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Heat transfer coefficiency and radiation efficiency
of high electric current bus

Toyama University Nagayasu Ikeda, Iwao Kitamura, Seiji Goto,
Toshinari Yamazaki, Takakazu Takahashi,

Betsukawa Seisakusho Kunio Sawada, Yoshiaki Hashimoto,
Kohichi Kawamura

Recently, electric power demannd goes on increasing. It is necessary to more electric
substations and small cubicles. It is also wanted to compact gears and substations. This
situation results in the narrow distance arrangement of the current buses and the handling of
the high current and high temperature of the buses. Since the temperature rise of the bus is
due to many heat transfer factors in the vicinity of the bus surface, it is analysed inclusively
in this paper. From the engineering aspect, that is, the design aspect, it is important to know
two fundamental values of heat transfer coefficiency and radiation efficiency nccessary to
decid the final temperature of the bus. The temperature are known from the method of phase
plane of the nonlinear differential equation on the temperature rise including the radiation
loss with their values. The calculated temperature is consisted with the experimental ones.
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FNCROMIT MR b2 MR X, T = | | s )

perspective i scaling

ricEwTtxs, 2T, K5 NEHE
ICRE L2 IEER (2,32,0,) &
K2R 20, 1SRRI B EARR K EEAZ A #
T %2R ~WRICRT,

transformation | factor

Co O _SO 11C0 C0C1 _Cosl _Sg 10C0+12C0C1
SO 0 CO 1150 Socl - SOSI O IISO+ 1280C1
o, = O, =0T, %' T,=
1o -10 o0 B R e G —1,S,
0 0 0 1 0 0 0 1
............ (2) PRI (3)

C0C1Cz _Coslsm _Coc1sz - COSICD - Sm llco + 12C0C1 + 13(C0C1C2_C05152)
SOCICZ _SOSIS2 [ SOCIS2 —SOS]CZ ’ Co ) 1180 + lzsocl ‘Hs ( SOCICZ_SOSISZ)
_SICZ—CIS% S:5,—C.C,, Co, _1251_13(S1C2 +C152>
0 0 0 1

T, =T, %*T,=

ZZTS, Cyh L1, S;=sin§, C,=cosb; |, : V> 7&E (i=0,1,2,3) THb, ZNbH, —F
DRIZOWTOHREKREBELIRITIZ, 6 RNu KRy MIHET 272602, HFTRICEELZED
HEEER S, %, oXRy P &ERKNOEEIC L ZHENEERS FIcERE2 T2, 2Rk )
HEIER 2, EHTEZERZSOBRYH 5 L5 &, (2)~4)X 3 X 1 position vector DEG I Haxd
FERER2Z 25 Rz, ROMTRICH 2 HEEFER D, VRSN E (X, Y, Z) #2352 Ltk
5, DFNHUEL L LR A HETERRDE S FITRHIEL kb, INEZINTNDED
AFIRICHT L TAT 2 1L, TXTCHORDENE 2 #3EER ICERL TEZLNDLZ LT S,

2.2.3 MEENFRIBET

K5 I2RTETNAZDONWT, SO ERRED &, O)R~(DRIRTEEHAE (6,
6., 60,) *RBT2EARRXLKH2, ZoBFERICKBEEHNOME (X, Y Z:)ico~s DEEMZLZE
25282k, BEEAEORMEILE KDL Z EHTES,

1) S—PAEIAE 6, DEH (—180°<6,<0°) D(Xs¥sZ5)

i) X,>X, i) X,<X,
Yo  YaYy Clxareze)
6,= —|tan X, — X, 6,=—|r—tan X,— X,
i) X,=X, B(x¥iz:)
00:_90° ............ (5) H
) £MEAE 6, DM (—90°<6,<90") '(M%o
g, =tan"! Zo— Z, (6)
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) F=RIEMAE 6, DEH (0°< §,=180)
)

i) 6,<0
_ Z,—7Z

6,=\6,|+|tan™’ 2 = ’

’ ! ll /(XZ—X3)2+(Y2—Y3)2
i) 6,20

V(X = X) 4+ (Y,— Y,)?
_ _ —1 2 3 2 3/ | e
6,=190 — 4,| +[tan 7.- 7. (7)

PLEG)IR~NRIZ 1 ENDRIZDNTDL DD, MORBICOWTLR LR TREING, BE28L1 T2
HIcly, SREEAEORMELEMY), Z0AEEILZ2R~WRICEZ, KEERFRENED
BHEZILEZ KO LELr DL, LarL, HALLEHZ2ELTNIERNTEBL COMEIRE 5,
Feiz, IMTICESHZENT L V2O ZL > Thikwnies, $TA7F2C0EHZHEN, In
1EMc b g — b, ERNDEEBEZRET 2, Zhx i ki, UEBH¥ZAAL (LR,
LREAENRMELEZEE, ZHEFHVWTEREZEH I L, FREITHET, Ra—X7%/e
F— AL B EETBIETTHDE, Z0hOFELIIH T L2 DHITEFMICRAN,

3. BROHITOEE

3.1 HMERECBERLE

B7IRT LI LT Z2INMRERCZF v 20
ICAH TN LY EANTHEE, ML LETAH 2
ZWCENVEET 5, BT m (X, Z) &
BizonFzEMrLoBEL, FEAR (X, Y) &
I T HEIC 45° ICB W2 TR A MICE 2 [ M [E
BRICHIEL TWvwd, ZOERTIRESICTRT &I,
%E@ﬁ'ﬁ% L1"'L12 (E1EU), R]"'Rlz (E@U) mi
JICEFL, FUE X 7 BEZRITHEATHA & X, X7 BIEESE
Ko bth#=Z8h, 2L CY@#A2 EREXEER
TIOHOEAMICEET 2, REDBIZEICIEZT 7))L
WDF x> FNIZHWTH B 5mm FIRN 1 =2 %
A7 e L, BRI31/308% Istep & L7z, BLAIRE
BEoOMEICHEL, &EHEHICO VT, SRHOEE
o xRlELRZ, 22 THEARMD LDETIZERDR
XD Z BT I DV TIRBIET 5 Z &S TE L WY,
A1 2B M TCFE LW E 255 HIREL 72,

3.2 BERBRCHWLE

BT L DBBDAIEFRO—HIE L THATR
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R2, R3, R4enZHEEIZNZTNoX KM, YHRA, ZHEOBEE#X9a) »5EKK) D&
KUCERTRT, #7203, ZOBBEHPEMIIE—ELZLDTIE R, BERRKISHESTH W
728, RBOEWIZLT LA TIIZ W, Lizdi-> CEERITT 272012, 27 2 P E/REE
WS ADEIL, WIEE TOUENH DL, ZOMIEL, 7L DENMIEZFRLNDT A > EICE
L, TR EKROBLIREZ DT A v IiChbEb L)z, 2 REIE, §FRDENE DX FE
EOWIEICIE cos 0 FHNT, YEERZICL sin 0 2T 22 6iciNiT-72, ZORRERINE T F
TIHMRTRYT, M9D7 7713, Mz BEEED S5mm HFIRO—<2 2 HBAiKE L, #H#on 1
step 131/30% & LCH %, XHFADAS— N LTY, ZABADZAS— i 2 &KL TH 5,
MXa),b),c) &NRERFENR2ICL~N, R3, R4 & ENFHFHRISE DT, HEMAE & SZEED
BEIOEALDNE L B DD 5, £72Y, ZIZOWTIXDEIZENTFAEIGZ ETLIE N,

