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Course Objectives 

To enable to dealsome of the key ideas of classical mechanics and to understand the concept of 

generalized coordinates. 

 

Course Outcomes 

On successful completion of this course students will be able  to: 

 Understand the concept of the  D’Alembert’s principle . 

 Derive the Lagrange’s equation for holomonic and non holomonic constraints. 

 Attain the applications of  Lagrange’s formulation . 

 Classify  Scleronomic and Rheonomic systems . 

 Solve the problems of Hamilton equations of motion . 

. 

UNIT I 

Survey of Elementary principles: Constraints - Generalized coordinates, Holonomic and non- 

holonomic systems, Scleronomic and Rheonomic systems. D’Alembert’s principle and 

Lagrange’s 

equations – Velocity – dependent potentials and the dissipation function – some applications 

of the Lagrange formulation. 

UNIT II 

Variation principles and Lagrange’s equations: Hamilton’s principle – Some techniques of 

calculus of variations – Derivation of Lagrange’s Equations from Hamilton’s principle – 

Extension ofHamilton’s principle to non-holonomic systems – Conservation theorems and 

symmetry properties. 

UNIT III 

Hamilton Equations of motion: Legendre Transformations and the Hamilton Equations of 

motion-canonical equations of Hamilton – Cyclic coordinates and conservation theorems – 

Routh’sprocedure - Derivation of Hamilton’s equations from a variational principle – The 

principle of leastaction. 

UNIT IV 

Canonical transformations: The equations of canonical transformation – Examples of Canonical 

transformations – Poission Brackets and other Canonical invariants – integral invariants of 

Poincare, Lagrange brackets. 

UNIT V 

Hamilton Jacobi Theory: Hamilton Jacobi equations for Hamilton’s principle function – 

Harmonic oscillator problem - Hamilton Jacobi equation for Hamilton’s characteristic function 

– Separation of variables in the Hamilton-Jacobi equation. 

 



Mechanics                            Syllabus  2019-2021 

 

Bachelor of Science, Mathematics, 2019, KAHE Page 2 
 

SUGGESTED READINGS 

 

TEXT BOOK 

1. Goldstein. H. (2007), Classical Mechanics Third Edition, Narosa Publishing House, New  

    Delhi. 

REFERENCES 

1. Gantmacher, F., (2013). Lectures in Analytic Mechanics, MIR Publishers, Moscow. 

2. Gelfand, I. M., and Fomin, S. V., (2003), Calculus of Variations, Prentice Hall, New Delhi.  

3. Loney, S. L., (2015).  An elementary treatise on Statics, Kalyani Publishers, New Delhi.  
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KARPAGAM ACADEMY OF HIGHER EDUCATION 

(Deemed to be University Established Under Section 3 of UGC Act 1956) 

Coimbatore – 641 021. 

LECTURE PLAN 

DEPARTMENT OF MATHEMATICS 
Staff name: Dr.S.Sowmiya 

Subject Name: Mechanics                            Sub.Code:19MMP106 

Semester: I       Class:  IM.Sc Mathematics 

S.No Lecture 

Duration 

Period 

Topics to be Covered Support Material/Page Nos 

 UNIT-I 

1 1 Survey of Elementary principles S1: Ch1: P.No: 1-10 

2 1 Constraints S1:Ch2: P.No:11-12 

3 1 Generalized coordinates S1:Ch2: P.No: 12-13 

4 1 Holonomic and non-  
holonomic systems, Scleronomic and 

Rheonomic systems 

S1:Ch2: P.No: 13-15 

5 1 D’Alembert’s principle S1:Ch2: P.No: 16-17 

6 1 Lagrange’s equations S1:Ch3: P.No: 17-21 

7 1 Velocity- dependent potentials and the 

dissipation function 

S1:Ch3: P.No: 21-24 

8 1 Some applications of the Lagrange 

formulation. 

 

S1:Ch3: P.No:25-29 

9 1 Recapitulation and Discussion  of possible 

questions 

 

Total No. of Lecture hours planned-9 Hours  

UNIT-II 

1 1 Variation principles and Lagrange’s 

equations Hamilton’s principle 

S1:Ch2: P.No: 35-37 

2 1 Some techniques of calculus of variations S1:Ch2: P.No: 37-43 

3 1 Derivation of Lagrange’s Equations from 

Hamilton’s principle 

S1:Ch2: P.No: 43-45 

4 1 Extension of  Hamilton’s principle to non-

holonomic systems 

S1:Ch2: P.No: 45-50 

5 1 Conservation theorems and symmetry 

properties. 

 

S1:Ch2: P.No: 54-56 

6 1 Continuation of  Conservation theorems 

and symmetry properties. 

S1:Ch2: P.No: 56-58 
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7 1 Continuation of Conservation theorems 

and symmetry properties. 

 

S1:Ch2: P.No: 58-60 

8 1 Continuation of Conservation theorems 

and symmetry properties. 

 

S1:Ch2: P.No: 61-63 

9 1 Recapitulation and Discussion  of possible 

questions 

 

Total No. of Lecture hours planned-9 Hours  

UNIT-III 

1 1  Legendre Transformations S1:Ch8: P.No: 334-345 

2 1 Continuation of  Legendre Transformations S1: Ch8: P.No: 335-338 

3 1 Hamilton Equations of motion S1: Ch8: P.No: 338-339 

4 1 canonical equations of Hamilton S1:Ch8 P.No: 339-343 

5 1 Cyclic coordinates and conservation 

theorems 

S1: Ch8: P.No: 343-347 

6 1 Routh’s  procedure S1: Ch8: P.No: 347-349 

7 1 Derivation of Hamilton’s equations from a 

variational principle 

S1: Ch8: P.No: 353-356 

8 1 The principle of least action. 

