CSIR PHYSICAL SCIENCES BIL

Topic:- 702_PARTA_CSIR_SEPT22_SET1_BIL

1) The squares in the following sketch are filled with digits 1 to 9, without any repetition, such that the numbers in the
two horizontal rows add up to 20 each. What number appears in the square labelled A in the vertical column?

fou o1e Year R @ ot 1 3 9 sicpl A, fdew b=l o1t sicd I Sle 3R, 3 A6 9 a8 3 b Y@ &ifers uftp @ sipl @1 Aler 20 3 ek Feaest
@, A A dafera asf & dlot AT 3ics 3rar 37

[Question ID = 515][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q1]
1. w91 @ il D AleT D 3M911d I 33y ST oldl fopRIr ST ADATr &
It cannot be ascertained in the absence of the sum of the numbers in the column [Option ID = 2057]
2. 3 [Option ID = 2058]
3. 5 [Option ID = 2059]
4. 7 [Option ID = 2060]

2) Sections A, B, C and D of a class have 24, 27, 30 and 36 students, respectively. One section has boys and girls who are
seated alternately in three rows, such that the first and the last positions in each row are occupied by boys. Which section
could this be?

foo2ft wenm @ Aaereil A, B, C a D 3 fenfeft &t iz maer: 24, 27, 30 3iik 36 3 v Aaordl A s 3iik asfdsa 3 il e @ a5 v, dier
dfepeil 3 531 ave A3 & 6 yA® Ufts D usell iz Siferar Ferret arsdl A R & VAT Blol AT AT BPN?

[Question ID = 516][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q2]

1. A [Option ID = 2061]

2. B [Option ID = 2062]

3. C [Option ID = 2063]

4. D [Option ID = 2064]

3) In a round-robin tournament, after each team has played exactly four matches, the number of wins/ losses of 6
participating teams are as follows

Team | Win | Loss
A 0

migol|lo
wWwloMm| w| o] &~
N SO I T I

F

Which of the two teams have certainly NOT played with each other?

up IR-YierRIBIAr (ASS-2Af6l cotfdic) d YR dd GRI @@ aR 3 el gdol @ a1, 6 gieripht &al @ siia/sr &l iz s R 3
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[Question ID = 517][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q3]
1. Aand B
A3z B

[Option ID = 2065]
2. CandF
Caie F

[Option ID = 2066]
3. EandD
E iz D

[Option ID = 2067]
4. Band E
B sz E

[Option ID = 2068]

4) Given plot describes the motion of an object with time.
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Which one of the following statements is CORRECT?
o= srm 3m¥w fop=t avq &6t FerRT & e are gorfar 3
forgaifciRae 9t A DlorAT DT AT 3?7
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[Question ID = 518][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q4]
1. The object is moving with a constant velocity.

aeq Rer der A a1 & & [Option ID = 2069]
2. The object covers equal distance every hour.



a¥g YD & 3 el gt a’1 et 3 [Option ID = 2070]
3. The object is accelerating.
aeq cviefler 3 [Option ID = 2071]
4. Velocity of the object doubles every hour.
azq &t sifel Y € D d16 Sejelt a st & [Option ID = 2072]

5) If one letter each is drawn at random from the words CAUSE and EFFECT, the chance that they are the same is
afe orsci CAUSE 3iiz EFFECT 3 31 g A uop quiigR Aefcad »u A fordple SR, 3ol Sloll @ Udb 3l Slol bl ATl 3
[Question ID = 519][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q5]

1/30 [Option ID = 2073]

1/11 [Option ID = 2074]

1/10 [Option ID = 2075]

2/11 [Option ID = 2076]

A W N -

6) A vehicle has tyres of diameter 1 m connected by a shaft directly to gearwheel A which meshes with gearwheel B as
shown in the diagram. A has 12 teeth and B has 8. If points x on A and y on B are initially in contact, they will again be in

contact after the vehicle has travelled a distance (in meters)
U digel @ 1 3l AR D TRR v g2 (due) SR Al v Brrufde A A1 33 8 Sl foo BrRrufde B 3 RiqeRir v1d A 12cidadsiz B 8
& afs A uz Ferq fag x, B uz e fopil fdg y 1 yrast 3 3iuds 4 3, disel @ fbeoil gdl (sfiez ) actol @ Ul d fdig Yol: AU 3 3mmear?
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[Question ID = 520][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q6]
1. 21
[Option ID = 2077]
2. 3n
[Option ID = 2078]
3. 4n

[Option ID = 2079]
4. 121

[Option ID = 2080]

7) A liar always lies and a non-liar, never. If in a group of n persons seated around a round-table everyone calls his/her left
neighbor a liar, then

Qb IRACAAIST A 3RACA dlcldl & 3R b Acadrst wsil 9ff e ol dieten & Al wap ailel ¢l & A 3R A 3 I3 n cAlpAl & APs A A
YD IR D Rl 3R I3 it ol SISt a8, al

[Question ID = 521][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q7]
1. all are liars.
J19ft sRIcIact &

[Option ID = 2081]

2. n must be even and every alternate person is a liar
7 Dl UdD A IR BI6ll TARID 3 31 UPIoR W ST YRID AP 3RIRIAIST 3

[Option ID = 2082]
3. n must be odd and every alternate person is a liar
7 DI Ub [T IR Blell AR & 3R UblorR W 0T YRIb ®Ifeh RIS 3

[Option ID = 2083]
4. n must be a prime
71 OB 39S AR 3

[Option ID = 2084]

8) The correct pictorial representation of the relations among the categories PLAYERS, FEMALE CRICKETERS, MALE
FOOTBALLERS and GRADUATES is
Raenf3=il, aifden figaddel, gau Gedicrl, 3R Folldeml & Hasil & i den o1 A8 Rl ygofor 3



[Question ID = 522][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q8]
1. A [Option ID = 2085]
2. B [Option ID = 2086]
3. C [Option ID = 2087]
4. D [Option ID = 2088]

9) What is the product of the number of capital letters and the number of small letters of the English alphabet in the

following text?
fou a1u 2ave (urgw sie1) 3 35|l @ a3 quifsrl &l s a 81 quiigRl &l IR B IVIeIbe T 37
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[Question ID = 523][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q9]
1. 17 [Option ID = 2089]
2. 37 [Option ID = 2090]
3. 53 [Option ID = 2091]
4. 63 [Option ID = 2092]

10) On a track of 200 m length, S runs from the starting point and R starts 20 m ahead of S at the same time. Both reach
the end of the track at the same time. S runs at a uniform speed of 10 m/s. If R also runs at a uniform speed, what is R’s
speed (in m/s)?

v 200 3t oEd T WR, b D ARMI® fig A S, a 3ud 20 30 36l A R, v & PRI SISTll 3IRIY B & ¢ D 3id UR Glell Ub &l AIRT Ugaad
g S 10 3/ bt upmeret 31fer A Sisar 3 Al R 9ft vzrarer a1fer A Sisar 3, R & sifer (sfi/3 ) fpaeit 3?7

[Question ID = 524][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q10]

1. 9 [Option ID = 2093]

2. 10 [Option ID = 2094]

3. 12 [Option ID = 2095]

4. 8 [Option ID = 2096]

11) A plant grows by 10% of its height every three months. If the plant’s height today is 1 m, its height after one year is
the closest to

U Glen &2 diol sidlor 3 srucfl ars @1 10 % 9 oiar 3 Aafe i) B Sars amet 1 @t 3, v adf ugig sadl Sarg o1 frwcda #AeT 3
[Question ID = 525][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q11]

1. 1.10 m [Option ID = 2097]

2. 1.21 m [Option ID = 2098]

3. 1.33 m [Option ID = 2099]

4. 1.46 m [Option ID = 2100]



12)  Starting from the top of a page and pointing downward, an ant moves
according to the following commands

Start

L 4
Repeat actions in curly brackets 3 times

Repeat actions in the box 4 times
Move forward 100 units}

4
urn right by egrees
4 Turn right by 90 d =
4
Turn left by 30 degrees
S »
Of the following paths
A B
C D

Which is the correct path of the ant?



