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Experimental tests of the Mach effect thruster

A\bstract

The Mach Effect Thruster (MET) is a device which employs Mach’s principle and utilizes
fluctuations in the internal energy of an accelerating object to produce a steady linear
thrust. There are many versions of Mach’s principle !, here we take the definition which
states that the inertia of a body is due to the gravitational interaction with all matter and
energy flow in the universe. These accelerating objects are stacks of PZT (lead zirconium
titanate) crystals, which are powered by an AC voltage. The theory predicts that the
thrust produced in the device is proportional to dP/dt, where Pis the power supplied. In
this paper we test whether a DC voltage switched on/off may generate thrust with no AC

frequency present in the power supplied to the device.
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INTRODUCTION

In 1953, Dennis Sciama published a paper, “On the
Origin of Inertia” in the Monthly Notices of the Royal
Astronomical Society® wherein he resuscitated
Einstein’s ideal® that the inertia of material objects
should be accounted for by a field interaction with
the chiefly distant matter in the cosmos. He did not
use Einstein’s theory of gravity, general relativity
theory, to convey the interaction. Rather, he proposed
a vector theory of gravity modeled on Maxwell’s for-
malism for electrodynamics. Eventually, it was recog-
nized that the vector formalism (first mentioned by
Heavisidel*)) was just an approximation to Einstein’s
general relativity theory. But the simplicity and trans-
parency of the vector formalism made plain what was
involved in explaining inertial effects as gravitational
interactions with chiefly distant “matter” in the uni-
verse. There is now a well established Maxwell like
formalism of Einstein’s general relativity which is ca-
pable of addressing very accurately many of the prob-
lems treated with the theory®?™\. In this paper we use

the linearized version of general relativity commonly
called the parametrized post Newtonian (PPN) approxi-
mation for flat space time and weak gravitational fields
present therein. At the most elementary level, if we
seek to show that inertial effects are the consequence
of the gravitational action of chiefly distant matter in
the cosmos, we must show that when a “test particle”
is accelerated by an “external” force, the action of grav-
ity due to all of the “matter” in the cosmos just pro-
duces the reaction force that opposes the external ac-
celerating force required by Newton’s third law of
mechanics. In this paper it is assumed that the Sciama
results hold™#], If that is true, and the theory is locally
Lorentz invariant, then we can be confident that all of
the inertial effects of classical mechanics will follow.

MACH DEVICE THEORY

The theory will be derived here in an approximate
and hopefully transparent manner. It is a little differ-
ent from previous derivations since it begins with the
modified PPN wave equation for the gravitational
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field. The modified version allows for the body to be
moving at velocity v, not static”. A more rigorous
derivation will be given elsewhere, this is meant to be
more insightful and simplified.

Woodward!''? has previously derived his wave equa-
tion from a divergence of the ‘inertial’ reaction to a 4-
force. This can easily be explained as follows, and is
similar to the explanation given by the mechanics text
book by Marion!®. In flat space-time Newton’s force
law holds approximately. Newton’s second law says
that the acceleration of a test mass near the center of a
dust cloud is radially inward, hence we may write,

g=-Vo (1)
Here g is the force per unit mass of the test body. The
rate of change of “separation acceleration” between
nearby radially separated dust particles is given by,

V.§=—41Gp 2)
This is similar to the differential form of Gauss’s law

for electric field V - E = 47p where pis the charge den-
sity. We have the tidal force per unit mass around the
test body given by,

Vip=-V.g=47Gp (3)
This divergence represents the gravitational field
around the particle. This is similar to how Woodward
derived his force per unit mass wave equation. He ac-
tually re-derived the Einstein equation, in a flat space
time, using 4-vector notation rather than the simpli-
fied 3-vector notation used here. The g=-Vg, here
corresponds to Woodward’s {, a force per unit mass 4-
vector, he then derived his wave equation for density
fluctuation from the time part, energy stress tensor
term, which is essentially energy density. In the pro-
cess he showed that to make the mass fluctuate you
need to apply an external force, which causes the body
to accelerate and deviate from its intended geodesic.
Here, we will start from the point of view of standard
the PPN wave equation and develop the same ideas.
Using the flat metricl® 7 (1,-1,-1,-1), we define

ao

GM . .
¢=—p" to agree with Woodward', the interval

squared as,
ds’ = g, dxdxP
And the modified metric ast),

29
8w ( __2)
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Then the small perturbation form the flat metric is
given by bu which is defined by the following?®7),