 

S1: Ch8: P.No: 356-362 

9 1 Recapitulation and Discussion  of possible 

questions 

 

Total No. of Lecture hours planned-9 Hours  

UNIT-IV 

1 1 The equations of canonical transformation S1:Ch9: P.No: 368-375 

2 1 Examples of Canonical transformations S1:Ch9: P.No: 375-376 

3 1 Examples of Canonical transformations S1:Ch9: P.No: 376-377 

4 1 Poission Brackets and other Canonical 

invariants 

S2:Ch7: P.No: 388-389 

5 1 Continuation of  Poission Brackets and 

other Canonical invariants 

S1:Ch9: P.No: 389-391 

6 1 integral invariants of Poincare S2:Ch2: P.No: 55-56 

7 1  Continuation of  integral invariants of 

Poincare 

S2:Ch2: P.No: 56-58 

8 1 Lagrange brackets S1:Ch9: P.No: 391-397 

9 1 Recapitulation and Discussion  of possible 

questions 

 

Total No. of Lecture hours planned-9 Hours  
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UNIT-V 

1 1 Hamilton Jacobi Theory S1:Ch10: P.No:430-431 

2 1 Hamilton Jacobi equations for Hamilton’s 

principle function 

S1:Ch10: P.No: 431-433 

3 1 Continuation of  Hamilton Jacobi equations 

for Hamilton’s principle function 

S1:Ch10: P.No: 433-434 

4 1 Harmonic oscillator problem S2:Ch5: P.No: 76-78 

5 1 Continuation of  Harmonic oscillator 

problem 

S2:Ch5: P.No: 79-81 

6 1 Continuation of  Harmonic oscillator 

problem 

S1:Ch10: P.No: 434-440 

7 1 Hamilton Jacobi equation for Hamilton’s 

characteristic function 

S1:Ch10: P.No: 440-444 

8 1 Separation of variables in the Hamilton-

Jacobi equation. 

S1:Ch10: P.No: 444-445 

9 1 Recapitulation and discussion of possible 

questions on unit V 

 

10 1 Discussion of Previous year ESE question 

paper  

 

11 1 Discussion of Previous year ESE question 

paper 

 

12 1 Discussion of Previous year ESE question 

paper 

 

Total No. of Lecture hours planned-12 Hours  

Total Planned Hours 48 

 

 

 

SUGGESTED READINGS 

 

1. Goldstein. H. (2007), Classical Mechanics Third Edition, Narosa Publishing House, New  

    Delhi. 

2. Gantmacher, F., (2013). Lectures in Analytic Mechanics, MIR Publishers, Moscow. 

3. Gelfand, I. M., and Fomin, S. V., (2003), Calculus of Variations, Prentice Hall, New Delhi. 

4. Loney, S. L., (2015).  An elementary treatise on Statics, Kalyani Publishers, New Delhi.  
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Survey of Elementary principles: Constraints - Generalized coordinates, Holonomic and non- 

holonomic systems, Scleronomic and Rheonomic systems. D’Alembert’s principle and 

Lagrange’sequations – Velocity – dependent potentials and the dissipation function – some 

applications of the Lagrange formulation. 
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Question Opt 1 Opt 2 Opt 3 Opt 4 Answer
   ________________________ is the branch of 

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION

(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),

Coimbatore –641 021                                                                                                                                                                                            

       Subject: Mechanics                                                                                                                                          Subject Code: 19MMP106

       Class   : I - M.Sc. Mathematics                                                                                                                       Semester      : I

Unit I                                                                                                                                                       

                                                                                        Part A (20x1=20 Marks)                                                                                                  

(Question Nos. 1 to 20 Online Examinations)

   ________________________ is the branch of 

mechanics which deals with conditions under 

which the bodies acted upon by forces remain at 

rest.  Dynamics  Statics  Kinematics  Force  Statics
  _______________________ is that which 

changes the state of rest or a uniform motion in a 

straight line of a body.  Weight  Mass  Force  Particle  Force
  ________________________ is defined as the 

line along which the force acts.

 Line of action 

of force

 Components 

of force

 Resultant of 

force  Direction of force

 Line of action of 

force
The ______________________ of weight of a 

body is due to the attraction caused by the earth.  Mass  Particle  Weight  Force  Force
If a fine string connecting two particles A and B 

passes over smooth surface the force exerted on 

the particles by the string is called 

_____________________  Force of string

 Thrust of a 

string  Force of tension  Thrust of tension  Force of tension
If a light rod connects two particles A and B the 

force exerted by the rod is called 

______________________  Tension  Thrust   Force  Particle  Thrust  

Prepared by: Dr.S.Sowmiya, Department of Mathematics,KAHE
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When two bodies are in contact with each other 

the force exerted by one of the bodies upon the 

another is called ____________________  Action  Reaction  Attraction  Repulsion  Action
when two bodies are in contact with each other the 

force exerted by the second body on the first is 

called ____________________  Action  Attraction  Repulsion  Reaction  Reaction

Newton's third law of motion states that action and 

____________________ are equal and opposite.  Action  Reaction  Force  Mass  Reaction

A force exerted by another particle of the same 

system is called __________________________

 Equilibrium of 

force

 Resultant of 

force  Internal force  External force  Internal force

A force exerted by another particle of the other 

system is called __________________________

 Equilibrium of 

force

 Resultant of 

force  Internal force  External force  External force
A Particle acted by a force is said to be in A Particle acted by a force is said to be in 

