CSIR PHYSICAL SCIENCES

Topic:- 705_PARTA_CSIR_FEB22_SET2

1) An inverted cone is filled with water at a constant rate. The volume of water inside the cone
as a function of time is represented by the curve

Time ———

TP I0¢ WP B TAF & T UFT T RIS 5. T9G & 1Y AP F 11 GHI & A" D SRl
GED

Time

[Question ID = 217][Question Description = 101_1466_GAP5__Q01]
1. A

[Option ID = 865]
2. B

[Option ID = 866]
3. C

[Option ID = 867]
4. D

[Option ID = 868]

2) A spacecraft flies at a constant height R above a planet of radius R. At the instant the spacecraft is over the north pole, the lowest latitude visible from the
spacecraft is:
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[Question ID = 218][Question Description = 102_1466_GAP5__Q02]
1. 0° (equator)

00 (aggreer Yaar)

[Option ID = 869]
2. 30°N

[Option ID = 870]
3. 45°N

[Option ID = 871]
4. 60°N

[Option ID = 872]

3) An experiment consists of tossing a coin 20 times. Such an experiment is performed 50 times. The number of heads and the number of tails in each
experiment are noted. What is the correlation coefficient between the two?
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[Question ID = 219][Question Description = 103_1466_GAP5__Q03]
1. -1

[Option ID = 873]
2. -20/50

[Option ID = 874]
3. 20/50

[Option ID = 875]
4. 1

[Option ID = 876]

4) Which of these groups of numbers has the smallest mean?
Group A: 1,2,3,4,5,6,7,8,9
Group B: 1,2,3,4,6,6,7,8,9
Group C: 1,2,2,4,5,6,7,8,9
Group D: 1,3,3,4,5,6,7,9,9



St orft Jizeeail a5 Jagel 3 I Roar Agrs @1 AreA oyoraa & ?
wgs Az 1,2,3,4,5,6,7,8,9
wE B 1,2,3,4,6,6,7,8,9
s C :1,2,2,4,5,6,7,8,9
g D :1,3,3,4,5,6,7,9,9

[Question ID = 220][Question Description = 104_1466_GAP5__Q04]
1. A

[Option ID = 877]
2. B

[Option ID = 878]
3. C

[Option ID = 879]
4. D

[Option ID = 880]

5) Identical balls are tightly arranged in the shape of an equilateral triangle with each side containing n balls. How many balls are there in the arrangement?
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[Question ID = 221][Question Description = 105_1466_GAP5__Q05]
1. n2/2

[Option ID = 881]
2. n(n+1)/2

[Option ID = 882]
3. n(n-1)/2

[Option ID = 883]
4. (n+1)2/2

[Option ID = 884]

6) A shopkeeper has a faulty pan balance with a zero offset. When an object is placed in the left plan it is balanced by a standard 100g weight. When it is
placed in the right pan it is balanced by a standard 80g weight. What is the actual weight of the object?
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[Question ID = 222][Question Description = 106_1466_GAP5__Q06]
1.90¢g

90 sqar

[Option ID = 885]
2. 88.88¢

88.88 ayar

[Option ID = 886]
3.95¢g

95 apat

[Option ID = 887]
4. 85¢g

85 apat
[Option ID = 888]

7) A and B start from the same point in opposite directions along a circular track simultaneously. Speed of B is 2/34 that of A. How many times will A and B cross
each other before meeting at the starting point?

A aB uw 8 fig A, ur fusta Remsii 3 , v gardR T U U AT 36T 9 WA 3 B B aifr, Adtaiftr o1 2 /3 3 yrew fig uz firerer A usd, A a B el ar vew- R @ ur
B3N ?

[Question ID = 223][Question Description = 107_1466_GAP5__Q07]
1.2

[Option ID = 889]
2.3

[Option ID = 890]
3.5

[Option ID = 891]
4. 4

[Option ID = 892]

8) Consider a solid cube of side 5 units. After painting, it is cut into cubes of 1 unit. Find the probability that a randomly chosen unit cube has only one side
painted.
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[Question ID = 224][Question Description = 108_1466_GAP5__Q08]
1. 56/125

[Option ID = 893]
2. 36/125

[Option ID = 894]
3. 44/125

[Option ID = 895]
4. 54/125

[Option ID = 896]

9) How many integers in the set {1,2,3,....... ,100} have exactly 3 divisors?
agea {1,2,3,....... ,100} & fepeot guriel & i 3 &t sirerd & ?

[Question ID = 225][Question Description = 109_1466_GAP5__Q09]
1. 4

[Option ID = 897]
2. 12

[Option ID = 898]
3.5

[Option ID = 899]
4.9

[Option ID = 900]

10) The arithmetic and geometric means of two numbers are 65 and 25, respectively. What are these two numbers?
Sl A3l D AATAR d VIR A Hagr: 65 a 253 A AR = & ?

[Question ID = 226][Question Description = 110_1466_GAP5__Q10]

1. 110, 20

[Option ID = 901]
2. 115,15

[Option ID = 902]
3. 120,10

[Option ID = 903]
4. 125,5

[Option ID = 904]

11) Shyam spent half of his money and was left with as many as he had rupees before, but with half as many rupees as he had paise before. Which of the
following is a possible amount of money he is left with?
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[Question ID = 227][Question Description = 111_1466_GAP5__Q11]
1. 49 rupees and 98 paise

49 3w iz 98 T

[Option ID = 905]
2. 49 rupees and 99 paise

49 PR 3k 99 Tx

[Option ID = 906]
3. 99 rupees and 99 paise

99 Fw iz 99 WX

[Option ID = 907]
4. 99 rupees and 98 paise

99 @ 3ikz 98 B
[Option ID = 908]

12) A cylindrical road roller having a diameter of 1.5m moves at a speed of 3km/h while levelling a road. How much length of the road will be levelled in 45
minutes?
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[Question ID = 228][Question Description = 112_1466_GAP5__Q12]
1. 2.25 km

2.25 fopaft

[Option ID = 909]
2. 0.375m km

0.375 fepoft

[Option ID = 910]
3. 0.75mkm

0.75 fepoft

[Option ID = 911]
4. 1.5km

1.5 foalt
[Option ID = 912]



13) An intravenous fluid is given to a child of 7.5 kg, at the rate of 20 drop/minute. The prescribed dose of the fluid is 40ml per kg of body weight. If the
volume of a drop is 0.05ml, how many hours are needed to complete the dose?
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[Question ID = 229][Question Description = 113_1466_GAP5__Q13]

1.2

[Option ID = 913]
2.3

[Option ID = 914]
3. 4

[Option ID = 915]
4.5

[Option ID = 916]

14) A cousin is a non-sibling with a common ancestor. If there is exactly one pair of siblings in a group of 5 persons then the maximum possible number of pairs
of cousins in the group is
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[Question ID = 230][Question Description = 114_1466_GAP5__Q14]

1.3

[Option ID = 917]
2.6

[Option ID = 918]
3.9

[Option ID = 919]
4. 10

[Option ID = 920]

15) In a tournament with 8 teams, a win fetches 3 points and a draw, 1. After all teams have played three matches each, total number of points earned by all
teams put together must lie between
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[Question ID = 231][Question Description = 115_1466_GAP5__Q15]
1. 24 and 36

24 31 36

[Option ID = 921]
2. 24 and 32

24 3z 32

[Option ID = 922]
3. 12 and 24

12 3z 24

[Option ID = 923]
4. 32 and 48

32 3l 48

[Option ID = 924]

16) An appropriate diagram to represent the relations between the categories KEYBOARD, HARDWARE,OPERATING SYSTEM and CPU is
APEl, DS , SRR, siffeer Rrecar , a My, & dea AFee gorfar v Iuy g 3
[Question ID = 232][Question Description = 116_1466_GAP5__Q16]

[Option ID = 925]

.