R22z
18 T T T
121 J
i~ R2Y rli
u: 8 T T T u:'.: or e
o J o J
s " = —
= M .“’l!\r«ﬂ—'l\ :-—rj‘ ) e P
¢ % w0 T8 700 2 50 100 150 200
STEP z 1 STEP
(a) “r i (f)
R3X - 5 M 750 200 R3z
3 T T T STEP 18 - - :
(d) 12 -
R3Y =
s T T T u'; or -1
‘ J o J
T 1 7 M Y| . W
[ 1 1 1 ts ok Jd
50 sT|E°P° 150 w3 | 50 STE’; 150 200
(b) “ ] (g)
- ] To0 5 200 R4Z
STEP 1e T T T
(8) 124 _.
o i
5t . ]
I Y sttt Vo man VAN A o
° % o8 753 200 . ° 50 100 150 200
STEP STEP
(c) (h)

X9 RIEHREMIEMR
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4.1 #EXRTE

ZROEFCOWT, BEICEL CofkiEfEic 1 B2 L, BRI ToREEIC 1B
HOEBEEMEY LD, FRICHTARTERL, XD 1) ~N) OB@FRICHEVERTIEL 72, 728
ERREVERTILETBICHNKRDa), b) DEHEEEET 5,

a) 2 Tn30ERy Mcld, FERREMEIELZZEL T avwaT, FEPREICHLT 28
3, ORIl &BEE (FH, 22 Xicii4) R2, R6, R10, L2, L6, LION#HZIC
ITEEL TR T o TERL, &EER 2, R6, R10, L2, L6, LI02REET 3,

b) RoOFHFHRICH7- 2488 (R4, R8, R12, L4, L8, L12) Y, ZfEk2SwTd, —
FEONBREATZLDET S,

1) 1E\orM : BREME

X9 a) 2T A, BEICOWTEHL,
1AL 1.1%, BMEME 19mm & X5,

1) 1 R0 RIFRER (M) & SZBIFERER (S ) D&

1 B AT 2 K R EDHMAR L IO NOEI & Z KD DB &,
R2X M:S=0.21:079 R6X M:S=0.22:078 L6X M:S=0.22:0.78
L2X M:S=0.21:0.79 R10X M:S=0.22:0.78 L10X M:S=0.22:0.78

Yhh, ZTHUCEY, TRTHOREICOWCERAE & LR HEIE(30.20, 0.80& % %,

M) &BEEI cHORMENE
1) I L TABEOEMEMEY KD D, ZOERFERLICTT, FRANOKTIE, XE

3, 75 2DME TR E I L TEOMBOEZBEARICH ), <4 FADETIIELICHS
ZramT, YiEI, SBEESs I RcEERETAMEL L, ZHE, SEEHORTMEZRT,
R4, 8, 120BfEdfHHiRIchH 72 DR L HICEMT 2720, 1EAMIZFL (, 19mm £T,

V) FZEM B E XTI
EHIZA S 19mm % Rl X L &S0 REVEICH L ERTLEIT), ZOKRER2IC
Tt . YORBECOWTE, ERMTTEP0NDTA > ER#AZLE L, BREEITTRE S
PN OB BT AT LOIC L2, R4, 8, 120 XfEICDWTiE 1 ABIRNICHEE(E
ERLZITHED E LT,

1 A O & ZoMICECAMENEZ KD S &,

#1

TN E e o %2 FRITILE
Bi sy (mm)
X & Y& YA X Y& VA
R 2 19(+ 3) —4.5(+1) 8(0) R2 1(40.2) —-0.24(—1) 0.42(0)
R3 15(+ 1) —3(+8.6) 7 (+6.5) R3 0.8(+0.1) —0.15(—0.6) 0.37(+0.34)
R4 (0) +(+20) 0(+4) R4 (0) 0(0) 0(4+0.2)
R6 19.5(-9) —4(+5) 8(+0) R6 1(-0.5) —0.21(—1) 0.42(0)
R7 16(—6) — 3 (+8.5) 4(+5) R7 0.8(—0.3) —0.15(—0.6) 0.21(+0.26)
R 8 (0) 0 (+20) 0(+5). R 8 (0) 0(0) 0(+40.26)
R10| 18.5(—17.5) —4(+3.5) 1(+0) R10 1(-0.9) —0.21(—0.9) 0.05(0)
R11 15(—9.5) —3(+10) 1.5(+5) R11 0.8(—0.5) —0.15(—=0.5) 0.08(+0.26)
R12 (0) 0 (+20) 0(+4.5) J R12 (0) 0(0) 0(+0.23)
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HRTALDOFEREZ D LI, BHIRBIC DWW T — L2 EHD 1 AN ANKEREZK10a )
b), c) Xy, HEcEATiLL 1 E#E L), MeicX, Y, ZearnExeibl 2E%
L Twa, BlERREHEL T, AL TROTITRICSE D CIZEZNELANELL L 5T D
ZEDTH B,

(b) (c)
M0 <5 —>1tr57

5. HTEBDOFEN

5.1 HTEHDOEREHAK

AT 07— AL, UEBFNEZ AW THEAEORMELEZL DL, 77 P DR
DT RIIRINUC R T 2= 5—H )L 34 > P DOFICL 5 TV B DS, 2DETNAKTIGE B 728,
V7 LKLY 8 2 RERICEREL, 27 b
L DRFITIREA, B2 onBEEiIcHTz, 72
ZLLE L, LISy ENEvy, &R OfFITHIR
R4, R8, RI2ZZMEBIcx 3¢, BEIAIL,

BRCRTEARRICLN KT, ZHDETNIIDONT

WESFNHREBRR, G)R~7)Ric, IR 8
—fEEN-BEMEOREEILEEZ 52 Lk VA
D, 12a), b), c) IR TEAEAEDRMZE

rEW, RI20HEFRICEN 6 RoRy b DBfT0

F—2 RELZENTET,

X \{

X1l z=sx—HnN¥ 34>}

L,

A,=B,+
1,

(Bx—Cx) Ay:By+i—(By—cy) A,=B, oo 8)

1
2
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12 PAEiAEOREZEL

5.2 HITORE

RIS EOREZL% 4 LITRICETIEEIH 5 Z Emhr- 72,

1) AiRIE, BekEEAICE»L, REAETHICHEI R TRES SR> TWENE, BIADOHER
ErEIICLTWwBEEZLND,

2) R, MECOMBE 6, UMMM ZILLH], HEICKNTHCL > TWENT, REHHE
XgC, KICREEOTR2DESIT 2D LT TIRA C, IRIFRZEEF L2 L) L KET, |l
BIZENDP L TnBEEZ LS,

3) BEIZZOEN X Z/IE VD, RIS LEHICHHES e TRZIFLED TS L) L REIZE > T
W,

6. 2 ¢ &

i) 6 RHEITESHN LR, ZBEIC OV UEESFIITHRREZT, WEEFHIMRITLAT- 72,

i) 77 L OBATREMCBAIL, S, SBEEHOBS OBHEIBELL, ZORMIIFTRE TK
2BISIRY, PREIZBAMICATRICED L, BEIKEZILEDD L) LBITTH S,

i) 2OA 7 AL ESE L L ICKBE OB X ZEATILL, 6 RaKy b OBITEKR Y P DOBAT
BT 58y —> 2IRT,

i) LLEO@D 6, 6 Raky FOFnzL ST, @R TOESICHET 57— ZREL,
RE LTI 2 e TRETH D, 72, M7 OBMEILERD S Z &0, 74— F 3y ZHlER
T 5 I LORETH D EEZ LS,

& E XK
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1987
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Walking pattern of a multiped robot by analyzing
the movement of a insect

Kazuya Miyake, Iwao Kitamura, Tosinari Yamazaki,
Takakazu Tkahasi, Seiji Inagaki, Nagayasu Ikeda

The method of a determination of walking pattern of a multiped robot with six legs was
considered. The three processes: 1) Matrix expression of the walking on the base of
kinematics. 2) Observation of the movement of insects. 3) making of the walking pattern
of a multiped robot, were carried. The characteristic and the time dependence of motion of
each leg of the insect were analyzed and the non-dimension walking patterns were determined
from these processes. It is found as the fundamental characteristic of the multipde (6 legs)
robot walking that the functions of front legs, middle legs and rear legs are to pull the body
ahead, to support it and to push it respectively.

