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Question Body and Alternatives

When a student in Section A who scored 100 marks in a subject is exchanged for a student in
Section B who scored 0 marks, the average marks of the Section A falls by 4, while that of Section
B increases by 5. Which of the following statements is true?

1. A has the same strength as B

2. A has 5 more students than B

(V5]

. B has 5 more students than A

4. The relative strengths of the classes cannot be assessed from the data

oTd YaH A & U 9ol fo19 U f99a o 100 3/ U {62 ¥ U1 Ya=H B & 4 3d
OTtd &3 arel [l U sredr-daal & okl g, YaRH A & 39 2 4 HH gl Slid ¢, oldid
JF2H B o 344 i 5 g¢ wild ¢ | FHEfdRad dyl § U S HYF Id 2

1. A ¥ faeniigl &1 Y= B & 9AE ¢ |

2. AT el @1 9@ B ¥ 5 3iYd gl

3. BT Tqeiil & 98 A ¥ 5 3iid g

4. 349 3fidrs! U pefell § faaiial ! grufér He A1d gl &l ST bl 6|

Which of the numbers A = 162> +327° and B = 6123~ 1233 is divisible by 4897

1. Both Aand B
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4, Neither A nor B
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Objective Question

3705003 o _ 2.0 0.50
At a spot 8 en-route, the speed of a bus was reduced by 20% resulting in a delay of 45 minutes.

Instead, if the speed were reduced at 60 km after S, it would have been delayed by 30 minutes. The
original speed, in km/h, was
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Objective Question
4 705004 2.0 0.50
i = 7 ol ~
Three consecutive integers @, b, ¢, add to 15. Then the value of (¢ —2)"+(b—2y +(c—2 )"
would be
1. 25
2.27
3.29

4. 31
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A 50 litre mixture of paint is made of green, blue, and red colours in the ratio 5:3:2. If another 10

litre of red colour is added te the mixture, what will be the new ratio?

1. 5:2:4
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Price of an item is increased by 20% of its cost price and is then sold at 10% discount for Rs. 2160.
What is its cost price?

1. 1680
2. 1700
3. 1980

4, 2000
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Objective Question

7 705007 2.0 0.50
Two semicircles of same radii centred at A and C, touching each other, are placed between two

parallel lines, as shown in the figure. The angle B4AC 1s

A B

N

D C
1. 30°
2.35°
3. 45°
4, 60°
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What is the largest number of father-son pairs that can exist in a group of four men?
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Objective Question
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Three friends having a ball each stand at the three corners of a triangle. Each of them throws her
ball independently at random to one of the others, once. The probability of no two friends throwing
balls at each other is
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10 705010

The populations and gross domestic products (GDP) in billion USD of three countries A, B and C
in the years 2000, 2010 and 2020 are shown in the two figures below.
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The decreasing order of per capita GDP of these countries in the year 2020 is
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Objective Question

11 705011
Consider two datasets A and B, each with 3 observations, such that both the datasets have the same

median. Which of the following MUST be true?

1. Sum of the observations in A = Sum of the observations in B.

2. Median of the squares of the observations in A = Median of the squares of the observations in
B.
3. The median of the combined dataset = median of A + median of B.

4. The median of the combined dataset = median of A.
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Objective Question

12 1705012
Three fair cubical dice are thrown, independently. What is the probability that all the dice read the

same?

1. l/6
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3. 17216

4. 13216
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Objective Question

13705013

Persons A and B have 73 secrets each. On some day, exactly one of them discloses his secret to the
other. For each secret A discloses to B in a given day, B discloses two secrets to A on the next day.
For each secret B discloses to A in a given day, A discloses four secrets to B on the next day. The
one who starts, starts by disclosing exactly one secret. What is the smallest possible number of days
it takes for B to disclose all his secrets?
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Objective Question
15 705015
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In a buffet, 4 curries A, B, C and D were served. A guest was to eat any one or more than one curry,

but not the combinations having C and D together. The number of options available for the guest
were
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Sum of all the internal angles of a regular octagon is _ degrees.
1. 360
2. 1080
3. 1260

4. 900
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Objective Question

16 705016

If two trapeziums of the same height, as shown below, can be joined to form a parallelogram of
area 2( a + ), then the height of the parallelogram will be
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Objective Question
18 705018

S i . : i 2.
If the sound of its thunder is heard 1 s after a lightning was observed, how far away (in m) was the source of

thunder/lightning from the observer (given, speed of sound = x m s™, speed of light =y m s1)?

