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Strong L,-consistency of Multidimensional

 Nearest Neighbor Density Estimates:

Wu Yaohua

(Department of Mathematics)

Abstract

Suppose that X,,--,X, are i. i. d. Ré¢-valued random variables with a
density f(x), If S, . (., is the smallest sphere centered at x and containing at
ky

Ieaét k, pOiIltS Of Xl 2%y X,,, then f,,(x)= *MT-—'I—
8,6 (3)

is nearest mneighbor
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A Simple Proof of a Theorem of Misiurewicz
Xiong Jincheng
(Departvmen t of Mathematics)

A bstract

In this paper the author presents a consxderably szmple proof for a theorem
of Mlsnurewxcz which shows that if the penods of per1od1c pomts of an mtet
val map are powers of 2 then this map has topologlcal -entropy 0. i

* Key words, topological entropy, periodic ‘points, continuous map.’
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Non umform Bounds of Normal Approxumatlon
~for: F|n|te populatlon U 'stat|st|cs (I)

Miao Baiqi = Zhao Lincheng*®
(Department of Mathematics)

Coo b Apstract Y

In this paper, we establish the non-uniform bounds of normal approxi-
. .mation: for . finite-population.U-statistics., This :paper.is divided into two
..parts, In this,-part, (part:1), as a preliminary«ftheor,-em,,.we establish a si: .
milar result for the partial sum in the case of sampling from a finite -
_population, In part I, which will appear in the next issue, we will com-
‘plete the proof of the theorem for finite- populatron U-statrshcs._

' .
‘,)7 Vo

1o Key:. words: finite. populatmn. normal, approxnmatxon, sampling, U-statrstrc.

’
[T . . B i . L
o : B : ' R N ’ B ]

T lntrod uctlon

_ Statrstrcal mference based on data resamplrng has drawn a great deal of
attentton in recent years. The study of the remamder term est1mate for some ‘
important statistics of a frmte populatron obtains new apphcatron in thrs as-
pect (see Wu, 1987), In thls paper, we study the non-uniform bounds of normal
approximation for finite: rpopulation U-statisties. = = -

Setezr

Let Ay be a populatron of N. balls beanng real numbers a,,,, ,a“. Draw :
n balls from A4, randomly without replacement, and denote the numbers ap-
pearing on these n balls by x,;:,%,. Suppose - that qﬁ(x,y) qSN(x,y)ls a two-
variable Borel-measurable function whxch is symmetrnc inx and Y. Call

. Received March. 4, 1988, RIS SRR PRI VT
-+ % - The Project: Supported by National Natural Scrence Foundatxon of
" .3(':{-3(; Chlnaﬂx S gt e
# #% This author is a.lso supported in part by the Arr Force Offrce of
' Scientific Research under Contract F49620-85-C-0008 in the Unit-
ed States,
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S \2) rvai<kgw
the finite-population U-statistic with the kernel ¢. For simplicity and without
losing generality, we can assume that E¢ (x,,x,) =0, Defme g(x,)) =
E(¢(.y,,1x,}¢|x,») and, suppose that a;-Eg (x,)>0 T ,
Nandi and Sen (1963) researched the asymptotnc normalxty of u,. Zhao
Lincheng and: ; Chen: X1ru (i985 1987) establlshed the 1dea1 Berry Esseen bounds
of U, under weaker conditions. They proved that 1f

o<l <n/NE2p<i, <1 - TR 2
for some constants A, and A,, then there exists an absolute constant C (depen-
ding only upon /1, and 2,) such that -

S“Pl P( ~/~/ x)- P(x)| <C(Np(L-p))"*{o,*Ed* (x,,%,)
l’ - .

+0, °E|lgx) |} - Tt (3)
where ®(x) is the standard normal ‘distribution function. By more eclaborate
analysis, we'can assert that'in order that A3 is true, the  condition .(2)- can
be weakened as T ' ‘ I '

C 7 ozm/NA Sp<d, <1 T

and C dependé 'o'niyﬂupon Ao o N o b e
‘ '51C0nstdering‘ the profound ‘results about non-uniform convergence. rates:of
U-statistic, established by Zhao Lincheng and Chen Xiru (1983), it js natural
to raise such a problem .whether the analogue is true for ftnlte populatxon
U-statistics. But this problem wrll be more drffrcult when x, -,%, are not
1ndependent. , ' o o

Recently we StUdled thxs problem and Have estabhshed the followmg mam
result: ‘ S
Theorem 1 If the condition (2) holds,.then there ex1sts an absolnte
‘ constant C dependmg only upon A, and A, such that o A S
lP(ég%v-_<x)-@(x)|<cn‘”’a,"v A+|x])=* T (A

for every x and n, where v, =E|$(x,,%,)|*.

