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Abstract

Collision terms for plasma transport equations are derived from the
Fokker-Planck equation without the usual linearization in U = flow
velocity / thermal velocity. A 13 - moment ansatz for the distribution
functions includes the linearized dependence of the collision terms
on viscous pressure and heat flow in the transport equations for
momentum, energy, viscous pressure and heat flow, The masses,
densities, flow velocities and temperatures of the species are
arbitrary. Simplified results for small mass ratio or equal masses
are given. For moderate velocities the collision terms are expanded
in powers of U. Some of the resulting lowest order terms are
nonlinear. These usually neglected collision terms may be important

for moderate U,




1. Introduction

The present investigation was prompted by difficulties arising in
hydrodynamic computer calculations of laser pellet heating. An
appreciable fraction of the energy deposited may go into the creation

of high energy super thermal electrons (FREIDBERG et al., 1972;

FORSLUND et al., 1973; MORSE and NIELSON, 1973). Simple two fluid
hydrodynamic equations are not general enough to take care of this
non-Maxwellian tail of the electron distribution function. Temperature
gradients are obtained, for example, which are so large that the heat
flow q calculated from q = - k7 T is incompatible with a microscopic
plasma description (SALZMANN, 1972; BICKERTON, 1973). In practice,
therefore, the heat flux is artificially limited in computer calculations
to some physically reasonable upper bound, essentially to the product of
the average electron energy and the electron or ion thermal velocity; see,
for example, ASHBY and CHRISTIANSEN (1973).

Clearly, it would be good to have a more detailed description of the
electron component. One possibility might be to treat the super thermal
electrons as a species of its own, with density, temperature, heat flow,
etc. independent of the bulk electrons, and to follow its dissipation in

space and time after its creation from local source terms.

However, a further complication arises from the fact that the macroscopic
flow velocity of the fast electrons propagating from the region where
they originated is initially of the same order of magnitude as their
thermal velocity. Transport coefficients like friction, etc., however

are usually calculated only in the limit U = flow velocity / thermal

velocity ® 1, e.g. BRAGINSKII, 1965. Therfore an extension of existing




transport theory is required.

Collision terms for large U have been obtained from the Fokker-Planck
equation in the theory of electron runaway. DREICER (1959) considered
friction due to electron motion. HERTWECK (1965) derived collision terms
for momentum, energy, viscous pressure and heat flow based on a I3-moment

ansatz of the distribution function of electrons and ions. Arbitrarily

large pressure anisotropy was allowed., Owing to the generality of the

ansatz, however, his results are expressed in terms of complicated

integrals which are not readily amenable to approximations. More

explicit results were obtained from the Boltzmann equation with a similar

approach by YEN (1968), who assumed both pressure anisotropy and heat flow

to be small corrections in the ansatz for the distribution function. He restricted
him self, however, to nonlinear collision terms for electrons only. For

arbitrary species nonlinear collision terms based on a five-moment ansatz

of the distribution function were derived in the book on transport theory

by BURGERS (1969).

The present paper is devoted to the derivation of moment equationsfor
density, flow velocity, temperature, viscous pressure and heat flow of a

multicomponent plasma with collision terms in which the flow

velocities need not be small compared to the thermal velocities. The

number and type of species are arbitrary, so that the result may be applied
to, for example, the two-electron-species model of laser plasma mentioned
above. The method closely follows that of BURGERS, except that a

13-moment ansatz is made throughout in the derivation of the nonlinear

collision terms. The analytic evaluation of the integrals in the collision



terms was performed with the algebraic computer language REDUCE 2
(HEARN, 1972), which facilitates the book-keeping of the many resulting

terms.

Section 2 starts with the Fokker-Planck collision term. A 13-moment
ansatz for the distribution functions which closes the set of moment
equations is made. For completeness a short review of the collisionless
terms of the moment equations is given. In Section 3 the collision terms
are linearized with respect to viscous pressure and heat flow, as usual.
For each particle species a set of twelve collision terms is obtained
each of which has contributions from differences in flow velocity or

temperature, from viscous pressure P or from heat flow g and is a

nonlinear function of the flow velocity difference U = !u ~11 [/a of
. 2 2 2 . e 4
= +
species s and t, (o v thermal,s v thermal,t’" Simplified expressions

for small mass ratio or equal masses are derived.

For U not too close to | an expansion in powers of U is made in
Section 4 for each collision term. Apart from the usual linear collision
terms, additional terms are obtained which contain powers of U or

products of U with viscous stresses or heat currents.




2. Thirteen-moment approximation

Let FS (r, v, t) be the distribution function of the particles of arbitrary

species s colliding with particles of other (or equal) species t. The

Fokker—-Planck equation for FS (MONTGOMERY and TIDMAN, 1964) is

LE & mi B w i %u.— = R

v, (1)
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where the summation convention is applied with respect to vector and

tensor components, £€ are the electric and magnetic forces, and the

friction and diffusion coefficients a, bhk are given by

a, = % MMy lﬂrete: IM-A gd!v' F{.(I'g',{')_&_h (2)

my "ﬂ:' &S

b

T4

=2 l’“‘"’: b A gepv' F.lt,v i)(XM g f

(3)
my 3

(4)



Here m_ , e are the mass and the charge of particle species s, and
s s
fm A is the Coulomb logarithm. The sum over t extends over all species

present, including t = s,

Macroscopic moments such as density NS, flow velocity u_ , temperature

Ts , Pressure tensor Ps , traceless viscous pressure ES and heat flow

g, are obtained in the usual way from integration of FS with appropriate

factors:

v, = gl’v F

s
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The evolution of the moments is described by moment equations which follow




from integration of the Fokker-Planck equation. The result is:

Equation of continuity:

21”; + N
Dt

Ses

Momentum equation:

A
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Energy equation:
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h

Dt
= p\sl

Equation for viscous pressure:
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Heat flow equation:
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E und B are the electric and magnetic fields, respectively. The rate of
volume expansion, § , and the rate of deformation of the field of flow,
£ g are defined by

P! 0 W 23
s L Qe u i 5 E g = r— u" +-— u " — ew— " £ . 3
I3 r)x‘_ s ) s;& - J ij s 3 4y os (13)

The third and fourth-order pressures Pehkl * Pshkim 2T defined as moments

of FS taken with the factors m_c¢

=T
sh Csk Cs1 s ms cshcskcslcsm e



quantity Msh is equal to the left-hand side of the momentum equation,
equation (8), for Nmu . S .. 1s the antisymmetric Ricci tensor
s s sh hij

with values -1,0,+1. Source terms may be added in equations (7) - (I1)

whenever required.

