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B.Sc. 5th Semester (Honours) Practical Examination, 2019-20 

PHYSICS 

 Course ID : 52421 Course Code : SH/PHS/501/C-11/P-11 

Course Title : Quantum Mechanics and Applications Lab (P-11) 

 Time:  2 Hours  Full Marks:  15 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Determination of the ionization potential of mercury/ argon. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 2. Study of Electron spin resonance: determine magnetic field as a function of the resonance 

frequency. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 3. Study of Zeeman effect with external magnetic field. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 4. Show the tunnelling effect in tunnel diode using I-V characteristics. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) and show tunnelling effect in 

theoretical graph 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Accuracy 2 
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 5. Determination of the quantum efficiency of CCDs. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 6. Measurement of Planck’s constant using black body radiation and photo-detector 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 7. Determination of the Planck’s constant using LEDs of at least 4 different colours.  
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 6 
  (d) Graph 3 
  (e) Calculation 1 
   (f) Accuracy 1 

 8. Determination of the absorption lines in the rotational spectrum of Iodine vapour. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Systematic recording of data 
     (i) Vernier constant of the spectrometer 1 
    (ii) Reading at two position (left & right) of the telescope of spectrometer (Take at least 2 

order) 4+4=8 
  (d) Calculation 1 
  (e) Accuracy 1 

__________ 
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PHYSICS 

 Course ID : 52421 Course Code : SH/PHS/501/C-11/P-11 

Course Title : Quantum Mechanics and Applications Lab (P-11) 

Instruction to the Examiner. 

  The Examiners are requested to paste one question on a card with respective serial number 
of the question. Cards may be duplicated, but the total number of cards may exceed the 
number of examinees. A list of arranged experiment sets signed by both the examiners 
along with answer script packet should be sent to the University. In no case, Examination 
will be conducted by the Examiner alone. Secrecy of the result must be maintained. 

  Each candidate should perform the experiment which is noted on the card drawn by 
him/her. The examiners may, however, use their discretion in offering him/her a second 
chance only after drawing card by all candidates. The Laboratory Notebook must be 
submitted by the candidates before drawing of the card. No credit should be given to 
Notebook which has not been signed. 

  Candidates are required to write  down the questions on one answer-script with respective 
number of the questions and return the card to the examiner. Candidates will first write 
down the theory (only for working formula explaining the symbol used) in presence of 
examiners and get them signed by either of the examiners. 

  Examiners are requested to see that the candidates are working according to instruction 
and to sign some important data for the experiment. Each answer script should be 
examined jointly by the Internal and External Examiner and should bear the signature of 
both examiners. All changes must be initiated by both the examiners. Marks for each item 
theory, adjustment of apparatus, data recording, graph, calculation and accuracy of result 
must be shown separately. Total marks for experiment should also be shown on the back 
side of the cover page. 

  Marks distribution: 

  Laboratory Notebook—2 

  Experiment—13 

  If the candidate is found unable to write working formula, it may be supplied by the 
examiners but no mark on that head will be awarded. Proper handling of the instruments 
setting of the apparatus and systematic recording of data should be taken into account 
while allotting marks for systematic recording of data. Marks for accuracy are to be 
awarded on the basis of the correct result, calculated by the examiners. 

_________ 
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B.Sc. 5th Semester (Honours) Examination, 2019-20 

PHYSICS 

 Course ID : 52412  Course Code : SHPHS-502-C-12 

Course Title : Solid State Physics 

 Time:  1 Hour 15 Minutes   Full Marks:  25 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

Section-I 

 1. Answer any five questions: 1×5=5 

  (a) Mention differences between crystalline and amorphous solids. 

  (b) Explain the significance of area of hysteresis loop of a ferromagnetic material. 

  (c) What is meissner effect? 

  (d) Give an example of a crystal that is piezoelectric but not ferroelectric. 

  (e) What is the number of nearest neighbour in a bcc crystal? 

   (f) Define effective mass of an electron in a solid. 

  (g) What are the origins of magnetic moment in an atom? 

  (h) Obtain the Miller indices of a plane having intercepts of 
௔ଶ , ௕ଷ ,∞ on the ܽ, ܾ	and ܿ axes, 

respectively. 

Section-II 

  Answer any two questions: 5×2=10 

 2. (a) The primitive translation vectors of a hexagonal space lattice are, Ԧܽ = ቆ√32 ܽቇ ଓ̂ + ቀ2ܽቁ ଔ̂෠ܾ = −ቆ√32 ܽቇ ଓ̂ + ቀ2ܽቁ ଔ̂ Ԧܿ = ܿ ෠݇ 
    find the volume of the primitive cell. 

  (b) Derive the expression for interplanar spacing between two parallel planes with Miller indices ሺℎ݈݇ሻ. Show that for cubic crystal of lattice constant ‘a’ is given by, 

    ݀௛௞௟ = ௔√௛మା௞మା௟మ 2+3=5 
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 3. (a) What is Hall effect? 

  (b) Derive an expression of Hall coefficient of a material. 1+4=5 

 4. (a) What is meant by induced and orientational polarizability? 

  (b) Derive the Clausius-Mosotti equation relating to polarizability and dielectric constant of a 

solid. 1+4=5 

 5. Explain the concept of BCS Theory and BCS ground state. 5 

Section-III 

  Answer any one of the following: 10×1=10 

 6. (a) Derive the number of vibrational modes of a crystalline solid in the frequency range ߛ and ߛ +  .ߛ݀

    Hence obtain an expression for Debye temperature and explain the significance of Debye 

cut-off frequency. 

  (b) Now calculate the specific heat at very low temperature and high temperatures. Interpret the 

result. 2+2+5+1=10 

 7. (a) What is paramagnetism? What is the essential difference between the classical and quantum 

theory of paramagnetism? 

  (b) Using the quantum theory of paramagnetism derive an expression for paramagnetic 

susceptibility at ordinary fields and temperatures. 1+1+8=10  

__________ 
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 Course ID : 52422  Course Code : SHPHS-502-C-12 

Course Title : Solid State Physics 

 Time:  2 Hours  Full Marks:  15 

The figures in the margin indicate full marks. 

  The questions are equal value. 

