CONTENTS-2
2. Models for interpreting the phenomenon of skeletal structures:
a fractal condensed matter (FCM), assembled from nanotubular dust(1C)
and possessing an enhanced longevity in the ambient plasma due to the
shielding of FCM by the EM waves(1G),
various types of conventional (i.e. FCM-free) plasma filaments of electric
current,(3)
strongly twisted magnetic flux ropes (“heteromacs”(1H,4)) which require
an enhanced internal magnetic coupling,
aggregation of a fractal, assembled from nanoparticles, in a
decaying/cooling plasma(5) or in a cold peripheral plasma(6);

What does the above gallery suggest?
(i) The topological identity (i.e. the similarity) of the above structures
(especially, of the cartwheel as a structure of essentially nonhydrodynamic nature), and
(ii) the trend of assembling bigger structures from smaller ones (i.e.
the self-similarity),
observed in the range 10-5-1023 cm,
suggest all these skeletal structures, similarly to skeletons in the
particles of dust and hail, to possess a fractal condensed matter
(FCM) of particular topology of the fractal.
Specifically, this matter may be assembled from nanotubular blocks
in a way similar to that in the skeletons found in the submicron dust
particles.

Conventional (i.e. FCM-free) plasma filaments of electric current
B.A. Trubnikov, “Current Filaments in Plasmas.” Fizika Plazmy (Plasma
Phys. Rep.), 28, 346-359 (2002),
V.P. Vlasov, B.A. Trubnikov, “Quasi-stability of a plasma bi-cylinder.”
Techn. Phys., 48(7), 858-865 (2003).
Possible configurations of current filaments in Z-pinch and tokamak plasmas
are analyzed. A thin current-carrying beam injected in a plasma should be
surrounded by a halo of countercurrents, in which case the resulting
configuration may resemble a tubular structure.
A.B. Kukushkin and V.A. Rantsev-Kartinov pointed out the existence of
specific plasma structures of the squirrel-cage type and interpreted them as
"wild cables of solid-state nanotubes." It is shown that these structures can
also be attributed to the fundamental mode of the conventional magnetic
filamentation in the form of a "hexagonal parquet." Also, a study is
made of the phenomena governing the pattern of plasma structures, namely,
tearing filamentation, two types of longitudinal beam bunching, and
self-organization of the filaments.

Conventional (i.e. FCM-free) plasma filaments of electric current
Kukushkin A.B., Rantsev-Kartinov V.A. Dense Z-Pinch Plasma as a Dynamical
Percolating Network // Laser and Particle Beams. 1998. V. 16. P. 445-471.

A schematic drawing of
successive branching of
an originally one-dimensional
filament (left drawing),
which produces the
heteromac(s) (center)
and makes individual filament
a fractal formation, a selfsimilar dendrite (right).

Almost-closed helical heterogeneous magnetoplasma configuration (a
heteromac) = a compact strongly-twisted loop formed by magnetic flux
rope (a filament of electric current).

Heteromacs are suggested to produce cellular, and bubble-like clusters
and are identified in various Z-pinch data:
A.L. Peratt, “Characteristics for the Occurrence of a High-Current, Z-pinch
Aurora as Recorded in Antiquity.” IEEE Transac. Plasma Sci., 31(6), 11921214 (2003).
“The discovery that objects from the Neolithic or Early Bronze Age
carry patterns associated with high-current z-pinches provides a possible
insight into the origin and meaning of these ancient symbols (primarily,
petroglyphs). This paper directly compares the graphical and radiation
data from high-current z-pinches to these patterns…”

Petroglyph

Z-pinch
image
Numerical
modeling

Aggregation of a fractal, assembled from nanoparticles, in a
decaying/cooling plasma
B.M. Smirnov. Phys. Rep. 224, 151 (1993); V.Ya. Alexandrov, E.M.
Golubjev, I.V. Podmoshenskij. Sov.Phys.-Tech.Phys., 27, 1221 (1982).
Post-discharge observations of fractal aggregates fastened to the walls of
vacuum chamber
[Forrest S.R., Witten T.A., 1979; I.V. Podmoshenskij et. al. 1982]
Formation of nanoblocks at the stage of plasma decay/cooling by the
plasma coagulation/clustering and further assembling of a fractal from
such blocks
A model of Ball Lightning:
Luminosity of BL due to hot-spot chemical combustion of a skeleton
[B.M.Smirnov, 1993]

Aggregation of a fractal, assembled from nanoparticles, in a
decaying/cooling plasma
N.E. Kask, S.V. Michurin, G.M. Fedorov. “Fractal Structures in a Laser
Plume.” Quantum Electron., 33(1), 57-68 (2003).
1. The chains consist of nanowire sections and balls, rather than the
separate compact particles/blocks.
2. Induced dipole moment of nano-sized (~10 nm) macromolecules may
produce the chains not only for ferromagnetic materials.

