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Part-A: 1-Mark Questions

The probability that you get a sum m from a throw of two identical fair dice is P, . If the
dice have 6 (six) faces labeled by 1,2,...6, which of the following statements is correct ?
(@) B, =P (b) R =P, (c) B =P (d) R =F

Ans. 2: (a)

Solution.:

P, First Dice Second Dice

Total events = 3 6

36

Clearly P, =P,. Thus 'a'is correct.
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Q12. If @ and ¢ arerespectively the polar and azimuthal angles on the unit sphere, what is

<0052 (0)> and <sin2 (9)> , where (O) denotes the average of O ?

Ans. 12: (d)
Solution.:
At the surface of unit sphere

da=sin0dod¢ (as R=1)

T

2r
choszﬁsin9d9d¢ ) ‘([cosz Gsinﬁdﬁ‘([ d¢ =_|cos3 )

[[sinododg Ax 3

0

V4

<cos2 0> =

]’.sz fsinod HT dg
<sin2 9> =2 0

27 ; 1 )
Hsin@d@dqﬁ =ﬁ-([(l—cos2 49)51n¢9d49 =5 |cos€|0 —I[cos2 6’sm6’d0}

3 T
_ 1y, |eos 0
2 3,

Thus, (a) is correct.

Q13. The function f (X) shown below has non-zero values only in the range 0 <X <a.

f(%)

1

(0,0)

Which of the following figure represents f (3X) ?
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Ans. 13: (a)

Solution.:

If f(x) has period "a" then f (3x) will have period %.
Maximum value of the function f (x) and f (3x) will be same.
As f(x) is zero beyond x =a, so 'd" is ruled out.

As for f [3x], 3 -% a [which happens for X beyond %]

Thus 'a' is correct option.

Consider a complex function

f(2)

What is the sum of the residues at its poles?

1
R L

N
7
Ans. 14: (d)

(a)

4
(b) 7
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Solution. :

f(z)=

1
67 +32° +22+1 32’ (22+1)+1(22+1) (322 +1)(2z+1)

Thus poles are z = —l and z =

T

( j 1 1
Res| 2=~ |= ——
2 (6z3+322+22+1)' 1 ‘182 +62+2
=

1 1 1

18-1—6-1+2 2—3+2 2—1
4 2 2 2

2
7

1 1 1
Res| z=—=|= _
( \/gj (6z3+322+2z : ‘182 +6z+2‘ _18+ o,

i 35
1 I 423 —4—2x/§i_—2\/§i—

T 6123142 —4+2f| —4-2yi 16+12 28

Res(Z-—Lj L 1 = 1
V3) (1827 +62+2) \18z +6z+2[ ; _18_6i

5 5 3
1 L 4423 442431 24Bi-

=—6—2\/§i+2 423 4+ 16412 28

—2\/—| 4 2\/7 4_2

28 28

(3

Sum of Residue =

Consider a complex number z = X +1iy. Where do all the zeros of cos(z) lie?
(a) On the x =Y line. (b) On the x=0 line.

(c) On the y =0 line. (d) On the x =-y line.

Ans. 15: (¢)

Solution.: cosz:O:cos((an)ZJ:>z_(2n+1)2 = X+iy = (2n+1)2 =y=0

Hence zero's of cosz will lie on x-axis i.e. y =0 line.

Thus, 'c' is correct.
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Part-B: 3-Mark Questions
Q10. G= (e, a,a’,b,ba,ba’ ) is a group of order 6. e is the identity element and a is of order
3. What could be the order of the elementb ?
(a3 (b)2 (o) 1 (d) Can't be determined
Ans. 10: (b)
Solution. : G = {e, a,a’,b,ba, baz} is of order 6. Let order of b= p

Consider group multiplication table

e a a2 baZ

ba

ba’

In the highlighted row, all the elements of the group should be reproduced. b, ba and
ba? are already there. Thus
b’ - e
b'a o should be equal to a
b’a’> — a’
If b>=e, b’a=a, b*a’=a’
All six elements are reproduced. Order of b must be 2. Thus 'b' is correct.
Part-C: 2-Mark Numerical Questions

Let M =2I+o0, + iO'y + 0, 1s a 2x2square matrix, where, o, denotes ™ Pauli matrix,

