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DURATION: TWO AND HALF (2 1/2) HOURS

" Date: 30" June 2011 Time: 1.30 pm -4.00 pm

" Answer Four (4) questions only
(1) For a scalar field @ (x,y,z) and a vector field A(x,),2), obtain the félldwing results.

() V¢ d)=Vp.A+9V.4

(i) Y A(Bd) = Tp A d+ 49 A 4

fr=xi+ yj-+ zk [r| =r,nisa positive integer and g , 5 are constant vectors.

show that
S DVT =nr "2y

@Y(ra)=a

) V.(r"r) = (m+3)r®

V. (vr*) =n(n+ 1r?

WA (") =0

show also that,
()¥[r.(grb)]=anb

vin VA (35F) = —£4 2ED

rs
(2) (a) Solve the following linear equations by using the matrix method.

x+2y=4
Ix=Jy=1

(b) Find the Eigen values and Eigen vectors of the following matrix A.

3 —6 2
A=|—-6 7 -4
2 —4 3
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" (3) (a) State the necessary and sufficient conditions for the differential equation
Mxy) dx + N(x,y)dy =0 to be exact.
Determine a constant 4 such that the differential equation .

| (‘% )d + (Ax+1)dy—0 is exact.

Solve the resultmg exact equation..

(b) A chemical reaction converts a certain chemical into another chemical and the rate at
which the first chemical is converted is proportional to the amoiint of the first chemical
- present at any time, At the end of one hour, 50 g of the first chemical remain, while at the
end of three hours only 25 g of it remain.

(i) How many grams of the first chemical were present initially?
(ii) How many grams of the first chemical will remain at the end of the five hours?

(4) A cylindrical metal rod which is initially at the temperature of Ty is completely -
covered with a insulator except both flat surfaces as shown in the following ﬁgure
Plunge the flat sides into ice water at temperature T=0 °C..

0°c 0°C

The temperature; T(x,t) of the rod is modelled by the diffusion equation ;

BT (x.t) I 3 2r(xt)

Fraake ™ (0<x <L and t>0)

(a) Write down the initial conditions and the boundary conditions for T at the two ends
of the rod at any time.

(b) Solve the differential equation and determine the expression for T(x, ).
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(5 Define the Fourier series of a periodic fanction ffi) with period 2L.
" Find the Fourier series which represent the function f{x) given by
0, if-r<x<0

| ____'f(x)={1, if0<x < m

‘Hence, show that

(6) (2) Define the Laplace transformation.

) (b). If f1t) is conitinuous for £ > 0 and exponential order as ¢ — oo, while f () is
sectionally continuous for { > 0 and if L{f{t)}= F(s)

(i) Show that L{f '(1)}= sF(s)-f{0)
(ii) Hence find L{f" (1)} |
(iif) Using the above result, find L{t 0}

(c) Solve the Vfollowing differential-equation for f{z) using the Laplace transformation..

SO 310 + 2f() = 2e™F ,if f{0) =2 and f'(0) = -1

END