Scanning Electron Microscope image:
Deposit on the glass collector, as formed
via laser evaporation of iron target
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Hypothesis (1998)
Most probable candidate for the building block of a skeleton – carbon
nanotube (CNT). Diameter of CNT ~ (1-30) nm

5- and 7-member rings give curvilinear tubular structures
( fullerene = С_60 = small ball composed of 5- and 6-member rings,
CNT = huge molecule = С_(103 -105) )

One of possible mechanisms to wildly form the nano-sized tubular
structures – rolling up of graphene sheets on the surface of a graphite
target subject to a heat flux, electrodynamic impact etc.

Capablity of assembling a fractal condensed matter (FCM) networks
in electric discharges:
The self-assembling of skeletons was suggested to be based dominantly
on magnetic phenomena and assumes the following simultaneous
processes, namely
(α) externally driven expansion/inflation of the self-assembling
networks (in laboratory discharges, there is an inflow of magnetic field
from external electric circuit, which is especially intense at initial stage
of discharge),
(β) sticking of the blocks together – due to
(1) trapping of magnetic flux by CNTs and/or their assemblies and
respective mutual magnetic dipole attraction;
(2) experimentally verified trend [*] in magnetically confined plasmas
to form the so-called force-free magnetic configuration which sustains
a balance between longitudinal and transverse confinement/ selfattraction in the plasma column as well as in the electric current
filament, ([*] Taylor, J.B., Rev. Mod. Phys. 58, 741-763 (1986).)

(γ) partial solidification due to welding of blocks by the passing electric
current.
The mechanisms (α),(β), and (γ) are believed to select ultimately the
structures of a matter-saving, survivable geometry – first of all,
tubules, cartwheels, and their simplest combinations.

Electrodynamics of nanotubule-assembled matter
The indications on
plausibility of the anomalous magnetism
and, in particular, on the ability of CNTs and/or their
assemblies to trap and almost dissipationlessly hold a
magnetic flux, with the specific magnetization high enough to
stick the CNTs together, come from
observations of superconductor-like diamagnetism in :
1. self-assemblies of CNTs
(inside non-processed fragments of cathode deposits) at room
temperatures (Tsebro V.I. & Omel'yanovskii O.E. Phys. Usp.
43, 847 (2000) )
2. artificial assemblies of CNTs
at 400 K (Zhao G. & Wang Y.S. cond-mat/0111268).

More arguments:
1. Observations of unexpected ferromagnetism of a pure
carbon, rhombohedral C60 , with a Curie temperature near
500 K
Makarova T.L., et. al., Nature 413, 716-718 (2001)
2. Room-temperature ferromagnetic nanotubes controlled by
electron or hole doping
L. Krusin-Elbaum, et. al. , Nature 431, 672 - 676 (2004)

Survivability of skeletons in hot plasmas
The solution to the problem of survivability of skeleton in hot plasmas has been suggested
within the framework of the problem of non-local (non-diffusive) transport of heat observed
in high-temperature plasmas for controlled thermonuclear fusion.
The microsolid skeletons were suggested [7] to be self-protected from an ambient hightemperature plasma by thin vacuum channels self-consistently sustained around the
skeletons by the pressure of high-frequency (HF) electromagnetic waves, thanks to the
skeleton-induced conversion of a small part of the incoming slow, quasi-static magnetic
field (poloidal, in tokamaks, or azimuthal, in Z-pinches) into HF waves of the TEM type (a
«wild cable» model, see P2_028 in Ref. [7]).
[7]+[15] Proc. 27-th Eur. Phys. Soc. conf. on Plasma Phys. and Contr. Fusion, 2000
(p2_029.pdf; p2_028.pdf, p2_051.pdf,).
This model allows to evaluate the width and length of vacuum channels around straight
blocks of skeletons from the measurements of HF electric fields, both inside and outside the
plasma column. The respective results [7,15] for the case of tokamak T-10 and gaseous Zpinch reasonably agree with visible dimensions of observed straight blocks of skeletons.

