8 - Aberration of light.

This section will study some consequences of assyithie "Assertion ¢" about the speed
of light introduced in Section 6. Summarizing thea behind such assertion:

According to the model, a standard light source®simultaneously many "lights”
(equally modulated disturbances) of different sgaethtive to the emitter but

“only the light-type disturbance of speedetative to the elementary physical detector
manifests its features (wavelength, modulationapzédtion,...) at the detector”. The light
detectable by adementary physical detector (e.g. by an electron) is of seuhat of speed
c (03*10° m s relative to the elementary detector. With thosguanptions, the observed
constancy of the speed of light can be explained within a model in which the @alil
transformation is assumed to be valid.

Note: such supposition is called assertion (instead of amypothesis) because it can be
deduced from more fundamental hypothesis of theaemnod

Angular aberration.

(The analysis will be limited to two dimensions).

Let 8 be the direction in which a telescope sitting nef@rence frame S must be pointed to
see a given sta@ is the angle that the axis of the telescope maftbsthe x axis of S.

It is asked: in which directio® must be aligned a telescope sitting in anothfereace
frame S' to see the same star ?.

Suppose that S’ moves at speed v along the x &%is o

- In the simple case in which the reference frane&so the rest frame of the observed
star, the sought directidh of the telescope associated with S' is easilyided with the
assumption that the "photons" detected by thedefessitting in S’ are those of speed ¢
relative to S' (assertion c):




Fig[8-2]

The Fig[8-1] represents, in the reference framéigts” of different speeds arriving to a
telescope sitting in S. Those light-type disturlenlcave been emitted at different epochs
from a given star. Since they all reach the obse®weith the same angle it must be
supposed that the star has not moved sensiblyveetatS during all the time interval in
which those lights were emitted.

The Fig[8-2] shows a light of velocity relative to S that has therefore a velociy= cs
+ (-v) relative to S’. To be detected by S’ this light mave a speed

|cs| = crelative to S'. The ang@ that this light, detectable by S’, makes with thes x’
can be obtained from:

The sine theorem gives

Sina _ Sin(n-0)

[8-1]
v C
but a=6-6" and Sim0) = Sin® therefore:
. V..
Sin(6-6') = ESlnG [8-2]

Notice here (and below) that the formulas for thereation proposed by the model do not
take into account the velocity of the referencentea S and S' relative to the aether. The
formulas do depend on the velocity of the obsestadrelative to these frames used in the
discussion.

Eq[8-2] is different from the classical expressafrthe aberration that assumes an aether
associated with S and therefore a light speedshnt not in S'.



The following is an expression giving the angualberration according to the Special
theory of Relativity:

_ SinB+v/1-v?/c?

1+ Ccoso
C

Sine" [8-3]

It can be seen that fér= 172 the proposed expression [8-2] predicts the saahe of0'
as the relativistic formula of angular aberratidtar v/c of the order of say 0.1 or smaller
the Eq[8-2] does also give very similar predictibomshe relativistic formula whatever

- In a more general case let@ifferent from S) be the reference frame in witich
observed star is at rest. Let this star be somemihahe XY plane of & Suppose that S
moves at a velocitys relative to $ and that again S' moves relative to S at a velacit
along its X axis. Let the X and Y axis of the 3nfigs be aligned.

Let the x and y componentswfandv be respectively:

Components ofsin & &= {Vsx, Vsy} Wwithvgy # 0

Components ofv in S v = {v, 0}

A first part of the problem consists in finding sewector of $whose direction joins the
star with the position of3n which the detection will simultaneously be maxyeboth the
S and the S’ telescopes. tbe such vector representative of the directionglehich
travel in § all the radiation flows (lights of different spe@dnd in particular those that
will be detected by the telescopes sitting in S iardl.
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Fig[8-4]

Cs Is the vector of modulus ¢ (assertion c) repriésgrihe velocity of the light detected in
S (that makes an anddewith the x axis) . From Fig[8-4]:

VR =Cs + Vs [8'5]
whose components are:

