
	 1	

Millimeter	(MM)	wave	and	microwave	frequency	radiation	produce	deeply	penetrating	effects:		The	biology	and	the	physics.	
	

Martin	L.	Pall,	Professor	Emeritus	of	Biochemistry	and	Basic	Medical	Sciences,	
Washington		State	University	

(home	address)		638	NE	41st	Ave.,	Portland	OR	97232-3312	USA	
martin_pall@wsu.edu	

	
Key	words:	
	
Coherent	electronically	generated	EMFs	
Increased	[Ca2+]i	and	calcium	signaling	
Penetrating	effects	via	magnetic	field	penetration	
Modulating	pulses	and	biological	EMF	effects	
5G	modulating	pulses	
Analysis	of	mechanism	via	both	physics	and	biology	
EMF	pathophysiological	and	therapeutic	effects	
	
Abstract:	
	
Purpose:		The	author	and	Kostoff	et	al,	have	found	strong	empirical	evidence	that	MM	wave	EMFs	produce	highly	penetrating	
effects	in	humans	and	animals	and	microwave	frequency	EMFs	also	produce	highly	penetrating	effects.		This	minireview	
describes	this	evidence	and	the	probable	biology	and	physics	behind	the	mechanisms	producing	such	penetrating	effects.	
Conclusions:		Electronically	generated	EMFs	are	highly	coherent	in	frequency,	vector	direction,	phase	and	polarity,	such	that	
they	produce	much	stronger	electrical	and	magnetic	forces	than	do	most	natural	EMFs	which	are	incoherent		While	the	
electrical	parts	of	coherent	EMFs	may	be	largely	absorbed	in	the	outer	parts	of	the	body,	the	magnetic	parts	are	very	highly	
penetrating.		Those	magnetic	fields	put	forces	on	dissolved	ions,	moving	them	and	regenerating	coherent	electrical	fields	
deeply	within	the	body.		Those	coherent	electrical	fields	put	forces	on	the	voltage	sensor	of	the	voltage-gated	calcium	channels	
(VGCCs),	the	main	target	of	diverse	EMFs,	opening	the	channels	and	producing	excessive	intracellular	calcium	(Ca2+)i	and	
downstream	pathophysiological	effects,	leading	to	diverse	biomedical	impacts.		In	addition,	time	varying	magnetic	fields	can	
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directly	put	forces	on	the	charges	in	the	VGCC	voltage	sensor,	activating	the	VGCCs.		Highly	pulsed	5G	radiation	health	impacts	
may	be	especially	high	due	to	both	penetration	mechanisms.	
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Introduction:	
	
Electronically	generated	electromagnetic	fields	(EMFs)	are	highly	coherent,	being	generated	at	specific	frequencies,	with	
specific	vector	direction,	with	a	specific	phase	and	specific	polarity.		The	special	properties	of	such	coherence	has	been	
discussed	in	several	different	contexts	with	regard	to	the	physics	of	such	EMFs	(Boivin	and	Wolf,	1965;	Keller	and	Karal,	1966;	
Wolf	E,	2003,	Tervo	et	al,	2003;	Geffrin	et	al,	2012)	and	the	biology	of	coherent	EMFs	(Fröhlich	1968;	Golant,	1989;	Eichwald	
and	Kaiser,	1995;	Panagopoulos	et	al,	2015,	Preto,	2016;).				Such	coherent	EMFs	generate	much	stronger	electrical	forces	and	
magnetic	forces	than	do	natural	incoherent	EMF.			Most	but	not	all	natural	EMFs	re	incoherent	.		The	much	stronger	forces	
produced	by	electronically	generated	EMFs	are	of	great	importance	with	regard	to	EMF	causation	of	biological	effects	and	with	
respect	to	our	ability	to	use	such	EMFs	for	wireless	communication.		An	example	where	coherence	is	central	to	wireless	
communication	in	the	article	of	Geffrin	et	al	2012	discusses	how	antenna	design	is	greatly	influenced	by	the	need	to	maintain	
coherence.		The	importance	of	coherence	was	discussed	in	two	contexts	by	Panagopoulos	et	al	().		The	coherence	of	the	
polarity	is	required	for	maximum	force	generation.			In	addition,	the	coherence	of	phase	is	also	important	because	identical	
phase	produces	constructive	interference	and	supra-additive	effects,	whereas	phase	shifts	lead	to	high	amounts	of	destructive	
interference	and	much	lower	effects.		Golant	1989	discusses	how	coherent	MM	wave	EMFs	may	produce	resonance	
interactions	with	specific	biological	targets.	
	
