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Question Paper Specific Instructions

Please read each of the following instructions carefully before atiempting 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 § are compulsory and out of the remaining, THREE are to be attempted
choosing at least ONE 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 meaning.

Attempts of questions shall be counted in chronological 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
answer book must be clearly struck off.
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Answer all the five parts given below : 10x5=50

(a)  Show that the kinetic energy and angular momentum of the torque free
motion of a rigid body is constant. 10
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(b)

(c)

(d)

(e)

Q2. (a)

(b)

(c)

(d)

(a)

(b)

Suppose that an S'-frame is rotating with respect to a fixed frame
having the same origin. Assume that the angular velocity @ of the
S’-frame is given by
A A
o =27 —t2] + 2t + 4k

where t is time and the position vector T of a typical particle at time t

as assumed in S'-frame is given by
A A
P=2+1)1-6t] +46°k.
Calculate the Coriolis acceleration at t = 1 second.

Show that a particle of rest mass m,, total energy E and linear

5

momentum p”~ satisfies the relation

E? = c2p2 + mg ct
where ¢ is the velocity of light in free space.

During an earthquake, a horizontal shelf moves vertically. If its motion
can be regarded simple harmonic, calculate the maximum value of
amplitude of oscillation so that the books resting on it stay in contact

with it always. Take g = 9-8 ms2and T =05 s.
Explain why information carrying capacity of an optical fibre can be

enhanced by reducing the pulse dispersion. How does one minimize
pulse dispersion using a graded index optical fibre ?
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If the forces acting on a particle are conservative, show that the total
energy of the particle which is the sum of the kinetic and potential
energies is conserved.

Prove that as a result of an elastic collision of two particles under

non-relativistic regime with equal masses, the scattering angle will be
90°. Illustrate your answer with a vector diagram.
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(c)

()

Q3. (a)

(b)

(c)

(d)

(a)

(b)

Calculate the horizontal component of the Coriolis force acting on a body
of mass 0-1 kg moving northward with a horizontal velocity of 100 ms™t
at 30° N latitude on the Earth. ; 15

Derive the relativistic length contraction using Lorentz transformation. 10
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The dispersion relation for deep water waves is given by
w? = gk + ak®

where g and a are constants. Obtain expressions for phase velocity and
group velocity in terms of the wavelength A. w and k represent the
angular frequency and wave number, respectively. - 5+10=15
A parallel beam of light from a He — Ne laser (A = 630 nm) is made to fall
on a narrow slit of width 02 x 10 m. The Fraunhofer diffraction
pattern is observed on a screen placed in the focal plane of a convex lens

of focal length 0-3 m. Calculate the distance between the (i) first two
minima and (ii) first two maxima on the screen. - 15
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{c)

(d)

Q4. (a)

(b)

(c)

(a)

(b)

(c)

The displacement associated with a three-dimensional plane wave is
given by '

¥ (x, vy, 2z, t)=acos [-?—kx+%ky - cot:l,

Calculate the angles made by the propagating wave with the x, y and
Z-axes.

Explain the physical significance of resolving power of a grating with
relevant mathematical expression.
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A particle describes a circular orbit under the influence of an attractive
central force directed towards a point on the circle. Show that the force
varies as the inverse fifth power of distance.

A particle of rest mass M = 4 x 10727 kg, disintegrates into two particles
of rest masses My = 3 x 10727 kg and Mg = 1 x 10727 kg. Show that the
energies E; and Eg of these two parts after disintegration satisfy the
condition E; = 3 Eg while moving in opposite directions with equal linear
momenta. Give necessary mathematical derivation.

2 1 8% . . .
Show that the operator [V - C—2 g?} i1s invariant under Lorentz

transformations.
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Answer all the five parts given below : 10x5=50

(a) In the circuit diagram shown below, calculate the current passing
through the milliammeter. 10

g 11 200 Q
I
60 Q
P I Q
4V '
(b)  Consider the equation for a series RLC circuit and compare this to the

parallel resonant circuit shown below ?
I Iy

Calculate the value of R, if a series RLC circuit and the parallel RLC
circuit are to have same equations for the potential of capacitance while
they both have the same L, C and Q with Q being the total charge. 10
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(c)

(d)

(e)

Q6. (a)

(b)

A thermally insulated ideal gas is compressed quasi-statically from an
initial state with volume V, and pressure P, to a final state of volume V

and pressure Py Show that the work done on the gas in the process is
given by

W= % (PrVr — P,V,)
where C, and R having standard meanings. 10

In a tungsten filament lamp, thermionic emission takes place at

12 x 10° K. Calculate the ratio of spontaneous emission to stimulated
emission for non-degenerate energy levels. Interpret your result
physically. '

Take A = 550 nm, kg = 1-38 x 10722 JK, h = 667 x 1034 Js and

c=3x10°% ms™1, 10

The electric field of a plane e.m. wave travelling along the z-axis is
%
E =(ExX +Eq3)sin (0t —kz + ¢).

Determine the magnetic field. 10
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(c)

(d)

(a)

(b)
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A series LCR circuit has resonant frequency w, and a large quality
factor Q. Write down in terms of R, 0, 0, and Q, its (i) impedance at

resonance, (i) impedance at half-power points and (iii) the approximate
forms of its impedance at low and high frequencies. 15

Consider the following coupled inductor — capacitor circuit :
L L
" 53 & & > N ———

Calculate the ratio of the frequencies of the anti-symmetric and
symmetric modes w, /o,.

1 1
Civatike -, Ko
[ YERET Lo LCJ ' -
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(c) Using the fundamental concepts of electromagnetism, determine the
electric field of an electric dipole P at a distance T and its energy in an

A._>
electric field E . 15

(d)  ABCD is a rectangle in which charges of + 1011¢ -2% 1067 C and

1071 C are placed at corners B, C and D, respectively.
D C

A= B

<—4 cm ———>

Calculate the potential at the corner A and the work done in carrying a
charge of 2 coulombs to A. 10
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{a)

(b)

Q8. (a)

(b)

(c)

(1) Considering an isotropic, linear, non-conducting, non-magnetic
and inhomogeneous dielectric medium with

= — 9 =
D=¢tE =¢g,n“(x,y,2) B,

=y
show that the electromagnetic wave equation for the field E is
given by

-~
= = (172 o= iy
VZE + V (—VBQ.E} ~ uoﬁonz o =10,
2 9
ot”
(il)  Write down the scalar equation for E, from the above equation.
(iii) Interpret physically the situation if we move from homogeneous

to an inhomogeneous medium.

,_,%
(iv) Obtain the similar vector equation for the magnetic field H in
inhomogeneous medium.

For a uniform wire of length L and radius a having a potential difference
V between the ends and a current I along it, calculate the energy per
unit time delivered to the wire by Poynting vector.

3H syl H T Tgd W Hg % mm § ™Y g HERY

Inp= 2303—3—7ﬂ5i§mﬁmw% el Thfead § 2 | 29 379 ¥ 39

wﬁaﬂHg%mmi‘rwmwalnpzw-w—3063mﬁmwél
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7 | elifere | fdis R = 8:314 J mol t K1

g H, avl 3fta Ul § 9% 1 a9 — 20°C 997 ™Y | S+ 1 kg T W 100°C
ot g § yRefda o mn, @ wweldt § afteds sma <hifsr | e w8 =%
faftre o1 ari@r 500 cal kg™! K1 8, 9% <t 79 ST 3-36 x 105 J kgt
2, W7 67 T ST 226 x 10° J kgt R G J = 4.2 J cal "L,

97°C W =T 1 TEEAT U 2 x 1070 kg m~le1 B | ufsfaa Fifsm
G) offwa =@ @ (i) AREm o W =, AR W oAm W 6 W

e — SlecoME e H IieH i B | e wn ® Seceme fHEais

kp = 1-38 x 10723 J K~ @ Siferam Wy 1 geumH = 667 x 10727 kg,
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(d)

(a)

(b)

(c)

(d)

N v fefifssa wifeashi o1 arei i 5u @7 sraeensd § fafa fhe s §
R S & ey = 0,8, =kpT T g, = 2k, T, 9al ky SecemH e
g | At frem & dgl dgem el 1000 kT 2, o N @ 9 uftesfon
<hifory |

The vapour pressure, in mm of Hg, of a substance in solid state is given

by the relation In p = 23-03 — §HTI‘E‘—:’ where T is in Kelvin. The vapour

pressure, in mm of Hg, of the substance in liquid state is given by the

relation In p = 19-49 — % Calculate (_i) the coordinates of the triple

point, and (ii) the latent heat of vaporisation at the triple point. Take
Gas constant R = 8-314 J mol ! K1,

In Leh, temperature of ice on a cold winter night is measured as — 20°C.

Calculate the change in entropy when 1 kg of ice is converted into steam

at 100°C. Given specific heat capacity of ice is 500 cal kg™! K™, latent
heat of ice is 3-36x10°Jkg™!, latent heat of steam is
226108 J kgl and J =4-2J cal L.

The coefficient of viscosity of helium at 27°C is 2 x 1070 kg m~1s7L.
Calculate (i) the average speed and (i) the diameter of a
helium molecule, if it is assumed that the gas obeys
Maxwell — Boltzmann distribution. Given Boltzmann constant

kp = 1-38 x 10723 J K~! and mass of helium atom = 6-67 x 1027 kg.

N particles obeying Classical Statistics are distributed among three
states having energies £; = 0, €5 = kgT and &3 = 2 kgT, where kp is
Boltzmann constant. If the total equilibrium energy of the system is
1000 kgT, calculate the value of N.
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Question Paper Specific Instructions

. Please read each of the following instructions carefully before attempting questwns .
There are EIGHT quesuons 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 remammg, THREE are to be attempted '
choosing at least ONE from each section.

The number of marks carried by a que stion [ part is indicated agams‘t 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 prour,ded No
marks will be given for answers written in @ 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 meaning.

Attempts of questions shall be counted in chronological 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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SECTION A

Q1. Frffen w3 A -

| Answer all of the following : , | : - - 10 x5=50

(@) B 2 ¥ T B T i T p—po ¥ g W& 2, & p, I8 R
e B o r g W gt B |3HTh€1é;amw 3uh g W 2a B GW W,

gmma‘w«%am«ﬁﬁﬂl

Po &

The density 1n51de a solid sphere of radius a is given by p = , where
P is the density at the surface and r denotes the distance from the
centre. Find the gravitational field due to this sphere at a distance 2a

from its centre. - - ' 10

() AR SR T o S (i) 1§ @ T g O o ¥ 9,
SR Tl (o wE) § A o T T we e ¥ S e
'%asa'magfﬁ;ﬁamﬁll’:mﬁu, s R s d % 9Ny
-y 0 Fouty wfw & ol M s g R | |

If ' and I be the Moments of Inertia of a body about an akis passing
through an arbitrary origin and about a parallel axis through the centre
| df méSs respectively, show that I’ = MR‘2 + I, where ﬁ is the position
vector of fhe centre of mass with respect to the arbitrary origin and M is

the mass of the body. ‘ o ' : 10
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(c)

ﬁWqu_%rhwqawa}wga,m(ﬁmﬁm) \mm'ﬁén o
¥ T T B R 1R & 98P TR 7@ F e w1 o A | w0
mﬁanﬁﬁéaﬁwmnﬁﬁmt@ﬁ%m@wﬁwm

(d)

(@

- A sphere of radius R moves with velocity W in an ihcbmpres'si'l:‘)'lc,-'
“non-viscous ideal fluid. Calculate the prés_sure distribution over the
| _surface of the sphere. Do you think that a force is necessary to keep.the

.sphere in uniform motion ?

- vy -

10

W%A-Wwﬁﬁmnmw% » amTse e Rea FTO A ST
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maﬁmaﬂ%ﬁ%l

"~ What is the physicalAsigniﬁcance of Einstein’s A-coefﬁciént ? Explain,

why it is more difficult to achieve Lasing action at X-ray wavelength

than at infra-red wave]ength. _

@@mmwm@%m,mm(ﬁ%@aﬁm
153 aih firrene (Shaee) gEH SR 0-0012 | 3 TG H 1km T F
- for i Tergferpeor ( waﬁzﬁn)ﬁqﬁﬁqﬁﬁmd@ﬁzkméﬁéﬁt

aﬁmﬁq%ﬁmwﬁammmaﬁwmqum
hifere |

For a multimode step index optical fibre, the core. refractive index is
1-5 and fractiona] index - difference is 0 001 Célcﬁiate the pulse
broadening for 1 km length of the fibre. Over a length of 2 km of the
fibre, calculate the minimum pulse scparatlon t;hat can be transrmtted

without overlap.
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Q2.

Q3.

(a)

)

(¢}

(a)

ferriee T T 3 fis 9 A AT o % aw, s § w P feg § 2

T g 9 5w ol A | e % w @ (i "

ﬁm)ﬁwmwm@ﬁsﬁnﬁamﬁmﬁuﬁmﬁﬁqmﬁ

Q%ﬁm@hm.aam%,ahghnﬁamwwm?ﬁwnﬁ

.
Consider a rigid body rotating about an aﬁis passing through a’fixed

point in the body with an angular velocity o . Determine the kinetic

" energy of such a rotating body in a coordinate system of principal axis. If

the Earth suddenly stops rotating, what will happen to the rotational

kinetic energy ? Comment in detail.

.@ﬁg@ﬁmﬁ@%ﬁﬁémélﬂﬁm%@ﬁwﬁa%ﬁﬁé

mwmmﬁrmwwmmﬂawwmw
BT |

A body turns about a fixed point. Show that the angle between its

angular velocity vector and its angular momentum vector about a fixed

point is always acute.

o s S & wEed Righ @, R g wfa a1 e

HIfe fop form w0 A dio T h T BT R |

‘Explain the working principle of a 3-level laser with a specific example.

" Comment on why the third level is needed.

o it e o R v % e o P (3e) 3 e T A

W%lmlmm@mmaﬁmmaﬁq@aﬁ :mqﬁrd%
(x=o®) |

25

15

10
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TR ?

) S i et 61 ol 7 2 2
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A mirror is moving through vacuum with a relativistic speed v in the o
x-direction. A beam’ of hght ‘with frequency w; 18 normally incident

(from x = =) on the mirror. '
(i) What~ 1s the frequency of the reﬂected light cxpressed in terms of
m,, candv?

(ii) What is the energy of each reflected photon ? 25

) T 3a) #, AR smRa Reomgw w1 sied Fel v B @/m?) @, @
qmﬁammgawaﬁwmfwwm?

In questlon 3(a), 1f the average energy. flux ‘of the incident beam is

P (watts/m?), what is the avcrage encrgy flux of the reflected beam ? . 15

© @ % A, fiw d 10 om & A, Bealw SHM A ¥ ) A F
et W v TR @ R | AR T B i a9 e I @, 38ad
%aaﬂq%mmﬁw%wéaﬁqﬁ@n? .

_'In a certain engine, a p1ston undergoes vertical SHM with an amplltude
of 10 cm. A washer rests on the top of the p1ston. As the motor is slowly
speeded up, at what frequency will the washer no longer stay in contact

- with the piston ? 10

Q4. (a) Wm.%maﬁﬁmwa;uaﬁﬂq(ﬁrﬁn)ﬁmmﬁml o
A, mmm%mmmmmnmmm -
1 W R 7

Discuss the problem of scattering of charged particle by a coulomb field.
Hence, obtain an expression for Rutherford scatterlng cross-section,

What is the 1mp0rtance of the above expression ? . 25

CDRN-NRizA 5
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(b)

(c) ,

o TR w0 T R T (i) % T o R w @ D |
cuigy f6 wu f1 wenw (aAffee) wh e gl | nfa % e

(erzw fifwre) A FIRT |

- A charged particle is moving under the influence of a point nucleus.

~ . Show that the orbit of the particle is an ellipse. Find out the time. period

of the mofion.

T e TR Taada 3fdn (grafiem fedhaem 9fdm) W fEm e ge, wwl

d @ AR YEi S % A A g0 @, m B g Wk o i
W%WWW‘@ wﬁﬁx%wmﬁam%mﬁvﬂa
aﬁﬁﬁm quﬁwq@ﬁqt |

Considering a plane transmission diffraction grating, where d is the

distance between two consecutive ruled lines, m as the order number

and 0 as the angle of diffraction for normal incidence, calculate the

angular dispersion g—i for an incident light of wavelength A.

C-DEN-N-RIZA 6
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Qs.

('a)'

(b)

(c)

(d)

(e) -

@UEB

SECTIONB

P 3 AR
Answer all of the followmg
| wmﬁfﬁﬁzmﬁ 999 G0 NPT, y = 2 cm % R Hhe "Aftkan |

fereenfa g 2 mﬁﬁa%a‘ﬁmaﬂi@ﬂqé@m 0-1 mm 37
1 m &, € Fehr1 1 qoreed wrd FR |

'In a Young double slit experiment,. the ﬁrst bright - maximum is
- displaced by y = 2 cm from the central maximum. If the spacing between
slits and distance from the screen are 0- 1 mm and 1 m respectlvely, find

the wavelength of llght

" 10x5=50

10

Q@?ﬂﬁvﬁmmﬂﬁnaﬁtaﬁmﬁﬁasm*ﬁm(mm)ﬁ !

afiafia wd 2§ |

' Define Enthalpy and show that it remains constant in a throttlmg

process. -

@ﬁmﬁ%ammﬂm@ﬁmﬁﬁﬁaﬁ?ﬁ%?@ﬁm%ﬁw:aﬂt
m%%quaﬁm%?

