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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.

Questions no. 1 and 5 are compulsory and out of the remaining, any THREE are to be attempted
choosing at least ONE question from each section.

The number of marks carried by a 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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WUis A
SECTION A

Ql. Fr=ferfem udss =1 ww 150 vreat # 3w/ =arEAn i ¢
AnswerlExplain the following in about 150 words each :. 10x5=50

(a) () T o F1 ] ? H4T T6 & o1 I ST |

What is a central force ? Give two examples of the central force.

(i) feare f F=a wot 89 § © F0 H g g4 (L) TR w5 R
2|

Show that the angular momentum (_L)) of the particle in a central
force field is a constant of motion. 10

(b) () Wiced GG da Tfd & NeqTT H H Weg HA 8 ?
How does Reynolds number help in the study of fluid motion ?

(i) THEAE ITE Ufae arelt #fes Tt #, 1 km gl F @ fogai &
fi9 % R W g™ 5 Nm2 R smar # | 7 fagedl ® ¥ Ot wfd
1 P dw Y e >l § ufEds f momn i | 9@ @6
¥ed = 800 kg m™3.
In a horizontal pipeline of uniform area of cross-section, the

pressure falls by 5 Nm2 between two points separated by a
distance of 1 km. Calculate the change in kinetic energy per kg of

oil flowing at these points. Density of oil = 800 kg m3, 10

(0 & YarTen # wifdes samfea vag (sfafes) fedddie % @y &m A @i
= st 0 & 2 91edl shifae tawfea iy 1 8 ?
Why do we prefer to work with a critically damped ballistic

galvanometer in a laboratory ? What is external critical damping
resistance ? 10

@) =iy aftfe fauem = g 2
TH I o B A W % U 155 x 102 m 3 S T F fau
14-45 x 102 m i wiwd gt At 2 | A Foreht avg 1 <9 A 40 em F gl
W @l AR, dF % geed g fagem it o Hifs |

What is axial chromatic aberration ?
A convex lens has a focal length of 155 x 1072 m for red colour and

14-45 x 1072 m for violet colour. If an object is kept at a distance of
40 cm from the lens, calculate the longitudinal chromatic aberration of
the lens. 10
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Q2.

(e)

(a)

(b)

(c)

(i) |9H AR % b 3K aum gevra & o 7= 8 2

What are the fringes of equal thickness and fringes of equal
inclination ? '

(i) =g i g (Rm) =gawen & § @@ReA A, = 6 x 107m 3R
hg =59 x 1077 m IeANG HH I WA Y, I8 I I8
AUl % HRU m'h TEH I R T F FRO (m + 1) W
I ¥ U @l @ | A 8 I Fghal A1 90 em B, T mth I1diW aw
&1 ™ 1A HINT |
In a Newton’s ring arrangement with a source emitting two
wavelengths A, = 6 x 10-7 m and Ao =59 x 10~7 m, it is found that

the m'* dark ring due to one wavelength coincides with the
(m + 1 dark ring due to the other. Find the diameter of the
m?" dark ring, if the radius of curvature of the lens is 90 cm.

() gg fgwmmes o1 1 faftm wufufs e w gemm/asfa-g & g
STgedl AT A HIST |

Find the moments of inertia of rigid diatomic molecule about
different axes of symmetry through the centre of mass.

(i) UH WEH TH e @ 1837 M W R | EEENA T H
FEAWTH/EETd -5 T HIT |

A proton is 1837 times heavier than an electron. Find the centre of
mass of hydrogen atom.

T FA-3TYU hl HRATE % d8d U Hiead fo=g & FIQ T gg o ol Tfd &
IeR & "ok gt i fofau (sgeafa ) | foamse 76 fom s
e 3 nfes St for wedt R

Write down Euler’s dynamical equations of motion (no derivation) of a
rigid body about a fixed point under the action of a torque. Show that
the kinetic energy of the torque-free motion is constant.

feamsu % & B R % o oW 93 Mo & g 0 fog $9 o T
W%fquﬁﬁa%zmléaw&wmmﬁwﬁw%?

Show that the cross-section for elastic scattering of a point particle from
: 2
an infinitely massive sphere of radius R is RT What is the inference of

this result ?
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(i1)

T W BH S THEHAE o v # fRR bW S % ane x-fGwm % wiE
o 3 | e W A R 5 3 o R (g # x,) T
S U H HHHIT® (t; = to) 31 @ oft AW ¥ F S HA H wHHITH
TE Bl & |

A reference frame S’ moves with respect to rest frame S with a
uniform velocity ‘v’ parallel to x-direction. Show from Lorentz
transformation that two events simultaneous (t; = ty) at different-

positions (x; # X,) in S frame are not in general simultaneous in S’
frame.

n HET 6T 3Ed e 2 x 1085 3 1 0-8 ¢ I & 1Y Tfd K A1A HEA
& 3itgd Sftaq & oM Hifse, JE8T ¢ TR HT AT R | '

The mean life of © meson is 2 x 10~8 s. Calculate the mean life of a
meson moving with a velocity of 0-8 ¢, where ¢ is the velocity of
light.

