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I INTRODUCTION

It is well-known that many completely integrable finite-dimensional Hamiltonian gy~
tema in the Lionville's sense in explicit form can be successfully obtained by nonlinearization
of eigenvalue problems!'“*. The present paper is written in line with Cao's thought!!l, i.e.
it is & continnation of rel[1], and is aleo devoted to the application of the nonlinearization
method!! ¥l proposed by professer Can Cewen to the investigation of completely integrable
Hamiltonian systems. Following the procedure offered in ref.[1], we obtain four new com-
pletely integrable Hamiltonian systems in the Liouville’s sense in this paper, Thus, the scope
of finite-dimansional integrable Hamiltonian systems is further enlargsd.

1. FOUR NEW COMPLETELY INTEGRABLE FINITE-DIMENSIONAL

HAMILTONIAN SYSTEMS

Following the thought of ref[1], we continue to use the concerned symbols of refj1]
in this paper, consider four cigenvalue problems below and nonlinearize them under some
certain constraints,

1. Introduced the eigenvalue problem (the special case of the WKI eigenvalue problem(®/)
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Let Ay, -, Aw be N different eigenvalues of (1), then the functional gradient VA, of
the sigenvalue A; with regard to the potential v is

Vs = 645 f6u = dyp} (2)
where y = (q;,p;)7 is the eigenfunction correspanding to the sigenvalue ,, ie.
Bz = —ihiqs + (u~ lil,w} @)
Pia = —th;5 + idsp;

The pair of Lenard’s operators associsted with (1) are
£=a;l J'=_3[a"+"'a}l 3 =dfdx (4)

VA, satisfies KW, = A2 IV,

The Lenard’s gradient sequence Ga; of (1) can be recursively decided by KGyy-1) =
JGas, G_g = w3 g Kerd, § =0,1,2,- -, The soliton hierarchy wi., = JG@am[m =
0,1,2,1 ) is given as the isospeciral equations of (1) with the representative equation
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which is exactly the well-known Harry-Diym [HD) equation. Thus, the isogpestral evolution
equations w,, = JGy, of (1) yields the gD hierarchy of equations, The HD hierarchy
U, = JG5 has the Lax representation!’™, the eigenvalue problem (1) and the auxiliary
problem
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The Bargmann constraint is given by G_; = "V, which is equivalen to
Fmn
w=< App>-? (7)

where p = (py, - o), A = ding(dy, - oAr)e < > stands for the standard fnner-
product in R¥, The nonlinearized (1) under (7] (g=(q,, - van)T)
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) B
p-,=—lq+iﬁpl=—5.ﬁ'fﬁg (2}

1 a completely integrable finite-dimensional Hamiltonian system (R**, dAdy, H) in the
Liouville's sende with
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whose invalutive system of consarved intagrals i
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Through a lengthy calculations, by using properties of the Polsson bracket we can prove
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(H, F) =0, (Fons Fa) = 0, Ymn €27 {11)
Moreover, it can be shown that (10} is exactly produced by nonlinearization of the time part

(8) of the Lax pair under (7).
2. Heisenbery eiganvalue problem!!]
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Choise the pair of Lenard's operaters

ees(§ 8) - o= (il i)

d=8jz, 33 '=0"'3=1 (14)
theis W aatisies KAy = Ay JVAs: G = (us/ 20, —t/w)T € Kenl, hence the Bargmann
constraint Go = ﬂ)-j?-'l-j, ie. (note 2umw, + (uv); =0 and (12))
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yields
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5 The Bargmann system {{12),(16)}
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has the Hamiltonian H = F; and the conserved integrale involutive in pairs Fin
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3. WKI eigenvalue problem/®l
u y —iA Ay
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T, satiafies the linear equation
KV =A; JVA

where K and J arethe pair of Lenard's operators
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Gy = (LN)T € Keed, Gy = JAKG_; = [/, u/w)T, mﬂr d‘ﬁll the

Leniard's gradient uqulm[”f G £ Ky = JG‘..” m =01, 2 WKI hier-
archy of soliton squations i upnm-a:d by
fwoll. = dGny m=012" (21)
with the reprosentative equation (u, v)} = JG; which can be reduced the well-known HD
aquation
e e (2
au=—]and I+ u=a Thrqu:wﬁqlpf_[ﬂ} has Een.lé:m-adinncltilzi.
The Bargmann constraint Gy = ’gﬂj-lﬁ‘“
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The nonlinearised (19) under (23)
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i2 a completely integrable finite-dimensional Hamiltonian system (A, dpAdy, H) in the
Liouville's sense with

H=—i<ipg>+iit< Ag,g>< App > (25)
whoas flw]ltm systen of conserved integrals i
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Remark: (H,F,) = 0.and (F, F, ) =0 [Ym,n € Z*) can be shown through a series
of caloulatins.
4. Consider the oigenvalue problem
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which is  simple extension of the Dirac eigenvalue problem
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G = (b, —u)T, hence the Bargmann constraint Gy = E"ﬂ.,- yields
H<pg> Lppr—£04> (29)
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Under (29), (27) & nonlinsarized to be as
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which is an integrable Hamiltonian system (R, dp A dq, H) in the Liouville's sense with
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whose involutive system of conserved integrals is
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3

=t

Remark (B, E) =0, (Fu: Fa) =0, Yi,ne Z*. 4

Nate: On the iuvolutive solutions of the above four hisrarchy of soliton equations, we
shall salve them in the future paper.
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