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Fig. 1. Reaction catalyzed by p-galactosidase.
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Table 1. Percentages of adult §-galactosidase deficiency
in some different populations

Race I Percentage (%)

Sweden

Denmark

Finland 16
Switzerland 17
England 20-30
U.S.S5.R. (Moscow) " 25
U.S. A. whites 6
U.S. A. blacks ‘ 73
Africa hamites 10
Africa negroids ~ 100
Japan and probably the whole Far East ~ 100

Source: Dahlqvist, 1984
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Table 2. Relative sweetness of various sugars
(equivalent to 102 aqueous sucrose solution)

Sugar Sweetness value
Sucrose 100
Galactose 70
Glucose 70-75
Fructose 140-175
Lactose 15

Sources: Shukla, 1975¢" and Dicker, 1982,
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Fig. 2. Proposed mechanism of lactose hydrolysis by p-galactosidase.
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Table 3. Possible sourses of §-galactosidase

Plants Animal organs
Peach Intestine
Apricot Brain and skin tissue
Almond

Kefir grains
Tips of wild roses

Alfalfa seed Fungi
Coffee Neurospora craussa
Yeast Aspergillus foetidus
Sacharomyces lactis Aspergillus niger
Saccharomyces fragilis Aspergillus flavus
Candida pseudotropicalis Aspergillus oryzae
Bacteria Aspergillus phoenicis
Escherichia coli Mucor pupucillus
Bacillus megaterium Mucor meihei

Thermus equaticus
Streptococcus lactis
Streptococcus thermophilus

Lactobacillus bulgaricus
Lactobacillus helareticus

Source: Shukla, 1975(0,
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Table 4. Characteristics of g-galactosidase
from various organisms

K. fragilis® | A. oryzae®) | P. citrinum(®) Bacillus. L-12(9
MW 203,000 105,000 110,000
4.5 (ONPG)
Opt. pH 6.8 48 (lactoss) 4.5 6.0
Opt. Temp. 40°C 46°C 50°C 55°C-60°C
pl 4.4 4.2 6.4
4.0 mM 0.72 mM 1.7mM
e (ONPG) (ONPG) (ONPG)
21.0 mM 18.0 mM 25.0 mM
(lactose) (lactose) (lactose)
_— + s s +
Inhibitor Ag+, Hg++ é&;ﬂg : Cut+, Hgt++ ﬁré++” %‘;:;
= K*', MD++, K+p M ++r
Activator Cot++, Mg++ Mg++ =

Sources: (a) Uwajima ef al., 1972¢1);

(c) Watanabe ef al., 1979¢%); (d) Bk, 198440

(b) Tanaka ef al., 1975¢%;



CINRSINE S 7

e 50°C 72 ; BERESUBESRIAOR 40°C o el B/ M 13 3 sl
TR R IR » Giing A BiFl Bacillus L12 M558 55-60°C o

S SRR B TR LA (R S KR S A SR
) TEERRR S EEEA RS TETRAMHER o

FLERAER

FLEESAEBRE R B A R TR TR EIRH S TR GO o (HEERE
Kluyveromyces lactis ~ K. fragilis T Aspergillus niger ~ A. oryzae
MR ZFERREEARERSILRLIE o BNMIN=EFHMEE 2 SR Agh
E;l_,i('ng'.‘lﬂj o

PR RS TG ML BESE A AN ] BRI I B AR YEREYs 0 Br Aot s B T R RE
5 I PSR 4 A O ) 0B o SESE PR LIENEE (ultrafiltration) PR
BESRCS » JABESRIE IR A OV B BESREE NIEHE G2 o B A. niger 4L
BT LEEMRAFA ) BR K loctis FIERESEEABNERNTBENYE
B4 o SRS A EAE )T BiBvEGE » B AFIRMEZ Centrale del Latte A47]
{8 Snamprogetti B RIhFI AR ALEE K. lactis FUFERILE T
FALEEEIIEFRFLED o

BETEBEM A ASERREE TS EAES L RMESEAE R BfERIR
L~ BEIESL ~ 4L ~ buttermilk ~ ZkHE%K ~ cottage cheese ~ chedder cheese
LU REENEIR (02,90 9) o SE R PR BES T RIRFLIE ST » EAER
FRFLMERK AR B IR - BBkt » BRROKES » RO RHERE SEGT. 0710 o

T Giec T Kosikowski®® FIR K. lactis FLERS (eI TFHETIEMRESL
ALK R AR 3 B o Chiu T Kosikowski®® B F| 8B E B8 IR EALT
o Bl AL IS BUR LIRS A A B (LEE (glucose isomerase) FEFRIZENRE
F AT o

B AR R

P45 A A R B R N ROT AU HER BYE » EERN—ERAET
MFERIRA A Wi o ERI19724F » ZL L B2 2L IR BAR Y A TIIH
A OLT20 e Z FLYERE » Hh882 A FLINIHE MY B & o SE2K » SERAU B
ZEKBRCHS B AR MR R R PR B8 5 » A SUNE IO AE B ML PIRE AR B8

» AR AIE9226 » A AEAEB42Z » BREEIET02 o H HTZEM A IR AR S » 4

FURHSLE TR TR » nfIFRRFLEENTHE B RZITFHEE o HEATH
My FLAE R TR PR L RRRER R Se RV RR Z 17 62 T BRI B b > #ER
KERIHE o



8 5LvE M = BT %

BB AR BRI ~ thRA S S A BRI R RSB
BASUEEEE ~ SRR RN ~ BB/ ~ BIEASE o BA
RREETAES P » BRMEEER G ATHNEGUERL » [ERAMERK
SUBERESL T R ABLE BB T TS 5, o

2E TR

(1) A. Dahlqvist, Nutr. Abstr. and Rev. in Clinical Nutr. 54, 649 (1984).

(2) BB, SURIRE, SEEE Rt 2k, (1982).

(3) el FRAERIGRE, IR 26Tk, (1984).

(4) R.L. Pike and M.L. Brown, Nutrition: An Integrated Approach, 2nd ed,
p. 218, John Wiley and Sons, Inc., NY, (1975).

(5) N. Kretschmer, Gastroenterolology 61, 805 (1971).

(6) M.A. Nandi and E.S. Parham, J. Amer. Diet. Assoc. 61, 258 (1972).

(7) T.P. Shukla, CRC Crit. Rev. in Food Technol. 5, 325 (1975).

(8) N.S. Rosensweig, J. Dairy Sci. 52, 585 (1969).

(9) R. Dicker, Dairy Industries International 47, 19 (1982).

(10) Milk Industry Foundation, Manual for Milk Plant Operators, 3rd ed.,
(Milk Industry Foundation, Washington, D.C.) (1967).

(11) A. Hill, Modern Dairy 61, 12 (1982).

(12) S. Crocco, Food Enz. 47, 59 (1975).

(13) S. Elias, Food Enz. 51, 81 (1979).

(14) A.V. Fowler and I. Zabin, J. Biol. Chem. 253, 5521 (1978).

(15) M.L. Richmond and J.I1. Gray, J. Dairy Sei. 64, 1759 (1981).

(16) K. Wallenfel and R. Weil, The Enzymes, Vol. 5, 3rd ed., p. 616, Aca-
demic Press, NY, NY, (1972).

(17) M. Aroson, Arch. Biochem. Biophys. 39, 370 (1952).

(18) H. Gest and J. Mandelstam, Nature 211, 72 (1966).

(19) M.E. Goldberg and S.]. Edelstein, J. Mol. Biol. 46, 431 (1969).

(20) R. Wallenfels, Method in Enzymology, Vol. 5, p. 212, Academic Press,
NY, NY, (1972).

(21) T. Uwajima, H. Yagi and O. Terada, Agr. Biol. Chem. 36, 570 (1972).

(22) Y. Tanaka, A. Kangamiishi, A. Kiuchi and T. Horiuchi, J. Biochem. 11,
241 (1975).

(23) L.E. Wierzbicki and F.V. Kosikowski, J. Dairy Sci. 56, 26 (1973).

(24) BN SRUEME, 14, 161 (1984).

(25) Y. Watanabe, Y. Kibesaki, S. Sakai and Y. Tsujisaks, Agr. Biol. Chem.
43, 943 (1979).

(26) R.A. Edwards, P.M. Cantrell and J.J. Miller, Aust. Patent 470, 927
(1973).

(27) M.W. Griffiths, D.D. Muir and J.D. Philips, U.S. Palent 4,332,805
(1982).

(28) H. Young and R.P. Healey, U.S. Patent 2,776,928 (1957).

(29) H.H. Nijpels and P. M. Rheinlander, Food Engineering Int’l. 7, 55 (1982).

(30) B. Sprossler and H. Plainer, Food Technol. 37, 93 (1983).



(31)
(32)

(33)
(34)
(35)
(36)

(37)

(38)
(39)
(40)
(41)
(42)
(43)

(45)

(46)
(47)

(48)
(49)
(50)
(51)

wmo o B 9

L. Roger, J.L. Thapon, J. L. Maubios and G. Brule, Le Lait 56, 56 (1976).
W.H. Pitcher, Jr., Proceeding Whey Products Conference, Chicago, IL,
(1974).

R. Hansen, Nordeuropaeisk Mejeri- Tidsskrift 43, 310 (1977).

G.]J. Woodward and F.V. Kosikowski, J. Dairy Sci. 58, 792 (1975).

E.H. Reimerdes and N. Scholz, Milchwissenschaft 36, 608 (1981).

W. Marconi and F. Morisi, In Applied Biochemistry and Bioengineering,
Vol. 2, L.B. Wingard, E Katchalski-Katzir and L. Goldstein (Eds), p. 219,
(Academic Press, NY, 1979).

W.L. Wendorff, G.H. Amundson and N.F. Olson, J. Milk Food Technol.
33, 451 (1970).

C.P. Chiu and F.V. Kosikowski, J. Dairy Sci. 68, 16 (1985).

F.V. Kosikowski and L.E. Wierzbicki, J. Dairy Sci. 56, 146 (1973).

F.V. Kosikowski and L.E. Wierzbicki, J. Dairy Seci. 54, 764 (1971).

W.G. Engel, Cult. Dairy Products J. 8, 6 (1973).

W. L. Wendorff and C. H. Amundson, J. Milk Food Technol. 34, 300 (1971).
D.M. Gyuricsek and M.P. Thompson, Cult. Dairy Products J. 11, 12
(1976).

C.K. Young, J.W. Stull, R.R. Taylor, R.C. Augus and T.C. Daniel, J.
Food Sci. 45, 805 (1980).

A.G. Rand and P.M. Linklater, Aust. J. Dairy Technol. 26, 63 (1973).

T. A. Nickerson, Proceedings Whey Products Conference, (Chicago, IL,
1974).

E.J]. Guy and L.F. Edmondson, J. Dairy Sci. 61, 543 (1978).

A. Giec and F.V. Kosikowski, J. Dairy Sci. 66, 396 (1983).

C.P. Chiu and F.V. Kowsikowski, J. Dairy Sci. 69, 959 (1986).

J.L. Sung and P.L. Shih, Asian J. of Med. 8, 149 (1972).



10 gLoBF M o= BT %

B-Galactosidase

1. Review of Recent Research Releated to
Food and Nutritional Concerns,
Properties, Sources and Application

S. W. CuENG, Y.C. Tsa1 and C.P. CuIv

Graduate Institute of Nutrition and Food Science

ABSTRACT

Based on the literatures published in the past ten to fifteen
vears, several aspects of B-galactosidase are reviewed, including
lactose intolerance, lactose problems in foods, @-galactosidase pro-
perties, sources, and applications. Current research and develop-
ment of §-galactosidase in Taiwan is described also.
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ON THE CONSTRUCTION OF KRYLOV
SUBSPACE METHODS FOR SOLVING
LARGE LINEAR SYSTEMS

LupaN CuHuaNG and KanG C. JEA

Department of Mathematics

ABSTRACT

We discuss the use of Krylov subspace methods for solving large
linear systems Agx =b. The two important elements of a Krylov
subspace method are the choice of auxiliary matrix, and the con-
struction technique of direction vectors. Some difficulties may occur
when using these methods. We divide the difficulties that may
occur into three kinds: break-down, stagnancy, and shock. We
show that break-down will not occur if the auxiliary matrix Z is
chosen such that ZA is nonzero-real. Stagnancy will not appear if
the direction technique used is not of type-R. Shock will not happen
if the direction vectors are M-semiorthogonal with respect to a
nonzero-real matrix M. Moreover, we introduce a new method called
the Unitary Basis Method, which adapts the auxiliary matrix dynam-
ically. The advantages of this method that are it is unnecessary
to choose Z before processing and it saves operations at each itera-
tion. Furthermore, we adapt the idea of using the auxiliary matrix
dynamically to other existing Krylov subspace methods, and find
the advantage of time saving still appears.

1. INTRODUCTION

In this research we disscuss the use of Krylov subspace irethods
for solving the linear system

Az =10 (1.1)

where A is a large sparse real nonsingular matrix of order NXN,
and b is a given Nx1 real column vector. Such problems always
arise in solving the elliptic partial differential equations with bound-
ary conditions by finite difference methods or by finite element
methods.

We consider a hasic iterative method which is completely con-
sistent with (1.1) and of the form
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{ a0t = G 4k, for #=0,1,2,...

G=1—Q-'A, k=Qp, (12)

where 2 is an arbitrary initial guess, I is the NXN identity
matrix, and Q is an NXN real nonsingular matrix. We assume the
exact solution of (1.1) is ¥, and define the nth error vector as

) = pn) _F (1,3)

We also define the residual vector and pseudo-residual vector as

pm = p— Apm
{ (1.4)

8 = 4D — 2 = p — ([ — G) 2™,

respectively.

Qur discussions are restricted to the RF method as given in
Young®, i.e. Q=1 in (1.2). Since a basic iterative method (1.2) with
some nonsingular matrix Q for solving (1.1) is equivalent to apply-
ing the RF method on the preconditioned linear system

Q Az =Q"1b. (1.5)

Therefore, it is adequate to discuss the RF method only. Then
G=1—A in (1.2) and (1.4) implies 8™ = ™. Moreover, if »@=(
we will have 2 = Z, and the problem is solved. Thus, we always
assume 79 =(,

In Section 2, we introduce some properties of Krylov subspaces,
auxiliary matrices, and the relations between them. In Section 3,
we introduce the construction of Krylov subspace methods, we give
three different principles for building direction vectors, and analyze
the source of difficulties for applying these methods. We define a
new method in Section 4, called the “Unitary Basis Method”, which
is a Krylov subspace method and which adapts auxiliary matrices
dynamically. The advantage of using this method is efficiency,
since it requires very few operations at each iteration. But, it takes
more storage locations than some existing methods. The results of
our numerical experiments are listed in Section 5.

2., KRYLOYV SUBSPCES AND AUXILIARY MATRICES

In this section, we introduce some properties of the Krylov
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subspaces of RY and the use of auxiliary matrices. For a
given #® =0, the nth Krylov subspace generated by #©® with
respect to A is the subspace spanned by the set of vectors

(r@, Ap®, ..., A®-1y®}  We denote it by K,(r®, A). Here, # is
any positive integer, and K (#®, A) denotes the set {0}. Moreover,
the largest integer d such that @, Ar@, . .., Adr® are linearly

independent is called the index of #® with respect to A. Thus,
d<N—1. For agiven matrix Z, we use ZK,(7®, A) to denote the
subspace generated by {Z#©®, ZAr©@, ..., ZA® 1¢®}. A vector v on
the hyperplane z® + S is said to satisfy the Galerkin condition
with respect to the auxiliary matrix Z if its residual is orthogonal
to the subspace ZS. That is

(b — Av, w) =0, for all weZS. 2.1

Obviously, if d is the index of 7 with respect to A, then the
following two relations hold

Ka(r®, A) & Kuyta(#®, &), for n=1,2,..., 4,
Ka(r®@, A) = Kg41(#®, A), for n>d.

Furthermore, the following property confirms the existence of the
solution, &, of (1.1) on the hyperplane £ + Kg+,(r®, A).
Theorem 2.1 1f d is the index of »©® with respect to A, then
Z—2® & Kyp(r®, A), and ZF—a® e K,(r®, A), for each
# =0, Ay snen i

The details of proof are given in Jea®™. From the above
theorem, there must exist a vector yeR4+! satisfying

=004 (r®, Ar®, ..., A4r®)y, (2.2)

where (7@, Ar®, ..., Ady®) is an NX(d + 1) matrix with columns
r®, Ar©® . Ady©®, Since 7@, Ar®,..., A9r® are linearly in-
dependent, the vector ¥ is unique. Therefore, by (2.2),

r® = A0, ArO, ..., ArO®)y. (23)

We note that the solution, %, of (2.3) will give us the exact solu-
tion # by (22). Thus, we try to solve (2.3) by choosing an auxili-
ary matrix Z which has the advantages of evaluating vector ¥
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easily and ensuring the existence of a unique solution for the
following linear system

(7@, Ar®, ..., Ady®)TZA(FO, Ay, Adr®)y
= (r®, Ar©®, ..., Adp®)T Zy®, (2.4)

Unfortunately, it is difficult to predict the index d beforehand, so
(2.4) can not be constructed. We use an iterative technique to look
for a vector x gradually. Here 2 lies on the hyperplane
2 + K, (™, A), and its residual is orthogonal to the subspace
ZE,(#©, A), i.e. z™ satisfies the Galerkin condition (2.1). We need
to know what type of auxiliary matrix Z may ensure a unique
™ in 2@+ K, (r®, A), for #=1,2,..., until 2¢+H =7F is
reached. In other words, we must choose an auxiliary matrix Z
which assures the existence of a unique solution for the following

deduced linear system
(FO, Ar® . AP-1pO)TZA(7@, Ap®,  APTly®)y
= (9, Ay ..., AP pO)T 7p@), (2.5)

for each n=1,2,...,d-+1. We also may construct another set
of basis for K,(#®, A), named {[p©, pO, ..., p"~D}, to replace
the original set of basis {r®, A»®,..,, A»"1p®} in order to
evaluate 2 more efficiently. 1f n linearly independent vectors
O pM® . pt=1 have been constructed, (2.5) can be replaced by

(B0, B9, vaou PR ZAGDY; P0yunas 4 D) g
= (}5(-'1), p(l), iy PUESINT Zy (2.6)

Next, we state two theorems on constructing the basis; the
proofs of them are given in Chuang®®, First of all, given two sets
S and T where SC T, we say €T — S if 2T but z&S.

Theorem 2.2 1f d is the index of »©® with respect to A and if
weK,(#®, A)—K,_1(r®, A), then AweK,+:(r®, A)—K,(#®, A),
for any 1<n<d.

Theorem 2.3 1f d is the index of »©@ with respect to A and if
w & 20 + Ky (r®, A) — Koy (79, A),  then b—Aw & Kpis(r®, A)
—K,(r?®, A), for any 1<n=<d.
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The auxiliary matrix pfays an important role in the Krylov
subspace methods, so we want 1o discuss some of its properties.
Let us begin with some definitions. Suppose that M is an NxN real
matrix, and p, P, ..., p*~1 are vectors in R¥, we say those

vectors are pairwise M-semiorthogonal, if
(pH, Mpt) =0, for all j<i; £, 7 =05 Ly 5= L (2 T)

Here, (.,.) denotes the inner product. Moreover, we say a matrix
M is nonzero-real, if (x, Mz) =0, for every real vector & =0. Let
us give the following theorems without proof, the details of proof

are available in Chuang®®.

Theorem 2.4 Let S be an n dimensional subspace of RY. If M is
an NxN nonzero-real matrix, then zero vector is the only vector
in S which is orthogonal to M3, and vice versa.

Theorem 2.5 Let S be an n dimensional subspace on RY and let M
be a nonzero-real matrix of order NxN. If (PO, PV, yy pD)
is a basis of S, then both matrices (Mp®, MpW, ..., Mpr—)T
(PO, pO, ..., p=0  and  (pD, PP, ..., pO=DYT (Mp®, Mp®, ...,
Mp-1) are nonsingular.

Theorem 26 Let S be an n dimensional subspace of R¥, and let
A, Z be two real NxN matrices. Given veRY, if A is nonsingular
and ZA is nonzero-real, then there exists only one vector in the
hyperplane V+AS that is orthogonal to the subspace Z7S.

Therefore, if we choose an auxiliary matrix Z such that ZA is
nonzero-real, then, by Theorem 2.4, the zero vector is the only
vector in ZAK,(»©, A) which is orthogonal to the subspace
K,.(r®™, A). Moreover, Theorem 2.6 ensures that if ZA 1is nonzero-
real, then (2.6) has a unique solution. In other words, there exists
only one vector, in the hyperplane 2™ - K, (7@, A), which satisfies
the Galerkin condition with respect to Z. From Theorem 2.1 and
Theorem 2.6, we find that this vector is the approximate solution
PRON

In general, we may relax the sufficient conditions in Theorems
24, 25, and 2.6, Let S be a subspace of R™ and let M be an NxN
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real matrix. We say that M is nonzero-real with respect to S, if
(Mw, w) %0 for all weS. We can show that Theorem 2.4 and
Theorem 25 are true if we replace ‘M is nonzero-real’ by ‘M is
nonzero-real with respect to S’. Similarly, in Theorem 2.6 we may
replace ‘ZA is nonzero-real’ by ‘ZA is nonzero-real with respect to
s

3. KRYLOYV SUBSPACE METHODS

In this section, we introduce an iterative method, named the
Krylov subspace method, which is defined by choosing an auxiliary
matrix, Z, and a construction technique of direction vectors, T.
Here, the technique T indicates a certain way of selecting basis of
Ka(#®, A). Let us denote such a method as KM(Z, T). Thus, at
the nth iteration, we look for a vector z‘® from the hyperplane
@ 4 K, (#©, A) which satisfies the Galerkin condition with respect
to Z. The existence of a unique vector ™ depends on the choice
of Z. If such a 2™ does not exist, we say that a break-down has
occured.

In fact, the Krylov subspace method is a generalization of the
idealized generalized conjugate gradient method (IGCG method)
considered by Young and Jea®®, Moreover, we note that the choice
of the direction technique T affects the requirement of computer
storages and computation time.

Theorem 3.1 1If the auxiliary matrix Z is chosen such that ZA is
nonzero real with respect to K +,(#®, A), then any Krylov subspace
method KM(Z, T) will not break down. Moreover, the following
statements hold.

(1) =0 and 2™ =xZ&, for n=0,1,...,d,

(2) 74D =( and I+ =X,

(3) Zr™ is orthogonal to K,(r®, A), for n=0,1,...,d-+1,

(4) #O, ¢, p@+D gre mutually Z-semiorthogonal.

