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 FIRST SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)
EXAMINATION, NOVEMBER 2024

(CBCSS)

Physics

PHY1C01—CLASSICAL MECHANICS

(2019 Admission onwards)

Time : Three Hours Maximum :  30 Weightage

Section A

Answer all questions.
Each question carries 1 weightage.

8 short questions answerable within 7½ minutes

1. What are the constraints of a rigid body ?

2. Explain Legendre transformation

3. What are coupled oscillators ?

4. How much is the number of degrees of freedom for a) Four particles moving freely in space ;
b) A rigid body with two points fixed ?

5. Define phase space.

6. Differentiate between forced and free vibrations.

7. State Canonical or Contact transformation.

8. Define Jacobi identity.
(8 × 1 = 8 weightage)

Section B

Answer any two questions.
 Each question carries 5 weightage.

4 essay questions answerable within 30 minutes

9. Derive Lagrange’s equation from Hamilton’s principle

10. Obtain the equation of motion of two masses connected by a string and passes through a smooth
pulley by using Lagrange equation.

11. Define Poisson bracket and discuss any four their properties with proof.

12. Explain normal modes of vibrations.
(2 × 5 = 10 weightage)

580604

580604

1105

1105

1105
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Section C

Answer any four questions.
Each question carries 3 weightage.

7 problems within 15 minutes.

13. Calculate the reduced mass of the following : a) Hydrogen atom b)  positronium . Show that

reduced mass of Hydrogen atom is almost half of positronium.

14. Solve Kepler’s problem by using H-J method.

15. Show that Poisons brackets are a) commutative b) distributive.

16. Write the Lagrange’s equation of motion of a particle moving under gravity of mass m near the

surface of earth.

17. Show that the transformation is canonical.

a) P = l/2 ( p2 + q2)2.

b) Q = tan–(q/p).

18. Show that Poisson brackets are invariant under canonical transformations.

19. Prove that two or more successive canonical transformations also is canonical.

(4 × 3 = 12 weightage)

580604

580604

1105

1105

1105
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FIRST SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2023

(CBCSS)

Physics

PHY IC 01—CLASSICAL MECHANICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

Section A

Answer all questions. Each question carries 1 weightage.

8 short questions answerable within 7.5 minutes.

1. Write a note on holonomic and non-holonomic constraints.

2. What are the generalised co-ordinates of simple pendulum.

3. What is meant by reduced mass ?

4. Poisson brackets are commutative ; Prove.

5. Define logistic map.

6. Write down any two conditions for a transformation to be canonical.

7. What are coupled oscillators ?

8. Define Hamilton Principal function.

(8 × 1 = 8 weightage)

Section B

Answer any two questions.

Each question carries 5 weightage.

Essay questions answerable within 30 minutes.

9. Using Lagrange equation find the equation of motion of compound pendulum.

10. Reduce two body central force problem into an equivalent single body problem.

453325

453325

1105

1105

1105
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11. Write a note on symmetry properties of space and time and conservation laws.

12. What do you understand by normal modes of vibrations ?

(2 × 5 = 10 weightage)

Section C

Answer any four questions.

Each question carries 3 weightage.

problems within 15 minutes.

13. Write the Lagrange’s equation of motion of a particle moving under gravity of mass m near the

surface of earth.

14. Solve Harmonic oscillator problem by using H-J method.

15. A particle of mass m moving in a plane in the field of a force is given by F = cos .kr− θ

a) Justify whether the angular momentum is conserved.

b) Obtain the differential equation of the orbit of the particle.

16. Find the Lagrangian of the circuit shown. Find the normal frequencies of the system.

C1
C2

L1 L2

C

17. Discuss the conditions for canonical transformation .

18. Show that ( ) [ ] [ ]F, G + K F, G F, K .  = + 

19. Explain the term chaos.

(4 × 3 = 12 weightage)

453325

453325

1105

1105

1105
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FIRST SEMESTER M.Sc. (CBCSS) REGULAR/SUPPLEMENTARY DEGREE

EXAMINATION, NOVEMBER 2022

Physics

PHY1C01—CLASSICAL MECHANICS

(2019 Admission onwards)

Time : Three Hours Maximum Weightage : 30

Section A

Answer all questions.Each question carries 1 weightage.

