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PHYSICAL SCIENCES
PAPER-II

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

questions. ;
1. The . Laplace trangfofm F(s) of a constant function fit) = ¢ is :
A) ¢ o ®) -
. s
.(C) cs . (D) Zero
2. The determinant of a 3 x 3 real -symmetric matrix is 16. If two of its elgen :

values are —1 and 2, then the sum of the eigen values is :
@) -9 | L ® -
© 1 DT

3. | Let P,(x) be a Legendre polym')miaI of degree n > 1, then :

1
J‘ (1 + 20P,(x)dx

-1
is equal to :
.. )-' * ’ l1 ‘»
(4) 0 : (B) 2n+1
‘ 2n n+l
© a1 B e
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4. Hz=2x2+ iy; the 'imagina;'y part of 22 is :
(&) 2xy | ©®) #2 -y
(C) 2xy ' D). 0

5. Which of the following equations is best represehted by adjoining graph :

logy

log x
@) my=a B y=mx+a
©C) y= +a ' M y=ax™

6. For rocket motion in free space, which of the following law is used for obtaining

its equation of motion ?:

(A) Conserv_atioﬂ of energy

(B) Conservatiﬁn of angular momentum
(Q) ' Conservatiori_ of linear momentum

D) Conservéﬁon of mass and energy
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7. . If-the force is inverse square in character and attractive, then :

(A) <K.E.>

= <P.E> . "~ (B) <KE> =—<P. E>
RSO ' 1
(C) <K.E.» = ~3 <P. E> D) <K.E> = §<P. E.>

(Here angular bracket indicates time averaged value of the quantity, over

long time.)

8. The magnitude of Earth’s gravitational force on a point mass is F(r), where

. ris the distance of point mass from the Earth’s center If the mass is kept

\‘J

R
catr = 5 where R is the radius of the Earth, then what -is the value of
2

(zi\) 3 B) 2

© 4 S D g

9. | A satellite in an elliptical orbit around a planet with radius ot: 4000 miles,
has a periéee of 500 miles from tht; surface of the ‘planei:. Apogee is at 2000
miles from the surface of the plaﬁet. If maximum speed of the satellite is
160(50 @ledhour, what is its, minimum speed ?

(A) 16,000 mileshour ... . (B) 14,000 miles/hour

(C) 12,000 milés/our . (D) 8,000 miles/hour _
Phy. Sci1I o a - (PT.0]




10. A particle of mass m 'that moves along the x-axis has potential energy
V(x) =a + bx2, where a and b are positive constants. Its initial velocity at

x = 0 is Vj; it will execute SHM, with frequency determined by :
(A) b alone (B) a and b only.

(C) b and VO only 7 (D) b and m only

11. A charged partlcle is released from rest in a reglon where there is a constant
electric field and a constant magnetic field. If the two fields are parallel, then

the path of the particle is : . ’ "

(A) Circle , | (B) Pal-'“z;bola

(C) Straight line - O Helix
12.  Self inductance ;)f a coil :

(A) is always positive

(B) is proportional to % Co L

(C) is pmpoftioﬁ.aa.i to 12
(D) is zero When current I bassihg tilr(;ugh it is ;'zerfo
13.  Which of the follo.wing is. nbn—c:iisﬁersiire for EM wave in visible 'region ?
(A) Glass ‘ - (B) Wai:er
‘ (C) Vaéuu_m . | _ D) Diamond

Phy. Sci.-II ' 8




14.

15.

16.

17.

The work required to take a charge ¢ from a distance d in front of an infinite,

grounded conducting plane to infinite distance from the plane is :

1 4 | o1 4
) fre, 2d B dne, 4d
. q 1 ¢*

Which of the following Maxwell’s equations dictate that EM waves must be

transverse in nature ?