1 1
and I denotes the 2x2 identity matrix. It is given that | >:(Oj and |V>:( J are

column vectors. What is the value of <u ‘N ‘V> ?
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Ans.: 1.73

Solution. :

0 1 i 1 0
o, = = . and o, =
[ ooy )
) 2 0) (01 0 -1 1 0 30
M =2l+0,+l0,+0, = + + + =
y 0 2 1 0 1 0 0 -1 21
30
=>M=

30
Eigen values of matrix M = (2 lj areA=1 and 3.

We can write f (M) =g, +,M =/M . Thusa, | +e,A =1 .

=~
3-43 W3-t

a0+a1=1anda0+3a1:x/§.Solvingthis we get o, = 5 and ¢, = 5
-3, 3V3-3
B R 2

3-43 | [243-2 3-1

2

0
Now N:aol +oM =
0

P D

N
J=(1 0)[\/3—2}
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Part-A: 1-Mark Questions

For a system of unit mass, the dynamical variables follow the relation x* = kx® + %° —kx?
where, X isthe position of the system at timet, and X, isitsinitial position. What is the

force acting on the system?
@ —k(x-%,) 0 -k (© —%k(x—xo) ®) %k(x—xo)z

Ans. 1: (b)

Solution: Generalised force Q=g(£j—ﬂ
dt\ ox ) ox

'.'T=%X2=%(kx§+)'<§—kx2) = Q=kx

A particle of mass m is moving in a circular path of constant radius r such that its
centripetal acceleration a, is varying with time t as a_ = k*rt* where, k is a constant.

The power delivered to the particle by the force acting on it is

3
(@ %mkzrzt (b) 2zmk?2r? (c) mk’r?t (do

Ans. 3: (¢)

2

Solution: For circular motion: 2 — mk?rt?
r

k:lrnvj:lmkzrztz; P:d_W:%
2 2 dt dt

The front-end of a train moving with constant acceleration, passes a pole with velocity u,

= mk’r?t

and its back-end passes the pole with velocity v. With what velocity does the mid-point
of thistrain pass the same pole?

(@ v (0) [ © -2 (@ 4V
2 2 u+v 2

Ans. 4: (b)
Solution:
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Part-B: 3-Mark Questions
Q1. A cylinder of radius R isconstrained to roll without slipping on a horizontal plane under
the action of a constant force F applied d distance above the axis of the cylinder. In the
process, it experiences a frictional force f at the point of contact (see figure). For what
value of d , the magnitude of f isminimum?
(@ -R/2
(b) R
(o) R/I2
(d) -R
Ans. 1: (¢)

I EMRZ
Solution: f will bezerowhen d=-M -2 _
MR MR

A small object A of mass m isfreeto slide on the inclined

plane of a triangular block B of mass 2m (see figure).

Initially both the blocks are motionless. Block A starts

dliding under the action of gravity from the highest point of
block B . What is the speed of block B, when block A hitsthe floor?

1 1 2
@2Jd  ®Ja OV @l
Ans. 2: (b)
Solution: Let v, isthe velocity of block A with respect to block B, when it hits the floor.

Let v, isthevelocity of block B at the same time.

A
30°7

v, Sin30y

Vae =Vag ~Ves
V, =V, €c0s30°-V,; Vi, =V,Sin30° (Herevg, =-v,)
v, and v, arethe velocities with respect to earth.

Conservation of linear momentum; m(v, cos30° -V, )—2mv, = 0 = v, = 2/3y,
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Conservation of energy; mgh = % mv4 +% mv; + %(Zm) V4

= mgh= % m(v, cos30° -, )’ Jr%m(vl sin30°)+mv;

3 9 2gh 290 1
h=2Vl+ =V +V. ==V} v:,/—: = ==g/
=49 2+22+222:>2 9 9239
A particle moving in a central force field centered atr =0, follows a trgectory given by

r=e* where, (r , 9) is the polar coordinate of the particleand « >0 is a constant. The

magnitude of the forceis proportional to
@r” (b) r® ©r™ (dr?
Ans. 3: (a)

