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The damping theoretical framework is useful in treating nonequilibrium
systems. Expansion formulas in this theory are written in terms of the
“partial cumulant” and “ordered cumulant”. A FORTRAN program to
print out these cumulants is given in this paper.

§1. Introduction.

In the field of nonequilibrium statistical mechanics, the damping
theoretical method plays an important role. By this method, we can
extract necessary information on the relevant system which interacts
with its surrounding environment.

Shibata and Arimitsu® obtained the two kinds of formulas: One is
the expansion formula for the known time convolution equation (TCE) and
the other is for the newly derived time convolutionless equation (TCLE).
The TCE is expressed in terms of the “partial cumulant” whereas the
TCLE is written in terms of the “ordered cumulant”. These equations
are used to treat various physical systems. For instance, we could solve
exactly a model of low field magnetic resonance with the use of the TCE®.
We could also treat a problem of exciton migration quite satisfactory by
TCE®. The TCLE was also used in treating such phenomena like exchange
dephasing® and spin relaxation®.

Thus in applying each formula to actual problems, explicit forms of
these cumulants are necessary. Of course, from the general formulas of
ref.1 we can write down necessary expression. Nonetheless, it is more
convenient to use the computer. This is because, especially in higher
orders, we must treat a large number of terms to obtain these cumulants.

First we summarize the two kinds of expansion formulas and give
the nature of “partial cumulant” and explain the method of “how to use
the programs”. In the last section we give the summary of this work
and possible applications to other problems.

* Present Address: Toshiba R & D Center, Toshiba Corporation, Komukai, Saiwai-
ku, Kawasaki 210.
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§ 2. Summary of the expansion formulas.
2-1. TCE

We sometimes treat an equation like

0

wr WO=gL() W) . @.1)

We separate a relevant part PW(t) from W(t) where < is a pro-
jection operator which extracts necessary information; the remaining
irrelevant part is QW(t) where O=1—.

After eliminating QW(t), we have

2 PWH=gPLOPW(D)+| dc0(t, )P W()+I() 2.2)
where
D(t, 7)=g"L,(t) G (¢, T)J Li(z) (2.3)
and
I(t)=gPL(t)G(t, td Q W(to), (2.4)
G(t,2)=exp | g\ as0L.(5) | | (2.5)
By expanding these quantities in powers of g, we find
St dz0(t, 7) P Wi(z)
0 .
oo t t Ln_ :
=3¢\ an\"at - "t PLOOLG) - 0Lt
n= to 0 0
: XPW(t,_y) . (2.6)
For a special kind of & defined by
SZDX": <X>B
where <---->; denotes a certain average, (2.6) can be written in the form

t t Ln__ .
@6)={ at"at - "t LOL) - Lilta D spe P tas (2)
to to to
where we have defined the “partial cumulant” by
<L1(t)L1(t1)' v 'Ll(tn-1)>B,P.C.
(=)L) D plLalty) - - D alLla(t) - - V5. (2.8)

In (2.8), the sum is taken over all possible divisions keeping the chron-
ological order; ¢ is the number of divisions in the term.
Here we write down the first, few terms

{Ly(t)) g, p.c.=<LA(t)> 5, . (2.9a)
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L) Ly(£)> 5, p. 0= <L) Lo(£)> 5 — <L(t)> 5<Lu(t2)> 5, (2.9b)
CLy(t) Ln(t) L)) 5, p.c. o

= CLy(8) L(ty) L(ts) > 5 —<La(t) Li(t1)> 5<Lo(t:)> 5
— (L) 5<La(t) L)y 5+ <La()) 5<Ln(t)) 5<La(t)) 5 - (2.9¢)

2-2. TCLE

In the TC formalism we obtain (2.2) starting from (2.1). We proceed,
however, in a different way: After integrating the equation for P W(¢),
we can renormalize the memory effect in (2.2) to obtain the TCL equation
given by

ait@wm —KOPWWH+IE) . (2.10)
Where
K(t)=¢9PL,®)[1—-2)]", (2.11)
I(t)=gPL,([1—-2 ()] 'EC(, ), (2.12)
Z(t)zggi 4z G (t, D)OL(c) PG, 7) (2.13)
with .
ag, f):exp{ggtdsQLl(s)} , (2.14)
G(t, <) zexpﬁ[-— gStdsLl(s)] . (2.15)

In (2.14) the function is time—ordered from the right while in (2.15) it is
from the left.
It has been shown that a general structure of K(¢) is expressed in
terms of “ordered cumulant” when K(t) is expanded in powers of g¢:
K(t)= glg"Kn(t) (2.16)

where

Ko(t)= S de by - S‘"‘Zdtn_xLl(t)Ll(tl)- o Litem00  (2.17)
0

to to

We write down the first few terms:

L) 5,0.0.= <Lu(t)> 5, (2.182)
L La(t)> 5, 0.0, = L) Ln(t)> 5 — <La(t)> 5<La(t)> 5 (2.18b)
L L) a5, 0. .

