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Starting with a linear partial differential operator for a certain system of transition amplitudes 
associated to a state | a} with baryon number o(a) we derive an equation in the o(a)-sector of the 
Functional space which provides the state | a> with an effective potential caused by the polariza-
tion cloud. With regard to the needs of n-body scattering we then undertake a cluster decomposi-
tion of the effective potential. In particular, we derive the relativistic analoga of Lippmann-
Schwinger- and Faddeev equations. 

In non-linear spinor theory as treated by Heisen-
berg [1] and coworkers [2] a physical state |a> is 
determined by a linear partial differential operator 
acting in a certain infinite system of transition 
amplitudes between the vacuum and the state | a ) . 
That means, the dynamical behaviour of any asymp-
totic w-particle configuration is governed b y no sub-
system other than the whole system of field equa-
tions; that is why the Hilbertspace o f the field 
operator cannot have Fock-space structure. On the 
other hand, the system of field equations carries 
an algebraic structure which is best represented on 
Fock-space. Therefore, it is natural to define state 
vectors by 

oo 

0 (j, a) := 2 I ' ' ' Xn (xi'"" xi |a) 
n = 0 

•j(xi) ••'j(xn)Q\ 

here the <p's are time-ordered transition amplitudes 
between the vacuum Q and state | a ) , and j is one 
of the generators of an abstract Clifford algebra 
(j, •&, Q). The set of all state vectors generated by 
all physical states is called functional state space. 

I t was Stumpf [3] and coworkers who began con-
structing the functional state space and therein 
formulating the essentials of Heisenberg's dipole 
regularized spinorfield theory. According to Stumpf 
[4] the Functional Quantum Theory o f the non-
linear spinorfield has to deal mainly with three 
problems: 
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a) derivation of an effective w-particle equation 
from the fundamental field equation, 

b) definition o f a physical scalar product in the 
functional state space, 

c) definition of a S-matrix which is unitary. 

A d c ) : Heisenberg's dipole regularization creates 
states other than the asymptotic, physical states; 
therefore the sets of in- and outgoing state vectors 
need not be equal. But then the S-matrix cannot 
be unitary when defined as usual. For the problem 
o f unitarization see Stumpf and Scheerer [5]. 

A d b ) : The algebraic definition of a functional 
state vector makes it evident that the definition 
o f a scalar product in functional state space hinges 
on the solution theory of the fundamental system 
o f field equations; especially it is not clear what 
sort of integral has to be used in the definition o f 
a functional state vector. Guided by the experience 
with the Lee-model one circumvents such difficult 
questions and forms scalarproducts with the dipole 
regularized two-point function which is assumed to 
be compatible with the fundamental dynamical 
equation, Stumpf [6]. 

Ad a) : To any state | a ) with an asymptotic n-
particle configuration there is associated a baryon 
number q(a) which can be used to determine the 
first cpn which need not vanish necessarily. There-
fore, to the state |a> corresponds a lowest non-
trivial sector of the functional state space, the q (a)-
sector, and it is desirable to reduce the dynamics o f 
the state | a ) to the o (a)-sector. Such a procedure 
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has been proposed by Stumpf [8]; his method results 
in effective potentials for any given w-particle con-
figuration which expresses the influence of higher 
sectors, called polarization cloud. The effective po-
tentials serve as relativist]c analoga of interaction 
hamiltonians, and contain in principle arbitrary 
high %-point interactions. In order to test the effec-
tive potentials it is necessary to establish the rela-

tivistic analoga for Lippmann-Schwinger- and Fad-
dee v-equations and higher sector equations. 

In the first section we describe the reduction pro-
cedure; then we decompose that potential in the 
o (a)-sector with respect to a cluster representation 
of the state j a). For o (a) = 2, 3 we finally derive 
our analoga of Lippmann-Schwinger- and Faddeev-
equations. 

1. The Reduction of the Field Equation 

The dynamical field equation in functional 0-states reads [7]: 

DOL(x)0(j,a): = [y"öß(x)dß(x) + V^ödß(x)dv(x)d6(x)]0(j,a) = 0 . 

