PREVIEW QUESTION BANK(Dual)

Module Name : PHYSICAL SCIENCES - 705
Exam Date : 25-Jul-2024 Batch : 09:00-12:00

Sr.
No.

Objective Question

1

Objective Question

2

Client Question

705001

705002

Question Body and Alternatives

A large number of birds, half of which belong to specie A and the other half to
specie B, rest on a tree where they are distributed randomly across the branches.
In a random sample of 5 birds from the tree, what is the probability that at least
one is from specie A?

1. 0.03125
2. 0.15625
3. 0.84375
4. 0.96875
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1. 0.03125
2. 0.15625
3. 0.84375
4. 0.96875
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Suppose that the increase in a population can be modelled as
dN (K —N)
i
dt K

where N is the size of the population, K is the carrying capacity, r is the per
capita growth rate and ¢ is time. Which of the following statements is correct?

When N =~ 0, the change in population N is nearly exponential.
When N = K, the population goes extinct as dN /dt goes to zero.
When N ~ 0, the population growth dN /dt is maximum.

When N ~ K /4, the population growth dN /dt is maximum.

N
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Objective Question

705003
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Sl N ~ 0, seRier N $ 9fg e b 2)

Sq N = K, SRiear faee 8 Sl & SRSk dN /d t 9= &1 aRe ST 8l
s N = 0, s gig dN /dt e 2

sa N =~ K /4, S+i@nrgig dN /dt it gl
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2.0
A rectangular tray of 30 cm x 60 cm size is used for baking circular biscuits. The

diameter of each biscuit is 3 cm before baking, which increases by 10% on

baking. What is the maximum number of biscuits that can be baked in the tray
such that the base of each biscuit is in contact with the tray?

1. 171
2. 162
3. 180
4. 200

1T 30 om x 60 cm &I TP ISR ¢ BT IGAN JeelTpR fRgpe e 7 gt 11T 1 o) F 9 Ui
ST BT 3 cm &, Wl AP § 10% 96 ST 81 Hedd ¥ Pl IMER ¢ D G 4§ 81 3aqD
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1. 171

2. 162

3. 180
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Objective Question

4 705004
In how many distinct ways can 128 identical marbles be arranged in a complete

rectangular grid (disregarding the orientation of the grid)?

1. 7
3 1§
3. 5
1 A
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Objective Question

5 705005
How many three-digit numbers exist whose first and last digits add up to 97
1. 90
2 61
3. 80
4, 72

Y 3iepY Pt fasarit Tveamd & o1 & uger 3R 2ifer 3l &1 site 9 &7

1. 90
2. 81
3. 80
4 70
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Objective Question

6 705006
Among A, B, C, D, E and F, D is taller than B but shorter than F. E is taller than
B, but shorter than C. B is not the shortest of all. Then A is

the shortest of all.

the tallest of all.

taller than E, but shorter than C.
. taller than C, but shorter than F.

A,B,C,D,E3RFFIIEHD, BA daT ¢ g F A [FMT 81 E, B W &1 & fob C 3 o711 81 78
H B | {1 T 81 9 g H A
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Objective Question

7 705007
Areas and populations of four states S1, 52, S3 and S4 are shown.

Areain thousand square km Populationin million
400 150

300
200
“lonw bl
. ] . )
51 52 53 54 52 S3 54

51

100

Their arrangement in decreasing order of population density would be

1. 54,83, 51,52
2. 51,52,53,54
3. S54,851,53,52
4. 62,51,83, 54



IR I 1, S2, S3 3R S4 & At 3R SEwT @Y o 7 gerfam m 81

Area in thousand square km Populationin million
400 150
300 100
200
100 I . % I
0 _ I N
s1 52 S3 54 s1 52 53 54
SRR T-Ted T NS 9 eFlT
1. S4, 83,51, 82
2. 851:52.53.54
3. S4, 81,83, 852
4. 82,81,83,84
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Objective Question

8 705008
Among 1000 squirrel babies, 200 have three stripes on their back, 500 have two
stripes on their back and the rest have four stripes on their back. While 90% of
the three-striped babies survive to adulthood, only 80% of the two-striped and
70% of the four-striped babies survive to adulthood. The fraction of four-striped
squirrels among the adults is nearest to

1. 021
2. 03

3. 0.266
4. 0.228

fireTefRa & 1000 g=d1 #, 200 & 918 W I et &, 500 6 fig w & gifwt & 3R 9y 6 dig w®
IR a1t & safd H-a1iay arer a9t § § 90% aawdHdT db SHfad 38 2, -4 arell § & dder
80% 3R TR-TRAT aTe S=di 3§ & dadl 70% & GIHdT dd iifdd Y&d ol g% 3 aR-eTRaT areft

ficTefa &1 afer idedT &
1.  0.21

O

3. 0.266

4. 0.228
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Objective Question

9 705009
In a class of 70 students, 20% of girls have spectacles and 40% of boys have
spectacles. If the total number of students having spectacle is 23, the number
of boys in the class is
1. 45
2. 14
3. 18
4. 25
U e o A 70 femeff € 977 9 20% it 3R 40% e 94T Ued & | afs 7edT 9g aret
ferenfefal bt ot AT 23 €, A PET H cred] Ol GET &
1 45
2. 14
3. “18
4 25
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Objective Question
10 705010

A referendum on a proposal involved 7000 participants. Among the participants
3600 were women and the rest were men. 2900 participants, of whom 1300 were
women, voted against while 3000 participants voted in favour. 400 women
abstained. The ratio of the number of men that did not vote to the total number
of participants is

i 1150
2. 135
3. 110
4. 870
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Objective Question

11 705011
The population of a town is increasing at a uniform rate. If its population was

90,000 and 96,000 in 2022 and 2023 respectively, what would be its population

in 20247

1. 102,000
2. 102,400
3. 102,720
4. 102,960

T 9TeR T ST UehsaiT oY & 9 YeT 8 SH! S-aeedT a9 2022 37X 2023 3 HeT: 90,000 31K
96,000 off, AT I 2024 ¥ SHET TTEET fha=T BF?