Another obstacle may occur in building the direction vectors.
We say that the stagnancy of direction vectors has occured, if at
some iteration n<<d-+ 1, the n - lst direction vector pt® stays in
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the same subspace K,(r®, A). Such a construction technique will
imply that sp{p®, p®, i) = K (v, A). Next, we introduce
two criteria for constructing direction vectors which will not have
stagnancy.

Theorem 3.2 Let p®=7r® and l=n= d. 1f pm+d e Apt
4+ Kp+:(r®, A), for each m = 0,1,..., z—1, then sp{p®, pM, ...,
™= Kpaa(r®, A).

Theorem 3.3 Let p@=r®and 1<n<d. If pimte An+l O+ K,
(@, A), for each m=0, 1, ..., n—1, then sp{p®, p, ..., P =Ky
(r¢9, A).

We called the direction techniques in Theorem 3.2 and Theorem
3.3 type-AP and type-AR, respectively. Another direction technique
which has been used by Hestenes & Stiefel®, Vinsome®, Elman®,
and Axelsson® will be called type-R here since it defines PO =r®
and constructs p™ by choosing a vector from 7@ -k K, (@, A).
Now, let us give an example to show that stagnancy may occur
for the type-R case.

Example 3.4 Solve a Jinear system Az =20, where

/00000 1Y 3
000010 3
A=000100'b=3
001000 1
010000 1
10000 0) Ll

Let us start with z@=(1, 1, 1,2, 2,2)7, and choose Z=A as the
auxiliary matrix. Then ZA=1, a nonzero-real matrix. 1f we choose
the type-R direction technique, then p® =#® = (1, 1,1,0,0,0)%
The only vector in 20 4+ K, (7@, A) which satisfies the Galerkin
condition is z®=z. Thus 70 =7© and type-R technique selects
PO from r® + K,(r, A) will give us a stagnant direction vector.

To specify the direction technique T in more detail, let us use
the notation T =[», M — k] where v is the type of constructions,
such as AP, AR, or R. Thus,
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cp™ et -0 4 K, (r®, A), ¢ %0, (3.1)

where ¢~ D=AP®-D p-D=Ap-1 or p*-D=p-D_ for type-AP,
type-AR, or type-R, respectively. Moreover, we assume the direc-
tion vectors are constructed as M-semiorthogonal to the previous £
vectors, that is

(p, Mp9) =9, for i=n—1,n—2,..., n—k. (3.2)

If it is M-semiorthogonal to all previous direction vectors, we write
M — oo,

We define p9=¢ and construct p by (3,1) and (3.2). That
is, cpW =vF ap p* B+ ... Fa,- p" P, and

(p(n—-k), p(n—k-kl)} e, p(n—l))‘l‘ M(ﬁ("_k), P(H—E-H): cey P(n—l)) a
= = o (RN, GRChat, Gy (33)

Obviously, p™ will not be uniquely defined unless the matrix
(pir=k) pla=kxd) pOe=1)T N(pa-k) pla=k+D) pe=DY i pon-
singular. A direction technique [v, M — k] is said to be shocked
at iteration n, if there does not exist a vector p, in v4+K, (™, A),
which satisfies (3.2). For the same Example 3.4, if we choose a
a direction technique [AP, A —1], it is easy to check that shock

will occur.

Theorem 3.6 Let [v, M — k] be a direction technique and 1<#n < d.
1f M is nonzero-real with respect to Ky+:(#“, A), then shock will
not happen.

From theorems of Section 2 and Section 3, we obtain the follow-

ing theorem.

Theorem 3.7 Let Z and A be NXN matrices. If Z and ZA are
nonzero-real then KM(Z,[AP, ZA—oo], KM(Z,[AP, ZA—Fk1]), KM(Z,
[AR, ZA — o]), KM(Z,[AR, ZA — k2]), KM(Z,[R, ZA — =]), and
KM(Z,[R, ZA — k3]) are equivalent, for positive integers k1, k2,
and k3,

In Young & Jea™V there are three equivalent forms of the IGCG
method, these are ORTHODIR, ORTHOMIN, and ORTHORES. Here,
by our notation, we express them as KM(Z,[AP, ZA — ]) for
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ORTHODIR, KM(Z,[R, ZA —]) for ORTHOMIN, and KM(Z,
[R, ZA — co]) for ORTHORES. From Theorem 3.7, ORTHODIR,
ORTHOMIN, and ORTHORES are equivalent, if Z and ZA are
nonzero-real. Axelsson® considered the Axelsson’s least squares
method which can be expressed as KM(AT,[AP, ATA —1]). From
above, we know that break-down, stagnancy, and shock will not
happen in this method, because both ZA=ATA and M=ATA are
nonzero-real, and direction technique is of type-AP. Axelsson‘” also
considered the Axelsson’s Galerkin method which can be expressed
as KM(L[R, A —1]). For this method break-down, stagnancy, and
shock may happen, because both ZA=A, M=A, and the direction
vectors are of type-R. Saad, Elman & Schultz®™ considered the
GMRES method which can be expressed as KM(AT,[AP, 1 —co]).
Break-down, stagnancy, and shock will not occur in this process
because both ZA=ATA and M=1 are nonzero-real, and the direction
technique is of type-AP. Eisenstat, Elman & Schultz® considered
the Generalized Conjugate Residual method which can be expressed
as KM(AT, [R,ATA — co]), which will not have break-down and shock
but stagnancy, because the direction technique is of type-R. Saad®
considered the Full Orthogonalization Method (FOM) which can be
expressed as KM(I,[AP, 1 — o]). This method will not have stag-
nancy and shock, but may break down, because ZA = A is not
always nonzero-real.

4. THE UNITARY BASIS METHOD

A Krylov subspace method with the auxiliary matrix Z such
that ZA is nonzero-real with respect to Kg+1(#, A) will not break
down. But, it is very difficult to select such a Z, except Z =AY,
Therefore, we adapt auxiliary matrices dynamically and then deduce
a special kind of Krylov subspace method, which we called the
Unitary Basis Method. It possesses a dynamical auxiliary matrix
which contains a permutation matrix M, and an auxiliary matrix
7. For convenience, we denote this method by KM(ZM, T), where
7 projects p¥ onto the umnit vector ei+i, for i=0,1,...,d, and M
is adapted to avoid break-down. Assume that break-down occurs at
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iteration n#<d+ 1, then we may interchange the nth row of M
with the mth row, where m>n. For convenience, at the initial
state of iteration #, we denote M by M,. We claim this method
can solve linear system (2.5). Moreover, we can evaluate ¢ with
few operations, and #™ has more zero components than @~ has,
Thus we will save on the computation time at each iteration.

The name of the unitary basis comes from the fact that
the auxiliary matrix Z maps the basis [p©@, p®, ..., pr=D} of
K.(r®, A) into the unitary basis {es, e, ..., €.} of R¥, since

ZPD =gy, for §i=0,1,2 copds (4.1)

Therefore, we may evaluate the n+1st approximate solution m(+D
from the hyperplane z® 4+ K,+;(#©, A) by making its residual
being orthogonal to the subspace ZM, K,+,(#®, A). In other words,
its residual is orthogonal to the subspace M, spley, e, ... ¢,].

Now, we give two theorems on the unitary basis method, and
the proofs are given in Chuang®®,

Theorem 4.1 1f n vectors, v®, v®,,,., v, of R¥ are linearly

independent, then the following two properties hold:

(1) There exists an NXN elementary permutation matrix M such
that each Jeading principal submatrix of M(o®, v®, .., ™) ig
nonsingular.

(2) There exists an N X N matrix Z such that ZTo® =¢;, for

=1, 2o N

Theorem 4.2 1f A is an NXN nonsingular matrix, and # vectors,
v, p® 9™ of R¥ are linearly independent, then there exists
an NXN permutation matrix M and an NxN matrix Z satisfying
2T =¢;, for i =1,2,..., n, such that each leading principal sub-
matrix of (@, v, ..., p™)TZMA (v, v®, ., »™) is nonsingular.

We denote the #XN matrix (e, €z, ..., €,)T by (I,10x_,), and
denote the elementary permutalion matrix which interchanged the
ith row with the jth row by I;;. We also use P, to denote the
matrix (p®, p, ..., p*~V). Now, the algorithm of the Unitary
Basis Method KM(ZM,[R, I —0]) is given as follows.
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Algorithm KM(ZM,[R, I1—0]):

(1) Choose an inital vector z©@, and define » =b— Az®, M, = Iy
—the NxN identity matrix, and iteration number n=0.

(2) Evaluate AP,.

(3) Find an elementary permutation Ilu+i,m, m>n-+1, such that
the matrix (Tp+1 | Ox-n-1) Tit1,m Mo APpsy s nonsingular, and
define My+1 = ln+1,m Mn-

(4) Solve the linear system
(In+1]On=n-1) Ma+1 AP+18 = (1y+1|05-n-1) Ma+1 rim,

(5) Evaluate a¢"+? = 2™ + P,sa™ and z+D = ¢ — APyria'™,

(6) Check convergence. 1f true, then stop, else set n=n+1,
pm=r™ and go to step (23
We may also adapt the idea of using a dynamical auxiliary

matrix to the other Krylov subspace methods, such as KM(AT,

[AP, ATA — ]), KM(AT, R, ATA —]), KM(A",[AP, 1— o)),

KM(I,[AP, I —co]), and KM(L,[R, A —11), and obtain fairly good

results which will be shown in the next section.

5. NUMERICAL RESULTS

In this section we choose two elliptic partial differential equa-
tions P1 and P2 with boundary value conditions as our test problems
and discretisized by central differences. All the numerical results
shown were calculated with the Cyber 180/830 at the Data Commu-
nication Institute.

U.r+Uyy +aU,=2.7:(as'-—1)-[—y(y—-l)[Z——a(l-Zx)] in 2

(P1) {
U=zy(l—z)(1—y) on 22

where 2 =1[0,1]%1[0,1] and we have the analytical solution
u=zy(l—2a) (1—19).

(P2) {U,,+U”+(1U, = ay in 2
U=1+4+2y on 3%

where 2=[0, 11%[0, 1]. Here the analytical solution is # = 14+ xy.
The stopping criteria considered are

K, ™ = || & —Z[/[|a®—Zlz<e, (5.1)
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Table 1. Solving P1 with =10, 2=1/16, by methods KM (AT,

[AP, ATA-]), KM(AT, [R, ATA-0]), and KM(AT,

[AP, I-eo])

KM(AT, [AP,
ATA-00])

.14401965469779 E -+ 00)
.13578160309106 E +00
.12842355828770E +00
.12156678254031E -1-00

.11508628069287E -1- 00|
.10892972569158 E 100
.10316108979812E 100
.98235119180877E —01

.94048238900585 E —01
.85396474556731E —01

.14401965469779 E + 00|
.13578160309106 E -+ 00|
.12842355828770E -+-00
.12156678254031 E + 00

.11508628069287 E 4-00
.10892972569158 E -1-00
.10316108979812 E -+-00
.98235119180878 K —01

.94048238900588 E — 01
.89470377925622 E —01
.85396474556732 E —01
.81443536947277E —01

KM(AT, [R,
ATA-00])

KM(AT, [AP, I-c0])

. 14401965469779E --00
.13578160309106 E -+00
.12842355828770E -+00
.12156678254031 E -+00

.11508628069287 E -+ 00
.10892972569157 E -+-00
.10316108979812E -+00
.98235119180878 E —01

.94048238900586 E —01
.89470377925622 E —01
.85336474556735E —01
.81443536947279E —01

5

6

7

8

9
10 .89470377925622E —01
11
12 .81443536947276 E —01

13 L77507449544485E —01| .77507449544489 E — 01| .77507449544489 E —01
14 .73954142575958 E — 01| .73954142575959 E — 01| .73954142575962 E — 01
15 .70321566592570E —01| .70321566592573 E —01{ .70321566592574 E —01
16 .67041468349850E — 01| .567041468349852E — 01| .67041468349853 E —01
17 .63768134239012E —01| .63768134239015E —01| .63768134239017E —01
18 .60741855964659E —01| .60741855964664 E 01| .60741855964665E —01
19 .57813998811566 E —01| .57813998811569E — 01| .57813998811570E —01
20 .55044313055814 E —01| .55044313055818 E — 01| .55044313055821E —01
21 .52412934176948 E —01| .52412934176952 E — 01| .52412934176953E —01
22 .49869191200804 E —01| .49869191200809E —01; .49869191200810E —01

.47440010163609 E — 01
.45004769850661 E — 01

.47440010163607 E —01
.45004769850660 E — 01

.47440010163603E —01
24 .45004769850654 E — 01

25 .42563125040044 E — 01| .42563125040050 E —01| .42563125040051 E —01
26 .39884964421934 E 01| .39884964421942E —01| .39884964421943E —01
27 .36799537106057E —01| .36789537106068 E —01| .36799537106068 E — 01
28 .32703769082562 E —01| .32703769082577E —01| .32703769082578 E — 01
29 .27003664957332E — 01| .27003664957356 E —01| .27003664957357E —01
30 | .19244345475308E —01| .19244345475341 E —01| .19244345475342E —01

.11314093483574 E —01
.55006693391867E —02

.23566772186531E —02
.93519608466918 E —03
.34515989733203 F —03

.11314093483573 E —01
.55006693391865 E - 02

.23566772186520 E —02
.93519608466885 E —03
.34515989733174 E — 03

31 .11314093483543E —01
.55006693391664 E — 02

.23566772186427E —02
34 .93519608466425E —03
.34515989732984 E —03

36 .12184354827877TE — 03| .12184354827943 E — 03| .12184354827985E —03
37 .42003712455801 E — 04| .42003712455927E — 04| .42003712456285E - 04
38 .15232604284075E — 04| .15232604284248 E —04| .15232604284032E 04
39 L77258014041830E — 05| .77258014042044 E —05] .77258014038982 E —05
40 .57100858402287 E — 05| .57100858403306 E —05| .57100858401908 E —05
41 .42147549734220E — 05| .42147549735197E —05| .42147549735764 E —05
42 .22058061508508 E — 05| .22058061508669 E —05| .22058061508482E —05
43 .95698398318352 E — 06| .95698398315146 E — 06| .95698398299273 E —06
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and,
E, ™ =]b— Ax"™ [, = || v ] <e, (5:2)

with the tolerance, &, being 107%

First, we solve P1 with =10, mesh size h=1/16, by KM(AT,
[AP, ATA — ]), KM(AT,[R, ATA — ]), and KM(A",[AP, I—eo]),
and show that these three methods are equivalent, their K, values
are listed in Table 1. Next, we show the number of iterations taken
to converge and the CPU time for solving P1 and P2 by six differ-
ent Krylov subspace methods, including the Unitary Basis Method,
in Table 2. It is easy to see that the Unitary Basis Method requires
less CPU time than the other methods. In Fig. 1 and Fig. 2 we
show the changes of K, for Krylov subspace methods, these
are KM(AT,[AP, ATA —oo]), KM(AT,[R, ATA —]), KM(AT,
[AP, 1 — 1), KM(I,[AP, I —oo]), KM(L[R, A —11), and KM(ZM,
(R, I—01]). Only three curves appear because KM(AT,
[AP, ATA —co]), KM(AT,[R, ATA — ]), and KM(AT, [AP, I—c0])
are represented by the same curve 3, KM(I,[AP, I —o]) and
KM(I,[R, A —1]) are represented by the same curve 2, and the

Table 2. Solving P1 and P2 by six Krylov subspace methods

Problem ‘ P1 P1 ‘ P1 P2
Coefficient a | 1 10 1 i
Order of linear system i 225 ] 225 441 | 441

No. of iteration 32 30 42 62

KM(AT, [AP, A™A~0]) | CPU seconds 5.516 | 4.916 | 16.262 | 29.097
No. of iteration 32 30 42 62

KM(AT, [R, ATA-]) | CPU seconds 5.530 | 4.901 | 16.215 | 20.077
No. of itesation 32 30 42 62

KM(AT, [AP, I-o]) CPU seconds 10.403 | 9.020 | 32.588 | 66.398
No. of iteration 31 30 41 63

KM(I, [AP, I-00]) CPU seconds 9.837 | 9.014 | 31.248 | 68.545

" No.of iteration | 31 | 0 | 41 | 63

KM(L [R, A-o0]) CPU seconds g.574 | 7.874 | 27.024 | 58.556

" No. of iteration 40 35 56 86
KM(ZM, [R, I-0}) CPU seconds 6.780 | 5.375 | 22.707 | 48.207




24 Krylov Subspace Methods

log(Kp)
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\

0 10 26 30 40 50 60 70
iteration number

Fig. 1. Solving P1 with a=1 and 2=1/16, by six Krylov subspace
methods. 1: KM(ZM, [R, I-0]), 2: KM(I, [AP, I-e0]) and
KM(I, [R, A-1]), and 3: KM(AT, [AP, ATA-c0]), KM(AT,
[R, ATA-o]), and KM(AT, [AP, I-o0]).

P

7o 10 20 30 Lo %0 60 7O
iteration number

Fig. 2. Solving P1 with ¢=10 and kz=1/16, by six Krylov subspace
methods. 1: KM(ZM, [R, I-0]), 2: KM, [AP, I-e]) and
KM(I, [R, A-1]), and 3: KM(AT, [AP, ATA-c0]), KM(AT,
[R. ATA-»]), and KM(AT, [AP, I-co]).
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Unitary Basis Method KM(ZM,[R, I—0]) is expressed by curve
1:

Finally, in Table 3, we solve some problems by the five Krylov
subspace methods KM(AT,[AP, ATA — 1), KM(AT,[R, ATA — ]),
KM(AT,[AP, I — o]), KM(I,[AP, I — o]), and KM(I[R, A —1]).
For each one we compare the result of adapting a steady auxiliary
matrix with that of adapting a dynamical auxiliary matrix. It is
notable that in many cases by adapting a dynamical auxiliary
matrix we have saved CPU time.

Table 3. Solving P1 and P2 by five Krylovsubspace methods.
S denotes adapting steady auxilliary matrix, while
D denotes adapting dynamical auxiliary matrix

Problem Pl P2 P1 Pl
Coefficient a { 10 10 | 1 10
Order of linear system 49 49 ‘ 225 | 225
g| No. of iteration 25 23 | 32 30
CPU seconds 1.051 | 0.945| 5.516 | 4.916
KM(AT, [AP, ATA-0]) —; e
D No. of iteration 26 24 39 38
CPU seconds 0.918 l 0.835 | 5.119 | 4.883
5| No. of iteration | 25 23 32 30
CPU seconds 1.081 | 0.953 | 5.530| 4.907
KM(AT, [R, ATA-0]) |
Di No. of iteration 26 24 40 38
CPU seconds 0.914 | 0.839| 5.308 | 4.875
g No. of iteration 25 | 23 32 30
CPU seconds 1.902 | 1.658 | 10.403 | 9.020
KM(AT, [AP, I-o0]) -
D No. of iteration 26 24 40 35
CPU seconds 1.680 1.470 | 12.959 | 5.461
S No. of iteration 25 23 31 30
CPU seconds 1.909 1.658 9,837 | 9.014
KM(I, [AP, I-o0]) |
D No. of iteration 26 24 40 35
CPU seconds 1.680 | 1.470 | 12.959 | 5.461
S No. of iteration 25 23 31 30
CPU seconds 1.692 | 1.499 | 8.574 | 7.874
KM, [R, A-1]) i E—
D No. of iteration 26 24 40 35

CPU seconds 1.280 | 1.148 | 7.939 | 6.355
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6. CONCLUSION

The Krylov subspace methods involve two main parts, one is
the auxiliary matrix and the other is the direction technique. The
auxiliary matrix determines the existence of an approximate solu-
tion at each iteration. One rule used to confirm the existence of a
unique solution at each iteration is to choose an auxiliary matrix Z
which satisfies the ZA is nonzero-real condition. On the other hand,
the direction technique decides the construction of the direction
vectors. In some cases the construction may fail because of stag-
nancy or shock. Stagnancy will not occur, if we use a type-AP or
type-AR technique, but it may occur for type-R case. However, we
can avoid this by choosing Z to be mnonzero-real. Shock will not
appear if the second auxiliary matrix M is nonzero-real.

Frankly speaking, it is not easy to check whether a matrix is
nonzero-real. So we adapt the auxiliary matrix dynamically to
the Krylov subspace method, and obtain a new method called the
Unitary Basis Method. Moreover, the dynamical auxiliary matrix
idea can be adapted to other Krvlov subspace methods, which saves
CPU time. We also remark that more memory storages are needed
when adapting the auxiliary matrix dynamically.
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NOTE ON MATRIX DIFFERENTIAL
EQUATIONS

Y1-CHING YEN

Department of Mathematics

ABSTRACT

Given a matrix differential equation dX/d#=AX with ‘A=—A,
then the solution vectors of X are pairwise orthogonal. Applying
this property, some other results can be deduced, such as when a
column vector differential equation is solved, then the whole matrix
differential equation can be solved uniquely under the given initial
conditions.

1. INTRODUCTION
By the existance and uniqueness theorems of differential equa-
tions, it is known that given a matrix differential equation

H i R
X _amxm+m, x=[T "]

Tmie - L mn

11 <+ Q1 bn ---bln
bore s Dmn

aml- . -amm

if the matrics A and B are continuous in [a, 8] SR, then we have
(a, b) as the maximum interval of existance of every solution of
(1). In fact, given a constant matrix X, at #, € (a, b), then there
exists a unique solution X(t) satisfying X(f,)=Xo[1].

It is also known that the general solution of (1) is a particular
solution of (1) adding the general solution of the matrix defferential

equation
g Bl @11« o Cip
X _amxe, x=[D77) 0 as[ M)
Lm1++ e Lmn Amie s Cmm
AeC'a, b]. (2)

Therefore, the solution of (2) is a major part of the solution
of (1).
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We will now determine some properties of the differential equa-
tion (2), restricting the number # of column vectors of X(#) to be
no more than the number m of row vectors, since every column
vector of X(f) belongs to m-dimensional vector space, in which n

vectors satisfying #>m are linearly dependent.

