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“** Pressure is greatest
deep in the Sun
where the overlying

© Cosmic Perspective weight is greatest.

No interior das estrelas, temos o equilibrio entre a
forca de pressao para fora e a gravidade para dentro



Equacao de Conservacao de Massa

NV =
aM aM, = p dv dV =A dr
A=4mr

dM.
=4nrp

dr




Equilibrio hidrostatico

dA

dr

dV = dA dr
dM = pdV




Equilibrio hidrostatico dA A g — a4 dr
dr dM = p dV

Fow=-dMxg=-pdlVg




Equilibrio hidrostatico dA A g — a4 dr
dr dM = p dV

=-dMxg=-pdVg
=dP xdA = dP dV/dr

pressao

grav




Equilibrio hidrostatico dA A g — a4 dr
dr dM = p dV

=-dMxg=-pdVg
=dP xdA = dP dV/dr

pressao

2>dPdV/idr=-pdV g
dP/dr =-p g

grav




Equilibrio hidrostatico dA A = d4 dr




Ex. 10.1.1. Obter uma estimativa da pressao
no centro do Sol

Example 8.2.1. The Sun, a G2 main-sequence star, has a mass of My, = 1.9891 x 10 kg
and a radius of Ry = 6.95508 x 10® m. Its average density is thus

Ps = 4M®3 = 1410kg m™
3'7TR®




Ex. 10.1.1. Obter uma estimativa da pressao

no centro do Sol

Example 8.2.1. The Sun, a G2 main-sequence star, has a mass of M = 1.9891 x 10°°kg
and a radius of Ry = 6.95508 x 10® m. Its average density is thus

_ M _
Po=3—p7 = 1410kgm™

37tR8>
a.r GM,.p
dr r?
d P P, — P, P.

dr R, -0 R,
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Ex. 10.1.1. Obter uma estimativa da pressao

no centro do Sol

d P

dr

d P M, p
dr i r?
P M~0o
c _ _ G @2,0@
R R

M-
P 2 G ofo 2.7 x 10 N m™2

Ro

Mo = 1.9891 x 10*kg
Ry = 6.95508 x 108 m
Po = 1410 kg m™
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Valor aproximado

Mop i
da pressao no Ly 5 G 20 25 7 s 10 N

R
centro do Sol ©

Valor mais preciso  d P G M, p

integrando: dr )

P R
f c GM,
[ dP=PC=—/ L ar
P R r

A} s

P.= 234 x 10N m~?
= 2.3 x 10!! atm!

1 atm = 1.013 x 10° N m™?
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10.2 Equacao de Estado da Pressao

d P GM,p
dr r?

Qual a origem da pressao?
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10.2 Equacao de Estado da Pressao
d P M, p

= -G > Qual a origem da pressao?
dr r

Precisamos uma “equacao de estado” do material,
por exemplo da lei do gasideal: PV = NkT

V: volume do gas

N: numero de particulas
k: cte. Boltzmann

T: temperatura
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10.2 Equacao de Estado da Pressao
d P M, p

= -G > Qual a origem da pressao?
dr r

Precisamos uma “equacao de estado” do material,
por exemplo da lei do gasideal: PV = NkT

n = N/ V ’ V: volume d’o gas
N: numero de particulas

. k: cte. Boltzmann

Pg = nkT T: temperatura
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10.2 Equacao de Estado da Pressao

P, = nkT

okT

Pg::

m

n

n
m

=N/V

=0/ m

: massa meédia
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10.2 Equacao de Estado da Pressao

Pg::nkT n=N/V

m : massa média

okT n=p/m
—

— | u:peso molecular

ka > = m' médio

P mpy Mg massaH
8
1m g my = 1.673532499 x 10727 kg
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. Peso molecular médio u depende

n = - do grau de ionizacao, pois os e-
m p

livres entram na massa média m

Ou seja, precisamos usar a equacao de Saha
para calcular os niumeros relativos de ionizacao.