T & o & UeeT 3 3R A= Fir 3R T IR Y, U e
@ gt & HTHIT Tl T
Start
Repeat actions in curly brackets 3 times

=
Repeat actions in the box 4 times
Move forward 100 units

4
~ Turn right by 90 degrees ¢
\ 4
Turn left by 30 degrees
p -
g Tt # &
A B
C D

HIET FT TWET TU RITETE?

[Question ID = 526][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q12]
1. A
[Option ID = 2101]
2. B
[Option ID = 2102]
3. C

[Option ID = 2103]
4. D

[Option ID = 2104]

13) In a four-digit PIN, the third digit is the product of the first two digits and the fourth digit is zero. The number of such

PINs is

U dR-3ibRI fUret 3, eI sidd usd <X 3l T IIeIEd 3 3= dlen 3 9o 3 VA freil bl zizewm 3
[Question ID = 527][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q13]
. 42 [Option ID = 2105]

. 41 [Option ID = 2106]

. 40 [Option ID = 2107]

. 39 [Option ID = 2108]

A W N -

14) After 12:00:00 the hour hand and minute hand of a clock will be perpendicular to each other for the first time at
g3l @ #@e q fBerc gorfol arer arer 12:00:00 @5 U Y dR S URFUR ciddd 3iol, d8 IR 3

[Question ID = 528][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q14]

1. 12:16:21 [Option ID = 2109]

2. 12:15:00 [Option ID = 2110]

3. 13:22:21 [Option ID = 2111]



4.

12:48:08 [Option ID = 2112]

15) At what horizontal distance from A should a vertical line be drawn so as to divide the area of the trapezium shown in

the figure into two equal parts ? (a and b are lengths of the parallel sides.)
forey 31 goIf s1U FIcia aqySI D SIqBcT Bl A1 W3TeT P I fnfSia oot @ ferw A 3 Rpach Siferst ¢ft Uz v Seafer Y1 Ffiach aifde?

(331iaR fSI3ii <bl croars gt aa b )

[

1.

2.
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b
Question ID = 529][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q15]

(a+ Bb)/4 [Option ID =2113]

(a4 b)/3 [Option ID =2114]

3. (a+ b)/2 [Option ID = 2115]

4

- (2a+b)/2 [Option ID = 2116]

16) | have a brother who is 4 years elder to me, and a sister who was 5 years old when my brother was born. When my
sister was born, my father was 24 years old. My mother was 27 years old when | was born. How old (in years) were my
father and mother, respectively, when my brother was born?

IR b 1S 3 a8 A3RI 4 ad §31 3, 3k v geal & a8 5 adf bl off S IR 91 DI STed 3T AT S A3} Tl BT Slodl 3T AT, IR furen bl 3Ry 24
ad off SI9 I1RT1 Sied 31T ad I3 Al DI 3RY 27 o off S I3 HIS DI Slod 3T AT ad I3 T a Al Dl 3Ry, waAor: (auf 3) ool fi?

[Question ID = 530][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q16]
1.

29 and 23
29 a 23 [Option ID = 2117]

2. 27 and 25

27 @ 25 [Option ID = 2118]

3. 27 and 23

27 a 23 [Option ID = 2119]

4. 29 and 25

29 g 25 [Option ID = 2120]

17) A boy has kites of which all but 9 are red, all but 9 are yellow, all but 9 are green, and all but 9 are blue. How many

kites does he have?
Th cIsd D URT Udal 3 Riotdl A 9 &l 915 9y el aret 8, 9 ol 81 9y wsfl tichl 3, 9 @1 oI A9 wsht 33 3, 3z 9 @I BIs 9y skl oficht

s D uRd fdpdofl udsi 37

[Question ID = 531][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q17]
1. 12 [Option ID = 2121]

2. 15 [Option ID = 2122]

3. 9 [Option ID = 2123]

4. 18 [Option ID = 2124]

18) Tokens numbered from 1 to 25 are mixed and one token is drawn randomly. What is the probability that the number on

the token drawn is divisible either by 4 or by 6?
Jizcifdpa 1 A 25 arer Aol @1 Bifdfa s sirer 3 3iiz U Aidbal AreRed U A xifar sirar 3 A 310 SIdsel U= AIRM BT Alol AT dl 4 A A1

6 21 s 31, 3Ahl YiRiapan fpaoft 3?7

[Question ID = 532][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q18]
1. 8/25 [Option ID = 2125]

2. 10/25 [Option ID = 2126]

3. 9/25 [Option ID = 2127]

4. 12/25 [Option ID = 2128]

19) A beam of square cross-section is to be cut out of a wooden log. Assuming that the log is cylindrical, what
approximately is the largest fraction of the wood by volume that can be fruitfully utilised as the beam?

IDIl D TP g A PIDPR HYFA-PIC DI Th dlH PICI SIloll 3 As Alold §U b cI5T IcTelidR 3, 3IRIdel @ BATd A cIPSI Bl cPBEI fbdon
2B edt 3i9r (1°T) TIMIGRID S @ U 3 IUIST I TR ST ADT & ?

[Question ID = 533][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q19]



. 49% [Option ID = 2129]
. 64% [Option ID = 2130]
. 71% [Option ID = 2131]
. 81% [Option ID = 2132]

A W N -

20) How many rectangles are there in the given figure?
fu a1 foreg 3 fbdor eI 3?7

[Question ID = 534][Question Description = 101_702_PARTA_CSIR_SEPT22_SET1_BIL_Q20]
6 [Option ID = 2133]
7 [Option ID = 2134]
. 8 [Option ID = 2135]
9 [Option ID = 2136]

A W N -

Topic:- 705_PARTB_CSIR_SEPT22_SET1_BIL

27

) The value of the integral I, dxe ™", where m is a positive integer,

is

—yim

UellcHe quites m & T FAEea [ dee ™" &1 A §

[Question ID = 1][Question Description = 101_705_PARTB_CSIR_SEPT22_SET1_BIL_Q21]
1. m+1

r( 2m )

[Option ID = 1]
2. piaEL

r ( 2m )

[Option ID = 2]
3. r 2m+1)
2m

[Option ID = 3]
4. r (Zm—‘l

2m

[Option ID = 4]

2) 1
Z—sinz

At z = 0, the function of a complex variable z has

R PR W2 F g — F T z2=0W

Z=-sing

[Question ID = 2][Question Description = 102_705_PARTB_CSIR_SEPT22_SET1_BIL_Q22]
. no singularity
@1$ fafergar o1dt @ [Option ID = 5]
2. asimple pole
Jremor ¢ 3 [Option ID = 6]
3. apole of order 2
@ife (order) 2 @1 ga & [Option ID = 7]
4. a pole of order 3
@ife (order) 3 @1 ga & [Option ID = 8]



3) Two n x n invertible real matrices A and B satisfy the relation
(aB)" = —(a7'p)™?
If B is orthogonal then 4 must be

