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We consider the existence of non—collision periodic 

solutionsof 

whe q=(q．，。。，目 )∈R“and ∈C‘(R“、I O}，R)． 

【Ph)is related with the two—body problems with potenfiM 

V and energy h，it is important in mechanics and physics． 

Recently there have been several papem which deal via 

variational methods with the prescribed ener~problems([1 

～ 5])．in[5]，Tanaka proved the existence 0f generM~ed 

solutions that may enter the singularity under suitable as— 

sumptions for singular potentials through the relation between 

the Morse index and the numb er of collisions of generalized 

solutions Tanaka also got the existence of classical solutions 

of【Ph)under some stronger assumptions．In this paper， 

through the Mountain Pass Lemm  and the estimates of Mor， 

se lndex of critical po int and the relation between the Morse 

lndex and the number of collisions，we prove山e existence 

of a classical(non—collision)solution of(Ph)for a sym． 

metrical singular Hamihonian system with weak force： 

Theorem 1 Assume that satisfies the following 

conditions： 

V1 

V2 

V3 

(q)∈c (R“、10 ，R) 

V(一目)=V(目)，V目∈R 、2OI 

(q)<0for all q∈R“、10、and ( )一O 

as  1 0 I一 ∞ 

(V4) There is an口J∈(0，2)suchthat V(目)目≥ 

一 n．V(q)，V目∈R 、}0I 

(vs) There is an口2∈(0，2)and R0>O such that 

(目)q≤ 一口2 V(q)，V0≤l ql≤R。 

(V6) (目)： 一1／l目l + (目)，where C-(0， 

2)and l qf W(q)，l目l” W(q)，l ql (q) 
—

’0 as l。l—’0． 

Th en for an y h<O，there exists at least one classical 

(non—collision)solution of(Ph)． 

Remark It follows from(V3)一(V5)that for some 

constants a】，0t，a >0 

㈤  for 0<l q l≤ u 

(1) 
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let analysis． 
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)≤ f0r ≥ 凰 (2) 

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 ofM ain Result 

Let us introduce the following notations 

H = H (S ，R ) 

E：I u∈ I u( +{ 一 )： 
A。={u∈ E j“( )≠0 V f∈【0，1] 

c ⋯ ， =』u u =』 I (u， ∈ ) 
Here and alwaysinthe sequel『standsfor dt It 

is well knownthat 0 is a norm on E equivalenttothe 

tlsRs．1 0ne and oue has 

0Ⅱ ≥4 lⅡI。 (3) 

Definethefollowingfunction on A 0： 

)=丁1 II训 ：- ～ )] (4) 

Formally，iiis known([1])that the critical point ofI on 

gives rise，after a rescaling of time，to periodic solutions 

of(Ph)．Since is all open subset ofEand we dealwith 

thepotentialwith weakforce．itis difficultto vedh the Pal- 

ais～Sraale compactness condition for I(u)．To get the P aIais 

— Smale compactness condition，we introduce the modified 

function： 

)={ r一 

)+ ] (5) 

㈩=“l u’l 2dr[h+ )+ 告]dr]+ 
r (6) 

Lemma 1 Assume(V1)一(V4)and h<0．Then for 

p∈(0，1]and￡∈(0，1]， (u)satisfies(PS )．That 

is，for any >0，if a sequence{ I =1，2，⋯，}CA0 sati- 

sties 
． 
( )一 and p， ( )一O E’，then“ pos- 

S~SseS a subsequence eonyerging to solll~“∈A 0． 

The critical point of ol3．Ao ll be found by recalL5 

。fthe Mountain Pass Theorem([6 ) 

[,emma 2 kt(v1)一(v5)hold．Then there exist 

口 m >0 such that 

(j) ( )≥ mfor all￡>0，p>0and all u∈A。．j『u 

I =P； 

(ii)there exist E0>0， >0，Ⅱu，u1∈A 0 with jl u。l 

<p<ll I ll ，such that ( 0)．Is (uj)<m，V 0< 

E≤￡o，V0(口≤ 

Proof(i) Using(1)and(3)we have 

． 

(u)≥ 1 [ 
— V(u)]≥ 

丁
1 

+ 】； 

h 0 +C 
J 
ll ll 2 ，forll I small(7 

This proves(i) 

(ii)we take =(eos2~t，sin2nt．0． ，0)∈A u ／'hen 

I I ：1，『I H =l I ’( )l dt=4n 

and 

f (Ru )= 

[( )+ 小未 (8) 
By(V3)and h<0，we have‘ (RⅡ )一 ～∞ as R一 

∞
．This proves the existence of u】∈Ao such that jI uI I 

’P and (ⅡJ)<m for enough small E and p 

Lastly．1et r>0 be small enough．Then by(1)and 

(3)we have 

(r／／,)≤2：rz r2(h+a2 r一 + 。)十Er = 

2n：hr +2n 口2 r +2,n 卢+Er (9) 

Since 0<口2<2，thenthe existonoe of Eo>0，8o>0 and H0 

smi ing(ii)follows． 

1．emma 3 Assume(V1)～(v5)and h<0 Then 

for any卢∈(0，风]and E∈(0，E0]，Is (u)possesses a 

critical pointⅡ̈ (r)∈A a such that 

(i)，p． ( )：0， (M ． )∈[，『i，M]， 

(u 
． 
)=0 where 0<m<M aIt independent of and￡ 

(ii)there are C>0 such that 0< I u jI ≤G， 

V卢∈(O， ]，V￡∈(O，E。] 