EMF	propagation	in	a	vacuum	or	in	very	low	dielectric	constant	media,	such	as	air,	is	characterized	by	a	fixed	relationship	
between	the	electrical	field	and	the	magnetic	field,	as	described	by	Maxwell’s	equations.		However	electrical	fields	are	much	
more	susceptible	to	absorption	than	are	magnetic	fields	by	many	media,	producing	a	breakdown	of	that	fixed	relationship	
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(Keller	and	Karal,	2004).		Because	the	dielectric	constant	of	intracellular	and	extracellular	aqueous	phases	are	estimated	to	be	
about	120	(Pall,	2015),	such	differential	absorption	is	relevant	to	the	issue	of	biological	effects.		Strong	absorption	of	electrical	
fields	but	not	magnetic	fields	are	found	with	MM-wave	or	microwave	radiation	traversing	biological	tissues	and	also	many	
other	media	including	building	materials	(Wei	et	al,	2014;	Betskii	and	Yaremko,	1998;	Betskii	and	Putvinskii,	1986).		Electrical	
field	absorption	is	a	function	of	both	the	dielectric	properties	of	materials	and	also	of	the	EMF	frequency,	such	that	the	
electrical	fields	of	MM-wave	EMFs	are	almost	completely	absorbed	in	the	outer	1	mm	of	the	body	because	of	the	high	dielectric	
constant	of	the	aqueous	phases	in	our	bodies.		The	rapid	electrical	field	absorption	in	biological	tissues	has	lead	
telecommunications	industry-associated	scientists	to	predict	that	MM-wave	biological	effects	will	be	limited	to	the	outer	1	mm	
of	the	body	and	that	lower	microwave	frequency	effects	would	be	limited	to	the	outer	2	to	3	cm	of	the	body.		Other	scientists	
such	as	in	many	articles	cited	in	Betskii	and	Lebedeva,	2004	have	found	deeply	penetrating	effects	of	MM-waves	in	human	and	
animal	bodies,	but	have	interpreted	these	as	probably	caused	by	effects	near	the	surface	of	the	body	indirectly	producing	
penetrating	effects.		Gaiduk	1991	showed	that	when	most	of	the	water	molecules	are	hydrogen	bonded	to	solutes	or	when	
such	solutes	otherwise	greatly	determine	water	hydrogen	bonding	structures,	as	is	often	the	case	within	living	cells,	the	
electrical	field	absorption	is	lowered.		This	may	be	very	minor	part	of	the	mechanism	leading	to	greater	penetration	of	effects,	
shown	below.		It	will	be	argued	below	that	two	additional	mechanisms	involving	the	highly	penetrating	time-varying	magnetic	
fields	may	be	much	more	important	in	producing	highly	penetrating	effects.		
	
Penetrating	Effects	of	MM-wave	and	Microwave	Radiation	
	
Penetrating	effects	of	nonthermal,	unpulsed	MM-wave	exposures	have	been	reported	in	a	large	number	of	studies.		
Zalyobokskaya	1977	reported	that	such	exposures	in	rodents	produced	pathophysiological	structural,	functional	and	
biochemical	changes	in	each	of	the	following	internal	organs:		the	brain,	the	myocardium,	liver,	kidney	and	bone	marrow.		
These	are	each	deeper	in	the	body	that	1	mm	and	therefore	provide	evidence	for	deeper	MM-wave	effects	than	the	industry	
claims	is	possible.	
	