The collision terms on the right-hand side follow from taking the
appropriate moments of the Fokker-Planck collision term. By partial

integration they reduce to

RS1‘| = 'Ms j\tlsv' FS ay

R, m‘gol’v F.-(cga; + 4 b;)
2

Rs3hk = M &d30‘ FS'(CSLO.‘( Yl AL
(14)
_% o Cai 0 *+ b -%Suu b )
R : dv F - ( + :
sk ™ -i'”‘s g UV - L Cg 0y, Csh Coi @
oo b+ e bi ).
A closed set of moment equation is obtained from equations (7) = (14)

by the following 13-moment ansatz for the distribution function F
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(and Ft):
£15)
Fs(:r_,'g,f3 = Fso (v, v \!)[4+ @‘ (v v f]]
where F is the Maxwellian
s0
x (16)
C
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and ®S is the simplest polynomial in LB compatible with the viscous

pressure P = and heat current g

(17)
1 5
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By integration of FS the moments Pohki and Pohkki which occur in

equation (10) and (11) may be expressed as

Pshke = %(gki T * S 9si ¥ Ou; 95k ) (18)

i
(Vg ]
o9
3
hp
+
-~
h_U
r
-
1™

Pshkl;



All third-order moment terms on the left-hand side of equation (10)

may then be replaced by

-y L) 21 1

- Skk o ?*i *—— ?sk + — — s -

15 ?X; 5 Ox,, £ ?Xk
The heat flow equation may be simplified in the case of small viscous
pressure, " PShk “<< Py » (see next section) by omission of all
terms quadraticin P .. and by omission of the small term P .. M..

s1ij shi 1

When Mi and Pehkki 2re inserted fromequations (8) and (18), the

heat flow equation reads

D, 1 g @ le U

(19a)

— s — —_ 9 — Y o+ = 9 —
thk‘.s qSL £ ? (axi . [ (bx“
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Since FS has been specified as a function of velocity, the integrations

in equs. (2) - (3) and (14) may be performed and yield the collision

terms R as functions of the moments N ,u ,T ,P ,q so that a closed
n g’=s’ 8’=g’'s

set of 13-moment equation is obtained. The next section deals with the

evaluation of the collision terms.
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3. Collision terms

The collision terms Rsn’ n=1,2,3,4, from equations (2), (14) and

(19a) have the common structure

(20)

R,y =2 (o (O RGN P (o0 T
t

lv- 2'13

where Pst(x,x') are polynomials in v and v'and

s R (100 00 <000

In the following we shall assume that ¢k, d% « 1 and shall neglect
the product ¢‘¢* . Equation (17) shows that this implies small

viscous pressure and small heat flow:

(22)

e, Il « p, ; lq. 1 « p.a,.

No linearization, however, is made with respect to the flow velocity u,-




The sixfold integrals in equation (20) may be done analytically

after some transformation of variables (see Appendix A). However,

the book-keeping of the many terms generated becomes increasingly difficult
and, in fact, virtually impossible for the higher—order moments.

Therefore, the analytic evaluation of the integrals was done by

computer with the algebraic computer language REDUCE 2.

As a result, one obtains a list of twelve collision terms; see
Table 1. For each moment equation, n = 1, *4, the collision term
Rn (for brevity, the index s will be omitted henceforth ) is

a sum of three contributions:

(23)

+R‘Q.

The index zero stands for the effect of differences in flow velocity

and temperature,R

P are collision terms due to viscous

and R
n

Q
pressure and heat flow, respectively. The terms without a star are
the ones usually retained in plasma transport theories, e.g.
BRAGINSKI (1965), where apart from viscous pressure and heat flow
the flow velocities are also considered small and only linear terms

are retained, except for the Joule heating Ry (and R2 ), which is

Q

nonlinear in the velocity, and which is kept for energy conservation.



collision driving effects

terms

for u,T z q
*

ad /" E Rio Rip Rig
2%

dT / dt L R20 R2P RZQ

4. ;?n_ .

dE, 4 e £30 Z3p f39
»*

dg / de 20 Rp LA

Table 1. Collision terms. Starred quantities disappear

when nonlinear terms in U or bilinear terms

are neglected.




As a result of the REDUCE calculations the following collision terms
in vector notation are obtained:

Momentum equation:

- U%
S - 3 E”Q U." Y < 24
R = E— K- (uy .‘.‘;51- T (25%)

b = ] ) m -r; . 1%,-r- 3
- S han(poymeh Py m) 2

(a3 -3 ed U]

5 K;{“'(Q'Es‘y m, T +UPeU mn)u 3

Ps Pt~ &su’?
(25)
_ [-(4u5+ 100+ 150) e Ut 4 c«% U]
- 5 i} W) el
Rio = 2K {[q-20 (D] 2t
- _nt (26)
Lge-2utge ] mele] 3 o0

55

Pt




where U is the ratio of flow velocity difference e between the

species t and s to the effective thermal velocity & ,

(27)
U=(u,-u)L . U=fu1; o*e 24 2T
K.l — -5 ] - ) )
of m_; Mt
x
Erf x = Sc“ exp (-f"') is the error function, and
L}
S 2 “51-* + MtT: ; w. = ‘MS + ‘Mt. (28)
The interaction coefficient Kst’
1670 NN et et m, Im A
Ky = t = ° - Ky (29)

corresponds to the momentum collision frequency for s - t collisions,

multiplied by m, NS.

For small flow velocities, U << 1, the function 3 (Erf U - Ue_Uz)IZU3

goes to | so that the classical linear friction term is obtained from
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equation (24). For U > | the friction goes down U_3. Likewise for
U > 1 the contribution of heat flow to the friction, equation (26),
decreases exponentially. Moreover, there are nonlinear terms
proportional to U (q.U) which may reverse the sign of the heat flow
contribution R if U > 0.5.

1Q

Energy equation:

3k -u*
Rzo = %st ._—‘m,m U ("”oTsUC' + S D"Q U) (30)
*R,, - 2 Ky U-P,-U [- [4mmT, 0%,

4”.?{- SU‘ (3])

3 -V T,
Ria H%Ksi o:'mt’.e [—s 1;9 (-, S+ Zmm T,
Swm, § Ps ~

E‘ ?t'U (S—Sm.l: (32)

- 3”,“3-’-* = l”.“f-l: Ul) + v R
Pt -

4+ l TQ;T; [)1 ) ] .
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When R20 is expanded in powers of U (see below) the first resulting

term is proportional to the temperature difference Tt - Ts’ while

. , 2 . .
the next term is proportional to U  and corresponds to the dissipation

of kinetic energy, i.e. corresponds to Joule heating 115.1 .

Energy is conserved in the sense that the sum of the energy gained
by all species, %E RZO’ is equal to the work done by the friction
forces, = 2. _510 " u ; see Appendix B. Similarly, the work done

]
by EIP’ EIQ is equal to the energy gain :E R2P > 2% R2Q .

Equation for viscous pressure:

* k
R, -%Kd(i_-sggi) [ (35 +6w,T,

= U* 2m,m U}
X (33)
rhmT U0 e (38 - b T, 2500 edU .
Heat flow equation:
Ry = ZKqUox 3T [ (Cmy S +5m,S
" bhw, m SU3 0

-c-(,'l-n‘,'mt-r_‘U"‘)Uc.mU‘1 + (EmgS + Som, S)&QU].

Biq * Rup Bug

because they consist of a very large number of terms - more than eighty

The exact expressions for are not shown here

R

=3p’
for 54p’ for example - and it is felt that as such they are not very useful.
The four collision terms, however, are included in the subsequent discussion

of simplified versions of the collision terms.
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In many cases of pratical interest considerable simplification of the
collision terms is possible. For electron-ion and ion-electron collisions
one may expand in powers of the mass ratio and keep only the lowest order
term. For the collision of two groupsof electrons of different velocity,
temperature etc. the masses m_ and m_ are equal, which leads to some
simplification. Also for the collision of different species of ions

m E m_ may be a good approximation. Finally, in the self-collision terms,
t = s, there is considerable simplification anyway. In order to present
these approximations or special cases in concise form, it is useful to

introduce scalar coefficients A (I,J) by the following definitions.

Momentum equation:

-~ 10

(35)

R, ="ZKe[r, A « 1, 43D

+ LUl oAgw +_;y_ rl A ]
v




Energy equation :

Rzo = % Ky Al D

*RM, =2:7 s&; [Q_ U ALSH +U-BU A(s,z)] (36)

R,, aév“_l; [x-U A4 + 1.0 AL ]

Viscous pressure equation:

Ry r TRy L (g0t -300) A0
uZ.