‘How does holography differ from conventlonal photography ? What arc

the requirements for the formation and reading of a hologram ?

e R T LI ap e g g—

10

10

%wmmmmm%lmﬁmﬁmqﬁaﬁmaﬁﬁﬁﬁa |

& &1 gfsheq Hife |

In deriving radiation laws, we cons1der a cubical container of volume V
containing a photon gas in equilibrium. Calculate the differential

" number of allowed normal modes of frequency .

W%Wﬁg@m@,aﬁmﬁﬁgﬂm ésﬁ-‘mam
mﬁwwaﬂtﬁgq%‘:rE =E, (%, y, z) 7 é:f%vm:{qg?ﬁammﬁwm

 Fifv

Starting from Maxwells cquatlon obtain the wave equation for the
electric ﬁeld E in free spaco and approprlato wave equatlon for the

_electric field E E (X, y, %) Z.

10
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Q6.

Q.

(a)

(b)

(©)

(a)

C:DRN-N-RIZA : 8

m%a@éﬂ(gqﬁaﬁM)mén%aﬂ%@m% | an & 5g ot g
aﬁﬁq%mmw@éﬂcm%%ﬂ < T AR |

Show that the group velocity is equal to particle velocity. Also prove that

the group velocity of the photons is equal to ¢, the velocity of light.

Wﬁ@ﬁﬁl’é )amaﬁl_laﬂtt oqt —oé:ﬁm aﬂi'sq%

%&ﬁLCRqﬁw%ﬁﬂwﬁmmﬁmﬁﬁmmﬂiﬁﬁgﬂm
(ﬁz)ﬁmﬁ%ﬁ%mm%

=1, [1 +%J o1/

% R 2 s 7 =Y
EH] y:i_, mozi—é-’ ®= (no-—-:i—m R tanam%.

-For initial current conditions I = I(,and%—iI:—"= 0 at t = 0, show that the

time dependent current in the critical damping case for an LCR circuit is
given by ‘ '

1=1, [1+%)e—yt’2

| . 2 .
WheI‘Q‘-’Y=E, w2,=i, o=o? -1 and tanazi.
L’ %7 Lc P07y %

W%Wﬁmﬁwwmm@ amisq%gﬁ—rﬁga
YaTg (i) UFca T STTE I Bl § |

Using Ampere’s Law and continuity equatmn show that the divergence
of the total current density is zero.

Re-aieem fram & $w9 $itm o 3aw e hife | qulse

log T = log K + 4 log R, &l P o (e ael) % g Sewifola wii 3 afk

R H{wmept w1 gkl 8, K FHaais 7 |

State and  explain’ Stefan- Bolt/man'n‘ Law. Show that‘

logP=log K+ 4 log R, where P is the power emitted by black body and
R is the resistance of the black body, K is a constant.

15

20

15

10



(b)

(c)

@

-'20°cqwn=ﬁ%ﬁqm%m(kg)ﬁﬁmmm 10°cqtac%ﬁaaa1m

%1%@wmﬂm(@z%ﬁﬁﬁ)4zoomgK%aﬂwﬁaﬁmmﬁm |

2,100 kg K 2| mcqza%%w (W)'&?IWB% x 103 J/kg ® |
mﬁ@ﬂﬁ@qﬁaﬁqwmml

One kg of water at 20°C is converted into ice at -10°C at’ constant

pressure. 'Heat capacity of water is 4,200 J/kg.K and that of ice is
2, 100 J/kg.K. Heat of fusion of ice at 0°C is 335 x 108 J/kg. Calculate the

total change in entropy of the system.

v it A A €, 99 Ly, ¢ F 8 agAd e g, Ghlﬂﬁmﬁmﬁa
Ly, Cy %1 2 1 Rig R Fs af} 3 ol oftaw srewall ) i 3 A w0
_ﬁmm,aﬁmwﬁwaﬁ?ﬂaﬁammq%ﬁﬁaﬁﬂ%éaﬁﬁﬁqﬁmﬁ
3 freft < oft oft

- When connected in series, L;, C; have the same resonant frequency as
- Ly, Cy also connected in series. Prove that if all these circuit elements

are connected in series, the new circuit will have the same resonant
15

frequency as either of the circuits first mentioned.

a5 o wdga (Sredfiem) mem § R & a G

WWWW%WMWW%WW%

7 i E cosz(k:r - ot),

Ou

ﬁaﬁmw(ﬁ@%ﬁ)%l

Show that the energy flow due to a plane electromagnetlc wave

'propagatlng along z- dlrectlon in a dielectric medium is given by

7z i E cos2(k/ - mt)
W _

clectric field amplitude, p is the relative permeéability of the medium.

C-DRN-N-RIZA 9

15

&l k 3R o TR0 wiew R i smaf §, E ﬁgaéam% pm‘am |

-'where k and © are the propagation vector and anguiar frequency, E, is

10
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Q8.

(a)

(b)

{c)

"ﬁmwmﬁfﬁﬁaﬁgﬁﬂamm@aa |ﬁ1:rf%1f‘@mawu
-wﬁam@%%qwﬁwuﬂawsﬁmﬁm |

2

TR ’
5
Cy

f=

._aﬁcp'aﬂtcvmzwmaﬂ;wmmﬁeﬂammyﬁl

Consider a System of free gas particles having f degrees of freedom. Use
equipartition theorem to establish the relation

2

C ?
&)
Cy

f:

,where C and CV ar¢ molar specific heats at constant pressure and

C
constant volume respectively. Obtam the values of — for diatomic dnd

v
triatomic gases.

e 5 i B Rk oie dra-amgere R R e Pttt
o G 5eE ¢
f(E) ~ expl(n - E) / kyTl,

amf(E)Ewé@laga%ﬁa% paﬂIkBTqm%mﬁﬁﬁwaaﬂim
S E

Show that both Fermi- Dirac and Bose- Emstem d1str1but10n functlons at

an energy E are given by :
f(E) ~ expl(p ~ E)/ kpTl,

where f(E) is much smaller than unity, p and kgT are the chemical

potential and thermal energy of the atom.

m%wmwuwmlww'mm@;
FAHIY-FAY TR
dr L

dT ~ T(V; - Vy)
e HIRT | _‘

- C-DRN-N-RIZA : 10
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LR SN
C .

~.Explain the four thermodynamlc relations of Maxwell Usmg the same,
obtain the Clausius- Clapeyron cquatlon '

dP L
dT ~ T(Vy - Vp)’

'1'5""

(@) ‘wmmmwmm@mﬁm%ﬁm
S mwmﬁ@tm% |

Using Maxwell Boltzmann dlstrlbutlon law prove that there cannot be

any negative absolute temperature 10

' CDRN-NRizZA 11
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ftvfftnwm: rfhrvZ 37& 250
Time Allowed: Three Hours Maximum Marks: 250

% FIT* 3T

smW7f &we?$ fewfof T <mfjfaft tfk #1
vitwff 207 WNrw if &3fir& i /

wrwml 3iks frr  $dsr*wgd r&wr Szt

wi/vpt# shn mti f& w $ |

wrf & im ztff wm $ f'ni wti wf& ftmm 3$w x&r-w # fanw t &kw mm w ?w 38w
wr-w-"m (?%.&?.) yi&i*bi $$w-ytz w sffar ftfife; 2w w fan wn i5@ "fmm & 3Mw sfrr
faffwm $ ozm m A finiif ftvft 1

3mw*b if, gf sffatfw wr mr 1
VAWVS> 3%%7T 7 if, 1-faf W WAMVIF Wel/cfef HHe 37$ if Yo f /
wft&imf wrt&wjm *&wNff Zyftw zrw ifit, <fwr & 3m rff nmr & mpff *77# w -fan w
if lwf-m-3fn%fém 4 @7rfw " Tjtwywm 3 sfw  ft? m d *mzrwrt mf& /

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 from each section.

The number of marks carried by a question Zpart 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 meaning.

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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A
SECTION A
Answer all the following questions : 10x5=50
@ ~ 3ftT doTiuly 3%

Ifiklk era, nl™difcfe |

Write down precisely the conservation theorems for energy, linear
momentum and angular momentum of a particle with their
mathematical forms! 10

(b) n cpjr % teft *ft grfi 3Twri %
N % 'em gt 3TI5FNM4 wm % t7 gwql% ~em I i

Prove mathematically that the addition of any velocity of a particle to
the velocity of light in free space merely reproduces the velocity of light

in free space only. 10
o (*src) % ?r8if, sj? % mgfer: &7 A
7-292 x 10-5 sec-1 SR™NW  #fTf ? iR TRAHHW A A

3 N ftfsrrt |

How does one obtain the angular velocity of the Earth about the North
Pole with respect to a fixed star as 7-292 x 1(T5 sec-1 ? Explain your

method of calculating the above value. 10
d 20cm”™ R T 3 m #a 05mm (t"TC) % &

~N3T | I d<dI<M 5000 A n W1 Wifesi rEACT 37TTRAET /Mcft

t, rit 3tr %ter ‘isnsrw

i
A convex lens of focal length 20 cm is placgd after a slit of width 0*5 mm.

If a plane wave of wavelength 5000 A falls normally on the slit,
calculate the separation between the second minima on either side of the

central maximum. 10
(e N 3g=TkE W #eftt ? o# TXRT N
WraH ™Mnff % ~Bcr N TRjft? Mt | ?

What is the role of an optical resonator in a laser ? Why does one prefer
curved mirrors instead of plane mirrors in designing an optical
resonator ? 10

C-AVZ-OQIZA 2



Q2.

Q3.

@)

(b)

©)

(@)

IV' CAREERINDIA

TR 'S % 'QF~Jf m-WRT TFWIRR
h<<IM* 3TNfer it <« mwntd affc a r t toiff %. ura i
w fitftre; ft; siftew 3w m A ffef sw 3?27~ 3 %$ ;jg#t

Find out the angle between the reflected and refracted rays when a
parallel beam of light is incident on a dielectric surface at an angle equal
to the Brewster’s angle. Explain how do you use this concept to produce

linearly polarized light. 10+10=20

rxA r2cawdHI~l H3Tk 122

%~ "TO3 "SB5M & ff "TRRITFTOT t] % ~

55 3TPRR  5TM t:.

_ h h
Q= g ‘rri

jilpMlam-TO'smicft™wrkll

Using Poiseuille’s formula, show that the volume of a liquid of viscosity
coefficient A passing per second through a series of two capillary tubes of
lengths 11 and  having radii r and ?2 *s obtained as

N R
Q= an IrIZI " ?4'
1 2
where p is the effective pressure difference across the series.

M R TR <d=R fefsp 33%
N 3ffc et % %icfe]d 3181 % eT: - MR2 | |

Show that the moment of inertia of a circular disc of mass M and radius
R about an axis passing through its centre and perpendicular to its

plane is "M R2.

p FTS2 ~\JSHfel 1#5p3R, <SIT% "RT w ft % T"> 3TNCRT BT % n
I

Draw a neat diagram to explain the scattering of an incident beam of
particles by a centre of force.

C-AVZ-O-QIZA 3
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(b) ~nfmfa y-£Elun arprFs?-'#~ » tor M Hkeet
cr© = . ds
sin0 de

NsSAfmwtrey™MlujH ~Murl i

Show that the differential scattering cross-section can be expressed as

0) = ds
a®) sin0 do
where s is the impact parameter and 0 is the scattering angle. 15
(cp 35~ fa ip; faw s*WR 0-51 MeV t (*rtfaft 'srra™ff %

jeNirraf srok i
Show that the rest mass energy of an electron is 0*51 MeV (use the

standard values of the physical parameters). 10
(d 3TC3<fafa n = J1-~]- % 31RRWI (M<I™d igTWT <& 3 3T
o~ V2 @ XMl WT % 3Nf M\ W f I~ @
W*TT 3TTYTI |

Find out the phase and group velocities of a radio wave of frequency
(0 =V2 oy in the ionosphere (as a dielectric medium) of refractive index

n= 1- -r—. Here, « pis the ionospheric plasma frequency. 15
Q4. (@ 3fk ~pprfer™ wrtt Wrrfef \
NTE ?

Define coefficients of viscosity and kinematic viscosity of a fluid. What

are Poise and Stokes ? 10
(b) n foiRg™ Anerfl ~ 1~ A (crc™otTw) ~

#rrasraf c&ftnr i

Write down Poiseuille’s formula and mention its limitations in analyzing

the flow of a liquid through a capillary tube. 10
(©) at fx3"T2% $ Wt % wfrjR % %tr, 3TTA

(~w) n Now 1

Using matrix method, find out the equivalent focal length for a
combination of two thin lenses of focal lengths fi and f2 separated by a
distance a. 10

C-AVZ-OQIZA 4
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(d) TTT'ftr % wfft dcf wnfo”R fosR % fan, 3i<with % a A
B FiI"WT = W : 3fft AMfgM 3t 4h % ftnj;, ATt
w f (?ta??T) 3, sfer 3twr wrrjsff c&w I srsgw w 1
Nqyw tfclcTtoT (M#T) o M ~ %* % WW 3

iy SIS AT AKW WBITTT % ?

Using the concept of Einstein’'s A and B coefficients for a two-level
atomic system under thermal equilibrium, determine the ratio of the
number of atoms per unit volume in the two levels experiencing
spontaneous and stimulated emission. How does the principle of
population inversion lead to the gain mechanism in the active medium of
the laser? 10+10=20

C-AVZ-O-QIZA 5
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~r§B
SECTION B
Q5. 3% o TC ;
Answer all the following questions : 10x5=50
OoX
(a) W R % SP-ffa 3STTNT Anw | pX=- %— ; p, ™ 'tocT
S u
STTAr5~2 t |~ X=0TRfelpT-Sft |E 1 =0 3fk x =5~ f=TOcj V = O ft,
tftv# |E | i

Under one-dimensional configuration, the charge density is given by

p(x) = "g_'l.; where pQis a constant charge density. If the electric field

-
E |=0 at x=0 and potential V =0 at x =5, determineV.and |E |. 10

(b) 5cm%3*n%TA 31T 12 nC SIS if OTR
ftrafef | 133% T3  sftrw ~ tr % 19%fSITO BfI~T
E) 3Tef i

A conducting sphere of radius 5 cm has a total charge Of 12 nC uniformly
distributad on its surface in free space. Determine the displacement
vector D on its surface and outside at a distance r from the centre of the
sphere. 10

(c) n rlc sfircta ‘ioo A sfitarar 210 a | 15ft w 'jftgsj
~“hnraT” c)wdl 220 V % ML, <t 3
brtar 3% (w) ajfor  $?
A series RLC circuit has a resistance of 100 Q and an impedance of
210 Q. If this circuit is connected to an a.c. source with an r.m.s. voltage

of 220 V, how much is the average power dissipated in thecircuit ? 10
d OTR™ T% ~ A3fft B daFT TQ% 371 JRt IBR3 T>TOI
nrd it f< f, tetTafi rA aftr rB % mf |
N irffor .cQdiin% ~ 3

ifteTT P)(%<U| % -gRT site; ft?2ftt 1

Two spheres A and B having same temperature T are kept in the
surroundings of temperature TQ Consider T > TQ The spheres are made
of same material but have different ,radii rA and r~ Using
Stefan - Boltzmann distribution, determine which of these will lose
heat by radiation faster. 10

C-AVZ-0O-QIZA 6



Q6.

Q7.

©

(@)

(b)

(©)

(@)

IV' CAREERINDIA

Tjd) % €A 3RTR 50 .atm % fTH% era #STf IN
3TTThra ¢IH 300°K 3f%JT cIN 5TR | ~ o f
MNER '‘pPRcrra a = 0-136 Pa m6 mol-1, b = 36-5 x 10“® m3 moH,

Cp=30J Krlmol-1, R =8-3J K"1mol-1)

A Van der Waals gas undergoes Joule-Kelvin expansion with a pressure
drop of 50 atm. If its initial temperature is 300°K, determine its
final temperature. (Given Van der Waals constant a = 0*136 Pa m6 mol-1,

b =36-5x 10-6 m3mol"1, Cp=30J K"1mol"1,, R =8-3J K"1moH) 10
N N I N

t?
Derive the equation that represents Poynting's theorem. What is its
physical significance ? 20
w 200 kW 3FRT
Wft A~ *MRl ~sU || 5 km n
#P W ~ |

A radio station transmits electromagnetic waves isotropically with an
average power of 200 kW. Determine the average magnitude of the

maximum electric field at a distance of 5 km from it. 15
N Cbl4ft* (3Tiffreh) 5l 40°C A 50 x 103 Paf |
YYWRi Asht™ 80°ct i qYssS” 3im«n 3 an™ % it

en tit % dicdlanki g'ct i

The vapour pressure of an organic substance is 50 x 103 Pa at 40°C. Its
normal boiling point is 80°C. If the substance in vapour phase can be
treated like an ideal gas, find the latent heat of vaporization of the

substance. 15
%IT +z % #Erter o] WT TITSIO

A @z <0 ark ttewt B(z>0)%*ffaz = o™ f*ra Wfhn (wra™) ©
3THA?T: IIRFRT | TWT % MW M gTO*

‘dpin, t oo

A plane electromagnetic wave propagating along +; direction is
incident normally on the boundary at z = 0 between medium A (z < 0)
and medium B (z>0). Determine the reflection coefficient and
transmission coefficient for the wave. 20

C-AVZ-O-QIZA 7



IV' CAREERINDIA

(b) RIiC if, R=2Q t Itffrsr3 3wrf, % T, 3TTY
if 1%38M» t 133%t yi-~fdb 3704% 3MN% 2 kHz | 13fcfi L
3ffa IRTT % *TH %t fAjftef I

A series RLC circuit has R = 2 Q. The energy stored in the circuit
decreases by 1% per period of oscillation. Its natural undamped
frequency is 2 kHz. Determine the values of inductor L and the quality

factor. 15
(©
'SWR*T 5T~  aff (fSR) % TIN  3gHR 3
ifai t ?
Using, Planck’s radiation law, deduce Wien’s displacement law. How
does this law enable one to estimate the surface temperature of the Sun
or a star ? 15
Q8. (a) T STKTSI 112 12 [
In the circuit given below, find the values of currents 1 I2 and |. 15
90 6V
Www -
5Q
12V TZ -a
(b) trr yN<fa % w f 2?2~ IMUlT  jpstet
“F 3JFfra | | tCT Mftufin ~  3<fctR | 51
N % firy, N ftsitot yid)Pl=b 35N 1
Whatiare the characteristic features of Rayleigh scattering ? A very thin
monochromatic beam of light is incident on a particle. Suggest a simple
experimental method to ascertain whether the scattering by the particle
is.of Rayleigh type. : 20
(c) CfI?3* C(123 % % 1rP*, 3ra*sn wrftoR'J" I shIRi<> TOR p % yrra

For a Van der Waals gas, write down the equation of state. Determine
the coefficient of critical expansion p. 15

C-AVZ-O-QIZA 8
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(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 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 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 meaning.

