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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. Anv page or portion of the page left blank in the
Question-cum-Answer Booklet must be clearly struck off
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SECTION A

Ql. fr=feRaa uae =1 &rwn 150 vrsat ¥ 3Wv/ =16t Ee ¢
Answer/Explain the following in about 150 words each : 10x5=50

(a)

(b)

(¢)

(d)

(1) halT g HT 2 2 F=21g 9 h 2l IS aiau |

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

i) fewmse fF w9 g & 0 U w1 %1 S g4 (1) T @ o
2 |

_>
Show that the angular momentum ( L) of the particle in a central
force field i1s a constant of motion. 10

Hicgd @1 atc Tid o Teqg 0 Hy Hgg il 8 ?
How does Reynolds number help in the study of fluid motion ?

(i) UHEWH FIEY Uieae arefl &fas At #, 1 km 6 gt % 31 fowgan &
aﬁa%mmaﬁlE;Nm-?ﬁRaTm%ls«i ndrgaﬂqta%ﬁmé'ﬁr%
1 fopm o &1 fas 9l § gfgdd HT moEn SHifSw

g9cd = 800 kg m—
In a horizontal pipeline of uniform area of cross-section, the

pressure falls by 5 Nm™2 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 m=>. 10

&1 YISl | shifde faufed ya (Sferfees) Medamdier & @1y &M &H

I aigdl e 8 ? 9TEl shifdes dHfed Yfauy & g ?

Why do we prefer to work with a critically damped ballistic
calvanometer in a laboratory ? What is external critical damping
resistance 7 10

Hefrg afties fageq @1 8 2

U IqA o § o T % AT 155 x 1072 m 3R S T & o
1445 x 10~2 m il ®IHa gt &t & | I forel 9%q 1 oF ¥ 40 cm 1 gl
T @1 Fdl 2, a1 oF % A v fagga i T SIS |

What is axial chromatic aberration 7

A convex lens has a focal length of 15:5 x 1074 m for red colour and

14-45 x 1072 m for violet colour. If an object is kept at a distance of
40 em from the lens, calculate the longitudinal chromatic aberration of
the lens. 10
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() (i) THH T & ot 3N TAH Fehid o e 71 & 2

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

(i) =g H I (for) =gewen ° @ qUeA A, = 6 x 107m 3R
o =59 x 1077 m IcAMNd A I EId & 1Y, IJg I A1d1 & T T
qUIGEd & HRU m!" TEH ao@ gE AUIEd & FO (m + 1) 37dH
a?ﬂﬁﬁd@?ﬁ% Iqﬁﬁﬁmm90cm%,5ﬁmm e g
%1 AT FTd HITU |

In a Newton’s ring arrangement with a source emitting two
wavelengths A, = 6 x 10-" m and ho = 59 x 107 m, it is found that

the m’" dark ring due to one wavelength coincides with the
(m + D 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. 10

Q2. (a) () 3 fgurmmes o & fafve omfufa o1e W geamm/aefd-shg & ame
g AU |1 hitoTy |

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

(ii) TP WeH Th sodaeia o 1837 A1 Wil 8 | TSN G ol
SSIHTA/H8d-shrg FTd hITSTT |
A proton 1s 1837 times heavier than an electron. Find the centre of
mass of hydrogen atom. 15

(b)  Ueh SI-3TYUI <hl HRATE & d&d U Hivad o & f7q o gg a%q 1 7Tid &
IR < b TR i fafe (sgeafa 721) | e 6 o aw-sme
fd § Tiqe Sl fEer @ 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 i1s constant. 10

| (¢) TewEmu foh ws B R &% uh oW 92 Mia® & g U fog 0 o gy
gehiviq & foru ey ufi=ae %333111 | 39 giomy 1 sy &7 B 2

Show that the cross-section for elastic scattering of a point particle from

2
an infinitely massive sphere of radius R is %—— What is the inference of

this result ? 10
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(d) (i) UH e BH S UHIHH 9 ' H R HH S % Amey x-fawm & e
TAdl B | Aied TR H fa@ms 6 g fwa fefa k) # x,) g
S %H ¥ HEHIH (t, = t,) BH & Wt W 9 ¥ S %A H GHHIIAH
81 Bl B |
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; = t,) at different-

positions (x; # X,)In S frame are not in general simultancous 1n 5’
frame.

