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PHYSICAL SCIENCES

PAPER-II

Note : This paper contains FIFTY (50) multiple-choice/Assertion and Reasoning
matching questions, each question carrying TWO (2) marks. Attempt All

questions.

1. Hermite functions are useful in the study of :
(A)  Electrostatic problems involving multipolar charge distribution.
(B) Harmonic oscillator in quantum mechanics
(C) Hydrogen atom in quantum mechanics
(D)  Periodic potential problem in condensed matter physics

2, A sample of N atoms of He gas is confined to 1.0 cubic meter volume. The
probability that none of the He atoms is in particular 1.0 x 1079 cubic meter

volume of the container is :

A4 108N B) 1~ o8N
© 108NN D) (1 - 105N
3. The determinant of a 3 x 3 real symmetric matrix is 36. If two of its

eigenvalues are 2 and 3, then the sum of the eigenvalues is :
Ay 30 (B) 10

© 11 | @ 31
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4, Let P, (x) be the Legendre polynomial of degree n > 1. Then

1

| J‘(_l_gr -2;;) P, (x)dx

&1

is equal to :
1
@ o0 i: R ——
2 n+1
(C) on + 1 D) on + 1
5. The dimension of the sub-space spanned by the real vectors
1 2 0 2 1 0
1l |2] [1] |o] [-2| |o
0 0 0 0 0 0
0 0 0 3 0 0
is : _
(A) 2 (B) 3
) 4 _ (D) 5
6. According to Newton’s second law of motion the force F in one-dimension
acting on a body of mass ‘m’ can be given as (When v is velocity and a is
acceleration). '
d
A mw ®) m
da d%
- ome— . —
(C) dr , D) m 072
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T The moment of inertia of a cube (having length ‘e’ and mass M) about an
axis which is passing through its centre of gravity and perpendicular to its
face is :

(A) Ma? (B) Ma
Ma Ma?

C h—— il

(C) 2 (D) 6

8. In the scattering theory, the unit of scattering cross-section is the unit
of : '

(A) angle (B) area
(C) energy _ (D) momentum

9.  The length of the rod (in meter) moving with velocity 0.8¢ (¢ is velocity of
light and proper length of rod is 1 meter) can be given as :
Aa) 1 (B) 04
(C) 06 (D) 038

10. For conservative systems, the potential energy v does nbt depend upon
generalised velocity and hence :

A | B B
(A) v=20 (B) 3,
v : v
== = D = = 0
(&) 3d, (D) s
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11.

12.

13.

A point charge ‘¢’ is kept at a distance ‘d’ from the centre of a
neutral conducting sphere of radius ‘R’ (d > R). Which of the following

18 true ?

(A)  The potential of the sphere is zero

q

(B) The potential of the sphere is dne, d
h ial of the sphere is ——

(C)  The potential of the sphere is dne, R

(D)  The electric field inside the sphere is dependent on ‘¢’ and ‘@’

The total energy density of a plane electromagnetic wave in vacuum

1S @

1 1
B) S &E B)  Sho & B
(C) 2e,E? (D) eyE?

The equation of a wave is given by :

ft x
= A sin 2n| — - =
y sin ‘I{[T AJ’

where A, T and A are positive constants. x and ¢ are the position and time

respectively. Which of the folloWing is true for this wave ?

A
(A)  Amplitude is 2A (B) Speed is T
T
) Speed e ? (D) Period is

Phy. Sci.-11 8




14. It is necessary to coat a glass lens with a non-reflecting layer. If the
wavelength of light in air is A, the best choice is a layer of a material

with refractive index n, lying between that of glass and air and with a

thickness :
A A
A B —
4n n
2 ' 2n

15. If an oil is kept between the lens and glass plate in the Newton’s ring

apparatus :

(A) The ring system remains unchanged
(B) The ring system expands

(C) The ring system gets coloured

(D) The ring system contracts

16. If (T), (K), (V) represent the mean values of the total, kinetic and potential

energies, respectively, which is true for the hydrogen atom 2

A (T) = %ﬁ ®B) (T) = 2(V)
© (T)= 7<—2\Q D (K)=-(V)

17. Which of the following is correct z
A [ L1=0 (B (17, L] = iil,

© (L, L]=0 @ (L, LJ=0
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18.

