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INSTRUCTIONS TO CANDIDATES

1. This examination paper contains FOUR questions and comprises FOUR
printed pages.

2. Answer ALL questions.

3. Each question carries equal marks.

4. Answers to the questions are to be written in the answer books.
5. This is a CLOSED BOOK examination.

6. The last page contains a list of formulae.



1. A rigid body consists of four particles of masses m, 2m, 3m, 4m, respec-
tively situated at the points (¢, a, a), (a, —a, —a), (—a,a, —a), (—a, —a, a)
and connected together by a massless framework.

(a) Find the inertia tensor at the origin and show that the principal mo-
ments of inertia are 20ma?, (20 & 2+/5)ma>.

(b) Find the principal axes and verify that they are orthogonal.

2. (a) Use the method of Laplace transform to evaluate the following integral

® ¢~fsint
/ dr
0 t

(b) Find the Fourier cosine transform of

0, x < -—a
2(x+a), —a<x<0

S = —2(x—a), 0<x<a
0, x>a
Hence, evaluate o .
1 —cos
| / = dk.



3. (a) Consider two sets § and 8’ defined as

§ ={1,2,3,4} under multiplication (mod 5)

8" ={1,i,—1,—i} under ordinary multiplication of complex numbers

where i = +/—1. Show that § and &’

i. each forms a group, and

ii. are isomorphic to each other.

(b) If x and y are two elements of any group, prove that xy and yx have
the same order.

4. Solve the Euler-Lagrange equation that makes the following integral sta-
tionary

X1
I = / [x*y? +2y% + 2xy] dx.
X

0]

(Hint: Use the substitution y = x")

LHS



Exam Formulae Sheet

. 1 = —iwt ___1_ <z iwt
f(w)=E/_wf(t)e d, f(t)——m/_mf(w)e do,

5 [ [ rwg- u)du] — VI fR)E ()

Fourier sine transform : f'(w) = \/g/-w f(@)sinwrdt, f(t) = \/—;2:-]00 f(a)) sinwt dw
0 0

~ 2 o0 2 [ .
Fourier cosine transform : f(w) = \/j / f(t)coswt dt, f(t) = \/: / f(w)coswt dw
T Jo T Jo

f () f(s) So

c c/s 0
ct" cnl/s"t! 0
sin bt b/(s* + b?) 0
cos bt s/(s* + b?) 0
e?! 1/(s —a) a
"ed? n!/(s —a)"t! a
sinh at a/(s*> —a?) |a]
coshat s/(s*> —a?) lal
e% sin bt a/[(s — a)?® + b?] a
e cosbt (s —a)/[(s —a)? + b?] a

£/ (@n] =+ fis/a) x[f (’)}-—— [ o x[fo Fag(t —u) du]zﬂs)g(s)
dn lf

dzn 1

] =s"f—s""! f(O)—s”‘2%(0) .
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$I0) B

£ (0] = (1) —

€ijk€kim = 8i18im—bimSj1, €ijk€itm = 8j18km—8jmbr1, 1ij = Zm(“) [( (m)) = X,-(a)xl,('w)]

n

_Zax,(

y i=1 ayx’

8 dy

1 . axn

) where yy, = dy/dx;, and F = F(y, L, X1, .. Xn).

dx =sin"'x +¢ 2dx:tam'lx—i—c

1 1
V1 —x? 7 V1 —x2?
dx = cosh ™! x + ¢, /

dx =cos 'x +ec, f

14+ x

1
2d)c=tanh"1x—|-c

dx =sinh ™' x + ¢
1 —x

1 1
Vx24+1 B 7 Vx2—1

1 1
cos A cos B = E[COS(A+B)+COS(A—B)], sinA sin B = E[cos(A—B)—cos(A+B)]
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