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DETERMINING THE VELdCITY OF LIGHT

--by J. L. Brown and Berry Pyron

Most amateur asironcmers are aware that light travels at the
tremendous velocity of aboun 135,000 miles per second and can haul out
this act to amaze their friends in after-dirner conversation. But I
wonder how many know juet aow such an incredivle speed ig measured?
Tre story 1s one which goes back to the beginnings of modern science
in the seventeenth centtry.

The first known attempt to measure the veloclity of light was
made by the famous Gallleo in the first half of the seventeenth cen-
tury., He stationed himself on a hilltop with a lantern while an
asslstant was on a nelghboring hilltop also with & lantern. @&alileo
would uncover his lantern briefly, sending s flash to the assistant
who would uncover his lantern when he cgaw the flash. Gallleo would
estimate the time between his original flash and the return flash.
After trying various distances, Galileo came to the conclusion that
they could not uncover the lanterns fast enough and decided that the
velocity must be infinite.

After thls crude attempt had falled, 1t was some time before a
more successful attempt was made. This was the astronomical observa-
tions of the Danish astronomer, Olaus Roemer, about 1676. Rcemer was
studying the eclipses of Jupiter's satellites and he noted a curious
variation in thelir times of cccurrence. It seemed that on some occa-
sions the eclipses cceurred atout 16 minutes later than the predicted
times. He explained this delzsy by the suggestion that 1t was due to
the fact that 28 the earth circles the: sun the distance: of Juplter -
varies by an amount equal to the diameter of the earth's orbit. Thus
he calculated that it took light about 16 minutes or 1000 seconds to
travel 186,000,000 miles across the earth's orbit, which gives a
wgloclty of 186,000 miles per second. Roemer 's work was largely
lgnored until 1728, when an Englishman, James Eradley, later astrono-
mer royal, confirmed his work. .Bradley discovered that there wes an
gverration in the positions of the fixed sters. The velocity of the
eerth in its orbit cauued. an apvarent shift in the directlon from
which the sterlight seemed to come. You may-have noticed that when
you are driving a cor at night in the reain the direction of rainfall
seens. to be toward the car, becomling mbre apvarent as the speed of -
the car is increased. - If you could shine a ilght out-of the eide win-
dow and measure the angle with the ground at which the raln seems to
be falling, 1ts velocity of fall could be determined; since the car
apoed ik known, If thé car represents the gartn in. its orblt then the
raZn would reprasent light striking the ‘earth. If we wanted to hold
8 stove plpe out of the window. and let the rain fall through without
touching: the sides of the tube, we would have to tilt the tube at the
game angle ns the rpbarent rainfzll. When we 2im 2 telescone toward

ster we tilt 1t through a similary though very small angle. Bradley
sed a fixed telecscope with cross heirs ond’ sighted on 2 prrticuler

ster, Six months leter when the. esrth was on the opposite side of its
rbit he again took a sight and found that the telescope.must be turned
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through a slight angle ir Jdeclination in order to cewnter the star.
This a ngle would be twice *te angle of averration of light, and its
value 1ls about 21 seconds of arc.

Foucault, who is well ucwn to the amateur astronomer for his
method of testing telescope Lirrors, devised a terrestrial method of
measuring the velocity of 1lirnt. He directed a narrow beam of light
4zon a plane mirror rotating at higk speed, and the reflected beam
fleched around accordingly., A distant mirror receilved z mome ntary
fiash of light and reflected it back to the rotating mirror, where it
was reflected again., During th e time interval in which the light
bsam traveled the meaaurazble distance to the stationary mirror and

#Ck, the rotating mirror turned through some definite angle, and from
obiservations of these guantitiss the velocity of light was computed.

The method of Fouceult was improved by the American physicilst
A. A, Michelson. He used a ecimilar but more complicated set-up. The
separation between his mirrors was much greaten. They wsre located on
two mountain peake in California 22 miles apert. The distance between
the mountalhs was measured very accurately by the Coast and Geodctic
Survey. This technique gave the most accurate results of that day,
but the experime nts werc later repeated using a mlle-long evacuated
tube to avoid the disturbing effects of the atmosphere.

