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Abstract	
	
We	explore	potential	consequences	of	the	“soft	hair	”	revelation	of	Hawking,	Perry,	
and	Strominger,	in	light	of	the	Bekenstein-Mayo	definition	for	a	black	hole	
information	channel.	
	
The	origin	of	information	at	a	black	hole	
	
What	does	it	mean	for	a	particle	to	pop	out	of	existence,	leaving	behind	a	black	hole	
singularity?	1	Can	a	1-dimension	information	channel	squeeze	spacetime	into	an	
imaginary	timelike	point	on	the	2-dimension	complex	plane?					
	
The	late	Jacob	Bekenstein	and	collaborator	Avraham	Mayo	defined	a	1-dimension	
information	channel:		“In flat spacetime a channel is a complete set of unidirectionally 
propagating modes of a field parametrized by a single number.”2 	
 
(Minkowski	flat	spacetime	is	parametrized	by		0 	or		1 ,	originating	from	the	singular	
point		(0,0) 	on	the	interval		[0,∞) .	)	
	
“For	example,	all	electromagnetic	modes	in	free	space	with	fixed	wave	vector	
direction	and	particular	linear	polarization	constitute	a	channel,	with	the	modes	
propagating	in	the	specified	sense	parametrized	solely	by	frequency.”	This	assures	
one	frequency	for	every	channel,	with	the	imaginary	part	set	to	zero,	continuous	on	
the	interval.			
	
Laser	Interferometry	Gravitational-Wave	Observatory	(LIGO)	results	suggest	that	
gravity	wave	ripples	of	spacetime	originate	from	a	source	point	at	infinity.		3		
We	assume	the	source	to	be	a	far	away	event	(1.3	billion	miles)—yet	the	topological	
distance	is	zero,	with	an	integrated	time	coordinate.			
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The	speed	of	information	is	variable	
	
The	existence	of	tidal	forces	along	with	the	Heisenberg	uncertainty	principle	tells	us	
that	a	gravitational	center	point	does	not	vanish.		While	gravity	is	the	curvature	of	
spacetime,	the	tidal	forces	that	result	from	gravity	are	a	true	force,	tearing	a	
curvature	section	into	particles	of	least	curvature,	in	a	4-dimension	continuum	of	
dynamic	action.		The	world	changes	quickly	and	dramatically	at	the	micro	scale,	
while	remaining	relatively	stable	at	the	macro	scale.		It	seems	that	the	variety	of	
particles	we	observe	is	the	result	of	tidal	force	action	in	the	same	way	that	the	
elements—wind,	water,	etc.—erode	mountains	and	form	rivers	and	valleys.		
(Einstein	made	a	study	of	river	meanders.	4)		This	could	also	explain	the	space	roar	
as	a	local	phenomenon.	
	
Bekenstein	and	Mayo	say:	“Of	course,	one	is	not	confined	to	electromagnetic	field	for	
sending	information;	sound	(acoustic	field)	or	neutrinos	will	do	just	as	well.”	So	as	a	
matter	of	information	transmission,	mode	supersedes	velocity.	“A	fundamental	
question	is	what	is	the	maximum	rate,	in	quantum	theory,	at	which	information	may	
be	transmitted	in	steady	state	down	a	photon	channel	for	prescribed	power	P.”	
Information absorption is not equal to speed of light—while particle creation is.  Particles 
are created in pairs, simultaneously, which we will take up shortly. 
 
The	authors	find	that	J.B.	Pendry’s	formula	sets	an	upper	bound	on	entropy	rate—
the	speed	at	which	information	can	be	absorbed	at	the	black	hole	horizon:	
	

		 !S = (πP /3")
1/2

	
for a specified power 	P  . 5  The bound is independent of the transmission velocity. The 
formula “ … refers to transmission by use of a single species of quantum and a specific 
polarization; different species and polarizations engender separate channels.”  
 
E.g., the phonon entropy capacity is as large as the photon capacity.  However, even 
though phonon energy is considerably less than photon energy, the capacity expressed as 
energy flux		(P) is associated with the same constants. 
 
“One	must	thus	pay	for	information	disposal	into	a	black	hole:	the	faster	we	want	it	
done,	the	more	power	we	have	to	put	in,	with	the	power	growing	quadratically	with	
the	loss	of	information	rate.”		If	we	take	the	rate	of	information	loss	to	vary	inversely	
proportional	to	the	frequency,	time	is	identical	to	information.	
	
The	continuum	of	information	is	integrable	for	every	channel	
	
As	a	result,	“	…	the	complementary	relation	between	entropy	and	information”	
simultaneously	sets	the	entropy	rate	out	of	the	black	hole	equal	to	that	of	
information	flow	into	the	black	hole	for	a	given	value			P. 	So	in	4	dimensions,	the	
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black	hole	is	coated	in	“soft	hair”—at	every	1-dimension	point	of	its	2-dimension	
surface.		6		Because	that	surface	is	infinitely	extended	(there	is	an	uncountable	
infinity	of	points	in	the	plane)	a	complete	set	of	modes	is	represented.		
	
