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Monbtonicity of the Probability of a Rectangula_r
Region Under a Multinormal Distribution
With Nonzero Means

Hu Taizhohg

(Department of Mathematics)

Abstract

l:et random vecter X = (X,,X,,+*+,X.) follow the distribution N,(Z8,%), where BE
R* and T=(0;). If all elements of B are nonnegative or nonpositive, and if there exists a
diagonal matrix D with diagonal elements 41 such that the off-diagonal elements of —DS—?
D are all nonnegative, then P[|X,|<lc;yi=1,+++,n] is shown to be nondecreasing in |o;|,
i7j, for every c=(c;,c;z,***,c,)'. This generalizes the result of Bolviken and Joag —dev
(1982). o '

Key words; momotonicity of probability, Slepian’s lemma, multinormal distribution
AMS Subject Classification (1991). 60E15

1 Imtroduction and Results '

The relation between the correlation coefficients and the probability assignment by multinormal
distributions to certain regions was studied by Slepian{*], Sidik®™], Bolviken and Joag—dev(*),among

others.
Let X=(X;,Xz2,**, X.)!' ~Nao(u,X), i. e. X has an n— variate normal distribution with mean
vector a1 and covariance matrix £=(g;;). The earlier result in this area is due to Slepiant!] who states
that for every vector c= (¢, ,c{,m sCa)! of constant, and 1< is=i<n
d

P P[Xi>ci’i= 19"'9n]>0 T RGN
0

Received October 29,1991,
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and

aTP[Xi Cigt == 1, 9”] (2)

Sndékm pointed out that the analogous results for the |X;| as in (1) and (2) donot hold.

For simultaneous confidence intervals and testing hypotheses the region |X;|<Cciyi=1,%, n .
plays an impbrtant role, so it prompts the research for sufficient conditions on the mean vector u and
the covariance matrix ¥ such that the analogous results for the |X;|as in (1) or (2) holds.

Definition An nX# matrix T is called an M-matrix if it is of the form T=AI,—C, where C=
(¢5) 5 ¢;=20, and A>>0 exceeds the absolute value of every characteristic root of C.

Specially, we know covariance matrix T= (0;;),., is M-matrix iff o'.,<0 for iz%j.

Bolviken and Joag—devt" gave a sufficient condition for the ease #=0. That is Fact 1{*J; Let X
~N.(0,%). Suppose that there exists a signature matrix D, i.e. a diagonal matrix D with diagonal
elements -1, such that D™D is an M-matrix. Then P[|X;|<ciyi=1,,n] and P[ | X;| =c;yi=
1,+++,n] are nondecreasing in |gy;| ,i7= 7 and for every c=(c;5¢z4°*4C,) -

We now state the main theorems which extend the above result to the case u;éO

Theorem 1 Let X~N,(38,%),8=(b;ybz5++,b,) € R*. Suppose that b;=>0, i=1,,a (or b
< 0,i=1,+,n), and that there exists a signature matrix D such that DX~'D is M-matrix. Then

PLIX:| K ciyi = 1,+00,1]
is nondecreasing in |o;;], 1<{iz=j<n, for every c= (c1,Cz5°**yC.) .

Theorem 2 Under the conditions of Theorem 1, consider the partitions '

( ) E — Ell Elz,
T Iy
where B, € R, and I, is » X7 submatrix, 1<r<n. If 8;=0, then
PLIX| o 11 =00 i = 1y00um35 = 1+ 1,000,1]
is nonincreasing in |oy|, 1<Ci<r<<j, for every c=(c1,024%*,0.)'.
The proofs of Theorem 1 and 2, developed in section 2, relies on the result of Kelly and Sher-
man® pertaining to correlation inequalities for particle systems subject to interaction potentials.

2 The Heart of the Proof

Before proving the main results, we need some lemmas. We first introduce the Kelly —Sherman
correlation inequalities in a formulation convenijent for thé main theorems.
Let 8= (8,,02,°*+,0,)'be a random vecter such that each component assumes the possible values
41 governed by the joint probability density function (p. d. f. ).
p(8) =cexp D) aydd;+ >, b " (3)

CISi<i<a 1<i<s
where ¢ is a normalizing constant and

620,02 0,1<i< i, IKISn )
For any index set A€ {1,2,++,8}=N, define the function
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F4(B1,+,6) = [ &

. . i€4
If A is a null set, we define f,=1.

The above model is a special case of Kelly and Sherman(*). Karlin and Rinott{] consider the most
special case that b;=0, j=1,¢,n in (4). Lemma 1 below follows from the main theorem in [4].
~ Lemma 1t In the model defined above. For any two index sets 4,BCN, we have

Efufs = EfEfs

and ' .
Efs =0 (5)
Lemma 2 Let 4,,A4;,+, A, be any subsets of N,, and let a; ,a;, *** ,a, be any real number. Then
E{exp[ D) |&lf4]} = E{exp[— > lailfs]} (6)

B U2 1S,
and

E[ 2 lailfa,]' E[ E a;fal , )

IISr j <<

for any integer k=1.
Proof By Lemma 1, for any integers 7;, 74,7,

N ICIEY)

-1
Hence (7) is easily obtained by expanding the polynomials on both sides of (7), and for integer m =1
EL Y lalf =0
. ISiIsr
Thus, by expanding the exponential terms on the both sides of (6), we obtain
E{exp[ D lalf,]} — E{expl— > lail£,]}

l<‘<r 1Ki<r

= 22 (Zm)'E[ 2 IaalfA

1SiSr
The proof of Lemma 2 is complete.

Lemma 8 Let X~N,(Z8,%),==(0;) ,B=(by,b2,**,b.)', and let f be p.d.f. of X. Then

 _ Ff i af
0y = Samy T Ve T U501 < i#*i< S ®
and ‘
9, 12 .
an.-. Zaz{'l"b f 1<i<n (€D

Proof The characteristic function of X is

g(8) = ePPTR = (4,8, 10!
The density function f(x) of X can be represented as follows
o1
5 = G
By differehtiating both sides of (10), we can easily obtain (8) and (9).