 1. Measure the susceptibility of paramagnetic solution (Quinck’s Tube Method).  

  (a) Definition of the quantity to be determined 1 

  (b) Theory (working formula with explanation of symbols) 1 

  (c) Circuit diagram 2 

  (d) Recording of data + graph  5+2=7 

  (e) Calculation 1 

   (f) Accuracy 1 

 2. Measure the magnetic of susceptibility of solids. 

  (a) Definition of the quantity to be determined 1 

  (b) Theory (working formula with explanation of symbols) 1 

  (c) Circuit diagram 2 

  (d) Recording of data  7 

  (e) Calculation 1 

   (f) Accuracy 1 

 3. Determine the coupling coefficient of a piezoelectrical crystal.  

  (a) Definition of the quantity to be measured 1 

  (b) Theory (working formula with explanation of symbols) 1 

  (c) Circuit diagram 2 

  (d) Recording of data 7 

  (e) Calculation 1 

   (f) Accuracy 1 

 4. Measure the dielectric constant of a dielectrical material with frequency (or at a fixed frequency). 

  (a) Definition of the quantity to be determined 1 

  (b) Theory (working formula with explanation of symbols) 1 

  (c) Circuit diagram 2 

  (d) Recording of data 7 

  (e) Calculation 1 

   (f) Accuracy 1 
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 5. Determine the refractive index of a dielectric layer using SPR. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbol) 1 
  (c) Setting of apparatus  2 
  (d) Recording of data 7 
  (e) Calculation 1 
   (f) Accuracy 1 

 6. Draw the BH curve of Fe using solenoid and determine energy loss form Hysteresis.   
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Circuit diagram 2 
  (d) Recording of data 5 
  (e) Graph plotting 2 
   (f) Calculation  1 
  (g)  Accuracy  1 

 7. Measure the resistivity of a semiconductor (Ge) with temperature by four probe method and to 

determine its band gap. 
  (a) Definition of the quantity to be determined (band gap) 1 
  (b) Theory (working formula with explanation of the symbols) 1 
  (c) Circuit diagram 2 
  (d) Recording of data 5 
  (e) Drawing graph 2 
   (f) Calculation 1 
  (g) Accuracy 1 

 8. Determine the Hall coefficient of a semiconductor sample. 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Circuit diagram 2 
  (d) Data recording + Graph 5+2 
  (e) Calculation 1 
   (f) Accuracy 1 

 9. Determine the complex dielectric constant and plasma frequency of metal using Surface Plasma 

Resonance (SPR). 
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbols) 1 
  (c) Circuit diagram 2 
  (d) Data recording 7 
  (e) Calculation 1 
   (f) Accuracy 1 
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 10. Study the PE Hysteresis loop of a ferroelectric crystal  
  (a) Definition of the quantity to be determined 1 
  (b) Theory (working formula with explanation of symbol) 1 
  (c) Circuit diagram 2 
  (d) Data recording 6 
  (e) Graph plotting 2 
   (f) Calculation 1 
  (g) Accuracy 1 
 
 

__________ 
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PHYSICS 

 Course ID : 52422  Course Code : SH/PHS/502/C-12 

Course Title : Solid State Physics 

Instruction to the Examiner. 

  The Examiners are requested to paste one question on a card with respective serial number 
of the question. Cards may be duplicated, but the total number of cards may exceed the 
number of examinees. A list of arranged experiment sets signed by both the examiners 
along with answer script packet should be sent to the University. In no case, Examination 
will be conducted by the Examiner alone. Secrecy of the result must be maintained. 

  Each candidate should perform the experiment which is noted on the card drawn by 
him/her. The examiners may, however, use their discretion in offering him/her a second 
chance only after drawing card by all the candidates. The Laboratory Notebook must be 
submitted by the candidates before drawing of the card. No credit should be given to 
Notebook which has not been signed. 

  Candidates are required to write down the questions on one answer-script with respective 
number of the questions and return the card to the examiner. Candidates will first write 
down the theory (only for working formula explaining the symbol used) in presence of 
examiners and get them signed by either of the examiners. 

  Examiners are requested to see that the candidates are working according to instruction 
and to sign some important data for the experiment. Each answer script should be 
examined jointly by the Internal and External Examiner and should bear the signature of 
both examiners. All changes must be initiated by both the examiners. Marks for each item 
theory, data recording, graph, calculation and accuracy of result must be shown separately. 
Total marks for experiment should also be shown on the back side of the cover page. 

  Marks distribution: 

  Laboratory Notebook—2 

  Experiment—13 

  If the candidate is found unable to write working formula, it may be supplied by the 
examiners but no mark on that head will be awarded. Proper handling of the instruments 
setting of the apparatus and systematic recording of data should be taken into account 
while allotting marks for systematic recording of data. Marks for accuracy are to be 
awarded on the basis of the correct result, calculated by the examiners. 

_________ 
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PHYSICS 

 Course ID : 52416  Course Code : SHPHS/503/DSE-1 

Course Title : Advanced Mathematical Physics 

 Time:  2 Hours   Full Marks:  40 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five of the following: 2×5=10 

  (a) What do you mean by Direction Cosines? 

  (b) What do you mean by Invariant tensor? 

  (c) What is the Quotient law of Tensors? 

  (d) What is antisymmetric tensor? 

  (e) Write down the condition for two lines to be coplanar. 

   (f) Find the probability of drawing 2 aces in succession from a pack of 52 cards. 

  (g) Give an example of a finite ordered element in an infinite group. 

  (h) Define normal subgroup of a group. 

 2. Answer any four of the following: 5×4=20 

  (a) What do you mean by Gradient, Divergence and curl of Tensor fields? 

  (b) Define Covariant, Contra variant and mixed tensors. 

  (c) Write down moment of Inertia tensor, stress and strain tensors. 

  (d) If the probability of a bad reaction from a medicine is 0·001, determine the change that out of 
2000 individuals more than two will get a bad reaction. 

  (e) Prove that for any group ܩ ,ܩ ൗ(ܩ)ܼ  is cyclic if and only if ܩ is abelian, where ܼ(ܩ) is the 

centre of ܩ.  

   (f) Prove that for any group homomorphism ݂ ∶ ଵܩ →  .ker ݂ is a normal subgroup	ଶ,ܩ

 3. Answer any one question: 10×1=10 

  (a)  (i) Let ܩ be a group prove that ܩ is cyclic if and only if there exists an element a ∈  such ܩ
that ܱ(ܽ) =  (ܩ)

     (ii) Give an example of a non-commutative group whose all the subgroup are normal. 

     (iii) Are the groups (∗, ·) and (∗, ·) isomorphic to each other? Justify your answer. 

     (iv) State Schur’s lemma. 5+2+2+1=10 
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  (b)  (i) Write down generalized Hooke’s law. 

     (ii) What do you mean by Minkowski space? 

     (iii) What do you mean by Kroneker Delta? Discuss its property. 

     (iv) Define permutation Tenser. 

     (v) Discuss with an example product of two tensors. 2+2+2+2+2=10 

__________
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 Course ID : 52416  Course Code : SHPHS-503-DSE-1 

Course Title : Classical dynamics 

 Time:  2 Hours   Full Marks:  40 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 

Section–I 

 1. Answer any five of the following: 2×5=10 

  (a) Find the Lagrangian for simple pendulum. 

  (b) An electron of rest mass 9·2×10
–31

 kg is moving with a speed 0·99C. What is total energy, 

where C = 3×10
+8

m/s. 