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.

(@)

(b)

(c)

(d)

fifass fAaai® / Physical Constants
e=1-6x10"19¢
go = 8854 x10712 F/m
Mo =41 x 1077 H/m
kg =1-38%10723 J/K
h=6-63%x1073% Js

mp =1-67 x 1027 kg

Tueg—A / SECTION—A

(i) A ARI-STHEEE (CO) M9 & 210§ e qo1 SIS & THIAT 6 Hesl b s Bl g
1-130 x 10710 m ¥ el TRATY % W& Y F HEld-drx Bl G |

The distance between the centres of the carbon and oxygen atoms in the
carbon monoxide (CO) gas molecule is 1:130 X 107'° m. Locate the centre

of mass of the molecule relative to the carbon atom.
(i) B o % el SrHgTERR wie @1 Hefd-Shs F1d i

Find the centre of mass of a homogeneous semicircular plate of radius a.

FINATRTT T 1 o6 0 HL 1 <Nl 7 T8 7 1 T guiH-31e F THEE ?) 3H 9 H
Thfd & SR A ford)
Derive the expression for Coriolis force and show that this force is

perpendicular to the velocity and to the axis of rotation. What is the nature of
this force?

<t 6 47 TN Y, gedl O n A1 W ST o % o w6y FHE Y = 2n(l + o) 57
Y g 2

Show that the Young’s modulus Y, modulus of rigidity n and Poisson’s ratio
are related by the equation Y =2n(l +0).

RO G VI qG F IS T TRAGE FH AqEiH HAE: 1-52 71 1-48 §| HIS H =M
30 um #| AR e e 1.3 pum B, & dg g i faEnet hi Afteran wen qu
e 1 IREEH

The refractive indices of core and cladding in a step index optical fiber are 1-52
and 1-48 respectively. The diameter of the core is 30 um. If the operating
wavelength is 1-3 um, calculate the V parameter and the maximum number of
modes supported by the fiber.

10

10

10

10
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(e)

(@)

(b)

(c)

i At Seem 9t Ry T A § el f wen 450 @, @ F=0 Aifcad & TEE o
Seafiid D, @ D, W@l (A, =5890 A @ A, = 5896 A) I ferifsra e < wepa @7
e &

Can D; and D, lines of sodium light A\ =5890 A and Ap, =5896 A) be

resolved in second-order spectrum if the number of lines in the given grating is
450? Explain.

IR 39 Met A, B, C a1 D, T ues it "efa m aon B a 8, & S=-forgadl &1 451 b
F UH T F IR BET W @ TR, o A= m w R g

Four solid spheres A, B, C and D, each of mass m and radius a, are placed with
their centres on the four corners of a square of side b as shown in the figure

below :
A b
S &

-
c

D b

1t ) U Y F A 76 P o e AT 1 URepT | W & @ b Ueh forehvl o HiE 7
e % Sgca et 1 ot aiEwe )

Calculate the moment of inertia of the system about one side of the square.
Also calculate the moment of inertia of the system about a diagonal of the
square.

w PRy 99 0. 8¢ 3 ¥ FrElt B8 N (1) TS F HHIGR T (i) TS ¥ 30° H H fRwn A
TREE 2 o ffE ¥ R o i orarg # uftera dgee afeeiera (i) % A H A
féw @ d se =1 Rg-fo=ma @0 gm?

Calculate the percentage contraction in the length of a rod in a frame of
reference, moving with velocity 0- 8c in a direction (i) parallel to its length and

(ii) at an angle of 30° with its length. What is the orientation of the rod in the
moving frame of reference in case (ii)?

qoER il aTTeRd 2 3 FE e deige e § ISk e U SEdHS ¢ HH ¢ | A
Bt 5 9 5 Hx  SAE T TH FH H U QW RN § Iz A fre o wwem) wa |
e #t B gl ¥ At o sdwen # ghg A FEA 18% W @ ;T A R

A body moving in an inverse square attractive field traverses on elliptical orbit
with eccentricity e and period y. Find the time taken by the body to traverse the
half of the orbit that is nearer the centre of force. Explain briefly why a comet
spends only 18% of its time on the half of its orbit that is nearer the sun.

10

20

20

10
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3. (a) Th S W HR fFEft T T F wHE R y = 5 sinn(0- 01x — 2¢). T8 WiE § y ok
x HEHIR T & T ¢ Fehe F e | O % M, AR SR A 1 Afwmer Ht 1 afy Bee s
IS &1 U TH-GH ¥ 200 cm T W T &, o1 1 Huil % ol Ferer (P Sw) = Eme
The equation of a progressive wave moving on a string is y = 5 sin n(0-01x — 21).
In this equation, y and x are in centimetres and t is in seconds. Calculate
amplitude, frequency and velocity of the wave. If two particles at any instant
are situated 200 cm apart, what will be the phase difference between these

particles? 10
(b) (i) W@ FNT, (ii) T IoEsA o (i) IR S gl ) =me wt) enid R
3
Wﬁmﬁmmﬁ%=8“? ¥ T @ B
C

Explain the principle of (i) induced absorption, (ii) spontaneous emission and
(iii) stimulated emission. Show that the ratio of Einstein’s coefficients is given
by

. 8nhy®

o3 20

sl e

(c) WiEhewr Hfdwwmdt ¥, 100 =t 79 3-89 = W WA ¥, @ = ToEEE b
0.029 mm faenfia fora sitan 1 w1 % W Hia & a1 Giee i

In Michelson interferometer, 100 fringes cross the field of view when the
movable mirror is displaced through 0:029 mm. Calculate the wavelength of
the light source used. 5

(d) foasH 6t W A FEE fit e FA g W i fEsE g B oF e Tm et

Obtain an expression for the resolving power of a grating explaining the
Rayleigh’s criterion of resolution. 1S

4. (a) FEAH SR F TH AT G159 F I W TER 5@ @ 7 T g W@ 2 om TRe wR @ Y
FE1 W8T H 9 40 cm/s ©| 39 fag W I 1 AW, W&l W€ % A 60 cm/s &Y
(g=980cm /s? T i@ H ¥ = 1 g/c.c. @)
A horizontal pipe of non-uniform bore has water flowing through it such that
the velocity of flow is 40 cm/s at a point where the pressure is 2 cm of mercury
column. What is the pressure at a point where the velocity of flow is 60 cm/s?
(Take, gi980 cm /32 and density of water = 1 g/c.c.) 10

(b) ErTETEl ¥ Wel % T B =0-995 AT W 3HF GG ANMEE S qon G wqy w7
m, =1-67 x107%* g |

Given a proton for which f =0-995 measured in the laboratory. What are the
corresponding relativistic energy and momentum? Take, m p = 1-67-< 1072 g. 10
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(c)

(d)

(@)

(b)

()

@5 NG| ) HeEdl ¥ WEdd, 3T9aaq a9 fE-eteada iy g gfem yem % Iced
firgia = wE Hi

Explain the principle of producing polarized light by the method of reflection,
refraction and double refraction with the help of neat diagrams.

wrEfad S % HR g hen § go safeero qen fommht =foeo i amsht | yw w1

Obtain the conditions for constructive interference and destructive interference
in a thin film due to reflected light.

WUvs—B / SECTION—B

F= e v ufigy @ § S el $ 400 Q ey F TR-UR TR ST &, A §9H
50 dee AféT ww B 71| AR 56 Secammdt H 300 Q ThRY F FAR-IR FEN S, @ G
FM BA?

In the circuit diagram shown below, the voltmeter reads 50 volts when it is

connected across the 400 Q resistance. Calculate what the same voltmeter will
read when connected across the 300 Q resistance.

AW
400 Q 300 Q

100 volts

T aeeTe # P Rra-gre 70T % REE 8 A E (x, ) =120 cos(ot — kx)j V/m &R

et e T B yz-unae # G e B % gamhR &9 |/ 8 IO arel d Wi A
I HL

In free space, the electric field of electromagnetic wave is given as

=Lt
E (x t) =120 cos(wt — kx)y V/m. Find the average power crossing a circular

area of radius one metre in the yz-plane.

TEA % a9 96 § SFEE 470 nm R 14 um W WW B B W ST A A9 w0
fsr el Tha §7 39 919 @ T AEel A St e ud fafeo @ of aftefaa ) R
%, &1 fRR® b=2-892 x10™° m K, R%H f@R® 0 =5-67 x10™8 Jm2s7'K™* aan
WIS B 9 c=3x10% ms7L

The spectral energy curve of the moon shows maxima at 470 nm and 14 pm.
What inference can you draw from this data? Also calculate the energy

density and radiation pressure in both cases. Given, Wien’s constant
b=2-892x1072 mK, Stefan’s constant 6=5-67x10° Jm™s'/K™* and

speed of light c=3x10% ms™!.

15

15

10

10

10
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(d) THT % m qM T B GASTE T TG WA H T, 19 & ST <l s Haid % e il

(e)

(b)

e s g1 swid fR ogan wem T gfted AS—Qmeln(zﬁ"—J S ', el

geo

n+T
Toy = : ) 2 o TgeoszlT’z'

m gram of water at temperature 7 is isobarically and adiabatically mixed with
an equal mass of water at temperature 7,. Show that the change in entropy is

T T +T ;
given by AS=2mC, ln[ o ], where T, =—12—2 and Ty, = [T, .

geo

TF T % 9] Aeeae-siecuq M o %1 9ieq % 81 STP W @it 998 91 % 1% &
iR 79 % Al & T H Ufehe wi| 3aA fome 1 Pk oft send
The molecules of a gas obey Maxwell-Boltzmann distribution. Calculate the

fraction of molecules of the gas within 1% of the most probable speed at STP.
Interpret your result.

@mﬁmﬁmﬁaﬁi%@ﬁammﬁgﬂ%mﬁﬂav=4l -p°°259
TE g r
I < B 8, STl p A e 1 faya eyt @ a0 6 faya % w1 Ry u fag A e
et Y@ e oy % ww F = F:; B R

With the help of a neat diagram, show that the potential due to a dipole at a
1 pcosB

4ne,  r2

point is given by V = , where pis the dipole moment of the charge

distribution, 8 is the angle between the line joining the centre of the dipole to
the point of interest and the axis of the dipole.

SrEsha: gRadia Rl Temedt g 6 emgi 50 Hz 9w F-He-9d (r.m.s.) AH
40 A ?| Aftwad gTHS HH H ¥ TSRA % 918 0-00125 s | YR &1 dreIds 7F 19
L2y

An alternating current varying sinusoidally with a frequency of 50 Hz has

an r.m.s. value of 40 A. Find the instantaneous value of the current at
0-00125 second after passing through maximum positive value.

(c) ok wadl F forg fwaa & aeftl &1 ford qon wiaed % i i gty |

(d)

Write down Maxwell’s equations for linear dielectrics and deduce the equation
of continuity.

WIERT U 1 HeH R SR U geiiud W)

Slale and prove Poynting’s theorem.

IN-LSC-U-"PIKB/58 6
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il

(@)

(b)

()

(d)

(@)

i & e At frm H gam #§ e # il B T 3= s s
e 1 FEm s 9w awn W-si fem @ e 8@ S R)

Briefly explain Planck’s law of blackbody radiation. Show that Planck’s law
reduces to Wien’s law and Rayleigh-Jeans law at lower and higher wavelength
limits respectively.

Tumid % wmier afie dus 6 uftwel ¥ e ey g S1es % IR-IR Aed 91 %
R Bt 8

Show that the displacement current between the plates of a parallel-plate
capacitor is equal to the conduction current across the conductor.

T THTR IR 9ERE I 300 rad/s HfE AER qU1 240 V F Y@ U/ EA ¥ Sl
ST 21 9fwY § e SR S -AeA-0e (r.m.s.) HH 9 | G ol afzwei & W
foeemum e et 87 R R, € =200 pF.

A parallel-plate capacitor is connected to a 240 V AC supply having angular
frequency of 300 rad/s. Find the r.m.s. value of the conduction current in the

circuit. What is the displacement current between the plates of the capacitor?
Given, C =200 pF.

) 1 F n et B AU aret aed w1 sae-wiie g iR i 9g AF aieiera
| W 5 0a T 5 atm @@ W 20 e s =wft)

far 2, R=8.31x107 erg mol!K7!, a=1.34x10'? dyne cm®* mol?,
b=31.2cm? mol™! @ 1atm =1.013 x10° dyne cm™2.

Write down van der Waals’ equation of state for n moles of a gas and calculate

the temperature at which 5 moles of the gas at 5 atm pressure will occupy a
volume of 20 litres.

Given, R=8-31x10" erg mol 'K}, a=1-34x10'2 dyne cm* mol~?,
b=31-2cm3 mol™! and 1atm =1-013 x10° dyne cm 2.

& BE i sEETen 3, fEe @™ 27 °C R, WHEe WS @ % S 6 ST
FQ F e FH =@ 2| AR F AR 1 APRI-UESE &A% 085 x107° m? ® @
AR & 20 N & o9 9 ARG &1 IR 9 el & S R g 1.2 m @ T 9R H q
7 °C F9 R WA, A (1) TR T 1R TG o a7 (ii) TR B h1 G G qRBlAd B |
Yy WER H O qu @A Ak Ois e 1.5x107° KT qen
2.0x10 Nm™ |

A student is working in a physics laboratory, which is at temperature 27 °C, on

a sonometer to study formation of stationary waves. The cross-sectional area of
the sonometer wire is 0- 85 x10™® m? and a tension of 20 N is applied on it. If

the rigid supports are 1-2 m apart and the temperature of the wire drops by
7 °C, calculate the (i) final tension and (ii) fundamental frequency of vibration
of the wire. Take, coefficient of linear expansion and isothermal Young’s
modulus as 1-5x105 K™! and 2:0x10'! Nm™ respectively.

20

10

10

10

10
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(b) VTSR] WHAU US W AT R U §7 FANGAH-GRIA TN hT FIAN Fh wid R

(@)

YN S FrE HHAOT % g oY <1 A9 % WIL-HY SETih Be % SIgaR HEd #| 3Y
T Hehd § foh 9169 TSR] 16 h1 WiTd SE8R Hdl & 3R 0 AT a9 % 19 =R 5+ & 2

What do you wunderstand by the term ‘phase transition’? Using
Clausius-Clapeyron equation, show that for first-order phase transitions,
vapour pressure decreases exponentially with temperature. You can assume

that the vapour behaves like an ideal gas and latent heat remains constant
with temperature.

=R & N S0 1 U a3 3R 0 G & (> 0) Soiisit & |1y hae a Aawenaii il Th qrawen
i 3| AR I FoFm wo-dlo Wifewhl #1 TgUTeM R, O 39 TSy e a1 AR
Fell o ST WTH i | ‘
Consider a system of N particles and a phase space consisting of only two
states with energies O and ¢ (>0). Obtain the expressions for the partition
function and the internal energy of the system, if it obeys M-B statistics.

(i) Toret R veTed H YU IHh T Wl T <= Tyur % R I B & | T T @ e
FI § Bl 77 TE R

The viscosity in a liquid arises due to friction between adjacent layers.
What causes viscosity in a gas? Explain.

(i) HEgA-SiegaHH faaRY &1 ST FA 9T 76 6 Y450 m s~ <l 3wa =1t | TRHE
AR F AN PIHE N =166 x 10 ® Nsm 2, M H1 T ep =1-25 kg m 2 a1
TR B =27 x10%° m ™ R, @ {0 F syt &1 me Fely g ot 396 =@ @
REF |

The molecules of a gas obeying Maxwell-Boltzmann distribution move with
an average speed of 450 m s~ L. If the coefficient of viscosity of the gas nis

16-6 x10™® Nsm2, density of the gas p is 1-25kg m™2 and number
density is 27 x 10%° m3, calculate the mean free path and diameter of

the gas molecules.

