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GENERALIZED BERNSTEIN-BEZIER
TRIANGULAR PATCHES AND
GEOMETRIC PROPERTIES OF CURVES

CHING-HER LIN

Graduate Institute of Mathematics
Fu Jen University
Taipei, Taiwan 24205, R.O.C.

ABSTRACT

The generalized Bernstein-Bezier curve possesses geometric
construction algorithm and subdivision algorithm as the blending
functions are chosen suitably. In addition, the triangular patches
of the generalized Bernstein-Bezier polynomial are studied. The
conditions of C* and visual C' continuity across the common boundary
of two patches are investigated as well.

1. INTRODUCTION

Over a dozen geometric properties have been considered to be
desirable for computer aided geometric design (CAGD)“~®, Some of the
geometric properties of generalized Bernstein-Bezier curve and surface
have been discussed in Goldman’s papers©’, where the two features,
geometric construction algorithm and subdivision algorithm, are not given.
The first part of this paper provides specific conditions for the blending
functions to ensure that the generalized Bernstein-Bezier curve possesses
these two geometric properties.

In addition, triangular generalized Bernstein-Bezier patch is defined.
Triangles are more appropriate than rectangles for interpolation since
the latter can only be used in the tensor product sets of points. Some
surfaces, in particular, have intrinsically triangular parts in the rounded
corner, Furthermore, it is important to ensure smoothness between
composed patches. The C’ continuity across the common edge of two
triangular patches and visual C' continuity connect triangular patches
with rectangular ones are investigated.
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Geometric Properties of Curves

2. GEOMETRIC PROPERTIES
The generalized Bernstein-Bezier curve is given by ¢
Pa)=3 [3 b BV, 0<u<1 (1)
i=0i=

where V., V., =, V, V, are n+1 3D points of a characteristic polygon,
b.,EIR, 0<i, j<n and B%wx) are the classical Bernstein polynomials,
The generalized Bernstein-Bezier curve studied in ¢»* are symmetric,
possesses well-defined, convex hull and variation diminishing properties.
Here, specific conditions are required for {b;;: 0<i, j<n} to guarantee
the curve having geometric construction algorithm and subdivision
algorithm,

(1) Geometric construction algorihm

A geometric construction algorithm provides a simple, numerically
stable technique for evaluating P{x) for any parameter . The idea is
to construct the auxiliary points.

V=5V~ ) +s1 @) Viz i), ktj<n

where Vu)=V, and f%'(u)+s7u)=1.
Equation (1) can be written as

Pa)= D)V, 0<u<1 (2)
=
where

Dyw)=% b.iBiw), i=0,1, =, n (3)
and

Dnu)=0, for j<<0 or j>n (4)
Lemma 1

If

baivni= (1" M’é‘j‘_—;&)bsf‘l' (ﬁ)bm—m 0<j<i<n—1

5 (5)
bn‘.f=0n 0S£<]Sn
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where b,,, b.., -, b,, are arbitrarily given » real numbers, b,,=1 and b,;=0

if either {<<0 or >0, then
D) =15~ () D) + 57 () D= Hu),

j::o: I: AP ) (6)
where

fiG)=1- (@%){L’“—’)u,

5 (7)
sNu)= (_&53%)”' 7=0, 1, =, n—1
and

Su)=s%u)=0, for j<<0 or j>n—1 (8)

Proof

It follows from Egs. (3), (5), (7) and the Properties of the Bernstein
polynomials we can obtain Eq. (6). In fact,
I3 ) Dy~ )+ 87 ) D= a)
n—1
:E‘Ebiff';-_l(u)‘l‘bi(j—1)5’;:1(34)]5?_1(1'5)
=t 1—b; 1G4 ii i
h_:Eu{bu(lmu)_;_u[(,, ,b_c;;._)c +1) )f)u'+ (_()L_) -b.-r,chn]}B? (4)

ii G=1)Ci=1)

n—1 n—1
=E b1 =B+ E bereouBIu)

I
M=

L 1=)B )+ 33 biuBy=i(u)

Ma

14’9.':-15”;'0%)=JD';(u).

Let

DLV, Vay v, Vad)=P@)=2 Dxu)V.
j=
Then the following results can be proved.

Lemma 2

Under condition (5), we have
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DIVi@w), =, Vi, ))w)=DLV,, =, VaKur).

Proof
DUV, = Vi, ()= D5 )V )
=:é: D= u) [ () Vs +:%:D',’-“(u)5?“ Vigs
=J_§=?3“[f’;“(u)D’}‘ 1(00)+ 7= DXV

=32 DGV,=DIV,, -, VXu).

Lemma 3
Under condition (5), we obtain

DIV, =, Vi) Xu)=DLV,, =+, VaXa).

Proof

It follows from Lemma 2 and mathematical induction on k. In
particular, if £=n then Vi(u)=P(u).

(2) Subdivision algorithm

Subdivision algorithms are important in computer aided design
because they help trimming curves. In addition, they allow us to apply
formulas, which are initially developed only for the end points of a
curve where the parameter is O or 1, at arbitrary location along the
curve,

The functions, {B%u)} satisfy the identity

Biruy=1 B.(r)Biu)

where 7 and B,,(») are constants®. Let det M=+0 where M=(b;;) is an
(n+1)X(n+1) matrix. Then the inverse M~ of M is defined as

M~'=(det M)"'adj M



Fu Jen Studies 5

where adj M is the classical adjoint of M
(adj M);s=(—1)"*/ det M(j|i)

where the scalar (—1)"*/det M(j|i) is called the j, i cofactor of M. Let

Wir= 3} (det M)""(adj M);eBusMbubuVes  i=0, 1, =, .

kykyé=0

Proposition 4
DIW(r), =, W,(NXu)=DLV,, -, V,ru).
Proof
DIWr), =, War)Xu)
=3 (5 0,81 Wi(r)
=, B bu(det M) (adj M),)Bucr)Biabu Vi

2 BuiBIwbuY,

il

=3 2, B Vi=DV., -, Viiru).

h=0
Thus, if det M=~0 then the points W,(»), ---, W.(») subdivide the curve
P(x) from P(0) to P(r). By utilizing symmetry (i.e., Do iyenin=8,;), We
can subdivide the curve P(x) from P(r) to P(l). Using these two
subdivision algorithms one after the other, the curve P(x) between any
two points P(r) and P(s) can thus be subdivided.

3. TRIANGULAR PATCHES AND CONTINUITIES

Let i:(l-” 7-.2) i:): j:(ju jz: j:); Where ii: J‘AZOl ].‘,':1, 21 3) [i]:
i,+i,+i,; and a triangle T in the xy plane be defined by its three
vertices P,, P,, P, in (R*. Let P=c* be an arbitrary point, it has the

unique representation
3
P=3 u,P;, iy Fu,tfu,=1.
i=1

P is said to have barycentric coordinates wu=(u,, u,, u,) with respect to
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T. Triangular generalized Bernstein-Bezier patches can be defined as
follows:

Pw= % of X HO)! (9)
where
Br(w)=—uhyiis

1,14,14,!

and B%u)=0 if at least one i, violates the condition 0<i,<n‘. The

polynomial Eq. (9) can be written as

Plu)= 2 d.BXu)

[i1=n
where

d,‘: 2 Cjb‘::

1i1=n

(1) C continuity

Let T be an adjacent triangle to T with vertices P,, P,, P, and denote
barycentric coordinates in T by &. The straight line P.P, is the common
boundary of these two triangles and corresponds to barycentric coordinates
u,=(0, u,, u,) and #&,=(0, #,, %,). Let the vertex P, have barycentric
coordinates v=(v, v,, v,) with respect to T':

P1=31P1+02P2+7)3P:; T/’|+U2+1)5:].

Thus, u,=#,0,, u,=#v,+k., w.=iv,+u#, where v,70.
A polynomial P(x) that is defined in terms of barycentric coordinates
of T can also be defined over T. That is,

Pw)= % dBiw= 2 d,Bi@).
i|=n i|=n

Note that since T and T' have a common boundary, we have
dinzdfnr |i0’:n9

where i,=(0, i,, i,).
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In order to determine the remaining d,, we consider a direction not
parallel to P.P, and take directional derivatives up to order » with
respect to it, Let this direction be expressed as @ with respect to T and
as @ with respect to 7. Since the sth directional derivative of a Bernstein

polynomial B? is given by

D’B (u)_Wll? Bh(a)Bi i(u)
therefore

DiPG)= (" B 15 dioBia)IB W)
and

E [ 2 d:+.bB“<a)JB"_’(u)_ Z‘ [ 2 d.“Bg(a)]B -’(ﬁ).

li|=n=s |k|= |i]=n=s

Specifically, evaluated Eq. (10) along P,P,, we obtain

DiP(u,)= [ 2 dipBi@)]BI ().

(n— S)' ..aa-s k1=
Therefore Eq. (11) becomes

2 [ Z dinBi@lBi ()= ¥ [ 3 d.ouBa(a)]B""(uo),

ligi=n=s [k|= [ig)=n—s k=

§s=0, -, ; 0<r<n,

Since u,=i,, it follows from Eq. (12), we get

2 dinBile)= = d,,1Bi@), §=0, =, 7; 0<r<n.
k=3 =3

Because

D;[ME d.",HB;(u)]:s!szs d;,1Bi(a),

if follows from Egs. (13) and (14) we have

Di 2 diuBiWI=D[ 2 diyuBi@)]),  s=0, =, r; 0<r<n

and hence

mzird'.“HB;(u):mzi: ai“”‘B;(u)’ 0<r<n.

(10)

(11

(12)

(13)

(14)



8 Generalized Bernstein-Bezier Triangular Patches and
Geometric Properties of Curves

Taking u=wv, i.e,, for 2=(1, 0, 0), we obtain

E dignBi)=d:ysc,0 0<r<n. (1)

Having » on all values from 0 to s, Eq. (15) provides an algorithm to
construct the desired d, from the given d,. Moreover, let P(x) be defined
over P,, P,, P, and P(&) be defined over P,, P,, P,. Then a necessary
and sufficient condition for P(u) and P(4) to be C" across the common

boundary is

dio+(s,o,u)=mz:= d;‘oHB;(U); 0<s<r.
That is,
3 &bl = 2 ( T ¢l )Bi(v), 0<s<r.

1j1=n 1k|=s |j|=n

(2) Visual C' continuity

In this subsection, we will connect triangular patches with rectangular
ones, The smoothness condition between them, given by Farin®’ will be
utilized. Let ¢ and ¢ be two surface patches that have a common
boundary curve E(»), and (DE)(») denotes the tangent vector of £(v). Let
(D,#)(v) denote a cross boundary derivative of ¢ at &), i.e., (D.%)v)
lies in the tangent plane of ¢ at £v) and is not collinear with (DE)w).
And (D,¢)(v) denotes for a cross boundary derivative of ¢ at ). A

condition for visual C' continuity between ¢ and ¢ is
det[D.@)(), (D.¢)w), (DE)w)]=0. (16)

Let the rectangular patch ¢ be of degree n and the triangular patch
¢ be of degree n+1. Then the common boundary curve £ as a boundary
for the rectangular patch ¢ must be of degree #, and as a boundary of
the triangular patch ¢ must be of degree n-+41. The two patches, ¢ and

¢, are given as follows.

Ko, 0)= 32 T [ 2 by Bra)I [ b, BV, 0<u, v<1
J=0 k=0 k=0 i=0
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where the V;, are vertices of the characteristic polyhedron that forms a
(m+1)X(n+1) rectangular array of points, and

M= B dBw).

The common boundary curve is

Ev)=4¢(0, v)=¢(0, v, 1—v)

with the following forms

EO=E B GaVilZouBiod= 2 d, B0, v, 1-0).

lio|=nt1
Since

= d.Bju)= ..-.EH‘%"B?“(")

léi|=n

where

ai: Ehd —iks li|=n+1,

n+1

0 i+k

and j,=(7., 7., 7o) j,:{ therefore, ¢ and ¢ are continuous if
1

E

and only if

dc“)l's'H'I—i) JEJ Eo n—H (lb(:-l)k_}'{n_f‘lfl)b:k)bo.rvm (]7)

The first order partial derivatives of @¢(x, v) at the common boundary

are given by following formulas®®

90, )=m B (3 3 (b—bu)bu V) B0) (18)
8.(0, v)=n 2_:0[ }_30 Z_: (beisrn—0inbo; Vil Bi~1v). (19)

For triangular patches, we shall consider a particular cross boundary
derivative, i.e, taking a=(1, —p, v—1) in Eq. (10). Then

"

D, v, 1—v)= (?z-i-l)L (desyin=-—2 X bubo; Vi) BY0). (20)

J=0 k=0
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The visual C' condition (16) is the form

det [8,(0, v), D90, v, 1—2), 8,00, )]=0.
Farin® proved that there exist constants z, 4, and 4, such that

28,0, v)+D.$0, v, 1—v)+[A,(1—2v)+2,014,(0, 2)=0. @n
It follows from Egs. (18), (19), (20) and (21), we obtain

;g (- Ddes,ippey— (D T 2 bo4bu Vi

j=0 k=0

tmu D 32 bbbVt 1=k 2 3 Gesrin—bindbeiVin
j=0 k=0 i=0 k=0
+i4, Zm: fa‘ (bil_b(i—ilk)bofvik}z()'

&

o
]
o

J=

or

desyin-o=3, B () Absmont U+ Dma+ 1= DA—id 1o

0 k=0

= ()bt (S YV @

Therefore, Egs. (17) and (22) are the conditions for the visual C' continuity
connect triangular patches and rectangular ones at the common boundary.

4. CONCLUSIONS

The generalized Bernstein-Bezier curves, under conditions on {b;;:
0<i,j<n}, holds the geometric construction algorithm and subdivision
algorithm. The triangular patches of the generalized Bernstein-Bezier
patches are defined, The smoothness conditions between patches are

discussed.
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HYPATIA OF ALEXANDRIA

YI1-CHING YEN

Department of Mathematics

ABSTRACT

Flipping over the pages of world history, Hypatia of Alexandria
in 370-415 A.D. clearly stands out as the first renowned woman
mathemation, astronomer and philosopher.

Despite of her splendid career, she was brutally murdered by
mobs of religious extremists.

Her tragic death marks the subsequent repression of intellectual
women for as long as fifteen centuries.

“If you are inclined to lose faith in humanity, think of the brave
of all times.”
M. Deshumbert

Hypatia of Alexandria is the first famous woman mathematician,
astronomer and philosopher that ever appeared in the world. We may
find it out by reviewing the world history in the following:

In the ancient times, throughout the world, women rarely had the
opportunity to receive education, let alone becoming well-known scholars.

Interestingly, however, we can find records of several famous woman
scholars in the old China. One of the most representative women is Pan-
Chau (ca. 49-120), a lady historian who continued to complete a classical
historical volume “Hahnshu” after her father’s and brother’s death.
Another example is Li Ching-Chau (1084-1151), a gifted poetess whose
“tsyr”, a form of Chinese lyric which resembles poems, is considered to
be one of the best in the Chinese literature. Nonetheless, it was not
until Ching Dynasty that a famous woman scientist was finally born.
Wan Jen-Yi (1768-1797), a born scientist, who enjoyed investigating the
nature with simple accessible tools had made some corrections to the
recorded scientific observations of her Chinese predecessors. In addition,
she was also skillful in both medicine and literature. Although she died
at the young age of twenty nine, she had written several books in
astronomy, geography, mathematics, medicine, poems and essays. Some
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of the them are still extant. Historians praised her highly for her
“versatility” and “virtuosity”.

All these famous woman scholars came from intellecturl elite
families and were educated at home. Their talents, dedication and
accomplishments even outshone their contemporary male counterparts,
lending the way to a new era of intellectually competitiveness for
women.

In the west, science was a Greek invention, but its tools, writing and
mathematics were developed in Egypt and Mesopotamia for some
practical necessities.

It was from the great pyramid of Gizeh, erected at about 2900 B. C.
that we found the first written history of science in Egypt, The Egyptians
were interested in practical use of science, Priests and Priestesses, the
most learned people of their times, developed such mathematics and
astronomy as were applicable to problems at hand. Before 3000 B.C.
medicine was already an established profession in Egypt and educated
women engaged in its as doctors and surgeons. The Kahun medical
papyrus (ca. 2500 B. C.), which might have been written by women, shows
us the establishments of women surgeons®?, The high level of training
for the female physicians in Egypt suggests us the possibility of environ-
ment such that woman might have become a scientist¢®,

The Babylonian history, which we studied from many tablets excavated
at the site of ancient Nippur and the code of King Hammurabi (1728-
1686 B.C.) tells us that the people of Mesopotamia—the Sumerians,
Babylonians and Assyrians—were more advanced in science than Egyptians,
particularly in observational astronomy. Even the oldest tablets (ca. 2100
B.C.) show a high level of computational ability of these people. They
established sexagesimal positional system and made many computations in
lists. One of the tablets called Plingtom 322 (ca. 1900-1600 B.C.) is a
list of Pythagorean Triples. In those days women engaged in business,
Jjudges, elders and chemists, especially as perfumers. However, there
were no records about other types of woman scientists.

Greek science began with Pythagoreans which brought women into
the mainstream of developing natural philosophy and mathematics.
Pythagoras (ca. 582-500 B.C.) of Samos had travelled all over the
Mediterranean world and studied under many teachers. One of the
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teachers was Delphic priestess Themistoclea, from whom, according to
Greek philosopher Aristoxenus, that Pythagoras acquired most of his
moral doctrines. It is likely for this reason that he had never refused
women to study in the school he settled in the Greek colony of Croton
between 540 to 520 B.C. There he founded a quasi-religious and quasi-
political community, called Pythagorean Order, devoted to mathematical
and philosophical investigation. The Pythagorean Order, included men
and women in equal terms, had at least twenty eight woman teachers
and students at that period of time. The most famous of them were his
wife Theano and their two daughters. However, since all members of
Pythagorean Order wrote under the name of Pythagoras, it is impossible
to recognize individual contributions. Anyhow, women were indispensable
part of the Order, it is reasonable to assume that women were involved
in the research of this mathematical cosmology that so directly influenced
the future development of science., After the democratic rebellion in
Croton, Pythagorean School was destroyed. Still the offshoots of the
Pythagorean School continued to include women throughout Greece and
Egypt.

Outside of the Pythagorean Order, there were few opportunities for
woman scientists in Greek society. In general, the Greeks were a
patriarchal people and it was only in the militaristic city-state of Sparta
that women had any degree of power. In Athens, the lawgiver Solon
(ca. 683-599 B.C.) did not suggest educational equality between men and
women and his attitude became the established situation of Athens. Thus,
even most Athenian wealthy women were illiterate and were as secluded
as the later women of Islam®>,

It was in classical Athens of fifth to fourth century B. C. that the
natural philosophy, metaphysics, political ideology and mathematical
thoughts of western civilization were first established. Then Athens
entered a period of prosperity and intellectual greatness, The citizens of
Athens (about ten per cent of the population) had enough time to take
part in social activities of politics and culture, leaving the household
chores to women and slaves. Attracted by the democratic form of the
government in Athens, philosophers and mathematicians, many of them
were Pythagoreans, gathered from everywhere of the Mediterranean area
and they taught pupils knowledge and rhetoric with mathematical basis,
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They were the first to make distinction between science and religion.
They encouraged direct and careful observation of nature, and contributed
to mathematics by making the use of whole notion of proofs, deduction
and abstraction. “This is a discovery of unsuspected possibility of mind,
which is one of the greatest steps in the development of human con-
sciousness” (Sullivan, 1925).

Among the philosophers of that time, Socrates and Plato insisted that
men and women are born equal and must have the same degree of
education in order to support the whole society. But Aristotle, their
most brilliant successor, believed that women were inferior to men, with
their social position merely above slaves, not to mention receiving any
kind of education. Aristotle’s opinions of women, as on others, were to
prevail in the western world for the next millennia. His bias against
women resulted in a widespread belief that science was the region of the
male®®.

Women, mostly foreigners from the Mediterranean world, in defiance
of the law that forbade them to participate in public meetings, gathered
to study at Plato’s Academy in Athens, where the most important
mathematical works of the fourth century B.C. were accomplished.
Women in the Academy were used to dress as men in order to attend
lectures unnoticed.

Since Athenian citizen could only marry another citizen’s daughter
by law, these foreign-born women who came to Athens for more study,
formed a class in their own right as hetairae or courtesans, although
they were well-educated, artistic and intellectual. The most famous
among them was Aspasia (470-410 B.C.), born in Miletus of Ionia and
daughter of Axiochus, a learned man who gave Aspasia good education,
She came to Athens to take part in the intellectual life of the city. But
on arrival, she found herself, as a foreigner, was classified as a courtesan.
About 445 B.C., Aspasia lived with Pericules (4957-429 B.C.). She was
said to have written many of his speeches, among them was his famous
funeral oration (430 B. C.) for the the Athenians killed in the Peloponnesian
War, In her salon the eminent people, among them was the astronomer
Anaxagoras of lonia, gathered to discuss about politics and science®.
Plato in his “Dialogues” also tells us that she was a teacher of Socrates.
It was her education and genius that won Aspasia her reputation,
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Epicurus settled in Athens about 300 B. C., where he revived 'Atomism’
of Democritus and Leucippus. His School was open to women and had
educated some famous women,

Greece and the whole Mediterranean world were under the siege of
Roman before 30 B.C. The Romans were less interested in science than
the Greeks, and their culture never supported the development of
mathematics. Women were inferior to men under the Roman law; yet
their social status were far better than classic Athenean women and
continued to improve over the five centuries of the Empire. Roman
women learned to read and write, and upper-class matrons were educated
by tutors. There were many women of strong character, mostly in
politics and deeds, during the end of the first century and the beginning
of the second century. After that, “the feminism” flourished in the
imperial times which made women copy men’s vices than in acquiring
their strength. They seldom attended outdoor affairs. The ladies might
devote themselves into music, literature, science, law or philosophy as a
way of killing time, and men paid little attention to those so-called
“blue-stockings”.

Alexandria, a city of Egypt at the mouth of Nile, was founded by
Alexander the Great (356-323 B.C.) in 332 B.C. and was designed by the
eminent architect Dirocrates. In 306 B.C., Alexander’s general Ptolemy
Soter (or Ptolemy I, 367-283 B.C., ruled 323-285 B.C.), a Macedonian,
began to reign Egypt. He selected Alexandria as the capital. As a
disciple of Aristotle, he was distressed to find that scientific research
in Egypt was hopelessly intertwined in established religion, He deter-
mined to change this situation, so he built a museum in Alexandria,
which was a large institute devoted to research and teaching. The
Museum contained lecture rooms, library, laboratories, gardens and living
quarters. At about 300 B. C. he brought to Alexandria all the philosophers
and scholars, among them was the famous mathematician Euclid, possible
for him to invite. He then gave those scholars every effective encourage-
ment, not only financially but also in plentiful books and manuscripts
from Greece. The core of the Museum was its great library, which was
the largest repository of learned works to be found anywhere in the
world in nearly a millenary. Within forty years of its founding it
boasted to have 600,000 papyrus rolls’, The later rulers of Egypt
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continued to support the Museum until 30 B.C., when Ptolemy Dynasty
was ended with the suicide of Queen Cleopatra who was defeated in the
wars with Romans. This was also the end of the first period of
intellectual activity in Alexandria, which was characterized by its nature
as purely literary and scientific. After that Egypt was conquered by
Romans, and the intellectual activities again bzcame lively in Alexandria,
which drew many Romans, Greeks and Jewish scholars to come there,
This second school of thoughts was somewhat different from the first.
The philosophy, blended different cultures, nationalities and varying
personalities, develped into speculative philosophy of Neoplatonism,
Neoplatonism asserts that there is a supreme being or power, called the
Absolute or One, mystic, remote and unapproachable by human beings in
a direct way. It became a religion of many of the heathens‘. Con-
stantine the Great (ruled 306-337) was the first emperor who believed in
Christianity and ordered it as the official religion in 313, He moved his
capital from Rome to Byzantine in 330 and named it as Constantinople
after his name. In 395 the Roman Empire was divided into the Eastern
and the Western Empires, with Greece, Egypt and Asia Minor as the
constituents of the eastern division. The economic structure of both
empires was based on agriculture with a wide use of slave labor. The
gradual decline of slave market effected on Roman economy, thereby
reducing science to a mediocre level. The Alexandrian school gradually
faded, along with the break up of the ancient society. Creative thinking
gave way to compilation and commentarization. In 529 Emperor Justinian
decreed to close the Alexandrian School. The Alexandrian library, as
partly in existence at the hands of Christians, was put into fire at the
fall of Alexadria to Arabs in 641.