8 short questions answerable within 7.5 minutes

1. What are generalized co-ordinates ?

2. Evaluate the Poisson bracket J ,P .x y  

3. Define inertia tensor.

4. Discuss the significance of normal co-ordinates and normal modes of vibrations.

5. Give an example for nonlinear oscillations. Describe the conditions under which those

oscillations turn into chaotic.

6. What is Legendre Transformation ? Explain how Hamiltonian of a system can be obtained

from Lagrangian.

7. What are cyclic co-ordinates ? How are they related to conservation laws ?

8. What is the physical significance of Hamilton’s characteristic functions ?

(8 × 1 = 8 weightage)

Section B

Answer any two questions.Each question carries 5 weightage.

4 essay questions answerable within 30 minutes

9. Obtain Lagrange’s equation from Hamilton’s principle.

10. Discuss linear Harmonic oscillator problem using Hamilton-Jacobi theory.

11. Discuss the case of logistic map, find the fixed points and describe the onset of chaos through

period doubling.

12. Discuss the rigid body motion in terms of direction cosines and Euler angles, Infinitesimal

rotation.

(2 × 5 = 10 weightage)

349750

349750

1105

1105

1105
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Section C

Answer any four questions.Each question carries 3 weightage

7 problems within 15 minutes

13. A simple pendulum has a bob of mass m with a mass m1 at the moving support (pendulum

with moving support) which moves on a horizontal line in the vertical plane in which the

pendulum oscillates. Find the Lagrangian and Lagrange’s equation of motion.

14. Discuss the motion of a disc of mass m and radius b rolling down an inclined plane without

sliping. Also, find the force of constraint using the Lagrange method of undetermined

multipliers.

15. Consider scattering of particles by a rigid sphere of radius R and calculate the differential

and total cross-sections.

16. Find the canonical transformation generated by the generating function F1 = qiQi.

17. Find the possible fixed points of a damped pendulum with damping force proportional to

velocity. Discuss their stability.

18. Find the maximum values possible for the centrifugal force acting on a body of mass

m = 20 kg. due to the spin of the earth as the equator given that the radius of the earth is

R = 6400 km.

19. Obtain Hamilton’s equations for a particle of mass m moving in a plane about a fixed point

by an inverse square force. Hence, obtain the radial equation of motion.

(4 × 3 = 12 weightage)

349750

349750

1105

1105

1105



Turn over

D 13157 (Pages : 2) Name.........................................

Reg. No.....................................

FIRST SEMESTER M.Sc. DEGREE (REGULAR/SUPPLEMENTARY)

EXAMINATION, NOVEMBER 2021

(CBCSS)

Physics

PHYIC01—CLASSICAL MECHANICS

(2019 Admission onwards)

Time : Three Hours Maximum : 30 Weightage

General Instructions

1. In cases where choices are provided, students can attend all questions in each section.

2. The minimum number of questions to be attended from the Section/Part shall remain the same.

3. The instruction if any, to attend a minimum number of questions from each sub section/sub part/

sub division may be ignored.

4. There will be an overall ceiling for each Section/Part that is equivalent to the maximum weightage

of the Section/Part.

Section A

(8 Short questions answerable within 7.5 minutes)

Answer all questions.

Each carries weightage 1.

1. State d’ Alembert’s principle.

2. Define Poisson bracket of two variables and discuss its important properties.

3. Distinguish between Centrifugal and Coriolis forces

4. Define normal frequency and discuss its significance.

5. What are limit cycles ? Distinguish between stable limit cycle and semistable limit cycle.

6. What is chaos ? How does it arise ?

7. Explain different types of constraints.

8. What are canonical transformations ? What is the use of using canonical transformation?

(8 × 1 = 8 weightage)

142676

142676

1105

1105

1105
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Section B

(4 essay questions answerable within 30 minutes)

Answer any two questions.

Each carry weightage 5.

