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FLEXIBLE THINKING & COSMIC ELECTRICITY
by
James P. Hogan
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Good afternoon. First, my thanks to Ben Plengethadrganizers for inviting me here as
your guest. I'm not entirely a stranger to the aréest came to Pensacola in 1953. An older sis-
ter of mine, and her husband, got to know many Agaes in London during World War 2. They
moved over to Florida afterward and my mother acanhe over for a summer vacation with
them when | was twelve years old . . . In factadl Imy twelfth birthday in mid-Atlantic on the
Queen Elizabeth I--the biggest passenger liner lewid Navy Point was all brand new then.
That was where, after growing up in wartime Engldrekperienced my first American banana
split. I think that was when | became an Americghi

Years later, | graduated in Electrical & MechaniEabineering and Electronics, and
worked on digital systems. That was in the daysntthey used hard-wired logic, drum storage,
and vacuum tubes. All that changed when real-tinrecomputers came along. | moved from
development into sales with companies like Honelyad Digital Equipment, specializing in
scientific and industrial applications. Life wadpetd. It paid well and involved lots of travel,
meeting interesting people doing fascinating thiMghat reason was there to even think about
wanting to change?

Then | saw Stanley Kubrick's movie 2001, basedroArghur C. Clarke story. | loved the
technical authenticity; the Strauss Waltz and thecs station with the Hilton emblem. The shut-
tle coming in to dock had a Pan Am logo on the &aid IBM on the pilot's panel. This could be
the world my children would grow up in! | was oretadge of my seat, waiting for it to wrap up
into a satisfying ending. . . . but it all came @& this mystical symbolism that | didn't under-
stand, with old men dropping wine glasses, anddsaibi bubbles. The next morning at the of-
fice, 1 was still complaining about it. To shut mmg, somebody said what | guess any of us might
have said: "If you think you can write somethingttmakes more sense, go do it." | said | would,
and the upshot was that it ended up as an officthbel couldn't write a science-fiction novel
and get it published. Well, to cut a long storyrshiodid, and it was.
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Published by Ballantine Books of New York in 19YZan’t resist drawing attention to
the quote across the top by Isaac Asimov.

1977 was also the year when Digital Equipment mowedver to Massachusetts to
manage part of their sales training program. InNl®®0s | took up writing full-time and moved
between Florida, California, and Ireland. | now &&4# published books as well as six children.
And this, I'm told, is considered sufficient quatdtion for me to come here today and say a few
words about . . .
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COSMIC ELECTRICITY

Flexible Thinking and Cosmic Electricity.
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There’s a story about a physics student who wasckiskan exam question how he would
use a barometer to determine the height of a @éllling. Instead of the expected answer--
measure the air pressure at the top and bottongalodlate the altitude difference from the
readings--he suggested lowering the barometer themoof on a length of string and measuring
the string. Alternatively, he said, you could usakena pendulum and time the periods at the top
and the bottom of the building; or you could meadhe length of the barometer, stand it on end
and, and work out the ratio of their shadows; ar gould walk down the stairs, marking off "ba-
rometer lengths" on the wall as you went, and tdshthem up; but the simplest way might be to
offer to give the barometer to the building supemadent if he'd tell you the height of the build-
ing. The story is often attributed to Neils Bohut bthers say that's an urban legend.

Mental flexibility is sometimes called "thinkingdgways"; being able to see meanings
other than the obvious. It's the kind of thing thaltvers of cryptic crossword are good at. | got
introduced to them at lunch breaks in an electsolab that | once worked in. The clues don't
always mean what you think they do.

Slide 6 Tower of Strength

Die of cold

"Tower”--tow-er--“of strength” could be a horse amiver bank, pulling a barge. "Die of
cold" might mean an ice cube.

Freeing the mind from the conventional way of lawkat things is an essential ingredient
of that elusive quality that's called "creativitplbert Szent-Gyorgyi, the 1937 Hungarian Nobel
Prize winner for medicine and physiology, descriliex:
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“To see what everyone else has seen, and
think what nobody else has thought.”
-- Albert Szent-Gyogyi, 1893-1986

He was the first person to isolate Vitamin C, aratked out the metabolic pathway for it.
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The current buzz-phrase describes it as, "thinkingide the box." So what forms the
walls of this box that limits the way many peopésee things? Perhaps the biggest barriers are
deeply rooted pre-existing belief systems aboutxthg things have to be. They can arise from
cultural indoctrination; ideological convictionstantification with professionally and socially
respected peer groups. . . . The result is an autypor refusal to look at any argument or evi-
dence that supports a contrary view, because wadknowit can't be true.
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“A man cannot begin to learn that which he
thinks he already knows.”
--Epictetus; Century A.D.

In matters of politics and human affairs, that\arin human ability to change, beliefs
are encouraged that advance desired agendas. Wtietifee actually true or not often seems to
be of secondary importance. The objective is targethe vote, win the jury, get the sale. Beliefs
come first and evidence is marshaled that suppleetalready-existing cause. But science deals
in objective realities that are beyond the powenwhan action and desires to influence, where
whatever is true will remain so regardless of h@asgonately we would wish it to be otherwise,
or how many we persuade to share our convictionsliig out what's true means—ideally--
following the evidence wherever it leads, and meftihe consequences, good, bad, desirable, or
undesirable, fall where they may. Facts come f8Btce evidence can change with better obser-
vations and new discoveries, an essential requimeraéhe ability to change one's mind when
the facts seem to demand it, instead of allowirg@nceptions to determine what is acceptable
as fact.

Well . . . for me to carry on like that for anotherur would soon get rather dry. So what
I'd like to do is offer an illustration in the foraf some work that has been going for over half
century a now by what | regard as some extremelgtire, flexibly-minded people; and the very
inflexible way it has been greeted by the institudiared thinking that informs the public and the
media, and directs the educational system. It péthaps, also give us an interesting opportunity
to examine our own reactions to some interestirgstjons that challenge what we think we al-
ready know.
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In the course of the last two hundred years . . .
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an enormous amount has been learned about . . .

