
SEMESTER – I 

19PHP103            CLASSICAL MECHANICS AND RELATIVITY                          4H – 4C 

 

Instruction Hours / week: L: 4 T: 0 P: 0  Marks: Internal: 40 External: 60 Total: 100 

End Semester Exam: 3 Hours 

Course objective 

 Studying Classical Mechanics will gives an idea about how classical physics deal with 

matter and energy.   

 Have a deep understanding of Newton’s laws 

 Be able to solve the Newton equations for simple configurations using various 

methods, 

 To give an insight into the classical methods of physics. 

 

Course Outcomes (Cos) 

1. Students can understand the classical laws of motion. 

2. Competency in using the essential mathematical skills needed for describing 

mechanics and special relativity 

3. They can develop problem solving skills. 

 

Unit I: Lagrangian Dynamics 

Mechanics of a system of particles - Generalized Co-ordinates - Constraints - D' Alembert’s 

Principle and Lagrange's Equations - Velocity-Dependent Potentials and the Dissipation 

Function – Simple applications of Lagrangian Formulation - Hamilton's Principle - 

Derivation of Lagrange's Equations from Hamilton's Principle - Conservation Theorems and 

Symmetry Properties - Energy Function and the Conservation of Energy. 

 

Unit II: Central Force Problem and Classical Scattering 

Reduction to the Equivalent One-Body Problem - The Equations of Motion and First 

Integrals – Classification of Orbits – The Viral Theorem – Kepler’s Problem: Inverse Square 

Law of Force –The Motion in time in the Kepler’s problem - Scattering in a Central Force 

Field - Transformation of the Scattering Problem to Laboratory Coordinates- Three body 

problem. 

 

 

 



Unit III: Rigid body Dynamics and Small Oscillations 

The Independent coordinates of a Rigid Body - Orthogonal Transformations - The Euler 

Angles - Angular Momentum and Kinetic Energy of Motion about a Point – Tensors - the 

Inertia Tensor and the Moment of Inertia - The Eigen values of the Inertia Tensor and the 

Principal Axis Transformation - Solving Rigid Body Problems and the Euler Equations of 

Motion. Small Oscillations - Frequencies of Free Vibration, and Normal Coordinates, Linear 

Tri atomic Molecule. 

 

Unit IV: Hamiltonian dynamics and Canonical Transformations 

Legendre Transformations and the Hamilton Equations of Motion - Cyclic Coordinates and 

Conservation Theorems – Derivation of Hamilton’s Equation from Variational principle – 

Principle of Least Action - Equations of Canonical Transformation - Examples of Canonical 

Transformations - The Harmonic Oscillator - The Symplectic Approach to Canonical 

Transformations - Poisson Brackets and Other Canonical Invariants - The Angular 

Momentum Poisson Bracket Relations. 

 

Unit V: The Special Theory of Relativity 

Basic Postulates of the Special Theory – Newton’s Law of Motion – Non-Variance 

Maxwell’s Equation  - Michelson Morley Experiment – Null results - Lorentz 

Transformations – Concept of Inertial frame – Velocity Addition and Thomas Precession – 

Length Contraction – Vectors and Metric Tensor – Relativistic Kinematics – Relativistic 

Angular Momentum – Introduction to the General theory of Relativity – Gravitation and 

acceleration and their relation to non-inertial frames of reference – Minkowski space and 

Lorenz transformation.  

 

SUGGESTED READINGS 

1. Goldstein, Poole and Safko, Classical Mechanics, 3 edition, Pearson Publication (2001) 

2. Hartle B. James, 1
st
 edition, 2009, Gravity, An Introduction to Einstein’s General 

Relativity, Darling Kindersley (India) Pvt.Ltd., Delhi.  

3. John R. Taylor, Classical Mechanics, University Science Books, (2004) 

4. Louis N. Hand and Janet D. Finch, Analytical mechanics, Cambridge University Press, 

(1998) 

J.C. Upadyaya, Classical Mechanics, Himalayan Publishing House, New Delhi (2009) 
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Unit II: Central Force Problem and Classical Scattering 

Central Force Problem and Classical Scattering 

Reduction to the Equivalent One-Body Problem - The Equations of Motion and First Integrals – 

Classification of Orbits – The Viral Theorem – Kepler’s Problem: Inverse Square Law of Force 

–The Motion in time in the Kepler’s problem - Scattering in a Central Force Field - 

Transformation of the Scattering Problem to Laboratory Coordinates- Three body problem. 
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Unit III: Rigid body Dynamics and Small Oscillations 

The Independent coordinates of a Rigid Body - Orthogonal Transformations - The Euler Angles - 

Angular Momentum and Kinetic Energy of Motion about a Point – Tensors - the Inertia Tensor 

and the Moment of Inertia - The Eigen values of the Inertia Tensor and the Principal Axis 

Transformation - Solving Rigid Body Problems and the Euler Equations of Motion. Small 

Oscillations - Frequencies of Free Vibration, and Normal Coordinates, Linear Tri atomic 

Molecule. 
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UNIT – IV Hamiltonian Dynamics 

Legendre Transformations and the Hamilton Equations of Motion - Cyclic Coordinates and 

Conservation Theorems – Derivation of Hamilton’s Equation from Variational principle – 

Principle of Least Action - Equations of Canonical Transformation - Examples of Canonical 

Transformations - The Harmonic Oscillator - The Symplectic Approach to Canonical 

Transformations - Poisson Brackets and Other Canonical Invariants - The Angular Momentum 

Poisson Bracket Relations. 
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KARPAGAM ACADEMY OF HIGHER EDUCATION,COIMBATORE-21
DEPARTMENT OF PHYSICS
I M.Sc., PHYSICS (2019-2021)
CLASSICAL MECHANICS AND RELATIVITY (19PHP103)

UNIT - I

QUESTIONS
Total energy of body is sum of
Energy can neither be created nor be destroyed, but it can be changed from one form to another. This law is known as
An artificial Satellite revolves round the Earth in circular orbit, which quantity remains constant?
 A man presses more weight on earth at :
The rotational effect of a force on a body about an axis of rotation is described in terms of the

 If no external force acts on a system of bodies, the total linear momentum of the system of bodies remains constant. Which law states that ?
 Which law is also called the law of inertia ?