(ZE>eFnER)
EREHBIICL3SFTaRy b DEE Ny —

=% Msk, der B, LR
=ts FE—, FRE MER], thH RE

6RNER TRy F DFIT/ 89— > DIREFEICOWTEE R TH72, ZNEEL, 3OOFIET
Totz, 1) EHFICEITCSITOITIERR, 2) BROESHNBE, 3) ZR KR F DBIT 8
—2EKDDEV) INLDFIEL S, BHRAZNENDORDES DR & B ORERIZE LI DWW T
Rt L, BMRTIALL 2B T8 —v 2 REL, Z- (6 B) 2Ry b DBATOEBEIIZHE L L T,
ENTNRATRDOE X IZEREZ5] 55K, PRIZAKZXZ, HBEIT, KEHLEDLIIICLTWE L
DD 512,






=B NAND 4 — F QBB DRIBEEHEICDWT (1)
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KX EBLUT, RIBANEHE L (HEELH%
FELWLNET B, FBBEOETE, 4THD
Blic oW TFEZEDH L, FED 77—V EKIIX1 D
FI9%=ENAND ¥— } MM CERTX 2, A&
NHHr—r, ZEry—F, ANTF—FEVS, 2
Nk =B NAND ~— b [\ T, Sffitgic b
N7 —FEORZ”—FELT, "By —1 (3
AND 7 — b LTI, #E- T, H2EHEHIK
202y 7 (AN —K) (FELDOEFIIANE ,
BOMAELE X, X, X, X, tREND EHT% M2 = 7DeLESE

WPt N
IZETEL,
EEND LT
=§::1:40)

1L VIE, FeRl—D 1 O¥r i s X BE% F, Dl

REAEN/NE WIEICHEN & EDIEEES 2 RL,

T DLV THESPEEEL (true), W2ITFTOL VL)L THEEEO (false) &%) TEZHN
72 & L7234, NAND BRIy B8 7 &k, Qmmkkﬂm&y&”fiﬁ@&#%&é%ﬁ
F, #8728\ B KD, TNLOFHEANY—F, ZE7— M CAERT 2 HETH L, A4
Tl XXy X1 X, X5 XoXoX,, X\ Xo X HFHETHLINL)ICERTES, AL, THOHET
By = EBLUANTREERNCT 2 HHTHITIN T, P-NIEEIZHOHZEE LD
DT, KENHA, ZoHEL N 7=, ATBREOIL L EBE» R L5,

ANEH X, X, Xsy XeBIUVFOTEX, X, Xoy X, Z2VTINEVI, VT INDH
B, Fl2 X X, X, 2HHE V), VT IVe2Ld 8EHhVWI1LHTHL, ZITHFHEERI, &
EN)TINEEETUVEHNZ T, 4EBHOEE, RITRENTVDE LI X, X, X X,
XX, o XiX, XX DI f=1, 2%, = 72K —%T 2HNI6ME (—Micn £
TIE2"M@) Y, chbr~y 7 LETALELNLIE6 (EE (1,1,1,1), 2nx C, t%%ﬁ) # 3t
BICEATWS, ZNLDHFREZTHP (Positive sFAHNE) IHEB L UN (Negative) Hiz% D
B2, £, FEEIKRNLI Iy 7DELN ERFEGIOTCERTES, FlzIE, M2DL1L6D
FEREY X X, X X,=0011 THB, ZnEE, BENK1D)TINVOME XX, ¥ L)L 6 DFEFHE

1
Xz 2 1 1 0
Xa
ool | 1Y) ()
o1l ) 4 A
L ) OO O
NS, {
10 N\ \_ ) N p/j
X1, Xo» Xs» X Xi1Xz, Xi1Xs, XaXe | XeXeXa, XiXsXa Xi1XzX:Xe

X2Xz, XeXa, XaXu X1X2Xa, Xa1XeXs

(a) (b) (c) (d)
K3 4 EEOFHFIE
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&%‘ié:tb*‘f“%é Tobb, XsDELEILNH H10,
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O bIREOBSICEHL 24 0T, PHIMBICIOX 1259
TES—FE2EL, NH1DICOX120ANY— 28T 2, X4 HFEENITHIKE
WEDBITIEPEP(X;) I L TR 1 D2 D7 — 55t L,

NIEIZH L CTIER 1 D Ny, Ny, DA T7—=raxdie L, X PEBEAN, X, X, WA —F 28
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WCHBREDGDH L EvwE), P-NEFHENF L L T2 0REBEAKF, 2FRL LS,

2.2 (BE1)

(2T wv71) K20#@») (true) DN TRAIEFIZI2THE, 22 T2HPHEP,(X,) 2
2, CNTHEBE1N2, 6, 7, 9, UL BbNLH, 3, 10, 111d#%2 (K5(a)), =
DHFTCHRNETLNII3THS, (5T, SHPHEP,(X,) 235, ZNTHZICS3, 100 BbND
A%, 11355, L > TIDOPHP,( X, X,) 205, TNTIXRTCHERMEL DRI BbLINIZNTA
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EINLEAELELNLE, 12, 13, 15, 16I2DWT Y
FEIC#E 2 TNIE Ny (X, X5), Npo( X X3 X,) %
B3, (M) Py(X,X,) OABELENLIZOWTLHE

P,y P Py
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The Logical Design of Minimal Three-level NAND Circuits (I)
— P-N cube method —

Hideo MATSUDA, Takashi MIYAGOSHI, Toyomasa HATAKEYAMA

In this paper, we propose the P-N cube method for logical design of three-level NAND
circuits. there are 2" permissible cubes on the map for #-variable functions. We number all
the permissible cubes in an unique manner that the permissible cube may be generated in
order of its size.  This strategy for generating the cubes make P-N cube method very ef-
ficient, because the following procedure is used repeatedly in the method; first some P-
(permissible) cubes are selected to cover all 1’-minterms on the map, and then 0’-minterms
get mixed with those 1’-minterms are deleted by using some N-(permissible) cubes from each
P-cube. In the program, the function is represented as a 2"-dimensional Boolean vector and
permissible cubes are generated with a particular array of 2" X2" size. Also how to change
the shape of data at each step of progress of the algorithm is explained by the output
results of a computer.
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The Logical Design of Minimal Three-level NAND Circuits (II)
—— The Improvement of P-N Cube Method —

Takashi MIYAGOSHI, Hideo MATSUDA, Kazuto OOSAWA,
Toyomasa HATAKEYAMA

We presented the P-N cube method for the synthesis of minimal NAND circuits in the
previous paper of this publication. The method does not provide necessarily a optimum
circuit as it realizes any function with three-level NAND circuit. A catalog of minimal three-
variable NAND circuits has been given by Hellerman. Our synthesis circuits are compared
with that catalog and the way of improving our circuits which are in disagreement with the
minimal circuit is shown. It is described that if we present the function with a term represen-
tation for computer program, whereas we present it with the truth table in the previous method,
the improved method becomes to be able to apply to NAND circuits of a large number of
variables. It is also shown that our improved method produces the minimal circuit in shorter
computing time than the other method reported recently.
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Dressing Method for
The Schrodinger Eigenvalue Problem

Tsutomu KAWATA

Faculty of Engineering, Toyama University, Toyama, Japan

The Riemann-Hilbert problem (RHP) plays a key role on the invers scattering transform
(IST), by which many types of nonlinear evolution equations (NLEE’s) can be solved. The
IST of Schridinger cperator is reviewed in some content, that is, a vector formalism is given.
Considerations of the reviews enabled us to derive the dressing method (originally developed
by Zakharov and Shabat) which is also powerful to solve the NLEE’s. Connections between
both methods are made clear. We find that a Schridinger problem results in the dressing
method and the Gel'fand-Levitan type of integral equations (GLE) is also derived with the
same spectral function as the one of the IST. This fact means to define the scattering data
still for the dressing method.