  (c) Two photons approach each other. What is their relative velocity. 

  (d) Show that kinetic energy remain constant when a charge particle move in uniform magnetic 

field. 

  (e) The potential energy of a particle is a given by the expression V(x) = x
4
 – 4x

3
 – 8x

2
 + 48x. 

Find the points of unstable equilibrium. 

   (f) Explain turbulance in fluid dynamics with examples. 

  (g) Show that if a given co-ordinate is cyclic in Lagrangian, it will be cyclic in Hamiltonian. 

  (h) An electron emitted from a hot filament is accelerated through a potential difference of 

18kVand entrrs a region of a uniform magnetic field 0.1T with certain initial velocity. What 

is the trajectory of the electron if the magnetic field is transverse to the initial velocity? 

Section–II 

  Answer any four of the following: 2×5=5 

 2. What is light cone? What is world line? Draw typical space-time diagram. 1+2+2=5 

 3. (a) Established the relation E
2
 = p

2
 c

2
 + mo

2
 c

4
, symbols have their usual meaning. 3 

  (b) A pion at rest decays in to a muon and neutrino. Show that the momentum of the muon is 

given by หܲெห = ௖൫௠ಀమି௠ಔమ൯ଶ௠ಀ  , Symbols have their usual meaning. 2 
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 4. A charge particle initially moving in the x-direction with a velocity ௢ܸ௫ be subjected to a uniform 
electric field E in the K direction and a uniform magnetic field B in the z direction. Find the 
velocity of charge particle at any instant of time t. 5 

 5. (a) Derive an expression for Laplace-Runge-Lenz Vector. 

  (b) Prove that the speed of a particle moving in an elliptic path in an inverse square field ݂(ݎ) = − ௄௥మ is given by ܸଶ = ௄௠ቀଶ௥ − ଵ௔ቁ, where a is the semi-major axis, m is the mass of 

particle. 3+2=5 

 6. Explained 

     (i) Minkowski space 

     (ii) Invariant interval 

     (iii) Space like 

     (iv) Time-like 

     (v) Light like 1+1+1+1+1=5 

 7. (a) What are the characteristics of ideal fluid? 

  (b) Write the general form of Navier-Stokes equation and state one application of it. 2+2+1=5 

 

Section–III 

       Answer any one question. 10×1=10 

 8. Two masses each equal m, are connected by massless springs of spring constant k such that they 

can freely slide on a smooth horizontal surface. The ends of springs are fixed to vertical walls. 

Determine 

     (i) the normal frequency. 

     (ii) the normal modes vibration. 

     (iii) the normal coordinate 3+4+3=10 

 9. (a) Given the Lagrangian ܮ = ଵ௓݉൫ݎሶଶ + ሶߠ	ଶݎ ଶ൯ −  Find the Hamiltonian and hence the .(ݎ)ܸ

equation of motion. (Symbols have their usual meaning) 

  (b) Show that the total energy will remain constant for a particle motion in central force field. 

       6+4=10 
__________ 
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The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

 1. Answer any five of the following: 2×5=10 

  (a) What do you mean by astronomical distance? 

  (b) Discuss about stellar Radii. 

  (c) What is solar flare? 

  (d) Distinguish between Absolute and Apparent luminosity of a star. 

  (e) What is an Asteroid? 

   (f) What are binary stars? 

  (g) What do you mean by Chandrashekhar limit? 

  (h) What do you mean by apparent solar time? 

 2. Answer any four of the following: 5×4=20 

  (a) What are pulsars? 

  (b) Write short note on Hubble space telescope. 

  (c) How is the rotational period of a stars obtain from its spectra? 

  (d) Distinguish between Reflecting and Refracting telescope. 

  (e) How can be measured distance by Parallax method? 

   (f) Compare between Apparent and Absolute magnitude scale. 

 3. Answer any one question: 10×1=10 

  (a)  (i) Discuss about Hubble classification of Galaxies. 

     (ii) What do you mean by galactic Halo? 

     (iii) Write a short note Milkyway Galaxy. 5+1+4=10 

  (b)  (i) Write a short note on Hertzsprung-Russel Diagram. 

     (ii) State and prove Hubble Law. 

     (iii) What do you mean by Dark Matter? 

_________
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 Course ID : 52417  Course Code : SH/PHS/504/DSE-2 

Course Title : Nuclear and Particle Physics 

 Time:  2 Hours   Full Marks:  40 

The figures in the margin indicate full marks. 

  Candidates are required to give their answers in their own words 
as far as practicable. 

Section-I 

 1. Answer any five of the following: 2×5=10 

  (a) Define cross section of Nuclear reaction. What is its physical significance? 1+1=2 

  (b) What are the quark composition of Πା and Π଴. 2 

  (c) Given the atomic mass of Hଵଶ  to be 2·0141 ݑ, calculate the maximum wavelength of a photon 
which can split a deuteron. 2 

  (d) Find the ground state spin parity O଼ଵ଺  and Pଵହଷଵ . 2 

  (e) Calculate the maximum kinetic energy of the electron emitted in the β-decay of free neutron. 
The neutron-proton mass difference is 1·30 MeV. 2 

   (f) Write down the differences between compound Nuclear reaction and direct reaction. 2 

  (g) Write down Bethe-Bloch formula for energy loss through ionization. What is Cherenkov 
radiation? 1+1=2 

  (h) Write down the experimental evidences regarding the nuclear shell model concept. 2 

Section-II 

 2. Answer any four of the following: 5×4=20 

  (a) What is Compton scattering? Find the wavelength shift through Compton’s scattering for 
gamma interaction with matter. Does Compton Scattering occurs for visible light? 1+3+1=5 

  (b) Discuss the working principle of semiconductor detector for charge particle detection. What 
kind of materials are used for neutron detection? Give a process of neutron detection.  

       3+1+1=5 

  (c) Draw the ‘Binding energy per Nucleon’ vs ‘mass number’ graph and briefly explain how this 
graph helps to understand the phenomena of ‘nuclear fissionֹ’, ‘nuclear fusion’ and saturation 
property of nuclear force. 1+4=5 

  (d) What is neutrino? What lead Pauli to put forward the neutrino hypothesis? How this 
hypothesis solves the apparent breakdown of conservation of momentum and energy in  β-decay. 1+2+2=5 

  (e) Explain the working principle of a cyclotron. Why electrons are not accelerated to high 
energies using cyclotron. 3+2=5 
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   (f) In the following pairs, determine which of the reactions are possible: 

(i) Πି + ݌ →	Σ଴ +   ଴ߟ
(Strong interaction) 

 Πି + ݌ → Σ଴ + ݇଴  

(ii) Σି → ିߨ +   ߟ
(Weak decay) 

 Σି → ିߨ +   ݌

(iii) ߟ → ݌ + ݁ି +   ௘ߛ
(Weak decay) 

ߟ  → ݌ + ݁ି +   ௘ߛ̅

Section-III 

 3. Answer any one question: 10×1=10 

  (a) What is meant by the range of an α-particle? How does the range of α-particles in matter 
depend on energy? Explain Geiger-Nuttall law relating the range of α-particles and decay 
constant. 

