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PHYSICS (PAPER-I)

Time Allowed : Three Hours Maximum Marks : 250

QUESTION PAPER SPECIFIC INSTRUCTIONS

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

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

Candidate has to attempt FIVE guestions 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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carbon monoxide (CO) gas molecule is 1:130 x 10~ *¥ m. Locate the centre
of mass of the molecule relative to the carbon atom.

(i) T o % Gl SrefamTRR ©ie 1 Haid-bx I |

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

FIRATE T 1 Asih 9 R a0 il 7% I8 5w A @ giH-aE % wee 2 W 9 6
W % oR 4 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?

<9It 6 97 7MY, gedl N n 91 Wl A o b sE GEY FHIEW Y = 2n(l +0) 5
T g g1

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

T YF IR g % e TH uRRuF % seadais HAE: 1-52 91 148 ¥ #1S w1 =W
30 um B AR yEH TR 1.3 um A, @ dg T niya fawst fi aAfteran we qun
WA H IRET |

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




(e)

(@)

(b)

(c)

fidi AR Wagm § AR Ry AR ¥ Yee 6 we 450 A, 9 =GR $ v A
S@Rfd D, @ Dy Y@l (Ap, =5890 A @11 Ap,, = 5896 A) i fodlfsra fefan s wehan &7
e |

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

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

R 3| M=t A, B, C a1 D, T v 1 defa m @ B a 8, % Sx-fregsdi 1 9901 b
F UH 9 % IR HE] W @M g, ow AR 9 fegm @ R

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
G =

G )
D ST,
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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.

wh 9 95 0- 8e | . Frefl B3 A (i) THETE % TR YT (1) TeIg A 30° Fivy A A
e 21 3 TURE ¥ i BT 6 overs # ufdwd dged afesiera Sl (i) % AW A A
w3 # B8 = fg-fa=ma w0 am?

Calculate the percentage contraction in the length of a rod in a frame of
reference, moving with velocity O- 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)?

oA i s 4 3 i fie iefavia Fa § IEET e QU TS ¢ & MEH § 1 HH
w5 99 F R F @ W T B0 R I @ FA H fre A fren wwm @i w8 A
e w5 i % T Tl s sden § gEhg ) Faa 18% WA # R e 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.
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3. (a) UH S IR foret ST T 1 FH By = 5 sinn(0 -0 Lx — 2¢). 39 FHHm § y 3fv
x HEHIR § § q1 ¢ b H A B | 1 5 M, M 2R A w1 aRees ) Aty R o
WY & U Gh-get § 200 om gl W T g, 0 T Hil o e e (s siw) = g
The equation of a progressive wave moving on a string is y =5 sinn(0-01x — 21).
In this equation, y and x are in centimetres and t is in scconds. 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) WG ST, (if) A IS a0 (i) R S H Fagrdl B = w5t gt %
3
SRR O] T ST %:_amgv ¥ g1 79 A
[0

Explain the principle of (i) induced absorption, (ii) spontaneous emission and
(1i)) stimulated emission. Show that the ratio of Einstein’s coefficients is given
by

_ 8mhv®

A
B 20

(c) WEHeEA SAfqeprdr 8, 100 5= a9 3-8 = ur @l €, ¥4 /s SwEmE w5
0029 mm Taeenfya fFar S & | w1 & 9w a5 qviesd %1 gferer wt)

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) TR $i @ H FHE i Fmen w@ge W Hi feise aua w1 =iww Tm R

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

4. (a) TEAN SR % T &GS 9159 § U 39 YER 578 @ 8 7 5 fog W W 2 om TRE s w6 R
FEl W' H A 40 cm/s B I g W 3@ F1 FM, SEl T@W H AT 60 cm/s B?
(g =980 cm /s? @ Sl &1 W9 = 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, 92980 cm /s? and density of water = 1 g/c.c.) 10

(b) TATRIEN § el % T B=0.995 A TN 3HH WA ANEHY S qu @I R §?
mp, =1-67 x107%* g

Given a proton for which  =0:995 measured in the laboratory. What are the
corresponding relativistic energy and momentum? Take, m p =1 67 x10724 g, 10

MM=-KERFr-N—DRU /RQ A
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Explain the principle of producing polarized light by the method of reflection,
refraction and double refraction with the help of neat diagrams.

wwaEfdd Sl o HRol g feed § ddi) safieo qeon fammwh it 6 qwmei Hogm w

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

@Wis—B / SECTION—B

5 foem T gy S § S deed e 1 400 Q SRR % STR-GR SFET Sl €, ol 59
50 dree ffen I AR 2| 9R g Sezarmd Hi 300 @ TRAY F FR-uR TR ST, @ dfn
w0 Trfi?

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.

F -

400 Q 300

100 volts

T e 3 R forega-greE e % R 83 FE (x, 1) = 120 cos(ot - ko V/m g/
frefia fFa TR | yz-uae B T i B ¥ Juen &6 0 8 TS aTelt ${Ed i # 9E
Biicad!

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

E (x, 1) =120 cos(wt — kx)j V/m. Find the average power crossing a circular
area of radius one metre in the yz-plane.