81. Introduction

The RHPY plays a key role for developing of the IST? and various studies had been
reported by us. In this section we review the IST for the case of the Schridinger type of
eigenvalue problem (S-EVP).

The S-EVP is given by

Qx, g)u>={—3i+q(x, )Hu>=¢€u>, (1.1)

where the italic letter means a differential operator, |# > is an eigen function of the column
vector and a spectral parameter & is taken as real (=Re. A), but will be later extended to a
complex A. Throughout this issue the potential g(x) is assummed to be vanishing rapidely
as x >+,  The general solution |#> of (1.1) is given by two linearly independent so-
lutions |¢,> and |@,>,

lu>=—cle,> +cile,>=<cle>, (1.2a)

where bra-ket notations are defined by |¢>=(¢,, ¢,)7, |c>=(c;,c,)7 and <c|=(—c,, 1),
clearly satisfying <c|c>=0 and <clc¢’>=—<c’|c>. Since ¢(x) is rapidly vanishing,
the solution |#(&,x)> is generally determined by specifying its far fields as the linear com-
bination of two principal vacuums (e**¢*) as
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|u(&,x)>> —cill>e ¥+ ci|2>eisx

=<ci($)|]($x)<%>as x— oo, (1.2Db)

where ci, are scattering amplitudes, the vacuum is defined by J( 5x)< % >{] (éx)=exp(—io,

éx)} and superscripts ® are ordered as x > +oo.  The scattering matrix S(¢) is connected
with the scattering amplitudes <c*(£)| as

<ct(&)=<c(8)S(8). (1.3)
Correspnding to the vaccume J(éx) < % > Jost functions {=|¢*(&,x)>} are defined by

3., )p*(&,x)>=&%p*(&,x)>, (1.4a)
lo°(6,2)> = J(¢2) (1) as x> %o, (1.4D)
where €(8,,q)=—3%2+q(x), while the scattering matrix S(§;¢) is introduced by

lo(&,x)>=S(&)|e*(&,x)>, (1.5)

Since det A=<a,la,> for a matrix A=[a,, a,], the Wronskian of |¢*(&,x)> satisfying
(1.4) is given by

W3(€)=detlo*, oil= <o*|pi>=2i¢. (1.6)

Because of (1.5) and its x-derivative, we easily find det S(&)=1.
§2. Inverse Spectral Transform

We derive the IST by means of the RHP and the GLE by which the solutions of NLEE’s
can be solved. For developing the IST it is always necessary to make clear analyticities of
Jost functions and diagonal entries of the scattering matrix. This can be accomplished by
- rewriting (1.4) to its equivalent integral equations,

260> =g )+ [T g )lpr (6, 1) >y (2.1a)

The type of function |¢> is often exchanged by |¢>{=J(—£&x)|@¢ >}, then instead of (2.1a)
we get

. x z:‘é(xfy)_l .
wite 0> =( 1)+ [ g awlgite,n)>dy, etc. (2.1b)

By virture of Neumann series expansions, we obtain the theorem.

[Theorem. 1] “functions {|¢7(A,x)>, |¢3(A,x)>, s,,(A)} are analytic on the upper A-plane,
while the lower plane allows {|¢ (A, x)>, |¢32(A,x)>, s,,(A)}.”

[Theorem. 2] On each domain of analiticities, both sets of functions, {|¢7>, |¢%>, s,,} and
{l¢1, 92>, sz2} behave as
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9=>=( 1), 195>-0, sum1 (2.2)

around at |A|=
To make clear the analytic region, we define such new types of vectors as |¢7>=|¢7, ¢3>
and |¢V > =|¢7, ¢ >, where superscripts “P, N” represent that Im. A is positive and negative,

respectively. While, in far regions of x, these approach to the triangular states listed
in
[¢P(A,x)>->DG(A)J(—Ax)SH(A ](Ax)(%) as x—
> DE(A)J(—Ax)SE(A)J( Ax)(%)as x—>—00 (2.3a)
[94(2,2)> = DY (= A0 STNT ) 1) as x>
S DA (—Ax)S¥A)T Ax)G) as 1 —oo, (2.3b)
Matrices D) are diagonal,
, 0 1,0
D;’,(A):[s“ ]:{Dfu)} DN(/I)—[ ] (DY},
0,1 0, S22
while S} are stromgly triangular (its diagonal entries are unity),
spm—[l’”f] spm—[ b 0]
U - 0, 1 ) L _ f, 1 )
1,0 1, —o%
IO B C TPV | (2.42)
and
pr="22 pr=nppSn s Siz (2.4b)
S S22 S11 S22
Functions ¢®" are further modified by diagonal matrices,
195 (A,2)>=[D5(AD)] ¢ (A,x)>, 1¢2(A,2)>=[DF ()] gP(A,x)>,
[¢Y(A,2)>=[DY ()] ¢"(A,x)>, [¢¥(A,x)>=[DFH(A)] " (A,x)>. (2.5)
From (2.2) its asymptotic behaviours are given by
l92(a,0>=(1)+00/n) (2.6)
on each domains of analyticities. If piecewice analytic functions
[¢Z (A, 2)> (Im. A>0)
rE(A)>= N ’ 2.7
7=(4) {|¢'_l’(/l,x)> (Im. A<0), ( )
are introduced, we can define the following RHP's,
[T*(&+70,2)>—|T=(£—i0,x)>=0%(&; x,x)[¢"(&,x)>, (2.8)
where
N 0, p.(&)esx+® .
Q(E;x’y):[—pt(s)e"‘““”, 0 =9*(&;x+y) (2.9)
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and both reflectional coefficients p% {or ¥} and e} {or pZ} must be located in (1.2) and
(2.1), respectively. Following to Plemelii’s formula, we can get

" (1 1 = dé ... .
> =(1) gy et nlete 0>, (2.10)
It is possible to introduce the vectors independent on &, ,
1 = .
lKi(x,y)>:Z/_m][f(x—y)]ﬂ'Fr(5+20,x)>—<%>}d$, (2.11a)
_ 1 e t(p_: 1
K2, > = [ TleG =6 —i0,1)> (] )ide, (2.11b)

which are called “kernels” and independent on A. As shown in Appendix-A, substitution of
(2.10) into (2.11) and deformations of paths results in

» [6x—y), 011 f~ ., . N

|K+(x,y)>—[0 ,9(y—x)]—27r f_wﬂ (6;9,20)|¢%(&,x)>d¢, (2.12a)
N _ [6y=x), 0] 1 = . .

|K¥(x,y)>= [0,€(x—y)]—27r/—°°g (&;y,0)¢97(&,x)>d¢. (2.12b)

These kernels are on suppoprts of half line,

<1KZ%(x,y) and <2|K¥(x,y) ~ 8(x—y),
<1KY¥(x,y) and <2|K%f(x,y) ~ 6(y—x). (2.12)

For convenience of later use, we define new type of kernel vectors as |K*(x,y)> =~
8[x£(y—x)], where

|K*>=[<1|K%, <2|K{]", |K >=[<1KE, <2|K"]". (2.13)

In a sence of (2.11) we see correspondence between kernel and Jost functions. Actually the
corresponding Jost functions with (2.13) are given by

lgr>=[<1l¢, <2[¢f]", l¢~>=[<1|¢L, <2l¢p"]T, (2.14)
For these |K*(x,y)>, we can arrange (2.11) to
x _ L r _ " (1
B+, 0)> = [ TTeGe=a)lig*(e,00>—( 1 e, (2.152)
with its inverted formula,
l95(h, 0> =(1)=(0) [T M= 0NE*(x,9)>dy. (2.15b)
While egs. (2.12) are reduced to
1 « + +
K*(x,0)>=—(+)5 [ 0,085 4,00 (&, 2)> de. (2.16)
(4 —oo
From (2.15) and (2.16) we can easily eliminate Jost functions,

K3, ) >=—(£)5— [ a0%(¢5,m0d¢ - (1)

1 /= e x - .
+—271' /lwdsg_(Eyy;x)dE/;_wj[e(Z x)]lK (xyZ)>dZ,
This is just the GLE,
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|K*(x,y)> iFi(x,y)< % >:/;:Fi(z,y)|Ki(x,z)>dz, (2.17)

where F*(x,y) are off-diagonal spectral functions,

+ 1 « +
F(x,0) =~ [ 0.0%(&39,2)d¢, (2.18)

The fact that (2.15b) must satisfy the S-EVP enables the kernels to satisfy

K *(x, ?K*(x, N
af;‘ v _ afy" Y (K (x 1), (2.192)

q(x)ZZdLKi(x,x). (2.19b)
X

as shown in Appendix B. These define Cauchy problem, and the uniquness of solution is
already known. Specially (2.19b) recovers the potential once the GLE is solved as to kernels.