______________________ if it doesnot move.  Tension  Thrust  Equilibrium  Line of action  Equilibrium
The force of thrust is ______________________ 

tension.  Zero  Positive  Negative  Unity  Negative
The force of ____________________________ 

of  a body is due to the attraction caused by the 

earth.  Force  Mass  Weight  Particle  Weight
Newton's third law of motion states that action and 

reaction are __________________ and 

___________________.  Zero and unity  One and unity

 Positive and 

negative  Equal and opposite  Equal and opposite
A Particle acted by a force is said to be in 

equilibrium if is at 

___________________________  Move  Rest  Zero  Unity  Rest
When the body tend to approach each other the 

force  is called __________________  Action Reaction  Attraction  Repulsion  Attraction 
When the body tend to separate each other the 

force  is called __________________  Action Reaction  Attraction  Repulsion  Repulsion

Prepared by: Dr.S.Sowmiya, Department of Mathematics,KAHE
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Every body is attracted towards the centre of the 

earth with a force is called 

______________________________  Weight  Mass  Particle  Force  Weight
Weight always acts at vertically 

_______________________  Upwards  Downwards  Rightwards  Leftwards  Downwards
 The forces P and Q are equal and α=90 then θ= 

________________________ 90 180 0 45 45
If the forces P and Q act along the sane line in the 

same direction then α= ____________________ 0 45 180 90 0
 If the forces P and Q acts along the same line in 

the opposite direction then α= 

________________________ 0 45 180 90 180
If the forces P and Q are equal then θ= 

____________________ 0 45 180 90 90
The resultant of forces is greater when cosα is 

________________________  Least  Zero  Greatest  Positive  Greatest________________________  Least  Zero  Greatest  Positive  Greatest
 The resultant of forces is least when cosα is 

_______________________  Positive  Negative  Greatest  Least  Least
If three  forces P,Q and R are in equilibrium then 

P+Q+R= _________________________  One  Zero  Infinity  None  Zero

Sine formula of triangle is 

_________________________

 a/sin A=b/sin 

B=c/sinC a/b=sinA

 

a/sinA+b/sinB=c

/sinC

 a/sinA-

b/sinB=c/sinC

 a/sin A=b/sin 

B=c/sinC 
Types of parallel forces is 

____________________  Five  Four  Two  Three  Two
___________________ and 

__________________ are two types of parallel 

forces.

 Equal and 

opposite

 Equal and 

unequal  Like and unlike  None  Like and unlike 
Two parallel forces are said to be _____________ 

if they act in same direction.  Equal force

 Like parallel 

force

 Unlike parallel 

force  Opposite force  Like parallel force
Two parallel forces are said to be _____________ 

if they act in opposite direction.

 Like parallel 

force  Opposite force

 Unlike parallel 

force  Equal force  Unlike parallel force
If R=0 then the force is said to be in 

____________________  Equilibrium  Move  Equal  Unequal  Equilibrium

Prepared by: Dr.S.Sowmiya, Department of Mathematics,KAHE
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_______________________ is the branch of 

mathematics which deals with the action of forces 

on bodies.  Statics  Dynamics  Kinematics  Mechanics  Mechanics
A force is completely known by its point of 

application and its magnitude and its 

___________________.  Resultant  Direction  Moment  Mass  Direction
If the forces are in equilibrium then the resultant 

will be _________________________  One  Two  Zero  Infinity Zero
Forces acting in a same plane is called 

_________________________

 Like parallel 

force

 Unlike parallel 

force  Coplanar force  Colinear force  Coplanar force
_____________________ law of motion states 

that action and reaction are equal and opposite.

 Newton's first 

law

 Newton's 

second law

 Newton's third 

law Newton's fourth law  Newton's third law
Forces acting ________________ through the 

centre of gravity of the body. Upwards  Downwards  Rightwards  Leftwards  Downwards
The force of weight of a body is due to the 

attraction caused by the __________________  Mass   Force  Weight  Earth  Earthattraction caused by the __________________  Mass   Force  Weight  Earth  Earth

Newton's third law of motion states that 

________________ and ____________________ 

are equal and opposite.

 Action and 

Reaction

 Attraction and 

Repulsion

 Equal and 

Unequal forces

 Like and unlike 

forces  Action and Reaction
If P and Q are like parallel forces then their 

resultant is ___________________  P+Q  P-Q  PQ  P/Q  P+Q
If P and Q are unlike parallel forces then their 

resultant is ___________________  P+Q  P-Q  PQ  P/Q  P-Q
Two parallel forces are said to be like parallel 

force if they act in ____________________ 

direction.  P  Q  Opposite  Same  Same
Two parallel forces are said to be unlike parallel 

force if they act in ______________________ 

direction.  Same  Opposite  P  Q  Opposite
The converse of polygon law of force is 

________________  True  Not true  Positive  Negative  Not true

Prepared by: Dr.S.Sowmiya, Department of Mathematics,KAHE
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By Parallelogram law of force the resultant will 

pass through the ______________ of the 

parallelogram.  Diagonal  Sides  Angles  None  Diagonal
The maximum value of R occurs when cosα is 

____________________  Zero  Unity  Maximum  Minimum  Maximum
The minimum value of R occurs when cosα is 

____________________  Zero  Unity  Maximum  Minimum  Minimum
Gravitational pull of earth is 

___________________  Attraction  Reaction  Action  Repulsion  Attraction
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UNIT-II 

Variation principles and Lagrange’s equations: Hamilton’s principle – Some techniques of 

calculus of variations – Derivation of Lagrange’s Equations from Hamilton’s principle – 

Extension of Hamilton’s principle to non-holonomic systems – Conservation theorems and 

symmetry properties. 
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POSSIBLE QUESTIONS 

 

Part B (6 Marks) 

 

1. Define canonical momentum. Show that the generalized momentum conjugate to a cyclic co- 

ordinate is conserved 

2. Write a short note on physical significance of the lagrangian undeterminant multiplier  

3. Derive the Brachistochrome problem 

4 Find the curve for which some line integral has a stationary value 

5. State and prove Euler Lagrange differential equation 

6. Find the equation of motion of a hoop or disc rolling without slipping down on the 

inclined plane. 