2. WE BEGIN OUR DISCUSSION WITH

Theorem 1. Given a matrix defferential equation

dx L1y« oo Lin Q11+« C1m
X -amxm, x=|: | a< }
x,,,l...xm,, Cmles Oy
Ae(C'a, ], 'A=—A, (3)
then for

&1
X,-=[£1 ], X;+Xp=constant, 1=<j, k=n(=m). (4)
&

Proof. By (4), we have

» d
zyl = })51 air Trj, Where my' = - il (5)
Now

s X0y = ( B an)

Il

m
_El (245" 2ip + 255 213")
=

i [( % a,-;a}u) Zix + xij( 'Z": @1 T )]
i=1 I=1 =1

Interchanging i and [ in the second term, we get

|

XjXp)'= E  (au-+au)z;zn
1<i, 1510

=0, (6)
since
tA = —A.
(6) implies that X;+ X; = constant, 1 <7, k<=
Thus, for an initial condition X, = I, # €(a, b), n = m, we get
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Xi(t) » Xp(2) = Ej« Ex = bjs,

where

E;

1l

Hence we obtain:
Corollary. Let X({) be the solution of

X/(t) = A(t) X(1), X(to) =1a, hhe(a, b).

where
Tige v o lin Ag1.- iy . ‘
X = [ : ], A=]: :I, eC'a, b1,
Tui-+eLun Apresllyp
A = —A, (7)

then X(¢) is an orthogonal matrix Vie J C («, b).

Theorem 2. Given a matrix differential equation

X"e) = AQ@) X(8), X(to) = X0, b € (a, b),

where
L1+« L1n 11+« l1p
X:[E ] sl A:[z ]eC“[a,b]. (8)
Luie e Lun Cpteellpp
If n linearly independent solutions of the matrix differential
equation
lz ! 11 .
[E ]=-—*A(t)[£], t € la, b]. (9)
An An

are found within € J & (e, b) and {, € ], then (8) can be solved
simultanously Vit e J.
Proof. Let X7 = (xj...%ju),

Xi(te) = Caenltodes idmlte)); y =y e (10)
Put
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Y = 5 40X, (11)
then

Y= 5 (4 X+ 4 X
o z"‘:l (/1,-’ & hz:,‘lak,- J.k) X
=0, (12)

since by (9),

o+ B anhi=0. (13)
Thus,
Y(¢) = constant, Vie(q, b). (14)

Let the n linearly independent particular solutions of 2; be
éit, ..., ¢;*, j=1,..., n, then by (13),

dit é;lamskfzo, i,j=1,2,..., n (15)
Let

Yi) = B ei ()X, (16)
then as we have done in (14),

Yi(¢) = constant, Vi€ (a, bd), (17)
which implies that

2 47 X/(t) = constant = I /) K () = (el eal), (18)
say, Vie (¢, b), it=1,..., 1. Then

X(@¢) = (xie(t)), 1<j k=mn,

can be found as
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‘ﬁll(t)-..ﬂ Locaves ¢n1(t) |

s bu" AT d_s,,n)#
zip(t) = '¢11(t) ¢, (t) B D) Vte ] C(a,b). (19)

cbl (£). . B8 (). B (D)
2(8) ... a2(8)

«}sl’*(t)...w(t)

since it is the Wronskian determinant of n linearly independent

lq&(), vie ] < (a, b),

particular solutions of 1; 1=1,. e K
As its special case, we have the {following:
Corollary. Given a matrix differential equation

L11++ «L1n
X'(t) = A() X(8), X=[z : ]

Lpre-+Lan
@11+« 1n
A= [ £ ] (20)
Apie+Qnn
A being continuous in [a, b] = tA = —A, and the initial matrix

Xo = (29;) is given at £, € (a, b).
1f # linearly independent particular solutions of any column
vector of (20) are found, say,

21 v L1t
[s ]=A(t)[£ ] (21)
L1 T'n1
is solved, then the unique matric solution X(#) of (20) satisfying
X(#) = X, can be found immediately.
Proof. In the equation (21), we regard zj; as A 7=1...M
and with fA = —A, the equation (21) becomes the equation (9),
which induces (20) to have the solution X(t) as given in (19).
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SCINTILLATION ANALYSIS USING
AN INDICATOR VARIABLE

Joun R. KOSTER

Department of Physics

ABSTRACT

A method of analysing scintillation data is presented, suitable
for cases where scintillation can be represented as an indicator
(binary) variable. The method is applied to the problem of the
dependence of ccintillation at Lunping, Taiwan on magnetic activ-
ity, as expressed in the K, indices. Successive refinements of the
analysis are presented, and some new dependencies are found. The
method is recommended for the analysis of other similar geophys-
ical variables.

1. INTRODUCTION

In the analysis of scintillation data, the analyst is frequently
faced with an annoying problem. The variable in the time series
under consideration may have the value 0 for a large fraction of
the observing time. In trying to do a statistical analysis of such
data using linear regression, one is faced with the requirement that
the variable be normally distributed. Since most of the data trans-
formation methods available cannot cope with data of the kind
mentioned, the requirement is frequently ignored. While the result
may still have some meaning, the uncertainties limit the careful
analyst to qualitative statements, while those who blithely ignore
the requirements of the statistical method used may be led into
error.

A great deal of scintillation data is available from widely scat-
tered stations in the form of 15-minute values of the scintillation
index, SI, expressed in decibels. In such problems as the design of
communication systems, the amplitude of SI is of critical importance.
This scintillation depth is not only a {function of the particular
location, but also of the look angle, since field-aligned irregularities
are usually involved, and ray path direction relative to the magnetic
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field is an important parameter. In many model studies, however,
the presence or absence of scintillation is the important considera-
tion. A possible method open to the analyst under these circums-
tances is the use of a regression model with an indicator response
variable®. By ‘indicator response variable’ we mean one which has
only two possible values, 0 or 1—a binary variable. We consider a
model described by:

Yyi=bot+ bz + e

where ¥; is the response variable, &; is the regression variable, and
e is the error term. Since %; can take only the values of 0 or 1, a
reasonable probability model for the response is the Bernoulli distri-
bution—i.e., a distribution in which the random variable ¥; takes
on the value 1 with a probability P(y =1) = p;, and the wvalue 0
with a probability P(y =0) =1— p;. The mean of the Bernoulli
distribution is:

E(y; | &) = ps

where E(y:la;) has the meaning: “the expectation of %; when =z
takes the value x;.,” We then write:

E(yi | @) =bo+ bz = Py

and interpret the response as the probability that ;=1 when the
regression variable takes the value ay.

The purpose of this paper is twofold. We intend to first explain
how the indicator variable method may be used for the analysis of
scintillation and other like variables. We next wish to illustrate its
use by applying it to a simple case study—the dependence of scin-
tillation at Lunping, Taiwan, on the planetary magnetic index Kj.
We shall first look at the broad picture on a seasonal basis. We
then consider some more precise limitations on time and on the
amplitude of Kj.

2. THE DATABASE

Our regression variable will be the eight daily 3-hourly plane-
tary K, indices. Since our purpose in this first analysis is mainly
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illustrative, we shall not introduce any complicating sophistications,
but will use the daily sum of the Kp indices, with no compensation
for the fact that Taiwan’s local time leads UT by eight hours.

Our scintillation data will consist of values of the scintillation
index (SI), expressed in db and determined at 15-minute intervals.
We shall consider all values of SI, starting at sunset and extending
over a period of 83/4 hours (35 15-minute time intervals). If more
than N of these intervals have a value of SI equal to or greater
than 3 db, y; will have the value 1, otherwise ¥; will have the value
0. We can experiment with different values of N—values of 1,2, or
3 will make little difference in the results of the analysis. In the
results given in this paper, N has the value 3.

The SI data were taken at Lunping, Taiwan (longitude: 121°
E, latitude: 25° N, dip: +31°), using the 136.112 Mhz signal radiated
by ETS-2, in synchronous orbit at a nominal position of 130° E. longi-
tude. Elevation and azimuth are approximately 60° and 160°
respectively. The data were taken over the two year period 1
May, 1981 to 30 April, 1933 inclusive. Because the satellite beacon
was switched off during periods of daily eclipsing, there is a gap
of approximately 45 days et each equinoX. A total of 526 days of
valid data were obtained over the two-year interval.

For seasonal analysis we normally divide the year into 4 periods
of approximately 91 days each, centered on the equinoxes and
solstices. Because of the gap in the data at the equinoxes, however,
the spring and autumn data are combined, and we shall determine
results for three seasons: winter, equinox and summer.

To give an indication of the distribution of the two variables,
the sum of the Kp indices, and the number of periods with SI equal
to or greater than 3 db, we show boxplots of the raw data. The
reader will recall that the boxplot displays a data set by means of
a box whose center is the median of the distribution and whose
ends (the ‘hinges’) are the lower and upper quartiles. The ‘H-spread’
is the distance between the upper and lower hinges, and a ‘step’ is
equal to 11/2 H-spreads. The observation furthest from the median
that still remains within 1 step from each hinge is shown with
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a — sign. Individual points within the second step are marked by a
0, those beyond the second step the symbol X. A number under the
symbol indicates that multiple points fall at that location. The
boxplot can thus show a great deal about the distribution of the
variables at a glance.

1t can be seen from Fig. 1 that the distribution of the sum of

BOX PLOT OF THE SUM OF THE KP VALUES [5Y SEASOH
WINTER
R N S | :
EQUINOX
SUMMER B
- ] l r---— —_—————— o 0 0
| A S
l ! |
0.0 300 60.0
BOX PLOT OF THE NUMBER OF PERIODS OF SCINTILLATION BY SEASON
WINTER
F—{ XX KX X X x A % X X
| 8 2 2 4 3 4 3 3 2
EQUINOX
I } ————————————— { 00000 000 0
7
SUMMER
| 1 l | |
0 3 12 18 2

Fig. 1. Boxplots showing the distribution of the sum of K, in winter,
eqninox, and summer {upper plot) and the number of 15-minute
periods showing SI greater than 3 db for the corresponding
seasons (lower plot).
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K, is at least approximately normal, and one whould not expect
any serious problems in using it in a regression analysis. The SI
variable, however, is quite another matter. For the winter season,
the whole box has collapsed onto the origin, and all the non-zero
values of SI-are considered as ‘outliers’. At the equinox the median
is at the origin, while in the summer the lower quartile falls there.
Although the upper portion of the last two distributions would
appear to be more tractable, any attempt to transform these dis-
tributions into normal ones is clearly doomed to failure. Hence we
have had recourse to an indicator variable.

3. ANALYSIS 1

In the analyses which follow, we shall follow quite closely the
non-linear model given by Montgomery and Peck®. Qur response
is modelled using the so called logistic function’:

E(y|z) = exp(by+ b1 x) / [1+ explbo + byx)l

This function has the characteristic S shape, with asymptotes
at 0 and 1, ensuring that our estimated response function will lie
between these limits. It also has the property of being easily line-
arized by the simple transformation:

p*=In[E(ylz))/(1— E(wlz)]1=mlp/A- 1
and our linearized model becomes:
P* = bo + b]_ X

To fit the logistic response, we must have repeat observations
on ¥y at each level of z. We shall do this by sorting our data, using
2 as key, and then dividing them into ten decile groups. For each

group we then have:
Z; = the mean valuc of z in the group, and
Bi = ci/ty
where i=1,2,...10, n; is the number of observations in the group,

and ¢; is the number of s in the group. We now have p*=In[p:/
(1 —$:)] as our response variable.
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One problem remains. The variance of the errors is not constant,
which means a violation of the basic regression assumptions. The
use of weighted least squares, with weights chosen so as to be
inversely proportional to the variance of p;* will overcome this
problem. If #z is large, the variance of p;* is given by:

V(p:*) = 1[0 pi(1 — pi)]

where p; is the true probability that y;=1 when x=x;. If p; is
replaced by its estimated value from above, then:

V(p:*) = 1/[n: p:(1 — 5:)]
and our weights are given by:

w;=ﬂ;§;(1-—-f;),, i=1,2,...,ﬁ’l

Table 1 shows, by way of example, the variables and their
values, as used for the analysis of our data for the winter season.
The actual regression analysis is done using a standard linear
regression subroutine which uses weighted least squares. The
RLFOR routine from the IMSL (International Mathematics and
Statistics Library) scientific subroutine library was used in this
example. The adequacy of the model was carefully investigated for

Table 1. Sample of input data for analysis of SI
versus the sum of K for winter

Group X P “ P* Weight
1 38.0556 0.3333 —0.6931 4.0000
2 30.8333 0.1111 —2.0794 1.7778
3 27.6111 0.1667 —1.6094 2.5000
4 24,5556 0.0556 —2.8332 0.9444
5 21.5000 0.0556 —2,8332 0.9444
6 19.3333 0.0556 —2.8332 0.9444
7 17.388Y 0.1111 —2,0794 1.7778
8 14.8889 0.1111 —2.0794 1.7778
9 11.1667 0.1111 —2.0764 L7778

10 6.4500 0.0500 —2.9444 0.9500
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all three seasons using residual analysis, and the model seems to
meet all the required criteria.

4. RESULTS OF ANALYSIS 1

The values of some basic parameters for all three seasons are
summarized in Table 2. Variables shown are: the season; the num-
ber of days’ data for that season (NOP); the value of F (from the
statistical F-distribution); the probability that this value of F could
arise purely by chance (Q); and the coeflicient of determination
(PCT), usually represented by R? and interpreted as the percent of
the variation explained by the regressor, Z. Also shown are the
regression coefficients by and by, and their standard errors.

The plots of the calculated probability of scintillation at Lunp-
ing as a function of the value of the sum of the Kp values are shown
in Fig. 2, with a separate curve for each of our three seasons.
Values of the coefficient of determination (R?) for the three seasons
are shown at the top of Fig. 3. R? is, of course, a positive quantity,
but when the correlation coefficient is negative, we plot the corre-
sponding R? in the negative direction, to emphasize the negative

correlation involved.

5. DISCUSSION

These results are in broad agreement with many of those
reported in the literature for equatorial stations®?® and also with
{hose for Asian mid-latitudes®. Winter in Asia shows an extremely
small probability of scintillation, but p does increase with magnetic
activity. Summer (in Asia) shows a very large amount of scintilla-
tion, but it exhibits a very small dependence on magnetic activity.
The equinoxes show the often reported negative dependence, with
a slope whose absolute value is considerably larger than that for
other seasons. Equinoctial days during magnetic disturbances exhibit
an extremely small probability of scintillation, according to this
result. We shall soon have to amend this statement somewhat, as

later results will show.
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Table 2. Results from the three analyses done in this paper
Symbols are described in the text
Season | NOP | F | @ | PCT | B() | S.E. | B@) | S.E.
Regression of S.I. on SUMKP
Win. 182 11.7450/ 0,0000] 59.4843) —3.2598 0.4410 0.0577| 0.0168
Equ. 166 11,4800 0.0095‘ 58.9323 1.3152) 0.5848 —0.0806| 0.0238
Sum. 178 1.07720  0.3297 11.8669‘ —0.7062 0.4523 0.0188 0.0181
Kp=0 to Kp=9 inclusive
Season | NOP | F | Q | PCT | B(0) | S.E. | B(1) | S.E.
Regression of S.1. on K;(5)
Win. 183 | 24.1128 0.0012) 75.0878] —3.6203| 0.3980 0.5468| 0.1114
Equ. 175 0.0820 G.7819i 1.0141| --0.9087 0.4619] —0.0381| 0.1332
Sum. 180 1.0789] 0.3293) 11.8840 —1.5727| 0.4610; 0.1429 0.1375
Regression of S.I. on Kp(6)
Win. 183 7.6008 0.0248 48.7205 —3.4181] 0.5164 0.3740/ 0.1357
Equ. 175 4.1630] U.0756| 34.2266/ —0.1703| 0.3474] —0.2153 0.1055
Sum. 180 | 15.9681] 0.0040| 66.6224| —1.3002 0.1603] 0.1866) 0.0467
Regression of S.I. on K4(7)
Win. 183 17.6403[ 0.0030 68.7991 —4.5791| 0.4347 0.5245) 0.1249
Equ. 175 9.7238 0.0143 54.8630 —0.9093| 0.2192] —0.2233| 0.0716
Sum. 180 3.9895/ 0.0808 33.2752] —1.6060] 0.2679 0.1624) 0.0813
Kp=0 to KP=4 inclusive
Season | NOP | F o | pcr| B | s.E. | B() | S.E
Regression of S.1I. on K4(5)
Win. 183 4.2901] 0.0721] 34.9068 —2.9971] 0.4761 0.3206 0.1548
Equ. 175 18.4995 0.0026/ 69.8107 0.0421) 0.2923 —0.4736| 0.1101
Sum. 180 | 24.2416/ 0.0012) 75.1874] —0.2182 0.2284] —0.4058] 0.0824
Regression of S.I. on Ku(6)
Win, 183 3.7136 0.0901; 31.7034] —3.3396 0.5627i 0.3364, 0.1746
Equ. 175 | 43.0721 0.0002| 84,3359 0.3145 0.1877 —0.4509 0.0687
Sum. 180 | 16.2312] 0.0038| 66.9847 —1.4482) 0.1743]  0.2546] 0.0632
Regression of S.1. on K3(7)
Win. 183 | 12.4381] 0.0078) 60.8574] —4.5735 0.4709 0.5221] 0.1480
Equ. 175 8.5919 0.0190[ 51,7838 —0.8699] 9.2152] —0.2384, 0.0813
Sum. 180 0.6852) 0.4318] 7.8895 —1.4398 0.2915 0.0852| 0.1029
Kp=4 to Kp=9 inclusive
Season | NOP | F Q@ | pcT| B | S.E. | BQ) | S.E
Regression of S.1. on K(5)
Win. 183 700.9600[ 0.0UOUi 08.8716] —4.3382] 0.1290] 0.7228 0.0273
Equ. 175 19.9243 0.0021‘ 71.3511| —4.8578] 0.8460, 0.7590, 0.1700
Sum. 180 |2737.4377) 0.0000; 99.7086] —6.3593] 0.1044] 1.0598 0.0203
Regression of S.1. on Kp(6)
Win. 183 { 109.9331] 0.0000 93.2165| —2.6530] 0.1006] 0.2372] 0.0226
Equ 175 0.5048 0.4976| 5.9359 —1.8004 1.0916 0.1686| 0.2372
Sum. 180 0.1677, 0.6929] 2.0534] —0.4315 0.2089 0.0177, 0.0432
Regression of S.I. on K(7)
Win. 183 42.4304] 0.0002| 84.1365 —3.3820/ 0.1880/ 0.2871] 0.0441
Equ. 175 0.1163] 0.7419 1.4325 —1.7528/ 0.6072| —0.0447 0.1312
Sum. 180 87.0066_ 0.0000| 91.5795i ~3.3268i 0.2547, 0.5190 0.0556
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Fig. 2. The probability of scintillation as a function of the sum of Kp
for winter, equinox and summer.

One practical problem can easily arise in the analysis described
above. It can happen that, in the determination of B:(=¢:i/ni), €
may assume the values of 0 or #n;, and we have a bi value of 0 or
1, either of which will cause problems, since we use the natural log
of p; and 1 — pi. Cox® discusses this problem at some length, and
suggests various methods of dealing with it. In most cases, it can
be easily met by altering ¢ by +1 or —1 as required, without
significantly altering the result of the analysis. Alternatively, Bi
can be replaced by ; + e, where e is an arbitrarily small quantity.
In this case, w; becomes extremely small, and the point has vir-
tually no effect on the regression. This has no effect on the final
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probability curve, either, except possibly at the extreme ends, as

Cox® notes.

6. A SECOND ANALYSIS—IMPROVING TIME RESOLUTION

The analysis performed thus far has proved to be exceptionally
easy to use, and it has given us results in a form that is easy to
interpret. But it has not not shown anything that could not have
been discovered by the more conventional methods currently in use.
1t is always interesting to try to extend a new method beyond
current usage, to see whether it will give useful new information.

With this in mind, we shall now attempt to improve our resolu-
tion in time, while using the same data base. We shall proceed by
dividing the night into three intervals: post-sunset (20 to 23 H),
midnight (23 to 02 H), and pre-dawn (02 to 05 H) local time. It
will be noted that these intervals, after taking account of the fact
that Jocal time is 8 hours ahead of UT, correspond precisely with
the periods covered by Kss, Kpe, and Kp; of the eight planetary K
figures. We shall then analyze each of the three-hour periods
ceparately. For each we shall group our data into ten categories,
hased on the 10 possible values of Kp (0 to 9 inc.). The three
seasons will be treated separately.

The method of analysis is essentially the same as before, but
now our groups will be of unequal size, because of the distribution
of the Kp values. We must be aware of two possible violations of
the requirements of our method. In the first case, #;, the number
of data points in a given group, may not be large—as Wwe have
assumed in deriving the expression for the variance which we have
used in the determination of our weights. This will almost certainly
cause no serious problems, however, since the corresponding weights
will be extremely small, and thus make a negligible contribution
to our linear regression. Secondly, we may even have some null
groups, especially at Ky=0 or Ks=9. These will be dealt with by
assigning to them vanishingly small values of P, and correspond-

ingly small vales of w.
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Parameters arising from this analysis are shown in the appro-
priate entries in Table 2. The reader will note that the resulting
probabilities of scintillation are basically the same as they were
before—winter and summer show positive slopes of p vs Kp, while
the equinox slopes are negative.

1f, however, we compare the results of the three discrete time
intervals, some new information emerges. This can be most clearly
seen in Fig. 3(b), where we again show values of R? by season, the
three intervals heing shown separately for each season. We call
attention to two important new pieces of information:

(1) In winter the value of R? is relatively large in the post-
sunset and pre-dawn intervals, considerably smaller around mid-
night. In summer, the reverse is true. This fact will be used later
in support of a contention that the scintillation producing mechan-
isms at Lunping are different in winter and in summer.

(2) The probability of scintillaticn during the post-sunset period
at equinox and summer appears to have no significant correlation
with Kp. This is the time period in which the equatorial bubble-
formation mechanism is known to maximize. This surprising and
highly anomalous result will be explained when we have the results
of analysis 3.

7. A THIRD ANALYSIS—A NON-LINEAR KP DEPENDENCE

We shall now attempt a further extension of the method by
changing the assumption that p* is a monotonic and linear function
of Ks. This implies that the slope of our p* versus Kp curve may
change sign as K, goes from 0 to 9. In a recent paper concerning
scintillation in Japan, Kumagai? states that the dependence of p
on K, changes for large values of Kj;. For K, >4, scintillation
almost always occurs and the slope of the p versus K, curve is
positive. To determine whether this is also true for Lunping, we
can proceed in either of two ways. We can, still using our Jogistic
function, fit a higher degree polynomial rather than a straight line
to our values of p* and K. Or we can try using two straight lines
in succession—fitting one to the values of K from 0 to 4, and an
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independent one to the values of Kp from 4 to 9. Both methods
are extremely easy to implement, bul since polynomial regression
models are frequenty lacking in robustness, we shall opt for method
2, and stay with a Jinear model. The raw data need not be changed.
We shall merely assign negligible weights to the unwanted part of
the K, distribution, and proceed exactly as hefore. Results are
contained in Table 2, but we shall extract the rclevant information
and show it in simplified form in Fig. 4.

