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I.1. Equation of motion for the magnet is
mzZ =mg — kz (1)
For terminal velocity Z2=0
which gives vp =2 = %
I.2. Rewriting Eq. (1)
dv k )
- — — —
i Y m
Given that v(t = 0) = 0; z(t = 0) = 0 which yields
d
o(t) = =1 (1 —e ) = =
z t
/ dz —/ @(1 — e Rmyqt
0 o k
mg m —kt/m
2(t) = =2 [t e =)

I.3. Method - I: Because of the relative speed v between the magnet and the ring, in
the field B = B,k + B,p of the magnet, the induced emf is given by

ci= [@x Byl
e; = vB,2ma
fo  3pa(zo — 2)

h y = 2 2
WHEre A7 [a2 + (20 — 2)252 2)
Method - IT :Magnetic flux (¢) through the ring is

o= [ Baampdp
0
“ i pp 3(z0 — 2)?
=2 — —11d 0.2 mark
”/o dn (Pt (20— 222 |2+ (0 — 22 |7
2
Hopa
= 0.3 k
= BT (P
—d d
Induced emf ¢; — d_f _ _vd_qj
z
3pa’ —
which gives ¢, = —03P@ V(0 —2)

2[a? + (29 — 2)2]5/2
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1.4. B, component will cause a radially outward force on the ring and by symmetry this
yields a null force. 0.4 mark

I.5.

1.6.

I.7.

I.8.

L.9.

1.10.

Only B, will contribute to

df,,. =i(dl x B)

=
)
=
=
oo
o
=]
=+
= .
)

f;m = 2maB, 0.6 mark
where B, is given by Eq. (2).
By Newton’s third law, equal and opposite force will be exerted by t i
magnet. Hence the magnitude of the force on the magnet by the ring is f.,,.
di
(oL in
Potential energy is converted to three parts:
(a) mv?/2 (kinetic energy)
(b) Li*/2 (magnetic energy)
(¢) ?RAt (Joule loss due to the current in time At).
The magnetic field does no work in the process.
e
No v
Resistance of the ring
2
AR = ——C
ocwAz'
Now, the net force on the magnet, due to one ring at 2’ is given by
fem = (2ma)iB,,
where

g Mo 3pa(z —z)

= 0.3 k
© A (a? + (2 — 2)2)5/2 at

and ¢ is the induced current in the ring which is given by
. €; B owe; ’
AR 27a

Then the net force on the magnet due to the entire pipe is given by

i 0.5 mark

F:/ fem:/ B?(2ra)wodz’ 2 0.2 mark
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Since the pipe is very long the limits of integration can be taken as —oo and oo.
Substituting B/, we get

_ (HoN? (g 2 3 [ (2" — 2)?
F= <4—> 18p~a 7Twaz/_oO ((Z/_Z)2+a2)5dzl

7

Let u = (2 — z)/a. Finally,

o (@)2 18p*mow? /°° u? Ju
47 at oo (L4 u?)?

Thus damping parameter

Lo\ 2 18p?mow /°° u?
- (_> d [0.5 mark |
ym Oruwy u mar

at

1.11. Given that,
k= f(:u07pa ROaa)

Dimensions of various parameters involved are

(o) = I MLT™*
p] = 1L?
[Ro] = I ML*T™*
o] = L
(k] == MT*

which gives

e Lt
0
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II.1. Consider a shell of width dr which is at the distance r from the centre of the star.
Let p be the density of star. Gravitational Potential energy of shell is

47rip/3) (4mrid
dE, = —G( mrep/3)(4mrdrp)
r
f 3GM?
Eo= [ dms= -3
0
It is negative, i.e. gravitational force is radially inward.
I1.2. Total energy of the star £ = Eg + E..
At equilibrium, at R = R4
dE
e
dEq  dE.
dR ~  dR
3GM* R 3\ 2ND?
5 R, 10m42/3 (%) R
R 3\ 2N
Rt = S o 278 (;) YR
I1.3. Since all the hydrogen is ionized, the number of protons (N,) = N.. Also m, > m..
Hence
M
Ne =N, ~ — 0.5 mark
myp
h?m3 3\"? 2
Ryg= ———— (2 S
4 6Gm.A23 (7?) M3,
Ryaq = 2.28 x 10" km 1.0 mark

I1.4. If 74, is average separation between electrons then

4 4
N x gﬂrgep ~ gﬂRid 0.2 mark
R3 m
= Ned ~ Ridﬁp 0.2 mark
Toep = 2.13 x 107 m 0.6 mark

