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The Blanford-Znajek mechanism is frequently invoked to explain extraction of energy from spin-
ning Kerr Black Holes (BH). In addition, the “Membrane Paradigm” is also invoked to explain the
same. However it was shown by Punsly & Coroniti (1989, 19990) that some of the key assumptions
behind these two scenarios, like the existence of “force -free” magnetosphere around the BHs, are not
realizable. And therefore these two mechanisms fail. Punsly however has considered the possibility
of energy extraction from Kerr BHs by relying upon electromagnetic effects in the ergosphere of the
same. But, here we point out that, there is a fundamental reason as to why one cannot extract any
energy from uncharged BHs by any classical physics: the source of the moment of inertia and the
kinetic energy in a Kerr BH is the central ring singularity. No ergosphere/exterior magnetosphere or
anything else can have any electromagnetic coupling with this ring singularity. Consequently neither
can there be any current from the singularity to any exterior magnetosphere or any load. Thus there
cannot be any energy extraction from the ring singularity. Note, this paper does not deny that,
once one would accept the existence of finite mass BHs, there may be a poloidal magnetic field at
or even within the Event Horizon. Also, a similar interior boundary/magnetic magnetic field may
exist for an insulator immersed in an exterior magnetic field. But this does not mean that either
the insulator or the BH can develop indued electromagnetic property and get electromagnetically
coupled with the exterior magnetosphere. At a more fundamental level, it has been shown that the
so-called BH candidates are not BHs at all (Mitra 2004a,b; 2009). On the other hand, there are
observational evidences that the so-called BH candidates possess intrinsic magnetic moment, and
hence they are expected to be ultramagnetized ultracompact balls of conducting plasma (Schild et
al. 2006, 2008; Lovegrove et al. 2011). Following such a realization, one can easily explain energy
extraction from spinning BH candidates the same way one can explain release of rotational kinetic
energy of pulsars.
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I. INTRODUCTION

For the past 34 years, the physics of astrophysical jets
has heavily relied upon the “Blandford - Znajek” (BZ)
hypothesis (Blandford & Znajek 1977) which envisazes
that spinning Kerr BHs can spin down just like mag-
netized Neutron Stars: “It is therefore of interest to
ask whether or not a spinning black hole can also liber-
ate its rotational energy as a result of electromagnetic
processes like those in a pulsar”.

“it is shown that the eneregy and angular momentum
from a rotating hole can indeed be extracted by a mech-
anism directly analogous to that of Goldreich and Julien
(1969)”.

Then they assumed that there exists an electric field
E which obeys the law meant of a perfect MHD plasma
like the interior of a pulsar: E.B = 0, where B is the ex-
terior magnetic field. Having made this assumption, they
derived a Goldreich -Julien (i.e., pulsar interior type)
charge density ρ. Though there may be pair creations
anywhere including in the vicinity of a black hole or a
piece of stone, the fact remains that BZ never derived
any charge density either in the exterior or the interior
of the BH by means of any first principle calculation.
Thus effectively, they assumed what they are believed to
have proved.

In other words, their scenario is based on two crucial

assumptions like (i) existence of sufficiently strong Force
- Free magnetosphere around Kerr BHs and (ii) its firm
electromagnetic coupling with the BH itself. In order to
make progress, they were bound to make such assump-
tions. And they justified all such assumptions by tac-
itly arguing that they were needed to explain the quasar
acrtivities in terms of spinning black holes. However,
later, the presence of supermassive BHs in quasars are of-
ten explained by citing the Blanford-Znajek mechanism.
Thus, in a stict sense, the whole scheme becomes a per-
fect tautology rather than any explanation based on any
independent reasoning.

Having started with Kerr BHs, the BZ mechanism tries
to involve the accretion disks too:

“The overall efficiency of electromagnetic energy ex-
traction from a disk around a black hole is difficult to
calculate with any precision. Neither of the ectromag-
netic solutions presented in the last two sections have
been matched satisfactorily to solutions in regions where
the magnetic field lines are attached to the disk Within
the transition region, separating the horizon from the
disk, the efficiency of energy extraction depends critically
on the dynamical behaviour of the accreting material and
this is where the greatest uncertainty in the physics lies.”

