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Guard	rings	in	a	PCB	are	used	to	assist	in	EMI	reduction,	and	they	can	be	easily	drawn	into	a	PCB	layout	with	copper	pour	and	vias.	Power	integrity	and	signal	integrity	design	choices	only	work	if	they	keep	noise	within	the	CMOS	noise	margin.	S-parameters	for	a	DUT	can	be	isolated	with	de-embedding,	electrical	delay,	or	port	extension	using	your
VNA.	An	electronic	DC	load	is	an	essential	piece	of	equipment	for	any	lab.	Learn	about	the	operation	of	these	units	for	power	supply	testing.	All	heat	pipes	include	a	working	fluid	that	is	responsible	for	heat	transfer	away	from	a	hot	component.	96.	Why	circular	waveguides	are	not	preferred	over	rectangular	waveguides?	b)	The	circular	symmetry	of
the	waveguide	may	reflect	on	the	possibility	of	the	wave	not	maintaining	its	polarization	throughout	the	length	of	the	guide.	Why	is	rectangular	waveguide	preferable	over	square	waveguide?	1	Answer.	This	is	because	of	mode	propagation.	the	highest	possible	bandwidth	allowing	only	a	single	mode	to	propagate	with	circular	waveguides	is	only
1.3601:1.	Rectangular	waveguides	have	a	much	larger	bandwidth	over	which	only	a	single	mode	can	propagate.	Why	waveguide	is	taken	circular	or	rectangular	form?	84.	Why	is	circular	or	rectangular	form	used	as	waveguide?	Waveguides	usually	take	the	form	of	rectangular	or	circular	cylinders	because	of	its	simpler	forms	in	use	and	less	expensive
to	manufacture.	Why	is	it	not	possible	to	use	waveguide	at	lower	frequencies?	The	development	of	radio	communication	initially	occurred	at	the	lower	frequencies	because	these	could	be	more	easily	propagated	over	large	distances.	The	long	wavelengths	made	these	frequencies	unsuitable	for	use	in	hollow	metal	waveguides	because	of	the
impractically	large	diameter	tubes	required.	Why	do	we	use	rectangular	waveguides?	Rectangular	waveguide	is	commonly	used	for	the	transport	of	radio	frequency	signals	at	frequencies	in	the	SHF	band	(3–30	GHz)	and	higher.	The	fields	in	a	rectangular	waveguide	consist	of	a	number	of	propagating	modes	which	depends	on	the	electrical
dimensions	of	the	waveguide.	Which	mode	is	not	possible	in	circular	waveguide?	It	has	a	width	of	2.840″	(7.214	cm)	and	a	height	of	1.340″(3.404	cm).	The	TE10	mode	is	the	dominant	mode	of	a	rectangular	waveguide	with	a>b,	since	it	has	the	lowest	attenuation	of	all	modes.	Either	m	or	n	can	be	zero,	but	not	both.	For	TM	modes,	m=0	and	n=0	are
not	possible,	thus,	TM11	is	the	lowest	possible	TM	mode.	Which	waveguide	is	better	rectangular	or	circular?	Dominant	mode	in	rectangular	waveguide	is	TE10	and	in	circular	waveguide	is	TE11.	Rectangular	to	circular	waveguide	transition	convert	dominant	TE10	mode	of	rectangular	waveguide	to	TE11	dominant	mode	of	circular	waveguide	and	vice
versa….Circular	waveguide.	Mode	Cutoff	Wavelength	Cutoff	Frequency	TM11	0.820d	(	1/(με)0.5	)	*	(1/(0.820*d))	Why	is	TEM	not	possible	in	rectangular	waveguides?	A	rectangular	waveguide	supports	TM	and	TE	modes	but	not	TEM	waves	because	we	cannot	define	a	unique	voltage	since	there	is	only	one	conductor	in	a	rectangular	waveguide.	A
material	with	permittivity	e	and	permeability	m	fills	the	inside	of	the	conductor.	Why	waveguides	are	required	at	microwave	frequencies?	waveguides	are	used	at	frequencies	in	the	microwave	range.	At	microwave	frequencies	(	above	1GHz	to	100	GHz	)	the	losses	in	the	two	line	transmission	system	will	be	very	high	and	hence	it	cannot	be	used	at
those	frequencies	.	hence	microwave	signals	are	propagated	through	the	waveguides	in	order	to	minimize	the	losses.	Where	are	waveguides	used?	A	waveguide	is	an	electromagnetic	feed	line	used	in	microwave	communications,	broadcasting,	and	radar	installations.	A	waveguide	consists	of	a	rectangular	or	cylindrical	metal	tube	or	pipe.	The
electromagnetic	field	propagates	lengthwise.	Waveguides	are	most	often	used	with	horn	antenna	s	and	dish	antenna	s.	Why	te10	mode	does	not	exist	in	the	circular	waveguide?	Explanation:	The	internal	walls	of	the	waveguide	are	not	mirrored	surfaces,	but	instead	electrical	conductors.	The	TEM	mode	cannot	propagate	in	these	single	conductor
transmission	lines.	Only	higher	modes	in	the	form	of	transverse	electric	(TE)	and	transverse	magnetic	(TM)	modes	can	propagate	in	the	waveguide.	What	type	of	waveguide	is	widely	used?	Circular	waveguides,	commonly	referred	to	as	optical	fibers,	are	the	most	common	form	of	light	waveguide	used	for	optical	communication.	wireless
communication	(432)	iot	(296)	rf	(263)	wireless	(251)	network	(241)	mobile	communication	(215)	lte	(211)	wireless	technology	(197)	signal	processing	(182)	sensor	(180)	Fundamental	Design	Characteristics	and	Mode	Propagation	The	basic	structure	of	a	waveguide	greatly	shapes	its	electromagnetic	traits	and	mode	behavior.	Shape	and	Mode
Support	Rectangular	and	circular	waveguides	vary	widely	in	their	physical	forms.	This	leads	to	unique	ways	of	guiding	electromagnetic	waves.	Here’s	a	comparison	table:	Application	Rectangular	Waveguides	Circular	Waveguides	Radar	Technology	Preferred	for	high	power,	low	loss	(e.g.,	X-band,	8-12	GHz)	Used	in	systems	needing	circular	motion
Aerospace	Less	common,	lacks	flexibility	under	stress	Ideal	for	mobile	radar	due	to	durability,	flexibility	Telecommunications	Favored	for	satellite	links	(cost-effective,	low	attenuation)	Suits	circular	polarization	(e.g.,	broadcasting,	radar	joints)	The	waveguide’s	form	determines	which	electromagnetic	waves	it	can	carry.																			Cut-off	Frequency
The	cut-off	frequency	marks	the	point	below	which	a	mode	stops	traveling.	It	differs	notably	between	rectangular	and	circular	waveguides	due	to	their	distinct	cross-sectional	designs.	This	trait	heavily	affects	their	use	based	on	frequency	needs.	Here’s	a	comparison:	Aspect	Rectangular	Waveguide	(WR-90)	Circular	Waveguide	(3.1	cm	Diameter)
Dimensions	2.286	cm	x	1.016	cm	3.1	cm	diameter	Dominant	Mode	TE10	TE11	Cut-off	Frequency	6.56	GHz	5.17	GHz	Typical	Applications	X-band	radar,	satellite	communication	Radar,	telecommunications	Operating	Range	8.2-12.4	GHz	Similar	range,	broader	lower	frequencies	Cost	Impact	Higher	for	narrower	bands	Lower	for	wider,	softer
frequencies	For	rectangular	waveguides,	each	mode	ties	to	a	specific	cut-off	frequency	based	on	its	width	and	height.	This	suits	X-band	radar	and	satellite	links.	Circular	waveguides	of	similar	size	show	a	gentler	cut-off	for	their	main	mode.	Choosing	them	can	save	money	for	satellite	links	needing	wider	spans	and	lower	frequencies.	The	cut-off
frequency	is	a	vital	factor	in	picking	waveguides.	It	sways	both	size	and	expense	of	the	setup.	Power	Handling	and	Loss	Power	handling	and	loss	are	key	elements	in	judging	waveguide	fit	for	various	tasks.	Power	Handling	Rectangular	waveguides	shine	with	their	superb	power-handling	skills.	Their	broader	surfaces	allow	heat	to	spread	out	efficiently.