    Draw the schematic diagram of energy loss ቀ− ௗாௗ௫ቁ of Alpha, proton, deuteron and muons as  

a function of energy ሺܧሻ while they are passing through a medium. Explain the fine structure 
of α-ray spectrum with the help of proper energy level diagram. 1+2+2+2+3=10 

  (b) Discuss Rutherford’s alpha particle scattering theory with suitable mathematical analysis. 

    Discuss qualitatively how γ-ray interact with matter while passing through it. 

    In a scintillation detector, a ߛ-ray peak of 20 keV energy is observed at a pulse height of  
32 volt. The full width at half maxima is 4 keV. Evaluate the percentage resolution of the 
detector.  5+3+2=10 

_________ 
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Time:  2 Hours Full Marks: 40
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Candidates are required to give their answers in their own words
as far as practicable.

øé¬Ì õ∂±ôL√¶ö ¸—‡…±&ø˘ √õ∂Àùüı˛ ¬Û”Ì«˜±ÀÚı˛ øÚÀ«˙fl¬/
¬Ûı˛œé¬±Ô«œÀı˛ ˚Ô±¸y¬ı øÚÀÊı˛ ˆ¬±¯∏±˚˛ Î¬◊Mı˛ øÀÓ¬ ˝Àı/

Group-A

1. Answer any five questions: 2×5=10

Œ˚ Œfl¬±ÀÚ± ¬Û“±‰¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) What do you mean by resistivity of a conductor? Mention the unit of resistivity.

Œfl¬±ÀÚ± ¬Ûøı˛ı±˝œı˛ Œı˛±Ò±Ç¬ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑ Œı˛±Ò±ÀÇ¬ı˛ ¤fl¬fl¬ Î¬◊À{°‡ fl¬Àı˛±/

(b) While a capacitor still connected to a power source what will be the potential difference
between the plates when the spacing between them is halved?

Ó¬øh¬» Î¬◊»¸˚≈Mê ’ı¶ö±˚˛ ˚ø Œfl¬±ÀÚ± Ò±ı˛Àfl¬ı˛ ¬Û±Ó¬ZÀ˚˛ı˛ ”ı˛Q ’ÀÒ«fl¬ fl¬ı˛± ˝˚˛ Ó¬±˝À˘ ¬Û±Ó¬ZÀ˚˛ı˛ ˜ÀÒ… øıˆ¬ı
õ∂Àˆ¬Àı˛ ˜±Ú fl¬Ó¬ ˝Àı∑

(c) What do you mean by active and passive circuits?

¸øSê˚˛ › øÚø¶ç¬˚˛ ıÓ«¬Úœ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑

(d) Why the internal barrier developed in a pn junction diode does not send any current in
the external circuit?

pn ¸—À˚±· Î¬±À˚˛±ÀÎ¬ ¸‘©Ü ’±ˆ¬…ôLı˛œÌ ı±Ò± øıˆ¬ı Œfl¬Ú ıø˝¶ö– ıÓ«¬ÚœÀÓ¬ Ó¬øh¬» õ∂ı±˝ ¬Û±Í¬±ÀÓ¬ ¬Û±Àı˛ Ú±∑

(e) What do you mean by back emf in relation to a d.c. motor?

¤fl¬øÈ¬ Œ˜±È¬Àı˛ı˛ Œé¬ÀS ëøıèX¬ Ó¬øh¬B‰¬±˘fl¬ ı˘í ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑

(f) What do you mean by Wattless current?

é¬˜Ó¬±˝œÚ Ó¬øh¬» õ∂ı±˝ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑

(g) What is the relation between fusing current and diameter of a wire?

Œfl¬±ÀÚ± ¬Ûøı˛ı±˝œı˛ Œé¬ÀS øÙ¬Î¬◊Ê õ∂ı±À˝ı˛ ¸Àº Ó¬±ı˛ ı…±À¸ı˛ ¸•Ûfl«¬ fl¬œ∑

(h) What is meant by forward and reverse biasing of a semiconductor diode?

¤fl¬øÈ¬ ’Ò«¬Ûøı˛ı±˝œ Î¬±À˚˛±ÀÎ¬ı˛ ¸•ú≈‡ıÓ¬π ¤ı— øı¬Ûı˛œÓ¬ ı±˚˛±¸ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑
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Group-B

Answer any four questions: 5×4=20

Œ˚ Œfl¬±ÀÚ± ¬‰¬±ı˛øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

2. Define Ohm’s law. What are ohmic and non ohmic conductors? Establish Ohm’s law on the

basis of electron drift velocity in a conductor. 1+2+2=5

›˝À˜ı˛ ¸”S øıı‘Ó¬ fl¬Àı˛±/ ›˝˜œ˚˛ ¤ı— ’›˝˜œ˚˛ ¬Ûøı˛ı±˝œ ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑ Œfl¬±ÀÚ± ¬Ûøı˛ı±˝œı˛ ’Ú≈õ∂ı±˝ ŒıÀ·ı˛
¸±À¬ÛÀé¬ ›˝À˜ı˛ ¸”SøÈ¬ õ∂øÓ¬á¬± fl¬Àı˛±/

3. What do you mean by equivalent resistance? Find the equivalent resistance of the given circuit
between (i) A and B and (ii) C and D. 1+2+2=5

Ó≈¬˘… Œı˛±Ò ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑ √õ∂M ıÓ«¬ÚœøÈ¬ı˛ (i) A ¤ı— B › (ii) C ¤ı— D ¤ı˛ ˜ÀÒ… Ó≈¬˘… Œı˛±Ò øÚÌ«˚˛ fl¬Àı˛±/

4. How a galvanometer can be converted into an ammeter and a voltmeter? Draw the necessary

circuit diagrams. 3+2=5

¤fl¬øÈ¬ ·…±˘ˆ¬±ÀÚ±ø˜È¬±ı˛Àfl¬ fl¬œˆ¬±Àı ’…±˜ø˜È¬±ı˛ ¤ı— Œˆ¬±å¬ø˜È¬±Àı˛ ı˛+¬Û±ôLøı˛Ó¬ fl¬ı˛± ˚±˚˛∑ õ∂À˚˛±ÊÚœ˚˛ ıÓ«¬Úœ&ø˘
’Ç¬Ú fl¬Àı˛±/

