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The following is a talk delivered in a Saturday Seminar on té
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Osborne Angular Momentum Synthesis). The development adthe
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The Normal Realist Approach to Special Relativity
It is postulated that

(Al) The laws of physics are the same in all inertaifrfes.
(A2) Observational distance and time have a constaid of units, c, for all
observers sharing that same conventional choice «f. unit

Consider a clockk moving with uniform velocityj.e. with constant speedalong a
rectilinear path, relative to an obser@r After passage of timerecorded byO, X

moves a distance = vt. It follows, by using the conversion factoy X moves a
distance-time/c. Let us suppose that the same time interval as recosd€® clock

is T, as observed b®. It then follows simply by applying Pythagoras’s theoierthe

associated two-dimensional time diagram with coordgvdteandr that

t? =1 + (1/c)? (1)

Sincer = vt it follows from (1) that
= (1- (7)) 2)

- the standard time dilation formula of SR.

Consider any clock which moves with uniform velocity relative to an oh&erO.
Then relative tdD’s spatial Cartesian coordinatesy andz, after a passage of tinhe
relative toO, X travels a distancewherer? = x? +y? + 7, so that by (1),

=R+ + D (3)
The right-hand-side of (3) immediately provides and invampantity for all inertial
observers, theseparation between two events, the basis for Minkowski space-time
(MST).
Now suppose clockk moves with non-constant velocitit) relative to observe®
and letv(t) = ||v(t)|| denote the speed of the clock relativedtdt follows by (2) that
in this case, the relatively moving cloBkrecords proper timegiven by

T =@ =2t/ dt (4)

Relative to Cartesian coordinatesy, z), the speed of a moving object satisfies



VA(t) = ||v(®) || = (ddt)® + (dy/dt)® + (dz/dt)
Then (4) gives
é(dr/dt)? = ¢ —VA(t)
£ - (ax/dt)? - (dy/dt)? - (dz/dt)?

— -c’dt? = -CAdt® + ¢ + dy? + &7
In this way, the time dilation formula directly prova&lthemetricfor MST.

It follows directly from (4) that

thite = (1 =VA(t)/c?) ™2 =y(1)

This result is crucial in relativistic dynamics. This rfara, together with
considerations of conservation of momentum, leads tan#ss increase with velocity
formula and to the equivalence of mass and energy.

Consider two observef@ andQ’, each situated at the origin of a set of Cartesias ax
labelledx, y and z, and, y’ andz respectively. Suppose that moves along the-
axis in the positive direction with constant speedlative toO such that the’, y’ and
Z axes remain parallel to tbey andz axes respectively. Leétbe some passage of
time as recorded by a clock@is inertial frame and lett be the corresponding
passage of time as recorded by a clod®'is inertial frame. We suppose that the
observer®© andO’ synchronise clocks when they coincide at0, so that wheh= 0
at (0, 0, 0) relative t@®, t' = 0 at (0, O, 0) relative t0'. It follows from (Al) exactly
as in SR,

"% y(X—vi) (5)

for some constantto be determined. It then follows that sirf@@eravels at speedin
the negativex’ direction relative td’, then

X =y(X' +vt)
= X = y(yX —yvt + vt)
=t =y(t— (1 — BAxV) (6)

After timet relative toO, O’ has moved a distanse= vt. Then the same passage of
time, t’, as recorded b®"s clock relative tdO is given by (6) withk = vt, so that

v=y(t—(1- 1)) =ty (7)

But here,t’ = 1, the proper time recorded by the travelling clock, so (Ants the
same as (2), immediately giving

y = (1 =Vc?)™?

from which the special Lorentz transformation, camsgsof (5) and (6) follows.



The Pope-Osborne Angular Momentum Synthesis
It is postulated that affee motion is naturally orbital and that angular momentsim
holistically conserved. Such natural orbital motion @gplained in terms of
conservation of momentum, without the need to postalayen vacuo‘gravitational
force’ being responsible.
The natural orbit of any particle is the path described by the particle wékén
restrictions on its motion are removed, that is, ntiee particle moves freely under
the influence of nothing but its own angular momentum.
Consider an isolated paired system, in which a parflatd massm orbits a larger
bodyB of massM, whereM > m. P can be considered as orbiting an ori@inwhich
is the centre of mass Bt
Orbital angular momentuni, of P, aboutO:

L=r xmv,

wherer is the position vector d andv = dr/dt is the velocity o, relative toO, at
any instant of time. NoteL is perpendicular to the plane containmgndv.

