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In the present paper we show thét ?o?La’tc;p})‘ibg'i;clsa.lly mixing map there are considerably
many points in the domain whose orbits display highly erratic time dépendence, i. &. ,%if iy
¢ “X—; X "i‘s"i*tbljbliigiéﬁllif’-rﬁixiﬁg ‘map' whete "X i§''a “Comipact “iietric* spdce éonsisting of ih- L '
fmxtely many ‘poitits ,*then for-any” mcreasmg sequehce{ i Y of posnh\}e mtegers Ahd any
countable subset S dense in X there exists a c-dense subset C of X satisfying the conditidns - |

(1) for any s € S there exists a- subsequérice {p} of the sequence {¢;} such that
limi.eo f#(y)=s for every y €C ,and (2) for any #>>0, -any-n distinct: pooints.yyy gz *eeg, - -/
of f»,and any = points z;,z;,+*+, z, of X there exists a subsequence {t} of the sequence
{g:} such that limi...f%(y;) =z; for every J=1,2,%n. BRI AN

L ',key.~wox:ds.-‘ chaotic behavior, iteration .of maps, discréte dynamical systems,. topologlcally
Ui ;“_'I';r';v’: ’ mlxmg«-:map ,Compactx memc Spaoe A fnoas Lo . '1‘ RIS I A
AMSSub;ect~Classiﬁeation(1991x):) 58F13; - 54H20.: 70K 50- N RS TR BRI PO

-1 lntroducﬁon'andStatemept:gf Reﬂlltu W el BRI R R R TR L ST |

Topologically mixing maps are involved in a number of current works of dynamical systems (cf.
[31). On the other hand,; some authors pay their attention to erratic time dependence of orbits which
is sometimes called- “chaos” (cf.; [2] and [4]').. In the present paper we study, the discrete: dynamical
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systems determmed by topologically -mixing.-maps-and show the following theorem which reveals-that

for a topologically mixing map the orbits of considerably many points display erratic time dependence.

Theorem % |.suppp§e g "Jg—n 1s a cp’:u‘tlbnuc%us‘ map,, | ,where X gg?gmpajb ) ,g'{c sgace consisting

of mfmntely many pomts. “Then the followmg condmol;‘sa are eqmvalent
(1)  is topologically miging ifle. 5 foriany W6 noniénmptyiopen bewbiz and V of X there exists N>>0
such that £~ (U) r]V-,éqS for every n>N.
(2) If {g;} is an increasing sequence of positive integers and § is a countable set dense in X, then
there exists a c-dense subset C of X such that
(A) for any s€& S there exists a subsequence {'7.} of‘ the sequence {g¢:} such that
: ?ir:f’a(g;) =g
for every y&C,and .
(B) for any »>>0, any = distinct points‘gé?hg%}: eesy g, of C and any map ¢: {1, 72, ***» %)
X there exists a subsequence {&} of the sequence {g;} such that

et s e limf(y;) = 6Cu),
TSN =l NS B S ERE L - PR RPN R L £

for every_; 1 2, e e i ol 1

Sergie wagnhoonidny sote ol ol Slziniug ned
3 If (q.}, is an increasing sequence, of positiye integers; then t‘nexe [exist; twa, dense. subspt; C.and 8 of
X sausfymg the condition. for any. yEC and any, s S, there exists a. subsequepce {t:3.0f the, sequence
{g:h.such,that. sy . ovun  Te ot i g o

vr E Tl g SPSURTIESS B P BRI ECD P S TR T SR HE
Aoeie o ranalipe il hmfl(,ll) Rer i ':’(..;‘:; T S SN PRtV
We.put the proof-oft this:theorem: m Sectnon 3 I T N Y PO I S S S
LLAURSE s GO e mann y':f".iil‘ oaiie s et “ £ Lo
2 Preliminaries - el m et p s g miE e e

: Let:Xibew set:' Werdenote by Z(X) the set:of sequences-a ;=X where 4 isPthesset of posi-
tive integers. Clearly, if X'CX then Z(X')C Z6X).- A $6quencewss#=>X is'also denoted {a:}iZ, or
just {a;), where a;=a(i). If z'is 4 point ‘of:X- thén We denotel'by ’(*h:'-)!ﬂ'té’sfé"ciﬁén’c‘e‘fo“ﬁlﬂ(‘?()‘l which
takes the constant value z. . 7

If o', a?, +--are ofdered countably infinitely many sequeﬁt!es of DX ) We defifie their joit a=
al % a® %+ € Z(X) by '

et cramtaes be g be 23R Tanv o b v dens s s el e S PN viintizciooed

A St st Tr smEboes]el e LT g (2k 0T1) Y = gt T ie Tt for every ki3S 0%
e LI byl e ot ré ofdefed m sequences Bf (X)) theti: théir jolfi is" defifed by <it-tr o
al %a? % o0 % g* = at *a’*m*a"*a“*a‘m e e
(repeat infinitely the last one a*). : PR RO i PR

Suppose a and a' are two sequences of Z'(X) a 1s '‘éalled”d" L"bsequence of the seduen‘ce a 1f there

BAV L, D0 FENTE anet® IO cani s [ T L L T S S .
exists an mcreasmg sequence mE Z’ (V'V' ) such that a’ -—a°m Alternatwely, a sequence {a.} is called a

subsequence of the sequence {a;} if there exists an increasing sequence {m:} of positive integers such

- ,
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’

+that. d.—.—a;,xfor every A 0o i, ol i i 8 5 e T e e Ty A
.Lemma 2.1 There exists an uncountable subset 4(.4") of Z(A") satisfying the!éondition for
any a>>0 and any = distinct points @%, 'a%; e+ 0" 3f1 4(4") there exists k>0 such that
at(k), a®(k), -, @ (k) S e
are distinct integers. IR I R -
=i '"Proof. :Let a be the familyiof all bubsets 4 of Z (A ysatisfyingithe conditiong for any. n>>0 yany
n distinct points a', a?, +-+, a* of A and any N>0 there exists Jc3>Nrsuoh that o0 - S
St san e s et ac s nes @b (kY gk o jeat ()0 vl s od T8 walD

are distinct. 1R fini

a is non-empty, because the set consisting of: constant:séquences (1),({2),+, is a member of a.
It is easy to see that if v is a nest in a than Ua€ 74 is a menber of ¢ which éontains every: ménber'of: the
.nest 7, By maximal pririciple: (seei[1]):there: is'a-maximal membery say A(A4%) ift av-.
Assume that A(.7%") is countable and let S TYIUE S90S S AT SRS S
TAGAHY = {at - aPy e
(¢t A(.A" ) is finite, repeat nflmtely an arbltrary point @' in the parenthieses. )\ Define1a® &E(«4 ) by
setting IR RPN PR L
=14 Zi_la’(i) waeB o Uforevery $ >0 L
One can easily verfy that a° & A(.%")and {a®} [JA(A#")'Ed; a contradiction with the fact A(" ) is
maximal. Therefore, A(V'V ) is uncountable Every menber of a satisfies-the condition in Denfma 2.
1, so does A(./V') El CLTEUIRN, TR R e B v TUone e o Gttt
Lemma 2. 2 suppose Y is a finite set' tonsisting of 7 ‘distinct elements Y1992+ s, Where'n>2.
Then there exists an uncountable subset E(Y) of Z’(Y) statlsfymg tfiel condftion' for - any’' o distirict
points e', %, +-+, e'of E(Y) ahd'any ‘map RN
n:{e'y €, oo, '} > ¥
there exists an increasing sequence {m;} of positive® integérs such that
St LameH e i e L %0 VieF () 2L ¢ (my) s ot = "yﬂfef)‘ Lt L e e B
for every j=1,2,¢,n. AT s D Sed i
" - 'Proof.:"Let I" be the family 'of all séts-comsisting ‘exactly of tﬁdsiﬁve integérs.~ I'is couiitably infi-
nite. Let By, R;, +* be all members of I', Where Ri5~R;if i7 5, and let Ri=={r{ §#, "+ 31} ; where
i <ry<+++<ri for every i>0. ‘
For any :>>0 and for any k>0 et . & .- .7» .'», . &
l Ly if & &= r;fo‘r some‘j € {l 2;-'-,11} N M A PRV PR Y
TR Tt e {ﬁ;qﬁk &Ry ST e N e e ol
Define '€ Z(Y) by 4*(i)=U. Then we have e R SRR
Claim 1 The boints b, ¥?, «++ of+(¥) are distinct ‘and satisfy the condition for any n positive
integers ry <{ry<l+++ <7, there exists p>>0 such that 5's (p) =y; for every j==1,2;,n; - 0 is =0
This claim holds, because welcan clioose p>0.»'s'uch@that\' P

ARG Tt L e e R, = oy yeppgaed glipgd U to L s ann dlee 2 octars obald
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Take an uncountable subset A(.#") of T(.# satisfying the condition stated in Lemma 2. 1. For
every a& A4 let
7= 1D % [Py e € (YD)
and let
C = {ala € A} ;
If a,n' € A4, with as4a’, then a(i)7=a’ (i) for some :>0, so that V=439 and a%=a'. There-
fore, C is an uncountable subset of X (V).
Claim 2 The uncountable subset € of Z(Y) satisfies the condition for any = distinct points ¢',
¢*, see, " of C there exists ¢ >0 such that
e (g)s gy o0y 2 (q)
are disttinct points of Y.
To prove this claim suppose ¢!, ¢*, *++, ¢* are n distinct points of €, where ¢'=a for distinct a*,
. ey "€ ACY). By Lemma 2. 1 '
at(k), a*(k) . »oe, a®(k)
are distinct for some £>>0. By Claim 1
'V (p)y NV, v, BT (p)
are distinct for some p>>0. Hence
ct(q), E(g)y +ory c(g)
are distinct for some ¢ 0.
Now suppose &is Czs +*++ & are all self-map of ¥, For every point c&C let
¢ = &1(e) % &o(c) % +2= % §i(c)
where &, (¢) € Z(Y) defined by
Gle) (i) = &(e(2)) for = 1,2, ,t.
Let
D = {¢lc € C}
If ¢,¢f EC,‘ with ¢5%¢’, then & (¢)5%& (¢') where & is the identity of V', so that ¢ #¢. Hence, the
subset D of X'(¥) is uncountable.
Claim 3 The uncountable subset D of Y (¥) satisfies the condition for any = distinct points dais

d*, +++, d* of D and any map

do {dby dPy e, d') > ¥

there exists some m >0 such that &’ () =d¢(d?) for every j=1,2,+,n.
To proof Claim 3 suppose d', d%, «, d* are n distinct points of [, where d'=¢' for n distinct

points ¢', ¢, +o+, ¢"of €. By Claim 2,

ctlg)s Elg)y oo 0 " (g)
are distinct for some ¢>>0. Hence.

(e (q)y gy sy (@)} =Y

There exists a self-map. say &, of ¥ which carries each ¢?(¢) to ¢(&), i.e., L (g))=d(d).
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Then for some m >0 we have « (m)=d(d’) for every j=1.2,+,n.
We now prove the lemma. Let
E(Y) = {{d(1)) % (d(2)) % --- |d € D} ;
(Recall that {d(2) »is the sequence of £ (1Y) which takes the constant value d(:}. ) Obviously, E(Y) is
uncountable, because D is so. If e', e*, :--, e" are distinct points of £(Y) then
e = (2 (1)) *{d2(2)) » ===
for some distinct points d*, d?, =, d* of D. If
na{et. ety <oy et > ¥
is a map then there is a map
Gy ldh, d?, e, ) =
such that ¢(d?}=n(e’) for every j=1,2.+.n. By Claim 3, we have ¢’ (m)=4(d’) for some m>0,
so that
el () = el{my) = =+ =7 (e")
for some increasing sequence {m.} of positive integers. [ | ! }
Lemma 2.3 suppose & is a countably infinite set. Then there exists an uncountable subset W
(8) of Z(S) satisfying the follwing conditions. i
(1) For any s& S there exists am lincreasing sequence: {/,} of positive integers such that
wll)) = w(l;) == =3
for every w& W (S).
(2) For any n>>0 ,any n distinct points w', w?, -+, w" of of W(S) and any map
Zofwly oty st > 8
there exeists an increasing sequence {m, of positive integers such that
w (my) = w (wy) = +== = X (m’)
for every j=1,2-=,n. ;
Proof.  For any a=>2 let K, s K,z.+*+ be all sets cousisting exactly of » points of §. By Lemma
2. 2, for any A, choose an uncountable subset E (K, ) of Z(A.) statisfying the condition for any. »
distinct points e!, e, ==+, ¢" of F(K.) and any map
n:lety ety e, e} > K,
there exists an increasing sequence {m,} of positive integers such that
e;‘(ﬂh) == e’(mz) e — 'r](ej)
for every j=1,2,:,n.
By the continuum hypothesis all these sets E (/&) are equipollent to the closed unit interval [o,
1] .because F(K,.) is uncountable and £ (K ,.) is equipollent to [0,1]. For any E(K.) we choose an
one-to-one map 0, from [0,1] onto BE(A,).
Let
uti= {sy) % {s3) % oo
where s, ,52,+++ are all points of §. For any t& [0,1] let
W () = 0,,(¢) % Qua(t) * =+
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let
w(t) = u' % w?(t) * ub(t) % -
and let
W(S) = {u(t) |t € [0,1]}
which is a subset of =(S).
If ¢, ¢ €[0,1], with ¢%¢', then 0. (¢' )70, (¢ )for every n=>2 and every k>0 ,so that u(¢)7
u(t'). Hence ,W (§) is uncountadle.
Given s€ S. It follows from the definition of ' that there exists an increasing sequence {[;} of
positive integrs such that
ul(ly) =u () = - =5
so that by the definition of u(¢) we have
(wNI) = W@ ) = = =5
for some increasing sequence {4} of positive integers and for every ¢t& [0,1]. This shows that the set
W (S) satisfies the Condition(1) in the lemma.
We now verify the Condition(2). If w',w?, =+ ,w" are distinct points of W (S) and
. X dwt yw? e st} —> 8
is a map, then there is a subset, say K (., of S such that X(uw’) € K.¢ for every j=1,2,+¢n. For
any j=1,2,+,n choose {,€ [0,17] snch that u(¢;) =u’. Then
' O (£1) 3 Oui' (82 5 ==+ 00 (&)
are distinct points of E(k.') and
70 () 30 (82) 5 ===, 0’ (L) } = S
is a map,defined by (0. (f;)) =%(w’'). Hence,there,exists an increasing sequence {m;} of positive
integers such that
(B (£,)) (my) = (O (£)) (m2) = +=+ = (0w (£;)) = A (w’)
for every j=1,2,+-+,n. (See the beginning of this proof. )Then it m; follows that for some increasing
sequence {m;} of positive integers we have
w (my) = w(mg) = =+ = L(w')
for every j=1,2,+,n.[]

