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 WORK SHEET-I 

1-marks question 

 

1. Write the expression for Bohr’s radius in hydrogen atom. 

2. The total energy of an electron in the first excited state of hydrogen atom is  - 3.4 eV. What is 

potential energy of the electron in this state ?          [Ans. -6.8 eV] 

3. The activity of a radioactive element drops to 
 

  
th of its initial value in 32 Years. Find the mean life 

of the sample.          [Ans.   = 11.2 yrs] 

4. The half life of a radioactive substance is 30 s. Calculate the decay constant.                                                             

[Ans.  (i) λ = 0.00231 s
-1

   

5. Define the terms half life period and write the relation between them. 

Two marks question 

6. A nucleus of an atom of 92Y
235

 , initially at rest,  decays by  emitting an  -particle as per the 

equation              

                                                       92Y
235

                    90X
231

 +  2He
4
 + energy                                 

It is given that the binding energies per nucleon of the parent & daughter nuclei are 7.8 MeV & 7.835 

MeV respectively and that of  -particle is 7.07 MeV/nucleon.Assuming the daughter nucleus to be 

formed in the unexcited state & neglecting its share in the energy of the reaction. Calculate the speed of 

the emitted  -particle. ( take the mass of  -particle to be 6.68 X 10
-27

 Kg). 

                  

[Sol. Energy released  = [ m (90X
231

) + m (2He
4
)    m (92Y

235
) ] X c

2
 

                                                  = [ (231 X 7.835) + (4 X 7.07) – (235 X 7.8) ] MeV 

                                                  =  8.072 X 10
-13

 J 

                    ⇨                
 

 
 m v

2
   =  8.072 X 10

-13
      ⇨                         v   =  1.55 X 10

7 
m/s] 

7. The half life of a given  radioactive nuclide is 138.6 days. What is the mean life  of this nuclide ? 

After how much time will a given sample of this radioactive nuclide will get reduced to only 12.5 %, 

of its initial value ?  

                                                                                                                      [Ans.   = 199.58 days, t= 415.8 days]  

8. The decay constant for a given radioactive nuclide has a value of 1.386 day
-1

. After how much time 

will a given sample of this radionuclide get reduced to only 6.25 % of its present number ?                                          

[Ans. t = 2 days]  

Three marks questions 

9. Derive an expression for the average life of a radionuclide. Give its relationship with the half life. 

Ans:- The average time for which the nuclei of a radioactive sample exist is called mean life or average 

life of that sample. It is equal to the ratio of the combined age of all the nuclei to the total number of 

nuclei present in the given sample. 

i,e,   

                             Mean life  ( )   =   
                                  

                      
                                

Now let, at t=0, N = N0 . After time t, this number reduces to N. Also let dN nuclei disintegrates in time 

from  t  to t + dt.As dt is very small so the life of each of the dN nuclei can be approximately taken 

equal to t. 

                   Total life of dN  nuclei            =   t dN 

    ⇨            Total life of all the N0 nuclei    =   ∫       
  

 
 

                                       mean life ( )    =    
                                 

  
     

or                                                =   
 

  
 ∫       

  

 
                      ------------------------------(1) 

           As                                           N  =  N0          
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     ⇨                                                  dN  =      N0       dt 

Also when t= 0 , N = N0   and when   N = 0, t =       changing limits of integration in terms of time we 

get, 

                                                                 =   
 

  
 ∫     
 

 
     N0       dt 

                                                      =     ∫     
 

 
       dt 

                                                      =    [  
      

  
   
      ∫    

    

  
 

 

 
     ] 

                                                                 =    [      
 

 
  ∫  

 

 
         ] 

                                                                 =  ∫  
 

 
          

                                                                 =   [
    

  
]
 

 

 

                                                      =   
 

 
 [          ] 

                                                      =   
 

 
 [     ] 

                                                                     

                                                

                                                       =  
 

        
                       [      =   

      

 
 ] 

⇨                                                                         =  
 

      
               

⇨                                                               

 

Mean life is also given as the reciprocal of its decay constant. 

S.I. unit of mean life is second. 

