41.

42.

43.

44,

45.

PHYSICAL SCIENCES
PAPER I (PART ‘B’)

The resolution of a Michelson interferometer operating with a light source of 640 nm
wavelength is

1. 1280 nm.

2. 640 nm.

3. 80 nm.

4. 1 nm. r \ &

D

When a terminal is at virtual ground, then — ||
\} ’

1. both current and voltage are zero. r \ > r’

2. only voltage will be zero. > J

3. only current will be zero. B

4. both voltage and current are not zero. ‘ L

1_” F

. . . \ e(;
Platinum resistor (PTR) and a thermistor(THR) are ukd to m sure‘room temperature.
Which of the following is true? Y h |

1 PTR offers more accuracy, THR mdore resolution.

2 PTR offers more resolution, THRfmore ageura

3. Both offer same accuracy, THR @ffers mofe rgSolution.
4

Both offer same resolution, PTR loffers m ccuracy.

ry

A four bit A/D converter is used"o‘qnvert an anal('g voltage of 8. The maximum error is

1 0.5V. ‘1} f
2. 1OV __.j
3. 20V

4. 0257, H_

A voltage of 2 0 \ ‘Es is applied to a cylindrical counter with an anode wire of radius
0.01 cm Jnd a cathqd mner radius of 1.0 cm. The electric field at the anode surface is

% 104 Vien
V/ cm

. 5 % .
. 5 V/cm.
. 5 Wiem.
A y-ray pf energy 1 kel is passed through a solid absorber of thickness 3 ¢m and mass

attenuatidn coefficient 3 ¢m?*/g at temperature 7). If the same absorber is melted at
temperature 7>, the mass attenuation coefficient will be

-lku-)t\.)»—‘

1. 3(TV/T)* em?lg.

2. 1/3 em/g.
f 2
3. 3cem/g.

4. 3(To/Th)* em*g.
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47.

48.

49.

50.

Five panelists are required to elect a sixth member to the panel. If any of the panelists votes
against a member, the member is disqualified. What would be the appropriate electronic
circuit to be used in the electronic voting machine to implement the above rule?

l. XOR
2. XNOR
3. OR
4. AND
: \ ‘ér
In an op-amp, when the input signal drives the output at a rate of voltage change*great
than the slew rate, then the resulting signal ?3)
-
}
l. is enhanced. < -'r . y
2. is clipped . r ' r
3. is unaffected. -
4. remains the same, but with 90° phase difference. P 1 1 gy’

Sensitive experiments are often performed inside a metal enc sure own as a Faraday
cage. Which of the following of Maxwell's e iains verns t ei)r c1ple of operation of

the cage?
1 1
. V.E=p/E,
2. V.B=0
VxE=—0B/ ot ‘
) £
4 \Y%

I
T T T
tz,uo[J+gOa—E} 4 r
ot
<

)
Consider the following (* atléal amplifier circuit with an input signal of frequency
10 kHz.

10 R
S A" V—

r

’\ o DApF . |

o ——= &  — | e |
T =

W,

v
v |

~

Which o? following represents the output waveform Vy ?

y lﬁ v »

V.
.1 °|
rF o Pof
I +
(2 (%)
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51.

52.

53.

54.

For the ground state of a particle moving freely in a one-dimentional box 0 < x < L with
rigid reflecting end-points, the uncertainty product (Ax) (Ap) is

1 h/2

2. +2n

3. >h/2

4. n/\B

'l

Consider a system of two spin-half particles, in a state w1th total spin quantum n er
S = 0. The eigenvalue of the spin Hamiltonian H = 4 S S (4 is a positivé, c‘dnstant tiu

state is .f

2 - ‘ 'J
1 Ah/4 4
2. —Ah*/4 S 1,‘-‘1 r
3. 34h/4 1 ( ‘
4 —34h?/4 . )‘.

