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 If required, you can use the following data:  

 Mass of proton m
p
 = 1.007276 u, Mass of 

1
H1 atom = 1.007825 u, Mass of neutron m

n 
= 1.008665 u, 

Mass of electron = 0.0005486 u = 511 KeV/c2, 1 u = 931 MeV/c2.  N
A
 = 6.023 × 1023  

Atomic mass of : H2 = 2.01410 u, Be8 = 8.00531u, B11 = 11.00930u, Li7 = 7.01601u, He4 = 4.002603u.  

 ;fn vko';d gks rks fuEu dk mi;ksx djsa :  

 izksVkWu dk nzO;eku m
p
 = 1.007276 u,  

1
H1 ijek.kq dk nzO;eku = 1.007825 u, U;wVªkWu dk nzO;eku m

n 
= 1.008665 

u, bysDVªkWu dk nzO;eku m
e 
= 0.0005486 u = 511 KeV/c2, 1 u = 931 MeV/c2, N

A
 = 6.023 × 1023  

 ijek.kq æO;eku :  H2 = 2.01410 u, Be8 = 8.00531u, B11 = 11.00930u, Li7 = 7.01601u, He4 = 4.002603u. 

 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 

Section (A) : Properties of Nucleus ukfHkd ds xq.k  
A.1 A neutron star has a density equal to that of the nuclear matter(3 × 1017 kg/m3). Assuming the star to 

be spherical, find the radius of a neutron star whose mass is (i) 4.0 × 10 30 kg (twice the mass of the 
sun) (ii) 6 × 1024 Kg (around mass of the earth).  

 ,d U;wVªkWu rkjs dk ?kuRo mlds ukfHkdh; nzO; (3 × 1017 kg/m3) ds cjkcj gksrk gSA rkjs dks xksykdkj ekurs gq, 

U;wVªkWu rkjs dh f=kT;k Kkr djks] ftldk nzO;eku (i) 4.0 × 10 30 kg (lw;Z ds nzO;eku ls nqxuk)  (ii) 6 × 1024 Kg 

(i`Foh ds nzO;eku ds cjkcj) gSA 

Ans : (i) r1 =  

1/ 3
30

17

4 10 3

43 10

 
 

 
= 14.71 km (ii)  r2 = 

1/ 3
24

17

6 10 3

43 10

 
 

 
= 168.4 m  

Sol : (i) r1 =  

1/ 3
30

17

4 10 3

43 10

 
 

 
= 14.71 km (ii)  r2 = 

1/ 3
24

17

6 10 3

43 10

 
 

 
= 168.4 m  

 

A-2. Assuming the radius of a nucleus to be equal to R = 1.3  A1/3 × 10–15 m, where A is its mass number, 
evaluate the density of nuclei and the number of nucleons per unit volume of the nucleus. Take mass of 
one nucleon = 1.67 × 10–27 kg  

 ekuk fdlh ukfHkd dh f=kT;k R = 1.3  A1/3 × 10–15 m gS] tgk¡ A bldh nzO;eku la[;k gSA ukfHkd dk ?kuRo vkSj 

ukfHkd ds izfr  ,dkad vk;ru esa] U;wfDYkvkWu dh la[;k Kkr djksA ,d U;wfDyvkWu dk nzO;eku = 1.67 × 10–27 kg 

ysA       

Ans. 2 ×1011 kg/cm3, 1×1038 nucl.ukfHkd/cm3   

Sol. The radius of nucleus is   ukfHkd dh f=kT;k    R = R0 A1/3 

 where A = mass number  tgk¡ A = nzO;eku la[;k gS      R0 = 1.3 × 10–15 m = 1.3 fm 

 The volume of nuclues is ukfHkd dk vk;ru = 
4

3
R3 = 

4

3
 (R0 A1/3)3    = 

4

3
 3

0R A 

 A = mass number = number of nucleons  

  The number of nucleons per unit volume is = 
A

V
 

 A = nzO;eku la[;k = ukfHkd d.kksa dh la[;k  

  izfr bdkbZ vk;ru esa ukfHkd d.kksa dh la[;k = 
A

V
 

 =  
3

0

1

4
R

3


= 1.09 × 1038 nucleons/cc  ukfHkd d.k@cc  
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 Density is ?kuRo   = 
mass

volume
 

æO; eku

vk; ru
  

    = 1.09 × 1038 × mass of nucleons per cc  izfr ?ku lseh ukfHkd dk nzO;eku  

    = 1.82 × 1011 kg/cc 

SECTION (B) : MASS DEFECT AND BINDING ENERGY  

 nzO;eku {kfr vkSj cU/ku ÅtkZ   

B 1. Find the binding energy of the nucleus of lithium isotope 3Li7 and hence find the binding energy per 

nucleon in it. ( 7
3 Li

M = 7.014353 amu, 1
1H

M = 1.007826, mass of neutron= 1.00867 u) 

 fyfFk;e leLFkkfud 3Li7 ds ukfHkd dh cU/ku ÅtkZ Kkr djks vkSj fQj mldh izfrU;wfDyvku cU/ku ÅtkZ  Kkr 

djksA ( 7
3 Li

M = 7.014353 amu, 1
1H

M = 1.007826, U;wVªkWu dk nzO;eku = 1.00867 u) 

Ans.   B.E. = 1 1 7
1 0 3H n Li

3M 4m – M  931  
 

MeV =  39.22 MeV , 
B.E. 39.22

A 7
 = 5.6 MeV     

Sol.   B.E. = 1 1 7
1 0 3H n Li

3M 4m – M  931  
 

 MeV =  39.22 MeV , 
B.E. 39.22

A 7
 = 5.6 MeV     

 

B 2. Find the energy required for separation of a 10Ne20  nucleus into two  particles and a 6C12 nucleus if it 
is known that the binding energies per nucleon in 10Ne20, 2He4 and 6C12 nuclei are equal to 8.03, 7.07 
and 7.68 MeV respectively.    

 ,d 10Ne20 ukfHkd dks nks  d.kksa vkSj ,d 6C12 ukfHkd esa foHkkftr djus dh vko';d ÅtkZ Kkr djksA ;fn 

10Ne20, 2He4 vkSj 6C12  ukfHkdksa dh izfrU;wfDyvku cU/ku ÅtkZ Øe'k% 8.03, 7.07 vkSj 7.68 MeV gSA  

Ans. E = 20 × (8.03) – 2×4 (7.07) – 12(7.68) = 11.9 MeV    
Sol. E = 20 × (8.03) – 2×4 (7.07) – 12(7.68) = 11.9 MeV      
 10Ne20   2  2He4 + 6C12  
 

Section (C) : Radioactive decay & Displacement law  jsfM;ks,fDVo fo?kVu ,oa foLFkkiu fu;e  

C 1. The kinetic energy of an   particle which flies out of the nucleus of a Ra226 atom in radioactive 

disintegration is 4.78 MeV. Find the total energy evolved during the escape of the  particle.  

 ,d   d.k dh xfrt ÅtkZ tks jsfM;ks,fDVo fo?kVu }kjk ,d Ra226 ijek.kq ds ukfHkd ls ckgj vkrk gS] 4.78 

MeV gSA d.k ds ckgj vkus esa dqy mRlftZr ÅtkZ gksxhA  

Ans.   
226

4.78
222

 = 4.87 MeV.  

Sol. When  - particle will escape, the daughter nucleus will recoil back with same momentum. Applying 

momentum conservation dp p   

 Total energy released 

 tc -d.k fudyrs gS] rks iq=kh ukfHkd] leku laosx ls ihNs dh vksj izfrf{kIr gksrs gSSA laosx laj{k.k ls dp p    

 Total energy released. dqy mRlftZr ÅtkZ  

  TE = KE of  + KE of daughter nucleus  

  TE = d.k dh xfrt ÅtkZ $ iq=kh ukfHkd dh xfrt ÅtkZ   

  = 

2
p

2m





 + 
2

d

d

p

2m
 

  =  
2p

2



d

1 1

m m

 
 

 
 

  = m.E 
d

1 1

m m

 
 

 
 

  = E 
d

m
1

m


 
 

 
 

  =  4.78 
4

1
222

 
 

 
 = 4.87 Mev. 
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C 2. In the decay  64 Cu  64 Ni + e + + , the maximum kinetic energy carried by the positron is found to be 
0.680 MeV (a) Find the energy of the neutrino which was emitted together with a positron of  energy 

0.180  MeV (b) What is the momentum of this neutrino in kgm /s ?Use the formula applicable to 
photon.         

 64 Cu   64 Ni + e + + , bl fo?kVu esa ikWthVªkWu dh vf/kdre xfrt ÅtkZ 0.680  MeV ik;h xbZA (a) U;wVªhuksa tks 

0.180 MeV ÅtkZ ds ikthVªkWu ds lkFk mRlftZr gksrk gS] dh ÅtkZ fdruh gksxh ? (b) bl U;wVªhuksa dk laosx kgm /s 

esa fdruk gksxk? QksVksu ij yxus okyk lw=k gh iz;ksx djsaA  

Ans: (a) (0.680 – 0.180) Me V = 500 ke V (b)  
3500 10 e

C


 = 2.67 × 10 – 22 kg–m/s  

Sol. (a) KE of  + KE of e+ = Maximum energy of e+    

dh xfrt ÅtkZ  + e+ dh xfrt ÅtkZ = e+ dh vf/kdre ÅtkZ   

   KE of = (0.680 – 0.180) Mev. 
     = 500 Kev. 

 (b) p = 
E

C
 = 

3 –19

8

500 10 1.6 10

3 10

  


 Kg-m/s. 

      = 2.67 × 10–22 Kg-m/s. 
 

Section (D) : Statistical law of Radioactive decay  

[k.M+ (D) : jsfM;ks,fDVo fo?kVu ds lkaf[;dh ds fu;e  

D 1. Beta decay of a  free neutron takes place with a half life of 14 minutes. Then find (a) decay constant (b) 
energy liberated in the process.      

 ,d eqDr U;wVªkWu fo?kVu  djrk gS ftldh v)Zvk;q 14 feuV gS rks (a) {k;kad Kkr djks ? (b) çfØ;k esa fdruh 

ÅtkZ mRlftZr gqbZ \ 

Ans : (a) 
0.693

14 60
  = 8.25 × 10– 4 s– 1  (b)  (mn – mp – me)  931 = 782 keV   

Sol. (a)  = 
1/ 2

ln2

T
 = 

0.693

14 60
 S–1 = 8.25 × 10–4  S–1  

 (b) n = p + e– + 

–

  + Q  

 Q = (mn – mp – –e
m ) . C2  

 = (1.008665 – 1.007276 – 0.0005486) × 931Mev.= 782 Kev. 
 

D 2. How many  particles are emitted during one hour by 1.0 g of Na24 radionuclide whose  

halflife is 15 hours? [Take e( 0.693/15) = 0.955, and avagadro number  = 6 × 1023 ]   

 ,d g Na24 ¼jsfM;ksU;wDykbM½ }kjk ,d ?k.Vs esa fdrus   d.kksa dk mRltZu gksxk ] vxj mldh v)Zvk;q 15 ?k.Vs 

gS ? [ e( 0.693/15) = 0.955 yhft,, vkSj vokxknzks la[;k = 6 × 1023 ]    

Ans :  
23 6

0.693 /156 10 10
1 e

24


 

    = 1.128 × 1015               

Sol. No. of particle emitted in time t is  

 t le; esa mRlftZr d.kksa dh la[;k  

 N = N0(1 –  e–t) = N0   1/ 2

ln2
– t

T
1– e
 
 
 
 

 

 N0 = No. of nuclei in 1g of Na24  

 N0 = Na24 ds 1g esa mifLFkr ukfHkdks dh la[;k  

 N0 = 
23 –66 10 10

24

 
 

   N = 
23 –66 10 10

24

 
 ×  

0.693
– 1

151– e
 

  
 

= 1.128 × 1015               
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D 3. Calculate the specific activities of Na24 & U235 nuclides whose half lives are 15 hours and  
7.1 × 108 years respectively.  

 Na24 & U235 ds ukfHkdksa dh v)Zvk;q Øe'k% 15 ?kaVs vkSj 7.1 × 108 o"kZ gSa rks budh fof'k"V lfØ;rk Kkr djks   

Ans : AN 0.693

24 15 60 60


 
= 3.2 × 1017 dps  &  A

8

N 0.693

235 7.1 10 365 86400


  
  = 0.8 × 105 dps   

Sol. Specific activity = No. of particles emitted per second by 1g of the substance  

 fof'k"B lfØ;rk = inkFkZ ds 1g }kjk izfr ldS.M mRlftZr d.kks dh la[;k  

 For  Na24   ds fy;s  

 specific activity fof'k"B lfØ;rk = AN

24
 × 

1

2

0.693

T
= 3.2 × 1017 dps/g    

 For U235  ds fy;s  

 specific activity fof'k"B lfØ;rk = AN

235
  × 

1

2

0.693

T
= 0.8 × 105 dps/g     

Section (E) : Nuclear Fission and Fusion  

[k.M+ (E) : ukfHkdh; fo[k.Mu vkSj lay;u   

E 1. Consider the case of bombardment of U235 nucleus with a thermal neutron. The fission products are 
Mo95 & La139 and two neutrons. Calculate the energy released by one U235 nucleus. (Rest masses of the 

nuclides are U235 = 235.0439 u, 1

0 n = 1.0087 u, Mo95 = 94.9058 u,    La139 = 138.9061 u). 

 rkih; U;wVªkWuksa dh U235 ukfHkd ij ckSNkj djus ls Mo95 ,  La139 vkSj nks U;wVªkWu mRiUu gksrs gSaA bl izfØ;k esa ,d 

U235 ukfHkd }kjk mRlftZr ÅtkZ Kkr djksA (U;wfDyvkWbM dk fojke nzO;eku U235 = 235.0439 u, 1

0 n = 1.0087 u, 

Mo95 = 94.9058 u, La139 = 138.9061 u). 
 Ans.   [MU + mn – MMo – MLa – 2mn ] 931  =  207.9 MeV   
 

Sol. U235 + n —— 95

0M   + La139 + 2n + Q 

 Q = (mu + mn – 
0Mm  – mLa – 2mn ).C2 

 = (235.0439 + 1.0087 – 94.9058 –138.9061 – 2×1.0087) × 931 Mev. 
 = 207.9 MeV. 
 

E 2. Energy evolved from the fusion reaction 2

12 H   = 4

2 He Q  is to be used for the production of power. 

Assuming the efficiency of the process to be 30 %. Find the mass of deuterium that will be consumed in 
a second for an output of 50 MW. 2He4 = 4.002603 amu and 1H2 = 2.014102 amu.  

 ukfHkdh; lay;u vfHkfØ;k 2

12 H   = 4

2 He Q  esa mRlftZr ÅtkZ fo|qr ÅtkZ mRiknu esa iz;ksx dh xbZA vxj izfØ;k 

dh n{krk 30% ekusa rks 50 MW 'kfDr mRiUu djus ds fy, M~;wVhfj;e dk izfr lsd.M fdruk nzO;eku bLrseky 

gksxkA 2He4 = 4.002603 amu  rFkk 1H2 = 2.014102 amu gSA  

Ans.    3

–19

A

2 100 50 2
10 Kg

Q 30 N1.6 10

   


    

 = 2.9 × 107 kg ;    

 where tgk¡ Q = (2M1H
2 – M2He

4) × 931 = 23.834531 MeV    

Sol. 2 2

1 H  =  4

2He  + Q 

 Q = (2 × 2.014102 – 4.002603) × 931 = 23.8 MeV. 
 

E 3. For the DT fusion reaction, find the rate at which deuterium & tritium are consumed to produce 1 MW. 

The Qvalue of DT reaction is 17.6 MeV & assume all the energy from the fusion reaction is available. 

 DT lay;u vfHkfØ;k esa] 1 MW 'kfDr mRiUu djus esa M~;wVhfj;e rFkk VªkbfV;e  ds [kpZ gksus dh nj Kkr djksA 

DT vfHkfØ;k dk Q eku – 17.6 MeV gSA (ekusa fd lay;u vfHkfØ;k dh lEiw.kZ ÅtkZ miyC/k gS½  

Ans. 3

A

2 1
10

N 17.6 e

  Kg/s  = 1.179 × 109 kg/s,   3

A

3 1
10

N 17.6 e

  Kg/s  = 1.769 × 109 kg/s  
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Sol. Each deuterium nucleus produces 17.6 MeV. 

 1 kg of deuterium =  
31 10

2


NA no. of deuterium  17.6 ×  

310

2
NA MeV energy produced. 

  To produce 1 MW, amount of deuterium in kg required per second. 

  = 
6

3
6

A

1 10

10
17.6 N e 10

2



   

 kg/s = 1.179 × 10–9 kg/s  

 similarly for tritium.  
6

3
6

A

1 10

10
17.6 N e 10

2



   

kg/s = 1.769 × 10–9 kg/s 

Sol. çR;sd M~;wVhfj;e ukfHkd mRiUu djrk gS 17.6 MeV. 

 M~;wVhfj;e dk 1 kg =  
31 10

2


NA M~;wVhfj;e dh la[;k  17.6 × 

310

2
 NA MeV mRiUu ÅtkZ 

  1 MW mRiUu djus ds fy,, çfr lSd.M vko';d M~;wVhfj;e dh ek=kk kg esa 

  = 
6

3
6

A

1 10

10
17.6 N e 10

2



   

 kg/s = 1.179 × 10–9 kg/s  

 VªkbZVhfj;e   
6

3
6

A

1 10

10
17.6 N e 10

2



   

kg/s = 1.769 × 10–9 kg/s 

 

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) : Properties of Nucleus  

[k.M+ (A) : ukfHkd ds xq.k   

A 1. The mass number of a nucleus is     
 (A) always less than its atomic number   
 (B) always more than its atomic number 
 (C) equal to its atomic number  
 (D*) sometimes more than and sometimes equal to its atomic number  

ukfHkd dh nzO;eku la[;k lnSo - 

 (A) bldh ijek.kq la[;k ls de gksrh gSA  

 (B) bldh ijek.kq la[;k ls vf/kd gksrh gSA  

 (C) bldh ijek.kq la[;k ds cjkcj gksrh gSA  

 (D*) dHkh bldh ijek.kq la[;k ls vf/kd rks dHkh cjkcj gksrh gSA   
 

A 2. The stable nucleus that has a radius 1/3 that of Os189 is -  

 ,d LFkkbZ ukfHkd ftldh f=kT;k Os189  dh f=kT;k ls 1/3 gS -  

 (A*) 3Li7   (B) 2He4   (C) 5B10   (D) 6C12   

Sol. Radius of  189Os  = r0 
1/ 3

Os
A  

 189

sO  dh f=kT;k = r0  
1/ 3

Os
A  

 Radius of that nucleus bl ukfHkd dh f=kT;k =
1

3
 × r0  

5

1

3
OA  = r0 

1

3189

27

 
 
 

 = r0 71/3  

   A for that nucleus = 7 vr% ml ukfHkd ds fy;s  A = 7 
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A-3. The graph of n (R/R0) versus n A   (R = radius of a nucleus and A = its mass number) is  

 n (R/R0) dk n A  (R = ukfHkd dh f=kT;k vkSj A = ukfHkd dh nzO;eku la[;k) ds lkFk xzkQ   

 (A*) a straight line (B) a parabola  (C) an ellipse  (D) none of them  

 (A*) ,d ljy js[kk gS  (B) ,d ijoy; gS  (C) ,d nh?kZo`Ùk gS  (D) mijksDr esa ls dksbZ ugha  

Sol. R = R0 
1
3A  

 In 
0

R

R
 = 

1

3
 ln A 

 It is similar to y = mx. 

 ;g y = mx ds leku gS 

 

A-4. For uranium nucleus how does its mass vary with volume? 

 ;wjsfu;e ukfHkd ds fy, bldk nzO;eku vk;ru ds lkFk fdl çdkj ifjofrZr gksrk gS \ 

 (A*) m  V  (B) m  1/V  (C) m  V   (D) m  V2  

Sol. Nuclear density is constant hence, mass  volume or m  V 

 ukfHkdh; ?kuRo fu;r gS vr% nzO;eku   vk;ru ;k m  V 

 
A-5. Let Fpp, Fpn and Fnn denote the magnitudes of the nuclear force by a proton on a proton, by a proton on 

a neutron and by a neutron on a neutron respectively. When the separation is 1 fm,    

 Fpp, Fpn vkSj Fnn vxj izksVksu&izksVksu] izksVksu&U;wVªkWu vkSj U;wVªkWu&U;wVªkWu ds e/; ds ukfHkdh; cy dk ifjek.k gS rks 

1 fm dh nwjh ij -  

 (A) Fpp> Fpn = Fnn  (B*) Fpp= Fpn = Fnn (C) Fpp> Fpn > Fnn (D) Fpp< Fpn = Fnn 

Sol. Nuclear force is charge independent   

 ukfHkdh; cy vkos'k ls LoraU=k jgrs gS vFkkZr vkos'k ij fuHkZj ugh djrs A 
 

Section (B) : Mass Defect and Binding Energy  

[k.M+ (B) : nzO;eku {kfr rFkk cU/ku ÅtkZ  

B 1. As the mass number A increases, the binding energy per nucleon in a nucleus  

 tSls&tSls nzO;eku la[;k A c<+krs gSa] ukfHkd dh izfrU;wfDyvku cU/ku ÅtkZ   

 (A) increases  (B) decreases (C) remains the same 
 (D*) varies in a way that depends on the actual value of A.  

 (A) c<+rh gS   (B) ?kVrh gS  (C) leku jgrh gS  

 (D*) bl rjg cnyrh gS fd A, (nzO;eku la[;k) ds okLrfod eku ij fuHkZj djrh gSA 

Sol. (D) the binding energy per nucleon in a nucleus varies in a way that depends on the actual value of A.  

 (D) ukfHkd dh izfrU;wfDyvku cU/ku ÅtkZ  bl rjg cnyrh gS fd A, (nzO;eku la[;k) ds okLrfod eku ij fuHkZj 

djrh gSA 

B 2. Which of the following is a wrong description of binding energy of a nucleus ?  

 buesa ls dkSulk ukfHkd dh cU/ku ÅtkZ dk xyr fooj.k gS ?  

 (A) It is the energy required to break a nucleus into its constituent nucleons. 
 (B) It is the energy released when free nucleons combine to from a nucleus 
 (C) It is the sum of the rest mass energies of its nucleons minus the rest mass energy of the nucleus 
 (D*) It is the sum of the kinetic energy of all the nucleons in the nucleus  

 (A) ;g ukfHkd dks mlds ?kVd U;wfDyvkWu esa rksM+us dh ÅtkZ gSA  

 (B) ;g os ÅtkZ gSa tks eqDr gksrh gSa tc eqDr U;wfDyvkWu ,d ukfHkd ds fuekZ.k ds fy, tqM+rs gSaA  

 (C) ;g U;wfDyvkWu dh fojke nzO;eku ÅtkZ ds ;ksx vkSj ukfHkd dh fojke nzO;eku ÅtkZ ds vUrj ds cjkcj gksrh gSA  

 (D*) ;g ukfHkd esa lHkh U;wfDyvkWu dh xfrt ÅtkZ ds ;ksx ds cjkcj gksrh gSA  

Sol. (D) It is the sum of the kinetic energy of all the nucleons in the nucleus  

 (D) ;g ukfHkd esa lHkh U;wfDyvkWu dh xfrt ÅtkZ ds ;ksx ds cjkcj gksrh gSA  
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B 3. The energy of the reaction Li7 + p  2 He4 is (the binding energy per nucleon in Li7 and He4 
 nuclei are 5.60 and 7.06 MeV respectively.)   

 Li7 + p  2 He4  vfHkfØ;k dh ÅtkZ gS (Li7 vkSj He4  ukfHkdksa dh izfrU;wfDyvkWu ca/ku ÅtkZ Øe'k% 5.60 vkSj 

7.06 MeV gS)  

 (A*) 17.3 MeV   (B) 1.73 MeV   (C) 1.46 MeV    

 (D)  depends on binding energy of proton izksVksu dh cU/ku ÅtkZ ij fuHkZj djrh gSA  

Sol. Q = (2BEHe – BELi) 
 = (2 × 7.06 × 4 – 5.60 × 7) Mev 
 = 17.28 Mev. 
 

B 4. The atomic weight of boron is 10.81 g/mole and it has two isotopes 10
5
B and 11

5
B. The ratio (by 

number) of 10
5
B : 11

5
B in nature would be  :  

 cksjksu dk ijek.kq nzO;eku 10.81 gm/mole vkSj blds nks leLFkkfud 10
5
B vkSj 11

5
B gSaA  izÑfr esa 10

5
B : 11

5
B dk 

vuqikr ¼la[;k }kjk½ gks ldrk gS :   

 (A*) 19 : 81  (B) 10 : 11  (C) 15 : 16  (D) 81 : 19 

Sol. Let  10

5 B  and 11

5 B  be in the ratio m:n . 

 ekuk  10

5 B  vkSj 11

5 B  nksuks m:n  ds vuqikr esa gSA 

 Average atomic weight  vkSlr vk.kfod Hkkj  

 10.81 = 
m 10 n 11

m n

  


 

  
m

n
 = 

0.19

0.81
 =  

19

81
 

 

 
Section (C) : Radioactive Decay  & Displacement law    

[k.M+ (C) : jsfM;ks,fDVo {k; ,oa foLFkkiu fu;e  
C 1 Which of the following processes represents a gamma decay?   

 fuEu esa ls dkSulh izfØ;k esa -{k; gS ?  

 (A) AXZ +   AXZ  1 + a + b  (B) AXZ + 1n0  A  3XZ  2 + c 

 (C*) AXZ AXZ + f   (D) AXZ + e1  AXZ  1 + g 

Sol. During -decay atomic number (Z) and mass number (A) does not change. So the correct option is (C) 
because in all other options either Z, A or both is/are changing. 

 -{k; ds nkSjku ijek.kq Øekad (Z) o nzO;eku la[;k (A) ifjofrZr ugh gksrh gSA vr% lgh fodYi (C)A vU; lHkh 

fodYiks esa Z, A vFkok nksuks ifjofrZr gks jgs gSA  

 

C 2. An -particle is bombarded on 14N. As a result, a 17O nucleus is formed and a particle is emitted. This 
particle is a    

 ,d -d.k dh 14N ij ckSNkj djkbZ tkrh gSA  blls ,d 17O ukfHkd dk fuekZ.k gksrk gS vkSj ,d d.k mRlftZr 

gksrk gSA ;g d.k gS –   

 (A) neutron U;wVªkWu (B*) proton izksVksu (C) electron bysDVªkWu (D) positron iksthVªkWu  

Sol. 4

2He   + 14

7 N    17

8 O  + 1

1H    
 

C 3. A free neutron decays into a proton, an electron and : 

 ,d eqDr U;wVªkWu fo?kfVr gksdj ,d izksVksu] ,d bysDVªkWu vkSj fdlesa VwVrk gS : 

 (A) A neutrino ,d U;wVªhuksa esa   (B*) An antineutrino ,d ,UVh U;wVªhuksa esa 

 (C) An -particle  ,d -d.k esa    (D) A -particle ,d -d.k esa     

Sol. n  p + e– + 

–

  
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C-4. Nuclei X decay into nuclei Y by emitting  particles. Energies of  particle are found to be only 1 MeV & 

1.4 MeV. Disregarding the recoil of nuclei Y. The energy of  photon emitted will be  

 X ukfHkd]  d.kksa dks mRlftZr dj YukfHkd cukrk gSA  d.kksa dh ÅtkZ dsoy 1 MeV vkSj 1.4 MeV gSA ukfHkd y 

ds çfr{ksi dks u ekfu,A mRlftZr  QksVksu dh ÅtkZ gksxhA   

 (A) 0.8 MeV  (B) 1.4 MeV  (C) 1 MeV  (D*) 0.4 MeV   

Sol.  Energy of photon = Difference in energies of  particles  = 0.4 MeV  

Sol.   QksVkWu dh ÅtkZ  =    d.kksa dh ÅtkZvksa esa vUrj = 0.4 MeV  
 

Section (D) : Statistical Law of Radioactive decay  

[k.M+ (D) : jsfM;ks,fDVo {k; ds lkaf[;dh ds fu;e 

D 1. In one average-life  ,d ek/; vk;q esa   

 (A) half the active nuclei decay vk/ks lfØ; ukfHkdksa dk {k; gks tkrk gSA   

 (B) less than half the active nuclei decay vk/ks ls dqN de lfØ; ukfHkdksa dk {k; gks tkrk gSA  

 (C*) more than half the active nuclei decay  vk/ks ls dqN vf/kd lfØ; ukfHkdksa dk {k; gks tkrk gS  

 (D) all the nuclei decay  lHkh ukfHkdksa dk {k; gks tkrk gSA   

Sol.  Tavg. = 
1


  T1/2 =  

ln2


 < Tavg.  

 
D 2. A freshly prepared radioactive source of half-life 2 h emits radiation of intensity which is 64 times the 

permissible safe level. The minimum time after which it would be possible to work safely with this 
source is -  

 ,d uo fufeZr jsfM;ks,fDVo lzksr ¼v)Zvk;q 2 hrs½ vius vf/kdre lqjf{kr Lrj ls  64 xquk vf/kd rhozrk dh fofdj.k 

mRlftZr djrk gS] rks bl lzksr ds lkFk U;wure fdruh vof/k ds ckn lqjf{kr dk;Z fd;k tk ldrk gS -  

 (A) 6 h   (B*) 12 h  (C) 24 h  (D) 128 h 
Sol. 64 = 26  

 After 6 half lives activity will become = 
1

64
 

 6 v}Z vk;q ds ckn lfØ;rk = 
1

64
 gks tk;sxh  

 Hence required time vr% vko';d le;  = 6 × 2h = 12h . 

