EASTERN UNIVERSITY, SRI LANKA %Y

SECOND EXAMINATION IN SCIENCE 1994/95 & 95/96

(August/September’97) — RE-REPEAT

MT205 & 208 — MATHEMATICAL METHODS

& NUMERICAL ANALYSIS

Time: Two hours.

Answer only four questions selecting two from each section.

SECTION A

MATHEMATICAL METHODS

L (a) i Wiite the transformation equations for the following tensors.
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SIS A(p. g, r) B = C'5, where B2 is an arbitrary tensor and 'y a tensor, then
prove that A(p,q,r) is a tensor.

(¢) Find the covariant and contravariant components of a tensor in cylindrical co-

ordinates (p,®,z) il its covariant componenls in rectangular co-ordinates are
B 0y — 2t e

B, (a) Define the following:

i. Christoffel symbols of first and second kind.

1. Geodesics.



(b) Prove the following:

] = lapr],
il I, =0, aed torvesponding Geodetic

ii. [pg.r] = g5 T3

(¢) Find the second kind of the Clmbtoffel :-.ymbol i spherical co-ordinates (1,0, o).

3, (a) L;\plam the term “Covariant derivative” as applied to a tensor of type
bc
1. ‘\f\-ute the covariant derivative with respect to 2% of each of the following
tensors.
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(b) With the usual notations, prove the following:

A beggry
g G LT
!1 E}.B”L - Lt

Deduce that the covariant derivatives of the tensors Gk, g*, I are zero.

(c) Using the covariant derivative of metric tensor, prove that
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where ¢, = 5%
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SECTION B BN

NUMERICAL ANALYSIS

1. (a) Use induction on r to show that the Horner algorithm
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generates a sequence (k.) that satisfies

Rp = gy BT o b g8 s ik T o= 1

Show also that
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Hence find the following:
I the quotient polynomial and remainder when
plr) = 32® + 52 + 82° 4+ Ta + 4 is devided by & + 2
il. the Taylor series of p(x) about the point + = —2.
) Explain what is meant by

1. fixed point representation ,

1. floating point representation.

For base 16, round the number g = (L9221 B51.. )6 Lo

1. 5 places in fixed point |
i. 5 digits in floating point.

(I base 16,4 =10.B=11.C"=12. D= 13. 1 = b "= 15
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b (a) fi(r) # 0 tor any @ in [, ],
(o) = 0 (1 <y <m= 1) hein) oo @) fba@d) < 1,
) il fi(a) = 0, then fi(a)fila) = 0 where a ¢ [, b]



Let V() denote the number of sign charges in this sequence alt ;l.-lT‘-y-'.hf"iXC(l value of
( for which fo(x) # 0). Prove that fy has Vi{a) — V(b) zeros in the interval [a, b].

Construct a sturm sequence for the polynomial

Show that
(a) only two roots of P are real:
(b) one root is positive and the other is negative;

¢) the positive root lies in the interval [0, 1].

6. Define what is meant by the statement that a function
traction mapping on [a, b

g la,b] — [a,b] is a con-

Let ¢ be a contraction mapping on [¢, b] with Lipschitz constant k. Show that there

is a unique ¢ € [«.b] such that ¢ — g(¢) = 0. Show also that ¢ is the limit of the
sequence {r,} given by

ey = GLBak' 1= UL s for any xy € [, b].
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Prove that |a; — c| lzy =

—

Show that there exists a unique ¢ € [0,1] such that ¢ = g(x) where gl = =™

Use the above inequality to find lower and upper bound for ¢, taking @y = 0.5.
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