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Note :

- PHYSICAL SCIENCES
PAPER - III

This paper contains four sections. You are required to attempt all of them.

SECTION 1

Note :—Answer both the questions (Q. 1 and Q. 2) in 500 words for each question.

1.

(a)

(b)

()

(b)

(2x20=40)
P,(x}) are the Legendre polynomials satisfying differential equation.
(1-x )P:; (x) — 2xP;l(x) +n(n + 1P, (x)=0
Show that P,(x) form a set of orthogonal polynomials over the range
~1 to 1. Express polynomial 3% + x — 1 in terms of Legendre
polynomials. Where in physics, are these polynomials useful ?

3 >

A long cylindrical wire of radius ‘e’ carries a current density

J=dJy P E , where p is the radial coordinate and dg is a constant. The
a

direction of this current is along the axis of the wire. Using Ampere’s
law, calculate the magnetic field for points p > ¢ and p < «a.

Or
Define and discuss Poisson brackets. What are canonical
transformations ? State any one canonical transformation and give
its verification.
Write down the Dirac equation for a relativistic particle and obtain
an expression for the probability current density.

Physical Sciences-IIT 5 [P.T.O.
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2. (a)

What is Gibbs paradox ? Explain by considering mixing of identical
and different gases. How is it resolved ?

(b) Describe the principle and working of a Geiger-Muller counter. Draw
a neat diagram. Which particles can it detect ?
' Or
2 (a) Considering motion of electrons in one dimension according to band
theory derive an expression for band effective mass. Also interpret
this expression for three-dimensional case.
(B) Draw the timing diagram for the Qa, Qp and Qg in the following
circuit, assuming a clock frequency of 10 kHz.
High
J QA J QB——| dJ QC_
Clock | o ] | Ck o Ck
K K K

Physical Sciences-I11 8
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SECTION II
Note :—Answer the questions (Q. 3 to Q. 5) in 800 words for each question. (3x15=45)
3. (a) With illustrations explain symmetry, invariance and cyclic co-ordinates.

(b) Briefly describe the principle and applications of wave guides.

(c) Show that a<x > = ;<P x > where x and P, correspond to position

and momentum operators of a particle of mass m.

Physical Sciences-IIT 11 ' [PTO.]




4, (a) Obtain the expression for Fermi energy of an Ideal Fermi gas at
T = 0, having N particles in a volume V.
(b) Draw and discuss the output charactenstlcs of p-n-p transistor in
common-base configuration.
(c) Draw the waveform of an amplitude modulated carrier and explain
the function of the diode detector with demodulated waveforms.

Physical Sciences-ITT 12
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5. (a) Describe the working of a He-Ne laser.

(b) For a divalent FCC metal having lattice parameter of 3 A evaluate
its Fermi energy, Fermi temperature, plasma frequency and screening
length.

(c) What is the evidence for nuclear shell structure ? Explain how the
single particle shell model can be used to understand the nuclear
structure. What are the differences between atomic shell model and
nuclear shell model ?

Physical Sciences-I1T 14




SECTION III

Note :— Answer the following questions in 50 words each. Attempt all questions
Q. 6 to Q. 14). 4 (9%x10=90)
6. Consider a general double pendulum in which displacement of one pendulum

influences the displacement of the other pendulum and vice versa. Find
out its normal coordinates and frequencies.

Physical Sciences-ITT 15 P.T.0.]




7. Two concentric conducting spheres of radii R; and R; (R; > R;) have

charges Q; and Q, respectively. Find out the potential of each of them
and the electric field in the region Ry < r < R

8. Write a short note on variational method of quantum mechanics.

Physical Sciences-T11 16




9. Consider an ideal gas of N particles in a container of volume V and at .
a temperature T.

(@) Obtain the grand partition function.

(i) Express the chemical potential p in terms of pressure P and the
temperature T,

10. Implement the following Boolean expression in logic circuit using minimum
number of appropriate logic gates

Y = ABCD + ABCD + ABCD + ABCD

Physical Sdences-TIT 17 [P.T.0.]




11. Draw the block diagram of a Box-car-integrator and explain its operation.
State at least one application.

12. Briefly describe the working of nuclear magnetic resonance. Mention an
application of it.

Physical Sciences-IT1 18




13. What is Meissner effect ? Interpret occurrence of superconductivity and
with illustrations distinguish between type 1 and type II superconductors.

