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RC	low	pass	filter	is	one	of	the	passive	filter	in	electronic	circuit.	It	is	called	RC	low	pass	filter	because	it	uses	resistor	and	capacitor	to	make	a	low	pass	filter.	Passive	low	pass	filter	can	also	be	composed	from	resistor	and	inductor,	called	RL	low	pass	filter.A	common	low	pass	filter	can	be	made	from	a	simple	RC	circuit	with	the	capacitor	as	the
output.	Thus,	a	passive	low	pass	filter	is	mentioned	as	a	low	pass	filter	RC	circuit.	The	example	of	low	pass	filter	RC	can	be	seen	in	Figure.(1).Figure1The	transfer	function	will	beKeep	in	mind	that	H(0)=1,	H()=0.	We	can	see	the	plot	of	|H()|	in	Figure.(2)	along	with	its	ideal	characteristic.Figure	2The	half-power	frequency,	which	is	equivalent	to	the
corner	frequency	on	the	Bode	plot	but	in	context	of	filter	is	known	as	cutoff	frequency,	c.	This	value	can	be	obtained	by	setting	the	magnitude	of	H()	equal	to	1/2.	Hence,If	the	capacitor	acts	as	an	output:The	transfer	function	in	s	domain:If	s=j,	then	its	transfer	function	becomes:Thus	frequency	response:The	magnitude	of	frequency	response
graph:When:Frequency	response,	phase	domain	graphWhen:It	is	also	common	to	call	the	cutoff	frequency	as	rolloff	frequency.A	low	pass	filter	is	designed	to	pass	only	frequencies	from	dc	up	to	the	cutoff	frequency	c.A	low	pass	filter	can	also	be	formed	when	the	output	of	an	RL	circuit	is	taken	off	the	resistor.	There	will	be	many	other	circuits	to	act
as	a	low	pass	filter.Keep	in	mind	that:The	cutoff	frequency	is	the	frequency	at	which	the	transfer	function	H	drops	in	magnitude	to	70.71%	of	its	maximum	value.	It	is	also	regarded	as	the	frequency	at	which	the	power	dissipated	in	a	circuit	is	half	of	its	maximum	value.As	the	name	implies,	the	low	pass	filter	is	mainly	used	to	block	or	impede	the	high
frequency	signal	while	passing	the	low	frequency	signal.	Say	you	want	to	limit	the	signal	with	frequency	of	50Hz	and	below,	then	the	signal	with	50Hz	or	more	will	be	blocked.We	can	also	say	that	low	frequency	signals	have	no	difficulty	in	passing	the	filter	while	it	is	harder	for	high	frequency	signals	to	pass.	Thus	we	get	the	low	pass	filter.We	can
easily	build	a	low	pass	filter	using	a	resistor	with	a	capacitor	or	inductor.	A	low	pass	filter	using	a	resistor	and	capacitor	is	called	RC	low	pass	filter.	A	low	pass	filter	using	a	resistor	and	inductor	is	called	an	RL	low	pass	filter.Dont	worry,	we	will	learn	those	two	here	about	how	we	build	them,	their	formula	and	characteristics.Read	also	:	kirchhoffs
laws	for	ac	circuits	As	mentioned	before,	an	RC	low	pass	filter	is	a	circuit	built	from	a	resistor	and	a	capacitor	which	only	passes	low	frequency	signal	and	blocks	high	frequency	signal.	It	is	very	easy	to	build	an	RC	low	pass	filter,	we	just	need	to	put	a	resistor	in	series	with	the	source	and	a	capacitor	in	parallel	with	the	source.	You	can	see	an	RC	low
pass	filter	below:Looking	from	the	circuit	above,	we	need	to	analyze	a	few	things	about	how	the	circuit	works	exactly.	The	capacitor	is	a	reactive	component	and	provides	very	high	resistance	to	low	frequency	signals,	especially	to	DC	signal.	If	you	ask	why,	then	you	can	read	about	capacitors	for	dc	circuits.	The	simplest	explanation	can	be	seen	from
its	material,	a	pair	of	dielectric	plates	with	a	small	gap	between	them.	A	low	frequency	signal	or	DC	signal	cant	pass	an	open-circuit	path.But	it	is	different	for	high	frequency.	The	capacitor	provides	small	resistance	to	high	frequency	signals.	Thus	from	these	two	characteristics	we	can	conclude	that:The	capacitor	will	block	low	frequency	signals	from
entering	and	make	it	flow	to	the	next	path	of	the	circuit,	while	the	high	frequency	signal	will	be	passing	the	capacitor	and	not	able	to	move	to	the	next	part	of	the	circuit.Just	remember	that	the	current	will	always	flow	through	the	smallest	resistance	path.	Thus,	high	frequency	signals	prefer	to	flow	through	the	capacitor	not	to	the	next	part	of	the
circuit,	while	the	low	frequency	will	flow	to	the	next	part	of	the	circuit	because	of	the	high	resistance	from	the	capacitor.After	learning	how	it	works,	we	will	step	on	how	to	make	one.	The	circuit	will	be	the	same,	a	resistor	connected	parallel	with	a	capacitor.	For	an	example,	we	will	use	a	10nF	capacitor	and	1k	ohm	capacitor.	The	circuit	will	be
shown	below:The	formula	for	cutoff	frequency	is	very	simple	and	straightforward.	For	an	RC	low	pass	filter	the	low	pass	filter	cutoff	frequency	can	be	calculated	from:Using	the	value	above,	the	low	pass	filter	cutoff	frequency	will	be:approximately	15.9KHz.It	means	that	the	RC	low	pass	filter	above	will	block	the	signal	with	15.9KHz	or	more.	Signals
with	frequency	15,9KHz	and	below	will	pass	easily	through	the	filter.	An	RL	low	pass	filter	is	not	different	from	an	RC	low	pass	filter.	It	is	composed	from	a	resistor	and	an	inductor	which	blocks	high	frequency	signals	and	allows	low	frequency	signals	to	pass.A	bit	different	from	an	RC	low	pass	filter,	we	will	connect	an	inductor	in	series	with	the
source	and	a	resistor	connected	in	parallel.	The	example	can	be	seen	below:The	RL	low	pass	filter	above	works	under	the	inductive	reactance	principle.	Just	like	impedance	and	capacitance,	the	inductance	will	cause	phase	shift	and	differing	frequency	signals.	Unlike	the	capacitor,	the	inductor	provides	very	low	resistance	to	low	frequency	signals	and
very	high	resistance	to	high	frequency	signals.	Thus,	we	place	the	inductor	in	series	with	input	while	the	resistor	is	connected	in	parallel.	Dont	worry	it	will	work	as	perfectly	as	an	RC	low	pass	filter.Now	after	we	learn	how	an	RL	low	pass	filter	works,	we	can	move	on	to	how	to	make	one.	For	example	we	will	use	a	470mH	inductor	and	a	10k	ohm
resistor.	The	example	circuit	will	be:The	formula	to	find	the	low	pass	filter	cutoff	frequency	will	be:Then	we	put	the	value	for	the	inductor	and	resistor	to	get	the	low	pass	filter	cutoff	frequency	as	shown	below:approximately	3.39KHz.It	means	that	this	RL	low	pass	filter	will	block	the	signal	with	frequency	3.39KHz	above	and	allow	signals	with	less
than	3.39KHz	to	pass.An	active	low	pass	filter	can	be	built	from	a	passive	RC	low	pass	filter	operated	with	an	operational	amplifier.	This	way	the	passive	low	pass	filter	can	have	amplification.Even	without	any	calculation	we	know	that	the	output	voltage	of	the	passive	filter	is	always	lower	than	the	input.	If	we	observe	carefully,	the	passive	filter	can	be
seen	as	a	voltage	divider	then	the	input	voltage	is	divided	into	resistor	and	reactive	component	(inductor	or	capacitor).The	loss	produced	by	a	passive	low	pass	filter	is	called	attenuation	which	can	give	small	impact	or	great	impact.	But	we	can	solve	it	with	amplification	from	an	Active	Filter.When	we	get	the	active	filter	then	it	will	have	an	active
element	in	the	circuit.	The	active	element	can	be	an	operational	amplifier,	FET,	MOSFET,	IGBT,	or	even	simple	transistor.	These	elements	are	used	to	amplify	the	output	signal	using	external	power.Amplification	of	a	filter	can	fix	the	waveform,	frequency	response,	adjust	the	bandwidth,	or	adjust	the	output	signal.	After	all	the	examples	we	can