 Energy possessed by a body in motion is called
Lagrangian L =
The path adopted by the system during its motion can be represented by a space of _______________ dimensions.
Co-ordinate transformation equations should not involve ______________ explicitly.
The frequency of Harmonic oscillator is given by
   If the total energy of the particle is conserved then,
 Constraint relations do not depend on time is
 Constraint relations  depend on time is
Constraint relations can be made independent of velocities
The Branchistochrone problem is to find

"If no external torque is applied on a body, then total angular momentum remains constant" stated law is called
Which one of the following choices is an example of a non-conservative force?
Which one of the following choices is an example of a conservative force?
  A man of mass 50 kg jumps to a height of 1 m. His potential energy at the highest point is (g = 10 m/s2)
 The type of energy possessed by a simple pendulum, when it is at the mean position is
  If air resistance is negligible, the sum total of potential and kinetic energies of a freely falling body

    Name the physical quantity which is equal to the product of force and velocity.
The P.E. of a body at a certain height is 200 J. The kinetic energy possessed by it when it just touches the surface of the earth is
The point, through which the whole weight of the body acts, irrespective of its position, is known as

According to the law of moments, if a number of coplaner forces acting on a particle are in equilibrium, then

The motion of a particle round a fixed axis is

The principle of transmissibility of forces states that, when a force acts upon a body, its effect is
The centre of gravity of a semi-circle lies at a distance of __________ from its base measured along the vertical radius.
Concurrent forces are those forces whose lines of action



The velocity ratio in case of an inclined plane inclined at angle θ to the horizontal and weight being pulled up the inclined plane by vertical effort is
One complete round trip of a vibrating body about it's mean position is

Potential energy of mass attached to spring at mean position is

Velocity of bob in SHM becomes zero at
If potential energies and kinetic energies are equal then displacement of an object in SHM is
 Kinetic energy of mass attached to spring at extreme position is
Potential energy of mass attached to spring at extreme position is
Hamiltonian H =
Advantage of Action and Angle variable is that one can obtain the frequencies of
For non-interacting particle in a quantum state the energy E is given by 
Co-ordinate transformation equations should not involve ___________ explicity.
Generating function have _____________ forms.
Hamilton’s principal function is denoted by ______________.
Hamilton’s characteristic function W is identified as _____________.
Hamilton’s characteristic function is denoted by _______________.
The number of independent ways in which a mechanical system can move without violating any constraint which may be imposed is called the ______________.
                                   UNIT-II
 Canonical transformations are the transformations of
 The Hamilton’s principle function is a generating function, which give rise to canonical transformation involving
 All function whose Poisson bracket with the Hamiltonian vanishes will be
 Let L and P represent the matrices of Lagrange and Poisson brackets respectively, then

  The given transformation is not canonical when
  The function  p =1/Q and  q = PQ2 is
   In point transformation one set of co-ordinates qj to a new set Qj can be expressed as 
The problem consists on finding the path of a charged particle under the action if a central force is 
 Hamilton – Jacobi method is used to find the solution of problem in 
 Hamilton equation of motion is
Poisson and Lagrange brackets are _______ under Canonical Transformation
Equation of motion in Poisson bracket from depends on 

In Kepler problem, the path of the particle is 
In Poisson bracket
In Poisson bracket
In Poisson bracket
In Poisson bracket
In Lagrange bracket
In of Lagrange bracket
In of Lagrange bracket
Poisson bracket of two operator X and Y in quantum mechanics is given by
If the Lagrangian of the system does not contain a paricular co-ordinate q, then



Hamilton-Jacobi is a partial differential equation in ________ variables.
_____________ is a partial differential equation in (n+1) variables.
Hamilton’s characteristic function W is identified as _____________.
Hamilton’s characteristic function is denoted by _______________.
The number of independent ways in which a mechanical system can move without violating any constraint which may be imposed is called the ______________.

Path in phase space almost refers to actual ____________path.
The one way of obtaining the solution of mechanical problem is to transform _________ set of co-ordinates to __________ set of co-ordinates that are all cyclic.
If the operators X, Y commute, then [X, Y] = _____________.
If [X, Y] = 0, then X and Y behave like __________ variables of classical mechanics.
If Poisson bracket of two variables in classical mechanics is zero, then the operators which represent these variables in quantum theory should _____________.
The Lagrange’s bracket is ____________ under canonical transformation.
Lagrange’s equation of motion are second order equations with __________ degrees of freedom.
The greatest advantage of action and angle variable is that we can obtain the ______________ of periodic motion without finding a complete solution for the motion of the system.
The generalized co-ordinate conjugate to Jj are called _______________.
Jj has the dimension of ____________.
If F does not involve time explicitly, then the Poisson bracket of F with H ______________.
If the Poisson bracket of F with H vanishes then F will be a _______________.
If Poisson bracket of momentum with H vanishes, then ________________ is conserved.
If Poisson bracket of momentum with H vanishes, then the co-ordinate momenta is _____________.
Lagrange’s bracket does not obey the ____________law.
H = ____________.
L = _________.
In case of either of the set of conjugate variables with (q, p)  or with (Q, P), the value of the Poisson bracket remains  ____________.
In new set of co-ordinates all Qj are ______________.
In new set of co-ordiantes all Pj are ________.
If H is conserved then the new Hamiltonian K is __________.
 An assembly of particles with _________inter-particle distance is called as rigid body
Degree of freedom to fix the configuration of a rigid body is 
These are most useful set of generalised co-ordinates for a rigid body and are angles
Angular momentum of a rigid body is
A mathematical structure having nine components in 3-D is termed as tensor of rank
The rotation about space z-axis ( angle f ) is called ________
Rotation about intermediate X1 axis ( angle q ) or line of nodes is called
The rotation about z’ axis ( angle Y ) is called
The variation of angle q is referred as ________of the symmetry axis of the top and is
Precession can be
 ______is ordinarily observed with a rapidly spinning top.
     In case of ______ top amplitude of nutation is small, nutation is sinusoidal,
The minimum spin angular velocity below which top cannot spin stably about vertical     
When wz < wmin  then the top begins to



