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ABSTRACT: Under & weak force type condition, we study the existence of non-collision periodic solutions with

fixed energy for & singular Hamiltonian systems. Our methods depend on the Mountain Pass Lemma and the esti-

mates of Morse index and the number of collisions.
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We consider the existence of non — collision periodic

solutions of

(Ph) [ ¢+ v¥g)=0,ink {Ph.1D

T (e} 14 ¥V(g(e)) = hyin B (Ph.2)

29,0 ER and VEC'(R"\ |0}, R).
{Ph) is related with the two — body problems with potential

where g = (g,

Y and energy h, it is important in mechanics and physics
Recently there have been several papers which deal via
variational methods with the prescribed energy problems ([ 1
~5]}.in [ 5], Tanska proved the existence of generslized
solutions that may enter the singularity under suitable as-
sumptions for singular potentials through the relation between
the Morse index and the number of collisions of generalized
solutions . Taneka also got the existence of classical solutions
of (Ph) under some stronger assumptions. In this paper,
through the Mountain Pass Lemma and the estimates of Mor-
se index of critical point and the relation between the Morse
index and the number of collisions, we prove the existence

of a classical {non - collision) solution of (Ph) for a sym-
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metrical singular Hamiltonian system with weak force:

Theorem | Assume that V satisfies the following
conditions:

(V1) V(@)EC (R \|0,R)

{(Vv2) V(-4g)l=V{g}l.¥9<C R \i0|

(V3) Vi{g)<Oforall g€ R\ |0 and Vig)—=0
as |g|l—+®

{V4) Thereis an a, €(0,2) such that 7 ¥Vig)g=
-a ¥{g), ¥ 9gE R\ {0

(V5) There is an a, & (0,2} and R; > 0 such that
VViglgs -a,Vigl, ¥0glgls R,

{Ve) Vig) = -1/191" + W{g). where e €10,
2} and lgi"Wigq)l, lgl”"' T Wig),lql" ' Wig)
—+Q as | g|—~0.

Then for any h < 0, there exists at least one ciassical
{ non - collision }solution of ( Ph) .

Remark @t follows from ( ¥3) ~ (V5 )that for some
constants G, , Gy, 6, > 0

a

[ g I™

g~l"(q),_<_| E for Gelyglg Ry
g 1™

(1)
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V(o) e o= R (2] of the Mounigin Pass Theorem {[6]]).
TS l g™ o = - Lemma? Let {V1) - {V5) hold. Then there exist

Comparing Theorem 1 with the theorem of Tanaka [5], we
add the symmetry assumption { ¥V2) for V, but we get the
existence of one classical non ~ collision periodic solution for

{Ph). this is different from Tanaka _5).
1 Proof of Main Result

Let us intreduce the following notations:

H=H?S8,R
u{z+%)=— ule)!
A, = tu€ Eluls) =0, yre [0.1]}

E

lu € H

<u.xl):ju‘v,“uh}:'{lu' * (w6 € E)

Here and always in the sequel | stands for _ ,d¢. It
is well known that || w || ; is a norm on £ equivalent to the
usual one and one has

el g =41 ui. (1)

Define the following function on A, :
1
) = 5 lully-[la- vl @

Formally, it is known ({1]) that the critical point of I on
A, gives nse, after a rescaling of time, to periodic solutions
of (Ph). Since A, is an open subset of E and we deal with
the potential with weak force, it is difficult to verify the Pal-
ais ~ Smale compactness condition for I{ u).To get the Palais
- Smale compactness condition, we introduce the modified

funection :

P ulldr »

flu) = *:12—'[‘[

a

[;HJ;[- V) +J“—|2]dr] (5)

(7

I O R Ll

jl € dr (6)

2
quI

Assume{¥1) - {V¥4) and k <0, Then for
BE(0. 1) and e €0, 1], L, {u) satisfies( PS* ). That

Lemma 1

is,for any s >0,if a sequencelw, 1j=1,2, 1 C A, sati-
sfies f; (u)>sand I, () =0 in E", then u, pos-
sesses a subsequence converging to some u € A4,

The critical point of [, . on A, will be found by means

T

pm >0 such that
(i) f.(elz mforale>0, 3>0and all u€ A, [l
Ie= ps
(i) there exist €, > 0,8, > 0.y 4, € Ay with | w, |,
<p< I e, Il ;. such that 7, ,(ug).d; fu)<m,y0<
e<e,,Y0< s,

Proof. {i}). Using (1) and {3) we have

1||u||i-j[h,m:];

Iﬁ.t{u') =

t|

[ A e P

J | w |

|

[ e ”1 + €, [elli= forll | , small (7)

t.aj;r-

This proves {i).

