (D*) smallest wavelenth in emission spectrum would be 975 Å. 

 (A) mRlftZr LisDVªe esa js[kkvksa dh dqy la[;k 6 gks ldrh gSA  

 (B*) 3rd ,oa 4th d{kk ds e/; ÅtkZ dk vUrj 0.66 eV gSA 

 (C*) mRltZu LisDVªe esa mPpre rajxnS/;Z 1.875 m gksxkA 

 (D*) mRltZu LisDVªe esa y?kqre rjaxnS/;Z 975 Å gksxkA 

Sol. Energy corresponding to given wavelength : 

  E (in eV) = 
12375

(in Å)
 = 

12375

975
 = 12.69 eV 

 Now , let the electron excites to nth energy state. Then , 
  En – E1 = 12.69 

  
2

( 13.6)

(n )


 – (– 13.6) = 12.69 eV 

   n  4 
 i.e., electron excites to 4th energy state. Total number of lines in emission spectrum would be : 

   
n(n 1)

2


 =  

4 3

2


= 6 

 Longest wavelength will correspond to the minimum energy and minimum energy is released in 
transition from n = 4 to n = 3. 

  E4 – 3 = E4 – E3 =  
2

13.6

(4 )


–

2

13.6

(3)

 
 
 

  = 0.66 eV 

   Longest wavelength will be , 

  max =  
12375

E(in eV)
=  

12375

0.66
Å = 1.875 × 10–6 m 

         = 1.875 m 

Sol. nh x;h rjaxnS/;Z ds laxr ÅtkZ 

  E (in eV) =
12375

(in Å)
  =

12375

975
  = 12.69 eV 

 ekuk dh bysDVªkWu nth ÅtkZ Lrj esa igqp tkrk gSA 

  En – E1 = 12.69 

  
2

( 13.6)

(n )


 – (– 13.6) = 12.69 eV 

   n  4 

 bysDVªkWu 4th ÅtkZ Lrj esa igqprk gS] vr% mRltZu LisDVªe esa js[kkvksa dh la[;k  

    =  = 6 

 vf/kdre rajxnS/;Z n = 4 ls n = 3 laØe.k ds laxr gkssxhA. 

  E4 – 3 = E4 – E3 =  
2

13.6

(4 )


–

2

13.6

(3)

 
 
 

  = 0.66 eV 

  max =  
12375

E(in eV)
=  

12375

0.66
Å = 1.875 × 10–6 m 

         = 1.875 m   
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6. Consider an electron orbiting the nucleus with speed v in an orbit of radius r. The ratio of the magnetic 
moment to the orbital angular momentum of the electron is independent of : 

 (A*) radius r     (B*) speed v  
 (C) charge of electron e    (D) mass of electron me 

 ekfu, fd ukfHkd dh d{kk esa ,d bysDVªkWu r d{kk dh f=kT;k esa pky v ls xfr'khy gSA bysDVªkWu dk pqEcdh; vk/kw.kZ 

,oa dks.kh; laosx dk vuqikr fuHkZj ugha djrk gS %   

 (A*) f=kT;k r     (B*) pky v  

 (C) bysDVªkWu dk vkos'k e    (D) bysDVªkWu dk æO;eku me 

Ans. (A, B) 

Sol. 

 

 
2

2

mv k(ze)e

r r
  

      v2 =  
2kze

mr
    

      v = 
2kze

mr
 

     i = 
ev

2 r

 
 

 
 

      = 
r

4ev ev
r

2 r 2

  
    

   
 

      = mvr  

   
evr e

2mvr 2m

  
   

 
 

 
7. Consider a metal used to produced some charateristic X-rays. Energy of  X-rays are given by E and 

wavelength as represented by . Then which of the following is true :         

 dqN vfHkyk{kf.kd X-fdj.ksa mRiUu djus ds fy, ,d /kkrq dks iz;qDr fd;k tkrk gSA izR;sd X-fdj.k dh ÅtkZ E 

}kjk nh tkrh gS rFkk rjaxnS/;Z  }kjk izLrqr dh tkrh gS rks fuEu esa ls dkSuls lR; gSA  

 (A) E(K) > E(K) > E(K)   (B) E(M) > E(L) > E(K) 

 (C*) (K) > (K) > (K)   (D*) (M) > (L) > (K) 

Sol. K : transition from  2  1  

 K : 2  1 laØe.k   

 Similarly for K : 3  1 , K : 4  1 ; L : 3  2 : M : 4  3 

 blh izdkj K  ds fy, : 3  1 , K : 4  1 ; L : 3  2 : M : 4  3 

 Now we can compare energy and  .  

 vc ge ÅtkZ rFkk  dh rqyuk dj ldrs gSA   
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8. The potential difference applied to an X-ray tube is increased. As a result, in the emitted radiation,  
 (A*) the intensity increases   (B) the minimum wavelength increases 
 (C) the intensity remains unchanged  (D*) the minimum wavelength decreases   

 ;fn X-fdj.k ufydk ij vkjksfir foHkokUrj c<+krs gSa] ifj.kkeLo:i mRlftZr fofdj.k esa –   

 (A*) rhozrk c<+sxh      (B) U;wure rjaxnS/;Z c<+sxh  

 (C) rhozrk vifjofrZr jgsxh    (D*) U;wure rjaxnS/;Z ?kVsxh  

Sol. As the potential difference is increased, the kinetic energy is increased. The total energy of x-rays 
emitted 

 will also increase hence intensity will increase. Also the shorter wavelengths will also decrease. 

 foHkokUrj c<kus ls xfrt ÅtkZ c<rh gSA mRlftZr x-fdj.kks dh dqy ÅtkZ Hkh c<sxh vr% rhozrk c<sxhA U;wure 

rjaxnS/;Z Hkh ?kVsxhA  
 

9. X-ray falling on a material    
 (A*) exerts a force on it    (B*) transfers energy to it 
 (C*) transfers momentum to it   (D*) transfers impulse to it   

 /kkrq ij vkifrr X-fdj.k  

 (A*) bl ij cy yxkrh gS     (B*) bldks ÅtkZ LFkkukUrfjr djrh gS  

 (C*) bldks laosx LFkkukUrfjr djrh gS   (D*) bldks vkosx LFkkukUrfjr djrh gS  

Sol. Photon exerts force due to change in momentum photon transfers its energy to the material. Photon 
transfers its energy to the material. 

 Since, it exerts force, hence imparts impulse also. 

 QksVkWu laosx esa ifjorZu ds dkj.k cy yxkrk gSA QksVkWu bldh ÅtkZ inkFkZ dks LFkkukUrfjr djrk gSA vr% cy 

yxkrk gSA vr% laosx Hkh yxkrk gSA  

 

10. In an xray tube the voltage applied is 20 kV. The energy required to remove an electron from K shell is 

19.9 KeV. In the xrays emitted by the tube (hc = 12420 evÅ)  
 (A*) minimum wavelength will be 62.1 pm 

 (B*) energy of the characterstic xrays will be equal to or less than 19.9 KeV 

 (C*) L xray may be emitted  

 (D) L xray will have energy 19.9 KeV 

 ,d X–fdj.k ufydk esa vkjksfir oksYVrk 20 kV gSA K dks'k ls ,d bysDVªksu dks gVkus ds fy;s vko';d ÅtkZ  

19.9 kev gSA ufydk }kjk mRlZftr X–fdj.kksa esa] (hc = 12420 evÅ) 

 (A) U;wure rjaxnS/;Z 62.1 Pm gksxh   

 (B) vfHkyk{kf.kd X–fdj.kksa dh ÅtkZ 19.9 kev ds cjkcj ;k blls de gksxh A  

 (C) L  X–fdj.k mRlftZr gks ldrh gSA  

 (D) L  X–fdj.k dh ÅtkZ 19.9 kev gksxh A  

Sol. (A) Minimum wavelength will correspond to maximum energy i.e.,from  to k. 

 vf/kdre ÅtkZ vFkkZr~ vuUr ls k rd ds laxr U;wure rjaxnS/;Z gksxhA 

  E = 19.9 KeV 

  min =  
4

3

1.24 10
Å

19.9 10




= 0.62 Å 

 = 62 pm. 

 (B) Energy of the characteristic x–rays will be less than corresponding to  to K–shell, hence than 19.9 
keV.  

 vfHkyk{kf.kd x–fdj.k dh ÅtkZ vuUr ls K–dks'k ds laxr ÅtkZ ls de gksxh vFkkZr~ 19.9 keV 
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11. In an X-ray tube the accelerating voltage is 20 kV. Two targets A and B are used one by one. For ‘A’ 

the wavelength of the K line is 62 pm. For ‘B’ the wavelength of the L line is 124 pm. The energy of 
the ‘B’ ion with vacancy in ‘M’ shell is 5.5 keV higher than the atom of B. [Take hc = 12400 eVÅ]   

 (A*) Value of  min  is 0.62 Å.   

 (B) A will emitte K– photon. 
 (C*) B will emitte L – photons. 
 (D*) minimum wavelength (in Å) of the characteristic X-ray that will be emitted by ‘B’ is 0.8 Å. 

 X-fdj.k ufydk esa Rofjr foHko dk eku 20 kV gSA nks y{; A rFkk B Øe'k% iz;ksx esa fy;s tkrs gSaA y{; ‘A’ ds 

fy, K js[kk dh rjaxnS/;Z 62 pm gSA ijUrq y{; ‘B’ ds fy, L js[kk dh rjaxnS/;Z 124 pm gSA ‘B’ vk;u ds fy, 

‘M’ Lrj esa fjDrh ds fy, ÅtkZ dk eku ijek.kq 'B' ds lkis{k 5.5 keV T;knk gSA [iz;ksx djsa hc = 12400 eVÅ]  

 (A) 
U;wure

 dk eku 0.62 Å  gSA  

 (B) 'A' , K–QksVkWu mRlftZr djsxkA   

 (C) ‘B’, L-QksVkWu mRlftZr djsxkA  

 (D) 'B' }kjk mRlftZr vfHkyk{kf.kd X-fdj.k dh U;wure rjaxnS/;Z 0.8 Å gksxhA 

Sol. (A) min = 
–

hc

K.E. of e
 =

3

12400

20 10
 Å  = 0.62 Å  = 62 pm 

 (B) Since min = 62 pm, K from A will not be obtained 

 pwafd min = 62 pm,  A ls K  çkIr ugha gksxkA 

 (C) L–photons can be emitted if electron from L–shell can be removed the energy required to remove 
L–shell 

 electrons. 

 L–QksVkWu mRlftZr ugha gks ldrk gS ;fn L–dks'k ls bysDVªkWu gVk fn;k tk, rks L–dks'k ls bysDVªkWu dks gVkus ds 

fy,  

 ÅtkZ vko';d gSA  

   EL = M–dks'k dh ÅtkZ + L rFkk M–dks'k ds e/; laØe.k ÅtkZ 

  = 55.5 keV + 
2

12400

124 10
eV  = 15.5 keV 

 As the energy of encoming electron is 20 keV > 15.5 keV, the L–shell electron can be removed. Hence, 
L 

 photon  can be obtained. 

 pwafd vkus okys bysDVªkWu dh ÅtkZ 20 keV > 15.5 keV gS] L–dks'k ds bysdVªkWu gVk;s tk ldrs gSA vr% L–QksVkWu 

çkIr 

 gks ldrk gSA 

 The minimum wavelength will correspond to the transimition from  to L–shell. 

 U;wure rjaxnS/;Z vuUr ls L–dks'k rd laØe.k ds laxr gksxhA 

   = 
3

12400

15.5 10
A = 0.8 Å . 

 
12. When Z is doubled in a hydrogen like atom, which of the following statements are consistent with Bohr’s 

theory?   
 (A) Energy of a state is double   (B) Radius of an orbit is doubled.  
 (C*) Velocity of electrons in an orbit is doubled. (D*) Radius of an orbit is halved.  

 ;fn fdlh ijek.kq ds fy;s Z nqxuk gS rks fuEu esa ls dkSuls dFku cksgj fl)kUr ls lgh gS -   

 (A) Lrj dh ÅtkZ nqxuh gks tkrh gSA   (B) d{k dh f=kT;k nqxuh gks tkrh gSA   

 (C) fdlh d{k esa bysDVªkWu dk osx nqxuk gks tkrk gSA  (D) d{k dh f=kT;k vk/kh gks tkrh gSA  

Ans. CD 

Sol. v  z and rFkk  r  
1

z
. 
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13. Let An be the area enclosed by the nth orbit in a hydrogen atom. The graph of n (An / A1) against In(n)  

 ekuk fd gkbMªkstu ijek.kq esa n osa d{k dk {ks=kQy An gSA  n (An / A1) dk n(n) ds lkis{k xzkQ   

 (A*) will pass through the origin   ewy fcUnq ls xqtjsxk     

 (B*) will have certain points lying on a straight line with slope 4   

  ljy js[kk gksxh rFkk blds fdlh fcUnq ij <ky 4 gksxk    

 (C)  will be a monotonically increasing nonlinear curve  

  ,dfn"V o/kZeku vjs[kh; oØ gksxk    

 (D)  will be a circle    o`Ùk gksxk    

Sol.  

 An = r2 =  (r0 n2)2   

 = r0
2 n4     

 n n

1

A

A
 = n (n4) = 4 n n. 

 

PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 

 
Comprehension-1 
 A physicist wishes to eject electrons by shining light on a metal surface. The light source emits light of 

wavelength of 450 nm. The table lists the only available metals and their work functions. 
  Metal   W0(eV) 
  Barium  – 2.5 
  Lithium  – 2.3 
  Tantalum – 4.2 
  Tungsten – 4.5        

 ,d HkkSfrdfon~ fdlh /kkrq lrg ij izdk'k vkifrr djds bysDVªkWu mRlftZr djuk pkgrk gSA izdk'k L=kksr ls 

mRlftZr izdk'k dh rajxnS/;Z 450 uSuksehVj (nm) gSA mlds ikl dsoy fuEu /kkrq;sa miyC/k gS ] ftuds dk;Z Qyu 

lkfj.kh esa n'kkZ;s gS & 

  /kkrq    W0(eV) 

  csfj;e   – 2.5 

  yhfFk;e   – 2.3 

  VsUVs~ye   – 4.2 

  VaxLVu  – 4.5 

 
1. Which metal(s) can be used to produce electrons by the photoelectric effect from given source of light ? 
 (A) Barium only     (B*) Barium or lithium 
 (C) Lithium,tantalum or tungsten   (D) Tungsten or tantalum 

 fn;s x;s izdk'k lzksr ds fy, dkSu&lh /kkrq / /kkrq;as] izdk'k fo/kqr izHkko }kjk bysDVªkWu mRlftZr djus ds fy;s mi;ksx 

esa yh tk ldrh gS& 

 (A) dsoy csfj;e      (B*) csfj;e ;k yhfFk;e  

 (C) yhfFk;e ] VsUVsye ;k VaxLVu    (D) VaxLVu ;k VsUVsye  

Sol. E = 
12400

4500Å
 

 E = 2.75 eV  ...........(1) 

 for photoelectric effect izdk'k fo|qr izHkko ds fy, 

 E > W0 (work function).  (dk;ZQyu) 
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2. Which option correctly identifies the metal that will produce the most energetic electrons and their 
energies ?     

 (A*) Lithium, 0.45 eV (B) Tungusten, 1.75 eV (C) Lithium, 2.30 eV (D) Tungusten, 2.75 eV 

 fuEu esa ls dkSu lk fodYi ;g iznf'kZr djrk gS fd og /kkrq tks vf/kdre~ ÅtkZ okys bySDVªkWu mRiUu djsxh rFkk 

mldh ÅtkZ gksxh &    

 (A*) yhfFk;e, 0.45 eV (B) VaxLVu, 1.75 eV (C) yhfFk;e, 2.30 eV (D) VaxLVu, 2.75 eV 

Sol. E = W0 + Ek 

 (Ek) = E – W0 
 for maximum value of (Ek), W0 should be minimum. 
  W0 for lithium = 2.3 eV 

 (Ek) ds vf/kdre eku ds fy,] W0 U;wure gksuk pkfg,A 

  fyfFk;e ds fy, W0 = 2.3 eV 

  (Ek) = 2.75 – 2.3 = 0.45 eV. 
 
3. Suppose photoelectric experiment is done separately with these metals with light of wavelength 450 

nm. The maximum magnitude of stopping potential amongst all the metals is  

 ekuk fd nh xbZ izdk'k rjaxnS/;Z ¼450 nm½ ds lkFk izdk'k fo|qr iz;ksx dks bu /kkrqvksa ds lkFk ckjh ckjh ls fd;k 

tkrk gS rks bu lHkh /kkrqvksa esa ls fdlesa fujks/kh foHko dk ifjek.k vf/kdre gksxk & 

 (A) 2.75 volt  (B) 4.5 volt  (C*) 0.45 volt  (D) 0.25 volt  
Sol. The maximum magnitude of stopping potential will be for metal of least work function. 

   required stopping potential is 

 fujks/kh foHko dk vf/kdre ifjek.k U;wure dk;Z&Qyu okyh /kkrq ds fy, gksxkA 

   vko';d fujks/kh foHko gS & 

   Vs =  0hv

e

 
= 0.45 volt. 

 

Comprehension - 2 
  The figure shows an energy level diagram for the hydrogen atom. Several transitions are marked as 

I II III, _______ . The diagram is only indicative and not to scale.  

 fp=k esa ] gkbMªkstu ijek.kq ds fy;s] ÅtkZ Lrj fp=k n'kkZ;k gSA dbZ fofHkUu laØe.k I II III, _______ ls vafdr gaSA 

fp=k dsoy lwpukFkZ gS] fdlh iSekus ls ugh cuk;s x;s gSA 

      

     
4. In which transition is a Balmer series photon absorbed ?  

 fdl laØe.k esa ckWej Js.kh QksVkWu vo'kksf"kr gksaxs & 

 (A) II   (B) III   (C) IV   (D*) VI 
Sol. For Balmer series,  n1 = 2,   n2 = 3,4,........ 
    (lower)  (higher) 

  In transition (V), Photon of Balmer series is absorbed. 

gy ckej Js.kh ds fy,,  n1 = 2,   n2 = 3,4,........ 

    (fuEu)  (mPp) 

  laØe.k (V), esa ckej Js.kh dk çksVkWu vo'kksf"kr gks tk,xkA 
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5. The wavelength of the radiation involved in transition   is  

 laØe.k  ls lEcfU/kr fofdj.k dh rjaxnS/;Z gksxh & 

 (A) 291 nm  (B) 364 nm  (C*) 487 nm  (D) 652 nm 

Sol. In transition    laØe.k  esa    

 E2 = – 3.4 eV, E4 = – 0.85 eV 

 E = 2.55 eV 

 E = 
hc


     = 

hc

E
 

  = 487 nm. 
 
6. Which transition will occur when a hydrogen atom is irradiated with radiation of wavelength 103nm? 

 tc gkbMªkstu  ijek.kq ,103 uSuksehVj (nm) ds rjaxnS/;Z ds fofdj.k ls ÅftZr fd;k tkrk gS rks dkSulk laØe.k 

gksxk?  