Angular velocity of a rigid body is given by 
Angular momentum of a rigid body is L = 
The diagonal elements Ixx, Iyy, Izz of inertia _______I are moments of inertia  
Tensor I is __________to principal axes
UNIT - III
Rotational kinetic energy of a rigid body is  
In certain system of body axes with respect to which the off-diagonal elements  
If wz  = wz’ > wmin, atop will spin with its axis vertical continuously , therefore it is
 A rigid body with N particles have _____________degrees of freedom.
The configuration of a rigid body with respect to some cartesian co-ordinate system in space
The most useful set of generalised co-ordinates for a rigid body are ________ angles.
The transformation worked out through three _________ rotations performed only in a
The distance between any two points of a rigid body is ___________
 A rigid body can possesses simultaneously the translational and _________ motion
 A mathematical structure having nine components in three dimensions is termed as a
The products of inertia of all vanish when one of the axes of the body lies along the axis
If the symmetry axis of the body is taken as axis of rotation and the origin of body axes lies
The motion of a rigid body with one point fixed will take place under the action of torque N in
The assembly of particles with fixed inter-particle distance is called_________
The orientation of the body by locating a cartesian set of co-ordinates fixed in the rigid
The fixed point in the body which registers its translation and coincident with the center of
The generation of body set of axes from the space set of axes through three successive
The system of body axes in which off-diagonal elements disappear and the diagonal elements
The system of body axes in which off-diagonal elements disappear, and the diagonal elements
The secular equation of inertia tensor and its solution is called ____________
A rigid body can possesses simulataneous the ________ and ___________ motion.
Rigid body possessing rotational and translational motion simulataneously will have
If we consider three non-collinear points in a rigid body, then each particle will have
Three non-collinear points in a rigid body will have the total of ________degrees of
All the space set of axis if rotated wbout the space z-axis, then the yz plane takes ______
The inverse transformation matrix from body set of axes to space set of axes is given
The position vector of any point p relative to the origin O of the body set of axes is
The configuration of a rigid body is completely specified by ________degrees of freedom.
If a is the column matrix representing the co-ordinates having single frequency and aT is
If a is the column matrix representing the co-ordinates having single frequency and  
The generalised co-ordinate in which each one of them executing oscillations of one
In parallel pendula the two pendula oscillates in ________
 In parallel pendular, if the two pendula are independent i.e., there is no ________
In paralle pendula ___________ force due to spring will come into action.
 If the system possesses two identical frequencies, then it is therefore said to be __________
 A continuous string has infinite number of normal modes and _______________
The use of nomal co-ordinate in the coupled system reduces it to one of a system of



A continuous string has a linear ___________
If the system is in stable equilibrium, then the frequency wl2 should be a ______ quantity.
 If wl2 are real and positive, then all co-ordinate always remain _______ for any time.
 If wl2 are not real and positive, then all the co-ordinate becomes ______ for any time.
 The system is said to be unstable if the frequency wl2 are not _________
UNIT - IV
When the forces acting on the particle vanishes, then the particle is said to be in 
Potential energy is minimum at stable equilibrium and ________at unstable    
 In case of stable equilibrium the system undergoes bounded motion and in case of         
 When a system at stable equilibrium is disturbed its potential energy increases and kinetic   
 When a system at unstable equilibrium is disturbed its potential energy decreases and  
The example for stable equilibrium.
If a slight displacement of a system from its equilibrium results only in small
If a slight displacement of a system from its equilibrium results only in unbounded
The example for unstable equilibrium.
The two modes of motion involving a single frequency are called ________ modes
The eigen frequency in case of oscillatory motion about the point of stable
The generalised co-ordinates each of them executing oscillations of one single
Two pendula in parallel pendula oscillate in phase with frequency
Two pendula in parallel pendula oscillate out of phase with frequency
Triple pendulum is a 
Triple pendulum is a degenerate system, since the two normal modes frequency   
Example for linear triatomic molecule is
In case of linear triatomic molecule when   w1 = 0 , the system undergoes
In case of linear triatomic molecule when   w2 = (K/M)1/2 and  
In case of linear triatomic molecule when __________ the central atom does not
In linear triatomic molecule when ____________ , the end atoms vibrate
The example for continuous system is
A continuous system has ________ number of normal modes of frequency.
If the linear triatomic molecule is stretched symmetrically, the absorption band
A system of mutually interacting particles is called ___________
When the forces acting on a particle vanishes, the particle is said to be _______
The two modes of motion involving a single frequency are referred to as the _______
The system of two equal masses joined by identical springs to each other is called_______
A system of particles is said to be in stable equilibrium if all the particles _______
The system consists of two identical simple pendula, each of mass m, length l and coupled
All the other co-ordinates except one co-ordinate are zero for all times, then it corresponds
If the motion for a given wl2 is completely oscillatory about the position of stable
If the eigenfunctions is imaginary, then the motion is said to be ________ equilibrium
If the solution of equation of motion has one single frequency, then in such a case the
If the parallel pendula move in a vertical plane in equilibrium position, then the two
In the two pendula it can vibrate as if they are independent i.e., there is no stretching or