Lemma 3 is very useful. For B=0, itisa well-known formula in Plackett[®),

Je“"‘g(t)dt ‘ (10)
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With the above lemmas, we now prove the main theorem in Section 1.

Proof of Theorem 1 Notice the invariance of the distribuion of | X |=C(|X; |, [Xz]y+, | X.])
under the linear transformation X’ =DX, where D is a signature matrix. We may assume that T~!=
— (ay) is an M-atrix, and that b;220, i=1,2,+,n. Let f(z) be p.d.f. of X, and define
“.I * F(x)dx

Pl(cucz’”',CnE) = J '
. =

It suffices to prove that Py (c;,cz2,°*,¢,, %) is nondecreasing in a5, i7<j. i.e.

3P1 '
30., =0forisj (11)

By Lemma 3

By [ [ T F ., . ..
ang_J‘_,‘ j.—c(ataz-*-bl +bza )dxl dzs

=1, + bl; 4 b1,

First we'll prove that 752>0. Let 0= (0,,03,**+,0.)’ be a vector where o;=+1, 1<z<n, and de-
fine :

12)

24, =and + D, at —p 2B

2Kis
BI(O') = 2 a;,mor,z;z,-l- E b;a.-z.-
I 2igs
By(a) = ¢ 2 a1505%;
25

Using these notations, we have

ol e

=I : [f(cx sz g ’x-) - f(— Cp9Z2y°°° 92-)]d$z"‘d2’ (13

_°2

=k j J. e Z exp(Bl (0’) ) [eBz(c)-l-blcl —_ 8—82(6)—01111 ]dzz"'dz.

o€4
where k is a positive constant, and A= {0=(0y,02,**,0.) :0;=11, 1<i<{n}. In order to show

that 7,220, it suffices to show that the sum in (13) is nonnegative for any #,>0, 2<i<<n. We now
construct a random vector o==(0y,02,°**,0,) with p.d.f. given by

P(0) = kexp[B,(a)],0 € 4
where &, is a normaliziné constant.
Noticing that b,¢,>0, by Lemma 2 -

E{exp[B:(0) + bic,]) = E{exp[— B:(¢) — b, ]}
From (13), it follows that /32>0. Similarly, we have 1,20.
Secondly, we’ll prove that 7,220. Define
24; =aucl + anc} — B 25 + 32 ayz?

Bg(u) = 2 Q%% U8 g + Z b‘z.-u;
3K i< IS
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By(u) =¢, Z [t ’
ISice a4,

Bs(u) =cz D, ayzy;
IS
and now con51der another random vector U= (U, ,U,,++,U,)' with p.d.f. given by

P(U = u) = kexp[Bs(u)], u € 4
which satisfies the condition of Lemma 1 for z,2>0, j=3,++,n.
Using the notation (14), and setting ¢, =ajzc,c;, t,=D,¢1, ta=bscs, We have

_ o e, a!f
Il - J‘—c‘ -, azlazdzl dz.

= J-_‘, .oe "—.0 [f(cl 9C29%T3y " 93-) - f(cl, — C2yZTyy°e* ,z-)

— £(— aiyer,23,00057) + F(— &1y — €2y23, 0 ,7) Jdzseeeda,

= k’_" J etz Ze’a‘“’[e”a"‘"'"’S‘“""‘ oty B (=B -G+t (]5)
ug€4
— =B () +Bglud =t — 4,4y + e—y‘(u)—85(0)+l,—t,—l,:ldza...dz.

=k [ e oL 57 BB + B + 8 + 5]

(=0
— e~4E[— By(U) + Bs(U) — t; + t3]¥*}dz;++-da,
=20
here ky and k, are positive constants. The lasting inequality in (15) follows from Lemma 2 and fact ¢,
=0.
From (12), we get

o,
902

Similarly, we can prove (11), so complete the proof of Theorem 1.
Proof of Theorem 2 We may assume that =~! is an M-matrix, and 4,0, 1<z<1‘ It suffices
to prove that

=0

S0for1<i<r<j<n ’ 6)

where )

Py(cisessscs ) = PL X <oy | X 2o ISESr <1 0]
For any fixed i,j, i<r<{j. Let B={ |X.|<c., | Xe | 2y b<Sr<lt, kil 5)
so that )

P(orserse sy 2) = P Xi] < aiB] — PLIX| <o | X, < c,,B] an
Noticing that the only proberty of the region of integration we used was sign invariance, thus it follows -
that P[ | Xi|<<ei» |X;|<Cc;»B] is nonecreasing in ;. Moreover P[ | X;|<Cci, B] doesnot depend on -
;. Taking partial derivatives on both sides of (17), the monotonicity result (16) follows.

Remark For B=0, the proof of the result in [3] based on the fact that Z==exp[B;(U)], de-

fined by (14), has a “reciprocally symmetric” property, that is, Z and Z~! have the same distribu-
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tions. However, for B0 here, Z doesnot have this property.

