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ABSTRACT: Published interplonetary radoer dotoc presents .
evidence that the relative velocity of light in ‘spSce is

c+v and not ¢ .

INTRODUCTION

There are three main theories about the relative veloctity:
ﬁf 1ight in space., The Newtonian corpuscular theory is rela-
tivistic in the GColilean sense and postulates that the veloclty
is c+v relative to the observer, The ether theoryrpostulates
that the velocity is o relotive to the ether, The Einstein
theory postulotes that the velocity is ¢ relative to the ob-
server, Thé Michelson~Morley experiment presents,éﬁtdencc
egainst the ether theory ond for the c+v theory., The ¢ theory
explains the results of this experiment by postulaiing ad hoc
properiies of space ond time, John G. Fox hag examined all the
:previous evidence in o reassonably unbdbisged manner and concludes
that there i3 no direct evidence that disproves etther of the
rematining theortcs.l o

RADAR TEST OF RELATIVITY

Interplonetory radar presents the firsi opporituntiy to

overcome $echnological Iimitations and perform conclusive ex-
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periments, The rador observations are capable of measuring the

distonce with on accurccy of + 1.5 km, the only imporiont var-

icble being the relative velocity of light in space. The

Eorth's rotaition could cause o moximum difference in colculated .|

distance between the two theories of 260 km when two rodar sta-
tiona, one on either side of the Eorth, observe Venus ot the
some time during inferior conjunction, This difference would
increcse os the distance between the Eoréh and Venus increased,
The incorrect theory would show Venus to be at different geo-
centric distonces o¢ the some iime, Published interplanetary
rodor analysts presents evidence against the ¢ theoru.‘? The
Lincoln Laboratory has made o complete ¢ analysts of all the
radar data up to 1966, The Etnstein General Relativity time
delay goodness-or-ft‘t for the U.S. Massachuseits rodar atation
was 1,57, the value for the FPuerto Rico station uwas .97, the
volue for the U.5.8.8. Crimeon station was 7.10. The article
states "Although neot Iapporcnt from inspection or Fig. &, the
residusls of the U.5.5.R. time-deloy are systematically nego-
ttve relative to the Arecibo ond Lincoln Loborotory residuals
during the time period (June 1964} when all three groups were
observing Venus., This incompatibility cannot be removed by
assuming simply that different units of time were used by the

different observatories, The apparent discrepancy of up to

five times the guoted mecsurement error thus remoins unexplain-

ed." The incorrect theory would also show changes in caloula~-
ted distonces that would be proportional to varictions in the
relative radiol velocity of o single radar station ond Venus.

The ¢ theory predicts an insignificont variotion due to the es- '

timated moximum omount of intervening plasma, while ithe ce+v
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theory predicts o significont variction. Radar again presents
evidence against the ¢ theory, 4 published ¢ analysis or al}
the Lincoln Lob's 1961 radar dato on Venus, showed grophed ver-
iattons in the colculoted values of the o,u. thst were far
lorger than their moximum estimate of all possible crrors.J
They contain o datly component that fs proportionsl to the vel-
octty changes due to the Earih's rotation, o 30-day component
that is proportional to changes in the Earth-Moon rotation, and
6 synodic component that ils proportional to changes in the rel-
ative solar orbiltal velocities. Thess changes could not pos-
sibly be due to gravitationol vartations becouse the Lincoln
Lab's complete ¢ onslysis showed planetary moss volues extre-
mely close to those used by Newcomb when he coloulated the eph-
emeris used in the a.u, coloulations, The Lab eliminated these
varistions when evoluating the dats by using the leost-mean—
square curve fitting method., In their book "Rodor Astronomy®
poge 159, Irwin I, Shapiro states "If the theory is wrong, the
values of the parometers will usually be selected from the daisc
in o manner that tends to cover up the inadequocies of the
theory (for example, if least-mean-square curve ITitting s em-
Ploved)."* Foge 170 of this book shows that the amplitude of
the 1961 30-doy variation made ot 440 Mofs is about five times
larger thoan the omplitude of the 30-day variation tn later dato
made ot 1295 Mc/s. This presents evidence that part of the 30-
doy variatfon is due to intervening plasma, The amplitude of
this varistion s for too large to be explained in terms of ¢
ond iz what one would expect to find Lf the velocity of iight
wes c+v, Shapiro has published an article tn "Scientific Amer-