Slide 11

electricity.

The speck of cool, electrically neutral matter thvatlive on is very atypical. Over 99% of
the observed universe exists as plasma, which icsntéaparated charges that respond to electric
and electromagnetic forces. The electric force betwtwo charged patrticles is 39 orders of mag-
nitude greater than their gravitational attractiore been working with numbers all my life, but
| was stunned when | took a moment to work out st huge a difference of 1Us. It's a mil-
lionth of a millimeter compared to 10,000 times #simated size of the universe.

Even in a plasma comprising just one charged pauitic10,000, which would be typical
of the clouds that stars form from . . .
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electromagnetic forces will dominate gravity byaatbr of 10 million to one.
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Yet modern astronomy remains essentially rootetienwork of such figures as Kepler,
Newton, and Laplace, whose laws describe a mechlamiverse consisting of electrically neu-
tral bodies moving in a vacuum under the influeoicgravity. And the reigning cosmological
model, based on general relativity, is essenteliyeory of gravity. If the Sun were reduced to
the size of a speck of dust, the nearest star wameilsbout four miles away. The weakest force
known, operating on matter dispersed this diffuselgaid to be the main factor responsible for
shaping the universe.

An alternative cosmology that recognizes the imguré of electrical principles has been
developed that traces back to the early yearseoliasst century. Its proponents claim it to be sim-
pler, more powerful predictively, and modeled bgpbmena that are well understood and can
be demonstrated in any laboratory. It requires rajribe speculative, ad hoc explanations that
the mainstream has had to resort to repeatedly wberobservations failed to match expecta-
tions--or were never anticipated at all. | thinkaiuld be telling us some important things, and
should be given more serious consideration thémei€ase at the present time.
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Kristian Birkeland, 1867-1917

Around the beginning of the 19th century, the Nagae Kristian Birkeland devoted a lot
of field and laboratory work to studying the northauroras. He concluded that they were
caused by charged particles from the Sun, guidédetpolar regions by the Earth's magnetic
field. This was not well received by the theoretis of his day, whose elegant, spherically sym-
metrical mathematical models treated the Eartmasadated object in space.

¥ AURORE
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In the 1960s and 70s, satellite measurements exvda@ complex environment of fields,
currents, and particles surrounding the Earth anmaihg part of a circuit connecting it with the
Sun, and proved Birkeland to have been correct.

Birkeland's work was further developed and appitedosmic rays by the Swedish physi-
cist Hannes Alfvén, who started out as an eledtpoaer engineer, became a professor of elec-
tronics and plasma physics . . .
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Hannes Alfvén, 1908-1995

and in 1970 received the Nobel Prize for Physic$hi® work on magnetohydrodynamics.
He and other plasma pioneers identified on cosuoates the same effects that they were able to
create in laboratories, and established that plaggreaomena could be scaled through an aston-
ishing 14 orders of magnitude. In place of the giyadlominated picture, he proposed an earlier
plasma epoch in the evolution of the cosmos, irctvielectromagnetic forces played the initial
role in collecting matter together to create thesitées in which gravity would become a signifi-
cant factor only later.

Far from being an insulating vacuum, space was @atea by plasma, which can carry

electric currents. Electric currents produce magrietids. Interesting things happen when cur-
rents flow through a plasma.

Slide 16

Current

Current

From basics, currents flowing in the same direciioa pair of parallel conductors will
induce circular magnetic fields and produce araetitre force between them.
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In a plasma, where the charge carriers are fresotee laterally, the currents are drawn
together into a constriction called a “pinch,” ceduently, “Z-pinch.” It can be very powerful.
Also, the negative electrons and positive ions ggpee forces in opposite directions as they
move inward and interact with the circular fieldtbé other filament. Since the electrons have a
far higher mobility than the ions, this redistribsitand separates the charges .

Top View
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Induced rotation

The resultant forces act off-center, causing tlaenent to rotate about each other as they
converge--like approaching ice skaters linking aasishey pass.
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As the two filaments move closer together and eotaster, the excess charges on the in-
ner sides, moving in opposite directions, producsbort-range repulsive force.

FORCES BETWEEN TwO
BIRKELAND CURRENTS
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The net force is attractive at long ranges butIsdpel at close range. On the right are two
current filaments in a lab demonstration just beigig to pinch together and twist.
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Electric Currents
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Constricting Filamentary
Magnetic fields current, or

_plasma cable

The short-range repulsion prevents the filamemts fmerging and preserves their iden-
tity, resulting in a twisted, braided structurecdiuld interact in turn with similar structures to
form "ropes” on a larger scale. Braided structlikesthis are the signature of electric currents in
plasmas. They occur at all scales, from microsctipaosmological. Let's look at some.

A Plasma Focus Device

Sllde 22 '— i Beam of X-rays

and particles

A fusion research device for generating intenserpés. A large current is discharged
across the two concentric cylinders, which ionites plasma and forms usually eight to ten
pairs of current filaments, each about a millimétediameter, which fountain outward from the
right-hand end. The oppositely-rotating vortex pgiinch together into a doughnut-shaped fila-
mentary knot called a plasmoid, whose field corstaihthe energy that was stored in the mag-
netic field of the whole device, a million timegger in volume. The spiraling electrons start to
radiate away the energy, causing the current tp,dralapsing the magnetic field and generating
a electric field which shoots two high-energy beamtsalong the axis of the toroid in opposite
directions, electrons in one direction, ions in diger, each a micron across.
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Here's a view down the barrel. No need to commerhe filamentary structure.
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Slide 24 Plasma Ball

Scaling up by a factor of getting on for a millidhe plasma ball that you see in novelty
shops. You can see the smaller filaments combianbgetting thicker toward the center.

