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ABSTRACT

 This Technical Memorandum records the results of research performed by NASA MSFC 
under a Space Act Agreement with Quantum Machines, LLC. (SAA8-1519855), signed July 1, 2015. 
The Pope-Osborne Angular Momentum Synthesis theory (POAMS) was evaluated and reformulated 
into a form which predicted a non-Newtonian spin-coupled force used to conceive and perform exper-
iments. Rudimentary and preliminary data appears consistent with the predictions of a spin-coupled 
force based on the alignment of nucleons, but additional research on the theory and experiments with 
careful methodologies and measurements needs to be conducted. Experiments with better measure-
ments may be realized if  effective methods for inducing nuclear alignment in spin active materials can 
be devised.
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NOMENCLATURE

F force, as in body centered Force, N

FN Newtonian force, N (scalar)

→FN Newtonian Force, N (vector)

f frequency, Hz

fH horizontal force, N

fV vertical force, N

G universal gravitational constant, Nm2/kg2

G spin-modified gravitational constant, Nm2/kg2

Ip moment of inertia for an orbiting particle, kg m2

ko orbital kinetic energy, J

ks spin kinetic energy of mass, J

L angular momentum, 
kg m2

sec

Lo orbital angular momentum, 
kg m2

sec

Ls angular momentum of an object on Earth’s surface, 
kg m2

sec

lo , lo
→

 orbital angular momentum, (scalar, vector), 
kg m2

sec

M mass, as in large mass in the gravitational formula, kg

Me mass of the Earth, kg

m mass, as in a mass in orbit or smaller mass in the gravitational formula, kg

r, →r radius vector, m (scalar, vector)

re Earth’s surface radius, m 



x

ro radius of the natural orbit, m

rs radius of the circular path of an object on Earth’s surface, m

s intrinsic spin of a particle

sp, →sp angular momentum of an orbiting particle, or intrinsic spin,  (scalar, vector)

v, v→ linear velocity or tangential velocity, m/sec (scalar, vector)

vo natural velocity, m/sec

vs velocity of an object moving in a circular path defined by Earth’s rotation,  
 m/sec; in other context, it is the ‘synthetic velocity’ in particle-centric coordinates

v* natural velocity corrected for the influence of spin, m/sec

∆f, →∆f  non-Newtonian Force (spin coupled force), N (scalar, vector)

ωp,  →ωp rotational speed of an orbiting particle, rad/sec (scalar, vector)

NOMENCLATURE (Continued)



1

TECHNICAL MEMORANDUM

A STUDY OF THE POPE-OSBORNE ANGULAR MOMENTUM SYNTHESIS 
THEORY (POAMS) INCLUDING A MATHEMATICAL REFORMULATION 

AND VALIDATION EXPERIMENT

1.  INTRODUCTION

 NASA Marshall Space Flight Center (MSFC) was approached by Quantum Machines, 
LLC, in late 2014 and asked to perform an analysis of a little-known theory by English authors  
N. Vivian Pope and Anthony Osborne. The POAMS theory was thought by QM to provide the 
basis for an advanced propulsion system. The most relevant paper, “An Angular Momentum 
Synthesis of ‘Gravitational’ and ‘Electrostatic’ Forces,” by Anthony Osborne and N. Vivian Pope1 
was presented by Quantum Machines to NASA. It was requested that NASA develop experiments 
and methodologies to validate the priniciples of the Pope-Osborne Angular Momentum Synthesis 
theory (POAMS) presented in that paper. This is the record of the work performed at NASA for 
that purpose.
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2.  POAMS THEORY

 POAMS approaches Newtonian physics from the perspective of a universe based on angu-
lar momentum rather than linear momentum. Newton’s three laws of motion are each predicated 
on a major assumption stated in the first law: An object in motion will stay in motion, specifically 
along an unaltered linear path unless acted upon by an externally applied force. Pope and Osborne 
assert in their paper1 that if  Newton had been more of an empiricist, he would have perhaps noted 
that there are few, if  any, examples of linear inertial motion which are macroscopically observ-
able, especially when it comes to motion on a planetary or cosmic scale. Subsequent advances into 
microscopic events also demonstrate a complete lack of natural linear inertial motion. Newton 
famously postulated the existence of the force of gravity to explain how objects are pulled from 
a naturally linear path into a closed path of elliptical orbit, with centripetal force working in an 
opposite direction to maintain distance between one mass orbiting a larger one. It is perhaps rea-
sonable to ask, as Pope and Osborne did, how the laws of motion might differ in their final conclu-
sions and applications if  natural inertial motion was mathematically described in terms of what is 
empirically observed—that motion is, in all observable cases, notably angular, not linear. The exis-
tence of well-demonstrated perihelion shifts of planetary motion is one example of how Newton’s 
Laws appears to be a close heuristic approximation of natural motion rather than a mechanistically 
accurate fundamental law. Indeed, Pope and Osborne attempt to eliminate the reference to linear 
forces in most cases, although not with consistent technical clarity.
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3.  POAMS CASE STUDIES