5. What is a dc motor? Describe with a circuit diagram the functioning of a dc motor. 1+4=5

dc Œ˜±È¬ı˛ fl¬œ∑ ø‰¬S¸˝ ¤fl¬øÈ¬ dc Œ˜±È¬Àı˛ı˛ fl¬±˚«õ∂Ì±˘œ ı…±‡…± fl¬Àı˛±/

6. State Kirchoff’s laws. Applying Kirchoff’s laws determine the current flowing through 1

resistance in the following circuit. 2+3=5

øfl¬¸«ÀÙ¬ı˛ ̧ ”S&ø˘ øıı‘Ó¬ fl¬Àı˛±/ øÚÀ•ß õ∂ø˙«Ó¬ ıÓ«¬ÚœÀÓ¬ øfl¬¸«ÀÙ¬ı˛ ̧ ”S õ∂À˚˛±· fl¬Àı˛ 1Œı˛±ÀÒı˛ ̃ ÀÒ… Ó¬øh¬» õ∂ı±˝˜±S±
øÚÌ«˚˛ fl¬Àı˛±/

7. How does a deplaction layer form in a semiconductor diode? How does the width of tis region
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change when the diode is forward and reverse biased? What is Zener Breakdown? 2+1+2=5

’Ò«¬Ûøı˛ı±˝œ Î¬±À˚˛±Î¬ fl¬œˆ¬±Àı øÚ–À˙ø¯Ó¬ ’=¬˘ ·øÍ¬Ó¬ ˝˚˛∑ Î¬±À˚˛±ÀÎ¬ı˛ ¸•ú≈‡ıÓ¬π ¤ı— øı¬Ûı˛œÓ¬ ı±˚˛±À¸ı˛ Œé¬ÀS
¤˝◊ ’=¬À˘ı˛ ŒıÒ fl¬œˆ¬±Àı ¬Ûøı˛ıøÓ«¬Ó¬ ˝˚˛∑

Group-C

Answer any one question: 10×1=10

Œ˚ Œfl¬±ÀÚ± ¬¤fl¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

8. What is a transformer? Describe with a neatly labelled circuit diagram the principle of action

of a transformer. Enumerate different types of losses in a practical transformer. How are these

losses reduced? 1+4+2+3=10

C±kÙ¬˜«±ı˛ fl¬œ∑ ¬Ûøı˛¶®±ı˛ ø‰¬S ¸˝À˚±À· ¤fl¬øÈ¬ C±kÙ¬˜«±Àı˛ı˛ fl¬±˚«ÚœøÓ¬ ı…±‡…± fl¬Àı˛±/ ¤fl¬øÈ¬ ı±ô¶ı C±kÙ¬˜«±Àı˛ı˛ øıøˆ¬iß
õ∂fl¬±ı˛ ˙øMêé¬˚˛&ø˘ øıı‘Ó¬ fl¬Àı˛±/ ¤˝◊ ˙øMêé¬˚˛&ø˘ fl¬œˆ¬±Àı fl¬˜±ÀÚ± ˚±˚˛∑

9. What do you mean by rectification of an ac signal? With the help of a circuit diagram explain
the use of a pn junction diode as a full wave rectifier giving its input and output waveforms.
What are the advantages of a full wave rectifier over a half wave rectifier? 1+6+3=10

ac ø¸·Ú…±À˘ı˛ ¤fl¬ ≈̃‡œfl¬ı˛Ú ı˘ÀÓ¬ fl¬œ Œı±ÀÁ¬±∑ ¬Ûøı˛¶®±ı˛ ø‰¬S¸˝À˚±À· ¤fl¬øÈ¬ pn ¸—À˚±· Î¬±À˚˛±Î¬ ˝◊Ú¬Û≈È¬ ¤ı—
’±Î¬◊È¬¬Û≈È¬ Ó¬ı˛º¸˝ ¤fl¬˜≈‡œfl¬±ı˛fl¬ ø˝¸±Àı fl¬œˆ¬±Àı fl¬±Ê fl¬Àı˛ Ó¬±ı˛ ı…±‡…± ±›/ ’Ò«Ó¬ı˛º ¤fl¬˜≈‡œfl¬±ı˛Àfl¬ı˛ Ó≈¬˘Ú±˚˛
¬Û”Ú«Ó¬ı˛º ¤fl¬ ≈̃‡œfl¬±ı˛fl¬ ı…ı˝±Àı˛ı˛ ≈̧øıÒ±&ø˘ fl¬œ fl¬œ∑

ñññññ
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øé¬Ì õ∂±ôL√¶ö ¸—‡…±&ø˘ √õ∂Àùüı˛ ¬Û”Ì«˜±ÀÚı˛ øÚÀ«˙fl¬/
¬Ûı˛œé¬±Ô«œÀı˛ ˚Ô±¸y¬ı øÚÀÊı˛ ˆ¬±¯∏±˚˛ Î¬◊Mı˛ øÀÓ¬ ˝Àı/

1. Answer any five questions: 2×5=10

Œ˚ Œfl¬±ÀÚ± ¬Û“±‰¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) What are the uses of Multimeter?

˜±øå¬ø˜È¬±Àı˛ı˛ ı…ı˝±ı˛ fl¬œ∑

(b) What is the meaning of SI units? The density of copper is 8·83 Kg/am3. Express it in Kg/m3.

SI ¤fl¬Àfl¬ı˛ ’Ô« fl¬œ∑ fl¬¬Û±Àı˛ı˛ ‚ÚQ 8·83 Kg/am3/ ¤ ◊̋ ‚ÚQÀfl¬ Kg/m3 ¤fl¬Àfl¬ õ∂fl¬±˙ fl¬Àı˛±/

(c) What is the requirement of using lever?

ø˘ˆ¬±ı˛ ı…ı˝±Àı˛ı˛ õ∂À˚˛±ÊÚœ˚˛Ó¬± fl¬œ∑

(d) Discuss about the welding defects.

›À˚˛˘øÎ¬—-¤ı˛ SnøÈ¬&À˘± ’±À˘±‰¬Ú± fl¬Àı˛±/
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(e) How do you measure the diameter of a thin wire?

¸è Ó¬±Àı˛ı˛ ı…¸ fl¬œˆ¬±Àı ˜±¬ÛÀı, ’±À˘±‰¬Ú± fl¬Àı˛±/

(f) What is PCB?

PCB fl¬œ∑

(g) What is the utility of vernier scale and screw gauge?

ˆ¬±øÚ«˚˛±ı˛ Œ¶®˘ ¤ı— ¶a≈¬ Œ·ÀÊı˛ ı…ı˝±ı˛ fl¬œ∑

(h) What is the Horizontal sweeping of oscilloscope?

Oscilloscope-¤ı˛ ˝ı˛±˝◊ÀÊ±KÈ¬±˘ sweeping ’±À˘±‰¬Ú± fl¬Àı˛±/

2. Answer any five questions:

Œ˚ Œfl¬±ÀÚ± ¬¬Û“±‰¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) Discuss how to measure the height of buildings using sextant.