Here dß (x) stands for ftp (x) -f- Fßx * jx (x); # and j are the functional destruction- and creation opera-
tors, and F is a regularized two-point function. 0(j, a) represents the functional construction of a physical 
state l a ) : 

&(j,a):=2&(n)(ha)--=2 S dxi''' dxn<Pn L " a) jai(xx) • • • j^Xn) Ü. 
n=0 n = 0 V 1 n ' 

The (pn's are special transformed expressions of time-ordered transition amphtudes between vacuum Q 
and the state |a>. 

Now we have the following component equations of the field equation for a state | a ) with baryon 
number q [8]: 

[-Da(*) 0 ( j , « ) ] = A 1 0 ( j , a) + A20«?+2) ^ a) = 0, 
[DaL{x)0(j, a)]te+i) = Ax0(e+2) (j, a) + A20le+*) {j, a) + A30le) (/, a) = 0 , 

and for all 4 ^ I e 2 N : 

[DOL{x)0{j, = A!0(s+Xi(j, a) + A20(e~2+» (j, a) + A30(e+2+» (j, a) 
+ A A 0 ( ; j , a) = 0 

with 
A i : = fa öß (x) §ß (x) + 3 Ffy<5 FßX * jx (x) (s) &d (x), 

= y»ß öu (x) Fßi * jx (x) + 3 V£yd Fß, * jx (x) Fyv * jv (x) (x), 
= V W Fßk * jx (x) Fvv * jv (x) Föß * jß (x). 

A2 

At 
A 4 

Defining the polarization cloud by % : = ^ 0(Q~2+l) (j, a) we have a further equivalent system of equa-
tions: 

M i 0(e) 4- A* y ~ l = 0 
k U z + A - A . } * * - 0 = 0 . (1) 

Therefore, we start the reduction procedure by generalizing Cramer's rule. Set 

DMX= - {DM - As} 0<o) = : b*(x), =: 

and J da;' GarX' (x, x') y£ß dß (x') = daß (a:) and create an inhomogeneous problem in proving the equivalence: 
D * ( x ) x = M * ) oK«(x) + J d x ' G ^ ( x , x ' ) V ß J ö d ß ( x ' ) d y ( x ' ) K d ( x ' ) 

= Jdx'GaoL'(x')bOL'(x') = :(Gb)OL(x). 
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W e then see that 

Tad(x, x') := GaoL>(x, x') V^ödß(x')dv(x') 

can be treated as the kernel of an integral operator T(x). As a solution of K [x) + T (x) K (x) — (Gb) (x) 
we take the Neumann expansion 

K6{X) = (Gb)d(x) + JDx'Tdv(x, x')(Gb)R,(x') + jjdx'dx"Tö7](x, x')Tm(x', x"){Gb)»(x") + ••• 

which we insert in the first line o f (1); we get in first order approximation: 

{yZßöMM*) + 3V£r6F()i*ji(x)&v(x)Mz) + V^6Föv*jr{x)ftß{x)ftv{x) 

+ F f J dx' Gö, (X, x') 3 F f Fß'V * j, (x') Frtl * jß (x') (xr) dß (a;) dy (x)} 
• 0 (e ) ( f , a) = 0 = : 0 { j , . 

N o w we can interprete 0(j, d) — Ai as the effective first order potential of the polarization cloud seen 
b y the state |a>. 

2. Second Quantized Cluster Representations 

T o motivate our approach let us consider the 
hamiltonian Jiq + V in Fock-space; here V is a two-
b o d y interaction hamiltonian. In the n-tli sector o f 
Fock-space we get the well-known expression: 

i n n 

- J ^ I V, + Z F „ . ^m i = l i<y 
If 0(n) : = = An0 is an arbitrary antisymmetrized 
w-particle state vector we can decompose 0<w> as 
follows: 

1 M 

= 
i= 1 

For, let X n : — ( 1 , 2 , . . . , n ) be a disjoint union 
o f arbitrary subsets 0 4= A j c Xn, 1 fg I ^n. W e 
call { X i : 1 ^ i 1} a cluster partition and each of 
its elements a cluster. Let S(n) resp. S(rii) be the 
symmetric group o f X n resp. X i ; if the number o f 

i 
elements in Xt- is , we have M = V w « , and 

i = i 
S(n, l):={oeS(n)\olXleS(ni) 

VI ^ i ^ 1} 

is a normal subgroup o f S(n). Thereby we get : 
M 

S(n) = \jS(n,l)Ei, E i = l , 
i= 1 

with M = n\j\S{n, Z)|, |S(n, / )| the order of S(», I). 
Clearly, the union is disjoint, and having fixed the 
Et'a it then fol lows: 

