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Accelerstion due 1o gravity

Molar gas constant =2.314 Jfmol K
_Boluzmann's constar kp/= 138« 10-¥ Jﬁ{

Flanck’s constant. m%xlq i

Speed of light in sacuum g=3x lF mfs

- Gravitational constent (G = 5.672 x 10 N

N e /kg”

Meas of clectron

m, = 0.1005 % 10 = kg

=
Ny

Mass of proton

m, = 1.6125 # 10 © kg

Miasz of nentzon

e = 16742 = 1077 kg

Coulomb constant ) k= 1/{4re) = 8.988 = 1P Nm? /CF
Crarge of electron E=16Rx W0
- Parmittivity of ¥acuum & = 3851 x 1077 F/m
| Pérmeahbility of yacyum g =4 w1077 Tm/A
Energ:/csﬁ‘@m (eVin ) le¥ =180 =10-7]
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PHYSICAL SCIENCES
L. Two thin convex lenses Ly and Ly with focal lsngths Lem axd Jem respectively

are separated hy 2 distance of 4 oo along their axis a3 showmn below: @
f=lcm f=2om @
object ‘
) <
| R

the final image size to the shisct size is
“ O
(B) 2 \
3 @
o &
2 An inecheren: beam of light strikes -La:e at wormsl incidence. It

undergees multiple reflections at the 3 res before exiting the plate. The

veffivient at ear)f Interfuce is B and the glass has negligible
abgorption. Neglecting interferen- %, the ratio of the total tranemitied

intensity to the incident intensi en by
(A 2(1-A]

An object is placed at & distance of 1 Sem before the ﬁm@%@ ratic of

@ R TS
T+ R
O} (1A %

. A Ywng*@ﬁt appacaius has  slit separation of 0.5zam and a screen

placed tance of I00ecm from the sliss. When illuminatad by 2 632mm
T, ihe position of the frst intensity minimum with respect to
nignum will he




tion of A /2 in the eptical path length fr the electric field companent parallel to
its optical axis, where A iz the wavelength of the incident radiation. [f linearly

4. A half-wave plate o an snisatropic optical element which introduces A retarda-
potarized light is incident on 5 half-weve plate with its polarization st 45° @
the optical axis. the transmitted light is {compared to the initial polarizati

{A) linearly polarized and rotated by 45°
(B] linearly polarized and rotated by 90°

() left circularty polarzed
i) right rircularly polarized

5. The dimensionless fine structure constant o is the ratio of t% rz 3 speer] in

the Bohr model of the hydrogen atum to the speed of I & the electron
charge. A = /27 £p the permittivity of vacuum, and o4 of light, then

o is given by

¥

ot

tA) dmenlic Q\
F‘?
{B) " :<

drege &
*‘-31"'5’[,)!’.2
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B, A box of resintors is labﬂ:@;%r% where K is the mean value and z is the
rtat i

tolerance Le. the vms devis vet a5 & percentage of the mean value. Il Lwo
0 +5% are connected in series, the equivalent

resistors from a bax lahe m‘gi
Tesistance can bgl ielled 20K + +% whers ¢ i3 given by

(AY  5FV2

3




7. The LCR circnit shown below is driven by an ideal AC voltage source,

At the resopant frequency f = 1/2mvIC,

{A) the current through & is infinite Q
{B) the current thwough H is 2evo %
(C} the curvent through L is zero %

(D} the current through ' is zero \@

8. An RC circuit is connected to a DC voltage 5 igh & switch as shown

helow. ‘
%Q
.
N\
"
(27
| N®) |

The switch is initially opefian capacitor uncharged. At time { = 0, the
switch i closed. The cury ugh the cireuit for § > @ is given by




9. An optical pyrometer gives an ontput woltage proportional to the incidenmt
raciation intensity. For a black body at 600 K, it reads 1.5 V. If the temperature
changes by 2K. the change in the output signal is

{A) 5 mV @
{B) 10V
{C) Amv @

(DY 3 mY o

10. A particle of mass M which is at rest in the laboratory. decays i
ticles. one of which has a mass M/2 while the other is magsless
magnitude of the momentum of each of the particles in ¢ c Srat

{A)  3Me/8
(B)  AMe/8 @
€y 3Mcid \
(DY Mefd @
11. Given that j is the total angular m ich set of quantum numbers
is allowed for an electron state in th% atom?