They	often	serve	in	high-power	radar	setups,	like	air	traffic	control	systems	at	10	GHz.	Here,	they	handle	about	1	megawatt	peak	pulse	power.	Such	systems	need	strong	power	handling	to	avoid	signal	twists	or	breakdowns.	Power	Loss	In	rectangular	waveguides,	power	loss	drops	thanks	to	their	flat	sides.	These	shorten	current	travel	time,	cutting
conductor	losses	and	resistance.	Circular	waveguides,	however,	tend	to	lose	more	power.	Their	longer	conduction	paths	are	to	blame.	Though	the	loss	gap	might	be	tiny—around	0.1	dB/m—it	matters	in	systems	like	microwave	relay	networks.	Rectangular	waveguides	typically	outshine	circular	ones	in	power	handling	and	energy	retention.	Bandwidth
and	Frequency	Response	Rectangular	straight	waveguides	deliver	top-notch	results	in	keeping	single-mode	action	over	broad	frequency	ranges.	Their	boxy	shape	creates	a	larger	gap	between	the	base	mode	and	higher	ones.	This	offers	a	wider	usable	bandwidth	than	circular	options.	This	quality	is	precious	in	systems	craving	precise	frequency
control	and	low	mode	mixing.	Surface	treatments	can	boost	frequency	response	further.	Special	designs	can	also	tweak	bandwidth	for	specific	needs.	Application-Specific	Considerations	Choosing	between	rectangular	and	circular	waveguides	often	rests	on	the	task’s	unique	needs.	Here’s	a	comparison	table:	Application	Rectangular	Waveguides
Circular	Waveguides	Radar	Technology	Preferred	for	high	power,	low	loss	(e.g.,	X-band,	8-12	GHz)	Used	in	systems	needing	circular	motion	Aerospace	Less	common,	lacks	flexibility	under	stress	Ideal	for	mobile	radar	due	to	durability,	flexibility	Telecommunications	Favored	for	satellite	links	(cost-effective,	low	attenuation)	Suits	circular	polarization
(e.g.,	broadcasting,	radar	joints)	Radar	Technology	Rectangular	waveguides	pop	up	often	in	radar	tech.	They	send	high	power	with	scant	signal	loss.	They’re	especially	apt	for	X-band	radar	systems,	like	air	traffic	control,	spanning	8	to	12	GHz.	The	TE10	mode	in	rectangular	waveguides	focuses	microwave	energy	tightly.	This	is	crucial	for	accurately
heating	radar	targets.	Aerospace	Applications	Circular	waveguides	lead	in	aerospace	uses.	Their	adaptability	and	toughness	shine	under	shifting	pressures	and	temperatures.	The	round	shape	resists	shakes,	twists,	and	bends	well.	It	keeps	signals	steady.	This	makes	them	perfect	for	mobile	radar	in	vehicles	and	planes	where	strength	and	flex	are	key.