14. Give an explanation of o-decay process.

Physical Sciences-II1 19




SECTION 1V

Note :— Answer questions (Q. 15 to Q. 19) in 30 words each. Attempt all
questions.
15, Given

(5X5=25)
Find (a)

o = 22 3xy
grad ¢
(b)

the directional derivative at point (1, 2, 3) in the direction
3 . 4)
it jt+k-

16. yi{x, t) is a solution gf Schridinger equation of a particle of mass m. Given
X .
that y(x, 0) = A, «* where A and a are constatns. Find the probability
amplitude in the momentum space at ¢ = 0.
Phystcal Sciences-111 20




17. In g microcomputer System, the accumulator tontains 7FH and another
register tontains 35K Write code Segment tq implement the
following :

(a) Add. the two numbers and shift the result 2.bits o right,
(b) What will be the contentg of carry ang auxiliary carry flags ip each
?

membrane subjected to 4 stress of 1050 kg/em®.
of steel ig 4pproximately 2.1 106 kg/em?2. Caleulate the change in resistance,

AR, of the Strain gauge element dye to applied stress.

Physical Sciences J17 2] (P.T.0.]




-_——f

t ? Define Hall angle and explain positive as well as

What 18 Hall effec

19.
coefficient.

negative value of Hall

Pnysica18cienoas-m 22
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53 (|3388 | 3398 | 3404 | 3412 | 3420 | 3428 | 3436 § 3443 | 3461 [3459{1 2 2|3 4 5] 6 7|
-S54 (13467 13475 | 8489 | 3491 | 3499 | 3508 | 3516 | 3524.{ 3632 {35401 2 2!3 4 5|8 8 7
55 |[3548 (8556 | 3565 | 3573 3581 | 3560 | 3547 | 3606 | 3614 |a622]1 2 2|3 4 5|6 7 7
-56 ||3631 | 3630 | 3648 | 3656 13664 | 3673 | 3681 | 9690 | 3698 |3707 (1 2 3(3 4 5|6 7 8
.57 {|3715 | 9724 | 3733 {3741 {9750 | 3758.| 3767 |5776 [ 3784 |3783 1 2 3|3 4 5|8 7 8
58 (13802 [ 3811 | 3810 | 9828 | 3837 | 3846 | 3855 | 3864 | 3873 | 38821 2 3[4 4 5|6 7 8
.59 (|3660 | 3898 | 3008 | 3917 | 3026 | 3036 | 3945 13954 | 3983 1397211 2 3|4 5 5|6 7 8
60 (13981 13980 | 3099 | 4008 | 4018 | 4027 | 4036 ] 4046 | 4055 (40641 2 3|4 5 6|6 7 8
.81 [|4074 [4083 | 4093 | 4102 4111 | 4121 {4130 [ 4140 | 4150 {4153 |1 2 3|4 5 6|7 8 9
.52 |[4169 } 4170 | 4188 | 4198 {4207 | 4217|4227 | 4236 [ 4246 | 4286 |1 2 3|4 5 6|7 68 B
63 (14266 | 4276 | 4286 | 4205 [4305:| 4316 | 4325 14335 | 4345 {43551 2 3|48 B8(7 8 9
164 114365 | 4375 | 4386 | 4305 | 4400 | 4416 | 4426.| 4436 [ 44468 (4457 |1 2 3|4 5 617 8 9
65 1|14467 | 4477 | 4487 [ 4486 [4508 | 4519 4520 | 4539-| 4550 (456011 2 3|4 5 67 8 9
1 -86 14871 | 4681 | 4582 1 4603 [ 4613 | 4824 | 4634 |'46457] 4658 (4887 |1 2 314 § 6|7 9.10
67 L4677 4688 | 4899 | 4710 | 4721 | 4732 | 4742 {4753 | 4764 |4776)1 2 3|4 5 7|8 ¢ 10