&

The energy of a 200 nm photon is

1. 0.01 eV [
2. 100 eV ,/
3. 10 eV A f
4, 1eV :
b‘ ¢ (
The wave functloi ((r) of a particle moving in three-dimensional space has the physical
dimensions of* 1
%
(Length R ‘
ength)m"'

1
2
3. ength)
4 (L;M%)

0 —i
The eigenvalues of the Pauli spin matrix o, = ( i j are

1 +1, +1
2. -1
3. A=i+i
4 it
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56.

57.

58.

Y

The ground state energy of a particle in an infinite square-well potential of width L is E. If
the width of the wall is reduced to /2, then the ground state energy becomes

1. 2FE
2. E/2
3. 4E
4. E/4

The classical definition of the orbital angular momentum of a particle is L Fx p

corresponding quantum mechamcal deﬁmtlon for the orbital angular momentum ra T
(taking into account the fact that r and p do not commute with each othQr) is

1. iz;l;x{) - )
L ]
2 L=t[Fxp)r(hxh] AL N
2 1.#5 r
roq 5\ K (
3. L= lrxp)=(pxr)] | {¢
1 & r " |

Given the Hamiltonian H = H +iT , where H and T lﬁ‘nitian operators, which of the
following statements are correcﬂ

H is a hermitia opﬂ'lr and the total prebability is conserved
H is a hermitian Qﬁerator and the total probability is not conserved
H isnota hermltlan operator and the total probability is conserved

Call i e

H is not a % itian operator and the total probability is not conserved
( \

‘ ‘1 ‘_,.

The Hamiltonian of'a three-level system is

H=a ‘K‘

The energ!

elgenvalues are

1. 24, a, —a
2. a, 0
3, 2a,0,0
4, 2a,a,a

www.examrace.com



60. The ground state energy of a particle in the one-dimensional potential

1
—mw* forx>0

2
V(x) =

oo forx<0
is equal to
1. ho L]
2 éha) r 1

- }

3. 2he 2 '! ’
4 éha) " J r

Al N

\ 151 »% r
61.  Letk be the wave number of the incident plan. e 'n a scatter ggxperiment. If the
scattering is purely a p-wave with the phase #llift 5,=#/4, then the total scattering
cross-section is

1. 2%2 ’
2. 6%2 :
3. 0 /

4. k? 4 !
o § [

f

-
62.  Plane polarized li%ht will be rotated when it is passed through a solution of

1 NaCl
2. CHC
3. Br CII'} ‘

- - ,\

: 463. The specific heat of silicon monoxide at high temperatures, as compared to silicon dioxide,

1S

1. larger .
2. _smaller.
3 equal.
- rA dependent on other parameters not specified here.
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64.

65.

66.

> rl a’b.
p. blad.
3.

You are shown a spectrum consisting of a series of equally spaced lines. This could be

the rotational spectrum of CO.

the vibrational spectrum of N,

the NMR spectrum of CHy,

the Mossbauer spectrum of Fe; Oy,

bl o e

1
The figure below shows a "bead-spring" model of a simple cubic crystalline lattic Tﬁe
springs have spring constants & and the lattice spacing is a. For this model, the shéar *
modulus governing displacements along the x - direction with a gradient a{on,g the z / |
direction is: “« ¢

1. 0.
2. k/a.

3. k/6a.
4, k/a.

The ratio x/oT (whéf€k is the thermal conductivity, o is the electrical conductivity and

T is the temperature for metals
<

L
1. is strongy dépéndent on the number density of the charge carriers.
2. isfindependent of the temperature 7.
3. varies widely from one metal to another .
4. ig approximately independent of the particular metal.
J\
Let U(x) J % ax® —bx® + cx* be the energy cost of stretching the unit cell of a certain crystal

by an am@unt x, (a, b and ¢ are constants with a and ¢ being positive). Then at temperature
T the coefficient of linear thermal expansion (to first order in b and zeroth order in c¢) is
proportional to

a*/b.
4, 1/bd’.
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68. The dispersion relation for spinwaves in a three dimensional Heisenberg ferromagnet is
o= Akz, where @ is the frequency, k is the wave number, and 4 is a constant. The
contribution of spin waves to the specific heat, at low temperatures 7, is proportional to

1. 73
2. 2
3. T
4.

