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1 (i) x,, x,,x, are three terms in a first order iteration converging to a. Given that the error in x is ¢ and the
error in x| is ke (where ¢ is small), what can you say about the error in x,?
2
: (Ax,)
Show that a may be estimated as Xo T 7 [6]

Axo

The equation x = cos(bx), where x is in radians and 0 < b < 3, has a root a which depends upon b.

(i) Use a spreadsheet to show that the iteration x = cos(bx ), with x, = 1,

1
(4) converges slowly when b =1,

(B) diverges when b = 2.

Show that the formula obtained in part (i) may be used to give more rapid convergence when b = 1.
What does the use of this formula achieve when b = 2? [10]

(iii) Obtain a graph of a against » for 0 < b < 3. Find, correct to 4 decimal places, the value of b for which

o is closest to 0.5. [Hint: you may find it convenient to use starting values other than x, = 1 for some

values of b.] [8]

2 The Gaussian 3-point integration formula has the form

h
J f(x) dx = af(—a) + bF0) + af(a).

—h

(i) Obtain the three equations that determine a, b and a. Verify that these equations are satisfied by

h, b=
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h. 8]

(i) Taking 4 = 7 initially, use the Gaussian 3-point rule to estimate the value of

2
J (sinx + ZCosx)%dx.

0
Repeat the process, halving / as necessary, in order to establish the value of the integral correct to 6
decimal places. [12]

(iii) Determine, correct to 3 decimal places, the value of & such that

2
J (sinx + 2cosx)kdx =2. 4]
0
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3 The second order differential equation

dzy dy 2
@ - 2ya =X

with initial conditions x=1,y=1, d_)): = —1, is to be solved using finite difference methods.

(i) Show that, in the usual notation,
Vo A=hy)=Wx?+2y =y —hy,y, |
and
y, =1-h-1n 8]

(ii) Obtain a solution from x = 1 to x = 3 with # = 0.1. Use your spreadsheet to produce a graph of this
solution. [8]

(iii) Halving / as necessary, find the values of y at x = 2 and at x = 3, each correct to 3 significant figures.
Show that this method of solution is second order. [8]
4 (i) Describe the conditions for convergence of the Gauss-Jacobi and Gauss-Seidel methods for the solution
of a system of linear equations. [3]

(i) A system of linear equations is represented by the following augmented matrix.

k1 2 0]1
1 3 0 210
2 0 3 110
0 2 1 310

Investigate the convergence of the Gauss-Jacobi method applied to this system of equations in the
casesk=1,k=3,k=5.

Relate your results to your answer to part (i). [12]

(iii) Modify your routine from part (ii) to find the inverse of the coefficient matrix in the case k= 5. 9]
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