As a preliminary theorem, in section 2 we will establish a similar result
for the'partial sum in the case of sampling from a finite population. In sec-
tion 3, whxch will appear in the next issue, we wxll complete the proof of
the theorem 1 '
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%9 The Case of Partial Sum for Sampli-ng From a Finite Population

i. ' To' prové Theorem 1 we should ‘establish some preliminary:. results.
Obviously, we need ohly to prove the inequality(4) for large n and all real x. For
convenience, we often omit the index N and the phrase “for large n”. Besides,
without losing generahty, we can suppose that o, =1,Let I(A4)denote the indica-
tor of set 4, :\:\:(A) denote ‘the number of d1fferent elements in set A, and
the letter i denote \/ i especlally Lastly, for s:mphmty in presentatwn, we

make the followmg conventwns
In this paper, “absolute constant” means the positive constant depénding
only upen &, and R,,, which is” mdependent of n,N Ay and ¢, and can assume
different values on each’ of its appearance even ' within the same formula.
Throughout . this, .paper. we will .use C ,C*C!,C", A, pi,e,e* , .etc.. for some
absolute constants, use Q, (|, Q (|4)|) and "Q, (| ¢], |t|) for some polyno-
mials with absolute constant coefficients. Further, these polynomials can also
take differgnt forms at each of their appearance. ‘ v L
oo Qe e ‘ O T T B

bl—g(anl)/‘\/Ny Lr! leiP
="/N’ g=1-p,

ﬂl"g(xi)/\/Ny El Q(x:)/«/Npqa . S(i—zgl

E&.], S S S' I "l .

. i=1 oL

where J<n'is to'be defined. - -
It is obvious that -

"z:b,_o z;bz—i, E711-1/N

- i=1_ o . o ) .
. E . TN

1/N<Ln— JNEIQ(x1)|a<”a/\/N
ES =0, Var(S,)=N/(N-1)

In this section we prove the foll,owmg the,qrem:

N .

.,iTheorem 2. Let Zb,\—o ‘ sz— 1and (2) hold, Then for all n and x
S i=l i=1
we have :

S ""I‘P'(S;<x) <D(x)l<CLp(1+|xl)“ S (s)
We need the’ following lemmas, ' - ;

» 27 »



Lemma 1 For any o>0 any and n<N we have

srerndn gt EIS P LCECwy” S STRLE FERNFE A A PR R TP Bt O
- Proof, We: only. prove Lemma 1 for every even natural number; 2k, that
1s ElS I2'<C(k) -we' have R oA Clevre et st g TR
R TR 4 P (2k) ; “;~'r‘.~'. rm' o,
TP T AR r(:'] )ZE EE r, Tout ra l(m)E(”l, '7]"’ ) Gt s

A sl g o SRR R Lol < : . o,
where the summation}’ is Vcarried_.o,ut over all integers r,,.,. r, satis{ying
ritetrn=2k and r,>1,,r,>1, If some r; =1, for example, Tm=1, _then
we have .

vy

(m)E(’h 1 )—:_-N ,,,“(,,f)ZE(mm nm-n

=1, . )
. L ) . . m-)
‘f‘l"ﬁtnm]?(ﬂmlﬂx. ‘- ; 77".-1) = -IVTE’?: 'So ’the contrlbutlo'nbl o/f ht’hls term
n ' : i
to E(Ev,)“ can be merged 1nto some summands ‘with’ the forms B R
i=1 C g i b

