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CSIR NET FEBRUARY 15, 2022 PHYSICAL SCIENCES QUESTION PAPER

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

Volume

Time

U Idc NP DI THM & 9 UHT F 41 91d7 8. TG & 1Y TP H WX UHT & G $i 2idl
CE

Volume

Time -

[Question ID = 217][Question Description = 101_1466_GAP5___QO01]
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:

o AeI, R e arcd s @ $uz , v Ber HarE R @« 33 761 3. 5/ As Alel 3adl ¢d @ Sl Huz 8 ad 39 [Gzars Sol areln Aol 1819l 3

[Question ID = 218][Question Description = 102_1466_GAP5___Q02]
1. 0% (equator)

0° (spgreer Izam)

[Option ID = 869]
2. 30°N

[Option ID = 870]
3. 450N

[Option ID = 871]
4. 600N

[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?

U GRiel 3 v Rrad o 20 ar 391c sl 8. adl geier 50 ar o sirar @ gedies geitet 3 i 3iiz uc & 33w oflc Bl Sindl & Sof Gloll 9 26 - FHdLl JUIcd a2l & ?

[Question ID = 219][Question Description = 103_1466_GAP5__ Q03]
1 =4

[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
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& orft Fizonail & el A A R e @1 e oYorcad 3 ?
ags A:1,2,3,4,5,6,7,8,9
ae B:1,2,3,4,6,6,7,8,9
e C :1,2,2,4,5,6,7,8,9
age 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) lIdentical 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?

AU 3T DI AHAIG 31 D ATDR H AT 3 126 SIHARM R 8 b g s d N9 & 33 e A A fdbeofl 9ic epfl 8 ?

[Question ID = 221][Question Description = 105_1466_GAP5___Q05]
1. n%/2

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

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

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

U®d gbleIc @ URd U qruyuf ucscer 19l & Bt gew 3iiwde 3 Sfa uap ad ol ardl Ucts 3 331 Siidl & ad ag el 100 spa aster A Fqfera gxdl 2 sia adl ayq or uars 3 il
Siictl 3 o g JMlold 80 a3t aslel A dfera sl 3 a3 @1 9 dolel [Kbdlon 37

[Question ID = 222][Question Description = 106_1466_GAP5___Q06]
1. 90 ¢

90 aA

[Option ID = 885]
2. 88.88 ¢

88.88 s

[Option ID = 886]
3. 95 ¢

95 aqmw

[Option ID = 887]
4. 85¢

85
[Option ID = 888]

7) A and B start from the same point in opposite directions along a circular track simultaneously. Speed of B is 2/3" that of A. How many times will A and B cross
each other before meeting at the starting point?

A a B uwps & fag 31, u? faudia fSonail i , U GardnR ¢ U Udb A1 319061 93 dxd1 & B drarfa, Adblafaar 2 /3 & yrau fag uz ficta 21 usc, A a B Rodell ar udm- g @l ur
@33l ?

[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.

UM 5 SIS Il dicl S13 Hol ol fdar BRI 31 JoTel @ UMIA s S dicl Holl A @ic [§ar siiar 2 arefRsefdbe U 3 ol 910 @1 ol &l dad uvw Arss 8 i 8 |, 0l gifrmar s
ISR
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[Question ID = 224][Question Description = 108_1466_GAP5___ QO8]
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?
"I §1,2,30000004 ,100} & oo yuiiasi @ St 3 &t sieid 8 7

[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 WAL @ HIAMocR d JUITaT MEA HA9: 65 a25F A Fiwar aun 8 7

[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?

et i1 Fclol @ drc 92MA @ UIA Iedol &l U1 & 9 Kol bl usal 3@ U 4 89, Rboq usd fSreol U3 & 33 308 W2l &l ad offd &1 sril AfdrI 3 A wiordl Fsufda adl &8 2fdr 2
?

[Question ID = 227][Question Description = 111_1466_GAP5__ Q11]
1. 49 rupees and 98 paise

49 = 3z 98 G

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

49 B i 99 T3

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

99 wuE 3iiz 99 3

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

99 »w afiz 98 A3
[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?

U dclolibI? A3 (Asd) Ack? Brerast g 1.5 M 8, Jso & Axacianr @ e 3 [Boal/ga & ara 3 aaan 8. 45 feie # aso & [oaell asard @1 Jaaachiassvr glen?

[Question ID = 228][Question Description = 112_1466_GAP5___Q12]
1. 2.25 km

2.25 st
[Option ID = 909]

2. 0.375m km
0.3757 fpaft

[Option ID = 910]
3. 0.757km

0. 751 fepait

[Option ID = 911]
4. 1.5 km

1.5 fosft
[Option ID = 912]
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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?

o 7.5 [pop astell aw @l 20 ge/fdeic &t ¢2 31 v PRI aea ucrel G sk 8 e ucrel &l oraiiya g 40 faifar gfer Rocl span oy sie & afd was < ot sm=icor 0. 05
fifer & aY ves s @1 Y1 @l A Roaol fie csion

[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

IR A1 AT dgol b2l caleh @1 51 MIS A1 &8l I ofdl & clfdbol JoId Ydsl v 81 8 5 calrpdl @ wge o ald @acr uw SISt & J9m 2 Al o<l Sisl &l siftrasas e 3

[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

v 8 &l arch cotfdic A yrdres stia @ 3 s a 3f @1 1 3w  s/a 2sht Sail 3 A g of iler i wer 1o &l aa, it Qat grar afsfa  29ht sipl @1 afdafera o1 Krer € Awemail @ da
glom, d &

[Question ID = 231][Question Description = 115_1466_GAP5__Q15]
1. 24 and 36

24 3z 36

[Option ID = 921]
2. 24 and 32

24 3iiz 32

[Option ID = 922]
3. 12 and 24

12 3iiz 24

[Option ID = 923]
4. 32 and 48

32 i 48
[Option ID = 924]

16) An appropriate diagram to represent the relations between the categories KEYBOARD, HARDWARE,OPERATING SYSTEM and CPU is
ael, dars |, srEddrp, sifudfesr Birecw , a 2Midizy, & wea sacer gorfar v 3w Riqg 3
[Question ID = 232][Question Description = 116_1466_GAP5__Q16]

[Option ID = 925]

[Option ID = 926]
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[Option ID = 927]

