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POYINTING VECTOR - AN APPLICATION FOR
DESIGN OF ALTERNATIVE ENGINE UNIT

DR. ING. JRi BULLOW

Abstract: This paper is focused on construction design @fraéitive engine unit of a new type. A fundamentel gfdts conception
stands on the theory of electromagnetic field agldtive physical areas. Some physical facts amdmnted by experiments.
Mathematical and physical appendix is presentettiénfollowing paper : Force Effect of Poynting \Gect
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| NTRODUCTION paragraph. This problem can be expressed by faligwi

, o i ) . list of main necessary features of new engine:unit

Today's scientific world is facing many attractive  possibility of usage in near Earth conditions a as
challenges. Prospecting journey into deep Universg, the open Universe which implies independence on
among others poses in the front of them. Therev@®y  concrete environment. It means not only air or gase
technological problems to be solved to reach thigymosphere but also presence and or absence of
ambitious goal. One of them is to design effecivarce  grayitation and other fields of various character.
of acceleration force - an engine of new generafigns Independence on conventional energy sources for
is main target of aim described in this paper. very long time period.

The task is to develop an engine unit able to @la  Minimal number of moving parts used in total design
classical fossil fuel dependent rocket jets. Thesly {5 ensure as high reliability as possible.
used engines are very complex. They are composed fr  \aximal usage of today’s technology possibilities
economically expensive materials. They are comaini \which means to take into account available level
many movable parts and parts exposed to extreMgpecially of electronics and control technology aiso
mechanical and thermal strain. Some functional sunitgyailable construction materials.
have to be doubled or event triplicated to increase Erom modern point of human point of view there is

reliability. All these facts increase total budgetcessary g0 a demand of “environmental friendly” concepiich
for any space mission. Moreover eliminating heawsl f il not damage the Nature.

tanks will yield additional cargo capacity of the
Spaﬁesmp' . . . 2 THEORETICAL BACKGROUND
ew generation of spaceship engines must be able {©

work continuously for long time period without When designing new engine for deep space mission
possibility of repair, maintenance or even replagem one has to assume environmental conditions in such

No moving parts are desired from the point of vi#fw place. Majority of the Universe is filled by vacuu®o
reliability criterion. Great and extreme temperatur such engine must be also consistent with vacuum
changes sustain, vacuum “friendly” function anddhar properties.

radiation robustness are features required autoatlti Physicists are discovering new amazing facts about

for the mentioned purpose. vacuum almost daily. What are the main charactesisif
vacuum being important for mentioned design taPget

1 PROBLEM FORMULATION Vacuum is very often considered as an “empty

o ] ] _space”. In [4] it is mentioned as a space withoatssn
The problem which is to be solved in this papea is particles. Old Grecian philosopher Democritus (855
proposal of design of alternative engine unit nm&eti pefore Christ) did state an idea of “atoms and @reps”.

demands briefly sketched in previous introductorypgq non-physical substances of vacuum can atvact



interest. In children psychology there is very Idimge
know fact that little babies when starting to makeir
first "art works" are drawing a circle shape. Exgltons
is simple - circle is one of graphical expressiofizero
value. But it is also an expression of completenmss
Zodiac - twelve constellations behind projectionSafn
journey observed from the Earth. An accident ? 4sero
mathematical symbol for "nothing", or by anotherre
for "no value" or for so called neutral elementniany
algebraic systems, group or ring theory etc. Cdiece
with physical explanation of "vacuum" term was athg
mentioned several rows above.

Are these conceptions really true ? Can they be

To be complete it is to be added that the facts
mentioned above are also a cause of so called ichaot
behavior observed as well as in plasma as in vacuum

All of this is leading to a concept of time-spacarh
defined originally in quantum mechanics and more
discussed here in following paragraphs.

Before describing these terms in more detail wé wil
look on any historical root of the problem of spatep
engine.

3 MECHANICAL INSPIRATION

The solution presented in following parts of thagpr

utilized in physical practice ? Many considerableoriginated in a mechanical form of this problem.

associations (NASA, CERN, USAF, etc.) put high gffo
to discover substantial properties of vacuum. fidsilts
are showing some unpredictable substances obsels@d
in a results of test nuclei cyclotron trashes.

An initial inspiration can be derived from astrotgau
practice when working in weightless condition
environment. What is a way to turn own body around
longitudinal axis ? Simply to start rotate by owantd

Vacuum has nonzero value of its permitivity andraised above head. Momentum conservation law causes

permeability [3], [1]so it has the matter substarcso
what is its structure ? From the available scientif
sources of experimental results it can be seervdratum
has a structure of the time-space foam. An illtistea
picture of this structure is in Fig.1. This foarmdze seen
as a cross-section projection of vacuum structure.