(m 1)E (,]?‘1 r,,,_ and does not change the orders of magmtude of these sum-

mands. Hence in the expansmn of 'E'(Zﬂ,)”‘ the terms with some ry=1
i=1 .
can be omitted, and we get '
om k- ) _
B (<D Cr) ([, )IE @i nin|
i=1 m=1

where the summation)’/ is carried out 'o'ver‘ali intégers r,, -, r, satis-

fying ry + - +rn=2k and r,>2,.., r,>2, In this caée El?} I<C(k) sb
E (27},)“<C(k). and the lemma is proved from (2)

i=1

Lemma 2 Let e and e* be any f1xed posntnve numbers. and J<n, set

A,="{<x., -y x,)sz:n >J/N+e} (6)
B,={<x;,“~-‘-,"x,‘>;f|2'v‘f‘,~|">a*‘L;-;1}f Y 3
i=1"

thén unde the cdff&iti&i‘ ‘of ‘the Theorem ljl,zthe 'fdllgy;i;lg' estimate {47 falid:
P, UB))<CL; L
The proof of this lemma, is ‘almost the same as Lemma 1 in the paper[ 63,
Suppose /=20, i N'-*<Ian-J<p, N1-% gy, #,;>0, 0€[0,1/2], i
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Set N=N-J, p=I/N, =1-}p, It is obvious that S
p=m-D/WN-D<n/N<R, <1 o
Let C*>1, C’, C’’>0 and {j,, -, j,;}<{1, =, N}, Define , = .

: ,4D~-{7=1<1<N, |6;1>C*Ly} L e (8D
Gy={1, -, N}={js, -, is} €9)
By =N dtby, Sy=E/YT7> Se=0ldh, D=g+Pe™ 0 A0)
B =N athyy NN TN t)-qe-"“*+pe“”r« . an

Fo={(h, D+191<2C" Vg7, 111<C" 533"}, b.,-l.\maybkl -

"{(4’9 t): 2Cl¢ﬂp§'<|¢'|<7‘~/ﬁpq 9|”<C,'s/~"b-l}
P, D 4I<2CT R O b <11 <CT B LM
Fo={(h, D120y Rga<| ¥ |<ny/Fig» C''Vigbs'<ItI<C/ygLa"
In the definition of f,: ,I"‘. taking of f all the “~7 we get new sets
of («[:, t) and denote these sets by I"l. 1"..
' Suppose Ce T o
‘):;b,,\J/NH |2b,,|<e*L.v , for e, 0t an

i=1 coa

SO

IR

Lemma 3 Let positives & and e* be small and C* be Iarge, c/, C"’ be
‘small enough “and C’>C/C*, Then, when’ (12) is valid and (¢, 1) 61" UI"
UI" UI"., there exist absolute constants C andp.such that ' v

."x

) S (¢, f)|<C exp{—HE(P?+1%)} IV

a3

kEG,—D” -
CN"exp(-P(¢’+t’)},. when (¢, #yel, UT, (14)
M 5, t)l :
KE€G,~Dy=4 CLexp{— £ (P2 +19)}, when('t,b, tbel" . - (15)

for N large enough, where set A={m,,m, ,m,,m } is any snbset of {1 wN},

Proof The proof of (13) can be found in Lemma 2 in the paper (6],
‘From (13) the estimate’ (14) can also be deduced Now suppose that (¢ .*t)ef‘,,
using (13), we get : : :

M 6., <CLg,exp{ BE(prein} T
ka,'DN . ' (16)

1f some element m of 4 does not belong.to Dy, _then L _ ‘
Iw |<~/_. (| ([:N’”’ | +| tbkl) <(3C’~/ Np"N‘w"‘ C”*/p"LNlC*LN)/\/pq

<2C’ +C’'C*2aC :
Takmg t‘ Small enough from the mequahty 1- cosw,,,<1-cosC<C’/2 we
“have ' : :
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lpm(dst)|*=1- 2Pq(1—cosw,..)>1-C’pq>1 Bi>0
Using this mequahty and (16) we obtam (15),
Lemma 4 Suppose(Z) is valid and 0<p, N“'<(N J)/N<# N'“ for ae
[0 1/2] and select ¢ and e* appropriately, then there exxst 2 and # ‘such
“Vhat o o R

Qa0 |E{(S',,')'exp’(ifS")|x,, X} <CN-rez ‘(1+|‘S’,,I’~FN"“”'I'fl">

e v‘-exp{ #N"‘t }s for r=0, 1,2, - o
IE{(S") exp(ztS )|x,, ,x,}|<CN'“”(1+N“"’L +|S | +N-32| ¢] %)
T Vexp{ - ENEE R Ay

provided |t|<&LN%Jpq and.- (x,, ,x,) € A nBc, ST

C oyt

Proof The ca,se when r=0 in (17) can be proved by Lemmaz in the paper

[63' ,..I\n‘.-.other =c‘ases,"~-Let»-x,_ =ay;, ‘I =1y.0d, and write 3, = (€7 ) idd 2 7.