® v.D=0 '. @) V.8 =0
> . -
Gi) VxE<-2B ) vxH=-22
ot .at
Codes : ‘ _ |
(A ) and Gi) " (B) ) and (i)
(© Gii) and ) (D) Gi) and Gv)
E is orbital IIn;)mentum op.erator, then E X z is :
) 0 (B) L2
©) 10 + D : O L
Expectation valﬁe of an operator V m qua_ntﬂm mechanics is represented
by : . | |
(A) (—%L)@ ®) <v|V|v>
(wlw)
(©) <w|%w> | ©) Veyly>

Phy. Sci.-II | , | 9 | | P-T.0]



18.

19,

20.

21.

© Ach _ | (D)

The energy levels of a particle with mass m and rigid one dimensional box

‘of length L, are given by :

nL . - ) oml?
Jni— B _
@ 5 . B 2.3
- 2 2,2
n“n“h . nh
c (D) —
© oml? L

Which of the following is a quantum mechanical wave function for a free

particle in one dimension, moving in positive x-direction ?

(A)  Aetkx : (B) Ae ik

) Aeikx
X

The eigenvalues of a Hermitian operator must be :
(A) Positive _ (B) Negative

(C) Real ) " (D) Complex

A black body at temperature T radiates at a power of 80 mW. The same black

’ T ‘ .
body at temperature 3 will radiate at a power level of :

(A) 40 mW - (B) -_3% mwW

© 65mW D) 10 mW

Phy.Sci-ll . . ' ‘ 10




22. Boltzman’s grave is éngraved wi.th the forﬁ‘n;la S=kinW here
(A) W is the number of macro states in the system
(B) W is the _nuinber of micro states in the system
(C) W is the ﬂnumber. of particles in the system
(D) W is the work required'-to assemble the system
-23.  Which of the particles do not obey Fermi-Dirac statistics ?
(A). Pions .' | o (B) Electrons
(C) hNeutrons - (D) Quarks
24, Whatis the.diﬁ'érehce.a between Einstein’s fheory of specific heat and Debye’s
theory of specific heat ' o |
(A) Einst’éin’é theory describes high tem-pe_ra.ture limit succes;fully while thg
other fails in the high' temperafure region | |
(Bj Einétein’s theory involve;s 'quantizatioh of vibfationai ene;;gy while
Debye’s'theory does not take into account the quantization of vibi'afional
energy
()] Einstein’;.;, theory im_mlv;as fixed frequency of vibration while Debye’s
. theory involves vibrational .frequency distribution ' |
(D) Einstein’s 'theo;'y iﬁvolves frequency distribution “;hiie- f)ebyé’s theory

assumes ﬁxéd frequency vibration _ _
. Phy.Sci-II . 11 - o ' [P-T-O-]_




25. According to the equipartition theorem, each degree of freedom, in which the
corresponding co-ordinate appears quadratically in the Ha_rniltonia_r_l has an .

average energy of :

(A) k_T - (B) k_:;I‘_
AT o T
(C) - (D) B

26. In which of the following configurations of BJT amplifier ilas high input |

impedence and low output impedence ?

. - (A) CE | ~ "® CB
- © cC | | (D) Both in CB and CC
| | 27 The reduction in width of base of a transistor is due to :
| (A) zener breakdown _ (B) a_.vz-.llanch-e bréakdown :
(C) thermal breakdown E (D) t‘aarly‘ef.fect
28. LDRis a :
| " (A) p-n junction _ . (B) bulk semiconductor
(C) dielectric material D p-n;p-n structure

29. The maximurp rate of change of output voltage with time in an operational

amplifier is called :

(A) CMRR _ (B) Slew rate

(C) Off set voltage - (D} Supply voltage
Phy.Sil 12




30. ~ What is the approximate error due to digitization when analog voltage in

the range 0 to 4 V isico.nverted using 10 bit ADC ?
(A) 04V . (B) 16 mV
© 4mv. . ™ 02V
31. ﬂagnetic properties' of material can be studied by :
(A) X—ray diffraction | _ (B) Eleétron diffraction
(C) Neu’trcm_ diffraction | (D) L;sgr diﬁ*:raction
32, A CRO has 8 _big ,'divisions, each having 5 small divisions on the vertical

axis of the screen. If the gain knob is-at 2 V per big division, what is the

resolution in voltage measurement ? '

(A) 400 mV (B) 250 mV

(C) 50 mV o - D) 2000 mV
33, Which is the fastest ADC >

(.A) Dual slope ADC

(I;) Flash ADC'-

(C) Cou.nter method ADC

m) Successive approximation ADC

Phy. Sl : 13 - PTO] -




34.