 The POAMS theory was studied by NASA in some detail. The primary task of the Space 
Act Agreement was for NASA to design an experiment to validate the POAMS theory. POAMS 
theory predicts that a spinning body in a circular orbit will either gain or lose a bit of apparent 
weight due to the interaction of its spin angular momentum with its orbital angular momentum. 
Osborne has a formula for the apparent modification of the universal gravitational constant, G for 
spinning objects. Several example cases are worked out by Osborne in his paper1 to demonstrate 
this G modification. In the first case, Osborne borrows an example from Hayasaka2 for POAMS 
computations. In this example, a disc of mass 175 g spinning at 18,000 revolutions/min on the 
equator is shown to either gain weight by a factor of 1.000000054 in co-spin or lose weight by a 
factor of 0.999999962 in anti-spin. Computations are also done for a 2.5-kg steel ball spinning at 
2,000 Hz on the equator, in which the gain is of the order 1.000004 for co-spin, and the loss is of 
the order 0.999996 for anti-spin.

 NASA performed calculations for at least three other spinning classes of objects on the 
Earth’s surface at the equator. An internet search for “fastest spinning object” revealed that small 
(4.3 µ) vaterite (CaCO3) microspheres had been spun at 5 MHz trapped in the focus of a laser 
beam.3 The vaterite spheres are birefringent and can be spun up if  the polarization vector of the 
laser beam rotates at high speed. Unfortunately, even these small microspheres would lose weight 
by only a factor of 0.999999799 due to its small radius. Calculations were also made for spinning 
plasmas. A plasma spinning at such speeds as to lose weight even to 1 part in 10,000 would have 
a molecular stagnation temperature of about 10,000 eV. This corresponds to a temperature of 
100 million K. Clearly such an experiment would not be feasible, otherwise we would already 
have fusion generators. A computation for a rotating flow of liquid mercury in a 12-in torus of 
1-in diameter was also made. For the 1 part in 10,000 change in weight, the kinetic energy of the 
rotating flow was equivalent to 18 kg of TNT. A difficult and dangerous experiment to perform, 
it appeared that no viable test of the POAMS system could be made in the case of classical 
macrophysical spins in orbits for Earth’s diameters.
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4.  REFORMULATION OF POAMS

 An experiment to measure such small changes in weight in a dynamic spinning system 
seemed impossible to do because the theory predicts that spinning objects will change weight by 
less than 1 part in 108 for ordinary objects spinning at realistic rates in Earth’s gravitational field on 
the Earth’s surface. Perhaps other situations could be envisioned where the orbital and spin angu-
lar momentum of an object in circular motion interact to produce a measurable result. As written 
by Pope and Osborne, the POAMS theory proposes that there is a different universal constant G 
for the gravitational attraction of objects for every pair of objects in the universe. NASA rejected 
this interpretation and attempted to reformulate the POAMS theory into a more general and easily 
applicable form. The supposition that the gravitational constant G changes between various objects 
in an orbital relationship can be rewritten instead to state that when an orbiting object spins, there 
is a ‘spin-coupled’ force that is generated to account for the different G. By this method, G remains 
the same, but a new non-Newtonian force is generated by the spin-orbital interaction. Using this 
approach, the POAMS equations were written down, the Newtonian terms were gathered together, 
and the non-Newtonian terms that were left behind became apparent. The handwritten derivation 
of this new approach is included in appendix A and is summarized here.

 In the new formulation, not only was it assumed that a new spin-coupled force was created 
by the spin-orbit interaction, but it was also assumed that this relationship would apply to any 
body-centered force system. In the case of gravitational orbits, the body centered force is by:

 F =  
Gm1m2

     r2 , (1)

and in the case of a system where the body-centered force is applied by a rigid member, the force is 
given by the centripetal force formula:

 F =  
mv2

     r
 . (2)

Consider an object of mass, m, resting on Earth’s surface at the equator. The object will assume 
the velocity of Earth’s surface, vs = 464.74 m/s (as the Earth rotates) at the Earth’s surface radius, 
re = 6.37283e06 m. This object will then have an angular momentum of: 

 Ls = mvsrs  . (3)
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 POAMS defines the ‘natural’ velocity as the free-falling natural circular orbital velocity of 
an object if  the Earth were to collapse to the size of a small point. That is an object with the same 
angular momentum as the surface angular momentum at a sufficient orbital radius so that the mass 
is in a stable circular orbit (fig. 1).

