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Instructions for the Candidates )
l. Write your Roil Number in the space provided on the top of this page.
2. This paper consists of Seventy Fifty (75) multiple choice type of questions. All questions are contpulsory. :
3. At the commencement of examination, the question booklet will be given to you. In the first 5 minutes, you are requested to open
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{1 To have access to the Question Booklet, tear off the paper seal on the edge of shis cover page. Do not aceept a booklet
without sticker seal and de not accept an open booklet.
(i)  Tally the number of pages and number of questions in the booklet with the information printed on the cover page. Faulty
* booklets due to pages/questions missing or duplicate or not in serial order or any ether discrepancy should be got replaced
immediately by a correct booklet from the invigilator within the period of 5 minutes. Afterwards, neither the Question
Boocklet will be replaced nor any extra time will be given.
(iif)  After this verification is.over, the Test Bookiet Number should be entered on the OMR Answer Sheet and the OMR Answer
Sheet Number should be entered on this Test Booklet. o
4. Each item has four aktcrnative responses marked (A), (B). {C} and (D). You have to darken the ovai as indicated below on the correct
. response against each item.

Example : . @ where (B} is the correct response.
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place other than in the oval in the OMR Answer Sheet, it wili not be evalvated.

6. Read instructions given inside carefully,

7. Rough Work is to be done ip the end of this booklet.

8. If you write your Name, Roll Number, Phone Number or put any mark on any part of the OMR Answer Sheet, except [or the space

allotted for the relevant entries, which may disclose your identity, or us¢ abusive langeage-or employ any other unfair means. such
as change of response by scratching or using white fluid, you wilt render yoursell liable 1o disqualification.

9. You have to return the original OMR Answer Shect o the invigilator at the end of the examination compulsorily and must not carry
it with vou outside the Cxamination Hall. You are however. allowed to carry original question booklet and duplicate copy of OMR
Answer Sheet on conclusion of examination.

19.  Use only Blue/Black Ball point pen.

11, Use of any calculator or log table etc., is prohibited.

12.  There shall be no negative marking.

I3. In case of any discrepancy in the English and Gujarati versions of questions, English version witl be taken as final,
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PHYSICAL SCIENCES
PAPER-IIT
Note : This paper contains Seventy Five (75) multiple-choice questions, each

question carrying Two (2) marks. Attempt All questions.

1. The number of components in a tensor of rank r, having N-dimensions
is : _ | '
4 N ®B) N
N
(C) N’ (D) -

2. The polynomials generated by
(1 - 20x + 7%

are :
(A) Legendre’s polynomials. (B) Bessel’s polynomials.
(C) Laguerre’s polynomials (D) Hermite functions
3. The Fourier representation of f{x) contains both sine and cosine terms. Then

the function flx) is :

(A) odd (B) even
(C) singular at x = 0 (D) neither odd nor even
4. The eigenvalues of the matrix ]
i - 0
01
0 0 -
are :
(A i, -, 0 B) 1,1, -
© i, 2, i ™ 1,0, -1

Ph.y- &ﬁ.'m . 5 . [PoToOo]



5. Radius of a circle is erroneously measured to be 9 cm. The true radius is

10 em. The percentage of error in calculation of area is approximately :

(A) 5 | (B) 10
(Cy 15 (D} 20
6. Simpson’s grule is obtained by considering differences upto.:
(A) First order (B) Second order
(C) Third order | (D) Foufth order

—_

— —
7. A [B X C} = 0 in a 3-dimensicnal space, then :

(A) ﬁ 8 are coplaner

’

Pl

(B) A is a null vector

- . . .
, ¢ form a complete space in 3-dimensional space

o
[=o )

©

]

- (D) Three vectors X’ E’ 8 are mutually independent

8. If a coin is tossed 6 times in succession, the probability of getting at least

one head is :

1 | 63
& & ® o

3 1
(€ 39 (D) By

Phy. Sei-IH 6



10.

11.

