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Abstract
Using the models from part I, we have derived the basic parameters, describing the discs.
We have obtained the self-sirnilar soluti.ons of the evolution for both epes - ADAD and cv

discs, The results are expressed quantitatively to demonstrate our conclusion.

l.Introduction
As a continuation of Part I, dedicated to the priority of advection theory andL

the properties of advection - dominated flow and the comparison with
standard accretion theory, here we present the actual results of our
calculations. In many problems, the simple self-similar solutions don't
correspond to complete solution [12]. They are intervening asymptotically
and in a number of cases they give a sufficient idea of the studied physical
phenomena with correct boundary conditions. As a result of the required
transformation performed in our letter and using work [7] with adequate
variables, we will obtain self-similar solutions, too.

2. Equations, describing the eyolution of cr disc and ADAD.
The last two systems from part I [8] (eq. 3.29 + 3.33; 3.34 + 3.38)

enable us to obtain all parameters of the disc, so, we are looking only for I
in explicit form. To this end we will use the conservation laws; using ( eq"
2.10, see [8] ) we obtain:

( II.1 ) ZV,r =

r42

M (an.\' dr
z"= -\ ar) a,



which gives respectively:
aL-(IL2) M =-2n .
dh

. )cr )p
( II.3 ) tW = -!Y-cr&
From (eq.2.9, see [8] ) and ( ILl ) come after:

lTrA\ D, _l(GM)'z A [( %\" ao)(rr'+'' a=t E A\\dt,) at,j
as we apply (eq. ( 3.33 ) and eq. (3.38 ) see [8] ) and the relarion

, ( zqt.\
; = I ; - | we obtain the follows diffusion equations:n \3c1)

AF F'AzF(II.5) - =n '. 
-dt n' Aht

dF n.. a2 F(11.6) . =-.= -dt n dhz
where:

I

AtrAr = -=- (cu)'
z

m=
4+2a,

l0+2ar-2br- c,

From ( II.4 ) we get:

(Gtw)'F'-*/ rr ? \ \. _
2(t- m)nh3-'

(cu)' p
( rr.8 ) 2n^ h2

3. SeIf - Sirnilar Solutions.
First we will define the role of self-similar solutions and then we will
give an example for their application. Such an' example is the
examination of the temperature diffusion equation for stationary
conductive medium, presented in [7]:
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AT"' 
= DVT

dt
D - diffusion constant.
We will determine the temperature at successive moments of time,

when the initial distribution is: 7 = Krr , r - the distance to the centre of the
coordinate system.

If we define the scale of the temperature U , the distance A and
the time r7 , then we can determine the dimensions D and K :

lo]=r7-' t\' and lKl= r'u
D independent of U
Sometimes, after the beginning of the process, the typical lengttr

scale depending on time may be defined as:

A. (r) = (nt\%
The time-dependant temperature scale may be defined in a similar

way:

T,(t)= t<tt',(t).

The solution should vield T as a function of t and r . In non-
dimensional form:

TT
T, KlY

This form should be a functiol sl J- und. L.
L,\t) t

So we obtain the so.lution in the form :

T = Kr\,*T*t ^+ I(^.u/i
T* - dimensionless function composed of its dimensionless

arguments.
The obtained result is a self-similar solution, since time dependent

scales are used. The temperature scale ia always the function of scale
featuring the length. This is the self-similarity of the problem which denotes
that variable scales of A" and T" may be selected. Because of this, it is
possible to represent the scale of characteristics by a single variable
function.
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Therefore, the presence of several dimensions for the independent
constants, including the boundary conditions of the problem, defines the
neccessity of self-similar solution.

Let us examine the problem where the self-similar solution is of the
first order. The time behavior of a thin disc is defined by (IL5) under the

assumption that for the initial moment r = 0 the distribution is:

F=KhY
The dimensions of all values in (II.5) and initial conditions are:

ltl= Nrt-';bl= ,t; [F] = MNry-';

lnl = U - m 
6-2(n-nt+2) r2n-n-3'

lrcl= P71Ytt-Y)rlY-2 .