Slide 25

Up by another million--a spectacular view of theth@rn aurora from space, which
Birkeland first recognized as electrical. Currdidwing in space plasmas are called Birkeland
currents.
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From Earth scale to Sun scale. A part of the Susible surface or photosphere. The
conventional model applies the physics of fluid ayncs as we know it here on Earth, and ex-
plains the granulated appearance as being thefamvection columns. The trouble with that
is that at the temperatures and densities involledmotion should be violently chaotic, not or-
dered and structured. The quantity that defina#tiaat limit beyond which orderly motion gives
way to complex turbulence is known as the Reynbldsber. Under the conditions prevailing in
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the photosphere, it's exceeded by a factor of 100rb That's not a trivial discrepancy. Simi-

larly, the Rayleigh Number, specifically devisedaasiterion for the formation of convection
cells, is exceeded by a factor of 100,000.
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But here's a sunspot, where a hole penetratesgihitbe photosphere to the interior. The
filamentary structure at the sides starts to becapparent. In fact it's suggestive of the phe-
nomenon know as "anode tufting” in arc dischargpesuWhen the current at an anode becomes
excessive, further ionization of the medium setgausing secondary, brighter plasmas to form
inside the first. The bright tufts repel each othed pack into polygonal patterns that appear and
then disappear to be replaced by new ones--just@sserved on the Sun.

Laboratory
hot plasma
vortex
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Magnified

Sunspot penumbra

The sunspot edge at higher magnifications. Plasmgaeers have no hesitation in seeing
plasma structures shaped by electrical forcesh@might, for comparison, is a high-current labo-
ratory hot plasma vortex.
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And in case there could be any doubt about it,'b@réalse-color image of the same sun-
spot at higher altitude, showing the filamentaryaure that's not visible optically.
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Slide 30 Solar

_ Spheromak
Prominence

P

Again at the Sun, but now above and beyond theserfA NASA spokesman described
prominences as "loops of magnetic field with hategatrapped inside.” Astronomers apparently
treat magnetic fields as primary entities in tloeun right, without giving recognition to the cur-
rents that are necessary to produce them. Thewteumatches laboratory discharges using in-
tense currents almost parallel to the magnetidfikhown as “spheromaks.”

Magnetic fields arisenly from electric currents. It has become fashionébkalk about
magnetic field lines "breaking" and reconnecting'ttae source of the energy that drives these
eruptions. But field lines are simply representagithat point the direction of a field and indicate
its strength by their spacing--like contours onapniThey are not physically real things that can
break and reconnect.

According to the standard gravity-bound convectiwdel, the Sun ought to end at the
photosphere, with not much going on beyond it ekeeprgy being radiated away. Certainly,
there's no prediction of, or reason for, any compgleucture.

Slide 31

But this is what the corona looks like in ultrawbl
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Cygnus Loop

Going beyond the Solar System, Cygnus Loop is arsigva remnant in the constellation
Cygnus. The aurora-like curtains and filaments Havenore the characteristics of electrical cur-
rents flowing through plasma than the mechanicat@sses resulting from "acoustic shock" that
the standard theory talks about. To the rightékae-up of one of the filaments showing the
Birkeland twists quite clearly. To say that neugases in a vacuum do not form such structures
in an understatement. Cygnus Loop also exhibitarpation of light, acceleration of relativistic
electrons, and X-ray hot spots--all expected fréestafied plasma.

Double Helix

Slide 33 nebula

A striking example of braided Birkeland currentsaooelestial scale. The Double Helix
nebula, near our own galactic center. It even |diblesDNA--I'm sure a science-fiction writer
somewhere could go places with that.

Plasma phenomena scale up not only through mamysoad magnitude, but also in time.
Processes that take billionths of a second in &bdes can be recognized unfolding over centu-
ries or more astronomically. We began this quick tgp through scales of magnitude with the
plasma focus device and its sub-millimeter-sizedadoes of current.

Slide 34 NGC 6751

Plasma Focus

Here it is again, alongside a Hubble image of thegtary nebula NGC 6751. So what
are we seeing? Gravity, which produces featurelessps of matter? Or electricity?
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Stars are supposed to form out of dust and gasaxtinty from an accretion disk under
self-gravitation.

Slide 35

But there are many problems with this. Simulatiand calculations indicate that matter
would tend to disperse rather than form into clunipigen there's the question of how the angular
momentum comes to be concentrated in the plametselcase of our own Solar System, 97 per-
cent of it is in Jupiter and Saturn, one percesirifhuted among the smaller fry, leaving about
two percent in the Sun itself. A cloud contractargl speeding up under gravity should concen-
trate most of the angular momentum in the Sunngivti a rotation period of something like 13
hours instead of the 28 days that it has. And there's the question of where it came from in the
first place. A cloud of randomly moving matter sttbaontain very little net angular momentum.

Alfvén and his intellectual descendants saw Binkélaurrents in space as not merely co-
incidental with the existence of stars, but resgmegor their formation. The electromagnetic
force diminishes with distance, in contrast withwty, which decreases as the square of dis-
tance. This makes electromagnetic forces far mibeeteve for gathering and organizing widely
dispersed clouds of dust and gas. And rotatiohasatural outcome, as we saw earlier.

Stars are concentrated along the spiral arms aekgs like ours, and that's also where
new stars come into existence.

Slide 36

The electrical model proposes that these arms toenpaths of currents flowing along a
galactic-scale circuit between the rim and the.&&iars form like beads along a thread, where
matter is being compressed, rotated, and heatedwsgrful electrical Z-pinches.
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Here are some examples of where you can see iehapp
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Butterfly nebula

The Butterfly nebula. A bipolar formation of congarg embedded current cylinders pro-
ducing glow discharge mode in the plasma for aadist greater than the diameter of our Solar
System. The close-up of the neck shows a dustydtoeziuding the star at the center. The phys-
ics of plasmas predicts such a central torus. N@embedded hourglass shapes. We'll meet

them again later.
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Bug nebula

Here's the Bug nebula. The pinch effect and gemenaiglass form are plainly visible. It
spans about a third of a light-year. The light frihva star is rich in ultraviolet--one of the signa-

tures of an electric discharge.

