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BACHELOR OF SCIENCE (B.Sc.)

Term-End Examination

June, 2021
PHYSICS
PHE-14 : MATHEMATICAL METHODS
IN PHYSICS -1l
Time : 2 hours Maximum Marks : 50

Note : Attempt all questions. The marks for each question
are indicated against it. Symbols have their usual

meanings.

1. Attempt any five parts : 5x2=10

(a) If a real matrix is both symmetric and
orthogonal, show that its eigenvalues can
only be +1 or —1.

(b) Define contravariant and covariant tensors
of rank 2.

(c) Show that the set of integers is a group under
addition.

(d) Show that f(z) = e is an analytic function.
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(e) Determine the Fourier transform of the function

e_2X x>0
f(x) =
0 x < 0.

(f)  Obtain the Laplace transform of 5 + 2e3t.

(g) Using the generating function

o(t, %) = (1 — 2xt + t2 V2 = Z P_GOt™, [t]< 1,
n=0

prove that Legendre polynomials satisfy the

relation P, (- 1) = (- D™

(h) Using the Rodrigues’ formula for Laguerre
polynomials given by
X n
L= 4 me™,
n! gxo

determine Lgy(x).

Attempt any one part :

(a) () Verify the Cayley-Hamilton theorem
for the matrix

sin 0 cos 0
M= . 5
—cosO® sinoO
(ii) If A is such that A% = A, show that
cos(mA) =1 -2 A2 5

(b) Diagonalize the matrix

1 0
A= . 10
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3.

Attempt any one part :
(a) Using the method of residues, show that : 10

j & =
x2+12 2
0

(b) Evaluate the following integral over the
closed contour C formed by the lines

Xx=12m,y=%2m: 10
smzZdlz
(z—m)
C

Attempt any one part :

(a) Use the method of Laplace transforms to
solve the initial value problem

y'+2y -8y =0,y(0) =1, y(0) =8. 10

(b) The general solution of Laplace’s equation for
the steady state temperature distribution in a
metal plate is

[ e}

T(x, y) = I B(k)e ™™ sin kx dk

0

Using the method of Fourier transforms,
obtain the particular solution for T(x, y)
given that the initial temperature
distribution is

501 -x), O0<x<l1

T(x, 0) = 10
x 0) { 0, otherwise
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5. Attempt any one part :

(a)

(b)
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Using the recurrence relation
n+DP 1 x)=@n+1)xP,(x)—nP,_;(x),

evaluate the integrals : 10
+1

1) J x P, (x) P (x) dx, and

-1
+1

(i) I x P_(x) dx
-1

The Bessel function of the first kind of order
n is given by

] > " 1 - 2k+n
n(®) = Z =D k!l"(n+k+1)(§j
k=0

Show that

2 cosx
J_1px) = \/j . 10
1/2 n \/;
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2.

(¥) Fm=fafead wem #1 B T 4 T

e_2X x>0
f(x) =
0 x<0

(&) 5 + 23t T ATATH TR 1o T |
(®) fFrafafgd s wem

a(t, x) = (1 — 2xt + t27 V2 = Z P (0t?, [t]< 1
0

w1 I W, g FVT 6 A9 9598
TEY P (- 1) = (- 1)" sl T Hd 3 |

(W) TR =g9el g §F

eX n
L,(x) = — (x"e™)
n!

dXIl
T ITAN L, Ly(x) T HINT |

Eﬁ's‘ga,‘ WW:
(%) @ =R

sin 0 cos 0
M:
—cosO sin0O

% fou SoRficed i = goaud

i | 5
Gi) Ife AvEm @ fp A% = A B, @ fiag HifSw
%cos(nA):I—2A2%l 5
(@) I
1 0
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-
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PHE-14 6
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x2+1%2 2

0

(@) %@Tﬁx:i2n,y=i2nﬁaﬁﬁ§ﬁaﬁ{ CH
Fafefgd wHeRd 1 9H 19 il : 10
sin z

d
(z — m)2 ’
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(%) ATeE w9 fafy &1 3T W enfg 9
g
y +2y —-8y=0,y(0)=1,y(0)=8
1 & HIT | 10
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T(x, y) = j B(k)e &Y sin kx dk

0
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5. IS Tep W ShilNT :
(%) Tm=faRea gEk @99
n+DP 1 x=Cn+1)xP(x)-nP,_;(x)

1 3T R, F=feifaa gumeRal o a3

) x P,_1(x) P (x) dx, 3

(i) x P (%) dx

(@) I n oA U9 YR T 98 Bl HfaRad
g T man 7

2k+n
_ 1k 1 x
Tnlx) = kZ,f 2 k!l"(n+k+1)(2j

forg =hifSr fop
J_10(x) = \E ci)/s;x-
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