 

Part C (10 Marks) 

 

1. Find the minimum surface of revolution 

2. Derive the conservation theorem for total energy of system 

3. Show that the shortest curve between any two points in the plane is a straight line 

4. Derive the conservation theorem for dissipation function 
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Question Opt 1 Opt 2 Opt 3 Opt 4 Answer

_______________ of a force is defined to be the 

product of the force and perpendicular distance of 

the point.  Friction  Moment

 Angular 

momentum  Mass  Moment

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION

(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),

Coimbatore –641 021                                                                                                                                                                                            

       Subject: Mechanics                                                                                                                                          Subject Code: 19MMP106

       Class   : I - M.Sc. Mathematics                                                                                                                       Semester      : I

Unit II                                                                                                                                                       

Part A (20x1=20 Marks)                                                                                                                  

(Question Nos. 1 to 20 Online Examinations)

the point.  Friction  Moment momentum  Mass  Moment

___________________ of a force about a point is 

that it measures the tendency to rotate the body 

about that point.  Friction  Mass

 Angular 

momentum Momentum Momentum

The sign is __________________ if F rotates in 

anticlockwise direction.  Positive  Negative  Zero  Unity  Positive

The sign is __________________ if F rotates in 

clockwise direction.  Positive  Negative  Zero  Unity  Negative

If the unit of a force  is a poundal and the unit of 

distance be foot then the unit of moment is a 

__________________  Poundal  Foot  Poundal-foot  Foot-poundal  Poundal-foot

If the unit of a force  be dyne and the unit of 

distance be cm then the unit of moment is a 

__________________  Dyne  Cm  Dyne-cm  Cm-dyne  Dyne-cm

The algebraic sum of the moment of the two forces 

about any point in their plane is equal to the 

__________________________ of their resultant.  Mass  Moment  Friction  Weight  Moment
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the point in the plane is equal to the 

_________________ of their resultant about the 

same point.  Friction  Mass  Weight  Moment  Moment

Resultant R=0 means there is no 

_________________for the system.  Resultant  Resultant  Friction  Force  Resultant

If a system of a coplanar forces is in equilibrium 

then the algebraic sum of their moment about any 

point is _______________  One  Zero  Two  Infinity  Zero

If ∑Pipi=0 then PR=________________  One  Two  Three  Zero  Zero

If a heavy body is dragged along the ground by 

means of a horizontal force a resistance called the 

_________________  Moment  Friction  Tangential force

 Coefficient of 

friction  Tangential force

The tangential force is always acts in the direction 

______________ to that of applied horizontal force.  Same  Opposite  Right  Left  Opposite

If the ground is perfectly smooth then there is no 

_________________.

 Tangential 

resistance  Friction  Tangential force  Moment  Tangential resistance_________________. resistance  Friction  Tangential force  Moment  Tangential resistance

Smooth bodies are capable of offering 

_______________ in the normal direction.   Force  Resistance  Moment 

 Coefficient of 

friction  Resistance

Smooth bodies are capable of offering  resistance  

only in the ________________ direction.  Same  Opposite  Normal  Downward  Normal

If two rough bodies be in contact then there is a 

tangential resistance is 

called________________________  Friction  Moment  Resistance

 Angular 

momentum  Friction

The friction always acts in the 

__________________ direction to the direction of 

body which has tendency to move.  Same  Opposite  Upward  Downward  Opposite

_________________ prevents the sliding of one 

body over the other.  Moment  Resistance  Friction

 Angular 

momentum  Friction

The force exerted by the friction is called 

______________

 Coefficient of 

friction  Cone of friction  Angle of friction  Force of friction  Force of friction

Force of friction is also called ________________  Massive force  Passive force  Coplanar force  Colinear force  Passive force
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over another is called the ________________  Sliding friction  Rolling friction

 Coefficient of 

friction  Cone of friction  Rolling friction

The force which opposes the sliding of one body 

over another is called the ________________  Sliding friction  Rolling friction

 Coefficient of 

friction  Cone of friction  Sliding friction

When two bodies are in contact with one another 

are in equilibrium then the equilibrium is callled 

______________________  Limiting friction  Cone of friction 

 Limiting 

equilibrium  Angle of friction  Limiting equilibrium

The force which opposes the ___________ of one 

body over the other is called sliding friction.  Rolling  Sliding  Equilibrium  Existing  Sliding

The force which opposes the ___________ of one 

body over the other is called rolling friction.  Rolling  Sliding  Equilibrium  Existing  Rolling

Friction is a ____________________ force.  Rolling  Sliding  Self adjusting  Resultant  Self adjusting

The maximum value of force of friction is called 

_____________________  Limiting friction

 Limiting 

equilibrium  Force of friction

 Coefficient of 

friction  Limiting friction

Dynamical friction is ______________ than the 

limiting friction.  Equal  Less  Greater  None  Less

The resultant of the normal reaction and the force of 

friction is called  _______________  Limiting friction

 Resultant 

reaction  Angle of friction  Cone of friction  Resultant reactionfriction is called  _______________  Limiting friction reaction  Angle of friction  Cone of friction  Resultant reaction

The angle which the resultant reaction makes with 

the normal reaction is called 

___________________  Angle of friction  Cone of friction 

 Coefficient of 

friction  Force of friction  Angle of friction

__________ is a self adjusting force.  Friction  Moment

 Angular 

momentum  Force  Friction

___________________ friction is less than the 

limiting friction.  Rolling friction  Sliding friction

 Dynamical 

friction  Angle of friction  Dynamical friction

The ratio of the limiting friction and the normal 

reaction is called the 

___________________________  Angle of friction  Cone of friction 

 Coefficient of 

friction  Force of friction

 Coefficient of 

friction 

The coefficient of friction is defined as the tangent 

of the _________________  Angle of friction  Cone of friction 

 Coefficient of 

friction  Force of friction  Angle of friction

Coefficient of friction is denoted by the symbol 

_______________  α  Φ  µ  ƛ  µ

Angle of friction is denoted by 

________________________  α  Φ  µ  ƛ  ƛ
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___________________  One and Unity  Zero and Unity  One and Infinity  Zero and Infinity  Zero and Unity