Slide 39

Spiders Web nebula

And the same kind of thing seen from the side. 8Meoking through two cones meeting
point-to-point. The geometry resembles the eleetsanf a carbon arc--which perhaps in many

ways it is.
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Heresy is probably one of the most extreme expyassif flexible thinking. While we're at it,
we might as well follow the possible implicationwhat we've been talking about, and ask, if
cosmic electrical currents provide the driving foto compress and form stars, might they not
supply the power that lights them too?

Slide 41 Solar
Interior

"Everyone knows," because we learned it at schooladl the textbooks and encyclope-
dias say so, that the Sun is powered by thermoausdactions deep in the core, that were ig-
nited by gravitational compression. But despité&sig generally regarded as established fact,
the theory in fact has some serious difficulties.

The standard model originated from the work ofEmglish scientist Sir Arthur Edding-
ton in the 1920s. Since astronomical objects wereed--and to a large degree still are--as iso-
lated bodies, an internal heat source was need¢dalld maintain the Sun's energy output and
support an equilibrium against compression. Infeflewing decade, the physics of hydrogen-
helium fusion was worked out. Since the Sun wasvnto consist predominantly of hydrogen
that seemed to settle it, and all observationa diice has been interpreted in terms of that as-
sumption. But the essence of flexible thinkinggbyris to be able to question core assumptions
objectively, instead of defending them reflexively.

For a start, the calculated density at the ceritdreoSun is about a hundred times too low
to ignite a thermonuclear process. At the indicaeaperature of 13,000,008, protons would-



Cosmic Electricity Page 17

wouldn't have enough energy to overcome their muiymulsion. The response is to invoke
guantum-mechanical tunneling. That permits fusioly @hen the protons approach each other
head-on, which occurs only in a miniscule propaoriad cases. But for as long as an interior en-
ergy source is insisted on, there is no alternaime so the conclusion is drawn that the requisite
conditions must exist "somehow."

We've already seen that the convection-cell expilam#or the appearance of the photo-
sphere is difficult to reconcile with just aboukeeything that's known about convection. And the
gravity-bound model predicts none of the complencitires seen beyond the surface, in the co-
rona. In addition, the Sun has been found to expadcontract rhythmically through an ampli-
tude of about 10 km with a period of 2 hours, 4@utes. This is almost precisely what would be
expected if it were equally dense throughout, &ealloon, rather than progressively denser to-
ward the center. But an isodense model would b#tacool for core fusion.

And then, of course, there's the question of neaittbunt, which I'd imagine most people
here are familiar with. The basic Proton-Protorctiea produces low-energy neutrinos and in-
volves a rarer beryllium-producing side reactioat tleleases a higher-energy neutrino. Enor-
mous expense and effort were invested over théviesity years or so in the construction of neu-
trino observatories in South Dakota, Japan, ana&@anThe low-energy counts came out so low
as to make meaningful interpretation impossible, e high-energy counts were about a third
of what was expected. Well, it was all hands topghmps to save the ship. After extensive min-
ing of the possibilities buried in the equationsg gudicious tweaking of the many variables, the
answer was declared to be that the three typesudfino that physics describes--the electron
type, muon type, and tau type--can change oneaambther in flight. And so the problem is said
to be solved.

But the more you look into it, the more contrivedeems to get. For example, electron-
type neutrinos interact with electrons in the dangerior of the Sun to turn into muon types; but
they can become tau types in empty space--whictiezoently makes them undetectable. But
muon types can turn into tau types in the Eartbrs to account for why the numbers measured
on the night side aren't what they ought to be. jlib#dant press releases claimed that the newest
observatories proved that neutrinos changed flamdheir way to the Earth. But that's a phi-
losophical impossibility. Without measuring whatwadly leaves at the sending end, you can't
determine conclusively whether anything changetbate. You can only tune a model to be
consistent with the assumptions. So | would off@t the jury is still out behind all the PR hype.
I've heard that the latest observations don't supbe flavor-changing assertions anyway.

So what are the electrical theorists proposingea?
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Basically, that what's going on is exactly what pieture we saw a moment ago suggests.
Clouds of hydrogen pinched together initially bgattical currents become dense enough for
self-gravitation to play a part in condensing thiato protostars in pretty much the kind of way
that conventional theory says. But before any tloeunclear ignition takes place at the core,
strong electric fields are created that limit dgnsicrease and prevent further collapse.

Before any onset of fusion the interior is quitelconeaning that most of the hydrogen
will exist in its atomic form. Under the increasigmavitational pressure the atoms are deformed
geometrically in a way that redistributes the ckartp create electrical dipoles. In seeking a
minimum energy configuration, these align, prodgairadial electric field which causes the
more mobile electrons to diffuse outward to thdese, leaving a net surplus of positive charge
in the interior. And it is the mutual repulsionstbése charges that resist and halt further gravita
tional collapse.

The protostars form the focal points of curreht intensify as they converge, becom-
ing, in effect, the anodes of cosmic-scale elegtiéscharges. There are research papers from the
early 1940s observing that the Sun's photospher¢hiesappearance, temperature, and spectrum
of an electric arc.

Slide 43

With increasing current density, plasma dischasyedve through three basic types.
Transitions from one type to another can be abmiph, millivolts separating different regions in
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a typical experimental discharge tube.

At the low end is "Dark Current" mode, where thagoha is invisible optically but may
give off radio emissions. A common example is ttetHodeless discharge" that occurs around
high-voltage electric power lines. "Glow" mode ocwith the onset of excitation and then ioni-
zation of the atoms in the medium --St EImo's Bin@und ships' masts and mountain peaks un-
der stormy electrical conditions; and planetaryeas. And lastly "Arc" mode, when the iions
become energetic enough to ionize more atoms, \&ddreche breakdown sets in. Seen with
welding machines, arc lamps used in lighthouseschéghts, and so forth.

