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Physical Constanls :

j{].

Velocity of light,
Boltzmann constant,
Planck’s constant.
Permittivity of free space
Permeability of free space
Charge of the electron
Mass of the eleetron

Universal gas constant

Universal gruviﬁl&tiunul copstant,
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y= 8864« 10712 1/m

o =42 107 1/m
¢=16x10"1"C

mg =012 1073 ki

R = 8314 J mol~! K-

G =667 % 1071 Nm%/kg?

. g A
b SECTION A
s ¥ ( ¥ ey oy (- S . f:
(@) TR FAA P = x2y R +ay2) 4 xg2 @ fony e B 3 R0 R aer weed) @
g1 el |
A force l? is gi | " 2, A 24 229 . Determine whether or
orce | m'mvun Wy IV = x2y g g2y 4+ xetn. Dele ; sthe
not the force is conservative,
(b) H%ﬁ 61 !!(’(’fﬂq[ ﬁtﬂ-aruﬁ 'F_ﬁ] TR ?ﬁﬁ:‘lf! '

fear Tonn B

\ ; -~ £ n =@ 6
yeal 1 ZEH M, = 6 x 12 kg 3 L]?Zﬂ 1 7 Ry = 6:4 % 107 m

Calculate the gravitationg| solf-onorgy of the [Barth.

(viven

Mass of Tlarth M, = 6 x ()24

SKYC-U-PHY

=2

kg and the

Radius of Barth Ry = 64 % 105 m

10

10



(¢)  omifis A u nfaufie ; S Yy w1 R 2 A iteE BT H A
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What are the

Co
. nm,(lumcug of Lorentz transformations on length and
time when obse

er
ved from , a frame moving at relativistic velocities ?

(d) m%mm”’mmm msuua‘flnrmﬂamzﬁﬁw it fep ot

sin 1 _ X.L o ;12
1. e g .‘.’
gIn r v2 “]

W_ﬁiﬁhr'iﬁn’qm.:mmafwraﬁt:mmi‘ | vy, 1y 3T vy, gy HTETH
1 3R mem 2§ sy ;9 9N qyadiE §

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

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

2, respectively.
() @ o =R wfy ufem Fieamd #41 & 2 39d fgm fean i G et
Tfgd aueEy |

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

Q2. (a) (i) gmﬁqﬁm%mwaﬁmﬂwﬁwﬁﬂﬂﬁm , S fag
I et F e,

a1y e % T
(i) 10 g g 35 P 08 7 SO G oy o S 3 aw § <hifi
1 |
(_gaaﬂr ﬁgﬁﬁﬁ)

<A1 1 G = 73%10% kg
£ fr =1.7><106m
IA”
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(i) Derive the expressions for gravitational potentials at a point

..q] shell,
(I) outside the spherical she
(I) inside the spherical shell. 10
(i1) Calculate the escape velocity of a body of mass 10 kg from the
1
surface of Moon (ngn zggEurth)'
ea nft 22 k
Mass of Moon = 7.3 x 10““ kg
Radius of Moon = 1.7 x 105 m 10
(b) U FfFEa g w feyq 3 wael Al 6 U sraviewar &1 wd w1 g Rk |
afe g1 < F wered 1 gRaAY SEAT 0-020 3T 0.028 B, qAT A BIHE

Sl s 10 cm 3R 5 em 8, Fﬁsﬁﬁﬂﬁzﬁ@m ifse foag 6 3

Th Ak TIH &1 G |

Obtain condition for achromatism of two thin lenses sei)arated 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 ecm and 5 cm,
respectively. Calculate the separation between them in order to form

achromatic combination. 15

(© () o T AE TR Ty 6 e % e 2 § | avi e
ATV T % &1 gefiereon s fafgu |

(i) T gAdA Wh % AU emaa ot aamm el & i 5 gl
HITT | :

(1) The quantities of rotatory motion are analogous to those of
translatory motion. Write the corresponding equations of
translatory and rotatory motion. 5

(i1)  Describe the theorems of perpendicular and parallel axes in case
of a plane lamina. 10

\/5.1 (a) (i) wﬁwﬁﬁm&mﬁm%ﬁmmﬁaﬁm |

(ii) ﬁ-ﬁﬁmﬁﬁ%ﬁﬁmﬁ@mﬁmﬁaﬁ@éamﬁam%m
e Feqd HIT |

(i) What are the requisite conditions for observation of interference
pattern on a screen ? .