‘Natural’
Orbit

Earth’s Surface

Me
ro

rs

m
vs

vo

m

Figure 1.  The ‘natural’ orbit of a mass on Earth’s surface; the natural orbital 
parameters vo and ro have a special significance for the POAMS theory.

Since angular momentum is conserved, Ls = Lo = mvsrs=mvoro; also, the natural orbit must obey, 
due to the balance of forces in circular orbit:

 
GMe m

ro
2

mvo
2

ro 
=   , (4) 

from which it follows that the ‘natural’ velocity, vo, is given by: 

 vo =  
GMe m

Ls
  , (5)

and then by equating Lo = Ls, the natural orbital radius, ro, is given by:

  
vs  rs
vo

ro =   . (6)
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 Pope and Osborne propose from holistic angular momentum considerations that a correc-
tion to the natural velocity must be made if  the object is spinning in the plane of the orbit. In their 
paper,1 they derive a formula for this corrected natural velocity, (in co-spin):

 
2(ko+ks )

mv* =   , (7)

and in anti-spin:

 √ 2(ko–ks )
     mv* =   , (8)

where

 ko = orbital kinetic energy
 ks = spin kinetic energy of the mass, m.

Note that for the spin equal to zero, equations (7) and (8) collapse to v* = vo, since ks = 0, and  

ko = 1
2

mvo
2.

According to POAMS, the modified gravitational constant, G is given by:

 v*
v0

GG =   . (9)

For the corrected natural velocity, v*, in the presence of spin, we write the relation for the total 
corrected force according to POAMS:

 
GMem
     r2

fp*  =   . (10)

where f*p = total POAMS force. 
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5.  DERIVATION OF THE SPIN-COUPLED FORCE

 Pope and Osborne disliked the notion of forces and attempted to downplay them by speak-
ing in philosophical terms about curved orbits and angular momentum. In the real world, there are 
no AM meters to characterize orbits for some particular curvilinear motion. Instead, we have rul-
ers, clocks, and spring-based force scales. The ticks of a clock define the measure of time, the marks 
on a ruler define a distance, and the extension of a spring along a scale defines a force. 

 The POAMS force can be expressed as the summation of a Newtonian force, FN , and a 
non-Newtonian spin-coupled force, ∆f. By expressing the force this way, the Newtonian terms may 
be separated out from the non-Newtonian terms.

Using this methodology, we may write: 

 ∆f = fp* − FN   . (11)

(The complete derivation may be seen in appendix A, handwritten derivation of September 24, 
2015).

For gravitation, the Newtonian force is given by equation (1), substituting for FN, and (10) for fp*:

 
GMe m GMe m

r 2 r 2
−∆f =   . (12)

Also substituting for G using equation (9):

 
Me m GMe m

r 2 r 2
−

v*
v0

G∆f  =   . (13)

Now from equations (7) and (8), we note that: 

 √ 2(ko± ks)
m

v* =   , (14)

where the ‘+’ sign is used for the co-spin case, and the ‘–’ sign is used for the anti-spin case. 
Substituting equation (14) into equation (13) for v* will then yield:

 √ 2(ko±ks)
     m

GMe m

r 2
∆f =

1
v0

−1   . (15)
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Substituting for vo using (5) and distributing the gravitational force term yields:

   √ 2(ko± ks)
m

GMe m

r 2
∆f =

Lo

ro
2 −   . (16)

The orbital kinetic energy, ko, is given by: 

 
1
2ko= mvo

2  . (17)

Using equations (17) and (5) shows that: 

  
2ko
m

GMe m= vo
2 = Ls

2

  . (18)

Rearranging equation (16) and substituting for the term, 
2ko
m  , then yields:

  GMe m

r 2
∆f = −

Lo

ro
2

2

±
GMe m

Ls

2ks
m

  . (19)

The term ks in equation (19) is the spin kinetic energy of the orbiting mass. This kinetic energy is 
closely related to the spin of the orbiting object. Consider figure 2.