[Option ID = 928]

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

L RS
= == W s
I l —
& L] L 0 E F G

If countries are ranked according to the difference in their per capita exports over import,
then the best and worst ranking countries are respectively

frdt oY fax #, 7 G & AUR Hefids! d SaET I 3fd IHEal H GUdI T 8

W Eageit

W Ik
L a
| £ i L L1 | § i 5] i

gfe <21 @1 I 390 ufa cafad Al Exeorty T AT (Importl & a3 & [BHIE 9 @1 I1d 81 a9 HHY: a9
Hd o TS LT UH aTd ¢ & (Population: SToIHT)

[Question ID = 233][Question Description = 117_1466_GAP5__Q17]
1. Cand A

CaA

[Option ID = 929]
2. Aand E

AaE

[Option ID = 930]
3. Cand B

Cab

[Option ID = 931]
4, AandF

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?

dior caftpil A, B, C 31 31 a1 3 oo &1 wcaarct  afe A, B @ gio1 dleren 2 aernr B, C @t gio1 dleran 2 ad forgor 3 31 @Slorai aserel a1crd &7

[Question ID = 234][Question Description = 118_1466_GAP5___ Q18]
1. Ais truthful

A Jreerarct 2

[Option ID = 933]
2. B is truthful

B srcerarct &

[Option ID = 934]
3. Cis truthful

C et 8

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

@A I @ U Iieh S[01 &
[Option ID = 936]

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

0 f[en @ v gd 3 sfedfoifda il salviiepst @1 siffroaa  giqwa 3
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[Question ID = 235][Question Description = 119_1466_GAP5__Q19]
2r

1

.

4.

[Option ID = 937]
rZ/2

[Option ID = 938]
% f208

[Option ID = 939]
2
r

[Option ID = 940]

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

Operatlnn + - | X <

Replacedby |- |x |[= |+

then its new value is

T (11 + 4-2) = 24 x 6 H e g9 1ty fesarsit o i 7t 290 & ruR uRafda &1 ¢

Operation + |- |x |=

Replacedby (- [x |= |+

A SR AATAA G -

[Question ID = 236][Question Description = 120_1466_GAP5__ Q20]
23/6

1:

Z,

4. 7

[Option ID = 941]

1

[Option ID = 942]
3. 18

[Option ID = 943]

[Option ID = 944]

Topic:- 705_PARTB_CSIR_FEB22_SET2

1) A particle in one dimension executes oscillatory motion in a potential V(x) = 4|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

fAua v(x) = Alx| , 98l 4 >0 U YgfId famn &1 RRI® 8, & tas HU glad ol gl TG
3G GIa- B HAADTd T PAHoll E WE® & EUH R I8 dla dTHA B

[Question ID = 237][Question Description = 101_556_PSCB__Q01]

4.

1

/3

[Option ID = 945]
2. 1/2

[Option ID = 946]
3. 2/3

[Option ID = 947]
4. 3/4

[Option ID = 948]

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

a dissipative force is described by %+ 10:;: + 16x = 6te * + 4t*e~** The general form of

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

gHIHI
¥y 1ﬂf+16x=ﬁre'ﬁ+4ﬁe‘3‘ I% &IPN 90 P IUNT H T JUfed W ad

de*

gia® @ 7fd @1 IRHIRT &al 8| Fadi® 4,8 sAIf & de H faf¥e g &1 9m ®u g

[Question ID = 238][Question Description = 102_556_PSCB__Q02]
1. t(At* + Bt +C)e ™ + (Dt + E)e™™

[Option ID = 949]
2. (A2 +Bt+C)e* +(Dt+E)e™

prepp
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[Option ID = 950]
3. t(At* +Bt+Cle ™ +t(Dt+E)e™™

[Option ID = 951]
4. (At* +Bt+Cle ™ +t(Dt+E)e™™

[Option ID = 952]

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

_psinf .

A = where (7,6,¢) denote the spherical polar coordinates and @ is the unit

anr
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

T fig W yd U fdgaq geoid feyd @ fou afexr fava 8

ueging

A ="—p ¢,56l, (.6,9)

el ydig ame! o FEUd Sd & aUl ¢ @1 o J 3d1s Wiey ¢ 81 sodFA m 3R
AT ¢ BT TP DU, fgfd & fagaag da # 7faewH= 81 afc I8 RIS 91 v, YT 9Ug U
b & HY Tt = 0 TR URYH Bl &, dl 39BI Hdcad IuHA fdg | &fore a1 8

[Question ID = 239][Question Description = 103_556_PSCB__ Q03]
|
0

[Option ID = 953]
2. 0/0

[Option ID = 954]

Hq
3 o T
Yo 4mmb?

[Option ID = 955]

) ng * (4;:!’2)3 '

[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

gl &1 Gdg ¥ v 91 § B4 R U@ &Y (] &1 Yag ° Hiida) Hecd Sais h UTE &l
21 9% v TAmA I ST UT e 9UT R U 31 e @i REUd @Xal 8, 9§ h/R ©

[Question ID = 240][Question Description = 104_556_PSCB___ Q04]
1. 2/3

[Option ID = 957]
2. 1/3

[Option ID = 958]
3. 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/ ¢ ZoGHM B HUI qYT JHDI UiddbUl, T THH TTid v § THTE TdHI H 10 GeV/ ¢
SO & U AU P X DI 30~ B ol 59 Ulhdl 8q v @1 HYE TAqH 794 A &
Fdecaa g

[Question ID = 241][Question Description = 105_556_PSCB___ QO05]
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 two infinitely long cylinders defined by
x* + y* = 25and x* + 4z* = 25is best approximated by

x® 4 y? = 25 TUT 2 + 4z° = 25 R GRAINUIG &1 3Fd dEE aId 9041 & Aa-T IHTET

prepp
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@1 YaidH Gfadme Ad- &

[Question ID = 242][Question Description = 106_556_PSCB__Q06]
1. Z2H

[Option ID = 965]
2, 333

[Option ID = 966]
3. 423

[Option ID = 967]
4. 625

[Option ID = 968]

7) The volume integral

1=ﬂ]a-(vxn) d3x

is over a region V bounded by a surface I (an infinitesimal area element being ndS , where
n is the outward unit normal). If it changes to I+ 41, when the vector A is changed to
A+ VA  then Al can be expressed as

