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The Sun’s interior and atmosphere (Fig. 10-1)
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The Sun’s outer
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Density and temperature of the Sun (Fig. 10-2)
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Fundamental Forces

L
Strength Range (m) Particle
Force which
S tron g >~ holds nucleus 1 107! 5 gluons,
@ @ togeher e r(nucleons)
medium sized nucleus)
Strength Range (m) Particle
Electro- <® (&> 1 | photon
. 137 Infinite mass = 0
magnetic O =@® spin = 1
) Strength Range (m) Particle
\ }' 6 -18 Intermediate
Wea ‘ws@ [:> ’@ 10 10 vector bosons
{0.1% of the diameter e =
of a proton) WH W, 2.
neutrino Interaction mass > 80 GeV
Induces beta decay spin =1
Strength Range (m) Particle
‘avl - graviton ?
Gravity @""@ 6 x 10°° Infinite mass = 0
spin =2

http://hyperphysics.phy-astr.gsu.edu/hbase/forces/funfor.html




THE EwSron BARRIER,

Figure 9.3 The potential energy for
two profons os o function of distance,
This includes the electrical force and a
model for the nuclear force.
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Tunneling thru the Coulomb barrier

We can calculate what temperature is required
to simply slam those two protons thru the
Coulomb barrier, for a Maxwell-Boltzmann
distribution of particle velocities:

: 1 3 1 >
Particle k.e 5m<v2> = EkT = c

e, r

Evaluating, we find T of order 10'°K;
(but the Sun’s central temp is only 10’ K ...)



Quantum mechanics helps out

Heisenberg uncertainty principle says it’s never
possible to know a particle’s position and
momentum exactly:

AxAp ~ #

Thus there is a finite probability that two
protons will be close enough to surmount the
Coulomb barrier



Doing a similar calculation but setting the
particle separation equal to one proton
wavelength (4=h/p) and solving for the
temperature, we find that the temperature is
of order 107 K

So, guantum mechanical tunneling is important
for nuclear fusion to occur in the Sun, as well
as the high kinetic energy of the protons
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Table 5-1 Reactions of the PP chains

Q value,
Reaction Mev

H!(p,B*v)D? 1.442
D*(p,v)He? 5.493
He?(He32p)He* 12.859
He’(a,v)Be’ 1.586
Be’(e~,»)Li’ 0.861
Li’(p,a)He* 17.347
Be(p,v)B® 0.135
B8(8tv)Be?*(a)He!

18.074

Average d_S_’
v loss, So, dE
Mev kev barns barns

0.263 3.78 X 10-22 4.2 X 107%¢

2.5 X 10~ 7.9 X 10™*
5.0 X 108
4.7 X 107! —-2.8 X 107
0.80
1.2 X 102
4.0 X107
7.2

33.81
37.21
122.77
122.28

84.73
102.65

t Computed for X = YV =

0.5, p = 100, T'¢ = 15 (sun).



Froton. - proton.  chawn, ¢s Mcuw

s o B

Nucheor fusions wills wonfimas. wZl ek
& e Boak cme Aw Lwn cowekid il .

gy il by sy

fo ane  THe afom

Sz, E = me® . can wok o cul

&

:’7 ::a?aaw ma.sses

_,?_f.
MF = rs ﬁmﬁfﬂ Lj

—
PIAES cyz ﬂié nceeloie = E-846% x/O 3

-
- 6670
4;'??‘, ¥ x /10 J

4,.?; = m(*ﬁ) = 0O-007 rr?F x4

;

ssumes. most .-:y[ Sen & /pru?éhn{_ anct
107 wll ,wzg};mg o~ fescon,


heather
Typewritten Text

heather
Typewritten Text

heather
Typewritten Text

heather
Typewritten Text
x4

heather
Typewritten Text

heather
Typewritten Text

heather
Typewritten Text

heather
Typewritten Text

heather
Typewritten Text


OQoaclobl, mass = ©O-f g -

ﬂua.bt'a.ﬁé_, \'/Lﬂw = G*GC?'?ﬂ?ﬂ.c.l /Deﬁ/wo’é'\.,

32 <
Tobal ene@r,r = 0-007x 2 x /0 x (.Sx;gm_)

57

/3 x /0 Eyﬂ

Loblim. M@a@%&’;@%m
Sun il Wt ertrgy prodiclion 7

L]


heather
Typewritten Text


©  h mamin lins bl Tgoualia S

A o CMHO bl-cycle

g 10 15 20 25 30 i ao 45
Te «— 0" &
Fig. 516 A comparison of thermonuclear power from the PP chains and the
ONO eyele. Both chains are sssumed to be operating in equilibrium. The

caleulation wes made Tor the choice Xox/Xz = 0.02, which is representative
of population 1 composition,



OTHER FuSron REACT1OMS

fneaa{ hoten k’)WUE‘QS Han. CoMe af&n.)

TRIPLE ALFHA PROCESS
*‘gg + Y ie — 5-3& +>)
Cbefore "Be. ﬂfﬂ:fys) o+ "Be — *Cry

7his neads ﬁqaurwéue s KOEK

WNEUTRON CAPTURE
For {;7#’:, qﬁ_mr;.:.. mé’mﬁ n.w:.fu-_f_} tﬁM
p«»ﬁ&: . Use newtrons.

CZ.,#) + " —:r (E’.,»‘?ﬂ’)

« Sho wnt beld a@.@;:
Z. ar) — (z+, A) + e +

i

E-M )



10 ——— :
16 86
L 30 400, 36 KT 127 )
20 531 174
\oxf PFe 107 90 CBPb 2
Sreume A8 = 2
€ N
= & ]
3 !
5 6« QHe |
g 6y :
S S ]
(5] .
é 4
= L _
5y i
gHe
2 -
2
1H1 .
H
0 | : ! . | . ! ; L
0 50 100 150 200 250
A

FIGURE 10.9 The binding energy per nucleon, Ej, /A, as a function of mass number, A. Not
several nuclei, most notably 7He (see also '2C and '§0), lie well above the general trend of t
nuclei, indicating unusual stability. At the peak of the curve is 5Fe, the most stable of all nu
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