µ= ___________________  tanƛ  Sinƛ  Cosƛ  Cotƛ  tanƛ

For perfectly smooth bodies µ= _______________  One  Zero  Two  Infinity  Zero

An ideal surface for which the coefficient of friction 

is Zero is said to be ______________________  Smooth  Rough

 Perfectly 

smooth  Perfectly rough  Smooth

An ideal surface for which the coefficient of friction 

is Infinity is said to be ______________________  Smooth  Rough

 Perfectly 

smooth  Perfectly rough  Perfectly rough

Surfaces which are neither perfectly rough nor 

perfectly smooth their coefficient of friction will 

lies between ______________  One and Unity  Zero and Unity  One and Infinity  Zero and Infinity  Zero and Unity

 If α>ƛ then the body will move _______________ 

the plane.  Up  Down  Right  Left  Down

If α=ƛ then the body will be in 

_________________________  Up  Down  Equilibrium  Right  Equilibrium_________________________  Up  Down  Equilibrium  Right  Equilibrium

The  direction of dynamical friction is 

___________________ to the direction of motion 

of the body.  Same  Opposite  Equal  None  Opposite

The coefficient of kinetic friction is denoted by the 

symbol _____________________________  µ ƛ  µ' ƛ'  µ'

The coefficient of _________________  depends 

only on the nature of the surfaces in contact.  Friction  Kinetic friction  Statical friction  Dynamical friction  Kinetic friction

The angle of repose is equal to the 

______________________  Angle of friction  Cone of friction 

 Coefficient of 

friction  Kinetic friction  Angle of friction

The _______________ is equal to the angle of 

friction.

 Coefficient of 

friction  Kinetic friction

 Dynamical 

friction  Angle of repose  Angle of repose
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UNIT-III 

Hamilton Equations of motion: Legendre Transformations and the Hamilton Equations of 

motion-canonical equations of Hamilton – Cyclic coordinates and conservation theorems – 

Routh’s procedure - Derivation of Hamilton’s equations from a variational principle – The 

principle of least action. 
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POSSIBLE QUESTIONS 

 

Part B (6 Marks) 

 

1.Define Cyclic coordinates and Explain conservation theorems. 

2.Derive Hamilton’s canonical equation of motion 

3.Obtain the hamilton’s equation of motion considering a single non relativistic particle 

moving in an electromagnetic field 

4.Explain the principle of least action 

5.Explain the construction of Hamilton through Lagrangian. 

 

Part C (10 Marks) 

 

1.ExplainRouth’s procedure. 

2.Obtain the hamilton’s equation of motion using spherical polar co-ordinates considering 

the spatial motion of a particle in the central force field 

3.Derivation of Hamilton equation from a variational principle 

4.Explain the principle of least action 
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Question Opt 1 Opt 2 Opt 3 Opt 4 Answer

When a particle moves in a plane its motion is said  Coplanar 

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION

(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),

Coimbatore –641 021                                                                                                                                                                                            

       Subject: Mechanics                                                                                                                                          Subject Code: 19MMP106

       Class   : I - M.Sc. Mathematics                                                                                                                       Semester      : I

Unit III                                                                                                                                                       

Part A (20x1=20 Marks)                                                                                                                  

(Question Nos. 1 to 20 Online Examinations)

When a particle moves in a plane its motion is said 

to be __________________  Colinear motion

 Coplanar 

motion  Radial  Transverse  Coplanar motion

The radial component of radius vector is 

_____________________  r̈ θ̇  ṙ  θ̈  ṙ

The transverse component of radius vector is 

__________________ rθ̇ ṙθ  θ̈  ṙ rθ̇

The intersection of the plane and the cone is called 

__________________________

 Equiangular 

spiral  Apse  Conic

 Angular 

momentum  Conic

_____________ is a curve in which the angle 

between the radius vector and the respective 

tangent is a constant.

 Equiangular 

spiral  Apse  Conic

 Angular 

momentum  Equiangular spiral

Equiangular spiral is a curve in which the angle 

between the radius vector and the respective 

tangent is a ______________  Unity  Zero  Infinity  Constant  Constant

A __________________________ is a force whose 

line of action always passes through a fixed point.  Central force  Apse  Areal velocity  Central orbit  Central force

The path describe by a particle under a central force 

is called _____________________  Central force  Apse  Areal velocity  Central orbit  Central orbit
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The polar equation of a conic is 

______________________  l/r=1+ecosθ  r= 1+ecosθ  r= 1/(1+ecosθ)  r= 1- ecosθ  l/r=1+ecosθ

l/r=1+ecosθ is the polar equation of 

_______________________  Coplanar  Conic  Central force  Central orbit  Conic

The corresponding value for r at an apse point is 

called __________________  Apse  Areal velocity  Apsidal distance  Areal distance  Apsidal distance

Each planet describes an __________________ 

with the sun at one of the focus.  Parabola  Hyperparabola  Conic  Ellipse  Ellipse

Kepler's first law states that the orbit is an 

______________________ orbit with the sun.  Elliptic  Hyperparabola  Parabola  Conic  Elliptic

Kepler's second law states that the 

__________________ is constant.  Apse  Areal velocity  Central force  Central orbit  Areal velocity

Kepler's third law states that square of the 

________________ is proportional to the cube of 

the semimajor axis.  Amplitude  Periodic time  Acceleration  Areal velocity  Periodic time

