Report on the Workshop on ‘Better Question Papers in Physics’


One of the important issues in higher education requiring special attention is the relevance of the evaluation of students’ performance.  The University Grants Commission circulated a Minimum Programme of Examination Reform in 1984.  The Universities of Tamil Nadu in general implemented these reforms.  At present in the University question papers there are in general three sections.  The first section is of objective type or requiring one-word answers equally distributed over all the units of the syllabus and are compulsory questions.  The second section requires short answers again made compulsory and equally distributed over all the units.  The third section consists of either/or type questions for each unit of the syllabus.  These questions require long answers.

It is a known fact that these three types of questions naturally test different abilities of the students.  The autonomous colleges have continuous internal assessment also.  Therefore, it is necessary to maintain a certain proportion among these various components.  But in recent years there has been a tendency to give more importance to objective type or one-word answer questions or memory recall type questions.  This naturally may lead to an unreliable assessment of the knowledge and abilities of the students.


Hence, with a view to study the present trend in question paper pattern and to chart out a plan of action, the Tamil Nadu State Council for Higher Education organised a workshop on “Towards Better Question Papers” on 13th July 2002.  This workshop suggested that a series of workshops be conducted subjectwise, inviting as participants the Chairmen and Members of the Boards of Studies and question paper setters.  Based on this recommendation, the Tamil Nadu State Council for Higher Education decided to conduct a series of two-day workshops for each subject with the Chairmen and Members of Boards of Studies and Members of the Boards of Examiners (question paper setters) as participants.  

The first workshop in this series on Physics was conducted during 13-14 December 2002.  The list of resource persons and participants who participated in this workshop is given in Annexure 1.

During the workshop, after a brief introductory remarks by the resource persons, highlighting the important issues pertaining to the preparation of question papers, the participants divided themselves into groups and prepared model question papers.  The papers prepared by one group was reviewed by the other groups and in the final session all the participants along with the resource persons discussed the details of the question papers and finalised 6 question papers which are given in Annexure 2 to 7.  It is hoped that these question papers will serve as models for preparation of better question papers by the undergraduate question paper setters.
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Annexure 2 to 7 

Model Question Papers for B.Sc. Physics

1.
Electricity and Magnetism

2. Electronics and Solid State Physics

3. Thermal Physics

4. Properties of matter and Acoustics

5. Relativity, Wave Mechanics and Nuclear Physics

6. Optics

Electricity and Magnetism

Time: 3 hours





Max. 100 marks

Section A (10 x 2 = 20)

Each answer not to exceed 50 words

Unit I (Electrostatics)

1. State Coulomb’s law in electrostatics.  (Statement – knowledge)
2. What are the merits of a quadrant electrometer (Analysis and application)
Unit II (Magnetic properties of materials

3. Define magnetic induction.  Give its units (Knowledge/Statement)
4. Which of the following materials will be suitable for an electromagnet?

(a) Steel (b) Soft iron (c) Copper (d) Alnico   (Inference)
Unit III (Chemical Effects of Electric Current and Thermoelectric effect)

5. State Faraday’s laws of electrolysis (Laws)
6. Peltier effect and Seebeck effect are complementary to each other.  State True or False (Inference)
Unit IV (Electromagnetic Induction and Transient Currents)

7. Distinguish between resistance, reactance and impedance (Analysis)
8. List any two losses in a transformer (Application)
Unit V (AC Circuits and E.M. Theory)

9. Calculate the r.m.s. value of the 220 volt AC supply (Application)
10. In an electromagnetic wave E and H are (Inference)
(a) mutually perpendicular

(b) Parallel to each other

(c) inclined to each other at any angle less than 90o
(d)  inclined to each other at any angle greater than 90o
Section B (5 x 6 = 30)

Each answer not to exceed 300 words

Unit I

11. (a) 
The parallel plates of an air filled capacitor are everywhere 1.0 mm apart.  What must be the plate area if the capacitance is to be 1.0 farad?  ((o = 8.9 x 10 -12 farads/m) 

What is the effect of introducing a slab of dielectric constant 2 between the plates of the capacitor?  (Understanding and Application)
(or)

(b)
Three capacitors C1, C2, and C3 of capacitance 3 mf, 4 mf and 2 mf are connected as shown below.  If point B is grounded and point A is maintained at a potential of 900 V, find the charge on each capacitor and the potential of the point C (Application)
UNIT II

12. (a) Define B, H and I. Derive the relation between B, H and I (Derivation) 

(b) Classify the magnetic materials with suitable 

examples (Classification and Application)
Unit III

13.   (a)
Explain Arrhenius’ theory of electrolytic conduction (Theory and Application)
or

(b) What are the thermoelectric diagrams?  How are they used to find neutral temperature and the temperature of invasion? (Knowledge and Application)

Unit IV

14.  
(a) Briefly explain the working of an  induction coil (Illustration,  
     Application and analysis)
or

(b) Discuss the decay of charge in a C.R. circuit.  What happens when the time constant is doubled? (Derivation and Application)
Unit V

15.
(a) Explain the necessity of providing a choke in a tube light?