(A) n=3i=2j=572 %
(BY n=31=2j=3 &
() nm&fm&jm&ﬁ@

(D) f?m-&ftlj%:ly

at 9:00 hrs decays to 0.5 g by 10:00 hrs. Another
t what time will (.1 g of the radicactive material

12. A radicactive sampl

{.5 g 15 now ad it.
be left? ]:g




13. The ratio of energies of the Balmer-y (n = 5 — n = 2) to the Lyman-s
(n=4—-n=1)is

(A}  28:125
(B} 3:5 @
iy 3w @

(D) 21:10 %Q

14. What is the ground state enmergy of six non-interscting ele
dimensional, isotropic, simple harmonic oscillator characteri

(A} Ihw

B  Shu %ﬁ
{Cy  10h @
(D) 1 \

15. Given that the hinding energy per nucleon nm for deuteron and 7.0
AleV for an a-particle, how much energy isreleased in deuteron fusion”

(A) 5.0 MeV \
{B) 118 MeV @
(C) 258 MeV &

(D) 236 MeV

16, What is the maximum el%gy in neutron G-decay?
{A} 783 eV @
(B} 783 keV x
(C)y 783 Ge’v’%

(D) 783 TeV

17. Which u-

hese is a oubly magic nuclegs?




18. Given that when light is shone on an aluminium target (work Function for

18.

Aluminiom is 4.08 eV} leads to the emission of electrons with maximum kinetic
energy of 5.0 eV, what was the frequency of the light?

(A} 1.2% 10Y¥ Hz
(B} 99x 10" Hz
(C} 272 = 10" Hz

(D]  22x 104 Hz %

Replace in a hydrogen atom, the electron with a muon, whi the same
charge, but is 210 times as heavy. The ionization potent atom is
approximately
(Al 1366V %
(B) 29keV @
(C) 857 meV \
(D) 2726V @
: < ‘
Consider a collection of molecules of at temperature T. The ratic
of the rms speed Lo the most probable the molecule is
(&) V372 @
(B V3:vB &
€1 3:8 @
(D) 3:2 %
. A manoatomic ideal %ﬁoﬂw undergoes isothermal reversible expansion
from volume V) %& change in entropy of the gas i
[A) ]
{B) N
(€) %

S
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22. Two vessels separately contsin two ideal gases A and B at the same temper-
ature. the pressure of A being twice that of B. Under these comditions, the
density of A is found (o be one and half times the density of B. The ratio of

molecilar weights of A and B is @
{A) 172 @
(By 2/

(€} 3/4 %Q
o Q

23. A system has two energy levels O and ¢ > 0. The energy levels sre pop
according to the Boltzmann's distribution law. In the limit
per particle 13

{A) + 20

(B) kg2 \Q
(C) kg @
(D kploe
?5% ; i
24. Keeping density and sound speed ﬂnlst-%@} ding the pressure implies that

the vatio of specific heats C,/C,

(&) doubles &
(B)  halves @
(C}  remsins constant %
(DY quadruples %

25. Cangixﬁaring fermiio

reapectively movi b
A




which of the following is true

(A)
(B)
(C)
(D)

(A)
{8)

{€)-

(D)

28. Given two dice of which one is
ability of obtaining an even

odd numbers are the same imultaneous throw of hoth the dice what is
the probwhility of obtaini come of 4

(A}
(B)
(<)
(D)

Ra(z123) < 0, and Im(z %) = 0

Re{z %) > 0, and Im{z,5) =0
Re(ziF) > 0. and k{2 5) > 0

Re(z123) < 0, and Im{2 %) < O @

27. Let M be a 3 x 3 Hermitlan matoix which satisfies the matrix equ

M2 —5M +6F =0
where I refers to the identity matrix. Which of ¢ are possible
eigenvalues of M \
(1,23}

26. Let 7y and zp be two non-zere complex oumbers, If
l21 + 23| = |21] + |24, @

(2.2, 3 @

{2, 3.5}

b

'
o

;glu g;"‘i T s

(5.5, 6} \@Q

@Mﬂe the other is such that the prob-
5 1/4 and the probabilities of obtaining

&

&

that a circle of radius 7, centered at the origin intersects
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30. The solution of the differential equation

dy 2

A
with the condition y = 2 when £ = 3 is given hy @
(A) =2 @
(B £y = 108 %Q
(C} Py = 108

(D) £ =72

31, A point particle is moving in the {r_y] plane on a trajmor%!")t polar
cootdinates by the equation %
g . T
~ —ﬂrsm(ﬁ+—) —%3=0 @

4

The trajectory of the particle is
(A) a parabola @

(B) a straight line

o
(C}  acircle \
(D}  a hyperbols @

32. The n-th term of a mm@'
=4 -+ g) .
n
S

where x, y are real nun% ich of the following is true
(A} Ifr=—1"hen lin

(B} fHr>1 @5%2%&:2“’
(C}) Her=l im £, = ¢e”
(D)

st -
n €

B

Q@h lim £, = e¥”
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33. For the seties
1 -

F:91 b
G =
i | e
CTH] e
-

which of the following is true?