19.

20.

Eigen function of a rigid dumb-bell rotating about its centre is given
by w = Ae™® where m’ is the quantum number and ‘A’ is a constant.
Which of the following values of ‘A’ will properly normalize the eigen

function ?

A Jon (B) 2n
1 D) e
(C) o (D) Jon

A transition in which one photon is radiated by an electron in a
hydrogen atom when the wave function changes from WV, to vy is forbidden

if ¥, and vy :

(A)  have opposite parity

(B)  are orthogonal to each other
(C)  are both spherically symmetrical
(D)  have different angular momenta

The wave function for identical fermions i1s antisymmetric. Which of the

following is a consequence of this ?
(A) Fermi golden rule

(B)  Bohr’s correspondence principle
(C) Heisenberg uncertainty principle

(D)  Pauli’s exclusion principle

Phy. Sei.-IT 10




21. A black body is radiating at a temperature T = 2880 K. The energy
emitted by this body with wavelength between 499 nm and 500 nm is Uy,
between 999 nm and 1000 nm is U,, and between 1499 nm and 1500 nm
is Us. The Wien constant is b = 2.88 x 10% nm.K. Then :

A U; =0 B) Ug=0
(C) Ul = U2 (D) U2 & Ul
22.  Consider a simple harmonic oscillator at a temperature T, with allowed
_ 1 '
energy levels E, Zh\’(n + E}’ =0, 1, 2 v . The ratio of the
probabilities of occupying mth level to that of (m + 1)th level is given
1
with p = —
by ( p kTJ'
(A) Py (B)  Bhv
e—[‘}&w’2
(C) g Phvi2 (D) 1w
1

23. Consider a system of spin 5 particles with magnetic moment p each. In an
applied magnetic field H, the spin can either be parallel or antiparallel to
H, with equal probability. If there are 10 such independent particles, the total
number of microstates will be :

@ 219 B) 102
€) 20 ' D) 10
24.  For the free particies moving on a two-dimensional surface of area A, the
density of energy states is proportional to :
A) E B) E°
_ 1 1
(&) R? (D) E 2
Phy. Sci.-1I 11 [P.T.O.]




25. For a photon gas in a black body enclosure, the chemical potential 1is :
(A) large and negative (B) large and positive
(C) zero (D) equal to Ferfni energy

96. The conversion time of a 12-bit successive approximation ADC working at
500 kHz cl.ock frequency is :
(A) 11 ps (B) 24 us
(C) 20 us D 9 us

27. In a power supply the Zener diode is- used for :
(A) Controlling the output current
(B) Regulating the output voltage
(C) Controlling the input voltage
(D)  Amplifying the input voltage

28. .Which one of the following Boolean algebraic theorems is not correct ?
A) A+1=1 B) A+A=A
(© (A +B (A+B)=A D A+ A=0

29. A signél voltage from a high impedance source is to be connected to a
low impedance load. The most suitable transistor amplifier configuration that
can.be used is :
(A) CE amplifier (B)  CC amplifier
(C) CB amplifier (D)  Differential amplifier

Phy. Sci.-I1 12
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30.

31.

32.

33.

34.

