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inversely proportional to E and directly proportional to R.
directly proportional to E and inversely proportional to RZ.
directly proportional to vE and inversely proportional to R.

inversely proportional to +'E and directly proportional to R?.

directly proportional to vE and inversely proportional to R.

Consider a 2-D harmonic oscillator with mass m and frequency w. A perturbation
H' = bxy is applied to the system. where x and y are the two spatial coordinates.
The first order correction to the ground state energy is

An electron of charge —e 15 decelerated at a constant rate from an initial velocity v, to
rest over a distance d (v << ¢). The energy lost to radiation 1s given by

Ho evd
6mcd

po e*vd
Amed

Cannot be determined from the information supplied.

Ho e°v
1z2med
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The lattice constant and saturation magnetization of BCC iron at 0 K are 2.87 A and

1950 kA.m'1= respectively. The net magnetic moment per iron atom in the crystal 1s

230% 10722 Am?

0.67 X 10721 A’
7.30 X 1072% A m?

1.87 X 10722 A m®

230% 107%% Am’®

Consider the density matrix of a two level system given by

p =111+ 712X

Then

_ ik sk
The expectation value of the operator 0, = z (11M2] 4 |12¥1])is =

The expectation value of the operator 0; = ; (1131] = |2¥¢2]) is E_

The system is in a pure state.

(0;) = 0, whete 0; = > (|1{1] — [2)(2]).

The expectation value of the operator 0; = 2 (1131] = |2¥¢2]) is E_

A quantum-mechanical particle of mass m and charge g 1s subjected to a potential of

1 5 ; = .
the form V(r) = ;mmz 72_ where w is a constant. An electric field E = E, % is now

switched on (E being a constant). What 1s the consequent change, upto second order
in Ey. in the energy of the second excited state?

9 E§

mb

q Eg (x*)

(mhew)?

2
a*Ej

2rnw?

2q°E;

tmw?
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For the infinite square well potential the unperturbed wave functions are

WR(x) = ﬁsiu(“{ %)

If the floor of the well is raised by V. the first order correction to the energy 1s

Lead (Pb) starts superconducting at 7.19 K when the applied magnetic field 1s zero.
When a magnetic field of 0.074 Tesla 1s applied at 2 K, superconductivity disappears.
The critical magnetic field for Lead (Pb) 15

0.04T
0O08T
0.034T
0068 T

If A and B are two linear operators, then the commutator bracket [}i §_1] 15 equal to

A-[4,B] B
i'[4,B] A~

B~1[4,B] A~

For a simple harmonic oscillator of mass m and angular frequency w. let |n)

represent the n-th energy eigenstate so that H |n) = hw (n + %) |n). The physical
i =0 i ; ci Loy gy L

state at time t = 0 1s represented by |¢(0)) = |12} ».-“?'3) \@|1)_ If one makes

a measurement of the energy of the system at any subsequent time t, the probability

of finding the energy to be 3hw/2:
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depends on time t.
1

15 -
z

15 1/6.
15 0.

For temperatures 10 K and 20 K, a superconductor has the critical magnetic field as
0.15 Tesla and 060 Tesla, respectively. The transition temperature for this
superconductor in Kelvin 1s

233
15.0
224
42

A theory has equally spaced nondegenerate energy levels starting from E,,;,, = E, all
the way upto F = co. The system of many such particles 1s at equilibrium at a
temperature T. If the average energy-squared of the particles 1s given by

(E?) = 5E,°
What1s T ?
T = Ey/2kg
T = 2E,/kg
T =3E,/2k,
T = Ep/kg
T = Eo/kg

The Hamiltonian for a spin 1/2 particle of mass m in an external field is given by

i= ;: +a(ta.p

where g(t) is a time-dependent coupling constant and & are the Pauli matrices. Which
of the following statements 1s true?

The energy and all the components of the spin angular momentum of the

particle are conserved.

The linear momentum and all the components of the spin angular
momentum of the particle are conserved.
The linear momentum and the magnitude of the spin angular momentum

of the particle are conserved.

The linear momentum and the energy of the particle are conserved.
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The linear momentum and the magnitude of the spin angular momentum

of the particle are conserved.

A solid contains N spin-half magnetic atoms. At sufficiently high temperatures, the atoms are
randomly ortented, while at sufficiently low temperatures, they are perfectly aligned. The heat
capacity is given by
T
et =< =
o(T) = C‘U(T 1). To =T < 3T,

0, Otherwise

where C, and T, are constants. Determine the maximum value of C,.