(i)  Derive the expression for fringe width and intensity at a point on
the screen in a double slit experiment. 10
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Write equation for damped hinemonice oseillations and oblain expression
for logarithmic decromont,

I n damped harmonic motion, the firsl amplitude s 10 em, which
reducen to 2 em nfter O oncillntions, cneh of poriod 4 soconds. Delormine
the logarithmic deerement. Alno, caleulnte the numbor of oscillations in

which the nmplitade deerensons to 209,

gepy g mradfafa vl wy ferfau ) ves Ru-g3uw g W,
el % steadain g 160 st 1ag

gt uf
il s A fan
faestforftan wy a0
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Write conditions for working of a Step-pq optical fiber. In a step-index

fiber, the core and cladding materialg have refractive indices 1-50 and

1-43, respectively.

Find the following : 20
(1) Critical propagation angle

(1)  Acceptance angle

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

(iv) Total dispersion in 50 km length of t},¢ fiber

(b) @m%mﬁmﬁmﬁa%|m%wﬁqwmm
T AR T & oY 9l Thish ST 1 g ot 3 R wehl @ T
i |

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

(© @@ %I faadT 3R BRI o o o o d 2

() TH IeEh Hi fave e 7 At R 2 O gawee ) Rvew s
UV el § 339 ST s 3en el 4 /il @ 2

(1) What is the difference between Fresnel diffraction and

Fraunhofer diffraction ? 5

(i1) 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)

wveE B
SECTION B

W. Frdamrl Rya1, 1), Ry(2, 1), Ry(1, 4) 30 R,(2, 2) w0 swww: fewd am
3@"" Q; =106 Qys2np, @u=3nC 3k Q= 4nC & v Fram A
wifd i A b | sy o frafa o wfife

e e - Y o -y . . ) ) :
Find the energy stored iy 5 system of four charges Q, = 1 nC, Qy = 2 nC,

L) ™ aa , i
Qg = 3nC and Q, = 4 n¢ placed at the cartesian coordinates Ry(1, 1),

Ry(2, 1), Ry(1, 4) and Ry(2, 2), respectively. Assume free space,

Q Tl 3R WAIRR AW, F wer ) frem o 2 st S o W I 9T
% o= H gl d W Fm e i fawfa wm Law @ R ) wER O
TS o Whed 1 S s fifaw |

Derive the expression for the inductance per unit length of two long
parallel wires ecach of radius a, separated by distance d from thoeir axes

and carrying equal and opposite current [.

zwiEw 6 Giacy @1 gietor Aagde & afteron § FmiEa R )

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

el % = Fie & FEE & v F ge am o g et
Fifsw | T <A 5 FA Q@ srerm-srem feri & fe mmam . i
ST Hehdt & |

Using Zeroth law of thermodynamics, introduce the concept of

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

drawn.
il Foes g st Sra-onETE de & o = fafen | @ 2 A
T Sl & e F 9 A A |

g for the Fermi-Dirac distribution and the

Write down the eXPreSSion :
Plot the distributions as a function of the

Bose-Einstein distributio?

energy.,
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(b)

Q7. (a)

SKYC-U-PHY

A W, P Jewe Ly A 12 & R g S8 )R w sty
e MR | wiorft ded & RIS EY SUE B ) e el o g
1 iy ey R |

ances Ly ang |

Two inductors having induct 4 are connecled in parallel,

The inductors have a mutual inductance . Derive the expression for

Assume  the

the effective inductance. inductors  have negligible

resistances.

@ s e @ el SN | e e w1 fafae

(i) T g aeg W % O @SR i Ruifa Bl | s

Wmm%%ﬂmmzﬁﬁqlﬁﬂﬁ%mﬂw
Wmsﬂmmm,w;ﬁﬁql

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

(i)  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.

