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Abstra
t

A quantum topologi
al network model that might allow for the produ
tion of energy through the em-

ployment of va
uum ele
tromagneti
 
urrents form is based upon foundational prin
iples of topologi
al

geometrodynami
s (TGD) [Pitkanen, 1995a, b℄. Su
h a produ
tion photon-fa
tory would have the 
apabil-

ity of drawing upon a seemingly inexhaustible supply of what in TGD formalism is a "vapour phase" of

photons. Parti
ularly in the presen
e of Bose-Einstein 
ondensate photons, it is theoreti
ally possible to


onvert these "vapour phase" photons into 
ondensed photons that 
an then be harnessed and transformed

into useful kineti
 energy by more traditional means. The problem of how to 
ontrol the dynami
s of trans-

ferring this energy into a useful and regulatable kineti
 form, su
h as may be employed within an ion drive

or any number of alternative propulsion methods, is signi�
ant and involves issues of developing 
oheren
e

and resonan
e among lo
ally 
haoti
 and asyn
hronous systems. This diÆ
ulty may be solvable through the

adaptation of algorithms and models developed for syn
hronizing heterogeneous nonequilibrium os
illator

networks.

TGD presents a view, similar to 
ertain string models, of spa
etimes as surfa
es within an 8-dimensional

spa
e H that is a produ
t of Minkowski spa
e future light
oneM

4

+

and a 
omplex proje
tive spa
e CP

2

. TGD

model allows for topologi
al merging, akin to the 
ondensation pro
ess in 
lassi
al physi
s, of free elementary

parti
le like 3-surfa
es to the ba
kground surfa
e of larger size. \Topologi
al evaporation" 
orresponds to

the reverse of this pro
ess in whi
h parti
les go \outside" the 
lassi
al spa
etime.

TGD predi
ts va
uum ele
tromagneti
 �elds having as their sour
e va
uum gauge 
urrents instead of


urrents 
omposed of elementary parti
les. The va
uum gauge 
urrents generate 
oherent states of photons

and the for lightlike va
uum 
urrents the 
oherent state arises in a resonant-like manner. A presen
e of

Bose-Einstein 
ondensates of photons in a nearby spa
etime sheet external to the 
oherent-state generator

would allow for a transfer of photons from that sheet into a vapour phase. The 
apture of these photons into

an ele
tro-me
hani
al propulsion system may provide a sour
e of energy whi
h 
an be 
onverted into a form

useful for the propulsion and a

eleration of a spa
e 
raft. The prequisites 
an be summarized as follows:

(a) Spa
etime regions with 
lassi
al gauge �elds with nonvanishing lightlike va
uum ele
tromagneti



urrents generating 
oherent photons

(b) Indu
tion of topologi
al 
ondensation of vapour phase photons through presen
e of BE 
ondensates

(
) Controllable transfer me
hanism for 
reating a 
ontinuous 
ux of photons from the vapour phase

region

An emission of 
oherent light from a region not 
ontaining 
harged parti
les would be a 
lear indi
ation

of va
uum 
urrent presen
e. Whether this entire pro
ess, if it is feasible, 
ould generate enough useful

energy for spa
e
raft propulsion is a major open question. However, it does appear that in the least su
h

a me
hanism 
ould provide for some type of quantum 
ommuni
ation with storage of information in both

phase and intensity of the 
oherent emf and with the va
uum 
urrents a
ting as quantum antennae.

An examination of 
ertain models known as quantum 
ellular automata and networks (QCAM, CLAN)

[Dudziak, 1993℄ and syn
hronized heterogeneous dynami
al networks (SHDN [Chinarov, 1998℄ may provide

some further insight into how the suggested stimulated 
oherent produ
tion of photons might be initiated,


ontrolled, and stabilized in an appli
ation for spa
e travel or 
ommuni
ation.
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1 TOPOLOGICAL GEOMETRODYNAMICS

Topologi
al geometrodynami
s provides an alternative [5℄ approa
h to the uni�
ation of quantum theory and rela-

tivity. In this approa
h [5℄, there is a fundamental and radi
al generalization of the 
on
ept of 3-spa
e. Spa
etime

is repla
ed by a surfa
e of 8-dimensional spa
e H = M

4

+

� CP

2

, where M

4

+

is the interior of the future light 
one of

4-dimensional Minkowski spa
e and CP

2

is 
omplex proje
tive spa
e with real dimension four. The reasons for
ing

the use of (the interior of) the future light 
one of M

4

, denoted by M

4

+

, rather than entire Minkowski spa
e, are

both mathemati
al and 
osmologi
al, as a matter fa
t, M

4

+


orresponds to an empty Robertson-Walker 
osmology.

This spa
e possesses the symmetries of the empty Minkowski spa
e broken only by the presen
e of the light
one

boundary plus some additional symmetries, namely those of the internal spa
e CP

2

. One 
an identify the isometries

of CP

2

(
f. Figure 2. below) having dimension) as 
olor symmetries 
hara
teristi
 for quarks and gluons and the

theory be
omes unique. It is easy to 
onstru
t a
tion prin
iples allowing the symmetries of H as symmetries and

giving spa
etime surfa
e as a solution of the �eld equations. This means a solution of the so 
alled energy problem of

General Relativity sin
e energy now 
orresponds to time translations of 8-dimensional H rather than of 4-dimensional

spa
etime as in General Relativity.

Figure 1: Gravitation makes spa
etime 
urved and leads to a loss of translational symmetries in GRT.

cosmic time=const
hyperboloid

x

x0=ct

moment of big bang

Figure 2: Geometry of the future light
one M

4

+

.

Sub-manifold geometry leads to a natural geometrization of gauge �elds and quantum numbers. Indu
tion

pro
edure for the metri
 means that distan
es in spa
etime surfa
e are measured using the meter sti
ks of the

imbedding spa
e. In the 
ase of gauge �elds indu
tion means that parallel translation is performed using the parallel

translation de�ned by the spinor 
onne
tion of the imbedding spa
e. The requirement of ele
troweak gauge stru
ture

�xes the spa
e S uniquely to S = CP

2

. Also the geometrization of known elementary parti
le quantum numbers

results.