1 „ 1 

n ! aeS(n) n! x ( a ) ° 

1 Ml \ 
= i 7 2 2 yAo)o)x{Ei)Ei 

M i—l \oeS(n,l) J 
j M 

= ~m2\xmAntiEi't 

here Anj is the antisymmetrizer of S(n, I). 
Now it is obvious that the decomposition of the 

state vector 0<n> as a sum of different permutations 
o f a partially antisymmetrized state vector 0 n , i in-
duces a decomposition o f the hamiltonian as a sum 
of different permutations o f the hamiltonian re-
stricted to the set of partially antisymmetrized state 
vectors. But the restricted hamiltonian is the sum 
of the hamiltonians of the clusters and o f the cluster 
interaction hamiltonians [9]. As for example the 
Faddeev-equations essentially need the definition 
of cluster operators, the usefulness o f the state 
vector decomposition is exhibited. 

However, if one is working with second quantized 
hamiltonians and wishes to specify the number of 
clusters only, but not the w-particle sector, then it 
is preferable to decompose the Clifford algebra 
(j, Q ) [8]. Next we give a representation of such 
an algebraic structure and show its equivalence to 
decomposing state vectors. 

Let F<£\ 1 ^ i ^ l , be antisymmetric Fock-spaces, 
V ;i±(/i) the associated creation resp. destruction op-
erators, the fi s belonging to the one-particle sub-
spaces o f Ff := FA(M\). 

i 
W e then form ® F ^ and define 

t=i 

F±{fi): b y 
t = l i = l 

oe u S(n,l)Ei 
( - 1 FiHfi):= 1® 1 1 ® w M / f ) ! ® 1 ® 1 
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For 

967 

I I 
<g)F%>3 0:=(g)0t, 0ieF<t>, 

t=l i=1 

we have in case 

[Fi^(fi), Fj±(gj)]-0 = 0 

and in case 

1 = [Fi±(U), Fi±(<7i)]+0 
i-1 / 

= ® ®v ® [•y>i± (fi), (»)]+ ® (x) 0,.. r = l »=i +1 

Now the quadratic forms 

Hk: = jdxdx'Vk(x, x')y>k+(x)y,k+(x') 

• y>k~(x')y>k~(x) 

on F(£\ 1 f^k^l, give rise to the definitions {ho : 
(Hk) i = i ) : 

+ 1® 1® ~-®Hl, 
i i 

2 Vkm :=^jdxdx' Vkm (x, x') 
k<m k<m 

I f n = 2 1 1 k we let 0n" be the vector represent-
*=i 

ing particles in ^-particle Fock-space, i .e. 

0n* ; = (0, 0, . . . , 0 (nk\ 0 , . . . ) e , 

and we define i 
0[nk] . _ ^ Qnk 

fc=l 
Defining the mapping J by 

i 
J&[n*] 0 0(71»:) 

i = l 
we see that J can be extended to a linear isometry 
o f o n t o 

i = l 
here is the closed subspace 

i i 
{#[«*]\n = 2 n k f ixed} in ( x ) F f , 

i = l 

where 
•Fk+ (x)Fk~ (x)Fm+ (x')Fm~ (x'), 

W e set / / : = d r , (A0) + 2 V*™ • 
k<m 

and ^ means the closed linear hull o f the union 

of the where the union runs over all n = 2 nk 
*=o 

with n e l \ J u { 0 } . W e remark that F[JJ is dense in 
i i 

® F*£\ therefore J can be extended to (x) F(£\ 
k=1 * = 1 
Further that 2 is a direct sum. i 

N o w we have for any partition n = 2 : 

k = i 

JH0[,lk] = 2 0('ll) ® ''' ® (Hk0nk){nk) ® — ® 0(rik) + Jtjdxdx' Vkm (x, x') #<Wl) 

fc=1 k<m 

® • • • ® (x) (x) 0nk){nk) ® • • • ® (Vm {pe') y>- (x') 0n-)<»-> ® • •' ® 0(ni) 

I / nk \ 
= 2 ® • • • ® 2 H f 0 ( n t ) ® ( n , ) 