Orbit

m

Co-spin
Shown

Particle of
Mass, m

Angular 
Momentum

Kinetic
Energies

ko =        mvo
2    orbital

ks =        Ip   p
2   spin

L

1
2
1
2

Lo = mvo ro    orbital

s = Ip   p         spin 
ro vo

s

Spinning Mass Traveling
in a Circular Orbit

ω

ω

Figure 2. A spinning mass or particle traveling in a circular orbit.
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The spin kinetic energy can be written as:

 
1
2ks= Ip   p

2ω   . (20)

Substituting the relation in equation (20) for ks into equation (19) will yield:

 
GMe m

r 2
∆f = −

Lo

ro
2

2

±
GMe m

Ls

Ip   p
2

m

ω
  . (21)

Substituting Lo = mvoro into equation (21) and doing some expansion of expressions will yield:

  
GMe m

r 2
∆f = −±

GMe m

mvo ro mvo ro

Ip   p
2

m
GMe m mvo ro

   ro
2

ω
  . (22)

After additional rearrangement of terms, we obtain:

 
GMe m

r 2
∆f = −±

GMe m

m2vo
2

Ip   p
2

m
GMe m

ro
2

mvo ro
   ro

2

ω
  . (23)

This arduous manipulation of algebraic terms is difficult but is required in order to isolate the 
body-centered Newtonian terms from the remaining terms which are purely spin related. The outer 
terms are now distributed into the radical sign (squaring them) to yield:

 
GMe m

r 2
∆f = −±

GMe m Ip   p
2

m
GMe m m2vo 

2

ro
2 ro

2 ro
2

ω
  . (24)

Note that the 
GMe m

r2  terms are the gravitational body force terms, which are precisely the New-
tonian terms that we wish to separate. Denote these Newtonian terms by the Newtonian force FN 
symbol (and note that r = ro in the Newtonian term) to obtain:

 ±
Ip   p

2

mFN − FN
2

∆f =
m2vo 

2

ro
2

ω
  , (25)
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which can be rewritten as:

 
mvo
ro

±
Ip   p

2

m
FN − FN

2
2

∆f =
ω

  . (26)

Moving the m and ro about gives the nicely symmetric form:

  √  mvo
2

   ro
±

Ip   p
2

ro
FN − FN

2
∆f =

ω
  . (27)

Now if  we introduce the term sp for the angular momentum of the spinning mass or particle, and 
realizing that the particle spin angular momentum is given by sp = Ipωp, then we may write:

 
 mvo

2

   ro
±

spωp
ro

FN − FN
2∆f =   . (28a)

This is the key result from our reformulation effort. Note that for the case were there is no spin, 
then sp and ωp are both zero and ∆f is zero, as required. 

If  you plot the equation in (28a) for increasing spin in anti-spin mode, you eventually find that the 
term under the radical will become imaginary. In that case, the radical term must be reversed and a 
negative sign is appended, in that case use:

 √ −FN
2−1*

mvo
2

   ro

sp   p
ro

∆f = − FN

ω
  . (28b)

This reversal of the radical term ensures that the derivative of the spin-coupled force is continuous 
as the SCF passes through zero and becomes negative. ‘Imaginary’ forces are also avoided with this
treatment.
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6.  VECTOR FORMULATION OF THE SPIN-COUPLED FORCE

 This scalar formula would be much more useful if  expressed in a vectorized form. In a vec-
torized form, the signs of the anti-spin versus co-spin elements would automatically be taken care 
of, and the cases where the rotation is not strictly in the orbital plane could be solved. This problem 
was taken up by inspection to derive a nice parallel vector form which fills all the requirements. 
(Some of the arguments for these formulations can be found in appendix A, handwritten deriva-
tions of September 24, 2015.) 

Given that Lo = mvoro, then the term 
mvo

2

ro 
 in (28) may be rewritten as:

 
lovo
ro

2
mvo

2

ro 
=   . (29)

 In the general orbital case, v = rω so the term 
sp   pω

ro
 in equation (28) may be rewritten. It is 

necessary to introduce a new concept for the formulation of this term. Consider a synthetic veloc-
ity, vs, given by vs = roωp, this is a hybrid cross term involving the radius of the particle orbit and 
the spin rate of the particle. The ‘synthetic velocity’ is the particle-centric velocity of the orbit cen-
ter as it sweeps by a point on the particle in the particle’s frame of reference. Using this definition, 
the ‘spin’ term may be rewritten as:

 
sp   pω

ro

spvs

ro
2=   . (30)

Note that these scalar equations are representations of a vector form. For example, equation (29) 

has a vector representation of 
lo ×vo

| r | 2
 and equation (30) has a vector representation of 

sp×vs

| ro | 
2 . 