15

10

10
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o 4 AT ¥ & N1 {
» ( \ F'-x ;“' I\I: ?‘]5 L : ‘.”7; r‘ j ."-;5"«_; -.gt i
. Un (VALY Leacill o @42 g STH-P-PHY
difaehl (S9A-u=-1)
Ty : diF " , AftreRad 37% @ 250
Ty -uA et o srgew

(P T F I A W @ Frefafad % agen # AEgES ug)
7ol oe WA & W 9 @vet A faifer € aun RR=h w ofh 9 & B %)
wieneff & Fo df Y IW A B
7o TEET 1 3R 5 AAfa § qun arh) W § A Tl @ue A HH-Y-H0 Teh I g o9 T % IW <
Yo% T /9T % foe fea o 3us wme Ry g #)
T % I I Witipa e # forg s =ity R g e yaw-us A TR e R, o 5w wem 6w

IFG TH-TR-IW (Fo Ho To) gt F guys W Fffe wm w frm s =l sfglaa mem % sfiies o
Torelt mem & fo@ T IR W FIE e TE |

IR savEE A, @ IYH Alwsl B T R I Ffée R
v& a% 3fgfad 7 8, Thd a1 WsSEE! a7 U1 H WY 8

T % I I TR FHEEER B Seh | Al wer T R, @I F W A e B el =R 9w W v o
T R TH-FR-FR Y 3 Grell Sie 5N U8 A IAH W Bl WE FY Y HE S MR

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.

YLK~ RIFB/9 2
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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
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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?

STIH-"P-"PIKB/9 4
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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

STG-R-"PIFB/9 6
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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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Question Paper Specific Instructions

Please read each of the following instructions carefully before attempting guestions :

There are EIGHT questions divided in TWO SECTIONS and printed both in HINDI and in
ENGLISH.

Candidate has to attempt FIVE questions in ail.

Questions no. 1 and § are compolsory and out of the remaining, any THREE are to be altenpied
choosing at least ONE question from each section.

The number of marks carried by a guestion | part is indicated ogainst i,
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Unless and otherwise indicated, symbols and notations carry their usual standord meanings.

Attempts of questions shall be counted in sequential order. [Unless struck off, attempt of o question
shall be counded even if atternpled porily. Any page or portion of the page Ieft blank in the
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WTE A
SECTION A

QL. (a) of2 FEE m w1 UF W US 209 w9 8439 fio)f § 2, 9 e fE sow og

U% WAGE S% B 91Ee, 9E ¢ v el wfwm T of Rw A ww omw
(A=) wfewm # |

If & particle of mass m is in a central foree field fir) T, then show that its

pﬂthmustbeap]anemwe,where?iaamﬁtvecﬁnrinthedir&nﬁnnuf

p-nujt.innvectnr?- 10
(by  Fn T s o fémmn mn &, v fem o v s mow fves xR

#am ¥ =vi % am fel faws @ 2 | gmfas 0 % ofE: 39 i

e =F :

W L, o y-o v fig A it e s w1, w0

¥

X

z

A block of mass m having negligible dimension is sliding freely in

x-direction with velocity vV =vi as shown in the diagram. What i= its
— -4

angular momentum L, about origin O and its angular momentum L,

about the point A on y-axis 7 10
¥
A
i
il
W) 4 - X
m
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el

(d)

()

TR aweE st o @ Al swwd (sufae) sl §, am gy B
iy #re 3e9a Taeregl it gem 37t angfgi & om0 & =0 B R |
When the two waves of nearly equal frequencies interfere, then show

that the number of beats produced per second is equal to the difference
of their frequencies.

T HAEATH 140 cm F G ARG TR AW % G (SH) T T T
20 mJ/T R | 90 % W 30 em F EE 20 W IEER EF W OE
Fruifm i

A current carrving circular wire loop of radius 1-0 em has a magnetic

moment 20 mJfT. Determine the magnetic field at an axial distance of
3-0 em from the centre of the loop.

U woEe TOnE 0T # 3 mm H e deE § 3000 wEd § ) wonded
5800 A =i 5806 A & =t oiftan TaEnsdi % ey w2 veen d wofrn g
T BT 7 ST S T WY H dE A1 oAt B 7

A plane transmission grating has 3000 lines in all, having width of
3 mm. What would be the angular separation in the first order spectrum

of the two sodium lines of wavelengths 5890 A and 5896 A ? Can they be
seen distinctly ?

TE % YE W W FR UE 3 T & %A 0 & A i fag W e
frmm =1 viem fifen | 2@ o f vE T w9z o oo § R S
% THEE H aevas wd & afem s uftwem fifie, o R geh @@
HEeAH R |

Use Gauss’s theorem to caleulate the gravitational potential due to a
solid sphere at a point cutside the sphere. Calculate the amount of work

required to send a body of mass m from the Earth's surface to a height
R/2, whare R is the radius of the Farth.

&
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(b}

(e}

(d)

TE TS L% 2w won e e wee (uiE ves o geaE) AR,
st g v wiEfE d R, =0y [%);ﬁﬁf%ﬁﬁ'ﬂ'ﬂiﬁtﬁ‘ﬂ’ﬁfﬁl

ot & gt 8 # (Fwn T o femmn mn 2) | 22 W zewwm S T $ifim |

%
L "
A rod of length L has non-uniform linear mass density (mass per unit

l&ngth}?u,whinhvariﬂaaal-}.ﬂ[%]; where Ag is  constant and S s

Q

the distance from the end marked ‘0 (as shown in the figure). Find the
centre of mass of the rod.

Z

A

..-"Y
-

A
=X

Q

L

i sdsl ¢ sl 2r o W 20 ot [ e S & Feairend Avines
# wag § | 39 # e urEn W et werfee 2 | 9l geelt demfem W
HA-AR FrE PR, @ gl Svelfe & smom g e

Two capillary tubes of lengths 2! and [ with internal radii r and 2r
respectively are conmected in series. Water flowe through them in

streamline. If the pressure difference across the first capillary is P, find
the prossure difference across the second one.

HESTE 004 mm F UF T R fz e F B g feoh @) o o
AT U 1-8 x 1074 poise B, A 3o w3 wm Hifee 2R wdh
100 9% welta #ielt &, ot s/ w3 % g7

A water drop of radius 0-04 mm is falling through air. If the coefficient of

viscosity for air is 1-8 x 10 poise, find its terminal veloeity. If
100 such drops coalesece, what will be the new terminal velocity ¥

EGT-P-PHY +
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Q3.

{a)

(b}

{e)

He-Ne & % fagra o srwmet 5t sege | He ¥a &t = gfimm 4 7
M W W WM W s § ? 30 cm T 3R SR W % TR Awe
$t sdted 2 < 109 om B 7w =2 (FEE) § He-Ne 597 F Fom fmeft
st faand (dtgm) sofm 6 s wedt § 2 ool winked aa2s AR

Explain the principle and working of He-Ne laser. What is the role of He
gas 7 Why is it necessary to use narrow tube ? How many longitudinal
modes can be excited for an He-Ne laser in a cavity of length 30 cm and

having half width of gain profile of laser material 2 » 10~2 nm 7 The
emission wavelength is 6328 A,

fosads % aory 8 yargw o s el & e 92 T =
Torzsit =i wgats 7 e ' § fFe wER w@m § oA @ 7 e
iR e yfem w3 @ § aguln ol @ W w8 fem wmm
R

Distinguish between positive and negative crystals in terms of douhle
refraction. How are these crystals used to make quarter wave plates ?
Explain how the quarter wave plate is used in producing elliptically and
circularly polarized light.

fam dfau & 52 anFes sfeomd & w=@m s g w0 sAgEdae T
w0 o T foman o we 2 )

UF AR steem wam #, s gdv o s fees % e A
wAgadTE o H g 26 om T OF THF W TE S0 R | 99 NgE T
w A R0 AR, MR g FFg A ¥ | W AE e
Hif |

Describe how Michelson Interferometer can be used to determine
refractive index of a gas.

In a Michelson Interference experiment, a tube of length 256 cm
containing a gas of refractive index p is introduced between the upper
mirror and the beam splitter. 150 fringes cross the centre of the field of
view when the wavelength of light used iz 5890 A. Find the value of u.

EGT-P-PHY =]
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Q4. (a)

(b}

(c)

T 1, T F 55 I6E Fm 7 % xy wee ¥ x s % we wim g,
T 7Y Tamrae § wh B | on AERAED 72 kv § 92 i wE o

Fepfarmams = # Pt 4 arfeh o 3n v % @ i 2 2
¥

A rod of length [ is kept at rest in xy" plane of its rest frame making an
angle 6, with x’ axis. What is the length and orientation of the rod in a
laboratory frame (x, y} in which the rod moves to the right with
velocity v 7

¥

F-————— ==

we e & wnw s faeds Ged | dea e i ==t Fifao ) dsE
o % sfes o s % fm ol o Siftm | oo & v e R
Hiam geg e 6 A ) T 4055 %

Diseuss the intensity distribution in Fraunhofer diffraction pattern due
to a single slit. Obtain conditions for maxima and minima of the
intensity distribution. Show that the intensity of the first maxima is
about 4-95% of that of the principal maxima.

o & Tl T § e woaeed R 7 gl f af2 g woeeaee
T w1 I WiEE ZE % e g F gt W o =, 6 ety R
=AEH B |

What do you mean by spherical aberration of a lens 7 Show that if two

plano-convex lenses are kept at a distance egual to the difference of their
focal lengths, the spherical aberration would be minimum.

EGT-P-PHY &
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Qs.

H=TE B
SECTION B

(a) U 120 V &4l 1 v ufiius R = 10-0 Q 2% v i L = 5.0 H % #vf

(b)

te)

WEE W E0Y t =0 W meag o v & | wm oftow F 9w 0.4 AR, 99 T
&l frm () B e A TR B 0

A 120 V battery is connected at t = 0 to a series combination of a
resistor R = 10-0 Q and an inductor L. = 5-0 H. At what rate is energy
being stored in the inductor when the current in the circuit is 0-4 A 7

& witrermat # v & 500 3 oo Wt # st ¥ um-gEt % wdfie Gu.sfa
wh wit § | yum whefeE § 50 A #1 Om 3E e 8t ¥ @ B
200 uWh F1 fon sfiEm s R ofafrs & o B 8§ de
100 uWh w1 ftEm Imw woft & | wvm oftfees w1 =Ee ek
wiafermma =1 w=iry T e Hifi |

Two solencids have 500 and 800 turns of wire and are placed co-axially
close to each other. A current of 5-0 A in the first solenoid produces an
average flux of 200 pWh through its each turn and a flux of 100 uWh
through each turn of the second solenoid. Find the self-inductance of the
first solenoid and the mutusl inductance of the solencids.

TH T 3000 km/s F1 T B g1 W 1@ R 3N TR 656-1 nm B EESA
1 H, FFm @ F1 I w0 w2 | 7E W o e g S atdsd
w1 ?

A star is receding with a speed of 3000 km/s and emitting spectral line of

hydrogen, H, of wavelength 656:1 nm. What would be the wavelength
observed by an abserver on the Earth 7

EGT-P-PHY =

10

10

i



(d)

(e)

(a)

{b)

wsh & uE wE (wm a) Frefale seen wiw w5 AgeeE w6 R
[P+iz] (v—b) =RT

T v HE e B oo a s b e B

Zigy i M| 6 sl w3 919 fn @ 5w § 9fe % o g
Ome mole of a gas obeys the following equation of state ;

[P+f—2} (v—b) = RT,

where v 15 the molar volume and, a and b are constants.

Show that internal energy of the gas increases as the volume increases,
with the temperature remaining constant.

4°C A W U w1 e ity urn o 2 | fag Fif 400w oo &
fom Fom 2w w0 o wiftan (c)) R smem o1 e Wit (e,) % W B
2

At 4°C temperature, the density of water iz found to be maximum. Prove
that heat capacity at the constant pressure ley) is equal to the heat
capacity at constant volume (c,) for water at 4°C.

v guae famogeadn wm w5 ofonfee i | e wwee giam w9
T WS & o TS W o @ | = smefre win s
e % evaay fagndm B oty % we gfan @ a9 wefds o g @i
%+ AT =+ o sgasw e fife | sl i & are et s oo
T & e W] w1 ] it |

Define a plane electromagnetic wave. A plane polarized wave is incident
on the interface between two dielectric media. Obtain expressions for the
amplitudes of the reflected and transmitted waves when the incident
wave is polarized with its electric field E vector perpendicular to the
plane of incidence. Discuss the phase relationships of the reflected and
transmitted waves with respect to the incident wave.

(i) U R @ fafwmn & wegn 6 s w0 i Eeies faw $own
ditard # 7 sagmn s fem wwm 3 dend s & Rl Fem g el |
What are the limitations of Rayleigh~Jeans law in explaining the
gpectrum of radiations from a blackbody T Explain how these
limitations were overcome in Flanck's radiation law.

(i) = & fafwo fam 4 i % e Fag 6 afs Sifi
Deduce Wien's displacement law from Planck’s radiation law,

EGT-P-PHY g
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(eh

{a)

(i) fewas F adeon S aae ey o ffae | @ adie § 5 uEe
% TES 1 HUET

Write down Maxwell's equations in integral form. Explain the
significance of each of these equations.

(i) UF GEmR g HefE W ufEE dEeE = 40 cm? 3R afEE
qdF = 2.0 mm # | WfEwEl ¥ $WOE UH weEdl dteed
V = 20 =in (5 x 10% t) volts T = # | 92 ofiwast & o= aremm
w1 TOAGATE £, = 2.0 B, M FEEnw am = ofmew fif
A parallel plate capacitor has plate area = 40 cm? and plate
separation = 2-0 mm. An a.c. voltage V = 20 sin (5 x 107 t) volts is
applied across the plates. If the dielectric constant of the medium

between the plates is g.=2:0, calculate the displacement
current,

ofe Fa wiften =1 a9 feo 7w B, @ v on-wrmetE wen § el &
SitEn & A S i 8 7

s W & fafire 0 % 2ad & fagen & sem R amaw W Er
ozt ot wirem S nftn A9 (T) % WY 39 v i e R

12 Ty
%=E“‘“[a]
wE] Hrew g B R = 8-315 J/mol K 3 Zmmvs & fom @ = 2230 K # |
TR 0-36 g % TEATE i T § vfEdd W weeew SifEe s @ fE@n

T T 0K # 300 K 7% 7 T = &

If the temperature variation of heat capacity is known, how do you
caleulate the change of entropy during an isochoric process 7
According to Debye's theory of specific heat of a solid, the molar heat

capacity of diamond crystal at constant volume varies with temperature
{T) as follows :

3
12 T
o= “R(g)
where R iz the molar gas constant = 8315 J/mol-K and @ = 2230 K for
diamond,

Caleulats the change in entropy of diamond of 0-36 g mass when it is
heated at constant volume from 0 K to 300 K

Eq T-P-FHY 9
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(b) 100 g 8/ #f@ W 3@ Ht °C W wAfoFredm 3N gwarda wee § 0 &
0-5 x 10° Pa a% wg@ I/ & | g4ea 2 wwer odfmm wam: R o
896 gem® 3N 716 » 10712 Pa-! =1 @5 Fenfén == 4 o Fifaw |
w & fag o oftgm  fdam Hif

The pressure on 100 g of solid copper iz increased quasi-statically and
isothermally at 0°C from 0 to 0-5 x 10® Pa. Assuming the density and
isothermal compressibility to remain at constant values of B-96 p/em?
and 7-16 » 10-12 Pa-l, respectively, calculate the work done. Comment
on the sign and magnitude of work. 15

(c) ammﬁ_%ﬂm%ﬂ; A =10 meV ¥, 100 K F 792 ¥ f9 a9
w, us Frem d 1000w # | iRt e am = waim wis ofy e sitoe
F1 W i |

A system having two EHEI'EE’IE\'E]B.—% A and + % A with A = 10 meV is

populated by 1000 particles at a low temperature close to 100 K. Obtain
the average energy per particle using classical distribution law, 15

QB. (a) T TR YiEHIA] & HE U 0-5 m W SeTT 2y R UREEE SE
A 100 nC/m? # | ITEEER wTem w1 5y -we F e R ) w6 ofEw
z =07 § offt s s 10 kv # o ol o waethe R | sl Eh
z = (-2 m T T -8 Fraif Fifem

A 05 m long cylindrical medium between two conducting plates has
uniform charge density of 100 nC/m3. The axis of the cylindrieal medium
is along z-axis. The left plate is at z = 0 and has a potential of 10 kV and
the right plate is grounded. Determine the electric field at axial distance
z=0-2 m. 15

EG T-P-PHY 12



(b}

{c)

UHENA B9 # TEdiFa Agemw RS e w1 grEe Ef:muﬁﬂ | &f
e & #er i e wiEm gl e frefofiey 2
M

¢m=_.'lz

i r=H
3

fﬂﬁm=ﬂ R—E cosB;r=R
3
W, 1, 0 9 e FEww g, A T & e o am el g 9w
whifam |
A uniformly magnetized sphere of radius R has magnetization
ﬁ =M, % . If the sealar magnetic potentials inside and outside the
gphere are given as under

Mﬂ
%=Tz 4 r=R

M 3
and ¢m=T“ 1:LFI::nl:la'Ell:r:vR

where, r, B are two spherical coordinates, find the magnetic field inside
and outside the sphere.

I= wewE W v sEmifiefn il fe d s % s g D) e
TS fle, T) % w1 s w9 § g9ize |

T A9 T W, TH Feag A HH T (ep) F 100 meV Fu FAT i srgEn J
A i wftwm 1% % | T T 3w Fifaw

Schematically, show the wvariation of density of states, Diz) and
distribution function, fle, T), of particles in a non-relativistic Fermi gas
at high temperatures.

