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Exploration of English Vowel Production by High School Students

From an Acoustic Perspective
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Abstract

This study presents an acoustic study of English vowel production by 20 male and 20 female
high school students and compares F, and F, values of ten English vowels pronounced by these
students and English native speakers (ENSs). Every subject is encouraged to pronounce ten English
words. The words appear in the format /#Vd, in which V stands for different English vowels. Each
speaker’s vowel sounds are recorded and measured three times. Both genders and language
proficiency are taken into consideration. Results show that high school students and ENSs are
different in vowel height and frontness. Pedagogical implications are also provided in order for

teachers to help high school students improve their pronunciation.
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INTRODUCTION

A. Background and Motivations

As students learn a foreign language, they usually experience difficulties in the target language
pronunciation. This situation is quite obvious in Taiwan. Learning in an EFL (English as a foreign
language) environment in which English is not used outside the classroom, they usually find
pronunciation of English difficult to master. That is, they usually experience difficulties in
pronunciation inaccuracies.

One reason is that, though many teachers lay their emphases on pronunciation instructions to
students, they focus mainly on the places and manners of articulations of these sounds. From the
articulation-based approach, teachers only take notice of the tongue position, the lip shape, and
everything in the oral cavity and nasal cavity. However, teachers may not pay their focal attention
to how exact the students’ places of articulation are when they are producing English sounds.
Thereby, the sounds students produced are always perceptually acceptable, but not acoustically
correct. The second reason is that, every so often, the native language has an impact on their
acquisition of target language pronunciation (Ing, 1988; Huang, 1997). Even though both native and
target languages have the same sounds, they may be acoustically different (Chang, 1987; Odlin,
1989).

The third reason for their difficulties of English vowel production is that many factors (e.g. the
mother tongue, the age, the amount of exposure, attitude and identity, etc.) play significant roles in
learners’ pronunciation acquisition (Kenworthy, 1997). Flege (1995) and Flege, Bohn and Jang (1997)
also state that the incorrect pronunciation has relations to the amount of experience or duration of
time. Hence, compared with second language learners, EFL learners in Taiwan have fewer
opportunities to use English, get less exposure of English and are less motivated. What is worse,
some teachers even think that pronunciation of a foreign language is not important. This may be due
to a ‘washback’ effect (Brown, 2000), because not many tests place pronunciation into test content.
Though teachers are encouraged to take a wholistic view of language teaching and testing, specific
language skills should not be neglected.

Under the influence of the communicative approach, in which the primary purpose of language
is communication, using language to communicate becomes the central focus in language instruction.
The focus on language as communication also attracts lots of attention on pronunciation teaching.
Current perspectives on pronunciation teaching have been shifted from segmental features to voice
qualities and prosodic features (Celce-Murcia, Brinton & Goodwin, 1996; Morley, 1991; Wang,
1988). However, in spite of the focus on voice setting and prosodic features, segments function as the
building blocks for further pronunciation learning (Pennington & Richards, 1986; Celce-Murcia,
Brinton & Goodwin, 1996).

This study, focusing on English vowel segments, aims to explore English vowel production
from an acoustic perspective, to compare the acoustic differences of English vowels pronounced by
ENSs and EFL learners, to attract teachers’ attention and, finally, to provide for English teachers
pedagogical implications for the instruction of English vowel pronunciation for EFL learners. By this,

teachers can assist students to improve their English vowel production.
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B. Research Questions

The first purpose is to investigate the differences of English vowels in terms of the first formant
(F)) and the second formant (F,). English vowels articulated by ENSs are compared with those
pronounced by high school students. Both genders and language proficiency are taken into
consideration. Based on the comparison of F; and F,, pedagogical implications for improving English

vowel production can also be reached. Thereby, the research questions are stated as follows.

(1) What is the difference of English vowels pronounced by ENSs and high school students in terms
of F; and F, on the basis of gender?
(2) What is the difference of English vowels pronounced by ENSs and high school students in terms

of F; and F, on the basis of language proficiency?

C. Literature Review
In this section is the literature review of (1) the vowel production in American English and (2)
F, and F, of vowels and their relation to places of articulation of vowels, all of which are further

described respectively below.

1. Vowel Production in American English

This study involves ten vowels of American English (i.e. /i/, /1/, /e/, [/, &/, /u/, /v, /o/, 5/, and
/a/). Traditionally, vowels can be distinguished in terms of tongue height (i.e. high, mid, and low) and
tongue advancement (i.e. front, central, and back) (Gimson, 1989; Katamba, 1989; Sun, 2002).

Figure 1 is a vowel chart in which each vowel is placed in its appropriate position.

front ceniral back

1 u
hi
I U
[+
mid
E

lowr &

a

Figure I A vowel chart showing ten American vowels

2. Formant 1 (F,), Formant 2 (F,) and Place of Articulation of Vowels

From an acoustic viewpoint, the quality of different vowels depends on their overtone structures
(Fry, 2001; Ladefoged, 1971, 1993, 2001a, 2001b; Lass, 1996; Singh & Singh, 1982). When a sound
is articulated, the vocal folds vibrate to produce pitch (Fy), which is perceived as intonation in

English and tone in Taiwanese (Wang, 1988). However, at the same time, the articulated sound
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contains a number of overtones, the lowest two among which are called F; and F,. F; and F, are
different from F,, because they are decided by the shape of the vocal tract (i.e. resonance chamber).
Different sounds result from different shapes of oral cavity. Figure 2 shows the formants of my

colleague’s pronunciation of eight English vowels.
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Figure 2 A spectrogram of the eight American vowels. A time scale is shown along the bottom of the
picture, and the vertical scale shows the frequencies in Hz. The relative intensity of each component

frequency is shown by the darkness of the mark. The formants are marked by dark bar.

Traditionally, the production of vowels is described in terms of the height and the backness of
the tongue (Ladefoged, 2001b). However, “the traditional articulatory descriptions of vowels are
related to the formant frequencies” (Ladefoged, 1993: 196). In other words, F; and F, can be used to
characterize the production of vowels. F; is related to vowel height inversely. The higher F; is, the
lower the tongue height is. Hence, high vowels have low F;, whereas low vowels have high F,. As far
as F, is concerned, it is related to the degree of backness of vowels. Namely, the higher F; is, the
more advanced the vowel is. Hence, front vowels have high F,, whereas back vowels have low F,. To
depict vowel space, Ladefoged (1993: 196) suggests:

There is a better correlation between the degree of backness and the distance
between the first two formants, which are far apart in front vowels and close together
in back vowels. Furthermore, the distance between the two formants decreases in the
front vowels, a fact that fits the traditional articulatory descriptions.
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METHODOLOGY

This section presents the design of the research. It includes subjects, speech materials,

instruments, procedures and acoustic analyses, each of which is further discussed in what follows.

A. Subjects

Two groups of individuals get involved in this study. The first group contains twenty ENSs, ten
males and ten females, who use American English as their mother tongue. They speak American
English as their first language. They are now teaching in institutes of technology or in public high
schools in Taiwan.

Another group consists of forty students (twenty males and twenty females), who are now at
their first year of high school and are learning English as a foreign language. This group, in turn, is
divided into four subgroups in terms of language proficiency and gender. As far as language
proficiency is concerned, all of the students in this study have taken the Basic Academic Competence
Test (L % 5 1H[E#) held by Ministry of Education in 2002. The Basic Academic Competence Test
is a significant test that junior high school students take so as to enter high schools. Hence,
high-proficiency group include students whose scores in the Basic Academic Competence Test is 45
or above, whereas students whose scores in the Basic Academic Competence Test is 30 or below
belong to the low proficiency group. The average ages of male students and female students are 16.8

(range = 15-17) and 16.3 (range = 15-17) respectively.

B. Speech Materials

All the subjects in this study pronounce a list of English words. Eight English vowels (i.e. /i/, /1/,
/el, &/, lu/, /u/, /o], and /a/) are placed into the context of 4Vd, forming words ‘heed’, ‘hid’, ‘head’,
‘had’, ‘who’d’, ‘hood’, ‘hawed’, and ‘hod’. /e/ and /o/ are put in words ‘hay’ and ‘home’ respectively.

The speech materials are displayed in Table 1 below.

Table 1
Speech Materials of English Vowels'
Heed /hid/ Who’d /hud/
Hid /hid/ Hood /hud/
Hay /he/ Home /hom/
Head /hed/ Hawed /had/
Had /haed/ Hod /had/

! The vowels in this study are put into the same context (h__d). This is to lessen the negative influence on the
vowels caused by the preceding or following sounds. Moreover, /d/ is an oral stop and is used to prevent the
lengthening effect of the vowels, which may influence the average frequency values of the vowels. The context
is also utilized by Ladefoged (1993, 2001b).
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C. Instruments

The instruments in the present study consist of a notebook computer and a desktop computer.
The notebook computer is used when data are collected — that is, the sounds are recorded directly into
the computer and saved as WAV files, which ensures that the collected speech data will not be
converted during transmission from the notebook computer to the desktop computer. The desktop
computer is used to analyze the collected speech data. Both of them have P4 1.8G Hz CPUs. Besides,
Praat, a spectrographic program composed by Dr. Paul Boersma and Dr. David Weenink and
designed to analyze speech, is also utilized in the study. The functions of Praat include formant
analyses, pitch and intensity analyses and spectrographic analyses. It is a shareware, which can be

downloaded from the website (http://www.praat.org). This program has been setup in both computers.

In addition, a uni-direction microphone is also utilized in this study. The microphone is linked to the

notebook computer in order to record the speech sounds.

D. Procedures
The procedures can be divided into two stages, data collection and date analyses.

In the data collection stage, the ENSs pronounce the English words. Because English is their
mother tongue, the words do not cause any difficulty to them. Their speeches, whose rate and
intensity are maintained, are recorded in a quiet room.

As for high school students, they are encouraged to articulate the English words. To make them
familiar with the English words, the list of words has been given to them one week before the
experiment is done. They can practice the words and ask questions about them. The speech data are
recorded in a language lab. Students enter the lab one by one for fear that their talking may reduce
the recording quality. They are encouraged to pronounce the words with the same pace and intensity.
No corrections or clues, even if they made mistakes, were given to them during the recording session
so that their pronunciation could be as natural and spontaneous as possible. Each high school student
needs to pronounce the words three times and each time is at regular intervals of a week from other
times.

In the stage of data analyses, Praat is utilized to measure the frequencies of F, and F, for English
vowels. Appendix I and II exhibit the results of the frequency values of F; and F, of English vowels
produced by male and female native speakers (hereafter, MNSs and FNSs) respectively. Appendix III
and IV show the results of the frequency values of F; and F, of English vowels articulated by male
and female students in the high proficiency group (hereafter, HMSs and HFSs) respectively.
Appendix V and VI present the results of the frequency values of F; and F, of English vowels
articulated by male and female students in the low proficiency group (hereafter, LMSs and LFSs)

respectively.

RESULTS

In this section are the analyzing results of the collected speech data.The emphases are
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placed on two aspects. In terms of F; and F,, the first discussion focuses on the comparison of
English vowels produced by MNSs, HMSs and LMSs. The next focus is on the comparison of
English vowels produced by FNSs, HFSs and LFSs.

A. Comparison of English vowels produced by MNSs, HMSs and LMSs

This section presents the comparison of English vowels produced by MNSs, HMSs and LMSs
in terms of F; and F,. Table 2, 3 and 4 show the mean values of F,, F, and F,-F, of ten English
vowels by MNSs, HMSs and LMSs respectively.

Table 2
F), Fyand F,- F; of ten American Vowels by MNSs
1 I e € x a ) 0 4] u

F, 2335 | 2120 | 2233 | 1922 | 1801 | 1437 | 1659 | 1586 | 1777 | 1504

F, 410 514 421 538 798 798 790 642 632 443
F,-F, | 1925 | 1606 | 1812 | 1384 | 1003 | 639 869 944 | 1145 | 1061

Table 3
F), Fyand F>- F; of ten American Vowels by HMSs

1 1 C € & a o] ) ) u

F, 2168 | 1997 | 1985 | 1875 | 1942 | 1652 | 1730 | 1784 | 1550 | 1633
F, 637 551 593 592 636 906 687 708 624 614
Fo-F, | 1531 | 1446 | 1392 | 1283 | 1306 | 746 | 1043 | 1076 | 926 1019

Table 4
Fi, Fyand F,- F; of ten American Vowels by LMSs

1 1 c € & a o] ) U u

F, 1707 | 1632 | 1738 | 1668 | 1735 | 1335 | 1573 | 1631 | 1432 | 1409
F, 425 443 555 566 595 904 571 574 458 451

Fo-F, | 1282 | 1189 | 1183 | 1102 | 1140 | 431 1002 | 1057 | 974 958

1. Comparison of F; of English Vowels by MNSs, HMSs and LMSs
In this part, F, of English vowels by MNSs, HMSs and LMSs will be exhibited and analyzed.
Figure 3 presents F; values of ten English vowels by MNSs, HMSs and LMSs.



@@%g%iﬁw@fﬁigg [é@fgﬁ 9

1000
800 [
——
600 F MNS
—=—HMS
400 |
—&— LMS
200 F
0
i1 e &€ & a 2 0 U U

Figure 3 F values of ten English vowels by MNSs, HMSs and LMSs

From Figure 3, the contours of HMSs and LMSs are similar, but they are a little deviant from
the contour of MNSs. As stated in section 2, F; is inversely related to the tongue height. The higher
F, value is, the lower the tongue position is. Accordingly, the results are stated below. First, in terms
of MNSs and HMSs, in /1/, /e/ and /u/, HMSs and MNSs place their tongue in similar positions.
However, HMSs have lower tongue positions than MNSs in /a/ and long vowels, but higher positions
than MNSs in /&/ and /2/. Second, LMSs and MNSs have similar tongue positions in /i/, /¢/ and /u/.
LMSs have lower tongue positions than MNSs in /e/ and /a/, but higher tongue positions than MNSs
in /1/, /&/, /5/, /o/ and /u/. Third, in terms of HMSs and LMSs, they have similar tongue height in /e/,
/e/, /&/ and /a/. In other vowel sounds, HMSs’ tongue positions are placed lower than LMSs’, for
HMSs have higher F, values than LMSs in these sounds.