9. Explain bow action angle variables can be used to find frequencies of periodic motion in Kepler

problem.

10. Discuss the precisional motion-with and without rotation of a spinning top under gravity.

11. Find the frequencies of free vibrations of a linear triatomic symmetric molecule.

12. Discuss Pitch Forck bifurcation, period of doubling and fixed points with respect to logistic Map.

(2 × 5 = 10 weightage)

Section C

(7 problems answerable within 15 minutes)

Answer any four questions.

Each carry Weightage 3.

13. In the absence of external torque on a body, prove that : (i) The kinetic energy is constant ; and

(ii) The magnitude of the square of the angular momentum (L 2) is constant.

14. A bead of mass m slides freely on a frictionless circular wire of radius a that rotates in a horizontal

plane about a point on the circular wire with a constant angular velocity .ω  Find the equation of

motion of the bead by Lagrange’s method. Also show that the bead oscillates as a pendulum of

length = 
2

.
g

ω

15. Using Lagrange’s method of undetermined multiplier, find the equation of motion and force of

constraint in the case of a simple pendulum.

16. Using the Poisson bracket, show that the transformation 2P sin Q, p = 2P cos Qq =  is canonical.

17. Find Lagrange’s equation of motion of the bob of a simple pendulum.

18. Obtain the Hamiltonian of a charged particle in an electromagnetic field.

19. Show that the transformation cot Qp m qω=  and 
2

2
P =

2 sin Q

m qω
 is canonical. Also obtain the

generating function for the transformation.

(4 × 3 = 12 weightage)

142676

142676

1105

1105

1105
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FIRST SEMESTER M.Sc. DEGREE
D(AMTNATTON, NO\IEMBER 2O2O

(CBCSS)

Physics

PHY IC OI_CLASSICAL MECHANICS

QOL} Admissions)

fime: Three Hours Maximum : 30 Weightage

General fnstructions

1. In cases where choices are prouid.ed, studnnts can attend all questions in each section.

2. The rninimum nurnber of questions to be attendcd from tlrc SectionlPart shall remain the same.

3. There will be an ouerall ceiling for eaeh Section I Part that is equiualent to thz marimum weightage

of the SectionlPart.

Section A

8 short questi.ons answerable within 7Vz mintrtes.

Answer all questions, Ea.ch carry weightoge l.

1. State the principle of least action.

2. Explain how action ."gt variables can be used to obtain the frequency of periodic motion.

3. What do you mean by precession and nutation ?

4. Briefly explain stable and unstable equilibrium.

5. Explain the conbept of Universality.

6. Describe the fixed point using suitable example.

7. State andexplain Hamilton's principle.

8. Give the relation between Lagrangian bracket and Poisson bracket.

(8x 1=8weightage)

Turn over
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Section B

4 Stwrt questions answeroble within 30 minutes.

Answer any two qu.estions, Eath carry weightage 5.

9. Obtain Lagrange's equation from d'Alembert's principle. Give examples ofgeneralized co-ordinates.

10. Discuss the general theory of small oscillations and deduce eigenvalue equation.

1 1. Show that Poisson brackets are invarients under canonical transformations. Also, express equation

of motion in Poisson bracket form.

12. Differentiate between linear and non-linear systems. Explain the period doubling route to chaos

with a suitable example

(2x5 = l0weightage)

Section C

7 problerns answerable within 15 rninutes.
Answer any fovr questions, each carry weightage 3.

13. Masses m aad.Zm are connected by a light inextensibls shing which passes over a pulley of mass

2m a;lid. radius a. Write the Lagrangian and find the acceleration of the system.

L4. Show that the shortest distance between hro points is a straight line.

15. Obtain Hamilton's equations for a simple pendulum. Hence, obtain an expression for its period.

16. Find the Poisson bracket of [[,r, Iry], where I^r and fy are angular momentum components.

' 17. Find the moments and products of inertia of a homogeneous cube of side a for an origin at one

corner, with axes directed along the edges.

18. Find the normal frequencies and normal modes for a double pendulum, each having a mass m

suspended by a string oflength /.