conclude	that	amplification	is	the	main	business	here.	We	can	build	an	active	low	pass	filter	from	a	passive	low	pass	filter	and	an	operational	amplifier	on	the	output	side.	The	principle	of	this	active	low	pass	filter	will	be	the	same	as	before	in	passive	low	pass	filter.	We	only	add	an	op-amp	for	output	amplification	and	control	the	gain.	For	a	simple
example,	we	can	add	a	non-inverting	amplifier	or	inverting	amplifier.Check	the	circuit	below:This	active	low	pass	filter	type	is	made	from	a	passive	RC	low	pass	filter	and	a	non-inverting	amplifier	acts	as	a	voltage	follower.	The	gain	of	the	voltage	follower	is	Av=1	or	unity	gain.	The	previous	passive	RC	low	pass	filter	has	a	gain	less	than	unity	or	less
than	one.What	is	the	good	thing	for	this	configuration?	The	high	impedance	on	the	input	side	limits	the	excessive	loading	on	the	output	side.	The	low	impedance	on	the	output	side	prevents	the	change	of	cut-off	frequency	caused	by	the	change	of	load	impedance.What	is	the	bad	thing	for	this	configuration?	The	main	issue	is	its	gain	is	never	more	than
one.	Even	the	maximum	voltage	gain	is	only	one,	the	power	gain	is	very	high	because	the	output	impedance	is	lower	than	input	impedance.	If	we	need	the	gain	more	than	unity	then	we	can	use	the	circuit	below.Check	the	circuit	below:This	circuit	will	provide	both	RC	low	pass	filter	frequency	response	along	with	its	increased	output	amplitude	by	the
gain	Av.	For	a	non-inverting	op-amp,	the	voltage	gain	will	be:Hence	the	gain	formula	for	an	active	low	pass	filter	in	frequency	domain	will	be:Where:Av	=	gain	of	the	filterf	=	input	signal	frequency	(Hz)fc	=	cut-off	frequency	(Hz)There	will	be	three	operations	of	active	low	pass	filter	from	the	gain	formula	above:From	the	operations	above	we	can
conclude	that	the	Active	Low	Pass	Filter	will	have	the	gain	Av	when	the	input	frequency	is	between	0	Hz	to	fc.	We	will	get	0.707Av	gain	if	the	input	frequency	is	the	same	as	fc.	And	lastly	we	will	get	the	gain	less	than	Av	if	the	input	frequency	is	higher	than	fc.We	can	change	the	equation	above	into	dB	value:	Up	until	now	we	have	learned	about	a	first
order	low	pass	filter,	a	low	pass	filter	with	one	resistor	and	one	capacitor	or	inductor.The	term	order	in	passive	filters	represents	how	many	reactive	components	we	use	to	make	a	passive	filter.	When	a	low	pass	filter	only	has	one	reactive	element	(capacitor	or	inductor)	then	we	call	it	a	first	order	low	pass	filter.	When	a	low	pass	filter	has	two	reactive
elements	then	we	call	it	a	second	order	low	pass	filter.We	can	put	a	simple	example	just	like	below:Then	we	can	use	the	Gain	equation	below:Where:n	=	number	of	order	or	stagesThe	cut-off	frequency	for	second	order	low	pass	filter	is	given	byFrequency	equation	for	second	order	low	pass	filter	is	given	byWhere:fc	=	cut-off	frequencyn	=	number	of
order	or	stagesf(-3dB)	=	pass	band	frequency	A	filter	can	be	defined	as;	it	is	one	kind	of	circuit	used	for	reshaping,	modifying,	and	otherwise	rejecting	all	unwanted	frequencies	of	a	signal.	An	ideal	RC	filter	will	divide	&	allows	passing	input	signals	(sinusoidal)	depending	on	the	frequency.	Generally,	in	low-frequency	(	100	kHz)	signals	passive	filters
can	be	designed	with	resistor-inductor-capacitor	components.	So	these	circuits	are	named	as	passive	RLC	circuits.	These	filters	are	so	called	based	on	the	range	of	frequency	of	the	signal	which	they	let	to	pass	them.	There	are	commonly	three	filter	designs	are	used	such	as	low	pass	filter,	high	pass	filter,	and	bandpass	filter.	This	article	discusses	an
overview	of	the	low	pass	filter.What	is	a	Low	Pass	Filter?The	definition	of	low	pass	filter	or	LPF	is	one	kind	of	filter	used	to	pass	signals	with	low	frequency	as	well	as	attenuate	with	high	frequency	than	a	preferred	cut-off	frequency.	The	low	pass	filter	frequency	response	mainly	depends	on	the	Low	pass	filter	design.	These	filters	exist	in	several	forms
and	give	the	smoother	type	of	a	signal.	The	designers	will	frequently	use	these	filter	like	a	prototype	filter	with	impedance	as	well	as	unity	bandwidth.The	preferred	filter	is	acquired	from	the	sample	by	balancing	the	preferred	impedance,	and	bandwidth,	&	changes	into	the	preferred	band	type	like	low-pass	(LPF),	high-pass(HPF),	band-pass	(BPSF)	or
band-stop(BSF).First	Order	Low	Pass	FilterA	first-order	LPF	is	shown	in	the	figure.	What	is	this	circuit?	A	simple	integrator.	Note	that	integrator	is	the	basic	building	block	for	LPFs.First	Order	Low	Pass	FilterAssume	Z1	=1/1V1	=	Vi	*1/1+1	=	Vi	(1/1)	/	1+(1	/1)=	Vi	1/	11+1=	Vi	1/11+1Here	s	=	jlow	pass	filter	transfer	function	is1/	=1	/	11+1The
output	reduces	(attenuates)	inversely	as	the	frequency.	If	frequency	doubles	output	is	half	(-6	dB	for	every	doubling	of	frequency	otherwise	6	dB	per	octave).	This	is	an	LPF	of	the	first	order	and	the	roll-off	is	at	-6	dB	per	octave.Second	Order	Low	Pass	FilterThe	second	order	low	pass	filter	is	shown	in	the	figure.Second	Order	Low	Pass	FilterAssume	Z1
=	1/1V1	=	Vi	1/1+1Vi*(1/1)/1+(1/1)Vi	1/	11+1=	Vi	1/11+1Here	s	=	jLow	Pass	Filter	Transfer	Function1/	=1	/	11+1Assume	Z2	=	1/1V1	=	Vi	2/2+2Vi*(1/2)/2+(1/2)Vi	1/	22+1=	Vi	1/22+1Vi	(1	/	11+1)*	(1/	22+1)=	1	/(21212+(11+22)+1)Therefore	transfer	function	is	a	second	order	equation./	=	1	/(21212+(11+22)+1)Output	reduces	(attenuates)
inversely	as	the	square	of	the	frequency.	If	frequency	doubles	output	isc1/4th.(-	12	dB	for	every	doubling	of	frequency	or	12	dB	per	octave).	This	is	a	low	pass	filter	of	second	order	and	the	roll	of	is	at	-12	dB	per	octave.The	low	pass	filter	bode	plot	is	shown	below.	Generally,	the	frequency	response	of	a	low	pass	filter	is	signified	with	the	help	of	a	Bode
plot,	&	this	filter	is	distinguished	with	its	cut-off	frequency	as	well	as	the	rate	of	frequency	roll	offLow	Pass	Filter	Using	Op	AmpOp-Amps	or	operational	amplifiers	supply	very	efficient	low	pass	filters	without	using	inductors.	The	feedback	loop	of	an	op-amp	can	be	incorporated	with	the	basic	elements	of	a	filter,	so	the	high-performance	LPFs	are
easily	formed	by	using	the	required	components	except	for	inductors.	The	applications	of	op-amp	LPFs	are	used	in	different	areas	of	power	supplies	to	the	outputs	of	DAC	(Digital	to	Analog	Converters)	for	eliminating	alias	signals	as	well	as	other	applications.First	Order	Active	LPF	Circuit	using	Op-AmpThe	circuit	diagram	of	the	single	pole	or	first
order	active	low	pass	filter	is	shown	below.	The	circuit	of	the	low	pass	filter	using	op-amp	uses	a	capacitor	across	the	feedback	resistor.	This	circuit	has	an	effect	when	the	frequency	increases	for	enhancing	the	feedback	level	then	the	capacitors	reactive	impedance	falls.First	Order	Low	Pass	Filter	Using	Op	AmpThe	calculation	of	this	filter	can	be
done	by	working	on	the	frequency	at	which	the	capacitor	reactance	can	equal	the	resistance	of	the	resistor.	This	can	be	obtained	by	using	the	following	formula.	Xc	=	1/	f	CWhere	Xc	is	the	capacitive	reactance	in	ohms	is	the	standard	letter	and	the	value	of	this	is	3.412f	is	the	frequency	(Units-Hz)C	is	the	capacitance	(Units-Farads)The	in-band	gain	of