§3. Integral Operators for The IST

We consider to develop the dressing method for the Shrodinger operator.  The scalar
case was already treated by Zakharov and Schabat,® but in our case their formula must be
modified to the vector formula. We remark that the modification is not trivial. It is a key
to give a mapping from the vacuum to nontrivial states. Considering (2.15b), we define

[0 F)(x)=0,(¢,9)F (v ;)= [ 0,(,9)F(y;x)dy, (3.1a)

[0, *>1x)=(¢,0)( 1)~ (2) [ 08,0 IK*(y;)>dy,  (3.1D)
wher @, is a vacuum (matrix) and F is a Fredholm type of matrix operators while |K *>
{IWi>El< % >+|K >} are Volterra type one. We introduce the following relation,

W(&,2)>={1+F(y,x)}IW*(&,x)>, (3.2)

which can be reduced to the GLE as shown in the following.
For convenience we exchange both kernels K*(x,y)

K*(y;x)=K*(y;x)0[t(y—x)], (3.3)
by which the Volterra integrals are represented by
[0 K*>1x)= [~ 046, 1)K *(5;2)>6[+(y—x)]dy. (3.4)

On the other hand (3.2) is reduced to |K‘>=F< i >+|K+>+F|K+>. To this relation,

we operate the matrix function @, from the left side, then for z>x we obtain such a GLE as
F(z;x)( %)+|K*(z;x)>+f:F(z;y)lK*(y;x)>dy.=0. (3.5)
This is exactly same with (2.17), but we can not find any imformations for the spectrum

function F(z;x). While the spectral function F* in (2.18) include 2%(&;x,x) which con-
sists of reflectional coefficients (scatteringn data). It is natural to connects the spectral
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function in (3.5) with the one of the IST.
We remember the treatments of §2 and arrange them by Volterra operators, which
generates ¢*(&,x) from the vacuum state J(£&x),

w20 =J1e (=l ) 41K (y;00>)

:<%>_(i)/;:][5(x—y)]lfi(y;x)dy. (3.6)

Let’s consider the following vectors,

11, 0 -1
gs =[<1/¢", <2|¢11T:[3 ] .
0, S,

. , 0 -1

gr=[<1]¢", <2|¢"]T:[S“ ] o+, (3.7)
0, sn

We note that both vectors [<1|¢Y, <2|¢f]T and [<1]¢f, <2|¢¥]" are different from the

one used in (2.14). Corresponding to ¢;, new kernels
K{=[<1K?", <2|K"), K,=[<1|K}, <2|K?Y], (3.8)

are introduced on supports 8(y—x) and 8(x —y), respectively. Now reconstruction formu-
lae obtained from (2.11),

(x> =( 1) f_”;;%g+($;x,x>l¢+(s,x)>, (3.9a)
ot a,0>=(1)+ 271”, [ Ed_i e (&5x, 097 (&,0)>, (3.9Db)

are represented at A=§ as

9ie, 0> =( 1)+ e (ex It 0)>

- pv. [

2mi

dg’
§'—¢

Q&5 x,0)|¢7(6,x)>, (3.10a)

|¢’l’($,x)>:< 1 )—%m(s;x,xw*(s,x»

1 © dé&’
+ -P.V.
2ri PV f—oo E'—¢
where P.V. means the Cauchy principal value. It can be also summarized as

|¢6(E,x)>:< % >+%aaﬂ+(6;x,x)|¢*($,ﬂ>

Q& x,x)¢t (€ ,x)>, (3.10b)

1 * dEI + /. + ’
T pv. [ g @ (& Dl (E x> (3.11)

On the contrary to these we can see

9 (0> =(1) =L et @x nlet(e,0>

1 - g e
toar PV e (e 0l (0>, (3.12)

Eliminating the principal value integral from (3.11) and (3.12), we can obtain
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|¢o(&,2)>={E+06,2%(&;x,x)}¢*(&,x)>. (3.13)

Since |¢5(&,x)> also satisfies the S-EVP, it has also a kernel and similarly to (3.6) we
define it as

~——

|¢a(5,x)>=J[E(y—x)]{1<% +IK(y;2)>}. (3.14)
t

Both formulae (3.6) and (3.14) reduce (3.13) to

](5y){1<%>+|K5(y;x)>}

~{E+0,07(£50,0)7(6)1( ] )+IK " (s;2)>), (3.15)
which can be represented by
Woly;x)>={1+F(y;2)}W*(z;x)>. (3.16)
The relation (3.10) really determin F as follows,
0;R27(£;0,0)/(gy)=J(6z)F(z;y). (3.17)
The kernel F of operator F' satisfies
f_wf[é(z—x)]F(z;y)dzzdzﬂ*(é;x,y). (3.18)
The RHS is a Fourier integral and we can invert it as
1 o
F(x;y):z—f 0,27 (&;x,y)déE. (3.19)
T —o0
This relation is basically derived from two kinds of Jost functions |¢5(A,x)>, |[¢T(A,x)>
and from operator relation (3.16). It is easily seen that another type of relations can exist.

84. Dressing Method for The Schrodinger Eigenvalue Problem

In §3 we found an operator relation (3.16) consisting of both Fredholm and Volterra
types of operators. In this section we remark that this is not only important but also is neces-
sary to obtain the integrable conditions. We take a scalar differential operator 2(3,q) which
is redefined acting to the left term side as ¢— @& while the matrix still acts to the right.
The Schrodinger equation is represented by

le*(&,x)>2(8,q)=€lo*(§,x)>, (4.1a)
J(Ex)Qo(8)=82](éx), (4.1a)
where €, is simply set as a trivial differential operator (=—48%). Discussions of § 3 suggests

us to redefine Volterra operators,

08,00 > =J(enW*(y32)( ] ), W*=1+K>), (4.2)

because |Wt>=Wi< % > However, these basically represent scalar relations, then we can
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take W* diagonal.  Substituting (4.2) into (4.1a), we obtain
JEyW (y;x2)2(0,0)=T(EyI)W *(y;2)§2=T ()W *(y; x).
Eliminating /(&y) from this, we get
W (y;2)20,q)=8,(3)W *(y;x). (4.3)

The nontrivial operator €™ (3,q) can be generated because the scalar operator W*(=|1>
Wi <1|+]|2>W;<2|) can be inverted. @~We denote this as

(WltwWe=w*[w*]"=1, (4.4)

then [K*, [K*]']=0. These facts are generalized to the case of m-th differential operator
AT (is set as 8™ for simplicity) and we reduces (4.3) to

A™(9,q)=[W=]TA™W =, (4.5)
which generates a nontrivial operator denoted as
m
s‘)[(m)(a’q):am+k§lq(km)(x)am-k. (46)

The function ¢.(x) is called as the potential.  All of these potentials can be determined
recursively if both orders of %™ and A{™ are equal. On the other hand, from (4.5) we ob-
tain