Telecommunications	In	telecom,	rectangular	waveguides	win	for	satellite	links.	They’re	budget-friendly	and	lose	less	signal.	Crafting	them	is	simpler	and	cheaper,	yielding	big	savings.	Circular	waveguides,	though,	fit	systems	needing	circularly	polarized	waves.	Think	broadcasting	antennas	or	spinning	radar	joints.	Manufacturing	and	Handling
Considerations	How	waveguides	are	made	and	managed	also	shapes	their	fit	for	a	job.	Cost	Rectangular	waveguides	usually	cost	less	to	craft	than	circular	ones.	They’re	cut	from	flat	metal	sheets,	needing	simpler	tools.	For	instance,	a	rectangular	waveguide	for	an	X-band	radar	might	be	30%	cheaper	than	a	circular	one.	This	price	edge	makes	them	a
smart	pick	when	bulk	matters.	Structural	Strength	and	Flexibility	Circular	waveguides	deliver	steady	material	quality	and	greater	durability.	Their	even	cross-section	stands	out.	They’re	ideal	where	external	forces	hit,	like	in	aerospace.	The	round	form	shrugs	off	vibrations	and	bends,	keeping	signals	true.	Plus,	they	skip	exact	inner	alignment,
resisting	jams	better.	Antenna	Parameters	Several	antenna	traits	tie	closely	to	waveguide	performance.	These	help	outline	how	an	antenna	works.	Gain:	Gauges	energy	an	antenna	can	beam,	factoring	in	feed	losses.	Higher	gain	sends	more	power	one	way.	Half	Power	Beam	Width	(HPBW):	The	angle	between	half-power	points	of	the	main	lobe.	It
shows	an	antenna’s	focus.	Return	Loss/VSWR:	The	share	of	energy	bounced	back	to	the	input.	It	reveals	system	match	quality.	Efficiency:	The	ratio	of	radiated	energy	to	supplied	energy,	counting	all	losses.	Polarization:	The	path	electrical	energy	swings	in—linear,	circular,	or	elliptical.	AEM	Antennas	can	offer	more	details	on	these	traits.	RFecho:
Your	Reliable	Waveguide	Supplier	RFecho	excels	in	crafting	high-performing	antennas	and	microwave	parts.	Their	range	includes	standard	gain	horns,	reflector	antennas,	and	various	waveguide	pieces.	RFecho	pledges	top-quality	service	and	aids	customers	in	hitting	their	targets.	Conclusion	To	wrap	up,	both	rectangular	and	circular	waveguides	are
vital	cogs	in	RF	and	microwave	systems.	Yet,	they	bring	unique	perks	and	drawbacks.	Rectangular	waveguides	shine	in	tasks	needing	high	power,	single-mode	runs,	and	thriftiness.	They’re	perfect	for	radar	and	satellite	links.	Circular	waveguides,	with	their	bendability	and	mode	variety,	suit	aerospace	and	circular	polarization	needs	better.	Grasping
these	contrasts	is	essential	for	engineers	and	designers.	It	helps	them	pick	the	best	waveguide	setup	for	their	aims.	References:	Advanced	Microwave	Technologies	co.,	Ltd.	2025.	How	does	a	Rectangular	Straight	Waveguide	compare	to	a	Circular	Waveguide?	Dolph	Microwave.	2024.	5	differences	between	rectangular	and	circular	waveguide.	In	the
realm	of	microwave	and	RF	engineering,	the	choice	of	transmission	line	technology	plays	a	crucial	role	in	system	performance.	Rectangular	Straight	Waveguides	have	emerged	as	a	preferred	solution	for	many	high-frequency	applications,	offering	unique	advantages	over	alternative	transmission	methods.	These	waveguides	provide	superior	power
handling	capabilities,	minimal	signal	loss	at	high	frequencies,	and	excellent	electromagnetic	shielding	characteristics.	The	rectangular	geometry,	in	particular,	offers	simplified	manufacturing	processes	and	better	mode	control	compared	to	circular	or	other	waveguide	configurations,	making	it	an	optimal	choice	for	numerous	microwave
applications.Superior	Performance	Characteristics	of	Rectangular	Straight	WaveguidesThe	exceptional	power	handling	capabilities	of	Rectangular	Straight	Waveguides	set	them	apart	in	high-power	microwave	applications.	These	waveguides	can	efficiently	manage	substantial	power	levels	without	risk	of	breakdown	or	performance	degradation.
Advanced	Microwave	Technologies	Co.,	Ltd.	demonstrates	this	capability	through	their	comprehensive	range	of	straight	waveguides,	covering	sizes	from	WR3	to	WR2300,	manufactured	with	premium	materials	such	as	copper,	aluminum,	and	stainless	steel.	The	waveguides'	robust	construction,	combined	with	specialized	surface	treatments	including
silver	plating,	gold	plating,	and	passivation,	ensures	optimal	performance	in	high-power	scenarios.	This	superior	power	handling	is	particularly	crucial	in	applications	such	as	radar	systems,	satellite	communications,	and	industrial	heating	processes,	where	maintaining	signal	integrity	at	high	power	levels	is	essential	for	system	reliability	and
effectiveness.Rectangular	Straight	Waveguides	exhibit	remarkably	low	signal	loss	characteristics,	particularly	at	higher	frequencies	where	other	transmission	line	types	may	struggle.	The	waveguide's	internal	structure	creates	an	ideal	environment	for	electromagnetic	wave	propagation,	minimizing	attenuation	and	maintaining	signal	quality	over
extended	distances.	Advanced	Microwave's	expertise	in	surface	treatment	methods,	including	conductive	oxidation	and	custom	finishing	options,	further	enhances	these	low-loss	properties.	The	company's	commitment	to	precision	manufacturing	ensures	that	each	waveguide	meets	stringent	specifications	for	signal	transmission	efficiency.	This
exceptional	performance	in	signal	preservation	makes	Rectangular	Straight	Waveguides	indispensable	in	applications	where	minimal	signal	degradation	is	crucial,	such	as	in	scientific	research	facilities	and	advanced	communication	systems.The	inherent	design	of	Rectangular	Straight	Waveguides	provides	excellent	electromagnetic	shielding,
effectively	preventing	signal	leakage	and	external	interference.	Advanced	Microwave's	manufacturing	processes	incorporate	precise	dimensional	control	and	superior	material	selection	to	optimize	this	shielding	capability.	The	company's	ability	to	provide	custom	configurations	according	to	specific	requirements	allows	for	enhanced	shielding
solutions	in	challenging	environments.	This	superior	electromagnetic	isolation	is	particularly	valuable	in	sensitive	applications	where	signal	integrity	must	be	maintained	despite	challenging	electromagnetic	environments,	such	as	in	medical	equipment	and	military	communications	systems.Practical	Advantages	in	System	ImplementationRectangular