1. 102,000
2. 102,400
3. 102,720
4. 102,960
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Objective Question
12 1705012



Objective Question

13

705013

The squares in the following grid are filled with numbers 1 to 9, without repetition,
such that the numbers in the squares forming the top and bottom rows add to 20
and 14 respectively and those forming the column to 23. What is the value of A?

WM =
o~

23

5

20

14

feU U e 7 1 9 9 9 T SR fa7 58 UhR 1T 9! & b ot T foeredt feral & o911+ arer
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23
| 5] |20
Al |14

If 32XY6 is divisible by 9, X and Y being even decimal digits, then X =

FNIUN RN
o AN

afe
| ¥
p.A
3.
4.

2
4
6
8

32XY6, 9 9 faure &, fora™ X 3iR Y 99 29Feid 3id &, a9 X =



Objective Question
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Objective Question

15

705014

705015
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2.0
Canals A and B join to form canal C, all having semi-circular cross-sections of

radii which are in the ratio 3:4:5, respectively. Assume smooth merger of A and
B, and ignore the possibility of flooding. If the speed s of water is the same and
uniform in both A and B then the speed of water flowing in C is

s
25 fn
2s

s /7

PN =

TER A 3R B JSaR eR C STl €, RO Hedeh 78R b 3Rl BIC 31 Jecllb & el el roamd
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Objective Question

705016

The two graphs show the change in price of two commodities C1 and C2 over 8§
weeks.

85

80 |

75 |

price (Rs)
o o o~
e o o

w
w

w
o

week number

Which of the statements is correct?

1. C1 has higher fluctuation than C2

2. Average price of C1 is lower than that of C2
3. The largest change in a week is shown by C2
4. (1 shows a tendency of reduction

T T 1R =1 R5RAT 1 3R C2 i HiFa = 8 Iodel & SRF 81 arel URaa_ e s9far g |

B85
80 |- -
75 | s
g 70 | ~
.g 65 L i
- 60 |- -
55 |
50 L 1 1 1 1
1 2 3 4 L 6 7 8
week number
DT H F DI AT el 872
1. C1 ¥ IarR-derd C2 ¥ 3 &l
2. C1 @3 FFa C2 i sa dra d F 2
3. ot U e F arftresad uRads c2 = 2erfar 81
4. C19eH $I ygf eafar gl
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The graph shows observations and a regression line of the number of progeny
on the tail length of male birds.

y =0.309x — 2.89; r2 = 0,907 L

Number of progeny
o

10 15 20 25 30 35

Male tail length (mm)

Which of the following can be inferred from the graph?

Producing less progeny decreases the tail length of the males.
Males cannot have a tail length lesser than 10 mm.

Males with longer tails tend to father more progeny.

For a male with a 25 mm tail, the expected number of progeny is 4.

T rar 91 =R furet df ami dr w&r (Number of progeny) 3R 3T g &t @a1s (male
tail length) & Ueful G 37 U= UFEH &1 S ST &l

=G0 hg =

vy = 0.309x — 2.89; r2 =0.907 o
> 6 ®
g L ] L ]
oy 4 . ]
Q
g .
E
2 2 e e .
®
0
10 15 20 25 30 3s

Male tail length (mm)

I & FleRad 7 & BI A1 sy el o Gadi & 2
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2. R IS B TS 10 mm A FT T 8 gl 21

3.t g drer TR A aifere o b far e it ugfi 2l
4. 25 mm YD dTel R & foTq T T 3rfdr Hwer 4 2
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Objective Question

17 705017 2.0
On a one-way road, broken lines consisting of 2.5 m length segments separated

by 2.5 m gaps are painted along the length of the road to demarcate 3 lanes,

and continuous lines are painted along both the borders. What is the total length
of the painted lines (in m) over a 250 m stretch of the road?

500
625
750
1000

Uh-CRT TSP UR SaTS & 39 < o] Dl geaal & fo1q gor XN fafd ol 15 81 ger varail 4
25m& PRl TR 2.5 m & TS & | TSP DI 21 FIH131 I ofd| oA @M fafad i 18 81 59 Js@
& 250 m P TP gobg TR FRIfet Xamail 6t et &farg (m ) fover1 &7

el A R

1 500
2 625
3. 750
4 1000
ALy
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Objective Question

18 705018 2.0
A patient requires administration of 500 ml of an intravenous fluid in 1 hour. What

is the approximate drip rate (number of drops per minute) at which the fluid
should be administered, if the volume of a drop is 0.05 ml?

1. 76

2. 152
3. . 16f
4. 332

Uep BRI T 1 €S § 500 ml 3eh:RR-T et (fgy) ol egaerr 3aeds 81 98 3y = (/e 3) o
el & oy R <Ret foraT ST <1fe afe 42 &1 31aa 0.05 mi 82

1. 76
2. 152
3. 167
4. 332
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Objective Question

19 [705019 2.0
A record player stylus moves along a spiral groove cut on an annular portion of

a disc with inner radius 4 cm and outer radius 10 cm. If the record turns 100
times when playing, the stylus travels approximately

1. 22m
2. 44m
3. 22m
4. 44m

U RBTES-TeRIR & ferebT Teb il P deldTbR M 7 B1e T ftiet Wi H Ferdl & ford siiafes
fAsaT 4 om 3R a1&1 BT 10 om 2 | A RerE a9 W T 100 IR Pt & o qferet gerdt &

o 9T
1. 22m
2. 44m
3. 22m
4. 44m
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Objective Question

20 [705020 - . - 2.0
An egg tray has 30 cavities to hold eggs in 5 rows and 6 columns. Each cavity

is surrounded by 4 raised corners shared by adjacent cavities. How many
raised corners does the egg tray have?