19. Show that the following transformation is canonical. Q = JW" cos p, p = JZq"- 
o sin p, cr is

constant.

(4x3=12weightage)
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FIBST SEMESIER MAJlifi.ScJllfi.Com. DEG:R.EE ffi
DECEMBER ZO19

(CBCSS)

Physics

P'HY lC O1--CI,ASSICAL MECHANICS

(2019 Admissions)

Tirne : Three Hours Maximum: 30'Welghtage

Section A

Arrswer allqu*stions, eoch carry weiglrtage L.

1. Stated'Alembert'sprinciple
i., r.:i..:.,. 1...,' ..

2. Show that fhe transformation ;!q, p) to (Q, P)defined by Q = -p, P = g is arexample ofcanonical
ffinsformation

3. Show that Sclrr6dinger equation reduces ts HamiltonJacobi equation in the appmpriate limit.

4. F'ind the Hamiltonian corresponding to the Lagrangian,

_1.,u=Uflul: -cq

wherecisaconstant.
. 

i:,'t'

5. \[hat is meant by Coriolis force ?

6. What do you mean by precession and nutation ? ':'

7. What are generalised co-ordinates ?

8. Explain the eoncept of universality"

(g,x t = gweightagp)

Section B

Answer any two questions, eoch carry weightage 5.

9. Explain Hamilton's principle and use that to derive the Lagrange's equations.

10. Explain the concept of action-angle variables with an example. ."

11. Find the frequencies of free-vibrations of a linear triatomie spnmetric molecule.

Turn over
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12. Discusg ,tle case of togistic map, find the fixed points and describe the onset of ehaos through

perid douuliqg.
(Zx5=l0weightagB)

Section C

Atwwer any four qtastiotts, eoch eorry weightage 3-

18. Taking the case of a simple hamonic oseillator in one dimension show how do we obtain the

Ilamiltonian frrom the .Lagraagian:

L4. By.calculating ,the Poisson bracket show that the following transformation is a canonical

transformation:

e = tan -''(** 
X),* = *(**., ** e)

15. Find the:generating fuaction for tlre infinitesimal transformation;

- Q= q+c,P=p.

1G. Solve tbe hamonic oscillator pmblem via the Hamiltonian formulation.

t7. Prove the Poisson bracket relation between angular momentum components given by

lL,J'r)=L,-

I= I *t(4.; ).(., "i,) '

I

r=r *F: =.(".;f).

19. iI,ind the values possible for the centrifugal force acting on a body of mass m = h0lcg.

due to the spin of the Earth as the equator, given that the radius of the Earth is R = il00 km.

(4xS=12weightage)
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FIRST SE!fiESTEB M.Sc. DEqnEE EXAMINATION'
(CUCS$-PG)

PhYsics

PHY 1C O1__CI,ASSICAL MECIIANICS

(zOLl Syllabus Year)

Time : Three Hours Maximum: 36 Weightage

etion.A,

Answer dI qnestions.
Eih carri.es iei'gttroSe L.

1. '[Vhat is principle of virtual work and D'Alembert's principle ?

2. Describe l.i[amilton's Canonical equations.

g. Discuss the Lagr4nge's equations of rnotion in the presence of generalized potentials.

4. .suggest a generating function which generates the identity transformation. Explain.

5. Briefly explain Canonical TYansfornatiop.

6. Describe the significance of action -angle variables.

?. Derive the equation for Coriolis forrce. What is its effect on projective shot on earth ?

8. Describe Euler angles with respect to rotation of rigid body'
I

g: Discuss the significance of normal co-ordinates and notmal modes of vibrations

10. Wfiat do you ulean by slmmetric and unsymmetric modes in a two coupled oscillator ?

Il. Give erhmples for nonlinear oscillations. flescribe conditions under whictr those oseillations turn

into chaotic.

12. Describe the universality of chaotic systerns.
(12x1=12weightage)

Section B
A 

- ---- ^- -..-.^J.'^ra

18. 'Discuss scattenng in a ceniral force fietd. Derive Rutherford expression fol diffemntial scattering

cmsssection

L4. Discuss the properties ofPoisson Brackets. Show that Poissoir Brackets eire invariant under carutnical

transformation.