Straight	Waveguides	offer	significant	advantages	in	terms	of	installation	and	maintenance	procedures.	Advanced	Microwave's	standardized	product	line,	featuring	various	waveguide	sizes	and	material	options,	ensures	compatibility	with	existing	systems	while	simplifying	the	installation	process.	The	company's	commitment	to	quality	control	and
precision	manufacturing	results	in	components	that	require	minimal	adjustment	during	installation.	The	robust	construction	of	these	waveguides,	utilizing	materials	like	copper,	aluminum,	and	stainless	steel,	ensures	long-term	reliability	and	reduced	maintenance	requirements.	This	practical	benefit	translates	to	lower	operational	costs	and	improved
system	uptime	for	end-users	across	various	industries.When	considering	long-term	operational	costs,	Rectangular	Straight	Waveguides	prove	to	be	highly	cost-effective.	Advanced	Microwave's	diverse	material	options	and	surface	treatment	methods	allow	customers	to	select	the	most	economical	solution	while	maintaining	required	performance
specifications.	The	durability	of	these	waveguides,	coupled	with	their	excellent	power	handling	capabilities	and	low	maintenance	requirements,	results	in	a	lower	total	cost	of	ownership	compared	to	alternative	transmission	line	technologies.	The	company's	ability	to	provide	custom	configurations	ensures	that	customers	receive	optimal	solutions	for
their	specific	applications	without	unnecessary	features	or	costs.The	versatility	of	Rectangular	Straight	Waveguides	is	demonstrated	through	their	wide	range	of	applications	across	different	industries.	Advanced	Microwave's	comprehensive	product	line,	covering	waveguide	sizes	from	WR3	to	WR2300,	enables	implementation	in	various	scenarios
from	compact	communication	devices	to	large-scale	industrial	systems.	The	availability	of	different	materials	and	surface	treatments	allows	these	waveguides	to	perform	effectively	in	diverse	environmental	conditions.	This	adaptability,	combined	with	the	company's	custom	manufacturing	capabilities,	makes	Rectangular	Straight	Waveguides	suitable
for	applications	ranging	from	research	laboratories	to	commercial	broadcasting	systems.Technical	Design	ConsiderationsThe	rectangular	geometry	of	these	waveguides	provides	superior	control	over	wave	propagation	modes.	Advanced	Microwave's	precision	manufacturing	processes	ensure	exact	dimensional	specifications,	critical	for	maintaining
desired	mode	characteristics.	The	company's	extensive	experience	in	microwave	products,	spanning	over	20	years,	enables	them	to	optimize	waveguide	designs	for	specific	mode	requirements.	This	precise	mode	control	is	essential	in	applications	requiring	specific	frequency	ranges	or	power	levels,	such	as	in	advanced	radar	systems	and	scientific
instruments.Rectangular	Straight	Waveguides	excel	in	thermal	management,	a	crucial	factor	in	high-power	applications.	Advanced	Microwave's	material	selection	and	surface	treatment	options,	including	various	plating	and	passivation	processes,	contribute	to	efficient	heat	dissipation.	The	company's	expertise	in	manufacturing	waveguides	from
different	materials	allows	for	customized	thermal	solutions	based	on	specific	application	requirements.	This	thermal	efficiency	ensures	reliable	operation	in	demanding	environments	and	extends	the	operational	lifespan	of	the	waveguide	components.The	design	of	Rectangular	Straight	Waveguides	can	be	optimized	for	specific	frequency	bands,
providing	maximum	performance	within	desired	operating	ranges.	Advanced	Microwave's	comprehensive	product	line	and	custom	manufacturing	capabilities	enable	precise	frequency	band	optimization.	Their	technical	expertise,	supported	by	advanced	measurement	equipment	up	to	110	GHz,	ensures	accurate	performance	verification	across	various
frequency	ranges.	This	optimization	capability	is	particularly	valuable	in	applications	requiring	precise	frequency	control,	such	as	in	satellite	communications	and	defense	systems.ConclusionRectangular	Straight	Waveguides	represent	the	optimal	choice	for	high-frequency	microwave	applications,	offering	unmatched	performance	in	power	handling,
signal	integrity,	and	electromagnetic	shielding.	Their	practical	advantages	in	installation,	cost-effectiveness,	and	versatility	make	them	indispensable	in	modern	microwave	systems.	At	Advanced	Microwave	Technologies	Co.,	Ltd.,	we	pride	ourselves	on	delivering	superior	waveguide	solutions	backed	by	over	two	decades	of	expertise	in	microwave
product	manufacturing.	Our	ISO:9001:2008	certified	and	RoHS	compliant	products,	coupled	with	our	state-of-the-art	laboratories	and	comprehensive	quality	control	systems,	ensure	reliable	performance	in	critical	applications.	Whether	you	need	standard	components	or	custom	solutions,	our	professional	R&D	team	and	efficient	supply	chain	are
ready	to	meet	your	specific	requirements	with	competitive	pricing	and	rapid	delivery.If	you	want	to	get	more	information	about	this	product,	you	can	contact	us	at	sales@admicrowave.com.References1.	Smith,	J.R.	and	Wilson,	P.K.	(2023).	"Advanced	Waveguide	Technology	in	Modern	Microwave	Systems."	IEEE	Transactions	on	Microwave	Theory	and
Techniques,	71(4),	1845-1860.2.	Chen,	X.Y.,	et	al.	(2022).	"Comparative	Analysis	of	Transmission	Line	Technologies	in	High-Power	Applications."	Journal	of	Electromagnetic	Waves	and	Applications,	36(8),	1023-1038.3.	Thompson,	R.M.	(2023).	"Design	Optimization	of	Rectangular	Waveguides	for	Satellite	Communication	Systems."	International
Journal	of	RF	and	Microwave	Computer-Aided	Engineering,	33(2),	245-260.4.	Kumar,	A.	and	Rodriguez,	S.	(2022).	"Thermal	Management	in	High-Power	Microwave	Components."	IEEE	Microwave	Magazine,	23(5),	78-92.5.	Zhang,	L.	and	Brown,	D.W.	(2023).	"Advanced	Manufacturing	Techniques	for	Precision	Waveguide	Components."	Journal	of
Microwave	Power	and	Electromagnetic	Energy,	57(3),	167-182.6.	Anderson,	M.K.,	et	al.	(2022).	"Next-Generation	Waveguide	Technologies:	Materials,	Processing,	and	Applications."	Progress	in	Electromagnetic	Research,	175,	131-146.	Rectangular	waveguides	support	TE	and	TM	modes,	ideal	for	high-power	radar	applications,	handling	up	to	1	MW.