 

D 3. Two isotopes P and Q of atomic weight 10 and 20, respectively are mixed in equal amount by weight. 
After 20 days their weight ratio is found to be 1 : 4. Isotope P has a half-life of 10 days. The half-life of 
isotope Q is   

 P vkSj Q nks leLFkkfudksa dks ftudk ijek.kq Hkkj 10 vkSj 20 gS] cjkcj ek=kk ¼Hkkj dh½ esa feyk;k x;k gSA  20 fnu 

ckn muds Hkkj dk vuqikr 1 : 4 ik;k x;kA 'P' leLFkkfud dh v)Zvk;q 10 fnu gS] rks Q dh v)Zvk;q gksxh –  

 (A) zero  'kwU;   (B) 5 days  fnu  (C) 20 days fnu  (D*) inifinite vuUr  

Sol. No. of nucleus of P, NP = 
m

10
  × NA  

 P ds ukfHkd dh la[;k  NP = 
m

10
 × NA  

 No. of nucleus of Q, NQ = 
m

20
 ×NA 

 Q ds ukfHkdks dh la[;k  NQ = 
m

20
 ×NA 

 No. of Isotope P after 20 days, P
'N  = PN

4
  

 20 fnuks ds ckn P ds leLFkkfudks dh la[;k  P
'N  = PN

4
  

 Let no. of Isotope Q after 20 days be Q
'N  
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 ekuk 20 fnuks ckn Q ds leLFkkfudks dh la[;k Q
'N  

  
P

A

Q

A

10
´N

N

20
´N

N





 =
1

4
 (given fn;k gS) 

  Q
'N = 2 × P

'N  =  PN

2
 = NQ  

 Thus no change in number of Q. Hence its half life is infinity. 

 vr% Q dh la[;k esa dksbZ ijhoZru ugh gksxkA vr% bldh v)Zvk;q vuUr gksxhA 
 

D 4. 10 grams of 57Co kept in an open container beta-decays with a half-life of 270 days. The weight of the 
material inside the container after 540 days will be very nearly -    

 ,d [kqys crZu esa iM+s 10 xzke 57Co dk -{k; gqvk ftldh v)Zvk;q 270 fnu gSA 540 fnu ckn crZu esa iM+s inkFkZ 

dk Hkkj ¼yxHkx½  gksxk -  

 (A*) 10 g  (B) 7.5 g  (C) 5 g   (D) 2.5 g 

Sol. The weight will not change appreciably as the process is  - decay. 

 D;ksfd izfØ;k  - decay. fo?kVu gS vr% Hkkj vpkud ijhorhZr ugh gksxkA  

D-5.  A  
  B   

2 
     C 

 t = 0 N0     0    0 
 t N1     N2    N3 
 The ratio of N1 to N2 when N2 is maximum is :     

 N1 dk N2 ds lkFk vuqikr D;k gS] tc N2 dk eku vf/kdre gS :    

 (A) at no time this is possible  fdlh Hkh le; ;g laHko ugha    

 (B*) 2   (C) 1/2   (D) 
n2

2
 

Sol. [B] 

 2dN

dt
= N1 – 2N2  

 for N2 to be maximum,   N2 ds vf/kdre ds fy,  

  2dN

dt
= 0  N1 = 2N2   or  1

2

N

N
 = 2   

D-6. The half-life of 131 is 8 days. Given a sample of 131 at time t = 0, we can assert that   
 (A) No nucleus will decay before t = 4 days      
 (B) No nucleus will decay before t = 8 days  
 (C) All nuclei will decay before t = 16 days  
 (D*) A given nucleus may decay at any time after t = 0.    

 131 dh v)Zvk;q 8 fnu gSA t = 0 ij 131 dk ,d uewuk fn;k x;k] ge ;g dg ldrs gSa fd -  

 (A) t = 4 fnu ls igys fdlh Hkh ukfHkd dk {k; ugha gksxk   

 (B) t = 8 fnu ls igys fdlh Hkh ukfHkd dk {k; ugha gksxk   

 (C) t = 16 fnu ls igys lHkh ukfHkdksa dk {k; gks tk,xk  

 (D*) ,d fn;s gq, ukfHkd dk t = 0 ds ckn dHkh Hkh {k; gks ldrk gSA     

 
Section (E) : Nuclear Fission and Fusion  

[k.M+ (E) : ukfHkdh; fo?kVu vkSj lay;u  

E 1. 92U235 nucleus absorbs a slow neutron and undergoes fission into 54X139 and 38Sr94 nuclei. The other 
particles produced in this fission process are   

 ,d 92U235 ukfHkd ,d /khes U;wVªkWu dks xzg.k djds  54X139  vkSj 38Sr94 ukfHkdksa esa fo?kfVr gksrk gSA bl fo?kVu 

çfØ;k esa mRiUu d.k gksrs gSa -  

 (A) 1  and 1   (B) 2  and 1 neutron (C) 2 neturons  (D*) 3 neutrons 

 (A) 1  vkSj 1   (B) 2  vkSj 1 U;wVªkWu  (C) 2 U;wVªkWu   (D*) 3 U;wVªkWu  
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Sol.  235

92U  + n  —— 139

54 Xe +  94

38 Y + 3n 
 

E 2. Two lithium 6Li nuclei in a lithium vapour at room temperature do not combine to form a carbon 12C 
nucleus because  

 (A) a lithium nucleus is more tightly bound than a carbon nucleus 
 (B) carbon nucleus is an unstable particle   
 (C) it is not energetically favourable 
 (D*) Coulomb repulsion does not allow the nuclei to come very close   

 nks yhFkh;e 6Li ukfHkd fyfFk;e ok"i esa dejs ds rki ij tqM+dj 12C dkcZu ukfHkd ugha cukrs gSa] D;ksafd -  

 (A) yhFkh;e dk ukfHkd dkcZu ukfHkd dh rqyuk esa vf/kd n`<+rk ls tqM+k gksrk gSA  

 (B) dkcZu ukfHkd ,d vLFkkbZ d.k gSA  

 (C) ;g ÅtkZ ds vuq:i (favourable) ugha gSA  

 (D*) dwyke izfrd"kZ.k ds dkj.k ukfHkd vf/kd utnhd ugha vk ikrs gSaA   
 

E 3. In a uranium reactor whose thermal power is P = 100 MW, if the average number of neutrons liberated 
in each nuclear splitting is 2.5. Each splitting is assumed to release an energy E = 200 MeV. The 
number of neutrons generated per unit time is -  

 fdlh ;wjsfu;e HkV~Vh esa ftldh rkih; 'kfDr P = 100 MW gS] vxj ,d ukfHkdh; fo?kVu esa vkSlru, 2.5 U;wVªkWu 

mRlftZr gksrs gSa rks ,dkad le; esa fdrus U;wVªkWu mRiUu gksaxs ¼izR;sd fo?kVu esa E = 200 MeV ÅtkZ eqDr gksrh gS½ -  

 (A) 4 × 1018 s–1  (B) 8 × 1023 s–1  (C) 8 × 1019 s–1  (D*)  
125

16
× 1018 s–1  

Sol. No. of nuclear spliting per second is  izfr ldS.M VwVus okys ukfHkdks dh la[;k  

 N = 
100MW

200MeV
 =   

–19

100

200 1.6 10 
S–1 

 No. of neutrons Liberated fudyus okys U;wVªkWuks dh la[;k =  
100

200
× 

–19

1

1.6 10
 × 2.5 S–1=

125

16
  × 1018  S–1

 

 

E 4. Choose the statement which is true.  
 (A) The energy released per unit mass is more in fission than in fusion 
 (B) The energy released per atom is more in fusion than in fission. 
 (C*) The energy released per unit mass is more in fusion and that per atom is more in fission. 
 (D) Both fission and fusion produce same amount of energy per atom as well as per unit mass.  

lgh dFku pquks - 

 (A) fo?kVu esa lay;u dh vis{kk izfr ,dkad nzO;eku vf/kd ÅtkZ feyrh gSA  

 (B) lay;u esa fo?kVu ds eqdkcys izfr ijek.kq vf/kd ÅtkZ feyrh gSA  

 (C*) lay;u esa fo?kVu dh vis{kk izfr ,dkad nzO;eku vf/kd ÅtkZ feyrh gS] tcfd fo?kVu esa lay;u dh vis{kk 

izfr ijek.kq vf/kd ÅtkZ feyrh gSA  

 (D) lay;u vkSj fo?kVu izfr ,dkad nzO;eku vkSj izfr ijek.kq leku ÅtkZ nsrs gSaA  

Sol. (C) The energy released per unit mass is more in fusion and that per atom is more in fission. 

 (C) lay;u esa fo?kVu dh vis{kk izfr ,dkad nzO;eku vf/kd ÅtkZ feyrh gS] tcfd fo?kVu esa lay;u dh vis{kk izfr 

ijek.kq vf/kd ÅtkZ feyrh gSA  
 

E 5. Fusion reaction is possible at high temperature because -  
 (A) atoms are ionised at high temperature 
 (B) molecules break-up at high temperature 
 (C) nuclei break-up at high temperature 
 (D*) kinetic energy is high enough to overcome repulsion between nuclei.  

 lay;u vfHkfØ;k mPp rki ij lEHko gksrh gS] D;ksafd -   

 (A) mPp rki ij ijek.kq vk;fur gks tkrs gSaA  

 (B) mPp rki ij v.kq VwV tkrs gSaA  

 (C) mPp rki ij ukfHkd VwV tkrs gSaaA  

 (D*) xfrt ÅtkZ bruh vf/kd gksxh fd og ukfHkdksa ds e/; çfrd"kZ.k dks lekIr djus ds fy, i;kZIr gSA 
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Sol. (D)  
 Fusion reaction is possible at high temperature because kinetic energy is high enough to overcome 

repulsion between nuclei.  

 lay;u vfHkfØ;k mPp rki ij lEHko gksrh gS] D;ksafd xfrt ÅtkZ bruh vf/kd gksxh fd og ukfHkdksa ds e/; 

çfrd"kZ.k dks lekIr djus ds fy, i;kZIr gSA 

 

E 6. In a fission reaction 236
92

U    117X + 117Y + n + n the average binding energy per nucleon of X and Y 

is 8.5 MeV whereas that of 236U is 7.6 MeV. The total energy liberated will be about :  

 fo[k.Mu vfHkfØ;k esa 236
92

U    117X + 117Y + n + n, X vkSj Y dh izfrU;wfDyvku vkSlr cU/ku ÅtkZ  

8.5 MeV gS tcfd 236U dh 7.6 MeV gSA yxHkx dqy mRlftZr ÅtkZ gksxh-   

 (A) 200 keV  (B) 2 MeV  (C*) 200 MeV  (D) 2000 MeV   
Sol. Q = (BEx + BEy – Beu) 

 = (2 × 117 × 8.5 – 236 × 7.6) MeV = 195 MeV  200 MeV. 
 
E-7.  A heavy nucleus having mass number 200 gets disintegrated into two small fragments of mass number 

80 and 120. If binding energy per nucleon for parent atom is 6.5 M eV and for daughter nuclei is 7 M eV 
and 8 M eV respectively, then the energy released in each decay will be :   

 nzO;eku la[;k 200 okyk Hkkjh ukfHkd] nks NksVs VqdM+ksa 80 vkSj 120 æO;eku la[;k esa foHkkftr gks tkrk gSA ;fn 

iSr`d ijek.kq dh izfrU;wfDyvkWu cU/ku ÅtkZ  6.5 M eV gS vkSj iw=kh ukfHkd dh izfrU;wfDyvkWu cU/ku ÅtkZ 7 MeV 

vkSj 8 M eV gS] rc izR;sd fo?kVu esa eqDr ÅtkZ gksxh -    

 (A) 200 M eV  (B)  220 M eV  (C*) 220 M eV  (D) 180 M eV 

Sol. Energy released eqDr ÅtkZ = [(80 × 7) + (120 × 8)] – [200 × 6.5]   = 220 MeV   Ans.   

 

E-8.  Assuming that about 20 MeV of energy is released per fusion reaction, 1H2 + 1H3  0n1 + 2He4, the 
mass of 1H2 consumed per day in a future fusion reactor of power 1 MW would be approximately  

 1H2 + 1H3  0n1 + 2He4 lay;u fØ;k esa ;fn 20 MeV ÅtkZ mRlftZr ekusa] rks 1 MW 'kfDr ds vkxkeh lay;u 

fj;sDVj esa izfrfnu iz;qDr 1H2 dk nzO;eku yxHkx gS & 

 (A*) 0.1 gm  (B) 0.01 gm  (C) 1 gm  (D) 10 gm 
Sol. (A) no of moles of 1H2 consumed  

 (A) 1H2 ds iz;qDr eksyksa dh la[;k   

 = 
23

1 MW (24 3600)sec/ day

(20 MeV 6.023 10 )

 

 
= 0.05 

  m = 0.1 g 

 

PART - III : MATCH THE COLUMN 
 

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

 
1. Match the column-I of properties with column-II  of reactions     
  Column-I     Column-II 

 (A) Mass of product formed is less than    (p) -decay 
       the original mass of the system in      

 (B) Binding energy per nucleon increase in  (q) -decay 
 (C) Mass number is conserved in    (r) Nuclear fission  
 (D) Charge number is conserved in   (s) Nuclear fusion 
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 dkWye-I esa fn;s x;s dFkuksa dks dkWye-II ls lqesfyr dfj;sA 

  dkWye-I      dkWye-II 

 (A) cus mRiknksa dk nzO;eku fudk; ds vkjfEHkd  (p) -{k; esa 

       nzO;eku ls de gksxkA 

 (B) izfrU;qfDyvkWu (nucleon) cU/ku ÅtkZ c<+rh gSA  (q) -{k; esa 

 (C) nzO;eku la[;k (mass number) lajf{kr jgrh gSA  (r) ukfHkdh; fo[k.Mu esa 

 (D) vkos'k la[;k lajf{kr jgrh gSA    (s) ukfHkdh; lay;u esa  

Ans. (A) p,q,r,s (B) p,q,r,s  (C) p,q,r,s, (D) p,q,r,s 
Sol. (A) Energy is released in all the four processes. Hence mass will decrease 
 (B) Since energy is released, Binding energy per nucleon will increase. 
 (C) Mass number conserves in all the processes. 
 (D) Total charge also conserves in all the processes. 

Sol. (A) lHkh pkjksa çØe esa ÅtkZ eqDr gksrh gSA vr% nzO;eku ?kVsxkA  

 (B) pwafd ÅtkZ eqDr gksrh gSA çfr U;wfDykvkWu cU/ku ÅtkZ c<+sxhA 

 (C) nzO;eku la[;k lHkh çØe esa laj{kh gksrh gSA 

 (D) dqy ÅtkZ Hkh lHkh çØe esa laj{kh gksrh gSA 
 

2. In column-I, consider each process just before and just after it occurs. Initial system is isolated from all 
other bodies. Consider all product particles (even those having rest mass zero) in the system. Match 
the system in column-I with the result they produce in column-II.  

   Column-I     Column-II 
 

 (A) Spontaneousradioactive decay of an  (p) Number of protons is increased 
  uranium nucleus initially at rest 

  as given by reaction 238 234 4

92 90 2U Th He ...     

 (B) Fusion reaction of two hydrogen nuclei (q) Momentum is conserved 

  as given by reaction 1 1 2

1 1 1H H H .....     

 (C) Fission of U235 nucleus initiated by a   (r) Mass is converted to energy  
  thermal neutron as given by reaction  or vice versa 

  1 235 144 89 1

0 92 56 36 0n U Ba Kr 3 n ...           

 (D)  
– decay (negative beta decay) (s) Charge is conserved   

 dkWye-I esa izR;sd izØe (process) ?kfVr gksus ds Bhd igys o Bhd ckn fopkj dhft,A izkjfEHkd fudk; lHkh vU; 

oLrqvksa ls foyfxr gSA lHkh mRikn d.kksa (pkgs mldk fojke nzO;eku 'kwU; gh gks) dks fudk; esa ekusA dkWye-I esa 

fudk; dks dkWye-II esa muds laxr ifj.kke ls lqesfyr dfj,A 

   dkWye-I      dkWye-II 

 (A) ,d ;wjsfu;e ukfHkd tks fd izkjEHk esa fojke  (p) izksVkWuks dh la[;k c<+rh gSA 

  esa Fkk mldk fuEu vfHkfØ;k }kjk Lor% 

  jsfM;ks,fDVo {k; gksrk gS 238 234 4

92 90 2U Th He ...     

 (B) nks gkbMªkstu ukfHkdksa dh lay;u vfHkfØ;k (q) laosx lajf{kr jgrk gSA 

  1 1 2

1 1 1H H H .....     

 (C) U235 ukfHkd dk rkih; U;wVªkWu }kjk fo[k.Mu (r) nzO;eku ÅtkZ esa :ikUrfjr gksrk gS 

  izkjEHk fd;k tkrk gS  ;k bldk O;qRØe (vice-versa) gksrk gS  

  1 235 144 89 1

0 92 56 36 0n U Ba Kr 3 n ...           

 (D)   
– {k; ¼_.kkRed chVk {k;½  (s) vkos'k lajf{kr jgrk gSA 

Ans. (A) q,r,s,  (B) q,r,s (C) q,r,s  (D) p,q,r,s  
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Sol. (A) In the given spontaneous radioactive decay, the number of protons remain constant and all 
conservation principles are obeyed. 

 (B) In fusion reaction of two hydrogen nuclei a proton is decreased as positron shall be emitted in the 
reaction. All the three conservation principles are obeyed. 

 (C) In the given fission reaction the number of protons remain constant and all conservation principles 
are obeyed. 

 (D) In beta negative decay, a neutron transforms into a proton within the nucleus and the electron is 
ejected out.  

 (A) fn;s x;s Lor% jsfM;ks,sfDVo fo?kVu esa] izksVkWuksa dh la[;k fu;r jgrh gS rFkk lHkh laj{k.k fu;eksa dk ikyu gksrk 

gSA 

 (B) nks gkbMªkstu ukfHkdksa dh lay;u izfØ;k esa] ,d izksVkWu] ,d iksftVªkWu ds :i esa ?kV tkrk gS tks vfHkfØ;k esa 

mRlftZr gksrk gSA lHkh rhu laj{k.k fu;eksa dk ikyu gksrk gSA 

 (C) nh xb fo[k.Mu izfØ;k esa] izksVkWuksa dh la[;k fu;r jgrh gS rFkk lHkh laj{k.k fu;eksa dk ikyu gksrk gSA 

 (D) _.kkRed chVk fo?kVu esa] ,d U;wVªkWu ukfHkd esa ,d izksVkWu ds :i esa :ikUrfjr gks tkrk gS rFkk ,d bysDVªkWu 

fudy tkrk gSA 

 
3._ Four physical quantities are listed in column I. Their values are listed in Column II in a random order.  

  Column       Column  
 (a) Thermal energy of air molecules at room temperature (e) 0.04 eV 
 (b) Binding energy of heavy nuclei per nucleon  (f) 2 eV  

  (c) Xray photon energy      (g) 1 KeV  

 (d) Photon energy of visible light    (h) 7 MeV  k 

 dkWye  esa pkj HkkSfrd jkf'k;k¡ vafdr gSA muds eku dkWye  esa ;kn`PN Øe esa fn;s gSa -  

  dkWye        dkWye  
 (a) dejs ds rki ij gok ds v.kqvksa dh rkih; ÅtkZ   (e) 0.04 eV 

 (b) Hkkjh ukfHkd dh izfr U;wfDyvku cU/ku ÅtkZ    (f) 2 eV  

  (c) Xfdj.k QksVksu dh ÅtkZ      (g) 1 KeV  

 (d) n`'; izdk'k dh QksVksu ÅtkZ     (h) 7 MeV   

 The correct matching of columns I & II is given by :  

  vkSj  ds e/; lgh feyku gS :  

 (A*) a  e, b  h, c  g, d  f    (B) a  e, b  g, c  f, d  h 

 (C) a  f, b  e, c  g, d  h   (D) a  f, b  h, c  e, d  g 

Sol. Informative lS)kfUrd 
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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 fodYih izdkj (ONLY ONE OPTION CORRECT TYPE) 

 

Section (A) : Properties of Nucleus ukfHkd ds xq.k  
1. Choose the wrong statement.     
 (A) The nuclear force becomes weak if the nucleus contains too many protons compared to the number 

of neutrons  
 (B) The nuclear force becomes weak if the nucleus contains too many neutrons compared to the 

number of protons. 
 (C) Nuclei with atomic number greater than 82 show a tendency to disintegrate. 
 (D*) The nuclear force becomes very strong if the nucleus contains a large number of nucleons. 

 vlR; dFkuksa dk p;u fdft,A  

 (A) ukfHkfd; cy nqcZy gksrk gS ;fn ukfHkd esa U;wVªkWu dh la[;k dh rqyuk esa izksVkWu dh la[;k dgh vf/kd gksA 

 (B) ukfHkfd; cy nqcZy gksrk gS ;fn ukfHkd esa izksVkWu dh la[;k dh rqyuk esa U;wVªkWu dh la[;k dgh vf/kd gksA 

 (C)  82 ls vf/kd ijkek.kfod nzO;eku okys ukfHkd fo?kVu dh izof̀r iznf'kZr djrs gSA  

 (D*) ukfHkdh; cy cgqr izcy gksrk gS ;fn ukfHkd esa ukfHkdh; d.kksa dh la[;k cgqr vf/kd gksA 

Sol. Statement (D) is wrong 

Sol. dFku (D) xyr gSA  

 

Section (B) : Mass Defect and Binding Energy nzO;eku {kfr vkSj cU/ku ÅtkZ  

2. Binding Energy per nucleon of a fixed nucleus XA is 6 MeV. It absorbs a neutron moving with KE = 2 
MeV, and converts into Y at ground state, emitting a photon of energy 1 MeV. The Binding Energy per 
nucleon of Y (in MeV) is -   

 fdlh fLFkj ukfHkd XA dh izfr U;wfDyvkWu cU/ku ÅtkZ 6 MeV gSA ;g xfrt ÅtkZ 2 MeV ls xfreku ,d U;wVªkWu 

dks vo'kksf"kr djrk gS vkSj 1 MeV ÅtkZ dk QksVkWu mRlftZr dj ewy voLFkk ij Y, esa cny tkrk gSA Y dh izfr 

U;wfDyvkWu cU/ku ÅtkZ (MeV esa) gS &  

 (A) 
(6A 1)

(A 1)




  (B*) 

(6A 1)

(A 1)




  (C) 7   (D) 

7

6
 

Sol.  BE of X = 6A   
 BE of Y = 6A – 2 + 1 = 6A – 1 
 [Because absorption of energy decreases BE and releas of energy increases BE] 
 In Y nuclues there are A + 1 nuclues.  

   
BE

nucleon
= 

6A 1

A 1




   

Sol.  X dh ca/ku ÅtkZ = 6A   

 Y dh ca/ku ÅtkZ = 6A – 2 + 1 = 6A – 1 

 [D;ksafd ÅtkZ dk vo'kks"k.k ca/ku ÅtkZ ?kVkrk gS vkSj ÅtkZ dk eqDr gksuk ca/ku ÅtkZ c<+krk gSA] 

 Y ukfHkd esa A + 1 ukfHkd d.k gSA 

   
ca/ku ÅtkZ

ukfHkd d.k
= 

6A 1

A 1




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Section (C) : Radioactive decay & Displacement law jsfM;ks,fDVo fo?kVu ,oa foLFkkiu fu;e   

3. The half life of 215At is 100 s. The time taken for the radioactivity of a sample of 215At to decay to 1/16th 
of its initial value is :   

 215At dh v)Zvk;q 100 s gSA blds ,d uewus dh jsfM;ks,fDVfoVh dks izkjfEHkd jsfM;ks,fDVfoVh dh 1/16th gksus esa 

le; yxsxk :  

 (A*) 400 s  (B) 6.3 s  (C) 40 s  (D) 300 s   

Sol. R = R0 

n
1

2

 
 
 

 ....(1) 

 Here R = activity of radioactive substance after n half lives  

    = 0R

16
 (given) 

 Substituting in equation (1), we get n = 4 

  t = (n)t1/2 =(4) (100 s) = 400 s  

Sol. R = R0 

n
1

2

 
 
 

 ....(1) 

 ;gk¡ R = n  v/kZvk;qdky i'pkr~ jsfM;ks inkFkZ dh lfØ;rkA  

 = 0R

16
  ¼fn;k x;k gS½ 

 lehdj.k (1) esa izfrLFkkfir djus ij izkIr gksxk n = 4 

  t = (n)t1/2 =(4) (100 s) = 400 s  
 
4. A free neutron decays to a proton but a free proton does not decay to a neutron. This is because  
 (A) neutron is a composite particle made of a proton and an electron whereas proton is fundamental 

particle 
 (B) neutron is an uncharged particle whereas proton is a charged particle 
 (C*) neutron has larger rest mass than the proton   
 (D) weak forces can operate in a neutron but not in a proton.   

 ,d eqDr U;wVªkWu izksVksu esa {k; gks tkrk gS ij ,d eqDr izksVkWu U;wVªkWu esa {k; ugha gksrk D;ksafd -  

 (A) U;wVªkWu ,d la;qDr d.k gS tks izksVkWu vkSj bysDVªkWu dk cuk gksrk gS] tcfd izksVkWu ,d ewyHkwr d.k gSA 

 (B) U;wVªkWu ,d vukosf'kr d.k gS tcfd izksVkWu ,d vkosf'kr d.k gSA  

 (C*) U;wVªku dk fojke nzO;eku izksVkWu ls vf/kd gSA  

 (D) U;wVªkWu esa nqcZy cy yxrs gSa] tcfd izksVkWu esa ughaA  

Sol. As a proton is lighter than a neutron, proton can not be converted into neutron without providing energy 
from outside. Reverse is possible. The weak interaction force is responsible in both the processes (i) 
conversion of p to n and (ii) conversion of n to p. 

 pwafd çksVkWu U;wVªkWu dh rqyuk esa gYds gksrs gSA çksVkWu U;wVªkWu esa ckgj ls fcuk ÅtkZ fn;s ifjofrZr ugha gks ldrs gSA 

çØe lEHko gSA nqcZy vUr%&fØ;k cy çØe (i) p dk n esa :ikUrj.k rFkk (ii) n dk p esa :ikUrj.k nksauks esa mÙkjnk;h 

gSA . 

5. Match the following : fuEu dks lqesfyr djks & 

  Column   Column  

 (a) Photoelectric effect  . Photon 

 (b) Wave   . Frequency 

 (c) X rays   . K capture 

 (d) Nucleus    V.  rays   

  dkWye    dkWye  

 (a) izdk'k oS|qrhdh izHkko   . QksVkWu  

 (b) rjax    . vko`fr 

 (c) X fdj.k   . K izxzg.k (capture) 

 (d) ukfHkd   V.  fdj.k  
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 (A*) a – , b – , c – , d – V  

 (B) a – , b – , c – V, d –   

 (C) a – , b – , c – , d – V 

 (D) None of these  buesa ls dksbZ ugha  

Sol. For all types of wave, sound wave, light wave, string wave the term  related is frequency. Which is 
given only in one option. Other phenomenon are properly matching. 

 Photoelectric effect proves photon character of light. 

  rays can only be produced from nucleus. 
 In case of k capture x rays are emitted.  

Sol. lHkh rjg dh rjaxsa] /ofu rjax] izdk'k rjax] Mksjh rjax ls lacaf/kr in vko`fr gSA tks dsoy ,d fodYi esa gSA vU; 

ifjdYiuk;sa lekuqikrh lqesfyr gSA  

 izdk'k oS|qr izHkko ds QksVkWu izÑfr dks fl) djrk gSA 

 -fdj.ksa dsoy ukfHkd ls mRiUu djk ldrs gSaA   

 k izxzg.k dh fLFkfr esa x-fdj.ksa mRlftZr gksrh gSaA  

 
6. Protons and singly ionized atoms of U235 & U238 are passed in turn (which means one after the other 

and not at the same time) through a velocity selector and then enter a uniform magnetic field. The 
protons describe semicircles of radius 10 mm. The separation between the ions of U235 and U238 after 
describing semicircle is given by   

 izksVksu vkSj U235 o U238 ds ,dy vk;fur ijek.kqvksa dks ,d&,d djds ossx p;u djus okys midj.k }kjk le:i 

pqEcdh; {ks=k esa Hkstk tkrk gS A izksVkWu 10 mm f=kT;k dk v)Zo`Ùk cukrk gSA U235 o U238 ds e/; v)Zo`Ùk ij pDdj 

yxkus ds i'pkr~ nwjh gksxh -  

p

B

U-235U-238

 
 (A*) 60 mm  (B) 30 mm   (C) 2350 mm   (D) 2380 mm  

Sol. R = 
mv

qB
 

 RP = Pm v

eB
 

 
U235R  = U235m .v

eB
 

 x = 2 × P3M v

eB
 = 6 × 10 mm = 60 mm. 

 

7. When a -particle is emitted from a nucleus, the neutron-proton ratio :  
 (A*) is decreased (B) is increased  (C) remains the same (D) first (A) then (B)    

 tc ,d ukfHkd esa ls ,d -d.k mRlftZr gksrk gS rks U;wVªkWu izksVªkWu dk vuqikr :   

 (A*) ?kVrk gS   (B) c<+rk gS   (C) leku jgrk gS  (D) igys (A) fQj (B)    

Sol. (A) When a -particle is emitted from a nucleus, a proton increases and a neutron decreases. Hence 
the neutron-proton ratio is decreased  

 tc ,d ukfHkd esa ls ,d -d.k mRlftZr gksrk gS rks ,d izksVksu c<+rk gS rFkk ,d U;wVªkWu ?kVrk gSA vr% U;wVªkWu 

izksVªkWu dk vuqikr ?kVrk gS  
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8. Consider a sample of a pure beta-active material 
 (A) All the beta particles emitted have the same energy  
 (B) The beta particles originally exist inside the nucleus and are ejected at the time of beta decay  
 (C) The antineutrino emitted in a beta decay has zero rest mass and hence zero momentum.  
 (D*) The active nucleus changes to one of its isobars after the beta decay  

 'kq) -lfØ; inkFkZ ds ,d uewus ij fopkj dhft, & 

 (A) lHkh mRlftZr -d.kksa dh leku ÅtkZ gksxhA   

 (B) izkjEHk esa -d.k ukfHkd esa fo|eku gksrs gSa rFkk {k; ds le; mRlftZr gksrs gSaA  

 (C) -{k; esa mRlftZr ,aVh-U;wVªhuksa dk fojke nzO;eku 'kwU; gksrk gS vkSj blfy, mldk laosx Hkh 'kwU; gksrk gSA  

 (D*) lfØ; ukfHkd -{k; ds ckn vius fdlh leHkkfjd esa cny tkrk gSA  

Sol. (A) The emitted - particles may have varying energy.    
 (B) e– or e+ does not exists inside the nucleus. 

