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RC Circuit Steady-State Analysis in Time-Domain

Series RC circuit, vout(t) measured across C,

sinusoidal voltage source Vin(t): v, (t) = A cos(wt) v, (t) = A, cos(at + $)
Vout (t)F;Vin (t) +C dc\lliut =0
KCL:
dv,,

t)—v. (1)+ RC— =0
OU'[() |n() dt

A, cos(at +9)— A cos(wt)+ RC[- A wsin(at +9)]=0

Trig. identities:  [cos(x + y) = cosxcos y —sinxsiny, sin(x+ y)=sin xcos y + cos xsin y

Euler’s e =cosx+ jsinx, e ¥ =cosx— jsinx [Specialcase:e!” =-1]

equations: COS X :%(ejx +e—jx): Re(ejx), sin x :%(ejX —eij)Z Im(ejx)z Re(-~ jeJX)

Relate to trig. [e**Y) =cos(x+ y)+ jsin(x+y)=e"e? =(cosx + jsin x)cos y + jsin y)
identities: = [cos x cos y —sin xsin y]+ j[sin xcos y + cos xsin y]

Apply trig. identities to KCL equation:

A [cos(9)cos(wt)—sin(&)sin(wt)]- A cos(wt)— RCA,w[sin(9)cos(wt )+ cos(9)sin(awt)] = 0
{A [cos(9)— RCawsin(9)]— A }cos(at)—{A [sin($)]+ RCA w[cos($)]}sin(wt) =0

A [cos(#)-RCawsin(9)]- A =
A,[sin(#)]+ RCA w[cos(9)] =0

0
In order for this to be true for all time values, t:

Apply Euler’s equations to KCL equation:
A, cos(wt +&)— A cos(wt)+RC[- A wsin(wt+9)]=0
Re{A, exp[j(wt + 9)]- A exp|jet]+ RC jAwexp|j(et +9)]} =

Red| (Ae’?)- A (Ae?) e =0

(%)

me (Aoew)—A+ (Ae”)

jot

e!” =0 The following must be true for allt :

Re (A°ej3)_'°‘+ (Ae) cos(et)—Im (A°ej;)_p‘+ (Ae”) sin(wt)=0

(Fioc)
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