- The author would like thank Dr. Fang Zhaoben for his stimulating discussion and careful reading
of the manuscripts.
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R, V] 18 B L% L. BESY B 4. 56keal + mol = 2. 29keal » mol~*. B 5 3CMR12]M LB 45 R
BEERS FESRNWEREREERS. Bk, 7 ‘Im%&i%ﬁ% ﬁ:‘.fﬂ&&ﬁﬁd%ﬂ‘]ﬁﬁﬁﬂ:
fef ez IR [2]8 IS L AR I T AT R 2k, 7
. RAEMOCHRHEERFHRERRXRBE. RAMRPEERAZRE. £—HF
P FR,ZREM C-HBBENF KA C—H@E FUXRIELBERTF &S
MR RLIELEE. RS TH, b TRETFHFE o i Li C-H @S HESER, BREEY
B/ LA keal » mol~t. {BERTFX o i L= HEM=HE M C—H BELAIR/N IS, X =

- RENBESEABTH _RENFESEN. BX i REFENBREFEE—MREM 2
CAMERF MEZRETENREFEE 2/ REN—MEERETF BTREE—-EXGTES
BFHDL FUERFHRETFHAEEBRITA MR, MR « =% C—H BRESE
RARE. AFROQ.RQ . AOMAXQTR, RNWEH OCHE5ZHARHEBR NE B
I, R R BARE. XBKRE, ZBS THERF « L =RKEM C—H REMRABT
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The Measurements of Rate Constants for Reactions of oCp)
Atoms With Ether and Isopropyl Ether Molecules

Chen Congxiang Zhou Huilin Yu Zhiguang

(Depariment of Modera Chemistry)

Abstract

This paper presents the measurements of rate constants for reactions of O(3p) atoms with ether
and isopropyl ether molecules by using discharge flow-chemiluminescence iechnique. The Arrhenijus
parameters are derived. The rate constants over temperature range 313 — 463K for these reactions can
be expressed as follows; ‘ _

k= (1.91 £ 0.70) X 10~ "exp(— (2.14 + 0. 16)kcal * mol. ~*/RT)cm?® « molec, ~1s~!
(for O(®p) + ether) .
k; = (3.25 £ 0.80) X 10~ exp(— (2.57 =+ 0. 20)kcal + mol. =!/RT)cm®molec. =! + s~!
(for O(®*p) + isopropy! ether)
The discussion of effects of oxygen atom in ehter molecules on the C—H bond strength as well as the
activation energy of reaction of the C—H bond is presented. It is found that the induction of oxygen
atoms in ether molecules reduces the strength of the C—H bond as well as the activation energy which
is in a position of oxygen atoms. ‘

Key words: kinetics, O(®p)atom, ether molecule



55229555 33 b B B ¥ H A K ¥ %R Vol. 22,No. 3

1992429 4 ' JOURNAL OF CHINA UNIVERSITY OF SCIENCE AND TECHNOLOGY  Sep. 1992

BRI %E?ﬁl&#—dﬁ;ﬂ'ﬁﬁ? B

BRRE kA

GERUER)

AXARXFETREFERBARYE. S L THRECHTFETFART AL
SRR TR, R B RFTREG BB HRM. KM A AR o B A
PEBGHRARRERR. ERRTOBRMHBHENTRALLHE, TERLH LR
®h A RGHRLT, ux&%ﬂxﬁ_'i‘éﬁﬁﬂiﬁa{ %mﬁ&&!&ﬁ&?&ﬂ&ﬁ*ﬁ
Ta&3F 7) 65 ¥ .

KBHE . EEHBFR TR, B, LEL
PEEFHES. 0533

1 5%

E4FR AT FRCSE FRPEMESMR ST, XBESRENT 5 HETE D
W B Rt — M T8, BN RESH. ENESSEFRETHERE, B
FHR FEFLRAEALES. Fit, IBATENOERNEDN FRELSE TR
YRAMBETTRAEEYW. A XTS5 F 4k P oy 4 F S 51 i 20 — 2505 557 o R
B RUEAT R T KRR, AR TR R , % T8 R — K5I
REEL ISR XM TERTRNPENRSAAEERH. ANMFESREN S
HEREMET I ERAGTFRS, EER, NI EFRSREOE BT EHTY, B RE
FPREE. FXRREUHEEFETHESE TR, RAHOE S TRSE TR I,

19914 6 A 7 H .
» PEPEL LWTZ—1298 YA H.



278 PEHFRRRFFR F22K

B, REXHUBAIGELERERARELR ERARE. FRky OB TS
 ETHRNSREE E ARR KT R RRRNE. b RS, TS AR AR R
P4 » 65— 3R B o 38 B TR 25 94 b Ceyclone) B X < (anticyclone) L%, 18 BE A1 B A2 K
B SRR 1 28 B R KT

2 JFEtERGEE

BE PBL DS BEF R FHE WIS Bo=Be. F. I TERRG IR MR,
FIANGHE g =g9()ensese. FRIRBELIFZRP r TR z FRIFH PO EER. TEHESTFi&
BEERREIN, Va(r) [e.. SHREMKIBEGHTRR
& .

——W—la. e, D)

Bl—ViA,Xe, 2

FEP AL, ELMET UG W ESR S & AP

@ A FHR KRB RIREH A RSB EREBEM
(@K as=eBo/mic,0a A BT BRI T » B F AT RAH

: HERERTIHEGHS RS BIN
1 2R V. = Vs +V.B) /B 3)
. Vi = Vet V, = (c/oB@+V, - + Vs e Vg D
H ' . |
= (¢/B)Vo X e,
V,=— (g/md)eo

VeV, S50 B M AR B

BB A TAATE ofk BX TR = (/) M ERFHARES. hEEE
AR B E BRI, RATTTRE S FRAAREE VARG AR 4 2R
e L

Vu A_l_ Ax (5)
§¢A1—?/&’+3/r9r+32ﬁ’39’ ﬁﬂ%ﬁ?ﬁ{uﬁﬁﬁj‘ﬁﬁ
J = eng(Viy — V,1) — enpve. : - (6)

ﬁﬁﬁﬁﬁﬂ‘]ﬁﬁﬁﬂ%&*ﬁ%#TM%ﬁvﬁfﬁ @.?ﬁﬁ'ﬂéﬁﬂﬂlﬂ’@ﬁ?ﬁﬁiﬂwkﬂ
R 5
V_L’Jl_l'»a:J::O (N
an. +V » (a,V,) =0

B+ L[Vix Bl =0 )