Nkg Inz
2-In3
Nka Inz
2
ZNkg In2
2+In3
NkE In2
In3

Green's function corresponding to the Laplacian operator V7 is

= Sy 1
G(r,r ) 4:'r|1:—7”|
The value of ¢(0) corresponding to the solution of the inhomogeneous differential
equation
Aexp(—fr
Vg = p(=Fr)

(where A and £ are positive numbers) 1s equal to,

A star is pulsating isotropically. Its gravitational force on any body, at distances much

larger than 1ts own mean radius, 1s given by
3 o —k  ay.
F(r) = (— + —) i
A==+
where k and a are positive constants. Which of the following 1s true about the motion
of the body?

www.FirstRanker.com



:l » FirstRanker.com

A Firstranker's choice _ .
www.FirstRanker.com www.FirstRanker.com

Any bounded motion 1s described by a precessing ellipse.
No bounded motion exists at all.
Any bounded motion 1s described by a pulsating ellipse.

Any bounded motion is still in an elliptical path, but the parameters of the

ellipse are shifted from those in the Newtonian case.

Any bounded motion 1s described by a precessing ellipse.

The Hamiltonian for a particle in one dimension 1s given by

-

P 4 sz
H(x,p)=2—+ﬂpx+—x
m 2

where m, A are constants. The corresponding Lagrangian 1s

L="T(%)?% - Amxx — 2 x?
2 2

L= ?(x'—»lx)z —Rmxi‘—gxz

m .. A
L:E(X—hjz—axz

_Mme.a 4 2
L—;(IJ —Ex

Consider the 2m —periodic function f(x) defined as
_ (x(mw = x), x € [0,7]
fea= [x(x 3] x € [-m,0]
Which of the following 1s true?

gin[(2k+1)x]
(2k+1)%

fO) =25

_ B sinlkx)
flx) = ﬂZkZO E

_ 4 gin(kx) 4 cos(kx)
f(x) = ;Z?:n &2 + ;E?:o e

_ B sin[(2k41)x]
fix)= n-z“:” (2k+113

_ B sin[(2k+1)x]
fix)= n-z“:” (2k+113

In 3-dimensional space, a particle of mass m moves in a potential 4 cos®fr where r
1s the distance of the particle from the origin, A4 and f are real constants. Which of

the following statements are correct?
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The motion is periodic in r with an oscillation distance w/f.

The motion 1s periodic in + with an oscillation distance 2w /f.

The trajectory of the particle is always confined to some plane passing
through the origin.

The radial momentum p,. is conserved because of the periodic nature of

the potential

The trajectory of the particle is always confined to some plane passing
through the origin.

B~ [
The St = *Y 5 *%Zr chain decays with a half-life of 28 years and 64 hours,
respectively. If 1g of pure sy is allowed to decay. then the ratio (Ng,./Ny) after 1
hour 1s

3.56x 10*
3.56 % 10°
456 = 10*

456 10°

3.56 = 10°

For the electronic configuration 2p3d, the complete spectroscopic terms in Russel-
Saunders coupling scheme are

b % ¢ 5D F o'
p p *E ‘p D
5.7, D, F. ‘s.'p, ‘D, F

lP, le lF, SP, ED, 3F

The Hamiltonian of a two-level system 1s given by H = %hcuo’z. At time ¢t = 0 the
system is in the eigenstate of g, having the largest eigenvalue. The expectation values

(@ )(t). (g, )(t) and {g,)(t) (where a; are Pauli matrices) are respectively

sin (wf) ,0, and cos (%r)

cos (NTF), sin (‘%E) and 0

Cl,r:os(”?r) and sin (Q?c)
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— cos (‘"Tr) ,0, and sin (m?c}

The Lagrangian for a system is given by L = §,4- — w>q,g> where w is a constant
and q; = %. L is invanant under the following transformations q; = e® gq; and

g2 = e % g, , o is a constant. The conserved quantity corresponding to this symmetry
transformation 1s

q1G17 4242
G142~ G241
G192t G241
9141~ 9292

q142- G2,

An integral 1s defined to be,

1= [75 gy
Then [ is equal to:

cosy2
T/,
2

cosyZ

In the given astable multivibrator, the frequency of the square wave generated 1s

324kHz

3.5 kHz
324 Hz
35 Hz
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A point mass m is attached, through a massless incompressible rod of length ¥, to a
fixed point. The mass 1s allowed to have any motion consistent with the above. If 8 be
the instantaneous angle of the rod with the vertical, which of the following is
necessarily true? (Here k = 0 1s an arbitrary constant)