Betskii	&	Lebedeva	2004	reviewed	large	numbers	of	studies,	both	human	and	animal	studies	of	highly	penetrating	nonthermal	
MM-wave	effects.		I	will	concentrate	here	on	some	of	the	human	studies	cited	in	that	paper,	although	animal	studies	such	as	
discussed	in	Zalyobokskaya	1977	were	also	reviewed.		When	that	review	was	published	the	voltage-gated	calcium	channel	
mechanism,	discussed	below,	was	not	known	so	that	their	interpretation	of	the	various	findings	discussed	was	very	different	
from	the	interpretation	discussed	below.				
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We	will	be	discussing	here	MM-wave	effects	impacting	human	brain	function	as	well	as	a	number	of	other	penetrating	effects	
of	MM-wave	radiation.			Lebedeva,	1993,	1994,	1998a	and	1998b	and	also	Lebedeva	and	Sulimov	1994	each	show	that	low	
intensity,	non-thermal	unpulsed	MM-wave	EMFs	produce	changes	in	the	EEGs	in	the	human	brain	which	are	a	measure	of	the	
electrical	activity	of	the	brain.		The	last	three	of	these	citations,	Lebedeva	1998a	and	1998b	and	Lebedeva	and	Sulimova	1994	
each	also	find	other	neurological	effects	of	such	MM-wave	EMFs.		Such	findings	should	not	be	surprising	for	two	different	
reasons.		Pikov	et	al	2010	and	also	Siegel	and	Pikov	2010	at	Caltech	each	find	that	stunningly	low	intensities	of	unpulsed	MM-
wave	EMFs	produce	strong	impacts	on	brain	derived	neurons.		Pikov	et	al,	2010	in	their	abstract	state	that:		"The	applied	
levels	of	MMW	power	are	three	orders	of	magnitude	below	the	existing	safe	limit	for	human	exposure	of	1	mW/cm2.	
Surprisingly,	even	at	these	low	power	levels,	MMWs	were	able	to	produce	considerable	changes	in	neuronal	firing	rate	and	
plasma	membrane	properties.	At	the	power	density	approaching	1	μW/cm2,	1	min	of	MMW	exposure	reduced	the	firing	rate	to	
one	third	of	the	pre-exposure	level	in	four	out	of	eight	examined	neurons.	The	width	of	the	action	potentials	was	narrowed	by	
MMW	exposure	to	17%	of	the	baseline	value	and	the	membrane	input	resistance	decreased	to	54%	of	the	baseline	value	
across	all	neurons."	
	
So	first	of	all,	Pikov	et	al,	2010	are	seeing	large,	consistent	impacts	on	neuronal	cell	activity	at	exposure	levels	of	1	μW/cm2,	
one	one-thousandth	of	the	normal	safety	guideline	allowable	levels.		So	in	other	words,	they	are	seeing	large	effects	at	
exposure	levels	of	1/1000th	of	allowable	levels.		Normally,	safety	guidelines	allowable	levels	are	set	at	less	than	1%	of	the	
lowest	level	found	to	produce	any	effects.		By	that	standard,	safety	guidelines	for	MM-wave	radiation	should	be	more	than	
100,000	times	lower	than	the	current	safety	guidelines.		Siegel	and	Pikov,	2010	found	effects	at	still	lower	level	exposures,	300	
nw/cm2,	which	argues	that	safety	levels	should	be	more	than	330,000	times	lower	than	current	safety	guidelines.		It	should	be	
noted	that	these	are	cells	in	culture,	with	no	shielding	from	tissues	above	the	cells,	although	there	is	some	culture	medium	
above	those	neuronal	cells.		And	these	findings	are	for	unpulsed	MM-wave	EMFs,	not	to	the	extraordinarily	highly	pulsed	5G	
radiation,	which	is	predicted	to	have	vastly	stronger	effects	than	do	these	unpulsed	MM-wave	EMFs,	as	discussed	below.			The	
US	FCC	and	other	regulatory	agencies	are	pushing	to	change	safety	guidelines	to	allow	much	higher	exposures	than	currently	
allowed	by	the	current	safety	guidelines!			
	
There	is	a	second	reason	why	these	MM-wave,	brain-related	findings	are	not	surprising.		Pall	2016a	cited	multiple	primary	
literature	studies	and	also	review	articles	which	show	that	EEGs	are	influenced	by	low	intensity,	non-thermal	microwave	
frequency	EMFs	and	also	cited	many	primary	literature	studies	showing	that	such	microwave	frequency	EMFs	also	produce	
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widespread	neurological	and	neuropsychiatric	effects.		Pall	2018	cited	many	review	articles	showing	that	such	microwave	
frequency	EMFs	produce	neurological/neuropsychiatric	effects.			
	