Ry = 2Ky [ B, AL&1) + B, AL&,D

+ L (40-300) 4 [U-B U A3 +U-B-U Al§4) ]

Ul = Ul ——=t= -="-

« B, ALBSY 4+ B, Ag ) | (37)
*R Z K T, ALg1) + 7, AL92)
- 30 = t st { o5 ' el '

CALavksou) [, UA(33)+‘rtUA(34)]}
ur v
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Heat flow equation:

Ry = Z Ky U AL, )

BoUAULND A BV ALN,2)
v T (38)
" A L yu-BU Al 4 ]

v v

Kg [T, AU+ 1, Al2,2)

Ur) Ay AU U Aalae) ]
T S = 12

-t
where
-1 . B 1 v)-1 .B-
g -};sgs ) Qs E‘(Ey yg‘g)'upqyygsg (39)

A
r 1 - Is'—l-(IsU*Uﬂ)-if /.
P;- - lU 3U—
The computer generated list of the A (I,J) is shown in Tables 2 and 3 for
small mass ratio, m << m or m. << m_, and in Table 4 for equal masses,

t

m = m_. The notation ALFA, K, TS, MS, TE, ME, etc. corresponds to a, k
S t

= Boltzmann constant, T , m , T , m , etc., respectively, and ST=T_ + T _,
s’ s’ "e’ e s t
EXPU = exp (-Uz), ERFU = Erf U. The indices e (electron) and i (ion) have
been used for the light and the heavy components. For the expansion in the
mass ratio it was assumed that T.1 is not much larger than Te. The reverse

however, is not excluded and is compatible with the expansion in me/mi. The

coefficients Kst’ equation (29), in the corresponding cases are
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ei

e ki o 2 [T e & et fmy bn A
>

(kT,)*
Ky lmo=m) = “’1/ NNy eies Jmg Im A
Sk 4 (kT,+ kT )% (40)

‘( = 2 Jrﬁ N CD:. /r_1 jﬁﬂ./L
$s T %

with

2 2\, 41)
A =A-gl’ : 3kSRD ; R:p (er_ N‘e‘) .

L
lece,Im, kT,
In the case m, < om, Table 2, the coefficient A (4,1) has been given
both in lowest order with respect to mS/mt and in the next higher order

for the reasons explained below.

The summation over the species t in equations (35) - (38) includes the

self-collisions t = s. In this case, however, almost all right-hand sides

disappear expect for the well-known terms

(b=s) = -k, K P, (42)
S ™5 Ps -

CER I _{;_K“

(-
w

WMePs

When this is taken into account explicitly, the summation extends only

over t with t # s.
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4. Intermediate flow velocities

2

When the dimensionless flow velocity U = | u -u o, a” = v

—tI thermal,s

2

+ v , 1s not too close to 1, an expansion of the collision terms
thermal,t

in powers of U should be a good approximation. This linearization was done
by computer and the result is shown in Table 5 for the coefficients A (I,J),

equations (35) - (39). For small mass ratios, m, <« m and mo«< m o, the

corresponding approximations are given in Tables 6 and 7, respectively,

while for m o= m the result is shown in Table 8.

Tables 5-8 show that among the resulting collision terms even in lowest
order some (those marked by a star) are nonlinear in U or contain products
of the viscous stresses P or heat currents g with powers of U. Hence,
although the resulting non-starred terms to lowest order agree with
conventional transport theories (e.g. BRAGINSKII, 1965 or, moregenerally,
BURGERS, 1969) the new set of collision terms goes beyond previous

theories in that it includes basically nonlinear effects.

In A (4,1), Table 5, apart from the lowest-order term in U, <~ Uo,

the next higher term ~ U2 has also been retained because it yields the
dominant contribution with respect to the expansion in the mass ratio
ms/mt’ Table 6. It has been checked that the term A (4,1) in Table 6

is the only place where the expansions with respect to U and with respect

to the mass ratio do not commute.
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A further simplification of the collision terms may be obtained if the
expansion with respect to U is not made for each A (I,J) separately,

but for each R ., R ps RnQ as a whole. Tables 5-8 show that in this case
all A (I,J > 3 ) may be completely neglected because they are of higher
order in U than the other coefficients. Note, however, that, in general,
the direction of the vector or tensor quantities is different for the

neglected and the non-neglected terms, which may complicate the situation.
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5. Conclusions

Starting from the Fokker-Planck equation and a |3-moment ansatz for

the distribution functions a set of collision terms was derived for

the equations of (I) momentum, (II) energy, (III) viscous stress and

(IV) heat flow without the usual assumption that the flow velocities

of the plasma constituents be small compared to the thermal velocities.
Each collision term has contributions from (A) differencesin flow
velocity or temperature only, (B) viscous stresses and (C) heat currents,
so that all together twelve collision terms were obtained. The number,
mass, density and temperature of the plasma components was arbitrary.

Special results for small mass ratio or equal masses were given.

A simplified set of terms was obtained by expanding the collision terms
in powers of U = relative flow velocity / effective thermal velocity and
by keeping the lowest non-vanishing terms only in each collision term.
Apart from the usual linear terms, some of the twelve collision terms
were found to be essentially nonlinear. The relative size of the linear
and nonlinear terms, which are usually neglected a priori, may be in-
ferred from Tables 5 - 8 and equations (35) - (38). This comparison was
made in detail elsewhere (SALAT, to be published)where also a discussion

of the physical content of the nonlinear terms was given.
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Appendix A. Evaluation of collision terms.

The collision terms are of the form

+ 00

R ~ K AstSV’ ejlfl, - (v-u ")1_ (‘_"'".".‘.f).h
3 3 a* ot (a1)
as’at -» * ¢
: 1 P(v, v")
lg—V'ls

where P (v,v') are polynomials in v,v'. With the transformations

o

g+ 7§
. me T

(A2)
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(A1) goes over into

R~ 1 &‘idsc AS& o [_ _i:._ _&} -.( (A3)

with

(A4)

The C-integration involves integrals of the form, in component notation,

(ma) {d3C e (-C‘/a‘)c;‘-' C;, - vith

(AS)
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etc. For the g-integration polar coordinates are introduced. The

- integration gives integrals of the type d I -
q ? 3‘1 g'-

with
iw
_1_ EJ? 8_ = 320.; . .Z.-"W"JI}
. " )
LT o (A6)
| T 1 2 SP) {1 a 2 Wl
—_— de y = -9 (1-27) 9, +-9 (3z=-1_
t 4k ¢ F
aw K 1 ! “
etc. (For more details, see Burgers). The g-integration involves
KA n [ 2*—23uz‘]
) &3 U"fl o«
(A7)

e )"‘ ™ (u‘z") ‘(.. uz.)
B (J.z Qu™ 1 ot o‘f ¢
where Erf c (.V) = j J{' &-tl
x 4

a
finally, involves integrals of the type S Jzz‘“" 1 emp (z") DrPc (-z)
a

. The z-integration,

By substituting exp( 22 ) =exp ( s z 2 )|s -, and taking the

derivative with respect to s they may be constructed from

+Qa

&Jzzmzr(z."')&%c('z) = Wp(al)c\'?(a) -a (A8)

o
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where Erf (x) = S‘ dt ¢~

A list of integrals (A5) - (A8) l,m,n,r ranging up to 5,4,5,3
respectively, together with some other trivial integrals, was given

to the computer. Also the operator definition of the F -function,

E X;k a; = Ay (A9)

for arbitrary a., and some basic vector rules, like

Z_ 3? a (A10)

1]
ap

were implemented. As a result of the algebraic computer manipulations

the equations (24) et seq. were obtained.

