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Multiple	chemical	sensitivity	Wilson's	temperature	syndrome	vte	Homeopathy	or	homoeopathy	is	a	pseudoscientific[1][2][3][4]	system	of	alternative	medicine.	It	was	conceived	in	1796	by	the	German	physician	Samuel	Hahnemann.	Its	practitioners,	called	homeopaths,	believe	that	a	substance	that	causes	symptoms	of	a	disease	in	healthy	people	can
cure	similar	symptoms	in	sick	people;	this	doctrine	is	called	similia	similibus	curentur,	or	"like	cures	like".[5]	Homeopathic	preparations	are	termed	remedies	and	are	made	using	homeopathic	dilution.	In	this	process,	the	selected	substance	is	repeatedly	diluted	until	the	final	product	is	chemically	indistinguishable	from	the	diluent.	Often	not	even	a
single	molecule	of	the	original	substance	can	be	expected	to	remain	in	the	product.[6]	Between	each	dilution	homeopaths	may	hit	and/or	shake	the	product,	claiming	this	makes	the	diluent	remember	the	original	substance	after	its	removal.	Practitioners	claim	that	such	preparations,	upon	oral	intake,	can	treat	or	cure	disease.[7]	All	relevant	scientific
knowledge	about	physics,	chemistry,	biochemistry	and	biology[8][9][10][11][12][13]	gained	since	at	least	the	mid-19th	century[14]	contradicts	homeopathy.	Homeopathic	remedies	are	biochemically	inert,	and	have	no	effect	on	any	known	disease.[8][15][16]	Hahnemann's	theory	of	disease,	centered	around	principles	he	termed	miasms,	is	inconsistent
with	subsequent	identification	of	viruses	and	bacteria	as	causes	of	disease.	Clinical	trials	have	been	conducted	and	generally	demonstrated	no	objective	effect	from	homeopathic	preparations.[17][18][19]:206[20]	The	fundamental	implausibility	of	homeopathy	as	well	as	a	lack	of	demonstrable	effectiveness	has	led	to	it	being	characterized	within	the
scientific	and	medical	communities	as	quackery	and	fraud.[3][21][22]	Homeopathy	achieved	its	greatest	popularity	in	the	19th	century.	It	was	introduced	to	the	United	States	in	1825	with	the	first	homeopathic	school	opening	in	1835.	Throughout	the	19th	century,	dozens	of	homeopathic	institutions	appeared	in	Europe	and	the	United	States.	During
this	period,	homeopathy	was	able	to	appear	relatively	successful,	as	other	forms	of	treatment	could	be	harmful	and	ineffective.	By	the	end	of	the	century	the	practice	began	to	wane,	with	the	last	exclusively	homeopathic	medical	school	in	the	US	closing	in	1920.	In	the	1970s,	homeopathy	made	a	significant	comeback,	with	sales	of	some	homeopathic
products	increasing	tenfold.	The	trend	corresponded	with	the	rise	of	the	New	Age	movement,	and	may	be	in	part	due	to	an	irrational	preference	for	"natural"	products,	and	the	longer	consultation	times	homeopathic	practitioners	provided.	In	the	21st	century	a	series	of	meta-analyses	have	shown	that	the	therapeutic	claims	of	homeopathy	lack
scientific	justification.	As	a	result,	national	and	international	bodies	have	recommended	the	withdrawal	of	government	funding	for	homeopathy	in	healthcare.	National	bodies	from	Australia,	the	United	Kingdom,	Switzerland	and	France,	as	well	as	the	European	Academies'	Science	Advisory	Council	and	the	Russian	Academy	of	Sciences	have	all
concluded	that	homeopathy	is	ineffective,	and	recommended	against	the	practice	receiving	any	further	funding.[23][24][25][26]	The	National	Health	Service	in	England	no	longer	provides	funding	for	homeopathic	remedies	and	asked	the	Department	of	Health	to	add	homeopathic	remedies	to	the	list	of	forbidden	prescription	items.[27][28][29]	France
removed	funding	in	2021,[30][31]	while	Spain	has	also	announced	moves	to	ban	homeopathy	and	other	pseudotherapies	from	health	centers.[32]	History	Homeopathy,	the	longest	established	alternative	medicine	to	come	out	of	Europe,	was	created	in	1796	by	Samuel	Hahnemann.[33]	Hahnemann	rejected	the	mainstream	medicine	of	the	late	18th
century	as	irrational	and	inadvisable	because	it	was	largely	ineffective	and	often	harmful.[34][35]	He	advocated	the	use	of	single	drugs	at	lower	doses	and	promoted	an	immaterial,	vitalistic	view	of	how	living	organisms	function.[36]	The	term	homeopathy	was	coined	by	Hahnemann	and	first	appeared	in	print	in	1807.[37]	He	also	coined	the	expression
"allopathic	medicine",	which	was	used	to	pejoratively	refer	to	traditional	Western	medicine.[38]	Concept	Samuel	Hahnemann	Monument,	Washington,	D.C.,	with	the	inscription	Similia	Similibus	Curentur	–	"Like	cures	Like"	Hahnemann	conceived	of	homeopathy	while	translating	a	medical	treatise	by	the	Scottish	physician	and	chemist	William	Cullen
into	German.	Being	sceptical	of	Cullen's	theory	that	cinchona	cured	malaria	because	it	was	bitter,	Hahnemann	ingested	some	bark	specifically	to	investigate	what	would	happen.	He	experienced	fever,	shivering	and	joint	pain:	symptoms	similar	to	those	of	malaria	itself.	From	this,	Hahnemann	came	to	believe	that	all	effective	drugs	produce	symptoms
in	healthy	individuals	similar	to	those	of	the	diseases	that	they	treat.[39]	This	led	to	the	name	"homeopathy",	which	comes	from	the	Greek:	ὅμοιος	hómoios,	"-like"	and	πάθος	páthos,	"suffering".[40]	The	doctrine	that	those	drugs	are	effective	which	produce	symptoms	similar	to	the	symptoms	caused	by	the	diseases	they	treat,	called	"the	law	of
similars",	was	expressed	by	Hahnemann	with	the	Latin	phrase	similia	similibus	curentur,	or	"like	cures	like".[5]	Hahnemann's	law	of	similars	is	unproven	and	does	not	derive	from	the	scientific	method.[41]	An	account	of	the	effects	of	eating	cinchona	bark	noted	by	Oliver	Wendell	Holmes,	published	in	1861,	failed	to	reproduce	the	symptoms
Hahnemann	reported.[14]:128	Subsequent	scientific	work	showed	that	cinchona	cures	malaria	because	it	contains	quinine,	which	kills	the	Plasmodium	falciparum	parasite	that	causes	the	disease;	the	mechanism	of	action	is	unrelated	to	Hahnemann's	ideas.[42]	Provings	Hahnemann	began	to	test	what	effects	various	substances	may	produce	in
humans,	a	procedure	later	called	"homeopathic	proving".	These	tests	required	subjects	to	test	the	effects	of	ingesting	substances	by	recording	all	their	symptoms	as	well	as	the	ancillary	conditions	under	which	they	appeared.[43]	He	published	a	collection	of	provings	in	1805,	and	a	second	collection	of	65	preparations	appeared	in	his	book,	Materia
Medica	Pura	(1810).[44]	As	Hahnemann	believed	that	large	doses	of	drugs	that	caused	similar	symptoms	would	only	aggravate	illness,	he	advocated	for	extreme	dilutions.	A	technique	was	devised	for	making	dilutions	that	Hahnemann	claimed	would	preserve	the	substance's	therapeutic	properties	while	removing	its	harmful	effects.[45]	Hahnemann
believed	that	this	process	enhanced	"the	spirit-like	medicinal	powers	of	the	crude	substances".[46]	He	gathered	and	published	an	overview	of	his	new	medical	system	in	his	book,	The	Organon	of	the	Healing	Art	(1810),	with	6th	edition	published	in	1921	still	used	by	homeopaths	today.[47]	Miasms	and	disease	In	the	Organon,	Hahnemann	introduced
the	concept	of	"miasms"	as	the	"infectious	principles"	underlying	chronic	disease[48]	and	as	"peculiar	morbid	derangement[s]	of	vital	force".[49]	Hahnemann	associated	each	miasm	with	specific	diseases,	and	thought	that	initial	exposure	to	miasms	causes	local	symptoms,	such	as	skin	or	venereal	diseases.	His	assertion	was	that	if	these	symptoms
were	suppressed	by	medication,	the	cause	went	deeper	and	began	to	manifest	itself	as	diseases	of	the	internal	organs.[50]	Homeopathy	maintains	that	treating	diseases	by	directly	alleviating	their	symptoms,	as	is	sometimes	done	in	conventional	medicine,	is	ineffective	because	all	"disease	can	generally	be	traced	to	some	latent,	deep-seated,
underlying	chronic,	or	inherited	tendency".[51]	The	underlying	imputed	miasm	still	remains,	and	deep-seated	ailments	can	be	corrected	only	by	removing	the	deeper	disturbance	of	the	vital	force.[52]	Hahnemann's	hypotheses	for	miasms	originally	presented	only	three	local	symptoms:	psora	(the	itch),	syphilis	(venereal	disease)	or	sycosis	(fig-wart
disease).[53]	Of	these	the	most	important	was	psora,	described	as	being	related	to	any	itching	diseases	of	the	skin	and	was	claimed	to	be	the	foundation	of	many	further	disease	conditions.	Hahnemann	believed	it	to	be	the	cause	of	such	diseases	as	epilepsy,	cancer,	jaundice,	deafness,	and	cataracts.[54]	Since	Hahnemann's	time,	other	miasms	have
been	proposed,	some	replacing	illnesses	previously	attributed	to	the	psora,	including	tuberculosis	and	cancer	miasms.[50]	Hahnemann's	miasm	theory	remains	disputed	and	controversial	within	homeopathy	even	in	modern	times.	The	theory	of	miasms	has	been	criticized	as	an	explanation	developed	to	preserve	the	system	of	homeopathy	in	the	face	of
treatment	failures,	and	for	being	inadequate	to	cover	the	many	hundreds	of	sorts	of	diseases,	as	well	as	for	failing	to	explain	disease	predispositions,	as	well	as	genetics,	environmental	factors,	and	the	unique	disease	history	of	each	patient.[19]:148–9	19th	century:	rise	to	popularity	and	early	criticism	Homeopathy	Looks	at	the	Horrors	of	Allopathy,	an
1857	painting	by	Alexander	Beydeman,	showing	historical	figures	and	personifications	of	homeopathy	observing	the	brutality	of	medicine	of	the	19th	centuryHomeopathy	achieved	its	greatest	popularity	in	the	19th	century.	It	was	introduced	to	the	United	States	in	1825	by	Hans	Birch	Gram,	a	student	of	Hahnemann.[55]	The	first	homeopathic	school
in	the	United	States	opened	in	1835	and	the	American	Institute	of	Homeopathy	was	established	in	1844.	Throughout	the	19th	century,	dozens	of	homeopathic	institutions	appeared	in	Europe	and	the	United	States,[56]	and	by	1900,	there	were	22	homeopathic	colleges	and	15,000	practitioners	in	the	United	States.[57]	Because	medical	practice	of	the
time	relied	on	treatments	which	were	often	ineffective	and	harmful,	patients	of	homeopaths	often	had	better	outcomes	than	those	being	treated	by	medical	practitioners.[58]	Though	ineffective,	homeopathic	preparations	are	rarely	detrimental,	thus	users	are	less	likely	to	be	harmed	by	the	treatment	that	is	supposed	to	be	helping	them.[47]	The
relative	success	of	homeopathy	in	the	19th	century	may	have	led	to	the	abandonment	of	the	ineffective	and	harmful	treatments	of	bloodletting	and	purging	and	begun	the	move	towards	more	effective,	science-based	medicine.[59]	One	reason	for	the	growing	popularity	of	homeopathy	was	its	apparent	success	in	treating	people	suffering	from
infectious	disease	epidemics.[60]	During	19th-century	epidemics	of	diseases	such	as	cholera,	death	rates	in	homeopathic	hospitals	were	often	lower	than	in	conventional	hospitals,	where	the	treatments	used	at	the	time	were	often	harmful	and	did	little	or	nothing	to	combat	the	diseases.[61]	Even	during	its	rise	in	popularity,	homeopathy	was	criticized
by	scientists	and	physicians.	Sir	John	Forbes,	physician	to	Queen	Victoria,	said	in	1843	that	the	extremely	small	doses	of	homeopathy	were	regularly	derided	as	useless	and	considered	it	"an	outrage	to	human	reason".[62]	James	Young	Simpson	said	in	1853	of	the	highly	diluted	drugs:	"No	poison,	however	strong	or	powerful,	the	billionth	or	decillionth
of	which	would	in	the	least	degree	affect	a	man	or	harm	a	fly."[63]	19th-century	American	physician	and	author	Oliver	Wendell	Holmes	was	also	a	vocal	critic	of	homeopathy	and	published	an	essay	entitled	Homœopathy	and	Its	Kindred	Delusions	(1842).[14]	The	members	of	the	French	Homeopathic	Society	observed	in	1867	that	some	leading
homeopaths	of	Europe	not	only	were	abandoning	the	practice	of	administering	infinitesimal	doses	but	were	also	no	longer	defending	it.[64]	The	last	school	in	the	US	exclusively	teaching	homeopathy	closed	in	1920.[47]	Revival	in	the	20th	century	According	to	academics	Paul	U.	Unschuld	[de]	and	Edzard	Ernst,	the	Nazi	regime	in	Germany	was	fond
of	homeopathy,	and	spent	large	sums	of	money	on	researching	its	mechanisms,	but	without	gaining	a	positive	result.[65]	Unschuld	also	states	that	homeopathy	never	subsequently	took	root	in	the	United	States,	but	remained	more	deeply	established	in	European	thinking.[66]	In	the	United	States,	the	Food,	Drug,	and	Cosmetic	Act	of	1938	(sponsored
by	Royal	Copeland,	a	Senator	from	New	York	and	homeopathic	physician)	recognized	homeopathic	preparations	as	drugs.	In	the	1950s,	there	were	only	75	solely	homeopathic	practitioners	in	the	U.S.[67]	By	the	mid	to	late	1970s,	homeopathy	made	a	significant	comeback	and	sales	of	some	homeopathic	companies	increased	tenfold.[68]	Some
homeopaths	credit	for	the	revival	to	Greek	homeopath	George	Vithoulkas,	who	conducted	a	"great	deal	of	research	to	update	the	scenarios	and	refine	the	theories	and	practice	of	homeopathy"	in	the	1970s,[69][70]	but	Ernst	and	Simon	Singh	consider	it	to	be	linked	to	the	rise	of	the	New	Age	movement.[35]	Bruce	Hood	has	argued	that	the	increased
popularity	of	homeopathy	in	recent	times	may	be	due	to	the	comparatively	long	consultations	practitioners	are	willing	to	give	their	patients,	and	to	a	preference	for	"natural"	products,	which	people	think	are	the	basis	of	homeopathic	preparations.[71]	Towards	the	end	of	the	century	opposition	to	homeopathy	began	to	increase	again;	with	William	T.