The Roman authorities put a prefect, the governor; and a bishop, the
head of Christian monks, in Alexandria. But the city of Alexandria in
the fourth and fifth century was the most difficult place to rule in the
whole Roman Empire. It consisted of many different nationalities, including
Egyptians, Romams, Greeks and Jews, as well as various creeds such as
pagans, Christians and Jews, and they all had opinions of their own, so
that the people were stubborn, quick-tempered and suspicious. Especially
Egyptians were hostile to Greco-Roman culture in their nature: they
were ruled by Greeks and then by Romans for several centuries; they
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even had to adore Greek deity Serapis brought to them by Ptolemy I,
who built in Alexandria the most splendid and the best known temple of
Serapis with a big library. Both of them were destroyed by Theodosius,
the bishop of Alexandria, and his followers in 391 under the name of
Roman Emperor Theodosius I. Owing to these reasons, there were
numerous clashes, fights and tumults in the streets of Alexandria, not only
between citizens and the soldiers, but also between different classes and
religions of citizens themselves‘”,

A slight scientific renaissance occurred in the fourth-century Alexandria
and there flourished the most celebrated woman scientist Hypatia in the
reign of about Arcadius (395-408). For fifteen centuries until the
nineteen-century Hypatia was often considered to be the only female
scientist in history¢?,

Our knowledge of Hypatia is mainly from the celestial historians
Socrates Scholastics (ca. 380-445)?, Damascius (ca. 480-550), Suidas
(?-ca. 970)¢'*, Necephorus (806-815); her best known disciple Synesius of
Cyrene (370-ca. 414)¢” and some other historians of her time. Hypatia
was born about 370 in Alexandria and was murdered in March, 415. Her
father Theon of Alexandria was a rather mediocre mathematician and
astronomer, yet well-known for his extant commentaries on Ptolemy’s
“Almagest”, "Handy Tables” and edition of Euclid’s “Element” with
rather unimportant additions and emendations’, We have no exact
information about Hypatia’s early life. However, being the daughter of
Theon, who was associated with the Museum of Alexandria, we may
assume that she was brought up in close touch with the Museum and that
she received the greater part of her early education from Theon®®, It
was said that Theon intended to educate her to be ‘a perfect human
being’, and in fact Theon must have labored much in teaching her, for
Theon’s biographers pointed out that all of his works were established in
360’ and 370’s and none thereafter, though he lived until 390’s“®>, This
record is an evidence against the assumption of some biographers who
say that Hypatia was not born at 370, but twenty years earlier at 350,
Another clue for Hypatia’s correct birth year is that she was known to
be still very attractive till her death in 415, It would be very unlikely
for a woman of sixty five to remain very beautiful if she were born in
350. Also Synesius (370-ca. 4i4) said that she was of his age“'”. Hypatia
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received a thorough training in arts, literature, science, philosophy and
rhetoric of the time. However, it was not clear whether she had studied
at Athens. Then she succeeded to the leadership of Platonic School of
Alexandria, She was very beautiful, graceful and virtuous, but her fame
rest on the manner she conducted at school. Everyone of that time
praised her extraordinary eloquence and agreeable discourse in her lectures,
She taught not only philosophy, but also scientific subjects such as
mathematics, astronomy and physics‘. Suidas said that she exceeded her
father in mathematics and astronomy®®, We may also assume that she
taught some fundamentals of mechanics, because in one of Synesius’
letters, he attributed to her for constructing an astrolable and in another
letter, he asked her to order a hydroscope at Alexandria for him®®,
According to Suidas, she composed commentaries on Ptolemy’s
“Almagest”, Diophantus’ “Arithematica” and Appolonius’ “Conic
Sections”¢'*>, None of them survived. It was said that a portion of her
original treatise “on the astronomical cannon of Diophantus” was found
during the fifteenth century in the Vatican library, which was most likely
taken there by the Turks, after the fall of Constantinople®. She is
also credited for the revision of Book III of Theon’s commentary on
“Almagest” and she might have helped her father in the revision of
Euclid’s “Elements”®**>, All of the subjects she dealt with were the most
advanced mathematical and astronomical topics of her time, It is a
reasonable assumption that she had taught pupils on those scientific themes.
For all her accomplishments described above, Hypatia has been considered
as the first renowned woman mathematician and astronomer in the world.
Hypatia’s philosophical lectures were on Plato, Aristotle and other
philosophers. The contents of them were more scholarly and more
scientific in their interests with less emphasis on the metaphysical and
religious matters, Her philosophical acumen was reputed to have
surpassed the best known philosophers of her time. People of all religions
came from Europe, Africa and Asia to Alexandria to attend her lectures®®,
But her historical position in the sequence of Alexandrian thinkers does
not quite match her fame®, possibly due to the fact that her philosophical
writings were not extant and she had not excellent disciples in philosophy
in spite of having some brilliant disciples in literature, science and
politics. It is strange why Suidas did not mention any of Hypatia’s
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works on philosophy, which might have many coexisted with her mathe-
matical and astronomical ones in the library and were lost in the
destruction and fires of the library caused by the mobs and later the
fall of Alexandria to the Turks. Still Hypatia had acquired the name of
the most famous woman philosopher of the world.

Among the most distinguished pupils of Hypatia are Synesius of
Cyrene, Troillus, the teacher of Sorates Scholastics, Euoptius, the brother
of Synesius and probably later Bishop of Tolemis, Olimpius, Hesychius
the Jew and Herocles, the successor of Hypatia in the Platonic School
of Alexandria. Above all, Synesius is the best known. He was a man
of wide interests, a gifted and sensitive pupil of Hypatia®®, Later he
became a wealthy Bishop of Ptolemius. His essays, letters and hymns
are extant and have been carefully studied. He was deeply interested in
not only theoretical aspects of science but also its practical applications‘'”,
For example, once in his sick-bed, Synesius still requested Hypatia to
have Alexandrian metal workers make him a hydroscope. He had made
a silver astrolabe to present to his friend and also thought about to
construct missiles which could hurl stones from the turrets“‘’, About
all these interesting ideas he had always consulted with Hypatia. To
him she was his ‘sister, mother, teacher and benefactress’, as he called
her in one letter. Once he sent her two books which he had written
during that year. One was about debates, and he inquired her opinions
about whether to publish the book, Another was completed by him in a
single night under religious visions. It seemed that Hypatia was his best
consultant in many fields, On his letter to his brother from his visit to
Athens, Synesius wrote that “Today Egypt has received and cherished
the fruitful wisdom of Hypathia, Athens was aforetime the dwelling
place of the wise; today the beekeepers alone bring its honor, ---”¢%,
His high praises for Hypatia were consistent with those of the people
who were in contact with her®’,

Hypatia not only lectured in Museum but also had some kind of
public position. She was a well-known public figure. Wearing the
philosopher’s tattered cloak, she would appear without fear in the center
of Alexandria among men to hold open discussions. As a public speaker,
she was always fluent and skillful. In her deeds she revealed her wisdom
and statesmanship’, The citizen in general, admired and respected her
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exceedingly, and it was to her house that new governors of Alexandria
paid their first visits on their arrival at Alexandria. One of the officials
closely associated with Hypatia toward the end of her life was Orestes,
the Roman Prefect of Alexandria, a former student and long time friend
of Hypatia®?,

On October 18, 412, Cyril (ca. 375-444) succeeded his uncle Theophilus
to become Bishop of Alexandria. Soon after taking power, Cyril began
prosecuting Jews, driving thousands of them from the city. Then he
turned his attention to ridding the city of Neoplatonists, a group of
scholars, His conducts began to infringe upon the civil authorities
belonging to the Prefect Orestes and arose his anger. Frictions continued
between these two until there was a definite break in their relation. Due
to her intimacy with Orestes, many Christians charged that Hypatia was
to blame for the odds between Orestes and Cyril, so she became an
object of fear and hatred of those people. In March, in a holy season
of Lent, a mob of Nitrian monks and the fanatical Christians carried
her from her carriage on her way home from the Museum, dragged her
to the Casareum, then a Christian church, stripped her naked, Peter the
reader, a follower of Cyril, began to scrape her flesh from her bones with
sharp oyster-shells and so did the merciless fanatical mobs. They tore
her body to pieces, took the mangled limbs to a place called Cinaron and
burned them to ashes with rice straws. Orestes, astonished at the brutal
murder of Hypatia, reported the affair to Rome and requested an
investigation. He then resigned and fled from Alexandria‘, The investi-
gation was repeatedly postponed for ‘lack of witnesses’ and eventually
Cyril proclaimed that there had been no mob and no tragedy occurred,
Hypatia was still alive and lived in Athens. Historians 5ay that Cyril
was responsible for Hypatia’s death even if he did not take part in it
Certainly he could have prevented the mobs’ violence had he made the
slightest effort",

Hypatia was a virgin until her death., She was so beautiful and
elegant that she might have had many admirers and suiters. But, according
to the legend, she rejected all her persistent pursuers by saying that she
married to “the truth”¢”,

In an era when intellectual and political regions were monopolized
by the male, Theon was a liberated person to teach and encourage his
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unusually gifted daughter Hypatia to achieve things which no woman
before” her would have even dreamed of, She played her role splendidly
and bravely, yet her life ended with a great tragedy. Her death also
represented the end of an era in the ancient world when a brave woman
could outshine her peers with her talents and dedication,

The martyrdom of Hypatia has been an inspiration and a source for
many writers. There have been many novels and plays written in the
name of Hypatia. One of the most famous books is written by Charles
Kingsley in 19079®. There appeared in 1945 a book of Hypatia named
“The Way of Life”¢®, which is said to be compiled and transcribed
from ancient records with the aid of Psychical Researcher Dr. John S.
King. The contents of it was vividly and clearly written,
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THE PHASE OF LUNAR HARMONICS
IN SCINTILLATION DATA

John R. Koster and H.Y. Lue
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ABSTRACT

Fourteen years of scintillation data were analyzed by Koster
et al.®0 using lunar age superposition. They find that statistically
significant lunar harmonics are present in the data at some hours of
the day. They also find that the phase of these harmonics is not
always an increasing function of time. The slope of a plot of
harmonic phase versus hour is sometimes zero or negative. It is well
known that lunar phases themselves increase with time. This paper
shows that the observations can easily be explained if one remembers
that the harmonic phase associated with scintillations depends on the
place and time of the formation of the patch of irregularities which
produces the scintillations, not on the place and time of the subsequent
observation. If patch age and drift are taken into account, a zero
or negative slope to the phase versus hour of observation plot is
quite possible. Hence a negative slope to the harmonic phase versus
hour of observation plot is not only possible. It provides useful
information about the direction and magnitude of the drift of patches
of irregularities in the ionosphere.

1. INTRODUCTION

If the amplitude of the radio signal transmitted by a satellite in
synchronous orbit is recorded on a contihuous basis at a ground station,
the amplitude sometimes fluctuates rapidly with time. These variations
in received signal strength are called scintillations, and are known to be
due to irregular electron density structures in the ionosphere®®, The
intensity of scintillations over a 15-minute interval is characterized by a
number known as the ‘scintillation index’. Large data bases consisting of
15-minute scintillation indices covering many years on a continuous basis
are in existence. One fruitful analysis method‘® searches for lunar
harmonics in such data. Since scintillations are a function of season,
each season must be analyzed separately. And ‘since scintillations are
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also a strong function of solar time, it is essential to analyze data for
each hour of that season separately.

The method is called ‘lunar age superposition’. The variable used is
the probability that the scintillation index for a given hour is at or
above some arbitrarily chosen level. Values of this probability for the
specified season are accumulated in a 30X24 matrix, where the 30 rows
represent the 30 days of the lunar month, and the 24 columns represent
the 24 hours of the day, When a given column of the data matrix is
subjected to Fourier analysis, significant lunar first and second harmonics
are sometimes found. These harmonics are described in terms of their
amplitude and phase. The meaning of amplitude is obvious, and phase,
as used here, is merely the lunar age at which the harmonic reaches its
maximum value.

An unexpected result emerges when one compares results from the
24 columns in the data matrix for a given season. One intuitively
expects that the phase for each hour should bs somewhat larger than
the phase of the previous hour, After all, lunar phase (i.e., lunar age)
is always such an increasing function of time. But on some occasions
the plot of experimental harmonic phase versus hour over a period of
some hours has a negative slope. This paper wishes to address this
problem, and to see whether something can be learned from this
unexpected result. It will be tacitly assumed that lunar harmonics, if
present in scintillation data, are due to lunar tides in the neutral air.
There is a vast literature on lunar tides in the atmosphere, and here we
merely give reference to one of the best summaries®’. Since lunar tides
are most easily analyzed using lunar time, it is necessary to find a simple
method of determining lunar time at any given solar time during the
month,

2. THE EARTH-MOON SYSTEM

We can readily convert from solar to lunar time and vice versa if
we refer to a simple model, in which times, both lunar and solar, appear
as an easily visualized angles. We explain the model.
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(1) Time as measured by an angle

Solar and lunar times appear as angles in the diagram given in Fig,
1. Points of interest on the diagram are:

The north pole of the earth.

The longitude of Greenwich—i. e., zero longitude.

The longitude of the observer.

Heliocenter=center of the sun.

Mean time reference; point opposite A, or anti solar point,
M The center of the moon.

N oO o=

L The anti-lunar point.
J Time origin, J will be 0 at the beginning of the month,
0
|
J
1 T
6 — —"1.8
M
H L ]
12

Fig. 1. Diagram of the earth-moon system. Solar time is equal to
angle TNQO; lunar time is angic LNO, ard lunar age is angle
TNL. Sce text tor further explanation.
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In this diagram, angles are described by a 3-letter sequence; e.g.,
TNO, where N is the apex, and 7 and O are the extremities. Angles
will be measured in ‘turns’ {1 turn=2360°) for convenience. If one goes
from T to O in an anti-clockwise direction, angle 7'NO is positive;
otherwise negative, An angle can always be written either as positive
or as negative; e.g., TNO=—ONT. Adjacent angles can be combined;
e.g., TNL+LNO=TNO; or TNL—ONL=TNL+LNO=TNO.

The earth rotates in the positive (anticlockwise) direction of the
arrow at a constant rate of one turn per day. The moon moves
uniformly around the diagram at a constant rate, executing one full turn
in a lunar month (30 days, here) at a rate of 1/30 turns per day.

We will assume that, at the beginning of the month, M (the moon)
is coincident with H, O (the observer) is at 7, and J (our time origin) is
set to zero. The rotation proceeds, and time can be described in terms
of angles on the diagram. The following angles are worth noting:

TNG Universal time (GMT or UT).
TNO Observer’s local time,
GNO Observer’s longitude.
TNL Lunar age (=lunar phase}
LNO Observer’s lunar time,
Note that TNO=TNL+LNO
i.e., solar time=Ilunar age+lunar time.
Hence: LNO=TNO—-TNL
i.e., lunar time=solar time—lunar age
JNT An integer equal to the number of full days in the elapsed
time,
JNO The total elapsed time.
JNO=JNT+TNO, where JN7' is an integer; TNO is less than 1.
TNL=JNO/30=(JNT+TNL)/30
i.e., lunar age=elapsed time/30. It is always<Zl.

It will be noted that the hours of the day are shown around the
periphery of the figure for convenience. Time=0.0 when the observer is
at 7, the center of the earth’s shadow (midnight).

If we are investigating a lunar first harmonic, a tidal crest will be
found under M and a trough under L. For a lunar second harmonic,
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crests will exist under M and L; troughs 0.25 turns away from each.
A suitable time lag may have to be introducd in either case, since it is
well known that in ocean tides the crests and troughs often lag behind
the sub-lunar or anti-lunar points by some hours.

(2) Examination of the earth-moon system

In what follows, we will restrict ourselves to a single clock, that of
an observer at longitude O in the diagram. Hence, our time is always
measured in terms of angle 7/NO, even when considering events at
another longitude,

(A) Tides at the observer’s longitude

In this section we wish to examine the simplified model of the
earth-moon system shown in Fig. 1. Assume that there is a lunar first
harmonic tide only (although it is well known that the 2nd harmonic tide
is usually dominant) and that the tidal crest is exactly under the moon.
For an observer at O, a tidal crest appears when the moon is directly
over the observer, (angle MNO=0, or angle ZNO=0.5), a trough appears
when the anti-lunar point is at the observer’s zenith (angle ZNO=0).

We next consider the question: ‘How many tidal troughs occur
during the month, and when does each occur?’ A study of our model
shows us that angle LNO will be zero 29 times during the month; one
trough occurs each day.

When the troughs occur is easy to see from the model, too. A
trough occurs whenever angle ZNO=0, Our diagram shows that:

LNO=TNO—-TNL

where TNO is the observer’s local time, and TNL=JNO/30=(JNT+
TNO)/30 is the lunar age.
Hence, LNO=0 implies that:

where JNT takes values O, 1, 2, -+, 28 and where TNO, is the clock
time(s) when LNO=0,
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Trough times are therefore given by:

= JINT
TNO,=-55 (1)

where JNT=0, 1, 2, -, 28,
Tidal crests occur when TNO=TNM. But angle TNM=TNL+05.
We can easily show, therefore, that crests occur whenever:

TNO,, =Nt (2)

where T NO,_, is the clock time when LNO=05.

(B) Tides at another longitude

Suppose now that an observer, still at O, wishes to determine times
of tidal crests and troughs at another location, which we shall call
longitude B. For a trough to appear at B, it is necessary that angle
TNB be equal to TNL—i.e., that BNL=0. Now:

TNB=TNO+ONRB

INT+TNO_

TNL=""3;

Equating the right sides of the two above equations, and solving for
TNO, we get:

TNO,= INT+30XONB (3)

where JNT=0, 1, 2, -, 28, and we note this reduces to Egq. (I) when
angle ONB=0.

For a crest to appear over point B3, it is required that angle TNB
be equal to angle TNM. Since we know that:

TNB=TNO+ONB
and

TNM= _JML%M +05

we equate the right sides of the two equations, and get:
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TNO, = JNT+15-30XONB (4)

and note again that this reduces to Eq. (2) when ONB=0.

- (C) Making observations on an hourly basis

Since much of our analysis is done on an hourly basis, we wish to
consider a case where data have been accumulated in a 30X24 matrix.
Columns (IC) contain data for each of the 24 hours, and rows (IR)
correspond to the 30 days of the month. Times of daily observations
will be given as (JC—1)/24 turns. The corresponding lunar ages are
[(IC—1)/24+4+(IR—1)]/30. We will want to analyze each column separa-
tely. Lunar time can be determined from:

LNO=TNO—-TNL

But, for a given column in our data matrix, 7NO is fixed. We refer to
this as TNO,, the fixed value of TNO. And for our column, we can write:

LNO=TNO,—~TNL (5)

where TNL=JNL/30=(JNT+TNQO,)/30, and JNT takes the values 0, I,
2, -, 29,

If we now plot the values of lunar time (LNO) for our column as
a function of lunar age (T"VL), we get 30 discrete points lying along a
straight line. Such plots for each of the columns of our data matrix
are given in Fig. 2. The line for column 1 is the lowest one on the
plot, that for column 24 is at the top. The slope of each line is —1
days/month. Equation (5) tells us that this line must cross the ZNO=0
line when TNL=TNO, (see Eq. (5)). This means that the phase for
any column of data (i.e., the lunar age at which the lunar time is zero)
is equal to TNO, for that column, Hence we conclude that:

Phase for a given column=7TNO, - (6)

and TNO., is just the time associated with the column,
The lunar time corresponding to any entry in any of our columns
can be obtained from:
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Fig. 2. Plots of lunar time versus lunar age for each column of a
3024 data matrix. Column 1 is at the bottom, column 24
at the top. Note that for each column, lunar time crosses
zero once only, at a lunar age which is equal to the
observation time of the column in question. This is the
phase for that column.
LNO=TNO,~TNL=TNO,—-INT+TNO.
- 29 JNT
=TNO.X35—"35— (T
This can be written in terms of our rows (/R), and columns (/C) in
the form:

LNO=~*

c—1 29 IR—1

24 X307 30

(8)
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We summarize:
(a) The lunar time in any column decreases each day.
(b) The lunar time crosses zero once in each column, and
(c) The phase for any column is just TNOQ,, the time the columnar
observations are made. Note that the phases increase uniformly
with hour.

3. A SIMPLE MODEL FOR SCINTILLATION PRODUCTION

The basic mechanism for the production of irregularities in our
model will be the irregularity patch. Such a patch can be imagined as
a cloud of ionospheric irregularities with horizontal dimensions of the
order of a few hundred to some thousands of kilometers, and with a
thickness of a few meters to several hundred kilometers. Patches, once
formed, drift horizontally; and when the radio wave from a satellite in
synchronous orbit passes through such an irregularity patch in the
ionosphere, scintillations will be observed at a ground station. We shall
assume that such patches appear—we do not specify the method of their
production,

We shall further assume that, in our model, patches appear regularly
every night at the same time. The only difference from night to night
will be a relatively modest variation in the “intensity” of the patch,
which will give rise to a small variation in the scintillation index,
depending on the presence or absence of a lunar neutral air tide in the
upper atmosphere at the place and time of patch formation. Patches, once
formed, will slowly die out, so that the amplitude of the scintillations they
produce will depend on the time interval between the formation of a patch
and its observation. We will specify the time and place of the formation
of the patch, and the velocity of its movement. If one takes hourly
observations over one month, and arranges the resulting 720 scintillation
indices in matrix form, it is possible to select one matrix column at a
time and plot the 24 points. They should fit an expression of the form:

A= A(0)+ A(1) X cos (LNO),

where A(0) and A(1) are constants for a given column; LNO is the
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lunar time associated with the formation of the patch each day, We
will want to determine the amplitude and phase of the above expression
from the observational data.

We wish to call attention to three important properties of our

scintillation model. These are:

(a) The amplitude of the scintillations observed depends on the
elapsed time since formation of the patch. Scintillations diminish
with time—at a rate which our model will specify.

(b) The phase associated with a column of our data matrix depends
on the time of a patch’s formation, not on the time of its
observation, If, for example, a patch forms each evening of the
month at exactly 19 hours local time, and the patch is observed
at 19, 20, 21 and 22 hours, amplitudes will be smaller at the
later hours, but the phase will be exactly the same at all four
hours. The phase depends on the presence or absence of a lunar
tide at the time the patch was formed.

(c) The phase associated with a column in our data matrix depends
also on the place of formation of the patch in cases where the
patches are moving. It depends on the presence or absence of a
tide at the place where the patch was formed, not on its presence
or absence at the subsequent place of observation.

If we observe drifting patches, therefore, our model must determine

the lunar time prevailing at the time and place of patch formation in
order to determine the appropriate phase for the column of data that we

are analyzing.

4. KINDS OF PATCHES AND THEIR ASSOCIATED PHASE

(1) Specifying the properties of the patch

In order to simulate the phases produced when we have daily
sampling of the scintillations due to an assumed irregularity production
mechanism, we must specify certain properties of that mechanism. This
is done by giving answers to a few relatively simple questions. Among
the most basic questions to be answered are the following:
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(A) When are the irregularities formed?

We shall consider hourly time periods. And for each hour we shall
give a yes or no answer as to whether irregularities are formed at that
hour or not.

(B) Once formed, how long do the irregularities last?

In our model, we shall assume that irregularities, once formed, decay
exponentially. Thus we can specify what time constant is to be assigned
to a given set of irregularities, We shall want to try situations where
the time constant is relatively short, and irregularities formed at one
hour do not persist long enough to be observed during the next hour,
We sometimes may wish to try a longer time constant, so that irregularities
once formed will be observed for a number of successive hours following
their formation,

(C) Do the irregularities move?

We can specify whether irregularities formed over an observing
station remain stationary relative to the observer, or whether they move
eastward or westward with an assigned drift velocity.

(D) How is the probability of irregularity production at a given
solar time affected by a lunar tide?

If production and tide are positively correlated, we might expect a
scintillation index peak when the moon is directly over the observer—
i.e., the local lunar time is 0.5 turns. If the correlation is negative, a
probability maximum will occur when lunar time is 0.0. The method
can easily be extended to deal with a possible second lunar harmonic,
with two peaks and two troughs per lunar day, but we shall not consider
that here.

Once we have specified our mechanism, we can produce a matrix
(30X24 as usual) in which every entry has an easily calculable lunar time
associated with it. That lunar time is a function of three things:

(a) The time at which the patch under consideration was formed.

This is not necessarily the time it is observed.
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(b) The place where the patch was formed. This is not necessarily
the place where it is observed.
(c) The lunar age when the patch was formed.

(2) Demonstrating the results of a chosen mechanism

At this stage we wish to demonstrate the results we get from a
variety of simple production mechanisms. Each mechanism is described
in terms of the answers given to the four questions listed above.

(A) A single short-lived patch each day, no drift

We will start with a very simple mechanism, in which the four
questions are answered as follows:

(a) Time of patch formation: 18 H each day only.

(b) Duration—not greater than one hour,

(¢) Patch movement after formation? None,

(d) Correlation of SI with a lunar tide—negative.

If we proceed from the beginning of a lunar month, and make
hourly observations, scintillations will be observed each day at 18 hours
local time only (TNO=0.75). Arranging the hourly values of SI in a
30X 24 matrix, we will get a matrix in which all the columns except
column 19 will be filled with zeros. In this column, it is clear that on
each successive day, the angle LNO decreases by 1/30 of one turn.
LNO will be zero when time (TNO)=0.75 turns, the time at the head of
the column, The value of SI is greatest when LNO=0.0; i.e., when a
tidal trough is at the observers site. Hence we would expect a plot of
SI versus month for this column of our table to be of the form:

SI=A+ B cos (LNO) (9)
SI=A+Bcos (TNL—TNO,) (10)

where TNO, is the value of TNO for the column, and 7TNL takes all
values between 0.0 to 1.0, i.e, a DC term of amplitude A and a
superimposed lunar harmonic of amplitude B where the phase of the
~harmonic is just the time of the patch's formation,
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(B) A single patch lasting several hours, no drift

In this case, things are the same as in (A), but now the irregularity
patch has a duration of, say, three hours. During the three hours, the
amplitude of the scintillations will decrease in an exponential way.
Hence, the value of B will be progressively smaller at hours 18, 19 and
20. The phase, however, will remain constant over these hours, having
been fixed at the time of the irregularity formation. The value of the
phase is equal to the formation time in turns=18/24=0.75 turns for all
three columns, The plot of phase versus hour in this case is a horizontal
straight line over a 3-hour period, i.e., a line with zero slope.

