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b0l el

R dt
A “elt), L v )= v
Y — i, dt RC °°" RC°
Vs(t)@ C /{Vc(t) —v, (t)+ Vg (t)+ v (t)=0
—vs(t)+Ric(t)+%£wic(r)jr:0
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HEO AS0 2ol &=% = forced response

S ) S 5 5 &S & SO O 00

v, (t)=V cos ot
1

—Ve +—=V¢ :choswt
dt ¢ RC RC

let's v, (t)=C cos(wt +¢)= Asin wt + B cos ot

AwCos ot — Bwsin ot +%(Asin ot + Bcoswt)

1
=—V coswt
rRC' ¢ y (r) V)

— vg (1)

ve (D)
oRC
ve(t)= o (RC) sma)t+1+w RCT ~COS ot 671533 /Tlme(ms)

Korea University of Technology and Education

A1 A0 2ol & =%l= forced response
MO AA0 QoA &= &l Z2(sinusoidally excited
circuit) > W5 3| 2(AC circuit)

HEI AA0 QoA R = A& 3 2(sinusoidally excited
linear circuit)2 E2Z
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E = -
A

Z=X+ Jy=r(cosé+ jsino)

m [ _
Y X =rcosé = [x2+y?
r { 050 nd " X2+y
o _ly=rsing O=tan*(y/x)+2nz(n=0+1+2

| x K _—
e Im |
.---""j'.' T

el & SAl(Euler's identity) v N

io - - jo i singd| !
> e’ =cosd+ jsing, ‘e ‘:\cose+ jsing|=1_ [ "y e |
~1 cos BF:‘;’II Re

\ /

e®=cos 0 +jsin0
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2 A H0| M (phasor)

A ) Y ) 8 O O 00

x(t) =Acos(at + ¢) = Re[Ae (9] = Re[ AeYe )]
HOIX: X(w)=Ae"(= Acosg+ jAsing) = AL g
TZ (T 300) > A=|X()

S|A > 4= an‘l{lm X(@) }+2n7z(n=o,ﬂ,~-)

28, ¢ - g<m 9 HAZ HISECl

HEO Also B

A2t 22 & Bl (time—domain form):  X(t) = Acos(at + ¢)
=tz A "Eef(frequency—domain form): X(w) = Ae'?
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HOIKNE Ol =S Sl ~A°| &

S ) S 5 5 &S & SO O 00

V, = Acos(at + ¢,
V, = Bcos(at + ¢, )
V, = Re[Ae"”teM], V, = Re[BeJ'a’teMz]

V, +V, = Re|Aei“e/% + Bele* |
= Re:(Ae""‘l + Be'? )ej“’t]

=Re Cej¢3ej“’t]

= C cos(at + ¢, )
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HOIKNE Ol=st =i Sl ~A° &

A ) Y ) 8 O O 00

O
va(t) @ C)
—> (=) Vs(t)
Vz(t) e
O 0

v, (t) =15cos(377t +7) _, [ Vi(@) =15¢" =1061+ j1061
V,(t) = 20c0s(377t + Z) V,(w) =20e™ =19.32+ j5.18

V, (@) =V, (®) +V, (@) =29.93+ j15.79 = 33.84e j27.8

v, (t) =33.84cos(377t + 27.8°)

|
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Example
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vV, = «/Ecos(a)t +%j Vv, = 2cos(a)t +%)

V, +V, = /10 cos(et +1.248)

v, = \/Ecos(a)t +%) V, = Zsin(a)t +%j

V, = Zcos(a)t +%—%)
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CHE =18 2= ddl AAS2 S&
A ) Y ) 8 O O 00

= AAE Z2I0HH HWEEHLZ 3l= &S =86t OF StCt.

G) L R % ") D vy Jis®)=050s2rx100) = Is (@) =0.5e1% (@, = 27x100)
S Vs (t) = 20c08(27 x1000) => Vs (@) = 208 (@, = 27x1000)

R, =150Q,R, =500

R, 50x150 - .
vi(H)=0=V, (0) = = x0.5e'% =18.75¢°
(=02 Vi (0) = Ris(@) = o

R 150 0 -
i,()=0=>V, (0,)=—V(®w,) = x20e’® =15¢°
©=0= W, (o) = Val@) = 27

V(w) = Vi, (@)+V,, (@) = V(t)=18.75c0s(27 x100t) +15.0cos(27 x1000)

V #18.75¢% +15.0e"” =33.75¢ 1"
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ATIE A (Impedance)

S ) S 5 5 &S & SO O 00

|Z0l= M& (frequency—dependant resistance) 2

=S °
T FI==0l WetA Ne g0l Eet&ICh,
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vsll)

vsll)

AC circuits AC circuits in
phasor/impedance form
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Metol duleHA

A ) Y ) 8 O O 00

LetV/ (S)

v(t) = Ri(t) = V(s)=RI(s) = Z.(s)= ©

v(t) =Vcos ot = V(w)=Ve

) V V ..
i(t) = —cosot = I(w)=—e"
(t) A (w) A

Let V(C())

Lo (@)= @)
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I HS SUHA

S ) S 5 5 &S & SO O 00

_dig(t) LetV, (s)
v (t)=L ot =V, (s)=Lsl (s) =Z,(s)= IL(s)

v, (t) =V, cosot = V, (w)=Ve"

Vv, Vv,
t t)dt=—L t= t—90° I Vi g 1%
i (t) = I VL (Ddt=—Lsin ot cos(w )= (@) =—e

ZL(a))L:H—VL (@) =ole'™ = jolL
I (@)