Jarvis,	the	President	of	the	National	Council	Against	Health	Fraud,	saying	that	"Homeopathy	is	a	fraud	perpetrated	on	the	public	with	the	government's	blessing,	thanks	to	the	abuse	of	political	power	of	Sen.	Royal	S.	Copeland."[72]	21st	century	Since	the	beginning	of	the	21st	century,	a	series	of	meta-analyses	have	further	shown	that	the	therapeutic
claims	of	homeopathy	lack	scientific	justification.[73]	This	had	led	to	a	decrease	or	suspension	of	funding	by	many	governments.	In	a	2010	report,	the	Science	and	Technology	Committee	of	the	United	Kingdom	House	of	Commons	recommended	that	homeopathy	should	no	longer	receive	National	Health	Service	(NHS)	funding	due	its	lack	of	scientific
credibility;[73]	NHS	funding	for	homeopathy	ceased	in	2017.[28]	They	also	asked	the	Department	of	Health	in	the	UK	to	add	homeopathic	remedies	to	the	list	of	forbidden	prescription	items.[29]	In	2015,	the	National	Health	and	Medical	Research	Council	of	Australia	found	there	were	"there	are	no	health	conditions	for	which	there	is	reliable	evidence
that	homeopathy	is	effective".[74]	The	federal	government	only	ended	up	accepting	three	of	the	45	recommendations	made	by	the	2018	review	of	Pharmacy	Remuneration	and	Regulation.[75]	The	same	year	the	US	Food	and	Drug	Administration	(FDA)	held	a	hearing	requesting	public	comment	on	the	regulation	of	homeopathic	drugs.[76]	In	2017	the
FDA	announced	it	would	strengthen	regulation	of	homeopathic	products.[77]	The	American	non-profit	Center	for	Inquiry	(CFI)	filed	a	lawsuit	in	2018	against	the	CVS	pharmacy	for	consumer	fraud	over	its	sale	of	homeopathic	medicines.[78]	It	claimed	that	CVS	was	selling	homeopathic	products	on	an	easier-to-obtain	basis	than	standard	medication.
[79]	In	2019,	CFI	brought	a	similar	lawsuit	against	Walmart	for	"committing	wide-scale	consumer	fraud	and	endangering	the	health	of	its	customers	through	its	sale	and	marketing	of	homeopathic	medicines".[80][81]	They	also	conducted	a	survey	in	which	they	found	consumers	felt	ripped	off	when	informed	of	the	lack	of	evidence	for	the	efficacy	of
homeopathic	remedies,	such	as	those	sold	by	Walmart	and	CVS.[82][83]	In	2021,	the	French	healthcare	minister	phased	out	social	security	reimbursements	for	homeopathic	drugs.[30][31]	France	has	long	had	a	stronger	belief	in	the	virtues	of	homeopathic	drugs	than	many	other	countries	and	the	world's	biggest	manufacturer	of	alternative	medicine
drugs,	Boiron,	is	located	in	that	country.[84]	Spain	has	also	announced	moves	to	ban	homeopathy	and	other	pseudotherapies.[32]	In	2016,	the	University	of	Barcelona	cancelled	its	master's	degree	in	Homeopathy	citing	"lack	of	scientific	basis",	after	advice	from	the	Spanish	Ministry	of	Health.[85]	Shortly	afterwards	the	University	of	Valencia
announced	the	elimination	of	its	Masters	in	Homeopathy.[86]	Preparations	and	treatment	See	also:	List	of	homeopathic	preparations	Homeopathic	repertory	by	James	Tyler	Kent	Homeopathic	preparations	are	referred	to	as	"homeopathic	remedies".[87]	Practitioners	rely	on	two	types	of	reference	when	prescribing:	Materia	medica	and	repertories.	A
homeopathic	materia	medica	is	a	collection	of	"drug	pictures",	organized	alphabetically.	A	homeopathic	repertory	is	a	quick	reference	version	of	the	materia	medica	that	indexes	the	symptoms	and	then	the	associated	remedies	for	each.	In	both	cases	different	compilers	may	dispute	particular	inclusions	in	the	references.[88]	The	first	symptomatic
homeopathic	materia	medica	was	arranged	by	Hahnemann.	The	first	homeopathic	repertory	was	Georg	Jahr's	Symptomenkodex,	published	in	German	in	1835,	and	translated	into	English	as	the	Repertory	to	the	more	Characteristic	Symptoms	of	Materia	Medica	in	1838.	This	version	was	less	focused	on	disease	categories	and	was	the	forerunner	to
later	works	by	James	Tyler	Kent.[89][90]	There	are	over	118	repertories	published	in	English,	with	Kent's	being	one	of	the	most	used.[91]	Consultation	Homeopaths	generally	begin	with	a	consultation,	which	can	be	a	10-15	minute	appointment	or	last	for	over	an	hour,	where	the	patient	describes	their	medical	history.	The	patient	describes	the
"modalities",	or	if	their	symptoms	change	depending	on	the	weather	and	other	external	factors.[92]	The	practitioner	also	solicits	information	on	mood,	likes	and	dislikes,	physical,	mental	and	emotional	states,	life	circumstances,	and	any	physical	or	emotional	illnesses.[93]	This	information	(also	called	the	"symptom	picture")	is	matched	to	the	"drug
picture"	in	the	materia	medica	or	repertory	and	used	to	determine	the	appropriate	homeopathic	remedies.	In	classical	homeopathy,	the	practitioner	attempts	to	match	a	single	preparation	to	the	totality	of	symptoms	(the	simlilum),	while	"clinical	homeopathy"	involves	combinations	of	preparations	based	on	the	illness's	symptoms.[69]	Preparation
Oscillococcinum,	a	homeopathic	remedy	in	pill	formHomeopathy	uses	animal,	plant,	mineral,	and	synthetic	substances	in	its	preparations,	generally	referring	to	them	using	Latin	names.[94]	Examples	include	arsenicum	album	(arsenic	oxide),	natrum	muriaticum	(sodium	chloride	or	table	salt),	Lachesis	muta	(the	venom	of	the	bushmaster	snake),
opium,	and	thyroidinum	(thyroid	hormone).	Homeopaths	say	this	is	to	ensure	accuracy.[95]	In	the	USA	the	common	name	must	be	displayed,	although	the	Latin	one	can	also	be	present.[94]	Homeopathic	pills	are	made	from	an	inert	substance	(often	sugars,	typically	lactose),	upon	which	a	drop	of	liquid	homeopathic	preparation	is	placed	and	allowed
to	evaporate.[96][97]	Isopathy	is	a	therapy	derived	from	homeopathy	where	the	preparations	come	from	diseased	or	pathological	products	such	as	fecal,	urinary,	respiratory	discharges,	blood,	and	tissue.[89]	They	are	called	nosodes	(from	the	Greek	nosos,	disease)	with	preparations	made	from	"healthy"	specimens	being	termed	"sarcodes".	Many	so-
called	"homeopathic	vaccines"	are	a	form	of	isopathy.[98]	Tautopathy	is	a	form	of	isopathy	where	the	preparations	are	composed	of	drugs	or	vaccines	that	a	person	has	consumed	in	the	past,	in	the	belief	that	this	can	reverse	the	supposed	lingering	damage	caused	by	the	initial	use.[99]	There	is	no	convincing	scientific	evidence	for	isopathy	as	an
effective	method	of	treatment.[100]	Some	modern	homeopaths	use	preparations	they	call	"imponderables"	because	they	do	not	originate	from	a	substance	but	some	other	phenomenon	presumed	to	have	been	"captured"	by	alcohol	or	lactose.	Examples	include	X-rays[101]	and	sunlight.[102]	Another	derivative	is	electrohomoeopathy,	where	an	electric
bio-energy	of	therapeutic	value	is	supposedly	extracted	from	plants.	Popular	in	the	late	nineteenth	century,	electrohomeopathy	is	extremely	pseudo-scientific.[103]	In	2012,	the	Allahabad	High	Court	in	Uttar	Pradesh,	India,	handed	down	a	decree	stating	that	electrohomeopathy	was	quackery	and	no	longer	recognized	it	as	a	system	of	medicine	.[104]
Other	minority	practices	include	paper	preparations,	where	the	substance	and	dilution	are	written	on	pieces	of	paper	and	either	pinned	to	the	patients'	clothing,	put	in	their	pockets,	or	placed	under	glasses	of	water	that	are	then	given	to	the	patients.	Radionics,	the	use	of	electromagnetic	radiation	such	as	radio	waves,	can	also	be	used	to	manufacture
preparations.	Such	practices	have	been	strongly	criticized	by	classical	homeopaths	as	unfounded,	speculative,	and	verging	upon	magic	and	superstition.[105][106]	Flower	preparations	are	produced	by	placing	flowers	in	water	and	exposing	them	to	sunlight.	The	most	famous	of	these	are	the	Bach	flower	remedies,	which	were	developed	by	Edward
Bach.[107]	Dilutions	Main	article:	Homeopathic	dilutions	This	bottle	is	labelled	Arnica	montana	(wolf's	bane)	D6,	i.e.	the	nominal	dilution	is	one	part	in	a	million	(10-6).Hahnemann	claimed	that	undiluted	doses	caused	reactions,	sometimes	dangerous	ones,	and	thus	that	preparations	be	given	at	the	lowest	possible	dose.[108]	A	solution	that	is	more
dilute	is	described	as	having	a	higher	"potency",	and	thus	are	claimed	to	be	stronger	and	deeper-acting.[109]	The	general	method	of	dilution	is	serial	dilution,	where	solvent	is	added	to	part	of	the	previous	mixture,	but	the	"Korsakovian"	method	may	also	be	used.	In	the	Korsakovian	method,	the	vessel	in	which	the	preparations	are	manufactured	is
emptied,	refilled	with	solvent,	with	the	volume	of	fluid	adhering	to	the	walls	of	the	vessel	deemed	sufficient	for	the	new	batch.[19]:270	The	Korsakovian	method	is	sometimes	referred	to	as	K	on	the	label	of	a	homeopathic	preparation.[110][111]	Another	method	is	Fluxion,	which	dilutes	the	substance	by	continuously	passing	water	through	the	vial.
[112]	Insoluble	solids,	such	as	granite,	diamond,	and	platinum,	are	diluted	by	grinding	them	with	lactose	("trituration").[19]:23	Three	main	logarithmic	dilution	scales	are	in	regular	use	in	homeopathy.	Hahnemann	created	the	"centesimal"	or	"C	scale",	diluting	a	substance	by	a	factor	of	100	at	each	stage.	There	is	also	a	decimal	dilution	scale	(notated
as	"X"	or	"D")	in	which	the	preparation	is	diluted	by	a	factor	of	10	at	each	stage.[113]	The	centesimal	scale	was	favoured	by	Hahnemann	for	most	of	his	life,	although	in	his	last	ten	years	Hahnemann	developed	a	quintamillesimal	(Q)	scale	which	diluted	the	drug	1	part	in	50,000.[114]	A	2C	dilution	works	out	to	one	part	of	the	original	substance	in
10,000	parts	of	the	solution.	In	standard	chemistry,	this	produces	a	substance	with	a	concentration	of	0.01%	(volume-volume	percentage).	A	6C	dilution	ends	up	with	the	original	substance	diluted	by	a	factor	of	100−6	(one	part	in	one	trillion).	The	end	product	is	usually	so	diluted	as	to	be	indistinguishable	from	the	diluent	(pure	water,	sugar	or
alcohol).[45][115]	The	greatest	dilution	reasonably	likely	to	contain	at	least	one	molecule	of	the	original	substance	is	approximately	12C.[116]	Hahnemann	advocated	dilutions	of	1	part	to	1060	or	30C.[117]	Hahnemann	regularly	used	dilutions	of	up	to	300C	but	opined	that	"there	must	be	a	limit	to	the	matter".[43]:322	To	counter	the	reduced	potency
at	high	dilutions	he	formed	the	view	that	vigorous	shaking	by	striking	on	an	elastic	surface	–	a	process	termed	succussion	–	was	necessary.[108]	Homeopaths	are	unable	to	agree	on	the	number	and	force	of	strikes	needed,	and	there	is	no	way	that	the	claimed	results	of	succussion	can	be	tested.[19]:67–69	Critics	of	homeopathy	commonly	emphasize
the	dilutions	involved	in	homeopathy,	using	analogies.[118]	One	mathematically	correct	example	is	that	a	12C	solution	is	equivalent	to	"a	pinch	of	salt	in	both	the	North	and	South	Atlantic	Oceans".[119][120][121]	One-third	of	a	drop	of	some	original	substance	diluted	into	all	the	water	on	earth	would	produce	a	preparation	with	a	concentration	of
about	13C.[118][122][123]	A	200C	dilution	of	duck	liver,	marketed	under	the	name	Oscillococcinum,	would	require	10320	universes	worth	of	molecules	to	contain	just	one	original	molecule	in	the	final	substance.[124]	The	high	dilutions	characteristically	used	are	often	considered	to	be	the	most	controversial	and	implausible	aspect	of	homeopathy.