— (L&) Lyt Lu(t)> 5 — <L) Ly(t)> 5< L) 5
— (Lo Lt 5<Ln(t)> 2 — <La(8)> 5<La(t) Lu(t)> 5
(T8 5 <La(8)> 5 < Lalt)> 5+ T8 5 <Lt s<Lalt)> 5. (2.180)
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§3. Partial Cumulant.

In §2 we gave the partial cumulant in the form of | (2.8). A first
few lower order terms are explicitly given by (2.9). Higher order terms
are obtained by the following prescription :

(1) Ly(t), L(ty), - -+, Li(t,_,) are ordered in this way (namely, in the order
of t=zt,=----=t,_,).

(ii) In succeeding L,(t;)’s, there are two possibilities; whether they are
divided or not. AIll possible cases must be realized for (n—1) possible
divisions. When there is no division between two other succeeding divi-
sions, an enclosing part is an averaged quantity separated from others.
(iii) The +(—) sign is attached when the number of division is even
(odd).

These rules can be transcribed into the ones for computer.

3-1. Treatment in the computer

Let us first give a transcription rule for (ii). Once Li(t), Li(ty), - -+ -,
L,(t,_,) are given, we have (n—1) spaces among succeeding L,(¢;)’s. For
each space (= “box”) we have two possibilities; namely, whether it is
occupied (divided) or not. We assign “1” for an occupied box and “0”
for an unoccupied box. Therefore there are 2 possible configurations each
of which is associated with a corresponding binary digit. A method of
converting the decimal system to the binary system can easily be accom-
plished with the use of a single DO-loop which does not violate the usual
FORTRAN rule.

A program which makes a series of numbers composed of “1” and
“0” is then called “DVCM ”.

In actual applications, we sometimes treat a case of <L(t;)>3=0. In
order to eliminate these contributions, we are asked from DVCM that
““whether <I,(t,)>5 vanishes or not”. When 7 is even: input 0 corresponds
to (L,(t;)>p=0 whereas 1 to non-zero. When = is odd, the corresponding
partial cumulant vanishes when ({L,(t;)>5=0.

Next we present a program which gives a series of L,(t), Ly(t,), --- -,
Ly(t,_,) in a suitable form. The quantity L,(t) and L,(t;) are represented
by 0 and j, respectively.

When succeeding L,(t,)’s are divided (that is, the corresponding “box”
is occupied ; the case of “1”), we associate “><(” like

0123 — <015 <23 .

When there is no division (unocupied box; the case of “0”), a symbol
is assigned:

€ 3
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0123 — <0123> .

These characters are printed with the use of the A-transformation taking
into account the rule (iii). This program is called “PC13”.

3-2. Programs List*

DVCM
Cxxxx COMBINRTION OF DIVISION xxxx
c
DIMENSION IB(11)
C
WRITE(Z2,1B0)
189 FORMAT (' ORDER(2-12)=8")
READ(1,181) ID
181 FORMAT (I12)
LD1=ID-1
c
IN=1
JO=1D/2%2
IF(JD.NE.ID) GO TO 2
C
WRITE(2,2P08)
208 FORMAT (' FIRST ORDER RVERAGE IS ZERO OR NOT ZERO(B/1)8')
READ (1,281} IN
2081 FORMRT (I1)
C
2 JF=2%xx(ID-1)
REWIND 8
WRITE(S) JF,ID
c
JC=0
Do 38 J=1,JF
c
JB=J-1
DD 15 I=1,LD1
L=LD1+1-1
IB(L)=JB-JB/2%2
JB=JB/2
IF(JB.LT.1) GO TO 3
15 CONTINUE
C
3 IFCIN.NE.B) GO TD 4
DO 25 I=1,LD1,2
IF(IB(IJ.NE.B) GO TO 38
25 CONTINUE
[
4 WRITE(2,388) (IB(I),I=1,LD1)
300 FORMRT (1113)
WRITE(S) (IB(I),I=1,LD1)
JC=JC+1

* The programs presented here can treat problems up to the 12-th order, because
of a large number of terms.