2. Comparison of F, of English Vowels by MNSs, HMSs and LMSs
In this part are exhibited F, values of ten English vowels by MNSs, HMSs and LMSs. Figure 4

presents F; values of ten English vowels by these three groups.
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Figure 4 F, values of ten English vowels by MNSs, HMSs and LMSs

From Figure 4, the general contours of MNSs, HMSs and LMSs are similar in the production of

vowels. F, is in relation to the tongue advancement. The higher F, value is, the more advanced the
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tongue position is. The results are the following four points. To begin with, in the production of /i/, /1/,
/e/ and /u/, both HMSs’ and LMSs’ tongue positions are not so advanced as MNSs’. However, in
articulating /a&/, /a/ and /u/, MNSs’ tongue position is located between HMSs’ and LMSs’. Next,
between MNSs and HMSs, in /e¢/ and /o/, both groups place their tongue at similar positions.
However, MNSs have more advanced tongue height than HMS in /i/, /1/, /e/ and /u/, but less
advanced than HMSs in /&/, /a/, /o/ and /u/. Third, between MNSs and LMSs, they are similar in
the articulation of /&/, /a/, /2/, /o/ and /u/. In other vowel sounds, tongue position of LMSs is less
advanced than that of MNSs. Last, compared with LMSs, HMSs have higher F, values in all ten
vowels. That is, when pronouncing English vowels, HMSs have more advanced tongue positions

than LMSs in the pronunciation of English vowels
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Figure 5 A formant chart showing the frequency of the first formant on the ordinate (the vertical axis)
plotted against the distance between the frequencies of the first and the second on the abscissa (the
horizontal axis) for ten American vowels. Thin line stands for MNS’s vowels and thick line

represents HMS’s vowels

Based on Figure 5, the distance between the same sounds articulated by MNSs and HMSs can
be used to express the degree of deviance. In other words, the longer the distance is, the more deviant
the sounds pronounced by MNSs and HMSs are. Hence, in terms of front vowels, in /i/, /1/, /e/ and /¢/,
HMSs’ tongue positions are lower and less advanced than those of MNSs. Moreover, when producing
/&/ and /a/, HMSs place their tongues higher and more advanced than MNSs. As far as the back
vowels are concerned, in /o/ and /o/, HMSs’ tongue positions are more advanced than MNSs’,
whereas in /u/ and /u/, HMSs’ tongue positions less advanced than MNSs’. Moreover, another
interesting phenomenon is that MNSs always have higher tongue positions in producing tense vowels

(i.e. /1/, /e/, /o/, and /u/) than in producing lax vowels (i.e. /1/, /¢/, /o/, and /u/).
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However, when HMSs produce these vowels, the tongue positions of lax vowels are higher than

those of tense vowels.
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Figure 6 A formant chart showing the frequency of the first formant on the ordinate (the vertical axis)
plotted against the distance between the frequencies of the first and the second on the abscissa (the
horizontal axis) for ten American vowels. Thin line stands for MNS’s vowels and thick line

represents LMS’s vowels

On the basis of Figure 6, in terms of front vowels, in /i/, /1/, /e/, /¢/ and /&/, LMSs’ tongue
positions are more retracted than those of MNSs. As far as the back vowels are concerned, LMSs’
tongue positions are more retracted than MNSs’s. Moreover, different from HMSs, but similar to

MNSs, LMSs have higher tongue positions in producing tense vowels than in producing lax vowels.

B. Comparison of English vowels produced by FNSs, HFSs and LFSs
This section presents the comparison of English vowels produced by FNSs, HFSs and LFSs in
terms of F; and F,. Table 5, 6 and 7 show the mean values of F,, F, and F,-F; of ten English vowels

by FNSs, HFSs and LFSs respectively.

Table 5
F), Fyand F>- F; of ten American Vowels by FNSs

1 1 € € X a b} o ) u

F, 2407 | 2106 | 2361 | 2008 | 1920 | 1597 | 1518 | 1461 | 1562 | 1486
F, 430 540 448 644 942 886 808 613 590 494

Fo-Fy | 1977 | 1566 | 1913 | 1364 | 978 711 710 848 972 992
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Table 6
F;, Fyand F,- F; of ten American Vowels by HFSs

1 1 e € & a B 0 U u

F» 2266 | 2218 | 2219 | 2223 | 2080 | 1571 | 1527 | 1627 | 1473 | 1483

Fy 505 442 599 560 753 963 731 765 508 526
Fo-Fy | 1761 | 1776 | 1620 | 1663 | 1327 | 608 796 862 965 957

Table 7

F), Fyand F>- F; of ten American Vowels by HFSs
i I e € ® a o) 0 U u
F, 1757 | 1779 | 1980 | 1962 | 2012 | 1660 | 1707 | 1705 | 1476 | 1614
F, 550 507 654 654 707 1038 | 727 749 528 542

Fo-Fy | 1207 | 1272 | 1326 | 1308 | 1305 | 622 980 956 948 1072

1. Comparison of F; of English Vowels by FNSs, HFSs and LFSs
In this part, F; values of English vowels by FNSs, HFSs and LFSs are discussed. Figure 7 below
presents F; values of ten English vowels by FNSs, HFSs and LFSs.

1200
1000
800 |- ——ENS
600 F —=—HES
400 —A—LES
200

Figure 7 Fy values of ten English vowels by FNSs, HFSs and LFSs

From Figure 7, the contours of HFSs and LFSs are similar. The discussion results are stated
below. First, in terms of FNSs and HFSs, they have similar tongue positions in /i/, /i/ and /u/.
Nonetheless, HFSs have lower tongue positions than FNSs in /e/, /a/, and /o/, but higher positions
than FNSs in /¢e/, /&/, /o/ and /u/. Second, LFSs and FNSs have similar tongue positions in /i/, /1/, /¢/
and /u/. LFSs have lower tongue positions than FNSs in /e/, /a/ and /o/, but higher tongue positions
than FNSs in /&/, /o/ and /u/. Third, in terms of HFSs and LFSs, they have similar tongue height in

the articulation the ten English vowels.
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2. Comparison of F, of English Vowels by FNSs, HFSs and LFSs
In this section are F, values of ten English vowels by MNSs, HFSs and LFSs. Figure 8 presents
F, values of ten English vowels by FNSs, HFSs and LFSs.

3000
2500 |
2000 ——FENS
1500 | —=—HFS
1000 —4—LES
500 F

0

Figure 8 F, values of ten English vowels by FNSs, HFSs and LFSs

In Figure 8, the general contours of FNSs, HFSs and LFSs are similar in the production of
English vowels. The results are the following four points. First of all, FNSs and HFSs are nearly
similar in producing English vowels, except /e/. Next, between FNSs and LFSs, they are similar in
the articulation of /&/ and back vowels. In other vowel sounds, tongue position of LFSs is less
advanced than that of FNSs. Third, HFSs and LFSs are more deviant than FNSs in front vowels than
in back vowels.
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Figure 9 A formant chart showing the frequency of the first formant on the ordinate (the vertical axis)
plotted against the distance between the frequencies of the first and the second on the abscissa (the
horizontal axis) for ten American vowels. Thin line stands for FNS’s vowels and thick line represents

HFS’s vowels.
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Figure 10 A formant chart showing the frequency of the first formant on the ordinate (the vertical
axis) plotted against the distance between the frequencies of the first and the second on the abscissa
(the horizontal axis) for ten American vowels. Thin line stands for FNS’s vowels and thick line

represents LFS’s vowels.

From Figure 9, in terms of front vowels, HFSs’ tongue positions are more retracted than FNSs’
in /i/ and /e/, but more advanced than FNSs’ in /1/, /e¢/ and /&/. As for back vowels, the tongue
positions of HFSs of /o/ and /5/ are lower than those of FNSs. When producing /a/, HFSs have lower
and more retracted tongue positions than FNSs. Like HMSs, HFSs also produce lax vowels with
higher tongue positions than tense vowels.

From Figure 10, in terms of front vowels, LFSs’ tongue positions are more retracted than FNSs’
in /i/, /1/ and /e/. Moreover, LFSs, in producing /e/ and /&/, have higher tongue positions than FNSs.
Regarding back vowels, in the production of back vowels, the tongue positions of LFSs are lower
than those of FNSs. Partially like HMSs and HFSs, LFSs also produce lax vowels with higher tongue

positions than tense vowels, except the pair /e/ and /e/.

IV. CONCLUSION

A. Summary of the Main Findings
This study investigates the production of English vowels by 40 EFL learners (20 males and 20

females). These learners’ production of English vowels are compared with ENSs’ (10 males and 10
females). The comparison is in terms of both language proficiency and gender. The main findings are
stated as follows.

First of all, as far as F; values of male speakers are concerned, for HMSs, they, along with

MNSs, place their tongue in similar positions. Meanwhile, HMSs have lower tongue positions than
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MNSs in /a/ and long vowels, but higher positions than MNSs in /&/ and /o/. For LMSs, they,
together with MNSs, have similar tongue positions in /i/, /¢/ and /u/. LMSs have lower tongue
positions than MNSs in /e/ and /a/, but higher tongue positions than MNSs in /1/, /&/, /5/, /o/ and /u/.
In terms of HMSs and LMSs, they have similar tongue height in /e/, /¢/, /&/ and /a/. In other vowel
sounds, HMSs’ tongue positions are placed lower than LMSs’, for HMSs have higher F; values than
LMSs in these sounds.

Second, as far as F; values of female speakers are concerned, for HFSs, they have similar
tongue positions in /i/, /i/ and /u/ with FNSs. Nonetheless, HFSs have lower tongue positions than
FNSs in /e/, /a/, and /o/, but higher positions than FNSs in /¢/, /&/, /5/ and /u/. For LFSs, they and
FNSs have similar tongue positions in /i/, /1/, /¢/ and /u/. LFSs have lower tongue positions than
FNSs in /e/, /a/ and /o/, but higher tongue positions than FNSs in /a&/, /o/ and /u/. In terms of HFSs
and LFSs, they have similar tongue height in the articulation the ten English vowels.

Third, as far as F, values of male speakers are concerned, the general contours of MNSs, HMSs
and LMSs are similar in the production of vowels. In the production of /i/, /1/, /e/ and /u/, both HMSs’
and LMSs’ tongue positions are not so advanced as MNSs’. However, in articulating /ae/, /a/ and /u/,
MNSs’ tongue position is located between HMSs’ and LMSs’. Between MNSs and HMSs, in /e/ and
/5/, both groups place their tongue at similar positions. However, MNSs have more advanced tongue
heights than HMS in /i/, /1/, /e/ and /u/, but less advanced than HMSs in /&/, /a/, /o/ and /u/.
Between MNSs and LMSs, they are similar in the articulation of /&/, /a/, /5/, /o/ and /u/. In other
vowel sounds, the tongue position of LMSs is less advanced than that of MNSs. Moreover, HMSs
have more advanced tongue positions than LMSs in the pronunciation of English vowels.

At length, as far as F, values of female speakers are concerned, the general contours of FNSs,
HFSs and LFSs are also similar in the production of English vowels. Both FNSs and HFSs are nearly
similar in producing English vowels, except /e/. Between FNSs and LFSs, they are similar in the
articulation of /&/ and back vowels. In other vowel sounds, tongue positions of LFSs are less
advanced than those of FNSs. In addition, HFSs and LFSs are more deviant than FNSs in front

vowels, as compared with back vowels.

B. Pedagogical Implications for English Teachers and High School Students

According to the discussion and comparison of English vowel production between English
speakers and non-native speakers, here are pedagogical implications for teachers who are now
teaching EFL learners. Table 9 presents the pedagogical implications in terms of tongue positions of
vowels when non-native EFL learners try to produce English vowels. This will be helpful for English

teachers to improve their students’ production of English vowels.
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Table 8
Pedagogical Implications for English Vowel Production

From High School Students’ Viewpoint

Tongue HMS LMS HFS LFS
1 Height + = + +
Advancement + + + +
I Height = - - -
Advancement + + - +
e Height + + + -
Advancement + + + -
€ Height + + -
Advancement = + - =
& Height - - - -
Advancement - - - -
a Height - + + +
Advancement - + + +
5 Height - - - -
Advancement - - = -
0 Height + + + +
Advancement - + = -
U Height = - - -
Advancement + + + =
u Height + = + +
Advancement = + + -

(+ means ‘more’; - means ‘less’; = means ‘(almost) equal’)

C. Limitations and Suggestions for Further Study

Though this study yields several findings in terms of acoustic analyses, several limitations
consist in this study. First, for any study to be convincing and objective, more subjects, including
ENSs and non-native speakers, need to be recruited. Hence, further studies should include more
subjects so as to obtain much more objective data. Second, the speech material of this study only
focuses on the context of 4Vd, leaving other linguistic contexts untouched. More linguistic contexts

need to be taken into full consideration.
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Appendix I

F; and F; of English Vowels Articulated by Male Native Speakers (MNSs)
/i/ in /1/ in /e/ in /e/ in /&e/ in v/ in /u/ in /o/ in /5/ in /a/ in
‘heed” | <hid’ ‘hay’ | ‘head’ | ‘had’ | ‘Who’d’ | ‘hood’ | ‘home’ | ‘hawed’ | ‘hod’