Appendix B. Energy conservation

From equations (27) and (30) one obtains

ZsR“ ZK‘* (-m, T, Ve +Su¥U)

MM.U
=ZKd3_l‘. ["M.(I}- +E)UC-U +_1(_1 +_. ) b*U]
‘u* NU 4 m M ¢ A ”j ﬂ‘
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while from equations (24) and (27) it follows that

S,f = 3 - lu's
3 -
s o2 Ky 3KS (e u-veY?)
st dwm m, U
= = Z R.r.o
$
Acknowledgements: The author is grateful to Dr. H.K. Wimmel for

helpful discussions.




TABLE 2

FOR SMALL MASS RATIO: MS = ME < MI = MT

3
A( 1,1) = (3%ALFAX( - UXEXPU + ERFU))/(2%U )
3 4
Al 2,1) = (3%ALFA%{2%U *EXPU + 3%U*EXPU = 2%ERFU))/(4%y )
3 4
Al 2,2) = (3%MEKALFA*TI*(2%1) %*EXPU + 3%UXEXPJ - 24ERFU))/(4%U %M1«
TE)
5 3
Al 2,3) = (3*%ALFA*( — &%U *EXPU - 10%U XEXPU - 15%UXEXPU + 1SXERFU)
5
)/ (8%U )

2] 3
Al 244) = (3*ME*ALFAXTI*( - 4*%J «EXPU - 10%U *EXPU - 15%UxEXPU + 15

5
*ERFU) ) /(%Y *MI*TE)

Al 2,1) = (3%EXPU)/S

Al 3,2) = ( - 3*ME*EXPU*TI)/(5%MI*TE)

Al 3,3) = ( - 6%U*EXPU)/5

Al 3,4) = (6*U*ME*EXPU*TI )/ (5%MI*TE)

Al 4,1) = (3%K%x( - U*EXPU*MI*TE + ME*ERFUXTI - ME*ERFU*TE + ERFU=xMI

*TE)) /7 {U*MEXM])

5 E,
Al 5,1) = (23%KxTE*( - 4% =EXPU - 6%U *EXPU - 9*U*EXPU + 9*xERFU))/(
3
4% *ME)
5 3
Al 5,2) = (3*xK=xTIx{ - 4*U *EXPU - 2%U *EXPU - 3*U*EXPU + 3*ERFU))/I(
3
4% *MI)

2
Al 6,1) = (3%U*EXPUXALFAX( - 2%y + 1)1}/5

2
Al 6492) = (6*UXMEXEXPUXALFA*TI*(1) - 2))/(5%MI*TE)




Al

Al

Al

Al

Al

Al

Al

Al

Al

A

Ty1)

843)

8y4)

845)

9,2)

94+3)

TABLE 2

3 2 3
(K*TEX(4%y *EXPU + 2*U *ERFU + 9*U*EXPU - 9*ERFU)I)/(2%1) *
ME)

2 5
(9% KkTEX( = 2% *EFFU - 3%UXEXPU + 3*ERFU))/(4%*U *ME)
3 2
(3%xKxTIx( = &xl) *EXPU - 2%U *ERFU - 9%U*EXPU + G9%ERFU) )/
5
4%1) %xMT1)

7 5 3 2
(K*TEx(16%U *EXPI) + &48% *EXPU + 108%U «EXPU - 18%U *E2FU

5
+ 135%U%EXPU - 135%ERFU))/(B%U *ME)

7 ] 3 2
(KxTI*(16*) *EXPU + 32%U *EXPU + 8&4%UJ *EXPU + 6%U *ERFU

5
+ 135*%U*EXPU = 135%ERFU))/(8%U *MI)

5 3 2
(3%K*TE*(4xy *EXPU + 18%U *EXPU + 12%U *ERFU + 45*%UxEXPU

5
= 45%xERFU))/(2%U *ME)

5 3 2
(3xKxTI*( 8%y *EXPU + 24%U *EXPU + 6*J *ERFU + &4S5*U=EXPU

5
- 45%ERFU)))/(2%U *MI)

5 3
{3*ALFAX*{( 2%y *EXPU + 6%U *EXPU + 9*UxEXPU - 9%ERFU))/(5xU

4
)

5 3
(3xMEXKALFAXTI®{ = 4% *«EXPU - 2%U *EXPU - 3¥J*EXPU + 3%

4
ERFU) ) /{5%U *MI*TE)

7 5 3
(ALFA%(8%U %EXPU + 12%J *EXPU + 30%J) ®EXPU + &45%UxEXPU -

4
45%ERFU) )/ (10%1 )




Al 9+4)

A(10,1)

Alll,1)

A(ll,2)

A(ll,3)

Alll,4)

All12,1)

A(l12,2)

Al(12,3)

All2,4)

TABLE 2

7 5 3
(ME*ALFAXTI*{ - 8%l *EXPU - 4%y *EXPU - 10%U *EXPU - 15%U
4
*EXPU + 15%ERFU))I/(10%U *MI*TE)
3 3
(9kKXALFAXTEX( - U *EXPU - U*EXPU + ERFU))/(2%U *=ME)
5 3 2
(3kKkALFARTER{ 2% *EXPU + 10%U *EXPU + 8%U *ERFU + 2T7%U*
4
EXPU = 27xERFU)) /(4% *ME)
5 3
(GRKRALFAXTIx{2%0 *EXPU + 2%U *EXPU + 3%UXEXPU - 73%ERFU))
4
/{4%1) *MI)
7 5 3
(3xKRALFAXTEX( - 12%U *EXPU - 28%U *EXPU - 78%U *EXPU =
2 5
12*U *ERFU - 135%U%EXPU + 135%ERFU))/(8%U *ME)
T 5 3
(OxKkALFARTI®( - 4%U *EXPU - 4*U *EXPU - 10¢U *EXPU - 15%
5
U*EXPU + 1S5*ERFU)) /(8%U *MI)
5 3
(3%K*TE*(2%U *EXPU + T*U *EXPU + 17«U*EXPU - 1T7%ERFU)) /I
3
10*U *ME)
2
(O%K*EXPU*TI*{ - 2%y + 3))/(10%MI)
7 5 3
(3%K*TE*( - 12%U *EXPU - 2%U *EXPU - 34%*U *EXPU - 51%U*
4
EXPU + S51*ERFU)}/(10%U *ME)
2
(PR KXUXEXPUXTI*{2%y = 5))/(5%MI)




TABLE 3

FOR SMALL

Al

Al

Al

Al

Al

Al
Al
Al
Al

Al

Al

Al

Al

Al

244)

3,1)
3,2)
3,3)
344)

441)

S591)

592)

6491)

6,2)

[]

L}

MASS RATIO: MS = MI >> ME = MT

3
(3%ALFA*( - U%EXPU + ERFU))/(2*U )

3 4
(3xMEXALFA%TI*(2%U *EXPU + 3%UXEXPU - 3*ERFU))/(4%U %M«

TE)

3 4
(3%ALFAX(2%U *EXPU + 3%U*EXPU - 3%ERFU))/(4%y )

5 3
(3xMEXALFAXTI*{ - 4*U *EXPU - 10%U *EXPU = 15¢U%EXPU + 15

=

KERFU) )/ (8% *MT%TE)

5 3
(3%ALFA*{ — 4%U *EXPU - 10%U *EXPU - 15%UXEXPU + 15%ERFU)