A study of Fig. 4 reveals several new items of information.
Among these, the most important are:

(1) The surprising lack of correlation between the probability
of scintillation and the K value in period 5 (post-suncet) of equinox
and summer (see Fig. 3) is now explained. The correlation coeffi-
cient is large and negative when K is small, large and positive
when K, is large. Combining all Kp, as was done in analysis 2,
masks the true relationship, suggesting no dependence of scintilla-
tion on Kp. The correlation is now seem to be strong, but non-
linear.

(2) No season or time interval exhibits a significantly negative
correlation when Kp is large. This is in full agreement with the
finding of Kumagai for Japan. Our curve for the equinoctial season
in Fig. 2 therefore needs amending, too. For larger values of the
sum of K, the slope should become positive. This positive slope
appears for periods 5 and 6 in the data at the bottom of Tabile 2.

(3) The summer-time response of scintillation to Kp is puzzling.
The reversal of correlation from negative to positive in period 5 is
similar to the equinoctial behavior. Period 6 (midnight) has its
correlation coefficient reduced from a high positive value to nearly
zero, and period 7 is just the opposite. The reason for this is not

obvious.

8. A WORKING HYPOTHESIS

This study of the relationship between VHF scintillation at
Lunping and the degree of disturbance of the geomagnetic field as
reflected in the value of the planetary index K, was undertaken as
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a prelude to an attempt to establish the physical mechanisms respon-
sible for Lunping scintillations. While these results are believed to
be objectively correct, they are subject to a variety of interpreta-
tions—and possible interpretations are the subject of another paper.
However, the results given above do suggest a working hypothesis
concerning the origins of the scintillations. The elements of that
hypothesis are:

a) Some scintillations of Lunping are attributable to the equato-
rial ionospheric bubble mechanism. It will be recalled that gigahertz
scintillations show large equinoctial maxima and solstitial minima.
Wernik ef al have shown that this is case at Hong Kong and Guam
in the Asian region®. It is generally agreed that the irregularities
giving rise fo these scintillations are produced by the equatorial
bubble mechanism. It is also well known that this mechanism cor-
relates negatively with Ko, especially in the pre-midnight hours.
We therefore surmise that the equatorial bubble mechanism is a
prime candidate for the explanation of much of our equinoctial
scintillation. We shall call this mechanism 1.

b) Not all summer-time scintillations at Lunping can be attri-
buted to irregularities formed by jonospheric bubbles at the equator.
Gigahertz scintillation (and presumably equatorial bubbles) are
relatively infrequent during the summer. Yet most of Lunping’s
scintillation occurs in the summer months, especially in June and
July. An investigation of Manila TEC during these months shows
that scintillation frequently occurs at Lunping when Manila TEC
shows none of the usual signs of bubble formationt™. Hence our
working hypothesis would suggest that we must look for a second
mechanism to explain the origin of much of the Lunping summer-
time scintillation. We shall call this mechanism 2.

¢) The origin of the scintillation during magnetic disturbances
is problematical. It is almost certainly not due to mechanism 1, which
shows a negative correlation with Ks. It may be identical with
mechanism 2. Hence our hypothesis will include a mechanism 3--the
irregularity production mechanism accompanying magnetic disturb-
ances. It may or may not turn out to be distinct from mechanism 2.
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9. CONCLUSION

In this paper we have presented a method that is easy to imple-
ment, robust, and potentially very useful in the analysis of scintilla-
tion, or of any other parameter met in geophysical research which
lends itself to representation as an indicator variable. We have
illustrated the method with a practical application, and not
only verified for Lunping many characteristics of scintillation
dependence on K, that are already known for other equatorial and
mid-latitude stations from more conventional methods of analysis,
but also discovered a number of potentially new aspects of the
dependence of SI on magnetic activity as reflected in Kp. The
method itself seems to be quite widely used among statisticians,
but has not yet been extensively applied to problems in ionospheric
physics. It is felt that a more widespread use can contribute signifi-
cantly to the solution of some outstanding problems that are less
amenable to conventional methods.
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NARROW BAND PASS FILTERS

Jen-I CHEN and Kung-Tune WU

Department of Physics
Fn Jen Catholic University

ABSTRACT

The designs of all-dielectric optical narrow band pass filters
of half-wave systems are carefully studied, and their properties
are thoroughly investigated by the method of either the single
stack calculation or the two effective interfaces analysis. Experi-
mental fabrication and check are made with the use of Mg Fo-CeO,
interference multilayers. The results measured are found quite
compatible with the designs.

INTRODUCTION

Multilayer filters have been designed with the equivalent layer
systems.®, the single half-wave systems® and the double half-
wave systems®. Filters of equivalent layer systems have been
thoroughly studied in our previous works®5-D. However, for the
design of narrow band pass filters, it is much more efficient and
economical to use single half-wave systems, on account of the num-
ber of Jayers used and the pass band shape desired. In this paper,
we focus on the study and fabrication of narrow band pass filters
of half-wave systems, that is multilayers consisting of different
numbers of half-wave layers in between reflecting quarter-wave
stacks. The best designs from theoretical calculations are chosen to
be fabricated in the laboratory and their properties are measured.

Optical characteristics of half-wave multilayer systems can be
evaluated by either the single stack calculation® or the two effec-
tive interfaces analysis®. The two effective interfaces analysis
reveals more detailed information about the transmittance, the
reflectance and the phase characteristics of two composing stacks,
which are very helpful in the design.

Take the time factor of the light wave to be ¢—ivt the optical
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properties of a homogeneous non-absorbing dielectric layer are com-
pletely represented by the following characteristic matrix

M = ( cos (konzcos#h) — ; sin (ko nz2cos @) ) (1)

\ — ip sin (kynzcos @) coS (kynzcos )
where ky is the propagation vector of light in vacuum,

n is index of refraction,

z the thickness,

# the incident angle,

p=ncos@ for TE wave
=cosf0/n for TM wave.

The characteristic matrix of a N-layer system is given by the
consecutive product of individual matrices of each layer
N
M= II My (2)
j=1
In the single stack calculation, one calculates the matrix of the
multilayer as a whole. As light incidents from a medium of refrac-
tive index 4, through a multilayer represented by

S (3)

— inty Tzp

into another medium of index #,, the reflection and transmission

coefficients 7 and ¢ are given by

_ (my po — mz_z_}bs) + i(mz_;_-—- M;z__fif’__)

= (11 o + Moz ps) — (e + Mgz Po Prs)

2p, (4)
(111 po Mz Ps) — 1(M2y +132 Po Ps)

From these relations, one can easily derive the reflectance R
and the transmittance T as
(11 o — Moz Ps)? + (na — Mys Pobs)?
(#31 Po + Hias Ps)? + (M2 - M1z Po s )?

dpops (5)
(#11 Po = Mzp ps)? = (a1 + Mz Py Ps)?
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and the phase changes upon reflection and transmission as

213y Marpo — Moo a2 PoPs®) (6)

— e L B s
9 5= LA (s po)t — (a2 Ps)* — (Mg1)? + (maa Pobs)?
Moy + Mz PaPs

= tan™?!
¢z a1 Po T M2z Ps

In case of a multilayer deposed on a substrate of index #s,
considering the reflection from the backside of the substrate, the
transmittance measured in the surrounding medium 2o is given by

4 po b 20 2

T=————— oo (-

(M po + Moz Ps)? + (#hz + Mz o Ps)? ( o -+ Ds ) (7

The two effective interface method splits a multilayer into two
subsystems, along one of the half-wave layers, which act as two
effective interfaces Ei, E, on both sides of the half-wave layer as
shown in Fig. 1. Considering multiple reflections and transmissions
at the two effective interfaces, one obtains the transmittance of the
whole system as
T, T,

1
(1—R)? 4R
1 T=R?

T=

= (2)

« sin% ¢
where

R = (RiRp)V% 6 = b+ buz + 2nnd

A

Ri, R and ¢ri, dsz are the reflectances and the phase changes on
reflection from subsystem 1 and 2 respectively. T,, T.' are the trans-
mittances of subsystem 1 and 2 respectively, Tz = T, if subsystem

' té n?"""h

Subsystem 2 \Hw Layer | Subsystem!
E2 al

Fig. 1. Two effective interfaces representation of a multilayer.
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2 has a semi-infinite extention of medium on the left hand side, as
is the usual case.

Theoretical calculations have been done with an Apple 11 com-
puter. An Applesoft program chained to the appleplot program has
been written for both the single stack calculation and the two
effective interfaces calculation. The results may be displayed num-
erically, or graphically.

DESIGN ANALYSIS
a, Single Half-Wave Systems

A single half-wave system consists of a single half-wave layer
between two quarter-wave reflecting stacks, like a Fabry-Perot
filter,

Ao stack

4 —‘1"— stack

A0 spacer
g Spacer

The transmittance characteristics for a typical multilayer
nol (HL)*|HH|(LH)3|#,, with refractive indices =1, ny=2.1 and
n,=13, is shown in Fig. 2. Here we use the convention : H, L. for
a quarter-wave layer of high, Jow index iaterial respectively. 2, is
the central wavelength of the pass band.

The transmission curve is symmetric with respect to A/i=1
and periodic with a period of 2. The pass band at 2,/A=1 becomes
narrower and sharper as the number of layers in reflecting stacks
of the ratio #s/n, increases. The stop bands on both sides of the
central peak become wider as #,/n, increases. Interchange of H
and L gives a worse transmission pattern, as displayed in Fig. 2(b).

The region including the fundamental pass band at Ao/2=1 and
two side stop bands is just the stop band of the composing reflect-
ing stacks of the system. Constructive interference of multiple
reflections from two high reflecting stacks produces a central
narrow pass band in the stop band of the reflecting stacks. There-
fore the stop band width on either side of the pass band of the
system can be estimated by calculating half the stop band of the
composing reflecting stacks, and it is obtained as
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Fig. 2. Transmittances of SHW system with n,;=2.1, 2, =13.
(a) (HL)*[HH|(LH)?
(b) (LH)|LL|(HL)

2 . 2
Aldofh) = L -2 i (9)
P AE
(2+ Ny + n,,)

which is displayed graphically in Fig.3. The stop band width is
slightly different from the width of the stop band in equivalent

layer systems, which is given by

_ 2 (e
AGA) = 2-sint (B2 ) (10)

In the region of the central pass band, where R; and Ry are
essentially constant, the transmission of the system is well described
by

_ T,
T=9%F,sin’é (M)
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0 T . - 1

25 33 40
NHAL

Fig. 3. The dependence of the stop band width of a quarter-wave
stack on #y/#,.

with
'
To= qigy Fo= qime
where T, and F, are almost frequency independent. And so the
half-wave of the pass band is essentially determined by the Airy
Sum, which is about 0.01 in the case of Fig. 2.

We are interested in the application of a single half-wave system
to fabricate variable filters. If high reflecting stacks are employed,
their reflectances and transmittances are nearly constant through
their stop band, 1— A<<1/A<14+ A, and so Eq. (11) prevails. It
is therefore possible to produce a variable filter by simply varying
the thickness of the central half-wave layer of the system along a
given path on the substrate. This variable filter is applicable in
the range from (14+ A)~*to (1 —A)7%

The position of the central peak inside the stop band is deter-
mined by the phase relation as

§ = m= 3 (#ns + buz + 7E 2o/2) (12)

for a given thickness E of the half-wave layer,

il Bow “‘1 (13)
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or,

E=(2—9¢")/(2/2)
¢ = (a1 + ¢aa) P& T (14)

Note that ¢g; and ¢éye are wave-number dependent. Computer
calculation for the system (HL)? |EH | (LH)?, with ny = 242 and
n, = 14, gives the results of Fig. 4.

The figure shows that the variation of E is approximately linear
in the region of interest (1—A, 1+ A). The half width of the
central pass band increases as the peak shifts {rom the center to
cither side of the region of interest, from about 0005 at 2e/A=1
to 0.01 at /4 =125 or 0.75. For nx = 242 and n, =14, A =0.1721
The applicable range of the filter is (0.853 2y, 1.208 Z¢).

4 4 16
4 14 ﬂp
E ‘ ~
3 12 ®)
& 410 3,
¢ g
4 6
It 44
!
0 f—— - , 0
1 e '
v ,"’ 5 > -2
...[ d T T ¥ T T -4
0.8 09 1.0 1.1 1.2
s
A

Fig. 4. Variations of peak position Ag/a and half width ap of the pass band
with thickness E for the system (HL)*|EH|(LH)?, ny=2.42, n,=1.4.
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b. Double Half-Wave Systems

The shape of the pass band for SHW systems given by the
Airy Sum is not ideal for a narrow band filter. A more desirable
shape would be a flatter top with sharper edges. For this Smith®
had investigated and recommended double half-wave systems (DHW)
of the general type

Ao Ao Ao Ao Ao
1 stack 5 spacer | stack 5 spacer 1 stackl.

DHW systems show a pass band containing either two peaks with
a central trough or just a single peak. The general shape in two-
Peak case is rectangular. DHW systems have applications to narrow
band, wide band and low pass filters. Our main interest is in the
application to narrow band filters.

DHW systems can be investigated and designed through the
two effective interfaces analysis, using Eq. (8) with the help of
Eqgs. (5)-(6). Refer to the far left half-wave spacer, the remainder
on its right and the quarter-wave on its left are regarded as sub-
system 1 and subsystem 2 respectively.

As an example, the properties of the 19 layer DHW systen
(HL)?|HHI(LH)?L(HL)*[HH|(LH)? with #y = 242 and #, = 14 are
computer calculated and displayed in Fig. 5. In Fig. 5-(c), it shows
that the DHW system has a flat pass band, with a pretty sharp
edge, of half-width Ap~0.025, in contrast to Ap~0.005 for the 13
layer SHW system (HL)3|HH|(LH)2.

The influence of the number of layers in quarter-wave stacks
on the pass band shape is also investigated. Consider the DHW
system

(HL)¥:|HH|(LH)*'L(HL)™’|HH|(LH): .

The study shows that with symmctric structure, Ny=N;"=N,=N,/,
it has the best shape. The pass band becomes narrower with steeper
edges as the N’s increase. For Ny’ 4+ N/ << N, 4+ N, a central trough
exists between two peaks, which sinks deeper as N/t N,' decreases.
The transmittance at the center rises as N,' 4 N/ increases. As
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For comparison, we have also investigated multilayer systems
containing different numbers of half-wave layers, but with the same
total number of layers. The results are shown in Fig. 6. The number
of peaks appearing is equal to the number of equivalent half-wave
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Fig. 6. Transmittances of various systems with same total number
of layers. #sy=2.42, n,=14.
(a) (HL)'[HH|(LH)*
(b) (HL)*|HH|LHLHLHL |HH|(LH)?
(c) (HL)*[HH|(LH)* (HL)*/HH|(LH)*
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layers of the system. Increasing the number of layers in the
stacks will raise the transmission in the trough regions and pack
the individual peaks closer.

Since a symmetric DHW system is equal to two equivalent SHW
subsystems, separated by a single L layer, it may be plausible to
narrow down the pass band width Ap of the system by shifting
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the peak of one of the SHW subsystems a distance A#/2 by changing
the thickness of its half-wave layver as shown in Fig. 4. However,
the result turns out to be negative as shown in Fig. 7, for the trans-
mission of the system (HL)?|HH|(LH)2L(HL)?[1.908H|(LH)2. The
asymmetry of the pass band is due to the slight distortion of the
band shape of the right SHW subsystem as its peak shifts. There-
fore the only way to make a narrow pass band filter with a flat top
and sharp edges is to use the DHW system with a high ratio na/n.
and a large number of layers in A/4 stacks.

Variable filters of DHW systems can be designed in the same

1.0 q
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Fig, 7. Transmittance of (HL)?{HH{(LH)* L(HL)?|EH|[(LH)? with
E=1.908.
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Y

Fig. 8. Measured transmittance (dotted line) and calculated one
(solid line) of (LH)*
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way as these of SHW systems, simply by varying the thickness of
both its half-wave layers simultaneously, according to the relation
shown in Fig. 4.

EXPERIMENTAL FABRICATION AND TEST

In the actual fabrication of narrow band pass filters in experi-
ments, MgF, and CeO, are used as the low and high index material
respectively. The films are deposited at a deposition rate of about
5-10 A/sec onto a substrate kept at 100°C. The refractive indices
of the MgF, and CeO, films are carefully measured by transmittance
measurements® and double checked by the Fizeau interference
method®. The average refractive indices thus obtained are

Mg = 2.42, Ny = 14.

Microscope slides with index #,=1512 are used for substrates.

A reflecting stack and two narrow band pass filters of both a
single half-wave system and a double half-wave system were fabri-
cated and tested. With 2, chosen to be 650 zm, the corresponding

quarter-wave thicknesses are
H=671A, L=11614A.

Transmittance curves experimentally measured (dotted lines)
are displayed in comparison with the theoretical ones (solid lines)
calculated from the actual deposited thickness. The results are
fairly compatible with the designs in general. The broadening of
the pass band width and the shifting of the peak of measured
transmittances are mainly caused by errors in the refractive index
determination and the deposition thickness control. In Fig. 9, for
example, the peak shifts about Aky=20nm and its edges shift from
660 7 and 680 #m to 635 nm and 710 nm.

The expanding of the band width can be regarded as outward
shifting of its edges on both sides, which in turn can be estimated
from the variation of the stop band edge of the reflecting stack
with the refractive ratio #a/n.. For a given central wavelength
A.(2d,), the stop band edge wavelength 2, is given by Eq. (9),
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Fig. 9. Measured transmittance (dotted line) and calculated one
(solid line) of (HL)3[HH[(LH)3

i" =1—A= -?r- sin~1! = 2 = (15)
e (2 7 s )

which is practically fixed by the value of #u/n., as is the pass band
width. For ny=242 and n,=14, 1,/2.>~0821. As A, shifts from
660 wm to 635nm  A./A.0~0.853. From Eq. (15), we find the corre-
sponding value #a./n, ~1592. Note that #, is less influential and
the refractive index of MgF. is more accurately measured to be
1.38~1.4. The result implies that the actual refractive index of
Ce0, should be 2.21, 102 less than our previous measurements on
thicker films over 4000 A. This is interpreted mainly as a result of
the inhomogeneity of the index of usual CeOQ, films®, which leads
to less than average index in thinner films such as the quarter-wave
layers. In our experiments, a percentage error § in thickness cali-
bration will produce errors in measuring thickness ¢ and refractive
index n as

AL An .
2= = =3 and A(nt) =0.

The position of the central peak A, is strictly determined by the
optical thickness of the half-wave layers as 2,=2nf. The shifting
of the peak AA,=2A(#nf), can not be caused by the error in thickness
calibration, but instead by the error in the thickness control on the
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half-wave layer, produced by over growth after the shutter closed.
As in Fig. 9, with Ao~ 20 nm, the corresponding error, Af =~ Aro/2n,
is about 41A or 3%.

I,

0o]
0.8
0.7 1

0.6+
0.5

ek 700 750 800 g50 NM

A

Fig. 10. Measured transmittance (dotted line) and calculated one
(solid line) of (HL)*[HH|(LH)? L(HL)2|HH((LH).

600

CONCLUSIONS

From a theoretical design analysis, we reach the following con-

clusions:

(D

(2)

(3)

All-dielectric narrow band filters have the advantage of high
transmittance when compared with those of metal-dielectric com-
bination, which have loss in reflections due to absorptions by the
metal Jayers. However, they have the disadvantage of it being
impractical to achieve a very narrow band width, say of a few
nanometers.

SHW systems have the narrowest band width, but DHW sys-
tems have the best band shape among all the half-wave systems.
The band width is determined by the index ratio #u/n, and the
number of layers in reflecting stacks.

Variable filters can be designed by varying the optical thick-
nesses of the half-wave layers within the region of the stop
band of the reflecting stacks.

In experiments, we find the following results:

(1) The measured results are quite compatible with the theoretical
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(2)

(3)

Narrow Band Pass TFilters

designs. The peak shifts about 20 #m and the edges move about
20-30 #m on each side.

Critical thickness control on the half-wave layers is essential to
fix the peak position. In our case, a peak shift of 20 nm indicates
a control error, caused by over growth of CeO.; films, of about
424 or 32.

The expanding of the band width is due to over estimation in
measuring the refractive index of CeQ,. The band width indi-
cates that ny ~2.21. This error is caused by the inhomogeneity
of refractive index of the usual CeQ, films.
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METAL ION INTERACTIONS WITH
BOVINE PROTHROMBIN FRAGMENT 1
STUDIED BY Ca(43) NMR
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ABSTRACT

A calcium-43 NMR line width study on the interaction between
Cat+? and prothrombin fragment 1 clearly verified the postulate that
that this protien pocesses two classes of binding sites.

INTRODUCTION

Biological metal ion NMR for ions such as the alkali and alkaline
earth ions has developed slowly relative to 'H, *H, 1C, vF, and *P
due to (1) the inherent NMR sensitivity and natural abundance of
interesting isotopes are low, and (2) the majority of the elements of
interest to us have magnetic nuclei spin 1>(1/2), i.e. they pocesses
an electric quadrupole moment. An clement with larger than 1/2
magnetic spin normally gives a broad NMR signal or splittings
which makes the bandshape difficult to detect and hence seemingly
devoid of interesting information. With the advent and quick develop-
ment of computer technology and the application of fast Fourier
transform (FFT) to data collection and analysis, metal ion NMR
has provided a tremendous amount of information on various com-
plexation reactions@®~9 during past decade.

Prothrombin is a Vitamin K dependent plasma protein. These
proteins contain several multivalent cation binding sites. For pro-
thrombin it has been estimated there exist from 6 to 15 sitest™. From
a fluorescence study, circular dichromism spectra indicate that ion
binding induces at Jeast two conformational changes in the protein®.

-
# E. Mei, Ph. D. is an alumus of Fu Jen Catholic University.
Contact Address: P.0. Box 1231 Millbrae, Ca 94030.
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The primary structure of bovine prothrominbin is completely
known® and the binding sites are located in the so-called fragment 1
(F1) which posess residues from 1-156. Fragment 1 is a well-defined
fragment of prothrombin and shows essentially the same binding
Properties towards Ca+2? and phospholipid as prothrombin itselfa®,
In this paper 1 report the result of a Ca+:F1 binding study which
is monitored by Ca(43) NMR.