What in the advantage of a choke over a resistance? (Synthesis and application)
or

(b) Write down Maxwell’s electromagnetic equations.  Give their importance.  (Knowledge and application)
Section C (5 x 10 = 50)

(Each answer not to exceed 600 words)

Unit I

16.
(a) Derive an expression for electric potential due to a point charge at any point.  Explain equi-potential surface with a suitable example.  What do you mean by electric shielding? (Derivation, illustration and application and inference)
or


(b) Describe the principle, construction and working of a quadrant electrometer.


How is the electrometer used to measure ionization current? (Illustration, experiment and application)
Unit II

17. (a) Explain the B.G. method of drawing the B.H. curve for a magnetic material in the form of an anchor (torroidal) ring.

What is the importance of the B.H. loop? (Experiment and application)
or


(b) Explain the elements of earth’s magnetic field at a place.

How is the dip at a place measured? (Knowledge, classifications   and experiment)

Unit III

18. (a) Describe the construction and working of a Lead Acid Cell

Give the unit in which its capacity is expressed.

What is the significance of mentioning the number of plates in a cell

(or)

(b) Apply thermodynamics to a thermocouple and derive Peltier and Thomson coefficients in terms of thermos-electric power 

How will you differentiate between Peltier heating and Joule heating?


(Theory, application and inference)
Unit IV

19. (a) Explain with necessary theory, the method of measuring a high resistance by leakage.  

A capacitor of 0.15 mf is charged from a d.c, source through a high resistance.  If it takes 0.5 sec to reach 3/4 of the original value of charge find the value of the resistance.  (Derivation, expression, application and problem)
(or)

(b) Explain the terms: turn ratio, step-up, step-down and auto transformers

How are transformers useful in transmission of power from one place to another?


(Knowledge, Application and uses)
20. (a) Discuss either series resonant circuit or parallel resonant circuit.  How is the resonant circuit useful in communication?  

In a tuning circuit L = 10 mh; C = 1 mf.  Calculate the resonant frequency.  

(or)


(b) Explain ‘Star’ and ‘Delta’ connections in networks.


What are their relative advantages?


(Knowledge, comparison and inference)
Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
Electrostatics 
2
6
7
5
-
-

2.
Magnetic properties of materials
4
7
3
-
4
2

3.
Chemical Effect and Thermo-electric Effect
5
5
6
-
2
2

4.
E.M. Induction and Transient currents
3
5
6
2
1
3

5.
A.C. Circuits and E.M. Theory
5
3
5
2
2
3


Total 
19
26
27
9
9
10

ELECTRONICS AND SOLID STATE PHYSICS

Max. 100 marks






Time 3 hours

PART  A (10 x 2 = 20)

Answer all the questions

1. State Barkhausen criterion for sustained oscillation.

(Knowledge)
2. What is the unit of mobility?

(Knowledge)
3. State DeMorgan’s Laws.

(Concepts and facts)
4. Mention any two uses of LDR.

(Application and uses)
5. Give two applications of photodiodes.

(Application and use)
6.
Given IC = 2.05 x 10–3 Amperes

                     I B = 105 x 10–6  Amperes

Find the current gain for CB mode

(Problem solving direct substitution)
7.
A voltage regulator is based on the principal of

(a) Rectification

(b) Amplification

(c) Avalanche breakdown

(d) Zener break down

(Understanding/Comprehension)
8.
An SCR is a semiconductor device which consists of

(a) four PN junctions

(b) three PN junctions

(c) two PN junctions

(d) one PN junction

(Concepts)
9.
A flip-flop is a memory element – State True/False

(Fact)
10.
Radar uses microwave – State True/False

(Application of factual information)
PART B (5 x 6 = 30)

Answer all the questions in about 300 words

11.
Derive Bragg’s Law

(Methods and procedures, Application of mathematical skills)
or

Explain intrinsic and extrinsic semiconductor

(Concept and Principles (understanding + comprehension)
12.
Explain the working of CE amplifier

(Application)
or

Explain the working of UJT relaxation oscillator

(Application)
13.


