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Areas of Difficulty
for Japanese Learners of English
in Articulating English Consonants

(Phonetics) Junji ISHII

Experience tells the present writer that most Japanese learners of English will have great
difficulty in producing the English consonants, especially at their initial stage.

Here the present writer tries to compare the sound systems of both Japanese and English.
Hopefully, it can help to know which phonemic oppositions of English are difficult to hear

and articulate. It can also offer implications and suggestions as to teaching materials, teaching
methods, tests, and so forth.
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I. Introduction

The Japanese sound system is the starting point with regard to the process in which Japanese
learners of English may acquire the English sound system. The final point is a stage where the
English sound system coexists with that of Japanese and code switching can take place when-
ever it is necessary. )

On the way from the first point to the final, however, are stages where the learner cannot com-
_ pletely separate one from the other and mixes them up, that is, the English phonemes may be
diaphones of the Japanese phonemes.

In the actual teaching of English pronunciation, there must arise various kinds of external
problems such as the influence of spelling, that of the Japanized pronunciations of borrowed
words from abroad, that of the individual teacher’s models of pronunciation on his students,
and so on.

The greatest difficulty, however, may be due to the following main differences between the
two languages:

(1) English has a stress-timed rhythm, while Japanese has a syllable-timed rhythm. This
difference may be one of the main reasons why Japanese learners find it difficult to hear
and understand English correctly. It is particularly difficult to identify the sounds in
weak syllables.

(2) A syllable in Japanese can be defined as ““a unit with the same length of time”.

So the Japanese /n [ and / ? / are uttered with the same length of time as the other
normal syllables which have the structure of ‘CV’.

(3) Japanese has a pitch accent, either high or low. The change of pitch takes place between
syllables. It never happens within the same syllable. The difference of meaning arises
according to the difference of accent grouping.

Difficulties in aural perception do not necessarily coincide with those in oral production.
As far as the syllabic structure is concerned, Japanese has only three types. Those are expressed
as ‘V’, ‘CV’, and ‘CjV’, except /n/ and /?/. In English, on the other hand, the potential structure
of the monosyllable may be expressed as ‘CCCVS (/j, r, w/) CCCC’. The most typical type is
expressed as ‘CVC’.

Every Japanese syllable except /n, 9/ is an open one, that is, ‘CV’, while the English syllable
is a closed one, that is, ‘CVC’. For this reason, Japanese learners find it difficult to articulate
a final consonant correctly. They tend to pronounce it with an intrusive vowel. It is also difficult
to identify a final consonant whenever it is one of the allophonic variants of a close sound with
no explosion. When the syllabic structures of the two languages are compared, it is obvious that
Japanese learners have great difficulty in producing English consonant clusters, in other words,
they tend to put an intervening vowel after each consonant. For the Japanese learner of English,
it can be a help to compare the sound systems of the two languages.

Here the present writer has dealt with problems associated exclusively with the English con-

sonants.

II. English Consonantal Phonemes
There are twenty-four distinctive phonemes in the RP consonant system. These may be classi-
fied as follows:
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(1) Plosives: /p,b,t,d, k,g/

(2) Affricates: [t, d, *tr, *dr/

(3) Fricatives: /f,v,0,0,s,2, §,5,h/

(4) Nasals: /m, n, n/

(5) Lateral: /1/

(6) Frictionless Continuant: /r/

(7) Semi-Vowels: /w, j/

Note: In practical teaching it may be convenient to treat /tr/ and /dr/ as distinctive affricates
aswell as /tf/ and /d3/. Generally speaking, the Japanese learner finds it most difficult to arti-
culate consonant clusters.

III. Comparison of English and Japanese Consonantal Phonemes
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IV. Contrastive Analysis of English and Japanese Consonantal Phonemes

In Japanese there are eighteen consonantal phonemes, whereas English has twenty-four. There
is no exact one-to-one equivalence in the phonemic area of the two languages. Many of the
English phonemes may be regarded as allophones of each of the Japanese phonemes by the native
speakers of Japanese.

The following is a diagram that shows which of the English consonantal phonemes are regarded
_ as allophones of the Japanese phonemes.

Phonemes Japanese English

/b/ /b/

vl
/9/ /a/

[n/
/d3/ /ds/

13/

b/ /by

Consonants [t/
/s/ /s!

e/

Iz /z/

/8]

13/

It/ It/

n

V. Plosives: /p,b, t,d, k, g/
(1) Bilabial Plosives / p,b /

A. Difficulty

Generally speaking, the Japanese learner of English does not find it very difficult to
articulate the English plosives because he has as many corresponding phonemes. The Japanese
plosives, however, are usually produced with much less or no aspiration at all. This difference
brings about two kinds of difficulty.

One is in the articulation of /p/ in accented initial positions.

e.g. pig [p"1g] — [pig]/[pi’ 9]
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Therefore there is a danger that the native listener may mistake “pig’ for ‘big’.
The other lies in the recognition of final plosives because they often have no audible
explosion.
e.g ‘rope’vs. ‘robe’
‘B. Advice
1. In accented initial positions, the main feature distinguishing /p/ from ]b/ is the aspi-
ration associated with the former.
2. Final plosives often have no audible explosion.
3. When a plosive is followed by another plosive or an affricate within a word or at word
boundaries, there is no intervening sound (either aspiration [ h] or a vowel ).
4. When /p, b/ are followed by /m/, the plosive is released through the nose without an
intervening sound.
5. Long vowels and diphthongs are shorter before /p/ than before /b/.
6. /1/ is shorter before /p/ than before /b/.
7. /m/ is shorter before /p/ than before /b/.
C. Practice
1. Listen and repeat.
/p/ — accented, aspirated:
appear, pain, pin, play, prey, etc.
— with no audible release:
captain, topcoat, wiped, ripe cheese, top boy, etc.
— followed by nasal consonant:
happen, topmost, cheap meat, etc.
— followed by lateral consonant:
apple, couple, please, etc.
/b/ — final, devoiced:
bulb, ebb, rib, sob, etc.
— with no audible release:
object, obtain, rubbed, etc.
— followed by nasal consonant:
ribbon, submerge, etc.
— followed by lateral consonant:
blow, bubble, etc.
2. Listen and identify /p/ or /b/.
cup - cub, peach- beach, pin - bin, post - boast, rope - robe, simple - symbol, etc.
(2) Alveolar Plosives /t, d/
A. Difficulty
The Japanese alveolar plosives are articulated in almost the same way as the English /t,d/.
One difference is that for the Japanese /t, d/, the closure is made between the tip blade and rims
of the tongue and the upper teeth and the alveolar ridge. Another difference is that they have
less aspiration. This is why it is difficult for the Japanese learner of English to pronounce /t/
in accented initial positions.
e.g ten [then] —s[ten]/[ten]
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When /t, d/ come in final positions, it is also difficult to distinguish them.
e.g ‘eight’ vs. ‘aid’
In word initial positions, /d/ is sometimes replaced by /z/, and in word final positions,

by /t/.
e.g draw /drao/ — [zro]/[zUro]
bed /bed/ — [bet]
/t/ is sometimes replaced by /tf/ or /ts/.
e.g. tip /tip/ — [tf1% pu]
twin /twin/ — [tsu18]/ [tsvin]
B. Advice
1. /t, d/ are generally made with the tongue contact just behind the teeth, not on the
teeth.