Vrx = - € COP + vsx
VRy = - C SinB@ + vgy [8-6]



According to the above suppositions, the velocitihe frame S' relative to the frame S
associated with the observed star is:

Vs =Vs+V [8-7]

From the knowledge of this velocity and of the difen ofvg along which travel the
radiation flows in it can now be deduced the direct@rof S' along which must be
aligned its telescope. It will again be admittess@tion c) that the radiation flows detected
by the telescope of S' are those of speed c rel&did'.
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Fig[8-8]

Cs is the vector of modulus c (assertion c) repriasgithe velocity of the light detected in
S' (that makes an andgdewith the axis X'). Therefore from Fig[8-8]:

Cs = kVR - Vg [8'9]
with the condition:
|cs|=c [8-10]

from the knowledge of the x and y componentsgoéndvs and therefore afs the
condition [8-10] takes the form:

¢ =[K (- c COB +Vsx ) - Vsx- V] 2+ [K (- ¢ Sin® + vsy ) - Vsy] 2 [8-11]
which allows to express the accessory constantérins of given magnitudes.
Finally the anglé' of aberration observed by S' can be given by:

Sing = —Cov _ _ k(vgy — €SinB)—vg,

C C
where k must be obtained from [8-11].

[8-12]



NOTE 8-1

Two different expressions for S@can be obtained (corresponding to the 2 possible
solutions of k in EQ[8-11]). These expressionsaabdt lengthy to be included here. One of
them predicts aberration angles irsi&iilar to those predicted by the Special Theory
Relativity (Eq[8-3]) as can be seen in the follogvable:

6=45° 0=90° | 8=135° 6=180°

Vsx=0, \ey= C/3 | 20.17¢ | 41.250 | 20.17¢ | -13.75:

Vsx=C/3, wy=0 | 38.167 | 41.25: 23.60¢

Vsx=0, Wwy=0 29.17C | 41.25: 29.17(

0
0
Relativity [8-3] | 29.16¢ | 41.250 | 29.17: 0
Aberration 6-0") in seconds of arc for v =216 060 Km s

Notice that the first two rows of the table give tbrediction for very high speeds
(1/3 c) of the observed star (or rather galaxygtre to the frame S in whidhis
measured. The prediction is in some of these valagsdifferent from that of Relativity.
Nevertheless to check this prediction the astromomsst be sure that the observed star is
(was) moving at very high speeds relative to thelE#dn section 9 it is defended that
according to the model the red shift by itselfad a guarantee of relative speed.

Temporal aberration.

Let © be the direction in which a telescope sitting mref@rence frame S must be pointed to
see a given sta is the angle that the axis of the telescope mafkidsthe x axis of S.

Let t= be the epoch of emission of the star's light thetS telescope is detecting at t=0.

It is asked: at what epocla Was emittedhe star's light that a second telescope sitting in
another reference frame S' detects also at t=@#btind same position?. (The time
increment g - t'= can be called "the temporal aberration" of the ls¢dween the frames S
and S'").

Suppose that at S' moves at speed v along thes>oa 4.

Suppose that the telescope of S is placed atigswaf coordinates and suppose that at t=0
the telescope of S' is passing through this pos(iie. the origin of coordinates of S).

It will be supposed that the observed star hadgrofeant movement relative to S, or
more precisely that the star was in the same positi S at both passed pertinent epoghs t
and t. Let then bed the distance of the star to the origin of S.
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Fig [8-15]



Thec of Fig [8-15] represents a “light” (also callecdiation flow" in the model) of
velocity c relative to S.