A
B
C
Y

0
0
0
1

0
0
1
1

0
1
0
0

0
1
1
0

1
0
0
1

1
0
1
0

1
1
0
1

1
1
1
0

From the given truth table write the SOP and POS equation for Y

(Investigation of new phenomena)

or

For the above circuit write the Boolean expression for Y and give the truth table. (Investigation of new phenomena – analysis)
14.
Explain the characteristics of an ideal OPAMP.

(Concepts and principles)
or

How do you use NE555 timer as VCO?

(Application – Concepts and Principles)
15.
With a block diagram explain the working of a TV transmitter


(Understanding (concepts and principles)
or


Explain interlaced scanning


(Application (concept and principles)

PART C (5 x 10 = 50)

Answer all the questions in about 600 words

16.
(a) What are intrinsic semiconductors?


(Knowledge)

(b) Explain the principle of doping 


(Understanding)
(c) An N-type semiconductor has a resistively of 20 x 10–2 ohm -m.  The mobility of the electrons through a separate experiment was found to be 100 x 10–4 m2 v–1s–1.  Find the number of electron carriers per m3 
or

(a) What is Hall effect? 

(Knowledge)
(b) Explain the use of Hall effect in measuring concentration and mobility of charge carrier in an N-type semiconductor.

(Application, concepts and principles)
(c) A sample of N-type Semiconductor has a Hall co-efficient of 160 cm3 /coulomb.  If its resistivity is 0.16 ohm – cm estimate the electron mobility in the sample.

(Problem solving)
2.
(a) Give the circuit diagram of voltage stabilised bridge rectifier and explain its working.


(Understanding/comprehension)

(b) What is percentage of regulation?


(Application, derivation)

(c) Show that efficiency of a full wave rectifier is two times that of the half-wave rectifier.


(Analysis)
or

(a) Differentiate between avalanche breakdown and zener breakdown

(Analysis)

(b) Explain three important application of LED

(Application)

(c) A LED with minimum and maximum voltage drops of 1.8V and 3V respectively is connected alternately with 24V supply (with 820ohm resistor) and 5V supply (with 120ohm resistor)

Find which supply voltage will keep the brightness of the diode as constant.

(Problem – solving skills)
3.
(a) What are universal gates?


(Concepts)

(b) Construct basic gates using 


1. NAND       2. NOR gates


(Application)


(c) F (A,B,C,D) = ( (2,3,5,6,7,9,11,13)

For the above function get a simplified Boolean expression using k-map.  Draw the circuit using logic gates.  (Application and Analysis)
or


(a) Give the circuit of binary decade counter.


(Concept)

(b) Explain its working 


(Understanding)

(c) Give its application


(Application)
4.
(a) Explain with circuit the inverting differential amplifier using OPAMP.


(Understanding)

(b) How can it be used as an adder?


(Application)
(c) How can it be used as an integrator?

(Application)
or

(a) Give the circuit and working of a DC amplifier 

(Understanding/Comprehension)

(b) Explain unit gain Bandwidth.

(Concepts – Understanding)
(c) Calculate the gain and input impedance of an OPAMP with Rf = 10 M ohm, R1 = 100 K ohm and Ri input impedance =  

(i) 0.1 M ohm (ii) 1 M ohm and A = 5,000

(Application – Problem solving)
5.
(a) Explain the working of VIDICON/PLUMBICON TV Camera.


(Understanding)

(b) Explain the working of three signal colour transmission.


(Understanding)

(c) Explain the principle of YAGI antenna.


(Understanding)
or


(a) Explain various components of a CTV picture tube.


(Understanding)

(b) How are colour images formed on a colour TV Screen?


(Application)

(c) Explain plan position indicator of a RADAR system.


(Application)
Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
Solid State Physics and Semiconductor Physics
5
2
4
1
-
-

2.
Discrete Devices
1
4
7
2
-
-

3.
Digital Electronics and Computers
1
2
4
2
1
-

4.
Linear Integrated Circuits
1
3
5
-
-
-

5.
Microwave Radar

TV
-
5
4
-
-
-


Total 
8
16
24
5
1
-

MODEL QUESTION PAPER

THERMAL PHYSICS







Time: 3 hours
PART A (10 X 2 = 20)

1. Define co-efficient of diffusion.

(Knowledge (specific facts)

2. At what temperature will the RMS velocity of the gas be half of its value at 0o c?

(Application)
3. Magnetic permeability of a super conductor at T ( Tc is zero – State true/False.