˚ÀLaı˛ ¸±˝±À˚… fl¬œˆ¬±Àı ¤fl¬È¬± ı±øh¬ı˛ Î¬◊B‰¬Ó¬± ˜±¬ÛÀı, ’±À˘±‰¬Ú± fl¬Àı˛±/

(b) Discuss the mechanism of Vernier Calliper and screw gauge.

ˆ¬±øÚ«˚˛±ı˛ fl¬…±ø˘¬Û±ı˛ ¤ı— ¶ç≥¬-Œ·ÀÊı˛ fl¬±˚«õ∂Ì±˘œ ’±À˘±‰¬Ú± fl¬Àı˛±/
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(c) A Vernier Callipers has 1mm marks on the main scale. It has 20 equal division on the

vernier scale which match with 16 main scale division. Calculate the least count for the

vernier scale.

¤fl¬È¬± ˆ¬±øÚ«˚˛±ı˛ fl¬…±ø˘¬Û±À¸«ı˛ ”̃̆ À¶®À˘ 1mm ¸ı«øÚ•ß ’±ÀÂ/ ¤ı˛ Œ˜±È¬ 20øÈ¬ ˆ¬±· ’±ÀÂ ˆ¬±øÚ«˚˛±ı˛ Œ¶®À˘

˚± ˜”˘ Œ¶®À˘ı˛ 16 ‚Àı˛ı˛ ¸±ÀÔ ø˜À˙ ˚±˚˛/ ø˘à¬ fl¬±Î¬◊KÈ¬ Œıı˛ fl¬Àı˛±/

(d) Discuss regarding the drilling of holes of different diameter in metal sheets and wooden

block.

Ò±Ó¬ı ¬Û±Ó¬ ¤ı— fl¬±ÀÍ¬ı˛ ıvÀfl¬ øEÀ˘ı˛ øÂÀ^ı˛ ı…±¸ ¸•ÛÀfl«¬ ’±À˘±‰¬Ú± fl¬Àı˛±/

(e) How do you make timer circuit and electronic switching using transitor and relay?

C±Úø¸à¬±ı˛ ¤ı— øı˛À˘ ı…ı˝±ı˛ fl¬Àı˛ fl¬œˆ¬±Àı È¬±˝◊˜±ı˛ ¸±øfl«¬È¬ › ˝◊À˘fl¬CøÚ' ≈̧̋ ◊‰¬ ΔÓ¬øı˛ fl¬ı˛Àı∑

(f) What kind of lever will you use to lift a heavy weight object. Discuss in details.

¤fl¬È¬± ˆ¬±ı˛œ ıdÀfl¬ ŒÓ¬±˘±ı˛ ÊÚ… fl¬œ fl¬œ Òı˛ÀÚı˛ ø˘ˆ¬±ı˛ ı…ı˝±ı˛ fl¬ı˛Àı∑ ’±À˘±‰¬Ú± fl¬Àı˛±/

3. Answer any one question: 10×1=10

Œ˚ Œfl¬±ÀÚ± ¬¤fl¬øÈ¬ √õ∂Àùüı˛ Î¬◊Mı˛ ±› –

(a) Write down the working principle of power generation system. Discuss the soldering of

electrical circuits. 5+5=10

˙øMê Î¬◊»¬Û±Ú ı…ı¶ö±ı˛ fl¬±˚«ÚœøÓ¬ ’±À˘±‰¬Ú± fl¬Àı˛±/ ˝◊À˘fl¬øCfl¬±˘ ¸±øfl«¬ÀÈ¬ı˛ soldering ’±À˘±‰¬Ú± fl¬Àı˛±/
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(b) What are the common material used for manufacturing? How do you make a regulated

power supply? Draw a schematic diagram of regulated power supply. What is Breaking

system? Discuss shortly about the pulley experiment. 2+2+2+2+2=10

˜…±Ú≈ÀÙ¬fl¬‰¬±øı˛—-¤ fl¬œ fl¬œ Òı˛ÀÚı˛ ¬Û±Ô« ı…ı˝±ı˛ fl¬ı˛± ˝˚˛∑ fl¬œˆ¬±Àı ¤fl¬È¬± Œı˛&À˘ÀÈ¬Î¬ power supply

ı±Ú±Àı∑ Œı˛&À˘ÀÈ¬Î¬ power supply-¤ı˛ schematic ø‰¬S ’±“Àfl¬±/ ŒıËøfl¬— ø¸Àà¬˜ fl¬œ∑ Pulley experiment

¸•ÛÀfl«¬ ¸—Àé¬À¬Û ’±À˘±‰¬Ú± fl¬Àı˛±/

ñññññ
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Section-I 

 1. Answer any five questions: 2×5=10 

  ˆÎ ˆÑ˛y Ï̂òy ˛ô§yâ˛!›˛ ≤ÃˆÏŸ¿Ó ̊v˛ z_Ó ̊îyÁ É 

  (a) What do you mean by generalised coordinate? 

    Generalised coordinate ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

  (b) What do you understand by stable and unstable equilibrium? 

    !fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ Á x!fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ ÓúˆÏì˛ ˆÓyˆÏG˛y⁄ 

  (c) What is gyro-radius and gyro-frequency? 

    Gyro-radius ~ÓÇ gyro-frequency Ñ˛#⁄ 

  (d) Give the example of massless particle or particle with rest mass zero. What is the velocity of 

the particle? 

    !fl˛iÓ¶̊˛Ó ̊ü)òƒ ~£zÓ*̊˛ô Ñ˛íyÓ ̊v˛ zîy£Óí̊ îyÁ– ~£z Ñ˛íyÓ ̊ˆ«˛ˆÏe Ü!ì˛ˆÏÓÜ Ñ˛ì˛⁄ 

  (e) What do you mean by lagrangian of the system? 

    ì˛ˆÏs˛fÓ ̊Lagrangian ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

   (f) In which condition, Hamiltonian (H) represents the total energy of the system? 

    ˆÑ˛yò üˆÏì≈̨ ñ Hamiltonian (H) ì˛ˆÏs˛fÓ ̊ˆõy›˛ ü!_´ˆÏÑ˛ ≤ÃÑ˛yü Ñ˛ˆÏÓ ˚⁄ 

   (g) Write down the postulates of the special theory of relativity. 

    xyˆĮ̈ ô!«˛Ñ˛ì˛yÓˆÏîÓ ̊!ÓˆÏü°Ï ì˛ˆÏ_¥Ó˚ fl˛ ∫#Ñ˛yÎ≈=!ú ˆúˆÏÖy– 

  (h) What are ‘inertial frames of reference’? 