 (C) v  does carry momentum.  

 (D) In -decay mass number does not change.   

Sol. (A) mRlftZr - d.kksa dh ÅtkZ ifjorZu'khy gSA  

 (B) e– ;k e+ ukfHkd ds vUnj mifLFkr ugha gSA 

 (C)  v laosx ykrk gSA 

 (D) -{k; esa nzO;eku la[;k ifjofrZr ugha gksrh gSA  

 

9. Masses of two isobars 64
29Cu and 64

30Zn are 63.9298 u and 63.9292 u respectively. It can be concluded 
from these data that :       

 (A) Both the isobars are stable 

 (B) 64Zn is radioactive, decaying to 64Cu through -decay 

 (C) 64Cu is radioactive, decaying to 64Zn through -decay 

 (D*) 64Cu is radioactive, decaying to 64Zn through -decay   

 nks leHkkfjd 64
29Cu vkSj 64

30Zn  ds  nzO;eku 63.9298 u vkSj 63.9292 u gSA blls ;g fu"d"kZ fudkyk tk ldrk 

gS fd :         

 (A) nksuksa leHkkfjd fLFkj ¼LFkk;h½ gSA  

 (B) 64Zn jsfM;ks,fDVo gS vkSj -{k; }kjk 64Cu esa ifjofrZr gksrk gSA  

 (C) 64Cu jsfM;ks,fDVo gS vkSj -{k; }kjk 64Zn esa ifjofrZr gksrk gSA  

 (D*) 64Cu jsfM;ks,fDVo gS vkSj -{k; }kjk 64Zn esa ifjofrZr gksrk gSA    

Sol. In beta decay, atomic number increases by 1 whereas the mass number remains the same. Therefore, 
following equation can be possible   

 chVk {k; esa] ijek.kq Øekad 1 ls c<+ tkrk gS] tcfd nzO;eku la[;k leku jgrh gSA vr% fuEu lehdj.k laHko gSA  
64

29Cu —— 64
30Zn + –1e0 

 

10. In an -decay the Kinetic energy of  particle is 48 MeV and Q-value of the reaction is 50 MeV. The 

mass number of the mother nucleus is:- (Assume that daughter nucleus is in ground state) 

 ,d –{k; esa & d.k  dh xfrt ÅtkZ 48 Mev gS rFkk vfHkfØ;k dk Q eku 50 Mev gSA iSr`d ukfHkd dh 

nzO;eku la[;k gS ¼ ekuk iq=kh ukfHkd ewy voLFkk esa gSA½   

 (A) 96   (B*) 100  (C) 104  (D) none of these buesa ls dksbZ ugha 

Sol. We have ge j[krs gSa K =
y

y

m

m m
 .Q   K =

A 4

A


 .Q   

  48 = 
A 4

A


.50   A = 100  
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11. Free 238U nuclei kept in a train emit alpha particles. When the train is stationary and a uranium nucleus 
decays, a passenger measures that the separation between the alpha particle and the recoiling nucleus 
becomes x in time t after the decay. If a decay takes place when the train is moving at a uniform speed 

, the distance between the alpha particle and the recoiling nucleus at a time t after the decay, as 
measured by the passenger will be -  

 Vªsu esa j[ks ,d eqDr 238U }kjk -d.k mRlftZr fd;k tkrk gSA tc Vªsu :dh gqbZ gS rFkk ;wjsfu;e ukfHkd {kf;r 

gksrk gS rks ,d ;k=kh us ekik fd -d.k vkSj çfrf{kIr ukfHkd ds chp ' t ' le; esa nwjh x gks tkrh gSA vxj {k; 

fu;r pky ls pyrh gqbZ Vªsu esa gqvk gks rks 't' le; esa gh nksuksa ds chp dh nwjh ;k=kh }kjk D;k ekih tk,xh –  

 (A) x + t  (B) x - t  (C*) x   

 (D) depends on the direction of the train  Vªsu dh fn'kk ij fuHkZj djsxh   

Sol. The decay law will remain same even in the train. The velocities of the -particle and the recoiling 
nucleus will be same on the ground and in the train with respect to train. 

 {k; fu;e Vªsu esa leku jgsxkA -d.k o çfrf{kIr ukfHkd dk osx /kjkry rFkk Vªsu esa /kjkry ds lkis{k leku jgsxkA 

 

12. A nucleus with mass number 220 initially at rest emits an -particle. If the Q value of the reaction is 5.5 

MeV, calculate the kinetic energy of the -particle   

 220 nzO;eku la[;k ds ,d fLFkj ukfHkd us ,d -d.k dk mRltZu fd;kA vxj vfHkfØ;k dk Q eku 5.5 MeV, gS rks 

-d.k dh xfrt ÅtkZ gksxh -      

 (A) 4.4 MeV  (B*) 5.4 MeV  (C) 5.6 MeV  (D) 6.5 MeV 

Sol. The magnitude of momentum of the daughter nucleus and -particles will be equal  

 Q = KE of daughter nucleus + KE of -particle  

 = 
2

d

p

2m
 + 

2p

2m

  

 KE of -particle = 
2p

2m

 = 
2p

2m

 × d

d

m .m

m m



 
. Q  

 = 
216

220
 × 5.5 Mev. = 5.4 Mev. 

-d.k rFkk cps gq, ukfHkd ds laosxksa ds eku cjkcj gS  

 Q = cps gq, ukfHkd dh xfrt ÅtkZ + -d.k dh xfrt ÅtkZ  

 = 
2

d

p

2m
 + 

2p

2m

  

 -d.k dh xfrt ÅtkZ = 
2p

2m

 = 
2p

2m

 × d

d

m .m

m m



 
. Q  

 = 
216

220
 × 5.5 Mev. = 5.4 Mev. 

 

SECTION (D) : STATISTICAL LAW OF RADIOACTIVE DECAY  
  jsfM;ks,fDVo fo?kVu ds lkaf[;dh ds fu;e  

13. A charged capacitor of capacitance C is discharged through a resistance R. A radioactive sample 

decays with an average life  Find the value of R for which the ratio of the electrostatic field energy 
stored in the capacitor to the activity of the radioactive sample is independent of time.      

 ,d vkosf'kr la/kkfj=k ftldh /kkfjrk 'C' gS, dks ,d  R izfrjks/kd }kjk vukosf'kr fd;k tkrk gSA ,d jsfM;ks,fDVo 

uewuk vkSlr vk;q ls {k; djrk gSA 'R' dk og eku Kkr djsa ftlds fy, la/kkfj=k esa lafpr fLFkj oS|qr fLFkfrt 

ÅtkZ dk jsfM;ks,fDVo uewus dh lfØ;rk ds lkFk vuqikr le; ij fuHkZj ugh djsaA   

 (A)  
C


   (B*) 

2

C


  (C) 

2C


   (D) 

3

2C


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Sol. Activity of the sample after time t1 

 t1 le; ckn uewus dh lfØ;rk  

  A = N  = 
t

–

0N e   

 Enrgy stored in the capacitor 

 la/kkfj=k esa laxzfgr ÅtkZ  

         E  = 
1

2
 

2Q

C
 =  

1

2

t
–

2RC
0(Q e )

C
 = 

1

2

2

0Q

C

t
–2

RCe     

  
A

E
 =  0

2

0

N

Q / 2C


. 

t 2t
–

RCe

 
 

 
 

 For the ratio to remain constant 

 vuqikr dks fu;r jgus ds fy;s  

 –  
1


 + 

2

RC
  = 0  R =  

2

C


 

 

14. At time t = 0, some radioactive gas is injected into a sealed vessel. At time T, some more of the same 
gas is injected into the same vessel. Which one of the following graphs best represents the variation of 
the logarithm of the activity A of the gas with time t  ?    

 t = 0 ij dqN jsfM;ks,fDVo xSl dks ,d cUn crZu esa Mkyk x;kA T le; i'pkr~ blh xSl dh FkksM+h vksj ek=kk Mkyh 

xbZA buesa lfØ;rk A ds fy, log A vkSj t ds e/; n'kkZ;k x;k dkSulk xzkQ lcls lgh gS -  

 (A)   (B*)  (C)   

 (D)    (E)   

Sol. A = A0 e–t  

 n A = n A0 – t  

 n A versus t is a linearly decreasing graph with slope depending to . As  does not change, slope 
remains same. 

 n A o t dk xzkQ ljy js[kh; :i ls ?kVrk gqvk xzkQ gS ftldh <ky ij fuHkZj djrh gSA pwafd  ifjofrZr ugha 

gksrk gSA vr% <ky leku jgsxhA 

 

15. A sample of radioactive material has mass m, decay constant , and molecular weight M. Avogadro 
constant = NA. The initial acitvity of the sample is :   

 ,d jsfM;ks,fDVo inkFkZ ds ,d uewus dk nzO;eku m  gS, {k;kad , vkSj vk.kfod Hkkj M gSA vkoksxknzks fu;rkad = NA 

A bldh izkjfEHkd lfØ;rk gS -    

 (A) m   (B) 
m

M


  (C*)  Am N

M


  (D) mNAe 

Sol. Initial activity izkfjEHkd lfØ;rk  = 
dN

dt
 = N0  = ..

m

M
NA  
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16. Two radioactive sources A and B initially contain equal number of radioactive atoms. Source A has a 
half-life of 1 hour and source B has a half-life of 2 hours. At the end of 2 hours, the ratio of the rate of 
disintegration of A to that of B is :  

 A vkSj B nks jsfM;ks,fDVo inkFkks± esa izkjEHk esa cjkcj la[;k esa jsfM;ks,fDVo ijek.kq FksA A dh v)Zvk;q  1 ?kaVk vkSj B 

dh v)Zvk;q  2 ?kaVs gSA 2 ?kaVs i'pkr~ A vkSj B ds fo?kVu dh nj dk vuqikr gksxk :  

 (A) 1 : 2   (B) 2 : 1   (C*) 1 : 1  (D) 1 : 4 

Sol. No. of atoms of A after 2hrs. =  0N

4
 

 2 ?k.Vs ckn A ds v.kqvks dh la[;k  =  0N

4
 

 No of atoms of B after 2hrs. = 0N

2
 

 2 ?k.Vs ckn B ds v.kqvks dh la[;k = 0N

2
 

  
 

 
A

B

dN/ dt

dN/ dt
 = A A

B B

N

N




  =  1/ 2 B A

1/ 2 A B

(T ) .N

(T ) .N
= 

2

1
 × 

1

2
 = 1 

 
17. Two identical samples (same material and same amount initially) P and Q of a radioactive substance 

having mean life T are observed to have activities AP & AQ respectively at the time of observation. If P is 
older than Q, then the difference in their ages is:    

 P rFkk Q  jsfM;ksa lfØ; inkFkZ ds nks ,d leku (leku inkFkZ rFkk leku ek=kk izkjEHk esa) uewus gS rFkk budk 

ek/;dky T gSA ifj{k.k ds le; budh lfØ;rk Øe'k% AP rFkk  AQ ik;h tkrh gSA vxj P, Q dh vis{kk vf/kd 

iqjkuk gS rks mudh vk;q esa vUrj gksxk :   

 (A) T n P

Q

A

A

 
 
 

  (B*) T n Q

P

A

A

 
 
 

  (C) 
1

T
n P

Q

A

A

 
 
 

   (D) T P

Q

A

A

 
 
 

 

Sol. AP = AQ e–t    = AQ 

1
t

Te


   t = T n 
Q

P

A

A
 

18. N atoms of a radioactive element emit n alpha particles per second at an instant. Then the half - life of 
the element is   

 fdlh {k.k ,d jsfM;ks&,fDVo rRo ds N ijek.kq n vYQk d.k izfr lsd.M mRlftZr djrs gks rks rRo dh v)Zvk;q gS& 

 (A) 
n

N
sec.  (B) 1.44 

n

N
 sec.  (C) 0.69 

n

N
 sec. (D*) 0.69

N

n
  sec. 

Sol. (D) n = N 

 =  = 
n

N
 

  1/ 2

0.69
t 


 = 

0.69  N

n
 

 
19. MP-II Ex-2 (obj.) 
 The radioactivity of an old sample of a liquid due to tritium (half life 12.5 years) was found to be only 

about 3% of that measured in a recently purchased bottle marked ‘7 year old’. The sample must have 
been prepared about : 

 VªkWbfV;e  (v)Zvk;q 12.5 o"kZ) ds dkj.k ,d rjy ds izkphu izfrn'kZ dh lfØ;rk orZeku esa [kjhnh xbZ cksry ftl 

ij lkr o"kZ iqjkuk fy[kk gS] dh lfØ;rk dh yxHkx 3% gSA izfrn'kZ fdl o"kZ cuk;k x;k FkkA 

 (A*) 70 year o"kZ iwoZ  (B) 220 year o"kZ iwoZ (C) 420 year o"kZ iwoZ (D) 300 year o"kZ iwoZ 
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Sol. We have ge tkurs gS  N1 = N0e– × 7 and N2 = N0e–x 

   2

1

N 3

N 100
  = e(7 – x) or e(x – 7) = 

100

3
 

   (x – 7) = ln 
100

3
  2.3 log10 2.3 log10

100

3
 

   = 2.3 [2 – 0.4771] = 2.3 × 1.5229 

 But fdUrq  = 
1/ 2

0.693 0.693

T 12.5
  

   x – 7 =  
12.5

0.693
× 2.3 × 1.5229 

          
125

1.52
3

   63 

   x = (63 + 7) years = 70 years 
 

20.  A 
1


 B 
2


 C 

 t = 0 ij  N0    0         0      

 t N1    N2         N3 
 In the above radioactive decay C is stable nucleus. Then:  

 mijksDr jsfM;ks/kehZ {k; esa C LFkk;h ukfHkd gSA rc &     

 (A) rate of decay of A will first increase and then decrease 
 (B*) number of nuclei of B will first increase and then decrease 

 (C) if 2 > 1, then activity of B will always be higher than activity of A 

 (D) if 1 >> 2, then number of nucleus of C will always be less than number of nucleus of B. 

 (A) A ds {k; dh nj igys c<+sxh rFkk ckn esa ?kVsxhA 

 (B*) B ds ukfHkdksa dh la[;k igys c<+sxh rFkk ckn esa ?kVsxhA 

 (C) ;fn 2 > 1 gS] rks B dh lfØ;rk ,  A dh lfØ;rk ls ges'kk T;knk gksxhA 

 (D) ;fn 1 >> 2 gS, rks  C ds ukfHkdksa dh la[;k ges'kk B ds ukfHkdksa dh la[;k ls de gksxhA 

Sol. Rate of decay of A keeps on decreasing continuously because concentration of A decreases with time. 

A is false 

 A ds fo?kVu dh nj yxkrkj ?kVrh gS D;ksfd A dh lkUnzrk le; ds lkFk ?kVrh gSA vr%  A vlR; gSA 

 Initial rate of production of B is 1N0 and rate of decay is zero. With time, as the number of B atom 
increase, the rate of its production decrease and its rate of decay increases. Thus the number of nuclei 

of B will first increase and then decrease.  B is the correct choice 

 B ds mRikn dh izkfjEHkd nj 1N0 gS vkSj fo?kVu nj 'kwU; gSA le; ds lkFk] tSls gh B v.kqvks dh la[;k c<rh gS] 

blds mRikn dh nj ?kVrh gS vkSj blds fo?kVu dh nj c<rh gSA bl izdkj B ds ukfHkdks dh la[;k igys c<rh gS 

vkSj mlds ckn ?kVrh gS   fodYi B lgh gSA 

 The initial activity of B is zero whereas initial activity of A is 1N0  C is false.  

 B dh izkfjEHkd lfØ;rk 'kwU; gS tcfd A dh izkfjEHkd lfØ;rk 1N0  C  vlR; gSA 

 As time t : NA = 0, NB = 0 and NC = N0.  D is false 

 t : ij  NA = 0, NB = 0 vkSj NC = N0.  D vlR; gSA  

 

21. Ninety percent of a radioactive sample is left over after a time interval t. The percentage of initial 
sample that will disintegrate in an interval 2t is  

 t le; vUrjky ds i'pkr jsfM;kslafØ; izfrn'kZ dk 90% 'ks"k jg tkrk gS rks izkjfEHkd uewus dk og izfr'kr tks  

2t le;kUrjky esa fo?kfVr gks tk;sxk    

 (A) 38%  (B*) 19%  (C) 9%   (D) 62% 
Ans. (b) 
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Sol. N = Ne e–t 

 t =  
1

n


0N

0.9 N

 
 
 

 

 2t = 
1

n


0N

N

 
 
 

  

 2
1

n


 0

0

N

0.9N

 
 
 

  = 
1

n


0N

N

 
 
 

 

  
2

0

2

0

N

0.81 N
= 0N

N
  

 N = 0.81 N0 

 The percentage of initial sample that is disintegrated izkjfEHkd uewus dks izfr'kr tks fo?kfVr gksxk = 19 %  gSA  

 

22. The intensity of gamma radiation from a given source is . On passing through 36 mm of lead, it is 
reduced to 1/8. The thickness of lead, which will reduce the intensity to 1/2 will be : 

 fdlh fn, x, lzksr ls mRlftZr xkek fofdj.kksa dh rhozrk gSA 36 mm  eksVh ySM dh 'khV ls xqtjus ij ;g rhozrk 

?kVdj 1/8 jg tkrh gSA ySM 'khV dh og eksVkbZ tks rhozrk dks ?kVkdj 1/2 dj nsxh] og gS: 

 (A) 6 mm  (B) 9 mm  (C) 18 mm  (D*) 12 mm 

Sol. I’ = Ie–x  

  – x = log 
I'

I
 

  – .36 = log 
I

8 I
 ......... (i) 

  – x’ = log 
I

2I
  ......... (ii)  

 From Eq. (i) and (ii) , 

 lehdj.k (i) rFkk (ii) ls  

  

1
3log

36 2

1x
log

2

 
 
 

  

  x’ = 12 mm 
 
23._ The fraction of the original number of nuclei of a radioactive atom having a mean life of 10 days, that 

decays during the 5th day is : 

 ,d jsfM;ks/kehZ ijek.kq ds ukfHkd ds vlyh la[;k dk va'k ,d 10 fnuksa dh ek/; vk;q j[krk gSA ikaposa fnu ds 

nkSjku mldk {k; gS & 

 (A) 0.15   (B) 0.30   (C) 0.045  (D) 0.064 

Ans. (D)  

Sol. Tav = 10 days = 
1


 

 No. of decays during 5th day = 4 5

0 0
N e N e   

ikapos fnu ds nkSjku {k;ksa dh la[;k = 4 5

0 0
N e N e   

 fraction decayed during 5th day = e–4 – e–5  

 ikapos fnu ds nkSjku {kf;r va'k = e–4 – e–5 

     = e–4/10 – e–1/2  

     = e–2/5 – e–1/2 = 0.0637 ~  0.064 
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PART - II : SINGLE AND DOUBLE VALUE INTEGER TYPE 

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

 

SECTION (A) : PROPERTIES OF NUCLEUS   ukfHkd ds xq.k  
SECTION (B) : MASS DEFECT AND BINDING ENERGY  

 nzO;eku {kfr vkSj cU/ku ÅtkZ  

SECTION (C) : RADIOACTIVE DECAY & DISPLACEMENT LAW  jsfM;ks,fDVo fo?kVu ,oa foLFkkiu fu;e   

SECTION (D) : STATISTICAL LAW OF RADIOACTIVE DECAY  
  jsfM;ks,fDVo fo?kVu ds lkaf[;dh ds fu;e  

1. Consider a point source emitting -particles and receptor of area 1 cm2 placed 1 m away from source. 

Receptor records any -particle falling on it. If the source contains N0 = 3.0 × 1016 active nuclei and the 
receptor records a rate of A = 50000 counts/second. Assume that the source emits alpha particles 
uniformly in all directions and the alpha particles fall nearly normally on the window. If decay constant is 
3n × 10–(n+1), then find the value of n 

  d.k mRlftZr djus okys ,d fcUnq L=kksr rFkk L=kksr ls ,d ehVj nwj fLFkr a = 1cm2  {ks=kQy ds vfHkxzkgd ij 

fopkj djrs gSA vfHkxzkgd bl ij fxjus okys -d.k dks  vkysf[kr djrk gSSA vxj lzksr esa N0= 3.0 × 1016 lfØ; 

ukfHkd gS vkSj vfHkxzkgd }kjk ukih xbZ  nj A = 50000 counts/second gSA ;g ekuks fd lzksr gj fn'kk esa ,d 

leku  d.kksa dk mRltZu djrk gS vkSj lHkh  d.k vfHkxzkgd dh f[kM+dh ij yxHkx yEcor~ fxjsaxs ;fn {k;kad dk 

eku 3n × 10–(n+1) gS] rks n dk eku Kkr dhft,A      

Ans :  7 

Sol. Let  = decay constant  

 ekuk  = fo?kVu fu;rkad  

 N0 = number of active nuclei = 3.0 × 1016  

 N0 = lfØ; ukfHkdks dh la[;k = 3.0 × 1016  

 number of  -particles emitted per second = N0  

 izfr ldS.M mRlftZr  -d.kks dh la[;k = N0  

 number of -particle falling on the window = 0

2

N a

4 R




 

 f[kMdh ij vkifrr -d.kks dh la[;k = 0

2

N a

4 R




 

   = 
2

0

4 R A

N a


 = 

4

16 4

4 5 10

3.0 10 10

 

 
 = 2.1 × 10–7 s–1 = 77(3)

10
10

   = (7 × 3)10–8 = 3 × 7 × 10–(7+1)  

 
2. In an ore containing uranium, the ratio (by number) of U-238 to Pb-206 is 3. Assuming that all the lead 

present in the ore is the final stable product of U-238. If age of the ore is 1.868 × 10n years, then value 

of the n  (Take the half life of U-238 to be 4.5 × 109 years. (n 4/3 = 0.2876))  

 ;wjsfu;e ds ,d v;Ld esa U-238 vkSj Pb-206 dk vuqikr (la[;k dk) 3 gSA ;g ekurs gq, fd blesa fo|eku lEiw.kZ 

ysM U-238 dk vafre LFkkbZ mRikn gSA ;fn v;Ld dh vk;q 1.868 × 10n o"kZ gS rks n dk eku Kkr djksA  

(U-238 dh v)Zvk;q 4.5 × 109 o"kZ ysaA (n 4/3 = 0.2876))   

Ans. 9   

Sol. 
238

238

number of atoms of U initially 4 a

3 (a x)number of radioactive U finally
 


 

 
238

238

U 4 a

3 (a x)U
 



ijek.kq d s izkjEHk e sa d.kk sa dh la[; k

j sfM;ks/keh Z d s d.kk sa dh vafre la[;k
 

 [ One part lead (present to three parts Uranium) has initially Uranium]   

 [ izkjEHk esa ;wjsfu;e esa ,d Hkkx ysM (rhu Hkkx ;wjsfu;e mifLFkr gS) ]   

    t =  
2.303


log 

a

(a x)
 = 

92.303 4.5 10

0.693

 
log

4

3
   = 1.868 × 109 y. 
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3. A Bi210 radionuclide decays via the chain (stable), 210 210 206

1 2

decay decay
Bi P o   Pb

   
 

 
where the 

decay constants are 1 = 1.6 x 106 s1, T1/2 5 days , 2 = 5.8 x 108 s1, T1/2 4.6 months. activity of 

the Bi210 sample of mass 1.00 mg a month after its manufacture is 11x
10

5
   Find x . 

1

4.62


 = 0.86   

 jsfM;ksU;wDykbZM  Bi210 dk {k; bl J`a[kyk }kjk gqvk 210 210 206

1 2

Bi P o   Pb
   

 
 

{k; {k;
 (LFkkbZ), tgk¡ {k;kad gS  

1 = 1.6 x 106 s1, T1/2 5 fnu, 2 = 5.8 x 108 s1, T1/2 4.6 ekgA 1 mg nzO;eku ds Bi210 ds uewus dh 

lfØ;rk mlds fuekZ.k ds  1 ekg i'pkr~  11x
10

5
  gS] rks x Kkr djsaA  

1

4.62


  = 0.86 dk mi;ksx djsaA 

Ans.  7 

Sol. Bi250  
1

  Po210  
2

Pb208 

 Let NA , NB and NC be the no of nuclei of Bi210, Po210 and Pb208 respectively. N0 be the no of nuclei of 
Bi210 at t = 0  

 ekuk NA , NB vkSj NC Øe'k% Bi210, Po210 vkSj Pb208 ds ukfHkdks dh la[;k gSA N0, Bi210 dk fdlh le;  t = 0 ij 

ukfHkdks dh la[;k gSA  

 N0  = 
–31 10

210


 × 6.02 × 1023  2.9 × 1018 

 AdN

dt
 = – 1 NA   —— I 

 BdN

dt
 = – 2 NB + 1NA —— II 

 CdN

dt
 = + 2 NB  —— III 

 Solving equ. , we get lehdj.k dks gy djus ij  

  NA = No e– 1 t 

 From equation II, lehdj.k II ls  

  BdN

dt
 = –2 NB + 1 No e–1t  

 This is first order linear differential equation. On solving we get 

 ;g izFke ?kkr js[kh; vodyu lehdj.k gS rFkk bls gy djus ij  

 NB = e–2t 2 1( – )t1 0

2 1

N
e C

–

  
 

  
 

 where C is a constant The value of C can be obtained by taking t = 0 , NB = 0 

 tgk¡ C ,d fu;rkad gS rFkk C dk eku t = 0 rFkk  NB = 0 j[kdj izkIr fd;k tk ldrk gSA 

  C = 1 0

1 2

N

–



 
 

  NB =  1 0

1 2

N

–



 
2 1– t – te – e  

   

   – activity lfØ;rk  

         AB  =  AdN

dt
 = N01 e–1t 

  = 2.9 × 1018 × 1.6 × 10–6 ×  
6

1

2
S–1 

  = 0.72 × 1011 S–1 

 -activity lfØ;rk  
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 A = 2 NB =  2 1t t1 2 0

1 2

N
e e
  


  

 

   1 2 0

1

N 



2te

 

 = 2 0

1

4 6

N

2 


  = 1.4 × 1011 s–1  

 
4. A sample has two isotopes A150 and B having masses 50 g and 30 g respectively. A is radioactive and 

B is stable. A decays to A by emitting  particles. The half life of A is 2 hrs. The mass of total sample 
after 4 hours is nearly 4n × 10–n kg. Find n    

 fdlh uewus esa nks leLFkkfud A150 rFkk B gS ftudk nzO;eku Øe'k% 50 g vkSj 30 g gSA A jsfM;ks,fDVo vkSj B LFkkbZ 

gSA A,  d.k dks mRlftZr dj A' esa {kf;r gks tkrk gSA A dh v)Zvk;q 2 hrs. gSA 4 ?kaVs ckn uewus dk dqy nzO;eku 

yxHkx 4n × 10–n kg gS, rks n Kkr djsaA    

Ans.  n = 2 
Sol. After 4 hrs. sample will contain 

 4 ?k.Vs ckn uewus es fuEu 'ks"k jgsxk  

  30 gm .................. B  
     12.5 gm .............. A 

        
146

37.5
150

 
 

 
gm ......... A  

  Total mass dqy nzO;eku = 30 + 12.5 + 
146

150
 × 37.5 = 79 gm 80 gm = 8 × 10–2 kg  

 = 4 × 2 × 10–2, n = 2   
 

5. A radionuclide with half life T = 693.1 days emits -particles of average kinetic energy E = 8.4 × 10–14 
joule. This radionuclide is used as source in a machine which generates electrical energy with efficiency 

 = 12.6%. Number of moles of the nuclide required to generate electrical energy at an initial rate of 

441 KW is n×10m then find out value of  
n

m
 (loge 2 = 0.6931, NA = 6.023 × 1023) 

 ,d jsfM;ksukfHkd ftldh v)Zvk;q T = 693.1 fnu gS] vkSlr xfrt ÅtkZ E = 8.4 × 10–14 twy ds -d.kksa dks 

mRlftZr djrk gSA bl jsfM;ksukfHkd dks ,d e'khu ds L=kksr ds :i esa ç;qDr fd;k tkrk gS tks  = 12.6% n{krk 

dh fo|qr ÅtkZ mRiUu djrh gSA çkjfEHkd nj P = 441 KW ij fo|qr ÅtkZ mRiUu djus ds fy, vko';d ukfHkdksa 

ds eksyks dh la[;k n × 10m gS] rks 
n

m
 dk eku Kkr djksA (loge 2 = 0.6931, NA = 6.023 × 1023) 

Ans. 2 
Sol. Let number of moles of the radio nuclide be 'n'. 
 Number of nuclei in the nuclide = n.N 

 Since, half of the nuclide is T, therefore, its decay constant  = 
log2

T
 

  Activity of rate of decay, A =  (mole) . (N) =  
(mole).Nlog2

T
 

 Energy released per decay = average kinetic energy E of -particles 

  Rate of release of the energy = AE 

 But efficiency of conversion of this energy into electrical energy is . therefore, rate of generation of 
electrical energy is  

  P =  A E = 
EnNlog2

T


  or mole = 

e

TP

EnNlog 2
  = 6000  

  = 6 × 103   m = 3
n

m
 =2 
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Sol. ekuk jsfM;ksukfHkd ds eksyksa dh la[;k 'n'  

 U;wfDykbM esa ukfHkdksa dh la[;k = n.N 

 pwafd U;wfDykbM dk v)Z&vk;q T gS, vr% {k; fu;rkad  = 
log2

T
 

  {k; ds nj dh lfØ;rk, A =  (n . N) = 
n.Nlog2

T
 

 çfr{k; mRlftZr ÅtkZ = -d.kksa dh vkSlr xfrt ÅtkZ E 

  ÅtkZ ds eqDr gksus dh nj = AE 

 fdUrq bl ÅtkZ ds fo|qr ÅtkZ esa :ikUrj.k dh n{krk  gSA vr% fo|qr ÅtkZ ds mRiknu dh nj 

  P =  A E = 
EnNlog2

T


 

 ;k n = 
e

TP

EnNlog 2
 = 6000 

  = 6 × 103   m = 3
n

m
 =2  

 
6. There is a stream of neutrons with a kinetic energy of 0.0327 eV. If the half-life of neutrons is  

700 seconds, if the fraction of neutrons will decay before they travel a distance of 10 m is 3.90 × 10–n. 
Find n   

 U;wVªkWu  xfrt ÅtkZ 0.0327 eV ls xfr dj jgs gSA ;fn U;wVªkWu dh v/kZvk;q  700 lSd.M gSA ;fn 10 m nwjh r; 

djus ds igys {kf;r U;wVªkWuksa dk va'k 3.90 × 10–n  gS] rks n fdruk gksxkA 

Ans. 6 

Sol. Speed of neutrons U;wVªkWuksa dh pky  =  
2K

m

21
From K mv

2

 
 

 
 

 or v = 
19

27

2 0.0327 1.6 10

1.675 10





  


   2.5 × 103 m/s  

 Time taken by the neutrons to travel a distance of 10 m : 

 10m dh nwjh r; djus esa U;wVªkWuksa }kjk fy;k x;k le;  

  t = 
d

v
 =  

3

10

2.5 10
= 4.0 × 10–3  

 Number of neutrons left after time t : N = N0(1 – e–t)  

  t  le; i'pkr 'ks"k U;wVªkWuksa dh la[;k  N = N0(1 – e–t)  

  Fraction of neutrons that will decay in this time interval 

 bl le; vUrjky esa {kf;r U;wVªkWuksa dk va'k  

 = 
0

N

N
 = (1 – e–t) = 1 – 

3In (2)
4.0 10

700e
  

= 3.9 × 10–6    

 
7. A sealed box was found which stated to have contained alloy composed of equal parts by weight of two 

metals A and B. These metals are radioactive, with half lives of 12 years and 18 years, respectively and 
when the container was opened it was found to contain 0.53 kg of A and 2.20 kg of B. The age of the 
alloy is M ×10 + n then find M – n.      

