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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.
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JERTT T AT ¢ = 3x10% m/s
EIELIERER D k = 138 x 1073 J/K
e i h = 6627x10734Js
e TR i frpasficrar (Raedi®) €5 = 8:854 x 1072 F/m
TR SATHTT oh1 AT o= 4nx 107 H/m
ESEEEIRCICN e = 1:6x10719¢C
FAF 1 o 3| m,= 91x 10 kg
qre s i e = 8314 J mol 1K
arefie e fdiE G = 667 x 1071 N m%kg?
Physical Constants :

Velocity of light ¢ = 3x108mvs
Boltzmann constant k = 1-38x 10723 J/K
Planck constant h = 6627x1034J s
Permittivity of free space gg= 8854 x 1012 F/m
Permeability of free space Ug = 47 X 1077 H/m
Charge of the electron e = 16x10719C

Rest mass of the electron

Universal gas constant

Universal gravitational constant
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Q1.

(a)

(b)

(c)

(d)

(e)

@us A
SECTION A

e S R 3 0 e oo S (afeien) F1 e | sidermd r 1 o BT
3 AT Teq Ao o I foAT e qedhar & | Bie Se i Tid s wHieR
T ifem |

Consider a large stationary cylinder of inner radius R. A smaller solid

cylinder of radius r rolls without slipping inside the larger cylinder.
Determine the equation of motion of the smaller cylinder.

ZoWH M 3R 3o R % U THEHH 31 Tiiel ol Tecd1d AS-3hsll o foTg 4k
g~ FIfY |

Derive the expression for the gravitational self-energy of a uniform solid
sphere of mass M and radius R.

forraTereT Z5amH 1 kg 3R 0-9¢ URETOT & 37 o1 Uak o foumTaTr & Fo9uH 2 kg
F Uk F0T  THAT & | G2 & YT 21 h0T SeAfdd af Siid & 37T 539 M aem
TV T U Uehel 0T 5410 & | M 3R V Fuifia Hifsa |

A particle of rest mass 1 kg and velocity of magnitude 0-9c collides with
a particle of mass 2 kg at rest. After collision the two particles coalesce
and form a single particle of mass M and velocity V. Determine M and V.

us f3-fiete wieaeiw faads waim 8, fieie HerE 012 mm 3R 3 el & off e
T 0-48 mm ® | Rl & BhA A gt 15 m ® | 3 vgE wepmT 1 qneed
600 nm &, AT (i) Al FeTs F qa F:0, 3 (i) F=1 s 3R wom
i o sfter =i i 3a ifsg |

In a double slit Fraunhofer diffraction experiment, the slit width is
0-12 mm and the spacing between the two slits is 0-48 mm. The distance
of the screen from the slits is 1'5 m. If the wavelength of the light used is

600 nm, determine (i) the missing orders of the interference maxima,
and (ii) the distance between the central maxima and the first minima.

T 20 mW ISR &I §RT 39 qieed 600 nm T T FohIT o1 T HHdel 3401 T
smafaa & | Fuffa Fife :

()  ador e & T wid Yeve wieHT i He |

(i) U7 O YEHIT T ST STeAT 7T e |

A light beam of wavelength 600 nm produced by a 20 mW laser source is
incident on a plane mirror. Determine :

(i)  number of photons per second striking the surface of the mirror.
(ii)  force exerted by the light beam on the mirror.
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Q2.

Q3.

(a)

(b)

(c)

(a)

o fis fomr forelt sret o 31efia ueh foreg 07 o aft@: Tfqwe 8 | O° W Siged & Hed
Aol 3A, 5A 3R 6A ¥ | yeu & F uia: v o am % uew
mlzn,m2=03ﬂ'{m3=n%th%WﬂFﬁé§%QﬂZﬁml,m23ﬂ'{m3ﬁ
1 hiferg |

A body moves about a point ‘O’ under no force, the principal moments of
inertia at ‘O’ being 3A, 5A and 6A. The components of the initial angular
velocity about the principal axes are ©; = n, o9 = 0 and o3 = n. Find the
components o1, ® and o g for large values of time t.