L. x2/y
2 xy/(y —x)
3. xy/(x —y)
4, yz/x

STDHTRITY foTcil & D & 1 Ybs T TG 3HD Toi- &1 TS GATS & Al Toi-1/aHdb DI
?ﬂﬁ&ﬂs@[ aiﬂ;“?(l:ﬂf_{ﬁ] U (ﬁ“ﬂTﬂIﬂ%‘ GBI Md=xm s %,Waﬁrn?{:ym sl
)

l.xzfy

2. xy/(y —x)
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Twenty litres of rainwater having a 2.0 nmol/L concentration of sulfate ions is mixed with forty
litres water having 4.0 umol/L sulfate ions. If 50% of the total water evaporated, what would be
sulfate concentration in the remaining water

1. 3 wnol/L

o]

. 3.3 umol/L

3.4 umol/L

4. 6.7 umol/L

0
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1. 3 pmol/L

2. 3.3 ymol/L

3. 4 pmol/L

4. 6.7 umol/L
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Objective Question

19 1705019
A building has windows of sizes 2. 3 and 4 feet and their respective numbers are inversely

preportional to their sizes. If the total number of windows is 26, then how many windows are there
of the largest size?
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Objective Question
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Objective Question
21 705021

Given only one full 3 litre bottle and two empty ones of capacities 1 litre and 4 litres, all un-
graduated. the minimum number of pourings required to ensure 1 litre in each bottle is
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Objective Question

22 705022
A jar J1 contains equal number of balls of red, blue and green colours, while another jar J2 contains balls of

only red and blue colours, which are also equal in number. The probability of choosing J1 1s twice as large as
choosing J2. If a ball picked at random from one of the jars turns out to be red, the probability that 1t came
from J1 is
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Objective Question

23 1705023

(mlz—1)-1) . 3 . :
The locus of the curve Im (”_“): 1 in the complex z-plane is a cirele centred at (xg. yg) and radius R.

The values of (x. ¥p) and R, respectively. are

1 1
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4./1,-1)and 1

a9 Im w)zl 1 T T B 35 (x,, v, TR HTRA I B R BT [x,, ¥, TUT R T T HHL:

z—1

1 (1%) am%
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Objective Question
24 1705024
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3 -1 2|
The matrix M:(—l 2 0) satisfies the equation M>+a M+ M +3=0 if (a,B) are
2 0 1

1.{=2,2]
2.(-3,3)
3.(-6,6)

4.(-4,4)

& =1, 2]
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(2 0 1

1.(~2,2)
2.(-3,3)
3.(-6,6)

4.(-1,2)
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Objective Question

25 705025
A one-dimensional rigid rod is constrained to move inside a sphere such that its two ends are always in contact

with the surface. The number of constraints on the Cartesian coordinates of the endpoints of the rod 15
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Objective Question
27 705027

The minor axis of Earth’s elliptical orbit divides the area within it into two halves. The eccentricity of the orbit
18 0.0167. The difference in time spent by Earth in the two halves is closest to

1. 3.9 days

5}

. 4.8 days
3.12.3 days

4. 0 days

yed! 1 Evigal i Bl 1 <Y 3&] THD G o & DI ol 36l # Siedl ¢ | B4 B Seb=5dl 0.0167 §1 Y@ R GHI
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2 4.8 feAt

The Hamiltonian of a two particle system 18 H=p, p,+q,q,, where q; and q;, are generalized coordinates and p,
and p, are the respective canonical momenta. The Lagrangian of this system is

1. 4,4++q,9,

[ R

- —13,+0:q;
3. —4,4,— 4,49,

4.4,04,-9,q;
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Objective Question

28 705028

4,4,+4,q;

—4,4;+q, 4,

-—4:4,—4,4q;

- 5131_‘31@'2

A uniform circular disc on the xy-plane with its centre at the origin has a moment of inertia I, about the x-

axis.

If the disc is set in rotation about the origin with an angular velocity w = w,(j + k). the direction of its

angular momentum is along

1.