[125]	Provings	Homeopaths	claim	that	they	can	determine	the	properties	of	their	preparations	by	following	a	method	which	they	call	"proving".[126]	As	performed	by	Hahnemann,	provings	involved	administering	various	preparations	to	healthy	volunteers.	The	volunteers	were	then	observed,	often	for	months	at	a	time.	They	were	made	to	keep
extensive	journals	detailing	all	of	their	symptoms	at	specific	times	throughout	the	day.	They	were	forbidden	from	consuming	coffee,	tea,	spices,	or	wine	for	the	duration	of	the	experiment;	playing	chess	was	also	prohibited	because	Hahnemann	considered	it	to	be	"too	exciting",	though	they	were	allowed	to	drink	beer	and	encouraged	to	exercise	in
moderation.[127]	At	first	Hahnemann	used	undiluted	doses	for	provings,	but	he	later	advocated	provings	with	preparations	at	a	30C	dilution,[117]	and	most	modern	provings	are	carried	out	using	ultra-dilute	preparations.[128]	Provings	are	claimed	to	have	been	important	in	the	development	of	the	clinical	trial,	due	to	their	early	use	of	simple	control
groups,	systematic	and	quantitative	procedures,	and	some	of	the	first	application	of	statistics	in	medicine.[129]	The	lengthy	records	of	self-experimentation	by	homeopaths	have	occasionally	proven	useful	in	the	development	of	modern	drugs:	For	example,	evidence	that	nitroglycerin	might	be	useful	as	a	treatment	for	angina	was	discovered	by	looking
through	homeopathic	provings,	though	homeopaths	themselves	never	used	it	for	that	purpose	at	that	time.[130]	The	first	recorded	provings	were	published	by	Hahnemann	in	his	1796	Essay	on	a	New	Principle.[131]	His	Fragmenta	de	Viribus	(1805)[132]	contained	the	results	of	27	provings,	and	his	1810	Materia	Medica	Pura	contained	65.[133]	For
James	Tyler	Kent's	1905	Lectures	on	Homoeopathic	Materia	Medica,	217	preparations	underwent	provings	and	newer	substances	are	continually	added	to	contemporary	versions.[134][135]	Though	the	proving	process	has	superficial	similarities	with	clinical	trials,	it	is	fundamentally	different	in	that	the	process	is	subjective,	not	blinded,	and	modern
provings	are	unlikely	to	use	pharmacologically	active	levels	of	the	substance	under	proving.[136]	As	early	as	1842,	Oliver	Holmes	had	noted	that	provings	were	impossibly	vague,	and	the	purported	effect	was	not	repeatable	among	different	subjects.[14]	Evidence	and	efficacy	Main	article:	Evidence	and	efficacy	of	homeopathy	Outside	of	the
alternative	medicine	community,	scientists	have	long	considered	homeopathy	a	sham[137]	or	a	pseudoscience,[1][2][138][139]	and	the	medical	community	regards	it	as	quackery.[138]	There	is	an	overall	absence	of	sound	statistical	evidence	of	therapeutic	efficacy,	which	is	consistent	with	the	lack	of	any	biologically	plausible	pharmacological	agent	or
mechanism.[15]	Proponents	argue	that	homeopathic	medicines	must	work	by	some,	as	yet	undefined,	biophysical	mechanism.[92]	No	homeopathic	preparation	has	been	shown	to	be	different	from	placebo.[15]	Lack	of	scientific	evidence	The	lack	of	convincing	scientific	evidence	supporting	its	efficacy[140]	and	its	use	of	preparations	without	active
ingredients	have	led	to	characterizations	of	homeopathy	as	pseudoscience	and	quackery,[141][142][143]	or,	in	the	words	of	a	1998	medical	review,	"placebo	therapy	at	best	and	quackery	at	worst".[144]	The	Russian	Academy	of	Sciences	considers	homeopathy	a	"dangerous	'pseudoscience'	that	does	not	work",	and	"urges	people	to	treat	homeopathy
'on	a	par	with	magic'".[141]	The	Chief	Medical	Officer	for	England,	Dame	Sally	Davies,	has	stated	that	homeopathic	preparations	are	"rubbish"	and	do	not	serve	as	anything	more	than	placebos.[145]	In	2013,	Mark	Walport,	the	UK	Government	Chief	Scientific	Adviser	and	head	of	the	Government	Office	for	Science	said	"homeopathy	is	nonsense,	it	is
non-science."[146]	His	predecessor,	John	Beddington,	also	said	that	homeopathy	"has	no	underpinning	of	scientific	basis"	and	is	being	"fundamentally	ignored"	by	the	Government.[147]	Jack	Killen,	acting	deputy	director	of	the	National	Center	for	Complementary	and	Alternative	Medicine,	says	homeopathy	"goes	beyond	current	understanding	of
chemistry	and	physics".	He	adds:	"There	is,	to	my	knowledge,	no	condition	for	which	homeopathy	has	been	proven	to	be	an	effective	treatment."[140]	Ben	Goldacre	says	that	homeopaths	who	misrepresent	scientific	evidence	to	a	scientifically	illiterate	public,	have	"...	walled	themselves	off	from	academic	medicine,	and	critique	has	been	all	too	often
met	with	avoidance	rather	than	argument".[148]	Homeopaths	often	prefer	to	ignore	meta-analyses	in	favour	of	cherry	picked	positive	results,	such	as	by	promoting	a	particular	observational	study	(one	which	Goldacre	describes	as	"little	more	than	a	customer-satisfaction	survey")	as	if	it	were	more	informative	than	a	series	of	randomized	controlled
trials.[148]	In	an	article	entitled	"Should	We	Maintain	an	Open	Mind	about	Homeopathy?"[149]	published	in	the	American	Journal	of	Medicine,	Michael	Baum	and	Edzard	Ernst	–	writing	to	other	physicians	–	wrote	that	"Homeopathy	is	among	the	worst	examples	of	faith-based	medicine...	These	axioms	[of	homeopathy]	are	not	only	out	of	line	with
scientific	facts	but	also	directly	opposed	to	them.	If	homeopathy	is	correct,	much	of	physics,	chemistry,	and	pharmacology	must	be	incorrect...".	Plausibility	of	dilutions	A	homeopathic	preparation	made	from	marsh	tea:	the	"15C"	dilution	shown	here	means	the	original	solution	was	diluted	to	1/1030	of	its	original	strength.	The	exceedingly	low
concentration	of	homeopathic	preparations,	which	often	lack	even	a	single	molecule	of	the	diluted	substance,[150]	has	been	the	basis	of	questions	about	the	effects	of	the	preparations	since	the	19th	century.[12]	The	laws	of	chemistry	give	this	dilution	limit,	which	is	related	to	Avogadro's	number,	as	being	roughly	equal	to	12C	homeopathic	dilutions
(1	part	in	1024).[118][151][152]	James	Randi	and	the	10:23	campaign	groups	have	highlighted	the	lack	of	active	ingredients	by	taking	large	'overdoses'.[153]	None	of	the	hundreds	of	demonstrators	in	the	UK,	Australia,	New	Zealand,	Canada	and	the	US	were	injured	and	"no	one	was	cured	of	anything,	either".[153]	Modern	advocates	of	homeopathy
have	proposed	a	concept	of	"water	memory",	according	to	which	water	"remembers"	the	substances	mixed	in	it,	and	transmits	the	effect	of	those	substances	when	consumed.	This	concept	is	inconsistent	with	the	current	understanding	of	matter,	and	water	memory	has	never	been	demonstrated	to	have	any	detectable	effect,	biological	or	otherwise.
[154][155]	Existence	of	a	pharmacological	effect	in	the	absence	of	any	true	active	ingredient	is	inconsistent	with	the	law	of	mass	action	and	the	observed	dose-response	relationships	characteristic	of	therapeutic	drugs.[156]	Homeopaths	contend	that	their	methods	produce	a	therapeutically	active	preparation,	selectively	including	only	the	intended
substance,	though	critics	note	that	any	water	will	have	been	in	contact	with	millions	of	different	substances	throughout	its	history,	and	homeopaths	have	not	been	able	to	account	for	a	reason	why	only	the	selected	homeopathic	substance	would	be	a	special	case	in	their	process.[2]	Practitioners	also	hold	that	higher	dilutions	produce	stronger
medicinal	effects.	This	idea	is	also	inconsistent	with	observed	dose-response	relationships,	where	effects	are	dependent	on	the	concentration	of	the	active	ingredient	in	the	body.[156]	Some	contend	that	the	phenomenon	of	hormesis	may	support	the	idea	of	dilution	increasing	potency,[157][158]	but	the	dose-response	relationship	outside	the	zone	of
hormesis	declines	with	dilution	as	normal,	and	nonlinear	pharmacological	effects	do	not	provide	any	credible	support	for	homeopathy.[159]	Efficacy	Explanations	for	efficacy	of	homeopathic	preparations:[19]:155–167[160]	The	placebo	effect	The	intensive	consultation	process	and	expectations	for	the	homeopathic	preparations	may	cause	the	effect
Therapeutic	effect	of	the	consultation	The	care,	concern,	and	reassurance	a	patient	experiences	when	opening	up	to	a	compassionate	caregiver	can	have	a	positive	effect	on	the	patient's	well-being.	Unassisted	natural	healing	Time	and	the	body's	ability	to	heal	without	assistance	can	eliminate	many	diseases	of	their	own	accord.	Unrecognized
treatments	An	unrelated	food,	exercise,	environmental	agent,	or	treatment	for	a	different	ailment,	may	have	occurred.	Regression	towards	the	mean	Since	many	diseases	or	conditions	are	cyclical,	symptoms	vary	over	time	and	patients	tend	to	seek	care	when	discomfort	is	greatest;	they	may	feel	better	anyway	but	because	of	the	timing	of	the	visit	to
the	homeopath	they	attribute	improvement	to	the	preparation	taken.	Non-homeopathic	treatment	Patients	may	also	receive	standard	medical	care	at	the	same	time	as	homeopathic	treatment,	and	the	former	is	responsible	for	improvement.	Cessation	of	unpleasant	treatment	Often	homeopaths	recommend	patients	stop	getting	medical	treatment	such
as	surgery	or	drugs,	which	can	cause	unpleasant	side-effects;	improvements	are	attributed	to	homeopathy	when	the	actual	cause	is	the	cessation	of	the	treatment	causing	side-effects	in	the	first	place,	but	the	underlying	disease	remains	untreated	and	still	dangerous	to	the	patient.	No	individual	homeopathic	preparation	has	been	unambiguously
shown	by	research	to	be	different	from	placebo.[15]	The	methodological	quality	of	the	early	primary	research	was	low,	with	problems	such	as	weaknesses	in	study	design	and	reporting,	small	sample	size,	and	selection	bias.	Since	better	quality	trials	have	become	available,	the	evidence	for	efficacy	of	homeopathy	preparations	has	diminished;	the
highest-quality	trials	indicate	that	the	preparations	themselves	exert	no	intrinsic	effect.[17][161]:206[162]	A	review	conducted	in	2010	of	all	the	pertinent	studies	of	"best	evidence"	produced	by	the	Cochrane	Collaboration	concluded	that	"the	most	reliable	evidence	–	that	produced	by	Cochrane	reviews	–	fails	to	demonstrate	that	homeopathic
medicines	have	effects	beyond	placebo."[20]	In	2009	the	United	Kingdom's	House	of	Commons	Science	and	Technology	Committee	concluded	that	there	was	no	compelling	evidence	of	effect	other	than	placebo.[11]	The	Australian	National	Health	and	Medical	Research	Council	completed	a	comprehensive	review	of	the	effectiveness	of	homeopathic
preparations	in	2015,	in	which	it	concluded	that	"there	were	no	health	conditions	for	which	there	was	reliable	evidence	that	homeopathy	was	effective."[163]	The	European	Academies'	Science	Advisory	Council	(EASAC)	published	its	official	analysis	in	2017	finding	a	lack	of	evidence	that	homeopathic	products	are	effective,	and	raising	concerns	about
quality	control.[13]	In	contrast	a	2011	book	was	published,	purportedly	financed	by	the	Swiss	government,	that	concluded	that	homeopathy	was	effective	and	cost	efficient.[164]	Although	hailed	by	proponents	as	proof	that	homeopathy	works,[165]	it	was	found	to	be	scientifically,	logically	and	ethically	flawed,	with	most	authors	having	a	conflict	of
interest.[165]	The	Swiss	Federal	Office	of	Public	Health	later	released	a	statement	saying	the	book	was	published	without	the	consent	of	the	Swiss	government.[166]	Meta-analyses,	essential	tools	to	summarize	evidence	of	therapeutic	efficacy,[167]	and	systematic	reviews	have	found	that	the	methodological	quality	in	the	majority	of	randomized	trials
in	homeopathy	have	shortcomings	and	that	such	trials	were	generally	of	lower	quality	than	trials	of	conventional	medicine.[168][169]	A	major	issue	has	been	publication	bias,	where	positive	results	are	more	likely	to	be	published	in	journals.[170][171][172]	This	has	been	particularly	marked	in	alternative	medicine	journals,	where	few	of	the	published