In TGD framework spa
etime 
an be regarded as a manysheeted surfa
e. The distan
es between parallel sheets

are extremely small, of the order of CP

2

size R � 10

4

Plan
k lengths. Sheets have a �nite size and outer boundary and

form a hierar
hi
al stru
ture ordered by the typi
al size of the sheet. A spa
etime sheet is identi�ed as a geometri


representation of a material obje
t so that 'matter' (in the sense of 'res extensa') redu
es to spa
etime topology

in TGD and intera
tions between parti
les 
an be be understood topologi
ally. Elementary parti
les 
orrespond to

surfa
es with size of order R, whi
h have su�ered topologi
al 
ondensation ('gluing' by topologi
al sum 
onta
t) to

a larger spa
etime sheet. Elementary parti
les 
an also topologi
ally evaporate: vapour phase parti
les are 'outside'

the ma
ros
opi
 spa
etime and analogous to the Baby Universies of General Relativity. An argument based on the


onservation of Newtonian gravitational 
ux and gauge 
uxes on the boundaries suggests that vapour phase parti
les

2



z1 =x1 + iy1

z3 =x3 + iy3

z2 =x2 + iy2

z

λz

λ = λ1 +iλ2 

Figure 3: CP

2

as a 
omplex proje
tive spa
e of real dimension 4.

have vanishing gravitational mass and gauge 
harges whereas inertial mass (or at least four-momentum) should be

nonvanishing: this implies a breaking of Equivalen
e Prin
iple for su
h parti
les.

In prin
iple there is energy and momentum transfer between various spa
etime sheets and also between spa
etime

sheets and 'vapour phase'. Assuming that Einstein's equations of GRT hold true, one 
an 
al
ulate the energy transfer

from a given spa
etime sheet to other sheets and to vapour phase. One 
an also 
onstru
t a model for various parti
le

transfer pro
esses by assuming that standard intera
tions 
ause evaporation and 
ondensation. In the 
ase of a single

spa
etime sheet this means that ea
h elementary parti
le spe
ies is e�e
tively doubled 
orresponding to vapour

phase- and 
ondensate states. In ea
h vertex of the Feynmann diagram both vapour phase and 
ondensate states


an o

ur with appropriate amplitudes. Also the 
lassi
al gauge �elds asso
iated with the 
ondensate 
an a�e
t the


ondensation or evaporation and again appropriately generalized standard intera
tion verti
es are assumed.

A futher purely TGD:eish phenomenon, deriving from the indu
ed gauge �eld 
on
ept, is the existen
e of genuinely


lassi
al gauge �elds, in parti
ular ele
tromagneti
 and gravitational �elds having standard 
ouplings to the quantum

�elds. Unlike in 
lassi
al ele
trodynami
s, va
uum emfs 
an have nonvanishing divergen
e identi�able as a va
uum

gauge 
urrent rather than as a 
urrent 
onsisting of elementary parti
les. The presen
e of the va
uum gauge 
urrents

makes possible a generation of 
oherent states of photons: ea
h Fourier 
omponent of the va
uum gauge �eld generates

its own 
oherent state. A purely TGD:eish predi
tion are so 
alled 'massless extremals' representing nonlinear em

waves with asso
iated lightlike va
uum 
urrents for whi
h the 
oherent state is generated in resonant-like manner.

Thus lightlike va
uum 
urrents 
an a
t as as ideal quantum antennas [5, 7℄.

In 
omplete analogy with the stimulated emission and absorption, the presen
e of the BE 
ondensate of photons

(large number of photons in given Fourier mode) at some other spa
etime sheet than the one 
reating the 
oherent

state, implies a stimulated transfer of photons between this spa
etime sheet and vapour phase.

The �rst appli
ation 
oming into mind is quantum 
ommuni
ation with information stored in both the phase and

the intensity of the 
oherent emf and lightlike va
uum 
urrents serving as quantum antennas. The se
ond appli
ation

would be a me
hanism of energy produ
tion based on the su
king of photons from the 
oherent state of vapour phase

to 
ondensate 
ontaining BE 
ondensate of photons. The ne
essary prequisites for the me
hanism are as follows:

a) There exist a region of spa
etime 
ontaining 
lassi
al gauge �elds with nonvanishing lightlike va
uum em


urrent generating 
oherent photons. Lightlikeness implies resonan
e and would lead to large density of photons in

the vapour phase.

b) There is a devi
e 
apable of indu
ing topologi
al 
ondensation of the vapour phase photons. The devi
e

in question 
ould be smaller spa
etime sheet 
ontaining BE 
ondensate of photons in some Fourier modes of the

quantized photon �eld.

b) There exists a me
hanism for transferring the 
ondensed photons away from the devi
e so that a 
ontinuous


ux of energy from the vapour phase be
omes possible.

Sin
e 
harged elementary parti
les are massive, they 
annot give rise to 
oherent, ma
ros
opi
 lightlike 
urrents.

Hen
e the emission of 
oherent light from a spa
etime region not 
ontaining 
harged parti
les (the absen
e of emis-

sion and absorption lines, brehmstrahlung radiation, et
.) would be a signature of the va
uum 
urrents. Also the

lightlikeness of this 
urrent 
ould serve as a signature in laboratory length s
ales (mi
rotubules [5, 7℄).

At best, the stimulated topologi
al 
ondensation of photons might be 
apable of generating suÆ
ient release of

energy that 
an be harnessed to be useful in the operation of a large interstellar or beyond-solar-system missions.

The se
ond possibility is quantum 
ommuni
ation already mentioned. At worst, the energy density of the photons
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in the vapour phase might be of the same order of magnitude as the energy density of the mi
rowave ba
kground

or even smaller. Even in this 
ase the me
hanism might however provide a dire
t test of the TGD:eish spa
etime

pi
ture.

2 TGD based spa
etime 
on
ept and 
ondensate/vapour phases

One 
an enter up with TGD also as a generalization of the old fashioned hadroni
 string model by generalizing the

des
ription of hadrons as strings having quarks at their ends with the des
ription of parti
les as small 3-surfa
es X

3


ontaining quantum numbers at their boundaries. This leads to a topologi
al explanation of the family repli
ation

phenomenon and makes it possible to explain the known elementary parti
le quantum numbers in terms of H-

geometry. The TGD resulting from the generalization of string is however quite di�erent from the TGD resulting as

a solution of the energy problem of GRT.

