Stellar Ewlu{:iou‘ @

During the fiect wmillion qears, or so, 0f +he [(fe of a $tar
Wwith a wass cowparable to that of the Sva, the Star loses a
qood fraction of its Solar wa¢s as waterial (v a wind. As
this ptrfoal of higl loss wmass cwds, the star scttles Tnto
the vrelatively 9quiescent period of what s called the

main Sequence Phasc of evolution.

As with many chewical reactions, huclear reactious hawv
cncrgy barriers 1 these are dve to  the (clccéra:ﬁa'&fc)
repelling $orces between wvclei  aud high teuperatures (of the
order of at lcast bew to buwewty million degrees ) are requived
for hucled to overcowme FEthese clecctvostatic barviers betweey
Lhem aud approack oue ano ther clouly tnovyly (lo-’*'m.
Stparaén'ou) to fuse. Hewee | nvclear - burning Y occvrs ouly
iw the hot cecutral regions of the Stars awd wob iw fhe
cooler outer cuvelopes. A Star remains in its Wmain
Sequence phasc undil burus wmost wmost of Ehe Hydrogeu
iw ks hot cewtval region to form Helivu. At tlhe eud
of the main Scqueuce phase, the Star l:as a core
composed Wostly of Helivm . [_@E‘: by borning  is uot
meant the Pprocess of oxidabion, Whick yov have met ‘fq

C'I\-CM;S‘&Y'{, cﬂ . 2”9(5‘{" 02(%\ '—_) Z NQOJ.
If H‘fdrOqu. lmrm'u,g ceases) how s the Sé.a.Lu'lf-‘.Y

0)( the sStav af{cc‘fCo‘.? The core {:Cmp(raﬁurt, f-a“S,
redveing tue pressure . The star is wno longer agaiust i€s

oWn gravil-.y, so it begins to collapse. As it does so,

there s a loss of qravitational potecubial cncryy,

Whick qives rise to au increase in thermal kinctic
i.ncrgy.
While the core is collapsing, Hydrogen can st ll
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bwa. in a Shell arovud the Corce , Where the H\fdrogeu
df.cu.sié\/ awd tewperature are bota lu‘g‘t cnovgh . The effect

of this Hydrogeu shell Bvrui':_g— is dramatic : the

Sovrce O0f cuergy s wmoviug away frow the Ceutre , aud

this increases the pressure tn the ovicr Parts of the

Star — this cavses the star to Swell. This large
expansion redvees the demsity of the ovter parts of the
Star awl the Surface tewperatvre also falls becavse

of the ¢xpansion.

A star that bhas vader gone svch au €K pansion

is called a red giawt . Its colove becomes red as

a resolt of its redveed bewmperature. Red giauntbs
are €K brcuc(y luminovs : TCheir Sovrface teuﬂecm{:un:
arc relatively low (’L 3000k}, bet +thcir svrfact
arcas are huge. One of Ehe besé- kunown red giauts
15 the Star Bc-l:clgcu.u') in Orion. ILts radivs is

greaker thaw FEhat of the orbit of tac Earth
avovud the Sun. The Star has now left the
main Sequewce, With a corc Composed mostly

Ovier

euvelo pc
W

of He“uu', it wmoves vaa.fds and to the right
on the H-R diagram.



Mass, Lumiuvsif\{ and Waiw - seqveuce lifetime @

The time a star spends on the Wmain Sequence depends on

the awmovnt of Hydrogew available for fusion to Helivu. It

Scems reasonable to assvme that o mark Sequcuce Irfetime depends

on its Mass. Let this lifgctin be €.

The ¢ffect of mass
— On Core temperatvee aud the
Strong tcmperature dependeuce of
huclear {usiow rates mceans that the
lominosity of a star is Strougly
dependent ow [ts mass. This

mass -~ lominosity relationstiy, calcvlated

That s,

E o« M—Q@

If Hydrogen- buraning
reactions proceeded at the

Same rate in all Wmain sequeuce
Stars, the wost wmasgsive

Stars would have the lowgest
main Sequence Iifetimes.

vsing Etheorebical models 0{5 stellar
processes , Can be approximated as: =
Lk MS— @
— e —————————————— |
This 15 for Stars Similar in

However, uvclear Feacbiouns
mass to the Sun (vp € I-5M )
o

do not proceed at the Sawmc
rate in all stars, The Wworx
luminovs Ehe Star, the gveater

P E—————————

is the rate at which the ecueryy

M o€ M [Combining @,@,
L Ms |0t ®

is beina releasecd — and S0 the tad M -4

3 C, . tA | =5 txX M —
grcm‘:cr the V‘n.'&( at which & T
is Cou\ltrf-‘ﬁq nuc lcar f’UC(' L L MS

The luminosity, L, must be
proportional to +the ratc ot
Whicl, fuel s being conver ted .

Similar relatiouships apply to
morc massive Stars,only the
power laws are slightly

different.

