Fusion in the Sun DF (‘)

Towards the Centre of the Svu, Hyelro gcn nvelec: are couverkA

into Helivie wnvelei by the process of hvelcar fusion (Tlu's is the

mechanism invelved in the explosive cuergy prodvetion in o Hydrogew

Bou‘).

The Svw cownsists largely of Hydrogew nvelei (prol:ous),
represented by :H.

At the high teucperatures which Prevail,
tlectrous have

beew strippet from the Hydrogaw atows. These

q N
So - c..“u(, f’uc " electrous hakc a Coufrt'bdtl'ou fowa.n‘,.‘ flgc
in ternal

pru:vrc,ia.la.uu'uj the qravitational fovees. Thus Ehe
Sun 15 Stable .

These Hydeogen nucled :H) repel ouc amother becavse of the

L pewerful I’lrc”;uj,cltctn Static fForets between tlhewm . In fac(:.

Clectrostatic frree = 2 1o %% gravitatisuel frree
betweew two Pprotous betweew tws protons

Botlh obey the Iwverse-Sqvare law, so they

have the Sawme
Spatial depecudence.

Howcver, if Lhey are woviug quickly cuovgl (f:Lat is, have
enovgh  kiwetic tuergy (= _;. h‘P V:), the repelling forces caw be
OVCrio me . Whew this occurs, the H‘(d“ﬂGh wucled can ‘;ucL) ’tacl;uj

to a wmore Stable C”\-ff,uraﬁfou, Provided T 9 ol k.

Parbicles awd masscs

F‘r £|'l,(¢ n“’“ (h’l
. -7 The mass diffcrence QM
Pro tow =611t -27} betwea fovr protous '4:-4_2,
Helivee nucleus 6645 X ;o onc Helivm nvelevs 3 4+310o kq
-3
fositrou,cf' -1t %10
hevirine

ntgligiﬂc

Twe overell recaction Invelves four

protous fusing, to form a
Tucideatally ,in ovr Sun, the averege

. - |
Survival " time of a protou before it fuses s lo°Y¢q15
(Yes, (0" years ). However, there arc lots of pro bons  avovudd
Sv the nuclear fusiow

ﬁ\\,slg Helivm nuclevs.
[ ]

processes Are Mmain tained .
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Two positrons awd two ncutrinos
along with Some <tnergy. This

Kinctic ¢nergy of the particleg

1\
are also re 'Ca.n.l,

thergy IS releascd in two forws :
and Jamwma rhafahs.

+
¢ 'H ——'?+“c t 2¢ + 2y t cnergy

On the previouvs

parge , We saw that whew a stalble
fFormed frow its Cous titvewt nvcleous | the

decveases L1 Om = 431« lo-zykg.

noelevs (s
mass of the Systew

| Using (‘f!oba‘lv) bhe oSt famous Scicwbific

szafiok
;{-( AE = Am. cz) awd svbstituting @

) -9 2 g ~lz
pe = amrxw? kg % (B 1efm e)

~12 -
= 3-9(3) %10 kg mis™?
Aud A€ 39 (3) L lo"Z J [Ufrus My "Uclmr—?owned. S“dt flllc]

This is a sSwell awovnt of
Wombe of nvclel s

1]

Cwhergy - Howcvcr, a larje
going Ehrovgl this reaction at the Sawc

El'mc, so the awovut of tnerqy relcased, cvery Secoud becowmes

nguiffeau'b.

26 y
Measore mewts skow that LQ = 3-83 xto W(.TS )

From thisg, we can calcolate the wvwber of recactious

ocCurring Per sccond.

huiber of Teactions ‘} = Luminesity of tEhe Svu
0ccurring Pev Sccond

tneeqy releascd per reacEioy
3-93 w108t T

39 (3) x10'' T reaction”!

]

n . <1
= 9715 2o Treactious s

Furtherwore  (always a

dreaded wovd ), the wmass of the Svau
Conver ted +o

€nergy Per Sccong = dm
ok

26

= 3-8(3Yxte T

910l m? 572

< 432 10" kg s\ [Wrsh]

4‘ Einstein's Egvation

SN
e
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The Sun
—_c JVr (lll)
AT ¢ not coustaut i::\:::c}::?
dR

T =515k

Nuclear fusion in the
Sun occurs 1w the ceutral
region, with a vadivs
0f abovt onc-gquarter
of the whole star.
Here | high - cucrgy Photons
are prodveed, and they
radiate ovtwards,
Becavse of the high
density of the gascs
in the Tnuermost parts of
the star, these photous
arc absorbed awnd re -cmi ktel
hot gas qive rise fo the granvlar . | :‘““::;;‘":;& L‘:‘;f";,‘s
appcarance of the Solar Svurface. | result, the whole process

can take onc milliow years.

AP s not constaut
d R

The gas tn ovter
parts of a star is
cooler awd this
increases the opaciby
(the resistance to
radiation). Conscquently,

- L oh& @bﬂvt 0 8R0

cw\uctwn takes over . Rising curreunts of

Mass, Luminosity awt Lifetime

As lowg as a profostar has a mass between + O0- 03”
bo —yloo Mg , fusion will commence awd a star will Lccohc &,
Mmain- Sequence Star. The star will spewd most of its Iife in this
rcqgion of the Hert3sprung- Russell diagram.
‘ The Wfebime of a star in the Mafu~fctvehc< is linked & its
_lvminosity awd mass becauvse:
‘ (i)fkc greater its wmass, the lowger it will last before 1ts Sopply of
H-’Afpﬂel\. is cConsvimed
(iiy The qreater its lvieinosity, the Sooney the supply [Js Hyolrogcu
will be tx havsted,
When stars form from clovds of gas in Space, their composition
is initially ~ 73%), Hydrogen , 259 Helivie aud 2% other clcments,
by mass. During their main- sequence lifetime , cnergy is produced
by *the proten- proton chain, vntil the Hydrogew reserve rvag
low. Ovur Sun is @arovnd S2io’ Years old . It has wove Hydrogew in

l.ts Cove, nevertheless, it still has cquvgk Hydrogew to waintain
its present level of tucrgy prodvction (thereby resviting in a loss
of mass ratc a 4.~3;uo’l=9 s71) for anotuer five billion Years .
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