BO-OXRAFTBAD —OF,HBE
|9dna |~ |9Ing| ™!, |3InA. |~ K |3dnne |71, V) + V > V.d,



F3M AT F B TP AR T 279

Y RBER, REVRELFE AT RS R ESEFBA
[+ (. X V®) « VIA, 6+ [2. — (e. X V¥) « VIA,L ¥

+ 0,%(AL & —7) =0 (10)
[a + (e: X VP +VIn+[3 — (e. X V¥) - VIAL ¥ — %90 = 0 an
[3: — (e X V¥) - V]® + (3 + 0,0)¥ =0, (12)

Hefn=n/n0,m HRHEE. EB/BRFBAUO— DN, RINEBETHEESEFREER
MBS A 150 (1) =n0(0)exp(—72/78) ,n0 (0) AL AL B9 AT B EE »ro RE B F R IEH SRy
BEAFIELRE SR EHIME 6 )R r MRERE, 0(r) =gor/ror00 & r=r, LRI E A DL,
n REFERG TR BRAFERE, RF o= —go/obr,, xn=20/rf. 150, RITX 2 B#47
TEAL O=ep/T.,\ W= (eAz/T.) (V/c) 672 SR o3t ypisc/o TR AL v pt="T,/wkm:,
0p= (dmme* /m) * g T F ARG IR , v4== (BY/ dmmom,) /2K ] SR 3T LB

3 RSN SEENREENRE

NI RTBA A0 — ADHRIRRIER X FRBEM T ORAMEY B, HUAEE o
SERLBIERE. WRBR 0, M2 B ron EYLHP 1=0+az—ot,a o BIEE WS H
ESEMTT B BRI 0,0 HHB BR, A= —0d,,8=0,,2=0d,, X H LI FBAT

HE R

DA, © — (a/w)D,Al ®— (0,/0)3,(4, P—17) =0 (13)
Di = (a/0)Di8) ¥ + (1/0)3,0 = 0 14
Di[o + (0, — 0)¥/a] = 0 ' (15)

Hep
D= 3 — (1/w)es X VO » v
Dy=09,— (1/a)e. X V¥ + V
HASDKABA Y 5 o Z AR E _
e ae
RERMMBRE oo, HUORRA U3), QORFERERELRZ |

[( 1— (mf—'m’),)aw %{co, — o+t )r’,Ai q>:|— [%w,r",ﬁ]= 0o an

V=

0 —

[¢ - %mz,ﬁ + %¢]-— [w_“ i %afz’m: AL ¢]= 0 s
Hep
[f’9]=7|:3rl.b_"._%.%]

HTRBHBAAD, ADHRIREN R, RAVIELIFE LD RSB RES R L8 B h

 DHRERRCE,0). 0 RBREF ESRE M I S SR E KB MMk EFIH LR

ZHMTXER,? =7?+R*+2Br'sing . (JL.IE 2). BRAFFEC OO0 BRARK F<a)FIE
(*">a) (a HW/HEER).



280 TEAFHRRFFR F22k

FRFBAQT, (18)E%Eﬁiﬁﬁﬁ¥EViEEﬂﬂé‘Jﬁ Ak, Wk 0,3 ESRETER

Ay O =K 19)
i = a0 > a) 20)
ERNXFHR '
AL®=—70+ 10,0 + 2Brsind + C) (2D
= d,P + —dz(rz -+ 2Rrsing) r<<a) (22)

ﬁi%%gﬁﬁﬁmaﬁﬁ% G LA LS. RPdRh
ﬁ%&bzéﬁ CosCiydy Ml d: HEEERRXSE k0 HRIED
B2 RAERRTSHAZEL ¥ $319), QORAAD, UORTRE ¥ 1 ¢ HFER

F = x0,(0 — 0,)/[d*0, — 0(a® — (0 — 0,)?)] (23)
=kl — (0 — )]/ (0 — ®,) . 24)
H R REERER.F>0. FRA9), COMSIERFH
¢”. = %az[AoKo(kI‘) + %AlK[(kT)SiHO] (25)
- — — 2 R .
i = —;-a’k’ . w—_wj;')[AoKo(kr) + —AK, (kr)sm0] (26)
%(21) ’ (22)%&)\(17) ’ (18)3‘\931'*15[’913:?& 00901 9d1 ﬂ dz E‘fﬁﬂﬂ‘]?‘é%
_ 2(@,—0)_0,_0’)*01(1—6):2—&’)2):(11&), (27)
¢ (]
o’ C .
_co-—co,(pz_a)—lm, — ol — % =d, (28)

73‘&(21) QCOMHNEREN .
@ = o[ Botom) + % 2) "+ il o - 1,] E(B,J,(pr) +28. 2 ano] 20>

in =0t BuloCor) + % +d; + 8o, 4
2 a’p? P
—(d;B.J;(pr) + 2( Gd 4 dz) )smo (30)

Kb Jo, Ty BRI —B LB REL Ko Ky WEOA—HEENERESR. 25 4, 4,5,
B & RA O TERBENF EESEHFARE
(0o + a¥)C,

4= I DR GD
_ 20,

A= T PG (32

e G [(Cotad 4

Bo = a’p’Jo(pa)[ B+ p P’] (33)

 p— La 34)

VA
HNES¥ d,d; TTHQT),(28)XBTWE. CoC K 7 %ﬂzﬁﬁiﬂéﬁ cWH 2R APTEr=a RhiEL



34 BOBERTRT AL T84 . 281

HIFRAFIRE. BSE Co,C (T EH

K G0) = 48,7, ) + 2 B+ ) (35)
dAoKo(ka) = d,BoJo(pa) + d; + "‘—'f‘ + c“l‘( o — %) 7 @36)
iﬁlm(sl) GO, #1(35), 36)XKEB R
0°,= 0 " - (37)
_ (B 4 ),
C, = Tr (38)
WEPRMaWHEEN
_ B _ [akKy(ka) | apla(pa)) _
-5 o + T =0 39
y — [apK2(ka) | akJ,(pa)] -
vt 7 — o s R
— 2C + 9 Ji(pa) _ .pk[apK,(ka) |, akJ,(pa)’ -'
Bk e Rk A by or il el “o
RREFRDAEEAFR R HAaREE : :
100, (@ — a’r)/[azwy — o(a® — (o — a’:)z)] >0 ‘ “n

RE. BT w>0,MFRARSHFARNTFHERE 0,<0, FRERSEUDXBIRELE
B AFEE S | |
co,<a)<mz,ﬂ<b¢w, : T (42)
o = [0, — (e? + 4a?)12]/2

J— [a), + (a), + 402)’”]/2
BT o E%?ﬁiﬁm%ﬁ@%ﬂ‘lm$ H o1, 0: REXA, ﬁﬁiﬁiﬁ&fcﬁzm%%ﬂ%m%ﬁ
HIgRTAEE.