These new forms may be used to rewrite equation (28) with vectorized terms as:

 
lo×vo|FN |

2 + – |FN ||∆F | = •
| r o  | 

2

sp×vs

| r o  | 
2   . (31)

 Equation (31) is a nice parallel expression. This equation is still a scalar equation although it 
has vector terms in its body. That is because the two vector cross product terms are combined as a 
dot product. Note that the dot product of two vectors is always a scalar result.  
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The spin-coupled force is always a radial force which points either towards the center of the orbit 
or away from the center of the orbit. The two vector terms of the dot product in equation (31) are 
the spin-dependent terms, the first vector being the orbital spin term and the second vector being 
the body spin term. If  either of these vectors has a magnitude of zero, then the dot product will 
collapse to zero and the spin-coupled force will be zero resulting in a purely Newtonian force. If  the 
two vector forms are orthogonal, then the dot product will be zero as well. 

 The matrix of possibilities for all orthogonal directions of the spin vectors may be seen in 
the handwritten table of appendix A. For the case of a mass, m, spinning at an arbitrary angle to 
the orbital plane the vector formulation will easily handle the computation using equation (31).
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7.  THE ORBITING GYROSCOPE EXPERIMENTS

 When written in the new form, the suggestion of feasible experiments becomes apparent.
The first experiment proposed was to rotate a small gyroscope about a central axis with a ≈20.3 cm 
radius (8 in) at an orbital rate up to 10 Hz. A hobby gyroscope available from commercial sources 
was proposed for use. The gyroscope had an aluminum frame and a brass rotor disc. The brass disc 
weighed 0.112 kg. The total weight of the gyroscope including the frame was 0.145 kg. Calcula-
tions were performed using the scalar formula of equation (28) for the spin-coupled forces on the 
gyroscope. It should be noted that the spin-coupled forces act toward the center of the orbit in co-
spin, reducing the effective centripetal force. For anti-spin, the spin-coupled forces act away from 
the center of the orbit to increase the apparent centripetal force. These calculations are shown in 
table 1. The MathCad model for these calculations is presented in appendix B.

Table 1. Calculations for the gyroscope orbiting at 10 Hz using the scalar 
formula of equation (28) for gyroscope spin rates of 10 to 60 Hz.

Spin 
Rate
(Hz)

Zero Spin
Force

(N)

Co-spin
Force

(N)

Anti-Spin 
Force

(N)
% Difference

Co-spin
% Difference

Anti-spin
10 116.32 115.78 116.86 –0.46 0.46
20 116.32 114.17 118.52 –1.85 1.89
30 116.32 111.56 121.35 –4.09 4.32
40 116.32 108.01 125.48 –7.14 7.87
50 116.32 103.63 131.12 –10.91 12.72
60 116.32 98.52 138.66 –15.30 19.21

 For gyroscope rotation rates of about 60 Hz, the new model predicted a change in the cen-
tripetal force by a factor of about 15%. An educational apparatus of the type used for college phys-
ics experiments with centripetal forces was first procured and modified for this work. This device 
has an adjustable radius, a rotational orbital speed sensor, and a load cell with Bluetooth® com-
puter interface for measuring the centripetal force. This device was called the V1 (fig. 3). An optical 
spin sensor was also developed and mounted on the gyroscope with a 400 MHz radio frequency 
data link to the computer.

 The gyroscope was freely rotating, being initially spun up by an external detachable motor 
before use. The educational unit could measure a maximum force of only 50 N which limited the 
experimental range. This experiment was tried but was plagued by bearing friction which rapidly 
spun down the free-spinning gyroscope when the orbital motion was started up. There were mea-
surable deviations in centripetal forces during the orbit of the gyroscope, but meaningful measure-
ments of these anomalies could not be made because of the rapid spin-down of the gyro.
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Figure 3. The first experimental device, the V1, used a modified educational 
apparatus for centripetal force measurement to ‘orbit’ a gyroscope. 

 The theory that was derived in equations (28) and (31) is quasistatic. That means that all  
the derivative terms were thrown out in the equations of motion as formulated by Pope and 
Osborne. For the equations to be valid, the radius of the orbit must be constant (ṙ = 0), the orbital 
speed must be a constant ( ⋅ θ = 0), and the spin rate must be constant (ω∙  = 0). The very instant the 
radius, orbital rate or spin rate changes, the equation is no longer valid. In the case of the ‘spin 
down’ of the gyro, the term ω∙  is nonzero. It was decided to build a new version of the gyroscopic 
experiment using better hardware to try to address these issues. A commercial bearing, a new 
motor, larger load cell, and stronger arm were all procured. The ‘spin-up’ motor for the gyroscope 
was permanently attached to the gyroscope so that it could run continuously at the maximum 
rate. The existing Bluetooth® interface was connected to the new load cell which had an extended 
range of 200 N. This new experiment was called the ‘V2’ (fig. 4). The V2 could easily run at orbital 
speeds >10 Hz, although this was getting dangerous. A Lexan® safety shield was installed in case 
of device failure.
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Figure 4. The improved orbiting gyroscope device (called the ‘V2’).

