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FOURIERTRANSFORMEN

Pa tavlan (och/eller pdf-dokument):

+ Repetition, faltning & fourierserier

+ Utvidgning,
Fourierserieutveckling = Fouriertransform
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FOURIERTRANSFORMEN

+ Fouriertransformen till x(f):
Jfr. fourierserie:
a+T
o J.X —jka)1fdt

1 3 _iw jot Jfr. fou:ierserie:
F X)) = x(t) === [ X(0)e'"' do |
x(t)

FHx(t)} = X(w) = T x(t) e “t dt

+ Inversa fouriertransformen till X(w):

k=—0

« Existensvillkor: | # {x(t)} 3 om | |x(t) dt <

—00
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Frekvensegenskap hos signal

£ 1 x(t)
* Frekvensspektrum, X(w): EX /
TO
_;i@Ty , Im X()
X(w)=e 2 Tosmc( Tj X (w) el 2reX(@) Xo) -
2z _-\argX(o)
Re
Amplitudspektrum, | X(w): Fasspektrum, arg X():

[X(@)|=

[ @l —oT
To ~S|nc(2”) 7l @argX(e)= TO (£7)
(20 26()0 36()0 w

w ~®o
—a)o CUO 2a)0 3&)0 — 7T
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Signalenergi
Signalenergin W for komplexvard
. . N 2 17 2
fouriertransformerbar signal x(t): | W = j |x(t)‘ at =5 _[ |X(a))| do
T
e e

Jamfér med signal(medel)effekten P=—j|x | dt = i C.|

for en T-periodisk signal x(f)! k=—o0
* x(f) ar en energisignal < 0< W<, P=0
* x(t) ar en effektsignal < W= o, O0<P<ux
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SYSTEMANALYS
(Stabilt) Energifritt
LTl-system w
x(t) ht) —— y(t)=(xxh)t)= [x()h(t - 7)dr

Y ()= F{y(t) = -

JTAVLAN/ -+ = X(w)H ()

= |Faltningsteoremet: # {f, »f,} = F,(»)F,(®)

+ Frekvensfunktion:

H(w)=F{h(t)} =|H(w) e’
H(w),
argH(w)

o Amplitudkaraktaristik:

o Faskaraktaristik:
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Systemanalys, forts.

V()= X(@H@) = |7@=X@)H@)
argY(w) =argX(w) +argH(w)

= V()= X(a))zf\

Energioverforings-
funktionen

[\/\/\_jé 5-8 — Fouriertransform: signalanalys, systemanalys & AM 9

I
Systemanalys, forts.

x(t) (Sta|_t')|i'l|t.)352tirr?1ifritt y(t) = (X % h)(t)
X(w) Y(w)=X(w)H (o)
h(t), Hlo) ————
eja’olL ejwotH(C() )
Z Ckejka)1t

Z C e H (k) =
k=-00

dér| D, =Cy -H (ko)

Z D, e’

_j 1 1
_ . Japt _ /a)otH v ]a)otH _
_2j _2j e 2] e (@) 2] e (—)

- |H(a)0 )| sin(a)ot +argH (w ))

Xy + X sin(wyt + ) XoH (0)+ X|H (e, )|sin(eyt + ¢ +argH (e )
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Kretsberakningar, linjara RLMC-nat

(passiva kretselement, fouriertransformerbara kallor)

METODIK, berakna godtycklig natspanning / -strom
med hjalp av komplexschema & jo-metoden:

¢ ¢ f{} E(a))¢ /o(w)¢

i(t) ) (o)
- 5 Andra - 1
2) v(t) —

- beteckningar
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Rakneexempel — Systemanalys med fouriertransformen

Ett kausalt LTl-system implementeras som RLC-natet i figuren nedan.
Spanningen x(t) utgodr insignal och spanningen y(t) dver kapacitansen ar
systemets utsignal. R=1Q,L=1Hoch C=1F.

R L
—1{  —Y" o
+ +
x(t) C—F ¥
o 0

o Berakna/bestam systemets

O

O

O

O

O

frekvensfunktion H(w)
impulssvar h(t), samt skissera impulssvaret

systembeskrivande differentialekvation

ordning

amplitudkaraktaristik |H(w)|

o Skissera amplitudkaraktaristiken och ange/motivera vilken typ
av frekvensselektivt filter det elektriska systemet utgor
(dvs. LP, HP, BP, BS eller AP)

» Berakna utsignalen y,(t) da insignalen ar
x,(t)=3-e?u(t) [V] och systemet &r energifritt.

» Berakna utsignalen y,(t) da insignalen ar

X,(t) =4+ 3003(2t +%T”j [V]


Lasse Alfredsson
och systemet är energifritt.