3 proof of Theorem 1

We need some notations. If f; X—>X is a continuous map and a, f§ are families of subsets of X,
we will denote '
Fi(a) = {f (A |A € a}
and ‘
aV p={A BlAE a;,BE p}
It is easy to see that if a and B are finite covers of X then so are f~'(a) and a'V f.
Proof of Theorem 1. (2)=>(3). Obviously.
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(3)=>(1). If f is not topoigically miixing,.then thete are.two non-empty open sets U and V:of . X
satisfying the condition for any ¢>>0 there exists ¢'>>¢ such that f"' (U) NV =¢, so that we can
choose an increasing sequence :{g:} of .positive integers:such» that £~% (U ):(}V =¢ for every:i>>0,
Hence, there is no point y&V such that Co
| imfiGy) €V - o =

 for some subsequence {qi} of the sequence :{¢;}. This’contradicts the- condmon(3)
(1)=>(2). Suppose: {q.} is an- ‘increasing sequénce of positive mtegers and S'is a countable subset
dense in X, Since X has mfmltely many points,-so is 8. = -3: B g
From the definitioh of topologically mixing map- the following couclusion comes ifninédiately.
Coclusion 1 If a and & are finite familise of non-empty open. subsets of X then there exists
N>0 such that UNf~* (V)54 for every a=>N provided U€ a and VE a. SR ol
For any a>0 let B, be a finite open cover of X such that the diameter of each element of B.is less
than 1/a and any proper subfamily of '3, does not cover X.’ Consequently. ﬁ. contains no empty set as
its element. AR C
According to Conclusion 1 we can define a eeéuénée {a} of finite open covers of X and a subse-
quenoe {7} of the sequence {g:} as follows. Let aj==fjand'7,.be an:element of the sequence {gi} such

that V) £~ (V) 5%5¢ for every U E aj and every V-€ ;. For any i>1 define, inductively, "

= (o V Fr=a(BIY-Ui B o om v aeamen o T
and r; be an element of the sequence {g;} such-that »>>r;-,'and
T BN TRNR I Unf_'i(V)#:O S T A
for ever UE a; and every V€ Bit1. ;
Given 3>0. If B T -
Ui € Bas Ungd € Parrs **s Ustd &€ Far - v i 00 amenets,

then U, € a., so that the set - B A T
U. N FWest) o
is non-empty and belongs to a,4, so that the set ; : -
U ﬂ .f (U-+1) n f_"+'(U.+z)
is also non-empty and belongs to a..,.z,m By mduchon we have ‘
Conclusion 2 Gnven >0, If U.“Gﬂ..,.; for t—l 2,"- ,k then ‘
U N £~ Wetr) ﬂ oo ﬂ .f -+-(U.+.+1) F¢
so that
U N £ Watr) N oo n f "“(U:-H-H) F* ¢
Then by the compactness of X the followmg conclusxon comes.
Conclusnon 3 vaen 8>0. If Ussi € fusi for every z>0 then
G G ) () £ Tr) 1 9T
For each z&€ X choose a sequence Ul(z) Uz(a:) y oo* of open sets of X such that zGU (z) eﬂ for

- AN

A e

every i>0.
We now take a subset W(S) of the set Z’(S’) co'nsﬁiing of sequences of points of § satisfying the
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conditions stated in-Lemma:2. 3 :Since: W (.8) is uncountable and. - ooz hie Yy
; e g =Umas B R R I Y S P OSSP P
is countable we can- assign an’ uncountable:subset Wy of W.(8) for each-U€:f such that - - .-
w({s) =u[erW" N leae UL an vt ouiat TR
and if U,U’' € 8, with Us2U’, then W, Wy =0, -~ -
Given 1>0 and U& B.. . Forany €W, iffi-followns‘from Conelusion. 3:that - - ... .. oo w0
s i OO F7 WG+ D) 0 £700 Wz 200 (o5& G - fs
Take an arbitary point, say c¢(U/,w), from the above non-empty. set. . Wehave . ... ;
.Conclusion 4, If U€ B, for some 2>>0.and, wE Wy, then C(Uam);.eﬁaﬂd;:,».nz I :
g e (el w)) € UsiwnCbr +341)) L 1 it
for every i=>0. N P PN TS T-TT: TR (R
Let g '

R R T IR R T Rt U 15
e e g, OO EAeWwd lw € Wod o nn g

for every UE B, and let ' : ‘: '
I S L N ST I . C UC(U) DA L naHelate Y O T
- 'We now.show that the subset C.of X is- requlred. Voe RS e naeetnes L1 L
First we verify the Statement (A) of Condition (2).:Given .s€:S:. By Lemma: 2. 3(1) -there
exists an increasing sequence {/;} of positive integers such that. -

W) = w(ly) =sse =5 5 vy Ao ne s vr G
for ecery w€w(S). If y=c(U,w) €EC for some" U €& g and for some w& wy, then by Conclusion 4 we
have Cae ETD e e e e

Fi(y) € U (wli)) = U, (s) LA £
whenever p.>7n, where pj=r;_,.. Since = -~ ... S
lim rhamU, (S) = 0 L A

we have
lim f2(y) = s

The following conclusion’ lmphse the vStatement (B) of Condmon (2) 5
Moo Lutl vl
Conclusion 5 For any n>0, any n dlstmct pomts yl, y», 3 s y.GO and ar£1y ;nap

(6{.7119 Yzs ***> J.}“’S

there exists a subsequence {t.) of the sequence { q,} such that '
a3t oY
limfi ) = 8 ,
for every j=1,2,¢,n. - ' L S T TN

To show the implication mentloned above s'uppose ¥s yg ) y. are n dxstmct pomts of C' and

N U ‘ ¢{yuyz.°‘,y.}—>Xl -

1s; niép For aﬁy J-—-’l 2, LY take a sequence {si} of points of § such that
Jdim si = ¢(y;)

et e P <o e P e 3 R e e I P AN
B Rt L 0 1N S B CT R L LML LGS S A S PR A SV B RS S AN T AT S )

LR RS IV S A TR
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and for-any k>0, defined a map. o e T : R ]

Ty

P TR LS LT T S AT, l¢! {ynyz,-.. ,!l.} > IS e T
by i (y;)= si By tlus conclusxon there exists a subsequence {#} of the sequence {q.) such that _
tim £%(3,) = o
for every k>0 . One can now easily choosé ‘a-Subsequence {&} of the sequence {g:} such that
1‘"2 f‘(yi) = ¢(z:)
for every j=1,2,°*,n PRI SN

; R I IR S
We now prove. the Conclusxon 5. Suppose yl, yz. 7.- , y. are n distinct. pomts of C’ and -

G sanne L7 e e B {.’Iu Yas * s y'} »S i O e eV
is a map. For any _1-—1 2440 let y,—-c(U,,w’) for some U; & B.(,) and, for some w’EWu .Jtis clear
that w',w?, - ,w" are distinct, Let
. N {w‘,w’,m,w’} -8
be a map defined by ¥ (W’)—¢y‘ By Lemn?az 3(2), there is-an .mcreasmg sequence {m;} of positive

""(,‘Jzi'ik

integers such that L
G i Cingd = oA )
for every j=1,2,¢+,a. It follows from Conclusion 4 that
Files0h) € T, ($(3;))

ey

whenever m;>n(j)+1, where ="ra 1. Smoe-»
Lim diam U ($(3;)) = 0
we have SRR
lim £4(y,) = 6@z, -
for every j=1,2,¢*,a. e . o ‘

e [

It remains to prove that the set C is c-dense.
s e st;ow first, that Cf']U is. uncountable for every | U E ﬂ .#Suppose U G ﬁ. for some n> 0. If o',
w’,u;-s thh w‘;éw’ then py Lemma 2‘ 3(2) there epusts an mcreasmg sequence {m;} of posxt;ve m;e-

gerssuohthat NI

N R A N SR ‘“/t"‘

v, .:‘;,‘-,“ ) w’(,m,) = ,.(mz) ._.;

i S, IS 1‘) = ‘»T RO JURY
fe j—! ! o5 . T i
for ]-— 1 or 2 , where s, anq sz are arbxtrary two dnfferent pomts of S By Clalm 4 1f m.>n then N
L f‘:(c(U w’)) G U (w’(ﬂh)) -—U..‘(S’) '
RESATI Pt AN Lo ki

where t;=7._,. Hence for j-—-l or 2

. Jim f‘x(c(U w’)) = s,

e KRN Vi ieed s . o A P
lim diam U, (s.) = 0

i—=co

so that ¢(U,w')5%c(U,w?). therefore, W, is uncountable, so is C(U). Consequently, the set CNU,
which contains C(U) by Claim 4, is also uncountable.

If V is an non-empty open set of X, then V contains an open ball B with centre z and diameter
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1/m for some m>0 Since By is a cover of X, there is some U € By, containing z, so'that UCBEV
because the diameter of U is less than 1 /3m. H'l’herefm‘e‘, G’ﬂ V, which contams CﬂU » iS-uncountable

O3, 5 0t e i b B shonn, i i adn QoL e L
B O 'n_‘ ‘
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Abstract - N
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s S

By restnctmg a hnergychy of generahzed Harry Dym e%uauons assgcxated wnth the spec-

&Ny [SREFEI AP - T TASUEsEros en Sl lat o SN} R

'o-\'Frﬂe‘RFQPrl,em,;ﬁi%ﬂ' 2 fom lu.}- @7 ag.to the invariant, subspace-of @g}g recu;s;onﬂoperator ya .

hierarchy of Hamxltoman systems is obtained. The integrals of the mot{on pndHamiltoglan s
functlons for this hierarchy are constructed by using recursion formula related to the eigen-

o PN e -
e value problem. The Hamiltonian’ systems are shown to 'be completely integrable in the sense

of Liouville and to commute with each other. Also, their solution is shown to solve the gen=.. i
9ral|zed Harry Dym equatlon. d ) v

by e d

[P e P
3 T ]

Key words; completely integrable' Hamiltonjan' systém, Harry Dym hierarchy, integral of

‘. |the motion engenvalue problem, mvolutxon -
" "AMS Subject classification (1991) 350
1 Introduction A £

It is known [1] that under ceftdin-constraintion potential the eigenvalue problem associated with

the Harry Dym (HD) equation can be.reduced to a domplege}ytin_tgg(:‘i‘ple Hamiltonian system. Follow-

« Received Oct. §,1990. T Ca

-\

# Project supported by the Fund of the.State Educau:)nsj Commntee of China.
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ing the idea thiat many finité-dimensional jntegrable Hamiltonidri systéems drise as restriction of infinite-
dim”ensioﬁal -ones to finite-diménsional  invdriant submanifolds of their phase-space’ (see, for example,
[1-4]), in Ref. [5-7].  we proposed a straightforward way to obtain a hierarchy of finite-dimen-
sional integrable Hamiltonian systems by restricting a hierarchy of integrable evolution equations of an
invariant snb;péee ofsrheir recursrén -operator. In the prqsent paper‘th.rs approaeh rado;veloped further
and applied to the generahzed HD hrerarchy[’] However, we ‘omit much of the motwation ,

First, by cohsfructmg an vaanant subspaae of the recursrom oper‘ator, we? fmdia ‘Neumann type A
of constraint on potenual of the spectral problem asocmted ,wrtp the generalxzed HD hrerarchy in the
next section. Under’ tl'us constra.mt on potentral ya Hamrltoman system rs obtamed from the eigenvalue
problem, and all integrals of motion in involution for this system are constructed by using the relevant -
recursion formula in section I . Finally, in section IV, the hierarchy of Hamiltonian systems stem-
ming from the time part of the Lax pair is shown to be completely integrable in the sense of Liouville
[8] and to commute with: each other. ‘Also, the:solution to:these’ I-Iamrltoman systems is shown to
solve the generalized HD equation.