1. 30
2. 35
3. 36
4. 42

T 38 P ¢ A 3Sl Pl 5 Ufhdl 3R 6 Tl A G P fol 30 T &1 & el IR IHY I ¥ foRT &
3R A TS 3T UTH & DIl DI ATHAT B & | ¢ H IH DI febal 872

1. 30
2. 35
3. 36
4. 42
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Objective Question
21 705021

The evolution of the dynamical variables x(t) and p(t) is given by

=g

p=-p

where a is a constant. The trajectory in (x, p) space for —1 < a < 0 is best described by

>
W

oy




Objective Question

22

705022

&l W x(0) T p(), ST AT F wiead G @eaaq fear sar &
p=-p
el a Th IR El —1<a<0 & AT (x,p) FATE & TF & 9U FT a4 I ¢
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Objective Question

23

705023

A uniform plane square sheet of mass m is centered at the origin of an inertial frame.
The sheet is rotating about an axis passing through the origin. At an instant when all its

vertices lie on x and y axes, the angular momentum is L= IOwO(ZE + f+ 2@), where

I is the moment of inertia about the x axis. At this instant, the angular velocity of the
sheet is

1. (2i+]+ 2k)wy
2. (2t+j+k)wo

4. (I+)wy

SIATT m H THEA AT T GG H He Uk AZcdld A & A faeg W 2
e HT foeg @ o S arer 187 & 3¢ P ol FT ¢ TF ST F ST =;MeI F

el o x For y ateft R &, g Aol GO L = Lowo (21 + f + 2k) &1 7@ Iy, x
38T % & FIG TMEX F FASca 3MEUT &1 FE &7 H TSI FHT HIVHT 37 §

1. (20+]+ 2k)w,

B

(2847 +k)w,

=

ot

(@ + Nwo
Al
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A body of mass m is acted upon by a central force f(f") = —k 1, where k is a positive

constant. If the magnitude of the angular momentum is [, then the total energy for a circular

orbit is
k12
1 L=
m
1 [ki2
2 = ==
2y m
3 [ki2
3 L oy
2y m
Kl12
4. —
m

g m F T W FT a8 f(F) = —k 7 HF FaT &, F@T k UlehH 3N
afE Fofr @@= F aR@r |2, a9 gy war & Qv Fa Fer

k12

)

m

1 |kl2

e i

2 m

3 |ki2

3 i s

2 m

k12

4. =

mn
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Objective Question
24 705024




A square plate of dimension a x a makes an angle 8 = n/4 with the x axis in its rest frame

(S) as shown in the figure.

Y A

o

It is moving with a speed v = \E c along the x axis with respect to an observer §’ (where

c is the speed of light in vacuum). The value of the interior angle ¢ indicated in the figure

(which is obviously /2 in the frame S ), as measured in 5’ is

T
1 o
3
2w
2. —
3
T
N e
6
L%



Objective Question
25 705025

ST B & 98T §, a x a AT Fr TH TR AGT x YT & 1Y 3HE SNHET
T (S) H O = /40T S=TdT &

YV A

POl

77 fordY vaTsF 57 #Fﬁﬁx%#ﬁﬂﬁ%f'ﬂ=ﬁfﬁﬁﬁﬁ@%(ﬁc

TR H AT AT ) RI A NARF T g F AT (T g F ag s &
/2 %), SHE AT I W E
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Objective Question

The Hamiltonian for a one dimensional simple harmonic oscillator is given by

2
1 : : 8
H = —; + Emwzxz. The harmonic oscillator is in the state
m

p) = ﬁﬂl) +- }leiﬁ|2)) , where |1) and |2) are the normalised first and second

excited states of the oscillator and 4,9 are positive real constants. If the expectation value

(Wlxlp) = B[ the valuo of s

1
VZ(1+22)

V2 Acosd
1+A2

2Acos?
1+A2

A2 cosd
1+A2

w-%mmmﬁmaﬁraﬁmH:£+gmmzx2 o T T g 3mEg

2m

1
Vi+az

gfadr JHARST cafad faEa? § 3 4,9 UacAs aredias =R §1 afg gearm

&R, 3aEAT |YP) = (11) + 2e™[2)) & & T [1) 997 |2) Sk & Jud o

s el = b, g o b

1

VZ(1+22)
2 V2 Acos?d
g 1+A2
2Acos?
3
1+A2
A% cos?
1+A2
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Objective Question

27

705026

705027

If A and B are hermitian operators and C is an antihermitian operator, then .
1. [[4, B],c]is hermitian and [[4, €], B] is antihermitian
2. [[4,B],c]and [[4, ], B] are both antihermitian
3. [[4,B],c] and [[4,c], B] are both hermitian
4. [[A, B],c]is antihermitian and [[4, €], B] is hermitian
afg A g1 B g TRe § T ¢ 9o-Ef@S 9oRs ¢, a9
1. [[4,B],C]&f&&r & @ [[4,c], B] ufa&f&@eTr &
2. [[4,B],c]aur[[4,c],B] &=t ufa-gf@er &
3. [[4,B],c]am|[4,c), B =t gfFAT &
4. [[4,B],c]wfa-&f@<r & qur|[4,c], B] e &
Al
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If L is the orbital angular momentum operator and & are the Pauli matrices, which of

the following operators commutes with & - L ?

gy B la
2

5 Tala
2

3. L+hd



afE I wefr Fofr §39 THRE 0T ¢ 9ae (Paul) 3megg & R A w Hlw @r
HHREF ¢-L & AT HATAEHT T &2

. ﬁ—)

1 L—EO'

- i &

2 L+EJ

3. L+ hé

4. L—hé
Al
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Objective Question

28 705028
A quantum mechanical system is in the angular momentum state | [ = 4,1, = 4). The

uncertainty in L, is

1. 2
2. 2h
3.0

4. h

P FalecH TMTAHIT Hepra HIONT Fa1 HTEAT | [ = 4,1, = 4)F &1 L, & 3@Raaar

g

1. W2
2. 2h
3. 0
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Objective Question
29 705029 3.5

oo 8 3 4
A hydrogen atom is in the state |) = \/; [Wo00) + ‘/; [Wo10) + J;hpgn),

where [n1m) are normalised eigenstates. If L% is measured in this state, the probability

of obtaining the value 2h% is

13
1. —
21
4
2, =
21
17
3 =
21
3
4. =
7

EIEEIST IRATY], 3TEAT 1)) ZE |¥200) + \E [Y210) + EWBH) Al
T Y1) TEAFRT A0S s € afE g8 @ & [2 #@a &, 7
2h? arer @ grfdeRar &

13

. =

21

4

%

21

17

2

21

3

¥ =

=
Al
1
A2,



A3
A4

Objective Question
30 705030
Probability density function of a variable x is given by

P(x) = %[6(3( —a) + 6(x + a)]. The variance of x is

1 a?