* : -r--'" d..
dt *. .r \ '-l

Tunn over
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15. Discuss and obtain the Lagrange's equation of motion for small oscillations.

lO. Deqcribe the Logistie Map. Discuss frxed pgints, universal constants and bifureation diagram for it.
(2x6=L?weightage)

Section C

Answer anY four qu,estian's-

L7. Find the shortest distar-rce between ar.ry two points by the method of calculus of variations.

1g. prove that the transformation { = ffsinQ 
and p=.liiE.cosQ is canonical and hence obtain

thd generating function.

19. Four mass points each of mass t? afe placed at (o, 0, 0), ( 0, o, 0), (0, 0, o) and (a, a, a). Evaluate

the inertia tensor of the systerni

2f.. Describetfie.possible attractors for,pendulum m,otion undervarious conditions. ': 
,

22. Derive the eiiliressions for nonnal ftequgncies-qnd 6r normal c+oftinates for'the vibrations of

linear tri atomic molecule.

't'
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FIRST SEMESTER M.Sc. DEGREE D(AMINATION,

(CUCSS-PG)

Physics

PHY lC OI_CLASSICAL MEC}IANICS

(20L2 Syllabus Year)

Time: ThreeHours Maximum: 86 Weightage

Part A

Answer all questions,

Each questian carrics L weightage

1. Explain th6 concept of generalized co-ordinate and generalizedvelocity.

2. What is centre of mass ? Show that in the absence of external force the velocity of the centre of

3. What are Hamilton's canonical equations of motion ?

4. ffa co-ordinate'q'is cyclic il Lagrangian fomalism is also cyclic_iuHamilton's formalism, Explain.

5. What is canonical trarrsfomation ?

7. What are ignorable co-ordinates ? Illustrate with example.

8. What is meant by rate of change of a vector ?

9. What are Euler's angles ?

Show that the rotational kinetic enerry ofa rigid body can be represented as T = U2 it .L
What do you understand by normal modes of vibrations ?

Write a note on fractals

(12x1=12 weightage)

Part B
' Answer any two questians.

Each question carries 6 wei,ghtage

Obtain the Lagrangian for a charged particle moving in an electromagnetic field.

What are action and angle variables. Obtain the solution of a Harmonic oscillator problem using
action-angle variable method.

10.

11.

t2.

1.

2.

I\rrn over
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S. What ard normal modes of vibration ? Discuss the Longitudinal vibration of Linear triatomic
molecule.

4. What is periodic {oubling in chaos ? Explain the formation of a chaotic system using a Logistie
equation.

(Z x 6= 12 weightage)

Part C

Arlswer any folur questianx
Each questian earries 8 weightage :

1. A particle is constrained to move in a circle in the vertical plane xy . Using D'Alembert's principle :

show that for equilibrium f y - y x - gx = O.

_t' 

-' 
"' ' ''. 

t 
' '-t 't'' : : 

_ ' ;

8. FortheL4grangian L=*m(*2+ii'+221+ 3i, ***,|f,, bthe'zrcomponentof angular.

momentqm. Obtain the Hamiltonian. .:
4. A particle of mass m moves along the x axis under the influence potential energy

t
5. Show that the followrng trausformations a"e nunooicul Q=Ll p P =qp' ; ,'

6. Find the frequency of a linear harmonic oscillator using action angte variables. Write Hamilton's
equation of mption.

(4x8=12 weightqge)
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FIRST SEMESTER M.Sc. DEGREE EXAMINATION, DEC
(CUCSS)

Physics

PHY lC OI-CLASSICAL MECHANICS

(2012 Admissions)

Time: Three Hours Maximum : 36 Weightage

1.

2.

3.

4.

Part A

Answer all questions.
Each question carries L.

Prove that the total angular momentum about a point 'O' of a system of particles is the angular
momentum of the system concentrate at the cent-re of mass ptus ttre urrj.ulu" momentum of the
motion about the centre of mass.

state and prove work energy theorem. w6at are,coriservative forces ?