A particle of mass M moves in a circular orbit of radius R around a fixed

point under the influence of an attractive force F = —3 , where % is a constant,
r _

* If the potential energy of particle is zero at an infinite distance from the force

'.center, then the total energy of the particle in the circular orbit is :

a = | B =&
R? B omr. .
| k
(C) Zero D) Egz'

The product of conjugate momentum and corresponding generalized coordinate,

has the dimensions of :
(A) energy - (B) angular momentum

(C) linear momentum (D) force |

‘Lagrangian for compound pendulum of mass m and distance [ between pivot

and center of mass is :

_ 1.. '
(A) 5192 — mgl cos 0

T [

g
(B) 5192 + mgl cos O

1 2 2 A2 1.9 ;
(C) Em(r +r 9)+ 219 —mglcosﬂ

D) —12~m(r'*2 + r? 92) + 11é2 + mgl cos ©

2

Phy. Sci-HI 7 [P.T.O.]



12.  The correct relation for Poisson’s bracket is :

hogs

A lggogld =0 B) log byl

13. The poﬁential energy of a body with mass m constrained to move on a straight
line is kx*, where % is a constant. The ‘body moves from x, at time ¢; to x,
at time ¢y. Which of the following is an extremum for x vs ¢ curve corresponding

to this motion ?

ty _ 2
@& [ Lmo?ar (B) I mav do
2 %
h
JCQ . o t2
() I (% mv? + kxt) dx (D) f (1 mv? — kx?) dt

14.  Three masses are connected by two springs as shown. A longitudinal normal

: 1 [k .
mode with frequency om\m I8 exhibited by :

A B . C
o—— D00 ® 700 ————e
m k 2m ' k m

(A) A and C moving in same direction, with B being,stationary

(B) A and C moving in same direction with equal amplitudes and B moving

in opposite direction with half the amplitude of A

(C) A and C moving in opposite directions .with equal amplitudes and B

being at rest

(D} A, B, C all moving in same direction with equal amplitudes

Phy. Sci.-III | 8



15.

'16.

17.

- —
D) neither on R, nor on r

Reduced mass of a two body system depends on :

: —3
(A) position of center of mass R

Y - -
(B) relative coordinate r =r, — 1

(C) on both R and 1

—_—

What is the magnitude of the horizontal component of the coriolis force at

latitude of 30°N on earth, on a particle of mass m, with horizontal velocity
v?

(w is angular velocity of the Earth)

(A) mvow : | (B) 2muvw
o ™ ™ =
mw )

A cube has a constant electric potential V on its surface. If there are no charges

inside the cube, the potential at the center of the cube is :

(A) Zero _ BV
v v
(O 3 | (D) )

Phy. Sci-1T 9 . [PT.0}



18. Which of the following relations describes the conservative character of

_)
electric field E ?

n_ P
A v.B <o ® V-E=
© ¥xE-=0 | D ¥R =g

19. A cylindrical wire a¢ shown in figure carries uniform current from end A

to end B.

Then :
(A) Poynting vector = 0 everywhere

(B) Poynting vector is pointing inwards on circular surface at A and is pointing

outward on circular surface at B
(C) Poynting vector is pointing outwards on the cylindriéal surface of the
wire

(D) Poynting vector is pointing inwards on the cylindrical  surface of the

wire

Phy. Sci.-III 10



20. Let four charges be placed on the vertices of a square of side a, (with origin

being the center of the square) as shown in the figure.

a\y
q —-q
_ » .
- = |- - - _
If V[r] is the potential at 7> || ®> 2; then v 2"} Vir|is:
_(A) 1 (B) 9

(C) (D)

1 1

4 8

21. The power radiated by a point charge is propoftional to :
(A) square of its acceleration
(B) its charge

(C) square of its velocity

(D) cube of its velocity
Phy. Sci-1l 11 (P.T.0]



22.  For norn'ial incidence of EM wave on air-glass interface, the fraction of energy

reflected is; (glass refractive index = 1.5).

1 - 1
(A) 2—2 (B) 3_2

1 1
(C) E (D) 5—2

23. A varying magnetic flux linking a coil is given by ¢ = xt2. If ‘at time 3 sec.

the induced EMF is 9 V; then the value of x in web/sec? is :
(A) 15 (B) -15
(C) 0.66 _ D)y -0.66

24. A test charge is moving near a long straight wire carrying a constant current.
A force will act on the test charge in the direction parallel to the wire, if

the motion of the charge is in the direction :
(A} towards or away from the wire

(B) same as that of the current

(C) opposite to that of the current

(D) perpendicular to both, the direction of the current and ‘the direction
towards the wire

Phy. Sci.-III 12



25.