F I KEI|IFKB|IFIKE|IFIFKRB|F|E|IF|FKR|F|KBR|F|FK|F|F|F|F

MNS; [509]2400(562|2166|418|2264|611|2041|774]1903|534|1749|610[1919|630{1885]994|1784|797|1619

MNS, [345]2283|528]1910(385]2179(691]|1919|746]1924|528(1546|868|1931|870[1895|871]|1793|955[1661

MNS; [276]2366(487|2134|359|2548(698|2055|850(1933|385|1016|642|1635|549[1195|773|1289]|939]1269

MNS, [313]2506(378]|2319(465|2106(532|2008|743|1728|354[1706]412|1291|539]1402|541]|1905|715|1444

MNS; [440(2458(390|2082({320(2391|510]|2035|821|1864|282[1638|624|1685|644|1254|689|1842|594|1320

MNS; [546]2605[640|1890({448|2157|576]|1671|715[1514|411[1260[558|1582|675|1754|761|1753|769(1386

MNS, [374]2331|387|2187]462|2201(621|1891]{906]1700|459]1869|645|2266|596|1653(837|1514|766|1615

MNS; [512]2178|571|2213]459|2130(591|1936|815]1864|489|1157|648|1879|581[1385|812|1689|790|1249

MNS, [354]2013(610|2141[433|2103|618]|1796|821]1793|510]1586|639|1689|641|1751(845|1706|816|1433

MNS;([432|2210|591|2158]461|2254|529(1871|793|1785|478|1508|678|1890({691|1687|778[1316|841|1369

Mean [410|2335[514]2120(421)|2233[598]1922|798]1801]443|1504|632|1777]642|1586|790]1659|798|1437

Appendix II
F; and F; of English Vowels Articulated by Female Native Speakers (FNSs)
/i/ in /1/in /e/ in /el in /@/ in /u/ in /u/ in /o/ in /5/in /a/ in

‘heed” | <hid’ ‘hay’ | ‘head’ ‘had> | ‘Who’d’ | ‘hood’ | ‘home’ | “hawed’ | ‘hod’

Fi| Fo |Fi| Fo |Fo| Fo |Fy| By | Fy | Fo |Fr| Fp |[Fi| Fy |Fi| Fp |[Fi| Fy | Fp | F

FNS, |309(2686(650|2017|438]2524|772({2001| 907 {1941|590{1598|657]1739|726|1922|792|1821] 990 |1643

FNS; |644|2085[669|2105]459|2485]769(2029[1001{1982|592{1710|659]1790|794|1978(948|1889|1087|1915

FNS; |298|2891(512|2332(452|2757|734(2147| 865 [2106(423|1113|554]1325|575|1138|803|1221| 935 |1332

FNS,4|416|2300({402|2021|409|2183|563(2058| 857 [1877|383|1459|425]1241|475|1437|814|1440| 691 |1646

FNS5|380(2243(451|2295|477|2062|562(2044[1129]2107|365|1531|446]1254|499|1414(551|1029{1079|1418

FNS |396/2467]|485|1911]451]2249(622[1869| 969 [1623|474|1369|535]1591|589|1245|835|1315| 634 |1579

FNS,|438|2392(575|1993|432]|2310(386(1967| 895 [1724|762|1949|706]1983|621|1356|801|1600| 774 |1627

FNSs |485(2435(547|2045]455|2376(684(1942| 924 [1786(497|1374|647]1427|685|1412|851|1498| 925 |1578

FNS, |413|2158(597|2241|476|2453|644[1973| 891 [1954|419|1325|584|1587|589[1396|824|1579| 963 |1650

FINS10[524|2412|513]2101]435]2210(708|2054| 978 |2103|435]1429|689|1680|579|1314|863|1785| 782 | 1583

Mean [430]2407|540]2106]|448|2361[644/2008| 942 11920]494]|1486/590]1562|613|1461|808]1518] 886 |1597

Appendix III

F; and F;, of English Vowels Articulated by High Proficiency Male Young Speakers
(HMSs)

/i/ in /1/ in /e/in | J/e/in | /e/in | W/in | n/in | Jo/in | /o/in /a/ in
‘heed’ | <hid’ ‘hay’ | ‘head’ | ‘had’ | ‘Who’d’ | <hood’ | ‘home’ | ‘hawed’ | ‘hod’

FElE|FIE|RIE|RIE|FRIE|FR|E|FR|E|FRIE|F|E|F|FR

HMS, |591]2017|579|2082|582|2130|583|1844/605]1818|700]1754|706|1797|536|1906(608|1767| 896 |1741

HMS, [672|2112|528]1906|572|2034|609]1914|617]1956|326|1628|527|1651|720|1924|675|1878| 821 |1553

HMS; [691]1914|510(1841|630{1978|587[1766|597]1926|610]1532|633|1686|702|1930{663|1825| 991 |1747

HMS, [592|2123|592|2003|618|1985|628]1908|731]1922|786|1869|599|1592|757|2035|677|1920| 847 |1784

HMS;5 [898]2390|600{1955|570{1828|554(1781|725]2110|549|1452|743|1813|744|1861|712|1884|1015|1736

HMS, |781]2125|591]2002|584|1983|563[1756|659]1969|792|2075|685|1783|656|1802|719|1903| 843 |1737

HMS, |751]2084|506(1693|670{1968|616]1855|591|1817|565|1703|569|1551|712|1663|799|1838| 954 |1644

HMS; |412(2040(486[1955]561[1971]609(2032|596[1986|623|1719(527]1336|731[1754|552(1450| 877 [1494

HMS, [378|2113|424[1981|602|1778|585[1752|619]1737|622|1516|645|1330[809|1294|653|1426| 866 |1504

HMS,0|604]2758|693]2549|541|2193|581|2138]624(2177|562|1085|608| 959 |716|1671|815|1407| 950 | 1575

Mean |637]2168|551[1997|593]1985|592|1875/636]1942|614|1633]624|1550{708|1784|687|1730| 906 |1652
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F; and F;, of English Vowels Articulated by High Proficiency Female Young Speakers
(HFSs)

/i/ in
‘heed’

N1/ in

/e/ in
Ghay’

/e/ in

/ee/ in

/u/ in
‘who’d’

/vl in

/o/ in
‘home’

/o in

/a/ in

F;

F,

F,

F,

F,

F,

Fi | F

HEFS,

487

2515

606

2426

450

1059

8481239

HFS,

491

2136

668

2074

513

1535

8371550

HFS,

510

2451

652

2148

504

1613

778[1608

HFS,

505

2094

613

2278

736

1800

722|1218

HEFSs

776

2449

540

2362

566

1594

75211940

HFS,

475

2403

598

2006

456

1378

683]1468

HEFS,

473

2043

478

2147

500

1406

700{1903

HFS;

441

2032

593

2117

543

1670

789(1843

HES,

459

2255

576

2227

524

1361

862|1626

HFS;

436

2279

664

2406

472

1415

677(1875

Mean

505

2266

599

2219

526

1483

765(1627

Appendix V

F; and F;, of English Vowels Articulated by Low Proficiency Male Young Speakers
(LMSs)

/i

/in

‘heed’

N1/ in

/e/ in
‘hay’

/e/ in

/ee/ in

/u/ in
‘who’d’

/u/ in

/o/ in
‘home’

/5/ 1n

/a/ in

F,

F,

F

F,

F,

F,

F | F,

LMS,

384

1653

760[1985

468

1269

623|1383

LMS,

424

1833

4421627

455

1473

605]1732

LMS;

397

1665

546|1723

448

1386

549(1593

LMS,

483

1788

572|1834

470

1448

600[1815

LMSs

393

1685]461

514(1528

442

1415

532|1520

LMS,

452

1463

524|1689

445

1393

548|1610

LMS,

410

2155

520(1708

450

1448

585]1721

LMS;

458

1523|431

590(1842

433

1492

576[1663

LMS,

420

1619|455

543|1627

441

1346

551|1646

LMS;

425

1685

5381812

461

1423

571[1628

Mean

425

17071443

555|1738

451

1409

574]1631

Appendix VI

F; and F;, of English Vowels Articulated by Low Proficiency Female Young Speakers
(LFSs)

/il

‘heed’

n

N1/ in

/e/ in
‘hay7

/e/ in

/ee/ in

/u/ in
‘who’d’

/u/ in

/o/ in
‘home’

/5/ In

/a/ in

Fy

F,

F,

F,

F

F,

F | F,

LFS,

538

1640

716

2042

565

1672

79711727

LFS,

572

1890

678

1986

575

1663

812|1683

LFS;

556

1816

683

1977

515

1578

852|1371

LFS,

600

1752

752

1828

608

1794

799|2015

LFS;s

516

1708

658

2001

524

1584

6491556

LFS,

603

1736

617

1760

517

1602

717(1380

LFS,

530

1801

578

1890

514

1479

6891663

LFSs

528

1772

549

2070

504

1572

705/1940

LFS,

496

1895

655

2316

558

1573

774/1849

LFS,,

559

1563

658

1934

540

1621

6991866

Mean

550

1757

654

1980

542

1614

7491705
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A Study of Color Manifestation Abilities of Pigment Glazes
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Abstract

Ceramic books have different openions about the useful quantity of pigment glazes. This study
used the experimental research method to explore: (1) The correlations of color manifestation
abilities and quantity of pigment glazes. (2) The differences of pigment glazes’ quantity in
comparation of glaze formula founding. (3) The suitable quantity and manifestation colors of
pigment glazes. The results are:

1. The correlations of color manifestation abilities and quantity of pigment are: (1) The
beginning Hues are almost the colors of pigment glazes. (2) The quantity of pigment glazes
influences Hues to approximative or contrastive ones. (3) The correlation of manifestative Values
and quantity of pigment glazes is near negative but terminus. (4) The correlation of manifestative
Chromas and quantity of pigment glazes is near positive but terminus.

2. The sort what quantity of pigment glazes influnces glaze formula founding is: Cr,0;, TiO,,
CuO, SnO,, CuCOs, MnO,, ZrSi04, Fe,03, and CoO.

3. The suitable quantity and manifestation colors of pigment glazes are (“pigment glazes,
quantity, PCCS Hues, Value, Chroma ): (1)Fe,Os, 5-7%, 7:ry, 6.5-5.5, 3-5S. (2) CuCO;, 2-5%,
13:bG , 6.5-5.5, 4-5S. (3) CuO, 2-5%, 14:BG, 5.5-4.5, 5-6S. (4) CoO, 0.9-4.3%, 17:B, 4.5-2.5, 5-8S.
(5) MnO,, 6-10%, 4:Ro, 5.5-4.5, 3-5S. (6) Cr,0;, 2-4%, 12:G, 6.5, 2-3S. (7) SnO,, 6-10%,W, 8.5-9.5,
1S. (8) TiOy, 5-6%, W, 9.5, 18S. (9) ZrSiOy, 8-12%, W, 9.5, 18S.

The suggestions are to explore : (1) the reasons why quantity of pigment glazes influnces glaze

formula founding, (2) the reasons why quantity of pigment glazes influences Hue.

Key words: Glaze; Pigment ; Ability of Color Manifestation.



PRI L o]V B e T 23

pﬁ;ﬁgﬁ;gljﬁﬂgp@;jFmﬁrgjﬂr J“:—ZEELIFLJI/H: P2y e D8 o WP T B e
R~ (IS R B i B (e R s #ffkﬁﬁn%ﬁ[i’é‘ﬁu%ﬁﬁ o
Fﬁ’“ﬁﬁ\ﬁﬁ‘  PISTRYRREE B SRR 18 S (R N 920 JUREREIE S AT

IR PRABETEE T A R R B SRR 2 AR

Wﬁ@ﬁ%%rivﬁgfﬁ[jﬁ g 1 WﬁﬁwﬁﬁﬁﬂﬁﬁmjafrjﬁT
F{‘ B U OS54 ¢ (RSR[5 AR B ORIy I REERP CAE A YA

F[Ju%fﬁ% P El J Jﬂ%%*ﬁ Eﬁﬁ&'lﬁ‘ﬁ HlEd e mjpﬁ' E'Eﬂfﬁ@? @!%‘ji?ﬁ ﬁ'fﬂ Eljf\
fﬁﬁﬁéiayﬁﬁ$ﬁf*@§ [ R PEAARL | A BB P [ o] - = S 2 S(Fe0s) ~ Birfsi
(CuCO;)Z2 3 [“Ei(Cu0) ~ & [*Fi(Co0) ~ = 8 5 (MnO2) » = 3 {72 G5(Cra0s) ~ = & ["5(SnO,) »
Y %(TlOz) F/E&‘:Fk(ZrSlOz;)w [/@ELIFJ JJE@TJIE"'j F ° DE’FE'[{IJ YT ?”F'i—" W%Fﬁﬁf{ Slvali
grengs ] oy £ 1 RIB RS I B AR ﬁ“‘ﬁf JpEl i_g[?ﬁ/%g%f‘m*@‘ﬁiﬂlm SUHNE Y
? H g l’jﬁil’\’ﬂ‘” eh o BERE A ﬁh%y VRN PR R s - 1 B

S PECAAR o PR B VRSB ST IR B B PUUS  Be bR Al
I‘D?ﬁl*ﬁ#f%%[ﬁlﬂ B R A R BERT R

F“ BRI PRLY FHEL -
aﬁﬁ“ﬁﬁﬁ R SRR T AR -

2. Pﬂlq IRIBE bt VAR B YR U o 1 -

3. H*ﬁF'I%E ﬁm{wiﬁiﬁﬁﬁﬁgﬁﬂﬁ%

ﬁ' (RGA P P S -

: ﬁ FIRIBE R 0 = &[T B (FeyOs) ~ R PR i (CuCO5) = & [~ £fif (CuO) ~ # l'"‘ﬁ?“l
mw)_yrhmmgg$¢:%©w94$w%®@wgyﬁﬁmmrﬁ@
5?7(er104)% OB R = f RUREE AT ﬁ'%%‘l‘_i ? ( }ﬁlféﬁ ? F‘i{ﬁ'%% ? T?FE'ET% ? M
%E?'WEQW}W%F@@E9>

2. HEIREE R CRITR L SRR R B A 2

3. ﬁJF' GE Iy F' PPELE IR T EREREY R AR 1%V B AR 0 1) 1%

[ORHEE > FREZ RFET PSR Rl SR [ S (CoOR F TR h i &l

0.1%f = I fifl 0.2 Fu 2 Ak |7fﬁ (Gl S/IDR (ﬁ“fr'ﬁ” '[%Jﬂ‘ A4 1) 1200C ~
S 2 100°C ~ S £ ] [ 100 CF”’*’?/I?*?'@ B vy
R [ﬁ‘f‘hlﬁ ?