 New experiments were completed with this configuration at orbital speeds up to 11 Hz.  
The gyroscope was still plagued by problems with bearing friction in not only the gyro but also 
the gyro drive motor. Even with a motor powering the gyroscope, the bearing friction caused 
great deviations in the spin rate of the gyroscope as soon as the orbital motion was initiated. This 
friction caused the gyroscope speed to be unsteady. During the experiments, centripetal force 
measurements did deviate from the calculated values, but these deviations were unsteady and 
impossible to evaluate. The data were not useful.
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8.  SPIN-COUPLED FORCES ACTING ON ATOMS WITH NUCLEAR SPIN

 After much thought, it was determined that measurable forces will act on atomic nuclei 
when the atoms are placed into orbital or circular motion. Indeed, for each point on the surface of 
the Earth, all atoms are already in circular motion due to Earth’s spin. It was determined that an 
experiment based on circular motion of aligned nuclei might produce fruitful results. An advan-
tage of this experimental approach is that the nuclei of atoms do not ever spin down. The formula 
in equation (28) can be used to calculate the spin-coupled force on an atom which has an intrinsic 
spin and is undergoing a circular orbital motion with body-centered forces. Pope and Osborne 
never considered a case such as this involving the oriented spin of atoms in circular motion. The 
motion of a spinning particle on Earth’s surface at a latitude of 34.5° N (Huntsville, Alabama) is 
shown in figure 5.

The spin-coupled force
acts in the radial direction
(co-spin shown).

The spin-coupled force 
can be resolved into 
horizontal and vertical 
components.

The weight acts
towards Earth’s center.

Equator

Equator Radius: 6.373E06 m
Equatorial Velocity: 464.7 m/s
Velocity at 34.5°: 382 m/s

S

A mass on the Earth’s
surface moves about
on a great circle at the 
latitude of the location
vlat = vo = 382 m/s

ve

vlat

34.5°

Latitude
34.5°

Earth
Rotation

fH fV∆f

∆f

N

ω

Figure 5. The motion of a particle on the Earth’s surface at 34.5° N latitude 
(Huntsville, Alabama).
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 The element Bismuth-209 (Bi-209) was taken as a good example to use as an atomic 
benchmark for the nuclear spin-coupled force computation. Bi-209 has a large spin of 9/2; is 100% 
isotopically atomic number 209; is cheap, readily available, and nontoxic; has a low melting point, 
and is easily worked. If  the mass of the nucleus, nucleonic diameter, and spin of the nucleus is 
known, then an effective moment of inertia can be calculated for the nucleus if  we are willing to 
suspend our disbelief  regarding the actuality of atomic spin. This suspension of disbelief  is required 
because the calculated ‘surface’ velocity of the nucleus can easily exceed the speed of light due to 
the high spin rate. Experimental observations of the mechanical aspect of quantum spin have been 
performed in an experiment proposed by Einstein and de Haas in 1915. This effect has been called 
the Einstein-de Haas Effect.4 In this experiment, an iron cylinder suspended by a thin thread is 
magnetized by application of a pulsed current to an encompassing solenoidal coil. When the coil 
is energized, the cylinder immediately begins to rotate. This mechanical spin is induced because 
of the combined angular momentum of the electrons which were suddenly coerced to align in the 
same direction. A similar but inverse experiment was conducted by Barnett5 who demonstrated that 
mechanically spinning an iron cylinder will create a magnetic field due to the induced axial alignment 
of the electrons. These experiments proved that quantum states can be linked to observable 
mechanical properties in a very real way. The following properties may be calculated for the Bi-209 
atomic nucleus in table 2.

Table 2.  Bi-209 properties.