—al

Solution: r=¢€ g

= UuU=e€

. ) | .. du
Differential equation of the orbit; — +u=— f
& dé? u? (u)

o | o m (1 11 & 2
azeg-i'ea:—wf(ajj f(aj:—ﬁ(l+a2)e39:> f( ):_mr3(1+a2)

The Lagrangian of a particle of unit mass is given byLzé(Xz—x2+2xx). The
Hamiltonian of this system is given by

1 i 1 1
(@ 5P - pxext (0) S(p*+x°) (© 5(p=x)’ (@ 5 p*+ px=x°

Ans. 6: (a)
Solution:

1 oL
L==(x*—x®+2XX): p=—=X+X = X=p-X
2 AT P

Z—xx=p(p-x) 1(p—x)er%xz—x(p—x)

il G
H=pXx—L=px—=x*+=X -=
P P 2 2 2

—H=p?- pX—%pz—%x%L px+%x2— px+x> =H =%p2— px+ X*

If threereal variables x,y and z evolvewithtime t following

G -2 vz g = 2lx-y),

then which of the following quantities remainsinvariant in time ?
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(@) xy+yz+z (b) X +y*+7

Ans. 12: (c)
Solution:

d(1 1 1 xdy/dt+ydx/dt YZ+2y ZX+XZ
a ot ot 22 ‘T 22
Xy yz x2y? y°z Xz

XY+ YR+ YK 2+ DY + 7YX+ XY Z
X2y222

_yZ(z+ y) X+ X(Z+ X) Y+ Xy (X+ Y) 2

X2 y2 ZZ

=X(y-2), y=y(z-x), z=2(x-Y)

d

=0

1 xyz(y2—22)+xyz(22—x2)+xyz(x2—y2)
+_j: N
y2z

1.1
dtixy yz =z
1 1

SO, —+—+i = constant
X yz

A circularly polarized laser of power P isincident on a particle of massm. The particle,
which was initially at rest, completely absorbs the incident radiation. The kinetic energy
of the particle as afunction of time t isgiven by

CELEEREY ® 2P 1] O CRs
Ans. 13: (a)

Solution:

In case of circulary polarized light, the energy absorbed by the particle and its kinetic

energy has following relation:

E:,/mcz(ZT—E)
pt
=,/mc 2T pt —2T pt = 2T = pt mCZ+1

e
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Part-C: 2-Mark Numerical Questions
Q1.  Two uniform rods of length 1m are connected to a friction-less
hinge A. The hinge is held at a height and the other ends of the /\
rods rests on a friction-less plane, such that the angle between the
rodsis 2z /3. If the hinge is released from the rest, what is the speed of the hinge when it

hits the floor? [Acceleration due to gravity is9.81ms ]
Ans.: 1.92
Solution:

c

(L/2)sin30°

S

A O

In this process, the centre of mass will fall in the downward direction by a distance

Lsin30°.
2

E =(2M )g(%sinBO"):%MgL

when C will hit the ground, the system will have trandational aswell asrotational
Kinetic energy

1 1 1
E. ==(2M WV + =1 0> + =1
(=@M St

“E, —E =2M =1Mg|_:>v=\/39" =\/3X9'8X1=1.92
3 2 8 8
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Part-A: 1-Mark Questions
Q9. A conducting sphere of radius R is placed in a uniform electric field E, directed along

+z axis. The eéelectric potential for outside points is given by

Vo = —Eo(l—(R/r)3)r cos@, where r isthe distance from the center and 6 isthe polar

angle. The charge density on the surface of the sphereis
(a 3¢, E,cosé (b) €, E, coso (c) -3¢, E,cosb (d) %eo E, cosd

Ans. 9: (a)
Solution. :
We know perpendicular component of electric field is
discontinuous across a surface carrying free charge
E;_ut_EiJr;zg ar=R

)
Inside conducting sphere E, =0

out

or

3 3

0

Bou| = ‘—Eor cosd + EO%COSH :—{E0 cosH—ZEolf—gcose}
R r

®T o

r= =R

R

= {—Eo cosf — 2E, ~—cosé | = 3E, cosd — Put in (1) we get

KIC!

z:3E0 cosf = o = 3¢,E, cosd
&

Thus, () is correct.
Q10. A point charge q iskept d distance above an infinite conducting plane. What is the energy

stored in the configuration?