Set up the Lagrangian and obtain the Lagrange's equation of motion for a simple pendulum.
Differentia*t+neen-scatteShi-angtresi+l*oratrlrand eentrsofarass co-ordi:ra#-*-

5. Explain Hamilton's modified principle.

6. Define Poisson brackets and explain its important properties.

7. Explain the physical significance of Hamilton's characteristic function.
8. Explain how action-angl9 variable provides a way to quantization of a system.

9. What do you understand by the inertia tensor of a rigid body ?

10. Explain Coriolis forces.

11. Briefly explain stable and unstable dquilibrium.

(LZxl=L2weightage)
PartB - :{- '

Answer any two qur,estions.
Each question canies 6.

1. Explain different symmetry properties and its relation to different conservation laws.
2. Deduce Hamilton's equations of motion and explain canonicdl transformation and

obtain equations of transforrnation using generating functions F (g, P, l) and'F (p, P, ,).
3. Discussed the Euler's angles as the generalized co-ordinate for a rigid body motion, obtain an

expression fol the angular veloeity of a rigid body motion-in Euler's angle.
4. Discuss Logistic equation and explain Feigenbaum plot for a range of values of

control parameter.

(2 x 6= 12 weightage)

Turn over
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Part C

Answer any fout questinns.- -- -'-J

rout frictionln the inside of a circular annulus. Ttre annulus is put upright in the1. A ball rolls with
earth's gravitational field. Obtain equation of motion using D'Alembert's principle. . . 

"

2. Show that Kinetic enerry is a quadratic function of generalized velocity

3. Lagrangian is given by l=T-e0*9tV if A arid S are independent of time f. Obtain
c

Ilamiltonian.
4. A particle of mass"m moves along the r axis under the influence potential energy

V(r) = 4 * exp (-F*) wheie k and p are eonstants. Find the equilibrium position.

5. For simple hamonic oscillator H=**|^r'a2.Ihe generating function i, & =* nwy':*,qt
I +-^-^f^-^+:^-Obtain canonical transfoimation.

,

6. firemotionofaparticleofmassmisdescriHbythellamiltonian n=fifZm* fr12.*+ml4r
where A is a constant. Obtain the solution ofthe equation of motion'1piag Poissou brackets.

(4 x B = 12weightage)

'+
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Reg.

FIRST SEMESTER M.Sc. DEGREE H(AMINATION, D

(CUCSS)

PHY lC OI-CI,ASSICAL MECHA}IICS

QOL2 Admission onwards)

Time : Three Hours Maximum: 36 Weightage

1.

&-

3.

4.

b.

6.

7.

8.

Part A

Answer all questions,
Each question cdrries L weightage

Is the Lagrangian formulation more advantageous than the Newtonian formulation ? Why ?

What is meant by a non-consenative force ? Is the Lorentz force non-consenrative ?

Explain the principle of least action.

Write down the Jacob's form of the least action principle.

What is a Coriolis force ? Give example.

Ji...r..j:j _

il d
Name

When is a force freld said to be conservative ? Give example.

How is a generalized potential defined ? How is it different from the conventional potential ?

Can we determine the cross section by using only one projectile particle and one target particle ?

Explain.

9. Show that Eigenvectors corresponding to the two distinct Eigenfrequencies are orthogonal.

10. What is Chaos ? How does it arise ?

11. Explain the meaning of a vanishing resonant frequency.

12. What is a logistic map ? Express it Mathematically.
' (L2xL= l2weightage)

Part B

Answer any two questions.
Each question camies 6 weightage

1. Derive the Lagrangels equations of motion from D'Alembert's principle.

2. Derive Euler's equation of motion for rigid bodies. Explain the force free motion of a symmetric
top.

Obtain the nonlinear equation for a pendulum. Derive the exact solution of the equation in terms
of elliptic integral.

What is differential Scattering cross section ? Derive the Rutherford formula for scattering cross
section in a Central foree field Scattering.

