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Square	Wave	

q  For	example,	a	square	wave	
can	be	constructed	by	mulMple	
(ideally	infinite)	sine	waves	at	
different	frequencies.	
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Complex	Numbers�
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( Appendix C ) .
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Sinusoidal	Response	of	RC	Network	

q  Find										for	t	≥	0.	Assume																											for	t	≥	0	and																		
																			for	t	<	0.	IniMal	condiMon															.�
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vc(t) vI (t) =Vi cos(ωt)
vI (t) = 0 vc(0) = 0

r
.
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Our	Usual	Approach	

1.  Write	DE	for	circuit	by	applying	node	method.	
2.  Find	parMcular	soluMon	vP	by	guessing	and	trial	&	error.	
3.  Find	homogeneous	soluMon	vH.	
4.  Total	soluMon	is												,	then	solve	for	remaining	

constants	using	iniMal	condiMons	.	
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vP + vH



Step	1:	Set	Up	the	DifferenMal	EquaMon		
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I
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Vc - VI dvc

Ttc
- = 0

At

⇒ RC + vc=Vz=Vi . cos we fort 's



Step	2:	Find	the	ParMcular	SoluMon	
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Assume

I
. Up = vi. coswt Ltd : - RC.vi.w.siuwttvi.ws out I vi. cos we

2. Vp = vi. s we X
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Sneaky	Approach	

q  Instead	of	input		
à Find	parMcular	soluMon	for	another	input	
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vI (t) =Vi cosωt
vIS (t) =Vi exp(st)

Aaswt→Y=Relg
) RC.dz?etvp=vi.est(est=eiwe)

=

→//→y~ Assume vT=Vp .
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Sneaky	Approach	
q  Assume														,	then	parMcular	soluMon	for	input	

	
	
	
	
q  Finding	the	parMcular	soluMon	to																																							was	easy.	
q  From	Euler	relaMon	

q  An	inverse	superposiMon	argument,	assuming	system	is	real	and	linear.	
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vIS (t) =Vi exp( jωt)

vIS (t) =Vi exp(st)s = jω

vIs (t) =Vi exp( jωt) =Vi cos(ωt)+ j sin(ωt)

Trp = Up .est= est
-

-

Complex
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Sneaky	Approach		

q  Let’s	try	to	find	vP	from	vPS :		
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vP(t)	parMcular	response	to	Vi cosωt
vPS(t)	parMcular	response	to	 Vi exp( jωt)

Up HI = Re ( Trp ) = Re ( . eiut )

Vi
= Re ( . e

i tan
'

tu Re )
.

eiwe)

=
. cos ( we t tan ' ( w re ))



Step	3:	Homogeneous	SoluMon	

q  Recalled	from	Chapter	10,	the	homogeneous	soluMon	for	
RC	circuit	vH :	

q  The	total	soluMon:	
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vC (t) = vP (t)+ vH (t) =
Vi

1+ ωRC( )2
⋅cos(ωt + tan−1(ωRC)+ A ⋅exp( −t

RC
)

UH ( t ) = A. e

- HRC

Given
Valeo ) -

-
o ⇒ A = - ¥÷s . cos f-  tail ( w re ) )



Sinusoidal	Steady	State	
q  The	total	soluMon	

q  We	are	usually	interested	only	in	the	parMcular	soluMon	for	
sinusoids,	i.e.,	acer	the	transients	have	died.	

q  When		
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vC (t) =
Vi

1+ ωRC( )2
cos ωt +φ( )− Vi

1+ ωRC( )2
cosφ ⋅e

−t
RC

where	φ = tan−1 −ωRC( )

vC (t) =
Vi

1+ ωRC( )2
⋅cos(ωt + tan−1(ωRC)
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