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Please read each of the following instructions carefully before attempting questions.

IR & ¥ gd Fafeiad Fd=i &1 puar gayrigdes ug |

1. This question paper contains ten questions in five Sections. Attempt one question from each
Section.
ST EH U TSI AGH Y | TP WS Y U UY BT IR alford |

2. Each questions carries equal marks. Marks are divided and indicated against each part of the
question. Write answer in legible handwriting.

it Ui & TUH 3ih § | Uhh UY / U & Fud 3ich 39 Imv fauu g |

3. Write answers in legible handwriting.

gured ferarae § IR fofeu |

4.  Each part of the question must be answered in sequence and in the same continuation.
U4 b HIT BT IR ST A H f&ar S =1ie |

5.  Attempts of the questions shall be counted in sequential order. Unless struck off, attempt of a
question shall be counted even if attempted partly. Any page or portion of the page left blank in
answer book must be clearly struck off.
Tl o ITRI DI TUHT AR DI SMEd | 3R U § fu 70 ush & IR &1 o Argar & St
gfe IV BT ol Tl | TTeh Bls T His U g¥ 34a1 § & YN Pl quid: FIc ST |

6.  Use of log table is permitted.
TNT Cd & IUANT Bt SATAM ® |

7. Re-evaluation/ re-checking of answer book of the candidate is not allowed.
SAflEaR Pt STRYFKIHT BT TS / T: Sird BI SHS T § |
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SECTION-I

Calculate the moment of inertia of a solid cylinder about the axis passing

through its centre and perpendicular to its own axis of symmetry.

T 318 foeiet o g & TR ATt gl 3 seehl aafHfd il 1ot gl & cleed & o) H STScd
3Tt <t 0T I |

An engine is fitted with a tube whose one end is inside a reservoir of water
between the rails. The other end of the tube is 6 m above the surface of the
water in the reservoir. Calculate the speed with which the water rushes out of

the upper end, the engine is moving at a speed of 120 km/hr.

T 35 | U 2 ot el § Foret e o W o i STetere o et gt 81 23 o e R
AT H UHT Sl g T 6 HeT S & 34 T shl TMET shifsre, fSra-T fd o @rer ot S s s
STEL feherar 8, 3519 120 frdfi/ser R g s wr e |

A 5000 kg rocket is set for vertical firing. If the gas exhaust speed is 1000 ms™,
how much gas must be ejected each second to supply the thrust needed (i) to
overcome the weight of the rocket and (ii) to give the rocket an initial upward

acceleration of 25 ms2?

FEATeR BRI & T wah 5000 foretam a1 Tehe Tomfua foram mam B) 3 i fesm 7ifd 1000 ms™
&, AT (i) Tehe o IS 9T H1e T o T 3N (if) Wehe T 25 ms? FT TR ITTEE @7 A
for, strereares gree &t 3T o foTg weker dehe | forat 1 sTet fHerref! ST =mfee?

Write down the Galian and Lorentz transformation equations. Explain and
derive the relation for (i) time dilation and (ii) length contraction.
T SR AT ®iarer GHieRoT Ty | (i) &t et ST (ii) e Hepe shi SHETEY SR g
o foTq wsfer it =eaw ShifeTY |
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3. (a)
(b)
4. (a)
(b)
5. (a)

SECTION-II

Define Ideal gas. How does the behavior of real gases differ from that of ideal

gases?

S1est e 1 i hifsie) aredferss T o1 sqaer eAresl el § fore yenr firsr grar 22

Calculate the thermal wavelength and number of quantum states thermally

accessible for oxygen molecules in a 1-litre vessel at 25 °C.

T |-ofet o | 250 Afcermd W SATasT AUl & fog ave i 3wl iR odd w0 | gav

FITEH STTEATHT Shl G Shl TUHT FIfSTT |

State and prove Carnot’s theorem.

FHMEIE T IHYT Tqrsy 3 farg A |

Define the macrostate and microstate. Consider that P, Q, R, and S are four
particles and there are two cells in which these particles are to be distributed.
Provide all possible macrostates and microstates (description of state and

number of states) in a tabular form.

Tehiede 3R TTgshIEee b1 ity Fifs) fomm 6 76 P, Q, R, it S wR %01 € i &1 %7 ©
e 57 ot ot faafia foram ST 81 ot s Bspieed ST ATSshieded (37w & foator i
STEAT T HEAT) BT ARONEG & H T L |

SECTION-III

Consider the simplest model of the atom assuming the following:
I.  Electrons are bound elastically to their rest positions.