The only manner to unify these two TGD:s is provided by a generalization of the spa
etime 
on
ept. The

ma
ros
opi
 spa
etime with matter is identi�ed as a many-sheeted surfa
e with hierar
hi
al stru
ture. There are

sheets glued on larger sheets glued on larger sheets..... Ea
h sheet has outer boundary and material obje
ts are

identi�ed as spa
etime sheets. Gluing is performed by topologi
al sum operation 
onne
ting di�erent spa
etime

sheets by very tiny wormholes with size of order CP

2

radius. Wormholes reside near the boundaries of a given

spa
etime sheet and they feed various gauge 
uxes to the larger spa
etime sheet (external world from the view

point of the smaller spa
etime sheet). Elementary parti
les 
orrespond to so 
alled CP

2

type extremals, whi
h have

Eu
lidian metri
 and negative �nite a
tion and have very mu
h the same role in TGD as bla
kholes in GRT.

Also 'vapour phase', i.e. small parti
le like surfa
e residing (at least part of the time) outside the ma
roso
opi


spa
etime surfa
e are possible, and are the 
ounterpart of the Baby Universies of GRT. The requirement that gauge

and gravitational 
uxes are 
onserved on the boundaries of 3-surfa
e implies that 
lassi
al gauge 
harges and gravita-

tional mass of the vapour phase parti
le vanish. There is no reason for the vanishing of the inertial four-momentum

although one 
an 
onsider the possibility that the rest masses of the vapour phase elementary parti
les vanish in

a

ordan
e with the idea that topologi
al 
ondensation gives rise to the massivation of the elementary parti
le. One


ould argue that quantum gauge 
harges of topologi
ally evaporated CP

2

type extremals 
annot be identi�ed as

gauge 
uxes and therefore 
an be nonvanishing. This problem does not however a�e
t re
ent 
onsiderations.

        free particles  ’outside’ the spacetime:
        ’vapour phase’
       
        

’wormhole’
(#  throat)

different parallel
spacetime sheets

’topologically 
condensed’ particle

join along
boundaries bond

’wormhole’

CP2

M4
+

R

Figure 4: Topologi
al 
ondensate and vapour phase: two-dimensional visualization.

2.1 Quantum TGD very brie
y

The 
onstru
tion of quantum TGD redu
es to the 
onstru
tion of spinor geometry for the in�nite-dimensional 
on-

�guration spa
e CH of TGD 
onsisting of 3-dimensional surfa
es in the 8-dimensional spa
e M

4

+

� CP

2

(for details

see the �rst two parts of [5℄) This means the 
onstru
tion of the metri
 and spinor stru
ture. The requirement that

the fermioni
 and bosoni
 os
illator algebras of the quantum �eld theories are geometrized leads to the 
on
lusion

that the geometry of CH must be so 
alled K�ahler geometry allowing 
omplex stru
ture in its tangent spa
e. In

K�ahler geometry imaginary unit i is geometri
ally realized as an antisymmetri
 tensor, so 
alled K�ahler form J ,
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whose square is �1, 1 being realized as the metri
 tensor. Physi
ally K�ahler form behaves like a sour
eless Maxwell

�eld and de�nes also symple
ti
 stru
ture. The simplest example of K�ahler geometry is two-dimensional (q; p)- phase

spa
e for one-dimensional harmoni
 os
illator regarded as a 
omplex plane with 
omplex 
oordinate (z = q + ip).

So 
alled K�ahler fun
tion 
odes all information about K�ahler metri
 and K�ahler form. Therefore the 
onstru
tion

of the CH metri
 redu
es to that of identifying the so 
alled K�ahler fun
tion K(X

3

) as a fun
tional of 3-surfa
e.

The 
onstru
tion of the gamma matri
es asso
iated with the spinor stru
ture redu
es to se
ond quantization of free

indu
ed spinor �elds on spa
etime surfa
e: anti
ommuting gamma matri
es are superpositions of anti
ommuting

fermioni
 os
illator operators.

2.3.1 General Coordinate Invarian
e

The basi
 physi
al requirement is 4-dimensional General Coordinate Invarian
e. This 
an be realized provided that

the K�ahler fun
tion asso
iates to a given 3-surfa
e X

3

appearing as its argument a unique spa
etime surfa
e X

4

(X

3

)

for 4-dimensional di�eomorphisms to a
t on. This spa
etime surfa
e 
ould be 
alled the 
lassi
al spa
etime asso
iated

with given 3-surfa
e. A physi
ally motivated guess for the K�ahler fun
tion K(X

3

) is as the absolute minimum of so


alled K�ahler a
tion for all spa
etime surfa
es going 'through' X

3

. A good analogy are the membranes going through

a wire: one of them provides the surfa
e with minimum area passing through the wire.

2.3.2 Quantum 
riti
ality

K�ahler a
tion involves only single a priori free parameter, the so 
alled K�ahler 
oupling strength. The fa
t that va
uum

fun
tional is pre
isely analogous to the partition fun
tion of a 
riti
al system with K�ahler 
oupling strength in the

role of temperature suggests that the physi
al theory 
orresponds to a 
riti
al value of the K�ahler 
oupling strength.

An important predi
tion is the existen
e of long range quantum 
orrelations in all length s
ales: this suggests

that TGD 
ould provide the me
hanisms needed for understanding biosystems as ma
ros
opi
 quantum systems.

Possible me
hanisms leading to the formation of ma
ros
opi
 quantum systems would be quantum entanglement in

the degrees of freedom 
hara
terizing the shape and size and 
lassi
al K�ahler �eld asso
iated with the 3-surfa
e and

also the formation of join along boundaries 
ondensates of 3-surfa
es making possible formation of larger quantum

systems form 
omposite systems.

