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CHECK THAT THIS TEST BOOKLET DOES NOT HAVE ANY UNPRINTED OR TORN OR MISSING
PAGES OR ITEMS ETC. IF SO, GET IT REPLACED BY A COMPLETE TEST
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1. The Legdendre polynomial of degree " 2"
-2, Py(x)isgivenby: (B) \/;—:smx

(A) %(xz 3y - .
' | (C) J;—; COSX -
B 1@ -1 -
. (D J:: i )
. {C). -;-(3x2_~1) . (D) .~ sinx |
(Dj %(3)@ - 1) | : 4,  The Laugueire polynomial of degree

2. The Gamma function, I(n), Is 2 L0, is given by :

deﬂned‘as: (&) 1-2x+ 2
N (xs‘);-]e__“t“”ﬁ‘t= o o § (é) 1+'><--x2/2t
(©) 1-x+22

: T 14n~1
gy [et" Tt
) E[ - (D) 1-2x+x%%/2

ety - dz
7 dt el
©) J;Q - S 5. The value of‘gs z for counter-
.. y c

y = clockwise direction around a unit
W/ circle is

L o A 2n
3. The Bessel function J}/(x) is : ‘
A B) 2ni
' -_' . 4 C) - oni
(A)P—cosx | - O -
’ kit$ .
o D) - 2n
Qs - 2A/14 I (2) | | " Gontd.
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3
A2 —‘Gd .
8. Thevalueof Y5, 7% is:
c

() 7 -6ni
(B) %+6ni
© Z-6u
o i- i

7. K €444 I8 @n antisymmetric tensor of

- £

third rank, then 28123 tE 113

213
s

(A)
(B)

o

(€) 0
) 2

8 SU@)grouphas2x2

ma_triées with determinant .
(A} Unitaryand 1
(8) Hermitian and 2
(C)

(0)

- Unitaryand 2

Hermitian and 1

Qs - 2A/14

(4]

10,
- Lagrangian equation of motion ?

1.

)

. . >
The orbital angularmomentum L. is :

A T xE

® ©xp

©) Fxp

(0) (F“’ xp)xF

wherer = posmon vector p wllnpar
mormentum andi‘w = force.

Which of the following describes the

- odL ddl
A o dar T
4L ddl -

® & dt dx

o dl .d dL

() qt dx dx
dl. . ddl

dx dxdx

where L is the Lagrangian.

In an orthogonal transformation

= a.x,
x i ] then aualk is:

':(A) 5,
‘(B) Bjk

©) 8,

) 0

‘where repeated indices imply

summation.

(Tumover)
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Which of the following relation is

12,
~corract ?
B T=iw
® 1=T &
©€) &=1T
©) P =i
where [T = orbital angular
momentum, | = moment of inertia,
& = angular velocity and ? = linear
mcmentuni. o
13. For small. oscillations, a
potential function V(x) s
expanded around its equilibrium
(v
value asV(x) = V(xg) + | 7~
9% Jx,
1{ 0%V 2
(% - %g) + 5(-3?-1‘ (X = %g)" + e
S .
thien at equilibrium, which tenn in the
RHs will be zero 7
(A) First -
(8) Second
(C) Third
(D) None of these
QS - 20114

(4)

14,

18.

' P 1
If the Lagrangian L = mez - Ekx"’,

then the equatioﬁ of motion is

(A) mX=—kx

(B) kx = X

(C) mx=kx

(D) xk=km

The sum L % H of the Lagrangian

and the Hamiltonian of a pariicle with

coordinate x, is :

W xE
(®) x%)'f
© x5
0«5

Contd.
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/16. Jacobi's identity is :
A [u]+ v w]+ [w u] =0
® [ufvw]=0
(©) [u, Tv, wl] + v, [w, u]] +
=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 |

A

., the |
2q2

p2
Hamiltonian, H= & -

constant of motion is :

P _ it

w5

(B) %1 + Ht

Ht

(C) pg+ D)

pq +1Flt

©) pa+;

QS - 2A/14

18.

o

19.

(8)

For a canonical transformation

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

q= L(-F:lsin(?! , the Hamiltonian is :
mm .

(A) -;E-f(P)(sinQ + cosQ)

®) 1P
1\ 2
© 557

None of the above

'Which of the following is not a

Maxwell's 'equation' ?

