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[PART-B : Descrigtive]

Time : 2 hrs. 40 min. Marks : 50

[ Answer question no.1 & any four (4) from the rest |

1. a.Find P;(x). The Legendre polynomial P;(x) is defined by the 5+5=10
t
Rodrigues formulaP;(x) = é(ﬁ) (x2 - 1)L
b.Derive an expression for E x B drift velocity for the motion of non-

relativistic charged particles in presence of crossed electric (£) and

magnetic (B) fields which are constant in time and uniform in
space.

2. a.Write down the (real) electric and magnetic fields for a S+a+l
monochromatic plane wave of amplitude E,, frequency w, and
phase angle zero that is traveling in the direction from the origin to
the point (1,1,1), with polarization parallel to the x — z direction.

Give the explicit Cartesian components of k and .

b.Derive an expression for the Debye shielding length of a typical
plasma system. E

¢. What do you mean by pinch effect in plasma?

3. a. A sphere of radius R, centered at the origin, carries charge density 2+2+6
R
ofT; 0)I=" ) (R — 2r)sin@,

Where k is a constant, and 7, € are the usual spherical coordinates.
Find the approximate potential for points on the z axis, far from the

sphere. [Help: V(7) = tz;:oﬁf@")"l’n(cos 0)p (T) dr’. ]

4. The potentials for a particular charge and current distributions are d+4+2
“”k . SINZD S 5
V=0 e ?C—(Lf'—l.\l) 2 e fonlxls<sict
0 for |x]| > ct

1

Where k is a constant and ¢ = —.
v EoHo

. 3 ¥ - dA
a. Find the electric and magnetic fields. |E = VV — )—l]
b.Show that the computed electric and magnetic fields satisty the

Maxwell’s equations.

c. What are the charge and current densities?
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a. The potential V,(8) = k sin® (%) is specified on the surface of a il

hollow sphere, of radius R. Find the potential inside the sphere.
[Hint: V(r,8) = X%, (A, + i) P,(cos @), think about the origin,

rit1
which factor is going to blow up. Try to write down the potential

in terms of the Legendre polynomials and then equate.]

b. The potential V,,(8) is again specified on the surface of a sphere of
radius R. Find the potential outside the sphere, assuming that no
charge is there.

a. In a magnetic mirror, the trajectory of a charged particle makes an 8+2=10
angle 8, with the magnetic field line. Show that the mirror ratio
R, is given by
1 _ By 3
e sin? @,,,.
Here Byis the strength of the magnetic field at the centre and By, is the
strength of the magnetic field at the throat of the magnetic mirror

system.

b. A plasma with an isotropic velocity distribution is placed in a
magnetic mirror trap with mirror ratio R, = 2. Find the value of
pitch angle 6,,.

Show that the dispersion relation for electron plasma wave is given 10
by

3
w? = w? + ;KBZ v3,.

Hence demonstrate the graphical representation of the variation of
plasma frequency w with wave vector k. (symbols have their usual
meanings )

Starting from the electromagnetic field tensor F*¥, derive Maxwell’s 10
first and third equations.
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