these	circuits	can	be	calculated	in	a	simple	way	by	eliminating	the	capacitors	effect.As	these	types	of	circuits	are	helpful	to	give	a	reduction	within	gain	at	high	frequencies,	as	well	as	offers	an	ultimate	speed	for	roll-off	of	6	dB	for	each	octave,	which	means	the	o/p	voltage	divides	for	each	repetition	in	frequency.	So,	this	kind	of	filter	is	named	as	first
order	or	single	pole	low	pass	filter.Second	Order	Active	LPF	Circuit	using	Op-AmpBy	using	an	operational	amplifier,	it	is	possible	for	designing	filters	in	a	wide	range	with	dissimilar	gain	levels	as	well	as	roll-off	models.	This	filter	offers	a	bandwidth	response	as	well	as	unity	gain.Second	Order	Active	LPF	Circuit	using	Op-AmpThe	circuit	values
calculations	are	uncomplicated	for	the	response	of	Butterworth	low	pass	filter	&	unity	gain.	Significant	damping	is	necessary	for	these	circuits	&	the	ratio	values	of	the	capacitor	and	resistor	conclude	this.R1	=	R2C1	=	C2f	=	1	4	R	C2While	selecting	the	values,	make	sure	that	the	values	of	the	resistor	will	drop	in	the	region	among	10	kilos	ohm	to	100
kilo-ohms.	This	is	worthwhile	as	the	circuits	o/p	impedance	increases	by	the	frequency	&	outside	values	of	this	section	may	change	the	act.Low	Pass	Filter	CalculatorFor	an	RC	low	pass	filter	circuit,	the	low	pass	filter	calculator	calculates	the	crossover	frequency	and	plots	the	Low	pass	filter	graph	which	is	known	as	a	bode	plot.For	example:The	low
pass	filter	transfer	function	can	be	calculated	by	using	the	following	formula	if	we	know	the	values	of	the	resistor	and	capacitor	in	the	circuit.	Vout(s)	/Vin(s)	+	1/CR/s	+	1/CRCalculate	the	frequency	value	for	the	given	resistor	as	well	as	capacitor	values	fc	=	1/2	RCLPF	WaveformLow	Pass	FilterApplicationsThe	applications	of	low	pass	filter	include	the
following.Low	pass	filters	are	used	in	telephone	systems	for	converting	the	frequencies	of	audio	in	the	speaker	to	a	band-limited	voice	band	signal.LPFs	are	used	to	filter	high-frequency	signal	which	is	known	as	noise	from	a	circuit,	as	the	signal	is	passed	through	this	filter,	then	the	most	of	the	high-frequency	signal	is	eliminated	as	well	as	an	obvious
noise	can	be	produced.Low	pass	filter	in	image	processing	for	enhancing	the	imageSometimes	these	filters	are	known	as	a	treble	cut	or	high	cut	due	to	the	applications	in	audio.A	low	pass	filter	is	used	in	an	RC	circuit	which	is	known	as	an	RC	low	pass	filter.LPF	is	used	as	an	integrator	like	an	RC	circuitIn	multi-rate	DSP,	while	executing	an
Interpolator,	LPF	is	used	as	an	Anti	Imaging	Filter.	Similarly,	when	executing	a	decimator	this	filter	is	used	as	an	anti-aliasing	filter.Low	pass	filters	are	used	in	receivers	like	super	heterodyne	for	an	efficient	response	of	the	baseband	signals.Low	pass	filter	is	used	in	the	signals	of	medical	devices	coming	from	the	human	body	while	testing	using	the
electrodes	are	less	in	frequency.	So	these	signals	can	flow	through	the	LPF	for	removing	some	unwanted	ambient	sound.These	filters	are	used	in	the	conversion	of	duty	cycle	amplitude	as	well	as	phase	detection	in	the	phase	locked	loop.LPF	is	used	in	AM	radio	for	the	diode	detector	to	change	the	AM	modulated	intermediate	frequency	signal	to	the
audio	signal.Thus,	this	is	all	about	a	low	pass	filter.	The	designing	of	op-amp	based	LPF	is	simple	to	design,	as	well	as	more	complicated	designs	using	different	types	of	filters.	For	more	applications,	the	LPF	provides	an	outstanding	performance.	Here	is	a	question	for	you,	what	is	the	main	function	of	the	low	pass	filter?	Share	copy	and	redistribute
the	material	in	any	medium	or	format	for	any	purpose,	even	commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were
made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that
legally	restrict	others	from	doing	anything	the	license	permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,
other	rights	such	as	publicity,	privacy,	or	moral	rights	may	limit	how	you	use	the	material.	Table	of	Contents	Detailed	mathematical	analysis	of	passive	low	pass	filter	of	the	first	and	second	order	are	presented.	The	math	involved	in	investigating	the	low	pass	filters	of	the	first	and	second	orders	are	very	demanding.	However	a	Low	Pass	Filter	Transfer
Function	Graphing	Calculator	is	included	and	may	therefore	be	used	for	more	practice.	\(	\)	\(	\)	\(	\)\(	\)	Impedances	of	Passive	Components	The	impedances	\(	Z_R	\)	of	a	resistor	with	resistance	\(	R	\)	is	given	by	\(	\quad	Z_R	=	R	\)	The	impedances	\(	Z_C	\)	of	a	a	capacitor	with	capacitance	\(	C	\)	and	the	impedances	\(	Z_L	\)	of	a	an	inductor	with
inductance	\(	L	\)	are	given	in	complex	form	respectivley	by:	\(	\quad	Z_C	=	\dfrac{1}{j	\;	\omega	\;	C}	=	\dfrac{1}{	s	\;	C}	\)	\(	\quad	Z_L	=	j	\;	\omega	\;	L	=	s	\;	L	\)	where	\(	s	=	j	\;	\omega	\)	Transfer	Function	of	First	Order	Low	Pass	Filter	Let	us	consider	the	circuit	below.	As	the	frequency	\(	f	\)	of	the	input	signal	\(	v_{in}	\)	decreases,	the	angular
frequency	\(	\omega	\;	(	\;	=	\;	2\pi	f	)	\)	decreases,	the	impedance	of	the	capacitor	\(	Z_{C_1}	=	\dfrac{1}{	s	\;	C}	=	\dfrac{1}{	j	\;	\omega	\;	C}	\)	increases	and	therefore	the	voltage	across	\(	R	\)	approaches	zero	and	the	voltage	\(	v_{out}	\)	tends	to	a	value	close	to	\(	v_{in}	\).	As	the	frequency	increases,	the	impedance	of	the	capacitor	decreases	to
zero	and	therefore	the	output	voltage	\(	v_{out}	\)	tends	to	zero.	Hence	the	RC	circuit	in	Figure	1	allows	the	low	frequencies	only	to	pass	through	to	the	output.	It	is	a	low	pass	filter.	Figure	1	-	RC	Low	Pass	Filter	Let	\(	H	=	\dfrac{V_{out}}{V_{in}}	\)	be	the	transfer	function.	The	circuit	in	Figure	1	is	a	voltage	divider	and	using	the	impedances	in
complex	form,	we	have	\(	\qquad	H(s)	=	\dfrac{Z_{C_1}	}{Z_{C_1}	+	Z_{R_1}}	\)	Substitute	\(	Z_{C_1}	=	\dfrac	{1}{s	\;	C_1}	\)	and	\(	Z_{R_1}	=	R_1	\)	in	the	above	to	obtain	\(	\qquad	H(s)	=	\dfrac{	\dfrac	{1}{s	\;	C_1}	}{	\dfrac	{1}{s	\;	C_1}	+	R_1}	\)	and	simplify	to	\[	H(s)	=	\dfrac{	1}{1	+	R_1	\;	C_1	\;	s	}	\quad	(I)\]	or	\[	H(\omega)	=	\dfrac{	1}
{1	+	j	\;	R_1	\;	C_1	\;	\omega	}	\quad	(II)	\]	Note	that	the	order	of	a	filter	is	given	by	the	maximum	power	of	\(	s	\)	in	the	transfer	function.	The	maximum	power	of	\(	s	\)	in	(I)	above	is	equal	to	\(	1	\)	and	therefore	the	filter	is	of	order	1.	\(	H(\omega)	\)	is	a	complex	function	in	the	form	of	the	quotient	of	two	functions	\(	\qquad	H(\omega)	=	\dfrac{Z_1}
{Z_2}	\)	According	to	complex	numbers,	the	magnitude	is	given	by	\[	\qquad	|H(\omega)|	=	\dfrac{|Z_1|}{|Z_2|}	\]	and	the	argument	(phase	in	ac	circuits)	is	given	by	Argumnent	of	\(	H(\omega)	\)	=	Argument	of	\(	Z_1	\)	-	Argument	of	\(	Z_2	\)	Note	that	the	argument	(in	complex	numbers)	and	phase	(in	ac	circuit)	are	the	same	quantity.	The	magnitude
\(	|H(\omega)|	\)	and	phase	\(	\Phi(\omega)	\)	of	the	transfer	function	\(	H(\omega)	\)	in	(II)	above,	are	given	by	\[	|H(\omega)|	=	\dfrac{1}{\sqrt{1^2+(R_1	\;	C_1	\;	\omega)^2}}	=	\dfrac{1}{\sqrt{1+(R_1	\;	C_1	\;	\omega)^2}}\]	\[	|\Phi(\omega)|	=	\arctan(0)	-	\arctan	\left(\dfrac{R_1	\;	C_1	\;	\omega}{1}\right)	=	-	\arctan	\left(R_1	\;	C_1	\;	\omega