[Option ID = 926]

. L[]




[Option ID = 927]

L ]

[Option ID = 928]

17)
Trade figures and populations in appropriate units in a certain year are given for 7 countries.

= Export

~ mimport

x ' 1 .

If countries are ranked according to the difference in their per capita exports over import,

then the best and worst ranking countries are respectively
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[Question ID = 233][Question Description = 117_1466_GAP5__Q17]
1. Cand A

CaA

[Option ID = 929]
2. AandE

AaE

[Option ID = 930]
3. Cand B

CaB

[Option ID = 931]
4. Aand F

AaF

[Option ID = 932]

18) At least two among three persons A, B and C are truthful. If A calls B a liar and if B calls C a liar, then which of the following is FALSE?

et cafepl A, B, C 3 31 o1 3 @dt ol AcIardt 3 afe A, B @1 gio1 dieren 3 aen B, C ot 311 dicrar 3 ad foreet 3 2 BlolAT el e 37

[Question ID = 234][Question Description = 118_1466_GAP5__Q18]
1. Ais truthful

A Jmarct 3

[Option ID = 933]
2. Bis truthful

B Jrerardt 3

[Option ID = 934]
3. Cis truthful

C Jreerarct 3

[Option ID = 935]
4. At least one is a liar

DI A DA 0D RIRD ST &
[Option ID = 936]

19) The maximum area of a right-angled triangle inscribed in a circle of radius r is

0 s @ v g 3 stoafoifda ol wrerplvIfeyst ot siffrpan  giqwe 3



[Question ID = 235][Question Description = 119_1466_GAP5__Q19]

1.

212

[Option ID = 937]

. 122

[Option ID = 938]

. r2r?

[Option ID = 939]
,-Z

[Option ID = 940]

20)
If we replace the mathematical operations in the expression (11+4-2) +-24x6 as given in the
table:

Operation + |= |x [=

Replacedby (- |x |+ |+

then its new value is

A (11 + 4-2) + 24 x 6 H GG gF T Tigeared & & Tl <90 & 9K uRafdd #14

Operation = [ e
Replacedby |- |[x |+ |+
@ AR -

[Question ID = 236][Question Description = 120_1466_GAP5__Q20]

1.

23/6
[Option ID = 941]

1

[Option ID = 942]

.18

[Option ID = 943]

.7

[Option ID = 944]

Topic:- 705_PARTB_CSIR_FEB22_SET2

1) A particle in one dimension executes oscillatory motion in a potential V(x) = A|x|, where

A >0 is a constant of appropriate dimension. If the time period T of its oscillation depends

on the total energy E as E¥, then the value of ais

@ v(x)= alx| , 98T 4 > 0 U@ T fam o1 feRis &, & @ ®U oiod T 51 3
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[Question ID = 237][Question Description = 101_556_PSCB__QO01]

1.

1/3
[Option ID = 945]

. 1/2

[Option ID = 946]

. 2/3

[Option ID = 947]

. 3/4

[Option ID = 948]

2) The equation of motion of a one-dimensional forced harmonic oscillator in the presence of

2
a dissipative force is described by %+ 10:—’: +16x = 6te™% 4 4t%e~* The general form of

the particular solution, in terms of constants 4, B etc,, is

TSI

L 1102 1 16x = 6te™™ + 417" TP 4THN 99 1 UM H TP vifed TR o
TIa® @I 1 B uiedIfd @ar a1 Foai® 4,5 @t & 9o & i sa smamu wu &

[Question ID = 238][Question Description = 102_556_PSCB__Q02]
1.

t(At? + Bt +C)e ™ * + (Dt + E)e™®

[Option ID = 949]

2. (A2 +Bt+Cle® + (Dt + E)e™™



[Option ID = 950]

3. t(At* + Bt +C)e ¥ +t(Dt + E)e™™

[Option ID = 951]

4 (A +Bt+C)e™™ +t(Dt+E)e™™

[Option ID = 952]

3) The vector potential for an almost point like magnetic dipole located at the origin is

in@ _ 3 ’ o o !
A= 'u:lnz ¢ . where (r,0,¢) dencte the spherical polar coordinates and ¢ is the unit
or

vector along ¢ . A particle of mass m and charge g, moving in the equatorial plane of the

dipole, starts at time = t = 0 with an initial speed v, and an impact parameter b. Its
instantaneous speed at the point of closest approach is

7 feig W fRud U feigad grawia faga @ fom wiew fawa

pEinf

= e &, 8l (r.6,¢)
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[Question ID = 239][Question Description = 103_556_PSCB__Q03]

1.

Vg

[Option ID = 953]

2. 0/0

[Option ID = 954]
Bq

3y ———

4.

[Option ID = 955]
1q 2

2z
vg + (%mbz) :

[Option ID = 956]

4) A particle, thrown with a speed v from the earth's surface, attains a maximum height h

(measured from the surface of the earth). If v is half the escape velocity and R denotes the
radius of earth, then h/R is

] F1 Ude v 91 U b+ W IS &0l (U] 31 g § AIftd) Jewd $dis h U Sl
21 0fg v UdRE &1 @1 3141 & 9ul R ged] B B o) REfd #ar 2, 99 m/R 8

[Question ID = 240][Question Description = 104_556_PSCB__Q04]

1.

2.

3.

2/3

[Option ID = 957]
1/3

[Option ID = 958]
1/4

[Option ID = 959]

4. 1/2

[Option ID = 960]

5) A particle of mass 1 GeV/c® and its antiparticle, both moving with the same speed v ,

produce a new particle X of mass 10 GeV//c* in a head-on collision. The minimum value of
v required for this process is closest to

1 GeV/ ¢ ZEIHH @1 BUI aYT SHEHT Ufadu, GH1 T0H 7 v ¥ THIE a®me | 10 GeV/ 6°
SETH % U6 U BU X @I 30 B 8| 50 Ul g v @1 Hfie gHan o A &
fwean &

[Question ID = 241][Question Description = 105_556_PSCB__Q05]

1.

083 ¢

[Option ID = 961]

2. 093¢

[Option ID = 962]

3. 098¢

[Option ID = 963]

4. 088¢

[Option ID = 964]

6) The volume of the region common to the interiors of twe infinitely long cylinders defined by

x* + y* = 25and x* + 4z® = 25is best approximated by

x2 + y? = 25 Ul x? + 422 = 25 g UNEIOGE &1 3-d daiE a1d STl & Sia®y Iwged
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[Question ID = 242][Question Description = 106_556_PSCB__Q06]
1. 225

[Option ID = 965]
2. 333

[Option ID = 966]
3. 423

[Option ID = 967]
4. 625

[Option ID = 968]

7) The volume integral

1=HJA-(V><A) dix

is over a region V bounded by a surface £ (an infinitesimal area element being fidS , where

i is the outward unit normal). If it changes to I+ AI', when the vector A is changed to
A+ VA, then A1 can be expressed as

gagr dd oeg &3 v W HUdH GHIsd

1=fﬂa-(v><a) dix

et 3 9T &9 dd ads & X & 990 od (e 96y 21 Ifg TfEWA dla+va §
TiEfad S U T8 [+ Al T URERd gidl &, 99 A1 39 UPR 4 ffieiad [Gar o1 dddl &

[Question ID = 243][Question Description = 107_556_PSCB__Q07]

1. Jﬂv-(m x A) d3x

[Option ID = 969]

2 = m 724 dox

[Option ID = 970]

3. —# (VA x A) - fidS,

[Option ID = 971]

4. -nﬁ( VA - fids,
xz

[Option ID = 972]

8) A generic 3x 3 real matrix 4 has eigenvalues 0, 1 and 6, and I is the 3 X 3 identity matrix.