 ,d can ckWDl esa j[kk ,d v;Ld Hkkj ds vuqlkj leku :i ls /kkrq A rFkk B eas leku Hkkx esa foHkkftr gSA nksuksa 

/kkrq A RkFkk B jsfM;ks,fDVo gSA mudh v)Zvk;q Øe'k% 12  o"kZ rFkk 8 o"kZ gS, tc ckWDl [kksyk tkrk gS] rks 0.53 kg,  

A  rFkk 2.20 kg , B izkIr gksrk gSA v;Ld dh vk;q M ×10 + n gS, rks M – n crk;sa A 

Ans. 3 
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Sol. Use the law of radioactivity jsfM;ks,fDVfork ds fu;e ls 

 NA = A( t)0

AN e    

 NB =  B( t )0

BN e   

 Dividing  (2) by ls (1) Hkkx nsus ij 

 A B( )B

A

N
e t

N

 
  (Because D;ksafd NA

0  = NB
0) 

 t = 
B

A B

A

1

N
( )In

N

 
    

 

  

 Given  fn;k x;k gS B

A

N 2.2
4.15

N 0.53
   

 A = 
1/ 2

0.693

T
 (A) = 

0.693

12
 = 0.05775 years–1  

 B = 
1/ 2

0.693

T
 (B) = 

0.693

18
 = 0.0985 years–1  

 We find age of alloy t = 74 years. 

 v;Ld dh vk;q t = 74 years. 

 7×10+4  
 M = 7  
 n = 4 
 M – n = 3 
 
8. The half-life of 40K is T = 1.30 × 10 9 y. A sample of m = 1.00 g of pure KCI gives c = 480 counts/s.   
 If the relative percentage abundance of 40K (fraction of 40K present in term of number of atoms) in 

natural potassium is n × 10–2 % then value of n. Molecular weight of KCl is M = 74.5 , Avogadro number 
NA  = 6.02 × 1023 , 1y = 3.15 × 107 s   

 40K dh v)Zvk;q T = 1.30 × 10 9 o"kZ gSA 'kq) KCl ds ,d  m = 1.00g dk uewuk c = 480 dkmUV/lsd.M+ nsrk gSA 

;fn izkÑfrd iksVsf'k;e esa 40K (ijek.kq dh la[;kvksa ds inksa esa mifLFkr 40K  dk Hkkx) dh çfr'kr lkis{k vf/kdrk 

¼ek=kk esa½ dk eku n × 10–2 % gS rc n dk eku Kkr djks A KCl dk vkf.od Hkkj M = 74.5,  vkoksxknzks la[;k  

NA  = 6.02 × 1023, 1y = 3.15 × 107 s gSA    

Ans : 36 

Sol. Number of KCI in the sample =  
m

M
NA 

 uewus esa KCI dh la[;k =  
m

M
NA 

 If N is the number of 40K in the sample 

 ;fn uewus esa 40K dh laa[;k N gS rks  

 C = .N = 
1/ 2

n2

T
 N  N = 1/ 2CT

n2
 

 The relative abundance  vkisf{kd =  

A

N

m
N

M

 × 100 =  
CT

ln2
 × 

A

M

m N
 × 100 

    = 
9 7

23

480 (1.3 10 3.15 10 ) 74.5 100

0.693 1 6.02 10

     

  
  

    = 0.36 % 
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SECTION (E) : NUCLEAR FISSION AND FUSION  

ukfHkdh; fo[k.Mu vkSj lay;u   

9. Consider a fusion reaction     
   4He + 4He = 8Be. 

 For the reaction Q-value is –(90 + n) KeV. Find n. Take 1 amu = 
2

930

c
MeV.  

 Atomic mass of 8Be is 8.0053 u and that of 4He is 4.0026 u.   

 lay;u vfHkfØ;k ij fopkj dhft,A  

   4He + 4He = 8Be  

 bl vfHkfØ;k ds fy, Q- eku –(90 + n) KeV rks n Kkr djksA vxj 1 amu = 
2

930

c
MeV gSA  Be dk ijek.kq Hkkj 

8.0053 u vkSj 4He dk 4.0026 u gSA   

Ans: 3 
Sol. 4He + 4He = 8Be + Q 

 (1) m = 2 × 4.0026 – 8.0053 
        = 8.0052 – 8.0053 = – 0.0001 amu Ans 
     (2)      Q   = (2mHe – mBe) .C2 

  
  = (2 × 4.0026 – 8.0053) × 930 MeV 
  = – 93.0 KeV 
 Since Q is negative the fusion is not energetically favorable. 

 pwafd D;ksfd Q _.kkRed gS vr% lay;u ÅtkZ ds vuq:i ugha gSA 

 

10. About 185 MeV of usable energy is released in the neutron induced fissioning of a 235

92 U   nucleus. If the 

reactor using 235

92 Uas fuel continuously generates 100 MW power. The time it will take for 1 Kg of the 

uranium  235

92 U  to be used up is n days. Find [n]? [n] is grestest integer value of n.    

 
235

92 U ukfHkd ds U;wVªkWu }kjk fo?kVu esa yxHkx 185 MeV mi;ksxh ÅtkZ mRlftZr gksrh gSA ,d ukfHkdh; HkV~Vh 

ftlesa 
235

92 U  bZa/ku ds :i esa iz;ksx gksrk gS] 100 MW 'kfDr dk yxkrj mRiknu djus ds fy, 1 Kg ;wjsfu;e  

235

92 U , n fnuksa esa [kpZ gksrh gS, rks [n] Kkr djsA  [n] = mPpre iw.kkZd n gSA   

Ans.  8 
Sol. One 235U nucleus produces 185 MeV.  

 For 100 MW, 235U used per second =
6

6

A

100 10 235

N185 10 e

 
 

  
gm/s  

 time required for 1 kg  

 t = 103 × 
6

A

6

185 10 e N

100 10 235

  

 
 =  

1850

235
eNA  s = 8.781 days. 

Sol. ,d 235U ukfHkd mRiUu djrk gS 185 MeV  

 100 MW, 235U ds fy, çfr lSd.M ç;qDr = 
6

6

A

100 10 235

N185 10 e

 
 

  
gm/s  

  1 kg fdxzk0 ds fy, vko';d le; 

  t = 103 × 
6

A

6

185 10 e N

100 10 235

  

 
 = 

1850

235
 eNA  s = 8.781 fnu 
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11. Consider a nuclear reaction A + B  C. A nucleus ‘A’ moving with kinetic energy of 5 MeV collides with 
a nucleus ‘B’ moving with kinetic energy of 3 MeV and form a nucleus ‘C’ in excited state. If the kinetic 
energy of nucleus ‘C’ just after its formation is E MeV then find [E] . If it is formed in a state with 
excitation energy 10 MeV. Take masses of nuclei of A, B and C as 25.0, 10.0, 34.995 amu respectively. 
1 amu = 930 MeV/c2  [E] is greatest integer of E.    

 A + B  C  ,d ukfHkdh; vfHkfØ;k gSA ukfHkd A tks fd xfrt ÅtkZ 5 MeV ls xfreku gS, ukfHkd B tks fd xfrt 

ÅtkZ 3 MeV ls xfreku gS] ls VDdj djrk gS vkSj mÙksftr voLFkk okyk ukfHkd ‘C’ cukrk gSA ukfHkd ‘C’  cuus dh 

rqjUr ckn bldh xfrt ÅtkZ E MeV gS rks [E] Kkr djks\ ;fn ;g mÙksftr voLFkk esa 10 MeV dh ÅtkZ okyh 

fLFkfr esa gSA ;gk¡ Øe'k% A, B rFkk C dk nzO;eku Øe'k% 25.0, 10.0, 34.995 amu gSA (1 amu = 930 MeV/c2) [E] 

mPpre iw.kkZd E  gSA    

Ans 2 

Sol.  Applying conservation of energy  ÅtkZ lja{k.k ls  

  mAc2 + KA + mBc2 +  KB = mcc2 + KC + excitation energy  mÙksftr ÅtkZ  

  (mA + mB – mC) c2 + KA + KB = KC + excitation energy mÙksftr ÅtkZ  

  4.65 + 5 + 3 = Kc + 10             

 or ;k Kc = 2.65 MeV   Ans. 2.65 MeV 

 

12. The binding energy per nucleon of 16

8 O  is 7.97 MeV and that of 17

8 O  of 7.75 MeV. The energy required 

to remove a neutron from 17

8 O  is 0.423 × 10n MeV then find n  

 16

8 O  dh izfrU;wfDy;kWu ca/ku ÅtkZ 7.97 MeV  gS rFkk 17

8 O  dh 7.75 MeV gSA 17

8 O  ls U;wVªkWu dks gVkus ds fy, 

vko';d ÅtkZ 0.423 × 10n MeV  gS rks n Kkr djksA  

Ans. 1 
 

13.  A o meson at rest decays into two photons of equal energy. If the wavelength (in m) of the photons is 

1.8 × 10–n then find n/2  (The mass of the o is 135 MeV/c2)  

 ,d o eslkWu d.k fojke esa j[kk gqvk gSA vpkud nks cjkcj ÅtkZ okys QksVkWuksa esa foHkDr gks tkrk gSA QksVkWuksa dh 

rjaxnS/;Z 1.8 × 10–n (ehVj esa) gS rks n/2 dk eku crk, (o dk nzO;eku 135 MeV/c2 gSA)  

Ans 7 

Sol : Er =  
2M C

2

 = 
135

2
 = 67.5  Mev  

  = 
hc

E
 

3

1242
Å

67.5 10
    

   = 1.84 × 10–14 m  
  

PART - III : ONE OR MORE THAN ONE OPTIONS CORRECT TYPE 

Hkkx - III : ,d ;k ,d ls vf/kd lgh fodYi çdkj¼ONE OR MORE THAN ONE OPTION 

CORRECT TYPE½ 
 

1.* If a nucleus A

Z x emits one  particle and one  (negative ) particle in succession, then the daughter 

nucleus will have which of the following configurations?   

 ;fn ,d ukfHkd A

Z x ,d -d.k o blds ckn ,d _.kkRed -d.k mRlftZr djrk gS rks fuEu esa ls dkSulk 

vfHkfoU;kl mRikn ¼iq=kh½ ukfHkd dk gksxk \ 

 (A*) A  4 nucleons  (B) 4 nucleons   (C*) A  Z  3 neutrons (D) Z  2 protons 

 (A*) A  4 U;qfDyvkWu ¼ukfHkd d.k½  (B) 4 U;qfDyvkWu  (C*) A  Z  3 U;qVªku (D) Z  2 izksVku 

Sol.  The total number of nucleons will be A  4 and the number of neutrons will be A  Z  3. 

 dqy ukfHkd d.kksa dh la[;k A  4 rFkk U;wVªkWuksa dh la[;k A  Z  3 gSA 
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2.* The heavier stable nuclei tend to have larger N/Z ratio because -  
 (A) a neutron is heavier than a proton  
 (B) a neutron is an unstable particle 
 (C*) a neutron does not exert electric repulsion  
 (D*) Coulomb forces have longer range compared to nuclear forces     

 ,d Hkkjh LFkk;h ukfHkd dk N/Z vuqikr vf/kd gksrk gS] D;ksafd -  

 (A) izksVksu ls U;wVªkWu Hkkjh gksrk gSA  

 (B) U;wVªkWu ,d vLFkkbZ d.k gSA  

 (C*) U;wVªkWu fo|qrh; izfrd"kZ.k mRiUu ugha djrk gSA  

 (D*) ukfHkdh; cyksa dh vis{kk dwyke cy dh ijkl vf/kd gksrh gSA     

Sol. As the number of protons increases, Coulomb repulsive force among protons increases. To 
compensate, number of neutrons which are neutral is increased.  

 pwafd çksVkWuksa dh la[;k c<+rh gSA çksVkWuksa ds e/; dwykWe çfrd"kZ.k cy c<+rk gSA {kfriwfrZ djus ds fy, U;wVªkWuksa  

¼tks mnklhu gS½ dh la[;k c<+rh gSA 
 

3*. A U238 sample of mass 1.0 g emits alpha particles at the rate 1.24 x 104 particles per second.  
(NA = 6.023 × 1023) 

 (A*) The half life of this nuclide is 4.5 × 109 years   
 (B) The half life of this nuclide  is 9 × 109 years   
 (C) The activity of the prepared sample is 2.48 × 104 particles/sec      
 (D*) The activity of the prepared sample is 1.24 × 104 particles/sec.   

 1 xzke nzO;eku dk U238 dk uewuk 1.24 x 104 d.k izfr lSd.M dh nj ls -d.k mRlftZr djrk gS  (NA = 6.023 × 1023) 

 (A*) bl U;wfDyvkWbM dh v)Zvk;q 4.5 × 109 o"kZ gS   

 (B) bl U;wfDyvkWbM dh v)Zvk;q 9 × 109 o"kZ gS  

 (C) blds uewus dh lfØ;rk 2.48 × 104 d.k/lsd.M      

 (D*) blds uewus dh lfØ;rk 1.24 × 104 d.k/lsd.M  

Sol. 
dN

dt
 = N = 

1/ 2

ln2

T
 × 

231 6.02 10

238

 
 

  1

2

T  =  
23

4

ln2 6.023 10

238 1.24 10

 

 
= 4.5 × 109 yrs. 

 The activity = number of disintegration per second = 1.24 × 104 dps 

 lfØ;rk = izfr ldS.M fo?kVu dh la[;k = 1.24 × 104 dps 
 

4*. A nitrogen nucleus 7N14 absorbs a neutron and can transform into lithium nucleus 3Li7 under suitable 
conditions, after emitting 

 (A*) 4 protons and 4 neutrons 
 (B) 5 protons and 1 negative beta particle 
 (C*) 2 alpha particles and 2 gamma particles  
 (D*) 1 alpha particle, 4 protons and 2 negative beta particles. 

 ,d  7N14 ukfHkd ,d U;wVªkWu xzg.k djds LFkk;h voLFkk esa 3Li7  fyfFk;e ukfHkd esa ifjofrZr gksrk gSA blesa og 

mRlftZr djrk gS -   

 (A*) 4 izksVksu vkSj 4 U;wVªkWu  

 (B) 5 izksVksu vkSj 1 – d.k   

 (C*) 2  d.k  vkSj 2  d.k  

 (D*) 1  d.k  , 4 izksVksu vkSj 2 – d.k  

Sol.  14

7N  + n   7

3Li  + 4p + 4n 

   7

3Li  + 2   

   7

3Li +  + 4p + 2– 
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5.* The decay constant of a radioactive substance is 0.173 (years)-1. Therefore: 

 ,d jsfM+;ks,fDVo inkFkZ dk {k;kad 0.173 (o"kZ)–1 gSA vr% 

 (A*) Nearly 63% of the radioactive substance will decay in (1/0.173) year. 

 (A*) jsfM;ks,fDVo inkFkZ dk yxHkx 63%, (1/0.173) o"kksZa esa {k; gks tk;sxkA 

 (B) half life of the radioactive substance is (1/0.173) year. 

 (B) jsfM;ks,fDVo inkFkZ dh v/kZ&vk;q (1/0.173) o"kZ gSA 

 (C*) one -forth of the radioactive substance will be left after nearly 8 years. 

 (C*) yxHkx 8 o"kksZa ds ckn jsfM+;ks,fDVo inkFkZ dk ,d pkSFkkbZ Hkkx cpk jg tk;sxkA 

 (D) half of the substance will decay in one average life time.    

 (D) ,d vkSlr vk;q esa vk/ks inkFkZ {k; gks tk,xsaA 

 Use approximation n2 = 0.692 

 n2 = 0.692 mi;ksx djs  

Sol. Given fn;k gqvk gS ,  = 0.173 

 T1/2 = 
ln2


 =  

0.693

0.173
   4 

 Also N0 – N = N0 e–t  

 For ds fy, t = 
1

0.173
 year o"kZ : 

  N0 – N = 0N

e
 = 0.37 N0 

6.* Let mp be the mass of a proton, mn the mass of a neutron, M1 the mass of a 20

10 Ne nucleus & M2 the 

mass of a 40

20 Ca nucleus. Then :  

 vxj mp izksVksu dk nzO;eku gS , mn U;qVªkWu dk nzO;eku gS, 20

10 Ne ds ukfHkd dk nzO;eku M1 gS  rFkk 
40

20 Ca ds ukfHkd 

dk nzO;eku M2  gS rks -    

 (A) M2 = 2 M1  (B) M2 > 2 M1  (C*) M2 < 2 M1   (D*) M1 < 10 (mn + mp)  
Sol. ( C, D) 
 Due to mass defect (which is finally responsible for the binding energy of the nucleus ), mass of a 

nucleus is always less than the sum of masses of its constituent particles. 

 20

10 Ne is made up of 10 protons plus 10 neutrons. Therefore, mass of 20

10 Ne nucleus 

  M1 < 10 (mp + mn ) 
 Also, heavier the nucleus, more is the mass defect. 
 Thus 20 (mn + mp) – M2 > 10 (mp + mn) – M1 
 or 10 (mp + mn) > M2 – M1 
 or M2 < M1 + 10(mp + mn) 
 Now since M1 < 10(mp + mn)    

  M2 < 2M1     

 nzO;eku {kfr ds dkj.k ¼tks ukfHkd ds ca/ku ÅtkZ ds fy, vafre :i ls mÙkjnk;h gS½ ukfHkd dk nzO;eku ges'kk 

mlds lacaf/kr d.kksa ds nzO;eku ds ;ksx ls de gksrk gSA  

 20

10 Ne, 10 izksVkWu o 10 U;wVªkWu ls feydj cuk gqvk gS] blfy, 20

10 Ne ukfHkd dk nzO;eku  

  M1 < 10 ( mp + mn ) 

 Hkkjh ukfHkdksa esa nzO;eku {kfr T;knk gksrh gSA  

 vr% 20 (mn + mp ) – M2 > 10 ( mp + mn) – M1 

 ;k 10 (mp + mn ) > M2 – M1 

 ;k   M2 < M1 + 10(mp + mn) 
 

 vc  pwafd  M1 < 10(mp + mn)    
 

    M2 < 2M1   
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7.* Nuclei of radioactive element A are being produced at a constant rate . The element has a decay 

constant . At time t = 0, there are N0 nuclei of the element.  

 jsfM;ks,fDVo rRo A ds ukfHkd fu;r nj ls mRiUu gksrs gSaA rRo dk {k;kad gSA  t = 0, ij rRo ds ukfHkdksa dh 

la[;k N0 gS        

 (A*) Number of nuclei of A at time t is  
1


 [ – ( – N0) e–t]  

 fdlh le; 't' ij 'A' ds ukfHkdksa dh la[;k N =  
1


 [ – ( – N0) e–t] gS A 

 (B) Number of nuclei of A at time t is  
1


 [( – N0) e–t ] 

 fdlh le; 't' ij 'A' ds ukfHkdksa dh la[;k N = 
1


 [( – N0) e–t ] gS A  

 (C*) If  = 2N0, then the limiting value of number of nuclei of A (t  ) will be 2N0. 

 vxj  = 2N0, gS] rks  A ds ukfHkdks dh lhekUr  (t  ) la[;k dk eku 2N0 gksxk A 

 (D) If  = 2N0, then the number of nuclei of A after one half-life of A will be N0/2. 

 vxj  = 2N0, gS] rks  A dh ,d v)Zvk;q ds i'pkr 'A; ds ukfHkdks dh la[;k N0/2 gksxk A 

Sol. Let at time t, number of radioactive nuclei are N. 
 Net rate of formation of nuclei of A   

 ekuk t le; ij jsfM;ks/kehZ ukfHkdksa dh la[;k N gSA  

 A  ds ukfHkd ds cuus dh nj   

   
dN

dt
 =  – N  

 or  ;k 
dN

N  
 = dt 

 –   No

N1
n – N   

 = t 

 n
0

– N

– N

 

 
 = – t   

 N = 
1


 [ – ( – N0) e–t]  

 

PART - IV : COMPREHENSION 

Hkkx - IV : vuqPNsn (COMPREHENSION) 
 

Comprehension # 1       
 The radionuclide 56Mn is being produced in a cyclotron at a constant rate P by bombarding a 

manganese target with deutrons. 56Mn has a half life of 2.5 hours and the target contains large number 
of only the stable manganese isotope 55Mn. The reaction that produces 56Mn is : 

      55Mn + d  56Mn + p 
 After being bombarded for a long time, the activity of  56Mn becomes constant equal to 13.86 × 1010 s–1 

.  (Use n2 = 0.693; Avogadro No = 6 × 1023; atomic weight 56Mn = 56 gm/mole)  

 esXuht y{; ij M~;wVªkWuksa dh ckSNkj (bombarding) ls lkbDyksVªkWu (cyclotron) esa jsfM;ks/kehZ ukfHkd 56Mn dk fu;r 

nj P ls mRiknu gksrk gSA 56Mn dk v/kZ vk;q&dky (half life time) 2.5 ?k.Vs rFkk y{; esa dsoy esXuht leLFkkfud 

(Isotope) 55Mn LFkk;h ukfHkd gS rFkk bldh la[;k vf/kd gSA vfHkfØ;k tks 56Mn mRiUu djrh gS] fuEu gSA 

      55Mn + d  56Mn + p 

 yEcs le; rd ckSNkj djus ds ckn y{; 56Mn dh lfØ;rk  13.86 × 1010 s–1 fu;r gks tkrh gSA (n2 = 0.693; 

vkoxzknksa la[;k = 6 × 1023; ijek.kq nzO;eku 56Mn = 56 xzke/eksy)  
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1. At what constant rate P, 56Mn nuclei are being produced in the cyclotron during the bombardment ? 
 (A) 2 × 1011 nuclei/s    (B*) 13.86 × 1010 nuclei/s  
 (C) 9.6 × 1010 nuclei/s    (D) 6.93 × 1010 nuclei/s 

 fdl fu;r nj P ls lkbDyksVªkWu (cyclotron) esa ls 56Mn ukfHkd] ckSNkj ds nkSjku mRiUu gksrs gS & 

 (A) 2 × 1011 ukfHkd/lS- (B*) 13.86 × 1010 ukfHkd/lS-  (C) 9.6 × 1010 ukfHkd/lS-  (D) 6.93 × 1010 ukfHkd/lS- 

Sol. In equilibrium,  rate of decay = rate of production  

 lkE;koLFkk ij fo?kVu dh nj = mRiUu gksus dh nj 

 
2. After the activity of  56Mn becomes constant, number of 56Mn nuclei present in the target, is equal to  

 56Mn dh lfØ;rk fu;r gks tkus ds ckn] y{; esa mifLFkr 56Mn ukfHkdksa dh la[;k gksxh & 

 (A) 5 × 1011  (B) 20 × 1011  (C) 1.2 × 1014   (D*) 1.8 × 1015  
Sol. As Rate of decay = Rate of production  

 fo?kVu dh nj = mRiUu gksus dh nj 

   P = N    N = 
P


  

 =  1/ 2Pt

n2
  = 1.8 × 1015  

 
3. After a long time   bombardment, number of 56Mn nuclei present in the target depends upon 
 (a) the number of 56Mn nuclei present at the start of the process. 
 (b) half life of the 56Mn 
 (c) the constant rate of production P. 
 (A) All (a), (b) and (c) are correct  (B) only (a) and (b) are correct 
 (C*) only (b) and (c) are correct   (D) only (a) and (c) are correct 

 vf/kd le; rd ckSNkj djus ij y{; esa mifLFkr 56Mn ukfHkdks dh la[;k fuHkZj djrh gSA 

 (a) izkjfEHkd fLFkfr ij mifLFkr 56Mn ds ukfHkdks dh la[;k ij 

 (b) 56Mn ds v/kZ vk;qdky ij 

 (c) mRiUu gksus dh fu;r nj P ij 

 (A) (a), (b) rFkk (c) lHkh lgh gSA   (B) dsoy (a) rFkk (b) lgh gSA 

 (C*) dsoy (b) rFkk (c) lgh gSA   (D) dsoy (a) rFkk (c) lgh gSA 

Sol. As N = 1/ 2Pt

n2
 

 it is dependent upon P and t1/2. Initial no. of 56Mn nuclei will make no difference as in equilibrium rate of 
production equals rate of decay. Large initial no. will only make equilibrium come sooner. 

gy% N = 1/ 2Pt

n2
  

 ;g P rFkk t1/2 ij fuHkZj djrk gSA izkjEHk esa 56Mn dh la[;k] mRiUu gksus dh nj rFkk de gksus dh nj lkE;&fLFkfr 

esa gksus ds dkj.k fuHkZj ugh djrh gSA vf/kd la[;k dsoy lkE;fLFkfr dks tYnh yk nsxhA 
 
Comprehension # 2  
 Consider the following nuclear decay :  (initially 236U92 is at rest) 

 fuEu ukfHkdh; {k; lehdj.k dks voyksfdr djas& (izkjEHk esa 236U92 fojkekoLFkk esa gS)  

    236

92 U    232

90 Th  + X 
 

4. Regarding this nuclear decay select the correct statement :  
 (A) The nucleus X may be at rest. 

 (B*) The 232

90 Th  nucleus may be in excited state. 

 (C) The X may have kinetic energy but  232

90 Th  will be at rest  

 (D) The Q value is mc2 where m is mass difference of ( 236

92 U  and 232

90 Th ) and c is speed of light.  
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 bl ukfHkdh; {k; esa] fuEu esa ls lgh dFku dk p;u djks :  

 (A) ukfHkd X fLFkj gks ldrk gSA     

 (B*)  232

90 Th  ukfHkd] mÙksftr voLFkk esa gks ldrk gSA  

 (C) X ds ikl xfrt ÅtkZ gks ldrh gS] ysfdu 232

90 Th  fLFkj jgsxkA  

 (D) Q dk eku mc2  gksxk tgk¡ m  ( 236

92 U  vkSj 232

90 Th  dk) nzO;eku vUrj gS vkSj c izdk'k dh pky gS  

Sol. (A) Since energy will be released X will not be at rest. 
 (B) Generally daughter nucleus is in excited state. 
 (C) If X has kinetic energy, 232Th will also have kinetic energy to conserve the momentum  
 (D) The Q value Q = (mu – mTh – mx).C2  

Sol. (A) pwafd ÅtkZ eqDr gksxhA vr% X fojkekoLFkk esa ugha gksxkA 

 (B) lkekU;r% iq=kh ukfHkd mÙksftr voLFkk esa gSA 

 (C) ;fn X ds ikl xfrt ÅtkZ gS rks 232Th ds ikl Hkh laosx dks laj{kh j[kus ds fy, xfrt ÅtkZ gksxhA 

 (D) Q dk eku Q = (mu – mTh – mx).C2  

 
5. If the uranium nucleus is at rest before its decay, which one of the following statement is true 

concerning the final nuclei ?   
 (A) They have equal kinetic energies, but the thorium nucleus has much more momentum. 
 (B) They have equal kinetic energies and momenta of equal magnitudes. 
 (C) The have momenta of equal magnitudes, but the thorium nucleus has much more kinetic energy. 
 (D*) They have momentum of equal magnitudes, but X has much more kinetic energy. 