- 35.

36.

- 87..

Arrange following in order of 'inéreasing energy content in photon.
(1) Infra red - .;. "(2) X-ray

(3) Gamma ray ' ' (4) Radio wave

@w@w @ @ o

® O @ @& @

O ® @ O @

® @ @O Q@ @

LVDT is a : |
(A) Capacitative tra_nsdui:ér (B) -Resistive transducer |
(C) Inductive transducer * . (D) Temperature transducer

Sodium doublet radiation is due to :
(A) Hyperﬁné interaction
(B) Spint-orbit interaction

(C) Lamb shift

(D} j4 coupling

For which of the following set of operators it is not possible to find simultaneous
set of eigén functions for hydrogen atom ?

A) H, L% L, S ‘ (B) H, L2, Lx.'

© H, L, SN D H, L, L, -

"Phy. Sci.-II ’ 14




38.

39.

40.

41,

42.

 The radius of first orbit of hydrogen atom is :

(A) 0.0529 nm - (B) 0.529 nm"
(C) 529 A : (D) 0.0529 A

The energy E of K, x-rays emitted from targets of different atomic number

z, varies as :

A) 22 : - (B) 23
© z D

The typical wavelengths emitted'by diatomic molecules in pufely rotational

and purely vibrational transitions are respectively in the region of :

(A) Visible, infra-red . (B) Microwave, infra-red

(C) Infra-red, visible " (D) Microwave, visible

The cyclotron frequency of a Bloch electron with effective mass m*, in

magnetic field B is :*

' L em*
® w= ® = %
B E
© w= me D) w, = em*B

An atom displaced to interstitial site, creating nearby vacancy is

called : - ' : ek
(A) interstitisl - . (B) Schottky defect
(C) Frenkel defect ' (D) Skew dislocation
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43.

The repulsive part of the van der Waal’s interaction potential varies as r*,

** where n is :
(A) -2 | ' (B) —4

45.

46.

© -6 - D) -12

One orthorhombig and the other cubic solid are 'gi\}en. At low temperature
the behaviour of the lattice contribution to the specific heat will depend as

a function of 'temperatufé T ;aé D

(A) T2 for cubic, T% f(;r_orthorhombiq

B} T for cubic; T3 for ort};orhombic

(C T for botﬂ solids |

D) T for both solids : - o

The energy of a spin wave is quantizedl. Then the quantized unit. is

called :
. (A} Phonon ' (B) Magnon
(C) Polaron | : (D) Exciton

Which of the following reactions violates the lepton number conservation ? .
A e +e” v, + v, B) e“+po>v, +n
(C) e+'+n—>p+ve . D) wwoe +v

Wt Ve
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47. Typical energy of a thermal neutron in a nuclear reactor is of the

_ order of :
(A) 0.02 eV (B) 2 KeV
() 2 MeV - (D) 200 MeV

48. Except for mass, the properties. of muon, mosf closely-resembles the
p.roperties of : . o ' : .
(&) dlectron . (B photon
(C) .p'ionl ‘ (15) neutron
49_. A uranium 'nucleus at rest decays aS'.gi;en :
2y, By, 4.
Whichr of the following is correct ?‘

(A) Each decay product has same kinetic energy

(B) The helium nucleus has more kinetic energy than that of the thorium

" nucleus
(C) Each decay product has same speed
(D) The decay products tend to go in the same direction

00. ’i‘he ground state spin _and périty of _},7F nuclgus is :

