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Answer any TEN Questions, Each Question Carries 10 Marks (10x10=100 Marks)

Q1 (a) Two coherent waves of equal amplitude A = 5 units interfere at a point. The phase
difference between them is n/3. Calculate the resultant amplitude and intensity at the
point of interference.

(b) In a Young’s Double Slit Experiment, the slits are separated by a distance d = 0.3 inm.
and the screen is placed 1.5 m away from the slits. The experiment is illuminated b
monochromatic light of wavelength A = 600 nm. Calculate the fringe width (distance
between two adjacent bright fringes) on the screen. (10 M) ]

Q2 A thin film of oil (rzfracuv: index n; = 1.45) floats on 1op of water (refractive index n-
}-33:).Tb05}’5lﬂfn1?lulﬂﬂmﬂtﬂd_ﬁﬁmﬂh?\i:bymmmmic light of wavelength 600 nm
ma:raln.orn{al mmdmce.What!sﬂlcmmmnun-mﬂﬂckncss of the oil film such that
constructive interference occurs in the reflected light? (10 M)

Q3  In a single-slit diffraction experiment, monochromatic light of wavelength ). = 500 nn
incident normally on a slit of width 4= 0.25 mm. The diffraction pattern is observed on 2
screen placed 2.0 m HW_ﬂrﬁ‘Uf!llh”ht- (8) Caleulate the angular positions 0 of the first and
second minima in tht diffraction pattmand (b) Determine the linear distance on the < reen
from the central maximum to the first minimum. (10 M)

A ground-based optical telescope has an aperture of diameter 1.2 m. [t is used 10 ohoor .
Q4 mmmiuing]igbtﬂfwnvﬁlﬁﬂﬂhl'550mlmﬂ&distancc of 3.6x10'* m (about
) from Earth. (a) Calculate the angular resolution |imir (minimum angula;

3.8 light-years ;

ﬂ.?lm 9#) of the mlmpg and (b} Determine the minimum linear separation betweer
;Fm;:mﬁnm)mmbemulvadbyﬂﬁltelﬂmwntthmdismmu (10 M)

. - 9}1!,{10"” kg'(mm of an ﬂ!'mmﬁ 18 confined within a one-

Q5 A particle ﬂmﬂdﬂa 1.0%107% m (approximate size of a hydrogen atom) (1) Estimate

mmﬂj in the momentum of the electron and (b) Estimate the minimum

rmoglwmdmgth the electron can have in this region. (10 M)
ve medium is formed by superposition of two waves with slightly

o mmt w,;“m;hwmw 1 with & = 1.00 jum and frequency fi=3.00<10% Hz. Waye 2
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- . 1441 .
with a wavelength Ay = 1,02 pm and frequency f2 = 2.94x107 Hz. (a) Calculute e
velocity of each wave and (b) Calculate the group velocity of wave packet. (10 M)

I"‘h NS¢

D infinite polcnliul well (box) of width 1.0x10 'O (a)

(in eV) between the first and third energy levels and (b) 1f
to first excited state, what is the

An electron is confined in a |

Calculate the energy difference . |
the electron makes a (ransition from third excited state

wavelength of the emitted photon? (10 M)

A silicon sample is doped with phosphorus (a donor)toa concentration of Np = 5x1 0"’ cm
The intrinsic carrier concentration of silicon at 300 K is nj = 1.5%x10"% ¢m ™. Assuming
complete ionization and that the offective density of states in the conduction band is N¢ =
2.8x10" em %, Calculate: (a) The electron concentration ‘n’ in the conduction band and (b)
The Fermi level position Er relative to the conduction band edge Ec. (10 M)

3

A silicon sample is studied under two conditions: Case 1: Intrinsic: At 300 K, the intrinsic
carrier concentration ni = 1.5x10' em ™, Case 2: Extrinsic: The same silicon is doped with
donor atoms to a concentration Np = 1x10'¢ cm™, If the electron mobility and hole mobility
are l.lu='13‘50 cnfﬁfs and pp, = 480 cm?/Vs, respectively (a) Calculate the electrical
conductivity uf" l_ntnnsic silicon at 300 K and (b) Calculate the electrical conductivity of the
n-type doped silicon. (10 M) |

A solar cell under standard test conditions (irradiance = 1000 W/m?, temperature 25 ()

h < " " " "
as open-circuit voltage 0.6 V, short-circuit current 3.5 A, fill-factor 0.75 and arca 100 ¢

(a) Calculate the maximum output pow
_ power of the solar cell, (b) Cal » the i @
received by the cell and (¢) Determine the efficiency of the sgar) c:lfl](l;llillLM[];L o

% , : .
body-centered cubic (BCC) iron crystal contains two atoms per unit cell. The density of

atoms per unit volume (in atoms/m”) and (b) Calcul :
units of A/m. (10 M) ) ate the saturation magnetization Ms in

A paramagnetic material follows the Curie-Weiss law, which relates magnet;

710 tfmpcramrc T as: 3= C/(T-0), where C is the Curie constant and 0 A8NeEtic susceptibility
(Curie tempcmmrc)._ For a sample of material with C = 0.9 K, anq els the Weiss constant
variation of magnetic susceptibility x with temperature in the range ;2_0 K. (a) Plot the
(Assume a step of 25 K) and (b) Determine the temperature at whizch tl; 25K to 100 K
becomes 0.018. (10 M) ® Susceptibility |