I tlk tlm 
+ 2 2 2 ® • • • ® ® ( n k ) & ( n m ) ® - " ® ® ( n i ) 

k < m i j 

which is the familiar result we would get by specify- where 2 runs again over all partitions and all 
ing a partition in the w-th sector of classical Fock- n e N . It remains the task o f antisymmetrization. 
space. W e set 

JH0 = JHJ~lJ0 =: hJ0, 

As 

where 0 e F^j}; clearly h has a cluster representa-
tion specifying effective clusterpotentials and effec-
tive selfenergy potentials; the algebraic structure is 

l Tile Ilm 

(g) F^ = ( ® An\ ( ® =: An<lFM 
k=i \t=i / \<fc=i / 

{/ nie \ I Ilk Ilm 

( i m + i i i w \i<j / k<m i j 

we define a mapping C : (x) F(£k) F(£] by 
i = l 

j M 
Än^~M \ Z{Et)Er1An.i=:CAn,l. 
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C can again be extended linearly to and C is our definition of a cluster hamiltonian on 

a partial isometry (note: F(ll)) Q (x) F<£k)). N o w we 
have for any 

0eFll]: CJH0 — ChJ0 = hCJ0 

= : h 0 t . 

For special 0 = 0['lk] we clearly get : 

CJH0^(x i , •••,*„) 
n 

k < m 

if the two-body potentials are equal. Let us note 
i 

that by now we have antisymmetrized (x) F*£\ for 
fc=i 

C J F ^ } is a totally antisymmetrized subspace in 
F ^ which is isomorphic via J - 1 to a totally anti-
symmetrized subspace in F ^ ; as is dense in 

i 
the closure of J ^ C J F ^ is indeed the anti-

k = 1 
symmetrized tensorproduct of the 

i 
F™: cl (J-i CJF[£) = (x)A F<£>. 

jfc=i 

I t follows: [J, C]_ = 0. 

Because o f the above coincidence we think that 

by ^ = + 
k = 1 k< m 

is a useful concept when investigating the structure 
of cluster dynamics, as all work can be done inde-
pendently of a specified cluster configuration and 
particle number. Forinstance, the Faddeev formal-

i 
ism can be formulated on ® F^K 

*=l 
On the other side, when doing practical calcula-

tions, by the existence of the mapping C J all op-
i 

erator expressions in (x) F ^ can be transformed in 

the well-known Fock space expressions. W e remark 
i 

that it is useless to define 2 F ^ and then an inter-
i = 1 

action hamiltonian as a bilinear form in that super-
position; clearly the reason is that C J is not in-
vertible. 

Because of the polarization cloud Functional 
Quantum Theory is dealing with effects of no finite 
variable structure; therefore, the generalization to 
tensor products of the Fock spaces is always un-
avoidable. 

3. The Relativistic Analoga of Lippmann-Schwinger- and Faddeev-Equations 

As our relativistic analogon of the hamiltonian for the two/three-body problem we determine that part 
in K(j, ft) : = Jdx^yoca' d^(x) jx(x) 0{j, ft) which contains only up to two pairs of f s and ft's. W e get : 

K2 0\ 0 ) : = J dxB (x) u (x) ft« (x) + jdx ßyaa' <5 * (x) 4 VßJö j* (x) FßA * jA (x) fty (x) ft, (x) 

which is our " A o + F " in functional space. 
i 

The decomposition o f K i into d F i ( K 2 ) -f- 2 r e a d s : 
k<rn 

drt (Ki): = 2 J ' te • (*) ?ik) (*) (*) + 2 J 1 te 01" (*) '4 VßJd?{ak) (*) Fß, * j[k) (x) ft™ (x) ft™ (x), 
k=1 * = 1 

2 V*™ 2 J te „ y a a ' öv(x)4 V^ ff> (x) ft™ (x) Fßk * £»> (x) ft™ (x). k<m k<m 

As in the Heisenberg theory the mass of a meson, for example, can be calculated [10], we use instead 
of dFi (K2) the following expression: 

d^ (Km): = 2 J"'te ( • (X) + mk«) j™ (x) ft™ (x) 
k = 1 

which is an algebraic decomposition o f the selfenergy operator in lowest approximation. 
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X\ X-2 
ai oc2 

The case l = 2. 