5
)/ (8% )

(3*MEX*EXPUXTI ) /{5*MI*TE)

( - 3%EXPU)/5

{ — 6%UXME*EXPU*TI )/ (5%*MI*TE)
(6*U*EXPU) /5

(3%K*x{ - UxEXPU%TI + ERFUXTE))/(U%MI)

3 2
(3%K*TI%( =~ 2% *EXPU - 3%UXEXPU + 3%ERFU))/(2%U *MI)

5 3
(3%Kx( = &4x *EXPU%TI - 2%U *EXPUXTE - 3kUXEXPUXTE + 3%

3
ERFUXTE) )/ (4%U *MT)

( = 9*U*MEX*EXPU*ALFAXTI)/( 5*%MI*TE)

2
(3%U*MEXEXP UXALFA*( 2*%U *TI + TE - 5%TI))/(S*¥MI*TE)




Al

Al

Al

Al

Al

Al

Al

Al

Al

Al

Tel)

8s1)

8y2)

8,43)

8y4)

845)

846)

9,1)

9,2)

9:3)

TABLE 3

1]

]

3 2
(K*{4%U *EXPU*TI + 2%U *ERFU*TE + 3*xU*EXPU%TE ¢ G6*U*EXPU*

3
TI - 3*%ERFUXTE - 6%ERFU*XTI))/(2%U *MI)

3
(3xK*xTIx(U*EXPU - ERFU))/(U *MI)

3 e
(3xK%( — 4%y *EXPUXTI - 2%U *ERFUXTE - 3*UXEXPUXTE - 6%U*

5
EXPURTI + 3%ERFU%*TE + 6%ERFURTI) )/ (4%y %MI)

3 3
(KxTI%(2%U *EXPU + 3%U%EXPU - 2xERFU)) /(U *=M])

7 5 5 3
(Kx{16%U *EXPU*TI + 8%y *EXPU*TE + 24%U *EXPU*TI + 24%y *

3 2
EXPURTE + 60%U *EXPUXTI + 6%U «ERFU*TE + 4S*U*EXPUSTE

5
+ 90%UXEXPUXRTI - 4S*ERFU*TE - 90%ERFU%TI))/(8%U %MI)

3 3
(3%xKkTI*( — 2% *EXPU - 3*UXEXPU + 3*ERFU))I/(U *MI)

5 3 3 2
(3K (8% *EXPURTI + 4% *EXPUXTE + 20%U *EXPU%RTI + 6%U *

ERFUXTE + 15%UxEXPU%TE + 30*U*EXPU*TI - 15%ERFU*TE - 30%*

5
ERFUXTI) )/ (2%U *MI)

5 3
(6XME*XALFAXTI*{ - U *EXPU + 2%U *EXPU + 2%U*EXPU -~ 3%ERFU

4
))/7({5%U *MI*TE)

5 2
(3%MEXALFAX( — 4%y *EXPU*TI - 2%U *EXPU*TE - 3*U¥EXPUXTE

4
+ 3%ERFUXTE) ) /(5%U *MI%TE)

o 3
(ME*ALFAXTI*{4%U %xEXPU + 10%U *EXPU + 15%U*EXPU - 15%ERFU

4
Vi 7(5%y =*MI*TE)



Al 9,4)

A(1C,1)

A{11l,1)

Al11l,2)

Al{ll,3)

Al{ll 4}

Al(l12,1)

A(l2,2)

A{12,3)

All12,4)

TABLE 3

7 5 3
(ME*ALFA*( - 8%y *EXPU*TI - 4%U *EXPUXTE - 10%U *EXPU%TE

4
= 15*%UxEXPU*TE + 15%ERFUXTE))/(10%J) xMI*TE)

3
(OXK*ME*ALFA*TI*( - U *xEXPU=XT] - UxEXPU«TE + ERFUxTE)) /(2

3 2
*U *MI *TE)

s
(3%xK*ALFAXTI*{ - UXEXPU + ERFU))/(2%U *MI)

5 3
(9%xKXMEXALFAXTI*(2%U *EXPUXTI + 2% *XEXPUXTE + 3%UkEXPU%

4 P
TE = 3%ERFU*TE))/(4%U *=MI *TE)

5 3 3
(3%KEMEXALFAXTI®( — 8%l *EXPUXTI - 4%U XEXPUKTE - 20%U *

2
EXPUXT] — 6%U *ERFUKTE - 15%U*EXPUXTE - 30«U*EXPU%TI +

5 7

- 15%ERFUXTE + 30%ERFU*TI))/{4%U =M1 =%TE)

7 > 3
(O KxMEXALFARTI®{ =~ &xy *¥EXPUKT] - &%\ *EXPUCTE - 10%U =*

5 2
EXPUXTE - 1S*U*EXPUXTE + 15%ERFU*TE))/(8%U *#MI %*TE)

a3 3
{3kKkTI*x({ - 4% =EXPU + O%UXEXPU - 9%=ERFU))/(10%U *MI)

2 2
(OxKEMEXEXPURTI®( ~ 2%y %T] - 2%TE + 5%T[))/(10%MI *TE)

3 4
(27*K&TI%( = 2%U %EXPU - 3%U*EXPU + 3%ERFU))/(10%U ®MI)

2 2
(9% KxUXMEXEXPUXTI* (2%U *T] + 2%TE - 7%TI))/(5%M][ *TE)




TABLE 4

FOR EQUAL MASSES: MS = MT

3
Al 1,1) = (3*%ALFA*( - U*EXPU + ERFU))/(2*U )

3 &
Al 2,1) = (3xTS*ALFA*{2%U *EXPU + 3%U*EXPU - 3%ERFU))/(4*U =*ST)

3 4
Al 2,2) = (3%xTT®ALFAX(2%U *EXPU + 3%UXEXPU - 3%ERFU))/(4%U %ST)

5 3
Al 2,3) = (3%TS*ALFAX( = 4*%U *EXPU - 10%U *EXPU - 15%U*EXPU + 15%

9
ERFU) ) 7(B*Yy *ST)

5 3
Al 2,4) = (3XTT*ALFAX( = 4%y *EXPU - 10%U *EXPU - 15%U*EXPU + 15%*

5
ERFU) ) /(8%U *ST)

Al 32,1)

n

(3% TS*EXPU) /(5%ST)

Al 3,2) = ( = 3%=TT*EXPU)/(5%ST)

Al 3,3) = ( = 6%¥UXTSXEXPU)/(5%ST)

Al 3,4) = {(6X%UxTT*EXPU)/ (5%5T)

Al 44,1) = (3%K*( - 2%UxTS*EXPU + TTxERFU + TS*ERFU))/(2%U%MS)

D 3 3
Al 591) = (3%kK=*TS*x{ — 8%U *TSXEXPU - 10%U *TT*EXPU - 10%U *TS*EXPU

- 15%UxTTH*EXPU = 15%UxTS*XEXPU + 15%TT*ERFU + 15%TS*ERFU

3
})/7(8%U *xSTkMS)

5 3 2
Al 5,2) = (3%K%TT*{ — 8%y ®TS*EXPU -~ 2*U *TT*EXPU - 2%U *TS*EXPU =~
3xURTTREXPU — 3k UXTSREXPU + 3*TTRERFU + 3*TS*ERFU))/(8*U

3
®*ST*MS)




TABLE 4

2 2
Al 6,41) = (3*UxTS*EXPU*ALFA%*{ - 4*U *TS - 7477 + 3%TS))/(10%*ST )