Slide 44

Here's a suggestion of how the plasma environmfahedSun progresses through the
same modes as the density of the converging cunergases. Note, we're not talking about the
highly energetic kind of situation that we saw ieariwhere the visible glow mode extended for
long distances from the central star.

Out where the planets are, we have Dark Mode. dpydies also to the planetary "mag-
netospheres,” with radio emissions from the moeggetic regions, such as Jupiter, and transi-
tions to glow mode at the auroras. Also the tdilsomnets on eccentric orbits, discharging as
they move into regions of different potential.

Slide 45

The solar corona marks the onset of general Glowdvigeen here during an eclipse.
The presence of structure outside the photosphlere longer strange but something to be ex-
pected, because the energy source is from thedeyutsnd the corona is where electrical activity
is increasing.
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This model is also consistent with another obsermahat has been called the "greatest
unsolved mystery" of solar physics. That is, hoetdmperature of the corona comes to be way
higher than that of the photosphere--millions ajrées. With an internal heat source, the tem-
perature ought to fall as you move farther away.

Slide 46

This is the plot of voltage against distance thatdlectrical model yields. Protons liber-
ated in the photospheric arcing will be stronglgederated down the steep field across the chro-
mosphere. This causes them to be "dethermalizesifig much of the random component of
motion that's measured as temperature. The imolicaf millions of degrees arises when they
encounter turbulence at the bottom. The messageaihe, that where strong electric fields are
involved, temperature isn’'t a very good indicatbeoergy.

The small but non-zero field existing through tlheona and beyond also explains why
the solar wind continues to accelerate as it mouésard across the Solar System. A gravita-
tional Sun in the absence of an electric field aughetard it.

And finally, the reason why the filamentary photiosge resembles the "tufting” of an an-
ode in an arc discharge turns out to be, becaass thihat it is.

The Z-pinch effect of currents in arc-mode plasimsasxtremely powerful. In the photo-
sphere it would be strong enough to fuse nucleg Hifaunhofer spectrum of the photosphere
contains over 27,000 absorption lines that inditda¢epresence of 68 out of the 92 naturally oc-
curring elements. A problem with the standard maslebw heavier elements are transported
from the core, where they're supposed to be crettelde surface. Another is where the elements
heavier than iron come from, since they can't loelpced by thermonuclear fusion. The electri-
cal model says simply that we seen them in theqdpbitere because that's where they're being
made. The simplest way of producing heavy nucléloratories is by using electric fields to
accelerate protons or other light nuclei. It's pcatly 1920s vacuum tube technology. The accel-
erated particles can be made to fuse with justiadioyielement in the Periodic Table.

And the mix of electron, muon, and tau neutrinas loa just about anything, so there's no
problem in accepting what's measured as being svbattiuced. You don't need any statistical
sleight of hand to derive what is from what we khaught to be.
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All this about the Sun applies also, of coursesttws in general. So what kind of impact
does the alternative way of looking at things hawenterpreting the various stellar types that are
observed, and how they evolve?

Slide 47

Hertzsprung-Russell

This is the familiar Hertzsprung-Russell Diagranhjefr dates from the beginning of the
20" century. It shows temperature, or spectral clastetermined by color, across the bottom,
Absolute magnitude and Luminosity on the verticalss. This is an empirical plot of observa-
tions, not something deduced from any theory, sovaable model of stellar behavior must be
consistent with it. Our Sun falls near the centgtl) Luminosity = 1, Absolute Magnitude =5,
Spectral Class G, photospheric temperature = 6K00

The conventional interpretation, based on the apsomof hydrogen-helium fusion at
the core, is that stars evolve through a serissagfes as they burn up their fuel, and in the proc-
ess migrate from one part of the diagram to anadlier timescales of hundreds of thousands of
years. Initially, at the bottom right, a cloud afstl and gas coalesces under gravitation. When
thermonuclear ignition initiates, the star movesnip the Main Sequence, where it spends most
of its stable life. As the hydrogen is used up,abeumulation of helium leads to an internal
structural readjustment that results in an expanara increase in luminosity, taking the star
into its Giant phase. A succession of core collagsal accompanying higher temperatures then
ensues, in which first the helium itself is burngy followed in turn by carbon, oxygen, and so
on through to iron. As we said earlier, element®hd iron can't be produced by regular ther-
monuclear fusion.

What happens finally depends on the star's imtias. When fusion reactions cease,
gravitational collapse resumes, transforming th@rig of stars into white dwarves, which
eventually die and stabilize as black dwarves.iBubore massive ones, ordinary matter is un-
able to resist the gravitational pressure, andksrdawn into superdense forms to produce such
exotic objects as neutron stars and black holemdthg haven't been around long enough to ac-
tually observe any of these slow migrations.
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With the electrical model, the most important vialeais current density. With increasing
current density, arc discharges get hotter andgghancolor from red toward blue. So what I'm
goingtodois...

Slide 48

Russell-Hertzsprung

flip the diagram around the other way so that émeperature increases from left to right,
and at the same time add a second horizontal leisrteasures current density.

At the bottom end, the current density is low erfofay secondary arc tufting of the an-
ode not to be needed. This is the region wheramethie brown dwarf stars and gas giant plan-
ets with their radio emissions. The red giantsifath the glow mode category. They appear gi-
gantic because what we're seeing is the coronawsuding the star in its brightly glowing phase
just before arc discharge sets in--not the starface.

With further increase a more effective means isladdo carry the current, and areas of
anode tufting begin to appear. The tufts form aagyit structure, able to light up and shut down
to adjust to fluctuating conditions. The discovefyan X-ray flare being emitted from a brown
dwarf star by the Chandra orbiting observatory gaseroblem for the core fusion model, be-
cause a star that cool--spectral class M9--shdyddoduce X-rays. But an anode tuft appearing
in response to a fluctuation in total current woendhibit a strong electric field. And strong elec-
tric fields are the standard way of producing Xstay

With increasing current density, arcing spreadsoteer more of the star's surface, and
luminosity increases sharply. Let me emphasize tiatewe're not following the evolution of
one star over time as was the case with the colovethimodel. We're simply cataloging the ap-
pearances of different stars according to thee aizd electrical environment.

