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Q.1. Encircle the right answer, cutting and overwriting is not allowed. (1x10=10)

(i) The degree of freedom of a two baticles system moviné freely in space is
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(ii) Hamiltonan of a system describes its

(a) time evolution
(b) space evolution
(c) state

(d) constraints
(iii) The brachistochorone problem is the

(a) least area problem

(b) least distance problem

(c) least time problem

(d) least energy problem
(iv) If the Lagrangian does not involve a particular coordinate ¢; such coordinate is
called

(a) Angle coordinate.

(b) Ficticious coordinate

(¢) Complete coordinate

(d) Cyclic coordinate.

(v) Equation of conics r = Tresss draws a parabola when
(a) e=1

(b) e>1

{c) e<1

(@) e=0 L
P.T.O.



(vi) The canonical transformations preserve

(
(

a) Lagrange equations

)
b) Hamilton’s equations
(c) Poisson equations

)

(d) None

(vil) The shortest distance between two points on a curved surface is

a) a straight line

(a)

‘(b) a geodesic

(c) atangent
)

(d) a semi-circle
(viii) If the Lagrangian is cyclic in g; , then:

(a) p: is not conserved.
(b) p; is conserved.
(c) ¢: appeers in the Lagrangian
\
J

(d) ¢; does not appear in the Lagrangian
(ix) Scleronomous constraints have

a) explicit time dependence

(a)
(b) no explicit time dependence
(c) explicit force dependence

)

(d) no explicit force dependence
(x) Kepler’s second Law of planetry motion directly follows from

(a) Conservation of linear momentum
(b) Conservation of angular momentum
(c) Homogeniety of time

(d) Homogeneity of space
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Show explicitly that
o _O% )
0gi 94 :

where x = x(q1,92, -+ »qns 1)

)

State Hamilton’s principle of least action and use it to derive

agony oL
dt \ 0¢; 8q¢;

If L is a Lagrangian for a system of n degrees of freedom satisfying Lagrange equation
of motion, show by direct substitution that )

' - d X
L'=1L~+ EF(C]I: i t),

also satisfies the Lagrange’s equation of motion where F' is an arbitrary differentiable
function of its argument.

Consider a one parameter family of transformations )
gi(t) = Qi(s, 1) seR

such that Q;(0,t) = ¢;(t). Show that if the Lagrangian is invariant under this transfor-
mation, then there exists a conserved quantity (Noether’s Theorem) -

;. Consider the motion of a particle in a central force field (10)
k ’
Vir)=—-.
(r) = -~

Write down the Lagrangian in polar coordinates and integrate the equation of motion

to derive ! dr
O(r) = & +constant,

ko2
2, [2p =
' \/“ <E+T 2/”2>

P.T.O.



where E is the total energy and [ is the angular momentum. Now change variables as

l . . . .
u = — to derive the equation of a conic section
T

o
— =1+ ecosh.
r

. (a) Show that the transformation )
g = PQ°
1
P = =
Q
is canonical and also show that the corresponding generating function is
q
F==
Q

(b) Find the force law for a central force field that allows a particle to move ina
logarithmic spiral orbit given by )

r = kexp(ab)

where k and « are constants

. (a) Show that, if a transformation from (g,p) to (@, P) be canonical then the bilinear

form

S (6pdas — basdpy), ©)

is invariant under the canonical transformation.

(b) Show that the equation of a curve for which surface area is minimum is a catenary _

y—b ®)

z = acosh

where a and b are constants.
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