(i) 7 HEE *1 3706 F99 2 x 10 8s 8 | 0-8 ¢ AT & 1Y Tid HA I HGH
& 3MEd g ht AT AU, FET ¢ TR H1 97 8 |

The mean life of 1 meson is 2 x 10~° s. Calculate the mean life of a
meson moving with a velocity of 0-8 ¢, where ¢ is the velocity of
light. 15

Q3. (a) fag Sifvu fb 919 g we guaet gUul & H1egH H U fog € g8l fag W
AT B, | TS 20 a9 R A9 aren qUl 98 g1 @ f9meh o 3gm e

Oy 999 %5 gidl & |

Prove that when light goes from one point to another via a plane mirror,

the path followed by light i1s the one for which the time of tlight is the
least. 20)

(b) (i) ST BT & MR Yathd YehT ! qlfed &1 & AN gdihd TehTv]
H Y 9 Hohd & (3 &l 31 ?

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

(i) Th-AYTE a0 e 1 O 1 AT FIfFu I Ther <hl GUIeEd
289 nm% |
fen T B w, = 1-544 3R e = 1-953.

Calculate the thickness of a quarter-wave plate when the
wavelength of light 1s 589 nm.
Given : u, = 1-544 and Mg = 1:553. 10

(c) == iU foh Tl O 0 F90@IT kA Hd 9T ThaT ATl 8 |
TR TqTEfeRT 1 B 2 ¥ w1 BIdl 8 7
Discuss how population inversion is achieved in Ruby laser.
What is ‘laser spiking’ ? Why does it occur 7 20
SDF-U-PHY o
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Q4. (a) sgnfees | R g0 3c@fGd @ 121 &0 A 3R B, g9 & @y fauda
feemett 4 09 ¢ AT o HIY AAd & | B HT AT A & HUE FTd HIFAT (F&F ¢
JehTST 1 971 B) |

Two PB-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. IF'ind the velocity of B with respect to A (Here c 1s the velocity of
light). 15

(b) TorE TE BTUTEl IRURE BIRUTE ¥ AT B ? B il g&a faswaist «
I FIU | EAUTH 9919 377 Yad = U =1 AT99Iehd 8 2

In what way 1s holography different from conventional photography ?
Discuss the salient features of a hologram. What are the requirements
for the formation and reading of a hologram ? 20

(c)  STSU=RIY & JYINT hal fHerd & ?
T (-200 kg ZEIAE 1 T MY (279) Ueh daa] &b | &1 8 foweht B
0:12m &z | I8 ohg H B ITd & AN T0g gI7H hl T U9 3Tk a1 W
Aedd g St 8 | feww & Ji= gft 0:03 m &t 8 | SfiY (27) w1 UH PR
ST @ fSad 6 3me 3@ SEEie @ 0 = 20° F HIU SEG@ 3 N JEE
(TEIHE) HIvfig =T 2 rad/s 8 | SV I ! AT HifC G AT 98

T 7 |
Where do you find the applications of gyroscope 7

A top of mass 0-200 kg is made up of a thin disc of radius 0-12 m. It 1s
pierced in the centre and a pin of negligible mass 1s 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 1t spins. 15
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SECTION B

Q5. Fmaferfaa yas &1 &1a 150 vrset ° SHv/saTE diu
Answer/Explain the following in about 150 words each : 10x5=50

(a) Tqu U feep-aega fowe =19

0
> oy
T ==&

»
(r )
Ve & . J. "ol gy
Y

O

o G gHE Vg = — - e shifS |

[Hehd fagl & 31949 9w 314 2

Starting from the expression for the electrostatic potential

1 p(?)
O(7¥)= ——— v dV,
dng
0 —> —%
vV |r S

. . : . ~ >
obtain Poisson’s equation VZ(D - F
£
0

ISymbols have their usual meanings] 10

(b) T a 3R b g/l 1 Tehfgd MATHR 91 & Hiw (Fed) HI aiia 7
HITau |

Find the capacitance of two concentric spherical metal shells having
radii a and b. 10
(c)  UUSTHI shereihl i Bau H ==l HIfAT | wireh 9 T GHE &l hH AT ?