Modern-day techniques of mersuremerttend . to utilize the princi-
ples~of electronics since electron-tube circults can be made far more
accurate than rotating mirrcrs. The Xerr cell is a transparent cell
full of a liquid, usually ~arbon disulphide, whose electrical proper-
ties are such that it cen be made to aet like an extremely fast photo-
graphic shutter by the applicastion of en external electric field. This
ravid shutterr action can be used with: combinations of mirrors to
meszs ure the spsed of light.

»

Since radio waves are s part of the electromagnctic rspectrum, they
have the same velocity as light, end electronic means of measuring
their velocity are very accurate. Work ie coatinually being done to-
word bettering the accuracy 68 the figure Tor “he speed of light since
i1t is one of the fundamental constants of the universe and serves as
one of the cornerstones of the theory of relativity.

A BRIGHT SPCT IN 'e2
~-by Anre Belle Closc

For a2 short while New Ycer's night thers was = great:deal of
~¥altement 2t the Beck Observatory. Observing through the =-inch
iinder on the big telescope, Dr. Calder noticed a faint, tut star-
iiks epot of light on the dark portion of the crescont moon. It
couldn't e secn at all through ths 30-inch, biceusc the glers from
the brillisntly sunlit edge of the moon in the Casscgrainisn instru-
rent destroyed the contrast neccesary to visw ths phernomenon.

Joking sveculations ren rife zmong those present: " Someons's

1tanded on the moor."

«
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"Are thoey sending cignals?"

"Moybe they've bullt 2 bonflre to kecp verm,” which dis-
counted the size such 2 irs would have to be to smit that much
light of the necessity of sn atkhozvhere to supvort it.

e were enjoyirg June in Jenurry weether., Had the moon
experienced 8 small snowstorm? This egain would cell for en at-
mogvhere,

Everyone of us felt that there was some logicel egplana-
tion end with gusto fell to ferreting it out,

The 6-inch refractor.loened to the club by Emory wes set
up end at onee offered us ¢ sight of extreme beauty 2nd clerity
when the bright querter of the mcon was edged out ,of the eyeniece's
field of view. It's ererrl features were eaclly discerhihrle---
the grey seas, the decrk giresk of the Anpenires, the black crater
of Plzto near the lower 1limb AND ocur bright spot a little more
clearly defined »rd obviously one of the craters, vossibly Aris-
toteles or Posidonius,

I confess that I wasn't very scientific sbout 1t, neither
reking 2 sketch of what I srfw nor looking up e mep of the moon
irmediztely in Worton's Ster Atles. 2By the time I hed dore the
latter the rext day, I rued my lezliness, for wwhereas I remembered
the gvot to be in the regiorn of Pogidonius, others were claibing
it to heve been nesrer Aristoteles, end I couldn't uphold my con-
viction positively. Let that<be » lesson to me. At eny rnte, tre
sketch map in Norton's shows both these crezters as being of great-
er brightnecs then most of the moon's other festures, end it should

ve fun for the flest of us to try et future times of the firet
querter to see thls unusuel luminosity a2nd locate it definltely.

"Why,"we were asking each other, "zre we able to see it
tonight for tthe first time?"

Weg 1t heceuce we Just hedn't observed the moorn frequent-
1y enough or with sufficient cere? Cr did it recuire Just thre
right combinstionrn of light-gathering power erd syevniece rmagnifi-
cetlon which these irnstruments 2t the observatory offered? Or
wes 1t due to excellent atmosvheric corditions for ohsecrving
vurpvoses 1p conjunction with 2 gnow cled esrth in other locel-
itica than our owm, creating a greaster then usuel emount of
garth shire on the moon thet night?

And why should this pertlculer creter reflect more light
than' the othersg? Thet might be enswered by the composition of
the moon's surfrce ot thet snot differing fror the rest, or the
elant 6f the crater's floor being et such en engle that the carth
gaught, its refleccted glow more directly then from the others.