2. Final plosives often have no audible explosion.
3. In accented initial positions, the main feature distinguishing /t/ from /d/ is the aspi-
ration associated with the former.
4. Long vowels and diphthongs are shorter before /t/ than before /d/.
5. /1] is shorter before /t/ than before /d/.
6. /n/ is shorter before /t/ than before /d/.
7. When a plosive is followed by another plosive or an affricate within a word or at word
boundaries, there is no intervening sound.
8. When /t, d/ are followed by /n/, the plosive is released through the nose, without
an intervening ™1 or vowel.
9. When /t, d/ are followed by /l/, the plosive is released over the sides of the tongue,
without an intervening sound.
C. Practice
1. Listen and repeat.
[t/ — accented, aspirated:
attend, between, obtain, take, tall, etc.
— accented after /s/, unaspirated:
stall, steak, stone, etc.
~  syllabic final:
beat, boat, late, past, sent, etc.
—  with no audible release:
football, outpost, that dog, white chalk, white tie, etc.
— with homorganic lateral release:
atlas, cattle, little, at last, etc.
/d/ — initial, partially devoiced:
date, do, dog, dry, duck, etc.
— intervocalic, voiced:
elder, leader, London, order, under, etc.
—  final, devoiced:
bid, bud, mad, old, road, etc.
—  with no audible release:



8 ATYRSHMERMAREE 6% F28 (1981)

bad pain, bed time, good dog, head boy, red car, etc.
— with homorganic lateral release:
badly, headless, middle, good luck, etc.
2. Listen and identify /t/ or /d/.
bent - bend, metal - medeal, sat - sad, train - drain, tune - dune, etc. .
(3) Velar Plosives /k, 9/
~ A. Difficulty
The Japanese velar plosives are articulated in a very similar way to the articulation of the
English /k, 9/, but with less aspiration. The Japanese /g/ in medial or final positions is often
replaced by /p/.
e.g igi (meaning) /igi/ — [ini]
kagaku (science) /kagaku /— [kapaku]
This linguistic behaviour may make it difficult to pronounce such words as ‘cigar’ and
‘magnificent’. Japanese learners tend to say as follows:
cigar /siga/—>[sipa] / [f1pa]
magnificent /maegnifisnt/ — [meenpnifisnt]
B. Advice
1. Final plosives often have no audible explosion.
2. In accented initial positions, the main feature distinguishing /k/ from /g/ is the aspi-
ration associated with the former.
3. Long vowels and diphthongs are shorter before /k/ than before /g/.
4. /1/ is shorter before /k/ than before /g/.
5. When a plosive is followed by another plosive or an affricate within a word or at word
boundaries, there is no intervening sound.
C. Practice
1. Listen and repeat.
/k/ — accented, aspirated:
car, clean, come, cry, Kin, etc.
— syllabic final:
bank, desk, duck, lack, rock, etc.
— with no audible release:
locked, blackboard, black cat, dark grey, etc.
— followed by lateral consonant:
buckle, clean, close, etc.
/a/ — initial, partially devoiced:
girl, glass, go, grass, guess, etc.
- intervocalic, voiced:
angry, argue, eager, figure, hunger, etc.
— final, devoiced:
dog, leg, vague, etc.
—  with no audible release:
begged, rugby, big chin, big game, etc.
— followed by lateral consonant:
glow, struggle, dog lead, etc.
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2. Listen and idntify /k/ or /g/.
ankle - angle, cap - gap, coat - goat, duck - dug, pick - pig, etc.

VL Affricates: /tf, d3,*tr, *dr/
(1) Palato-Alveolar Affricates /tJ, d3/ .
The Japanese palato-alveolar affricates are articulated in almost the same way as the English
- [tf/ and /d3/ except that the obstacle is formed by a closure between the tip blade and rims of the
tongue and upper alveolar ridge, hard palate and side teeth. There is less aspiration for the
Japanese /t§/ and /d3/.
When the same two consonats occur in succession in word medial positions in Japanese,
the first one is usually replaced by /?/.
e.g. nippon (Japan) — [niz pon]
kitto (certainly) — [ki? to]
This makes it difficult for Japanese larners to pronounce correctly such a cluster as ‘affricate
+ affricate’.
e.g. which cheese /witf tfiz/ — [wr® tfiz]
In addition, Japanese learners have some difficulty in distinguishing /tf/ from /tj/ and also
/d | from /dj/, especially when these are followed by /u/. It is because they have |[tfu] and
[dzu] but not {tju] or [dju] in Japanese. This is why they have a tendency to replace /tj/ by
/t§/ and /dj/ by /d3/.
e.g. (1) /tj/ in word initial positions:
tube /tjub/ — [tfub] /[t fubu]
tulip /tjulip/ — [tfulip]/[tSuri®pu]
Tuesday, tune, tutor, etc.
(2) /tj/ in word medial positions:
attitude /aetitjud/ — [etitfud] /[atfrtfud]
institute /institjut/ — [institfut]/[imnstf1tfut]
aptitude, constitute, latitude, longitude, magnitude, substitute, etc.
(3) /dj/ in word initial positions:
deuce /djus/ — [d3us]
duet /djuet/ — [d3uet]
dew, dual, due, duel, duke, dune, etc.
B. Advice
1. Plosives before an affricate have no audible release but affricates before affricates
keep their full form.
2. /t§/ has the effect of shortening preceding sounds.
3. Distinguish /t§/ from /tj/ and /d3/ from /dj/.
C. Practice
1. Listen and repeat.
[t/ — word initial:
charge, cheer, cheese, chin, choke, etc.
— word medial:
butcher, feature, nature, orchard, richer, etc.
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word final:

catch, coach, inch, much, porch, etc.
word initial:

gin, jar, jerk, Jew, joke, etc.

word medial:

danger, fragile, major, margin, urgent, etc.
word final:

age, edge, large, judge, ridge, etc.

2. Listen and repeat. (Comparison /t§/ - /d3/)

cheer - jeer, chest - jest, chin - gin, choke - joke, choose - Jews, etc.

3. Listen and repeat.

Dutch cheese, large jar, large trees, which chair, etc.

4. Listen and repeat. (Comparison /d3/ - /dj/)

Jew - due/dew, jewel - dual/duel, Jude - dude, juke - duke, June - dune, etc.

(2) Post-Alveolar Affricates / tr, dr /
A. Difficulty
These sequences are very difficult for the Japanese learner to articulate, as is the case
with many other consonant clusters. He often tends to pronounce these clusters with an interven-

ing vowel.

e.g (1) /tr/ — [tsur],when /tr/ is followed by /u/ or /i/:

— 0~ W N =

/t.r

(2

3)

“)

country — [kantsori]

tree — [tsuri]

Jtr] — [tor] , when /tr/ is followed by /a1/, /e1/, /v/, [o/, &/, [€] ot [e/.

try — [torai]

train — [torein]

tradition — {toredifn]/{toradifon]

traffic — [toraefik]

Jdr/ — [dor], when /dx/ is followed by /a1/, o/, [v/, /i, /1], Je/, Ja/,] &/, or [A].
drop — [dornp]/[doro? py]

drum — [doram]/{doramu]

drink — [dorigk] /{doripku ]

drive — {doraiv]/[dorarvu]

/dz/ is also a difficult sequence for the Japanese learner of English to distinguish
from /z/.

e.g. ‘beads’ vs. ‘bees’

. Advice

. [tr, dr/ are articulated with no intervening vowel.

. These sequences do not occur in syllabic final positoins.
.t/ o
. The
. Practice

f /tr/ is devoiced.
tongue contact is more retracted for /tr, dr/ than for /tf, d3/.

Listen and repeat.

[ — word initial:



Areas of Difficulty for Japanese Learners of English
in Articulating English Consonants

11
tree, trend, trick, truck, true, etc.
— word medial:
attract, country, mattress, petrol, poetry, etc.
/dr/ — word initial:
dream, drip, drop, drove, drum, etc.
— word medial:
address, Andrew, hindrance, sundry, etc.
2. Listen and repeat. (Comparison /tr/ - /dr/)
tram - dram, trench - drench, trip - drip, troop - droop, trunk - drunk, try - dry, etc.
3. Listen and repeat. (Comparison /dz/ - [z/)
adds - as, beads - bees, pleads - please, roads - rose, etc.