& n x n SEHAVIT arEdfas 3Meqg A a7 B Haw
(4B)" = —(a7'B)™

 Tee A §1 IR B iR ¥ oA A B @ g

[Question ID = 3][Question Description = 103_705_PARTB_CSIR_SEPT22_SET1_BIL_Q23]

lower triangular
fomrar fegggsiter [Option ID = 9]
2. orthogonal
cifees [Option ID = 10]
3. symmetric
@A [Option ID = 11]
4. antisymmetric

yfermfd [Option ID = 12]

1

The infinite series £7_4(n? + 3n + 2)x™ evaluated at x = ;_; is

HAA A ¥ (n? + 3n + 2)x"
T x =%trar feTer Sy 9T AT B

[Question ID = 4][Question Description = 104_705_PARTB_CSIR_SEPT22_SET1_BIL_Q24]
1. 16 [Option ID = 13]
2. 32 [Option ID = 14]
3. 8 [Option ID = 15]
4. 24 [Option ID = 16]

5) Ifz =i (note that the exponent continues indefinitely), then a
possible value of -;~1nz is

Mz =i (7= & 5 oraiE afeTa: Wad ), 99 Cinz F OF

Il A §

[Question ID = 5][Question Description = 105_705_PARTB_CSIR_SEPT22_SET1_BIL_Q25]
1. 2ilni

[Option ID = 17]
2 Ini

[Option ID = 18]
. 0Ini

[Option ID = 19]
4 21ni

[Option ID = 20]



6) A wire, connected to a massless spring of spring constant k and a
block of mass m, goes around a disc of radius a and moment of
inertia 1, as shown in the figure.

i
| W

Assume that the spring remains horizontal, the pulley rotates freely
and there is no slippage between the wire and the pulley. The
angular frequency of small oscillations of the disc is

FATA FFRiF k B ARG FAN & SF7 F aR A o #i
ﬂm%ﬁ?w#m?;ﬁﬁmmwwwmt
star o & wefdia &1 e &1 siged ameget 1 g

AT FAE S e & AR g & e o ¢ a an

va O & drr S e @ €1 B & o giat & o

Jrgfer g

[Question ID = 6][Question Description = 106_705_PARTB_CSIR_SEPT22_SET1_BIL_Q26]

1. 2ka?

ma2+]

[Option ID = 21]

2 ka?
ma2+1]

[Option ID = 22]

3. kaz
ma2z+21

[Option ID = 23]
2
4. i
2maz+1

[Option ID = 24]

7) The Lagrangian of a system described by three generalized
coordinates qy, g; and ¢q; is L= %m(cj-f +§3) + MGy d, + Kdqqs,
where m, M and k are positive constants. Then, as a function of
time



de eardga A& gy, g, AT gy & aftE G @ wEeh
LZ%TR(‘?IZJF‘?%JJFMM%JFHH% g S8 m, M 9T k Y9dATCHS
ooRiw & 99 99T & G & §F H

[Question ID = 7][Question Description = 107_705_PARTB_CSIR_SEPT22_SET1_BIL_Q27]

1. two coordinates remain constant and one evolves linearly

a1 forderics araR &I & aelr v 3Radd: dgetar 3 [Option ID = 25]
2. one coordinate remains constant, one evolves linearly and the third evolves as a quadratic function

oo fordore 3er Jadr 2, v IRada: deeldr & aen diRrI fgardt weter @ ¥u 3 agerar 3 [Option ID = 26]
3. one coordinate evolves linearly and two evolve quadratically

oo fordorias IRama: aaerdr & aen o fgardt %u 3 agera & [Option ID = 27]
4. all three evolve linearly

diioit @ dfloil 3Rawa: geera & [Option ID = 28]

8) The periods of oscillation of a simple pendulum at the sea level and
at the top of a mountain of height 6 km are T, and Tz, respectively

If the radius of earth is approximately 6000 km, then Z-js closest

to

ot §AT Sl & HER dd 9T J@4T 6 km @ Fue & 9dd
frEy =X gres &1 FwAW: T, AT, 81 T e i B swmr
6000 km & @& = e & welAw ¥
1
[Question ID = 8][Question Description = 108_705_PARTB_CSIR_SEPT22_SET1_BIL_Q28]
1. -10-4 [Option ID = 29]
2. -10°3 [Option ID = 30]

3. 10 [Option ID = 31]
4. 10°3 [Option ID = 32]

9) A particle of rest mass m is moving with a velocity vk, with respect
to an inertial frame S. The energy of the particle as measured by an
observer S', who is moving with a uniform velocity ui with respect to

§ (in terms of y,=1/\/1 — u?/c? and y,=1//1 — v¢/c? )is

fpET JEca BH S & T TAUH geTATT m & HOT 997 vk
IATAATA g1 S & AU THOHA 997 ui T AfdA HAT J&w S
AR AT A W (y, =141 — 2 /2 @7 y, =111 — vZ/c? & ehad)
FOT HT FaAT &

[Question ID = 9][Question Description = 109_705_PARTB_CSIR_SEPT22_SET1_BIL_Q29]
1.y, ¥em(c® — uv)

[Option ID = 33]
2. Yuyvmcz

[Option ID = 34]
1 2
3 s (utrme

[Option ID = 35]

1
> (Yu + ¥o)m(c? — uv)

[Option ID = 36]



10) An electromagnetic wave is incident from vacuum normally on a
planar surface of a non-magnetic medium. If the amplitude of the
electric field of the incident wave is E, and that of the transmitted
wave is 2E,/3, then neglecting any loss, the refractive index of the
medium is

#1% faegd e ater fAaa @ et ey gaad W dead
et g1 afe et 9T & de¥a &7 # AU E, § a9
GRAAT AT T 2E,/3 &, AT TET o1 e AT I9W A g,
HICTH & J9Gd1F ¢

[Question ID = 10][Question Description = 110_705_PARTB_CSIR_SEPT22_SET1_BIL_Q30]
1. 1.5

[Option ID = 37]
2. 2.0

[Option ID = 38]
3. 2.4

[Option ID = 39]
4. 2.7

[Option ID = 40]

11) A part of an infinitely long wire, carrying a current I, is bent in a semi-
circular arc of radius r (as shown in the figure).

1

o}

The magnetic field at the centre O of the arc is

U Hedad: @d a) SEA g 9 [ 9g @ ¢, & 6 @ Al
@Y, e r & dEgeaeR U & §9 A oF HWrar war ¥ (st
e R & w2l #) |

g

0
T ¥ % OO gaPT 8 ¥

[Question ID = 11][Question Description = 111_705_PARTB_CSIR_SEPT22_SET1_BIL_Q31]
. Hol
4r
[Option ID = 41]
.. Mol
inr



[Option ID = 42]

;. Mol
21
[Option ID = 43]
4. ”0"
2nr

[Option ID = 44]
12) Two positive and two negative charges of magnitude q are placed
on the alternate vertices of a cube of side a (as shown in the
figure).