2 The constraint on potential

Given the linear spectral problem

ey i b
A

P+ D ukip = ap 2.1

RS
where A is the spectral parameter and ais a constant. The rsospectral flows of ( 2. 1) are shown to pos-

sess (N+1) compatible, purely differential Hamrltonian structures in: [9] Consider the timé evolu-
tion of wof the form [9] R S T e

AT B i' EE S PRI S TOR S S S AR 1
ERIPER LAY % ;— TA'¢“+_2-A¢' suno et T e e e (2. 2)
where. : - : o O T R s S S U SR RPRT2 Pl S N
m—1 N . .
1 PR RS B LR
A= D, AN, A= A =—U5'00 (2. 3a)
120 L% uyf
R S A 0“?‘,=_- (0f"~,,°1",-9§,”) Plenaing Gotuimonna cilhod 194
O® = RID — prig . T g ] J T SR S 1:")" (2 3)
= = = 0 R
’ SO\ N8 ot i AR F
0 e 0 - JoJN
et T SR
Y 1. ’—’JN 1JN MR 7";‘1 '
gy R B S D ¥ G oD VEE =gy T T
P 1 1 o
az ¥ IO V Uyt ‘/uﬂ i
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Then the Hiérhrsﬁy':of generalized HD ‘ejhiations deduced frém the ‘solvability- condition 6f (2. 1) and
(2: 2)-can be rewritten as [9]. ' ,

e =R 10D (2. 0)
whefe ‘u= (u; + *** ,uy)T.  Whilé ‘R is used to generate the evolutlon equatlon (2..4), the integral con-

)

stant of the integral operator D™* appearmg in T ¥ 1s deflned to be zero. Throughout the paper no

boundary conditon on u is required.

N

Also, it is known [e that w1th A4=0 for ¢<0

, 2JA.-,,+. =0 k= 0,--*,m I o @n
':"\ i=0 N, O
and if @ satisfies (2. 1), then

C
N

B S U A Tt S 4’,2-[])}@21:".0._'( G e e (248)
i=0 .

which can be used to obtain another recursion formula for 4,(see [9])

o k=i L

VuyA, =— 11:4 Y‘ AiA-, 1Ty Zuﬂ-uzAlAk—u—lvl S k S N - 1 - (2- 7a)

\l-l .7 l—], bR l-o

o N \.,

n+~ 1 e

v uy Ay ,=;_'1—un Z AlAb+V—l o

BRSNS ""!' t';u o nYn AN S e i ' EO TN puoti

| 1 1 1 o) e
o e —2‘2{ S Ai A 'TAuAk:(fﬁt.":ta/!lAl—l) -

. (=0
L et e e g N=L, KN=i o .
S A P v b VY s ‘. - b L T Dt Sl
S 3V A,A.”_._.’,x = 0, Lo - (2.76)

2 { »
= =0 N
Now, for distinct A;, consider the followmg system mstead of (2, l)

@i - EWW; = agyyJ = 1»'" . : , (2.8
We fmd from (2. 6) that if g= (q;.'",q.) -—(q’u'“,tp.)" satzsfn% (2. 8), then
' R¥, =AW, F B0, J=.1y%m (2. 9a)

S R TR RN 5 b BN IR
4

-
sseesesceyee esessocee

W, =— x-.‘,.q,, | (2. 9b)

fk

S

a-:.ost...oqoooooc.to AR

L JN‘P: S |

where we use Jy J v pi= ——q),+ ﬁ, 1 ,,8, are some undetermmed‘mtegral consmnts,smce Iy L =0

Uy v Un

" and no boundary condmon on @; is imposed. It is clear that if take

1 1\
0‘“5 Jo oy dy1 —— 2.’!1’ 2.10
e i . '—_u,v’ A ¥ ™ ;-21 _1 . ( )

L)

_ then span {’1/1 R ns an mvanant subspace of R., We ‘will see in the: next section that this property
plays an unportant role in’ ouf approach “Indeed; (2. 10) 'leads to'a Conéfrémt on’’potential-u as fol—

B TR IS AR N

lows.
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., Proposition.] - The constraint.on potential u: given by follows is equivalent to (2.10).

__ 1 o

g = eyt (2. 11a)
L Tty = E W Z (A™EIg @) CADFg,q) . (2.11b)

EERILO PNSLISVESS IV ,'-l : ~+ +.l-‘_. - \ RS BRI . .

| V (A P’I)) a
"= </\qq>+</\=qq>
el - m,+3 s n+a oS

'21 (Aq, q)'-.n. + ~+u2,en—1—-( AV ) b q) <A . (2. 11e)
Agr) =1 | | (2. 11
a=(-DG+D T Tl

‘whé'ré my >0, ym;=>0,( » , ¢ )is the inner product ih;R‘, A =diag(Ayy+30) ,p=(p1 s+, p)" =
(qth"' 99.:) ‘
. Proof. Usmg Q. lla) and (2 6), we fmd

A LIRSS I T TSI A

]

- Z Zm'ﬂ meq;, ,— Jo /l'zE

=1 =1 Ci=1

which means that the first component “of (2 10) holds. From (2.6) and (2.11d), we get

1
—_ A‘“J«p,—-.l(/\q,q),-!--f(l\q,q)-—J

thus. the second component of (2. 10) holds We now- prove thaf (2. 11) yields (2. 10) for the re-

mammg (N—2) components.

Usmg the following 1dentmes A ' R AT
- L i ' k—; .
T ' Zar-fZ’ﬂm‘; = Zﬂ,Za.w-., (2. 122)
. il j=1 } =1 i=0 .
el PN } ‘7 Ly “. B ._, [ . o S
IR 2““‘Zﬁﬂ" B Zﬁ;zaﬂ’n—u (2.12b)
im0 j=0 j=0 im0

denotmg( A=t3q,q) by (mi+3) for brevity, we obtdin from (2. 11a,b,e) for k=0, ,N-2 that

E :uN—lak—l

1-0 -
N i . =

Z E (2);+z : 2 (m; + 3)eerim; + 3) F s (2>z

j "1+ b i

—Z ';",Hza- Z my + ) (m,+3)+<2)2'

) n+ +m-l'—:-)

=D mom 2, m + 3 -o<m,+3>a:..,,,,+(2)z

j=1 (2>,+zul+ '+uj+|—l-,
+ ' -
Z ),+, > (m +3>"-(m;-1 + e, @ 19
T PRI N B AR K0 T S e R
Using. (2 13) and.a sxmﬂqr method .the (N-E)th component (for k—O, 3) of the left sxde of

(2. 10) becomes
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By using (2. 11e), it follows from the same way used in (2. 13) that (2. 14) equals the (N—
component of the nght side of (2. 10). that is, Jy—s—1———

N

- > r<a—N+L+3>-—Z(uv_la+ Stv-ia) (B — i+ 3)

i=N—§ i=0

1

22 o 2 e im + 83 (i +3></\ g

myheetn; —H—l—: L.

+ Z-(k —it+3 Z[(]»—*_ 2();)’;3-0 zrp,q) ) Z (m, 4;»3)»—'"’.('_7‘5 + 3

-] j=1 - -|_.:.;'+, -

T DY) (m,+3)°"(m;_1+3)(/\"+°r'q)]

oy i

2+ 3)CA P,Q)

Ty

b+1 : L -
22 <(2l’>:ix D5 o 3y (miy + DA

j=1 e - +~-+r-!-l+_l_.—j

yhebmmbls

G+ Dayy T Ly nz
+ AV LA ol (my + 3D+ {m; + 3){A?p,q)
DR LA

UG S m A Bl + DA

my it b

LG e, ST

-G 3 e s+ 3 A0

. =l my e +u-k+1 J . e e i
1 R
z ¢ 2;)1,3_:;- Z (ml + 3) (m, + 3)(/\ p,q) ) (2.14)
el L R ]

~k)th
1

The above shows that we can deduce

Vuy

(2.11a,b,d, e) from (2. 10) Fmally, (2.11a,b, d,e) and (2. 8) yields (2 llc) Using (A p.,9)

=-(Ap,q), we obtain from (2. 8) and (2.13): S e

_ (A pp  aCA q,q)_;l_N_z o
"SI ,‘" @ - ® 2“”'_1‘” el

~AED Stk | B et eim D

LN 4 +n —N—l—-;
This completes the proof for Proposition 1. .

$ ' A completely integrable Hamiltonian system

~Under the constraint on pot¢ntial.(.2. 11), by using(2. 13), (2. 8) becomes

N—
P ="ag; — > un=i¥ g,-uxl;q; ag;
. im0
+ Z (— 1):+l Z . (An‘+aq q),, (An‘_ +3q q>)'a‘+2
i1 (A 9 q> LIS +u‘—N—l—' .
¥—1

App) , __a (1 )
[(/\ q,,q> SN, + 2 TR ¢ ‘2 + 3 <m' + 3>] LA

R A Qs q)';‘ 'u+ rhmm ==
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Jj=clyeeeyn : (3.1a)
Note that e '

LS Ol . _.
Z‘ .<2)"‘+' ' 2 (my . 3) v {miey + 3D A2,
i=1 L T e o -
=1, -1 N P . ) B . =
2; ( <2§')+' : "yt +2 (my + 3)eee(micy + 3)Ag;  (mi=0)
Lind s e "‘_,-N—l—i
= (— 1)i=4 : . : .
+ Z (2)'4-1 : z (ml + 3)eee (mi—l ..|_-,3);'?,+3qj (mi - m + 1)

iw] .l+ +u‘—N—2—i X

= Z (= 1(;)(;;" L S e+ 3>-é-<mi + g,  G>it D

f=l my oo tmom N -2—i

— -1
Z ( <2§-)+1 S Am 3y <m._1 + 3>x-+=

i} m et m - N—2—i
(St i et — s _
2 ap,[g (2)*1 . +”+~z-;v 2_‘<ml + 3) {m; + 3)]9 (ai = ( DG+ 1))

(3. 1a) can be wntten in canonical constramed Hamiltonian system -
__9H, .__ 9H,

px‘ aq ] qx :—' —ap_

which is defined on the tangent bundle of sphere. -

(3.1b)

TS = {(p,q) € RB*|F = %('(/\ Gy —1D =0, G=(Apg) =0} (3 1c)

‘with
i Ho=%<PP>— %a@@ _ %m A»for’ N= .
Hy = i(p,‘zi).— %a(q’,q) - % -(—/Fl-qqu .
—((/\ 29> — 1) E;\\;z’:; + (/\:,q$ ((//\\ j,;:)>3 for N=2
Ho = ’-<P»P>- a(qw)
+ “;'g -(A—_;;—;-':—lu,+«-+;-n—z_.( Ami+3g,g)ee( /\"’“.’é;qs.-li '-;-;\('(-'/\’ q{;q> - n \

> .
T e A

e e Nl —i

(A p,p) (_ 1); [T PRI A ':I;l.’v-;}-u':», u‘+3 .
X[(/\q <A”>+2<A”>,+,MZ‘, (A™*3g,q)e </\ 00 |

’ for N33 - 7 e o0 (8.1d)
Under the constraint condition (2. 11) which yxelds (2. 10), we obtain from (2. 9) and (2. 10)

Ro(l)ls = Z%y’; + ( Z)_aﬁ )9(!)'3

.' e jm=1 . =1 )
. ZA‘W, +cl22.,w,
DRI j=1 . j=1: .

where the subscript S means to substxtute (2. 11) into the expression.: In general, we have by induc-
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tion ] .
RO g = DY, 4+ 0, D AN, + oo + Oy DAY, (3.2)
J=1 Jm ] j= 1
where C, are some undetermined integral constants Together with (2. 3) and (2. 9b), (3. 2) leads to
k=1
Als = J~*[J~20,< A*q,q,)]
le=0
&
= DC{A"g,), (=1, J¥C =0) (3.3)
(=0 Uy

It is clear that C, are the integrals of the motion for system (3. 1). Indeed, (3. 3) and (2. 7) can be
used to construct the simple integrals of motion for (3. 1). First, by substituting (3. 3) into (2. 7a),
a straightforward calcuation gives by induction that

C, =+ =Cyz=10

Cams == (A 1PN FaC AT00)

fis e s (/\"l‘“’q,q)*’(""'"’q,q)

S CA q'q>i-,+ ANl
Then inserting (3. 3) into each side of (2. 7b), we find the following.

