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PHYSICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

(Please read each of the following instructions carefully before attempting questions)

There are EIGHT questions divided in two Sections and printed both in HINDI and
in ENGLISH.

Candidate has to attempt FIVE questions in all.

Question Nos. 1 and 5 are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE question from each Section.

The number of marks carried by each question/part is indicated against it.

Answers must be written in the medium authorized in the Admission Certificate which
must be stated clearly on the cover of this Question-cum-Answer (QCA) Booklet in the
space provided. No marks will be given for answers written in a medium other than the
authorized one.

Assume suitable data, if considered necessary, and indicate the same clearly.
Unless and otherwise indicated, symbols and notations carry their usual standard meanings.

Attempts of 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 the Question-cum-Answer Booklet must be clearly struck off.
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1. (a)

(b)

(c)

(d)

(e)

Wifoer fAwai®s / Physical Constants

e=1-6x10"12 C

1

£ = ———
0 41 x9%10°

C?/(N-m?)

Bo =4nx1077 H/m
kg =1.88x10"3 Jg/K
h=6.63x103* J-s
m, =1-67x107%" kg

0=5672x10"% MKS unit

@Uus—A / SECTION—A

B r 6 o gl Fa A, =R m F @ e F Foig g W i, Rl ok g
S % 9§ =R Hf

Express angular momentum in terms of kinetic, potential and total energy of a
satellite of mass m in a circular orbit of radius r.

HEehed-ARe T 1 a4 FIRig o geisy 7% 36 wam § w8 somess RO} 1 feg SR
Frd=m foram o)

Describe Michelson-Morley experiment and show how the negative results
obtained from this experiment were interpreted.

T W0 ¥t | i o g wEfda g ¥ R s, wafda we 100% g @ S
3w fafom % <= 1 o1 39 i)

Sunlight is reflected from a calm lake. The reflected light is 100% polarized at a
certain instant. What is the angle between the sun and horizon?

T 1 fasE 3R SRm F RS & FR0 2 STel sl @ w3 g
qIRY |

Explain with proper example the interferences due to ‘division of wavefront’
and ‘division of amplitude’.

T U T # =i % 9 g e, s aied 1.00m 3R 1-01 m 6 @) 7@ 3 v
A 10 fam= Yer =l 8

Find the velocity of sound in a gas in which two waves of wavelengths
1:00m and 1:01 m produce 10 beats in 3 seconds.
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2 ()

(b)

(c)

(b)

weea Tl R aienfid i w@ o o Tea @l WE FiR) Tt TR ST # 6E
F% Y TR oA 910 T Ik Tt o Taq, 318 o Ae e Y 1 qRehe hifs)|

Define moment of inertia and explain its physical significance. Calculate the
moment of inertia of an annular ring about an axis passing through its centre
and perpendicular to its plane.

wF T @70 9 T P gt - 57 9uEa D F=EEl my T6 m, § 91 3T A Hehd ¢
A my W FEHE-55 C I g & T we e e hifse) wner &t qwiise fF C & B
TR AT 39 7 3 Taad e ¥ e R w1 siee oot pr? d, e p = — A2 R

my +m2

A diatomic molecule can be considered to be made up of two masses m; and
m, separated by a fixed distance r. Derive a formula for the distance of centre

of mass, C, from mass m,;. Also show that the moment of inertia about an axis

through C and perpendicular to r is pr?, where p = L G
my +moy

Wi & f7am %1 Fo A i saet We Hifvg) Bsa 0-01m & 5ia & T 48 T W
mem § ¥ @ & fee w9 1-21 kg/mS @ @ n=1-8x10"° N-s/m? B 5&1 i
36 ¥ 1 WA= 97 F1a B

State and explain Stokes’ law. A drop of water of radius 0-01m is falling
through a medium whose density is 1:21 kg/m3 and n=1-8 x107° N-s/m?.
Find the terminal velocity of the drop of water. ‘

wg-Tehtorgst =afosor @ #7 == i T ag-femoge safaeRtertla fohe TR 8- feRorgs
eIl ¥ AR e 2 | hshl-0RiE Afetommdt gR1 s st st TaE Hif|

What is multiple-beam interference? Discuss the advantages of multiple-beam
interferometry over two-beam interferometry. Explain the fringes formed by
Fabry-Perot interferometer.

Taiiee i @) s1ef-arada SHl o1 Q%A T SR Bl 81 U SA uige 3, R wrem
gl 50 cm TH MG FEW F WA 500 nm 7, ToH AH-IEG WA Rl B g
Hifg)

Show that the areas of all the half-period zones are nearly the same. Find the
radius of 1st half-period zone in a zone plate whose focal length is 50 cm and
the wavelength of the incident light is 500 nm.