N o

+ .
w @ . - ®

(&)

ba]on
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ANTILOGARITHMS

; Mean Difiarences -_1
o |1 2 |3 | a s |6 |7 | 8 ¥ W2 3]a s 6(7 809
. —
50 (3162 {3170 8177 | 3184 | 3192 [ 3198 | 2206 3214 3221|2281 1 2|3 4 45 6 7).
51 {13236 | 3243 | 3251 [ 3258 | 3266 | 3273 | 3281 | 3289 | Guve [8304 1t 2 2(3 4 5]5 6 7
s2 la311 | 3319 | 3327 |-3334 | 3342 | 3350 | 8357 | 3365 | 8373 |3381{1 2 23.4 515 6 7
53 {ia388 | 3396 | 3404 | 3412 | 3420 | 3428 | 3436 [ 3443 [ 3451 }13459[1 2 2(3 4 5|6 6 7!
54 [lase7 13475 1. 5483 | 3491 | 2409 | 3508 | 3516|3524 | 3832 135401 2 2|3 4 5]6.6 7
.85 3548 {3656 | 3580 | 3573 {3581 | asee | 3507 | 3606 | 3614 [a622 |1 2 2|24 5|677
56 [|3631 | 3639 | 3648 | 3656 | 3664 | 3673 | 3681 3690 | 3698 (37071 2 3{3 4 5)6 7 6
57 ||3715 | 3724 | 3733 { 3741 {3780 | 3758 | 3767 | 3776 | 3784 |8763 |1 2 3 (3 4 518 7 8
.58 ||lasoz | 3811 | 3819 | 3828 | 3837 | 3846 | 3065 | 3664 | 3873 [368211 2 3[4 4 5|6 7 8
59 113800 | 5899 | 3008 | 3917 | 3926 | 3936-| 3945 | 3954 | 3965 {38721 .2 3[4 5 5)6 7 8}
B0 {|3981 | 3090 | 3999 | 4009 | 2018 | 4027 | 4038 | 4046 | 4055 |40641 2 3 |4 5 8B]6 7 8
.81 |la07a4 | 4083 | 4093 | 4102 {41111 4121 4130' 4140 | 4150 | 4159 1 2 3|4 5.8|7 8 9
B2 (la1e9 | 4178 ; 4188 | 4198 L4207 | 4217 | 4227 | 4236 | 9246 42_56 12 3|4 5 6|7 8 9
63 (|a268 | 4276 | 4285 | 4205 [ 4305 | 3315 | 4325 | 4335 | 4345 |4355 |1 2 34 5 6|7 8 9
164 (14365 | 4375 | 4385 | 4306 [4406 | 4415 | 44264436 | 4448 [ 4457 |1 2 34 5 € 789
65 (14467 | 4477 | 4487 | 4998 14508 | 4519 | 4529 [ 4530 | 4550 |4560 )|y 2 3i4 5 B{7 8 D
.88 {4571 {45081 { 4502 | 4603 { 4613 | 4624 [ 4634 | 46451 4656 | 4667.[1 2 3|4 5 6l7 9.10
87 ||lae77 | 4888'| 4699 [ 4710 | 4721 | 4732 | 4742 | 4753 | 4764 [4775}1 2 3(4 5 7|8 9 10
.88 [|4786 | 4797 | 4808 | 4819 | 4831 | 4842 | 4853 [4864.1 4875 (4887 |1 2 3|4 8 7|8 9 10
89 114896 | 4500 | 4020 § 4032 | 4943 | 4955 {4966 | 4977 | 4989 [5000]1 2 35 6 7|8 9 10
70 |i3012 [5023 | 5035 | 5047 | 8058 | 5070 {5082 {5093 [ 5105 [5147]1 2 a|s & 7]|e 9 11
71 115129 1 $140 | 5152 | 5164 {8176 | 5188 | 5200 | 5212.| 6224 |5236{1 2 4{5 & 7|8 1011
72 (15248 | 5260 | 5272 | 5284 [ 8297 | 5308 | 5323 ;5333 | 6346 |sasa |1 2 415 6 719 1011
73 [|8370 [ 5383 | 5305 | 5408 | 5420 | 5433 | 8445 | 5458 5470 [ 548311 3 415 6.8[9 1011
- -74 115495 | 6508 | 6521 | 5534 | 5546 | 5559 | 5572 | 5565 | 5598 |s610]1. 3 4|5 6 8|9 1012