Because of ‘the relat10nsh1p between S" and S,, , We only need to ptove that

—IE{S,, exp(ztS’,,')Ix,, ,x,}|<C(1+|S'l+|t|)exP{ Pt’} 19)

M é|E{(§")*expcit§")|x,, 24 H<CA+]S) +t=)exp{ F} 0
-—IE{(S") exp(ztS )le, ,x,}l ‘

- n R -
PO PR 3

L L <CAANLy|S® +|t| yexp{ - p1* } e
where IHSM/'EL;‘, ; _ \

‘ Define B,(®» =«/ﬂ(.ilv)z"§§". It‘is not difficult to seé ‘thait‘
' Efexp(it50') 415,002/} -

"‘il

1 T b ) —il6ydo
<p> \/271,05‘ ‘_‘?*Pze’;‘f’_{f( k/'«/pq+ )}>exp( _z.) ,

I =

v

RN PR ;;"~ e
Tarm e | T adeole-isry Npq}dsb T e
L Ig, /=~~~ REG .
from the equality . '/"‘“l ’ ; et

. .- (2x  for integer k=0,

[T erroao={°

- 0 "~ for mteger k#:O o
Dxfferentxatmg both sides of (22), “we obtain o

M&CI Td¢ Cj S 27;=bkexp(:u)k) T s, |d¢. T a
T e e e :#-kl
E!.ere' we -have. already used. Striling’s formula to get the followxng estimate:
- Jﬁqu ) _1+O(N"“'“’) for a€f0, 1/2] (24)
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Take C’ and C’’ small enough such that |w,,l<1/8 for (¢t)€l, and'k
€ G,. In this case, we have . :
» exp~(zwk)/8,—1+0kwk
Here and after, 8, can be assumed to have different values - and 16,]<C. . We
have

5,,;(, f" )l

2b.|+c ' |b . |<c 2b,,|+C|¢|N‘”’EIb | +Clt |

kcai - chl R ,,1.

kgﬂ/ﬂq hexp(tw,‘)[

v
A

| .%C{' ;,__L‘,,}:, +.<|¢|+|t|>}

Thus; it is inferfed by (23) and Lemma 3 that R TR "T"‘a"

- .’\t.'v,,':=x
T.<c{| %8, +I¢I+lfL}exp{ m +¢ >1, fo; <zp, ner (25)
|| &aP00| T,
T,<C)::|b. AT 185 ¢4, . t>|<62|bktCN"exp{ Bt )
. f‘, ;ea,,Mk _ ot
‘<Cexp{ p(¢=+t=)}, for <¢-, i)ér uz. o e )

!-!'l

Now consider the case (t//, t)El‘,. FromEb,-—O we : ‘haye-.. 1.
§ _1=1 - “ , v, b rady

> b IZb;,l St L Ly s
tG,—DN i l=1 :cDN . . ) .
E lbd<C*"L‘ zbfs(c*,L )- - 28)

i‘DN _' i¢DN .-

Take C' and’ C" appropnately smaII such thatlun|<1/8 where kEG, - D,,,
then e‘“*/&,-l-i-ﬂ,,lE,,I/«/m, Usmg (15), (27) and (28), weAget

ant gl

(e T, < Z Texp(zw,) ]T 8,l+C Z |b* U r,‘arl
X "‘GJ"”N“/ 40 o {kEDg y,;!gc, Fak
<C| 3 &I l8,1+C Y‘_, lb 1D l8,l+02 |b,| m sy
keG =Dy iedy f}ﬁﬂ k‘cl—nﬂ ‘ :ec, Lo k‘DN . J(G,,l*k .

