Elektronik 2017 — EITA35

Forelasning 6

Tidsberoende Signaler — vaxelstrom
(AC)

Komplexa Tal

(SEM: Nodanalys — om tid!)
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Senaste forelasning

e Resistanser v(t) = i(t)R
o adv(t)
i(t)=C 7

* Kondensatorer — Kapacitans =

v(t) = %j i(tdt'

© Ldi(t)
v =
e Spolar—Induktans 0000~ dt

i(t) = %f v(t")dt'
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Tidsberoende Signaler — sin(mt)

Vaxelstrom/spanning -
v(t) = Vysin(2rft + ¢) eluttag
f=50 Hz
V=325V (toppvdrde)

Fourieranalys — alla fysiskt realiserbara signaler kan skrivas som en
summa av sinus och cosinus-termer (!!!)

v(t) = A, sin(n - wyt) + B, cos(n + wyt)

n=0
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V(t) - triangelvag
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V(t) - triangelvag

f(x) = E sin (ZZ)C)
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V(t) - triangelvag

flx) = —sm (Zn() ) —%%sm (32n—ox)
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V(t) - triangelvag

f(x) = %sin (%x) — %%sin (32n—Ox) + %%sin (S%x)
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V(t) - triangelvag

-0 2I Alf 6I 8I 1IO 1I2 1I4 1I6 1I8 20
X
8 /7 18 T 1 8 s 1 8 T
f(x) = —sin (ﬁx) ~ gz sin (3%96) +£?sm (SEx) ~ 79 725N (7Ex)
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V(t) - triangelvag

-0 2I Alf 6I 8I 1IO 1I2 1I4 1I6 1I8 20
X
8 /m 18 T 1 8 s 1 8 s
flx) = —sin (ﬁx) — g zsin (BEx) +£?sm (SEx) ~ 292 5in (7%36) + -
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V(t) - triangelvag
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V(t) - triangelvag
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Alla signaler kan uttryckas som en summa av cosinustermer!
Superposition — vi kan hantera termerna var for sig!
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Tidsbeorende signaler - superposition

Linjar krets: Amplitud och fas andras
Frekvensen (@) ar konstant!

V,1sin(wqt + ¢4)

Visin(w.t) —*

VZSin((Uzt) — VoZSin(wzt + ¢2)

Elektronisk Krets

Visin(wst) — Linjar: RLC, kallor. V,y3sin(wst + ¢3)

V4Sin(w4t) - Vo4Sin(w4t + ¢4)

Dela upp i Z v
frekvenskomponenter on
Vin (t) vout(t)
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Frekvensomraden

V;sin(wt)
V,sin(w,t) «x
Visin(wst
V4sin(d?34t)( 3t)
Audio: 20 Hz — 20 kHz
W
20 < — < 20 kHz -
21T Vlsm_(wlt) Kommunikation:
| Vzsin(wzt) 900 MHz - 60 GHz
Visin(w;t) ~ Vsin(wst)
V,sin(w,t) Vasin(w,t)
V;sin(wst
_ V4sin(a?34t)( 2
, krovég'suloakgrund fran Big Bang:
70-800 GHz
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Komplexa Tal

z=a+jb
z = |z|(cos(¢) +j - sin(¢)) z| = a® + b?
2 = |z]e® ¢ = arctan .
eaeb — ea+b
Re(z) = |z|cos(¢) o
— — pa-—
Im(z) = |z|sin(¢) eb = €

v(t) = Vo cos(wt + ) = Re(Vyel?eit)
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3-fas

325 cos(wt — 120°)

325 cos(wt + 120°)

325 cos(wt)

Nolla (jord)

35 _ 230V
V2
2017-09-11

—— =  =—— ——  Skyddsjord (jord)

Spanning (Effektivvarde) 3 Spoannlng (Effektivvarde)
= 400V tva faser.

mellan de oIika. faserna V2 Applikationer som kraver
och nolla. Vanliga eluttag. hogre effekt. Spisar.
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Komplexa Tal

Addition ar enkelt i rektangular form:

z; + z, = (a;+ay) + j(by + by)

Multiplikation ar enkelt i rektangular form:
2125 = |71 |25/ (01162)
Tidsharmoniska Signaler -

v(t) =V, cos(wt + 6) = Re(Vye/9e/®t)

Alla berakningar kan géras med

VOeje e . g .
addition/multiplikation av komplexa tal!
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Tidsberoende Signaler

R v1(t)

1
i
S
|
i

Vosin(wt) @ (4

v1(t) — Vy sin(wt) N dv,(t) dvi(t)

R 1dt+zdto

Differentialekvationslosning. Relativt komplicerat.
Detta behover goras om kallan inte ar rent tidsharmonisk.
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Tidsberoende Signaler

R Visin(wt + ¢4)
AN

Linjara system

Vosin(wt) @ C1 C == Visin(w t) — Vyysin(w it + ¢q)

Visin(wt + ¢p1) — Vy sin(wt) p dv, (t) dvy(t)

0
R 1 g Tl

Visin(wt + ¢,) — Vy sin(wt)
R

+ Clvla)COS((l)t + ¢1) + Cle(U COS((Ut + ¢1) =0

+ en massa trigonimetriska identiter...
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Tidsberoende Signaler — komplexa tal

R 4]

V, — komplext tal. Bade storlek |V, | och fas (¢)

S
@
I
I

’ jwC, T jwC,

i =V
R

+]Q)(Cl + CZ)VI = O

Vo
V1 - ;
1+ jwR(Cy + Cy)

2017-09-11

C=C +0,
(t) o in(wt — arctan(wRC))
v = SIntwt — arctanl\w

V1 + w2R2C2
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Komplexa Tal

Repetition
Komplex spanning <—> tidsharmonisk spanning

Mer detaljer och matematisk stringens : Analysen i HT2
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Komplexa Tal - Sammanfattning

COMPLEX QUANTITIES AND THEIR USE IN
ELECTRICAL ENGINEERING.

BY CHAB. PROTEUS BTEINMETZ.

I.—IxTRODUCTION.

In the following, I shall outline a method of calculating alter-
nate current phenomena, which, I believe, differs from former
methods essentially in so far, as it allows us to represent the alter-
nate current, the sine-function of time, by a constant numerical
quantity, and thereby eliminates the independent variable “time”
altogether from the calculation of alternate current phenomena.

Herefrom results a considerable simplification of methods.
Where before we had to deal with periodic functions of an in-
dependent variable, time, we have now to add, subtract, ete.,

Charles Proteus Steinmetz

“Complex Quantities and Their Use in Electrical Engineering”, 1893
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