4, ﬁj [HliBEE « @JF] i?ﬁ'&?’[‘ﬁiﬁ‘ » B SRR e s R e ,i_l PRE AR EFE S PR
A== i 2

5. HiH IR VRIS DA BRI - W SRR O VTR - SR 2D
FFRAIEREF IR
(1) Aty + SERIET o ANGIRISED A2 FOR =S [ LI « DRl 3 S i
TR 5] ¢ SERET ~ VISR PR SIS SR R IR S



24 B[RS N R

(2) B e ilﬁli@ﬁl%%&m FE IR PR o [ SURIEuRY (5] 0 2R g (P USRS
SN R R y, N TR IR e
(3) e [ﬂt’muw fjﬁ%ﬁ;%g VIR BRI B 1 pOgS o TR S T
“I#fi(Hue) ~ P54 (Brilliance or Value)fifi ~ %} (Chroma)fffi .
€)) u [1‘/—‘ BE f’[ﬁfc IF”C TR S P ﬁfr%";&’%’i I‘E‘]’ ﬁ}[%h—T TR > I Iﬁf i
f‘c SRR~ EPEES IR o PR TR i?p“l ”F'Fﬁfﬁé@ L= Ui
Fl‘ﬂ}c AE o B4R 17V BEAITE (saturation) o I CURJIVIEIE ~ <R
ET ST o
oo s
R AR Fg’%yﬁmﬁw B R
v%%%pﬁﬁ’?ﬂ%ﬁ%ﬁgﬁ t /[jgs(j%q,jgj“ HFE!E B
C B (N4 BB 1230 {00
¢?}§;¢y P B s - [ Ejyfvpfgpj Bl CEr125) g1 -
F 1 Fl- (N 74) FEVRIEEL vk R IE

g ﬁ;’ VRIED (%)

1 $802-50 £507,2-5 £ 1-4

At & 2-4 > &l 2-5

i 5055

i[5 CRUFO 0.5-3 - 8 10-15 - S+ (M) 2+1-3-5
Pl 59438 » £ 4-10 0 527 » 4 1-3

K S 34742 0 i 6-18

(EHEESE oM s - AR OB S L [ e o
TS o iy 2B PR v HOR o

g | (AR
g [
g

g

1 - (74 R 7ok ELRIBE B TR JDE'IEJ%%[;

%’Jﬁllp (N 81) [HE:EF » :’1"?° Tid™ s AR

(B BRI R e Y e rﬁ—ﬁlﬁiiﬁ’ﬁtﬁﬁlcﬁai PUARURYEE | (FI84) Tk
PSR RUE BT T R R CF 84 ﬁJE'Ja@ VERRIEIR ) (F1 87) 37 B
EAR YRR TSR I e S (AR F[EJ’p"‘é%&ﬂEJZ/D[Fs‘%?f o



R | <] L RS ) R 25

AR~ PRI (N 81) » BRI © {10 i -
PRI SURIRIE /O = D AT - e - A [ ST ETRIIOE R CFr 90~ Tl
E"JE[@%L‘U:?ELQ@ SR ﬁﬁr”fF CEAF S CEr 490 TR T BRI R 5% 0 F 2R
AP IRIEEE ] 15% 5 CRr 530~ T RERRHVET— R BIRA” <1 > % 1100°CT | e o
ey CF193) e ZHTRYRE I priRae U Rk o [EHASPEISA() TR E S PRI 2 5 AT
Eﬁﬁr&l, P EEQ2) TAERT ) PRPVRR T HO) ”;‘ﬁpiﬂ@ kOB IR 2 F'ﬂ/ r
TR ) BIET > S PSII) TER T (5) RIS R (6) TE RS S
e %}%«FT

C (G ) g (AR G
o e
,Jj 0

HIE gt

[‘F{Ilz ﬁi%g@l?”?%yp (,E\J 81 ) g"t'r%ﬁ[zﬁ"y < [“;—'Ti?‘f JI:I%‘I' b};::{£llﬁ[JrT:J

pa -~ BRET (N 82) ) [T & Flj‘—“ T o
[ SERE R B | R ASTE o ks T Eﬁ»yﬁﬂ5'[;[\?[1/;5;%_[3,???,,{@{ L CFL 450> S (el
TR IR o 2 R
SO %‘“?F'EJJF}J EENERICE fij&zﬁ‘ﬁ“&ﬁ%ﬂ?' .
et S E VIR S IR T DT L% o (R TR - SRR [ -
I g ATIPOTRI  RERIF BRI R RS (F1 67 B v
VRO 1 67) D1k 2 - [EHESt B4 B SRR A7) (IR S pag

|
B o RS e o PR PRI I > 2ok WA RS -

%2 FIPIP) (N 82) RELE Ul R pE!

B %EIHI’?W (%) [ % &5
] 2-5 7 FE)
ERTT 2-5 7 FE)
s 2-4 1#\
it ) 2-5 EA
& 0.5-5 B
&t GRUFL 0.5-3 i
& 10-15 i
¥ 3-8 Fi
il 4-10 [l
5t 1-8 q
& 7 &
& 2




26 Ef[IFFEAERERGE L Y ERSHE

* o SIRE(N 82) [T & il d’l?’?

ST R e T éﬁ i~ S~ TR P SR S E T LR JCFI103)
I Enl ?Jc“lﬂdlﬁfﬁ RN 2R S BEUPRIER L JCEI103)° r‘j%‘%ﬁﬁﬁé ng“;a [Pt LR

:7w%ﬂﬁgmﬁﬁ%Wﬁ@J(@1MJ (HEig - gy o @%uéfﬂ 91 s T@i%W?TEM
IJE’diP Tl Iﬁ:ﬂ@'?‘:f\_kr'r e ﬁ[ﬁr& T:,J[, %[3 » T I’Llj%/f%?[_uiﬂjﬁf_“ A

g | (CAERE)
] TJ
_JJ
M El
A3 i%&wszw FLREE o E‘F’TLE'FUF%JI:
=~ BREBRL (X 83) 0 [HEF I - F [ O
(=8 V] (B R E\JFFUI_ IEFR PR - AR VR RN A ) CRL 137 SHRYAY

= c‘rmjggcﬁ'rﬁ:*ppawéﬁﬁ ; ¢?ii"’% 5] o

 EUIETRC 88) BN RS FYERIALE o £t D
(B AF AR BRI PR (LSS SRS ETES st s [TRALERIR Tl B
B SR CRILD BN IR P o ok SRS

Jus & (N 88) > OFHIFVALE il B "“@@A}Fﬁ .
(BRI F 4% @%mﬁﬁ%-?ﬂ@ Hm ORI #E ??ﬁi A R Sl 4 L)
o B EURRAFE PR o B P - - B

1~ TFRE N 90) > PERIEIE Y o 7305 05

lﬁfv{ﬁﬁh%&ﬁ‘y AR AT | ﬁ{;t N P TS R ;@HJ@_{H%‘J \—Fﬂl VBT
FEESE S CFr 21y (3 Wf‘{lgr ] L%"%EF‘J SRS (F1 84-114) » EIERRYZE N - 0%
[EpfeAs T -

- 2@E (N 92) HEEEFmY - gkt JY
(e SRR 2T A SR JL‘E'?%EI*E‘?%'F”TUL ik 3 - [EHBE LR
%;ﬁfﬁpéiﬁ‘g@f[%ﬁ%lﬁﬁuk 27 ffﬁ[p g lﬂ[f A 4 A8y El]FE %gmﬁﬁff}ﬁjéf. o

3 I (N 92) S SV IR BN

fh i MBI
& 25 | 4 F
(R ’FU’:) 10-15 | #
J I 2‘4 f[l
S )| 2-5 i
SHGEURUZD| 0.5-3 | &

i 3-8 Fi

o

\

\

K@
ﬂr

T




R [l B i ] T

27

i 0.5-5 ®
& 1-8 | 71
il 4-10| 1
48l 2-5 |
5] 1-8 | Fike
(G ERL
i IE

~ PRI (93) 0 IWZRUBERTS 0 10 £] 30 FIRF
http://home.pchome.com.tw/life/chiencheng lin/main9.htm -

(B 1 ORIV RTE s I oot -

LS8 SRR e .g@ VA i PR R B R

& o

2. F([H(CuO) * ELRI I A RO o

3. S [RER(CuOy) « FEY TRl F AR S AR (B SRR

4. F[g R Haﬁ‘ ]

5. &f" *F‘[: FRAREI T U] o SRR (R R RS R R EE TR e

6. & [ E(Fe;05) - 4 S RIRT o RN B % £ AR aﬁur*ﬁc A" TR
Rl PR~ ST S RURU R &

7. (" [AEI(Fe;0q) ¢ A EYERELT > HSRIER S H A -

8. E[UHE RIS~ AFCIAET SR o

9. RIS SURELS -

10. &577;: f’ﬂ%]’“‘ﬁf“% (88 > T (EERSMEII |15 R o

EI f i | e mjfxﬁp iﬁg@%ﬁﬁﬁﬁgﬁg{fyﬁl . ?\ﬁpﬁ'&?gﬁc‘[ Jpjﬁerg[ﬂ:
CPINEIERA R (XN 94) > WWRIEE CVRIEE TR - 1 E 20 EIRED

http //museum.gl.ntu.edu.tw/game/ceramic03.html °
F?Z?ﬁf}fﬁ?if@ SRR PRI 4 (R E PSR R YRR RIS SRR e
SR

‘%‘:o

F4 [ NEYTTER B (N 94) RELE SR VR

0
i 1-20 ERTRREL ?*’E%‘ Bk PR T RS L A
%ﬁ'ﬁ N
&t 0.5-10 AN e SR
O R TS S Mw%ﬂ'ﬂ VET R
& 3-40 LA A fé.ﬂﬂ EJJTE:@E
éﬁ 0.1-10 R N I ﬁ:ﬁﬂ ‘ﬁ S5 R TR
/'IL%"—
‘%’l :FE[I ~ 7]‘%: ~ ?“[ 3}:’: SRS 7}%‘“ C'[Iﬁwdﬂj\%i
5 A B EPNEE T




28 e R -

l@
AM Q
:ELL

PIN TR ’Fﬁi[%@ﬁ a1 T2 iﬁf I ﬁﬁf’h‘;ﬂ;‘f[%%‘ = @[Tﬁﬁ?
sl FE% sk~ TR I ) ~ T Grove 245 12| 2 F ~"UMI Pro Quest Digital Dissertations |
PRl }g‘[ AT P4 [ 5D Emel'yanov (2000) - Levitskii (2003) Romanyuk and
Moroz (1981) * Nicholas (1999) - Kovner, etc (1993) » [E! % E5H1— Flieh1 = f ~ RISESSN {5~ f]]

lmaﬁ 8 TRl G I IS e SR [ SRR ]2 S I S [
%
2}3‘132”;’;‘25.

RGP R B RN TR | AP R AR R S
] *W“ﬂWﬁEWJH“T@&mﬂw%&%wwﬁiﬁﬁrﬁ’%l%ﬁ[@LWW%

SIS /Uﬁmﬁfﬁb g Fkt
Lo SP) R AT R T YRR VRIS O -
2. "g‘;{f‘aﬁw’% %Jﬁ?p@;;;w o
3. ERFLEERFLL S T E IR T 50% T E (TR T1)(S102)30% ~ WRPRES

(CaCO3)10% [ (Mn0,)10% ~ 4+ 5% -
4. Ve AR '%ﬁﬁﬁ%’ﬁig%iﬁ’ipéi .
5. SR VR D = ST E(Fer05) » BeAE(CuCO:) P & [ZE(CuO) ~ & [75i(Co0) ~ = &
,“A\ﬁ(Mnoz) S yr,(Cr203) » SN0, ~ T E [TER(TIO)) - ’]i”/pﬁ%k(ZrSiOQ
S URPENE R R 1RRVEER > T 1S AR R PR—1% -
2% > 3% 4% ~ 5% ~ 6%....... 25% ([ [“F(CoO)RF I EI &l 0.1%f9E==F » ']
@ 02 ua,fﬂ&gl{r, (A R H:g[ ) NH] RAp %L%Z?’S;E%Eﬁj o
g o
};szw;u% o
ffwﬁc B 2T RS SV AR - PR TR i (ggc‘qﬁ:f}})
ﬁ?“ E VRIS SRR BRI o AR B VIR < Iié*?ijﬁﬁpéiﬁm%ﬁ’%ﬁ o
10. 561 B BN T I urjm AR CEANRR 2 FATRE 2 TR ? AR
g ? ﬁ‘)}ﬁ'r—ﬁ%ﬁq@@ié 20
11. Pﬂﬁﬁ«‘ YRR A R
12. Pﬂﬁ H LB BT B YRR TR o I
13. 4 E“ﬁ“%@ﬁlﬁ“ﬁﬁr' VIR SRR BRI R RS R s
FIJ?&W@W AR WA R EE D B V] S RV I CVRIEVER ST
%%%%%@@%W%‘ﬁﬁ@?mﬁﬁﬁ%ngﬁgo
Fr;r;gﬁj SURIE R R S BRSSO S e ,{—dFPj[t ﬁ‘rﬁ@“ HI - 0]
YR priptEE - Sog il mEm %Lk LEIpES (1200°C ) 360 #STR > [0 2] RS (XS0 5 204
Wi IR RS T tq,ﬁf[gﬂ’ EES ;_f;azfpw&wz&zfp
PR RG] | hmjai%n RO e & F R » k- IR W - PR
FTJ‘E‘*EIJ PR AR PR S EEEIIE H AR - ﬁﬁfﬁmuﬁ%&—ﬁlﬁ“ﬁﬁ VI