Thec; isalsoa velocity relative to S. It represents a sloveeliation flow also emitted by
the star at an earlier epoch. The x and y compsradrthis velocity relative now to S' are:

{-c,CosB-v, -c,Sind}

The radiation flow (of aetherinos) detected bat $he epoch t=0 was emitted by the star at

the epoch:
te = d [8-16]
C

The radiation flow (of aetherinos) detected atghech t=0 by the™ telescope moving
with S' was emitted by the star at an epaghthiat can be calculated solving the two
following equations:

(c,Cosb+Vv)*+(c,SinB)*> =c* (assertioforS) [8-17]

t'. = - d [8-18]
CZ
which gives:

2v Cosf+4/2,/2¢? —v2 +v2 Cos28

te =-d
E 2(02 _VZ)

[8-19]

For a giverd and v, the absolute value of |-t | takes its maximum values fé= 0 and
=1

For example, foB=0 using [8-16] and [8-19] the "temporal aberratiadopts the simple
expression:

\Y

te—th = dCZ—CV

(for0=0) [8-20]



Examples of observation of the temporal aberration
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Fig [8-22]

Fig[8-22] represents “lights” of different speetisaken lines), emitted at a distant star,
arriving at two telescopes (@nd Q).

Suppose for example that these telescopes (ratid¢t@ctors) are orbiting a central body
B at a constant speed v.

Suppose for simplicity that the central body Btiglaepochs at rest relative to the emitting
star and at a distanddrom it. Let B define the reference frame of dgsioon.

Suppose that t=0 is the epoch at which the telescape observing the distant star and
suppose that at this epoch t=0 the telescopie oving at a speed v directly away from
the star while the telescope {3 moving at a speed v directly towards the gtacording

to the “assertion c”, the telescope Wl detect the light that has speed c relativé tnd
hence a speed c+v relative to the description fBnt&imilarly the telescopeQvill detect
the light that has speed c relative to it and hespezd c-v relative to the description frame
B.

The light being detected at t=0 by fas travelled all the way from the distant sta at
speed c+v relative to B. (Note: according to thelelpall the “lights” move at constant
velocities in the so called “rectilinear referericemes”). Similarly the light being detected
at t=0 by Q has travelled all the way from the distant staa apeed c-v relative to B.
Therefore the light being detected by & t=0 was emitted by the star at the epoch:
te1=0— d/(C+V)

while the light being detected by, @t t=0 was emitted by the star at the epoch:

teo = 0 — d/(c-v)

The so called “temporal aberration” between the tslescopes will therefore be:

ter - teo = — d/(ct+v) + d/(c-v) = 2d v Re) [8-22]



Examples:

1)

Suppose that the body B is our Sun and thas@n earth-telescope observing the distant
star at a given epock-0, while G is an earth-telescope observing the distant stam a
epoch %, six months later than, twhen the Earth is in the opposite side of itstoilthe

time interval between the emission of the lighedetd by @ and that detected by,
(subtracting half a year to the value given by B)2vill be, in years:

ter-te = 2d Vv /(6V?) -0.5 [8-22a]

The orbital speed of the Earth around the sun dsvirto be v = 30 Km/sec = 1.0 *i@

If the observed star (or rather galaxy) is for eplmat a distance d=10ght years from

our solar system then the time interval betweerethission of the light detected by énd
that detected by Qwill be of approximately 199.5 years which is gligible interval in

the evolution time of a star or a galaxy but peghsignificant to observe changes in other
celestial bodies.

2)

Suppose that the body B is the Earth and thatr@ Q represent two opposite orbital
positions of some earth-satellite carrying a tedpscthat observes the distant star.

For example suppose that the “satellite” is the (lB&rnational Space Station) that
completes an orbit around the Earth every 92 msatan average speed (relative to the
Earth) of approximately v = 7.7 Km/sec = 2.6%10

The time interval between the emission of the ldgtected by ©and that detected by,O
is (subtracting 46 minutes (i.e. 0.000087 yearsh#¢ovalue given by [8-22]) will be, in
years:

ter-tep = 2dv/@v? -8.7¢10° [8-22b]

If the observed star (or rather galaxy) is for eplnat a distance d=1@ght years from

our solar system then, inputting v=2.6*16 , the time interval between the emission of the
light detected by ©and that detected by,@ill be of approximately 52 years which is a
negligible interval in the evolution time of a stara galaxy but perhaps significant to
observe changes in other celestial bodies.