Tdg z T 9 3Ma< &F v R 3O 991ad

I=ﬂ]ﬂ*(\?>{ﬂ) d>x

ol 3-d Y&H &% d dd iids & AR & IEFTd od Uhe Ofex &1 Ofc afewA @A+ va o
gRafda FA QT8 1+ a1 HuREfdd gia1 8, 9@ 47 39 USR 4 ifeaad foar ST 9&dl &

[Question ID = 243][Question Description = 107_556_PSCB__ Q07]

1. va-(m X A) d3x

[Option ID = 969]

2. _fﬂpzn d3x

[Option ID = 970]

3. *ﬁ (VA x A) - fidS,
z

[Option ID = 971]

4. ﬁ VA - fidS
z

[Option ID = 972]

8) A generic 3 X 3 real matrix A 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

U® 9 3 x 3 RAldd HTodg A & AHAEOD HH 0, 1468, a4l 3 X 3 do9H o8
el 39 91 9 € A9 qEAme & RuRor 981 fear o 9edl g/8

[Question ID = 244][Question Description = 108_556_PSCB__ QO8]
. eigenvalues of (+4)™"

(1 +A4) T sftaefore e

[Option ID = 973]
eigenvalues of (I +ATA)

(I + ATA) & AHTaafoe I

[Option ID = 974]
determinant of ATA

ATA &1 9GRS

[Option ID = 975]
rank of A

A DI Dife

[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(Y) = (q(0),q(1),q(4)) of the random variable ¥ = X? is

U 3dd gef@® W x O WiAdarsil p(x) = 3/10, 2/10, 2/10 GYT 3/10 & GIY T
{(-1,0,1,2} H 4 HUY : T HHF ddl ol TJefBdd W v=x* & Uled e
q(Y) = (q(0),q(1),q(4)) &
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[Question ID = 245][Question Description = 109_556_PSCB__Q09]

1. (1
5

3 1)
et

[Option ID = 977]

2. (1
5

1 3)
'2'10

[Option ID = 978]

3. (E
5

2 1)
's’s

[Option ID = 979]
e (i,iii)
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; + Zj=1.2,3 b;;x; , where a; and b;; are constants independent

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

fadt amawr a1 fagygd 9id 9od oo & 89§ Us fagyd &3 & uedh

E,=a, +X;=123b,x; GRITGUTN B Sl e, TWdb,; Fexie 4 wWdd Radie 81 $iogg b,
& WA ged| & G 8

[Question ID = 246][Question Description = 110_556_PSCB___Q10]

s P

[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,y) -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 ol
= <}—— Observer
e o g e
+z ring in the
direction
of arrow

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,¥) -d0 R JaidR H 90 dR (Y g, forad! 7o fdg &g W81 TP 9R (bar) 9@ z -4
@ SR AR @1 3R [7d 71fd T 9gar & o fe g 7 J cia mn g l)

v
.. G Observer
- —- T faong he
+z ring in the
direction
of arrow

oid 49 ®I A9- fog AR U & & W &, JU &V DI g4 ¢ = 0 Td &, 9UT URA ¥R 41D
BRI, 979 3d 8 99® dyl dR & 5@ sl U4d&® gRI ¢ 9 9 98 9H1ad ol 31 Tiedi
Tt & Boad & ©UH URd URT1(t) P aiad RReg FAeuu g

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

[Option ID = 986]
/

i

prepp
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[Option ID = 987]

[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

Yy f3fY gRT Saaeid & M1AY dYT So9HH & HJUld e/m & HIY4 & (o€ U Ugi H faifdd
facgd & 9T R0 faHd &1 79 HHR: 6 X 106 N/C ([ Ufd $a) Td 150 V &1 Sadei
<1 & 3 38U uE & o Jeoiy &3 &1 ufEm e & afiee &

[Question ID = 248][Question Description = 112_556_PSCB__Q12]

1

06T
[Option ID = 989]

2 12T

[Option ID = 990]

3. 0,47

[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,
v

; T .
and v , respectively. If the ratio i 7, then the value of v/c is
A

Uo g smafa & Ty fafeszor Iafola &var g3 U Ueaniig |id 1fa v 9 te R gddas
A URIAIW 2l T8 TP 3 wdgd 8 (S i favm 7 8) @1 iR aHT &1 Siig- arcll 31 &
SR J1 W@l 8l A aU1 B R fafexwr @1 Uiéa snafval wa=: v, dul v, B!l Ife U

L£=7 2 d@v/c BIAAGE

VA

[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, ﬁ/z

[Option ID = 996]

14) The Hamiltonian of a particle of mass m in one-dimension is H = Tp3+llx|3, where
m

A>0is a constant. If E; and E,, 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

S A A gAF m & TS SV &I gfdcel

H=—p*+xl® 8 @I1>0 (& RR® 21T £, qWE, FAT:A=1TqUA=2
(gqfad sh1sal ®) 84 &1 & =9 a1 Jol & AEUd $3d §, 99 E,/E, 31U
P galaH giaded &

[Question ID = 250][Question Description = 114_556_PSCB__Q14]

1z

1.260
[Option ID = 997]

2. 1.414

[Option ID = 998]

3. 1.516

[Option ID = 999]

4. 1.320

[Option ID = 1000]

prepp
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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 n,(n =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

ZOHH m BIUD DU TEg L & UD-[AH SHAf[AHI PU (Gl x=0 ¥ x =L b [A%Id 7)
ARITa e n(a =1,2,3,- ) gRI 3ifd FHail Bl NS AR HL, d0<x<L/8 &
AR § 59! UH @I Wiliddr 1/8 81 S n & fiw g8 Yya 8, STdI Y9 g &

[Question ID = 251][Question Description = 115_556_PSCB__ Q15]

4

[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 |A)A| + (E, + A)|B)B| , where |A) and |B) are its two orthonormal states. These
states transform to one another under parity, i.e. P|A) =|B) and P|B) = |A).If attime 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 is one, is

sfieedt H = EjlA)Al + (E, + 4)|B)B| , 58T |4) TYUT |B) S &I UGHN difdd a1 & &

Us faaroft e fasfd gidl 81 3 Al Ush g8k 9 9l (Parity) & dgd § ©UlaRd 8ld &
HYiq Pla) = |B) TUTPIB)=|4) | TG t=0 THI W FaE P = 1 FfEa oo & @A 3,

dl t & g9 9 forgd e 38 P = —1 91 @) 3G & UH &1 Wihddl Ud i, d8 o

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

1 mwh

24
[Option ID = 1005]