7' ) 1{
(

1
o - { |
69.  For a one- dimensional monatomic lattice with lattice constant a the normalimodes satis
the relation "’? '
-

|
L
L o =w(q+2—”) ‘(;i‘x ‘r’
¢ .
2 0@ =ole ) __1{} '-31"'

3. w(q) =a)(q+ %)

4, w(g) = a)(q+ 27ra)
vy

e !
70. Consider a gas of non-interacting elcetrons at 7=0. If the electrons (of mass m ) are replaced
by neutrons (of mass M) ké&)@ the density n = N/V the same, the Fermi energy ¢, is

changed by a factor “ '
w—

T
4 )
7( For a one- dimensional Debye solid, the lattice specific heat at low temperatures T will be
-

f)roportional to
. 7
2. T.
3 2.
4. .
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72. The dispersion relation for a certain type of excitation is given by w= 4 k*, where 4 and
a > 0 are constants. For these excitations, the group velocity is less than the phase velocity
when
1. a=1.
2. a=+2.
3. a<l.
4, a=>2. ’ 1
€
-/, )
e e N AR
73. Be in its first excited state has spin—parity 2". It gets de-excited to the 1 d state; wr'ch
has spin parity 0, by ~emission. The multipoles carried by y are ‘_r) \
L
. E2 JAR Y
2. M2. % ., % r
3. E2,M2. ‘
4.  E4. L » )
74. Two protons are placed at a distance of about 10§ cnd from each other. The ratio of the
strength of strong and electromagnetic forces bet them is roughly
1. 10. ‘/
2L 4 "
3. 10°. p g
4. 107, N & {
M
75.

'ii;

1. r)y=—
2. W W(r)=—V,forr <R,
F J\_\()forr>R0
1, 5
3. V(E)==*—Fkr
@ 5
L3 vy =—"o

Which of the ilmikgls not an acceptable potential for the deuteron (Vo > 0; k, 1> 0)?
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76.

77.

78.

79.

v

The total cross-section for 1" 1/ — e" e at very high values of the centre of mass energies,
Js>> m,, is expected to behave as

e
1. —
2
4
e
2. —
S2
3. constant. 1
. ¢ oL

s /}

Which of the following is true for fdecay of the neutron? The process ( '

- |
1. violates both parity and charge conjugation symmetry. % y°
2. violates parity but conserves charge conjugation sym tr!y % r
3. conserves parity but violates charge conjugation sym
4. conserves both parity and charge conj :cin S metry ) i

&

The Coulomb repulsion term which contfibutes tofthe binding energy of a nucleus X is
proportional to

Z.
7z 4
2(Z-1). : |

It is independent et’ F

halb o e

In the quark mo el, ﬁte state of 7" is given by |ud >. The states for 7~ and 7" are then
given by

1
L W) ﬁ‘uu +dd) .
)
2. ‘17 >, lz‘uu dd>
3 liid); i) .
4, | >; dc7>.
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80. The neutral pion z° at rest decays into two photons. One of the photons is right circularly
polarized. The other photon is
1. also right circularly polarized.
2. left circularly polarized.
3. unpolarized.
4. plane polarized.
1
81. A 100 MeV proton and a 100 MeV alpha particle are detected in the same detectcr at is
-
the ratio of energy loss per unit path length i.e. (d—Ej (d—Ej ? A '.’ L '*
dx ), \dx ), ' ; - r'
1 1:1 - g J
2. 1:2. < ; "\ ' r‘
3. 14 % ( *
4. LI6. ir
s J
82. The number of ways in which 5 identical bosons dan pe distributed in 4 states is
L8 A
‘ 513! A f
9!
2. " ’ iy
5141 "' { f
2 -
414!
8 = i k
4. — (1 %
414!
r _ } ‘r
¢

An adiabg‘\he PV-plane is a curve of

1. comistant temperature
-
g 2. c@nstant entropy
3. constant pressure
4.  constant volume
>
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84. The standard deviation of the energy of a system in the canonical ensemble is equal to

L. Jc
2. kTG,
3. k,T°C,
3 {
4. k,TC,
/ |
85.  Blackbody radiation is enclosed inside a spherical cavity of radius r at a. mpera re T

What would be the temperature of the enclosure if the radius expitnis to 2r adiabatically ?