!_q
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Objective Question
29 705029
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Objective Question
30 705030

3.5
The trajectory of a particle moving in a plane is expressed i polar coordinates (r, 8] by the equations

f = rnef" t and %zm, where the parameters 7, 8 and @ are positive. Let v, and a, denote the velocity and

acceleration, respectively, in the radial direction. For this trajectory

1. a,<0 at all times irrespective of the values of the parameters

5]

. a,»0 at all times irrespective of the values of the parameters

dv :
3. d_t'>0 and a,>0 for all choices of parameters

4. %:{]. however. a,=0 for some choices of parameters
et T o IO B0 & 0y B yda FERis! (r,0) H THGERT 1 = rpeft H‘d’i%zm R Jad fhaT Sl g,
Ol U ry, p 0T 0 ST & | v, AT a, DI o fERIT H SH=1: 977 quT GRUT HH | 39 0y & o

1. el & 9 3% W 8l 9ala,<0

2. yrEdl & 9H §e Hi 8l ¥ala, >0

3. Urdral & g A & o

&, >0 d¥la,=0
dt

‘f_;! >0, A UTeal & $@ THG! & [ a,=0

4

3.5
Along eylindrical wire of radius R and conductivity 0, lying along the z-axis. carries a uniform axial current

density I. The Poynting vector on the surface of the wire is (in the following P and @ denote the unit vectors

along the radial and azimuthal directions respectively)
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Objective Question

31 705031
A small circular wire loop of radius a and number of turns N. is oriented with its axis parallel to the direction

of the local magnetic ficld B. A resistance R and a galvanometer are connected to the coil, as shown m the
figure.

LAy
W

L
Lk

When the coil 1s flipped (1.e., the direction of its axis is reversed) the galvanometer measures the total charge
@ that flows through it. If the induced emf through the coil Ez=IR, then Q 1s

1. iN@*B/(2R)

[

.iNa"BIR
3.V2nNa’BIR

4. 2iNa*BIR
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Objective Question

32 705032
The electric potential on the boundary of a spherical cavity of radius R, as a function of the polar angle 8, i3

Vo cos? g . The charge density inside the cavity 1s zero everywhere, The potential at a distance R/2 from the

centre of the sphere is

1. %VD (1 +%cos 9)

[

; %Vg cos @
1 ;
3. EV“ (1 +Esm8)

4. EV” sinf
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Objective Question

33 705033
A charged particle moves uniformly on the xy-plane along a circle of radius a centred at the origin. A detector

18 put at a distance d on the x-axis to detect the electromagnetic wave radiated by the particle along the x-
direction. If d 2 a, the wave received by the detector is

1. unpolarised

2. circularly polarized with the plane of polarization bemg the yz-plane

3. linearly polarized along the y-direction

4. linearly polarized along the z-direction

D13 AT DU xy- T H Hel fofg R S5 Iaiid Uy H UTH9HH €U 4 109 & | 601 gRI x-faan # fafsRa
TAGgd TFE I TR 1 Ul T & 1o1Y x-31& TR G d W Udh Uidd 3@ ardl ¢ | 14 d o, U@ g1 TeId ol
g

1. Hydipd
2. yz- 9T | YUl SHG & 9 g Yfdd

3z y-ﬁ‘x"ﬂ HEwd: gﬁﬁ
4. o -feamn H fawa: yfaqd

Al
A2

A3

3.5

0.88




My
4
Objective Question
34 705034 3.5
2 2
The Hamultonian of a two-dimensional quantum harmonic oscillator 1z H:;}—;:r&»rimo)zxzﬂ me’y* where

2m

B 2 27 i
m and o are positive constants. The degeneracy of the energy level = ho is
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Objective Question
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The value of (12| in the state |o) for which L?|@) = 6h%|¢) and L,|¢@) = 2h|@),is
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3. 2r?
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Objective Question
36 705036 3.5 0.88

A particle in one dimension 1s in an infinite potential well between _z—LSx 5%. For a perturbation € cos(%) !

where ¢ is a small constant, the change in the energy of the ground state, to first order in ¢, 15

@ﬁmﬁﬁﬁm%sxs%$ﬁﬁ?{$&ﬁﬁﬁlﬁ@ﬁgl &ﬁ”ecos(%) & Ty, gl ¢ U Slel Frdie 8. §
TUH B2 (order) TH. FHTH AR B FHotl § Ofgad o o
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37 705037 ‘ . . o .
The radial wavefunction of hydrogen atom with the principal quantum number n=2 and the orbital quantum

number £ =0 18
Ryy =N (1 = ;—ﬂ) e 22 where N is the normalization constant. The best schematic representation of the
probability density P(r) for the electron to be between r and r+dr is

F(r)

F(r)

ST

B(r)
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T T AT n=2 T HHAFEH AT § = () I e5aloH T 5 550 G BeH &
Byi= N(i - ;—a)e_ﬁ,GEETNmeﬂﬁwﬁuai@%[sﬁaﬁi’:{éirqar+ar @ od §1H & o Widdr v9a
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Objective Question