EXPERIMENTAL

Protein preparation. Prothrombin fragment 1 was prepared as
previously described™.  Protein concentrations were determined
by ultraviolet absorbance using Ezeoum=10.1 for fragment 10,
Metal ion free samples of protein were prepared by dialyzing the
protein for at least 12 hrs against 1000 m] volumes of 0.5mM EDTA,
PH 7.5. Subsequently the protein was dialyzed against three 2000 ml
volume changes of distilled, deionized water. In all cases, the water
was prepurified on a Barnstead reagent grade water purification
system to give water with less than 1 ppm metal ion present. For
NMR analysis, the protein solution was Iyophilzed to dryness 2
times from D,0 containing 0.1 M NaCl. D,O (100 ml) (Sigma) was
extracted with 2 ml of 0,022 diphenothiocarbazone (Aldrich) in CCl,
to remove contaiminating divalent cations. The D.,0 was extracted
with additional 5ml aliquots of CCl; until colorless. The NaCl was
passed through Chelex 100 (Bio-Rad) to remove divalent cations,
All pH titration was measured on a Radiometer (Model 26) with a
Radiometer GK2412 C electrode. Deuterated acid and base were
used and reported pH values here are not corrected for deuterium
isotope effects. The calcium binding with prothrombin fragment 1
activity was checked before and after NMR analysis by fluorescence
change®1,  All protein samples for which spectra are presented
were fully functional and showed 752 calcium dependent protein
fluorence quenching at the end of NMR analysis.

REAGENTS

The CaCl; cnriched isotope sample was converted from CaCO,
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(Oak Ridge, Tenn.) and concentration was determined by back
titration with EDTA and MgSO,.

NMR SPECTRA

The NMR spectrometer employed here was a Nicolet NT-300
operating with a 93 mm bore oxford magnet and the standard Nicolet
multinuclear low frequency probe. The Calcium-43 NMR lineshape
(I=7/2) is known to be nonlorentzian. Samples were contained in
12mm Wilmad thin wall NMR tubes and measured at half maximum
height of the absorption mode signal.

RESULTS

A previous Ca-Prothrombin fragment 1 (CaF1l) study@®1® by
the Nelsestuen group indicated that at a neutral pH value, both
prothrombin and its fragment 1 will involve self-association, when
the concentration is greater then 50 micromolar, in the presence of
Ca+?. They postulated that prothrombin F1 contains six metal ion
binding sites regardless of its state of aggregation. Two or three
ions induce the conformational change and these sites generally are
filled with higher affinity than the sites causing self-association.
K.G. Mann®? also proposed earlier that prothrombin fragment 1
has two classes of metal ion binding sites. One class, probably
comprising two of the six sites, is fairly nonselective with respect
to which metal ion is bound. The other sites are almost obligatory
for Ca+? and must be filled in order for dimerization, phospholipid
binding and prothrombin activation to occur.

Here, 1 present the results of a Ca,F1 Ca(43) NMR study ot
pH=85. This pH value was chosen to eliminate the complication
arising from the conformational change of prothrombin F1 itself.
The high concentration of [F1]1=2.27 mM assured that a visible 5/N
and that all the Ca+2(43) added to the protein solution was bound.
Since the interaction of Ca+? with F1 is monitored by Ca(43) NMR,
the self-association of F1 in the presence of Ca*? can be easily dis-
tinguished.

CaCl, solution was gradually added to study the binding nature
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of each Ca,Fl (=1 to 6)by Ca(43) NMR. Its spectra are shown in
Fig. 1. The dramatic difference in the spectra among CaFl, Ca.Fl
and CagFl at different temperatures indicate they experience differ-
ent enviroments. From the linewidth change (Table 1) with tem-
perature and stochiometry, we are convinced that there are two
classes of binding. CaFl and Ca,Fl are high affinity cites at Gla 15

Table 1. Linewidth (Hz) of Ca,Fl at various temperatures
where [F1]1=2.27 mM and pH=8.44 in D,0O solution

°C | CaFl Ca;Fl | CaFyFl | CaF.Fl ‘ CasFl CaFl
I

45 { 950 ik 879 708 | 462 380

27 | 950 771 623 525 401 227

12 ’ —* 900 644 290 274 | 179

* Asymetric anisotropic lineshape. Half linewidth is difficult to express.
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Fig. 1. Lineshape of Calcium prothrombin complexes (Ca,Fl) at 45°C, 27°C
and 12°C. Where #=1, 2, and 6. The third spectrum of Ca,Fl
(bottom) is a display of full spectrum width in data collection.



Tu Jen Studies

CAF1 . CO03 E MEI r @
CAF1(2.27MM1 :IN D20:PH=8.48 ; 27 ‘¢ =]

OME-PULSE SCOUENCE

P2e 50.00 USEC
ods 53000 UL
WA = 287504
2 ’e A8

e 51,20 haZC
wPD ON = 3

ABC ON
BUTTERMOATH FILTEA DN

08 AIT. = *

AOC + B BITY

Al e Ll

B s b/e 20000.0

u s

" - 0 LG

DEe . 200 USEC

L Ml POWER ON

oF = a1

3 = 20. 19284%

Ene .00
PAs 1850
Pas -0

TiCie a7

SCALE 200000 HE/CA

. 96,047y PPIVCH

>

'lllllflll]l)llll‘IT‘II\"I‘(III‘IIYII||I‘

20000 15000 10000 5000 O  -5000° -10000°-15000 -20000 Hz

CAF1 . COY4 £ MEI {Z'Z(
CAF1(2.27MH) IN D20:PH=8.483 12 °C e

DNE-PULSE SEOUENCE

Pze 50.00 L
8= 300.00 UBEC

= SeiivE
UZE ¥
AT = 91.20 nSEC
0P UN = 3

ASC 0N
BUTTEMOATH FILTER OH
DB ATT.»

- 2
L 10 useC
700 WML

11 HIGH POMER OH
of 63.9)

E X 20 ARTONN
Ers ou
FAs YN

res <838 )
Ticis

i1
AL 1720 48 H2/LH
. 888308 FPTUCH

W/

Loy = B AL ) TINLELING T R T CO L A L B

T
15000 10000 S000 0 -5000 -10000 -15000 Hz

| B DL AR

Fig. 1. Continued



-
o

Studied by Ca(43) NMR

CAZF]1 . C02 E MEI
CA2F11(2.27MM] IN D20:PH=8.5,; & °C

WiE

ONE-PULS. SEQUENLE
P2e 20.00 b3iC
- 500,00 uC

HA s 210482
Sire w0k

Al - 08.8) nC

Lol w4 1

AR UN
BUTIEPeONIR FIL1EA DN
LD ATT .«

AC - 8BTS
. 3
A= 121881

41
10 useC
DEa ¥1 U
Fi. WICH PGWER OH
e 89351
s 20 1w
Ene 730 00
PAs  jEM W
Pa- -0
rici= 45
SUALE  1218.51 HR/Cn
. 00,37 (=]

o

T T T T
10000 5000 e} -5000 -10000 Hz

CA2F1 . CO4 F MEI N
LCA2F112.27MM) IN D20:PH=8.5; 27 °C

P2= 50.00 UL
USe 800 00 UNC
NA ®  JBB052

SITE = AURE

Al = o8l naLl
e O 1

ABC

AODC & B BITB
Al = 1

B s e/ (21080
™o T
L 10 USEC
[ 200 USEC

bde  -BO0.%

27
£ 1219.9) w/on
= 03N FPR/OM

Il.llllTllllllil‘l

T
10000 5000 ¢] -5000 = 10000 Hz

Fig. 1. Continued



Fu Jen Studies

CAZ2Ft . CO1 E MEI ;ﬁ‘i‘ﬁzn

CA2F1(2.27MM1 IN D20LPH=8.5; /2 °C

DME-PLLSE SEQUENCE.
Pas 50.00 UMC
o8e 500.00 USEC

NA = 37538

oPD N =

ABC Dn

BUTTERHOATH F 1L TER 08
08 ATT.e

ADC » B BITY

Al = i
S e/ 20000.0
Uk« a8

10 useC
e 00 IBEL
11 HIDH POSEA DW
e 399,91
* . 20 182844
Fras 289000
FAs 0
- -mia.8
1iCie

12
SCALE  2000.00 HE/Ln

7

.07y PRRON

T

[FYEEET XX TR IA g D [ e [ hEEE T2

20000 15000 10000 S000 0 -5000 -10000 -15000 -20000 Hz

CABF1 . BO4% € MEI é;‘EﬂZa

CABF112.27MM) IN D20:PH=8.44 ; 4§ ‘¢

OME -MULEE 3FOUEHCE
F2= 50,00 USEC
500.

o8- 00 useC
BIIE +  NORM

|- 081 neec
uPy M s 1

ABC OM
PUTTERMOATH FILTER OH
08 Al

i 4

U 1"

nG = 0 U
£ 200 UsEC
Ti HIGH FOMER 0N
o 3,51
s 20 192394
tha 3000
PAs 2484

PHie e
Tici.

45
486.08 H2/CA

» 73,1788 PPRVIR

6000 4000 2000 Q -2000 Hz

Fig. 1. Continued



78

Studied by Ca(43) NMR

CAeF1 . BOZ2 &£ MEI] Mzg

CABF1(2.27MM1 IN D20:PH=8.44 ; 12 G

ONE-PULSE SEOUENCE

p2s 50.00 UMEC
ode 500,00 USEC

A -
304+ woue
Al = 3.9/ nsec
OPD ON « ]
ABC ON
BUTTEMHONTH FILTEA ON
08 ATT.- ]
ADC = 12 BITS
Al e
A o oee 1218501
04w 1
AL e 10 usec
OFs 200 USEC
T HIGH PONER DN
oF= 308 9}
2. 20192344
2000
PA= 1954
pas -.0

12
30130 HI/CH
. 14,9217 PPR/CA

5000 4000 3000 2000 1000 O Hz

. eTR ot
CAGF1 . BU2 E MEI FuLL SpecT® @
CABF1(2.27MM] IN 020;PH=8.44 ; /2 "C

OnE-PLLSE SEOUENCT.
P2s 50.00 USEC
=8 500.00 UBEC
HA =
12 = 4098

Al = B4.97 MoEC

- 1

ABC O

BUTTERMORTH FILTEA DM

03 ATT .« »

AOC = 12 BITH

Al ¥
i ow oa/e 121081
[ LT

. 10 USEC
Ofs 200 USEC
TL RIGH POMER OH
oF= 9051
e 20. 18239y
Erm 50.00
PA= 1903
PO -.0
TiCls 12

SCALE  4218.31 n/tn
- 80,07 PPVOH

10000 5000 o] -5000 -10000 Hz

Fig. 1. Continued



Fu Jen Studies 79

and Gla 269®, For CaFl both 45°C and 27°C showed different line-
shapes than the one at 12°C. The motion of the protien at this low
temperature may have been slow enough to allow the NMR to
observe an anisotropic Calcium signal. At —1°C, the linewidth was
even broader and after 450 k scan only a weak signal was obtained,
The S/N was too poor to define a significant lineshape. (The
number of scan for CaFl at 12°C is NS=364k). The enthalpy of
complexation is known‘® and the AH is a small negative value.
The averaged binding constant for calcium also has been reported@®
in the range of 104 M. Therefore a K,>10¢ for Ca,F] can be predicted
and we may assume [Calre=0. with confidence. Then the spectrum
of Ca,Fl most probably is a superposition of an isotropic lineshape and
an anisotropic lineshape. When the temperature was low the aniso-
tropic component gradually broadened and was burried under noise.
The CasFl spectrum essentialy displayed a similar lineshape as
CagFl. But a spectrum collected at 12°C after NS=17Tk S/N was
not as good as CagFl at 12°C (NS=50k), even though the concen-
tration of Ca*? was only half of the CagFI.

When the mole ratio of Ca*? vs F1 =3 the binding site is more
or less located at the surface of the protein, these Ca*? ions can
easily form a bridge for dimerization. Being located between two
Fl, the Ca+? jon experienced an asymetric enviroment and hence a
quardrupole pattern may appear. Due to the relative motion of Fl
in the dimer, Ca*? ion experiences several different mechanisms
in the expression of its lineshape. (1) The rocking of two FIJ
introduces electric field gradient fluctuation around Ca*? nuclei. (2)
Some Ca*? at the edge of bridging two Fl will experience an on-off
exchange rate due to the rocking mechanism. Therefore, in addition
to the forgoing two factors, the lineshape of Ca,Fl (n=1 to 6) at
various temperatures is a combination of (1), (2), (3) quadrupolar
relaxation and (4) anisotropy relaxation. A quantitative lineshape
analysis computation is in process.

CONCLUSION

A calcium prothrombin fragment 1 NMR study illustrates the
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special power of metal NMR which may provide information on
complextion reactions at the immediate enviroment of an ion. In
conjunction with PMR, CMR, 3P NMR and sometimes the aid of
shift reagent, the structure of metal-protein interaction, static and
dynamic information can be mapped out thoroughly. For this work
I have used Ca(43) NMR and have clearly verified the postulate of
two binding classes in Ca-prothrombin complexation.
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DA — 8 A fn A ol i 21 o

W » fERR A BT M () Sl » T B3 — ST PR 1 [l
1 — PR 4 I 1 R e — AR e i 5 B IR S GBI 70
e KA T A BT RO o EIL » AR TN MR B B AR B TR o AT
FF—f {8 I A s e R R B AT ) TR o

B £l
IR E e (Beer’s Law)—A=cbe WHIRIKEL (Response) T4



84 FUREILZ —RALEEMA (GSAM) AGHERTAR TR ZRE

Wy HoTBEE RIE B » Sep X wTHEE H — L I O IIER K, > AnsK(L) o Fik
i FIE B B & (Independent Variables)—% 47 4 AURSBEFI A MYIREL -
—{EE % (Dependent Variable)—HMaymH » BEMZ AU T
®:

A;=B+Sa;+SCu; (1)
Hep:;=1,2,...N A N (A

A; Y ¢ (I IR iy T

B zZ&E{E (Blank)

a; B AT AR

v o5 (EREMERT (V32 i iy RE AL

S Hagh)y (Sensitivity)

C AT AR I L AR S AL

B 0 L E—IERE M (Nonlinear equation) » R Fl Hl 8 /N AR
i (Least-square method) &3k STNC M2 o FHILEAVEFE L « AHFLH
R BEEES (Package) T » i SPSSC®, BMDP®™ o (R : 4R
B (Beer’s law) @iff » JUTTERBRPEREIFT » Bridmy C =y I # o

B o LB LL TR PR ER -

A;=B+5a;+Dy; (2)
Hep: ;=1,2,...N Ay N{H ik e

A; 5 ¢ [ e I B

B zEfE (Blank)

a; 2 (BRI A R

v ¢ EEERT R EZ ST YRR

S SEAE (Sensitivity)

D=5C SHC vl

BB B2 2R MERER » (BERHEETRRERTIS » FIH R /ANE i B2k
3B~ S ~Diyfl » RE—EEEFH L BRCRADRAISAYLE » FTLIEN
FE (Mean) FERE (Standard Deviation) RZEMEFEHE-D o

Fi e L3R PR &~ (Geometric Expression) Bzl v; Bkl > «
okt 0 A BEEHUEREN (Response Plane) sEeE o 1ot —kEME A
R E RS ST IR FER o I — MR v T @i FTRERLAYEETH
Wy o AT — R o B TR AR O ST AT IE o AR AR ER N3 F2=
BB AR » P FUBEE — 2 A JES T A2 T R TR e m TR L L 2 W
B (RREARE )
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B
1. 164775 A : CPU 8088, 640KB RAM

2 - &

1. PR o —REe®HE (Column) K FEME 2T HEN
(Gaussian) 4 » FTEHRBIFEZ ¢

Y(Z)=hg *cxp (—Z%/2) (3)
Hrp 1 Z=(t—tg)/0g

t e A

te ER By » BBy

ag f=dEse (S.D.)

h® T M (178 12

{AFEFRERAIRI T » i 2 A (Injector) BUFRIER (Detector)
f7EsE (Delay) MY » Bififk (Fronting) B3R (Tailing) Mk -
7 LA ARG B (Time Constant) MZEA: » MLUBERHME » FIHATHFA)
B%EL E(Z2) %/ ABEL (Input Function) ik e (Differential
Equation):

Y(Z)+(c/0e)(AY(Z)/dZ)=E(Z) (4)
Hep o miEfA# g (Time Constant)

KA S ST —®SET (Integrating Factor) fFz®?

2. #1F Rland Delley B H By B AP o R FERORE T TEER R
» H—TFEEMEE (F1) » BETRBEKERAEEN S S (9,15, 2],
2TET: ) INABSPEE S » BRARMREN SR 1M » (EIGERERE
TR (R )M (EL1EELS) AR

# 1. ARG SHH A BRE /5T 4 BT R TR

oW %‘Tﬁiﬁ-’x s W B W | & W %‘mh‘i

9 EE | 1.1277 | Jp0.100 M | 1.3783 | A1 0.150 M | 1.5036
15 = FF | 1.6280 | Jj0.125 M | 1.9421 41 0.175 M | 2.0674
21 2 FF | 2,130 | fo0.150 M | 2.5059 | A 0.205 M | 2.6437

P ﬂ-i 6.6312 i 0.200 M 3.1323 ‘ i o0.225 M J 3.1950
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B A O T S .
8 5 1 15 ®m X B 0B 4 H WM

B 1. RERATEEE

Y, W) : ! L
T = e e b gt

™ - 4 L * 4
8 5 18 & @ A W™ B 4 & @O
M 2. 9EETHHTE + T A

i L 4 | | } i

r U i AL T I 1 S

8 5 28 £y 3 W 48 45 58 (1)
i 3. 1EETASHT + TR

1 I ] i L L L

Pt T T T ™1 1 w

B éiﬁ lil"n 28}353535 ”4 4EI|”I5|G(T)
4. 21ZEFHHTH -+ TR

B 5. 2TEEFHLIHT -+ T
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R e e

[ 5 25 3 % 48 4% 58 (1)
6. OSBRI IMASHH 1 TS fE

-

[ 5 5 k| E 48 45 58 (1)

7. SEEFHESHTEN+0. 150MEYHTH + TEAHE

B KB B 48 £ WO
B 8. 15ZEFHYSHTED 0. 125 M 54T -+ BN e

|
1 ¥

S RAn ey t Attt =t}
B 5 I B B £ @ 45 52 (1)
9. 15ZEFAHTE + 0. 175 M b + s




&8 TR b2 — AR (R IA L (GSAM) ASEF RTINS E

— T IO DU T
hooS #» &K WM B 4 45 WD

B 10, 21ZEFHTH 0. 150MEY 544 + THEAHE

B 05 18 5 W K 4@ & BN
B 11, 21ZEFATT -+ 0. 205 Mph s B + TR A

i I by et |y b I i il

L d
rT B3 T -y f=r ety ettt

8 5 © ‘5 B 5 W B 4 £ s
B 12, 27ZEFHIHT Y + 0. 200M a2 b + T
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% W % @ 45 8D
B 13. 27ZEAHTHTH 4 0. 225 MYy o dTHn + TEE

3. 053 1 PTG A BRI A GSAM 23821 » TSR 2 MEAL4ME T » 2F
EEER 1.00010 M » FiLhiEE S 1M 0E » T2F4E

# 2. % GSAM EBsUi% » WA isE i 1.00100 M

Point | Sample | Addition | Response Pointl Sample | Addition i Response
1 9.0000 0.0000 1.1277 11 21,0000 0.2050 2.6437
2 15.0000 0.0000 1.6289 12 27.0000 0.2250 3.1950
3 21.0000 0.0000 2.1300
4 27.0000 0.0000 2.6312
5 9.0000 0.1000 1.3783
6 15.0000 0.1250 1.9421
7 21.0000 0.1500 2.5059
8 27.0000 0.2000 3.1323
9 9.0000 0.1500 1.5036
10 15.0000 0.1750 2.0674

Sample: (0.00030.00) Sample; Slope=0.084 Intercept=0.376 R= 1.0000
Add. : (0.000 0.30) Add. : Slope=2.506 Intercept=0.000 R= 1.0000
Rsp. : (0.000 5.00) Concentration =1,00010 Blank=0.376 Sensitivity=2.506
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Genepalized Standand Addition Methad

Srgga 7 T

(Rsp) o ™ —
.I i I
£

5,300 .