\right)	\]	The	\(	-	3	\)	dB	Cutoff	Frequency	of	First	Order	Low	Pass	Filter	The	cutoff	angular	frequency	\(	\omega_c	\)	is	defined	as	the	frequency	at	which	\[	|H(\omega_c)|	=	\dfrac{1}{\sqrt	2}\]	Substitute	\(	|H(\omega_c)|	\)	by	its	expression	found	above	to	obtain	the	equation	\[	\dfrac{1}{\sqrt{1+(R_1	\;	C_1	\;	\omega_c)^2}}	=	\dfrac{1}{\sqrt	2}\]
Square	both	side	of	the	above	equation	and	rewrite	as	\[	\dfrac{1}{1+(R_1	\;	C_1	\;	\omega_c)^2	}	=	\dfrac{1}{2}\]	Solve	to	obtain	the	solution	\[	\omega_c	=	\dfrac{1}{R_1	C_1}	\]	Examples	of	First	Order	Low	Pass	Filter	Let	\(	R_1	=	100	\;	\Omega	\)	and	\(	C_1	=	1	\;	\mu	F	\)	Substitute	\(	R_1	\)	and	\(	C_1	\)	by	their	numerical	values	to	obtain	\[
\omega_c	=	\dfrac{1}{R_1	\;	C_1}	=	\dfrac{1}{100	\times	1	\times	10^{-6}	}	=	10000	\;	\text{	rad/s	}	\]	\[	|H(\omega)|	=	\dfrac{1}{\sqrt{1+(10^{-4}	\times	\omega)^2}}\]	\[	|\Phi(\omega)|	=	-	\arctan	\left(	10^{-4}	\times	\;	\omega	\right)	\]	Note	that	in	order	to	better	shows	a	flatness	of	the	amplitude	\(	|H(\omega)|	\)	over	the	frequencies	allowed
by	the	filter,	we	graph	\[	20	\log_{10}	(|	H(\omega)	|)	\]	whose	unit	is	the	decibel	written	as	\(	dB	\)	on	a	semi-log	graph.	At	the	cutoff	frequency	\(	\omega	=	\omega_c	\),	we	have	\[	|H(\omega_c)|	=	20	\log_{10}	\dfrac{1}{\sqrt{1+1}}	=	-3.01029	dB\]	and	\[	|\Phi(\omega_c)|	=	-	\arctan	(	1)	=	-	45^{\circ}	\]	Note	that	\(	\omega_c	\)	is	called	the	\(	-	3
\text{	dB}	\)	cutoff	frequaency.	Slope	of	the	Graph	for	Large	values	of	\(	\omega	\)	For	large	values	of	\(	\omega	\),	the	term	\(	(R_1	\;	C_1	\;	\omega)^2	\)	is	much	larger	than	\(	1	\)	and	we	therefore	may	make	the	following	approximation.	\[	|	H(\omega)	|	=	\dfrac{1}{\sqrt{1+(R_1	\;	C_1	\;	\omega)^2}}	\approx	\dfrac{1}{\sqrt{(R_1	\;	C_1	\;
\omega)^2}}	\approx	\dfrac{1}{R_1	\;	C_1	\;	\omega}	\]	For	\(	\omega	=	\omega_1	\),	\[	|	H_1(\omega)	|	\approx	\dfrac{1}{R_1	\;	C_1	\;	\omega_1}	\]	For	\(	\omega	=	10	\;	\omega_1	\),	\[	|	H_2(\omega)	|	\approx	\dfrac{1}{10	\;	R_1	\;	C_1	\;	\omega_1}	\]	\[	20	\log_{10}	|	H_2	|	-	20	\log_{10}	|	H_1	|	=	20	\log_{10}	\left(	\dfrac{|H_2|}{|H_1|}	\right)	=	20
\log_{10}	(\dfrac{1}{10})	=	-20	\]	The	factor	\(	10	\)	is	a	decade	and	we,	therefore,	say	the	slope	of	the	graph	is	\(	-20	\;	\text{dB}	\)	per	decade.	Points	\(	A	\)	and	\(	B	\)	on	the	graph	below	illustrate	the	above	reasults.	Point	\(	A	\)	is	at	the	frequency	\(	\omega_1	=	100000	\;	\text{rad/s}	\)	and	Point	\(	B	\)	is	at	the	frequency	\(	\omega	=	1000000	\;
\text{rad/s}	=	10	\;	\omega_1\).	As	we	move	from	\(	A	\)	to	\(	B	\),	the	amplitude	decreased	by	\(	20	\;	\text{dB}	\).	Note	that	this	behavior	happens	for	large	values	of	\(	\omega	\)	above	the	cutoff	frequency.	Below	are	shown	the	graph	of	\(	20	\;	\log_{10}	H(\omega)	\)	and	the	phase	\(	\Phi(\omega)	\).	Figure	2	-	Transfer	Function	of	First	Order	RC	Low
Pass	Filter	The	phase	\(	\Phi	\)	is	equal	to	\(	-45^{\circ}	\)	at	\(	\omega	=	\omega_c	\)	Figure	3	-	Phase	of	First	Order	RC	Low	Pass	Filter	Transfer	Function	of	Second	Order	Low	Pass	Filter	We	now	analyse	the	transfer	function	of	two	cascaded	low	pass-filters.	In	general,	the	transfer	function	\(	H(s)	\)	of	the	cascaded	circuit	shown	below	Figure	4	-	Two
Cascaded	Circuits	is	given	by	\[	H(s)	=	\dfrac{Z_4	\;	Z_2	}{(Z_1	+	Z_2)(Z_4	+	Z_3	)	+	Z_1	\;	Z_2}	\qquad	(I)	\]	We	now	use	the	above	formula	(I)	to	find	the	transfer	function	of	the	second	order	low	pass	filter,	which	is	a	set	of	two	cascaded	low	pass	filters,	as	shown	below.	Figure	5	-	RC	-	RC	Low	Pass	Filter	of	the	Second	Degree	Substitute	\(	Z_2	=	R_2
\),	\(	Z_3	=	Z_{C_2}	=	\dfrac{1}{C_2	\;s}	\),	\(	Z_3	=	R_3	\)	and	\(	Z_4	=	Z_{C_3}	=	\dfrac{1}{C_3	\;s}	\)	in	formula	(I)	above	to	obtain	\[	H(s)	=	\dfrac{1	}{	R_2	R_3	C_2	C_3	\;	s^2	+	(R_2	C_2	+	R_3	C_3	+	R_2	C_3)	\;	s	+	1}	\]	Note	that	the	highest	power	of	\(	s	\)	is	equal	to	\(	2	\)	and	therefore	the	filter	is	of	order	\(	2	\).	Substitute	\(	s	=	j	\;	\omega	\)
and	\(	s^2	=	-	\omega^2\)	in	\(	H(s)	\)	above	to	obtain	\[	H(\omega)	=	\dfrac{1	}{	1	-	R_2	\;	R_3	\;	C_2	\;	C_3	\;	\omega^2	+	j	\;(R_2	\;	C_2	+	R_3	\;	C_3	+	R_2	\;	C_3	)	\;	\omega	}	\]	Let	\[	A	=	R_2	\;	R_3	\;	C_2	\;	C_3	\]	and	\[	B	=	R_2	\;	C_2	+	R_3	\;	C_3	+	R_2	\;	C_3	\]	and	rewrite	\(	H(\omega)	\)	as	\[	H(\omega)	=	\dfrac{1	}{	1	-	A	\omega^2	+	j	\;B	\;
\omega	}	\]	The	magnitude	and	phase	of	\(	H(\omega)	\)	are	given	by	\[	|	H(\omega)	|	=	\dfrac{1}{\sqrt{	(1	-	A\;	\omega^2)^2	+	(B\omega)^2	}}	\]	\[	\Phi	(\omega)	=	-	\arctan	\left(\dfrac{	\;B	\;	\omega	}{	1	-	A	\omega^2	}\right)	\]	The	\(	-	3	\text{	dB}	\)	Cutoff	Frequency	of	Second	Order	Low	Pass	Filter	The	cutoff	angular	frequency	\(	\omega_c	\)	is
the	frequency	at	which	\[	|H(\omega_c)|	=	\dfrac{1}{\sqrt	2}\]	Substitute	\(	|H(\omega_c)|	\)	by	its	expression	above	to	obtain	the	equation	\(	\dfrac{1}{\sqrt{	(1	-	A\;	\omega_c^2)^2	+	(B\omega_c)^2	}}	=	\dfrac{1}{\sqrt	2}	\)	Square	both	sides	and	rewrite	the	equation	as	\(	A^2	\omega_c^4	+	(B^2	-	2	\;	A)	\;	\omega_c^2	-	1	=0	\)	The	above
equation	has	the	quadratic	form	in	\(	\omega_c^2	\)	and	therefore	has	4	solutions	but	only	one	is	valid	for	this	problem	and	is	given	by	\[	\omega_c	=	\sqrt	{\dfrac{{-	B^2	+	2	\;	A	+	\sqrt{B^4	-	4	B^2	\;	A	+	8	\;	A^2}}}{2	\;	A^2}}	\]	Rewrite	the	above	solution	as	\[	\omega_c	=	\dfrac{1}{\sqrt	A}	\sqrt	{\dfrac{{-B^2	+	2	\;	A	+	\sqrt{B^4	-	4	\;	B^2	\;	A
+	8	\;	A^2}}}{2	\;	A}}	\]	which	may	be	rewriten	as	\[	\omega_c	=	\dfrac{1}{\sqrt	A}	\sqrt	{	-	\dfrac{B^2}{2	\;	A}	+	1	+	\sqrt{	\dfrac{B^4}{4	\;	A^2}	-	\dfrac{4	B^2	\;	A}{4	\;	A^2}	+	8	\dfrac{A^2}{4	A^2}	}	}	\]	Let	\(	r	=	\dfrac{B}{2	\sqrt	A}	\)	which	gives	\(	B^2	=	4	\;	A	\;	r^2	\)	and	\(	B^4	=	16	\;	A^2	\;	r^4	\)	Substitute	\(	B^2	\)	and	\(	B^4	\)	in
the	last	expression	of	\(	\omega_c	\)	and	simplify	to	obtain	\[	\omega_c	=	\dfrac{1}{\sqrt	A}	\sqrt	{	1	-	2	r^2	+	\sqrt{	4	r^4	-	4	r^2+	2	}	}	\]	Let	\(	R_2	=	100	\;	\Omega	\),	\(	C_2	=	1	\;	\mu	F	\),	\(	R_3	=	100	\;	\Omega	\),	\(	C_3	=	1	\;	\mu	F	\)	\(	A	=	R_2	\;	R_3	\;	C_2	\;	C_3	=	100	\times	1	\times	10^{-6}	\times	100	\times	1	\times	10^{-6}	=	1	\times
10^{-8}\)	and	\(	B	=	R_2	\;	C_2	+	R_3	\;	C_3	+	R_2	\;	C_3	=	100	\times	1	\times	10^{-6}	+	100	\times	1	\times	10^{-6}	+	100	\times	1	\times	10^{-6}	=	3	\times	10^{-4}	\)	\(	r	=	\dfrac{B}{2	\sqrt	A}	=	\dfrac{	3	\times	10^{-4}}{2	\sqrt	{1	\times	10^{-8}}}	=	1.5	\)	\[	\omega_c	=	\dfrac{1}{\sqrt	{	1	\times	10^{-8}}}	\sqrt	{	1	-	2	(1.5)^2	+	\sqrt{
4(1.5)^4	-	4	(1.5)^2+	2	}	}	=	3742.3	\;	\text{rad/s}	\]	Slope	of	the	Graph	for	Large	values	of	\(	\omega	\)	We	first	expand	the	expression	in	the	denominator	of	\(	|	H(\omega)	|	\)	\[	|	H(\omega)	|	=	\dfrac{1}{\sqrt{	(1	-	A\;	\omega^2)^2	+	(B\omega)^2	}}	=	\dfrac{1}{\sqrt{	1	-	2	A	\omega^2	+	A^2	\omega^4	+	B^2\omega^2	}}	\]	For	large	values	of	\(
\omega	\),	the	term	\(	A^2	\omega^4	\)	is	much	larger	than	all	the	terms	under	the	square	root	in	the	denominator	and	we,	therefore,	may	make	the	following	approximation.	\[	|	H(\omega)	|	\approx	\dfrac{1}{A	\;	\omega^2}	\]	For	\(	\omega	=	\omega_1	\),	\[	|	H_1(\omega)	|	\approx	\dfrac{1}{A	\;	\omega_1^2}	\]	For	\(	\omega	=	10	\omega_1	\),	\[	|