At a temperature T, an electron occupies a state with energy 100 meV
above the Fermi energy (ep) with the probability of 1%. Find the
temperature T.

EGT-P-PHY 27
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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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@i B
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.

SDF-U-PHY 6
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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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CS (Main} Exam, 2020

URC-U-PH )/
wifa<ht / PHYSICS
qyH-a3 I/ Paper 1
Reffa a7 : @i =2 s7ferpan 37 : 250
Time Allowed : Three Hours Maximum Marks : 250
TeA-a wreaeeft favre srgew

FUgT T % I 37 @ qF Al e g3V Ft SATAE 98

sTH 373 I97 & 7 @ wvet 7 favifaa & aur Bt it st A A 89 gU E |

TeTelT ) goT wier Fo) & IR 37 8 /

sv7 gEar 1 ik 5 AT § aur a1 3o # @ ew e @ FH-8-37 T JeT GIH 81 @i 3l & I 0 /
FF FF/ 9T F b IqF G [T T E |
W%m#mﬁﬁmﬁ%@mﬁmﬁqmﬁaaﬂ#m—qﬂﬁﬁmwa 3R 3G AT FT TG
PG TT-TE-FH (F.H.T) JEET F JE-98 W Fide wH [ B S TR | Fifga wea & ks
faeft wregm 7 oy T 3T W FIF 37 T8 AT |

IR HTETTTF &), @ JIYH HiBE B T F a9 FHH [ F

5 7% IGT 7 &), T a9l FegraA yelid FAB AT § TJF & /|

o7 & F) #) T FAFER F TEh | AR FeT TE &, 7 FoT & IR F) T F) AN e Tg IR FI: AT T
& | JeT-G5-I w4 Gretl oI 5T Y8 71 FqH ¥ F T T & B2l T ] |

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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Ql. (a)

(b)

(c)

(d)

(e)

Wus A
SECTION A

Tsh Tehe Seatert famm & ifer v, & S wran @ | o1 59 TR v, S h W

Vo, b, R (32t &1 firsam) afit g (et Y wae w ecdte @no) & uei =
I

Uehe G I Y 718 31fereham Furs 1 ahwmed ot Hifve S % oiem a1 %

90% AT | waifa femam wmar & |

A rocket starts vertically upward with speed vg. Then define its speed v

at a height h in terms of vy, h, R (radius of Earth) and g (acceleration

due to gravity on Earth’s surface).
Also calculate the maximum height attained by a rocket fired with a
speed of 90% of the escape velocity.

YA R 3R Z2HE M % Th THUHM 319 T8-Me % goamH g oy oy
I IUR F Hg-frg ¥ Fuifa Afg |

Determine the location of the centre of mass of a uniform solid
hemisphere of radius R and mass M from the centre of its base.

T 1 m A&l R 1 mm FE A @ H S T R W IRa ? et
FHE T R W 1 kg F YR weH R | AR W W A
005x1011dynescm2% H}W%MWWWWWWI

A rubber cord 1 mm in diameter and 1 m long is fixed at one end and a
weight of 1 kg is attached to the other end. If the Young’s modulus of

rubber is 0-05 x 1011 dynes em™2, then find the period of the vertical
oscillations of the weight.

S & IO 1§ 23 TG 3 Ih qll F g R TR s § 2
What are Newton’s rings ? How are they formed by two curved
surfaces ?

T A=A Ferh W T fomg & foreemmm (X) % fore wefteor freffag 2
x=5¢e 025t gjn (E)t Hiex

t=— I T W e fog &1 I @ AR, 9@ T Jer #1 sadHe
%lmf@:ﬁrﬁénaﬁrﬁmw%?

The equation for displacement (X) of a point on a damped oscillator is
given by

x=5e 025t gip (g) t metres.

Find the velocity of oscillating point at t = % and T, where T is the time

. period of the oscillator. What is the direction of velocity in each case ?
URC-U-PHY 2
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Q2.

Q3.

(a)

(b)

(c)

(a)

waﬁas@%ma@f%mmwﬁs(i)ma&?aﬁt
(i) 3P MER H AR 3N N F B ToRA gL 3§ & Tia: e HIRT |

Obtain expressions for the moment of inertia of a solid cone about its
(i) vertical axis and (ii) axis passing through the vertex and parallel to

its base.

TF 5 m T 3R 8 cm =A@ %1 AR 300 TfepAw yfd frme i gt W 8 kW
vIfts daTiE o @ ® | A fwe & verd 1 gean unes 8 x 101! dynes/cm?
2, @ 9w F A1 i b e emufdren foreemam i o i |

A shaft of diameter 8 cm and length 5 m is transmitting power of 8 kW
at 300 revolutions per minute. If the coefficient of rigidity of the
material of the shaft be 8 x 1011 dynes/cm?, then calculate the relative
shift between the ends of the shaft.

2t (qreTs) e ¥ M o GHIFA B 2 IO TS % WNE 60° %
g 6t Rwm & 0-8 ¢ F A @ sl T o F wfiwa A (e g
=t o I |

What do you understand by length contraction ? Calculate the
percentage length contraction of a rod moving with a velocity 0-8 ¢ in a

direction inclined at 60° with respect to its own length.

fereRe Y Tl 1 ==t HIT | I % T3 v % aui Rl v
i =rer oAt $0 % e =ive =gem A | fafim e (i)
W 3gh! ffar H ==t Hifl |

wh Tht feae @ fiee & 5100 A G0 *1 &0 TN T R w
i grar & | AR 10 B 1 Fot RIS 200 em i g W @ T 9E W
2 cm 2, 9 f&ete mede (erauet) sa IR |

Discuss the conditions for interference. Describe Young’s double-slit
experiment and derive an expression for the estimation of fringe width.
Discuss its dependency on various parameters.

Green light of wavelength 5100 A from a narrow slit is incident on a

double-slit. If the overall separation of 10 fringes on a screen 200 cm

away is 2 cm, find the slit separation.

URC-U-PHY =

20

15

15

20




Q4.

(b)

(c)

(a)

W W R R 2 0 Agiae e dfm | Rame 5 99 wie ¥ 58
BT 5 (foci) BA & | T wie 3R 391 9 § 3 wse HIfRvT |

TF 60 cm BIHE g % IT AF N T@ HW FA A T AT D F 99w
Y A A H T Y T 6000 A TTRES F g F fore Hifd |

What is a zone plate ? Give its theoretical description. Show that a zone
plate has multiple foci. Differentiate a zone plate from a convex lens.
Calculate the radius of the first half period zone in a zone plate behaving
like a convex lens of focal length 60 cm for light of wavelength 6000 A.

Ia I N A F AU =Rt f smywonet H geg § ==t
HIT | AT F A 3R B Uil % g =ive sgeam Hifve ik Ramu
fh a: T 3dfia seoeit F ol w1 U Rafeer B et ¥ W %
AT BT @ | X-fhwon St 3= gt i I F A Byt e w6
HET R ?

T UHT q9HM 8 TehdT B W&l o U9 IATa Ieasil Y @ a8 2 39
FuIeE A = 5000 A % T gHemsT |

Briefly discuss the postulates of Einstein to explain stimulated emission.
Derive an expression for Einstein’s A and B coefficients and show that
the ratio of coefficients of spontaneous versus stimulated emission is
proportional to the third power of frequency of radiation. Why is it
difficult to achieve laser action in higher frequency ranges such as
X-rays ?

Can there be a temperature at which the rates of spontaneous and
stimulated emission are equal ? Illustrate with wavelength A = 5000 A.

TidS St & fIT iR sHoTh ) ST g T % W1y sedd 6
@M 4 W@d gL IR | 310 T kR wu % e @3 (p) wE ot (B)

%aam%=vﬁwmﬁml

Derive the relativistic expression for kinetic energy by considering
mass variation with velocity. Hence, establish the relation between

momentum (p) and energy (E) for a relativistic particle; ((ii—E =v.
p
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(b) =AW HA (w)%ﬁ%ﬁzﬁwa@@ﬁﬁqzﬁtwaﬁmﬁﬁq | st
¥ fugia ¥ gedf o v 3 SERETE Gou Te Yo i TRt i Skt
& ==t fe | wat F fagia F ST W@ gL TG A9 (thin lens) F T

i 3eafar i |
State and explain Fermat’s principle of extremum path. Discuss the
’ cases of rectilinear propagation of light and reversibility of light rays in
context of Fermat’s principle. Using Fermat’s principle, deduce the thin

\ lens formula. 15

© ourse freea o Romads 6 wiwew w1 anemsy | fomad e
FoTeH TEY A W Rgd-ges Rigia w1 SwEm w5 g fg-emedT A
STEA1 HIY |
s Wl R-smad wie B ders il o fifve St fF aare @ smmemm
aﬁﬁ%aﬁa%wmmw‘cﬁ%ﬂ

T man 2
A=5890 A, pg=153, p,=154

Explain the phenomenon of double refraction in calcite crystal.

F Considering birefringent crystal as non-conducting material, explain

double refraction using electromagnetic theory.

Calculate the thickness of a double refracting plate which produces a

path difference of % between extraordinary and ordinary waves. 15

Given :

A=5890 A, pg=153, po =154
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x WUE B
SECTION B
Q. (@ S fE Rw A gt R, o vy s gaq dfe geTes ©ie 3
h 31 R T Seaier fom # sfufermnRa figa st 3wt 4uw Ry wn

& | widfers faf &1 3R @ gu 3ga Rym ok gerem < ¥ @9 99 6
T IR |

- I
* ; qaTeH e |

A vertically oriented electric dipole having dipole moment Y)) is kept at

height h above an infinitely large horizontal conducting plate, which is
grounded as shown in the diagram. Calculate the force between the

electric dipole and the conducting plate by using method of images. 10
» + q
A
d
i-d
h
aimaied I8 Conducting plate 1

(b) T T fogdam E = B eiot % fou Ramy fF wom o gy $ o
mﬁ@?ﬁ%wﬁwwmﬁgq-ﬁaﬁwﬁgmm@?ﬁ% | T8
Ht feame % foeamm o w o= guers § =em aw A gern § @
sttt 6 senfta st @ w6 § (f < 1015 Hz), ® 109 €t & |

For the electric field given by E = Eg el®t show that the conduction

current is in phase with the electric field, while the displacement
current leads the electric field by g radians. Also, show that the

displacement current in a good conductor is negligible compared to the

conduction current at any frequency lower than the optical frequencies

(f < 1015 Hz). 10
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() Tor & quie o o AR 3t e % frw Hrew it Y YR SR waTEe
o o Ba-A vgre *1 ITET TTEBER F HrS B TR T B 3 4/ 2

B

 Fe T

(R

/

Based on the hysteresis loops for soft iron and steel as shown in the
diagram, which material would you prefer to utilise for making

transformer cores and why ? 10
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Q6.

(d)

(e)

(a)

s faguie ewfea am Frem % e Fwmfah % yem fem w1 3g@
HIfT | fRR AT W 10 g 91 T AUHA 2°C TR @l 2 | IJGeh! IR
Fai # gfg i o Hifg |

fem g :C, =0172 cal g1 °C1

State the first law of thermodynamics for a diffusively interacting
system. The temperature of 10 g of air is raised by 2°C at constant

volume. Calculate the increase in its internal energy.

Given : C, = 0-172 cal g~1 °C-1

(i) T v IAGRT % FIeH AT (FHIH) qreieh % Hell & 36 FhR QT 1Y
g

En=(n+%) hv,ﬁ'ﬁn:O, 1,2, ..
3EhT Giaawur wed gierfera hifsa |

The energy level of a quantum harmonic oscillator with frequency v

is given by
By = (n + %) hv, wheren=0,1, 2, ...

Calculate its partition function.
(i) T fg-walim Fem 1 wfeao wom aitesfea i |

Calculate the partition function of a two level system.

ferAga &3 & forw sRaelg (3UEYT) 3R wel & o AT | 318 @i
3N ATATE GHRET ! e i |
Wﬁrlﬁr2(rl<r2)ﬁa@ﬁwwwiﬁm:
V; 3R V, favyg w mafsa fom Sirar @ | 39 o SRl & 9 i ®
fogq fawe stk sm@: fag@-a 6 o Hifse | =l ww W @ A
T @ oft s AT |

Write expressions for divergence and curl of an electrostatic field. From
these, obtain Poisson and Laplace equations.

Two concentric conducting spherical shells having radii r; and
ro (r1 < r9) are charged to potentials V; and Vg, respectively. What are
the electric potential and hence electric field in the space between the
shells ? Also find the charge on the inner shell.

URC-U-PHY £
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Q7.

(b)

(c)

(a)

% ey LC uiuy # fagq wd g &5 % et w1 avi Fife |

& TRuY # 9gh dleds B (4 + 3i) diee B IR gfom g I (3 + 4i)
AR 7 | B T # wifea e | gfy 6 fden s ik @
warge T T Yeftrs Sroan anfear ® g1 # & form wpfa 1 @ | aitwy & wife
g ot sra I |

Describe the oscillations of electric and magnetic fields in an ideal LC
circuit.

The applied voltage phasor in a circuit is (4 + 3i) volt and resulting
current phasor is (3 + 4i) ampere. Draw the phasor diagram. Determine
the impedance of the circuit and indicate whether it is inductive or
capacitive in nature. Also find the power dissipation in the circuit.

frafa % fou feeme 5 faga-geda EM) T 6t TS g ad 2 |
fata 3q femmse % foreh aa S O % om@A V&l OXaT &, ¥ SR I drell

Fo Fgd-grahia afiEr (FweE), 36 [T V 8 89 ardt fagd-geeha
Sl % B & o S B 2 |

T 2 mm S I AWK G I 3ga wie 20 GW R | AR 99 ¥ fagq 3l
R &5 & ek AEi i 1o Hif |

For free space show that electromagnetic (EM) wave is transverse in
nature. Show that for free space, the total outward flux of EM energy
through surface S bounding volume V is equal to the rate of loss of EM
energy from the volume V.

A laser beam of 2 mm diameter has average power of 20 GW. Calculate
the peak values of electric and magnetic fields in the laser beam.

= awE T W % fau ege fogeea wen % fagea ==l
Hfm | g RgesT gu IoW Uh SEgEhE 9qe % quEE A
firrae <t T iR R TR a9 3 K o1 3R 5 gEdE 81w
10,000 3Re ¥ fe= % H @ N fam wmar 3 1 fem mn @ o
o greshia & W s aiiar = 0-2 J gt KL o =yl Fraaie wia amw
o gfa a3 = 0-042 erg K-1 g1 Oe~2.

Discuss the principle of adiabatic demagnetization process to achieve
low temperatures.

Determine the fall in temperature produced by adiabatic
demagnetization of a paramagnetic material at initial temperature
of 3 K when the magnetic field is switched off from 10,000 oersted to
zero. Given : heat capacity at constant magnetic field = 0-2 J g1 K1 and
Curie constant per gram mole per cm3 = 0-042 erg K-1g-1 0e2.
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Q8.

(b)

(c)

(a)

T G H0 & forg fr-forfty femaa-dicesme de7 § TOW S 8T T S0
6! FAAHA (rms) T BT Aot T HIRT | ARG (Np) ] h Had
q19 (27°C) W Fi-ATeg-qa i sl Mo Hif |

Starting from Maxwell-Boltzmann distribution for a free particle in
3-dimension, obtain the expression for root mean square (rms) speed of a
particle. Calculate the rms speed of nitrogen (Ng) molecule at room
temperature (27°C).

FATTIE-FAN G0 I A HRY | 50 Tl w1 ST g
femrsT % g3 ot arsy wrewenait i W @M W p-T @Y, p = p, e LT
& &9 o for@n o wehar @ | J& w7 o € fR < S0 L areEe Wk
qﬁm%,W@mﬁﬁgaﬁth=V>>V§a3ﬂTp—apom

T — oo,

Obtain the Clausius-Clapeyron equation. Using this equation,
show that for the phase boundary of the liquid and vapour phases, p-T
relation can be written as p = Po e~ I/kT_ Here it has been assumed that
the latent heat L is independent of temperature, that vapour is treated
as an ideal gas and that V50, = V >> Vliquia @nd that p — p, as
T — oo,

W(Classical)mﬁmm%tﬁ@@m%mﬂ

Ieafid faga-grashr fafe it aftfa 9 & o 2 | o aee S %

fore w@ wiea W Affe, St 55w wgm A 2, et ok yon LR s

oot T m T g fog #

() ForEE ot @i S 79 ge e St 9fd s st ot wfy
¥ A R & e sooie 39w Hife | o7 i fee @ @
areafer Jg § foafea & w1 @ 2 3@ Frem B wn wsd § 2

LI o

(i) YO (FaTeH) fomm it e § W gu Sww e ® g difg
Frew o 3fua i Qe St faawor & e =ioes wrea fman s o |
o5 q a1 Seafvia wfts 1 arawE R i s Fifi |
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A historic failure of Classical Physics is its inability to describe the
electromagnetic radiation emitted from a black body. Consider a simple
model for an ideal black body consisting of a cubic cavity of side L with a
small hole on one side.

(i) Assuming the classical equipartition of energy, derive an
expression for the average energy per unit volume and unit
frequency range. In what way does this result deviate from actual
observation ? What is this law called ?

LI o

(ii) Repeat the calculations now using quantum idea to obtain an
expression that properly accounts for the observed spectral
distribution.

