Candidate

[ cSM—54/22

must not
PHYSICS wite an
-ap— this margin.
aeld QR
PAPER—I

\.

Time : 3 Hours
AL N ALl

Full Marks : 250
Qe a8l : 980

The figures in the right-hand margin indicate marks.
gg99e 91216 966 96N 99Q QIR Q4 |

Candidates should attempt any 10 (ten) questions of
GROUP—A with word limit of 250 words and should
attempt any 5 (five) questions from GROUP—B
with word limit of 300 words.

aaIBIE19169 GROUP—A Q 696@16d @oG gga aaq 980 48
(1160 99° GROUP—B q 696@16d 8C gga Qe
Moo §& FIER AT QYER |

GROUP—A

1. (@) Explain the characteristics of Coriolis force. What role does it
play in atmospheric air flow pattern? 8

Coriolis force @ 9¢l Qdal @a | QNENa Qg L wIglea 1Ll 6QR
giial 512 @6Q?
(b) Describe the motion of Foucault pendulum. 7

Foucault pendulum @ 6@ Q4€el @Q |

2. (a) If you walk directly towards a plane mirror at a speed v, at what
speed does your image approach you? 3

AGQ6A v desa JXIARY AFER @4 ALY CIR, 6969 QF gOad 6aa
69616Q QF1 ARCR 216Q?
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(b)

(c)

(@)

(b)

. (a)

(b)

Suppose you cut away lower two-thirds of a lens. Is an image

still formed? Why or why not? 4

16999, Q67 695N lens @ YRYGIAIE QT coml QAT 9@ goed

Q00 62198 @7 AIRR AR QLR Q6L?

Explain the lasing principle and working of a three-level LASER.
8

Lasing principle 49° 4@ 372619 LASER @ QIFY Q4I¢l @8 |

“There is no fundamental distinction between interference and
diffraction.” Explain. Can sound waves undergo diffraction around
an edge? 6+2=8
Interference 49° diffraction ¢1RIEQ 6163 6F1AG QLY QL | QUIGYI
QA | 6916d 37 G Y@ UIRAER IAURR 62IRAIR?

What are constraints? How many types of constraint are there?
Give one example for each. 7

J09R9gRe 9617 6960 JRINA? J60R AR 6515~ 6RSIN QAQI2ad @2 |

Explain Rutherford scattering. Suppose you repeat the same
experiment using a thin sheet of solid hydrogen in place of gold
foil. What would you observe? 5+3=8

Rutherford scattering Q@960 QI¢l @Q | UQIARQ Q6¢1 gold foil
QIF6Q solid hydrogen 9@ 46 QLR 28 AR 28@ | Q671 @4
adieQnd @aQ?

During a spaceflight to a distant star, an astronaut and her
twin brother on the earth send radio signals to each other at
annual intervals. What is the frequency of the radio signal each

twin receives from the other during the flight to the star if the
astronaut is moving at v = 0-8 c?

What is the frequency during the return flight at the same
speed? 7

@ distant star @ 9@ spaceflight 9166 K66l FIRINIFIQAT 9Q° FEMER
QIFa RPN AR ATR MNIFER UG 6023 RN A0Id | 9T
ARIRIESIAN v = 0-8 c 6Q IORAE 6062 star 1YY VRIS ANAER YERIR
QIZIRI AMOIG G126 FQA 6983 AEFER frequency 69697

dele 6966Q return flight AALEQ frequency @617
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. (a)

(b)

An unstable particle of mass M decays into two particles with

masses m, and m,, respectively. Using conservation of energy-

momentum principle, find the kinetic energy of m,. 8
Mass MQ 9@ 239 @8l QIFEA masses m 99° m, 426 QA6 *§I6a
89, 29| 88 90 G159 A" LA @R m, | G0 93 ALIQ @A |

Show that four-velocity vector is orthogonal to four-acceleration
vector. T

Qdl2 6g four-velocity vector four-acceleration vector 9@
orthogonal 6% |

. Explain the method of images procedure. A point charge is placed

in front of a grounded conducting sphere. Find the potential at any

point P(r,8) outside the sphere, using method of images. 5+10=15

goeed gainia a8t Qe @& | 99 grounded conducting sphere AFS6Q
9@ point charge Q¥IQIAE | O20Q 960 MNALIQ @6, 68Q LR 6d
6@l6Id P(r,0) 6Q potential & AVIR @A |

. (a)

(b)

. (a)

(b)

Describe the qualitative nature of solutions x(t) of a damped
oscillator mx+ bx+kx = 0. 8

@ damped oscillator mx+bx+kx =0 Q QARIL x(t) @ IR QG
Qdol 9 |

Explain how Maxwell fixed Ampere’s law with the introduction
of ‘displacement current’ term. 7

‘Displacement current’ term Q QQGSG‘ 42 Maxwell Ampere’s law @
@08 90 Qem QI8 9Q |

Explain the principle of transformer in detail. 8

Transformer Q principle § 990 I6Q I FQ |

Which of Maxwell’s equations explain how a credit card reader
works? What would happen if the card was not swiped, but just
sat motionless in the reader’s slot? 7

Maxwell @ 4A1@QE ¢1Ig 6@@6 4R credit card reader QI€Y QaQIq
QY REQ? UG card swip 62IQ @ N, @9 6@AR AORT slot 6Q
06217 62IR 923, 6061 @8 6297
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10.

11.

12.