(iii)index 
． 
(u )≤1 

Proof．(i)Lemma 1 and Lerrana 2 allow his to印ply e 

Mountain Pass Theorem([6])v eld ng a critical point u 

∈Aq of ft E From the rain—max characterization of lJ 
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(Ⅱ )it follows 

0< m≤ ( )≤m ax]~ c(R“。)≤ 

m

⋯

axl 9 (R 。)=M >0 (10) 

By(i)，‰ (r)≠const， h ll 2>0，we getfrom(2．9) 

and(V4)， 

Thus 

卜 ； 

』。 【一 (u )一了1 ( ) ．。]出≥一̂(12) 

+̂fo'[一 (u ．)+ ]dr≥ 

二 >0 (13) 
—

d ． 

M ≥ ( ≥ (14) ≥ ·( e)≥ —= ll“ ll ( 4’ 

Therefore 0‰． ≤c for some positive 

C independent of口and s． 

(iii)follows from the estimate of Morse 

Mountain Pass critical point(see[7】)． 

constant number 

index about the 

Definition 1．([5]) By a generalized(collision)s0· 

lution，we mean a function 4(t)such that 

(i)g( )∈C(R，R )is a periodicfunction． 

(ii)D= ∈Rl口(t)：0}is a set ofilleflsure 0． 

(iii)q(f)∈C (R、D，R )and口( )satisfies 

(Ph)0n R、D 

Similar to the proof 0f Tanaka[5]t we c~lfl prove that 

(r)：limlim‰ (r)is generalized solution for(Ph)．In 
’ U 

the following．we further prove thatⅡ(r)is actually a non— 

collision s0lution for(Pl1)． 

Lemma 4([5]) Assume(V6)and (r)= 

limu (r) Then 

lim inf index／-6(Ⅱ口)≥ (n一2)i(口)u (15) 

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

singularity 0，that is， 

u：#}r∈(0，1]l (r)=0}∈ N U{oo f 

(I6) 

and i(口)∈N is aninteger defined by 

， 

(口)=max； ∈ l ‘j÷ ( ) 

N0wTh e0reme I 1 can be proved by Lemma 2 4 and Lem 

ilia 2．3． 

Infact，by Lemma 2 3 andthelower sere corn nutv of 

Morse index we have 

liminfindex， (‰)≤ 1 (1 8) 

Bv 0<口<2 we have (口)≥1．Hence u≤1 by(2 l 3) 

Symrnetry Prop y (t 1)= 一 ：(1)implies u=0． 

R咖 RENCES 

[1] AblBROSETrl A，COTI ZelatiV Cl~~ed orbits o1 hxed energytot 

singular l~ iltonian system[J]Amh Rat Meoh A ．1990· 

l12，339—362 

[2] AMBROSETFI A，COTI Zelati V．Closed orbils of fixed energy． 

for Bdass ofH—bodv pmblems[J Ann Inst H PoincareAnn- 

lyse Non Lineaire 1992，9：187’200 

[3] BENCI V GIANNONI F Periodic solutions of prescribed energy 

for a chiss of Hamiltonian system with singular potentials[J J J 

Differential Equations 1989．82：60—70 

【4] GRECO C P,ema~ks ot,i perit~die s~Iminns．with pCesctibcd e 

， r slttglllar Hamiltonian systems[J]．Comment Math UinV 

Catolin．1987．28：661～672． 

[5] TANAKAK A prescribed energy,problemfor B singalarHam[ho‘ 

alan syat w汕 a weak force[J]J of Func!Anal，1993，113： 

351～390 

『6] AMBROSETTI A RABINOWITZ P H Dual variational methods 

iD erltical point Iheory attd applications[J]J Furtet A 

1973．14：349～弛 1 

[7】 LAZER A C，SOLIMINI S Nontrivial solutins nf operator 

equations and Morseindices of critical points ofrain —msxtype 

[J]．Noulinear Aanal T M A，1988，12：761～775． 

，  

e _耋 

眦 

0  

= 

(  

，  惭 

S  

)  

( e 

O  

http://www.cqvip.com


第 23卷 第3期 程迪祥： 培 定能量对称奇异哈米尔顿 系统 的非碰撞 闭轨 

8 0一 

给定能量对称奇异哈米尔顿系统的非碰撞闭轨 

堡垫登 
重皮邮电学院教务赴．重庆 400065) 

摘 要：在弱力型条件下，依据于山路引 

奇异哈米尔顿系统的非碰撞周期解的存在性。 

关键词：奇异哈米尔顿系统；M0rse指标： 

。7 

理、Morse指数及碰撞次数的估计，研究了培定能量的对称 

非碰撞解 

非碰撞阁貌一 

耐称 亏寄 舌密锻 耽 
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AB lntio Study on the Interaction between CH4 and the Coal Surface 

CHEN Chang-guo‘，WEI wen 
， XIAN Xue- 

(1．Department of Applied Chemistry，Chongqing University，Chongqing 400044，China； 

2．Department of Mining Engineering，Chongqing University，Chongqing 400044
，China) 

ABSTRACT：The atom cluster model of coal surface is proposed Ou∞tum chemical ab initi0 calculation with 

base set STO 4-31G indicates that the interaction between crt,and coal surface is anisotropv and the maximum ln
—  

teraction potential(Or adsorption potentia1)is 2 65 kJ／wol，rotation potential barrier is 1 34 kJ／tool These re Ilts 

have shown that the adsorption of methane on coal surface should be physical process(that is，freezing 0n sur． 

face) 

KEYWORDS：coal；C}L；interaction potential；quantum chemistry；ab initi0 calculation 
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