The number of address lines required for a memory chip having 2048
locations is :

(A) 8 (B) 10
C) 11 ' (D) 13

To measure the pressure of the order of 10~1 torr, the appropriate
vacuum gauge is :

(A)  Mercury Manometer

(B)  Bourdon Tube

(C)  Capacitance Manometer

(D)  Hot Cathode Ionization gauge

Shielding is provided for experiments involving generation and measurement
of small electrical signals. It is best achieved by :

(A)  An enclosure of the copper sheets

(B)  An enclosure of the pu-metal sheets

(C)  An enclosure of the perspex sheets

(D)  An enclosure of the cement sheets

An instrumentation amplifier is unique due to :
(A) Low input impedance-differential inputs
(B) High input impedance-differentia]l input
(C)  Low input impedance-single input

(D) High input impedance-single input

To design a temperature controller for a temperature range of —150°C to
700°C, the most suitable thermal sensor is :

(A)  Semiconductor Diode

(B)  Iron-Constantan thermocouple
(C)  Pt-Rh thermocouple

(D)  Thermister

Phy. Sci.-II 13 | [P.T.0.]




39.

36.

37.

38.

39.

To remove the radio-frequency interference from a slowly varying signal, the

following is to be used :
(A) Differential amplifier (B) Integrating amplifier
(C) Low pass filter (D) High pass filter

The minimum wavelength of continuous X-rays in an X-ray tube

depends on :

(A) Potential difference between anode and cathode

(B) Nature of the target

(C) Temperature of the target

(D) Filament current

The atomic number of Sodium is 11. Its ground s.tate configuration is :
N B) 28, |

© 'p, . o 2P,

The Larmor frequency of an electron in the ESR experiment depends’

on :

(A) DC magnetic field

(B) Magnitude of ac field

(C) Magnitudes of dc and ac fields

(D)  Frequency of ac field

A molecule is Raman active if there is a change in :

(A)  Electric dipole moment (B) Magnetic dipole moment

(C)  Electric polarizability (D)  Viscosity

Phy. Sci.-11 14




40.  As a star is moving away from the Earth, the spectrum produced by it on
the earth shows :
(A)  Blue shift (B) Red shift
(C) No shift (D)  Enhanced intensity
41.  The co-ordination number for bee lattice is :
(A) 2 (B) 6
(C) 8 D) 12
42.  Considering crystal binding which one of the following is ionic crystal ?
(A) Kr (B) KI
(€ si _ (D) Pb
43.  Which one of the following is a semi-metal ?
(A) Hg (B) Pb
(C) Li (D) Bi
44.  Which one of the following fepresents defect ?
(A)  Colour centre (B)  Brillouin zone
(C)  Wigner-Seitz cell (D)  Primitive cell
45. Ina solid when value of the chemical potential is equal to its Fermi energy,
the value of Fermi-Dirac distribution turns out to be :
(A) O (B) 1
(©) L (D) e
2
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46.

47.

48.

49.

50.

Which of the following is a nucleus, not associated with magic numbers ?

(A) PH208 - ® o0

©w Ca*f D) 23

Which of the following elementary particles is considered as similar to the

electron ?
(A) Pion (B) Muon
(C) Proton (D) Neutrino

The amount of energy released in nuclear fission of one nucleus of U235 py

‘a thermal neutron, is approximately equal to :

(A) 200 MeV (B) 20 MeV

(C) 2 MeV ' | (D) 2 GeV

The quadrupqle moment of a deuteron is the clue for :
(A)  Short range nature of nuclear force

(B) Charge independence of nuclear force

(C) Tensorial character of nuclear force

(D) Strong nature of nuclear force

Which of the following conservation laws, was not challenged by the -decay

process, prior to the introduction of neutrino ?
(A) Energy conservation

(B) ° Momentum conservation

(C) Charge conservation

(D) Angular momentum conservation
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ANTILOGARITHMS