 (A) I   (B) II   (C) IV   (D*) V 
Sol. Wavelength of radiation = 103 nm = 1030 Å 

 fofdj.k dh rjaxnS/;Z = 103 nm = 1030 Å 

  E = 
12400

1030Å
 

  ~– 12.0 eV 
 So difference of energy should be 12.0 eV (approx) 

 rks ÅtkZ esa vUrj yxHkx 12.0 eV gks tk,xkA 

 Hence  vr% n1 = 1  and rFkk  n2 = 3 

  (–13.6)eV  (–1.51)eV 

  Transition is V. 

  laØe.k V esaA   

 
Comprehension-3 
 Assume that the de Broglie wave associated with an electron can form a standing wave between the 

atoms arranged in a one dimensional array with nodes at each of the atomic sites. It is found that one 
such standing wave is formed if the distance ' d ' between the atoms of the array is 2 Å. A similar 
standing wave is again formed if ' d ' is increased to 2.5 Å but not for any intermediate value of d.  

 eku yks fd bysDVªkWu ds lkFk lEc) Mh&czksxyh rjax (de-Broglie wave) ; ,d foeh; Ja`[kyk esa O;ofLFkr ijek.kqvksa 

ds chp vizxkeh rjax dh LFkkiuk dj ldrh gSA] ftlesa izR;sd ijek.kqd fLFkfr ij fuLian gSA ik;k x;k fd ;fn 

J`a[kyk esa ijek.kqvksa ds chp nwjh ' d ' = 2 Å gS rks bl izdkj dh ,d vizxkeh rjax curh gSA ;fn d dks c<+kdj 

d=2.5 Å dj nsa rks blh izdkj dh ,d vizxkeh rjax nqckjk curh gSA ijUrq d dh bl ijkl ds chp d ds fdlh vU; 

eku ds fy;s rjax ugha curh gSA     

 
7. Find the energy of the electrons in eV     

 bysDVªkWu dh ÅtkZ eV esa Kkr dhft,A     

 (A) 302 eV  (B*) 151 eV  (C) 75.5 eV  (D) 75.5 ×106 eV 
 
8. The least value of d for which the standing wave of the type described above can form.    

 mijksDr izdkj dh vizxkeh rjax dh LFkkiuk ds fy;s d dk U;wure eku Kkr djksA   

 (A) 0.4 Aº  (B*) 0.5 Aº  (C) 2 Aº   (D) 1 Aº 
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Sol. From the figure it is clear that  fp=k ls ;g Li"V gS fd  

           p . ( /2 ) = 2 Å    

2Å

N N

P-loops  

          (p + 1)/2 = 2.5 Å         

           /2 = (2.5– 2.0) Å = 0.5 Å 2.5Å
(P+1) loops /2

 

 or      = 1 Å = 10-10 m 

 (i)  de Broglie wavelength is given by   Mh czksxyh rjaxnS/;Z   

   = 
h

p
 =  

h

2 Km
  K =  kinetic energy of electron K = bysDVªkWu dh xfreku ÅtkZ  

  K = 
2

h

2 m
 

     =
34 2

31 10 2

(6.63 10 )

2(9.1 10 )(10 )



 




  = 2.415 × 10-17 J 

     = 
17

19

2.415 10

1.6 10





 
 

 
 eV 

  K = 150.8 eV      Ans. 

 (ii)  N N  
  The least value of d will be when only one loop is formed 

  d dk U;wure eku rc gksxk tc dsoyu ,d gh ywi cusxk 

   dmin = /2  

   dmin = /2 or dmin = 0.5 Å  Ans.  
 
Comprehension-4  
 A uniform magnetic field B exists in a region. An electron is given velocity perpendicular to the magnetic 

field.Assuming Bohr’s quantization rule for angular momentum.   

 fdlh {ks=k esa ,d leku pqEcdh; {ks=k B mifLFkr gSA ,d bysDVªkWu dks pqEcdh; {ks=k ds yEcor osx fn;k tkrk gSA 

cksgj ds dks.kh; laosx ds Dok.Vhdj.k dks ekurs gq,     

  
9. Calculate the radius of the nth orbit  

 noha d{kk dh f=kT;k Kkr dfj;sA  

 (A*) 
nh

2 eB
  (B) 

nheB

2
  (C) 

nhe

2 B
  (D) 

nhB

2 e
 

 
10. Calculate the minimum possible speed of the electron. 

 bysDVªkWu dh laHkkfor U;wure pky Kkr dfj;sA 

 (A) 
2

heB

nm
  (B) 

2

he

2 Bm
 zz (C*) 

2

h · eB

2 m
  (D) 

2hem

2 B
 

Sol. ev B =  
2mv

r
      r = 

mv

eB
 

  mvr =  
nh

2
  .......(2) 

  r2 =  
nh

2 e

1

B
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  rn = 
nh

2 eB
 

  v = 
nh

2
 · 

1

mr
 =  

nh

2

1

m

2 eB

nh


  = 

2

nh · eB

2 m
 

 vmin = 
2

h · eB

2 m
 

 
Comprehension 5.  
 A neutron beam, in which each neutron has same kinetic energy, is passed through a sample of 

hydrogen like gas (but not hydrogen) in ground state. Due to collision of neutrons with the ions of the 
gas, ions are excited and then they emit photons. Six spectral lines are obtained in which one of the 
lines is of wavelength (6200/51) nm.  

 gkbMªkstu ln`'; (ysfdu gkbMªkstu ugha) xSl tks fd ewy ÅtkZ Lrj esa gS] ls ,d leku xfrt ÅtkZ okys U;wVªkWuksa dk 

iq¡t xqtjrk gSA U;wVªkuksa }kjk xSl vkW;uksa ls VDdj ds ifj.kkeLo:i] vkW;u mRrsftr voLFkk esa igq¡prs gSa rFkk os 

QksVkWuksa dk mRltZu djrs gSaA N% LisDVe js[kk,sa izkIr gksrh gSa ftlesa ,d js[kk dh rjaxnS/;Z (6200/51) nm gSA 

11. Which gas is this ?   

 crkb;s xSl dkSu lh gS \  

 (A) H   (B) D   (C*) He+   (D) Li+2  
 
12. What is the minimum possible value of kinetic energy of the neutrons for this to be possible. The mass 

of neutron and proton can be assumed to be nearly same. Use hc = 12400 eVÅ. 

 U;wVªkWu dh U;wure lEHko xfrt ÅtkZ Kkr dhft, ftlds fy, ;g ?kVuk laHko gSA iz'u ds mÙkj ds fy, izksVkWu 

rFkk U;wVªkWu dk nzO;eku yxHkx leku eku ldrs gSaA iz;ksx djsa hc = 12400 eVÅ  

 (A) 51 eV  (B) 54.4 eV  (C*) 63.75 eV  (D) 69 eV. 
Ans.  (a) He+ ,    

 (b)  Kmin = 
5

4
E = 

5

4
 × 51 eV = 63.75 eV 

Sol. (a) Since there are six spectral lines,. the excited state must be n = 4 as (4C2 = 6) 

 pwafd 6 LisDVªeh js[kk,sa gS mÙksftr voLFkk n = 4 tSlk fd (4C2 = 6) gksxhA 

  E = 13.6 × 22 
2 2

1 2

1 1

n n

 
 

 
 

  
12400

51
6200 10




 = 13.6 × Z2 = 
2 2

1 2

1 1

n n

 
 

 
 

  Z2 
2 2

1 2

1 1

n n

 
 

 
 = 

3

4
 

  n1 = 1,2 or 3 ;  n2 = 2,3,4 

 The only possible combination is  dsoy lEHko la;kstu  

  Z = 2,  n1 = 2  and  rFkk n2 = 4 

 Hence, the gas is He. vr% xSl He gSA 

 (b) The excitation energy of He+  He+ dh mÙkstu ÅtkZ 

  E = 13..6 × 4 ×  
1

1
16

 
 

 
eV = 51 eV 

 The maximum energy less during collision of neutron and the atom will be for inelastic collision. 

 U;wVªkWu dh VDdj ds nkSjku vf/kdre ÅtkZ U;wu gksxhA vr% ijek.kq vçR;kLFk VDdj djsaxsA  

  E = 2

n He

He
n He

m .m1
.v

2 m m
 

  (K.E. of n) (U;wVªkWu dh xfrt ÅtkZ) = 51 ×  
1 4

4


eV = 63.75 eV.  
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 Marked Questions can be used as Revision Questions. 

 fpfUgr iz'u nksgjkus ;ksX; iz'u gSA 

* Marked Questions may have more than one correct option. 

* fpfUgr iz'u ,d ls vf/kd lgh fodYi okys iz'u gS - 

PART - I : JEE (ADVANCED) / IIT-JEE PROBLEMS (PREVIOUS YEARS) 

Hkkx - I : JEE (ADVANCED) / IIT-JEE ¼fiNys o"kksZ½ ds iz'u 

1. The largest wavelength in the ultraviolet region of the hydrogen spectrum is 122 nm. The smallest 
wavelength in the infrared region of the hydrogen spectrum (to the nearest integer) is  
(A) 802 nm  (B*) 823 nm  (C) 1882 nm  (D) 1648 nm 

gkbMªkstu LisDVªe ds ijkcSxuh {kS=k dh vf/kdre rjaxnS/;Z 122 nm gSA gkbMªkstu LisDVªe ds vojDr {kS=k esa U;qure 

rajxnS/;Z (fudVre vaadks eas) gksxh&           

 (A) 802 nm  (B*) 823 nm  (C) 1882 nm  (D) 1648 nm 
Ans. (B) 
Sol. The series in uv region is Lyman series. Longest wavelength corresponds to minimum energy which 

occurs in transition from n = 2 to n = 1. 

 uv {ks=k esa fLFkr fyesu Js.kh fLFkr gSA nh?kZre rjaxnS/;Z U;wure ÅtkZ ds laxr gS tks fd n = 2 ls n = 1 laØe.k esa 

fLFkr gSA  

  122 = 

2 2

1/R

1 1

1 2


  ....(1) 

 The smallest wavelength in the infrared region corresponds to maximum energy of Paschen series  

 vojDr {ks=k esa vYire rjaxnS/;Z ik'pu Js.kh ds vf/kdre ÅtkZ ds laxr gS  

   = 

2

1/R

1 1

3



  ....(2) 

 from (1) and (2)  = 823.5 nm. lehdj.k (1) o (2) ls  = 823.5 nm.  
 

 
2. STATEMENT-1 : If the accelerating potential in an X-ray tube is increased, the wavelengths of the 

characteristic X-rays do not change. 

 dFku-1 : ;fn X-fdj.k ufydk esa Rofjr foHko c<+k;k tk;s rks vfHkyk{kf.kd X-fdj.k dh rajxnS/;Z ifjofrZr ugh gksrh 

gSA           

 because  D;ksfd 

 STATEMENT-2 : When an electron beam strikes the target in an X-ray tube, part of the kinetic energy 
is converted into X-ray energy. 

 dFku-2: tc bysDVªkWu iqat X-fdj.k ufydk ds y{; ls Vdjkrk gS rks xfrt ÅtkZ dk dqN Hkkx X-fdj.k ÅtkZ esa 

ifjofrZr gks tkrk gSA 

 (A) Statement-1 is True, Statement-2 is True; Statement-2 is a correct explanation for Statement-1 
 (B*) Statement-1 is True, Statement-2 is True; Statement-2 is NOT a correct explanation for Statement-1 
 (C) Statement-1 is True, Statement-2 is False 
 (D) Statement-1 is False, Statement-2 is True. 

 (A) dFku-1lgh gS] dFku-2 lgh gS; dFku-2 dFku-1dh lgh O;k[;k djrk gSA 

 (B*) dFku-1lgh gS] dFku-2 lgh gS; dFku-2 dFku-1dh lgh O;k[;k ugh djrk gSA 

 (C) dFku-1lgh gS] dFku-2 xyr gSA 

 (D) dFku-1 xyr gS, dFku-2 lgh gSA 

Ans (B) 
 
 
 
 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 2 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

Sol. Both statements are correct but statement (2) is not correct explaination of statement (1). 

 nksuks dFku lgh gS fdUrq dFku (2) dFku (1) dh lgh O;k[;k ugh gSA  

 Energy of characteristic x-ray depends on the difference in energy levels. 

 vfHkyk{kf.kd x-fdj.k dh ÅtkZ Lrj vUrjky ij fuHkZj djrk gSA  

 

3. Electrons with de-Broglie wavelength  fall on the target in an X-ray tube. The cut-off wavelength of the 
emitted X-rays is         

 (A*) 0 = 
22mc

h


 (B) 0 = 

2h

mc
  (C) 0 = 

2 2 3

2

2m c

h


 (D) 0 =   

 Mh&czksXyh rajxnS/;Z  ds bysDVªkWu X-fdj.k ufydk ds y{; ij fxjrs gSA mRlftZr X-fdj.k dh vUrd rajxnS/;Z gksxh   

 (A*) 0 = 
22mc

h


 (B) 0 = 

2h

mc
  (C) 0 = 

2 2 3

2

2m c

h


 (D) 0 =   

Ans. (A) 

Sol. 
h

p 


 

 K.E. =
2p

2 m
  = 

2

2

h

2 m 
 

 If entire K.E. of electron is converted into photon then 

 ;fn bysDVªku dh lEiw.kZ K.E. QksVksu es ifjofrZr gks tk;s rks  

 
2

2

h

2 m 
 =  

0

hc


 0 = 

22mc

h


 

 
4. Which one of the following statements is WRONG in the context of X-rays generated from a X-ray 

tube?          
 (A) Wavelength of characteristic X-rays decreases when the atomic number of the target increases 
 (B*) Cut-off wavelength of the continuous X-rays depends on the atomic number of the target 
 (C) Intensity of the characteristic X-rays depends on the electrical power given to the X-ray tube 
 (D) Cut-off wavelength of the continuous X-rays depends on the energy of the electrons in the X-ray 

tube 

 X-fdj.k uyh (X-rays) ls fudyh X-fdj.k ds lanHkZ esa fuEu esa ls dkSulk oäO; xyr gS\  

 (A) ;fn y{; ijek.kq dk ijek.kq Øekad c<+k;k tk;s rks vfHky{kf.kd X-fdj.k (characteristic X-rays) dh rjaxnS/;Z 

?kVsxh 

 (B) larr (Continuous) X-fdj.k dh nsgyh (Cut-off) rjaxnS/;Z y{; ijek.kq ds ijek.kq Øekad ij fuHkZj djrh gSA  

 (C) vfHky{kf.kd X-fdj.k dh rhozrk X-fdj.k ufydk dks nh xbZ fo|qr 'kfä ij fuHkZj djrh gSA  

 (D) larr X-fdj.k dh nsgyh rjaxnS/;Z X-fdj.k ufydk esa bysDVªku dh ÅtkZ ij fuHkZj djrh gSA 

Ans. (B) 

Sol. min = 
hc

eV
.  

 Cut off wavelength depends on the energy of the accelerated electrons and is independent of nature of 
target. 

 K  
2

1

(z b)
 

 characteristic wavelength depend on atomic no and cut off wavelength depend on energy of e– .  

Sol. min =
hc

eV
 .  

 nsgyh rjaxnS/;Z Rofjr bysDVªkWu dh ÅtkZ ij fuHkZj djrh gS rFkk y{; dh izd`fr ij fuHkZj ugha djrh gSA  

 K  
2

1

(z b)
 

 vfHky{kf.kd rajxnS/;Z ijek.kq Øekad ij fuHkZj djrk gS ,oae~ nsgyh rajxnS/;Z bysDVªkWu dh ÅtkZ ij fuHkZj djrk gS  

 Ans. (B) 
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Paragraph :  
 

 In a mixture of H – He+ gas (He+ is singly ionized He atom), H atoms and He+ ions are excited to their 
respective first excited states. Subsequently, H atoms transfer their total excitation energy to He+ ions 
(by collisions). Assume that the Bohr model of atom is exactly valid.         

 H – He+ xSl (He+  ,dy vk;fur He ijek.kq  gS) ds feJ.k esa H–ijek.kq rFkk He+ vk;u viuh&viuh çFke 

mÙksftr voLFkk esa mÙksftr gSA blds ckn] H–ijek.kq viuh iwjh mÙkstu ÅtkZ He+– vk;u dks ns nsrs gSA (VDdjksa ds 

}kjk)A eku ysa fd cksgj (Bohr) dk ijek.kq ekMy iwjh rjg ls oS/k gSA        
 

5. The quantum number n of the state finally populated in He+ ions is : 

 He+– vk;u esa varr% vkckfnr voLFkk dk DokUVe (Quantum) uEcj n fuEu gksxk :  

 (A) 2   (B) 3   (C*) 4   (D) 5 

Sol. EH =
3

4
  × 13.6 eV  = Energy released by H atom. Let He+ go to nth state. 

 So energy required  

 EH =  
3

4
× 13.6 eV  = H ijek.kq }kjk NksM+h xbZ ÅtkZA ekuk He+ noha voLFkk esa tkrk gSA 

 blfy;s vko';d ÅtkZ 

  EHe = 13.6 × 4 
2

1 1

4 n

 
 

 
 eV  

  EHe =  EH  

   
3

4
 × 13.6  = 13.6 × 4

2

1 1

4 n

 
 

 
   

   n = 4 Ans. C 
 

6. The wavelength of light emitted in the visible region by He+ ions after collisions with H atoms is   

 H– ijek.kqvksa ls Vdjkus ds ckn He+––vk;uksa }kjk mRlftZr çdk'k dh rjaxnS/;Z] tks n`';&{ks=k (visible region) esa 

gS] gksxh  

 (A) 6.5 × 10–7
 m  (B) 5.6 × 10–7

 m  (C*) 4.8 × 10–7
 m (D) 4.0 × 10–7

 m 
Sol. The wavelength corresponding to transition from n = 4 to n = 3 in He+ corresponds to visible region. Its 

wavelength is :  

 laØe.k n = 4 ls n = 3 ds laxr rjaxnS/;Z He+ esa n`'; {ks=k ds laxr gSA bldh rjaxnS/;Z gS &  

  
hc


 = 13.6 × 4 

1 1

9 16

 
 

 
 

  
15 84.1 10 3 10

(m)

  


 = 

7
13.6 4

9 16
 


     = 

15 84.1 10 3 10

7
13.6 4

9 16

  

 


m  =  

   = 4.68 × 10–7 m. 
  So, Ans  (C). 
 

7. The ratio of the kinetic energy of the n = 2 electron for the H atom to that of He+ ion is :   

 n = 2 voLFkk esa H–ijek.kq rFkk He+ – vk;u ds bysDVªkWuksa dh xfrt ÅtkZ dk vuqikr fuEu gksxk : 

 (A*) 
1

4
   (B) 

1

2
   (C) 1   (D) 2 

Sol. K.E. = – T.E. 

 H

He

K

K
 = H

He

TE

TE
 

 For same ‘n’     leku ‘n’ ds fy,  

e

H

H

TE

TE
 = 

 

 

2

H

2

He

Z

Z
  =

1

4
  

 Ans. (A).  
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Paragraph for Question Nos. 10 to 12     
 When a particle is restricted to move along x-axis between x = 0 and x = a, where a is of nanometer 

dimension, its energy can take only certain specific values. The allowed energies of the particle moving 
in such a restricted region, correspond to the formation of standing waves with nodes at its ends x = 0 
and         x = a. The wavelength of this standing wave is related to the linear momentum p of the particle 
according to the de-Broglie relation. The energy of the particle of mass m is related to its linear 

momentum as E =
2p

2m
 . Thus, the energy of the particle can be denoted by  a quantum number ‘n’ 

taking values 1,2,3,......., (n = 1, called the ground state) corresponding to the number of loops in the 
standing wave. 

 Use the model described above to answer the following three questions for a particle moving in the line 
x = 0 to x = a. Take h = 6.6 × 10–34 J s and e = 1.6 × 10–19 C. 