(@)

(b)

(b)

(@)

(b)

(b)

Explain the terms (i) skin depth and (ii) Brewster’s angle.
4+4=8

QIS @R (i) 9FQ GR1QD! (i) Brewster & 6911 |

A directional loudspeaker aims a sound wave of wavelength A
at a wall. At what distance from the wall could you stand and
hear no sound at all? 7

9@ directional loudspeaker @268 GG 6IEIQ U@ R GATXY AW
@6Q | RIRR 6760 YABIER @6 D2l 621R 2I6A IR 4IRS FI@ |

Starting from four Maxwell equations obtain the wave equation
—

for vector potential A. 8

Maxwell & SI6QIT ARG 2R @8 vector potential A QIR wave

equation 49 @o |

Describe the P-V diagram for Otto cycle and diesel cycle. rd
Otto cycle 99° diesel cycle QIR P-V diagram 949l @Q |
Explain the characteristics of isobaric, isothermal and adiabatic

processes through P-V diagram for constant amount of an ideal
gas. 8

@ ideal gas @ constant amount ai P-V 5@ ¢lIRIFI6R 9% isobaric,
isothermal and adiabatic g§2IQ gé €a! @Q |

Despite being the most common element in the Universe, there
is hardly any hydrogen in the Earth’s atmosphere. Why? 7
Universe 6@ 4019 dRIIQ€ QUIQI? 6RIRZEM (& JEMA QUGS
6@l61d hydrogen QP | QIPR?

What is Joule-Kelvin effect? Explain using a diagram. How does
one liquefy gases? 8
Joule-Kelvin gRIQ @67 9@ T8 QLR @6 I @Q | SHIAQ 66115

R @aa?

Consider an attractive central force of the form F(r)= —%. What
r

is the condition on n that a stable circular orbit exists? 4

Fir)=-X ada 1@ ziedeia cada 68 da06a 30IR 99 | n 68
T

condition @€ 60 Q@ AQ QAN FVAL AR |
4
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14,

13. (@)

(b)

(c)

(@)

(b)

GROUP—B

Obtain the rocket equation in free space. 8

ARG ARG IR 62@8 IR R (free space) |

How does the equation change, if you consider vertical ascent
under constant gravity? (No air resistance, Burn rate of fuel
constant) 6

Q6F 90 gan 3Q ArIRIEg IR @R, ANRRE FAR R | (UG
gosa fI2, Rea 929 210 89)

A rocket is in outer space, far from any planet, when the rocket
engine is turned on. In the first second of firing, the rocket

1
ejects 120 of its mass with a relative speed of 2400 m/s. What

is the rocket’s initial acceleration? 6
6D6E6R6R A6RG &R 67 2@ 24, 6a16d geOIq 99 06R IR Q6T
-
120 2
260 @6a QIR@ A/ 696 ARG 2400 m/s AERTR JIOES Q€
@47

QI 9IP6Q 2N | Firing @ gélfl 696@686Q Q60! Y2IQ mass Q

What necessitated the introduction of Lorentz transformations
in STR? Explain Lorentz transformations. A muon is
travelling through laboratory at three-fifths the speed of light.
How long does it last? (Lifetime of muon is 2:0 x 107° sec)

3+4+3=10
STR 6@ Lorentz transformation @ 9886 @4l 2IQEY@ @6Q? Lorentz
transformation § Q4/6/4l @R | ZIEAINR 6RTER FF AZAF6R Y@ muon
laboratory ¢kl 62R Qg @Q% | Y2 6@60 @7 adYe @6e? (muon @
@199 A 2:0 x 10 %sec)

Explain the technique of Holography in detail. 10
Holography @ @999 926 Q162 94a! 9 |
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15. (a)

(b)

16. (a)

(b)

17. (a)

(b)

18. (a)
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What is an optical fiber? Describe the propagation of
electromagnetic pulse in a fiber. 10

9@ optical fiber @'§1? 9@ fiber 6@ electromagnetic pulse @ QIR
Qdal @a |

Set up the differential equation, which describes how charge g
varies with time t in a LCR circuit. Give qualitative analysis of
the solutions g(t). 10

Differential equation set up @@, Q12| LCR circuit 62 a7 (t) 98Q
QIF (q) @08 QeI 912IQ 4RI F6Q | g(t) ATRIRA JAIAR 64T
gaIe @9 |

State four Maxwell equations and their physical significance.
10

Q6818 Maxwell equation 9° 62g@@Q physical significance @612 |

Prove by direct calculation, that the equations of electrostatics

= - =T
V-E =4np and V XE =0, follow from the electric field of a point

charge. 10
duiaee 969 QIal geldl @@ 64 electrostatics V. E = 4mp N9°
=2 =2 =

V x E =0 Q¢1@Qédl, 9@ point charge @ 65Q10% 6999 A0S @61 |

Explain in detail, why daytime clear sky appears blue. 10
Q20 30 91 ARG MR 6RHIAN? IZE RIER M /R |

Write a short note on Planck’s radiation law. Does a black body
at 2000 kelvin emit X-rays? Does it emit radio waves? 10

Planck & radiation law @96Q 9@ A°FG 6RIS 6@¢ | 2000 kelvin 69
9@ black body X-rays P60 Q6a @7 12| 6023 Gas F60 @6q @7

Distinguish among microcanonical, canonical and grand
canonical ensembles. 10

Microcanonical, canonical @° grand canonical ensembles ¢1zI6Q
Qleey @412 |
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(b) Suppose you toss 4 identical coins (with Head and Tail) on the| Candidate

floor. List possible macroscopic states and microscopic states. must not
10| write on

= . . ] I this margin.
6I06Q Q6¢1 QI6QIG identical coin (€8 ¥Q° tail QL) ¢ @M |

QQI9Y macroscopic states 49° microscopic states @ Q@ ¥ |
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