Mean Differences
Pyt 1213145 |6j7}8 T2 a[is e[7 8
-50 |I3162 [ 3170 | 3177 | 3184 | 3192 | 3199 | 3206 {3214 8221 | 3228 |1 1 & 3 415 6 7
5115236 13243 | 3251 | 3258 [ 3266 | 9273 | 3281 | 3289 | 3266 | 3304 1223 45[586 7
52 113317 13319 | 2327 | 3334 | 3342 3350 } 8357 13365 | 8373 338141 2 2]3 4 515 ¢ 7
-53 ||3388 | 3396 | 3404 | 3412 | 8420 | 3428 | 2436 | 3443 | 3451 M59(1 2 2|3 4 516 8 71
54 113467 18475 | 3483 | 3491 | 3490 | 3508 | 3515 | 3524 | aszo 354011 2 2|3 4 5|ea 8 7
55 (13548 (3556 | 3565 | 3573 [3581 | 3580 | 3597 | 3606 3614 /382211 2 2|3 4 sl6 7 7
-56 113631 | 3658 | 3648 | 3656 | 9664 | 3672 | 3681 | 3690 | 3698 3707§1 2 33 4 s5la 7 8
-57 13715 | 3724 | 3733 | 3741 ['3750 | 3758 | 3767 | 3776 | 3784 | 3703l » 3|3 4 56j8 7 8
-8 13802 [ 3811 | 3810 | 3826 3837 | 3846 | 3855 | 3864 | 3873 | 388211 2 314 4 5]6 7 8
-59 (13690 13899 | 3808 | 3917 | 3926 | 3936 | 3945 {3954 | 3965 1 3972 4+ 2 314 5 518 7 8
60 {19951 13990 | 3995 | 4000 | 4018 | 4027 | 4036 | 4046 | 4055 | 4064-}1 o Fla 5 8|6 7 8
-61 114074 14063 | 4093 | 4102 14111 | 4121 | 4130 | 4140 | 4150 | 4159 | 1 2 3!4 5 6|7 89
62 14169 {4178 ; 4188 | 4108 A207 [ 4217 | 4227|4206 [ 4246 [ 4256 (1 2 3]|a 5 6|7 8 9
63 ({4266 [4276 | 4285 | 4205 [4305:| 4315 | 4325 | 4335 [ az4s | 4385 | 1 2 3l4'5 8|7 8 9|
*64 14365 | 4375 | 4385 | 4306 | 4406 | 4416 | 4426. 4436 | aq46 | aa57 |4 o 3/4 5 8{7 89
65 (14467 | 4477 | 4487 | 4498 |4508. 451814529 14539°) 4550 (45601 2 34 5 6|7 8 o
| -86 14571 | 4581 | 4502 | 4803 | 4613 | 4624 | 4634 |4645| 4656 | 4867 |1 2 3[4 5 6|7 9. 10
87 [|4677 14688 | 4699 | 4710 {4721 | 4732 | 4742 | 4753 | 4764 | 4775 12 3|48 7(8 910
-88 114766 [ 4797 | 4808 | 4819 } 4831 | 4842 | 4853 4864.1'4875 (48871 2 al4 6 7083 ¢ 10
-89 114808 1 4009 | 4020 | 4932 | 4943 | 4955 | 4966 | 4977 4980 [500011 2 3/6 6 7|8 8 10
70 115012 | 5023 | 5035 | 5047 | 5058 5070 | 5082 16083 | 5105 [6117]1 2 4|58 6 7|8 9 11
71 16129 | 5140 | 5152 | 5164 {5176 | 5188 | 5200 521216224 /523611 2 4|5 6 7|8 10141
72 115248 | 5260 | 5272 | 5284 15297 | 5309 | 5321 | 5333 B346 15368 |1 2 45 8 719 1011
-73 {15370 [ 5383.| 5395 | 5408 | 5420 | b433 | 5445 5458 | 8470 (548341 3 4|5 6 8|9 1011
.74,5495 6808 | 5521 | 5534 { 5546 | 5559 | 5572 | 5585 5598 | 56101 3 4|5 6 8|9 1012