(26, F*]=0, (4.7)
where
1+F =W W', 1+F =w [W~]! (4.8)
We assume two trivial differential operators which satisfy
(g™, AgV]=0, (4.9)

from which the integrable condition is derived. @ From the left and right sides we operate
[W=*]'" and W* to (4.9) then obtain

0=[W ]t [as™, AW *

LGRS RTEIS]
That is an integrable condition,

[am™ u™]=0. (4.10)

To derive the NLEE’s, we must extend 2™ to 2y™ consisting of derivatives as to other
variables £,,
0
ot
where «a, is constant. Similarly to (4.7) and (4.10) the NLEE’s can be obtained from

Gr=2a +AT(3,q), (4.11a)
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[em, gm]=0. (4.12)

. 1
For the case of KdV equation, ¢?=%®, 53<3>:Zat+21<3’ where

AO(=—9)=5"—q(x,1), m(a’:a3~§q(x,t>—%qx. (4.11D)

The t-dependent EVP |pf >8=|pF > £&? is again introduced by setting 2= —2® and ¢*(£, x|¢t)
:](Ey)W(y;xlt)< % > Also from (1.5) the S-matrix is given by
JCEYW (y;2)=S(&,t)J(EyI)W *(y; x). (4.13)

by which the well-known relation S,=4:£%[6;,S] must be obtained. If the integrable con-
dition (3.11) acts on |@*>, we see from (4.12) that H(€)|e¢*> and |¢*>2® are eigenfunc-
tions of &,

I¢t>g(3)8:|¢t >8(3)$2. ( 4 14)
We may take H(€) as constant and diagonal, and impose
l9*> 9+ Hlp*> = J(62)( ] ) as 2 %o,

That is, H(§)=E—i€°0; and |@*>8®=1£%q,lp*>.  Since |p*>=J(£y)W*(y;x(¢t)> and
[J,H]=0, we can find

%Wf:c'PWi—Wi%l“’. (4.15)
On the other hand. The t-derivative of (4.8) and (4.15) give us

F;=W;W1'"Q+F ) -+ F )W w-],
WEW =] =4UP —aW = A3 [W £ ] 1.

Then also from (4.7) we get
=4[y F*], [6%, F*]=0, (4.16)

by which the relations are obtained,
oF= PPF* 9 F* 2t 2 ot
Ly TEL 2T )0 FE*_OF
ot Yy ox dy ox
If the coordinates are transformed to g#=x+y and v=x—y, we find that F*(y;x|t)=
F*(p|t) are only nontrivial and obtain

=0. (4.17)

Flxtylt)= [ JI-&(c+y+88D]F(l0)de, (4.18)

where F(£|0) is determined by the initial condition.  This gives a same structure as the
spectral function in (2.18).

§5. Concluding Remarks
The usual dressing method® does not give a correnspondence with the spectral function
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obtained in the IST, which was first studied in a case of the AKNS eigenvalue problem.”
The case of S-EVP starts from definitions of Jost functions, and we find it still possible to
choose a different set of Jost functions from the case of IST. This selection results in the
dressing method, where we obtain the principal factorization formula of Fredholm operator
(4.8), the integrable condition (4.12) and other necessary relations (4.7), (4.15), (4.16).

We are interested in the S-EVP, which is convenient to investigate the relation of the
IST with the Sato theory,” which is useful to introduce the z-function. It is our next plan
how to solve the initial value problem of the Sato theory, in spite of that both IST and
dressing method solve it.
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Appendix-A Complex Integrals

We consider integrals,
N °° dé
e v e A 20
Instead of this, we consider its scalar type and obtain

1 = d¢ ez L e d€ . aiez
2”iﬁm5’—g+z'o ¢ N 2nz’f—w5—($’+z’0) ¢

=—f(—z)e %,

by means of Jordan’s theorem. This easily gives us

1 = dée _ _[6(=2), 0 ,
oni) e e2)= [O’ 6(2)]](52). (A.1)
We similarly obtain

1 o de _[ez), o0 ,
2ni fm £ —€6—10 '](EZ)_+[O, H(—z)]](EZ)' (A.2)

Appendix-B Kernel Representation of Jost Functions

We consider the relation in eq. (2.16),

(¢, 0)=7(e)( )= (5) [ (e K*(x,9)du.

Its derivative @3, is given by
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pice, )= (en)( 1)) [T Jtey )aZK (x.9)

d
dx

(e 2Ky,

K*(x,x)—ifos K*(x,x)},
ox

while the term (g(x)—£%) " is
(a(x) = 9" =(a(x) =) () 1)

*K*(x,y)
—ayz“—}dy

dK*(x,y)
ay

—(=) [ Jentao K=(x,9)+

—(ENJ(Ex)K*(x, x)— J(&x)

For this derivation we had used £2/(€y)=—7J,,(£y) and

[ 1 ek=(x.ndy=— [ (60 K*(x,1)dy

ly=x}.

:_f ey )aK (x,v) dy—J.(x)K* (x,X)+](5x)£_;.;M.

From (B.1) and (B.2) we can obtain

() [ Jentao e, p+ 2 ) T )
Yy ox

{dy

K *(x,y)  oK*(x,y)

=g J(ex)( ] )+ (=) I8 2 2 g 0,

ox Yy dx
by which the Cauchy problems are obtained,
FK*(x,y) FK*(x,y)

dy? ox?

+q(x)K*(x,y)=0,

q(x)* ZLKi(x, x)=0.
dx

(B.1)

(B.2)

(B.3)

(B.4a)

(B.4Db)






Paileve Transcendents and Its Linearizations

Tsutomu KAWATA

Faculty of Engineering, Toyama University, 933 Toyama, Japan
§1. Introduction

Painleve and his co-workers had studied what kind of ordinary differential equations
(ODE’s) belonging to the second-order class does not admit any movable singular point
(MCP) in its solutions.” They found six so-called irreducible Painleve transcendents, which
can be integrated in terms of elliptic functions,

P, dz]; =6f°+x, (1.1a)
dx
P,: d =2f%*+xf +a, (1.1b)
dx
& _1(dfy 145,
Py f( )y -+ ariep) (1.1¢)
i 1 _3 2 2_ B
P e () s 2 s+ (1.1d)
i 1 n 1 dfy: 1df
Ps: dx? < 2f  f— )( ) x dx
+( )( )+7f+af(ff_+11), (1.1e)
@11, 11 ydry (1 11 \df
Ps: dx2_2<f+f—l+f—x><dx> (x+x—l+f—-x/dx
fUF-D(f—x) [ x—1 x(x—1) :
23 (x—1)* l+'8 (f 1)Z+3 x)z}’ (1.11)

where «,8,7,6 are constant. On the other hand, the group thoretical analysis for differential
equations was advocated by S. C. Lie during 19-th century,? then many contributions had been
published as to the symmetric transformations and similarity solutions.  Despite the con-
siderable effort to these earlier studies, few advances for solutions of the Painleve equations
were made until recently.

More than ten years ago Ablowitz et al*® found that exactly integrable nonlinear partial
differential equations (PDE’s) allows similarity solutions and are closely related with the
Painleve transcendents.

Flaschka and Newell® considered the problem deeply and obtained a principal method
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for solving the 4-th Painleve type of ordinary nonlinear equations (P-ODE) in a global sence.
In this issue we consider the connection between linearizations of PDE’s and P-ODE’s
simply. The principal idear depends on the similarity solutions of PDE’s.

§2. Similarity Transformations
The group theoretical analysis for differential equations had contributed to the symmetric

transformatiohs and similarity of solutions. To review this, we consider

N(x,t,q,qx,qt,dx¢, ) =0. (2.1)

The basic idear is to consider the invariance of tangential equations under one (or several)
parameter (=e¢), where the transformation group acts on variables (x, ¢, ¢q) and generates
(', t', q),

x'=f(x,t,q;¢), t'=g(x,t,q;¢), ¢=h(x,t,q;¢), (2.2)
where the case € =0 is set to be identity,
x=f(x,t,4;0), t=g(x,¢4;0), g=h(x,t q;0).