10. A star converts all its hydrogen to helium achieving 100% helium composition. It then converts 

helium to carbon via the reaction                                3  2He
4
                                  6C

12
  + Q (7.27 

MeV). The mass of the star is 5.0 X 10
32

 Kg & it generates energy at the rate of 5 X 10
3
 Watt. How 

long will it take to convert all the helium in to carbon at this rate ? 

                                                           

              [Sol. Mass of each helium atom                               = 4 amu = 4 X 1.66 X 10
-27

 Kg 

                      Number of helium atoms in given mass              = 5.0 X 10
32

 / 4 X 1.66 X 10
-27

 = 
 

    
 X 10

59
 

                                                 Number of reactions              = 
 

 
 X 

 

    
 X 10

59
 

                      Now given that energy released in each reaction = 7.27 MeV = 7.27 X 1.6 X 10
-13

 J 

                               Total energy released     (E)  =  No. of reactions X energy relesed in one reaction 

                                                                                  = 
 

 
 X 

 

    
 X 10

59
   X  7.27 X 1.6 X 10

-13
 = 2.96 X 10

46 
 J 

                                                                   Required time t =  
 

 
 = 2.96 X 10

46
/ 5 X 10

3
 = 1.85 X 10

8
 years] 

11. Using the Bohr’s model calculate the speed of the electron in a hydrogen atom in the n=1,2 and 3 

levels. Calculate the orbital period in each of these levels.   

                    [Ans.(a)  v1 = 2.186 X 10
6
 m/s , v2 = 1.093 X 10

6
 m/s,  v3 = 0.729 X 10

6
 m/s  

                            (b) T1 = 1.52 X 10
-16

 s, As Tn = n
3
 T ⇨ T2 = 1.22 X 10

-15
 s, T3 = 4.10 X 10

-15
 s]  

Five marks question 

 

      =  
 

 
 

    =  1.44 T 
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12. State Bohr’s postulate for the permitted orbits for the electron in a hydrogen atom. Use this postulate 

to prove that the circumference of the n
th

 permitted orbit for the electron can contain exactly ‘n’ 

wavelengths of the de-Broglie wavelength  associated with the electron in that orbit.  

 

Ans:-       (i)  An atom is a hollow sphere (         consists of a small massive central core in which 

entire positive charge and almost the whole mass of the atom are concentrated. This core is called the 

nucleus (        .  

(ii) Electrons revolve around the nucleus in various circular orbits, for which the necessary centripetal 

force is provided by the electrostatic force of attraction between electron and nucleus. 

(iii) Electrons can revolve only in those circular orbits in which the angular momentum of an electron is 

an integral multiple of 
 

  
; h being the Planck’s constant. 

         i,e,                                      mvr = n 
 

  
            where n = 1,2,3,4,----------& is principal quantum number. 

This is called Bohr’s quantisation condition of angular momentum. While revolving in these permissible 

orbits , an electron does not radiate energy. These non-radiating orbits are called stationary orbits. 

(v) An atom can emit or absorb radiation in the form of discrete energy photons only when an electron 

jumps from a higher to a lower orbit or from a lower to a higher orbit respectively. 

        i,e,                                     =              where h is called Planck’s constant. 

 

 

 
 

          But                                                                    λ  =  
 

  
 

⇨                                                                               2   = n 
 

  
 

⇨                                                            = n 
 

  
,                                   n= 1,2,3 --- 

This is famous Bohr’s quantisation condition for angular momentum. 

WORKSHEET-II 
(1-MARKS QUESTION) 
                                                                                 

1. The ground state energy of hydrogen atom is  13.6 eV. What is the potential energy of an electron in 

the 3
rd

 excited state?                            

[Ans. (i) -1.75 Ev] 

2. Total energy of an electron in the first excited state of hydrogen atom is - 3.4 eV. What is its kinetic 

energy?                                                                                                                                                    

[Ans. 3.4 eV]  

3. Compare the radii of two nuclei with mass numbers 1 and 27 respectively. 

[Ans. 1:3 because the r       ] 
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4. Plot a graph showing the variation of potential energy of a pair of nucleons as a function of their 

separation. 