That	is,	the	set	of	points	on	a	black	hole	surface,	regardless	of	the	object’s	state	of	
rotation,	can	be	seen	as	a	finite	set	of	infinite	things.		As	in	Hilbert’s	hotel	example,	
these	things	shift	position	continuously	to	make	room	for	others.		The	physical	
lesson	for	us—living	in	a	finite	though	unbounded	domain—is	elimination	of	the	
domain	boundary	between	quantum	mechanics	and	general	relativity.	
  
Information	flows	on	a	positive	trajectory	into	a	black	hole,	and	a	negative	trajectory	
out	of	it,	transmitting	and	absorbing	information	at	variable	rates	of	speed	up	to	the	
speed	of	light—depending	on		P 	energy	input	and	the	output	information	one	
expects	to	receive.		One	would	think	that	knowledge	of	the	future	is	required	to	
predict	this	output;	however,	there	is	no	preferred	tense	in	general	relativity.		A	
message	from	the	future	is	as	likely	as	a	message	from	the	past.		How	would	one	
know	the	difference,	when	historical	information	carries	as	much	entropy	as	
present	information?			Entropy	hides	its	origin,	so	entropy	is	a	good	candidate	for	

the	‘hidden	variable’	of	EPR	reference.	7		The	λ+ 	or	λ− 	which	alternates	(changes	
orientation)	covariantly,	depends	on	an	initial	condition	which	can	be	undone	at	the	

source—giving	us	an	impression	of	four	lambdas:	λ+ λ+
λ− λ− which	are	taken	to	

be	in	linear	superposition	until	one	of	them	is	measured—an	act	that	somehow	is	
supposed	to	transfer	information	at	a	distance	to	its	partner.			However,	the	distance	
is	zero,	following	from	an	inability	to	distinguish	entropy	origin,	past	or	future.			The	
initial	condition	is	done	and	undone,	locally	and	non-linearly,	by	a	global	wave	
function	that	does	not	depend	on	the	observer—it	is	inherent	in	the	structure	of	4-
dimension	spacetime.	
	
The	LIGO	legacy	of	locality	
	
LIGO	measures	time	on	the	y	axis,	and	frequency	on	the	x	axis,	compressing	and	
expanding	alternately,	in	principle	a	Lorentz	transformation	length	contraction	and	
time	dilation,	under	the	assumption	of	unitarity.			
	
If	classical	and	quantum	physics	occupy	a	unitary	domain,	time	is	nonlinear—
information	flowing	at	variable	rates,	in	a	variety	of	discrete	frequencies—	compels	
the	three	dimension	limit	equal	to	the	four	dimension	horizon.		In	other	words,	
reversibility	at	the	origin	preempts	singularity	formation,	exactly	as	Hawking	
predicts.			
	
Bekenstein	was	also	responsible	for	the	TeVeS	(tensor-vector-scalar)	theory,	
compatible	with	general	relativity—adapted	from	the	MOND	(modified	Newtonian	
dynamics)	theory	of	Mordehai	Milgrom—that	discards	the	classical	least	action	
principle.	8	However,	perhaps	this	more	generalized	choice	of	action	allows	us	to	
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reject	conservation	of	momentum,	as	MOND	requires,	so	long	as	we	restrict	the	case	
to	nonlocal	events.		
	
As	a	consequence	of	information	loss	and	energy	being	a	continuous	quadratic	
relationship,	low-energy	modes—such	as	sound—transmit	the	most	information	
coherently	at	short	distance.		Yet	high-energy	modes—speed	of	light	phenomena—	
including	gravity,	are	of	infinitely	long	range,	and	low	information	content.			
	
Hawking’s	revelation,	in	reversing	his	opinion	on	black	hole	information	loss,	is	that	
if	a	time	metric	can	be	recovered	from	a	black	hole,	anything	and	everything	can,	
because	in	a	universe	that	had	a	beginning	(as	the	singularity	theorems	of	Penrose-
Hawking	prove	by	existence)	time	is	indexed	for	every	event.	And	time	does	have	a	
finite	speed	that	slows	its	momentum	in	the	presence	of	much	slower	particles	
measured	against	the	speed	of	light—air	or	water,	e.g.	Or	neutrinos.	
	
Conclusion:		local	nonlinear,	not	nonlocal,	temporal	events	are	reconstructed	on	the	
black	hole	horizon	and	emerge	by	Hawking	radiation	as	spacetime-ordered	events.	
The	black	hole	point	of	creation,	however,	is	every	point	of	4-dimension	spacetime,	
as	evident	in	an	expanding	universe.	
	

In	memory	of	Jacob	Bekenstein	
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