(Knowledge)
4. State Zeroth Law of Thermodynamics.

(Knowledge)
5. Define solar constant.

(Knowledge)
6. The specific heat at constant pressure (Cp) is 6.87   Find Cv.

(Problem solving)
7. Walls are constructed using bricks – Why?

(Analysis)
8. What is the principle of Automatic Iron box?

(Application (Transfer of knowledge to other physical problems))
9. What is inversion Temperature?

(Knowledge)
10. State True/False – Enthalpy is a sum of Internal energy and energy for doing work.

(Understanding)
PART B (5 x 6 = 30)

11. Derive an expression or the RMS velocity for a perfect gas.

(Concepts, derivations, Application of Maths skills)
or

Mention the salient features of the Brownian motion.  Assuming Vanderwaal’s  equation obtain values of Tc, Vc and Pc.

(Application)
12. State and explain Kirchoff’s Law of radiation.

(Understanding)
or

Describe Lee’s Disc method of determining the conductivity of a bad conductor.

(Application)
13. Explain Joule-Kelvin effect.  Mention two other important methods of liquefaction of gases.

(Understanding)
or


Derive Einstein’s equation for specific heat of solids


(Concepts, Derivations and Application of Maths Skills)
14.
Explain superfluidity and fountain effect of liquid He2 


(Understanding/Comprehension)
or

Applying principles of degrees of freedom  find the value of specific heat of diatomic and trio atomic molecules

(Analysis)
15.
Deduce Clauseus – Clayperon equation

or


Prove  
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(Concepts, derivations and Applications of Mathematics)
PART C (5 x 10 = 50)

16.
(a) Give the principle of thermoelectric thermometer.

(Knowledge/Comprehension)
(b) How will you use it to measure the e.m.f. of thermocouple?

(Application)
(c) Calculate the latent heat of vaporization of water at 100o C

Given specific volume 

V1  = 1 x 10-6 mm3


V2  = 1674 x 10-6 m3

dp

         ----
=
0.0271 m


dt

(Problem solving skill)
or

(a) Define mean free path and collision frequency. 

(Understanding)
(b) What are the limitations of Vanderwaal’s equation of state?

(Comprehension)
(c) Calculate Vanderwaal’s constant for dry air. Given Pc = 37.2 atm.

R/mole = 82.07 x 10-6  atm/Kelvin.

(Problem solving – Application)
17.
(a) Explain any two methods for measuring high temperature using radiation pyrometer.

(Application)
(c) Calculate the energy radiated per minute from the filament of an incandescent lamp at 3000 K.  If the surface area is 10-4  sq.m. and its relative emittance is 0.425.

(Problem solving)
or

(a) Define solar constant.  How is it experimentally determined?

(Knowledge and Application)
(b) Write a note on energy of sun.

(Knowledge)
18. (a) Explain porus-plug experiment.

(Understanding)
(b) Discuss its result

L.O: Analysis

(c) If you blow air from your mouth on to your palm, You feel that your palm gets warmed.  I you whiff your palm, a slight cooling  sensation is felt.  Why this difference?

(Analysis)
or

(a) Discuss Gibb’s phase rule.

(Knowledge)
(b) What do you understand by phase, degree of freedom and component?

(Understanding)
(c) Describe wet and dry bulb hygrometer.

(Knowledge)
19.
(a) Discuss Debye-Einstein theory regarding atomic states of solids.


(Synthesis)

(b) Discuss Debye’s T3  law. 


(Understanding)

(c) For Aluminum Debye temp QD = 400 K


Calculate its specific heat at constant volume at 40 K.

Assume R = 8.5 J/kg

(Problem solving)
or

(a) Discuss Newton’s law of cooling.

(Knowledge)
(b) How will you determine specific heat of a liquid by the method of cooling?

(Application)
(c) A liquid cools from 60o C to 40o C in 7 minutes.  What will be its temperature after the next 7 minutes.  (The temperature of the surrounding is 10 o C)

(Problem solving)
19. (a) Explain the concept of reversible and irreversible process.

(Understanding)
(b) Show that for the same difference of temperature the efficiency of the reversible engine is same and maximum.

(Analysis)
or

(a) Discuss the free electron gas model for metals.