In triple pendulum, if the system possesses two identical frequencies, then it is therefore
In linear triatomic molecule, the displacement of all the atoms are in the same direction and
The continuous string has infinite number of normal modes and ________________
A continuous string has a linear _________
The use of normal co-ordinates in the coupled system reduces it to one of a system of ____
The volume integral of the function of the Lagrangian functions within the braces
Lagrangian density is a function of _______ and _____________ derivative of
The system consists of two equal masses joined by identical springs to each other and to
In case of two-coupled oscillators, the potential energy V of the system is the sum of
The force tending to change any generalised co-ordinate depends on the _______ of
If two pendula oscillate in phase, then the frequency of motion is
In case of linear triatomic molecule there exists _______ bond between the central
The system consists of infinite chain of equal mass points spaced equally at a distance
The continuous system is a function of the continuous variables ____ and _____ to
In discrete system, the continuous variables changes only by_________
The propagation velocity of the wave in continuous system is similar to that velocity
In linear triatomic molecule if the molecule is assymmetrically stretched, then __________
For small oscillation, the displacement of the particles are restricted to ___________
The motion with imaginary frequency would give rise to an unbounded exponential rise
If the particle oscillates about the equilibrium point performing bound motion, then the
In the conservative force-field, generalised forces acting on each particle must _________

The displacement of the generalised co-ordinates from their equilibrium value will be
Michelson-Morley experiment proves
Michelson-Morley experiment proves that
The special theory of relativity was proposed by
If we transform set into another form of n equations, then it involves only a________
Michelson-Morley experiment proved that
Special theory of relativity deals with the events in the frames of reference which move with constant-----------------
Michelson-Morley experiment to detect the presence of either is based on the phenomenon of:
Michelson and Morley experiment showed that
Length contraction happens only
UNIT - V
The mass of 70 kg man moving in car at 66kmh is
Special theory of relativity treats problems involving
According to special theory of relativity which one is not an absolute quantity

Conversion of solar energy into carbohydrates and starch by leaf of a plant is an example for 
A reference frame attached to the earth:
Two photons approach each other, their relative velocity will be
An inertial frame is
All the inertial frames are equivalent” this statement is called the principle of -----------
According to relativity, the length of a rod in motion:



If v = c, the length of a rod in motion is:
According to special theory of relativity:
James travels at high speed from the Earth to the star Alpha Centauri, four light years away. In James’s frame
Relativity mechanics is applicable for a particle which is moving with a velocityà
The relativistic measurement depends uponà
A frame which is moving with zero acceleration is called
When we specific the place of occurrence of a phenomenon as well as the time of occurrence it is considered as
Newton’s law’s remain unchanged or invariant
The laws of mechanics in all initial frame of reference are
The acceleration of a particle under Galilean transformation is
The mass energy relation was proposed by
The Lorentz transformation will converted to Galilean transformation when the relative velocity v between two inertial frames will satisfy the condition
the length of an object is maximum in a reference frame in which it is
the length of a rod in uniform motion relative to an observer
The time interval between two event in a reference in a reference frame which is in motion is
A moving clock
If the velocity of a moving particle is comparable to velocity of light then the mass of the moving object is
Einistein’s  mass energy equation E=mc2 implies that
How fast a particle must travel so that its mass becomes twice its rest mass?
Relative velocity of two particles moving with velocity of light of light in opposite direction is
For a photon particle which is moving with a velocity of light, the rest mass is
The fictitious force, which acts on particle in motion relative to a rotating frame of reference is called
If the particle is at rest relative to the rotating frame of reference the coriolis force is
When the particle is at a non-rotating of reference the Coriolis force
The Coriolis acceleration on a freely falling body under the action of gravitational force is

 According to theory of relative mass of an object is
Radiation with energy that is easily detected as quanta

lf the kinetic energy of a body becomes four times its initial value, the new momentum will be

Lorentz transformation equations hold for

lf the kinetic energy of a body becomes four times its initial value, the new momentum will be

If the radius of the earth were to shrink, its mass remaining the same, the value of acceleration due to gravity at the pole and at the equator will

What do we mean by the straightest possible path between two points on Earth's surface? 

Which of the following statements is not a prediction of the general theory of relativity? 

What does the equivalence principle say? 

Each of the following is a prediction of the theory of relativity. Which one is crucial to understanding how the Sun provides light and heat to Earth? 



According to general relativity, how is time affected by gravity? 

According to general relativity, a black hole is 

According to general relativity, why does Earth orbit the Sun? 
If you draw a spacetime diagram, the worldline of an object that is accelerating away from you is 
If you draw a spacetime diagram, the worldline of an object that is traveling by you at constant speed is 
If you draw a spacetime diagram, the worldline of an object that is stationary in your reference frame is 

What do we mean by dimension in the context of relativity? 

Suppose you claim that you are feeling the effects of a gravitational field. How can you explain the fact that Al is weightless? 

Einstein's Theory of General Relativity states that
Einstein said that gravity exists because
According to Einstein, what is considered the fourth dimension?

Einstein's famous equation E = mc2 states that
A person is riding a moped that is traveling at 20.0 m/s. What is the speed of a ball if the moped rider throws a ball forward at 4.00 m/s while riding the moped? 
A beam of light travels at 3.00 × 108 m/s. If a moped moving at 20.0 m/s turns on its headlight, how fast does the light travel?

Einstein's Second Postulate of Special Relativity states that the speed of light 

A particular task requires 3.46 J of energy. Using E = mc2, how much mass is needed to accomplish this task?

Mass of 700 N man moving in car at 66 kmh-1 is

Special theory of relativity treats problems involving



A B C D
kinetic energies  potential energies. forces.  both a and b.
kinetic energy. potential energies. conservation of energy conservation principle.
Angular Momentum Linear Momentum Angular DisplacementNone of these
Sitting position Standing Position Lying Position None of these
Centre of gravity Centripetal force Centrifugal force Moment of force

Newton's first law  Newton's Second Law  Newton's Third LawPrinciple of conservation of linear momentum
Newton's first law Newton's Second Law Newton's Third LawAll of these

 kinetic energy. potential energies. conservation of energy conservation principle.
T-V T+V (T-V)2 (T+V)1/2
3N 6N 9N N
time position momentum velocity
[1/2p(k/m)5/2] [1/2p(k/m)3/2] [1/2p(k/m)1/2] [1/2p(k/m)]
T+V =constant  b. T-V=0   c.  T-V =constant   None of these
scleronomic  b. rheonomic c. unilateral    None of these
scleronomic  b. rheonomic c. unilateral    None of these
scleronomic b. rheonomic c. unilateral  .d holonomic
shape of a curve blength of a curve c. elasticity of a curve electrons  None of these