1.

2.

72 \ (1:1 r

T 1 - )‘
T/\2 :

£

4
86.  Which of the following is not ic function off & ?

1.

2.

3.

4

-c:'i.__,f B

(

a er1
ing + rcosd '( {
sin T COS ] A

sin(ﬂQth({_ (70)
sin 6 + g 7;1)-

Q+cos(9+7z)

1N

W87. , A given (4 x n) nilpotent matrix 4 satisfies the equation A4¥=0 for 1 < k < n. Therefore,

:P-b-)[\)»—k

""r

ctly k eigenvalues of 4 must be zero.
exXactly (n—k) elgenvalues of A must be zero.
ery eigenvalue of 4 is zero.
"4 can have (n—1) non-zero eigenvalues.
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88.

89.

90.

U“

The Legendre polynomial P,(x), where -1 <x <+ 1

1. is singular at x = +1

1
2. satisfies j dx P*(x) =1
-1

1
3. satisfies Iden (x)=0 forn=>1
-1

4. is always an even function of x

2/2°

The residue of e”'“ atz=101s

.0 *

2. 0
3. 27
4. 2

The Newton - Raphson iter%u:fo&ﬁla for the square-root of the real number 4 — 5 is

x2—A +5.
2x, A

1- X+l =
2 X n+l
=
!-
nel — Xn —
F
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91.  The value of the integral I(4x2 —2)2 e ™ dx is
0

4
8z

3. 4

4. 8 ;rr‘ )
h\{ﬂ' ‘f )

[u—

N

1 ¥ r
92. If 4 and113 are two unit vectors and €+0 is the angle between them, th‘g’ | r
qy°
1 sin H—l‘2+é‘ ) - :i\ . f
' 2 N ( b

..‘f’
r r ' . },

2. sin 9:1‘,4—3\
2

T T
3 sin 2= —‘A—B‘
£
4 sin —= — ‘11;1+§‘ ‘

93. The number of indepe@eA components of a symfnetric and an antisymmetric tensor of
rank 2 (in 3-dimensions) are, respectively,

<

2\
C

e ==N
S SSITSICN

halb o e

J

o
94. The trape h Simpson's 1/3 and Simpson's 3/8 rules are exact for polynomials of order

F,

o)1 1, 2, 3 respectively
2. }, 3 respectively
3. , 3, 4 respectively

- r4 2, 3, 4 respectively
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95.

96.

97.

~

d’y
dx’
the maximum number of linearly independent solutions, well-defined at x = 0 is

. d . .
For the Bessel equation, x° +xd—y+(x2 —n*)y=0, where n is an integer,
x

1. Zero
2. one
3. two
1
4. three ( M F
- |

YR4

Let £}, E», E5 be the first three energy levels of a hydrogen atom. Consic{r‘ the ratio r
(Es—E») / (Ex—E)). Neglecting the fine structure condition this ratao is aﬁ)roximqteiy equal to
i

-

1. F
I % v 4 ¢ } ‘

2 L = /]
27

5, X
4

PR

27 ‘ Y.

4 r
The rotational energy leveliolté

rigid diatomic molecules are given by E;= B. J(J+1) where
J is the rotational quantugn nufiber and B. is a thefconstant. The rotational absorption
spectrum of the molecu]i]&

erefore consists of
-

1 one resonange line

2 lines that are ,p%ually spaced

3. lines where tx_fspacing increases with frequency
4 Tipes Whereilt spacing decreases with frequency

J J

For an at(ﬂIr Wh two energy levels placed in a cavity containing blackbody radiation, the
ratio of th@ probabilities for spontaneous emission and stimulated emission is given by