4 i '

EXRRT SWFREPGESESRE. ST HRESESREH FBAQ)-(12), %
H R B RIRENIE (25), (26), 2O I0), RN TR RIEM. 5PRMILS, X%k
RA—SHOER Bk, MRMEH, B H 25, (260, 2D R GORTUER, XXF RS
HAER PR SR BRPT IR » Y A 45 — 3R 8 oy AR 48538 B B9 S0 (cyclone ) i1 J7 4% (anticyclone) 4
B EANL AR o SPRERIIES. TS0 78 B0 AR R 250 B A (B ARRAE . & TTBABLE o WY
HLEH™. YRHREFOHERERTIATREMSERE, DHBE R/o>1 i, ERkE
IBAL 3 B 5 4R BE (dipole vortex) ; ZEA R B HE IR T » B2 B/a<<1 B, BTGB AL 2648
JE (monopole). FY,HERIEER o B UORTH, XB, MBS R AE T, o M o; HEBNH
FHREHLT . AEPEHS R, ERESMIEENAEE o WAFRKHUDRLH. &
o Ml o BTGB, M F R Rl TR KR, 8B AV KB, T T 48 28y



282 TRAFHERRFFR , F22%

B3R, AR AV EEA. B, MRR R X bk, ERARSE PR R, s E X
B RE AR AR WEE, X 7] fE X% KR AR T ERRI M. 3 FA3CH
BRI PIME S H(dsc0s005015d1542) , RBIHE B 5 R RBIRYE 0 REF—, ZH S BERIESD
F ERELH. HRXRRAKXUE),XHAHRYE Y REB—, —HrSRERELF LRIFESE,
BT AL SRS BL MY Bl 1 ZERIEAF ERELE. B KRR T Rossby BigA
R RRBEN. B TR R Y B LR T ALY, T BRI — LR TR
BERTRNZHSHTFEOFRTERAETEZREX.

£ F X W

[1] Pavienko V P and Perviashvili V 1, Sov. J. Plasma Phys. , $(1983),603.

[2] Meiss J D and Horton W, Phys. Fluids,26(1983),990.

[3] Mikhailovskii A B et al. , Sov. Plys. JETP,59(1984),1198.

[4]' Liu Jixing and Horton W, J. Plasma Phys. , 38(1986),1.

[5] - Shukla P K and Stenflo 1, J. Plasma Phys. , 40(1988),473.

[6] Mikhailovskii A B, Theory of Plasma instabilities, Vol. 2,Consultants, Burrau,New York,Chap. 7,1974.
[7] * Mikhailovskii A B, et al. , Phys. Lelt. A,100(1984),503. :

[8] Shukia P K and Rao N N, Phys. Fluids, 29(1986),882.

COHERENT CONSTRUCTURE OF THE BALLOONING
MODE IN PLASMA CYLINDER

Chen Yinhua Zhu Dongpei

(Departsent of Moders Physics)

Abstract

The nonlinear ballooning mode in plasma cylinder is investigated in this paper. The nonlinear sys-
tem of equations governing the dynamics of the ballooning mode is derived, and the local vortex solu-
tion of this equation system is found. This new type of solution,called the ballooning cylindrical vor-
tex, consists of both axisymmetrical and antisymmetrical parts. When the distance from the centre of
vortex to the cylindrical axis is much shorter than the vortex radius, this solution reduces to a mono-
ple, and in the opposite case it becomes the usual dipole vertex. The allowed region of the angular ve-
locity of vortex depends strongly on the curvature of magnetic field lines.

Key words; cylindrical plasma, vortex,ballooning mode.
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Punflcatlon and Properties of D-glucose Isomerase
From Streptomyces M1033

Huang Wanzhi Wang Chun Liu Jing Cui Tao
Liu Xjan’an Niu Liwen Wang Yuzhen Xu Xun

(Department of Biology)

Abstract

D-Glucose Isomerase from Streptomyces M 1033 is purified to electrphoretic homogenexty through
ammonium sulfate fractionation, DEAE-sephadex A-50, and Sephadex G-150 column chromatogra-
phy from the culture in which the cell debris are removed. The enzyme is made up of two identical
subunits. Its molecular weight is approximately 91 000 as measured by gel filtration and plis 4. 3.
The enzyme is proved not to be a glycoprotein. At about 70°C the enzyme retains optimum activity.
At this temperature the pH optimum with respect to glucose and xylose are 8. 0 and 8 3. The enzyme
is most activated by Co?* and Mg?+. A further study shows that the effect of the same metal ion on
the enzyme changes with respect to different substrates.

Key words; streptomyces M1033. D-glucose isomerase , D-xylose isomerase, metal ion binding
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Surface Roughness Measuring and Evaluating at
Nanometer Scale for Precise Bearing Ball

Huang Wenhao  J.M. Gomez-Rodriguez A.M. Baro™

(University of Scieace ad Techaology of China)
(4 Depto. de Fisica de la Materia condensada, C- W Universidad Autoroma de Madris)

Abstract

The surface structure of a small bearing ball is measured by means of Atomic Force Mi-
croscopy (AFM) on nanometer scale. In order to evaluate the surface quality of this kind of
three dimensional measurement, the following parameters are suggested: R., R, R, and ¢,.
Some qu@etions‘:elated to tlus choice are discussed in this paper. .