Denoting a solution of (2.1) as ¢=¢(x,t), we replace these variables with ¢’, x” and ¢’ then
obtain

N, q @ oy @ e, ) =0. (2.3)
since € is a parameter. That is, (2.3) also allows ¢’ =¢(x’, t'),
$(f(x,t,8;¢), glx, t,4;¢))=h(x, t,8(x,t);¢). (2.4)

We say this as the invariant condition, which enables us to find such infinitesimal transfor-
mations as

x'=x+e&(x, t,q), t'=t+er(x,t,q), ¢=qg+en(x,t,q). (2.5)

The problem is reduced to find three functions &(x, ¢, q), t(x, t,q) and #(x, ¢, q).
§3. Similarities of NLPDE's

In this section we consider the typical type of NLPDE’s,

KdV . Qt_GQQxJT_QXxx:Oy (31)
mKdV: ¢, 66+ qxxx=0. (3.2)

2A) Korteweg-de Vries Equation

We first remark that the K-dV equation (3.1) is invariant under transformations of inde-
pendent variables = a¢+ Bx, x=vt+ dx, and dependent variable as
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g(x,t)=x-q(x 1), (3.3)

where x is a constant.  Actually the similarity condition q(x,¢#)=q(x,t) holds under con-
ditions a= 63, x= 8% and 8= y =0, by which the invariance is given by g(x ,t)= 82q(8x,8°t),
caused from that the K-dV equation at least allows us 1-parameter solution. Since 8%¢(dx,
8%t)->{1+6(2+x8,+3¢t3,)}q(x, t) as 81+ 6, the invariance is reduced to

xq.+3tqg.,= —2q. (3.4)

. . .. . dx  dt d
As shown in Appendix-A, characteristic equations, T:?: —ﬁ
solving the general solution. By means of two independent solutions ¢=c,;x "% and ¢= ¢, 23,
the general solution can be given by F(gx?,qt**)=0. Since F(%* ,*) is an arbitrary

function, we can obtain ¢, =gqx’= f(c,)=f(qt?*?®) or equivalently

. are important for

q=x 2 f(x728%0), =t F (x%t7%) etc, (3.5)

which reduces the KdV to an ODE. If we take ¢g=¢"*®f(x¢7"?) as an example, the KdV eq.
is reduced to

f”’—6f’f—~%—zf’—%f20, (3.6)
where f=7(z), f'=df/dz and z=x¢t"""3.
2B) Modified KdV Equation

For the m-KdV eq. (3.2), we also obtain

a(x, )= alx, )= dq(5x,8%1), (3.7)
The self-similar solution is easily derived,

g(x,t)=(3¢)7f(x(32)77). (3.8)
From egs. (3.2) and (3.8), the second P-ODE is deived,

f=2f+zf+v, (3.9)

where v is a constant. We are sure that similarities reduce both KdV and mKdV to P-ODE'’s.
This fact holds for many kinds of PDE which can be solved by so-called exact method, inverse
spectral transform (IST), Backlund Transform, and so on. = While the Painlve’s type of
equations had been studicd by many authors and its mathematical properties were made clear
in various points. We specially refer to the connection between Painleve transendents and
IST, which was found by Ablowitz and his co-workers.® The IST decouples the PDE into a
set of linear problems, one of them is an eigenvalue problem. From this aspect it is natural
to expect such a decoupling scheme for Painleve transcendents.
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84. Linearization and Compatibility Conditions

We consider a typical set linear equations, consisting of the 2X2-matrx order equations,

0:=D(A;q) e, (4.1a) 0. =F(4;q9) 0, (4.1Db)

where A is a spectral parameter and both matrices D and F satisfy the integrable condition
as to A,

D.,—F.,+[D,F]=0. (4.2)

The coefficient matrix D(A;q) of (4.1a) is specified, while F(A;gq) is determined by the
integrability (4.2). For the case of mKdV eq., both matrices D and F are given by

D=—ilo;+Q, F=0,/(A;q)+Fy(4;q), (4.3)
. . _ . 0, g

where ¢, and o, are Pauli spin matrices, Q(x,¢)=¢q(x,t)-0,, F, is chosen as F,= -
F=7(A,q)=—4iA*—-2miq*], (4.42a)
g=g(A;q)=4qA*+2iq A—qrx+2mq®, (4.40b)
h=h(A;q)=4mqA*—2img,A—mqy.+2¢*(m==%1). (4.4¢)

The mKdV eq. is actually obtained as

G:—6mg*qxt qexx=0(m==%1), (4.5)

where the potential ¢=¢(x,¢) is determined under a initial condition (¢=¢g,(x)). Because
both matrices D=D(A;q) and F = F(A;q) depend on (x,¢), the eigenfunction of (4.1) can
be denoted as

e=p(A;x t;9)=e(A;x,1), (4.6)

Now we define the following transformations,
~ ~ ~ ~ A
x=06x, t=08%%, q=q/¢, /1:5, (4.7)
by which the following lemmas are deduced.
[Lemma. 1] By means of (4.7) the linear set (4.1) can be transformed to

9:=D(X;q)o, (4.8a) pi=F(X;q9)¢. (4.8b)

and this solution is represented by

e=o(A:x,t:q). (4.9)

(proof) Because of (4.7) the differential operators (8/dx, 8/3t) are transformed to {8(d9/dx),
83(8/81)}). By this facts we can see

D(A;q)-8-D(X;q), F(A;9)-8°F(X;q). (4 .10)

The components of F are also transformed as
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F(A;0)- 8 F(X;q), g(A;9)~ 8%2(A;q), h(A;q)-8h(X;q).

The couppled set (4.1) are transformed to ¢;=D(A;q)e, ;= F(X;q)e, which are invariant
with (4.2) and the solution is given by ¢=@(A;x,f;q). [QED]

[Lemma. 2] We denote the solution of the m-KdV equation (4.6) as g=¢(x,¢). Under (4.7)
the solution ¢ satisfies the same m-KdV equation with independent variables x and t~, then we

obtain
a=a(x,0)/8. (4.11)
(proof) The m-KdV equation (4.6) can be transformed to
4= 6ma* gt Q= 0{qi—6ma’q;+ g2} =0.

Both m-KdV equations as to ¢ and ¢ are invariant under (x,#)— (x,#). Hence ¢=q(x,%)/é
is obtained. [QED]
The self-similar solution ¢s in (3.9) shows us

gs(x,t)=(3¢)7"3f(x(3¢)""?)
=68(31-8%) "3 ((x+8)(3¢-8%)713)
=8(3F) BF(x(35) )= -q4(x, 1), (4.12a)

then from (4.11) we find

To=qs(x,t)/6=q4(x,D) ' ‘ (4 .12Db)

~ ~ ~ o~ 1
and gs=(3¢)""*f(x(3¢)""%). We note that the potential of qD(A;x,?)is qs<x,%>=f(x).