2. —

[Option ID = 1006]
3mh

3. —

24

[Option ID = 1007]
2mh

4, —

[Option ID = 1008]

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

dimensicnalbox—-1<x<1

125

68 | 075
| | 05
¢+£fi ' 0.2s

oA Ir i .
.25

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

A H -1 < x <1 d® IRFAHAT -5 gieg | 3ag th dU & o Bl & diF afy=
fezor 81

A B
e e g O ——
0.5 i 0.15
| i 08
ﬂ'._n Vji- 0.2% /
08 1 0
] -0.25
1 |
{ 05
1 a5 4] o | 1 . (] o0& i
X X

T TR |71 |(x)| @TER™T & [ARUg AF) T (x2) & Wd aUThad Y o

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

1:

B and C
B a@en C

[Option ID = 1009]
. Band A

B em A

[Option ID = 1010]
Cand B

C a=n B

[Option ID = 1011]
Aand B

Aaen B
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[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?
forager A A a1 A1 siifcred AR @1 ffdn 3 v waica ol & aifar & o ArefRee Aeaierar & 18 v a1 3 Jge o8l feen s JAaarn 87

[Question ID = 254][Question Description = 118_556_PSCB__ Q18]
square of the radial position and z-component of angular momentum (r* and L, )

' Breg fRufy &1 ot au P Y3 &1z 92 (r? JUTL,)

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

- XS qy I WA P x -UH (p, AUTL,)

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

Rfq @1y -ucd Y1 DIV 71 BT z -U<d (v dUIL,)

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

IRad Td Fiforg ot & gikamon &1 3 (p? Ul L?)

[Option ID = 1016]

2
3

4.

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

ideal gas in two dimensions is

fafdq & to-uH® 3ed 19 &1 A9 gara 9y (a4 sigad | fafdse st &1
HC, /€, 3

[Question ID = 255][Question Description = 119_556_PSCB__Q19]
i 3/2

[Option ID = 1017]
2. 2

[Option ID = 1018]
i 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

P fAfdRor ¥ “R U TS TMcid Hiex DI A d dIUHH HHS: V a1 300 K 81 I g8
EGIHdl & 91y 2v A 9@ badl 8, dd s9®] aigdH 4 & RAdead g

[Question ID = 256][Question Description = 120_556_PSCB___ Q20]
1. 150 K

[Option ID = 1021]
2. 300K

[Option ID = 1022]
3. 250 K

[Option ID = 1023]
4. 240 K

[Option ID = 1024]

wp
The total number of phonon modes in a solid of volume V is f g(w)dw = 3N, where N is
o

the number of primitive cells, wp 1s the Debye frequency and density of photon modes is

21)

g(w) = AVw?® (with A >0 a constant). If the density of the solid doubles in a phase

transition, the Debye temperature €, will

v 3Mgd dId 319 H BHH HiS &1 B &1 [“P g(w)dw = 3N &, S8l N 3HIST Hail B
Y18, w, ST/ (Debye) T Yl g(w) = AVw?® (Sl A > 0 fRRI® 8) BieH AIs! &1 ¥7d
g1 e UraRyT YshHU1 H 319 &1 9-d f&701 81 Sirdl &, dd fear aiadH 6,

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

x. 2213 ]IUTE%_J_”

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

23 T

Z,

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

22/3 01 G|

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

" qus TR

[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

: 1 1 s
from the interval [.1— Ew,). +Ew‘, where A and w are positive constants. If X denotes

the distance from the starting point after N steps, the standard deviation /(X2) — (x)? for
large values of N is

e U @ U7 tefan & 3iad @uil & 9gadl ¢! Ud® 901 & 91y T8 Gl AR ¢4l &,

UR 0] Eﬁ?l'm'&';ﬁiﬂ?lﬁ[ﬂ—%w,i+%w] Gel A dUw ¢TI RRI® 2) T U g9H
fARu g Rt Srdi g1 afg v =R & oG IRIYS g A g Bl x gRIAENd IRA 8, da N
& §gd AH oq AF® (90 (x5 — (X)? ©

[Question ID = 258][Question Description = 122_556_PSCB___Q22]
A
1. E X V’E

[Option ID = 1029]
2. A % N

[Option ID = 1030]

3.?)‘:\@

[Option ID = 1031]

4.Ex N

2 3

[Option ID = 1032]

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

C
| L~
o | I O
— -+
Vin R Uout
_+_ —
O i

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

fAifeed LcR oftuy | UfaRie R = 0.05 O, IRGATL =1 H dYr 41dr ¢ = 0.04 F &I

(!
I I I.r
Lo I I FYY Y\ 0O
- +
Uin R Vot
4 -
L D

gfe FAfawe v, DO/ MERT 1 rad/s &1 a7 G (square wave) : 79 [A71d v,,, &1 YdiaHd Gfaded &

[Question ID = 259][Question Description = 123_556_PSCB__ Q23]
1. square wave of angular frequency 1 rad/s

epifvrr angfer 1 rad/s @1 asf aen

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

eplivrer 3l 1 rad/s @1 SEn (sine Jast

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

epifvrEr angfer 5 rad/s @1 asf aen

[Option ID = 1035]
4. sine wave of angular frequency 5 rad/s

eplfvrr agfes 5 rad/s @1 SEn (sine) et
[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

TR PR AT Ry - Al coouamioois., e oSOl IRPREF bt %o | v fvl o nAE alllngs amaccon Meson ey
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encrgy L Ul U ncuuaon w wiknnimn 2% diluidly, LG, 01 /1] = WVua , LUIC ITidaxinum

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

U WA H, UGS GoiH &1 1fd &1 FHURU I 9L ¢ R W@ 8RR d@ oH H @
dTcl §HG (~ 50 ns) @ HIUA gRI fGai S gl 98 9F o fb L & |g H Ffe Iugofia oy 2
afe g1 i 31 IS Sl T B Mpa 5% PI qufyd, 31ufq 167/T| < 0.05 F Y HLA
d1gd &, 44 Uaig- §HY @ 70T § Hgwd Wigd 3fc |6t = & Adeaq grm