2

(@ -+ 9 (b) > 9 (0 -+ 4 @ -+ 9

47ZGOE 472605 472'605 47reoﬁ

Ans. 10: (b)
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Solution.:

VAV AV AV WAV AV Ve AV

@ — (Imagecharge) (Actual situation)

Potential energy of interaction between =% acharge (separated by distance 2d)

Potential energy of interaction between two equal and opposite charges separated by 2d

2
_ Bt oier & <6 ) ot (b) is correct.
2| 4re,-2d | 4ng,-4d

Q11. Two point charges 29 and g are placed inside two spherical
cavities of equal radii R/4 in asolid conducting sphere of radius
R, as shown in the figure. The cavities are placed along a
diagonal at distances R/2 from the center of the solid sphere.
The electrical potential at a point P,3R/2 distance away from
the center along the same diagonal, is given by

1.5

(@0 0) 2—‘;

1 2q 1 3q
c — d —
()47reOR ()47reoR

Ans. 11: (c)
Solution.:

The 2qg charge will induce —2q charge at the surface of the cavity which will induce 2q

at the surface of sphere.
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©

Similarly, 'q" in second cavity will induce 'q" at the surface of the sphere.

Total charge on surface of sphere =3q.

In spherical symmetry on the distance of point under observation from the centre of
charge distribution matters.

Thus, Vg, = ﬁ =

2

Hence (c) is correct option.
Part-B: 3-Mark Questions
A point charge q is fixed at point A inside a hollow grounded conducting spherical
shell of radius R, at adistance a from the center C. The force on the sphere due to the
presence of the point chargeis
! g’aR
47 €, (R+a)’ (R-a)

> in magnitude and along AC .

1 g’aR

() 2 >
7 & (R+a)” (R-a)

5 inmagnitude and along CA.

2

(©) 1 4 ~in magnitude and along AC .
47reo(R_a)

2

1 9
d
@ 4r €, (R-a)

~in magnitude and along CA.

Ans. 8: (a)
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Solution.:

Source chargeis at 'a’ of magnitude'Q'
Let unit vector along the line joining P(observation point)
centre

and location of 'Q'is A,
= OP' = af,

In the corresponding image problem,

Image charge will be along same

directionat P"(y).

OP" = y, = Y|ﬁl
Net potential at X is

o(x)=- 29
Arg,|xh—afy|  4dre, |xh—y, fy

Now our boundary condition (original) is that <I>(x = R) =0, as sphere was grounded.

0

d)(ﬁ): Q + g =
Ars,|RA-ah|  4rey|RA-y A

= 0(R)=— -0
Are Rﬁ—gﬁl Are Bﬁ—A
0 R oY) y n
|

Equality will be satisfied, if

1 2
D o0 o=y and 2= R oy =N
dre,R  4dreyy, R R vy, a

Force of attraction between 'Q" and grounded sphere = Force between 'Q' and itsimage

e b O s Q’

4, ly, —a|2 e,

_ 1 Q’Ra
4rg, (R-a)’ (R+a)’

—fi, isalong AC

Hence (a) is correct
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Q9. A rectangular dielectric slab partly fills two identical rectangular parallel plate capacitors

which are maintained at potentials V, and V, with V, >V, . The slab can freely move in

the space between the capacitor plates without any friction. Which of the following is

true?

C.V, C,.V,

(8 Thedab will not move.

(b) The slab will move towards lower potential.

(c) The dlab will move towards higher potential.

(d) The slab will position itself at 1/V,:1/V, ratio between capacitors 1 and 2.

Ans. 9: (c)
Solution 5:

Force on dielectric=%vz(;—c. ThusF o« V2, % has a small effect.
X X

AsV, >V,

= Force towards higher potential will be more. This, slab will move towards higher

potential.

Part-C: 2-Mark Numerical Questions
No Question
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Part-A: 1-Mark Questions
Q17. The wave function of the electron in a Hydrogen atom in a particular state is given

by 7 ¥?a,%?exp(-r/a,). Which of the following figures qualitatively depicts the

probability (P(r)) of the electron to be within adistance r from the nucleus?