(A) The series is divergent

{B} The series is absolutely convergent
(C)  The series converges to n2

(D) The series converges to /2

3. The normal 1o the surface given by the equation Q
2= cosrooshy %

st the point r = J and y = 0 lies in %
(A)  tr.y) plane @

(B) {r.x) plane \

{3} {¥,x) plane
(DY On the plane given hy the equation = +Q tr=1

shown below,

J5. Consider the wave function of a bot&% in the one dimensional potential
)

ol

o

! i
<> |
Which of the § %stme
(A) f&l%ﬂil

B = 1)|2dz is time dependent
() @(& Wz =1
{@u [ {z, 8)dz + [ |9(x. )% = 1
AN
io

12



36, Let &, (2.¢) and ¥;(x.8) be two distinct selutions of the Schrddinger equation

H¥ () =~
for a given Hamiltonian H. Which of the following can never be & golution of @
the shove aquation” ' @
(A) P (0. 1) + e Uy 1. 1) where @ is a constant
(B)  (¥let) +¥lr) NS
© %) - e 0) @
{D]

¥y, ) + [, B2 Q

37. A hydrogen beam is preparedt in the state

W(Ft) = %wcp( Lt )wu ex

Where E) and £, are the energics of the g tmm:l the first excited state
of the hyrogen atom and ¥{7) and W,{F) are their ave | metions respectively.
The heam is incident on a detector which mensures their energy. Let £, he
the ionization energy of the hydrogen a (@' rage energy mensuted hy
the detector is given by

&) - @
(B} -RE &
=i

4 %
y  ~BE %

32 The uncertainity m lhe@n ent of the momentum of a particle of mass

m confined to movei x ension at time f iz given by
% ik

ER
whers p i vormenturn of the pavticle. Which of the following values can
he a posaible.un
t.
Ny

vity in measurement of the position x a4 the same time
= 1 jik
@} TRy s
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is the attractive foroe per unit area betwesn the two plates?

38. A plane parallel capacitor is charged up to a surface charge density o. What @

2 2
w
® 2 O
i
€ g @
2
o % Y
40. A spherically symmetric charge distribution plr) hag zero n . For an
arbitrarily chosen coordinate system, which of the followi ts is true?
{A) Dipole morment is the first non-zero moment
(B) Quadrupole moment is always non-zero
{C) All moments are zero @
(D The monopole and the dipole momentsare always gero
41. An ensemble of identical harmonic wﬁif%&h a Hamiltoaian
H= -!—mt‘- —kz?
have energies between £ and E + a sscillators are initially, uniformly

distributed in the phase space hich of the following is false?

{A) More particlés are imum amplitude thap at the origin
{B) The mean displ B ZETO

) Mean kinetic i$ equal to the mean potential energy

(D)  More %ni@ at the origin than st maximum smplitude

42. A particle is u uasi-statically from the point {~3.0) to {3.0), along &
path y = x¥ — 8.\in an external force field given by F = yi + 3y7. Given that
ites are in SI units. the magnitude of the work done on the

all physic anti ’
particleds gi A
}
J
o g J
{ 0

D),
%
%
@ 14



43. Consider the solution to the one dimensionsl wave equation:

Wz} = Yoexp i(Jr + 147¢)

where v 15 m meters and ¢ in seconds. The velocity of the wave & @

{A) T m/s

B /7 mfs 5
&) -Tmfs %
{D) /7 wfs @

44. A charge is placed at the vertex of a cube. The electric A
that does not touch the charge is given by @

(&) o
B g
©
oy 0

E=_ {7} £
The total integrated charge ove @e [V is iven by
(Ao %

® o S
(€) g/ . @
(D) 4/

46 A horizontally

of the tu Uy tapers off to A2 at the end, An incompressible.
wheal Buid ensity @ enters the tube with a velocity o at the beginning of
the tube, i the difference in pressure at the two ends of the tube?




A7 A swndl esteroid is approaching a massive star with a speed v. from a very
large distance. at an impact parameter b as shown below. @
?_‘ ¥

t

If the mass of the star is A and its radius is R, then what, is u@@m
value of & such that the asteroid will miss the st @

(Al RJA+2GMNR
(B) Rl -2GM/?R @Q

() I+
(D]  Ri? %

48. A thin rod is inclined to the vertical at an angle : gree as shown below.

_ ot

The length of the rod i e angular velocity w s in the vertical direction.
What is the magni o angular momentum?

(A} MI%Y

® @%

{C} | 6

D)

article at rest is relensed from the top of a sphere of redius R and
wn frictionlessly under gravity. At what angle from the vertical does
sphere?

) AN
S%c c0s~1(1/3)
) cos!{2/3)
¢ osint UV

$F T
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50. A ball of mass m 8 dropped from a height K on a table with a restitution
coefficient 1 < 1 . Huw much distance does the ball travel before it comes ta
s halt? {Hint: At each bounce the speed after the bounce is 7 times the initial

speed) @9@

W (1Fh)H

®  (FE) N
© ()H @

@ (rd)H %Q

*  End of the question pa