38 705038
Two energy levels, 0 (non-degenerate) and e (doubly degenerate). are available to N non-interacting

distinguishable particles. If U 1s the total energy of the system. for large values of N the entropy of the system

i3 RB[N].H N—(N —%]]n (N—%)+X}. In this expression, X is

U, u
1. —=In=
€ 2e
U, 2U
2. —=In—
€ E
20, 2U
3. ——In—
€ £
U, u
di—=ln=
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39 1705039 ) 3.5 0.88
The single particle energies of a system of N non-interacting fermions of spin s (at T=0) are E,=n"E,,

n=1,2 3, The ratio EF(%)EEF =

5 of the Fermi energies for fermions of gpin 3/2 and spin 1/2, is

4.1
U s A N AR BiH 3 THE B U6-$0 Sl (T=0 W) E, =n’E,. n=1,2,3 - & | FGH 3/2 T
U1 15 & THa B AT Setlel @1 B@HEF(%)IQF(%) 2

1.12
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40 705040

The dispersion relation of a gas of non-interacting bosons in two dimensions is E[k)=c k], where ¢ is a
positive constant. At low temperatures, the leading dependence of the specific heat on temperature T, 1s

Lopt

4. TJJZ

&l fammeit & sRai-afare ®iE 91 9 @1 IRATT YEY £ (k|=c k] BT 916 B4l 8, T6i ¢ T Y-S Haaie
©1 B auEE R, fafire e @1 aaE ¢ R T Ra e reRr e

i I i
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41 705041

The energy levels available to each electron in a system of N non-interacting electrons are E,.=nE,,
n=0,1,2,---. A magnetic field. which does not affect the energy spectrum, but completely polarizes the
electron spins, is applied to the system. The change in the ground state energy of the system 1s

1. %NEEQ

[

N E,

3.5

3.5

0.88

0.88




N ORI Faaei W98 & & 309eH Bl SUdsd ol E,=nE,, n=0,1,2, --- | 10 TA S0 & 59 T8
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Objective Question

42 705042
A DC motor is used to lift a mass M to a height h from the ground. The electric energy delivered to the motor

is VIt, where V is the applisd voltage, I is the current and t the time for which the motor runs. The efficiency
e of the motor is the ratio between the work done by the motor and the energy deliversd to it. If M=2.00+0.02
kg, h=1.00+0.01 m. V=10.020.1 V. I=2.00+0.02 A and =300+15 s, then the fractional error |sefe| in the
efficiency of the motor is closest to

1.0.05
2.0.09
3.0.12

4.0.15

SO M B 4T § h SIS a0 36 & o8 3t f Jiex &1 STE aRd & | Hiex @i &1 1S 3594 Sl vie §. SRl v
TS afcedl, 1 YR1 T ¢ HIeT & e @1 3fafd 8| Tl B G&fdl ¢, Hex GRI GHIH &1 991 34 &1 718 el ol
HAI &1 31 M=2.00+0.02 kg, h=1.00+0.01 m, V=10.0+0.1V, [=2.00+0.02 A TYT¢=300+15 s &, ol A BT
T | T 3T |sele| 1 & Fdean &
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43 705043 3.5
For the given logic circuit, the input waveforms A, B, C and D are shown as a function of time.

T A @

——Time

To obtain the output Y as shown in the figure, the logic gate X should be
1. an AND gate
2. an OR gate
3. a NAND gate

4, aNOR gate

fed T gh-uigy B, e T T A B, ¢ JUT D T9T & o & =0 & feEm M |

2o 0o @

-Time

o 7 wefeia Frfd v &1 UF & R0, 3%-81 (logic gate) X @1 81 18T
1 AND GR
2. ORER
3 NAND §R

4. NOR g}
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Objective Question

44 705044
A circuit needs to be designed to measure the resistance R of a cylinder PQ to the best possible accuracy. using
an ammeter A. a voltmeter V. a battery E and a current source I, (all assumed to be ideal). The value of R is
known to be approximately 10 €. and the resistance W of each of the connecting wires is close to 10 Q, If the
current from the current source and voltage from the battery are known exactly, which of the following circuits
provides the most accurate measurement of R?

1. (b)

2

3. (d)

(a)

3.5
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UieRIsr w ol @11 10 © 81 318 4R Hid 9 Fedt 4RT au 9l 1 diced] fooge 9e-ugl wdl g, e H g e
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In the circuit below. there is a voltage drop of 0.7 V across the diode D in forward bias. while no current flows
through 1t in reverse bias.

