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Answer three questions.

1. (a) Use the composite Simpson’s method with n = 8 to estimate

! 2
/e” dz
0

(b) By calculating upper and lower bounds for the error in the estimate in (a), give
an interval in which you can be certain that the exact value of the integral lies.

(c) Estimate the integral in (a) again with the composite Simpson’s method with
n = 4. Hence use Richardson extrapolation to get a better estimate.

9. Consider the following system of linear equations:
8
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(a) Write down the Jacobi and GauB-Seidel iterative schemes for this system.
(b) Working to four decimal places, perform three iterations of each of these schemes.
(c) Show that the Jacobi scheme converges for this system.

(d) How many iterations of the Jacobi scheme would be needed to get an estimate
with error < 10757 :



3. Let A be the matrix

1 0 -1
A=|0 4 -1
-1 -1 -5

(a) Are there any non-real eigenvalues? (Motivate your answer.)

(b) State Gershgorin’s circle theorem and use it to find intervals which contain the
eigenvalues of A.

(c) Carry out three iterations of the power method with initial vector (1,1, 1)t.

(d) Describe how the power method can be modified to find the eigenvalue of a matrix
closest to a given number. '

4. (a) | Justify the improved Euler formula

Yie1 = ¥i + g [f (@i, i) + f(zi + By gt Bf (2, 1))
for finding approximations to the solution of a first-order initial value problem
v =fzy), y(@)=yw
(b) Consider the following second order initial value problem:
2y —2ay — 2 =0, y(l)=y'(1)=1

- 1. Write this as a system of first order initial value problems.

ii. Use the improved Euler method with zo = 1 and h = 0.5 to find an estimate
of y(2) and y'(2).
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A Let J= f:f(x) dz, with z; = a + th, fi = f(z;) for i > 0, and h = (b —a)/n.

Trapezoid rule J = Jrn + Ern, Where

o>

n-1
Jrp = (fo +2) fi+ fn)

i=1

and )
Ern = —%(b —a)f"(), for some £ € [a,b]. -

Simpson’s rule (With an even number n of evenly spaced points) J = Jgn+Esp, where

Ll n/2 n/2-1
Jsn = 3 Jo +4;f21—1 + + ; fai + fa

and y
Esn = —-1—86(b —a)fW(€), for some € € [a,b].

- B Suppose y(r) satisfies the first order initial value problem y' = f(z,y), y(zo) = vo. Let
. Ty =z +hfori>0.

Improved Euler method
h
Vil = Uit g [f(zi, ) + f(zi + b, yi + Bf (24, 9))]
Modified Euler method

h h
Yit1 = Yi + hf (-'L'i + Ui + Ef(xi;yi)> :

“j



