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B.Sc. 5
th 

Semester (General) Examination, 2021 (CBCS) 
Subject: Physics 

Paper: DSE-1A 
     (Elements of Modern Physics) 
 

Time: 2 hours                                                                                                Full Marks: 40 

 

 
Candidates are required to give their answers in their own words 

as far as practicable. 

Answer any eight of the following questions:       5×8 = 40 

1. Write down Einstein’s photo-electric equation and explain it. Discuss how this equation explains 

the phenomena that cannot be explained by classical theory. 

              

          -       -   

 

2. (i) Elucidate de Broglie postulate of matter wave.  

     

    (ii) What should be the kinetic energy of an electron so that its de Broglie wavelength is equal to  

         Compton wavelength 𝜆c =  
ℎ

𝑚0𝑐
 , m0 being rest mass of electron. 

                 (𝜆c =  
ℎ

𝑚0𝑐
)    ?  

      (m0 =  )  

 

3. Draw a neat sketch diagram of Davison-Germer experiment on matter wave. Explain how the 

experiment confirms the existence of matter wave for electron.  

 

pe-              

     

4. (i) State and explain Heisenberg uncertainty principle. 

       

(ii) Estimate the minimum energy of a confined particle using uncertainty principle
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5. What do you mean by normalization of wave function ? The wave function of a particle moving 

along x-axis is given by ψ (x) = A  1 + cos
πx

a
 ,− a ≤ x ≤ a

= 0,                 x < − a and x > a

    Normalize the wave function to find A.

x-

ψ (x) = A  1 + cos
πx

a
 ,− a ≤ x ≤ a

= 0,                   x < − a and x > a

A

6. (i) Write down the time independent Schrödinger equation for a particle confined in one 

dimensional potential box   

  V(x) = ∞ for x = 0 and x = a                                 

= 0 for 0 < 𝑥 < 𝑎

       V(x) = ∞ for x = 0 and x = a                                 

= 0 for 0 < 𝑥 < 𝑎

            

  (ii) Find the eigenvalue and eigen function of the above equation. Shhow that the energy of the    

       particle is quantized. 

              ¢u  

 

7. (i) Draw the binding energy curve per nucleon against mass number and explain the stability of 

lighter and heavier nuclei. 

(ii) What is mass defect? How is it related with binding energy of a nucleus? 

   

 

8. (i) Write down the semi-empirical mass formula and explain the first three terms. 

  (semi-empirical)          

(ii) Find the radius of 𝐶𝑢29
64  nucleus given the radius of 𝐴𝑙13

27  nucleus is 3.6 fm. 

𝐶𝑢29
64 −         𝐴𝑙13

 27   3.6 fm  

9. (i) Show that the disintegration energy of α-particle is Qα = Tα 

𝐴

𝐴−4
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where Tα is the kinetic energy of α-particle, A is the mass number of the parent nucleus. 

           Qα = Tα 

𝐴

𝐴−4
 

 Tα   α     A  

(ii) Derive an expression for β
-
 disintegration energy.  

β
-     

10. (i) What is a nuclear reactor ? What are the essential components of a nuclear reactor ?  

   uÉ¡   uÉ¡   

(ii) The half life of a radioactive substance is 10 days. After how many days will only 
1

32
th of the 

substance be left behind ? 

 
1

32
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B.Sc. 5
th 

Semester (General) Examination, 2021 (CBCS) 
Subject: Physics 

Paper: DSE-1A 
     (Nuclear and Particle Physics) 
 

Time: 3 hours                                                                                                Full Marks: 60 

 

 
Candidates are required to give their answers in their own words 

as far as practicable. 

Group- A 

 

 -  

 

Answer any six of the following questions:       5×6 = 30 

1. (i) Draw the binding energy curve per nucleon against mass number and explain the stability of 

lighter and heavier nuclei. 

(ii) What is mass defect ? How is it related with binding energy of a nucleus ? 

  

2. (i) Draw N-Z curve. Why does the number of neutrons in a nucleus increase with the increase of 

mass number? 

N-Z             

(ii) Find the radius of 𝐶𝑢29
64 , given the radius of 𝐴𝑙13

27  is 3.6 fm. 

𝐶𝑢29
64 −         𝐴𝑙13

 27   3.6 fm

3. (i) Give two similarity between liquid drop and the nucleus of an atom.  

          

(ii) Explain the stability of magic nuclei on the basis of shell model. 

ম্যাজিক ননউনিযাস঴র ঴ুনিরতা কক্ষ ম্সেস঱র (shell model)-এর ঴া঵াসযয ফযাখ্যা কসরা। 

 

4. (i) What do you mean by the activity of a radioactive element? Find an expression for the 

activity of a radioactive element in later time ‘t’ in terms of activity at initial time. 
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ককাসনা কতিজিয কম্ৌস঱র ঴জিযতা ফ঱সত কী কফাঝ ? কতিজিয কম্ৌস঱র ঴জিযতা ‘t’ ঴ম্য ঩সর প্রাথনম্ক 

঴জিযতা  ঴া঵সযয প্রকাল কসরা। 

(ii) The half life of a radioactive element is 60 days. Find the decay constant and average life of 

the element. 

    60  ।        । 

 

5. (i) What do you mean by nuclear reaction cross-section? Find an expression for nuclear reaction 

cross-section in terms of number of incident particles (Ni), the exposed area (A), the number of 

particles undergoing nuclear reaction (N) and the number of nucleus per unit volume (n). 