O W 3Tad1 A Frefafaa e g fefia 2

2
n:lH +y£+kx=0;
dt? dt

& m = 0-25 kg, y = 007 kg s~ 1 3fT k = 85 Nm~! 2 | fuif@ Fifse (i) Fem
T ATadhIe, 3T (ii) ST i TeaT [0 ITehT AT Iqeh TR H1H T SA7e1 &
SITET |

A harmonic oscillator is represented by the equation

m dz_x +y L +kx =0
dt2 dt

where m = 0-25 kg, v = 0-:07 kg s~ and k = 85 Nm™1. Determine (i) the
period of oscillation, and (ii) the number of oscillations in which its

amplitude will become half of its original value.

2RTTST foF Sist TUT=Runl o 7efi forrd-erarhr ai wieror fAwen 2 |

Show that the electromagnetic wave equation is invariant under Lorentz
transformations.

U SFATEE G109V U I o o= 1@ U Hfhd AW & U ofsi e =l
Ao | TSR FreHl % foTg simavaes dgell (ATies) SEEar ool & oy o
SsTah YT ShIfrT | |

Consider a laser system consisting of an active medium placed between

a pair of mirrors forming a resonator. Obtain an expression for the
threshold population inversion required for the oscillations of laser.
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(b)

(c)

(a)

(b)

(c)

Us He - Ne@ﬁ?ﬁﬂﬂ%%‘lﬂﬁﬂfﬁﬁﬂ@ﬁmo = 3 x 101 g1 3T ATy
T = 300 K &, @ Ao, 31 IRETT 7 BT ST {@1 37 e g(o)  FWHM &
Frefia #ar g 2

For a He — Ne laser system, what will be the magnitude of Awp) which
represents FWHM of the line shape function g(w), if resonant frequency
0 =3 X 10'% s~1 and temperature T = 300 K ?

ZHH M 3T ST ‘a’ T U O x-378T o STfIR 310 T oAl o aita: iofia o o
H U T B | 39F HfE Harr 3R gl wfas St % fog st g
FifeT |

2 1 1
(RTTE, Iy = 5 Ma?, Iyy = - - Ma? 3 Iy = - — Ma?)
A cube of mass M and side ‘a’ is rotating with angular velocity o around

one of its edges, which is, say, along the x-axis. Obtain the expressions
for its angular momentum and kinetic energy.

(Given that the IXX = g Ma?, IYX = - i Ma? and IZX == i Ma?2)

T G n & U gard | Fififa qrerd ¢ & v "ie o i e | e i
fo 36 31 gl i asha1 & HEA R, I R, 2 | o9 A Fem afgaw (3megm)
T Fifere |

Consider a thick lens of thickness t made of a material of relative

refractive index n. Let R; and Ry be the radii of curvature of its two
surfaces. Obtain the system matrix of the lens.

AYFAHIF ny, HIT AITE h F TF GHTT TR el | B FTel agel Tadar &l
fifore 3T fhew o Usa § B aTefl Fet Traderar 3 foTg sisieh i g hifor |
Consider multiple reflections from a plane parallel film of thickness h

and refractive index ny and derive an expression for the total reflectivity
from the surface of the film.

T S M, TS [ 3R ST r % 319 F9a (S9) I §0H owaiTg / 37 a0
v0 F1 e, Sl « qagW N o AETT FT B, F TH Toh @A FIF G
wfcreentia foram ST 2 | 3 Eiact Fe &1 a1 ST Ihe SN JEATH FH
I TAT 2, A1 36 oAU § Hfqerd i T 3MTehet ISy | 1 Ao fo 9u ek 3l
sfcreenTfie e %1 vare §HE 2 |

A solid shaft of mass M, length / and radius r is to be replaced by a
lighter hollow shaft of the same length / and having the same ratings of
/0, where 1 is the couple and 6 is the angle of twist. Estimate the
percentage reduction in mass of the hollow shaft if the outer radius of
the shaft is twice the inner radius. Assume the material of the new shaft
is same as that of the replaced shaft.
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Q5.

