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1. The Legendre polynbmiél of degree | 2
-2, P,(x) Is given by : ®) \/-;Slnx

® 0= .
: | (C) \E—;cosx- |
B ¢ -9 -
. 7‘ _ 5
: D J—-:slnx
(© 531 ! ® i
© %'(:”‘2 - 1) | - 4. The Lauguerre polynomial of degree

2. The Gamma function, r(m), is 2, Ly{x), is given by :

defined as : . :
| (A) 1-2x+x*
@ Jetre S (B) 1+x=x2/2

(C) 1-x+22

T 101
gy [elmlt
® { (D) 1-2x+x2/2

: m'1n+1d : - _ . _d_Z 7
© . £e-t t o ' 5.~ The value of'gs z for counter-
. ) C
- e . clockwise direction around a unit
o [et™at -
‘ 0 gircle is :
o o (A) 2n
3. The Bessel function J}/(x) is : '
2 (B) 2mni
2" . | C) -2mi
A) . \/zcosx | O
T ¥ax :
\ (D) —2n

QS - 2414 . (2) | " Contd.




(D)

Qs

2’ *gdz

The value of P 5,77
c

(A) -g - 6x
(8) I;TE + 6ni
© Z-6u

g-— ;‘Sni

If &,,, is an antisymmetric terisor of

third rank, then 28123 F ey g
s |
(A)
B) 1

) 0

) 2

SUZygrouphas2x2 ... .

ma_tfiées with determinant _.
(A} Unitaryand 1
B) Heﬁnitian and2
{C)  Unitary and 2

(D) Hermitian and 1

- 2AM14

(€M)

10.

1.

The orbitalangularmomentum L. is :

N T xE
®)
©) Fxp

(D) (r“*xﬁ"w?’

- -
roxp

wherer’ posman vector p = linear’

mornentum and F’ = force.
Which of the following describes the
Lagrangian equation of motion ?

w gs-
o L-as-

where L. is the Lagrangian.

iIn an orthogonal transformation

x =a X
U l then aua]k is:

'j(A) 3,
® 5

©) 8,

) 0

‘where repeated indices imply

summation.

(Tumover)




Which of the following relation is

12.
~ corract ?

B T=iw
® I1=T @
©) & =I1T
©) P =l
where [ = orbital angular
momentum, | = moment of inertia,
% = angular velocity and ? = linear
momentun’i. |

13. For small. oscillations, a
potential function V(x) is
expanded around its equilibrium

| (v
value asV(x) = V(xg) + | 5~
9% Jx,
1{ 02V 2

(x = Xo) + 5(‘-3?-]): (x KD) 4 eees
then at equibrium, which tenm in the
RHs will be zero 7
{A) First
(8) Second
(©) Third
(D) None of these

QS - 2A/14

(4)

14.

15.

If the Lagrangian L = -%mkz - %kxz,

then the equatioﬁ of motion is :

(A)  mX=—kx

(B) kx=-mx

(C) mx=kx

(D) xx=km

The sum L 4- H of the Lagrangian

and the Hamittonian of a pariicle with

coordinate x, is :

W xE
® x5
© x5
© x5

Contd.




/16.  Jacobi's identity is :
o]+ v + [w u] =0
B [uww]]=0
(©) fu, Tv, Wil + v, [w, u]] +
w. [u,v]]=0 |

‘ (D) [uv, W] + [vw, u] + [wu, v} =0

where u, v and w are three functions

with continuous second derivatives -

and the brackets are Poisson

brackets.

17. For a one dimensional system with

) ; p2 1
Hamiltonian, H="— - —
constant of motion is : '

PA _ ht
2

(A
pq

+
pY + =

pq +1Flt

©) pa+y

QS - 2A/14

18.

o

the

(5)

19.

For a :canonical transformation

of the form, p = f(P) cos Q and

q= f"Gllsin(l , the Hamiltonian is
mo .
1 .
(A) —2Ef(P)(st+cosQ)
8 L)
B) -
c ~1—\f2(P)
©)
None of the above

'Which of the following is not a

Maxwell's equation ?

(W V:D=p

> 2 138
(B) VXE=—E§‘
€ V-B=0

where E is the electric field, D is

‘the displacement vector, p is the

charge density, B is the magnetic

induction, ¢ is the velocity of light

and J is the current density.

(Turn over)




20.

21.