Find the temperature dependence of the total power emitted from
the hole. 20

) Trafa ¥ femda gHiewml ® ded U@ qaehd oFl w9t A fafew |
Tl i T i we femse R fagg-gresd a@ fata | weera 6
iy & TR 8 wedt § | T e GHISTN o THTRd §9 A qOT SHIERN
& ITe foman ST dehat 8 2

Write Maxwell’s equations in free space in both differential and integral

forms. Obtain wave equations and show that electromagnetic waves can
travel in free space with a speed of light. Can one get the wave equations
from the integral form of the Maxwell’s equations ? 15

(¢ T 10 Q& IRgsH, Th 1-0 pF & GuTia 3t s fer@aws 9a 12:0 Vel
& @ Jofipn A g R | 999 t = 0 W G < 0 § ugw 4
ARG 8 |
fr=fafga = e Hifv -

() ua A |

(ii) T t = 46 YH0S T =¥l W Afaw Ay w1 fepan ww R ?

(iii) T t = 46 YHUS T YRR YR ST fehaT WIT A9 & 2 2

T i fF Feh w1 siaies Sfedy I R qon et I3 g AR 1 whedy
T R |
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A 10 Q resistor is connected in series with a capacitor of 1-0 uF and a
battery with emf 12-0 V. Before the switch is closed at time t = 0, the
capacitor is uncharged.

Calculate the following :

(1) The time constant.

(i) What fraction of the final charge is on the plates at the time
t = 46 seconds ?

(iii) What fraction of the initial current remains at the time
t = 46 seconds ?

Consider that the internal resistance of the battery is zero and neglect
the resistance of all the connecting wires. 15
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eI JT/ 97 % 3 3G% G RT T E

W%mwmmﬁﬁéwmmmmm—wﬁ&wmé 37K 3G AT FT T
3@@3777—275’-3??(ﬁ.ﬁ.g)g@ﬁ%g@-wwﬁﬁqmwﬁﬁnmwﬁq/mﬁﬁm&aﬂ%wﬁﬁ?ﬁm
5t arem & ford 0 I W HIE 3% T8 H |
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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 (QCA) Booklet must be clearly struck off.

HXS-U-PHY 1



qifae i :

TS T T c=3x108 m/s
e M fFHFdie k = 1-38 x 1023 J/K
S IEREDGIED h = 6627 x 10-34 J sec

qh SR Al fogasficrar (Widgdis) ) = 8-854 x 1012 F/m

Ih AT sh1 TR

Ho = 4n x 10~7 Henry/m

Séil'?j:{ EIRCICH 16 x 10719 Coulombs

AT I goIHH m, = 9-1 x 1031 kg

et A Faes R = 8:3 Joules/gm.mole

YA TocdTehyul fRraren G = 666 x 10~11 Nm?2/kg?
Physical Constants :

Velocity of light c=3x10% m/s

Boltzmann constant k =1-38 x 1023 J/K

Planck’s constant h = 6-627 x 10734 J.sec

Q1.

Permittivity of free space
Permeability of free space

Charge of the electron

g0 = 8:854 x 10712 F/m
Ho = 47 x 10~7 Henry/m
1:6 x 1019 Coulombs

Mass of the electron m, =91 x 1031 kg

Universal gas constant

R = 8:3 Joules/gm.mole

Universal Gravitational Constant G = 6-66 x 10-11 Nm?/kg?

(a)

(b)

Qs A
SECTION A

U U T 99 hed A &7 F r = ke § afifa R o R, @t R Kk ok
o s @ | Ffe T HT ZEHE m 2, d 9 F R 76 Hifvw |

A particle moving in a central force field describes the path r = ke,
where k and o are constants. If the mass of the particle is m, find the
law of force.

Wl'OmmW@T20cmW@aﬁmm®W,
e 8 x 102 kg/m3 o7 1 Yehigier wu B, ¥ A R # 9 2 |
B oA % 5 N TEUE YehlaTel F T8 F 40 em T B | 10 P &
HRTH TfTHT F TE AT Aehierdl AT T FIC | AR BT AT
0T 0-0012 Ns/m2 ® |

A capillary tube having 10 mm diameter, 20 cm in length is fitted
horizontally to a vessel in which alcohol is kept fully up to the neck.
Density of alcohol is 8 x 102 kg/m3. The depth of the centre of the
capillary tube below the surface of alcohol is 40 cm. Find the amount of
alcohol that will flow out of the capillary tube in 10 minutes. Coefficient
of viscosity of alcohol is 0-:0012 Ns/m2.

HXS-U-PHY 2
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(c)

(d)

(e)

% Yok 2 el d@al B, Tgen S foh 3ueh ure foedt @HE W g @ o
g8 St f 2:0 ms 91g 100 km g B B | UH @A Yarh wrn ® R Qe
foepie Tk & TIH WA § | g J&w & o faeeiel w1 w s #@
BT ?

An observer detects two explosions, one that occurs near him at a
certain time and another that occurs 2:0 ms later 100 km away. Another
observer finds that the two explosions occur at the same place. What

time interval separates the explosions to the second observer ?

9 x 10-6 ¢m Yaet Uit <l Wa (fhew) I wFEd famm & 30° HI W @
STl B | WEtdd JehTE % 39 qUIesd(F) H g Hifee i fh e aoishn
(Tyere) ¥ 311d & | Ugiet <l wd (fhen) 1 rvadie p=135% |

A thin film of petrol of thickness 9 x 1076 cm is viewed at an angle
30° to the normal. Find the wavelength(s) of light in visible spectrum
which can be viewed in the reflected light. The refractive index of the
film p = 1-35.

o & guiu SER T geau™ m, 3 fEm e s fae k; 3 k, 8, ¥
TCHAT T 8 | ZoIHE m h Feater few # i it e areran fowenfua
Fh Big fear Sar 8 | Al foreft 999 t W goWE m @ foremmm x B/ @
femmsu fop gemm i nfa w@ o1 wfd B feeht smafa

f ! l{&}%|

2n | m k1+k2

HXS-U-PHY 3
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Q2.

(a)

(b)

A mass m is suspended by two springs having force constants k; and k,
as shown in the figure. The mass m is displaced vertically downward
and then released. If at any instant t, the displacement of the mass m is
x, then show that the motion of the mass is simple harmonic motion
having frequency

s i[&]
2n | m k1+k2

T 59 m 1 fuvg, S fop feor sraeen § R, uw fowwie & dwm @
m, 3R m, ZeAEI % 3 fvel & fawrfor & sman & | fawrem % arg 21 fivs
FA T Hat T & @ fouda st & ofd w@ § Iﬁ@ﬁﬁﬁﬁﬁ
AMfEH 91 | [2Tm/m m,, 2 |

A body of mass m at rest splits into two masses m; and m, by an

explosion. After the split the bodies move with a total kinetic energy T in

opposite direction. Show that their relative speed is .[2Tm/ m,m, .

100 cm TS % TS Booh DS bl il hIRl W THH TS & 2l Heater ar
4 iR B0 4 &fas fosn § sehrn T R | T dR e § s B R
IFIEA-IR=DE 0-05 sq. cm B AU GEU AR s (faw) w1 w0 § Frwen
IIEI-U=DE 0-1 sq. cm B | BE T IH TIM | F1d HIAT Ja&l W Th 9T
I AHET 51 T el fop a1 o |

(i) SR Yfqed,

(i) SR faspfa

3Icqd foman o1 | |

SE (fidet) 3R T91d & I & YAl oMk HAN: 1:0 x 1011 N/m2 3R
2:0 x 1011 N/m2 § |
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Q3.

(c)

(a)

(b)

A light rod of length 100 cm is suspended from the ceiling, horizontally
by means of two vertical wires of equal length tied to its ends. One of the
wires is made of steel and its cross-section is 0-05 sq. cm and the other is
of brass of cross-section 0-1 sq. cm. Find the position along the rod at
which a weight may be hung to produce

(i) Equal stresses in both the wires,

(ii) Equal strain in both the wires.

Young’s modulus of elasticity of brass and steel are 1-0 x 1011 N/m?2 and
2:0 x 1011 N/m? respectively.

feamsy f6 3 et fofel @ 89 a9 weTEw faads & ofwe 3w,
S fop fo-ferlt & safarapeor it wohet forlt & forard o1 wigem B @ | stfrpaw
3R =gFam " i feafet it oid g hifs |

Show that the phenomenon of Fraunhofer diffraction at two vertical slits

is modulation of two terms viz. double slit interference and single slit
diffraction. Obtain the condition for positions of maxima and minima.

T WU-3H AMehel BIsR e # w2 (Je8) Thiv 3t gerd wehioly
Y&l ! GHHTST |

Th HAMehd SR, Fmes w3 wifen uyaed #1 smadis waw:
n; = 14463 3 n, = 1444 3, TH AW TATS, f@H Ay = 1-50 pum 3R
WFA TS 2 nm, T ITAT KA1 B | 39 qORE W AR vered w1 yeholy
0% D, = 1823 ps/km.nm B, @ 1 km o ®IER & I8 w9 (Te)
TehIu 3R erel yehiv it mmomr Hifd |

In a step-index optical fiber system, explain the terms pulse dispersion
and material dispersion.

An optical fiber having refractive indices of core and cladding n; = 1-463
and n, = 1-444 respectively, uses a Laser diode with Ao = 1:50 um with a
spectral width of 2 nm. At this wavelength if the material dispersion
coefficient, D,, is 18:23 ps/km.nm, then calculate the pulse dispersion
and material dispersion for 1 km length of the fiber.

ol fouem 1 8 231 Th-gE @ T §U Yaet oiEl <kl S H @ g v
1 ¥d H e A | 3fe A1 e s & vt F 9 A, a@ = oA e
Uik fgeh 1 8 B H Tehal & ? 3 I HI NI T |

What is chromatic aberration ? Obtain the condition for achromatism
using combination of two thin lenses placed in contact to each other. Can
this system work as achromatic doublet if both are of same material ?
Justify your answer.
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Q4.

(c)

(a)

(b)

) Th WM * gEEE SR wam K e hife few fBr gemm
1:67 x 10727 kg & AT I§ 0-8¢ % o7 & Tfd X @ &, & ¢ THI
i B | AfE I et s fer ifires fSeent geamm 50 x 1026 kg B, &
THUT B 7R 308 Fueh Sran R, a gitomdt sor @61 9 311d i |

(i) TH H % geFAE H T il e 1fas Fat suht o st H
et 2 | o1 S 9 & Tfa X @ ] 39 9 6 qa HIf |

(i) Calculate the mass and momentum of a proton of rest mass
1:67 x 10727 kg moving with a velocity of 08¢, where ¢ is the
velocity of light. If it collides and sticks to a stationary nucleus of
mass 50 x 10726 kg, find the velocity of the resultant particle.

(i) Calculate the mass of the particle whose kinetic energy is half of its

total energy. Find the velocity with which the particle is travelling. 8+7

(i) U 318 % IR TEH HOH Hd g¢ TH Zo0H M % foe STgea et ok
gftymur s 1 aftnfya hifie | Seca et &% e et THT W

3T I 3 T8 firg Hfr |

(i) TH 0-5 kg FFHM I Manl foehd g8 W fom1 fhaat 3:0 m/s & TohamH
AT | e W1 2 | 3T P st Hoft sl TUAT HIT |

(i) Define moment of inertia and radius of gyration of a body of mass
M rotating about an axis. State and prove Parallel Axis theorem on
moment of inertia.

(ii) A sphere of mass 0-5 kg rolls on a smooth surface without slipping

with a constant velocity of 3:0 m/s. Calculate its total kinetic

energy. 15+5

geefl <l 31 6:4 x 106 m 2, SHHT W TA 55 x 103 kg/m3 W Ty
(WTeifeR) Teeeta fRrdieh 6:66 x 10711 Nm2/kg2 8 | Yedft & Y8 W Tocarehyol
fawa &t o Aifs |

The radius of the Earth is 64 x 105 m, its mean density is
55 x 103 kg/m3 and the universal gravitational constant is
6:66 x 10711 Nm?%kg2. Calculate the gravitational potential on the
surface of the Earth.
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(c)

Sfamfed T (BHIME) o 1 @ ? 38 qled Tid % foe s fafeg
3N IHFT FIUT A Wed T | T g W AUTG &g fowued swifas
e 3 e Tifd Y == it |

U HGH{ed Qe IR 1 THTURRIE STU&E T BN AR SHeRT TR
3™ 30 cm B 9 36 Q20 e & 91E 3 cm & ST B 2

What is damped harmonic oscillation ? Write the equation of motion and
obtain the general solution for this oscillation. Discuss the cases of dead
beat, critical damping and oscillatory motion based on the general
solution.

What would be the logarithmic decrement of the damped vibrating
system, if it has an initial amplitude 30 cm, which reduces to 3 cm after

20 complete oscillations ?

HXS-U-PHY b
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Q5.

(a)

(b)

(c)

(d)

@us B
SECTION B

@Wﬁ?ﬁ%ﬂﬁﬁé’gﬁﬁﬂﬁ V_—+—<‘=ﬁ*<'ﬁﬁmw% | T
g (4, 2, 3)mm®aﬁg%mé‘gﬂaﬁaﬁwﬁmﬁﬁm

Given that the electric potential of a system of charges is V = l—g - i?’
' il

volt. Calculate the electric field vector at the Cartesian point (4, 2, 3) m.

e Afqufed g A o faufeq fesai & @@ 2 | 38 9@ 6 worn Hifve
39 A HI Pl fohat fafem & T Tehd & |

Eight indistinguishable balls are to be arranged in six distinguishable
boxes. Calculate the total number of ways in which the above can be

done.

| TS I Th B THEAHH FEhiT &9 B % oA @ | I8 98 30 T R
Y ToRd gU dU1 e &9 B % HEIRR & 6 GR W BT I o F
U @ 2 | B b B % IR I@ dieear 7 Hifw |

A rod of length [ is perpendicular to a uniform magnetic field B. The rod
revolves at an angular speed o about an axis passing through one end of
the rod and parallel to the magnetic field B. Find the voltage induced

across the rod’s ends.

CO, &% whifds framee 6t T Hifse ek fow arest 9w Faas
a = 0:0072 3R b = 0-002 f&& T 8 | CO, % foau sfae am it off 7or
HINT | @ HT AEH (3H1E) IYASHA (atmosphere) 3 AIGH 1 A
(3%18) NTP W 9 & U gm-mole & T 2 |

Calculate the critical constants for CO, for which the Van der Waals
constants are given by a = 0:0072 and b = 0-002. Also calculate the
Boyle’s temperature of CO4. The unit of pressure is atmosphere and the

unit of volume is that of a gm-mole of the gas at NTP.
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(e) fomr ¥ fou wu fg-smeht wo= wftwer & fou eAmg sngf i om Hfg |

Ry, % R

L g

o—

o

Consider the two branch parallel circuit shown in the diagram.

Determine the resonant frequency of the circuit. 10
O
R}, % Re
L L G
O

Q6. (a) UF TSy T %W S H THEWE e 1 Igd & E =8 kVm-! fmmm
21 B 3 B o1 i gat sreedia dey S # W i St 76 S
¥ A TEEH A v @ o AR B 89 @ o = 45° % H0 0RO @
21 %0 S T T YH o AT ¢ HT 0-6 AT 2 |

In an inertial reference frame S there is only a uniform electric field
E = 8 kVm1. Find the magnitude of }_E)’ and 73)/ in the inertial reference
frame S’ moving with a constant velocity 7 relative to the frame S at an
angle a = 45° to the vector E The velocity of the frame S is 0-6 times

the velocity of light c. 20
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(b) fou @ afgs & L =20 H,R=10Q,Ry=20Q 33 E=30V2 | 7=
qiay & Feit S w9 R T I R, dF Feeh § 3w Fw hi wEr F
HIT | Fra 1 AT ol 7707 8 |

' L, R

A0

Ro

—— AW

O

S

/|
>o ]
E

In the given circuit, L = 2-0 pH, R = 1-:0 Q, Ry=20Qand E=30V.

Find the amount of heat generated in the coil after the switch S is

disconnected. The internal resistance of the source is negligible. 10
L,R
BEEE8
Ro
AV
SRR /|
S '
E
(¢ ey M\ & foau Fefafes swmfas sfemst & s 6 smen
Hifya
(i) @ward
(i) GrH Sfsha
(i) GHgrslt wfshan
(iv) HHATIANS Ffshan

ITYh ufshanett & AT A\ & gr fopu U Rl w1 =iee g iR |

Explain the characteristics of the following thermodynamic processes for
a perfect gas :

(i) Isothermal process
(i1)) Adiabatic process
(iii) Isobaric process
(iv) Isochoric process

Obtain the expression for the work done by the gas during the above
processes. 20
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Q7.

(a)

(b)

(c)

87 1,z < 0 Togd G ¢, = 32 H S g I A 2, z > 0 Wagd

Qe g.=20 & 7 | AE ofifvu fe foeommm afewm & 1 #
]—))1 =—30 a, +50a + 70 a, nCm‘zglm?ﬁﬁQ%mm
Ted YR | e 2 D2 3N P2 Fra shifsre, gt P2 &7 2°° dgd gau
qfew 2 |

A region 1, z < 0, has a dielectric material with ¢, = 3-2 and a region 2,
z > 0 has a dielectric materlal with €. = 2:0. Let the displacement vector
in the region 1 be, Dl =—-30a, + 50 a;, + 70 a, nCm™ 2_)Assume the
mterface charge density is zero. Find in the region 2, the Dy and P,

where P2 is the electric polarization vector in the region 2.