Whetever the guestiong  posed of overlooked, whetever the
attempted erswers) it wes nroved to us that interest in observ-
ing the moon is not exhsustible, though it mey seem, after the
first hundred observatione or =0, to be 2 more or less static



heevenly body to wetch.

| And now orobrbly some of you roeders heve been ceking,
Vho wee thers? 'Why weesn't I?" And the enswer to thot lies in

humen limltetions. Dr. Crlder phoned o number of peonls New

Yeer's afternoon, irvitin2 them to come over thet ncght. Those

of us who could, relayed the invitetion. Iy husband, for one,
stopped working on his 16-inch mount to spend an hour znd 'a helf
contacting people on the phone until other domestic demends on his
time celled # halt to these sctivities., We regret thet he couldn't
ntione everyone,

It points up the fect that we are dracstlically in need of =
Telephone Committee so that the burden of including 211 in such
observing pledsures is not placed on any oile person--not that it
is an unenjoyable chore, but more that it is impossible for one
person to dos:

To the best of my knowledze, there are only a couple of us
who have a comoplete list of club member' telephone numbers. The
Saturday before Christmas, Dr. Calder issued a telephone invita-
tion to members to come see through the 6-inch refractor for the
first time. #e couldn't reach the scecretary of the club by phone,
so began making cz21lls delesating each to phone other members and
friends; and though this was a nearly complete zoing over of the
roster, 2zain time and home dutics intervened, and unfortunately it
was not possible fo try cven to contact everyone, If it is conven-
ient for you to phone from six to ten people on such occasions,
please let Emily Campbell know that you would be willing to do so.
The chances of everyone hcaring of these extemporancous obscrving
sessions would then be greatly increased. INiss @ampbell can be
rcached on the vhonc after working hours 2t DE 5983.

Those who were the first to obscrve on that Saturday unight
through the 6-inch refractor pronounced it an c¢xtremcly satisfying
gxpericncce, lMr. Rose, for instance, rceporting th- .t he could scc
six st rs in the Trapezium of the Oricn dcbula. I, mysclf, was
able to sce five on Wow Yenr's night, but that wos only a part of
the thrill reccived. There was the Horschead in 211 its dramatic,
stygian blnockness clenrly outlined in the field of vicw, s well
15 great stretches of thit ~we-inspiring cloud of cosmic dust ox-
tending for hundreds of lisht years ceross and throsush spaca.

The brizht spot discovcrced on the moon on New Yerr's night
m:y be held symbolic of wh-t is in storc for the club throughout
'52. It is cocrtninly -~ brizht spot in our history that we have
guch 2 finc instrument 2v-ilable to us >t ~11 times. Ve may oxpcct
meore gencrous invitations from Dr. ¢ ~lder whencver he con sphre
“ne time, nnd when severel porsons arce well tr-oincd in hondling
the 6-inch, =nothor privilcge will be extended to us. Should ny
group wish to ot together for ~n covening of osbscrving (nd this. -
is t1lways more sttisfactory whon the number of obscrvers is sm:1l),
thay could ¢111 on one °f those persons 4o help them in setting up
‘nd being responsible for thz 6-inch rcoghrdless »f whether sr not
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Dr. Calder could by present. Our gratitude to Imory University
for this loan and to Sr. Calder for his e¢fforts to incrcase our
observing parties isc oourdluss. 4nd so to cach and everyone, we
extend the wish for more froguent and serious observing during
1952,

OBSTRVING NEWS
~-by Cs H. Holton

On the night of Decembor 27th, 1951, the following men joure-
neycd from Atlanta to Griffin and back: F. C. Boland, 7. H, Closc,
C. H,lﬂolton, Harvy Johnson, and Honry Phillips, II. The objcct-
ive of this pilzrimazc wes a lcsson in variable-star obscrving at
the home of P. O, Parker, chairman of the zroup planning to work
in that ficld of obscrvation,

Mr. Parkcr, an active momber of the Amoerican Association of
Variable Star Obscrvers (3ditor's note: Sce Mr. Parker's article
on Variable 3tar observing in the December issuc), dcscribed typces
of variablcs, oxplaincd the usc of tho spcecial charts put out by
the Association, and demonstratced the location of scvaeral variabvles
with his finc¢ six-inch reflector, zs well as the estimating of
their brightncss by comparison with stars of known magnitudes in
the same ficld of vicw.