And eventually, BZ talk of energy extraction by the
joint hole-disk system.

“If we assume that the disc is electromagnetic then we
can attempt to compare the Poynting fluxes radiated by
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the hole and the disc beyond the last stable circular orbit.
For a� m, and a paraboloidal field, the power radiated
by the hole, LH , satisfies LH ∼ 0.3(a/m)2LD where LD

is the power radiated by the disk.” Here a is the rotation
parameter and m is the gravitational mass of the Kerr
BH.

It however became apparent to some authors that in
the absence of a conducting surface at the event horizon
(EH), it would be difficult to sustain this scenario despite
the general belief in the “Blandford - Znajek” hypothesis.
Thus subsequently, the ‘Membrane Paradigm’ (McDon-
ald et al. 1986) was introduced. But in the following we
first point out that it has already been shown that none of
these two processes work (Punsly & Coroniti 1989, 1990;
Punsly 1991). Then we discuss why it is fundamentally
impossible to extract rotational kinetic energy of Kerr
BHs.

II. BASIC REASON

In the BZ scenario, there is no conducting surface as-
sociated with the BH with which the exterior magneto-
sphere can get coupled to. And this must be the basic
reason for introducing the Membrane Paradigm. Here
one imagines the presence of a “membrane” behaving
like a perfect conductor somewhere above the EH, to ex-
plain classical electromagnetic phenomenon near the EH.
But this is obviously a self-delusion because there is no
such conducting physical membrane at or above the event
horizon (EH).

In fact, these authors themselves (MacDonald et al.
1986) admit that (p. 46):

“ The mental deceit of stretching the horizon is made
mathematically viable, indeed very attractive, by the ele-
gant set of membrane-like boundary conditions to which
it leads at the stretched horizon....”

If BHs were physical objects, there would not have
been any need for a mental deceit, and they could have
been treated exactly without the prop of a “membrane”
(Mitra 2005, 2006).

The basis of both Blandford - Znajek hypothesis and
Membrane Paradigm has also been partly analyzed by
few authors mostly from the view point of whether there
can really be a “force -free” magnetosphere around the
event horizons (Punsly & Coroniti 1989, 1990; Punsly
1991). And they find that

“It is demonstrated that the event horizon behaves
quite generally as an asymptotic vacuum infinity for
axisymmetric, charge-neutral, accreting electromagnetic
sources. This is in contrast with the general notion that
the event horizon can be treated as an imperfect con-
ductive membrane with a surface impedance of 4π/c”
(Punsly & Coroniti 1989).

Despite this, Punsly however thinks that a Kerr BH
may get coupled to the exterior magnetosphere through
its ergosphere, lying outside the EH, and which may con-
tain force -free pair plasma (Punsly 1999). In this case,

in view of likely induced electromagnetic activity at the
ergosphere, a Kerr BH is termed as “Magnetized Black
Hole” in direct violation of the Black Hole No Hair The-
orem. However we discuss why an uncharged BH cannot
have any electromagnetic coupling with exterior magne-
tosphere.

III. FUNDAMENTAL REASON

An accretion disk can of course possess an intrinsic
magnetic field and even a magnetosphere. But, this can
at the most mean that one might extract the kinetic en-
ergy of a differentially rotating accretion disk. However,
this does not at all mean that an object immersed in
the magnetosphere of the disk becomes not only the
owner of that magnetosphere, but also develops a much
more intense intrinsic magnetosphere. In fact since a
chargeless BH is inert, a piece of vacuum without
any net free charge or electrical conductivity, it
cannot have any electrodynamical coupling with
the magnetized accretion disk.

To appreciate this, first consider the fact that the mat-
ter in a Kerr BH lies in a ring singularity; otherwise it is
all vacuum everywhere. So the source of moment of in-
ertia and the rotational kinetic energy of the BH is this
ring singularity. And in order to tap this kinetic energy,
there must be some mechanism which can draw energy
out of this ring singularity.

