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Abstract. In this paper, the local fifth force model developed by the author (Robertson, 2009) for a static mass density
is extended to time varying mass densities. The time varying mass density model allows for field-force effects due to
the time variance of an object’s mass density and uses a concept know to electrical engineers as “Time Dilation and
Retardation.” Time dilation and retardation (TDR) is used to describe the time delay effect on the ambient Chameleon
field due to the changing of an object’s mass density. From this, hot-gas rocket equations are developed from the
integration of the local fifth force and the TDR equations.

The EM Field momentum model previous looked at by the author (Robertson, 2008) and the EMDrive (Shawyer, 2008)
are discussed in light of the time-varying density model.
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INTRODUCTION

The notion that our universe is composed of scalar fields is becoming more of a fact as we learn more about the
nature of the universe. The most appealing fact toward this is the discovery that the cosmos is expanding due to
vacuum or dark energy, which presents itself as a fifth force of nature. Khoury and Weltman (2004a and 2004b)
presented this fifth force as a Chameleon scalar field hiding within known physics and tied to the density of matter
threw a thin-shell concept or mechanism.

In a previous paper (Robertson, 2009), the author merged the fifth force search concept, where new forces are
compared to gravitational forces, with the Chameleon scalar field model to produce local fifth force models for
objects with a static mass density. Those local fifth force models presents an alternate means of acquiring the same
force results as attainable from the standard Newtonian force models. [Readers should read the previous paper
before reading this paper.]

In this paper, the local fifth force model is extended to time vary mass densities. To accomplish this, a concept
known to electrical engineers as Time Dilation and Retardation is introduced. Time dilation and retardation (TDR) is
used to describe the time delay effect on the ambient Chameleon field due to a changing mass density. By
integrating the local fifth force model with TDR several time vary mass densities, to include hot-gas rocket and
electromagnetic (EM) drive equations.

THE TIME VARYING DENSITY MODEL

Masses with varying density are investigated through the concept of time dilation and retardation. Time dilation and
retardation is taken into consideration by electrical engineers when there are interfering sinusoidal electric and
magnetic field; producing a small retardation of the electron motion. Retardation is a relativity slow phonon



mediated process that occurs when electric and magnetic fields are sinusoidal (time-varying) and overlap in a
material by an average separation distance s as described by the Lienard-Wiechert potentials. This induces a small
reaction time or retardation time As =s/c between earlier field interactions and corresponds to a phase shift wAr and

infers a retardation time ¢ =¢— A¢, which results in unidirectional forces “on the material” in the overlapping fields.

Time Dilation and Retardation Model

Under this model, time dilation and retardation is applied to the particulate matter in an object and specifically only
to a small group much less than the total matter in the object and that matter which can be easily modulated without
distortion to the peripheral boundary of the object. That is, no visible distortion of the object can be detected.

It is noted that this is different than oscillation of the object in its entirety, which would cause an oscillatory shifting
of the thin-shell of the object in the direction of the oscillatory motion, where no net directional force would be
achieved.

Under this criteria, retardation would exists between the mass to field coupling factor 68, (to be given later) and the
object’s changing density dp,, , which is given in like to equation (65) in Robertson (2008) as

0p,, = py +|F, | Fy| p, = 3m/ 470K, , (1)

where p, is the density of the particulate matter and R, implies a change to the mass’s radial factor R, , given

from equation (1) as

_ R R 1 1/3
oR, =((1+‘Fm/FN‘(mi/m)) ) R,, @)
where m is the mass of the object and m;, is the total mass of the particulate matter in the mass m . Equation (2) then
implies a change in the thin-shell given by
OAR~(R,—-0R,). 3)

as shown in the time varying density model of Figure 1, which shows a thin slice of a mass with an internal density
change 9p, due to the movement of some of its particulate matter. It is assumed that this matter is oscillatory under

an internal force in the direction of the wanted acceleration force F, and an internal relaxation force opposite to the

direction of the force F,. As shown, the internal oscillatory matter effectively reduces the objects radial factor,
while increasing the object’s thin-shell thickness by the equivalent amount.
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FIGURE 1. Time Varying Density Model

Example 1 — Given a small mass m~0.020%kg of density p, =5850 kg/ m*, gives a radial factor
R, =9345.33x10° m , where the object’s weight F, =mg, is ~0.196 N. With a downward field force F,
of ~0.035N, the downward acceleratory force F~F,+F, is ~0231N and the object’s



acceleration a, ~11.57 m/s* . Now letting the oscillatory particulate matter mass m, =2.75x10° kg , where the
particulate matter mass density p, =~ 0.8032 kg/ m’ , yielding a density change dp, ~5850.16 kg/ m* from equation
(1) and radial change @R, =934526x10"° m from equation (2), which then gives the change in the thin-
shell OAR, ~7.62x10" m from equation (3).