H_2(\omega)	|	\approx	\dfrac{1}{A	\;	(10	\;	\omega_1)^2}	\]	\(	20	\log_{10}	|	H_2	|	-	20	\log_{10}	|	H_1	|	=	20	\log_{10}	\left(	\dfrac{|H_2|}{|H_1|}	\right)	=	20	\log_{10}	(\dfrac{1}{100})	=	-40	\)	The	factor	\(	10	\)	is	a	decade	and	we,	therefore,	say	the	slope	of	the	graph	is	\(	-40	\;	\text{dB}	\)	per	decade.	Below	are	shown	the	graph	of	\(	20	\;
\log_{10}	H(\omega)	\)	and	the	phase	\(	\Phi(\omega)	\).	Points	\(	A	\)	and	\(	B	\)	on	the	graph	below	illustrate	the	above	reasults.	Point	\(	A	\)	is	at	the	frequency	\(	\omega_1	=	100000	\;	\text{rad/s}	\)	and	Point	\(	B	\)	is	at	the	frequency	\(	\omega	=	1000000	\;	\text{rad/s}	=	10	\;	\omega_1\).	As	we	move	from	\(	A	\)	to	\(	B	\),	the	amplitude	decreased	by
\(	40	\;	\text{dB}	\).	Figure	2	-	Transfer	Function	of	Second	Order	RC	Low	Pass	Filter	Figure	3	-	Phase	of	Second	Order	RC	Low	Pass	Filter	More	References	and	links	In	the	rapidly	evolving	landscape	of	artificial	intelligence	(AI),	edge	computing	has	emerged	as	a	pivotal...	The	Raspberry	Pi	is	a	credit-card-sized,	versatile	computer	used	in	various
fields,	including	education,...	A	circuit	breaker	is	an	electrical	switch	that	protects	the	circuit	or	load...	A	motor	starter	is	an	electrical	device	used	to	control	an	electric	motor	in...	The	preamplifier	or	preamp	was	first	invented	in	the	early	20th	century	as	a...	A	starter	is	a	protection	device	used	to	protect	the	electric	motor	from	overload...	Plug	flow	is
a	significant	characteristic	of	these	reactors,	so	any	two	molecules...	EleDay	by	day	the	usage	of	electrical	boilers	is	rising	due	to	its	popularity...	A	DC	machine	is	an	electromechanical	device,	used	to	change	DC	electricity	into...	There	are	different	types	of	materials	&	also	substances	that	are	made	up...	Solves	the	differential	equation	for	a	RC	low-
pass	filter.	Gives	the	homogeneous	and	particular	solutions.	This	supplements	the	article	RC	Low-pass	filter.\(\)	For	old	times	sake,	we	show	the	traditional	method	to	solve	the	differential	equation	for	the	passive	filters	consisting	of	a	resistor	and	capacitor	in	series.	The	output	is	the	voltage	over	the	capacitor	\(y(t)\)	as	shown	in	the	schematic	below.
Schematic	RC	filter	Assume	a	switch	between	the	input	and	the	resistor	that	closes	at	\(t=t_1\).	Further	assume	\(y(t\leq	t_1)=Y_0\).	According	to	Kirchhoffs	Voltage	Law,	for	\(t\geq	t_1\)	$$	\begin{align}	u(t)&=u_R(t)+u_C(t)onumber\\[6mu]	&=i(t)\,R+y(t)\quad\Rightarrowonumber\\[6mu]	R\,i(t)+y(t)&=u(t)\label{eq:bUt}	\end{align}	$$	The	relations
between	voltage	and	current	for	the	resistor	and	capacitor	are	$$	\begin{align}	u_R(t)&=R\,i(t)&\text{resistor}\label{eq:bUr}\\[6mu]	i(t)&=C\frac{\mathrm{d}y(t)	}{\mathrm{d}t}&\text{capacitor}\label{eq:bIt}	\end{align}	$$	Two	differential	equations	follow	from	substituting	\(\eqref{eq:bIt}\)	and	\(\eqref{eq:bUr}\)	in	\(\eqref{eq:bUt}\)	or	its
derivative	$$	\begin{align}	R\,i(t)+y(t)&=u(t)onumber\\[6mu]	R\,C\frac{\text{d}y(t)}{\text{d}t}+y(t)&=u(t)\label{eq:bDV1}\\[20mu]	\frac{\text{d}i(t)}{\text{d}t}\,R+\frac{i(t)}{C}&=\frac{\text{d}u(t)}{\text{d}t}onumber\\[10mu]	RC\frac{\text{d}i(t)}{\text{d}t}+i(t)&=C\frac{\text{d}u(t)}{\text{d}t}\label{eq:bDV2}	\end{align}	$$	If	\(u(t)\)	is
continuous,	we	can	choose	either	differential	equation,	but	when	\(u(t)\)	is	non-continuous	we	cant	use	\(\eqref{eq:bDV2}\).	Assume	the	non-homogeneous	linear	differential	equation	of	a	first	order	High-pass	LC-filter,	where	\(u(t)=\hat{u}\cos(\omega	t)\)	is	the	forcing	function	and	the	current	\(i(t)\)	through	the	inductor	is	the	response.	The
differential	equation	for	this	system	is	$$	RC\,{y_p}^\prime(t)+\,y_p(t)=\hat{u}\cos(\omega	t)\label{eq:bTrigRC_DV}	$$	The	solution	is	a	superposition	of	the	natural	response	and	a	forced	response.	The	so	called,	homogeneous	solution	\(y_h(t)\)	and	the	particular	solution	\(y_p(t)\)	$$	y(t)=y_h(t)+y_p(t)\label{eq:bTrigRC_hp}	$$	Homogeneous
solution	The	homogeneous	solutions	follows	from	the	reduced	(=homogeneous)	linear	differential	equation	where	the	forcing	function	is	zero.	$$	RC\,{y_p}^\prime(t)+\,y_p(t)=0\label{eq:bTrigRC_homDV}	$$	According	the	Euler,	the	homogeneous	solutions	are	in	the	form	$$	y_h(t)=\mathrm{e}^{pt}\label{eq:bTrigRC_gen}	$$	substituting	this	\
(y_h(t)\)	in	\(\eqref{eq:bTrigRC_homDV}\)	gives	the	characteristic	equation	with	root	\(p\)	$$	\begin{align}	RC\,(\mathrm{e}^{pt})^\prime+\,\mathrm{e}^{pt}&=0onumber\\	\Rightarrow\quad	RC\,p\mathrm{e}^{pt}+\mathrm{e}^{pt}&=0&\div{\mathrm{e}^{pt}}onumber\\	\Rightarrow\quad	RC\,p+1&=0onumber\\	p&=-\frac{1}
{RC}\label{eq:bTrigRC_p}	\end{align}	$$	The	solution	base	\(y_{h,1}(t)\)	follows	from	substituting	the	root	\(p\)	from	equation	\(\eqref{eq:bTrigRC_p}\)	in	back	in	the	homogeneous	differential	equation	\(\eqref{eq:bTrigRC_gen}\)	$$	y_{h1}(t)=\mathrm{e}^{-\frac{t}{RC}t}	$$	The	homogeneous	solution	follows	as	a	linear	combination	of	the
solution	bases	(only	one	in	this	case)	as	$$	\shaded{	y_h(t)=c\,y_{h1}(t)=c\,\mathrm{e}^{-\frac{t}{RC}}	\label{eq:bTrigRC_hSolution}	}	$$	where	the	constant	\(c\)	follows	from	the	initial	conditions.	Particular	solution	We	will	show	how	to	get	the	particular	solution	using	both	trigonometry	and	complex	arithmetic.	Using	the	trigonometry	method	If
we	force	a	signal	\(\hat{u}\cos(\omega	t)\)	on	a	linear	system,	the	output	will	have	the	same	frequency	but	with	a	different	phase	\(\phi\)	and	amplitude	\(A\).	$$	\begin{align}	y_p(t)&=A\cos(\omega	t+\phi)\label{eq:bTrigRC_form}\\	\Rightarrow\quad	y^\prime_p(t)&=-A\,\omega\sin(\omega	t+\phi)\label{eq:bTrigRC_formDer}	\end{align}	$$
Substituting	\((\eqref{eq:bTrigRC_form},\eqref{eq:bTrigRC_formDer})\)	in	the	differential	equation	\(\eqref{eq:bTrigRC_DV}\)	$$	\begin{align}	-ARC\,\omega\sin(\omega	t+\phi)+A\cos(\omega	t+\phi)&=\hat{u}\cos(\omega	t)onumber\\	\Rightarrow\quad	\color{green}{1}\cos(\omega	t+\phi)-\color{green}{\omega	RC}\,\sin(\omega
t+\phi)&=\frac{\hat{u}\cos(\omega	t)}{A}\label{eq:bTrigRC_part}\\	\end{align}	$$	Work	towards	the	trigonometric	identity	$$	\begin{align}	\gamma\cos(\alpha+\beta)=\gamma\cos\alpha\cos\beta-\gamma\sin\alpha\sin\betaonumber	\end{align}	onumber	$$	by	assigning	the	two	independent	variables	\(R\)	and	\(\omega	L\)	to	two	more	convenient
independent	variables	\(\gamma\cos\alpha\)	and	\(\gamma\sin\alpha\)	$$	\begin{align}	\gamma\cos\alpha&\triangleq	1\label{eq:bTrigRC_CcosAlpha}\\	\gamma\sin\alpha&\triangleq\omega	RC\label{eq:bTrigRC_CsinAlpha}\\	\end{align}	$$	to	dot	the	i,	introduce	\(\beta\)	$$	\beta\triangleq\omega	t+\phi\label{eq:bTrigRC_beta}	$$	we	can	rewrite	\
(\eqref{eq:bTrigRC_part}\)	and	use	the	aforementioned	trigonometric	identity	$$	\begin{align}	\gamma\cos\alpha\cos\beta-	\gamma\sin\alpha\sin\beta&=\frac{\hat{u}\cos(\omega	t)}{A}onumber\\	\gamma\cos(\alpha+\beta)&=\frac{\hat{u}\cos(\omega	t)}{A}\label{eq:bTrigRC_alpabetaC}\\	\end{align}	$$	Divide	\(\eqref{eq:bTrigRC_CsinAlpha}\)	by
\(\eqref{eq:bTrigRC_CcosAlpha}\)	to	solve	for	\(\alpha\),	and	apply	the	geometric	identity	\(\sin^2\alpha+\cos^2\alpha=1\)	to	\(\eqref{eq:bTrigRC_CsinAlpha}\)	by	\(\eqref{eq:bTrigRC_CcosAlpha}\)	to	solve	for	\(C\)	$$	\begin{align}	\frac{\cancel{\gamma}\sin\alpha}{\cancel{\gamma}\cos\alpha}=\frac{\omega	RC}{1}	\quad\Rightarrow\quad