By hypothesisL is constant in time. Hence, the orbit Pflies in a plane and =
L || is a constant. Also, sincé it =0,

diL/dt=vxmv+r xma=r xma=0,
wherea = dv/dt is the acceleration d? relative toO. Sincem# 0,r # 0 anda # 0,
this implies thata must be parallel to& and so the acceleration &fis directed
towardsO.

Since the orbit oP lies in a plane, we use plane polar coordinatasd6, wherer =
|r|| and6 is the angle between the radial veata@nd some fixed radial axis.

Exactly as in Newtonian theory, it then follows tha tibital speegv = ||v||, of P
is given by

V2 = (or/dt)? + r3(do/dt)? (8)
Also,

a=|al =|r"-r0?| (9) and L=mro" (10)

Hence, ifP’s orbit is acircle of radiusr andcentreO, then
L =mvr (11)

In general, since the acceleratiorPoik directed toward®, it must take the form



a= dr/dt? = -(h(r)/r)r (12)

thus providing the general equation of motion for the avb®. Then (9), (10) and
(12) give

a= |r*—r(0)|= | r" =L% () | = h(r). (13)
Forinitial simplicity, we require the orbit & aboutO to beclosed It then follows by
Bertrand’s theorem that eithfr) = o/r’ or h(r) = ar, for some positive constant
The only choice olfi(r) which agrees with observational and empirical evidesice
h(r) = a/r?. Leta = GM, whereG is simply a new constant, so that (10) and (13) are
then the same as the corresponding Newtonian equations
In particular, (13) gives

dr/dt® —L3(mPr®) = -GMIr? (14)

It is thus possible folP to follow a natural circular orbit, which, using (11) isen by
V2 = GMIr (15)

As in Newtonian theory, (14) may be integrated to give

(dt/dt)® + L%(mfr?) = 2GMIr + K (16)
whereK is a constant. Sind&s orbit is assumed to be closéd< 0.

Multiplying (16) by (r/L)? using (10) and then letting = 1t gives, as in
Newtonian theory,

(d/de)? + u? = (2GMnT/L?)u + Kmé/L? (17)

The solutions of (17) which are closed curves are ellipses.
Orbital Time Dilation
Consider again a freely moving partiéeorbiting a bodyB of masaM. It follows by
(15) and (4) that if the orbit ¢? is circular, then since the speed Bfis constant, the
time dilation determined by velocity effects alone is
1 =V(1 —GM/(rcd))t (18)

Here,t is the proper time as recorded Bg clock andt is the same passage of time
as recorded by an observer for whom the sped?l isfgiven by (15). The timeis

usually called ‘coordinate time’ in Relativity. This is WHRADAMS callsdeep space
time (DST).

If P follows a closed, non-circular natural orbit ab&jtit follows by (4), (8), (16)
and (10) that the time dilation caused by velocity alsna this case, given by



= V(1 - 26M/(rc?) —K/c?) dt

However, these results would apply equally welR ilvere travelling in a straight line
with the same speed

Hence, these equations do not take into account the faicthé natural orbits in
POAMS are not straight lines. In fact, they are egent to (4), which implies the
metric for MST, in which freely moving objects followaight lines.

If P is freely moving in aircular orbit aboutB, it then follows that the proper time,
as recorded by a clock travelling wigh relative to DSTR, taking only velocity effects
into account, is given by (18). Suppose the bBdy spherically symmetric and static.
Then any additional time dilation effect can depend onlioand the distance, of

P from B. We suppose that any such additional effect is proportionil/r and so
postulate that the true proper time as recorde®®ylock relative to DST is given

by
T =V(1- GM/(rc® —aGM/(rcd)t (19)

wherea is a constant to be determined. Rét GM/c?. Then by (15), (19) becomes

T =V(1 —VAIc? —aMmint
— -cX(du/dt)® = <%+ VP + aMcir

Since the speed &fin its circular orbit satisfieg = r(do/dt) by (15), it follows that
cde® = 41 —aMir)dt® + r?de? (20)

Equation (20) may be treated as a special case of thie metr
-c%dt? = -c3(1 —aMir)dt? + A(r)dr? + r’do? (21)

for a three-dimensional space-time wheg a constant. The coefficient di, i.e. A,
in (21) must be a function af alone, since the central magsis assumed to be
spherically symmetric and static. In MST, the pathdreély moving particles are
geodesicsin order for circular orbits satisfying (15) to be natwrbits in space, we
require that these orbits are geodesics in the spacenitimenetric (21). It follows by
standard differential geometry that all geodesics indiniscture must satisfy

dt/dr = (/A1 —aMir)™? (22a)

do/dr = pir? (22b)
28 /dt® + @ MIArP)(dt/dr)? + (A (r)/A)(dr/dt)? = (2r/A)(d6/dr)? (22¢)



wherea andp are constants. In the special case whisra constant, (22c) reduces to

(ac®MI2r3)(dt/dr)? = (dB/dr)?
— (do/dt)? = ac®M/2r?

