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Excerpt from p. 738:

"Another possibility might become of practicsl interest at some future
date, especially if efficient methods are ever developed for generating
electrical power directly from nuclear energy, without intermediste thermal
and mechanical devices (such as high exchangers, turbines, end generators).
This would be the use of electrical potentisl, as generated from an stomic
power source, to accelerate 2 beam of ions to form a propulsive Jjet. Such
& device would in fact be e propulsive linear accelerator and has been the
subject of preliminary theoretical studies under the name "Ion Rocket".
Extremely high specific thrusts should be made possible, but the problem of
disposal of waste emergy would presumably be serious -- since the jet power
varies as the exhaust veloeity squared, while the thrust is merely a function
of exhaust velecity." :
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DAC COMMENTS:

This is one of the most lucid articles discussing various schemes of
counteracting gravity beyond the well-known fields of aercnsutics and rockebry.

The author categorically debunks any alleged inventions implying snmulment
of gravity by shields or contraptions. '

However, he leaves the question open as to whether the development of a
unified or unitary field theory which would explain electricity, magnetism
end gravity within & common fremework might not show up a way for counter-
acting gravity by electrical devices. Most unified theories as far as they
have thus far been outlined, though not yet convincingly established, are
based on five- or six-dimensional geometry concepts of the world. The author
himself proposes to seek a different solution, namely in the form of "tensor
equations of the third order in terms of the metrical coefficients”, express-
ing the "relativity of the third derivative of position”.

Salzer dismisses the chances of exploiting the direct radistion pressure
in & rediation gun type of engine because the momentum produced is seo micro-
scopical unless temperatures in the millions of degrees are tolerated. However,
he does admit the possibility of developing an electreamsgnetic propulsion :
method based upon the interaction of self-emitted electromsgnetic radiation
with resonant or synchronized, partly shielded electrical oscillators sboard

the vehicle.

ROTE: Herbert E. Salzer was born in Brooklyn, N.Y. in 1915 apd received
an M.A. in Mathematics in 1939 at Columbia. In 1952 he worked
towards a doctorate. Since 1941 he has worked in Applied Mathe-
matics for the U. S. Government.
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g : e A "Mecketsci snce
/féhe Problem of Annulling or Counter-Acting
: ? Gravity
by ;

Herbert E. Salzei/

The terms "annulling or counter-acting gravity” usvally refer to any
means that would emable material oblects 1n space to withsiard the tend-
ency 1o fall to the esrth. Although a recket durlng propulsion agcon~
vlishes orecisely that effect, we do not consider such flight an annul-
ment of gravity, because 1t is at the stoady cost of material fuel which
is part of the rocket. There the »ush on the rocket is due to the recoll
from the impact of the material molecules of the vaporized fuel, Iin aco~
ordance with the law of conservaztilon of momenitum. But we seek an  answer
apart from rockets whose operation is meéchanical in princivle. Here the
term "annulling" is distingulshed from "counter-acting” in that the form-
er would refer to a process makzine material objects on the earth welght-

’less,;whereasWthe~latterw¥eﬂidwreferth“any“nén;mééhaﬁical“ﬁrééééé ; of

Drovelliing such oblects, even with their welight. Also, any process for
non-mechanical propulsion of oblects, even in outer 8bace, could serve to
counter-act gravity uvon the earth.

Three different possibilities will be considered here in detasil: (1)
Annulment of gzravity without cost in energy. {(II) Annulment or counter-
action with the expenditure of ensrgy, emdloying soms yet undiscovered
relation between gravitational and electro-magnetic fields. (III)Counter-
action by electro-maznetic pronulsion employing some ingenicus invention
and based upon princivles in the existing state of physical knowledge.