 ;fn ;wjsfu;e ukfHkd vius {k; ls iwoZ fojkekoLFkk esa gS] rks ifj.kkeh ukfHkd ds fy;s dkSu&lk dFku lR; gksxk& 

 (A) mudh xfrt ÅtkZ;as leku gksxh] ijUrq Fkksfj;e ukfHkd dk laosx vf/kd gksxk A 

 (B) mudh xfrt ÅtkZ;as rFkk laosx dk ifjek.k leku gksaxsA  

 (C) muds laosx dk ifjek.k leku gS] ijUrq Fkksfj;e ukfHkd dh xfrt ÅtkZ vf/kd gksxh A  

 (D*) muds laosxks dk ifjek.k leku gS] ijUrq X dh xfrt ÅtkZ vf/kd gksxh A  

Sol. Initially uranium atom is at rest, so after decay both nuclei have equal momentum, 

 izkjEHk esa ;wjsfu;e v.kq fojkekoLFkk esa gS vr% fo?kVu ds ckn nksuksa ukfHkdksa dk laosx leku gksxkA  

 and vkSj K = 
2P

2m
, Here X is light so it has more kinetic energy ;gk¡ x gYdk gS vr% xfrt ÅtkZ vf/kd gksxhA 

 

6. Following atomic masses and conversion factor are provided  

 fuEu ijek.kq nzO;eku vkSj ifjorZu xq.kkad fn;s gS&  

 236

92 U  = 236.045 562 u ; 

 232

90 Th  = 232.038054 u ; 

 1

0n  = 1.008665 u ; 1

1p  = 1.007277 u ; 

  4

2He  = 4.002603 u and rFkk 

 1 u = 1.5 × 10–10 J 
 The amount of energy released in this decay is equal to : 

 bl {k; esa mRlftZr ÅtkZ dk eku gksxk ?      

 (A) 3.5 × 10–8 J  (B) 4.6 × 10–12 J  (C) 6.0 × 10–10 J  (D*) 7.4 × 10–13 J 

Sol. Q = m.C2  
 = (mu – mTh – mx).C2  
 = (236.045562 – 232.038054 – 4.002603) × 1.5 × 10–10 J 
 = 7.4 × 10–13 J. 
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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. Half life of a radioactive substance 'A' is 4 days. The probability that a nucleus will decay in two half 

lives is: jsfM;ks,fDVo inkFkZ 'A' dh v)Zvk;q  4 fnu gSA ukfHkd ds nks v)Zvk;q esa {k; gksus dh izkf;drk gksxh -   

 (A) 
1

4
    (B*) 

3

4
    (C) 

1

2
   (D) 1 

Sol. (B) 

 Number of nuclei left after 2 half lives = 0N

4
 

 probability of a nucleus decaying = no. of nuclei decayed / total no.   

 = 0

0

3 N 4

N
 =  

3

4
 

 2 v)Zvk;q i'pkr~ ukfHkdksa dh la[;k 'ks"k gksxh = 0N

4
 

 ukfHkd ds {k; dh izkf;drk  =  {k; gks pqds ukfHkdksa dh la[;k@dqy la[;k .   

 0

0

3 N 4

N
 =  

3

4
 

  
2. Match the following       
  Column 1    Column 2 
 (A) Nuclear fission   (p) Converts some matter into energy 
 (B) Nuclear fusion   (q) Possible for nuclei with low atomic number 

 (C)  - decay    (r) Possible for nuclei with high atomic number 
 (D) Exothermic nuclear reaction  (s) Essentially proceeds by weak nuclear forces. 

 feyku dhft,        

 dkWye 1     dkWye 2 

 (A) ukfHkdh; fo?kVu    (p) dqN inkFkZ dk ÅtkZ esa :ikUrj.k  

 (B) ukfHkdh; lay;u    (q) de ijek.kq Øekad ds  ukfHkdks ds fy, laHko gS  

 (C)  - {k;    (r) T;knk ijek.kq Øekad ds  ukfHkdks ds fy, laHko gS  

 (D) Å"ek{ksih ukfHkdh; vfHkfØ;k   (s)dsoy nqcZy ukfHkdh; cyks }kjk mRiUu gksrk gSA 

Ans. (A)  (p) and rFkk (r),  (B)  (p) and rFkk (q), (C)  (p) , (q) , (r) and rFkk (s) (D)  (p) , (q) and 

rFkk (r) 

Sol. Fission is the process which involves conversion of some matter into energy and shown by atoms of 
high atomic number such as 92U235 . 

 Fusion also converts some matter into energy but shown by atoms of low atomic number such as 1H1, 

1H2  . 

 -decay essentially carried out by weak nuclear forces and also converts matter into energy for 
example  

   0n1  1H1 + –1e0 (–) +    + energy  

   1H1  0n1 + +1e0 (+) +  + energy  
 Exothermic nuclear reactions also converts matter into energy and all spontaneous nuclear reaction are 

exothermic.  
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 fo[k.Mu og çfØ;k gS ftlesa dqN nzO; (inkFkZ) ÅtkZ esa :ikUrfjr gksrk gS ,oa ;g çfØ;k mPp ijek.kq la[;k ok;q 

ijek.kq tSls  92U235  }kjk n'kkZ;h tkrh gSA 

 lay;u Hkh dqN nzO; (inkFkZ) dks ÅtkZ esa :ikUrfjr djrk gS ijUrq ;g fuEu ijek.kq la[;k okys ijek.kq tSl 1H1, 1H2   

 -{k; }kjk n'kkZ;h tkrh gS rkFkk inkFkZ dks ÅtkZ esa cnyrh gSA mnkgj.k ds fy,  

   0n1  1H1 + –1e0 (–) +   + ÅtkZ  

   1H1  0n1 + +1e0 (+) +  + ÅtkZ  

 Å"ek{ksih ukfHkdh; vfHkfØ;k,sa Hkh inkFkZ dks ÅtkZ esa cnyrh gS ,oa lHkh Lor% ukfHkdh; vfHkfØ;k,sa Å"ek{ksih gSA 

 
3. In the options given below, let E denote the rest mass energy of a nucleus and n a neutron. The correct 

option is :        

 uhps fn;s x;s fodYiksa esa E ,d ukfHkd dh fojke nzO;eku ÅtkZ rFkk n ,d U;wVªkWu dks fu:fir djrk gSA lgh 

fodYi gS: 

 (A) E  236

92 U  > E  I137

53  + E  97

39 Y  + 2E(n) 

 (B) E  236

92 U   < E  I137

53   + E  97

39 Y   + 2E(n) 

 (C) E  236

92 U   < E  140

56 Ba  +  94

36Kr   + 2E(n) 

 (D) E  236

92 U  = E  140

56 Ba  + E  94

36 Kr  + 2E(n) 

Ans. (A) 
Sol. Since energy is released in a fission process, the rest mass energy must decrease. 

 D;ksafd fo?kVu izfØ;k esa ÅtkZ mRlftZr gksrh gS vr% fLFkr nzO;eku Å"ek vko';d :i ls ?kVsxhA  

 

4. Some laws / processes are given in Column . Match these with the physical phenomena given in 

Column  and indicate your answer by darkening appropriate bubbles in the 4 × 4 matrix given in the 
ORS.           

 dkWye  esa dqN fu;e / çfØ;k,¡ nh xbZ gSA bUgsa dkWye  esa nh x;h HkkSfrd ifj?kVukvksa ls lqesy djk;sa rFkk vius 

mÙkj dks ORS esa fn;s x;s 4 × 4 eSfVªDl ds mfpr cqYyksa dks dkyk djds n'kkZ;saA 
 

   Column       Column   
 (A) Transition between two atomic energy levels  (p)  Characteristic X-rays  
 

 (B) Electron emission from a material   (q)  Photoelectric effect  
 

 (C) Mosley’s law      (r)  Hydrogen spectrum  
 

 (D)  Change of photon energy into kinetic energy  (s)  -decay  
  of electrons  

   dkWye        dkWye   

 (A) nks ijekf.kod ÅtkZ Lrjksa ds chp laØe.kA   (p)  vfHkykf{k.kd X–fdj.ksaA 
 

 (B) inkFkksZ ls bysDVªkWuksa dk mRltZu   (q)   izdk'k fo|qr çHkkoA 
 

 (C) ekslys dk fu;eA     (r)  gkbMªkstu LisDVªeA 
 

 (D)  QksVkWu ÅtkZ dk bysDVªkWu dh xfrt ÅtkZ esa ifjorZuA  (s)  -fo?kVuA 

Ans. (A)  (p), (r); (B)  (q), (s); (C)  (p); (D)  (q)  
Sol. Different related laws / processes.  

 fofHkUu fu;e vkSj izfØ;k 
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5*. Assume that the nuclear binding energy per nucleon (B/A) versus mass number (A) is as shown in the 
figure. Use this plot to choose the correct choice(s) given below. Figure : 

 eku ysa fd izfr U;wfDy;kWu ukfHkfd; ca/ku&ÅtkZ  (B/A) cuke nzO;eku la[;k (A) uhps n'kkZ;s fp=k ds vuqlkj gSA 

bl xzkQ dk mi;ksx djrs gq;s lgh mÙkjksa dk pquko djsaA fp=k :  

0
100 200 A

2

4

6

8

B/A

 
 (A) Fusion of two nuclei with mass numbers lying in the range of 1 < A < 50 will release energy 

 (B*) Fusion of two nuclei with mass numbers lying in the range of 51 < A < 100 will release energy 

 (C) Fission of a nucleus lying in the mass range of 100 < A < 200 will release energy when broken into 

two equal fragments 

 (D*) Fission of a nucleus lying in the mass range of 200 < A < 260 will release energy when broken into 

two equal fragments  

 (A) nks ukfHkdksa ds lay;u (Fusion) esa] ftudh nzO;eku la[;k 1 < A < 50 ds chp esa gS] ÅtkZ dk mRltZu  

(release) gksxk 

 (B*) nks ukfHkdksa ds lay;u esa] ftudh nzO;eku la[;k 51 < A < 100 ds chp eas gS] ÅtkZ dk mRltZu gksxk  

 (C) ,d ukfHkd] ftldh nzO;eku la[;k 100 < A < 200 ds chp esa gS] ds nks leku Hkkxksa esa fo[kaMu ij ÅtkZ dk 

mRltZu gksxkA 

 (D*) ,d ukfHkd] ftldh nzO;eku la[;k 200 < A < 260 ds chp eas gS] ds nks leku Hkkxksa esas fo[kaMu ij ÅtkZ dk 

mRltZu  gksxk 

Sol. (A) For 1 < A < 50, on fusion mass number for compound nucleus is less than 100.   

B/A remains same. Hence no energy is released 

 (B) For 51 < A < 100, on fusion mass no. of compound nucleus is between 100 and 200. B/A increases. 

Hence energy is released. 

 (C) On fission for 100 < A < 200, the mass no. for fission nuclei will be between 50 to 100. B/A 

decreases. Hence no energy is released. 

 (D) On fission for 200 < A < 260, the mass no. for fission nuclei will be between 100 to 130, B/A will 

increase. Hence energy is released.  

 (A) 1 < A < 50, ds fy, lay;u gksus ij la;qDr ukfHkd ds fy, nzO;eku la[;k 100 ls de gSA B/A leku jgrk gSA 

vr% dksbZ ÅtkZ ugha NksM+h tkrh gSA 

 (B) 51 < A < 100 ds fy, lay;u gksus ij la;qDr ukfHkd dh nzO;eku la[;k 100 ls 200 ds e/; gSA B/A c<+rk gS 

vr% ÅtkZ NksM+h tkrh gSA 

 (C) fo[k.Mu gksus ij 100 < A < 200 ds fy, fo[kf.Mr ukfHkd dh nzO;eku la[;k 50 ls 100 ds e/; gksxhA B/A 

?kVrk gSA vr% dksbZ ÅtkZ ugha NksM+h tk;sxhA 

 (D) fo[k.Mu gksus ij 200 < A < 260 ds fy, fo[kf.Mr ukfHkd dh nzO;eku la[;k 100 ls 130 ds e/; gksxh] B/A 

c<+sxkA vr% ÅtkZ NksM+h tkrh gSA 
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 Ans. (B) and (D) 

6. A radioactive sample S1 having an activity of 5Ci has twice the number of nuclei as another sample S2 

which has an activity of 10Ci. The half lives of S1 and S2 can be   

 ,d jsfM;ks/kehZ uewus S1  (ftldh lfØ;rk 5Ci gS) esa ukfHkdksa dh la[;k ,d nwljs jsfM;ks/kehZ uewus S2 (ftldh 

lfØ;rk 10Ci  gS) ls nks xquh gSA S1  rFkk S2 dh v/kZ&vk;q fuEu gks ldrh gSA  

 (A*) 20 years and 5 years, respectively  (B) 20 years and 10 years, respectively 

 (C) 10 years each    (D) 5 years each 

 (A) Øe'k% 20 o"kZ vkSj 5 o"kZ   (B) Øe'k% 20 o"kZ vkSj 10 o"kZ 

 (C) nksauks dh 10 o"kZ    (D) nksauks dh  5 o"kZ 

Sol. Given that  1 N1 = 5Ci 

   2 N2 = 10Ci  

   2 N2 = 21N1  

 Also  N1 = 2N2  

 Then  2 N2 = 21(2N2) 

  2 = 41  

 Ans. (A) 

Sol. fn;k x;k gS  1 N1 = 5Ci 

   2 N2 = 10Ci  

   2 N2 = 21N1  

 rFkk N1 = 2N2  

 rc 2 N2 = 21(2N2) 

  2 = 41  

 Ans. (A) 

 

Paragraph for Question Nos. 7 to 9   

 Scientists are working hard to develop nuclear fusion reactor. Nuclei of heavy hydrogen, 2

1 H , known as 

deuteron and denoted by D, can be thought of as a candidate for fusion reactor. The D-D reaction is 
2 2 3

1 1 2H H He n energy     . In the core of fusion reactor, a gas of heavy hydrogen is fully ionized into 

deuteron nuclei and electrons. This collection of 2

1 H  nuclei and electrons is known as plasma. The 

nuclei move randomly in the reactor core and occasionally come close enough for nuclear fusion to 

take place. Usually, the temperatures in the reactor core are too high and no material wall can be used 

to confine the plasma. Special techniques are used which confine the plasma for a time t0 before the 

particles fly away from the core. If n is the density (number/volume) of deuterons, the product nt0 is 

called Lawson number. In one of the criteria, a reactor is termed successful if Lawson number is greater 

than 5×1014 s/cm3. 

 It may be helpful to use the following: Boltzman constant k = 8.6×10–5 eV/K ; 
2

0

e

4
= 1.44 × 10–9 eVm. 
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7. In the core of nuclear fusion reactor, the gas becomes plasma because of 
 (A) strong nuclear force acting between the deuterons 
 (B) Coulomb force acting between the deuterons 
 (C) Coulomb force acting between deuterons-electrons pairs 
 (D*) the high temperature maintained inside the reactor core 
  
8. Assume that two deuteron nuclei in the core of fusion reactor at temperature T are moving towards 

each other, each with kinetic energy 1.5 kT, when the separation between them is large enough to 
neglect Coulomb potential energy. Also neglect any interaction from other particles in the core. The 
minimum temperature T required for them to reach a separation of 4 × 10–15 m in the range. 

 (A*) 1.0 × 109 K < T < 2.0 × 109 K 
 (B) 2.0 × 109 K < T < 3.0 × 109 K 
 (C) 3.0 × 109 K < T < 4.0 × 109 K 
 (D) 4.0 × 109 K < T < 5.0 × 109 K 

Solution : From energy conservation 

  2
2

0

3 1 e
kT

2 4 r

 
 

 
 

  T = 
9

5

(1.44 10 )

(8.6 10 )








 ×  

15

1

3 4 10 
= 1.39 × 109 K 

 

9. Results of calculations for four different designs of a fusion reactor using D-D reaction are given below. 

Which of these is most promising based on Lawson criterion ? 

 (A) deuteron density = 2.0 × 1012 cm–3, confinement time = 5.0 × 10–3 s 

 (B*) deuteron density = 8.0 × 1014 cm–3, confinement time = 9.0 × 10–1 s 

 (C) deuteron density = 4.0 × 1023 cm–3, confinement time = 1.0 × 10–11 s 

 (D) deuteron density = 1.0 × 1024 cm–3, confinement time = 4.0 × 10–12 s 

Sol. nt0 > 5 × 1014 s/cm3 

 for deuteron density = 8.0 × 1014 cm–3, confinement time = 9.0 × 10–1 s 

 nt0 = 7.2 × 1014 s/cm3 

ç'u 7 ls 9 ds fy, vuqPNsn 

 oSKkfud dM+h esgur ls ukfHkdh; lay;u fj,DVj fodflr djus esa yxs gSA Hkkjh gkbMªkstu ukfHkd 2

1 H , ftls 

M~;wVªksu dgrs gS vkSj D ls n'kkZrs gS] lay;u&fj,DVj ds fy, lEHkkouk ds :i esa lkspk tk ldrk gSA D-D vfHkfØ;k 

gS:  2 2 3

1 1 2H H He n   ÅtkZ A lay;u&fj,DVj ds dksj esa Hkkjh gkbMªkstu xSl] M~;wVªksu ukfHkdksa vkSj bysDVªksuksa esa 

iw.kZr;k vk;fur gks tkrh gSA bu 2

1 H  ukfHkdksa vkSj bysDVªkWuksa ds lewg dks IykTek dgrs gSA fj,DVj dksj esa ukfHkd 

;kn`fPNd (random) xfr djrs gS vkSj ;nk&dnk brus ikl vk tkrs gS fd ukfHkdh; lay;u gks ldsA lkekU;r;k] 

fj,DVj dksj es rkieku cgqr vf/kd gksrk gS] vkSj bl dkj.k fdlh Hkh inkFkZ dh nhokj bl IykTek dks vius vUnj 

ifjlhfer j[kus esa l{ke ugha gks ikrhA blfy;s fo'ks"k rduhdksa dk ç;ksx djds bl IykTek dks dqN le; rd 

ifjlhfer fd;k tkrk gS] blls igys fd d.k dksj ls nwj pys tk;saA  ;fn  n  M~;wVªksuksa dk ?kuRo (la[;k@vk;ru) gks 

rFkk t0 ifjlheu le; gks rks nt0 dks yklu uEcj (Lawson number) dgrs gSA ,d ekud ds vuqlkj fdlh fj,DVj 

dks lQy djus ds fy, yklu uEcj dk eku 5×1014 s/cm3 ls vf/kd gksuk pkfg,A 

 uhps fn;s x;s fLFkjkadksa dk ç;ksx vkids fy;s mi;ksxh gks ldrk gSA  

 cksYV~leku fu;rkad: k = 8.6×10–5 eV/K ; 
2

0

e

4
= 1.44 × 10–9 eVm. 

7. ukfHkdh; lay;u&fj,DVj dksj esa xSl ls IykTek cuus dk dkj.k gS  

 (A) M~;wVªksuksa ds chp yx jgk çcy ukfHkdh; cy 

 (B) M~;wVªksuksa ds chp yx jgk dwyke (Coulomb) cy 

 (C) M~;wVªksu–bysDVªksu ;qXe ds chp yx jgk dwykWe (Coulomb) cy 

 (D) fj,DVj dksj esa cuk gqvk cgqr vf/kd rkieku 

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


Nuclear 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 
ADVNP - 6 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

8. eku ysa fd lay;u fj,DVj dksj esa] ftldk rkieku T gS] nks M~;wVªksu ,d nwljs dh rjQ c<+ jgs gS] çR;sd dh xfrt 

ÅtkZ 1.5 kT gS, vkSj mudh vkilh nwjh bruh T;knk gS fd muds chp dwykWe (Coulomb) fLFkfrt ÅtkZ dks ux.; 

eku ldrs gSA dksj esa mifLFkr nwljs d.kksa ds lkFk bu nksauks dh fdlh çdkj dh vkilh fØ;k dks Hkh ux.; eku 

ldrs gSA ;s M~;wVªksu 4 × 10–15 m dh nwjh rd igq¡p ik;s blds fy, vko';d U;wure rkieku T fdl vUrjky esa 

gksxkA 

 (A) 1.0 × 109 K < T < 2.0 × 109 K  (B) 2.0 × 109 K < T < 3.0 × 109 K 

 (C) 3.0 × 109 K < T < 4.0 × 109 K  (D) 4.0 × 109 K < T < 5.0 × 109 K 

Sol. ÅtkZ laj{k.k ls 2
2

0

3 1 e
kT

2 4 r

 
 

 
   T = 

9

5

(1.44 10 )

(8.6 10 )








  × 

15

1

3 4 10 
 = 1.39 × 109 K 

 

9. D-D vfHkfØ;k ds ç;ksx ls cu ldus okys lay;u fj,DVjksa ds pkj laHkkfor çk:iksa ds fy, dh xbZ x.kuk ds ifj.kke 

uhps fn;s x;s gSA yklu ekud ds vuqlkj bu pkjksa esa ls dkSu lQyrk dk lcls l'kDr çk:i gS \ 

 (A) M~;wVªksu ?kuRo = 2.0 × 1012 cm–3, ifjlheu le; = 5.0 × 10–3 s 

 (B) M~;wVªksu ?kuRo = 8.0 × 1014 cm–3, ifjlheu le; = 9.0 × 10–1 s 

 (C) M~;wVªksu ?kuRo = 4.0 × 1023 cm–3, ifjlheu le; = 1.0 × 10–11 s 

 (D) M~;wVªksu ?kuRo= 1.0 × 1024 cm–3, ifjlheu le; = 4.0 × 10–12 s 

Sol. nt0 > 5 × 1014 s/cm3 

 M~;wVªkWu ?kuRo] = 8.0 × 1014 cm–3, ifjlheu le; = 9.0 × 10–1 s 

 nt0 = 7.2 × 1014 s/cm3 

 

10. Column II gives certain systems undergoing a process. Column I suggests changes in some of the 
parameters related to the system. Match the statements in Column-I to the appropriate process(es) 
from Column II.     
           Column-I          Column-II 
(A) The energy of the system is increased. (p) System: A capacitor, initially uncharged 

Process: It is connected to a battery. 
(B) Mechanical energy is provided to the system, 

which is converted into energy of random 
motion of its parts 
 

(q) System: A gas in an adiabatic container 
fitted with an adiabatic piston.  
Process: The gas is compressed by 
pushing the piston 

(C) Internal energy of the system is converted into 
its mechanical energy 

(r) System: A gas in a rigid container 
Process: The gas gets cooled due to colder 
atmosphere surrounding it 

(D) Mass of the system is decreased (s) System: A heavy nucleus, initially at rest  
Process: The nucleus fissions into two 
fragments of nearly equal masses and 
some neutrons are emitted 

  (t) System: A resistive wire loop 
Process: The loop is placed in a time 
varying magnetic field perpendicular to its 
plane 
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 dkWye II esa dqN fudk; fn;s x;s gS tks fdlh çØe ls xqtjrs gSA dkWye I çØe esa gks ldus okys lEHko cnykoksa dks 

n'kkZrk gSA dkWye-I esa fn;s x;s oDrO;ksa dks dkWye II ds mfpr çØeksa ls feykb,A  

 

           dkWye -I          dkWye -II 

(A) fudk; dh ÅtkZ c<+rh gS (p) fudk;: la/kkfj=k (capacitor), vkjEHk esa vkos'k jfgr 

çØe: fudk; dks cSVjh ls tksM+k tkrk gS 

(B) fudk; dks ;kaf=kd ÅtkZ çnku dh tkrh gS] tks 

fudk; ds fgLlksa dh ;kn`fPNd xfr (random 

motion) dh ÅtkZ esa cny tkrh gSA 

(q) fudk;: :)ks"e (adiabatic) ik=k esa j[kh xSl] ik=k esa 

:)ks"e fiLVu yxk gSA  

çØe: fiLVu }kjk xSl dks nck;k tkrk gSA 

(C) fudk; dh vkUrfjd ÅtkZ mldh ;kaf=kd 

ÅtkZ esa cny tkrh gSA 

(r) fudk;: n`<+ ik=k esa j[kh xSl  

çØe: B.Ms ckgjh okrkoj.k ds dkj.k xSl B.Mh gks 

jgh gSA 

(D) fudk; dk nzO;eku ?kVrk gS (s) fudk;: ,d Hkkjh ukfHkd] vkjEHk esa fLFkj voLFkk esa  

çØe: ukfHkd nks yxHkx cjkcj nzO;eku esa fo[kf.Mr 

gksrk gS vkSj dqN U;wVªksu mRlftZr gksrk gSA 

  (t) fudk;: ,d çfrjks/k (resistive) rkj dk ywi 

çØe: ywi dks le; ds lkFk cny jgs pqEcdh; 

{ks=k(tks ywi ds ry ds yEcor~ gS) esa j[kk tkrk gS 

 
Ans. (A) p, q, t; (B) q, t (C) s, (D) s 

 

Sol .  (A)  (p) : Capacitor is charged, hence its energy is increased 

  (q) : The temperature is increased, hence its energy is increased or as the external positive work is 

done, hence energy increases 

  (r) : The temperature decreases, its energy is decreased 

  (s) : All natural process, energy of the system decreases 

  (t) : The current is produced. Hence energy of the system increases 

 (B) (p), (r), (s) no mechanical energy is provided to the system 

  (q) the mechanical energy is provided which increases the temperature and hence random motion 

of molecules 

  (t) Mechanical work is done to change the magnetic field, which increases the mechanical energy 

of electron and these electrons strike with stationary positive charge and energy is converted in random 

motion. 

 (C) (s) Internal binding energy is converted into mechanical energy 

 (D) (s) Mass changes only in nuclear process. 

Sol.  (A)  (p) : la/kkfj=k vkosf'kr gksrk gS] vr% bldh ÅtkZ c<+sxhA 

  (q) : rkieku c<+sxk, vr% bldh ÅtkZ c<+sxh ;k tSlkfd cká fd;k x;k dk;Z /kukRed gS] vr% ÅtkZ c<+sxhA  

  (r) : rki ?kVrk gS, bldh ÅtkZ ?kVsxhA 

  (s) : lHkh çkdf̀rd çØe gS] fudk; dh ÅtkZ ?kVsxhA 

  (t) : /kkjk mRiUu gksrh gSA vr% fudk; dh ÅtkZ c<+sxhA 

 (B) (p), (r), (s) fudk; dks dksbZ Hkh ;kaf=kd ÅtkZ ugha nh xbZ gSA 

  (q) ;kaf=kd ÅtkZ çnku dh xbZ gS tks rkieku rFkk v.kqvksa dh ;kn`fPNd xfr c<+k;sxhA  

  (t) pqEcdh; {ks=k esa ifjorZu ds fy, ;kaf=kd dk;Z fd;k x;k gS tks bysDVªkWu dh ;kaf=kd ÅtkZ c<+k;sxk vkSj ;s 

bysDVªkWu /kukRed fLFkj vkos'k ls Vdjkrs gS vkSj ÅtkZ ;kn`fPNd xfr esa ifjofrZr gksrh gSA 

 (C) (s) vkUrfjd ca/ku ÅtkZ ;kaf=kd ÅtkZ esa ifjofrZr gksrh gSA 

 (D) (s) nzO;eku dsoy ukfHkdh; çØe esa ifjofrZr gksrk gSA 
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11. To determine the half life of a radioactive element, a student plots a graph of 
dN(t)

n
dt

 versus t. Here  

dN(t)

dt
 is the rate of radioactive decay at time t. If the number of radioactive nuclei of this element 

decreases by a factor of p after 4.16 years, the value of p is :  

 jsfM;ks/kehZ rRo dh v/kZvk;q Kkr djus ds fy;s ,d Nk=k  
dN(t)

n
dt

 dk t ds lkFk xzkQ cukrk gSA ;gk¡ 
dN(t)

dt
 

jsfM;ks/kehZ {k; dh  t le; ij nj gSA ;fn 4.16 lkyksa ds ckn bl jsfM;ks/kehZ inkFkZ ds ukfHkdksa dh la[;k p ?kVd ls 

de gks tkrh gS] p dk eku crkb;sA       

       
Ans. 8 

Sol. 
dN

dt
  = N 

 
dN

dt
  = N0e–t 

 
dN

n 
dt

 = –t + n(N0) 

 y = mx + c 

 m = – 

  = 
1

2
  [slope by graph = 

1

2
] [xzkQ dk <ky =

1

2
 ] 

 T =  
n2


 

 = 2 × 0.693 = 
4.16

n
 

 n = 3 = no. of half life. v)Z vk;q la[;k 

 p = z3 = 8. Ans. 

 

12. The activity of a freshly prepared radioactive sample is 1010 disintegrations per second, whose mean 

life is 109 s. The mass of an atom of this radioisotope is 10–25 kg. The mass (in mg) of the radioactive 

sample is  

 ,d rktk rS;kj fd;s x;s jsfM;ks,fDVo uewus] ftldh ek/;&vk;q 109 s gS] dh ,fDVfoVh 1010 fo?kVu çfrlsdaaM 

(disintegrations per second) gSA lEcaf/kr jsfM;ks&vkblksVksi ijek.kq dk Hkkj 10–25 kg gSA jsfM;ks,fDVo uewus dk 

mg esa Hkkj gS     

Ans. 1 
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Sol. N  = N0 e–t 

 
dN

dt
 = 1010  = N0  ()

910 te


   

 at (t = 0) 

 1010 = N0 10–9  

 N0 = 1019  

 mass of sample uewus dk nzO;eku = N0 10–25  

   = N0 (mass of the atom ijek.kq dk nzO;eku) 

   = 10–6 kgm 
   = 10–6 × 103 gm  
   = 10–3 gm 
   = 1 mg 
 
13. A proton is fired from very far away towards a nucleus with charge Q = 120 e, where e is the electronic 

charge. It makes a closest approach of 10 fm to the nucleus. The de Brogle wavelength (in units of fm) 

of the proton at its start is : (take the proton mass, mp = (5/3) × 10–27 kg, h/e = 4.2 × 10–15 J.s/C ;  
0

1

4
= 

9 × 109 m/F ; 1 fm = 10–15 m) 

 ,d izksVksu dks lh/ks ,d ukfHkd (Q = 120 e, tgk¡ e bysDVªksfud vkos'k gS½ dh vksj cgqr nwj ls nkxk tkrk gSA ;g 

izksVkWu ukfHkd ls 10 fm dh fudVre nwjh rd igq¡prk gSA izksVksu ds pyuk vkjEHk djrs le; mldh de Broglie 

rjax nS/;Z (fm esa½ D;k gS\ ¼ekusa % izksVkWu dk æO;eku] mp = 275
10 kg

3

 , 
h

e
  = 4.2 × 10–15 J.s/C; 

0

1

4
  = 9 × 

109 m/F; 1fm = 10–15 m½       

Ans. 7 

Sol.  