Lemma 1
Y bl 1
Cy+r = Frsa + ZC Z C; I"x+~—'-3 + 2201Fu+n—a
iml el ey
a1 (
chm-., E=0,1, - A (3. 4a)

l-l

with Fl=uo =FN—2=CI= '”Cﬂ-z—O, CN—1=FN—1

- %( A", p)- %a( A,

2 2 ((- = Z A."Hq’q}'l".( A"—l+3q,q)( /\""'““’q'q)

im ] Azqu)'- L +n - pNe—]—-i
41

Z[(/\'“p DA, 0)- (/\'*"p,p)(/\"“'"’q,q)], 1=10,1,-, (3.4b)

=0

and Fy_,4+; are the integrals of the motion for (3.1).
Proof. For obtaining Fu+s, We just need to replace each 4, in each side of ( 2.7b ) by
{ A**%q,q) which is the term without containing C;(I>0) in (3. 3),

HN—1

Fisy =——§——§1>—, 2 I+ 2)(k+ N — 1+ 2)
e ;
Z[(A'“p.,qm — 1 2) + (A, )k — L+ 2)]
e @ . @3 |
22( /\'“p,q)( A2,y + .ZZ“ + 2k — 1+ 2

1) . (B)
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41
Zz+2><k—z+3>
RO “

NI'—

- b+N—A - ’ s g
;Z z<l+2)(k+N-—¢_(+2) gﬁi.(_];)iz_).’
- lemQ - )

ay’oo ()
@ + (5) + (6) -2 LY oot X +3> < 3)
’ ‘ . T 2 V- ] <2 . | RZ ™ Mi-1 +

) n+ chm N~

X PRI *(9) PR P PR
X S =y T e |
i=0 R N IR
-———<k+3>[</\ ppd Fa— S S (- 3o+ 3) |
=1 <2> et N1
’ (10)

i

13 _
(M= 722 B>,

2 e nem 3y

S (2.12)

x2<z+2><k+N—z—t+2>—===" |

= N=2—i - -

-3 Z oy E >, m + 35ee- (mi +3).

i " omy .+ w2 .

24j
X D U+ 2Gk+ 44510

l-ol N-2 a o ' - e -~
== g2y 2 (mDem+ 3)

=1 mytoethm =N —2—i B 3

4
~N
+
¢ |

X 2 U+ 20K+ 4+ myy — 1),

L w2 (2>' . l~0-"-'+l- -]

X [Z(l+2)(k+4+m‘—l)
. S R l—O .
+ E<k+3+z><3+m.—z> + (k+4+m:>(2)]

=0

=—(9)+—

2>zZ<1v+ 2 - Dk — 14D
lw0 .

N

1

|
Nlt—-ﬂ

'Ml NG

S L 20 L mt eem kR 3w

2>'+ ™t +-‘-N—1—|

-~

_ LS
Z;

o~

—>l Z <m.+a> (wl.—1+3>(k+4+m.>
1+ +n-N—l =i N . .
- 1

v L.. R - - ‘
@4 —;5_}(N+'z,-;-z><k—z+z>
7 2y & 3
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o 2 (;")‘.H' SV o+ 3y, '4—'3)’(1: +3
o gt +u-'\l—l—| T o
1 S E 3 30k + 4
T (2)‘+1 R R (‘"ll + )"'(mi + )( + + ml+l)
=2 l+ +u —V-’~|
’ i”“‘a.i.' el v e
- ? W 2 (1"1 + 3deerlminy + 3¢k + 4:',*“7";).‘
=2 L s +n—'t'—l.-|
——<9>~<1o>+ (2),Z<N+2+1><L—z+2>
= (— 1y | o -
+5 Sy Dut o km + 3)ons (i, + 3kt A+ m), ..
= 2 m‘+---+rn..—N—l—i R
+ 3 (21>, X m )

=— (l) - (2) - (5) - (6) - (8) = —(k+ 3)(/\ P»r’)’-— —a<k+ 3)

NSy Wi LIS W e T e

Z & 1.)' S o+ e (m.-1+3>(k+4+m;)
2 m,+-“+7:i.v-x—-
Then we immediately have "-"; BT .

L . [

Fuse == 20+ 8)(A Pip)- Fatkh 3)

. )’l N=1 (" 1) LD TIVENE BT e e e
e T T2 Do St B lmiy + 3Gk 4 4+ m)

%S‘UAW DN *+p,0) — (A2, 03k — i + 2)] @5
s = 0

which leads to (3. 4b) for I=(k—1) by using { Aq,q)=1. o
- Furthermore, a straightforward calculation demonstrates that #y_,4, are the integrals of the mo-
tion for system (3. 1), i.e. if(p,q) satisfies (3.'1) then "

) dl" MLt
“dx -

Finally, substituting (3. 3) into both sides of (2. 7b), and computing only the:térms contalmng either
(A ‘papdor{ A'p,q), we find that - :

=0, 1=0,i,2,0 (3.6)

- _‘-0‘ 2‘4&:'4!— ""‘ %Al‘A}_l,,] .

hind k—l—
= CZC{ L—z—_)+3)(/\ 2,p)+ = Z[(sz’, AT )
i=0 j=0 (=0
[
— (AH-?P Py k= i — _) -1+ 2)])—- _chi+l~-<2)< A 2.p) + Ei, 3.7
' |-°
1 ETCTI 1 17
- “2"Iv > Ar/'u-v -t = —ZUCHV-- + Fz
L=l S i)

where F, is a sum of terms, each of which contams only C; and ( /\’q,q N éomparing (3. 7) with
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(3. 5), we assert that after msertmg (3. 3), (2. 7b) can be rewritten as

» E—i Lol i+l
Cowr = D)0 D, CiFwprmins + 2 CCiirmiFyoy — —Zcom_. + Es (3.8
im0 jm=0 im0 R}

Since C; and F, are the intrgrals of the motion, E; must be an integral of the ‘motion too.. How-
ever Edoesnt contain { A ‘p,pdor{ A’p,q) exphcxtly So E; must be zero. Hence, it is easy to refor-
mulate (3. 8) as (3. 4a).

Furtheremore, by multiplying both sxdes of (3. 1a) by q and using {Ap,q)=0, we find

N—1

—2-(131,?), a(q,q), + Zu v (AN ) =

k=0

which, by means of (2. 11), yields the first integral of motion for (3. la)

~ 1
Faez = 5 (pop)- {00
(=1 1)+ ) +3 ' '
; (AP, (A, ) 3.9
2 IZI <A 7y q) +lu +"+§V;2—n tE a4 9
We can show by a straxshtforward calculation that Fy_;—, Fy_» are in involution in pairs with respect

to the ordinary Poisson bracket defined as

(A% afaé‘
(f:ﬂ*-Z(aa—p‘—é;%

i.e {Fy—r4+tsFy—142} = 0, {FPy—i41sFu—2} =0,  Lk= 0,1, (3.10)

We now restrict the integrals of hoﬁqn Fito TS*~! defined by (3. 1c) to construct the intrgrals of
motion F for (3. 1) by requiring that the vectorfield X,* be tangential to TS*'. For this purpose,
we set [10,11]

im1

:F(. = Fl-[l(p"[.l{G
. and require that . : '
(Fz ,F) |1's' 1 = {F; ,G) |Ts'" = 0 o , (3- 11)

(3. 11) enables us to compute & and z in the following way
{FI’G} i {F"FI)'ITS'"

K= 7.5 fre=1y = (G, F}
Then, it is easy to obtain
;l:=0’ #1_'"_/1~3—0
and find -

~

"p—3 = Fy—_2 - sn—2F = Hy . (3.12a)

i‘?

Fiote1 = Fyoip1 — py—r14iF = "';—( A'*2p,p) — %a( A*q,9)

%2 ACIVA S (AT AP, g CANT )

(A*q:q) e
[

+ 5 Z[(A'“p,qm\’-'ﬂp 9> — (AT (A T2,))

im0

1 KA —

. + 2 <Azq,q> 1)[(/\ PQP)(/\Haq,q) + a(/\””g,q)
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N—1

S Di 5 CAR*3g,q)es: (A3, q)

im- ] Aqq)'l-l- chmmN—1—i

1+3 R . -
%A/#jg)zw\”f*’q,q) = (A, )], T 1=10,1,20 - (3.12b)

X
Ff = o = Fig =0
It is easy to see that F§_ 4, F4-; are the mtegrals of mouon for system (3 lb,c,d) (3 11)
and (3. 12a) imply that the flow defined by (3. 1b, d) is on the tangent bundle 78"~ defmed by (3.
1c). Also, one verifies readily that
Sl AP B |2emt = pu{FiyF} |zt = 0 e
which together thh (3.10) YICIdS .
{F} ,F¢ )lrs"' = 0, {Fz ,I"N—z) |a's"" =0, I k= 1,2,
Thus I' —2sF" Jl=N—1,N, e are mvolutxve 1ntegrals of motion for the constramed Hamiltonian sys-
tem (3. 1b,c.d). Lo e !
Observe that A; are dnstmct and the vandermonde deterrmnant of Apyeee ,).. is not zero. This guar-
antees that grad Fyz,s grad Fy_),e*, grad Fy_sss are independent When constructing F° from F
under the constraint condition { A q,q) =1, we find that ‘17',,_2 , F’N_ IRLLLRY Y dre’ funcuonauy in-
dependent. Therefore we have the following " . ‘
_ Proposition 2. The Hamiltonian system ( 3.1) is completely integrable in the sense of
Liouville [8]. - V . : : , ‘ . 4." .-
Proposition 3. If (p,¢) satisfies (3. 1), then u given by (2. 11) solves;a certain higher order

L

stationary equation
a—1

RO 4 zd‘nlotl) oo il (3.13)

R N
where constants d, are determined by A, ,)..,_ Cyoe,C

Proof. Set - : |
(u.)m(w..) =2+ Zg,).“'

l-l .

It follows from (3. 2) that

2("3&0(1) ls = ZW Zd.ZC At

b=0 jf-l b0 i=0
[ s 13 . o
= ZWJZZT'HZC#-—H;&
ji=1 k=0 i= 0 .

Teking d,=1 and
duoy = grzcid.—b+i9 k= 1,e04n
im]
we get (3. 13) immediately. ‘
4 The Hamiltonian systems obtamed from the time part
It follows from (3. 4a) that
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=0 Dy FarFa,  i=1,2, (4. 1a)
Py i AN
3 5
where m 21, s 21, Fy=co=Fy-3=0y =1, by=—7, by=7" .
i=2 . .
b, = Zblb)'—d—l + 2bj—; — 2 Zb, i—t9] = 435,000 . (4. 1b)

tm} t=x]

The details for obtaining (4. 1) can be found in [7]
' By usmg F, mstead of Iv‘l, C’ can be rewntten as

C—Zb, Z FioeoF2 +(</\ q,q>—l)5

=1 m e +u,-l
When restricting C; to 78*~!, we can drop the last téerm ({ A ¢,9> — 1)C; since it vanishes on TS*!,
and we have T S ‘
Cilaet = st 25 FieRl, i=1,2,0 @D
e © =l "1"""""",-";‘ o i o P

Instead of (2. 2), consider the following system

?’ﬂ. =— g4 |A-A<PJ + A|z-a <P;u I= 19""" (4.2)
wtuch, under the constramt condmon (2 11) and (3. 1), can be reformulated as '
a3 1T
9, |2s! =‘==—Z"""ZC lw--'[< /\‘““q,qm - </\‘“"p p>q,] :
2—0 im0 - et
(2 1 1 =t — S
Zc lzs=r D [CA™H= 2, ) g, — ( A==ty qmz q,]
. =0 =0 ) )
L (3 " m+--a - : S :
——— (c aF"""" 2 ') |Ts.- ()v'l = oo = Fi_p = 0)
i=0
.10 1 Fim—z 1 .~(+-::—3 ~ . . 2 .
e ( —_— —é- T band 7 z zb‘-« Z F,.]'"Fu' —a—_p:_ |Ts-'l

im] =] nl+--+n‘-i
N4+m—3 Ntm—3—1 °

@12 ( 1 OFfmy 1M - aF.+1
——rr— [ — ————— — — b‘ F "’F' ITB"—
— ( | Fjyng _ 1'ERY aF:‘*')
=|—- 2= = B J AT A 2=
2 3 2 g u‘+-“+n,+z|-N+m—2 ! ‘9 : A
_ (__ L' b s e )|,s--. Go=1m>1 (4.3
el . . LT Ly b o — s ey = .
29 Tt L e T .
Also, a direct computation shows that .
:za:; b=t = — L s, B 1,2, . 1)

Then (4. 3) and (4. 4) allow us to wnte (4. 2), under the. constramt condmon (2.11) and (3 1),

in canomcal Hamiltonian form

m= 12,00 T '(4.:5a)
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(.q) € TS™1 (4.5b)
with (using ¥} —'"=I’;v—z—0) . e e Cey

P ! R -

' ?—f —;—Z‘, D If;ml«' " (4. 5¢)
T =l '

y i +-, (= NtE—d
where m,=>1, bo=1,b are given by (4. 1b). The condnt:on (3. 11) guarantees that the vectorfield de-
fined by (4. 5a) is tangential to T'S*~'.