%: 87”; , where A4 and B are the corresponding Einstein coefficients and v is the
c
frequency of the photon emitted. The probability of spontaneous emission
1. is independent of the energy difference between the two levels.
y. increases with the energy difference between the two levels.
r3. decreases with the energy difference between the two levels.
4. is zero.
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99. Consider a parallel plate capacitor connected to an AC voltage source (as shown in Fig.1).
A conducting slab is introduced in the space between the plates from above (as shown in

R’

'

—— @— €
Fig. 1 Fig.2 L) Es / J
A .
The capacitance of the parallel plate capacitor r \ el 4
-—
1. goes to zero. 14 B
2. increases to a finite value. < =N r’
3. decreases to a non-zero value. % ( 1%
4, becomes infinite. - K 1 ¢
i - " |

100. The volume of a thermodynamic system i s@s irreversibly by an incremental amount
O V. If P is the pressure, the work done gh the system

. SW=PsV

2. SW=-PsV

3. SW<-PSV 48
a,

SW>-PSV *&

101. Two localized non—interacﬁg Jin 1/2 magnetic iPIlS of magnetic moment x are placed in
an external magnetic ﬁel‘ “I at'temperature 7. If ks7>> uH , then the entropy of the system
is, to a good approxim&tion

1. S:kB'ﬁl ‘i‘
2. S=2k31n * %
3. SA&3kz 2 [-’
4, Yk In2

9"
=% _L()é A thermo?ﬁiic system is classified as closed if it can

exghange energy with its surroundings , but not matter
ex¢hange both energy and matter with its surroundings
exchange neither energy nor matter with its surroundings
eXchange only matter, but not energy, with its surroundings

-
it

103. Consider'an elastic string of length L under tension 7 at temperature 7. Let U and S be its
internal energy and entropy, respectively. Then the conjugate pairs of thermodynamic
variables are

Y

:“P’!\’:—‘-‘

(z, T) and (L, S)
(L,7)and (T, )
(T, L) and (7, U)
(L, S) and (T, U)
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104.

105.

106.

Y

B

At 100°C, water vapour and liquid water coexist in thermodynamic equilibrium in a closed
container. If u and S represent the chemical potential and entropy respectively, then at the
interface

ﬂvapour = ,uliquid
Svapour = Sliquid
Svapour < Sliquid
Mvapour > Mliquid

Rl o e

1
D
F - Z 'I
A system in thermal equilibrium consists of subsystems 4 and B that inter“ot' only w }l:g

with each other. If Z, and Zz are the canonical partition functions of 4 adld B respectiv
the partition function of the total system is given, to a good approximation, l}y |

<

. Zu+Z 1

> 7z * 4 ( % F
3. Zi—Zs N\ X {f

4. ZiZs . r

Consider an infinite horizontal surface with fixed §ucface charge density o, where 7 is the
s
upward normal to the surface. If an electric field Ef =FEn i?pplied from below, the

1 =
electric field E, in the region a‘v{fhe surface is r
ror ;
.  E=E -2 1‘ f

26‘0
r r
2. E, =Eb+iiﬁ
o
T T .
3. E,=E] 3;‘:

A charged'particle is travelling in the positive x-direction with a constant velocity. An
observer located at a point P on the y-axis observes the electric field due to this charge. Let
¢ (t) be the unit vector along the electric field at any time ¢, and 7 (7) the unit vector in the
directionjof the position vector of the charge with respect to the observer. Then

e(t)lags behind n(¢)

e(t) leads n(t)

e(t)is always in the same direction as 7(z)
e(t) is always perpendicular to 7(t)
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108.

109.

110.

Y

B

A current carrying loop lying in the plane of the paper is in the shape of an equilateral

triangle of side a. It carries a current / in the clockwise sense. If k denotes the outward
. 1 .
normal to the plane of the paper, the magnetic moment m due to the current loop is

1. m=a> Ik
2. me Lo
2
) 1
s meBag P
2 ( .
A -
4 nrfzz—?azlk A /1’
(A F
- |

’
Consider an infinite line charge with linear charge density X.Atl Ji.stance ; from the line,
the electrostatic potential has the form \ ( 5%

1 Aa wY »
' dreyr
2. exp(—r/a)
4re,

A
-
3. e 1n( A ) ‘
“ Lr 1 ‘
g, a . _
< y
where a is a constant wit‘,‘imeflsion of length.
w—
L
- g

A thin dielectr slaf;'-s'_“'slowly introduced partially between the plates of a charged parallel
plate cajcitor, as ih whn in the figure.