For further appreciation, recall the original experiment
by Michael Faraday where a spinning metal disk is kept
between the poles of an external magnet, and the cen-
ter of the disk is connected with the rim of the same to
complete a circuit. Only after such a circuit completion,
the unipolar induction mechanism works, and a current
is recorded in the circuit. The source of energy of this
current is the spin kinetic energy of the metal disk.

If in this experiment, the metal disk would be replaced
by a perfect insulator, there would still be a magnetic
field at the boundary surface of the disk. Yet there will
be no current, no extraction of energy. Further, if
the disk would be replaced by an imaginary disk, i.e., a
vacuum, there would again be no current anywhere. Now
let us assume that there might be a finite magnetic fields
at the event horizon (BEH). And one may even work out
a “spin down rate” by using this value of BEH by copying
the pulsar physics. However, physically, such a compua-
tion will be fictitious, and actually no energy is extracted
from the BH. Mere existence of a peripheral magnetic
field does not mean that the object is really threaded by
the exterior magnetic field and there are currents flow-
ing within the object. Otherwise any spinning insulator
would radiate electromagnetic waves when placed in an
exterior magnetic field.

However, since the Kerr BH contains a central ring sin-
gularity where density of matter is infinite and which may
be conducting too, one might like to modify the “Farady
Disk” in the following manner. Let there be a conduct-
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ing ring at the center of an otherwise perfectly insulating
disk. Let there be also another conducting trapped el-
lipsoidal plasma touching the insulator disk. Here this
trapped plasma ellipsoidal may represent the ergosphere
of the Kerr BH. Now as the disk would rotate in the
presence of the exterior magnetic field, a current would
indeed flow within the conducting ring. But this current
will be confined within the ring. There may also be a
current and an induced electromagnetic activity in the
ergosphere in case it would indeed be filled with plasma.

However this exterior spinning plsama must have neg-
ligible moment of inrertia and kinetic energy. On the
other hand the real contribution of moment of inertia
and kinetic energy must be assigned to the central con-
ducting ring. Obviously there will be no current from
the ring singularity to the ergosphere or any other exte-
rior region. And since there is no electrical connectivity
between the ergosphere plasma and the central ring, the
kinetic energy of the ring cannot be extracted by either
the ergosphere or by any other exterior agent. Thus, it is
fundamentally impossible to extract energy from a spin-
ning Kerr BH by any classical physics.

The situation here is something like the following: If
one would like to extract the spinning kinetic energy of,
say, the moon, it will not be enough to put a sail or a bal-
loon in the atmosphere of the moon. By such attempts,
one can at best extract part of the kinetic energy asso-
ciated with the atmosphere of the moon. On the other
hand, in order to really extract the rotational kinetic en-
ergy of the moon, some contraption must be rigidly fixed
deep within the crust of the moon!

In general, if there would be a spinning object (say a
piece of metal) in the field of another magnet, the former
does develop magnetic property by “unipolar induction
mechanism”, and both of them indeed get electromagnet-
ically coupled. However, if the piece of metal would be
replaced by an insularor or vacuum which has no source
of uninhibited free charges, then the former would not
acquire any electrodynamic property; and neither would
it get coupled to the genuine magnet. Thus, in reality,
the BH paradigm completely fails to explain the launch
of relativistic jets and any other high energy astrophysics
activity (except those related exclusively to the accretion
disks).

IV. DISCUSSIONS

Blanford and Znajek (1977) assumed that (p.444)
“Nevertheless we can demonstrate that if (as seems

likely) the electrical circuit is complete inside the hole,
then precisely the correct amount of energy and angular
momentum transfer takes place between the matter and
the electromagnetic field inside the horizon.”

But neither BZ nor anybody else claiming that energy
can be extracted from BHs, have ever really shown how
there can be flow of outward current first from the ring
singularity and then from the trapped region surround-

ing it. Note, by the very definition of “singularity” and
“trapped region”, there cannot be any such outward
current which can complete the BH - Exterior load cir-
cuit.