icon” in which he presents evidence that supports Einstein's
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prediction that the Sun's gravity will decrease the speed of
1ight when the radar photons pass close to the Sun.5 Since
Etnstetn based this prediction on o photon having the particle
1ike property of mass, it tends to confirm the Newtonian cor-

puscular model as well as the ¢ model,

I made both o ¢ and cev onalystis of eight of the published

1961 obscrwttona.6 Equation (1) was used to colculote the

distance from the rodor stotion to the surface of Venus for the

¢ theory.

Dg = tef2 - tvf2 (1)

Here t ts the rodar beam's transii time; v = def27 the relotive

roadial velocity, positive during approcch ond negative during
recession; 4 ia the Doppler shift; f is the frequency; DE =
te/2 during the instant of reflection which iz t/2 ia the ¢

theory but not in the cev theory.

Equation (2) gives the distaence for the c+v theory ond is
based on the fact that ¢ + {c+2v) = 2(c+v). The second term of

both equations (1) and (2) corrects the distance to the iime
the beam returnsd to the transmiiter.
1t will correct the distonce to the tims the beom left the

tronsmitter,
D, = t{cew)/2 - tv/2 = te/z (2)

The additionsl dota ond most of the formulas used were
taken from *The Americen Ephemeris and Noutical Almanac” and

its "Explanstory Supplem#nt.” The value of the o.u, used wos
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149,597,850 km, the some as used by the Lincoln Lad in thetr
gnalysis, Since 1t was determined during infertor conjunciion,
the ¢ value should be close to the csv volue becouse the rela—
tive sclor orbital velocity would have been zero,

FiG. 1 i{s o graph of the difference between the mesn hel-
tocentric rodius vectors of Venus as calculated Jrom Newcomb's
tables, and Newcomb's perturbed radius vectors N and the colcu=
lated rodar distonces E (g) and G (c+v) as transformed into

heltocentiric radius vectors, The mecn volues Jorm o mothemst-

tcally pure ellipse, so ony voristtons in the values of the
differences could not be due to them, Since o complete ¢ anol-
ysis of cll the rodar dats gove values of plonstary mosses ex-
tremely close to those used by Newcomb, ond Newcomb's time cor-
rections for the optical data were based on e, the E curpe
should fit the N curve within the moximum possible estimated
error of the rodar dato, The radar dota presents evidence
against the ¢ theory becouse the N - £ dirferences are for lor-
ger than any possible error, ond they are proportionsl te chon-

ges in the relative radtal velocity of the radar station and

Venus,

The points on the G curve of FIG, I represent values from

. on ephemeris I mode using Cowell's method of numerical integro-

tion of orbits and Newcomb’s values Jor planetory masses. Note
the close fit between Newton's Lows ond his c+v corpuscular
theory. This i3 tn spite of the fact that Newcomb's velues for
Planstary masses were based on ¢ time corrections, and no at-
tempt was mode to correct the distances for the larger efrects
¢f intervening plasms since doto ot different frequencies Jor

the same time ond station were not svailable,

365

The relotively



B. G. WALLACE RADAR TESTING THE RELATIVE VELOCITY OF LIGHT

close fit between the doto ond Newton's Lows is evidence in
fovor of Newton's c+v corpuscular theory.
CONCLUSION

In recent correspondence, Shapiro has shown an interest in

s.u, X 1076

collaborating in o full investigation of the relative veloctiy
of light in spoce., He writes that the Lincoln Lab has been
20 - undergoing a severe "belt-tightening.” It is my hope that
funds will eventuslly become ovailable and that the Lincoln Lab
will make a full investigation of c+v. Although analysis to
date presents strong evidence agatnst c ond for c+v, I don't
5 think it con bde considered reasonably conclusive until o full
c+v tnvestigation i3 mode.
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FIG. 1

tors of
The difference between the mean heliocentric radius vec

Venus Ig colculated from Newcombd's tables, and Newcomb's pc;—
turbed rodius vectors N and the calculated radar distances )
(cev) ond E (g) os transformed tanto heliocentric radius vector.
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