Il.  The electrons are displaced by an electric field E = XE,cos (kz — wt)
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because of that a restoring force acts on the electrons which tends to
return them to their mean position.

I1l.  This restoring force is proportional to the displacement.

Find the expression for polarization and electrical susceptibility.

frferfiaa st ATeRT TCATY] o Ee B Hied W e it |

|. o 7ot e Reforli & Ty ST 4S9 8 &

Il. o o faga &3 E = XEcos (kz — wt) SR faeentua foram st & feeh
IO S IH1 T Teh TR TOHT St i ST @ Si 3v 3eh! ST feerfar H e sh Sad el
g

I1. =& e e foremae o |eToTdt grar g |

geTeRToT 371 foregr EaaRiier o forg sifireafth S it |

Using part a) find the expression of coefficients (A and B) used in the well-

known Cauchy relation i.e. n> = A + B/1,°.

T a) T ST T g0, wfeg Frh ey ¥ fE n? = A + B/A,".
T SR T (A 3R B) shT AT STH it |

A particle is simultaneously subjected to three simple harmonic motions, all of
the same frequency and in the same direction. If the amplitudes are 0.6 mm, 0.4
mm, and 0.2 mm respectively and the phase difference between the first and
the second is 45 degrees, and between the second and the third is 30 degrees,
find the amplitude of the resultant displacement and its relative to the first

motion of amplitude 0.6 mm.

TS VT ST Uk |1 < T gTHiTeh it o 3T form a2 3 aft wan & s1afer i € st ue
&1 fewn 4 €1 3 s s 0.6 e, 0.4 foeft 3 0.2 freft € i veet ST g o sfier shetfet 45
Tetlt 2, 3fI gat A e o sfter shetiat 30 feft & et aRomTH fereaore =61 37 et 0.6 Tt s
T g 7T & SHRT GaieT JT ST |
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An HCI molecule is vibrating at a fundamental frequency of 10'* cycles per
second. What is the effective force constant for the coupling forces between
the atoms?

Tk HC1 3107 101 <155 wfer ke ot wiiferss arafer ot shoet ot T 21 oemoadt o sfter e wyedt 3
foTQ srvTelt s feomtiah T 22

SECTION-1V

Justify the statement “ the product of the normal magnifying power of a
telescope and its limit of resolution is equal to the limit of resolution of the
unaided eye”

S0 o ok 31 Tg IS foh  woh el ot w1 ATerel ifeh A 3@k forvia o6t €iar st
TR, foT HETEaT STH 31 3 fersia <t €T o6 SRR g 2

In Bragg’s law i.e.2dsinf = nA, 6 and A are two variable parameters. Explain,
how are the parameters (6 and) varied in three experimental X-ray diffraction

methods i.e. rotating crystal, powder, and Laue Method?

sk M A I 2dsing = nA |, 6 3R\ 21 qigd-iT Yuiet ) sard foh, 9 s=medes Te-
3 forad fafer amt 5ol foreed, areet 3fit oS fafyr 7 e (O 31R) shd iy &2

Explain with the help of a ray diagram Fraunhofer diffraction at the double slit.
Also, find the relation for the angular separation between any two consecutive

minima or maxima.

T EeTe T RIS farard ohl Ueh fohtuT 3T bl HeTIdT & UHETSY) S8 3TATa, fohegl a1 avmar
Ty 2 Afcrere o i RivfRr gererRRr o foTe defyr 9ra iR |
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(b)  Write short notes on: 10

I.  Fresnel’s biprism

II. Malus Law
Fr=ferRaa w dfere fewmforat frfau:
L S 1 fgfien

I A e

SECTION-V

9. (a) What are the components of a four-level laser? Why is a two-level laser not 1q

possible?

AR-ETT ST o T 7 &7 S1-Eq0T IS GHT 41 7 22

(b) Give two examples of solid-state lasers with operation wavelength and pump 1

source. Write down five applications of solid-state lasers.

HTEE T 38 3R 97 HIq ¥ I WS- AR % 3l I Y| Hifers-&e oA o di
g fafeaT |

10. (a) Give three examples (each) of the infrared laser, visible laser, and ultraviolent {(
laser. Also, calculate the coherence length of the examples you provided for

these lasers.

SRS TSI, G TSI ST GTSTTHT TSI (e2ieh o) ok i SaTeLoT &1fSTT |
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(b)  Explain mode-locking and its importance. Mention at least four factors on 1q
which laser spot size depends.
HIS-TATTHT T 5 HET hl GHTEY | FH H FH¥ I TR HRHI Hl Ieeid shiTeg 9 T AR Tfe

T FATHT A FATR |
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