The	remaining	human	highly	penetrating	MM-wave	effects	discussed	here,	from	Betskii	&	Lebedeva	2004,	are	apparent	
therapeutic	effects.		There	are	genuine	therapeutic	effects	produced	by	microwave	and	other	frequency	EMFs,	so	it	should	not	
be	surprising	to	find	that	MM-waves	can	produce	therapeutic	effects.			There	are	multiple	studies	reporting	that	non-thermal,	
unpulsed	MM-waves	produce	improved	bone	marrow	function	in	humans	(Pletnev,	1991;	Pletnev	et	al,	1991;	Sevast’yanova,	
1983;	Sevast’yanova	et	al,	1985).		Other	therapeutic	effects	of	MM-waves	include	increased	healing	of	gastric	and	duodenal	
ulcers	(Poslavskii	1991)	and	improved	cardiac	function	(Lebedeva	2000;	Lyusov	et	al,	1995).	
	
The	studies	outlined	in	the	previous	paragraphs	of	this	section,	are	all	highly	penetrating	effects	produced	by	non-thermal,	
unpulsed	MM-wave	EMFs.		5G	radiation,	however,	uses	extraordinarily	high	levels	of	modulating	pulses	in	order	to	carry	
extraordinarily	high	amounts	of	information	per	second	(Wu	et	al,	2015).		Pall,	2018	cited	10	different	reviews	each	showing	
that	EMFs	with	modulating	pulses	produce,	in	most	cases,	much	higher	levels	of	biological	effects	than	do	unpulsed	
(continuous	wave)	EMFs	of	the	same	average	intensity.		If	follows	that	5G	may	be	predicted	to	produce	penetrating	effects	
with	very	damaging	effects	because	of	its	extraordinary	pulsation.			The	relationship	between	therapeutic	effects	and	
pathophysiological	effects	produced	by	EMFs	is	discussed	below.	
	
The	recent	publication	of	Kostoff	et	al,	2020	came	to	similar	conclusions	to	those	stated	in	the	previous	paragraphs,	that	MM-
waves	produce	highly	penetrating	effects:		“These	results	reinforce	the	conclusion	of	Russell	(quoted	above)	that	systemic	
results	may	occur	from	millimeter	wave	radiation.		To	re-emphasize,	for	Zalyubovskaya’s	experiments,	the	incoming	signal	
was	unmodulated	carrier	frequency	only,	and	the	experiment	was	single	stressor	only.		Thus,	the	expected	real-world	results	
(when	human	beings	are	impacted,	the	signals	are	pulsed	and	modulated,	and	there	is	exposure	to	many	toxic	stimuli)	would	
be	far	more	serious	and	would	be	initiated	at	lower	(perhaps	far	lower)	wireless	radiation	power	fluxes.”	
	
Much	deeper	effects	than	predicted	by	the	industry	are	not	limited	to	millimeter	waves	but	also	occur	with	microwave	
radiation.		Microwave	radiation	has	been	argued	to	produce	effects	limited	to	the	outer	two	to	three	centimeters	in	the	body.		
However,	Hässig	et	al,	2009	&	2012,	in	Switzerland,	find	that	pregnant	cattle	grazing	near	a	cell	phone	tower	(also	known	as	a	
mobile	phone	base	station)	produce	large	numbers	of	newborn	calves	with	cataracts.		The	fetus's	deep	location	in	the	mother's	
body	should	protect	it	from	cell	phone	tower	radiation	but	does	not.		Switzerland	has	safety	guidelines	for	cell	phone	tower	
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radiation	that	are	100	times	more	stringent	than	the	U.S.	or	EU	guidelines	so	that	these	are	quite	low	intensity	EMFs	by	most	
standards,	but	they	produce	effects	very	deeply	in	the	mother's	body.	
	
The	rest	of	this	paper	focuses	on	how	such	highly	penetrating	effects	can	be	produced.		Both	the	biology	and	the	physics	are	
essential	to	this	discussion.			
	
