
A talk by J.F. Woodward given at the symposium for John Cramer’s 75th birthday at 

the University of Washington on 10 September 2009.  (His birthday is actually on 24 

October.) 
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In a presentation following this one, Geoff Landis talks about the “parallel” worlds of science and 

science fiction.  He is surely correct in identifying these “worlds” as ones populated by respectable 

practitioners and their acolytes.  Generally speaking, to be a member of the scientific community 

requires particular expertise and acceptable behavior – more or less along the lines spelled out by 

Thomas Kuhn in his description of “normal” science in his The Structure of Scientific Revolutions.  As a 

literary community, the “world” of science fiction is governed by a different set of tacit rules, and is not 

required to hew to the rules governing the creation of scientific knowledge.  In particular, it is 

acceptable to speculate on plot devices involving “science” that does not yet exist, and perhaps, even 

likely may never exist – for example, time travel to the past. 

In addition to these two “parallel worlds” there is a grey area in between and around them.  For the most 

part, it is populated by crackpots.  But it also is at least visited by those who consider themselves serious 

scientists who seek to try to realize as serious science things commonly regarded as science fiction (at 

best).  They do this at serious risk to their credibility and reputations as competent scientists, for usually 

work on subjects that fall in the grey area is not regarded by those in the community of professional 

scientists as legitimate subjects for investigation.  In an earlier talk, John Clauser related this sort of 

reaction to his early investigations of the foundations of quantum mechanics. 

This talk will be about a grey area investigation that suggests that as long as the “standard model” of 

relativistic quantum field theory prevails, the likelihood that “absurdly benign” wormholes will be made 

is essentially zero.  Accordingly, taking rapid spacetime transport to be the centerpiece of science 

fiction, those in the world of science fiction have nothing to fear from scientists removing their central 

trope into the world of science. 



I was invited, in the spring of 2002, to give a talk for the physics colloquium in the fall 

of that year at Cal State Fresno on the work that I was engaged in.  As the agreed upon 

date approached, I contacted the colloquium coordinator for logistical information.  He 

allow as how he thought I had flaked out on the commitment, but would reinstate my 

talk in the series.  I sent him some description of what I was doing, and shortly 

thereafter, he sent the announcement shown here, along with directions on campus and 

so forth.  Immediately on glancing at the announcement, it was clear to me that I was 

to give the science fiction talk for the series.  The talk went off as planned – and no 

one objected when I identified it as the science fiction talk for the semester. 
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In the ’90s at least, the chief reason that anyone was aware of the work that I was 

engaged in was that John Cramer had written an “Alternate View” column in Analog: 

Science Fiction and Science Fact about it in 1996.  So, such notoriety as I have 

enjoyed for some years now is largely due to his having taken note of my work, and 

thinking it worthy of writing about in his regular column.  My work having come to 

his attention, however, was not by chance.  A couple of years earlier, I had published a 

paper in Foundations of Physics Letters that came to his attention. 
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That paper was titled Making the Universe Safe for Historians: Time Travel and the 

Laws of Physics” [a take-off on a joke by Stephen Hawking in his “chronology 

protection conjecture” paper of several years earlier claiming that time travel to the 

past was impossible].  A happy, unintended consequence of this title choice is that it 

has the acronym “MUSH”. 

The then Editor of FoPL [Alwyn van der Merwe, whom I know] had a policy of 

soliciting the names of a half-dozen potential referees from prospective authors, from 

whom he might select one or two.  One might be tempted to supply the names of 

friends, or others one might hope to be sympathetic to one’s article I suppose, but I 

was chiefly interested in getting the leading people in the world to read the paper I had 

written.  John was one of the people on my potential referees list.  You can probably 

guess two or three of the others.  You would probably not guess Hans-Jurgen Treder, 

who was on the list.  I asked the Editor to send the paper to all of the referees I had 

suggested, as well as anyone else he might think appropriate.  He told me that he did 

so. 
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The reason why I pursued the strategy mentioned in conjunction with the previous 

slide is captured nicely by Dan Kennefick in the opening to his chapter on “the 

skeptics” in his recent (excellent) book on the history of gravitational wave physics: 

Traveling at the Speed of Thought (Princeton, 2007, p. 180).  I wanted what I had to 

say read – carefully and completely – by a certain group of folks. . . . and to get their 

honest reactions.  I was not disappointed.  And my friends were spared the burden of 

refereeing my paper for the journal. 
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There are many plot themes that are used in science fiction.  Most of them – like those 

in the above list – are not so central to the genre that they cannot be ignored.  It is, 

however, inconceivable that the genre could exist in its present form without the 

assumption of “rapid spacetime transport”.  And were rapid spacetime transport ever 

to be actually realized, the genre of science fiction would be radically transformed.  So 

the question is: Is there even the remotest chance that rapid spacetime transport will 

ever actually be achieved? 