M=1t= SF0MeE &2 ol=2XE
» DI SAAME HE SI2XHE

O O
T I
o 0l
M
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HINAIEH 2 S LIS A

A ) Y ) 8 O O 00

o dve (1) Ve (s) 1
o) =Co™> = 1c(5) =CaVe (5) = Zc(5)= 9 s

Vo (t) =V.coswt = V. (w)=V.e”

i () = —CV_ wsin ot =oCV,cos(at +90°) = I (w)=wCV e"™

&~
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J7 17
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=2 HEHU AL HIOEA

% Z(w)=R(w)+jX(0))
Rw): M8 & X(w): 2I2E A(reactance)
: PIHEI A= HINAIE O QUIE AR QICE Q]
T2zl AMEHAZ Z&5Hs 20/0/CH

HINAIE 2t C&"%*Eig

Z('

- [ ] _
oC Ze= -
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HIHAIE 2 Mete] SEHZ2A SUHA

= C=0.001 uF, R=1Mohm, w=377rad/s & i

Z=R || 1/jwC = R*(1/jwC)/(R+1/JwC)
= R1/(1+jwCR)
Z(w=377) = 9.3571%10"5*e(-0.3605j)
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Example

S ) S 5 5 &S & SO O 00

= w= 10,000 rad/sOllAl Zeq & +*5t0ct

R, =100Q 1
o AN —TTT- C=10uF °
Ry, =50Q2

Z, =100Q & Z, =500

Z, = joL = j10000x10x10° = j100(Q2)

1 — ]
ZC = = 5
joC  10000x10x10

=—j10(%)

Zy=Zg +Z, +(Zg |IZ) =100+ j100+ 52; (‘_11100) =100+ j100+ (1.92— j9.62) =101.92 - j90.38
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HEOIEA (Admittance)

A ) Y ) 8 O O 00

- UTEAS 4
Y (0) = G(w) + jB(0)

G(w): conductance & B(w): susceptance

V(@)= o=
Z(w) R(w)+jX(w)
AL HAL HEOQIEA 2t 2t
1 1 R—jX R - X
Y=—-= 2 2 2 7 & B=—; 2
Z R+ )X R°+X R+ X R+ X
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Impedances in series add: Admittances in parallel add:

Z Z Zi+2Z Y|
Ao - ot =
— -
Impedances in parallel behave like resistors in parallel:
1 n
7 1 1 Admittances in series behave like conductances in series:
—_— + J—
Rz |
~ o fThe z 2
Y] Yz Yl Y2
75 o o = o ©
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Example

A ) Y ) 8 O O 00

— ) .
1
! ®
0 #z e — 4] [Jie
joC
o)
Impedance Admittance
-1
AMEA: Z(@=Y@ (1, 1 | __ R
(o) R 1/ joC 1+ jwRC
: Inverse
HEOIEIA: Y(@)=@ 1 j,c L1rioRC
Vs(a’) R R

Z(w)=1/Y (o)

Korea University of Technology and Education




S ) S 5 5 &S & SO O 00

= el AAS HOIMZ, 2 3|2 AKE SUEAZ HAISH
= Me 4% 3=0lAM AtEotRUE 2= ol 4 24l= HEGHH I
OlX el ol E +etlh

o KVL/KCL, =€ &Y
= HOIM HEHZ HAI= oHE A2t
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P e [ N S TG
vs(f) E) w: ‘\ G== : : Rz% Vs (jw) (%) ‘-’ \:. Zc :’ | [] ZRZ

A0 / N i) /" 7 N (o) )/" \ L(jo) }:I
A sample circuit The same circuit
for AC analysis in phasor form
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Example

A ) Y ) 8 O O 00

= w=100rad/sec [ i(t)E +ot0dct

Rl = SOQ

= Tr =
L C —> v :| 3
100 uF —200 —j100

1 1
joC  jx100x100x10°°

o =100rad /sec,V (w) =10e* (V), Z (®) = = - j100(Q)

o ZuZs g, 200 (-j100)

Z.,=2,+Z,|Z,=Z
=Lt Lolies =2, Z,+27, 200 - j100

=90 - j80

V,(w) 108’
V4 90— j80

eq

(o) = - 0.0833/% — i(t) =0.0833c0s(100t + 41.6°)
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» HEOZ20 AHE AFR 20N St HSS 6t
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Compution of Z7

Compution of V1
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EE MEE 2

Rl RZ
w0
L L,
V.-V V.V
ZS Zl ZZ

=154.120.079V

St

w =2l = 2| off

A ) Y ) 8 O O 00

R, =0.5Q; R =2Q; R,=0.2Q; L, =0.1H; L, = 20mH
v, (t)=155cos(377t)

Z, =050
Z,=2+j37.7
Z,=02+ (754

V. 154.1£0.079

|, =— : =4.083/-1.439
Z, 2+j377

|, = 154120079 55 401 465
Z, 02+j7.54

i, (t)=4.083cos(377t -1.439) A
i,(t)=20.44cos(377t —1.465) A
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otd v_1(1), v_2(t) 2%

H
M
b
0
[
i
1l0
=)
00

w) SO ()
\

! N
i, (t) = 40cos(100t) A () %409 %109 go.zH
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2 ol &S0 28k AC2l=2| of

A ) Y ) 8 O O 00
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Example

= OHSHA Ol i 1(1), i 2(t) 2H
= VV_s=15co0s(1500t), R_1=75 ohm, R_2=100 ohm
= C=1uF, L=0.5H
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