Ans. 17: (a)
17. Ans. (d)
Solution:

P(r):rz‘w(r)r:%rze_m/ao and d%(rr)zo — org2/a _%rZe—Zr/a{) -0 =[r=q

A beam of high energy neutrons is scattered from a metal lattice, where the spacing

between nuclei is around0.4nm. In order to see quantum diffraction effects, the kinetic
energy of the neutrons must be of the order [Mass of neutron=1.67x10* kg, Planck's
constant = 6.62x10* m?kgs ]

(a) ev (b) MeVv (c) meVv (d) keVv

Ans. 22: (c)

Solution:

2dsnf=A=1=2d

Since d =0.4nm= 1 =1.6nm where ﬂ:&ﬁx

E(eV)

0.2r)
:>E(eV)=( ") _ 00784 _007834 _ & 3 10%ev = 30mev = |E ~ meV|

EOC
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Q23. Consider eight electrons confined in a 1D box of lengthd . What is the minimum total
energy for the system allowed by Pauli's exclusion principle?

2 2 2 2
@ 0 © 3 @20
Ans. 23: (b)

23. Ans.(c)

Solution:

°h?

2md?

. E=2E, +2E, +2E, + 2E,

=2(E,+E,+E;+E,)

=2(E,+4E +9E +16E,) n=1

°h%  307%h?
=60E, =60x =
& 2md? md?

E =

Consider 5 identical spin % particles moving in a 3-dimensional harmonic oscillator

potential,
Vv (r) L =1ma>2(x2+ y:+2°)
2 2
The degeneracy of the ground state of the systemis
@5 (b) 7 (c) 20
Ans. 24: (c)

Solution:

(10,0);(0,1,0);(0,0,1)

Two spi n-% particles arein the ground state, n=0.

Three particles are arranged in n=1 (degeneracy = 6 including spin).
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Ground state energy E = 2x%hw+3xgha) :2?1/‘1@

Total possible combinations of arranging 3 spin- % particlesin n=1 state are

|
"C, =2~ 20
313l

A particleis confined in an infinite potential well of the form given below.

V(x)={

If the particle has energy E >V,, which of the following could be the form of its wave

A,yx(1-x), Vv0<x<1
00 otherwise

function?

€Y (b)
oA AR
(©)

o}ﬂv%%w—%w\%ﬂdl

Ans. 25: (a)
Solution:

V(x):{

ANyx(1-x): 0<x<1
0 . otherwise

Wavelength 4 = n where
p

p= 2m(E—VO)

Thus A4 will increase as p decreases

from x=0 to x=%andthen A

decreases as p increases from x:% to x=1.

Therefore correct option is ().
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Part-B: 3-Mark Questions
Q4.  For a one dimensional simple harmonic oscillator, for which |0) denotes the ground

state, what is the constant £ in
(ofe[0)=e”*/7

(& p=2k* (b) B=k? () p=K?/4 (d) B=K?/2
Ans. 4: (d)

4. Ans.(a)

Solution:

(oo

= <O {1+ikx+%+...} O> =1—ﬁ<0‘x2‘0>+...-

= <o|140>+ik<o|>“<|o>—k—22<o\x2\o>+....=1—ﬂ<o\x2\o>

= 100-% {01¢[0)-1-{oelo) =-s

A particle of mass m moves in one dimension. The exact eigenfunctions for the ground
state of the systemis
A
X)=—,
v(x) cosh(Ax)
where, 4 is a constant and A is the normalization constant. If the potential V(x)

vanishes at infinity, the ground state energy of the systemis

h°A nA? )
€Y 5 (b) o (©) i (d) -
Ans. 5: (d)

Solution:

h2A?
2m

v (X) :W = Asech(Ax)

2 2

Time independent Schrodinger equation; —;—m%w(x)ww( )=Ew(x)

n* dd
—%&&(sech(ﬂx)ﬁv sech(Ax) = Esech(4x) (1)
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Now %(%c(lx)) = Atanh(Ax)sech(4x)

d d d
and &[/ltanh(/lx)%c(ﬂx)] = /I&(tanh(/lx))%c(ﬂx) + tanh(/ix)&(sech(ﬂx))
= A sech? (Ax)sec(Ax)+ A tanh (Ax) (A tanh (1x)sec(Ax))
= 2 sec( Ax)[ sech? (4x) + tanh? (Ax) | = 2° sech(4x)
. From (2), —%[ﬁsech(zx)]w sech(Ax)=Esech(4x) = - h;iz +V=E
h2A?