> =2



PRI [ L B S ] R 29

_

B SR Y SRV CRHR0Z 517 8(Fei05) - BPHCUCOE 5 i
(CuO)~ Fif %FL(COO) CDETEMNO) s S (TS F(Cr203) S TH(Sn0O,) ~ = 4 [THR(TIO,)
TIPEREASI0NS TPHAT KR HEE D5 "8 PR 258 590 5 5
(P8R [ SISV o PIELHTRTERR - | W%Iﬁﬁ’ l%fué%y* FLRERRICY (Y
WHFE3) H) EB«E&‘ R B vk Bt s o FJS"?:JUQEIE I#ﬁm“’ﬂiﬁf”*f O

94+ B ERIER 4 R A P B VR (S S 2 5k tfjifﬁu:w G
PG R ST PR Y > - AT R 1200C S ~ & Eﬂjﬂ& 100°C ~ ikl
5 o3~ B PRI 100°C YRSy o WRIVIR AL TuF [ = 2 PV ] o — AT RIR B

LR 1230°C o (RIS ¢ Wf%@ﬁ?%%ﬁﬁjﬂ/?ﬁl}@r e 4\5??5' Eﬁ ’EEIJ
[ R R TR | [R5 o e PR I B YV © SIS
’ﬁﬁz%ﬁ?&iﬁ,\l P A VSR = 1200°C A R ENW PG AR o SRR Tk
AU SRR T F SO AT 1) 1200 5 £
oLl i F IR J/*%Wl?*ﬁ FILES 15h B i P T L

‘4:’7121“ Bl F U e 2o RLRET AR RS R RN U e R ﬂlﬁ?‘ﬁf’ﬁiﬁﬁ
Fo J * Munsell Z&755538 ~ Tttan Fe 153K ~ Ostwald F &1 57558 ~ NCS Z 15573 ~ [ 12 e
F“ﬂ" B R, AR =k ((Practical Color Co-ordinate System, PCCS) > f[ Jliz‘*ﬂﬂ’ |EE[IJH/‘ RliFjpy
A ‘ﬁ;[’”ﬂﬁt# SV STRE AR + £ 5T e
R S R HPB T R R
Rl SR s |fﬁ$‘ﬁ<ﬂ i e o ’ﬁ%ﬁ?ﬁ U D f TR |iﬁ P s DA e,
@&@-:,MCCSM R PRIV o TR ] PCCS et LBy - i
¢Wﬁ*l/§§c‘n’[ﬁtjjpfjiﬁﬂj U

1. <l ) PCCS 7 24 SR A ©

2. B }PCCS FOE LI 1 R PR [ ST RISE 2.4 2 3.5 4.5

55-~65~75~85 ’ﬁﬁ FIE| Iﬁtl[\ Frekl 9.5 %AV o
3. - IJPCCS 7% [ 1S Ebded (K77 > A2 18I - (e 7/8A 8 Bpf FL 1S~ 2S
3S......<: _rﬁﬁﬁ BEAICR, > '] 9S &V o

N LR

C B OIS T R ) S TATER
(=) I3 *’T‘E‘Eﬁf‘]‘ﬁ i

B RIS 7 BP0 1B €51 EUMR RIS - SOl 9%0 )™ I -
L SR SR PCCS)I T S (7o) ) 5 IR 2] 10%R] - S
BEL[SPL - R riuvw AR (4RO) ﬁ VR 19%E3*] » AR g E A Ay (S
B Ry 7 S BG)J B (4 92 )BIA PRI e & R I S S 8(Fe,05)
puf{lf_% HE4T, 2% 5%’,«;MEJ°WE‘* FF R BREE L SE AR -

(EBURUE Y ﬁ“?‘i o ;@(Fezogﬂlifﬂp = RS 10%= 15% » i I B <Y
L T r%flaﬁs R M EE A [ RAREL S PR s - 3



30 Bl ERE 0 bV B

4Jqﬂ]u'—l/r;g_ Ep&osl[fg@{ﬁpii;@ﬁr 20%]°] b » B ﬂﬂlF'LJ’?‘EEl@ggiﬁ%@ ]?dl'*‘?f
SO T PR RY T TR I  FERLIE S B R -
) F‘FJ@M’?*—*—ITJFFU

[ IS 3 (P, 09I RIS LV RIEE » 1) Opip 4 73

9
8

7

P s

fifr 4

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
F MR
4 E VR ST (P 0a)if TR (] ~I/Fﬁ|'ﬁ
~ AR (SR S F T B(Fea0u)fi TETE (VAR ST IR
ST UEp~ BB SIS0 OB S RN T RS i
BRI > P78 0 SRR AR - [y A B 13%0 > P8 R 2] ,’5%@ 1 -
(=) #HEJ) #’?EEFJ‘FPU
R S S(FeOs)If IENE @j/%%l’ﬁ? U S
10
9
8
7
% 6
%S
By

1 23 45 6 7 8 91011 121314 151617 1819 2021 22 23 24 25
ﬁf’l’?ﬂ] &1 (%)

S [ 5[ SFe0F IEIER)S 1. BT



PR vl L B S R 31

B A BEONMIAIRI N - FAHA)8 L [ULFS L - 5950 5%
= TH[ONF RN - R4 [T 4S 0 A F&fgﬁﬁgpﬁﬁc[ > IR [ R R RS
v &F't"ﬂ'lﬁﬂ TR PEHER HE 12%H - /@ £ =] 9S FFifif - %vpﬁ'*uL 10%@ BIelfd
SHLTULBRAIORET T > T~ B RO RE S BBV RIS Tl £ 10% )

() @ﬁ”ﬁiﬁl’@%ﬁu
F IR VRS ST S(FeOs)F []’J‘%Eﬁjjlféi QRIS o IJZE il 1 USSR (R
E{A‘Jp—tlﬂ 19 2% > 3% > 4% > 5% > 6%..... 25% S FOBEH P2 » FFPEHR I R AL 5%
= 7% > F[ FPPEH TRB 6.5 ~ 4s\iﬁ‘J“ﬂ“IE[F[JFU(¢r;F§j:;[T> Er\ , ¥, EJ?T&E ["":LFFF#IYFQ
B
I B ORISR S B R i?ﬁ%ﬁ]‘ﬁ%
BRI T

E ERIRESR(CuCO) i &l 751 o PER AR ¢ YRR 10% 5553

OB 10% (230 1) o B enpren) 4 1@ ##( PCCS)fi rﬁ? FUHA(13:0G) | 1%
Fb') PIE - BT (16:gB) o [y < o F 1 UL ARRT & HHFIPERE 21%
(fl) I FEJJE FHEIPE ol (3 g - e (N 92) %mﬁ%ﬁl%?};ﬁ?’d/ E}fﬁ’::ﬁ LR ]
BRE(CuCO TR IRl — 4845 2% 5% » BRIt 2 iR« it 21 5790 ¢rPJI
FRERATRT o PITUTRETR T S 250 HAge VFE‘HF‘ ST T F ECEE
E A EREEE 2 B (YT R ) A P T (R f;ﬁﬁ VERIEY -
(=) P 5}??5'3?]‘%%
ORISR CuCO)IIR PE S i [/Ffill T TUPER 6 T o

8

7k

6 F

5
P
o4

e

fift
?437

' N

12 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B R (%)

o I ISR CuCO R RIS L R

~ Jﬂ@t"z‘yﬁ#jéf%ﬁj(CuCogwiL_wb CEEE (ALY § il ’H‘F@FU fi JE ] gj[ﬂ?{ o —H
Eﬁ F'F@Iﬂ EER h BX ILJ;%FASF ) FJ TRIPEEE 13%Eﬁ FIF@];EJEIJ\_ ] @ﬁlt\gg’!—ﬁ” 1 [;E[ - 5 1)

P O AT 7 » PSP [ RO 2% % ) PIR 6.5 % 5.5 EJE&FHO



(9]
()
u@l
Mj
:E%

28 0 MY EGEE

G)W@ﬁﬁﬁﬁﬁ
B MBI CUCO TSI I U7

10

*

=

N N N N N N N N o A~ a = "
\g \g \g \g \g \g \g \g 2 <> * * *

=

&
N W A Ll O 0o O
3

Ju—

o

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
BRI IEN (%)

7 b VRIS CuCOIF IE 38 L Rl

RIS CuCO)™ F BT - BIfh 290 - ey 4S PRSI - R

TRGEBIEE < [T 2% %R BN - R [AGEE 4S = 5SS AU - H3 ¢ @?ﬁﬂu

BT CHRERET - ,é IR R 2] 11%Eﬂj B S E] 98 FUTEf - SRS
L?%L-P@{l VHETE o FLSFH -E]m—, Em{upﬁi Uﬁﬁgﬁ s R, 2%% 5%/ o

(Dq);ggaquﬁiﬁ%ﬁﬁﬁﬁFw

FHEL TSR CuCOs) F RN Il 1% Esste s I fill 1 s g i BRI
—1 1% > 2% > 3% > 4% > 5% > 6%......25% S OB RIT A + W PEH TR 2%
S% V] > PR TGRS 6.5 ~ F)E 4S ~ ket pUPHEE I
= OO SR T ATER S
(_‘ ) Elﬁ[j}ﬁéﬁtﬁi‘jﬁ

<] [ S(CuO) 1B e VRS o [ POVl S35 TR < AP A A -
yuﬁﬁpél6%ﬁ””5#%k 6%)(r[)l}m é“%%li:cﬁﬁﬁ4nc[ F)Ag 2R ( PCCS)pY “ﬁ%&
(14:BG) ;I PEl 7% (1) 1) F o Faue@(lS BG) , » iR 1 » i UL ELAT
e 57 - 2 B (5 92) BT RS [%%E’Pw RS - B [ HCuO) I 15 292 3%
B A F? A F%L.[‘g\ SR ,U‘JE‘H?_’FUIZ[‘C?\?%J ﬁ'ﬁ"_ B R (B a0
FEBESTRITED © 2Rl S5 - HRAS P ART Tk 109 F 2ok R R ST
(Z]]:[:—‘E'?F’] CL"I ) l]t [—rﬁlﬂ@ .

(i)FE@iﬁﬁﬁﬁﬁﬁ
IR %fEJ‘(CuO)ﬂJ?*J‘?JJ[[;EIE?FIF iR [/F#EJI' Ll 8

—



[REREE [ VB R 33

P4

K

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B VR I (%)

(P8 L TS [ ER(CuON PRI i1 Rl e
- EFEEL A [TERI(CuO) AL TR (R AR ) fi= TR U o] TROIELE R
F'F@l}il e [ ’FH“‘JJDEI [ V190 - R B KB ™ - P R 2P R 4 (Y 1 i -
F PR pRsE R - IR I HORLIR PR 2% 5% [ PR RIS S5.5 = 4.5
B[ -
() HAATEFI
[ VRS [ SR CuO)IE IR )% @j/%;;[}z T U 9 B -

10

#

w3 oo O

il 4

S =D W

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25

B R I (%)
e e l'“‘éfﬁf(Cuo)?“«ﬁJ’DE"?%@ filr v F%j% [

€1 SR(CuOy € SERIIFORETfi= 12+ VR IES 290 » ATE) SS RS i - BEEE D
BERATSH(CuCORI KRR + 5 20 SYGIEIE » )% (A4 58 = 65 Ul > 1%/
A A T RFTRE R ISR [ R B ] - [T
FELp 2 1190 M@" AR ] 08 [ + 152 BRTELERRIOSIE « ST B R
S o st 2% 5% ] -



34 BRSSP A

() %“"’l‘ﬂﬁiﬁl’@ﬁﬁﬁu

L IR [ SRICUO) (I 1R 16UES 2 [ 1 OS5 30 (4 R op—
A11% 2% ~ 3% ~ 4% ~ 5% ~ 6%..... 25% SV I PRI - TR 2% 5%
VR I EH TP A 4.5 - )5S ?‘ﬂ&cl-m EJFIFJ"”’ﬁEI%}VSFF,J
PY - B e "ffﬁ%?"f%ﬁ'lﬁb" 153 ﬁgﬁﬂ‘]ﬁpu
) “ﬁ'lﬁ'ﬁ?ﬁﬁﬁz‘%

BRI [ 5(Co0)~ [FI) 1 RISIIRETE = 1op TSy AR YR 2304 T

786 A FE Rl [‘H—fapﬁi 3.5%E% 55 E#%J‘ f( el 3.5% (F‘) NI JE;‘IFu'E'i & mpﬁu B
R A8 E3#( PCCS)fy r?r(17 B) | 3fﬁpfs% 3.7% (F') s Bl rf[“ g ugu?‘ (19: pB)J F.J
IR e = T %E?Bf\:?‘ (P Pt en = o (i Pk (2 92) Sy %ﬁlﬁfj'%ﬂw
o] S f“‘%(CoO)FlfﬁrjEﬁpil = R 0.5%% 5% » BTV EAELE R TR r? e r%y
EIE ,E.szplfluqu;v\g:g\lﬁﬁ:fo J[I,jé“— 7 RN 2y > EEEE I T F%rfj (FE) ) puenso
R EREEE () EUHT?.E%

(— ) FEE, mﬁg’ﬁl‘ﬂau

SIS [ S(CoO)IR RIS LV G » el ! 10 7

35

3

lig!
%25
fif

01 03 05 07 09 1.1 13 15 1.7 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
HFEI )

[0 I < 5 (CoON T IR i1 Rl e

AL S (CoO) M RLIHT TREET (Ryak &) fi= /oy puld ] > WHBRAH i
EIEE] 0195 » BSOS (2 4.5 > IR ugLs Fﬁfih’ Fupr Tf’i[lﬁ' (I - P
fﬂ”le‘ 5% A’EI'TK s E] 45%541: FE P fil RS I @{ﬁl%gﬁu 1 ff e F) FIF U pr et
ST U SR S CoO) qa TR 1.1%2 I 1 P g
F135% 24 B[] > PRI 1 (SR