Fig.1:Aluminium foam [8]

It is obvious that a suitable description of theisture
of vacuum can help considerably to the solutiorthef
problem. Direct mathematical description leadsegitto
probability models which are not of use here owé¢oy
tough vast description.

Basic concept of the theory of EM field recognizes
is homogenous,

vacuum as an environment which
isotropic and linear.

On the other hand vacuum is - from the formal

mathematical point of view [5] - carrier of an aligaic
structure and then forces and equations can benassas
n-ary functions and transformation processes afping
from into this carier. So we are dealing with gexher
algebraic structure.

slow contra-rotation of the body. Well, and now iet
imagine a mirroring of this momentum force, let us
describe it by suitable set of differential edoias and
solve it. All this procedure results in parametrica
functional description of a mirrored move of a mhedy
generating accelerating force.

This was realized and proved on a mechanical model
the behavior of which was snapped on a severaloghot
several years ago. The pictures are in Fig.2a 1d Rere
are phases of continual move of experimental veloci
a horizontal flat smooth plane. On the photos thera
length mark with length 10 cm (bottom right corradr
each photo) to indicate a move of the vehicle. \dtgcle
itself has two small weights rotating on arms ahdst
performing mirrored move with non-linear charactér
speed of angular velocity. Resulting total force dause
waving forward motion (right direction on photos &a
2e). The vehicle was powered by small DC engingalTo
mechanical effectiveness was slightly less than. 2t4
not much and moreover there are many moving parts
which are decreasing dependability of the wholdesys
however this model proved introductory idea of new
engine type in practice.

Here we are to take into account that non-linear

character of vacuum implies difficulties of predbicis of
development of some features. In detail these phena
are being studied by theoretical physicists and afe in
focus of interest of the edge of experimental rarcle

“

Fig.2a : mechanical model

research where so called quark-gluon plasma is ynewl

studied [7].



Fig.2d : mechanical model

Fig.2e : mechanical model

Mechanical model did prove the initial idea. Now
there arises logical question : what is better ways
principle usable to realize the solution of the revgine
unit and simultaneously meet preliminary demand$é
answer lies in the theory of electromagnetic (EMIdf

4 FORCE OF POYNTING VECTOR
Poynting vector is defined by well known relation

(e.g.[3], [1])

S(t) =E(t)xH (t) )

Vector E(t) is the vector of electric field strength. In

case of finite dimensional problem can be represkthy
electric field vector inside a capacitor.

And H(t) is the vector of magnetic field strength. In

case of finite dimensional problem it can be repnésd
by vector of the flux inside a coil.

We want to get directional effect - for the engimd
pull in defined direction to minimize losses of éexl
energy into side lobes. It can be simply ensured ley
choosing of following forms of the vectors :

E(t)=[0 E,(t) 0] @)
H(t)=[0 0 H,(t)] @A)

Hence this orthogonal choice will give one direatib
Poynting vector :

S(t) =[ E, (t)H,(t) 0 0] (4)
Driving force of such engine would be of courses thi
F(t)=[F(t) 0 0] (5)

where (e.g. in [2])




Up to this place this solution is not wondering in
anything. However now one has to take into accdlumt

following facts :

“Classical” approach will lead to known resultsmB
derivatives in (6) are divided by terof and so they are,
especially in case of harmonic signals feedingethgine,
yielding too weak force to be used as an acceterati
source. Moreover to respect energy conservationitaw

comes up that mean value of the feeding signalst mu

have zero value. This conception can be compartdd w
operation mode of amplifiers feeding long metadibles
(e.g. transatlantic ones). Possible solution(s) aither
not exist or they will be many.

The theory of functional equations seems to be ver

suitable tool to be used for solution of this peshl One
wants to find such time dependent functioBig(t) and

H, (t)
simultaneously holding :

that the following conditions must be

of EM field represented by Poynting vector in one

defined direction.