 
8. The allowed energy for the particle for a particular value of n is proportional to : 
 (A*) a–2   (B) a–3/2   (C) a–1   (D) a2 
Solution :  

    

  n
2


 = a   and  p =  

h


= 

nh

2a
 

 Energy E = 
2p

2m
 = 

2 2

2

n h

8ma
  

2

1
E

a
  

 
9. If the mass of the particle is m = 1.0 × 10–30 kg and a = 6.6 nm, the energy of the particle in its ground 

state is closest to : 
 (A) 0.8 meV  (B*) 8 meV  (C) 80 meV  (D) 800 meV 

Solution : E = 
2 2

2

n h

8 ma
 

  For ground state n = 1   E1 =  
2 34 2

30 9 2 19

(1) (6.6 10 )

8 10 (6.6 10 ) 1.6 10



  



    
= 8 meV 

 
10. The speed of the particle, that can take discrete values, is proportional to : 
 (A) n–3/2   (B) n–1   (C) n1/2   (D*) n 

Solution : P =  
nh

2a
= mv 

  v  n  
 

ç'u 10 ls  12 ds fy, vuqPNsn     

 tc ,d d.k dks x-v{k ij x = 0 ls  x = a rd, tgk¡ a uSuksehVj ds vkl ikl gS, pyus ds fy, lhfer fd;k tkrk 

gS rc bl d.k dh ÅtkZ ds dqN fo'ks"k eku gh gks ldrs gSA bl lhfer {ks=k esa xfr djrs d.k dh lEHko ÅtkZ,¡ bl 

{ks=k esa cuus okyh ,slh vçxkeh rjaxksa ls lEcfU/kr gS] ftuds fy;s x = 0 vkSj x = a ij fuLiUn cu jgs gksaA bu 

vçxkeh rjaxksa dk rjax&nS/;Z] bl d.k ds js[kh; laosx ls Mh-czksxyh lehdj.k ds vuqflkj lEcfU/kr gSA nzO;eku m ds 

d.k dh ÅtkZ ,oa blds js[kh; laosx ds chp lEcU/k gS, E = 
2p

2m
  A vr% d.k dh ÅtkZ dks ,d DokaVe la[;k ‘n’ 

ftlds eku 1,2,3,......., (n = 1, dks ewy voLFkk dgrs gS) gks ldrs gS] ds }kjk n'kkZ;k tk ldrk gSA bl la[;k dk 

lEcU/k vçxkeh rjaxks esa cu jgs ywiksa dh la[;k ls gSA  

 mijksDr ekMy dh lgk;rk ls fuEufyf[kr rhu ç'u gy djsa] tc d.k x = 0 ls x = a rd ,d js[kk ij py jgk gSA               

h = 6.6 × 10–34 J s vkSj e = 1.6 × 10–19 C ysA 
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8. n ds fdlh ,d eku ds fy, d.k dh lEHko ÅtkZ lekuqikrh gS : 

 (A) a–2  ds  (B) a–3/2 ds  (C) a–1 ds  (D) a2 ds 

Solution : 

   

  n
2


 = a  rFkk  p = 

h


 = 

nh

2a
 

  ÅtkZ  E = 
2p

2m
 = 

2 2

2

n h

8ma
  

2

1
E

a
  

 

9. ;fn d.k dk nzO;eku m = 1.0 × 10–30 kg vkSj a = 6.6 nm gks, rc ewy voLFkk esa d.k dh ÅtkZ lcls fudV gS : 

 (A) 0.8 meV ds  (B) 8 meV ds  (C) 80 meV ds  (D) 800 meV ds 

Solution : E = 
2 2

2

n h

8 ma
 

  ewy voLFkk ds fy,  n = 1   E1 =  
2 34 2

30 9 2 19

(1) (6.6 10 )

8 10 (6.6 10 ) 1.6 10



  



    
= 8 meV 

 

10. d.k dh pky ds dqN [kkl iF̀kd&i`Fkd eku gksaxs] tks lekuqikrh gS: 

 (A) n–3/2 ds  (B) n–1 ds  (C) n1/2 ds  (D) n ds 

Solution : P =
nh

2a
  = mv  v  n  

 
11.# Photoelectric effect experiments are performed using three different metal plates p, q and r having work 

functions p = 2.0 eV, q = 2.5 eV and r = 3.0 eV respectively. A light beam containing wavelengths of 

550 nm, 450 nm and 350 nm with equal intensities illuminates each of the plates. The correct -V graph 
for the experiment is  [Take hc = 1240 eV nm]   

 /kkrq dh rhu fHkUu IysVksa p, q o r, ftuds dk;Z Qyu Øe'k% p = 2.0 eV, q = 2.5 eV o r = 3.0 eV gS] dks ysdj 

çdk'k&oS|qr&çHkko ç;ksx fd;s tkrs gSaA rhuksa ç;ksxksa esa ,d çdk'k iqat dk ç;ksx fd;k tkrk gS tks leku rhozrkokys             

550 nm, 450 nm rFkk 350 nm rjaxnS/;Z okys çdk'kksa ls feykdj cuk;k x;k gSA bu rhuksa ds -V vkjs[k dk lgh 

fp=k.k gSA [hc = 1240 eV nm ysa] 

 (A*)    (B)  

 (C)    (D)  
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Sol.  (A)   

  
1 550 nm

1240
E eV 2.25 eV

550
     

  
2 450 nm

1240
E eV 2.8 eV

450
     

  
3 350 nm

1240
E eV 3.5 eV

350
     

 For metal r, only 3 is able to generate photoelectron. 

 For metal q, only  and  are able to generate photoelectron. 
 For metal p, all wavelength are able to generate photoelectron. 
 Hence photoelectric current will be maximum for p and least for r. 

 /kkrq r ds fy,, dsoy 3 çdk'k oS|qr çHkko mRiUu dj ldrk gSA 

 /kkrq q ds fy,, dsoy  o  çdk'k oS|qr çHkko mRiUu dj ldrk gSA 

 /kkrq p ds fy,, lHkh rjaxnS/;Z çdk'k oS|qr çHkko mRiUu dj ldrk gSA 

 vr% çdk'k oS|qr /kkjk p ds fy, vf/kdre o r ds fy, U;wure gksxhA 

 

12. An -particle and a proton are accelerated from rest by a potential difference of 100V. After this, their  

de-Broglie wavelength are  and p respectively. The ratio 
p






, to the nearest integer, is :  

 ,d -d.k rFkk ,d izksVkWu dks fojkekoLFkk ls 100V ds foHkokUrj }kjk Rofjr fd;k tkrk gSA blds ckn budh Mh 

czksXyh rjaxnS/;Z Øe'k%  rFkk p gSaA vuqikr 
p






 ds eku dk fudVre iw.kk±d D;k gksxk \ 

Ans. 3 

Sol. P1 = 2m(100 eV)  

 P = 
h

2m(100 eV)
    = 

h

2(4m)2(100 eV)
 

  P






 = 8    

   The ratio 
p






 , to the nearest integer, is equal to 3. 

   dk vuqikr 
p






] fudVre iw.kkZdks esa 3 ds cjkcj gS  

 

Paragraph for questions 15 to 17 
 

 The key feature of Bohr’s theory of spectrum of hydrogen atom is the quantization of angular 
momentum when an electron is revolving around a proton. We will extend this to a general rotational 
motion to find quantized rotational energy of a diatomic molecule assuming it to be rigid. The rule to be 
applied is Bohr’s quantization condition.    

vuqPNsn ds fy, iz'u 15 to 17 

 çksVkWu ds pkjksa vksj ?kwers bysDVªkWu ds dks.kh; laosx dk DokaVhdj.k] cksgj ds gkbMªkstu ijek.kq LisDVªe fl)kar dk 

eq[;  vk/kkj gSA ge bl fl)kar dks vksj vkxs c<+krs gq, ,d lkekU; ?kw.kZu xfr ds fy, mi;ksx djrs gS rFkk ,d 

f}ijekf.kod v.kq dks n`<+ ekurs gq;s mldh DokUVhd`r ?kw.kZu ÅtkZ fudkysaxsA blds fy;s cksgj ds DokaVhd`r&çfrca/k 

okys fu;e dk mi;ksx fd;k tk;sxkA     
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13. A diatomic molecule has moment of inertia . By Bohr’s quantization condition its rotational energy in 

the nth level (n = 0 is not allowed) is : 

 ,d f}ijekf.od v.kq dk tM+Ro vk?kw.kZ  gSA cksgj ds DokaVhd`r&çfrca/k ds vuqlkj blds nosa Lrj (n = 0 ekU; ugha 

gS½ dh ?kw.kZu ÅtkZ fdruh gksxh \      

 (A) 
2

2 2

1 h

n 8

 
 

  
  (B) 

2

2

1 h

n 8

 
 

  
  (C) 

2

2

h
n

8

 
 

  
  (D*) 

2
2

2

h
n

8

 
 

  
 

Ans. (D) 

Sol.  = 
nh

2
 

 Rotational kinetic energy = 21

2
   =  

2 2

2

1 n h

2 4 
= 

2 2

2

n h

8 
 

 ?kw.kZu xfrt ÅtkZ  =  21

2
 =

2 2

2

1 n h

2 4 
 = 

2 2

2

n h

8 
 

 Ans. (D) 
 

 
14. It is found that the excitation frequency from ground to the first excited state of rotation for the CO 

molecule is close to  114
10


Hz. Then the moment of inertia of CO molecule about its centre of mass is 

close to (Take h = 2 × 10–34 J s )    

 ;g ik;k x;k gS fd CO v.kq ds ?kw.kZu dh fuEure voLFkk ls ?kw.kZu dh çFke mÙksftr voLFkk rd ds fy, mÙkstu 

vkof̀r yxHkx 114
10


 Hz gSA rc CO v.kq dk tM+Ro&vk?kw.kZ blds nzO;eku dsUnz ds lkis{k yxHkx fdruk gksxk \  

 (h = 2 × 10–34 J s yhft;s) 

 (A) 2.76 × 10–46 kg m2 (B*) 1.87 × 10–46 kg m2 (C) 4.67 × 10–47 kg m2 (D) 1.17 × 10–47 kg m2 

Ans. (B) 
Sol. hf = change in rotational kinetic energy   (f = frequency)  

 hf = ?kw.kZu xfrt ÅtkZ esa ifjorZu    (f = vko`fÙk)  

 hf = 
2

3h

8 f
 

  =  
2

3h

8 f
 = 

34

2 11

3 2 10

4
8 10

 

  


 = 0.1875 × 10–45 

  = 1.875 × 10–46 kg m2 . 
 
  

15.  In a CO molecule, the distance between C (mass = 12 a.m.u.) and O (mass = 16 a.m.u.), where 1 

a.m.u. =  275
10

3

 kg, is close to :     

 CO v.kq esa C (nzO;eku = 12 a.m.u.) rFkk O (nzO;eku = 16 a.m.u.) ds chp nwjh yxHkx fdruh gS \  

 (1 a.m.u. = 275
10

3

  kg) : 

 (A) 2.4 × 10–10 m (B) 1.9 × 10–10 m (C*) 1.3 × 10–10 m (D) 4.4 × 10–11 m 
 Ans. (C) 
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Sol.  
 m1r1 = m2r2 
 12r1 = 16r2 

 1

2

r 4

r 3
      1r  = 

4

7
  

 r1 = 
4

7
 

 Now vc,  = m1r1
2 + m2r2

2 

  = m1r1()  

  = 1

4
m   

7

 
 
 

  

   = 214m
 

7

 
 
 

   = 
1

7

4m


  

  =   
46

27

7 1.87 10

5
4 12 10

3





 

  

  

 = 0.128 × 10–9 m = 1.28 × 10–10 m 

 

 
16. The wavelength of the first spectral line in the Balmer series of hydrogen atom is 6561 Å. The 

wavelength of the second spectral line in the Balmer series of singly ionized helium atom is : 
 (A*) 1215 Å  (B) 1640 Å  (C) 2430 Å  (D) 4687 Å 

 gkbZMªkstu ijek.kq dh ckej lhjht dh igyh LisDVªeh ykbu dh rjax nS/;Z 6561 Å gSA rc ,dy&vk;fur ghfy;e 

ijek.kq dh ckej lhjht dh nwljh ykbu dh rjaxnS/;Z gksxhA 

 (A*) 1215 Å  (B) 1640 Å  (C) 2430 Å  (D) 4687 Å 
Ans.  (A) 

Sol.   
H2

2

H

1 1 1
RZ

4 9

 
    

 = R(1)2 
5

36

 
 
 

 

 
He

2

He

1 1 1
RZ

4 16

 
    

 = R(4) 
3

16

 
 
 

 

 

2

He

H

1 16 5 5

4 3 36 27

  
     

 

 He = 
5

27
 × 6561 = 1215 Å 

Paragraph for Question 19 to 20  

vuqPNsn ds fy, iz'u 

 A dense collection of equal number of electrons and positive ions is called neutral plasma. Certain 
solids containing fixed positive ions surrounded by free electrons can be treated as neutral plasma. Let 
‘N’ be the number density of free electrons, each of mass ‘m’. When the electrons are subjected to an 
electric field, they are displaced relatively away from the heavy positive ions. If the electric field 
becomes zero, the electrons begin to oscillate about the positive ions with a natural angular frequency 

‘p’, which is called the plasma frequency. To sustain the oscillations, a time varying electric field needs 

to be applied that has an angular frequency , where a part of the energy is absorbed and a part of it is 

reflected. As  approaches p all the free electrons are set to resonance together and all the energy is 
reflected. This is the explanation of high reflectivity of metals.   
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 cjkcj la[;k esa bysDVªkWu rFkk /ku vk;u lewg] ftldk ?kuRo cgqr gks] dks vukfo"V Iyktek dgrs gSA dqN Bksl 

ftuesa Lora=k bysDVªkWuksa  ds chp fLFkj /ku&vk;u fLFkr gksrs gS] dks Hkh vukfo"V Iyktek dh rjg fy;k tkrk gSA 

ekuk fd bysDVªkWuksa dk la[;k ?kuRo 'N' gS vkSj izR;sd bysDVªkWu dk nzO;eku ‘m’ gS A oS|qr {ks=k yxkus ij ;s 

bysDVªkWu fLFkj /ku&vk;u dh rqyuk esa viuh txg ls f[kld tkrs gSA vc ;fn oS|qr {ks=k 'kwU; gks tk;s rks bysDVªkWu 

‘p’ dks.kh; vko`fr ls /ku&vk;u ds lkis{k nksyu djrs gSA p dks Iyktek vkof̀r dgrs gSA bu nksyuksa dks dks.kh; 

vkof̀Ùk dk oS|qr&{ks=k yxk dj LFkk;h fd;k tk ldrk gSA rc oS|qr {ks=k ls izkIr dqN ÅtkZ vo'kksf"kr gksrh gS o 

dqN ÅtkZ ijkofrZr gksrh gS rc c<dj p gks tkrh gS rc bysDVªkWu lewg ds lUuknh gks tkus ls lc ÅtkZ 

ijkofrZr gks tkrh gSA ;g /kkrq ls ijkorZu ds vf/kd gksus dk dkj.k gSA  

17. Taking the electronic charge as ‘e’ and the permitlivity as ‘0’, use dimensional analysis to determine 

the correct expression for p.  

 (A) 
0

Ne

m
  (B) 0m

Ne


  (C*) 

2

0

Ne

m
  (D) 0

2

m

Ne


 

 bySVªkWu vkos'k dks ‘e’  rFkk ijkoS|qrkad dks ‘0’, ysdj foeh;&lw=k ds }kjk p ds fy;s lgh lehdj.k Kkr djsaA   

 (A) 
0

Ne

m
  (B) 0m

Ne


  (C*) 

2

0

Ne

m
  (D) 0

2

m

Ne


 

Ans. (C) 

Sol. 

2
2 3

2

0

2

1
Q

Ne 1L

m TQ
M

L F

 
  

   


 

 So only (C) is dimensionally correct vr% dsoy (C) fofe; :i ls lgh gS  

 
18. Estimate the wavelength at which plasma reflection will occur for a metal having the density of electrons  

N = 4 x 1027 m–3. Take 0 = 10–11 and m = 10–30, where these quantities are in proper SI units.  

  ,d /kkrq] ftlesa bysDVªkWuksa dk la[;k&?kuRo N = 4 x 1027 m–3 gS] ds fy;s IykTek ijkorZu rjax nS/;Z dk eku Kkr 

djsaA ekfu;s 0  =10–11 vkSj m = 10–30, tgk¡ ;g ek=kk;sa vius lgh S foek esa gSA  
 (A) 800 nm   (B*) 600 nm   (C) 300 nm   (D) 200 nm  
 Ans. (B) 

Sol. For resonance vuqukn ds fy, 

  = P = 
2 27 19 2

30 11

0

Ne 4 10 (1.6 10 )

m 10 10



 

  


 
 

  = 3.2 × 1015 

 f =  
153.2 10

2 2 3.14

 


 
  

1

2
 × 1015 

  = 
c

f
 = 

8

15

3 10

1
10

2





 

   600 nm 

 

19. A silver sphere of radius 1 cm and work function 4.7 eV is suspended from an insulating thread in free-
space. It is under continuous illumination of 200 nm wavelength  light. As photoelectrons are emitted, 
the sphere gets charged and acquires a  potential. The maximum number of photoelectrons emitted 
from the sphere is A × 10Z  (where 1 < A < 10). The value of ‘Z’ is  

 pk¡nh dk ,d xksyk] f=kT;k = 1 cm, dk;Z Qyu = 4.7 eV,  ,d fo|qr jks/kh /kkxs ls eqDr LFkku esa yVdk;k gSA bl 

ij 200 nm rjax nS/;Z dk çdk'k yxkrkj iM+ jgk gSA tc çdk'k bysDVªkWu mRlftZr gksrs gSa rc xksyk vkosf'kr gksrk 

gS vkSj foHko çkIr djrk gSA xksys ls mRlftZr vf/kdre çdk'k bysDVªkWuksa dh la[;k A10Z(1<A < 10) gSA rc 'Z' 

dk eku gSA 

Ans. 7 
 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 10 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

Sol. R = 1 cm 

  = 4.7 eV 

 
hc


 =  + eV 

 
1240(ev)(nm)

200(nm)
 = 4.7 (eV) + eV 

 
1240

200
e = 4.7 e + eV 

 6.2 – 4.7 = V      V = 1.5 volt 

 
0

1 Q

4 R
 = 1.5 

 (9 × 109) 
Ne

1.5
1

100

   

 9 × 1011   Ne = 1.5 ; N = 
11 19

1.5

9 10 1.6 10  
 = 815 1

10
16 9

    

     = 85
10

3 16



 = 750

10
48

  

   Z = 7 
 
20. A pulse of light of duration 100 ns is absorbed completely by a small object initially at rest. Power of the 

pulse is 30mW and the speed of light is 3 × 108 ms–1. The final momentum of the object is : 

 ,d NksVh oLrq] tks çkjEHk eas fojke voLFkk eas gS] çdk'k dh 100 ns dh ,d LiUn dks iw.kZr;k vo'kksf"kr djrh gSA 

LiUn dh 'kfDr 30 mW gS o çdk'k dh xfr 3 × 108 ms–1 gSA oLrq dk vfUre laosx gS:  

 (A) 0.3 × 10–17 kg ms–1    (B) 1.0 × 10–17 kg ms–1    
 (C) 3.0 × 10–17 kg ms–1    (D) 9.0 × 10–17 kg ms–1 
Ans. (B) 

Sol. Change in momentum = 
power total time

speed of light


 = 

P t

c


 

 1.0 × 10–17 kg × m/s 

Hindi. laosx esa ifjorZu =
'kfDr dqy le;

izdk'k dh pky 
 = 

P t

c


 

 1.0 × 10–17 kg × m/s 
 
21. The work functions of Silver and Sodium are 4.6 and 2.3 eV, respectively. The ratio of the slope of the 

stopping potential versus frequency plot for Silver to that of Sodium is : 

 pkWnh ,oa lksfM;e ds dk;Z Qyu Øe'k% 4.6 o 2.3 eV gSA pkWnh o lksfM;e ds fujks/kh foHko ,oa vkof̀Ùk ds chp xzkQksa 

ds <ky dk vuqikr gS :    

Ans. 1 

Sol. maxKE  = hv – 

 eVst = hv – 

 st

h
V

e e

 
   
 

 

 y =  m x + C 
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 So slope will be 
h

e

 
 
 

, and it will be same for both the metals.  