For a two-particle state | a> we get for C o J o K2 in the second sector o f functional space [9]: 

J d . n d x 2 [ n i + mi2 + Dt + m22] cp ^ |a) D = - J d x d x ' d » ( x ) 4 V?7d 

• Fßi(x - x')cp(Xd* a)z>(**)o[Di + ro. 12+ D2+M122]cp\ 

= - ^ (*i) 4 F ^ - s 2 ) cp * | a ) . 

Now we Fourier-transform the equation and introduce the variables #1' : = xi — x2, x2 : — x2: 

[ - Pi2 + mi2 - p22 + m22] J a ) 

= - vY*i x'ip^lVOj6 J d.Ti dx2 exp \i (pi xi + p2 x2)] FßgL2(xi - x2) cp g 1 ^ | aj 

= - /0W*PFfr5 Jdzidzaexpl»! +^2)^2' + »'2*2*1'] FßaLi(x2') cp 

[ -1 (Ps2 — ™ S 2 ) + 2 ( p r 2 — m r 2 ) ] <pT 

Pr 
ai a.2 

= - »7*1 «'* (Ps/2 + p r ) « 4 F f ; " 5 ( p a / 2 - pT) y? [pa, J y |a) = : (ps, pr) (ps, °öy \a) . 

Here we made use of the transformation 

T : R 8 - > IR8 

given by 

(xi, x2')->(xs, xT) : = 
Xl + X2 

,Xi — x 2 

and its adjoint T * which in matrix representation 
reads: 

the resolvent go by 

- 2 (Idr2 - mT2)]-i 

and the resolvent g bjr 

g(z) := [2 - \[Ids2 - ms2] 
- 2 [ Id r 2 - m r 2 ] - W}~ 1. 

we establish a Lippmann-Schwinger-type-equation 
in formal analogy to [11]: 

9>T 

Further we set: 2m r 2 : = mi 2 -f- m2 2 — |m s 2 , and 

9?T(Ps, 0) : = Jdxexp(t>so:)99T(a:, 0 ) . 

Defining the potential W by 

(ps, K2 j « ) : = (Ps, Pr) (p s , ° y a) , 

+ go (Ps, Pt I a) W cp£ (ps, £ a2 

The case 1 = 3. 
Similar to the case 1 = 2 we get the following 

equation for the partially antisymmetrized «^-func-
tion cpi (that is, in the variables x2, x3 cpi is anti-
symmetric) : 

[•i + mi2 + •2 + m22+ üa+ws2]?!^1*2*3 aj 

= - 3'W 4 - X2) cpi g 

= - uya^(xi)4V^öFßa3(xi - a*) y i 

= -»ya!*'ö»(xi)4VPröFßa3(x2 -x3)cpi 

[X\ Xi X3 
y <*3 

(X\ X2 Xl 
i,(5 a2 y 
fx 1 X2X2 
Ui ö y 

Notice that the algebraic structure is the same for all the permuted cluster configurations cpv of 951. Fourier-
transformation then gives 

[ i (Ps2 - ms2) + 2 (Pr2 - mr2) + f (pu2 - mu2)] ^ T , lr2 

Pt — I VA 
a3 

a). 

= 1»4 w) ( p s r " ~ ä ,,u) 
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- * Pi« 4 v y Pßat( - P3) (ps,°öy,pT ~2iPv) 

= : P r , P « ) ? 3 T ( P S , °öy , ~ P r ~ J P u ) + Pr, Pu)V2T ( p s , ° S y , Pr ~ J P u ) 

+ (Ps, Pr, Pn) f IT (p8 , J y , • 

Notice that 

M \ n o i w f t \ 
a) \P2 = U 1 Pr , mi 2 4- m 2 2 + m 3 2 = |m8 2 + 2 m r 2 + f ^ u 2 . 