Proposition 4 The Hamiltonian systems ‘(4. 5) (m=1,2,-) and (3. 1) are completely in-
tegtable and commute with each other. If (p,q) is a solution of (3. 1) and (4.5) (for a fixed m),
then u given by (2. 11) satisties equation t2. 4) -

Proof. Since {Fy ,F’ }|zs—=0,{F¢ ,Ho} In-—'—o,xt is easy to see that

dlv'

{HlsHl} 'Ts'" =0, V= {Ft ’H Hrs"" = 09 Lk, = 0910’"

which 1nd|cat% that systems (4.5) (m——l 2"') and (3 l) are completely mtegrable and; commute
with each other. ‘Note that (2 4) is dedqced from the solvabxhty condmon of (2 8) and (4 2) and
that (3 1) and (4 5) are obtamed by mserung (2 11) lqto (2 8) and (4 2), rtspecuvely Thls
' 1mphes that if (p,q) satisfies (3. 1) and (4 5), then u ngbn by (2 ll) solv&s equauon (2 4)

it

. References

Y

(1] Cao Cewen, Stationary Harry-Dym eqﬁation and its relation with geodesics on eﬂi'psaid‘; to beis:u;}n;néal

[2] Moser J, Various aspects of integrable Hamiltonian systems, in Progress in Mathematics (pirkhauser), V. 3,P.
233.,(1980).

[3] Mckean H P Jr, Springer Lecture Notes in Mathematics, V. 755(1979).

[ 4] Flaschka H, Proceedings of RIMS Symposium on Nonlinear Integrable systems-Classical Theory and Quantum
Theory, Kyoto, 1981, Ed M. Jimbo and T. Miwa, World Scientific, Singapore, 1983,219-240.

[5] Zeng Yunbo and Li Yishen, J. Math. Phys. , 30, 1679(1989).

[ 6] Zeng Yunbo and Li Yishen, J. Phys. A;Math. Gen. ,(1990) 23,L89.

[ 7] Zeng yunbo, The generalized Neumann hierarchy, to be appear in Physica D.

[ 8] Arnold VI, Mathematical Methods of Classical Mechanics, MIR (Moscow, 1975), Springer, New York,1978.

[9] Antonowicz M. and Fordy A P, J. Phys. A; Math. Gen. , 21(1988), L269.

[10] Moser J, Integrable Hamiltonian system and spectral theory, Proceedings of the 1983 Beijing Symp. on Diff.
Geom. and Diff. Equa. , Ed Liao Shantao, Science Press, Beijing 1986, 157-230.

[11] Cao Cewen and Geng Xianguo, Classical integrable systems' generated through nonlinearization of eigenvalue
problem, Research Reports in Physics. Nonlinear Physics, Ed Gu Caohao, Li Yishen and Tu Guizhang,
Springer-Verlag, Heidelberg 1990,68-78.



410 TEAFHRRFFR 21 K

MIHET ) Harry Dym J5 2 fH BE & Y
— iR 56 4 0 R AY Hamilton R4

Erk FHH FRREL

HER

W O OE
1 ] B wu+‘_§1u.-ﬁ-"q)= ap FHER R HET /) Harry Dym KB HBIEI BT 0
AAEF 2], F A8 F] —fE Hamilton S48, F B AE R E A LAHENES R, AT UG XESR
5t 19 SFAEFR 20 A1 Hamilton BR ¥50, M T EBA , 1X £ Hamilton £ 4i7F Liouville 5 3 T £ 52 4 7] F
H AP ZE A, [ B E 1689 #5352 ) #Y Harry Dym 758,

*x#19: T2 F M Hamilton &4;,Harry Dym F#25%, SFIEBRS . &
PEESES. o0152.5



B21E 54 ¢ B 2 B K X % % #  Vol2l,Nod4

19914£12H  JOURNAL OF CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY  Dec. 1991

PO 3 ELop o — B8 H,TPP*H iy
#4% Raman B 5T

BAW AAH IFE KRE
AERHK FEX AALE

GE R b % F)

w B

| RXHT W R LM DA HTPP A B K AR RS T % Raman .
454 4o S AR 5 HTPR' 4 7 .4 £ 30k o0 R AR4RHe B R, HUTPP™
HEAAF LR HIPP 4 FiE 41J A DusbAik.

%ﬂiﬂ# 2t 4k Raman , 4x o} 43, @@ R fobok — 88
hEENAS. 0657.37

1 3%

H 8, 3% 4% Raman Y63l (RRS) B4/ B WA MO R A E £ YRS T RSO R+
$ 52 F Raman HAHRE BT REH REGR AW R 4% Raman HARE BRHEHR
A HEBMAR AREER. HRESHBRORS. XXM EERGIBRS W EME
B {638 (ML EE Ho), T4 ERAR O B AL ETELE ML EE Rk R
+ABEMER. HEMTLE CABLSFTRELE S EHNA. EFER, XRLEY
BIET BRI ENE. TR Raman BT R AN B SRR, B X B8 TIEH
U2, B, X E R %A 2 3R Raman JEIEARIET. HiTPP B S BERFRHEN DU B,
RAVRIUX ohotk Bk SO BF SR RS, 640 , I3 2L 0] ok — B¢ (HL TP ) By Raman it i

19814E 1 § 18 Hie®).



112 ‘ TEMAFH R FER F21E

KR RARE. . b T EMBRASH 68 nhuk A P - TR A9 SAT) 2 (8 B BT B i )6 it
RAUHE, T SAT RBFFTE R BT S0buk AL B A B0 BT e B llt"l‘ﬂﬂi ﬁéﬁlﬂf’a‘ﬂﬂ:ﬁﬁ
IRk AERYIEMSH D EFRRAFEEREXM.

P E (TP RS (HITEVRMENNERE SY BRI REFREN —X.
KEAHEMAERUES, AMMIMEHHFRLESNER. £XHET 510,15, 20-te-
traphenylporphine (TPP)#) — B H4TPP”41§F @ﬁi*ﬂ?’&?&'MTB‘J#ﬁRaman &k, HEE
LIMEE T H«’!‘PP”#J_IﬁEXTﬁ’ﬁ ‘

3.
PEEIREN

2 SERERS

18 % WA DU 3 22 b ik (ELTPP) o 35 B8 Adiler %5 ASRIEHI T 05 & BERAES). 507 BEBRII % 22
nf Bk A0 = ﬂﬂ:ﬁ?ﬁﬁ&ﬁfﬁwﬂch)*, nhk ik BER 4k 2. 0X 10750, @ALEKRHBEZ K 0.
2M, R R AR, ﬁﬁf:’fﬁﬁi%zi‘ R, 1806 B 0 K (B P A% 7 . B % W obk B HLTPP?1),
Y HE R H.TPP 168 T KB R P, MU /B 42 65 HLUTPP** iy DK RE RIS . .

Raman J5i¥f f Spex-1403 &I Raman JE6{U BB , Y38 b Ar+ 30658 157. 9nm £, JIHHEE
7 150-1650cm~", S Th 3 30mW, B {4 B & SR A Raman BB R, IFMEER RA 00°F R
B, LLSMRBOEIZE SDX & FT-IR Yo LiEF, BB K By 400-2500cm ™. .

3 %'—‘Jiﬁ%
ﬂb%k%mw’rﬂ&“ﬁﬂ‘ﬂlﬁ\ﬁtfﬁﬁﬁﬁﬁﬂikéﬁk RS T "Ml* E“(Rﬂ’ﬁ%ﬂ:
nhwk SR Ao — 4 R T ORI TPPH Ry 45 4 m A 1
F)fm@*bé‘]ﬁl"ﬁlﬁ%ﬁ"ﬁ%ﬁ ’1‘5&
e _

6] 2a % H,TPP* i I % Raman-i¥, 3 %
K% 514. 50m, B 60mW. B FHRFHK,
BARFUEMEE. B HTPP i) 4 Sh- AT IR i
FE T MHEAE 150nm BHEH — M IER B R

A (Soret #5001, "I, S MR S Tk Act
 MORERHY 457, 9nin B, W IR IF M A H AR

B2 P9 [ 2b AiE 343 53 HTPP (B Ky

SR T e T SR Raiian IRILLANRCH. % 1904 T B0

ﬂﬂl mﬁgvr&_mn.rppz+aasgatzﬁm MR & T R AR MR B

Vi A HDHERE A F R, 8 A B Raman 354
REZ’L&H&%&‘JJ&@ %‘Eﬂ]?u:@ii H..le Raman J§fLL5ME 0 HIER A~ P FREER
FRepuG. HiTPPPR 2556498 30 N i K o (VA 5 MR Raman ML AME A M B E R
THIE /. H\TPP R SHFER 3t F X #— 4 F K& Raman FIZ 5N %ﬂ’]%a’z,ﬁﬁﬁ“%m
REID. B AT LAHENT HTPP AT AR AR .O  E R R TR S d B AR /. X 5 TR




¥ 1% o § R obok 8g H,FPP?Y 492E Jk Raman 3%, 4 % 413

H A 1004,1080,1232,1386cm =" %, J§ T Mk W% FRAH 6 IR 302, JZ%F’}I 4’*"5:"%%7%#&%(
RS R L3t FRHES.

.
-

(a)

1 L L i L " ’ 5 L [ [l i
150 o 900 - 1650 2500 1950 1550 1150 8;5 675 400
Raman {iif&(em—1) . ¥ (cm— 1)
2 (a) H,TPP** B} 4k 65.E. % Raman %, i#; 3 H,TPP** B4k 65 4 o X, ik

WAL A K 457. 9nm,2n & 30mW,
(b) H,TPP** @ 4k 65 3t 3k Raman X, 78 ;

M 4 f2E  HTPP i P MEE RS
R AR Raman . AR T X — g4

Wﬂfﬁﬂﬁtﬁp=(ll/[”)<—3—. EHERYE - | y, |
W, mE 4 FEY 1544cm=*, 817cm ™'k aienathaatesthiiny

Eﬁﬁ'fﬁiﬁ*.p:(h/l//)'\-?. mﬁ#i& M
SH7, Bk 53 T ZE3 R Raman 417 H e

800 1225 1650
B R R AR B0 XEBRAE Y Cs Duao Dy, © Raman B cem=1)
Du- HIBT ABEATEIA 09 SR H: R Bo B HIPP 654 4o AR
HENRFOMFRD S SHIRNE. &  SE# AN Raman A

BiCH D HE 9A.,+8Az,+9B,,+9Bz,+18E H N k3R 34, +6A, -+ 5B\, + 4B..+ 8E, W 7} I
HU. HPRF xmﬁsm%wr?%ﬁ A% xﬁmm& Raman m:t TEX & Raman 3
HRDPEF AL RHBMBRIFERR 4, B ,,>_ SR O12] K8, 1544em™*f1
817em ™ HHEIT Ao R FREE. ma:xaﬁ—awm;m-m B H«TPP’+ﬁM7§XTﬁ<4"L‘ ] 4
BI 507 45 st — 25 R U Bl 4K HTPP 35 0L F DXt itk

RRRH AL & P 7E AP —TT KX YRR P G B 3 kX & Um0 S B N T B
ALRREY UV SEA5 1T i 3 B4 47 B &R HTPP B 4 MM A E™. T H X HE5
R L RMIEL HTPP 7 S, X 5R LM —K.

ER L. FARFIH T Ksenofontova % A i Bl fk B BTBRANE H.TPP 43 F3t1E Raman 3%
(MR KN 1416 1)U 518 HTPP* R, — % 800cm“u_tl¥lﬁ?ﬁ§k‘ﬁ?*ﬁﬁ *
B H,TPP™ 15 H,TPP % JL{TILAR M 4 BFwk S 3F. {57, 800cm-1uﬁm§¥,_#§zmx
B LA 7 & P b R R R, X 2 B R B T 5 R T A R A R W e



414

PEHFHERRFFHR

Fak

LEAMARERFHRGRAGAHE.

*® 1 HTPP*#)4c St #o Raman % Cfiriem=1)

Raman (¢)

IR Raman (a) Raman (b)
- - 193
202 202-
226 226
272
326 318
' 344 334
368
: . . 413
560 566
624 620 '
637
698 696
706 :
759
807
o 824 826
835
o o 882
’ 896(HAC)
" 958 967
983 980
1001 1004 1006 1005
a 1014
1042
- 1087 1080 1082 1080
1220 1232 1238 1232
: 1288 ' 1292
: 1368
1387 1386
1440 i
1466 1476
- 1479 .
. 1495
1534 1542 e
- ‘1548
. 1592 1598 . 1583
(@) H(TPPH+ B R -

() HTPPH R HAe—#mmnumm -
OF wmuuzm alaz‘cmw] .

o



F4 M ' = & Aok =8 H,TPP? 65 3£ 3k Raman 3t #5F % 415

- 5@ (0)4F1H H4TPP”#J?7KE§§?§W7FHM<F‘$H‘J Raman i% ﬁﬁi‘?ﬁﬁj@ 457. 9nm.
H,TPP** B H MR Raman HHHRENFR- - . o0 .
LomR I TUE S EMRE R, [T
#,H,TPP** i ¥k 5 H,TPP** [ {k iy 3t #E Raman "
FilEE -5 PREEHEEBEHA,TH
ETREERN T FRHESBR.