articles	(just	5%	during	the	year	2000)	tend	to	report	null	results.[148]	A	systematic	review	of	the	available	systematic	reviews	confirmed	in	2002	that	higher-quality	trials	tended	to	have	less	positive	results,	and	found	no	convincing	evidence	that	any	homeopathic	preparation	exerts	clinical	effects	different	from	placebo.[15]	The	same	conclusion	was
also	reached	in	2005	in	a	meta-analysis	published	in	The	Lancet.	A	2017	systematic	review	and	meta-analysis	found	that	the	most	reliable	evidence	did	not	support	the	effectiveness	of	non-individualized	homeopathy.[173]	Health	organizations,	including	the	UK's	National	Health	Service,[174]	the	American	Medical	Association,[175]	the	FASEB,[176]
and	the	National	Health	and	Medical	Research	Council	of	Australia,[163]	have	issued	statements	saying	that	there	is	no	good-quality	evidence	that	homeopathy	is	effective	as	a	treatment	for	any	health	condition.[174]	In	2009,	World	Health	Organization	official	Mario	Raviglione	criticized	the	use	of	homeopathy	to	treat	tuberculosis;	similarly,	another
WHO	spokesperson	argued	there	was	no	evidence	homeopathy	would	be	an	effective	treatment	for	diarrhoea.[177]	They	warned	against	the	use	of	homeopathy	for	serious	conditions	such	as	depression,	HIV	and	malaria.[178]	The	American	College	of	Medical	Toxicology	and	the	American	Academy	of	Clinical	Toxicology	recommend	that	no	one	use
homeopathic	treatment	for	disease	or	as	a	preventive	health	measure.[179]	These	organizations	report	that	no	evidence	exists	that	homeopathic	treatment	is	effective,	but	that	there	is	evidence	that	using	these	treatments	produces	harm	and	can	bring	indirect	health	risks	by	delaying	conventional	treatment.[179]	Purported	effects	in	other	biological
systems	While	some	articles	have	suggested	that	homeopathic	solutions	of	high	dilution	can	have	statistically	significant	effects	on	organic	processes	including	the	growth	of	grain[180]	and	enzyme	reactions,	such	evidence	is	disputed	since	attempts	to	replicate	them	have	failed.[181][182][183][184][185][186]	In	2001	and	2004,	Madeleine	Ennis
published	a	number	of	studies	that	reported	that	homeopathic	dilutions	of	histamine	exerted	an	effect	on	the	activity	of	basophils.[187][188]	In	response	to	the	first	of	these	studies,	Horizon	aired	a	programme	in	which	British	scientists	attempted	to	replicate	Ennis'	results;	they	were	unable	to	do	so.[189]	A	2007	systematic	review	of	high-dilution
experiments	found	that	none	of	the	experiments	with	positive	results	could	be	reproduced	by	all	investigators.[190]	In	1988,	French	immunologist	Jacques	Benveniste	published	a	paper	in	the	journal	Nature	while	working	at	INSERM.[191]	The	paper	purported	to	have	discovered	that	basophils,	released	histamine	when	exposed	to	a	homeopathic
dilution	of	anti-immunoglobulin	E	antibody.	Skeptical	of	the	findings,	Nature	assembled	an	independent	investigative	team	to	determine	the	accuracy	of	the	research.	After	investigation	the	team	found	that	the	experiments	were	"statistically	ill-controlled",	"interpretation	has	been	clouded	by	the	exclusion	of	measurements	in	conflict	with	the	claim",
and	concluded,	"We	believe	that	experimental	data	have	been	uncritically	assessed	and	their	imperfections	inadequately	reported."[192][193][194]	Ethics	and	safety	Homeopathic	preparation	Rhus	toxicodendron,	derived	from	poison	ivyThe	provision	of	homeopathic	preparations	has	been	described	as	unethical.[195]	Michael	Baum,	Professor
Emeritus	of	Surgery	and	visiting	Professor	of	Medical	Humanities	at	University	College	London	(UCL),	has	described	homeopathy	as	a	"cruel	deception".[196]	Edzard	Ernst,	the	first	Professor	of	Complementary	Medicine	in	the	United	Kingdom	and	a	former	homeopathic	practitioner,[197][198][199]	has	expressed	his	concerns	about	pharmacists	who
violate	their	ethical	code	by	failing	to	provide	customers	with	"necessary	and	relevant	information"	about	the	true	nature	of	the	homeopathic	products	they	advertise	and	sell.[200]	In	2013	the	UK	Advertising	Standards	Authority	concluded	that	the	Society	of	Homeopaths	were	targeting	vulnerable	ill	people	and	discouraging	the	use	of	essential
medical	treatment	while	making	misleading	claims	of	efficacy	for	homeopathic	products.[201]	In	2015	the	Federal	Court	of	Australia	imposed	penalties	on	a	homeopathic	company	for	making	false	or	misleading	statements	about	the	efficacy	of	the	whooping	cough	vaccine	and	recommending	homeopathic	remedies	as	an	alternative.[202]	Old
homeopathic	belladonna	preparationA	2000	review	by	homeopaths	reported	that	homeopathic	preparations	are	"unlikely	to	provoke	severe	adverse	reactions".[203]	In	2012,	a	systematic	review	evaluating	evidence	of	homeopathy's	possible	adverse	effects	concluded	that	"homeopathy	has	the	potential	to	harm	patients	and	consumers	in	both	direct
and	indirect	ways".[204]	A	2016	systematic	review	and	meta-analysis	found	that,	in	homeopathic	clinical	trials,	adverse	effects	were	reported	among	the	patients	who	received	homeopathy	about	as	often	as	they	were	reported	among	patients	who	received	placebo	or	conventional	medicine.[205]	Some	homeopathic	preparations	involve	poisons	such
as	Belladonna,	arsenic,	and	poison	ivy.	In	rare	cases,	the	original	ingredients	are	present	at	detectable	levels.	This	may	be	due	to	improper	preparation	or	intentional	low	dilution.	Serious	adverse	effects	such	as	seizures	and	death	have	been	reported	or	associated	with	some	homeopathic	preparations.[204]	Instances	of	arsenic	poisoning	have
occurred.[206]	In	2009,	the	FDA	advised	consumers	to	stop	using	three	discontinued	cold	remedy	Zicam	products	because	it	could	cause	permanent	damage	to	users'	sense	of	smell.[207]	In	2016	the	FDA	issued	a	safety	alert	to	consumers[208]	warning	against	the	use	of	homeopathic	teething	gels	and	tablets	following	reports	of	adverse	events	after
their	use.[209]	A	previous	FDA	investigation	had	found	that	these	products	were	improperly	diluted	and	contained	"unsafe	levels	of	belladonna"	and	that	the	reports	of	serious	adverse	events	in	children	using	this	product	were	"consistent	with	belladonna	toxicity".[210]	Patients	who	choose	to	use	homeopathy	rather	than	evidence-based	medicine	risk
missing	timely	diagnosis	and	effective	treatment,	thereby	worsening	the	outcomes	of	serious	conditions	such	as	cancer.[211][212][213][214]	The	Russian	Commission	on	Pseudoscience	has	said	homeopathy	is	not	safe	because	"patients	spend	significant	amounts	of	money,	buying	medicines	that	do	not	work	and	disregard	already	known	effective
treatment."[215]	Critics	have	cited	cases	of	patients	failing	to	receive	proper	treatment	for	diseases	that	could	have	been	easily	managed	with	conventional	medicine	and	who	have	died	as	a	result.[216][217]	They	have	also	condemned	the	"marketing	practice"	of	criticizing	and	downplaying	the	effectiveness	of	medicine.[148][217]	Homeopaths	claim
that	use	of	conventional	medicines	will	"push	the	disease	deeper"	and	cause	more	serious	conditions,	a	process	referred	to	as	"suppression".[218]	In	1978,	Anthony	Campbell,	a	consultant	physician	at	the	Royal	London	Homeopathic	Hospital,	criticized	statements	by	George	Vithoulkas	claiming	that	syphilis,	when	treated	with	antibiotics,	would
develop	into	secondary	and	tertiary	syphilis	with	involvement	of	the	central	nervous	system.[219]	Vithoulkas'	claims	echo	the	idea	that	treating	a	disease	with	external	medication	used	to	treat	the	symptoms	would	only	drive	it	deeper	into	the	body	and	conflict	with	scientific	studies,	which	indicate	that	penicillin	treatment	produces	a	complete	cure	of
syphilis	in	more	than	90%	of	cases.[220]	The	use	of	homeopathy	as	a	preventive	for	serious	infectious	diseases,	called	homeoprophylaxis,	is	especially	controversial.[221]	Some	homeopaths	(particularly	those	who	are	non-physicians)	advise	their	patients	against	immunization.[213][222][223]	Others	have	suggested	that	vaccines	be	replaced	with
homeopathic	"nosodes".[224]	While	Hahnemann	was	opposed	to	such	preparations,	modern	homeopaths	often	use	them	although	there	is	no	evidence	to	indicate	they	have	any	beneficial	effects.[225][226]	Promotion	of	homeopathic	alternatives	to	vaccines	has	been	characterized	as	dangerous,	inappropriate	and	irresponsible.[227][228]	In	December
2014,	the	Australian	homeopathy	supplier	Homeopathy	Plus!	was	found	to	have	acted	deceptively	in	promoting	homeopathic	alternatives	to	vaccines.[229]	In	2019,	an	investigative	journalism	piece	by	the	Telegraph	revealed	that	homeopathy	practitioners	were	actively	discouraging	patients	from	vaccinating	their	children.[230]	Cases	of	homeopaths
advising	against	the	use	of	anti-malarial	drugs	have	also	been	identified.[214][231][232]	putting	visitors	to	the	tropics	in	severe	danger.[214][231][232][233]	A	2006	review	recommends	that	pharmacy	colleges	include	a	required	course	where	ethical	dilemmas	inherent	in	recommending	products	lacking	proven	safety	and	efficacy	data	be	discussed
and	that	students	should	be	taught	where	unproven	systems	such	as	homeopathy	depart	from	evidence-based	medicine.[234]	Regulation	and	prevalence	Main	article:	Regulation	and	prevalence	of	homeopathy	Hampton	House,	the	former	site	of	Bristol	Homeopathic	Hospital.	Homeopathy	is	fairly	common	in	some	countries	while	being	uncommon	in
others;	is	highly	regulated	in	some	countries	and	mostly	unregulated	in	others.	It	is	practiced	worldwide	and	professional	qualifications	and	licences	are	needed	in	most	countries.[235]	A	2019	WHO	report	found	that	100	out	of	133	Member	States	surveyed	in	2012	acknowledged	that	their	population	used	homeopathy,	with	22	saying	the	practice	was
regulated	and	13	providing	health	insurance	coverage.[236]	In	some	countries,	there	are	no	specific	legal	regulations	concerning	the	use	of	homeopathy,	while	in	others,	licences	or	degrees	in	conventional	medicine	from	accredited	universities	are	required.	In	2001	homeopathy	had	been	integrated	into	the	national	health	care	systems	of	many
countries,	including	India,	Mexico,	Pakistan,	Sri	Lanka,	and	the	United	Kingdom.[235]	Regulation	Some	homeopathic	treatment	is	covered	by	the	public	health	service	of	several	European	countries,	including	Scotland,[237]	and	Luxembourg.[238]	It	used	to	be	covered	in	France	until	2021.[31]	In	other	countries,	such	as	Belgium,	homeopathy	is	not
covered.	In	Austria,	the	public	health	service	requires	scientific	proof	of	effectiveness	in	order	to	reimburse	medical	treatments	and	homeopathy	is	listed	as	not	reimbursable,[239]	but	exceptions	can	be	made;[240]	private	health	insurance	policies	sometimes	include	homeopathic	treatments.[235]	In	2018,	Austria's	Medical	University	of	Vienna
stopped	teaching	homeopathy.[241]	The	Swiss	government	withdrew	coverage	of	homeopathy	and	four	other	complementary	treatments	in	2005,	stating	that	they	did	not	meet	efficacy	and	cost-effectiveness	criteria,[242]	but	following	a	referendum	in	2009	the	five	therapies	were	reinstated	for	a	further	6-year	trial	period.[243]	In	Germany,
homeopathic	treatments	are	covered	by	70	percent	of	government	medical	plans,	and	available	in	almost	every	pharmacy.[241]	The	English	NHS	recommended	against	prescribing	homeopathic	preparations	in	2017.[244]	In	2018	prescriptions	worth	£55,000	were	written	in	defiance	of	the	guidelines,	representing	less	than	0.001%	of	the	total	NHS
prescribing	budget.[245][246]	In	2016	the	UK's	Committee	of	Advertising	Practice	compliance	team	wrote	to	homeopaths[247]	in	the	UK	to	"remind	them	of	the	rules	that	govern	what	they	can	and	can't	say	in	their	marketing	materials".[248]	The	letter	told	homeopaths	to	"ensure	that	they	do	not	make	any	direct	or	implied	claims	that	homeopathy