In general, no amount of complex mathematics, covert
assumptions and discussions based on the pattern of the
Pulsar Magnetosphere can render a vaccum into a rigid
body of infinite electrical conductivity or convert a vac-
cum region into a pulsar! Further if the vacuum region
would contain a gravitational singularity, the possibility
of any energy outflow gets ruled out. No one can extract
a current from the central singularity by any amount of
mathematical physics whose region of applicability lies
outside the supposed BH. Atleast, not by any classical
electrodynamics and physics.

Some authors may argue that the “No Hair Theorem”
is meant for isolated BHs and not for BHs immersed
in an exterior electromagnetic field. Though we have
already addressed to this question by considering the
Farady Disk, let us emphasize our point again by con-
sidering a simpler situation:

Let us put a stainless steel bar into the field of a strong
bar magnet. If the stainless bar will be pulled, will the
bar magnet move in tow? Obviously NO, because the
stainless steel is not a ferro-magnet and cannot get mag-
netically coupled to the exterior magnetic field. On the
other hand, had the bar been made of a ferromagnetic
material like soft iron, it would have been able to pull the
bar magnet along by virtue of its induced magnetization.
Thus the presence of an exterior electromagnetic field it-
self does not guarantee electromagnetic coupling. On the
other hand, the inherent electromagnetic property of a
given body determines whether it can get electromagnet-
ically coupled to an exterior electromagnetic field. Unfor-
tunately, the entire development of BH Electrodynamics
has pretended that the BH intrinsically behaves like a ball
of non-singular conducting fluid a-la a pulsar! Note, Zna-
jek (1976) thought that electromagnetic forces could be
so strong that

“It is concluded that accreting plasma may be in quasi-
static equilibrium near some black holes and that this is
a consequence of the strength of electromagnetic forces
in comparison with that of gravity.”

If the EH is not a physical surface and further if gravity
is so strong there that even light cannot escape, then
how can there be “quasi-static” plasma hanging over it?
Yet, if one would accept this mental picture, one question
would arise: If really so, then electromagnetic processes
can probably arrest the gravitational collapse and inhibit
the formation of a true BH.

A. Magnetized Black Holes

BZ considered Kerr BHs and invoked “No Hair Theo-
rem” to justify some of their assumptions. However, as
already mentioned, many authors justify the possibility
of BH electrodynamics by claiming that there are exact
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solutions for Kerr -Newman BHs immersed in exterior
magnetic fields (Ernst & Wild 1976, Krori, Chaudhury,
and Dowerah 1983). In particular, the famous Ernst
and Wild solution may suggest that a Kerr BH having
an angular momentum of J = ma acquire a charge of
Q = 2B0J when placed in an uniform exterior mag-
netic field of strength B0. However, the fact remains
that, all such solutions are stationary ones indicating
they do not suggest emission of any electromagnetic
or gravitational waves. Therefore, such mathemat-
ical analogies/interpretations of “induced charge” may
be misleading as far as physics is concerned. At the best,
since the BH has no physical surface, the charge must be
deposited in a singularity rendering the Kerr BH into a
Kerr -Newman BH. But that does not imply any energy
extraction. To appreciate this, consider the fact that, if
an inert stone would be placed in an exterior magnetic
field, the Ernst & Wild solution (in its Newtonian limit)
would ascribe some “charge” and associated electromag-
netic properties. But as far as physics is concerned, the
spinning inert stone will not acquire any electromagnetic
property, will not launch any Poynting flux or jet even
though it has a physical surface. On the other hand,
a spinning Farady disk made of conducting metal
would indeed acquire genuine electromagnetic properties
by virtue of its inherent physical properties. Fur-
ther, one need not justify such genuine induced electro-
magnetic properties of the Farady disk by means of any
Ernst -Wild solution.

Note, in contrast, a charged and spinning Kerr New-
mann BH moving with uniform acceleration in an exte-
rior magnetic field has a much better chance to radiate
gravitational and electromagnetic waves (Krori, Chaud-
hury and Dowerah 1984; Krori and Barua 1984). How-
ever, even in such cases, there is really no clear indica-
tion whether the solutions could be non-stationary and
whether there could be any genuine emission of radia-
tion. Such accelerating BH solutions originated from the
vacuum C-metric derived by Levi-Civita and which is
interpreted as the motion of a Schwarzschild BH with
uniform acceleration. In view of such an “acceleration”,
one would expect emission of gravitational waves. But
this solution is static and there is no emission of any
radiation! What could be the explanation?