(Understanding)
(b) Obtain the distribution law for electron gas in a metal at absolute zero.

(Application)
(c) Find the time in which a layer of ice 6 cm thick on the surface will increase by two mm when the surrounding temperature is -20o  C,  
K = 0.005, L – 3200J/kg,  ( – 9000 kg/m 3 .

(Problem solving)
Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
Thermometry Expansion Calorimeter 
7
4
7
-
-
-

2.
Transmission of Heat
2
1
3
-
-
-

3.
Kinetic Theory and Transport Phenomena
6
4
3
5
-
-

4.
Liquefaction specific heats
2
3
3
1
1
-

5.
Thermo Dynamics and Statistical Mechanics
3
3
3
1
-
-


Total
20
15
19
7
1
-

PROPERTIES OF MATTER AND ACOUSTICS

Time: 3 hours





Max.: 100 marks

SECTION A (10 X 2 = 20)

Unit I (Elasticity)

1. Define “Modulus of Elasticity”.  Give its units. (Definition and knowledge)
2. State the relation between q, n and (. (Statement)
Unit II (Bending of beams)

3. Explain why steel girders and rails are made in the form of I.  (Analysis and Application)
4. How will you differentiate between uniform and non-uniform bending?  (Analysis)
Unit III (Surface Tension, Low pressure)

5. The excess of pressure inside a soap bubble is

T

2T

4T

(a)     ---
(b)     -----
  (c)   -----    (d) zero      (analysis)

r

  r

  r

6. What is the principle of a molecular pump?  (Application)
Unit IV (Viscosity, Hydrodynamics)

7. The rate of flow of a liquid through a capillary tube depends on

(a) pressure head (p) and radius of the capillary tube (r) only

(b) Length (l) and radius of the capillary tube (r) only

(c) Pressure head (p) and coefficient of viscosity of the liquid (() only

(d) All the four quantities p, r, l and (. (Knowledge of facts)
8. Name the instrument used for measuring the domestic consumption of water. (Application)
Unit V (Acoustics)

9. State and define the unit of sound intensity. (Definition)
10. The volume of an auditorium is 600 m3  The average absorption coefficient of the materials is .24.  If the reverberation time is .86 s, calculate the total surface area of the auditorium (Application)
SECTION B (5 X 6 = 30)

11. (a) Define Poisson’s ratio.  What are the theoretical limits to the value of Poisson’s ratio?

or

(b) Derive the expression for the period of oscillation of a torsion pendulum. (Derivation)
12. (a) A steel bar, 0.3 m long, 2 x 10 -2  m broad and 2 x 10 -3  m thick is clamped at one end and loaded at the other with a mass of 0.01 kg.  Calculate the period of vibration of the bar, neglecting the effect of the weight of the bar.  (Young’s modulus for steel = 20 x 1010 Nm-2 )

or

(b) In an experiment a rod of diameter 0.0126 m was supported on two knife edges, placed 0.7 m apart.  On applying a load of 0.9 kg. exactly midway between the knife edges, the depression at the middle point was observed to be 0.00025 m.  Calculate the Young’s modulus of the substance.  (Application)
13. (a) Bring out the relation between vapour pressure, surface tension and radius of curvature.  Hence explain the formation of rain drops.  (Derivation and application)
or


(b) How will you produce low pressure?  (Concept and construction)
14. (a) Give a brief account of lubrication.  (Knowledge, application, synthesis)
or

(b) Bring out the analogy between liquid flow and current flow (Synthesis)
15. (a) What are the characteristics of musical note?

Explain consonance and dissonance.  (Classification and Analysis)
or

(b) What are the requirements of a good auditorium. (Application, Synthesis)?
Section C (5 x 10 = 50)

16. (a) Derive the relation between the elastic constants.  (Derivation)
or

(b) Obtain an expression for the couple per unit twist of a wire.  Explain how the rigidity modulus of a wire can be determined using a torsion pendulum. (Derivation and illustration)
17. (a) With relevant theory, explain how the Young’s modulus of the material of a cantilever can be determined.  (Theory and illustration)
or

(b) Obtain an expression for internal bending moment.  Explain how Young’s modulus can be determined by non-uniform bending.  (Theory, experiment and application)
18. (a) Explain Jaegar’s method for studying surface tension and its variation with temperature.  (experiment, illustration)
or

(b) How is low pressure measured using Knudsen’s gauge?  Why is it called an absolute gauge?  How is leakage detected?  (experiment, analysis and application)
19. (a) Derive Poisseuille’s expression for the rate of flow of a liquid through a capillary tube.  Describe an experimental method of determining the coefficient of viscosity of a liquid.