 So ratio of the slopes = 1 

Hindi. maxKE  = hv – 

 eVst = hv – 

 st

h
V

e e

 
   
 



 y =  m x + C  

  

 vr% <+ky 
h

e

 
 
 

 gS, rFkk ;g nksuksa /kkrqvksa ds fy, leku gS  

 vr% <+kyksa ds vuqikr = 1 

 
22.* The radius of the orbit of an electron in a Hydrogen-like atom is 4.5 a0, where a0 is the Bohr radius. Its 

orbital angular momentum is 
3h

2
. It is given that h is Planck constant and R is Rydberg constant. The 

possible wavelength(s) when the atom de-excites is (are) :  

 ,d gkbMªkstu&leku ijek.kq ds bysDVªkWu d{k dh f=kT;k 4.5 a0 gS tgkW a0 cksj f=kT;k gSA bl bysDVªkWu dk d{kh; 

dks.kh; laosx 
3h

2
 gSA fn;k gS fd h Iykad fu;rkad o R fjMcxZ fu;rkad gSA ijek.kq ds O;qÙksftr gksus ij mRlftZr 

fofdj.k ds rjaxnS/;Z dh laHkkouk,W gS : 

 (A) 
9

32R
  (B) 

9

16R
  (C) 

9

5R
   (D) 

4

3R
 

Ans. (A, C) 
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Sol. Rn = 4.5 a0 

 L = mvr =  
3h

2
 [as n = 3, z= 2] 

  

 2

2 2

f 1

1 1 1
Rz

n n

 
  

  
 

 
3 1

1 1 1 8
R4 4R

1 9 9

 
     

 3 1

9

32R
   

 
2 1

1 1 1 3
R4 4R

1 4 4

 
     

    2 1

1

3R
   

 
3 2

1 1 1 5
R4 4R

4 9 36

 
     

  3 2

9

5R
   

 

23. If Cu is the wavelength of K X-ray line of copper (atomic number 29) and Mo is the wavelength of the 

K X-ray line of molybdenum (atomic number 42), then the ratio Cu/Mo is close to   

 rkacs  (ijek.kq Øekad 29) dh K X-fdj.k js[kk dh rjaxnS/;Z Cu gS rFkk ekWfyCMsue (ijek.kq Øekad 42) dh K  

X-fdj.k js[kk dh rjaxnS/;Z Mo gS] rc vuqikr Cu/Mo yxHkx gS   

 (A) 1.99    (B*) 2.14   (C) 0.50   (D) 0.48 
Ans.  (B) 

Sol. Using Mosley's law, for Kline :   = a (z – b)   where   b = 1 

 Kjs[kk ds fy;s ekstys fu;e ds mi;ksx ls :  = a (z – b)   tgk¡   b = 1 

 
1

 


  
cu

mo

1

1





  =  
a(29 1)

a(42 1)




  cu

mo




 =  

41 41

28 28




= 

1681

784
 = 2.144 

 
24. A metal surface is illuminated by light of two different wavelengths 248 nm and 310 nm. The maximum 

speeds of the photoelectrons corresponding to these wavelengths are u1 and u2, respectively. If the 
ratio u1 : u2 = 2 : 1 and hc = 1240 eV nm, the work function of the metal is nearly   

 fdlh /kkrq dh ,d lrg dks vyx&vyx rjax nS/;ksZa 248 nm rFkk 310 nm ls iznhIr fd;k x;k gSA bu rjax&nS?;ksZa 

ds laxr (corresponding) fudyus okys izdk'k bysDVªkWuksa (photoelectrons) dh vf/kdre xfr Øe'k% u1 rFkk u2 gSA 

;fn vuqikr u1 : u2 = 2 : 1 rFkk hc = 1240 eV nm gS] rc /kkrq dk dk;Z Qyu yxHkx gS 

 (A) 3.7 eV   (B) 3.2 eV   (C) 2.8 eV   (D) 2.5 eV 
 Ans. (A) 

Sol. 248 nm  1240 / 248 ev = 5 ev 

 310nm   1240 / 310 ev = 4 ev 

 1

2

K.E 4 5ev W

K.E 1 4ev W


 


 

  16 – 4W = S – W 

  11 = 3 W  

  W = 
11

3
 = 3.67 ev    3.7 ev    
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25. Consider a hydrogen atom with its electron in the nth orbital. An electromagnetic radiation of wavelength  
90 nm is used to ionize the atom. If the kinetic energy of the ejected electron is 10.4 eV, then the value 
of n is (hc = 1242 eV nm) 

 ,d gkbMªkstu ijek.kq esa bySDVªkWu nth d{kk esa gSA mldks vk;fur djus ds fy, 90 nm rjaxnS/;Z ds fo|qr&pqECdh; 

fofdj.k dk iz;ksx fd;k tkrk gSA ;fn bl izfØ;k esa mRlftZr bySDVªkWu dh xfrt ÅtkZ 10.4 eV gS, rc n dk eku 

gksxkA (hc = 1242 eV nm)  

Ans. 2 

Sol 
2

hC 1
– 13.6eV. 10.4

n

 
 

  
 

  
2

1242eV 13.6
– 10.4

90 n
  

  
2

41.4 13.6
– 10.4

3 n
 

 13.8 – 10.4 = 
2

13.6

n
 

 3.4 = 
2

13.6

n
 

 n2 = 4 

 n = 2 
 

26.* For photo-electric effect with incident photon wavelength , the stopping potential is V0. Identify the 

correct variation(s) of V0 with  and 1/. 

 izdk'k&fo|qr izHkko esa vkifrr QksVkWu dh rjaxnS/;Z gSA rFkk fujks/kh foHko V0 gSA V0 dk  rFkk 1/ds lkFk lgh 

xzkQ gS ¼gS½     

 (A*)  (B)  (C*)  (D)  

 
Ans. (A,C) 

Sol.  
hc


 = eV0 +   

   V0 = 
hc 1

e

 
  

 
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27. An  electron in an excited state of Li2+ ions has angular momentum 3h/2. The de-Broglie wavelength of 

the electron in this state is pa0 (where a0 is the Bohr radius). The value of p is 

 Li2+ vk;u dh mÙkstu voLFkk esa ,d bysDVªkWu dk dks.kh; laosx 3h/2gSA bl voLFkk esa bysDVªkWu dh Mh&czksXyh 

rjaxnS/;Z pa0  ( tgk¡ a0 cksj f=kT;k gS ) gSA rc p dk eku gSA 

Ans. 2 

Sol. L =  
nh

2
 = 

3h

2
 

 n = 3 

  = 
h

p
 = 

h

m v
  = 

h 2 r

3h


  = 

2 r

3


 

 r = a0 
2n

Z
 

  =  
2

3


 a0 

2n

Z
 = 

2

3


 a0 

23

3
 = 2a0   

 
28. In a historical experiment to determine Planck's constant, a metal surface was irradiated with light of 

different wavelengths. The emitted photoelectron energies were measured by applying a stopping 

potential. The relevant data for the wavelength () of incident light and the corresponding stopping 

potential (V0) are given below :   

Iykad fLFkjkad fudkyus ds fy, ,d ,frgkfld iz;ksx esa ,d /kkrq dh lrg dks vyx&vyx rjaxnS/;Z ds izdk'k ls 

iznhIr fd;k x;kA mRlftZr bysDVªkWu dh ÅtkZ dks fujks/kh foHko (stopping potential) yxkdj ekik x;kA mi;ksx esa 

yk;s x, vkifrr izdk'k dh rjaxnS/;Z () ,oa lacfU/kr fujks/kh foHko (V0) ds vkadMs uhps fn, x, gSa %  

  (m) V0 (Volt) 

0.3 2.0 

0.4 1.0 

0.5 0.4 

 
 Given that c = 3 × 108 ms–1 and e = 1.6 × 10–19 C, Planck's constant (in units of J s) found from such an 

experiment is) 

izdk'k dh xfr c = 3 × 108 ms–1 rFkk bySDVªkWu dk vkos'k e = 1.6 × 10–19 C fn;k x;k gSA bl iz;ksx ls fudkys 

x,] Iykad fLFkjkad (J s ek=kd esa) dk eku gSA 

 (A) 6.0 × 10–34  (B*) 6.4 × 10–34  (C) 6.6 × 10–34  (D) 6.8 × 10–34  

Ans. (B) 

Sol. 0eV
hc




 

 
6

hc
2e

0.3 10
  


  …(i) 

 
6

hc
1 e

0.4 10
  


       …(ii) 

Substracting (ii) from (i) 

 (i)  esa ls (ii) dks ?kVkus ij 

61 1
hc 10 e

0.3 0.4

 
  

 
 e10

12.0

1.0
hc 6   

h = 0.64 × 10–33 = 6.4 × 10–34 J-s 
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29.* Highly excited states for hydrogen-like atoms (also called Rydberg states) with nuclear charge Ze are 

defined by their principal quantum number n, where n >> 1. Which of the following statement (s) is (are) 

true?    

 (A*) Relative change in the radii of two consecutive orbitals does not depend on Z.   

(B*) Relative change in the radii of two consecutive orbitals varies as 1/n    

(C) Relative change in the energy of two consecutive orbitals varies as 1/n3    

(D*) Relative change in the angular momenta of two consecutive orbitals varies as 1/n  

Ze ukfHkdh; vkos'k ds gkbMªkstu dh rjg ds ijek.kq dh vR;f/kd mÙksftr voLFkk (ftls fjMcxZ voLFkk Hkh dgrs gS) 

dks mlds eq[; DokaVe vad n (n >> 1) ls ifjHkkf"kr fd;k tkrk gSA fuEuf[kr esa ls dkSulk@dkSuls dFku lR; 

gS@gSa\         

 (A*) nks Øekxr d{kksa dh f=kT;k dk vkisf{kr varj (relative change) Z ds Åij fuHkZj ugha djrk gS  

(B*) nks Øekxr d{kksa dh f=kT;k dk vkisf{kr varj 1/n ds lekuqikr gksrk gS    

(C) nks Øekxr d{kksa dh ÅtkZ dk vkisf{kr varj 1/n3 ds lekuqikr gksrk gS    

(D*) nks Øekxr d{kksa ds dksf.k; laosx dk vkisf{kr varj 1/n ds lekuqikr gksrk gS  

Ans. (ABD) 

Sol. r = r0

2n

z

 
  
 

 

 
r 2 n

r n

  
  
 

 

 n = 1  so vr% 
r 1

r n


  

 L = 
nh

2
 

 
L n

L n

 
  

 
L 1

L n


     

 

 

30. A hydrogen atom in its ground state is irradiated by light of wavelength 970 Å. Taking hc/ e = 1.237 × 

10–6 eV m and the ground state energy of hydrogen atom as –13.6 eV, the number of lines present in 

the emission spectrum is :   

,d gkbMªkstu ijek.kq dks mldh fuEure voLFkk esa 970 Å  rjaxnS/;Z okys izdk'k ls iznhIr fd;k tkrk gSA ;gk¡ ij 

hc/ e = 1.237 × 10–6 eV m rFkk gkbMªkstu ijkek.kq dh U;wure voLFkk dh ÅtkZ–13.6 eV gSA mRlftZr ekukoyh 

(emission spectrum)  esa js[kkvksa dh la[;k D;k gksxhA 

Ans. (6) 
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Sol. [Here we are assuming that in original paper atom  atoms] 

 [;gk¡ okLrfod isij esa ijek.kq (atom) ds LFkku ij ijek.kqvksa (atoms) dh dYiuk djrs gSa  

 13.6
2 2

1 1 12370
–

9701 n

 
 

 
   

 n2 = 16 

 n = 4 

 No. of lines js[kkvksa dh la[;k= 4C2 

 = 
4 3

2


 = 6    Ans. 6  

31. Light of wavelength ph falls on a cathode plate inside a vacuum tube as shown in the figure., The work 

function of the cathode surface is  and the anode is a wire mesh of conducting material kept at a 

distance d from the cathode. A potential difference V is maintained between the electrodes. If the 

minimum de Broglie wavelength of the electrons passing through the anode is e, which of the following 

statement(s) is (are) true ?   

 ph  rjaxnS/;Z dk izdk'k fuokZr uyhdk  (vacuum tube )  ds vanj ,d dSFkksM ij fxjrk gS] tSlk fp=k esa n'kkZ;k 

x;k gSA dSFkksM dh lrg dk dk;ZQyu   gS ,oa ,uksM] tks dh ,d pkydh; inkFkZ ds rkjksa dh tkyh gS] dSFkksM ls  

d  nwjh ij fLFkr gSA ,ysDVªksM+ksa ds chp dk foHkokUrj V  fLFkj gSA ;fn ,uksM dks ikj djus okys bysDVªkWuksa dh 

U;wure  " n czksXyh" (de Broglie)  rjaxnS/;Z e gS , fuEufyf[kr esa ls dkSulk@ dkSuls dFku lR; gS@gSa \ 

 

Electrons 

Light 

V 
– + 

 
 (A) e increases at the same rate as ph for ph < hc/.    

(B*) For large potential difference (V >> /e), e is approximately halved if V is made four times.  

(C) e is approximately halved , if d is doubled    

(D) e decreases with increase in  and ph.   

(A) vxj ph < hc/ gS rks  ph ds lkFk e,d leku nj ls c<+sxkA  

(B*) mPp foHkokUrj (V >> /e) ij vxj V dks pkj xquk c<+k;k tk, rks e   yxHkx vk/kk gks tk,xkA 

(C) d dks nqxuk djus ij  e yxHkx vk/kk gks tk,xkA   

(D)   vkSj ph dks c<+kus ij e de gksxkA 

Ans. (B) 

Sol. e = Min. de broglie wave length U;wure fM&czksXyh rjaxnS/;Z 

 
ph

hc


 =  + 

e

hc


+ eV 

 hc pn2
pn

–1
d

 
 
  

 = hc e2
e

1
– d
 

 
  
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2
ph ph

2
e e

d

d

 


 
  (A wrong vlR; gS)  

 V >> 
e


 

 Energy of electron bysDVªkWu dh ÅtkZ = eV 

 
2P

2m
 = E  = 

h 1

p 2mE
  

 P = 2mE       Ans. (B) 

 

32. An electron in a hydrogen atom undergoes a transition from an orbit with quantum number n i to another 
with quantum number nf. Vi and Vf are respectively the initial and final potential energies of the electron. 

If i

f

V

V
 = 6.25, then the smallest possible nf is :  

 ,d gkbMªkstu ijkek.kq dk ,d bysDVªkWu ni DokaVe la[;k (quantum number) okys d{k ls nf DokaVe la[;k 

(quantum number) ds d{k esa izos'k djrk gSA Vi rFkk Vf izkFkfed ,oa vafre fLFkfrt mtkZ, gSA ;fn i

f

V

V
 = 6.25,  

rc nf dh U;wure lEHkkoh la[;k (smallest possible nf) gS 

Ans. (5)  

Sol. PE = 
2n

2.27
–  

25.6

1

n

2.27
–

n

2.27
–

v

v

2
i

2
f

i

f    

 6.25 = 
2
i

2
f

n

n
 

2

5
5.2

n

n

i

f   

 Answer. 5 

 

33. A photoelectric material having work-function 0 is illuminated with light of wavelength  
0

hc 
  

 
. The 

fastest photoelectron has a de Broglie wavelength d. A change in wavelength of the incident light by 

 results in a change d in d. Then the ratio d


 is proportional to :  

 izdk'k fo|qr inkFkZ (photo electric material) ftldk dk;Z Qyu (work-function) 0 gS] rjax&nS/;Z 
0

hc 
  

 
 

ds izdk'k ls iznhIr fd;k x;k gSA nqzr izdk'k bysDVªku dh Mh czksXyh (de Broglie) rjax&nS/;Z d gSA vkifrr izdk'k 

(incident light) dh rjax&nS/;Z esa  ds ifjorZu ls d ds eku esa d dk ifjorZu gksrk gSA rc d


dk vuqikr 

lekuqikrh gksxk   

 (A) 
3

d

2




   (B) 

3

d


   (C) 

2

d

2




   (D) d


 

Ans. (A) 
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Sol. 
hc


 = W + KEmax     

 KE = 
2 2

2
e e d

P h

2m 2m



 

 
2

0 2
e d

hc h

2m
  

 
 

 
2

d2 3
e d

hc h ( 2)
d 0 d

2m


    
 

 

 
3

d e d

2 2

d 2m
.hc

d h

 


 
 

 dd

d




  

3
d

2




 

34. In a photoelectric experiment a parallel beam of monochromatic light with power of 200W is incident on 
a perfectly absorbing cathode of work function 6.25 eV. The frequency of light is just above the 
threshold frequency so that the photoelectrons are emitted with negligible kinetic energy. Assume that 
the photoelectron emission efficiency is 100%. A potential difference of 500V is applied between the 
cathode and the anode. All the emitted electrons are incident normally on the anode and are absorbed. 
The anode experiences a force F = n × 10–4 N due to the impact of the electrons. The value of  is 
__________. Mass of the electron me = 9 × 10–31kg and 1.0 eV = 1.6 × 10–19J.  

 ,d izdk'k fo|qr~ (photoelectric) iz;ksx esa 200 W 'kfä (power) okyk ,d lekarj ,do.khZ izdk'k fdj.k iqat (a 

parallel beam of monochromatic light) iw.kZ :i ls vo'kksf"kr djus okys ,d mRltZd (perfectly absorbing 

cathode) ij fxjrk gSA mRltZd ds inkFkZ dk dk;Z&Qyu (work function) 6.25 eV gSA izdk'k dh vko`fÙk] nsgyh 

vkof̀Ùk (threshold frequency)  ls FkksM+h gh vf/kd gS] ftlls mRlftZr gksus okyh izdkf'kd bysDVªkuksa 

(photoelectrons) dh xfrt ÅtkZ (kinetic energy)  ux.; gSA eku yhft, fd izdk'k fo|qr~ mRltZu n{krk 

(photoelectron emission efficiency) 100% gSA mRltZd vkSj laxzkgd (anode)  ds chp 500V dk foHkokUrj 

(potential difference) yxk;k tkrk gSA mRlftZr gksus okys lHkh bysDVªku laxzkgd ij vfHkyEc vkifrr (normal 

incidence) gksdj vo'kksf"kr gks tkrs gSaA bysDVªkuksa dh laxzkgd ij VDdj ls F = n × 10–4 N dk cy yxrk gSA n  

dk eku __________ gSA bysDVªku dk nzO;eku (mass) me = 9 × 10–31kg gS vkSj 1.0 eV = 1.6 × 10–19J gSA 

Ans. 24.00 

Sol. Number of electrons emitted mRlftZr bysDVªksu dh la[;k 
200W

N
6.25eV

  

 rate of change of linear momentum of electrons bysDVªksu ds js[kh; losax esa ifjoZru fd nj = F = N 2mk   

 F = 
19

200

1.6 6.25 10 
 × 31 192 9 10 1.6 10 500        

 
= 24.00 
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35. Consider a hydrogen-like ionized atom with atomic number Z  with a single electron. In the emission 
spectrum of this atom, the photon emitted in the n = 2 to n = 1 transition has energy 74.8 eV higher than 
the photon emitted in the n = 3 to n = 2 transition. The ionization energy of the hydrogen atom is  
13.6 eV. The value of Z is __________.  

 ,d gkbMªkstu&tSlk vk;fur (hydrogen-like ionized) ijekuq dk ijek.kq Øekad (atomic number) Z  gSA bl 

ijek.kq esa ,d gh bysDVªku gSA bl ijek.kq ds mRltZu&LisDVªe (emission spectrum) esa] n = 2 ls n = 1 laØe.k 

(transition) ls mRiUu gksus okys Q+ksVkWu (photon) dh ÅtkZ] n = 3 ls n = 2 laØe.k ls mRiUu gksus okys Q+ksVkWu dh 

ÅtkZ ls 74.8 eV vf/kd gSA gkbMªkstu ijek.kq dh vk;uu ÅtkZ (ionization energy) 13.6 eV gSA Z dk eku 

__________ gSA   

Ans. 3 

Sol. 13.6 Z2 
1

1
4

 
 

 
 = 74.8 eV + 13.6 z2 

1 1

4 9

 
 

 
 

  13.6 × Z2 
11

18

 
 
 

 = 74.8 

  Z2 = 9   Z = 3 
 
 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

 
1.   The time taken by a photoelectron to come out after the photon strikes is approximately  

 QksVkWu ds Vdjkus ls QksVksbysDVªkWu fudyus rd esa yxk le; yxHkx gS % 

 (1) 10–1 s      (2)  10–4 s   (3*) 10–10  s      (4) 10–16 s  
Sol.    10–10  sec.    