(C) New patches at subsequent hours, no drift

We here return to a patch duration of only one hour. But now we
have new patches formed at successive hours 18, 19 and 20. It is evident
that the phase is different for the three columns involved, It is
determined by the time of the formation of the three patches. Initial
times at the head of columns 19, 20, and 21 are 0.75, 0.792 and 0.833
respectively, and these are the three phases. In this case, the phase
versus hour plot will have a positive slope of 1 lunar turn (month) per
solar turn (day)=30 days/24 hours=1.25 days/hour. We emphasize again,
that the phase is determined by the time of the formation of the patch,
not of its observation. ‘

(D) A single patch, lasting several hours, with drifts

We next consider a somewhat more complex case. A large patch is
formed over the observer at 18 hours local time. No formation takes
place before or after this time, but the patch, once formed, persists for
a number of hours, with a slow exponential decrease in its amplitude
with patch age. We further introduce a constant, non-zero drift velocity
of the patch after it is formed. What will now happen?

If our observer makes his observations at 18 hours, patch formation
place coincides with O, and the situation is no different than it was in
(A), since observation time coincides with formation time., But if our
observer now makes observations at 19 hours, he will see an irregularity
patch which was formed at 18 hours his time, but at some longitude X,
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where X is different from O. The position of longitude X relative to O,
however, can be determined. Assume that V is the drift velocity given
in terms of a fraction of the earth’s rotational velocity—say 0.5. The
irregularity was formed at a distance V X (elapsed time) from the observer.
Longitude X may be greater or less than longitude O, depending on
whether the drift is westward (XNO is negative) or eastward (X NO is
positive). The amplitude of the observed scintillations will decrease with
time, of course, but what about the phase? The phase is determined by
the place and time of formation of the irregularity patch which the
observer is currently watching. The place was, of course X, and the

time was 18 hours on the observer’s clock. The time was:
TNX=TNO;+ONX (11

where TNO, is the observer’s formation time,
The phase for a column of observations at this time is Just:

PHASE =Formation time=7TNO;+0NX (12)

Hence, the phase for such a column, although observed at a time
when TNO=TNO,, may easily be greater or less than the phase of the
preceding hour, depending whether ONX is positive or negative.

If we want the lunar time, we can easily get it from:

LNX=TNX—-TNL=TNO;+ONX—TNL (13)

where 7'NL is lunar age at formation time—a constant.

The required procedure is now clear. First determine ONX (velocity
Xelapsed time since formation), then determine the phase for the column,
from Eq. (12) and the appropriate lunar time LNX from Egq. (13). Lunar
times for subsequent days of the month can be determined directly from
Eq. (13) by giving TNL the appropriate value for each day, i.e,
(JNT+TNX)/30, where JNT takes integer values.

(E) Summary of the four patch types considered above

As an example of all the above patch types, we consider an imaginary
dzy on which the following things happen:

(a) For the first six hours, patches form at the beginning of each
hour, vanish before the next hour.
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(b) For the next six hours, a single patch forms, and persists until

the end of the six hour period. No drifts occur.

(c) Same as (b), but a huge patch drifts eastward with velocity

equal to 0.5X the earth’s rotational velocity.

(d) Same as (c), but now the drift is westward,

Figure 3 shows the result when the above is run on a computer
program which implements the equations derived above.

It is clear that freshly produced patches (points 1—6) result in a
phase versus hour slope of 125 days/hour, which is the same as the
slope for the moons phase. Long duration patches without drift (points
7--12) yield a slope of 0.0 days/hour. Westward drifting persistent
patches give a slope somewhat larger than 0.0 days/hour (points 19—24)
and eastward drifting persistent patches give a slope which is negative,
(points 13—18)
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Our conclusion? A zero slope in phase versus hour plots will occur
in even an extremely simple model if one has persistent patches of
irregularities. The slope may become negative if the patch is large and
there is an eastward drift.

5. DISCUSSION

We now address the question of the credibility of our model. It is
clearly over-simplified. But it may not be as unrealistic as one might
first expect. The most unrealistic assumption is the assumption that
patches form at precisely the same time on each of 30 successive
days. This clearly does not happen in real life. But the real data that
is analyzed in Koster et al.®? is not a single month’s data—but data
averaged over a 4-month period for 14 successive years. The averages
are not wildly different from the values assumed in the model. Further,
records show that patches of irregularities often persist for many hours,
and drift velocities associated with such patches have frequently been
measured. Values from 0.25 to 0.50X the earth’s rotational velocity are
not unusual, It is clearly possible to remove most of the simplifications
in the above model, at the expense of making the computer simulation
program progressively more complex. What we have shown here is that
even in a very simple model, we would expect to find positive, zero and
negative slopes when we plot phase versus hour for data with a lunar
harmonic rather deeply buried in the noise. The slopes can be telling us
something valuable about the drift speed, direction, and duration of the
patches of irregularities. A much more complex model is worth
developing, since even the simple one yields results that agree with the
somewhat surprising results obtained in the original analysis of data.

6. CONCLUSION

When results rising from the analysis of experimental results do not
agree with what seems to us to be intuitively obvious, there are a number
of possibilities:

(a) Qur analysis is wrong.
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(b) Our intuition is wrong.

(c) Both analysis and intuition are wrong.

Our findings here show that (b) is true. Our intuition was in error.
Even a simple model can given rise to a negative phase versus hour
slope. It does not follow, unfortunately, that (a) is false. Further
investigation is both justified and necessary.
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ABSTRACT

Rayleigh-Brillouin scattering measurements on various multi-
component Calcium-Aluminate (CA) oxide glasses have been performed
as a function of composition. The Rayleigh-Brillouin scattering
intensities and frequency shifts along with the measurements of
index of refraction and density allowed the calculations of the
Landau-Placzek ratio, sound velocities, elastic constants and Pockels’
elasto-optic coefficients. On the basis of A~ scaling, some calcium-
aluminate oxide glasses exhibit lower intrinsic scattering loss than
the best silica glass and they are prime candidate as optical waveguide
material for the near infrared regime.

1. INTRODUCTION

Rayleigh-Brillouin scattering measurements on various multi-
component Calcium-Aluminate (CA) oxide glasses have been carried out
as a function of composition. The Rayleigh-Brillouin scattering intensities
and the Brillouin frequency shifts along with the measurements of index
of refraction and density allowed the calculations of the Landau-Placzek
ratio, sound velocities, elastic constants, Pockels’ elasto-optic coefficients
and the intrinsic scattering loss¢"’,

The typical Rayleigh-Brillouin scattering spectrum of glass has five
spectral lines, two frequency shifted doublets consisting of longitudinal
and transverse lines and a strong unshifted central Rayleigh line. Usually
the Rayleigh line may be orders of magnitude greater than the shifted
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doublets.

A recent paper by Lines et al.> proposed that the scattering is
minimized by filling as many “holes” as possible in a three-dimensionally
coordinated oxide network with cations smaller than divalent oxygen,
and doing so in a manner which produces the fewest broken bonds in
the network itself. This condition is well satisfied in the whole family
of calcuim-aluminate based glasses, which should consequently be
excellent ultra-low loss optical waveguide material at or near the “silica”
wavelength of 1.55 xm.

We report here the first systematically experimental investigation of
CA glasses by light scattering technique.

2. THEORETICAL BACKGROUND

Rayleigh scattering in dense disordered materials is brought about
due to microscopic fluctuations in the dielectric susceptibility about its
equilibrium value. For a multi-component liquid, the fluctuations in the
dielectric susceptibility about its equilibrium value have the form®:*:

Bep>= (%;7) :',(c:) (73%'):,“)(85:”)4_ (g;i) :",cc)(%pg—)::(c’(&Dz>

n—1n-1
+i§ 121(75‘651'—)?,&(0’)(7?5; )T’P,(C’)<3C18C;> ( ! )
In this equation the subscript {C} denotes the n—1 indepedent mass
fraction C,, C,, -, C,_,, whereas the prime in {C’} means that the mass
fraction appearing in the partial derivative is omitted from the set {C},
where <6P?) represent pressure fluctuations that manifest themselves as
sound waves, These are propagating fluctuations, and they result in the
inelastic scattering or Brillouin lines, <85?2,,> and <8C;8C,> are entropy
fluctuations and concentration fluctuations, respectively, with former
being caused by thermal diffusion and the latter by mass diffusion. Both
are diffusive modes; consequently they are non-propagating and will be
found as quasi-elastic scattering or the Rayleigh line.
For a binary or pseudobinary liquid the above equation reduces to
the form‘>:
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(Set>oc (%;—)2 <3p1>+( De ) 5CH (2)

where we have contribution only from density and concentration
fluctuations, respectively. The scattering intensity that one measures in
a Rayleigh-Brillouin experiment is proportional to the mean square
fluctuation in the dielectric susceptibility.

A normalized intensity ratio, the Landau-Placzek ratio, is defined
as the ratio of the Rayleigh intensity to the sum of the Brillouin
intensities:

Rur=—42- (3)

In Brillouin scattering for a given incident and scattered light
direction in an isotropic solid, four possible scattered light components
exist, namely, VV, VH, HV and HH. Here V denotes polarization
perpendicular to the scattering plane and H denotes polarization parallel
to the scattering plane. For the case of 90° scattering, the following
equations give the Brillouin scattering cross section for scattering in

(), mel2) 8 2
(), ) 2
(), el B B
(45, el 2) B

The VV and HH components are due to scattering from longitudinal
phonons and consequently depend on the normal strains, but the HV and
VH components originate from the shear strains which act in planes
normal to the scattering plane. The last two terms exhibit the reciprocity
relations, Hence, the choice of polarization for the incident light and
scattered light selects specfic acoustic modes. The two sets of material
constants, the elastic constants C;; and the Pockels’ elasto-optic coefficients
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Pj, determine the Brillouin spectrum. P?, determines the intensity of
each line, and C;; determines the extent of the shift with respect to
frequency from the incident light frequency.

In a glass the elastic strain produced by a small stress can be
described by two independent elastic constants, C,, and C,,. Using the
Cauchy relation that 2C,,=C,,—C,, allows one to determine C,,. For
pure longitudinal waves

Cn:p Vfg, ( 8 )
and for pure transverse waves
C.=pV} (9)

where p is the density, and ¥V, and V; the longitudinal and transverse
velocities, respectively. These sound velocities can be calculated with
the aid of the Brillouin equation given as‘*’:

o dvp,r 4#1*
V.n,r-—bo( ; )n (10)

in——
Ay

where 4y, r the appropriate Brillouin splitting (either longitudinal or
transverse) in Gigahertz, v the incident laser frequency, » the index of
refraction at laser frequency, and & the scattering angle, respectively.
For a glass the velocity is independent of the direction of propagation
and only one longitudinal and a doubly degenerate transverse acoustic
branch exists.

The Brillouin intensities at the various polarization selections and
Brillouin shifts coupled with the auxiliary parameters of density and
refractive index gives the Pockels’ elasto-optic coefficients for these
glasses, The pockels’ coefficients are determined for CA glasseés with
respect to the SiO, glass by the following equations®s*+*):

PR T 2Tl T i o

In the above equations I5(VV),, 4vk, n(0), (O) and P.,(O) refer to the
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Brillouin intensity, Brillouin shift, refractive index, density and Pockels’
coefficient of Si0,, while the same quantities without the zero designator

refer to sample parameters.

3. EXPERIMENTAL ASPECTS

The methods employed to obtain the Brillouin spectra of CA glasses
are laser excitation (Argon-ion) operating at 4,880 A coupled to a
stablized multi-pass high contrast Fabry-Perot interferometer with a
photon counting detection system and associated data handling electronics.

The entire Fabry-Perot is contained in a thermally stablized box,
and the whole system is mounted on a vibration isolated optical table.
The detector consists of an ITT-FW 130 photomultiplier tube with a
small effective photocathode that is cooled to —20°C., The dark count
of this photomultiplier tube in the cooled state is persistently approxi-
mately 0.4 count/sec, and it has a quantum efficiency of 10% at 4,880 A.
The current generated by the photomultiplier is shaped, amplified,
discriminated, and converted to counts per second, and the data of each
subsequent scan are stored in a 1,024 multi-channel analyzer of the
Burleigh DAS-1 system. This Burleigh DAS-1 scans the Fabry-Perot and
ensures long-term stability of the interferometer by providing servo-
control for the piezoelectric stacks of the Fabry-Perot. The scattering
experiment reported here was conducted in a three-pass mode with
mirrors of 93% reflectivity, resulting in a finesse of 80, a contrast of
10°, and an overall measured transmission of 0.40.

The sample is contained in a cubic cell, 7.5cm on each side. The
sides of the cell are optically polished. All samples are polished on
three sides and then immersed in water-free paraffin oil in the scattering
cell to minimized any parasitic scattering and also to protect the delicate
surfaces from water vapor attack. The density was determined by an
Archimedes technique for which n-hexadecane was the working fluid.
The index of refraction of the sample was measured by determining the

angle of minimum deviation of a sample,
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4. RESULTS

Table 1 gives the exact compositions of Calcium-Aluminate-Oxide
glass in mole % used in this study. Table 2 shows density, index of
refraction and the results of the scattering loss measurements made at
4,880A in terms of the Landau-Placzek ratio for CA glasses. The values

of SiOQ, is also given for comparison purposes.

Table 1. Summary of constituents of Calcium-Aluminate-Oxide
glass in mole %
Glass composition (%)

Glass I.D. %

Ca0 ‘AIZO, Si0, ‘ caCl, | Geo, | Mgo | BaO | Y.0,
CAS-p25 | 56.7 | 28.3 | 15.0 l ' ' !
CAS-p 15 | 50.73 | 42.27 7.0 | !
CAG-3 31.32 | 26.8 498 | 369
CAG-3.1 33.4 | 33.3 | 333 :
CAG-3.2 | 43.09 31.91 25.00 i
CAG-3.3 | 45.9 | 34.04 | | 2000
GL-2289 47.97 | 32.43 9.19 | 7.70 | 2.70
CA-p 57 57.3 | 42.7 | ‘

Table 2. Density, index of refraction, Landau-Placzek ration Rgp
and scattering loss in dB/km of Calcium-Alumate-Oxide

glasses at 4,880 A and 300K

Sampple o (g/cm?) ‘ n (at 4,880 A) Rpp as (dB/km)
CAS-p 25 2.877 1.662 56.90 8.48
CAS-p 15 2.847 1.652 51.28 13.01
CA-p 57 2.872 1.671 94.75 23.46
CAG-3 3.314 1.670 56.14 37.97
CAG-3.1 3.226 1.671 63.86 23.66
CAG-3.2 3.177 1.671 68.26 43.67
CAG-3.3 3.260 1.672 81.73 37.44
GL-2289 3.211 1.647 357.3 206.43
SiQ, 2.203 1.462 21.9 11.6
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The scattering loss in dB/km is calculated from a combination of
Rayleigh and Brillouin data, The Brillouin scattering loss @ is given
by(l)_‘

_ 8

=3

(i
7]‘:’(” Plz) pvfﬁ (13)

and the Rayleigh scattering loss becomes
a=ayRy..+1) (14)

where #, P,,, p, V;, 4, and 7" are refractive index, Pockels’ coefficient,
density, longitudinal velocity, laser wavelength and lattice temperature,
respectively.

The Brillouin shifts and sound velocities (both longitudinal and
transverse) of CA glasses are given in Table 3, The calculated elastic
constants and Pockels’ elasto-optic coefficients are shown in Table 4.

The Brillouin shifts also allow determination of Poisson’s ratio by

using the following expression:

_ (B 204k
T A —(dvE) (15)

where 4vi and 4vh are the longitudinal and transverse Brillouin shifts,

respectively.

Table 3. Brillouin shifts and sound velocity (Both longitudinal
and transverse) of Calcium-Aluminate-Oxide glasses
at 4,880 A and 300K

(iﬁﬂplo},) 4% (GHz) &% (GHz) | Vi (m/sec) | Vr (m/sec)
CAS-p 25 33.072 18.259 | 6,772.9 3,739.2
CAS-p 15 31.645 17.401 6,412.0 3,525.9
CA-p 57 33.269 17.964 6,733.2 3,635.7
CAG-3 30.741 16.776 6,287.9 3,431.4
CAG-3.1 30.04 16.676 6,130.1 3,402.9
CAG-3.2 31.41 17.491 6,375.6 3,550.3
CAG-3.3 32.033 17.439 6,456.5 3,515.0
GL-2289 32.694 17.863 6,659.8 3,638.7
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Table 4. Elastic constant (C,,, C,,) and Pockels’ elasto-optic
coefficients of Calcium-Aluminate-Oxide glasses at
4,880 A and 300K

campley | € GPa) C.. (GPa) ‘ P, ‘ P.,
CAS-p 25 132.0 40.2 0.114 | 0.045
CAS-p 15 117.1 35.4 0.143 0.041
CA-p 57 130.2 38.0 0.143 i 0.037
CAG-3 131.0 39.0 0.235 | 0.073
CAG-3.1 121.2 37.4 0.241 0.075
CAG-3.2 129.0 40.0 0.227 0.092
CAG-3.3 135.9 40.3 ‘ 0.19 | 0.081
GL-2289 142.4 4.5 | 0.243 ‘ 0.109

Lines suggested that the Calcium-Aluminate Oxide glasses exhibit the
projected minimum intrinsic scattering loss at 1.9 um‘ ", Consequently,
we use the A™* scaling and calculate the scattering loss for CA glass at
19 #um. Table 5 gives the Poisson’s ratio and the converted scattering

loss for CA glass.

Table 5. Poisson’s ratio ¢ and scattering loss a in dB/km for
Calcium-Aluminate-Oxide glasses SiO, glass at 300K

Sample (mole %) | v | s (at 1.94m)
CAS-p 25 0.281 0.0369
CAS-p 57 0.283 0.0566
CA-p 57 0.294 0.1020
CAG-3 0.288 0.1641
CAG-3.1 ; 0.277 0.1030
CAG-3.2 0.271 0.1899
CAG-3.3 0.289 0.1629
GL-2289 0.287 0.8983
Si0, 0.170 0.1140 (at 1.55 #m)
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5. DISCUSSION AND CONCLUSION

We have successfully measured the intensity and spectral distribution
of the various multicomponent Calcium-Aluminate oxide glasses. On
the basis of 2* scaling, some cf the Calcium-Aluminate oxide glasses
exhibit less Rayleigh scattering loss than the best silica glasses as seen
in Table 5 at their respective wavelength (1.9 um for CA glass and
1.55 pm for silica glass) for minimum loss, Those CA glasses with low
Rayleigh scattering losses are prime optical waveguide material for the
near infra-red regime.

From Table 3, we find the CA glasses have very high values of
Brillouin shifts and sound velocities. Consequently, the calculated elastic
constants also have large values. This implied that the CA glasses
possess the very rigid lattice structure,

The Pockels’ elasto-optic coefficients will give us the information on
the coupling of photon and phonon., The result in Table 4 shows the
CA glasses with GeO, composition have the higher Pockels’ coefficient
then the rest of CA group. The reason for this difference is not a
easy task. We need more study in order to understand this coupling
constant®™*®, CA glasses also show very clear and strong transverse
Brillouin shifts which imply a low coordination number in their structure,
This compares with the very weak transverse Brillouin shift for a high
coordination number heavy metal fluoride glass®,

The Poisson’s ratio can give the bonding picture of the glass structure.
When the Poisson’s ratio is about 0.25, the glass tends to be ionic bond
and central force fields seem to be the predominant effect in the glass¢'»'®,
In Table 5 the poisson’s ratio of the Calcium-Aluminate oxic{e glasses is
in the range of 0.271 to 0.294. Therefore, we can conclude that CA
glasses have the ionic bond in their structure as compared to silica glass
(the Poisson’s ratio is 0.170), which is predominantly covalent.

From the result in Table 5, it seems that the Calcium-Aluminate-
Silicate (CAS) glasses have lower scattering loss than the Calcium-
Aluminate-Germanium (CAG) glasses, Consequently, further research
on these Calcium-Aluminate oxide (especially CAS glasses) glasses for
different mole percentage composition and processing condition is

necessary.
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High Performance Bandpass
Filter Using OTAs

YunG-CHANG YIN

Electronic Engineering Department
Fu Jen Catholic University

ABSTRACT

A new design method for improving filter gain of current-mode and
voltage-mode RC active bandpass filter is presented. A high performance
bandpass filter can be constructed by using cascade connection of one
bandpass and two bandnotch filters with adequate resonance frequencies,
The designed filter can offer the merit of high current and voltage gain,
and thus solve the low-gain problem of the traditional RC active filters,
Finally, the experimental results of a designed typical bandpass filter is
shown in order to verify the theoretical preciseness and practicability of
the design method.
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» BREABRPRBHEEEN PSS 2ME » Kt PSS FikR BIIHE R RE
BEBBIE » b T REEEMN TR RRA R R TR - 8%
METR LR T » MEEREREAR (—2.4+7102) BPTHEA PI % PSS
BHIE -

| MONITOR (P,Q) ]__ F.Q

CHECK LOCK-UP TABLE |
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= BEE#BESARTR PI & PSS #BE
~~._ Operation _ '@ _ _ i _
“_condition | fo= | Fo= P= | P= P= Py=
B Sp.u. .2p.u. [ 1.0p.u.* 0.8p.u. | 0.6p.u. [0.4p.u.
\\\ " = Q= Q.= Q= o= Q=
Gains Bty 0.9p.u. 0.8p.u. |0.2p.u. {0.6p.u. [ 0.9p.u. |0.5p.u.
Kp 35.72 30.73 13.97 ‘ 29.97 54.45 56.82
K; —78.78 | —109.94 | —188.63 ’ —97.59 |~ 3,77 71.70

*: Nominal operating point.
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HIARBORRGTEME » ZRCR I T 7R BkaE a8 R B ke A Ly —

LR o

2. AHRLAE PI B PSS Z%it

B 6 RAFH LR (on-line tuning) PI B PSS HHiE » HEAMER
## (error signal conditioner) WEIFAK MR EBEAMEERE Jo » HHEE
HIR 7. BRHGEFAE Pl #HRBHE Ko B K. BEREEESDBES
(adaptation mechanism) BYEFH » FTLUABNEBIRSR Usss 2B T, 8
T: RK » FIRKESREEZERNT R TR EREEREREERE
T B 2135 3R 5% th A S RERF R FT AR B o

PSS

e

ERROR SIGHAL
CONDITIORER

JL

ACAPTATION
HECHANISH
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T2

oo Dw

Kon * 50 __ou

X
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I
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HEH
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FERMEELIRE » EERER Jo ENSHUEEEERR » MEERES
& ddo RHFEEREENZTEHE o 2 L% Pl AR EHEERHE
(adaptation mechanism) BE—F7HEBZEER 4o NHEERERE ddo &

BIRIRER)

T REEREMEEREREFTMANRETE » HPER L. RiE
= (dead-band area) » B Ly REER L. WA—ER » L. T L FFF
HERRETEEREY o EREBRERBHRER (do, » ddo,) » BE (do 1 ddo) R
RETHT—ERE » 4EB (do, » ddo,) F1 (do s ddow) BFTRER Le B9

ERPMER —m» TR

ddw—ddw,
do— 4w,

RliE:8 (do > ddo) MRENERSTZAR @

ddw _ 1
do T m

W (21) R ddw R A (20) &0 7748
do=m(m*+1)"(mdw,+ddw,)

=—n

ddo=(m*+1)"'(mdw,+ ddw,)

}daw
La (Aw,dAw)/Lﬁ
7T T~ l /
-~ ~ -
// y X'\\F(Acoo,dtlwo)
i | o
;. . I‘ Aw
\\ _/ ]
K|
7 S ol
L

B 7 ‘RSB HETE -

(20)

(21
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B (do > ddo) EREZERER :

(o) +(ddo) T/ *=(m’+ 1) *(mdw.+ ddw,) (24)
BREREHRRRBBE AUsss REMEBIELR EXRESE A

AU pss=P(m*+ 1) *mdwr,+P(m*+1)""*d dw, (25)

Erf P R—HBIHEE » Z t=KAT » K=12293s - s ns Heh AT SR
1o (25 AFLERK .