The quantity/quantities that cannot be determined from this information is/are the

T U 3 % 3 dRalas 3HTodg A & SHHaailie 9-0, 194 6%, TU I 3x 3 ToH 4R
B SHEIE T e genyamEned @1 o 98 e o uedl 6/

[Question ID = 244][Question Description = 108_556_PSCB__Q08]
eigenvalues of (I+4)7*

T 1+ A @ Ao AT
[Option ID = 973]
eigenvalues of (I +474)
"1+ A7 4) T TS W

[Option ID = 974]
determinant of ATA

" ATA @1 ERfUE

[Option ID = 975]
rank of 4

L4 BB

[Option ID = 976]

9) A discrete random variable X takes a value from the set { —1,0,1,2} with the corresponding
probabilities p(X) = 3/10, 2/10, 2/10 and 3/10, respectively. The probability distribution
q(¥) = (9(0),q(1),q(4)) of the random variable ¥ = X? is

U Srddd UEfad® WX HIa Wiliddrel p(x) = 3/10, 2/10, 2/10 TU1 3/10 & WY Y=
{-1,01,2} H U BAY : TF A9 Tdl & TEE® W Y= x> @ Widddal deq
q(¥) = (q(0),q(1),q(4)) &



[Question ID = 245][Question Description = 109_556_PSCB__Q09]
1.

(l £ 1)
5'5's
[Option ID = 977]
ol

5'2'10

[Option ID = 978]

3. (E 2 1)
s’s’s

[Option ID = 979]

* & 2
4. (_]_]_)
10 10° 5

[Option ID = 980]

10) The components of the electric field, in a region of space devoid of any charge or current

sources, are given to be E; = a; + X;-,,3b;;x;, where a; and b;; are constants independent

of the coordinates. The number of independent components of the matrix &;; is

Tt = o1 fagga Oid 9 59 & 89 4 e faggd a3 d 9eds

E =a, +Z;o103b,% TRIRUIT & Wele, Wdb, Fiiw @ @i Fadia §1 o1ogg b,
& add Uom! ol el s

[Question ID = 246][Question Description = 110_556_PSCB__Q10]

1.

5

[Option ID = 981]

2. 6

[Option ID = 982]

3.3

[Option ID = 983]

4. 4

[Option ID = 984]

11) A conducting wire in the shape of a circle lies on the (x.¥) -plane, with its centre at the

origin. A bar magnet moves with a constant velocity towards the wire along the z -axis (as
shown in the figure below).

v
L Observer
- - )
+Z ring in the
direction
of ammow

We take t = 0 to be the instant at which the midpoint of the magnet is at the centre of the
wire loop and the induced current to be positive when it is counter-clockwise as viewed by
the observer facing the loop and the incoming magnet. In these conventions, the best
schematic representation of the induced current I(t) as a function of ¢, is

(x,y) 90 R JABR H I0@ dR R4 g, o1 90 65 $% W1 UF aR (bar) 98 z -8
T AR a1 1 AR Fod 79 T 951 & (o & 1 97 4 g g )

v
. &— Observer
- - E--- N e
+z ring in the
direction
of arrow

a9 @1 79- fog IR U & S W B, 39 &0 I 8H ¢t = 0 Td &, a1 UG ¥R eFTe®
BT, 91d 31d §U 9a® Ul IR & THIE Bid: THdeid §RT ¢ oH § 98 aidiad &1 34 &ieal
¥t FBod & w9 F UG URT1(t) F19aq9 SRRey Ao g

[Question ID = 247][Question Description = 111_556_PSCB__Q11]

1.

/

A

0

[Option ID = 985]

I
i

[Option ID = 986]
!

A



[Option ID = 987]

!
i

[Option ID = 988]

12) In an experiment to measure the charge to mass ratio e/m of the electron by Thomson's
method, the values of the deflecting electric field and the accelerating potential are 6 x 10°
N/C (newton per coulomb) and 150 V, respectively. The magnitude of the magnetic field
that leads to zero deflection of the electron beam is closest to

urg Fafel G Soiaeia & SHIe aUT Go0HM & SFHUTd e/m & HIGH & [0 e Wl & s
faead & uT i fayd &1 A Sa: 6 x 105 N/C ((ge Ui Soke) Ud 150 v B 1 3hae
&\ & g fague um & o decta & @ v Fe & 9hime &

[Question ID = 248][Question Description = 112_556_PSCB__Q12]
1. 06T

[Option ID = 989]
2.1.2T

[Option ID = 990]
3. 04T

[Option ID = 991]
4. 0.8T

[Option ID = 992]

13) A monochromatic source emitting radiation with a certain frequency moves with a velocity v
away from a stationary observer A . It is moving towards another observer B (also at rest)
along a line joining the two. The frequencies of the radiation recorded by A and B are v,

. L H
and vg , respectively. If the ratio T 7, then the value of v/c is
A

% Fifi Mg &y fafe Iwfld &1 g3 Ue Uehatid 9k Td v 4 U 2R 1iaes
A GRAWEI T8 0F 0 Tdem B (@ I fRE § 8) @1 3R S &l g i W@ &
TR AW 21 A T B GRI fafaor &1 UiEa snghrdl o=t +, duTv, &1 3 g
:_:=7 %,\_'ﬁv/c Eﬁ”:ﬂ:i%

[Question ID = 249][Question Description = 113_556_PSCB__Q13]
1. 1/2
[Option ID = 993]
2. 1/4
[Option ID = 994]
3. 3/4
[Option ID = 995]
4. ﬁfz

[Option ID = 996]

14) The Hamiltonian of a particle of mass m in one-dimension is H = 2—p’“+ﬂ.|x|3r where
m

A >0 is a constant. If E; and Ej, respectively, denote the ground state energies of the
particle for A =1 and A =2 (in appropriate units) the ratio E,/E, is best approximated by

@ 50 & go0AH m & U &0 & affee!

H=_—p°+ilx 3 EI1>0 0F RRG 23R £, FUE, $A:A=1TqUA=2
(T3l #) 5 B &1 FEGH ofa Sl $f HEld $d € 99 E,/E, U
@ HdlaH iamed 8

[Question ID = 250][Question Description = 114_556_PSCB__Q14]
1. 1.260

[Option ID = 997]
2. 1.414

[Option ID = 998]
3. 1.516

[Option ID = 999]
4. 1.320

[Option ID = 1000]



15) A particle of mass m is in a one dimensional infinite potential well of length L , extending

from x =0 to x= L. When it is in the energy eigenstate labelled by (= =1,2,3,-)
the probability of finding it in the interval 0 = x < L/8 is 1/8. The minimum value of
n for which this is possible is

FHIMm DTG AU AaR L & UG- R AUd @a (el x=0 § x =L @ [awd 8)
ARISEmEnla =1,2,3,- ) 8N diftd Sul @ Hicae ST d8 d@o<x<1/8 &
Sfaua ¥ 5ud! tH @l uii@dr 1/8 21 e N g due 8 UG Ian AF &

[Question ID = 251][Question Description = 115_556_PSCB__Q15]

1.

[Option ID = 1001]
2.2

[Option ID = 1002]
3.6

[Option ID = 1003]
4. 8

[Option ID = 1004]

16) A two-state  system  evolves under the action of the Hamiltonian

H = Ey|lAYAl + (E, + 4)|BXB| , where |4) and |B} are its two orthonormal states. These
states transform to one another under parity, i.e. P|A)=|B)} and P|B)} = |4). If at time t =0
the system is in a state of definite parity P = 1, the earliest time t at which the probability
of finding the system in a state of parity P = —1 isone, is

BT H = EylAy(4l + (B, + 2)|BXBI , 581 |4) TY1 |B) 3HG ol WHAMY dilad sf@w 8, |

U Tgarvil M ol Bl 81 4 20wl Us T8¢ ¥ THaT (Parity) % 9gd H ®UiaRa 8ld &
3P Pla) = |B) TUTPIB)=|4) | TEt=0 THUWR B P =1 FEdTAa & 3@ g,
dl t & a0 O 50w O 38 P = —1 TOa1 31 361§ UH &1 Mibdd U6 erl, 98 8

[Question ID = 252][Question Description = 116_556_PSCB__Q16]

1.

2.