Q3. (a) - fag Hifsu for 5@ v v auae qior % weaw ¥ U fog @ g fog W
ST 2, A Y gra @@ TR S aren Ant 98 2ian @ e o sem W
vy Hed H B 8 |

Prove that when light goes from one point to another via a plane mirror,
the path followed by light is the one for which the time of flight is the
least.

b @

(ii)

aTd g1 & MR Yiehd WehTel I Gife F1Y o MR gaighd T
# ¥ 9gdt Hohd B (3R gEd AR) ?

How can one convert a left-handed circularly polarised light into a
right-handed one (and vice versa) ?

UH-ANYIE G0 Wi hl " i e hifse Se g i e
589 nm 2 |
e o R <, = 1544 3 = 1553,

Calculate the thickness of a quarter-wave plate when the
wavelength of light is 589 nm.
Given : u, = 1:544 and By = 1-553.

(¢) ==t i o et Aot § SHEE Yohd HH T foman ST 2 |
ST el T @ 2 98 41 Bt g ?

Discuss how population inversion is achieved in Ruby laser.

What is ‘laser spiking’ ? Why does it occur ?
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Q4.

(a)

(b)

(c)

feanfaea @d R gR0 Scafia @ sfer U A 3R B, @id & @ng fauda
fasmatt § 0-9 ¢ % 97 & WY T & | BH AT A % G Fa HfC (T8 ¢
ThTSl 1 AT 8) |

Two P-particles A and B emitted by a radioactive source R travel in
opposite directions, each with a velocity of 0-9 ¢ with respect to the

source. Find the velocity of B with respect to A (Here c is the velocity of
light).

fore T ST TRARE BIEATH | T 8 ? FA™ H g faRvarstt ®
T4 I | AU §H 3R I+ o foTe = avaehard § ?
In what way is holography different from conventional photography ?

Discuss the salient features of a hologram. What are the requirements
for the formation and reading of a hologram ?

ATEUEHT o 9T el firerd & 2

T 0-200 kg T30 6T Uh WY (M) U vael feeh & o1 2 fSmeh e
012 m 2 | I8 s | B A1 8 AR T goAHE il Th fiT 35 @ W
weaq g 9t 8 | fowh % 2 gl 0-03 m &t 7 | S (STw) B v" gEEn
ST @ fmd it g 3w Feaiew § 0 = 20° F R T B IR gEE
(SYIAe) DIV =T 2 rad/s @ | HIVF T Ht o Fife Ses @y a8

A1 R |
Where do you find the applications of gyroscope ?

A top of mass 0-200 kg is made up of a thin disc of radius 0:12 m. It is
pierced in the centre and a pin of negligible mass is mounted normal to
its plane. The pivot under the disc is 0-03 m long. The top is made to
spin with its axis making an angle 6 = 20° with the vertical and a
precessional angular speed of 2 rad/s. Calculate the angular speed with
which it spins.
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SECTION B

Q5. T=ferRaa yme =1 =W 150 vset ® Iwv/saTrEaT iR ¢

Answer/Explain the following in about 150 words each :

(a)

(b)

(c)

(d)

fou o feor-aga fava ===

1 p(l_';)
0(7)= z dv

0
n 80 =2 =
VvV [T — 1'0

ﬁa@mﬁa?mv%:—aimﬁﬁm
[God fagl % 319 gme e 3§

Starting from the expression for the electrostatic potential

1 p(T)
o(7)= I 8 . av
0

(0]

4ne EOpp
r -T
0]

v

obtain Poisson’s equation V2¢ =— Si
0

[Symbols have their usual meanings]

fr=ar a 3R b I & Thfgad MR °g & wiEn (Sew) H afar FJm@
Fifvm | |

Find the capacitance of two concentric spherical metal shells having
radii a and b.

TS heregihl it wag ® Tl FIfNT | Wi ¥ 36 THE H hY g ?
Discuss in brief the ultraviolet catastrophe. How did Planck solve this
problem ?

wF fogge (W) < | o arell aeet ared 9 % J9HH # 9iEdd %

fore w7 feafoat & 2 fag Hifve 5 fogge o @ @@ Tl ot fa &

agEH § s e T8l gt ? |

What are the conditions for the change in temperature of a van der
Waals gas passing through a porous plug ? Prove that the ideal gas
passing through the porous plug does not show any change in
temperature.
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Q6.

Q.

(e)

(a)

(b)

(c)

(a)

ws & Faw 3 B0 a 3 b E | M@ A gEEA ¥, T fwwe FEH Q@
HUT H A FaRH @A 1,2, 3% g TR ¥ () HeEdT-siegqdH,
(i) Boff-Fewren, 3 (iii) FG-3MTEHeTE wifeah § sqaftdd U Ehd

A gas has only two particles, a and b. With the help of a diagram, show
that how these two particles can be arranged in the three quantum
series 1, 2, 3 using (i) Maxwell-Boltzmann, (i) Fermi-Dirac, and
(iii) Bose-Einstein statistics.