 
   9

15

9 10 120e e

10 10




 =

2p

2m
  

 
h

p
    

2
2

2

h
p 


 

   27 15 9 25
2 10 10 9 10 12 e

3

 
  

 
 = 

2

2

h

2m
 

 (120) (3)10–27+15+9  2 =  (4.2)2  × 10–30   

  
30

2

3

4.2 4.2 10

360 10





 
 


 = 2942 42

10
360


   

 = 72 ×10–30     =  7×10–15 m  = 7 fm   
 

Paragraph for Questions 14 and 15  

 The – decay process, discovered around 1900, is basically the decay of a neutron (n). In the 
laboratory, a proton (p) and an electron (e–) are observed as the decay products of the neutron. 
Therefore, considering the decay of a neutron as a tri-body decay process, it was predicted theoretically 
that the kinetic energy of the electron should be a constant. But experimentally, it was observed that the 

electron kinetic energy has a continuous spectrum. Considering a three-body decay process, i.e. n  p  

+ e– + e , around 1930, Pauli explained the observed electron energy spectrum. Assuming the anti-

neutrino ( e ) to be massless and possessing negligible energy, and neutron to be at rest, momentum 

and energy conservation principles are applied. From this calculation, the maximum kinetic energy of 
the electron is 0.8 × 106 eV. The kinetic energy carried by the proton is only the recoil energy. 
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iz'u 14 ls 15 ds fy, vuqPNsn  

 1900 ds vklikl gqbZ [kkst ds vuqlkj – {k; izØe okLro esa U;wVkWu (n)dk {k; gksrk gSA iz;ksx'kkyk esa ik;k x;k gS 

fd U;wVkWu ds {k; gksus ij izksVkWu (p) rFkk ,d bysDVªkWu ( e ) tfur gksrs gSA blfy;s] U;wVkWu {k; dks f}&fiaMh 

{k;&izØe ekudj] lS)kafrd x.kuk ls ;g fl) fd;k x;k fd bysDVªkWu dh xfrt ÅtkZ dk eku fLFkj jguk pkfg,A 

ysfdu iz;ksxksa us fn[kk;k fd bysDVªkWu dh xfrt ÅtkZ ds eku dk larr LisDVªe gksrk gSA f=k&fiaMh {k; izØe ekudj] 

vFkkZr  n  p + e  + e ,1930   ds vklikl Pauli us bysDVªkWu dk ns[kk x;k ÅtkZ LisDVªe le>k;kA izfr&U;wfVªuksa 

( e ) dks nzO;eku jfgr o ux.; ÅtkZ dk eku dj vkSj U;wVªkWu dks fLFkj eku dj ] laosx o ÅtkZ laj{k.k ds fu;e 

x.kuk esa yxk;sa x;s ftlls bysDVkWu dh vf/kdre xfrt ÅtkZ dks 0.8 × 106 eV vkadk x;kA izksVkWu dh xfrt ÅtkZ 

dsoy izfr{ksi ÅtkZ gSA  
 

14. What is the maximum energy of the anti-neutrino ?    

 (A) Zero     (B) Much less than 0.8 × 106 eV 

 (C) Nearly 0.8 × 106 eV    (D) Much larger than 0.8 × 106 eV 

 izfr U;wVªhuksa dh vf/kdre ÅtkZ gSA  

 (A)  'kwU;      (B) 0.8 × 106eV  ls cgqr de  

 (B) yxHkx 0.8 × 106eV    (D) 0.8 × 106eV  ls cgqr vf/kd 

Ans. (C) 

Sol. KEmax of – 

 Q = 0.8 × 106 eV 

  PKE KE KE



   = Q  

 KEP is almost zero  

  When KE 0
  

 then  KE Q
   – KEP  Q  

Sol. KEmax of – 

 Q = 0.8 × 106 eV 

  PKE KE KE



   = Q  

 KEP ¼yxHkx 'kwU; gksxk½ 

 tc KE 0
  

 rc  KE Q
  – KEP  Q  

 

15. If the anti-neutrino had a mass of 3eV/c2 (where c is the speed of light) instead of zero mass, what 

should be the range of the kinetic energy, K, of the electron ? 

 ;fn izfr U;wfVªuksa dk nzO;eku 'kwU; u gksdj] 3eV/c2 gks] ¼tgk¡ c, izdk'k dh xfr gS½rc bysDVªkWu dh xfrt ÅtkZ] K, 

dk ijkl gksxk          

 (A) 0  K  0.8 × 106 eV    (B) 3.0 eV  K  0.8 × 106 eV 

 (C) 3.0 eV  K < 0.8 × 106 eV   (D) 0  K < 0.8 × 106 eV 

Ans. (D) 

Sol. P0 KE Q KE KE 
     

 0 KE Q
   
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16. A freshly prepared sample of a radioisotope of half-life 1386 s has activity 103 disintegrations per 

second. Given that ln 2 = 0.693, the fraction of the initial number of nuclei (expressed in nearest integer 

percentage) that will decay in the first 80s after preparation of the sample is : 

 ,d rqajr rS;kj fd;k gqvk jsfM;ksa vkblksVksi izfrn'kZ] ftldh v)Z&vk;q 1386 s gS] dh lfØ;rk 103 fo?kVu izfr 

lSd.M gSA ;fn ln 2 = 0.693 gS] rc izFke 80 s esa fo?kfVr ukfHkdksa o izkjafHkd dh la[;kvksa dk vuqikr ¼izfr'kr 

fudVe iw.kkZad esa½ gSA     

Ans. 4 

Sol. 
0.693

1386
   = 5 × 10–4 

 Number decayed = N0 – N (t) 

 % age Decayed = 
0.693

1386
   × 100 

   = (1–e–t) × 100 

    t × 100 

   = 5 × 10–4 × 80 × 100 

   = 4  

Hindi. 
0.693

1386
   = 5 × 10–4 

 fo?kfVr ukfHkdksa dh la[;k = N0 – N (t) 

 izfr'kr fo?kfVr ukfHkdksa dh la[;k = 0

0

N – N(t)

N
 × 100 

   = (1–e–t) × 100 

    t × 100 

   = 5 × 10–4 × 80 × 100 

   = 4  

17. Match List  of the nuclear processes with List containing parent nucleus and one of the end products 

of each process and then select the correct answer using the codes given below the lists : 

 lwph  esa dqN ukfHkdh; izfØ;k,W nh xbZ gSA lwph esa bu izfØ;kvksa ds tud ukfHkd o ,d vafre ukfHkdh; [akM fn, 

x, gSA lwfp;ksa ds uhps fn;s x, dksM dk iz;ksx djds lgh mÙkj pqfu, :      

  List / lwph    List / lwph 

 P.  Alpha decay   1. 15 15

8 70 N .......   

    ,sYQk {k; 

 Q. + decay    2. 238 234

92 90U Th .......    

  {k; 

 R. Fission   3. 185 184

83 82Bi Pb .......    

    fo[kaMu 

 S. Proton emission  4. 239 140

94 57Pu La .......   

    izksVkWu mRltZu 

 Codes : 

  P Q R S 

 (A) 4 2 1 3    

 (B) 1 3 2 4   

 (C) 2 1 4 3   

 (D) 4 3 2 1 

Ans. (C) 

 

 

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


Nuclear 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 
ADVNP - 12 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. (p) In  decay mass number decreses by 4 and atomic number decreases by 2. 

 (q) In + decay mass number remains unchanged while atomic number decreases by 1. 

 (r) In Fission, parent nucleus breaks into allmost two equal fragments. 

 (s) In proton emission both mass number and atomic number decreases by 1.     

Hindi. (p)  {k; esa nzO;eku la[;k 4 ls ?kVsxh rFkk ijek.kq Øekad 2 ls ?kVsxkA  

 (q) + {k; esa nzO;eku la[;k vifjofrZr jgrh gS tcfd ijek.kq Øekad 1 ls ?kV tkrk gSA  

 (r) fo[k.Mu esa isr`d ukfHkd nks yxHkx leku Hkkxks esa VwV tkrk gSA  

 (s) izksVkWu mRltZu esa nzO;eku la[;k rFkk ijek.kq Øekad 1 ls ?kV tkrk gSA  

 

Paragraph for Questions 18 and 19 

iz'u 18 vkSj 19 ds fy, vuqPNsn 

 The mass of a A

Z X  nucleus  is less than the sum of the masses of (A – Z) number of neutrons and Z 

number of protons in the nucleus. The energy equivalent to the corresponding mass difference is 

known as the binding energy of the nucleus. A heavy nucleus of mass M can break into two light nuclei 

of masses m1 and m2 only if (m1 + m2) < M. Also two light nuclei of masses m3 and m4 can undergo 

complete fusion and form a heavy nucleus of mass M' only if (m3 + m4) > M'. The masses of some 

neutral atoms are given in the table below :  

 ,d ukfHkd A

Z X  dk nzO;eku (A – Z) U;wVªkWuksa ,oa Z izkWVksuksa ds nzO;ekuksa ds ;ksx ls de gksrk gSA nzO;ekuksa dh deh 

ds lerqY; ÅtkZ dks ca/ku ÅtkZ dgrs gSaA ,d nzO;eku M dj Hkkjh ukfHkd m1 rFkk m2 nzO;ekuksa ds nks gYds ukfHkdksa 

esa fo?kfVr gks ldrk g gS] ;fn (m1 + m2) < M rFkk m3 rFkk m4 nzO;ekuksa ds nks gYds ukfHkd iw.kZ lay;u djds] ,d 

M' nzO;eku dk Hkkjh ukfHkd cuk ldrs gSa] ;fn (m3 + m4) > M' dqN ijek.kqvksa ds nzO;eku uhps Vsfcy esa fn;s x;s gS  

u982876.209Pou980388.208Biu974455.205Pbu919803.151Gd

u916709.81Seu925325.69Znu016004.7Liu015123.6Li

u002603.4Heu016050.3Hu014102.2Hu007825.1H

210
84

209
83

206
82

152
64

82
34

70
30

7
3

6
3

4
2

3
1

2
1

1
1

 
 

18. The correct statement is :  

 lgh izdFku gSA 

 (A) The nucleus 6

3Li  can emit an alpha particle   

 ukfHkd 6

3Li  ,d ,sYQk d.k mRlftZr dj ldrk gSA 

 (B) The nucleus 210

84 Po  can emit a proton  

 ukfHkd  210

84 Po  ,d izksVkWu mRlftZr dj ldrk gSA 

 (C) Deuteron and alpha particle can undergo complete fusion.    

 M;wVjkWu vkSj ,sYQk d.k iw.kZ lay;u djk ldrs gSA 

 (D) The nuclei 70

30 Zn  and  82

34 Se can undergo complete fusion. 

 ukfHkd 70

30 Zn  ,oa 82

34 Se  ukfHkd  iw.kZ lay;u dj ldrs gSA 

Ans. (C) 

Sol (A) 
7Li 4 3

2 13 He H   

 m = 3Li He H
[M M M ]   

 = [6.01513 – 4.002603 – 3.016050] 

 = – 1.003523u 

 m is negative so reaction is not possible. 

 (B) 
210 209 1Po Bi P84 83 1   
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 m is negative so reaction is not possible. 

  (C) 
2 4 6H He Li1 2 3   

 m is Positive so reaction is possible. 

 (D) 
70 82 152Zn Se Gd30 34 64   

 m is Positive so reaction is not possible. 

Hindi (A) 
7Li 4 3

2 13 He H   

 m = 3Li He H
[M M M ]   

 = [6.01513 – 4.002603 – 3.016050] 

 = – 1.003523u 

 m _.kkRed gS vr% lehdj.k lEHko ugh gSA 

 (B) 
210 209 1Po Bi P84 83 1   

 m _.kkRed gS vr% lehdj.k lEHko ugh gSA 

  (C) 
2 4 6H He Li1 2 3   

 m /kukRed gS vr% lehdj.k lEHko gSA 

 (D) 
70 82 152Zn Se Gd30 34 64   

 m /kukRed gS vr% lehdj.k lEHko ugh gSA  
 

19. The kinetic energy (in keV) of the alpha particle, when the nucleus  210

84 Po  at rest undergoes alpha 

decay, is: 

 tc fojkekoLFkk esa ukfHkd 210

84 Po   ,sYQk {k; djrk gS] rc ,sYQk d.k dh xfrt ÅtkZ (keV esa) gksrh gSA 

 (A) 5319  (B) 5422  (C) 5707  (D) 5818 

Ans. (A) 

Sol 
210 4 206Po He Pb84 2 82   

 m = [ MPO – MHe – MPb] = 0.008421 u 

 Q = 0.008421×932 MeV = 5422 KeV 

 
210

K 5422 KeV
214

    

 = 5320 KeV 

 

20. A nuclear power plant supplying electrical power to a village uses a radioactive material of half life T 

years as the fuel. The amount of fuel at the beginning is such that the total power requirement of the 

village is 12.5% of the electrical power available from the plant at that time. If the plant is able to meet 

the total power needs of the village for a maximum period of nT years, then the value of n is. 

 ,d xkao dks fo|qr ÅtkZ iznku djus okys ukfHkdh; la;a=k esa ,d T o"kZ v)Z&vk;q ds jsfM;ks/kehZ inkFkZ dks b±/ku ds 

:i esa iz;ksx fd;k tk jgk gSA izkjEHk esa b±/ku dh ek=kk bruh gS fd xk¡o dh lEiw.kZ fo|qr 'kfDr dh vko';drk,sa 

ml le; miyC/k fo|qr 'kfDr dh 12.5% gSaA ;fn ;g la;a=k xk¡o dh lEiw.kZ ÅtkZ vko;';drkvksa dks vf/kdre  

nT o"kksZ ds fy, iwjk dj ldrk gSA rc n dk eku gSA   

Ans 3  
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Sol. E' ×  
12.5

100
 = E 

 E = 
E'

8
   

(E = Power requirement to  the village xk¡o esa vko';d fo|qr 'kfDr, E' = Power of plant la;=k fd fo|qr 

'kfDr) 

 E = 
3

E'

2
 

 Number of half life v)Z vk;q fd la[;k = 3 

 So total time required vr% vko';d dqy le; = 3 × T years lky  

 

21. Match the nuclear processes given in Column with the appropriate option(s) in Column . 

  Column-     Column- 

 (A) Nuclear fusion    (P) Absorption of thermal neutrons by 235
92U  

 (B) Fission in a nuclear reactor  (Q)  60
27Co  nucleus  

 (C) –decay    (R) Energy production in stars via hydrogen  

       conversion to helium 

 (D) –ray emission    (S) Heavy water 

       (T) Neutrino emission 

 dkWye- esa nh x;h ukfHkdh; izfØ;kvksa dk dkWye- esa fn;s x;s fodYi@fodYiksa ls mfpr feyku dhft,A 

  dkWye-     dkWye- 

 (A) ukfHkdh; lay;u     (P) Å"eh; U;wVªkWuksa dk 
235

92U  }kjk vo'kks"k.k 

 (B) ukfHkdh; la;a=k esa fo[k.Mu   (Q)  ukfHkd 60

27 Co  

 (C) -{k;      (R) rkjksa esa gkbMªkstu dk ghfy;e esa ifjorZu }kjk ÅtkZ 

      mRiknu  

 (D)  -fdj.k mRltZu    (S) Hkkjh ty  

       (R) U;wfVªuksa mRltZu     

Ans. (A )  R (B) P,S;  (C) Q,T; (D) R,T  

 

22. For a radioactive material, its activity A and rate of change of its activity R are defined as A = 
dN

dt


  and 

dA
R

dt


 , where N(t) is the number of nuclei at time t. Two radioactive sources P (mean life ) and Q 

(mean life 2) have the same activity at t = 0. Their rates of change of activities at t = 2 are RP and RQ, 

respectively. If P

Q

R

R
 =

n

e
 , then the value of n is : 

 ,d jsfM;ksa/kehZ inkFkZ dh lfØ;rk A ,oa lfØ;rk ifjorZu dh nj R Øe'k% A =
dN

dt


  rFkk  

dA
R

dt


 laca/kksa }kjk 

ifjHkkf"kr dh tkrh gS] tgkW le; t ij ukfHkdksa dh la[;k N(t) gSA nks jsfM;ksa/kehZ L=kskr P (vkSlr vk;q ) rFkk Q 

(vkSlr vk;q 2) dh le; t = 0 ij leku lfØ;rk gSA mudh lfØ;rk ifjorZu dh njsa le; t = 2 ij Øe'k% RP  

rFkk RQ gSA ;fn 
P

Q

R

R
 = 

n

e
 , rc n dk eku gSA  

Ans. 2  
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Sol. 
–t

P 0A A e   ,AQ = 

–t

2
0A e   

 
–t

0
P

A
R e 


,  RQ = 

– t

0 2
A

e
2




 

 at  t = 2  ij 

 

–20

P

–10Q

A
e

R

AR
e

2





 =  
2

e
 

 

23. A fission reaction is given by 236
92U 140

54 Xe + 94
38Sr  + x + y, where x and y are two particles. 

Considering  236
92U  to be at rest, the kinetic energies of the products are denoted by KXe, KSr, Kx (2MeV) 

and Ky (2MeV), respectively. Let the binding energies per nucleon of 236
92U , 140

54 Xe   and  94
38Sr  be 7.5 

MeV, 8.5 MeV and 8.5 MeV, respectively. Considering different conservation laws, the correct option(s) 

is(are) 

 ,d fo[kaMu izfØ;k 236
92U  140

54 Xe + 94
38Sr  + x + y, nh x;h gS] tgk¡ x rFkk y nks d.k gSA 236

92U  fojkekoLFkk esa gS 

rFkk mRiknksa dh xfrt ÅtkZ, Øe'k% KXe, KSr, Kx (2MeV) rFkk Ky (2MeV) ls n'kkZ;h x;h gSA 236
92U , 140

54 Xe   rFkk  

94
38Sr  dh izfr U;fDYkvkWu ca/ku ÅtkZvksa dks Øe'k% 7.5 MeV,  8.5 MeV rFkk 8.5 MeV ysaA fofHkUu laj{k.k fu;eksa 

dk /;ku j[krs gq, lgh fodYi gS ¼gSa½     

 (A) x = n, y = n, KSr = 129 MeV, KXe =  86 MeV (B) x = p, y = e–, KSr = 129 MeV, KXe =  86 MeV 

 (C) x = p, y = n, KSr = 129 MeV, KXe =  86 MeV (D) x = n, y = n, KSr = 86 MeV, KXe =  129 MeV 

Ans. (A) 

Sol. 4a236 140 1 1

92 54 38 0 0Sr x y     

 x = y = n 

 Q = 236 × 7.5 – (140 × 8.5 + 94 × 8.5) = 1770 – (1190 + 799) = 219 MeV 

 In A and D energy and charge conservation is followed 

 A o D ÅtkZ ,oa vkos'k laj{k.k dk vuqlj.k djrs gSA 

 So vr%   Q = Kxe + KSr + Kx  + Ky = 129 + 86 + 4 = 219 

 In D eas,   

 pxe > pSr + px + py  

 so conservation of momentum will not hold 

 vr% laosx laj{k.k ugha gksrk gSA 
 

24. The isotope 12
5 B  having a mass 12.014 u undergoes -decay to 12 12

6 6C. C  has an excited state of the 

nucleus 12
6( C*)  at 4.041 MeV above its ground state. If 12

5 B  decays to 12
6 C * , the maximum kinetic 

energy of the -particle in units of MeV is : (1u = 931.5 MeV/c2, where c is the speed of light in vacuum) 

leLFkkfud (isotope) 12
5 B  ftldk nzO;eku 12.014 u gS] chVk {k; (-dcay) dh izfØ;k ls 

12
6 C  esa ifjofrZr gks 

tkrk gS 
12
6 C. dh ,d ukfHkdh; mÙksftr voLFkk 

12
6( C*)  fuEure voLFkk ls 4.041 MeV Åij gksrh gSA vxj 

12
5 B  

{k; gksdj 
12
6 C *  esa ifjofrZr gksrk gS rks chVk d.k dh vf/kdre xfrd ÅtkZ ¼MeV dh ek=kk esa½ D;k gksxh \ 

(1u = 931.5 MeV/c2, ;gk¡ c fuokZr esa izdk'k dh xfr gSa) 

Ans. 9 
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Sol.     
1212 –
65 B C  

 Q =  12 12 2

5 6m B m C* c  

 =     
 

12 12 2

5 6m B m C m C  

 =   12 12 2 2

5 6m B m C C mC  

 = 0.014 × 931 – 4.041 = 9 

 

25. An accident in a nuclear laboratory resulted in deposition of a certain amount of radioactive material of 

half-life 18 days inside the laboratory. Tests revealed that the radiation was 64 times more than the 

permissible level required for safe operation of the laboratory. What is the minimum number of days 

after which the laboratory can be considered safe for use ?     

 ,d ukfHkdh; iz;ksx'kkyk esa nq?kZVuk dh otg ls jsfM;ks,fDVo inkFkZ dh dqN ek=kk tek gks x;h] ftldh v/kkZ;q  

18 fnuksa dh gSA ijh{k.k ls irk pyk fd iz;ksx'kkyk esa fofdj.k dk Lrj lqjf{kr Lrj ls 64 xq.kk T;knk FkkA U;wure 

fdrus fnuksa ds ckn iz;ksx'kkyk dke djus ds fy, lqjf{kr gksxh \ 

 (A) 64   (B) 90   (C*) 108  (D) 120 

Ans. (C) 

Sol. H
0

t / T
A A 2


  

  H0
0

t / TA
A 2

64


  

  6 = 
H

t

T
 

  t = 6TH = 108 days 

 

26. The electrostatic energy of Z protons uniformly distributed throughout a spherical nucleus of radius R is 

given by  

   
R4

e)1–Z(Z

5

3
E

0

2


     

 The measured masses of the neutron, H1
1 , N15

7 , and O15
8  are 1.008665 u, 1.007825 u, 15.000109 u 

and 15.003065 u, respectively. Given that the radii of  both the N15
7  and O15

8  nuclei are same,  

1u = 931.5 MeV/c2 (c is the speed of light) and  0
2 4/e  =1.44 MeV fm. Assuming that the difference 

between the binding energies of N15
7  and O15

8  is purely due to the electrostatic energy, the radius of 

either of the nuclei is (1 fm = 10–15 m)   

 f=kT;k R okys ,d xksykdkj ukfHkd (nucleus)  esa Z  izksVksu leku:i ls forfjr gSA ,sls ukfHkd dh fLFkj fon~;qr~ 

ÅtkZ uhps lehdj.k esa nh xbZ gS  

   
R4

e)1–Z(Z

5

3
E

0

2


  

 U;wVªkWu] H1
1 , N15

7  ,oa O15
8   ukfHkdksa (nuclei) ds ekis x;s nzO;eku Øe'k% 1.008665 u, 1.007825 u, 15.000109 u 

,oa 15.003065 u gSA N15
7  vkSj O15

8  ukfHkdksa dh f=kT;k;sa leku nh xbZ gSA 1 u = 931.5 MeV/c2 (tgka ij c 

izdk'k dh xfr gS) vkSj  0
2 4/e   = 1.44 MeV fmA ;fn  N15

7  vkSj O15
8  dh ca/kd ÅtkZvksa dk varj flQZ fLFkj 

fon~;qr~ ÅtkZ ds dkj.k gS] rks nksuksa esa ls fdlh Hkh ukfHkd dh f=kT;k D;k gksxh \(1 fm = 10–15 m) 

 (A) 2.85 fm  (B) 3.03 fm  (C*) 3.42 fm  (D) 3.80 fm 

Ans. (C) 

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


Nuclear 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 
ADVNP - 17 

Toll Free : 1800 258 5555  | CIN: U80302RJ2007PLC024029 
 

Sol. E = 
2

0

3 Z(Z 1)e

5 4 R




 

 15 15 1

8 7 1n O N H    

 Q =  15 15 1
8 7 1

n O N H
M M m M   C2 

 = 0.003796 × 931.5 

 = 3.5359 MeV  

 E = 
2

0

3 e 1
(8 7 7 6)

5 4 R
    


 = 

3 1
(1.44 MeV fm) 14

5 R
    = 3.5359 MeV 

  R = 3.42 fm 

 

27. 131 is an isotope of Iodine that  decays to an isotope of Xenon with a half-life of 8days. A small amount 

of a serum labelled with 131 is injected into the blood of a person. The activity of the amount of 131 
injected was 2.4 × 105 Becquerel (Bq). It is known that the injected serum will get distributed uniformly 
in the blood stream in less than half an hour. After 11.5 hours, 2.5 ml of blood is drawn from the 
person's body, and gives an activity of 115 Bq. The total volume of blood in the person's body, in liters 

is approximately (you may use ex  1 + x for |x| << 1 and In 2  0.7).  

 vk;ksMhu dk leLFkkfud (isotope) 131] ftldh v/kZ&vk;q 8 fnu gS] -{k; ds dkj.k tsuksau (Xenon) ds 

leLFkkfud esa {kf;r gksrk gSA vYi ek=kk dk 131 fpfër (labelled) lhje (serum) ekuo 'kjhj esa vUr%f{kIr (inject) 

fd;k x;k] ftl ek=kk dh vWfDVork (activity) 2.4 × 105 csdsjsy (Becquerel) gSA ;g lhje :f/kj /kkjk esa vk/ks ?kaVs 

esa ,dleku forfjr gksrk gSA vxj 11.5 ?kaVs ckn 2.5 ml jä 115 csdsjsy dh vWfDVork n'kkZrk gS] rc ekuo 'kjhj esa 

jä vk;ru (yhVj esa) gS (vki ex  1 + x for |x| << 1 ,oa In 2  0.7 dk mi;ksx dj ldrs gSaA) 

Ans. (5)  

Sol. I131  
 Days8T 2/1

 xe131 +    

 A0 = 2.4 × 105 Bq = No   
 Let the volume is V, 

 ekukfd vk;ru V gS, 

  t = 0  Ao = No   

  t = 11.5 Hrs A = N 

 115 =  







 5.2

V

N
 

 115 = 
V


 × 2.5 × (Noe–t) 

 115 = 
 

V

No  × (2.5) × 
 Hr5.11.

day8

2ln
–

e  

 115 = 
 

V

104.2 5
 × (2.5) × e–1/24  

 V = 
115

104.2 5
× 2.5 









24

1
–1  

 = 
115

104.2 5
× 2.5 









24

23
 

 = 
2

5

10115

252310




 = 5 × 103ml = 5 liter 
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28*. In a radioactive decay chain, 232
90 Th  nucleus decays to 212

90 Pb nucleus. Let N and N be the number of 

 and – particles, respectively, emitted in this decay process. Which of the following statements is (are) 
true?  

 ,d jsfM;ks,fDVo {k; J`a[kyk (decay chain) esa 232
90 Th  ukfHkd] 212

90 Pb ukfHkd esa {kf;r gksrk gSA bl {k; izØe 

(process) esa mRlftZr gq, (emitted)  vkSj – d.kksa dh la[;k Øe'k% N vkSj N gSaA fuEufyf[kr dFkuksa esa ls dkSu 

lk ¼ls½ lgh gS ¼gSa½ ?  

  (A) N= 5    (B) N= 6   (C) N= 2    (D) N= 4   
Ans. (AC) 

Sol. 232 212 4 0

90 82 2 1Th Pb x He y e


    

 2x – y = 8 
 4x = 20 

 

PART - II : JEE (MAIN) / AIEEE PROBLEMS  (PREVIOUS YEARS) 

Hkkx - II : JEE (MAIN) / AIEEE ¼fiNys o"kksZ½ ds iz'u 

 

1.    The  energy  spectrum  of  -particles (number N(E) as a function of  -energy E) emitted from a 

radioactive source is :  

 ,d jsfM;kslfØ; lzksr ls mRlftZr -d.kksa dk ÅtkZ LisDVªe (la[;k  N(E), -ÅtkZ E ds Qyu ds :i esa) gS : 

 (1) 

   

(2) 

 

N(E) 

E0 

  

 (3)     (4*)

 

N(E) 

E0 

  

 

2. When  3Li7 nuclei are bombarded by protons, and the resultant nuclei are  4Be8 , the emitted particles 

will be  

 (1) neutrons     (2) alpha particles     (3) beta particles    (4*) gamma photons   

 tc izksVkWuksa ls 3Li7 ukfHkd ij ceckjh dh tkrh gS vkSj ifj.kkeh ukfHkd 4Be8  gks, rc mRlftZr d.k gksxsa  

 (1) U;wVkªWu  (2) ,sYQk d.k     (3) chVk d.k   (4*) xkek QksVkWu  

Sol. Gamma-photon. xkek QksVkWu  

 

3. The ‘rad’ is the correct unit used to report the measurement of     

 (1) the rate of decay of radioactive source   

 (2) the ability of a beam of gamma ray photons to produce ions in a target   

 (3) the energy delivered by radiation to a target.   