Time Dilation

To begin and given an object of mass m , the factor AR, /R, in the typical field force equation
F:w ~ HmFN = 6aﬂm (aARm /Em )FN (4)

is taken to be a function of the number N of perturbations in the distribution of an object with a changing
density dp, over an effective time ¢ with each perturbation occurring over the object’s relaxation time z~¢/N

corrected by a “time dilation” 7+ Az corresponding to a volume expansion ¥, + AV, , which results in a dimensional

translation or change OAR, in the object’s thin-shell in the direction of any resulting motion. Such that, the field
force can be given in terms of a time dilation or perturbation factor by

Fm zHMFN =600, (T/(T+AT))FN, ©)
where the perturbation factor
T/(T+Ar)z6ARm/1_2m <<1 (6)
and the sum of the local fifth force coefficients as
6,=600, (T/(T+AT)). (7)
Now since the relaxation time z ~¢/N , the perturbation factor
t/(z+A7)~t/(t+ NAT)=t/t+ At (8)
where the retardation time As= NAr reflects an interaction with an earlier event and corresponds to a phase shift
Ap, = wAt 9)

Example 2 — The electron relaxation time r can be as fast as 107" s in some materials. However, in many

conductive metals, the electron relaxation time only ranges in the 10° s. Then by letting the relaxation

time 7~0.956x10° s, noting that equation (6) can be rewritten as Az ~ ((Em /6Mm)—l)r and using the values

for Em and OAR, from Example 10, the perturbation time Az required to achieve the Fm ~35mN force on

the 20 gram objectis ~1.17x107" s, which implies an angular frequency @ =27/Ar ~53.6 kHz for N =1.

Retardation
Retardation implies that the motion coupling factors are not identical as has been assumed. This is easily seen from
equation (5), which yields
op, z1/6((r+Ar)/r)‘Fm/FN‘ (10)
and the equations (51) from Robertson (2009) and (6), which yields

opy z((r/(rJrAr)),U_(m/lp )1/2 (11)

and combining them with the form of mass to field coupling factors given by equations (56) and (57) from
Robertson (2009), respectfully to yields the motion coupling factors as

Obe, ~1/3(08,)" (M [op,oR \[L,0R, ) (2M} [ p) " (1=(0s/ 2)") (12

and



OB, =1/3(08,)" (M} ] puR F)(zMiL/pO)W(1—(p0/pN)l/3) (13)

Differences in the motion factors implies that there exists both a retarded mass to field coupling factor (4,), and a

retarded Newtonian mass to field coupling factor (4, ), , relating a retarded or past density change (dp,,), , given by
(B,), =0B,sin(wt+p—-Ap,), (14)
(By)p = 0Bysin(wt-Ag,). (15)

where ¢ is the phase between events and ¢ is the phase between the changing coupling factor 68, and the

changing Newtonian mass to field coupling factor 3, relating to the non-retarded or current density change dp,, of
the object, given by

(B,) = 0B, sin(ot + ), (16)
(By) = 0By sin(ot), (17)

where the subscript (,) implies retarded and the subscript ( ,) implies non-retarded.

Equations (14-17) provide a phasing of the sum of the local fifth force coefficients given with respect to equation (7)
as

(Z@L )NR ~ 60, (t/(t+At))sin (ot + )sin(wt ) (18)
and
(—Z@L )R ~—60p3, (t/(t+ At))sin(wt + p— A, )sin(wt - Ag,), (19)
where the minus sign implies a past event .

Now in order to achieve the correct sum of the local differential fifth force coefficients, equations (18) and (19) must
be added and time averaged, such that, the time averaged sum of the local fifth force coefficients is given as

(50, +-50.) for=sten o] L | e ]

t+At )| —sin(wt +@)sin (ot — Ap, )

where o is the frequency between events.

