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1.

(i) Find A and B in the following:

4z — 5

z(z —1)

(i) Find the two stationary points of

f(z,

[1(2)E 2005)

é_ B
T z—1
4 — 5
z(z — 1)

and identify them as local maxima or minima.

(iii) Sketch the graph of f(z), indicating the point of intersection with the z-axis

and including any asymptotes.

coordinates by the following expression

S:

. Cylindrical polar coordinates (r, 8, t) in three dimensions are related to Cartesian

z = rcosf,

y = rsinf,

z = 1.
For a function f(z, y, 2) :
. of of af . of of of
(1) find E" y '5@' ) at in terms Of 8.’1? ) ay ) 82 .
Hence show that
. of _ of sinf Of
(i1) B = cosﬂa -~ %"
of . ,0f cosf 8f
(iii) 7 smear + 34
, of _ of
(v) ot = 0z

PLEASE TURN OVER



3.

4.
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Show that the equation
 + 422 — 10 = 0

has a solution satisfying 1 < z < 2.

It is required to compute this solution using a fixed point scheme

Tnt+l = Q'(xn)-

Show that possible choices for g are

(i) g(z) = ¢ — z° - 42 + 10,

(i) 9(z) = (ﬁf—z)m -

Show that for choice (i) of g, we have |g'(z)| > 1 for z € [1, 2], while for choice
(ii), |g'(z)] < 1 for z €1, 2}.
What does this tell you about the convergence of these iteration schemes?

Write down the Newton-Raphson scheme fer computing this solution.

Starting with zo = 1.5, compute z; for all three schemes.

(i) Givena = (0, -1, @), b= (1,2, 8) and c¢= (2,1, 7), find the relation which
must be satisfied by the scalars a, 3, v so that a- (b x ¢) =0.

When this relation is satisfied, determ:ne the scalars A and p such that
c = Aa + ub.

(ii) (a) Show that for any two given vectors @ and b

la x b = |a)*Ib)® - (a- b)% .

(b) Let a and b be two vectors, and let ¢ = a x (b x a).

Show that ¢ lies in the plane containing a and b and show that

b-c = |a]*b]? ~ (a-b)*.
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5. Consider the matrix

S

Il
o
NN
o~

(i) Compute A% and A3.

(ii) Using row operations, or otherwise, compute the inverse matrix AL

6. (i) Show that the substitution u = z -+ y + zy reduces the differential equation

dy 1+ y) . e~y(1+2)
—= ¢ o= fi > -1
(dz + 14+z ¢ 14z or %

du
to the form — = e™

dx

Hence find the solution y = y(z) for which y(1) = 1.
(ii) Find the general solution of the differential equation

d
fcya-% + (2¥+y?) = 0.

PLEASE TURN OVER
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7 (i) Solve the differential equation

dy
—_ — :]’ 1 =1,
e y(1)

using an integrating factor.

(ii) Use the fact that

/1_:zzdz = tan"lz + ¢

to find the general solution of the differential equation

dy :132+y2
dz 2

8. Find the general solution of the differential equations
(i)

d? d .
353% + 4d—Z + 4y = 16sin2z ,

subject to the boundary conditions

y(0) =0, y \Z) = 2% ;

(i)

d?y dy -2
) + 4% + 4y = 2+z)e” %,

subject to the initial conditions



9.

10.
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The function f(z) is defined as
fla) = (1=2%)3.
Calculate the derivative f'(z) and show shat f'(0) = 0.

Calculate the second derivative f”(z) and show that f satisfies the differential equa-
tion

4 2
1 — 2y gt = l “ — )
=2 f" = g2f + 37 =0
Use the Leibnitz formula to differentiate this equation n times, and show that

F0) = (w4 gn-2) F00) o w20

Here f(™ denotes the nth derivative of f and f(0(0) = £(0).
Hence find the first three non-zero terms in the Maclaurin expansion for f(z).

Use the binomial expansion to check your result.

Find the Fourier expansion of the function f(z) given by

2

e, 0<z<m,
f(z) =
—z?, —-w<z<0,
and f(z) periodic with period 27.
Show that
. 2 2 72 4 w2
2 2 . . . )
T° = — —4)sinx — — sin2z + [ — — — | sin3z — — sindx +...
T {( ) 2 ( 3 33 4

m 0<z <.

Sketch f(z) over —27 < z < 2.

END OF PAPER
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