___________________ law states that the orbit is ___________________ law states that the orbit is 

an elliptic orbit with the sun.  Kepler's first  Kepler's second  Kepler's third  Kepler's fourth  Kepler's first

___________________ law states that the areal 

velocity is constant.  Kepler's first  Kepler's second  Kepler's third  Kepler's fourth  Kepler's second

_________________ law states that square of the 

periodic time is proportional to the cube of the 

semimajor axis.  Kepler's first  Kepler's second  Kepler's third  Kepler's fourth  Kepler's third

Kepler's second law states that the areal velocity  is 

___________________  Constant  Zero  Unity  Infinity  Constant

The deduction of newton's law of gravitation is a 

consequence of ______________________  Kepler's law

 Newton's 

second law

 Newton's third 

law  Newton's first law  Kepler's law

The deduction of _______________ of gravitation 

is a consequence of kepler's law.

 Kepler's first 

law

 Kepler's 

second law

 Kepler's third 

law  Newton's law  Newton's law

Equiangular spiral is a curve in which the angle 

between the ____________________ and the 

respective tangent is a constant.  Acceleration  Radius  Radius vector  Acceleration vector  Radius vector

Equiangular spiral is a curve in which the angle 

between the radius vector and the respective 

___________________ is a constant.  Tangent

 Tangential 

resistance  Radius  Acceleration  Tangent
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Let r be the position vector of the moving particle 

of mass m having a velocity v then the momentum 

vector is ________________.  m+v  m - v  mv  m/v  mv

_________________________ is an orbit under a 

central circular forces.  Conic  Central orbit  Areal velocity

 Angular 

momentum  Central orbit

Central orbit is an orbit under a central 

_________________________.  Colinear force  Circular force  Coplanar force  Cardiod  Circular force
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UNIT-IV 

Canonical transformations: The equations of canonical transformation – Examples of Canonical 

transformations – Poission Brackets and other Canonical invariants – integral invariants of 

Poincare, Lagrange brackets. 
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POSSIBLE QUESTIONS 

 

Part B (6 Marks) 

 

1. Explain the canonical transformation with an example 

2. State and Prove Jacobi identity 

3. Explain the simple harmonic oscillator problem 

4. Explain the integral invariants of poincare 

5. Derive an expression for 𝛿𝜑and  𝛿ᴪ 

6. Show that how the generating function specifies the equations of transformations 

7. Explain the Lagrange’s bracket 

8. Show that the transformation P=1/2 ×(𝑝2 + 𝑞2), Q = tan−1(q/p) is canonical. 

Part C (10 Marks) 

1. Derive Jacobi’s theorem 

2. Explain that the fundamental poisson brackets are invariant under  

canonical transformation 

3. Show that the transformation = 𝑞 𝑐𝑜𝑡 𝑝 , 𝑄 =  𝑙𝑜𝑔(
𝑠𝑖𝑛 𝑝

𝑞
) is canonical.  

Also find the generating function. 
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Question Opt 1 Opt 2 Opt 3 Opt 4 Answer

Examples for simple harmonic motion is 

____________________.  Simple pendulum Moving car  Throwing ball  Rope  Simple pendulum

KARPAGAM ACADEMY OF HIGHER EDUCATION

(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),

Coimbatore –641 021                                                                                                                                                                                            

       Subject: Mechanics                                                                                                                                          Subject Code: 19MMP106

       Class   : I - M.Sc. Mathematics                                                                                                                       Semester      : I

Unit IV                                                                                                                                                       

Part A (20x1=20 Marks)                                                                                                                  

(Question Nos. 1 to 20 Online Examinations)

____________________.  Simple pendulum Moving car  Throwing ball  Rope  Simple pendulum

When a particle moves in a stright line, its 

acceleration is directed towards a fixed point and 

proportional to the distance from that point, its 

motion is called _______ Simple harmonic motionAcceleration Angular velocity Areal velocity Simple harmonic motion

Equation of Simple Harmonic Motion is 

____________________________.  µx  λx  -µx  -λx  -µx

Acceleration of Simple Harmonic Motion is 

________________________.  µx  λx  -µx  -λx  µx

Velocity of Simple Harmonic Motion is 

_________________________.  µ(a2 + x2)  µ(a2 - x2)  λ(a2 + x2)  λ(a2 - x2)  µ(a2 - x2)

Maximum acceleration of Simple Harmonic Motion 

is ___________________.  µλ  µθ  µa  λa  µa

Maximum acceleration of Simple Harmonic Motion 

occurs only when ___________________.  µ=λ  x=a  x=λ  a=µ  x=a
The symbol ξ is called ________________.  Theta  Omega  Gamma  Epoch  Epoch
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The composition of two simple harmonic motion 

with the same period along the same line is 

______________________.  Areal velocity  Angular momentum Constant  Simple Harmonic Motion Simple Harmonic Motion

If the particle possess two Simple Harmonic Motion 

in perpendicular direction and of the same period 

then the path is an _________________.  Parabola  Hyperbola  Ellipse  Curve  Ellipse

If ξ=0 then the path of Simple Harmonic Motion is 

________________________.  Curve  Ellipse  Straight line  Parabola  Straight line

If ξ =π  then the path of Simple Harmonic Motion is 

______________________.  Curve  Straight line  Ellipse  Parabola  Straight line

When the velocity is zero the particle oscillates 

through a distance on either side of the fixed point 

then this distance is called 

____________________.  Period  Simple Harmonic Motion Amplitude  Phase  Amplitude

The constant interval of time between two 

consecutive instants when it passes through the consecutive instants when it passes through the 

same point in the same direction is called 

___________________.  Period  Simple Harmonic Motion Amplitude  Phase  Period

_____________________ is independent of the 

amplitude.  Period  Phase  Simple Harmonic Motion Frequency  Period

____________________ is the rate of acceleration 

at unit distance from the origin.  Frequency  Phase  Simple Harmonic Motion Period  Period

