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1. In gquantum field theory and many-body problem the
Schridinger eq.

HQ = EQ )
is of great importance. Here Hamiltonian H is some
rather simple function of th:e creation and annihilation
operators.
1.1. We will conduct our consideration by the example
of the simplest Hamiltonian (2-4), however, this consi-
deration is valid for any Hamilionian, e.g., for Yukawa

and g¢+* models of guantum field theory.
1.2. Thus, we take

H=h+hl @)

h = [dE(p) [aX(pla, (p) +a%(p) a_(p)] +
+ fdkw (k) b*(k) b(k) + @)
+8f dpdqdk Alp,q,kVa, (p)a_(q)b(k) 8(p+q+k)

| @

bl =+gf dpdqdk A*(p,q,k)a*_(p)a*_ (q) b*(k) S(p+q+ k).

3



Here a: , a% are the annjhilation and creation opera-
tors of two sorts of fermions

[na(p),ak(q)]+ - Saﬁ &(p-q)

(%)
[la(P).!B(q)]+-0-
b , b* boson annihilation and creation operators
b{ * = -
[blk), b*(s) 1_= &(k ~ s) ()

[b(k),b(s)]_=0,

E(p) , w(k) bare particle energies, A some function.

2. We state the ground state Q; of the Hamiltonian
(2-4) to have the form

Q =e*|0> @

k =Cg b(0) +[Cholpy,py)a’ (py)a* (p,) x
x 8(p1 +p2) c:lplr]p2+f(302(kl ,k2) x
x b* (k) b*(k,) 8(k; +k,) dk dky + ®

- n+2r>0 JCon,r (PysPyumep 59y 0grmndy i kskypnk,)

n r
I (a* (p )a* (q, )dp dq ) H(b*(k,)dk,)x
1 + 1 - i i i 1 1 1

n r

xB(E(pi+a) + Thy)=Zp,, (2% 8% ,bY,

where |0 > is the no particle state
a4+ |0>=0blO>=0.



2.1. Note, that all the terms of expansion (8) commute
with each other.

2.2. In order to explain why the solution of the
Schrodinger eq. in’ the form (7), (8) is just the ground
state, we point out, that eq. (10) implles C 3,,,» 0 for
g -~ 0; but at g=0 the ground state is |0 >; so there exists
some interval 0 < g < g,, where the solution of eq. (1)
of the form (7), (8) is the state with the lowest energy
(we suppose both functions E(p), (k) to be positive).

3. Now we substitute (7) into the Schrddinger eq. (1).
Using formulae

—K

be " =e “(~[b,x I_+b),

ae < =e " (—[B,K]_+a),

a, (Pla_(9 blk) e ™ =e™(~[a,(p)x]_+a,(p))
(~Ta_(q),x1_+a_(q)) (~[b(K),c]1_ +b(k)) ®
we get rid of the factor ¢ ™ and rewrite (1) in the form
(Eg+he = by =8)]0>=0. (10)

Here E, is the ground siate energy,
=g dpdqdk A (p,q,k) (~[a,(p) ,k]_[a_(g,x1_[bk) ,x]_+
+a, (p)la_(q),«]1_[b(k),«x]_+[a () ,x]_ x o)

x a_{(q) [b{k),k]1_)

3.1. Getting rid of the annihilation cperators in eq.
(10) with the help of (§), (6), the left-hand side of eq. (10)



is represented as a series in powers of creation opera-
tors. Equating to zero the coefficlients of this serles
gives the system of equations defining the coefficient
functions C 5,, . ; this system will be denoted as (10a).
Because of (11) this system, unlike eq. (1), is nonlinear.

3.2. The main advantage gained by the tramsition
from linear form (1) of the Schridinget eq. to nonlinear
form (10), (10a) is that the coefficient functions of expan-
sion (8) are nonsingular as follows from (10a). Therefore,
none of the homogeneous translationally-invariant polyno-
mials pg, , of the series (8) contains the part equal to
the producti of two homogeneous translaticnally-invariant
polynomials (such a product necessary gives the singula-
rity for the function Cg,,, )- In this sensethe coefficient
functions of the expansion (8) will be called irreducible.
Let us consider for comparison another representation
of the staie (7):

245 = Alo>,

A=1+ Y01 b*(0) +fy20(p,~p) a: (p) a* (~p)dp + .

(1z)

= n+2,>ofy2n,r(pl’p2""pn 5, 2G,e qln;kl,...k )

o T

I} (a% (p,)aZ (q;) dp, dq) l]'I(l:“‘(ki Ydk, ) x

n r a3)

x 8 12 (py+a) + El ki) = 2qp, .-

Evidently, we have

901 "Po1* 920~ Py
@4

aep_+L(p %,
Tg="Pgo* 2 P20’



Eq. (14) and the irreducibility of coefficient functions
C 2n,r imply the coefficient functions of expansion (13)
(e.g., Y3 )not to be irreducible.

3.3. Thus, the ground state representation (7), (8) is,
in some sense, the simplest possible one.

3.3.1. Note, that the representation (12), (13) in quantum
field theory gives the Tamm-Dankoff equations for the
coefficient functions y,, ..

3.4. The ground state energy Eq is separated from
the essential part of egs. (10a); it enters only the first
of these equations. So, one has to determine functions
Con,r from the second and subsequent equations of
system (10a); then the first eq. (10a) gives the value of E,.

3.5. The nonlinear form (10) of the Schrodinger equa—
tior delines irreducible coefficient functions of expansion
(8) for ground state (7).

In this sense eq. (10) itself in the title of the article
is called irreducible.

4. Jne has to search for excited state of Hamiltonian
(2) in the form of product

Q = Uf, as)

of the ground state (7) and the operator U, whichis
a series in powers of operators a% ,b*.

5. The exponential transformations of the type (7)
are at present known well enough.

Thus, e.g., to get irreducible Green functions one
must take derivatives with respect to the source J(x) not
of the generating functional

fexpliS + f j(x) ¢ (x)dx18¢,
but of its logarithm (S is the action).

However, we are the first obtaining the exponential
transform of the ground state of the second quantized
Schr8dinger equation.

5.1. We have nsed the method described for investi-
gating g¢ ¥ and Yukawa models in two /1.3/ and three-
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dimensional space-time /2.4/ and for studying the

scalar electrodynamics in two-dimersional space-time /5/,
In the first papers /1,2/ we were able to deal with boson
quantum field theory oply; now we have succeeded in
genera}izl.?g our method to the case of Fermi par-
ticles

§.2. In these models it appears to be possible to
simplity. equation of the type (10) and to reduce the order
of nonlinearity in this equation to the second one. The
way is as follows: one should use the representation
where the boson field operator ¢(k) is diagonal, then
substitute, in expansion (8) ¢(k) for b*(k), the state
of fermion vacuum for {0> and in the Hamiltonian
-i3/8¢ (k) for the momentumn »(k), canonically conju-
gated to ¢(k) .

5.3. By the present method we have succeeded in
investigating strong coupling limit in [ %, model /6. 7/
We bave also shown /5/ that there is no necessity to
introduce the term -g(¢*¢)? into Lagrangian, in order
to get the vacuum degeneration in scalar electrodyna-

mics. This result coatradicts the basic works 789/,
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