When we witiadrew from the outdoor cold, Iirs. Parkcr had hot
coffce and refrecshments awailting us inside. Thosc who went appra-
ciate the zood instruction given by Mr. Pairkcr, the chance to sec
2nd to use his cxcellent cquipment, and the hospitality cxtonded
to thom by both lir. =nd lrs., Parker.

as lre. Parker gcncrously agrced to instruct other club moembors
in variable star obsarving, it is probablc that nnother such visit
will be arranged soms tims this wintor, Those who think that thoey
wvould likc to become obscrvers of v-riable stars, 2nd who could
plwn to go to ‘Griffin for . worthwhilc lzsson, should z¢t in touch
with C. H. Tolton, Obscrving Chairmon, or M. C, Bolnd, Presidcnt,
1t their carlicst convenicncc,

A TWELFTH nOCN FOR JUPITER

This publication noted in the October issue that Dr, Seth B,
Nicholson of Mt. Wilson hed arnounced the possible discovery of a
vwelfth satellite revolving around Jupiter. Further ocbservation
nes confirmed Dr. Nicholson's observationg.

Dr, Nicholson bas zlso discovered the ninth, tenth &nd elev-
enth moons. Consecuently, Galileo and Dr. Nicholcon are on a par,
cach having discovered four of Jupiter's moons.
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A BOOK REVIEW
--by Berry 2yron

SCIZNCE IS A SACRED COW_
Antnony Standen

In the nast few centuries the gradual extension of scientific
knowledze has had the effect of revolutionizing human 1ife, Mir-
acle after miracle has come to pass until the non-scicentific public
has come to expect them as a natural part of 1life. Things are no
longer called impossible or unbelievable for, who knows, thecy may
be accomplished fact tomorrow. It is quite natural that thce cornu-
copia of wonders prcsented by scientists should havc had profound
ecffects on the lay mind. ot the lcast of thesc effccts is the
achicvement by scicntists of an awgsome staturc in the lay ¢ycs.
The scicntist has been corrcect so many times about so many things;
he has produccd so many wondzrs, that now his word is ncver doubtod
and hc is beyond criticism.

The fact remains, however, that scicntists arc merely human
beings. Some of them (n»t a113 have studiced for mony yearss many
are vory highly traincd in thoir particulsr ficlds. But lcarncd
tho they m2y be, they 7o still humen beings and subject to human
frailty, pomposity, prctentiousncss, ctc, 3cicntists, both indi=-
vidually z2nd collcctively, have certainly not been immunc to the
praisc and flattery which they hive recceiveds Thus there is cor-
tainly room for 2 book which will roestore scicntists to thoir human
st tus nd prcscnt them in * more renlistic light than has bocn
donc in the pnst.

¥r. 3tondcn his not writtcn such 2 book. The jrcket blurb
stotes that his Yook is "more thon a debunking booky*  the book
itscelf belics this statoment, Mr. Standen has a very lovw opinion
of all scienccs cxcoept for physics and methemetics, and hc isn't
very happy about them., Mr., Standcen doezn't appcar to like scicn-
tists vory much in gspite of the fact that he is alleged to be a
chemist himsclf. His rather vitriolic denunciations of scicncec
and scicntists lcads to the suspicion that the purposc of his wvook
was not a desirce to make scrious criticism but rather a desirc to
take¢ advantaze of the current fad for debunking and sell a lot of
bookse

Mr. Standcn's proccdurc rccalls Don Juixote's tilting with
windmills -~ nhe drcams up monsters from his imagination and then
procceds to belabor thom. Onc of his favorite tricks is to sclcet
a particular statcement by a particular scicntist, gencrally choscn
from the prefacce to an cleomontary textbook, imply that the state-
ment 1s the 2ccepted view of 211 scientists, and then ridiculce it.
Since therc is an slmost incxhaustable supnly of textbooks, somc of
them very bad, nd since the preface to such books is oftcen on
sfterthought dashod off by the zuthor in the cenviction that no-onc
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reads such things anyway, it was not hard to find some absurd
statements to demolish.

In many cages the statements which Mr. Standen demolishes are
not ¢uoted at all:; he just makes them and then demolishes them.
For exampnle on page 25 he says, speaking of scientists---"Very
often they argue that the onc thing caused the other, when it misht
guite well have been the other wey round. Exccutives have been
Tound to have a large veczabularyj thercfore, lecarn ton ncw words
every day, nd you will beceme an exccutival The implication is
that scicntists arc guilty of this rather absurd causc-and-cffuct
reasoning; in azctuality, it is to be found chicfly in the ~dver-
tiscmints for vocabulary-building books addresscd to the laymen,