(2x6=12weightage)

Turn over
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Part C

Answer anY fourt. questions'
Each question carries 3 weightage.. : . ,..: : : ,,' - , .-'

1. Show that the transformation Q = log (1 + Jq cos P 
) 

sin P is canoaical.

A particle describes a circular orbit given by r = 2a cos 0'under the influence of an attractive

."nt ul force directed towards a point'onthe circle;'Show tltai the force varies as the inverse fifth

po$er of the dlstance, 
,

Show that for a single particle with constant mass the equation of motion implies the following

differential equation for the kinetic enerry. # =r.U whil3 if the mass varies with time the

. d(mt) -, o
corresponding equationis ); = F.P'

4'-Se!uptheHamiltonJacobiequationforafree}y*,lll*bfrandfindthe1o',,o':.
E. Calculate the potential due to a thin circular rinA'of VerV 3ltral} radius o'tincl mass rn'ato point in

ttre plane of the ring but lying outside the ring (r>>o).

D 92955

2.

iff *"

(4x8=12weightage)
6: Q,= aq+DPand P = cq + dP.
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FIRST SEMESTER M.Sc. DEGREE EXAMINATION, JAMARY 2oL4
\.. "(cucss) \',. -' .., ,'.,...,.,.j ,,.

Physics "-; )t

PHY IC OI_CLASSICAL MECHANICS

Time : Three Hours

(20L2 admissions)

Part A

Maximum : 36 Weightage

Answer all questions.

Each question caries a weightage of L.

1. Is. the Lagrangian formulation more advantages than the Newtonian formulation ? Why ?

2. State D'Alembertfs principle.

3. Explain the principle of least action.

4. Write down the Jacob's form of the least action principle.

5. Plot the equivalent one dimensional potential for an attractive inverse fourth law of force.

$. When is a foree field said to he conservative ? Give example. ,

7 . How is a generalized potential defined ? How is it different from the conventional potential ?

8. What is a non-conservative force ? Is the Lorenz force non-conservative ?

L Show that Eigen vectors corresponding to the two distinct Eigen frequencies are orthogonal.

10. What is Chaos ? How does it arise ?

11. What are Fractals ? Give an example

12. What is a logistic map ? Express it mathematically.

(12x1=12weightage)

Part B

.4nswer any two questians.

Each questian camies a weightage of 6. 
(

1. What is differential scattering cross-section ? Derive the Rutherford formula for scattering cross-
section in a Central force field scattering.

2. Set up the differential equation of the orbit for planetary motion. Derive the Kepler's laws from
the differential equation.

Turn over
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Obtain the non-linear equation for a pendulum. Derive the exact solution of the equation in terms

of elliptic integral.

Derive Euler's equation of motion for rigid bodies. Explain the force free motion of a symmetric

top.

(Zx 6 = 12 weightage)

Part C

Answer any four questians.

Each question carrics a weightage of 3.

Show that the transformation Q = {2q e* w pand P =.lZqA- i^P is a Canonical transf,orrnation-

A particle describes a circular orbit given by r=2ocosg under the influence of an attractive

central force directed towards a point on the circle. Show that the force varies as the inverse hfth
power of the distance.

Show that for a single particle with constant mass the equation of motion implies the following

differential equation for the kinetic energy. # =F.V. while if the mass varies with time the

corresponding equatio n.i" 
d@') 

= F.P.

fa.r-,b.Pl= a,.6.

4. For the following Poisson bracket prove ,n", 
[r,(r.p)] = 0.

Calculate the potential due to a thin circular ring of very small radius o and mass m at a point in
the plane of the ring but lying outside the ring ( r > > o).

Q = aq + bP and P = ce + dP. Prove that the above tran3formation is Canonical only it ad - bc = L.

(4xg=12weightage)

1.

2.

3.

b.

