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Sharif University of Technology

Department of Mathematical Sciences

Ph.D. Entrance Examination

Numerical Analysis

1) Choose one of the following two problems to solve.

a) Determine two eigenvalues of the following eigenvalue problem with given bound-

ary conditions
y' =2y tanz + Ay = o
y(o) = o
y(1) =v'(7)

(Hint: Apply the change of variable y = —2-.)

coszx”

b) Use the method of least squares to approximate the third order polynomial from

the following table.

z|1]2]3
1115
(1[5 ]S
2) Let A and B be two n x n matrices. Assume A is nonsingular. If ||A — B| < m
Show
. -1 A=
DB < a=mmpaa

O I = U P 1
i) |4~ = B < s5= s

3) Let f(z) = z € [1,2]. Find the best third order approximation using the norms

1
T+27
IfIl = sup|f] and £l = J; |f[*da.

4) Use the method of characteristics for the equation

0*u N 9u 9 9
_— — — _— = 6 —
2ygs + YT — 1) o o oy zy(z” —y°)
On the line y =1 from z =1 to z =2. On this line we have u = 22 which gives % =2z

and g—z =222 Use h = i to obtain the solution for one line.



5) Use Gerschgorin circle theorem to find a bound for the zeroes of the following polynomial
p(z) = z* + 823 — 822 — 200z — 425

(Hint: Write the companion matrix A of the polynomial and use Gerschgorin circle

theorem to estimate the bounds for the eigenvalues of A.)

6) Use finite element method to solve the following differential equation with given bound-

ary conditions

ZE2y” 4 2:vy' = 2

y(1) =y(2) = °
by,

a) Choosing ¢1(z) = 22 — 3z + 2, ¢o(x) = 23 — Tz + 6.

b) Using hat functions as basis on the points 1, 1.25, 1.5, 1.75, 2.

Find the error in both cases.