VILI. Fricatives: / f, v, §,8,s,2, [,3,h/
(1) Labio-Dental Fricatives / f, v/
A. Difficulty
Labio-dental fricatives are nonexistent in Japanese. Therefore great difficulty lies not
only in productuon but also in identification.
When /f/ is followed by /u/ or ju/, the Japanese learner often replaces it by a bilabial
fricative /¢/, an allophone of Japanese /h/.
e.g food [fud/ — [¢ud]/[¢udo]
foot /fut/ — [¢ut]/bulto]
/v/ is also replaced by /b/. Besides, it is extremely difficult to distinguish between them.
e.g ‘very’ vs. ‘bury’/‘berry’
Another problem lies in the distinctive production of /f/ and /h/. The Japanese learner
of English needs a lot of practice in identification as well as in production.
B. Advice
. The place of arriculation is labio-dental, not bilabial.
. Distinguish between /v/ and /b/.
. Distinguish between /f/ and /h/.
. Long vowels and diphthongs are shorter before syllable-final /f/ than before /v/.
. Practice

-y AW =

. Listen and repeat.
/f/ — word initial:
fat, father, feet, fit, photo, etc.
— word medial:
affair, comfort, offer, selfish, suffer, etc.
— word final:
cough, laugh, leaf, loaf, roof, etc.
— in word initial clusters:
few, fly, fry, sphere, etc.
— in word final clusters:
coughs, fifth(s), soften(s, ed), triumph(s), twelfth(s), etc.
[v/ — word initial:
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vain, vast, very, vice, voice, etc.
— word medial:
cover, event, ever, over, silver, etc.
— word final:
dove, give, have, leave, move, etc.
— in word initial clusters:
view
— in word final clusters:
loaves, loved, oven(s), etc.
2. Listen and repeat. (Comparison /f/ - /v/)
fail-vail, fat-vat, few-view, fine-vine,leaf-leave, proof- prove,surface-service,etc..
3. Listen and identify /b/ or /v/.
B/bee - V, beer - veer, bowel - vowel, buy - vie, robe - robe - rove, etc.
4. Listen and repeat. (Comparison /f/ - /hf)
feet-heat, fence-hence, few-hew/hue, fight-height, find-hind, foam-home, etc.
5. Listen and repeat.
(She has got) fair hair., hi-fi, etc.
(2) Dental Fricatives /0, 3/
A. Difficulty
Dental fricatives do not exist in Japanese. Therefore great difficulty lies in perception
as well as in production. When Japanese learners of English pronounce /6/ and /d/, they tend
to replace them by /s/ and /z/. For beginners it seems helpful to let them put out the tongue-
tip through the teeth in the production of dental frictives. It is more difficult to identify /6/ or
/s/ and /8] or z/.
e.g. mouth /mave/— [mauvs]/[mavsu]
they /8e1/ —> [zei]
. Advice
. The point of articulation is dental, not alveolar.
. Long vowels and diphthongs are shorter before syllable-final /6/ than before [5].
. Distinguish between /6/ and /s/ and /3] and /z/.
. Practice

—_ W o=

. Listen and repeat.
/8/ — word initial:
thick, thief, think, thought, thumb, etc.
— word medial:
athletic, author, ethics, method, worthless, etc.
— word final:
breath, cloth, earth, fourth, path, etc.
— in word initial clusters:
three, throw, thwart, etc.
— in word final clusters:
depth(s), eighth(s), fifth(s), health(’s), length(s), month(s), mouth’s, sixth(s),
twelfth(s), warmth, etc.
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/8] — word initial:
the, then, there, they, this, etc.
— word medial:
breathing, father, gather, leather, mother, etc.
— word final:
bathe, breathe, clothe, soothe, with, etc.
— in word final clusters:
clothes, thythm(s), southern(’s), etc.
2. Listen and repeat. (Comparison /6/ - //)
thigh - ghy, truth’s - truths
3. Listen and identify /6/ or /s/.
mouth - mouse, thick - sick, thought - sort, thumb - sum, worth - worsé, etc.
4. Listen and identify /3/ or /z/.
bathe - bays, breathe - breese, clothe - close (v.), seethe - seas/sees, etc.
5. Listen and repeat;
his thumb, pass the salt, soothes them, this thing, etc.
(3) Alveolar Fricatives / s,z /
A. Difficulty
The alveolar fricatives are generally easy for Japanese learners both in production and in
perception. It is because the Japanese /s, z/ are very similar to those of English except that the lip
position is more neutral.
However difficulty lies in the articulation of /si/ and /si/. These are often replaced by
/§1/ and /§i/. The latter is one of the Japanese syllabic sounds.
B. Advice
1. Be careful in producing /si/ and /si/. They must not replaced by /f1/ or /{i/.
2. Long vowels and diphthongs are shorter before syllable-final/s/ than before /z/.
C. Practice
1. Listen and repeat.
/s/ — word initial:
cease, sign, sit, soap, soon, etc.
— word medial:
concert, escape, essay, pencil, etc.
— word final:
famous, goose, ice, niece, pass, etc.
— in word initial clusters:
scream, sphere, spray, square, stew, etc.
— in word final clusters:
gasp(s, ed), licence, months, pencil(s), sixth(s), twelfths, etc.
/z] — word initial:
zeal, zero, zest, zone, z0o0, etc.
— word medial:
bosom, easy, hesitate, husband, lazy, etc.
— word final:
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does, noise, rose, says, was, etc.
— in word final clusters:
samples, symbols, uncles, thousands, visions, etc.
2. Listen and repeat. (Comparison /s/ - /z/)
loose - lose, peace/piece - peas, racer - razor, seal - zeal, etc.
3. Listen and identify /s/ or /{/.
sea/see - she, seal-she’ll, seas/sees/seize-she’s, seat-sheet, seed-she’d, sin-shin, etc.
(4) Palato-Alveolar Fricatives /§, 5/
A. Difficulty
The Japanese /§/ is articulated in almost the same way as the English / f /. What differs
from each other is that the tongue should be slightly more towards the teeth for the Japanese /§ /.
In producing /3/, Japanese leamers of English often replace it with /d3/, because /3/ is
nonexistent in Japanese.
B. Advice
1. Be careful in producing /3/. Do not replace it by /d3/.
2. Long vowels and diphthongs are shorter before syllable-final/f/ than before /5/.
C. Practice
1. Listen and repeat.
/§| — word initial:
shed, sheet, shop, shout, sugar, etc.
— word medial:
Asia, bushed, cushion, machine, mission, etc.
— word final:
cash, dish, finish, mash, push, etc.
— in word initial clusters:
shrink
— in word final clusters:
fashion(s, ed), marshal(s, led), mention(s, ed), patient(s), pushed, etc.
/3] — word initial:
(in French loan words) gigolo, gigue
— word medial:
confusion, decision, leisure, pleasure, usual, etc.
— word final:
(in French loan words) beige, prestige, rouge
— in word initial clusters:
(does not occur)
— in word final clusters:
vision(s)
2. Listen and identify /3/ or /d3/.
leisure - ledger, vision - pigeon
3. Listen and repeat.
She sells seashells at the seashore.
(5) Glottal Fricative / h /
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A. Difficulty
The Japanese /h/ is similar to the English /h/, but there is a slight difference that the air
stream is forced out of the narrower passage between tongue and plalate, producing a hissing sound.
This phenomenon is especially clear when /h/ is followed by vowels such as /1/ and /i/. Therefore
Japanese learners of English tend to pronounce the sequence of /h/ +/1/ or /h/ + /i/ as follows:
e.g hit /hrt/ — [¢1t]/[¢1? to] )
he /hi/ — [¢i]
In addition, when /h/ is followed by /u/ or/u/, it is often replaced by /p/.
e.g. who /hu/ — [¢u]
hurray /hurel/ — [¢urer] / [Puree]
B. Advice
1. The point of articulation is glottal, not palatal.
2. Be very careful in articulating /hi/, /h1/, /hu/ and /huy/.
C. Practice
1. Listen and repeat.
/h/ — word initial:
hat, hate, hen, horse, how, etc.
— word medial:
abhore, ahead, behave, behind, perhaps, etc.
2. Listen and repeat.
/h+1i/ — he, heal, heap, heat, heave, etc.
/h +1/ — hear, here, hill, hiss, hit, etc.
/h +u/ — hoop, hoot, who, whom, whose, etc.
/h +v/ — boyhood, hood, hook, manhood, etc.