2 2
Al 692) = (IXURTT*EXPUXALFA*(4*U XTS + TT - 9%T7S))/(10«ST )

2 2 2
Al Tsl) = (K*(8%U *TS*EXPU + 2%U *ERFUXTT + 2%U *ERFU*TS + 3*xUxTTx

3
EXPU + 15%UxTS*EXPU - 3%ERFUXTT - 15%ERFU*TS) )/(4%y %

MS)

3 2 7.
Al 811) = (3%K*TS*(8%U *TT*EXPU - 1C*U *ERFU%TT - 10%U *ERFU*TS - 3

xUxTT*EXPU - 15%U*TSkEXPU + 3*ERFUXTT + 1S5*ERFU*TS) )/ (8%

5
U *ST*MS)
. 2 2
Al B892) = (3%KXTTX( - 8% *XTS*EXPU - 2%U *EPFUXTT - 2%U *ERFU*TS -
3% UYkTTREXPU — 15*%UkTSkEXPU + 3%ERFUXTT + 15%ERFU%*TS))/(8
5
*UJ *ST%MS)
7 5 5
Al 8,43) = (K*xTS%(32x1) *TS*EXPU + 40%U #TT*EXPJU + 88%U *TSX*EXPU + 72

3 3 2 2
U *TT*EXPU + 192%U *TS*EXPU = 42% *ERFUXTT - 42%) *

ERFUXTS + 45%UXTT*EXPU + 225%UxTS*kEXPU - 45%ERFUxTT -

5
225%ERFUXTS) ) /(16*U *ST*MS)

i 5 8
Al B8y4) = (K®TTx([32%U *TS*EXPU + 8%U *TT*EXPU + 56%1) ®«TSXEXPU + 24%

3 3 2 2
U *TTRkEXPU + 144%U *TS*EXPU + 6*U *ERFU*TT & 6%U *ERFU*

TS + 45%U%TTREXPU + 225%UxTS*EXPU - 4S5«ERFUTT - 225%

5
ERFUXTS) )/ (16%U *STHMS)




TABLE 4

5 5 3
Al 8:s5) = (3*K*TS*( - 8*U *«EXPU*TT + 8%U *EXPU*TS - B8kU =*EXPU*TT +

3 2 2
32%U *EXPU*TS + 18%U ¥*ERFUATT + 18%U *ERFU*TS + 15%ux

5
EXPURTT + TS*UXEXPU*TS - 1S*ERFU*TT - 7S*ERFUXTS))/(4*U

*ST%MS)

5 3 3
Al 8,6) = (3%KxTT*(16*U *EXPUXTS + 4*¥U ¥*EXPUXTT + 44%J *EXPUXTS + 6

2 2
*U *ERFUXTT + 6%U *ERFUXTS + 15%U%EXPUXTT & T5%UXEXPUXTS

5
= 15%ERFUXTT — TS*ERFU%TS))/{&4%U ®ST%xMS)

5 B 3
(3% ALFA%TS*®{ — 4%U %*EXPUXTT + 4% *EXPURTS + 10%U %=EXPU*

]

Al 9,1)

3
TT + 10*U *EXPU*TS + 15%U%XEXPURTT + 15%UXEXPUXTS - 15%

4 2
ERFUXTT -~ 15*ERFU%RTS))/(10%U #*5T7 )

5 3 2
Al 9,2) = (3*ALFAXTT%( - 8%y *xEXPUXTS = 2%U *EXPU*TT - 2% *EXPU*TS

= 3xUXEXPUFTT - 3%UXEXPUXTS + 3*ERFUXTT + 3%xERFU%TS) )/ (

4 2
10%y %=ST )
7 5 5
Al 9,3) = (ALFAXTSX(16%U *EXPUKTS + 20%U ®EXPUKTT + 20%U *EXPU*TS
3 3
+ 50%U XEXPUKTT '+ 50%U ®EXPUXTS + TS%UKEXPUKTT + T5%Ux
& 2
EXPUXTS = TS®ERFUXTT - TS*ERFUXTS))/(20%U *ST )
7 5 5
Al 9,4) = (ALFAXTT#( — 16%U *EXPUXTS — &%U *EXPUTT - &%U *EXPUTS

3 3
- 10%y *EXPUXTT = 10%U *EXPU*TS - 15%U*EXPUXTT - 15%Ux%

4 2
EXPUXTS + 15%ERFUXTT + 15%ERFUXTS))/(20%U ST )



TABLE 4

3
A(lCy1l) = (O9xKKALFAXTSK( = 2%y *EXPUXTS - URTT*EXPU - U%EXPU%TS +

3
ERFU*TT # ERFU%RTS) )/(4%U *:ST®MS)

5 3 2 3
A(ll,1) = (3%KkALFAXTS®( - 8%U *TTRkEXPURTS + 4% *EXPU*TS =~ 6*U *

2 3 3 2 2
TT *EXPU + 1C%U ®=TTREXPUXTS + 16%J *EXPU*TS + 10%U x*

2 2 2 2 2
ERFUXTT + 2C*U *ERFUXTT®TS + 10%U *ERFUXTS + 6%UxTT x%

s 2
EXPU + &45%URTTREXPU*TS + 39%xU*EXPUKTS - 6%ERFUXTT - 45

2 4 2
¥ERFURTT®TS — 39%ERFUXTS ))/(8%U %xST %MS)

5 3 3
(Ok Kk TTHALFAXTS*( 4%y *EXPUXTS + 2%U *TT*EXPJ + 2%U *FXPU*

A(l1,2)
TS + 3*U*TTHEXPU + 3%xU*EXPUXTS - 3%ERFUXTT - 3%ERFU%TS))

4 2
/(3%U xST %MS)

7 2 5
(3xKXALFA*XTS*k{ ~ 24% *EXPUXTS - 44%J *TTREXPURTS = 44%U

1]

Al(11,3)

5 2 3 2 3 3
*EXPUXTS =~ B8%*U *TT *EXPU - 126*%U =TT*EXPU*TS - 118%U x

2 2 2 2 2
EXPU*TS - 12%U *ERFUXTT =~ 24%U *ERFUXTT*TS - 12%x0U *

2 2
ERFU*TS = 3C*U*TT *EXPU - 225%U*TT*EXPU*TS - 195%¥UxEXPU

2 2 2
*TS + 30%ERPFUXTT + 225%ERFUXTT*TS + 195%ERFU*TS )1 /(16

5 2
*UJ =35T *MS)

7 5 5
A(l11,44) = (9*KxTT*ALFAXTS*{ - B*J *EXPU*TS - &*U *TTREXPU - &4%xU *

3 3
EXPUXTS — 1C*U *TT*EXPU - 10%U *EXPJ*TS - 15*%xUxTT&EXPU

5 2
= 15*UxEXPU*TS + 1S5*ERFUXTT + ]1S*ERFU*TS))/(16*U *ST =

MS)




A{12,1)

All12,2)

All2,3)

A(l12,4)

TABLE 4

=

I

2

5 2 3

(3%KkTSk{ — 4% *EXPURTTATS + 2%U *EXPUKTS =~ 5%U *EXPU*

2 3 5
TT & 15%U *EXPURTT#TS + 5%U *EX
+ 26%UXEXPUXTT®TS + 13%U*xEXPU%T

2
ERFUXTT®TS ~ 13*%ERFU%TS ))/({10%U

2
(9% K*EXPUXTT®TS%( - 2%U %TS - TT

7 2
(3%kKxTS*x{ — 12%U *EXPUXTS - 38x%y

2 3 2 3

e 2
PU*TS + 132%UxEXPUXTT

2 2
S - 13%ERFU*TT - 26%

3 2
kST %MS)

e
+ 4%T7S5))/(10%ST *%=MS)