Beyond the "knee" of the Main Sequence, starsudiethifted. They get brighter with in-
creasing current density, but without adding furtioethe tufted area, and so the luminosity
grows less rapidly. At the upper end we reach éigeon of hot, bluish-white stars with surface
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temperatures of 35,008 or more. Stars here are under extreme elecstoass, and at the limit
of what they can absorb. A new means will be reglito deal with any increase beyond this
point. One way might be for the star to increasawailable surface area by undergoing fission--
perhaps explosively, in what are observed as nGVascurrent density on the smaller of the re-
sulting pair of objects might drop sufficientlytiarn the arc tufting off, reverting it to brown
dwarf or even super-gas-giant status. That woupdaéx why so many stars are found as binary
pairs, and why so many of the giant planets dedeateecent years appear to orbit unexpectedly
close to their primaries. And maybe we have anraté/e mechanism too for the origin of
Earth-like planets--not produced by accretion, wailithe difficulties that we touched on earlier,
but by fission from gas giants, or maybe as smdiéris ejected in the course of more major
fission events.

Slide 49 FG Sagittae

And we might not be entirely lacking in observatiboorroboration. Around 1900, FG
Sagittae was an inconspicuous hot star of magnit@déemperature 50,008. Over the next 60
years it cooled to around 8,08K and brightened to magnitude 9 as its radiatigfieshfrom the
far ultraviolet into the visible range. Then, ardut®70, spectral lines appeared of new elements-
-produced in some energetic process or liberated the interior. So here, indeed, is an example
of a star moving from one part of the H-R Diagranahother--but not on the slow timescale of
classical astrophysics. After abruptly brighteniygfour magnitudes, it dropped by seven magni-
tudes, changing from being a hot blue giant to@ star with different surface composition. It's
surrounded by a nebulous nova remnant. And FG t8adg a binary pair.

An interesting picture emerges of stars as idealqdl factories. The materials are manu-
factured in the outer layers and stripped off \8aibn. At the same time, the parent star acts as a
local step-down transformer in the power distribntgrid, converting lethal cosmic supply-line
energies to forms of radiation more conducive fgpsuting life.

We can extend this far beyond just stars, or eatexges. Hannes Alfvén envisioned
immense rivers of electricity threading throughcaan the highest, intergalactic scales, out of
which galaxies themselves are formed.
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_ Birkeland
Slide 50 Currents
Simulation

This shows a sequence from an LANL supercomputeulsition of the structure that
arises from two currents interacting in a Z-pinch.

Slide 51

And a couple of real galaxies for comparison.

What's being suggested here is that, far from beigted, passive accumulations of
mass revolving under their own inertia after bespgn up by some unexplained source, galaxies
are active components in enormous cosmic poweuitstcThey're not flywheels, but homopolar
motors. A major problem for the gravity-driven mbdégalaxies is that they don't rotate the way
they should. With the amount of observed mass lamd¢locities measured out to the rim, they
ought to be flying apart. But if they are primardiectrical in nature, the forces involved are eas-
ily able to do the job, and there's no need toyatt 90% of the universe as consisting of unseen
"dark matter" to hold them together. Inventing useivables to hold up failed predictions is usu-
ally a sign of a theory in trouble.

Galaxies are not distributed evenly through splaeconcentrated in strings and "walls"
around voids that can be thousands of light-yeenssa. This presents another difficulty for the
standard theory, because structures of that samddit have had time to form in the 14 billion
years that the standard theory gives as the athe afiverse. But it's what you'd expect if galax-
ies are produced by cosmic electrical currentsabse currents flow as filaments and sheets of
filaments--like the aurora. And if an earlier efezl era occurred before gravity became a sig-
nificant effect, we're not limited to 14 billion ges anyway.
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Slide 52

A recent finding is that the rotational axes ofrapgalaxies located on the shells of even
the largest cosmic voids appear to be aligned mefally along the void surfaces--consistent
with the suggestion of their sharing common curtbregads.

The inward-flowing currents in the rotating struetsithat form galaxy clusters and galax-
ies interact with the background field in such g \aa to slow the rotation. The stored energy is
not just the mechanical momentum, but also the etagenergy stored in the fields produced by
the rotating currents. The mode of shedding ifasanergetic axial jets.

Slide 53 NGC 4650A

A classical example of the model predicted by Hamkiévén, showing glow discharge in
the central region.

Slide 54
Radio Galaxy
0313-192

Here, the visible galaxy is embedded in electroauits and discharge activity that
dwarfs the galaxy itself. The lobes produced byj¢te are X-ray emitting regions, predicted by
Alfvén long before radio sources were discoverdthtT a composite image of Very-Large-
Array radio image superposed on an image from thigblé.
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Jet emerging
from M87
Slide 55

Even if ejected energetically, neutral gas woaldidly disperse in space vacuum.
Electrical structures would remain coherent fasremous distances. M87 is located near the cen-
ter of our own supercluster. The jet here extendstfiousands of light-years. The glow is what
would be expected from highly energetic electrangtteng synchrotron radiation as they spiral
along the field lines.

So finally we arrive at a cosmic version of the maiescale jets that we saw with the
plasma focus device back at the beginning. Eledtaxplanations for everything we've touched
on follow from principles that are well understamad can be demonstrated in any plasma labo-
ratory. But in insisting on a gravitational modelainstream astronomy is forced to invent exotic
objects that have never been observed, involvingsmancentrated to almost infinite densities in
order to focus the weakest force known to physics.