To evaluate equation (20), it is first noted that

(sin( ot + ¢ — A, )sin(wt)—sin(wt +@)sin(wt — Ap, )) =sin(g)sin(Ag, ), 1)
which by letting Ag, <<1 to give sin(Ag,)=~ Ag, , reduces equation (20) to
~(608, (A(pr/a))sin((p))xé(t/(t+At))/6t. (22)
Then noting that
o(t/(t+Ar)) /ot =At/(t+Az)2 ~ At (23)
and that time averaging allows ¢~ 0, which further reduces equation (22) to
6, ~ 608, (Ap, /wAt)sin(p). (24)
Now noting equation (9),
6, ~ 69, sin(p). (25)
Then by equating equation (25) to equation (7) gives the phase ¢ from
sin(go)zgozr/(r+Ar)<<l; (26)

indicating that the phase ¢ between the changing coupling coefficient 68, and the sum of the fifth force

coefficients 6, = ZHLM is simply the time-dilution or perturbation factor of equation (6), as one should expect.

Example 3 — It is noted that Example 2 gives a phase ¢ ~8.16x10™, which satisfies the requirement that the
phase @ <1. And applying this value to equations (10) and (11) yields the mass to field coupling factors



0B, ~3.64x10° and 0B, ~4.43x10°. Then using the values from Example 1 & 2 with p, =1.2 kg/m’, and
Py, =5520 kg/m’ , the motion factors are given as 8ﬁcm ~1.21x10° from equation (11) and 8,3CN ~4.89x107"
from equation (11), which differ by approximately a factor of 10'®.

THE SOLID ROCKET MOTOR

The time varying mass model can be best illustrated by a solid rocket motor (SRM), where the density varies as the
propellant mass is exhausted as hot-gas to produce thrust. Using the concepts derived in the previous paper
(Robertson, 2009), a model of the solid rocket motor was developed and a cross section of the solid rocket motor is
shown in Figure 2. In this model there are two masses, 1) the changing rocket mass dm, with changing density op,

and radial factor R, and 2) the exhaust hot gas mass m,, with density p,, - generally in the nozzle - with radial

factor R, .
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Figure 2. Solid Rocket — Local Fifth Force Model

The dash lines outward from the nozzle indicate a small perturbation in the ambient field density caused by the
exhausted mass m, , which is assumed small and is neglected in this analysis. Further, the changes to the thin-shells

of the two masses are only shown in Figure 2 in the plane of motion as the radial changes counter one another and
therefore do not add to the propulsive forces. As will be discussed, the SRM model of Figure 2 shares properties of
both the mass collision model, where the change in the gas radial factor oR,, =dAR,, , and the time vary density

gas
model, which involves a phase ¢ between the coupling factors. However since, the phase ¢ was shown to be
equivalent to the ratio of the thin-shell thickness change @AR, to the object’s radial factor R, , no sin-functions are
required in the determination of the SRM’s fifth force coefficients.

Therefore for the SRM model of Figure 2, the fifth force coefficients in the plane of motion are given by

20, ~60f, (AR, |R ) ~ 608, (08, -9y, ) 1, /. @)

forward of the changing rocket mass om, and

00, ~-60p,,, (0AR,, /R, ) ~—60p,, (aﬁ, 0By )2 JL /R (28)

aft of the hot gas mass m,,, associated with the nozzle.

s

The sum of the fifth force coefficients can now be given as
.6, =00, +00,, =60p,(0AR, /R, )~ 6B, (AR, /R,,)

or



3.6, ~606,(08,.. ~ By, ) I, /R 605, (08, ~p,_ ) I, /R, (29)

The Newtonian coupling factor for the SRM is given as
5 = = 13 3\
N, = (1/3(M§/aﬂC,pNRN Ry )(2M4 /,00) ( _(po/pzv) )) (30)
and by placing the effects of the exhausted mass on the hot gas motion factor 94, the Newtonian coupling factor

for the hot gas is given by

5ﬂNgm ~ (1/3(M;/aﬁcgm pNEN lpEN )(ZM;L /Po )1/3 (1 _(pO/pN )1/3 ))1/2 > 31

which only differ by the motion coupling factors 8, and o4 .

