Name: Mohammad AlAdwani Class number: 5
18.085: Homework 9

Section 4.3 (Problem 16):

If the equation det(P — AI) = 0 reduces to A* = 1, then the eigenvalues of P are +1, +i. The permutation matrix
which has eigenvalues = cube roots of 1 is

01 0
P=10 0 1
1 0 0
Section 4.3 (Problem 17):
Note that
[Co C1 C2 C3][1 1]
€3 C C Czlf1 1
¢ e e of[1| T @Tatetall => A=cCotctete
[C1 C2 C3 Cq)f1 1
[Co C1 Cp €311 Coticy —cy—ic3 ] 1
€3 C C Cffi|_|ico—cp—icz+c3|_ . i _ . o 3
2 ¢c3 ¢ cq||i2| T |—co —icy + ¢y +ics = (co +ic; — ¢z —ic3) 2 > M =coticg +i“cy; +i%c3
[c1 €2 C3 Coffi3 —icy + ¢4 + icy; — c3) 13

Since = col + ¢, P + c,P% + c3P3 , where P is the cyclic permutation, then C = F(col + ¢y A + ¢, A2 4+ c3A3)F~1 and
the matrix in parenthesis is diagonal and contains the eigenvalues of C.

Section 4.3 (Problem 18):

If C is the matrix shown below

2 -1 0 -1 0000
__12_10 __3_0200
C=lo -1 2 -1 = 2=A=A=1g ¢ 2 ¢

-1 0 -1 2 00 0 4

then its eigenvalues are the diagonal entries of 21 — A — A3 which are 0,2,2 and 4.

Section 4.3 (Problem 20):

If C = FEF~! and we’d like to perform the multiplication Cx as F(E(F‘lx)), then glogzn multiplications will come

from F~1, glogzn multiplications will come from F and n multiplications will come from E.

Section 4.4 (Problem 2):

Note that F(c @ d) = F(c).x F(d) as

[codo + cldl] [codo +cdy +cpdy + cldo] _ [(co +c¢;)(dg + dy)
Cod1 + c1dy Codo + ¢1dy — cody — €1dg (co —c)(dp —dy)
co + cl] [do + dl] [(co +c)(dy + dl)]
Co— O dy (co —c)(dg —dy)

F(c®d)=[i

F(c)x F(d) = [




Section 4.4 (Problem 8):

(a) If f = (0,0,0,1,0,0) is represented by w3 then f ® f = (1,0,0,0,0,0) as it represents w3 - w3 = w®

(b) c = FHf ==(Lw 3w w™%,w 2w %) = 2(1,-1,1,-1,1,-1)"

(c) Toobtain f ® f, note that

Section 4.4 (Problem 9):

F®f=6F(cec) = %
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From the entries of CCT = €T C which are shown below, we can see that (1,3,4) * (4,3,1) = (4,15,26,15,4) and
(1,2,4) * (4,2,1) = (4,15,26,15,4)

. 0o - . .0 - .4 - 26 15 4 0 0
['100-] 1 0 0 - 1 3 4 - 15 26 15 4 0
c=l4 3 1 0 ol = cc”= 310 ollo o 1 3 4l=|]- 4 15 26 15 4
. 4 3 1 - 431 . 001 - 0 4 15 26 15
. 4 ] .4 - 0 - 0 0 4 15 26
.4 - .0 - 26 15 4 0 0
13 4 +||I-1 0 0 - 15 26 15 4 0
CTc = 0 1 3 4/|14 3 1 0 o|l=|" 4 15 26 15 4
o0 1 |- 4 3 1 - 0 4 15 26 15
.0 - .4 - 0 0 4 15 26
. o - . -0 - arr - 4 - . 21 10 4 0 0
L 100 l 1 00-”-12 4} 10 21 10 4 ©
C=l4 2 1 0 ol = cc"= 2 1 0 ollo o 1 2 4]= 4 10 21 10 4
|.421.| 421.”.001.| 0 4 10 21 10
l. 4 - J - 4 - Jl -0 - J 0 0 4 10 21
4 - e -0 - - 21 10 4 0 O
1 2 4 ” 1 0 0 ] 10 21 10 4 0
CcT¢c = 01 2 4|l4 2 1 0 ol= 4 10 21 10 4
001 -||- 421 - 0 4 10 21 10
R | 0 0 4 10 21
Section 4.5 (Problem 1):
o) . 0 . o ] 0 ] (o) ]
g\(k):f g(x)e—lkxdxzf _eaxe—lkxdx+f e—axe—lkxdxzf _e(a—Lk)xdx+f e—(a+lk)xdx
—00 —00 0 —00 0
-1 N 1 —2ik
Ta—ik  a+ik  a?+ k2

The decay rate of §(k) is 1/k and there is a jJump (discontinuity) in g(x).




Section 4.5 (Problem 2):

e—lkL -1 1— e—lkL

o L
(a) f(k) :J_ f(x)e‘”‘xdx :-L e~ ikX gy = — _ —

£ _ * —ikx _ ° _ ,—likx * —ikx — 2 — —2i
(b) flk) = f(x)e dx = e dx + e dx = il
—00 —00 0

2r 0<k<1
0 otherwise

— ! ikx — 1 < ikx £ —

© fx) = fo elkx gk _ﬂf_m f(k) e?*dk where f(k) = {
oo 4T —4imk __

@ fl)= f_oof(x)e'”‘xdx = J;) sinx e **dx = %

Section 4.5 (Problem 10):

ik
a+ik

Since f'(x) = —ae~% + §(x), then the transform of £’(x) is not just —af (k) but ikf (k) =

Section 4.5 (Problem 11):

For du/dx + au = §(x — d), we have ikii(k) + aii(k) = e~ and

—ikd

W=cyw ° u(x):{

e =D g < x
0 otherwise

Section 4.5 (Problem 12):

For [u(x)dx —u'(x) = 8§(x), we have 1i(k)/ik — ikfi(k) = 1 and

ik —e*/2 0<x

W =1 = u(x)={ex/2 o

Section 4.5 (Problem 14):

Since S(x) = Hat * Hat = (Box * Box) * (Box * Box), then

1, ki RN 2 ; »
4(1—C05k)2_4(1+c052k—2cosk)_4(1+Z(ek‘+e k)™ — etk — e ‘k)

Slk) =

k* k* k4
4(% n %ezm n %e—zki _ ok _ e—ik)
= 5

Since (ik)*S(k) is the transform of S"""'(x), then S (x) = 66 (x) + §(x + 2) + 6(x — 2) —485(x + 1) — 46(x — 1)
which has spikes at x = —2,—-1,0,1,2.

Section 4.5 (Problem 21):

Since g(x) *1 = ( j g(t)dt) (1) then f g(t)dt is the eigenvalue associated with the eigenfunction u(x) = 1

Section 4.5 (Problem 23):

0(x)*6(x) =6(x)