<C (|Zb,, +(C*Ly)- )+C<I¢I+ltl)+(C*Lu)' }L"exP{ B(PT+tn)}

£ 1=1

<C(|Zbil

(z2» So (19) can be inferred by (23),,(25)3 (26). and (29), It is similar to get
(20), In order to prove (21), dlfferentxatmg “three times in the both sides of

v 8%

7

+1+|¢|+|t|)exp{ ;mp +t9} €29



(22), we:have . e S e
M.<cf . Td¢
C 19 <N

where 7, =T, + Ty +T4,"', and e
T p(p»f) 3/2

2 b3exp(zta> Y

kcc, . mccl

T;"=3§ﬂ(§a>‘-”’| >
k, iGG, meG
- - S, ke f, ) = mvbk i~

T's" =§"3t56)_slgl ‘ 2 b b b exp{s(a) +w'+W|)} n 8 l
A ‘ | ":;G’ '

.The estimate of each term is similar to (17), but the term

CN*/?Ljexp(—-(t*) appears in the right side of (21), The reason is that if

C’ and C” are small enough, we obtain by Lemma 5 that

, <CN</* 316,17 T 18.1<CN*/*Lyexp{~ (¢ +T’)}

k(GI ﬂlfG’

The other éstimates are omitted. Lemma 4 is proved

Lemma 5 Under the cond:tlon of Theorem 1, there exxsts 1>0 such that

|t|"'|z°ESsexp(stS Y= ¢, (t)ldt<CL,
[t|<ALy3! B
where ¢, (1) = (i*ES3 + 3t - t*)exp (- t’/Z)
Proof Define p,=¢,(¢,t) by (11) and set .
= {=exp(~ipw,) +exP(3Q“’&)}/Ps=uk/Pn
v, = {pexp(= ipw ,) +gexp(iqw ) }/ps20uli,
w, =:{ plexp(~ipw,) +¢’ ex_P(‘iq"" D} e/ o, '

o B =yE(N e ,' ST

From the equality
g

E exp(itS,) = \/Nqu (p) \/ijw, <*mGl;l.1pk(¢’ f)d‘l'
we have _ . \
\ e . ‘ 1 ’ ‘
(B expirS )Y RACEE) 42W5.¢.<,¢N,,,<T*+T o1

“F&(‘I’ f)d‘l'

k=1

Here

7 __7;& ):;b,,w. '

k=}

©32

(30).
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‘T,='-’sf;/“35 ¥ b @
1<k#i <N Ly L
I e : : T = -" (Pq) 312 2 bgb b'uh’uj,u,‘* R o "'3 (34)
' ' o 1<k 7, 1<N e
Kk#i£ £k

‘ Take C’ and C” small enough to satisfy |w,|<1/10 for (¢, t)E]",. In this
case, there exxsts 8. thh IG.|<C such that R

g,=iw [1+—t(q p)w +6 Ek] (35)
v,=1+i(g=-p)w,+0, 5" ' (36)
CwyE(g- 0,06 0 - @ED

Substntutmg (37) 1nto (32), we obtain that, when (4:. t)GI",, N

T,- 3(5pq) 363 <CZIb3$,,|<CE|b |® (N"”I«H-l-ltb l)
=1
<CL,N-'#19)+1td. @B
Further, substxtutmg (35) and (36) 1nto (38); we: get LA LA

M

T,=3 3 b6,6,+3. 3O bgb,&,[’—é‘-’ﬁ’—a&,ﬁ,)

l.<k$l<N. - AKkEICN )
+6,0, (3 +£¥)¢]:T'¢ £ T
where .
» ) N . N
T,=3 33 b2b;(N-V*¢ +tb;) =3t 3363103 —3N-/* ¢ 363
1<k¢isN ) k=1 k=i

o
1Ty 1<c| 3 b2 e.&,l c|se: 2 b6

1<kFi <N

k=1 j=1, b
+C Z (bi&ktb,5,1‘+b lb &iD.
1<k <N
Usmg this estimates, we can easily get -
1T, =3t <CLZQ, (| $ 1) +CL QA 1. 1t - - @9
provided (¢, H)EI,.
Substituting (35) into (34), we have

v== L bbb, (1425 0E e,+o*sz)