IL.5. For a particle confined in a box of length r,,, its de Broglie wavelength Az for the
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ground state can be written as

)\dB = 2Tsep 0.2 mark
and momentum p = — 0.3 mark
AiB
h
VRS 0.2 mark
2MeTgep
= 1.08 x 10® m.s ! 0.3 mark

Correction: If one takes relativistic momentum

)\dB = 2rsep 0.2 mark
h h MU
p— p— p— c 0-3 mark
P )\dB 2Tsep \/ 1-— 1}2/02
h
V= — 0.2 mark
hQ
\/4m§r2 +—
c
=1.06 x 10°m.s! 0.3 mark

I1.6. Similar to part I1.2, at equilibrium

d;;; = _dféd 0.3 mark
For critical mass
M. = % (%0)3/2 0.8 mark
P

Alternatively: Since the total energy

3 72 [/3\%? 1
rel _ e 2 A B 4/3 | —
Ec+ E! < SGM?+ s <W> heN[* |

must be minimized for equilibrium, one can argue that if coefficient of 1/R is positive
then star would collapse otherwise it would expand.

11.7. For M > M,

Expand 0.5 mark

Contract v

IT.8.

M, =1.36 x 10* kg 1.0 mark
= 6.8 Mg 0.5 mark
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IT1.1. [1.0 mark] Let the phase difference between two rays making an angle 6 with z
direction be 9. Clearly

d = wAt = wdsinf/c (1)
Then the intensity is given by

I1(6) = B|E + Esf*
Here

|Ei + Eo)* = |Eycos(wt) + Egcos(wt + 0)|?
= |Eycos(wt) (1 + cosd) — Eysin(wt) sin 6]
= E§ [cos” (wt) (14 2cosd + cos®0) + sin® (wt) sin® §
—2 cos(wt) (1 + cosd) sin(wt) sin J]

Since cos? wt = sin?wt = 1/2 and sin(wt) cos(wt) = 0, we get the intesity to be
I(0) = BEZ (1 + cosd)
where ¢ is given by Eq. (1).
(a) Alternate:

B+ Eo|* = |Eycos(wt) + Eycos(wt + 6)[?
= |Eycos(wt) (1 + cos ) + Eysin(wt) sin 4|
= |EyAcos(wt — ¢)|?

where

A? = (14 cosd)’ +sin®6
= 2(1+cosd)

Since cos?(wt — ¢) = 1/2, we have

1) = §E§A2 = BE] (1 + cosd)

where 0 is given by Eq. (1).

IT11.2. [1.0 marks] The beam 1 has travelled extra optical path = (4 — 1) w. Thus the
net phase difference between two beams when they emerge at the angle 6 is

(5:%(dsin9— (b —1)w)

and 1(0) = BEZ (1 + cos?).
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II1.3. [2.0 marks] The two beams have travelled exactly same paths upto the slits. Thus
when they emerge at an angle 6, they have a net phase difference of 6 = wdsinf/c.
Then, notice

2
B + E,f° =

i {ﬂ cos(wt) + Ey cos(wt + 5)1 +j {ﬂ sin(wt)}

V2 V2

1
Eq cos(wt) (E + cos 5) + Eysin(wt) sin d

1
= £} [cos2 (wt) (5 +V2cos 6 + cos? (5) + sin? (wt) sin”® §

2
E2
+ 70 sin® (wt)

2
+2 cos(wt) (% + cos 5> sin(wt) sin 5] + % sin? (wt)

Thus, after taking time averages, the intesity will be
[ 1 1 1 E2
I(G) = BE(% 5 <§ + \/§COS(5+COSQ§) + §sin2(51 +BIO

= BE; _1 + %cosé}

[ 1 wd sin 0
:5E§-1+ECOS( . )}

The maximum value of the intensity is 3E? [1 - \%} .

The minimum value of the intensity is S3E3 [1 — \/Ai]

II1.4. [2.0 marks] The electric field at z = b is given by

Ei(z=0) = (% (cos (wt — kb)i-1i' + sin (wt — kb) j - i’)) i

[Eq cosy cos (wt — kb) + Eqsin~ysin (wt — kb)| 1’

H<||H
[\

= — [Eycos (wt — kb— )]

>

and at z = ¢

E
Ei(z=c¢) = —=(cos(wt—ke—~)i-i)i

V2

1
= —cosyEycos(wt —ke—)i

V2

Where as
E; (2 =¢) = Eycos (wt — ke) i

So, the net phase difference between beam 1 and beam 2 is now

Phase difference a = ~.