[Question ID = 260][Question Description = 124_556_PSCB__ Q24]
1. 1.75 ns

[Option ID = 1037]
2. 0.75 ns

[Option ID = 1038]
3. 2.25 ns

[Option ID = 1039]
4. 1.25 ns

[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
uer X-[paur sieller gl @1 gears Fdew D (0-dicron aen 1-dc @won) A Afosia & as dior afder Jdewi F1, F2 aen F3 (geEio # 0 s foiftaq aen 1 s afdsa 8) A pfsaia & X-
fR3o1 a1ofter el ufyanfera a1efl, afé cvarsm d@g dom aem wa A @wa 2 3ufdar Adeow Al g Foller & uf¥arce 3q difors ufvaer 8

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

1. :;_3 j }" :

F3 —|
F3 0 ——

[Option ID = 1041]

F1
F2

[Option ID = 1042]

'y .3
F2
3 Fi
F3
F3 ' ren—

[Option ID = 1043]

[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

Folxy) 1¢kxy) m .
o 3 ax? +y2 ¢(x,¥y) =0 in the half-plane

{(x,y): —0 <x < 0,0 <y <™} the Fourier modes ¢,(¥) depend ony asy® and y* .

The values of @ and B are

g BH IS ad {(x,¥): —0 <x < 0,0 < y < oo} H AHAF JGgpd gD

*p(x,y) 1 %°¢(x,y) m°
B 2 gz 7t —7oxy)=0
dy vy dx y

Bl 80 B & (o8 BRA BUR ¢(x,y) = [e** ¢, (v)dk B JUTN Hd &, dl BT AS
$.(v), y* dUIy? dEUHy WA IS a TUB FAAS

[Question ID = 262][Question Description = 101_557_PSCC__Q01]
~+ J1+4(k2+ m)and ; — /1 4(kZ + m?)
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>+ JTHa(T+ mh)ql - J1+4(k2+m?)

[Option ID = 1045]
14+ J1+4kT+m?)and1— 1+ 4(k?+m?)

14+ JTF a2 Fm?) T 1— T+ 2k +m?)

[Option ID = 1046]
1 1

~4+ T+ a(k+m?) and ;—;/1+4(kZ +m?)

~+ -1+ 4(kZ + m?) qyl ~— 1+ ez +m?)

[Option ID = 1047]
1+ -/T+2(K>+m?) and 1 — 31+ 4(k> + m?)

L 3 % - ) R
1+ 21+ 4(k*+m*)qU11— 21+ 4(k*+m?)

[Option ID = 1048]

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

U&= x = 4 & ahH P YR YA (Newton-Raphson) faf¥l &1 I9aRT gR1 fasan S
g1 i 89 URIHS 33 0.20 9 LE & &, 99 YYH TRIGR & 91¢ &1 ehH 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

_11 P (x)P, (x)dx = 2;16“,,, on the interval [—1,+1] , may be defined by the Rodrigues
.
2" nt dx™

formula P,(x) = (x* —1)" . The value of the definite integral

[1,(4+ 2x = 3x% + 4x®)P;(x)dx is

FRE [-1,+1] W dedvigdl gasy [1 B,(x)B,(x)dx = ——85,, ®I Hge DA ard

n+l

d9ilUS  (Legendre) dgud¢ P, (x) mn=0,1,2, @l AF™  (Rodrigues) g4
P =L (-1 & ¥U d GRUMG oo &1 goar 81 Fifdd w9

2N n! dx™

[}, (44 2x - 3x% + 4x®)P;(x)dx BIHH &

[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]

; i . . | . . :
4) A particle of mass m moves in a potential that is V =Em(m{xz+m§y“ + w3z*) in the

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

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

GoOHE m &1 TP HU] ASd BH F & e H fgU U faug

V=%m(mfxz+m§y2+m§zz) ﬁEEI?—IT%Il}THF TP Tod BH & dgH H ®I0Y JaT kn |

oigl k 3P IHT z -3 fa= H 3P Wiew 8, & WY 94 @1 31 94 SIfv sgfidl &
fore U1 @1 7ifd oyt gFft, 9T

[Question ID = 265][Question Description = 104_557_PSCC__Q04]
L (2% - o)) - w3)>0

[Option ID = 1057]
2. (0* — wi)(R* —w3)< 0

[Option ID = 1058]

[Option ID = 1059]
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4 (0% -(wy + wy))) (2% -, —w,]*) < 0
[Option ID = 1060]

5) The figure below shows an ideal capacitor consisting of two parallel circular plates of radius
R. Points P, and P, are at a transverse distancer; > R from the line joining the centres of

the plates, while points P; and P, are at a transverse distance r, <R,

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

holds while the capacitor is charging?

fFifed fag r S0 91t & 3l YHiaR 9Ra’l 9 &1 H1es 9uiia g1 fag P, au1 P, wiel
& Bl DI SISaId G W HTUY G r, > R W 8, T f§g P, AU, , n, <R HTIY

Py P,

- -3¢

_.g_|ll -
rs !'. R |

wealane f sapecsadfecnc | suapil

Py Py

afe B(x) 3 fdgeil R ey &7 & uRawT &f AEld &dl &, dd Juila & SafRid gH o
g A 49 dH-91 98l 82

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

B(P,) < B(P,) and B(P;) < B(P,)

1.
B (P,) < B(P,) d4I B(P;) < B(P,)

[Option ID = 1061]
B(P,) > B(P,) and B(P;) > B(P,)

B(P,) > B(P,) T4l B(P,) > B(P,)

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

B(P,) = B(P,) dYI B(P;) < B(P,)

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

B(P,) = B(P,) T4l B(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

WIdgYdi® ¢ Y1 YRl ¢ 91l U YU didid 54, §99 W 3R 95gd vd dea1g &7 HH:
E JuI B, &1 Iufufd & te o 7fd v ¥ s8a1 81 afe 53 H uRfd eRT 9= 8, 99

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

dB
1. vx(va)=E

[Option ID = 1065]

2, vx(vxﬂ)=—‘:—f

[Option ID = 1066]

3. V¥X(vXB)= Epi—f
[Option ID = 1067]
4. VX (vxB)=— Epi—i

[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

A

If E;(d) denotes the magnitude of the electric field in fiber 2 at a distance d from the
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interface, the ratio E,(0)/E,(d) for d = 10km, is

Gl UBIRITT dgsil (optical fiber) ¥ fAfHd T ®iex H doR €19 dg 1 § dq 2 9@ JdIikd 8idl 8
@ f faa J gfRid 8) 1 dq 2 &1 &9-701® 10 dB/km B

Fiber1 d=0 Fiber 2

002

G E,(d) RIS d g W dq 2 H fagga 47 & gfmm &l fAefua a8, 98 d = 10
km 331?'"1-‘3'2(0)@(@ Eﬁfﬁﬁmﬁ%

[Question ID = 268][Question Description = 107_557_PSCC__Q07]

1.