A. law of conservation of angular velocity.A. law of conservation of angular acceleration.A. law of conservation of angular momentum.A. law of conservation of angular speed.
elastic spring force kinetic frictional force torque gravitational force
elastic spring force kinetic frictional force torque gravitational force
50J 500J 12J 30J
KE PE KE+PE KE-PE
increases increases becomes zero remains the same
WORK ENERGY POWER ACCELERATION
>PE <PE P.E Not Known
centre of mass centre of percussion moment of inertiacentre of gravity

the algebraic sum of their moments about any point in their plane is zero the algebraic sum of their moments about any point is equal to the moment of their resultant force about the same point.their lines of action are at equal distancestheir algebraic sum is zero

translatory as well as rotatrytranslatory rotary circular

different at different points on its line of actionmaximum, if it acts at the centre of gravity of the bodyminimum, if it acts at the centre of gravity of the bodysame at every point on its line of action
3r/4π 4r/ 3π  3r/ 8 8r/3
meet on the same planelie on the same line meet at one point none of these



cos θ sin θ tan θ cot θ
 frequency  time period amplitude vibration

 maximum  moderate  zero  minimum

 mean position  in air extreme position middle of mean and extreme position
4 0 3 1

 maximum  moderate  zero  minimum
 maximum  moderate  zero  minimum
T-V T+V (T-V)2 (T+V)1/2
Vibratory motion periodic motion circular mation all the above
p/2m p2/m p/m p2/2m
position momentum time force
four two three five
H K P S
kinetic energy potential energy work action A
S K W H
action-angle variablesgeneralized variables degrees of freedomco-ordinates

Phase space Hillbert space Minkowski space Space phase
both constant moments and co-ordinatesconstant moments only co-ordinates only constant momenta and co-ordinates
constant of motion constant of momentum constant of co-ordinatesall the above
LP = 1 LP = -1 LP = -1/2 LP = 1/2

[Q,P] = 1 [Q,P] = -1 [Q,P] = 1/2 [Q,P] = 0
conjugate canonical identical hyrebolic
Qj = Qj (qj, t) Qj = -Qj (qj, t) Qj = Pj (qj, t) Qj = -Pj (qj, t)
Jacobi problem cononical problem   Kepler problem Poission problem
Vibratory motion periodic motion circular mation   all the above
convergent divergent variant invariant
convergent divergent invariant variant
position momentum time all the three

circular parabolic elliptical zig-zag
[X,Y] =  [Y,X] [X,Y] = - [Y,X] [X,Y] = 2[Y,X] [X,Y] = - 2[Y,X]
[X,X] =0 [X,X] =1 [X,X] =2 [X,X] = -2
[X,Y+Z] = [X,Y] - [X,Z][X,Y+Z] = [X,Y] * [X,Z] [X,Y+Z] = [X,Y] + [X,Z][X,Y+Z] = [X,Y] / [X,Z]
[X,YZ] = Y[X,Z] * [X,Y]Z[X,YZ] = Y[X,Z] - [X,Y]Z[X,YZ] = Y[X,Z] / [X,Y]Z[X,YZ] = Y[X,Z] + [X,Y]Z
[X,qj]Q,P = - [qj,X]Q,P[X,qj]Q,P =  [qj,X]Q,P [X,qj]Q,P = 2 [qj,X]Q,P2[X,qj]Q,P = - [qj,X]Q,P
[X,Y]Q,P = -[X,Y]q,p[X,Y]Q,P = [X,Y]q,p [X,Y]Q,P = 2[X,Y]q,p[X,Y]Q,P = -2[X,Y]q,p
[X,X]q,p  = [X,X]Q,P = 1[X,X]q,p  = [X,X]Q,P = -1[X,X]q,p  = [X,X]Q,P = 0[X,X]q,p  = [X,X]Q,P = 1/2
[X,Y] = - 2p/h[XY-YX][X,Y] = - 2p/h[XY+YX] [X,Y] = - p/h[XY-YX][X,Y] =  2p/h[XY-YX]
cyclic co-ordinates cylindrical co-ordinates polar co-ordinatesspherical polar co-ordinates



n n+1 n-1 n+2
Hamilton-Jacobi equationLagrangian Hamiltonian Jacobian
kinetic energy potential energy work action A
S K W H
action-angle variablesgeneralized variables degrees of freedomco-ordinates

statistical N 3N dynamical
old to new new to old new to new old to old

1 -1 0 -2
statistical  dynamical proportional inversely proportional
vanish be multiplied twice  proportional commute
invariant variant not applicable exponentially variant
n+1 n 2n+1 3n
displacement  frequencies total time accelerations
action variable dynamic variable statistical variableangle variable
angular momentum angular velocity linear momentum linear velocity
 is proportional with Fis proportional with K Vanishes exist
 positive value constant of motion negative value same value
linear velocity energy angular momentumlinear momentum
cyclic rotational irrotational spherical
 associative  kepler’s commutative Hamilton's variational law
T- V T + V T V
T + V T V T-V
same proportional inversely proportionalexponentially proportional
rotational irrotational cyclic variable
cyclic  constant rotational irrotational
same variable different constant of motion
fixed different 1 mm 2 mm

3 6 5 0
Lagrangian angle azimuthal angle Euler’s angle Larmor's precession angle
L = Iw/2 L = 2Iw L = Iw2 L = Iw

2 3 4 0
translation precession nutation spin.
translation precession nutation spin.
translation precession nutation spin.
translation precession nutation spin.
slow or fast always slow always fast neither fast nor slow
fast precession slow precession slow nutation fast nutation
slow rotating fast both a & b
wmin = (4mglI1/I32) wmin = (4mglI1/I32)3/2 wmin = (4mglI1/I32)2wmin = (4mglI1/I32)1/2
wobble precesse nutate spin.



