Sinusoidal Steady State Notes
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time

T = Period
f = frequency, cycles /second f = 1 -2

T 2 Vo=V,
o = radian frequency, radians/sec ©® = 2-mf e e
A = amplitude
DC = average
y()= A-cos(wt+ @) Phasor
voltage: V(D)= V cos(art+ ¢) V(o) = Vp~ej"b
current: i(t) = T -cos(ert+ 9) (o) = 1p~ej"b

At t

Phase: ¢ = ¥~360~deg or: ¢ = —2-mwrad

Adding and subtracting Sinusoidal AC voltages or currents
Two sinusoidal voltages: v (t) = 5-V-cos(o-t+ 36.87-deg)

a) using phasor notation, find v; =v, - v,

5-V-cos(36.87-deg) =4V
5-V-sin(36.87-deg) =3V

A% 1 ::S.V.ejv(36.87 deg)

(-18.44.deg)

V, =3.162-V-¢' 3.162-V-cos(- 18.44-deg) =3V

3.162-V-sin(- 18.44-deg) =-1°V

Subtract real parts: 4-V-3-V =1-V

Subtract imaginary parts: 3-V--1-V =4-V

V(D =va() = (1+4j)V

Magnitude: +/(1-V)* 1 (4-V)* =4.123+V

OR:
Angle: atan(?i) =75.96"deg

So:

V3(t) =V l(t) — Vz(t)

Phasor analysis with impedances, For steady-state

Capacitor

i~=cdy Vo= LA dt
—{ }— C dt C C C C
Inductor
o ovp=dip gL voa

dt L
Resistor
. ) VR

SAYAVAY: VR = iR ig = =

‘V3‘ =4,
arg<V 3> =

4.123-V-cos(®-t+ 75.96-deg)-V

A lamplitude
i period, T

Phase:

iV

and v,(t) = 3.162-V-cos(w-t— 18.44-deg)

Im
Wolts

V=443V

Real
Yalts

Vy=3-jv 5

V3i=Vi- V2

Va=1+4j +V

123V

75.96°deg 1

sinusoidal response ONLY
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7y, jo-L V(o) = joLI(jo)

R

AN V Rrjo) RI(jo)

You can use impedances just like resistances as long as you deal with the complex arithmetic.

ALL the DC circuit analysis techniques will work with AC.
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Impedances Sinusoidal Steady State Notes

series: re-1 Voltage divider:
{ZHHZHZTHL Z,
V —3 V B —
Zeq= Z1+Z2+Z3 +... Zn tOtalZ1+Z2+Z3 ...

Example: R w . R=200Q C=2uF L=-16mH and o:=4000-%
Sec

Z oy = Ri—L fjeL then Z.. = Ri—1 tjoL = 200Q- 125§-Q+ 64§-0 =200 61j *Q
q €q .
jo-C JoC
parallel: 1 Current divider: B
i 7
:24': I = I '—n
Lpd Zn total ) ) )
! T +.
z - 1y, 7, 13
€q 1 1 1
Y + .
Zy, 7, Z; ;
Example: f: R:=200@ C=2pF Li=16mH and o:=4000-"2¢
sec
FE$ cC L% | i
then Zeq = T = -~ |
I ~tjec- 810~ — 0.01563-j—
Zeg = - : : R oL 200-Q Q Q
i+ +7 —_ . . =
R | oL = 60.1:Q+91.7-Q 109.69 /56.7
: 91.7-Q
J'(O'C = 76
J(60.1~Q)2+(91.7-9)2=109.6-Q aan) g D070t

Magnitude and Phase of transfer functions With steady-state sinusoidal inputs

rad 5 20 .25 . 20

0=2— 2874 2 S+— 2-(jro) +—~(J~m)+—2
sec sec sec -
H(s) = sec _ sec _ 12+ 10-j

. 1 10 10 6+ 2]
s=jo § s G0+ ——(0) + 12 o
seC gec sec sec”

2 2
HGo)| =m= 210 5y

62+22

[H(jw) = atanE fatang =21.37+deg
12 6

Expressing signals in the time domain The steady-state sinusoidal outputs

f =5-Hz 2 20 1000 .20 20 . 1000
S s —— (Jo) +—>0o)+——
=21 secC sec .
® =2t Y(s) = sec _ sec _ 13.6046+628.312J = 1.459 - 0.91]
— 10 800 10 800 -186.96 + 314.159-j
s=jo SEEEL G0+ (o) + " !
seC gec? sec sec
note that the sine carries the
opposite sign as the
0 =31.42:74 () = 146-cos|31.42-73%.¢| 1 0.91-sin/31.42.7%9 ¢ imaginary part.
sec sec sec

-0.91 rad
/1.4592+ 0912 =1.72 atan<1‘459> =-31.95 *deg y(t) = 1.72 cos<3l A42-——-t— 32-deg

secC
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