can	treat	medical	conditions"	and	asks	them	to	review	their	marketing	communications	"including	websites	and	social	media	pages"	to	ensure	compliance.[249]	Homeopathic	services	offered	at	Bristol	Homeopathic	Hospital	in	the	UK	ceased	in	October	2015,[250][251]	Member	states	or	the	European	Union	are	required	to	ensure	that	homeopathic
products	are	registered,	although	this	process	does	not	require	any	proof	of	efficacy.[252]	In	Spain	the	Association	for	the	protection	of	patients	from	pseudo-scientific	therapies	is	lobbying	to	get	rid	of	the	easy	registration	procedure	for	homeopathic	remedies.[252]	In	Bulgaria,	Hungary,	Latvia,	Romania	and	Slovenia	homeopathy,	by	law,	can	only	be
practiced	by	medical	practitioners.	However,	in	Slovenia	if	doctors	practice	homeopathy	their	medical	license	will	be	revoked.[252]	In	Germany,	to	become	a	homeopathic	physician,	one	must	attend	a	three-year	training	program,	while	France,	Austria	and	Denmark	mandate	licences	to	diagnose	any	illness	or	dispense	of	any	product	whose	purpose	is
to	treat	any	illness.[235]	Homeopaths	in	the	UK	are	under	no	legal	regulations,	meaning	anyone	can	call	themselves	homeopaths	and	administer	homeopathic	remedies.[244]	Homeopathics	at	a	homeopathic	pharmacy	in	Varanasi,	India	The	Indian	government	recognizes	homeopathy	as	one	of	its	national	systems	of	medicine	and	they	are	sold	with
medical	claims.[253][236]	It	has	established	the	Department	of	Ayurveda,	Yoga	and	Naturopathy,	Unani,	Siddha	and	Homoeopathy	(AYUSH)	under	the	Ministry	of	Health	&	Family	Welfare.[254]	The	south	Indian	state	of	Kerala	also	has	a	cabinet-level	AYUSH	department.[255]	The	Central	Council	of	Homoeopathy	was	established	in	1973	to	monitor
higher	education	in	homeopathy,	and	the	National	Institute	of	Homoeopathy	in	1975.[256]	Principals	and	standards	for	homeopathic	products	are	covered	by	the	Homoeopathic	pharmacopoeia	of	India.[94]	A	minimum	of	a	recognized	diploma	in	homeopathy	and	registration	on	a	state	register	or	the	Central	Register	of	Homoeopathy	is	required	to
practice	homeopathy	in	India.[257]	Some	medical	schools	in	Pakistan,[258]	India,[259][260]	and	Bangladesh,[261][262]	offer	an	undergraduate	degree	programme	in	homeopathy.[263]	Upon	completion	the	college	may	award	a	Bachelor	of	Homoeopathy	Medicine	and	Surgery	(B.H.M.S.).	In	the	United	States	each	state	is	responsible	for	the	laws	and
licensing	requirements	for	homeopathy.[264]	In	2015,	the	FDA	held	a	hearing	on	homeopathic	product	regulation.[265]	Representatives	from	the	Center	for	Inquiry	and	the	Committee	for	Skeptical	Inquiry	gave	a	testimonial	which	summarized	the	harm	that	is	done	to	the	general	public	from	homeopathics	and	proposed	regulatory	actions:[266]	In
2016	the	United	States	Federal	Trade	Commission	(FTC)	issued	an	"Enforcement	Policy	Statement	Regarding	Marketing	Claims	for	Over-the-Counter	Homeopathic	Drugs"	which	specified	that	the	FTC	will	apply	the	same	standard	to	homeopathic	drugs	that	it	applies	to	other	products	claiming	similar	benefits.[267]	A	related	report	concluded	that
claims	of	homeopathy	effectiveness	"are	not	accepted	by	most	modern	medical	experts	and	do	not	constitute	competent	and	reliable	scientific	evidence	that	these	products	have	the	claimed	treatment	effects."[268]	In	2019	the	FDA	removed	an	enforcement	policy	that	permitted	unapproved	homeopathics	to	be	sold.[269]	Currently	no	homeopathic
products	are	approved	by	the	FDA.[270]	Homeopathic	remedies	are	regulated	as	natural	health	products	for	in	Canada.[94]	Ontario	became	the	first	province	in	the	country	to	regulate	the	practice	of	homeopathy,	a	move	that	was	widely	criticized	by	scientists	and	doctors.[271]	Health	Canada	requires	all	products	to	have	a	licence	before	being	sold
and	applicants	have	to	submit	evidence	on	"the	safety,	efficacy	and	quality	of	a	homeopathic	medicine".[272]	In	2015	the	Canadian	Broadcasting	Corporation	tested	the	system	by	applying	for	and	then	receiving	a	government	approved	licence	for	a	made-up	drug	aimed	at	kids.[273]	In	Australia,	the	sale	of	homeopathic	products	is	regulated	by	the
Therapeutic	Goods	Administration.[274]	In	2015,	the	National	Health	and	Medical	Research	Council	of	Australia	concluded	that	there	is	"no	reliable	evidence	that	homeopathy	is	effective	and	should	not	be	used	to	treat	health	conditions	that	are	chronic,	serious,	or	could	become	serious".	They	recommended	anyone	considering	using	homeopathy
should	first	get	advice	from	a	registered	health	practitioner.[163]	A	2017	review	into	Pharmacy	Remuneration	and	Regulation	recommended	that	products	be	banned	from	pharmacies;[275]	while	noting	the	concerns	the	government	did	not	adopt	the	recommendation.[276]	In	New	Zealand	there	are	no	regulations	specific	to	homeopathy[277]	and	the
New	Zealand	Medical	Association	does	not	oppose	the	use	of	homeopathy,[278]	a	stance	that	has	been	called	unethical	by	some	doctors.[279]	Prevalence	Homeopathy	is	one	of	the	most	commonly	used	forms	of	alternative	medicines	and	it	has	a	large	worldwide	market.[94]	The	exact	size	is	uncertain,	but	information	available	on	homeopathic	sales
suggests	it	forms	a	large	share	of	the	medical	market.[94]	In	1999,	about	1000	UK	doctors	practiced	homeopathy,	most	being	general	practitioners	who	prescribe	a	limited	number	of	remedies.	A	further	1500	homeopaths	with	no	medical	training	are	also	thought	to	practice.	Over	ten	thousand	German	and	French	doctors	use	homeopathy.[92]	In	the
United	States	a	National	Health	Interview	Survey	estimated	5	million	adults	and	1	million	children	used	homeopathy	in	2011.	An	analysis	of	this	survey	concluded	that	most	cases	were	self-prescribed	for	colds	and	musculoskeletal	pain.[280]	Major	retailers	like	Walmart,	CVS,	and	Walgreens	sell	homeopathic	products	that	are	packaged	to	resemble
conventional	medicines.[241]	The	homeopathic	drug	market	in	Germany	is	worth	about	650	million	euro	with	a	2014	survey	finding	that	60	percent	of	Germans	reported	trying	homeopathy.[241]	A	2009	survey	found	that	only	17	percent	of	respondents	knew	how	homeopathic	medicine	was	made.[241]	France	spent	more	than	US$408	million	on
homeopathic	products	in	2008.[94]	In	the	United	States	the	homeopathic	market	is	worth	about	$3	billion-a-year;[281]	with	2.9	billion	spent	in	2007.[94]	Australia	spent	US$7.3	million	on	homeopathic	medicines	in	2008.[94]	A	2017	systemic	review	found	no	English	language	surveys	on	homeopathic	use	from	India,	despite	it	being	very	popular	there
with	an	estimated	300	000	practitioners.[282]	Homeopathy	is	used	in	China,	although	it	arrived	a	lot	later	than	in	many	other	countries,	partly	due	to	the	restriction	on	foreigners	that	persisted	until	late	in	the	nineteenth	century.[283]	Throughout	Africa	there	is	a	high	reliance	on	traditional	medicines,	which	can	be	attributed	to	the	cost	of	modern
medicines	and	the	relative	prevalence	of	practitioners.	Many	African	countries	do	not	have	any	official	training	facilities.[235]	Veterinary	use	Homeopathic	cures	for	small	animals	on	the	Isle	of	Man	The	idea	of	using	homeopathy	as	a	treatment	for	animals	is	termed	"veterinary	homeopathy"	and	dates	back	to	the	inception	of	homeopathy;	Hahnemann
himself	wrote	and	spoke	of	the	use	of	homeopathy	in	animals	other	than	humans.[284]	The	use	of	homeopathy	in	the	organic	farming	industry	is	heavily	promoted.[285]	Given	that	homeopathy's	effects	in	humans	are	due	to	the	placebo	effect	and	the	counseling	aspects	of	the	consultation,	such	treatments	are	even	less	effective	in	animals.[286]
Studies	have	also	found	that	giving	animals	placebos	can	play	active	roles	in	influencing	pet	owners	to	believe	in	the	effectiveness	of	the	treatment	when	none	exists.[287]	This	means	that	animals	given	homeopathic	remedies	will	continue	to	suffer,	resulting	in	animal	welfare	concerns.[288][289]	Little	existing	research	on	the	subject	is	of	a	high
enough	scientific	standard	to	provide	reliable	data	on	efficacy.[287][290][291]	A	2016	review	of	peer-reviewed	articles	from	1981	to	2014	by	scientists	from	the	University	of	Kassel,	Germany,	concluded	that	there	is	not	enough	evidence	to	support	homeopathy	as	an	effective	treatment	of	infectious	diseases	in	livestock.[292]	The	UK's	Department	for
Environment,	Food	and	Rural	Affairs	(Defra)	has	adopted	a	robust	position	against	use	of	"alternative"	pet	preparations	including	homeopathy.[293]	The	British	Veterinary	Association's	position	statement	on	alternative	medicines	says	that	it	"cannot	endorse"	homeopathy,[294]	and	the	Australian	Veterinary	Association	includes	it	on	its	list	of
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of	the	new	networks	is	that	they	will	have	greater	bandwidth,	giving	higher	download	speeds,[2]	eventually	up	to	10	gigabits	per	second	(Gbit/s).[4]	Due	to	the	increased	bandwidth,	it	is	expected	the	networks	will	increasingly	be	used	as	general	internet	service	providers	for	laptops	and	desktop	computers,	competing	with	existing	ISPs	such	as	cable
internet,	and	also	will	make	possible	new	applications	in	internet	of	things	(IoT)	and	machine	to	machine	areas.	4G	cellphones	are	not	able	to	use	the	new	networks,	which	require	5G	enabled	wireless	devices.	The	increased	speed	is	achieved	partly	by	using	additional	higher-frequency	radio	waves	in	addition	to	the	low	and	medium	band	frequencies
used	in	previous	cellular	networks.[2]	However,	higher-frequency	radio	waves	have	a	shorter	useful	physical	range,	requiring	smaller	geographic	cells.	For	wide	service,	5G	networks	operate	on	up	to	three	frequency	bands	–	low,	medium,	and	high.[5][2]	A	5G	network	will	be	composed	of	networks	consisting	of	up	to	three	different	types	of	cells,	each
requiring	specific	antenna	designs	as	well	as	providing	a	different	tradeoff	of	download	speed	to	distance	and	service	area.	5G	cellphones	and	wireless	devices	connect	to	the	network	through	the	highest	speed	antenna	within	range	at	their	location:	Low-band	5G	uses	a	similar	frequency	range	to	4G	cellphones,	600–850	MHz,	giving	download	speeds
a	little	higher	than	4G:	30–250	megabits	per	second	(Mbit/s).[5]	Low-band	cell	towers	have	a	range	and	coverage	area	similar	to	4G	towers.	Mid-band	5G	uses	microwaves	of	2.5–3.7	GHz,	allowing	speeds	of	100–900	Mbit/s,	with	each	cell	tower	providing	service	up	to	several	kilometers	in	radius.	This	level	of	service	is	the	most	widely	deployed,	and
was	deployed	in	many	metropolitan	areas	in	2020.	Some	regions	are	not	implementing	low-band,	making	this	the	minimum	service	level.	High-band	5G	uses	frequencies	of	25–39	GHz,	near	the	bottom	of	the	millimeter	wave	band,	although	higher	frequencies	may	be	used	in	the	future.	It	often	achieves	download	speeds	in	the	gigabit	per	second
(Gbit/s)	range,	comparable	to	cable	internet.	However,	millimeter	waves	(mmWave	or	mmW)	have	a	more	limited	range,	requiring	many	small	cells.[6]	They	can	be	impeded	or	blocked	by	materials	in	walls	or	windows.[7]	Due	to	their	higher	cost,	plans	are	to	deploy	these	cells	only	in	dense	urban	environments	and	areas	where	crowds	of	people
congregate	such	as	sports	stadiums	and	convention	centers.	The	above	speeds	are	those	achieved	in	actual	tests	in	2020,	and	speeds	are	expected	to	increase	during	rollout.[5]	The	industry	consortium	setting	standards	for	5G	is	the	3rd	Generation	Partnership	Project	(3GPP).[2]	It	defines	any	system	using	5G	NR	(5G	New	Radio)	software	as	"5G",	a
definition	that	came	into	general	use	by	late	2018.	Minimum	standards	are	set	by	the	International	Telecommunications	Union	(ITU).	Previously,	some	reserved	the	term	5G	for	systems	that	deliver	download	speeds	of	20	Gbit/s	as	specified	in	the	ITU's	IMT-2020	document.	Overview	5G	networks	are	digital	cellular	networks,	for	which	the	service	area