10°

[Option ID = 1069]

2. 103

[Option ID = 1070]

3, 105

[Option ID = 1071]

4 107

[Option ID = 1072]

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

the influence of a central potential V(r) = ¢, r™® + ¢, r™?, where 1, , ¢; and ¢, are
constants of appropriate dimensions, the values of a and b, respectively, are

fadid | Td U r(6) = ,6° ¥ URYIMWG ®&n & gHar 81 afc 38 H=ig faua
V() = c,r° 4 c,v72 S8l ny , ¢, AUle, Pfdfamfgdies UG He, 9@ a 3R
b &1 HH &, HH:

[Question ID = 269][Question Description = 108_557_PSCC__Q08]

1

2 and 4
2 dem 4

[Option ID = 1073]
2 and 3

2 em 3

[Option ID = 1074]

. Jand 4

3 em 4

[Option ID = 1075]
1and 3

1 mem 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) = asin wt , where w
Is a constant. The pendulum moves in a vertical plane and @(t) denotes its angular position
with respect to the z -axis.

2
If fg +sin8(g—-f())=0 (where g is the acceleration due to gravity) describes the

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

dag ¢ PO fAgA S A AT A s0A m & U &V ¥ §41 U 9 Glad @l
YR sinz(t) = asinwt (Jal 0 TP RRIP B) 4 IRYIMNT FDER TIdd Il 81 aldd Gal
dd | T1faeiid 8 9l z -31& & doH d 39 diviig [RUfd &1 6(¢) 9 xiar sl

A 222 +sin6(g—F())=0 (61 g TEAM TU ) FoHH B Ta-FHPR0 2, 79
f(t) &

prepp
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[Question ID = 270][Question Description = 109_557_PSCC__Q09]

1

2

aw"- cos wt

[Option ID = 1077]

2 "
© Qw” sin wt

[Option ID = 1078]

2

+ —@aw*” cos wt

[Option ID = 1079]

2

—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 = r; , 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

GMm

energy is ——_—, the value of iy /a is nearest to

S m 1 U IUTE HG-9od I8 a & Grugaid H&TH gl & IR 3R g9 T 81 gl
& g 4 7d B gl r = n, WOfa9 9 $a FHoil & glRkamr &1 sinur g13fe m gl &
G B [Fedd ®dl 8 aYl $d Hdl — —— o, dd ry/a Bl HdHead dH &

2a

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

1.

1.33
[Option ID = 1081]

2. 1.48

[Option ID = 1082]

3. 1.25

[Option ID = 1083]

4. 1.67

[Option ID = 1084]

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

2
described by a Hamiltonian H = £ +§:r1mnm2:u:*2 in the standard notation. An impulsive force

2m

at time t = 0 suddenly imparts a momentum p, = yhmw to it. The probability that the
particle remains in the original ground state is

WWﬁ%ﬁ?&ﬁa=i+gmmw gR1 aftfd S m &1 U U Uhiaq § T

2m

Had Gla® & AFdH AR H 31 T t=0 W UP HGNG 90 d-D 9D G
p, = VFime UGH Bl ¢l B B A FHaH SR R 364 ®I Widadl

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

1

-3

[Option ID = 1085]

2. g-3/2

[Option ID = 1086]

3. g1

[Option ID = 1087]

4, E—ifz

[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
" & =" o

independent term V such that (1[V]0) = ﬁ . The transition probability to the state |1) at

. K. .
times T < 2+ IS

Us fg- ST 99icH YUKl &I Holl E, AT E, + ah, (S5l @ >0 TdH [gdid ) aul WId
O d O GiGR HEY: [0) qYUT|1) Bl t = 0 THY W, o« YUIcll a7 [0) T B,
v & 1@ S0-FRUS TG v & §R1 39 UOR € aga fedr a1 & & (1vie) === B

t >~ TG R G |1) & TH BT IHH0 NidHdl &

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

1y oud

2- E

3- E

2t2/25.

[Option ID = 1089]
2t2/50

[Option ID = 1090]
2t /100

[Option ID = 1091]

4. a*t*/200,
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[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

Ush U UPI0H UhH H E FHoll U, Bl [AR™ITT (phase shift) 8, ¥ 30°, 6, % 10°, Fd(P
3 Hal farT I 31 o ydig S R saac uked &1 9 9ed el e, asRE &
Fdecaa g

[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 andx=a, is ¥(x) = x(a—x) . If Y(x) is expanded as a linear combination

of the energy eigenfunctions, f:lw(x)lzdx is proportional to the infinite series

(You may use

[, tsint dt = —acosa +sina

and

[, t* sint dt = —2— (a® — 2)cosa + 2asina)

U6 fdH x=0 YU x=a W GERI ¥ @Y 3Fd TPU H H U DU & SHIHHd
BT ¢(x) = x(a—x) 8l TG Y(x) B Fol AHAEOH Ba-l & Jad 499 & ©J H
faaiid far S al [ |w(x)12dx 1 3T 9ot & uifas grm

(39 [“tsint dt = —acosa+sina TUT ["t®sint dt = —2— (a® — 2)cosa +2asina @I

JUTRT B Ihd 8 )

[Question ID = 275][Question Description = 114_557_PSCC__Q14]
1. 2n—1)"

[Option ID = 1097]

2. = (2n— 1)

[Option ID = 1098]
3. Za=i(2n—1)72

[Option ID = 1099]