7 



For reasons of supporting evidence – and nostalgia – I intended to show clips of a 

couple of “classic” science fiction films from the ’50s.  In particular, two clips from 

the George Pal production of War of the Worlds.  The first clip started right after the 

padre intoned “beings from another world” and concluded right after the professor 

from Pacific Tech made some vapid comments on magnetic levitation.  The second 

started a few minutes later (with the heroine holding her ears to shut out the din of 

battle), as the Martians, protected by dome shaped force fields, opened up with their 

directed energy beam weapons and blasted the holy living b’jesus out of everything in 

sight.  (It ended 40 seconds later, right after the vaporizing of a tank.)  The clip from 

Forbidden Planet was from the beginning of the film where a narrator in voice-over a 

disk shaped craft plotzing along in deep space recounts the discovery of “hyperdrive” 

a couple of hundred years hence. 
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The story of how Carl Sagan wanted a scientifically credible plot device to get the 

protagonists in his novel Contact to the center of the galaxy and back in no time at all 

is well-known.  He appealed to Kip Thorne, who told him black holes weren’t viable.  

But traversable wormholes were. . . . 
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Kip Thorne (Feynman professor of theoretical physics at Cal Tech). 
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The abstract of the paper that started the modern era in investigations of rapid 

spacetime transport published in the May 1988 issue of the American Journal 

of Physics (vol. 56, pp. 395 – 412).  Wormholes, if optimally engineered, 

would solve the rapid spacetime transport problem, making, as in the title of a 

recent book by John Gribbin, “hyperspace: our final frontier”.  Thorne and his 

then grad student Michael Morris presented this work as a pedagogical device 

for teaching general relativity.  They fooled no one. 
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Artist’s romantic rendition of a hypothetical starship in the act of inducing a 

wormhole.  From Hawking’s The Universe in a Nutshell (2002). 
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As Morris and Thorne elaborated, many types and shapes of traversable wormholes 

are possible.  If a wormhole is to be generated locally, however, without screwing up 

spacetime for everything around it, it has to be of a special type: absurdly benign.  

These wormholes, as Morris and Thorne pointed out in an appendix to their paper 

(keep in mind Dan Kennefick’s remarks), have the special property that the spacetime 

in their vicinity, save for the throat itself, is sensibly flat.  The problem is that they 

require large amounts of negative restmass for their construction. 
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The relevant page in the Appendix. 
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The relevant language on the relevant page. 
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Hawking. 



Hawking changed his mind about time travel in 1995.  He intimated his changed 

opinion to several grad students who promptly reported this development to the press.  

He did not become an enthusiast, indeed, he remained a skeptic.  But he abandoned his 

“chronology protection conjecture” and still refuses to take bets on the possibility of 

time travel to the past.  [This was faxed to me by the Editor of FoPL shortly after it 

was published.] 
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This chart accompanied a piece in a recent (2009) Scientific American on “swimming” 

through spacetime – made possible by the curvature of spacetime according to general 

relativity in the vicinity of local concentrations of mass.  Note the lower right hand 

corner where wormholes are dismissed as impractical. 
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It is a straight-forward matter to compute the amount of “exotic” matter needed to 

stabilize an absurdly benign wormhole of traversable dimensions.  It is a Jupiter mass.  

If that mass forms a thin shell in the throat of the wormhole, note that the density of 

the exotic matter has to be very much greater – decades of orders of magnitude greater 

– than the densities typical of normal matter.  This fact is often glossed by aficionados 

in their discussions of wormholes. 
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Nowadays there is quite a bit of rank speculation in the public media about making 

wormholes and time machines.  When the issue of creating the wormholes is 

addressed, the usual comments typically include speculations on microscopic 

wormholes that purportedly flit into and out of existence at the level of the conjectured 

“quantum spacetime foam” – a feature of spacetime supposed to exist at the scale of 

the Planck length, 10^-33 cm.  The alleged process involved is “amplification” of a 

Planck-scale wormhole.  Quite apart from whether such wormholes even exist in the 

first place, no one has even the slightest clue of how you would “amplify” such a 

thing.  Science fiction has nothing to fear if this is how wormholes are to be made. 