    ãv˛ ¸c#Î̊ !òˆÏî≈üì˛s˛f Ñ˛yˆÏîÓ ̊ÓˆÏú⁄ 

16858-BSc-V-Phy-501-DSE-1A-52418-19-E.docx 
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Section-II 

  Answer any four questions: 5×4=20 

  ˆÎ ˆÑ˛y Ï̂òy â˛yÓ!̊›˛ ≤Ã Ï̂Ÿ¿Ó ̊v˛ z_Ó ̊îyÁ É 

 2. Find out the Hamiltonian of simple pendulum and then establish the equation of motion. What is 
the advantages of Hamiltonian approach? 2+2+1=5 

  ¢Óú̊ ˆîyúˆÏÑ˛Ó ̊HamiltonianÙÈ~Ó ̊õyò ˆÓÓ ̊ Ñ˛ˆÏÓẙ ~ÓÇ ì˛y ˆÌˆÏÑ˛ ¢Óú̊ ˆîyúˆÏÑ˛Ó ̊Ü!ì˛Ó ̊Óẙ!üõyúy!›˛ !òí≈Î̊ Ñ˛ˆÏÓẙ– 
Hamiltonian approachÙÈ~Ó ̊¢%!Óïy ˆúˆÏÖy– 

 3. A charged particle is introduced in a uniform magnetic field ܤሬԦ along any arbitrary direction with 
velocity ሬܸԦ making an angle θ with ܤሬԦ. How will be shape of the path of the charge particle? 
Explain it. 

  A positron of kinetic energy 200 eV is projected at an angle 30° with respect to the direction of 
uniform field of induction ܤ = 10ିଶ tesla calculate the radius of the spiral path? 2+3=5 

  ~Ñ˛!›˛ ì˛!v˛ì̧˛y!fl˛iì˛ Ñ˛íyˆÏÑ˛ ¢%°Ïõ â%̨ ¡ ∫Ñ˛ ˆ«˛ˆÏe SܤሬԦV ሬܸԦ Ü!ì˛ Ï̂ÓˆÏÜ ~ÓÇ ܤሬԦ ÈÙÈ~Ó ̊ ¢yˆÏÌ θ ˆÑ˛yˆÏí ≤ÃˆÏÓü Ñ˛yÓ ˚̂ Ïòy £ú– 
ì˛!v˛ì̧˛y!£ì˛ Ñ˛íy!›˛Ó ̊Ü!ì˛˛ôˆÏÌÓ ̊xyÑ,̨ !ì˛ ˆÑ˛õò £ˆÏÓñ ÓƒyÖƒy Ñ˛ˆÏÓẙ– 

  200 eV Ü!ì˛ü!_´ ¢¡ôß ̈ ˆÑ˛yˆÏòy ˛ô!ã›˛ ΔòˆÏÑ˛ ¢%°Ïõ â%̨ ¡ ∫Ñ˛ˆÏ«˛e Sfield of inductionV	ܤ = 10ିଶ ÈÙÈ~Ó ̊ ¢yˆÏÌ 30° 
ˆÑ˛yˆÏí ≤ÃˆÏÓü Ñ˛Óẙ Ï̂òy £ú– ¢!˛ô≈ú ˛ôˆÏÌÓ ̊Óƒy¢yï ≈ !òí≈Î ̊Ñ˛ˆÏÓẙ– 

 4. What is length contraction and time dilation? Prove that length of a moving rod is always shorter 
than its proper length. 2+3=5 

  ˜îˆÏá ≈ƒÓ ̊xy˛ôyì˛ ¢ÇˆÏÑ˛yâ˛ò Á ¢õˆÏÎ̊Ó ̊xy˛ôyì˛ !Óhfl+̨ !ì˛ ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ ≤Ãõyò Ñ˛ Ï̂Óẙ ˆÎñ ˆÑ˛yˆÏòy Ü!ì˛ü#ú Ó ˚̂ Ïv˛Ó ̊˜îá ≈ƒ 
ì˛yÓ ̊ˆ≤Ãy˛ôyÓ ̊˜îˆÏá ≈ƒÓ ̊Sproper lengthV ˆÌ Ï̂Ñ˛ ¢Ó≈îy ˆäÈyˆÏ›˛y £ Ï̂Ó– 

 5. Explain relativistic Doppler effect. What do you mean by time-like and space-like intervals?  
       3+2=5 

  xyˆĮ̈ ô!«˛Ñ˛ì˛yÓyî ¢Çe´hs˛ v˛˛ôúyÓ˚ !e´Î̊y ÓƒyÖƒy Ñ˛ˆÏÓẙ– time-like ~ÓÇ space-like intervals ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 

 6. The potential energy of a particle is given by 

  ܸሺݔሻ = ସݔ − ଷݔ4 − ଶݔ8 +  ݔ48

  Find the points of stable and unstable equilibrium. Explain the terms (i) normal frequencies  
(ii) normal modes of vibrations. 3+2=5 

  ˆÑ˛yˆÏòy Ñ˛íyÓ ̊!fl˛i!ì˛ü!_´ £ú !ò¡¨Ó*̊˛ô 

  ܸሺݔሻ = ସݔ − ଷݔ4 − ଶݔ8 +  ݔ48

  !fl˛i!ì˛ü#ú ¶˛yÜ¢yõƒ Á x!fl˛i!ì˛ü#ú ¶˛yÓ¢̊yõƒ !Ó®% !òÏí ≈Î̊ Ñ˛ˆÏÓẙ– SiV òÓõ̊yú SnormalV Ñ˛¡ôyB˛ SiiV òÓõ̊yú SnormalV 
ˆõyv˛ñ ÈÙÙÙÈ !Ó°ÏÎ=̊!ú ÓƒyÖƒy Ñ˛ˆÏÓẙ– 

 7. A particle of mass ݉ moves in a plane in the field of force given by ܨԦ = ݎ݇	ݎ̂− cosθ where ݇ is a 
constant and ̂ݎ is the radius unit vector. Show that ݉ݎଶθሶ = constant. What do you mean by 
conservative force? 4+1=5 

  ˆÑ˛yˆÏòy ¢õì˛ˆÏúñ ݉ ¶˛ˆÏÓÓ̊ ̊~Ñ˛!›˛ Ñ˛íy ܨԦ = ݎ݇	ݎ̂− cos θ ÓˆÏúÓ ̊ˆ«˛ˆÏe Ü!ì˛ü#úñ ˆÎÖyˆÏò ݇ £ú ~Ñ˛!›˛ ï  &ÓÑ˛ ~ÓÇ  ̂ݎ £ú ݎԦ ÓÓẙÓÓ ̊~Ñ˛Ñ˛ ˆ¶˛QÓ–̊ ˆîÖyÁ ˆÎ ݉ݎଶθሶ = ï  &ÓÑ˛– ¢ÇÓ˚«˛# Óú ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ 
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Section-III 