Atomic Number z = 83
Atomic Mass A = 209
Mass 3.47e–25 kg
Isotopic Ratio 100%
Radius of Nucleus rBi = R0 × A0.333, 

where A = 209, R0 =1.2e – 15, and 
rBi = 7.12e – 15m

Moment of Inertia I = 2
5

m r 2, IBi = 7.037e – 54 kgm2

Spin, J 9/2

Nuclear Angular Momentum NAM = h√J(J + J) = 5.245e–34 J sec

 The formula in equation (28) was used to calculate the spin coupled force acting on a bismuth 
atom which is aligned with spin parallel to the rotational axis of the Earth. These calculations are 
shown in appendix C. The calculations indicate that in co-spin, at a latitude of 34.5° (Huntsville, 
Alabama), the apparent weight of the bismuth atom will increase by a factor of 2.69. In anti-spin, 
the bismuth nucleus will experience a force that is a factor of 2.29 greater than its weight in the 
upward direction. In the calculations of appendix C, only the nucleus of bismuth is considered as 
the mass of the electrons will account only for a very small part of the total force. It is possible to 
calculate relativistic corrections for the spin rate and the angular momentum of the bismuth nucleus. 
Use of these values for the calculations will yield different results for the spin-coupled forces. Often, 
these ‘g’ factors may have values of 2 or more for quantum mechanical properties. Such corrections 
are beyond the scope of the current study.
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 These calculations suggest a method for reduction or increase in the apparent weight of a 
body (or even levitation) by producing a net alignment of atomic nuclei in the spin active mate-
rial of the body. For non-aligned materials (the ordinary case) these co-spin and anti-spin forces 
cancel out because there are as many nuclei oriented upward as downward and leftward as right-
ward. That explains why these non-Newtonian forces have never been previously noticed. The only 
people who seek to align nuclei are NMR researchers, and these people never bother to weigh their 
samples. In most cases NMR samples are placed in an extreme magnetic field (>2 Tesla) which also 
makes weighing difficult or impossible in most cases. 

 For a chunk of bismuth metal, these results must account for the mass fraction of aligned 
nuclei. In most ordinary situations, even for very high magnetic fields and cold temperatures the 
alignment fraction is limited to a very small fraction of the total. Development of the spin-coupled 
force for a propulsion technology will require significant improvements in nuclear alignment 
methods.
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9.  THE BISMUTH ROTOR EXPERIMENT

 An experiment was devised which combined the results of Barnett5 and Wallace6 to induce 
atomic nuclear alignment in a device with a cast bismuth disc spinning at a high speed in a mag-
netic field. Like the rotating cylinder of Barnett, electrons will align due to self-magnetization. 
Aligned electrons will tend to transfer their alignment to the nuclei as predicted by Overhauser.7 
The bismuth nuclei in the disc are moving through a magnetic field with a gradient which induces a 
small fraction of the nuclei to flip parallel to the spin axis. The device also relies upon the Wallace 
Effect which states that the nuclei of elements with nuclear spin would partially align in a spinning 
disc owing to the interaction of the nucleonic gyroscopic moment with the torque on the disc. The 
combination of these two effects were arranged to act in the same direction for maximal effect. The 
rotor device designed, fabricated, and tested at NASA Marshall Space Flight Center (MSFC) was 
called the ‘V3’ (fig. 6). This was the first experiment which used nucleonic spin as the origin of the 
spin-coupled force.

Figure 6. The rotating bismuth disc experiment (the V3) sitting on a scale.
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 Wallace also proposed that this alignment will induce a kinemassic force field which inter-
acts with gravity. The existence of some sort of field is not posed by the POAMS theory and was 
not considered here. The simple device was placed upon a scale to measure only the vertical com-
ponent of the spin-coupled force. In operation, the main axis of the bismuth rotor is aligned paral-
lel to the orbital axis of the Earth for maximal effect. A picture of the setup with annotated labels 
is shown in figure 7.

 This experiment could be run either co-spin or anti-spin. In co-spin mode, the rotor is ori-
ented parallel to Earth’s axis and turns in the same direction as the Earth’s spin. Also, the magnetic 
field must be oriented with north pole up so that the nuclear spin is also co-spin (according to the 
classical ‘righthand rule’ of physics).

Figure 7. The V3 device with annotations showing the various parts.



21

 For anti-spin, the rotor must turn opposite to the spin of the Earth and the north pole of 
the magnet must point down so that the nuclear spin is also opposite the spin of the Earth. The 
magnetic field must have a gradient so that the north pole field is stronger than the south end of the 
field in the rotor. This magnetic field will induce a torque on the bismuth nuclei to flip the nuclei 
and align them due to the nuclear moment of the atoms. This spinning rotor then mimics Barnett’s 
cylinder and Wallace’s spinning disc to align some small fraction of the nuclei. 