8w =M+ 1;
byv = byv _Enyvb (5)
h=bhe
Einstein’s field equation in linearized form becomes®*
1 0 —uv T
-———+ V)b =-167G
( CZ atz ) C4 (6)

The standard definition for the energy-stress tensor of
a perfect fluid as defined by MTWW), using proper

velocity #* = (jc, y0) and pressure P,

T* = (p(F,0)+ Syuu’ + Pg"
P P

T% =(p(7,t)+5)u’u’ + Pg” = (p(7,1) + —)y’c* + P
(4 (4

ST = Z|:(p(77,t) + Cﬁz)u’u‘ + Pg"} =(p(7,1)

i i

—Ez)yzuz -3pP 7
(4

The p(r,t)=p,(r,t+R/c)+ p, is the density of the de-
vice plus the density of the universe respectively. The
density of the universe spatially uniform and is very
small, of the order 10% kg m™ and the density of the
device is of order 10* kg m™.

Taking the diagonal trace of the energy-stress tensort!¥
and considering a time dependent mass density we get,

UZ

2
> =yzp(7,t)[1+U—ZJ+sz(l— -2P = p(7,t)-P
a C

2 p2
=p,ct+ pO(F,t iﬁjcz —(—aﬁ%j R
Cc ot Po (8)

2 42 2 )
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’ c\ ot 2 ¢ ) ot o ) p,

The term in the square bracket is a Taylor expansion

2
C

of the device density only p,(7,t+ R/c) but the R/c
term is time dependent and can become large, in fact
R can become the Hubble radius, the size of the causal
universe. All these terms are dimensionally correct for
energy density. The pressure term comes from purely
dimensional analysis allowing only the mass to change
with time. We have taken the velocity of the device to
be small and so y = 1.

Consider that the energy density of the device is being
exchanged with that of the universe. This expansion
represents a radiation type term. The density of the
universe is not expanded since it is already small. The
universe density is very small and the universe density
fluctuations (needed to conserve energy) are spread over
too wide a volume and as such are negligible. The mass
fluctuations of the device are considered to be very
small, an equivalent mass fluctuation on a universal
scale would be unnoticeable. We assume our device is
positioned at the centre of the universe and the major-
ity of the universal mass can be considered, simply, as
a spherical shell of matter at the Hubble radius away®l.
The last term is a pressure term solely dependent on
rate of change of mass. If we allow for both retarded
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and advanced waves, then the first derivative term will
cancel out.

Now we substitute the trace of the energy stress ten-
sor into Eq.(6) along with the diagonal /% and
hicomponents for the weak field. This gives,

%az—? -Vip= 272G|:p0(7,0) + l(ﬁjz aZp‘J:‘ - 2&[%12 R—:
¢’ o’ 28 c) ot ot ) p,c’ 9)

= 276G p,(7,0) + 8p,(7,1)]

Where we have neglected the energy density of the
universe in comparison with the device locally. This
allows us to identify a transient term,

. 1(RY &'p, (op JZ R’
op,(Fyr)==| S| LLo [P X
P (1) 2(cj o’ (61: oo (10)
If we take p (7,t)=¢,/c* where ¢,(7,t) is the energy
density contained in the device, then the transient mass-

density can be written as,

R *o¢, _[%JZ R’
2 ot o ) pe (11)
Using the definition from Cook"), 22Gp,R* = ¢?
where R is the radius of the causal universe, which

corresponds to Woodward’s!!1? use of 27¢ = ¢ (with-
out the 2n) we obtain,

1| 1 0% 2 (oY
op,(7,t) = o — 0
2u(51) 4nc{poc2 or (poczy[ar ] } (12)
Integrating the power over the volume the oscillating

mass V, and introducing the power Psupplied to the
device we get,

so)=t| 1 P 2 (5]
P =G | Vo o (o) V) |

P Os,

L 19 p,
where v vi%
over the device.
Finally integrating over the volume of the mass to

