School of Mech & Aero Eng Eng ,Math 2
Seoul National University Fall '06

MIDTERM

¢ Do not open exam until told to do so.

¢ ‘How you arrived at your answer’ is much more important
than the answer itself. Read the following problems care-
fully, and make sure you show your work step by step.

e Please write down the answer under the given space. If

you need extra space, please use a separate sheet for each
problem.

® You can use the information given in the last page of
this exam if you don’t remember formulas needed to solve
the problems.

e Ask questions if you don’t understand what the problem
says, and GOOD LUCK |
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5 /15
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1. [B+5+6+5 =20 pts]

(a) Fill in the blank space:
Let AB = C. Then the rows of C' are combinations of the rows of .
So rank(C} < rank(__). Since BYAT = €7, rank(C) < rank(__)

(b) True or False? Describe briefly “why”.
v is an arbitrary vector in IR®. Then J — w7 is diagonalizable.

(¢) Prove the following:
If A is symmetric and orthogonal, eigenvalues of A are +1.

{d) Prove the following:

If C is the cofactor matrix of the singular matrix A4, then each columns
of C7 is in the nullspace of A.



2. [10 pts] As the point (z;,Z2,23) in IR® moves on the unit sphere centered
at (0,0,0}, what is the maximum value for
g(zy, 2, 73) = 1923 4 1929 + 1723 — 287257



3. {10 pts] Under what condition on by, bs, by is the following solvable? Find
all solutions when that condition holds.

x+2y—22 = b
20+ 5y —4dz = by
4r +9y — 8z = by



4. [15 pts| Show that

® ginw w2 f0<z <l
f ——coszwdw= ¢ w/4 ffzx=1
0

w 0 fz>1.

o



5. [16 pts| Show that the solution of

Pu 0%

W—C@ —co <z <oo,t>0

with u(z,0) = f(z), §%| = g{x) can be written as

cw

u(z,t) = #f (F(w) cos cwt + G’(w)Sm th) e W du

What are F(w) and G(w)?



6. [20 pts]
The steady-state temperature u(z,y, z) in the rectangular parallelepiped
<z <a, 0<y<b 0<z<csatisfies

8%u 0w 6

i tam ="

If the top (z = ¢) is kept at temperature f(z.y) and the remaining sides are
kept at 0 temperature, find the solution.

A



7. [5+5=10 pts]

(a) True or False? Describe briefly “why”.
The functions f(z) = 2% — 1 and g(z) = z® are orthogonal on [, 7].

(b) Suppose that f(z) = 2*+2 (0 < z < 3) is expanded in a Fourier
series, a cosine series, and a sine series. To what value will each series
converge at x = 07



e Fourier series for a periodic fin with a period 2n :

flz) =a0+ Z(an cosnz + b, sinnz) .

n=1

1 w

ay = 3:/ flz)da
1 s

an = :/ flx)cosnx de
1 " .

b, = :/ flz)sinnz da

flz) = = /0 B (A(w) coswz + B(w) coswe) dw

Alw) = /m flz) coswz dx
Blw) = /oo f(z}sinwz do
¢ Fourier transform and its inverse :
. 1 o iy
AN =fw) == [ i@ e
FHP =50 == [ fe du



