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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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ﬂﬁﬁa?ﬁ'ﬂﬂfﬂ;':

TehTST ST c=3x 108 m/s
SieeamH s k = 1-38 x 10-23 J/K
ATk fare h = 6:627 x 10-34 J.sec

qh TR Al fogaeficrar (Wagais) ¢y = 8:854 x 1012 F/m

Th AT hl JIETRIAT

Ho = 4n x 10~7 Henry/m

I HT AT 1-6 x 10719 Coulombs

AL T ZAHH m, =91 x 1031 kg

gty g fdaies R = 8:3 Joules/gm.mole

AT TocdTehyul i G = 666 x 10~11 Nm2/kg?
Physical Constants :

Velocity of light c=3x10% m/s

Boltzmann constant k =1:38 x 10723 J/K

Planck’s constant h = 6627 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 10719 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 N m?2/kg?

(a)

(b)

@us A
SECTION A

T U I 99 5T 9 87 § r = ke®® @ aftfa fn o 2, s&t 5 k sk
o fFrares 2 | FfS 91 T Z=HE m B, @ 5 1 W 7 Hifw |

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.

Th 10 mm FE AR 20 cm T Tl HREE AT T wd,
e 8 x 10% kg/m? =7 #1 Yehiaia wu B, ¥ Afw R § 9@ 2
Hfb AlerhT % 5 H TETE Yehlalel F T8 F 40 em A9 B | 10 P §
HiThIT (TR & T7 AT Ueehlered B AT T FINC | YewrETA BT W
T 0-0012 Ns/m2 2 |

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/m?2.
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(c)

(d)

(e)

s Yk 4 forwie d@ar 2, gen S fh 3ok ww fREt T W En @ au
780 1 7 2:0 ms 91¢ 100 km F &1} | TH qEU Y&k Wi @ T gl
foepic T € TIH WA ¥ | R Yaw & fou el 1 ang s @
B ?

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 Yael Uget it Wa (fhow) =i Teaq fem @ 30° Wi W @
STl B | WEfdd Y % 3 quieed(F) @i {a Hife s R gy avishA
(Few) H 31md 8 | Ugier shl W (fthew) <t 3Tqadaieh p=1352 |

A thin film of petrol of thickness 9 x 106 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.

o7 § gt S9ER T gomE m, 3§ 8 fSme s Fraas k) it k, 8, 9@
TEHAT T 8 | ZoUAE m Hl Feaer fown § i f ww avgran fawenfua
Fh B foar S 2 | gfe fordl 09 t W gomH m &1 faeomm x &, @
femmge o gemm &t fd @xa o1ed a2 et smafa

k k
e & S SRR
2n |m ( k, +k,
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Q2.

(a)

(b)

A mass m is suspended by two springs having force constants k, and ko

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

2n k1+k2

T GeI9E m 1 fuvg, St fob feor sraeen # R, ue fowwie & dnm @ wm
m,; 3R m, ZEFAE % 3t fyvet & fawifora & man 8 | e & w1e 1 fivs
FA TS St T & @y fauda fesmadt # afy +@ & Iﬁ@mﬁﬁaﬁﬁ

amufeseh W1l [2Tm/mm, 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 o Ush Booh B8 i GHl fhATl 9 HH SIFaTS & &1 HEalerk arl
4 v Ba 8 afas foen § e T R | Uh qr e @ S 8 e
IFIEA-IR=DE 0-05 sq. cm @ AU @ IR @ (fded) w1 s=1 8 Forwr
IIEI-U=DE 01 sq. cm B | BE W IH TAM hI 1A HIT J&F | TH UR
1 AHET 51 Toh @@ fop a1 and |

(i) SO Yfded,

(i) SR fospfa

3Icqd fopam o1 Tk |

SE (fiaet) 3R ST & AT F YA IO HA: 1-0 x 1011 N/m2 3
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/m2 and
2:0 x 1011 N/m? respectively.

foany 6§ Fewfm fofel @ 89 9 wewRw faads i afwen @ e,
¥ 5 Rl & safeebr 3ik wet Rt & Frad 1 At A & | st
3R =Aam v i feufaat 1 wid e i |

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 WI-35H IAlMehd BER Fem # g (ved) yhi it gerd gehioy
9a1 %! THATY |

Th HAMCHA g, s #R oMM wifen werd =1 smvadis saw:
n; = 1463 3 n, = 1444 3, TH TR WS, @ 4y = 150 um 3k
WFA HSE 2 nm, B ST H@T & | 39 aoresd | A gered &1 gehol
T D, = 1823 ps/kmnm B, @ 1 km o9 HER % T g (TH)
SehIvi 3R wgred wehioler &t o <hifsrg |

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 pm 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.

vl femer o1 2 2 Q1 Uh-gE & W B At oiEl Y ST H o g vt
1 ¥ &l wed e | Ffe S oE e & vere % 94 @, @ o9 e
Huieh fgeh 1 g B L Tehal & ? U I 1 SN T4 |

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
3P T 3N 30 firg Hifa |

(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

geeft 1 B 64 x 106 m B, 3T WA T 55 x 103 kg/m3 3 Felim
(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.

HXS-U-PHY é

10



(c)

Famfea TG (FWIH) G @1 B ? 39 QoM id % o wfien fafeg
3T 3HHT YA BA T hIFT | T g W 3naiia &g fawued swifas
Jaed 3R e ifa ==t hifvw |

Uh Fawied el (M 1 AU U 1 B Afe gEe iR
WBOcm%GﬁﬁB‘QZO?ﬁFHa?W3cm€IWT%?