W \ i - i - y \ p J 

b) 0, •) : = •). 

c) <pt : = x ( ß i ) ( P o E t ~ 1 w i t h = (123), E 2 = (212), = (312) ; 

9>i = ^3 ,2 9>i , and <p'.= \ ^ ( p i 

is totally antisymmetric. For full details see [9]. Defining the resolvent by 

<70(z) : = [ « - 3 (Id s 2 - ™s2) - 2(Id r2 - mr2) - f ( Id u 2 - m u 2 ) ] - i 

and the mappings ÜTa, 1 ^ a ^ 3, b y 

9??t ( p 8 , ^ a 3 , : = c£.3 (Ps, Pr, Pu) f IT (ps, , 

^ / pr pu\ . / 0 P R - £ Pu\ 
^ 2 ^ 1 T ( p s , a 2 a 3 , a i j :=CS»{p*,Pr.1HdV*T[P:lm, Ä2 ) , 

r A / Pr Pu\ Wm / ( 0 - P r ~ i Pu\ 
A 3 ^ T l ^ ' a 2 a 3 ' a J : = C « . ( P 8 , P r , P u ) 9 P 3 T ( p 8 W m , a 3 j , 

X o : = [J(Ids2 - m s 2 ) + 2(Id r2 - w r 2 ) + § ( Id u 2 - m u 2 ) ] 
2 

our equation reads in the functional space analogon of (x) F {£k\ n\ — 1 and = 2 : 

( ' • - j ^ ^ W ^ - O . 

Regarding the fact that Fourier-transformation does not depend of whether choosing first the 9?i-equa-
tion and then the <pr-equation we can complete the definition of the Kis: 

* W ( f t . Z «3 ' £ ) ' = ^ • P " * > * * ( P s ' ' « ) ' 

= ~ (Ps • Pr, Pu) PIT (?» , , , „ , ' ' " ) , 

= - (Ps, Pr, Pu) <P3T (p8 , l m , a 3 J , 
and 

• s ) - * . * > * » ( » • ? . , » - * * ) , 

Ä 3 ? > 3 T ( p s , a 2 a 3 , a J : = = C-xicti (Ps > Pr> Pu) 9̂ 3T ̂ Ps > > a 3 J. 
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Inserting ti we get as Faddeev-equation for T : 
Because of 9? = J 2 (pv in the functional analogon 

V=1 
of wre have the equation: 

3 
(K0-ZKi)<pT = 0. 

» = 1 

It is obvious that this equation results from the 
mapping C o J . 

Finally we discuss the formal deduction procedure 
of Faddeev-equations [10]. A well-known resolvent 
equation o f the two-body system reads: 

g = Oo + go Vg — go + g Vg0 

where go is the free resolvent, g the full resolvent 
and V the potential. I t follows: 

g = go + go[V + VgV]go=:go + gotgo• 

t is the ^-matrix of two-body scattering. Repeating 
the iteration we get : 

g =-- go + goVgo + goV gotgo, 

and t — V + Vgot. 
3 

I f we set K := ^ Ki the same relations hold true 
i= 1 

for the three-body system: 

T = K + KGK = K + Kg0T. 

It follows that GK = g0T. Defining 

Ti : = Ki - f - Ki GK 

we see that 

Ti = Ki + Kig0T 

holds, a relation which is called Faddeev-Ansatz. 
N o w the equivalence holds: 

Ti = Ki + KigoTo[l-Kigo]-i 

- {Ki + K i g o ^ i 1 -&u)Tj}. 
3 = 1 

As in the two-body system t = (1 — Vgo)~l V holds, 
we see that ^ : = [1 — Kigo\~ l Ki is the extension of 
the matrix t to the three-body system; the extension 
is best described by the expressions C 1^; algebra-
ically they are the same both in two- and three-
particle systems, but they differ as to the arguments : 

two-particle system: Clm (ps, pT), 

three-particle system: Clm {ps, pT, pu). 

Tt = ti + 2Ug o(t-di})T} 
7=1 3 

= : h + 2 Ft) go Tj. 
j= 1 3 

Because of T = 2 Tt we have further: 
i = i 

G = go + 2fo Tido ='• go + 2 
i 

= f 0 + 2 ( f 0 l i f 0 + do 2 Fij 9o Ti f 0} • 
i j 

As in two-body systems the relation g — go = gotgo 
holds, we have gi — g0 = go ti go with g% the full cluster 
resolvent: gt := (z — Kq - f Ki)'1. So we get : 

Q = go + 2,Gt j 

= 2 (f* _ fo + go 2 FnG)} + go • 
i j 

Notice that all operators are defined on totally anti-
symmetric states because go and Ki are defined 
there. 

W e now demand what in the nonrelativistic case 
can be proved: 

lim ± iegi{±ie)(pVI 
£->•0 

= dir hm ± i E gv (± i e) (pvT =: div , 

i = 0 , 1 , 2 , 3 . 