26.

27.

y1{x} and y4(x) are orthogonal functions. Which of the following can represent

a two-particle wave function of two-identical bosons ?
(A) ll!l(xl) Wg(xz) - ‘Ifl(xz) Wg(xl)
(B) Wl(xl) W2(x2) + Wl(.'XI2) w2(x1)

© wilxq) wa(xy)

@) | J‘If1(x1) ‘Ifz_(xz) e e

w5l

The energy levels of one-dimensional quantum mechanical harmonic oscillator

- 1
with potential V(x) = Ekxz are given by hv[n + %J withn =0,1, 2, ... .

1
If the potential is changed to V(x} = « for x < 0 and V(x) =.§kx2 for x >

0. The energy levels now will be given by :

3
(A} hv [n + ‘2“] (B) 2hv [n + %J

(C) hv[n + %J, n odd only (D) hv[n + -12—], n even only

: 1 _ _
The ground state energy of a spin 9 particle in one-dimensional infinite square

well is 1 eV. If four such identical particles are kept in this well, then the

ground state energy will be :
(A) 4eV (B) 10 eV

(C) 30 eV - (D) 6 eV

Phy. SciIII | 13 [P.L.O]



28.  The differential cross-section for a central potential, where the asymptotic form

of the wave function is given by :

oikz o (8, o) pikr
r

is :

A) 6, 9) fl8, ¢) | “(B) fl6, @)
(C) 40, ¢) - D) |78, @)
29. The operator —: X ; _ ; ) ;} in quantum mechanics equals :
' ) 0 d d
(A) Zero (B) (a + @ + g]
© in | D) 3ik

30. What are possible values of quantum number J if two particles with j; = 2

and j, = 2 are combined (j represents angular momentum quantum numbér). :
(A) J =4 only

(B) J=0anddJ =4 only

©C J

]

0,12 3,4

(D) J =2 only
Phy. Sci.-ITI 14



31.

32.

33.

The variational method in perturbation theory, when applied to obtain the

value of the ground state energy :

(A) gives energy value higher than or equal to the exact ground state

energy
(B) always gives exact ground state energy "
(C) always gives energy values lower than the exact ground state energy

(D) gives energy values which is sometime higher than or sometime lower

than the exact ground state energy

 If x is position operator and p, is momentum operator, than the commutator

|, P is ¢
(A) zero ' B) _p
(©) —in ®

The entropy S, of a mixture of two different kinds of perfect gases, having
individual entropies as S, and S, respectively is given by :

(C) Sy9 > Sy + Sy (D) B9 = .‘.Sl - Szl

Ph.y. Scj.‘]II . . 1 5 X [PcT-Oo]



34.

35.

36,

317.

If 0, and 6, are the rotational and vibrational characteristic temperatures

of a system of molecular gases, then :

A) 6. >0, (B) 6, > 0,

0

r

B

(C) 6,=9 . - (D) 8§, =

The pressure P of a perfect gas in terms of root mean square velocity

URMS is 1
(A) lmvz - [ 3T Jafz
o "VRMS " UrRMS
- 1 2 . : ]
(C) 3 URMS D) Vugus

In Brownian motion, if B(¢) is a random fluctuating force and it is uncorrelated

with x, then in the Langevin equation <x B(f)> is equal to :

1 mkT
(A) EkT | (B) 5
2ET
(Cy — (D) zero
m

According to BE statistics, the number of particles condensing into ground
state are : |

(Ty = transition temperature)

i 3/2 | 1/2
T . . T
w (3] } ® MF) }

T -1/2 :
) n 1“[@;] J (D) zero

Phy. Sci.-IIT 16



38. Which of the following is the 'phase space trajectory of a sifnple harmonic

oscillator in one dimension ?