20

15

15

15

15
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(c) ﬁw-gﬁﬁmmumwaﬁwﬁ—mﬁmﬁﬁw%aﬂtm:gﬁm.
B SR Tsherar §| Afe fhea o1 f-emada 000004 B, a1 smufea wemer &1 qoeed 319
Fifem |

A plane-polarized light passes through a double-refracting crystal of thickness
40 pm and emerges out as circularly polarized. If the birefringence of the
crystal is 0:00004, then find the wavelength of the incident light.

(d) agH T T U Ta0 9 1 T AR J1a IR, N AqTdin 1.5 h awg A w1 % @ forwr
Tl Y8 ) Ishal-Fisa1 50 cm ®1 30 7 6 i ght oft 7@ hif)

Obtain the system matrix for a thin lens placed in air and made of material of
refractive index 1:-5 having radius of curvature 50 cm each. Also find its focal

length.

4. (@) 9 m/s H THER F THA & 73 TH g G9F g, S fBr &, & 39 @@ U & fF oam &

TR TAF g I H IREE BRI @ 30° F HO S B 39 @ F A W) H TR T4
Fifee | Fa1 38 2e # nifos Sl GifEd w27

A ball moving with a speed of 9 m/s strikes an identical stationary ball such
that after the collision the direction of each ball makes an angle 30° with
the original line of motion. Find the speed of the balls after the collision. Is the
kinetic energy conserved in this collision?

(b) fag AR FF x2 +y? + 22 = c?t? W< TR0 F q8d TR 2|

Prove that x2 +y2 + 22 = ¢?t? is invariant under Lorentz transformation.

(c) TSR TN, | Tah19 ¥ fohd TR firm 87 &t oo < srfyoreft w ==i i) o9 v &
HIE 3EAT i e 7

How is laser light different from ordinary light? Discuss the working principle
of ruby laser. What role do chromium ions play in this process?

(d) vHREh g H w@fen & e # we A gl 9g § R al e e wfemt
S ) E?

Explain the principle of operation of optical fibre. What are the different losses
that take place in optical fibre?
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@Uus—B / SECTION—B

5. (a) ‘FbHm ey % fgra i w=t i) see vae st fe s 27

Discuss the principle of ‘artificial dielectric’. Where do you find its use? 10

(b) AR 120 V, 60 W & TF =csl &l 240 V, 60 Hz Hi fggq amafd % @y st smn &, @
T G ¥ ¥ Sem & Ty Sofise (HW) d feae st wEn 1 SR #1 Shen S
STETIH Bl &7

How large an inductance needs to be connected in series with a 120 V, 60 W
lightbulb if it is to operate normally when the combination is connected across
a 240 V, 60 Hz supply? 10

(c) T A& g =2 pC H I AR =Terh THad 91X ¥ @ =10 cm 1 gl W @1 ST §
(i) 39 IR H A SARA A, (i) A g | 96 T (Gii) 39 97 ) HR-R =) F 9 ¥
A G TR W T A T AT A bR 6 i

A charge g =2 pC is placed at a=10 cm from an infinite grounded conducting
plane sheet. Find the (i) total charge induced on the sheet, (i) force on the
charge g and (iii) total work required to remove the charge slowly to an infinite
distance from the plane. 10

(d) 1 X TEEH 127 °C a4 T 10° dynes/cm? <@ R dHadiga: Taiid st @ @ @ 5
IEHT A IO T 1 @ 3R R 97 99 a6 wErHiga: yeia 1 ¥ S % 3w
A H: AT T 8 S B | giermd I 1 afewe SR (y =1-42)

1 litre of hydrogen at 127 °C and 10° dynes/c:rn2 pressure expands
isothermally until its volume is doubled and then expands adiabatically until
its volume is redoubled. Calculate the resulting pressure. (y =1-42) 10

(e) AFAA-sesmE faawor frgm &1 s 0 g wisy 5 A8 st Homors ow a8 & e
Hehdl 2|

Using the Maxwell-Boltzmann distribution law, show that there cannot be any
negative absolute temperature. 10

6. (a) IS UIfceH TG AR T Th Afe e TR 6 W™ & 59 A [oRdT €, A Th @& I
Tt B 59 WlskA o1 RO WE Hifvrg

T 200 Q 1 Wfekigh 3R T 15 pF 1 941 220 V, 50 Hz a.c. Tomgq smafd @ Sofisq
# Wi e 2| ufwy § fogg o @ sfRes @ Gaie % SR-uR wi-ae-ue deedt @
Tiehe I | F1 3 |1 Aicearatt H1 ForTionda a0 ogfd dieear & wmer 27 R &, 9 =
et &1 g i
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7.

(b)

(c)

(d)

(a)

When a person carrying something metallic walks through the doorway of a
metal detector, it emits a sound. Explain the reason behind it.