 (4*) the biological effect of radiation  

 ‘rad’ blds ekiu dk fjiksVZ djus dh lgh bdkbZ gS %      

 (1) jsfM;klfØ; lzksr ds {k; dh nj  

 (2) xkek fdj.k QksVkWuksa dh fdj.kiqat }kjk ,d y{; ls vk;u mRiUu djus dh ;ksX;rk  

 (3) ,d y{; dks fofdj.k }kjk nh xbZ ÅtkZ  

 (4*) fofdj.k ds tSfod izHkko  
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 4. If the binding energy per nucleon in 7

3Li   and 4

2He  nuclei are 5.60 MeV and 7.06 MeV respectively, then 

in the reaction            

  7 4

3 2p Li 2 He   

 energy of proton must be :    

 7

3Li   rFkk 4

2He  ukfHkdksa dh izfr U;wfDyvkWu cU/ku ÅtkZ Øe'k% 5.60 MeV rFkk 7.06 MeV  gS] rc vfHkfØ;k  

  7 4

3 2p Li 2 He   

 esa izksVkWu dh ÅtkZ vo'; gksuh pkfg, : 

 (1) 39.2 MeV    (2) 28.24 MeV   (3*) 17.28 MeV   (4) 1.46 MeV  

Sol.  EP = (8 × 7.06 – 7 × 5.60) MeV = 17.28 MeV 

 As per the data given in the problem the binding energy of 4

22 He  is already greater than the binding 

energy of 7

3Li , therefore  the reaction is already exothermic. So no energy is required. 

 iz'u esa fn;s x;s vkadM+ksa ds vuqlkj 4

22 He  dh cU/ku ÅtkZ igys gh 7

3Li  dh cU/ku ÅtkZ ls vf/kd gS] vr% vfHkfØ;k 

Å"ek{ksih gksxhA vr% dksbZ ÅtkZ dh vko';drk ugha gSA  

 

5. If Mo is the mass of an oxygen isotope 8O17, Mp and MN are the masses of a proton and a neutron 

respectively, the nuclear binding energy of the isotope is :    

 ;fn vkWDlhtu ds leLFkkfud 8O17 dk nzO;eku  Mo gS] vkSj Mp o MN Øe'k% izksVkWu o U;wVªkWu ds nzO;eku gS] rks 

leLFkkfud dh ukfHkdh; cU/ku mtkZ gS :    

 (1) (Mo – 8MP)C2  (2*) (Mo – 8MP – 9MN)C2   (3) MoC2    (4) (Mo – 17MN)C2  
 

Sol. Nuclear binding energy = [mass of nucleus – mass of nucleons] C2 = (Mo – 8MP – 9MN)C2 

 ukfHkdh; cU/ku ÅtkZ = [ukfHkd dk nzO;eku – U;wfDYkvkWu dk nzO;eku] C2 = (Mo – 8MP – 9MN)C2 

 

6.  In gamma ray emission from a nucleus :      

 (1) both the neutron number and the proton number change    

 (2*) there is no change in the proton number and the neutron number     

 (3) only the neutron number changes     

 (4) only the proton number changes   

 ,d ukfHkd ls xkek fdj.k ds mRltZu esa       

 (1) U;wVªkWu la[;k rFkk izksVkWu la[;k nksuksa ifjofrZr gksrs gSa 

 (2*) izksVkWu la[;k rFkk U;wVªkWu la[;k esa dksbZ ifjorZu ugh gksrk gSa  

 (3) dsoy U;wVªkWu la[;k ifjofrZr gksrh gSa  

 (4) dsoy izksVkWu la[;k ifjofrZr gksrh gSa  

Sol.  Gamma ray is electromagnetic radiation which does not involve any change in proton number or 

neutron number   

 xkek fdj.ks fo|qr pqEcdh; fofdj.k gS] tks izksVkWu la[;k ;k U;wVªkWu la[;k esa ifjorZu ds fy, mÙkjnk;h ugh gSA  

 

7.  The half-life period of a radio-active element X is same as the mean life time of another radio-active 

element Y. Initially they have the same number of atoms. Then :   

 (1) X will decay faster than Y        (2*) Y  will decay faster than X   

 (3) X and Y have same decay rate initially (4) X and Y decay at same rate always   

 ,d jsfM;kslfØ; vo;o X dk v)Z&vk;q dky nwljs jsfM;kslfØ; vo;o Y ds ek/; vk;q dky ds cjkcj gSA izkjEHk 

esa muesa ijek.kq leku la[;k esa gSa] rc       

 (1) X, Y ds lkis{k rsth ls {kf;r gksxk   (2*) Y, X ds lkis{k rsth ls {kf;r gksxk   

 (3) izkjEHk esa X vkSj Y dh {k; nj leku gS  (4) X vkSj Y lnSo leku nj ls {kf;r gksrs gS  

Sol. 
x Y

n2 1


 
 = 

Y
 = 1.4

X
 ,  

Y
 > 

X
  , Y will decay faster than X,  Y, X dh rqyuk esa rsth ls {kf;r gksxk.  
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8. This question contains Statement-1 and Statement-2. Of the four choices given after the statements, 

choose the one that best describes the two statements.      

 bl iz'u ds nks dFku gSa] dFku-1 rFkk dFku-2 A bu dFkuksa ds i'pkr~ fn, x, pkj fodYiksa esa ls ml fodYi dk 

p;u dhft, tks bu nks izdFkuksa dk loksZÙke o.kZu djrk gSA 

 Statement-1 :  Energy is released when heavy nuclei undergo fission or light nuclei undergo fusion.  

 and   

 Statement-2 :  

 For heavy nuclei, binding energy per nucleon increases with increasing Z while for light nuclei it 

decreases with increasing Z.  

 dFku-1 : tc Hkkjh ukfHkd fo[kf.Mr gksrs gSa vFkok gYds ukfHkd layf;r gksrs gSa] rc ÅtkZ eqDr gksrh gSA  

 rFkk  

 dFku-2 : Hkkjh ukfHkdksa ds fy, Z esa o`f) gksus ij izfr U;wfDyvkWu ca/ku ÅtkZ esa of̀) gksrh gS tcfd gYds ukfHkdksa ds 

fy, Z esa o`f) gksus ij izfr U;wfDyvkWu ca/ku ÅtkZ ?kVrh gSA  

  (1) Statement-1 is true, Statement-2 is true; Statement-2 is a correct explanation for Statement-1  

 (2) Statment-1 is true, Statement-2 is true; Statement-2 is not a correct explanation for Statement-1  

 (3*) Statement-1 is true, Statement-2 is false  

 (4) Statement-1 is false, Statement-2 is true  

 (1) dFku-1 lR; gS, dFku-2 lR; gS; dFku-2, dFku-1 dh lgh O;k[;k djrk gSA  

 (2) dFku-1 lR; gS, dFku-2 lR; gS; dFku-2, dFku-1 dh lgh O;k[;k ugha djrk gSA  

 (3*) dFku-1 lR; gS, dFku-2 vlR; gSA  

 (4) dFku-1 vlR; gS, dFku-2 lR; gSA  

9.  

 The above is a plot of binding energy per nucleon Eb, agains the nuclear mass M; A, B, C, D, E, 

correspond to different nuclei. Consider four reactions :     

 mijksDr vkys[k izfr U;wfDyvkWu cU/ku ÅtkZ Eb vkSj ukfHkdh; nzO;eku M  ds chp gSA A, B, C, D, E, F fofHkUu 

ukfHkdksa ds laxr gSA pkj vfHkfØ;kvksa ij fopkj dhft, % 

 (i) A + B  C +   (ii) C  A + B +  (iii) D + E F +  and (iv) F  D + E + , 

 where  is the energy released? In which reactions is  positive? 

 tgk¡  eqDr ÅtkZ gSA fdu vfHkfØ;kvksa esa  /kukRed gSa\ 

 (1) (i) and (iii)  (2) (ii) and (iv)  (3) (ii) and (iii)  (4*) (i) and (iv) 

 (1) (i) vkSj (iii)  (2) (ii) vkSj (iv)  (3) (ii) vkSj (iii)  (4*) (i) vkSj (iv) 

Sol. Ans. (4) 

 If binding energy of product nuclei is greater  then energy is released.  

 ;fn mRikn ukfHkd dh cU/ku ÅtkZ vf/kd gS rks ÅtkZ eqDr gksxh  
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Directions : Question number 10 – 12 are based on the following paragraph. 

funsZ'k : iz'u la[;k 10 – 12 fuEufyf[kr vuqPNsn ij vk/kkfjr gSaA  

 The nucleus of mass M + m is at rest and decays into two daughter nuclei of equal mass 
M

2
  each.. 

Speed of light is c.    

 nzO;eku M + m dk ,d ukfHkd fojke voLFkk esa gS vkSj izR;sd ,dleku nzO;eku 
M

2
 ds nks iq=kh ukfHkdksa esa {kf;r 

gksrk gSA izdk'k dh pky c gSA  

 

10. This binding energy per nucleon for the parent nucleus is E1 and that for the daughter nuclei is E2. Then 

: 

 iSr`d ukfHkd ds fy, izfr U;wfDyvkWu cU/ku ÅtkZ E1 gS vkSj iq=kh ukfHkdksa ds fy, E2 gSA rc  

 (1) E1 = 2E2   (2) E1 > E2   (3*) E2 > E1  (4) E2 = 2E1  

Ans. (3) 

Sol. Energy is released  

  (B.E.)product > (B.E.)Reactant  

Sol. ÅtkZ eqDr gksrh gS  

  (B.E.)
fØ;k Qy

  > (B.E.)
fØ;k dkjd

 

 

11. The speed of daughter nuclei is  

 iq=kh ukfHkdksa dh pky gS  

 (1) c 
m

M m



 
   (2*) c

2 m

M


    (3) c 

m

M


  (4) c

m

M m



 
 

Ans. (2) 

Sol. Q = m c2 = 
1

2
  ×  

M

2

 
 
 

v2 + 
1

2
 × 

M

2

 
 
 

 v2  

 mc2 =
1

2
  × Mv2  v = c

2 m

M


 

 

12. A radioactive nucleus (initial mass number A and atomic number Z) emits 3 -particles and 2 positrons. 

The ratio of number of neutrons to that of protons in the final nucleus will be  

 ,d jsfM;kslfØ; ukfHkd ¼izkjfEHkd nzO;eku la[;k A  rFkk ijek.kq Øekad Z) 3 -d.k vkSj 2 ikWftVªkWUk mRlftZr djrk 

gSA ifj.kkeh ukfHkd esa U;wVªkWuksa dh la[;k dk izksVkWuksa dh la[;k ls vuqikr gksxk  

 (1) 
A Z 8

Z 4

 


  (2*) 

A Z 4

Z 8

 


  (3) 

A Z 12

Z 4

 


  (4) 

A Z 4

Z 2

 


 

Ans. (2) 

 

Sol. A 4 A 12 0

Z 2 Z 8 1X 3 He Y 2 e 2

       

 number of proton = Z – 8 

 number of neutron = (A – 12) – (Z – 8) = A – Z – 4 

 ratio is 
A Z 4

Z 8

 


 

Sol. A 4 A 12 0

Z 2 Z 8 1X 3 He Y 2 e 2

       

 izksVksu dh la[;k = Z – 8 

 U;wVªkWu dh la[;k = (A – 12) – (Z – 8) = A – Z – 4 

 vuqikr 
A Z 4

Z 8

 


 gSa  
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13. The half life of a radioactive substance is 20 minutes. The approximate time interval (t2 – t1) between 

the time t2 when  
2

3
 of it has decayed and time t1 when 

1

3
 of it had decayed is :  

 ,d jsfM;ks lfØ; inkFkZ dh v)Z&vk;q 20 feuV gSA blds 
2

3
 {kf;r gksus ds le; t2 vkSj  

1

3
{kf;r gksus ds le; t1 

esa vUrj (t2 – t1) dk eku yxHkx gS : 

 (1) 7 min  (2) 14 min  (3*) 20 min  (4) 28 min 

Ans. (3) 

Sol. 
2

3
N0 = 1t

0N e  

 
1

3
N0 = 2t

0N e  

 
2 1(t t )2 e 

  

 (t2 – t1) = n 2 

 (t2 – t1) = 
n2


 = 20 min.   

 

14. Statement - 1 :  

 A nucleus having energy E1 decays by – emission to daughter nucleus having energy E2, but the  

– rays are emitted with a continuous energy spectrum having end point energy E1 – E2. 

 Statement - 2: 

 To conserve energy and momentum in -decay at least three particles must take part in the 

transformation.      

 çdFku - 1 :  

 ÅtkZ E1 okyk ,d ukfHkd ÅtkZ E2 okys ,d larfr dsUnzd esa –  mRltZu ls {kf;r gksrk gS] ijUrq – fdj.ksa vR; 

fcUnq ÅtkZ E1 – E2 okys ,d lrr~ ÅtkZ LisDVªe ls mRlftZr gksrh gSA 

 çdFku - 2: 

 –{k; esa ÅtkZ vkSj laosx laj{k.k ds fy;s :ikUrj.k esa de ls de rhu d.kksa dk Hkkx ysuk vko';d gSA  

 (1) Statement-1 is correct but statement-2 is not correct.  

 (2*) Statement-1 and statement-2 both are correct and stateemnt-2 is the correct explanation of 

statement-1. 

 (3)  Statement-1 is correct, statement-2 is correct and statement-2 is not the correct explanation of 

statement-1 

 (4) Statement-1 is incorrect, statement-2 is correct. 

 (1) çdFku-1 lgh gS] çdFku-2 xyr gSA 

 (2*) çdFku-1 lgh gS] çdFku-2 lgh gS vkSj çdFku-2, çdFku-1 dh lgh O;k[;k djrk gSA 

 (3)  çdFku-1 lgh gS] çdFku-2 lgh gS vkSj çdFku-1 dh lgh O;k[;k ugha djrk gSA 

 (4) çdFku-1 xyr gS] çdFku-2 lgh gSA 

Ans. (2) 

Sol. Statement–1: Energy of – particle from 0 to maximum so E1 – E2 is the continuous energy spectrum. 

 Statement–2 : For energy conservation and momentum at least three particles daughter nucleus +–1 

and antineutron. 

 çdFku–1: – d.k dh ÅtkZ 0 ls vf/kdre gksrh gSA blfy, E1 – E2 lrr~ ÅtkZ LisDVªe gSA  

 çdFku–2 : ÅtkZ rFkk laosx laj{k.k ds fy, U;wure rhu iq=kh ukfHkd +–1 rFkk ,UVhU;wfVªuksa dh vko';drk gSA 
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15. Assume that a neutron breaks into a proton and an electron. The energy released during this process is 

: 

 (mass of neutron = 1.6725 × 10–27 kg, Mass of proton = 1.6725 × 10–27 kg, mass of electron = 9 × 10–31 

kg) 

 ;g eku ysa fd ,d U;wVªku ,d izksVksu vkSj ,d bysDVªkWu esa VwVrk gSA bl izfØ;k esa fuxZr ÅtkZ gS  : 

 (U;wVªkWu dk æO;eku = 1.6725 × 10–27 kg, izksVkWu dk æO;eku = 1.6725 × 10–27 kg, bysDVªkWu dk æO;eku = 9 × 

10–31 kg)     

 (1*) 0.73 MeV     (2) 7.10 MeV 

 (3) 6.30 MeV     (4) 5.4 MeV 

Ans. (1) 

Sol. 0n1  1H1 + –1e0 +    + Q 

 m = mn – m – me  

 = (1.6725 × 10–27 – 1.6725 × 10–27 – 9 × 10–31) kg 

 = – 9 × 10–31 kg 

 Energy  ÅtkZ = 9× 10–31 × (3 × 108)2 

  = 0.511 MeV 

 Which is nearly equal to 0.73 Mev 

 tks 0.73 Mev ds yxHkx cjkcj gSA 

 but as energy will be required. 

 fdUrq tks ÅtkZ vko';d gksxh  

 since mass is increasing  

 pawfd nzO;eku c<+ jgk gSA 

 so answer = –0.511 Mev 

 vr% mÙkj –0.511 Mev gSA 

 either (1) or bonus. 

 (1) ;k cksul   

 

16. Half-lives of two radioactive elements A and B are 20 minutes and 40 minutes, respectively, Initially, the 

samples have equal number of nuclei. After 80 minutes, the ratio of decayed numbers of A and B nuclei 

will be :        

 nks jsfM;ks/kehZ rÙo A rFkk B dh v)Zvk;q Øe'k% 20 minutes rFkk 40 minutes gSA izkjaHk esa nksuksa ds uewuksa esa ukfHkdksa 

dh la[;k cjkcj gSA 80 minutes ds mijkar A rFkk B ds {k; gq, ukfHkdksa dh la[;k dk vuqikr gksxk : 

 (1) 4 : 1   (2) 1 : 4   (3*) 5 : 4  (4) 1 : 16 

Ans. (3) 

Sol. A   B 

 TA = 20 min  TB = 40 min 

 

2/1

2/1

t/t

t/t

B0

A0

2

1
1

2

1
1

N

N
1

N

N
1































= 

4

3
16

15

4

1
1

16

1
1

2

1
1

2

1
1

40

80

20

80













= 
5

4
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17. A radioactive nucleus A with a half life T, decays into a nucleus B. At t = 0, there is no nucleus B. At 

sometime t, the ratio of the number of B to that of A is 0.3. Then, t is given by :  

 ,d jsfM;ks,fDVo ukfHkd A v)Zvk;q T gS] dk {k; ,d ukfHkd B esa gksrk gSA le; t = 0 ij dksbZ Hkh ukfHkd B ugha gSA 

,d le; t ij ukfHkdksa B rFkk A dh la[;k dk vuqikr 0.3 gS rks t dk eku gksxkA 

 (1) 
T

t
log(1.3)

   (2) 
T log2

t
2 log1.3

  (3*) 
log 1.3

t T
log 2

   (4) t = T log (1.3) 

Ans. (3) 

Sol. 
t

0

t
0

A

B

eN

)e1(N

N

N



  

 0.3 = et – 1  T = 


)2(n
 

 1.3 = et  

T

)2(n
  

 n(1.3) = t 

 T
)2(n

)3.1(n
t 




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SUBJECTIVE QUESTIONS  

fo"k;kRed iz'u ¼SUBJECTIVE QUESTIONS½ 

 

1. A radioactive material decays by -particle emission. During the first 2 seconds of a measurement, n -

particles are emitted and the next 2 seconds 0.75 n -particles are emitted. Calculate the mean-life of 

this material in seconds to the nearest whole number. (n 3 = 1.0986 and n 2 = 0.6931). 

 ,d jsfM;ks,fDVo inkFkZ dk {k; -d.k mRltZu }kjk gqvkA izFke 2-lsd.M ds ekiu esa n -d.kksa dk mRltZu gqvk 

vkSj vxys 2 lsd.M esa  0.75 n -d.kksa dk mRltZu gqvkA bl inkFkZ dh ek/; vk;q lsd.M esa utnhdh iw.kk±dksa esa 

Kkr djks\ (n 3 = 1.0986 vkSj n 2 = 0.6931).      

Ans. 6.954 sec 
Sol. Let n0 be the number of radioactive nuclei at time t = 0. Number of nuclei decayed in time t are given  

n0(1 – e–2), which is also equal to the number of beta particles emitted the same interval of time. For 
the given condition,  

    n = n0 (1 – e–2)  ......(i) 

   (n + 0.75 n) = n0 (1– e–4 ) ......(ii) 
 Dividing (ii) by (i) we get 

  1.75 = 
4

2

1 e

1 e

 

 




 or 1.75 – 1.75 e–2  = 1 – e–4 

  1.75 e–2 –e–4  =  
3

4
 .....(iii) 

 Let us take e–2 = x 
 Then the above equation is,  
  x2 – 1.75x + 0.75 = 0 

 or x = 
21/75 (1.75) (4)(0.75)

2


  or  x = 1  and 

3

4
 

  From equation (iii) either   e–2 = 1 or e–2 = 
3

4
 

 but e–2 = 1 is not accepted because which means  = 0. Hence 

  e–2 =
3

4
 or –2 n (e) = n(3) - n (4) = n(3) – 2 n(2) 

   = n(2) – 
1

2
n(3)  

 Substituting the given values,  = 0.6931 – 
1

2
× (1.0986) = 0.14395 s–1 

  Mean life tmeans = 


1
 = 6.947 sec  

Sol. ekuk t = 0 ij jsfM;ks,sfDVo ukfHkd dh la[;k n0  gSA t le; ij {k; ukfHkdksa dh la[;k n0(1 – e–2) tks leku 

le;kUrjky esa mRlftZr  d.kksa ds cjkcj gksxhA nh xbZ fLFkfr ds fy,]  

    n = n0 (1 – e2)  ......(i) 

   (n + 0.75 n) = n0 (1– e4 ) ......(ii) 

 (i) dk (ii) esa Hkkx nsus ij  

  1.75 = 
4

2

1 e

1 e

 

 




 ;k  1.75 – 1.75 e–2  = 1 – e–4 

  1.75 e–2 –e–4  =  
3

4
 .....(iii) 
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 ekuk e–2 = x 

 rc mijksDr lehdj.k gS ,  

  x2 – 1.75x + 0.75 = 0 

 ;k  x = 
21/75 (1.75) (4)(0.75)

2


  ;k  x = 1  rFkk  

3

4
  

  lehdj.k (iii) ls    e–2 = 1 ;k   e–2 = 
3

4
 

 ijUrq  e–2 = 1 i;kZIr ugha gS] D;ksafd blls  = 0 gS] vr%  

  e–2 =
3

4
 ;k –2 n (e) = n(3) - n (4) = n(3) – 2 n(2) 

  = n(2) – 
1

2
n(3)  

 fn;s x, eku j[kus ij,  = 0.6931 – 
1

2
× (1.0986) = 0.14395 s–1 

  vkSlr vk;q  tmeans = 


1
  = 6.947 sec  

 

2. What kinetic energy must an -particle possess to split a deuteron H2 whose binding energy is  
Eb = 2.2 MeV?      

 -d.k izfØ;k esa] ,d M~;wVªkWu H2 ftldh cU/ku ÅtkZ Eb = 2.2 MeV  gS] dks VwVus esa fdruh -d.k dh xfrt ÅtkZ 

dh vko';drk gksxh\ 

Ans. 6.6 MeV        

Sol. Loss in K.E. will be used in splitting of Deuteron. 
 Let us calculate the minimum K.E. required for the loss of 2.2 MeV. For this we must assume perfectly 

inelastic collision.   

 xfrt ÅtkZ esa deh M~;wVªkWu dks rksM+us ds mi;ksx esa vk xbZ gksxhA  

 2.2 MeV. dh gkfu ds fy, vko';d xfrt ÅtkZ dh x.kuk djrs gSaA blls ge iw.kZr% vizR;kLFk VDdj ekurs gSaA  

          =     
4m.u

6m
   = 

2u

3
 

 maximum loss of K.E. will be in perfectly inelastic collision. 
 By energy conservation.  

 iw.kZr% vizR;kLFk VDdj esa xfrt ÅtkZ esa gkuh vf/kdre gksxhA  

 ÅtkZ laj{k.k ls  

   
1

2
 × 4 mu2 –  

1

2
 × 6m 

2
2u

3

 
 
 

 = Eb  

    
1

2
 × 4mu2  

2
1

3

 
 

 
   = Eb  

1

2
 × 4mu2 = 3Eb  

   Ans.    KE >  3Eb 
     KE >  6.6 MeV 
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3. A nucleus at rest undergoes   decay according to the equation , 225
92

X  Y +  . 

 At time t = 0 , the emitted   particle enters in a region of space where a uniform magnetic field  

B  = B0 î  and electric field E  = E0 î   exist . The   particle enters in the region with velocity v  = v0 ĵ  

from origin . At time t = 3   107 
0

m

q E





sec. , where m is the mass and q is the charge of  

particle . The particle was observed to have speed twice the initial speed v0 . Then find : 

(a) the initial speed v0 of the   particle 

 (b) the velocity of   particle at time t  

 (c) the binding energy per nucleon of X . 
 Given that :  m (Y) = 221.03 u , m (He) = 4.003 u , m (n) = 1.009 u , 

   m (p) = 1.0084 u   and 1 u = 1.67  10 27 kg = 931 MeV/c2    

 fojkekoLFkk esa fLFkr dksbZ ukfHkd] vfHkfØ;k 225
92

X  Y +  ds vuqlkj  {k; djrk gSA  

 t = 0 , le; ij mRlftZr   d.k] vkdk'k esa ml LFkku ij izos'k djrs gSa] tgk¡ ,d leku pqEcdh; {ks=k B  = B0 î  

vkSj fo|qr {ks=k E  = E0 î  gSA   d.k ewy fcUnq ls bl LFkku ij osx v  = v0 ĵ  ls izos'k djrs gSaaA t = 3  107 

0

m

q E





sec. ij] tgk¡ m vkSj q ,  d.k ds nzO;eku vkSj vkos'k gS] d.k dh pky] izkjfEHkd pky v0  dh nqxuh 

izkIr gksrh gS] rc Kkr djks &  

 (a)  d.k dh izkjfEHkd pky v0    

 (b)   d.k dk t le; ij osx  

 (c) X  dh izfr U;wfDykvkWu cU/ku ÅtkZ  

 fn;k gS  :  m (Y) = 221.03 u , m (He) = 4.003 u , m (n) = 1.009 u , 

   m (p) = 1.0084 u   and 1 u = 1.67  10 27 kg = 931 MeV/c2    

Sol. :       

    

 (a) (2 v0)2 = 

2

7qE m
3 10

m qE

 
  

 
 + v0

2     v0 = 107 m/s Ans. 

 (b) The path will be helical.  iFk gsyhdy gksxk    v  = 
qE

m
t î   + v0 cos  ĵ   v0 sin  k̂   

   v  (t) = 
0qE

m
t î  + 107 cos  t ĵ    107 sin  t k̂   where tgk¡   = q B/m 

 (c) k =
y

y

M

M M
 Q    Q = 

225

221
 K = 

225

221
   

1

2
m v0

2 . 

 Q =  mc2   
225

221
  

1

2
m v0

2  =  mc2 

  m = 
225

2 221
m

2

0

2

v

c
 = 

225

2 221
  4  

14

16

10

9 10
 = 

2

50

221 10
 = 

1

442
 a.m.u. 

 Now vc , mx = my + m +  m = 225.033 + 
1

442
 ;   

 BE = [ 92 mp + 133 mn  mx] c2  = 1.96  931 MeV 
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   BE per nucleon  izfr ukfHkd d.k ca/ku ÅtkZ  =   
1.96 931

225


 MeV/nucleon U;wfDyvkWu   

 = 8.11 MeV/nucleon U;wfDyvkWu Ans.   
 

4. A neutron collides elastically with an initially stationary deuteron. Find the fraction of the kinetic energy 
lost by the neutron (a) in a head-on collision; (b) in scattering at right angles.      

 ,d U;wVªkWu] izkjEHk esa fLFkj M~;wVªkWu ds lkFk izR;kLFk VDdj djrk gSA U;wVªkWu }kjk {kf;r xfrt ÅtkZ ds va'k dk 

vuqikr Kkr djksA tc (a) lh/kh VDdj gksA (b) VDdj ds ckn ijLij yEcor~ gks tk;s  

Ans. (a)  = 4mM/(m +M)2 = 0.89;  

 (b)  = 2m/(m + M) = 2/3.  
 Here m and M are the masses of a neutron and deuteron.      

 ;gk¡ m vkSj M U;wVªkWu vkSj M~;wVªkWu dk nzO;eku gSA  

Sol. According conservation principle of momentum,  

 laosx laj{k.k ds fl)kUr ds vuqlkj  

  1 2 3 4p p p p      

 or ;k   p1 = p3 + p4 ....(4) 

 According conservation principle of kinetic energy   

 izR;kLFk VDdj esa fudk; esa vfUre xfrt ÅtkZ o izkjfEHkd xfrt ÅtkZ cjkcj gksrh gSA  

    T1 + T2 = T3 + T4 

 or ;k   T1 = T3 + T4  

 or  ;k   
22 2

31 4pp p

2m 2m 2m
   

 or  ;k   
2 2 2

1 1 4 4p (p p ) p

2m 2m 2m


     (from eqn. (i))   lehdj.k (i) ls    

  or  ;k   
2 2 2 2

1 1 4 1 4 4p p p 2p p p

2m 2m 2m

 
   

 or  ;k   
2 2 2 2

1 1 4 1 4 4p p p 2p p p

2m 2m 2m 2m 2m
     

 or  ;k   p4
 

1 1

m M

 
 

 
 = 1 42p p

2m
 

 or  ;k   p4 
1 1

m M

 
 

 
= 12p

m
  

 or  ;k   p4 =
2M

m M

 
 

 
 p1  

    

2

2 2

4 1

2M
p p

m M

 
  

 
  ....(ii) 

  Loss in kinetic energy of neutron = T1 = gain in K.E. of deuteron   

  U;wVªkWu dh xfrt ÅtkZ esa deh = T1 = M~;wVªkWu dh xfrt ÅtkZ esa o`f)  

    T1 = T4 = 
2

4p

2M
  

    Fraction va'k  = 1

1

T

T


 = 

2 2

1

2

1

p2M

m M 2M

p

2m

 
 

 
 

     =  

2
2M

m M

 
 

 

m

M

 
 
 

 =  
2

4mM

(m M)
  

 Here ;gk¡ M  2m 
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   Fraction in  = 
8

9
 = 0.89 

 (b) According to conservation principle of momentum,  laosx laj{k.k ds vuqlkj  

    1 2 3 4p p p p    

 or  ;k   1 3 4p 0 p p    

 or  ;k   1 3 4p p p   

  Applying parallelogram law of vectors  lfn'kksa dk lekUrj prqHkZqt dk fu;e  

     2 2

1 3p p – 2p1p3 cos 90º = 2

4p  

  According to conservation principle of kenetic energy   

  izR;kLFk VDdj esa fudk; dh vafre xfrt ÅtkZ o izkjfEHkd xfrt ÅtkZ cjkcj gksrh gSA  

    
   T1 + T2 = T3 + T4  

 or  ;k  T1 + 0 = T3 + T4  

 or  ;k  
22 2

31 4pp p

2m 2m 2M
    

 or  ;k  
2 2 22

3 1 31 p p pp

2m 2m 2M


        

 or  ;k  
2 2 22

3 1 31 p p pp

2m 2m 2M


    

 or  ;k  
2

1p 1 1

1 m M

 
 

 
 = 

2

3p

1

1 1

m M

 
 

 
 

 or  ;k  2

1p
M m

mM

 
 
 

 = 2

3

m M
p

mM

 
  

 
 

 or  ;k  2 2

3 1

m M
p p

m M

 
  

 
  

  Loss in kinetic energy of neutron is  U;wVªkWu dh xfrt ÅtkZ esa deh   

    T = T1 – T3  

    = 
2 2 22

3 1 31 p p pp

2m 2m 2m


   

     = 

2 2

1 3

2

1 1

p p
T 2m

T p

2m




  

    = 1 – 
2

3

2

1

p

p
  = 1 –  

M m

M m

 
 

 

2

1

2

1

p

p
 

     = 1 – 
M m

M m

 
 

 
 =  

2m

M m
= 

2

3
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5. Find the binding energy of a nucleus consisting of equal numbers of protons and neutrons and having 
the radius one and a half time smaller than that of Al27 nucleus. [atomic mass of 4Be8 = 8.0053 u,  1H1 = 
1.007826u, 0n1= 1.008665 u]    

 leku la[;k esa izksVkWu vkSj U;wVªkWu j[kus okys ukfHkd dh cU/ku ÅtkZ Kkr djks] ftldh f=kT;k Al27 ukfHkd ls 1½ 

xquk de gSA [4Be8 dk ijekf.od nzO;eku = 8.0053 u,  1H1 = 1.007826u, 0n1= 1.008665 u] 

Ans. Be8, Eb = 56.5 MeV.   