(Ada) 7

I 14. £2 GSAM BSXETHEHRIETE

# R 5 5
LR AT A B ERERNT @

A Frdichivg
B B
S=eb (1/M)
a;=(VaxCe)/V, (M)
C=CilV; (M/L)
1=V, (L)

Hrh V=30 &R
Cs: SHYHIRMBIE
Vs SHeies
C:: IABMBESHTYRRE
Ve INABMBE ST

2. AR —Eet i B e A » AT SN TEEE  FTbMEk 2L
AHHEMAT (Correlation Factor) #F 1 » Wk 1 MAMNZR L
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The Application of A Simplified GSAM
Method to the Problem Solving of
HPLC Background Correction

TAIN-Dow CHEN and Suow-CrUEN CHEN

Department of Chemistry

ABSTRACT

A simple and general standard-addition method for a single-
component determination has been adapted to solve the problem of
HPLC background correction. The details of the method and exam-
ples by computer-simulated HPLC problems are discussed.
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RO — T AR - LB —FERILT SRR > T LIRS0
FAAAETIAERE: o SEARRSERA TR RS T H ST ArfET 0 HitR
VB fERIRA A E b o

I. 3l -

B 1960 EAER AP T R EER (lon-Selective Electrode) BElEE
S EBNSH ) B2 TERE HRAFT R 2 MRS LB R 0 Mz FLZ 3]
iR » AI7E PRV R B T 2 IR o AR SarA B g o AREITE
ST AT A T 0 MR G T E T 5 5 U P T i 1 FHEL
FEFIEAEEANE o HhIREDZEEE 1SE {8 ¢ RBFIE# R —HEREF mES
B4 IR RS FTAE o A 3L » BN ILIE—ERET ©

— TS 2 ISE @S0 77 BT BSOS EaEEmmTer » THBE (Re-
sponse) MIRFEEESS » QIR 2 BEZCHEY D (B BB AR e T T 2 SO BT
SHELT %ﬁﬁﬁRﬁEU$ﬁ§1B’J%?‘ék@%iﬁ%%ﬁim‘”’ » HefR B A ER 2 R

o {H W] ARETE A9 —EAE ﬁ%‘ﬁﬁﬁﬁ%i%'ﬂi#ﬁ%ﬁ@%‘:ﬁﬁ%%L;@E%ﬁ%ﬁfﬂﬁ
AT T MRS RS T e — AR

1M AT T e 2 fF T » ISE B2 7] F AT R R (Ner-

nst Equation) Fm:

E=F°—RT/nF xLog a; (1)

Heb s q; ST (Primary Ton) Z#EME (Activity) » # BEET e
TifEMERET » RT/nF 3L LA 0.0591/% Bk ()RER :
E=E°—0.0591/n* Log a; (2)
ST » feFEMET (Interference Ion) MAE{ET » ISE R i S35 IR
% ﬁﬂ%ﬁsf&i‘ﬁ&ﬁ’ﬂ{%ET’i—ﬁ%uﬁﬂ%%%ﬁﬁi(l\]icolsky Equation)
FRRRAFES
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E=E"—=RT/n; F % Log(a;+k;; a;"i"1) (3)

Heh o BOHEETAER
a; BT ERET A0S
n; ERAIAREET AY UL
n; R O
ki B 7 ¥ 23R (Selectivity Coefficient)
1 ni=n; ZTERT Eamk MJ ¥ MI BRI b TRBZHF by 1
RN

kij=ksp (MI)/ksp (MJ) (4)
HABFRTEHETT LRI s TR mEny 20> ko TTRE
kij=ksp (MI)/ksp (MJ,)¥* (5)

A RER 2 HEEERT2 » W2 o
MRAMFEHRERR S » RN TERET 25H4 » AIR2RK Srinivasan and
Rechnitz®" 2 HEETH o

Im = L

—~ HEIR
W 8 (BEEmR 3 B M)
S kgh (E. Merck G.R. #)
inEReR (E. Merck G.R. #)
#mER (E. Merck G.R. #)
FHERER (E. Merck G.R. #)
S{68R (E. Merck G.R. #)
ifbéy (R.D.H., West Germany, G.R. )
PVC %
ZiRTREEE (HE AB B)
FHEETK (12MQ)
B EER
BNC #3g (30)
=R
PH Meter (JENCO 6209)
2E TR (BROADLEY JAMES CORPORATION)
E~NTH
T B
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ARER 0 LB Bk 5 44 » BB g ERETEN EEML
vig PRy ERRIERRL B R AR #Hp oo B R
SRR 0 R © o B EUIEER 2 BiE A BT A 0 A LR 0
PH faioms &L » BER M Zﬁﬁ@hﬁﬁ%ﬁ?ﬁﬂh » BT o ﬁﬁﬁﬁ{ﬂﬁi‘@ﬁi&bﬁm
W 2 A RE R Tk » EEEA 1M iRV » B 4 /PR o
R 0 iﬁi@fﬁﬁﬂ%wai@ﬁmﬁ}ﬁﬂbﬁﬁ o Tt BT L Z R B BLURE
R R T © LR %ﬁﬁﬁe%ﬁ%@kzﬁ@ﬁﬁ“” y REBLE
e R B PV C wEy o B0 6 P © s AR RALETEE
HeVerydEy » BEMRL AL 0 DUSRTER O pnsE R R 2 BUE © EER
BIEEAYE ﬁ%ﬁ%ﬁiﬁ%%u%ﬁéﬁﬁﬁ y PR © B B AT
ASEEARR 0 A7 R TEE L e e — B R LT CHlmER
R AR » R%ﬁé‘mﬁﬁ%—*ﬁﬁ%@ﬁ@ﬁ% o ARSZRE » BT BRI
o

Rz

w2 R BA 10-"~107* MR SRR 4Bz EE
(Bl ) o MEECERERR SR L HCAREE » WA (Linear Range) ? I
T T8 CGRRMIRED ° BRI e T A BERLE LAY 10 M Ag+/107*M
CuS0,—10~*M Ag+/107* M CuSO, ¥ T e —2KHOE B ST
o BANLM CuCl, g + 24/ T 2 HEA0—107 M CuS0s
vawr e — LI B ©

1. ERBRIWm

— AT EAR T TERE
1ERTSE B I Bk B IR SRR T s 7 SR e B
«pgemiE” (Interferes Strongly) —Fimd 2 e ek PR RE S HorE—
2okt o fEATERRT e SRR uﬁﬁﬁﬁﬁ%ﬂ%ﬁ%ﬂ%ﬁZ%ﬁﬁ
NGt W sbe shok R RS A=A SR I 20l 0 ERBA m&E—
R o (B HAEARR)
E=FE°—RT/nF *Log (@i +kija™"™9)

T e e Ry TERK T @ B-EEZRAT a R s MEMEH
Log a; Vel » W INS— TR © Tfe ki B/ ERT M a; BEZHERT
, B2 BiE » STR—EE 2 SEIFT B AL @ MKW © ik P B R
wakm 1 FE 2L payEsazE ol AR b AEEnT
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-380 T T T T T T T -

T4 2 3 ) " 6

- 106 <Ag> ( IN 1E-4 M Cu )

Bl AEE 4 10+ M RS IR » HEREM T2 40E

MR o 344 —83.600 5 7 f§10. 9983 » FMAGE10~+ F] 10-4 o

PEHSRBET (DHCEdk o BIRARCZHTE MR » ARNI0UAR 1 o [ 2 B0
BERERR o ILZMISREERMTE 107 M » TisseseTomse »
1074 M—1072 M Fif:2 sk o R0 i 2 24K SR A RO 148 » BRI » 34
ITTLLERE » JEFBHRIIEN 2k » (AL » KFUFBEER » At o
B CuCly SR LIRRT B N

72 ISE 698tk » dieok BOBBIEN R AE AR A S » I B IR T 4T »
THART (R R E MR T B A T 2T » T O T SR AT K
B MEBEHTETORIERE » THEBENMER o E—RNEETE
(Solid State Electrode) » JH-FNIRE » ST Mak TRITEET W AT
B EMREET 2 ksp MHMEAMO o SR » RIS » BRI
BRTHEET 18 A LIFEARTE 01M [ CuCly 7K¥EH 24 /N » M{EERE
& o BEMEROL » SEMERHR » (EHEBRTREE > BB A o AT
BERET S L RER CL~ JERRER1EH (Complex) Z MM+ A3 » (54268 ]
ARSI o FAITT LTI 3 A 4 (985S > FREE AR IR IS R AEhE o B 3 BIE
B A TERISAGREET A 0 1 1071 M—10~" M MOBRERSRYETL » 76 5 JMaB = He
EHiR o T4 » AR TEABUBEET % 0 Bl 01M CuCly Bi24/i » 24
FEREHIRZAE R o BIEEZMSMEE » A BBER o tibl LB » 7L
gt > CuCly AURET LG SEB BT T 2 TR » et HL SRR T 6 b B £ o
AN 5 5 [ 5 A R FIRMETTES » RN CuCly 189 » Tt



-220
1 2 3
_ws<A.>(m1E~4MCu)

G2, CAGHE » 46 104 M GRS TRRNFES » JORIU T BElibi
A 54,0566 2 7 ffi 0.9697 2 HITEIE 107" F) 10-3 0

=170

Vv
/

'—f—r—"_'_"",_*”—"_;_-——_"—
ity

1 3 &
- LOG € Cu >
B3, AT > AT EBEREIT- 2R TR o
A 17.7333 2 7 fii 0,995 » LAl 1072 # 10-90
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~100

5.

Sl — SRR TR R R T M T2 HulE

t a
_ +
-1 <
_ ] /
K //
| g g//
- /
| //
" A
B w /
) T ; T Fl. T =
- LOG < Cu >
(@4, AW FETRITTIE 18 » RS T 2 g o

P~ 17,6067 » 7 i 0.9973 » KA 10-2 2] 10-5 o

-LOG < Cu >

ARRR > FESTIRMET TG » SR CuCly [ » Tk 2 /g »
R T 2 Rl o
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5 7

1 3
LoG < Cu >
E6. CHR > Tk BT TG HESRETHCTERER ©
A 23,4633 7 7 {1 0.9827 2 sepl gl 1073 3] 10-% 0
-210 -[f J
-t "F -//”
i / A
= i . oy
/-

= ; g{_,/

> 5
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Ko 2 /N BCTE AR o ST LARBEIAY L) » SIS T IR T 2R
I& > BFBAMMETTE » CuCls MZh8» BT o {HSEMIERE 5% » HA
DERRRE LR S EETE o
=~ BEREZSHEE

BB T CuCle MBht » RUAT B SRIEA BBk P58 2 AR AIB LR o
T HARKE R TERERE ) C MR » CuCl, SR TEHE I T « S04 L lEl 6 7
7 s A > CHBBTIBRSSET 0SS (7 ) » BADEE
CuClz AR M UERLERR » AT IURSCRTHEA SSRME T AR BIIR (6 ) Bicse
2R o BT, » TERRRIEBIET » 5 R % 9 — b P T R IR
AP AT SR YRR S0 T 9D o S5 MBI T SRR RS W AV »
RE—FHERNG ISE ZHAME R ICEIRFE /978 (Process Analyzer)
G » SEfE R RE R AT 14 53 50 B 5K o
M~ B

e BIROCRT SR 0 DICEEE 1SE Broek i S 6 7R ol st BRRET
TEIS  ROEAEDFLIKIR o HHH ISE» — BEBTHERETHTES
BRERREHE 0 MR WEREE B » TS ETET AT
B > RIAFTLIEER o (BRERAI DA I AL 2R o BN » 4eiSssiskire
@R 0 CuCly WYRRERTTSR » BEAT LIPRETFARME » {8 348 MABE @ik —
M7 (—f8 order) » BLHZIRUIBIAY i LRI » (I LB »
B EARE T O SRME T BRI o FUELBE T N RS R T
FURTHEMTTE WA A EABENT ST BN EE R T8
A 1070 M R » R T SRS T A TE » T —BAWRI » ST TR
TTREREF ARG AOIRAE » PR » 72607 L REEMRRIERY o LR » Tkl
R1 LI2% o AT » MBECSEELMIKE » B 7B o TH » itk
TAERRAT T » ThREkoess » EIBMBERGE AR PH 8 A~T7 Mrkisirt o 35
i A H NPT S St TERRE o

IvV. #% F

KEIE » ERHOETRERETRES » FEET 2 R E— @
BHAEE ) BT RIRRE— R A B4 S o SE40
HHRET SN P SR AR E 07 2 R B L » 2ok MRS »
AT b2 R TR AT BB » (RSRAERRS » BSRE AR AT » ot it
£ A R SR 80 T BcPY - i L B2 1 » B TR T3 A A R
ok o 4Tl 7k o BESRERSER » {E AT O R ERE TRRES AT T4 » LI
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The Evaluation of The Immunizability of a

Novel Cu lon Selective Electrode Against
Stronglv Interferent Silver Ion

Jong-Ru RauU and Srow-CHUEN CHEN

Department of Chemistry

a first-time reported ion selective electrode
jons is presented. The variation
s life under the influence

The evaluation of
y from interferent

with immunit
values and it

of the Cu electrode slope, E°
of interferent silver jon are studied.
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T BB AR » MR R S AR AAR N R R E MRS -
MHEEAE
# #
FEREZ (Vitis labrusca cv. Concord) R E12%ib HHUGRITRIMME » L)
TeoKBEME » A > R - (FEE > BvAEE (—20°C) RrRfE Al -

Ritesls
WA TR TR > 10 R JOAVEEES > A 50°C #HE - In

A 0.3% BB E (Pectinol » PB4 Rohm 48] ) » fE/MA9 1 /R » BLL
TR PERUIR T 0 BT 2 MBS AN EREMAG » R ARE —20°C W
RFRE A o
ZELERY RN

B RS E e A » RN SO, 0 TN IR DU AR ER M (R EE BT RR
#F (Potassium metabisulphite) K.S,0; MA R ( A 502744k SO: =
FEREL ) o dRBRUSZRERERS » BNLISEE R » MR K,.S:05 REF/ER -

AR N AR A S B ETR TR o SRR o
AR D

TE ARk (Desulphiting process) BSE N 1 0 FETH pre-

HANDY PR
ASPIRATOR L}——“‘,:Z e

I CONDENSER

CalOH), TANK

FEED
TANK
= F ROTARY
EVAPORATER
PUMP

PREHEATER i :L \

T ==

WATER— BATH

Fig. 1. Schematic drawing of the desulphiting process.
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heater J& heat evaporator (Yamato: Model RE-51B-6) #l B © B
ﬁ:&iﬁﬁﬁ%ﬁ%ﬁﬂhﬁi‘ﬂ preheater (7K?'§%}51’i?ﬁﬂf!%m?§&*§§'§.) y YR A A
FHA IR 1R » FRF| rotary evaporator ° s RN SO, HIZEG, » FRBYS
B LA ARG LAE fiii S0: S gy handy aspirator #4EeF) Ca(OH).
e v s FER o 15 B ©

i (Desu]phitatimﬂ WRLERS

i : 90°C
o : 15 min
rotary e\rapora{(}f ﬂ’ﬂ@fi 1 25-30 rpm
HiEs (carrier gas) : Ny (pure)
—s e

S0, ZIED Free-S0: HIEKR Bound-S0z MHEL s E A 2 ©
(a) Free-50: AT

B 50 ml ¥ BEEEEAT (B B AIIA 25 m] % 0.3% H:0z
50 ml ZEFEAK L 5~6 iR AR ( HEREE ‘ﬁ%ﬁﬂé&‘l‘?ﬂ!ﬂ%ﬁ’:ﬂ.l& : methyl red
100 mg, methylene blue 50 mg, 502 alcohol %= 100 m)e A, B — AL
szt o i C MA8E2 HoPOu 15ml s @A Na 50 i ic A, BRFIZES
. D¥E AR HeO: iR ARl Ve R\ Rl % S0, ; B RIHE
FI204 481 » BUT B 11001 N NaOH f#E * X, fiie

Free-SO; & (ppm) =6.4 Xy
(h) Bound-S0: WE TR

*%Elﬁiﬁﬁiﬁﬁ’/ﬁ?iiﬁﬁl Free-SO, #iaF » METE A R =3 v IR T
20 4aEts o FEEEL 0.01N NaOH JEJE Fig X. R total-SO:

Bound-SO. it (ppm)=6.4 (X Xy)
RTREAE ¢
(a) pH EBRVE

myppl digital pH meter (Suntex, Model $p-7) EEHAIE °
(h) Brix HE *

pl Hand Refractometer (ATAGO N,) BEHEEE °
(c) T BRI

¥ 25 m) RIEBIER IcEERZA, > in 50 ml FERK BABER

, i} 14 N NaOH s pHT70°
(d) SEREERY

R Lufi’-Schooyl JiEEE ©



108 LEEE Ry e (2 iy ved O

(2

Fig. 2. Semimicro apparatus for SO, determination,

A: Round-bottom flask, B: Pear shaped flask,
C: Adapter, D: Collecting vessel,
E: Connecting adapter, F: Condenser,

(e) BAGAIMIE

LI color and color difference meter (Model 100 DA, Nippon
Denshoku Kogyo, Co. Ltd) EERE L, @, b 1t o (EEpR L=973,
a=0.2, $=(.3)
(f) Anthocyanin AER®

FRABREANE 2487 (pH differential method) HE » A, BRI » &1
Alml BHE 1ml &4/ 0.122 HCI Z952; 4% » AEEERM10 ml 22
HCI; B 5010 10 ml PH 3.5 buffer (5 02 M Na.HPO, 303.5m] »
m0.1M f#EER 6955 ml » 55 PH  3.5) » LI epest (Spectropho-



I S S 109

tometer: Hitachi 220 S) » %E 520 nm FRITEE © AfffRBEZER
ENRERtZ Anthocyanin & e =1L Malvidin chloride (Sigma ZAH
) RRE& A e (calibration curve)’ A s R
FFH2 Anthocyanin g > Bl ppm FR©

-t

(g) methyl anthranilate e

T 10 ml w7 i 50 ml ZEEZK 0 T Kjeldahl Apparatus B
—E %5 10 ml HEKN=A W e ZEERIR R 95 ml 5 g dnykZ 100 ml
y PR R 91 7nm JABIEEE P {2 R methyl anthranilate
SEEZ Yo ° FERMATEREZ methyl anthranilate fmp o EHETE
217 nm FERIEEE » e R B methyl anthranilate FeAfRT]
ﬂ’%ﬁ%ﬁ*ﬁﬁ%ﬁiﬁﬁ y L ppm AR °©

(h) Hydroxymethylfu_rfural HEIE® *

(i)

(3

A, BREHAMA oml HHE 5ml p-toluidin FAZE (p-toluidin 10 g
fnvkELER 10 m1 {1 isopropanol 100 ml) » AEEIN0.5% barbituric
acid 1mli; B A5 Rl &k HLERERK SYERAL » 7E 550 nm THRIEIEEE © 7
LUARMSEZ 5-Hydroxymethyl-furfuraldehyde (Sigma AEIHR)

BEs R T R FiiMEAREL pPm RZ °

R ERITE S -

Hr 50 ml BHERERELE 7k vs kIR AR P Rl B 550°C
i BEE ROELBRL °

S0,~ HHRE® *

50 ml BRI » A Sml 9524 HCl» INEWERE Jn7kEs 100m] 5 3
95m] sample B ASERE 0 In 2 m] Mg solution (55 g MgCl,+7.08
NH,C1-+25ml 102 NH,0H— = 100 ml) & 0.8 ml 1075 Ammon-
jum hydroxide » BIZK=E 95 ml s Bl o 4 R AR A 1ml NaCl
solution, 3 ml BaCrO, solution > =430 FiEEE 2~3 NIV
2ml 10% Ammonium hydroxide R © Hr LR 430 nm %
Yo o BB s ml 259 HCI k3 100 ml b 20 ml
BRI ERIAE ©

BB 7RFI Na, S0, (aq) (295.7 mg Nay S0, 5% 400 ppm S0,7) |
B 20 ml Bk B4R A2 T R e EIRIE 5 2o SRR 2 A 20 ] 3§
gkt Naz S04 YRR T e e AR © B 8047 ] A T R
diskEL 2 Bh ppm FRARZ °
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WREM®

ZEARM SN REENER
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EEH B AR F LR o BT ORFE R MR BRI £ W I T
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Table 1. Effect of time and temperature on the desulphiting
process of Concord grape juice with pH 2, pH 3 and pH 4
Conditions Free-SO; l Bound-S0, | Total-SO;
pH \temperature{ (mti.:nrﬂ‘taes)‘ ppm 11 % ‘| ppm l 24 ppm l 2
pH 2 ‘
Original 516.0 1095.0 | 67.9 | 1611.0 | 100.0
RT 60! 158.0 914.0 | 13.3 | 372.0 | 23.0
| 1201 86.0 116.0 | 7.1| 202.0 | 12.5
| s0C 60’ 50.0 168.0 | 10.4| 217.0 | 13.5
» 1207 29.0 81.0 5.0 110.0 6.8
90°C 60" | 9.6 6.4 | 0.4 16.0 1.0
‘ 120 \ 10.0 5.7 | 0.3 16.0 0.9
pH 3 |
Original 541.0 650.0 | 54.5| 1191.0 | 100.0
RT 60! 538, 551.0 | 46.3 | 1089.3 | 91.0
1207 542. 485.0 | 40,7 | 1027.3 | 86.0
50°C 607 451. 542.0 | 45.4 | 992.0 | 83.3
\ 1207 263.0 462.0 | 30.0| 708.0 | 61.1
| 90°C 60" 4. 24.6 | 21| 288 | 2.5
1207 l 1 1.2 | o 12.8 1.0
pH 4
Original 745. 475.0 | 38.9 | 1220.0 | 100.0
RT 60’ 720. 458.0 | 37.5 | 1178.0 | 96.5
120! 687. 452.0 | 37.0 | 1139.0 | 93.4
50°C 60! 348. 751.0 | 61.5 | 1099.0 | 90.0
1200 293, 754.0 | 61.8 | 1047.0 | 85.8
90°C 607 172. 903.0 | 16.6 | 375.0 | 30.7
1207 \ 105. 223.0 | 18. 328.0 | 27.0

, BeBRFl 90°C 15 min B RE G A EERIRBEIR T ©

Hept o feRbERR 0
HEHE © AR A T 7 T AYERET © 7% 4 RUIR
anilate @A » £ 90°C 15 min == AR

i4> Methyl anthranilate s

£ N, Jo SO: Hig
7 10 ppm Methyl anthr-
LT o REAEEDL

Methy] anthranilate {EB— S AcbRERs fCRILSR > A SRBR LR

Hp A 445% °
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Table 2. Effect of time and temperature on the desulphiting
process of pH 3 Concord grape juice, sample 1

Conditions I\ FreeSO, |  Bound-SO, [ Total-SO,
temperature ’ (mﬁ?&?es)i PpPm ! % \ ppm ‘ 4 J ppm ! -4
Origma] f ; 116.00 | 39.3 | 641.30 ‘ 60.6 | 1057.30 | 100.0
90°C 107 | 160.00 | 15.1 68.40 | 6.5 229.12‘ 21.6
90°C Lo20r 1 704 | 0.6 J 2048 | 1.9 | 27.52 2.6
90°C 307 4.16 | 0.4 21.76 ‘I 9.0 25.92 2.5

Table 3. Effect of time and temperature on the desulphiting
brocess of pH 3 Concord grape juice, sample 2

e e R S

Conditions ’ Free-S0, | Bound-SO, |  Total-SO,
temperature| _time ppm v | % | ppm ‘ % | ppm ! 2

| minutes
—

| (
41.1 998.00 100.0

Original ‘r | 588.00 58.9 410.00

°C | 5" | 22000 | 22.4 | 160.00 | 16.0 | 384.00 | 354
90°C } 10| 53.00 | 5.3 | 73.00 | [ 126.00 | 12,6
90°€ 15 9.60 | 1.0 | 42,00 | 4.2 |

51.80 J 5.2

Table 4. Effect of desulphiting process on methyl
anthranilate (MA)*

Conditions S0; (ppm) | MA retention
temperature J (mf:ﬁ;fes) Free J Bound | Total ppm ‘ 2

Original 373.3 J 361.0 734.0 17.6 l 100
90°C 15f 12.6 9.8 22.4 8.0 ’J 45

* The sample juice was fortified with 10 ppm MA.