The	Primary	Mechanism	of	Action	of	Low	Intensity	EMFs	in	Producing	Biological	Effects	Is	Activation	of	Voltage-Gated	
Calcium	Channels	(VGCCs)	via	Its	Voltage	Sensor	
	
The	most	important	type	of	evidence	for	the	EMF-voltage	gated	calcium	channel	(VGCC)	activation	mechanism,	is	that	effects	
produced	by	EMF	exposures	can	be	blocked	or	greatly	lowered	by	calcium	channel	blockers,	drugs	that	are	specific	for	
blocking	voltage-gated	calcium	channels	(VGCCs)	(Pall,	2013;	2015;	2016a;	2018).		Five	different	types	of	calcium	channel	
blockers	have	been	used	in	these	studies,	each	of	which	is	thought	to	be	highly	specific	for	blocking	VGCCs	(Pall,	2013).			
Diverse	EMFs	produce	effects	which	are	blocked	or	greatly	lowered	by	the	calcium	channel	blockers,	ranging	from	millimeter	
wave	frequencies,	microwave,	radiofrequencies,	intermediate	frequencies,	extremely	low	frequencies	(including	50	and	60	
Hz),	all	the	way	down	to	static	electrical	fields	and	even	static	magnetic	fields	(Pall	2013;	2015;	2018	and	see	below).		
Following	EMF	exposure,	the	exposed	cells	and	tissues	have	large,	rapid	increases	in	calcium	signaling	Pall	2013,	2015;	2016a;	
2018),	produced	by	increases	in	intracellular	calcium	[Ca2+]i	levels.		This	overall	interpretation	has	been	confirmed	by	patch-
clamp	studies,	studies	using	calcium-free	medium,	and	studies	measuring	[Ca2+]i	levels	(Pall,	2018).			This	mechanism	has	
been	widely	recognized	in	the	scientific	literature	with	the	first	publication	on	this	(Pall,	2013)	being	cited	273	times	
according	to	the	Google	Scholar	database,	at	this	writing.		New	scientific	paradigms	are	usually	only	very	slowly	recognized	in	
the	scientific	literature	such	that	the	widespread	interest	in	and	acceptance	of	this	mechanism	is	very	unusual.		That	does	not,	
of	course,	mean	that	everyone	accepts	it.	
	
The	direct	target	of	the	EMFs	is	the	voltage-sensor,	which,	in	the	normal	physiology,	controls	the	opening	of	the	VGCCs	in	
response	to	partial	depolarization	across	the	plasma	membrane.		Four	distinct	classes	of	VGCCs	are	activated	in	response	to	
low	level	EMF	exposures,	L-type,	T-type,	N-type	and	P/Q-type	VGCCs	(Pall,	2013).		Voltage-gated	sodium,	potassium,	and	
chloride	channels	are	also	activated	by	low	intensity	EMF	exposures,	although	these	have	relatively	minor	roles	in	producing	
effects	compared	with	those	of	VGCC-produced	[Ca2+]i	elevation	(Pall,	2018).		Plant	TPC	channel	activation	via	a	similar	
voltage	sensor	also	produces	plant	calcium-dependent	EMF	effects	(Pall	2016b).		Each	of	these	channels	is	controlled	by	a	
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similar	voltage-sensor,	suggesting	that	the	voltage-sensor	is	the	direct	EMF	target.			Panagopoulos	et	al,	2000	first	suggested	
that	voltage-gated	ion	channels	might	be	a	main	target	of	EMFs,	based	on	a	biophysical	model	quite	different	from	the	
mechanism	discussed	in	the	next	paragraph.	
	
The	forces	produced	by	even	weak	electronically	generated	EMFs	on	each	of	the	20	positive	charges	in	the	VGCC	voltage	
sensor	are	thought	to	be	very	strong	for	each	of	three	distinct	reasons,	which	act	multiplicatively:		1.		Electronically	generated	
EMFs	are	highly	coherent,	as	discussed	above,	being	emitted	with	a	specific	frequency,	in	a	specific	vector	direction,	with	a	
specific	phase	and	specific	polarity.		This	high	level	coherence	causes	the	electrical	and	magnetic	forces	produced	by	these	to	
be	vastly	higher	than	are	forces	produced	by	incoherent	natural	EMFs.		2.		The	forces	on	these	charges	in	the	voltage	sensor	
are	thought	to	be	approximately	120	times	higher	than	forces	on	charges	in	the	aqueous	phases	of	our	cells	and	bodies,	due	to	
the	dielectric	constant	of	the	VGCC	charge	environment	acting	via	Coulomb’s	law	(Pall,	2015	&	2018).		3.		The	forces	on	the	
charges	in	the	voltage	sensor	are	also	thought,	to	be	approximately	3000	times	higher	because	of	the	high	electrical	resistance	
of	the	plasma	membrane	and	therefore	the	high	level	of	amplification	of	the	electrical	field	across	the	plasma	membrane	(Pall,	
2015	&	2018).		This	helps	us	to	understand	how	VGCCs	and	other	voltage-gated	ion	channels	can	be	activated	by	what	are	
considered	to	be	very	weak	EMFs.		One	puzzle	discussed	in	(Pall,	2013)	and	also	below	in	this	paper	is	how	can	static	magnetic	
fields	activate	the	VGCCs	when	physics	shows	that	static	magnetic	fields	cannot	put	forces	on	static	electrical	charges.		These	
magnetic	field	effects	are	discussed	in	the	next	section.	
	