T YA R F YD W Th fgd-grEde @ e

~ - ) ~
faam Fifsy | afz faga-ew £ snoaw aat & gwew 2, @) 9 % aefie

Td Yaul % R & W @1y hifu |

Consider the interaction of an electromagnetic wave at the interface of

s ) . ==
two dielectric media. If electric field E is parallel to the plane of

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

U IEHA T UHEH w § smafma B e % e et o) @ R
me+qﬁlm%mwma§mzﬁ@§éﬂm

faea-aa E 4 T@l S R mmzﬁwvﬁﬁﬂwﬁumﬁé%mmé:
A AT R |

A neutral atom consists of o point nucleus +q surrounded by a uniformly
charged spherical cloud (=) of radijus r. Show that when such an atom is

placed in a weak externg] clectric field B . the atomic polarizability of

the atom is proportional the volume of the sphere.

&

15

10

20

15



Ueh TUA-HoTr 3

s W, fowen 4 S
IR 400 L R "

et o for i b w8, fram B sl dem
| W gy o g @ B g famafn w0
350 kPa €19 & . ‘ < &

150 kP 3 *hY STy eRf) & | @ Ay B aE o T d S o

IGPT R 3 R =
ST s i Hfr

(i)  orfm o,
(i) a@%mﬁmmm,aﬁ(
(i) 3T P TATTRG B oy per o 1 HET

ag &1 T8 i, R = 0.287 kPa.mVkg K
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s eps contaj .
A piston-cylinder device initially 55 Ar at 150 kPa and 27°C. At

. a pai .
this state, the piston is resting O  PAIr of stops, as shown in the figure,
e Th ) )
and the enclosed volume 1_5__‘_1,02_11 © Mass of the piston is such that g

350 kPa pressureisreq/gi_ffd/t(-) mOVe it. The air is now heated until the

volume is doubled. Determine :
(i)  the final temperature,

ir, and @\%
(i)  the work done by the air; &
20

(iii)  the total heat transferred to air.

Given : Uy i = 214 kJ/kg and Ufing) = 1113 kJ/kg

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

T

T
7 7
/ /
Z Piston é
7w
% ;fl =400 L %
Z Ti : ;:?CkPa %
Z %q: Q

(c) WWWG%@RC&W’ %rﬁ?ﬁqmﬁmﬂ&iﬁqﬁﬁ:

o IV 9T F ol = W 3T Tiew fava
e B | WY | sEs ga T g

A spherical shell of radius R carrving a uniform surface charge o, is set
spinning at angular velocity ¢, aboylt 1gt s axis. Find the vector potential it
produces at point T " 15
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(b)

(c)

K}ﬁqf‘&mm
mmm%ﬁimzﬁﬁa@mR%mmm@
AU 3 | R VO, 0) F agyd Jan % FuH T T

(Q%qa,%gaama@a e
3 |

A circular rin _
e 8 of radiy R lying on the x-y plane and centred at the

Or]glny carrie .
® @ Unifory jine charge A. Find the first three terms

(monopole, dipole xpansion of
tpole anq quadrupole) of the multipole expansl
potential V(r, ).

< M Q) =3 nC 3N Q, = 4 nC ™ g3 (0, 2, 9) m 1 (0, — 2, 4) m
TN T MCE | 2= 0 e qarha 3 | S ol 1w A
fag (3,2, 4) m W foaep v o ferga-a <1 oA AT |

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.

ﬁmmaﬂwmmwmmmﬁzﬁmm
ﬁrﬁvfsﬁaﬁrwcq{aﬂ 195 m/s 3T 205 m/s % == B | e | 1 fa
T 7 0-1kg? | | (dTeiA T AT 1-66 x 1027 kg AH Sf9Q)

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

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

give ass of oxygen gas 1 0-1 kg. (Assume mass of proton to be
n mass

1-66 x 10727 kg)

T —— i
T T P T e v
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