3.

4.

wh
24
[Option ID = 1005]

[Option ID = 1006]
3mh

24

[Option ID = 1007]
2mh

[Option ID = 1008]

17) The figures below depict three different wavefunctions of a particle confined to a one-

dimensionalbox -1 <x< 1

The wavefunctions that correspond to the maximum expectation values [{x}| (absolute
value of the mean position) and {x?), respectively, are

T H -1 < x < 1 T IR ve-Gh ol ¥ oes UF B0 & o At & diF &=
fEm gl

-

c
|
[]
X

TR VAR H17 (x| (ENER & FRUe IF) 997 (x2) & Wd a0k S99 8

[Question ID = 253][Question Description = 117_556_PSCB__Q17]

1.

Band C
B aer C

[Option ID = 1009]
. Band A

B aer A

[Option ID = 1010]
. CandB

Caar B

[Option ID = 1011]
. Aand B

Aqer B



[Option ID = 1012]

18) Which of the following two physical quantities cannot be measured simultaneously with arbitrary accuracy for the motion of a quantum particle in three
dimensions?
forret 3 21 fpot <t silferes AR @t fifeEr 3 v wmaica u1 &t a1fel & fore AreRe® Aeaferdr & A1l v WIR # AU ofdl e s ADar 3?7
[Question ID = 254][Question Description = 118_556_PSCB__Q18]
square of the radial position and z-component of angular momentum (r® and L)

| B e ol o SIm 9T B2 -Ued (? dulL,)

[Option ID = 1013]
x -compenents of linear and angular mementa (p, and L,)

e qul B Gl & x -Ted! (p, AUTL,)

[Option ID = 1014]
¥ -component of position and z-component of angular momentum (y and L)

feufy @1y -9e® qU DI YT &1 2 9@ (v qUL,)

[Option ID = 1015]
squares of the magnitudes of the linear and angular momenta (p® and L?)

YR ©d IO HaTil b URATN &1 @ (p® T L)

[Option ID = 1016]

1
2.

3.

19) The ratio C,/C, of the specific heats at constant pressure and volume of a monoatomic

ideal gas in two dimensions is

fafan H Uo-mAs el 19 &1 F1Ed gara 9y i s | fafiee Sl @i
U C,/Cy &

[Question ID = 255][Question Description = 119_556_PSCB__Q19]
1.3/2
[Option ID = 1017]
2. 2
[Option ID = 1018]
3. 5/3
[Option ID = 1019]
4. 5/2

[Option ID = 1020]

20) The volume and temperature of a spherical cavity filled with black body radiation are Vand
300 K, respectively. If it expands adiabatically to a volume 2V, its temperature will be closest

to

BT AR ¥ W 5 U@ 0 BIeI B 3190 3 aIHH AR V au1 300K 51 3 T8
FEdl & 9 2V MAdd a@ badl 8, 99 S9@1 d0EH FE & Meead s

[Question ID = 256][Question Description = 120_556_PSCB__Q20]
1. 150K

[Option ID = 1021]
2. 300K

[Option ID = 1022]
3. 250K

[Option ID = 1023]
4. 240K

[Option ID = 1024]

wp
21 The total number of phonon modes in a solid of volume ¥ is J- glw)dw = 3N, where N is
0

the number of primitive cells, w;, is the Debye frequency and density of photon modes is
g(w) = AVw® (with A>0 a constant). If the density of the solid doubles in a phase

transition, the Debye temperature 8, will

v e it B1F H BIHI Hs @ Pa Y& [* g(w)dw = 3N &, 6l N SHTeT ol B
TN E, w, [5a (Debye) T TUT g(w) = AVe? (FET4 > 0 TERRI® §) BiEH A1st & @
71 afE mraw dwm E S &1 uea G0 gl 9 8, 99 fEam aranE 6,

[Question ID = 257][Question Description = 121_556_PSCB__Q21]
increase by a factor of 2%/3

1. 5273 TITEI%W

[Option ID = 1025]
increase by a factor of 2%/3

2/* e

[Option ID = 1026]
decrease by a factor of 2%/3

¥ s TR



[Option ID = 1027]
decrease by a factor of 2%/3

4.
2173 IO g
[Option ID = 1028]

22) The position of a particle in one dimension changes in discrete steps. With each step it
moves to the right, however, the length of the step is drawn from a uniform distribution

2 1 1 s
from the interval |4 — Ew,it +Ew]' where 4 and w are positive constants. If X denotes

the distance from the starting point after N steps, the standard deviation +/{x2) — {¥)2 for
large values of N is

UH B @I (U THian F sRfad IR0 § Sead o) Udd WO & Y 08 a3 9gdl g,

W RO B A AR [A-2w, A+ iw] (@A T w TS RS 8) 1@ T
fTmm I e T g gy S s s g i gd ol x sRIFEa s g dan
& Jed AM 8¢ AF® AT [ — (02 ¢

[Question ID = 258][Question Description = 122_556_PSCB__Q22]
A
1. 5 X V’E

[Option ID = 1029]
2.4y X
2 3

[Option ID = 1030]
i

32X VN
[Option ID = 1031]
4. W ¥

FoalE

[Option ID = 1032]

23) In the LCR circuit shown below, the resistance R = 0.05 (), the inductance L =1 H and the
capacitance C = 0.04 F.

If the input v, is a square wave of angular frequency 1 rad/s, the output v,,, is best
approximated by a

fifrd Lor IOy & UG R = 0.05 Q IRSAIL =1 HIUTUIRGT € = 0.04 FBI

Yin R Vout

afe Ffaee v, SR SHGRT 1 rad/s &1 @ @ (square wave) §; dd f9fd v,,, &1 Ydlad IRidee 3

[Question ID = 259][Question Description = 123_556_PSCB__Q23]
1. square wave of angular frequency 1 rad/s

iorr sugfer 1 rad/s @t ast asst

[Option ID = 1033]
2. sine wave of angular frequency 1 rad/s

IfoRr smgfer 1 rad/s @t S (sine)asr

[Option ID = 1034]
3. square wave of angular frequency 5 rad/s

IfoRr smgfer 5 rad/s @t asf avr
[Option ID = 1035]
4. sine wave of angular frequency 5 rad/s

DIfdrr 3mgfer 5 rad/s @t SR (sine) at
[Option ID = 1036]

24) In an experiment, the velocity of a non-relativistic neutron is determined by measuring the
time (~ 50 ns) it takes to travel from the source to the detector kept at a distance L. Assume
that the error in the measurement of L is negligibly small. If we want to estimate the kinetic

AN s <2 BN T ERAEE miiimneise G R e e M e g srnteerstin gasimtec. mecoae | R el st o B et e T N



Iy y 40 WD e HIRULTVTD vl 0y alilldiaiy, L., (Ul ja 1 = VAua -, Ui Thaaiibiuin

permissible error [§t] in measuring the time of flight is nearest to

TF WA H, SN T2 $1 1 & HuRTFh UL gl W W 5l aF IH e
IS T (~ 50 ns) T A GRIFPAT @81 T899 o 6 L & A § 3 Suemfig @y 81
I 30 72 31 10 Sl T BT BT 5% B JUT, 3fq 187/T1 < 0.05 & TN HEI
91ed 8, 76 UaiiEH THY &1 10T § Heas Wigd 3fe |6t F= & Fdead grn

[Question ID = 260][Question Description = 124_556_PSCB__Q24]
1. 1.75ns

[Option ID = 1037]
2. 0.75ns

[Option ID = 1038]
3. 2.25ns

[Option ID = 1039]
4. 1.25ns

[Option ID = 1040]