_______________________ is the reciprocal of the 

perid.  Phase  Amplitude  Frequency  Velocity  Frequency

__________________ is the number of oscillations 

made per second.  Phase  Frequency  Velocity  Acceleration  Frequency

The __________________ consistts of a heavy 

particle attached t a fixed point by a light string.  phase of Simple Harmonic Motion  simple pendulum seconds pendulum period of Simple Harmonic Motion  simple pendulum

____________________ motion takes place in a 

vertical plane.  Simple pendulum Period of Simple Harmonic Motion  Phase of Simple Harmonic Motion  Seconds pendulum  Simple pendulum

A __________________________ is one which 

beats seconds .  Simple pendulum Seconds pendulum Acceleration  Velocity  Seconds pendulum

__________________ is one for which the period 

of one vibration is one second.  Seconds pendulum Frequency  Simple Harmonic Motion Simple pendulum  Seconds pendulum
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In seconds pendulum if 'g' is in foot per second units 

then l = _____________ feet. 1.24 2.24 3.24 4.24 3.24

If g is in centigram second units then l = 

____________________  99.5 cm  89.5 cm  79.5 cm  69.5 cm  99.5 cm

The time of ____________________ depends upon 

l and g.  Phase  Oscillation  Period  Simple Harmonic Motion Oscillation

The loss or gain in the number of seconds per day 

may be due to a change in ___________________.  l  g  both  l or g  both

A seconds pendulum is said to gain 'n' seconds a 

day if it makes _____________________ half 

oscillations per day.  76400-n  86400-n  76400 + n  86400 + n  86400 + n

A seconds pendulum is said to lose 'n' seconds per 

day if it makes ____________________ half 

oscillations per day.  76400-n  86400-n  76400 + n  86400 + n  86400-n

A seconds pendulum is said to gain 'n'seconds a day A seconds pendulum is said to gain 'n'seconds a day 

hence its period ____________________.  Increase  Decrease  Remain same  Zero  Decrease

A seconds pendulum is said to lose 'n'seconds a day 

hence its period ____________________.  Increase  Decrease  Remain same  Zero  Increase

Period of Simple Harmonic Motion is independent 

of _____________________ .  amplitude  phase   period  oscillation  amplitude

Period of Simple Harmonic Motion is the root of 

___________________ at unit distance from the 

origin.  amplitude  velocity  Acceleration  phase  Acceleration

The velocity of Simple Harmonic Motion is zero 

when _________________.  x =a  x = -a  x =a and x = -a  x =a or x= -a  x =a or x= -a

Frequency is the reciprocal of the 

_________________________.  velocity  amplitude  period  phase  period

If ξ =________________ the path of Simple 

Harmonic Motion becomes circle.  π  π/2 0  ∞  π/2

 If ξ = ___________________ the path f Simple 

Harmonic Motion becomes a straight line.  π  π/2 0  ∞  π
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The resultant motion of two Simple Harmonic 

Motion of same period along perpendicular is an 

_______________________.  circle  ellipse  straight line  parabola  ellipse

Simple pendulum is an example of 

____________________.  amplitude  velocity  simple harmnic motion impact  simple harmnic motion

Simple pendulum motion takes place in 

______________________.  horizontal plane  vertical plane  along the plane  perpendicular t the plane vertical plane

In seconds pendulum if 'g' is in foot per second units 

then the unit f l is _____________ .  feet  Second  cm  foot per second  feet
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UNIT-V 

Hamilton Jacobi Theory: Hamilton Jacobi equations for Hamilton’s principle function – 

Harmonic oscillator problem - Hamilton Jacobi equation for Hamilton’s characteristic function 

– Separation of variables in the Hamilton-Jacobi equation. 
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POSSIBLE QUESTIONS 

 

Part B (6 Marks) 

 

1. Derive Hamilton Jacobi equation from Hamilton’s characteristic function 

2. Explain the physical significance of Hamilton Jacobi equation 

3. Derive Jacobi’s theorem 

4. Derive kepler’s problem solution by Hamilton Jacobi method 

5. Derive the separation of variables in the Hamilton Jacobi equation 

 

Part C (10 Marks) 

 

1. Derive Harmonic oscillator problem by Hamilton Jacobi method 

2. Derive Hamilton Jacobi equation from Hamilton’s characteristic function 

3. Derive the Lagrange’s equation from Hamilton’s principle for holonomic system 
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Question Opt 1 Opt 2 Opt 3 Opt 4 Answer

A _______________________ is a position of 

Possible Questions                               

KARPAGAM ACADEMY OF HIGHER EDUCATION

(Deemed to be University Established Under Section 3 of UGC Act 1956)

Pollachi Main Road, Eachanari (Po),

Coimbatore –641 021                                                                                                                                                                                            

       Subject: Mechanics                                                                                                                                          Subject Code:19MMP106

       Class   : I - M.Sc. Mathematics                                                                                                                       Semester      : I

Unit V                                                                                                                                                       

Part A (20x1=20 Marks)                                                                                                                  

(Question Nos. 1 to 20 Online Examinations)

A _______________________ is a position of 

matter occupying finite space.  Impact  Body  Momentum  Elastic body  Body

A body is said to be ________________ if it 

remains in its original position after the removal of 

deforming forces.  Direct Impact  Oblique impact  impact  Elastic  Elastic

The common normal at the point of contact is called 

_________________.  Direct Impact  Oblique impact  line of impact  Elastic  line of impact

In case of two spheres the ___________________ 

is the line joining their centre.  Direct Impact  Oblique impact  line of impact  Impulsive  line of impact