Vi = w2 x ri Vi = (w x ri)1/2 Vi = w x ri Vi = w3 x ri
S m2(ri  x Vi ) S m(ri  x Vi )2 S m2(ri  x Vi )2 S m(ri  x Vi )
tensor vector scalar donar
symmetric antisymmetric parallel perpendicular

 ½ w2 I2 w2 I  ½ w2 I 2w2 I.
symmetric antisymmetric principal perpendicular
sleeping top spinning top rotating top symmetric top
2N 3N N 4N
momentum inertia orientation angular momentum
rotation specified auxillary euler’s
successive different independent dependent
varied fixed proportional exponentially proportional
arbitrary circular rotational orbital
tensor matrix covariant tensor contravariant tensor
rotation vibration motion symmetry
unsymmetry rotational symmetry b and c
displacement torque time rotational motion
fluid vapor colloidal rigid body
body set of axes space set of axes  both a and b rotational set of axes
body set of axes space or external set of axesrotational set of axisvibrational set of axes
direction cosines successive angles rotational angles Euler’s angles
principle axes secondary axes primary axes catesian axes
principle moment of inertiasecondary moment of inertiamoments of inertiainertia
constant of motion tensor of rank two covariant tensor eigen values
translation and rotationallinear and harmonic periodic and non-harmonicsymmetrical around
polar and cartesian generalised and canonical translation and rotationalboth a and b
four three six nine
six three nine tweleve
same alternate orthogonal new
AT adj (A) co-factor of A determinant of A
Different constant proportional both a and c
two three six  nine

0  l a 1
0  l 1 a2

normal co-ordinate cartesain co-ordinate polar co-ordinate rectangular co-ordinate
out or phase phase damped motion undamped motion
unstretching rarefying transiting stretching
impulsive repulsive restoring attractive
degenerate  generate distorted in harmonic motion
velocities  frequencies vibrations motion
dependent single independent double



velocity acceleration displacement mass density
real imaginary complex integer
infinite same different finite
infinite finite equal exponential
equal finite real infinite

equilibrium stable equlibrium unstable neutral equilibrium
maximum minimum zero infinity
same unbounded harmonic distorted
increases decreases zero constant
increases decreases constant   neither increase nor decrease
Bar pendulum at rest compound pendulum at restsimple pendulum at restpendulum in motion
unstable stable neither stable nor unstableneutral
unstable stable neither stable nor unstableneutral
Rod standing on its one endrod stretched on two ends  rod in motion rod in simple harmonic motion
abnormal normal transverse longitudinal
imaginary real complex whole number
normal co-ordinates genaral co-ordinates spherical co-ordinatespolar co-ordinates
w = ( g/l )1/2 w = ( g/l )1/3 w = ( g/l )1/4 w = ( g/l )
w = ( g/l +2k/m ) w = ( g/l +2k/m )1/4 w = ( g/l +2k/m )1/3w = ( g/l +2k/m )1/2
generate system stable system degenerate systemunstable system
w1 =  w2 = ( g/l +2k/m )w1 =  w2 = ( g/l +2k/m )1/3w1 =  w2 = ( g/l +2k/m )1/4w1 =  w2 = ( g/l +2k/m )1/2
HPO3 H2SO4 HNO3 CO2
periodic motion non-periodic motion translatory motionSHM motion
Oscillatory motion translatory motion periodic motion SHM motion
w = (K/M)1/2 w = (K/M) w = (K/M)1/3 w = (K/M)1/4
w = { K/M(1+2m/M)}w = { K/M(1+2m/M)}1/2 w = { K/M(1+2m/M)}3  w = { K/M(1+2m/M)}4
Continuous string string stretched at one endString stretched at two endsString with load at one end
Finite infinite Constant Same
Ultra-violet region  Infra-red region Visible region Microwave region
uncoupled system Translatory system Coupled system harmonic system
Equilibrium Stable equilibrium unstable equilibriumNeutral equilibrium
abnormal normal Damped undamped
Uncoupled single coupled Three-coupled two-coupled
rest periodic motion damped motion simple harmonic motion
series pendula compound pendula paralled pendula complex pendula
abnormal standard variable normal
imaginary Real complex integer
unstable Stable neutral neither stable nor neutral
Cartesian canonical polar normal
different  identical relative to each otherAway from each other
rest oscillate infinitely action neither action nor oscillate infinitely



periodic non-periodic degenerate harmonic
unequal equal infinite finite
vibrations displacement a & b together frequencies
momentum volume density mass density specific density
dependent harmonic periodic independent
Hamiltonian Lagrangian linear volume
space and time angle and r x and y co-ordiantesy and z co-ordinates
damped harmonic periodic undamped
kinetic potential rest energy a & b
velocity accelecration displacement momentum
 wl =Ög/l wl =g/l wl =1/2pÖg/l wl =2pÖg/l
Inelastic covalent Elastic ionic
Discontinus continuous harmonic linear
w and t x,y and z r and w x and t
twice thrice unity 0
inelastic elastic damped undamped
magnetic quadrapole oscillating dipole both a & b
stable periodic non-periodic small
Uj Vj pj qj
unstable stable neutral neither neutral nor stable
finite infinite vanish a constant

Vj wj pj Uj
The existence of ether mediumThe non-existence of ether medium (i.e. absolute rest frame)  None Ether pervades
The speed of light in free space in invariant The speed of light is changingNone variable light velocity
Einstein newton eigen galileo
Single double triple more than three
speed of light is relativethere is no preferred frame like etherearth is an inertial frame.earth is a non-inertial frame
speed velocity acceleration momentum.
interference diffraction polarization dispersion
Newtonian mechanics is correct for all low and high velocitiesThere is an absolute ether frameThere is no absolute ether frame, but all frames are relativeVelocity of light is relative in all cases.
perpendicular to direction of motionalong the direction of motionparallel to direction of motionboth a and b