2.3.3 Super Virasoro symmetry and spin glass analogy

Con�guration spa
e geometry is �xed by symmetry 
onsiderations and by the requirement of divergen
e 
an
ellation

(re
all that the situation is in�nite-dimensional!) to a very high degree. Super Virasoro and Super Ka
 Moody sym-

metries [?℄ of the string models generalize and play absolutely essential roles in the 
onstru
tion. The 
onstru
tion

works only for M

4

+

� S, where S is four-dimensional K�ahler manifold: if one requires that S is homogenous spa
e,

only the alternatives S = CP

2

and S = S

2

� S

2

remain. The spe
ial role of M

4

+

is due to the very spe
ial 
onformal

properties of the 4-dimensional light 
one boundary allowing the generalization of the ordinary 2-dimensional 
on-

formal invarian
e. The 
onformal symmetries of the string world sheet are repla
ed with the generalized 
onformal

symmetries of the light
one boundary just like Poin
are invarian
e at the level of the spa
etime is repla
ed with

Poin
are invarian
e at the level of the imbedding spa
e. 8-dimensionality is in turn ne
essary in order to 
onstru
t

spinor stru
ture: only in 8-dimensional 
ase is the number of the spinor 
omponents of a �xed 
hirality the same as

the dimension of the spa
e itself. Super Virasoro invarian
e di
tates the mass spe
trum of the theory just as it does

in string models. The S-matrix 
an be regarded as an exponential of a Hamiltonian, whi
h is just Super Virasoro

generator L

0

.

A 
entral role in the 
onstru
tion is played by the pre
ise mathemati
al analogy with the spin glass phase, whi
h

implies the existen
e of an in�nite number of zero modes, whose 
oordinates do not appear at all in the line element

of CH. These zero modes 
an be regarded as universal order parameters 
hara
terizing the shape, size and 
lassi
al

K�ahler �elds asso
iated with 3-surfa
e.

2.3.4 The 
on
ept of quantum average e�e
tive spa
etime

The 
on
ept of the 'quantum average e�e
tive spa
etime' is 
ru
ial for relating the theory to QFT des
ription. The

exponent exp(K=2) of the K�ahler fun
tion de�nes unique va
uum fun
tional for the theory analogous to os
illator

Gaussian. The maxima of the K�ahler fun
tion with respe
t to non-zero modes as fun
tion of zero modes 
an be

identi�ed as 'e�e
tive spa
etimes', whose dynami
s are di
tated by the absolute minimization of K�ahler a
tion so

that the 'e�e
tive a
tion' de�ning the low energy limit of the theory sele
ts only some of the maxima of the K�ahler

fun
tion. The hypothesis that the maximum of K�ahler fun
tion as a fun
tion of zero modes is p-adi
 fra
tal [6℄ is

motivated by 
riti
ality and spin glass analogy and leads to the 
onnne
tion between quantum TGD and p-adi
 TGD

(, whi
h leads to very su

esfull predi
tions of elementary parti
le masses [6℄).
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2.2 Ma
ros
opi
 limit of TGD

'Quantum average e�e
tive spa
etimes' 
orrespond to the absolute minima of the K�ahler a
tion asso
iated with the

maxima of the K�ahler fun
tion. Therefore the dynami
s of the quantum average e�e
tive spa
etime is �xed and the

stationarity requirement for the e�e
tive a
tion should only sele
t some physi
ally preferred maxima of the K�ahler

fun
tion. The topologi
ally trivial spa
e time of 
lassi
al GRT (see the 
hapter 'The relationship between TGD

and GRT' of [5℄ for details) 
annot however dire
tly 
orrespond to the topologi
ally highly nontrivial TGD:eish

spa
etime but should be obtained only as an idealized, length s
ale dependent and essentially ma
ros
opi
 
on
ept.

In prin
iple, this allows the possibility that also the dynami
s of the e�e
tive smoothed out spa
etimes is determined

by the e�e
tive a
tion. The 
riti
ality of the theory however suggests that K�ahler fun
tion is renormalization group

invariant in the sense that also the smoothed out spa
etime surfa
es are absolute minima of the K�ahler a
tion.

2.4.1 Smoothing out pro
edure

The spa
etime in length s
ale L is obtained by smoothing out all topologi
al details (parti
les) and by des
ribing

their presen
e using various densities su
h as energy momentum tensor T

��

#

and Yang Mills 
urrent densities J

�

a#

serving as sour
es of ele
troweak and 
olor gauge �elds. It is important to noti
e that the smoothing out pro
edure

eliminates elementary parti
le type boundary 
omponents in all length s
ales: this suggests that the size of a typi
al

elementary parti
le boundary 
omponent sets lower limit for the s
ale, where the smoothing out pro
edure applies.

2.4.2 Einstein Yang Mills a
tion for the indu
ed gauge �elds and topologi
ally 
ondensed matter

The a
tion is obtained from the e�e
tive a
tion for the low energy limit of the QFT limit of TGD by des
ribing

quantum �elds phenomenologi
ally using YM 
urrents, parti
le densities, et
.. The a
tion is therefore Einstein Yang

Mills a
tion with Yang Mills �elds in one-one 
orresponden
e with the indu
ed gauge �elds. When quantum e�e
ts

are negle
ted, only 
lassi
al �elds remain in the a
tion and only ele
tromagneti
 and Z

0

�elds 
an appear as 
lassi
al

�elds in ma
ros
opi
 length s
ales. Purely ele
tromagneti
 or Z

0

type �elds are proportional to the K�ahler �eld so

that YM a
tion is proportional to the K�ahler a
tion in this 
ase.

The intera
tion between the point like parti
les (in a given s
ale!) and the long length s
ale �elds of the smoothed-

out spa
etime is des
ribed by regarding the various 
urrents des
ribing the presen
e of point like matter as external


urrents 
oupled to the �elds asso
iated with K�ahler a
tion interpreted as Einstein YM a
tion. The YM 
urrents

asso
iated with topologi
ally 
ondensed matter will be denoted by J

�

a#

, where 'a' refers to a spe
i�
 
omponent of

YM �eld. The 
orresponding energy momentum tensor will be denoted by T

��

#

.

