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PHYSICS
PHE-14 : MATHEMATICAL METHODS IN
PHYSICS-IlI
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) Show that the matrix
A~ 0. 31
31 0

is skew-hermitian matrix.

(b) Show that acceleration is a contravariant

vector.

(c) Locate and name the singularity of the
following function in the finite z-plane :
In(z + 21)

Z2
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(d)

(e)

®

(g)

(h)

PHE-14

Calculate the residue of the function

eZ

(z-2)?

Obtain the Fourier transform of the function :

0 t<0
flt) =
w {e_ﬁt £>0,>0

Obtain the Laplace transform of the function

f(t) = eat, where a is a non-zero constant.

Using the following orthogonality relation

for Legendre’s polynomials

+1
P )P (x)dx=—2 5 , show that
m (@n+1) “mn
1
+1
2

IxP(x)dx:—for n=1,

n 3
1

and zero otherwise.

The Rodrigues’ formula for the Hermite

polynomials is given by :
2 n 2
H (x)=(-1)"e" a (e_x j
dxn
Using this formula, evaluate Hy(x).
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2. Attempt any two parts : 2x5=10

(a)

(b)

(c)

Verify the Cayley-Hamilton theorem for the
matrix

cos® sin0
A= . . 5
—sin® cosH

If a real matrix is both symmetric and
orthogonal, show that its eigenvalues can only
be + 1 or — 1. 5

Write four properties satisfied by a group.
Does the set of all non-singular square
matrices of order n form a group under
matrix multiplication ? Explain your
answer. 243

3. Attempt any two parts : 2x5=10

(a)

(b)

(c)

PHE-14

Using Cauchy’s integral formula, calculate
g(2) if C is a circle |z| = n described in the
positive sense and

2
g(ZO) = M dZ. 5
(z-1z;)
Obtain the Taylor series expansion of cos?z
about z = 0. 5
Using the method of residues, evaluate the
T
integral iz 5
1+sin“0
0
3 P.T.O.



4. Attempt any two parts : 2x5=10

(a) Obtain Fourier sine transform of the

function
1, O /2
fx) = <X<T 5
0, x > /2.
(b) Solve the initial value problem using the
method of Laplace transform : 5
y' -2y -3y=0; y(0)=1, y(0)=7
(c) Obtain the inverse Laplace transform of
x+1
Fx)= ——%5—. 5
x3 +x% —6x
5. Attempt any one part : Ix10=10
(a) Using the generating relation for Legendre
polynomials
1 oo
gx,t) = ——— = ZPH(X) t,
J1-2tx + t2
n=0
obtain the recurrence relation :
@2n+1)x Pn(x) =(n+1) Pn+1(x) +n Pn_l(x).
If PO(X) =1 and Pl(x) = x, find Pz(x). 7+3
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(b)

PHE-14

The differential equations satisfied by

Laguerre polynomials of degrees n and k

are :
d?L dL
X dxzn +(1-x) an +nL (x) =0
2Lk dLy
X 5 +(1—x)—+kLk(x):0
dx

Using these equations, show that the
orthonormality relation for Laguerre
polynomials is :

[e ]

J~e_x L, (x) Ly (x) dx = &,
0

10
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Z2
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2. Hig g 9N HIfVT : 2x5=10

3.

0 in 0
Ao co.s sin
—sin 6 cosO

5 for 31 2free Wi 1 qie A | 5
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P53 F AW HINT 2x5=10

(%) whIsft THERS FF H1 T Tk, g(2) N TUET
e, af © ot feam & affa 7 2] = 5 R
3

(322—4)
(z) = dz 5
%0 (z—zy)
(@) z=0 % U cos?z 1 IR I} TER U
i | 5
(1) rafsrse fofer 1 U= e, THTRA
J' oo B | 5
1+sin?0
0
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4. HZ g 9W FHIT 2x5=10

(%) ®eH
fx) = {1, 0<x<m/2
0, X > /2
T BRI AET FY@ I I | 5
(@) are wuiR fafer w1 s s afafea
ST FHEAT 1 7 T -
y' =2y -3y=0; y(0)=1, y(0) =7 5
(1) Fx = — X1 g ogepn o wEi
x° 4+ x° —6x
e <hIfT | 5
5. IS T W hHifT : I1x10=10

(%) TSFg FgUGl Y I Ha4

g(x, t) = 1 . ZPH(X) t,
J1— 2tx + t2 —

N IFM e ARG GRER §6y e
Hife

@Cn+1)xP x=0+1DP _x)+nP ).

Fd Py(x) = 1 3 Py(x) = x &, T Py(x) A
HITSTT | 7+3
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5 + nLn(x) =0

X

d’L
£+ (1-%) L +kL,(x) = 0
dx dx

T TR T ITAN Gh, fUg i T
AR SIga] o1 ATfsrehal HelYl g : 10

[}

je_x L,(x) L (x) dx = 8
0
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