2]

il JJ‘III!"
r . I|l
i
i

The electric dipole moment of this charge configuration is

IRATT g F &1 g=geA TUT a7 HOMAAT F ST o F fRET TF &
veh-Uh oig &, ofet X (Raar) w@r g

[Question ID = 12][Question Description = 112_705_PARTB_CSIR_SEPT22_SET1_BIL_Q32]
- —2qak
[Option ID = 45]
2. 2qak
[Option ID = 46]
S 2qa(i+))

[Option ID = 47]
4 2qa (i—1J)

[Option ID = 48]

13) The electric and magnetic fields in an inertial frame are E = 3ai —
4jand B = ST“i:, where a is a constant. A massive charged particle

is released from rest. The necessary and sufficient condition that
there is an inertial frame, where the trajectory of the particle is a
uniform-pitched helix, is



et S5 A # dcgd a9 G & E = 3ai—4) a9r
J;i;%, T o o &1 e ol 3T Hor fRuy e ¥
OIS ST &1 OHT Sl 6H 81 Towd 39 &1 & S9Y vhaAr
TE-3ae arelr S (helix) g1 g8 fAT 3raeger qur gaied
yfaeer ¢ &
[Question ID = 13][Question Description = 113_705_PARTB_CSIR_SEPT22_SET1_BIL_Q33]
1. lcaenz

[Option ID = 49]
2. 1<a<t1

[Option ID = 50]
3. 4?1

[Option ID = 51]
4 at>2

[Option ID = 52]

14) If the expectation value of the momentum of a particle in one dimension is zero, then its (box-normalizable)
wavefunction may be of the form

afe fop2ft o1 B AT D foru ues e 3 Yapmon Arel 96T 3 dl 3T ‘diaz’ YAmIGcRIGviRI (box-normalizable) a3s1 wetar foRlet U @1
3l war & [Question ID = 14][Question Description = 114_705_PARTB_CSIR_SEPT22_SET1_BIL_Q34]

1. sinkx

[Option ID = 53]

2. g™¥ gin kx

[Option ID = 54]
3. e'*¥ cos kx

[Option ID = 55]
4. sinkx + e™™ cos kx

[Option ID = 56]

15) In terms of a complete set of orthonormal basis kets |n),

n=20,+1,+2,-- the Hamiltonian is

H= Y, (Eln}n| + eln+ 1)n| + eln}n + 1])

where E and e are constants. The state |@) = ¥, e™®|n} is an
eigenstate with energy

TR difad YR & (ket) |n) & qut wHgTgw, S
n=0,41,42 - RT cUFT iffreeh &

H= Y (Eln{n| + eln + 1}n| + eln){n+ 1))

el E T e FOXia &1 31aEd |@) = E,e™®|n) a=  F=T arelt
FiBaartoe e &

[Question ID = 15][Question Description = 115_705_PARTB_CSIR_SEPT22_SET1_BIL_Q35]
1. E+ecosg



[Option ID = 57]
2. E—€cosg

[Option ID = 58]
3. E+2ecosg

[Option ID = 59]
4 F—2ecosq

[Option ID = 60]

16) The momentum space representation of the Schrodinger equation
of a particle in a potential V() is (Ipl*+ 3('::;)2) Y(p,t) =
:‘h% Y(p, t), where (V,). = a%, and # is a constant. The potential
is (in the following V, and a are constants)

Rasra v(7) & Rl T i T TR 3 ForeRi s Eeor
(Ip2+8(72)" ) (p.0) = ih w(p.6) & T (V,), =5 T p
R §1 & & Rvra ¥ (Rt & v, awr o R §)

[Question ID = 16][Question Description = 116_705_PARTB_CSIR_SEPT22_SET1_BIL_Q36]

1. Vpe -r¥fa*

[Option ID = 61]
2. yyer/at

[Option ID = 62]
; 2
- vo(2)
[Option ID = 63]
4y (:)“
o a

[Option ID = 64]

17)  Consider the Hamiltonian H = Al + Bo, + Ca,. where A, B and ¢
are positive constants, I is the 2 x 2 identity matrix and o, a, are
Pauli matrices. If the normalized eigenvector corresponding to its

largest energy eigenvalue is %G) then y is

A, B A9 C geATcH® TEURih, | Ush 2 X 2 dcHH® 3Tegg a9l oy, 0,

dicll HTedF ¥ e¥aFd giAeclell H = Al + Bo, + Co, & & # faan

Ife T0& Agcad Fal HOF A & BT Foa samded

s wrer ()€ @y d

[Question ID = 17][Question Description = 117_705_PARTB_CSIR_SEPT22_SET1_BIL_Q37]
B+iC

v

[Option ID = 65]

A—iB
VAZ+B?

[Option ID = 66]

2.



A-iC
T
[Option ID = 67]

B-iC
g

[Option ID = 68]

3.

4.

18) If the average energy (£}, of a quantum harmonic oscillator at a
temperature T is such that (£); = 2{E);_, then T satisfies

gfe T FaicH T3 gae & d9H T 9T AT T (E)y 30
YR g o (E)r = 2(E)r, @@ T e @ Fase aar §

[Question ID = 18][Question Description = 118_705_PARTB_CSIR_SEPT22_SET1_BIL_Q38]

[Option ID = 69]
frew
2. —_=
coth (21:31') 2
[Option ID = 70]

3. coth (;—HT) = 4

[Option ID = 71]
4. coth( 5 )= +

]
2kgT
[Option ID = 72]

19) A thermally isolated container, filled with an ideal gas at temperature
T, is divided by a partition, which is clamped initially, as shown in
the figure below.

The partition does not allow the gas in the two parts to mix. It is
subsequently released and allowed to move freely with negligible
friction. The final pressure at equilibrium is



TS AMN-fagEa 9T B, S AHE TR e AW F O I g
v faaresd gErr faager fosig fovam amam &1 fasesn 1 sy
& ‘T & mar g

fasTsTsR & FIOT gl $E hr W ATAT 6 & gEan 95 #H
s & AFd & G Srar § e ag sveohy a¥or &
aryr f@as goar ¢ ey #F 3ifas gaa gen

[Question ID = 19][Question Description = 119_705_PARTB_CSIR_SEPT22_SET1_BIL_Q39]
5P/3 [Option ID = 73]
5P/4 [Option ID = 74]
3P/5 [Option ID = 75]
4P/5 [Option ID = 76]

A W N -

20) A walker takes steps, each of length L, randomly in the directions along east, west, north and south. After four steps
its distance from the starting point is d. The probability that d<3L is

@IS Al ArelRee yd, ufdE, Iqar aaur oféor fonsil i L cars & ocd agidr 8 IR @cdl & a16 3R fig A 3uadl gft d 3 d<3L 3ot i
giRrear & [Question ID = 20][Question Description = 120_705_PARTB_CSIR_SEPT22_SET1_BIL_Q40]

. 63/64 [Option ID = 77]

. 59/64 [Option ID = 78]

. 57/64 [Option ID = 79]

. 55/64 [Option ID = 80]

A W N -

21) An elastic rod has a low energy state of length Lmax and high energy state of length Lyin. The best schematic
representation of the temperature (T) dependence of the mean equilibrium length L(T) of the rod, is

T YRR D31 Bl D Holl DI IaRIAT # cidr$ Lmax 3 a1 ifera Isit &bl et 3 Lmin 8 931 & s AnRmaien cars L(T) & arasret
(T) uz forsfear o1 AR BT RIERAIFHD formzuur & [Question ID = 21][Question Description =
121_705_PARTB_CSIR_SEPT22_SET1_BIL_Q41]

L(T)
P4\
Lo fms —— =~ =
) \
Lagp——— — ===
> T

[Option ID = 81]

L(T)
/N
me(+Lrnm .

Loax ferZ — — — — — —

[Option ID = 82]



[Option ID = 83]

L(T)
/N

Lrmax

4. Lose + Livin _\

2

[Option ID = 84]

22) The circuit containing two n-channel MOSFETs shown below, works as

offal iR St n-Tetet diwe arenm uf¥uer o1 R vl

o +5V,,

_|

Q

[— Voul

vin —| Q?