W V-D=p

> 2 198
B . = e emm————
(B) VxE o
©) V-B=0
(D) %‘%’-ﬁ-]":o-

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 3 is the current density. |

(Turnover)
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20.

21,

22,

QS - 2A/14

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

presence of a magneticfield is :
-

(A) q—v‘}[VxB]
-

(B) g?xs

©) qovxB

(D)

Ic{entify the-equationavznp = - 47p,
where ¢ is scalar potential. It is

(A) Laplace equation ..

(B) Faraday equation

(C) Poisson equation |

(D) Rayleigh equation

The interaction energy U, of two

dipoles of moments -5: and -5)2,

separated by [ ¥ — %| s :

e R T U T A
P1.P2 —[N.Py|N.P2

=9 L
| x1.— X1

- =2 s 2V A
P1.P2 =3|n.p{in.py

- o,
| ”
Ix1 - Xz

(A)

®

- (8)

23.

24,

- = A XA =Y
P1.P2 —3[N.pp{in.py

- -
3
| X1 — Xg |

- = R AT
3pi- P2 —2|N.pin.p2

©)

(D) 55

} 2
Ixq - %z |

Which of the following equations '

defines a magnetic vector potential

R

A) B =V xRk
(B) R =7 B
©C) A=VxT
O T=V B

Faraday's law of electrornagnetic

induction is given by ;

w F=-kSE
'm)F=@§
© E=k
© Ek%—f—

where F is the magneticflux and & is
the electromotive force.

Contd.
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25.

- 26.

27.

. {B)

In the presence of a magnefic field,

the change in momentum of an

electron is :

(A)

_ Which of the foliowing interactions

results from relativistic effect ?
(A) Coulomb intgractian

Gravitationat interaction
(C) Spin-orbitinteraction

0

Electric dipolar interaction

The Poynting vector is given by :

my
=

(A

=l

(B)

x

(C)

my
o, ®

(D)

QS - 2A/14

(7)

28,

29.

30.

For moderate electric fields, the
relation between the current density

and the electric field is :

(A) Quadratic

- (B). Exponéntia!,

(C) Linear

(D) Inverse

Which of the following conditions is
an uncertain{y principle 7

(A) Af " AX2h

®) ax-Apzh

(C) Ap, - AE2h

(D) AE-AXZh

Which of the following relations is
correctfora>0?

(A 5(ax) = ad(x)

(B) §(ax)=a~"5(x)

(C) &(ax)=58(x +a)

(D) &(ax)=6(x—a)

(Turnover)
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3.

In the Heisenberg picture, the

equatioﬁ of motion for a time

dependent operatOr Qs

A) dt

(B) ft”-

9%y
"ot

: —'[QH'H]

Sy l[QH: H}

ot . ik

32.

(D) 98 _ %y
O =4 ="

L ag"' + ih[ Q. H]

© &=

0 = O [y, H)
The value of ", p,J s

(A) - ninx" |
B) (n~1)irx"
(C) ,_-_nif:x"_-’
(D) (n-inx"""

The total energy E of an electron in
equilibriurﬁ in én‘orbit de.pends on

the principal quantum number n

according to :

(A) Eoc—n

QS -2A/14

(8)

34.

- ®

EM—l
n

(C) Eoc—n?

1
(D) Eoc— 5

Which of the following sets

0
(,jZ. = -1

- represents the Pauli spin matrices

correctly ?

el (s 3)
el )

(B) Ox [3 3) o= (? Bi}
we(y %)

o s -0 3)

o

O

o _Contd.
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35. The matrix | that produces a space T ,
: . oo : : C ' , |(m|H’[n)|
. © 2 “E-g—
inversion I'r = -1 is: masm 0 Em
-1 0 0} @ 3y LiHin?
0 -1 0 T ‘ : Em - En
(A) m, N £m "
0 0 -1 '
37. Zeeman .effect{is t_he'change in the
-10 0 DR :
c 10 - .
(B) 0 0 1 energy levels of an atom caused by :
(A) Uniform electric field
-1 0 0 ‘ . :
(C)‘ 0 1 0 (B) Electromagnetic field
¢ 0 -1 ; '
" (C) Uhiform magnéﬁéﬁeld
St g g o : _‘ -
) 0 -1 0 ' (D) __ Coulombs ihtgraction between

electron and nucleus

36. The second order term E(z) for the
mih ' _

L ?f the;; pertgrbmg 38. For a spin — —;r particle the time

Hamiltonian H' is given by : '

reversal operatoris :

