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10 Stellar model with linear density distribution
Consider the relatively simple model with the density distribution
p(r) = pe- (1 —x) (1)
with z =  where R is the radius of the star.

(a) Show by direct integration of the mass continuity relation that the mass M (z) is given by

M(z) = 47 R3p, (;xf‘ — ix‘l) (2)

(b) Integrate the hydrostatic equilibrium equation

P M(r)p(r)
P ®)
to obtain the Pressure function
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(¢) Use the ideal gas law to calculate the temperature T'(x) and show that the ratio of temperature
to mean temperature is given by
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(d) Examine % for extreme values and draw conclucions on the stability of this configuration.

What is the problem with the density distribution (1)?

11 A realistic model for our sun

Consider the Ansatz,

P 47, 2
ar g Gperexp { () } (6)

where a is a scale length that is chosen here as a = 0.2 - Rg,.

(a) Integrate the Ansatz to derive an expression for the pressure P(r) and show that the central
pressure is P(0) =: P, = 2*GpZa’®.
(b) (*) Use the expression derived in problem 9 of exercise sheet 4
M?(r;) = — 4/P(7’)7’3d7’ — P(ry)r (7)
0

and the Ansatz (6) to show that the mass M (x) is given by

M) = 7 pea(a) (8)

where z = £ and ®(z) = /6 — 3exp (—2?) (21 + 222 + 2).



¢) Determine an expression for the density p(r) from the hydrostatic equilibrium equation (3
p
and confirm that in the limit » — 0, Z—’T’ goes to zero.

(d) Use the results from (a) and (c) to calculate the central values P. and p. to obtain the central
temperature

R
T, =4.69 - 10%7@ (9)

and estimate the parameter PZ—Q to match our sun.