Recovering the modulation of the emitted radiation

The description of light (or more generally of raihhn) proposed in this work assumes that
any ordinary emitter of light emits simultaneousiginy light-type disturbances in a wide
continuum of speed®lative to the emitter. For the present analysis those “disturbances”
can be thought asave trains that move away from the emitter at different speed

The model also assumes that an ordinary deteclayfhas a response to those
disturbances that depends on their spektive to the detector, the reason being that the
interaction cross section of the aetherinos (thatfze vehicles of light) with the electrons
(that are the elementary detectors) depends iecfspway on the relative speed of the



colliding aetherinos. The global effect on the d&ieof the weighted addition of all the
wave-trains is a disturbance (called light) that ba assigned a speed c relative to the
detector.

Consider the emission by an ordinary emitter oba coherent light of frequency

Suppose that the emission lasts a long time.

Consider an ordinary detector of light placed bigadistancel away from the emitter.
Suppose that there is vacuum between the emittethendetector. Suppose for simplicity
that the emitter is at rest relative to the detecto

It can be expected, according to the model (seeXample redistribs_eterinicas.pdf), that
the intensities of the different light-type distarfzes emitted by the emitter at the different
speeds v (relative to the emitter) has a distrdsugimilar to the one shown in the following
Fig[8-24]:
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It can be expected, according to the model, treatrésponsitivity” of a typical detector to
a light-type disturbance of speeglrelative to it is similar to that shown in thel@ling
Fig[8-25]:
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which is based on the hypothesis made by the nmbdethe collision cross section of an
electron with aetherinos of relative spegdsva function of the type:

[8-23]  olve] =a Exp[- b v&’] + & Exp[-b; ((c-vr))™]

with a<<a, b=1.255/é and p of the order of 10/

Note: the cross section [8-23] is considere@waanage valueover all the directions of

space because the electron is supposed to haveisatimpic but axial structure due to
which its interaction cross section with an aeti@depends on the direction of incidence
of the aetherino relative to the axis of the etatt(See more in the papers
redistribs_eterinicas_en.pdf and EvellAnex.pdf).

Due to their “longitudinal” dispersion in space ¢hase of their different speeds), the wave
trains emitted during some given time interval f£+At} do not all reach the distance
during an equally long interval {t, t} at the later epoch tgt+ d/c. One could then think
that when adding this longitudinal dispersion te #mgular dispersion (by which the
intensity of a wave decays in 3-D space a$ Jlthe intensity of the light described by the
model would decay with the distance faster thaf, blat a deeper analysis shows that, at
least in the case of a non coherent monochromghtdf frequency, such additional
decay does not take place. The reason is thaeiddtection interval being considered (i.e.
in {t, t+At}) they arrive many other wave trains that, althbuhey have been emitted at
epochs earlier or later than:{te+At}, they also contribute to strengthen the globalrey
(detected at {t, tAt}) since (1) they also have the frequencgnd since (2) the addition of
a big number of waves of the same frequency butaarnphases creates a wave whose
intensity increases as the number of component sviaceeases.

Note: In the case of adding a very big number wafes of equal intensity | and equal
frequency but random phases, it is well known that the tdsiwd wave of the same
frequency and of intensity n*I.

Demodulation of the radiation coming from distant emitters:

Suppose now that the carrier wave (of frequer)ag modulated in intensity in some
specific way. For example suppose that the enettgts at all epochs a carrier wave of
intensity | except during some short time intedta] t=+At} (being At >> 1A) in which it
emits with a much higher intensity. IAccording to the model of light, the pulse ohiig
emitted at {t, t=+At}(as do all the rest of “light type” disturbancesiitted by an ordinary
emitter) decomposes itself into a plurality of waraens of different speeds. All these wave
trains emitted during § t=+At} will participate of the higher intensity (compt with the
wave trains emitted in other epochs) introducethieyemitted pulse but, since they have
different speeds, only a few of these intense weaias will arrive at the detector during
the observation epoch {t, At}. Many other wave trains emitted before and atfter