-7% 115623 15636 | 5649 | 5662 | 5675 | boag !5702 5715 1’5728 [574111°3 4|5 7 8|9 1012
<78 [5754 1 5768 | 5781 | 5794 | 5808 | 5821 | 5834 | 5848 5861158751 3 4 5 7 88 1112
77 15888 | 5002 | 5216 | 5929 | 5943 | Sos7 5970 | 5964 | 50B8 (601211 3 4 5.7 8|10 11 12|
-78 /6026 § 8039 | 6053 | 6067 | 6081 | 6095 | 6109 | 6124 6138 616211 3 46 7 81011 13
79 116166 | 8180 | 6194 | 6209 [6223 | 6237 | 6252 {6266 | 6281 | 6ogs 13 416 7.8({101113
-80 ||6310 | 6324 | 6330 | 6953 |'6368 | 6383 | 6397 [6412 | 6427 {6442 | 1 3 4{6 7 91012 13|
81 |B457 | 6471 | 8486 | 6501 [ 6516 | 6531 | 6546 | 6561 6577°1658212 3 516 8 9111214
82 116607 | 8622 ) 6637 | 6653 | 6668 | 6683 | 6690 | 6714 | 6750 674542 3 5{6 8 8111214
-83 116761 | 6776 | 6792 | 8808 | 6823 | 6839 | 6855 | 6971 | @aa7 |Bo02 2 3 516 8 9111314
-84 16918 {6934 €950 | 6066 {6982 | 69987 7015 {7031 | 7047 | yo83 |2 3 5/8.8 10111815
85 ||7079 1 7008 | 7412 | 7120 | 7145 | 7161 | 7178 ! 7194 | 721+ 722882 3 57 8 1011218 15
86 (17244 | 7261 | 7278 | 7206 | 7311 ; 7328 | 7345 | r3e2 7378 1739612 3 617 8 10|12 1315
‘87 117413 1 7430 | 7447 | 7484 | 7482 | 7499 | 7516 {7534 | 7551 | 7568, 2 3 5|7 8 10{12 14 18
-88 17586 | 7603 | 7621 | 7638 [ 7668 | 7674 | 7691 | 7709 | 7727 7r45 |2 4 5{7 9 11{12 14 16
-89 {7762 | 7700 | 7798 | 7816 | 7834 7852 | 7870 | 7888 | 7007 792512 4 517 8 11[1314 16
90 17943 | 7962 ' 7980 | 7998 [ 8017 | 8035 | Bosd [ 8072 | s001 811012 4 6|7 9 1113 1517
91 8128 18147 | 8166 | 8185 | 8204 | 8222 | 8241 | 8260 B279 1829912 4 ‘6|8 9 11{13 1517
-92 18318 | 8337 | 8356 | 8375 [ 8895 | 8414 | 8433 8453 | 8472 |8492 12 4 618 10 12]14 15 7]
-83 {18511 18531 | 8551 [ 8570 | 8590 | 8610 | se30 8650 8670 [8690f2 4 8 (8 10 12|14 16 18
-94 118710 18750 | 8750 | 8770 | 8790 | 8810 | 8831 | 8851 | sa7n 889212 4 6|8 101214 16 18]
95 (18913 | 8933 | 8954 | 8974 | 8995 | 9016 | 9036 [ 9057 | 9078 | 009 2 4 6810121517 15
96 (9120 19141 | 9162 | 9188 |-9204 | 9226 | 0247 ozas 9290 [9311]2 4 618 11 13li517 19
97 119333 ] 9354 | 9376 19307 | 9419 | 8441 | 0ae2 [ 9484 | 9506 | 9528 {2 4 7(9-11 13{16 17 20
-98 10550 9572 | 9554 | 9616 |'9638 | 9661 | 9683 [ 0705 | 9727 | o750 b 4 719 111316 18 20
88 19772 | 9795 | 9817 | o840 9863 | sa8e’ 8808 {9931 | 9954 j9077 |2 = 719 11 14|16 18 20 -
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