BEAAG LTPP M RW PR, Ro5h—
TRICEHER, I EH 4 KHFHOX e ST
AT 45 FAE S H/TPP* 7 SO FRE: T Raman {i B (em—1)
Z’:XiﬂlﬁjzﬂﬁﬁﬁL%tﬁ,ﬁlﬁﬁﬁ*&&?[m .5 (a) H‘TPP2+,,};§L§i)g)&é5;L#Raman X
BHERT CuDu D, DuBE. MEFRNERE ) ;g-}«]akgéﬁé’y Raman X, i#
A HEHERE R HIPP* R Dutths |
% & AR Y Raman FLLSPEHAIT, RATRE HTPP RIEMT DaXtBRiAILH.

(a)

' i’ﬁL‘leﬁg‘Hﬁ%ﬁ?'»ﬂ‘ﬁ')‘( Eﬁ:ﬁﬁ’fv’i' ?Fﬁ%i’h:@'};ﬁﬁﬁkﬂwﬁfl ’*"J"T"!&.‘ﬁ]
%#"}#ﬁﬁﬂvﬂﬁﬁwﬁ )

(1] Felton R H and. Yu.N-T.,. in “The Porphyrins”, Vol. X-, Ch.' 8 (ed. by Dolphin; D. ),: Acad. , N. ‘Y. y 1987,
347. :

[2] Bernstein HJ, etal. , J. Raman Spectros. 3 (1975), 303.

(3] XER%, LM, 1988, No. 10, 14. _

[4] Longo FR et al. , in “The Porphyrins” , Vol. V, Ch. 10 (ed. by Dolphin, D. ), Acad. , N. Y. , 1978,
462.

[5] Adier ADelal. , J. Org. Chem. , 32 (1967), 476.

[6] Stone A and Fleischer E B, J. Am. Chem. Soc. , 90 (1068), 2735.

{7] Meot-Ner M and Adler A D, J. Am. Chem. Soc. , 97 (1975), 5107.

[8] Gouterman M, in “The Potphyrins”, Vol. ¥. Ch. 1 (ed. by Dolphin, D.), Acad. , N.Y.,1978.10

[9] D. A. BAZ, BAEHE, BBk, Bz Bidt, 463, 1983.90

(10] Cotton TMetal. , J. Am. Chem. Soc. » 104 (1982), 6528.

[11] McClain W M, J. Chem. Phgs. , 55 (1971, 2789.

(12] Bernstein H J et al. , J. Raman Speciros. , 4 (1976), 295.

[13] Ksenofontova N M et al. , Z. Prikl. Spekrosk. , 20 (1974), 834.



416 R 4 kit - T T T 1 - S _ Ruk

S T ) S .;«. L N .';‘;_, T T PR P
ey . S El St an ey f e 2

Resonance Raman Studles of Tetraphenylpo*rphme o
D1ac1d H4TPP2+ oL

b Chen angmmg Zhou Dongme1 Wang Xluyan Zhang Baozhong

Pech HeTlan]mg Xin Houwen ' Lxu Fanzhen LR e

 (Deportment'of Modern Chemistry) ... -

. Resonance, Raman sgectra are reported for 5, 10 15 20- tetraphenylporptune diacid H,TPP"" in
the 5011d state and in the solution. Compauson between the Infrared and Raman data for H4TPPz+ pro-
vides evidence that the H4TPP2”' molecule may have a centre of symmetry. Depolanzatxon ratxo mea-
surement for H, TPP?* reveals the presence of two anomalously polarized vibrations (p~7). The fre-
sults show an approximate Dy symmetry for the»H{I‘-PP@; molecule.

Key ‘words: , resonance: Raman, IR $pectrum ,5,10,15,2 0O-tetraphenylporphine diacid.
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Studies of the Formation of Photochemical Aerosols
Containing SO, and Alkane

Yu Shugin

(Departmenrt of Moderm Chemistry)

Abstract

When 337nm N, laser irradiates SO, and alkane, photochemical aerosols are formed. In this pa-

per the average particle sizes of aerosols are measured. The relations of scattering light intensity to

laser intensity , C—H bonding energy and temperature are examined. The experiment results indicate

that the initial step of this photochemical reaction is an H abstraction from RH by excited SO, and that

intermolecular actions of aerosols depend on van der waals force.

Key words; SO;, alkane, photochemistry, aerosol.
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The Effects of Spanwise Deformation and Closeness to the

Ground on the Swimming of Waving Plates
Cheng Jianyu Zhuang Lixian Tong Binggang

(Department of Modern Mechanics)
Abstract

Based on the unsteady incompressible potential flow theory, the swimming performance
of the caudal fin is further studied. The effect of spanwise deformation of a caudal fin with
moderate to ‘large aspect ratio on its chordwise unduldtion propulsion, and the effect:of
closeness to the ground on the swimming performance of some bottom-living fishes are ex-

amined in this paper.

Key words: animal locomotion, biomechanics, unsteady flow.
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Birefringent Fibers.and Their Alignment
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pin Ratio Measurement of Spun Highly

Guo Qing Qi_an Jingren

(Department of Radiv and Flectronics)

Abstract
. SRR B L TS S R L PR TUR SALNE SR PRSI
,. ~The spin: ratio of spun highly: birefringent ﬁbers (SHBES) - is measured by using temper- -
ature:modulation ;; repeatability. of .better.then 109, is obtained. In ithe measurement, align-
ment of SHBFs at-the ends.to the accuracy of 1°.is-also implemented. - . - -

Key words; optical fibers, polarization, modulation.
1 Introduction

In optical fiber current sensors, the presence of linear birefringence caused by packaging and coil-
ing seriously affects the detection of Faraday rotation. This problem has recently been solvéd with the
development of SHBFs; the eigen modes of SHBFs are highly elliptically polarized. According to
refl!), the spin ratio defined as twice the ratio of the spin rate to the intrinsic linear birefringence is an
important parameter which governs the relative sensitivity of the detection of Faraday rotation . Usual-
ly it is quite difficult to control the spinning motor to obtain the presupposed spin rate (if the spin pitch
is smaller than 5mm). Thus, measuring the parameters of SHBFs by using fiber-optical method is
needed. However, the instability of the light source intensity and the sensitivity of the intrinsic linear
birefringence to temperature make it difficult to measure by normal methods. In this paper, a simple
method based on temperature modulation is proposed. The spin ratio of SHBFs can be measured with
satisfactory repeatability when it is less then 4. Local refractive index axes of SHBFs can also be found
in the measurement. )

Alignment of polarization-maintaining fibers by using temperature modulation has been repot-
ed(?), But the method can not align spun fibers, in which the refractive index axes are rotated along
the fibers.

Received March 19, 1990.
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2 Theory of Measurement- . .. . ‘v 7 R PSR e A

The evolution of the state iof polarization. (SOP)in SHBFs ccan be represented on the Poincare

sphere (see Fig. 1) by the rotation vector (t),. which, is defined as B3 . . . B
ABCTY) . .t e ek
QY= |0 "~ | R € D)
27 _.“ R N
where_7.is the spin rate, A8(7T) is-the - -~ = . . =, .. .. R TN
intrinsic: linear - birefringence of “the ‘ T T TP e . RITA

unspun fiber and T is the ambient
temperature. Supposed that the fiber
length is L and the ambient tempera- .., |
ture 7T is uniform along the fiber,for a

Linear-polarized, "input state A, the
output state-B is obtained by rotating
A on the‘surface of the sphere about . -

ed. sense wnth th,? ansle AA.OB, =,

|2(T)|L Usually 48(T)is tempera- .. -~ T T Ty
ture sensitive for SHBFs, so Q(T)is, . .. Fig.1 Locusof the output | SOP of SHBFs ona
a function of . It is reasonable to as- -, . local Pomcaresphere Pomt A represents mput Linear