That means there exist free channel functions 
which are in some sense orthogonal. Interpreting 
all resolvents in the limit lim, we finally have the 

£ —*• 0 
Faddeev-equations for the channel functions: 

VVT • = 0 CPVT = 2 G I < P Y I = : 2 ( 9 V T ) ( < ) 

i i 

= 2 - fo + f o 2 FHGi) <PvT, 
i j 

o (Ä)(<) = div + go 2 Fi) (<Ä)(i), 
i 

<Ä = 2 
i 

Having solved this system of coupled equations the 
totally antisymmetrized solution reads: 

: = G(pT = 
V 

Approximating (1 — Kigo)~l by 1 + K[go and recall-
ing the definition of the Ki s we get for the first 
channel function: 
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(^±T) (1) = + go [1 + K2 <7o] K2 ( < ^ t ) (2) + [1 + Ks go] K3 (<p?T) <3>, 

( < Ä ) ( 2 ) = !7o[l + i ^ o ] * ! ^ ) * 1 ' + <70 [1 + K 3 go ]K3(<t f T )W , 

( < Ä ) ( 3 ) = 9o[i + #i<7o] # i ( ? ? T ) ( 1 ) + (7o [1 + ^ 2 ? o ] ^ 2 ( 9 f T ) ( 2 ) 

or, in full details: 

(pS , , £ ) = (ps, + </(ft, Pr, P u ) C a a (Ps, Pr, Pu) ( S ) < 2 > (ps , ^ * 

- Jd f t ' g o iPs , Pr', Pr - |Pu)C1£m ( f t , ft', Pr — |Pu)<7o(Ps, Pr, Pu) 

• C (Ps, Pr , Pu) (^x)<2> ( p s , L " + 1 P j 

+ 00 (Ps, Pr, Pu) C l Z 2 (Ps, Pr, Pu) ( Ä S <3> ( p S , ° n * ~ * 

+ J d f t ' <7o (Ps, Pr', - Pr — £ Pu) (Ps, Pr', — Pr — | Pu) 00 (Ps, Pr, Pu) 
nIm / x Pi \ /o\ ( 0 - Pr + h Pr + i Pu» • (Ps, Pr, Pu) (<p3T)(3) \Ps> kk' m j ; 

( 2 ) (Ps, J a 3 , £ ) = go (Ps, Pr, Pu) C t . , (Ps, Pr, Pu) (£Ft) (1> (ps, ^ , £ ) 

+ Jdf t ' sr 0 (p S , p / , Pu) (Ps, Pr', Pu)öro(Ps, Pr, Pu) £ « « 3 ( f t , pT, pu) 

• I k ' a i ) + Pr, P u ) C a 2 (Ps, Pr, Pu) ( ^ ) < 3 > ( f t , ~ 
+ Jdp / i7o (p S , Pr', — Pr — 2 Pu) (Ps, Pr', — Pr — lPu)^o(Ps, Pr, Pu) 

Wim / u t u o j 0 — p / + i Pr + i Pu\ 

' C a = (Ps, Pr, Pu) (<P3T)(3) (Ps, h k > m ) 5 

( ? £ ) < 3 ) = fl'O (Ps, Pr, Pu) C ( f t , ft, Pu) ( t f ? ) <« (pS , 7,11 

^ft, ft, Pu) m r ) w [Ps, l m , a i 

+ J d f t ' 00 (Ps, Pr', Pu) Cf* (Ps, Pr', Pu) 00 (p8 , Pr, Pu) 

< ? « , ( P s , P r , P u ) ( < S ) ( 1 ) ( p s ^ i ' S ) 

+ go ( f t , ft, Pu) C ? a 3 (Ps, Pr, Pu) ( < ® ) <2> ( f t , 1 , VT V U ) 

— J d f t ' go ( f t , Pr', Pr ~ i Pu) ( f t , ft', — \ Pu) 9̂ 0 (Ps, Pr, Pu) 
/-rfm / \i~±\m( 0 Pr' - iPr + ipu 

' ^aTas (Ps , Pr, Pu) (9Tt) (2) (Ps , j 

As next these Faddeev equations will be tested by a pion-nucleon calculation; the Lippmann-Schwin-
ger equation has already been tested by a nucleon-nucleon calculation the results of which will be pub-
lished in the thesis o f Herzog [12]. 
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