Time Dilation and Retardation

The hot gas mass m, and its density p

. are taken to be constant. Whereby, the rocket-hot gas system can be

gas
viewed as a single body system with phased fifth force coefficients about the rocket due to time dilation and
retardation. This implies a phase factor ¢ ; the changing rocket mass and hot gas motion factors 64. and B s and

the changing rocket mass and hot gas radial factors 6R. and 6R

gas

as ascribed in time varying density model. This
allows the mass to field coupling factors

OB, ~0PB,, ~(F,/F, ) /60, (32)
where F, is the thrust and 7, is the Newtonian force at burn out. Combining equation (32) with the sum of the fifth

force coefficients given by equation (29) gives

0.~(7F, o (08 -8, Y \IJE. ~(28.-28,, ) \I,/R.. | @

The phase in equations (32) and (33) is given by equation (26) and is dependent on the hot gas relaxation time z and
retardation time Az . The hot gas relaxation time z is taken to be the hot gas travel time across a distance equivalent
to twice the hot gas radial factor R, . Whereby, the hot gas relaxation time is give as

T=2R,, /vgas , (34)
where v, is the velocity of the hot gas. The retardation time Az >z is taken to be the total burn time of the
propellant given by

At~m, [m, (35)
where i is the propellant mass flow rate through the nozzle. The mass exhausted from the nozzle
m, =m, —om,,

where m, is the initial mass of the rocket gives the changing rocket mass

om =m, —m,. (36)

Motion and Radial Factors

The rocket’s motion factor 6,5’C is given from equation (12) as

~1/3(3p2) (M /op,0R 1,2k, )(2M}, /,)" (1= (pu p,)"). (37)
where the rocket’s changmg density
dp, =30m, [470R; (38)

and the rocket’s changing radial factor is given from equation (2) as



oR, ~(F, (F, +F (om/m,))) R =(F, J(F, +oma,)) &.. (39)

The hot gas’s motion factor aﬁc is given in like to equation (38) as

B, <3(08L.) (M2 /0P dR o JL,2R, (213 20) (1= (210, ) (40)

and the changmg radial factor of the hot gas is then given in like to equation (40) as
— - - Y3 _ - - 13
aRgaS ~ (FN,. /(FN,, + amrar )) Rgax = \/E(FN,. /(FN, + an/lrar )) rnozzle . (41)

The change 0p,, in the hot gas density is used as the hot gas is in motion with a velocity v,,,. The rocket-hot gas
system is then like the collision mass model, where the change dp,, in the hot gas density is given in like to
equation (65) from Robertson (2009) with «, =a,, as

apgas N‘ gas/gN‘pgas ~3m /4@ gas ? (42)
where the moving mass acceleration is given as
— ~ -2 =
agas ~ vgas /2Rgas (43)
and the normal hot gas density
2 o3
pga&' ~ 3/4(I)gav /Vga.v ) ~ 3mga,v /4”Rgas (44)

with respect to a constant (average) gas pressure P,

. On the nozzle and constant (average) hot gas velocity v, and

where the hot gas mass

~ ﬂPgllS ( gas /vgllS) (45)
and the radial factor
13
o ® (M2 [P (46)
Now noting that the force on the hot gas
Fgas Pgas ANazzle ( gas / 2Rgas ) 4 (47)
where 4, is the nozzle cross sectional area, gives the radlal factor
1/2(mgas gas/ gas anzle) s (48)
which when combined with equation (45) or (46) gives the hot gas mass
5 3 12
mgas ~ (}?gas /Vgas )(8(ANozzle) /72’-) . (49)
Further, combining equations (49) and (50) reduces the radial factor to
= 12
Rgas - ( Nozzle/ﬂ.) = rnozz[e\/z . (50)

Conservation of Momentum

Equations (40) and (42) imply that
oR./R ~0R,, [R,, . (51)

Now in like to equation (43), equation (42) is equivalent to the mass collision form of equation (66) from Robertson
(2009), given as

IS /&
aR /R aRgav /Rgas (‘gN/agas ) ’ (52)
which when combined with equation (40) or (42) yields the rocket momentum equation

(m,a,, ot~ (om,a,)ot+(F, )ot

or
my, ~omyv,, (53)

v gas



where (17" N )6t — 0 as the rocket moves upward and away from the Newtonian mass.