22,

QS -~ 2A/14

)

The force acting on a particle of
charge q and velocity 7 in the

presence of a magnetic field is :
- -

(A) q_\?(VxB]
-

(B) %?xs

©) qovxB

(D)

Ic{entify theequation-\7’2 = - 47p,
where ¢ is scalar_potential. Itis:

(A) Laplace gdua_tion N

(B) Faraday equation

(C) Poisson equation |

(D) Rayleigh equation

The interaction energy Udd.of tWo

dipoles of moments '5: and E;,

separated by |‘x': - YEI is :

TR T AN —'-a'_,‘ -
P1-P2 —{N.Py|[D.P2

)
| X1.— X2 |

- -9 A T
pr.p2 —3in.pylin.p;

- .= .
X1~ X5 |

- {6)

23,

24,

| A YA o
P1.P2 —3[N.pyjin.py

- -
3
| %1 — %z |

- - A YA
3PP -2(N.prfin.py
(D) 55,
Ix4 - Xzl

()

Which of the following equations '

- defines a magnetic vector potential

A ? j

A B =V A
(B) R =7 xB
C) A=VxT
) T=7xB

Faraday's law of electrornagnetic -

induction is given by

W Fe-kG
® Fekl
(C).Emk%’ti
0) E=-kG

where F is the magneticfluxand E is
the electromotive force.

Contd.




25,

26.

In the presence of a maénetic field,

the change in momentum of an

electron is :
—

A P-ZA
‘ e
.—)

B P-2A
c

- o
C) P--B
[+
c(--

2B

D) p S

_ Which of the foliowing interactions

resuits from rélativistic effect ?

(A) Coutomb interaction

~ {B) Gravitational interaction

27.

(C) Spin-orbit interaction

(D) Electr_fc dipolar interaction

The Poynting vector is given by :

my

-

(A

“l

(B)

x

SR

&)

my

(D)

QS - 2A/14

(7)

28,

29.

30.

- ®

For moderate electric fields, the
relation between the current density

and the electric field is :

Quadratic

(A)
Exponential .
(C) ;_inear
D) Inverse

Which of the following conditions is
an uncertain';y prihciple ?

(A) At-Axzh

(B) . Ax-Ap, 2h
(C) Ap -AE2h

(D) AE-Ax>h

Which of the following relations is
correctfora >0 ?

A) S(ax) = ad(¥
(B) 8(ax) = a~18(x)

(C) &{ax)=06(x +a)
(D) d(ax)=od(x—a)

(Turnover)




31. In the Heisenberg picture, the
equation of motion for a time
dependent operator Qs

a0 _ 9y A,

@ 2 L4

dt at . in

d - . .
{©) .%:_a_tﬁ,+'h[ngHJ

() 22 g )

32. The value of ", p,Jis:

(A - nibx"

(B) (n~ 1)imx"

() _'nihx"-"1

(D) {n-1iax""1
- 43. The iotal energy E of an electron in
equiiibriurﬁ in an orbit depends on
the principal quantum number n
accordin:g to:

(A) Eoc—n

QS -2A/14

. (B) Eoc——

1
n

(C) Eoc—n?
1
(D) Eoc—-y

Which of th

" represents the

correctly ?

o o

' 0
By o« :[1'

(©) 63‘ =Li '

0
F‘Z. = -1

e following sets

Pauli spin matrices

o

(D) MNone of the above

o Contd.




The matrix | that produces a space

. . -5,
inversiosn I'r=-171 is:

1

0

(A [0

-1

0

(B {0
-1

~ 10

ol

PR | 0 0 Ay
lo -1 0
ol

36.

0
-1

The second order termE%’ for the

mth

Hamittonian H' is given by :

state of the berturbing

Qs -2A/14 (9)

[{m|H [n) 2
IEn - Em ‘

.

mn#m

©

[ (m [ [n) 2

() EE

by

m, N #m

3‘}. Zéeman e’ffect‘is the chgnge in the
energy Iev.els‘ ofan atdm cauged by :
(A) Uniform electric field
(B) Iéiéctromagheiicﬂeld
" ~((£) -Uﬁiform-magneﬁéﬂeld
Cou_lomb‘ ihtera__ction between

©

electron and nucleus

38. For a spin ~ —;r particle the time

reversal operator is

(A —ioK
®) -ioK
€) -ioK

(D) None of the above

(Tum over)




39. Thecomponentsoftheorbitalangular 44 The Boltzman distribution of a particle

momentum operator are : | e
of energy ¢ attemperature Tis :