Before entering each line of thought, one should recall the existence
of universal laws of Dhysics, such as the conservation of energy-matter,
the second law of thermodynamics which states the impossibility of ° heat
flowing from a conler body to & warmer body without the expenditure of
work, and the conservation of momentur. There have been revisions of laws
believed to be universal after new discoveries, one of the most celebrat--
ed examples being the revision of the nineteenth century laws of the sep-
arate: conservation of matter and the counservation of enersy into & single
conservation law for energy-matter following the discoveries in radio-
activity. Thus, nothine ig really imbossible if we allew for completely
unknown and unexvacted prosertiss of matter.But any attempted solution to
& Droblem which vioclates a universal law has no chance of succeas unless
1t embodies zome hitherto undlscovered vrincivle whichu hag eluded the
vigilance of thousands of researech workers in countleas experiments., The
brobabllity of finding a desvice for annulling gravity by contradicting
any of the three above mentioned laws is extremely slight; but the poas-

1bliity is present.
T

The first possibility, which is along the lines of producing a sub-
stance or invention that will be gravity repellent, has been dealt with
by writers of fiction, most notably H.G. Wells, who has his moon-voyagers
employ "cavorite”, a mysterious welght-annuiling substance. In the  same
category as "eavorite" would be any contiraption which would amnul gravity
by the mere throw of a switch. Any annulment which is periormed at either
bractically no cost of energy, or even which enables an oblect to be
1ifted to a certain height at the prigce of energy less than that recuired
to raise the object to that helght before annulment, would violate the
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law of conservation of energy. The reason is quite obvious; for by throw- T

ing the switch that annulls gravity, raising the object to a certain hei~
ght, throwing the swifch back again, and letting the object fall to its
original nosition, one obtains a net gain in energy, or in other words a

vervetual motlon machine, which is about the physically most "impossible”

thing 1o the world. The creation of such a perpetual motion machine would

mean that the gravitational field, through some mysterious means, was a

reservolr holding an infinite amount of enerzy that recuired only the pro-
per key in order to sivhon it out indefinitely- & very difficult notion
Lo swallow. In fact 1t is misleading to compare this tyve of gravity an-
nulment with lnsulation annlisd to the electiric field in order tc extract
ensrgy from 1t by the electric motor, because every electric field hag
only a finite anount of emergy within 1t. = ,

Also, any proposal for the possible condensing of gravitatiégal ener-
gy from soace considered as only a3 finite reservoir of gravitational pow-

sr ( a processfthat~cavld“nﬁt'ba'carrigﬁ~autﬂfcr”an”§ﬁdefiﬁit3'ﬁﬁaﬁa§k """ Qf””V'V

times) would not be contrary to the conservation of energy, but in ail
likelihood would be contrary to the second law of thermodynamics.  The

classic way of voiding the second law of thermodynamics is with the aig

of Maxwell 's demon, a hyvothetical creature of molecular size who could e
sort ocut slow-moving from fast-movinz moleculss. Nobody has even = shown
that a Yaxwell demon camnot be constructed. The condensation of gravitat-

ional nower might possibly be effected with the aid of something analog-
ous to a Maxwell demon. - s

hitherto unknown substances or contraptions, important light might be
shed by Einstein's principle of souivalence which is one of the corner~

Before leaving all considerations of gravity-annulment by finﬁing;l;*

stones of the theory of general relativity and gravitation. According to

that orinciple a uniform gravitati-nal field is not some mysterious type.
of attraction, but essentially identical with a field of mechanical sace-
eleration. Then there is no possible notion of annulling grevity as a

gbecial type of force; but instead, the oroblem is ecuivalent to annull-

ing acceleration. In other words, everything under the attraction of gra-
vily might be considered in the same light as though 1t were in outer
space, nownere within the earth's attraction, and in & state of acceler-
ation. The brilliant success of the Einsteln theory of gravitation bears
out the truth of the principle of eguivalence; so that a search for a
gravity-scresning substance becomes elusive, For now, svery particie of
matter can be viewed not as beinz in 2 gravitational field, but mersly as
subject to the same acceleration. Then it is hard to conceilve of how a
combination of accelerated particles wiil have no scceleration at all, or
even less acceleration. Thus, accordinz to the principle of aquivalence
it would be futile to search for a means of annulling gravity considered
as 2 speclal type of force; but instead one must look for a means of acec-
elerating any given body other than by the mechanical rocket brinci nleg
This first approach might be summarlzed as one least likely of success
in view of both the conservation of energy and Einstein's principle of
eadulvalence. It is mentioned here as a possibility for the sake of scien-
tific oven-mindedness, but its probability is excesdingly small.