Example 4 — This example uses the data from example 2-1 in Sutton and Ross (1976) converted to metric units. The
example appears to be a Sidewinder, AMRAM or Similar Missile. Figure 3 is an AMRAM missile given to
show the general dimensions. Table I gives the parameters given in example 2-1 (Sutton and Ross, 1976),
the parameters surmised from a Sidewinder missile, and the parameters calculated from these values. The
parameters of Table I was used to calculate the parameters of the rocket mass in Table II and the parameter of the
hot gas in the nozzle in Table III, and the parameters of the fifth force in Table IV. One assumption made is that
the total missile weight is equivalent to the solid rocket motor weight.
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Figure 3. General Missile Dimension

Table 1. The given, surmised and calculated values for the hot-gas rocket

Given Surmised Calculated
m,_=90.72 kg 7 e = 0.064 m A4 =0.0127 m’
m, =31.75 kg L =298m V. ~0.0377 m’

Veus = 2355.49 mfs 7o © 0.05 m p, =2403.83 kg/m3
i =10.58 kg/s P, ~1.97x10° N/m’ A, ~0.008 m*

Table II. Parameters of the Rocket Mass

Parameter Equation Parameter Equation
R ~0.012925 m 29 Ar~3s 36
OR, ~0.0042 m 40 8B, ~7.06x10° 33
om, ~58.97 kg 37 0B, ~0.0035 38
op, ~1.89x10° kg/m’ 39 0B, ~16.52 31

Table III. Parameters of the Hot Gas in the Nozzle

Parameter Equation Parameter Equation
m,,, =0.043 kg 50 0Py #1.10x10° kg [m? 43
R, ~0.0718 m 51 0P = 7.06x10° 3
a,, ~3.86x10" m/s’ 44 0, ~0.169 41
P #2796 kg/m’ 45 aﬁN% ~2.38 32
OR,, ~4.55x107" m 42 r~3.05%10° s 35

Table IV. Parameters of the Fifth Force on the rocket

Parameter Equation
p~1.02x107 26

6 ~74.81 27
0, ~—31.73 28
D6, ~43.08 61

The burn out weight given in example 2-1 (Sutton and Ross, 1976) was FN ~578.74 N and the
thrust was given as F. ~2.49x10* N . From equation (41) from Robertson (2009), the sum of the fifth



force coefficients ZQL, =6, such that F =0, F, ~43.08x578.74 N =24932.12 N, which is the given
thrust.

Discussion

The a radial factor R, ~0.012925 m was adjusted to give the correct thrust and was found to be on the order

of the expected nozzle throat (as it was not given) rather than the rocket cylindrical radius ., as was

ocket
assumed for a mass collision. This indicates that the radial factor R, be the radial parameter where the thin-

shells of the two hot-gas masses interface, which is the throat opening between the combustion chamber
and the nozzle. It is also noted that the calculated thrust is very sensitive to the radial factor or throat size.
This is also the case in rocket motors as changes in the throat dimension changes the internal pressure;
reducing the exit velocity of the hot-gas.

GENERALIZED ROCKET MODEL

Generally rocket engine thrust can be determined without knowing the total propellant and vehicle weight
and their density change. To investigate this in terms of the models in this paper, the solid rocket model of
Figure 2 is given as a rocket engine model (no payload and propellant mass) in Figure 4. The fifth force
coefficients across the rocket motor are represented by ,, - the fifth force coefficient of the rocket engine

(RE) forward the combustion chamber, and 6,,_, - the fifth force coefficient of the rocket engine aft of the

ozzle

nozzle. This gives the sum of the fifth force coefficients as
Z gL = _(QRE - eNozzle ) = eNozzle - gRE s (54)

where the negative sign is due to the motion of the rocket moving away from the virtual Newtonian mass.