interval {tg, t=+At} of emission of the pulse will be arriving simaitteously at the detector
at the observation epoch but these other wavestwilhnot carry the modulation (i.e. they



will not have the high intensities of the wave misaemitted during fte+At}). The result is
that the emitted pulse gets dispersed along thregigiropagation of light and is now not
reinforced by wave trains emitted in other epochw/as the case with the carrier wave of
frequency. Nevertheless, because an ordinary detector luf figs a specially high
response to the wave trains of speed close tdatiye to the detector), (see the resonance
peak in Fig[8-25]), it is at the epoch t=t/c that one can still expect to observe some
signature of the emitted pulse if it is not too mwbdscured by the other non-pulsed wave
trains arriving at the same time. The bigger tistaticed between the emitter and the
detector, the bigger will be the relative weightloé wave trains not modulated by the
pulse arriving at the more favorable observatioocépmnd therefore the more obscured
will be the modulation of the emitted wave.

Note: perhaps the reason why the SETI project baget found intelligently modulated
radiations coming from space is because their nadidums have been obscured due to the
long distances travelled by the signal.

Remodul ation of the radiation coming from distant emitters:

Method 1(technically complicated).
The goal is to detect a good number of the moddilateve trains emittedt a given epoch
{tete+At} with different speeds (that therefore arrive at our detectors at diffieepochs)
and then add (recombine) all these detected sigtigisshould all have remnants of the
modulation implemented at the given emission eptlptain a signal in which the
modulation is no longer obscured. Notice that wiingle detector the modulation of the
emission epoch being observed will be blurred mueh higher proportion by the other
wave trains emitted at other epochs that reachlsmeously this detector. The above
comments about thiexamples of observation of the temporal aberration (seeFig[8-22])
suggests a possible way of tackling the problemekample a sketch of a simple
“intelligent” receiver apparatus could be as foltow
Suppose that we want to recover the modulatioanyf) of a given radiation coming from a
distant solar system. Let our receiver apparatiin@éhe reference frame of description.
Letd be the distance at which was the distant emitben four receiver apparatus at the
epoch ¢ of the emission that we want to analyze. Our regawill consist of three primary
detectors that will be labeled,D; and . The detector Pwill remain at all epochs at
rest relative to the receiver as a whole. The dete®, and D will be moving at high
speeds relative to our receiver but neverthelesgireng in the vicinity of it (e.g. moving
back and forth). The detector Will be configured to deteend record the incoming
radiation when the detector is moving direeiyay from the emitter at some stable speed
v, relative to the receiver as a whole (and henagivel to the description reference frame).
Similarly, the detector Pwill be configured to dete@nd record the incoming radiation
when it is moving directlyowards the emitter at some stable speegdrelative to the
receiver apparatus.
As said above (assertion c) a primary detectorotietbe wave trains that move at a speed ¢
relativeto it. More precisely, a primary detector has a espgdiggh response (a peak) to
the wave trains that move at a speed c relative to
Therefore, at an epoch of detection t:



the detector Pwill mainly be detecting radiation emitted at #y@och ¢, = t-d/c

the detector Bwill mainly be detecting radiation emitted at #y@och #; = t-d/(c+w)

the detector Pwill mainly be detecting radiation emitted at #y@och ¢, = t-d/(c-w)
Therefore if the detectors, with the aid of somiévgare (or with calibrated delay cables),
are able to deliver, at any wanted later epdble information that they received at some
specific epoch, then what the receiver apparatust dwis combine the recorded signals
received by its detectors corresponding to the samnssion epoch.

For example, suppose that the receiver apparatutsw@recover the modulation of an
emission that was emitted by the distant emittéhatepochg Then:

the specific detection epoghat which a generic detectof &f speed ydetects the
emission emitted at the epoghutill be:

ti =t +di(ctv) [8-24]

(where y must be given a negative sign if the detectorasing directlytowards (instead
of away from) the emitter).

and combining the signals received by the primatgctors at their corresponding epach t
, it is expected that the modulation of the radiagmitted at the epochwill become
manifest.