4. To=y(2n—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.

500 £2

v i ’
— = Diweierps Bt tute
¥, Adicates

By

Presture
v ! B gy

The reference voltages V; and V; in the comparators in the circuit (shown in figure

above) suitable for the desired operating conditions, are, respectively

TG UM A TS YA 19 &1 G915 §R ¥ 2.5 R (bar) & &g §41¢ @41 8l UF TIE-
CigSyR 4 9f®id e, ol 1 IR Y5 dR & URERH4 mA ¥ 20 mA URT II~ &l g
SIS & 79 YRT g9 R s 9 3 fRefia g

500 ()

_w +
— = Dheprpretiere
?} i e atoer

By

v, Reacly

sfwsa ufarea-ia fRufaal & foe ( Sudad faa 4 gffa) auy & q@fA3t (comparator) & dgy
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diced HH: v, dUIV, B

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

2Vaem 10V

[Option ID = 1101]
2. 2Vand5V

2Veasm B5Y

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

3Vam 10V

[Option ID = 1103]
4. 3Vand5V

3Veaam 5Y
[Option ID = 1104]

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

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

137cs @I ATH®D 30.08 T B HG- SGIDId & 91y B-HU & I8 gRI &fAd sidr gl 1
SHall, 1980 DI AR f&dl 71 ¥7¢cs & 1 mg HId DI Fishaal Wid Ydbs faued of 318
3fyal Bq H) 1 91Ha%, 2021 &1 A10A 4 A & Adeag sim

[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 x 10

[Option ID = 1107]
4. 1.24x 10°

[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 diode is an ideal one and R,C is much

larger than the duration of the measurement.)

For the input voltage as shown in the figure above, the output voltage V,,, Is best

represented by

HTd fgu U uftuy § a9 diediv, SR8 & V.| < [Vl , 81 V., Gfhardd yatsd
(op-amp) DI YK dicedl g1 (FH & SIS U 1Rl SIS § dYT R,C HIUA di 3HaiY I dgd
HF B 1)

“.._.‘.

C

7
Goround

hﬁi e

:F %.L ¥

Sudad foa & gt v o dieear & o Aol dieear v, @ Gafom T8 et fear s

I&di o

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

Vour
A
12

10
1. 8
6
|
2

1 2 3

[Option ID = 1109]
ot
i

12
10

M B o

-
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[Option ID = 1110]
Vo

1
12

10
3, 8

6
4
2
1 2 3 4

[Option ID = 1111]
ot

A

12
10

N A Oh 0

1 2 3 4
[Option ID = 1112]
18) To measure the height h of a column of liquid helium in a container, a constant current ! is

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

It the superconducting transition temperature of NbTi1s # 10 K, then the measured voltage

V(h) is best described by the expression

Us U H 54 fRforad & Y &1 $915 h & AUH & ot Udh 1 &S ard NbTi dR & JHied 9
fad faggd uR1 1 vaifed &1 Sl &, ol fob fo | <041 71 81 NbTi dR &I TEHEa
Ay R Bl

©

gfG NbTi I Afdga® a0 AU ¥ 10 K ©, 99 Hifud dicedl V(k) @I 39 d9d gl
dgad} afvid fhar o1 9@dl &

[Question ID = 279][Question Description = 118_557_PSCC__ Q18]
1. IR (l o E)
2 3
[Option ID = 1113]
2, s
i (1-2)
[Option ID = 1114]
1 h
. 1R (3-7)

[Option ID = 1115]

4. :R(1—%

[Option ID = 1116]
19) The energy levels of a non-degenerate quantum system are €, = nE, , where E; is a

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

UP FUYE FaicH Ul & Holl W €, = nE, @, 96l E, UP Hadid adl n=1,2,3,~ gl
AUHF T R gad $Holl F B A1Gd Sl E & Ug! § f-ad odford fbar ol 9adl &

[Question ID = 280][Question Description = 119_557_PSCC__Q19]
1. Ey+ kpTln—
E,’

[Option ID = 1117]
2. B+ 2ksTin—
o

[Option ID = 1118]
E
3. E —kpTIn—
. o

[Option ID = 1119]

E

4. Ey — 2kyTin—
0 gt Mg
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[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=¢€/kg is

N THA®D! (monomer) ¥ &1 TP dga® dl9dH T TR Ui IrGy H 81 Ud® UHad a
gl 2a qdTs 1 &l Gbdl &1 fSGH Ugdl Thad YA FHull dI GIGH Dl 8, Taid Gull e
®1ANTGH Bl 8| T = e/ky dAGHM R §g0d DI HHd dal3 (Na DI 3B13A1 H) 8

[Question ID = 281][Question Description = 120_557_PSCC__Q20]

1.

4.

S+e

4+e

[Option ID = 1121]
4+e

3+e

[Option ID = 1122]
3+e

24e

[Option ID = 1123]
2+e

1+

[Option ID = 1124]

21) Balls of ten different colours labeled by a = 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=1,2-,10 gRI 3ifpa ¥ o= &1 @i 71t &1 fi=-fa= TfF 9o 3 TaRu g g1 ta 7ic
THE TP 9 & € Had o 9hdl & 94 Td® 994 & Fail® s &1 71¢ ol Gbal o1 9F b

n, TUI N, AT @ T & TGl DI T 9T 91 31 T &l [E0d S g1 98 HHd ¢

f6 N, »n, » 1 8, @lccodH RRI® & sHIedl H) $d CCIdl &1 YdiaH Sfddbed 8

[Question ID = 282][Question Description = 121_557_PSCC__Q21]
. ¥ . (N.nN_,+n_,Inn,— (N, —n_,) In(N,— n_)
[Option ID = 1125]
2. ¥.(N,nN,—n,Inn, — (N, —n_) In(N, — n,))
[Option ID = 1126]
3. za (Naln 'Na — N, Innﬂ : 3 (Hn 1 n’n) ln(”a L na))

[Option ID = 1127]
4. En (Naln Nﬂ + "‘n lnnn + (Nn T nn) ln(‘”u . "’ﬂ))-

[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

fqar ﬁmmﬁq(buson} 9 &1 gRkegor gy E(k) = ak?® % gl @ dYT s
YD adie g1 i 38 9t 9 & U §19-3MgT%18 (Bose-Einstein) 9= ®Ifid
g, forae fam

[Question ID = 283][Question Description = 122_557_PSCC__Q22]

1

d>s

[Option ID = 1129]

