
Numerical Analysis Preliminary Examination May 2002
Deportment, of Mathematics and Statistics

Note: Do nine of the following ten problems. Clearly indicate which nine are to
be graded.

1. Assume that the equation s2 +ba*c : 0 has two real roots o and € with lal < lgl.
Show that the iteration method

nh+t = 
-l 

,
1 1  * 0

is convergent to a if rs is sufficiently close to a.

2. Let / 6 11@+c)x(p+c) be a nonsingular matrix given t 
I c BT 1tYA= 
L;  o Jwhere

C e lPtpxp and B € lRcxp. Assume .4 has an LU decomposition with

, - f  I  o ' l  t n  v l

":l '* iJ u"au=|.; 2]
Find X,Y, Z.

3. Use a two point Gauss quadrature rule to approximate the following integral:

r L

I :  [ '  | " - " 124 , .
J -* ,/2n

Hint: Note that a change of variables ie required to transform the limits of integra-
tiou to -1 and 1.

4. Let P,v(r) be the continuous piecewise linear interpolant to f e C[0, lj through the
points  0 = oo (  6r  (  rz  1. . .1xx = l ,  where f r i=  ih  and h:  S.  Assume that
17Q) - f (rr)l < Ll", - z2l for zt, zz € [0, 1]. Prove thar

r.h
o?P,lP'u(") 

- /(")l s;

Hin t :  Note tha tp lv ( r )  - f ( t i )  (a+- )  + f@;+)  (= : t )  fo r r ; (  r (x41 .
\ r u / \ n /

5 .  Le tAbean  nxnma t r i x .

(a) State Gershgorin's theorem for localizing the eigenvalues of A.
(b) Use Gershgorin's theorem to prove that a strictly diagonally dominant matrix

does not have 0 as an eigenvalue and is therefore nonsingular.



6. Consider the following two-step metbod:

Ur+r * aoUh = h(&f (t*,yi + f lof (tr_r, yr_r))
for solving the initial-value probl em { (t) : f (t, il .

(a) Find eo, flo,dr such that the method is second order.
(b) Is the method consistent? If so why and if not why not?
(c) Is the method stable? If so why and if not why not?

Show that if llAB - /ll = e < 1, then

i lA- '_ ai l  s l tBi l*
Consider the implicit numerical method

U i + t - - '  
r  L ' / U i * Y l * r \=u;*  n I  

\ - - ; :  ) ,  
i :0 ,L ,2 , . . . , t r f  -  1

for solving 
ry: f@(t)), y(0) : ys, for 0 < t ( 1, where yi N y(ti),t;: ih,

1 t*o 
1;..F -Suppose 

that l/(21) - fk)l s ilr, 
- al for 21,22 € rR and let

p,q lu'(t)l - tuf <m. Prove that

ly r -y (1) l  <chM
f o racons tan t c>0 .

H in t :No te tha t  
l * t  - 1b1_ r<1+Ss fo r rS ; .

pr N-r
9. Let 

J, rcl aa x\f(x;)hwhere si = ihand h : 
+. Suppose that / € C1[0, 1].

Prove that

l r t  H I  n

ll, rat h -Dt(,.i) hl = f ,?ff, tt'@)l

Hint: Note that [^1 f @) dn: i ["*' f (r) o, .
Jo 7u J,,

10. Let f e C*(-cr, m) and let us € IR be given.

(a) Prove that cr, - f  (ao+h) - t@o- h) ,t ,  '  
-

.- 
2/,:______ 

: f,(xo) +\ah2i where c;,i :
d=1L,2,3, . . .  are independent  of  h .

(b) Suppose that C6 and Ca have been calculated. Find constants a1 and a2 so
that

7.

8.

arCni rrCl = f '@il + O(h4)