 2.    An alpha nucleus of energy 
1

2
 mv2 bombards a heavy nuclear target of charge Ze. Then the distance 

of closest approach for the alpha nucleus will be proportional to :    

 
1

2
 mv2 ÅtkZ dk ,d ,sYQk ukfHkd Ze vkos'k ds ,d Hkkjh ukfHkdh; y{; ij ceckjh djrk gSA rc ,sYQk ukfHkd ds 

fy, fudVre mixeu nwjh lekuqikrh gksxh %       

 (1)  
1

Ze
   (2) v2    (3*) 

1

m
     (4) 

4

1

v
 

Sol. 
1

m
 

 
3. The threshold frequency for a metallic surface corresponds to an energy of 6.2 eV, and the stopping 

potential for a radiation incident on this surface is 5V. The incident radiation lies in    
 (1) X-ray region   (2*) ultra-violet region   (3) infra-red region   (4) visible region  

 ,d /kkRoh; i`"B ds fy, nsgyh vkof̀r 6.2 eV ÅtkZ ds laxr gS vkSj bl i`"B ij vkifrr fofdj.k ds fy,  

 fujks/kh foHko 5 V gSA vkifrr fofdj.k ftl {ks=k esa gS, og gS %   

 (1) X-fdj.k {ks=k    (2*) ijkcSaxuh {ks=k   (3) vojDr {ks=k   (4) n`'; {ks=k  

Sol.   = 
1242eVnm

1100Å
11.2

  

 Ultraviolet region ijkcSxuh {ks=k  

 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 20 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

4.#  The anode voltage of a photocell is kept fixed. The wavelength of the light falling on the cathode  is 

gradually changed. The plate current  of the photocell varies as follows :      

 ,d QksVks lsy dh ,uksM oksYVrk fLFkj j[kh tkrh gSA dSFkksM ij vkifrr izdk'k dh rajxnS/;Z  /khjs-/khjs ifjofrZr dh 

tkrh gSA QksVkslsy dh IysV /kkjk  bl izdkj ifjofrZr gksrh gS  :    

 (1)  (2)  (3*)  (4)  

 

5. Photon of frequency  has a momentum associated with it. If c is the velocity of light, the momentum is: 

 vkof̀r  ds ,d QksVkWu esa laosx fufgr gSA ;fn c izdk'k dk osx gS, rc laosx gS   

 (1) /c      (2) hc    (3) h /c2   (4*) h /c 

Sol.  E = pc,        h = pc,       p = 
h

c


 

 
6. Which of the following transitions in hydrogen atoms emit photons of highest frequency ?   

 gkbMªkstu ijek.kq esa fuEufyf[kr laØe.kksa esa ls dkSulk laØe.k vf/kdre vko`fÙk ds QksVkWu dk mRltZu djrk gSa \  

 (1) n = 2 to ls n = 6    (2) n = 6 to ls n = 2   (3*) n = 2 to ls n = 1   (4) n = 1 to ls n = 2  

Sol.  For highest frequency in emission spectra the difference of energy between two states involved should 
be maximum   

 mRltZu LisDVªe esa mPpre vko`rh ds fy, nks voLFkkvks ds e/; ÅtkZ dk vUrj vf/kdre gksuk pkfg;sA  

  eV2 – 4 = 10. 2 eV, E– 1  = 13.6  eV 

 E–1  = 3.4 eV, E6 – 2 < E– 2 ,  E6 – 2 < E2 – 1  
 So photons of highest frequency will be emitted for  n = 2 to n = 1. 

 vr% n = 2 ls n = 1 ds fy, mPpre vko`rh dk QksVkWu mRlftZr gksxk  

 

7. Suppose an electron is attracted towards the origin by a force 
k

r
 where 'k' is a constant and 'r' is the 

distance of the electron from the origin. By applying Bohr model to this system, the radius of the nth 
orbital of the electron is found to be 'rn' and the kinetic energy of the electron to be 'Tn'. Then which of 
the following is true?        

 ekuk fd ,d bysDVªkWu ewy fcUnq dh vkSj ,d cy  
k

r
 }kjk vkdf"kZr gksrk gS tgkWa 'k' ,d fu;rkad gS ,oa  'r' 

bysDVªkWu dh ewy fcUnq ls nwjh gSA bl fudk; dks cksgj izfr:i ekuus ij n os d{k ds bysDVªkWu dh f=kT;k 'rn'  gS 

rFkk bysDVªkWu dh xfrt ÅtkZ 'Tn' gSA rks fuEu esa ls dkSulk lR; gS ?   

 (1*) Tn independent of  n, rn  n   (2) Tn  
1

n
, rn  n 

 (3) Tn  
1

n
 n1, rn  n2    (4) Tn  

2

1

n
, rn  n2 

 (1*) Tn , n ls Lora=k gS, rn  n   (2) Tn  
1

n
, rn  n 

 (3) Tn  
1

n
 n1, rn  n2    (4) Tn  

2

1

n
, rn  n2 

Sol. 
2mv K

r r
   ...(1) 

 mvr = 
nh

2
   ....(2) 

 Solve these equation bu lehdj.k dks gy djus ij  
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8. The transition from the state n =4 to n =3 in a hydrogen like atom results in ultraviolet radiation. Infrared 
radiation will be obtained in the transition from:    

 gkbMªkstu leku ijek.kq esa n =4 ls n =3 voLFkk esa laØe.k ds QyLo:i ijkcSaxuh fofdj.k izkIr gksrk gSA 

fuEufyf[kr esa ls fdl laØe.k esa vojä fofdj.k izkIr gksxk \    

 (1) 3  2  (2) 4  2  (3*) 5  4  (4) 2  1 
Sol. Ans. (3) 

 5  4  Transition energy from 5 to 4 will be lessthan from 4  3. All other transition energy are higher 

than that for 4  3. 

 5  4 es laØe.k ÅtkZ 4  3 esa laØe.k ÅtkZ ls de gksxhA lHkh vU; laØe.k ÅtkZ 4  3 ls vf/kd gksxhA  

 
9. The surface of a metal is illuminated with the light of 400 nm. The kinetic energy of the ejected 

photoelectrons was found to be 1.68 eV. The work fuction of the metal is : (hc = 1240 eV.nm)  

 400 nm ds izdk'k ls fdlh /kkrq ds i`"B dks iznhIr fd;k tkrk gSA mRlftZr QksVksbysDVªkWuksa dh xfrt ÅtkZ 1.68 

eV ik;h tkrh gSA /kkrq dk dk;Z Qyu gSA (hc = 1240 eV.nm)    

 (1) 1.41 eV  (2) 1.51 eV  (3) 1.68 eV  (4) 3.09 eV 
Sol. Ans. (1) 

 E =
1240

400
  eV = 3.1 eV 

 E – k = (3.10 – 1.68)eV 
  = 1.42 eV 
 Q < 1.42 eV 
 
10. Statement-1 : When ultraviolet light is incident on a photocell, its stopping potential is V0 and the 

maximum kinetic energy of the photoelectrons is Kmax. When the ultraviolet light is replaced by X-rays, 
both V0 and Kmax increase.   

 Statement-2 : Photoelectrons are emitted with speeds ranging from zero to a maximum value because 
of the range of frequencies present in the incident light. 

 (1) Statement-1 is true, Statement-2 is true; Statement-2 is the correct explanation of Statement-1.
  

 (2) Statement-1 is true, Statement-2 is true; Statement-2 is not the correct explanation of Statement-1 
 (3) Statement-1 is false, Statement-2 is true. 
 (4*) Statement-1 is true, Statement-2 is false. 

 dFku-1 : tc ijkcSaxuh izdk'k ,d izdk'k&lsy ij vkifrr gS] rc bldk fujks/kh foHko V0 gS vkSj QksVks bysDVªkWuksa dh  

vf/kdre xfrt ÅtkZ Kmax gSA tc ijkcSaxuh izdk'k dks ,Dl&fdj.kksa ls cny fn;k tkrk gS] rc nksuksa V0 ,oa Kmax 

esa o`f) gks tkrh gS  

 dFku-2 : QksVks bysDVªkWu 'kwU; ls ,d vf/kdre pky dh ijkl essa mRlftZr gksrs gS D;ksafd vkifrr izdk'k esa vko`fÙk;ksa 

dh ijkl mifLFkr gksrh gSA  

 (1) dFku&1 lR; gS] dFku&2 lR; gS ; dFku&2, dFku&1  dk lgh Li"Vhdj.k gSA  

 (2) dFku&1 lR; gS] dFku&2 lR; gS ;  dFku&2, dFku&1  dk lgh Li"Vhdj.k ugha gSA  

 (3) dFku&1 vlR; gS] dFku&2 lR; gSA 

 (4*) dFku&1 lR; gS] dFku&2 vlR; gSA 

Sol. Energy of X-rays-photon is greater then ultraviolet photon.  
 So, V0 and Kmax increases. 
 Electrons have speed ranging from 0 to maximum, because before emitting a large number of collisions 

take place and energy is lost in collision. 

 X-fdj.k QksVku dh ÅtkZ] ijkcSaxuh QksVkWu dh ÅtkZ ls vf/kd gksrh gSA vr% V0 rFkk Kmax c<asxsA  

 bysDVªkWu dh pky dh ijkl 'kwU; ls vf/kdre gksrh gS] D;ksfd mRltZu ls iwoZ vusd VDdj gksrh gS o VDdj esa ÅtkZ 

dk O;; gksrk gSA  
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11. If a source of power 4 kW produces 1020 photons/second, the radiation belongs to a part of the 
spectrum called :     

 (1) X-rays  (2*) ultraviolet rays (3) microwaves  (4) -rays 

 ;fn 4 kW 'kfä dk ,d L=kksr 1020 QksVkWu izfr lsd.M mRiUu djrk gS] rc fofdj.k LisDVªe ds bl Hkkx dk lnL; 

gksxk  

 (1) ,Dl fdj.kssa  (2*) ijkcSaxuh fdj.ksa  (3) lw{erjaxsa  (4) xkek fdj.kssa 

Sol. Energy of each photon = 
20

4000

10
 = 4 × 1017  

  = 
19

17

12400 1.6 10

4 10





 


 A0 = 49.6 Å 

 It is in ultraviolet rays spectrum. 

Sol. izR;sd QksVkWu dh mtkZ  =
20

4000

10
  = 4 × 1017  

  =  
19

17

12400 1.6 10

4 10





 


A0 = 49.6 Å 

 ;g X-fdj.k o.kZØe esa gSA 

 

12. Energy required for the electron excitation in Li++ from the first to the thrid Bohr orbit is :    

 Li++  ds fy;s igys ls rhljs cksj d{k esa bysDVªkWu mÙkstu ds fy;s vko';d ÅtkZ gS : 

 (1) 12.1 eV  (2) 36.3 eV  (3*) 108.8 eV  (4) 122.4 eV 
Ans. (3) 

Sol. E1 = 
2

2

13.6(3)

(1)
  

 E3 = 
2

2

13.6(3)

(3)
  

  E = E3 – E1 

       = 13.6(3)2 
1

1
9

 
 

 
 

       = 
13.6 9 8

9

 
 

  E = 108.8 eV.  Ans. 
 
13. This question has statement –1 and statement –2. Of the four choices given after the statements, 

choose the one that best describes the two statements :    
 Statement –1 :  

 A metallic surface is irradiated by a monochromatic light of frequency  > 0  (the threshold frequency). 
The maximum kinetic energy and the stopping potential are Kmax and V0 respectively. If the frequency 
incident on the surface is doubled,  both the Kmax and V0 are also doubled. 

 Statement –2 :  
 The maximum kinetic energy and the stopping potential of photoelectrons emitted from a surface are 

linearly dependent on the frequency of incident light. 
 (1)  Statement –1 is true, statement –2 is false. 
 (2)  Statement –1 is true, Statement –2 is true, Statement –2 is the correct explanation of Statement –1 
 (3) Statement –1 is true, Statement –2 is true, Statement –2 is not the correct explanation of 

Statement–1 
 (4*)  Statement–1 is false, Statement –2 is true 
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 bl iz'u esa izdFku&–1 ,oa izdFku –2 fn;s x;s gSaA izdFkuksa ds ckn fn;s x;s pkj fodYiksa esa ls ml fodYi dks 

pqfu, tks fd izdFkuksa dk lgh o.kZu djrk gSA    

 izdFku–1 :  

 vkof̀Ùk  > 0  (nsgyh vkof̀Ùk) ds ,do.khZ izdk'k ls ,d /kkfRod i`"B dks fdjf.kr fd;k tkrk gSA vf/kdre xfrt 

ÅtkZ ,oa vojks/kh foHko Øe'k% Kmax ,oa V0 gSaA ;fn i`"B ij vkifrr vkof̀Ùk nksxquh dj nh tk,] nksuksa Kmax ,oa V0 Hkh 

nksxqus gks tkrs gSaA  

 izdFku –2 :  

 i`"B ls mRlftZr QksVks bysDVªksuksa dh vf/kdre xfrt ÅtkZ ,oa vojks/kh foHko vkifrr izdk'k dh vko`fÙk ij jSf[kd 

fuHkZj djrs gSaA   

 (1)  izdFku –1 lgh gSa] izdFku–2 xyr gSa 

 (2)  izdFku –1 lgh gS] izdFku –2 lgh gS vkSj izdFku –2  izdFku–1 dh lgh O;k[;k djrk gSA 

 (3)  izdFku –1 lgh gS] izdFku –2 lgh gS vkSj izdFku –2 izdFku–1 dh lgh O;k[;k ugha djrk gSA 

 (4*)  izdFku –1  xyr gS] izdFku –2 lgh gSA 

 Ans. (4) 
Sol. hv = hv0 + kmax  
 kmax = hv – hv0  
 

14. After absorbring a slowly moving neutron of Mass mN (momentum  0) a nucleus of mass M breaks into 
two  nuclei of masses m1 and 5m1 (6 m1 = M + mN )  respectively. If the de Broglic wavelength of the 

nucleus with mass m1 is , the de Broglie wevelength of the nucleus will be: 

 ,d /kheh xfr ls xfr'khy mN nzO;eku ds U;wVªkWu (laosx 0) dk vo'kks"k.k dj nzO;eku M dk ,d ukfHkd nzO;eku 

Øe'k% m1 rFkk 5m1 ds nks ukfHkdksa esa VwVrk gS (6 m1 = M + mN )A ;fn nzO;eku m1 okys ukfHkd dh Mh&czksxyh 

rjaxnS/;Z  gS] rc nwljs ukfHkd dh Mh&czksxyh rjaxnS/;Z gksxh :     

 (1) 5   (2)  /5  (3*)    (4) 25 
Sol. Pi = 0 
 Pf = P1 + P2 
 Pi = Pf 
 0 = P1 + P2 
 (P1 = –P2) 

 1 = 
1

h

P
  

 2 = 
2

h

P
 

 |1| = |2| 

 1 = 2 = . 
 
15. Hydrogen atom is excited from ground state to another state with principal quantum number equal to 4. 

Then the number of spectral lines in the emission spectra will be :  

 gkbMªkstu ijek.kq dks bldh fuEure voLFkk ls  eq[; Dok.Ve la[;k 4 okyh ,d voLFkk ij mÙksftr fd;k tkrk 

gSA rc mRlftZr LisDVªe esa LisDVªy js[kkvksa dh la[;k gksxh :    

 (1) 2   (2) 3   (3) 5   (4*) 6 
Ans. (4) 

Sol. If ;fn n = 4 

 lines js[kk,sa= 
n(n 1)

6
2


   
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16. A diatomic molecule is made of two masses m1 and m2 which are separated by a distance r. If we 
calculate its rotational energy by applying Bohr’s rule of angular momentum quantization, its energy will 

be given by : (n is an integer) (
h

2



)     

 ,d f}ijek.kqd v.kq m1 rFkk m2  ds nks æO;ekuksa ls cuk gS tks fd nwjh r  ij gSA ;fn dks.kh; laosx Dok.Vhdj.k ds 

cksj ds fu;e dks yxkdj ge bldh ?kw.kZu ÅtkZ dh x.kuk djsa] rc bldh ÅtkZ nh tk,xh % (n ,d iw.kk±d gS) 

(
h

2



)        

 (1) 
2 2 2

1 2

2 2 2

1 2

(m m ) n

2m m r


 (2) 

2 2

2

1 2

n

2(m m )r
 (3) 

2 2

2

1 2

2n

2(m m )r
 (4*)  

2 2

1 2

2

1 2

(m m )n

2m m r


 

Ans. (4) 

Sol.  
  m1r1 = m2r2 
  r1 + r2 = r 

  r1 = 2

1 2

m r

m m
 

  r2 = 1

1 2

m r

m m
 

   = 21

2
  

     = 
1

2
 (m1r1

2 + m2r2
2).2  ...........(i) 

  mvr =  
h

2
 =  

   = 
nh

2
 

   = 
1

2
. 

2 2

2 2

n h

4 
 = 

2 2

2 2 2

1 1 2 2

n h 1

8 (m r m r ) 
  

 = 

2 22 2

1
22 2 2 2

2 0 1 2
1 2

1 2

m rn h 1
m

8 m r (m m )
m

(m m )


 



 

 = 
22 2

1 2

2 2

1 2 1 2

(m m )n h

m m (m m )8 r




 = 

2 2

1 2

2 2

1 2

(m m ) n h

8 r m m




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17.# The anode voltage of a photocell is kept fixed. The wavelength  of the light falling on the cathode is 

gradually changed. The plate current  of the photocell varies as follows :  
 ,d QksVkslSy dh ,uksM oksYVrk fu;r gSA dSFkksM ij vkifrr izdk'k dh rjaxnS/;Z  /khjs&/khjs ifjofrZr dh tkrh gSA 

QksVkslSy dh IysV /kkjk  bl izdkj ifjofrZr gksrh gS : 

 (1)    (2)   

 (3)    (4*)  

Sol. As  is increased, there will be a value of  above which photoelectrons will be cease to  come out so 
photocurrent will become zero. Hance (4) is correct answer. 

 Ans (4) 

  tSls tSls  dk eku c<+krs gS] rks  ds fu'fpr eku ds Åij QksVksbysDVªkWu fudyuk can gks tkrs gSA vr% izdk'k 

fo|qr/kkjk 'kwU; gks tk;sxhA vr% (4) lgh mÙkj gSA  

 Ans (4) 
 

18. In a hydrogen like atom electron makes transition from an energy level with quantum number n to 
another with quantum number (n–1). If n>>1, the frequency of radiation emitted is proportional to : 

 ,d gkbMªkstu leku ijek.kq esa bysDVªkWu Dok.Ve la[;k n ds ÅtkZ Lrj ls ,d nwljs Dok.Ve la[;k (n–1) ds ÅtkZ 

Lrj ij laØe.k djrk gSA ;fn n>>1, rc mRlftZr fofdj.k dh vkof̀Ùk blds lekuqikrh gS : 

 (1) 
1

n
   (2) 

2

1

n
   (3) 

1

3n
2

  (4*) 
3

1

n
 

Sol. E= h  

  =  
2 2

E 1 1
k

h (n 1) n

 
  

 
 = 

2 2

k2n

n (n 1)
 

   
3

2k

n
 

3

1

n
 Ans. (4) 

 

19. The radiation corresponding to 3  2 transition of hydrogen atom falls on a metal surface to produce 
photoelectrons. These electrons are made to enter a magnetic field of 3 × 10–4  T. If the radius of the 
largest circular path followed by these electrons is 10.0 mm, the work function of the metal is close to : 

 (1) 1.8 eV  (2) 1.1 eV  (3) 0.8 eV  (4) 1.6 eV 

 gkbMªkstu ijek.kq ds 3  2 laØe.k ds laxr fofdj.k ,o /kkrq i`"B ij vkifrr gksdj QksVksbysDVªkWu mRiUu djrk 

gSA ;s bysDVªkWu 3 × 10–4  T ds ,d pqEcdh; {ks=k esa izos'k djrs gSA ;fn bysDVªkWuksa }kjk vuqxkeh vf/kdre o`Ùkh; iFk 

dh f=kT;k 10.0 mm, gks rc /kkrq dk dk;Z Qyu yxHkx gSA  

 (1) 1.8 eV  (2) 1.1 eV  (3) 0.8 eV  (4) 1.6 eV 
Ans. (2) 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 26 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

Sol. r = 
mv

eB
  

2 2 2r e B

2
 = 

2 2m v

2
 

 
2 2 2 2r e B mv

2m 2
  

 1.89 –  =  
2 2 2r e B 1

eV
2 m e

=  
2 2r e B

eV
2 m

 

     = 
6 19 8

31

100 10 1.6 10 9 10

2 9.1 10

  



    

 
 

            = 1.89 – 
1.6 9

2 9.1




 

    = 1.89 – 0.79    1.1 eV 
 
20. Hydrogen (1H1), Deuterium (1H2), singly ionised Helium (2He4)+ and doubly ionised lithium (3Li6)++ all 

have one electron around the nucleus. Consider an elelctron transition from n = 2 to n  = 1. If the wave 

lengths of emitted radiation are 1, 2, 3, and 4 respectively then approximately which one of the 
following is correct ? 