What happens when the temperature of the liquid is increased? (Derivation and experiment)
or

(b) Explain Bernoulli’s principle and its applications. (concept and applications)
20. (a) State Fourier’s theorem.  Apply it to a saw tooth wave.  (Theory, application and analysis)
or

(b) Discuss the production, properties and applications of ultrasonics.  How are they detected?  (Theory, applications and analysis)

Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
Elasticity
5
5
3
3
2
2

2.
Bending of Beams
2
6
6
-
2
4

3.
Surface Tension and Low pressure
5
7
4
2
1
1

4.
Viscosity and Hydrodynamics
4
4
5
2
1
4

5.
Acoustics
4
6
5
2
2
1


Total 
20
28
23
9
8
12

RELATIVITY, WAVE MECHANICS AND NUCLEAR PHYSICS

I. RELATIVITY

Frame of reference – Inertial frame – Galilean Transformation – Michelson – Marley experiment and its importance – Postulates of special theory of relativity – Lorentz transformation – length contraction – Time dilation – Application to meson decay – Addition of Velocities – Variation of mass with velocity – mass energy relation – Relation between momentum and energy.

II. DUALITY

Planck’s hypothesis – Black body radiation – Planck’s theory – Confirmation of quantum of energy – Compton effect – Experimental verification – Photoelectric effect – Einstein’s photoelectric equation – de Broqlie waves – wave packet – phase and group velocities – Davisson and Germer experiment – Uncertainty principle.

III. 
WAVE MECHANICS

Postulates of quantum mechanics – observables and operators – Interpretation of wave functions – Probability current density – Expectation values – Time independent and time dependent Schrodinger equation – particle in a box – Step barrier – Tunnel effect – Application to alpha decay – one dimensional harmonic oscillator – zero point energy – Angular momentum operator – commutational relations – Rigid rotator and hydrogen atom (outline of the steps only)

IV. NUCLEUS: BASIC PROPERTIES, ACCELERATORS AND DETECTORS

Basic properties of nucleus: Size, mass, radius – Binding energy – Nuclear moments – Isotopes – Isobars - nuclear forces – Radioactivity – Radio isotopes and their uses – Cyclotron – Betatron – GM counter – cloud chamber – Discovery of neutron and position

V. Liquid Drop Model – Application to fission – Shell model – magic numbers – spin orbit – coupling – application to islands of isomerism – Nuclear reaction - Q value of a nuclear reaction – neutrons released in fission process – moderation – neutron cycle – Basic ideas of a nuclear reactor – Thermonuclear reactions – Carbon Nitrogen cycle – Atom bomb – Hydrogen bomb.  Classification of elementary particles – Boson, Fermions, Leptons, Baryons and Hardons.  Strange particles.

Text books for reference


Modern Physics by R. Murugeshan

RELATIVITY, WAVE MECHANICS AND NUCLEAR PHYSICS

Time: 3 hours





Max : 100 marks

PART A (10 x 2 = 20)

1. What are the basic postulates of special theory of relativity?

(Knowledge)
2. Two protons approach each other.  What is their relative velocity?

(Understanding)
3. Planck’s constant has the dimensions

(a) force x time (b) force x distance

(c) force x speed (d) force x distance x time 

(Knowledge)
4. A point source of light is used in photoelectric effect experiment.  If the source is moved farther from emitting metal, the stopping potential will (Application)

(a) increase (b) decrease (c) remain the same (d) either increase or decrease

5. Define: Zero point energy. (Knowledge)
6. What are the energy levels of a Rigid Rotator? (Understanding)

7. Why there are no natural proton or neutron emitters? (Analysis)
8. What are the properties of neutrino? (Knowledge)
9. Why is heavy water used as a moderator? (Application)
10. Complete the reaction: (Application)
        9
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      12
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PART B

5 x 6 = 30

11. A. Write down the Lorentz transformation equations.  What are their consequences? (Understanding)
or


B. Explain the Lorentz - Fitzgerald contraction. (Knowledge)

Derive the formula used.  (Application)
12
A. Explain the black-body spectrum. (Knowledge and Understanding)

or


B. Distinguish between phase velocity and group velocity. (Analysis)
13.
A. Explain the term: ‘Probability current Density’ (Knowledge)
or


B. What is meant by ‘tunneling’?  (Knowledge)
How does it explain of Alpha-decay?   (Application)
14.
A. Calculate the binding energy of an ( particle.