(A) L =yp, - 2Py L, =2p, —xp,,

L (A) oMt
L, =Xp, —¥p,
B) L =yp +zp,L =zp + G
(B Ly=yp,tap, L =2p +xp,,
Lzszy'*'ypx ©) o "
(©) L=px+yp,Lo=pyap, |
(D) e

=Rz ap, | |
. o

(D) None ofthe above where = (kgT)™".
40, In tez:ms ralsing a' and Iowering a 42, Ifthe number of particles N is very
operators, the Hamiltonian H of large, then we use Stirling's
" Harmonic oscillator satisfies the

approximation to calcuiaté in NI
following equation: - -

- : whichis:
a aat= 1 -
o hog 2 (A NInN-N
r. A H N R |
®) "o, 72 ® §"N-R
© @a'=-l+f © HinN+d
Chog 2 NN
(o) aal =l (D) —~inN
h(l)c 2 ‘ N

QS -2A14 | (10) - | . Contd.




43.

45,

QS - 2A/14

Gibb's potential is given by : -
Ay U-TS
(B) W+PV+TS

(C) U-PV+TS

(D U+PV-TS - - ' 48,

where U = .internal energy,

P = Pressure, V- = Volume,'

- T=Temperature and S= entmpy.

The Fermi distribution function

£E ~ EF) in the limit of T = > 0 for
E< g IS

® o

@) e | - 47,

©) ¢

D) 1

. where € is the Fermi energy.

The ground state energy for N
Fermions is given by ;
2

(A)  SNer

(1)

B) N

©) Ne,

©) Ner

For a system of N Fermions
with Fermi’ énérgy' EF-,’- N is
pro}:ortfona'l to: |

@ g

& @

© &7

(D) ééalzl

F_ér a éyétem, of phononslt'h'e sp’ec'iﬁc
he-aat_. .at,lcw t_emperature is
propdﬁionaito: _ "

(A) T ' |

® T

© T3 .

0) W

©* (Tumover)




48. Foran ideal Fermigas, the chemical

: o , 50. Bose statistics is named after
potential is related to the Fermi _

energy by the following relation :

(A) J.C. Bose

A) E+_~ [ (BB_T) ] (B) D.M.Bose
12 Ep '

(C) R.C.Bose

| 2 (kT ¥ | (D) S.N.Bose
" (B) EF[1+%(ELJJ ' . N,

. F / ’
-' 51. - The WKB approximation works well
© E{HS(I_(:_T_)] | . ~ whenthe potential energy is :
. |

(A) Siowly varying function of

. 2 : | ition
kgT posi
©® EF[“S[?J ] |
: -(B) Constant

49. InLandau’s theory of second order (C) Oscillatory

phase transition from (D) None of the above

| ferromagnetism to paramagnetism,

the order parameteris : 52'. The main principle of laseris :

(A) Curie iemperature (A) Spontaneous emission

(B) Magnetic field - , (B} Population inversion

(C) Magnetisation (C). Thatthe ground state is empty

(D) Magnetic susceptibility .
| ' (D) Stimulated absorption

QS-2AM4 " (12) © Contd.




53. The step function &(r)is 11if:
A r<0
B) r=0
(C) r>0.

(D) ree

. 54, Bohrangular frequency o, is given

by:
@ nE -E)
(B ME, -E,)"
(©) HE-E)
(D) AE,-E)
55. The transition probability is :
(A) Independent of time

(B) Dependent on time

(C) Sinusoidal function of time

(D) None of the above

56. The variational method :

(A) Needsan ac_Curate knowledge

of the wave function '

(B) Works well if the wave function

is well defined

 Qs-2M14

57.

58,

59.

{C)- Does not-need.an accurate

detailed knowledge of the wave -
function .

(D) Does not requif’e the
. minimisation of the energy
The comrnutation refation [x, p,} is

(A) ih
B) -3

©) 0
S (D)

For a system of two pariiciés, the
reduced mass is given by :

my + my

B "o

lm1 -my |
® Tmm,
iy

- myms;
(C) IT!1 4 m2

mymy
©) [my —my|

“The commutation relation of [L., Lz]

is

(A) inL y

(B) -—ihLy \
(C) hLy '
(D) —hLy-

- {Turn over)




60, : The time dependent Schrodinger

61.

L ®

~ equationis:
. _ Q.IH.=
A . iha Ey
Loy
hat Ey

(C) i»%%::ew‘

O) -hg=Fv

The fine structure constant ol is given
by:

(A) .(137)"" |

(8) 0529
© 138

) © @n"

162, The energy of a quantum harmonic

oécillator :

(A) (n + %Jmh“1

. (8) | . (n+ %]wh

Q8= 2AM14

- 64,

85,

(14)

63.