AU pss(£)=P(m*+ 1) *mdw (£) + P(n* +1)" *ddw (1) (26)
#(26) ARiEES 0 THE
Upssa=P(m*+ l)‘“méndm.,(t)dt-i—}’(mz+ D™ 4w (1)

=Ku§!ndm.,(t)dt+Kudwo(t) @7

Eh K 1 Koy R EFAE Pl RE4IRBHY ) ZFRE
[{PA:P(”lZ‘F l)_l/z (28)
Kia=Pm*+ 17 m=mKp, (29)

B 6 AA# L#E Pl B PSS» Kb K, 1 K, (B BIERFERFELIFR
TR B E AT AR AR E BRI R o AR ERB G B2 ERM (28)
T (29) AFRE » Kb AE—8 P M2 BLEAEERIRE » Kea F Kia HIERE
BEF—IERREEKER LR RARES o

3. RAERLARZASANKX PI &) PSS 26

# LiR%E PI B PSS FET(REMILAYBMREML T AEaS MERF I W (FAVBLE R
o BREARGAEREESCT R NRYTE T RMERKERTRR
BET o B 8 /it LmBTEMRAVIR LR AFIR SR B AT A fE—#E
— YRR

8 RUBEREA Pl RHBEEREE P—Q AHNBRENRMY P—Q
HPE  KIBHEBREFE FROIE R EN B EE - 8 K 1 K 8
PRE R ARG T EARR B CMPERE S o 5—MR L% Pl Biks
BRIERBRREERERZFFAM (28) M (29) KRFEF—TUEBEBER
BHT o IR DR R E T A5t (robustness) o
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P.Q
HONITOR (P,Q)

CHECK LOCK-UP TABLE

J

% o=
Upss + ST Aw
-L R T +sT,; |
T4
e oe—!
ADAPTATION
MECHANISM

12 aw

ERROR SIGNAL |- lo~o——

CONDITIONER

B
B 8 AARLEARZHERHK PI B PSS.

» R BN

RTBREMBEHSESCETATETHAKSL TROMEERE » FIHR
FIEREFTBA > RIFRSREROBRBER » SRhE LRENETERDS
T.=5msec §1 7,=20msec #{F P BB EHEMABRR P=500 MER
SEHBRr P—Q /B 0.1 p.u.x0.1p.u. FIEEEBEIS 5 msec o BEERE
B TR IR IR H I SR A0 PR B BE (ceiling voltage) FlieHI R BIR % o

9 ZE 11 RARBBEEMTRIEEE 0.25 p. u. FFREEBEEE LY
BhRBEE » (& 9(a)~ B 9(b)~ B 9(c) FHE P,=10p.u.» Q,=02p.u. BFA
REBNVEE - BEATNERDERGHHESEE o B 9(d) ~ B 9e) -
) SRRBERE - R LFAERNR LR B2 RS PSS X iRy
{H%ERE > B 10 B 11 4558 P,=12p.u.* Q,=08p.u. ® P,=08p.u.>
Q,=06p.u. FHRABHEEE » E=BRHE LR TEREESE 2 BEH
fd (settling time)o [& 12 RE 13 FASAEBBEGTREEEB 100 m sec
ZEHRPERERRENEBEE - mE 9 EE 13 IE=SNTEERTE
THIREE ©
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#= FHEBRREERLNPEEEZRERH

P,=1.0p.u. | P,=1.2p.u. | P,=0.8p.u.

2,=0.2p.u. ,=0.8p.u. | Q,=0.6p.u.
Gain schedule with on-line tuning 0.88 sec 0.95 sec 0.75 sec
On-line tuning 0.95 sec 1.02sec 1.13 sec
Gain scheduling 1.04sec | 2.75sec 1.18 sec
Fixed gain 1.12sec i oo 1.51sec
Open system oo ! oo =>4 sec

* Settling time T is define by |4w|<{0.0005p.u, for (=T,
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Design and Analysis of On-Line Tuned
Excitation Control for a Synchronous Machine

CHUN-HSIN PAN AND YUANG-SHUNG LEE

Electronic Engineering Department
Fu Jen Catholic University

ABSTRACT

The on-line tuning control schemes are presented for design of a
power system stabilizer (PSS). The initial gains of the proposed
proportional-integral (PI) controller are determined by pole-placement
method based on modal control theory; the adaptation gains of the
controller are adjusted in the real time using an on-line tuning algorithm
based on the measured system operating conditions. Eigenvalues analysis
and nonlinear computer simulations show that the proposed controller
can offer better damping effect and robustness for synchronous generator
electromechanical mode oscillations over a wide range of load conditions
than conventional fixed-gain PI controller. The on-line tuning control
shemes has an additional advantage of saving computer memory size.
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COMPLETE CODES FOR ROE’S RIEMANN
SOLVER AND THE EXACT SOLUTION
TO THE SHOCK TUBE PROBLEM

JEN-ING HWANG AND REN-JYH LAN®

Department of Computer Science and Information Engineering
Fu Jen University

ABSTRACT

Sod (1978) surveyed a variety of finite-difference schemes for
systems of nonlinear hyperbolic conservation laws on the basis of
their performance on a standard shock tube problem. Roe (1981)
proposed an approximate Riemann solver to replace the exact solution
of the Riemann problem in the Godunov method. In this paper, a
complete code for Roe’s Riemann solver is presented for the solution
of the shock tube problem. An approximate Jacobian matrix of the
flux function is constructed to satisfy the “Property U”. This
treatment enables an efficient calculation. Also, a code of the exact
solution to the shock tube problem is implemented. This work aids
in understanding Roe’s Riemann solver and the shock tube problem.

1. INTRODUCTION

During the past twenty years much effort has been paid to the
numerical solution of systems of conservation laws. Sod“® has discussed
several finite difference methods for systems of nonlinear hyperbolic
conservation laws, and he has also used the shock tube problem to test
those finite difference methods.

Hyperbolic systems often possess weak solutions which are only
piecewise smooth. A typical example is the occurrence of shock waves
in fluid flow modeled by the Euler equations, For such cases, when a
shock wave moves through a mesh point, the Taylor’s series method
breaks down, as derivatives do not exist at grid points which coincide
with the shock position. In the past research directed to discovery of
numerical algorithms which are robust in the presence of discontinuities

* Graduate Student, Department of Mathematics.
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has proceeded in a somewhat heuristic manner. The Russian mathe-
matician S.K, Godunov, proceeding from a physical standpoint and having
knowledge of methods for solving the standard shock tube problem,
applied this knowledge in a very clever way to obtain one of the first
robust shock capturing algorithms‘®, The British aeronautical engineer
P.L. Roe'” has shown how to efficiently approximate the solution to the
nonlinear Riemann problem utilized by Godunov. Roe goes even further
in ®, giving a view of several classical finite difference schemes, which
when coupled with his first result and applied to the Godunov approach
obtains an even better approximation to the fluxes sought after when
solving the Riemann problem. The study of Roe’s scheme is given by
Hwang®,

The purpose of this paper is to implement a complete code of Roe’s
scheme, numerical results have been obtained for the shock tube problem
as a test case. This leads a convenient way to compare with those
methods in Sod’s paper®>, A code of the exact solution to the shock tube
problem is also provided in the present paper.

Section 2 contains background material relevant to an understending
of later study. The Riemann problem for systems of conservation laws
is presented, and the Rankine-Hugoniot is introduced. In section 3 the
properties of the Riemann problem for the equations of gas dynamics
for ideal polytropic gases are pointed out. Section 4 describes how to
implement a complete code for Roe’s Riemann solver to the shock tube
problem and section 6 describes the exact solution. The relation between
the shock tube and Riemann’s problem is discussed in section 5. Finally,
in section 7 illustrates the numerical results and gives the conclusions.

2. THE RIEMANN PROBLEM FOR SYSTEMS
OF CONSERVATION LAWS

The initial-value problem for hyperbolic system of conservation laws
has from

U+FU),=0 (1a)

Ulx, 0)=U(x), —ooly<leo (Ib)
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Here U(x, #) is a column vector of N unknowns, and the flux function
FU) is a vector valued function of N components. Equation (1a) can
be written in matrix from as

U+ AU)U,=0, . A= af;gf) (2)

where A(U) is the Jacobiah matrix. The system Eq. (1) is called hyper-
bolic if all eigenvalues of A(U) are real and A(U) possesses a complete
set of eigenvectors. It is assumed that the eigenvalues {1,(U)}Y, are

distinct, nonzero, and arranged in an increasing order,

IR RIS RS S IR (3)
with corresponding right eigenvectors {R(U)}L,. Let

RU)=R'W), RU), -, R¥U)) (4)

be a matrix with R'(U) as column i, i=1, 2, -, N.
Then, R™(U) has rows {Li(I/)}*., which constitute consequently,

L'RI=38,; (5)
and

R'AR=4 (6a)
where

Ay=1,8 (6b)

To allow for discontinuous behavior, one admits weak solution which
satisfy system Eq. (1) in the sense of distribution theory, i.e.,

[}]_cwreramasat | o 0, odr=0 (7)

for all C= test functions G(x, #) which vanish for large |x|+|¢]. Thus,
a piecewise smooth U(x, ) is a weak solution of Eq. (1) if and only if
(i) U satisfies Eq. (la) pointwise in each smooth region,
(i) Across each curve of discontinuity the Rankine-Hugoniot relation

[FUI=SIU]

holds, where S=dx/dt is the speed of propagation of the
discontinuity, and [ ]'is the conventional notation for jumps. In
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the case where A is constant, the jump [[/] must be an eigenvector
of A (see Ref. (2)), with S the corresponding eigenvalue, and
discontinuities in the initial data U/,(x) must propagate along
characteristic curves: dx/dt=A4,.
The Riemann problem for system Eq. (1) occurs when the initial

data is only piecewise smooth, i.e,,

U+AU)U,=0 (8a)
UL(X), x<x,

Ulx, 0)= { (8b)
Ur(2), x>x,

Here Ux and U, are smooth functions, but U(x, 0), Ux(x, 0) may have a
finite jump discontinuity at x..

When A is constant, the solution of system Eq. (8) is composed of
constant states, separated by a fan of N characteristic lines (see Fig. 1).
Let

Ap=—00, Avg =+

and

Ux, )=U., for A<-f<Awy k=0, 1,2, =, N

Fig. 1. Characteristics and constant state solution of the Riemann problem.
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According to the Rankine-Hugoniot relations, the jumps across the
characteristics must satisfy

[U,]:U;,—Ug_lzd‘R" (9)
for some a*. Thus,
N
UR—U‘E:E‘QIR‘ (10)
and

a'=[X Ur—Uy) (1)

3. THE RIEMANN PROBLEM IN GAS DYNAMICS

The one-dimensional equations of gas dynamics may be written in
the conservation form

p:+m:=0 (123.)
e (34)
e+ (2e+) =0 (12¢)

where p is the density, » is the velocity, m=py is momentum, p is

pressure, and ¢ is energy per unit volume. It may be written
1,
e=pe-+ o (13)

where e is the internal energy per unit mass. Assume the gas is polytropic,
in which case

(14)

N
=1

where 7 is the ratio of specific heats and it is a constant greater than
one, Equations (12a)-(12c) may be written in vector form

Ui+FU).=0 (15)

where
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0 m
ml
=| m| and FO)=|p T?
e %(e—i—p)

Here Ulx, t) is the vector of conservative variables and F(U) is the flux
vector. The primitive variables are the density p, the velocity #, and
the pressure p. System Eq. (I15) can also be written in matrix form as

U+ AU =0, =20 ¢
The eigenvalues of the Jacobian matrix A(U) are
A=u—c, A=u, A=utc (17)

where ¢ is the sound speed, c=(75/p)/".
The corresponding right eigenvectors of A form the matrix R=(R",
R*, R*) given by

1 1 1
R=| #—¢ u u+tc I (18)
H—uc MTZ H+uc J

where H=(e+ p)/o=c*/(r—1)+u*/2 is the enthalpy. The inverse matrix
of R is

u —py—L
bl-’-T bzu c bz
2 2 2
Ri= 1—&,; b.u —b, (19)
u 1
b]. S _b2u+_6‘_ bz
2 2 2

with b,=b,4%/2 and b,=(r—1)/c".

In order to solve system Egs. (15) or (16) with an explicit time-
stepping scheme, the domain of integration is discretized as (x5, "), where
xj=jdx, j=1, 2, -, and "=ndt, n=1, 2, ~.. At a typical cell interface
Xj+1/2, the local Riemann problem can be written:
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U+ AUYU,=0 (202)
U‘.‘:U:!, X<Xjs1/2

Ulx, 0)= { (20b)
UR=U:'+H XXt/

where U7 is the average value in the computational cell centered on x;
at time /, Fixing attention on the interval x;<x<x,,, and status
Up=U3, Up=U",,, let Ujy,,,=V(U;, Uz) be some symmetric average of
the given data. For instance, Uj,,,,=(Uz+U,)/2 is the simplest form.
The system Eq. (20) can be locally ilnearized using the mean value
Jacobian matrix A(U,, UR)=AA,-+1/Z=J(U,-+,,Z), and from Eqgs. (10) and
(11), one can write

3
AUf+1/z:Eia§'+1/2R§+|/2 (21)

and

a;+1/z:L§+1/aAUF+1/2 (22)

where «f,,,, is the component of 4U,,,,=UX,—U" in the coordinate

system of the right eigenvectors {R;,./.}32, of Ajy./m i. e.,

af"+uzw ot
o]

a}'Hfz = djyp—aa (233)
a b
@itz | —MZL!’ )
where
71 2
aa:?—é—- [dfﬂ,fw—}-.u;;m‘A,-H/zp—u,-“/zd,‘ﬂ,,m] (231,)
itz
bb= Af+1/’2m;.”i-:1/zdf+|/z!3 (23¢)
J+1/2

4. ROE’S SCHEME

Roe’s scheme®** for integration Eq. (20) has the conscrvation form
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U?+l=U?-_%(F?+1/2_FﬁI/2) o

here F%,,, is a numerical flux-function across the j+1/2 cell interface
and is obtained from the Roe linearization.
Roe’s approximate Jacobian matrix A(Uz, Ugr)=A4A,4,/. to the nonlinear
system Eq. (20) is constructed such as to satisfy the “Property U”¢:
(i) It constitutes a linear mapping from the vector space U to the
vector space F.
(i) As Up—Ugp—U, AU,, Ug)—AU), where AU)=0FU)/0F.
(iii) For any Uy, Ug, AUz, Ur)X({Up—Ug)=Fz—F», where Fy=F(Uy)
and Fr=F(Ux).
(iv) The eigenvectors of A are linearly independent.
This special form of averaging has the computational advantage of
perfectly resolving stationary discontinuities. Roe’s averaging takes the
following from

fipus= P—“B% (25a)
: E—%ﬂi (25b)
Eparrs= =1 Ay 2502 (25¢)
BZJ% (25d)
H=lht (25¢)

The values #;,,/,, Hjpiz. and &4,/ will help to calculate %412 in
Eq. (17), Rii in Eq. (18), and @412 in Eq. (23a). All these values
(%4172, RY41/2, and @%yy2) are needed in Roe’s approximate Riemann
solver. Now, consider the numerical flux F%, , in Eq. (24), then the

Riemann solver will be fully realized.

(1) A first approximate Riemann solver

In the first paper!?, Roe suggests that
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F;'ki-:ﬂ:F(U;‘.-‘l-x/z) (263.)

where U%,,, is the exact solution of the approximate Riemann problem
at the j+1/2 interface for the locally linearized matrix A;,,,,, and it is
defined as

[J—— N 1 os 3
Uk =g Wt U+ 5 B @b iRor =5 B @ iRry (260)

(2) A second approximate Riemann solver

The second approximate Riemann solver is derived in “'*? and is
outlined in the following:

From (iii) of the “Property I/” and Eq. (21), the flux difference is
expressed as

3 =]
dFH:lz =El&:+1/22?+1/zRf'+z/z (27)
where
dFjs.0:=Fjs,—F;=FU%,)—FU?).

This decomposition provides a means for finding the plus and minus flux
increments across j+1/2, i.e.,

AF;;‘1/2=‘§0&:+1/Z§§+1/2§f+1/2 (283)
AF;.+1/z=z§°&§+:/zi'z+1/3kf+ 1/2 (28b)

where 4F$u1. are the increments of flux associated with positive and
negative characteristic speeds respectively across the j41/2 cell interface.
Equation (28) leads to natural upwind differencing

U?-HﬂU;‘%(dF;+l/z+dF;l/z) (29)

After some algebraic manipulations, scheme Eq. (29) with flux
difference splitting Eq. (28) can be cast in conservation form Eq. (24)
with the following numerical flux:

1 3
F:‘kﬂ/z:—2‘(FJ'+1+FJ')_“§1I;(7+1/2[a§+1/zR:+1/z-
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5. THE SHOCK TUBE AND RIEMANN’S
PROBLEM IN GAS DYNAMICS

A shock tube is sketched in Fig. 2(a). This is a tube closed at both
sides, with a diaphragm separating two regions (regions 1 and 4). The
initial conditions are also illustrated in Fig. 2(b). A diaphragm at x,
separates these two regions which have different densities and pressures.
The two regions are in a constant state, The initial conditions are p,>>p,,

p.=>p,, and zx,=u,=0; i.e., both fluids are initially at rest.

Driver section Driven section
Al ¥ .
4 RYSN \
High pressure @ Low pressure @
~1 Uz P . Ta Ua Pa
Diaphragm
(a)
t AT
Pa
H
~a I[
I
e ———————t P1
I 1
; i
I 1 I
L [
; R I
! |
1
ue =0 i u: =0 |
i 1
x 0 =
(b)

Fig. 2. Initial conditions in a pressure-driven shock tube.
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At time /=0 (see Fig. 3) the diphram is broken. Upon rupture of
the diaphragm, a normal shock wave moves into the low-pressure side
(region 1), with a series of expansion waves propagating into the high-
pressure gas (region 4). As the normal shock wave propagates to the
right with velocity w, it increases the pressure of the gas behind it
(region 2), and it induces a mass motion with velocity #,. The interface
between the driver and driven gases is called the contact surface, which
also moves with velocity u,. This problem was studied by Riemann,

It is to determine the ensuing motion of the gas after breaking the

diaphragm.

Expansion wave Contract surface Shock wave

SN

® - ® e @0

/o J

)

Fig. 3. Flow in a shock tube after the diaphargm is broken.

The Riemann problem for system Egs. (12) or (16) with initial data
of the form

UI:( = U‘)J <X,
UR(:UI): x=>>x,

Ulx, 0)={ (30)

is the Riemann problem in gas dynamics, here

P \I I
UE:Ulzi iy 1 and UR:U1:. m,y

| ]
\ e./ \e,/

are two constant states of the gas.
The special case in which the velocity component vanishes, i.e.,

#,=u,=0, is then called the shock tube problem,
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6. THE SHOCK TUBE PROBLEM

In this section the exact solution of the shock tube problem is
described. Now, consider the case where u,=u,=0, p.>p,, and p.>>p, as
mentioned in the preceding section (Figs. 2(a) and 2(b)). The solution‘®
for some f=¢_>0 can be depicted graphically as in Fig. 4. It can be
seen that the initial discontinuity breaks up into two discontinuities, the
shock wave and the contact surface; these depend on the data. Figure 5
shows curves of z versus x, p versus x, and p versus x at (={,>(,
points x, and x, represent the location of the head and tail of the
expansion wave. The point x, is the position that an element of fluid
initially at x, has reached by time {=¢0, i,e., point x, is the contact
surface. It is seen that across a contact surface the pressure p and the
normal component of velocity » are continuous. However, the density p
and the specific energy € are not continuous across a contact surface.
Point #, is the location of the shock wave. Across a shock all of the
quantities (p, u, €, and p) will in general be discontinuous.

The analysis of the gas in a shock tube is discussed in “*. It is
outlined the discussion to relate the analysis to our code of the exact

solution to the shock tube problem. Given the initial pressures p, and p,.

Contract susface

ion wave
Expansion 1 ’

Shock wave

Fig. 4. Solution of the Riemann problem.
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! 1
| |
I
U= |_ :
I
P= |
I
i
P !
ez _"__J,
1
T
u: =01
[ -
> a > 3 x 2 > 1

Fig. 5. Shock tube at r=0.

(i) Calculate p, from the following egation:

B g,

_er[(r+1)(- ii )_.H_q A\ p

this defines the strength of the incident shock wave.

(ii) Calculate all other incident shock properties by using equations

below:
r+1 P
) P S s
15 :_-:I_v T-'l _pl (32)
'S 77’-11_{___?2
r—1 R

el TEL(L—1)+1 D)

where W is the velocity of the gas ahead of the shock wave,
relative to the wave.

\/ 97
N % (5 . T+t
i (p, 1) B . 1 4

(iii) Apply p.=p., and u,=u,=u,.
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(iv) The density p, behind the expansion wave can be found from
the isentropic relation

(v) Calculate locations of points 1, 2, 3, and 4 by the following
equations (see Fig. 4):

x=Wi+tzx, (36a)
x:=ul+x, (36b)
x.=(uy—cy)t+x, (36¢)
x,=—ct+x, (36d)

Equation (31) gives the formula to find p,. However, it is difficult
to determine by the equation. Dutt proposed a Riemann solver based
on a global existence proof’ for the Riemann problem. He also coded
a subroutine to find p, and #%,. The subroutine is used for the computer
code of the exact solution to the shock tube problem instead of Eq. (31).

7. NUMERICAL RESULTS AND CONCLUSIONS

Results have been obtained for the shock tube problem used as a test
case by Sod“®. The initial conditions are: p,=0.125, p,=0.1, #,=0,
p.=10, =10, and %,=0.0, The ratio of specific heats 7 is chosen to
be 1.4. The diaphragm is at x,=0.5 when =0 and in all of the calcula-
tions 4r=0.01. The program was run at a CFL number of 0.95.

Figure 6 indicates the results incorporating either the exact or the
first approximate Riemann solver. The corners at the endpoints of the
expansion wave are rounded. There is a slight undershoot ~at the right
corner of the expansion wave. The constant state between the contact
surface and the shock is only partly realized. The transition of the
contact surface occupies thirteen to fourteen zones and the transition of
the shock occupies three to four zones.

Figure 7 shows the results incorporating either the exact or the
second approximate Riemann solver., The results are very similar to
those of Fig. 6. However, the solution is oscillation free. In particular,
there is no undershoot at the right corner of the expansion wave.
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Fig. 6. Solution of the first Riemann solver (X X x) and the exact
solution (———).
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1.20 4
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@, 850 o
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Fig. 7. Solution of the second Riemann solver (x X x) and the exact
solution (———).
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The results in Figs. 6 and 7 compare well with most of the results
surveyed by Sod. The advantage of Roe’s method is to simplify
Godunov’s method when solving the Riemann problem. It provides an
efficient and flexible numerical scheme.
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BEEXIERE ERRAMIZTRAE XD

Fa8  EeE

BOARERIAER

) E

Sod 1% 1978 ‘EEH T ETHMPBIERY » FARFERZYRRRST
BRAREG Y WF B B8 EMAE (shock tube problem) FFfh#&J;
# o Roe 1 1981 4E#HEH —{H3T LI B S {Ef#% (approximate Riemann Solver)
LIEzfe Godunov Fikrh> B & ®#2 (Riemann solution) o A3l Roe 2
B AR R A RS R R R AR —SC 2K o Roe HRA MHEE Ul #
$E—WRHE (flux function) Z3T{Hl Jacobian HHlio HHEREEMHRE—HE
BEZHEHR Bk AWIBHERERMR L, TRERE o KL 2B HH
¥ Roe 2 B SFEEGEGREMEZBE
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T IR R AT AR SLR R AANE B B 2R B 17

TP S
1 =

A f R E At iR A R Ah VB R P Y A TR R (R B AR RE R S5 B
TR (YRS » Sk IR E R R RS — AR o MARF I —
FEUS O 7 (T BRI R » BREE R LAYIR DR T R B IR E R - B’
Sakit ~ FRHAR BB » FTHER LA REI M INHAY F G R o # LA
I e R B SRRSO AS I BB ~ IFBRUEDRIE% ~ LDL IR ES
PR R IR & o AT » ST ~ MREIRE AL AR B B R R
R RIS E R i o R -

il

_\ﬁ'ﬁ

A5 ST B 7 A B A D S AL AR AR FE R rP A i B Lo A RS 51
PG ~ IO ;5 T R E B fE T BHRRREAL » BRSO SRR E
BRBEATZ—  BBRTRENFEET | BIRHIRELET W H B4R
MERRESEAEAERESY o I FAEEI AN EIRE M iE R P24
BRI YLTE{LIE (premature-atherosclerosis) HH#IRE » F7LUEF B BHAKH
REENRESEESRE - AHEYRADKABHHBRE » BERBERON
REBEETEEORE » BSMERTS o REHYRBRERTUREREN
(modification) #% » ENfFEHUB Y BKA » HRELBOBERHZVENE
BERME » HHEBE MAHELE (metabolic memory) | BFEEIZUR (printing
effect) o (EHBERSZ FHEUMRES » BS YR E—BNER  B—RFUIR
ARG MY o« RO IS I IR E AR B R B A — e R o AT
BB S F—fF AL o

TE R B
BHREPLAEERETEE » DUSLHEERREE » HEEA Bk

Mg Ak R » AR E®K LT atherogenic diet » #1553 5 i i (5 87k BEAO AR
Bk » Zbin T -
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Fz— FRHEREHERANORERRE - PE
Pretreated conditions Serum
Animals CHOL in|Reference
| stimuli | Periods adult life
Rats CHOL ' 18 days G—30 days L ! (5
Rats CHOL 18 days G-—30 days L i Qn
Rats CHOL 14 days G—30 days L — (16)
Rats CHOL 15 days BG—2l days L - (@L))]
Rats CHOL 28 days PN—56 days PN — (€[1)]
ExHC rats | CHOL 17 days PN-»35 days PN | (14)
Guinea-pigs | CHOL I week PN—13 weeks PN — Q@D
Baboons CHOL birth—4 months PN - 3D
Baboons CHOL birth—14 weeks L — (35)
Rats CcYy 28 days—+56 days PN — (30)
Rats cY 4 days BG—14 days L t (41)
Pigeons Cy 6 weeks PN—14 weeks PN 1) (10)
Guinea-pigs | CY 1 week PN—7 weeks PN ' 8
Guinea-pigs | CY 3 weeks PN—7 weeks PN i (13)
Guinea-pigs 2 days PN—10 days PN = (58)
Guinea-pigs 1 week PN—7 weeks PN ! @n
Guinea-pigs | CY+ 2 days PN—>37 days PN 1 24)
g-sitosterol

Rats HF or HC | 15 days PN—30 days PN t in HC| (6)
Rats HF or HC 15 days PN—30 days PN HF<<HC ¢
Rats HF or HC | 70 days PN—149 days PN —_— (32)
Rats HF 18 days G—30 days L 1 (22)
Rabbits CY 6 weeks PN—12 weeks PN ! (53)
Rabbits CYy 4 weeks PN—10 weeks PN — 28

CHOL: cholesterol, CY: cholestyramine, HF: high-fat, HC: high-carbohydrate,
BG: before gestation, G: gestation, L: lactation, PN: postnatal, t : increased,

{ ¢ decreased, —:

1. Ak

no effect.