Some have suggested that exotic matter might be a naturally occurring substance, and 

when we master space travel, we may happen upon it in our travels.  Perhaps, for 

example, in the asteroid belt.  The problem is that the exotic matter is supposed to 

solve the space travel challenges that must be solved, it would seem, before we can 

tool around looking for exotic matter. . . .  I should add that if exotic matter comes in 

planetary or larger objects, John and several colleagues in the mid-’90s suggested a 

way to look for it.  Such objects should deflect background starlight with a distinctive 

signature. 

This last suggestion, transforming normal matter into exotic matter, seems to be the 

only scheme that holds out any promise at all. . . . 
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The caveat to any scheme that purports to generate exotic matter for rapid spacetime 

transport is that however it is done, it has to be done with “low” energy 

electromagnetic fields.  Why?  Because that’s all we have available with which to 

accomplish the task.  So, not only must the density of the Jupiter mass of exotic matter 

be literally astronomical, it must be induced with piddling fields. 
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In the matter of transforming normal into exotic matter, it is worth noting that in the 

standard model of relativistic quantum field theory [actually, QED for electrons] the 

bare masses of elementary particles are negative and infinite.  As Peter Milonni 

pointed out to me many years ago, they must be to counter the infinite positive energy 

of the cloud of virtual particles expected to “dress” bare particles.  So, in principle, 

normal matter has resident in its bare particles an infinite amount of exotic matter. 

The question is, if the exotic bare matter is really there, is there any way to “undress” 

matter to expose its exotic core?  This presumably would involve finding a way to shut 

off the production of the virtual particles that dress the bare matter.  At present, this 

seems an impossible task.  So the generation of traversable wormholes seems 

impossible as long as the standard model of RQFT prevails. 
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It has been fashionable for some time now to assert that the Higgs process is the 

“origin of mass”.  As Frank Wilczek has pointed out in a recent book (The Lightness of 

Being, Basic Books, 2008), this is wrong.  The Higgs process transforms zero restmass 

particles that propagate at the speed of light into fermions with finite restmass that 

propagate at speeds less than that of light.  But, in the case of nucleons, the quarks 

(fermions) make up less than 5% of their mass, the remainder arising from the energies 

of the gluons (that propagate at light speed) that hold the quarks together.  So, almost 

all of the masses of nucleons has nothing  to do with the Higgs mechanism.  They arise 

from the energies of the gluons via m = E/c2 (which, as Wilczek notes, is the way 

Einstein first wrote down his famous equation).  So, the question of the “origin of 

mass” is really the question: Why do elementary particles have energy? 

The usual answer to this question is to say simply that they do.  That is, energy is a 

primordial property  of elementary particles or, perhaps, due to a local interaction, say, 

with the vacuum.  But this view ignores the fact that local phenomena are coupled to 

the distant matter in the Universe.  Ignoring local concentrations of matter, local 

inertial frames of reference do not rotate with respect to distant matter for example.  

This has been known at least since the late 19th century when Ernst Mach pointed it 

out.  Some believe that this cannot be just an accident.  Because there are equal 

amounts of positive and negative electrically charged matter in the Universe, 

electromagnetic coupling turns out to be unimportant.  But that isn’t true for gravity.  

So, if there is anything to the coupling to distant matter as the origin of mass, it must 

be that mass is due to the gravitational potential energy things possess, or, E = m!, 

and if ! = c2 clearly this will work.  For m = E/! and E = mc2, so we arive at m = m.  

But is ! = c2? 29 



Although it is not widely appreciated, Mach’s principle is in fact true in general 

relativity.  This can be shown using the PPN formalism as developed by Nordtvedt 

(and others) and considering linear accelerational frame dragging.  See the slides 43 

and those there following.  And, up to a geometrical factor of order unity, ! is indeed 

= c2, as required if gravitational potential energy is to be the origin of mass. 

To change the properties of local matter, if this is true, we need only gravitationally 

decouple it from the bulk of the distant mass in the Universe. 
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To see how gravitational coupling to distant matter – and its manipulation – affects the 

masses of elementary particles we need a model of elementary particles that includes 

gravity.  This the standard model of RQFT does not have.  But, as Abhay Ashtekar 

noted in an article on his ideas about quantum gravity some years ago, the electron 

model of Arnowitt, Deser, and Misner [ADM] does include non-linear gravity – 

indeed it is an exact solution of Einstein’s field equations – and it doesn’t require the 

procedures of renormalization to suppress divergences. 
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The page where Ashtekar discusses the ADM electron model.  The “new Hamiltonian 

variables” approach he advocated has not produced the divergence free theory of 

quantum gravity that he hoped for yet.  Nonetheless, the ADM model can be used to 

investigate the issues of interest here. 
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The issue of inducing a Jupiter mass of exotic matter from a small quantity of normal 

matter using the ADM model for electrons was considered in an appendix to MUSH.  