is	divided	into	small	geographical	cells.	The	5G	wireless	devices	in	a	cell	communicate	by	radio	waves	with	a	local	antenna	array	and	low	power	automated	transceiver	(transmitter	and	receiver)	in	the	cell,	over	frequency	channels	assigned	by	the	transceiver	from	a	pool	of	frequencies	that	are	reused	in	other	cells.	The	local	antennas	are	connected	to
transmission	electronics	connected	to	switching	centers	in	the	telephone	network	and	routers	for	Internet	access	by	high-bandwidth	optical	fiber	or	wireless	backhaul	connections.	As	in	other	cell	networks,	a	mobile	device	moving	from	one	cell	to	another	is	automatically	handed	off	seamlessly	to	the	current	cell.	5G	can	support	up	to	a	million	devices
per	square	kilometer,	while	4G	supports	only	one	tenth	of	that	capacity.[8][9]	The	new	5G	wireless	devices	also	have	4G	LTE	capability,	as	the	new	networks	use	4G	for	initially	establishing	the	connection	with	the	cell,	as	well	as	in	locations	where	5G	access	is	not	available.[10]	Several	network	operators	use	millimeter	waves	for	additional	capacity,
as	well	as	higher	throughput.[11]	Millimeter	waves	have	a	shorter	range	than	microwaves,	therefore	the	cells	are	limited	to	a	smaller	size.	Millimeter	waves	also	have	more	trouble	passing	through	building	walls.[12]	Millimeter	wave	antennas	are	smaller	than	the	large	antennas	used	in	previous	cellular	networks.	Some	are	only	a	few	centimeters
long.	Massive	MIMO	(multiple-input	multiple-output)	was	deployed	in	4G	as	early	as	2016	and	typically	used	32	to	128	small	antennas	at	each	cell.	In	the	right	frequencies	and	configuration,	it	can	increase	performance	from	4	to	10	times.[13]	Multiple	bitstreams	of	data	are	transmitted	simultaneously.	In	a	technique	called	beamforming,	the	base
station	computer	will	continuously	calculate	the	best	route	for	radio	waves	to	reach	each	wireless	device	and	will	organize	multiple	antennas	to	work	together	as	phased	arrays	to	create	beams	of	millimeter	waves	to	reach	the	device.[12][4]	Application	areas	The	ITU-R	has	defined	three	main	application	areas	for	the	enhanced	capabilities	of	5G.	They
are	Enhanced	Mobile	Broadband	(eMBB),	Ultra	Reliable	Low	Latency	Communications	(URLLC),	and	Massive	Machine	Type	Communications	(mMTC).[14]	Only	eMBB	is	deployed	in	2020;	URLLC	and	mMTC	are	several	years	away	in	most	locations.[15]	Enhanced	Mobile	Broadband	(eMBB)	uses	5G	as	a	progression	from	4G	LTE	mobile	broadband
services,	with	faster	connections,	higher	throughput,	and	more	capacity.	This	will	benefit	areas	of	higher	traffic	such	as	stadiums,	cities,	and	concert	venues.[16]	Ultra-Reliable	Low-Latency	Communications	(URLLC)	refer	to	using	the	network	for	mission	critical	applications	that	require	uninterrupted	and	robust	data	exchange.	Massive	Machine-Type
Communications	(mMTC)	would	be	used	to	connect	to	a	large	number	of	devices.	5G	technology	will	connect	some	of	the	50	billion	connected	IoT	devices.[17]	Most	will	use	the	less	expensive	Wi-Fi.	Drones,	transmitting	via	4G	or	5G,	will	aid	in	disaster	recovery	efforts,	providing	real-time	data	for	emergency	responders.[17]	Most	cars	will	have	a	4G
or	5G	cellular	connection	for	many	services.	Autonomous	cars	do	not	require	5G,	as	they	have	to	be	able	to	operate	where	they	do	not	have	a	network	connection.[18]	However,	most	autonomous	vehicles	also	feature	teleoperations	for	mission	accomplishment,	and	these	greatly	benefit	from	5G	technology.[19][20]	While	remote	surgeries	have	been
performed	over	5G,	most	remote	surgery	will	be	performed	in	facilities	with	a	fiber	connection,	usually	faster	and	more	reliable	than	any	wireless	connection.	Performance	Speed	5G	speeds	will	range	from	~50	Mbit/s	to	over	a	gigabit/s.[21]	The	fastest	5G	is	known	as	mmWave.	As	of	July	3,	2019,	mmWave	had	a	top	speed	of	1.8	Gbit/s[22]	on	AT&T's
5G	network.	Sub-6	GHz	5G	(mid-band	5G),	by	far	the	most	common,	will	usually	deliver	between	100	and	400	Mbit/s,	but	will	have	a	much	farther	reach	than	mmWave,	especially	outdoors.[22]	Low-band	spectrum	offers	the	greatest	range,	thereby	a	greater	coverage	area	for	a	given	site,	but	is	slower	than	the	others.	5G	NR	(New	Radio)	speed	in	sub-
6	GHz	bands	can	be	slightly	higher	than	the	4G	with	a	similar	amount	of	spectrum	and	antennas,[23][24]	although	some	3GPP	5G	networks	will	be	slower	than	some	advanced	4G	networks,	such	as	T-Mobile's	LTE/LAA	network,	which	achieves	500+	Mbit/s	in	Manhattan[25]	and	Chicago.[26]	The	5G	specification	allows	LAA	(License	Assisted	Access)
as	well,	but	LAA	in	5G	has	not	yet	been	demonstrated.	Adding	LAA	to	an	existing	4G	configuration	can	add	hundreds	of	megabits	per	second	to	the	speed,	but	this	is	an	extension	of	4G,	not	a	new	part	of	the	5G	standard.[25]	The	similarity	in	terms	of	throughput	between	4G	and	5G	in	the	existing	bands	is	because	4G	already	approaches	the	Shannon
limit	on	data	communication	rates.	5G	speeds	in	the	less	common	millimeter	wave	spectrum,	with	its	much	more	abundant	bandwidth	and	shorter	range,	and	hence	greater	frequency	reusability,	can	be	substantially	higher.[27]	Latency	In	5G,	the	"air	latency"[28]	in	equipment	shipping	in	2019	is	8–12	milliseconds.[29]	The	latency	to	the	server	must
be	added	to	the	"air	latency"	for	most	comparisons.	Verizon	reports	the	latency	on	its	5G	early	deployment	is	30	ms:[30]	Edge	Servers	close	to	the	towers	can	reduce	latency	to	10–20	ms;	1–4	ms	will	be	extremely	rare	for	years	outside	the	lab.	The	5G	latency	KPIs	(key	performance	indicators)	are	standardized	by	3GPP	in	TR	28554	Error	Rate	5G	uses
an	adaptive	signal	coding	system	to	keep	the	bit	error	rate	low.	If	the	error	rate	is	too	high	the	transmitter	will	switch	to	a	less	error	prone	coding	mechanism.	This	sacrifices	bandwidth	to	ensure	a	low	error	rate.	Range	The	range	of	5G	depends	on	many	factors.	A	key	factor	is	the	frequency	being	used.	mmWave	signals	tend	to	have	a	range	of	only	a
couple	of	hundred	metres	whilst	low	band	signals	can,	in	the	right	circumstances,	have	a	theoretical	range	of	a	couple	of	hundred	kilometers.	Standards	Initially,	the	term	was	associated	with	the	International	Telecommunication	Union's	IMT-2020	standard,	which	required	a	theoretical	peak	download	speed	of	20	gigabits	per	second	and	10	gigabits
per	second	upload	speed,	along	with	other	requirements.[31]	Then,	the	industry	standards	group	3GPP	chose	the	5G	NR	(New	Radio)	standard	together	with	LTE	as	their	proposal	for	submission	to	the	IMT-2020	standard.[32][33]	The	first	phase	of	3GPP	5G	specifications	in	Release-15	is	scheduled	to	complete	in	2019.	The	second	phase	in	Release-16
is	due	to	be	completed	in	2020.[34]	5G	NR	can	include	lower	frequencies	(FR1),	below	6	GHz,	and	higher	frequencies	(FR2),	above	24	GHz.	However,	the	speed	and	latency	in	early	FR1	deployments,	using	5G	NR	software	on	4G	hardware	(non-standalone),	are	only	slightly	better	than	new	4G	systems,	estimated	at	15	to	50%	better.[35][36][37]	IEEE
covers	several	areas	of	5G	with	a	core	focus	in	wireline	sections	between	the	Remote	Radio	Head	(RRH)	and	Base	Band	Unit	(BBU).	The	1914.1	standards	focus	on	network	architecture	and	dividing	the	connection	between	the	RRU	and	BBU	into	two	key	sections.	Radio	Unit	(RU)	to	the	Distributor	Unit	(DU)	being	the	NGFI-I	(Next	Generation
Fronthaul	Interface)	and	the	DU	to	the	Central	Unit	(CU)	being	the	NGFI-II	interface	allowing	a	more	diverse	and	cost-effective	network.	NGFI-I	and	NGFI-II	have	defined	performance	values	which	should	be	compiled	to	ensure	different	traffic	types	defined	by	the	ITU	are	capable	of	being	carried.	1914.3	standard	is	creating	a	new	Ethernet	frame
format	capable	of	carrying	IQ	data	in	a	much	more	efficient	way	depending	on	the	functional	split	utilized.	This	is	based	on	the	3GPP	definition	of	functional	splits.	Multiple	network	synchronization	standards	within	the	IEEE	groups	are	being	updated	to	ensure	network	timing	accuracy	at	the	RU	is	maintained	to	a	level	required	for	the	traffic	carried
over	it.	5G	NR	Main	article:	5G	NR	5G	NR	(New	Radio)	is	a	new	air	interface	developed	for	the	5G	network.[38]	It	is	supposed	to	be	the	global	standard	for	the	air	interface	of	3GPP	5G	networks.[39]	Pre-standard	implementations	5GTF:	The	5G	network	implemented	by	American	carrier	Verizon	for	Fixed	Wireless	Access	in	late	2010s	uses	a	pre-
standard	specification	known	as	5GTF	(Verizon	5G	Technical	Forum).	The	5G	service	provided	to	customers	in	this	standard	is	incompatible	with	5G	NR.	There	are	plans	to	upgrade	5GTF	to	5G	NR	"Once	[it]	meets	our	strict	specifications	for	our	customers,"	according	to	Verizon.[40]	5G-SIG:	Pre-standard	specification	of	5G	developed	by	KT
Corporation.	Deployed	at	Pyeongchang	2018	Winter	Olympics.[41]	Internet	of	things	In	the	Internet	of	things	(IoT),	3GPP	is	going	to	submit	evolution	of	NB-IoT	and	eMTC	(LTE-M)	as	5G	technologies	for	the	LPWA	(Low	Power	Wide	Area)	use	case.[42]	Deployment	See	also:	List	of	5G	NR	networks	5G	3.5	GHz	cell	site	of	Deutsche	Telekom	in
Darmstadt,	Germany	5G	3.5	GHz	cell	site	of	Vodafone	in	Karlsruhe,	Germany	Beyond	mobile	operator	networks,	5G	is	also	expected	to	be	used	for	private	networks	with	applications	in	industrial	IoT,	enterprise	networking,	and	critical	communications.	Initial	5G	NR	launches	depended	on	pairing	with	existing	LTE	(4G)	infrastructure	in	non-standalone
(NSA)	mode	(5G	NR	radio	with	4G	core),	before	maturation	of	the	standalone	(SA)	mode	with	the	5G	core	network.	As	of	April	2019,	the	Global	Mobile	Suppliers	Association	had	identified	224	operators	in	88	countries	that	have	demonstrated,	are	testing	or	trialing,	or	have	been	licensed	to	conduct	field	trials	of	5G	technologies,	are	deploying	5G
networks	or	have	announced	service	launches.[43]	The	equivalent	numbers	in	November	2018	were	192	operators	in	81	countries.[44]	The	first	country	to	adopt	5G	on	a	large	scale	was	South	Korea,	in	April	2019.	Swedish	telecoms	giant	Ericsson	predicted	that	5G	internet	will	cover	up	to	65%	of	the	world's	population	by	the	end	of	2025.[45]	Also,	it
plans	to	invest	1	billion	reals	($238.30	million)	in	Brazil	to	add	a	new	assembly	line	dedicated	to	fifth-generation	technology	(5G)	for	its	Latin	American	operations.[46]	When	South	Korea	launched	its	5G	network,	all	carriers	used	Samsung,	Ericsson,	and	Nokia	base	stations	and	equipment,	except	for	LG	U	Plus,	who	also	used	Huawei	equipment.[47]
[48]	Samsung	was	the	largest	supplier	for	5G	base	stations	in	South	Korea	at	launch,	having	shipped	53,000	base	stations	at	the	time,	out	of	86,000	base	stations	installed	across	the	country	at	the	time.[49]	The	first	fairly	substantial	deployments	were	in	April	2019.	In	South	Korea,	SK	Telecom	claimed	38,000	base	stations,	KT	Corporation	30,000	and
LG	U	Plus	18,000;	of	which	85%	are	in	six	major	cities.[50]	They	are	using	3.5	GHz	(sub-6)	spectrum	in	non-standalone	(NSA)	mode	and	tested	speeds	were	from	193	to	430	Mbit/s	down.[51]	260,000	signed	up	in	the	first	month	and	4.7	million	by	the	end	of	2019.[52]	Nine	companies	sell	5G	radio	hardware	and	5G	systems	for	carriers:	Altiostar,	Cisco
Systems,	Datang	Telecom/Fiberhome,	Ericsson,	Huawei,	Nokia,	Qualcomm,	Samsung,	and	ZTE.[53][54][55][56][57][58][59]	Spectrum	Large	quantities	of	new	radio	spectrum	(5G	NR	frequency	bands)	have	been	allocated	to	5G.[60]	For	example,	in	July	2016,	the	U.S.	Federal	Communications	Commission	(FCC)	freed	up	vast	amounts	of	bandwidth	in
underused	high-band	spectrum	for	5G.	The	Spectrum	Frontiers	Proposal	(SFP)	doubled	the	amount	of	millimeter-wave	unlicensed	spectrum	to	14	GHz	and	created	four	times	the	amount	of	flexible,	mobile-use	spectrum	the	FCC	had	licensed	to	date.[61]	In	March	2018,	European	Union	lawmakers	agreed	to	open	up	the	3.6	and	26	GHz	bands	by	2020.