- d+2>s5>d-—-2

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

s>2 d W’-ﬁa

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

d>2. =% @ﬂ'ﬁfﬁ

[Option ID = 1132]

23) Lead is superconducting below 7 K and has a critical magnetic field 800 x 10™* 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

411 7 K & i Sifdarde idl & 941 0 K & Fide 3Ud1 Hifdd dadig &7 800 x 107 2
g1 5 mm FSUTarcl U del IR ¥ 2 K R 984 didll sifdd YR & Adcad 94 8
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[Question ID = 284][Question Description = 123_557_PSCC__Q23]

y

Z,

i

1760 A
[Option ID = 1133]
1670 A
[Option ID = 1134]
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 1s shone on a KCl crystal are

QIeTREH daRISS ¥ FCC WIa® §-9dT ¢, forgH K aUT Cl Thidk ™M AgUT Hd 6 | KCl
1 U 1.98 g /em? AT K AT C1 & GIHIU] HR HHT: 39.1 U1 35.5 ¢ | Old KCl Thied
(crystal) UR 0.4 nm ARG DI X-fH01 &l S1e1 simean ad (53 7) 39 3igd Sivl &
ﬁwaﬂfﬁ]@?{ﬁmgg peak)W@T"

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

1.

18.5, 39.4 and 72.2
18.5, 39.4 aex 72.2
[Option ID = 1137]

. 19.5 and 41.9

19.5 aen 41.9
[Option ID = 1138]

. 12.5, 25.7, 40.5 and 60.0

12.5, 25.7, 40.5 men 60.0

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

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

25) Inthereaction p + n = p + K™ + X, mediated by strong interaction, the baryon number

B , strangeness S and the third component of isospin I; of the particle X are, respectively

Ted JOipa ARG URPT p + nop + KY+ X H X DU G U e SSATB
Wo-g S Ul AZARAA 1, & R 9 S 8l

[Question ID = 286][Question Description = 125_557_PSCC__Q25]

: 8

—1.-1 and —1
—1,—1 d4l -1

[Option ID = 1141]
4+1,—-1 and —1

+1,—1 dY4T—1
[Option ID = 1142]
1
+1,~2 and—
+1,-2 qUT—3
[Option ID = 1143]
—1,—1 and O
-1,—-1 d4lo

[Option ID = 1144]

26) A ®°°Co nucleus pB-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 NG HAGRT J? = 5* F B -&G Bl ©Ni B J° = 4* TP AN H [l 81 HIviig
a1 994 99 B Sat SIvig 997 L ayl SadeH- Gl THGd Ihul s &l Wigd JH
g

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

1z

L=0andsS=1
L=0 duls=1

[Option ID = 1145]
L=1andS=0
L=1ddls=0
[Option ID = 1146]
L=0andS5=0
L=0 cyls§=0
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[Option ID = 1147]
L=1andsS=1

4

L=1dyls=1

[Option ID = 1148]

27)

The @ -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

B2Th F *PRa P YA HAY TP a -&7 BT Q - A 4082 keV § | @ -HUI B HgH HHT
s Foll & Adedd d9H 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

AUiEDE fSid H (In,l, m) ) S Hdba- H) H-USH @I |3,0,0) AT BT &7 fg3@ a0
& HIH ¥ [1,0,0) HGRYT dd gidl o1 YHHUI GY YT TId WidHdl &

[Question ID = 289][Question Description = 128_557_PSCC__ Q28]
13,0,0) - |2,1,—1) - |1,0,0) and 1/4

" 13,0,0) = |2,1,—1) = |1,0,0) dUT 1/4

1

[Option ID = 1153]
(3,0,0) - |2,1,1) = |1,0,0) and 1/4

13,0,0) = |2,1,1) = [1,0,0) TYT 1/4

[Option ID = 1154]
13,0,0) - [2,1,0) = [1,0,0) and 1/3

13,0,0) = |2,1,0) = |1,0,0) dYl 1/3

[Option ID = 1155]
|3,0,0) = |2,1,0) = |1,0,0) and 2/3

[3,0,0) - |2,1,0) — |1,0,0) dYl2/3

[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 *q
of mass m separated by r when the molecule is at equilibrium. Each dipole can execute

simple harmonic motion of angular frequency w .

ool ot
® @ ® ©

Recall that the interaction potential between two dipoles of moments p; and p;,
separated by Ry, =Rp,f  is (py " p,— 3(p, - 1) (p, - 7))/ (4meyRE,) .

qil

4w e ,mR*®

Assume that R > r and let 2° = . The angular frequencies of small oscillations of

the diatomic molecule are

U AP BRAND 3 e S| R (o T Rddie 99 51 9@dl 8) did @l
3TEU Bic faggd feyal ¥ &1 81 o9 30 IUawT § B, Ud® fgyd # o0 m &1 +q
A r AR W &1 TSP fayd ivfig 3afd « & Ty WA 3i1ad 71ia &I Feaifed e Iad &

L, L,
@ O @ ©

q1G B [& Ry, =R,A YUY p, AU p, ALV & Gl [gYdl & AL FGHAl AU
(Fl ‘P2 3(]5'1 1 ﬁ)(ﬂz $ ﬁ))/‘("‘"ﬂfuﬂgz) %l

A R > r AU 0° = 22— B R syt & oy dien! 3 s smafrat ¥

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

Vw? + 0?2 and yw? — 02

Vo2 + 02 T @2 — 02
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[Option ID = 1157]
Vw? +302 and Vw? — 302

Vw? +3n° w'q&,z — 302

[Option ID = 1158]

Vw? + 402 and Vw? — 402

Vw? + 402 dYl u2 —4n2

[Option ID = 1159]
Vw2 +20? and Vvw? — 202

Vw? +202 dUlVe? — 202

[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 /4v,; of the Lyman-a line from the H-atoms within the galaxy to that from
the inter-galactic space is closest to

a1 & ta sr@RE § f3aRd g3sieH 19 106K aueE R Ja9ad fGarul &1 uieH &dl
8, Tafd AR- N MBI T H TG g 10°K W Jal fadvu &1 uraH &R &7 5
BT H TUT AR Ndddid HHR T H-UeH & ddHH-a A3 @1 adig R &1
AU Av, /Av,, BT HHead 9 el

[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]

A



https://prepp.in/