How	then	does	EMF-produced	VGCC	activation	produce	biological	effects?		Our	best	understanding	of	this	is	outlined	in	Fig.	1.		
The	main	pathophysiological	effects	seen	going	to	the	bottom	of	Fig.	1,	are	produced	through	excessive	calcium	signaling	
produced	by	[Ca2+]i	elevation	and	by	the	peroxynitrite	pathway,	with	the	latter	involving	increases	in	reactive	free	radicals,	
oxidative	stress,	NF-kappaB	activity	and	inflammatory	cytokine	levels	and	also	mitochondrial	dysfunction.		There	is	also	a	
pathway	by	which	VGCC	activation,	acting	via	increased	nitric	oxide	(NO),	NO	signaling	and	Nrf2	stimulation	can	produce	
therapeutic	effects	that	also	helps	explain	EMF	effect.		The	therapeutic	pathway	is	thought	to	be	produced	by	modest	[Ca2+]i	
elevation	whereas	the	pathophysiological	pathways	are	produced	by	higher	level	[Ca2+]i	elevation.	
	
MM-waves	have	been	shown	to	act	via	activation	of	the	VGCCs	and	also	voltage-gated	potassium	channels	(Titushkin	et	al	
2009;	Alekseev	and	Ziskin,	1999;	Li	et	al	2013),	so	it	seems	likely		that	MM-waves	act	via	such	channel	activation	as	do	lower	
frequency	EMFs.		This	interpretation	is	confirmed	by	findings	that	MM-waves	raise	[Ca2+]i	levels,	calcium	signaling	and	also	
NO	(Titushkin	et	al,	2009).		It	is	also	confirmed	by	findings	that	MM-waves	raise	peroxynitrite	(Sypniewska	et	al,	2010)	and	by	
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findings,	discussed	above,	that	MM-waves	can	produce	similar	pathophysiological	effects	and	therapeutic	effects	to	those	
produced	by	lower	frequency	EMFs.	
	
Can	Nrf2	activation	produce	the	therapeutic	responses	reported	to	occur	following	MM-wave	exposures,	as	discussed	in	the	
previous	section?		Garkavi	et	al	1998	showed	that	MM-waves	produced	antistress	responses	and	such	antistress	responses	
have	been	shown	to	be	produced	by	Nrf2	elevations	(see,	for	example	Trougakos,	2019;	Gao	et	al,	2016).		Consequently	it	is	
quite	reasonable	that	the	therapeutic	mechanism	outlined	in	Fig.	1	can	produce	the	penetrating	therapeutic	effects	found	
following	unpulsed	MM-wave	exposures.		
	
It	is	thought	that	modest	increases	in	[Ca2+]i	produce	therapeutic	effects	but	larger	increases	activate	the	two	pathways	
producing	pathophysiological	effects.			
	
What	Mechanisms	Produce	Highly	Penetrating	Effects	of	MM-waves?	
	
With	the	electrical	parts	of	MM-wave	radiation	largely	absorbed	in	the	outer	1	mm	of	the	body,	how,	can	we	get	these	highly	
penetrating	effects	through	impacts	on	the	voltage	sensor	of	the	VGCCs	produced	by	these	highly	coherent	electronically	
generated	EMFs?			
	