So what are the reactions from recognized astrocedrauthorities and institutions to all
this? Certainly, not any concerted move to givéossrconsideration to what the plasma people
are saying. It's said that it's difficult to argugh success. After astronomy's huge successes and
its reign as Queen of the Sciences for around teeturies, there seems to be an entrenched in-
ability to conceive that any wrong turn could begible now. Ever since Alfvén first presented
his ideas, there has been a stubborn refusal gpatitat electric currents can flow through
space. It is argued that models based on gravity kerved perfectly well. If currents flowed
through space, objects such as planets would a&cqbarge, and the electrical interactions be-
tween them would be impossible to miss. And thenstieeping generalization is made that
what has worked in our own back yard for the platoéthe Solar System can be extended to the
universe as a whole.

I commented earlier that this speck of cool neutratter that we live on, and the condi-
tions surrounding it, are highly atypical. Let&é¢ a moment to look into some of the factors
that bring such a situation about.

Space isn't the vacuum that the classical theasfstenturies gone by imagined. It's a
plasma. And we've seen that interesting things éapyghen electrical currents flow through a
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plasma. Well, interesting things happen when clthbgelies are immersed in a plasma, too.

. Irving Langmuir
Slide 56 1881-1957

Irving Langmuir came from New York, graduated intatkeirgy and physical chemistry,
and had one of those fertile minds that could combvork from many different sciences. He
was largely responsible for perfecting Edison'btligulb and the development of the sonar used
in World War 2. His studies of oil films on watardaglass surfaces led to major improvements
in optics, and earned him the Nobel Prize for Clsénpin 1932. In the 1920s he did extensive
work on electrical discharge phenomena in gasegadtLangmuir who first coopted the word
"plasma” from biology to describe the eerie, almibslike behavior of ionized gases in response
to electricity.

"Langmuir
Slide 57 Sheath"

Langmuir discovered that a charged object caugesuirounding plasma to organize into
a double-layer sheath of positive and negativegehatonsider a body charged negatively with
respect to the plasma around it. Its charge wilhat ions toward it, creating a zone of excess
positive charge. At the same time, the deficierfqyasitive charges gives rise to a net negative
zone farther out from the charged body. The pasitayer is thus subject to the attraction of two
negative zones acting in opposite directions arnidkake up an equilibrium position between
them. Similarly, the negative layer outside it iiild an equilibrium between the inside positive
layer and the net-positive plasma outside. Aimdsifahe voltage drop between the object and
the external plasma takes place across the doay®e, leffectively containing its electric field. A
way of thinking about it might be as a high moumtake close to the sea, but separated from it
by a steep intervening slope. The surface of tke éand the surface of the sea below are both
flat. There's no communication of the potentialeténce between them.
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Slide 58

The windsock-shaped sheath that envelopes the Eastheen mapped in detail. The
term adopted in the 1950s, when the first sateditia revealed its existence, is "magnetosphere,”
which has come to be accepted. It's described ohamecal terms like "bow shocks" formed
from interactions between the Earth's magnetid fagld the solar wind, that don't really recog-
nize its electrical nature. "Plasma sheath" migiviehbeen a better term.

Slide 59

Here's Venus's, which surprised astronomers byditg almost out as far as the orbit of
Earth. And Earth's appears to extend to just s¥fdtte orbit of Mars. Two charged bodies in a
plasma moving beyond each other's sheaths willdmtrieally shielded. Like two mountain
lakes at different altitudes, they won't "feel" ttiference in potential between them.

Let's take a moment to consider what that mearniselpattern is general, the planets are
shielded from each other electrically, and moveilaty and predictably under the influence of
gravity, just as classical astronomy holds andtieervations from three centuries or more con-
firm. But if some disturbance were to cause anghefsheaths to intersect--an instability in the
orbital balance; a sizable intruder from outside glistem; or maybe an object ejected from a fis-
sion event inside it--complex and powerful forcemid suddenly come into play, that could
change the picture dramatically. Not only would bloelies involved be subject to titanic forces
capable of altering orbits, shifting poles, andatgating surfaces, but in addition, electrical dis-
charges would occur between them on a scale thalthwoake tropical lightning look puny.

Slide 60
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In the electrified plasma, fantastic, terrifyindpwing spectacles would fill the skies.

And this is where--1 think--it gets really interegg. If we're prepared to look with an
open mind, unhampered by what we "know," we firat the skies that ancient peoples de-
scribed seemed to be very different from the onesee today. Their mythology, art forms, leg-
end, and the roots of religious traditions aredillvith suggestions that not only has the Earth
experienced such cataclysmic events in its pasthiatiit has done so within the span of re-
corded human history.

Slide 61

Here's a series of stages in the evolution of arkbry plasma discharge under steadily
changing conditions. We're looking through a thadeéaensional form, that on the left resembles
a wine glass. Entwined Birkeland currents formaeetral stem, which induces pinches cutting
of the spheroid below the bowl, As the disk expaisgEond image--its edges begin bending
upward to form another bowl, and eventually thermf®ishown.

Slide 62

Or the second bowl might turn downward, giving tkisd of shape--called a bipolar con-
figuration.

Slide 63

It's the same hourglass form that we saw earliér tve Birkeland currents converging
on newly forming stars. Here's another exampldedabppropriately, the Hourglass nebula
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Plasma Dis-

Slide 64 charges

Greek Thunder-
bolts

Now compare them with a series of recurring repriegmns from ancient Greek statuary,
carvings, and other works, depicting thunderbalided down upon the Earth by celestial gods.

Slide 65

Here's the double wine glass again, this time aioiegga thunderbolt in the hand of the
Babylonian hero Ninurta, who battled the monstez®rAll just coincidence? Well, | can't prove
that it isn't.

Slide 66

Two depictions of a form that arises from tighttyumd, rapidly rotating currents evolv-
ing from the toroidal plasmoid at the base. Exc¢leat the one on the left is a petroglyph, a piece
of ancient native rock art, from Kayenta, Arizomae representation is exact in every detail, in-
cluding the smaller diameter of the bottom disk.
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Slide 67

The bipolar hourglass plasma configuration agdonawith its central torus. Next to it
is an idealization of how someone might draw th#y saw one in the sky--particularly if only
the parts emphasized by thickness were visiblepleawho study rock-art call it the Squatter
Man.