7 A

3. 2a?
a2

4. —

ﬁﬂ?xwmﬂﬂﬁwP(x)=%[6(x—aj+5(x+aj]ﬁﬁ.‘mmﬁl

x T 980T A5 §

1. a2
%
3. 2a?
2
a
5 =
2
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Objective Question
31 705031



Vorticity of a vector field B is defined as V = 7 x B. Given B = kxyz# , where k is a

constant, which one of the following is correct?

—

Vorticity is a null vector for all finite x, v, z

b

Vorticity is parallel to the vector field everywhere
3. The angle between vorticity and vector field depends on x, v, z

4. Vorticity is perpendicular to the vector field everywhere

aieer &7 B sffidar &1 V=7 x B & wRofa s=a &1 3 B = kxyzr & & k
e g s = adasaaradr &2

1. mmqﬁﬁﬂ'x,y,zﬁmQFﬂ'mT?
2.  HfAedr Yo% T 9K afew 89 F gACK §
3. HAfHAr 9uT A &7 & HET & P07 x,y,z W AR Far &

4.  HTAIAT IAF TAE W G &9 F od9ag &

Objective Question
32705032



The matrix A is given by

A=

1 2 =5
0 3 2

0 0 -2

The eigenvalues of 342 + 542 — 64 + 21, where I is the identity matrix, are

1. 4,9, 27
2. 1,9, 44
3  1,110; 8

4. 4, 110, 10

HEE A S FF T & feam Jrar §

A:

1 2 «—=3
0 3 2

0 0 =2

afg 1 acHAS g €, 34° +54% — 64 + 21 & FTHE S AA §

1 409 27
2 1, 9, 44
% EIN L 5

4. 4,110, 10

Objective Question
33 705033



An integral is given by f_ozo dx ffooo dy exp [—(x?+y? + 2axy)] , where ais a real

parameter. The full range of values of a for which the integral is finite, is

1. —w<a<ow
2. —-2<a<?
3. “lLas
4, —-1=a<1

#E @Ame [ dx [° dy exp [~(x?+y? + 2axy)] €aRT AT ST, S a

IEdfas UTE g1 GARS IRIAT @ & fav « F A= F7 ol aiew @

1. —m<a<ow
2. —2<a<?
3. =lxmacd
4 —1=a=1
ALy
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Objective Question
34 705034




The region y > 0 has a constant slectrostatic potential ; and y < 0 has a constant
electrostatic potential ¥, = V; . A charged particle with momentum p; is incident at an

angle 6, on the interface of the two regions (see figure below).

.4
3
7]
v, .
> X
0
V.
2 92

If the particle has momentum z; in the region y < 0, then the angle 8, is given by

1. &8 (& cos 91)
P1

7. st (i—: cos 91)
2 &gt (pz sin 91)

P1

A g (p1 sin 91)

P2
87 y >0 1 ud dga s v, aur y < 0 # @aa gga Resm v, 2 v, 81 o &
F IAUYSS W p; T H HEARIT HUT 6, HT W HJAd 2o & (e @y 2g)

y
9
v, ;
> X
0

I BT y < OF FUT & GIT p; &, d HIT 0, FT A &
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Objective Question
35 705035 3.5
The electric field of an electromagnetic wave in free space is given by

E = E, sin(wt — k,2)j.

The magnetic field B vanishes for t = iwzf The Poynting vector of the system is

kz Frsomai . i
1 — E§sin®(wt — k,z) k
4k -
2. —ZEZsin(wt—k,z)k
Lo 0 ( Z )
3. ZZp2sin2(wt —k,2)k
Low
k2

EZ sin?(wt — k,z) k

Mg
HFA IR A FeGd-gahra aeT 1 fagga &7 e qanr fear amr ¢
EZEO sin(wt — k,z)]J.
t = <22 & fre geehrr 8 B g aar ¥ fer @ arafee (Poynting) wfeer ¥

kz 2 .2 . i
1. ZuowEU sin“(wt — k;z) k

2Kz B2 sin2(wt — k
2 #OMEG sin“(wt — k,z) k

2Kz 2 2 o 7
3 = Ej sin“(wt — k,z) k
4, X2 E2sin2(wt — k,z) k
. Lo 0 z
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A3

A4

A point electric dipole P= p.l is placed at a vertical distance d above a grounded infinite

conducting xv plane as shown in the figure.

z

Y <

y
o

X —

Atapoint# (r > d,z > 0) far away from the dipole, the electrostatic potential v (r) varies

approximately as

1, Tiz
2. Tis
3. =
i =

3.5
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wF g deIT afFyd P = p, i qEIRT FIRMAT T9% T 1y F IR Fear gl
d TR T@r 7 § 3T o e e # g maw g

z

Y

e

afe-ya @ 9gd T g 7 (r » d,z > 0) R, TR dgga-fem v(r) Ffeehed: g0 TR
gRafdd gier &

1

1. =

=

1

2. =

1

3. =

1

4. =
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A finite sized light source is used in a double slit experiment. The observed intensity
pattern changes from figure (a) to figure (b), as shown below.

b,/

The observed change can occur due to

(a)

1. narrowing of the slits.
2. areduction in the distance between the slits.
3. adecrease in the coherence length of the light source.