VIII. Nasals: /m, n, p/
(1) Bilabial Nasal / m /
A. Difficulty
The English /m/ offers no particular difficulty, because itis very similar to the Japanese /m/.
B. Advice
There seems to be no particular advice.
C. Practice
1. Listen and repeat.
/m/ — word initial:
make, march, mat, meal, more, etc.
— following word initial /s/:
smack, smear, smite, smock, smoke, etc.
— word medial:
among, empty, lemon, salmon, summer, etc.
— word final:
game, harm, seem, tomb, warm, etc.
2. Listen and repeat. (Syllabic /m/)
lissome, prism, rhythm, etc.
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(2) Alveolar Nasal /n /
A. Difficulty
The English /n/ is also similar to that of Japanese. The latter becomes syllabic in word
medial and final positions. When /n/ occurs before /p, b, m/, it tends ot change into /m/.
e.g. kinpatsu (fair hair) — [kimpatsui]
It becomes /n/ before /k,g,5/.
e.g. genki (healthy) — [gepki]
Therefore, ‘pin-point’ /pin point/ will be pronounced like this: [pim point].
. Advice
. The lips do not form a closure for /n/.
. [n/ is frequently syllabic.
. Practice

—_ ) N =

. Listen and repeat.
/n/ — word initial:
name, neat, net, none, nurse, etc.
— following word initial /s/:
snake, snatch, sneeze, snore, snow, etc.
— word medial:
dinner, evening, hunter, many, wonder, etc.
— word final:
gone, learn, mean, pen, soon, etc.
2. Listen and repeat. (Syllabic /n/)
cotton, listen, often, sudden vison, etc.
(3) Velar Nasal /g/
A. Difficulty
In Japanese, /n/is one of the allophones of /n/. Japanese learners of English tend to add
an unnecessary /g/ or /gu/to /p/.
e.g. long /log/ — [Ipggul/[rongu]
singing /s1gip/ — [s1pgingu]/ [f1mg19gu]
Therefore the Japanese learner should avoid using /g/ in those cases where /y/ occurs
without a following plosive, especially in sequences where final /p/ is followed by a vowel.
B. Advice
1. /5/ must be distinguished from the sequences /pk/ and especially /pg/. The latter
occurs only before a vowel or /1.
2. /n/ is rarely syllabic.
C. Practice
1. Listen and repeat.
/o] — word medial:
anxiety, hanger, longing, singer, etc.
— word medial + /g/:
anger, angry, finger, hunger, strongest, etc.
— word medial + /k/:
anchor, ankle, anxious, donkey, monkey, uncle, etc.
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— word final:
among, hang(s, ed), sing(s), tongue(s, ed), wrong(s, ed), etc.
— word final + /k/:
chunk(s), distinct, monk(s), rank(s, ed), sink(s), etc.
— word final syllabic (occasionally):
bacon, blacken, organ, taken, thicken, etc.
2. Listen and identify /p/ or /n/.
gong - gone, hanged - hand, rang - ran, sing, - sin, sung - sun, etc.
3. Listen and repeat. (Comparison /p/ - /pk/)
hanger - hanker, rang - rank, singing - sinking, sung - sunk, thing - think, etc.
4. Listen and repeat. (Comparison /y/ - /ng/)
finger - singer, hunger - hanger, linger - longer (n.), longer (adj.) - longer (n.), etc.

IX. Lateral: /I/
Alveolar Lateral /1/
A. Difficulty
In Japanese there is no such phoneme as the English /1/. This lack of /1/ phoneme gives a
lot of difficulty for Japanese learners of English both in production and in perception. To
Japanese learners, for example, ‘liberty’ may sound like /libat1/ or [livetl/ or /ribeti/ or /riveti/.
Here are two kinds of difficulty involved, that is, the differentiation of /1/ - /r/ and /b/ - /v/.
In this connection, Gimson says, ‘“‘Some learners, such as the Japanese and other Asians,
whose own language does not have an opposition of the /I/ - /r/ type, should practice words dis-
tinguishing /1/ from /[t/.” (An Introduction to the Pronunciation of English, Edward Arnold,
1970, p. 212)
B. Advice
1. In producing /1/, the tip of the tongue must be in contact with the upper teeth ridge,
allowing the air to escape on both sides or in the case of a unilateral tongue-rim closure on the
upper side teeth, on one side.
2. Itis important to use at least two main variants of /l/ correctly.
(a) ‘Clear’ [1], with a front vowel resonance, occurs before vowels and /j/.
(b) ‘Dark’ [#], with a back vowel resonance resemling an o or u sound,
occurs in final positions, before a consonant and as a syllabic consonant.
This dark [t] is articulated by placing the tongue-tip on the upper teeth ridge as for
‘clear’ [1] and simultaneously articulating a vowel of the o or u type with the back of the tongue.
3. Another voiceless variant, symbolized as [1], is used particularly after an accented
[p/ or [k/, and is important in distinguishing the members of such pairs as ‘plead - bleed’ or ‘class -
glass’.
4. Word final [+] is pronounced as [1] when followed by a word beginning with a
vowel or /j/ in the same sense group.
5. Make a clear distinction between /1/ and /r/.
C. Practice
1. Listen and repeat.
Clear [1] — word initial:
late, leave, let, lock, look, etc.
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— in word initial clusters:
blow, glad, splice, etc.
— word medial:
collar, foolish, sailor, silly, yellow, etc.
— word final, intervocalic in context:
all over, fall out, feel it, will you, etc.
~ Dark {H{ — word final, after vowel:
call, doll, feel, fell, fill, etc.
— after vowel, before consonant:
cord, film, help, milk, salt, etc.
Syllabic |H
eagle, final, middle, table, usual, etc.
Voiceless [1]
clean, play, etc.
2. Listen and identify [1] or [¥].
healthy, ill, lake, laugh, lend, life, light, old, table, told, etc.
3. Listen and iddentify [1] or [1].
class - glass, clue - glue, plead - bleed, plight - blight, etc.
4. Listen and repeat. (Words containing more than one /1/)
level, liable, lily, lonely, lull, etc.

X. Frictionless Continuant: /r /
Post-Alveolar Frictionless Continuant / r /

A. Difficulty

The Japanese /r/ is a quite different sound from the English /r/. A single tap is made
by the tip of the tongue on the alveolar ridge, so it may be defined as a flapped [(]. It is true
that the frictionless continuant is a very troublesome articulation for Japanese learners of English
but it is far more difficult to distinguish between /1/ and /r/.

B. Advice

1. Be careful in articulating /r/. In the case of /l/, contact is made between the tongue-
tip and the upper teeth ridge but such a contact is not usually made for /r/. In addition, the
articulation of /r/ is more retracted than that of /1/.

2. Friction occurs when /r/ follows /t, d/ as part of the clusters /tr, dr/ and also after
/p, k/. After accented /p, t, k/, /1/ is devoiced (symbol [1]).

3. /1/ is pronounced only before a vowel.

4. 1 is normally pronounced as a linking sound final in a word when the next word
begins with a vowel and has a close syntactic association.

C. Practice

1. Listen and repeat.

[t/ — word initial:

rag, raw, reed, road, rude, etc.
— word medial, intervocalic:
arrow, hurry, mirror, sorry, very, etc.
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— in consonantal clusters:
afraid, agree, apron, brief, crow, dress, dry, fry, hungry, price, proud, street,
throw, tree, etc. ‘
2. Listen and repeat. (Linking /1/)
far away, father and mother, here and there, poor old man, there are two, etc.
3. Listen and repeat. (Words containing more than one /1/)
bravery, brewery, library, rarer, treasury, etc.
4. Listen and repeat. (Comparison [1] - |r])
crow - grow, pray - bray, try - dry, etc.
5. Listen and identify /1/ or /1/.
bright - blight, bury - belly, crew - clue, fry - fly, grass - glass, grew - glue, literary -
literally, pray - play, raw - law, read - lead(v.), red - led, right - light, rock - lock,
rush - lush, writer - lighter, wrong - long, etc.
6. Listen carefully and say which of the following pairs makes sense.
We live on rice.
(@) {We live on lice.
{Their eyes are glowing.
(b) Their eyes are growing.
(c){ The children are playing in the playground.
The children are praying in the playground.
{There was a notice saying ‘Keep off the glass’ in the park.

(@

There was a notice saying ‘Keep off the grass’ in the park.