Combustion Chamber Nozzle

Nezzle

Figure 4. Rocket Engine Model

The motion of the hot-gas in the rocket engine produces a decrease in the hot-gas density in the combustion
chamber and an increase in the hot-gas density in the nozzle; relative to the hot-gas velocity, whereby at
high hot-gas velocities 6, >>6,,..,. . Since the fifth force coefficients are a result of the hot-gas motion, the

rocket engine fifth force coefficient 6,, ~06,, . That is, the rocket engine fifth force coefficient 6,, is a
direct result of the change in the hot-gas fifth force coefficient 66, . The sum of the fifth force coefficients
can now be reduced to factors only of the hot-gas as
ZHL N =0, =00, . (55)

Equation (33) allows

aﬂgas z(Fgas/FNgas )/6¢7 (56)
where by noting that the thrust

er = _Fgas = _Z‘,HLFAVN,Lu ? (57)



and equating equation (58) to equation (57), yields the sum of the fifth force coefficients as
ZQL z6¢'aﬂgas (58)
and is equivalent to the general sum of the fifth force coefficients of equation (25) where ZHL =0,=0,,

and ¢<<1 asis shown in Table IV.

Further, equations (59) and (57) yields

>0, ~F, / Fy (59)
again as it should be and equation (57)
Fy ~F,, [60-0B,, . (60)
Since 06, =6,, =06,,, and 9B, = dp,,, , equation (28) gives
_ 2 —
aegas ~ _6aﬂgas (aARgas /Rgas ) ~ _6618gas (aﬁgas - aﬁNgas ) Ip /Rgas (61)

Now equating equations (59), (60) and (56) yields the phase

0 ~(0B,. -8, ) LR 62)

and the sum of the fifth force coefficients as

36, ~6-0B, (08 =By ) 1, /R - (©3)

Placing equation (64) and (61) into equation (58) yields

Fry = —[(%ﬂ 3B, ) i, R/ co} F,.. (64)

again showing that the fifth force model is arbitrary for hot-gas rocket engine thrust models as the formula
in the [...] =1.

The author notes that a similar result can be reached by letting

p= ((aﬂgas - 0By )2 m —( op. - 5ﬂ1vm )2 m) (65)

in equation (33) of the solid rocket motor model, which is of similar form to equation (64).

sekoskk
Another way of looking at this is by noting that
Fgas = ZHLW\ FNgm = aegastNgm. ~ mgasvgas (66)
and
F= ZQL, FVN,‘ ~ gREﬁN,. =m.a,. (67)

where 7, is the mass flow rate of the hot-gas, v, is the velocity of the hot-gas, m, is the mass of the

rocket and «, is the acceleration of the rocket. Now since the thrust 7 =m,a, =m,v,, and 06,, =6,,, the

gas ” gas

Newtonian forces

F

N,

Equation (68) implies that no matter how much weight is added to the rocket engine, Newtonian force
associated with the hot-gas will be ~ equivalent to that of the rocket; indicating that the fifth force model is
arbitrary for hot-gas rocket engine thrust models.

~F, . (68)

Differential Fifth Force Coefficient Model

The rocket engine model also presents the case for differentials in the fifth force coefficients across a mass
due to excited mass particles in the pressurant coupling to the thin-shell. That is, forces produced by



atmospheric pressure differentials on opposite sides of a mass are the same as forces produced by
atmospheric coupling to the thin-shell. For example, Figure 5 gives a plate mass (say a small piece of the
rocket nozzle) of an arbitrary thin material of infinite radial dimension, where the lines represent the mass
particles in the pressurant impinging on the thin material. Now by letting, the pressures P, > P, the

lcf[ atm >
force is to the left as shown. Similarly, the excited mass particles in the pressurant with determinate
velocities induce a force on the thin material (similar to the mass collision model), that cause an additive
effect on the thin-shell on the opposite side to produce the fifth force coefficient 6,,, >6,,,; producing a

ight

Igh[
force outward from the applied pressure as is the case with the rocket engine model.

Thin Material
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Figure 5. Differential Pressure Model

In the differential pressure model of Figure 5, the total force on the thin material (TM) with surface
area A, is given by

Frr = Frige = Frep 2‘9 =0, L, Npy (69)
where
F, Right — RightATM = eLeftF Ny (70)
and
FLeft P A HRightFNTM N (71)
Combining equations (60-71) yields
Fry = (})Right - PLeﬁ) =0, F Nowg (72)
Then given 7, >> B, , the pressure on the thin-shell is given as
Fryy = PoeApy = 0y F (73)
where
O = Fpr / F, Now (74)
as it should.
Discussion

Although the differential pressure model appears arbitrary, it represents a case where an energy source (gas
pressure) acts on a mass (thin material), forcing a change to the thin-shin shell only on one side, whereby a
differential thin-shell is produced about the mass, which induces a force on the mass. Further understanding
of the thin-shell mechanism could then produce a device where a differential thin-shell is produced by other
means.