I
The second approzch, annulment or ecounter-action without violating the

consservatlion of enersy, and bv making use of some new knowledge about gr-
avitational andelectrical fields,has definitely more nrobabllity of suce-
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oo, However, 1t depends unon the develdpmait of & sultable unitary field
theory, the problem of which has been taxing the best sclentifie brains
for nsarly fifty years. Tt is not possible to indicate specifically how
gravity could bs counter-acted with the aig of such & theory without
knowing precisely the form that the theory would assune. The remarks here
will be contined %0 a new suggestion for a unlitary fieig theory, which is
original with the writer, and which has not vet been tried by any of toe
day's noted physicists. If this avenue leads to Buccess, much more light
will exlst on how to countsr-act a gravitational rielqd, : : :

All previous attempts at a unitary flelg theory either broadened the
geometry of the world (Weyl, Eddington, and alac EZinsteln), or added at
least one extra dimension beyond the fourth (Kaluza and Klein)., In other
words, those develooments all have been of a formal nature, and along
more extensive lines. Yet there may be & unitary theory that is mors tn-
tensive in nature, and which is vhysical rather than Tormal, ang leading -
to some causal connectinn between electricity and gfevitatien, 0 U

If we review the progress or relativity we note that, to begin with,
classical dynamics was based on the relativity of position, but the law
of inertia zave reality to uniform motion, or rate of change of position,
Even though position x was relative, yet dx/dt was real. In the next
stage, relativity of uniform motion gave rise to gvecial relativity,which
8till lert acceleration, or rate of change of speed as g reality trans-
cending the systems of reference, so that d2x/4t2 was st1ll “real”. Next,
in general relativity the princivle of infinitesimal eq 1val§gee implied
the relativity of uniform acceleration by ldentifying d=x/dt< gt a point
with a uniform gravitetional field, and the resulting doctrine included
gravitation, This gtill leaves a changing gr&vitatianal‘fisld,corraspaﬂée
ing to a non-uniform acceleration, as an independent reality, Since
classical theory, snecial relativity, and general relativity aeem to be
based uvon the respective relativities of position and 1ts successive de-
rivatives with reaspect o time, the ocusstion naturally rises as to wheth-
er any physical slenirieance might foliow rrom the relativity of ddx/at3,
reoresenting a uniformly accelerated acceleration, or a changing grav-
itational field. Concelvably there might be electro-magnetic effects
arising from rotation of massive bodles, or from Very sudden changes in
velocity, The rormer is in 1ins with s recent theory of Blackett) who
ascribes the earth’s magnetic field entirely to its rotation; the latter
was studied some twenty-five years ago by Tolman, who smoloyed electron
theory to explain definite eleetrical sffects arising from bodles subject
to sudden mechaniecal shock, or change of acceleration. But there was a
certain small portion of ihe electrical effect that was not explained by
electron theory, and Tolman's resuylts might have a newer ang deepsr in-
tervretation according tc some theory based on the relativity of d3x/dat3.

Just as gravitation recuirss second order derivatives in its form-~
ulation, slectrical effectis might very well resuire third order derivat-
ives for their inclusion in a unified scheme instead of a wider geometry
using only second order derivativss. In clagaical electro-magnetic thecry
it 1s wellknown that stationary electrical charges do not interact with
stationary magnetic poles, but changing electric fields do have magnetic
effects, while changing magnetic filelds have electrical effects. The be-
llef that all three Lypes of fields are interrslatsd in some causal way,
and the knowledge that stationary masges have no electro-megnetic effects
leads one to hopefully expect changing gravitational or inertiasl fielde
Lo have electro-magnetic effects in accordance with some generalizationo
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Maxwell's field equations connecting electrieal and magnetic fields.Also,
from epistemological considerations, we are much more aware of charke
than sieady state, 1.e., chanzing entitles make the surrounding world -
more real in character, and even more so for changing ehange, This mey
account for the fact that in physics the moré fundamental laws involve
bigher order derivatives. Now the fundamental laws of attraction entirely
within the separate electrical, magnetic, and gravitational fields are

no hizher than second order differential eaquations, and the third order

might suffice to unify all three types of fields. Further Justification
of the process of going to a higher order derivative than the gecond,

follows from considering the role of differentiation and integration in
formulating natural laws. WYhile integration diversifies various entitlies,
differentiation reduces the number of separate entities and unifies diff-
erent things by establishing identities among their derivetives, Thuse
while there may be many different forms of energy, there are only three

tyoes of forces, and then further differsntiation of those forces should

be expected to unite them.