Estudaremos 2 casos extremos: gas neutro e
gas completamente ionizado.
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Para um gas completamente neutro, m__
D_Nim;
j

Z N, N.: numero de atomos |
J

utro’

m;: massa do atomo |

My
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Para um gas completamente neutro, m__ . :
heutro
D_Nim;
J

Z N N.: numero de atomos |
J
Z Y

T n
peso molecular médio neutro: z N;

m;: massa do atomo |

m, =

dividindo por m,, , obtemos o

m
My

Ex.: j =1 (hidrogénio), A =1
j=2(hélio),A=4
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Para um gas Z NjA,
completamente 4, = -

neutro: ZNJ' Aj=m;j/myg
J
Para um gas D _NjA,
completamente | ~ __/
ionizado: ZNj(] +2Zj)
j

1+ Z,: nucleo + elétrons livres

where 1 + z; accounts for the nucleus plus the number of free electrons that result from

completely ionizing an atom of type j. (Do not confuse z; with Z, the mass fraction of
metals.)
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Peso molecular médio em funcao das
fracoes de massa X,

% Total mass of the chemical element |
J Total mass of the gas
J

2% =1
J

total mass of hydrogen

X =
total mass of gas
total mass of helium
Y —_— p—
total mass of gas X+Y+Z 1
7 — total mass of metals

total mass of gas
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Peso molecular medio em funcao das fragoes de massa X,

para gas neutro:
1 Z N
j

total number of particles

mo Z Nim; B total mass of gas
j
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Peso molecular medio em funcao das fragoes de massa X,

para gas neutro: Z N
1 F total number of particles

mo Z Nim; B total mass of gas

Z number of partlcles from j mass of particles from j
— mass of particles from j total mass of gas
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Peso molecular medio em funcao das fragoes de massa X,
para gas neutro:
2N .
1 F total number of particles
m Z Nim; B total mass of gas
j

B Z number of particles from j mass of particles from j
B mass of particles from j total mass of gas

J
N.
=D A%
[ NjAij
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Peso molecular medio em funcao das fragoes de massa X,

para gas neutro: Z N
1 F total number of particles

mo Z Nim; B total mass of gas

Z number of partlcles from j mass of particles from j
mass of particles from j total mass of gas

Z AmH J_ZAmHXj

~.

m
n=—>
mgy
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Peso molecular medio em funcao das fragoes de massa X,

para gas neutro: Z N
1 F total number of particles

mo Z Nim; B total mass of gas

Z number of partlcles from j mass of particles from j
mass of particles from j total mass of gas

1 1
Z AmH J_ZAmHXj:%: MnM 4

~.

m
n=—>
mgy
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Peso molecular medio em funcao das fragoes de massa X,

para gas neutro: Z N
1 F total number of particles

mo Z Nim; B total mass of gas

Z number of partlcles from j mass of particles from j

mass of particles from j total mass of gas
1 1 1
— X i p—
; A jMmH J zj: Aij d m MnM 4
1 1
= -y ix
Mon i Aj

~
1l
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neutro, em funcao das

Peso molecular de gas ] 1
el
: e A,
fracbes de massa X : J

Aj Emj/mH

Aproximacao em funcao 1 l I
de X, Y, Z, para um gas — >~ X+ -Y A < > Z
completamente neutro:  Mn 4 Al,

<1/A>_€ a média ponderada de todos

elementos mais pesados que He. Para
abundancias solares, <1/A> ~ 1/15.5
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Para um gas 1 14 7.
completamente — = Z 1 / Xj
ionizado: Hi j J

Incluindo explicitamente 1| 3 | +z

~

hidrogé.nio (X),He (Y) ;L_z =2X + ZY = A 7. .
e metais (7 ): l

~v

€ 0 numero atomico.

Também, Aj ~ 2 z, (# protons ~ # néutrons)

Para elementos pesados, 1+z ~ z, onde z, l =} 2 I
A [, 2

If we assume that X = 0.70, Y = 0.28, and Z = 0.02, a composition typical of younger
stars, then with these expressions for the mean molecular weight, i, = 1.30and u; = 0.62.
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] - 3 A energia cinética media de
—mv* = —kT uma particula é %2k T por grau
de liberdade.

Pressao de radiacdo: P..; = —aT*

kT |
Pressdo total: P, = P 4 —aT*

MM g 3
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kT |
= £ L =aT*
Mm gy 3

Example 10.2.1. Using the results of Example 10.1.1, we can estimate the central tem-
perature of the Sun. Neglecting the radiation pressure term, the central temperature is found

from the ideal gas law equation of state to be

Pressao total: P,

P.umpy
ok

Using P, a value of u; = 0.62 appropriate for complete ionization,’ and the estimated
value for the central pressure, we find that

No centro do Sol, P. = 2,3 x 10 N m™
- T.~ 1,5x107 K

which is in reasonable agreement with more detailed calculations. One solar model gives a
central temperature of 1.57 x 107 K. At this temperature, the pressure due to radiation is
only 1.53 x 10" N m~2, 0.065% of the gas pressure.

c —
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