which the power is applied we finally obtain
1P 2 P }

op,(7,t) =

(13)

the P/V is the average power

1

- 472?G|:p06‘2 ot (pc’) VvV
which is the form of Woodward’s mass change for-
mulal®’). Note that the mass of the device is taken as

m(t)=m, + omt). P is the spatially averaged power
over the device. The first term in the rate of power
change results in gravitational waves and gives thrust
for the Mach effect thruster (MET) device. The sec-
ond term (wormbhole term) associated with pressure,
caused by the mass fluctuation, is always negative. This
term may be the basis for generating negative energy
density for stable wormhole construction. The mass
fluctuation predicted only occurs in an object that is
being accelerated as the power fluctuates. If there is no

om, (1) (14)

“bulk” acceleration there is no mass fluctuation.

The mass fluctuation does not lead to changes in the
rest masses of elementary particles. The work done by
the external force (non gravitational) deposits energy
in the bonds that bind the particles together, not the
particles themselves. Specifically, in lead-zirconium-ti-
tanate (PZT) the resulting realignment of the atomic
dipoles leads to a mechanical expansion or contraction
of the PZT material. The acceleration dependence can
be restored to Eq. (14) by noting that when anet exter-
nal force Facts on a body the change in energy dW of
the body is dW= F.dx. So the rate of change of en-
ergy, or power

P=dW/dt= F.v_ . Furthermore, the rate of change of
power, dP/dt= F-a, +v,, - F,where v_ isthe relative
velocity of the centre of mass (COM) of the system.
So our changing mass formula becomes, using the net
external force F(here not gravitation ie. electrostriction
and/or piezoelectric force),

om,(t) = ! 1781) ~ ! Z(F-acm+ucm-F)
47G | p,c” Ot | 4nGpyc

57720 (t) (m dcmz + mucm : dcm +m Ucm ’ ﬂcm) (15)

_ 1
 42Gp,c
Evidently the simplest Mach effect depends on the first
term, the square of the acceleration of the body in
which it is produced. Changing mass systems are known
to allow for acceleration of the COM without viola-
tion of momentum conservation!?. We do not address
the subtleties of the work energy theorem for variable
mass systems in the present work!"l. We also intend to
re-derive these equations using the gravitomagnetic
(Maxwell like electric and magnetic fields) for gravita-
tion. The radiation damping found in sections 65 and
75 of Landau and Lifschitz Classical theory of fields
will be helpful here. (Look for a later article in this
journal.)

Einstein recognised that Mach’s principle was contained
in his general relativity and was in fact guided by that
principle. In Einstein’s book, “The meaning of Rela-
tivity” Einstein sayst’),

“The idea that Mach expressed, that inertia depends upon
the mutual action of bodies, is contained, to a first ap-
proximation, in the equations of the theory of relativ-
ity; it follows from these equations that inertia depends,
at least in part, upon mutual actions berween masses...
this idea of Mach’s corresponds only to a finite universe,
bounded in space, and not to a quasi-Euclidean, infinite
universe.”

EXPERIMENTAL SETUP

The idea is to test the hypothesis of Mach principle by
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producing a fluctuation in the mass of an object in the
lab, use it to produce a steady thrust and match the
theory with the experiment!'"21%, We push on the
object (whose mass is fluctuating) when it is more mas-
sive and pull back when it is less massive, this produces
a steady linear acceleration in the body, which is de-
tectable in the laboratory. This steady force could be
used to produce a propulsive force on a massive object
without having to expel propellant from the object.
This would be highly desirable from a space rocket
point of view, which then would not have to carry a
massive payload of expendable fuel.

The easiest way to produce rapid energy fluctuations
is to apply high ac voltages to a stack of PZT dielectric
crystals. See Figure 1. below.

These crystals act as capacitors by storing energy in
their dielectric core as they are polarized. The piezo-
electric and electrostrictive properties force the crys-
tals to deform (accelerate). The condition that energy
vary with time is satisfied as the ions in the crystal
lattice are accelerated by the changing external field.
The assumption that all the energy delivered to the
capacitors ends up as proper energy density is an opti-
mistic assumption. These particular Steiner Martin (SM-
111) crystals have a dissipation of approximately 0.4%
due to heat loss.