  Answer any one question: 10×1=10 

 8. Derive the equations of Lorentz transformation. Establish the relation ܧଶ ≡ ଶܿଶ݌ + ݉௢ଶܿସ for a 
particle of rest mass ݉௢, momentum ܲ and total energy ܧ. What is twin paradox? 5+3+2=10 

  ˆúyˆÏÓO̊ Ó*̊˛ôyhs˛Ó ̊¢õ#Ñ˛Óí̊=!ú ≤Ã!ì˛¤˛y Ñ˛ˆÏÓẙ– ܧଶ ≡ ଶܿଶ݌ + ݉௢ଶܿସ ¢¡ôÑ≈̨ !›˛ ≤Ã!ì˛¤˛y Ñ˛ˆÏÓẙñ ˆÎÖyˆÏò ݉௢ £ú Ñ˛íyÓ ̊
!fl˛iÓ ̊¶˛Óñ̊ ܲ £ú ¶˛Ó ˚̂ ÏÓÜ ~ÓÇ ܧ £ú ˆõy›˛ ü!_´– Twin paradox Ñ˛#⁄ 

 9. What is meant by an ideal fluid? What is the significance of Reynolds number? Derive  
Navier-Stokes equation. For what condition, Navier-Stokes equation can be solved? 1+2+5+2=10 

  xyîü≈ ≤ÃÓy£# ÓúˆÏì˛ Ñ˛# ˆÓyˆÏG˛y⁄ ˆÓò̊”˛ ¢ÇÖƒyÓ ̊ì˛yÍ˛ôÎ≈ ˆúˆÏÖy– Navier-StokesÙÈ~Ó ̊¢õ#Ñ˛Óí̊!›˛ !ò Ï̂í≈Î ̊Ñ˛ˆÏÓẙ– ˆÑ˛yò 
üˆÏì≈̨  Navier-Stokes ¢õ#Ñ˛Óí̊ ¢õyïyò Ñ˛Óẙ ¢Ω˛Ó⁄ 

__________
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 1. Answer any five questions: 2×5=10 
  (a) Show that gradient of a scalar function is a tensor of order one. 
  (b) Find the second order anti-symmetric tensor associated with the vector: 2ଓ̂ − 3ଔ̂ + ෠݇. 
  (c) Prove that product of tensors of rank one is a tensor of rank two. 

  (d) Show that ܣԦ ×  .ሬԦ transforms like tensor of rank oneܤ
  (e) Show that ܣఓ	ܤఓ is invariant. 
   (f) Define Quotient Law. 
   (g) What do you mean by cyclic group? 
  (h) Prove that every cyclic group is abelian. 

 2. Answer any four questions: 5×4=20 
  (a) Show that: ߳௜௞௦߳௠௣௦ = ௞௣ߜ	௜௠ߜ	 −  .௞௠ߜ	௜௣ߜ
  (b) Define kronecker-delta function, Show that it is 
     (i) an isotropic tensor, 
     (ii) a symmetric tensor of order 2. 1+2+2=5 
  (c) Derive an expression for the Moment of Inertia tensor. 
  (d) Prove that Moment of Inertia is a symmetric tensor and it transform like a second order 

tensor. 
  (e) A man is known to speak truth 2 out of 3 times. He throws a die and reports that number 

obtained is a four. Find the probability that the number obtained is actually a four. 
   (f) Show that if ܪ and ܭ are subgroups of an abelian group ܩ, then {ℎ݇|ℎ ∈ ,ܪ ݇ ∈  is {ܭ

subgroup of ܩ. 

 3. Answer any one question: 10×1=10 
   (a) Using tensors, prove the following identities: 

      (i) ∇ሬሬԦ × ൫߶ܣԦ൯ = ߶൫∇ሬሬԦ × Ԧ൯ܣ + ൫∇ሬሬԦ߶൯ ×  Ԧܣ
      (ii) ∇ሬሬԦ × ൫∇ሬሬԦ × Ԧ൯ܣ = ∇ሬሬԦ൫∇ሬሬԦ. Ԧ൯ܣ − ∇ଶܣԦ 
  (b) Define pure strain Tensor ݁௜௝. Establish that it is a symmetric tensor of order 2. Also give the 

physical significance of its components ݁ଵଵ and ݁ଵଶ. 

__________ 
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Section-I 

 1. Answer any five questions: 1×5=5 

  (a) What is the ionization energy of a hydrogen atom if the atom is in its first excited state? 

  (b) State Hund’s rule. 

  (c) Show that the relation ൣܮ௫, ௬൧ܮ = ݅ℏܮ௭ is valid for the ݔ,  .ܮ components of ݖ and ݕ

  (d) What are the requirements that a function should obey to describe properly the state of a 
particle? 

  (e) What is the physical significance of normalization of wave function in Quantum Mechanics? 

   (f) Write down the expression of Larmour frequency. 

  (g) Name two experimental observations which support the existence of spin of electrons. 

  (h) Write down the expression of probability current density in 3D. 

Section-II 

  Answer any two questions: 5×2=10 
 2. What do you mean by stationary states? Starting from the time-dependent Schrödinger equation, 

find the time-independent Schrödinger equation that is satisfied by the wave functions for 
stationary states.  

 3. Considering the Gaussian wave function in momentum space ߶ሺ ௫ܲሻ = ݁ିሺ௉ೣ ି௉బሻଶ ௥మൗ . Establish 

the position momentum uncertainty principle. (The symbols have their usual meaning). 5 

 4. Determine the orbital magnetic moment of an electron moving in a circular orbit of radius ݎ about 

a proton. Calculate the frequency at which an electron’s orbital magnetic moment precesses in a 

magnetic field ܤሬԦ. 2+3=5 

 5. Given the normalized eigen function for the ground state of hydrogen atom is ߰଴ = ଵටగ௔೚య 	݁ି௥ ௔బൗ , 

where ܽ଴ is the Bohr radius. 

  Show that the electron density in the hydrogen is maximum at ݎ = ܽ଴. 5 
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Section-III 

  Answer any one of the following questions: 10×1=10 

 6. What are the normal and anomalous Zeeman effect? Give the theory of Zeeman effect when the 

atom is place in weak magnetic field and explain the results in the context of Na D-lines. 

  What happens if the magnetic field is increased to a high value? 1+(6+2)+1=10 

 7. Show that an appropriate boundary condition on the solution of the Schrödinger equation for the 

linear harmonic oscillator leads to the discrete spectrum of its energy. 

  Find the probability of finding the linear harmonic oscillator within classical limits. Given the 

ground state wave function of the linear harmonic oscillator is 

  ߰ሺݔሻ = ቀ௠ఠగℏ ቁଵ ସൗ ݌ݔ݁ ቂ− ଵଶ ቀ௠ఠℏ ቁ  ଶቃ, where the symbols have their usual meanings. 7+3=10ݔ

__________ 
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