Circular	waveguides	support	TE,	TM,	and	hybrid	modes,	suitable	for	broadcasting	due	to	their	circular	polarization	capabilities	and	robustness	in	rotating	joints.	Shape	and	Mode	Support	Rectangular	and	circular	waveguides	are	so	dissimilar	in	their	physical	shapes	that	different	manners	of	supporting	various	types	of	electromagnetic	waves
characterize	them.	The	two	flat	and	two	narrower	sides	of	a	rectangular	waveguide	primarily	serve	the	propagation	of	transverse	electric	and	transverse	magnetic	–	TE	and	TM,	respectively	–	types	of	waves.	The	type	of	mode	propagation	most	widely	frequented	in	rectangular	waveguides	is	the	TE10-type,	characteristic	of	having	one	half	a	full	cycle
of	the	electric	field	along	the	broadest	side	of	the	waveguide.	A	rectangular	waveguide	in	its	standard	size	of	WR-90	–	sometime	appropriate	for	the	X-band	part	of	the	spectrum	between	8.2	and	12.4	GHz,	commonly	utilized	in	radar	technology	–	will	exhibit	the	fundamental	mode	at	frequencies	not	lower	than	6.56	GHz,	the	device’s	“cut-off”
frequency.	As	for	the	other	type	of	waveguides,	the	circular	waves,	which	have	a	perfectly	circular	shape,	they	can	support	a	greater	number	of	TE,	TM,	and	hybrid	modes,	such	as	the	less	popular	but	still	significant	HE11	mode.	The	most	widely	used	mode,	however,	is	TE11.	Circular	waveguides	also	have	a	symmetric	flue	cross-section	to	allow	for
circular	patterns	of	modes	and	to	facilitate	circular	motions	in	radar	systems.	An	ordinary	circular	waveguide	with	a	diameter	of	3.1	cm	can	support	its	most	common	TE11	mode	at	frequencies	as	low	as	5.17	GHz.	The	difference	in	modes	supported	is	directly	rolled	over	to	various	applications.	Rectangular	waveguides,	with	their	distinctly	known
single	mode	of	wave	and	a	greater	power	that	can	be	transmitted,	are	more	widely	used	in	application	where	power	plays	a	significant	role	and	in	broadcasting	and	telecommunication	systems.	The	rectangular	waveguide’s	responses	are	especially	frequent	in	radar	Technology.	These	applications	mostly	require	the	use	of	waveguides	due	to	their
specific	need	to	keep	the	signals	at	a	certain	power	level.	In	contrast,	circular	waveguides,	with	the	greater	flexibility	and	thus	poorer	precision-supporting,	are	more	widely	applied	in	aerospace	due	to	the	nature	of	the	various	operational	pressures	and	temperature	waves	that	a	waveguide	may	be	subjected	to.	In	addition,	rectangular	waveguides	are
more	widely	common	and	thus	less	expensive	to	produce	than	their	counterparts	due	to	the	less	stringent	requirements	for	equipment	such	as	restricted	chambers	and	greater	material	cleanness	method.	The	cost	of	a	standard	rectangular	waveguide	can	be	more	than	20%	less	than	that	of	a	circular	waveguide	of	similar	properties,	so	that	cheaper
waveguides	are	commonly	used	in	planar	structures.	Cut-off	Frequency	The	cut-off	frequency	of	a	waveguide,	at	which	this	mode	can	longer	propagate,	is	very	different	for	rectangular	and	circular	waveguides	because	of	the	significant	difference	between	their	cross-sectional	shapes	at	the	same	working	frequency.	This	characteristic	heavily
influences	the	difference	in	their	application	on	the	base	of	frequency.	In	rectangular	waveguides,	each	mode	has	a	flight	cut-off	frequency	on	the	base	of	its	specific	width	and	height.	For	a	standard	model	Wr-90,	with	the	most	common	cross-section	of	2.286	cm	by	1.016	cm	or	ratio	2.25:1,	this	frequency	equals	6.56	GHz	for	the	main	working	mode
TE	10	or	the	basic	mode	of	operation.	In	this	case,	rectangular	waveguides	are	widely	used	in	X-band	radar	and	satellite	communication,	and	the	working	frequency	of	the	Wr-90	waveguide	is	8.2-12.4	GHz.	For	the	circular	waveguide	of	a	similar	size	to	be	used	in	similar	applications,	the	dominant	mode	will	have	a	lower	cut-off	frequency.	For	the
TE11	mode,	which	is	the	most	common,	its	specific	cut-off	frequency	will	be	5.17	GHz	for	the	3.1	cm	diameter	waveguide.	Thus,	it	can	be	equally	applied	in	the	radar	and	telecommunications	technology	in	the	same	range.	At	the	moment,	in	microwave	communications	there	is	a	general	tendency	to	have	a	broader	range	and	lower	frequencies	for
satellite	links.	Thus,	the	decision	to	choose	a	circular	waveguide	at	a	lower	cut-off	frequency	makes	it	cheaper	and	more	convenient	and	still	can	be	applied	in	other	fields.	The	choice	of	the	waveguide	based	on	the	cut-off	frequency	also	influences	the	project	question,	in	this	case	of	the	radar	waveguide	installation.	For	instance,	with	a	lower	cut-off
frequency,	we	will	need	to	use	a	bigger	waveguide.	In	this	case,	we	have	higher	expenditures	at	the	beginning	and	utilize	fewer	on	the	work.	It	will	be	harder	to	determine	which	materials	can	be	suitable	for	bigger	waveguides.	The	company	will	need	to	spend	more	money	at	the	early	stages	but	can	expect	better	performance	in	various	fields
throughout	the	work	of	the	installation.	Power	Handling	and	Loss	Power	handling	and	loss	characteristics	are	significant	in	determining	the	application	of	rectangular	and	circular	waveguides.	Structural	and	material	design	of	the	waveguide	are	attributes	that	are	linked	to	these	factors.	Rectangular	waveguides	are	known	for	their	exceptional	power
handling.	This	is	because	they	have	surfaces	that	are	wider.	Their	power-handling	ability	is	also	advanced	since	they	can	dissipate	heat	more	effectively.	Radar	systems	that	are	used	to	control	air	traffic	at	the	10	GHz	ultrahigh	frequency	range	are	good	examples	where	rectangular	waveguides	can	operate	in	power	levels	of	about	1	megawatt	peak
pulse	power.	In	the	event	of	high	power,	these	systems	are	required	to	prevent	signal	distortion	or	system	failures.	The	loss	of	power	is	reduced	in	rectangular	waveguides	due	to	the	flat	surfaces.	Conductor	losses	are	diminished	since	it	takes	a	shorter	time	for	the	currents	to	be	conducted.	Resistance	is	reduced,	and	so	is	power	loss.	In	contrast,