V. CONCLUSION

So far, we subscribed to the idea that there can be Kerr
BHs with finite values of rotation parameter a and gravi-

tational massm. But it transpires that in oder than time-
like geodesics of an infalling particle must remain time-
like, there cannot be any (finite mass) Schwarzschild or
Kerr BH (Mitra 2002; Kiselev, Logunov, & Mestvirishvili
2010). Further it was independently shown that the in-
tegration constants associated with the Kerr BH are zero
(a = m = 0) (Mitra 2004a,b). Naturally, a Schwarzschild
BH too has m = 0 (Mitra 2009). The result m = 0 for
BHs seems to be in perfect agreement with the fundamen-
tal fact that all BH solutions are vacuum solutions. And
this may explain why the accelerating BH in the Levi-
Civita solution does not emit any radiation. Physically
such results imply that, during continued gravitational
collapse, the object must radiate out entire angular mo-
mentum and mass-energy asymptotically to attain a state
of absolute rest with a = m = 0, a state which has no
closed time like curves in its interior unlike the case of a
Kerr BH (Mitra 2004a,b).

Thus the observed BH candidates with finite a and m
must be non-singular objects.

And it has been found that indeed some of the spin-
ning quasars have strong intrinsic magnetic fields which
Kerr BHs cannot possess ( Schild, Leiter & Robertson
2006, 2008; Lovegrove, Schild, & Leiter 2011). Simi-
larly, the detection of a strong magnetic field B ∼ 108

G near the inner edge of the accretion disk of the com-
pact object in Cygnus X-1 too suggests that the relevant
compact object has strong intrinsic magnetic moment
(Gnedin, Borisov, Natsvlishvili, Piotrovich, & Silant’ev,
2003). Such evidences support the paradigm that the
so-called BH candidates are actually “Magnetospheric
Eternally Collapsing Objects” (MECOs): ultracompact
quasi-static balls of ultramagnetized plasmas.

By using this paradigm, one can easily understand how
the so-called BH candidates radiate their rotational ki-
netic energy; essentially the spinning MECOs act like
extremely general relativistic pulsars (Mitra 2005). By
using such a paradigm, most of the observations associ-
ated with the BH candidate X-ray binaries have already
been explained (Robertson & Leiter 2002, 2003, 2004).
The observed features of the supposed supermassive BH
Sgr A* at the center of our galaxy too can be understood
in the same paradigm (Robertson & Leiter 2010).

[1] Blandford, R. D. & Znajek, R. L. (1977). Electromag-
netic extraction of energy from Kerr black holes. Monthly
Notices of the Royal Astronomical Society, vol. 179, p.
433-456.

[2] Ernst, Frederick J.; Wild, Walter J. (1976). Kerr black

holes in a magnetic universe. Journal of Mathematical
Physics, 17, pp. 182-184

[3] Gnedin, Yu. N., Borisov, N. V., Natsvlishvili, T. M.,
Piotrovich, M. Yu., Silant’ev, N. A. (2003). Magnetic
and Electric Fields around the Black Hole in Cyg X-1.



5

(arXiv:astro-ph/0304158)
[4] Kiselev, V. V., Logunov, A. A., & Mestvirishvili, M. A.

(2010). The physical inconsistency of the Schwarzschild
and Kerr solutions. Theoretical and Mathematical
Physics, Volume 164, Issue 1, pp.972-975

[5] Krori, K. D.; Chaudhury, S. and Dowerah, S. (1983). A
charged black hole in a uniform magnetic field Canadian
Journal of Physics 61, p. 1192-1197.