£

a r |
B
dieleckyic M/Z{/ﬂ
slak B
=

— M~

Which ojthe following is true?

The slab is pushed out of the region between the capacitor plates.
The slab is sucked into the region between the capacitor plates.
The slab moves towards the positively charged plate.

The slab moves towards the negatively charged plate.
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111.  An electric point charge +gq is placed at the point (1, 1) of the xy-plane in which two
grounded semi-infinite conducting plates along the positive x and y-axes meet (see figure).
The electric potential in the positive quadrant at a large distance » goes as

1 V(r)~ r!
2. V) ~r
3. V) ~r
4 V() ~r
4
112. Ina glven frame of reference, it is found that the electric ﬁeld E (r t) and the magnet }

field B (r t) are perpendicular to each other at all p01nts ie. E (r 1) B(r € 0 If the ﬁf‘lds

observed in any other inertial frame are E and B', then

- |
L1 . 11 ‘ v
1 E'// B" at all points. < % r’
L1 ) 1"";_
2 E'-B' <0 at all points. 11 K ( 1".
3. E'-B'> 0 at all points. : ) |
4 E’-B'=0 at all points.

113.  Consider the (n x n) matrix 4 with every element edlal to unjty. Which of the following

statement is correct ? .
. The eigenvalues of 4 ar all ual to unity, |

a
All the e1genva1 ére Zero. o
The largest eigen ?ue of 4 is n.
A cannot be dla'gt) alised by a similarity transformation.

B

114.  The total eneriﬁ,‘ of aparticle of mass m executing small oscillations about the origin
along on jthe 1rec d‘n is given by

J v Ezlmv2 +V, cosh (ij ,
- \ 2 L
where ¥, and L'are positive constants. The time period T of oscillation is
W
Lm
2\ 'V,
pr T=2m \/Z .
m
> m
r3. T=rL \/: .
E
2
4. T=27 |"E
4
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115. A canonical transformation in classical Hamiltonian dynamics

cannot be made if there is more than one degree of freedom.

leaves the canonical Poisson bracket relations unchanged.

can only be made for the cartesian components of the coordinates and momenta.
cannot be time-dependent.

bl o e

116. The motion of a particle of mass m is described in a non-inertial frame of reference that is
. . . . 1 1 .. . .
rotating with a uniform angular velocity @ . If » denotes the position of the particlgin‘th

non-inertial frame o |
r A 4 / L 'I
1. the centrifugal force on the particle is —mao’r ' s
2. the centrifugal force on the particle is —m @ x(@xF). r r
T - |
3. the Coriolis force on the particle is —m (cf)xg) < ¥ vy

1. F

4. the Coriolis force on the particle —2ma)‘;r;' ‘\

i r L
117. The Lagrangian of a particle of mass m gnoving in a cgntral potential V(r) is

Lzém(&ﬂﬂ R+ 2 sinZH(&)—V(r)

0 is a cyclic coordinate.l* (_ l

@ and ¢ are cyclic QOgnateé.

£

@ is a cyclic coo‘g'gtat '
r is a cyclic cQordinate

bl e

<14
118. A relativistic p!rticlejof rest mass mg is moving with a speed v. The value of v at which its
kinetic eflergy is equal to its rest energy is

J J

a4 ] " c/2
- 2. V3,

( 3. v c/
A 2(v2-1)e

If we consider rotation with uniform angular velocity about the x, y and z axes, respectively,
then the motion is

r

o .
lt An asymmetric rigid body has three distinct principal moments of inertia, with /, </, <L.
B

=], stable about the y-axis, but not about the x and z axes.
2. stable about the x and y axes, but not about the z-axis.
3. stable about the y and z axes, but not about the x axis.
4. stable about the x and z axes, but not about the y-axis.
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120.

121.