[Question ID = 22][Question Description = 122_705_PARTB_CSIR_SEPT22_SET1_BIL_Q42]
1. a buffer

aw2 (buffer) Sz @ [Option ID = 85]

2. anon-inverting amplifier

an inverter

goac? Sl 3 [Option ID = 87]
4. arectifier

sqgAaaeir smasfa (non-inverting amplifier) Skem @ [Option ID = 86]
3.

feye®nr! (rectifier) Siar @ [Option ID = 88]

23) The figure below shows a circuit with two transistors, Q and Qa.
having current gains #; and j, respectively.

——Vec= 12V

220 k()

')

Vae=0.
580 0

The collector voltage V. will be closest to



e R & aftta 9oy & ary afeuat A g, 9 g, ae ar
gifaee Qi 99T Q; &

— V=1

220 kil

HAET (collector) deear v, e & F&uas gelr

[Question ID = 23][Question Description = 123_705_PARTB_CSIR_SEPT22_SET1_BIL_Q43]
1. 0.9 V [Option ID = 89]
2. 2.2V [Option ID = 90]
3. 2.9V [Option ID = 91]
4. 4.2V [Option ID = 92]

24)
Four students (S1, Sz, S3 and S4) make multiple measurements on the length of a table. The binned data are plotted as histograms in the following
figures.

51 s}
2 1 4 s 2 3 4 s
Length (m) Length (m)
3, S,
1

2 3 4 5 1 2 s 4 5
Length (m) Length (m)

If the length of the table, specified by the manufacturer, is 3m, the student whose measurements have the minimum systematic error, is



et (S, Sz, S AWMS:) FF A Fa F agd aw AU ¢
‘==’ (binned) 3iTeRst & wraafET & w0 & = R §

S, s,
1 2 3 R 1 2 y 4 =
Length (m) Length {m)
5 S,
1

5 12 a5

2 3 4 3
Length {m) Length {m)

2R R T Fw & vk om 7 ok ¥ A R R &
At & A atu IR Y

[Question ID = 24][Question Description = 124_705_PARTB_CSIR_SEPT22_SET1_BIL_Q44]
1. S,

[Option ID = 93]
2. Sq

[Option ID = 94]
3. S4

[Option ID = 95]
4, S3

[Option ID = 96]

25)
A high impedance load (network) is connected in the circuit as shown below.

Vin(V) T I
15
GV\ Vin Ye=91¥ Load ‘ Vour

The forward voltage drop for silicon diode is 0.7 V and the Zener voltage is 9.10 V. If the input voltage (V;,) is sine
wave with an amplitude of 15 V (as shown in the figure above), which of the following waveform qualitatively describes
the output voltage (V,,,.) across the load?



U Jed FidemyT ¥R (Aeash) H FEAeER aiey # ST gl
R

— MW

| |
/N

: T Sy

vin
us)
o |
=P
= Si diode

Ao srE & T 39 dieear 919 0.7 V § 997 SieR dteear 9.10 V &1 Ifg @aer areear (v,) 15 V& HEm&H

arell ST a9 g (st O A ), e A @ &l | sy 9 ) A dieedn (V,,) 1 IOTeAS ¥ ¥ Jad
IO @ g 2

-9

-15

[Question ID = 25][Question Description = 125_705_PARTB_CSIR_SEPT22_SET1_BIL_Q45]
Vour (V)

e ¥in

dia,

[Option ID = 97]
Vaue (V)

%
i i

[Option ID = 98]
Vour (V)
f’"""*{"’
ot ,-"J \
3. /S NN .
A ’-'IZHJ

N/
e S’
[Option ID = 99]

Vour (V)

185

Vi Vin
y

[Option ID = 100]
Topic:- 705_PARTC_CSIR_SEPT22_SET1_BIL

1) A bucket contains 6 red and 4 blue balls. A ball is taken out of the bucket at random and two balls of the same colour

are put back. This step is repeated once more. The probability that the numbers of red and blue balls are equal at the end,
is

O dIelct 3 6 ciret ae 4 ofietl 316 3 arcdl 3 A v i Areiked foremre cff SIcdl 8 den s:® JAare uz 3l 3BT B oI 31 arRT 3| 3 SIedl 3 30

O dR 3i1 SIS SIAI & 3id 3 cIlel a oiicil 3icl @ el IFAT 3 Mol DI giRipar 3 [Question ID = 26][Question Description =
126_705_PARTC_CSIR_SEPT22_SET1_BIL_Q46]



. 4/11 [Option ID = 101]
. 2/11 [Option ID = 102]
. 1/4 [Option ID = 103]
. 3/4 [Option ID = 104]

A W N -

o0 Cosax

dx, fora > 0, is

2
) The value of the integral [~ —

s e |

a>0%F o, A [ S dx # AA §

—m x2+1

[Question ID = 27][Question Description = 127_705_PARTC_CSIR_SEPT22_SET1_BIL_Q47]
1. a
ne

[Option ID = 105]

2. —

mne

[Option ID = 106]
3. He_af?‘

[Option ID = 107]
4. ]'[eafz

[Option ID = 108]

1 for Z2n=x=2n+1

The Laplace transform L[f](y) of the function f(x) = {0 e e e dF

n=20,1,2,+ I8

1 for 2n<x=2n+1

s py ttt SIRIES] FqHI |
0 for2n+1<x<2n+2" " Byt 0 (Laplace transform) L[f](y) &

Wl f(x) = |

[Question ID = 28][Question Description = 128_705_PARTC_CSIR_SEPT22_SET1_BIL_Q48]
e Y(e V+1)
v(e 2¥+1)

[Option ID = 109]
) BB
¥
[Option ID = 110]
e¥+e ¥
y
[Option ID = 111]
e¥(e¥-1)
y(e?¥-1)

3.

4.

[Option ID = 112]

4)
The matrix corresponding to the differential operator (1 + i) in the space of polynomials of degree at most two, in
the basis spannedby f; =1, f; = xand f; = x2, is

Howan FIfe 2 & agual f FARC H f, = 1, f, = x @A f3=x2mmmﬁamﬁamm(l+%)
& WIS YR §

[Question ID = 29][Question Description = 129_705_PARTC_CSIR_SEPT22_SET1_BIL_Q49]



s it

[Option ID = 113]

1 0 0
Z 111 0
0 2 1

[Option ID = 114]

s 1

[Option ID = 115]

1 L‘r O
4,
[Option ID = 116]

5)
The Lagrangian of a system of two particlesis L = %xf + 242 — %(xf + x% + x,x,). The normal frequencies are best
approximated by

gl ®UI & JF &1 i (Lagrangian) § L = %xf ¥ 2%2 - %(xf + X3 + x,x,) THART HGRET & ga4cs Hieame
J

[Question ID = 30][Question Description = 130_705_PARTC_CSIR_SEPT22_SET1_BIL_Q50]
1. 1.2 and 0.7 [Option ID = 117]
2. 1.5 and 0.5 [Option ID = 118]
3. 1.7 and 0.5 [Option ID = 119]
4. 1.0 and 0.4 [Option ID = 120]

6)
The Lagrangian of a particle in one dimension is L = %;‘cz — ax? — V,e 1% where a and V, are positive constants.
The best qualitative representation of a trajectory in the phase space is