122 I. SaT0 NSR. 0.U., Vol. 37

38 CONTINUE
C
REWIND 8
WRITE(9) JC,ID
C
STOP
END
PC13
DIMENSION IR(12),IB(11)
X +AR(12),RC(2),BC(2)
3 »INT(12)
DATA INT/" B"," 1'," 2'," 3'," &4'," 5'," 6"," 7'
X ' 8'," g9',"18"',"11"'/
c
AC(1)=" '
AC(2)="><"
BC(1)=" +°'
BC(2)=" -’
CC="c="'
C
REWIND 9
READ(8) MF,ID
WRITE(2,288) ID,MF
2086 FORMAT (' ORDER=",12,2X, "MF=",15)
c
LD1=ID-1
DO 18 I=1,1ID
IA(I)=1I-1
RA(I)=" '
18 CONTINUE
ARR(ID)=">p"
C
WRITE(6,488) ID
498 FORMAT (1H , "xxxx PARTIAL CUMULANT *xxx*x ORDER=',12/)
WRITE(6,418) (INT(IA(IY+1),AA(I),I=1,1ID),CC
418 FORMAT(1H ,'<",25R2/)
c
REWIND 9
RERAD(8) MF,LD
C
DO 38 M=1,MF
RERD(9) (IB(L),L=1,LD1)
c

IBT=0
DO 15 L=1,LD1
IBT=IBT+IB(L)

15 CONTINUE
IBTB=IBT-IBT/2%2+1

LC=IA(1)

D0 28 I=2,1D
IF(IA(IV.LT.LC) GO TO 38
LC=IR(I)

IF(IB(IY.EQ.1) LC=D
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28 CONTINUE
DD 25 L=1,LD1
IL=IB(L)+1
RA(L)=AC(IL)
25 CONTINUE
AACID)="> ’
C
WRITE(6,388) BC(IBTB), (INT(IA(I}+1),AR(I),I=1,1D)
300 FORMAT(1H ,A2,"<’',24A2)
c
30 CONTINUE
C
STOP
END

3-3. FExamples

Now we present the results using the programs which are given in
the previous subsection. In the case of <(I,(¢;)>5#0, full expressions from
the 2nd to 6th order are given. While the case of <{L,(t;)>3=0, expression
up to 12th order are also given.

k%% PARTIAL CUMULANT *x%x%x QRDER= 2
< I>pc=

+< B 1>

-< B>< 1>

*xxx PARTIAL CUMULANT x%xx%x ORDER= 3
< 0 1 2>pc=

+< B 1 2>

-< B 1>< 2>

-< B>< 1 2>

+< B>< 1>< 2>

*xxx PARTIAL CUMULANT xxx%x QORDER= 4
<P 1 2 3>pe=

+< B 1 2 3>
-< B 1 2>< 3>
-< 0 1>< 2 3>
+< B 1>< 2>< 3>
-< B>< 1 2 3>
+< B>< 1 2>< 3>
+< P>< 1>< 2 3>

-< B>< 1>< 2>< 3>
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xx%xx PARTIAL CUMULANT x%xxx ORDER= 5

< B
+<
-<
-<
+<
-<
+<
+<
-<
-<
+<
+<
-<
+<
-<
-<
+<

1

B><
g><
B><
B><
P><
B><
B><
B><

2
1
1
1
1
1>«
1><

1>«
1>«

I. Sato

3
2
2
2><
2><
2
2
2><
2><
2
2
2><
2><
2
2
2><
2>«

4>pe=

3
3>«
3
I><
3
3I><
3
3>«
3
3I><
3
3I><
3
3I><
3
3I><

4>
4>
4>
4>
4>
1>
4>
4>
4>
4>
4>
4>
4>
4>
4>
4>
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*%x*% PARTIAL CUMULANT x*%%x ORDER= 6