122.

123.

Yy

-

‘rz.

The constant acceleration due to gravity on the surface of a planet whose mass is twice the
mass of Earth is found to be the same as the constant acceleration due to gravity on the
surface of Earth. If R, is the radius of Earth, then the radius of the planet must be

1. 2R.
2. R
3. 4R,
4. 2R

1
A particle of electric charge +¢g and mass m is fired at a nucleus of charge +Q anH(as M in
a Rutherford scattering experiment. In the center of mass frame, b | ,I

-

1. the total energy, the total angular momentum and the total linear momentum are I‘Ill
conserved. ?ﬂ ' fa

2. the total energy and the total angular momentum are conservedybut 3ot ghé total
linear momentum < ¥

3. the total energy is conserved, but not the total angular momentum andﬁ'le total linear
momentum . - r 4

4. only the total electric charge is conse , and no other qugtni'ty is conserved

A particle moves in the central potential J(r) shown infthe figure below

'y |

- .
Which of the following statements is true?
1. Both a stable ‘:ircular orbit and an unstable circular orbit are possible
2. Jd! ly a stable circular orbit is possible
3, ly an unstable circular orbit is possible
4. Ng circular orbit is possible
A particle pf mass m is thrown upwards from the surface of the Earth with initial velocity
components u, and u, along the horizontal and vertical directions respectively. The

. . 1 . . .
trajectoryl therefore is given by x(¢) = u.t, y(t)=u,t — 5 gf*. The instant of time at which the

acceleration and velocity vectors are perpendicular to each other is given by

1. ux/g

ux—uy‘/g
3. (u,+u,)/g
4, uy/g
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124.

125.

126.

Y

The Lagrangian of a particle of mass m moving in two dimension is
L= %m@&2+ B — %k(x2+y2)

If the particle has a finite angular momentum / about the origin, then we may conclude that
it executes

1
1. oscillatory motion about the origin 7 = 0 g ( {
2. periodic motion with a constant value of Es .
3. oscillatory motion along the x-axis v . 'I
4. oscillatory motion along the y-axis ' r 1 b
- |
- i Y=
A particle moves in one dimension in a potential V(x).= X2+ 37]3,.&'11,_suitableﬁ’mits. IfEis
the total energy of the particle, then the motion 1 - ( 1 4
| B a |
1. always bounded if 0<FE < s
2. always unbounded if 0<E Sé

3. always bounded if £<0 .

4. bounded if 0< E S% an tlzinitial positio?ﬂﬁ!ﬁgk x(0) < %
N ¢

Let 4 and B be the Hemiﬁém operators corresponding to two physical observables of a
system, such that EA{B] # 0. We may conclude in general that

-
1. th unc"taint"_,product is always (AA) (AB)>E.

2. the system é_an never be in a state in which (A4)(AB)=0.
3. deither 4 nor B can have any eigenstates.

¥/ .
4. A mmay have one or more common eigenstate(s), but not a complete set of
theSe.

The electfonic configuration of the ground state of the Na atom is 2S;,. This implies that

1. §=2 L=0,J=2
2. S=0, L=112,J=112
rs. S=1/2,L=0,J=1/2
4. §=0, L=2, J=2
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128.  The mirrors of a laser cavity are separated by a distance L. If T is the time taken by the
light to travel from one mirror to the other and back, the mode separation is

L4
T
2
2. ? p tﬁ
3 L ( ¥
' 2T - /J
A 1 A J .
= ¢ Or

-

|
AL Yo

1 ‘-_'t r
129. A semiconductor diode is employed for rectiﬁcz;_‘iTn an alte‘nati woltage of 10V and a
current of 1A. The forward voltage on the digd€, afterthe system ?a been in operation for
several hours of power dissipation, .

does not change

increases by ~ 100 mV

increases by ~1 mV \

degreases by ~ 100 mV /

ros i

130. The maximum efﬁcienq‘of a _deall class B ampKﬁer is

-

. 87.5% -
2. 50% _ 4

3.0 68.5% .1 f'\.
4. 785% (

.
|
v, | . .. ne’r
= ,Lf)i A free elec Ggiés has DC electrical conductivity o, =
m

where 7 is the number density of

o
( carriers, e Is thg charge of the carriers, 7 is the relaxation time and m is the effective mass
of the carrfers. Assuming that there is only one relaxation time, the AC conductivity at
¢ ¢ frequency/o is modeled by
.