ﬁ?ﬂrmﬁruﬁﬁm#m%L=§x3—ax2—vue‘1"xmamvﬂwﬁtﬂrﬁm qIaE-gA®E H
WA FH FIASS IONHE 75901 §

[Question ID = 31][Question Description = 131_705_PARTC_CSIR_SEPT22_SET1_BIL_Q51]

o

e\
SN/

[Option ID = 121]



el
2. (> |
[Option ID = 122]

Ay
N

[Option ID = 123]

W
7

[Option ID = 124]

7) Earth may be assumed to be an axially symmetric freely rotating rigid body. The ratio of the principal moments of inertia
about the axis of symmetry and an axis perpendicular to it is 33:32. If Ty is the time taken by earth to make one rotation
around its axis of symmetry, then the time period of precession is closest to

gerdl I 31giiI AAfdadr @ AT Jad Yulol Dol dIell €6 fUs Ao SII ADAI & AATHIIT-318T AAT $AD cidad 38T D ATUS SIScd D PR TEUIL
@l 3igqurd 33:32 3 afe srael Jafdifer-sigr & ari 3R gedl o1 uf¥apan o1 To &l dl YRRRI (precession) oie forfel @ Ieiudd] sen

[Question ID = 32][Question Description = 132_705_PARTC_CSIR_SEPT22_SET1_BIL_Q52]
1. 33 To

[Option ID = 125]
2. 33T,/2

[Option ID = 126]
3.32Tp

[Option ID = 127]
4. 16 To

[Option ID = 128]

8)



A square conducting loop in the yz-plane, falls downward under gravity along the negative z-axis. Region 1, defined
by z > 0 has a uniform magnetic field B = Bgi, while region 2 (defined by z < 0) has no magnetic field.

Region 1

¥

Region 2

The time dependence of the speed v(t) of the loop, as it starts to fall from well within the region 1 and passes into the
region 2, is best represented by

yz-ad H U AR ATl 9197 Toca K GHE H HOMcHAS z-3087 & HY-HY A ORar @1 oz > 0 @ afenia
Region 1 & Ueh-§HTA Hahia &9 B = Byi ¢ 4T Region 2 (f5@& AT 2 < 0) & gahrg &7 g1 &

Region 1

Y

Region 2

qma?Regiom$mﬁmmmRegmn2ﬁq§aﬁ@qﬁﬁmﬁﬁﬂmv(t)ﬁmwﬁsﬁwfﬂ

ey s=or [Awgor §

[Question ID = 33][Question Description = 133_705_PARTC_CSIR_SEPT22_SET1_BIL_Q53]

W

[Option ID = 129]
v

[Option ID = 130]



[Option ID = 131]
v

[Option ID = 132]

9)

Two small metallic objects are embedded in a weakly conducting medium of conductivity o and dielectric constant e.
A battery connected between them leads to a potential difference V. It is subsequently disconnected at time ¢ = 0.
The potential difference at a later time t is

uTd & &l OIC s & reiedl o TUT WA ¢ & ATH H 3 §)| 34 2l & d@ Sl Sgel & SR 3705
Vo @1 faeraiaR g1 SIrar €1 dcqedid 8T ¢ = 0 W 39 & feeofed X ¢d ¥ 7 & 91¢ AT ¢ W fawErR @

[Question ID = 34][Question Description = 134_705_PARTC_CSIR_SEPT22_SET1_BIL_Q54]

1 _ta

Voe =
[Option ID = 133]

2 _ta

: Vng 2e
[Option ID = 134]

_:Ea

3. Vof' A
[Option ID = 135]

ta

4. Voe &
[Option ID = 136]

10)

A stationary magnetic dipole m = mik is placed above an infinite surface (z = 0) carrying a uniform surface current
density ¥ = ki. The torque on the dipole is

#1$ R o gY@ m = mk Bl oF-w9E 756 gR-gAeE k= «i A I BAE (2 = 0)F FR @ w
ST g1 gfaYd X ae-3meer §

[Question ID = 35][Question Description = 135_705_PARTC_CSIR_SEPT22_SET1_BIL_Q55]
|u ~

1. —=mki
2

[Option ID = 137]

2. —Eomkei
2

[Option ID = 138]



[Option ID = 140]

11)
Two parallel conducting rings, both of radius R, are separated by a distance R. The planes of the rings are perpendicular
to the line joining their centres, which is taken to be the x-axis.

R i
-3 +3

T
i
i
1

R

-

If both the rings carry the same current i along the same direction, the magnitude of the magnetic field along the x-
axis is best represented by

gl AT °Tefeh aory, forad 9cde & e R 8, U g @ R gt W §1 a3 & do 3o Hal A S arelt
@, fSrEer «-3e7 A @ 8, F odaad g

_&
L

I R

uﬁaﬁaﬁm“fﬁuﬂmumtm:ﬁ?&&nﬁaﬁﬁ»mﬁﬁﬁnﬁﬂ&ﬁaﬁmnﬁ%ﬁmm?

[Question ID = 36][Question Description = 136_705_PARTC_CSIR_SEPT22_SET1_BIL_Q56]
Bix)

Bix)

1
-Rr2 Ri2 B

[Option ID = 142]



Bix)

-RiZ x

[Opt1on ID = 143]

Bix)

]
[Option ID = 144]
12)
Attime t = 0, a particle is in the ground state of the Hamiltonian H(t) = — + mw x% + Ax sin%t

where 1, w and m are positive constants. To 0(4?), the probability

thatatt = Zm—” the particle would be in the first excited state of H(t = 0) is

Hﬂ'ﬂ't=0ﬂ.t’$m§'ﬁﬁ?ﬁff(t}=%+%mw2x +3xsm—aﬁrﬁma==r3ﬁ$&ﬁ#% SET A, @ T m  UeTcHS
feeRrs O(Az)ﬁt=%ﬂmﬁH(t=D)ﬁmﬁﬁﬁmﬁﬁﬁﬁqﬁﬁT%’

[Question ID = 37][Question Description = 137_705_PARTC_CSIR_SEPT22_SET1_BIL_Q57]
94
16mhw?

1.

[Option ID = 145]
912

8mhw?3

[Option ID = 146]
16472

Imhw?

3.

[Option ID = 147]
847

4.
9mhw?

[Option ID = 148]
13)  To first order in perturbation theory, the energy of the ground state of the Hamiltonian

| 5 m .2
H-‘_m+2m * +f‘mzexp[ ]

(treating the third term of the Hamiltonian as a perturbation) is
&ftat mayri?-r # yAH FR & a:;m LECHE]

I_’ﬂ xz]
Soam T2 Bz P h

#Wmﬂﬁm(ﬁmﬁmﬁmﬂwﬁmm@%




[Question ID = 38][Question Description = 138_705_PARTC_CSIR_SEPT22_SET1_BIL_Q58]
15

" — hw
32

[Option ID = 149]

17
2. — he
32 h
[Option ID = 150]
19
3 s,
= hw
[Option ID = 151]
4 55
32
[Option ID = 152]
) The energy/energies E of the bound state(s) of a particle of mass m in one dimension in the
oo, x=0
potential V(x) = {-V,, 0<x<a (where V;, > 0) is/are determined by
0, xza
o3, x=<0
o e & A Vix)= -V, 0<x<a (F& V,>0)F 9915 H FIAT m & F7 6
0, Xx=za

oRmey saFarst 1 Fe/Fa E e § Peifa aeh ¢

[Question ID = 39][Question Description = 139_705_PARTC_CSIR_SEPT22_SET1_BIL_Q59]

1. Cth (ﬂ 2m(E+Vy) =E~Vn

hZ E

[Option ID = 153]

2 el ’2m.(s+v.,) S i
vl (a h? E+V,

[Option ID = 154]

g izm(swo)) _ __E
- cot (ﬂ. hZ = E+V,

[Option ID = 155]

PR (a 2m(E+V0)) _E-V

h? E
[Option ID = 156]

15)  The energy levels of a system, which is in equilibrium at temperature T = 1/(kgzf), are 0, ¢ and

2¢. If two identical bosons occupy these energy levels, the probability of the total energy being 3¢,
is

A T = 1/(kpf) T Agraed A Rl a7 & Fa1 T 0, € aur 26 €1 I &Y ada: gAa

A8l 5 Fal FaU @ HeAfld &d § a @91 FeHl & 3e g A il §

[Question ID = 40][Question Description = 140_705_PARTC_CSIR_SEPT22_SET1_BIL_Q60]
3—336

1+e—Pere—2P€ e3P Lo—4B€

1.