4. areduction in the size of the light source.
sf-XafSg vaeT & IRfAT 3@ gerr @ia 1 39T fRar Srar €1 @ dear
gfasT @ (a) @ @R (b) F dcadr &, SiaT & == gerar @ g

b,/

YT 9aas &1 gaTfag FRoT §

(a)

1. I@f3er & gga|

2. gt & 9" fr gt FF g

3. WRI Wid & HagUdl oielg & "]
4. 9T WD % HTATT FH HA g
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Quantum particles of unit mass, in a potential
1
2 -9
s x =0
V(x) =12
co X=0

are in equilibrium at a temperature T. Let n, and n; denote the numbers of the particles

in the second and third excited states respectively. The ratio n, /n; is given by

3. exp (i‘%)

4. exp (?ch??)

Tehieh GcTATT & FaicH HUT @F T a9 g

1w2x2 x>0
Vix) =942

co x=<0

HAUAS T R GEIEEN # &1 n, A n, AT T JAT Sedierd sEedm &

ﬁ:ﬂﬁwaﬁ'mglm n,/n; &

1. exp (i%)
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A single particle can exist in two states with energies 0 and E respectively. At high

temperatures ( kzT > E ) the specific heat of the system () will be approximately

1. proportional to

: 1
2. proportional to =

E
3. proportional to e*sT

4.  constant

FIT THoT FOT 0 JAT E FTHT Tl &F HTEATIHT A IF Fhal g1 3= JIAET T

(ksT » E ) e $ir fafse w77 () T & afease aefr

1. = % AT
2. = ¥ AT
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The following P-V diagram shows a process, where an ideal gas is taken quasi-statically

from A to B along the path as shown in the figure.

The work done W in this process is

1

1. 2V, — V3P, +Py)
1

2. (Va—W)EF-F)
1

3. E(Vz — V1) (P1+P,)

1
4. E(Vz + V1)(P,—Py)



S PRI F UFT AT &, SET FIs ST T FH AT B dF ReRig ar &
Tfawdead: o I 2

g gihar & frar amar 9 &

1. (V3 — V1)(3Py+Py)
2. (V= V)(3P,—Py)
3. %(Vz — V) (Py+Py)
4. %(Vz + V1) (P;—Py)
Al
52
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Two non-interacting classical particles having masses m,; and m, are moving in a one-
dimensional box of length L. For total energy not exceeding a given value E, the phase

space “volume” is given by

1. ml2E (m)

m1+m2

2. wl?E \Jmim,

3. 2mI’E (M)

m1+m2

4. 2mI?E mim,
SEIAE my TUTm, & & HAAHANIET RREFAT HUT odS L& TH-GAT 999
# afaAe €| Fo S £ de, WA GARe “Haaer Fe € G S §

1. mI2E (&)

4 +ms

2. wL?E \mim,

3. 2nl2E (M)

my +m2

4. 2mL%E \mim,
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A set of 100 data points yields an average x = 9 and a standard deviation o, = 4. The
error in the estimated mean is closest to

1 130
2. 04
3. 40
4. 03

100 3reT fag3it & wH=ad & HHT ¥ = 9 TN Aw fawed o, = 481

FFpfaa Arew 7 Ife = F FFcan ¢

1 3.0

2 0.4

3 4.0

4 0.3
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1
A2,
2
A3 5
3

A4

Objective Question
43 705043
A battery with an open circuit voltage of 10 V is connected to a load resistor of 485 (1 and

the voltage measured across the battery terminals using an ideal voltmeter is 9.7 V. The

internal resistance of the battery is closest to

1. 30Q
2. 15Q
3. 200

4. 400



10 V Gar aRger aieear arell 92 485 0 % 3R Yo & S3r § T Hge SeeArdr
FT 3UAET X J F TR F g AT Sreear 9.7 VEl I8 FT 3als gfate &

F Pocanm &
1. 300
2. 450
3. 200
4. 400
ALy

1
A2,

2

3
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The logic levels H and L at different locations in a digital circuit are found to be as shown

in the figure.

D
L

Gs

L —f ey :E)H

Based on these observations, which of the logic gates is not behaving as an ideal NAND

gate?
1. 6
2. G
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3hIT AR A e T W T TR OH T LA # 3ewT 9 S E

D
—

Gs

t—H o =y

g QWU & IUR W, AT & & Hla A7 dH-gar (gate) 3mgr NAND ZaR (gate) #r
aE FT A& A T@T &7

i B
S
B
& il
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Atrain of square wave pulses is given to the input of an ideal opamp circuit shown below.

170

IRAREEX

1 R
T T e "o—Tky A T Yo
!

Given that the time period of the input pulses T « RC and the opamp does not get into

saturation, which of the following best represents the output waveform?

(8]

L]

V()

NP . /_\f-’ 04— | yic
b [ o 158 = -_5_\

=
[=]
o
w
[x]

S

Avﬂrﬁf—’_gﬂ t >

(%]

(X)




e EiFAcA® Fa9% (opamp) IRTT F a3 &I @@ oo TWe 9fFd & = ¥

Star & dArr geifar T gl
) R
i c
ST [ [ = A N—
IEAREEX T
|

faer vl Fr wAAEfY T« RC & 7 § JUT WiFACAF yads Hqed A€ gar gl
g o1 w9 B # ¥ fhaw g=9 33T g Sl @ar 2