XI. Semi-Vowels: /w, j/
(1) Bilabial Semi-Vowel [ w /
A. Difficulty
The Japanese /w/ is articulated in almost the same way as the English /w/, but the former
is much less rounded. In Japanese /w/ occurs only before /a/. Therefore the sequences of /w + u/
and /w +U/ are most difficult to articulate.
e.g. wood /wud/— [u?d]/[udo]
woman /wumen/— [umen]
wound /wund/ — [und]
B. Advice
1. The lips are rounded closely and energetically when followed by /u/ or /u/.
2. When /w/ follows accented /t, k/, /w/ is devoiced.
3. /w/ may be regarded as a rapidly articulated /u/ or /u /.
C. Practice
1. Listen and repeat.
[w] — word initial:
one, wave, wear, wet, wood, word, etc.
[w] — following accented /t, k/:
twelve, twig, twice, twin, etc.
queen, quick, quite, etc.
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Slightly devoiced [w] — following /sk/, accented fortis fricative or unaccented /p, t, k/:
square, squash, squirrel, etc.
swear, swim, swoon, etc.
equal, outward, upward, etc.
pump water, take one, that word, etc.
[w] — intervocalic, or following lenis consonant:
~ always, away, aware, etc.
dwarf, dwindle, etc.
Possible /hw/ or [m/
what, wheat, whether, which, white, etc.
Possible oppositions /w/, /hw, m/
witch, which; weather, whether; wear, where; etc.
2. Listen and identify /wu/or /U/.
umlaut, Urdu, wood, wool, etc.
(2) Unrounded Palatal Semi-Vowel /j /
A. Difficulty
The Japanese /j/ occurs only before /a, u, o/. There are no such sequences as /j + i/ or
/i *+ ¢/. Therefore /ji/ tends to be /if and /je/ to be /ie/ or /e/.
e.g. yeast [jist/ — [ist]
yes [jes/ — [ies]/[1es]
yet /iet/ —> [iet] /[1e?to]
B. Advice
1. /j/ may be regarded as a rapidly articulated /i/ or /1/.
2. Be careful in articulating the sequences of /ji/ and [je/.
3. When /j/ follows accented /p, t, k, h/, it is devoiced.
C. Practice
1. Listen and repeat.
[j] — word initial:
yacht, yard, yes, yield, young, etc.
[¢] — following accented /p, t, k, h/ (only before /u,va/):
pure, tune, cure, huge; accuse, secure, peculiar, etc.
Slightly devoiced [j] — following /sp, st, sk/, fortis fricatives or unaccented /p, t, k/:
stew; pursu;, refuse; help you, quick yield; etc.
[31 — following lenis consonant:
beauty, duty, music; argue, endure, onion; etc.
2. Listen and identify /j/.
yearn - earn, yeast - east, yes - S, yoke - oak, etc.

XII. Conclusion

Japanese learners of English are expected to express their thoughts and ideas in English in such
a way as will make them intelligible and comprehensible to native speakers.

As for thythm and intonation, Japanese learners of English often give undue duration of time
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to the unstressed syllables, which results in the disturbance of the rthythm of each utterance.
In perception as well, this fact explains the reason why they find it very difficult to recognize
the unstressed syllables.

The Japanese language, as the present writer has mentioned above, does not have such oppo-
sitions as /I/ - /t/, /f] - [/, [b] - [v/, [8] - [s], /8] - [z, and so on. The acquisition of a nearly
native pronunciation seems to be very difficult.

Here the present writer would like to enumerate several important points which would be of
some help to those who teach pronunciation.

(1) The learner of English should be given some knowledge about phonetics and phonology.

(2) He should understand the physical aspects of sound production.

(3) Audio-visual aids should be used, whenever necessary.

(4) The nature of difficulty must be made clear. In other words, the teacher of English should
have a clear understanding of the areas of difficulty for Japanese learners of English.

(5) The teacher is required to explain how the sounds in question differ at the point of arti-
culation and in the manner of articulation, if necessary.

(6) The course for pronunciation should be well designed and interesting, because drill in
pronunciation tends to become boreing and demands a lot of time and patience both on the side
of the teacher and learners.

(7) Finally, “Practice makes perfect”.

(Received October 15, 1980)
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A Method determining Sub-optimal Knot Placement
for B-Spline Interpolation
Kure Technical College Isao IMAI

Tokushima University Yutaka TOMITA

This paper is concerned with sub-optimal knot placement for B-spline interpolation.
The method presented here is for searching the knot that gives the smallest value of L by
employing the length L of interpolating curve as a criterion.

Two cases are given as numerical examples, in which accuracy of interpolation has been
calculated and compared by using B-spline and cubic spline.
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Table 1 Comparison of accuracy of interpolation calculated by using
B-spline and cubic spline respectively.

Initial knot 3456789 G| 8653.451
Sub-optimal knot | .265 .27 .385 .52 .665 .785 .9 | G| .239
Cubic spline | End conditions 2Co+C1=0, Cng +2Cn=0 |G| .454
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Table 2 Comparison of accuracy of interpolation calculated by using
B-spline and cubic spline respectively.

Initial knot 3.456.7.829 G| 135.701
Sub-optimal knot | .315 .4 .405 .595 .7 .795 .9 G| .642
Cubic spline| End conditions 2Cp+C1=0, CNa+2CNn=0| G| .647

B-spline
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SUBROUTINE DBSPL (X, #KiOT,GZAT, T0R, IGZ Dis)
[+ EVALUATION OF DERIVATIVE OF A ORr.ALIJ_D B-SPLINE DR
C AT X

DIMENSION GZAI(NKNOT),RM(10,9),Ri.(1G),DM(i0,9),DN(10)
DO 10 1=1,%Ki0T
IF(X.LT.GZAI(1}) GOTO 20
10 CONTINLE
IGZ=NKNOT-IO0R+1
GOTO 30
20 162=1
30 IORM1=IOR-1
DO 40 I=1,I0R
DO 40 J=1,IORM1
RM(I,J)=0.
DM(I,J)=0.
40 CONTINUE
RM(2,1)=1./(GZAT(ICZ)-GZAL(IGZ-1))
DO 50 J=Z,LORML
JPL=J+l
DO 50 1=2,JP1
K=1CZ+I-2-1
L=IGE+I-2
RM(L,J)=({X~-GZAT(K) ) ¥RM(I~1, J-1)+(GEAL (L) -X)*RM(I,J-1))/
* {GZAT(L)~GZAT(K))
Dx«(l J)=(RM(I-1,J-1)-RM(T, J-1) +(X-GZATL (K) ) *DM(I-1, J-1)}+
(GZAI(L)-X)}*DM(1,J-1)) /(GZAI(L)-GZAL(K))
30 CONTINUE
IORP1I=IOR+L
DO 60 1=2,I0RP1
K=I1GZ+I~2-10R
L=1GZ+I-2
RE(1-1)=(X-GZAT(K) ) *RM(1-1, TORMI}+(GZAI(L)~X) *RM(T, IOR1)
DN(I-1)=RM(I-1,I0RM1)-RM(1, [ORML)+(X-GZAI(K))*DM(I-1,T0RM1)
* +(CZAT(L)-X) *DM(I, TORM1}
€0 CONTINUE
DO 70 1=1,I0R
IF(RK(I).LT.1.0E-10)RE(I)=0.
SF(A8S(DR(1).LT.1.0E-10)DN(I) =0,
70 CONTINUE
RETURN
END

Afy 1 X, NKNOT, GZAL 10R
770 1GZ RN.DN (DN gt )

(BEXR 5 IWA—2, 195~-u Bi7)
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Studies on the Connective Involutes and
Circular Arcs Cam (2nd Report)
—Oscillating Follower—

Hironori ITOSHIMA

The connective involutes and circular arcs cam has a profile composed of the three in-
volute curves and the two circular arcs, and the motion of the reciprocating follower with
a circular arc had been analysed in the 1st report.