300

If Vi, is a sinusoidal signal of frequency 50 Hz with an RMS value of 1 V. the maximum current that flows

through the diode is closest to
1.1A
2.014A
3.0A

4.007TA

= ol 1, iR a0% & 914, /IS p T 0.7 V &1 diced] UMd &, waid (ol 199 5 R 399 4 @fs 4RI
EHERG

3062

Vin

200

afg Vi @m@w%w&n@ﬁseﬂzamms AH1Ve A SIS H T g1 g sfiGa aRT A &
Adeaa

1L1A
2.0.14A
3.0A

4. 0.07A
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1.25




A random variable ¥ obeys a normal distribution

P(Y) = ——exp -]

T 2T 202

The mean value of oF 15

2

o

)

1. plt-0
3. ghto?
2

g

I Tl Ry A TR A P(Y) = ——exp [- 4| Froe g o miAm AR
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Objective Question

47 705047
The bisection methed is used to find a zero x, of the polynomial f(x|=x*—x"—1. Since f(1]=-1. while f[2]=3,

the values a=1 and b=2 are chosen as the boundaries of the interval in which the x; lies. If the bisection
method 1s iterated three times, the resulting value of x, 13

b2
I
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: r Ixl e . : s
The value of the integral J dx 27w §(sinx) where (x| is the Dirac delta function. is

i,

(¥¥]

2.0
3.5

41
T Jd’x 2% 6(sinx) B HF, 5781 5| x| TEIP-Se21 B &, &0

13
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; ; ; g 2 g it s
If the Bessel function of integer order n is defined as J_[x|= L(i) then i[x J'RI_xI] is
= ' o klin+k|! 2 dx

1 ' _x_.ml-!jn-l{x]

!_q

—x L (x)
3 —X_“JR_I{X_]

4. —_{"Jw,l{x]

212 YOS B (integer order) n F AT B0 P FTad TRHMABE I, (/=3 i( ;) Ll (] ®

S kn+k)I
L—x"4r ()
2_ _x_:ml:-.rn_l{xj

3 =Xy ()

4 —x"T (x)

The matrix Rz(0) represents a rotation by an angle g about the axis fi . The value of 8 and i corresponding

=1 i 0
£ 2
to the matrix 3 3 |, respectively, are
2z 1
v % 3
2 1
1.mi2and |0,—=, =
/2 an (0, \:3,\__3)
1 2
2.71f2 and [0, ==, /=
. ( ’»-'3’15'3)

s I3 ¥
3. ,rrand (UJ_‘HE —-)

i
4. T and (UJ—EJ\IE)

-

5.0

5.0

1.25

1.25
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Objective Question

51 1705051
A gystem of two identical masses connected by identical springs, as shown in the figure, oscillates along the

vertical direction.

The ratio of the frequencies of the normal modes is

LR : J3i R

2345 : 3445
3.45=43 : 5443
45-v3 : 5443
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52 705052

Ly3-+v5 : 3445
23-+45 ¢ 3445

345-v3 : 5443
45-43 : 5443

. i, . . . .
For the transformation x — X = _p? p — P = fx? between conjugate pairs of a coordinate and its
Xx

momentun. to be canonical, the constants & and g must satisty

L1+zaB=0
1
2.1—5(1’,@:0
3.1+42af=0
41-2aB8=0

frEzre 9T 39% T & ST O & S U x — X :%, p — P = Bx2 afgd 5H & e, el o
qUT g I e 1 Sqee T 81 R

L1+-af=0
21-2af =0
2
3.1+ 2aB =0

4$1-2af=0
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Objective Question
53 /705053 5.0
The charge density and current of an infinitely long perfectly conducting wire of radius a, which lies along the
z-axis, as measured by a static observer are zero and a constant . respectively. The charge density measured
by an observer, who moves at a speed v=pc parallel to the wire along the direction of the current, is
I, — ‘.
' mazec, 1—fi
5 1BY1-f2
na‘c
.8
" maeyf1-f32
4 I8 /1-p2
mwaic
2318 B BR3¢ 51 S U 3. T IaTH 101 AR BT 4Y-8Td 991 ¥R &1 RRR THdais gR1 9 &F )
HIH SHEE: X AU 1 1 81 dR & SHIR, 9IR1 ST G81H v=pc Td ¥ 96 38 Wea® gRI A0 HAG 94d &
gy
wa’c, 1-f32
RO i
na‘c
4 8
2 mae/1-42
4. 1 v 1-ﬁ2
mac
X
1
A2
2
As
3
Ay
4
Objective Question
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An infinitely long solenoid of radius r, centred at origin which produces a time-dependent magnetic field

o
— 00s@1 (where a and @ are constants) 15 placed along the z-axis. A circular loop of radius R, which carries
nry
unit line charge density is placed. initially at rest. on the xy-plane with its centre on the z-axis. If Rer,, the
magnitude of the angular momentum of the loop is