[REREE [ VB R 35

(=) %@;’?ﬁﬁaﬁfﬁ
[ BRI [~ S CoONI PR3/ "8 FY R - ) AT 11 7

10
9

8

#

i

01 03 05 07 09 L1 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49
TFE %)

11 I [ G CoON R %) L I

B evE | “‘ﬁe“(CoO)E'f@Fi?JJEr Rpepe AL 7 b E!rﬂﬁf'%ﬂpﬁ' | E R 0. 1% - A1)

| 4S RSl > BTSRRI o BURLARE ) B VR IBE S R TIfO - A o F R

BB REIYR, o F9ET 0.9%2 4.3%[F R - 7% [IA9EG 68 = 8S B - Bt |

LR ) (ﬁ%%) P e @ liypﬁﬁﬁ' © WiV R L i 4.3%0 W@@TP@,_ 2] 9S iy

TR IR LR AR o RN B GL SHERT poim i S S AN 1R

REER LS R - ‘PH SAAT] I UPEVEER'T) 0.9%% 4.3%ERAHE ] (F)7%
6S ) [N VEL 4.3%0 ) o [0 [ WO EhET <g SR S AR T AR

() %Tﬁ'l‘liﬁi%f@ﬁﬁﬁ?u
F IR R [ GHCOOF TR FI &I 0.19%[10Esk » I fif 0.2 U ag i HR
—10.1% ~ 0.3% ~ 0.5% ~ 0.7% ~ 0.9%..... 4. 9%IFUSEHRIE A - 1k ﬁﬁl};’lﬁ‘%ﬁﬁﬂc
0.9%= 4.3%V[H » 'l )EH TR AY 3.5~ HE TS ?‘ (fF) &1 HJF'FJE'EM 2 ia RN AR
ﬁ‘{ﬂpﬁl’ 4.3%1) o [ RO EE T S R J‘fh?ﬂ o ST g .
I HERD S EE RS0 T’?—Eﬁ‘ﬂ‘]ﬁpu
) ="‘ITE'7'3T’?¥E§JFP%
BRI 5 S (MO LR 255 (ARl e ARS8 < HRE! 5% (1)
Eﬁ o BRI A i R e R AR AR ( PCCS)EY TR (23:RP) 5 ’5 %vpéi 6%= 10% ( F,)
"/FEI R > B rjff'“’”flﬂﬂf""(4 Ro) > PP et [t e B[ PUAERT 1o o IR 10%



36 iy M S v ahion

573 PR 1% (f,) " ””‘%ﬁaclﬁl?“ (16:gB) > [ == i fyFE €1 o BHETE 1
THU&FI*‘\ il F:; AR PEEE 21% ( f,) r "Eﬂj ﬁflﬁﬁ?ﬁﬁj’?ﬁ#ﬂlffﬂ (AR p@&iﬁﬁ?&d
(PP o % PP (X 92) SRR ,%5’71’ E?i?:’zx_ o~ &0 E (MnOz)F'J?‘J"‘JJDE'15
2%= 5% » BECIV SRR TEL r?:“f» SR E ) EE R E RPN TRV PR 9%(“)

Eﬁp Jféfc | |7[~‘Elﬁlﬁ‘ Igpljg{\ﬁ:ﬁp% 10% ( F') N Eﬂjg Jffc ,ﬁ@&pft\a )y G |ﬁ§@ﬂl@_j\ ELE'U
ET T URIE K SN E e ’ﬁ[”ﬁ‘}’?flj['ﬂll_«ﬂ 11% ( f') RS Sy e AV B PE R [~ B
ﬁgjﬁfj?ﬁﬁu"‘l#(IS:BG) o e A B fel AT o
(&) % ﬁ?ﬁﬁgﬂlﬁ

eV T S (MnOy)f RIEE S @I’;Ell'ffﬁ['ﬁ”’: » [T TUPR 12 B e

7

pp 4
w

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1 SR T (%)

ﬁéﬂ'12 B ERZ S B (FeOs) T IR, it ] '/Féfd [

- AP S MODRLET I (RARET) i A L YR 1%
FIF@@"'%65 . Ejl’lﬁl F{ f&ﬁ[l 2045 % s%PJr %gu [ch A F_m =" 2 r*f‘—m =,
PR <38 6.5 = 5.5 IVt ’E‘;}%"Hl“&' ] o /“‘ IR N RPN qﬂ’ﬁlﬁm IF 1 jiﬁ
|J;l’§[q‘~‘< pEBEE] 7% i ) I FEJI‘ FIF| ul]@ﬁ* 45> ”?fv[lgu_iﬂll% i =) T FEH]‘ B
c‘-‘lﬁlﬁliﬁj@%? AR (15:BG) o PHA [l R e R e F[,q‘fj’\ PR 21%EHJ° PE, [l
I SRV i e PR Elflﬁﬁi%l'@ﬁﬁ ’ EJIJE%F'EJ@IMJEWJLI | 2%Z 4% 1 > P
fili |43 6.5 = 5.5 AhfH] -

() #E g
BRI S G (MnO) U B3 fi!a’l;'/ﬁlfdl’%?’: > [T TP 13 e



PRI [ L B SR 37

—_
o

*
*
*

EING
[\®) (9%} N~ wn (o)) ~J o0 O
2
L 2
4

=

—_
T

1 2 3 4 5 6 7 & 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
SRV E (%)

[fi'13 B <V S G (MnO)IF B =) [l FTJ [

He VH*“L L[5 (MnOo) fof ESPURT = 0 AR 7% - E‘Hﬁ-'df‘iﬂ Bl 3% A) PR
PUE) 28 AU i - RS *Jﬁyt&,[%i}ﬁ o ?f‘if*"{li- ?Eﬂ%cl?: 6%1Jf PR R E 3S o [EIpHiT =
E?*]Flfr%ﬁflﬁ“clﬁ'”ﬁ" r””’f% Vg R SRS FLy"M 1] F&?Eﬁ' <
rERE 11% ) I FEﬂj By e [ﬁIﬁAHI ﬁ“’”f[ﬁﬂr"“(4 Ro) | {HUERET if‘%’ g [gu—ﬁ(m gB) |
5’114’%@[1% 58 pufsT o BT Jgu%;H' ,E?{” HEFEE 229%[5 > 7% Fzﬂé 95
AUTEIff > 5 IR Iﬁl%ﬁ%k#ﬁﬁfﬂl o e S w\aﬁggn%ﬁiﬁ% > [EE R A ST

o R BT I TR OB D 4% 6% R - TR fh 3S OB 5 5k
F[JJ‘} 10% ] ™ f Jij’\ﬁp_ ,JE'Q /yl;@ 5S pEE o

(1) K]l

%W'J%I ’ t[ﬁ“ﬁﬁf' VI S (MO VR R 1960l o I 1 0SS Rg
(A = R R—1]] 1% ~ 2% ~ 3% ~ 4% ~ 5% ~ 6%...... 25%Zi L:;;&,;E,P[,LHEE , ?4: ik ﬁﬁflfﬂj
MEHTRL 2% Sl > [T TRAS 5.5 B 28 TR p;g*f/;rsr% I IE
6% 10% ({7) V> FIPEH TIHRAS 4.5~ 7% 48 ~ Sbkaw ) fUpiijasq .

~ B = &t éﬁl‘—} EREge 53 ﬁ%FjF "

) “ﬁ’lﬁ'ﬁ?’f’%@ﬁﬁﬁﬁ

'iiﬁﬁ:}“ yadi L V= S %(Crzogﬁ Ji‘f U[E BEL S Sk Y R s
N g F) R AR PCCS Y T (12:G) 5o (1% B3 (24 92)
ﬁﬂ?ﬁ’f’ﬁﬁ‘%?}%‘ﬁ?@ﬁ TPU L S %H(Crzogp\ﬁf YR~ 4B 2% 4% » B
S e ,tﬁiiwmxﬁr‘ﬁ EALFY (IR AL © HE ) O F TR S
WERISRL YRR 3% - F ﬁ’,ﬁ{ﬁ%}%ﬁﬁﬁ YIEFRFA, ’5 VR ] S%PH - Iz{[g«r;r;gﬁmg&[
}'%F[‘J:T‘?F/J o I[E/\Fﬂ?‘/ﬁlﬂzﬁ%@iiﬁ[f ST S g ,FLyH I %F:F%J’EIE&IJJ iE 9’4 [J,Uﬂi?{f e
i F/(S102)4§Ef£[ F PP [

) P P
B EUHIZ [ SACRONIR IR Y T - 1) 14 e



38 B[l NERER 0 bV B

S
&

1 2 3 4 5 6 7 8 9 1011 12 13 14 15 16 17 18 19 20 21 22 23 24 25
1SRRI (%)

[ o= S8 2 S (CroOs) Vs et 22 (] Vﬁfdln

S yf.(Crzos)?&g“t VRLTS TR (YR en) e lophET ) pu vl ok gt
IR VR B 1% o BEEPOPL I 7.5 B - %‘”\ﬁpéi?ﬂﬂ%fﬁﬂf FH R [ ety
[k o fE! E'Hj"‘?“‘ﬂ[lfg'lFﬁ?ﬁjm@%‘ﬁﬁjﬁ VRS ERIESR  EAN A  AFp R U*ﬁ'«&‘ﬂ v %
Ve 25%Eﬂj‘ P 52 2.4 mk TR 4 £ HW&V%IHJF’E@) A
F Eﬁ'mj Up; ik |;E_”|£§|EE%J‘1 F' j%[%& I PEJRELAF, ]5[ Jﬁ;ﬁ“ﬁl_’ : ) Er‘—"]ﬁﬁﬁpw | |§E_”l Fl I f‘d"{
gl 5%* 8%,V ] » PHR il [ 5.5 ;Tjg«;lt I e IEE'W“?]“JJEE" & 3% E?Jifp
F‘f YRR US> TR (R PRI B 2% 4% > 7Y 6.5 ERIE i -

() HE ﬁ%’-_ﬁ“j];] i
JER e yf[(Crzos)F' J?T‘ NEERE @L”%’%I’{’: i J‘W['qﬁa‘ﬂ 15 B o

9

m

NS

=

|'1|4

=

8
7
6
5
3
2
1
0

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[ PRIV (%)

1S B 2 SHCROIF B % L 7
U e e e AR %ﬂl@ﬁiﬂ&% Hidf o
2061 |2 » B ] 28 0 BV RIS o T R OIRIE 3% o B ﬂflﬁ?ﬁﬁmﬁu’%’@“
HER o YU s RS 0 B SIIEROROR O L IR %0 )



PRI [ L B SR 39

> R SRS = AR R R s [ORLRUR o F IR i o RS TR

EE

() @f"l’iﬁiﬁl’?ﬁéﬁ%

FHRE R = ST ,r,(CrZO3)EI]'#T¥EHj§|E% Yotk > I fil 1 U250 > (AR -
RLP—11% ~ 2% ~ 3% ~ 4% ~ 5% ~ 6%...... 25% S [OBES R 20 > 1 kil AL 2%
Z 4% N B TS 6.5« B 38~ Ak ORI o
-~ H oD & gYEsRs e lﬁu JJJT’?%F]‘FFU
(=) S PR

F VR S ESnO)R IR 25> [ BIRYA S VERERVESR - TR E 14%
Eb73 E#%I![" ﬁ{ el 14% (5 il EN E%&E IY[: SRR 1R AR R ( PCCS)EY TEI(W) A
15% (1) I‘J o B TATRQARP) ) G R RRE R o (L @Jlfﬁ (% [UF) 28
BUTIFE [ SRR R VS RS PRINGE 15% (30 1) R E S G
F%/%Eg?ﬁﬁjpﬂ}ﬁi[ﬂif%\' > (IR F@&Ei&ﬁﬂ“p&fl% B (N 92) Eﬁﬁfj%ﬁl%?{%ﬁ*ﬁ"

%pruL FH S S (SO IR - PR 3% 8% » B CIRIEEL T wE o
FERPERBEEFNE 14% (7)) FINE e BT EIW) 0 CARRVPERAE AR 5 (AP A
PEAARIN - B PRIEE 15% (7)) IR fﬁv‘%‘ AU Q24:RP) ) TIPSR o P
TR ) (R RS
=) F'ﬂ@;?’r’%‘?ﬁﬁw
BRI S TSSO, PR @I'QE’IJ/F%&I'%F TN 16 B e

10

'_"_l

]

j
_H

~3 [ee} O
T

pp 6T
o5

~

iy

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
BV I (%)

16 L el S| ‘:EJ(SnOz)?f‘JDE'E‘”F'F fing A
TSSO MR TETE (VAL FE R o ¢ - (EV VRS 1 2
fﬁ:;s RIS RV A [P b S AR }@F;Qﬁﬁuﬁg%l?"#ﬂ V-~ FJ R PE
B 1% o A e 6.5 V%:i%ﬁ"ﬂac (= o 7R > 2 S A R T FJ TRIENEE] 7%
Eﬁ P il S E S 4 Eﬂﬂj% (o Bl | R AR IJELE@FHJ Pk o LT | i ]



Ny
(e}
L@l
@
:E%L

28 0 MY EGEE

0 o 3, PR ST FSRIES  JERLE T 7% 9%V TE] - P R
9.5 Fm;ﬁg g 2 ?&%?%ﬁ%‘ °
=) %@ﬁfrﬁéﬁﬁ

[ VRIS [ SnO)fF IR R e > BT TORG 17 e e

25

&

—

[ n
¢
¢
¢
¢
LS
¢
LS
¢
¢
¢
¢
LS
¢

\

0.5

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B S I (%)

%[17 B e = & %}(SHOZ)YT Jl:[ﬁl‘&’;ﬁr‘/@]?j [/TA[
Wm“ﬁ B BSOS €1 R B 151 PRI R 2

S - 4%7@4%@&@ 1S - [y = AR IPEETE 15% (1) 1) HE > il C5
i"i‘(24.RP)J AR ;1{17[ Y 28> Igﬂ[ﬂ %Djﬁ&-‘lé_%ﬂ%ﬁlﬂj AR r;;[ J %{)Lﬂ[i}njj
o R I}Elmifcif UIEN 7% 9% o FILE R AR (S 1S VATE IS 5 P Ry
PR o

() S Ty T T

FEE S S G SnOF AT ETRN 1%L o P 1 oS ARG vE R
A1 1% ~ 2% ~ 3% ~ 4% ~ 5% ~ 6%...... 25% VRS R 2 ,{‘Jp ﬁﬁ@r‘%’s Tl 6% =
10% V[ - gl PEE TPRES9.5 ~ %% 1S ~ PIeisf ) URap el .
s BT SRR e )53 FTER
=) ST L

F VR S [ SR(TIO VB & & APAGR (= » VIl 31 B2 AP MRS - S 14
PR VR POCS)IY T EI(W) o [l P (50 92) SGla7 st B v s +
S S [T ER(TIO)R IRL - — 4L 1% 8% > BV el F bl Ty “}El IR Sy
AR « (VDB @ BRI e RSB VDR TS TG R s
G o BRI ﬁ’,ﬁ«‘%[i};m BRI ’E AR IENEE] 13%3J¥ Eg SR Y
TR o BRI PRGN RIS b RO L o 'W?J‘%ﬁi}%’ﬁlﬂﬁlﬁlﬁzﬁ%&?
BRI AR A ARt = 5 SALOSIRE (= alafy > (A DIFl £ sk



[ 4 Y B e 41

ST (IS0 D [ PP [ > ) (s R B P Bt -
(=) F'EJ@;’VF’??ET?%
[ I 0 (ERTIONNVR PRI 2P (Y BT > i) T 18 5 -

9.6

g N .