[{mH [n)P
@ n,gz;m En ~ Enm = (A -ioK
(B) - igK
¥ !mlH'Iﬂ)!2 _
® & E, (€) -ioK
(D) None of the above
QS -2A/14 E (9) _ {Tum over)
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38. The components oftheorbitalangular 44 1o Boltzman distribution of aparticle

momentum operator are : . : . .
of energy ¢ attemperature Tis ;

(A) «Lx = ypz - szi Ly = pr e xpzt

L *n e
L, =xp, =P,
B) L =yp. + =2p. + @ e
- B) Ly=yp,+ap, L =2p, +xp,,
LZ=Xpy+yp'x- . () Pl
(C) Li=px+yp, L =py+azp, |
(D) eslﬁ

: l'zng,r;!’.g')"!")x

o AN
(D) Noneofthe above whereg ,(kB_T) '

- 40. In te!;ms raising a' and Iowering a 42, Ifthe number of particles N is very
operators, the Hamiltonian H of large, fhen we use Stirling's
Harmonic oscillator satisfies the

approximation to calculat-e In N
following equation: - -

whichis .
A) aa‘-_-_}_i__l ‘ !
W T, "2 (A NInN-N
TR T
®) * " 2 B N~
() aat =4 H (©) JTinns d
Choe 2 N© N
H 1 _
() aa'=;)—{-+—2— (D) Linn
O ‘ ' N
QS -2AM4 | (10) | . Contd.
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43.

45,

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

C) U-PV+TS

(D) U-{-F’V-HTS' g 48,

where U = internal energy,

P = Pressure, V = Volume,

- T=Temperature and S = entropy.

The Fermi distribution function

e - SF) in the limit of T =~ > 0 for

<.. e
£ &Flb.

A 0

B) e S 47;

(C) €

© 1

. where Ep is the Fermi energy.

The ground state energy for N
Fermions is givenby :

2

(A) B‘NEF.
QS-2M14 (1)

o 3 Tl rre g e
B) Ne

(C) | NéF

For a sysiem of N Fermions

with ‘Fermi” energy 'aF,' N is-

| pro}:ort"iéna'l to:

@ 4

& @

© @

© @

F_or a é_y_étem of jp_,hon‘on.s{the spec'iﬁc
héat- at,__lc:m;r t_;emperat.ulre is
propc.j.rtioh.all to :. |

(A) T . |

® T

© :TS .

() W

~* (Tumover)
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48. Foran ideal Fermigas, the chemical o .
= o ) 50. Bose statistics is named after :
potential is related to the Fermi

energy by the following relation : (A) J.C.Bose ]

A) ep[1—' Ez_(_kB_T) ] (B) D.M. Bose
, 127 ¢ |

(C) R.C.Bose
| 2 (kgT Y (D) S.N.Bose | %
®) EF[”%(%) ] 7 SR
_ F . ) | .
| 51.  The WKB approximation works well |
.o - 2 . ] co . . - 7 N i

©) £p [1 +3(I_(SB_1: ) ] : , when the potential energy is :
F

(A) Slowly varying function of

‘ 2 | o & ition | : : ;
kgT posi i
(D) °F l1 “3(::,;‘) ] | - :

: - -(B) Constant - :

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

phase transition rrom (D) None of the above

| ferromagnetism to paramagnetism,

the'order parameteris : 52: The main principle of laser is :_

(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.
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53. The step.funcﬂon O(ryis 1if:
Ay r=0
(B) r=0
(C) >0
(D)

reoo

. 54, -Bohranguiarfreduencymkn is given

by: | |

A rYE ~E)

-(B) WE ~E) |

©) AE-EY”

(D) KE, -E,)

55. The transition probability is :
(A)-
(B)
(C)
(D)

Independent of time |
Dependent on téme ’
Sinusoidal function bf time
None of the above
§6. The variational method :

(A) Neéds an accufate knéWIedge
of the wave funi#ion ) -
(B) Works Well if the wave function

is well defined

QS - 2A/14 (13)

b7.

88.

59.

(C)-Does not.need an accurate

detailad knowledge of the wave .
function .

(D) Does not requife the
. minimisation of the energy
The comrnutatéon relation [x; py] is

(A ih
B -

{©) 0
T o

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

my + My

) mqmsz

B Imy —my |
(B) mym;

‘ myms;

(C) ITI1 + mz

(p) Imy - ma|

The commutation relation of [L, Lz]

is .