Now we have to determine the typical scale.of the total angular
momentum h"(t) and typical scale of friction 4 (r) for each moment

t>0.
The first value is obtained from the dimensional analysis of (II.5):

l'1
h,(t)= (n4(r)"'t-+

'n+2
For { (r) we use the initial distribution:

F,(t)= rcn,(t)'

Subtituting the last equation in the upper one, we obtain for h"'.

It b\ = (n^r'r) 1

\ / n*2- xm
The solution of the problem yields F as a function of h and t and

may be expressed in dimensionless form:

F F -(n r) -(n\
-=_-_-- ^ - t,*l-,_ l=.1_l _ 

|F" Kh,lt)Y [fr" t ) lh, )

Then function F will take the form:
rn\

F(hr)- Kh",(r)nl . t.
\h, )

Using the present above [7], we divide the variables in ( II.5 ) and
( rr.6 ):

F(l) = r(t) f (€) ,
,hr,r=-= I-,
' ho \ro*'
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4,,, is the edge of the disc.

Then:
_l
I tn+Z l;

(l[.1 ) r(r) =l "0, ,l
l-,tunn\t + h)l

(IIl.2) f(r) =Foea; f =+
tLo

^a^d't
(lII.3 ) +=26uf'-'"dE'

)zf(III.4) +=L(f
dq"

Also, we can search the function in polynomial form:
( ru.5 ) f(() = ao€+ a'{t + a,6t'

l =3+ ft- ffi, a' = 
fu^'-"'

I-t ' az=
fiao'-'''(r- m)

2t(2r-l)(l-t)'
2l +I

an = _,. i, 2= l(21 -l)oo--, _21(t_l)a.,,'" 2lL-l) u

and the boundary conditions are:

/(1) = 1

/'(1) =o /(o) =o

finally we replace ( III.1 ), (II.2 ), ( m.5 ) in ( IL7 ) and ( II.8 )
Then we replace the result in (( eq. 3.29 + 3.32, ) and ( eq. 3.34 +

3.37), see [8]). As a result, the parameters of two discs are obtained in
explicit form of time and dimensionless coordinate ( .

Standard accretion disc: 
r

^'r 
f' ^ ( hn'*' ); t+toi4=Y+i Mr,=--31--*_ | ; y=-

y, no Y- trnrrtq) tO

l-nr

Z=*#sFn,vn-3. y -1@u)' r ( n*');
>k > ' "o-z hot-n il(l_.)[_bmtlte)
T ,-.2N,!!-1 To = To1o'*'c0oo""
i: Y""'i ;zur\-n)qNt(n4)-6N2; -n, 

u,,*, 
,\Tk r ) 

0t o=@t lro*t
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( rrr.6 )

+ =Yt'#/"'tr-m) €Nth-3)-3N'1 ' V,o =V,rZo''roo*'v'sK

y:+ = *(' 
r,.i#, (z N,+ r)(r - n ) qjzrv, 

+t 
) 

( n -:)-o,v, .

Wrq"

w r,po = W rroZ o'*'*t o) no'*'

I = y(",*t)f 
,1,v,*r;tr- 

n) qjN,+r)(n-z)-:(,v,+r) , pr = po2oN,*rs1or(u,*t)
Pk

oir rlM. t aatl grc'
LE Y;

LL:oMlj.tlc"l 
-=\'/L-

Advection - dominated discs:

M = M.eE f'; Mo=++

*= 
ur'{'t r-Fo

" " - cralro'

T_
T

v's

{' ; To = Too a)oo'rou,'

{' ; V"o = Vron conoror,

( rrr.7 )

v' ,sa

W,,

w,*
P

I
T r+.P-)
r

) Wr,w =Wrroo2oo)no'rou,'

\ = Po"2oa)or2rou,

xn = LoZo
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L u"lu"lday] a k__ o-
LE*LE
using Tables 1 and 2 ( Appendix 1 ), and from ( III.6 ) we obtain

the parameters of the disc for two regimes: Thompson's opacity and free-to-
free tlansition.