Note: there should be vacuum between the emitikiagrimary detector because if there
is some “extinction medium” in between (like air,veater, or a thick glass,...) then the
medium will be the primary detector and the spdeslioh medium (relative to the receiver
apparatus) will condition which is the speed rekato the receiver of the light that it is
detecting.

Note: There should be no suspicion by the readgrthie “strange” response-function
represented in Fig[8-25] (with a resonance centateg = c) is an ad hoc hypothesis to
reach the results of the present analysis. Mangratimpler functions would lead to the
same consequences (in what respects the preséydiankke for instance a response-
function like the following Fig[8-25b] that was aid hypothesis of the model (later
discarded for other reasons:
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Method 2(technically simpler).

Suppose now a single detector of light. Let thigdi®r define the reference frame of
description. The “more significant” light-type disbances emitted by a distant emitter at
an epochg, when the emitter was at a distandeom the detector, will arrive at this
detector at the epoch t g+td/c (assertion c). Those disturbances travelingpeed c
relative to the detector are the “most significdmttause a primary detector is highly
responsive to the disturbances that reach it ellaéive speed c.

Suppose that the emission being studied corresgoralaon-coherent light of frequeney
that was modulated in intensity with some specifadulation.

If the distance d emitter-detector is big, it candxpected (within the model of light
propagation being defended) that the light deteateatie epoch t (in spite that its more
significant portion will correspond to the disturica emitted at the epoch t - d/c) will
have its modulation (the one implemented at thelefp) hidden (obscured) by the
immense majority of other disturbances (wave tjeahso arriving at the detector at the
same epoch (although with other, less responspexds). The carrier wave of frequency
made of the addition of a big number of non cohienegve trains of many speeds will
dominate the signal at the detector. This “domirsigntal” detected will appear to be a
wave of frequency, changing phasg, and average intensity |. Note: because the emitted
wave was modulated in intensity, the instantaneatesisity I[t] detected is expected to
vary in time (but in this model of light, if the éer is very far away, those variations will
be smoothed and will be relatively small at theedtr).

Suppose now that, with the aid of an interferometexecondary wave of frequengy
phaseptTi(i.e. opposite phasednd_constanintensity | is added at all times to the arriving
(primary) wave. (The interferometer will instanbyild the secondary wave from the
information of the primary wave by introducing dfh@ave delay). When adding the
secondary opposite phase wave to the primary orst odhe primary wave will be
cancelled (destructive interference). But the sdaopwave must have a constant intensity
| (of the same order of thaverage intensity of the primary wave). Such constantnstey
will need to be implemented by some adequate iitiefilser. Note: the secondary wave
must not replicate the same intensity oscillatiohthe primary wave (i.e. it must not
simply be the negative of the primary wave) becatlisieat was so, the destructive
interference would result in a null wave. Havingtead the secondary wave a constant
intensity | it is expected that it will cancel mastthe carrying wave letting the modulation
‘emerge”.

Notice thatin the classic wave theory of light, the intensity modulation of a wave “rides”
completely on the (unique) carrier wave just chagdiere and there its amplitude but not
affecting its phase. Therefore, if by some unknoeason the modulation ofckassic wave
became blurred without the carrier wave being blaaed, this method of making a
primary wave interfere with a secondary oppositagghwave of constant intensity would
be useless to make the (supposedly blurred) madualaterge because the secondary
wave, being opposite in phase not only to the eawnave but also to its amplitude changes
(modulation), would also reduce the intensity aflssupposed modulation. On the
contrary, in the model of light proposed, the matioh to be recovered would be
associated with a specific wave train (that of speeelative to the detector) and this wave




train will not have in general the same phase agkbbal disturbance (made of the addition
of many other wave trains) which is the one caeddlly the secondary wave.

Note: The calculations of this section haverb@ade assuming that the pertinent
radiation flows (lights) maintain during all thgiurney a constant speed when that speed is
measured relative to a non accelerated frame.
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