What a wild cable is:
Skeleton = inner rod (a guiding system for HF EM waves)
Vacuum channel around skeleton = insulator
Ambient plasma = screening conductor
Possible scenario of wild cable operation:
1. An HF valve at the plasma column surface (at the node of nearly
standing wave) cuts the field lines of the incoming magnetic field
(poloidal/azimuthal in tokamaks/Z-pinches) and, thus, forms magnetic wave
H11 propagating in the vacuum cavity around straight sections (of observed
length Lcab) of the skeleton:
(1)
ωcab~ (πc/ Lcab ) < ωpe
A distinct bump in spectrum of the EM field measured outside plasma
column in tokamak T-10 (λ~ several cm, V.I.Poznyak et. al., Proc. EPS1998, p. 607) coincides with prediction of Eq.(1).

2. The H11 wave is trapped in the cavity and, due to wiring of magnetic
field lines around the skeleton, is converted into TEM wave which gives a
HF radial electric force
Er(r) ~ U0/r
The Miller’s force (-grad Ψ)
Ψ = e2 (E0)2 / 4me(ωcab )2
self-consistently sustains vacuum channel around skeleton and thus protects
it from plasma particle’s access.

∆ϕ = −4π e( ne − ni )
ne = n0 exp((− Ψ + eϕ ) / Te )

ni = n0 exp(−eϕ / Ti )

In the limit of plasma quasi-neutrality one has:
ne = ne0 EXP{ -Ψ/(Te+Ti) },

Solving the inverse problem
Reconstruction of effective voltage bias U0 in the cable from measurements
of HF electric field amplitude in plasma of
(1) tokamak T-10
Rantsev-Kartinov V.A., Sov. J. Plasma Phys. 1987;
Gavrilenko V.P., Oks E.A., Rantsev-Kartinov V.A., JETP Lett. 1987
(2) Z-pinch E-2
Rantsev-Kartinov V.A., Oks E.A., JETP 1980
shows correlation of the widths:
~ 1 mm, in tokamaks,

~ 0.1 mm, in Z-pinch

of visible straight blocks (presumably cables) with diameters of vacuum
channels (around skeleton) calculated from quasi-hydrodynamics of a
plasma in a HF electric field.

The profiles of electron (curve 1) and ion (curve 2) particle densities as a function of radial
coordinate in a cylindrical circular «wild cable», as calculated from the Poisson equation for a
quasi-hydrodynamics [23] of a plasma in a HF electric field, with neglected value of radius of
electron HF oscillations (Rosc = 0). The values of radius - in units Lcab (Lcab is cable’s length), the
densities in the units of background density. The curve 3 is the density in the limit of plasma
quasi-neutrality, and curve 4 is the curve 1 shifted inward by the local value of Rosc.
Left: Peripheral tokamak plasma: background plasma parameters Ne(0) =1013 cm-3 , Te = 100 eV ,
length of typical straight sections of observed skeletal structures (i.e. hypothetical cable’s length)
Lcab = 3 cm, effective voltage bias in the wild cable U = 30 kV.
Right: far periphery of a gaseous Z-pinch: Ne(0) =1015 cm-3 , Te = 10 eV , Lcab = 0.1cm, U = 10 kV.
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Potential applications of the phenomenon of self-assembling of a fractal
dust (and respective skeletal structures) in fusion devices
I. Inside the fusion science (these applications are based on the probable
positive role of skeletal structures):
(i) increasing the reproducibility/predictability of the very initial stage of
discharge in fusion devices:
• facilitation of electric breakdown of working gas in the discharge
chamber (e.g., extension of the similar known role of graphite),
• identification of microscopic mechanisms responsible for existing
empirical algorithms of attaining the successful regimes of electric
discharge in fusion devices,
(ii) improving the plasma thermal energy confinement (application of the
«wild cable» model):
• probable control of the observed nonlocal, non-diffusional component of
heat transport in tokamaks;
• further optimization of experiment schemes in the wire-array fast Zpinches.