A 200 Q resistor and a 15 uF capacitor are connected in series to 220 V, 50 Hz
a.c. supply. Calculate the current in the circuit and the r.m.s. voltage across
the resistor and the capacitor. Is the algebraic sum of these voltages more than
the supply voltage? If yes, resolve the paradox.

(i) FEE-sesm % fafro-frem w5 fafag iRk 8 < % ff-fem @ g i)

Write down Stefan-Boltzmann law of radiation and derive it from Planck’s
law of radiation.

(i) e Agfufem A wh R, S st Seasied 01 8, 2 Wbl Tl (i ),
A% qU9E HII: 300 K TE 200 K §, & = w78 7| feR e gw e W v
1 AHE T I

An aluminium foil of relative emittance O:1 is placed between two
concentric spheres (assumed perfectly black) at temperatures 300 K and
200 K respectively. Find the temperature of the foil once the steady state
is reached.

TF ETEE qUagd e B fe-greehe qi gl i fafey ) qevs sy 6 ol

GOl 1 AT v = i@m,aﬁu‘cﬁﬁﬁmwﬁaﬁaﬁ%l

Write down the electromagnetic wave equations in non-conducting dielectric

medium. Hence show that the velocity of wave propagation is given by v = £}

el

H

where the symbols have their usual meanings.

TH ORT i(f) = (et —e ) pA Th 120 nF GURA F 2 §F08 7% ER@ w21 AR
GyTiE F IR-UR 3ifom dicear 15 V 8, @ 5% 3IR-IR YR dieedr F1 o7

A current i(t) = e™" —e_2t) UA charges up a 120 nF capacitor for a period of

2 seconds. If the final voltage across the capacitor is 15 V, what was the initial

voltage across it?

(i) o 1 ogen feregdte ® R e ve

Why does a soap bubble expand upon electrification?

(i) R 1% T el & S Nefiieres @ e siiers WA +Q T - Q AT HHH
m@ﬁa&a%.mﬁmﬁwwww%mﬁ,aﬂwwm

% yatg a1y hil AR FeRm 2
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A sphere of radius R contains a charge +Q and a charge —Q distributed
uniformly in the upper and lower hemispheres respectively. Show that the

dipole moment of charge distribution is %QRFE, where k is directed along

the polar axis of the spherical coordinate system. 15

() (i) T s i fewared & daég 1 quiv Hifg)

Discuss briefly the features of ‘guard rings’.

(i) TH GO & w2 TSR 8, NaF us qred ) o= 12 A D e A o I W
T L H Rl F fiT il v FH g g R W o B R, 99 i F gieed
ity |

The plates of a capacitor are square-shaped, each of side [. The plates are
inclined at an angle o to each other. The smallest distance between the
plates is a. Calculate the capacitance when o is small. 15

(c) FFFaw & Gl w1 Hifis Tew fofae @ ferafia aw & g = e sfaa semm w5
T A §C TS

Write down the physical significance of Maxwell’s equations and explain the
concept of displacement current by using a proper example. 10

(d) FATHIE-FRIIA FHIH S Gooa hINT| I8 3T % TS T TH Tl & S W I &
TTE ! HE TE T 87

Derive Clausius-Clapeyron equation. How does it explain the effect of pressure
on melting point of solids and boiling point of liquids? 10

8. (a) HHIT-diesmH famm # fafaw @ we fifvm) w0 famw % s g waiie wenfa 3,
A N TE F-HAEE-HA A F S GH R

Write and explain the Maxwell-Boltzmann distribution. Using this distribution,
find the expressions for the most probable speed, mean speed and
root-mean-square speed. 15

() dfm & wHfes qEm w1 Reew  HRm wifee FRde a=6-15x1075,
b=9.95x10""* fiu 7t &, &l 2 &1 AEF atm B 3R 9 Y TWo FHo fro W T@ T B

Calculate the critical temperature for helium, given the values for critical

constants, a=6-15x10"°, b =9.95x107*, where the unit of pressure is atm
and the sample is kept at NTP. 10

STIH-P-"PKB/9 4 [ PTiO.



(c) TH IFAE 35 I FRAm F 1/6 # Fd #§ oRafda wwa &) v« Foe (o) o qome
62 °C T2 ST &, A I 2&ran A B S B | W v gvs () 1 arHe wr it

A reversible engine converts 1/6 of the heat input into work. When the
temperature of the sink is reduced by 62 °C, its efficiency is doubled. Find the
temperatures of source and sink. 10

(d) <H-3TEETE fraon B THEEY Ud ged, fafkd wyeE @ @ i

Explain Bose-Einstein distribution and obtain the same from the grand
canonical ensemble. 15

* Kk &k
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