Sol.     R = R0 A1/3  
     RAl = R0(27)1/3  

     R = R0A1/3  

 But  ysfdu   R = Al
Al

R 2
R

3 3

2

   

 or  ;k    R0A1/3 = 
2

3
R0(27)1/3  

     A = 

3
2

3

 
 
 

  27 =  
8

27
 ×  27 = 8   

      m = (4mH + 4mn – MN)amu 
      = (4 ×1.007826 + 4 × 1.008665 – 8.00531) amu 
      = 0.060664 amu 

      Eb = mc2 = 0.060664 × 931.5 MeV 
      = 56.50 MeV = 56.5 MeV 
 

6. A radio nuclide with half life T = 69.31 second emits -particles of average kinetic energy E = 11.25 eV. 

At an instant concentration of -particles at distance, r = 2 m from nuclide is n = 3 × 1013 per m3. 
 (i) Calculate number of nuclei in the nuclide at that instant. 

 (ii) If a small circular plate is placed at distance r from nuclide such that -particles strike the plate 

normally and come to rest, calculate pressure experienced by the plate due to collision of -particle. 

(Mass of -particle = 9 × 10–31 kg) (loge 2 = 0.693) 

 ,d jsfM;ksU;wfDykbM ftldh v)Zvk;q T = 69.31 lSd.M gS] vkSlr xfrt ÅtkZ E = 11.25 eV ds -d.kksa dks 

mRlftZr djrk gSA fdlh {k.k U;wfDykbM ls r = 2m nwjh ij -d.kksa dh lkUnzrk n = 3 × 1013 izfr m3 gSA 

 (i) bl {k.k U;wfDykbM esa ukfHkd dh la[;k Kkr djksA 

 (ii) ;fn ,d NksVh o`Ùkh; IysV U;wfDykbM ls r nwjh ij bl çdkj fLFkr gS fd -d.k IysV ij vfHkyEcor~ Vdjkrs gS 

rFkk fojkekoLFkk esa vk tkrs gS rks -d.k dh VDdj ds dkj.k IysV }kjk vuqHko fd;k x;k nkc Kkr djksA (-d.k 

dk nzO;eku = 9 × 10–31 kg) (loge 2 = 0.693)  

Ans. (i) 9.6  × 1022, (ii)  1.08 × 10–4 Nm–2  

Sol.  

Let activity (rate of decay) of the nuclide be A nuclei per second. It means A -particles are emitted per 
second. If a spherical surface of radius r with centre at position of nuclide be considered then A  

-particle cross this surface per second. It means during an elemental time interval dt a number (A . dt) 

of -particle cross this surface. If velocity of -particles be v then above calculated (A . dt) -particle are 
in a space having shape of a spherical shell of radius r and radial thickness (v dt) as shown in figure. 

 Volume of this space = 4 r2 (vdt) 
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  Concentration of -particles at distance r from nuclide is             

   n = 
2

A dt

4 r (v dt)
 

 or activity of the nuclide, A = 4 r2 vn 

 But activity, A = N where N is number of nuclei 

 Hence,  N = 
24 r vn


 but decay constant  = 

log 2

T
 

   N = 
24 r vnT

0.6931


   ....(1) 

 Kinetic energy of -particle, E =  
1

2
mv2  

   v = 
2E

m
 

 substituting this value in equation (1), 

   N =
24 r nT

0.6931

 2E

m
  = 9.6  × 1022    Ans. 

 (ii) At distance r from the nuclide (A/4 r2) -particle cross unit area per second.  
 Let area of small circular plate be S, then 

 number of -particle striking the plate per second  

   = 
2

A
S

4 r
 = 

2

N

4 r




S = 

2

0.6931 NS

4 r T
 

 Momentum of each particle just before collision is mv and after collision particles come to rest or 
momentum becomes zero. 

  Momentum transferred to plate due to collision is 

   p = mv – 0 = mv 
 Due to transfer of momentum, the plate experiences a force which is equal to rate of transfer of 

momentum. 

  Force,  F = p × no. of particles striking per second 

 or   F = mv × 
2

0.6931 NS

4 r T
 

 Pressure,  P = Force per unit area 

    P =  
F

S
=  

2

0.6931 N

4 r T
mv  but v = 

2E

m
 

    P =  
2

0.6931 N

4 r T
2mE  = 1.08 × 10–4 Nm–2 Ans.  
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Sol.   

 ekuk U;wfDykbM dh lfØ;rk ({k; dh nj) çfr lSd.M ukfHkd A gSA bldk vFkZ gS -d.k çfr lSd.M A mRlftZr 

gksrs gSA ;fn r f=kT;k dh ,d xksyh; lrg ftldk dsUnz U;wfDykbM dh fLFkfr ij gS] ij fopkj djrs gS rks A-d.k 

bl lrg dks çfr lSd.M ikj djrk gSA bldk eryc le; vUrjky dt ds nkSjku -d.kksa dh la[;k (A . dt) bl 

lrg dks ikj djrh gSA ;fn -d.kksa dk osx v gS rks mijksDr çkIr (A . dt) -d.k LFkku esa fLFkr gksaxs rFkk budh 

vkd`fr r f=kT;k o f=kT; eksVkbZ (v dt) ds xksykdkj dks'k dh rjg fp=kkuqlkj gksxhA  

 bl LFkku dk vk;ru = 4 r2 (v dt) 

  U;wfDykbM ls r nwjh ij -d.kksa dh lkUnzrk     

   n = 
2

A dt

4 r (v dt)
 

 ;k U;wfDykbM dh lfØ;rk, A = 4 r2 vn 

 fdUrq lfØ;rk, A = N ;gk¡ N ukfHkd dh la[;k gSA 

 vr%  N =  
24 r vn


 fdUrq {k; fu;rkad  = 

log2

T
 

   N = 
24 r vnT

0.6931


   ....(1) 

 -d.k dh xfrt ÅtkZ , E = 
1

2
 mv2  

   v = 
2E

m
 

 lehdj.k (1) esa bl eku dks j[kus ij , 

   N = 
24 r nT

0.6931

 2E

m
 = 9.6  × 1022    Ans. 

 (ii) U;wfDykbM (A/4 r2) ls r nwjh ij -d.k çfr lSd.M ,dkad {ks=kQy dks ikj djrs gSA 

 ekuk NksVh o`Ùkkdkj IysV dk {ks=kQy S gS rks 

 çfr lSd.M IysV ls Vdjkus okys -d.k dh la[;k  

   = 
2

A
S

4 r
 = 

2

N

4 r




S = 

2

0.6931NS

4 r T
 

 VDdj ds rqjUr igys çR;sd d.k dk laosx mv gS rFkk VDdj ds i'pkr~ d.k fojkekoLFkk esa vk tkrs gS vkSj laosx 

'kwU; gks tkrk gSA 

  VDdj ds dkj.k IysV dks LFkkukUrfjr laosx  

   p = mv – 0 = mv 

 laosx ds LFkkukUrj.k ds dkj.k IysV ,d cy vuqHko djsxh ftldk eku laosx ds LFkkukUrj.k esa ifjorZu dh nj ds 

cjkcj gksxkA 

  cy,  F = p × çfr lSd.M Vdjkus okys d.kksa dh la[;k 

 ;k   F = mv × 
2

0.6931NS

4 r T
 

 nkc,   P = çfr ,dkad {ks=kQy ij cy 
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    P = 
F

S
 =  

2

0.6931N

4 r T
mv  ysfdu v = 

2E

m
 

    P =   
2

0.6931N

4 r T
 2mE = 1.08 × 10–4 Nm–2 Ans.  

7. (a) Find the energy needed to remove a neutron from the nucleus of the calcium isotope 42

20 Ca  

 (b) Find the energy needed to remove a proton from this nucleus  
 (c) Why are these energies different ?  

 Atomic masses of 41

20 Ca  and  42

20 Ca  are 40.962278 u and 41.958622 u respectively. 

 Atomic mass of 41

19K is 40.961825 u , Mass of Proton is 1.007826 u 

 (a) dSfYl;e leLFkkfud 42

20 Ca  ds ukfHkd ls U;wVªkWu dks gVkus ds fy, vko';d ÅtkZ Kkr dhft, 

 (b) bl ukfHkd ls izksVksu dks gVkus ds fy, vko';d ÅtkZ Kkr dhft, 

 (c) ;s Åtk,sa fHkUu D;ksa gSa ?  

 41

20 Ca  rFkk 42

20 Ca  dk ijek.kq æO;eku Øe'k% 40.962278 u rFkk 41.958622 u gSA 

 41

19K  dk ijek.kq nzO;eku 40.961825 u gS, izksVkWu dk nzO;eku 1.007826 u gSA 

Ans. (a) 11.48 MeV (b) 10.27 MeV  
 (c) The neutron was acted upon only by attractive nuclear forces whereas the proton was also acted 

upon by repulsive electric forces that decrease its binding energy. 

 (c) U;wVªkWu ij ukfHkdh; vkd"kZ.k cy }kjk dk;Z djrk gS tcfd izksVksu ij fo|qr izfrd"kZ.k cy dk;Z djrk gS tks 

bldh ca/ku ÅtkZ dks ?kVkrk gSA 

Sol. (a) Removing a neutron from 42

20 Ca  leaves 41

20 Ca  . The mass of 41

20 Ca  plus the mass of a free neutron is 

40.962278 u + 1.008665 u = 41. 970943 u 

 The difference between this mass and the mass of 42

20 Ca  is 0.012321 u, so the binding energy of the 

missing neutron is : (0.012321 u)(931.49 MeV/u) =11.48 MeV 

 (b) Removing a proton from 42

20 Ca   leaves  the potassium isotope 41

19K  . A similar calculation gives a 

binding energy of 10.27 MeV for the missing proton. 
 (c) The neutron was acted upon only by attractive nuclear forces whereas the proton was also acted 

upon by repulsive electric forces that decrease its binding energy. 

Sol. (a) 42

20 Ca  ls U;wVªkWu dks gVkus ij 41

20 Ca  'ks"k jgrk gSA 41

20 Ca  dk æO;eku  + eqDr U;wVªksu dk æO;eku :  

 40.962278 u + 1.008665 u = 41. 970943 u gksxk 

 bl æO;eku rFkk 42

20 Ca  ds æO;eku esa varj  0.012321 u gS,  vr% [kks;s gq, U;wVªkWu dh ca/ku ÅtkZ gksxh : 

 (0.012321 u)(931.49 MeV/u) =11.48 MeV 

 (b) 42

20 Ca  ls izksVksu dks gVkus ij iksVsf'k;e leLFkkfud 41

19K  'ks"k jgrk gSA blh izdkj dh x.kuk ls [kks;s gq, izksVksu 

ds fy, 10.27 MeV ca/ku ÅtkZ izkIr gksrh gSA 

 (c) U;wVªkWu ij ukfHkdh; vkd"kZ.k cy }kjk dk;Z djrk gS tcfd izksVksu ij fo|qr izfrd"kZ.k cy dk;Z djrk gS tks 

bldh ca/ku ÅtkZ dks ?kVkrk gSA 

 

8. A nucleus X, initially at rest, undergoes alpha-decay according to the equation.  

   A 228

92 ZX Y        

 (a) Find the values of A and Z in the above process. 
 (b) The alpha particle produced in the above process is found to move in a circular track of radius 0.11 

m in a uniform magnetic field of 3 tesla. Find the energy (in MeV) released during the process and the 
binding energy of the parent nucleus X.  

 Given that m (Y) = 228.03 u; m( 1

0n ) = 1.009 u. 

  m 4

2He  = 4.003 u ;  m( 1

1H ) = 1.008 u.  
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 izkjEHk esa fLFkj ,d ukfHkd X, lehdj.k ds vuqlkj vYQk {k; djrk gSA  

  A 228

92 ZX Y   

 (a) mijksDr izfØ;k esa  A rFkk Z dk eku Kkr djksA 

 (b) mijksDr izfØ;k esa mRiUUk vYQk d.k 3 Vslyk ds  ,d leku pqEcdh; {ks=k esa o`Ùkkdkj iFk ij xfr djrk gqvk 

izkIr gksrk gSA mijksDr izfØ;k ds nksjku eqDr ÅtkZ (MeV) esa Kkr djks rFkk iS=k`d ukfHkd X dh ca/ku ÅtkZ Kkr 

djksA fn;k gqvk gS m (Y) = 228.03 u; m( 1

0n ) = 1.009 u. 

 m 4

2He  = 4.003 u ;  m( 1

1H ) = 1.008 u. 

Ans. (a) 232, 90 (b) 5.3 MeV, 1823.2 MeV  
Sol. (a)  A – 4 = 228  

  A = 232 
  92 – 2 = Z or Z = 90 

 (b) From the relation , lEc/k ls   

  r =  
2Km

Bq
 

  K = 
2 2 2r B q

2m
 

       =  
2 2 19 2

27 13

(0.11) (3) (2 1.6 10 )

2 4.003 1.67 10 1.6 10



 

 

    
MeV 

       = 5.21 MeV 

 From the conservation of momentum , laosx lj{k.k ls  

   P = P  

 or   2k m    = 2k m    

  Kg = 
m

m





 
 
 
 

k = 
4.003

228.03
 × 5.21 = 0.09 MeV 

  Total energy released dqy eqDr ÅtkZ = K + K = 5.3 MeV 

 Total binding energy of daughter products iq=kh mRiknks dh dqy ca/ku ÅtkZ  

   = [92 × (mass of proton) + (232 – 92)(mass of neutron) – (m) – m] × 931.4 MeV 
   = [(92 × 1.008) + (140)(1.009) – 228.03 – 4.003] 931.48 MeV 
   = 1828.5 MeV 

  Binding energy of parent nucleus iSr`d ukfHkdks dh ca/ku ÅtkZ 

  = binding energy of daughter products – energy released  

  iq=kh mRiknks dh ca/ku & eqDr ÅtkZ  

  = (1828.5 – 5.3) MeV = 1823..2 MeV   
 

9. 100 millicuries of radon which emits 5.5 MeV  - particles are contained in a glass capillary tube 5 cm 
long with internal  and external diameters 2 and 6mm respectively Neglecting and effects and assuming 
that the inside of the tube is uniformly irradiated by the particles which are stopped at the surface 
calculate the temperature difference between the walls of a tube when steady thermal conditions have 
been reached.  

 Thermal conductivity of glass = 0.025 Cal cm-2 s-1 C-1   
 Curie = 3.7 × 1010 disintergration per second     
 J = 4.18 joule Cal-1         

 ,d dsf'kdk uyh ftldh yEckbZ 5 lseh- ,oa vkUrfdj ,oa cká O;kl 2 feeh- Fkk 6 feeh- gSA blesa 100 feyhD;qjh 

ek=kk dk jsMkWu j[kk gS tks fd 5.5 MeV okys  - d.k mRlftZr djrk gS] tks fd ufydk dh vkUrfjd lrg ij ,d 

leku :i ls vkifrr gksrs gS rFkk fojke esa vk tkrs gSA rkih; lkE; voLFkk dh fLFkfr esa ufydk dh vkUrfjd ,oa 

cká lrg ds e/; rkikUrj Kkr djksA  

 dk¡p dh Å"eh; pkydrk = 0.025 Cal cm-2 s-1 C-1   

 1 D;qjh = 3.7 × 1010 vi?kVu izfr lsad.M+   

 J = 4.18 twy dSykjh-1   
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Ans. (T1 – T2) = 1.09 °C 
Sol. The flow of heat in a material placed between the walls of a coaxial cylinder is given by 

 
dQ

dt
= 

 1 2

2

1

2 KL T – T

r
n

r



 
 
 

 

 Number of decays of radon atoms per second 

 
dN

dt
 = 100 × 10–3 × 3.7 × 1010 = 3.7 × 109 disintegration/second 

 Energy deposited by ' s =3.7 × 109 × 5.5 MeV/s 
 = 2.035 × 1010 MeV/s = 3.256 × 10–7 J = 0.779 × 10–3 Cal/s 
 Using the values. k = 0.025 Cal cm–2 s–1 C–1, L = 5 cm, r1 = 2 mm and  
 r2 = 6 mm in (1), and solving for (T1 – T2) we find (T1 – T2) = 1.09 °C 

Sol. lek{kh; csyu dh nhokjksa ds e/; j[ks inkFkZ esa Å"eh; izokg dh nj 

 
dQ

dt
 =

 1 2

2

1

2 KL T – T

r
n

r



 
 
 

  

 jsMkWu ds izfrlsd.M+ vi?kfVr ijek.kqvksa dh la[;k 

 
dN

dt
 = 100 × 10–3 × 3.7 × 1010 = 3.7 × 109 disintegration/second 

  d.kksa }kjk vkUrfjd lrg dks nh x;h Å"ek dh nj s =3.7 × 109 × 5.5 MeV/s 

 = 2.035 × 1010 MeV/s = 3.256 × 10–7 J = 0.779 × 10–3 Cal/s 

 k = 0.025 Cal cm–2 s–1 C–1, L = 5 cm, r1 = 2 mm rFkk 

 r2 = 6 mm eku j[kdj gy djus ij, (T1 – T2) = 1.09 °C 

  

10. Radium being a member of the uranium series occurs in uranium ores. If the half lives of uranium and 

radium are respectively 4.5 × 109 and 1620 years calculate the radiun

Uranium

N

N
 in Uranium ore at equlibrium.  

 ;wjsfu;e v;Ld dh ;wjsfu;e Js.kh dk jsfM;e ,d lnL; /kkrq gSA ;fn ;wjsfu;e rFkk jsfM;e dh v)Zvk;q Øe'k%  

4.5 × 109 rFkk 1620 o"kZ gS] rks ;wjsfu;e v;Ld esa lkE;koLFkk ij radiun

Uranium

N

N
 Kkr djsaA 

Ans. 1/2.78 × 106       

Sol. In the series decay A  B  C, if A  << B the transient equilibrium occurs when  

 B A

A B A

N

N



  

 

 Here A  = Uranium and  B  = Radium  

 A =  
A

1


 = 0.693 / 4.5 × 109 year-1 B = 

B

1


 = 0.693 / 1.620 year-1   

 N (Rad) / N (U) 1.620 / 4.5 × 109 = 1/2.78 × 106      

Sol. Js.kh vi?kVu A  B  C, ;fn A << B rks lkE;koLFkk ij  

 B A

A B A

N

N



  

 

 ;gk¡ A  =  ;wjsfu;e rFkk B  = jsfM;e 

 A =   
A

1


= 0.693 / 4.5 × 109 year-1 B =

B

1


= 0.693 / 1.620 year-1   

 N (Rad) / N (U) 1.620 / 4.5 × 109 = 1/2.78 × 106          
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11. 90Sr decays to 90Y by  decay with a half-life of 28 years. 90Y decays by  decay to 90Zr with a half-life of 

64h. A pure sample of 90Sr is allowed to decay. What is the value of  Sr

y

N

N
 after (a) 1h (b) 10 years? 

 90Sr (v)Zvk;q 28 o"kZ)  d.k mRlftZr djds 90Y (v)Zvk;q 64?k.Vk) cukrk gSA 90Y,  d.k mRlftZr djds 90Zr 

cukrk gSA 90Sr dk ,d 'kq) uewuk vi?kfVr gksrk gS] rks (a) 1 ?k.Vk (b) 10 o"kZ ds ckn Sr

y

N

N
 dk eku crk;s ? 

Ans. (a) For t = 1 h and using the values for the decay constans Nsr/Ny = 3.56 × 105 

 (a) t = 1 ?k.Vk ds fy, {k; fu;rkdks ds eku ds mi;ksx ls Nsr/Ny = 3.56 × 105 

 (b) For t = 10 years, Nsr/Ny = 3823   

 t = 10 o"kksZ ds fy,, Nsr/Ny = 3823 

Sol. Nsr = Nsr
0 

sr( t )
e



     .....(1) 

 Ny = 
0

sr sr

y sr

N

  
 [

sr( t )
e



–
y( t )

e


]   .....(2) 

 Dividing the two equations nks lehdj.kks dks Hkkx nsus ij  

 
y

sr

N

N
 = sr

y sr



  
 [1 – 

( t )e 

 (sr – y)t] 

 sr = 0.693/(28 × 365 × 24) = 2.825 × 10–6 h–1 

 y = 0.693/64 = 0.0108 h–1 
 (a) For t = 1 h and using the values for the decay constans Nsr/Ny = 3.56 × 105 

 t = 1 h ds fy, {k; fu;rkdks ds eku ds mi;ksx ls Nsr/Ny = 3.56 × 105 

 (b) For t = 10 years, Nsr/Ny = 3823 

` t = 10 o"kksZ ds fy,, Nsr/Ny = 3823 

 

12. The element Curium 248
96Cm has a mean life of 1013 seconds. Its primary decay modes are 

spontaneous fission and -decay, the former with a probability of 8% and the latter with a probability of 

92%. Each fission releases 200 MeV of energy. The masses involved in -decay are as follows :  

atomic masses of atoms are 248
96Cm = 248.072220 u , He4 = 4.002603 u & Pu244 = 244.064100 u.  

(1 u = 931 MeV/c2). Calculate the power output from a sample of 1020 Cm atoms.   

 248
96Cm rRo dh ek/; vk;q 1013 lsd.M gSA blds izkjfEHkd {k; ds rjhds gSa Lor% fo?kVu vkSj -{k; gS] ,d 

fo?kVu dh HkwriqoZ izkf;drk 8% gS rFkk fiNyh izkf;drk 92% gSA izR;sd fo?kVu esa 200 MeV dh ÅtkZ mRlftZr 

gksrh gSA -{k; esa ç;qDr nzO;eku bl izdkj gS : ijekf.od nzO;eku 248
96Cm = 248.072220u, He4 = 4.002603u & 

Pu244 = 244.064100u (1u = 931 MeV/c2) gSA 1020 Cm ijek.kq ds ,d uewus ls 'kfDr mRiknu Kkr djks   

Ans. 3.32 × 10–5 Js–1  

Sol. Activity of fission = A =
dN

dt
  = N = 

1


N = 

20

13

10

10
 = 107 

 as probability is 8% so reactivity = 
8

100
 × 107 = 8 × 105 sec–1 

 Power output due to fission = 8 × 105 × 200 Mev = 16 × 107 Mev/sec. 

 Rate of decay of -particle = 
92

100
 × 107 = 92 × 105  

 M for  decay = 0.00517 amu 

 Energy released per -decay = 92 × 105 × 5.1363 Mev/sec 

 Total power output = 16 × 107 + 4.725 × 107 
   = 33.16 µW Ans. 

 fo[k.Mu fd lfØ;rk = A =
dN

dt
  = N = 

1


N = 

20

13

10

10
 = 107 

 pwafad izkf;drk 8% gS vr% lfØ;rk= 
8

100
 × 107 = 8 × 105 sec–1 
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 fo[k.Mu ds dkj.k fuxZr 'kfDr = 8 × 105 × 200 Mev = 16 × 107 Mev/sec. 

 -d.k ds {k; fd nj = 
92

100
 × 107 = 92 × 105 

 {k; ds fy, M  = 0.00517 amu 

 izfr -{k; eqDr ÅtkZ = 92 × 105 × 5.1363 Mev/sec 

 dqy fuxZr 'kfDr = 16 × 107 + 4.725 × 107 = 33.16 µW Ans. 

 
13.  Nucleus 3A7 has binding energy per nucleon of 10 MeV. It absorbs a proton and its mass  

increases by 
99

100
times  the mass of proton. Find the new binding energy of the nucleus so formed. 

[Take energy equivalent of proton = 930 MeV]     

 ukfHkd 3A7 dh izfr U;wfDykvkWu  cU/ku ÅtkZ 10 MeV gSA ;fn ;g ,d izksVkWu dks vo'kksf"kr djrk gS rc bldk 

nzO;eku izksVkWu ds nzO;eku ls 
99

100
 xquk c<+ tkrk gSA cus gq;s u;s ukfHkd dh u;h cU/ku ÅtkZ Kkr djks\ [izksVkWu 

dh rqY; ÅtkZ = 930 MeV]  

Ans. 79.3 MeV 
Sol.  BE = Original Binding energy + Binding energy due to additional mass defect   

  = 70 + 
1

100
 (930) =   79.3 MeV ... Ans.      

Sol.  cU/ku ÅtkZ =  okLrfod cU/ku ÅtkZ + vfrfjDr nzO;eku {kfr ds dkj.k cU/ku ÅtkZ  

  = 70 + 
1

100
 (930) =   79.3MeV ... Ans.   

 

14. The nucleus of 230

90 Th  is unstable against -decay with a half-life of 7.6 × 103 years. Write down the 

equation of the decay and estimate the kinetic energy of the emitted -particle from the following data : 

m  230

90 Th =230.0381 amu, m  226

88Ra  = 226.0254 amu and m  4

2He  = 4.0026 amu.  

 230

90 Th  dk ukfHkd - {k; ds nkSjku vLFkkbZ jgrk gS bldh v/kZvk;q 7.6 × 103 o"kZ gSA {k; vfHkfØ;k dh lehdj.k 

fyf[k, rFkk fuEu vk¡dMksa ls mRlftZr - d.k dh xfrt ÅtkZ  Kkr dhft,A  230

90 Th =230.0381 amu, m 

 226

88Ra  = 226.0254 amu rFkk m  4

2He = 4.0026 amu. 

Ans. 230 226 4

90 88 2Th Ra He Q    ; 9.25 MeV. 

Sol. The equation of the decay is  

 {k; dh lehdj.k fuEu gSA  

  230 226 4

90 88 2Th Ra He Q    

 The energy Q is given by 

 ÅtkZ Q fuEu izdkj fn tkrh gS  

  Q = [m (Th) – m (Ra) – m(He)]c2 

 Using the given data and c2 = 931.5 MeV/amu, we get Q = 9.41 MeV. This energy is shared by Ra and 

He. If the original nucleus Th is at rest, i.e. if the momentum of the system before -decay is zero, the 
total momentum after the decay will also be zero. Thus Ra and He will have equal and opposite linear 
momenta. 

 fn;s x;s vk¡dMksa rFkk c2 = 931.5 MeV/amu,  ds mi;ksx ls ge Q = 9.41 MeV izkIr djrs gS ;g ÅtkZ  Ra rFkk 

He dks izkIr gksrh gSA ;fn okLrfod ukfHkd Th fojkekoLFkk ij gS vFkkZr ;fn - {k; ds igys  fudk; dk dqy laosx 

'kwU; gS rks -{k; ds ckn Hkh dqy laosx 'kwU; gksxkA vr%  Ra rFkk He dk laosx leku rFkk foifjr gksxkA  

   mHe vHe = – mRa vRa  

 or ;k   mHe vHe = m2
Ra v2

ra  (i) 

 Now vc  
2

He He

2

Ra Ra

1/ 2m vK.E.(HE)

K.E.(Ra) 1/ 2m v
   
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   = He He Ra

HeRa Ra

m v m

mm v

   
   
  

 

   = Ra

He

m

m
    [use Eq. (i) ds mi;ksx ls] 

   
226

56.6
4

     (ii) 

 i.e. the kinertic energy of He is 56.5 times that of Ra, the total energy being  

 vFkkZr He xfrt ÅtkZ Ra dh xfrt ÅtkZ dh 56.5 xquk gks tkrh gSA vr% dqy ÅtkZ  

 K.E. (He) + K.E.(Ra) = 9.41 MeV  (iii) 
 From eqs (ii) and (iii) We have K.E. (Ra) = 0.16 MeV and K.E. (He)  9.25 MeV. 

 lehdj.k (ii) rFkk (iii) ls ge izkIr djrs gS fd K.E. (Ra) = 0.16 MeV and K.E. (He)  9.25 MeV. Ans 

 
15. When 30Si is bombarded with a deuteron. 31Si is formed in its ground state with the emission  of a 

proton. The energy released in this reaction from the following information is E then find [E]:-  

 tc 30Si ij M~;wVªksu dh ceckjh dh tkrh gS] rks ,d izksVkWu ds mRltZu ds lkFk vk| voLFkk esa  31Si curk gSA bl 

çfØ;k esa mRiUu ÅtkZ E  gS rks [E] dh x.kuk djsA ;fn  

 31Si  31  P +   +1.51 MeV  

   30Si + d  31  P + n + 5.10 MeV 

 n  P +   + v   + 0.78 MeV  

Ans 4 

Sol d + 30si  31Si +  P    ......(1) 

 Q = Md + 30Si
M  – 31Si

M   – MP   ......(2) 

 Given fn;k gS 

  30Si
M  + Md = 31P

M  + Mn + 5.1   ......(3) 

 31Si
M  = 31Si

M  + Me + 1.51    ......(4) 

 Subtract (4) from (3) 

 (4) esa ls (3) dks ?kVkus ij 

  30Si
M  + Md – 31Si

M  = Mn – Me + 3.59  ......(5) 

 Further rRi'pkr~ 

 Mn = MP + Me +   + 0.78   ......(6) 
 Add (5) and (6) 

 (5) o (6) dks tksM+us ij 

 30Si
M  + Md  – 31Si

M – MP = Q = 3.59 + 0.78 = 4.37 MeV 
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