ননউনিয নফজিযার প্রিসেদ ফ঱সত কী কফাঝ ? ননউনিয নফজিযার প্রিসেদ, আগত কণার ঴ংখ্যা (Ni), উ  

কক্ষত্রপ঱ (A), ননউনিয নফজিযায অংল কনওযা কণার ঴ংখ্যা (N), প্রনত একক আযতসন ননউনিযাস঴র ঴ংখ্যা (n)-

এর ঴া঵সযয প্রকাল কসরা। 

(ii) What is the unit of nuclear reaction cross-section? 

ননউনিয নফজিযার প্রিসেসদর একক কী ? 

 

6. (i) What are the different interactions of γ ray with matter? 

  γ      (interaction) ?

(ii) Write down Einstein’s equation for photoelectric effect and mention the importance of the 

cut off frequency. 

      আস঱াক তনশৎজিযা ঴ংিান্ত আইনস্টাইসনর ঴ম্ীকরণ ক঱সখ্া ও ঴ূচনা কম্পাসের গুরুত্ব উসেখ্ কসরা। 

7. (i) Explain the principle of a Scintillation detector. 

   

    (ii) A pair production cannot take place in vacuum- Explain. 

       -  

8. (i) What are the four fundamental interactions? What are hadrons and leptons? 

      কী কী চার ধরসনর প্রাথনম্ক আসে ? ঵যাড্রন (Hadron) ও ক঱঩টন (Lepton) কী ? 

    (ii) Write down the quark composition of proton and kaon (𝐾+). 

 (𝐾+)   (quark)  
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Group- B 

 

 – 

Answer any three of the following questions:                                                                        10×3 = 30 

9. (i) Why is it difficult to explain the 𝛼-decay from a radioactive nucleus by classical theory? 

কতিজিয কম্ৌ঱ কথসক ননগ গত ঵ওযা 𝛼-কণার ফযাখ্যা ঴নাতন কণানফদযা নদসয করা যায না ককন ? 

 

(ii) Draw the energy spectrum of β-decay and hence explains the discrepancies of β-ray 

spectrum. 

 

     β-     β-      

(iii) Derive an expression for β
-
 disintegration energy.  

β
-     

(iv) Explain how Pauli neutrino hypothesis solved the β-ray spectrum discrepancies. 

 

 কী     β-      ? 

10. (i) Write down the salient features of shell model of nucleus. 

   (shell model)  

(ii)Predict the ground state spin-parity of 𝐴𝑙13
27

 and 𝑂8
17 . 

𝐴𝑙13
27    𝑂8

17      (ground state)  (spin)  (parity)   

(iii) A nucleus of has positive quadrupole moment. What conclusion can you draw about the 

shape of the nucleus? 

  চতত গভ্রাম্ক (quadrupole moment)       কী  

            ?

 

11  (i) Derive Rutherford’s formula for the scattering of α-particles by a single nucleus. 

  α -       

    (ii) Establish the relation between range of α-particle with velocity. 

         α-        

(iii) Determine the Q – value in the following nuclear reaction 

𝑁 +  𝐻𝑒2
4

7
14  →  𝑂 + 𝐻 + 𝑄1

1
8

17  

         Given: M( 𝐻𝑒2
4 ) = 4.00388 a.m.u; M( 𝑁7

14 ) = 14.00755 a.m.u; M( 𝑂8
17 ) = 17.00453 a.m.u and  

         M( 𝐻1
1 ) = 1.00815 a.m.u  
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    Q-     

𝑁 +  𝐻𝑒2
4

7
14  →  𝑂 + 𝐻 + 𝑄1

1
8

17  

  : M( 𝐻𝑒2
4 ) = 4.00388 a.m.u; M( 𝑁7

14 ) = 14.00755 a.m.u; M( 𝑂8
17 ) = 17.00453 a.m.u  

        and M( 𝐻1
1 ) = 1.00815 a.m.u  

 

12. (i) What are the essential components of a particle accelerator? 

   (particle accelerator)    ?

     (ii) Draw the schematic diagram of Tandem accelerator and explain the working principle. 

    (Tandem accelerator)      

(iii) In the following reaction name the unknown particle ‘X’. 

𝐾− + 𝑝 → 𝐾+ + 𝑋 

ননসের নফজিযায অিানা ‘X’ ননণ গয কসরা। 

𝐾− + 𝑝 → 𝐾+ + 𝑋 

13. (i) Write down the specific characteristics of the Geiger Muller region. 

গাইগার ম্ু঱ার (Geiger Muller) অঞ্চস঱র নফসল঳ বফনলষ্ট আস঱াচনা কসরা। 

 

 (ii) What is the quenching of a G.M counter? Why is it necessary? What do you mean by 

     ‘self quenching’ in G.M counter ? 

G.M কাউন্টাসরর ককাসযননচং (Quenching) ফ঱সত কী কফাঝায ? এর প্রসযািনীযতা কী ? G.M  

কাউন্টাসরর ননিস্ব (self) ককাসযননচং ফ঱সত কী কফাঝায ? 

 

(iii) What do you mean by ‘dead time’ of G.M counter ? 

G.M কাউন্টাসরর ননজিয ঴ম্য (dead time) ফ঱সত কী কফাঝায ? 