9 [\
E"j 8.8 / \
1y

8.4

8.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
B SRR (%)
[fi'18 el S l'“xi*(TIOz)?f BN I/rj’ﬂ“l

T ER(TIO) S WTT b ERLR BT (VR ET) TR SR - [ LR R €
FRPHE T B B RL RS R AR o T VRE 196 o PR 8.5 > ey "B T
[ lﬁ'ﬁ VR UEEE] 3% PR IEIE R 9.5 0 LR LR TR o SRR
R G LA ERIF RIS 7% (1) 11 HR PSRRI RO
BRI 'Eil’ﬁi FEE ﬁi” SRR F IR N R I o PIREAYEL 8.5 0 IIp 1
fy rﬁ@ﬁxj’%@ TR e P *,if [ F‘jﬁ]’f@? U RYFR RIS e B R T
FEER ’5 S JDEIJ\_~U 13%) & » H = E[%—EI?‘%B%E[—BF[ J}“}ﬁjglr Jis QT;T%EﬁJE;&[ ftfz\ﬂj
AN %’Elpli%‘*ﬁr‘%'ﬂﬁjﬂﬂ TR IF@@%%@#J% 8.5 TF|E SRR [~ o i, IR

Fuﬁiﬁ%[;@ ~ ,EIUﬁﬁ IF@@F[M%J% IR 4% 6% ] 0 SFE “ﬁﬁ}ﬂj%ﬁrﬁjﬁ = FREIAYISR > [
@17&3“@%[95 TR 1B o

(=) %4@5}*’%%}%%
[ VR S ER(TIO) ij BRI T‘“I F[‘J\}iqugﬁl 19 H75. o



92 BlBPAEEE Vi

1.2

—
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*
*

0.8
g
% 0.6
i

0.4

0.2

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
[ SR (%)
B9 E el S PR (TIO IR PR3 i Y Fﬁ% [

vl T & l’“‘xi*(TiOz)féFE‘iW%ﬁ 1 CHY SR ) e p L i o (R PNEET e e
P NI IR T S [ AR R S 1S o TS R PR E] 7%
(f[)[ B TR PR BESRIE R A SR q\um@u 13%I'] &
e @;ﬁ#@%ﬁﬁmﬁ”*}ﬁlf o BREERC B PEER AR > RIS e L R [ A e FLSF
ﬂ@%@@ﬁ[ R AL JTRLE R RIS 4% 6% i -

) R

fiZ’FfE‘p o R R SR (TIOYF TR LR 1%Lk T2l 1 o e (-
St R Jp—tw 1 1% ~ 2% ~ 3% ~ 4% ~ 5% ~ 6%...... 25% S PSS R 2 Ykl gl i s
rg[f«_4% 6% V[ > TG TPHBES 9.5 ~ B IS ~ Pl fUCEEE

To B ORI S ] IR
(-) cﬁ‘lﬁij}fr’%ﬁﬁﬁﬁ

I SVRIPESHZSIONIN Bl 251 » 4 Y AASAFIA » B1E1 U 4 S
R EVE) A 2R PCCS)Y TEI(W) g [ gk (2 92) sif.ﬂp;gl%;t %ﬁgﬁw :ﬁﬁf_ DR
’ﬁ*”/fl&%(ZrSiO@guf UL — BT 4%% 10% » BEEIRYE AR EL T 1 g ¢Wﬁﬁ7‘"ﬁ'?°
]Eljf [l r:“%%@%ﬁmp Jhtgi/}“g\ﬁjglj{'f%\l ) i_%%ge;gmg;\rfgﬂj ’5]1{ J['E'I—«UB%E;T j/r:“ 1| F‘
g/ﬁéﬂ%ﬁrﬁﬂﬂ%;ﬁ% ,érq:r;ﬁ[w B [ﬁ({%m};ﬁ " pL ﬁ;;u}fsrg\l > [E! |‘FF1]§.J;F4\,§%%[ 'UH"
W@ﬂwﬁﬁ@ﬁmJ*wﬁ?ﬁw'ﬁﬁwﬁﬁmiéfi%mumwﬁ ST R - [y
IJJHI r%\’i,%" [JJJ&M’?’T“ :rn]“’ﬁ/(&oz)J/&MJ[ RSO
=) F‘EJ@N%EEF?IFU

[ RIS ZSIO T PRI LV ij&ll T Y 20 A7



[REREE [ VB R 43

10
9
8
7
] 6
%5
oy
3
2
1
0
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
T VR RN (%)
ﬁ%‘['ZO v /&‘T"‘(erloat)?‘ PEEPE [ F%fdl'%.”:
EHJE" TR (ZrSiO4) B &1 &1 2t R e 2 E’?Ijﬁi@ *"‘J%ETEIH JJ@?‘;F{U%E!’

i ¢?P—‘4’zﬁfy\' THERL T EAVERLP R (RS ) SRR B R - I Flflq‘cjﬁﬁpfg'.
I%Eﬁk F'F@IEIFIE 5.5 flspe IfL_'I FirS R > PR RS E ]:| I | 2k [F JFU%%IEI}F% )
el Nf R 1%fH o [BE) 5.5 FIJFIF@@] F’?ﬁ%ﬁh%ﬂ[ﬁ\ggc e B TR o I P
P A e A IEIJFJE (s PR R ] 8% i ) Tl PR T ERE RGOS
“Jid*i Hprenpo T Ay @y SIREATE 'F”f‘:ﬁ“ T RO RERTRUEED (S -

Tl e @'J’ﬁ/f‘&ﬁﬁ(ZrSIOOﬂEZF‘ | IR OB ] o (S SR R T T

AT Ezé@*ﬁl”ﬁﬁ”"ﬁ*ﬁiﬂlﬁ% ?fl["s"‘ FIL_,IJ23%EJJ‘ T f*f»’lf%\’%%”%’?vﬁlplﬁf‘i'lf' S

R SRR A Y - 3 IJ8% i 0 P PR DRI 9.5 0 i R
l‘ﬁﬂé{’s’x“*ﬁw%ﬁﬁf'?ﬁ’f Eﬁifg P~ I E RIS 23% IR Y« i TP
ﬁﬁ;ﬁ!ﬁrﬁ E'lJﬁﬁF'F@l;!ﬁFl,ﬁ{ﬁp 8%. )fg‘% 12% V] > PP fUHT L 2H 9.5 TFIRIASA |
B o
(=) 9«4@5}%’?%“31%%

R PR (ZeSIOLT VI B F) @I'QEIL'/F.‘;%I'%T’: > [T TP 21 e

1.2
1

0.8
#
% 0.6
i

0.4

0.2

12 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25
4 SR T (%)

{21 [ SRR ZASIONIf IR 7 . R



i

i R -

Ny
Ny
l@l
By
o

JT{

DR > B RIS ZeSIO) PR R R R R PIRIRRRT R
T35 o [ HELE RS 1S - T /@%zil}aﬁﬂﬁﬂﬁ*“iﬂa ’ E'Hfﬂ’riﬁ e
VRO R 8% () 1) o [P e P gnsz~;¢ F SR BRI
B B FHTJJDE,I_,UB%EJT ?%’*%rjugﬁ/ézgwa;&%ﬁ[p@%lp b3t AREr RN B[ 2
BT > Sl AR 1S o HERLIF RIS 8% 12%0/ ] -
() R ety ]

PRI # Il ORISR ZISION F P F1ET 19%F9E=sf - 1) i 1 ’m%?ﬁ”ﬁ
R R 1% ~ 2% ~ 3% ~ 4% ~ 5% ~ 6Y%. ... 25%S OB I A R s
ﬁ[fg 8%= 12% V[ » ' I PEH TPHRES 9.5 ~ B 1S ~ F1enf | fUeiR [YT%J o

TR
lﬁmuglpﬁ ¢’FJIZIM?TL %!‘}l FEYIS
= ORISR R P

L FUGRE A S22 [ R AT
2. 153 I VR PR YRR AT AT 1 5 RSB T R

@—’\
3. B VIR IR RIS B PR I R
4. B SVRIF ORI R R R I W%I

(R Ul s B SR i B SR O R B R RS R
R » TR I~ B RS I ST
()Etﬂﬁwg?lmww%h bt

VIR IRV SRR BRI S o [ IS A 20
o RO TR BT -

%

BRI PR ’FE'FTJI' o G

. ? £ (%
B ] IO
1]213]4]5l6]7(8]o] 1011 12|13]14]15]16]17]18] 192021 | 22|23 |24 | 25
SECIE e )
fFe' oy | FFEOIEGY) AU 4:R0) #/#(15:BG)
23
(CuEC(J)3) ﬁ? CIH(13:DG) f” el JEFFJ(16 gB)
[ 5t ) .
=+ % . < .
(Cu0) FJHEE'&(14.BG) ?J #(15:BG)
*g“ I,DA‘J [ JHU e
. L 2 e
(Co(j #(7:B) & IV (19:pB)
TR FrE | AR EIpss "
o S K A HIRREOT) (16:¢B)
(Mn0O,) | (23:RP) (4:R0)




PR Bk [ ]V BT P 45

1 &
(Cr,03)

#(12:G)

TR
(Sn0,)

FI(W)

5T42(24:RP)

TR
(TiO,)

FI(W)

(L
(rSi0y)

FI(W)

¥ B VRIS E(CoO)F TR ETE! 0.1%19E 5k > T
¥ i #411% ...... 4.9% » I'| [ -

0.1% ~ 0.3% ~ 0.5% ~

HEe @*“ﬁf e
A lHEAER

0.7% ~

0.9% ~

chlc I)FE[%%"T J‘Jﬁ ﬁr[ ’ IZI [}

il 0.2 POEE G v - p—]

Hﬂ*ﬁﬁ_ ffﬂﬁf‘ v?*“hf JDE}*%%EBE[
ﬂ*ﬁiﬁgu ’FE B I RLATT &1 s« S VR R R [@3@@5 SES

El liF, [ ETRE b4 | TR T L S A
6 [ CURRRIE YA AT R B R
| Hrcs 4. | WSS ACCCSR | BREISHT
R eSS OEFE%) | (PCCS R EEI %)
SR S T it T 58(15: 0
Fo0) HIRT SIS (TrY) (El:Ro)(IO%) 7 #(15:BG)(19%)
T e STHYHR(13:bG Fﬁﬁgﬁlﬁfjﬁ i
KE SFEJ‘(CuC 3) r ?:I []E 1\‘5"( ) (16gB)(11%) e
S [“E(Cu0) F#(14:BG) FIA#(15:BG)(7%) =
(~44(Co0 17:B [ o
#75i(Ce0) 71078) (19:pB)(3.7%) -
HeRT A (4R, gy e o
= (5 (MnOy) 7% (23:RP) ' (;1;;,() °) Hs o) (16:gB)(11%)
ZE[CIH . o i
#(12:G =4 =
(Cry05) H :
= S *4H(Sn0y) [ I(W) o A% (24:RP)(15%)
= S (TEKTIOy) W) 2 =
A (Z1Si0,) F1(W) =8 &
Tk 53 M

it oAl o TR SRR B R o )

LGS 3 KASHENE

Hll

75
4

[
Ll

|jmim

i

]

T lﬁf’ﬁj’?’?’ M= S {"FK(TIOy) ~ F/f‘&%"(ZrSlO;; V2 E
e %IC e [ﬁl[‘f T\EI;‘TEJ °

= %?‘(Cl'z()j,)iE Ii‘i ’ : ‘PIJ



46 BISYAERE LY B
2. RV R DY R BT €
iﬁéﬁ*”°Wﬁﬁ@?"lﬁyﬁahcoﬂ?§W”ﬁKMO) $“5H(Co0) BT » B M

Bl 235 BB R B I |50 RIS > OB AR -

3.ﬁmaLmW@ﬁ S LI T B T R
FREEEE IR T T T S [ HA(SnOn R U A > B VR IR SEER - BRI - BT
ﬁW%HﬁF$WwHW”<w*$wﬁPHT»E@*HIwwﬁ@l
VEILENE (R B (> ST C A T < R [ A TS T R R
AR IR ET 1) 2 8 B(Fer0s) » 4 [ (MnOo) R R > B 4 PFERET SN <1 A
R YO S Y R B SRR AL T A 5 PR R R R 2
S B R o B SRR R BT AR (U R ) -
(= )E»ﬁﬁwg?%um%%u

SRS Fﬂ@ﬁﬁﬁ%vﬁﬂ%ﬁﬁﬁ&i7ﬁ?ﬁ°ﬁ$?3? VR
PO > PR T EORREI I BT L SRR % o ST
e~ O 0 - TR R (SR -

—E

—Euu b

KT BRI TR R e

VEIEN(%)
11213]4]5]6]7(8] 9 |10 [11]12]13|14|15]16]17]18]19|20|21|22|23|24 |25

10

#i(Fe,03)
st

(CuCO0s3)

85 |7.5(65(55(45(3.5( 24 1

756555 4.5 3.5 24 1

S et
(CuO)

6.5 |155(45]3.5 24 1

£ [
w5 45 3.5 2.4 1
(Co0)

TR
(MIlOz)

6.5 5.5 4.5 3.5 2.4 1

LI,

= E(D
y}:[(cr203)

7.5 6.5 5.5 4.5 3.5 24

CF (8
(Sn0O»)

6.5 (75|85 95 8.5

< S
(Ti0,)

85 9.5 8.5

(e
(ZI‘SIO4)

55165(7.5]8.5 9.5




(5B SRR PRI
£H=Wﬂﬂffip- = =
EE?rﬂrWﬁ @m@ %ﬁ,wm:ppqug
% Tt R R L o
E

A iy -

=)

;/4 G

g’iﬁ g J%% £

RN TS

g2tk i E < ] U BRSSP 47

8 < &l

PEe

u,_.