circular	waveguides	take	a	longer	time	hence	creating	more	loss.	The	result	is	that	power	losses	increase.	A	condition	can	be	postulated	where	circular	and	rectangular	waveguides	can	be	used	in	the	same	system.	With	the	same	conditions	prevailing,	it	is	possible	that	a	circular	waveguide	can	lose	more	power.	The	difference	is	negligible,	but	it	can
have	an	addition	of	0.1	dB/m.	An	example	of	such	a	condition	can	arise	in	the	deployment	of	microwave	relay	communication	systems	which	utilize	circular	guides.	There	are	also	implications	in	the	cost	of	implementation	and	operations.	Input	of	material	varies	because	circular	guides	require	that	their	inner	part	be	machined	to	create	the	desired
tapper	and	cross-sectional	cut	to	suit	the	circular	shape.	Its	weight	is	not	compressed	because	no	part	of	the	structure	exists	beyond	the	limits	of	the	structure.	The	rectangular	waveguide	that	has	restricted	its	dimensions	beyond	the	size	of	the	guide	will	not	require	such	processes	in	its	manufacture,	hence	reduced	input.	The	result	is	that	costs	are
cut	to	the	bare	minimum.	Nevertheless,	when	it	comes	to	the	mobile	radar	type	in	a	vehicle,	whether	this	guide	can	withstand	second	form	bending	is	not	clearly	known.	The	power	and	losses	attributes	may	at	times	be	less	important	than	the	issues	of	structural	strength	and	flexibility.	Applications	Both,	rectangular	and	circular	waveguides	find
unique	applications	as	their	use	is	directly	linked	to	the	physical	properties	of	these	guides.	The	areas	where	waveguides	are	used	include	telecommunications,	radar	systems,	various	scientific	research,	etc..	Depending	on	the	area	of	use,	some	of	the	guides	will	be	more	suitable	or	efficient.	Thus,	knowledge	of	these	specific	areas	is	essential	for
selecting	an	appropriate	guide.	One	of	the	main	uses	of	rectangular	waveguides	is	in	radar	and	satellite	communications.	The	main	reason	is	that	in	these	areas	it	is	important	to	cover	high	power	without	significant	loss	of	signal.	In	the	case	of	the	radar	system	used	to	for	airplanes	control	and	safety,	it	usually	uses	X-band	or	frequencies	from	8	to	12
GHz.	Thus,	the	most	suitable	guide	for	the	system	will	be	the	rectangular	one	that	allows	covering	such	powers.	The	reason	is	that	it	can	support	the	dominant	mode	for	the	rectangular	guide	TE10.	It	practically	will	allow	heating	the	target	the	radar	is	directed	at	with	a	beam	of	microwave	energy.	This	beam	unlike	parabolic	one	and	some	other
modes	from	other	types	of	waveguides	tend	to	scatter	in	the	air	much	less,	concentrating	on	the	target	and	allowing	use	of	high	peak	pulse	power	with	a	power	frequency	of	1	MHz.	Circular	waveguides	can	support	a	number	of	hybrid	modes	and	are	used	for	guiding	circularly	polarized	waves.	Thus	the	areas	of	use	are	the	systems	that	require	this
type	of	signal.	Examples	can	be	broadcasting	antennas,	where	signal	of	different	types	can	have	significant	impact	on	quality	and	reliability.	Circular	waveguides	are	also	used	in	telecommunications	systems	where	the	signal	needs	to	be	kept	polarized.	In	addition,	it	is	used	at	the	rotating	joints	in	radar	installations.	Thus	Circular	guide	shape	allows
the	guide	to	rotate,	but	according	to	one	signal	does	not	change	its	characteristics.	For	example,	radar	on	aircrafts,	ships,	etc.	where	the	antenna	needs	to	be	directed	in	various	directions	as	the	object	moves	will	use	a	circular	row-waveguide.	Other	things	being	equal,	the	choice	of	the	guide	will	influence	the	system.	For	example,	as	cost	efficiency
here	is	considered,	rectangular	waveguides	have	a	number	of	advantages	in	it	use	in	satellite	communication.	The	case	is	in	lower	manufacturing	and	signal	attenuation	costs.	For	example,	the	use	of	a	rectangular	waveguide	can	save	the	company	several	hundred	dollars	on	each	part	they	manufacture	because	these	parts	are	cut	from	simple	plates,
if	a	circular	guide	is	selected	for	this	purpose,	when	the	same	aluminum	plate	is	used	only	33%	of	it	can	be	used,	and	the	rest	is	lost	as	scrap.	What	is	more	important	in	satellite	communication	is	that	the	signal	attenuation	in	a	waveguide	is	less	than	in	a	coaxial	cable.	In	the	case	of	satellites	and	frequencies	up	to	infinity,	where	waveguides	are
generally	used,	in	the	worst	case	if	in	the	cable	this	attenuation	can	be	40	db,	in	the	waveguide,	every	height	db	of	power	loss	will	be	a	significant	loss	in	echoes	from	the	satellite.	Circular	waveguides	are	used	in	the	field	of	Medicine	the	manufacture	of	Mein	demonstrate	devices.	The	tool	helps	create	a	uniform	magnetic	field	for	the	magnet
resonance	imaging	machine.	What	is	more	important	is	that	circular	waveguides	can	support	many	of	their	own	modes	without	loss	of	signal	integrity.	The	mode	supports	the	RF	field	needed	for	generator	imaging	for	an	accurate	picture	of	the	quality	of	the	uniform	field.	Manufacturing	and	Handling	The	processes	of	manufacture	and	handling	of
rectangular	and	circular	waveguides	result	in	substantial	differences	that	significantly	affect	the	use	of	each	type	in	diverse	applications	in	aerospace,	telecommunications,	and	industrial	radar	systems.	A	rectangular	waveguide	is	easier	and	cheaper	to	manufacture	because	it	can	be	cut	out	of	a	flat	metal	sheet,	whereas	a	circular	one	will	require
more	complicated	and	expensive	tooling.	This	type’s	natural	shape	adds	to	its	simplicity	and	ease	of	manufacture,	resulting	in	reduced	time	and	cost	of	production.	Specifically,	for	an	X-band	radar	system,	a	rectangular	waveguide	can	be	up	to	30%	cheaper	to	produce	than	an	equivalent	circle-type	waveguide.	Rectangular	waveguides	are,	thus,	the
better	option	to	use	when	there	is	a	need	for	quantity	due	to	greater	budget	constraints	which	apply	to	most	projects.	As	there	is	usually	an	increase	in	quality	of	the	product	proportionally	to	the	upsurge	in	cost,	rectangular	waveguides	might	be	used	more	often	in	less	sophisticated,	lower-quality	applications.	It	is	more	difficult	and	expensive	to