25) The door of an X-ray machine room is fitted with a sensor D (0 is open and 1 is closed). It is also equipped with three fire sensors F1, F2 and F3 (each is 0
when disabled and 1 when enabled). The X-ray machine can operate only if the door is closed and at least 2 fire sensors are enabled. The logic circuit to ensure
that the machine can be operated is

uo X-fepzur a1ofiel @81 @1 cearsh Jde® D (0-wicron aen 1-sc o) A Alsra 3 As diar aifdar videmi F1, F2 aen F3 (yade 3 0 s ot aen 1 s/ afeg 3) 2 gafssa 3 X-
fepzur ar9fter et uf¥enfera aR, Al cearsh ¢ don den wa A ®a 2 el Adgm AR do1 A9fter B uf¥arcrer 3q difSras uf¥aer 3

[Question ID = 261][Question Description = 125_556_PSCB__Q25]

[Option ID = 1043]

F1

F2
F1
2
1
F3

[Option ID = 1044]
Topic:- 705_PARTC_CSIR_FEB22_SET2

1) If we use the Fourier transform ¢(x,y) = [e™ ¢, (¥)dk to solve the partial differential

equation

Fplxy) 18¢xy) m
B dy? 7}? ox? B ¥
{(x,¥): —0 <x< 00,0 <y <o} the Fourier modes ¢,(¥) depend ony as ¥® and ¥vE .
The values of @ and B are

¢(x,¥v) =0 in the half-plane

T T HE 0 {(x,y): — 00 < x < 0,0 < y < oo} T WP HgHa gUidEI

Foplxy) 1 8¢y m
s et — p(xyv)=0
ayz yz 9x2 + }’z ¢(x,v)

Bl 50 B & G0 Bl FUR ¢(x,y) = [ ¢, () de BT 3TN & &, a1 BRY A
G, (v), y° TUy? FECHy WAR T8« U FAFE

[Question ID = 262][Question Description = 101_557_PSCC__QO01]
S+ JTF (P T mP)and ; — 1140k + )




L+ JTFa T m)aul ;- T+ a0+ m)

[Option ID = 1045]
14+ [ITa(kiFmi)andi— [TT 4(k2+m?)

1+ T+ a2 +m2) T 1- 1+ 4k +m?)

[Option ID = 1046]

S+ VTFAETF ™) and ;— 31+ (K2 +md)

s HVIHAEEFm) T Lo T e + )

z
[Option ID = 1047]

142 /T+ (k7 +m?) and 1 — 3/T+ 2(k2 +m?)
4.
1

¥ 7 = v q
1+ 21+ 4R +m?) UL — 1+ 4(k* +m?)

[Option ID = 1048]

2) The Newton-Raphson method is to be used to determine the reciprocal of the number
x = 4, If we start with the initial guess 0.20 then after the first iteration the reciprocal is

T@ x = 4 & HepH & HuR0 TYEA-TEH (Newton-Raphson) T3l &1 IwiT gR1 faam wiral
T O 9 IR 30AF 0.20 ¥ TF T34 ¢, 98 WYH G-HIgHN & 916 &1 GshH o

[Question ID = 263][Question Description = 102_557_PSCC__Q02]
1. 0.23

[Option ID = 1049]
2. 0.24

[Option ID = 1050]
3. 0.25

[Option ID = 1051]
4. 0.26

[Option ID = 1052]

3) The Legendre polynomials B,(x) , n=0,1,2,-- , satisfying the orthogonality condition
f}an(x)Pm(x)dx =15 on the interval [-1,+1] , may be defined by the Rodrigues

Znt1l "M
¥, 2t

formula B,(x) = mm(xz —1)" . The value of the definite integral

[1,(4+ 2x = 3x% + 4x P (x)dx is

HERTT [-1,41] W TE@nigd sy [1 B, (0B, ()dx = ——5,, @ T B ad

=4 In+l "M

TS (Legendre) dgdq P,(x) n=0,1,2- B Afe™  (Rodrigues) R3El

B =L (-1 & ¥U ¥ uRvfd o o1 9eal 21 PR 90ed

2"nldx

S, (44 2x — 327 + 42%)P, (x)dx BIAA

[Question ID = 264][Question Description = 103_557_PSCC__Q03]
1. 3/5

[Option ID = 1053]
2. 11/15

[Option ID = 1054]
3..23/32

[Option ID = 1055]
4. 16/35

[Option ID = 1056]

: : . : 1 :
D A particle of mass m moves in a potential that is V=Em(m%xz+w§yz+m§zz) in the

coordinates of a non-inertial frame F . The frame F is rotating with respect to an inertial
frame with an angular velocity k2 , where k is the unit vector along their common z -axis.

The motion of the particle is unstable for all angular frequencies satisfying

FEAR m B UG B Aad BH F $ FHazie | 57 7y faug

v =3mwix® + wdy? + 0iz®) F AR A F To Yo $ & ded A SiftE W ke
Sgl k 3D IHY z -8l oW F 5818 9feW § & WY g6 I ¢ 1 i DIt gkl &
o @ @1 g el gl e

[Question ID = 265][Question Description = 104_557_PSCC__Q04]
@ - oD@ - wl) >0

[Option ID = 1057]
(07 — ] — w})< 0

[Option ID = 1058]
3. (-Qz —(ewy + Wz)g)(ﬂz —lewy — “’zlz) =0

[Option ID = 1059]



4.

n? =y + “’z)z)(ﬂz = lewy — f-‘-'zlz) =0

[Option ID = 1060]

5) The figure below shows an ideal capacitor consisting of two parallel circular plates of radius

R. PointsP; and P, are at a transverse distancer; > R from the line joining the centres of

the plates, while points P3 and P, are at a transverse distance 1 <R,

If B(x) denotes the magnitude of the magnetic fields at these points, which of the following

holds while the capacitor is charging?

i A R Fewn a1d o Il SR aRad § &1 e’ SUIRA §) fog £, @uT P, wiel
@ sl @ deAard W@ W TR Gl 1, > R W B, wdid [69g P, GUIR,, m <R U

AW EI

Py Py

1 7—
e e x
; P P,

e B(x) 31 dgai R da@10 &7 & URA & Feud 3 ¢, 99 SUE & LR e &
AT P S eI TS

[Question ID = 266][Question Description = 105_557_PSCC__Q05]

1.

1.

2. ¥x(vxB)= ——

3. Ux(vxB)= eu

4. Ux (vxB)=—\en

B(P,) < B(P;) and B(P;) < B(P,)
B (P)) < B(P,) TUIB(P;) < B(Py)
[Option ID = 1061]

B(P,) = B(P,) and B(P;) = B(P,)
B(P,) = B(P;) TUTB(P;) > B(Py)

[Option ID = 1062]
B(P,) = B(P,) and B(P;) < B(P,)

B(P,) = B(P,) TUTB(F;) < B(P,)

[Option ID = 1063]
B(P,) = B(P,) and B(P;) > B(P,)

B(P,) = B(P,) TUTB(P;) > B(P,)

[Option ID = 1064]

6) A perfectly conducting fluid, of permittivity & and permeability g, flows with a uniform

velocity v in the presence of time dependent electric and magnetic fields E and B ,

respectively. If there is a finite current density in the fluid, then

TIAGGAI® « TY IR ¢ T U g0l 910l 54, 990 IR R 95gd 16 dao g a7 oo
E TY1 B, B IUR & U 90F 7 v T 9841 81 I %9 & ufifiE 4R Tea B, 99

[Question ID = 267][Question Description = 106_557_PSCC__Q06]

OB
V><(v><B)=E

[Option ID = 1065]
a8
a8t

[Option ID = 1066]

[Option ID = 1067]
JE
'

[Option ID = 1068]

7) A laser beam propagates from fiber 1 to fiber 2 in a cavity made up of two optical fibers (as

shown in the figure). The loss factor of fiber 2 is 10 dB/km.