Note too that simply charging and discharging a ca-
pacitor will not by itself, produce a Machian type mass
fluctuation. The capacitor must also be undergoing a
bulk acceleration of the kind produced by
electrostriction and the piezoelectric effect.

The capacitor will however undergo the much smaller
mass fluctuation due to special relativity om = Se/ .
In the work reported here, the device tested consisted
of 8 discs of 2mm thick by 19mm diameter PZT crys-
tals glued together with 1 embedded accelerometer.
The accelerometer was made with two 0.3mm thick
crystals which are located between the second and third
PZT discs near the aluminium end cap. For testing,

the crystals were clamped between thin 4.5mm thick
aluminium cap and a thicker 16mm brass disk. The
“L” shaped aluminium mounting bracket was 3mm
thick. The device was bolted inside a Faraday cage
which was then attached to the end of a sensitive tor-
sion balance. See Figure 2. above. The electrodes be-
tween the crystal discs are hand cut from sheets of
50.5 um brass sheet. A stack of brass sheets are clamped
together and drilled with holes which helps with ad-
hesion. They are then cut to size and sanded. The glue
used is a 50:50 mixture of Versamid 140 and Shell Epon
Resin 815C. All the positive contacts line up and all
the accelerometer electrode positives line up separately
and are separately soldered together to form electrode
contacts that can be wired for power. For further ex-
perimental details of the electronics and calibration
methods for the thrust balance we refer the reader to
previous workst!t12],

EXPERIMENTAL PROCEDURE

The device was setup as in Figures 1 and 2. If an MET

Figure 1: A PZT stack device mounted in half of a Faraday
cage. The Faraday cage sits on the end of a very sensitive torsion
balance beam. Visible are the brass disc, the six 2-56 bolts cov-
ered with heat shrink for insulation, the PZT discs and alu-
minium end cap with embedded thermistor.

Figure 2 : The thrust balance used in the experiment whose results are reported here. C-flex flexural bearings in the central column
support the balance beam which hangs from the top bearing. These bearings provide the restoring torque for thrust measurements.
The position of the beam is sensed with a Philtec D63 optical position sensor which is attached to a stepped motor on the left of the

beam.
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device is operated at constant power, in a slight off
resonantconditions, it will produce a steady thrust.
This particular device had a preferred operating fre-
quency of 39.5KHz. Each run consisted of taking data
for 32 seconds. The first 6 seconds were quiescent data
to establish the background noise. This was followed
by 14 seconds of a single frequency 39.5KHz voltage
of around 200 volts, followed by the remaining 12
seconds of quiescent data. Signal averaging was per-
formed by taking a dozen runs under exactly the same
circumstances and averaging them to supress random
noise. In order to reduce spurious signals, runs were
done with the device facing “forward” on the balance
beam and then also “reversed”. One can easily reverse
the direction by rotation of the Faraday cage by 180
degrees.

The device is mounted inside the Faraday cage on the
side wall so this does not effect the device mounting.
The mount point is always on the side and is not
switched from top to bottom. In which case the ef-
fects of gravitational torque on the mount point may
need to be taken into account.

Once the forward and reversed runs are averaged they
are differenced to produce a clear thrust signal where
all non-reversing spurious thrust signals are cancelled.
A sample data of forward, reversed and differenced is
shown below. An example of a single forward run is
shown in Figure 3, below. Minimalaveragingover 3 or
4 runs only has taken place. The blue line represents
the applied voltage, the red line is the thrust measured
by the optical probe. The voltage from the probe has
been converted into a measure of thrust shown on the
left scale. Note that in Figures 3(a) and (b) the baseline
is lower after the power pulse than before. This is not
as marked in Figure 4 where the data is differenced
not averaged. If a comparison is made with previous
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results!'?, when the power pulse was only applied for
1 or 2 seconds, this baseline drop is larger than that
previously shown. The baseline does return to pre-
pulse values after a few more seconds, which we could
not show due to restrictions in our data acquisition
system.

The data for the reversed runs is shown in Figure 3(b).
Note the direction of the red line for thrust is now
reversed. Below is the differenced data, Figure 4, where
we have subtracted reversed data from the forward
data to get a much clearer signal. All the non-reversing
spurious signals have been removed by this subtrac-
tion process.