Antenna’s theory, see e.g.[6], offers good apprdach
this case. If one will consider electric field emitas a
dipole and magnetic field emitter as a loop we wét a
structure like shown in Fig.3. It is round shapepavith
the dipole placed inside it.
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Ey ()= By (t+7) "N g
H,(t)=H,(t+T) (8)
Fig.3: "Dipole and circular loop" structure
u
0= I E, (1) H, () dt 9) In Fig.3 are these objects :
0 U (t) is voltage feeding the dipole.
where E(t) is electric field strength vector.
| (t) is current in the coil loop.
U — +oo (10) : o
H(t) is magnetic field strength vector.
(in special case1=T) Sy is "main" Poynting vector generated by cross
and finally : product of E(t) and H (t) in an area inside the loop.
u S, is "loss" Poynting vector originating from cross
G(u) =J Fe(t) dt (1) product of E(t) and H(t) in an area outside the loop
° where E(t) and H (t) have curved space orientation.
with strict demand :
One can thus see a chart of principle of the enigirie
G(u)>0 (12) also possible weak feature of this constructionisTh
disadvantage is stronger as length of the dipotgester

Physical meaning of the relations mentioned abov

are following :
(7) and (8) express periodicity &, (t) and H,(t),

than diameter of the loop - which is the case m3J:i

€ One of possible improvements is based on change of
shape of the loop and correction of proportionsveet
dipole and loop. Fig.4 shows such change. Here also

(9) with condition (10) express demand on physicalloss” Poynting vector exist but volume of the spac

real values of E, (t) and H, (t).

(11) and (12) describe accelerating effect of th

inside whichS, is generated is less than volume of the
space whereS is generated and so we get higher

engine and state basic problem to be maximized aWer €fficiency.

elements having any influence &) (t).

5 SOLUTION DESIGN AND SIMULATION
RESULTS

Basic question is construction design of the engine
As mentioned above its main function is to emitrgge



The result is not surprising. This Poynting vector
lU(t) value periodically changes but also its space tatem
do so. Hence such feeding of the engine unit would
“shake” with the spaceship on initial position mac
without moving anywhere - simply because the camalit
(12) was not fulfilled. Moreover from simulationagalso
from every day technical practice is seen that Joote
S is too weak to be considerable as a source of média
acceleration. Maximal approx. value of obtained:éoin
this case isF, =8.3(10%° N.

The mathematical background enabling another - and
directionally more effective - solution is discudsi
more detail in consecutive paper. Herein we witiuse
on simulation results.

Let us assume, summarizing all the knowledge
described above, the feeding by non-harmonic time-

Many other arrangements and shape forms can fperiodic  continuous _signal. _ Co_ns_truction design
taken into account, as is well known from antermeoty ~ &/fangement of the engine remains similar to tisbssvn

(e.g. in[6]). Here in this paper we will focus migiron N Fig.4. Simulation results are shown in Fig.6.

the principle and its proof get by numerical sintigla.
From point of view of simple application of calcslu Iy -

of variations, formal solution in form of monotoreever A B

growing values of E,(t) and H,(t) seem to be

Fig.4: "Dipole and rectangular loop" structure

dSfdt [vam2sT)

. . . T 90 400000
acceptable solution but they are violating periggic . : BD
conditions (7) and (8) and also leads to physically

meaningless infinite energy values.
Another natural way of choice dE, (t) and H,(t)

is the form of a combination of time-harmonic signa
Possible results of such case is in Fig.5. Againdesired
result obtained. In Fig.5 there are three graplusvsig _ :
simulation of feeding signals and resulting behawid i olé
resulting Poynting vector and its time derivatilzeft top, _—
bottom resp., graph shows time development of ridect
magnetic resp., field strength and hence there ar -
components of feeding signal of the engine. Rigiap
graph shows Poynting vector derivative with respgect
time plotted in module-phase diagram. It is dravmyo
for x-axis direction in accordance with relation.(4
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Fig.6:Periodic non-harmonic feeding signals case

In Fig.6 there isE, (t) time development in left top

graph, development oH,(t) in left bottom graph and

time derivative of PoyntingiS(t)/dt vector is drawn in

S/ [VAm2sT) right polar graph where we see strict space coratomn
90 100 . A
: B0 of “force beam” emitted by the engine.
Other relevant difference, in comparison to similar

graph in Fig. 5, is absolute value dB(t)/dt which is

obtained thanks to sharp changes of development of
feeding signal. Hence in time envelope shape difeg
o signal is one of hidden reserves of the constractd

770 such engine.

Concrete formulae describing, (t) and H,(t) are

[

E
b

H, [A/m]

obvious from Fig.6. They are well known rectangad
triangle signals well known from electro enginegrin

Fig.5:Harmonic feeding signals case



6 CONCLUSIONS

The problem of design of alternative engine unit fo
the future generation of space ships was definesalysed
and solved. The preliminary list of demands lisiad
paragraphl was fulfiled. Remaining open questions
were discussed; they exceed the extent of thisrpeue
represent the target of the future developmentiaithis
area.

Realization note : all numerical tasks, computer
simulations and graphs of results presented inghjger
were prepared in MATLAB.
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