(A) KL v

(B) —ihLy \
(C) i’aLy |
(D) —ﬂhLy‘

(Turn over)
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~60. - The time: dependeht Schrodinger
- equation s : o
. B @‘i‘.=
A 'ihat Ey
| ey o
- (B) ha Ey
oy .
T E
(©) i =Ey
o 63.
yr
Y 4 Y -
O ==
61. Tha_ﬁne structure constant a.is given
by:
(A) . (137)" |
- - 64,
(B) 0.529
(C) 138
O o
62. The energy of a quantum harmonic
' J 65.
oscillator: -
A (n+1)mﬁ".1
A "+
. | (n+ 1]0)?&
B (n+3
" QS'=2AM4 (14)

©) (1 ¥ 2—) or

where n takes integer values and o
is the frequency of the harmonic
oscillator. ..

Dirac's Hamiltonian for a free pariicle

is:

(A) H=ca -p +pmc

@ e B pmd
(C) H=p?/2m+ fme?

(D) H=ca -p —Bme2+V(T)
In the above quéstion 5:‘> isa.
(A) 32 X 2‘matr_ix_

(B) 3x3 mafr.i;<

() 4xdmatrix

() Nullmatrix ~

The —ve energy sollition of a Dirac

free particle equation corresponds to

the energy of .

(A) Anclecton
B) . Amuon

(C) Ansutrino

(D) Apositron.. "~

o Contd.
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66.

67.

by —

The probability current dene:ty
S, b is (w*?w w?w
multiplied by : .

-(A), n

A zm B ‘l L

@ =

C) ==

Which of the following relations is

true ?

-H(A) B - ﬂa"

68.

(B) af=ay2=a§—0 o

© B*=
D) of+ po, =0

if N;( is a number opérator, then:
(A‘j ihNg = [azak, H]
B) iy = [ Hakay ]
© M= alacH]

©) M= [H okay]

QS - 2A/14

69,

(15)

70.

71.

(C) n=yfme=,

) n=fng 8=y

if c and ¢! are the annihilation and

- creation operators of a Fermion,

then:

(A) [c,c*‘]-';‘l

B) {ecli=1
(€) fe.ct]=0
@) {c.e'}=0
Fora méhy'particle state [n,, n,,
Py N) ak|n?. PN, e

Pl s S nt‘x).then:-'

' (A) ::in'.#é-dﬁ;(-’la = My 1

B) w=Jn ~1,8=n

S:nk-~1

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

typeq of Fermions, then [A Allis:

(A) 1mn +nd -
;(B) 1+n +nd |
| (C‘) ’i--n —-nd
(D) 40—, |
where ncran_r_d__ n, are the

d

corresponding number operators.

~(Turn over)
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72. Ifn=ct cforaFermion system, then

ne is
A) n-1
B) n+1
(C) n
oy 0
73, In a RC coupled amplifier the
voltage gain m)e_r mid-frequency -
range :
(A) Chaﬁges -abruptly | with
frequency
(B) Isconstant
(C) Changes uniformly with
- frequency
(D) “None of /the above
4, ibe}s the coupling capacitor in
- RC coupling émploying a bipafat
- transistor and Cy is the
correspondin'g'value for a FET
araployed amplifier, then :
(%) Cb?C;“.
(B Cc~c
G §2A114_

75.

76.

©) ¢,=C,=0

® C,>6

For an operational amplifier, if the

input vcttages'.'are +1.0mVand +0.08
mV, the differential mode gain is
2000 and the CMRR = 100. The
output voltage willbe ;

A M8mv

8y 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 V1 g

(A) _.E:Vt _
R

(B) Ri + Rf V1
R

© -gV

@ IRV

Contd.
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77,

78,

79.

A

©)

(D)

- (©

(D)

®

The feedback that a Wien bridge

oscillator u$es is
Only positive
(B) Only negétive

‘ Both pbéitilv‘e and negative

None of the above

The application where one would

most likely find a crystal oscillator is:
(A) Radio receiver
(B) Radio transmitter

AF sweep generator

None of the above

Resonant frequencies in a crystal

oscillator lie normally between :

(A) 1KHzand 5 KHz

10 KHz and 10 MHz

(C) 50MHzand 100 MHz

None of the above

(D)

QS -~ 2A/14

(17)

80. InaFET, howmanyp-njunctions are

81.