Fiber1  d=0 Fiber 2

N v/ /7

If E;(d) denotes the magnitude of the electric field in fiber 2 at a distance d from the



interface, the ratio E,(0)/E,(d) for d = 10 km, is

&l TR dgef (optical fiber) T FAfifd @ oex ¥ awr di0 dg 1 Y g 2 9@ GaRG gl &
(oran s forar & 52 3) 1 99 2 &7 4-T0n@ 10 de/km &1

Fiber1 d=0 Fiber 2

\ i

T Ey(d) Y ¥ d g4 W dg 2 9 [a5gd &7 & Ui &l Feid @l ¢, 9@ d = 10
km & oT0 E,(0)/E,(d) PT3MUW &

[Question ID = 268][Question Description = 107_557_PSCC__Q07]
1. 10?

[Option ID = 1069]
2. 103

[Option ID = 1070]
3. 108

[Option ID = 1071]
4. 107

[Option ID = 1072]

8) A particle in two dimensions is found to trace an orbit #(8) = 1y 8% If it is moving under

b

the influence of a central potential V(r) = ¢, v™® + ¢, 7%, where 1, , ¢, and ¢; are

constants of appropriate dimensions, the values of @ and b, respectively, are

i § T T r(8) = 6% T URUNT ®&T § UHG 21 AR o8 HEm fava
Vi) = * + cz‘r_brﬁlgi, rp, 6 ddle, ﬁ@ﬁﬁmwa ?tim-rlaff%, d9 a IR
b @1 T &, TA:

[Question ID = 269][Question Description = 108_557_PSCC__Q08]
1. 2and 4

2 aqer 4

[Option ID = 1073]
2. 2and3

2 qern 3

[Option ID = 1074]
3. 3and 4

3 aer 4

[Option ID = 1075]
4. 1and3

1 aen 3

[Option ID = 1076]

9) The fulcrum of a simple pendulum (consisting of a particle of mass m attached to the
support by a massless string of length € ) oscillates vertically as sin z(t) = asinwt , where w
is a constant. The pendulum moves in a vertical plane and 8(t) denotes its angular position
with respect to the z -axis.

d’8

If
edtl
equation of motion of the mass, then f(t) is

+sinf(g—f()) =0 (where g is the acceleration due to gravity) describes the

dag ¢ @I goaH At SN A dfi T semA m & Us &0 § &1 Us T Gla® &l
SR sinz(t) = asinwt (T8 0 UH RRE 5) ¥ URHITHT SHElR Gad $3dl 8l Ga® @Sl
o H Tforeiier & 9uT = -3 & el § 59% ovia Rud @t 6(r) YeEiars|

o +ZE 4 sin6(g-f()=0 (Tolg TETT TRU ) FEAH B - B, 7@
)8



1

[

Question ID = 270][Question Description = 109_557_PSCC__QO09]

aw’ cos wt

[Option ID = 1077]

- aw’ sin wt

[Option ID = 1078]

- —aw® coswt

[Option ID = 1079]

- —aw® sin wt

[Option ID = 1080]

10) A satellite of mass m orbits around earth in an elliptic trajectory of semi-major axis a . At a

radial distance r = 1, , measured from the centre of the earth, the kinetic energy is equal to
half the magnitude of the total energy. If M denotes the mass of the earth and the total

5 GMm .
energy is ——_—, the value of iy fa is nearest to

A m P U UG H%-9oq J1& a & Mg 0 Pl 3 g@ & aR! AR 94 Y1 & e
& Hg 9 Ot T g r = n, RO So1 oa Foll & TRET o ST §afe M gul &
e @l HEd B g 9Ul o Sel — 22 8, ddry/a I Rbdd HH E

2a

[Question ID = 271][Question Description = 110_557_PSCC__Q10]
1.

2.

3.

4.

1.33

[Option ID = 1081]
1.48

[Option ID = 1082]
1.25

[Option ID = 1083]
1.67

[Option ID = 1084]

11) A particle of mass m in one dimension is in the ground state of a simple harmonic oscillator

=
described by a Hamiltonian H = :; +§mm2x2 in the standard notation. An impulsive force
m

at time t = 0 suddenly imparts a momentum p, = Vhme to it. The probability that the

particle remains in the original ground state is

TG be 7 e H =2 +imo?x? GRI A0 FHTHm B UG U Hian 7 Wa
3ad GIa® & FEGH TR H B TG t=0 W U Y 59 GG 9B 9an
Py = Vime UGH BXA & DU @I HY FHGH a1 R 764 © Iied §

[Question ID = 272][Question Description = 111_557_PSCC__Q11]
1.

2.

e—z

[Option ID = 1085]
e~3/2

[Option ID = 1086]

3. 24

[Option ID = 1087]

4. 12

[Option ID = 1088]

12) The energies of a two-state quantum system are E; and E, +ah , (where a >0 is a

constant) and the corresponding normalized state vectors are [0} and |1}, respectively. At

time t = 0, when the system is in the state |0} , the potential is altered by a time
; B . o
independent term ¥ such that (1V]0} === The transition probability to the state [1) at

. 1.
timest < —, is

TS - [T T9eH YOI & Sl B, 3T B, + ah, (6 @ >0 UP HUd® &) Tl 97a
THHRIGd Al TG T [0) TU1|1) §lt = 0 AG W, Td YOIeh Sa=d [0) H g,
&g @1 1@ THg-FRUA UG v 3 5N 59 UeR § 9ad fean o & B (1ivio) =52 &

t> > TG O G |1) H I P UHH0 A0S &

[Question ID = 273][Question Description = 112_557_PSCC__Q12]
1.

a’t?/25.

[Option ID = 1089]

a’t?/50

[Option ID = 1090]

- a’t?/100

[Option ID = 1091]

- a’t?/200,



[Option ID = 1092]

13) In an elastic scattering process at an energy E , the phase shifts satisfy §, % 30°, §, # 10°,
while the other phase shifts are zero. The polar angle at which the differential cross section
peaks is closest to

TH TR THI0H UHH & F el 0, @l R0 (phase shif) §, % 30°, 8, ~ 10°, Sa@id
3 T AT 2 B 1 o0 ydig @101 W sama uikerd & 1 989 SOIel 8, 9 A &
fmeag &

[Question ID = 274][Question Description = 113_557_PSCC__Q13]
1. 20°

[Option ID = 1093]
2. 10°

[Option ID = 1094]
3. o°

[Option ID = 1095]
4. 30°

[Option ID = 1096]

14) The unnormalized wavefunction of a particle in one dimension in an infinite square well with
wallsatx =0 and x=a, is ¥(x) = x(a—x) . If Y(x) is expanded as a linear combination

of the energy eigenfunctions, f; [@(x)|*dx is proportional to the infinite series

(You may use

f:tsint dt = —acosa +sina
and

a3 . - .
fot sint dt = —2 — (a* — 2)cosa + 2asina)

U6 a9 x=0 T x=a W GERI ¥ 399 3Fd &gy ¥ F U6 U 31 3HIHEHIHT
TAHTH @(x) = x(a—x) & TG w(x) B FHoll HUTES Bol § (a® 499 & ¥4 H
TaEaRa T STY Al [ Iy (x) 12dx 71 3 40t & Sfrguifae grm

(3 f:tsint dt = —acosa +sina TYl f:tz sint dt = —2 — (a® — 2)cosa + 2asina @I

FUGR B FHd 8)

[Question ID = 275][Question Description = 114_557_PSCC__Q14]
1. Zo=(2n— 1372
[Option ID = 1097]
2 3r(en—1)
[Option ID = 1098]
3 ¥, (zn-1)2

[Option ID = 1099]
4 E@En—1)"

[Option ID = 1100]

15) The pressure of a gas in a vessel needs be maintained between 1.5 bar to 2.5 bar in an
experiment. The vessel is fitted with a pressure transducer that generates 4 mA to 20 mA
current for pressure in the range 1 bar to 5 bar. The current output of the transducer has a
linear dependence on the pressure.