(a)

(b)

(c)

(d)

@us B

SECTION B

I fereaT o Uk A7eRt AT §HAe (z = 0) ¥ 1 m I g fd 5 nC Fwh
faieg smar =1 fifSe | o forg (2, 2, 0) m T forgga-arm 3 Fifsr i awtzy o 2w
HHA & T ¢ |

Consider a point charge of 5 nC placed at a distance of 1 m from a perfect
conducting plane (z = 0) of infinite extent. Find the electric field at a
point (2, 2, 0) m and show that it is normal to the plane.

FEFIT F9 F A Y 50 Hi I U AR Fet H 57 05 m x 0-4 m F |
zad 1-5 A #i fagga aw vanfed 2idi 2 | afz o e gEER T B = 01 T30
WehT S foram STl @ fob warehia & S fawm et & wwdet & |iE 60° 1 i
ST 2, A eI &5 SR FSell 9 S Sot-31T01 T 2 2

A rectangular coil consists of 50 closely wrapped turns and has

dimensions of 0-5 m x 0-4 m. It carries a current of 1-5 A. If a uniform
magnetic field B = 0-1 T is applied such that the direction of the
magnetic field makes an angle of 60° with respect to the plane of the
coil, what is the torque exerted on the coil by the magnetic field ?

forraTe & amr fram ofit foFais & dieedn fFam 1 3cerg 3R s Fifse | e
G 3 Sl weror o frgreal § 37 fi i geafa Fifsg |
State and explain Kirchhoff’s current law and Kirchhoff’s voltage law.

Derive these laws from the principles of charge conservation and energy
conservation.

3EA™ 10 em T IR fght=il & S Uk THIR UigehT Gemier i Smafsa fan
ST TeT @ | afe denfer & v foreft &1 o farega-am 5.0 V m-1 s~1 i & ufafda
B &, dr sieTien 3 i g e | | e i |

A parallel plate capacitor having circular plates of radius 10 ¢m is being
charged. If the electric field at any instant within the capacitog changes
at the rate 50 V m~! s71, calculate the magnetic intensity |H| inside

the capacitor.
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(e)

(a)

(b)

Ush IcsHAUITE T S99 300 K, 400 K 317 1200 K W diH YSii & a1y dfshad 2 |
T 1200 K T 9eR & F®T & 9§ 1200 kJ Fsit AT s:tam & 37 400 kJ F1
F1 YEH AT 2 | 37 21 HERT & 9re ST A=A 1 fuifa fifso |

A reversible heat engine operates with three reservoirs at 300 K, 400 K
and 1200 K. It absorbs 1200 kJ energy as heat from the reservoir at
1200 K and delivers 400 kJ work. Determine the heat interactions with
the other two reservoirs.

fereqa &m 1 yaTfed oS L o Uoh d19 ofFel qI ol Siieg | a) & gl x T e
fag PR g e v A 9 if |

Consider a long straight wire of length L carrying a current I. Determine
—
the magnetic vector potential A at a point P located at distance x from

the wire.

Star fo fa o g9iiar T 8, U 200 V, 60 Hz @187 § 9%g U 4uit afimer § 30 Q
1 efiar wfeera =1 v gurfE, 44 Q 1 U R0 gfeiee 3t 36 Q i aur
90 Q it SfOTer wiceT i T Fel @ |

Xc=300
|
|

200V
s HZC) R, =440

Foell X;, =900
Ry =36 Q

F1d Fifee :

() ofty =1 i T
(i)  ufaY gy sraenfeg wif
(i) el # arfda wifed
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Q7.

