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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.
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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
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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 ?
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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.
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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.
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