Two bodies is said to _________________ if the 

motion after impact of both the bodies is along the 

common normal.  Direct Impact  Oblique impact  line of impact  Impulsive  Direct Impact

Two bodies is said to _________________ if the 

motion after impact of atleast one of the body is not 

along the common normal.  Direct Impact  Oblique impact  Impulsive  impact  Oblique impact

A force of large magnitude acting for a very short 

interval time is called an 

______________________.  central force  Colinear force  Impulsive force  Circular force  Impulsive force
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________________ is always measured by its 

impulse.  Impulsive force  Colinear force  Central force  Circular force  Impulsive force

Forward momentum of the shot = 

________________________ of the gun.

 Forward 

momentum

 Backward 

momentum

 equal 

momentum  Both a and b

 Backward 

momentum

The principle of conservation of linear momentum 

applies along the ___________________.  Direct Impact  Oblique impact  line of impact  Impulsive  line of impact

Two bodies when they strike against each other are 

said to _________________.  Elastic  Implinge  line of impact  Pressure  Implinge

The impact of elastic bodies, the bodies are 

______________________.  smooth  rough  perfectly smooth  perfectly rough  smooth

Elastic spheres and the mutual action between them 

is along the ____________________.  line of action  line of force  line of centres  line of impact  line of centres

 Two bodies are said to implinge directly on each 

other then the impact is called 

____________________.  Direct Impact  Oblique impact  line of impact  Impulsive  Direct Impact

 Two bodies are said to implinge obliquely on each  Two bodies are said to implinge obliquely on each 

other then the impact is called 

____________________.  Direct Impact  Oblique impact  line of impact  Impulsive  Oblique impact

In ___________________ the direction of motion is 

along the common normal at the point of contact.  Direct Impact  Oblique impact  line of impact  Impulsive  Direct Impact

In __________________________ the direction of 

motion is opposite to the direction of the impact.  Direct Impact  Oblique impact  Elastic body  Impact  Oblique impact

In smooth spheres the horizontal components of the 

velocity beffore and after impact are 

__________________.  same  opposite  perpendicular  parallel  same

In a triangle, α + β + Ƴ = 90 then tan α tan β  + tan 

β tan Ƴ + tan Ƴ tan  α = ________________. 1  π  π/2 0 0

In a triangle, α + β + Ƴ = 90 then tan α / tan β is    

________________. 1 0  e  ∞  e

If e = 1 then the sphere is ________________.  smooth  perfectly smoth  Elastic  perfectly elastic  perfectly elastic
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If e=0 then the sphere is in 

________________________.  smooth  perfectly smoth  Elastic  perfectly elastic  Elastic 

The formula for velocity of rebound is 

_____________________.

 e x velocity of 

impinge

 e/ velocity of 

impinge

 e + velocity of 

impinge

 e - velocity of 

impinge

 e x velocity of 

impinge

The formula for height accended is 

______________________.

 vertical velocity 

x 2g

 vertical 

velocity/ 2g

 Vertical velocity 

+ 2g

 vertical veloocity - 

2g  vertical velocity/ 2g

__________________________ of a shot = 

Backward mmentum of a gun.

 Forward 

momentum

 Backward 

momentum

 equal 

momentum  Both a and b  Forward momentum

A body is a position of ________________ 

occupying finite space.  weight  mass  matter  velocity  matter

Two bodies are said to implinge directly if the 

motion after impact of both the bodies is 

________________ the common normal.  along  not along  parallel to  Perpendicular  along

Two bodies are said to implinge obliquely if the 

motion after impact of both the bodies is 

________________ the common normal.  along  not along  parallel to  Perpendicular  not along________________ the common normal.  along  not along  parallel to  Perpendicular  not along

The impulse of F is given by  Ft =  

_____________________.  mv x mu  mv/mu  mv+ mu  mv - mu  mv - mu

The impulse of a force is measured by the 

____________________ change.  Force  velocity  momentum  weight  momentum

Any momentum generated to the gun in the 

perpendicular direction to that of recoil is 

neutralised by the __________________.  Impulsive force

 Impulsive 

pressure

 impulsive 

momentum  impulse  Impulsive pressure

Forward momentum of the ___________________ 

= Backward momentum of the gun.  shot  pressure  gun  force  shot

Forward momentum of the shot = Backward 

momentum of the __________________.  shot  pressure  gun  force  gun

The momentum destroyed  per unit time is called 

the mean ______________________ on the 

surfaces.  Impulse

 Impulsive 

pressure  imjpulsive force

 impulsive 

momentum  Impulsive pressure

If the two spheres are equal and perfectly elastic  

then they interchange their __________________ 

after impact.  force  pressure  velocity  momentum  velocity
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There is a loss of kinetic energy due to 

___________________.  Direct Impact  Oblique impact  Elastic body  Impact  Direct Impact

In oblique impact e= _____________ for inelastic 

bodies. 0 1 2  ∞ 0

e is called the ___________________

 coefficient of 

friction

 coefficient of 

restitution  eccentricity  latus rectum

 coefficient of 

restitution

In oblique impact e= _____________ for perfectly 

elastic bodies. 0 1 2  ∞ 1

__________________ is called the coefficient f 

restitution.  x   a  e  u  e

In oblique impact e= 0 for _________________ 

bodies.  elastic  perfectly elastic  smooth  inelastic  inelastic

In oblique impact e =1  for 

___________________bodies.  elastic  perfectly elastic  smooth  inelastic  perfectly elastic

There is a loss of _______________ due to direct 

impact.  kinetic energy  Impulse  pressure  force  kinetic energyimpact.  kinetic energy  Impulse  pressure  force  kinetic energy
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