 (1) 41 = 22 = 23 =4    (2) 1 = 22 = 23 =4  

 (3) 1 = 2 = 43 =4    (4) 1 = 22 = 33 = 44 

 gkbMªkstu (1H1), M~;qVsfj;e (1H2), ,d/kk vk;fur ghfy;e (2He4)+ vkSj f}/kk vk;fur yhfFk;e (3Li6)++ lHkh esa ,d 

bysDVªkWu ukfHkd ds pkjksa vksj gSA n = 2 ls n  = 1 ds bysDVªkWu laØe.k ij fopkj dhft,A ;fn mRlftZr fofdj.k dh 

rjaxnS?;Z Øe'k% 1, 2, 3 ,oa 4 gS, rc fuEufyf[kr lEcU/kksa esa ls dkSulk yxHkx lgh gS ?  

 (1) 41 = 22 = 23 =4    (2) 1 = 22 = 23 =4  

 (3) 1 = 2 = 43 =4    (4) 1 = 22 = 33 = 44 

Ans. (3) 

Sol. 2

2 2

1 1 1
Rz

1 2

 
  

  
 

    2 2

1 2

1 13 3R (1) R (1)
4 4

 
 

 

    2 2

3 4

1 13 3R 2 R 3
4 4

 
 

 

 
1 3 4 2

1 1 1 1

4 9
  

   
 

 So option (3) is correct 

 vr% fodYi (3) lgh gSA 

 

 

21. As an electron makes a transition from an excited state to the ground state of a hydrogen - like atom/ion 
:  

 (1*) its kinetic energy increases but potential energy and total energy decrease  
 (2) kinetic energy, potential energy and total energy decrease 
 (3) kinetic energy decreases, potential energy increases but total energy remains same     

(4) kinetic energy and total energy decrease but potential energy increases  

 tc dksbZ bysDVªkWu] gksbMªkstu tSls ijek.kq@vk;u dh mÙksftr voLFkk ls U;wure ÅtkZ voLFkk esa laØe.k djrk gS rks 

mldh% 

 (1*) xfrt ÅtkZ esa o`f) rFkk fLFkfrt ÅtkZ rFkk dqy ÅtkZ esa deh gksrh gSA  

 (2) xfrt ÅtkZ] fLFkfrt ÅtkZ rFkk dqy ÅtkZ esa deh gks tkrh gSA  

 (3) xfrt ÅtkZ de gksrh gS] fLFkfrt ÅtkZ c<+rh gS vkSj dqy ÅtkZ ogh jgrh gSA 

 (4) xfrt ÅtkZ o dqy ÅtkZ de gks tkrh gSa fdUrq] fLFkfrt ÅtkZ c<+ tkrh gSA  

Ans. (1) 
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Sol. 

2
Z

KE
n

 
  
 

 

 as n decreases KE increases and TE, PE decreases 

 n dk eku ?kVus ij KE c<rh gS rFkk TE, PE ?kVrh gSA  

 
22. Match List-I (Fundamental Experiment) with List-II (its conclusion) and select the correct option from the 

choices given below the list :   
 

   

 List -  I List -  II 

(A) Franck-Hertz experiment (i) Particle nature of light 

(B) Photo-electric experiment (ii) 
Discrete energy levels of  

atom 

(C) Davisson-Germer experiment (iii) Wave nature of electron 

(iv) Structure of atom 

 
 lwph I ¼ewy iz;ksx½ dk lwph -II ¼mlds ifj.kke½ ds lkFk lqesyu ¼eSp½ dhft;s vkSj fuEukafdr fodYiksa esa ls lgh 

fodYi dk p;u dhft;s % 

  

lwph- I lwph - II

(A) Ýsasd gVZ~l izk;skx (i) izdk'k dh df.kdk izdf̀r

(B) izdk'k fo|qr izz;ksx (ii) v.kq ds fofoDr ÅtkZ Lrj

(C) Msohlu teZj iz;ksx (iii) bysDVªkWu dh rajx izdf̀Ùk

(iv) ijek.kq dh lajpuk
 

 (1) (A) - (i)  (B) - (iv) (C) - (iii) 
 (2) (A) - (ii) (B)-(iv) (C) - (iii) 
 (3*) (A) - (ii) (B) (i) (C) -(iii) 
 (4) (A) - (iv) (B) - (iii) (C) - (ii) 
Ans. (3) 

Sol. (A) Franck – Hertz Experiment is associated with Discrete energy levels of atom 

(B) Photo electric experiment is associated with particle nature of light and Davisson–Germer 
experiment is associated with wave nature of electron. 

 (A) Ýsad gV~Zl iz;ksx v.kqvksa ds fofoDr ÅtkZ Lrj ls lEcfU/kr gSA  

(B) izdk'k fo|qr iz;ksx izdk'k dh df.kdk izd`fr ls lEcfU/kr gS rFkk Msohlu teZu iz;ksx bysDVªkWu dh rjax izd`fr 

ls  lEcfU/kr gSA  
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23. Radiation of wavelength , is incident on a photocell. The fastest emitted electron has speed 'v'. If the 

wavelength is changed to
3

4


  , the speed of the fastest emitted electron will be :  

 ,d QksVks &lsy ij ,  rjaxnS/;Z dk izdk'k vkifrr gSA mRlftZr bysDVªkWu dh vf/kdre xfr 'v' gSA ;fn rjaxnS/;Z 

3

4


 ,  gks rc mRlftZr bysDVªkWu dh vf/kdre pky gksxhA 

 (1) 

1/ 2
4

v
3

 
  

 
  (2) 

1/ 2
4

v
3

 
  

 
  (3) 

1/ 2
3

v
4

 
  

 
  (4) 

1/ 2
4

v
3

 
  

 
 

Ans. (4) 

 2hc 1
w mv

2
 


   …(i) 

 2hc 1
w m(v ')

' 2
 


 

 2hc 1
w m(v ')

3 2

4

 
 

 
 

  …(ii) 

 equation lehdj.k 
4

(i)
3

 
 

 
 –  (ii) 

 24hc 4 hc 4 4 1
w mv

3 3 3 3 2

 
    

   
 – w – 21

m(v ')
2

 

  2 24 4 1 1
w mv w m(v ')

3 3 2 2

 
   

 


  2 21 w 4 1
m(v ') mv

2 3 3 2
  

  2 21 4 1
m(v ') mv

2 3 2

 
  

 
 v’ > 

4
v

3
 

24. An electron bean is acceleration by a potential difference V to hit a metallic target to produce X-rays. It 

produces continuous as well as characteristic X-rays. If min is the smallest possible wavelength of X-

ray in the spectrum, the variation of log min with log V is correctly represented in :  

 X-fdj.ksa mRiUu djus ds fy;s ,d bysDVªksu iqat dks foHkokUrj V ls Rofjr djds /kkrq y{; ij vkifrr fd;k tkrk 

gSA blls vfHkyk{kf.kd (characteristic) ,oa vfojy ¼continuous½ X-fdj.ksa mRiUu gksrh gSA ;fn X-fdj.k LisDVªe 

dk U;wure~ laHko rjaxnS/;Z min gS rks log min o log V ds lkFk cnyko fdl fp=k esa lgh fn[kk;k x;k gSA  

 (1) 

 

log min 

log V 

  (2*) 

 

log min 

log V 

   

(3) 

 

log min 

log V 

  (4) 

 

log min 

log V 
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Ans. (2) 

Sol. eV = 
min

hc


 

min

12400

eV
   

log(min) =log(12400) – log(e) – log (V)  
 

 logmin. =  C – log V  

 Y = C – mx  
 

 logmin 

log V  
 

25. A particle A of mass m and initial velocity collides with a particle B of mass 
m

2
 which is at rest. The 

collision is head on, and elastic. The ratio of the de-Broglie wavelengths A to B after the collision is :  

 nzO;eku m ,oa izkjfEHkd osx  ds ,d d.k A dh VDdj nzO;eku 
m

2
 ds fLFkj d.k B ls gksrh gSA ;g VDdj lEeq[k 

,oa izR;koLFkk gSA VDdj ds ckn fM&czkWXyh  rjaxnS/;ksa A ls B dk vuqikr gksxkA 

 (1) A

B

1

2





   (2) A

B

1

3





   (3*) A

B

2





   (4) A

B

2

3





 

Ans. (3) 
Sol.  

 

 
A A B B 

v vA 
vB 

Initially Finally 
 

Momentum Conservation laosx laj{k.k ls 

 mv = mvA + 
2

m
vB ...(i)  

 e = 
v

v–v AB  = 1 ...(ii) 

 2(vB – vA) = 2vA + vB  
 2vB – vB = 4vA  
 vB = 4vA  

 A B B

B A A

m v m/ 2
4

m v m


  


 = 2   
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26. Some energy levels of a molecule are shown in the figure. The ratio of the wavelengths r = 1/2, is 

given by :        

 ,d v.kq ds dqN ÅtkZ Lrjksa dh fp=k esa fn[kk;k x;k gSA rjaxnS/;ksa ds vuqikr r = 1/2 dk eku gksxkA 

 
–E  

–3 E   

–2 E    

2   

1  

4
E

3


 

 (1*) 
1

r
3

    (2) 
4

r
3

    (3) 
2

r
3

    (4) 
3

r
4

  

Ans. (1) 

Sol. (–E) – (–2E) = 
1

hc


 ...(i) 

 (–E) – (–
3

4
E) = 

2

hc


 ...(ii) 

 Equation lehdj.k (ii) / (i) 

 
2

1

1–2

1–
3

4




  

 
3

1

2

1 



 

 

27. If the series limit frequency of the Lyman series is L, then the series limit frequency of the Pfund  series 

is : 

 ;fn ykbeu Jss.kh dh lhek vko`fr L gS tks Qq.M Js.kh dh lhek vko`fr gksxhµ 

 (1) L/16   (2*) L/25   (3) 25L   (4) 16L  

Sol. hL = 13.6 ev 

 hp = 
13.6

25
ev 

 L

P




 = 25  P = L

25


 

 

28. An electron from various excited states of hydrogen atom emit radiation to come to the ground state. 

Let n, g be the de Broglie wavelength of the electron in the nth state and the ground state respectively. 

Let n be the wavelength of the emitted photon in transition from the nth state to the ground state. For 

large n, (A, B are constants)   

 ,d bysDVªkWu fdlh gkbMªkstu ijek.kq ds fofHkUu mÙksftr voLFkkvksa ls fofdj.k mRlftZr djds fuEure voLFkk esa vk 

tkrk gSA ekuk fd n rFkk g noha voLFkk rFkk fuEure voLFkk essa bysDVªkWu dh Mh czksxyh rajxnS/;Z gSA ekuk noha 

voLFkk ls fuEure voLFkk esa laØe.k }kjk mRlftZr QksVksu dh rjaxnS?;Z n gSA n ds cM+s eku ds fy, ¼;fn A rFkk 

B fLFkjkad gS)   

 (1) 2 2

n nA B     (2) 2

n     (3*) n 2

n

B
A  


 (4) n nA B      

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 31 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

Sol. Vn = 
22 Ke 1

h n

 
  

 

 En = – 2

n

1
mv

2
 

 n = 
2

2

n

h h
n

mv m2 Ke

 
   

 n >>>g     

 
n

hc


 = En – E1 = 

1

2
m  2 2

1 nv – v  

 

2 2

n g n

hc 1 h h
m –

2 m m

    
           

 

 
2

2 2

n g n

hc h 1 1
–

2m

 
  

   
 = 

22
g

2 2

g n

h
1–

2m

 
 

  
 

 

2

gn

2

2m

hc h




2

g

2

n

1

1–
 
 

 

 

 since pawfd 
g

n

1





 so using binomial expansion blhfy, f}in izlkj ls   

 n = 

2 2
g

2

n

2mc g
1

h

   
     

   

 n = A + 
2

n

B


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SUBJECTIVE QUESTIONS  
 

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 

1. A small particle of mass m moves in such a way that the potential energy U = 
1

2
mb2r2, where b is a 

constant and r is the distance of the particle from the origin (Nucleus). Assuming Bohr model of 
quantization of angular momentum and circular orbits, show that radius of the nth allowed orbit is 

proportional to n . 

 ,d m nzO;eku dk NksVk d.k bl rjg xfr djrk gS fd fLFkfrt ÅtkZ U = 
1

2
mb2r2 gS tgk¡ b ,d fLFkjkad rFkk r 

d.k dh ewy fcUnq ¼ukfHkd½ ls nwjh gSA dks.kh; laosx ds Dok.Vhdj.k rFkk o`rh; d{k ds cksgj fl)kUr dks ekurs gq;s 

n'kkZb;s dh  noh d{kk dh f=kT;k n ds lekuqikrh gSA 

Sol. F = 
U

r





 = 21
2mb r

2

 
 
 

  = –mb2r   ...........(i) 

 Quantiazation of angular momentum    dks.kh; laosx ds DokaVhdj.k ls 

  L = 
nh

2
     ...........(ii)   

 Centripetal force vfHkdsUnzh; cy = 
2mv

r
  

 F will provide  centripetal force So, from (i) F vfHkdsUnzh; cy cy çnku djsxk leh0 (i) ls 

 So, blfy, mb2r = 
2mv

r
 

   b2r2 = v2 
   v = br  ...........(iii) 
   L = mvr = mbr2 

 From (ii)  leh0 (ii) ls 

  mbr2 = 
nh

2
 

  r2 = 
n h

mb 2
 

 So, blfy, r n   Hence proved. fl) gksrk gSA 
 

2. Suppose the potential energy between electron & proton at a distance r is given by 
2

3

ke

3r


. Use Bohr’s 

theory to obtain energy levels of such a hypothetical hydrogen atom. 

 r nwjh ij bysDVªkWu o izksVkWu ds chp fLFkfrt ÅtkZ  
2

3

ke

3r


}kjk nh tkrh gSA cksgj fl)kUr dk mi;ksx djds bl 

izdkj ds dkYifud gkbMªkstu ijek.kq ds ÅtkZ Lrj izkIr dhft,A  

Ans. E = 

6
nh

2

 
 

 
2 2 3

1

6 (Ke ) m
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Sol. F =  
U

r





= 
2 43Ke r

3



 = Ke2r–4 

  This force provide centripetal force so ;g cy vfHkdsUnzh; cy iznku djrk gSA 

  F = 
2mv

r
 = 

2

4

Ke

r
   

  K = 
1

2
mv2 =  

2

3

1 Ke

2 r
  

  E total = (Potential fLFkfrt + Kinetic xfrt) ÅtkZ  = U + K = 
2 2

3 3

Ke Ke

3r 2r


  =

2

3

Ke

6r
  ...........(i) 

  Now, vc mv2 = 
2

3

Ke

r
 

  or ;k  m2v2 = 
2

3

Kme

r
 

    mvr = 
2 2

3

Kme .r

r
 

    mvr = 
2Kme

r
 

 Now, quantization of angular momentum gives dks.kh; laosx ds Dok.Vhdj.k ls  

    L =  
nh

2
= mvr 

    
nh

2
 = 

2Kme

r
 

    r = 
2

2

Kme

(nh / 2 )
 

    r3 = 
2 3

6

(Kme )

(nh / 2 )
 

 Putting r3 in equ. (i) r3 dks leh0 (i) esa j[kus ij  

    T = 

6 32

2

Ke nh 1
.

6 2 Ke m

   
   

   
. 

 
3. In a transition to a state of excitation energy 10.19 eV a hydrogen atom emits a 4890 Aº photon. 

Determine the binding energy of the initial state. Also find the nature of transition? 

 10.19 eV mÙkstu ÅtkZ dh voLFkk esa laØe.k esa gkbMªkstu ijek.kq 4890 Å dk QksVkWu mRlftZr djrk gSA izkjfEHkd 

voLFkk dh cU/ku ÅtkZ Kkr djksA laØe.k dh voLFkk Hkh Kkr djksA 

Ans. 
2

13.6

(4)
=0.85eV(n = 4 to ls n= 2) 

Sol. Let initially atom is in nth energy excited state 

 ekuk çkjEHk esa bysDVªkWu nth mÙksftr voLFkk esa 

 Energy of nth level 

 n osa Lrj dh ÅtkZ 

  En = 
2

13.6

n
  

  Excitation energy is the magntude of the difference of the energy of the energy level so  

  mÙkstu ÅtkZ] ÅtkZ Lrjksa dh ÅtkZvksa ds vUrj dk ifjek.k gS vr%  

  Excitation energy mÙkstu ÅtkZ  = En – E1 

  13.6 – 
2

13.6

n
 = 10.19 
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  
2

13.6

n
 = 13.6 –10.19 = 3.41 

  n2 = 3.98   n ~ 2–  
 So, finally atom is in 1st excited state during the transition from higher one.  

 vr% vf/kdre ,d ls laØe.k ds nkSjku çFke mÙksftr voLFkk esa ijek.kq gksaxs  

 Now energy corresponding to 4890Å photon is  vc 4890Å QksVkWu dh laxr ÅtkZ 

  Now, vc E = 
hc


 = 

34 8

10 19

6.6 10 3 10

4890 10 1.6 10



 

  

  
eV 

                     = 2.53 eV 
 Now, let atom makes transition from nth state to n = 2 and emitting 2.53 eV photon  

 vc ekuk ijek.kq nth oh voLFkk ls n = 2 esa laØe.k djrs gS rFkk 2.53 eV QksVkWu mRlftZr djrs gSA 

  En – E2 = 2.53 eV (initially at ni = 2)  (izkjEHk esa ni = 2 ij) 

 or ;k 
2 2

13.6 13.6

n 2
   = 2.53 (finally at nf = n)   (vUrr% nf = n ij) 

 or ;k 
2 2

13.6 13.6
2.53

n 4
    = 0.87 

  n2 = 
13.6

0.87
  16    n = 4  initial state çkjfEHkd voLFkk 

  Transition is from n = 4 to n = 2. 

  n = 4 ls n = 2 esa LFkkukUrfjr gksxkA 

  Binding energy of the initial state (n = 4) = 
2

13.6

4
 = 0.85 eV. 

  çkjfEHkd voLFkk dh cU/ku ÅtkZ (n = 4) = 
2

13.6

4
 = 0.85 eV 

 
4. Suppose in certain conditions only those transitions are allowed to hydrogen atoms in which the 

principal quantum number n change by 2 (i) Find the smallest wavelength emitted by hydrogen (ii) List 
the wavelengths emitted by hydrogen in the visible range (380 nm to 780 nm)  

 ;g ekfu, fd dqN fLFkfr;ksa esa gkbMªkstu ijek.kq esa dsoy ogh laØe.k lEHko gS ftlesa eq[; DokUVe la[;k n, 2 ls 

cnyrh gSA (i) gkbMªkstu }kjk mRlftZr U;wure rjaxnS/;Z Kkr djksA (ii) n`'; ijkl (380 nm ls 780 nm) esa 

gkbMªkstu }kjk mRlftZr rjaxnS/;ksa dh lwph crkb;sA   

Ans: (a) 
9

8R
 = 103 nm  (b) 

16

3R
= 487 nm 

Sol. Allowed energy of hydrogen atom are  gkbMªkstu ijek.kq dh ÅtkZ 

 E1 = – 13.6 eV ,  E2 =  – 3.4 eV,  E3 = – 1.5 eV,  E4 = – 0.85 eV. 
 E5 = – 0.54 eV,  E6 = –0.37 eV,  E7 = – 0.27 eV,  E8 = –0.2 eV. 

 For emission of the smallest wavelength we must wave Emax. 

 U;wure rjaxnS/;Z ds mRltZu ds fy, Emax gksuk pkfg,A 

 Emax  =  E3 – E1  
  = 13.6 –  1.5 = 12.1 eV. 

 corresponding lEcaf/kr   =  
hc

E
=  

1242 eV nm

12.1


= 103 nm. 