2

g—/"\ P U s ul l lf”’
1. D{ 0'5\\_7 1'M 2'5'_\\_| 2. OSTWT 2.5‘\

40

Al
:A2
A3
A4

Objective Question
46 705046

5.0

1.25



A particle of mass m is moving in a potential V (r) = —; , where k is a positive

constant. If Z and § denote the angular momentum and linear momentum respectively,

the value of & for which 4 = L x p + amk# is a constant of motion, is

1 —2
2, 1
Js 2
4. 1

fE V() = — X & oA moa For af¥AT &, S k geeAS 3R ¥ afy Loar

s

7 HHEA: FUNT FIT JUr @F a7 Fr A = &, o« 71 79 Gws [@v

= -

A=1 Xp+ amks T FIEF &
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A linear molecule is modelled as two atoms of equal mass m placed at coordinates

x; and x5, connected by a spring of spring constant k. The molecule is moving in one
. ; 5 : 1
dimension under an additional extemnal potential V (x1,x,) = E'mm%(xlz + x%). If one

frequency of molecular vibration is w,, the other frequency is

k
1 wZ — =
0 m

J k

2 m§+—
m

2K

3 w§+—
m

2k

4 wg——
m

T TF HY F 30 TR Gfawd Brar aar & S &5 aA gegd@e m ¥ & A
Eer® x, T x, W W@ 90 § S FAC-ERE b a A F 3 &) 0] aed
v V(xy, ) = mwd(x? + x3) & sreer w e 3% arferener &1 Ay sfvaw S
I TH AHER w, §, T I

k

1 cug——

k

2. /w§+—

m

2k

3 w§+—

m

2k

4. 2 —=

0 m
ALy
1
A2y
2
i
3

A4
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For a simple harmonic oscillator, the Lagrangian is given by
| 1
[ = 7 ./
2 1 2 q

If H(q, p) is the Hamiltonian of the system and A(p, q) = v% (p + iq), the Poisson
bracket {4, H} is

1. A
2. X
3. —-iA
4. —iA

T B HEd GIodeh & (oI, st e ganr f&ar am=m &

1
Fim P il
2 21

afe e &1 gffeedr H(g,p) & 9um A(p,q) = %(p + iq) &, d9 <arEl FIeH
(Poisson bracket) {4, H} &

1. A
2. A
3. —ia®
4. —iA
ALy
1
A2,
2
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3
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Three identical simple pendula (of mass m and equilibrium string length ) are attached

together by springs of spring constant k, as shown in the figure.

W

. _ : k 3k
The frequencies of small oscillations are given by J%,\/— + % o = % The normal
m m

modes (without normalisation) corresponding to these frequencies respectively are

1. (1,3,1) (1,0,4), (1,=2:1)
2: (LA 50— (2 1)
3. (llljl)! (]]OJ_I)D (11_211)

4 @zi 0.-9) @, 8 1)



A FEATHATA (FeTATT m JUT AFIEE # G a8 1) T qlolsh WER HATA

e & $ Farfaat & fEger 2 gv

W

B J%,\/%g, 19 e §1 g e & W

THAT faurd (f9ar @A) FAT: §

—

(1,1,1), (1,8,1), {1,—2,1)

2 f1,1.1) 11.0,~3), (1,2, 1)

3 (1,1,1), (1,0,=1), (1,=2,1)
4 (1.25 1), (1,0,=1). (1,; 1; 1)
1
2
3
4
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Using a normalized trial wavefunction ¥ (x) = Va e ~alxl (a is a positive real constant)

for a particle of mass m in the potential V(x) = —4A6(x), (4 > 0), the estimated

ground state energy is

ma?
1., =—
2
ma?
2.
h2
ma?
3:
2h2
ma?
& e
2h2

feE V(x) = —48(x), (1> 0), # GTAE m & HT & T JAAA ST

HEIRRE aewT P(x) = Va e N (o uaeHE arEafasw R ), T osuEe

I W Hhad Headd Jaem f Far §

maZ2
1. -5
ma2
2.
ﬁZ
ma2
3.
2h2
maZ
4. —
2h2
ALy
1
A2,
2
A3
3
Ay
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2
The Hamiltonian of a particle of mass m is given by H = Zp—m + V(x) , with

—0x forx =0
Bx forx > 0

Vi) = [

where «, B are positive constants. The nt® energy eigenvalue E, obtained using WKB

approximation is

E3/? = g(g)% n(n-2)f@p) m=12..)

The function f(a, B) is

a?p?
2(a?+p£2)

—

af
2 atf
atf



mm$ww%ﬁmH=£+V(x)ﬁﬁmm%,ﬁﬂﬁ

-5 s
& a, B UTeAF 3R &1 WKB Tfecteree T 3901 &t [&e ot et ot
FT AT E, &
7 S Y 1/2 ik =
E. —5(%) :rr(n—z)f(a,ﬁ) n=12...)

g B f(o,B) &

1 az)gz
) 2(a?+p2)

x
5. 2P
a+ﬁ’
a+
3, 2
4
1 |a?+ f?
2 = /—’g
2 2
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Objective Question

705053

A particle of energy E is scattered off a one-dimensional potential A6(x), where 4 is a
real positive constant, with a transmission amplitude ¢, . In a different experiment, the
same particle is scattered off another one-dimensional potential —A&(x), with a

transmission amplitude ¢_ . In the limit E — 0, the phase difference between t, and t_is

1. mfZ
2. T
3. 0
4. 3m/2

ST E & Ueh HUT Th-[a@T 9T 16(x) & TRIUIT g« 9¥ T=ROT HAH ¢, &, STal
A arEdias gdAcA® 3R g1 e 93T A, 38 FuT &1 gE Te-fad fawa —16(x)
T YhIUTT gl 9T HeROT AT ¢ g IRAHAT E -0 A, ¢, U7 ¢ H TETA-HR &

1. #if2
2. I
% 9
4. 3m/2
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The following four matrices form a representation of a group

HE D a @ B <

Which of the following represents the multiplication table for the same group?