The switching transient thrusts deserve special atten-
tion.

Switching transients

The switching transients appear to give a much higher
thrust than the steady value, seen in Figures 3(a) and
(b) as the red line, between the on-off of the voltage
signal. When the power is switched on, the rate change
of power (dP/dt) rapidly increases, then it reaches a
maximum as the PZT stack charges up the first time.
This is the transient zone with a large impulse thrust.
The dP/dt becomes steady and no longer changes with
time, this is where we reach the steady thrust of the
device, represented by an approximate horizontal line
displaced from the quiescent noise level. (The line be-
comes more horizontal when several runs are averaged
together.) Note that the transient thrust is in opposite
directions for the turn-on and turn-off, of the device.
These transients also reverse for forward and reverse
device directions. It may be possible to utilise these
transients as the main trust component with clever “fix-
ing” of the phase of the input signal. This is a topic for
further experimentation. The input power rise time
KILOHERTZ
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Figure 3 : (a) and (b) Predicted Mach effect thrust. The dark blue line is the voltage squared applied to the PZT stack at a frequency
of 39.5KHz. The red line indicated the thrust as measured by the optical probe. The power comes on at 6 seconds, stays on for 14
seconds and is then switched off. Note the red line moves upward in (a) left, showing maintained thrust for the 14 second power
duration. Also note the switching transient which gives a slightly higher thrust momentarily as the AC voltage is switched on and
off. Notice that in the plot on the right, the reversed data (b), the red line drops for 14 seconds then picks up again after pulse ends.
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Figure 4 : Differenced Data: Forward minus reversed data. The
dark blue line is the voltage squared applied to the PZT stack.
The red line indicated thrust and the magenta line is the heat as
measured by the thermistor embedded in the end aluminium
cap of the device. The temperature change here is about 4 °C.
Note the steady heating during the 14 seconds of steady thrust.
The thrust is seen by the red line moving upward above the noise
level for the 14 seconds of the applied AC voltage of about 200V.
We see about 3 uN of thrust.

was between 13-30ms, quite slow. This would allow
for 1200 cycles or so of the input signal voltage which
has a period of approximately 25 ps (for frequency
40kHz.)

Thermal effects

Qualitatively, the switching transients can be explained
by both Mach and thermal effects, as both effects dis-
play dependence on the rate of change of the power
applied to the device, dP/dt, where P is the power.
Thermal effects, in this case, can be excluded on two
grounds. First, they are more than an order of magni-
tude smaller than the effects seen. The temperature
rise in the device during a run is typically only four
degrees centigrade. Secondly, the thermal linear expan-
sion coefficient, in the direction of the polarization,
of PZT along the axis of the device is very small. We
note that one paper®® quotes the linear expansion as
positive 6.8x10° K and the thermal expansion in the
radial direction, perpendicular to the polarization di-
rection, is negative (it shrinks radially). Another paper
gives the radial linear thermal expansion coefficient!"!
of PZT 15 -0.55 x10° K",

Experimentally this is not correct for a stack under
preload. Our data shows that the stack actually shrinks
in the longitudinal direction and expands slightly ra-
dially which is exactly the reverse of what these papers
say. One should note here that the thermal
expansioncoefficient is highly composition dependent,
and it also has a history. The first heating showing
markedly different thermal expansion than subsequent.
One also must take into account bolt preloading which
has a substantial effect on the thermal expansion. A

simple hypothesis, which will be tested further, is that
since the aluminium end cap and brass reaction mass
have thermal expansion coefficients of 22.2 x10 and
18.7 x 10* m/(m-K) respectively and the stainless steel
bolts have a thermal expansion of 16.0 x 10° m/(m-K)
the PZT is being compressed between them. The alu-
minium end cap and the brass are expanding and the
stainless steel bolts are holding them in place so they
are both pushing against the PZT stack and forcing it
to contract. We have found, by experimentally heat-
ing the stack at the ground contact that during the run
the compressed stack actually shrinks in size length-
wise and therefore shows a negative thermal expan-
sion at room temperature or just above. The negative
thermal expansion is what we see during a normal 14
second run discussed here. Only when the device heats
by several degrees centigrade then the PZT starts to
expand.