S

(1+ ‘;f/p‘” £, +0, ez)(1+ ’;‘f/_") £, +0,61)

Using an argument ‘'similar to the above, we éet

lT -t l<CL Q (l‘l’l)"‘CLnltlQ (l‘/’l9 ltl)’ for (¢, bHer, (40)
+33%



when (, H)E,, from (39) in the paper [6], there ex:sts 0 such that ||

Tlm<¢, t)-exp{~<</: i+ t )/2}+0L,;(|¢| +|t| )exp{— (¢ *+1%)/4}

(41)

A LT

"<C and A
Notncmg i*ES3= —&LZb’
Gt \/Pq k=1
get

PR
it .
Y

k=1

+0LLj Q=(|¢'|)+Ln|tIQ (Itl'l, lfl)]exp{-(qb +f’)/4}, for ¥, f)€F1

(1+O(N)) and usmg above estxmates, ‘we

(T +T, +T)2p.(<p, t)—(z’ ES3+3t—t )exp{—((,b +t )/2}

(42)
When (¢v t)EI" UI"” from (14), we have
' N - ‘ N
(T +T,+T )Zpe <CZlb | " |'p..l+C 2o bklosl T . teal -
k=1 m=1, m&k 1Qk+j <N m=1,m#k, ]
FF _.-.:"— T:'I":ML... ":a. - . y IR e B
B R X [ 23170 D T VN
1<k#j# 1 #R<N - m=1, mEk, i, 1
SC(Li+ N¥* k N*3Y N éxp( - B (7 +19)}
Not1c1ng that («,b t)Er, U, implies | ¢ |=2C’+/Npq, we have
|(4°ES3+3t—t Yexp{—.(¢* +t2)/2}]
<C{L +(|tl+|tl YLy}exp{- gt +t’)}
so the estlmate (42) is. also vahd for (([1 t)EF U]"‘, :
When (¢, t)EI",, the case is more comphcated Set HN-{I 2, ., N}-

D,. It is obvious that ['w,|<2C’ +C”C* for. kEH,,. After fixing C*, we can
take C’/ and C” small enough such that ]u,]<C|E | for kEH,, (see (35))

cni Notlcmg] ; by

2340

k=1 |

| €Dy itk

<1/C*L” and usmg (15), -we. have St

T, Tlm <CT biw. T pof<CLZexp{ (2 +tH}
k=1 i k=1 m=1, m#k

S A e e T
T MM p<C 3o0%10ul] 35 04| TT lpal +
R . A L S o A A

Vo A | AN

+C 30wt 30 loyul  TT - lpal
. m=1,mEk, | .



¥ i
N

<C30bE . Yo lorb il pel s € D223 [5s ] T [p-l

k=1 fdk, 1€EHy msk k PEDy m=1
m#ERk, §

<SCLI(C* 'Lyt + ||+ [¢])exp{ = (p*+£%)}
<CLZ{+ |¢t]+ [ )exp{—r(p*+1%)}
By the similar method the following estimate also can be inferred:

| T M, HI<C{LEQ. (I ) + LyQs (], 1]) Jexp{ - 1 (p*+ %)}

k=1
Note that the above estimate is also valid for (iES}+3f—t%)exp{- 1

(¢*+1*)} when |#|=C?+/pg b3', so (42) holds for (¢,#)€l",, Hence, when

|t] <C” /pgLy', we have
f_l__j LT +T,+T) [[pd,t)— (GPES+3t—1t%)
Ve | g | <2/ Npg =1
cexp{— (P +¢*)/2}1dp | <C LI+ Ly|t|Q, (| E])exp{ - pt*}
By (31) and the equality »/NpgB,(p) =1+O(N""), it holds that
iI*E{S3expitS )} - . (O<CLE+Ly|t]|Q, (t])expf{— 142} (43)

for [ <G’/ bals’.
When [#|<CL,, from Lemma 1,.we get
[t |iPE{S3exp(itS )} - GPES3+3t — £ )exp(—13/2) |
< [t]" {|ES3lexp(itS,) ~ 1] + [ESI[L —exp(~t7/2)]| +
+ 3lE]+ | t]exp(—1t?/2) }<ESi+ L|t|E|S?]
+3[H |+ [£]°<Q, (|t])
With (43) and (44) we obtain
lltl"lisES?,cxp(itS,‘)—-4),,(:)|dt={5