\alpha&=\arctan\left(\omega	RC\right)\label{eq:bTrigRC_alpha}	\\	\left(\frac{\omega	RC}{\gamma}\right)^2+\left(\frac{1}{\gamma}\right)^2=1	\quad\Rightarrow\quad	\gamma&=\sqrt{1+(\omega	RC)^2}\label{eq:bTrigRC_C}	\end{align}	$$	Substituting	\(\eqref{eq:bTrigRC_beta},	\eqref{eq:bTrigRC_alpha},\eqref{eq:bTrigRC_C}\)	in	equation	\
(\eqref{eq:bTrigRC_alpabetaC}\)	$$	{\sqrt{1^2+(\omega	RC)^2}}\,	\cos{\large(}{\arctan\left(\omega	RC\right)+\beta}\,{\large)}	=	{\frac{\hat{u}}{A}}\cos({teal}{\omega	t})	$$	and	combine	like	terms	$$	\begin{align}	A	&=	\frac{\hat{u}}{\sqrt{1+(\omega	RC)^2}}	\label{eq:bTrigRC_A}	\\	\arctan\left(\omega	RC\right)+\cancel{\omega
t}+\phi=\cancel{\omega	t}	\quad\Rightarrow\quad	\phi	&=	-\arctan\left(\frac{\omega	L}{R}\right)	\label{eq:bTrigRC_Phi}	\end{align}	$$	The	particular	solution	follows	from	substituting	\((\eqref{eq:bTrigRC_A},	\eqref{eq:bTrigRC_Phi})\)	in	\(\eqref{eq:bTrigRC_form}\)	$$	\shaded{\begin{align}	y_p(t)&=A\cos(\omega
t+\phi)\label{eq:bTrigRC_pSolution}\\	\text{where}\quad	A&=\frac{\hat{u}}{\sqrt{1+(\omega	RC)^2}}onumber\\	\text{and}\quad\phi&=-\arctan\left(\omega	RC\right)onumber	\end{align}	}	$$	Using	the	complex	arithmetic	method	Using	a	complex	forcing	function	\(\underline{u}(t)\)	provides	a	less	involved	method	of	finding	the	particular
solution	as	introduced	in	Linear	Differential	Equations.	Using	a	complex	forcing	function	$$	\underline{u}(t)=\hat{u}\,\mathrm{e}^{j\omega	t}	$$	the	corresponding	complex	response	is	of	the	form	$$	\begin{align}	\underline{y}_p(t)&=A\,\mathrm{e}^{j(\omega	t+\phi)}\label{eq:bCaRC_yp}\\	\Rightarrow\quad
{\underline{y}_p}^\prime(t)&=j\omega\,A\,\mathrm{e}^{j(\omega	t+\phi)}\label{eq:bCaRC_ypDer}\\	\end{align}	$$	Substituting	\(\underline{y}_p(t)\)	and	\({\underline{y}_p}^\prime(t)\)	in	the	differential	equation	\(\eqref{eq:bTrigRC_DV}\)	$$	\begin{align}	RC\,j\omega\,A\,\mathrm{e}^{j(\omega	t+\phi)}+\,A\,\mathrm{e}^{j(\omega
t+\phi)}&=\hat{u}\mathrm{e}^{j\omega	t},&\div\mathrm{e}^{j\omega	t}onumber\\	\Rightarrow\quad	j\omega	RC\,A\,\mathrm{e}^{j\phi}	+A\,\mathrm{e}^{j\phi}&=\hat{u}onumber\\	\Rightarrow\quad	A\,\mathrm{e}^{j\phi}(j\omega	RC+1)&=\hat{u}onumber\\	\Rightarrow\quad	A\,\mathrm{e}^{j\phi}&=\frac{\hat{u}}{j\omega	RC+1}
\end{align}	$$	The	amplitude	\(A\)	and	phase	\(\phi\)	of	the	complex	response	follow	as	$$	\begin{align}	A&=\left|\frac{\hat{u}}{j\omega	RC+1}\right|\\	\phi&=\angle\hat{u}-\angle(j\omega	RC+1)	=0-\mathrm{atan2}\left(\omega	RC,1	\right)	=-\arctan\left(\omega	RC\right)	\end{align}	$$	Now	that	\(A\)	and	\(\phi\)	are	known,	the	complex	particular
response	follows	as	equation	\(\eqref{eq:bCaRC_yp}\)	$$	\underline{y}_p(t)=A\,\mathrm{e}^{j(\omega	t+\phi)}=A\cos(\omega	t)+jA\sin(\omega	t)	\label{eq:bRLSol}	$$	Since	the	forcing	function	was	only	the	real	part	of	\(\underline{u}(t)\),	are	only	interested	in	the	real	part	of	the	complex	particular	solution	\(\eqref{eq:bRLSol}\)	as	well	$$
\shaded{	\begin{align}	y_p(t)&=\Re\left\{\underline{y}_{\,p}\right\}=A\,\cos(\omega	t+\phi),\label{eq:bCaRC_pSolution}\\[6mu]	\text{where}\quad	A&=\frac{\hat{u}}{\sqrt{1+(\omega	RC)^2}},onumber\\	\text{and}\quad\phi&=-\arctan\left(\omega	RC\right)onumber	\end{align}	}	$$	General	solution	The	general	solution	follows	from	substituting
\(\eqref{eq:bTrigRC_hSolution}\)	and	\(\eqref{eq:bTrigRC_pSolution}\text{	or	}\eqref{eq:bCaRC_pSolution}\)	in	equation	\(\eqref{eq:bTrigRC_hp}\).	$$	\shaded{	\begin{align}	y(t)&=c\,\mathrm{e}^{-\frac{t}{RC}}+A\cos(\omega	t+\phi)onumber\\	\text{where}\quad	A&=\frac{\hat{u}}{\sqrt{1+(\omega	RC)^2}}onumber\\
\text{and}\quad\phi&=-\arctan\left(\omega	RC\right)onumber	\end{align}	}\label{eq:bTrigRC_solution}	$$	In	this	tutorial,	we	will	learn	about	Passive	Low	Pass	RC	Filters.	As	the	name	suggests,	it	is	a	Low	Pass	filter	designed	using	Passive	Components.	In	the	following	sections,	you	can	learn	about	the	basic	circuit	of	Passive	Low	Pass	RC	Filters,	its
frequency	response,	output	voltage,	applications	and	many	more.To	get	information	on	Passive	High	Pass	RC	Filters,	do	read	the	tutorial	Passive	High	Pass	RC	Filters.Filter	is	a	circuit	which	is	used	to	filter	the	signals	that	is	it	will	pass	only	required	signals	and	avoid	unwanted	signals.	Generally	filters	are	designed	by	either	passive	components	or
active	components.Passive	components	are	resistors,	inductors	and	capacitors.Active	components	are	transistors,	FETs	and	Op-amps.Low	Pass	Filter	is	a	filter	which	will	pass	only	low	frequency	signals	and	attenuate	or	stop	high	frequency	signals.	It	allows	signals	only	from	0Hz	to	cut	off	frequency	fc.	This	cut	off	frequency	value	will	depends	on	the
value	of	the	components	used	in	the	circuit.Generally	these	filters	are	preferable	below	the	frequency	100	kHz.	The	cut	off	frequency	is	also	called	as	break	frequency	or	turn	over	frequency.	Passive	Low	Pass	FilterA	Low	Pass	Filter	circuit	which	is	designed	by	passive	components	is	referred	as	passive	low	pass	filter.The	following	image	shows	a
simple	circuit	of	RC	Low	Pass	Filter	is	shown	below.Simply	by	connecting	resistor	R	in	series	with	a	capacitor	C	gives	RC	Low	Pass	Filter.	It	can	be	just	referred	as	Low	Pass	Filter	(LPF).	Resistor	is	independent	to	the	variations	of	the	applied	frequencies	in	the	circuit	but	capacitor	is	a	sensitive	component	that	means	it	responds	to	the	changes	in	the
circuit.Since	it	has	only	one	reactive	component	this	circuit	can	also	termed	as	one	pole	filter	or	First	order	filter.	The	input	voltage	Vin	is	applied	in	series	to	the	resistor	and	the	output	voltage	is	taken	only	across	the	capacitor.Since	capacitor	is	a	sensitive	component	the	main	concentration	to	be	observed	is	about	capacitive	reactance.	Capacitive
reactance	is	the	opposition	response	created	due	to	the	capacitor	in	the	circuit.In	order	to	maintain	the	capacitance	of	the	capacitor,	the	capacitor	will	oppose	a	small	amount	of	current	flow	in	the	circuit.	This	opposition	to	the	current	flow	in	the	circuit	is	called	impedance.	Thus	the	capacitive	reactance	decreases	with	increase	of	opposing	current.By
this	we	can	say	that	the	capacitive	reactance	is	inversely	proportional	to	the	frequency	applied	to	the	circuit.	The	resistive	value	of	the	resistor	is	stable	whereas	the	capacitive	reactance	value	varies.	The	voltage	drop	across	the	capacitor	is	very	less	when	compared	with	the	voltage	potential	of	the	capacitor.This	means	at	low	frequencies	the	voltage
drop	is	small	and	the	voltage	potential	is	large	but	at	high	frequencies	the	voltage	drop	is	very	high	and	the	voltage	potential	is	less.	By	this	phenomenon	we	can	say	that	the	above	circuit	can	acts	as	a	frequency	variable	voltage	divider	circuit.The	capacitive	reactance	can	be	formulated	as	follows:Output	Voltage	CalculationIn	order	to	get	the
potential	divider	equation	we	have	to	consider	impedance,	capacitive	reactance,	input	voltage	and	output	voltage.	By	using	these	terms	we	can	formulate	the	equation	for	RC	potential	divider	equation	as	follows:By	using	this	equation	we	can	calculate	the	value	of	the	output	at	any	applied	frequency.Low	Pass	Filter	ExampleLet	us	examine	these