In this paper, the angular motion of the oscillating follower with a circular arc or with
a flat plate is analysed. The maximum angular acceleration of the follower, the pressure angle
and the specific sliding are discussed. And the maximum angular acceleration of the follower
can be decreased by using the two circular arcs. When the oscillating behaviour of a follower
and the rotating angle of a cam are specified, the design of the best cam is decided.
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0, THREHA
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4A2F )2~ FMHBRCD2H X, QR ZPLELT
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55 DOMMHSIWA ¥ ) 2 — bEEYLOEXITERON 2OWHE K o

HEBLQ O\ OEROA, PBOLTHPa, MO, OB PC, QDO THZ L, B0z DEHQE, OFD
TAPrEl, ZBPC, LDQERZNEFNTy, 79 TN, a, B, 7i3EL 2, 34K Ya—+D
YERAT, 7, 1o 381, 2HMOERAELD, LA0F=3¢T0E SHEXFBO I LOEHAT

RADLS1Tie 5,

Z:d+T1+B+72+T ..................... (1)

K2t EREHEz 0, FTREEm, » b5, RhiTR F
OERAZESLELLS LI 2OL2HT%2TRT. B

HH LT CORLENFRT 2B EH 3N 5,

M1is T Ky — bR ERTRZLE D, 20
BRALEGC EL, OAETCORARe LT, e /%5
A= —2LTHLLDRT2EDT, tIR¥EETC % or

T/RY,

g i X DA oK Y o — FEEA Y ADBRBOHRE
Rize 52 —4—-LTHRaN, R 0E1I= &
120°, # LDES 1 =1 DBAT, BIEMAVEEINL

BEDOEBMAEEY/RINTL %,

R+t 1
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H2 »oL0eHH

§ 4 FAGEBGEEN OB A OEH A s MUER ST
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DA LD HET BB EOUBEITO AEA 0
EREHAVIEIRAD L 515,
@2 12—(Ry+7)?
@, —=cos~ 7/amlRE (2
i d24+ 12 —(Ry+r+1)2
¥ =cos 5l
—cos R (3)
KB)ZPEFL T 2RKD ERKBES N,
g (HRNLABYA=s®)=yD "

2(1—cos@){(1+42)2—222(1+cs¥)}
D={(14+A2)(A2+B2)(1—cos¥)}2—2(1—cos¥){(1+42)2
— 222 (1+cs¥)}(A44+B1—242B% cs¥')
121U A=Rog+7+t, B=Ro+7, A=1/d
HE X1 OB2 OBEDF — 4 TT=20°, 1=0.7 DEE Ro+7=1.8~4.5 ZRANA LT
dBRDI=1ETBHIDI =1, Ro+7, 7,0 740, 7,3 %d TH S 1fEER1-1ITRT,
¥=20°, A=0.8, Ry+7=1.0~3DBHE{%*HF1-21TR T, A=0.6DHEFRIRLDODBAEEL -
TEBRD N0,

Fl-1 =120, ¢=15°, §=380°, r=15°, 7,=20°, 7,=40°, ¢=1, 7, =5.75877,
7,2=3.16261, 7, =4.38617

¥=20°, 1=0.7, d=1, (=07
Ro+r 1.8 2 2.5 3 3.5 4 4.5
d 4.42381 | 4.21840 | 4.11851 | 4.16557 | 4.27593 | 4.41979 | 4.58658
¢ 0.22605 | 0.23734 | 0.24310 | 0.24006 | 0.23387 | 0.22626 | 0.21803
Ry+r 0.40689 | 0.47468 | 0.60775 | 0.72019 | 0.81854 | 0.90502 | 0.98112
741 1.830177 | 1.86678 | 1.89996 | 1.38247 | 1.34679 | 1.80295 | 1.25557
T4 0.71491 | 0.75061 | 0.76883 | 0.759238 | 0.73963 | 0.71556 | 0.68954
4 0.99149 | 1.04101 | 1.06628 | 1.05296 | 1.02578 | 0.99239 | 0.95631
B 1 2 3
£1-~2 ¥=20°, 1=0.8, d=1, (=0.8
Ry+r 1 1.3 1.5 2 2.5 3
d 4.02896 | 8.66359 | 8.61275 | 8.61476 | 8.69143 | 8.80500
¢ 0.24820 | 0.27296 | 0.27680 | 0.27664 | 0.27090 | 0.26281
Ry+r 0.24820 | 0.35484 | 0.41520 | 0.55329 | 0.67725 | 0.78844
741 1.42934 | 1.57189 | 1.59401 | 1.59812 | 1.56004 | 1.51347
742 0.78497 | 0.86326 | 0.87540 | 0.87492 | 0.85675 | 0.83117
743 1.08867 | 1.19723 | 1.21408 | 1.21340 | 1.18820 | 1.15274
vl 4
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§5 MUMEDHOESOESLEVITEO NLAOEES
ME? L M3iIc kb L MOB=0,, LM O'B’ =0, & Thid
oy (Ro+7)2+d2-12

01 =03 2d(R0+r) .............................................................................. (5)

A (Ro+7+2)2+d2—i2
. 9 =08 2d(R0+r+z) ........................................................................ (6)
DL, HEERVTRO» AOEESE 0y, 0, & TRTHED L0 RADBEND,

Oo=2340,—0p, 0, =3—(0)—0s)  -oorreesmrrrmmieoi 0, 8

5.1 0030, 0)1’5'3
O =0, DIHBEIRT, B LD 0, =0, &1 b RIE SN B,

B = 0, == 5 e e (9)
X(B), B)OEAZHL {1

01=02, dz_lz:(Ro—i'?’)(Ro-’rr—}'L‘) ............................................................... (10)

iz, ISEREPBBLND,
2
¢ v ¢
Q/Z:<E cot—2->2+ (R0+7+ E) ........................................ (11)
/ :_;_/Sm% ................................................................................................... (12)

0p=0,=5=120° DA, t=1, ¥=20° DL X, §ifl OE 1O 2OBEDF— 4 % Ry+7 =
1~4 ELTRUD DS d 2RO d DETRy+7, 2, 7y, 740, 7,5 %8 - 12 HEF 2WRT

#®2 r=120°, «a=15°, #=380°, r=15°, r,=20°, r,=40°, ¢t=1,
1, =5.75877, 7,,=3.16261, 7,5=4.38617
v=20°, d=1, 0;=0,=120°

Ry+r 1 2 2.5 3 3.5 4
¢ 0.28819 | 0.26453 | 0.24225 | 0.22200 | 0.20895 | 0.18801

Ry+r 0.43228 | 0.52906 | 0.60561 | 0.66600 | 0.71383 | 0.75203
Z 0.82980 | 0.76168 | 0.69752 | 0.63922 | 0.58725 | 0.54135
41 1.65959 | 1.523835 | 1.39503 | 1.27844 | 1.17451 | 1.08270
742 0.91142 | 0.83660 | 0.76613 | 070209 | 0.64502 | 0.59460
743 0.26408 | 1.16026 | 1.06258 | 0.97372 | 0.89456 | 0.82464
& A B c

§6 FREHHOEHELMEDHLIBOR
MBSO BEOEENI N 2 EOET L HORILM O xy % X1, ¥y, Xy, ¥u &Tﬂliﬁﬁ?ﬁw
ERABIKKA D SRRPBBLNG,

Y= T F 7008 €y PMIPT -F FSILE  covrreerreeeeeeeetetetmtiiii i et et e r et e e e e (18)

2 DEERA 013



REHEA R Y 2 — M EA Y L OHIFE (B2 ) —ISBREH—

0:01+tan_] ﬂ—cos_l M_ﬂ (14)

M 2d v/ nf +yf

b, MRD &y BB % &y, my &9 4UT
Ey=xycos( 0 —0)—yysin(0; —6)  --eeeen (15)
o= 2ysin( 61 —0)+ymoos(Gy—0)  -eeeeee (16)

T ennbh, RBHOALME ¢ LTI
<p=sin_1(77M/1)—¢70 ........................ an

Ligh, RBHOARBRKE AIEERKIRKRD
oI B,

33

= EF 0] — 0 oeeeeer e s (18)
dp _ MO —EUSNO e (19)
a6 (d=¢&yp) s1n @ 41 4 c0s O
e - X e (20)
40  (pr+7){(d— &) sin@+ nycosO )

d d
{(d—EM)COSQ_WMSiHQ}SiHQ—‘p+7]M<1—_€>
dz(/’ =d¥X . a0 DO 21
462 {(d—E&y) sin@+npc0s 6 }2

DA G &2 b L RBITOW Y Koy, oy RATED & HRAD & 51078 B0
¢:9+ ¢,+¢0-90° .......................................................................................... (22)
TP= (ﬂM/SiHQ)—’ .......................................................................................... (28)

or+7 TP or+r TP
— . — — . i erreeeeeieeiieaeeaeaa, 24), (25
A I (24), (25)
. N IR e ,,
S 7 :—;1- g mj 04 02107 ;‘ “ k3 .