(44)

j:ri;c”y/ﬂl.; I£|<CL

+j Hl}]t|"1i°ES§,exp(itSn)—(j;n(:)[dt_gCLN
CL <14 SC! P VhdLy

Up to now the Lemma is proved.
Lemma 6 Suppose that ¢ (¢) have continuous third-order derivative ¢ ) ()

in |#|<T, and ¢ ¥? (0) =0 for j=0, 1, 2, Then
[Ciemtg 2 ol [T 10t @ o, for =0, 1, 2,
=0 =7

The proof can be found in Lemma 2 in the paper [ 47,

The Proof of Theorem 2

Set ¢g=1, 2,=0, a,=ES2-1, a,=ES]. Obviously, |a;|<CL, is valid

for j=1, 2, 3, Define
: .35’



Gk = e D exp(= 122 [t - 45y

k=0
. g.(¢) =Eexp(itS,) = R SERE (26)
Obviously, ; S
ha(e) =V | <CLy (12 + [t *) exp(=12/2) -
and

1B ()= () | SCLy(l#] + ¢ )exp(=t1/8) - H
where' the de£1n1t1on of ¢,.(¢) is found in Lemma 5, W1th Lemma 3 1n 6]
and Lemma 5 in this paper, there exists A>0 such that

I L gaCe) - h(t)ldt<CL~ R “n
IsieiLy , :

[ o ter - ~hi" (914 <CLy T
1s <XLN I

Noticing gf!’ (0).=hks! (0) for j=0,1,2, with lemmae and (48), we get
i i lH1741082 () =hSP () |dt<CLy, for j=0,1,2,3, 1+ (49)
"y Ly , ‘ . ’

Define

D2, g () )
k=0 k1

It is eaSy to see that G (x) is non- decreasmg, H .(x) is differential and
has bounded variation on R*, and G,(+00) = H (+00),1%.]x]*|d(G,(x) - H,
(%)) | <oo, |H,Y(x)|<CA+|x2])-%, So G, andH satisfy th-e conditions of
Lemma 8 in chapter 6 in [2], Checkmg the proof of the lemma agam, we see
that this lemma also holds when T>A here A is an absolute constant '
Set oo n ' '

3
G.(®)=P(S,<%), H, (x)= ¢

d,() =L”e‘ trd (x* (G, () —H,,(x))
then ‘

G, () - H. ) | <C+ =) =*{| S I9 @ -0l

151Kt

+§l a1 |6,(¢)|dt+CLN} | ‘ (D)

From Lemma 7 in Chapter 6 in [2], and notici';'xgi (47), (49) and (51 ,
we get SRR o ! -

6. - HL ()1 <+ ]y {j HRFRCET NOTL .

-1
I<ZLN

+Zf

i=0

#1719 (8 = s (0 1dt + CL}<CLy A + 12"

|.|<xz.'l

%360



’;But‘ et ’ s ot : 2 14 ,?;;" *ﬁ'
4H f(x) d’(x))l‘<CL TR LI DIPINES

50 Theorem 2 is obtaxned from (52) .
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value theorems to a more general Goldbach problem, the author obtain some

new results on the number of the solutions o[ an cquation of Goldbach type.
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Structural Relaxation of Soft Magnetic Amorphous Alloys
(Fe; - 5 Co, )s2Cuyp, 4514, 4B13,2

Wang Genmiao Chen Huiyu -
(Department of Physics)

Abstract

Structural relaxation of (Fe,.,Coy)4,Cu,. .S1. «B,;., amorphous alloys
(y 0, 0,01, 0,02, 0.05, 0,01)is studied by measuring disaccommodation and
resistivity.. “There are two peaks of relaxation spectra for all alloys when
they are quenched and after annealing treatment in the temperature range 25°C )
—350°C, The Co constituent y dependence of peak temperature or the most
. probable value for the activation energy Q., is different at the first and the
second peaks, The deviation of linar temperature dependence of the resistivity
and a little peak (fory<0.05 alloys) take place in the same temperature
range with the second peak of the structural re]axatnon spectrum. ’