output	voltage	values	and	capacitive	reactance	values	by	considering	the	resistor	and	capacitor	values.	Let	the	value	of	the	resistor	R	is	4.7	k	and	capacitor	value	as	47	nF.	The	input	A.C	voltage	supplied	is	10V.	The	frequency	values	for	which	we	are	going	to	calculate	are	at	1	kHz	and	10	kHz.By	this	we	can	clearly	say	that	when	frequency	increases
the	capacitive	reactance	decreases.	Not	only	the	capacitive	reactance	but	also	the	output	voltage	decreases.From	the	above	example	it	is	observed	that	the	capacitive	reactance	is	decreased	from	3386.27	ohms	to	338.62	ohms,	whereas	the	output	voltage	decreased	from	5.84	volts	to	0.718	volts	with	the	increase	of	the	frequency	from	1	kHz	to	10
kHz.Frequency	Response	of	Low	Pass	FilterFrom	the	introduction	to	filters	we	already	saw	that	the	magnitude	|H(j)|	of	the	filter	is	taken	as	the	gain	of	the	circuit.	This	gain	is	measured	as	20	log	(Vout	/	Vin)and	for	any	RC	circuit	the	angle	of	the	slope	roll-off	is	at	-20	dB/	decade	is	same.The	band	of	frequencies	below	the	cut	off	region	is	referred	as
Pass	Band	and	the	band	of	frequencies	after	the	cut	off	frequency	are	referred	as	Stop	Band.	From	the	plot	it	can	be	observed	that	the	pass	band	is	the	Bandwidth	of	the	filter.From	this	plot	it	is	clear	that	until	cut	off	frequency	the	gain	is	constantbecause	the	output	voltage	is	proportional	to	the	frequency	value	at	the	low	frequencies.	This	is	due	to
the	capacitive	reactance	which	acts	like	open	circuit	at	low	frequencies	and	allows	maximum	current	through	the	circuit	for	high	frequencies.	The	value	of	the	capacitive	reactance	is	very	high	at	low	frequencies	thus	it	has	greater	ability	to	block	the	current	flow	through	the	circuit.Once	it	reaches	the	cut	off	frequency	value	the	output	voltage
decreases	gradually	and	reaches	to	zero.	The	gain	also	decreases	along	with	the	output	voltage.	After	the	cut	off	frequency	the	response	of	the	circuit	slope	will	reaches	to	roll-off	point	which	occur	at	-20	dB/	decade.This	is	mainly	due	to	the	increase	of	the	frequency,	when	frequency	increases	the	capacitive	reactance	value	decreases	and	thus	the
ability	to	block	the	current	through	the	capacitor	decreases.	When	current	through	the	circuit	increases	and	due	to	the	limited	capacitance	of	the	capacitor	the	circuit	acts	as	short	circuit.	Thus	the	output	voltage	of	filter	is	zero	at	high	frequencies.The	only	way	to	avoid	this	problem	is	to	choose	the	frequency	ranges	up	to	which	these	resistor	and
capacitor	can	withstand.	The	values	of	the	capacitor	and	the	resistor	play	the	major	role	because	on	these	values	only	the	cut	off	frequency	fc	will	depends.	If	the	frequency	ranges	are	within	the	cut	off	frequency	range	then	we	can	overcome	the	short	circuit	problem.This	cut	off	point	will	occurs	when	the	resistance	value	and	the	capacitive	reactance
value	coincides	which	means	the	vector	sum	of	the	resistance	and	reactive	capacitance	are	equal.	That	is	when	R	=	Xcand	at	this	situation	the	input	signal	is	attenuated	by	-3dB/decade.This	attenuation	is	approximately	70.7	%	of	input	signal.The	time	taken	to	charge	and	discharge	of	the	plates	of	the	capacitor	varies	according	to	the	sine	wave.	Due
to	this	the	phase	angle	()	of	the	output	signal	lags	behind	the	input	signal	after	cut-off	frequency.At	cut-off	frequency	the	output	signal	is	-45	out	of	phase.If	the	input	frequency	of	the	filter	increases	the	lagging	angle	of	the	circuit	output	signal	increases.	Simply	for	the	more	frequency	value	the	circuit	is	more	out	of	phase.The	capacitor	has	more	time
to	charge	and	discharge	the	plates	at	low	frequencies	because	the	switching	time	of	the	sine	wave	is	more.	But	with	the	increase	of	frequency	the	time	taken	to	switch	to	the	next	pulse	is	gradually	decreases.	Due	to	this	the	time	variations	occurs	which	leads	to	phase	shift	of	the	output	wave.Cut-off	frequency	of	a	passive	low	pass	filter	mainly
depends	on	the	resistor	and	capacitor	values	used	in	filter	the	circuit.This	cut-off	frequencyis	inversely	proportional	to	both	resistor	and	capacitor	values.	The	cut-off	frequency	of	a	passive	low	pass	filter	is	given	asfC	=	1/(2RC)The	phase	shift	of	a	passive	low	pass	filter	is	given	asPhase	shift()	=	tan-1	(2fRc)Time	Constant	()As	we	already	seen	that	the
time	taken	by	the	capacitor	for	charging	and	discharging	of	the	plates	with	respect	to	the	input	sinusoidal	wave	results	in	the	phase	difference.	The	resistor	and	the	capacitor	in	series	connection	will	produce	this	charging	and	discharging	effect.The	time	constant	of	a	series	RC	circuit	is	defined	as	the	time	taken	by	the	capacitor	to	charge	up	to	63.2%
of	the	final	steady	state	value	and	also	it	is	defined	as	the	time	taken	by	the	capacitor	to	discharge	to	36.8%	of	steady	state	value.	This	Time	constant	is	represented	with	symbol	.The	relation	between	the	time	constant	and	the	cut	off	frequency	is	as	followsTime	constant	=	RC	=	1/2fc	andc	=	1/	=	1/RCWe	can	also	rewrite	in	terms	cut	off	frequency
asBy	this	we	can	say	that	the	output	of	the	filter	depends	on	the	frequencies	applied	at	the	input	and	on	the	time	constant.Passive	Low	Pass	Filter	Example	2Let	us	calculate	the	cut	off	frequency	of	a	low	pass	filter	which	has	resistance	of	4.7k	and	capacitance	of	47nF.We	know	that	the	equation	for	the	cut	off	frequency	isfc	=	1/2RC	=	1/(2	x	4700	x	47
x10-9)	=	720	HzSecond	Order	Passive	Low	Pass	FilterTill	now	we	have	studied	first	order	low	pass	filter	which	is	made	by	connecting	a	resistor	and	capacitor	in	series.	However	sometimes	a	single	stage	may	not	enough	to	remove	all	unwanted	frequencies	then	second	order	filter	are	used	as	shown	below.	The	second	order	low	pass	RC	filter	can	be
obtained	simply	by	adding	one	more	stage	to	the	first	order	low	pass	filter.	This	filter	gives	a	slope	of	-40dB/decade	or	-12dB/octave	and	a	fourth	order	filter	gives	a	slope	of	-80dB/octave	and	so	on.Passive	low	pass	filter	Gain	at	cut-off	frequency	is	given	asA	=	(1/2)nWhere	n	is	the	order	or	number	of	stagesThe	cut-off	frequency	of	second	order	low
pass	filter	is	given	asfc	=	1/	(2(R1C1R2C2))Second	order	low	pass	filter	-3dB	frequency	is	given	asf	(-3dB)	=	fc	(2(1/n)	1)Where	fc	is	cut-off	frequency	and	n	is	the	number	of	stages	and	-3dB	is	-3dBpass	band	frequency.Low	Pass	Filter	SummaryLow	Pass	Filter	is	made	up	of	a	resistor	and	capacitor.	Not	only	capacitor	but	any	reactive	component	with
resistor	gives	low	pass	filter.	It	is	a	filter	which	allows	only	low	frequencies	and	attenuates	high	frequencies.The	frequencies	below	the	cut	off	frequency	are	called	as	pass	band	frequencies	and	the	frequencies	greater	than	the	cut	off	frequency	are	called	as	stop	band	frequencies.	Pass	band	is	the	band	width	of	the	filter.Cut	off	frequency	of	the	filter
will	depends	on	the	values	of	the	components	chosen	for	the	circuit	design.	Cut	off	frequency	can	be	calculated	by	using	the	below	formula.fC	=	1/(2RC)The	gain	of	the	filter	is	taken	as	magnitude	of	the	filter	and	the	gain	can	be	calculated	by	using	the	formula	20	log	(Vout	/	Vin).	The	output	of	the	filter	is	constant	till	the	frequency	levels	reaches	to