I AR I A B C

1 F |1 A :B € 2 I1{fr A B C
AlA T E B AlA B € I

B =B 6" A 1 BB ¢ I A

E € B I :A cle I A B
I A B € E AR G
Ed A a6 E|.L A B €
3. A | A G s R 4 AlA I €C B
BB ok G A Bl o E vd

G |G B A A 6 B A

e =R 3T v @ # e FXa

=G 0 G 5. 03 -6 D

o= & & =7 @ 330 wg & Qv e afeer BsRa & 82

I ABC |1 4 B C

; 1|1 A B C 9 I1[f A4 B €

' A|lA I C B : AlA B C I

B|B C A I BB c I A

el B £ A C|lC & A B

T P A B

¥ % A B E a8 BE

3. %@ e BB 4 AlA F € B

BB % ¢ .8 B o

(e Bd P e\ B & 1
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705055

5.0
An integral transform £ (x) of a function f(x) can be regarded as a result of applying an
operator F to the function such that
FNE@ =F@ = [ dye s )
If I is the identity operator, then the operator F*is given by
1 (2m)*1
2. (2!
3 I
4. (2w
B f(x) F FATHT TR f(x) B FFF IFR F Baad W TFRE F 393 F
IRUTH & & H AT ST JohaTl &
FNE =) = [ dye 5 )

I | TcHHH THR §, a9 ThRe F* e ganr f&ar e ¢
1. (@Em4
2. (2mI
3. 1
4. (2mi

1

1

2

2

3

3

4

4

5.0

1.25

1.25
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The general solution for the second order differential equation

d2y .
—= —y =xsinx
dx?

will be

U | w—

1. Cie* + Cye x—a(xsmxﬂ:osx)
AN T

2. Cie*+ Cre™ — E(smx —X COS X)

3. Cie*+Ce™+ %x(sin X — COSXx)

NI
4. Cie*+Cre™* + Ex(sm X+ cosx)

(where €, and C, are arbitrary constants)
giad Fife srawha @aeoT

d2y .
— —y =xsinx
dx?

& foT =9 gor g
1. Cie*+ Cre ™ — %(x sin x +cos x)
2. Cie*+Cre ™ — %(sinx —X COS X)
3 GCe*+Cie 4+ %x(sinx — CcOSX)
4. Cie*+Ce ™+ ix(sinx + cos x)
(ST8T ¢, T ¢, T=5 3R #)
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2x
1+x2

The integral I = fol dx is estimated using Simpson’s 1/3™ rule with a grid value of

h = 0.5. The difference (L.stimateqa — lexact) 15 ClOSESt tO

1. 0.007
2. 0.001
3. 0.0007
4. —0.005

e veh-fagE (1/39) e &1 @1 A h = 0.5 Tg 39ART R & AT

1 2 ﬁ "
[ - 0 1+x2 dx ﬁ"_a-r arar %-I 3|E|1 Uestimated _Iexact) =hl AT ﬁn;r #
AcanA &
1: 0.007
2. 0.001
3 0.0007
4, —0.005
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1
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Objective Question
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In a non-magnetic material with no free charges and no free currents, the permittivity  is

a function of position. If E represents the electric field and y,, ¢, are free space

permeability and permittivity respectively, which one of the following expressions is

correct?

e L Oy amepesy
L W V(E.Ve) =0
3 R R 5 LR Fey—
) 0 3t2 € ; a
3. VE 22 + §(1E.Te) =0
' Ho 5 Ml
1. vF - o2 _F(1E.Fe) = 0
i Ho 5 R

HFd A& TAT Joa 9N R v srgaehy gard $1 faggasiear fufa 1 v
g afg E fagga &9 3T & 3R o, ¢ Ao 3HT H FAT JEwiicar qur
fegasiear €, av P awacal # @ Fia @ T 2

1. V2E —
2. Vzﬁ—u
3. V2E
4. V2E
Al

1
A2,

2
A3 5

3

A4

102 - L(E.¥e) = 0

at?

PeB)  1z/2=y
o +gV(E.V€)—0
e =f1z=\
0 a2+ V(ZE.Ve) = 0

5.0
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Aradio station antenna on the earth’s surface radiates 50 kW power isotropically. Assume
the electromagnetic waves to be sinusoidal and the ground to be a perfect absorber.
Neglecting any transmission loss and effects of earth’s curvature, the peak value of the

magnetic field (in Tesla) detected at a distance of 100 km is closest to

1.  ESsrett
2. 55x1071
3. geip-it

4. 35x1011

el T Tdg W His AT T Vel FASISA: 50 kW AaFd Ferld =t gl

A fIegadaehia oRaT SA-ahg § TuT sf-del o7 3aive &1 HEROT 1 aur gt
HT THAT F TG Hr SUET FI &, dF 100 km FT G W Hs@ FFw 9T gEHE &
(EF &) F R A9 [ F FpeaqA ¢

1. 15x 107
2. 55x1011
3. 85x10 11

4. 3bxis™!
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A particle of unit mass and unit charge is moving in a magnetic field, which varies as
§(f~') = bo7/73 (b, is a constant) over a region far away from the origin. If L is the

instantaneous angular momentum of the particle within that region, then dL/dt is

1. 2b, %(g)

Tehieh GO TUT Uahish TG & IS HUT T i &9 H A gl Hqetag @

Igd R TE YR 87 B(F) = by 7/r® F FFER IRafda dar &1 3fy 39 89 F R
FUT FT AU HIONT GIT L &, d9 dL/dt &

L a2
2 ()
o m2()

.
.
.

A4
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Atwo dimensional sheet with a uniform sheet conductivity of ¢ has a central metallic
point contact and a circular metal contact at the boundary as shown in the figure.

If a constant current I is injected through the central contact and collected at the boundary,
then the voltage difference between two points on the sheet at radius ~ and r, is

proportional to
g fan ()
- n (2]
5 I (ﬁ)

3
Ta T,
4. 4y (2 1)
r2+r;

| ~

Q |~

—

q
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US-HA TS5 ATelhdl el Ga-[aHT IS &1 F49 uTediy HFa fag dur @ W
gearg arfeas FEae g, Star 7T & 9effia 7

afy FHT TEIT A F A R anr 1 S5 S ¥ 9w 9 W) v & I
a9 956 R 3= ry durr, ) Fua o gt & = &1 aieear siax @ & Famgamd

g

Al
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Q |~ I~

| =~

[tan s (r—z

;)]

(
(

1o —Tl)

T +Ty

2—T1

mtn

;

i

-

T
4

A
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Rotational energy of a molecule in the angular momentum state j is given by

2
E: = ﬁ—j(j + 1), where [ is the moment of inertia of the molecule. The probability that

L o
2
the molecule will be in its ground state at temperature T (such that kpT > %) is

3 h?