Ans. 

 
 

5. The sequence  of  stepwise decays of a radioactive nucleus is -                                                                             

                                                                                                                          

                                                       D                D1                 D2                                     

            If the atomic number and mass number of D2 are 71 & 176 respectively, what are their corresponding 

values for D?  

(2 MARKS QUESTIONS) 

6. What is the ratio of radii of the orbits corresponding to first excited state and ground state in a hydrogen 

atom?  

               [Ans. 4:1]  

7.  Obtain the binding energy (in Mev) of a Nitrogen nucleus (7N
14

).                                                    

               Given,                                        m (7N
14

) = 14.00307 u 

                                                                      mH   =  1.00783 u 

                                                                      mn   =  1.00867 u 

               [Ans 104.67 MeV] 

8. State two properties of nuclear forces. 
            Ans. (i) Nuclear forces are very short range attractive forces. 

         (ii) Nuclear forces are charge independent. 

 

 

(3-MARKS QUESTIONS) 

9. Draw a plot showing the variation of binding energy per  nucleon as a function of mass number for a 

large number of nuclei, 2   A   240. How do you explain the constancy of binding energy per nucleon 

in the range 30<A<170 using the property that nuclear force is short ranged. 

                                                                                                                 

                [Ans. Nuclear force is short range. For a sufficiently large nucleus a nucleon is under the influence of 

only some of its neighbours, which come within the range of the nuclear force. If a nucleon can have maximum 

of ‘P’ neighbours   within the range of nuclear force, its binding energy, would be proportional to ‘P’. Thus on 

increasing ‘A’ by adding nucleons binding energy will remain constant.] 

 

10. Calculate the binding energy per nucleon  of.     
   nucleus.                                                                          

Given,   m (     
  )  = 34.980000 u                                                                                                                       

Mass of proton   =  1.007825 u 

                                                 Mass of neutron = 1.008665 u 

                                                             & 1 u = 931 MeV/c
2  
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[Ans. 8.22 MeV] 

 

11. A nucleus 10Ne23,  -decays to give the nucleus of 11Na
23

. Write down the  -decay equation. Calculate 

the kinetic energy of electron emitted. (Rest mass of electron may be ignored.)                                                                                  

                                  Given,                          m(10Ne
23

)  = 22.994466  u                                                     

                                                                       m(11Na
23

)  = 22.9897704  u 

[Ans.4.37 MeV] 

(5-MARKS QUESTION) 
12. What is radioactivity? State the law of radioactive decay. Show that the radioactive decay is exponential 

in nature. 

Ans. Radioactive decay   

    The spontaneous emission of  radiation from a radioactive element is called radioactive decay.    

Decay Law   

    The number of nuclei disintegrating per second of a radioactive sample at any instant is directly proportional 

to the number of                      

    undecayed nuclei present in the sample at that instant.    

    i,e,    

                                                                    
  

  
      N   

      ⇨                                                                     
  

  
   =   λ N                                --------------------- (1) 

     Where  λ is constant of proportionality & is called decay constant. 

     From equation (1) we have  

                                                       
  

  
   =   λ N 

    ⇨                                                 
  

 
   =   λ dt                

      Integrating on both sides we get, 

                                                           ∫  
  

 
   =   λ ∫   

      ⇨                                                                        =    λ t  +  C            -------------------------(2) 

      But, when        t= 0,   N= N0, therefore from equation (2) we get   

                                                                         =    λ  X 0  +  C                 N0 

     ⇨                                                                         =    C 

      On putting this value of  C  in equation (2) we get                                                 

                                                                          =    λ t  +                               

      ⇨                                                                   =      λ t   

      ⇨                                                                        
 

  
  =      λ t   

      ⇨                                                                       
 

  
      =                                                                          

      ⇨                                                                                                                                    

                                                                                                           -----------------------(3) 

 

N  =  N0       
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This equation is known as decay equation. 

From eqn (3) we have                                      N = N0       

Substituting     t = 
 

 
    in the above equation we get 

                                                                                 N  =  N0      

      ⇨                                                                       N  =  N0  (
 

 
 ) 

Thus decay constant of a radioactive element may be defined as the reciprocal of the time in which number of 

UN decayed nuclei of that radioactive element falls to 
 

 
 times of its initial value. 

