CSIR-NET June 2019 (Solutions to some selected questions)

Q1:

. Two particles of masses m; and m, are
connected by a massless thread of length £ as
shown in figure below.
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The particle of mass m; on the plane
undergoes a circular motion with radius 7y
.and angular momentum L. When a small
radial displacement € (where € <1y ) is
applied, its radial coordinate is found to
oscillate about 75 . The frequency of the
oscillations is ;

1 7mag 2 7mag
2 (m1 +_";J.)r° : (my1+ma2)7o
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Ans:

Two mass points m; and mg (m1 # m2) are connected by a string of
length [ passing through a hole in a horizontal table. The string and mass
points move without friction with m, on the table and mg free to move in
a vertical line.

(a) What initial velocity must m; be given so that my; will remain
motionless a distance d below the surface of the table?

(b) If m. is slightly displaced in a vertical direction, small oscillations
ensue. Use Lagrange's equations to find the period of these oscillations.

(UC, Berkeley)




(a} m) must have a velocity v perpendicular to the string such that the
centripetal force on it is equal to the gravitational force on mg:

myv?
E_d _ng'!

v = fmz(l — d)g )
m)

{(b) Use a frame of polar coordinates fixed in the horizontal table as
shown in Fig. 2.19. my has z-coordinate —(I — r) and thus velocity 7. The
Lagrangian of the system is then

or

1 . : 1 .
L=T-V= §m1(r2 +r26%) + Emgrz + mag(l — 7).
Lagrange’s equations give
mlrzé = constant ,
(my + mg)¥ - maré? + meg =0 .
and the above equation becomes

3mag
(my + ma)(l - d)

p+ p=0.

Hence p oscillates about O, i.e. r oscillates about the value | — d, with

angular frequency
= 3msyg
V(i +m)(l-d)’
or period
T = or (m + mg)(l - d) ‘
\ 3mag
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Answer:
(Reference Question)

A particle of mass M, charge e, and spin zero moves in an attractive
potential k(z? + y* + 2%). Neglect relativistic effects.

(a) Find the three lowest energy levels Ey, E1, E2; in each case state
the degeneracy.

(b) Suppose the particle is perturbed by a small constant magnetic field
of magnitude B in the z direction. Considering only states with unper-
turbed energy E3, find the perturbations to the energy.

Reference Answer (Y. K. Lim)
(b) For a weak magnetic field B in the 2 direction, the perturbation
Hamiltonian is
eB .

’_—
= 2McL"

Then in spherical coordinates we have

eB
Enim = En; — m’;mﬁ:



where mh is the eigenvalue of L,. Thus the different degenerate states of
E; have perturbed energies:

Es90 = Eq
eB
Eo99 = Foo — — R
222 22 = 3= s
eB
= Flan —
Fa21 22 = Syt h,
Ea20 = Eq2
eB
Eoo_1=F h,
22-1 22 + Mo
eB

Eyq_ o = FE99 +—Hh.
22-2 22 MC

It is seen that the degeneracy is partially destroyed.
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