II1.5. [0.5 marks]
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(a) At equator e = 0. Then

E = Eg, =1i'Ecos (wt).

(b) Clearly the beam is linearly polarised along i'.

II1.6. [0.5 marks]

(a) At north pole e = /4 and 7 can be taken to be 0. Then i’ =1iand j’ = j. The

electric field
Ey

V2

E
Exp = i—2 cos (wt) 4 j—= sin (wt) ,

V2

(b) Which represents circular polarisation.

1

N\

Equator

II1.7. [1.5 marks]
Z
A

I11.8. [1.5 mark] From figure it is clear that the area of the spherical triangle A;A;Aj is
21 X (;—Z) = 27 and the phase difference was . Thus the phase difference is half
the area of the spherical triangle A; As A3 on Poincare sphere.

Thus S = 2a.

Here, the beam 1 passes through various states of polarization and returns to its
original state. Though there has been no additional path difference, the beam has
picked up a phase v with respect to the beam 2. This is called as Pancharatnam

phase.
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Step 1: Superposition
1.1
5 — wAt:wdSine 0.4
c
E, +Eo)° = E? [cos® (wt) (14 2cosd + cos®§) + sin® (wt) sin® § 0.9
—2cos(wt) (1 + cos d) sin(wt) sin ¢ .
Step 2: Time averaging: cos?wt = sin®wt = 1/2 and 0.3
sin(wt) cos(wt) = 0,
Step 3: Intensity 0.1
1(0) = B|E; + Eo|* = BE2 (1 + cos d)
119 The beam 1 has travelled extra optical path = (u — 1) w. 0.4
" | Thus the net phase difference between two beams when they emerge at | 0.2
the angle 0,
§="2 (dsin® — (p— 1) w)
c
and I(0) = BEZ (1 + cos?). 0.4
The two beams have travelled exactly same paths upto the slits. Thus | 0.70 for
when they emerge at an angle 0, they have a net phase difference of X com-
II1.3 . .
0 = wdsin@/c. Then, notice ponent
) and 0.3
. | Eo | Eo . for y
E,+E|* = |i|—= t)+ E t+6 — t
|E; + E,f i [ﬁcos(w ) + Ejg cos(wt + )} +j L/Esm(w )} compo-
nent
0.3
2 2 2 1 2 . 9 . 9
|Ey + Eo|° = Ej [cos (wt) (5 + V2 cos d + cos 5) + sin® (wt) sin® §
+2 (t)<1 + 5)‘(t)‘5]+Eg % (wt)
cos(wt) [ —= 4 cosd | sin(wt) sin — cos” (w
V2 2
Thus, after taking time averages, the intesity will be 0.3

I1(0) = BE; |:1+%COS (wdsjn@)]
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The minimum value of the intensity is SEj {1 - \%J Maximum value | 0.2+0.2
: 2 1
is BE; [1 + 75}
The electric field at z = b is given b magnitudg
1114 0.8,
Ei(z=b) = —|[Eycos(wt—kb—~)]1 direction
V2 0.2
The electric field at z = b is given by magnitudg
) 0.3,
Ei(z=¢) = ——=cosvyEycos(wt—ke—7)i direction
V2 0.2
Phase difference a = . 0.5
I1I.5 | At equator e = 0. Then E: 02
Linear
E = EEq = I/EO COS (Wt) . Polariza-
tion:
Clearly the beam is linearly polarised along i’. 0.3
ITI1.6 | At north pole e = w/4 and v can be taken to be 0. Then i’ =i and E: 02
J = j. The electric field Circular
B 7 Polariza-
E = i— cos(wt) + j—= sin (wt) tion:
V2 V2 0.3
or
. Eo .Eo .
= 1—=cos (wt + ) + J—=sin (wt +
7 (Wt +7) +J NG (wt +7)
which represents circular polarisation.
ITI.7 | Figure Alon x
axis 0.3,
A2 on
the
north
pole 0.5,
) A3 on
I equator
Equator 0.4,
angle of
2v 0.3
IT1.8 | From figure it is clear that the area of the spherical triangle A;A;A3 is | 0.7
21 X (2—1) =2y
Thus the phase difference « is half the area S of the spherical triangle | 0.8

A1 A5 A3 on Poincare sphere i.e. S = 2a.
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