ER RS Fh =80 EH 40 h R A 16 8 7T Lk A b aios i E R E
WHAIEER o 1972 4F Reiser 1 Sidelman® R URANRGH BT » %
T RIEEREAY (40mg/dl) RISHE » REREBERE 10% 35MT 05%
B 5T et iy » o B [ AR P LS PR A (RIS B B A AL ) » 24 mg/dl) %
B MERRRAEA G Bl # - 18 B Rk B R R PR g A R L IR E B & &
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2R - RERMER | HRIAMILUIBREERETSCEEE AREE
EFLHOBUER T BRI 2 160 B IR AR A » T A S (S 0 I T R B BE o B 7%
Hahn 71 Kirby b H 4R R B9 695 B IE 5 8053 B A 5 0 i 18 E el
BE » MBS A n R e A i 8 B B B ST M A B o AN 2B S B
BE > REERI 0 EER Y ERn K RELHASEEY » REmE
IREIBEHHE (cholesterol challenge) B » BARESINMIBEBEEE " ; Bt fib
ISR HBT A0 B E B B RS » MR B T I E R aREy » IR A
ERIE-

Li %%* F Subbiah %9 4RI MR~ RAGEE T FEERE Y »
fRLLE cholestyramine (CY » —EEHZMMET oMl » ZE05 58 By e
RE o REBHBRL » RELKBEEBE » THLBEREL S M5
FEEREMAE ") AV BRI TR RE R IR » BILHRE GREaT
CY) ABEMMBERERE  BRXERME » OFEESHEET CY 58 5
REMESAUEHRERNORBEN -

EEMARHCEEN AR EER BIRE RSB LR RERS A ? BT R
Ll ExHC (exogenous hypercholesterolemic) kR /ESTSEY » RETS
BRREEFESR  RBES TRERLE  BREMBERMONAMEE » A1
EEERMMVGRELS 3-VLDL (BEXEREN) 2REMEE » WA
MRS W LDL (EHEEREED) #BEMYEDCY - nERHLAREA
Hiefith » RIS S IRERKR BHRN » MENNATE S ENRERE
BEEEM B AREBEQEYY « ERAEETHRATN (B FrEZIIHER
MRE 7 REFHEWHILEL AR ER AR BB ERERRTE
EREEMHF#AH HMG-CoA reductase (3-hydroxy-3-methylglutaryl-CoA
reductase) AYiEH: » MR cholesterol 7a-hydroxylase BEHEC® o T HMG
CoA reductase A5 H: PMEZR U HH LT B 23 k2 A998 » cholesterol Ta-
hydroxylase ByiE RIS 2B ILIIR AR o Hassan SCOREY
HB=MAANREREATRAFR  MEEDIEREENE o TTRKAEH
BRER » AR REIEE R ABAE R

2. IE4ERA

HEH Reiser F1 Sidelman™ @RE » Green ZCOBBEYR BRSNS
Wi ~ TR B AME A R FL > OB R A IR I B S » L it B B IR T A
ERAEH o Coates S WRBRIBAEIRIR A » RREREASRE R
IFE#EHEE (response)™ 5 ELEREE S7E SR 15 BERA A4 B EE » FREH
HERBRBERAHNME » B2 UMBRRAS BEMELeELIEEH o
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WMEREELE CY FLEERER ARG « REREHBRERKER
2 HEBR B A ) i BB B A L FHAOTER o B2 ¢ B CY 1 B-sitosterol [FEFHN
BT LR 2 FR R o BB T I E B DR R I n i B ER R o

Lu SCompR it RIS » HRBKEERKME (pectin » polydextrose)
B o ERAHTIEER DR o i i BRI KA (cellu-
lose) EETEFASEMN » RARMIEHEEF primary bile acid/secondary bile
acid » sterols/stanols 2 Hfil » WEBUR TR AR » BRAKEERHEK
J5 B A RS R IS VR o

3. % ma

y NE T e 2 RALRARTE 4 AT R H e e RO E BB AR B8 AR o
MRS R T RE(CEAHAR » MAEFIRREROBHTRRAH - HEREGED
MEERE TR BhAFREERE EAE  MIRTHENEREDLSR

FMEZRCE s KARC™Y ~ BHC° BRPEBARG T REERK
£ 0 7T i B B DRSS M % R EIBZ MR BE ~ cholesterol Ta-hydroxylase {E#:
a2 1 kT B B PR A B 0 SR AR R o Beynen SCVRRBMB T HIEN
HEEESE  TAMELAPER B NFRERRE 5 OMOLERFEHN
A CY YABEEEAERZNEERREC?; (B Lu %9 L EXHC rats
HTTREET o S RRENERITEEEBERE » A& cholesterol Ta-
hydroxylase %M EREPERE o

B 0 Lewis %00 BB MamRERI (SBERE 30mg/dD » ik
BEEEKGANEE » FTEMROLEERAEREMRARL (SBEHE
1 mg/dl) EimER {AHEE VLDL-C+LDL-C/HDL-C (R#EIEEHD
Mott 405~ i A RIER 5L (RERSE 20-30mg/dD) RAEETH
(REBSESHE 2530 & 60mg/dD) » 14 BEH% » HoRAmEKELS
% (1.0mg/kg) S{E (0.01 mg/kg) MEERE » RBELARFIART (P/S=037) 5
AaFEl; (P/S=21) 2k » —EBRIFHELY (-8 ) BRBATRED
RAR AR LA IE E R 5L » BB EE R IEEROBEEEEER A
B » BRkARRMERER » ARAERLELMAESZEHEE HDL-C
E#E VLDL-C+LDL-C/HDL-C hff + FRSREENRERI&RER - piEE
Eagkitt > MERRGRERGET » SRR A LETRMIENEERILRS
o TR ABENAR (RIREAIL) » EEFFEINEEORESMIE
B ; AR R PREEHRH RS EREE RS DRI E S
AHE o
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=~ E AT &

BMEER e B E Y — B4 TR M » At BERY
B BEPTAA T R BT E B R B R E RTE # R B — 8T /7R H A o Hassan
FUORHEZRNGT S RERAE » @ENENKEFEERENEHT B (bile
acid pool) e Nassem 'O TEZ PR ERERE-"EH&AE » RF4
MR ERRENMBRERRE » LR8I cholesterol 7a-hydroxylase
TR INE HMG-CoA reductase 54 o FLEE/R 380 A9 52 I E & ith 7T AE (R iE
M e AR ERETHE T R E R SR fR e BhEK o B TR
B SRR EEERECD

BEHE TS CY R » ETRBREFHTHR FE5 » A Em
cholesterol 7a-hydroxylase iFikFNIEMEREIEAEBEM & » (500 ffE A BE AL
B0 o Innis“? hARBERLHABRBET CY» PEEHE 20 X > fFHER
fs RaVF B HMG-CoA reductase {E#4FISHBEHEN 2.4 B 19 £+ (BR
%8 cholesterol 7a-hydroxylase & 5 EHEMETBLEIERE EE- S8k
B BRAAKEAMmIEEREE o

~ RITRBHRE

e T 01 A S DR R ] A T TR R B R ke 75 2 v R T L A (R R
» RFRAAEH RIS  Z NELARENESE - BRENaEms » &
I 7% B I e L SR TR 7L o Lz B8 R 5 RS o Shaefer® hiBRIR
tai 7 D& R IR E AR R FLAR AR 5 2-3 4F » SR Sh RAV M IE EIRE IR EEEE - BV
WA AR BIRSEARBE{LAE > AT Hodgson %Y piAERARHERIN=M
R EIERERE (2-4 mg/dl) B 7-12 REHE » HBASEEEE (20 mg/dl)
B 7 6 R A L B ] B FE © HLABERIR AR » IR I E Rk A AL M
MEE R Z R A AR o Stein ZUORBHE 1-6 MARKWBRESHA
MAERVEL DT RmBy 0 1Y 12-15 BAREHRTERSRERKANS » FFEE
4 o o T e FEE B R LDL-C o

ERR A EC 2

HRAER A B ELIR R E R E P MR EER » BERELERNERT
SHEBY R ~ M ERARTEARHER AN c MEBLERBEEER B
?Reiser &9 IEHEHNSEEMEUE HMG-CoA reductase 58 » TiiE
BT ASKA o RUREEEEGHN ExHC rats » fRIEE PR
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G E I ERIFR S W VLDL » H4> LDL {97789 » B "l sE(R#E VLDL
BRIk o Ll CY RIBFHEMmFEZE » @8in cholesterol 7a-hydroxylase i§i4
» T ELEERERT AU th o I8 & B RVBBTH R » BRUREEETIRE A7 AR »
# cholesterol 7a-hydroxylase (R BHIELE  EER T CY GRE
LDL fR{LS » FSGEEEMN LDL receptor M 5 % CY FiLEH
28 HEERRMEEEERC -
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Relationship Between Early Nutritional
Manipulations and Cholesterol Homeostasis
in Later Life: A Review

Yi-FA Lu AnD HUEY-HWAN CHEN

Institute of Nutrition and Food Sciences
Fu Jen University

ABSTRACT

A short review about cholesterol metabolism and metabolic memory
from early life to adulthood was discussed. We could not have received
a satisfactory conclusion from available information, because the experi-
mental data were still incomplete so far. If some nutritional modulations
early in life could enhance cholesterol metabolism, catabolic imprinting
might influence cholesterol metabolism in the later life. So far, the
difference in experimental designs, dietary compositions, species and strains
of animals may all be considered in explaining the confliciting results
from animal experiments. For elucidation of metabolic memory, some
studies including the rate-limiting enzyme of cholesterol biosythesis and
catabolism, liver perfusion, LDL rectptor and catabolism were undertaken.
However, genetic factors, cholesterol or its metabolites, and especially
hormones that might affect cholesterol metabolism during early develop-
ment, might have a long-term effect on cholesterol homeostasis,
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n=Consistency index
n=Flow behavior index
R L : radius and length of the spindle
N : rotational speed of the spindle in rpm
gap : gap between the spindle and the outer beaker
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Incompatibility Between Corn Starch and
The Gelatin-containing Gum Complex

Joun-Tune CHIEN, CHIA-CHI CHEN,
SHEAU-SHYA WU AND JENG-YUNE LI

Graduate Institute of Nutrition and Food Sciences

ABSTRACT

Addition of starch into the complexed gum system of gelatin/
carboxylmethylcellulose would cause a partial destruction of its gel
network due to the existence of mutual molecular incompatibility in an
aqueous solution. Thereby, degree of incompatibility between both
molecules could be evaluated by the changes of their physical properties.
Flow behavior index, modulus of elasticity and hardness of the complexed
gum were decreased with increase of starch concentration, The extend
of decrease in above properties except hardness was not affected by
strength of the complexed gum and concentration of calcium cation,
Moreover, addition of incompatible starch would change the volume ratio
of the complexed gum after phase separation was occurred. Increase of
starch concentration in the complexed gum decreased the volume of
upper clear gum layer and increased volumes of both middle gum layer

and lower precipitated gum layer.



129
T E HFAE TR DT AR AEHL

22 3 i 2
B AR IR R

] =

fE— B A BRI ERERML & — Rt ER AT IR B E R
Fife— o HREEHHERM ~ gt ~ THE » SRR G L& BE - JLLIRS
A ARERS  BHEWEELRE BRE] ~ IS B LES
R H L H o ATLELETHE [HBM] — i SBhE R % R AR m H I RE
PR PR SR ORI R L U A P 0 S R R R AN, o (R CREAE B R O AR
THEFF—ESAMEZ T84 » BAAKEE] » 58T HESPVEE » MatatA
PR A

FPRRFOEREXREA MEARR (wear trial)] REBEHEHRZRE
Jig o BURBHEZREN AT ERREBNCEAVE  DAHREN—
PRBE L WS BEREAR T 2 AT o

F BN L MR A » KD R 2 Bl R PSR B ER T8
BURER R 2% » Hir S M E T RE th 17 & AR AT IE R )
AHE o

— Bt E

FTEHO BERBURRDIRIE T2RES)] » TRELAZREMR] » ES)
sl LEARREAERGEES AR EDKMNERE LR  EHREE
BT R T & - IRRAER o BAEEERG » MV BRRAEE - S8
FEH BERESERBENNMS IR THFEES MM ~ 836 LRBbHEBH
o B AGEM TSR B o

E— PSR » EHER RIS o AREREAITEMR ~ B~ THRE
KERHF BN RS LARAE U RENEB R MR ARG » BH
ERBEAEY MaRE] » TwfE] B5 o DEERHERE 2T - & &
P e iR — » EEHEE R TERBEE « RIERRE » B [
Bl o TREE] WEHRSERE » EFROTERIIEE « WE » BUERRERE L
» JRPHARIH S RERAE AR R S A ERR » BT EW A AR -
HER—ES AWER TFE ~ FRKE] » LILEE » 518 TRMARHR
#5 o

HEERI I s BME ARG TEEBE A EFETA RS » H—RhiEn

[ARSEERE | » WABHE AR IR LA » ERBRE A — Uil » e



130 HEEB ARG H e A A B R

BEPfE s FERFBUA o SERRILIT SR o 7 SN L AR Bt — 4B SR S AA 4 EE B AR
BRIAEE » TRANGEESDM 2NN » —HHEE RS EEMEERHER
FBRREEBE  F—THBRAREEERE L THREESESHEN » il
AR TN [2] AORER -
B » AR A MEREN THIRERZE
(1) WEEEEnRERERENTRETE BT HAREME LR
EREBERA » REFRERGHEEEHDE LN @ FEER A
e
(2) EZE LFTERRIR ~ B R itk » RENREEHERNAR?
FERER 5 R BRSNS N R BN R ERAOBE R E
S SRR BE T 1
Q) WEEHERBNOBERE LS RIELRE AL ? SECEREOHLF
A TS (AL 2 R R S AP SR LAY PTRE 2

ZWRAERETR
1. BRAA

) E=AA

AR EHENRRE 14 B SERBME 14 SESHFEHG 154 &
SEEHMT

(A) —HRBITEHREE : FEDME | .3 4 2, HERRBREYHBIEL
WZH e

(B) —HARMRZAR @ R4 5 8> 3k 708 » ZhisitiR A HE » 1L 80°C
INEABERZ » FEREFG 1 /N o

(C) —HRHEZME: FRME 5 By 36 70 8 » ik ABARESRS
B AR #8059 15 SE R BREREER -
mnhE AR B i E (Adidas) TS-2435

e & + (Asics) No. 9101
Avia A0311 RB
Converse SM 9620

ST % #3 (Diadora)  SK 03064

‘H jm Bg (Icasport) ID 23102

#H B 4 (Kennex) KYA-6415R
Lotto K 771

% Bt # (Mizuno) No. 54UM-J1762



W O 8 & 131

m & (Nike) No. 183403
TEfEAF (Playboy) PPS 31404
B (Puma) PE 0049T

# (Reebok) GS 05207

1E (Sunflower)

[l & &

Bk sHRME 1.
(D) —HRBMER D B CRS » BRMESY BRE—£ ) FEFH/)
RETRRETRE ZHHIH o

4.Converse SM 9620 J.Avia  AD3LIRB 2EBE No9101 |.28E 75,435

B vt

Ao

§

1.8R+E KYAB415R 6.5 1023102 5. 8ESH SK03064

1

(2) RFEAR

B AR R T =~ WERRBEp» 8k 70 (BRI » LIFEH
mEEz AR BASR S —SHERBENET  HERFEAIBRE E
R H 273 g m vEil o nbcie RS kR R vk 15 Ko



132 i S B B B FLZh AR 2 SR A T 08

(3) Helksim

(A) Kenmore Heavy Duty #tE## . BE “normal” fyExEF » EHE
KAz AR vedE » HIEHAZMT | AMREKES ZKFKER KR
BREREREG 35 S8 Hepubikisig 14 58 » WEEmRK o

(B) {F AwHEA .

(a) Charmantée FHiEH| 23~24 HET > InA 182 HFikHl o
(b) BEBE (8B S NaOH (BEFER) FMEiSHEA) 23~24 @1
' A Scc (ERIERZH »
(C) BEXRM MAETHE 19 5~6 H—4o

(4) RCHRsin

(A) Ht#z#8 © Ll Kenmore fyftsz# » “normal cycle” » EH&Y » S8
“high temperature” RYHLEZ {E{: » ¥ FI/E R Diadora 1 BHH#
HERD S 2 10 ApgE e

(B) #ezi : L EBARRRRBERBRAHZER

(5) EftAR

WIZE ~ iR~ BHRM - ASTM Z£8FRIK - PREFEEEE 2339
e TRMER FHEBRREE | BEE AATCC FHE 20 B 20a Hi» AATCC 48
EY TR IKAE o

2. RES®

(1) EREFERRBG

(A) W& mheasE TR 1 % (EFEE » |MTERI o S RENE
TREBE AL 5 % » fREGEAE » RAR LRRRICEE » HERe S (D) B4R
B0 0 AvD-3 o R SRRV TREMRRER 5 B (FEEM R L
b fUBR » BRCAUSR (L) RARBE» 10 MiL-30

(B) Z#ET LUREEMBEGCHR » W 2 s o ER () BHE &
BER (b) BEBFREZ—FRENE  (b) #HHk» O #R A%
KL

©) B 70 UEEETRABETRE » ZFRE 50 A &Kk 2-1 £
2-50 0 ZFERE 6 A fREEH 3-1 ZE 3-6 UFEEAE 14 A fR¥EH
4-1 % 4-14 0 WL X ADETRMME » CREH
MREHEET A%



wm - B i 133

2 EtmEznzme-

(D) SHEEMBFERBLEER  KRRBENE— - FHEHFEEOLA
e BIE ) RARSEY  ARMERRANR o 81 sAMHRAERS
@ LIRBPE (B) E&HZ ()~ (b)~ (c)~ (d) PUfESuBEfT R » 3
HERERLE-

(E) #HBER» SA 30 @ REBZER LERBEFEREELRT
FRERZH -

(F) B2 A KKE » LIREREABGIREREL LRE » BRZE  #l
W EEREE T 2K o

(G) BH—RKHRWHEV G > EEHHBEMRVEBABIE - Ay~ TE
s LR A2 A RRM MR » Hi0 Mk TREEE L ZRRE o 7
N BELEERE 2T » LUBB AR TBRIRFIELT

(H) kB ZHHEEL> B FEKET » BT BT 5~6 ¥ IE
HEIs s S ER 4 EEAEAN » AT LS o 308 “normal” B
KW BEAR BB » InA 18g B9 Chamantée PEFKFHIM 5S¢
BOMREE—BHE TR » SR UEHAED 35 SE -

() EETEHSEEEEE  IIRSHE H) TRE » BREERKE BA
MR W PIRERE » MU IRERFKD 60 7 EE o

() HEm EEASHEEREE  WRSE (H) TR » BREEAME LUK
Hk—E—EMHEEERN REFEROER -8 E> RRF L
DM 15 8 DHRETRETE -

(K) $15i9 2T LA a2 B T » kBB R » DT —HBEF
HEz R e

(L) BE (H)~ @)~ ()~ (K) PUHER > %@ T8 15 ReFHE I
WeEL R o



mEE R R R R E R 2 AR R

134

HEUWHEY S HEWMNESE
TR g g B2 E
EP I A WO
HE (e H F &)
* ) T OHE(9)
& B () 7 &5 E ()
T g (e) 8 % (e)
LA CRHEE LY
WA ® TR
0 5 o
¥ H|— 1 E
) i c2 %
YELE ¥4+ YEE ¥ — ¥ ¥ g ¥ULE ¥4+ ¥ YT E ¥ — % ¥Ew
| T T T
‘ 61/21 | Li/zt | e1/en | o1/er | so/er | eo/ar | e/ | 81721 | vi/an | n/er | coren | vo/z1 | oe/11 | cz/m
| | ] | | |
se/it | z/un | oz/in | ou/m | 1/t | 8o/t | so/1t |og/o1 | szt | e | et/ | sin | so/1n | so/11 | zo/11 | ez/on
_ﬂﬁw‘ 7ﬁ ﬁi mm ﬁ_ w Mw ﬁﬁ _ﬂﬁwg ‘5 7

— ¥



B - 8 Gk 135

(M) ZE—~ B~ THEXRE » WkBPH (H)~K) m@mEs » 2§
TRk SRR B D RTER > Ba - BER - BPERS &
—HWR 2% REREL AR » BIERME -

(N) ZPERaEm AR DA R MR A AR A Bkt AP EERER
LA SR R BN 5 BRI A B R K B -

(0) RYRERLARERESREBERE 0 KEE 15 RFEHREZZE
R TL

(2) WRMER BT R AR

BRI RS 2339 5 MR AERRL] REBR AATCC
ABRTFME 20 R 20a FHik» B=SETHhEYEm—8 » Bl » BRE
Fik o AUAREREERTOE LIMER 280 BRRAREERRFES
o IR AR 2 & BRIV E » URA R ST SUER BUR o LIS
AR E R o B HIEH kMR R ) » ZREER &G
SRR R R > BB R R IRET » EHAR o

zdcmﬁé%a‘

1. #RHEk

BT Ed  B—BAAREET IR » (BAIE LS 5580 F ik H i o
SRETAUERM AR (K. Slater » 1977) o ‘CEEHHEEEE » ARFERVBHEER
S KPHR S ARG ~ HEREN T ZEREREMAVEE - FRBAFHE D
Rt~ FERBHERL B RSN ERGEHEERTS GV ETEN » (A5
TRJE LG 2 Hi AT i o

BERRHT BE—RAFEBRE  BFAEMS » SRRERFEEHEE
BRI | (a) BEOKFERAERD O EERE DR (b) REEMM
R E&&t: (K. Slater » 1977)  HRABHEZERIEEMEAEHRSREN
EFIRRE o

—i ATEEE B AE ST MR WL KA G  EENHRARRT
EEBFRSRYIFEEEFR » FLl Kawabata FrEBapvikn %l TG
F#t (KBS-FB » Kawabata Evaluation System for Fabricy* BIE#IAVEE
WEEE » BLYENERETREEEL FHEARRE  (FERMAE

* AR RENRYEBENARKRE » 382 FAST (Fabric Assurance by Simple
Testing) » &£ CSIRO (Common-Wealth Scientific and Industrial Research

Organization of Australia) FRHAM o




136 HEEHERTRAENEZRERR

REARDEBEBRET S8 » MB2—EE4FE%AIEE (R, Postle
~ 5. C. Harlock ~ J. I. Curiskis ~ Wolfgang A. Strahl » 1989) o

B R KERESRPEREAES » Bk ieavREE » 7 - FikiE
S FPAR ~ RMER R AR » BRI TENARESRE » DIEEREKRHY
HaEE s~ aREME - REFREARS EEFE  BXEENHES
BELEZE R PTE A THEA R R HEE R MES
Bz ZERREERORSTRESY  IEERMESRNE s ARZHE
Rir » B A BRRARE -~ T BIFRREZSIR » BE 2 EREEED
REAAESHUHAERER  SEMBEREZNOEY  fiin : EEEH LM
RRAERUD B KRR R B M » MECEET AN AR TS Alke 2% EE)
Bray A B o HEmMBEE AR A L E AT E N

2. WAM

BT At RIBEEESFERRLT » RERFAEGORE - ¢8R
BAEER ~» B RARMEETER » EEFERTRERRBIE (Fabric
Science * 1984) o

— B ERAE A s SEEAE S A ENEARL TS o SEERE PN
TR » SRR MinE ] 75 R ELBRERSEREFEERNRL » £8
SRR ~ ERFRIAY 0 INEE) ~ R WHEE » WEH—AEEEFLZ o