cut	off	frequency.At	cut-off	frequency	the	output	signal	is	70.7%	of	the	input	signal	and	after	the	cut-off	frequency	output	gradually	decreases	to	zero.	The	phase	angle	of	the	output	signal	lags	the	input	signal	after	cut-off	frequency.At	cut-off	frequency	the	output	signal	phase	shift	is	45.If	we	interchange	the	positions	of	the	resistor	and	the	capacitor
in	low	pass	filter	circuit	then	the	circuit	behaves	like	high	pass	filter.For	sinusoidal	input	waves	the	circuit	behaves	like	a	first	order	low	pass	filter.	The	operation	of	the	first	order	filter	is	we	have	already	studied	but	when	the	input	signal	type	changes	then	what	happens	to	the	output	of	the	filter	have	to	be	observed.When	we	change	the	input	signal
type	to	either	switch	mode	(ON/OFF)	or	else	square	wave	the	circuit	behaves	like	an	integrator	which	is	discussed	as	follows.Low	Pass	Filter	as	Wave	Shaping	CircuitThe	above	figure	shows	the	performance	of	the	filter	for	square	input.	When	the	input	of	the	low	pass	filter	is	a	square	wave	then	obtained	output	of	the	filter	will	be	in	triangular
form.This	is	because	the	capacitor	cannot	acts	as	ON	or	OFF	switch.	At	low	frequencies	when	the	input	of	the	filter	is	square	wave	then	the	output	will	also	be	in	the	square	wave	only.When	frequency	increases	then	the	output	of	the	filter	appears	like	a	triangular	wave.	Still	if	we	increase	the	frequency	then	the	amplitude	of	the	output	signal
decreases.The	triangular	wave	is	generated	due	to	the	capacitors	action	or	simply	charging	and	discharging	pattern	of	the	capacitor	leads	to	triangular	wave.Applications	of	the	Low	pass	filterThe	main	usage	of	the	low	pass	filter	circuits	is	to	avoid	A.C.	ripples	in	the	rectifier	output.The	low	pass	filter	is	used	in	audio	amplifier	circuits.By	using	this
passive	low	pass	filter	we	can	directly	reduce	the	high	frequency	noise	to	a	small	disturbance	mode	in	the	stereo	systems.Low	Pass	filter	as	integrator	can	be	used	as	Wave	shaping	and	wave	generating	circuits	because	of	easy	conversion	of	one	type	of	electrical	signal	in	to	another	form.These	are	also	used	at	demodulator	circuits	to	extract	required
parameters	from	the	modulated	signals.	Filters	A	low-pass	filter	passes	frequencies	below	a	certain	cutoff	frequencyand	attenuates	those	beyond	that	frequency.RC	low-pass	filter.	The	first	circuit	we	shall	analyze	is	that	of	an	RC	low-pass	filter,	as	shownin	the	figure	above.	Before	launching	into	a	mathematical	analysis,	we	candeduce	some	of	the
electrical	properties	by	visual	inspection	of	the	circuit.If	the	applied	voltage	is	of	very	low	frequency,	the	reactance	of	Cwill	be	very	high	compared	with	R,	and	C	may	be	consideredan	open	circuit.	Therefore,	at	low	frequencies	the	input	voltageVin	will	appear	virtually	unattenuated	at	the	output.Hence,	we	have	the	name	low-pass	filter.	As	the	input
frequency	increases,the	reactance	XC	becomes	smaller,	causing	the	input	tobe	increasingly	attenuated.	At	an	infinitely	high	frequency,XC	=	0	and	therefore	the	output	voltage	Vout	=	0.To	analyze	the	circuit	mathematically,	we	would	use	the	voltage-dividerrelationship	and	writeWe	shall,	however,	solve	the	ratio	of	Vout	toVin,	since	we	generally	wish
to	express	thefilter	gain	or	loss.	This	ratio	is	called	the	transfer	function.As	a	transfer	function,	we	then	havewhere	C	=	1/RC	is	the	characteristic	frequency.The	transfer	function	can	be	expressed	in	polar	form	Frequency	response	A	most	useful	means	of	displaying	the	frequency	characteristics	of	a	filteris	to	plot	the	magnitude	of	the	transfer	function
(amplitude	characteristic)versus	frequency	on	one	curve	and	the	phase	characteristic	as	a	separatecurve	but	with	the	same	frequency	axis.	The	amplitude	characteristic,	whichmay	vary	over	a	wide	range,	can	be	conveniently	plotted	in	terms	of	decibels.Curves	with	this	type	of	display	are	known	as	Bode	plotsand	find	wide	application	in	the	analysis	of
AC	circuits.	Amplitude	Characteristic	Consider	first	the	amplitude	characteristic	(spectrum)	corresponding	to	theequation	above.	This	is	the	absolute	value	(magnitude)	of	the	transfer	function,	orOn	a	decibel	basis,	this	becomesLet	us	examine	the	equation	above	for	very	low	and	for	very	high	frequencies.For	low	frequencies,	we	haveThus,	the	low-
frequency	behavior	is	essentially	independent	of	frequency	andcan	be	represented	by	a	horizontal	straight	line	at	0	dB	as	in	the	figure	below.The	actual	amplitude	characteristic	given	by	the	transfer	function	isasymptotic	to	this	straight	line	for	small	.Broken-line	approximation	and	actual	characteristic	for	the	amplitude	spectrumof	the	RC	filter.	For
the	other	extreme,	we	haveThis	is	of	the	form	GdB	=	-20x,where	x	=	log10	(/C).The	straight	line	so	defined	is	the	high-frequency	asymptote	of	the	actualcharacteristic.	The	slope	of	the	asymptote	isdGdB/dx	=	-20;	that	is,	when	x	increases	one	unit,GdB	decreases	by	20	dB.	Butand	so	/C	must	increase	by	a	factor	of10,	or	one	decade,	to	make	x	increase
one	unit.	Therefore,the	slope	of	the	high-frequency	asymptote	is	-20	dB	per	decade.Some	people	prefer	to	use	the	octave	(frequency	ratio	of	2:1).	Thecorresponding	slope	is	-6	dB	per	octave.	The	two	straight-line	asymptotesintersect	at	/C	=	1,	for	then	theamplitude	characteristic	has	the	value	zero.	The	two	asymptotes	are	showndashed	in	the	figure
above.	Their	point	of	intersection,	=	C,	in	addition	to	being	termed	thecharacteristic	frequency	of	the	circuit,	is	also	called	the	break	point,or	cutoff	frequency.	Together,	the	two	asymptotes	form	a	broken-lineapproximation	to	the	actual	characteristic.	Depending	upon	the	accuracy	desired,neither	line	may	be	a	sufficiently	good	approximation	to	the
actualcharacteristic	in	the	neighborhood	of	=	C.It	can	be	shown	that	the	maximum	error	occurs	at/C	=	1	and	is	approximately	3	dB.Further	more,	an	octave	away	from	this	point(at	/C	=	0.5	and/C	=	2)the	error	is	approximately	1	dB.	From	this,	it	is	easy	to	sketch	the	actualamplitude	characteristic	with	reasonable	accuracy.	The	actual	characteristicis
shown	by	the	solid	line	in	the	figure	above.	The	low-passcharacteristic	of	the	circuit	is	easily	seen	in	this	figure.	Phase	Characteristic	Let	us	now	consider	the	angle	of	the	transfer	function	of	the	filter(sometimes	called	the	phase	spectrum),	which	isThe	phase	angle	starts	at	zero	for	=	0	and	approaches	-/2radians	at	large	.	The	phase	characteristic	can
be	approximatedreasonably	well	by	three	straight-line	segments,	as	shown	in	the	figurebelow:	a	low-frequency	approximation	at	0	radians,	a	high-frequencyapproximation	at	-/2	radians,	and	an	intermediate-frequency	approximationwhich	is	tangent	to	the	curve	at	-/4	radians.	It	can	be	shown	thatthe	middle	segment	intersects	the	low-frequency
approximation	at/C	=	1/4.81	and	intersects	thehigh-frequency	approximation	at	/C	=	4.81.The	actual	characteristic	is	shown	by	the	solid	line	in	the	figure.Broken-line	approximation	and	actual	characteristic	for	the	phase	spectrumof	the	RC	filter.	

Rc	low	pass	filter	cut	off	frequency.	Rc	low	pass	filter	example.	Rc	low	pass	filter	transfer	function.	Rc	low	and	high	pass	filters.	Differential	rc	filter	cutoff	frequency.	Rc	low	pass	filter.	Rc	filter	explained.
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