Nyquistkurva:

H(w) = 1/ (1-0° + jo)

Lo Almfued)

1 y ]
1 1 [ 1
0'8--“,A>:__-.,--_..___/_J‘.._..m—.,.,m‘,,,,,~,,,,">»_;.,.:,‘u\.... .A.,.-‘u:_,.“._

DB pes e / _____________ R S S e m o T—

04 \ ?ég H@Q}
) 02 : o /

j IH()| - 0 0 =10 ./ |H(0)| = 1

- l} ‘a) - J |arg H(w) _" -7 jarg H(0) =0

-
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ey . e R | !
Kretsberakningar, linjara RLMC-nét Digital kommunikation
Komplexschema, forts... Digital signalering med analoga signalvagformer
. Basbandsmodulation, 1 0 1 1 0 1
RLL o operaor g Lo |
3) T impedanser joC Exempel 1: t
4 Likstrémsteori Sékt storhets Exempel 2: = - t
) rstromsteorn fouriertransform ( Y(w) ) — — —
Exempel 3: [ ] [ ] t
SOkt storhets tidsuttryck
5 Inverstransformera —> — —
) (¥(t) =7 Y(0)})
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Ex. pa signalpulsformer fér basbandskanaler:

2T,

1 p(f) |P(P)I
p(t)=u(t+Ty)-u(t-T,)
t f
To Ty o I fo:% 2t
0
{ t
oy lp(t)] T PO
p(t)=sinc
T t f
-Ty T, 2T, ;1 L
2T, 2T,
1
cos(2pxt/T,) [tj
p(t)=——"—Lsinc [p(B)] T
" 1-(4p4T, )’ To : PO
"Raised cosine” t / £
~To To 2T L LS

2Ty ar, 2o 2T,

Vanligt: hogfrekvent signalerering
(Ex: ADSL, mobiltfn, radio, satellit, bluetooth, WLAN m.m.)

+ Typiskt analogt kommunikationssystem:

Meddelande

A

H(w)

m(t)

f

Modulation

Sandare

Basbandsiqnaler< Bandpassignaler

‘()

——

r = received

G(w)

v
v(t)

Demodulation

s(t)

5(t)

Mottagare
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INTERSYMBOLINTERFERENS — utsignalskomponenter for efterfoljande signalpulser éverlappar varandra:

12 14 16

10

12 14 16

10

[ N —

12 14 16

10

Y0

-t -—-—-t -——t-— -+ -—-—+ - - -+ -t - - -

0.5r---
0
050 ---

12 14 16

10

Tid (t sek)

Tid (t sek)

Tid (t sek)
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Exempel — radiosystem & antennlangd

Vaglangd A = c m, c = ljusets hast. = 300-106 m/s, f= radiovagens frekvens
[Hz]

= Mottagande halvvagsantenn: Antennléangd L = 1/2
= Mottagande kvartsvagsantenn: Antennléangd L = 1/4

Antennlangd
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I

Generell Amplitudmodulering

+ Basbandsignal ( har: meddelandesignalen m(t) ):

4

Frekvens- Vagldngd
Sandare 5 300
omfade f = e [m] L:% L:/% |

300

FM-rundradi 88-108 MH A=——=3m 1.5 0.75 . .
rrneraee ‘ 100 " " + (Amplitud-)Modulering:

Kortvagsradio t.ex. =7 MHz A= g =43 m 22m 11m

300 c(t) = barvag (t.ex. c(t) = cos(w.t))
GSM 900 =~ 900 MHz = 900 =33 cm 17 cm 8 cm

t) =m(t)-c(t

GSM 1800 ~1800MHz 1= _47¢m  9om  4om m(t) s(f) = m(®) e()

1800
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Amplitudmodulering, forts Amplitudmodulering, forts
+ Bandpassignal (AM-DSB-SC): + Demodulering + LP-filter:
1
S(w)=F{m(t)-c(t)} = Z—(M*C)(a)) d(f) = c(t) = cos(wt)
— T
~ ~ 1
t) = t)=s(t)-d(t ~—
s(t) = s(t) + brus v(t) =8(t)-d(0) I, b fiter 1) = 5 miE)

M|)>

[ .

D¢

dar C(a)) = f{cos(a)ct)} = 7r(5(co+ a)c)-l— 5(0)— @, ))

= S(a)):—(M(a)+a)c)+M(a)—a)c))

V(w) %M(a)) + %(M((o +20,)+M(ow-20,))

Idealt LP—fiIter\
LN

A 1] [ o
20

-2,

c