-88 14766 1 4797 | 4808 | 4519 [ 4831 | 4242 | 4853 (406414875 (48871 2 3 (4 6 7|8 8 10
-89 114808 | 4009 | 4620 | 4632 | 4943 | 4966 | 4966 | 4977 | 4989 (50001 2 3 (6 6 7|8 9 10]
-70 15012 | 5023 | 5035 | 5047 | 5058 | 5070 | 5082 | 5093 | 6105 [5117]1 2 4(/5 6 7|8 9 11
71 5120 | 5140 | 5152 | 5164 | 5176 | 5188 | 5200 [ 5212.| 6224 {62361 2 4|6 & 7|8 1011
.‘rzr5248 5260 | 5272 | 5284 15297 | 5309 | 5327 | 52333 | 6346 ({53581 2 4|5 6 7|9 1091
.73 ||5370 | 5393 | 5305 | 540B [ 5420 | 5433 | 5445 § 5458 | 5470 |5483 {1 3 415 6 89 1011
74 15495 | 6508 { 5521 | 5534 15546 | 5559 | 5572 {5585 | 5588 [5610[1 3 4|5 6 8|9 1012
75 (15623 | 5630 | 5649 | 5662 | 5675 | 5688 | 5702 | 5715 | 5728 [5741(1 3 4|5 7 8|9 1012
76 15754 | 5768 | 5781 | 5794 {5808 | 5821 | 5834 | 5840 | 5861 158751 3 4|5 7 88 1112
77 [15888 | 6002 | 5916 | 6829 | 5943 | 5957 | 5870 | 5964 | 598 [6012[1 3 445 7 8[1011 12
-78 ||6026 [ 6038 | 8053 | 6067 {6081 | 8095 { 610916124 | 6138 161521 3 4|6 7 8101113
.79 jl6166 [ 6180 | 8194 | 6209 | 6223 | 6237 | 6262 6266 | 6281 |6295]1 3 4 |6 7.9 (101113
.80 ||6310 | 6324 | 6830 | 6953 | 6368 | 6383 | 6397 16412-/ 8427 {64427 4 4|6 7 9 [101213
.81 1B457 [ 6471 | 8486 | 8501 [ 65716 | 6631 | 6546 | 6561 | @577 (6582 |2 3 6|6 B 9 [1112 14
82 ||6607 | 6622 | 6637 | 6653 | 606 | BEA3 | 6609 | 6714 | 6750 [6745-f2 3 5|8 B8 8{111214
-B3 {6781 6776 | 6792 | 6808 | 6823 ' 6830 | 6855 | 6971 6687 (8o02{2 3 S8 8 9111914
.84 {6018 | 6934 . 6950 | 6066 {6582 | 699a| 7015 [ 7031 ! you7 {7083 )2 3 5|8 .8 f0}111315
B85 {|7079 | 7098 | 7112 [ 7129 | 7145 | 7161 | 7178 (7194 [ 7210 | 72282 3. S|{7 8 10[1213 15
-B6 117244 | 7261 ( 7278 | 7205 [ 7311 7328 {7345 { 7362 [ 7379 | 7386 |2 3 &|7 8 10121316
.87 [|7413 | 7430 | 7447 | 7484 | 7482 | 7409 | 7616|7534 | 7581.[ 76882 3 5|7 9 10{12 14 18
B8 || 7586 ) 7607 { 7621 | 7638 | 7656 | 7674 | 7691 | 770901 7727 (7744 |2 4 6|7 9 111214 16
89 ||7782 | 7780 | 7798 | 7816 | 7834-| 7852 | 7870 | 7689 | 7907 |792512 4 5|7 9 11|13 147
00 ||7943 | 7962 | 7680 | 7804 | 8017 | BO35 | 8054 | 8072 8081 (811012 4 B8]7 9 1113 1517
91 {6128 | 8147 | 6166 | 8185 | 8204 | 8222 | 8241 | 8280 | 8279 | 820912 4 6|8 9 11{13 1517
.92 /18318 | 8337 | 8358 | 8375 [ 6395 | 8414 | 8433 | 8453 ‘8472 |8492 |2 4 618 10 12[14 15 37
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96 119120 {9141 | 9162 | 8163 | 9204 | 922¢ | 9247 {0268 | 9290 931132 4 6|8 11 13[1517 19
97 (19333 | 9354 | 9376 [9397 | 0419 | D441 (9482 [ 0484 | 9506 | 952812 4 7|8 11 13]16 1720
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