EREBRELRFAN SR HIE AATCC &M ANK > Bk~ &5 1T
W~ MHgE---ee RO AR 5 thEELE ASTM RUZITRE ~ (RO  AEEE
T~ PSR E -

LR MAENEGE » BERIEENHEHY R HENRFE
BER~AWEERE o GiEaRE0 & EARHRIERN R E S0 dh# ay Ba
(Elson » 1992) » KFEMM AL » BT REREMRNEDEP « SREREABE
sb o BB ENRE » Bt E SR a0 o

3. FEIR

— R IREERY S H R » HREETRERN » RN T » DIEBERED
ER—FEHRBZEBRRZ o BATE NEH] HUREFEEE » HLUTFAER
MEEHEAL | B » 2T EREERRFEER » TRBLENERNIL ) BKE
R—EIE AR ESE « $ERER » BT —HVTBREEENRA » HARBLL
RS ERFEFERSRRENERL  REEBRLUER2E 2R » BTk
BEZEN (Wear trial) o 3B Marks and Spenscer 2 RI7EF kB8R
MERMER ) SRAZZXARN L BERENEREAETENEARE
PIFTIRBREE 4L » LIREIRFTE MAVSME K #E (Elson » 1992) o



W o B i 137

4. IR

(1) #E#i#t (rubber)

BHRRARR AESB FTBRMNEE » EMBERBUTSREREE ~ &
acrylonitrile 10~50% %4 Chloroprene 35% Il L%=3% (FTC» 1984)¢
7= 1930 48y U.S. Rubber Company 4 i » BlSERSMRIENES
EARKMEEGBE&E > T EESHERNR Y - SEAREEEEABRERNIE
HERMAE « @ESEH o DEREEMRECSRENE (Fabric Science »
1984) o

(2) miti# (spandex)

Ba%D 85% L L#y polyurethane FrSdptay AEMAE » 7 1959 4Eibikt
FBATMBHT » WEAS Lycra » R—r ity il o H2E © Hlg -
R > TR k% (RESERECAARSERERLMEN) » WAR
BRALTHRARIRE o BRI IR ABRE » (B R E R > BB R
RIRE o BLECSE@MENE A » SO TRAB M GBS o BRAK
ERGHEEL » EHEE » RERLUSBEESE (Fabric Science s
1984) o

B R — B B A0 TRPERR T th St M A » B E TR TR
AR A A, » LB I (0 B AT M A /T B M A TS o BRI
& 1R R AR S AR B A o

~RREFR

L mipeR

— RS ERART » LR (cotton fiber) ~ JEEEMIHE (nylon
fiber) ~ TEESEaHE (polyester fiber) ~ BRI #B4E (acrylic fiber) LIEF{ERD
(spandex ~ Lycra @ rubber) B¥ » HREMMEENEBERDLAESE
HH e

LAWRRENN 14 SEREEEERTE » B [ 1882 T (Playboy
PPS 31404)| BEEFRRBEREZN » Kfx 13 EREBERHHLUEERE TR
'y BRE o

B TRAHRRPERREARE » ARRREPRBEFEEMEE 2339 5
MR EERRE | » & AATCC (ERERLERFECHERRE) MRRT
B H 14 ERRESNRGSE o FIESR HRRES » R NEESN
(Diadora SK 03064) | 4 BREEBERGELN » HAERERSEEERRLY



138 MR EETRME R AEHA

£ TEEHERDSETNER

- g | ™ lgyges] % & & 5 & T 3 3 X % T
&t = (Z/8) s . E{EE 1 REmARE | Wi2HSoancex, -
2 Latton) A Ny Jolyester: Acrylic fiber Lycra3kRuober) il@dl— =
e~ it - i h ™ e D D oas o G e H "o 5 T 0 o
adas L BT T | B -
7 SE4 i
i:l adidl iz | Ase }_‘ )h j==Saa [ o oo
il
Tana TIEREREEN ] [ o 9
4 Canverse SM 9620 M| A/E | e— ) ’!- o8
13545 ) ®
IR o | o | vo | & oo
Jiagora (=]
T
I = o e
aspon D 23102 0 | #/= L_- ’_. =
‘er"n; AR | % | 1= l-l ﬁ_ el L ofe
8.Lotlo K711 0 [ 3o |p——l e | ] e L0
=i -+
[R5 ¥ B NeSd UM =
= ] [}
Mizeno P L i = = -
= L
'”';;:’ R [ s A/ | (R =] 2 I o
HE A\
FERE | oottt | 00 | 9/ | by oo
Playboy
1255 PEOOT | 60 | A7 - | = o | e
Puma . Emmwm——— I}
o . | S === o0
gt i
-jtm I | 5 | T | e— | = ole
2l
A e | x| s in-ln—*__ = o
~<eED0Kk

Eol 2R b AEEARRAGER, BRERLAOIRGETRA, B0 - YHRSE, A-URGARERKEI RGN, B58. RERGLS,
AAE-SHSALAGYRBECIRG.
.. rN;E(ie%bzisjiiwﬁgwkliHQHZE¥‘ e, AR E-XARAARY RN RRE XU CEARACY, BURGRFRETA, DAXLEERT
, BBR EFHE.
ROBFAALR? DEvCmAGiry, DN ANAESR, - 5ni SHREFRG: () AFUBREEAD, DEREFRGRE,
TEZS8 (Diadora)) REGH2ET, BERFLMHBLET Nachioe Vashab s fnd Draables 2 %8,
I REER, T 4887,

3
i

B s ATRARN 14 MEHBOBABES » BRT—LRE » pim
[ (Mizuno No. S4UM-J1762) | fyf 8645 |- B4Rk BRAAHEE 1 FORIBO I ER
FRATE » BRE 3 L ERARRIIEESRARG R L h—B R G
PA BRI =R » BRRA T RS REE o

i [#4% (Reebok GS 05207)] Btk = FAREEMHREEES » AHRA
MR ER RIS » 2EE 40

B4 > [ (Puma PE 0049T) | RIS BIH A EUR - FHERa AR
HEC » SO BT 3 e B L o



W O 8 & 139

#= MHEEHEARDETELER

T
BeajuEe TR R W : 517 =k =
Eﬁﬁﬁﬁﬁ ﬁﬁ%@ﬁﬂrﬁﬂﬁﬂ J&ﬁ{ﬁﬁgﬁﬁgjﬁ‘ ‘Iﬁ ﬁ‘: ﬁ nq: [%
. F ol E 1 L. i‘%’ﬁtzﬁzgz Hih s
Adidas L] iF Al 4—% | =& %
TS-2435 ‘ 2. ﬁﬂﬂl?ﬁ%&l‘so
. ®E 1 BRI EITERERR o
Asics * x| 4% | H—* ‘ i T R.545FEH-
No. 9101 3LERBEH o
. Qg;?l RB iﬁﬁg’ % ‘ é—i} [ l-%{%zﬁﬁﬂﬁi
c | | - T AR S5
% onverse /-
SM 9260 | = | 2 T | F ‘”]ﬁﬁ‘gfj’%_ﬂz.gﬁr;ﬁﬁﬁmz&
TEEER TP EERHE
Diadora F—EE—a Z WJ i3 F 2. A TEE G
SK 03064 ERRIA o
. H i 1. SIS » Tigs
Ica t % A = 4% £ 1 = >
1D 23102 A 2
! l.EEBRZHHRRE
] | | XL LD T
CH R+ - ‘ ! : ik o
Kennex | 2 % | I 2.BRREBEEUBVE
KYA-6415R 3 i | ‘ v BB B R BT
L : | B 2 iR Bl
{ | BE e
. Lotto . N o 2 BN » (BB -
K 771 93 E I % = ELiS ﬁ 2%%%% :
5.5 0% LR R M
SRR o
ERR |
NoteeM] E | M| B | W | & [T REREGERLLE -
11762 |
T 1. EmpiEg > AL
" Nike = @] *‘ % = EE3 = fﬁwﬁg,m%@ﬁz
No. 183403 ; "By 57 b o
. ALTEAT ' .
Piavh sialT - 1. BRYELE -
prsatios | 0| F | | F T A -
B | W || = ® |% %nggg R
uma A &— S E S °
PE 0049T 2. FREE » HEBERK
= g . AHEE > FEEE
Sunflower SIS ZE —T] aJ &H—E Eii3 E—ﬂzéﬁﬁ .
.| L.EERPAR » 8
Reebok 3 = | H—E = dEO|E—A]| ER HRBRAE
GS 05207 Ao

D1 [TETEAT (PPS 31404)) B [=HE] MRS TARMIBIE » SR B EREGH
6 » (AR B RH: o
2. ﬁ%ﬁﬁ!% :;Eﬁﬁ%%%@’ RERFERE » KFRB TE] ~ THE] ~ 7] ~
[l ~ [4] o



140 mEEHRETRAEDEZRERR

-

2

B 3 kiR Mizuno) | 0 W4 ARERIRY [RY

45 FEREEE EFRIRB (Reebok) SHENE] »
A o K ERATR -
2. BERFBEY

BT L MBEHARERRWEREERE  fK%  BREEBRARTG
B o @mEmENEREESHER N  AYRNRBEDE - BERREHWNE
THEEERA S G R A » R RZETFERNANEREYS

F 14 FERIEEET A 0 B TAvia A0311 RB| K [=7E (Sunflower)] B
BREESENNEENE » ERBsBaRFHEEN  HBREFHRIEE

FHEEER » L) MET4# (Diadora SK 03064) | HEBRERE » BERRIF
BERERBTREEERFGET o (HlkkELXE » ARFEETEEFHE -

B4+ TEHNHL (Icasport ID 23102)] % [Lotto K 771 RIsEHIEE » Uikt
» ERIENER R E GRG0 BHRENEIE » BIES vk » (HEERT 2R
B 50




W o= B i 141

— A E B LAY RIS AME [Lotto K 7711 E [i2E (Puma
PE 0049T)] BHIE 2 o

EHE T RERAETAEENREEFEERR » FTREKE 1A
RERAEER  EIGRHEET » BIEED » REL—EHERET -

EFAGERERERHEN RILEREEFEAREA] » TAREREH
HEHGERR  BETREASREAEIED » TEMEER -

3. EEREE

ERBWEREETR  MEGHERYNMRREE > BRI » 15N
H bR BAEREE—RE

AR FARASR » DL Bl (Adidas TS-2435)] RERE » Uik
RELMHEREY o

H BRI B PE o

EET » BOEARHTELEE » BRELENE » LEBERE -

BAER I » BEAERENSERS » DRAHEER -

4. BRTERHEE

RIERREFNE—FINE » RGBBRE  PETLFEERIE

AR » DL [TET6AT (Playboy PPS 31404)] EH ML » EERFER
TR EEEMR EERERHARS o

T lLotto K 7711 & [fit? (Nike No. 183403) | £HE&Z%E » o HIFEEE
EARRRTEBR N BE B » RN QORBIMRHEBR o

5. WkEtER

14 FESEES KSR BARERROAS » HPhRBERENR TTETE
& (Playboy PPS 31404 ) | » {H{EREEME [TEEAT (Playboy PPS
31404)] . [=7%t (Sunflower)] ERERM 2 BB » BRKRRGHRE

Wk o (B R ZRE R (7T DUEEBH » AR o
H¥EM S 0 Ll [Converse SM 9620 M » SR EGIkE » (LA

» ERETARFELMRE ﬁ%ﬂ@%?°
A s ARERLBE | AREAREEEEN T ARCEET » HETH

WAL MARER o

6. EiRTER
REBARE SR METROEDEZE A » FABERBRNEY -



142 B R T RR R AT

WAFRRARD » HETBRSBEOEDE  HEBER - AXFTAB
ZHEh » B TConverse SM 9620 ZBENMEDRREA MBI » K
bR A PR o

1. BEHER
mERENET S RFPFRRE  BLHHEY  TEZEXE AP E
PR AT

BIRARSE » DL M (Adidas TS-2435)| MEBRERZE » 2 RFHFRER
» BRIR @S CH ST » T (S84 (Asics No. 9101) ) ~ [#EE % 4 (Diadora
SK 03064)] ~ /B4 (Kennex KYA-6415R)] ~ [Lotto K 771 PO Mk
FI 8 B T o

FPE MR T RE TR AR EN  MESELARSHAERE - By R
CERRLERETEREEARARIR - WY BV BLAHERTRE
ElE o MSERERE » WRUEAL R EREIRE E W BEET  EmP R
Efie 1

8. ERASHEMERETTEMEMME

BB my [7ETEAF (Playboy PPS 31404)) » (=7t (Sunflower)| LR
[EEE (Mizuno No. 54UM-J1762) | TEAH LB REFFE » R EMFE
B O(GERED) o (AT [£a&E (Mizuno)» REBRBENE » BREHHE
FHRE 2R

[Converse SM 9620~ [ (Puma PE 0049T) R EMARRE »
ERAEDEDERS » FEFR (FREZ) » BHAEEKEFERFNE
£o

HitGMRAE RGN EEERE » B RERILEY FEENES
25

A-RmEEE

At RS ER S M ENER R ETEE » FEK
HEH [FEEE (Mizuno No. 54UM-J1762) | sEE M » [1E1EATF (Playboy
PPS 31404) | gy iEHE » LR T=7E (Sunflower)] BY&RMIdEEE » B3PR8 iktE: »
BEF o —HME» HAENEEETHSEERERSMIA S AMIEE-.

A FEREBIAG R LBE » SREELESRETI KA LS » AL
(%% (Puma PE 0049T)] % [Lotto K 771 fEBBE -



B O£ B i 143

Ft o [HEE% Y (Diadora SK 3064))» HIREEEEE » N ESRERE
» Bt M R AE B 5 » R RAVHIEASE o
fRAEAR TR EEB B RS R » RMISHBN - BERERERUT

R :

1. HEmzEES

(1

(2

(3)

(4)

(5)

(6)

ARBHEELORODEE  BRRERSBEAEE » TEESHENE
PR AR B ERE IR o

B i EEE S R & ERERE A% » B ER 5 BEE
BB R » MBEE ST o BrEABEEC TS 45 B W 5 W RO A8 4
FESRARAL o B b AR BB K » 7RI R In B e rr JEBE AR AE » B TR (E MR AR
MERORE AKAZEE o SRR ER A DESER S FMABRNRE
B IR FEAAE » IR o BB ILE TR R RRR S B » B ERS
» TR BB TR R WY I AE B AR R o LURINEETE S o Bk
BT DB AR REBMEEE » Dt A » BETLRBERE » WA ML
1o+ BREAES o At » BRELEHHREBTHYE » REREL
SRR LA EHREBE -

PAXRRRY 14 ERMAESHRERTS » KBRS EEEE
HAER R R ERE » BREODERIABREELRE » HLiEs
BErROEENE S hEEED [+ ] PHRETEEERG » 4
BEBERERRE  BASRMEIGE -

BHEERRE R MM » HIHBA &R ABKBERL » Bak kg
HEAN BInFENTEN  RESBRELIHBEE » HEERER
EEBNEE -

H#M A spandex (Lycra) B4 » RBHEHEMEERE » 4K
£ WM AR » AE &R o

HEHFEEEE LLEE BRI A5 LS E MR e SR EITE » SiR A RN E
AR RRKE N ERREE N ERERGRBRES  TEAE -

2. HAREZRS

(1

2

HRAHRE SRR ERELESE » MR o BREERE
REMER RIB B R ERRMERU () B B R 4 SR AT » T LR
EERFERAE - Rt Lx BrRS EHERES  FEHLR
ey [BR] (FRABEFERKE o

HR BT > BREEREA » AT RAABETY o



144 R D R RRG B AR

3. HEMZRH®

mEREER EFRRRRKERE  ERNEREETNASRTE - K
IR — B A B I B AR F IERE R o

Z2EAH#

(1) AATCC Test Method 20-1985.

(2) ASTM D 3512-82.

(3) D. Elson, Unpublished Seminar Handout on “Quality Control Mangement”,
in the Department of Textiles and Clothing, Fu-Jen University (1992).

(4) Federal Trade Commerce, U.S.A., Textile Fiber Praducts Indentification
Act, September 2, (1958), Amended, June 5 (1965), and September 24 (1984).

(5) Josepf I. Pizzuto, Fabric Science, Fifth Edition (1984).

(6) IJ.I. Curiskis, "Fabric Objective Measurement: 5. Production Control in
Textile Manufacture”, Textile Asia, October (1986).

(7) K. Slater, M. Sc., Ph.D., F.T.I., Comfort Properties of Textiles (1977).

(8) R. Postle, “Fabric Objective Measurement: 1. Historical Backgroung and
Development”, Textile Asia, July (1986).

(9) R. Postle, "Fabric Objective Measurement: 3. Assessment of Fabric
Quality Attributes”, Textile Asia, July (1986).

(10) R. Postle, “Fabric Objective Measurement: 6. Product Development and
Implementation”, Textile Asia, October (1986).

(11) 8.C. Harlock, “Fabric Objective Measurement: 2. Principles of Measure-
ment”, Textile Asia, July (1986).

(12) S.C. Harlock, "Fabric Objective Measurement: 4. Production Centrol in
Apparel Manufacture”, Textile Asia, July (1986).

(13) hERBEFEE CNS No. 2339.

(14) hEIHERTERRASL » A B



woe 8 i 145

Survey Investigation on the Labclling
and Performance of Locally
Marketed Socks in Taiwan

YIIYWIEN YWEI

Lecturer, Department of Textile and Clothing

ABSTRACT

Sporting sack are one of apparel items for active wear. Since there
are so many brand names including imports in the local market, the strong
competition sometimes forces producers/retailers reduce costs in a way
of sacrificing users’ welfare. Besides, the labilling and regalation has
not yet been legitimated, many a marketed socks contains no accurate
labels, or even has no labels.

These researchers derived a method of wear trial to test various
performances of fourteen locally marketed well-known brands of active
wear socks. Results show that a high percentage of samples cannot be
qualified in terms of the ratio of value over price.
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F B E (NP) 301 3 298 67.46 2.84 8.05
* B E (SP) 301 6 295 54.78 2.85 8.12
H £ 301 9 292 31.69 3.00 8.98
E 301 4 297 17.46 1.10 1.21
¥ OB 301 0 301 33.13 2.31 5.32
M " 301 0 301 31.62 1.94 3.75
MR 301 6 295 40.64 2.35 5.54
FLREE 301 3 298 25.27 2.09 4,37
FLESRER 301 1 300 17.73 1.29 1.67
® E 301 0 301 40.49 2.03 4.13
H OE 301 0 301 38.17 2.19 4.78
o E 301 2 299 136.57 5.12 26.26
B B 301 11 290 19.57 2.02 4.08
3 £ 301 6 295 57.78 3.00 9.03
H Ok 301 5 296 95.59 4.13 17.05
A B 301 9 292 67.03 4.11 16.93
H®E 301 7 294 26.24 1.55 2.42
B % M 301 2 299 147.38 5.65 31.88
Z R 301 7 294 68.99 4.15 17.24
I 301 6 295 22.37 1.09 1.19
H E 301 8 293 23.11 1.01 1.02

7k ARG A R R A BT



176 18 % 26 BEBRFAELBRE NBRBAZRLLXBFZHE
E£ LB 2 HRIE LB
FHEEE " i
— PN B O
1. &J 1990-1991 % 18-26 2 KB i AR HAIFEAE
T 15950 | 81.00 |  64.00  90.00
e " 158.00 81.00 63.00 90.00
7 # 1 159.64 81.61 64.85 90.37
2. WL 1972-1973 4 19-23 pEr KM o4 ARSEH R
e v 4 — 79.83 61.82 88.28
* b4 155.24 77.80 60.35 90.50
7 # & 155.58 79.92 62.07 88.26
T 3 i i (%) 2.61 2.11 4.48 2.39
3. FELT 1983-1986 4 18-23 w2 AE A AT RIEE
7 # & 157.76 79.61 60.60 | 88.02
= E 8 (%) 1.19 2.51 7.01 2.67
4. AL TH 1986-1991 fEZE@iuifE 18-26 otk AREGTHIEEA
2 # 1# 157.37 ' 81.64 64.70 | 89.72
=4 fE (%) 1.44 —0.04 | 0.23 0.72

(2) RIEME (Size Intervals)

REMEZHTEELR2BARRE SRR K E2REBTMRE o A9
RBE LKA TEREERR 2 RERSL » WamLl 8cm RHE » Wh 18-26
BAEBEryETEE 160cm B—BASEH o B d - BEEARSAR
152~ 160 ~ 168 cm o JEEERIEME » E4BREERBZ KK THERRETTS
B AFERERE B2 RERMK » KlESFILL 354> 6cm REE > 0
L AE S S lEELEE 73-88cm B Ll 3om RME 5 THiEE
88-100cm &0 Ll 4cm BEE ; FHMEE 100cm Lk Ll 6 cm RBFEE o
BERERE » K2 18-26 EEBEEE » L& 8cm [REE - 2]y
3vdcm BREEZHRAAESE  BETHELE 84-94cm [H » Ll 2em B
BE ; Fiffige 94-103cm f4 » LA 3om BRE 5 FHfEE 103em Dk N
6cm SE o BEEREABESLSEERSTRZ  FWE » KHHREZS
B WEESERE 59-65cm R0 Ll 2om B ; FHEFE 65-Tlcm fH o
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Bl 3em RHE ; T 71-83cm [ Bl 4om BHE 5 FHEE 83cm
BlEs Ll 6cm BSE-o

(@) HESERED HRIAESH

BERR 2RI ERBSFRE L HEHBED MG » S0 ol -
BE - BEERS » SRLRBSHRARS G (RFEEIH) KL B
LA%z 18-26 R8T 2 6 » AR FTTRBI K fiH 2 A R ki o

@ REAH

A ERESHE (B 45)  BREHEE 18-26 BmEBE 2L » L
= 4cm RAGE > AIFHE 160cm 2 ABBRS » (5ABE 29.0% ; KRBT
BfE 156 cm 2 ABs {5 ARLY 27.67%  BHABTHME 164cm 2 AR
EEABZ 19.0% » B &% 154-166 cm 2 A8 EfEAB 75.67% o

B Mg E R By il (B 46) » BUREN 2 18-26 REMB2EAR » T
fili?e 73-88cm 60 L 3com SR ; FHE7E 88-100cm [0 L 4cm SR
B FHES 100cm Bl ko Bl 6cm BREIE » BIFHE 9cm 2 ABES »
AR 26.17% 5 HARTHME 82cm 2 AR (5MAME 2483%; B
HEXRTHE 76cm BFHIE 85cm 2 AR #GHARY 15.10% » i
7 745-86.5cm Mz AH » Ef5EARZ 81.2% o

HEEK R (B 47) » BREHE2H 18-26 mEBMBEIELR » T8
fE7E 59-65cm fif] » Ll 2cm BAE 5 FISMHEAE 65-Tlem B Ll 3cm B
¥ 5 FHHfE7E 71-83cm [ L 4om BRI ; Z5E7E 83cm L Ll 6cm
REE » AIFHE 65cm 2 AMERSL » (GRARYZ 2333% ; ARBTFHE
63cm 2 Ao (GHABE 22.67% ; BHIBTHE 61 cm 2 AB o 5A
B> 15.67% » iR 60-66.5 cm 2 A% » EMSMAB 61.67% o

M EX S E (8 48) » BREKEE 18-26 BEMB2E4 » Ty
fE7E 84-94cm [+ Ll 2cm FSMEIEE 5 ZH5E7E 94-103cm s Ll 3cm B
BB FH9fEZE 103cm Ll L Ll 6cm BREIE » BITFHSME 88cm 2 ABES »
AR 19.67% ; HABFHME 90cm 2 AR (5EAKS 17.00%; &
HAXRBFHE 86 cm 2 A {SABE 15.33% » BEE 85-91cm fHZ
ABO BIERABZ 52.0% -
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A B

50

85 1~

B0 (—

75

65 —

60 —

55 p=
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142 146 150 154 158 162 166 170 174 178 ¥ & tom)

FEARCI300 A

45 S @AM Ml o
ik @ FHMELL 4cm FIME
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80
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75
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65

55
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45
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25
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15
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W O B @ x 179

Jo—— 1
71.5 74.5 77.5 80.5 83.5 86.5 %0 94 98 102 M cm)
AR 298 A
Eid6 Kol 3 W s el o

A FHME 73- 88cm Ll 3cm BEE
F9fE 88-100cm Ll 4cm fBRIEE
Fi5ME 100cm LAELL 6 cm FSRIEE
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A -
95 |
s0
8s -
80 |-

75 -

70 -

55 -

45 =

40 -

a0 -

25 -

15 -

10

- L1

54 56 58 60 62 64 66.5 69.5 73 77 81 B Eicn)

A 300 A

M47 MEEKBS M -
3 : ZEHfE 59-65cm  LL 2cm BREE
Ei5fE 65-71cm L 3cm BMHEEE
FifE 71-83cm B4 4cm BEEE
fE 83cm L ELL 6cm 3R



A

95 -

75 -

70

65 -

50—

35 -

30 -

25 -

m £ B i

SR —

L

|
il
|

oo

75 77 7% L]

85 87 L3 91 3  95.5 98.5 101.5 106 112 2 H(cm)