) : T YETEMEREEERE

polarrzatron state, pomt B represents output state

o ’ .
b A LI S8 SIS E s A N1

sume that. 48(7T") changes linearly and ..
reversibly. with temperaturet). Since. | L S SR PP
both AB8(T) and 7 are normally v . .. . \ , RO 1
greater than 13X 10° rad/m-and Aﬁ(’l‘) Aﬂ(‘l’o) is two orders of magmtude smaller as compared WW1th
Aﬂ(’I’) and T (where Tois a certarn reference temperature) , thus we have approximately. - e
w19 =190 | A-alT-Toeus2paBTe), R (2)
where a rs the"temperafure coefflclent«of the mtrmsrc linear birefringence. ., 2q> tg“q sWwhere 7 is the

~~~~~

spin ratro and is expressed as- 21/419(’1'0) co e e

If |SZ(7') IL changes, the Jocus of the output state B will fortn 2 qrcle ASF as shown in Fxg 1,
where 0, 1s the _amgle’ betweep the orrentatlon of the local fast-axis of the fiber;at its input termmal and..

that'of the polarizer, 02 is the angle between the orientation of: the local [fast-axis of the f1ber at. 1ts out- .
put terminal wrth that of the analyzer

e he . g g8 cand o E NEESRTTA PR T e
Accordmg to equ 2 the output state B goes umformly along the crrcle ASF ,when T. rncreases (or

decreases) linearly. If the fiber is long enough (for example, 2. meters. ),‘,,a fey_g degrees of tempera-

ture. ghange, results in many, circles of movement of the.point B along AS¥ in stress-induced fibers, The

detected light intensity 7 (7)is plotted in Fig. 2 as a function of temperature 7. It is obvious that
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1(T) o, and 7 (T).., appear periodically. On the Poincare sphere, T(P) o and T (T max co;'respond to
points D and E which are the intersections of the circle ASF with its vertical plane passing through C .
and O. .

! ‘Tt isieasy to'see that I(T)ma and I (T") . are functions of 6, . We introduce F=1(T)g0/T (T)max
which, as readily found from Fig. 1, reaches'its maximum values F; and: F»-when 6, equals: 0° and
90°. Based on geometric relation in Fig. 1,: the spin ratio of SHBFs is obtained

7= |g{sin™*[(1 = F)/(Q1—F X Fz)]uz —sin~![(Fy— F, X F)/(1 — F, X F5)]%}| 3
There are two special cases;
(a) If 0, equals 0°Cor 90°), it is obvious from Fig. 1 that there'is only one maximum value Fj
(or F;) and the other is zero when 0, changes from 0, to 0, 180>, Where 0y is a certain reference angle
and it can be of any value. S'gf'e':gu 3 is simplified as EIR VR EIE R T St
ol =LA = RY/RIE s e (D)
a : @ (b) If 0, equals 45° or:135°,from Fig. 1,. we .
have that Fy=F,, and equ. 3 becomes .
1= QA —=F)/QVF) - &)
Thus spin ratio can bé calculated, when F, and

1 b=ds. 8=,

F, are obtained from measurement. ‘Sirice the’
ambient temperaturé changes quickly (for éxam-
ple, by using a heater),  the period of I(T) in -

Fig. 2 is far smallerithian the correlation time 'of
Flg 2 Detccted hght mtensnty ds'a fucnon " the instability pfécm‘df the light source. Many
of ambxent temperature " groups of values of J(T)mi and 7 (7). can be -
sampled in a very short time (less than 1 sec. ) and averaged, r&spectwely. Then the value of F foria
special 0, is given. F, and F, can be obtained by changing 6, from 6, to 90+180° ‘In this expemnent, :
the effect of the instability of light source is much reduced o :
In " the * aforementioned procedure, e

when F reaches its maximum value  the -~ 7o oty ﬁt_"“ S
, o AMAplate lens coils analyzer  detector
orientation of the analyzer is identical with A\
orie ‘of the focal akes ‘(fast or slow ‘one Yat E w— A\ S N :
the output terminal. In this way,alignment taser polarizer * (AR R m':::;f
at thé‘oixtﬁu’iié':’a’chiéved.‘ The local axes'at - E ' SR 1 =
. the tnput ‘términal 'can alo be détermined' - v ' 7 computer T T o
by rotating ‘the polarizer until P,'= F; (In R T et G ot
this case, 6, equals 45° or 135°)and then Fig 3 Expenment set-up for méa.suriné DR
rotating it by 459 ¢ o etmon o s the spm rauo of SHBFs ‘
~“Equ. (3)-(5) and the principle of =~ ' " ¢ - How

me{asurement aré also valid,’ if temperature change along the measured fiber' is nonuniférm.’ Fof' exam- :

Lt TSR | S S S SU I B PR . cel T R e S e
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isdandanhs . a

ple, only the temperature of one part of the measured fiber changes, while that of the rest keep§ con-

stant.

ol A s Lo PR
[ . [N A

3 Experiment and Results

In Fig. 3, opt1cal power (about 3mW) from a He-Ne laser thh a wavelength of 633nm passes

,,,,,

through a 1/4- Wa\}‘e plate before bemg launched mto ‘the flbér. A computer controls the .step motor to
rotate the analyzer, and ; increases 1° for each step. For the
Table 1 Measured results of four different SHBFs. F, and P, are

maximum values of F, 7 is the spin ratio:of SHBF.

numbers fiber 1 fiber 2 fiber 3 fiber 4
3 0.97 0.724 0. 256 0. 162
Fa 0 Cogsd 0 0. 096
, 0.17 0.36 1.7 2.1

Tuble 2 Results of the same SHBF in four consecutive measurement.

“Fi;#; and 1) ate-of the samg meaning a$ in-Table I . v+ 0l

times Ty gL g T z;-f:‘i»wi." R

3 0.7 0.747 0.724 . 0.72
Ps 0.815 0. 863 0.884 i . - 0.8037
" 0.37 0.31 0.36 ' 0,347 {c

given 0,,the fiber coil is heated with an infrared light lamp, 7(T)aa and / (T) e are measured, and F
is calculated by the computer. When 8, increases from 0, to 8,-+180°, F, and F, are obtained, and the
spin ratio is calculated by using equ. (3)-(5). In table 1, the experimental results of four different
SHBFs are given. One of these fibers is measured four times, and the results are listed in Table 2. The
repeatability is better than 10%;.

The proposed method is especially useful in the measurement of long fibers, where the tempera-
ture effect of the intrinsic birefringence causes rapid change 6f output SOPs of SHBFs. Because only
the ratio of 7 (T)mn to I (T)max are used to calculate the spin ratio of SHBFs, the error caused by the in-
stability of source intensity is much reduced. However, it seems unsuitable to use this method for

SHBFs with a spin ratio greater than 4, in which case F is close to unity and the error is increased.
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P-ary GMW Sequences

Zhu Jinkang Li Shipeng

(Department of Radio and Blectronics) |

Abstract .

)

In.this paper, the binary GMW sequences, are generalized to P-ary. {0,1 ,_‘-",_'_',‘P“—,l_}"ca‘s_e,, ‘whe‘re
P is an arbitrary prime number. It is proved that the autocorrelation of the P-ary GMW sequ,ehcesi is
‘ideal, i.e. the out-of-phase autéconrelation is a constant of — 1. Linear span, balance property and
the number of cyclically distinct sequences for given strcture are evaluated. A mechanization of a
P-ary GMW sequence ‘generator is suggested‘in the end. "~ * ~ T ‘ '
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A Multigrid Method for Solutions of One-Dimensional
Parabolic Partial Differential Equations
and Model Problem Analysis

- . Jiang Changjin. -~ = - N
(Department of Mathematics).

Abstract

In this paper, a new multigrid method for solumons of one dxmensronal parual drfferenual equa-

tions is developed. For the model equation, the smoothing factor is analysed , the invariant subspaces

structured and the matrixes representing the correction and two-grid operators, respecnvely, are ob-

tained. The spectral radius, the convergent factor of two grid method is deduced, thus solvmg the con-
;vergence probl‘etr;”of rhe two grid methoq.
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silicon PIN solar cells excnted by monochromatnc llght sources of dnfferent wavelengths and n?tensmﬁ.
Some of the characteristic parameters have been measured and calculated. We find that under higher
intensity illumination, an abnormal photo-electrical conversion in amorphous PIN solar cells appears.

A tentative interpretation is given.

Key words. Amorphous silicon, Solar cell, Photo-electrical conversion.
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* Zn/MnO Solid Siate Battery

o ~ Wang Wenlou . Lin Fengliang L Wanyu  Yu 'Wenha_i_h'; K
(Dept. of Mordes Chemistry) ., (Deph.of Mat. Sci. ad Bag. )

A A ] ' RO R

Zn /Zn-montmotillonite/MnO, solid state battery is astembled by using Zn-montmotilfonite:
(mont. ) as solid state electrolyte. The influenices of heat treatment of MnO, and moisture contents in
Zn-mont. on discharge capacities of batteries are studied. ‘An assumption is put forward of hydrated
Zn?* jon migrating in"the intetfayer- of Zn-Mont.- ReSeatR is donie on. the polarization property of the
battery; the polarization of the battery mainly lies in the ohier polarizatioh tésulting from its ifiternal
resistance, The calculated tesuit of the conductivity-and the active ‘enei'gy Based on 7LV curves of the
battery ahd their: chanxw in atcordance with the temperatures stre closé to that of Zn-mont.- otiserved|
through the expeﬂement “This indicates. that Zn mont.. is primarily Zn?+ion conductor. = ' !

Key words. solid state battery, Zn-montmorillonite, MnO;, polatization, Zn?t jon. onductor.
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denum thh crystal violet are studied. In sulfuric solution medmm ’ absorptlon maxrmum of the dark-
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- Flotation Spectrophotometry ‘
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. Abstract

The condmons for the methyl benzene extraction flotation of the thlocyanate complex of molyb—

molybdenum in wolframite.
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The Measurements a.nd Slmulatlons of the Spectra of |
Neutrons Produced V1a the T(d n)"He Reactlon :

N L . .‘7-4)
Xing Shilin

( Department of Modera Physics)

Abstract
R L AT NN R T R SRR :
The measurements with the;;,time-of-flight spgctrometer:both thaene_;gy ‘spectra anq,_‘the, anguar
distribution of the neutrons which are produceﬁ vj&;the’T(d,n)“He reaction'and also reiatgd,to a parti-
cles are discribed, and the Monte-Carlo simulations of the energy spectra of these neutrons are present-
ed. In the calculation the multiscattering of the-deuterons in ;he T-Ti target had been concerned. Our.
calculating results of the emitting neutron spectra and the average energy of telated neutrohs are re-

spectively in good agreement Vwith the célculating results of Pavlik et al. ‘and our gxb‘erin‘ién'thf result.

Key words; time-of-flight spectrometer, neutron spectrum, simul’afipn.i - ‘
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Microwave-excited Low Temperature Plasma Spéctroscopic
Diagnostic Using Computerized CCD Spectrometer

Liu Jinying Xiang Zhilin
(Department of Modern Physics)
Wang Chunlin . Peng Dingkun Meng Guangyao
(Department of Material Science and Bugimv}-ing)
* Abstract
This paper reports the application of the computerized CCD spectrometer in microwave excited low
temperature plasma spectroscpic diagnostic. H,, Hs and H, emission spectrum lines in different dis-

charge power, different hydrogen flow and:pressure are:me}sured. The results of the measured spec-

trum are in accord with those measured using double probles.

, 7 ‘ - A - Lot
Key words; CCD spectrometer, diagnostic, microwave plasma.
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FE

Further Study on N on-hnear F1ttmg of TL/ ESR Dose Response
Curve and AD’ s Uncertamty

Chen Jinbo Zhou CHangxi Zheng Huinan . Xia Lidong - Huang PeiHua

(Dept. of Barth and Space Science)

Jin Sizhao

(Center of Structure and Elemert Analysis)
Abstract

The paper deal with the determination of Accumulated Dosé (AD)-and AD' s uricertainty by Non-
liner fitting, get satisfactory results, and discuss the characteristics of Non-linear fitting.

Key words; Non-linear fitting', ‘Accumulated dose, Saturation i’htensity