[Option ID = 157]



e—SBE

1+2e~Be42e-2B€ L o—3BE L o—4PE

2.

[Option ID = 158]
e—BBE

e~Pet2e 2B o3P o4PeE

[Option ID = 159]
e—sBE
4,
1+e~Pet2e2Fcre—3Fc1e—4P¢
[Option ID = 160]
16)

A paramagnetic salt with magnetic moment perion u, = +pug (wWhere ug is the Bohr magneton) is in thermal equilibrium
at temperature T in a constant magnetic field B. The average magnetic moment (M), as a function of ::';;. is best

B
represented by

9 3T GERIT ATEOT py = +pp AT ARG FEVT (STET pp AR FISACIA §) Teh PR dahi & B H ATIAE
TR AT W H ¥ L & Goe & T H, AT JERR IO (M) FOHEY 0T 3§ g frwfua e e

1]
HFHAT &
[Question ID = 41][Question Description = 141_705_PARTC_CSIR_SEPT22_SET1_BIL_Q61]
<M=
kgT/pgB
1.
[Option ID = 161]
<M>
2.
ksT/ugB
[Option ID = 162]
<M>
3.
kgT/ugh
[Option ID = 163]
<M>
kgT/ugB
[Option ID = 164]

17) A system of N non-interacting particles in one-dimension, each of which is in a potential V(x)=gx where g>0 is a



constant and x denotes the displacement of the particle from its equilibrium position. In thermal equilibrium, the heat
capacity at constant volume is

o eI N sroRioRIRpIEiet Uil @ tid 3 &2 ®ul fa V(x)=gx5 @5 gura 3 3, sisi ¢>0 was Reric 3 a1 X U oI ARRIERET Fefer 3
foRIauer @ ardi ARRIaRIAT 3, ReR RIAe U Suen enfedr &

[Question ID = 42][Question Description = 142_705_PARTC_CSIR_SEPT22_SET1_BIL_Q62]
7

. INk
6 B

[Option ID = 165]

4
2. ENkB

[Option ID = 166]

3
3. ENkB

[Option ID = 167]
2
- Nkg

[Option ID = 168]

18)
A liquid oxygen cylinder system is fitted with a level-sensor (L) and a pressure-sensor (P), as shown in the figure below.
The outputs of L and P are set to logic high (§ = 1) when the measured values exceed the respective preset threshold
values. The system can be shut off either by an operator by setting the input S to high, or when the level of oxygen in
the tank falls below the threshold value.

High pressure valve

Low pressure valve

3—- Shut off signal

The logic gates X, Y and Z, respectively, are

ReTeaR g oo s a7 do-gdas (L) a91 Ja-HdeH (P) § Fod §1 Lawr p & foefat & anfoa afesd
& gurfAfaa g3 PuiRa gd (threshold) AT & @& 8 W logic high (S = 1) 9 T@T 9-1 §1 ¥F @ HReX
ZarT fAger s & high W &a W & g 910N, I7 9 e A Hieded ad g8 #4 § e AR Seen, a9

High pressure valve

Low pressure valve

}oShul off signal

d% 2@ (logic gates) X, Y @1 Z &#HM: §

[Question ID = 43][Question Description = 143_705_PARTC_CSIR_SEPT22_SET1_BIL_Q63]
1. OR, AND and NOT

OR, AND wten NOT [Option ID = 169]
2. AND, OR and NOT



AND, OR wer NOT [Option ID = 170]
3. NAND, OR and NOT

NAND, OR @er NOT [Option ID = 171]
4. NOR, AND and NOT

NOR, AND aer NOT [Option ID = 172]

19)

A high frequency voltage signal V; = V,, sinwt is applied to a parallel plate deflector as shown in the figure.

= -

An electron beam is passing through the deflector along the central line. The best qualitative representation of the
intensity I(t) of the beam after it goes through the narrow circular aperture D, is

et wATaT uefee faets WX 3= agfy & dlecar REad V= V, sinwt ST A6 § o B R # welite
gl

e T@T & WY-HIY T FAFCA G @ETR A F @R A1 g1 FB oA @RS D F A & are g A
ofiadr 1(t) T HEH HEOT AONCHS 90T §

[Question ID = 44][Question Description = 144_705_PARTC_CSIR_SEPT22_SET1_BIL_Q64]

1(t)
I [ I
1 2 3 4 Wit
e
[Option ID = 173]
I(t)
| | | [
1 9 3 4 wt
iy

[Option ID = 174]

ImV\
WAWA
1 2 3 1




[Option ID = 175]

I(t)

~~

1 2 3 4 wt
i

[Option ID = 176]

20) An amplifier with a voltage gain of 40 dB without feedback is used in an electronic circuit. A negative feedback with a
fraction 1/40 is connected to the input of this amplifier. The net gain of the amplifier in the circuit is closest to

fp2t soragiforas uf¥uer 3 foem yorsizur @ 40 dB diciedr cfeer aren smatfes oPIRN ST & 33 @ o191 UR 2RI Uas 1/40 @1 SBUIIAgis Yoteiur
CRIRI Sl 3 3naefe &l ufeaer 3 aqet afeer forfe @ eiuasy & [Question ID = 45][Question Description =
145_705_PARTC_CSIR_SEPT22_SET1_BIL_Q65]

40 dB [Option ID = 177]

37 dB [Option ID = 178]

29 dB [Option ID = 179]

20 dB [Option ID = 180]

A w N =

21) A receiver operating at 27° ¢ has an input resistance of 100 Q. The input thermal noise voltage for this receiver with a
bandwidth of 100 kHz is closest to

27° C UT ®IH W dicll, T sl ol forder gferdier 100 Q 3 s & disrE 100 kHz 3 i 321 opdl @ ferg foraer ardi za diciear foraer @
Jrafiueey 3

[Question ID = 46][Question Description = 146_705_PARTC_CSIR_SEPT22_SET1_BIL_Q66]

1. 0.4nV

[Option ID = 181]
2. 0.6 pV

[Option ID = 182]
3. 40 mV

[Option ID = 183]
4. 0.4pv

[Option ID = 184]

22) The Raman rotational-vibrational spectrum of nitrogen molecules is observed using an incident radiation of
wavenumber 12500 cm'. In the first shifted band, the wavenumbers of the observed lines (in cm™) are 10150, 10158,
10170, 10182 and 10190. The values of vibrational frequency and rotational constant (in cm™), respectively, are