Key words: amorphous, disaccommodation, reluction, structural relaxation.’
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‘A’ Numerical Invest1gat1on on the Instab111ty

of Swirling Flow

Xia Nan

W(Depar';tl‘hi}ent of Modern Mechanics) ‘

Abstract

TR T . et

In this paper, the instability of the iniriscid"incornpréssrble swirling
flow between two concentric cylinders is investigated, Ludmeg s stabrlity
criterion derrved under the condition of narrow gap is analysed ‘and the
temporal growth rate in the different conditions is calculated by' a finite
1d1fference numerrcal method A check on Ludwxeg s stability criterion
" i{ndicates that some errors will occur when this criterion is extended to the
cases of the wide gap and different velocity profiles. '

Key words, stability, turbulence, vortex.
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The Measurement Method of Rock Density in
Natural State Through Muon Intens1t1es

Zhou Dazhuang  Ma Fus.heng Cheng Chunjie
(Débt. of Earth and Space Science)

Abstract

-*The: intensity of underground cosmic-ray muons decfeases when the rock
depth increases, ‘The rock density in natural state can be measured through
intensity-depth relatlons of underground muons. This method can precnsely
measure the average densities of rocks with any thickness up to the order of‘
1000 meter in any direction above the muon telescopy

Key words, underground cosmic rays, muon 1ntenS1ty. rock den51ty, Applica-
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' . Abstract

The '1dentxf1cat1on of modal parameters by usmg time series- ‘analysns is
studxed in this paper. The prmcxpl‘et of »identification. of modal.‘_parameters.by
ARMA: and ARMAY models S mtroduced the ablhti,es «identifying irmodal
parameters in seperate modes, dxfferent SNR lngh damping, close: modes:: by
using simulated experiments are checked, the conclusion is that the ARMAV

model i% ad efficient method identifying: modal parameters,

Key words: time series analysis, identification of modal parameters,
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The Development of MOSA—II Multichannel
Optical Spectrum Analyzer

Guo Li Yang Zhoujing Fang Shuyao
(Division of Electrical Engineering ard Electronics)

Abstract

The MOSA-T Multichannel Optical Spectrum Analyzer is a high-perfo-
mence, easy-to-use measurment system for extremely rapid spectral data ac-
quisition, processing and presentation. It consists of four parts: vidicon, data
acquiring and timing circuit. the correcting circuit for the geometric distor-
tion and the non-uniform distortion of the vidicon, IBMPC/XT and color plo-
tter. The system has the following functions: single spectrum acquistion,
continuous acquisition of multi spectra, noise reduction, math. operations (in-
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cludmg ,a_'dd;i_tr'ion, $u13_t,ra'cti0n, .'mult‘ipli(:ation, and_;division) -and geometrit trans:

form action of the spectra, and 3D-presentation of ‘the spectra on ~both. the. -

color screen and the plotter. The absolute sensitivity ‘of the  system :i§ 18
Pliotons/sec.mm?®. . The access time for data acquisition is 64 £s/per channel

and the spectrum range is 1800A—8000A, the geometric distortion<<2%, the i+

amplitude error<5%,

Key words, multichannel optical spectrum analyzer, real-time display of the

S spectra, 3D presentatwn of the multi- spectra, correctmg for “the -

- .- distortion of the vidicon.
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The Construction and Fundamentals of a New

Type Combined Electrostatic Precipitator -

Li Haoling Zhou Huiming
(Hefei Cement Research and Design Institute)

Huang Jiaoming
(University of Science and Technology of China)

Abstract

The construction and fundamentals of a new type combined electrostatic
Precipitutor (CEP) are discribed in this, paper. CEP combines electrostatic
precipitation with mechanical collection, so that it incorporates the best fea-
tures of the electro-cyclone, electro-inhibitor and electro-agglomerator, The
performance parameters of CEP applied in industry are the inlet dust concen-
tration 176,24g/Nm®, the outlet content 85,4mg/Nm® and the collection effi-
ciency 99,95%..

Key words: electrostatiorc precipitator (EP), tubular EP’s, tubular EP’s of
two-stage, electro-cyclone, electro-inhibitor, electrostatic agglo- -
- meration, combined electrostatic precipitator..
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and Its Application
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