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Attempt all questions. Start a new answer on a fresh page. All parts of one question
should be answered in one place only. Write question no. on the top of every page.

Planck's constant, h = 6.63 X 10-34 J-s, speed of light, c = 3.0 X 108 mis, mass of electron,
me = 9.1 x 10-31 kg, charge of electron, e = 1.6 x 10-19 C , 1 eV= 1.6 x 10-19 J.

Q 1 a) A Cadmium red spectral line has maximum intensity, Imax, at wavelength 643.847 nm.
The intensity falls to a value Imax/2 at wavelengths 643.84752 nm and 643.84648 nm. Estimate
the coherence length of this Cadmium source. [3]
Q 1 b) A beam of white light is normally incident on a transparent plate of refractive index 1.575
and thickness 0.5 x 10-6 m. What wavelengths lying within the limits of the visible spectrum
(400 - 700 nm) will be attenuated most in the transmitted beam? [4]
Q 1 c) An ideal Young's double slit (i.e. identical slits with negligible slit width) is illuminated
with a source having two wavelengths, Al = 418.6 nm and A2 = 421.4 nm. In the source the
intensity at Al is double of that at A2. Determine the visibility of fringes near order m = 0 and
near order m = 75 on the screen. [Visibility = (Imax - Imin)/(Imax + Imin)]. [5]
Q 1 d) A Fabry-Perot interferometer is used to obtain circular fringes using a monochromatic
source. The separation between the mirrors is d = 6 mm. By moving one of the mirrors by 0.03
mm it has been found that 100 fringes cross the field of view. If the coefficient of amplitude
reflection, r , of the the mirrors is 0.734, find the minimum wavelength separation (near the source
wavelength) which could be resolved by the above interferometer. [6]

Q 2 a) A double slit has individual slit width b = 5.74 us«. The separation between the centres
of the slits is d = 22.96 tun. A monochromatic light of wavelength A = 0.6 ust: and intensity 1
unit falls normally on this double slit. Draw a neat Fraunhofer intensity pattern as function of
diffraction angle, e, showing the qualitative and quantitative details, i.e. the peaks inside the
primary and first secondary lobes, their positions and intensities.(No graph paper required.) [5]
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Q 2 b) A plane monochromatic light wave of intensity 10 and wavelength 0.64{Lm along the +z
axis is normally incident on an aperture placed at z = 0 plane with its centre, P, at origin. The
aperture, as shown in the Fig 1, has three concentric zones with radii Tl = 0.4 mm, T2 = ..J2 "i

and T3 = J3 Tl. The inner opaque part is made of two semicircles of radius Tl and T2 with their
centres coinciding at P. Only the white part captured between the shaded regions is open. Find
the intensity on the z axis at z = 0.5 m from the origin. [5]
Q 2 c) Calculate the parameter f3 = ttb sin e/).. for the first and the second secondary maxima
in a single slit Fraunhofer diffraction and hence find the ratio of their intensities (see Fig 2). [5]

Q 3 a) A prism ABCD is made of Iceland spar (no> ne) as shown in Fig 3. The optic axis
on the left half (prism ABC) is parallel to the plane of the paper and parallel to AB. In the
right half (prism ACD) the optic axis is also parallel to plane of the paper but perpendicular
to the optic axis of the left prism. The side DC is parallel to the side AB. An unpolarised ray
of light is incident normally on the surface AB. Complete the ray diagram showing appropriate
wave-surfaces inside the crystal with proper polarisations of rays. (N 0 graph paper required.) [5]
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Q 3 b) A monochromatic light with circular polarisation falls normally on a quarter wave plate
cut parallel to the optic axis as shown in Fig 4. Behind the plate there is a polaroid sheet whose
pass-axis is perpendicular to the optic axis of the plate as shown in the same figure. Calculate
the intensity of light transmitted by the polaroid sheet. [4]

Q 4 a) Find the kinetic energy of an electron, for which its Compton and de Broglie wavelengths
are the same. Take rest mass energy of the electron as 0.51 MeV. [4]
Q 4 b) Estimate approximately the least energy of an electron confined in a box of 0.62 nm
length by uncertainty principle, D..xD..p ,.....,Ii. [4]
Q 4 c) Check whether the operator - d~ is Hermitian or not. [2]
Q 4 d) A system has three normalised energy eigenstates '1Pl, 'l/J2 and 'l/J3 with eigenvalues 1,4
and 9 units, respectively. The system is found to be in the following linear combination of the
above eigenstates, 'l/J = ~'l/Jl - -J:i'l/J2 - ~'l/J3.

(i) What is the expectation value of the energy for this state? [3]
(ii) What is the probability of obtaining energy equal to 4 units when an energy measurement

is made on this system? [2]
Q 4 e) Calculate the commutator [xy, Lz]. ([x,Px] = [Y'Pv] = in; [x, y] = [x,Pv] = [Px'Pv] = 0,
etc .. , where Px and Pv are the momenta along x and y directions respectively and L; is the
component of angular momentum along z direction.) [3]
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