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

o Srad % T B Ag fwa V=12, L dee & fen w2 | wd
J b T
fSue (4, 2, 3) m W e famg & forw Agga & wfew it momn AR |

Given that the electric potential of a system of charges is V = % + i3
' el

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

e Afaufed e = ©: favfeq fesai § w2 | 39 =9 & o Hifse
39tk S I Pl ohat fafer & ot Thd & |

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 <l Uh B THUNH FrhiT &9 B % oitead 2 | I8 9% 30 Th R
¥ T9d §¢ U7 G &7 B o HHIH A& $ IR W% BV A 0.9
U R @I 7 | B8 & Bl % R IR dieear wma i |

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, % wifas faes & mmr e e fau arst ea fFaas
a = 00072 3R b = 0-002 feam MM 8 | CO, % faw sfa am it oft ToF
HINT | & BT AR (3H1) IYASA (atmosphere) W A HT HTh
(3H18) NTP R 39 % U gm-mole & T0H 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 CO,. 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) T ¥ feu mu fg-smeht wm= ufaey & fo eAm smgfa i oM i |

Ry, % R

L g 1

o

o

Consider the two branch parallel circuit shown in the diagram.

Determine the resonant frequency of the circuit. 10
O
Ry % Re
L EL G
O-

Q6. (a) UF e wadd dw S F v e 1 dgA 89 E = 8 kvm-! freme
21 B 3t B o1 aem gm s day & wra B S e S S
¥ A THEEE A v @ 9 RN B OF @ o = 45° 101 W I @
2 | 39 S’ T T JhINT % ST ¢ T 0-6 THT 2 |

In an inertial reference frame S there is only a uniform electric field
E = 8 kVm™L. Find the magnitude of I_E), and —]—3>, 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) fwmufey # L=20uH,R=10Q,Ry=20Q3FRE=30VY |7
qiaY % FHeit S B 0T R T A B, @ Feeh # Icww w1 H 9 @
SHIRTT | FId HT AT=aleh Ty 7107 2 |

: L,R

A01118
Ro
AT

o

S

sy
E
In the given circuit, L =20 pH, R=10Q, R; =20 Q and E =30 V.
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
A8
Ro
ANNN—

E

(¢ ey Mt & fou fF=fafea swmfes sfmast & sfiwma & =men
Hife
() GHard
(ii) ®GrH Hfsham
(i) EHETE Sfsha
(iv) TH3TIAH® fshan
39 Ufshaeti & 2F 19 % g T T bRl w1 s gt 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)

&9 1,z < 0 TEd 9 ¢, = 3-2 1 1 8 3N &F 2, z > 0 Wagd

Qe g =20 H 7 | WA i 5 foromm afew & 1 A
Bl =—30 a, +50a + 70 a, nCm‘zélm?’ﬁﬁQ%mm
T IR | &9 2 A D2 3R P2 Fra shifere, gt P2 &7 27 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 ay, + 70 a, nCm™ 2_)Assume the
1nterface charge density is zero. Find in the region 2, the Dy and Py,

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

T geurerh, Sl 6 = 58 x 107 Sm™! 8, W 1 MHz i faea-gehia ati
Jafad it 8 | 39 GaTeish o {10 ca=il Tes sl 7T hifsw | 7 dffse &6
GATeTh o 3G = py=4n x 1077 Hm 1 % |

Calculate the skin depth of electromagnetic waves of 1 MHz incident on
a good conductor having ¢ = 5:8 x 107 Sm™!. Assume that inside the
conductor p = pg = 47 x 10-7 Hm™1.

| fafertor 1 avisen (Teget) TaioA U Fiwmen fafesen & qum R s
e IeESH HT TG 0-48 pm B | fafhor & sro g it geamm aifa
gfd WU T HINT | 389 q9g 3iauet H moEn Fifse fred g 1 gemm
1% &I STaT 8 |

fezn mn 2 WA diegeme freais = 5669 x 108 W m=2 K4, @ i
5T = 6:957 x 108 m, ¥ &% 98 & AW = 5772 K 3N gF 1 goawm
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 pym. 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) ()

(ii)

(1)

(i)

h) G

(i)

(1)

(i1)

HXS-U-PHY

&7 &1 TeATR 232°C.R, 39 HEH Il Tod FSAT 14 cal/g B 3N 3
foq st nfoa feo ) faftre s %aw: 0-055 31K 0-064 cal/g °C & |
1:0 gm f&7 1 100°C & 300°C 7% T HH § Tl § g GRad i
T ShifST |

T 39 i g&al hl AT Shiferg e adfted U@ 13-8 @ d91 JER
UM 6 3 | TE I9F Eocl Aigfhd W M war g | femm mm @
y= 1:4.

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

wHfi-fetes foamn & fou =u9r® fafag | T=03R T, > T, > 0% fog
wi-feue faqor w1 omfed HT | 38 sm@m @ wH wW A QA
foepfetra aftummd yearfaa il |
T = 300 K T U& 3 H HH & F 0-02 eV FT Foi & W 9T
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 > Ty > 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. 1545

(¢) y-31& o g a1 fog (3, 0, 4) m ¥ IM e Teh H9fa Wy e
m‘aﬁ2nCm’1%HQHx-yW%W@ﬁ%(O,O,G)ml}laﬁ
It T SUifia mEw qa () H @Y T 4 nCm2 7 | fag
(10, 10, 10) m W Igd &= I figrar 1 ToET HIfT | g TR H feufa
HqH ST |
Given an infinite line charge of charge density 2 nCm~1 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