< B
+<
-<
-<
+<
-<
+<
+<
-<
-<
+<
+<
-<
+<
-<
-<
+<
-<
+<
+<
-<
+<
-<
-<
+<
+<

1

SO NN

[\~
v Vv
A A

f><
B><
P><
f><
B><
f><
B><
B><
B><
B><
B><
B><
B><
A><

2

bt b e A ph b ped

1><
1><
1><
1>«
1><
1>«
1>«
1><

—n et b b b

1><
1><
I><
1><
1><
1>«
1><
I><

3
2
2
2
2
2><
2><

2><
2><

4
3
3
Ix<
Ix<
3
3
I><
3I><
3
3
3I><
I><
3
3
I><
I><
3
3
3I><
3><
3
3
3I><
3I><
3
3
3I><
3I><
3
3
I><
I><

S>Pc=

4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
4
4><
3
4><
4
4><
2

4><

5>
5>
5>
5>
5>
5>
5>
5>
5>
S>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
5>
S>
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xkxx PARTIAL CUMULANT xxxx QORDER= 2
< B 1>pec= '
+< @ 1>

xxx*x PARTIAL CUMULANT xxx% ORDER= 3
< B 1 2 3>pe=
+< P 1 2 3>
-< B 1>< 2 3>

xkx* PARTIAL CUMULANT x%%xx QORDER= 6
<8 1 2 3 4 S>pe=

+< B 1 2 3 4 5>

-< B 1 2 Is< 4 5>

~-< B 1>< 2 3 4 5>

+< B 1>< 2 3>< 4 5>

*xxx PARTIAL CUMULANT **x* ORDER= 8
<8 1 2 3 4 S 6 7>pce=

+< B 1 2 3 4 5 6 7>
-< B 1. 2 3 4 5>< 6 7>
-< B 1 2 I>< 4 S 6 7>
+< B 1 2 I>< 4 S5>< B 7>
-< P 1>< 2 3 4 5 6 7>
+< B 1>< 2 3 4 S>< B 7>
+< B 1>< 2 35< 4 5 b 7>
-< P 1>< 2 3I>< 4 5>< 6 7>

*xkx*x PARTIAL CUMULANT *%x%x%x ORDER=10
< B 1 2 3 4 5 6 7 8 9>pe=

+< B 1 2 3 4 5 6 7 8 9>
-< P 1 2 3 4 5 6 7>< 8 9>
-< P 1 2 3 4 5>< 6 7 8 9>
+< B 1 2 3 4 5>< B 7>< 8 9>
-< P 1 2 3I>< 4 5 6 7 8 8>
+< B 1 2 3I>< 4 5 B 7>< B 9>
+< B 1 2 3>< 4 5>< 6 7 8 8>
-< B 1 2 35< 4 S5>< B 7>< B [sPS
~-< B 1>< 2 3 4 S 6 7 8 8>
+< B 1>< 2 3 4 5 6 7>< B8 8>
+< B 1>< 2 3 4 5>< 6 7 8 9>
-< P 1>< 2 3 4 S>< B 7>< B 9>
+< P 1>< 2 3I>< 4 S B 7 8 a>
-< B 1>¢< 2 3>< & S 6 7>< B 9>
-< B 1>< 2 3I>< & 5>< 6 7 8 8>
+< B 1>< 2 I>< 4 5>< b 7>< 8 8>
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-xkxx PARTIAL CUMULANT x*x%xx ORDER=12
< B 1 2 3 4 S 6 7 8 8 18 1l>pe=

+< 0@ 1 2 3 4 5 6 7 8 8 18 11>
-< @ 1 2 3 4 5 6 7 8 8><180 11>
-< @ 1 2 3 4 5 6 7>< B 9 18 11>
+< B 1 2 3 4 ) 6 7>< 8 8><18 11>
-< B 1 2 3 4 5>< 6 7 8 9 18 11>
+< 0 1 2 3 4 S>< B 7 B 9><18 11>
+< B 1 2 3 4 S>< B 7>< 8 g 18 11>
-< B 1 2 3 4 S>< B 7>< 8B 8><18 11>
-< B 1 2 3I>< 4 5 6 7 8 g 18 11>
+< @ 1 2 3I>< 4 5 6 7 8 9><18 11>
+< B 1 2 3I>< 4 5 6 7>< 8 8 18 11>
-< B 1 2 I>< 4 5 6 7>< B8 8><18 11>
+< B 1 2 I>< 4 S>< 6 7 8 g 10 11>
-< B 1 2 I>< & 5>< B 7 8 9><18 11>
-< @ 1 2 3I>< 4 5>< 6 7>< 8 9 18 11>
+< B 1 2 3I>< 4 S>< b 7>< B 8><18 11>
-< B 1>< 2 3 4 ) 6 7 8 g 18 11>
+< B 1>< 2 3 4 5 6 7 B 9><180 11>
+< P 1>< 2 3 4 5 6 7>< B8 9 18 11>
-< B 1>< 2 3 4 S 6 7>< B 9><18 11>
+< P 1>< 2 3 4 5>< 6 7 8 9 18 11>
-< B 1>< 2 3 4 S>< B 7 8 9><18 11>
-< B 1>< 2 3 4 S>< 6 7>< B 8 18 11>
+< B 1>< 2 3 4 55< b 7>< 8 g><18 11>
+< B 1>< 2 I>< 4 5 6 7 8 g 18 11>
-< P 1>< 2 3I>< 4 5 6 7 8 9><18 11>
-< B 1>< 2 3>< 4 ) 6 7>< 8 g 18 11>
+< P 1>< 2 I>< 4 5 6 7>< 8 8><180 11>
-< B 1>< 2 I>< 4 5>< B 7 8 g9 18 11>
+< B 1>< 2 I>< 4 S>< B 7 8 9><18 11>
+< B 1>< 2 3I>< & 5>< 6 7>< 8 8 18 11>
-< B 1>< 2 I>< 4 S>»>< 6 7>< 8 9><10 11>