Nowa X —>owo,V=0; . E=-
2m

Thus correct option is (d).

Part-C: 2-Mark Numerical Questions
No Question
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Part-A: 1-Mark Questions

A system with two energy levels is in thermal equilibrium with a heat reservoir at
temperature600K . The energy gap between the levelsis0.1eV . Let p be the probability
that the system is in the higher energy level. Which of the following statement is correct?
[Note: 1eV =11600K ]
(@ 0<p<01 (b) 0.1< p<0.2 (c) 0.2< p<0.3 (d p=0.3
Ans. 5: (b)
Solution: T =600K , Notethat K, =8.617x107°eV/K

e 1 1
_1+e—ﬂg _1+eﬂ8 - 01eV  coo

14 ea.elmo‘sev

1 1

01
14 gO06L7 1+6.917

If mean and standard deviation of the energy distribution of an equilibrium system vary

~0.126~0.13

with temperature T as TY and T“ respectively, then v and o must satisfy
(@ 2v=1+« (b) 2v+l=« (c) v=1+2a (d) v+1=2«
Ans. 6: (d)

Solution: Consider a system of classical ideal gas with N molecules

Mean energy U = N<E>:gNkBToch, nv=1

For this system, standard deviationin energy i.e. o = 1/(AE)Z =JKT’C, T, =1
wV+1=2«a =1+1=2x1
Adding 1eV of energy to alarge system did not change its temperature (27°C) whereas

it changed the number of micro-states by afactor r .
r isof the order [Note: 1eV =11600K ]

(@ 10° (b) 107 () 107 (d) 107
Ans. 7: (c)

Solution: - fg=

(6InQ
oE

) ,  Q being the number of microstates in the system.

Thisalowsustowrite, AInQ = SAE = AE

KgT

AE lev

. by changing energy by AE, Q will change by afactor of e = e®™V ~ 2.3x10"
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The ratio of specific heat of electronsin a heated copper wire at two temperatures 200°C
and 100°C is

(a) 1.27 (b) 2 (c) 141 (d) 1.61

Ans. 8: (a)

Solution:

Total heat capacity

C, =aT +bT?
L attice contribution

electroniccontribution
CVelectronic o« T Ie C\/el = a'T:I. and C\/eq = aTZ

G BB
Ceo T, 373
Q21. An ideal diatomic gas at pressure P is adiabaticaly compressed so that its volume

becom%% timestheinitial value. The final pressure of the gaswill be

7 I 3L 5
(@ n°P (b) n2P (c) n 5P (d) nP
Ans. 21: (a)
Solution:

V,=V; sz%,foradiatomicgasc\, =§R, C. =%R

\4

Now for an adiabatic compression BV, =BV, = P, =[
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Part-B: 3-Mark Questions

The energy of two Ising spins (s =+1,s, =+1) is given by Ez—qsz—%(sl+sz)_ At

certain temperature T probability that both spins take +1 values is 4 times than they
both take —1 values. What is the probability that they have opposite spins? [ 8 =1/k,T]|
e’
1+e”
Ans. 7: (c)
Solution:

@ (b) & tanh 8 © % e %

) 1
Given E=-ss, —§(§+sz)

e
1+e®? + 27
~ e’ _ 1
1+e” +2e” 1+ +2e”’

P(+1+1)=

P(-1-1)

Giventhat P(+1+1)=4P(-1-1) i.e.

e?’ 4
1+e? +2¢” 1+€ +2e”

e’ =4=¢€e =2

2><1
. 2e”’ 2 1
P @27 T gl 6
1+2°+2x =

A container has two compartments. One compartment contains Oxygen gas at pressure

B, volume V, and temperature T,. The second compartment contains Nitrogen gas at
pressure P,, volume V,, and temperature T, . The partition separating two compartments

Is removed and the gases are allowed to mix. What is the temperature of the mixture
when it comes to equilibrium?