The reference voltages ¥; and V; in the comparators in the circuit (shown in figure
above) suitable for the desired operating conditions, are, respectively

TEH T H Ue uE § 9 @1 €E 15 9 § 25 GR (bar) & d9 §91Y G &1 OF gE-
TOsTR T IfEd g, S 1 AR U5 IR P URERE4 mA ¥ 20 ma 4RI TS FAT B
TIISTER & 118 4RT g 1R e w0 3 FaRefia g

Frossuro

Readly

=fzsg ufraeg fufaal & & ( 9udag o & cffe) ooy § 9631 (comparaton & T



diced HHT: Y, aUlv, 2

[Question ID = 276][Question Description = 115_557_PSCC__Q15]
1. 2Vand 10V

2Vaar10V

[Option ID = 1101]
2. 2Vand5V

2Vaer 5V

[Option ID = 1102]
3. 3Vand 10V

3Vaer 10V

[Option ID = 1103]
4. 3Vand5V

3Vaemr 5V
[Option ID = 1104]

16) The nuclei of ¥ Cs decay by the emission of f - particles with a half life of 30.08 years. The
activity (in units of disintegrations per second or Bg) of a 1 mg source of *"Cs , prepared on

January 1, 1980, asmeasured on January 1, 2021 is closest to

187 ] AIN® 30,08 T8 P G- Siadd & WY B-HUI & Iodo- gRI &fd §id 81 1
TE, 1980 BT IR 61 T B¥cs & 1 mg WId B AlpTal (Wid Y U @ Sa
3l Bg H) 1 9Fa, 2021 B A0 € M9 & Fdead g

[Question ID = 277][Question Description = 116_557_PSCC__Q16]
1. 1.79 x 10'®

[Option ID = 1105]
2. 179 x 10°

[Option ID = 1106]
3. 1.24 % 10%

[Option ID = 1107]
4. 1.24x10°

[Option ID = 1108]
17) In the following circuit the input voltage V, is such that [V | < |V .| , where V., is the

saturation voltage of the op-amp. (Assume that the diede is an ideal one and R,C is much
larger than the duration of the measurement.)

v
[
. & 2 ;
g e e 3 /
Vo * i " 5 d g / \
W | -8 8
3 Ceh-L R U
- ! ™\
R L
<~ % el
Ground

For the input voltage as shown in the figure above, the output voltage V,,, is best
represented by

e Ru U ooy & a9 dieeaty, @ W@Re & v, | < v, |, 58l v, SfFaEe uade
(op-amp) B! U decdl 51 (@ for SIS T <62 SMIS & TUTR,c A0 &1 afd ¥ 9ga
HEAF BN

Sudas o o gy T e dieear & R g diear v, @ Tatas T Aefia e
gware

[Question ID = 278][Question Description = 117_557_PSCC__Q17]
Vou

[
12

10
1. 8
6

4
2[[;'
1 2 3 4

[Option ID = 1109]
out
A

12

10

N3 ®©



[Option ID = 1110]

Vit

>

1 2 3 4

[Option ID = 1111]

oul
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[Option ID = 1112]

18) To measure the height h of a column of liquid helium in a container, a constant current I' is

sent through an NbTi wire of length I, as shown in the figure. The normal state resistance of

the NbTi wireis R .

]

"I

If the superconducting transition temperature of NbTiis # 10 K, then the measured voltage

V(h) is best described by the expression

T U HEd Rt T WY B STE h @ AU & U TH 1 d9E arel NbTi R & J1EE 8
o fagga YR valed &1 Sl 6, oral b A H S@1ian T/ 81 NbTi GR & TEMRas]

RRIY R Bl

]

"I

Tfg NbTi BT SHTTIa® THA dUAH & 10 K §, 99 AUd dieedl (k) @I 59 @ gRl

S aftid [GaT o A@ai g

[Question ID = 279][Question Description = 118_557_PSCC__Q18]
m(-2)

[Option ID = 1113]
2 (1)

[Option ID = 1114]

3. IR(E—E)
2 i

[Option ID = 1115]
 1r(1-2)

[Option ID = 1116]

19) The energy levels of a non-degenerate quantum system are €, = nE, , where E,

constant and n =1,2,3,-- . At a temperature T , the free energy F can be expressed in

terms of the average energy E by

TS 3FIYE TgieH WU & Soll ©X €, = nE, ©, 95l £, U Hadid adl n=1,2,3, &l

AT R IAF Hal F B A0 Sl £ & Ual | g g e o 9adl &
[Question ID = 280][Question Description = 119_557_PSCC__Q19]
1. Ey+ksTin,

[Option ID = 1117]
E
2. Eq+2ksTln -

[Option ID = 1118]
E
3. E, —kBTlng

[Option ID = 1119]
E
4. Eg—2kzThn—



[Option ID = 1120]

20) A polymer, made up of N monomers, is in thermal equilibrium at temperature T . Each
monomer could be of length a or 2a . The first contributes zero energy, while the second
one contributes € . The average length (in units of Na ) of the polymer at temperature
T=c¢/kg is

N U@ (monomer) ¥ &1 T% Sga® dI99H T TR A0 Ir0Eel ¥ 2| U@ UHad a
Il 2a a1 &1 &l Yabdll &1 ForwH Ugel Uhad Y9 SHai &l ANGH Sl 8, Fai Gl e
FIARGH P81 T = e/k, AUHH W Igad o1 AGd Tals (Na B goldl §) 8

[Question ID = 281][Question Description = 120_557_PSCC__Q20]
1. 288

4+e

[Option ID = 1121]
d+g
3+
[Option ID = 1122]

3, 338

2+4e

[Option ID = 1123]

4. 2+e

1+e

[Option ID = 1124]

21) Balls of ten different colours labeled by @ = 1,2,--+,10 are to be distributed among different
coloured boxes. A ball can only go in a box of the same colour, and each box can contain at
most one ball. Let n, and N, denote, respectively, the numbers of balls and boxes of colour
a . Assuming that N, » n, > 1, the total entropy (in units of the Boltzmann constant) can
be best approximated by

a=1,210 §RI ¥fdd gg fire 1 @t 1e] &1 - 9 gl & famo el 81 wa g
THF 31 $ 994 H € Saq o Fhdl & 9YT UdE 599 & 94l ue 31 773 8 Tadl o 19 b
n, AU N, THRL o T & Tal @1 TS YT Sa5 @) 9= &1 Fefid & 8l 98 AFd g4
o N, »n, > 1 B, @ccotd RRi® & sHedl H) $d ISl &1 9aiad dAded &

[Question ID = 282][Question Description = 121_557_PSCC__Q21]
¥, (N,InN_ +n Inn, — (N, —n) In(N, — n.)
[Option ID = 1125]
2. X, (N In Ny — ngInng — (N, —ng) In(N, — 1))
[Option ID = 1126]
3. ¥, (W, InN, —n,Inn, + (N, —n,) In(N, — n,))
[Option ID = 1127]
4. X, (N, InN,+n_ Inn, + (N, —n,) In(N, —n,))

[Option ID = 1128]

22) The dispersion relation of a gas of non-interacting bosons in d dimensions is E(k) = ak®,

where a and s are positive constants. Bose-Einstein condensation will occur for all values of

fam d ¥ A ae S8 (boson) 19 &1 UREUY &Y E(k) =ak® B, S&l a a4l s
A Foa® gl 39 Wit 7E & O §19-35%218T (Bose-Einstein) T9T ®1Ud
B, foraes fau

[Question ID = 283][Question Description = 122_557_PSCC__Q22]
1.d>s

[Option ID = 1129]
2. d42>s5>d-2

[Option ID = 1130]
s > 2 independent of d

* s>2,d @ﬂ-ﬁ‘@l

[Option ID = 1131]
d > 2 independent of s

4.
d>2,5s P9 gt
[Option ID = 1132]
23) Lead is superconducting below 7 K and has a critical magnetic field 800 x 107* tesla close

to 0 K. At 2 K the critical current that flows through a long lead wire of radius 5 mm is
closest to

T 7 K & 19 e 81 8 9UT 0 K & e SU@! Hifds Ja@™ &7 800 x 107 A
81 5 mm FEr=mard te gl aR ¥ 2 K W 984 9ie Hifd® Y @ Heedd AH §