—EAREREEETTREN S

RPN Z SRR A5 BRI o B » SR vh SRy B o —
SEHRE] o —BYTME » Free-SO, #F45 15 ppm LIFU® o EHARHA- il 4
SO » #EMAR A BT » TSR » KEHERSHIRE » Hk—4
ABRECRASER: 5 (B » AREAER BT S 8T » %5 55 Concord Aj#5IR MR
# 90°C 15 min = S (CBRSRER % 2 S BB HES o
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Table 5. Changes in chemical composition of Concord
grape juice resulting from desulphiting process

Composition Original des‘ﬁg}‘j{ting
I — S A

pH 3.39 3.43
*Brix 14.8 15.2
Titratable acid, g tartaric acid/L 11.6 10.55
Reducing sugar, g/L 126.6 130.9
Anthocyanins, ppm 240 270
Color

L 18.3 24.6

a 33.7 35.1

b 111 12.9
Methyl anthranilate, ppm 6 3
Hydroxymethylfuriurai, ppm 5 T
Ash, 2 0.23 0.39
SO,=, ppm 180 520
SO;, ppm

Bound-S0O, 1.6 43.3

Free-SO, 32 14.2

Total-SO, 4.8 57.5

—E LB IR PH AR SR AR o FH+H
W EEES RRS MR TEER M e 1 T ImEhsh — S 4LBR R ERH S
Bt > RepGEIFRERAR N o FRIEEBEEEME FahFERG R
tartaric acid 1 malic acid » HeptaA AR galacturonic acid, glucoronic
acid, citric acid 1 phosphoric acid® o AFERJE tartaric acid B
2, fEinEeREd BREE /MERE THE 5 Mantgomery & N QD {ERReingd
Concord FiAHH 54 2 BB » ZRTHFRR TTHE e ISR  » B
kAT E o

Concord #i#jst4 14 % anthocyanim » Hrp peonidin F Malvidin
&% » T delphinidin RETBEMNEIE- feinBcE A% » BB L.a.b
[EHR I » W »+ Anthocyanin JEZRIEM SRR B AR 60 ppm
S0, fi® o Sistrunk B Gascoigne®® $+% concord BRI FEEHIEDT
g2 5 RBTRNT 80 ppm SOz # » 3 L.a.b {@Jx Anthocyanin B R
# o 4+ » Leucoanthocyanin #EER! anthocyanin ML » FERRYEMEF TN
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#hoo AU TTHERYEE S anthocyanin ; TE » ZEM#BFERF » —86 polymer {1
THE G IRE o S AR A T RIS HUHE G A IR -

ERFENER » R4 esters, alcohols, aldehydes T Jactones i
R o ¥ Concord #j#5 » MG TEFSMELE methyl anthranilate® ; B
Jit o-aminobenzoic acid ¥ methy! ester o Schreier 7% Paroschy®® [
GC $87E concord FEH T 5 ARERTIE » Methyl anthranilate Sl
B AEEER% - /£ 1 AKSETF » methyl anthranilate fUEE AL 266.5°C » I8 ¥
SR ;R DERK MR ES Y » BLUER: » A FE 2 1% Casimir
LFEANOHHERMEMELE » DL Kjeldah! 3Rl &) » BLUATHIE
#efE o Lin & Callander™ #EH%E concord fiy methyl anthranilate Fiig
M H B ZRFUHER{] c Methyl anthranilate # UV Bl ghisse 217 nm 4
—I AWEIGEE 5 SEEFE A Williams Bl Slavin©® #9EEERHIF o

PEERHE R T 40 » £95024 methyl anthranilate 5 A LUEEE B
He SETTHER TS 4 methyl anthranilate FA3EE 0 SO, HERE o ek ST
BeErh o IR ARG AR M B » A EPERRER o B i T LRI Mk
TR B EEIE » BT AT RAT- 09 PR SR I Stripping column 4 5 FEAK
rhZRFERE carried gas BREEGTEREPIE@ID » BT LLERAERATR
— KFIRE o fhot » CNS BEMEIRIE AHRIE RV EERINESRY) » FTLL o S22
LR Fige 4 (LB E3RIN methy] anthranilate » ACHEARIELE A9 G o

TEFSIE T » pentose ¥ hexose 7k » 4ep[HFEY Hydroxy methy)
furfural (HMF) K#E{ furfural » BHEEEMEASEILEY » TERREIEET »
Bz HMF B furfural RIS o 483 5 49 » HMF 0 o 5308
RS RGBS » TTREMAGEE Mk HMF #)# 4 o [{i§ furfural
il HMF 1B Anthoyanin SfAY7IEE » MR TINGE » BIL=Y
WRRARERGY » TEEE LW EE R MERREMNERL - 158 » ANREL
S AR R AR EREAEEE A I T B EZE o Rl » RE
Ry REERBEECY

S—F M RGBT R AR » ZR5F SO~ EiBin o EFTH
JE T EABRTERTRORT » RSBPE R SO, BT » BoE SO, MEES
me

25 XK
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Desulphiting Process of Grape Juice Stored
with Potassium Metabisulphite

Hsvuren-Err CHEN

Graduate Institute of Nutrition and Food Science

ABSTRACT

Sulfur dioxide is used as a chemical preservative to reduce or
prevent spoilage by microorganisms and as an inhibitor of enzyme-
catalyzed oxidation and of non-enzymic browning during storage of
many food products. Potassium metabisulphite was used as a pre-
servative for bulk storage of Concord grape juice in this study.
Conditions of desulphiting and chemical changes of grape juice
resulting from the desulphiting process are studied. Hydroxyme-
thylfurfural was formed in trace amounts during the desulphiting
process, and methyl anthranilate decreased in quantity. The con-
tent of sulphate also increased as a result of oxidation during the
sulphurization period. There were no significant changes in other
compositions of grape juice.
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SEX DIFFERENCE IN THE DEVELOPMENT
OF THE CONCEPT OF EVENT SEQUENCES
IN PRE-SCHOOL CHILDREN

SistER VIcTORIA ANNE HUANG

Department of Home Economics

ABSTRACT

The present study is an attempt to measure noticeable sex dif-
ferences in pre-school children ages 41-6% with regard to the
development of the concept of event sequences. The testing for
this study was carried out over a period of 4 months and the
subjects were chosen randomly from 4 pre-school education institu-
tions in the Taipei suburbs. Out of the original 280 children, 93
(47 boys and 46 girls) actually completed the experiment. Three
treatments were used in the instructions of procedure: no stimulat-
ing factor; achievement motivation factor and competition factor.
The testing materials consisted of nine sets of colored pictures with
each set containing 7 pictures. The sets were graded in difficulty
from easy to hard. Regardless of the testing treatment used, every
child was required to put each set in sequential order. The time
used for each set was recorded from the moment the child began
turning over the pictures until the completion. The results showed
that: 1. there was no sex difference in the development of the con-
cept of event sequences in pre-school children; 2. the experimentor’s
instructions did not influence the time used to complete the experi-
ment; 3. those sets of increased difficulty (more challenging) were
completed faster by male subjects.

INTRODUCTION

It is not unusual in reading the older literature to come arcoss
developmental studies of “the time concept.” The implied unity is
appealing but illusory. One author’s time concept is clock and
calendar time, another’s is relative duration, and a third is histor-
ical sequence.

Temporal order, one of the significant portion of time concept,
is an important feature of many event sequences, whether the events
are observable or presented in narrative form. The ordering of event
sequences with causal or other meaningful connections depends upon
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both understanding the connections and coordinating them to from
a temporal series. Similarly, drawing causal inferences from an
observed sequence often requires attending to the temporal order
of the events (Friedman, 1982).

Preschool children can understand what time sequences is.
Fivush and Mandler, 1985, three experiments were used to test 4-,
5-, and 6-year olds’ ability to sequence events. The hypothesis
proposed that children initially construct temporal sequences by
relying on the organization of their world knowledge instead of
inferring logical relations among actions. In the first experiment,
children were asked to order pictures of familiar and unfamiliar
events in forward and backward order without having previously
seen the set in its correct sequence. In the second experiment,
children reconstructed previously seen sequences, and in the third
experiment, children were shown forward and backward sequencns
and reconstructed them in the opposite direction. In all three experi-
ments the same pattern was noted; familiar events in forward order
were the easiest to sequence; unfamiliar events in backward order
were the most difficult. In an experiment carried out in 1985 by
Barbara O’Connell and Anthony Gerard, the development of sequen-
tial understanding was tested in children ages 2-3. The study ex-
amined the extent to which knowing that certain things go together
and knowing how they do are in dependent aspects of the developing
cognitive svstem. The study showed that subjects as young as 20
months could distinguish familiar, ordered sequences from series of
unrelated actions before they could reproduce the order of any type
of sequence suggesting that temporal organization is imposed upon
primitive representations of familiar events.

Linking object states through transformations is one aspect of
the kind of general knowledge that would allow one to use causal
principles to reason about and explain evenfs. The ability to make
causal inferences or to explain events relies in part on general
knowledge about transformations and possible outcomes with respect
to object states. This idea is a central component of those theories
that describe the structure of representation, be it in terms ot
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schemala (e.g. Piaget, 1974; Premack, 1076), scripts {e. 2., gchrank
& Abelson, 1677) or schematic organization (Mandler, 1978).

The young child’s understanding of the relationships that hold
between components of an event, object states, and the transforma-
tions that link them, has not received much direct investigation.
A study by Gelman, Bullock, and Meck (1980) indicates that young
preschoolers are also capable of relating object states through appro-
priate transformations. Gelman éf al (1980) investigated children’s
understandings of transformations and object states by asking 3-
and 4-year olds to fill in missing elements 1in three-item picture
stories. Each completed sequence consisted of an object, an instru-
ment, and the same object in another state. Some sequences depicted
evervday events, others *hizarre” events, such as sewing a cut
banana together or drawing on fruit. The latter type of sequences
were included to control the possibility that when children had to
fill in a missing slot, they did it simply on the basis of everyday
memories. 1f a child was allowed to respond in hig or her preferred
direction, 8024 and 9024 of the 3- and 4-year olds’ initial choices Were
correct.

Children’s abilities to order a series of elements has typically
been studied using problems of relative size (e. g Elkind, 1964) or
of the temporal order of a brief series of observable events or the
events in a story (e.z., Brown, 1976; Piaget, 1969).

Crisafi et al (1986), conducted five studies in which the Jearning
and transfer abilities of 9-4-year-old children were examined on a
task in which they were required to combine two separately learned
solutions to reach a goal. The three main findings were: (1) very
early competence on the task if it is situated in familiar settings,
(2) a developmental trend in the ability to mnotice the similarity
across analogous versions of the problem that differ in surface
format but share the same underlying logic, and (3) the success of
two forms of agsistance in promoting transfer. Their research
showed that given a hospitable environment, children as young as
9.3 vears of age can combine information and apply a rcasoning

rule quite broadly.
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While it is generally agreed that cven young children use tem-
poral information specifically temporal contiguity (e.g., Kuhn &
Phelps, 1976; Shultz & Mendelson, 1975; Siegler & Liebert, 1974;
Wilde & Coker, 1978), there is disagreement over whether children
are limited to the use of only temporal contiguity. For example,
both Shultz and Mendelson (1975) and Kuhn and Phelps (1976)
Presented evidence suggesting that initially children were as likely
to pick subsequent events as antecedent events when asked for the
cause of a particular occurrence. Kun (1978), however, has shown
that preschoolers will use order information when judging picture
sequences of activities.

From the above, we know that breschool children have already
the concept of temporal order. The preschoolers can see the sequen-
tial relationship between events. Only a few research are on this
regard, and in which, nothing was mentioned about the difference
of the ability between boys and girls. If a series of interesting
related research can he done in this country, it could be applied
onto the teaching method of the preschool education and the teach-
ing efficiency of teachers might in turn be raised. In this research,
We emphasize the study of the difference between preschool hoys
and girls in the development of the concept of event sequences.

METHODOLOGY

Subjects

The subjects (n=280) were pre-school children 44 -6+ -years old.
All children were from four pre-school education institutions in the
greater Taipei area and were chosen at random from the list of
hames presented by the tcachers.

Choice of Materials

In preparing the research, 10 different setg Were prepared. Each
set contained seven (7) colored pictures (25ecmx20 cm). The number
of pictures was limited to seven in order to assure that the develop-
ment of action could he casily determined. In this research it is
assumed that more than seven pictures would Zo beyond the
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physical reach of children this age and thus it would be influencing
their desire to participate in the research. Also looking at 50 many
pictures at once goes beyond their capacity forcing them to strain
their head and eyes in the survey of the pictures required for com-
pletion of the project.

The _topic of the pictures was taken from things that usually
fill their days or occupy their attention. For example, putting on
shoes, eating, taking a bath, getling dressed, opening the door, etc.
Since children also relate well to cartoon figures and animals assum:
ing the role of human beings, the majority of the sets used a cartoon
drawing with animals taking human roles to introduce and develoP
the topic of the experimental set (Cann & Newbern, 1934).

To determine the degree of difficulty. ten adults were selected
at random to participate in the experiment. A demonstration set
(Fig. 1), one of the ten sets, showing the progressive stages of a
flower from its budding to full-bloom and final withering was shown
to the participants. After five seconds (0f 51 (1) the pictures were
collected. Next, a set showing the stages of building a house Wwere
placed face down on the table. The subjects were asked to put this
group into its proper order. As they began turning the pictures
over they were timed. When they finished arranging the sequence
the time was recorded and the pictures gathered together. This
same method was repeated for the next eight groups. The ten
adults had jdentical introductions to the experiment and identical
sets of pictures. Each adult was tested alone. The results of the
ten adults show that the pictures can be grouped into two cate-
gories: easy and difficult. (See Table 1; Figs. 1,2 and 3)

Procedure

The procedure ured by the cxperimentor for each of the 230
children was identical. First, the experimentor greeted the child
by saying: «Today I'm going to play a game with you and let you
sec some pretty pictures.” Then the child was taken to a quiet,
empty room with a large table. Second, the demonstration set
(Fig. 1) was presented with the accompanying description: “One
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Fig. 1. The little red flower (This and all
other sets were colored in two and
more bright colors).
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Table 1. Categorized picture sets

oy || et | MR
R I B

| Pi Clown make-up 18.6743.63 (10)

| p2 | Lacing shoes 18.97+£3.62 (10)

Easy \ P3 House building 18.2943.34 (10)

P4 Laying eggs 23.3349.76 (10)

PS5 Getting dressed 24.,15+6.21 (10)

| ps " Shopping/cooking| 38.65:£20.36(10)

_ p7 | Eating dinner | 50.85:423.97(10)

Difieit Ps | Bathing 68.82428.79(10)

P9 | Going home 40.16 9.35(10)

day a small, red flower sprouted. It grew bigger and bigger each
day until it finally bloomed completely. After a few days it started
to wither until one day it died.”

The children were allowed to look at the pictures again and five
seconds later they were collected.

Next, the set showing a clown putting on make-up was placed
face down on the table. The experimentor began by saying: “Now
T'll take out the clown putting on his make-up. Wait until 1 say
tstart’, then turn over the pictures and put them in order.” When
the child began turning over the pictures the timer was started
and was stopped only when the child said s/he was finished. The
time was then recorded.

After each set the child was invited to give the reasons for the
subsequent ordering of the pictures.

The amount of time used by the 280 participants for the clown
oroup ranged from 0741717 to 5" up. This number also includes 67
children who were unable to do the set.

Following the completion of testing using this set, 118 children
(61 boys and 57 girls) who were able to complete the experiment
in three minutes or less and who could offer simple explanations
for their sequences were selected to complete the remainder of the

experiment using the remaining eight sets.
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For the further test, 118 children were divided into three groups.
(See Table 2) Each child accepted only one instruction treatment
but should finish the other eight sets of pictures (P2~P9 in Table
1). The unselected 162 children all aged between 4%-5. Among the
selected 118 children, only four aged from 5-5% while the others
were 5%-64,

No Stimulating Factor

After greeting te the subject, s/he was taken into a quiet and
empty room with a large, rectangular table and on which a set of
face-down pictures was laid. The experimentor said: “These are
(the lacing shoes) pictures, After 1 say ‘start’, vou just turn the
pictures over and put them in order.” The timer was started when
the child began to turn the pictures over and it was stopped only
after the child had said that the work was completed. The time
was then recorded.

The instruction given for the other seven tests was exactly the
same. The topic of the pictures was given, without any other
stimulation.

Achievement Motivation Factor

After greeting to the subject, the child was taken into a quiet
and empty room with a large, rectangular table and on which a

Table 2. Grouping of the 118 children

3 [
Instruction | gox | School 1 | School 2 l School 3 | School 4 | Subtotal
! N I o
No stimulating | M 7 ' 5 3 5 20
factor F | 6 5 4 4 19
|

Achievement | M 5 5 5 6 21

motivation | i
factor | F 5 4 | 4 5 18
Competition M 6 4 4 6 20
factor, F 6 i i 6 20

Total 118
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set of face-down pictures was laid. The experimentor said: “These
are (the lacing shoes) pictures, and after 1 say ‘start’, you just
turn the pictures over and put them in order. If you do it faster
than last time, that means you are improving. And now 1 like to
see if you are faster than last time.” The timer was started when
the child hegan to turn the pictures over and it was stopped only
after the child had said that the work was completed. The time
was then recorded.

The instruction given for the other seven tests was exactly the
same. The experimentor announced the topic of the pictures and
added, “If you do it faster than last fime, that means you are
improving. And now I like to see if vou are faster than last time.)”

Competition Factor

The third instruction treatment included the element of peer
competitions.

The experimentor greeted to two subjects of the same sex, and
then took them into a quiet, empty room with a large, rectangular
table. They were seated at the large table with two identical sets
of face-down pictures laid. The two children sat opposite to one
another with the experimentor at the head of the table to form a
triangular seating arrangement. The experimentor said, “Each one
of you has a set of (lacing shoes) pictures, After 1 say ‘start’, you
just turn the pictures over and put them in order. The two of you
will compete with one another in speed and I would like to see who
is faster. Upon completion of the work, you have to say ‘finished’.
I will help you keep the time (The experimentor showed them the
two stop-watches) and see who is faster,” The timers were started
when the children began to turn over the pictures and were stopped
only after the children had caid ‘finished’. The time was then
recorded separately.

The instruction given for the other seven tests was exactly the
same. The experimentor announced the topic of the pictures and
surely added, “You will compete with one another in speeed and I
would like to see who is faster. ...... and see who is faster.”
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After each test, regardless of which treatment was used, the
subjects were asked to give a brief explanation as the reason of
why they arranged the pictures in such order. The time spent for
explanations was not recorded,

The testing took a total of four months with each child
being tested once every two weeks; at each testing session two
sets of pictures were completed. Absences or changes in sche-
dules sometimes caused delays in the testing, however 93 children
successfully completed the experiment. The remaining 25 either
transferred to another school during the course of the experiment
and/or voiced objection to further participation. Among the remain-
ing 25 children, only two aged from 5-5+%. The results of the three
different treatments is expressed in the following ANOVA TABLE.

Anova Table. No stimulating treatment
Source of variation SS ‘ daf MS f
Between of subjects 300799.4 l 33 I
Sex (B) 3403.4 | 1 | 3403.4 | 0.366 (no sig.)
Subjects within groups 2073965 32 ‘ 9293.63
I | I e o e o
Within subjects 309081.2 | 272 :
Instruction treatment (A) 113138.8 8 | 14142.35 (19.462*
AxB 9917.1 8 | 1239.64 | 1.705938 (no sig.)

A xsubjects within groups 186025.3 J 256 726.66

Anova Table. Achievement motivation treatment

Source of variation 85 af MS F
Between of subjects 87073.3 30
Sex (B) 11.5 1 11,5 | 0.0038 (no sig.)
Subjects within groups 87061.8 29 3002.13
Within subjects i 431309 248
Instruction treatment (A) I 71846.2 8 8980.73 | 5.962*%
AxB 10007.2 8 1250.9 | 0.83 (no sig.)
A xsubjects within groups 349455.6 232 1506.27
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Competition treatment

Source of variation

Between of subjects
Sex (B)

Subjects within groups

Within subjects
Instruction treatment (A)
AxB

A xsubjects within groups

T
ss | df

o e —

\ 41237.5 27
|

5047, 8 | s043.8 | 3.623 (no sig.)
26103.7 2% 1 1392.06
Coo1350 | 224
6i043.8 | 8 | B8117.96 |11.28*
|
6748.9 § | 843.61 | 1.1724 (no sig.)

149667.3 | 208 [ 719.55

Anova Table.

Three factors

Source of variation

Between of subjects
Instruction treatment (A)
Sex (B)

AxB

Subjects within groups

Within subjects

Pictures (C)

AxC

BxC

AxBxC

C » subjects within groups

1 sS I df \ MS f
| l _ S
!154165.8 ‘ 93
| 25055.7 2 | 12527.85 9.62
1 91.2 l 1 | 91.2 0.019
| 8367.4 2 | 4183.7 0.875
W 420651.5 88 i 4780.13
| o61750.2 | 743
220651, 1 8 | 28706.39 29.119*
20277.7 16 | 1267.35 1.286
15713.7 8 | 1964.2 1.902%
10959.5 16 684.97 0.695
685148.2 | 695 985.82

* The significance level «=0.05.

RESULTS AND DISCUSSION

Result 1: No sex difference arising from instruction factors

Regardless of which of the three instruction factors used, no

sex difference could be
value; P: P-value)

accertained. F(1,88)=0.019, P>0.05. (F: F-
That is to say, 5-6%-year old children, if they

have developed the concept of event sequences, are able to apply it
to any situation, therefore the development of the concept of event
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sequences, that is, the formation of thic ability is not determined
by sex. Rather, one must look at the development of cognitive
abilities.
Result 2: No sex difference arising from the experimentor’s in-
fluence

The use of three separate treatments of instruction in giving
the experiment also resulted in no measurable difference based on
sex. F(1,32)=0.366, P >0.05; F(1,29)=0.0038, P >0.05; F(1,26)=
3.623, P>0.05. That is, the experimentor and her instructions had
no measurable effect on the child’s performance. Using competition
factor in the instruction had no measurable effect, therefore, it
might not be necessary for the teachers to stimulate the children
in their learning by the competitive instruction. Sometimes, the
children would feel much frustrated after the competition, they
might even lose their confidence and were then afraid to learn.

Result 3: Difference between easier and harder sels based on
degree of difficulty and not sex

There are significant differences between the easy sets and the
difficult sets. F(8,256)=19.462* P < 0.05; F(8,232)=5.962*%, P<<0.05;
F(8,208) =11.28*, P<0.05; F(8,605)=29.119*%, P<0.05. Four sets: lac-
ing shoes, building a house, laying eggs, putting on clothes are
drawn very simply. The remaining four sets are more complicated.
Looking at the statistical results, the adults and children scored
about the same. Those sets which the adults found difficult, the
children also found harder; and vice versa, those the adults found

easy, the children also found easier.

