Department of Plivsies, T, Delhi
PHL11O: Fiekis and waves

Major Exanination

All Questions are compulzory
You must define all symbols (other than stated in the cuestions) and state
known results which von use.
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'ull Marks: 40 Time: 2 MHours

Use:ful Physical constanty:
L0~ Coulondy, 1oy — GU2 « 107 0., = 9109 % 10~ Kg,
o = 6G.58 = 10 ey, Or, = 1064 % 107 J.3
£0= 880 > 102 Py gy = du = 1077 NIAL =3.0x10¢ m/fs
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l"yx'/chﬂrg(- g e unilormdy Qstobuded over
pomt ehacec gy is placed s dhe conter of e <

[orees in thee expansion of 1

& couducting spherical shell of radius Ry, A

hell. Find the work done by the electrostatic
cshiell v rudine Joo > Ky 1)

(b} A long cylindvical magnien of lengt i £oand rodns

s iearries o usform inagnetization A
paradlel ty {te axis [t pas:

@ at eonstant velocity v thiiongh a civcular wire ring of slightly
lurger diameter, as shown in the ligure. Draw qualitative sraphs of the fux throngh the

ring and the emnf induced in the ting. ax o function of tirne, and explain them. (4)
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A point clurge ¢ s cmhedded st the center of a sphere of linear diele
with suseopiibihty v,

ctric material
anel rading 10 Caleulate the dectrie feld vector, the polarization
vecter and the bound charge density aca poing inside the spliere. What is the total bound
charge at the sarface?! (8)

3o £al A lone narrow sliv of widih b is covered by a (hin glass slide ‘of thickness ¢ and
refractive index 2, sueh that the glass slide covers half the elit {form Qo b /2).
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Show that the Fraunliofer diffraction patiern of the siit, when illnminated by a plane wave
of wavelength ), incident normally from one side of the slié, is given by

9 .
sl

1 - 1y cost (8 + ¢/2)

F . - 7
where ¢ is the angle that the dilfrctod wave makes with the normal to the slit, f = _’;—’\:,m,(f
and ¢ 15 Lhe phase difference aiduced by the plass slide. (4)

(b) Using the abave result. dras gualitatively the Frannhofer difftackion patterns for
t=0.6um and t = 1 2, with b = 50, n = 1.5 and the wavelength of light egnal to
600 noe. Mark the positions of the manna of the diflraction pattern in ench case. (1)

j Consider rne dimensional motion of a particle in the following potential:

Viz)= { 0 o<a<a,

oo clsewhere.

The normalized eigenfunctions and vhe corresponding eigenvalues {eigen-energies! for the
stationary states are, respectively: '

[2 nw o\ . R
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(d) Using these. show that (20) — (oF) = @t {or the n-th stationary state, where (-} stands
ior the cxpectation value of the quantity inside Lhe brackets.  (5)

‘(;,/J} Use the uncertainty relation between the position and the corresponding momentiumn

Lo compute the velocities of an electron, moving in a box of width a = 1075, and that
of 2 metallic sphere of muss 1 g, moving in a box of width 10 em. { you can use the values
AtA-200 MeV fm and m,e® = 05 MaV, whare A7l stands for megaclectronvolts and
frie stianeds Tor Temiometer (107" *m). (3}

@unsidcr a beam of electrons, with energy SeV, moving [rom —oo to the right. This
“beam is incident on a potential barrer of height Vg = 7eV (see the figure below)

E . B

(5eV) ——= Yo

0 ; A

Obtain oxpessions for the reflected and the transmitted amplitudes i terts of the -
dent mnplitude. Caleulate the reflection cocfficient () and the transmission cocfficient
T} and show that R+ T=1. (4+4)
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