3 GaTEF T, ThgER F) WHH T Hfede A g, e o, W™ W 2 |
%&ﬁ%ﬁ(m)%@ﬁ@mﬁﬂaﬁmaﬁﬁqaﬁgﬂmaﬁa
(V) F AT R QR |

Two conducting planes, intersecting at right-angles to each other, are
kept at a potential ¢,. Calculate the potential at a point in space if the

total charge on a plane of area o be Q.

4 S GEHTR €9 @ GAF yai & @y g il 9 ad S 9 ge gl
%|@?ﬁ%ﬁﬁ'm.aﬁ(é.@.qqs.)m:z,laﬁiﬂ‘m%aﬂxééﬁmaﬁﬁﬁm
afdy 4, 3 3 2 oW § | 4 diee o F MW § FETled SR H A
i |

Three cells are connected in parallel with similar poles connected
together with wires having negligible resistance. The emfs of the cells
are 2, 1 and 4 volts respectively and the corresponding internal
resistances are 4, 3 and 2 ohms. Calculate the current flowing through
the 4 V cell.

@waaﬁa@mﬁmmEaﬂxH%mmﬁﬁmwﬁﬁnq&m
(W)ﬁm(ﬁqﬁn)ﬁ,%ﬁa@%%mﬁﬁ%mm
yfeffirea s 2 | '

Find the values of E and H on the surface of a wire carrying a current.
By computing the Poynting vector, show that it represents a flow of
energy into the wire.

firsst o1 ST R T & 2 TaAE1 i IS % WH T HIoT ST
What is Gibbs’ phase rule ? Find the values of degrees of freedom when

@)  aet WA CO,, T CO, & T Fger | 2

only the liquid CO, is in equilibrium with the gaseous CO,.
(i) S, aTSd-oRel Hqfed & H 2 |

water is in the vapour-liquid saturation region.
Gii) A, Uehel-JTaeT & | § |

water is in a single-phase region.

Gv) o, Bes (foe) g w g |

water is at the triple point.
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(b)

()

@maﬁmﬁmm(ﬁm)ﬁﬁmmﬂmam%
9% gl

0
Cy=3R (-ﬂ

/b

@ hw
Do= —
gl E e

3 A | TS YT HIRT

(1) GIEIT>>8E

(i) 99 T << 0
Wﬂ%maﬁawﬁﬁﬁmmaﬁmaﬁmﬁmﬁﬁ%%ﬂ
TSI Hise i fagmfy = 2 2 _
@mﬁmm(ﬁm)ﬁﬁqmmﬂmﬁfﬁamm%-SK
A9HE W 2-77 JK-1 2 | 319 % 3918 19w &1 Frufwor Hifva |

Einstein’s molar specific heat capacity of a solid is given by

2 B /T
Cy=3R (G—EJ ee];
/ ?
(i (eE _1)2
il
where9E=—-
kg

Obtain the expressions for the cases :
(i) whenT >> 6y

(ii)) when T << Og

What is the discrepancy of Einstein model to explain the variation of
specific heat capacities of solids with the temperature ?

The molar specific heat capacity of a solid at constant volume is
277 JK1 at 36-8 K. Determine the Debye temperature of the solid. 20

ﬁmw%?m#ﬁq%mwmﬁuﬁqmm%aﬂiaﬁi
Wt $59 HHT 399 & w1l Fve T8 @ gwar 2

What is Carnot’s theorem ? Prove that Carnot’s reversible engine is the

most efficient one and no other engine can be more efficient than
Carnot’s engine. 15
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Q8. (a)

(b)

(c)

af2 amredt M % fog dferaor wea fean w2

Z =~ (2n mkT)¥2
h

T T () Sived T et St 3] 3R i) T Rt fafirse S

If the partition function for a perfect gas is given by

Z = - (2n mkT)32
h

calculate (i) average kinetic energy per molecule and (ii) specific heat of

the gas.

o Theg 3R g Rg-grEEr iR % gl % figia & @8 3
mﬁﬁqaﬂtiﬁaﬁvhiﬁmﬁaﬁwmlmm%ﬁﬁh
i ST HH F THA & ?

Briefly outline the theory of scattering of electromagnetic radiation by a
bound electron and hence derive the conditions for Rayleigh scattering.
How can you explain the blue of the sky ?

et wael 3 e I S W W % YA S T F T
Fon FHiHO (Ve e ) g i |

120°C T qEt JaTER ¥ A g@ 1 R Hif, af 1w o R e |
wﬁaﬁqmmmﬁﬁﬁwﬁ 1676cm3$TQﬁﬂﬁqaﬁT% | 919 <
T T (A EC) = 540 calg, 1 argHed g = 105 dynes/cm?.

Explain the effect of pressure on the melting and boiling points of a
substance using Clapeyron’s latent heat equation.

Calculate under what pressure, water will boil at 120°C, if the change
in specific volume when 1 gram of water is converted into steam
is 1676 cm3. Latent heat of steam = 540 cal/g, 1 atmospheric
pressure = 108 dynes/cm?2.
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