1. ( ia)r)O'O
o
. —
1+ o’c?
> ra (1+iwr)o,
4, %
l-ior
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132. A proton and a neutron are both subject to a uniform magnetic field. Which of  the
following is true?

1. Both particles undergo Larmor precession because they have non-zero intrinsic
magnetic moments.

2. The neutron does not precess because its intrinsic magnetic moment is zero

3. The proton does not precess because its intrinsic magnetic moment is zero.

4. Both the particles precess and the direction of the precession is the same forthe two

particles .
€.
A - /1 }
A

133.  The Van der Waals equation of state for 1 mole of a gas is r

(P+ a )(V b)= RT - |
— — = '
v AR

o ey ouUY .
where a and b are constants. If U is the internal Bngrkof n m(les oi this gas, then (5) is

I ) a . T

1. Zero
2.

v/ ) A
‘&
; _H‘-r‘

q 1 1 1
134. Ifin h‘t' 1or of a unit sphere we have V. J = a positive constant, where J is the current

— d"ensity thﬁ\x may conclude that;
1. acdording to Gauss' theorem, the charge contained in the unit sphere is

comnstant in time

W
2. adeording to Gauss' theorem, charge is flowing into the unit sphere
3. according to the continuity equation, the charge density within the unit sphere must
necessarily be uniform
-~
r4. according to the continuity equation, the change density inside the unit sphere

diminishes with time
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135.  Choose the correct statement from the following:

1

I. The magnetic field B is a vector and not a pseudovector.

1 1 .
2. E.B is ascalar and not a pseudoscalar.

1 1 ‘l
3. ExB is apseudovector. . ‘\

€.
1
4, The magnetic vector potential A isa pseudovector. v - / ¥ }
-rr |

1 1 L]
136.  Given any arbitrary electric and magnetic fields £ (il:,t) and B,(;r’f‘tﬂ,.it is alvgars possible to
choose the scalar potential ¢ (r,¢)and vector potential 4 (;,t‘suc ﬁ_‘at
F "'I {I'

D . T y
1. A(r,t)is identically zero.
2. ¢ (r,t) is identically zero.

L
3. ‘A (II;,I)‘ is any given non-zero constant. /

f

LN g .
4. the conditions V.A4=0 and %+ V.A=( are simultaneously satisfied.
4 ? £. 0t
' 4

137. Inacertain reg'{pfﬂR; Maxwell's equations for the electric and magnetic fields are given by

- 3 1 1
1 1 ‘ T T L
V-E=0\V B=O}V><E:—a—, VxB:,uogoa—
9" ' ot
- _ .f -
( We may \?‘de that:
1. Both the scalar and the vector potential are necessarily constant in the
T v region R.
.
1 1
2. The electric field £ and the magnetic field B must necessarily be uniform in R.
3. There are no sources for electric charges and currents in R.
* . 1 . . . . 1
r4. The electric field E is necessarily perpendicular to the magnetic field B at

every point in R.
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138.

139.

The sum of
7’ ! 7t

A a4 erar "

1. not convergent
2 z

2
3.

-
il

Consider the alpha-decay reaction

210 206 4
Pog,” — Pby,” + He,
where atomic masses are

m( Po) = 210.0483 amu £
m (Pb) = 206.0386 amu

m(He) =4.0039 amu
1 amu =931.141 MeV. '

The kinetic energy of EHE& alpha particle will be
1. 54 keV i

2. 2.7 ke¥,
3. 5.4 Me
4.

N

Consider %ﬁ:\rators aand a’, satisfying the commutation relation
[a,a] = it operator. There are no normalisable eigenstates of the

operator

1 )aﬂa)

1r_,];w[\)»—k

T \
V2 .
(
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