70 kg 100 kg infinite zero
inertial frame of referencenon-inertial frame of referencenon-accelerated frame of referenceaccelerated frame of reference
time mass height both a and b

energy into mass mass in to energy momentum into velocityvelocity into momentum
is an inertial frame by definitionis an inertial frame because Newton’s laws are applicable in the frameCannot be an inertial frame because the earth is revolving round the sunCannot be an inertial frame because the earth is rotating about its own axis.
c/2 Zero c/8 c
Accelerated decelarated Moving with uniform velocity or at rest.May be accelerated, decelerated or moving with constant velocity
relative motion equivalence inertia Correspondence.
is same as its rest lengthis more than its rest lengthis less than its rest lengthmay be more or less than or equal to rest length depending on the speed of rod.



zero equal to proper length less than proper lengthmore than proper length.
speed of light is relativespeed of light is same in all inertial framestime is relative mass is relative
the trip takes more time than it does in the Earth’s frame.James travels to Alpha Centauri over a length that is shorter than four light years.clocks on Earth and on Alpha Centauri are synchronized.Alpha Centauri travels to James over a length that is shorter than four light years.
Greater than that of lightLess than that of light Comparable to that of lightequal to velocity of light
The state of motion of the observer as well as upon the quality that is being measured.The state of motion of the observer onlyThe quantity that is being measuredabsolute motion
Non-inertial frame Inertial frame rest frame decelerated frame
a point an event an incident an accident
Under Galilean transformationunder lorentz transformationcartesean transformationnew transformation
same different none variable
invariant non-variant none variable
Newton Einstein Kepler Michelson
v>>c v=c  v<<c v=0
at rest in motion neither rest nor in motionvarying speed
  appears to be shortened when it at rest w.r.t. to the observer appears to be lengthened when it is at rest w.r.t. to the observerequal to aboslute lengthinvariant length
Maximum minimum zero varying speed
Runs slower than a stationary identical clockRuns than a stationary identical clockneither slow nor fastvery fast
Greater than when it is restSmaller than when it is at restEqual very smaller
Energy disappears to reappear as massMass disappears  to reappear as energyAll the above statements are correct except dnothing can be done
  0.5 c 2 c 0.866 c 0.9c

0 2c c 3c
0 1 2 3

Coriolis force  Newtonian force Pseudo force centripetal force
0 1 10 2
1 0 2 3

Directed towards the eastDirected towards the west directed towards northdirected towards south

 depends on particles. speed of light.  volume of object. area of object.
 1 eV.  1 keV. 1 MeV. . 10-10 eV.

 Three times the initial value Four times the initial value Two times the initial value unchanged

Non-relativistic velocities onlyRelativistic velocities only. All velocities: relativistic & non-relativistic Photons only

Three times the initial valueFour times the initial value. Two times the initial value unchanged

 Increase and decrease respectively Decrease and increase respectively Increase at both places Decrease at both places

a path that actually is a perfectly straight line a path that follows a circle of longitude a path that follows a circle of latitude the shortest path between the two points 

Time runs slightly slower on the surface of the Sun than on the surface of Earth. The Universe has no boundaries and no center. The curvature of spacetime can distort the appearance of distant objects. Different observers can disagree about the fundamental structure of spacetime. 

Gravity is the same thing as curvature of spacetime. The effects of gravity are exactly equivalent to the effects of acceleration. All observers must always measure the same (equivalent) weights for moving objects. The effects of relativity are exactly equivalent to those predicted by Newton's laws of motion. 

If you observe someone moving by you, you'll see their time running slowly. Gravity is curvature of spacetime. E = mc2 Time runs slower on the surface of the Sun than on Earth. 



Time is not affected by gravity. Time is stopped by any gravitational field. Time runs slower in stronger gravitational fields. Time is stopped by any gravitational field. 

an object that cannot be seen. a hole in the observable universea place where there is no gravity. a place where light travels faster than the normal speed of light

Earth is following the straightest path possible, but spacetime is curved in such a way that this path goes around the SunEarth is following the straightest path possible, but spacetime is curved in such a way that this path goes around the SunThe mysterious force that we call gravity holds Earth in orbit. The mysterious force that we call centripetalforce holds Earth in orbit. 
vertical. curved.  horizontal. slanted. 
vertical. curved.  horizontal. slanted. 
vertical. curved.  horizontal. slanted. 

the size of an object the number of independent directions in which movement is possible the letter used to represent length mathematically the height of an object 

She is weightless because she is moving at constant velocity. She is weightless because she is in a free-float frame. She is weightless because she is in free-fall. If you are in a gravitational field, then she cannot be weightless

gravity and acceleration are equivalent.the speed of light is constant.physics for accelerated and nonaccelerated frames are not the same.physics for nonmoving and moving frames are not the same.
massive objects warp space.massive objects attract one another.light moves randomly throughout the universeof the existence of black holes.
horizontal dimension curled dimension me dimension space dimension

mass is always greater than energy.energy and mass are equivalent.energy and the speed of light are equivalent.mass and the speed of light are equivalent.
20.0 m/s 3.00 × 108 m/s 24.0 m/s 3.00 × 108 m/s + 20.0 m/s
20.0 m/s 3.00 × 108 m/s 3.00 × 108 m/s + 20.0 m/s3.00 × 108 m/s – 20.0 m/s
is constant 
regardless of the 
speed of the 

can increase if the speed 
of the light source 
increases.

can decrease if 
the speed of the 
observer 

randomly changes 
depending upon its 
original light source.

3.11 × 1017 kg 3.84 × 10–17 kg 3.46 × 10–8 kg 1.15 × 10–8 kg

 70 kg. 100Kg 0 10Kg
 inertial frame of 
reference.

non-inertial frame of 
reference.

 non-
accelerated 

 accelerated frame 
of reference.



