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NOTE: Attempt only Five questions. Start each part of a question on a fresh page of answer book. The questions must be attempted in order they appear in the question paper. Mobile phones and other electronic gadgets are not allowed.


Q.1   
(a) What do you mean by thermal radiation? Discuss the failure of classical and successes 

               of Plank's theory in explaining the experimental curve of black body radiation.

         
(b) Discuss the Planks radiation formula for low and high frequencies.
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(c) Express the Planks radiation formula in term of wavelength.
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Q.2   
(a) How does a Photon differ from a material particle? Discuss how Einstein's photon theory 

              explain the three facts about photoelectric effect.

         
(b) Light of wavelength 400nm is shone on a metal surface in the discharge tube. The work  

              function of metal is 2.4eV. (i) Find the retarding potential at which the photoelectric  

              current disappears. (ii) Find the speed of fastest photo-electrons.

         
(c) Why do we not observe a Compton Effect with visible light?
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Q.3   
(a) What is wave-particle duality? Give an experimental proof that particle can act as wave 

               also give the experimental setup.

         
(b) A neutron crystal spectrometer utilizes crystal planes of spacing d=73.2pm in a beryllium 

              crystal. What must be the Bragg angle so that only neutrons of energy 4.2eV are 

               reflected? Consider only first-order reflection. 

        
(c) Why the de-Broglie wave associated with a moving car is not observable?
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Q.4   
(a) What is wave function? Prove that energy is quantized for a trapped particle in an infinite well.

         
(b) Evaluate the normalization constant “A” in eq.[image: image5.png]¥, (x) = Asin




, which gives the 


probability density for a particle trapped in an infinitely deep well of width L.

         
(c) What is zero point energy?
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Q.5   
(a) Discuss the Bohr's postulates. Using these postulates find the radius of hydrogen atom.

         
(b) What are the (i) wavelength, (ii) momentum, and (iii) energy of the photon that is 

               emitted when a hydrogen atom under-goes a transition from the state n=3 to n=1.

         
(c) Why are some lines in the hydrogen spectrum brighter than others?
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Q.6   
(a) Explain the quantization of angular momentum of an electron in an atom. Give the 


diagrammatical representation of space quantization of angular momentum for 


l = 1,2 and 4.

   
(b) For a hydrogen atom in a state with l=3, calculate the allowed values of (i) [image: image7.png]


, (ii) [image: image9.png]


 and  

              (iii) the magnitude of [image: image11.png]


. Where appropriate, express answer in the unit of h.
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Q.7   
(a) Discuss the continuous and characteristic X- rays spectrum. How X-ray helps in 

               numbering the elements of the Periodic table?

         
(b) Show that the short-wavelength cutoff in the continuous X-ray spectrum is given by
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 is the applied potential difference in kilovolts?

         
(c) Can atomic hydrogen be caused to emit X-rays? If so, describe how, if not, why not?
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Q.8   
(a) Define Radioactivity. Prove the  exponential decay law for radioactive element and also 


show that[image: image17.png]


, where λ is a decay constant.

         
(b) A radioactive isotope of mercury,[image: image19.png]Hg'’



, decays into gold, [image: image21.png]Au'®



, with a decay 


constant of 0.0108h-1. (i) Calculate its half-life, (ii) what fraction of the original amount 


will remain after three half-lives? (iii) After 10 days? 

         
(c) Does the temperature affect the rate of decay of radioactive nuclides? If so, how?













[3,2,1]

Q.9   
(a) How laser light is different from ordinary light? Discuss the three possible transitions in laser.

        
(b) A He-Ne laser emits light at wavelength of 632.8nm and has an output power of 


2.3mW. how many photons are emitted each minute by this laser when operating?

        
(c) Why is it difficult to build an X-ray laser?
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Q.10   
Write a short note on any two of the following:
a) Heisenberg uncertainty principle


b) Line Spectrum

c) Stern Gerlach experiment


d) Beta decay
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