{ii) we take u " = (cosdwi,vin2ns 0., 00€ A, . Then

le' 1P =1, 01a" 5 = J‘f\ Lu' () I"de = 4n°
and ’
LR =
1#32”; SECERE A +£z]d?] v (8
By {(V3) end k <0, we have I, , (Ru" )— - o= as R—~
@ ,This proves the existence of u, & A, such that || u, [
>pand I, (1) < m for enough small ¢ and 3.
Lastly, let r > 0 be small enough. Then by (1) and
{3) we have
Loim) 20 lh + ayr™ + F7) v ar’ =

42708 v ert (9)

Since 00 < @, < 2.then the existence of ¢, >0, 8, > 0 and u,

1, 2 o2
I he” 4+ 2,

satisfying {ii) follows.

Lemma 3.  Assume (V1) - (¥5) and h < Q. Then
forany F€ (0,3, ) and e € (0,¢,), 45, (u) possesses a
critical point 1, , (7)€ A, such that

(i) 7y olug ) =0, I {u )E[m,M], T,,
{ug,) =0 where 0 <m< M ar: independent of 3 and ¢.

(i) there are € >0 such that 0< | w,, !l , < C,
YAE(0,8,).¥e€(0,e].

(iii) index £ (v, ) <)

Proof. {i) Lemma 1 and Lemma 2 allow us to apply the
Mountain Pass Theorem {[6]) vielding a critical point u;

Eagof Iy,

From the min ~ max characterization of {,,
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{uy,) it follows:

O<mg b lu,)< Taxfﬂ_E(Ru') <
>0

maxly , (Ru") = M >0 {10)
Ry V0
(i) Since I'; (uy,) =0.we have I'; (uy Ju;, =

0,1.e.,

Vi 30k 5 [ Le W) = 5 9 V)t Jde =

J 2 (11)

2
I g, |

By (1).ug () s2const, || iz, |, >0,we get from (2.9)
and (Y¥4),

7 _ i
’,CH JO - K ﬂg.‘)df =

-

L [- Viug) - 57 Vu D Jde = - A (12)

Thus
I
ho+ [- V{u,.)i-‘—'ﬂ—]dr;;
(3 2
0 I oug,e |
-ah
e >0 (13>
- ah
Mo dlun) =gy lud s (19

Therefore | u;, | < C for some positive constant number
€ independent of 3 and €.
(iii}) follows from the estimate of Morse index about the
Mountain Pess critical paint {see[7]).

Definition 1.([5])
lution , we mean a function g{¢) such that

{i) g(t)EC(R,R") is a periodic function .

(i) D={tE Rig({t) =0} is a set of measure 0.

(i) ¢g(¢)E C{CR\ND,R") and ¢(t) satisfies
(Ph) on R\ D.

By a generalized (collision} so-

Similar to the proof of Tanaka [5],we can prove that u

{r)=limlim u, (v} is a generalized solution for (Ph).In
@ le >0

the following, we further prove that wir)is actually a non -

collision solution for (Ph) .

Lemma 4 ([5]) Assume (V6) and uy (7)) =

limu, (7). Then
]

lim inf index Fy{u,) = {n - Dilady  {15)

fi—-u

where v is the number of times at which & (r) enters the

singularity 0, that is,

b= #irE(01] Tulz) =0 € ¥ {ool
{16)

and i{a) € i is an integer defined by

ila) = maxik € f\"lk(,—,%‘ {17)

Now Theoreme 1.1 can be proved by Lemma 2.4 and Lem-
ma2.3.
In fact by Lemma 2.3 and the lower semicontinuity of

Mormse index we have

lim inf index £";(u;) < 1 (18)

=0

By O< o <2 we have i{a) =] .Hence ug1 by (2.13) .

Symmeiry property L{ ¢ +—é-) = - I.'-L{I) implies v =0,
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AB Intio Study on the Interaction between CH, and the Coal Surface

CHEN Chang guo', WE! Xiwen', XIAN Xue-fi7?
(1. Department of Applied Chemistry ,Chongging University , Chongging 400044, China ;
2. Department of Mining Engineering, Chongqing University , Chongging 400044 , China)

ABSTRACT : The atom cluster model of coal surface is proposed . Quantum chemical ab initio calculation with
base set STO 4-31G indicates that the interaction between CH, and coal surface is anisotropy and the maximum in-
teraction potential {or adsorption potential) is 2. 65 kJ/mol, rotation potential bamier is 1.34 kJ/mol. These results
have shown that the adsorption of methane on coal surface should be a physical process ( that is, freezing an sur-

face) .
KEYWORDS: coal; CII, : interaction potential; quantum chemistry; ab initio calculation
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