§4. Ordered Cumulant.

The ordered cumulants are written according to the following rules:

(1) Make all possible permutations composed of L(t), Li(t), - -+, Li(ta-1) ;
L,(t) is always in the first position of the terms.

(i) As in the case of the partial cumulant, one makes all possible com-
binations of divisions among L,(¢;)’s. A product of L,(t,)’s enclosed by two
divisions is considered to be an average. In this average, L,(¢;)’s are time
ordered from the right.

(iii) Attach +(—) sign to the term when the number of the divisions
are even (odd).

These rules are transcribed into the follbwing computer handling.

4-1. Treatment in the computer
In contrast with the partial cumulant, there are several ways of
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orderings of {L,(¢;)} for the ordered cumulant. But in a certain average,
{+-++>, the time sequence is ordered from the right.

To manage the rule (i), we first make all the numbers of n figures
with n scale beginning with 0 (=t). In these numbers, we eliminate the
ones which have plural same digits. This program is called “0C00”.

Corresponding to rule (ii), we make a series of division using DVCM.
In the averages thus derived, we next exclude the ones which violate the
time ordering rule.

Taking into account the rule (iii), results are printed out similarly as
in the previous section. We call this program “0C137”.

4-2. Programs list

oCeg
DIMENSION IR(12)
c
WRITE(2,10880)
188 - FORMAT (' ORDER(2-12)=8")
READ(1,181) ID
181 FORMART (I2)
~
N=ID
JF=Nxx(N-1)
JC=0
IC=(ID-1)%xID/2
c
REWIND 5
WRITE(S) JF,ID
c
Do 38 J=1,JF
DO 18 I=2,ID
IRCI) =0
18 CONTINUE
c
Jo=J-1
DO 15 I=1,1ID
L=ID+1-1
IA(L)=JB~-JB/N%N
JB=JB/N
IF(JB.LT.1) GO TO 2
15 CONTINUE
2 IT=0
DO 28 I=1,ID
IT=IT+IR(I)
28 CONTINUE
IF(IT.NE.IC) GO TO 38
C

D0 25 I1=2,1D

D0 26 I2=2,ID

IF(I1.EQ.I2) GO TO 26
IF(IAR(CI1I.EQ.IAR(I2)) GO TO 38
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26 CONTINUE
25 CONTINUE
C )
WRITE(2,3P8) (IA(I}),I=1,ID)
3P0 FORMAT(1213)
JC=JC+1
WRITE(S) (IR(I),I=1,1ID)
B - CONTINUE
c
REWIND §
WRITE(5) JC,1ID
C
STOP
END
6C13
DIMENSION IAC(12),IB(11)
3 ,AA(12),AC(2),BC(2)
Y , INT(12) _
DATA INT/" @"," 1"," 2'," 3'," &4','" 5* * g*, "' D7
X ,' 8°," §',"19"',"'11"/
C
AC(1)=" '
AC(2)="><"'
BC(1)=" +'
BC(2)=" -'
CC="¢c="'
C
REWIND S
READ(S) JF,ID
WRITE(2,188) I1D,JF
108 FORMAT (' ORDER=",12,2X,"JF=",15)
c .