T oot SMEH 6 = 58 x 107 Sm~1 8, W 1 MHz &t fagq-greshig a@i
Jafad Bt 8 | 39 gaTas o fole = Teus < oEn Hife | 9 dfifse fe
gATeTsh o G p=py=4nx 107 Hm 1§ |

Calculate the skin depth of electromagnetic waves of 1 MHz incident on
a good conductor having ¢ = 5:8 x 107 Sm~l. Assume that inside the
conductor p = py = 4m x 10-7 Hm™1.

| fafertor =61 auihn (Taga) HaoH Uk Hiwmn faferes & anm & fomss
HferehdH IS 1 ATEd 0-48 pm B | fafeRor % wror @@ A gemwm &fa
gfd WU T HINT | 39 G99 qUa it AT hifse e g w1 geme
1% 92 a1 8 |

fean w8 WA Segeme i = 5669 x 108 W m2 K4, gd
B sa = 6:957 x 108 m, ¥ & 98 & AW = 5772 K i g @ gome
1-9885 x 1030 kg & |

The spectral composition of solar radiation is similar to that of a black
body radiator whose maximum emission corresponds to the wavelength
0-48 pm. Find the mass lost by the Sun every second due to radiation.
Evaluate the time interval during which the mass of the Sun reduces by
1 per cent.

Given : Stefan Boltzmann constant = 5:669 x 108 W m~2 K4, radius of
the Sun = 6-957 x 108 m, surface temperature of the Sun = 5772 K and
mass of the Sun is 1-9885 x 1030 kg.

HXS-U-PHY 1
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Q8. (a ()

(i)

(1)

(i1)

h) Q)

(i)

(1)

(i)

HXS-U-PHY

e &1 e 232°C-8, 39% TEH I T FHAT 14 cal/g B R 3|
o7 st nfoa fom ) fafte s %AW 0-055 3 0-064 cal/g °C & |
1:0 gm f& &1 100°C & 300°C T ™ HH § Tt § gL gRad Hi
TUET SHIRT |

T 39 i q&al hl AT hifv Srer ddfted gd@ 13-8 8 991 Y8R
I 6 8 | AL T ol Wiglhd W HM war B | fomm m @
v=14.

The melting point of tin is 232°C, its latent heat of fusion is
14 cal/g and the specific heat of solid and molten tin are 0-055 and

0-064 cal/g °C respectively. Calculate the change in entropy when
1:0 gm of tin is heated from 100°C to 300°C.

Calculate the efficiency of an engine having compression ratio 13-8

and expansion ratio 6 and working on diesel cycle. Given y = 1-4.  10+5

wHi-feten faawor & fo =ise fafag | T =03 Ty > Ty > 0% fom
wiff-feus foamr w1 smfgd Hvm | 3@ sMEw @ wf W H QA
fopfeta aftumTd searfaa i |
T = 300 K W T TG &l FH & d 0-02 eV FT Foll & T 91T
S <1 TReRar s oMt Hif |

Write the expression for the Fermi-Dirac distribution. Plot the
Fermi-Dirac distribution at T = 0 and for T > T, > 0. Now from the
plot propose two alternative definitions of the Fermi level.

Calculate the probability of an electron occupying an energy level

0-02 eV above the Fermi level at T = 300 K. 15+5

(¢) y-31& % FW=R a1 fog (3, 0, 49) m & 9M aTci Teh ARG Wy e
AEAY B 2 nCm~! B 9T x-y T % 9I=R T fomg (0, 0, 6) m & IH
I UH INfHa aw dd () F @Y THE 4 nCm2 B | fag
(10, 10, 10) m W Agd &= i digrar 6 ToET hifSC | g R i feufa
e e |
Given an infinite line charge of charge density 2 nCm™! parallel to the
y-axis and passing through the point (3, 0, 4) m and an infinite sheet of
charge of charge density 4 nCm=2 parallel to the x-y plane and passing
through the point (0, 0, 6) m. Calculate the electric field intensity at the
point (10, 10, 10) m. Assume free space.

12

15
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PHYSICS (PAPER-])

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 § 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 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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e fFaares

T AT (c)

e Fad (k)

i s (h)

e T ) fergaeiioren (RIEear) (eo)
TTh STHRT Y TR ()
TOAE A (e)

TAZA HI ZATH ()
gt g feas (R)
ArEhE e faaE (G)

ll

3x10% m/s
1-38x107% J/K
6:-627x1073% J s
8-854x1072 F/m

41 x1077 H/m
1.6x1071% C
9.1x1073! kg

8-3 J/gm mole/K
6-66x107'' Nm?/kg?

Physical Constants

Velocity of light (c)

Boltzmann constant (k)
Planck constant (h)
Permittivity of free spacé €o)
Permeability of free space (ug)
Charge of electron (e)

Mass of electron (m,)
Universal gas constant (R)

Universal gravitational constant (G)

CRNA-F-PHY/21

3x108 m/s
1.38x1072 J/K
6-627x103% J s
8.-854x10"2F/m

41 x10”7 H/m
1-6x1071° C
9.1x1073! kg

8:3 J/gm mole/K
6-66x107!! Nm?/kg?



(b)

()

(d)

(e)

2. (a)

@WUs—A / SECTION—A

T T, T FHiE 2 % fag e F awE # e R awis B ewt f s
dga R

An electron is moving under the influence of a point nucleus of atomic
number Z. Show that the orbit of the electron is an ellipse.

T9ItEe 3 Fi-weh wa ad S @ 6 iaa e o e St ateR B

Show that the mean kinetic and potential energies of non-dissipative simple
harmonic vibrating systems are equal.

wF o) Rewnt wTh duw 3 @ 75 9 @ @ 31 RYE A 108 km/hr F A @ TR R,
& $ smgft § 350 Hz A w4 vl 8 @ ¥ 6 A emaf 3@ Fifv) (ag § =h #=
A = 380 ms})

An observer on a railway platform observed that as a train passed through the
station at 108 km/hr, the frequency of the whistle appeared to drop by 350 Hz.
Find the frequency of the whistle. (Velocity of sound in air = 380 m s'l)

zﬂmﬁa@ﬂaﬂ%mﬂmmfmmK=Amc2,K=%mov2?lm%,ﬁﬁ
Thdl F1 A9 A 7Y B R

Show that for very small velocity, the equation for kinetic energy, K = Amc?

becomes K = %mo v2, where notations have their usual meanings.

TS B T FA Ued W F AE 0-1436 mm | T &7 & Frw aoeed ¥ T @@
- T e F w9 A v wof? R R, po = 1:5443 I pg = 1-5533.

A phase retardation plate of quartz has thickness 01436 mm. For what
wavelength in the visible region will it act as quarter-wave plate? Given that
Ko = 15443 and pg = 1-5533.

A f¥n @ s R s &, R wfe g@fig 0} S’ @9 AR ©=3a, rads™! R
fér @1 S % wng [ @ ¥ R wfkw 7 =7a, +4a, m W HE TTEE F & 96
U =14a, m s % @ e &) i A 7 vae W Freferea wet A e Hif
(i) IER A

(i) HRATE 9

(iii) IHH TA

10

10

10

10

10
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Consider two frames of reference S and S’ having a common origin O. The
frame S’ is rotating with respect to the fixed frame S with a uniform

®= 3a, rads™!. A projectile of unit mass at position vector 7 = 7a, +4a, m is
moving with v = l4a, m s”!. Calculate in the rotating frame S’ the following
forces on the projectile :

(i) Euler’s force

(i) Coriolis force

(i) Centrifugal force 15

(b) FHEWH my 1 Th H9 P, Formmean § @ 52mH m, % @R 0 Q | @l #1 F0 P 3R
Q, P H wrfir® fesm & wmig wHw: A0 6 3R ¢ W WA F@ ) 0 F AfFaw wH F e
S FeaA I |

A particle P of mass m; collides with another particle Q of mass m, at rest. The
particles P and Q travel at angles 6 and ¢, respectively, with respect to the
initial direction of P. Derive the expression for the maximum value of 6. 15

(c) W | H T AR Ja HINY 3R Taet d9 w1 g7 W HfvY)

Obtain the system matrix for a thick lens and derive the thin lens formula. 20

3. (a) @mmm,mmmammm%@aﬁﬁﬁm
™ ?) frifie w1 Stee-amepl wiew (2Rw) @ Aifv

A homogeneous right triangular pyramid with the base side a and height % is

shown below. Obtain the moment of inertia tensor of the pyramid :

VA
A

3a
2

CRNA-F-PHY/21 4



(b)

(c)

(@)

(b)

(c)

24 % 9o (R) 100 cm Thar-fBsm $i ©& Mamsr gag iR guaa si9 6 < F 99 <@
Sd §1 49 3R 154 AW 9@l F =@ FH: 0-314 cm 3R 0-574 cm 1 243 IR 364 4
Jodl o A IR WY TR & qUIH hl AT HIR)

Newton’s rings are observed between a spherical surface of radius of curvature
100 cm and a plane glass plate. The diameters of 4th and 15th bright rings are
0-314 cm and 0-574 cm, respectively. Calculate the diameters of 24th and 36th
bright rings and also the wavelength of light used.

He-Ne @sR # He f &) @1 fféish1 27 He-Ne o1 % foiu el w st@ #it wemar @ 3w
e $ifvm|

In He-Ne laser, what is the function of He gas? Explain the answer with the
help of energy level diagram for He-Ne laser.

9 Ry 1 smi@ w fmr Hifse, el Q sa-vare R R gt (AAnfie) i St § 3R
h Q1 FTIRY-HE FIFA A; IR A, F WRG Q F AW F A ek graw Hifwg
Consider the diagram below with a water flow rate Q. Derive the expression for

Q in terms of the difference in the manometer heights h and the cross-section
areas A; and A, :

THd e Fie faada N giee w == fifsie 3k 2wise 6w sfas 6 daastt =
T U R

4 4 4

1E - :
on? 2512 49x2

Discuss the phenomenon of Fraunhofer diffraction at a single slit and show
that the intensities of successive maxima are nearly in the ratio

4 4 4

¢ -
on? 2512 49n?2

A FARG-TH TH-FR F T TEE © B 3f W wF RR Yww g7 W S @ 6 I o @
e & e 1 IR TRE A 0-7¢ ) Yt W RR g g0 9N MY IS SaRkg-a\ F A
=1 fuafwmr fifsr)

Two spaceships approach each other, both moving with same speed as
measured by a stationary observer on the Earth. Their relative speed is 0-7c.
Determine the velocity of each spaceship as measured by the stationary
observer on the Earth.

15

15

15

20

15
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@us—B / SECTION—B

5. (a) WM i f gedhi 1 argre@ 300 K % q0H W ST A A Y6 AEeeE ¥ 9E-ad
# 39K A A fife R ® arpsa w1 o S6h 99E-a9 W w e B (N, #
FTfas WR 28 gm/mole )

Assume that the Earth’s atmosphere is pure nitrogen in thermodynamic
equilibrium at a temperature of 300 K. Calculate the height above sea level at
which the density of the atmosphere is one-half its sea level value. (Molecular
weight of N, is 28 gm/mole) 10

(b) Tra s= aifar C), mmnm@ﬁswrfm@ﬁw(w)%mﬁ
M@l §1 o= T W fig 3R ier F fiw wrmmen wifie A 2 F@ i gied @
ﬁqftmﬁﬁqaﬂtwﬁam%m[(q—mﬂf}%msﬁﬁﬁ%mwélm

wfiftre 7 -7l <1%
Ty

A body of constant heat capacity C, and a temperature T; is put into contact
with a reservoir at temperature T;. Equilibrium between the body and the
reservoir is established at constant pressure. Determine the total entropy
change and prove that it is positive for either sign of [(Tf —-T;)/ Ts). Consider
7y - T
e <1 10

f .

(c) Faerie fr 2 fig o1 Rt ¥l 1 oW g B, d 70 @ G R SRR A D @ TR
@ 1 2R A A B R e Y % e 2, @ 26w % e g T b
oy o TRty i s F W 7@ A e 7 vk AR

Consider two point particles of charge g each, separated by a distance d, and
travelling at non-relativistic velocity v. If the line joining the two charges is
perpendicular to v, then write an expression for the magnetic force between the
two particles, and illustrate the direction of the force on each particle. 10

(d) 1-5 3 o qo o qg1 1 AW il T" 1 T Fa 3K 2 ez fo oo 7e a1 2 37
SR gy 1 @0 & 5 AW F @ vy Rl w aniew w6 F 9 gu #) ooy A
A% WA § "W 1 7E §1d Hif)

A cell of internal resistance 1 ohm, 1-5 volt e.m.f. and another cell of internal
resistance 2 ohm, 2 volt e.m.f. are connected in parallel across the ends of an
external resistance of 5 ohm. Find the current in each branch of the circuit. 10

CRNA-F-PHY/21 6



(e) T % fam M R-L-C ahyy w fem A wieg % Q- A omn Hife) w0 aiey §
I gt At 7 IW w sffee e

Consider the R-L-C circuit shown here. Calculate the Q-factor of the circuit.
Does the circuit have a resonant frequency? Justify your answer :

| 1 mH
4V ——2 mF
4Q
10

6. (@) EEAE F TR B IF=Ter TeEw § g g o gniea (p = j=0) % Wy fafau)
zeiEe % B ol B A1 ain et 9 e o 8, 3l at an ¥ R ww =i 3w i)
B 3 B ¥ R wwaa win & forfe, ik <wiee 6 £ o B fra wer weifera §)
Write down Maxwell’s equations in a non-conducting medium with constant
permeability and susceptibility (p = j =0). Show that E and § each satisfies the

wave equation, and find an expression for the wave velocity. Write down the
- — - -
plane wave solutions for E and B, and show how E and B are related. 15

(b) (i) G F TH A GRS ol AFE THEU H I a1 8| AR TEh Hier ke S
u=cT-a/V 2 (el v O /e, q ee afid 3§ o R 3R o & R
?), @ Her Fom wf@ed C, 3R C, i Mo R

One mole of gas obeys van der Waals equation of state. If its molar
internal energy is given by u =cT-a/V (in which V is the molar volume,
a is one of the constants in the equation of state and c is a constant),
calculate the molar heat capacities C, and C,,. 10

(i) dfam A adifea F0 F I g A dfifes +0 g AvwRm = adifes w1 s5@m
o T R) 3@ A T @ R gdifen s mw R ®) 56 wwe i s=men i, 97
T ge 5 wfier @mm W R iR A W F Wb @ e R

_5 _7
YHe =3 Y =35

A compressor designed to compress air is used instead to compress
helium. It is found that the compressor overheats. Explain this effect,
assuming that the compression is approximately adiabatic and the

starting pressure is same for both the gases. [Y}le =§, Y air =%] 10

CRNA-F-PHY/21 7 [PI.0.



(c)

(a)

(b)

TR TR A A wEme A o e ) st i fRR e WS i ¥ g
e feTgER €

p(T, V)=aT” +bT3 +cv2
C,(T,V)=dT” +eT?v+ fT*

SEl a @ fidis & S 73R VA w6 §)1 siahes I dU(T, V) F sEee 9F dT iR 4V
% 93 § 31 Hifvm)

A gas of interacting atoms has an equation of state and heat capacity at
constant volume given by the expressions

p(T, V)=aT” + bT3 +cV2
C, (T, V) =dT® se1%v 4 f T%

where a through f are constants which are independent of T and V. Find the
differential of the internal energy dU(T, V) in terms of dT and dV.

T U1g % FRR %1 G- 70 cm @M F WY 246:94 Hz i 37 7@t smafi ® 10 T %
THEAH P &, St aR % FE-aa & oeed 8, § w9 a @ R A R e
Y] H AW A 3R TR F Afman feee 3 mm R F F3 F ) R ¥ ar B
TS 3§ 3e9a ftrehad fo F1o we w1 ¥ oIk v v ar ) T & Y A 27 aR 78 Frer
1 AR JA g FET gft | F Fa B, @ fo @no w@ w=n gme waw § fdem hifv

A metal guitar string with a length of 70 cm vibrates at its fundamental
frequency of 24694 Hz in a uniform magnetic field of 10T oriented
perpendicular to the plane of vibration of the string. Assume a sinusoidal form
for the amplitude of the vibrational mode, and a maximum displacement of
3 mm at the centre of the string. What is the maximum e.m.f. generated across
the length of the guitar string, and at what point in time in the string’s motion
does that occur? What would be the e.m.f. if the same guitar string vibrates at
its second harmonic frequency? Briefly explain.

T FERH Rreiet, 3 Rl A w2 R, = advE In-aee e o § 9 Rek |
3 vt & i wa ) g #, fiea 32§ A9 s 2, el @ s A
200 K 3R 2 atm 3@ W 3R @0 T T et g1 300 K 3R 1 atm I R 2 31 e
* BIel ST @ 3R P 7@ aun aowE § e § oge R, ay e T Rl S
3 e B Sifem < SR qreHE ) or iR

A thermally insulated cylinder, closed at both ends, is fitted with a frictionless
heat-conducting piston which divides the cylinder in two parts. Initially, the
piston is clamped in the centre, with one litre of air at 200 K and 2 atm
pressure on one side and one litre of air at 300 K and 1 atm pressure on the
other side. The piston is released and the system reaches equilibrium in
pressure and temperature, with the piston at a new position. Compute the final
pressure and temperature.