Result 4: No interaction effect between instruction treatments
and sex of subject

The three instruction treatments and the sex of the subject

showed no interaction effect. F(2,88)=0.875, P>0.05. It is some-

times proposed that the addition of a competition factor often

encourages better performance on the part of male subjects, how-

ever, this was not the case in the present study. Therefore, no
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interaction effect can be maintained.

Result 5: No interaction effect between instruction treatments

and different sets of pictures

There was no interaction effect between the instruction treat-
ments and the different sets of pictures. F(16,695) =1.286, P>0.05.
Regardiess of the instruction formula used with cach of the eight
sets the effect was almost identical.

Result 6: Interaction effect between pictures and sex

There was an interaction eifect of pictures and sex. F(8,695) =
1.992*%, P<0.05. The female subjects did the easier pictures faster
and the male subjects did the more difficult sets faster. This seems
to indicate that with the addition of the challenging factor a sex
different is apparent. That is, in cases where the challenge is
greater male subjects tend to perform better.

CONCLUSION

From the above six results it seems safe to propose that there
is no significant difference based on sex in the development of the
concept of event sequences among 44 -6%-year olds. Only with the
addition of the challenging factor does any measurable difference
become apparent. Further studies can, perhaps, examine in more
detail the extent and nature of the environmental stimuli necessary
to effect measurable differences in subjects of both sexes in the
area of cognitive development.

From the non-selected children, it is clearly seen that those
who aged between 4-5 almost did not have the concept of event
sequences. Only a few children between 5-5% have developed this
concept. The discovery is quite different from that of Barbara
O'Connell and Anthony Gerard (1985). In their research, they dis-
covered that even 20-month old infants could distinguish familiar,
ordered sequence from series of unrelated actions. This is also
something worthwhile to be done in the future.

Other possible considerations to be included in further studies

are:



132 Concept of Event Sequences

— the nature of environmental stimuli that produce the different
response to challenging tasks in pre-school children;

— the influence of the educational, economic and/or social levels
of the parents on the development of the cognitive processes;

— the possibility of differences with regard to urban and rural
settings;

— the influence of various teaching methods, e.g., Montessori;
Piaget, on the performance of children in a similar experiment.

The present study could also engage in a long-term study of
the same children to see if there would be any differences with age.
Does the fact of performing the set very fast or very slow now
have any impact three years from now in doing the same experi-

ment?
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Anova Table. Competition treatment
| | [
Source of variation sS i daf I MS \ fi
|
Between of subjects 41237.5 27
Sex (B) 5043.8 1 5043.8 3.623 (no sig.)
Subjects within groups 26193.7 26 ‘ 1392.06
oL — =
Within subjects o1350 | 224 | !
instriction treatment (A) | 690438 | B | 8117.96 |11.28*
AxB 6748.9 | 8 | 843.61 | 1.1724 (no sig.)
\ .
A x subjects within groups 149667.3 | 208 719.55 |
Anova Table. Three factors
Source of variation ‘| SS \ af t MS f
[}
|
Between of subjects 454165.8 93
Instruction treatment (A) 25055.7 2 | 12527.85 2.62
Sex (B) 1 91.2 1 91.2 0.019
AxB 8367.4 2 4183.7 0.875
Subjects within groups 420651.5 88 | 4780.13
o | 4 -
Within subjects 961750.2 | 743
Pictures (C) 229651.1 8 | 28706.39 29.119*
AxC 20277.7 16 1267.35 1.286
BxC 15713.7 8 1964.2 1.992%
AxBxC 10959.5 16 684.97 0.695
C x subjects within groups 685148.2 695 985.82

* The significance level @=0.05.

RESULTS AND DISCUSSION

Result 1: No sex difference arising from instruction factors

Regardless of which of the three instruction factors used, no
sex difference could be ascertained. F(1,88)=0.019, P>0.05. (F: F-
value; P: P-value) That is to say, 5-6%-year old children, if they
have developed the concept of event sequences, are able to apply it
to any situation, therefore the development of the concept of event



130 Concept of Event Sequences

sequences, that is, the formation of this ability is not determined
by sex. Rather, one must look at the development of cognitive
abilities.

Result 2: No sex difference arising from the experimentor’s in-
fluence

The use of three separate treatments of instruction in giving
the experiment also resulted in no measurable difference based on
sex. F(1,32)=0.366, P >0.05; F(1,29)=0.0038, P >0.05; F(1,26)=
3,623, P>0.05. That is, the experimentor and her instructions had
no measurable effect on the child’s performance. Using competition
factor in the instruction had no measurable effect, therefore, it
might not be necessary for the teachers to stimulate the children
in their learning by the competitive instruction. Sometimes, the
children would feel much frustrated after the competition, they
might even lose their confidence and were then afraid to learn.

Result 3: Difference between easier and harder sels based on
degree of difficulty and not sex

There are significant differences between the easy sets and the
difficult sets. F(8,256)=19.462*% P < 0.05; F(8,232)=5.962*, P<(0.05;
F(8,208) =11.28*, P<<0.05; F(8,695)=29,119*, P<<0.05. Four sets: lac-
ing shoes, building a house, laying eggs, putting on clothes are
drawn very simply. The remaining four sets are more complicated.
Looking at the statistical results, the adults and children scored
about the same. Those sets which the adults found difficult, the
children also found harder; and vice versa, those the adults found

easy, the children also found easier.

Result 4: No interaction effect between instruction treatments
and sex of subject

The three instruction treatments and the sex of the subject

showed no interaction effect. F(2,88)=0.875, P>0.05. It is some-

times proposed that the addition of a competition factor often

encourages better performance on the part of male subjects, how-

ever, this was not the case in the present study. Therefore, no
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interaction effect can be maintained.

Result 5: No interaction effect between instruction treatments
and different sets of pictures

There was no interaction effect between the instruction treat-
ments and the different sets of pictures. F(16,695)=1.286, P>0.05.
Regardless of the instruction formula used with each of the eight
sets the effect was almost identical.

Result 6: Interaction effect between pictures and sex

There was an interaction effect of pictures and sex. F(8,695)=
1.992%, P<<0.05. The female subjects did the easier pictures faster
and the male subjects did the more difficult sets faster. This seems
to indicate that with the addition of the challenging factor a sex
different is apparent. That is, in cases where the challenge is

greater male subjects tend to perform better.

CONCLUSION

From the above six results it seems safe to propose that there
is no significant difference based on sex in the development of the
concept of event sequences among 44 -6+ -year olds. Only with the
addition of the challenging factor does any measurable difference
become apparent. Further studies can, perhaps, examine in more
detail the extent and nature of the environmental stimuli necessary
to effect measurable differences in subjects of both sexes in the
area of cognitive development.

From the non-selected children, it is clearly seen that those
who aged between 4-5 almost did not have the concept of event
sequences. Only a few children between 5-54% have developed this
concept. The discovery is quite different from that of Barbara
O’Connell and Anthony Gerard (1985). In their research, they dis-
covered that even 20-month old infants could distinguish familiar,
ordered sequence from series of unrelated actions. This is also
something worthwhile to be done in the future.

Other possible considerations to be included in further studies

arc:
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— the nature of environmental stimuli that produce the different
response to challenging tasks in pre-school children;

— the influence of the educational, economic and/or social levels
of the parents on the development of the cognitive processes;

— the possibility of differences with regard to urban and rural
settings;

— the influence of various teaching methods, e.g., Montessori;
Piaget, on the performance of children in a similar experiment.

The present study could also engage in a long-term study of
the same children to see if there would be any differences with age.
Does the fact of performing the set very fast or very slow now
have any impact three years from now in doing the same experi-

ment?
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Stability of Stable Periodic Orbits

Cming-HEr Lin

Bulletin of the Institute of Mathematics, Academia Sinica,
Vol. 14, No. 4, December 1986

Let I be a closed and bounded interval in R and f:I—1 be
a continuous function. If f has a stable periodic point with minimal
period n, and ¢ is a continuous function close to f, then ¢ has a
periodic point of same minimal period n.

Lunping Scintillations and Manila Total Electron Content

Joun R. KosTEr

Proc. Natl. Sci. Counc. ROC(A), Vol. 11, No. 1, 1987, pp. 50-58

Large plasma depletions, usually called bubbles, form in the
post-sunset equatorial ionosphere. These can rise to heights of
over 1,000 km and produce severe fading effects of radio signals
over a band of latitudes centered on the dip equator. An attempt
is made to develop a method of identifying bubble formation in
TEC data from a station relatively close to the dip equator (Manila)
by determining the value of a variable called BYT. This variable
yields highly significant correlations (in the statistical sense) with
severe fading (scintillations) of the radio signal from a synchronous
satellite received at a station in Taiwan (Lunping), 1,160 km to the
north of Manila. There is evidence that BYT actually detects
equatorial bubbles. If this is true, it can provide a valuable research
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tool, since bubble-associated scintillations affect radio communications
as well as all applications in which radio waves are sent through
the ionosphere at low latitudes.
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Comment on H+NO Translation-to-Vibration/Rotation
Energy Transfer: A Classical Trajectory Study

Frang Bupewnnorzer, S.C. Hu,
L.M. Hwang and MaArk Song

Journal of Chemical Physics, 86, 3756 (1987)

Classical trajectories were calculated for H--NO vibrationally,
rotationally inelastic scattering at a relative translational energy
of 23eV over the 'A’ surface. The results complement an earlier
trajectory study by M. Colton and G. Schatz (J. Chem. Phys. 83,
3413 (1985)). The role of “nearly direct hits” and complex formation
are discussed.

Determination of Potassium Ion-Small-Molecule Potentials
from Total Cross Section Measurements

Fravk E. Bupennorzer, Eric A. Grspason®*
and Anprew D. JorcENSEN*

Chemical Physics, 110 (1986), 171-186.
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Total cross sections have been measured for K+ ions scattered
N,, CO, CO., CH,, C;H,, C:H;, CF, and SF in the range Ef,=5-100eV
deg. Here E is the laberatory energy of the K+ beam, and 0z is
the resolution angle of the apparatus. A procedure has been develop-
ed to determine the spherically symmetric part of the intermolecular
potential from the cross sections, and the procedure has been tested
against realistic trial data. Estimates of the potentials in the
region of the potential well are obtained and compared with other
theoretical and experimental work on these systems.

* Department of Chemistry, University of Illinois at Chicago, Chicago,
1L 60680, USA.

Reactions of Methylphenylvinylsulfonium
Tetrafluoroborate With Ketone Enolates

Suanc-Sumvg P. Coou and Jyanwer H. Liu

J. Chin. Chem. Soc., 34, 49-55 (1987)

The reactions of methylphenylvinylsulfonium tetrafluorohorate
(1) with the lithium enolates of 1,3-dicarbonyl compounds, acyclic
ketones and cyclic ketones have been studied. Cyclopropanes and
cyclic ethers are obtained. The reaction mechanisms are also dis-

cussed.

Factors Affecting Linear Polyester Formation at 0il
—Water Interface

J.W. Hwang, C.P. Cuanc and D.Y. Cuao*

J. of Chin. Coll. Interface Chemistry, 10, 2 (1987)

The preparation of linear aromatlic polyester at various reaction
temperatures in the presence of surfactant as a phase trasfer
catalyst at oil-water interfaces. 1t has been found that in the
presence of small amount of nonionic surfactant, nmonyl phenyl
polyoxyethylene ether (NPG; NP6 concentration < critical micelle
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concentration=CMC), the variations of reaction temperatures are
seen to be less or no effect on the intrinsic viscosity (=0.42dl/g)
of polyester products in ochlorophenol. As the concentration of
NP6 employed in stirred interfacial polycondensation at various
reaction temperatures is equivalent to or greater than the CMC,
the intrinsic viscosity of polyester products obtained at reaction
temperature 40°C is seen to increase dramatically and then decrease
rapidly when the reaction temperature is further increased.

Experimental results clearly show that as the stirring rate in
interfacial polycondensation is controlled within the range of
4,052,342rrm at 40°C, the intrinsic viscosity values of polyester
Products obtained appear to be independent of the rate. But when
the stirring rate is elevated to around 2,671 rpm, the intrinsic vis-
cosity of the polyester product is seen to be substantially increased
(0.7dl/g). This may be due to the increased collisions between BPA
and diacid chloride molecules at oil-water interface as a result of
increased surface areas of BPA and diacid chloride molecules result-
ing from the high shearing force.

Our intrinsic viscosity data also indicate that in interfacial
polycondensation alkyl sulfonate sodium with short carbon chain
length C,y is superior in catalytic effect to alkylsulfonate sodium
with carbon Chain length greater than Ci,.

* Department of Chemistry, Chinese Culture University.

Halogen-Mediated Electron Transfer between Metallocenes
of Ruthenium and Osmium in the Oxidation S_tates
44+ and 2+

T.P. Smrra,* D. J. Iverson,* M. W. DroEGE,*
K.S. Kwan and H. Tause*

Inorg. Chem., 26, 2882 (1987)

The rates of self-exchange for several systems of the class
MCp:X+/Cp; where M is Ru or Os and X is CI, Br or I, have been
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measured by the NMR line broadening method. For each metal,
the rates increase along the halogen series as given above, and are
more rapid for M=Ru than for the osmium analogs. In considering
these data, the possibility is raised that these 2¢~ self-exchange
reactions and those of other metal ions, take place by le~ steps.

* Department of Chemistry, Stanford University.

Cure Kinetics of an Epoxide/Anhydride/Amine Resin
System: A Fractional-Life Method Approach

Sung-Nune LEe and Wu-Bin Yuo

Polymer Engineering and Science, September, 1987, Vol. 27, p. 1317

A fractional-life method coupled with dynamic differential
scanning calorimetry (DSC) scan was employed to study the
kinetics of the isothermal polymerization of the DGEBA (diglycidyl
cther bisphenol A)/HHPA (hexahvdrophthalic anhydride)/BDMA
{benzyl dimethyl amine) resin system. This method avoids the
problem of uncertainty in the total heat evolution in the isothermal
DSC scan. The reaction orders obtained for this epoxy resin vary
from 1.05 to 1.44 in the temperature range 118-135°C and are believed
to be more accurate than those determined in previous studies.

Phosphonate Ylide Complexes of Palladium(II) and
Platinum(II): Oxidative Addition and Reductive
Elimination, the Crystal and Molecular Structures of
cis- and trans-[Pt(PPh;):(I) (CH,P(0)(0OCHs3):) |

Ivan J.B. Lin, Luke T.C. Kao, Feng J. Wu,
G.H. Lee* and Y. Wang*

Journal of Organometallic Chemistry, 309 (1986), 225-239

Phosphonate complexes M(PPhy).(1)(CH,P(O)(OR);) (M = Pd
and Pt, R = Me and Et) have been prepared by the oxidative ad-
dition of ICH.P(0)(OR), to M(PPhs)s. While the platinum product
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isomerized slowly from the eis- to the frans-isomer, the palladium
compound decomposed in solution. Several compounds have been
identified from the decomposition reaction: ICH.P(O)(OCHj;),,
CH;P(0)(OCH;)2, [Pd(PPhs)s(CH:P(O)(OCH;).]1, OPPh; and
[Pd(PPhg)(1)(CH,P(O)(OCH;)2)]z- In air, ICH:P(O)(OCH;): was the
major product observed; however, in the absence of air, CH;P(Q)-
(OCH;): was the major product. A study of the reaction pathway
showed that the reductive elimination proceeded via phosphine
dissociation. The structures of the trams- and cis-platinum com-
pounds were determined by X-ray diffraction, and were refined to
R, =0.036 (5,382 observed reflections) and 0.027 (5,274 observed
reflections), respectively. The bond lengths of Pt-P, Pt-C and Pt-1
trans to various ligands clearly demonstrate the order of the frans
influence: phosphonate > phosphine > 1.

* Chemistry Department, National Taiwan University, Taipei 107, Taiwan
(R.0.C.)

A Study of the cis-frans Isomerization of A Square
Planar Pt Ylide Complex

Ivan J.B. Lin and C.P. Cuanc

J. Chin. Chem. Soc., 33, 273-277 (1986)

The isomerization of c¢is-Pt(PPhy)(1)(CH,P(O)(OCHj).), 1, was
studied by an NMR technique. An Arrhenius plot for the isomeri-
zation gives an activation energy of 99.2 KJ/mol, AH*=97 KJ/mol
and AS*¥ = —83 J/mol-K. Under a CO atmosphere the cis isomer
catalytically isomerized to its frans form. Free PPh; did not catalyze
the cis-trans isomerization. In the proposed isomerization mechanism
the reaction goes through an intramolecular assisted phesphine
dissociation, followed by dimer formation. The addition of phosphine
to the dimer then completes the isomerization of the original

monomer from cis to trans.
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Sulfur Ylide Complexes of Palladium, Preparation of
Organometallic Compounds by the Phase Transfer
Catalysis Technique

Ivan J.B. Lin, Hanse Y.C. Lar,
Suu C. Wu and Lucueny Hwan

Journal of Organometallic Chemistry, 304 (1986), C24-C26

Reactions of [S(0O)(CH;)s]1 in NaOH solutions of various con-
centrations with Pd(PPh;).Cl; in CHCly in the presence of #-Bu,NI
produced  [Pd(PPh;).{(CH:).S(0)(CH;)}]1+ + CHCls, (1), and
Pd(PPhs)(I)[(CH;).S(0)(CHs)] - $CHCl; (2) with good vields.
Without the phase transfer catalyst, no ylide complexes were
formed. Compounds 1, 2, and the ionic compounds cis-[Pd(PPhy),-
{(CH:)S(0)(CHas)21211, (3) were also prepared with low yields by
the reaction of the ylide (CH,)S(0)(CH;). with Pd(PPh;),Cl, in
dry THF under an inert atmosphere. The advantages of phase
transfer technique are discussed.

Synthesis and Reactions of Some Sulfur Ylide Complexes
of Palladium

M.C. Cueng,* S.M. Peng,* 1.].B. Lin,
B.H.H. Meng and C.H. Liv

J. Organomet. Chem., 327 (1987), 275-283

The iodo-bridged sulfur ylide complex [Pd(z-1)((CHa),-
(SO)(CH3))]. 1, was reacted with dithiolates, acetvlacetone and
various Lewis bases to give [Pd((CH,).(SO)(CH;))(S~S)] (S~S=
S:CN(CzHs), S:COC,H; and S,P(OC.Hs).), [Pd((CH:).(SO)(CHs))-
(acac)] (acac=acetylacetonate) and [PdI((CH,).(SO)(CH;))(base)]
(base=PPhs, P(OMe);, P(OPh); and C;H;N). In the presence of a
Phase transfer catalyst, the reaction rates and yields were greatly
increased. Reactions of several related sulfur vlide complexes with
Iz, HI and aquous NaOH gave 1. The X-ray single crystal structure
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cells: two primary pigment cells and six secondary pigment cells.
In both of them, the cytoplasm is rich in rER, glycogen, mito-
chondria and microtubules at the early stages. The commashaped
primary pigment cells and the spindle-shaped secondary pigment
cells contain many morphologically mature pigments at P4 stage.
The structure of secondary pigment cell is obviously different from
those of primary pigment cells at the early stage.

* Institute of Zoology, Academia Sinica, Nankang, Taipei, Taiwan, Republic
of China.

The Study of Female Sex-Pheromone Glands of
Tea Tortrix, Homona coffearia Nietner and
Small Tea Tortrix, Adoxophyes sp.

Cuaung-Hsrune Wane and Der-FE Wu

N.S.C. Sexpheromone Monograph, 185-196 (1986, 9)

The sex-pheromone glands of the female tea tortrix, Homona
coffearis N., and the female small tea tortrix, Adoxophyes sp., as in
other species of Tortricidae, are derived from the intersegments
between the 8th and 9th abdominal segments. The former is a Y-
shape dorsal sac hut the later is a typical nonbranched dorsal sac.

The sex-pheromone gland of the tea tortix can be divided into
3 parts. The anterial part of gland, about one-third the length of
the gland, is separated into 2 coma-like pouchs. These pouchs
invaginate deeply into the lateral sides of the 7th abdominal seg-
ment. The middle part of the gland belongs to closed type gland
and the posterial part, abecut half the length of the gland, is the
open-type gland. The modified intersegmental membrane of the
posterial part is discontinous at the lateral sides. There are some
variations in the size and shape of the gland lumen in different
parts of the gland. The individual differences in the morphology
of the lumen were also observed. The glandular epithelium consists
of tall columnar cells. The cuticle of the gland with many tiny
hairs is thinner than the rest of the intersegmental membrane.
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The gap between the gland cells is found in the well-developed
gland (3-day-old female adult). The nuclei with round or elipsoid
shapes are located at the middle part of the cells. The cytoplasm
contains many acidophilic secretary granules which are accumulated
at the distal part of the cells and form an acidophilic layer beneath
the cuticle of glands. The relationship between glands and body
weights of pupae was investigated. So far, the results indicate
that the 3-day-old sex-pheromone gland of the tea tortrix is the
most active time for the releasing of sex pheromone and the
development of the sex-pheromone gland depends upon the condition
of insect.

The sex-pheromone gland of small tea tortrix can only be
divided into 2 parts. The anterial part of the gland, about three-
fourths the length of the gland, is a sac-like gland which invagi-
nates deeply into the dorsal side of the 7th abdominal segment.
The homogenous cytoplasm contains acidohilic secretary granules.
The relationship between glands and body weights of pupae was
investigated too, and the result also indicated that the development
of the sex-pheromone gland depends upon the condition of the

insect.

Techniques of Fuzzy Query Translation for
Database Systems

Suyr-Mine Cuen, JyH-SuEne Ke* and Jin-Fu Crang**

Proceedings of International Computer Symposium, 1986, December 17-19,
Tainan, Taiwan, R.0O.C.

This paper presents an intelligent user interface with fuzzy
query translation capability for retrieving information from the
relational database system. It places emphasis on user-{riendliness
and flexibility for the inexperienced users. The query language
HQL, which allows for fuzzy queries, is introduced. The concept
of semantic graph and iC;-level fuzzy variable translation technique
are also described in details. With the aid of the intelligent user
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interface, the existing database system can itself behave more
intelligently, and will be more suitable for use by the inexperienced
users.

* Dr. Ke is currently associated with Institute for Information Industry,

R.O.C.
** Department of Electrical Engineering, National Taiwan University.
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