EM FIELD MOMENTUM

In a previous paper (Robertson, 2008), the author looked at the Chameleon Model in terms of time varying
cross EM fields imposed on a material of volume 7 . The Chameleon field-force was presented as

:_/Bz'gEM'V’ (75)

where
1 . ,
oy = c—za)EOH0 sin(¢") (76)

is the standard EM field momentum with an externally applied (maximum) electric field £, and
(maximum) magnetic field H, of the same frequency ® , where ¢' is the phase between the two fields.

The EM model is a time-varying Chameleon Model with internal electron motion, where the phase shift ¢

in the electron motion is a function of the total electron perturbations N per time 7 of the distribution of
electric charge and magnetic moments each occurring over the dielectric relaxation time z~¢/N corrected

by a time dilation 7+ Az . Such that, the phase shift in the electron motion is given by

T
= . 77
4 T+AT 77
Rewriting equation (5) in terms of equation (75) yields
F. ~-0,F, =—60B,(c/(t+A7))Fy=—f-gp, - (78)
where using equation (26)
0 =60 ¢~ Fou | LTS (79)
m m FN F
which yields
1 p -V
op, ~ L[ P\ 8aV | (80)
6\ ¢ F,

It can be argued that since B*> was shown (see; Robertson, 2008) to be a function of the materials dielectric

Vv
0m z(?}\/}?"gmf (81)

implying that the sum of the fifth force coefficients about the material changes with respect to both the field
momentum g,,, , which varies as the applied time varying fields, and the total electron perturbations N per

properties, that 8 ~ ¢ ; such that,

time ¢ of the distribution of electric charge and magnetic moments each occurring over the dielectric
relaxation time 7 ~¢/N corrected by a time dilation 7+ Az .

Discussion

Many EM field momentum experiments failed to prove the standard field momentum of equation (76) or
the Abraham field momentum (see; Robertson, 2008), which does take into account a material’s electric
and magnetic properties. This simple analysis however shows that this failure was due to not taking into
account the electron phase shift ¢, which differs from the phase ¢’ between the two fields and infers more

than just the material properties. That is, the effects of dark energy interactions were left out.



THE EMDRIVE

Recently Shawyer (2008) presented a 160 mm diameter 850W experimental EMDrive thruster that
demonstrated a thrust of ~16 mN and several demonstrator EMDrive engine that produced thrust in the
80mN/kW, 214 mN/kW and 243 mN/kW ranges; all using a 2.45 GHz microwave source. A generalization
of Shawyer’s EMDrive is shown in Figure 6.
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FIGURE 6. Generalization of Shawyer’s EMDrive

The thrust of the EMDrive is given as

T =-Q(F. - F,)=(( = 4:)/ A2 ) (20,4, /) (82)
where F,. is the force on the copper nozzle and F, is the force on the Plexiglas cover and where P, is the
power of the incoming microwave energy, Q is a power loss factor, 4. is the cross-section of the smallest
end of the copper nozzle, 4, is the cross-section of the largest end of the copper nozzle or the cross-section
of the plexiglass cover and 4, is the free-space propagation wavelength. From relativity (see; Shawyer,
2008), the microwave velocities are related by

Ve =Ve =4 ((Ap = 2 ) [ Ac s ) (83)

which implies that microwave average velocity v, near the Plexiglas is larger than the average velocity v,
near the copper nozzle.

