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Beyond the rawge of the Cepheids

The Cepheid variables Weve ideal Stars, in their way for e{%énd(nj the dictance
Fange bevond our own Galaxy. As you -know, Cepheids are inteinsically ér,’ﬁkt

(that is, luminovsy, vaunging fouw abovt theee huvadved aud Fofty o Sixgy -
thovsand [(sic) tiwes the absolote lvminesity of the Sva; they are secn fur
out into Space. uowcver‘,_tkey have their liwitations. Beqond 5 Mpec
Cepheids become too Saint to be vsed as t'ﬁalacéfc _‘/,anLS{:(cks:'uf(:h the
result that, of the billcons o0f galaxies in The Uhv‘Vrch, only _t‘u’r’_b, or “
So ‘are close 'Cuouﬁh to have their distances Acﬁcrmine.ot (n Flhis WaY .

:nowcvé.r, the Cepheids are not the brightest stars known. Iu our owan Galayy,

?‘@'f—.ﬂut“% Lottcst,“uc S{:arss-_——- Sometimes called bluc supergiants — have aw
a e luminosity abovt § 410> times that of the Sun. Hubble svggested +hat

?céa‘,s t‘\C‘SCV CoUlJ, bc USCO( '&0 S'b(tb(ct t(\C d(’f‘bance’ SCR[C ﬁ»('tkw, H‘C ﬁ(ﬁV'COL'
tga/,fkaﬁ'isticdlj speakiang, it was aot vareasonable fo cvppose that tle beiglitest
blue stars fn one galaxy have the sawe absolute luwinosity as the brightest 6lue

sbars in awy o thee galaxy; in Other words thece s aun veper limit to the abeolote
luminosity that & star can have.

Forbunakely, Hubble could do more thaw just speculabe — he could Cect Lig
idea On these galaxies for whick he had already obtained reasonable distance
estimates by the Cepheid method . When he did, he found Ehat the apparent - 7
brightnesses of the beightest blue sturs 1n tach of the aalaxies in Ars Saumple ™
leee (uftl\('p\ a Joctor o twe orro) iv\VCrIcly proporbional to the square of the
distouces 0fF these galaxies — eractly as would be expected (§ the absrolute
lvminoscties Werce Conctant fFrow ga[aty to 5&[&(5. Cldc now believe that there are: :
5 Elheorebical reaSons foy accepting this atsvuption. The l’”.ﬂk'&“'e sbarc are
tI Ld; to be the most wmassive fturs) awd the vpper lTmit to the mass that a
SFac can acquire during (ts forwation is probably about the Sawe 'n all 5a‘q“.c‘s] N
EWbold ened by this confirmabion of his idea, he proceeded to weasvre the . -
aptacent brightnesses of the brightest Stars ' Gola kies beyond the raunge of
the Cepheids, and So cowpute Ehe iv distance. Ln Elic way he wanaqed
to fw‘t‘ the distance [Tnit out to about (o to IS Mpc. Se,"cra( other S(:ab(f;"

tical techniques have been devised to thteud the distance range begond that :
provided by +the Crepheids. For <¢xawple; i
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(i) {f- the auevrage Si3e of (Um:’wou:- qas l'fﬁ(ons ‘s assomed Go be the Same \‘.n'.‘,»' i

all galacies, then, galactic distances can be fouvud by measoring the awgular
size of these reg onsg

(i{y 1§ Svpernovae arc asSvmed to reach the Sawme peak (ntrinsic (aBSolute\ i
Lrl"j(»\.{:v\CSS (l)cté¢r Sef”, lum:husfﬁ-g‘ ) OV‘\.'QVCragC-, No ‘matter where t‘\ey a{(
(ocabu{7 thew, galactic distances Can be deduced Fouw a Comparcson’
0f apparcnt Peak brightnesses of theSe Supecnovace; ' ,

iy 1F the Star clusters tn different galaxies are astowmed to have Che saue

average intbrncic 'um{uos«'t"er, thew, gaulac tic distances Caa be Joomd by #
Comparing the average apepareat brightnesses oFf the clusters. ‘