Slide 68

And here he is squatting from, reading left to rigip, then bottom, Arizona, Armenia,
Guiana, New Mexico, Spain; and Arizona again, tiITAlps in Europe, Arabia, Italy, and
there though not very clear in this image, Venezuel

The evidence doesn't just come from trying to jprierhuman records. Scars and gouges
written across bodies all over the Solar Systenemgre in common with the effects of proc-
esses like electric arc machining, and anode atibda discharge characteristics than models
based on impacts and fluid mechanics. I'm not ggynpacts haven't happened. But perhaps the
present insistence on trying to explawerythingin such terms is missing a lot.

Certain formations in craters are found to be wpdead are not easily explained by stan-
dard theories, and attempts to reproduce themimipplacts and explosives have met with little
success. An example is craters with a central glenavhich are not uncommon. Explanations in
terms of rebound seem strained, and fail complételystances where the structure of the pinna-
cle is undisturbed, showing the same stratificatias the surrounding rim. Another is the terrac-
ing frequently found on the inner side of cratengj which again are difficult to account for in
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terms of impact.

However, such features are standaratsfig the anode end of electric arc discharges,
where the discharge typically anchors to a pointhensurface, about which a rotary scouring ac-
tion gouges a crater form--rather like a carpentegpanning tool. Cathode discharges, by
contrast, tend to jump from place to place seekingarby high point, which might be on the rim
of a crater that it has just produced. Hence, 3atih rims scalloped by craterlets, and linear
features often accompanied by trains of craters@memon effects of arc discharges. But they
don't emerge from the statistics associated wittaichevents."

Slide 69 Mars

A line of craterlets etched along a rille on M&sch rilles are found on the Moon, Ve-
nus, moons of the gas giants, and on the AsterGioisventional thinking requires they be as-
cribed to lava or other liquid flows. But familigeology is hard to imagine on bodies as small as
moons and asteroids. And the rilles can run fos,tenin the case of Venus, hundreds of miles
over hill and dale, up slopes and down slopes dégss of the topology and terrain. The received
wisdom says that the surface of Mars is billiongedrs old, but if that's so, even NASA's own
figures for wind erosion and infall of meteoritegladust mean that features like this should have
been obliterated long ago.

All four of the large moons of Jupiter orbit withits plasma sphere.

Slide 70 lo

Infrared Optical

Plumes of sulfur rising 800 kilometers or more abtw surface of the innermost moon,
lo, photographed by the Voyager probe in the eg0k/were, and still are, interpreted as volca-
noes. Given Jupiter's high electrical activity, arenlikely possibility might be that what's being
seen is an arc discharge going on right now urideeyes of NASA's cameras, but being mis-
read. The views there are in infrared and optiealds. 10's bright spots are at the points directly
facing and directly away from the planet. They shoeasured temperatures second only to that
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of the Sun.
Slide 71 Maasaw Patera
on
lo

Lichtenberg Figure

On the left, a "Lichtenberg Figure"--the charadticipattern of a lightning strike. Com-
pare with Io's Maasaw Patera caldera, 50 kilometersss. Geologists see the resemblance to
many large formations on Earth and conclude thatist have been produced by similar causes.
What doesn't seem to cross anyone's mind is thgterthe ones on Earth aren't volcanic either.

The sources of the active plumes have been obstyvadve around over time, which
volcanoes don't. The most consistently active plisealled Prometheus. It wandered 85 kilo-
meters between 1979 and 1996.

lo's surface seems to be coated in elemental fofreglfur, giving it an appearance a bit
like a pizza. Water ice is plentiful among the oytlanets, and the idea that large amounts of
sulfur could have been converted from oxygen saehsinrealistic.

Cat's Eye

Slide 72 Nebula

The Cat's Eye nebula, showing its complex filamdnfsolar helical plasma features, and
cellular structures. Double-layer sheaths will faround plasma regions of different properties
such as temperature, density, and chemical nature.
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Slide 73 Central
Region

There's its core region with the star at the cef@enventional gravity-based theory has
no explanation for anything like that.

Yet for forty year or more, plasma physicists andieeers, and a few inside the astro-
nomical community, have been offering an alterreathat appears capable of accounting for all
the evidence on the basis of principles that &k wnderstood and readily demonstrated. But
they are met with dismissal and ridicule, deniaghotess to journals and the regular means of
discourse, personal attacks, withholding of caopgortunities, and in some cases, sabotage of
existing careers.

So, returning to the theme with which we beganouild submit that here we have a
prime example of thinking that has rigidified tetherge of catatonia, and a branch of science
taking on more the characteristics of an intolerahgion putting down heresy than displaying
the open-minded readiness to consider new evidemdé necessary change its thinking, in the
way that is supposed to characterize science. Ahick that's unfortunate.

| think it's unfortunate too because of the selecéffect that such attitudes have in de-
termining who will direct our institutions. Therddsen a lot of lamenting about how younger
people are turning off science. When | see sontbeoimages of science that they're presented
with, | can't say | blame them. One definition oiesice that | came across not long ago was,
"Devising ways of calculating numbers to comparthwexperimental results.” | can think of few
more soul-destroying ways of spending a life. Natoad about knowledge, understanding, crea-
tive insight, or satisfying that uniquely humaneitg want to know. Young people are compul-
sively curious, creative, and eager for what's aad exciting. The ideas and concepts that we've
been talking about not only bring whole new way#ooking at and hopefully understanding bet-
ter this fantastic adventure of a universe thafimeg ourselves living in, but also impact events
much closer to home, that perhaps played a ma@imavriting earlier chapters in the story of
our kind, and shaping what we are, and how we th@iken the opportunity to learn, share in,
and maybe become a part of adding more to sudary sthink you'd find younger people lining
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up around the block to enroll.

Just another thought.

Slide 74
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