When the device is mounted inside the Faraday cage,
the small linear fluctuation in the device has no effect
on the balance beam. The torsion balance measures
linear thrust only not oscillatory behaviour inside the
device itself.

The negative thermal expansion means that any “thrust”
due to heating would be in the wrong direction to
affect our experimental results. The heat during the
thrust is steady. For the heating to produce thrust it
must be changing rapidly and it is clear by the
differenced data, shown below Figure 4, that this is
not the case. The temperature has a straight line slope
indicating steady heating not rapidly changing heating
which would be an abrupt curve.

The expansion of the device is severely restrained due
to force applied by clamping of the bolts. It is possible
to estimate the stopping force, from known datal??, to
be around 10,173 N. When this force is applied in
compression by the bolts there will be zero motion of
the PZT stack due to piezoelectric or heating effects.
The force of the bolts maybe estimated from p12 of
the bolt tightening handbook!?!.

T ~ uFd, is the torque and T = 4 inch-pounds, x s the
coefficient of friction for steel on brass, u=0.2, F is
the force in pounds, d is the diameter of the bolt. (We
have ignored the pitch angle as small). Each of our 2-
56 bolts with a diameter of 0.0860in compress the stack
with a force of 232.6 lbs or equivalently 1034.8N per
bolt. (Using conversion 1 1b = 0.4536 Kg). For 6 bolts
that is 6209.0 N more than 1/2 the stopping force. If
there is any motion at all it will be a magnitude smaller
than the observed thrust signal.

The preload (tension due to bolts) also affects the pi-
ezoelectric and electrostrictive expansion and contrac-
tion of the PZT so that the stack length (or excursion)
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of the device may be calculated as

x =x,+ Nf(K,V + K V?) (16)
where x, is the actual length of the PZT stack, Nis the
number of PZT discs in the stack, KP and K are the
piezoelectricand the electrostrictive constants and fis
the preload fraction which we need to determine ex-
perimentally. Previously'»%, we had used x, instead
of the Nf term which gave us an underestimate. We
need x to calculate the acceleration and force on the
stack.

A calibration of the optical probe was done to find
the absolute excursion of the PZT due to expansion,
not heating, just piezoelectric expansion. The method
was as follows. The device was mounted on an optical
breadboard outside the vacuum chamber. The device
could not physically move, it was bolted down with
Y inch bolts. The optical probe was mounted on the
same breadboard on top of a very fine adjustment lin-
ear stage. The optical probe was facing the polished
aluminium end cap of the device and about 0.5mm
away from it. Without powering the device, measure-
ments were taken of the voltage from the optical probe
when the probe was moved through 1 fine adjustment
of 2 um of the linear stage. A dozen or more voltages
were taken for an average result. It was found that a
1.4 V change in sensor voltage corresponded to 1 um
change in position of the probe from the end of the
device. The device was then powered and we looked at
the power spectrum at the near resonant frequency of
39.5KHz. The power change when the device was run-
ning was on average y=-34.7 dB which gives an aver-
age (dozen runs) of 18mV. (Using y =10 log, x, where
x =V?). Since we found 1.4V per 1 pm that implies
that the maximum excursion due to the piezoelectric-
ity is on the order of 13 nm, this is with the regular
preload from the bolts holding the device together.

Spurious electromechanical effects

Another possibility is that instead of the desired Mach
effect we may be seeing some “poorly characterized”
spurious electromechanical effect. The question can be
raised.

“Do the thrusts seen simply result from an impulsive
displacement of the centre of mass of the PZT stack when
the power is switched on, that is locked by unspecified
means until the power is switched off ¢”

One of the unspecified proposals is the
anharmonicityof the voltage signal. That is thevoltage
signal is asymmetric, leading to the device spending
more time, say, extended than contracted. Were this
true, the blue trace in the oscilloscope plot below, Fig-
ure 5, (voltage blue, accelerometer yellow) would be
markedly asymmetric with respect to the horizontal

hashed central zero line on the scope.

