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Question No.1 is  colnpulsory. Answer a:ny flour Of the remaining ftye. Use of non-

programmable scientif ii c calculator is allowed.

Q[1. Attempt any si]c questions.. (6 x 3 - 18)

(a)    Define a plasma and write down the appropriate conditions to qualify a gas to be a

plasma.

(b)    Discuss the concept ofinertial confinement fusion (ICF).

(c)     Explain the role of the ionosphere in long-distance radio wave communication.

(d)    A proton enters a uniform magnetic field 8 = 0.5 T with a velocity v = 2xl06 in/s

pexpendicular to the fleld. Calculate its Larmor radius (7-i) and cyclotron frequency

(coc).

(e)     What is the plasma coupling parameter (A)? Write its expression in terms ofDebye

length and particle density.

(I)     What is a magnetic mirror? Write the condition for a particle trapping in a magnetic

mirror.

(g)     What is the saha ionization formula and discuss its significance in plasmas.

Q2. (a) Derive the Debye shielding potential around a test charge in.a plasma. Show that the
I         electric potential decreases exponentially in the Debye sphere. Discuss the physical

significance ofDebye shielding for collective plasma behavior.                               (10)
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® Define plasma resistivity and electrical conductivity. For a plasma with electron-ion

collision frequency, vei = 109 s-I and electron density, ne = 1019 in-3, calculate the

electricalconductivity.Explainthatthehi8h-temperatureplasmaisagoodconductor.

(8)

Q3. (a) Using single particle orbit theory, derive the expression for grad-B drift of an

electron  in  a non-uniform magnetic  field.  Discuss  the  direction  of drifts  for

electrous and ious, and the role of this drift in plasma confinement.                (10)

a)     A proton moves in a magnetic mirror with mirror ratio, RM = Bmax / Bmin = 5. (i)

Calculate the loss-cone half-angle.  (ii)  If the proton's initial pitch angle at the

midplane is 30°, determine whether it is confined.                                                   (8)

Q4. (a) Derive the expression for diamagnetic drift from the fluid description of plasma.

How does a pressure gradient in a plasma column drive this drift?                  (10)

a)Describelaserablationasaplasmaapplication.Howislaserablationusedinthin-

film deposition and industrial plasma processing?                                                      (8)

Q5.   (a)  Using a neat diagram, explain the mechanism of plasma electron oscillations.

Suppose the electron plasma waves  of frequency  1  GHz are propngating in a uniform

plasma with electron temperature 100 ev and density 10]6 in-3. Find the wavelength of

the wave.                                                                                                                                          (10)

a)Comparethedispersioncurvesforelectronplasmawavesandionacousticwaves

using dispersion relations and approximations.                                                              (8)

Q6. (a) Starting from Maxwell's equations and the equation of motion for electrous,

derive the dispersion relation for electromagnetic waves propagating in an

urmagnetized plasma. Show the existence of a cutoff frequency and the role of

cop.                                                                                                                                                                         (12)

@) In a plasma with electron temperature, Te = 8 ev and ion temperature, Ti = 1 ev,

the ious are singly ionized argon (mAr = 6.68x 10-26 kg). The adiabatic index for

ious is yi = 3 and assume isothermal electrous (ye = 1). Calculate the ion acoustic

speed.                                                                                                                                        (6)

Phvsical Coustants

go  =  8.85xl0-12  F/in,  pe  =  47txl0-7  H/in,    c  =  3xl08  in/s,  kB  =  1.38xl0-23  Jnl  me  =

9.1 x 10-31 kg, e = 1 .6x|0-19 C,  1  ev = 1.6x 10-ro J, h = 6.63x 10-34 J.s, Mass Qfproton, mp

=1.67x10-27kg,Deuteronmass,md=3.34x10-27kg,Atomicmassunit=1.66x10-27kg.

(300)