51 % gl Sl 9% § 368 470 nm IR 14 ummmﬁﬁ%w@rmﬁmw
fsepd FrepTel T 27 T0% @19 A 91 wHal § S g9ea we fafeRor g oft gitesfera w6t) feam
3, o ferid b=2-892x10"° m K, RSH f@RF 0 =5-67 x 108 Jm2s K™% @
Y H F c=3x10% msL.

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=2-892x10"° mK, Stefan’s constant o =5-67 x 108 ym™2s'k* and

speed of light c=3x108 ms™L.
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(d) 9T % m AH A bl THG T TG WshH d T, 19 % ST Al SR et % @y il
Pom T &1 wit B @ T A e AS—QmCPhl[;“"] T b,

geo

L+ T
Tay == 2 2 qen Toeo =T 75 -

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

. 1y T T
given by AS=2m C, ln[ = J, wheére T,, ==t "2

geo

and Tgco =Jﬁ:T2. 10

(e) UH W o Y] Nedaei-siccq@u fauOl %1 e i & STP W qaiftieh €3ed a7 & 1% &
fit 19 & AT F AW F Ufehe &) 3o afors @ et st sard)
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. 10

6. () s =S @ ! Fedal A auit f 1 Rrg | e Ryg % 5o fsm v =L Poosb

4mey 2
R <1 A €, Wl p e o w1 feys sl # qe 6 Bys % s w1 Ry R 3 fem
arelt W wE faya & A8t & off= @ wo F)

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

4ney  r2
distribution, 0 is the angle between the line joining the centre of the dipole to
the point of interest and the axis of the dipole. 10

point is given by V =

, where pis the dipole moment of the charge

(b) SATEEhEd: UiEdRia fRet smmEdi W fil sigfi 50 Hz @un i-mie-ge (r.m.s) AW

40 A ®| AfRRTH GATHS AF A F ToA & 916 0-00125 Fhe R YR I qc&ivres 5H Jid
H|

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. 10

(c) Wak wagdl % fog Fewaa % wefiwwn ® ford qon diae % v 6 sgafa o

Write down Maxwell’s equations for linear dielectrics and deduce the equation
of continuity. 10

(d) WERT I FH FU w® AR W qAa w#)

Stlale and prove Poynting's theorem. 20
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TR % Fiorer fafo fem o gEm # Swen st S 6 e w3 aees el W
e H HEE wma: de e qu -t e § waeia @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.

Tuid % |uTR afgs duria i uferel & e e ur e % STR-IR =6d 8T %
ELE I

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

U IR Ufgl FURE N 300 rad/s FfE AR qU1 240 V F FeAEd 97 Hid § Sl
ST 2| 9R9Y & WM 9 w00 (rom.s.) W T | SR i gfemie 6 S
foreeam s fReEt &7 R4 ®, € =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.

B fra F n A & e aret aied 1 Aee-aHe fod 3R 9 @ 98 JE giesid
g ® 5 Wi W 5 atm @@ | 20 TR Ed Bf|

1 R=8-831x10" erg mol ! K'l, a=1+34 x10*? dyne em® mol 2,
b=31-2 cm® mol™ @ latm =1:013 x10° dynecm 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=8-31 x10" erg mol™! K, a=1.34 x 1012 dyne cm? mol~?,
b=31-2cm?® mol™! and latm =1:013 x10° dyne cm 2.

% BE- N saeTen. ) e @927 °C ®, HEnE R ST T E S B e
FQ F o FE F @ 2| G F aR F AREI-IREDE ST 085 x107° m? ® qd
AR & 20 N &1 774 9@ Mfa ¥ 3k g5 el 9 A gl 1.2 m | T@ aR H dH
7 °C TR TR, A (1) TR T AT TG ST GV (i) T B! 1 G AGR TReGfeT A
W YER H i 9 GHad 9 F e AN 1-5x107° K71
2.0x10'"' Nm™2 |

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 085 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 1-5x10° K™! and 2-0x 10! N m ™2 respectively.
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‘YT HHAU UG W ST T WHAA &7 A -deliu. THS0 S TEEr Hh i 5
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What do you understand 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.

o= 5 N 01 1 U 73 3R 0 T & (> 0) FoieAl & WY hael &1 HASTEAT] ehl Teh Tl

e ®| Ak T T wro-dio wifgwh ®1 eueR =X, § W ARy e qu STieh
Sell & S ATH B | ;

Consider a system of IV 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 e vl B T SHehl STre TRal o e gyl o HRY| 39 Bl & 9 o e e
RO T B &7 T8 A

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

(ii) AFFAd-sllecHH Tl &l SgUTeH B arel 16 & U450 m s~ i 3dfrwd =1a & =
13 e 1 WG PIFn =166 x 10 ° Nsm ™2, T F197@p = 1. 25 kg m ™ 791
&A1 B = 2- 7 x 107 m 3 R, 1 16 % sl w1 e Feiy gy off 39 s
giteher |

The molecules of a gas obeying Maxwell-Boltzmann distribution move with
an average speed of 450 m s~ . If the coefficient of viscosity of the gas 1 is

16-6x10°° Nsm™2, density of the gas p'is 1-25 kg m 2 and number
density 8297 x10%° m=3, calculate the meantfree path and diameter of

the gas molecules.
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