R

By B

i

el
o

1R D R S)

v

Vil

%)

10

11

12

13

14

15

16

17

18

19

20

21

22

2312425

=TI
(F6203)

7

8

9

B
(CuCO3)

B
(CuO)

Fi=5
(CoO)

TR
(MI’IOZ)

#aﬂlh: 5:5‘[

(CI‘203)

=R
(nO»)

B s
(TiOy)

IR
(Z1i0,)

B PR E BRI AT A 5 B

L sﬁwww i

%ViJmCm%)ni%F%ﬂﬂo»~%rﬁmcm»\:gww%

(SnO;) ~ HRPEER(CuCO;3) ~ = & (& (MnO;) ~ P/f@%(ZTSIOO =TT B(Fey05) = & ™ ﬁ:F(“(CoO)

F[Lf' @Pﬂﬁf JE

I BYZERA RS 5l S BT L ST 9 A o




48 Bl v

A9 VR BRI R b R PR R

v 1T el (%)
112]3]4]5]6|7]8[9]10[11]12[13]14]15]16]17]18]19]20[21|22[23]24|25

= 72 #i(Fey03) S

REERI(CuCOs) TER ES

4 [~ #i(CuO) HhA | fif

G %(COO) HR
= (" #(MnO,) KB ES:
=R BE(CrO) A T
= 5 "4(Sn0,) ha | 5
CRCETIO) | | %E | K
7{?/@(%(&8104) il | FaE

TR o TR RO T TRA L RSB T L KR

UL B SRS TR BB A SR (ST IR 10 7
10 [ EBIVE I B Y

Iy IR IPE YRR AR B (%)
it 25%!1 | AW | = K
= 5T #E(Fe0,) N
BAESR(CuCOs) 21
S [~ 5(CuO) 11
[ £(Co0) T 4.9%0 | FiE Y
= S [*H(MnO) 21
= ("7 $5(Cr0y) 3 5
~ S [~4H(SnOy) 15
= E[TER(TIO,) 7 13
Tk %(Zr8104) 23

Fol AR 1 1 VR AR A PSSR I - AT B B

L e V?“Jf’wp ﬁé%%ﬁm*}ﬁiﬂ@if%ﬂpw L= 387 FH(Cr0y) * | R ELE 3% - A
RS AR BB ORI RN SR ABFE YR R -

2. WERL R S HENTIO,) 3]<JLIEIL7%Eﬁ R AR B Ry Ry R R
T NERE 13%0 > JBE YRR R AR -
Fl R e @J%l’“‘ﬁﬁf(CuO)’?f’Jﬂfﬁ'%ll%Eﬂj RIS B AR T R -

4. FIEERE CVRT S NS0, o I PENE 1% - R RIS B R A
I -

5. SRESTE VRIS (CuCOs) T 4 [“5(MnOy) » HIRLIF IENE 21%F - Al At
PRI o B B B [ poRie



PR [ Y RS P 49

6. ﬁj\ TR PR YRR [ R /&%(er104) VRO 23%8 0 RICL A
751/ TR L A SFE (ORI o (- R A Iﬁ:ﬂ)ﬁ‘ g ¢ mf”ff S B D
[lPﬁ FOTRPEREE > IED /f‘&%(Zr&O“)% LBV SOH » BT 19 I E G IR
9.5 E'@%L"E““I PRI NE S RO - i b R PR (ZeSTO) R
"EJ ,U\Eﬂjgﬂpﬁ.}%q—_} 9% | i o
7. u&iﬁf‘ @'F G2 BP0 IRl T 25%) )~ & | ,DALFLI(COO)?T RN 4.9%1
o SFARE 2D R PRRIE I Ol
= F 5’!}?‘?’]%?%&1%@@3%1 SFSPUI] T ORI E IR - PCCS S PR
BRI R0 STRIEL (D7 5T 8 ST% T OE - 6.5-5.5 - 3-55 5 ()
5 > 2-5% > A 6.5-5.5 > 4-58 3 (B)F [VET ~ 2-5% ~ bk~ 5.5-4.5~ 568 5 ()3 [T
0.9-4.3% ~ %F‘J ~ 45255885 (5)= S (7 - 6-10% ~ ZfF ~ 5.5-4.5 - 3-5S 5 (6)= S [~C
B > 2% F 6.5 2-38 5 (7)7 578> 6-10% > [128.5:9.5 - 185 (8)7 4 [5F ~ 56% »
F1>9.5 185 (kSR ~ 8-12% ~ [ 1S
BRI R B l} SHUEIRIE iﬁﬂ«"@%“*fﬁ‘ﬁ'mﬁ'J@ T
gl ‘*’EW e o S N R BB 1 B T,

F A1 B CRER P e e R < IS L P

o e FSRIR el (%) | PCCS <iffl | P | 34%(S) =3
i 57 HETCSE | 6555 | 35| F R LR
(Fe:0y) ' A Rl T PR

HRTESRH(CuCO3) 2-5 P& 6.5-55| 4-5
S [~ 4(CuO) 2-5 213 55-45| 56
I’Eﬁ’\ﬁp%' 43%]0 | FE
F[5(Co0) 0.9-4.3 il 4525 58 CRLUR R N e
I;l
Y e
6-10 2k 55-45| 3-5
(MnO,)
SR 2-4 2 65 | 23
(Cr203)
= 5 [4(Sn0y) 6-10 Fi 8.5-9.5 1
= ETEH(TIO,) 5-6 [l 9.5 1
T/ P (ZrSi0y) 8-12 [l 9.5 1

(TR« e J?[%T”ﬂr‘ VRIS > NREEIEL T L SRR AR RL R
ERLEE ) U P U ’Hﬁr PRS- (DI SR I @ BRI PO
()5 iR L <RIPT R IE IR > A SR AR B o (R4 Aot > =1t
3“?@5””%‘@ FIRRT L CVRIBU R B G RRRIT BE (F 9) iy 2T - SRR
AR D E AR (3 8) - RIFpEH ﬁ;‘ VR D S RYARRE < RO (e 6) -
IS R [ T Y




)]
(e}
Uﬁ_"ﬂ
@
:E%L

e R -

(GRS [fmélr%ﬁlﬁ*ﬁkﬁﬁr’ VR R YRR R R
i b U JLIEIEJ%%EIWMW VIR 2R AL A S A B IR ¢ vl
vpg ﬁﬁ%ﬁﬁj%ﬁw SR ujﬁ (S =SOR El?“iﬂau 3% > Rt AR
E'P SYARE I R (ORI o IRIRE SOOI o SRR SRR o pOREE S
PRV PRERIRT o B T %%* B> T B D R TR T B
(RS E | B R ROER LTI RS SAgT ety - PRI -

(5 PPV G PP RRER AL VRSB YRR =1 AR U
WJ@E%[ Iﬁmﬁé Wm?{ & ﬁfﬁc[ﬁl@aﬁ\ S I A EII/I\iPJ:‘:],E'ﬂﬁl;)—FE"IFIU
digh 3 ST @'ﬁ Ui-U- /%EE REWBIAICE B AILRLA EBSPIFIFUSER=p  R 1 » 8R IF?’?xH
37'%3 ? 5% " PR R AR o SR o R P Y JFL%LFF[
nfr’ﬂamka v T “‘*%;gprﬁ:h o

\\\ﬁr

&
7

pull'
hpant

i 53
{I BT 4 A (S 94) » BRIV - 1 %] 20 FIE
http://museum.gl.ntu.edu.tw/game/ceramic03.html °
SUME (S0 88) o PP e R S e fide s
BB (XN 82) AT 2o 'F[F[[ : F[ﬁé’[:ffﬁjﬁi °
Fge— (N 74) [FEFE 1.2.3 - T’}ji: ZEA J&?ﬁ'?}
PR (N92) FRERISEEFERE o ke 1Y -
FRES (5 93) > RIS > 10 £] 30 FIET
http://home.pchome.com.tw/life/chiencheng_lin/main9.htm °
WPRE (N 90) > E’;?E[El.;l’kof[’]“ ,l—:[ﬁ[;il
T (N 88)» FFOALE - {197 Wiw“ﬁWﬂﬁﬁ
F[F'FJF/J (5 82) FlRPH - F"l ﬁw%'é'
THAEHT ~ ([0 (4 81) - FRBRIG/REEE « 170 (™ -
FIUfE (4 81) > 2P FJ“%“ﬂE?%jgﬁi e file s FiE
SIRE (N 82) [T o (F[’I#
FRELRL (N 83 ) [HELFIME - F[J T e

S S5

Emel'yanov, A. N. (2000). A Ceramic Pigment Based on a By-Product of Nickel Production. Glass
and Ceramics, 57(11), pp.387-388.

Kovner, Yu. M. , etc (1993). Chemical resistance of colored glaze frit colored with ferrite

waste. Glass and Ceramics (Historical Archive), 50(3), pp.110-111.

Levitskii, 1. A. (2003). The Effect of Iron Oxides on the Properties and Structure of Glazed Glasses.
Glass and Ceramics, 60(3), pp.111-114.

(=8
e
E%;l.




=G SERVING N D Rl e D

Nicholas, K. L. (1999). Interpreting religious ritual in Magna Graecia: An analysis of the Archaic and
Classical black glaze ceramics from the rural sanctuary at Pantanello (Metaponto) (Doctoral
dissertation, University of California, Los Angeles, 1999). Dissertation Abstracts International,
AAT 9952541.

Romanyuk, A. and Moroz, I. I. (1981). Colored glazes with additions of spent catalysts.Glass and
Ceramics (Historical Archive), 38(12), pp. 639-641.




52 BRI NI MY




B SR S LR g g (¥ ) puREIRRS 53
2005 # > 19(2) » 53-70 "

mea= o (=2 ) PRI
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Abstract
Throughout the history, scholars who investigate Wang bi already make great achievements.
Based on “Lao-zi Zhu,” scholars incorporate Wang bi’s thoughts into Daojia of early Qin or even
metaphysics. Nevertheless, the debate about the connotation of Wang bi’s thought does not quiet
down yet when Wei Jin metaphysicians discuss the topics as “communication of Confucianism and

EE 1Y

Daojia,” “annotation of I-Ching based on Lao-zi’s idea,” “Zi-Jeng and Ming-Giao” and so on.
Moreover, being a thinker who is particular about method and systematic thinking, we believe that
Wang bi is not only an intermediary between Confucianism and Daojia but also enthusiastic to
assume his own character. Therefore, how to properly analyze the connotation of Wang bi’s “Lao-zi
Zhu” becomes an important task.

The researcher employs “thread of thought” as research method in order to present the issues of
Wang bi’s thought vertically but not horizontally as habitually practice in the field. Thus, the issues
discussed are aggregations of ideas with causality but not either-or among issues and categories. The
motive of the thread development is not because of the time succession but the expansion of the
meaning or the permeation into different domains. As mentioned above, this study will explore the
development and connotation of thread of thought in Wang bi’s “Lao-zi Zhu” based on “contradiction

99 ¢¢

of physical phenomenon,” “establishment of ontology,” and “practice of metaphysical rule.”

Keyword: Wang bi ~ Lao zi zhu ~ Wei Jin Xuan Xue (Wei Jin metaphysics) ~ Thread of thought
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Abstract

This study aimed to understand the backgrounds of EFL teachers in elementary schools and to
determine their preferred learning/teaching styles. The study was also designed to find out if there
was any significant difference in learning/teaching styles due to different individual backgrounds.
The related literature was first reviewed to determine a framework for the study. The author
administered two questionnaires (SAS and TAP) on EFL teachers in elementary schools. A total of
514 subjects were included. The principle findings of the study were: the quality of EFL teachers had
to be promoted and the most preferred learning/teaching styles were closure-oriented and judging
types, respectively. Furthermore, there was a significant relationship between preferred styles and

individual backgrounds.

Keywords: Learning Styles, Teaching Styles, English Teachers
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Abstract

John M. Keller (1987a, 1987b) of Florida State University developed an ARCS model that
enhances learning motivation on education. ARCS identifies four essential strategy components for
designing motivating instruction: Attention Strategies, Relevance Strategies, Confidence Strategies
and Satisfaction Strategies.

In view of the symptom of low motivation on learning English which exists from elementary
schools to universities in Taiwan, it is necessary to apply instructional strategies on motivation. The
purpose of this study is to review related literature and to suggest some strategies for stimulating the
motivation based upon Keller’s ARCS model. This study will briefly describe the components of
ARCS model, and will outline some of the ways in which ARCS model may be applied to

instructional design in English classroom.

Keywords: ARCS, motivation, instructional design
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