5 5
«EXPUKTTXTS + 4% *EXPU

3

*TS - 26%U *EXPUXTT - 52% *EXPURTT%TS - 26%U *EXPU*TS

. 2

2

= 39*%U*EXPUXTT - TB*UXEXPUXTT*TS - 39%U*EXPUXTS + 39

r 4

2 & 2

*ERFUXTT + TB*ERFUXTT%TS + 39%ERFUXTS ) )/(10%U %ST *MS)

2
(I*K«UxEXPURTTXTS* (2% *TS + TT -

2
6¢TS))/(5%ST %MS)

—




Al
A

Af

A{

A{(
Af
Af
A

A

A

Al

Al

Al

Al

A

Al

Al

1, 1)
2+1)

24 2)

5¢2)

6,11

642)

Ts1)

8y1)

852)

TABLE 5

]

ALFA
{ = 3%UXNTRTS*ALFA)/(5%S)
{ = 3%UIMSRTTRALFA)/(5%S)

2
(3% *MT*TS®ALFA)/(T7%S)

2
(3%U *MS*TT*ALFA)/(T7%S)

(3%xMTXTS)/(5%S)

(= 3¥MS*TT)/(52S)
(= EXUXMTRTS) /(5%5)
(6XU*MS2TT )/ (5%S)

2 2 2
(K¥( = U *MSXTT + 3&U *MSXTS + 2%U *MT*TS 4+ 3*MS*TT - 3%

MS*TS))/{MO*MS)

2 2 2
(3%K*U #T7Sk{(2%MS *TT + 3XMSKTTRMT — 3RkMSKMT*TS - 2%kMT %T§

V) /(5% SxMO%MS)

2
(3%K*U *TTH(MS*TT - SkMSKTS = 44kMT%TS))/(5%5%M0)

2
(3R URMT*TSRALFAX( = 3%MS *TT = 4#MSKTTHMT + 2%MSKMT%TS +

2 2
MT *TS))/(5%S *MO)

2
(3RUAMS*TTRMTRALFA*(MSKTT - SXMS*TS - 4kMT%TS)) /(5%S %xM()

2
(%K%Y #(MS*TT = 3*kMSKTS = 2%MTXTS))/(15%M0%MS)

2 2
(2XK*ATSH( = S5*MS *TT - GkMSKTTHMT - 2&MSKkMTHTS - 3kMT TS

P /(5% SxMO%RMS)

(2%K%xTTH*( — MS%TT + 3%kMS%kTS + 2%MT*TS))/(5%S%kMQ)




Al 8,+3)

A( By4)

Al 8+5)

Al 846)

Al 9,1)

Al 9,2)

Al 9,3)

Al 9,4)

A(10,1)

A(ll,1)

Alll,2)

TABLE 5

]

2 2 2
(4K%U TSk (MT *TS = GxMTHMS®TT ¢ 3I3=MTHMS®RTS = TxMS *TT))

/{35%kSRMOAMS)

2
(BRK®U *TTR{4%xMTRTS = MSkTT &+ 5%kMS%TS))/{35%S%M0O)

2
(12%K*®U ®TS*(2%SkMT - IEMORMTRTS & THkMO*MS®TT) )/ (35%S*kMO*

¥S)

2
(24%K* *TT*(S - S5#MO%TS))/(3525%MQ)

2
(6%URAL FARKMTRTS%( = MT *TS = 11*MTRMS&TT + MTRkMS*TS - Ox

2 2
MS *xTT))/(25%S *M(C)

{12%UXALFAXMT kMSATTR( - 4kMT*TS + MS*TT - S5%xMSkTS)) /(25%S

2

*MO )
3 2

(4%U FALFARXMTRTSH( 4RMT %TS = 3kMTRMSEXTT + SkMTRMSKkTS - 2%
2 2

MS %2TT))/(35%S *MQ)
3

(4% *ALFAXMTHRMSXTTHR{ — HEXMTRTS + MSKRkTT = T7XkMS%TS)) /(35%S

2

*M(C)

(3% KKALFAXMTATSK( = MTKTS + 2%kMS%TT = 3&kMS*TS))/(2%SkMOx*

L))
3 2 2 2 2
(KkU®ALFARTSH(MT #TS = 16%MT *xMS*TT%TS + MT *MS*xTS + 28
2 2 2 3 2 2
*MTRMS *TT = 34%MTxMS =TT%TS + 10%MS *xTT ) )/({10%S *MQO*
MS)

(O*KEURALFAXMTRTTRTSH( 3kMT®TS — 2%MSKTT + 5%xMSxT5))/(10*S

2
*MC)




A(11,3)

Alll,4)

A(12,1)

A(12,2)

A(l12,3)

A(12,4)

TABLE 5

]

2 2 2 2
{3%kKkYy 2ALFARTSEMT#( - B%MS %xTT + 40O*%MS *xTT*TS + S54%kMSx
2 2 2 2
TTHTS*MT = L5kMSKkTS *MT = 43%TS *MT ) ) /(T0%S *xMO%kMS)
2
(GRKkRY *TTRALFARTSkMTR(2%kMSkTT —~ ThkMSkRTS = E%xTSkMT))/(14x%
2
S %xMQ)
3 2 2 2 2
(KETS®{ = 30%MS %TT = B52%MS RTT %MT + H£%MS XTTRTSkMT -
2 2 2 2 3 2
20%MSERTTATSRMT = O9kMSkTS *MT = 13%TS *MT ) )/ (10%S %MO*
MS)

2
(kK& TT*TSEMTR{ = 2%MS%TT + S5%kMS*TS + 3%TS%kMT))/(10%S *MQ

)

3 2 2 2 2
(3%KRURTS*( 18%MS *TT + 34%MS XTT *MT - 44%MS *TTHTSAMT

2 2 2 2 3 2
= 4G2%XMSATTRTSAMT  +# 43%kMSXTS ®*MT 4+ 29%TS *MT ))/(25%S

*NMORMS)

2
(O KkURTTHRTSRkMT R (2*MSkTT = TRMSkTS = S5kTSKkMT) ) /(5%S *MO)




TABLE 6

FOR SMALL

A{
Al

Aq

A{

Al
Al
Al
Al

Al

Al

A{

Al
Al

Al

Al
A{

A

2¢4)
3,1}
3,2)
3,3)

3¢4)

44,1)

Tel)
8y 1)

8y2)

[}

[}

1]

MASS RATIO: MS = ME <L MI = MT

ALFA
( = 3*%U*ALFA)/S5
{ = 3%UXMEXTIRALFA)/(S5*MI%TE)

2
(3*%y *ALFA) /7

2
{3%U *MEXTI*ALFA)/(T*MI%TE)

3/5

( - 3*MEXTI)/(S5*MI*TE)
( = é*xU)/5
(6%U*ME*TI)/(S*MI*TE)

2
(K% (2%U *MI*TE + 3*MEXT] - 3%xMEXTE))/(ME*M])

2
{ - 6%K*U *TE)/(5%ME)

2
( = 12%K*U *TI)/(5%MT)

(3%U*ALFA) /S
( = 12%U%XMEXTI®ALFA)/ (S*MI%TF)

2
( = 8%K*U *TE)/(15*MFE)

{ = E*K*TE)/(5%MF)

(4%xK*xTI)/(5%MT)




Al

At

A{

Al

A{

A

Al

Af{

8+3)

Be4)

8¢5)

8+6)
9, 1)