RV +PV)TT, () (MWL) o (RUTL+RVST) o (RUT+ PG
AT, + BV, T, Vi+V, RV + RV, Vi + BV,

(@ (

Ans. 15:; (a)
Solution:

- Gases are identical (diatomic) C.=C,= g R per mole
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n,T,G | [, T, G, (nl+n2)'T(T1'T2)
0, N, C,

Ulzn.'LC:\/Tl; Uzznzch ; UT :(nl"'nz)CvT

s Up=U+U, =(n+n,)CT=nCT+nCT,

:>T=an1+n2T2 ...nl:ﬂn :P2V2

nl+n2 ' R-rl’ ? R-I-Z

ﬂ><T + RV,

_RL ' RT, ’ _ BVi+RV, (PlV1+ P2V2)T1T2

=T= = =
v RV, AT/ /N =V W AT
RT, RT, T T,

Part-C: 2-Mark Numerical Questions
A particle can access only three energy levelsg =1eV,E, =2eV, andE, =6€eV. The

average energy <E> of the particle changes as temperature T changes. What is the ratio

of the minimum to the maximum average energy of the particle?
Ans.: 0.333
Solution:

0=’ +e? 1% E,
olng
op E,

E) e/ +2e? + 66
(B)= e’ re? v E,

Now minimum (E) _isobtained when particleisinlevel E

(B == (), =EE 5

0 0

(Ewn) _€” 0 _ 1
(En) O 66 6™

0 0

It seems more information is needed to evaluate the ratio.
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A system of N classical non-identical particles moving in one dimensional space is

governed by the Hamiltonian
N o
H=Y (AP +Bla)
i=1

where p and g are momentum and position of the i-th particle, respectively, and the
constant parameters A, and B characterize the individual particles. When the system is

in equilibrium at temperatureT , then the internal energy is found to be

Ez(H}z%NkBT,

where k;isthe Boltzmann constant. What is the value of o ?
Ans.: 6
Solution:

kT
a

Average energy for N particlesis (E)=N E kT +

= a+2=§:>3(a+2)=4a = [a=6]

2a
One mole of an ideal gas undergoes a thermodynamic cycle
formed by an isobaric process, an isochoric process, and an
adiabatic process (see figure). At A, the temperature of the gas
isT . What is the change in the interna energy of the gas, in the

units of RT (R isthe universal gas constant) as the system goes

from Ato B

Ans.: 17.5

Solution:

n=1, PV =RT ..(1)
AUz =7

AU, =AUz +AUg +AU,, =0

= AU 5 =—[AUg +AU, |

B — C Isochoric process = dV =0
S AU g = AQy: —dw =AQg; —0=AQ,. =C, [Tc _TB]

Process C — A isadiabatic, i.e. AQ., =0; AU, =AQ, —AW,, =-AW,,
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R R
AW, =——|T. - T, |=—|T,—T,
o=l T = [T ]

Using PV} = PV = 32PV’ =P(8V) =3V7 =8V’ =In32=Ing

=In2®=yIn2*=5In2=3yIn2 = ;/=53 — monoatomic gas = C, =§R

R 3R
AW, =—5[TA ~T.]= —7[TA ~T]
13

3R 3
= AW, =7 [Ty ~To]= AUc, andAUg = R[Te - Ty

3 3 3RT, 3 3R
.-.AuAsz—AUBC—AUCA:—A—/R{+§RTB— 2A+Eyz{ =AU, =T~ T,

Now for process AB (Isobaric) ; PV = RT

_32Px8v ad T, - 32:V

=T,

PV 32PV | 3 7PV

~ AU, =£[32x8———:| = ZRx32x——=336PV =[AU,, = 336RT
2 R

R R 2
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Part-A: 1-Mark Questions
Q20. The base current in thefirst transistor of the following circuit having two identical
Silicon-based npn transistorsof £ valuelQ0, isclosest to

+10V
[

ol
o

(@ 3.6 A (b) 0.36mA
Ans. 20: (a)
Solution.:

_ Vcc _VBEl _VBE2
> BoRe

5-07-07
2792010 _s6,A
B~ 10°x100 B

| where S, = 3.3, =100x100 = 10"

Part-B: 3-Mark Questions
Q14. What isthe output voltage of the following circuit for the input current 1nA?
10MQ