 Any transition to n = 2 will lie in the visible range. so for the allowed transitions 

 n`'; ijkl esa n = 2 rd dksbZ lk Hkh laØe.k gksxkA vr% vuqer laØe.k ds fy,  

  only transition from n= 4 to n = 2 will be falling in the visible range  

 n = 4 ls n = 2 rd ds laØe.k n`'; ijkl esa gksaxs  

  E = E4 – E2 = 2.55 eV 

 corresponding lEcaf/kr  =
hc

E
 = 487 nm. 
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5. Find the velocity of photoelectrons liberated by electromagnetic radiation of wavelength 

 = 18.0 nm from stationary He+ ions in the ground state. 

 ewy voLFkk esa fLFkj He+ vk;u ls mRlftZr= 18.0 nm rjax nS/;Z okyh fo|qr pqEcdh; rjax ls mRlftZr QksVks 

bysDVªkWu dk osx Kkr dhft;sA 

Ans. 
9

e

2 10 hc
. 54.4 e

m 18

 
 

 
= 2.2 × 106 m/s 

Sol. En = 
2

2

–13.6 z

n
 

 For He+  ds fy,  z = 2 

  En = 
2

54.4

n
 eV 

 Ground state energy of He+ ewy voLFkk esa He+ dh ÅtkZ 

  E1 = – 54.4 eV  |E1| = 54.4 eV 

   = 54.4 eV work function for He+  dk dk;ZQyu  

 Incident energy vkifrr ÅtkZ = 
hc


 =  

34 8

9 19

6.6 10 3 10

18 10 1.6 10



 

  

  
= 68.75 eV 

  (kE)max = E –  

  KEmax = 68.75 – 54.4 = 14.35 eV 

  2

max

1
mv

2

 
 
 

 = 14.35 × 1.6 × 10–19 

 or ;k vmax =  
19

3

2 14.35 1.6 10

9.1 10





  


 

  vmax =  125.04 10 = 2.2 × 106 m/s 

 

6. (I)  Find the maximum wavelength  of light which can ionize a H-atom in ground state. 

 (II)  Light of wavelength  is incident on a H-atom which is in its first excited state. Find the kinetic 
energy of the electron coming out. 

 (I)  izdk'k dh vf/kdre rjaxnS/;Z Kkr djks tks ewy voLFkk esa gkbMªkstu ijek.kq dks vk;fur dj ldsa 

 (II)  igyh mrstu voLFkk okys gkbMªkstu ijek.kq ij  rjaxnS/;Z okyk izdk'k vkifrr gksrk gSA ckgj fudyus okys 

bysDVªkWu dh xfrt ÅtkZ Kkr djks 

Ans. (I) 913Å,  (II) 10.2 eV 

Sol. (I) En =  
2

13.6

n
  (for H – atom )(H-ijek.kq ds fy,) 

  E = 13.6 ev (Ground state) (ewy voLFkk) 

  onisation energy vk;uhdj.k ÅtkZ = 13.6 eV  

  Max. wave length req.   vko';d vf/kdre rjaxnS/;Z   

  13.6 × 1.6 × 10–19 =
max

hc


  =  

34 8

max

6.6 10 3 10  


 max. =  913 Å 

 (II) First excited state  izFke mÙksftr voLFkk  n = 2 

  total energy of electron bysDVªkWu dh dqy ÅtkZ  

   En=2 = 
13.6

4
 eV = – 3.4eV  

   So work function blfy, dk;Z Qyu  = 3.4eV  

  maximum Kinetic energy = Energy incident – work function   

  vf/kdre xfrt ÅtkZ = vkifrr ÅtkZ – dk;Z Qyu 

  13.6 – 3.4 = 10.2 eV 
  
 

mailto:contact@resonance.ac.in
http://www.resonance.ac.in/reso/results/jee-main-2014.aspx


Modern Physics-  
 

 

Corporate Office : CG Tower, A-46 & 52, IPIA, Near City Mall, Jhalawar Road, Kota (Raj.) – 324005 

Website : www.resonance.ac.in | E-mail : contact@resonance.ac.in 
ADVMP - 5 

Toll Free : 1800 200 2244  | CIN: U80302RJ2007PLC024029 
 

7. A beam of monochromatic light of wavelength  ejects photoelectrons from a cesium surface ( = 1.9 
eV) These photoelectrons are made to collide with hydrogen atoms in ground state .Find the maximum 

value of  for which (a) hydrogen atoms may be ionised (b) hydrogen atoms may get excited from the 
ground state to the first excited state and (c) the excited hydrogen atoms may emit visible light.  

 ,d  rjaxnS/;Z okyk ,d o.khZ izdk'k iqat lhft;e lrg ¼dk;Z Qyu  = 1.9 eV½ ij vkifrr gksdj QksVks 

bysDVªkWu mRlftZr djrk gSA ;s QksVks bysDVªkWu ewy voLFkk okys gkbMªkstu ijek.kq ls Vdjkrs gSaA  dk vf/kdre eku 

Kkr dfj;s ftlds fy;s (a)  gkbMªkstu ijek.kq vk;fur gks lds  (b) gkbMªkstu ijek.kq ewy voLFkk ls igyh mÙksftr 

voLFkk rd mÙksftr gks ldsA  (c) mÙksftr gkbMªkstu ijek.kq n`'; izdk'k dk mRltZu dj ldsA   

Ans : (a) = 
hc

(13.6 1.9) eV
= 80 nm ;  (b)  =

hc

(10.2 1.9) eV
  = 102 nm ; (c) 

hc

(12.08 1.9) eV
 = 89 nm  

Sol. To ionize the H atom in ground state minimum K.E. of photoelectron needed = 13.6 eV. 

 ewy voLFkk esa gkbMªkstu ijek.kq dks vk;fur djus ds fy, vko';d QksVks bysDVªksu dh U;wure xfrt ÅtkZ  

= 13.6 eV. 

 and rFkk      = 1.9 eV 

  Minimum energy  (or maximum wavelength ) incident = 13.6 + 1.9 = 15.5 eV 

  vkifrr U;wure ÅtkZ (;k vf/kdre rjaxnS/;Z ) = 13.6 + 1.9 = 15.5 eV  

 or max. = 
34 8

19

6.6 10 3 10

15.5 1.6 10





  

 
 = 80 nm 

(b) E  = 13.6 
2

1 1

1 2

 
 

 
 

  = 
3 13.6

4


 = 10.2 eV =  minimum K.E. of photoelectron needed  and     = 1.9 eV 

  =  
3 13.6

4


= 10.2 eV =  vko';d QksVks bysDVªksu dh U;wure xfrt ÅtkZ     = 1.9 eV   

  Minimum energy  (or maximum wavelength ) incident = 10.2 + 1.9 = 12.1 eV 

  vkifrr U;wure ÅtkZ (;k vf/kdre rjaxnS/;Z ) = 10.2 + 1.9 = 12.1 eV 

 or ;k max =  
34 8

19

6.6 10 3 10

12.1 1.6 10





  

 
= 102 nm 

 
(c) Any transition to n = 2 from higher state in a H – atom results in the emission of visible light. So H - 

atom  must reach at least in 2nd excited state ( n = 3)  for this,  
 the minimum K.E. of photoelectrons needed = E3 – E1  = – 1.54 + 13.6  = 12.08 eV  

 H ijek.kq esa fdlh Hkh mPp ÅtkZ Lrj ls n = 2 eas lØe.k ls n`'; izdk'k dk mRltZu gksrk gS vr% H – ijek.kq de 

ls de 2nd  mÙksftr voLFkk ( n = 3) es igqpsxkA blds fy,  

 vko';d QksVks bysDVªku dh U;wure xfrt ÅtkZ = E3 – E1  = – 1.54 + 13.6  = 12.08 eV  

 and  rFkk     = 1.9 eV 

 minimum energy incident vkifrr U;wure ÅtkZ 
max

hc


 = 12.08 +  = 12.08 + 1.9 = 13.98 eV 

 max = 
34 8

19

6.6 10 3 10

13.98 1.6 10





  

 
 = 89 nm 

 

8. Hydrogen atom in its ground state is excited by means of monochromatic radiation of wave length 
975Aº. How many different lines are possible in the resulting spectrum? Calculate the longest 
wavelength among them. You may assume the ionization energy of hydrogen atom as 13.6 eV.   

 ewy voLFkk okys gkbMªkstu ijek.kq dks 975Aº rjaxnS/;Z okyh ,d o.khZ fofdj.k }kjk mÙksftr fd;k tkrk gSA blds 

ifj.kkeLo:i LiSDVªe esa fdruh fofHkUu laHkkfor js[kk,sa gksxhA muesa ls lcls vf/kd yEch rjaxnS/;Z Kkr djksA vki 

;g eku ldrs gSa fd gkbMªkstu ijek.kq dh vk;uu ÅtkZ 13.6 eV. gSA  

Ans. 6, min

16 9

7R


   = 18800 Aº,  
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Sol.  = 975 Å 

 E = 
hc


 = 

34 8

10 19

6.6 10 3 10

975 10 1.6 10





  

  
 

 = 0.0126 × 103 eV 
 = 12.6 eV 

 If n is the highest state. ;fn n vf/kdre fLFkfr gksxhA 

 12.6 = 13.6 
2 2

1 1

1 n

 
 

 
 solving ljy djus ij n = 4 

 Total no. of transtions =  
(n 1) n

2

 
= 6 

 dqy 6 laØe.k gksxs 

  

n = 4

n = 3

n = 2

n = 1  
 
 longest wave length meets for n = 4 to n = 3 

 lcls vf/kd yEch rjaxnS/;Z ds fy, n = 4 ls n = 3 

 
max

1


 = R

2 2

1 1

3 4

 
 

 
  = R

16 9

9 16

 
 

 
  = 

7R

16 9
 

 max = 
16 9

7R


 

 

9. Average life time of a hydrogen atom excited to n = 2 state is 10– 8 s. Find the number of revolutions 
made by the electrons on the average before it jumps to ground state.  

 n = 2 mÙksftr voLFkk okys gkbMªkstu ijek.kq dk vkSlr vk;qdky 10– 8 s gSA bysDVªkWu ds ewy voLFkk esa vkus ls 

igys yxk;s x;s vkSlr pDdj Kkr djksA 

Ans:  10–8 × 
6 2

10 3

2.19 10 (1)

2 (0.529 10 ) (2)




 
 = 8.2 × 106  

Sol. Orbital frequency d{kh; vko`rh 

 f =  
Velocity

2 r 2 r

osx
= n

n

v

2 r
 

 velocity of the electron in nth orbital  

 nth d{kk ds bysDVªkWu dk osx  

 vn = 
62.2 10 Z

n


 m/s = 

62.2 10 (1)

2


 n = 2 z = 1 

 = 1.1 × 106 ms–1  

 Now radius vc f=kT;k  

 rn = 0.53 × 10–10 
2n

z
 = 4× 0.53 × 10–10 m = 2.12 × 10–10 m 

 f = number of revolution in one sec ,d lsd.M esa pDdjks dh la[;k = n

n

v

2 r
 

  number of revolution pDdjksa dh la[;k 

 N = f × t= 
6

10

1.1 10

2 2.12 10



 
 × 10–8 = 8.2 × 106  revolution pDdj  
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10. In a hydrogen like ionized atom a single electron is orbiting around a stationary positive charge. If a 

spectral line of  equal to 4861Å is observed due to transition from n = 12 to n = 6. What is the 
wavelength of a spectral line due to transition from n = 9 to n = 6 and also identify the element.  

 ,d gkbMªkstu leku vk;fur ijek.kq esa ,d ,dy bysDVªkWu fLFkj /kukRed vkos'k ds pkjksa vksj d{kh; :i esa ?kwe 

jgk gSA ;fn n=12 ls n = 6 ds LFkkukUrj.k esa 4861Å  rjaxnS/;Z okyh LiSDVªe js[kk izkIr dh tkrh gSA n = 9 ls  

n = 6 ds LFkkukUrj.k ds dkj.k izkIr LiSDVªe js[kk dh rjaxnS/;Z D;k gksxh rFkk rRo Hkh crkb;sA  

Ans. 6563 Å, Z = 3 
Sol. Let the ground state energy for the given atom = E0 . 

 fn;s x;s ijek.kq ds fy, ewy voLFkk dh ÅtkZ = E0 . 

 for the transition  ni = 12 nf = 6 

 ni = 12 ls  nf = 6 esa laØe.k ds fy,  

 E1 = E0
2 2

1 1
–

n m

 
 
 

  = E0 

2 2
1 1

–
12 6

    
    
     

 

 for the transition ni = 9 nf = 6 

 ni = 9  ls  nf = 6 esa laØe.k ds fy,  

  E2 = E0 
1 1

–
81 36

 
 
 

.  

  E1 = 
hc


. 

  E1 = 

1

hc


 = E0 

1 1
–

144 36

 
 
 

= 0–3E

4 36
   ......(i) 

  E2 = 
2

hc


 = E0

1 1
–

144 36

 
 
 

  = 0– 5E

9 36
   .....(ii) 

 Dividing (i) by (ii), (i) dk (ii) esa Hkkx nsus ij, 

   2

1




 = 

27

20
 

   2 =  
27

20
×  9861 Å 

      = 6563 Å.  

  0– 3E

4 36
 = 

hc

4861 Aº
  = 2.55 eV   

  E0 = – Z2  × 13.6 eV.  (13.6 ground state energy for hydrogen atom).  

     (13.6 gkbMªkstu ijek.kq dh ewy voLFkk esa ÅtkZ gSA )     

 As E0 is the ground state energy for the given ion  

 fn;s x;s vk;u ds fy, E0 ewy voLFkk esa ÅtkZ gSA 

  E0 = – Z2 × 13.6 eV. or ;k Z2 = 9 or  

  Z = 3 
 

 
11. For atoms of light and heavy hydrogen (H and D) find the difference; 
 (a)  between the binding energies of their electrons in the ground state.  
 (b)  between the wavelengths of first lines of the Lyman series.  

 gkbMªkstu ds gYds rFkk Hkkjh ijek.kq (H vkSj D) ds fy;s vUrj Kkr djks  

 (a)  ewy voLFkk esa bysDVªkWu dh cU/ku ÅtkZ ds e/;   

 (b)  ykbeu Js.kh dh igyh js[kk dh rjaxnS/;Z ds e/;  

 Ans. ED  EH = 3.7 meV, H  D = 33 pm 
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Sol. (a)  (En)H = – 13.6 × 
e 2

H

1 1
.

m n
1

m


 eV 

  (En)D = – 13.6 ×  
e 2

D

1 1
.

m n
1

m


eV 

  E = 13.6 × 
e e

D H

1 1
eV

m m
1 1

m m

 
 
 
 

  
 

 

   13.6 e e

D H

m m
2 1 eV

m m

    
      

     

 

  = 3.7 mV 

 (b) 
eH

H

1 1 1
.R 1

m 4
1

m



 
  

  

 

  
eD

D

1 1 1
. R 1

m 4
1

m



 
  

  

 

  H – D = 33 pm 
 

12.# An electron in the ground state of hydrogen atoms is revolving in anti clock wise direction in a circular 

orbit of radius R.  

 
 (i) Obtain an expression for the orbital magnetic dipole moment of the electron. 
 (ii) The atom is placed in a uniform magnetic induction, such that the plane normal to the electron orbit 

make an angle of 30º with the magnetic induction. Find the torque experienced by the orbiting electron. 
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 gkbMªkstu ijek.kq dh ewy voLFkk (ground state) esa ,d bysDVªkWu R f=kT;k dh o`Ùkkdkj d{kk esa okekorZ fn'kk esa 

?kwe jgk gSA  

 
 (i) bysDVªkWu ds d{kh; pqEcdh; f}/kzqo vk?kw.kZ ds fy;s O;atd Kkr djksA   

 (ii) ijek.kq dks ,d leku pqEcdh; izsj.k B esa bl izdkj j[kk x;k gS fd bysDVªkWu dh d{kk ds yEcor~ ry] 

pqEcdh; izsj.k ds lkFk 30º dk dks.k cukrk gSA d{kh; xfr voLFkk esa bysDVªkWu ij dk;Zjr cy vk?kw.kZ Kkr djksA   

Ans. (i) 
h e

4 m
   (ii)  

h e B

8 m
  

Sol. (i) In ground state ( n = 1), according to Bohr’s theory : 

 (i) ewy voLFkk ( n = 1) esa] cksgj fl)Ur ds vuqlkj  

  mvR = 
h

2
 or ;k v = 

h

2 mR
 

 Now time period vc% vkorZdky  T =  
2 R

v


= 

2 R

h/ 2 mR




 = 

2 24 mR

h


 

 Magnetic moment pqEcdh; vk?kw.kZ M = iA 

 where tgka  i =  
Charge

Time period

vkos'k

vkoZrdky 
=  

2 2

e

4 mR

h


= 

2 2

eh

4 mR
 

 and vkSj           A = R2 

          M = ( R2 ) 
2 2

eh

4 mR

 
 

 
 

 or ;k          M = 
eh

4 m

 
 

 
   Ans. (i) 

 Direction of magnetic moment M   is perpendicular to the  plane of orbit 

 pqEcdh; vk?kw.kZ M  dh fn'kk d{kk ds ry ds yEcor~ gSA 

 (ii)  M B    

  or ;k  =MB sin  

 where  is the angle between M  and  B  tgk¡ M   o B  ds e/; dks.k gS 

              = 30º 

    =  
eh

4 m

 
 

 
B sin 30º 

    = 
ehB

8 m
   Ans. (ii) 

 The direction of   is perpendicular to both M  and B . 

   dh fn'kk M  o B  nksukas ds yEcor~ gSA 
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13. A proton and an electron, both at rest initially, combine to form a hydrogen atom in ground state. A 
single photon is emitted in this process. What is the wavelength ? 

 ,d izksVksu rFkk ,d U;wVªksu tks izkjEHk esa fojke ij gS ewy voLFkk esa la;qDr gksdj gkbMªkstu ijek.kq cukrs gSaA ,d 

,dy QksVksu bl izfØ;k esa mRlftZr gksrk gSA rjaxnS/;Z D;k gksxh \  

Sol.  = 
12400 eV

13.6 eV
 = 911. 76 Å   912 Å 

 
14. MP-I ALP (Sub.) 
 A neutron of kinetic energy 65 eV collides inelastically with a singly ionized helium atom at rest. It is 

scattered at an angle of 90º with respect of its original direction.    

 65 eV xfrt ÅtkZ dk ,d U;wVkWu fojke voLFkk esa fLFkr ,dy vk;fur ghfy;e ijek.kq ls vizR;kLFk :i ls 

Vdjkrk gS ;g bldh ewy fn'kk ds lkis{k 90º ds dks.k ij izfdf.kZr gksrk gS  

 (a) Find the allowed values of the energy of the neutron and that of the atom after the collision. 

  VDdj ds i'pkr~ U;wVkWu rFkk ghfy;e ijek.kq dh ÅtkZ dk vuqer eku Kkr djksaA 

(b) If the atom gets de-excited subsequently by emitting radiation, find the frequencies of the 
emitted radiation. [Given : Mass of He atom = 4 × (mass of neutrons Ionization energy of H 
atom = 13.6 eV] 

 ;fn ijek.kq fofdj.k mRltZu ds i'pkr mRrsftr voLFkk izkIr djrk gS rc mRlftZr fofdj.k dh vko`fr 

Kkr djksA [fn;k x;k : ghfy;e ijek.kq dk nzO;eku = 4 × (U;wVkWu dk nzO;eku] gkbMªkstu ijek.kq dh 

vk;uu ÅtkZ  = 13.6 eV] 

Ans. (a) 6.36 eV, 0.312 eV (of neutron), 17.84 eV, 16.328 eV (of atom)  

      6.36 eV, 0.312 eV (dk U;wVªkWu), 17.84 eV, 16.328 eV (dk ijek.kq)  

 (b) 1.82 × 1015 Hz, 11.67 × 1015 Hz, 9.84 × 1015 Hz. 