[6] Krori, K. D. and Barua, M. (1984). The field of an ac-
celerating black hole embedded in a magnetic universe.
Canadian Journal of Physics, 62, p. 889-897

[7] Krori, K. D., Chaudhury, S. and Dowerah, S. (1984).
Accelerating black hole in a magnetic field Journal of
Mathematical Physics, 25, p. 607 - 611

[8] Lovegrove, Justin; Schild, Rudolph E., Leiter, Darryl,
(2011). Discovery of universal outflow structures above
and below the accretion disc plane in radio-quiet quasars,
Monthly Notices of the Royal Astronomical Society, 412,
2631-2640

[9] Macdonald, D.A., Price, R.C., Suen, W. -M., & Thorne,
K.S. (1986). Black Holes, In :The Membrane Paradigm,
eds. K.S. Thorne, R.H. Price, & D.A. Macdonald (Yale
Univ. Press, London)

[10] Mitra, A. (2002). On the final state of spherical gravita-
tional collapse. Foundations of Physics Letters, 15, Issue
5, pp.439-471. (arXiv:astro-ph/0207056)

[11] Mitra, A. (2004a). Why the astrophysical Black Hole
Candidates may not be black holes at all. (arXiv:astro-
ph/0409049)

[12] Mitra, A. (2004b). Why the astrophysical Black Hole
Candidates are not rotating black holes. (arXiv:astro-
ph/0407501)

[13] Mitra, A. (2005) Magnetospheric Eternally Collapsing
Objects (MECOs): Likely New Class of Source of Cos-
mic Particle Acceleration. Proceedings 29th International
Cosmic Ray Conference. (Eds.) B. S. Acharya et al., 3,
p.125. (arXiv:physics/0506183)

[14] Mitra, A. (2006). Sources of stellar energy, Einstein
Eddington timescale of gravitational contraction and
eternally collapsing objects. New Astronomy, 12, 146-
160.(arXiv:astro-ph/0608178)

[15] Mitra, A. (2009). Comments on “The Euclidean gravi-

tational action as black hole entropy, singularities, and
space-time voids”, Journal of Mathematical Physics, 50,
042502-042502-3.(arXiv:0904.4754)

[16] Punsly, Brian & Coroniti, Ferdinand V. (1989). Electro-
dynamics of the event horizon. Physical Review D, Vol-
ume 40, Issue 12, pp.3834-3857

[17] Punsly, Brian & Coroniti, Ferdinand V. (1990). Relativis-
tic winds from pulsar and black hole magnetospheres.
Astrophysical Journal, vol. 350, p. 518-535

[18] Punsly, B. (1991). Inviscid hydromagnetic horizon
boundary conditions. Physical Review D, Volume 44, Is-
sue 10, pp.2970-2982

[19] Punsly, B. (1999). A Magnetized Black Hole Model of
LS I +610303. The Astrophysical Journal, Volume 519,
Issue 1, pp. 336-344

[20] Robertson, Stanley L. & Leiter, Darryl J.(2002). Evi-
dence for Intrinsic Magnetic Moments in Black Hole Can-
didates, The Astrophysical Journal, 565, 447-454.

[21] Robertson, Stanley L.; & Leiter, Darryl J. (2004). On the
Origin of the Universal Radio-Xray Luminosity Correla-
tion in Black Hole Candidates, Monthly Notices of the
Royal Astronomical Society, 350, 1391-1396

[22] Robertson, Stanley L. & Leiter, Darryl J. (2003). On
Intrinsic Magnetic Moments in Black Hole Candidates,
The Astrophysical Journal, 596, L203-L206

[23] Robertson, Stanley L. & Leiter, Darryl J. (2010). Does
Sgr A* Have an Event Horizon or a Magnetic Moment?,
Journal of Cosmology, 6, p.1438-1472

[24] Schild, Rudolph E., Leiter, Darryl J., Robertson, Stan-
ley L. (2006). Observations Supporting the Existence of
an Intrinsic Magnetic Moment inside the Central Com-
pact Object within the Quasar Q0957+561, Astronomi-
cal Journal, 132, 420-432

[25] Schild, Rudolph E., Leiter, Darryl J. and Robertson,
Stanley L. (2008). Direct Microlensing-Reverberation
Observations of the Intrinsic Magnetic Structure of Ac-
tive Galactic Nuclei in Different Spectral States: A Tale
of Two Quasars, Astronomical Journal, 135, 947-956

[26] Znajek, R. (1976). On being close to a black hole without
falling in. Nature, 262, 270-271