For YM �elds the intera
tion term is just the external YM 
urrent multiplied with YM gauge potential. For the

metri
 the 
orresponding term is the tra
e of energy momentum tensor. This assumption implies the addition of the

various intera
tion terms to the EYM a
tion density

L

EYM

! L

EYM

+

X

a

Tr(J

�

a#

A

a�

) + T

��

#

g

��

: (1)

Here the index "#" refers to topologi
ally 
ondensed matter. L 
an be de
omposed into a sum of terms 
orresponding

to 
olor and ele
troweak intera
tions and gravitational intera
tion:

L

EYM

= L

ew

+ L




+ L

gr

: (2)

The 
ouplings asso
iated with the various terms of the a
tion density depend on the length s
ale 
onsidered. For

K�ahler fun
tion, the spa
etime asso
iated with a given 3- surfa
e is �xed by the requirement that it 
orresponds

to an absolute minimum of the K�ahler a
tion. In present 
ase also the extremization in the sense of stationary

phase approximation with respe
t to X

3

degrees of freedom is performed. This pro
edure is the same as applied

usually, when �nding the physi
ally interesting solutions of the e�e
tive a
tion. It must be emphasized that the spin

glass nature of the TGD:eish Universe might imply 
ompli
ations: it might be impossible to de�ne unique e�e
tive

quantum average spa
etime and one might be for
ed to 
onsider a quantum superposition of the e�e
tive spa
etimes.

2.3 Massless extremals

The so 
alled massless extremals des
ribe nonlinear waves propagating with light velo
ity and are a 
ru
ial element

in the model to be represented. The 
hara
teristi
 feature is the presen
e of nonvanishing lightlike va
uum gauge


urrents not possible in ordinary QED by the fa
t that free Maxwell a
tion represents free �eld theory.

Let k = (k

0

; k

3

; 0; 0) be a light like ve
tor of M

4

and u = u(m

1

; m

2

) be an arbitrary fun
tion of Minkowski


oordinates m

1

and m

2

in the plane ortogonal to the dire
tion 3-ve
tor (k

3

; 0; 0) asso
iated with k. Denote by s

n

the

6



n:th 
oordinate of CP

2

and by v = k �m the Minkowski inner produ
t of the wave ve
tor k and M4

4


oordinate m.

The surfa
es de�ned by the map

s

n

= f

n

(v; u) ; (3)

where f

n

and u are arbitrary fun
tions, de�ne massless extremals. They des
ribe the propagation of massless �elds

in the dire
tion of k: the �elds are periodi
 with period � = 2�=k

0

so that only k and its integer multiples are possible

waveve
tors. The polarization asso
iated with various indu
ed gauge �elds depends on the position in (m

1

;m

2

)-plane

and is in the dire
tion of the gradient of u. Field equations involve tensor 
ontra
tions of energy momentum tensor

and gauge 
urrent. These are proportional to kk and k respe
tively and vanish by the lightlikeness of k. Linear

superposition holds true only in a restri
ted sense sin
e propagation dire
tion is �xed and polarization dire
tion in

ea
h (m

1

;m

2

)=
onst plane is �xed.

What is remarkable that these solutions are not solutions of the ordinary Maxwell equations in va
uum: gauge


urrent densities are in general nonvanishing(!) and proportional to the light like four-momentum k. As a 
onsequen
e,

also lightlike ele
tromagneti
 
urrent is in general (but not ne
essarily) present. The interpretation of the em 
urrent

J as ele
tron 
urrent is impossible and the 
orre
t interpretation as va
uum 
urrent is possible for indu
ed gauge �elds.

The presen
e of the va
uum 
urrent implies that massless extremals a
t as quantum antennae in the sense that ea
h

Fourier 
omponent of the va
uum 
urrent, equivalent to an os
illating external for
e 
oupled to a harmoni
 os
illator,

generates a 
oherent state of photons (
oherent state is an eigenstate of the photoni
 annihilation operators). Sin
e

photons have lightlike 4-momenta, it is intuitively obvious that the 
oherent state is generated in resonan
e like

manner for a lightlike 
urrent.

3 TOPOLOGICAL CONDENSATION OF PHOTONS AS AMETHOD

OF ENERGY EXTRACTION?

There are three prin
iple issues that must be 
onsidered. First is the matter of topologi
al 
ondensation for whi
h

a foundational perspe
tive was given in se
tion 2 above. If this pro
ess does o

ur, there must be a kineti
 model

that would allow for the transfer of photon energy that 
an result in energy ex
hange with a ma
ros
opi
 devi
e

su
h as an engine or drive system. The se
ond issue 
on
erns the amount of su
h photon ex
hange that 
ould o

ur

within a given volume of interstellar or even solar domain spa
e. It may be that the 
onje
tured pro
ess 
an generate

realisti
ally only su
h a modest amount of useable energy that it is not pra
ti
al. The third issue 
on
erns what

pra
ti
al me
hanism 
ould be employed, assuming a positive answer to the �rst two 
on
erns, for 
ontrolling the use

of this 
ondensate energy. In this paper only the �rst issue, i.e. mathemati
al modelling of the quantum antenna and

topologi
al 
ondensation of photons, is dis
ussed in detail.

3.1 A kineti
 model for the photon transfer

The proper des
ription of the situation ne
essitates a kineti
 model for the transfer of various parti
le spe
ies between

various spa
etime sheets and vapour phase. (see 
hapter 'A model for topologi
al 
ondensation and evaporation' in

[5℄). Vapour phase parti
les and the parti
les 
ondensed on various spa
etime sheets 
an be regarded as di�erent

parti
le spe
ies formally. Assuming that the gauge 
harges of the vapour phase parti
les vanish, the most interesting

situation 
orresponds to photon transfer. When only one spa
etime sheet is present there are 
ondensed and vapour

phase photons the amplitude for photon emission in Feynmann diagram 
an be assumed to be proportional to


os(�)/sin(�) 
orresponding to the situations in whi
h the emitted photon is/is not in the same phase as the emitter.

In prin
iple, one 
an derive evaporation and 
ondensation rates for photons for given 
harge densities and write

the kineti
 equations for the densities of photons in two phases. For instan
e, the ordinary free photon path multiplied

by evaporation probability yields estimate for 
ondensation length. If 
ondensation and evaporation rates are large

enough as 
ompared with the 
hara
teristi
 time s
ale 
onsidered, one 
an assume kineti
 or even thermal equilibrium.