AN ;300 A

[E148 i K B ol o

@ JmESM

SEIFEME 84- 94cm L) 2cm BHEIE
FigfE 94-103cm bl 3cm ESREE
FHgfE 103cm LLELL 6 cm BfEE

181

HERABGHESL (FZ) b » EREREN 18-26 REBR2HEE
» LA 8em RiEE» RIS EFHE 160em 2 ABERS » BEABZ
38.0% i} HARTHME 152cm Z ABO AR 23.67% ; BRARTIHHE
168cm > AR (5 ABZ 1533% » HEMEGRARSZ 97.0% 0 BIEES

KigzhigAn o



182 18 3% 26 BB AH L B A2 A RIBRERAARZHHE

= ZUBHBAMSHETIG

T amm el 5 om g em) | A | 55 kG
148 LI F 5 1.67
1% 152 (148~156) 71 23.67
th 160 (156~164) . 174 58.00
= 168 (l64~172) | 46 15.33
172 Bk 4 1,33
i A 1 300 100.00

hEEE S HE (EM) o BRERER 18-26 BFMEZRE K
BELL 3-4om BRHE o JDRETFEHE 79cm ZABMERS o HRABZ
26.26% » LA BTHME 82cm 2 AB o (AR 2458% » DL FOHWE
MAW 5084% ; BEXBTHME 76cm 2 ABETHE 85cm 2 AR &
AR 15.10% » Ll EVOHAERBMAR 81.04% o EFMHEL 8cm
BRE2HE—0EE » JEETEEE 160cm » RETHERE 79cm 2 AR
% » ISEANY 1684% » HAREFTIHMEE 160cm » T HEE
82cm » ABU (HRABZ 1481% LI EZEHUWEMARZ 31.65% T -

MU REARS R

EH® ©m) | 148 | 152 160 168 172 Bk
——— LT (148~156)(l56~164)!(164~l72)‘ o | AR (%)

73 (71.5~ 74.5) 6 8 | 1 L is 5.05
76 (74.5~ 71.5) | 2 17 23 3 45 15.15
79 (77.5~ 80.5) | 1 17 50 10 78 26.26
82 (80.5~ 83.5) R | M 9 3 73 24.58
85 (83.5~ 86.5)(1 | 5 | 28 10 1 45 15.15
88 (86.5~ 90.0) 6 | 9 23 7.74
92 (90.0~ 94.0) | 1 1 I 6 3 11 3.70
Y6 (94.0~ 98.0) 1| 3 6 2.02
100 (98.0~102.0) o | 1 0.34
m A gsz\ 5 | 70 ! 172 46 4 | 297 i 100.00

\
"8 4 K (%)!1.68-; 23.57 | 57.91 I 15.49 1.35 1100.00
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HEEEES R (KR + » EREBEEN 18-26 REREZEA &
&L 8em HBREIE > BELL 3~4cm BREE » BEL 2-3cm SEE AL
HETIHE 160cm » EFISMHE 79cm » BEFHIE 88cm MABSRES
ARz 6.08% » HABE ST HE 160cm » faEZHE 79 cm » BETH
fE 90cm 2 AR (5RABZ 439% « EARZBEEAEE » JIABSEDLER
E45E 76-85cm i » BETHE 86-90cm [ » 4 141 A » {HEABS
47.64% ; L HEEG/ERETHE 79-82cm » BETEE 86-90cm » BIA
BA 108 A {5 ABZ 36.49% o

DE#ABEDL HRERME - HEESSEE  RELERVEERR
Bl (ERTAMGBEZA

2. RERHRN

AR RIERHRB LIS BERE S L0 » B LS ESEE SERk
B BEERTRER (FX) 280TF :

HEL 8em REEE > 47 i~ BEMEEE » F5ESFHE 152 160~
168 cm o HGETH{EZE 73-88cm B> Ll 3cm BRI » FHfE#E 88-100cm
> LL 4cm M » FF45fE7E 100cm Lk Bl 6cm BRIE o BEKEE
IR R AT B MERTE o BOCRE MR ARk
dem > BUNEELY BE LIS/ dom o —EBTURIEISE 84-94 cm
> HA 2cm RMEE » Fi5fE4E 94-103cm R » Ll 3cm FBMIE » FigE#E
103cm LlE» L 6cm RRE o BH&%E (%] 8 (DFHE 168cm) HK
fo bl &l —MzBE» THEHS 2eme

18-26 BRFi B 2 ERBER(FEL) » RUSETHEZ ABUREPH 160cm
RE-

3. ARBBESIRAE

H 108 4 18-26 A B s ZNEARHAHR X BHREHVAEES
P BRRTIHERE IR S (1) #E Q) BRAE . ) BReNS 2
BE (BENERD 1) BEEES » WLAHDABSH » FLIBZE 18-26
AR AR 2T 0 AT A 1% 2 A0 SR o

(1) @ =

HREFHEIR B > TRMETE 22.0-24.0 PBRE P » HBEIR 220 £5
B BEEAR 240 ZEIEMET o AREAEL 18-26 RERF
ZHEAE ) BREREPEIGRARS 85.19% ; IERBERGRARS 11.11%
» MREEGEARZ 3.70% -
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18 %% 26 EMBAR L R4EZ NERIERERLFRRZHRE

R BEEARSHE

AR 296 A

NN 5086 |88 | 50| | o] F

cm | | | F

&5\ (cm) 76 | 78 82 | 84 sejss 9092|9497 100\1033109 o

(cm) | i B

73.0 _

76.0 1 1 2

g | 10 1 1

g | 820 | _

85.0 i 1| |1

88.0 ; -

92.0 ; 1 1

| 13.0 | 1] 1 } 1 2] 1 ' \ 6

76.0 1 34/ 6] 2 1 17

1521 79.0 ‘ | 1] sf10] 1 17

fal| 20| | 27 6| 1) 1] | 17

i ! 85.0 i 1 | S O 1 = Al | | 5

56 1

156 | 88.0 | ; 2| 3 1 6

92.0 | 1 1

96.0 ] i 1 1

73.0 2] 2] 211 3

76.0 4| 4|l 6| 5| 3|1 23

160 | 79.0 2| 4| 71813 3| 1] 1 49

~~ 82.0 2|1 2| 61211 8 1 3 44

15?-' 85.0 | 4| 7(12] 3| 2 28

164 88.0 | 2 11 2 2] 2 9

~ | 92.0 | 2 2| 2 6

96.0 2 14 3

100.0 1 1

73.0 1 1

76.0 1 1 1 3

168 | 79 0 1| 1] 6/ 1 1 10

64,1 | 82.0 1 2| 4| 2 9

0 85.0 2| B 5 10
172 |

72 1 8.0 2| 4 2 8

92.0 | 1) 11 3

96.0 | | 1| 1] 2

| 73.0 b “ l ' ‘ e

m |20 || ] -

BB g0 | 47 5 L L |3

85.0 | L1 | 1

= HeEmEE 3cm o Frh b B2

b {EZEEES (b—1.9)~(b+2.0)
EERE 2om s b b EZEEEE (h—0.9)~(h+1.0);94cm LLER 3em s Fe
h EZRES (h—1.4)~k+1.5);103cm LLES 6cm» FEd A i
ZHES (h—2.9)~(+3.0)

FoBE s (b—1.4)~(b-+1.5); 88 ¢

m LLEFS dem s FEep
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#A REE (EERS)
1. —ien

R\| 3|5 7}9‘11 slis| 3]s 7o |||
%%’:\ 152 » 160 168

wE| 73| 76 79‘ 2] 85| 88| 92| 13| 6| | 82 85| 88| @
WE| 84 86| 88| 90| 92| 94| 97 8| 88| 90| 92| 94| % 9
gE| | 6l 63! 65| 68| 7| 75| 61| 63| 65| 67 0 3 7

* RS LB A

2, BARE (BEE—EEHA 4om ¥)

R#| 3L 5L |70 | 9L [ L] L] 1sp)[ 3L | sL | 7L oL | nL|1sL| s

%%I 152 5 160 : 168

wm| 73| 76 9| .2 85 88| 92| 13| 76| | 82| 85| 8| %2

WE| 88| 90 %2 9 9| 9% 101 90| 92| 94| 9 | 98100 103
j | : i : | ) J

3. BEE (BEE—RERR 4em ¥)

R 35 |55 |78 |95 | 11s] 135] Iss|

35 |58 |75 | 9s | us| 135/ 155

5 | 152 » 160 168

T ‘ T T T T T T ‘
wE| 73 76| 19 82| 85‘ 88| 92 73| 76 9 82 8 8 9
BE 80 82 8 8 88| %0 93/ 8 84 8 8 90 92 95

(2) MEAE

PR ER TR R o T I A B TR T T AR B K A R BT R A BE 2K
TR o hFE/ABT  18-26 BEMEZ RWREMAETSER 28.75°
WHI 2 ER A g 33° LI EEREREE o BREAHMAETSER 25.65°
v B TRR 2 HRIAERE 30° DIERREWER > 20° LITERKRMEE-R
RIERAETHER 23.07° » RERERAERE 28° LI EERMBEE» 18°
LTHEBFREBE « AWEAELRT 18-26 BERFZEE  BRETERE
TUfEASLE 10199 5 BEEEBRGRARGE 22.22% > #IDESEUSRARCZ
2037% » JEF—BEBEESRARL 5741% ; #URREGHEARZ 9.26%
FREBEGRARE 13.89%  EE—gis B ERARZ 76857 ¢



186 18 BRZE 26 BRAde AW o Bk 2 AR RAG3 A& S 2 A BE R 2 T 90

#Ft ERER (18-26 LU BESR~)

R i 3 y 5 7 9 u 13 15
& = ‘ 160.0

5] [ 73.0 76.0 79.0 82.0 85.0 £8.0 92.0
" i 84.0 86.0 88.0 90.0 92.0 94.0 97.0
i -] 59.0 61.0 63.0 65.0 68.0 71.0 75.0
¥ " 30.5 31.0 32.0 33.0 34.0 35.0 36.0
Ha -7 29.0 30.0 31.0 32.0 33.0 34.0 35.0
i R 39.5 40.0 40.5 41.0 41.5 42.0 42.5
% B 39.0 39.5 40.0 40.5 41.0 41.5 42.0
i & 37.0 37.4 37.8 38.2 38.6 39.0 39.5
¥ B H 35.0 36.0 36.5 37.0 37.5 38.0 38.5
F B R 54.3 54.5 54.8 55.0 55.3 55.5 55.8
r B @ 24.0 25.0 26.0 27.0 28.0 29.0 30.0
L7 i 14.0 14.3 14.6 15.0 15.3 15.6 16.0
# £ 95.4 95.6 95.8 96.0 96.2 9.4 9.6
[ = =2 25.0 25.5 25.5 26.0 26.0 26.5 26.5
F E 17.0 17.0 17.0 17.5 17.5 17.5 17.5
73 & 57.0 57.0 57.0 58.0 58.0 58.0 58.0
23 i3] 33.0 34.0 34.5 35.0 36.0 37.0 38.0
X BB 50.0 51.0 53.0 54.0 56.0 57.0 59.0
EI E 20.5 20.5 21.0 21.0 21.5 21.5 22.0
B i 54.1 54.4 54.7 55.0 55.3 55.6 55.9
= B OE 67.0 67.5 68.0 69.0 70.0 71.0 72.0

* REGREY LA AHRE

@) EREHAZEE FREHEE)

H BB LR R 2 ~ R ~ FEAR ~ AR ~ TR > A i S E S5
R MEERE 2190cm > BEEEE 17.99cm » EEER 21.01cm » BEREE
2253 cm » B EERE If0.71 cm (/o

4) EEmE

HEBTIRETRY > B~ B EEG  BRENE s RESEEEES
AR MREERE 11499cm » BEHEESE 99.86cm » EREEESE
89.25cm » BHEERE 79.65cm o MEASEBAEAWEZREST » HY
FIE 6.88 (FE/) e
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2\ ot ANRRBREGIEGHE
& B | S o At Bk 18 B | s | B | sk

FASREEG S eEmr | 108 0 108 | 16.0| 0.0| 4.71| 3.19 |10.20
B @ >z B3 f B 108 0 108 | 40.0| 20.0| 28.75| 4.03 |16.28
Wk B AE | 108 0 108 | 42.0| 14.0| 25.65| 6.40 |40.98
TomER L HEBEAE | 108 1 107 | 25.0] 3.0|11.55| 3.46 |12.00
ooz | A E| 108 1 107 | 22.0| 1.0| 7.52] 3.42 |11.68
B R = oA B 108 0 108 | 32.0| 12.0|23.07| 4.33 |18.72
Bopm o mEaE | 108 0 108 | 27.0) 6.0|15.83| 4.35 | 18.89
BoEEm @ aE | 108 0 108 | 27.0| 5.0|16.03| 3.40 | 11.54
B oz R M OB 108 0 108 | 18.0| 0.0| 6.56| 4.04 |16.35
7] i3] & E | 108 0 108 | 29.5| 18.0|2L.90| 1.72 | 2.97
ic: i3 B pEE| 108 1 107 | 25.5| 14.0|17.99| 2.53 | 6.4l
i E E | 108 0 108 | 31.0| 17.0|21.01| 2.26 | 5.10
B 5] I8 | 108 0 108 | 30.0| 17.0|22.53| 2.04 | 4.16
OB @B B E| 108 1 107 | 15.0| 8.0|10.71| 1.64 | 2.70
B £ | 108 0 108 | 26.5| 19.0|23.38| 1.41 | 1.98
= £ | 108 0 108 | 175.0/ 150.0(160.11 | 4.65 |21.62
[ R 18 | 108 0 108 7.9 5.7| 6.88| 0.41 | 0.17
M % = B & K| 108 0 108 | 129.0 103.5(114.99| 4.40 |19.32
B s & E & E 108 0 108 | 113.0| 89.0| 99.86| 3,99 [15.96
BB E E R K 108 0 108 | 100.0| 82.0| 89.25| 3.75 |14.05
B R E E R E| 108 0 108 | 90.5| 73.0| 79.65| 3.25 |10.53
g B 108 0 108 | 14.0| 9.0/ 10.98| 1.21 | 1.46
= & o108 1 107 | 175.0| 151.0160.14 | 4,58 |20.96
fi #1108 0 108 | 70.0| 39.0| 50.53| 6.38 |40.65
ErArLL ERESR 0 18-26 R R B TR ETRE 49 o
4. BEFHIE

(1) EFBEZRTHE

FHEKABREFNALELBUSRAEZER » BRH 18-26 BFH
@2 REEERTRAEERE o BIHERZREER T BEGE 38 MAART
LUE ~ 28~ 38 ~ SR DITIA S & £ A R FI5E » FLIBGE 38 SR
2R 18-26 mAEBRBARERT Z ABEABRR » HEERRNARERS
BHZHE - TR BR -~ BH - BRRMEFEERT 2280
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16

r 19

x 20

¢ 21

49 18-26 shfrid MM RRET o

HELET » 2B ABRTRREERS » BB ~ £~ 3~ BRYGWHHLO
PToREE s £ A ISR » HBATHH > HER 2R -

HBRTET » HHAASRTRREER S » DA ~ 2 3~ BRGSO
PRS2 # R RIS » LERFTMH S - WRRIER -
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({7 :cm)
bk ® ool | % | 172 # B
—— " # | om % | w | & | W |zam
'i{tﬁ{ 82 | 7.0 6.8 ' 23| 75| 7.7 | 11.2 | 37.8
ol 88 | 7.3 71 0 2.4 | 78 | 80 | 1.6 | 39.2
& 82 | 6.8 68 1.8 | 75 7.2 ] 11.2 | 36.8
€ { 88 | 6.8 6.8 | 1.8 75 | 7.2 | 112 | 36.8
(F L g2 | 8.3 56 25| 80| 90 | 108 | 39.6
%E‘i { 88 | 8.0 63 3.5 | 75| 9.2 | 11.0 | 40.4
F,D,{ 82 | 875 | 60 | 25| 80 | 9.3 | 107 | 40.0
(X 88 | 8.75 6.3 3.5 8.5 | 10,0 | 11.6 | 43.2
" { 82 | 6.5 65 | 2.0 | 75 | 7.0 | 11.0 | 36.0
88 | 7.0 70 | 20 | 75| 7.6 | 11.4 | 38.0
82 | 6.4 6.4 | 30 | 64| 80| 98 | 356
{ 88 | 6.7 67| 30| 67| 83| 103 | 37.2
$ Wb onf 8 | 59 6.4 | 25| 84| 7.0 | 12,0 | 38.0
it W { 88 | 7.3 52| 36| 77| 8.75| 10.25| 38.0
F+ HFREFEEER - BERTERLE
(B{Z 2 cm)
f@'&ﬁ@\{ b m |12 % K |12 W %
82 18.2 16.7
EXL { 88 19.2 17.7
H & 82 16.5 16.0
| BRER { 88 16.5 16.0
— { 82 16.5 16.0
_ | 88 17.0 16.5
* H= ? 82 17.5 16.75
F.D. & {‘ 88 17.5 16.75
82 17.5 17.5
® A { 88 17.5 17.5
82 17.5 18.0
. = { 88 18.5 19.5
82 17.0 16.0
LR R { 88 17.0 16.0




190 18 B 26 BB AE L B2 ABRBRERERRRZHE

BET—BT » B ABRTEARER S » LB ~ 32 3~ BRYHS
DTS A EARIREER » LEFHHZBHRTRAEER s RARTER
EHBERER -

Ft— BEREAFREE - BH - BBRTERLE

(B{7 : cm)

Sl N ‘ | %| m # o A =
sk & | W | & | w & | w]|=
82 141 | 12,3 |4.6 (19.0%)|4.1 (20.0°)| 20.5 | 20.0| 40.5

- jUtr”i{‘ 88 | 14.8 | 13.0 4.8 (19.0°)]4.3 (19.0°)| 21.8 | 21.2| 43.0
s E{i 82 | 13.0 | 13.0 6.0 (25.0°)|3.5 (15.09)| 18.8 | 22.7 | 41.5
EES l 88 |12.0 | 12.016.0 (27.0°)|3.5 (16.0°)| 21.0 | 25.7 | 46.7

FL TJl 82 |13.5 | 13.0 6.0 (26.5)|4.5 (20.0%)| 18.8 | 17.0 35.8

EN 88 | 12.5 | 12.0 (6.0 (28.5%)(3.3 (16.0°)| 22.5 | 21.4| 43.9
=H FD. [l 8 |14.25| 13.0 6.4 (26.0°) (4.7 (21.5°)| 18.1| 21.5| 39.6
(X 88 | 13.25| 12.0 |6.7 (30.5°)(3.3 (16.0°)| 17.8 | 23.3 | 41.1

N 82 | 14.0 | 13.0|5.0 (21.0°)(4.5 (19.0°)| 19.9 | 19.4 | 39.3
= i{ 88 | 13.6 | 12.0 (5.0 (22.0°)|4.5 (17.0°)| 20.2 | 21.9{ 42.1
4.5 (16.0°)(4.0 (21.5°)| 22.1| 18.0} 40.1
{ 88 | 12.8 | 12.0 |4.5 (15.0°)(3.8 (23.0°)| 22.5 | 19.0| 41.5
82 | 13.2 | 12.8 (3.5 (15.0°)|4.0 (18.0°)| 22.3 | 18.4| 40.7
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A Study of Sizing Survey and Bodice Block
of Female Students from 18 to 26 Years Old

Mei-Lin Fu

T=xtile and Clothing Department
Fu-Jen University

ABSTRACT

The scientific study of women’s measurements, range of ages from
18 to 26 years, was taken in Fu-Jen University. The body measurement
survey taken with a measuring tape, covered a sample of 301 female
students and the figure type analysis survey, taken with silhouetter, covered
a sample of 108 female students. In this study statistical average mea-
surements were used to produce a sizing system and a bodice block.

The investigation of body measurement survey, using 43 measurements
which included 16 girth measurements, 1 vertical measurement, 25 width/
length measurements and weight. The investigation of figure type analysis
survey, using 22 measurements which included body surface angles, body
diameters, vertical measurements, and horizontal measurements,
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Sex-Role Development of Children
and Adolescents in Taiwan

Huey-YA LIN
Department of Applied Life Science

ABSTRACT

This study has two main goals: (1) to investigate sex-role stereotypes
of children and adolescents in the areas of personality characteristics,
vocations, family matters and toys and activities; (2) to examine the
differences among various age-groups as well as the differences between
boys and girls. Three hundred and sixty subjects of both sexes were
divided into four age groups (4. 7. 13. 16). Within groups, they were equally
divided among parents’ educational levels, Results showed the following:
(1) In general, first-grade children had stronger sex-role stereotypes than
the other three age-groups. (2) When questioned how they felt about
traditional male stereotypes, most of boys agreed that these stereotypes
are the truth. When girls were questioned how they felt about traditional
female stereotypes, most girls agreed that these stereotypes are the truth.
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ABSTRACTS OF PAPERS BY FACULTY OF
THE COLLEGE OF SCIENCE AND
ENGINEERING THAT APPEARED IN OTHER
REFEREED JOURNALS DURING THE
1992 ACADEMIC YEAR

Gevrey Property of Formal Solutions
of a Differential System

CHING-HER LIN (Fi#)

Bulletin of the Institute of Mathematics Academia Sinica,
Volume 19, Number 4, December (1991)

In this paper, a nonlinear differential system with a parameter is
investigated. It is shown that the system admits a unique formal
solution. Furthermore this series is of Gevrey order 1 uniformly on a

domain,

Robust Tests in Statistical Quality Control

PauL J. SMiTH AND Sy-MIEN CHEN (B2 #)
Joint Statistical Meetings, August 8-13 (1992)

In this paper, we construct robust hypothesis testing procedures for
acceptance sampling by variables. Here, one wishes to control the
proportion of a lot in which a quality characteristic X falls below a
lower specification limit LSL. Hence we wish to test hypothesis that X
falls below LSL with probability at most p,. The usual plans, which
assume normality and are based on thenoncentral ¢ distribution, are not
robust when the data is not normal. We construct robust procedures by
extending Huber’s robust minimax tests to composite hypotheses. We
study the performance of our procedures by simulation and establish
their approximate distribution and robustness.
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SERS in Sandblast Roughened Metal Surface

K.J. Linc (£B%), W.S. TsE P. PENG, S. H. SHEN,
K. T. Sun anp S. J. Lin
Phys. Stat. Sol., 128, K123 (1991)

The discovery of surface enhanced Raman scattering (SERS) in 1974
/1/ has generated considerable excitement in the physics and chemistry
communities. In this note a more detailed experiment on crystal violet
(tri-p-dimethylamino phenylcarboniumion ion) and TCNQ (7, 7, 8, 8,
tetracyanoquinodimethane) in sandblast roughened metal surfaces (Ag,
Au, Al, Pt, Cu) is presented. Usually a silver-coated substrate has an
interface between the silver film and the base material. Atmospheric
moisture or water can penetrate into the interface and spoil the
silver-coated substrate /2/. But with the sandblast method, because the
roughened surface is made by removing part of the silver surface, there
is no interface. The substrate should be able to last much longer than
those prepared by vacuum coating. Furthermore, because the roughness
is almost only dependent on the size and speed of the abrasive, the
roughness of the surface is more reproducible. With some improvement
in the future this kind of substrate making method may also becomes
an alternative candidate for SERS measurement in chemical analysis.

A Study of Velocity Fluctuation Spectra in the
Troposphere and Lower Stratosphere Using MU Radar

F.S. Kuo (&+#), HY. Lue (&% 4k), C. M. HUANG,
C.L. Lo, C.H. Liu, S. FukAo AND Y. MURAOKA
Journal of Atmospheric and Terrestrial Physics, 54(1), 31-48 (1992)

We present an anlysis of the vertical wave number and frequency
spectra of atmospheric motions in the height ranges between 5 and 25 km
observed using the Shigaraki, Japan, MU radar during a 4-day period in
January 1988. The vertical wave number spectrum of the horizontal
velocity fluctuation is found to saturate at large wave numbers satisfying
power law ~N?/2K:, while departing from this —3 power law at small
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wave numbers. Frequency spectra of the oblique radial velocity fluctua-
tions can be fitted by a Garrett-Munk gravity wave model spectrum.
However, the vertical Aelocity fluctuation cannot be fitted simultaneously.
The observed spectra are too steep and their energy levels are too low
compared with the results from model prediction. Also, the vertical
profiles of the energy densities of the horizontal velocity fluctuations are
found to be positively correlated to the background wind velocity profile,
These characteristics of the observed spectra are satisfactorily explained
by dynamic instability and wave-wave interactions in the regions below
the critical layer through nonlinear numerical simulations. The correla-
tion between the background wind and the horizontal velocity fluctuations
is shown to result from wave-shear interaction.