8+ %st’ﬂﬂ =0

w  xginf g | _
8+ —5 +3sind =0

6+56=0

ecosl
sin® @

+ fsine =0

ecosl
sin® @

+ fsine =0

Neutrons are captured by B to form !'B . which breaks into an alpha particles and
the 'Linucleus. Then, the kinetic energy of the "Li and the Q@ value of the reaction are
(Given M(*"B)=10.01611 amu: M( 'n) = 1.008987 amu: M ('Li) = 7.01822 amu :
M (*He)= 4.003879 amu)

1.01 MeV and 2.39 MeV

1.78 MeV and 2.79 MeV
1.01 MeV and 2.79 MeV

1.78 MeV and 2.59 MeV

1.01 MeV and 2.79 MeV

An ultrafast laser produces a sequence of pulses with a repetition time of T'. The pulse
18 a wavepacket of energy E and a central wavelength of A. The laser beam hits a

mirror at an angle @ to the normal and is reflected. The average force on the mirror 1s

2Ecosd
cT

Ecoz 8
eT

Ecos2#@
eT

2Ecosd
cT

The canonical partition function for a system of N non interacting particles 1s given
by % (akT)*N_ where @ and k are constants. The internal energy of the system is
(large N)
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3NKT
> NkT
2NKT
6NKkT

The acceleration of the system given in the figure | where k 1s the spring constant and
x 18 the displacement relative to the relaxed length of the spring. 1s

m,

am T

m,

=kx 4 my g

my + mg
fex =g g
my + mg
=kx 4+ myg
my + mg
kx=myg

my + my

=kx+ myg

m, + mg

A system, in three dimensions, is described by the Lagrangian

m + x CDS(E)

where k is constant. Of energy (E), linear momentum () and angular momentum ( J),
which are conserved?

m 2 . u
L= E(iz + ¥ + 2%) + xsin(t) —

p. alone

E. p. and J, alone.

For a simple harmonic oscillator of mass m and angular frequency w. if |n)

represents the n-th energy eigenstate, then the expectation value {n|$2|n) is equal to:

nihinew
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mhw (n+1/2)
mhw (2n + 1)
0

mhow (n+1/2)

A feedback amplifier has an open loop gain of -100. If 4% of the output 1s fed back 1n
a degenerative loop, the closed loop gain of the amplifier would be:

In the first order X-ray (wavelength of 0.3 nm) diffraction measurement of a crystal
having a body-centered cubic structure of lattice constant 0.4 nm_ the diffracted beam
for the (111) plane will emerge at an angle

20.25°
40.5°
81.0°
10.12°

L

oy
A particle of mass m moves in a screened coulomb potential given as (r) = —k

. where k and a are positive constants. The condition for the existence of circular

orbits for this motion would be given by

= ’%( 1+ ary) ro_uze_‘"ﬂfz
8 = ’i( 1+ ar) ':"D_‘g’fz.s'_‘”"ﬂf"2
g = fi(l - ary) 15 /2emere/?
6 = ’%( 1— ary) g lemaml?

i = Jo(14 ary) a2
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In a field effect transistor (FET), when the drain current changes from 1 mA to 1.9
mA with a change in gate-to-source voltage of 0.3 V, the transconductance 1s

30 AV
3.0 mA/V
96 A/V
8.6 mA/V

The solution to the non-linear differential equation,
df
— 4afi=0
dx af:

with boundary condition f(0) =1 and & a constant is given by,

CO5 X

sinax

X
(ox +1)7%

(ax +1)72

The Hamiltonian for a particle of mass m in one dimension is given by
2
H="" 1 1mawis? + Alx|
2m 2

where w and A are real positive constants. For a small value of A, the ground state
energy to the leading order in A 1s

Ey = =hw + 24 e
1 34 h
Bo=2he+ 7 Jmme
Eq —%ftw-l—.& Jﬁ
1 h
EO Eflw‘l'.fl ?
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Three 32 x 32 matrics A; are known to obey the commutation rule
[4;, 4] = i€ n4r

The matrix A; has the following eigen values:

12 (twice each). +1 (7 times each) and 0(14 times).

If A2 = Alz + Azz + Aaz, How often does 4% have the eigenvalue 07

14 times

The information is incomplete

7 times
Never

7 times
V’E: /8 : ‘\E
‘V@ 1 /B \I'E
\."E: W8/ /m \E
V2: \/8/m: 3
V2: y8/m: 43
10*? Hz
10° Hz
10® Hz
10° Hz
10° Hz

- AL
v'EB o2 et
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Haq ARK?

6 mem

1 g AcKe
EoMo? m?

v

poglalk?

12mwe m?

2,2
3 a4k
Eatlo 12 mm?
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