CRNA-F-PHY/21 ' 8
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() & urI vEd z=0 W f& &, Rl K =9.0a, Am™ 1 &7 1, 2<0, p,, =4 M & 2,
z>0, p,, =3 ¥ 9 FagE () ?1 R ™ R, H,=14-5a, +8:0a, Am™"
H, ¥ B, %1 7= 7@ Fiftw)

i
A current sheet having K =9-0a, A m™! is located at z=0. The interface is

between the region 1, z2<0, u,, —4 and reglon 2, z>0, p,, =3. Given that
H, =14-5a, +8-0a, Am™". Find H, and B,. 15

8. (a) & R 9w W ¥ g, =18-5, p, =800 M c=1Sm™! ¥ 10° Hz MW
¥ fT o B, M A WM u §W ARm Hzt) y@ AR Rm om R,
E(z t) =50e™%“ cos (0t -Ba,)a, V m!

In a partially conducting medium, ¢, =18:5, p, =800 and 6 =1S m~!. Find a,
B, n and the velocity u, for a frequency of 10° Hz. Determine I_-} (z t). Given,

E(z, t)=50e™** cos (wt —Pa,)a, V m~L. 20

(b) FOTHF AGHH A Y FT GAFA &7 FOTHE qOHA I FAURON H WEF A 6 ¢
Frem R fafte wfeyt =t fafae ik awemse)

What do you understand by negative temperature? Write and explain various
restrictions on a system for the concept of negative temperature to be
meaningful. 15

(c) ermR e fdwis fiem 3§ aram aiiE 3 76 w6 3R =0 & gumo i fafl 3w
w0 fava & w2l r, ¢ 3R 2 F 7l & fo srawa vl ym i)

Starting from the Laplace’s equation in a cylindrical polar coordinate system
and using the method of separation of variables, obtain the differential
equations for the solutions of r, ¢ and z components of the potential. 15

* % Kk
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90 wraseft favie argem

: PUAT 7] & I 37 @ Y& AT Gl SR 1 AT ug
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Fe% o7/ 97T & 3% Iq% arg e § |
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1351 arem & for@ v e w FF a7 77 e |

IR H1TFIF 5, T IGH IS BT T IR TAT FH e

59 7% 3igfed 7 &, Hbd T IZITA TeTT H7% 39T 7 TG 8 |

Yol & JTRT # T FHFER F T | IR FeT 75 8, @l 397 3 I B TAT F T T8 TE I I 1277 7T
& | Jo7-Tg-IT GerwT (FL.H.T.) 7 @I SIS §371 98 71 I 49 ) T &7 & FT T TR |

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 (QCA) Booklet must be clearly struck off.
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wifaes fAaara :
TR T AT
SlegemH s
e s
Th TTehT < fergaeficran (ReEar)
Ik TR shi TIOIAT
EREERIEIER
AT BT G
ardte M| far
Treifeh Teearehyul AT
Physical Constants :
Velocity of light
Boltzmann constant

Planck’s constant
Permittivity of free space

Permeability of free space

Charge of the electron
Mass of the electron

Universal gas constant
Universal gravitational constant

c=3x 108 m/s

k =1-38 x 10723 J/K
h=6627x1034Js

g0 = 8:854 x 10712 F/m

Ho = 4n x 1077 H/m
e=16x10"19C

m, =91 x 1031 kg

R = 8314 J mol"1 K1

G = 667 x 10~11 Nm?/kg?

c=3x108 m/s

k = 1-38 x 10723 J/K
h=6627x1034J s

gp = 8854 x 10712 F/m

Ho = 41 x 1077 H/m
e=16x10"19C

m, =91 x 1031 kg

R = 8314 J mol-1 K1

G = 6-67 x 10~11 Nm?%/kg?

RCLEW:Y
SECTION A

Ql. (a)

R

T T F o= x2yR +2y2) + x224 @ fom mn @ | @ Hifv 6 s@ wweh

=> . . =2 2 A £} A 2/\ .
A force F isgiven by F =x%yx + zy“y + xz“z. Determine whether or

not the force is conservative.

(b)
ﬁmw%:

10

goefi 1 Toel ASH-FSAl hl AT HIFT |

geeft 1 geEHH M, = 6 x 1024 kg 37 gt it = R, = 6:4 x 10° m

Calculate the gravitational self-energy of the Earth.

Given :

Mass of Earth M, = 6 x 1024 kg and the Radius of Earth R, = 6:4x 10°m 10
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Q2.

(c)

(d)

(e)

(a)

Imferh 9 W fasfie @ @ B At g d witem s 1 e
3R qHT T AT IHTE 9= 2

What are the consequences of Lorentz transformations on length and
time when observed from a frame moving at relativistic velocities ?

B % w1 T FQ g, v ae w9 % fw, St R R
wTe 1 ¥ Hee Heaw 28 o1 @ R, quise R

sin i ety
sinr-_v2 My
STET 1% i 3T r Shuer: YA HI SR A B F | v, py I v, p, T
1 3R H1eam 2 | HES: A7 3R S9adE § |

Using Huygens’ principle for a plane wave travelling from rarer
medium 1 to a denser medium 2, show that

o Sl )
ag ’

sinr v, p,

where i and r are the angles of incidence and refraction, respectively.
V1, Uy and vy, U, are the velocities and refractive indices in media 1 and

2, respectively.

d o wr wlw ufqn Gied w®=n § 2 = A fEn e 9fE rahs
Tfgd q93sy |

What are three and four level pumping schemes ? Explain the lasing
action in these with schematic diagrams.

) Teclt foava & forg foreft fomg w =ores =g ifSe, seifes farg
() Tiefia 9 % = &,
(II) AT B & e 7 |
(i) 10 kg 5o % foreft fivg & vt a1 1 ToET T % aa @ Hife
(Beram G 1
SGHT 1 GHM = 7-3 x 1022 kg
Te5H1 ot B9 = 1.7 x 108 m
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(1)

(i)

Derive the expressions for gravitational potentials at a point

(I) outside the spherical shell,

(II) inside the spherical shell.

Calculate the escape velocity of a body of mass 10 kg from the

1
surface of Moon (g Hied rth) :

Mass of Moon = 7-3 x 1022 kg
Radius of Moon = 1-7 x 106 m

b) e fifvEa g W R @ gaa o % fog srEviwa o[ S e hife |
If2 2 oigl % vt i GREUY &HaT 0-020 3 0-028 B, TAT ARl BiHH

3t H: 10 em 3 5 cm &, @ ¥ i A ght afewfem i Fred 6 3
U Ui G ST Heh |

Obtain condition for achromatism of two thin lenses separated by a
finite distance. If the dispersive powers of the materials of the two
lenses are 0-020 and 0-028, their focal lengths are 10 cm and 5 cm,
respectively. Calculate the separation between them in order to form
achromatic combination.

ey @

(i)

(1)

(i)

3. (@ @

(ii)

(1)

(i)

SKYC-U-PHY

ol f i AT T i) i AEeT F R w8 | i o
T TR o ETq TR @i fafey |

U TUqel WS % U drad AR Gl A % THA 1 aue
HIT |

The quantities of rotatory motion are analogous to those of
translatory motion. Write the corresponding equations of
translatory and rotatory motion.

Describe the theorems of perpendicular and parallel axes in case
of a plane lamina.

sfeertor e Y TR W e & forg srravae vt s fafay |
foforft wim & o % Rt fog W fibe it <ite @ et & fore
S cdd hIY |

What are the requisite conditions for observation of interference
pattern on a screen ?

Derive the expression for fringe width and intensity at a point on
the screen in a double slit experiment.

)

10

10

15
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Q4.

(b)

(c)

(a)

() Tag hifvT fob geamm &g o wammen femt & Ifda @ et T
(wat) wont % ff= i gt T Bt R |

(ii) T 0-5 kg GHM 3TN 0-2 m AgeA™ hl Udell dfsherl Ik dad &
TFEd 3 3ok b3 ¥ BT oA 319 o qiE: 100 U 9fd dehug i
Y YO @ 7 | fshept Y il ot B omn Hifs |

(1) Prove that the separation of two colliding particles is same, when
observed in centre of mass and laboratory systems.

(i)  Determine the kinetic energy of a thin disc of mass 0-5 kg and

radius 0-2 m rotating with 100 rotations per second around the
axis passing through its centre and perpendicular to its plane.

FHaufed WA e qrodl o foe weie fafan it egprhie smer w5
e Feqd HIT |

U IHfGd TS 3ad Td H, YW F™M 10 em B, S % 50 el & e
HZH 2 cm B A1 7, FEH TAF Qe HT FadhIA 4 YHUS B | ALEHN
HUL <l AT HINC | 37 et ht w@en i moEn oft Hifse e 6 smam
HEH 25% & @1 2 |

Write equation for damped harmonic oscillations and obtain expression

for logarithmic decrement.

In a damped harmonic motion, the first amplitude is 10 cm, which
reduces to 2 cm after 50 oscillations, each of period 4 seconds. Determine
the logarithmic decrement. Also, calculate the number of oscillations in
which the amplitude decreases to 25%.

WU-3SH Yehiteh aq 1 wrifafy 6t wal # fafae | o wuddew dq 4,
HI R FATST gerert & HAyadie HA: 1-50 3 1.43 F |

Fr=ferfaa =t 3 Hifse .
(i)  Shifder H=ROT 0]
(i) o

(i) 1 km T % qq H F THAAUA
(iv) 50 km SIS % g H PeT TehIv
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Write conditions for working of a step-index optical fiber. In a step-index
fiber, the core and cladding materials have refractive indices 1-50 and

1-43, respectively.

Find the following : 20
(1) Critical propagation angle

(i)  Acceptance angle

(iii) Total time delay in 1 km length of the fiber

(iv) Total dispersion in 50 km length of the fiber

(b) U T % YNNG FaTg Hi qRuriia HfFe | giaer & aefietor S 3R Hd
g ameRie o % o ufd wie stmad i F@ ol o fafe sl i A
HIfT |

Define streamline flow of a fluid. Using the equation of continuity for an

isotropic fluid, find different components of total energy per unit volume. 15

© () W faada 3R BEAeIw faade o = 7= 8 ?

(i) Uh ey hI faveT gwar w0 AR 7 2 UF geHesll hi faved awd
UV 99l H 299 Jehre <l 370 S9ret )t 2t B 2

(1) What is the difference between Fresnel diffraction and

Fraunhofer diffraction ? 5

(i) What is resolving power of a telescope ? Why is the resolving

power of microscope more with UV light than with visible light ? 10
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Q5. (a)

(b)

(c)

(d)

(e)

@ vs B
SECTION B

i fEemel Ry(1, 1), Ry(2, 1), Ry(1, 4) 3R R,(2, 2) W HAW: foom =m
&R Q; =1nC, Qy=2nC, Q3=3nC 3N Q,=4nC & TH fFE
T et 1a Hife | g AR 6 feafa o it |

Find the energy stored in a system of four charges Q; = 1 nC, Q, =2 nC,

Q3 = 3nC and Q4 = 4 nC placed at the cartesian coordinates R,(1, 1),
Ro(2, 1), Rg(1, 4) and R4(2, 2), respectively. Assume free space.

QU T 3R TR R, [ T 6 B a @ o S U g | 3 e
& oig A g d W o &, § e oit fawla amw 19 @ R | T
TS o Sehcd ol SASieh ogcdd It |

Derive the expression for the inductance per unit length of two long

parallel wires each of radius a, separated by distance d from their axes

and carrying equal and opposite current I.

29isu o dided &1 gt dagae & gt o gaTfed @ |

Show that Continuity equation is embedded in Maxwell’s equations.

FHFTfash! % Y HifE & W w1 F=@m Fd g a9 A gren H gfoiea
HIe | = men i 6 Fa Q@ ster-srem et % foe auam @ i
T Hehell & |

Using Zeroth law of thermodynamics, introduce the concept of

temperature. Explain how the isotherms of two different systems can be

drawn.

HHi-fetreh §e7 3N TH-3MZLEA oA & fou suwres fafigw | 39 @1 et i
ATAGT HA1 o Hed & &9 H hiforu |

Write down the expressions for the Fermi-Dirac distribution and the
Bose-Einstein distribution. Plot the distributions as a function of the

energy.

SKYC-U-PHY >
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Q6.

Q7.

(a)

(b)

(c)

(a)

QA 3, e e Ly 3 L, 8, 99 39 8 92 & | e 1 I
Tehed M ® | gt Sehea o fofe =eteh sgeae hifSie | A &fifste fop Sl
1 gl 07 8 |

Two inductors having inductances L; and L, are connected in parallel.
The inductors have a mutual inductance M. Derive the expression for
the effective inductance. Assume the inductors have negligible

resistances.
(i)  S[d-hfead U i qRuTiya =hifSte | saert oty &9 8 fafau |

(i) TH IFSR ae8 T % foiu Ja-sfeas e Fuifa Aifse | 39
¥, SFoRdu d9 % fau =ee ww AR | R wat & erefi
e AT Sfide 399 8, ==l i |

(1) Define Joule-Kelvin coefficient. Write it in its mathematical form.

(ii)  Determine the Joule-Kelvin coefficient for a van der Waals gas.
Hence, obtain an expression for temperature of inversion. Discuss

the conditions under which heating or cooling is produced.
3 WEYd "Il % IS W U foed-greehia qin i St W
foam #ifse | afe faga-a= E 379 e % @u 2, df e % g
Td Yavl o E % 99 Sl 9 H |

Consider the interaction of an electromagnetic wave at the interface of
_)
two dielectric media. If electric field E is parallel to the plane of

incidence, obtain Fresnel’s equations and Brewster’s law of polarization.

T IR T § uhEEE ®9 8 FEfE B ¢ & Mo a1y (—g) & for
% fog TRF +q B | ST FF 99 39 THER & WA H TH gEA A
frea-&a E 8 war 9w 2, @ wn 6 s geoiidr det % s %
AT Bl & |

A neutral atom consists of a point nucleus +q surrounded by a uniformly

charged spherical cloud (—q) of radius r. Show that when such an atom is
9

placed in a weak external electric field E , the atomic polarizability of

the atom is proportional to the volume of the sphere.
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(b) UH Tueea-faferet gfh sy § 150 kPa 3T 27°C W 1Y 9RO Hidt B | 36
srgeen #, feed @ syt W, S fob o o qutan mn R, fén § ok gem
FFE 400 L B | T o1 goawe 39 @@ & ? 6 swent foeenfya & #
350 kPa a0 ! TGl ISl 8 | 319 a1 I e b T Hd & 9« dh Toh
IHHT AFAH FMAT A & AT | [1a HIC

(i)  Af<m qmEmE,
(i) a1g % gr fopam T w3
(iii) aTY I TG 6 T HA FAT I AET |

femmmg:.U =214 kd/kg 3 Usipy = 1113 kJ/kg
300 K Jfem

a1y &1 19 fdi, R = 0-287 kPa.m3/kg K

! I
? ?
%7// 7//%— M
/ ;’711 : ll*g(()) II;Pa /
% Ty = 27°C %
% /4:: Q
77
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A piston-cylinder device initially contains air at 150 kPa and 27°C. At
this state, the piston is resting on a pair of stops, as shown in the figure,
and the enclosed volume is 400 L. The mass of the piston is such that a
350 kPa pressure is required to move it. The air is now heated until the

volume is doubled. Determine :

(1) the final temperature,

(i1)) the work done by the air, and

(iii)  the total heat transferred to air. 20

Given : Uy, g = 214 kd/kg and Uy ,; = 1113 kd/kg

Gas constant of air, R = 0-287 kPa.m3/kg.K

NN

DAMMIMIDNINDOY

NN

Air /
e Z
Ty = 27°C %@ ¥

//////////////////////////////

(c) UHTHN TS AW ¢ % Uh R IFGeA™ & T HIY Hl 30h 314 & TN
mﬁvﬁaénﬁzwhmm@% | 38 g v fog W 3eu wfew fava
T it |

A spherical shell of radius R, carrying a uniform surface charge o, is set
spinning at angular velocity o about its axis. Find the vector potential it

produces at point . 15
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Q8.

(a)

(b)

(c)

x-y dd # fe¥rd ot qa-fog W Hf5a tF g™ R & R aoid W TH
THEHH ek AW A 9T 7 | fava Vi, 0) % 98Yd TER % 9UH diH g

(uhyd, foya 3R =gHe) Fd HIfC |

A circular ring of radius R lying on the x-y plane and centred at the
origin, carries a uniform line charge A. Find the first three terms
(monopole, dipole and quadrupole) of the multipole expansion of

potential V(r, 0).

3 AW Q, = 3 nC 3R Q, = 4 nC FIAA fagati (0,2,2) m 3R (0,-2,49)m
T HAN: W M F | z = 0 qd -Hufha 8 | Safee fafar &1 s @ g
o5 (3, 2, 49) m W foga fava 3 forga-g= <t o A |

Two charges Q; = 3 nC and Q, = 4 nC are placed at the cartesian points
(0, 2, 2) m and (0, — 2, 4) m, respectively. The z = 0 plane is connected to
the ground. Calculate the electric potential and the electric field at the
point ( 3, 2, 4) m using the method of images.

AFHAA-SegHa S H TAM Hd §C I TG AT H FEA HA
i =t 0°C W AT 195 m/s 31 205 m/s & o= 8 | vafis= | w1 fen
T g 0-1 kg B | (EH T 30 1-66 x 1027 kg AH wHif)

Use the Maxwell-Boltzmann distribution to find the number of oxygen

molecules whose velocities lie between 195 m/s and 205 m/s at U°C. The

given mass of oxygen gas is 0-1 kg. (Assume mass of proton to be

1-66 x 10727 kg)
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