Key words; measurement, bearing ball, precise surface, atomic force microscope,

nanometer

Introdction

Preision bearing balls play an important role in precision engineéring._ They are used in precision
machines and instruments. The quality of these balls will affect the accuracy and the working life of
these machines and instruments. People usually use interferometers and contact (stylus) instruments to
measure the ball’s surface roughness. The interferometer is non contact, but when the corrugation of
the surface is less than 0. 05 pm, it is difficult to evaluate it because the interference fringes are almost
straight lines. The stylus can get several parameters by means of a computer, but it is a cohtact‘
method. The limit of this method mainly depends on the radius of the scanning tip. For example, the
instrument Talystep has the minimum radius of 0. lum [1]. Besides, it is almost impossible for these
two methods to operate with small balls due to their reduced diameter(3mm). Both methods are limited
because they give line profiles.

Since Scanning Tunneling Microscope (STM) and Atomic Force Microscope (AFM) were

Received November 18,1991.
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invented, they have showen great poi:ential in the measurement of the surface sfructure on nanometer
scale. They have been soon applied to precision engineering . N. Garcia et al. used STM to measure
the surface roughness of a “0” class block gauge[2].

Here we report on the results we have obtained by using an AFM to measure the surface structure
of a small bearing ball. We eperated the AFM in the repulsivé mode with a small force of <5108
N, which is more than two orders of magnitude lower than the force applied. by the stylus instrument.
AFM gives three-dimensional images and it can get nanometer resolution.

An important point is how to specify quantitatively the surface structure. For one dimensional
measurement, there are international standards and various national standards. But for 3-dimensional
ineasuremgnt, there are no formal documents that can be used. Here we propose four patrameters;the
arithmetical mean deviation of the profiles Ra, the root-mean-square deviation of the surface Rq, the
maxium height of the surface Ry, and bearing area ratio tp.

Experiments

We installed an AFM[3,4] based on a pol'arized laser interferometer. A tungsten tip was glued
onto a comrﬁercial silicon wafer. The tip was made by direct-current (dc) etching (3V) of 0. 1 mm
polycristalline W wire. We measured the tips by Scanning Electron Microscopy (SEM) . The radii of
these tips were about 10 nm. The force constant of the cant:lever was about 12N/m-. The eigen fre-
quency of 1. 2kHz.

We obtained the precision bearing ball from the metrology laboratory of REGO Company in
Spain. The diameter is 3mm.

Beacause the system was sensitive to optical, mechanical, air and thermal ﬂuctuation, we de-
signed our system with cylindrical symmetry structrue. We used materials which had small thermal ex-
bansion. The optical parts were fixed directly on a granite plate, and a special box covered these parts
and the microscope. Thls box could reduce optical, thermal and also the acoustic noise. The granite
- plate was suspended with soft springs. Finally we got an output of the signal sensitivity of 20 mV/ _A ’
the noise was about 5mV, and the thermal drift 0. 05 A /sec.

Usually we use the repulsive force mode. The constant force is about 5% 10~3N. The scanning
frequency is 1-5Hz. Here we show two images of different measuring range. Fig. 1 shows the three
dimensional and top view representations of a 3um X 3um area. Fig. 2 shows the same data for size
1umX lum' taken on a different area of the same ball.

Parameters of 3-dimensional profiles
The data obtained by AFM can be processed to give a 3-D representation of the surface. Although

this representation can be sometimes self-evident, ‘it is important to give quantitative information from

the image. For that purpose and to give the non periodic character of the surface, we suggest that four
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parameters be used: the arithmetical mean deviation Ra, the root-mean-square deviation Rq, the
maximum height Ry and the profile bearing area ratio tp. The reference plane is the least squares mean
‘plane. We use the same terminologies and the same symbols as those in ISO 4287/1-1984 and 1SO
468-1982, in order that people can understand and use them easily conveniently.

The arithmetical mean deviation Ra is defined as

1 1 ‘
= F 2 2 IZ.}l . @)
Here N, ;sampling pomts in X direction
N, ;:sampling points in Y direction ,
Z,;Height with respect to the least squares mean plane

The root-mean-square value Rq is defined as

RN T @

Here N.,N,,Z; are the same as in (1).

The maximum height Ry is defined as

R, = R, + R, _ : (€))
Here Rp is the distance between the highest point of the profiles and the reference plane, Rm is the dis-
tance between the lowest point of the profiles and the reference plane. -
The profile bearing atea ratio tp is defined as;

=2 | 1)

Here 7, is the sum of the section areas obtained by cutting the profile peaks with a plane parallel to the
reference plane. S is the area of scanning. From this we can get the curve of the profile bearing area
vratio fepresénting the relationship between the value of the profile bearing area ratio and the section
level - \ . . V 4

In our experiment, in 3pm>< 3um area, Ra=4. lnm, Rg=5. 2nm, Ry=34nm. The values for
-the 1umX lum image are Ra=4. Inm, Rg=4. 9nm; Ry=25nm. The curves of bearing area ratio-are
shown in Fig. 3.

Discussions

From our experiment, it is clear that AFM is a potential tool to measure an ultra-preéise surface.
Not only can conductive sample be measured but also the non conductive one. Along with the develop-
ment of science and technology, the requirements of specifying 3-dimensional high quality surface
with nanometer scale are placed on the order of the day. The standardization of the parameters and '
‘values for the.specification of 3-dimensioal surface is absolutely necessary. .

From the point of view of metrology, the important and more difficult thing is to calibrate the in-

strumen and to estimate the uncertainty of the measuring method. There is a lot of work to be done.
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Some people [5] suggest using diffraction grating to calibrate um scale range and using lattice constant
to calibrate nanometer scale image. This is feasible at the present time. Maybe it is necessary to find
some standard material which is very stable and suitable for calibrating the 3-dimensional measure-
ments.