Observations of fast nonlocal, non-diffusional transport
TOKAMAKS
(i) net inward flux of energy during off-axis heating
DIII-D (Luce, Petty, de Haas, 1992)
(ii) prompt rise of temperature in the core in cold pulse experiments
TEXT (Gentle et al, 1995), TFTR (Kissick et al, 1996), fast response of the core on JET (1995)
(iii) fast “volumetric” response of energy transport to plasma edge behavior
during L-H transitions
JET (Neudatchin et al,1993; Cordey et al,1994, Parail et al,1994; Cordey et al,1995)
JT-60U (Neudatchin, Shirai, Takizuka, et al, 1995)
Summary on nonlocalities in experiments and theory
(J.D. Callen, M.W. Kissick, Plasma Phys. and Contr. Fusion, 1997)
FAST Z-PINCHES
The measured total X-ray yield appears to exceed, sometimes by a factor of few-several units,
the estimated thermalized kinetic energy of the imploding annular plasma column.
This indicates on a nonlocal (non-diffusive) mechanism of the magnetic field transport toward
the Z-pinch axis at stagnation == e.g., in the form of magnetic bubbles (Rudakov, Velikovich, Davis
J., Thornhill, Giuliani, Jr., Deeney, Phys. Rev. Lett., 84 (2000) 3326).
Another approach - direct transport of EM waves along «wild cables».

II. Outside the fusion science
• Material science:
Skeletal structures observed in high-current discharges in laboratory may
possess a new type of nanomaterial of very wide range of potential
industrial applications. (nanomaterial is such whose properties are
determined by its constituent blocks of the nanometer range size).
• Geophysics:
Improving the state of the science in the field of severe weather
phenomena (tornado, etc.)
Tornado is triggered by something which is not identified yet. Specifically,
it is not possible to differentiate between tornadic and non-tornadic severe
weather events and, correspondingly, to predict tornado event up to the
very birth of this monster. Recent achievements of the US National Severe
Storm Laboratory: "...we have learned that the difference between
tornadic and non-tornadic mesocyclones can be very, very subtle...".
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A QUALITATIVE PICTURE OF TORNADO [*]
The difference between tornadic and non-tornadic thunderclouds is
determined by the transport properties (in particular, by the very
presence) of the internal skeleton composed of FCM. This assumes the
ability of the skeleton to collect, transport and focus the electric and
magnetic energy. In particular, skeleton as a condensation center may
substantially speed up the conversion of the latent heat into gas/plasma
dynamic motion.
Early diagnostics of tornado – identification of skeletal structures of
energy-focusing, dangerous form.
[*] “Evidences for skeletal structures in tornado and the probable role of
nanotubular dust in the origin of tornado.” Preprint ArXiv:
physics/0404004 (2004), 14 pp.
+ In: Proc. 31st Eur. Phys. Soc. Сonf. on Plasma Phys. and Contr. Fusion
(London, UK, 2004), ECA vol. 28G, O-5.08.

Ball lightning (BL) - another atmospheric
phenomenon of unexplained longevity. A fusion of
two our hypotheses (1998), namely:
(1) observed anomalous longevity of filamentary
structures in electric discharges may come a skeleton
built up by nanotubular dust,
(2) BL, especially of high energy store, is a rare
atmospheric analog of the filaments in high-current
electric laboratory discharges,
unifies these phenomena and alters existing concept
[Podmoshenskij 1982, B.M.Smirnov, 1993] of the
presence, in BL, of a rigid skeleton of aerogel type.

(i) A (ball-shaped) skeleton is electrodynamically
assembled from solid nanoblocks in advance of
plasma formation (contrary to formation of
nanoblocks at the stage of plasma decay/cooling by
the plasma coagulation/clustering and further
assembling of a fractal from such blocks). ⇒
⇒ Post-discharge observations [Forrest S.R., Witten
T.A., 1979; Podmoshenskij et. al. 1982] of fractal
aggregates fastened to the walls of vacuum chamber
= nucleation/deposition of the vapor at a skeleton
formed yet at the electric breakdown stage of
discharge.

(ii) A search for nanoblocks, which may
facilitate electric breakdown (e.g., via
anomalous emission of electrons by these blocks,
both via thermal and electric field-emission
mechanisms),
assemble macroscopic skeleton, and
trap and hold, with low dissipation, the
magnetic field and high-frequency (HF) EM field,
suggested a new candidate - nanotubular structures
(most probably, carbon nanotube (CNT)).