It then follows that for any circular orbit, singe= r(do/dt),

V2 = ac?Mi2r = aGM/2r

Hence, in order for circular orbits given by (15) to be gelodeg = 2 Then by (19),
the true proper time recorded Bs clock in its circular orbit relative to DST is
given, as in GR, by

T =V(1 — BM/(rcd))t

Schwarzschild Space-time as a Consequence of Time Dilation

The coefficientA(r) in the metric (21) witha = 2, which is essentially the time
dilation formula for any natural orbit in POAMS, can determined by the fact that
the geodesics in this space-time must give rise to cumvgsace that are ellipses, or
at least almost ellipses, as dictated by Newtoniaarth POAMS and observation.

The geodesics for the manifold with metric (21) are giveedpyations (22) witla =
2. It also follows from the metric (21) that along ampdesic,

c(1 — 2vIr)(dt/dr)*(dt/dB)? — A(r)(dr/de)? —r? = c*(ck/d6)?
Then from equations (22a) and (22b) it follows that
(oPr*IB2c®) — A(r)(1 — 2vIr)(dr/de)® —r?(1 — 2xiIr) = (Sr*IpA)(1 — 2MiIr)

Lettingr = 1iu then gives

A(U)(1 — 2vu)(du/de)? + u? = K™ + 2Muc/B? + 2mu® (23)
whereK’ = (o%/c? — A/ Equation (23) describes any non-circular natural orbit in
POAMS. The term 2/’ in (23) is almost negligible for planetary orbits oredlides
orbiting planets. Hence, letting = Kn/L? andp? = L%/n?, (23) is very nearly

A(U)(1 — 2vu)(du/de)? + u? = (2GMnTf/L?)u + Kmé/L?

This equation reduces to (17) and provides elliptical orbitg bm(u) = (1 — 2vu)™
and hence the metric (21) must read



€2dt? = (1 — 2uIr)dt? + (1 — 2vIr) *dr? + r?de? (24)

This is the metric for the ‘equatorial plane’ of Schveatald space-time as derived in
GR. It is this metric which predicts the perihelion shifect.

Hence, in POAMS, conservation of angular momentugetteer with consideration of
time dilation effects inevitably leads to the perihelghiit phenomenon.

Notice that since (24) is derived from (19) wéh= 2, it follows thatr > 3 in (24).

Hence, in contrast to GR, in POAMS it is not possitd extrapolate and apply this
metric to ‘gravitational collapse’ to obtain patholaitspace-time singularities’.

For initial simplicity, it was assumed that in anyléded two-body system, orbits are
closed. Then Bertrand’s theorem gives (14) as the equafianotion and, as a

consequence, geodesic orbits are ellipses. However, toneedilation effects are

taken into consideration, POAMS predicts, just as ity @hat the natural orbits are
given by (23) withA(u) = (1 - 2vu)™

Spin in POAMS

In POAMS, any effects of spin are instantaneously tateée with the total angular
momentum. POAMS takes account of this by postulating tiatorbital kinetic
energy of an orbiting spinning particle depends on botlpitsksnetic energy and the
orbital kinetic energy it would have if it were not mping. This new approach
implies that the ‘gravitational constar®, has to be replaced by a more general
functiong of the orbital parameters.

Once again, only the case of a partieleof masamn, orbiting a bodyB, of massV,
will be considered. Suppose for the moment Ehdbes not spin and follows a natural
elliptical orbit aboutB, with radial coordinatey(t), and withangular speed(t). P's
orbital kinetic energyK, is given by
K = mw?/2 (25)
wherevy(t) is the orbital speed &f in its natural orbit. It follows by (8) and (10) that
Ko = m(ro)?2 + Loo/2

= L = Koo —m(ro)¥mo (26)

Now let P spin on its axis while orbiting the bods POAMS postulates that the

orbital parameters d®'s orbit will be directly affected by’s spin. Hence, by (26),
when spinningP follows a new natural orbit given by

L= 2K/ws —M(rs) /s (27)

where nowX is P’'s orbital kinetic energy, and(t) andws(t) are the parameters Bs
natural orbit, under the influence of its spin. POAMS plasés thatX depends on



both the orbital kinetic energit,, of P of the natural orbit it would follow if it were
not spinning and its spin kinetic energfy,

Clearly, the maximum possible effect due to spin occurswheither spins in the
same direction as its orbital motion, so tlkat acts withK,, or in the opposite
direction to its orbital motion, in which cagg acts againsK,. In the first case we
postulate that
7< = Ko + Ks
and in the second case, we postulate that
K= |Ko-Ks].
OnceX has been determined, it follows by (27) and (10) that
L2 = 2kmrs - ni(rs)? ré.
Sincel can also be determined(t) can be determined from this equation and then
os(t) can be found using (10). The fact tiRd orbital parameters are affected by its
spin gives rise to the fact that the equation of rmytj4), must be adapted to read

re - rsws = -GM/rs

that is,G is replaced by a functio& which depends on the orbital parametgrand
s G reduces tds when and only when (26) describes any natural, spin-lessadrbi
P.

