SINUS — IN SINUS — UT

x(t) = cos(2m fot) S H(p) y(f) = Ap cos(27 fot + ¢xr)
o) = 275" (1) = H(fo)ereh"
— AHej(QTFfot-HDH)

Forstarkning Ay = |H(fo)]
Fasfoérskjutning o = Z{H(fo)}

Specialfall, konstant signal (f = 0): z(t)=C = y(t) = H(0)C
—> “Statisk férstarkning” (“static gain”’)= H (0)
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BODE-DIAGRAM

Ofta ritas | H (f)| i dB-skala mot frekvensen i log-skala. Kallas Bode-diagram. P&
samma sétt plottas ofta Z{ H (f)} mot frekvensen.

Bode diagram, H:l/(s+103)

Magnitude (dB)
&
3

Phase (deg)

10 10° 10° 10* 10°
Frequency (rad/sec)
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TOLKNING, BODE

Y(f) = X(NHH(S)
—

2010g10‘Y(f)‘ = 2010%10‘X(f)‘ + 2010g1o}H(f)‘
LY ()} = H4X(NH+ L{H()}
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HUR PLOTTA SYSTEMEGENSKAPER | MATLAB

s=tf(’s’); % Skapa Overforingsfunktion motsv. H(s)=s.
H=(s-1)/(s72-0.2%s+0.8) % Skapa annan overfdringsfunktion.
H=tf([1, -11,[1, -0.2, 0.8]) % Alt., ange koeff. i B(s),A(s)
pzplot (H) % Pol-/nollstdllediagram
bode (H) % Bode-diagram

impulse (H) % Impulssvar

step (H) % Stegsvar

Testa sjalva, med dessa samt zeropole_demo fran hemsidan!
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HUR SKISSA BODE-DIAGRAM?

H(S):O(s—nl)(s—ng)...(s—nN) :
(s —p1)(s—p2)...(s —pm) m|s]
Nollstallen: nq, no, ..., nyN. s=j2nf = jw
dy §
1
Poler: p1,p2, ..., PMm-
01 02 ON do

A A

(/S“

j [ljw —na]...]j |
Jjw—mn1||jw —na|...|jw —nN
|H(w)| = |C|+ , ,
ljw — p1] ljw —p1|...|jw — D]
—— —— ——

dq da d1
0102 ...0N
dida ... dp

=[Cl
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APPROXIMATION FOR ENKEL REELL POL

1

H(s) = ,  a>0
S+«
—20logo(a) w<K
201og,o|H (w)| ~ B10(e)
—20log;p(w) w> «
0 w < a/10
/{H(w)} =~ { ratlinje daremellan /10 < w < 10«
—7/2 w > 10«
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APPROXIMATION FOR ENKEL REELL POL

_407 T \\_\_H!‘ T T T T T T ]
o
5,
[0
5 —60f )
g) 20dB/dekad lutning
s
_807 | Lol Lol NN |
07 _____ \\ T T T _ Exakt
= - - - Approximation
S,
o —45| 5
w
&
[a
_907 | Lol I \HHH\__\_\_\_H_\H |
10 o 10c
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BODE, 2 KOMPLEXVARDA POLER, P12 = —A % jwy
1
H(s) = A>0

(s—}—)\—}—jwo)(s—l-)\—jwo)’

—401 = —-201 A2 4 w2 <
20logyo| H (w)|~ og10([P1]) 0810(A° +wp) w < [pa

—401og;(w) w > |p1]
0 w < |p1

H{H(w)} = —7/2 w=|pi]
-T w>|p1

e Topp vid w ~ wq!
e Hojd och bredd pa toppen beror pa A!

e Lutningen for héga frekvenser motsvarar -20dB/dekad per pol!
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2 KOMPLEXVARDA POLER, P12 = —A £ jwy

Exampel, poler i —10 + 10007 Exampel, poler i —100 + 10007

Bode diagram, poler i s=-10 *10% Bode diagram, poler i s=-102  10%
-80 -100

100 a0 = 2
B0 — > A g N
s X S a0
P BN Y
3 140 3
= (=
2 4 -160 -
s -160 =

180 180

KTH Eloctrical Enginsering
200 i i i i
0 T

-45
3 El
8 g
-1 2
@ -90 o
2 2
[ [

-135

-180 ~ i : 1 -180 £ ~ H i

10 10° 10 10 10 10 10 10

10° 10°
Frequency (rad/sec) Frequency (rad/sec)
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2 KOMPLEXVARDA POLER, P12 = —A £ jwy

Exampel, poler i —1000 £ 10007 Exampel, poler i —10000 4 10005

Bode diagram, poler i 5=-10* 107 Bode diagram, poler i 5=-10 * 107

120 120
10 |- : 1 w0 |

510 1 MO ————— o2 <

g e g e

= 200 |- = 200 |-
20 |- 220 -

KTH Electrical Enginoering . . . . . .

210 210

Phase (deg)
Phase (deg)

180 b [ i . P 180 b [ [ . e

10 10°
Frequency (radisec) Frequency (radisec)
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HUR SKISSA FASKURVAN?

o) — (s—mn1)(s—n2)...(s—nn)
H( )_C(s—pl)(s—pg)...(s—pM)

R Im|s
Nollstallen: 11, 1o, ..., NN. [ ]

aq anN
—Ljw—pi] = = L]jw —pu]
N—_—— ————
B1 B1
=/[Cl+a1+-+an
— B~ = Bu
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FASKARAKTARISTIK

e Filter med linjér fas, Z{H(f)} = — K f ger samma tidsférdrdjning
T = K/(2m) for alla frekvenskomponenter.

o Gruppléptid 7(f) = — 5= 25 /{H(f)} = — a5 /{H(w)}
anger tidsfordréjningen fér frekvenskomponenter med frekvens f.
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i, Poler: p1,pa2, ..., pM- s =j2nf = jw
d /1H) =2(0)+ L = mi] 4+ Lfjo — o J/B\gﬁ\
——— ——— 1