S.I. unit of decay constant is sec
-1

. 

 

 

 

 

 

WORKSHEET III 

 

1MARK QUESTIONS- 

 

1.   What will be the ratio of radii of two nuclei of mass numbers A1 and A2? 

2. Define impact parameter. 

3. What is the angle of scattering for zero impact parameter? 

4. What is Rydberg’s constant? Give its value. 

5. The ionisation potential of an atom is 24.6 V. How much is its ionisation energy? 

 

2 MARK QUESTIONS- 

 

6. Calculate the longest and shortest wavelength in the Blamer series of hydrogen spectrum. Given R= 

1.0987 x 10
7
/m. 

7. Describe Rutherford’s experiment on scattering of α-particles. What are its consequences? 

8. Draw a labeled diagram of Geiger – Marsden experiment on the scattering of  

αparticles. How the size of the nucleus estimated is based on the experiment? 

3 MARK QUESTIONS- 

 

9. What is impact parameter? How does it influence the trajectory of an α-particle scattered by heavy 

nucleus? What is the value of impact parameter for a head on collision? 

10. Sketch the energy level diagram for hydrogen atom. Mark the transition corresponding to Lyman and 

Balmer series. 

11.  Define the terms excitation and ionisation energies; and excitation and ionisation potentials. 

 

5 MARK QUESTIONS- 

 

12. State Bohr’s postulates. Using these postulates derive an expression for the total energy of an electron in 

the n
th

 orbit of an atom. What does negative value of this energy signify? What is Bohr’s radius? 

 

                                                  OR 
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The energy levels of an element X are shown in the figure. A Photon of wavelength 620 nm is emitted and this 

corresponds to which of the transition A, B, C, D or E? 

  

0 ev           A        B C 

-1 eV                     D         E 

-3 eV 

 

 -8eV 

-10 eV 
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`WORKSHEET IV 

 

1MARK QUESTIONS- 

 

1. What is the ratio of nuclear densities of two nuclei having mass number 1:4? 

2. What happens to the neutron to proton ratio after the emission of alpha particles? 

3. How many joules are there in 1 MeV? 

4. Name three nuclei which lie on maxima of binding energy curve. 

5. Define radioactive decay constant. 

 

2MARK QUESTIONS- 

 

6.The sequence is represented as  
 
→   

 
→    if the mass numbers and atomic numbers of  

D2 are 176 and 71 respectively, what is the mass number and atomic number of D. 

7.     What are nuclear forces? Give their important properties. 

8. Radioactive isotope of silver has half-life of 20 minutes. What fraction of the original mass would remain 

after one hour? 

3 MARK QUESTIONS- 

 

9. Draw a diagram to show the variation of binding energy per nucleon with mass number for different 

nuclei. State the reason why light nuclei usually undergo nuclear fusion. 

10. State the law of radioactive decay. If N0 is the number of radioactive nuclei in the sample at some initial 

time, t0, find out the relation to determine the number N present at a subsequent time. Draw a plot of  N  

as a function of time t. 

 

11. (a) Define the activity of a radioactive nucleus and state its SI unit. 

 (b) Two radioactive nuclei X and Y initially contain equal number of atoms. The half-life is 1 hour and 

2 hours respectively. Calculate the ratio of their rates of disintegration after two hours. 

 

5 MARK QUESTIONS- 

 

12.  Calculate the binding energy per nucleon in the case of     
  . Given mass of proton = 1.007825 amu. Mass 

of neutron = 1.00865 amu, mass of the     
   nucleus is 55.934939 amu. 

OR    

Use the basic law of radioactive decay, to show that radioactive nuclei follow an exponential decay law. Hence 

obtain a formula, for the half-life of a radioactive nuclide, in terms of its disintegration constant. 

    OR 

Draw the schematic arrangement of the Geiger-Marsden experiment .How did the scattering of α particles by a 

thin foil of gold provide an important way to determine an upper limit on the size of nucleus? 

 

 

 