One 
ould argue that the evaporation of the photon 
osts energy given by the gravitational energy of photon in the


ondensate and that 
ondensation is therefore favoured and in thermal equilibrium the ratio of the photon densities

is therefore given by the Boltzman weight exp(�E(gr)=T ).

3.2 A model for the transfer of photons and energy between vapour phase and


ondensate

In ordinary QED 
lassi
al gauge �elds 
an have only ordinary 
harged parti
les as their sour
es. In TGD genuine

va
uum 
urrents are possible. The 
oupling of the quantum �eld to the 
lassi
al em �eld with a nonvanishing va
uum

7



sour
e implies the generation of a 
oherent state of photons su
h that ea
h Fourier 
omponent present in the 
lassi
al

gauge 
urrent gives rise to an eigenstate of the 
orresponding photoni
 annihilation operator. In 
ase of lightlike

va
uum 
urrents allowed by TGD, the 
oherent state is generated in resonant-like manner so tha lightlike va
uum


urrent a
ts as an ideal quantum antenna.

If one introdu
es a se
ond spa
etime sheet, whi
h 
ontains BE 
ondensate of photons for some modes of the

photon �eld, a stimulated topologi
al 
ondensation of the vapour phase photons to this spa
etime sheet o

urs. This

e�e
t 
ould be used to extra
t energy from the vapour phase.

The possibility of ma
ros
opi
 quantum antennae has been explored in 
ell biology [7, 2, 8℄ giving rise to the

notion that mi
rotubules of the 
ytoskeleton may a
t as 
oherent quantum antennae with the result of 
reating an

organizing network spanning large regions of 
ell surfa
es and even a
ting a
ross 
ell boundaries as in the 
ase of

neuronal axons and dendrites. The dynami
al s
aling symmetry of the massless extremals leads to ask whether

something of the sort 
ould be arti�
ially 
onstru
ted on a massive s
ale a
ross many meters or kilometers of deep

spa
e.

3.2.1 A
tion for the vapor-
ondensate intera
tion

The simplest model is based on Maxwell a
tion for ele
tromagneti
 �eld regarded as an indu
ed �eld obtrained from

superposition of the 
lassi
al emf in CP

2

degrees of freedom and se
ond quantized free emf in M

4

+

�CP

2

having only

M

4


omponents and depending on M

4

+


oordinates only and having de
omposition into vapour phase and 
ondensate

parts (�h = 1 and 
 = 1 will de�ned the units used in the following).

F

��

= F

��

(
l) + F

��

(qu) ;

F

��

(
l) = F

kl

(
l)�

�

s

k

�

�

s

l

;

F

��

(qu) = F

kl

(qu)�

�

m

k

�

�

m

l

;

F

kl

(qu) = �

l

A

k

(qu)� �

k

A

l

(qu) ;

A

k

(qu) = A

k

(qu; v) +A

k

(qu; 
) : (4)

F

kl

(qu) satis�es empty spa
e Maxwell equations, m

k

and s

k

refer to M

4

+

and CP

2


oordinates, and v and 
 refer to

vapour phase and 
ondensate.

Maxwell a
tion density 
an be transformed to a sum of a total divergen
e redu
ing to a boundary term, to be

negle
ted, plus free part and two intera
tion terms in the following manner:

L

p

g

=

X

i

L(free; i) + L

1

(int) + L

2

(int) ;

L(free; i) =

1

4

F

��

(qu; i)F

��

(qu; i) ; i = 
; v :

L

1

(int) =

1

2

j

�

(
l)

X

i

A

�

(qu; i) ;

L

2

(int) =

1

2

X

i

J

�

(qu; i)A

mu

(
l) ;

J

�

(qu; i) = F

�

k

(i)M

k�

�

+ F

�

k

(i)M

k�

�

; i = 
; v

M

k

��

= D

�

�

�

m

k

: (5)

L(free; i) denotes the free a
tion for the 
lassi
al emf and vapour phase and 
ondensed quantum emfs and de�nes

photon propagators. Standard propagator is obtained, when Minkowski 
oordinates are used for spa
etime surfa
e.

L

1

(int) 
orresponds to the a
tion of the vapour phase and 
ondensed quantum emf with the va
uum 
urrent and

leads to generation of 
oherent state of photons both in vapour phase and 
ondensate.

L

2

(int) is nonvanishing only, when J

�

(qu; i) is nonvanishing. J

�

(qu; i) represents a purely geometri
 
ontribution

to the 
urrent and is non-vanishing when the M

4

+

part of the se
ond fundamental form M

k

��

for 4-surfa
e is non-

vanishing. In this 
ase the em 
urrent asso
iated with A

mu

(qu) is nonvanishing despite the fa
t that it vanishes for

A

k

(qu)! Se
ond fundamental form des
ribes the external 
urvature of the 4-surfa
e as opposed to the internal 
urva-

ture des
ribed by the 
urvature tensor. In general, the external 
urvature 
an be large even when the gravitational

�eld vanishes. It must be however emphasized that this term is proportional to the metri
 of CP

2

and, assuming

that the gradients of the CP

2


oordinates are 
hara
terized by length s
ale L, by a fa
tor R

2

=L

2

smaller than the

other terms in the a
tion. In the 
ase of the massless extremals, this term is signi�
ant only if the dependen
e of
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CP

2


oordinates on the transversal 
oordinates of M

4

+

is strong: this in turn requires a huge value for the lightlike

Einstein tensor. This term will be negle
ted in the sequel.

The representation

A

+

(k; �) =

q

2�

!

k

a

y

(k; �) ;

�

a(k

1

; �

1

); a

y

(k

2

; �

2

)

�

= Æ

3

(k

1

� k

2

)Æ

�

1

;�

2

;

(6)

for whi
h the density of states fa
tor for photon states is dN = d

3

k, will be used in the sequel.