To obtain the parameters of the advective disc we must define the
constants c2, ca . Using the equations

C0=c20)k: h=unr'; h*=A)r2t #=r,
we can find cr.
But the value of c, cannot be defined precisely, we can give an

appreciation only and taking into account physically and mathematically

conditions. To keep the slim disc formation it is necessar y H 
doesn,t

r
exceed r0-2 . But the disc is advective hot and tn"n H/, is in maximum,

that is why we consider

4. Comments
A comparison has been made between the standard and the

advective model of the accretion disc and as a result, the main parameters of
both discs in dimensionless quantities are obtained. we have used
hydrodynamical equations, as we have added the terms describing the
advection. The obtained solutions are self-similar.

The results (Appendix 2) lay down the field of action for the
second theory. They prove that the new advective theory can be used, while
the main advantage of the standard theory - the slim disc approximation,
remalns.

The presentation enables us to obtain the full approximation
solution for disc parameters at non-stationary accretion. Although the self-
similar solution doesn't fit in accurately, it displays good quality estimation
for the physical processes in a given astrophysical disc.

H
- - r0-'
r
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HflKOI4 OCOEEHOCTI4 HA u AI,ICK I4 AABEKTIIBHO -

A OMI4HI,IPA III AKP E III{ OHE I{ AIIC K. AB T OM OAE JIHI,I
PEIIIEHI4fl I,I TflXHOTO CPABHEIII,IE .II

JIu u es ap Q un un o e, Kp acuuup a .fl Hrc o e a, f{ a uu en a Au dp e e e a

Pesrcna

Ha 6asara Ha crpyKTypt4paHr4re MoAenr4 B qacr I, ca r.r3BeAeHrr
ocHoBHrrTe [apaMeTpr.t, xapaKrepr43r4paqr4 ABaTa Ar,rcKa. flolyveHu ca
aBTOMOAenHr,r perreHr,Lrr 3a eBoJrloquflTa Ha ABaTa Tr4ila - A4nerrueHo-AoMr4Hr4parq
I4 o(' AI40K. Pesynrarnre ca npeAcraBeHrr r4 KoJIrIqecrBeHo 3a Aa norBbp,qqr Harrrrrre
LI3BO.trI{,
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APPENDIX 1

Table No.L

Table No.2

Table No.3

Regime A1 br Cr

X.o 0 0 0

Xn
I

J'J -1

0, M/M. f^,,r/R" u
0,3 3 1 0,5

Regim m n l, ?g a A2 I l1 Nr Nz Qt Qz

Xo 2/5 1,2 ? 42) I,376
03s

0,02 3,8 6,6 r/3 r/6 1 0

Xrr 0,3 0,8 3,131 r,430
0,46

003 6,0 3tl
4

U7 2/7
U1

C1 C3 l" aa a &3 Y Yr LY,l
I 10* -5 ?? 1,5 -0,66 008 /1- 1 7,46.70'
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APPENDIX 2

Table No.4

Table No.5

It/)r. )nDr. 2D^n leXDk lgDl2"a A

511,r5 150,00 0,01 2,71 2,IB 0,8

14,99 0,1 I,51 1,18 0,08
14,18 7,47 0,2 1,15 0,87 0,07

A=10-2

1,73 4,94 0,3 0,89 0,69 0,05
4,96 3,64 0,4 0,70 0,56 0,04
3,49 2,93 0,5 0,54 0,47 0,03
2,59 2,21 0,6 0,41 0,36 0,03
1,99 1,83 0,7 0,30 0,26 0,03
1 5'7 r,48 0,8 0,19 0,77 0,03
r,25 1,i8 0,9 0,10 0,07 0,03
1,00 1,00 1,0 0,00 0,00 0,03

TrlTr. Tr/Tr T/Tu6 IgT/Tp IgT/Tu6 A

6445,6 10" 0,01 ?Rl 4,00 0.8
r02.r4 r0' 0,1 2,01 2,00 0,08
)q ?n 25.00 0,2 r,41 1,40 0,07

A=10-2

6.14 11.11 0,3 0,83 r.04 0,05
4.36 6,25 0.4 0,64 0.80 0,04
3,09 4.00 0,5 0.49 0,60 0,03