1. aR (1 — cos wt)

2. aR sin wt

i

iaﬁ’ (1 —cos2wt)

4, %aR sin 2wt

2-H& & I, r, o] &1 US SFd: ddl URAIS] Jaias R &l 8, Sl Sl TEa L%H—coswtaa:r

T IEI 8 (T8 o TUT o 0TS 8) | U 1@1 9% 99d qUT R Bo91 91d) GTeR IR & &5 @1 2 &{&fqﬂzﬂ?ﬁr
RUATERIT H T §U sy -HHce W L& WId1 81 AlE R>r, §, A1 U= & IV a7 &1 ulRHm §

1. aR (1 — coswt)

2. aR sin wt
3 iaR (1 — cos2wt)
1 i

4 EQ’R sin 2wt
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Objective Question

55 1705055
The electric and magnetic fields at a point due to two independent sources are E; = E(al + 8J), B, = Bk

and E, = Ei, B, = —2Bk, where a, 8. E and B arc constants. If the Poynting vector is along § + J, then

l.a+p+1=0

[ ]

.a+p—-1=0
3. a+8+2=0

4. a+f-2=0
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farelt fiig TR < %9 Sl & R 9¢gd a4l I9a19 &3 E, = E(ai + Bf), B, = Bk 4

E, = Ei, B, = —2Bk, & Wla. g, E a1 p Faie 8| ot Wiz ofew &+, sifexna g, a9
l.a+B+1=0
2. a+f—1=0
3. a+f+2=0

4 a+p-2=0

The angular width 8 of a distant star can be measured by the Michelson radiefrequency stellar interferometer
(as shown in the figure below).

o N P
1 |

The distance h between the reflectors M, and M, (assumed to be much larger than the aperture of the lens). is
increased till the interference fringes (at Py, P on the plane as shown) vanish for the first time. This happens

for h=3 m for a star which emits radiowaves of wavelength 2.7 em. The measured value of 8 (in degrees) is
closest to

1.0.63

2.0.32
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el SR TR B DI ASTs ¢ (R 2 e ) Aigcdred Sa1 AT TRS 14 s iae= Ul GRT AT &7 Fadl
g

TRIGAD! M, T M, & 319 31 g1 h (A {5 T8 AT S gRT J 95 991 ), 799 a 9T o T6dl 8, 78 a6 (FHIA
H p, GUI P WR, Wi o H wefRia 8) cafcssH Whol ugeh aR fagw 811 98 2.7 cm @) 3341 a4 2] Ifoid B ard
AR & AU h=3 m WEAI & | ¢ BT HIUG A (W &) (= & Fbeas &

1.0.63

2.4

Lad
8]

[¥5}
=
LA
(E8]

Two operators A and B satisfy the commutation relations [H,A] = —hwB and [H,B] = hwA, where » is a

constant and H is the Hamiltonian of the system. The expectation value (A, [t|= w|Ajy) in a state iy ). such
that at time t=0, | A ,|0/=0 and (B, (0)=1, is

1. sinf i)
2. sinh{ at)
3. coslwt)

4. cosh(wt)

T HBRS (AT A T B, - faf 9 T&4t [H, A] = —hwB YT [H, B] = hwA, &1 4d< 334 § 98l @ TP
fodmedu H Waﬂ%ﬁﬁﬁr%lqﬁwmﬁf:uwm A),[0/=0 TUT (B),(0)=i §I, Td AR HH
A lt=u|Aly B

1. sin{wt)

2. sinh( i)

L.

3. cos (@)

4. cosh (@t
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59 1705059

Two distinguishable non-interacting particles, each of mass m are in a one-dimensional mfinite square well in
the interval [0,q]. If x, and x, are position operators of the two particles. the expectation value | x,x,) i the
state in which one particle 15 in the ground state and the other one 15 in the first excited state, 13

4. %J‘[ZGZ

SEHI m T U1 9T 2] FAHe SIhaTet U1 [0, q] SR H RYd Up-fadig orid a7 U H 81 9fe x, Tl x, 57
&l B & Rl GPRe €. ot o 1awu U 01 P Sl 3wl # 91 gR1 YH Jwiford a1 H g, SHab!
TATET A (x,%,) 8
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The phase shifts of the partial waves in an elastic scattering at energy E are §, = 12°,
8, = 4°and 6., = 0°. The best qualitative depiction of 6-dependence of the differential
scattering cross-section