Two	explanations	both	involve	the	very	highly	penetrating,	strong	magnetic	forces	produced	by	the	highly	coherent	
electronically	generated	EMFs	including	MM-wave	EMFs.		Let’s	consider	these	two,	one	at	a	time.	
	
The	discussion	on	Maxwell’s	equations	in	Wikipedia	states	that	“The	Maxwell–Faraday	version	of	Faraday's	law	of	induction	
describes	how	a	time	varying	magnetic	field	creates	(‘induces’)	an	electric	field.		In	integral	form,	it	states	that	the	work	per	
unit	charge	required	to	move	a	charge	around	a	closed	loop	equals	the	rate	of	change	of	the	magnetic	flux	through	the	
enclosed	surface.”		Coherent	highly	penetrating	time-varying	magnetic	fields	will	produce	strong	forces	on	ions	dissolved	in	
the	aqueous	phases	in	our	bodies,	moving	those	ions	in	both	the	extracellular	medium	and	also	in	intracellular	aqueous	phases	
and	therefore	regenerating	a	highly	coherent	electrical	field	which	can,	then	act	to	put	forces	on	the	charges	of	the	voltage	
sensor	and	activating	the	VGCCs.		The	physics	here	is	essentially	identical	to	the	physics	of	electrical	generation.			In	electrical	
generators,	time-varying	magnetic	fields	put	forces	on	mobile	electrons	in	copper	wires,	moving	those	mobile	electrons	and	
generating,	in	turn,	an	electrical	current.		In	our	bodies,	the	highly	penetrating	time	varying	magnetic	fields	put	time-varying	
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forces	on	dissolved	mobile	ions	in	aqueous	phases	in	our	bodies,	generating	a	coherent	electrical	field	which	can	act	on	the	
voltage	sensors	of	the	VGCCs	to	activate	the	VGCCs,	as	discussed	above.		A	study	providing	some	support	for	this	mechanism	is	
the	study	of	Deghoyan	et	al	(2012)	which	found	that	nonthermal	effects	on	in	vitro	cells	were	produced	through	MM-wave	
irradiation	of	the	medium	surrounding	these	cells.		I	believe	that	this	is	likely	to	be	the	primary	mechanism	by	which	MM-
waves	produce	highly	penetrating	effects.		
	
However	there	is	another	possible	mechanism	by	which	highly	penetrating	magnetic	fields	can	activate	the	voltage	sensor.		In	
Pall,	2013	it	was	shown	that	static	magnetic	fields	also	act	via	VGCC	activation	to	produce	biological	effects	that	can	be	blocked	
with	calcium	channel	blockers,	so	that	the	biological	effects	must	have	been	produced	via	VGCC	activation.		Specifically,	in	
Table	1,	Pall,	2013,	refs	#	10,	12	and	24	each	showed	that	effects	produced	by	static	magnetic	fields	can	be	blocked	by	calcium	
channel	blockers,	drugs	specific	for	blocking	VGCCs.		Consequently	static	magnetic	fields	produce	effects	via	VGCC	activation.		
That	conclusion	has	been	confirmed	by	the	findings	from	patch-clamp	studies,	showing	that	static	magnetic	fields	produced	
VGCC	activation	and	also	activation	of	voltage-gated	sodium	channels	(Lu	et	al,	2015).			Those	findings	that	static	magnetic	
fields	can	act	via	the	voltage	sensor	to	activate	VGCCs	and	apparently	other	voltage-gated	ion	channels	created	a	puzzle	that	
was	discussed	in	Pall,	2013.		That	puzzle	is	that	static	magnetic	fields	do	not	produce	forces	on	static	electrically	charged	
objects.		The	answer	to	that	puzzle,	also	discussed	in	Pall,	2013,	is	that	the	plasma	membranes	of	cells	are	constantly	moving,	
such	that	because	the	voltage	sensor	of	the	VGCCs	located	in	the	plasma	membrane,	static	magnetic	fields	can	produce	forces	
on	the	charges	of	the	VGCC	voltage-sensor	because	it	is	constantly	moving.		These	findings	clearly	raise	the	possibility	that	the	
highly	penetrating	time	varying	magnetic	fields	derived	from	MM-wave	EMFs,	including	the	extraordinarily	high	densities	of	
modulating	pulses	of	5G,	can	have	very	high	activity	when	acting	directly	on	the	20	positive	charges	in	the	voltage	sensor	of	
the	VGCCs	to	activate	the	VGCCs.		
	