3.2.2 Coherent state is generated in resonant-like manner for lightlike va
uum 
urrents

The presen
e of the va
uum 
urrent leads to the generation of 
oherent state of two modes of 
oherent photons:

vapour phase and 
ondensate. Coherent states states are eigenstates of the photoni
 annihilation operators and in the

estimates for the rate of topologi
al 
ondensation, one 
an repla
e A

�

(qu; i), i = 
ond; vap, with the 
lassi
al photon

�eld A

�

(
oh; i). This has a 
lassi
al va
uum 
urrent as its sour
e and serves as order parameter for the 
oherent

state. The Fourier 
omponent of a ve
tor potential des
ribes the eigenvalue of the annihilation operator part of the

photon �eld is for a given momentum k and polarization dire
tion � and is given by

A

�

(
oh; vj�; k) =

X

n


(k; k

n

)

�

�

J

�

(k

n

)�

�

k

2

n

;

exp(�ik �m) =

X

n


(k; k

n

)exp(�ik

n

�m) :

(7)

Here 
(k; k

n

) is the Fourier 
omponent of the planewave exp(�ik �m) expressed using a dis
rete planewave basis for

the spa
etime sheet 
ontaining the va
uum 
urrent and m denotes Minkowski 
oordinates.

If the 
lassi
al va
uum 
urrent is asso
iated with a 'massless extremal', any 
urrent is lightlike. This implies

resonan
e for those frequen
ies for whi
h the photon wave ve
tor 
orresponds to a wave ve
tor appearing in the

va
uum 
urrent. The resonan
e is smoothed out by the �nite spatial size of the spa
etime sheet 
ontaining the

lightlike va
uum 
urrent. At the limit of an in�nitely large spatial size for the spa
etime sheet, one obtains in�nitely

large amplitudes sin
e one has k

2

n

= k

2

= 0 at this limit.

3.2.3 Stimulated topologi
al 
ondensation

The presen
e of the 
oherent state of photons implies the possibility of the topologi
al 
ondensation of photons. If

the devi
e 
ontains N(k; �) photons in the the state (k; �), stimulated topologi
al 
ondensation, 
ompletely analogous

to the stimulated emission, o

urs and the 
ondensation rate is proportional to (N(k; �) + 1)

2

.

Assume that there exists a 
oherent state generated by quantum antenna of possibly astrophysi
al dimension and

asso
iate label '1' with this spa
etime sheet. Assume also a se
ond spa
etime sheet and asso
iate with it label '2'. In

the lowest order the matrix element for the topologi
al 
ondensation of single photon 
an be obtained as the matrix

element of the 
reation operator part of the intera
tion term of the a
tion

iS

+

=

i

2

R

V

2

dV

2

j

�

?

(
oh; 1)A

�;+

(
ond; 2)

=

i

2

P

�

2

R

d

3

k

2

X(k

2

; �

2

)a

y

(k

2

; �

2

) ;

X(k

2

; �

2

) =

q

2�

!

k

2

P

�

1

R

d

3

k

1

Y (k

1

; �

1

; k

2

; �

2

) ;

Y (k

1

; �

1

; k

2

; �

2

) = j(
oh; 1jk

1

; �

1

)
(k

1

; k

2

)e

�

1

� e

�

2

;


(k

1

; k

2

) =

R

V

2

dV

2

exp [i(k

1

� k

2

) �m℄ ;

(8)

between the initial and �nal states. j

�

(
oh; 1) is just the transversal part of the 
lassi
al va
uum 
urrent 
reating

the 
oherent state. The latter expression is obtained by using Fourier expansions for j and A

+

(, whi
h denotes the


reation operator part of the free photon �eld proje
ted to the spa
etime surfa
e representing the devi
e: Minkowski


oordinates are used for both sour
e regions and devi
e).

In 
ase that the region V

1

is box of length L in the dire
tion of the va
uum 
urrent, the expli
it 
al
ulation,

writing the lightlike va
uum 
urrent as j

�

= Jp

�

, p

0

= p

z

= 1, leads to the following expression for the Fourier


omponent j(
oh; 1jk

1

; �

1

):
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j(
oh; 1jk; !

k

; �) = j

�

(
oh; 1jk; !

k

)e

�

�

;

=

P

n

exp(ik

z

L)�1

ik

z

J(!

n

; k

T

)p � e

�

Æ(k

0

� !

n

) ;

!

n

=

n�

L

:

(9)

Delta-fun
tion expresses the fa
t that only dis
rete freqen
ies are allowed for the va
uum 
urrent and one 
an write

the 
ondensation amplitude as a sum iS

+

= i

P

n

iS

+;n

over the allowed frequen
ies !

n

. k

T

refers to the transversal

part of the wave ve
tor orthogonal to the lightlike va
uum 
urrent.

From this expression one 
an dedu
e the probability for the topologi
al 
ondensation of photon (k; �) to a state


ontaining N(k; �) photons as

jS(k; �)j

2

= j

X

n

S

+;n

j

2

(N(k; �) + 1)

2

; (10)

Clearly, (N(k; �) + 1)

2

fa
tor 
orresponds to the indu
ed 
ondensation. By a standard tri
k one 
an eliminate the

square of the delta-fun
tion by repla
ing the 
ondensation probability with 
ondensation rate R(k; �) obtained by

dividing 
ondensation probability with T ! 1 eliminating one deltafun
tion. Furthermore, one 
an 
al
ulate the

transition rate to a set of �nal states by multiplying the expression thus obtained with the density of states fa
tor

dN = d

3

k, whi
h after the elimination of the se
ond delta fun
tion e�e
tively redu
es to !

2

n

d
. In this manner one

obtains for the di�erential 
ondensation rate a a rather neat expression in terms of the va
uum 
urrent

dR(k;�;n)

d


=

�

2

!

n

L

2

jM(k; �j

2

(N(k; �) + 1)

2

;

M(k; �) = i

P

�

1

R

d

3

k

1

J(!

n

; k

1

T

)
(k

1

; k)X(k

1

; �

1

) ;

X(k

1

; �

1

) =

exp(ik

1

z

L)�1

ik

1

z

L

p � e

�

1

e

�

1

� e

�

:

(11)

From this expression it is 
lear that resonan
e indeed o

urs and at the limit L!1 the rate for 
ondensation diverges

as L

2

. In this expression the overlap integral 
(k

1

; k

2

) 
arries information about the geometry of the spa
etime sheet

asso
iated with the 'devi
e' whereas J(!

n

; k

T

) 
hara
terizes the va
uum 
urrent and the remaining fa
tor X is a

purely 'kinemati
' fa
tor.