SIISQISTol JIUL3N B fo1Y, IdTel Fulol-wBust avica I a3al Jxgar 12500 cm™! & snurdl fafepzur & SuRiier A ST Sirer 3 gera fargentira ufzamr
(band) @, w=idfda Y (cm! 3) ader sizmgari 10150, 10158, 10170, 10182 cem 10190 &bt ¥ goff sugfril aen goff Reriot & a6
(cm™ &), waor: ¥

[Question ID = 47][Question Description = 147_705_PARTC_CSIR_SEPT22_SET1_BIL_Q67]
1. 2330 and 2
2330 aem 2

[Option ID = 185]
2. 2350 and 2
2350 e 2

[Option ID = 186]
3. 2350 and 3
2350 aem 3

[Option ID = 187]
4, 2330 and 3
2330 aerr 3

[Option ID = 188]



23) The electronic configuration of 12C is 1s%2s?2p?. Including LS coupling, the correct ordering of its energies is

12C Y geFgiee @A 15s225%2p? &1 LS IoAd & WY, SHH  Follail & Wl A §
[Question ID = 48][Question Description = 148_705_PARTC_CSIR_SEPT22_SET1_BIL_Q68]
- E(°Py) < E(°P)) < E(°Py) < E('Dy)
[Option ID = 189]
2 E(°Pp) < E(°Py) < E(°Py) < E('Dy)

[Option ID = 190]

. E('Dy) < E(°Py) < E(°P)) < E(°Py)

[Option ID = 191]

+ E(°Py) < E(°Py) < E(°Py)) < E('Dy)
[Option ID = 192]

24)
In the absorption spectrum of H-atom, the frequency of transition from the ground state to the first excited state is vy.
The corresponding frequency for a bound state of a positively charged muon (") and an electron is v,.. Using m, =

107*% kg, m, = 107°° kg and m,, > m,, m,, the value of (v, — vz)/vy is

H-9RAT0T & 3aeior avihs &, raad saer § 99H Scdfod saedr & e Aol v, &1 aemafda
FG3TeT (muon) (u*) TAT Tk Ferelal T IRaey IaEr & o F@ad anghy v, €1 3fd my, = 107 kg, m, = 107%°
kg 4T my, > m,,m,. 8 @ (v, — vy)/vy @ AT §

[Question ID = 49][Question Description = 149_705_PARTC_CSIR_SEPT22_SET1_BIL_Q69]
0.001 [Option ID = 193]

-0.001 [Option ID = 194]

-0.01 [Option ID = 195]

0.01 [Option ID = 196]

A wWN =

25)
The energies of a two-level system are +£. Consider an ensemble of such non-interacting systems at a temperature
T. At low temperatures, the leading term in the specific heat depends on T as

gfa-Falm &9 & T 39 +F §1 a9EE T W W AR ad & §HeE W RER & @ araEe
R, faflrse FwaAT & 3 gg 7 9 e B g

[Question ID = 50][Question Description = 150_705_PARTC_CSIR_SEPT22_SET1_BIL_Q70]

1. L p—E[kgT
T2
[Option ID = 197]
2. L ,—2E/kgT
T2

[Option ID = 198]
3. Tze —E /kgT

[Option ID = 199]
4. T28 —2E[kgT

[Option ID = 200]



26)
The Figures (i), (ii) and (iii) below represent an equilateral triangle, a rectangle and a regular hexagon, respectively.

]

L] ey

Which of these can be primitive unit cells of a Bravais lattice in two dimensions?

o= (i), (if) T (iii) haver: FHaTg oty smad qur FafaEe wsas ¢

g7 # ¥ - 3 At F 53 (Bravais) STa® & HAGT  Tha A @ Haa 22

[Question ID = 51][Question Description = 151_705_PARTC_CSIR_SEPT22_SET1_BIL_Q71]
1. only (i) and (iii) but not (ii)
acr (i) der (ifi) wdq (ii) ot [Option ID = 201]
2. only (i) and (ii) but not (iii)
act (i) der (i) usg (iii) ot [Option ID = 202]
3. only (ii) and (iii) but not (i)
at (if) aen (iii) usg (i) ot [Option ID = 203]
4. all of them
3 2w [Option ID = 204]

27)
The Hamiltonian for a spin-1/2 particle in a magnetic field B = Bk is given by H = 1 § - B, where § is its spin (in units
of i) and 4 is a constant. If the average spin density is (S) for an ensemble of such non- interacting particles, then

d
E (S.r)

dahIy 89 B = Bok & FEwU-1/2 & @01 & FReSAT H =215 B Y foIr Sar ¥, SgT S $HH guHr § (b B
garsdl #) daur ) & fRRiE §) Al OF seaiefnade so & weae & v Arem g gecd (s) @ a9
(S0 &
[Question ID = 52][Question Description = 152_705_PARTC_CSIR_SEPT22_SET1_BIL_Q72]
1. % By (5.)

[Option ID = 205]
2. %30 (S,)

[Option ID = 206]
i
3. _; BD (S\}

[Option ID = 207]
A
4. _E BB (Sy}

[Option ID = 208]



28) The tensor component of the nuclear force may be inferred from
the fact that deuteron nucleus H
ATHET g & CHI-UCHF &I 37 a7 § Fswiig har 31 gFan §
& i sgea i

The tensor component of the nuclear force may be inferred from

the fact that deuteron nucleus 1H

ARG g & CH-UCH I 5§ dvd ¥ Aseig har ST Thar ¢

o it sgea i

[Question ID = 53][Question Description = 153_705_PARTC_CSIR_SEPT22_SET1_BIL_Q73]

has only one bound state with total spin § = 1

1'£rmuﬂ:qﬁawmaﬁn?ﬁﬂwgﬁrmms=1

[Option ID = 209]
has a non-zero electric quadrupole moment in its ground

2. state
#I feiFTas, AT & AR g AT AT
[Option ID = 210]

is stable while triton {H is unstable

" Fu ¥, et Téee 3H seuRh §

[Option ID = 211]
is the only two nucleon bound state

4. i
UHATE a--gfaordlsl IREGH HaEdT §
[Option ID = 212]

29)

The elastic scattering process n p —+ n~p may be treated as a hard-sphere scattering. The mass of n~, m, = %mw
where m,, ~ 938 MeV/c? is the mass of the proton. The total scattering cross-section is closest to

My, gl

;=

Wﬂmmn_pan"pﬁmmmmmmgl n @l gEUHME, m, =
m,, = 938 MeV/c? WIeld &1 Ge8AE 1 Sl Yool IR et & welvan ¢

[Question ID = 54][Question Description = 154_705_PARTC_CSIR_SEPT22_SET1_BIL_Q74]

0.01 milli-barn [Option ID = 213]
1 milli-barn [Option ID = 214]
0.1 barn [Option ID = 215]

10 barn [Option ID = 216]

AW N =

30) Thermal neutrons may be detected most efficiently by a

ardiRr oRIgTor o Aaifere agoererdrn 3 AgfEa fopan s rmar & [Question ID = 55][Question Description =
155_705_PARTC_CSIR_SEPT22_SET1_BIL_Q75]
1. ®Li loaded plastic scintillator
6Li 31 ganet qenReas 2Rt 3 [Option ID = 217]
2. Geiger-Miller counter



SI$eR-gjeR a1fdre A [Option ID = 218]
3. inorganic scintillatorCaF;

srpreford R CaF, 3t [Option ID = 219]
4. silicon detector

Rifereptar 2@ A [Option ID = 220]