1. /

dodd cos
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dald cosB
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ol £ IR TR UBI0H H i3 aeT & &al [aRaT 6, = 12°, 6, = 4° TT §,., = 0° §l
Saddl TP RS s 31 6 TR PRl 1 T o fomvr

1./

dovd cost

daid cosfl

(1] = w2 ImM =

L] i LI =

=]
_—

1] w4 w2 3xM n
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Electrons polarized along the x-direction are in a magnetic field Byf + B, (jcos wt + k sin wt), where

B, B, and w are positive constants. The value of hAw for which the polarization-flip process 1s a resonant
one. is

1. 2ug|B,|

[ ]

. ug|By|

(¥4

. g | B>l

e

. 2ug|B|

x-fE=n 7 yfad Seiae 1 @™ &7 Byi + B, (jcoswt + ksinwt), ¥ & 581 B, > B, T o» Y570 Hgd® £l
heo o R T & T YT = o SRS &, 98 2

L. 2ug|B,|
2. ugl|B|
3. ug| Byl

4. 2ug|Bs|

Two random walkers A and B walk on a one-dimensional lattice. The length of each step taken by A is one,
while the same for B 1s two, however, both move towards right or left with equal probability. If they start at the
same point, the probability that they mest after 4 steps. is

!_q
A

L
e

w
iy

e
cnl“"’
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&I gEfe® e a1 a6 A TYT B U9 9 Sae W 9ad 6| A ® 5% HH Bf darg U@, 941 981 B & Al gl
Heraol Gl S WS & H1Y G SR 98 ol Wb § | 3¢ d Ud o [dg I 9a-1 AR & dl 33 IR HeHl &
TG fieH &1 Wil o

2
G
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(=]

ILJJ
2 =

i
mlw

In a one-dimensional system of N spins. the allowed values of each spin are 0,=(1,2,3,...,q}. where g22 is an
mteger. The energy of the system is

N
_"" Z SUE-UHI
i=1

where J>0 is a constant. If periodic boundary conditions are imposed, the number of ground states of the
gystem is

l.g
2. Nq
3.4
4.1

N TS & TS T, R IR S ST AN 0,=(1.2.3,...,q) §. Tl gz M@ 51 ST BT Sl &

lg

[
=
=]
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A layer of 1ce has formed on a very deep lake. The temperature of water, as well as that of ice at the ice-water
nterface, are 0° C, whereas the temperature of the air above i1s ~10° C. The thickness L(r) of the ice mncreases
with time t. Assuming that all physical properties of air and ice are independent of temperature, L(t] ~ Lyt* for
large t. The value of o 15

1. 1/4

[ ]

143
3.1/2
4.1

ot 9gd el P W A 31 Ud 99 T2 6| U aY1 UFLaH & S-SR 31 a9k, SH 6 8 a0EHE ° C € 9aih HWR
7911 AUHME —10° C B 1 §H ¢ & T T8 1 HICE L(¢) Fodl Sl & | 7 2 5a1 GUT U1 &1 15 1 1l o1 arg
RARTER,  PIS AN SR L[¢] ~ 1,° 81 a BIAFE

1.1/4

2,13

3512

4.1

5.0
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The Hall coefficient Ry of a sample can be determined from the measured Hall voltage V H:%RHBI +RI,

where d is the thickness of the sample. B is the applied magnetic field. I is the current passing through the
sample and R 15 an unwanted offset resistance. A lock-in detection technique is used by keeping I constant
with the applied magnetic field being modulated as B=B,sin@t. where B; is the amplitude of the magnetic
field and Q is frequency of the reference signal. The measured V; is

L Ba( Rgl)

[ ]
‘Uu

=)
i
m.|:éa
—
it

et =g 1 BT U Rﬂmtﬂﬂ%sﬁ’aaﬁmvﬂ:%hsnm @ i fopar S obar &, o8t ¢ T THICE, B

SR 1 JESIE &3, 1 A H W8] YR AT R Haiied AEde gioRiy 31 1 1 FRR TEd 50, gee & Bl
B=B,sinQ1 (V&1 B, THHW &7 BT M 7Y @ & RFa 3T 2191 8) & &y Alglad Bd gu, e
Ugg d@-1® &1 TN [Gar oidi g | At v, 8
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65 705065
A train of impulses of frequency 500 Hz, in which the temporal width of each spike 12 negligible compared to

its period. 15 used to sample a sinusoidal input signal of frequency 100 Hz. The sampled output is

1. discrete with the spacing between the peaks being the same as the time period of the sampling signal

5}

. a sinusoidal wave with the same time period as the sampling signal
3. discrete with the spacing between the peaks being the same as the time period of the input signal

