
Lect. 3: Review of Basic Circuits (2)

When   ( )inv tR

C+( )inv t ( )cv t

0V

( ) ?cv t =

-
( )in ( )c

- Initially, capacitor has no charges,                                              

C t fl f t th h

( ) 0cv t = ( )Q CV=

C R- Current flows from        to       through     

- Charges build up and               

Current flow gets smaller

inv C R
( )cv t ↑ dvi C

dt
⎛ ⎞=⎜ ⎟
⎝ ⎠

- Current flow gets smaller

- Eventually no current flows, 0( )cv t V=
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Lect. 3: Review of Basic Circuits (2)

( ) ( ) ( )in cv t i t R v t− =

( )( ) cdv ti t C
dt

=

;1st-order differential eq.( )( ) ( )c
in c

dv tv t RC v t
dt

− =
( ) ( ) ( )c c indv t v t v t

dt RC RC
∴ + =

/
0( ) (1 )t

cv t V e τ−= −
V

( )cv t

0=t ( ) 0cv t =

∞=t 0( )cv t V=

0V

t 0( )c
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Lect. 3: Review of Basic Circuits (2)

Special case: sinusoidal steady-state

I li i i f d h

( ) j t
in inv t V e ω=Assume

In linear circuit, frequency does not change. 

Only magnitude and phase change.

( ) j t
c cv t V e ω∴ =

S b tit ti b i t th i

(Vin, Vc: phasors)

j t j t
j t iV e V eω ω
ω 1( ) inVV j

Substituting above into the governing eq.

j t c in
c

V e V ej V e
RC RC

ωω + = ( ) in
cV j

RC RC
ω + =

Prof. Woo-Young ChoiElectronic Circuits 1 (09/2)



Lect. 3: Review of Basic Circuits (2)

1 1 1V V V= ⋅ ⋅ = ⋅1 1c in inV V V
RC j RCj

RC
ωω

= ⋅ ⋅ = ⋅
++

1 1( ) ( )
1 1

j t
c in inv t V e v t

j RC j RC
ω

ω ω
∴ = ⋅ ⋅ = ⋅

+ +

vc(t) experiences magnitude and phase change from vin(t)

1 1,   
1 1j RC j RCω ω

∠
+ +Our interest: j j
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Lect. 3: Review of Basic Circuits (2)

In sinusoidal steady-state, 
we can define impedance,                     ,  for any circuit element( ) / ( )V Iω ω

( )
( )

j t

j t j t

v t Ve
dv t

ω=

p , , y( ) / ( )V Iω ω

( ) +
( )i t

( )( )

1( )

j t j tdv ti t Ie C Cj Ve
dt

V Z

ω ωω

ω

= = =

∴

( )v t +
−

( )Z
I j C

ω
ω

∴ = =

1
1V j C

Using voltage divider,

1
1 1

c

in

V j C
V j RCR

j C

ω
ω

ω

= =
++

inV cV
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Lect. 3: Review of Basic Circuits (2)

~ 11ω <<

1
1 j RCω+

1~

1ω <<

1ω >>
RCω

1ω >>ω
RC
1

11
1 j RCω

∠
+

~ 0∠1ω <<

1
RC

ω =
1

1
+

=
jV

V

in

c
45∠ = −

1ω >>
1c

in

V
V jω
∼ 90∠ −∼
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Lect. 3: Review of Basic Circuits (2)

H k (1) D t i (t) i th RL i it b l (t) i h b l

( ) ( )andL LV Vω ω
∠

Homework: (1) Determine vL(t) in the RL circuit below. vin(t)  is shown below. 

(2) Pl t
( ) ( )and .
( ) ( )

L L

in inV Vω ω
∠(2) Plot

( )inV t
+ ( )Lv t+

-
( )inv t

−
+
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