,(C)‘ (1 +g)ﬁdﬁ a

(D) ['H%)wh'“" -

where n takes integer values and o

is the frequency of the harmonic

- oscillator. .

Dirac's Hamiltonian for a free particle

is:

(A) H=co - p o+ pmc?

B) H=co -p —pmc?
€) H=p?/2m+pme® -

©) H=cs -7 - fmc?+ V()
Inthe above qu_éstion :5? isa:
(A) !2 x 2|matrix_ |

(B) 3x3 matr.i‘x

(C) 4x amatrix

0) Nullmatrix =~

The ~ve energy solution of a Dirac

free particle equation corresponds to

the energy of: _
.(A). An eleéifoﬁ o
(B) | A_rhgon

(C) Aneutriino

(D) Apositron.."-

74 Contd,




66. The probability current denelty

s, 1) lS(uf*?w w?w
multipliedby:

67,

® .

(0) —=

Joo2mo

3l

€) =

Which of the following relations is

true ?

‘,,(A) «p—-Po, =0

68,

-~ {B) afsa-2=a2—0 .

Y k4
© p*=0
(0) op+po,=0

N, isa number operator, then :
(A) iANy = [aiak, H]
B) ity = [ H akay|
© A=| a'kak,H]

© mi=[Heda]

QS - 2A/14

(15)

69,

70.

71.

.(A) 1mn +n

'(B) 1+n +n

If.c and ¢! are the annihitation and
creation operators of a Fermion,

then:

(A [c,c{]:‘;‘t

@) {c.cl}=1
© foo'=0
0) {c.cf}=0
For a méhy'ﬁfa'rtic!e state |ny, n,,
N N) ak||11. SRR W W

Ny, Moy S..... nN).then:“

- (A) :=:n=:f‘/ﬁ;"§ =y -1 '

B) w=Jn -1, 8=y
(C) n=.ngy=18= nk--ﬂ 1

_ (D) T}=\/ﬁ;.‘8x Ny

If A = cd, where ¢ and d are
annihilation operators of two different

types of Fermions, then [A Atlis:
Tl

d

,(C) 1--n m-nd |

(3) 1+n L I

where n, and_ n, are tha

d

correspoending number operators.

(Turn over)




72. fn=c' cforaFermion system, then

73,

-ﬂJ.

Wi,

G5 - 2A/14

nls:
A n-1
B n+1
(C) n

0

fn a RG coupled amplifier the

voltage gain over mid-frequency -

range !
{A) Changes abruptly with
frequency

(B) Isconstant

{Cy Changes uniformly with

- frequency |

(D} “"None of the above
/

K C;ié the coup!ing capacitor in a

- RG coupling employing a bipolaf

transistor and C; is the
corresponding value for a FET
araployed amplifier, then :

(A ¢, =G

B C,~C

75.

78,

(16)

€) C,=C=0

®) C,>C,

For an operational amplifier, if the
inputvoltageéare +1.0mVYand +0.09
mV, the differential mode gain is

2000 and the CMRR = 100. The

output voltage wilibe :

A) 118 mV

(8) 219mv

(C) 407 mV

(D) 523mV

F(Ji; an inverting amplifier, the output

voltage in terms of an input

resistance R, feedback resistance

R and input voltage V., 8

W 7Y

(B) Ri + Rf VT

€ -=V

(D) Ri -+ R; V.F

~ Contd.




77. The feedback that a Wien bridge  80.

oscillator uées is
. (A) Oniy positiVe

(B) Only negétive

(Ci Both pdéiti\)é and negative

- (DY None of the above

78. The application where one would 81.

most likely find a crystai oscillatoris:
(A) Radhi_o recefver

(B) Radio transnj-itter '

(C) AI?;’ sweep gel'nerato'r

(D) Noneoftheabove

82.

79. Resonant frequencies in a crystal

nscillator lie normally betwetlan' :
(A) .1KHzand 51'KHz. |

() 10KHzand 10 MHz

(C) 50MHz énd 100 MHz

(D} Noneof theébove

QS - 2A/14 (17)

Ina FET, how many p-njunctions are

at the sides ?