2 IkgT

P2
3 IkgT

2 IkgT

.ﬁ.Z
IkgT

ol T e 3 3] A GRSt B E = o+ 1) & R @ §, @

H@ﬂﬂgﬁﬁﬂﬁ%lﬁ%ﬂﬁﬁkﬂ»i—j)ﬂﬂ#ﬁﬁﬁﬁmﬁ

giet T arfieRar &

3 h?
2 1kgT
2 h?
2. =
3 IkgT
1 h2
3. =
2 1kgT
ﬁ?
4.
IkgT
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A random walker takes a step of unit length towards right or left at any discrete time step.
Starting from x =0 at time t = 0, it goes right to reach x = 1 att = 1. Hereafter if it
repeats the direction taken in the previous step with probability p , the probability that it is

againatx=1att=3is

1: 1—p
2. (1-p)?
3. 2p(1-p)

4. 4p*(1-p)

T IERow I R Rfded @@y @ue ) Rl a1 gft 3R g d9E # ug
AN TAT t=0 R x=0 A URT N, Tg i Far ¢, IR FFT t=1W x =1
TgEAT §1 $HF A A 9% Rod 9g # o i fewn, F wifdwar p § & €, o
FEH t =3 FoF: x = 1 R gt 1 wifdwar §

1 1—p
2. (1-p)?
3. 2p(1-p)

4. 4p*(1-p)

5.0



Five classical spins are placed at the vertices of a regular pentagon. The Hamiltonian of
the systemis H =]X5;S; ,where] > 0, S; = +1 and the sum is over all possible nearest

neighbour pairs. The degeneracy of the ground state is

1. 8
2% 5
3. 4
4. 10

arer RRufaffea gl & Favaysr & st w @ o 3 e w1 et
H=]%S5S & & | >0, S, =+1 dur a7 @sft ¥s1a fosheaA, afaaeht goAt & 7w
forar srar &1 Reas srgar Fr sgwrsear ¥

1. 8
2 5
3. 4
4 10
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A piezoresistive pressure sensor utilizes change in electrical resistance (AR) with

change in pressure (AP) as AR = —Rylog;g (g), where Ry = 500 (2 and

P, = 1000 mbar. A current of 2u4 is passed through the sensor and the resultant voltage
drop is measured using an analog-to-digital (ADC) converter having arange 0to 1 V. If a
pressure change of 1 mbar is to be measured, amongst the given options, the minimum

number of bits needed for the ADC is
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In the circuit shown in the figure, the resistances R and R’ change due to strain. While R
increases, R’ decreases by the same amount AR due to the applied strain. The unstrained
values of R and R’ are 100 O each. If same strain is applied to all the resistors, and the

output voltage (V,;) changes to 0.3 V, then AR is closest to
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An astronomer observes 500 objects and classifies them as either of type 4 or type B.
She finds 148 objects to be of type B. Assuming a binomial distribution, the best estimate

of the fraction of type A objects and its associated standard deviation respectively are

1. 0.704, 0.002
2. 070, 0.02
3. 0.704, 0.031

4. 0.72,0.03

T GAlTaG, 500 TG HT UETOT FAT § TAT 3 A-FFR AT B-9FR Hr Aok &
FefTOT I &1 38 148 TFGU B-FhR HT 9T 1 EfAeR e A §T A-THR H
TEIHT T FeaAlcHs Hehold TUT VAR Al awarad FHaAer §

1. 0.704, 0.002
2. 0.70, 0.02
3. 0.704, 0.031

4. 0.72,0.03
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The Debye temperature of a two-dimensional insulator is 150 K. The ratio of the heat

required to raise its temperature from 1 Kto 2 Kand from 2 Kto 3K is
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Consider a body-centered tetragonal lattice with lattice constants a = b = a, and ¢ = =

The number of nearest neighbours, the nearest neighbour distance, the number of next

nearest neighbours and the next nearest neighbour distance, respectively, are
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The band dispersion of electrons in a two dimensional square lattice (lattice constant a)
is given by,

E(ky ky) = —Z(tx cos k,a +t,, cos kya)
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The bond dissociation energy of a molecule is defined as the energy required to dissociate
it. For H, and HS molecules, the bond dissociation energies are 4.478 eV and 2.651 eV
respectively. If the equilibrium bond lengths of both H, and H3 are identical, the value of

the ionization potential of hydrogen molecule will be closest to

1. 15427 eV
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4. 6471 eV
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Helium atom is excited to a state with the configuration (2s2p) with an energy 58.3 eV.
After some time, this atom spontaneously ejects a single electron. The value of the orbital
angular momentum quantum number (1) of the ejected electron in the final state of the
system is

(lonization potential of He(1s)? is 24.6 eV)
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An atom of mass m, initially at rest, resonantly absorbs a photon. It makes a transition
from the ground state to an excited state and also gets a momentum kick. If the difference
between the energies of the ground state and the excited state is hA, the angular

frequency of the absorbed photon is closest to
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In a scattering experiment, a beam of e~ with an energy of 420 MeV scatters off an
atomic nucleus. If the first minimum of the differential cross section is observed at a

scattering angle of 45", the radius of the nucleus (in fermi) is closest to
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7~ has spin 0 and negative intrinsic parity. In a reaction a deuteron in its ground state
(J = 1, parity is + 1) captures a =~ in p-wave to produce a pair of neutrons (intrinsic

parity is +1). The neutrons will be produced in a state with
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The A** can be produced by colliding a pion beam onto a H, target, in a reaction

7t + p — AT — 1t + p. Inthe rest frame of A**, the energy and momentum of the pion

in the final state (in MeV) are closest to

(assume c =1, and m; ~ 140 MeV, m, ~ 1 GeV,my++ ~ 1.2 GeV)
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2. 230,182
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(ﬂﬁ% c=1,Td m, ~ 140 MeV, m, ~ 1 GeV,my++ ~ 1.2 GeV)
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4. 190,130
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