The desired eguatlions might be similar to the fisld eguations of gen~
eral relativity; only instead of beinz second order tensor ecuations in
terms of the metrical coefficisnts, they would be of the third order, &nd
that extra constant of integration would have some fundamental electriecal
slznificance, such as the amount of charge. Further discussion of the

possible third order ecuations is contained in the writer's monograph,

"The Problem of the Unitary Field Theory” (not yet published ).

If this extension of general relativity to third order differentialer

uvations is valid, besides relativity of motion we should have relativity
of substance, where substance rerers to matter or electricity. Since the
lzws of attraction between poles, charges, or masses are gimiiay, and
none of those three types of static fields affects another different typs
one should expect a suitable extension of relativity theory to single out
none of those three fields as being more real than the others. Just as

sveclal relativity 4id not single out any privileged moving frame . ot
reference, a sultanle third order theory would place mass, eleciric char- -

ge, and magnetic pole sach by itself uson the same plane of absolute un-

reality, and reality or vhysical equivalence would be asserted only be-
tween changes of those entities, leading to complete relativity of elect-

rical, magnetic, ani gravitational fields. In further support of this no-
tion, we recall that: (1) Maxwell's ecuations zre slready third order sq-

uations, since they involve derivatives of the forces. (2} In 1929 Ein-

stein had a theory and 1t was reczst by levi-Civita, wherse certain gec-
metric ocuantities (based on Ricci coefficients of retation, which iri-
volved second derivatives of metric coefficients) were identified with
components of electro-magnetic force; but nelther of these men followed
up the third order differential ecquation resulting from that identificat-
ion. (3) The sameness of the ratis of the charge to the mess of the elec-
tron, namely e/m, for every selectron, 1s no more to be expected than the
eauality of gravitational and inertial mass. The latter condition follows
from Einstein's principls of ecuivalence involving second derivatives;
the former condition would follow from an eguation in third derivatives
which would imply that 2 changing (precise manner of change not yet det-~
ermined ) gravitational force is eauivalent to a changing electro-magnetic.
force. There we see how we must get, after integration, the same m asg-
ociated wlth every e, because the ultimately underlying physical worlid
substance has both mechanical and electrical asvects.

In conclusion regarding the second possibllity, just as Nature ssens
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to always conceal the fact es to whether we are "really moving", there
flght be a third order theory whose cormerstons is that Nature rorever
conceals the fact as to whether the physical world is essentially elscti-
rical or mechanical, Such a theory would lsad to a bhysically concrete

bPleture of changing gravitational fields in terms of changing electro~

magnetlc fields, This, in turn, may tell us now to annul gravity or ace-

eleration in a manner not contradictory to both the conservati-n of an~
ergy and Elnstein's prineiple of squivalence. The annulment would be 1in
the same sense that a positively charged body can remain suspended over a
positively charged plate, - indefinitely and without the expenditure of
work apart from that needed to move the oblect to 1ts position,

2ET

The third proposal is to attempt to apoly Yankee ingenuity to exist-.

ing knowledge, without contradictins any universal laws, in order to de-
sign an electro-magnetic repulsicn motor. According to Maxwell's theory,

’eiectromagnetiC'radtatisn*axerts”a”ﬁirect"mschanical*regaisinﬁ'ugca~~rtha”4

body emitting it (verified experimentally some fifty years ago), but it'e
far too small to be used in an electro-magnetic rocket. Only when the
temperature runs into hundreds of millions of degrees, does radiation ex-
ert mechanical forces large enough to propel a rocket; but at such temp-

eratures all known materials would have evaporated. Hence the direct

bressure of radiation must be rulsd out., For similar rsasonse we must re-

Ject atomic energy for an ordinary mechanlecal rocket utillizing molecular

kicks for repulsion, bscause of the terrific temperatures involved and
the insuverable difficulty of insulation. But we may envislon the count-
er-action of gravity by an electro-masnetic rocket which would not e~
oulre tremendous amounts of fuel (which in turn Peguires extra fvel = to

1ift 1t, and so on) and whiech would be in comparison with ordinary rock-

ets: (&) more efficient, (b) more compact, (c) more controllable, {djmore
clean-cut, and (e) safer for passengsrs. Here we must expsct to ey - by
.