That appendix and a small part of MUSH are reproduced here.  Quite apart from the 

question of making traversable wormholes, Mach’s principle makes it possible to 

understand why the ADM elementary particle mass differs from the measured electron 

mass by a factor of c2 (to better than 10%).  c, as pointed out by a participant at the 

symposium, has dimensions of velocity, so the fact that the ADM and electron masses 

differ by a factor of c2 can only be regarded as a fluke accident unless a way can be 

found to account for the dimensions in question.  Note that this issue is addressed in 

the appendix reproduced here. 
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Note that the electron mass is recovered from Equation (A12) when the potentials in 

the denominator of the factor involving the speed of light in the denominator are 

essentially the same (because the dust has collapsed to its gravitational radius), making 

the expression for the difference of the potentials of order unity.  When this is true, c2 

dominates the denominator and the electron mass is recovered – and since the 

potentials in the denominator cancel the dimension of the factor of c2, no fudging of 

dimensions is required. 

As an aside I note that in RQFT infinities are subtracted to yield small finite results.  

Here two factors of roughly c2 are subtracted to yield a small finite result that causes 

Equation (A12) to return the electron mass.  So differences of very large quantities are 

still required to account for very small quantities. 
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The ADM model of elementary particles leads to a Jupiter mass of negative restmass matter, provided a way can be found to 

screen that matter from the gravitational action of the chiefly distant matter in the Universe.  One might reasonably ask, if that can 
be done, what will be the physical conditions in the wormhole throat encountered by a traveler?  This turns out to be related to a 

different set of questions – since the masses things are equal to their gravitational potential energies divided by c2 according to 
Mach’s principle, shouldn’t the masses of things change as the Universe expands?  And shouldn’t the masses of things depend on 

the presence of other nearby masses?  These questions are fundamental and important. 

The answers to these questions turn upon the fact that the speed of light is NOT, in general, a constant (as widely believed).  It is a 

locally measured invariant, and that is NOT the same thing as a constant.  All observers making local measurements of a locally 
measured invariant get the same number.  But non-local observers may get different numbers.  [One of the few places I have 

found that addresses this distinction in print is in Taylor and Wheeler’s Spacetime Physics, Freeman, 1992, pp. 208 - 209.]  In 
special relativity the speed of light can be treated as a constant, for it is unaffected by the presence (or absence) of other fields, and 

all inertial observers measure the same value everywhere and everywhen. But in general relativity, for example, the allegedly 

constant speed of light measured by a local observer at the horizon of a black hole gets 3 X 10^10 cm/s.  A distant observer, 
however, gets zero for c.  The speed of light depends on whether a gravitational field is present – and it depends on where the 

observer is located relative to the location of the measurement.  This is a straight-forward, well-known consequence of general 
relativity theory. 

Another well-known feature of general relativity theory is that the “Einstein Equivalence Principle” [EEP] must be valid.  The 

best-known consequence of the EEP, other than the assertion of the equivalence of gravity fields and accelerations, is that it 

prohibits the localization of energy of the static (or stationary) gravitational field.  [There is a small community of Einstein critics 
who are convinced that this is wrong.  In the 1920s Levi-Civita was among their numbers.  They are determined to believe that 

there is an objective Newtonian-like gravity field that possesses energy that can be localized.]  Einstein rejected Levi-Civita’s 
claim, realizing that its acceptance would destroy the relativistic invariance of his theory.  Actually, accepting the claim would 

destroy more than that.  It would destroy all of relativistic mechanics, and indeed, Newton’s laws of motion.  Why? 

Well, the non-localizability of stationary gravitational field energy asserted by the EEP amounts to the claim that the total 

gravitational field potential at any point is a locally measured invariant, just like the speed of light.  Why is this important?  

Because when account is taken of the fact that inertial reaction forces are gravitational in origin [see the demonstration at slide 43 

ff], and the potential must, up to a factor of order unity, be equal to c2 for this to be true, this ensures that inertial reaction forces 
will always obey Newton’s third law.  If the potential can have locally observed values different from c2, then inertial reaction 

forces may be more or less than applied forces – and Newtonian mechanics is false. 