(c)

(a)

As shown in the figure, a series circuit connected across a 200 V, 60 Hz
line consists of a capacitor of capacitive reactance of 30 Q, a
non-inductive resistor of 44 Q and a coil of inductive reactance 90 Q and
resistance 36 Q.

Xc=30Q
| |
I
200V
60 Hz
Coil with Xp =90 Q
Ry =36Q
Determine : 15

(i)  Power factor of the circuit
(ii) Power absorbed by the circuit
(iii) Power dissipated in the coil

T THEIEIE 6 A % N, 30AT 3R U TR 19 B % Ny 30T & T
mﬁ'mlwﬁm%m,%@@aﬁgmaﬁﬁ?mmaﬁﬁm

(T TV T 3 o For e e 2 g = (2“:;”}2 V).

Consider a mixture of N, molecules of a monatomic gas A and Ny
molecules of a monatomic gas B. For this mixture, obtain the Helmholtz

free energy and pressure. (T3he particle partition function for a

monatomic gas is q = [271: E;kT ]2 V). 15
weh Pt ferrr & <) sreeemedt & | w=e § fF 5w (A, B 3R C) € | filssi
T W T SET ek Tdsar i Fwifet fi g faffa Hif i g
H(E T ETe AT ATISH o oot o wrel sl fererern s |

A ternary system consists of three components (A, B and C) in
equilibrium with two phases. Determine the number of degrees of
freedom using the Gibb’s phase rule and discuss the effect of pressure

and temperature variations on the phase equilibrium. 15

SLPM-P-PHY 8

Optional Province - optionalprovince.com




Q8.

(b)

(c)

(a)

(b)

3 Ffafei/femmt it @ & ==t fife (R aret acy 1 19 aufisor $
GenfRrg o 3 fore Uit fomam | ueh g o shifaes e @1 8 2 St Jied aHieT
¥ Fraraient & wel § 3 fraaiet & a1 it oET ifs |

Discuss briefly the considerations which led Van der Waals to modify
the gas equation. What are the critical constants of a gas ? Calculate the

values of these constants in terms of the constants of the Van der Waals
equation.

o TG AT B ¥ STd ¥ U A e #1 o | it o i
T AN e T i i fear af T g sifteEih R P oW
faea-a B Frefea i |

Consider a conducting sphere of radius ‘a’ in a uniform electric field E‘.)

Find the induced surface charge density on the sphere and determine
_)
the electric field E at a point P characterized by radius vector T,

(i) wmﬁ@ﬁga-éi(ﬁ)ﬁm%ﬁammm%mw%:

f}) =10 cos (ot — 100 x)? V/m
Hvi 3aft o 37 e gmr 3 i |

_)
In free space, an electric field (E ) is given by the following
expression :

E =10 cos (ot — 100 x)? V/m
Find the angular frequency o and the displacement current.
(i) U forega-grarehia ol =1 kg & \El = 55 x 1078 T ® | @mfém afem
1 qiETT 1 hfer |
An electromagnetic wave has its magnetic field }]_3)| =55x1078T.
Determine the magnitude of the Poynting vector.

T e fF =, graEen W us ueE F TaEEE Tva ot aeferme
STEETT H UHE BT =R | U gt sa-ard frerr o forg ramafes favia & wai
¥ wreTaee gfds i sgeatd s |

Explain why, at equilibrium, the chemical potential of a component must

be the same in all coexisting phases. Derive the equilibrium condition

for a binary liquid-vapour system in terms of chemical potential.
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()  SIH-3NTGHIS sie el bl SANT ahtah hiovrehl faferaur o forg wiieh farfereor fam i
geafer s | Yei-sfie foram & sgeam aenfieht aondi & fore yehr Fiew gifersh
aftor fi= 2, gaehl sarear i |
Derive the Planck’s radiation law for blackbody radiation using the
Bose-Einstein distribution function. Explain how results from quantum
statistics differ from classical results derived from the Rayleigh-Jeans

law.
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