Time-Varying EMDrive Model

The EMDrive represents a time-varying system as illustrated in Figure 7 with relativity like phase given by

g ~x/c/(x/c+At)=x/(x+cAt). (84)
where x is the average length of the cavity and the time change
Al (v v ) =) (A (2~ 20) 2y )e ) 55

using equation (83). In like to equation (4) and with small acceleration on the nozzle system, the sum of the
fifth force coefficient

6, =608, (0AR./R. —0AR, /R, ) =608, (OAR.[A. —OAR, [ A,) ~ 60,9 (86)
or letting 4, >> 4. and OAR. >>0AR,
@~0AR. [ ; (87)
whereby by combining with equations (84) and (86) yields the change in the thin-shell by
OAR, ~ A (x/(x+cAt)) = AAc (A = A0 ) /(A (Ap = Ac) + Apde ). (88)
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Figure 7. Time-varying EMDrive Model

The motion coupling factor 94, is given in like to equation (10) as

0B, ~—(1/6p)F, | F, =1/6((x+cAt)/x)F, |F, (89)

Where is an which gives the force

F, ~60p,(x/(x+cAt))F, (90)
Now equating equations (82) and (90) yields the change in the mass coupling factor
0B, =1/3((4 — A )/ AcAp ) (O Ay [cFy ) ((x + cAt) /x) 1)
The sum of the fifth force coefficient can now be given by combining equations (84), (86) and (91) to yield
0, ~((4 — )/ e’ )(20R 4 ) [Fy =T/F, (92)
as it should.
DISCUSSION

It is noted that this analysis uses the thrust and velocity factors given by Shawyer (2008). Therefore, the
fifth force factors calculated related to those values. Further analysis is needed to fully understand how the
EMDirive fits into the fifth force model present herein. Specifically, equations (1-3) need to be understood
as well as many of the retardation equations. However, this model if well understood could lead to new
propulsion devices not requiring exhausted mass.

CONCLUSION

This paper further investigated the notion that our universe is composed of scalar fields and that such
notion can be used to calculate the same forces as attainable from the standard Newtonian force models.
This was done through the development of fifth force models base on the Chameleon scalar field model
present by Khoury and Weltman (2004a; 2004b) with further work by Brax et a/ (2004a and 2004b).

The author notes that these models are incomplete, but with further development, could lead others to
develop force producing devices using unforeseen methods not visible under our current models. Most
prominent is the notion that forces can be attained from time dilation and retardation effects cause by
particulate matter motion in an object. This concept was demonstrated using the fifth force models in this
paper to calculate the correct thrust for the hot gas-rocket in Example 1.

The author further notes that forces being detected in EM modulated capacitor (Brito, 2005; Woodward,
2008) and superconductor (Podkletnov, 2001 and 2002) experiments could be the result of time dilation
and retardation effects due to the EM nonlinearity (Robertson, 2006 and 2007) in these materials.

Further, the reported EMDrive (Shawyer, 2008) can also be placed in this model, which could open new
propulsion systems with no mass ejection.



NOMENCLATURE

a = acceleration (m/s%)

ﬁc = Chameleon (thin-shell) coupling factor
B, = mass to field coupling factor

By = Newtonian (field to mass) coupling factor
p = mass density (kg/m’)

p,, = local mass density (kg/m3)

p, = ambient mass density (kg/m’®)

P = pressure (N/m’)

€5, = standard EM field momentum (N/m?)
E, = electric field (V/m)

H ;= magnetic field (4/m)

F, = force on mass (N)

F,, = Newtonian gravitational force [ = mg (N)]

K = geometric correction

Py
op,
dp, = change in rocket mass density (kg/m’)

= small change to the Newtonian coupling factor

= small change to the mass to field coupling factor

Constants
M, = energy scale [~10* m™ ]
M ,, = Reduced Planck mass [~ 4.34x107 kg ]

m =mass (kg)
Om, = change in rocket mass (kg)

N = number of perturbations

AR = thin shell thickness (m)
OAR = small change to the thin shell thickness (m)
R = radial factor (m)
OR = change to the radial factor (m)
6, = sum of the local fifth force coefficient
6, = local fifth force coefficient

T = thrust (V)

t = time (s)

T

= relaxation time (s)

At = retardation time (s)

o = angular frequency (Hz)
= phase

g = Earth’s gravity [=9.8 m/s ]
[ = Planck length [ ~1.616252x107 m ]

P

Subscripts
ex = exhaust 0 = Ambient field NR = non-retarded
i = given particulate matter N = Newtonian r = rocket
m = local mass 1,2 = given interacting mass RE = rocket engine
gas = hot gas R = retarded
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