B.Sc. (Honours)Examination, 2018
Semester—V
Physics (Core)
Paper: BPC-51
( Mathematical Methods-III )
Time: Three Hours Full Marks: 40
Questions are of value as indicated in the margin.
Symbols bear their usual meanings. Einstein Summation convention is used wherever applicable.
Answeranyfour questions

1. A differential equation is given by

zy"(z) — (1 - 22)y (z) — (1 — z)y(z) = 0. |
Show that zo = 0 is an apparent singularity of the differential equation. Solve the
equation by the Frobenius-Fuchs method. (2+8)

2. (a) Suppose a real function f(x) can be expressed in —1 <z <1 as

flz) =chPn(a:), n=0,1,2,...
n=0

Show that the coefficients ¢, can be expressed as

ey = (n + %) /_ 11 f(2) Pu(x) da.

(b) The recurrence relation of the coefficients of the solution of the Legendré equation

is given by
r(r+1) —n(n+1)
= Ty = 9 ,2, oo

=T 2 ¢ n=01

|
Ifc, = m§, show that

2" (n!)
N
_ r (2n - QT)! n—2r
Po(z) = ;( 1) r! 27 (n —r)l(n — 2r)! T

where N = n/2, when n = even and N = (n — 1)/2 when n = odd.
(c) Show that
1 d

— 2 n —
Pn(x)—2nn!ﬁ( - 1) n=0,1,2,.... 2+4+4
3. (a) Show that
2n
— In(z) = Ip—1(z) + Jnt1().
(b) Evaluate
/w4.]1 () dz
(c) Show that cos(%F), expanded upto the second power of z is given by
e 2 10 12 (32? -1
cos—=—+—1|1-— 3+4+3
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(a) If f(z) =3, cn fn(x), show that the Fourier transform of f(z) is given by
Zf(2)] = F(k) = Y_caFu(k)
where F;(k) = & [fi(z)). "
(b) If # [f(x)] = F(k), show that
Fiftiyoslas)] = -21. [F(k +a) + F(k — a)].

(c) Arrive at the expression of Fourier sine transform from Fourier transform. Find
the Fourier sine transform of the function f(z) = e % /z. 2+3+(243)

(a) If g(w) = ZF[f(t)], show that g(—w) = —g*(w) is a necessary and sufficient condi-
tion for f(t) to be pure imaginary.
(b) Find the Fourier sine transform of the following function
f(ac)z{ z?, when 0<z <
0, elsewhere
(c) Show that the Fourier transform of the odd function

f(x)z{ e ¥ x>0

e <0

where (a > 0), is given by
1 —2ik

F(f) = #U@)] = =0
Comment on the result. 243+ (4+1)

(a) Show that the ordinary derivative of a tensor does not retain tensorial character-
istic.
(b) Show that
VvV, A¥ =90, A* +T%, A®
(c) Show that the covariant differentiation of a tensor retains its tensorlal character-
istics.

(d) Show that
1
I.‘o¢|p,u = ) (augau - aag;w = augau)
(To prove you may assume that V,g,, = 0). 2434342

(a) Show that the general equation governing the motion of a simple pendulum is an
NDE

(b) How do you define a spontaneous singularity of an NDE? Show that the solution
of

dy
dz =y’
is sensitive to initial condition, while the solution of
dy Yy
== =0
dr z-1

is not so. 3+2+5