.75 |15623 } 5636 | 5649 | 5662 | 5675 | 5689 | 5702 | 5715|5728 {5741 {1 3 a{s 7 8|9 1012
76 ||5754 15768 | 5781 | 5704 | 8808 | 5821 {5834 | 5848 [ 5861 {5675 |1 3 4i5 7 alsg 11 12§
-77 (15888 | 902 | 5916 | 5920 16943 | 5657 | 5970 [ 5984 | s0p8 [6012|1 3 4.5 7 B{1011 12
-78 ||6026 { 6039 | 6053 | 6067 | 6081 | 6085 | 6109 {6124 | 5138 | 6152 |1 2 4(6 7 B8 l1011 13
-79 16166 | 6180 | 8164 | 6200 [ 6223 | 6237 | 8252 | 5266 | 6281 |6255 {1 3 4|6 7.9 (101113
-80 ||6310 | 8324 | 6339 | 6353 | 6368 | 6383 | 6297 |6d12{ 6427 {64421 3 46 7 .90 l10121s
-81 116457 16471 | 8486 [ 6501 | 6516| 6531 | 6546 J6se1 { 6577|6592 (2 3 8|6 8 91112 14
82 [|6607 16622 | 6637 | 6653 | 6668 | 6683 | 6690|6714 {-6730 J'6745{2 3 s{6 8 9|11 12 14
63 116761 | 8776 | 6702 | 6608 [ 6823 | 6630 [ 6855 {6871 | @857 |690242' 3 S{6 8 9|11 1314
B4 16018 16934 6050 | 8968 | 6982 | 6908 7015 | 7031 | 7047 | 7oe3 |2 3 6{8.8 10/11 1315
-85 17070 | 7098 | 7112 | 7128 | 7145 | 7161 { 7178 | 7104 | 7217 [ 722802 3 5]7 8 10l12 13 15
86 (7244 17261 | 7278 | 7205 | 7311 | 7320 |7345 | 7362 ;2379 {7908 [2 3 & (7. 8 1ohi2 1318
87 17413 | 7430 | 7447 | 74nq [ 7482 | 7499 | 7518 {7534 | 7551.| 7568 [2 3. 5|7 © 10l12 14 8
88 17586 17603 | 7621 | 7630 {7606 | 7674 ' 7689117700 | 7727 | 7745 |2 4 5|7 o 1112 14 18
-89 [7762°| 7760 | 7298 | 7816 | 7834-| 7852 | 7870 | 7680 | 7007 | 7025 [2 4 5|7 9 111314 16
90 117943 [ 7962 ' 7960 | 798 | 8017 | 8035 8054 | 8072 | 6091 [8110)2 4 6|7 o 11215 17
91 1612818147 | 8168 | 8185 | 8204 | 8222 [ B241 | 8260 | 8279 |8299 {2 4 6|8 9 1113 15 17
92 118318 18337 | 8356 |- 8375 [ 6395 | 8414 | 8433 | 8453 B472 1848212 4 8|8 10 12[14 15 17
93 118511 | 8831 | 8551 | 8570 | 8590 | 8610 | 8830 BGS0 8670 18690(2 4 &8 10 12{14 18 18
-94 118710 18730 | 6750 | 8770 { 8790 | 6810 (8831 | 8851 |'8672 | segz |2 4 6|8 1012418 18
96 18613 | 8033 | B9s4 | 8974 | 8995 | 9016 | 9036 | e057 | S078 60892 4 6|8 10 12/15 17 49
98 119120 9141 | 9162 | 9183 {9204 | 9226 | 9247 | 0263 | 9200 931112 4 8|8 11 13h1517 19
97 19333 | 9354 | 9378 | 0397 | 9419 | 9441 | 9ae2 | 0424 | B508 952812 4 7|9 11 13/18 17 2
98 118550 | 9872 | 9594 { oute (0838 | 9as) | oess | o70s 9727 | 87802 4 ¥ }9 11 13|16 18 20,
-99 19772 | 9768 | 8817 | B840 | 9863 | sese | 9v0a | oean 8984 19977 |2 8 7|9 1114|168 18 2
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