ANSWER
 both a and b.
conservation of energy
Angular Momentum
Standing Position
Moment of force

Principle of conservation of linear momentumPrinciple of conservation of linear momentum
Newton's first law

kinetic energy.
T-V
6N
time
[1/2p(k/m)1/2]
T+V =constant  
scleronomic
rheonomic 
unilateral  
shape of a curve 

A. law of conservation of angular speed. A. law of conservation of angular momentum.
kinetic frictional force
elastic spring force 
500J
KE
remains the same
POWER
>PE
centre of gravity

the algebraic sum of their moments about any point in their plane is zero

circular

same at every point on its line of action minimum, if it acts at the centre of gravity of the body
4r/ 3π
meet at one point



sin θ
 vibration

 zero

middle of mean and extreme position  extreme position
0

 zero
 maximum
T+V
periodic motion
p2/2m
time
four
S
action A
W
degrees of freedom

Phase space
constant momenta and co-ordinates both constant moments and co-ordinates

constant of motion
LP = -1

[Q,P] = 0
canonical
Qj = Qj (qj, t)
Kepler problem
periodic motion
invariant
invariant
all the three

elliptical
[X,Y] = - [Y,X]
[X,X] =0
[X,Y+Z] = [X,Y] + [X,Z]
[X,YZ] = Y[X,Z] + [X,Y]Z
2[X,qj]Q,P = - [qj,X]Q,P
[X,Y]Q,P = [X,Y]q,p
[X,X]q,p  = [X,X]Q,P = 0
[X,Y] = - 2p/h[XY-YX]
cyclic co-ordinates



n+1
Hamilton-Jacobi equation
action A
W
degrees of freedom

dynamical
old to new

0
 dynamical
commute
invariant
2n+1
 frequencies
angle variable
angular momentum
Vanishes
constant of motion
linear momentum
cyclic
commutative
T + V
T-V
same
cyclic
 constant
constant of motion
fixed

6
Euler’s angle
L = Iw

2
precession
nutation
spin.
nutation
always slow
slow precession
fast
wmin = (4mglI1/I32)1/2
wobble



Vi = w x ri
S m(ri  x Vi )
tensor
symmetric

 ½ w2 I
principal
sleeping top
3N
orientation
euler’s
successive
fixed
rotational
tensor
symmetry
symmetry
torque
rigid body
body set of axes
space or external set of axes
Euler’s angles
secondary axes
inertia
eigen values
translation and rotational
translation and rotational
three
nine
new
AT
constant
six

1
 l
normal co-ordinate
phase
stretching
restoring
degenerate
 frequencies
independent



mass density
real
finite
infinite
real

equilibrium
maximum
unbounded
decreases
increases
Bar pendulum at rest
stable
stable
Rod standing on its one end
normal
real
normal co-ordinates
w = ( g/l )
w = ( g/l +2k/m )1/3
unstable system
w1 =  w2 = ( g/l +2k/m )1/3
HNO3
periodic motion
Oscillatory motion
w = (K/M) 
w = { K/M(1+2m/M)}
string stretched at one end
infinite 
Visible region
uncoupled system
Stable equilibrium
undamped
Uncoupled
damped motion
complex pendula
standard
imaginary
neither stable nor neutral
canonical
relative to each other

neither action nor oscillate infinitely neither action nor oscillate infinitely



non-periodic
unequal
frequencies
volume density
periodic
Hamiltonian
x and y co-ordiantes
harmonic
a & b
displacement
 wl =Ög/l
Elastic
continuous
x and t
unity
elastic
oscillating dipole
small
Uj
stable
vanish

Uj
The non-existence of ether medium (i.e. absolute rest frame)
The speed of light in free space in invariant
Einstein
Single
there is no preferred frame like ether
velocity
interference

Velocity of light is relative in all cases. There is no absolute ether frame, but all frames are relative
along the direction of motion

70 kg
inertial frame of reference
both a and b

energy into mass
Cannot be an inertial frame because the earth is rotating about its own axis.is an inertial frame by definition

c
May be accelerated, decelerated or moving with constant velocityMoving with uniform velocity or at rest.

relative motion
may be more or less than or equal to rest length depending on the speed of rod.is less than its rest length



zero
speed of light is same in all inertial frames

Alpha Centauri travels to James over a length that is shorter than four light years.Alpha Centauri travels to James over a length that is shorter than four light years.
Comparable to that of light
The quantity that is being measured
Inertial frame
an event
Under Galilean transformation
same
invariant
Einstein
 v<<c
at rest
  appears to be shortened when it at rest w.r.t. to the observer
Maximum
Runs slower than a stationary identical clock
Greater than when it is rest
All the above statements are correct except d
0.866 c
c

0
Coriolis force

0
0

Directed towards the east

 speed of light.
1 MeV.

Two times the initial value

 All velocities: relativistic & non-relativistic

Two times the initial value

 Increase at both places

the shortest path between the two points the shortest path between the two points 

Different observers can disagree about the fundamental structure of spacetime. Different observers can disagree about the fundamental structure of spacetime. 

The effects of relativity are exactly equivalent to those predicted by Newton's laws of motion. The effects of gravity are exactly equivalent to the effects of acceleration. 

Time runs slower on the surface of the Sun than on Earth. E = mc2 



Time is stopped by any gravitational field. Time runs slower in stronger gravitational fields. 

a place where light travels faster than the normal speed of lighta hole in the observable universe

The mysterious force that we call centripetalforce holds Earth in orbit. Earth is following the straightest path possible, but spacetime is curved in such a way that this path goes around the Sun
curved. 
slanted. 
vertical. 

the number of independent directions in which movement is possible 

If you are in a gravitational field, then she cannot be weightlessShe is weightless because she is in free-fall. 

physics for nonmoving and moving frames are not the same.gravity and acceleration are equivalent.
massive objects warp space
me dimension

mass and the speed of light are equivalent. energy and mass are equivalent.
24.0 m/s
3.00 × 108 m/s

is constant regardless of the speed of the observer or the light source.

3.84 × 10–17 kg

 70 kg.
 
inertial 

















Earth is following the straightest path possible, but spacetime is curved in such a way that this path goes around the Sun
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