In this paper, we have not mentioned the terminology“sampling area”. It is not the question that
the values of Ra, Rg, Ry and tp are not dependent on the “sampling area”. In fact, like the “sampling
length” in ISO 4287/1-1984 and ISO 468-1982, this is very important. The question is that because
we performed few experiments we can not determine how big the “sampling area” is reasonable. At
the moment, we suggest considering the “sampling area” as being equal to the scanning area. So it is
clear that when someone mentions the value of Ra, Rg, Ry or ¢{p of 3-dimensional profiles, he must
point out the value of scanning area.

The authors wish to express their sincere thanks to C. Schnenberger and S. Alvarado from Re-
search Center in Zuerich for their advice. Financial support has been obtained from CIC, T under Con-
tract MAT90-0352-E.

Fig 1a shows a 3-dimensional representation of a bearing ball of 3mm diameter. Fig 1b is the top view.

Fig 2a and 2b show a smaller area of a different place in the same ball as in Fig 1.



294 - PEHFHRRFFR F22k

Height

<
[

sl N

Bearing Area Ratio (%) S Bearing Area Ratio (%) |

Fig 3a and 3b show the curves of bearing area ratio corresponding respeetively to the regions depicted in
Figs 1 and 2.
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A New Algorithm for Removing Hidden Lines and
| Obtaining Intersections of 3-D Objects

Zhu Renzhi Tai Meihua Deng Yimin

(Department of Precision Machinery and

Precision instr tation)

Abstract

On the basis of the display regularities of the object edges and the hiding properties of convex and
concave volumes, a new élgorithm for removing hidden lines and obtaining intersections of 3-D objects
in put forward. The main technical points are as follows;classifying the edges and surfaces of the ob-
jects;introducing the éoncepts of edge, boundary,quasi-outline and outline so that the hidden lines re-
moving of a concave volume can be dealt with in the same way as that in the case of a convex one
without dividing it into se\;ei'al convex ones;using the concept of “geqeralized surface” to change the -
hiding of edges by the volumes to the hiding of edges by generalized surfaces;giving four principles for
judging the validity of the obtained intersections and the method for searching for the “efficient” inter-
secting points. All these points have greatly reduced the time complexity of the algorithm and also im-
proved the calculating precision and reliability. :

Key words; convex, concave, hidden lines removing, intersection, computer graphics
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A Discussion on Interpolations on Unitary Groups

Zheng Xuean

( Anhui University)

Abstract

In this paper, we discuss some problems of interpolations on unitary groups, and find that we
must study interpolations by palynomials on unitary groups.

Key words; unitary groups, interpolation, harmonic analysis
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A Study on the Completeness of Displacement Trial Function
of Incompatible Elements with Internal Parameters

Jiao Zhaoping
(Hefei University of Tecknology)
Wu Changchun Huang Maoguang

(liﬂﬁ:crsity of Science and Teckaology of Cllian)

Abstract

It is proposed in the paper that the completeness of displacement functions in physical coordinates
deserves consideration in the development of the incompatibie finite elements with internal parameters.
In this way, three 2D isoparametric incompatible elements with quadratic completeness in Cartesian
coordinates have been constructed. They show better stress solutions than those of incompatible ones
with the completeness in natural coordinates.

Key words;incompatible element, Cartesian coordinates, completeness of trial function
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A Result of Real Quadratic Function Fields

Xing Chaoping
(Department of Mathematics)

Abstract

In the present paper, the solutions of Pell equation are used to .determine the fundemental unit of
real quadratic function fields. The result is applied to the problem of ideal class number one of real
quadratic function fields.

Key words: Pell equations, fundemental units, class number
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Investigation on the Mechanism of Increasing
Luminescent Yield of the Rh-6G Agueous
Solution by the Polyglycol Additives

Li Yinmei Deng Jie
(Depariment of Physics)
Abstract
Presented in this paper is a study on the mechanism of increasing luminescent yield of the Rh-6G
solution by the polyglycol additives from both macroscopic properties of the dye solution added by

polysglycols and the microstructure of the interaction between polygycols and Rh-6G molecules.

Key words; additives, complex. Rh-6G dye
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_Paper-Chromatographic Separation of
- Plant chloroplast Pigments - : -
- Zha; Guiwen Cui i-Iua Lou siquan  Yin Xianglian
" (Department of Applied Chemistry)

Abstract

- - .A one-way baper éhroma_tographic»method for the separation of chloroplast pigments using the de-

ivélppi_ns é,quent, system (peroteun ether ¢ chloroform : propanol-[2]=79 s 20 : 1,) has been devel-
o;;ed. It px;ovid&s a complete separation of main pigments including chlorophylls a and b, B-carotene,
luteip, violaxanthin and neoxanthin and a degradation product,chlorophyllide @ in higher plants.

Key words; chlbroplast pigment, paper chromatography
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The Development of the Multiwire Proportmnal chamber for
the Measurement of the Extended X-ray Absorptlon |
' Fine Structure
Tian Jie Zhao Shujun Wu Yuelin Wang Yianxia
(Departmest of Modern Physics)

Abstract

In this paper the development of the multiwire proportional chamber for the extended X—ray ab-
sorption fine structure (EXAFS) spectrometer is presented. Emphasis is given to the effects of the
compensating voltage and the parallel connectxon technique of anode wn'ee on the performance of the
multiwire proportional chamber... The maximum ‘count rates of the front and rear detectors are 3x10¢
counts/s and 6x10° counts/s respectively. The experimental results. show that the performanoe of the
chamber is adequate for the measurements on EXAFS.