7.1 6, *0, OIBE

FAENE I EI-1DOFLOF— 2 TR+ 7=
0.47468, Ro=0.85601, 7=0.11867 D& DHE
MOEEN L FED AP LB LDIEDE o) 2RT, Bl
82 T U TR ORABIEEDS D ) D LT
BLEDBDDD, ADd2p/deR 0y =—0.6, Ppax=
—34°, Oy =14 E2BDT, P B U KX
Vo Opmax IZFEFIT/PNIVD CHUIEBBEBAD 2D
Thdo

bmax ZINILTHIZHIRELI-1DHL, 2, 30
F— 5 CIED B R RDIZEDRN6 ITRT,
B B2 DBED Pnax =+21° TRETH D, LD
EXDRy+7=0.60TT5T, Ro+ 7 HBChLbb
NI THPIRBEL L%,

K5 Xi-1081 0EEL ¢, o

2=120°, a=15°, 8=30°, 7=15° v, =20°, 7,=40°
7=230°
&1-1

i1, 2.3 #is
|

80° 60°

‘\:/90; 1 1500 o
° B2

et
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R7 £1-10B020E8E¢, 0,

21207, P=20°, R, =0.41497, - =0.13832

K8 H1-20fl4 DEBE ¢, o

M7i3E1-10H 2D (=0.TDHFERy=0.36465, 7 =0.2481 DFFDEBE ¢, 01 2R T,

(d2p/d02) oy =—0.6, Prax=21°, 01 max=1.4 THRETH %,

M8t !=0.8DK1-20M4DF— 4 OREFMOEEE ¢, 0y ZRTo (@20/d0%) e =—0.7,
Pruax =29°, O1max=1.2&(ORTD =07 DHA/REUVTRABMEESDLLULRELZDT, |
BANZOEDR I, Ry+7 BE—T8Re=(1~2)t BEE LD TRy < ?iz&hud o p5SFERIT K

XA EREFEBLUTRY 2E~NE L,

7-2 00:0, 0)*51%

w6 ”1);<\20:.¥’720°,iq:&—\20‘. B0 03, 7= 045203

I

0.; 0.4 20°
s TR ; I"’ -
baoe 3

0.6 0.8 157

0.4 02104 04 17

02 0.1 5

o0 0
-0.2-0.1
S04 -02
0.6 -0.3

T mal v
s
=z
Z

-0.8 -0.4

B9 xR20BICOEEL¢, 0, 0=0,

F2RBOWTRy+7BREVE L BEATH, L &T
XA MIVEBROOT, E200CoF -2 0
BEZEAT, 6,=0°, ¥=20°, ¥=120°, R;=10.3,
7 =0.45208 DB EDEE & P, 0y ZHITTRT,
(d20/d02) oy =—0.52, Puax =+15°, 01 =1.T & /50,
M7, iU TERAANEE R AFEDAS/NILT
B ThH B,

X102 9 DHEEORETIOE b #E gy % fEEFOMMN
FORIEs TRUTCS O TEMOME & &P 24 BT T oy
=oo kit B,

MilgR7ToH2 ERNIDRCDOH LDLEEwHEHEZRT .
6,=380°, 0,=120°CHicHisRIZIBH» TH %,

§ 8 EHREHHOBHS
BE IR B SO B S % M1k T, S f 1700 4
TJE o MLUTWV B, BT LOEXFTEOIAAL LKA

00 S oo
%2 #HIC
F=120°, w=20°
K9omy—2%
@
D
-0.1  -0.05 0 005 0.1
s=rep
Ei10 £208iCm o,
Y ©
v = 90° 02 =30
=120° 6 =120°

Bl %1, 20612, COB LD
£, 6,=380°



FREHEA XY 2 - MERY LD (B 2W) —EBIRET 35

FRETHIHEORBBOMENZENEN 0y, ¢+

7
VT, VREBFOFEATH S, MER 1L bhKR
%?%%’O
i Ry+/f
@y =sin J (26)
1 Ro+/f+¢ 1 Ro+/f
¥ =sin 7 —sin R (27)

8.1 EHHOEE
KEDEER LT 2RO ERADBE 6N B,
1
sin
BiE OE10BI207F— 2 DBAKHOVTE=20° t=1, Rg+/=0.6~6 CR(28) L b 4 %K
B, d=1ET30Dd TR+ /S, ¢ L7, 2Hl> 1 EERS CRT.

X12 B AR B

a V(Ro+/+ )2 4+(Ry+/)2=2(Ro+/)(Ro+/+2 ) cos¥ -+ (28)

®3 =120, «a=15°, #=380°, r=15°, 7,=20°, 7,=40°,
7,1 =5.75877, 7, =8.16261, 7,9=4.38617, t=1

¥=20°, d=1
Ry+f 0.6 1 1.5 2 3
d 3.08844 | 3.25742 | 38.52353 | 8.83864 | 4.57403
¢ 0.32879 | 0.30699 | 0.28381 | 0.26051 | 0.21863
Ry+7f 0.19427 | 0.30699 | 0.42571 | 0.52102 | 0.65588
741 1.86462 | 1.76789 | 1.63438 | 1.50021 | 1.25902
742 1.02401 | 0.97089 | 0.89757 | 0.82389 | 0.69143
5 1.42019 | 1.34651 | 1.24482 ; 1.14268 | 0.95893
Bl @ ® ® ©) ®
Ry+f 3.5 4.5 5 5.5 6
d 4.97883 | 5.83681 | 6.28344 6.73874 | 7.20103
¢ 0.20085 | 0.17133 | 0.15915 | 0.14840 | 0.13887
Ry+f 0.70298 | 0.77097 | 0.79574 0.81618 | 0.83322
4 1.15665 | 0.98663 | 0.91650 0.85458 | 0.79972
7q2 0.63521 | 0.54184 | 0.50333 0.46932 | 0.43919
743 0.88096 | 0.75147 | 0.69805 0.65089 | 0.60910
vl ® @

8.2 FELROTEOHLOEES
B18 AP L h X ERVITRO N ADOEIEA % 0y, 0, &3 hid

6, =cos—1(R0+f)/¢:90°—¢0 ........................................................................... (29)

0 :COS_I(R()+f+t)/d:900—((00+¢.) ............................................................... (80)
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01>02 R 01._02:g/ .................. (31)
00=Z+§V, 0722_¢' .................. (82)
»Eoh, MOBE 00>60, Lk,

§ 9 EBHTREHTOBHHLGBEDE B

UL

2k ard” P b b AoEER S 0, BT
AEN % ¢, EBEOEEMD b B hlS 0k T
%, REEIEO R EREE do/do , IR

% d2p/de? & TRIERADSELND, RI3 fhR kA0 BEm
i xpcose+ yrsine+/

¢:Siﬂ < 7 ) I 2 TR R R R TRR R PR T AT PP PRPLOPR (33)

0 D £ b (0 e e (34)

s :dcos( (,0+(00)+VTCOS€—ZTSin€ .............................................................. SRR (35)

dy ¥7cos€ —XTsine

—-d; :-—S—-— .......................................................................................... (86)

a2 1 , dp\ 2 A dp\ 2

ﬁ: :T [{pT+f—d51n((o+(p0)} <1_d—(z> +d'sm(<p+<p0) <a’—(g> ] ..................... (87)
HEDAPIIRIL2rH6KRARDL HiIC 5,

gi):tan_l(f/f) ................................................................................................... (38)
7 b LRI OB K 0y, op RETED 9 5KRET Bo

_ dsin(p+gp)

Tp_m/—dﬁ— _f ....................................................................................... (39)

_Ir o P e

ﬂ] = ﬂT > g9 = pT — T—P (40)

§10 & & 6

M14i3%8 0 F¥=120°, ¥=20° OFIO, @, @DF—2 T/f=0 &L E XOREBHOAINHEEL
¥ 0T L TART s Ry 3FNF40.42571, 0.52102, 0.30699 TH BT $# 6 TRIKBOTHRIHE
BIRRLNECDARE 5, AL081, 2HRE5ABHRMIEAL R, R OBEICHLT
TR >TO B, (29/dh2) =075, BOITRETIIZN091.0TH %,

K1513%& 3 DPIODHEEDER & 0y #3T ¢=0°, Olmax = 2.1 ThH 5,

16125 8 DFI@ iz T Ry =0.80699, 0.2, 0.4 T =0, 0. 10690.—0.09301 DH S T Ro+/f Hi—
EOBEOANEEREER T, A—OHBRELY, RyB/PNITNIE 6 max VRELL D,