Express the result in MeV. (Application)
or

B. The decay constant  T of a radio-active element is 0.00231 per day.  Calculate its half-life and average life. (Application)

15
A. Distinguish between nuclear fission and nuclear fusion (Analysis)
or

B. What are elementary particles?  How are they classified? (Knowledge and Analysis)
PART C

5 x 10 = 50

16.
A. Describe the Michelson – Morley experiment. Discuss its importance. (Analysis)

or


B. Derive an expression for the variation of mass with velocity. (Application)
17. A. What is Compton effect?  Derive an expression for the Compton shifts.  How is it experimentally verified? (Knowledge, Application)
or

B. Describe the Davisson and Germer experiment.  What is its importance? (Analysis)
18. A. 1. What are the postulates of quantum mechanics?

     2. Calculate the first three permitted energy levels of an electron in 
 a box of 1 A0  width. (Manipulate)
or

B. Define expectation value.  (Understanding)
Obtain expressions for the expectation value of position and momentum of a particle trapped in a one-dimensional box of width L.

19. A. Give a detailed account of Radio isotopes and their uses (Knowledge, Application)
or

B. Describe the construction and working of a cyclotron.  What are its limitations? (Knowledge, Application/ Development skill, Distinguishing)
20.
A.
What are the similarities between a nucleus and liquid drop? (interpretation, Analysis)
Explain the phenomenon of nuclear fission using the liquid drop model. (Understanding)
or

B. Describe the neutron cycle. (Understanding)
State the conditions under which a nuclear reaction will be sustained in a reactor.

Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
Relativity
9
8
-
3
-
-

2.
Duality
4
-
10
6
-
-

3.
Wave Mechanics
10
2
8
-
-
-

4.
Nuclear Accelerators and Detectors
7
-
11
2
-
-

5.
Nuclear Models and Nuclear energy
5
5
4
6
-
-


Total 
35
15
33
17
-
-

OPTICS

I. General theory of image formation:

Cardinal points of an optical system – General relationships – thick lens and lens combinations – Lagrange equation of magnification – power of lens

Aberration in images: Chromatic aberration – achromatic combination of lenses in contact and separated lenses – spherical aberration of a thin lens – methods of reducing spherical aberration – Aplanatic points – oil immersion objective – Coma – Astigmatism – curvature of field – Meniscus lens

II. Interference:

Colour of Thin Films – Air wedge – Newton’s Rings – Haidinger’s fringes – Brewster’s Fringes – Michelson’s Interferometer and its applications – Fabry Perot Interferometer – Lummer Gehrcke plate – Interference filters – Stationary waves in light – colour photography (ideas only) Holography (ideas only)

III. Diffraction:

Fresnel’s diffraction – Half period zones – Rectilinear propagation – Diffraction at a (1) circular aperture (2) opaque circular disc (3) straight edge (4) Narrow wire – Cornu’s spiral – Fresnel’s integrals – Fraunhoffer diffraction: diffraction at a single slit, double slit – Missing orders of a double slit diffraction patterns – Plane diffraction grating theory – Obligue incidence – Overlapping of spectral lines – Theory of concave reflection grating – Different mountings.  Resolving powers – Raleigh’s criterion – Resolving power of a prism and grating – Dispersive power of a grating

IV. Optical Instruments:

Need for a multiple lens eye-piece – Kellner’s eyepiece – Ramsden’s eye piece – Huygen’s eye piece – Astronomical and terrestrial telescopes – Their magnifying power – Resolving power of (1) telescope (2) Microscope 

V. Polarization:

Brewster’s law – Malus law.  Nicol prison – Nicol prism as a polarizer and an analyzer – Double refraction in uniaxial crystals – Huygen’s explanation – Double image prisms – Production and detection of different types of polarized light – Quarter wave plate – Half wave plate – Bebinet’s compensator – Optical activity – Freshnel’s explanation of optical activity – Laurent’s half shade polarimeter

Books for study:

1. Optics: Brijlal & Subrahmanyam

2. Optics: Khanan & Gulati

OPTICS

Time: 3 hours





Max. Marks: 100

PART A

10 x 2 = 20

Answer all the questions

1. The focal length of a convex lens is 2 metres.  What is the power of the lens?  Mention its unit. (Application)
2. The condition for achromatism in the case of lenses in contact is 
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w2
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=
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(b)
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=
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(Understanding)
3. The visibility of the fringes in an interferometer is given by

I max – I min

(a)       V =
-----------------



I max + I min

I max + I min

(b)       V =
-----------------



I max - I min

I max x I min

(c)       V =
-----------------



I max + I min

I max x I min

(d)       V =
-----------------



I max - I min

(Knowledge)
4. State the conditions for two sources of light to be coherent.