If the orbit ofP is circular, this process is considerably simplified. In this case
vs® = 2K/m (28)

wherevs is the orbital speed d?. SinceX is known,vs may be determined by (28)
and therrs may be calculated using (11), i.e.

rs = L/mvs (29)
Finally in this case, it follows by (15) that

G =rVIM (30)

POAMS at the Quantum Level

In POAMS, conservation of angular momentum appligsomdy on the macro-scale
but also on the micro-scale, where the structure afema ultimately discrete, with
angular momentum quantised in discrete unity/2f.



The following example demonstrates that the paramétertie hydrogen atom can
be derived purely from considerations of angular momenalone, without the
classical assumption of the existence of an eleetiiosbrce (as in Bohr’'s original
derivation). POAMS conceives the hydrogen atom as an angulenentum system
of automatically paired and balanced masses, equival¢né tconventional ‘electron’
and ‘proton’.

Consider once again, a parti®?eof masan orbiting a bodyB of masaM, where now
the masses are of micro dimensions. SupposePthass a circular orbit abol and
thatm = 9.1093897 x 18" kg andM = 1.6726231 x 1& kg.

These masses just happen to be the mass of the sb-eddletron’ and ‘proton’
respectively. It must not be supposed that we are impljaugthe electron physically
orbits the proton in a circular orbit, or indeed in anytcmous classical orbit.

Assuming that our two-body system has a total angular mumewhose magnitude
is h/2z and that there are no spin effects present, it folloyw&l5) and (11) that

Vo = GmM/L= 2tGmM/h

where\, is the orbital speed d?. Taking the known value$y2z = 1.054572749 x
10%* Kg nf s* andG = 6.67259 x 18" N nf kg?, gives

Vo = 9.640627 x 18" m s™.

It then follows by (11) that the radius of the natunadudar orbit ofP aboutB is given
by

ro = L/mw = h/2tmw= 1.2 x 16° m.
This clearly demonstrates that orbital angular momerdgilane is not sufficient to

explain the parameters of the hydrogen atom. The imgitasgithat, in POAMS, the
effects of spin become significant at the quantum level

Notice that the orbital kinetic energy of the mRsas its spin-free natural orbit is

Ko=mwi/2 =4.23 x 107 J.

In POAMS, it is necessary to incorporate the intan@pin) kinetic energy of the
‘electron’ P in the calculation of its orbital kinetic energy s proper orbit about the
‘proton’ B. We proceed by finding the mechanical energy equivalgnt joules, of
the magnitude of the conventional ‘electron chagg&'his is given by

E=1lee

wherely is the kinetic energy required to ionize the hydrogematHere,lo ~ 13.6
volts ande = 1.60217733 x 1 coulomb. In POAMS, it is this mechanical energy-
equivalent of the static charge which is interpretedhasintrinsic (spin) kinetic
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energy K, of the ‘electron’ so that

Ks=E=2.179 x 13°J.
The orbital kinetic energy,, of the natural orbit oP, without taking spin effects
into consideration, is almost negligible comparedKfoThis means that we can take

K = Ks, whereX is the orbital kinetic energy of the ‘electro®’in its true ‘orbit’,

independentof the direction of its theoretical spin in retatito the plane of its
theoretical orbit abous.

It then follows from (28) that the orbital speeg,of P in its natural orbit, taking spin
effects into account, is

Vs = (2K/mM)Y%= (2Kgm)¥?= 2.1877 x 16 ms™.
Then from (29), the radiuss, of the natural orbit dP is given by
rs = (W2n)/mw = 5.292 x 10* m.

The parameterss andrs are the same as those predicted by Bohr's model and by
guantum mechanics for the hydrogen atom. In POAMS, thasameters can be
explained in terms of an ‘equation of motion’ of the fof®@) for some particular
value ofg. For this ‘natural orbit’ of the ‘electron’, (30) givélse value of;7 as

G =1 M = 1.5142 x 18 N nt kg*.

In this way, Coulomb's law of electrostatics is repthavith what is virtually the
Newtonian gravitational inverse square law, but with a @ffevalue ofG.

Opened for discussion.
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