[62]	As	of	March	2019,	there	are	reportedly	52	countries,	territories,	special	administrative	regions,	disputed	territories	and	dependencies	that	are	formally	considering	introducing	certain	spectrum	bands	for	terrestrial	5G	services,	are	holding	consultations	regarding	suitable	spectrum	allocations	for	5G,	have	reserved	spectrum	for	5G,	have
announced	plans	to	auction	frequencies	or	have	already	allocated	spectrum	for	5G	use.[63]	Unlicensed	spectrum	MNO's	are	increasingly	using	unlicensed	spectrum	in	the	2.4-	and	5-gigahertz	(GHz)	frequency	bands.	4G	and	5G	networks	also	use	these	bands	to	offload	traffic	in	heavily	congested	areas	and	provide	connectivity	for	billions	of	IoT
devices.	Advancements	in	Wi-Fi,	LTE	in	Unlicensed	spectrum	(LTE-U),	License	Assisted	Access	(LAA),	and	MulteFire	use	4G	&	5G	technologies	in	these	bands.[citation	needed]	5G	devices	In	March	2019,	the	Global	Mobile	Suppliers	Association	released	the	industry's	first	database	tracking	worldwide	5G	device	launches.[64]	In	it,	the	GSA	identified
23	vendors	who	have	confirmed	the	availability	of	forthcoming	5G	devices	with	33	different	devices	including	regional	variants.	There	were	seven	announced	5G	device	form	factors:	(telephones	(×12	devices),	hotspots	(×4),	indoor	and	outdoor	customer-premises	equipment	(×8),	modules	(×5),	Snap-on	dongles	and	adapters	(×2),	and	USB	terminals
(×1)).[65]	By	October	2019,	the	number	of	announced	5G	devices	had	risen	to	129,	across	15	form	factors,	from	56	vendors.[66]	In	the	5G	IoT	chipset	arena,	as	of	April	2019	there	were	four	commercial	5G	modem	chipsets	and	one	commercial	processor/platform,	with	more	launches	expected	in	the	near	future.[67]	On	March	6,	2020,	the	first-ever
all-5G	smartphone	Samsung	Galaxy	S20	was	released.	According	to	Business	Insider,	the	5G	feature	was	showcased	as	more	expensive	in	comparison	with	4G;	the	line	up	starts	at	US$1,000,	in	comparison	with	Samsung	Galaxy	S10e	which	started	at	US$750.[68]	On	March	19,	HMD	Global,	the	current	maker	of	Nokia-branded	phones,	announced	the
Nokia	8.3	5G,	which	it	claimed	as	having	a	wider	range	of	5G	compatibility	than	any	other	phone	released	to	that	time.	The	mid-range	model,	with	an	initial	Eurozone	price	of	€599,	is	claimed	to	support	all	5G	bands	from	600	MHz	to	3.8	GHz.[69]	On	October	13,	2020,	Apple	announced	the	iPhone	12	and	the	iPhone	12	Pro,	the	first	line	of	Apple
phones	to	support	5G	connectivity.	Apple	collaborated	with	Verizon	to	enable	5G	plans	on	iPhone	12.	Availability	Main	article:	Availability	of	5G	by	country	Technology	New	radio	frequencies	See	also:	5G	NR	frequency	bands	The	air	interface	defined	by	3GPP	for	5G	is	known	as	New	Radio	(NR),	and	the	specification	is	subdivided	into	two	frequency
bands,	FR1	(below	6	GHz)	and	FR2	(mmWave),[70]	each	with	different	capabilities.[71]	Frequency	range	1	(<	6	GHz)	The	maximum	channel	bandwidth	defined	for	FR1	is	100	MHz,	due	to	the	scarcity	of	continuous	spectrum	in	this	crowded	frequency	range.	The	band	most	widely	being	used	for	5G	in	this	range	is	3.3–4.2	GHz.	The	Korean	carriers	are
using	n78	band	at	3.5	GHz	although	some	millimeter	wave	spectrum	has	also	been	allocated.	Frequency	range	2	(>	24	GHz)	The	minimum	channel	bandwidth	defined	for	FR2	is	50	MHz	and	the	maximum	is	400	MHz,	with	two-channel	aggregation	supported	in	3GPP	Release	15.	In	the	U.S.,	Verizon	is	using	n258	band	26	GHz	and	AT&T	is	using
39	GHz.[72]	The	higher	the	frequency,	the	greater	the	ability	to	support	high	data-transfer	speeds.	FR2	coverage	5G	in	the	24	GHz	range	or	above	use	higher	frequencies	than	4G,	and	as	a	result,	some	5G	signals	are	not	capable	of	traveling	large	distances	(over	a	few	hundred	meters),	unlike	4G	or	lower	frequency	5G	signals	(sub	6	GHz).	This
requires	placing	5G	base	stations	every	few	hundred	meters	in	order	to	use	higher	frequency	bands.	Also,	these	higher	frequency	5G	signals	cannot	penetrate	solid	objects	easily,	such	as	cars,	trees,	and	walls,	because	of	the	nature	of	these	higher	frequency	electromagnetic	waves.	5G	cells	can	be	deliberately	designed	to	be	as	inconspicuous	as
possible,	which	finds	applications	in	places	like	restaurants	and	shopping	malls.[73]	Cell	types	Deployment	environment	Max.	number	of	users	Output	power	(mW)	Max.	distance	from	base	station	5G	NR	FR2	Femtocell	Homes,	businesses	Home:	4–8Businesses:	16–32	indoors:	10–100outdoors:	200–1000	tens	of	meters	Pico	cell	Public	areas	like
shopping	malls,airports,	train	stations,	skyscrapers	64	to	128	indoors:	100–250outdoors:	1000–5000	tens	of	meters	Micro	cell	Urban	areas	to	fill	coverage	gaps	128	to	256	outdoors:	5000−10000	few	hundreds	of	meters	Metro	cell	Urban	areas	to	provide	additional	capacity	more	than	250	outdoors:	10000−20000	hundreds	of	meters	Wi-Fi(for
comparison)	Homes,	businesses	fewer	than	50	indoors:	20–100outdoors:	200–1000	few	tens	of	meters	Massive	MIMO	See	also:	Multi-user	MIMO	MIMO	systems	use	multiple	antennas	at	the	transmitter	and	receiver	ends	of	a	wireless	communication	system.	Multiple	antennas	use	the	spatial	dimension	in	addition	to	the	time	and	frequency	ones,
without	changing	the	bandwidth	requirements	of	the	system.	Massive	MIMO	(multiple	input	and	multiple	output)	antennas	increases	sector	throughput	and	capacity	density	using	large	numbers	of	antennas	and	Multi-user	MIMO	(MU-MIMO).	Each	antenna	is	individually-controlled	and	may	embed	radio	transceiver	components.	Nokia	claimed	a	five-
fold	increase	in	the	capacity	increase	for	a	64-Tx/64-Rx	antenna	system.	Edge	computing	Main	article:	Mobile	edge	computing	Edge	computing	is	delivered	by	computing	servers	closer	to	the	ultimate	user.	It	reduces	latency	and	data	traffic	congestion.[74][75]	Small	cell	Main	article:	Small	cell	Small	cells	are	low-powered	cellular	radio	access	nodes
that	operate	in	licensed	and	unlicensed	spectrum	that	have	a	range	of	10	meters	to	a	few	kilometers.	Small	cells	are	critical	to	5G	networks,	as	5G's	radio	waves	can't	travel	long	distances,	because	of	5G's	higher	frequencies.	Beamforming	Main	article:	Beamforming	Beamforming,	as	the	name	suggests,	is	used	to	direct	radio	waves	to	a	target.	This	is
achieved	by	shaping	the	radio	waves	to	point	in	a	specific	direction.	The	technique	combines	the	power	from	elements	of	the	antenna	array	in	such	a	way	that	signals	at	particular	angles	experience	constructive	interference,	while	other	signals	pointing	to	other	angles	experience	destructive	interference.	This	improves	signal	quality	in	the	specific
direction,	as	well	as	data	transfer	speeds.	5G	uses	beamforming	to	improve	the	signal	quality	it	provides.	Beamforming	can	be	accomplished	using	phased	array	antennas.	Convergence	of	Wi-Fi	and	cellular	One	expected	benefit	of	the	transition	to	5G	is	the	convergence	of	multiple	networking	functions	to	achieve	cost,	power,	and	complexity
reductions.	LTE	has	targeted	convergence	with	Wi-Fi	band/technology	via	various	efforts,	such	as	License	Assisted	Access	(LAA;	5G	signal	in	unlicensed	frequency	bands	that	are	also	used	by	Wi-Fi)	and	LTE-WLAN	Aggregation	(LWA;	convergence	with	Wi-Fi	Radio),	but	the	differing	capabilities	of	cellular	and	Wi-Fi	have	limited	the	scope	of
convergence.	However,	significant	improvement	in	cellular	performance	specifications	in	5G,	combined	with	migration	from	Distributed	Radio	Access	Network	(D-RAN)	to	Cloud-	or	Centralized-RAN	(C-RAN)	and	rollout	of	cellular	small	cells	can	potentially	narrow	the	gap	between	Wi-Fi	and	cellular	networks	in	dense	and	indoor	deployments.	Radio
convergence	could	result	in	sharing	ranging	from	the	aggregation	of	cellular	and	Wi-Fi	channels	to	the	use	of	a	single	silicon	device	for	multiple	radio	access	technologies.[citation	needed]	NOMA	(non-orthogonal	multiple	access)	NOMA	(non-orthogonal	multiple	access)	is	a	proposed	multiple-access	technique	for	future	cellular	systems	via	allocation
of	power.	SDN/NFV	Main	articles:	Software-defined	networking,	SD-WAN,	Network	function	virtualization,	and	5G	network	slicing	Initially,	cellular	mobile	communications	technologies	were	designed	in	the	context	of	providing	voice	services	and	Internet	access.	Today	a	new	era	of	innovative	tools	and	technologies	is	inclined	towards	developing	a
new	pool	of	applications.	This	pool	of	applications	consists	of	different	domains	such	as	the	Internet	of	Things	(IoT),	web	of	connected	autonomous	vehicles,	remotely	controlled	robots,	and	heterogeneous	sensors	connected	to	serve	versatile	applications.[76]	In	this	context,	network	slicing	has	emerged	as	a	key	technology	to	efficiently	embrace	this
new	market	model.[77]	Channel	coding	The	channel	coding	techniques	for	5G	NR	have	changed	from	Turbo	codes	in	4G	to	polar	codes	for	the	control	channels	and	LDPC	(low-density	parity	check	codes)	for	the	data	channels.[78][79]	Operation	in	unlicensed	spectrum	Like	LTE	in	unlicensed	spectrum,	5G	NR	will	also	support	operation	in	unlicensed
spectrum	(NR-U).[80]	In	addition	to	License	Assisted	Access	(LAA)	from	LTE	that	enable	carriers	to	use	those	unlicensed	spectrum	to	boost	their	operational	performance	for	users,	in	5G	NR	it	will	support	standalone	NR-U	unlicensed	operation	that	will	allow	new	5G	NR	networks	to	be	established	in	different	environments	without	acquiring
operational	license	in	licensed	spectrum,	for	instance	for	localized	private	network	or	lower	the	entry	barrier	for	providing	5G	internet	services	to	the	public.[80]	Electromagnetic	interference	The	spectrum	used	by	various	5G	proposals	will	be	near	that	of	passive	remote	sensing	such	as	by	weather	and	Earth	observation	satellites,	particularly	for
water	vapor	monitoring.	Interference	will	occur	and	will	potentially	be	significant	without	effective	controls.	An	increase	in	interference	already	occurred	with	some	other	prior	proximate	band	usages.[81][82]	Interference	to	satellite	operations	impairs	numerical	weather	prediction	performance	with	substantially	deleterious	economic	and	public
safety	impacts	in	areas	such	as	commercial	aviation.[83][84]	The	concerns	prompted	U.S.	Secretary	of	Commerce	Wilbur	Ross	and	NASA	Administrator	Jim	Bridenstine	in	February	2019	to	urge	the	FCC	to	delay	some	spectrum	auction	proposals,	which	was	rejected.[85]	The	chairs	of	the	House	Appropriations	Committee	and	House	Science
Committee	wrote	separate	letters	to	FCC	chair	Ajit	Pai	asking	for	further	review	and	consultation	with	NOAA,	NASA,	and	DoD,	and	warning	of	harmful	impacts	to	national	security.[86]	Acting	NOAA	director	Neil	Jacobs	testified	before	the	House	Committee	in	May	2019	that	5G	out-of-band	emissions	could	produce	a	30%	reduction	in	weather	forecast
accuracy	and	that	the	resulting	degradation	in	ECMWF	model	performance	would	have	resulted	in	failure	to	predict	the	track	and	thus	the	impact	of	Superstorm	Sandy	in	2012.	The	United	States	Navy	in	March	2019	wrote	a	memorandum	warning	of	deterioration	and	made	technical	suggestions	to	control	band	bleed-over	limits,	for	testing	and
fielding,	and	for	coordination	of	the	wireless	industry	and	regulators	with	weather	forecasting	organizations.[87]	At	the	2019	quadrennial	World	Radiocommunication	Conference	(WRC),	atmospheric	scientists	advocated	for	a	strong	buffer	of	−55	dBW,	European	regulators	agreed	on	a	recommendation	of	−42	dBW,	and	US	regulators	(the	FCC)
recommended	a	restriction	of	−20	dBW,	which	would	permit	signals	150	times	stronger	than	the	European	proposal.	The	ITU	decided	on	an	intermediate	−33	dBW	until	September	1,	2027	and	after	that	a	standard	of	−39	dBW.[88]	This	is	closer	to	the	European	recommendation	but	even	the	delayed	higher	standard	is	much	weaker	than	that	pleaded
for	by	atmospheric	scientists,	triggering	warnings	from	the	World	Meteorological	Organization	(WMO)	that	the	ITU	standard,	at	10	times	less	stringent	than	its	recommendation,	brings	the	"potential	to	significantly	degrade	the	accuracy	of	data	collected".[89]	A	representative	of	the	American	Meteorological	Society	(AMS)	also	warned	of	interference,
[90]	and	the	European	Centre	for	Medium-Range	Weather	Forecasts	(ECMWF),	sternly	warned,	saying	that	society	risks	"history	repeat[ing]	itself"	by	ignoring	atmospheric	scientists'	warnings	(referencing	global	warming,	monitoring	of	which	could	be	imperiled).[91]	In	December	2019,	a	bipartisan	request	was	sent	from	the	US	House	Science