2,78 0,6 0,3J 0,44 0,03
l,B2 2.04 0,J 0.26 0,31 0,03
t,46 1,56 0,8 0,17 0,19 0,03
1.20 L.ZJ 0.9 0,08 0,09 0.03
1,00 1,00 1,0 0,00 0,00 .0,03
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Table No.6

Table No.7

v.t /vro V.t7V.r V/V.ua lgV/V,r, lgVo/Vuu6 A

80,03 t0' 0,01 1,90 2,00 0,8
10,07 10 0,1 1.00 1.00 0.08
54n 5,00 0.2 0.73 0,70 0,07

A=10-2

2,60 0.3 0,41 fi\) 0,05
2,09 2,50 0.4 0.32 0,40 0,04
r.76 2,00 o5 0,24 0.30 0,03
1,53 L,67 0,6 0,18 0,22 0,03

r.43 0,'7 0,13 0.15 0,03
1)1 t,25 0.8 0,08 0.10 0,03
1,10 1.11 0,9 0.04 0,04 0,03
1,00 1,00 1,0 0,00 0,00 0,03

w.qrlw.q w.qn v.q W.a/W.quo lgW.rAV.
k

lgW.y'W
ad

A

3,3 . 100 r.4999.r0' 0,01 6,52 6,18 0,8
3301.0 1498.3 0.1 ?5' 3,18 0,08
4II.5l 186,84 o) 2.61 ) )'7 0,07

A=10-2

52,13 54,90 0,3 r.12 |'74 0"05
2r.62 22,78 0.4 I.JJ r,38 0,04
10,80 11 '74 ' 0,5 1.03 t,07 0.03
6,04 6,30 0,6 0,78 0,80 0,03
?6? 0.7 0.s6 0,57 0,03
2.30 )?1 0,8 0,36 0,36 0.03
1.50 r,46 0,9 0.18 0.16 0,03
1.00 1,00 1,0 0,00 0.00 0,03
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Table No.S

Table No.9

PrlPr. Pn/Pr PPua b lgP/P1 lgPlPu6 A

4,09.10" 1,4999.ta" 0,01 10,61 10,18 0,8

3,25.10' 1,4993,1O', 0,1 5,51 51R 0,08

9453,30 4671,00 0,2 3,98 ?41 0,07

A=10-2

743,48 6, 0,3 ) 9.',7 2,J8 0,05

161,85 142,39 0.4 2.21 ) 1\ 0,04
49,r0 46.96 0,5 1,69 1.,67 0,03

18,31 r7.50 0,6 L,26 1,24 0,03

7,84 7,63 0,7 0,89 0,88 0,03

3,90 5,61 0,8 0,59 0,56 0,03

1,88. 1,80 0,9 0,27 nr5 0,03

1,00 1,00 1,0 0,00 0,00 0,03

Ta/xy {tlry tlxug E lgr/ry lgrhu6 A

5t7.r5 150,00 0.01 )'7 1 2.t8 0,8
JL,IJ 14,19 0,1 1,51 1,18 0,08
14,18 1.41 0.2 1,15 0,87 0,07

A=10-2

r,07 4,94 0,3 0,03 0.69 0,05
1,07 3,64 0.4 0,03 0.56 0,04
1,06 2.93 0,5 0,03 0,47 0,03
1,05 ) )'7 0,6 0,03 0,36 0,03

r,04 1,83 0,7 0,02 0.26 0,03
1,03 1,48 0,8 0,02 0.r7 0,03
r.02 1,18 0,9 0,01 0,07 0,03
1,00 1.00 1,0 0,01 0,00 0,03
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Table No.10

(Xr.,Do)".10'2 (Xr.,Do)n 10-o >udDu roldl

1 '1,)
9.30 0.86 20

0,61 3.62 0,80 30
0.40 1,85 0.74 40
0.28 1.10 0.69 50
0.22 0,72 0.64 60
0.17 0,50 0.59 70
0,r4 0,37 0.5s 80
o.72 0.28 0,51 90
0,10 0.22 0,47 100
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