. P
>X /ﬁ\ >x
(&) | B) \/
P, P,
A A
/’\ oy s

(C) (D)

39. Conversion of boiling water at 1 atm and 100°C in vapour is :
(A) First order phase tll'ansitio'n.
(Bj Secor_id order phase transition
(C) Third order phase transition

(D) Zeroth order phase transition

Phy. Sci.-11 17 [P.T.O]



40. A black-body emits :
(A) Only microwaves
(B) Only UV and IR rays
(C) Only visible radiation
(D) EM waves of all wavelengths
41. The microproce_ssor 8086 has a :
(A) 16 bit data bus and 20 bit address bus
(B) 8 bit data bus and 20 bit address bus
(C) 16 bit data bus and 16 bit address bus
(D) 8 bit data bus and 16 bit address bus
42.  On chip memory capacity of 8051 ﬁicrocontroller 18 :
(A) 32 kb (B) 16 kb
€ 8kb D) 4kb
43. For LED which o.f the following is FALSE ?
(A} LED output is due to spontaneous emission

(B) LED oufput 1s due to photon produced when holé and electron

recombine

(C) LED output is due to production of electron-hole pair, when a photon

is absqrbe‘d by semiconductor

(D) LED output is due to forward biasing
Phy. Sci.-ITT 18



44. When a JFET operates above pinch-off voltage :
(A) drain current rerﬁains constant
(B} drain current increases rapidly
(C) ‘drain current decreases gradually

(D) width of the depletion region becomes zero

45. The output voltage of an OP-AMP shown in figure below is :
s

R
—L—

3V;

mn

-V, ® V,

mn

@) V,

AR D) Vg = -3V

m 1

© V,

46. In optoelectronic devices the semiconductor material must be :

(A) indirect band gap material
- (B) direct band gap material
(C) elemental semiconductor

(D) undoped semiconductor

Phy. Sci.-III | 19
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47.  Which of the following devices has negative resistance characteristics ? |
(A) junction diode (B) zener diode
(C) tunnel diode (D). varactor diode

48.  The output of the following circuit is :

Y N — | -
B e -

C e — = 3
(A) AB -C (B) AB - C

(C) ABC | D A+B+ C

49.  The product of electron concentration and hole concentration in a semiconductor

is equal to :

(A) square of intrinsic charge carrier concentration
(B) intrinsic charge carrier concentration

(C) product of donor and acceptor concentrations

(D) sum of the donor and acceptor concentrations

Phy. Sci-II ' 20



50. J-K ﬂip-ﬂoi:u can be used as toggle switch when :
(A) J 1is connected to GR and K to + Vo
(B) J is connected to + Vo and K to GR
(C) J and K both are connected to + V(¢
(D) J and K both are connected to GR
51. The output voltage of an operational amplifier is shown in the following

figure.

+4V

—4V

If its frequency is 2MHz, what is its slew rate ?
A% . ' i

(A)'. 4“8_ | (B) %6 uS
a8 - D 52¥

(C) 32 uS _ W g
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52. A band pass filter to allow frequencies between 7 kHz and 12 kHz can be

constructed by :

(A) Low pass filter of cut off frequency of 7 kHz followed by high pass filter

of cut of frequency of 12 kHz in series

(B) Low pass filter of cut off frequency of 12 kHz followed by high pass filter

of cut off frequency of 7 kHz in series

(C) Low pass filter of cut off frequency of 7 kHz and high pass filter of cut

off frequency of 12 kHz in parallel

(D) Low pass filter of cut off frequency of 12 kHz and high pass filter of

cut off frequency of 7 kHz in parallel

53.  The resistance Ry of a thermistor at a temperature T can be expressed by

the following equation :
(&) Ry = aeT

(B) Ry = ae d/T

(C) Rp = aTeT

(D) Ry = aTe®T

where @ and b are constants and T is absolute temperature,
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b4.

59.

56.

Phy. Sci. AL 23 PTO]

Which of the fouom}ing diodes is used as voitage regulator ?

(A)  pn diode o (B) zener diode

(C) tunnel diode (D). varactor diode

Which of the following molecules has a npﬁ—zero electric dipolé moment ?
(A) Cﬁ4 ‘ (B) CClg _

(C) €O, | - ® HO

The electronic transitions in a molecule take place so rapidly compared to
vibrational motion of nuclei, so that we can cbnsider_the nuclei to be at rest.