Committee	to	the	Government	Accountability	Office	(GAO)	to	investigate	why	there	is	such	a	discrepancy	between	recommendations	of	US	civilian	and	military	science	agencies	and	the	regulator,	the	FCC.[92]	Security	concerns	See	also:	Concerns	over	Chinese	involvement	in	5G	wireless	networks	and	Criticism	of	Huawei	§	Espionage	and	security
concerns	A	report	published	by	the	European	Commission	and	European	Agency	for	Cybersecurity	details	the	security	issues	surrounding	5G.	The	report	warns	against	using	a	single	supplier	for	a	carrier's	5G	infrastructure,	especially	those	based	outside	the	European	Union.	(Nokia	and	Ericsson	are	the	only	European	manufacturers	of	5G
equipment.)[93]	On	October	18,	2018,	a	team	of	researchers	from	ETH	Zurich,	the	University	of	Lorraine	and	the	University	of	Dundee	released	a	paper	entitled,	"A	Formal	Analysis	of	5G	Authentication".[94][95]	It	alerted	that	5G	technology	could	open	ground	for	a	new	era	of	security	threats.	The	paper	described	the	technology	as	"immature	and
insufficiently	tested,"	and	one	that	"enables	the	movement	and	access	of	vastly	higher	quantities	of	data,	and	thus	broadens	attack	surfaces".	Simultaneously,	network	security	companies	such	as	Fortinet,[96]	Arbor	Networks,[97]	A10	Networks,[98]	and	Voxility[99]	advised	on	personalized	and	mixed	security	deployments	against	massive	DDoS
attacks	foreseen	after	5G	deployment.	IoT	Analytics	estimated	an	increase	in	the	number	of	IoT	devices,	enabled	by	5G	technology,	from	7	billion	in	2018	to	21.5	billion	by	2025.[100]	This	can	raise	the	attack	surface	for	these	devices	to	a	substantial	scale,	and	the	capacity	for	DDoS	attacks,	cryptojacking,	and	other	cyberattacks	could	boost
proportionally.[95]	Due	to	fears	of	potential	espionage	of	users	of	Chinese	equipment	vendors,	several	countries	(including	the	United	States,	Australia	and	the	United	Kingdom	as	of	early	2019)[101]	have	taken	actions	to	restrict	or	eliminate	the	use	of	Chinese	equipment	in	their	respective	5G	networks.	Chinese	vendors	and	the	Chinese	government
have	denied	claims	of	espionage.[clarification	needed]On	7	October	2020,	the	U.K.	Parliament's	Defence	Committee	released	a	report	claiming	that	there	was	clear	evidence	of	collusion	between	Huawei	and	Chinese	state	and	the	Chinese	Communist	Party.	The	U.K.	Parliament's	Defence	Committee	said	that	the	government	should	consider	removal
of	all	Huawei	equipment	from	its	5G	networks	earlier	than	planned.[102]	Misinformation	and	controversy	Health	See	also:	Wireless	device	radiation	and	health	There	is	a	long	history	of	fear	and	anxiety	surrounding	wireless	signals	that	predates	5G	technology.	The	fears	about	5G	are	similar	to	those	that	have	persisted	throughout	the	1990s	and
2000s.	They	center	on	fringe	claims	that	non-ionising	radiation	poses	dangers	to	human	health.[103]	Unlike	ionising	radiation,	non-ionizing	radiation	can	not	remove	electrons	from	atoms.	The	CDC	says	"Exposure	to	intense,	direct	amounts	of	non-ionizing	radiation	may	result	in	damage	to	tissue	due	to	heat.	This	is	not	common	and	mainly	of	concern



in	the	workplace	for	those	who	work	on	large	sources	of	non-ionizing	radiation	devices	and	instruments."[104]	Some	advocates	of	fringe	health	claim	the	regulatory	standards	are	too	low	and	influenced	by	lobbying	groups.[103]	Many	popular	books	of	dubious	merit	have	been	published	on	the	subject	including	one	by	Joseph	Mercola	alleging	that
wireless	technologies	caused	numerous	conditions	from	ADHD	to	heart	diseases	and	brain	cancer.	Mercola	has	drawn	sharp	criticism	for	his	anti-vaccinationism	during	the	COVID-19	pandemic	and	was	warned	by	the	FDA	to	stop	selling	fake	COVID-19	cures	through	his	online	alternative	medicine	business.	[105][103]	Writing	in	The	New	York	Times
in	2019,	William	Broad	reported	that	RT	America	began	airing	programming	linking	5G	to	harmful	health	effects	which	"lack	scientific	support",	such	as	"brain	cancer,	infertility,	autism,	heart	tumors,	and	Alzheimer's	disease".	Broad	asserted	that	the	claims	had	increased.	RT	America	had	run	seven	programs	on	this	theme	by	mid-April	2019	but	only
one	in	the	whole	of	2018.	The	network's	coverage	had	spread	to	hundreds	of	blogs	and	websites.[106]	In	April	2019,	the	city	of	Brussels	in	Belgium	blocked	a	5G	trial	because	of	radiation	rules.[107]	In	Geneva,	Switzerland,	a	planned	upgrade	to	5G	was	stopped	for	the	same	reason.[108]	The	Swiss	Telecommunications	Association	(ASUT)	has	said
that	studies	have	been	unable	to	show	that	5G	frequencies	have	any	health	impact.[109]	According	to	CNET,[110]	"Members	of	Parliament	in	the	Netherlands	are	also	calling	on	the	government	to	take	a	closer	look	at	5G.	Several	leaders	in	the	United	States	Congress	have	written	to	the	Federal	Communications	Commission	expressing	concern	about
potential	health	risks.	In	Mill	Valley,	California,	the	city	council	blocked	the	deployment	of	new	5G	wireless	cells."[110][111][112][113][114]	Similar	concerns	were	raised	in	Vermont[115]	and	New	Hampshire.[110]	The	US	FDA	is	quoted	saying	that	it	“continues	to	believe	that	the	current	safety	limits	for	cellphone	radiofrequency	energy	exposure
remain	acceptable	for	protecting	the	public	health.”[116]	After	campaigning	by	activist	groups,	a	series	of	small	localities	in	the	UK,	including	Totnes,	Brighton	and	Hove,	Glastonbury,	and	Frome,	passed	resolutions	against	the	implementation	of	further	5G	infrastructure,	though	these	resolutions	have	no	impact	on	rollout	plans.[117][118][119]
COVID-19	conspiracy	theories	and	arson	attacks	Main	article:	Misinformation	related	to	the	COVID-19	pandemic	§	5G	mobile	phone	networks	The	World	Health	Organization	published	a	mythbuster	infographic	to	combat	the	conspiracy	theories	about	COVID-19	and	5G.	During	the	COVID-19	pandemic,	several	conspiracy	theories	circulating	online
posited	a	link	between	SARS‑CoV‑2	and	5G.[120]	This	has	led	to	dozens	of	arson	attacks	being	made	on	telecom	masts	in	the	Netherlands	(Amsterdam,	Rotterdam,	etc.),	Ireland	(Cork,[121]	etc.),	Cyprus,	the	United	Kingdom	(Dagenham,	Huddersfield,	Birmingham,	Belfast	and	Liverpool[122][123]),	Belgium	(Pelt),	Italy	(Maddaloni),	Croatia
(Bibinje[124])	and	Sweden.[125]	It	led	to	at	least	61	suspected	arson	attacks	against	telephone	masts	in	the	United	Kingdom	alone[126]	and	over	twenty	in	The	Netherlands.	In	the	early	months	of	the	pandemic	anti-lockdown	protesters	at	protests	over	responses	to	the	COVID-19	pandemic	in	Australia	were	seen	with	anti-5G	signs,	an	early	sign	of
what	became	a	wider	campaign	by	conspiracy	theorists	to	link	the	pandemic	with	5G	technology.	There	are	two	version	of	the	5G-COVID	19	conspiracy	theory:[103]	The	first	version	claims	that	radiation	weakens	the	immune	system	making	you	more	vulnerable	to	SARS-CoV-2	(the	virus	that	causes	COVID).	The	second	version	claims	that	5G	causes
COVID-19.	There	are	different	variations	on	this.	Some	claim	that	the	pandemic	is	coverup	of	illness	caused	by	5G	radiation	or	that	COVID-19	originated	in	Wuhan	because	that	city	was	"the	guinea-pig	city	for	5G".	Other	versions	of	the	conspiracy	theory	are	even	more	extreme	claiming	that	the	pandemic	was	"engineered	by	[...]	Bill	Gates,	in	an	effort
to	depopulate	an	overcrowded	panet".	Marketing	of	non-5G	services	Main	articles:	5G	Evolution,	LTE	Advanced	Pro,	and	LTE	Advanced	In	various	parts	of	the	world,	carriers	have	launched	numerous	differently	branded	technologies,	such	as	"5G	Evolution",	which	advertise	improving	existing	networks	with	the	use	of	"5G	technology".[127]	However,
these	pre-5G	networks	are	an	improvement	on	specifications	of	existing	LTE	networks	that	are	not	exclusive	to	5G.	While	the	technology	promises	to	deliver	higher	speeds,	and	is	described	by	AT&T	as	a	"foundation	for	our	evolution	to	5G	while	the	5G	standards	are	being	finalized,"	it	cannot	be	considered	to	be	true	5G.	When	AT&T	announced	5G
Evolution,	4x4	MIMO,	the	technology	that	AT&T	is	using	to	deliver	the	higher	speeds,	had	already	been	put	in	place	by	T-Mobile	without	being	branded	with	the	5G	moniker.	It	is	claimed	that	such	branding	is	a	marketing	move	that	will	cause	confusion	with	consumers,	as	it	is	not	made	clear	that	such	improvements	are	not	true	5G.[128]	History	This
section	needs	to	be	updated.	Please	update	this	article	to	reflect	recent	events	or	newly	available	information.	(April	2019)	In	April	2008,	NASA	partnered	with	Geoff	Brown	and	Machine-to-Machine	Intelligence	(M2Mi)	Corp	to	develop	a	fifth	generation	communications	technology	approach,	though	largely	concerned	with	working	with	nanosats.[129]
In	2008,	the	South	Korean	IT	R&D	program	of	"5G	mobile	communication	systems	based	on	beam-division	multiple	access	and	relays	with	group	cooperation"	was	formed.[130]	In	August	2012,	New	York	University	founded	NYU	Wireless,	a	multi-disciplinary	academic	research	centre	that	has	conducted	pioneering	work	in	5G	wireless
communications.[131][132][133]	On	October	8,	2012,	the	UK's	University	of	Surrey	secured	£35M	for	a	new	5G	research	centre,	jointly	funded	by	the	British	government's	UK	Research	Partnership	Investment	Fund	(UKRPIF)	and	a	consortium	of	key	international	mobile	operators	and	infrastructure	providers,	including	Huawei,	Samsung,	Telefonica
Europe,	Fujitsu	Laboratories	Europe,	Rohde	&	Schwarz,	and	Aircom	International.	It	will	offer	testing	facilities	to	mobile	operators	keen	to	develop	a	mobile	standard	that	uses	less	energy	and	less	radio	spectrum,	while	delivering	speeds	higher	than	current	4G	with	aspirations	for	the	new	technology	to	be	ready	within	a	decade.[134][135][136][137]
On	November	1,	2012,	the	EU	project	"Mobile	and	wireless	communications	Enablers	for	the	Twenty-twenty	Information	Society"	(METIS)	starts	its	activity	toward	the	definition	of	5G.	METIS	achieved	an	early	global	consensus	on	these	systems.	In	this	sense,	METIS	played	an	important	role	of	building	consensus	among	other	external	major
stakeholders	prior	to	global	standardization	activities.	This	was	done	by	initiating	and	addressing	work	in	relevant	global	fora	(e.g.	ITU-R),	as	well	as	in	national	and	regional	regulatory	bodies.[138]	Also	in	November	2012,	the	iJOIN	EU	project	was	launched,	focusing	on	"small	cell"	technology,	which	is	of	key	importance	for	taking	advantage	of
limited	and	strategic	resources,	such	as	the	radio	wave	spectrum.	According	to	Günther	Oettinger,	the	European	Commissioner	for	Digital	Economy	and	Society	(2014–2019),	"an	innovative	utilization	of	spectrum"	is	one	of	the	key	factors	at	the	heart	of	5G	success.	Oettinger	further	described	it	as	"the	essential	resource	for	the	wireless	connectivity
of	which	5G	will	be	the	main	driver".[139]	iJOIN	was	selected	by	the	European	Commission	as	one	of	the	pioneering	5G	research	projects	to	showcase	early	results	on	this	technology	at	the	Mobile	World	Congress	2015	(Barcelona,	Spain).	In	February	2013,	ITU-R	Working	Party	5D	(WP	5D)	started	two	study	items:	(1)	Study	on	IMT	Vision	for	2020
and	beyond,	and;	(2)	Study	on	future	technology	trends	for	terrestrial	IMT	systems.	Both	aiming	at	having	a	better	understanding	of	future	technical	aspects	of	mobile	communications	toward	the	definition	of	the	next	generation	mobile.[140]	On	May	12,	2013,	Samsung	Electronics	stated	that	they	had	developed	a	"5G"	system.	The	core	technology
has	a	maximum	speed	of	tens	of	Gbit/s	(gigabits	per	second).	In	testing,	the	transfer	speeds	for	the	"5G"	network	sent	data	at	1.056	Gbit/s	to	a	distance	of	up	to	2	kilometers	with	the	use	of	an	8*8	MIMO.[141][142]	In	July	2013,	India	and	Israel	agreed	to	work	jointly	on	development	of	fifth	generation	(5G)	telecom	technologies.[143]	On	October	1,
2013,	NTT	(Nippon	Telegraph	and	Telephone),	the	same	company	to	launch	world's	first	5G	network	in	Japan,	wins	Minister	of	Internal	Affairs	and	Communications	Award	at	CEATEC	for	5G	R&D	efforts.[144]	On	November	6,	2013,	Huawei	announced	plans	to	invest	a	minimum	of	$600	million	into	R&D	for	next	generation	5G	networks	capable	of
speeds	100	times	higher	than	modern	LTE	networks.[145]	On	April	3,	2019,	South	Korea	became	the	first	country	to	adopt	5G.[146]	Just	hours	later,	Verizon	launched	its	5G	services	in	the	United	States,	and	disputed	South	Korea's	claim	of	becoming	the	world's	first	country	with	a	5G	network,	because	allegedly,	South	Korea's	5G	service	was
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