REWIND 8
RERD(S8) MF,LD
WRITE(2,2B8) LD,MF
208 FORMAT (' ORBER=",12,2X,"MF=",15)
IF(LD.NE.ID) STGOP

C
LD1=ID-1
00 18 I=1,1ID
IA(IN=1-1
RA(II=" "'
18 CONTINUE
AR(ID)=">0"
C
. WRITE(6,480) 1D
1p0 FORMAT (1H , " xxxx ORDERED CUMULANT **%xx ORDER=',12/)
WRITE(6,418) (INT(IR(I)+1),RA(I),I=1,ID),CC
419 FORMART(1H ,*'<",25R2/)
C

D0 49 J=1,JF
RERD(5) (IR(I),I=1,1ID)
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15

28

25

3p8

30
48

4-3.

Fortran Programs

REWIND 8
RERD(8) MF,LD

DO 3P M=1,MF
RERD(9Y (IB(L),L=1,LD1)

IBT=8

b0 15 L=1,LD01
IBT=IBT+IBI(L)
CONTINUE
IBTR=1IBT-IBT/2%2+1

LC=IR(1)

Do 28 I=2,ID
IF(IACI).LT.LC) GO TO 38
LC=IR(I)
IF(IB(I).EQ@.1) LC=8
CONTINUE

D0 25 L=1,LD1
IL=IB(L)+1
RA(LY=AC(IL)
CONTINUE

RA(ID)="> '

WRITE(6,388) BC(IBTB), (INT(IA(I)+1),AA(I),I=1,1D)

FORMAT(1H ,R2,'<",24R2)

CONTINUE
CONTINUE

STOP
END

Examples

129

We present the results with the use of the programs which are given

in the previous subsection.
from 2nd to 4th are given.

given up to 6th order.

xxx%x ORDERED CUMULRNT x*%*%x%x ORDER= 2

1>0c=

< B
+<

a 1>

-< B>< 1>

xxxx DRDERED CUMULANT x*xxx ORDER= 3

< P
+<
-<
-<
+<
-<
+<

1
/] 1

2>0c=
2>

g 1>< 2>

B>< 1

2>

B>< 1>< 2>
] 2>< 1>
B>< 2>< 1>

In the case of <(L,(t,)>+#0, the expressions is
While, in the case of <(L,(¢,)>=0, they are
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*xxx ORDERED CUMULANT x%x%x ORDER= 4

3>0c=

< B
+<
-<
-<
+<
-<
+<
+<
~<
-<
+<
+<

B><
B><
B><
B><

B><
B><

B><
B><

B><
B><

B><
B><

B><

1

2
1
1
1><
1><
1
1
1>«
1><
1
1>«
1
1>«
2><
2><
2><
2><
2
2><
2
2><
3><
3>«
3><
3I><
3>«
3><

2
2><
2
2><
2
2><
2
2><
3I><
I><
I><
I><
1
1><
1
1><
3I><
3I><
3I><
3I><
1
1><
1
1><
2><
2><

3>
3>
3>
3>
3>
3>
3>
3>
2>
2>
2>
2>
3>
3>
3>
3>
1>
1>
1>
1>
2>
2>
2>
2>
1>
1>

*x%x%x ORDERED CUMULANT x*x%x%% ORDER= 2
1>0¢c=

< 8
+<

*¥xxx ORDERED CUMULANT xkxxx

< B
+<
-<
-<
-<

1

1>

2
1
1><
2><
3I><

3>0c=

2
2
1
1

3>
3>
3>
2>

ORDER= &

NSR. 0.U., Vol. 37



Dec. 1986
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§ 5. Conclusion.

In the present paper, we have given a method of printing out the
partial and the ordered cumulants which play important roles in the
theory of nonequilibrium statistical mechanics.

These cumulants can be calculated in principle, if we were patient
enough. However, in higher orders it becomes exceedingly difficult to
write down explicit expressions. Thus use of computer is inevitable.

We introduce a systematic division method using “1” and “0” for a
given time sequence of L.(t), Ly(t,), - - -+, Li(tn_1). ‘Use of binary-digit and/or
n-digit was the key step of the method. Thanks to this method, we have
been able to handle the higher order cumulants without using the multi-
Do-loops in the program. .

We can apply these procedures to actual problems. Indeed, we used
the method to solve a difficult problem of the low field resonance®. This
problem can never be solved exactly if the present method was not used.

Thus, for actual problems, our method can cope with computational
difficulties inherent to higher order terms which sometimes give essential
effects in certain physical systems. Our method in this paper will be useful
in solving these problems.
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