Mr. Stnden sccms to have very confused notions of what is
meant by scientific truth., He fecels that mathemttics is the only
"truc" scicnce, and it is true because you c:n know without toste
ing thxt thoe product of one numbsr times :nother is the s-.me which-
gver wiy you multiply them. It is surprising that onc who presuncs
to comment on scicnce can have such a naive definition of truths
apparently }r. 3tanden has ncver cncountered the a acbras in which
the product of two things is NOT the same both ways. Having acept-.
¢d this definition of "truth" Mr. Standen orocccds to exploin that
¢ven in physiecs, the sciencce ho dislikes least, "...no matter how
many cxamples you got of what 2pvcars to be a goneralization, you
cin never KHOW that o naw cose will bechave as the genceralization
s2ys it should, Your concluzion is only very highly nroboable, =nd
the gencrilization is not mors thon very nearly truce."  He tells
us this platitude with the smug air of having discloscd the physi-
cist's awful secrzt. Yet 111 of piwysics nd indced 211 physic-l
scicuce wis built up by the constant usce of this ~nd othor facts,.

There is 1little need for further exmples.  Ifre Stonden consis-
tently follows the practice of putting words in the scicntists!
mouths ~nd then pokxing fun -t them. Tho unh pny thing bout thisg
book is thrt ir. St-ndcn misscd his tarzet. He should have apolicd
his wondcrful tolent for ridicule to thosc I1aynien who ~re so lack-
ing in th¢ ~bility to reason critic~11ly ~s to be cacer surchiscrs
of this "nd simil~ar books. But porhaps he woulda't have sold so
miny books thnt way,

PLAHSET NOIES FOR FEIBRUARY 1952
(Zastern 3tzndard - Atlanta time)

--by P. 0., Parker

The Sun, during February moves from Capricornus into o uarius and
i1ts declination chansyes from 17 degrces gsouth, to 3 dozrcvs south
and the length of the day increnses from 10 hours 33 rinutos 4o
11 heours 27 minutcs.
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Mercury, 2t the beginioing of the month, is i morninz sta? ip
Capricornus rising zbout 50 minutes befo.c the Sun. It is in
conjunction with the Sun on the 22nd fter which it will be 1n_the
evening sky. At the cnd of the month Tercury will be in Agquarius
sctting ~bout 25 min tes after the Sun.

enus is 2 morning star moviang from 3Sagittirius into Capricornus.
It riscs ~bout 3:30AM. Its dist-nce is incrs-sing, not about

122 million milcs 2nd mognitude -3.4.

Mhrs moves from Virgo into Tibra. It rises ~bout 11PM. Distance
deerenscs during the month from 115 to 89 million milas -nd the
dizmeter of the disc incronsces to 8.7 It znitude 0.2,

Jupiter is in Piscis, low in the wost ot sunsct ind scts bout 8PIL
It will soon be¢ lost in the cvening twilicht,.

shturn is in Virgo, rising about 9PI7 and is now very wall placcd
for observ-tion. The ring srystem is opsn about 10 degreese  1ha
planet shows no woll defincd mxrkings, only frint cquatorial belts,
but it is thc most berutiful nd intercsting object in the sol.r
systcm,

Uranus is in Gemini, wcll uy in the castern sky at sunsct. It is
located about midway betwesn the stars Dclta and Epsilon and some
2 degrees southwest of the 6th masnitude star "Omega,"

Neptunc is in Virgo, rising about 10PM. Ib iz locatoed about midway
betweon 3pica and Theta.

The moon is full at 7:28P:7 on tho 10th, ncw at 4316AM on thc 25th,
farthest from the farth, 52,400 milzs on the 8th and ncarast,
223,800 milcs on the 23rd. A.viry Blight celipsce of the moon osccurs
on the 10th -

Zclipse beging at 7:103Pm
Mid-celinsc 7339
3clipec onds ' 3115
lagnitude of cclipse 0.083 - (moon's diamctcr 1,0)

Aduring the month ths naosn sccults thoe follnwing stars -

G2t Mumbor  Date ERY:S Ting 2o
bh3g 3G 5.6 10:52P1 119
555 4th 5.8 1220407 98
701 th Bel 104598 113
840 Ath 5e¢D 12332450 139

The cbove data ig for Jashiungton, D. C. Atlanta time of immorsion
rnay e 5 to 10 minutos carlicr,