4, a sinusoidal wave with the same time period as the input signal
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3T 100 Hz &SI A Rl & Ufa=d & 70 S1gf 500 Hz & SS9 $1 a8aei 1 W &1 oI &
TTH B3 R[S TG (spike) BT BT JYdT 59 HGadId & qa-1 H Ui g1 diafd Frig

1. Tage 8, o1 RreRl & dd o1 g Uidagd R & SHader foai &

2 UH IaH 1 F o, 8@ adbrd Uiaag- e fadT g
3. f9ged &, J81 Bl & i &1 g8l (ol fpaa & sader -l 8
4. U5 9510 0 5, e Sadera Hag fa o g

In the circuit shown below, four silicon diodes and four capacitors are connected to a sinusoidal voltage source
of amplitude Vi, > 0.7 V and frequency 1 kHz. If the knee voltage for each of the diodes is 0.7 V and the

resistances of the capacitors are negligible, the DC output voltage Vi, after 2 seconds of starting the voltage

source 1s closest to

o
o

/|
1 ‘ | [Vm
TR c €

1.4V, —0.7V

[ ]

AV, — 28V
in—

4 Vi, —28V
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e fe 1 wfauy |, IR fafie Sars aul 9R THIiE ¢ S ST v, > 0.7 VAl 1 kHz HgRI & S91-a 14 dieedl
Hﬁﬁﬁﬂ%%ﬂ Qﬁﬂ’cﬁﬁ?ﬂﬁ’éﬁﬁmmﬁ-ﬁm (knee voltage) 0.7 \%Wm?ﬁﬂﬁﬁﬂ@ﬁ&mﬂﬁ% argieedn

i Bl ARY B & &l Hebs a8 Do Fifd dieedr vV, FE & e e

L o

l Vou

Ravaad c

The electron cloud (of the outermost electrons) of an ensemble of atoms of atomic number Z is described by a
contmuous charge density p{r) that adjusts itself so that the electrons at the Fermi level have zero energy. If
Vir) is the local electrostatic potential, then p(r) is
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The red line of wavelength 644 nm in the emission spectrum of Cd corresponds to a transition from the ‘D5
level to the 'P; level. In the presence of a weak magnetic field, this spectral line will split into (ignore
hyperfine structure)
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Let the separation of the frequencies of the first Stokes and the first anti-Stokes lines in the pure rotational

Raman Spectrum of the H, molecule be Avi{H, ), while the corresponding quantity for D, is Av(D,). The ratio
Av(H, ) Av{D,] 1s
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The dispersion relation of electrons in three dimensions is €(k) = hvgk, where v, is the Fermi velocity, If at

low temperatures (T < TF the Ferm ENErgy €5 depends on the number density n as € i.ﬂ..| ~n", the value of
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yand n, are

integers with n +n +n, being odd integers. In another lattice B. n_+n +n, are even integers. The lattices A and

A lattice A consists of all points in three-dimensional space with coordinates (n,,n,,n,| where n,,n
B are

1. both BCC

2. both FCC

3. BCC and FCC. respectively

4. FCC and BCC, respectively
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Two electrons in thermal equilibrivm at temperature T = kg /f can occupy two sites. The energy of the
configuration in which they occupy the different sites is [S; - S; (where J>0 is a constant and S denotes the
gpin of an electron), while it 1s U 1f they are at the same site, If U=1017. the probability for the system to be in
the first excited stats is
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The nucleus of *°K (of spin-parity 4~ in the ground state) is unstable and decays to *°Ar. The mass difference
between these two nuclei is AM ¢?=1504.4 keV. The nucleus *°Ar has an excited state at 1460.8 keV with spin-
parity 27, The most probable decay mode of *°K is by

1. a p*-decay to the 2* state of °Ar
2. an electron capture to the 27 state of “?Ar
3. an electron capture to the ground state of “CAr

4. a B*-decay to the ground state of “°Ar
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A neutral particle x° is produced in T +p = X° +n by s-wave scattering. The branching ratios of the decay

of x%to 2y, 3n and 25 are 0.38, 0.30 and less than 1972, respectively. The quantum numbers J°F of x© are
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The energy (in keV) and spin-parity values g(J7) of the low lying excited states of a nucleus of mass number

A=152, are 122(27), 366(47). 707(67), and 1125(87). It may be inferred that these energy levels correspond to
a

1. rotational spectrum of a deformed nucleus

2. rotational spectrum of a spherically symmetric nueleus

3. vibrational spectrum of a deformed nucleus

4. vibrational spectrum of a spherically symmetric nueleus
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