a continual expenditure of energy in the form of rediation, sven if ,
are only remaining motionless in space. For Just as we cannot hold our-
selves in mid-space by our bootstraps, thers is no reason to hope L otor

"electro-magnetic bootstraps” to perform the same lifting function. More-

over (and this may be a more ticklish difficulty) we must obey the law
of conservation of momentum, so that the gain in momentum of the moving
body 1s eoual to the momentum of the slectro-magnetiec radiation that ie

emitted.%Although the density of electro-magnetic momentum is very slight,

there would be many cublc miles of radiation to allow for a total momen-
tum ecuivalent to the momentum of the moving body.

To see what prineciple might be used in an electro-magnetic rocket,let
us recall how a rowboat goes forward- because its oars push upon the sur-
rounding medium of water which, to begin withé i1s szomething not connected
with the boat. Now in empty space, or in thne "ether”, there is nothing

that offhand seems capable of playlng the role of the oar by pushing on .

the "ether”, since we are discounting the negligible direct mechanical
bressure of electro-magnetic radiation. But suppose that an*ob ject is
immersed in space fillled with electro-magnetic radiation; even if the
radiation comes from the object itself, &s soon as it leaves the surface
of the object, it has an independent existence in space. The gquestion
arises as to whether an cbject can emit electro~magnetic waves, and at
the same time have other electrical sffeects produced indspendently upon
& portion of its surface, so that those surface effects maey interact with
the electro-magnetic waves and give rise to repulsion. Of course, that
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reoulsion would be paid for by energy additional to that Droducing the
electro-magnetic waves. Just as a heavy frictionless block upon a per-
fectly smooth and level board can move from end to emd of that board by
tilting the board almost infinitesimally, there could be many ways of
suickly removing a large amount of charge from a surface, without too
much energy, and bringing 1t back again. Supposs that this charging and
discharging were done in synchronization with an electro-megnetic wave
that is emitted from ancther part of the body, in such a way that the
negative charge appeared on the plate for a fraction of a period of the
electro-maznetic wave, just during that instant wheh the largest negative
part of the electrical component of the radiatlon was over the plats.Nat-
urally, a charge remaining for a complete oscillation will recsive no net
push or pull. Conceivably there would be a repulsion of the plate {no
bootstraps here, because the wave is disconnected from the object). It is
alao conceivable that any such contrivance mey generate effects that tend
to void that repulsi-n (maybe the acceleration of the charged plate would

cause an interaction with the electro-magnetic waves, to produce & net

effect of no acgeleration). All this would have toc be invesltigated, since
an electro-magnetic rocket may very well be impossible. At this stage it
can only be said that there 1s no offhand impossibility. Thers may bs
even more than ope way of expending energy into the ether, and obtalning
a guccession of repulsions to maintain motion. For example, even though
electro-magnetic momentum is very small, we might devise an apparatus
that will emit radiation whose rate of change of momentum 1is extremely
large, which would result in a large repulsive force. ; '

St111 another avproach may be in keeping with the idea that near the -

surface of an oscillator the effects are more inductive, whereas a  few
wave lencths away the effects are more radiative. The propulsive fores
might be obtained from synchronized osclillators {one of them sultably

shielded upon one side to avold symmetry and no net propulsion) so that
the inductlive effect on one would react with the electro-magnetilc waves

produced by the other.

In a more complicated vein, just as in Bernoulll's theorem applied to
the air stream over and under an airplane wing shaped in a certain WAY,
predictes ths 11ft1n§ effect, perhans there 1s an electro-magnetic an-
alogue, such ag an "electrical stream” over and under a wing, to produce
a 1ift. Again, there may be something analogous to an electro~magnsetic

nelicopter.

In every case where an electro-magnetic rocket may be deviged, there
is n&xt to no loss in weight, and therefore {unlike ordinary rockets) ne
extra weight to carry im fuel. Furtherwore, slow and controlled atomic
ensrgy, in very compact form, might be uged to generate the electrical
snergy necessary. to carry out the scheme that works. In fact, if succeass-
ful, such an electro-magnetic rockst would be the most vractical and
1ikely method of.counter-acting gravity for the nearer future, and it
would have the five advantages (z)-(e) mentioned above when compared with

ordinary rockets.
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