Discuss in brief the ultraviolet catastrophe. How did Planck solve this
problem 7 10

d) U Togge (W) @ @ TEA el gt ared 19 % a9EE 4 giEdd %
fou =n frafeat € 2 fag fifSe 5 forgs wm @ o0 Tl eyt 9 &
AYHT § i3 qiadd T&i aar 8 |

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, 10
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(e) w%ﬁ%qmﬁWaﬁbélmﬁmﬁ,%ﬁ@m%sﬁa
Ful @ o F@iew gEensti 1, 2, 3 ° fEE THER H (D) Jgdd-SedHy M,
Gi) ST fewes, 3 (iii) S1E-3MTgHeTEA Hifeaeh # Hafead & ghd & |

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
sertes 1, 2, 3 using (1) Maxwell-Boltzmann, (ii) Fermi-Dirae, and

(111) Bose-Einstein statistics.

Q6. (a) 3 HaTEs ac, THgE F quHm | ufqede F gy, e o, W@ J1d 2 |
fpeft & (TE) % uh fag W favra ot AT AU A et ST o &
(E) FTA W QB |

Two conducting planes, intersecting at right-angles to each other, are
kept at a potential ¢,. Calculate the potential at a point in space 1f the

10

total charge on a plane of area o be Q. 15

b) i G GEEIR €9 & wEE gEi & @ e sfaidt a q)l & @ I T
5 | it ¥ faan. oo (3.U0.TE.) HA: 2, 1 3 4 dice B N el e
gty 4, 3 3 2 aNH 8 | 4 dice HA F TIeq § Yalfed 9/ ki UM
T

' Three cells are connected in parallel with similar poles connected
, together with wires having negligible resistance. The emfs ot 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. 15

(¢) Q%WéaﬁaﬁaﬂﬁmeaﬁiH%mmdqﬁm1131'5‘%'181%‘31
(Foe) 1 MO () H, 7z femu f6 a8 9 ° Al & YATE H

| gfefaferea st 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. 20
Q7. (@) T e T a1 R 2 a1 il Shife % WH F1d hitay T

' What is Gibbs’ phase rule ? Find the values of degrees of freedom when
f @) %ad @@ CO,, Wl CO, % &1 HgeH H & |
| only the liquid CO, is in equilibrium with the gaseous COs.
| di) o, arsa-atd Hqgid &% H 2
' water is in the vapour-liquid saturation region.

Git) T, Uehdl-YTaEdT & 4 8 |

water is in a single-phase region.
Gv) o, B (fouat) fog 8 |
15

water is at the triple point.
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Sel Op ke

3 HIHAT | =TS 9o shifau -

mw%smaaﬁwaﬁﬁ%ﬁmmmﬁmﬁﬁﬁmﬁmﬁ%%q
AT Aige & faanfa =7 2 2

Th I hl TW A (Fer) faftre Fwm giar i siee w368 K
99 W 2-77 JK-12 | 319 % 3918 a199H & faghor fifyo

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

{eE 2 eGE/T
-- A |
where 0}, = o |
kB |

Obtain the expressions for the cases

(1) when T >> O

(11) when T << Op

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 1is
2:77 JK~1 at 36:8 K. Determine the Debye temperature of the solid. 20

(c) mﬂﬁaw%?ﬁ«gqﬂﬁm%wﬁmmﬁummwéaﬁtaﬁé |
ft 399 HHT 399 | fuss Hya T8 & ghar € | |

What is Carnot’s theorem ? Prove that Carnot’s reversible engine 1s the
most efficient one and no other engine can be more efficient than
Carnot’s engine. 15
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(b)

(c)

If the partition function for a perfect gas 1s given by

Z = L (2n mkT)¥2
h

calculate (i) average kinetic energy per molecule and (11) specific heat of

the gas.

Uh qiEg SAHEH G farga-gradia fafewr & g % faga & ag9 o
s i ait Y& W 6 I i sgedE AT | 39 e b et T
et ST FH T HHd 7 ?

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 ?

el e ¥ T 3 SR W g % yTE ATl FAU % I
ST FHIHT (A e $HATA) GRI HITAC |
120°memﬁmmﬁmﬁﬁq,ﬁlwqﬁaﬁmﬁ
Thads 0 W I9% Rt SRET § 1676 cmd 1 UREd g @ | WIS
ed S°HT (A=< BlE) = 540 cal/g, 1 AHSHAE T = 10 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 Imto steam
‘< 1676 cm3. Latent heat of steam = 540 cal/g, 1 atmospheric

pressure = 106 dynes/cm?.
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