Key words: multiwire proportional chamber, X-ray detection, extended X-ray ebsorptionr fine struc-
’ ture S
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Synthsis and Preliminary Study of Some Volatile
Metal Beta-Diktone Chelates -

Cao Chuanbao Peng Dingkun  Yang nghua
Meng Guangyao Zhang Guoshang*

Department of Materials Science arnd Engincering)
(+Center for Structure and Compostilion Analysis)

Abstract

One of the important deta-diktone ligands, DPM (2, 2, 6, 6-Tetramethyl 3, 5-heptandione) , is
successfully synthesized. Its IR spectrum agrees exactly with the standard spectrum. By using AA,
DPM, TFAA, FOD as ligands and Y Ba, Cu, Zr as center atoms, several metal beta-dnkxone
chelat&s are suoo&esfully synthesized. Thermogravnty analysis indicates that the volatility of chelates is "
related to the ligand’s space block and-the number of F atoms. The greater the ligand’s space block,
~ the better the chelate’s volatility. And the more the F atoms in ligands, ‘the greater the chelate’s
.'volanhty It ns also found that the chelate 5 volanhty is colsely related to the radius of the ‘center
atom. When the oenter atom’s radius decreases, the volatility of chelate increases. . In this report,
mass spactra of several chelates are also. studxed

Key words; . Beta-diktone cﬁelatg, Métallorganic, Synthsis of coordition compounds
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The Characteristics of Budget for Divergent and Rotational
Components of Kinestic Energy in Heavy Rain Processes

Wang Zhongxing

(Dept. of Barth & Ssace Sciexce)

Abstract

Flfom budget equaitions for rotational and divergent components of kihéetic energy, the area-time
averages of each term are computed for 1000—700, 700—400, and 400—100\th layers to describe
energetics of the lower, middle and upper troposphere for heavy rain mses with and wifhoqt LU. The
results show that the generatioh » conversion and transport for divergent components of kinestic en@ary
are the same and the major differences between the cases are found in the energy budget of rotational

component in lower and middle tropospheric layers. In partlcular, the s1gns of rotatxonal generatlon
(GR) are opposxte

Key words: heavy rain, energy budget, effect of divergent wind
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The development of PSD laser Measuring Micro-Displacement
Instrument and Its Accuracy Analysis
Jin Taiyi Li Shengli Xu Yu Li Ming
(Department of Precision Machinery and Instrumentation)
Abstract
In this paper, the characteristics and structure of PSD laser measuring micro-displacement instru-
ment are introduced. According to the equation of input and output as well as the error sources, the
accuracy of the instrument is analysed. The system error and random etror of the instrument are de-
termined by processing the data of measurement results. Based on the above-mentioned analysis, we

can compensate for errror and improve measurement accuracy of the instrument.

Key words; on-line measurement, position sensitive detector, accuracy analysis
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Application of the Transient Method to the Investigation of Natural

Convective Heat Transfer in Vertical Rectangular Enclosures |

—— The Determination of the Optimal Space Gap of Double-Glazed Windows
Zhang Yinbing Chen Zeshao Ge Xinshi
(Department of Bagineeriag Thermophysics) |
Abstract

This paper presents a new method thich has been successfully used for the investigation of natu-

ral convection in vertical rectangular enclosures. Based upon this method,two dimensionless correla-
tions for different regions are obtained. The calculated results of our correlations are in good agreement

with

the average values of the correlations of various investigators. The error of expetimental results is

smaller than 8. 8%. Based upon our relations, the relation which can be used to calculate the optimal
space gap of a Qouble-glazed window is obtained. For some special cases, the calculated resulis are pre-
sented.

Key words; heat transfer,natural convection ,thermal insulation
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Prediction of Flame Spreading on an Oil Pool

Wang Jian Fan Weicheng
(Department of Bngineering Thermophysics)
Abstract
A numerical modeling is presented of the unsteady burning process from ignition to flame spread
along the surface of an oil pool, based on the turbulent combustion model of Magnussen’s version of

EBU model. Compared with other experimental data, the results obtained are reasonable. -

Key words; numerical compu‘tation, oil pool, fire, turbulent combustion modei
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Crack Testing System for Cement Structures

Lu Jiecheng Dai Yingxia Zhuang Zhenquan
(Department of electronic Tecknology)
Abstract

The structure and working principle of the inspection system for cement structure cracks are intro-
duced. ultrasonic testing parameters, judgment rule for flaws, and the method of ultrasonic signal pro-
cessing and intelligence judgment based on rules for the interior flaws are also discussed.

Key words; ultrasonic testing ,interior flaw, judgment rule
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The Measurement of Parameters of Start State and Transitional
 State on the Self-Temperature-Limiting Heating Strips

Zhou Peiling Peng Hu Wu Gengfeng
(Department of Rlectrical Tecw Fundamental)

Zhang Hanchang

(Department of Applied Chemistry)

Abstract

The qualities of self-temperature-limiting heating strips depend, to a great extent, on the perfor-
mance of the material. The MCS—51 single-chip-computer-based instrumentation is designed to mea-
sure the I—¢ curve of the material with positive temperature coefficient (PTC). The data processing,
displaying and printing of the results can also be done by the instrumentation. The principle and the
characteristics of the circuits are introduced and the experiment results are given in the paper.

Key words; self-temperature-limiting, start state, transitional state, single chip computer, silicon
controlled rectifier
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- Enumeration of Euler Circuits and Hamilton . .
Cycles in Generalized de ‘Bruijn Digraphs
" Hu Lungmei
(Institite of Fformatiosal Eagincoriag)
Abstra&
The number of Euler circuits in line digraphs of generahzed de Bruijn digraphs is discussed, and

the enumeration thorems of Hamilton cycles in generalized de Bruijn digraphs are presented.

Key words; generalized de Bruijn digraphs, Euler circuits, Hamilton cycles
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Fast Interpolation Between Cross-Sectional Contours

Wang Bingquan Luo Bin

CAnhui  University)

Abstract

A fast interpolation method for cross-sectional contours is presented in this paper. Based on a
polygonal approximétion method that gets polygons with the same number of segment points, the fast

interpolation from one contour to another can be realized by linear interpolation between each pair of

segment points in two contours. The result is presented and the 3D display of an object from cross—se_'g—_

tional images is also realized.

Key words: interpolate, contour, polygonal approximation, 3D display
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