Figure 5 : Oscilloscope Trace. Photo of oscilloscope during a run
showing thrust. The blue line is the voltage applied, 200V at
39.5KHz. The yellow line is the accelerometer trace. Note that
the traces are roughly symmetrical about the zero line.

DC voltage tests

Another possibility is that the switch on/off of the
power is causing a lock up of the device and the ap-
pearance of thrust. This matter can be easily answered
by modifying the power circuit so that a DC voltage
can be applied for say 10 or 11 seconds and we can
look for thrust when there is no driving resonant fre-
quency. Since the AC driving voltage was around 200
V, a DC voltage of about 125V should be sufficient
for this test. An average of 125 volt DC was applied
for 11 seconds. The device in forward position was
run over 150 times to collect a good sampling of data.
We ran the device with +125V and then switched the
polarity to -125V in the same direction and then did
the same in reversed direction. The results averages are
presented below in Figure 6.

Clearly there is no thrust seen in any of the forward
data sets or the averaged set. The same was found to be
true in the reversed data sets which we do not show
here since they look the same as the forward runs.
Then we averaged the data from the forward and re-
versed directions and found something interesting in
the differenced data of the averaged runs.
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Figure 6a : Forward data runs for +125 Volts DC. (Averaged
data of 150 runs.) Applied for 11 seconds. Rise time 30ms. Blue
line is voltage squared, red line indicates thrust or lack thereof.
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Figure 6b : Forward runs with -125Volts DC applied for 11
seconds. (Averaged data 150 runs). The rise time 30ms. Blue line
is voltage squared, red line indicates thrust or lack thereof
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Figure 6c : Forward runs all averaged, both polarities. 125

volts DC applied for 11 seconds. 30ms rise time. (Averaged data
300 runs).

See figure 7 (a) and (b) below. During the experiment
HF removed a coil from the circuitry and managed to
reduce the rise time to 13ms. This had no effect on the
results shown here.

If the switched AC thrusts are actually produced by
the Mach effect, then one might well ask why no thrust
effect is present in the differenced averages in figure
7(a). The reason is that the Mach effect depends on dP/
dt, rate of change of power. When the voltage is switched
on (or off) the rate of power exchanged increases to a
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Figure 7a : Forward minus Reversed data. (Averaged 300 runs.)
The average of all the reversed runs (both polarities) was sub-
tracted from the average of all the forward runs. We see no
thrust. 125 V applied for 11 seconds with 30ms rise time. Blue
line is the applied, voltage squared, the red line indicates thrust
signal.
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Figure 7b : Forward minus Reversed Differences.(Average of
300 runs). The difference was taken between the + and - polarity
in the forward direction. The difference was taken of the differ-
ent polarities in the reversed direction. Then the two differences
were subtracted from each other. Now we regain a very small
transient thrust signal at switch on and switch off. This is much
smaller than the regular thrust signals seen since the vertical
scale has changed from 5 to 1. (See figures 3, 4 and 5 for the
different scale used.)

maximum (dP/dt > 0) then decreases (dP/dt <0) as the
capacitor becomes fully charged. The same is true when
the power is switched off. So the dP/dr cancel out when
the device is switched on and off and there is no net
thrust. The large thrust signal is only present when AC
voltage is used because dP/dt is either greater than zero
or less than zero throughout each transient.

CONCLUSIONS

General relativity encompasses Mach’s principle- that
inertial forces are due to the gravitational action of all
the “matter” in the universel"?]. The rest mass fluctua-
tions occur when a body is being accelerated by an
external force and at the same time is undergoing en-
ergy changes in its internal structure''?. These rest
mass fluctuations can be combined with an external
force (like extension of a piezoelectric material by ap-
plying a voltage) in Mach effect thrusters (METs).

In section IV we explained how thermal effects are of
the wrong sign to account for the thrust seen. Avail-
able papers cited appear to give the wrong sign for the
thermal expansion coefficient of PZT under preload,
the expansion of the aluminium end cap and brass mass
may be compressing the PZT since the bolts are hold-
ing them in place. Also it was shown experimentally
that DC voltage switching does not provide any thrust,
the AC near resonant frequency must be present. The
crude MET demonstration presented earlier in section
IV, shows a clear thrust signal, see Fig 4., that s MET’s
actually work.
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