[Question ID = 284][Question Description = 123_557_PSCC__Q23]
1. 1760 A

[Option ID = 1133]
2. 1670 A

[Option ID = 1134]
3. 1950 A

[Option ID = 1135]
4. 1840 A

[Option ID = 1136]

24)  Potassium chloride forms an FCC lattice, in which K and Cl occupy alternating sites. The
density of KCl is 1.98 g /cm? and the atomic weights of K and Cl are 39.1 and 35.5,
respectively. The angles of incidence (in degrees) for which Bragg peaks will appear when
X-ray of wavelength 0.4 nm is shone on a KCl crystal are

eI 9ARES ¥ FCC SIAd ST &, foR K a1 €L TSIk ®IF - Jguad ¢ 1 KC1
BT EAE 1.98 g /em? TAT K TUT C1 3 ORATY] YR HHRT: 39.1 TAT35.5 ¢ | O1F KCI Whfed
(crystal) TR 0.4 nm T @ X0 &1 S1ar s a9 (&3 H) 39 s sivi &
%U@T&R@T(Bragg peak)wa‘ﬂ

[Question ID = 285][Question Description = 124_557_PSCC__Q24]

1. 18.5, 39.4 and 72.2
18.5, 39.4 qan 72.2

[Option ID = 1137]
2. 19.5 and 41.9

19.5 aen 41.9

[Option ID = 1138]
3. 12.5, 25.7, 40.5 and 60.0

12.5, 25.7, 40.5 aer 60.0

[Option ID = 1139]
4. 13.5, 27.8, 44.5 and 69.0

13.5, 27.8, 44.5 a2 69.0
[Option ID = 1140]

25) Inthereaction p + n —=p + K¥ + X, mediated by strong interaction, the baryon number
B, strangeness § and the third component of isospin I; of the particle X are, respectively

T HI ARG U a p + n—p + k¥ + X H x &0 & AU a04 =718,
wory s dur sgdada g, & J ves Huw gl

[Question ID = 286][Question Description = 125_557_PSCC__Q25]
—1,-1 and -1

i g

[Option ID = 1141]
+1,-1 and -1

T4, -1 AT -1

[Option ID = 1142]

+1,-2 and —i
3.

+1,-2 @UT-1

2

[Option ID = 1143]
—1,-1 and 0
-1,—1 IO

[Option ID = 1144]

26) A *°Co nucleus B-decays from its ground state with J*=5% to a state of ®*Ni with
J¥ = 4% . From the angular momentum selection rules, the allowed values of the orbital

angular momentum L and the total spin § of the electron-antineutrino pair are

€0Co YD AR j* = 5* U B -4W BIdR Ni @I J° = 4* TP AT E Il 21 divfig
ot 9o o 5 welia BV WA L 9T SaaeiA- TRl TG d 9wl s @1 Wigd A9
N

[Question ID = 287][Question Description = 126_557_PSCC__Q26]

L=0ands5=1
1.
L=0dYls=1

[Option ID = 1145]
L=1and5=0

2.
L=1d4yl5=0
[Option ID = 1146]
3 L=0and5=0

L=0dYis=0



[Option ID = 1147]

L=1and5=1
4.

L=1TdYs=1

[Option ID = 1148]

27) The Q -value of the @ -decay of ***Th to the ground state of **®*Ra is 4082 keV. The
maximum possible kinetic energy of the a -particle is closest to

W2Th § PBRa & A HIR P @ -5 FT Q - TH 4082 keV € | « -BU & HeaH TG
Tioe FHall &1 Hdean 7 8

[Question ID = 288][Question Description = 127_557_PSCC__Q27]
1. 4082 keV

[Option ID = 1149]
2. 4050 keV

[Option ID = 1150]
3. 4035 keV

[Option ID = 1151]
4. 4012 keV

[Option ID = 1152]

28) The |3,0,0) state (in the standard notation |n,l,m) ) of the H-atom in the non-relativistic
theory decays to the state  [1,0,0) via two dipole  transitions.

The transition route and the corresponding probability are

HAUTAET FUGAa & (In,1,m) ) TF® Hovad H) H-TSH @I [3,0,0) a1 1 &4 Fyd Goam
& HEH U (1,0,0) T TP 8idT & GHAT GY TUT TIa U@l &

[Question ID = 289][Question Description = 128_557_PSCC__Q28]
|3,0,0) = |2,1,—1) = |1,0,0) and 1/4

1.
13,0,0) = |2,1,—1) = |1,0,0) TYUT1/4

[Option ID = 1153]
13,0,0) » |2,1,1) — |1,0,0) and 1/4

2.
[3,0,0) = |2,1,1) — [1,0,0) TUT1/4
[Option ID = 1154]
R 13,0,0) = |2,1,0) — [1,0,0) and 1/3
" 13,0,0) = [2,1,0) = |1,0,0) U 1,3
[Option ID = 1155]
13,0,0) = |2,1,0) - |1,0,0) and 2/3
4.

13,0,0) = [2,1,0) — [1,0,0) dUT2/3

[Option ID = 1156]

29) A linear diatomic molecule consists of two identical small electric dipoles with an
equilibrium separation R , which is assumed to be a constant. Each dipole has charges 1q
of mass m separated by » when the molecule is at equilibrium. Each dipole can execute

simple harmonic motion of angular frequency w .

—r, P

® © @ O

—_—
R

Recall that the interaction potential between two dipoles of moments p; and p;,
separated by Ry, =Rpfi is (b, ps— 3(p, - W) (p, - 7))/ (4me,RE,) .

Assume that R » r and let 22 = . The angular frequencies of small oscillations of

4m ey mR®

the diatomic molecule are

TP IE® BWENE U Feae S R (S ue FOde 59 o 9od 8) i o
HIEU B fogad fydl € &1 21 9« 0] Iree § € 0dw fiyd § SomAm @ 4q
ST + AT W | U FEUd IV Mafd o & T TRe 1ad 1M @f FefEd o2 udd 2

Ly - .
® @ ® @
R
TG B {6 Ry, =R, A W UUGA p, aUl p, STYUT B iF! fgydl & H SFOOTHar faug
(1-’1 Py — 3(py ) (py- ﬁ))/‘(‘}ﬂfoRi‘z) %[

AR R » r QT 02 = —— 3| RRAG A & o SieHl o) S ol snafm &

4mEM

[Question ID = 290][Question Description = 129_557_PSCC__Q29]

Ve? + 0% and Ve? - 02
1

sz_l_ﬂz FN'I 1l|lmz—ﬂz



[Option ID = 1157]
VeI +30% and Vw? — 302

Vw? +302 Y- 5357

[Option ID = 1158]

Ve? + 402 and Vw? —an?

Va? +402 T u? — 407

[Option ID = 1159]
Va? + 207 and Vw? — 207

Va? + 207 TUTVe? — 207

[Option ID = 1160]

30) Diffuse hydrogen gas within a galaxy may be assumed to follow a Maxwell distribution at
temperature 10® K, while the temperature appropriate for the H gas in the inter-galactic
space, following the same distribution, may be taken to be 10* K. The ratio of thermal
broadening Avg /Av,; of the Lyman-a line from the H-atoms within the galaxy to that from

the inter-galactic space is closest to

M1 & Ue e § faRa ggsied T 108K JviH W fagdd faaror &1 ared &eal
B, WEfe IR- el e ¥ 1 T amEE 10K W 38 AR @1 ueE @ 6 Bl
HIHTRFT | GUT Sfa iy oB™ o H-Ued & aifH-a  dlg- &1 aiuig &R &1
UG Avg /vy, FTHHean AH g

[Question ID = 291][Question Description = 130_557_PSCC__Q30]
1. 100

[Option ID = 1161]
2. 1/100

[Option ID = 1162]
3..10

[Option ID = 1163]
4. 1/10

[Option ID = 1164]