manufacture	a	circle-type	waveguide	because	a	cross-section	of	a	product	is	symmetric	and	must	be	made	accordingly.	It	would	require	tooling	that	can	create	alterations	in	all	dimensions	so	that	no	matter	how	intricate	and	complex	its	outer	shape,	it	is	round	inside.	However,	the	product	itself	has	a	more	uniform	quality	of	material	structure,	as	the
circular	cross-section	provides	more	strength	to	the	waveguide.	A	circular	waveguide	is	preferable	in	situations	when	it	is	likely	to	handle	more	pressure	from	external	forces,	such	as	in	mobile	and	aerospace	applications.	The	shape	helps	to	withstand	vibrations,	twists,	and	bends	of	the	installation	and	this	value	is	important	in	order	to	preserve	the
signal	and	provide	complete	reception.	Additionally,	there	is	no	need	to	align	the	inner	surfaces,	which	can	be	done	at	any	angle,	unlike	more	certain	rectangular	waveguides.	In	the	end,	the	convenience	of	installation	makes	the	use	of	a	circular	waveguide	more	jam-resistant.	Compare	rectangular	waveguide	and	circular	on	the	basis	of	:	(i)	Definition
(ii)	Construction	(iii)	Application	(iv)	Field	pattern	Usually,	a	basic	waveguide	can	be	constructed	from	a	hollow	conducting	tube.	If	the	conducting	tube	is	rectangular	in	shape,	then	it	forms	a	rectangular	waveguide.		Rectangular	waveguides	are	extensively	used	in	radars,	couplers,	isolators,	and	attenuators	to	transmit	signals.	The	electromagnetic
fields	corresponding	to	(m,n)	are	called	TEmn	mode.	The	TE10	mode	is	the	dominant	waveguide	in	rectangular	waveguides.		In	satellite	systems,	waveguides	are	used	to	transmit	electromagnetic	signalsIn	satellite	systems,	high	precision	test	applications,	or	high	power	microwave	and	radiofrequency	systems,	waveguides	are	used	to	transmit
electromagnetic	signals.	There	are	various	types	of	waveguiding	structures	available	for	signal	transmissions,	including	metallic	waveguides,	dielectric	waveguides,	parallel-plate	waveguides,	and	rectangular	waveguides.Rectangular	waveguides	are	the	earliest	waveguiding	structure	utilized	for	transporting	signals.	This	waveguide	supports
transverse	electric	mode	(TE)	and	transverse	magnetic	mode	(TM),	but	not	transverse	electromagnetic	mode	(TEM).	This	article	discusses	basic	rectangular	waveguide	theory,	starting	with	the	geometry,	modes	of	propagation,	and	cut-off	frequency.	Rectangular	Waveguide	TheoryIn	electromagnetics,	a	waveguide	confines	electromagnetic	signals
within	the	structure,	preventing	spreading,	losses,	and	signal	transmission	from	one	point	to	another.	Usually,	a	basic	waveguide	can	be	constructed	from	a	hollow	conducting	tube.	If	the	conducting	tube	has	a	rectangular	cross-section,	then	it	forms	the	rectangular	waveguide.	In	the	section	below,	we	will	discuss	various	aspects	of	rectangular
waveguide	theory.The	Structure	of	a	Rectangular	WaveguideRectangular	waveguides	are	the	most	commonly	used	waveguides.	They	consist	of	a	hollow	metallic	structure	with	a	rectangular	cross-section.	A	rectangular	waveguide	is	usually	constructed	with	a	length	of	a	>	b,	where	b	is	the	breadth	of	the	rectangle.	A	common	trend	for	the	dimension
of	a	rectangular	waveguide	is	a=2b.Advantages	of	Rectangular	WaveguidesThe	advantages	of	rectangular	waveguides	include:	Wide	frequency	bandwidth	for	single-mode	propagation	Low	attenuation	Excellent	mode	stability	for	fundamental	propagation	modes		Modes	of	Propagation	Rectangular	waveguides	are	extensively	used	in	radars,	couplers,
isolators,	and	attenuators	for	signal	transmission.	When	electromagnetic	waves	are	transmitted	longitudinally	through	a	rectangular	waveguide,	they	are	reflected	from	the	conducting	walls.	The	total	reflection	inside	the	rectangular	waveguide	results	in	either	an	electric	field	or	magnetic	field	component	in	the	direction	of	the	propagation.	There	is
no	TEM	mode	in	rectangular	waveguides.	The	modes	of	propagation	in	a	hollow	rectangular	waveguide	with	only	one	conductor	are	either	TE	or	TM	modes.	Transverse	Electric	ModeIn	the	TE	mode	of	electromagnetic	wave	propagation,	the	electric	field	is	transverse	to	the	direction	of	propagation;	however,	in	the	magnetic	field,	it	is	not	transverse.
There	is	an	infinite	number	of	solutions	for	the	magnetic	fields	corresponding	to	this	mode	from	the	wave	equation.	The	solution	of	magnetic	fields	can	be	given	by	equation	(1),	where	m=0,1,2	and	n=0,1,2	but	m≠n.	The	z	component	of	the	wave	vector	is	kz.	The	other	fields	are	determined	from	this	solution	using	Maxwell's	equations.The
electromagnetic	fields	corresponding	to	(m,n)	are	called	TEmn	mode.	The	TE10	mode	is	the	dominant	waveguide	in	the	rectangular	waveguide.	Transverse	Magnetic	ModeIn	the	TM	mode	of	electromagnetic	wave	propagation,	the	magnetic	field	is	transverse	to	the	direction	of	propagation;	however,	the	electric	field	is	not	transverse.	The	generalized
solution	of	the	electric	field	in	the	TM	mode	is	given	by	equation	(2),	where	m=0,1,2	and	n=0,1,2.The	electromagnetic	fields	corresponding	to	(m,n)	in	this	mode	are	called	TMmn	mode.	There	are	infinite	TEmn	modes	in	rectangular	waveguides.	Cut-Off	FrequencyA	rectangular	waveguide	propagates	signals	only	above	a	certain	frequency,	called	the
cut-off	frequency.	Below	the	cut-off	frequency,	there	is	no	propagation	in	a	rectangular	waveguide.	The	cut-off	frequency	defines	wave	propagation	modes	in	the	rectangular	waveguide,	and	this	frequency	is	dependent	on	the	dimensions	of	the	waveguide.The	mode	of	propagation	with	the	lowest	cut-off	frequency	is	called	dominant	mode	and	TE10
corresponds	to	the	lowest	cut-off	frequency	in	the	rectangular	waveguide.	In	a	rectangular	waveguide,	equation	(3)	gives	the	cut-off	frequency	for	TEmn	mode	and	TMmn	mode.	However,	the	condition	m=0	or	n=0	cannot	be	applied	to	TMmn	mode	cut-off	frequency	calculations.A	solid	understanding	of	rectangular	waveguide	theory	is	essential	to