6.
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Part A

Answer all questians.
Each question carries L weiglrtage

1. Is thelagran$an formulation more advantageous than the Newtonian formulation ? Why ?

2. Explain what KLpler's first law'implies when it is coupled with the second law ?

3. What iq gauge transformation ? What arbitrariness does it introduce ?

4. Write down the JacoHs form of the least action principle.

5. Give the Lagrangian for the IGpler problem.

6. What is linear transformation ? Give example.

7. How is generalized potential defined ? How is it different'from the c-onventionalpotential ?

8. Whqt is meant by impact parameter ? What is its magnitude for a head on collision ?

9. Wlren does the.CM system coincide with the lab system in the case of two body collision ?

10. What is Chaos ? IIow does it arise ?

11: Define degree of freedom. Give example.

12. Write down the Lagrangian for a dumb bell.

Part B

Answter anY two questions.

Each questian canies 6 weightage.

1. What is differential scattering cross section ? Derive the Rutherford formula for scattering cross

section in a Central force field scattering

2. What is meaErt by action and angle variable ? Discuss the Harmonic oscillator problem using

action and angle variable technique.

Turn over
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3. Obtain the non-linear equation for a pendulum. Derive the exact solution of the equation in terms

of elliptic integral.

. 4. Derive Eulet's equation of motion for rigid bodies. Explainthe force free motion of a symmetric top.

Part C

1. Show that the transformation Q={Zqe*.cosp andP =.lzqe * sinP is a canonical
transformation.

2. Find the horizontal component of the Coriolis force'acting on a body of mass. 1.5 kg moving
northward with horizontal velocity,of 10Q m/sec at 30'N latitude on earth.;-

1. 3. Show that for a single particle with constant mass the equation of motion implies the following

differential eouation for the kinetic enersy. 4 = r'.U while if the mass varies with time thedt

dhnil
corresponding equation is --i:: = ['.Pdt

la'r'b'Pl = s'6

I

I 5. A person in a jet plane is flyrng along the equaior due East with a speed of 540 m/sec. What is his

. e . Q= ag+ bp and P = ce+ dP. Prgve that thelabove transformation is canonical onty itid-bc,= t.
(4x3=12weightage)
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Section A

E ac, ff;il*,X:n;;;tos e L.

Explain the significance of Rayleigh's dissipation funetion in setting up the.gquations of motion.

State and explain the Hamilton's principle.

S. A Lagrangian is given as L= !r*(O'-r'*')ef where the particle of mass m. moves in one

directioruFind-ttlceqnationsof motion. -.- i

4. Give the physical significance of Hamilton's Prineipal Fqnction and Hamilton's Characteristic
Function.

5. Explain angular momentum computator in Poisson Brackets.

6. Get the relation between Lagrange bracket and Poisson bracket.

7. Describe the direction cosines of the body set of axes relative to space fixed axes.

8. Find the rate of change of a vector with respect to a rigid body. 
.::.

10. Express kinetic energf and potential enerry of a two coupled oscillator in terms of normal co-

11. What are Feignbaum number and Lyapunov exponent ?

L2. Dmcribe ttre fixed point in the case of damped oscillator.

(12x1=12weightage)
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Section B

. c a284.-

F ! .r i , - Answef q,ny two ouestinns.
-r.li..l

Each questinn carries weightaBe 6.

13. Discuss [lamilton Jacobi Equation and heace solve Harmonic Oscillator problem.

14. What are Euler angles ? Discuss infrnitesimal rotations of a rigid body..-:
15. Discuss the oscillation of a linear triatomiemolecule.' :. -- - - - --_

.16;': Diieusd:Pitch"Fork bifurcation, period doubling and frxed points with respelttologistib Map.

(2x6=12weightage)

Answer any torra questinns.
' t Each queition catrids''iiiei$htage 8.' '' i :l

L7. Show that the generating function F, and F, carr generate exchange and identity trarrsforrnationq

18. ''Solve'Brachistochrone problem by the method of calculus of variations.- '

, , . ..1,::

19. show that the transformation p =)(r, * qr),e = turr-i I is canonical.

2,0. Consider a parti,cle falling freely fom a height ft at latitude o. Find its deflection from.thevertical
due to Coriolis force. :

21. Arrive the phase space diagrams for undamped, damped and forced oscillations
: .r ; ..22. Derive the Lagring's equation of motion foi" small oscillations.


