MS-C1420 Fourier-analyysi/Fourieranalys/Fourier Analysis (Aalto)
Turunen, Mustonen

Vilikoe/Mellanférhér /Midterm exam 2 (19.10.2015, 13:00-16:00)

Pisteitd myo6s hyvistd yrityksestd! Laskimet ja kirjallisuus kielletty.
Poéang ocksa for goda forsok! Kalkylator och litteratur &r férbjudna.
Points also for good effort! Calculators and literature forbidden.

N

1. Dirichlet-ydin Dy : R/Z — C mééritellidn Dy (t) := Z pi2mtk
k=—N
a) Laske Dn:Z—C.
o , sin(m (2N + 1)t)
b) N .etta Dn(t) = k Z.
h) Néyti, ettd Dy ( ) Sl , kun t €
(Vihje: 2isin(a) = €'* — e™'?, ja 2isin(mt)Dn(t) = ---, misséd havainto

(a—b+b—c)+(c—d)+(d—e)+ (e— f)=a— f voi auttaa.)

2. Miten méaairitellddn signaalin s : Z/NZ — C diskreetti Fourier-muunnos?
—i -1 H +1
-1 +1 -1 41

i =1 =i <l
+1 41 =l <1
tapauksessa N = 4? Laske signaalin s : Z/47Z — C Fourier-muunnos, kun

Miten matriisi esittaa diskreettia Fourier-muunnosta

(s(0),s(1),s(2),s(3)) = (5,2,3,2).
3. Signaalin s : R — C monitulkintaisuus A[s] : R x R — C lasketaan

Als|(T,u) :== /Re_i%” s(t+u/2)s(t —u/2)* dt.

Laske A[s], kun s(t) = e (tiedimme, ett silloin § = ).

N
1. Man definierar Dirichlet-kirnan Dy : R/Z — Csom Dy (t) := Z g2tk
b—— N
a) Berdkna Dy :Z— C.
i sin(m(2N + 1)t) |
b) Visa, att D = & Z.
) Visa, att Dy (t) . sin(r?) , nar t ¢
(Tips: 2isin(a) = e'* — e '@, och 2isin(nt)Dy(t) = ---, dér resultatet

(a=b)+(b—c)+(c—d)+(d—e)+ (e — f) =a— f kan vara till hjélp.)
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2. Hur definierar man den diskreta Fourier-transformen av signalen

(—i -1 +i 41
-1 41 -1 +41
+i -1 -1 +1
|1 AL 41 <pd
den diskreta Fourier-transformen da N = 47 Berékna den diskreta Fourier-
transformen av signalen s : Z/4Z — C, dér

(5(0), s(1), s(2),s(3)) = (5,2,3,2).

s : Z/NZ — C? Pavilket sétt representerar matrisen

3. Ambiguiteten A[s] : R x R — C av signalen s : R — C definieras som
Als](T,u) = / e 2T g(t 4+ u/2) s(t — u/2)* dt
R

Berikna A[s]. nér s(t) = e~ (vi vet att da giller 5= s).

1. The Dirichlet kernel Dy : R/Z — C is defined by Dy (t Z R
k=—N
a) Find Dy : Z — C.
sin(m(2N + 1)t)

sin(7t)
(Hint: 2isin(a) = e'® —e™i%, and 2isin(nt) Dy (t) = - - -, where observation
(@a—b)+ (b—c)+(c—d)+(d—e)+ (e — f) = a— f might help.)

b) Show that Dy(t) = , when t € Z.

2. How is the discrete Fourier transform of signal s : Z/NZ — C defined?
[—i —1 +i +1]
. |-1 +1 -1 +1 : o
How does the matrix 4 o—1 —i 41 represent the discrete Fourier
|+1 +1 +1 14
transform. when N = 4? Find the discrete Fourier transform for signal

s:Z/4Z — C, when

(5(0), s(1),5(2),s(3)) = (5,2,3,2).

3. The ambiguity A[s] : R x R — C of signal s : R — C is calculated by
Als|(T,u) == / e 2T o(t 4 u/2) s(t —u/2)*d
R

Find A[s]. when s(t) = e~ (we know that then 5 = s).