(iii) A substantial store of magnetic (and
electromagnetic) energy in BL is possible (~ > 1MJ),
which is finally responsible for
- luminosity of BL during anomalously long
time (contrary to luminosity due to hot-spot
chemical combustion of skeleton [B.M.Smirnov,
1993]), and
- elasticity of BL.

BL as an inductive storage – a hybrid of «aerogel»
and «plasma» models of BL
Plasma models: BL is a spheromak-like magnetic
configuration (BT~Bp).
This is supported by
- experiments on spheromak confinement in a
magnetic flux conserver
- success of theoretical prediction [J.B.Taylor,
Rev.Mod.Phys. 1986 ] of evolution towards forcefree magnetic configuration.

Weak point of any plasma model:
lifetime, (τE)pl , of plasma thermal energy is too
short – at least, because of radiative losses.
Indeed, available experimental data on τE in
laboratory plasmas suggest that, for energy store of
10 kJ (which is typical value both for the laboratory
spheromaks, without auxiliary heating, and for BLs),
the value
(τE)pl ~ 1-10 ms
is much smaller than typical BL’s energy lifetime,
(τE)BL ~ 10 s.

Conclusion/hypothesis:
Spheromak-like magnetic configuration may
actually result from a strongly localized electric
discharge in the atmosphere (e.g. from lightning
stroke), but the plasma itself is not able to confine
the stored magnetic field for long.
Therefore, one has to append the plasma model with
a highly conducting matter capable of confining the
residual magnetic field.

The heritage of the initial, «plasma» stage of BL
(of diameter DBL and stored magnetic energy EMF ) :
I p ( MA ) ~

⎡ E MF ⎤ ⎡10 cm ⎤
⎢10 kJ ⎥ ⎢ D ⎥
⎣
⎦ ⎣ BL ⎦

⎡ E MF ⎤
B p (T ) ~ B t (T ) ~ 3 ⎢
⎥
⎣10 kJ ⎦

⎡10 cm ⎤
⎢D ⎥
⎣ BL ⎦

3

p MF ( M Pa ) ~ 10( E MF / 10kJ )( DBL / 10cm)

−3

Ip - total electric current, Bp, Bt - space-averaged poloidal and
toroidal magnetic fields, pMF - magnetic pressure (for typical BL,
this would be as high as ~100 atmospheres).

Let us assume that a BL’s skeleton is formed
according to above picture.
Survivability of skeleton at plasma stage may be
possible due to «wild cable» mechanism
[27-th EPS PPCF, Budapest, 2000] ⇒
⇒ an intense luminosity at this stage comes from
plasma which is intermittently isolated from the cold
skeleton by the Miller’s force of high-frequency EM
field.

Total mass of CNT skeletal matter, MCNT, which
may carry the above electric current,
⎡ E MF ⎤
M CNT ( g ) ~ 01
. ⎢
⎥
⎣10 kJ ⎦

⎡ D BL ⎤
⎢10 cm ⎥
⎣
⎦

⎡10µ A ⎤ ⎡ d CNT ⎤
⎢I
⎥ ⎢ nm ⎥ N W
⎦
⎣ CNT ⎦ ⎣

dCNT - typical diameter of CNT,
NW - average number of walls in the CNT,
ICNT - electric current through individual CNT,
Electric current density 107-109 A/cm2 through
individual CNT is possible, with ICNT being as high
as ~10-1000 µA
⇒ Skeleton’s specific weight is less than that of air

If BL’s energy lifetime (τE)BL is determined by
dissipation of magnetic field through Joule heating
of CNT skeletal matter, one may estimate the upper
value of the resistivity, ρCNT , of this matter:

⎡ D BL ⎤
ρCNT ( Ω cm ) ≤ 10 ⎢
⎥
⎣10 cm ⎦
−8

2

⎡10 s ⎤
⎢
⎥
⎣ τ BL ⎦

Evidences and arguments for room-temperature
superconductivity in individual CNT, and artificial
and natural assemblies of CNTs, are summarized in
Zhao G. Preprint Arxiv: cond-mat/0307770 (2003).