9,2)

9:3)

F:4)

A(10,1)

A{ll,1)

Alll,2)

A(l1,3)

A(ll,4)

A{12,1)

A(12,2)

Al12,3)

A(1244)

TABLE 6

[}

"

2
(4%K%xU *TE)/(35%ME)

2
(32%K*U =*TI)/(35%M1)

2
12%K*l *TE)/(35%ME)

-—
i

2
6%kK*y %xTI)/{(35%M])

C*USALFA) /25

—
)

4Bk UXTI*ME*ALFA)/(25%TE*NM] )

3
{16*U *ALFA) /35

3
{ = 24%U *TI%MEXALFA)/ (35%TEAMT)

{ = 3%K#TEXALFA) /( 2%ME)
(KxUxTE*ALFA) /(10%*ME)
(27#K*xU*TI*xALFA)/(10*MT)

2
{ = 129*K*U *TE*ALFA)/(TO0*ME)

2
( = 45*K*U *TI*ALFA)/(14%MT)

{ = 13%K*xTE) /({ 10%ME)
(27%K%TI)/(10%MI1)
(BTHKXUSTE) /( 25%ME )

( = O*xK*UxTI)/MI




ERELE 7

FOR SMALL MASS RATIC: MS = MI >> ME = MT

A( 1,1}

ALFA
Al 241) = ( = 3SRUAMEXTI*®ALFA)/(S*MI%TE)
Al 2+2) = { = 3%UxALFA)/S

2
Al 243) = (3%U *MEXTI®ALFA) /(T*MI*TE)

2
A( 24,4) = (3%U *ALFA) /7

Al 3,1) = (3%xVMEXTI)/(S*MI%*TE)

]

A( 3,2) L = 3)/E
Al 343) = ( = 6%¥UXMEXTI )/ (S5*MI*TE)
Al 3,4) = (6*U)/5

Al 4,1)

"

(3%K*(TE - TI))/MI

2
Al 541) = (€&xKxU %xTI)/(5%M])

2
Al 5,2) = (3%xK*U *(TE - 5%TI))/(5%M])

Al 6,1) = ( = OkU*MEXTI®ALFA)/(5*MI*TE)

1]

Al 642) (3%UXME*ALFAX(TE = SxTI))/(S5*MI*TE)

2
A( 741) = (4%xK*U *{TE - 3%xT]))/(15%M])

Al Byl) = ( = 2%K*xTI)/MI

Al By2) = (2%K%{ = TE + 3%TI))/(5%MT)




TABLE 7

2

A({ 8+3) { = 4xK2U %TI)/(5%M])

2
Al Bs4) = (B%K*U *( = TE + S5*TI))/035%M])

<
A{ 8,45) (12%K*U *TI)/(S*M])

]

2
B{ By6) = [24*K2U *(TE - S5*TI[))/(35%M])

Al Gol) = { = S54%_*MEXALFAXTI)/(25%MI*TE)

Al 942) = (12%U*ME*ALFA%X(TE - S%TI))/(25*MI*TE)

2

A{ 943) = ( - B%U *MEXALFAXTI)/(35%MI%TE)

3
Al 9,4) = (4%U *MEXALFAX(TE = 7%TI))/(35*%MI*TE)

2
A{10,1) = (3*KHMERALFAXRTI*({22TE = 3%T1))/(2%MI *TE)

A(lle1l) = (KRUXALFA%XT]) /MI

2
A(lle2) = (O9kK*UXMEXALFAXTI*( - 2%XTE + 5%TI))/(10%MI =%=TE)
2 2
A(l11+3) = (12%K*U *MEXALFAXTI*( = TE + S5%T1))/(35%M] *TE)
2 2
A(lls4) = (9%KXU *MEXALFAXTI*(2%TE - 7*TI))/(14%M] %TE)

2{12,1) = ( - 3%K#TT)/M]

2
A{12,2) = (9%*K*ME*TI*( ~ 2%TE + 5%7T[))/(10%M] *TE)

A{12,3) = (54%K*xLxTI)/(25%M])

2
A(1244) = (G*KXURXVERTI*(2%TE - T*TI))/{5*MI *TE)




TABLE 8

FCOR EQUAL MASSES: MS = MT

A( 1,1) ALFA

[}

Al 2,1) = { = 3%xUXTS*ALFA)/(E%ST)
Al 242) = ( = 3%UXTTRXALFA)/(5%ST)

2
Al 243) = (3%U *TS*ALFA)/(T*ST)

2
Al 2,4) = (3%U *TTxALFA)/ (T*ST)

Al 3,1) = (3%T7S)/7(5*57)

A{ 3,2) = ( = 3%xTT7)/(5%ST)
Al 3,3) = ( - 6%U*TS)/(5%5T)
Al 3,4) = (6XUXTT)/(5%ST)

Al 4,1)

"

(3%K*x (TT = TS))/(2%MS)

2
Al 5911 = (3%kK%U *TSk(TT = TS)I/(2%ST*MS)

2
Al 542) = (3%KxU *TT*(TT - 9%TS))/(10%*ST*MS)

2
Al 641) = (3%UXTS*ALFA%( = 7*TT + 3%TS))}/(1C*ST )

2
Al 642) = (3RUXTTHALFAX(TT - 9%TS))/(10%ST )

2
Al To1) = (2%K*U *(TT - 5%TS))/(15%MS)

Al By1) = (KxTS*{ = 1]1*TT = E%TS))/(5%5T*MS)

1]

Al 8,+2) (KeTTR( = TT + 5*%TS))/(5%ST.MS)




TABLE B

2
Al B43) = (8%K%xU *TSk{ = 4%TT + TS5))/(35%S5T*MS)

2
Al B8y4) = (4%K*xU *TTk({ = TT + 9%kTS))/(35%5T*MS)

2

Al 8,5) (24*K®U *TS%(4*TT = TS))/(35%ST*xMS)

2
Al 846) = (12%K*U *TT*({TT - 9%TS)}/(35%5T*MS)

2
Al 9,1) = ( = 12*%U%ALFAXTT*TS)/(5%ST )

s
Al 942) = (6XURALFAXTT®(TT = 9%TS))/{(25%ST )

3 2
Al 9,3) = (2%U *ALFAXTS*k( - S5%TT + 9%TS))/(35%ST )

3 2
Al 9,4) = (2%U *ALFARTT®(TT - 13%TS)}/(35%ST )

A{10,1) = (3*K*ALFAXTS*(TT = 2%TS))/(2%ST*MS)

2 2 2
A(lly1) = (K®URALFAXTS%(19*TT -~ 25%TT*TS + TS ))/{10%ST %MS)

2
All1,2) = (S*¥KXUXALFAXTT*TS*( - TT & 4%TS))/{10%ST *MS)

2 & 2 2
Al{11:3) = (3%K%U BALFAXRTS*( = 4kTT + 47%*TT%TS - 54%TS ))/(TO%ST x*

MS)

2 2
Alll,4) = (SkK*U *ALFARTTRTS*(TT = £%TS) )/ (14%ST *MS)

2 2 2
(KkTS%k( = 41%TT = TTT*TS = 11%TS 11/(10%ST *MS)

A{12+1)

2
A{12,2) = (SkKxTT*TSk{ = TT + 4¥TS)V/(10%ST *MS)

2 2 2
A{12:3) = (IkKRURTSR(26%TT = 43%xTT%TS + 36%TS ))/(25%ST *MS5)

2
(ORK*xURTTXTSX(TT - 6%xTS))/(5%ST *MS)

1]

A(12+4)
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