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One-step Method of the Trp Repressor Purification
by Cellulose Phosphate P11

Cui Tao Xiao Jie

( Department of Biology)

Abstract - : A

We have purified the a homogeneous trp aporepressor from an overproducing strain of E. coli
carrying a plamid contéining trpR positioned between the strongly regulated tac promoter and the rpoC
transcription terminator. P11 cellulose chromatography is used in conjunction: with a gel electrophore-
sis assay in which the repressor, when bound to the trp operator, protects an Rsa:l restriction site from
endonuclease cleavage. This method provides a simple way for studying the molecular basis-of specific

interaction between proteins and DNA.

Key wards; Trp repressor, cellulose phosphate P11, plasmid:pRK9.
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A Study' of Sitte Wave Modulated Light EEG Biofeedback
Zhang Zuosheng Liu Ping | Lin 0i o

(Department of Rlectronic Technology Fundamental)

Abstract

This paper introduces a now EEG (electroencephalogram) biofeedback method—sine wave modu-
lated light (SML) EEG feedback In contrast to the tradmonal EEG feedback method SML has the
advantage of provndmg objecnve stimulus dlrectly through an outer feedback loop and thus not needmg
mental mvolvement of the subject. ‘ ‘

A EEG SML bxofeedback system is developed and some EEG alpha rhythm SML feedback expen-

ments. are conducted. Analysis of experiment results is presented “too.

Key words; electroencephalogram ,sine wave modulated light, biofeedback.
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Detection of Ultrasonic Transit Time,
Amplitude and Flaw in Concréte -~ - %

Lu Jiecheng Zhuang Zhenquan
(Dcpm‘tnacul of Rlectronic Technology)

Abstract o o o

. A computer program to detect the ulttasqun:_ttransn time and the first ultrsonic-amplitude is; in-
troduced in this papér, This program:can be speedily ahd accurately realized to-measurée the ltrasound
time and the first ultrasonic amplitude through detecting the first point of ultrasonic”waves.  Some
flaws of .the:internal conerete can be fundamentally judged aceording to the.measured-results.- With
this program. in.computer. PC-AT, in--all it will .only ‘take several seconds-to calculate the.ultrasonic
‘time ,. amplitude ,'-and; their: maximum, ‘minimum and.average values at. 16 point of the-tested:con-
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Key.words; - ultrasonic trangit,time; the first ultrasonic amplitude,; concrete flaw.-- .. |
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Application of Heat Mirror for Prevention of
Frost Formation on Windscreens of Cars

[
52

- - ., Zhang, Yinping . . Ge. Xmshx . Zhou Chuang
. Gao Juwen Ll_aqg Xingang .
B B T P

o T S A T

(Department of Bugineering Thermophysics)
Abstract

This paper analyzes the problem of frost formation on windscreens of cars based on heat transfer
theory and puts forward a new method—using heat mirrors to prevent ‘windscreens from frost forma-
tion." “Bésed on the meteorologleal data of Shengyang,Beumg;Hefel,Chongqing,Fuzhou ithe probabili-
ty of frost formation is analyzed’for 'comrmon ‘Windscréens and for those With heat, mirror-coatings. "The
results show ‘that the trouble of fl'OSt'fOtmathl’l dn ‘common ‘window glass&c of cars often ‘occurring in
the northern and eastern reglons of Chma can be solved thoroughly by usmg ‘heat mirror glasses( e<0

[ o
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Key words; heat fransfer , thermal radiation, emittance,heat mirror. : o



F21B 54 & B ¥ E K X B 2 & Vol. 21,No. 1

19914E12H  JOURNAL OF CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY . Dec. 1991

EAXRHBRRAARAERENER
JE R £DE Lo

L (IRBWER -, .

.......

. Lo ¢ cip e
LR AP ] il

EPRTRBENGLAR TRHSFERAEL n ERB T A VA S
RoEESHARGER. RAELGTRATRERAEN K RGER, #3EHt
ABXBREPEBRRATH AOERTEGMBRE. M m AT ML
4% 7 it .

X@iE: EAXR,BR¥H, sama% BROEEJHE.
hBESAES,. TU9S. 12

- om

i EHREXRE BRREH AR RRE ZEEEY M- HAsX BT —RHR,
REMEEROMERBRTAERETF A VH#RED (KR AN H S 55ER 0 HER
MESHE)HE A v HELEARGEFIEE RIS HMEREHE S BBt TR E RS,
RIS U AR S S R ey T RS T A A KRS B R B AR SR S m T L MR AE BT IR S R
B MR 2 (R B B R Om, KB 00, R AT1% 5 BLEN, O B9 8 75 M E PR K

REIEBERW TR TE 4 VERARHR T ZAB N f A, EXRAES
HEERAE T KT A VAMBE EERET » 54 VIR b WA, 2AT - LFAR,
KA LAROEEET . T

2 ZRER

I ARBRARER. BRI —IEN K, 84 L K 0. 5m, ML AR, EREE

1990 4 12 A 2 HW(H.



AN T AR Ko R A RS i R 6F B oh 509.

B —PEA LT REGF O R RET EESTFAROSAZ — FO LB TH 5%
# [ #4R D, M D., % Dy M1 D, B BB AT

BAF KM AR GBS E e ER D K8+ - —
TR AR A AR et PO £ o AR ERE H
B, S B ¢ % 100mm, TR R K RAEFE prooen W
KA B— N, RE BB AR OB LN X o2 DS LR
AR R R E R AT e e il [ I
Mped k2  r_f_jjl1

somm. KRk RRELA BHXTHE, REH .
%ﬁﬁﬁﬁiW&M@$&%ﬁﬁﬁﬁﬁ%ﬁ B1 XBARAEES

Em.
3 BREWER

3.1 A J—'-‘Jhii#mﬁ&mwm‘] o '
gmm% ﬁ“ﬁ?lﬂ*éﬁ#ﬁ#ﬁ :ﬁ#imﬁiﬁ‘fﬁﬂ% ﬁﬁﬁﬁ%ﬂfﬁ&@e%%ﬁm&b
Rl M@ﬁé‘]f@]ﬂé:ﬁmuﬁﬁﬁ?%mAmﬂ%mﬂim:ﬁﬁ Eﬁ%ﬁﬁ»&:ﬁmntﬂé
MR, R =S NER O TEITBHEN W%Zl“]#ﬁ—f’éﬁ*’ﬁsﬁ .
Y 2%&1?’*%&&1:1(1; L/2)B‘J‘ FﬁA J‘g{
BREYW ,  ANESR L2, BT 8 B R A — SR A 2R iy, DA B H
Lo TINGL h=250mm B TES A ERPHAMAGARBTIE.
. o YA VHBRAMEAERASERE-ERENG
. L kBTRXBEEER. XREAESAEHENS
UL T TEBE . RBERMARERGES: 4 VERKA—EHE B
ot vBBR o KRAKERESD, EHEEETR HBHAKE
02000 4000 45°—°‘£;m,”7‘ B ARG, AR R TR E B 3, R E R
.2 m“v,—ﬁ** KENRYE. MEZNRENAR, KBRGEEE
A CEIMR, RASN —REENRGE BB/ PUE
i‘.ﬁ&fﬁ#f *ﬂ'm}&%ﬁx Eﬁﬁ’i‘iﬁ?&h&hﬂkd\@ﬁﬂ‘?%ﬁﬁ% my. A VHEH
m— e, KGRI RERY, B XEHREN K —EREREEXRRT HRBRER
8. WA VT SRERK, il’iﬂiﬂi?‘!ﬁ@kiﬁ,mﬁﬁﬁﬁi EA f‘~3000cm5”lﬁ=hli¢¥u
BRE, EERBRET. - . .
v RN, %#%ﬁ%lﬁﬂﬁkﬁﬁ k’e‘%ﬁ ?’é‘%%ﬂis&%T%%ﬁﬁtﬁ?ﬁ%,ﬁEﬁm
@%ﬁ#—ﬁ%fﬁmﬂlﬂ %ﬁmﬁl%d\ﬂ:%{aﬂfﬁmﬁﬁmﬁm}?ﬁ kﬂ‘lﬂsfﬁﬂtimﬁxﬁ
ﬁ#&iﬁ?ﬁ%ﬂ :
§h$ﬁﬂ1,ﬁ?45¥UB@m~A /_m&ﬁﬁﬁéjcﬁﬁﬂ l3 &'T ﬂ*#ﬁﬂﬁ% Eﬁ]&‘]
Ze:ﬂs%wfau EBEZEFIFBA YR EAER E 4 VH RN R T EEARER
BH B B » R KEHERA. MEROREGH . AEY 4 VA BE—SHR/DATER
RERERESEHEE 4 VAHRK.» EFt+oRE. SHERT n BB RELERD

o n (mg/s)




510 O OPEAFHRRFFR F21 %

RIERXBS.

L1743

o AVH =1593em™?

; ) o
160 b= 300mm s
“ . ! - M N \ -
I h=250mm g_.;»';.'
£ 120 ~ °E 120}
- T h=200mm ‘ B I : o o -
80 m, - . 8o} f"; fh, SR - Aﬁ#s&é&n”’
. . Lo E o Sy o T I0dam .y
1 1 M 1 : 1 10 L . 'Am=262cm!/1 )
2000 1000 6000,“ et
Am(cm ) h(mm)
B3 hRRMmi AV HOER B4 ZARAGAVHHaM TR

B4R =R MB R b 2 A, TUEH, Wi b BT m RSB KIER
/J\ﬁ@lﬁﬂ‘l#f"—* ,E A f_ﬁtjcﬂT,m E‘Jﬁiﬁ@iﬂ:ﬁk ﬁﬁﬂ}i h %&&XT%W#%’E&E—EE
%ﬁzﬂﬂ o
3.2 A«/_'Sk'x’iT ﬁllﬂﬂ’h'hﬁ .

—iﬁﬁtﬂé ﬂﬂ%ﬁﬁ%ﬁiﬁ%ﬁfﬁ?‘ﬁ%ﬂ‘

Gkt - o 1
Tu SRR ]

-ﬁnp In Emﬂmﬁw&mmwmfﬁ%ﬁmﬁmmﬁﬁ Eiam)dszm e B T
Te B SRS KA RS0 B i TS R B LA W 8 M I HE B, M R B A0 LR X
R EEHEATHERE T, R0 RRNREOMRECER. T. WHESENRENE
BRATTH NN T R TR W A RS, TR v K T AR R AR
RUREHSH T AR DERYZ = HTRROTRENS, REREN 5 —BFR4R
ﬁﬁe%%#ﬁA/—ﬁhMTﬁTﬂéﬁﬁAﬁ$&ﬁﬁ£%%T#%F%éﬁ?éi
BgmW.
FI T @'i@amaqﬁwﬁmm%nﬁ ‘Ivk‘»b&?ﬁﬁ*#ﬁm"& iR s
TS IR 2 I 3R B AR T R S 4B 5 Bk T mmz mﬁs«eﬁﬁ m /—
ﬂh%KH&T%ﬁﬁwMﬁ%ﬁEQQ S

& A VHRN EAGESERR, KGR %‘-:ﬁmn%i&ﬁ& ﬁwﬁm
BEHESE R TRETEMRERNRE, KBS IERRERSH, SEERRBEES
RETE MEERRE HE WIS NKEEHRFREE, FHESSTRERNR
ABTNE,» FEHA, YK EB BRI AT » B RH AR  REFBESE M
SEEUT,MASKBRANEIENENRE XEIE 1. FHRE FRHER D0 R
BOESHMEMT . SCEABALHAR TRI—BREE S TRERRS. EREY
SEEEA TREERBE. » BEFEE RS B 7 X % O MR8 B—FE R FF
e iR IE R, B R A MR R Bl . R RS EE IMER T LA, BliE
TEREN B A —E & SUEERY, SNREFEETRRABMEN TREAERAD



40 T A X O R R 2 Wtk ik 69 ¥ o 511

32 955080 e SO B O R K/ B R I 3 F T R 2. TIAE SOt B R AR
BLRESWN IR RIFH R T T MRBLT B 082 <, Bl m B K
UM A VARPSEN ENGSSBIK BARENR, SHER TR » B HAT—
BRAK:  RIGH BRI E IR B O (R R ST B — A T SRR R A, B
m BRI b K nafa%m; f% 'sﬁ'r faﬁ,asu ﬁm&mzm#ﬁmw%ﬁf
RERMBAE. o T :

' 4 rmxn,%ﬁﬁmm&)\me%am&sﬁ@ tzn%)dﬁ?ﬁﬁm'fc%wm zm—f

REHEN QIR BRBMHER T KB ZIURBORW. WH » T, XHPWE
'm&isa ARYER B RN To BRIFRTm HIBEN. 00 R 01 o0 0 300 48 S8 T B
2/305 K BT BB KB E M m B L KHME » BAS BSERENZ W BRE
e TR EAR, iﬁiﬂi’]?‘ﬁ%k‘iﬁf’ﬁiﬁ SRR E X ERT X ER T dh
BB HIE H. . |

3.3 mmhuﬁﬁﬁmxﬁmgmﬁﬁ it

M5 GaEE T AR A4 VAR n—h g8,
BIMARIZUT Y ERE, R LR 7R ,
HFE— A VA BE K, » HHA KK 2.0
{H, MY A VH,=1539em? (MY F F=200mm): =
P AR KRRk 4 VHEEIKR, A 0 f L
BEEMEE AEBROLEWEF A VE="""
6203em™®) Bt , BRI 5 4 VH =10346m¥2 (4~

An AVE = 225m*

LF A=I50mm B ERE. KRAY 4 VE RN B
RAMBHEABBOERLETRG. - 0 Ll oo
BN REREERRRERE AVEML -
RERSHLAS. S TRASMERANL g, wRA VTS

BRARBH TS XRERA VEF—EHKX ’
AR A TTRT XESREER O K RSB S R RA, ﬁﬁ%&%:‘izﬁmm‘]
SMHI IR HRAR S B0 B, OB KA TR X AR AR K. IRSERAERR KA,
S EUERE SRR, EHSERESAERHERX. MU RAERLR PRI RIAT M
KIGEEA K 300mm, % 4 ' H =1593em™? h=340mm ZE 47 B , BB R4 BE B FIF =S 4
LAER NAHERASKBE KNG AT m A BIBKE.

LER O KR A E MR IR, A A LR R E— BRI ST
i 41 1 BLIE ik SR ESHA R BRI T BRI BB n. XPEHYA VH
M —E )G, ER AR E AR EZE N Z IR A RRHE R B B

3.4 EAMEMNERHIH
A YVHS h HEETHRARE T H R EFRAHREBRE. EJZVE%“'BEZB’JIFEW#T

AR EHRGER L 5 TR B S RIE H ZEAMEN SNBSS RE 6. hFiE
ROJUER iR SRS ERRERUN. THAMLENE RN B 5B EREN B
N RR. FEEIIE b 297% 100mm RHERFBEREN 4 VA RN, 2WHSFEES RN, X



512

TEAFERKRFFR F21 %

N/J\ﬁﬂﬂﬂ@?ﬂ%ﬂ'lﬁ'l%?#ﬁﬁi‘%ﬁ FEZTMINBRANEREZ SRRRBR,E

e

IE
0.5
0.3
0.
0.1

°s"'»

e

=§;_-_»’. O TEREHNE
of [ \ 1R B

1 S SO A

SEHMERBHRAS BB G, ARTREET. XS
o Mk AE R I HHE A ANE R D, A 5 R R
R Y. BRI BT 4 b R S R RHE H BT B

B, P MRRXAN BN SRE, ERERHE b
fym—A VH BB KEREN. LR, LiEX

DR RERSEXAREHERIBT BRI 4 VA B KE. &

)

Ix AL ER O EER R SRR AN RS X

X RLARE B AR K B R B MR T 3 BB
RIBETAVERKKMBE: K& LARFET
O A S 6 38 B A N R T 24 A R S K
B KIER SR BHH 4 v RKE, ZRTH A
Mg R NEERGER O REHE TEL

' 000204060810 "
o RIL v

Be TABRRKEKGIF

4 i-*

Ok XTEWX?&&’E@?F&"@ hxﬁ—ﬁ&&iﬂﬁ S '
BIR R FE MM R B B R R - T 5 B BB R 3 i ﬁéﬁiiﬁt}‘&

OEANASEREE N E NG, B OEEX T E N THRE 7. 78, AT 518 miﬁ
X.{EY bEf’J‘I&&kﬁﬂ@EEﬂTlAFﬂiﬁz"ﬁﬁkﬁ TS B/ A VHM RELEE
U, TEEW&&%QFR*%W]){?&B’JMWE ﬂﬁ%ﬁﬁ’ﬁ%ﬁﬂﬂeﬁfﬁr,‘iﬁmﬁﬂl'
BAE. Ej:*ﬁﬁqﬂﬂt{ﬁﬁiﬂﬁ A VH =1593cm*? h=340mm 5. oo

@4 VAHKFI—EHIE BEBENIERYHMENBEHEIEEAR, ﬁgmwﬁ%&)\
RT&AE Ta BEAR. FRS 4 /_ftjt—lﬁﬁﬁiﬂ‘?\l?ﬁﬁ #ﬁﬁﬂ::ﬁmﬂﬁ%ﬁ‘]ﬁ%#“?ﬁ%k
Xiéilll AR B
o @B ERERO M ERK TTE 4 /_Hsﬁfl\ﬁﬁﬂﬂﬂﬁﬁﬁﬁﬁﬁua LFx’E%
A /_E/Jiék e )RR R o R GO 7 O SR RH R R B TR D

R AR EW%%&%%@E%%%‘%’E. fﬁﬁﬁttﬂ¥i§k}" "Iﬁ%'lﬁ’#ﬁﬁ'&’ﬁ
BERE R OB R bR R :



A3 R AL & F 4 G 513

™

% X &

[1] Drysdale D, An Introduction to Fire Dyriamics, John Wiley ‘and Sons Publication, 1987, 305—310.

[2] Steckler K D, Baum H R, and Quintiere J G, Fire Induced Flows Through Room Openings— Flow Coefficients,
20th Symposium (Int) on Combusuon, The Combustxon Institute, 1985.1591—1600.

[3] Tewarson A, Fully Developed Enclosute Fires of Wood Cribs, 20th Symposium (Int) on Conbustion, The Com-
bustion Institute, 1985:1555— 1560.

[4] Takeda H, Experimental Investigation of Fire Behaviour in A 1/6 Scale Dual Opening Compartment, 21th Sym-
posium (Int) on Combustion, The Combustion Institute, 1987137 —142.

(6] RAEEE, EROXENKRKEWHERTR, WEHE, 1991, 5—11,25.

ot Tty

The Influence of Ventllatlon on Mass Burnmg |
Ratc m Compartmept F1res PR ST TR

SRe o PO s e e e e e u e e e aeeaee e

“Huo Ran Jxang Fenghm ang Mmg O
(Department of .Engincering Thermophysics) '~ : Tl

P e Sy
The influence of both'’A ' . the véntilation parameter, and k, the“veritlocation’height, on the
mass burning rate of liquid fuel is investigated in a reduced enclosite. It is found that the later has se-
tious influence to the énclosure fire development too. It can affect the action of the smoké layer on
flame, and lead the air supply ahd heat 165 condition to change; So some vatiotis combustion phenom-
ena appeares. The variation of the maximum’ butning rate’ with A V' H -and k ‘are discussed:’
Key words; compartment fire, vent influence, ventilation' parameter’, vent lotation "height.
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