Sol. Let K1 and K2 be the kinetic energies of neutron and helium atom after collision and E be the excitation 
energy.  

 ekuk K1 rFkk K2 VDdj ds i'pkr~ U;wVªkWu rFkk ghfy;e ijek.kq dh xfrt ÅtkZ gS rFkk E mRrstu ÅtkZ gSA  

  
m

4m

K=65eV

  

K1

K2    

y

x  
   

 From conservation of linear momentum along x-direction. 

 x-v{k ds vuqfn'k js[kh; laosx laj{k.k ls 

     Pi = Pf  

   2Km  = 22(4m)K cos (P = 2Km  )    ........(1) 

 Similarly , applying conservation of linear momentum in y-direction , we have  

 blh izdkj y-fn'kk esa laosx laj{k.k yxkus ij] ge izkIr dj ldrs gS  

   12K m  =  22(4m)K sin     ........(2) 

 Squaring and adding equation (1) and (2) , we get  

 (1) rFkk (2) ,  dk oxZdj tksM+us ij ge izkIr djrs gS  

   K + K1 = 4K2        ........(3) 
 or          4K2 – K1 = K = 65 eV      ........(4) 
 Now , during collision , electron can be excited to any higher energy state. Applying conservation of 

energy , we get K = K1 + K2 + E 
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 VDdj ds nkSjku bysDVªkWu fdlh Hkh mPp ÅtkZ Lrj esa mRrsftr gks ldrk gS] mtkZ laj{k.k vkjksfir djus ij ge 

izkIr djrs gS K = K1 + K2 + E 

   

n=4

n=3

n=2

n=1

- 3.4 eV

- 6.04 eV

- 13.6 eV

- 54.4 eV

E1 E2 E3

He (Z=2)
+

 
 or   65 = K1 + K2 + E    ........(5) 

 E can have the following values , E ds fuEu eku izkIr dj ldrs gS  

   E1 = {– 13.6 – (– 54.4)} eV = 40.8 eV 

 Substituting in (5) , we get  (5) esa izfrLFkkfir djus ij] ge izkIr djrs gS  

   K1 + K2 = 24.2 eV 

 Solving (4) and (6) , we get  (4) rFkk (6), dks gy djus ij ge izkIr  djrs gS  

   K1 = 6..36 eV and K2 = 17.84 eV 

 Similarly , when we put E = E2  blh izdkj] tc ge E = E2 izfrLFkkfir djrs gS   

        = {– 6.04 – (54.4)} eV 
       = 51 eV 

 in equation (5) , we get  lehdj.k (5) esa izfrLFkkfir djus ij, ge izkIr djrs gS  

   K1 + K2 = 14 eV     ......(8) 

 Now , solving (4) and (8) , we get (4) rFkk (8) dks gy djus ij ge izkIr djrs gS  

   K1 = – 1.8 eV and rFkk K2 = 15.8 eV 

 But since the kinetic energies cannot have the negative values , the electron will not jump to third 
excited state of n = 4. 

 fdUrq pqafd xfrt ÅtkZ _.kkRed ugha gks ldrh vr% bysDVªkWu r`rh; mRrsftr voLFkk esa ugha igqpsxk  

 Therefore , the allowed values of K1 (KE of neutron) are 6.36 eV and 0.312 eV and of K2 (KE of the 
atom) are 17.84 eV and 16.238 eV and the electron can jump upto second exicted state only (n = 3). 

 vr% K1 (U;wVªkWu dh xfrt ÅtkZ) dk vuqer eku 6.36 eV rFkk 0.312 eV gksrk gS rFkk K2 (ijek.kq dh xfrt ÅtkZ) 

ds eku 17.84 eV rFkk 16.238 eV gksrs gS rFkk bysDVªkWu f}rh; mRrsftr voLFkk (n = 3) essa igqp ldrk gS  

 (b) Possible emission lines are only three as shown in figure. The corresponding frequencies are 

 lEHko mRltZu js[kk;sa fp=kkuqlkj dsoy rhu gksxh A laxr vkof̀r;k¡ fuEu gksxh  

    

n=3

n=2

n=1

1 2

3

    

    v1 = 3 2(E E )

h


 

        =  
19

34

{ 6.04 ( 13.6)} 1.6 10

6.63 10





    


Hz 

         = 1.82 × 1015 Hz 

     v2 = 2 1E E

h


 

         =  
19

34

{ 6.04 (54.4)} 1.6 10

6.63 10





   


Hz 

         = 11.67 × 1015 Hz 
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 and rFkk    v3 = 2 1E E

h


 

         = 
19

34

{ 13.6 (54.4)} 1.6 10

6.63 10





   


Hz 

           = 9.84 × 1015 Hz 
 Hence , the frequencies of emitted radiations are 1.82 × 1015 Hz , 11.67 × 1015 Hz  and  9.84 × 1015 Hz. 

 vr%] mRlftZr fofdj.k dh vko`fr;k¡ 1.82 × 1015 Hz , 11.67 × 1015 Hz  rFkk  9.84 × 1015 Hz gSA 

15. Suppose the potential energy between electron and proton at a distance r is given by U = ke n
r

a
 , 

where r < a and k,e,a are positive constants. Use Bohr’s theory to obtain the energy of nth energy level 
for such an atom. 

 ekfu;s r nwjh ij fLFkr bysDVªkWu o izksVkWu ds chp fLFkfrt ÅtkZ U = ke n
r

a
  ls nh tkrh gS] ;gk¡  r < a rFkk  k,e,a  

/kukRed fLFkjkad gSA bl izdkj ds ijek.kq ds  fy;s n osa ÅtkZ Lrj dh ÅtkZ cksgj fl)kUr ls Kkr dfj;sA 

Ans. 
2

1 nh
ke 1 2ln

2 2 kema

  
       

      

Sol. | F | = 
U

r




  =  

Ke

r
= 

2mv

r
 

   mv2 = ke    .....(1) 

 Also rFkk mvr = 
nh

2
   .....(2) 

   v =   
Ke

m
 and rFkk r = 

nh

2 m

m

ke
  

  En = KE + PE 

     = 
1

2
mv2 + U = 

1

2
ke + ke ln

nh 1

2 a kem

 
   

  

  = 
1

2
ke 

2

nh
1 2 n

2 Kema

 
  

 

 

 
16. A positronium consists of an electron and a positron revolving about their common centre of mass. 

Derive and calculate   

 ,d bysDVªkWu ,oa ,d ikWthVªku ls cuk gqvk ikWthVªksfu;e muds mHk;fu"B nzO;eku dsUnz ds pkjksa vksj pDdj yxk jgs 

gSA lEcU/k LFkkfir ,oa x.kuk dhft,&  

 (i)  Separation between the electron and positron in their first excited state. 

      izFke mRrsftr voLFkk esa bysDVªkWu ,oa i¡kftVªku ds chp nwjhA 

 (ii)  Kinetic energy of the electron in ground state. 

       ewy ÅtkZ Lrj esa bysDVªkWu dh xfrt ÅtkZA 

Ans.  (i) r0 =  
2

0

2 2

42h

m e





= 4.23 Å  (ii) 

2
2

0

1 e
m

2 4 h

 
 

 
J = 3.4 eV  
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Sol.  

 From Bohr hypothesis cksgj dh vfHk/kkj.kk ls  

  
2 2

2

0

mv 1 e
.

r / 2 4 r



        

  2mv2 r =  
0

1

4
. e2   ...(1) 

 and o 
nh

2
  = mvr   ...(2) 

 from (1) and (2)  (1) o (2) ls  

  v = 
0

1

4
 .  

2e 2

nh 2


  

    =  
0

1

4
. 

2e

nh


 

 (i) r = 
nh

2
 . 

1

m
 . 0

2

4 .nh

e




    = 

2 2

0

2

2 .n h

me




 

 (ii) KE = 21
mv

2
 = 

2
2

0

1 e
.m,

2 4 h

 
 

 
 = 3.4 eV 

 

17.  In a photo electric effect set  up, a point source of light of power 3.2  103 W emits mono energetic 
photons of energy 5.0 eV. The source is located at a distance of 0.8 m from the centre of a stationary 

metallic sphere of work function 3.0 eV & of radius 8.0 x 103m. The efficiency of photo electrons 
emission is one for every 106 incident photons. Assume that the sphere is isolated and initially neutral, 
and that photo electrons are instantly swept away after emission. 

 (a) Calculate the number of photo electrons emitted per second. 

 (b) Find the ratio of the wavelength of incident light to the De  Broglie wave length of the fastest 
  photo electrons emitted. 
 (c) It is observed that the photo electron emission stops at a certain time t after the light source is 
  switched on. Why? 
 (d) Evaluate the time t.   

 ,d izdk'k&oS|qr izHkko ds lek;kstu esa] 3.2  103 okWV 'kfDr dk çdk'k dk ,d fcUnq lzksr 5.0 eV ÅtkZ ds 

,do.khZ; QksVkWu mRlftZr dj jgk gSA ;g lzksr 3.0 eV dk;Z Qyu dh /kkrq ds 8.0 × 103 eh- f=kT;k ds fLFkj xksys 

ds dsUnz ls 0.8 eh dh nwjh ij fLFkr gSA QksVks&ysDVªkWu mRltZu dh {kerk izfr 106 vkifrr QksVkWu ds fy;s ,d gh 

gSA eku yks fd vkjEHk esa xksyk foyfxr rFkk mnklhu  (neutral) gS rFkk QksVks bysDVªkWu mRltZu ds rqjUr ckn gh 

ogk¡ ls pys tkrs gSaA   

 (a) izfr lsd.M mRlftZr QksVks bysDVªkWu dh la[;k Kkr djksA  

 (b) vkifrr izdk'k dh rjaxnS/;Z rFkk mRlftZr rhozre QksVks bysDVªkWu dh Mh&czkWxyh rjaxnS/;Z ds chp vuqikr 

Kkr djksA  

 (c) ;g ik;k x;k fd izdk'k&lzksr dks pkyw djus (switch on) ds dqN le; t ckn QksVks bysDVªkWu dk mRltZu 

:d x;kA D;ksa\    

 (d) le; t dk eku Kkr djksA           

Ans. (a)  105 s1 (b) 286.18 (d) 
1000

9
sec = 111s  
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Sol. (A) Energy of emitted photons  mRlftZr QksVkWu dh ÅtkZ 

   E1 = 5.0eV = 5.0 × 1.6 × 10–19 J.     = 8.0 × 10/–19 J. 

 Power of the point source is fcUnq lzksr dh 'kfDr 3.2 × 10–3 W or 3.2 × 10–3 J/s. 

 Therefore, energy emitted per second blfy, çfr lSd.M mRlftZr ÅtkZ , E2 = 3.2 × 10–3 J. 

 Hence, number of photons emitted per second vr% çfr lSd.M mRlftZr QksVkWu dh la[;k  n1 = 2

1

E

E
  

 or ;k  n1 = 
3

19

3.2 10

8.0 10








   n1 = 4.0 × 1015 photon/s. 

 Number of photons on unit area at a distance of 0.8 m from the sources S will be  

 lzksr S ls 0.8 m nwjh ij fLFkr çfr bdkbZ {ks=kQy ij QksVkWuksa dh la[;k  

   n2 = 1

2

n

4 (0.8)
 = 

154.0 10

4 (0.64)




  5 × 1014 photon/s m2. 

 The area of metallic sphere over which photons will fall is : 

 /kkrq dk {ks=kQy ftu ij QksVkWu fxjrk gSA 

  A = r2 = (8 × 10–3)2 m2  2.01 × 10–4 m2   
 Therefore, number of photons incident on the sphere per second are  

 blfy, xksys ij çfr lSd.M fxjus okys QksVkWuksa dh la[;kA 

 n3 = n2A = (5.0 × 1014 × 2.01 × 10–4 )  1011 /s. 
 But since, one photoelectron is emitted for every 106 photons, hence number of photoelectrons emitted 

per second. 

 ijUrq 106 QksVkWu ij ,d QksVks bysDVªkWu mRlftZr gksrk gSA vr% çfr lSd.M mRlftZr QksVks bysDVªkWuks dh la[;k   

   n =  3

6

n

10
=

11

6

10

10
  = 105/s. or ;k  n = 105 /s. 

 (B) Maximum kinetic energy of photoelectrons Kmax = Energy of incident photonss – work function. 

  QksVks bysDVªkWu dh vf/kdre xfrt ÅtkZ Kmax = vkifrr QksVkWu dh ÅtkZ – dk;Z Qyu 

   = (5.0 – 3.0) eV  = 2.0 eV   = 2.0 × 1.6 × 10-19 J. 
  Kmax = 3.2 × 10–19 J. 
  The de-Broglie wavelength of these photoelectrons wil be  

  bu QksVks bysDVªkWu dh Mh&czksxyh rjaxnS/;Z 

   1 =  
h

P
= 

max

h

2K m
  .  

  Hence h = Planck’s constant and m = mass of electron. 

  vr% h = Iykad fu;rkad rFkk m = bysDVªkWu dk nzO;eku 

   1 = 
34

19 31

6.63 10

2 3.2 10 9.1 10



 



   
 

       = 8.68 × 10–10 m = 8.68 Å. 

 Wavelength of incident light vkifrr çdk'k dh rjaxnS/;Z 2 (in Å) (A esa) = 
1

12375

E (in eV)
 . 

 or ;k   2 = 
12375

5
Å = 2475 Å. 

 Therefore, the desired ratio is : vr% vko';d vuqikr gS %  

    2

1




 =  

2475

8.68
= 285.1. 
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 (C) As soon as electron are emitted from the  metal sphere, it gets positively charged and acquired 
positive potential gradually increases as more and more photoelectrons are emitted from its surface. 
Emission of photoelectrons is stopped when its potential is equal to the stopping potential required for 
fastest moving electrons.   

 (C) tSls&tSls IysV ls bysDVªkWu fudyrs gSaA ;g /kukRed gksrh tkrh gS rFkk izkIr fd;k x;k /kukRed foHko yxkrkj 

c<+rk gS rFkk lrg ls vf/kd QksVks bysDVªkWu fudyrs gSaA tc foHko fujks/kh foHko ds cjkcj gksrk gS rks QksVks bysDVªkWu 

dk mRltZu can gks tkrk gSA  
 

 (D) As discussed in part (C) emission of photoelectons is stopped when potential on the metal sphere is 
equal to the stopping potential of fastest moving electrons. 

 Since,   Kmax = 2.0 eV. 
 Therefore, stopping potential V0 = 2 V. Let q be the charge required for the potential on the sphere to be 

equal to stopping potenmtial or 2 V. Then    

 (D) Hkkx (C) ls ns[k pqds gS fd tc foHko] rhoz xfr'khy bysDVªkWu ds fujks/kh foHko ds cjkcj gksrk gS rks QksVksuksa dk 

mRltZu can gks tkrk gSA  

 vr%,   Kmax = 2.0 eV. 

 blfy, fujks/kh foHko V0 = 2 V. A ekuk q xksys ds fy, vko';d vkos'k gSA ftlls bldk foHko fujks/kh foHko 2 V ds 

cjkcj gks tkrk gS rks & 

   2 = 
0

1

4
.

q

r
 = (9.0 × 109) 

3

q

8.0 10
 

   q = 1.78 × 10–12 C. 
 Photoelectrons emitted per second = 105 [Part a] 
 or Charge emitted per second = (1.6 × 10–19) × 105 C. 
           = (1.6 × 10–14) C. 
 Therefore, time required to acquire the charge q will be   

 izfr lSd.M mRlftZr QksVks bysDVªkWu  = 105 [Hkkx a] 

 izfr lSd.M mRlftZr vkos'k = (1.6 × 10–19) × 105 C. 

           = (1.6 × 10–14) C. 

 blfy, q vkos'k ds fy, le;   

   t = 
14

q

1.6 10
s = 

12

14

1.78 10

1.6 10








s. 

 or ;k  t  111 s. 

 

18. The K x-ray of argon has a wavelength of 0.36 nm . The minimum energy required to take out the 
outermost electron from argon atom is 16.53 eV. Find the energy (in KeV) needed to knock out an 
electrons from the K shell of an argon.  

 vkxZu dh  K x-fdj.k dh rjaxnS/;Z 0.36 nm gSA vkxZu ijek.kq ls lcls ckgjh d{k ls bysDVªkWu dks ckgj fudkyus 

ds fy, U;wure vko';d ÅtkZ 16.53 eV gSA vkxZu ijek.kq ds K d{k ls lcls ckgjh bysDVªkWu dks ckgj fudkyus ds 

fy;s vko';d ÅtkZ (keV esa) Kkr djks A         

Ans:  
9

hc
16.53 eV

0.36 10 e

 
 

 
= 4 KeV       

Sol. The minimum energy to ionize will be when the outer most shell electron is remove i.e., from n = 3 

shell. The energy of K corresponds to energy transition from n = 3 to n = 1. Hence, energy required to 
remove electron from K–shell. 

 vk;fur djus ds fy, ÅtkZ U;wure gksxh tc lcls ckgjh bysDVªkWu dks gVk;k tk, vFkkZr~ n = 3 dks'k ls K dh 

ÅtkZ n = 3 ls n = 1 rd ÅtkZ laØe.k ds laxr gSA vr% K–dks'k ls bysDVªkWu dks gVkus ds fy, vko';d ÅtkZA 

  E = EK + Eionization 

 = 
12400

3.6
eV + 1.546 eV 

 = 3.44 KeV + 16.54 eV = 3.45 keV. 
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19. A schwarzschild black hole is characterized by its mass M and a mathematical spherical surface of 

radius Rs = 
2

2GM

C
  called the event horizon. If the radial distance of an object r from the black hole is 

such that  r < Rs, then the object is “swallowed” by the black hole and r rapidly decreased to the 
singular point r = 0 

 (a) Suppose a black hole of mass M “ captures” a proton to form a “black hole proton atom (BHP)” in 
circular orbit. Find the smallest radius rB of this atom.  

 
 (b) Obtain a numerical upper bound on M such that a stable BHP may exist. 
 
 (c) Find the minimum energy Fmin, in Mev, reuired to dissociate this BHP atom from the ground state. 
 
 (d) In 1974, Stephen Hawking showed that quantum effects cause black to radiate like a black body 

with temperature TBH = 
2310 K

M
. Discuss then the possibility of the existence of a stable BHP atom. 

 ,d Cysd gksy blds nzO;eku M rFkk f=kT;k Rs = 
2

2GM

C
 dh x.khrh; xksyh; lrg }kjk vfHkyk{kf.kd gSaA ;fn Cysd 

gksy ls oLrq dh f=kT;h; nwjh r bl izdkj gS fd r < Rs rc oLrq dks Cysd gksy }kjk <d fn;k tkrk gS rFkk r dks 

rsth ls ?kVrs gq, 'kwU; fd;k tkrk gSA 

 (a) ;g ekfu;s fd M nzO;eku dk Cysd gksy o`Ùkh; d{kk esa ,d izksVksu dks xzg.k djds Cysd gksy izk sVksu ijek.kq 

(BHP) cukrk gSA bl ijek.kq dh U;wure f=kT;k rB Kkr djksA  

 (b) M dk la[;kRed Åijh cUn eku Kkr djks rkfd LFkk;h BHP mifLFkr gks ldsA 

 (c) ewy voLFkk ls bl BHP ijek.kq dks fo;ksftr djus ds fy, Fmin dk vko';d U;wure eku Mev esa Kkr djksA 

 (d) 1974 esa, LVhQu gkfdax us iznf'kZr fd;k fd Dok.Ve izHkko ds dkj.k df̀".kdk oLrq dk fuekZ.k gksrk gS ftldk 

rki TBH = 
2310 K

M
 gSA LFkk;h BHP ijek.kq dh vfLrRork ds laHkkouk dh O;oLFkk dhft,A  

Sol. (a) rB =
2

2

h

GMm
  

 (b) M < 2 ×1011 Kg. 
 (c) Emin. = 55MeV 

 (d) For M = 1011 Kg. TBH = 
23

11

10 K

10
 = 1012K At this temperature thermal energies  kTBH = 82 MeV. The 

dissociation energy required is 55 MeV. Thus the BHP is thermally unstable.  

 (d) M = 1011 Kg ds fy;s TBH = 
23

11

10 K

10
 = 1012K bl rki ij rkih; ÆÅtkZ  kTBH = 82 MeV. vko';d fo;kstu 

ÅtkZ 55 MeV gSA vr% BHP rkih; vLFkkbZ gksrk gSA 
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