A 3

(B) 4

(C}y S

o2

The NAND gate is AND gate followed
by :
(A) ANOTgate

(B) AnORgate -

" (C) AnANDgate -

(D) None ofthe above

In Boolean algebra, the bar'sigh

: s
7 indicat9§ :
(A) OR operétion o
(B) “AND'operation
(C) Nafope;’atié;q |
(D) None of the ?boVe
(Tumovér)




83.- ‘Made_lu.ng energy d.escribés {he
binding in : |
(A} Inertgas crystals _
(B) loniccrystals
(C) Covalent érystals

(D) Metallic crystals

84. Specific heat of electrons at low
~ temperatures is proportional to :
A T |
® 7
© ™
(0) T2
85. The Hall coefficient RH is given by :

E

(B) é"’;g
©
(D) %”—B

QS - 2A/14

- 86,

where J, is the current density in

x-direction, B is the magneticfield in

the z-direction and Ey is the electric

field along y-d?rection.

In the tight binding approximation the

Bloch function, w;,(?) is written as ©

- R
@ T ¢(r "R")

. [ ST UG
o w2 (7R

J
I S S
©) '“f'\?geik'm‘t{r %)
k ' oo

4 1 ,‘-."—’ - =
o) Z/_V%Je'k'%(f"Ri)
j

where é)j is the " lattice vactor, ¢ is

an atomic orbital at the j"’ lattice site

s |
andk is the electron wave vector,

- Contd.




87.

In a superconductor the free'energy
for amagnetic field H < H_ varies as :
A H

By H

(C) H?

(Dj }1“2

where H c is the critical magnetic

field.
88. The current d@nsity?(?) inasuper
- conductoris given by :
: ?‘E - =
) 4anc A( ")
2
@ -2
ZC — =
- S A(r
(C) Y (r)
© A(T)
- A(r
(D) 4117&5- :
QS - 2A/14

90

(19)

89.

(©)

where A (1) is.the magnetic vector
potent'i‘al, A is the London
penetration depth and cis the velocity
of light.

In ferr_omégnetié iron thg internal
magnetic field is of the order-of :

(A 10 -'l"’esta

(B) 100Tesla
1000 Tesla

(D) 10000 Tesla

Which of the following magnetic

- susceptibilities is temperature

dependent ?

-(A) Pauli ,paramagneti‘c
 susceptibility
(B) Landau diamaghetic

susceptibility
Cu'rie 'éuéceptibkility

(C)

(D) Van-Vieck susceptibility

(Turnover)




0,

92.

93.

In Germanium the band gapis:

() Indirectand about 0.7 eV

| (B) Directand about1.5eV

(C) Indirectand about2.5eV |

(D) ‘Directrand about0.2 eV

The Loientz field in a dielectric is

~givenby:

) 2P

® <P

€) 4n

. 2n 2
(D)_.—:~3~P

¢

R .
where P is the electrical polarization

vector.

Discovery of the nucleus was made

| by

(A) Scattering of X-Rays
(B) Scattering of neutrons
(C) o-particle scattering

(D) Electron scattering

QS - 2A/14

(20)

94. Which one is not a magic number ?

95.

96.

@ 8

(B) 20
(C) 60

(D) 82

In p decay, a neutron decays to;

(A) a proton, an electron and a

* photon

(B) a proton, an electron and a

néutn‘no

(C) a ph_otori. an electron and a
posi_tron

(D) a proton, an electren and an

antineutrino

The deuteron bindir@g energy lies

between:

(A) 1and 2 MeV

(B) 2and3MeV
(C) 3and4 MeV
(D) 4and5MeV '

Contd,




97. Which particle do not take partin an

electromagnetic interaction ?

{A) Hadrons
(B) Electrons
(C} Neutrinos
(D) Photons
98. Which of the following choices lists
the four known types of forces
. in natufe in order of decreasing
strength ?
(A) Strong; Electromagnetic,
Weak and Gravitational
(B) Strong, Weak, Electro-
magnetic and Gravitational
(C) Strong, Gravitational, Weak
and Electromagnetic
(D) Gravitational, Strbng,EIectrw
magnetic and Weak
QS - 2A/14
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99. The G-parity of any particle that

100,

strongly decays into n pions is given

by:

(A)
(B)

(C)
(D)

G= (1)1
G=(-1)"
G:‘(“’.1)n+1
G= (- 12

In all known feactions, the number L,

of electron type leptons is exactly

conserved if the individual Le

numbers are taken as :

75

(B)

“©

(D)

+1 fore™ and v, and~1for et

| and-ve

+1 fore™ and v and—1fore”
and Ve
+1fore”and v, and -1 for et

'and A

+1fore*andV_and - 1fore”

and Vo

(Turn over)
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