82.

at the sides ?

A 3

(B) 4

€ 5

o2

The NAND gate is AND gate followed

by :

(A) ANOTgate

(B) AnORgate . .

(C) AnANDgate -

(D) None of the above

In Boolean algebra, the bar sign

“indicates :

() ORoperation |
(B) ANDoperation
() NOJT.ope;ati(-);‘ll

(D) Noheofthe‘above

(qun over)
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83.

84,

85.

- ®

‘Madelung energy describes the

. binding in :

(A) Inertgas crystals _
(B) loniccrystals
(C) Covalent érystats

(D) Metaliic crystals

Specific heat of electrons at low
temperatures is proportional to :'

(A) T

® 7

© T

(0) T3!2 |

The Hall coefficient RH Is given by

E

7 y”B— :

X

(€)

QS - 2A/14

- 86.

(18)

D) ' —f%geik'R‘Q{r ij]
i

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-direction. .

In the tight binding approximation the

Bloch function, uf?(—?) is written &s :

® Ze'm‘i’( &)
(8) Zem[ _))

e A A
© "ﬁ%eikm{“RfJ

where p?j is the ™" lattice vector, ¢ is

an atomic orbital at the Miattice site

-, '
and k is the electron wave vector,

- Contd.
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87.

88.

QS - 2A/14

In a superconductor the free'energy
fora magnetic field H <H_ varies as :
(A H3

(B) H
(C) H?
(D) H2

where H_ is the critical magnetic

field.

The current density J (1) in a stiper

- conductoris given by :
~90.

2 5
_..?fJ:.A(r)

B~ e

4mAE

-y =)
SEA(T)

(B) -

(19)

89.

@)

where A(r) is the magnetic vector

potent-i-at, A, is the London
penefration depth and cis the velocity
of light. |

In ferr,o}négneti;; iron _thg internal
magnetic field is of the orderof :

(A) 101“'esla

(B) 100 Tesla

(C) 1000 Tesla

10000 Tesla

Which of the following magnetic

' susceptibilities is temperature

dependent ?

(A) Pauli | ,péramagneti.c
- sdsdepti'biii'ty”
(B) Landau diamag_netic

susceptibility
Curie 'éuéceptib‘ifity |

(C)

(D) Van-Vieck susceptibility

(Turn over)
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0.

92.

93.

In Germanium the band gapis: 94,
(A)  Indirect and about 0.7 eV

| (B) Direct and about 1.5 eV

(C) Indirectand about2.5eV |

(D) 'Directrand about0.2 eV

The Loientz field in a dielectric is

~givenby: %

(A 2P

B) P
©) 4nP

2n?
© Zr

3

5. . N
where P is the electrical potarization

vector.

Discovery of the nucleus was made 96.

| by

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

(D) Electron scattering

QS - 2A/14 (20)

Which aone. is not a magic number ?

® 8

(B) 20
(C) 60

(D) 82

In B decay, a neutron decaysto;

(A} a proton, an electron and a

~ photon

(B) a proton, an electron and a

néutrino

(C) a photon, an electron and a
positron

(D) a proton, an electron and an

antineutrino

The deuteron bindiﬁg energy lies

between :

(A) 1and2MeV

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

Contd.
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97, Whi.-ch particje do not take part in an
electromagnetic interaction ?
(A) Hadrons
(B) -Electrons
(C) Neutrinos
(D) Photons

58. Which of the following choices lists
the four known types of forces

in nature in order of decreasing

strength ?

(A Strong; Electromagnetic,

Weak and Gravitational

(B) Strong, Weak, Electro-

magnetic and Gravitational

(C) Strong, Gravitational, Weak

and Electromagnatic

(D) Gravitational, Strong, Electro-

magnetic and Wéak

B E B3

QS - 2A/14

99, The G-parity of any particle that
strongly decays into n pions is given
by: | '

(A G=)""
B G=(1"
€) G=(1*"
O G=(1'?

100. In allknown reactions, the numberL.

of electron type leptons. is exactly

conserved if the individual Le

numbers are taken as :
(A) ~+1fore”and v, and - 1fore’
, 'and-ve
(B) +1fore”andv and—1fore”
and Tie
(C) +1fore”andv, and -1 for et
and ‘\'f’e
(D) *1fore*andV, and-1fore”

and Vo

(21) ' ' - (Turnover)
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SPACE FOR ROUGH WORK
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