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3. THE GENERAL SOLUTION OF EQUATION (10)

The equation (10) is a nonhomogeneous Euler equation. With the transfor-

mation € = e' it becomes an equation with constant coefficients:

e~ = (13)

where (t) = yn(e'), 6(t) = 0,(¢). The fundamental system of solutions for (13)
1s:
{7t , ¥}, (14)
so the general solution is:
F(t) = cr(t)e™t + ea(t)e®, (15)
where the functions ¢ (¢) and ¢y(t) are determined from the following conditions:

c(t) et 4 ch(t) e =0
(16)
~ch(t) - et 2eh(t) - e = —0n (1)

Solving (16) and substituting in (15) we find that the general solution is:
Uy [ o 1 .
Fa(t) = —§e2t/€2t92(t)dt+ §e“ /e”‘eg(t)dt + K1e*' + Kqe™t (17)

where the constants K and K are determined using the boundary conditions (12).
Going back from the variable { to E we find the following expression for v, (€):

(@) = -3¢ [em©ie+ 3z [emOurme 2 ay)

which enables us to find the constants K; and Ky using (12):

mi=5/ &6:(5)«%”6:&; ko= [2 [ eorte de}

We note that in (18) and (19) is involved the Lane-Emden function of index n.
But as we know, there are only three cases (n € {0,1,5}) whose exact form could

(19)

=0

be written (see Chandrasekhar, 1939). Further we will use an approximate form of
it to be able to compare our results with the numerical results of Monaghan (1965).

4. CERTAIN SOLUTION FOR EQUATION (10)

Let us substitute in (18) n = 0,1 to get exact solutions [or (10). Forn =0
we get the solution found by [Ferraro (1954), and for n = 1 the Monaghan’s
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solution (1965):

forn=0
_1_ Lo 2 &
60‘—1 66 711(5)—6 _'i'd
forn =1
0, = iz—é%(g) = €siné + 2cos€ — 25?5 + %g?

For other values of n we know only approximate or numerical solutions for
(11). In the sequel we are going to use the first order Padé approximation in € = 0
for the Lane-Emden function! (Pascual, 1977), which means:

60+ (3n — 10)¢2

[1 1]
e = 60 + 3né?

(20)
Choosing n = 1 in (18) and (22) we find the following expression for v;(€)

! , 1
() = 3¢ <138.3339469 4 ggz - _g_“

In(60 + 352)> (21)

. _._55 2005 _ @95 8000\/_ar(tan (%5\/5)

= 22
g (22)
For n = 2, we get v2(&)
1, ‘ 2, 1250 1 100 1
2(6) = =€2 [ ~37.98177011 — Z¢2 4 =2 0 (@
¥2(€) 35 ( 37.9817701 95 +—3 10+£2 5 — In(10 + ¢° )) +3 (23)

4 5 200 4 12500 ¢ 5750 _l_
x(zgé - 57 €2 4+5006 + = @ 9 \/ﬁarctan<mg\/ﬁ>>/g (24)

For n = 3 we obtain v3(¢)

1 52 N 2000000 1 - 20000 1
1458 2187 (20 + 3¢€2)2 729 20 + 3¢2
(25)

! In the neighbourhood of ¢ = 0, the power series expansion of the Lane-Emden

1
v3(€) = 552 <.7999286730 +

function has only even terms. So, we have to approximate a power scrics on ¢2. So, in
fact, here 8y is rather a function of £? than a function of &. This the rcason why 9%1’11
is termed “first order Padé approximant” it being really of first order with respect to ¢?
(not with respect to §).
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the numerical one with the mean error 0.3, 0.17 and 0.11 respectively. At the
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which we compute different Padé approximants. But these approaches involved

more calculations and complicated the analytical form of the solution.

In figure 4 we analyze the magnetic field at different depths in the star (on
z-axis we represent £/€;, where &; is the first zero of the Lane--Emden function)
and we see that increasing the polytropic index, the main value of the field is found
deeper in the star. The maximum value of the field does not depend strongly on
the polytropic index for stars with strong central condensation, as we can see in

figure 4.

2 The functions yn (£) and By(¢) from Monaghan’s article — dimensionless functions —
are in the ratio —2. So, in fact, we represent in our pictures —2vy,(€) and Bg(€).
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Fig. 4. — The magnetic field versus the star depth for n € {0, 1,2, 3};
the first line from the top is for n = 0.

REFERENCES

Babcock, H.W.: 1958, Astrophys. J. Suppl., 3, 141.

Borra, E.F.; Landstreet, J.D.: 1980, Astrophys. J. Suppl., 42, 421.

Chandrasekhar, S.: 1939, An Introduction to the Study of Stellar Structure, Chicago Uni-
versity Press, Chicago.

Chandrasekhar, S., Fermi, E.: 1953, Astrophys. J., 118, 116.

Chandrasekhar, S.: 1961, Hydrodynamic and Hydromagnetic Stability, Clarendon
Press, Oxford.

Ferraro, V.A.C.: 1954, Astrophys. J., 119, 407.

List, R., Schliiter, A.: 1954, Z. Astrophys., 34, 263.

Monaghan, J.J.: 1965, Mon. Not. Roy. Astron. Soc., 131, 105.

Pascual: 1977, Astron. Astrophys., 60, 161.

Roxburgh, 1.W.: 1966, Mon. Not. Roy. Astron. Soc., 132, 347.

Received on 19 December, 1996