understanding	other	complex	waveguides.	Cadence’s	software	can	help	you	design	all	types	of	waveguides,	including	rectangular	waveguides.		Subscribe	to	our	newsletter	for	the	latest	updates.	If	you’re	looking	to	learn	more	about	how	Cadence	has	the	solution	for	you,	talk	to	us	and	our	team	of	experts.		Rectangular	Waveguides	–	As	we	know
already	that	the	term	skin	effect	indicated	that	the	majority	of	the	current	flow	(at	very	high	frequencies)	will	occur	mostly	along	the	surface	of	the	conductor	and	very	little	at	the	center.	This	phenomenon	has	led	to	the	development	of	hollow,	conductors	known	as	waveguides.	To	simplify	the	understanding	of	the	waveguide	action,	which	explained
how	the	quarter-wave	shorted	stub	appeared	as	a	parallel	resonant	circuit	(Hi	Z)	to	the	source.	This	fact	can	be	used	in	the	analysis	of	a	wave	guide;	i.e.,	a	transmission	line	can	be	transformed	into	a	waveguide	by	connecting	multiple	quarter-wave	shorted	stubs	(see	Figure	10-1).	These	multiple	connections	represent	a	Hi	Z	to	the	source	and	offer
minimum	attenuation	of	a	signal.	In	a	similar	way,	a	pipe	with	any	sort	of	cross	section	could	be	used	as	a	waveguide,	but	the	simplest	cross	sections	are	preferred.	Waveguides	with	constant	rectangular	or	circular	cross	sections	are	normally	employed,	although	other	shapes	may	be	used	from	time	to	time	for	special	purposes.	With	regular
transmission	lines	and	waveguides,	the	simplest	shapes	are	the	ones	easiest	to	manufacture,	and	the	ones	whose	properties	are	simplest	to	evaluate.	A	rectangular	waveguides	is	shown	in	Figure	10-2,	as	is	a	circular	waveguide	for	comparison.	In	a	typical	system,	there	may	be	an	antenna	at	one	end	of	a	waveguide	and	a	receiver	or	transmitter	at	the
other	end.	The	antenna	generates	electromagnetic	waves,	which	travel	down	the	waveguide	to	be	eventually	received	by	the	load.	The	walls	of	the	guide	are	conductors,	and	therefore	reflections	from	them	take	place.	It	is	of	the	utmost	importance	to	realize	that	conduction	of	energy	lakes	place	not	through	the	walls,	whose	function	is	only	to	confine
this	energy,	but	through	the	dielectric	filling	the	waveguide,	which	is	usually	air.	In	discussing	the	behavior	and	properties	of	waveguides,	it	is	necessary	to	speak	of	electric	and	magnetic	fields,	as	in	wave	propagation,	instead	of	voltages	and	currents,	as	in	transmission	lines.	This	is	the	only	possible	approach,	but	it	does	make	the	behavior	of
waveguides	more	complex	to	grasp.	Applications	of	Rectangular	Waveguides:	Because	the	cross-sectional	dimensions	of	a	waveguide	must	be	of	the	same	order	as	those	of	a	wavelength,	use	at	frequencies	below	about	1	GHz	is	not	normally	practical,	unless	special	circumstances	warrant	it.	Some	selected	waveguide	sizes,	together	with	their
frequencies	of	operation,	are	presented	in	Table	10-1.	The	table	shows	how	waveguide	dimensions	decrease	as	the	frequency	is	increased	(and	therefore	wavelength	is	shortened).	It	does	not	show	the	several	waveguides	larger	than	the	WR650,	nor	does	it	show	many	of	the	overlapping	sizes	that	are	also	made.	Note	that	the	reason	for	the	rather	odd
dimensions	is	that	waveguides	originally	were	made	to	imperial	measurements	(e.g.	,	3.00	x	1.50	in)	and	have	subsequently	been	relabeled	in	millimeters,	not	remade	in	round	millimeter	sizes.	It	is	seen	that	waveguides	have	dimensions	that	are	convenient	in	the	3-	to	100-GHz	range,	and	somewhat	inconvenient	much	outside	this	range.	Within	the
range,	waveguides	are	generally	superior	to	coaxial	transmission	lines	for	a	whole	spectrum	of	microwave	applications,	for	either	power	or	low-level	signals.	Both	waveguides	and	transmission	lines	can	pass	several	signals	simultaneously,	but	in	waveguides	it	is	sufficient	for	them	to	be	propagated	in	different	modes	to	be	separated.	They	do	not	have
to	be	of	different	frequencies.	A	number	of	waveguide	components	are	similar	if	not	identical	to	their	coaxial	counterparts.	These	components	include	stubs,	quarter-wave	transformers,	directional	couplers,	and	taper	sections.	Finally,	the	Smith	chart	may	be	used	for	waveguide	calculations	also.	The	operation	of	a	very	large	number	of	waveguide
components	may	best	be	understood	by	first	looking	at	their	transmission-line	equivalents.	Advantages	of	Rectangular	Waveguides:	The	first	thing	that	strikes	us	about	the	appearance	of	a	(circular)	waveguide	is	that	it	looks	like	a	coaxial	line	with	the	insides	removed.	This	illustrates	the	advantages	that	waveguides	possess.	Since	it	is	easier	to	leave
out	the	inner	conductor	than	to	put	it	in,	waveguides	are	simpler	to	manufacture	than	coaxial	lines.	Similarly,	because	there	is	neither	an	inner	conductor	nor	the	supporting	dielectric	in	a	waveguide,	flashover	is	less	.likely.	Therefore	the	power-handling	ability	of	waveguides	is	improved,	and	is	about	10	times	as	high	as	for	coaxial	air-dielectric	rigid
cables	of	similar	dimension	(and	much	more	when	compared	with	flexible	solid-dielectric	cable).	There	is	nothing	but	air	in	a	waveguide,	and	since	propagation	is	by	reflection	from	the	walls	instead	of	conduction	along	them,	power	losses	in	waveguides	are	lower	than	in	comparable	transmission	lines	(see	Figure	10-3).	A	41-min	air-dielectric	cable
has	an	attenuation	of	4.0	dB/100	m	at	3	GHz	(which	is	very	good	for	a	coaxial	line).	This	rises	to	10.8	dB/100	m	for	a	similar	foam-dielectric	flexible	cable,	whereas	the	figure	for	the	copper	WR284	waveguide	is	only	1.9	dB/	100	m.	Everything	else	being	equal,	waveguides	have	advantages	over	coaxial	lines	in	mechanical	simplicity	and	a	much	higher
maximum	operating	frequency	(325	GHz	as	compared	with	18	GHz)	because	of	the	different	method	of	propagation.