This is called :

(A) Bohr's principle

(B) Heiéenberg’s uncertainty princ‘iple
(C) Frank-Condon principle

M) Pauli’s principle



57. Rotational energy 'levels of a diatomic molecule are :
I(A) Continuous
(B) Discrete with decréasingl spacing
(C) Discrete and unequally spaced
(D) Discrete and equally spaced.

58. A Nickel target (Z= 28) is bomEarded_With __fast: eleci_:ron_s.-_The éppfoxiﬁlaté

kinetic .ene'r.gy of el_éctrons to- prodﬁce '.X-.rafs in the K-sei'ies. s :
(A) 10,000 eV o (B) 1,000 eV
- (C) 100 eV (D) 10 eV

59.  The ratio of Einstein coefficients A and B is:

~ 8mhcd - g 3
a) =F - B ST
vvo T e
cv e
C . .
S D g
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60.

61.

62.

The configuration of potassium atom in its ground state is 152 22 ZpG 3s2

3p6 4st.

Which of the following statements about pqtassiurﬁ is true ?
(A) Itsn =3 ghell is_'cémpletely filled _

(B) .I.ts electron cilérge distribﬁtion 1s sphericélly $ymmetrica1
(C) Its 4s subshell is completely filled

(D) Its least tightly bound electron has [ = 4

In hydrogen atom, the degeneracy of level E, with principal quantum

number n is :

(@A) nd o @B n?

() . n IR @) 2n?

A plane with Miller indices (0 1 0) is perpendicular to the direction :
@ miy S ® 010

© noen @ o1
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63. The powder diffraction pattern of a BCC crystal is recorded using X-ray of
wavelength 1.54 A, If (0 0 2) plane diffracts at 60° angle, the lattice parameter

of the crystal is :
(A)I 3.56 A | (B) 154 A
(©) 3._08_3 | D) 534 A
64. Which of the following is the weakest bond ?
(A) Iom'c_: bond
(B) Covalent bond
() van der Waal’s bond
(D) Metaliic bond
65. Which of the following is a point defect ?
(A) Vacancy
(B) chge dislocation..
(C) Screw dislocation

(D) Grain boﬁndary
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66. The Fermi level in a n-type semiconductor lies :
(A) middle of the forbidden gap
(B) near the v.alence band
(C) below the valence band

(D) very near the conduction band

B
67. Maximum value of —f‘“ is found in :

(A) region around A = 16
(B) region aroﬁnd A = 235
(C)- regioh around A = 60
(D) region of intermediéte A around 150
68. An anti-proton is a particle “}ith :
(A) mass of protgn and charge Of. an electron
(B) mass of an eleétron and charge of a proton
' (C) mass of a neutron and charge of a protom

(D) mass of a proton and zero charge
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69. In a nuclear reactor, mdderator 15 used to :
(A) increase the velocity of neutrons for fast fission
(B) slow down neutrons emitted during ﬁssio_n'
(C) slow down fast heayy fission fragments
(D) maintain the 'temperature of core to a safe level
70.  Which of the following is likely to violate parity conservation ?
(A} A spontaneous fission (B) y—deca&
(C) o-decay | (D) B-decay
71.  Deviation from spherical spape of the nucleus is measured in terms of :
(A) magnetic moment of thé nucleus
(B) spin of the nucleus
(C) quadrupole moment of the nucleus
(D) parity of the nucleus

72.  Which of the following series of numbers corresponds to magic numbers in

nuclear physics ?

(A) 2, 10, 18, 36, 54, 86
(B) 2, 8, 20, 28, 50, 82, 126
(C)y 2, 8, 18, 32, 50, 72

| (D) 2, 8, 16, 64, 256
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73. Mesons are made Iup of :
(A) one quark and one aﬁtiquark
(B) two quarks |
(C) three quarks
- (D) two quarks and two antiquarks
74. How many leptons are known so far ?
(A) 2 : _ - (B) 4
(C) 12 S (D) 24

75.  Fusion of small nuclei and fission of heavy nuclei, both release large
amount of energy. Which forces are responsible for the energy release in

two cases ?

(A) Strong nuclear force for fusion and weak nuclear forpe for fission
(B) Strong nuclear forpe_ for fusion and Coulomb force for fission

(C) Coulomb force for both

(D) Strong nuclear force for both
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ANTILOGARITHMS
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