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Syllabus

II. Classical Mecchanics

Newton’s laws. Dynamical systems, Phase space dynamics, stability analysis. Central force motions.
Two body Collisions - scattering in laboratory and Centre of mass frames. Rigid body dynamics-
moment of inertia tensor. Non-inertial frames and pseudoforces. Variational principle. Generalized
coordinates. Lagrangian and Hamiltonian formalism and equations of motion. Conservation laws and
cyclic coordinates. Periodic motion: small oscillations, normal modes. Special theory of relativity-
Lorentz transformations, relativistic kinematics and mass—energy equivalence.

1I. Classical Mechanics

Dynamical systems, Phase space dynamics, stability analysis. Poisson brackets and canonical
transformations. Symmetry, invariance and Noether’s theorem. Hamilton-Jacobi theory.



Reference Books

N Concept of Physics (Vol I): H.C. Verma ( 12t g4 )
2. An Introduction to Mechanics: D. Kleppner and R. Kolenkow

¥ Classical Mechanics: J.C. Upadhyay / (ol - Koo

4. Classical Dynamics of Particles and Systems: Thornton and
Marion, (Cengage Learning, Singapore, 2004)
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LET’S START



PICTURE IS ALWAYS MOVE AROUND
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OLVING PROBLE

. ) a B

L Draw a diagram, if appropriate
O Write what you know, and what you are trying to find
U Solve things symbolically
U Check units/dimensions
QO Check limiting/special cases
U Check order of magnitude



PICTURE IS ALWAYS MOVE AROUND

The true test of understanding something

Q

(J Check units/dimensions
a



UNITS, DIMENSIONAL ANALYSIS

It won’t tell you that
your answer is definitely correct,
But

It might tell you that
your answer is definitely@



Let us discuss some problems



Ifthe task of a given problem is to find a certain time, which of the following quantities could be the answer?
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YAHow does the speed of waves in a fluid depend on its density. p. and “bulk
modulus.” B (which has units of pressure, which is force per area) ?

Sol U o j¢ >

() = [ M) ]

SN
pese P ‘a+b= O N

—3ca —b =

—2b =z -1 =2 b

-l Y. y - ?
ot PITBT @”Xv"‘j’f
S

whae K8 dim- Comstank .

hal

b

o

- -

\
"

pI-




i DR. DIPESH SATPATI,ISRO
, ASSOCIATE SPACE SCIENTIST|
SHA|iSF8 |NDIAN SPACE RESEARCH ORG

P S .
/l'Tle van der Waals’ equation of state for a gas is given by POST DOCTORAL RESEARCHER,‘|SCA

(P+%)(V—b)=RT

where P, V and T represent the pressure, volume and temperature respectively, and a and b are
constant parameters. At the critical point, where all the roots of the above cubic equation are

degenerate, the voluine is given by (CSIR-NET 2014) .
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P‘fd’ Using dimensional analysis, Planck defined a characteristic temperature 7, from powers of the gravitational

constant G, Planck’s constant A, Boltzmann constant &, and the speed of light ¢ in vacuum. The expression

for T, is proportional to
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Purk

The pressure P of a system of N particles contained in a volume V at a temperature T is

given by P =nk,T —%an +gbn > where n is the number density and a and b are

temperature independent constants. If the system exhibits a gas — liquid transition, the

critical temperature is C ﬂw%—«' )
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DRAWBACKS OF DIMENSIONAL ANALYSIS

CHECKING UNITS WON’T TELL YOU THAT
YOUR ANSWER IS DEFINITELY
CORRECT,

.




DRAWBACKS OF DIMENSIONAL ANALYSIS

*|t fails while using it to derive a relation among physical
quantities, if there are more than 3 unknown variables on
which a given physical quantity depends

*It does not tell whether a given Physical quantity is a scalar or
a vector.

*It does not tell us the value of constants involved

*It does not always tell us the exact FORM of a relation

*It cannot be used for deriving logarithmic, trigonometric or
exponential relations = aSn(wt-km

*A dimensionally correct equation may not always be the
correct relation. (Because there are more than one physical
qguantity having the same dimensions)



PICTURE IS ALWAYS MOVE AROUND

The true test of understanding something

U Check limiting/special cases



CHECK LIMITING/ SPECIAL CASES
MAKING APPROXIMATIONS

= |f you’re having trouble figuring out how a given
system/problem behaves, then you can figure out
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®»  Modifying the various parameters and observing the
effects on the system can lead to an enormous amount of
information

Let’s see some examples | m—)




g

particle of mass m moves in a central potential V(r)= —— in an elliptic orbit
-

r(49):M where 0 <@ <2rand a_and e denote the semi — major axis and
l1+ecos@'
eccentricity, respectively. If its total energy is £ = —?L, the maximum Kinetic energy is
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A body of mass m falls fromrest at a height “h’ under gravity (acceleration due to gravity g) through a dense
medium which provides a resistive force 7 — 4>, where k is a constant and v is the speed. It will hit the

ground with a kinetic energy
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" . . . . -
pAsma]l raindrop of mass mexperiences a viscous drag force F, =bv, proportional to its instantaneous speed

‘v’ Ifit starts fiomrest at a height b, its speed after a time t’ is

(@) v(t) =“—b1g-tmm(5] (1) v(t) = D& g-tr/m
m b
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P/'ﬁbA particle slides on the mside surface of a fiictionless cone. The cone is fixed withits tip on the ground and its
axis vertical. as shown i the figure on the right. The senu-vertex angle ofthe cone is ¢ . Ifthe particle moves
ma circle ofradius 7. without slipping downwards. the angular frequency ¢ of this motion will be
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? /‘ u:\ very longrod rotates about a pivot with a constant angular velocity o . Abead is constramed to slide along
the rod without friction. At time t = 0, the bead 1s at rest a distance d away from the pivot. Its distance 1(t) from
the pivot at time t 1
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Thank you