 Any element with nucleonic spin could have been used for the rotor. These include lithium, 
berylium, cobalt, copper, aluminum, hydrogen, sodium, rubidium, and many others. Metallic bis-
muth is a logical rotor material, given its chemical stability and ease of fabrication. The low electri-
cal conductivity of bismuth also helps to reduce magnetichydrodynamic (MHD) currents driven in 
the rotor by the magnetic field. High electrical currents can heat the rotor which acts to destroy the 
nucleonic alignment.

 This device was first tested on October 7, 2016, at the NASA Propulsion Research Labora-
tory. In attendance were Richard Eskridge, Mike Nelson, and Chris Milam, the CEO of QM. The 
device was placed on a six-digit OHAUS scale model EX10202 with a total capacity of 10 kg and 
a resolution of .01 g. Power was provided by wires which were carefully supported to minimize the 
effect of wire weight and flexure when the motor was operated. The device was initially operated in 
the anti-spin mode, which according to theory, would lessen the apparent weight when the motor 
was operated. 

 Upon operation, the device immediately lost about 0.3 g. This initial loss of weight did not 
inspire much excitement because this weight loss  could be due to thermal buoyancy or aerody-
namic forces. Is was then decided to configure the device for co-spin mode. This was done by flip-
ping the rotor and magnet assemblies over, requiring a disassembly and reassembly of the device. 
Upon running the new configuration, the device gained 0.3 g of weight. This was a remarkable 
result. A multiphase motor was used of the type employed by electric gyrocopters. These motors 
have three digital phases, and the direction is controlled by relative phasing of the three pulsed DC 
signals in the wires. This kind of motor does not have a reversal of DC current which might explain 
a reversal of forces. The amount of bismuth in the rotor was 211 g. 

 The weight of the rotor had apparently been countered by 0.14%. These results matched the 
theory. This would correspond to only a very small alignment fraction of nuclei. A large alignment 
was not expected due to the very weak method of excitation (physical rotation and a magnetic 
field of only 2,000 gauss). These results would be repeated many times. It was notable that the test 
results were lessened each time the device was tested. After several tests, the effect would disappear 
altogether which was a confusing result. The external magnetic field of the magnets was measured 
from test to test and did not change. When a new device was assembled with new magnets, the 
effect returned with equal force. It was later suspected that this was due to some phenomenon in 
the rare Earth magnets which were used. The V3 device was rebuilt to produce a ‘V4’ device which 
was much easier to switch from anti-spin mode to co-spin mode without disassembly (fig. 8). 
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Figure 8. The V4 device at NASA MSFC on November 14, 2016.
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 The V4 had a SS304 machined outer shell which reduced the MHD heating effects com-
pared to the aluminum outer shell of the V3. Radio-linked remote control and onboard battery 
power was used on the V4 to permit wireless operation. A picture of the V4 rotor which was  
constructed by casting bismuth into a SS304 shell is shown in figure 9. 

Figure 9. The V4 bismuth rotor after casting and final machining.

 After these first successful test results, the experimental efforts were taken out of NASA 
to QM facilities. NASA MSFC helped QM build a new rotor device called the ‘V5.’ The V5 had 
improved framing, a new magnet cage assembly, better bearings, instrumented motors, and a data 
acquisition system. Successful tests producing high quality data were conducted with the V5 at 
QM. This V5 data and the V5 itself  remains in the possession of QM. No further work was con-
ducted at NASA MSFC after construction and initial tests of the V5 due to lack of additional 
Space Act funding by QM. The work at NASA has not continued due to limitations imposed dur-
ing the Space Act proprietary period. At the time of this writing, this proprietary period has ended, 
and NASA may therefore continue the research without limitation if  desired.
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10.  CONCLUSIONS

 Reformulation of the POAMS equations enabled the conception of experiments for testing 
of the theory. Simple experiments were conducted at NASA MSFC for the purposes of exploring 
the existence of a spin coupled force. Rudimentary and preliminary data appears consistent with 
the predictions of a spin-coupled force based on the alignment of nucleons in a spin-active atomic 
material but additional research needs to be conducted on the theory and experiments with careful 
methodologies and measurements. Stronger measurements may be realized if  effective methods for 
inducing nuclear alignment in spin active materials can be devised. 
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APPENDIX A — THE SPIN COUPLED FORCE DERIVATIONS OF 9/16/15
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APPENDIX B — CALCULATIONS FOR AN ORBITING GYROSCOPE
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APPENDIX C — CALCULATIONS FOR A BISMUTH NUCLEUS  
ALIGNED ON EARTH'S SURFACE
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