While 
ytoskeletal dynami
s involving protein stru
tures in a 
ytoplasmi
 medium is both in s
ale and substan
e

radi
ally di�erent from the 
on
ept of large-s
ale stru
tures in the va
uum of spa
e, the similarity is not to be found

in the substan
e of what would 
onstitute su
h antennae and networks but in the geometri
 form and dynami
s for

sensitivity and intera
tion with va
uum 
urrents and the transfer of photons from the vapour phase into 
ondensate

form. Hen
e the proposed model 
ould apply also in the modelling of mi
rotubules as quantum antennas.

3.3 The me
hanisms for energy release from the vapour phase

The stimulated 
ondensation of the photons from the vapour phase 
an be used to extra
t energy from the vapour

phase. A 
ontinuous removal of the topologi
ally 
ondensed photons from the region of the topologi
al 
ondensation

repla
es kineti
 equilibrium with a dynami
al 
ow equilibrium and vapour phase photons are su
ked from vapour

phase (or from other spa
e time sheets) to a given spa
etime sheet. The absorption of photons requires a devi
e


ontaining BE 
ondensates of photons for some photon modes and the possibility to transfer the 
ondensed photons

away in order to establish 
ow equilibrium. The maximum di�erential energy transfer rate in a state 
ontaining

N(k; �) photons in mode (k; �) is given by

dP

max

d


= !

n

dR

d


; (12)

where dR=d
 is given by the Eq. 11. The optimal regions of spa
etime for the pro
ess are the regions at whi
h the

lightlike va
uum 
urrent generates a 
oherent state of photons in both 
ondensate and vapour phase.

It will be ne
essary for the me
hanism responsible for this photon removal pro
ess to maintain 
ontinuity through

some type of 
harging me
hanism. There are several designs for ion-drive engines fueled by either �ssion or fusion

sour
es. The same type of ion drive me
hanism 
ould be fed instead by the 
ow of photons from the topologi
al


ondensation pro
ess. What spe
i�
 me
hanism is at the output end of this 
hannel is not the 
riti
al element; rather,

the question whi
h needs further investigation in
luding development of an experimental approa
h is whether or not

su
h a drive system 
ould be adequately fed by the va
uum 
urrents.

There is another issue whi
h 
on
erns the e�e
t on evaporation and 
ondensation rates due to the presen
e of

a massive obje
t su
h as a spa
e
raft moving at a 
onstant or near-
onstant velo
ity. Even if su
h a 
raft were


omposed of several dispersed units, it might have a disturban
e on the thermal equilibrium suÆ
ient to alter the

entire 
ondensation pro
ess. This is a matter for further investigation.
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4 EXPERIMENTAL VERIFICATION-SOMEPOSSIBLE TESTS

4.1 Eviden
e for many-sheeted spa
etime 
on
ept?

Many-sheeted spa
etime has some indire
t 
osmologi
al eviden
e.

a) Sin
e spa
etime sheet is 
urved, it takes longer time for a topologi
ally 
ondensed photon to propagate from

point A to B along the lightlike geodesi
s of spa
etime surfa
e than for vapour phase photons propagating along

the lightlike geodesi
s of the imbedding spa
e. Many-sheetedness implies the possibility of several light velo
ities

and this 
ould serve as a signature of manysheetedness even in laboratory length s
ales. This would require the

re-investigation of a possible dependen
e of the light velo
ity on length s
ale.

b) In 
osmologi
al s
ales ea
h spa
etime sheet possesses its own Hubble 
onstant (this is due to di�erent mass

density in various spa
etime sheets). This 
ould explain the problem of two Hubble 
onstants (see the 
hapter 'TGD

and 
osmology' of [5℄).


) The re
ent eviden
e [9℄ for the in
rease of Hubble 
onstant at short distan
es 
ould be regarded as an eviden
e

for many sheeted spa
etime. Light 
oming from nearby sour
es propagates along smaller spa
etime sheets, possessing

larger mass density and larger Hubble 
onstant than the light from distant sour
es having to propagate along large

spa
etime sheets.

d) Vapour phase photons 
ould propagate from regions beyond 
osmologi
al horizon. This 
ould explain why

some stars seem to be older than the Universe (see the 
hapter 'TGD and 
osmology' of [5℄).

4.2 Test for the 
on
ept of the lightlike va
uum 
urrents

In [5, 7℄ it has been suggested that mi
rotubules and other linear stru
tures in biologi
al ma
romole
ular assemblies

might a
t as quantum antennas and that this property is fundamental for the ability of biosystems to fun
tion as

ma
ros
opi
 quantum systems. The me
hanism would be based on the presen
e of 
lassi
al lightlike va
uum 
urrents

asso
iated with some mi
rotubular spa
etime sheet. The resonan
e phenomenon would en
han
e the intera
tion with

laser light and also the intera
tion between di�erent mi
rotubules. The demonstration that biophotons of Popp [10℄


an be regarded as resulting from light like va
uum 
urrents asso
iated with mi
rotubules or linear mole
ules (su
h

as DNA), would provide a strong support for the 
on
ept.

If one has somehow dete
ted astrophysi
al emf and found it to have (perhaps light like) gauge 
urrent as its sour
e

and there is no eviden
e for the ordinary 
harged matter in the region in question (no emission or absorbtion lines,

no brehmstrahlung) then one 
ould argue that genuine va
uum gauge 
urrent is in question. Note that ma
ros
opi


lightlike (or nearly lightlike) 
urrents 
onsisting of ordinary 
harged matter are rather unprobable.

4.3 Future dire
tions

The design of satisfa
tory and reprodu
ible experimental veri�
ation is 
ertainly a ne
essary goal for the validation

of the TGD model and its extension to 
ondensed matter and biophysi
s as well as parti
le physi
s. However, there

is mu
h that remains yet to be a

omplished �rst through mathemati
al and also 
omputational modelling and

simulation. More important still is the primary need to engender more dialogue and intera
tion of these 
on
epts

withing the broader physi
s 
ommunity and to lead toward this state has been the prin
ipal goal of this introdu
tory

exposition.
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