Numerical Simulations of the Saturated Gravity
Wave Spectra in the Atmosphere

C.M. HuAng, F.S. Kuo (& +i#), H Y. LUE (& % %)
AND C.H. Liu
Journal of Atmospheric and Terrestria Physics, 54(2), 129-142 (1992)

A two dimensional numerical model is used to compute the satura-
tion of small scale gravity waves in the region Uear the critical level,
The vertical wave number spectrum of horizontal velocity fluctuations
in the unstable region (USR) where shear instability develops is found
to be governed by wave-shear interaction and follows a theoretical
saturation spectrum ~w?/2m°. Wave-shear interaction is also found to
be responsible for the observed fact that the variance of vertical velocity
fluctuations is significantly lower than the level predicted by linear
gravity wave theory. On the other hand, the corresponding spectrum in
the stable region (SR) following a much shallower spectlum ~m™* is
found to result from the combined effects of wave-wave interactions
and eddy diffusion. The key step in our simulation is the separate
parameterization of horizontal and vertical eddy diffusion coefficients
instead of a constant molecular viscosity coefficient.
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A Study of the Power Spectra of Scintillations in Taiwan
and Implications Regarding the Mechanisms Involved

JouN R. KosTER (& +i#), H Y. LUuE (& % %)
AnD H. S. Wu
Pacific Regional STEP Conference, pp. 132-151 (1991)

Most low latitude scintillations in the Asian sector seem to be due
to the equatorial bubble (EB) mechanism, but doubt remains about the
June scintillations, especially those occurring during low sunspot years.
In an effort to resolve this question, over a thousand power spectra of
Taiwan scintillations have been produced. A study of occurrence times,
S4 values, asymptotic slopes and other characteristics of the spectra leads
to the conclusion that only a small fraction of the Taiwan night-time
scintillations during summer can be accounted for by equatorial bubbles.
The remainder must arise from a different physical mechanism. They
are similar in seasonal distribution to the midlatitude (ML) type of
scintillations found in published Tokyo data. Most equinoctial scintilla-
tions in Taiwan are of the bubble type, and give convincing evidence of
multiple scattering. At such times, the total received power decreases,
scintillation frequency is high, and S4 values are relatively low. A
search for a lunar monthly component in the probability of summer
time scintillations is in progress, but the result is still inconclusive.

Light Scattering Studies in ZBLAN Glasses
at High Temperature

J. SCHROEDER, L.G. HwA (# &4&), L. BUSSE
AND I. AGGARWAL
Material Science Forum, 67/68, 471-476 (1991)

We studied the intrinsic light scattering behavior of a particular
halide glass (ZBLAN) using the techniques of high temperature light
scattering. The technique of high temperature light scattering allows us
to determine the temperature and time dependence of the Landau-Placzek
ratio of the ZBLAN glass up to and through the glass transition
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temperature, The behavior of the Landau-Placzek ratio will then give
indications as to the existence of critical demixing processes and also
allow the calculations of the equilibrium compressibility, Mechanisms
responsible for extrinsic scattering have also been probed by the high
temperature light scattering techniques and interpreted in the light of
existing theories,

Intramolecular Diels-Alder Reactions via
3-(Phenylthio)-4-(trimethylsilyl)-3-sulfolene

SHANG-SHING P. CHOU (& #7) AND CHIEN-MING LEE (% & 8§)
Journal of the Chinese Chemical Society, 38, 491-496 (1991)

Deprotonation of the title compound 2 followed by treatment with
S-iodo-1-pentene or 6-iodo-1-hexene gave the alkylated products 3 and 4
which upon refluxing in toluene yielded the dienes 8a and 8b. Intra-
molecular Diels-Alder reactions were achieved by heating the dienes 8a
and 8b in toluene in a sealed tube at 160-180°C to give bicyclo[4.3.0Jnonene
9 and bicyclo[4.4.0]decene 10, respectively, in good yield. The stereo-
chemistry of the cyclization products was determined, and was rationalized

by comparison of the possible transition states involved.

Novel Nucleophilic Additions to [7'-2-
(Phenylsulfonyl)-1, 3-butadiene]tricarbonyliron(0) Complex

SHANG-SHING P. CHou (% #7), CHiEN-HuNG Hsu
AND MING-CHANG P. YEu
Tetrahedron Letters, 33(5), 643-646 (1992)

Reactions of the title compound (1) with various nucleophiles give

the addition products (2) regio- and stereospecifically in good yield,
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Dialkylative Cyclization Reactions of
3-(Phenylthio)-3-sulfolenes

SHANG-SHING P. CHOU (B 447), CHIN-CHUNG SUNG (K& &)
AND DER-JEN SUN (7% 15%)
Journal of the Chinese Chemical Society, 39, 333-338 (1992)

3-(Phenylthio)-3-sulfolene (4) underwent bridged dialkylative cycliza-
tion with 2-methylene-1, 3-diiodopropane to give the bridged bicyclic
3-sulfolene 23, and spirodialkylation with 1,4-diiodobutane and 1,5-
diiodopentane to give the spiro bicyclic 3-sulfolenes 15 as the major
product. The reaction of 4 with 1,3-diiodopropane led to the fused
bicyclic 2-sulfolene 12, 3-(Phenylthio)-3-sulfolenes bearing an w-iodoalkyl
group at the C-2 position gave the fused bicyclic 2-sulfolenes 28 and/or
the spiro bicyclic 3-sulfolene 29 depending on the chain length.

Reduction of [0s(NH.);(?'-CH,CN)I** to
[OS(NH3)5(’72_CH3CH:NHZ)]H+

TA1 HasecawA, KEH SHIN KwWAN (% &)
AND HeENRY TAUBE
Inorganic Chemistry, 31, 1331 (1992)

The reduction of [Os(NH,),(CH,CN)J(O,SCF,), or of [Os(NH,)-
(0,SCF,)(0,SCF,), in acetonitrile by zinc amalgam yields a product of
composition corresponding to the formula [Os(NH,),(»*-CH,CH=NH,)]-
(0,SCF,). (4). Proton NMR spectroscopy shows a large splitting between
cis and trans ammines and for the heteroligand shows a patten consistent
with the structure proposed. In particular three equivalent protons and
ane other proton are not exchangeable with desterium in methanol-d,
while two protons, inequivalent as observed in acetonitrile-d,, are.
Although some 4 is formed also in dried CH,CN, the yield is much
increased when a small amount of water is added. Compound 4
is quite stable in solution in DME, but when Proton Sponge
(1, 8-bis(dimethylamine)naphthalene) is added, deprotonation to produce
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[Os(NH,),(CH,CH=NH)J** takes place, which then disproportionates to
yield the acetonitrile complex as one of the products. The value of pK,
for the corresponding protonation-deprotonation equilibrium quotient,
[Os(NH,),(%*-(CH,).C=NH,)I** = [Os(NH,),(#'-(CH,),C=NH)]** + H*, for
the more stable analogue derived from acetone in water at room

temperature was measured as 10.3+0.2.

The 3-(3'-Pyridyl)Sydnone Complex of
Pentacyanoferrate(II)

CHARNG-SHENG LIN, ANDREW YEH, TSUN-YANG Liu,

KeH SHIN KwWAN (# %47), DEREK J. HoDGSON
AND HSIEN-JU TIEN
Inorganica Chimica Acta, 192, 81-86 (1992)

The 3-(3'-pyridyl)sydnone (3-PySd) complex of pentacyanoferrate(Il)
was prepared and characterized both in aqueous solution and in the
isolated state. A comparison of 'H NMR results between the free and
the coordinated ligand indicates that the metal center is coordinated to
the ligand through the pyridine nitrogen atom. A metal to ligand charge
transfer band was observed at 4,,,=410nm and e,,,=3.20X10°m™" cm™",
The rate constants of formation and dissociation of the complex were
measured; the %, and k, values at 2=0.10M (LiClO,), pH=5 and 7=25°C
are 5.62X10°M™ s™' and 3.23X107*s™!, respectively. A cyclic voltam-
metric study of the complex has shown that the Fe!’-Fe!/! oxidation is
a reversible one-electron process with £,,,=0.54V versus NHE. The
strong electron withdrawing power of the sydnone is demonstrated by
both the spectral and the electrochemical properties of the title complex
in comparison with those of the pyridine and 3-substituted pyridine
complexes. This result is consistent with the assignment of the sydnones

to the family of non-benzenoid aromatic compounds.
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Synthesis of Bi- and Tetranuclear Sulfur Ylide Complexes

of Gold(I) by Phase-Transfer-Catalysis Techniques

IvaN J.B. Lin (% &#), C. W. L1u, Ling-KANG LIU

AND YUH-SHENG WEN
Organometallics, 11, 2311 (1992)

The luminescent binuclear sulfur ylide gold compound {Au,(dppm)-
[(CH,),S(O)N(CH,),]}BF, (1; dppm=Ph,PCH,PPh,) and the tetranuclear
sulfur ylide gold compound {Au,(dppm)(Ph,PCHPPh,)[(z-CH)(CH,)S(0)-
N(CH,),]}BF, (2) have been synthesized by phase-transfer-catalysis
techniques. Crystal structure studies show that the molecules of 1 are
packed pairwise with shorter inter- than intramolecular Au---Au distances
and that 2 has triply briding Ph,PCHPPh,- and (CH)(CH,)S(O)N(CH,);"
ligands,

Palladium-Catalyzed Hydroesterification of Alkenes

in the Presence of Molecular Hydrogen

IvAN J.B. LIN (#&#), J.C. L1A0o (BB ER)

AND C.C. CHUANG (442 %)
Journal of the Chinese Chemical Society, 38, 483-486 (1991)

The effects of molecular hydrogen on the palladium-catalyzed
alkene-alcohol-carbon monoxide and alkene-formate reactions have been
studied. Yields of esters were generally increased, especially in the
alkene-formate reaction, in which an improvement up to 46% yield has
been observed. A possible explanation is proposed in which the molecular
hydrogen promotes the oxidative addition of formate to palladium.

Decarbonylation of formate ester is unlikely to be the initial step.
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Palladium-Catalyzed Formate-Nitrobenzene-Carbon Monoxide
Reaction: Formation of Carbamate Ester

IvaN J. B. LiN (3¢ &%) AND CHING-SHENG CHANG
Journal of Molecular Catalysis, 73, 167-171 (1992)

The catalyst PdCl,(PPh,),, together with OP(nz-Bu), and KBr, can
promote the reaction of formate ester with nitrobenzene under carbon
monoxide atmosphere to produce N-phenylcarbamate. This formate-
nitrobenzene-carbon monoxide reaction did not involve the formation of
aniline before the carbamate ester formation,
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Viral Polypeptides and RNA of Defective Interfering
Particles of IPN Virus Generated by Serial
Undiluted Passaging in TO-2 Cells

CHU-FANG Lo AND CHUNG-HSIUNG WANG (X & if)
Gyobyo Kenkyu, 26(3), 119-125 (1991)

HB-1 virus, a strain of infectious pancreatic necrosis virus (IPNV),
was isolated from hard clam, Meretrix lusoria, with TO-2 cell line
derived from tilapia ovary. The defective interfering (DI) particles of
HB-1 virus could be generated by serial undiluted passaging. The
polypeptides and RNA in virus particles of diluted and undiluted virus
preparations were compared in order to investigate the nature of defec-
tive interfering particles involved in viral interference of HB-1 virus.
Cesium chloride density gradient centrifugation was applied to purify
virus particles of diluted and undiluted virus preparations. By comparing
the polypeptides and RNA in virus particles of diluted and undiluted
virus preparations, it was revealed that (I) the virus particles of undiluted
virus preparation had smaller 8 polypeptides than normal; (II) subgenomic
RNA of large segment was found in virus particles of undiluted virus
preparation, These two findings suggested that DI particles of HB-1
virus was a deletion mutant of standard virus.

This is the first report indicating the polypeptides and RNA possibly
related to IPN virus DI particles.

The Characterization of Clonal Cell Strains Derived from
Established IPLB-SF 21AE Insect Cell Line

CHUNG-Hsiune WANG (X & #), Hsu-WE1I Hung,
Guang-Hsiung Kou AnND CHU-FANG Lo
Acta Zoologica Taiwanica, 3(1), 35-46 (1992)

By dilution plating, a total of fifty-four clonal cell strains were
initially isolated from the established IPLB-SF 21AE cell line. Eleven
clonal cell strains, 2-4G, 2-6G, 5-2E, 5-5C, 6-9B, 6-10A, 7-2G, 7-3C,
7-6H, 8-3C, and 8-5D, were selected for further studies, on the basis of
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their susceptibility to insect nuclear polyhedrosis virus (NPV), The clonal
cell strains differed in their morphology, cell doubling time, and the
susceptibility to Aufographa californica nuclear polyhedrosis virus (Ac
NPV) and NPV isolated from the moribund larvae of Spodoptera exigua.
Comparisons of isozyme profiles of clonal cell strains with the parental
cell line and four other insect cell lines, which were maintained routinely
in our laboratory, were made for confirming their origin. With the
present study, we provide IPLB-SF 21AE clonal cell strains that are
more susceptible and produce more occlusion bodies upon infection with

insect NPV of interest.
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Journal of Electrical Engineering, 35(1), 81-92 (1992)

AR HTARAVR BB NI EFE R LU BUR B SR R T 2 TEL IR I s M B e 05 R
ZHHFE B AR R A I R R e B AR KRR ¢ e 2 SR IEE -
PERMEREVREELN TRERETBREMEMER » EEFEBRKS RS
BESZRE » BRI AZEEENIES SRRSO G2 » WLITRAK S %S
HEEEFENEAEEMAZAGEEREEEHEBATEE » HARBENMEESRL
FHET — U A% 2 ) R DR e B R RS R A o R PR B B L L R
BIEEEESE INTEL 8087 RRimMMBEEELMEMRBRIALME 5% F
LUERERE Y E# PID RtEATANRBRENSRAE—LE » LIHHTR
Hamgn IBM PC BN EEBEHIRAASESER 0 SRERABARR
MR E PID R# o

Application of Superconducting Magnetic Energy Storage
Unit to Improve the Damping of Synchronous Generator

CHI-Jut WU AND YUANG-SHUNG LEE (& & $)
IEEE Transactions on Engrgy Conversion, 6(4), 573-578 (1991)

A systematic approach is presented to design a controller for
superconducting magnetic energy storage (SMES) unit to improve the
dynamic stability of a power system. The developed scheme employs
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a proportional-integral (PI) controller to enhance the damping of the
electromechanical mode oscillation of synchronous generators, The
parameters of the proposed PI controller are determined by pole
assignment method based on modal control theory. Eigenvalues analysis
and nonlinear computer simulations show that SMES with the PI
controller can greatly improve the damping of system under various
operating conditions,

The Minimum Storage Cascade Transformed Structure
Fealization of the Filters Disigned by

McClellan Transformations

Brian K. LiEN GEE %)
Proceedings of the NSC—Part A: Physical Science and Engineering (1992)

The multidimensional finite impulse response (FIR) filters designed
by the McClellan transform can be implemented efficiently by the direct
transformed structure, transpose direct transformed structure, cascade
transformed structure, Chebyshev structure and the reversed Chebyshev
structure. In this paper, the minimum storage implementation of the
cascade structures is presented. For a (2NP+1)x(2NP+1) filter, it is
found that implementation of the cascade transformed structure requires
only 2NP rows of storage, which is the minimum storage the FIR filter

can reach,

On the Cascade Realization of 2-D FIR Filters Designed

by McClellan Transformations

BriaN K. LiENn GEE#)
IEEE Trans. on Acoustics, Speech, Signal Processing, September (1992)

The multidimensional finite impulse response (FIR) filters designed
by McCellan transform can be implemented efficiently by the direct
transformed structur, transpose direct transformed structure, cascade
structure, Chebyshev structure, and reversed Chebyshev structure. In this
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correspondence, peak scaling and section reconfiguration are provided to
modify the cascade structure realization. The modifications result in a
reduction in the output roundoff noise power and the number of opera-

tions required.

Developing and Evaluating an Expert System
to Support Media Selection

Ping-CHENG CHAO (# -F.E)

National Convention of the Technology and Innovations in Training
and Education Conference (1991)

The purpose of this research was to develop and evaluate a Media
Selection Expert System (MSES) to address four significant limitations
common to existing media selection models and media selection expert
systems. The four limitations are that existing systems: are too
complicated to be effectively used by instructional designers, do not
reference high technology media, do not consider viable and thorough
media selection factors, and do not reflect the knowledge of multiple
media specialists. A review of the literature provided the basis for
constructing a media pool containing high technology computer-based
media and frequently used traditional media. The review also provided
a list of the most important media selection attributes, A survey was
constructed to estimate the effectiveness of the media across the media
selection attributes on the basis of the knowledge of nineteen media
specialists, The survey data analyses indicate that a more accurate
knowledge base was produced by incorporating the expertise of multiple
experts. The MSES evaluation data demonstrate significant improvements
in the quality of the recommendations produced by individuals when
given access to the MSES. The results of the user acceptance question-
naire indicate that MSES users were satisfied in their overall acceptance

of the program.
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The Development and Evaluation of Media Selection
Expert System: A Matrix Format Knowledge Base

PinG-CHENG CHAOQ (#-FiE)

National Convention of American Educational Research Assocation,
Chicago, IL (1991)

The purpose of the research was to develop and evaluate a Media
Selection Expert System (MSES) to address four significant limitations
common to media selection models and media selection expret systems
available today. These four limitations are as follows: First, manual
media selection models are complicated and time consuming to use, the
instructional designer may not have the time and desire to run through
complicated flowcharts, matrices, or worksheets, Second, they do not
reference high technology media. Third, they do not present viable and
thorough media selection factors, Fourth, they do not reflect the
knowledge of multiple media specialists.

The assumption was made that a MSES with a matrix format
knowledge base would be a good starting point to address these issues.
A review of the literature provided the theoretical basis for constructing
a media pool that contains all currently available computer-based high
technology media and includes all known critical media selection attributes.

A survey was constructed to acquire knowledge from multiple media
specialists who were in either the U.S. Army training division or
academic environments, An expert system was then developed to
automate the media selection process. A four-stage process was followed
to construct the MSES to ensure successful development. Finally, the
MSES was thoroughly tested and evaluated by target users and domain
experts, The performance of MSES was then compared to that of
human experts.

The results of the data analysis demonstrated significant improvements
in the quality of the recommendations produced by individuals when
they are given access to the MSES, The results of the user acceptance
questionnaire showed that domain experts and target users indicated a
high satisfaction level concerning the overall user acceptance of MSES.

Based on the results of this study, three recommendations were made.
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First, future studies be conducted which address the four significant
limitations embedded in current media selection models and expert
systems, Second, it may be worthwhile to assess the usefulness of all
currently available media selection expert systems. Finally, comparative
studies of rule-based approach and matrix format approaches will help
lay the groundwork for more research in this important area.

Computing Supperquadics Using Binocular Stereo Sensor

L1ANG-HUA CHEN (B 2)

1EEE International Conference on Systems, Man, and Cybernetics,
pp. 225-230 (1991)

Most of the previous research on superquadrics focus on recovering
superquadrics using range image or synthetic depth data, and very little
work has been done in developing complete recovery procedure for
stereo images. This paper presents an integrated approach to recovering
a superquadrical model of single object from stereo images. The
algorithm combines the recovery processes of occluding contour, surface,
and volumetric models in a cooperative and synergetic way. The
aggregation of shape information is performed via model recovery. By
integrating the depth information and orientation information from the
respective surface and contour modules, the volumetric model based on
superquadrics can be recovered robustly. This results in consistent
interpretation of object and increase of system flexibility.

Part Segmentation for Object Recognition

LiaNc-HuA CHEN (B R 2)

International Conference on Pattern Recognition (1992)

This paper addresses the problem of segmenting objects into parts
using stereo images. There are three components in the part segmenta-
tion process: surface segmentation, region grouping, and volumetric
models recovery/segmentation. The surface segmentation process segments
the image into a set of regions such that each region represents a surface
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smooth in depth. The region grouping process merges the segmented
regions into meaningful part. Finally the process of volumetric model
recovery/segmentation phase recovers the part model and segments that
part into smaller parts if necessary. Since we use multi-shape models
to drive the part segmentation process, we can capture more geometric
properties of the object and the application domain of .our approach is
broader than that of the previous approaches.
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Studies on the Yield of Coupling Sugar from Starch
Using Alkalophilic Bacillus CGTase

CHIHWEI P. CHIU (&), YI-HsIN LEE,
HoANG-YUNG CHIANG AND HUNG-TsSUNG TSAI
J. of Chin. Colld. and Intfac. Soc., 14(2), 13-19 (1991)

Substrate containing 13% sucrose and 13% potato starch was treated
with alkalophilic Bacillus CGTase at 85°C to liquefy the starch and
subsequently at 55°C to proceed coupling reaction. The best conditions
for starch liquefaction and coupling sugar formation were pH 7.5 and
8.5 respectively, same as the conditions used in the production of
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cyclodextrins, Maximum yield of coupling sugar, about 10.5%, was
attained after 30 hr reaction. In order to obtain the favorable formation
of coupling sugar and the proper sucrose residue after coupling reaction,
the optimal substrate concentration of starch ranges from 11% to 13%,
and the ratio of sucrose to starch is 1.25.

Synthesis and Characterization of A-Cyclodextrin

and Its Derivaties

[-FENG WANG, CHI-FENG Ko AnND CHIHWEI P. CHIU (& & R)
J. of Chin. Colld. and Intfac. Soc., 14(2), 22-26 (1991)

The solubility of B-cyclodextrin is much lower than that of a- and
r-cyclodextrin, Therefore, B-cyclodextrin is easily crystallized and
purified, making it much cheaper than the others, The low solubility
limits the broad applications of B-cyclodextrin. Bacillus acidopullulyticus
pullulanase catalyzed the reverse action in a mixture containing
high concentration of J-cyclodextrn and maltose to produce branched
cyclodextrin, such as maltosyl B-cyclodextrin. The solubility of maltosyl
B-cyclodextrin is 151.6%, much higher then that of #-cyclodextrin, 1.85%.
The yield of branched cyclodextrin with tharmostable debranched amylase
was relatively low, and the enzyme should be used in a large quantity.
About 509 of the products from the reaction of immobilized Pullulanase
with substrate containing [-cyclodextrin and maltose was branched
cyclodextrin, However, only 35% conversion of p-cyclodextrin was
achieved when soluble pullulanase was employed. It is concluded that
the application of immobilized pullulanase not only offers the repeated
use of the enzyme but also enhances the yield of branched cycldoextrin.

Studies on the Stability of Carotenoids in Garland
Chrysanthemum (7pomoea spp.) as Affected by
Microwave and Conventional Heating

B. H. CHEN (B#s3%)
Journal of Food Protection, 55(4), 296-300 (1992)

The effect of microwave and conventional heating on carotenoid
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stability in garland chrysanthemum was studied. Each cooking treatment
was conducted for 0, 2, 4, 8 and 16 min with two replications, The
various carotenoids were analyzed by high-preformance liquid chromato-
graphy with photodiode-array detection. Experimental results suggested
that microwave cooking could retain more fF-carotene and less lutein
than conventional cooking when the output power was 180 W, Epoxy-
containing carotenoids were more susceptible to heat loss than othe
carotenoids. Both cis-lutein and cis-f3-carotene contents were higher with
the increase of heating time. The increase of cis-B-carotene content also
implied that the provitamin A activity would decrease.

An Improved Analytical Method for the Determination of
Carotenes and Xanthophylls in Dried Plant
Materials and Mixed Feeds

B. H. CHEN (M %3F) AND S. H. YANG
Food Chemistry, 44, 61-66 (1992)

Various experiments were performed to evaluate the current Associa-
tion of Official Analytical Chemists (AOAC) method used for the
determination of carotenes and xanthophylls in dried plant materials and
mixed feeds. Incorporation of nitrogen gas and antioxidants such as
BHT during extraction and saponification increased carotene and
xanthophyll contents from 2 to 4% and from 19 to 30%, respectively.
Combination of extraction time and saponification time feor 16 h increased
xanthophyll content by approximately 23%. Cold saponification also
resulted in higher xanthophyll contents than hot saponification. A 1:1
mixture of MgO and diatomaceous earth was found suitable to replace
silica gel as the adsorbent to separate major carotenoids by open-column
chromatography. A binary solvent System of hexane-acetone and a
ternary solvent system of hexane-acetone-methanol in different ratios
were used to separate carotenes, monohydroxy pigments, dihydroxy
pigments and polyoxy pigments. The amounts of B-carotene and lutein
were also substantially increased by using the modified AOAC method.
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Determination of Carotenoids and Chlorophylls in
Water Convelvulus (fpomoea agquatica) by
Liquid Chromatography

B.H. CHEN (BR}a#) AND Y. Y. CHEN
Food Chemistry, 45, 129-134 (1992)

The carotenoids and chlorophylls present in water convolvulus
(Ipomoea aqualica) were analyzed by high-performance liquid chromato-
graphy (HPCL) with photodiode-array detection and their identify
confirmed by thin-layer chromatography (TLC). An HPLC quaternary
solvent system of acetonitrile methanol chloroform hexane (75:125:7.5:7.5,
v/v/v/v) resolved 14 peaks in 20 min by using a 25cm reversed-phase
column, of which 12 pigments were identified. These pigments include
carotenoids, chlorophylls and their isomers. The coefficient of variation
for pigment concentrations was less than 12% in five sample analyses.
A TLC quaternary solvent system of hexane acetone chloroform
methanol in different proportions also resolved 10 pigments on silica gel
layers. In addition to cis-lutein and cis-B-carotene, all major pigments

were adequately resolved by TLC.
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