L

(@ 1mv
Ans. 14: (b)
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Solution.:

L

=V, =V, =InAx10M Q =1x10° x10x10° = 0.01 Volts
=V, = [1+ %]vm = (1+ 9_19}( 0.01=1Volts

Part-C: 2-Mark Numerical Questions
Optical excitation of intrinsic germanium creates an average density of 10” conduction
electrons per cm® in the material at liquid nitrogen temperature. At this temperature, the
electron and hole nobilities are equal, 1 =0.5x10* MV 's™. The germanium dielectric

constant is20. If 100 Voltsis applied across 1cm cube of crystal under these conditions,

about how much current, inmA, is observed? [Charge of electron=1.6x10"°C]

Ans.: 0.08

A 12-bit analog-to-digital converter has an operating range of 0 to 1V . The smallest
voltage step (in mV , upto two significant digits) that one can record using this converter
IS

Ans.: 0.24

Solution.:

v 1

221 a006-1 o

Step size=
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Part-A: 1-Mark Questions

Q16. Two identical simple pendulum of length L are connected by

aspring at a height of L/2 as shown in the figure. Assuming

the spring constant is mg/ L, where m is the mass of the bob

and g is the acceleration due to gravity, what is the ratio of
the highest to lowest Eigen frequencies of the system?

@1 (b) V372

(© V2 (d) V3

Ans. 16: (b)

Solution:

1

2
T :—mL2€'12+1mL29§; LA 02
2 2 0 mL

2
V =mgL (1-cosé, ) +mglL (1-cosb, ) +%k(%6’1—%6’2]

=2mgszn2ﬁ+2rrgLsin2i+1kL2(ef+.9§—29192)
2 224

10

e o Y 2

1
4

1

——kL?
4

moL + = kL?
V=

1 1
—=kL? L+=KkL?
4 o 4

’V—a)ZT‘:O
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mgL + oo o’ml? L
4 4 -0
e mgL + oo o’ml?
4 4

1.2 22) (1,2)
n'gl_-i'zkl_ —Q mL — Zkl_ :O

mgL + 2~%kL2 —a)szzj(mgL—a)szz) =0

A thin film surrounded by air has an index of refraction of 1.4. A region of the film
appears bright blue (/1=400nm) when white light is incident perpendicular to the

surface. What might be the minimum thickness of the film?

(&) 420nm (b) 280nm (c) 140nm (d) 70nm
Ans. 18: (c)

Solution:

A 400nm
T2u 2x14
The trajectory of a particle which undergoes simple harmonic
motion on a plane is shown in the figure. The ratio of the Y/
frequencies for the motion along x and y directions is given
by

4 2
@ 5 (b) 3

3 3
(c) 5 (d) 5
Ans. 19: (d)

Solution:

2ut =1 =t =142.84nm
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Part-B: 3-Mark Questions
No Question
Part-C: 2-Mark Numerical Questions
A pair of crossed ideal linear polarizer’s allow no light to pass through. To produce some
output one can insert optical elements between the crossed polarizer’s. For given light
beam of input intensity |, Nirmalya inserts a quarter-wave plate between the crossed

polarizer’'s and records an output intensity «l,. On the other hand, Ayan inserts two

linear polarizer’s having orientations 30" and 60" w.r.t. the first polarizer of the crossed

pair, and records an output intensity of g1,. What is the ratio % ?

Ans.: 1.19

Solution: 1, = Yo cos?30° |cos? 30° |cos? 300 = [ Lo 31313 2 271
2 2 4)4)4 128

27
l,=8l,=> =
\=Plo= =T

For maximum intensity sin“ 20 =1— 0 = 45°

I

1
=al,=>a=—
4

‘o
4
ﬁzl.%:@zli%zl_lg

S 4 27 108

The frequency dispersion relation of the surface waves of a fluid of density p and

temperatureT , is given by o® = gk+Tk®/ p, where @ and k are the angular frequency
and wavenumber, respectively, g is the acceleration due to gravity. The first term in

r.h.s. describes the gravity waves and the second term describes the surface tension wave.
What is the ratio of the first term to the second term, when the phase velocity is equal to
the group velocity?

Ans: 1

Solution:

3
a)2=gk+K
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