M17i3%& 3 OHI®, ®, ®D /=0 DHEDd2p/d0? 2R T, M6 Ry B AKX E D ERD TED
EOAMEEOMHEIIEL 259, BOZNBKRKELDIDT, RydkxdX¥THEN,

[1813% 3 DFIODBEOEE & o) %R o BHIRRCINT 20/d0200e = + 0.8 THIHS D5 &
DERFICHIID 8023 d2p/d0%n, =+0.7 TEWMETH %o KI19ITB VT Ry 2/N3L T B HIS
=—0.05~02IC L > FED P, 01 BRTo f=0.20& X 0ymax =1.6 0L ThH D5, Ppax =40° 75
BOTSBAELLUTR 23T B EDEEETH B,

M20i3& 3 DHA@D /=—0.1~0.3D P L g 27R"T, [=0.3D& %, Rp=0.82102 &2 D, Pax



RE A VXY 2 — M EE W LOBIE (B 2R ) — BB —

M4

Z30f0, @, ODAIMEEREK

2= 120°. ¥ =20°

&3, @13 /=0
£=0.1069

£=-0.09301

907 120° 150°

-0.8

307 60° 180° 210°

K16

2 dp
a5 ¢
0.8 04 20°

0.6 0.3 15°
04 02107
02 01 5°

-0.2 -0.1
-04 -0.2
-0.6 0.3

-0.8 -0.4

H3DPIROD fOEMITL S dip/db?

S2°, F=20°, d=1, /-0

®3, D ¢ 3
4
0 2

307 60°

=

a
440°

3 30°
2 20°

b4 =

7= 207,
0
%306l

F=-01~038

E20

£30BOOD f OEfITL D6 & 0

a2 dp

AT
0.8 0.4 20°

0.6 0.8 15°
04 0.2 10°
02 01 5°

-0.2 -0.1
-0.4 -0.2
-0.6 -3

-0.8 0.4

F=120°, F=20°, 7, = 042671, /=0
£3., #IT

307 — 607 90° 120° 180° [ 210°

4
4% il
@ “

B®i5 &3DHDDEEE o, F=0

2%
G 0.6

0.4

° £=120°, &3, #5,

02 A
o 90° 120° 150°  180°

¥ =200, 02 = 0" ¢
#3, BT

f=-0.05~0.2

2= 1207,

10

f=0
Ro = 0.81618

0.6 0.5 0.4 0.3 0.2

N

K2l &R3DOHAIDD f=0mD gy
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oo S oo o0

Y
=0 64 =30°

10 &3-1
# @
=0
Ro =
0.42571

L1 0.9 § 07 0.5 K23 %3 0D, DDH LDHBH

R22 R3DBIODf=0D0a,

=30°% O max =8 EXBDOEESDRy+/ DINIVHFEENIER) Z2/N3L T& %,

X213% 8 DBIOD f=0DBED g9 Z R EDAED s % Bl R T, EMOME & &P 2 7 oy
=coSFEHET D5, CNHBEMICHVCAIEES D2, 223X 3DHOD op %R S pid> b
BHE D D—O—-Q@—@DIHICHEAAIIBEIL T SHIRES, M2LIKH UM gy =co B3IHFEIT L > T
20 THODEHBHROIH U TRIFTH %,

M28i3% 3 OHIDO, DD I LDLHAERT, FIODHH I LWB/NHI TRV, 122U 6,=380°D
BB S »TH %,

S B

BEOHER IS XY 2 — b ST 2RMAIEBRHBHOSHE3HNE » LOHMTHEAL
B4R Y- bEETLXEL TRAANEE 2HD 38, BAHEDA, 1 L20RKEH BE2R
LIEDYPRVDD, WOEESY 2T L TKIEHBLZERIIEETHL LB Ta %, AWMETR Y=
120° CEEEIA V=20°DHB D HEE - 170

A) PHREHHOHS OENOEAR L L AOBRAAMEELS KIBICHD T 5, CREBHOE I
ErVEBBEOBRXEIEENEL T2, QEFEILEYOMTRO Y sOEEAR2ELL LIZES Ro
+r BRECEIBEL 2D AOBRRKAMEENEDCZNITE TS, WRKBEDAIL Ro+7 ik
STHECBEINDIOT, RELFETAVNERD D OHREBIFIOE b i Bl M R TR
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Studies on the Connective Ellipses and Circular
Arcs Cam (2nd Report)
—Oscillating Follower —

Hironori ITOSHIMA

This cam has a profile consisting of the three elliptic curves and the two circular arcs.
The motion of the reciprocating follower with a circular arc had been analysed in the 1st re-
port.

In this paper, the angular motion of the oscillating follower with a circular arc or with
a flat plate is analysed. The maximum angular acceleration of the follower, the pressure angle
and the specific sliding of the cam are discussed. The two circular arcs of a cam profile de-
crease the maximum angular acceleration.
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Studies of Visual Fatigue by Direct Glare
Kazuhiko HARADA

When the light sources become too bright they produce direct glare. Depending on the
magnitude of luminance, glare sources become uncomfortable and eventually produce visual
fatigue.

In this paper, we studied visual fatigue by direct glare with flicker value when four make
subjects, varying in age from 16 to 17 years, read the Concise English Japanese Dictionary
for 30 minutes at 1000 Ix.

The following results were obtaind;

(1) The lowering of flicker value was 12.57%~14.68% under incandescent lamp lighting,
and 6.07% ~ 10.31% under fluorescent lamp lighting.

(2) With general lighting, the lowering of flicker value was 1.02%~ 2.11%]less than local
lighting only.
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Basic Experimental Analysis on Lichtenberg’s Figure (II)
(Creeping Discharge in SFg Gas)

Masaaki WAKAMIYA

My last report presented the various characteristics of Lichtenberb’s figure in the air.

In this paper observations on the phenomenon of creeping discharge in SF¢ gas have
been made, together with observations on the creeping discharge both in the air and the mix-
ture of air and SF¢ gas under varing pressure by using Lichtenberg’s figure.

It was found that very little difference exists in polarity in terms of surface discharge
in SF4 gas and that an increase in gas pressure brings polbiischel reduction and brush discharge.
Other results were observed as well.
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Electron Energy Distribution Function
(Calculation 2)

Tsutomu YAMAZAKI

Electron energy distribution function is calculated from the Boltzmann transport equat-
ion, including, elastic, excitation, ionization, electron-electron, and electron-ion interactions,
to determine the characteristics of the field strength vs. discharge current in helium glow dis-
charge. Direct and stepwise processes are also considered. The range of parameters is :gas
pressure P = 0.1 — 5.0 Torr., discharge current I = 10 — 500mA. To find the plasma density,
the rate equations for the four lower excited levels and electron is solved. The results are in
good agreement with the experimental data.
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A Numerical Solution for Flexural Wave
Propagation in Simply Supported Beams.

Kiyohiko KURO

A nemerical solution of the finite element method is presented for flexural wave propa-
gation in a uniform, simply supported beam resulting from transverse impact of a sphere at
the mid-point according to the Bernoulli-Euler’s equation.

A comparison is made of the solutions and the experimental results.
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Inelastic Response Property of Structure to
Simulated Earthquake Motion
Katsuaki MONZEN
Hisanao SYUNTOH
Yuuji MATSUMOTO

In view of the recent trend in which numerical analysis of dynamic structural response
to artificial ground motion is becoming more and more routine, inelastic response properties
of single degree of freedom systems subjected to simulated earthquake motions are described.
Earthquake accelerations are simulated by a series of cosine function with ramdom phase.
Power spectral density suggested by Tajimi and power spectral density with two predominant
periods are used. Restoring force characteristics of structural model used in this investigation
are eiastoplastic model and stiffness degrading model. Utilizing inelastic response properties,
the characteristic of simulated earthquake motions is considered.
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Kinship terminology of ancient China

Hiroji MASUMOTO

When we make clear the kinship structure of ancient China, we must catch familial
relationships. The texts of Er-ya ("#% ), Shi-ming ("% ,) and Yl ("€ ,)
contain many kinship terms. In this paper, the author tries to put in order kinship ter-

minology of these texts and make a diagram of it.
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