(Understanding)
5. State Rayleigh’s criterion for the resolving power of an optical instrument.

(Knowledge)
6. Which of the following relations in the case of a plane diffraction grating is correct?

(a) a + b = N

(b) N(a+b) = 1

(c) aN + b = 1

(d) N (a+b) = 0

(Knowledge and Synthesis) 
7. An eye-piece is made up of a system of lenses (True/False)

(Application and Inference)
8. Mention any two differences between prism spectra and Grating spectra (Knowledge and classification)
9.
What is Malus’ Law?


(Knowledge)
10.
In the construction of Nicol prism, Canada balsam is used.  Why?  Give the explanation  (Analysis)
PART B

5 x 6 = 30

Answer all the questions

11. Explain what is meant by chromatic aberration.

(a) Deduce the condition for achromatism of two lenses separated by a distance. (Application)
or

(b) Explain the principle of an oil immersion objective. (Knowledge)
12. (a) How is air-wedge formed?  How will you determine the thickness of a thin wire by forming an air wedge?

or

(b) What are Newton’s rings?  From the formation of Newton’s rings, how will you determine the wavelength of monochromatic light?

(Knowledge, Application/Development of Skill)
13. (a) Calculate the aperture of the objective of a telescope which may be used to resolve stars separated by 4.88 x 10-6  radian for light of wavelength 6000Ao .

or

(b) A beam of light of wavelength 5890Ao is focussed by a converging lens of diameter 10 cm at a distance of 20 cm form it.  Find the diameter of the disc image formed.  (Application/Manipulation)
14. (a) Give the theory of concave reflection grating. (Theory, derivation)
or

(b) Deduce the missing orders for a double slit Fraunhofer diffraction pattern, if the slit width are 0.16 mm and they are .88 mm apart. (Application)
15.
(a) A 20 cm long tube containing sugar solution rotates the plane of polarization by 11o.  If the specific rotation of sugar is 66o, calculate the strength of the solution

or

Calculate the specific rotation for sugar solution using the following data: (Application/Manipulation skill)
Length of the tube : 20 cm

Volume of the tube: 120 c.c.

Quantity of sugar dissolved: 6 gm.

Angle of rotation of the analyser for restoring equal intensity = 6.6o

Part C

5 x 10 = 50

Answer all the questions

16.
(a) Explain the defects Astigmatism, coma and curvature.  How can they be minimized?  (Understanding/application)
or

(b) What are cardinal points of a system of coaxial lenses?  Write down their properties.  Show that the principal planes are planes of unit linear magnification  (Knowledge, Application)
17. (a) State the conditions under which light from two sources can interfere.  Describe Fresnel’s Biprism method of producing interference fringes and determining the wavelength of monochromatic light.

or

(b) Describe Michelson interferometer and show how it can be used for measuring the wavelength of monochromatic light

18. (a) Explain Fresnel’s diffraction at a circular aperature.  Distinguish between Fresnel and Fraunhofer spectra

or

(b) What is a zone plate?  Show that it acts like a convex lens, but has multiple foci.  Discuss the similarity between the Zone plate and convex lens.

19. (a) Explain the function of an eye-piece in an optical instinment.  Give the construction and theory of Ramsden’s eyepiece and Huygen’s eye-piece.  Discuss Their merits.  (Knowledge, application)
or


Obtain the resolving power of a Prism and a Grating.  (Derivation)
20. (a) What is double refraction?  How did Huygens explain the phenomenon in the case of uniaxial crystals?

or

(b) What is optical activity?  Give Fresnel’s explanation of the phenomenon “optical activity”.

Unit
Knowledge
Under-standing
Application
Analysis
Synthesis
Evaluation

1.
General Theory of Image Formulation
9
2
5
-
-
-

2.
Interference
4
5
11
-
-
-

3.
Diffraction
10
10
-
-
-
-

4.
Optical Instruments
4
-
16
-
-
-

5.
Polarization
6
6
6
2
-
-


Total 
33
23
42
2
-
-