S‘l In c¢sseuce, the morc mass Ve
£ o [ @ {rkc star, the shorter its
Y main Sequeuce life 1 we,
= - — It is of tew uscful to relate
Combing O awt @ the maiw Sequeuce life time of a
t « M @ Star to 1ts [vminos ity
T For low- mass S{:arsl

/ Moc LT [from equatin @]
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Look a.ga.fu at @: mean that Sstars start off
hot auwd blue awd Ccool as they age:

§
LXK M Merely Enat all blue main Sequeuce
or Stars wmust b foung , Siuce they do
M3 & L hot “live™ very loung , Gud that ol

{

= Mo L°

old wiain SGvuq,cc Stars ave red

The converse (s not $rue : it s

/ perfectly possible fov a “newlwrn " star
Se, —!:l_ X L? to be red awnd cool indeed | if a
L L Main Scqguence Star has a (ow ass ,
1t must be cool awk recd, reqacd(ess
Hewnce , -4 of 1ts agqe.
t ¢ L° —0

In a cluster (glo‘ular) of
Stars Which all formed t'ogc‘&kcr,
the wmost wmassive stars will

be the tud of their main
Sequence [ives. In au old

These relationships betweew wass,
‘uuiuo:iéy aud life time, have
impor tant lwmplications, Fiest,

Since Very hot luminous, blve- white cluster, the ouly stars

main Sequnic stars (0 awd B l’<u~m'niu3 ou the Wmain Sequeunce
{Pec'l:ro.l classes ),wl.bls ¢f Fective will e €he cool,red low-

Surface ktemperatures > ‘a"k mass Stars. The agqe of the
have relatively short lifebiwmes cluster is thus cqual to the

math SGQ,UCV\CC lifc'&imc of
the wmost massive stars
remaining on the main Sequence.

any that s wow observed
must have formed rcceantly, so

al main Sequence Stars Of
( v “ » Suclh, Stars can b<

this sort arec Yovuyg idewbified from the main
S'ecom(,';f‘u stars w";“." iciucuu turu-of ¢ point |

Spead  longest on the Wmain fovnd by plobbing the 5kmrs o

anw HR diagrawh The ages of

Some ﬂloLular clusl:crs) thus

Sequiute Aarc those of lcast
mass. TheSe are the cool,

red s tars (k awd M Sgec'l:ral estimated , Are Comparable Wik,

classes ), with Sorface the agqe of the Universe
fcm,wrafurfs < Soook. Lt is

. lo
(ﬂ few times 10 ears ) .
Common o fiud references €o

"
“/Dngn blve stars and OIJ.” —_—
red stars. This dees not
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The mass of a protostar (immediately after condensation
From the stcllay hcclium.) deterwmives [¢s sﬂs:«bwut evolvtioy.
The wmass re wuu'm'u.j as

its natvre.

a Coudcused Stellav cove detevmines

After 'Caviug the main Sequeunce

, & Star vidergocs a
S§vccessSion

0f qravitational Coutvactions, cach lecadiug to

Internal hecating and the tuitial of further nucleay fusion
rtuc"(on;' '

The Wmore wmassive the S{;ar, the lxigkw ti. t cwperature that

Can be achicved in (€S intercor aund *Hhe
the

more massive

nvclei wWhich cam be syu.fkcn'c«l,(ss/n thesized 7)., A
Star Which has¢ a

main Sequence

L 4
sSimilar €0 £uke Soun
becowmes a red giaut

awd probably cudc by shedding a
and becoming a whitc dwarf. A star

cc‘ﬂkt‘ times that OF
a Supcrgiant auwl €xplodes
) lecaviug an € ttewded Super mova

planetary necbula

with a wmain Scqucuce Wacs about

the Sun becomes as a

Svper nova rcmnavt and a

nhecv trou star (&l«.at»lul'ﬂkt _Lc observed as a zulsav-)
or o black holc.

Helivm caw also burn Ehrovgh nuclear reaction s, aud the

prodvect of Helivm burning (,Cv:{ou) (s Carbon, beccavsc
the primary helivm bvruing reaction tnvolves the
stmvltancovs collision of Ethree Helivim nuclei that

form a complex wWhich is stabiliged by Ehe loss of

encrgy to  form the carbon. The clectrostatic repelling

force (S) be twcew Helivm nuclei is greater thae that
be tween Hydrogew

place at higher tewperatures thanw Hydrogen
burniug. These higher

v\.uclci, and Helivw lmru(ug takes

tcmperatuvres Gre tui Eially

rcac hed in the Stcllar cove by the grvavitatioually -

indvced coutraction of Ehe Core , Since rapid

Con traction 0f a 9gas rcsvlts in 1ts

heating.
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be spite Ehe vncertainties abivt <xactly what hap peus |
Whew @ Star Sheds Some mass awd lcaves a Cowmpact
rcmunauwt, the Wwass 0f a Star is the wmain Factor which

de tevmines 1ts  fatc.

The ewd caw be 4uite svdden : perhaps theve is
a blast 2§ vradiation from the corc, which hvrls these
ovter layers of Hydrogew into Space. Thke core cauuot

become hoftcr, becavse (& has lost its overcoat,

and so 1t cools awd collagses. Tt Lriaabucsx

dwindles as b shrinks. The O(Chsi(:y of l"‘bS
material becowmes tkavwvvf‘, as the ctar becowmes

a White dwarf . There is noe power to rcstore (t.
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