End point of powerful lightning
with a a ball-shaped structure of
estimated diameter of several meters
(original image by Long Island
Lighting Co. is processed with the
method of multilevel dynamical
contrasting).
Right-hand side of the ball:
Elliptic image of cartwheel-like
structure with cartwheel’s axis
directed transversely to lightning’s
direction. This cartwheel seems to
reside in the butt-end of a tubular
structure (seen as a thick horizontal
black band).

A fragment of scanning electron
microscope image of the aerogel
thread obtained in the experiments
on laser irradiation (of intensity ~
107 W/cm2 ) of metallic target in
external electric field (image width is
~ 8.5 µm). Such an aerogel is found
to be composed of ~10 nm thick
filaments (Lushnikov A.A., Negin
A.E., Pakhomov A.V., Chem. Phys
Lett. 175, 138 (1990) ).
A cartwheel-like structure in the center of the image is located on
the left border of the thread’s image, where it is easier to identify
such a structure. Typical location of cartwheels at thread’s surface
(namely, perpendicularly to thread’s axis) is similar to that of
cartwheels found in Z-pinch plasma column.

Waterspout [1] as a sequel of open skeletal structures of ocean [2]
and a special type of aerosol dusty-plasma.
V.A.Rantsev-Kartinov
[1] http://eps2004.clf.rl.ac.uk/pdf/P4_062.pdf
[2] Phys. Lett.A., vol. 334/2,3, p. 234 (2005)

A fragment of image of the sea
surface, taken during the
Hurricane Belle from 500 feet
altitude (NOAA collection) ,
MMDC. Image’s width is ~15
m., the VFC diameter ~ 25 m..
Diameter of central axial tube is
~ 3 m, diameter of a dark rings
in the VFC edge is 1.5 m.
The VFC is ~ 1.5 m above the sea’s local level. OO’ – direction of the VFC axis. An angle
between of the O’O direction and vertical line is about 30°. Below, at the right, in window
it is given schematic image of this VFC.

http://www.photolib.noaa.gov/flight/images/big/fly00164.jpg

Formation of the aerosol column of the WS.

The presence of the capillaries makes the breakdown on the water
essentially easier .
Water natural surface

Capillaries

E0=(4πσ/r + πρgr)1/2 ,
ropt=2(σ/gρ)1/2 ~ 0.55 cm,
E0min ~ 2π1/2(ρgσ)1/4
~ 1.8 104 V/cm - L.Tonks,

EСmin~ 4(πσδ)1/2/rm= 6 V/cm,
here rm=2(3σ/2ρg)1/2=0.67 cm,
δ = 5 10-8 cm – scale of action
of intermolecular forces

Phys. Rev. 48, 562, 1935 ;

δ < rC < rm= 0.67 cm, rC – the if rC ~
capillary radius

10-3 cm ⇒ EСmin = 4*103 V/cm
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• Astrophysics:
The presence of skeletal structures of certain mechanical strength (rigidity) may (at least,
partly) avoid the necessity to introduce a «dark matter» because the existing controversy
between (i) the purely gravitational dynamics of galaxies’ periphery and of galaxies in the
clusters of galaxies and (ii) the empirical law «mass vs. luminosity» may be resolved in a
different way.*)
• Cosmology:
Combination of the following observational facts, namely:
- skeletal structures in the range 10-5 cm - 1023 cm
- the signs of skeletal structuring in the range 1024-1026 cm,
- self-illumination of skeletal structures, in their critical, «burning» points,
in the range 10-1-1022 cm,
- anomalous blackness of self-similar skeletal matter (of the Carbon Black type)
in the range 10-5-10 cm,
hints at the presence of a baryonic cold “dark” skeleton*) of the Universe,
which may be compatible with
(i) very high isotropy of cosmic microwave background, and
(ii) high uniformity of Hubble’s expansion.
=================================================================================================================================================

*) Kukushkin, Rantsev-Kartinov, Preprint astro-ph/0205534 (2002)
+ AIP Conference Proceedings, v. 703, 2004, pp. 409-412

A fragment (6 cm wide)
of the image taken at
quasi-stationary stage
of discharge in tokamak
T-6 (minor radius of
toroidal plasma column
~ 20 cm, toroidal
direction is horizontal)
with the help of
electronic optical
converter with time
exposure ~ 1 µs
(original data by V.A.
Krupin).
Diameter of bright spot
seen in the left lower
corner, on the edge of a
straight filament, is ~ 1
cm.

width 0.35 cm

Fig.2A

width 1.75 cm
Right: The lefthand side of the
denser and hotter
core of the
vertically aligned
long plasma
column in the Zpinch type.
Positive, visible
light, exposure
2 ns, the moment
when magnetic
field squeezes
the hot plasma
column and
partly strips a
skeletal network
from ambient
luminous plasma.
Left: The
magnified
window reveals
the «hot spot» to
be the edge of a
filament.