Notes continue on next slide… 
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… notes continued from previous slide 

Now, if the total gravitational potential is a locally measured invariant (as the EEP requires), then a person in a 

wormhole throat will see the matter supporting the throat – that looks like a Jupiter mass of exotic matter to those 

outside the throat – as being completely normal and the environment in the throat as being completely benign.  I 
point out that denial of the EEP and Mach’s principle would lead to radically different situations, so if you want 

rapid spacetime transport, you’d better keep your fingers crossed that Einstein was right about the EEP – and that 

Mach’s principle is correct.  I also note that this is why the specification of observer as well as location of 

measurement is treated so carefully in the appendix to MUSH. 

I should also note that the foregoing is only obvious in retrospect.  Even world-class physicists sometimes screw 

this up.  The best example of this is Einstein himself.  In 1921, shortly before he learned of Mach’s denial of 

godparenthood of relativity theory, in his Stafford Little Lectures given at Princeton [published as The Meaning of 
Relativity, 5th ed., Princeton, 1955], argued that general relativity encompassed Mach’s principle to some extent.  

Starting on page 99, he outlines those things that he takes Mach’s principle to imply.  One of them is the 

proposition that the presence of nearby objects should change the mass of some object under consideration.  

Moreover, if nearby objects are accelerating in some direction, they should exert a force in that direction on the 

body under consideration.  That is, Einstein then thought that gravitational potential energy should contribute to the 
masses of bodies.  And accelerating nearby matter should either produce a force on a body, or, equivalently, should 

induce local frame dragging.  Einstein went on to show that in a vector approximation to general relativity, both of 

these things seemed to take place. 

In a sense, Einstein was right about these things.  The masses of things do depend on their gravitational potential 

energy; and linear accelerational frame dragging is predicted by general relativity [see Nordtvedt’s comments, at 

slide 43 ff].  But since he failed to take account of the locally measured invariant character of the total gravitational 
potential required by the EEP, he was wrong about the “piling up” of nearby masses affecting the masses of other 

objects.  This mistake was not fixed until 1962 when Carl Brans pointed it out and corrected it.  As for Einstein, he 

abandoned Mach’s principle shortly after delivering his lectures in Princeton.  Mach’s last writings, including a 

blunt rejection of relativity theory, were published then, a number of years posthumously (Mach died in 1916).  

Einstein’s regard for Mach, not surprisingly, dropped precipitously when he learned what Mach really thought of 
relativity. 
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Tom Mahood, now a former grad student, brought this cartoon into the lab, where it is 

still posted, when he began to figure out what was involved in the rapid spacetime 

transport business. 
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The standard model of RQFT has massive experimental confirmation.  It seems 

unlikely to be successfully challenged by any other model for the foreseeable future.  

So Jupiter masses of exotic matter made from normal matter doubtless won’t be seen 

any time soon.  And the centerpiece of science fiction is safe from the depredations of 

science, notwithstanding that the absurdly benign wormhole metric has been known 

for more than 20 years. 
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Nordtvedt’s motivation is clearly stated at the outset.  “Gravitomagnetic” effects must 

be considered in situations a simple as orbit calculations unless one’s frame of 

reference is specially chosen so they can be ignored. 
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Toward the end of his paper, Nordtvedt considered the Machian implications of 

gravitomagnetism.  Gravitomagnetism, of course, has an underlying gravitomagnetic 

vector potential analogous to the familiar vector potential of electrodynamics.  And 

this can contribute in unexpected ways.  For example, the electric field is not simply 

the gradient of the scalar potential.  It also depends on the time-derivative of the vector 

potential.  Indeed, Dennis Sciama had used a simple vector theory of gravity (an 

approximation to general relativity) to show that this term in the gravitoelectric field 

accounts for inertial reaction forces.  In this page and the next, Nordtvedt shows in the 

PPN formalism that the vector potential produces linear accelerational frame dragging.  

The potential involved occurs at the bottom of this page. 
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The last equation on this page gives the linear accelerational frame dragging.  When 

general relativistic values for all of the PPN parameters are put in, the term in 

parentheses turns out to have the value 4.  And the rate at which frames are dragged by 

the accelerating body is just 4 times the Newtonian gravitational potential divided by 

c2.  Evidently, when the potential is roughly equal to c2, frames are dragged rigidly by 

the accelerating body.  And an object inside the accelerating body behaving inertially 

does NOT detect the acceleration of the surrounding body.  If we seek to keep the 

interior object at rest with respect to the spacetime through which the larger body is 

accelerating, we will have to provide an “external” force to do so.  And the force of 

gravity will produce the inertial reaction force we take to be present as long as the 

gravitational potential due to the larger body is roughly equal to c2.  This is exactly 

what Sciama found 35 years earlier. 
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