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INSTRUCTIONS ANSWER ALL QUESTIONS.
SHOW ALL CALCULATIONS.
POCKET CALCULATORS MAY BE USED.
WORK TO AT LEAST THREE DECIMAL PLACES.
SYMBOLS HAVE THEIR USUAL MEANING.
ALL ANGLES MEASURED IN RADIANS.
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Question 1 (6 marks)

a) Derive

 Yite — 21 + 201 — Y2 9

i = TE + O (h?).

b) Make use of formulae (from the Information sheet) with the lowest order of error
to complete the following table.

i |0 1 2 3 4 5
z; |0} 015 | 0.3 04 0.5 0.6
y; | 0] 0.149 | 0.269 | 0.389 | 0.479 | 0.565
vi 0.989 | 0.703 0.877

Question 2 (14 marks)
a) Using composite trapezium rule, determine the number of steps (n) and step size

(h) required to determine
2
/ e dz
0

b) Show that given n + 1 equidistant points zg, 21, . .., Z,, the formula for composite
trapezium is given by

to an accuracy of 0.1.

n—1

/zﬂ f(z)dz ~ g(yo +Un+2) %)

i=1
¢) Using your answer n in a), use composite trapezium to determine an approximation
to f: e~=dz.
Question 3 (12 marks)

Consider the differential equation

dy

with initial value y (0) = 1.

a) Using equation (*) in the Information, show that
1
F (t,y) = 7 (10yt + 5t + dyt” + 267 + 29 + 1) .

b) Approximate a solution to the differential equation on the interval {0, 1] using
the RK2 method with step size A = 0.5.

c¢) Show that
y" = 8yt + 4t + 4ty + 2t + Sytd + 483

d) Determine the upper bound on the magnitude of the global error of the differ-
ential equation at ¢t = 1, where the local error is given by

h3 1"
—_— Fy .
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Question 4 (8 marks)
Using initial approximation x(® = (4,—2), apply Newton’s method twice to the
following systems of equations
(z—22+42=9
(z-3)2+y=1

Information

oy —y; 811 — Sui .
y£=yz+1 Yi 1+0(h2), y£= Yig2 + 8Yiy1 — By 1+y’2+0(h4).

2h 12h
Y = yi+1h— Yi +OM), Y = —Yit2 +3Zi+1 — 3y; Lo (h2) .
¢ Y1+ Y y Y2 — 4y + 3y 2
yi__—h +0O(h), Yi = oh +O(h)
(b —a)M
< |27 T
4 _
|A| < %l’ where K = rg1ax|f(4) (z)|

Ym+1 = Ym T+ h.f(xma ym)

kl = hf(mma ym)
ka = hf(Tm + B, Ym + k1)

Ym+1 = Ym + %(kl + ’%)
= Ym + hF(wm)ym)
F= %[f (@m, Ym) + F(@m + By Yo + hf (Zmy Ym))] *)

O 2 1+ hFy(Zm, Ym)

V=Fflz,y) = vV=rf+Ff
= y’”=fxm+2ffzy+f2fyy+fmfy+ff3

T

a_‘?,f(xm 'yn) % (wmyn)] [$n+1 - .’12":| - _ |:f(z,m yn):|
{g,;g(xn; yn) ﬁ (xny yn) YUn+1 — YUn g(x-n,, yn)

where x™ = (z,,n)
r('n+1)= x(n+1) _ x(n)

END OF QUESTION PAPER