Both	modulating	EMF	pulses	and	pure	EMF	pulses	produce	large,	very	short	term,	penetrating	increases	in	the	forces	on	
electrical	charges	including	the	voltage	gated	ion	channel	voltage	sensors	charges.		Because	both	of	these	mechanisms	for	the	
generation	of	penetrating	effects	are	dependent	upon	time	varying	magnetic	fields,	together	they	provide	a	new	understanding	
of	the	great	importance	of	pulsation	in	producing	EMF	effects.	
	
Summary	of	Findings	with	Implications	Regarding	5G	
	

1. Electronically	generated	EMFs	are	coherent,	such	that	they	produce	much	stronger	electrical	and	magnetic	forces.	



	 10	

2. The	fixed	relationship	between	electrical	and	magnetic	fields,	described	by	Maxwell’s	equations	in	a	vacuum	breaks	
down	in	bodily	tissues	and	other	materials,	such	that	EMF	magnetic	fields	are	vastly	more	penetrating	than	are	
electrical	fields.		MM-waves	have	their	electrical	fields	absorbed	readily	in	body	tissues	but	magnetic	fields	are	vastly	
more	penetrating.	

3. MM-waves	have	been	shown	to	produce	highly	penetrating	effects	in	humans	and	in	animals	conflicting	with	industry	
predictions.	

4. MM-waves	have	been	shown	to	produce	powerful	effects	on	neurons,	suggesting	that	safety	guidelines	allow	exposures	
at	least	100,000	to	over	300,000	times	too	high.	

5. Both	modulating	pulses	and	pure	pulses	make	EMFs,	in	most	cases,	much	more	biologically	active	than	are	unpulsed	
EMFs	of	the	same	average	intensity.		This	predicts	that	the	extraordinarily	high	levels	of	modulating	pulses	in	5G	
radiation	make	it	likely	that	5G	will	be	vastly	more	biologically	active	than	are	unpulsed	MM-wave	EMFs	of	the	same	
average	intensity.	

6. MM-wave	and	lower	frequency	EMFs	act	primarily	by	interacting	with	the	voltage	sensor	and	activating	VGCCs,	thus	
increasing	intracellular	calcium	levels.	

7. Two	distinct	mechanisms	are	discussed	by	which	very	highly	penetrating	effects	can	be	produced	by	magnetic	fields	of	
MM-waves	or	microwaves.		Both	of	these	involve	well	characterized	physics,	impacting	the	VGCC	voltage	sensor	and	
leading	to	VGCC	activation.		Together,	these	two	mechanisms	provide	a	new	understanding	of	the	importance	of	
pulsation	in	producing	penetrating	biological	effects.	

	
These	findings	suggest	that	5G	radiation	may	produce	health	impacts	at	levels	hundreds	of	thousands	or	even	millions	of	times	
lower	than	the	lowest	exposures	not	allowed	under	the	safety	guidelines.		While	there	have	been	news	reports	of	such	possible	
5G	effects	in	Europe,	no	one	is	systematically	collecting	information	of	5G	health	impacts	in	humans	or	in	animals.			
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Fig.	1	legend	
	
Diverse	frequency	EMFs	act	via	activation	of	voltage-gated	calcium	channels	(VGCCs)	producing	increased	intracellular	
calcium	[Ca2+]i.		This	leads	to	production	of	pathophysiogical	effects	mainly	via	excessive	calcium	signaling	and	activation	of	
the	peroxynitrite/free	radical/oxidative	stress,	NF-kappaB	and	inflammation	pathway.		Therapeutic	effects	are	produced	
primarily	via	nitric	oxide	(NO)	signaling	leading	to	increased	Nrf2	activity.		Because	the	therapeutic	pathway	produces	effects	
that	are	almost	exactly	opposite	the	effects	produced	by	the	peroxynitrite	pathway,	different	EMF	exposures	may	produce	
almost	opposite	effects.		Copied	from	Pall,	2018	with	permission	 	
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Figure	1:		Diverse	EMFs	act	via	increased	[Ca2+]i	to	produce	pathophysiological	effects	primarily	via	two	
pathways	and	also	to	produce	therapeutic	effects	via	a	third.	
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