The torch-like structure
of the filament of
~ 0.1 light year
in diameter is seen in
the fragment of the
optical image of the
Crab
nebula
(.../0052/0052_optical.ti
ff [14]). The light from
the filament’s edge
anisotropically
illuminates the ambient
gas.
Regardless
the
cylindrical straight body
of the filament is visible
due to internal radiation
source
or
external
illumination, the visible
continuity
of
the
filament is not destroyed
by the partly opaque
surrounding
medium
(seen in the left upper
corner of the window)
and may be traced in the
full image outside the
window.

The electric torch-like structure in
the 2,400 light-year-wide core of the
spiral galaxy NGC 1512, which is
30 million light-years away and
70,000 light-years across.
(a) Color-composite image of the
core,
(b) similar image in the 2200 Å
light,
(c) contrasted image of a part of the
image «b» (diameter of straight
filament with a bright spot on its
edge, seen in the upper right, is ~ 60
light-years).
(NASA Hubble Space Telescope,
cf.
http://hubblesite.org/newscenter/arc
hive/2001/16).

Figure 3. The fragments of distribution of galaxies/quasars in the redshift space, which is believed to give a side-on
view of a conical slice of space (the Earth is located on the cone’s vertex). Original data are taken, respectively,
from the 2dF Galaxy Redshift Survey [17], the Las Campanas Redshift Survey [18], and the 2dF QSO Redshift
Survey [19]. A, A fragment of the projected distribution [17] of the galaxies in the South Galactic Pole strip (4°
thick slice is centred at declination -27.5°), as a function of redshift Z and right ascension. The lower border of the
cone reaches the bottom of the figure at Z ~ 0.027 (or, equivalently, at a distance ~ 2.7 108 light years). The slight
increase of spots’ size in original image at .../Public/Pics/2dFzcone.gif [17] gives elliptic image of a circular (or at
least, an arc-like) structure; B, A fragment of similar distribution of the galaxies [18] (1.5° thick slice is centred at
declination -45° in the South Galactic Pole strip, see red points in the coloured image at
http://www.astro.ucla.edu/~wright/lcrs.html)). The left border of the cone crosses the left hand side of the figure at
a distance ~ 1.5 109 light years. Thickening of the spots and subsequent smoothing of the image gives a circle and
straight radial filaments. C, A fragment of similar distribution of quasars [19] (2÷5° thick slice is centred at
declination -30° in the South Galactic Pole strip) contains the circles with central point and the arc-like structures.
The right border of the cone crosses the right hand side of the figure at a distance ~ 5 109 light years.

The plausibility of simultaneous opacity and darkness of
«dark filaments» is supported by the existence of ultradisperse materials of anomalous blackness
The submicron agglomerates of the Carbon Black
particles have the structure similar to that of the
submicron agglomerates found [21] in the
carbonaceous dust deposits in tokamak T-10:
on the left, the cartwheel-like structuring in the
electron micrographs [27] of the carbon black
[21] Kolbasov, B. N., Kukushkin, A. B.,
Rantsev-Kartinov, V. A. & Romanov, P. V. Phys.
Lett. A, 291, 447 (2001).
[27] Darmstad, H., Roy, C. & Kaliaguine, S.
Proc. 23rd Biennal Conference on Carbon. USA,
1997

MAJOR CONCLUSION
The phenomenon universal skeletal structures (USS) [1] observed in the
range 10-5 cm - 1023 cm in
- electric discharges in various fusion devices,
- severe weather phenomena,
- space
and its interpretation in terms of a fractal condensed matter (FCM)
suggest a number of applications -- both inside and outside the fusion
science.
[1] A.B. Kukushkin, V.A. Rantsev-Kartinov,
- Phys. Lett. A 306, 175-183 (2002);
- Science in Russia, 2004, # 1. pp. 42-47.
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