[Theor.] The potential is assummed to be self-similar. Then from (4.12b) both solutions of
linear sets (4.1) and (4.9) must be related with

o(A;x,t)=9(X;x,1). (4.13)

[proof] Because of self-similarity (4.12b), the set of (4.9) is written by ¢;=D(A;qs(x,{) o,
o= F(X;qs(x,)) e, with a solution ¢(A;x,f), because it are invariant with (4.1). [QED]

-~ ~ 1 .
On the x-¢ space, we may set t=§ and define

¢(I,x~>:¢(f;x~%), (4.14)

then ¢(A:x,t)=¢(A,x). In this case the parameter & must be taken as 8=(3¢)""® and
we denote

A =2a(38)3, x"=x(3¢)7 "2 (4.15)

Since ¢ must satisfy (4.1), we obtain

Px= (St)¥l/3¢)(':D(AyQS)(/}7
9. =Bt) H{—x"go+A¢i}=F(R,q5)¢,
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where we used differential operators given by

i— —1{_ 'i ’ 9 } i_ —1/3~‘_9__
57 (31 ¥ A e T B

Because of D(A;q)=(3¢)""*D(AX";q’) and F(A;q)=(3t)"'F(A";q’), we obtain

$o=D(X,q5)¢, ¢=R(X;45)9, (4.16a)

where

R(A,x;9)={x"D(A,q5)+ F(A;q5)}/A (4.16Db)

We change {(3¢)7'3x, (3¢)"3A} to (x,A) for briefness. Since g;= f(x), the matrix R can
be given by
(=i x+2mr?),  4Af+2if
_[4mf/1—2imf', (A +x+2mf?)
If f(x) satisfy

, 1
]—(f”—qu3—xf)[0 ]

m, 0

f =2mf*+xf+v (v:const), (4.17)

we can obtain the following linear set,

e 1
a*[ysz £ ialle) (4.182)

5 [¢1]A[—z'(4/12+x+2mf2), A4AfF+2if + u][sél]

o) lamsa—2ims +mo, iaa+x+2mr>)]|%2)
We note that the integrability of formula (4.18) again yields (4.17) which is known as the
second Painleve’s equation.

(4.18b)

Similar treatments can be also performed for the KdV equation (3.1). Under transfor-
mations of variables,

x=08-x, t=08%, q=q-872, (4.19)

the KdV (3.1) is invariant and the solution ¢ is given by ¢=gq(x,7) or q(x,t)=8%q(x 7).
This is a self-similar condition and we take the self-similar solution ¢, as

gs=qs(x, )=t f(x2t72%), (4.20)

which really shows gs(x,t)=8%F22f(x%t 2*)=08%qs(x,f). The inverse scheme of (4.1)
is well-known as

Cxx=(gs— Ao, ¢, =(4A+2¢,)0x—qsx0, (4.25)

where A is a spectral parameter. Adding to (4.19), we define A=A-872  Then (4.25) is
again invariant for such a transformation of variables. We see ¢(A;x,¢)=(A;x,t) and
choose =1 (corresponding to §=¢""3). By this setting we can define a function ¢,(A,x)=
o(A;x,f=1) and obtain

e(A;x,8)= @ (A3, xt7%®), (4.26)

by which the following linear set of ¢, is obtained,
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Poxx=1as(x,1)— A},

1 x 3
Po,a ={6+7(?+3qs(x,l‘)}%,x—ﬁqs,x%, (427)
where At?® and x¢ ?° are denoted by A and x for simplicity. The integrability of (4.27) is

directly reduced to (3.7).
§5. K-P Hierarchy

The K-P equation is interesting since its has (2+1) dimensions. It may be seen difficult
and its corresponding Painleve formula was not shown yet. According to Sato,” we introduce
an scalar psed-differential operator &,

3)=0+ u,(x)d '+ us(x)d >+ u(x)a®+ -, (5.1)

where u,(n=2,3, ) are functions depending on x and also on infinitely many variables ¢ =
(to, t1, 2, *-*). The operator 8”(3) has differential parts, which is represented by 8B, =[2"(3)],.
After some calculations, we can get

%1:(‘9,
B,=3*+2u,,
3 du,
B;=3°+3u,0+3u;+3 .
X,
— A4 2 auz au3
B,=ad*+4u,o +<4u3+6 >6+4u4+6
X, x4
32
425 6,2, e, (5.2)
X7
[Theorem] If eigen functions of & are introduced by
0
23)e(4,0)= Ae(2,x), - =8,(d)g, (5.3)
for n=1,2, -, instead for (5.3) we obtain
o2
atni[%ﬂyg]: (5.43.)
0B, B,
at, at"—[%n,%m]. (5.4b)

(proof) (5.4a) is easily derived by taking derivatives of ¢ =A¢p. The derivative 8°€/3¢,3t,,
of (5.4a), is arranged to

0
1B, 1= By, T3, (3, €]
hence the compatibility results in
0 0
3B, =8, 9]

= [SBn,tm_QSm,tm 8]+ [%ny [%m, 8]]_ [%my [an, 8]]
= [EBn,tm_EBm,tn+ [%m; %n]y Q 207
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where we used Jacobi’s relation,
[%n, [EBrm Q]]— [EB,,“ [%ny 8]]: [Q, [%717 %m]] [QED]

The inverse scheme of the K-P equation

(doty— U xxx—3uUxu)x—3uy,,=0 (5.5)
is given by

a—¢:¢xx+2u¢a (553)

Y

e

7:¢xxx+3u¢x+3(v+ux)¢, (55b)

where y=+¢,, t=t, and u=u,, v=u,,
205t Urx— uy,=0. (5.5¢)

By means of (5.3) the eigenfunction ¢=¢(A;x,y,t) is defined, and we consider the
following transformations of variables,

x=pBx, y =B%, t=p°t,
A=BA, u=pu, v=,%, (5.6)
under which relations (5.5) are invariant. If we further assume
(x,y, D) =ulx,y,2), olx,y, H)=v(x, y, 2), (5.7)
the eigenfunction is still invariant,
o(A;x,y, )=9(X;x, y, 1). (5.8)

For new variables {4, x, y, f} we may take 7 as const (=1/3), while the parameter A
must be set as

B=(3t)"'". (5.9)
In this case (5.6) defines
A=ABOY, x'=x(31)71, y'=p%y(31)7*", (5.10)
while from (5.7) dependent variables satisfy
w'=(3t)*"*u, v'=(3t)""o. (5.11)

The eigen function can be denoted by

_~ o~ ~ ~ /,,1 .,
¢M;&y,):ﬂﬂ;xﬂ,gﬁf¢u,xw). (5.12)

By egs. (5.10) and (5.12) we may change the derivatives as
3 o d '

_9 _ -1/3 — -2/3
P G LD 7 (3¢)

ay/:
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0 2] 0 0
(02 x 202 |
YRR Ut st Ul wr (5.13)
Then egs. (5.5) are transformed to
¢ _ 3¢ ,
ay/ - axlz +2u ¢,
, oY _{ a° , 9 ;o O < , ou’ , )}
A G ax,3+2y ax’2+(3u +x)ax,+ 30" +3 ax,+4yu ¢,
v d*u’ ou’
220 4 -2 =, :
axl axlz ay/ 0 (5 14)
The integrability of (5.14) is reduced to
{thoxxt(R2u+4x)u,+8yu,+12u}x+3u,,=0, (5.15)

where we replaced #’, v" and x’, ¥” with %, v and x, y.

Now, denoting u’<x', y',%)zus(x’, ¥’) and from (5.7) and (5.11), we can see
ulx, y, t)=38)Pus(x’, y"),
vix,y, t)=(3t) vs(x’, y"). (5.16)

After sustitution of (5.16) into the K-P eq., we obtain
{Uper+(12u+4x)u+8yu,+4u}t+3u,,=0, (5.17)

which is slightly different from (5.15) but it is trivially removed by adding a shift to x.
§6. Concludings and Remarks

We mentioned the derivation of P-ODE’s by means of similarities from related PDE’s,
assummed to be in a class of equations solvable by means of the IST. Ablowitz et al.*® had
found a connection between the PDE’s and the P-ODE’s, by the dressing method, developed
by Zakharov and Shabat.?’

In this paper we extend the derivation of the P-ODE from the PDE’s with a couppled set
similar to the IST formula, where an invariance of eigenfunction is introduced.- This was
also applied to the K-P equation in (2+1) dimensions. It is important to obtain such couppled
sets of P-ODE, because Ablowitz had developed the monodromy inverse transform (MIT), by
which he showed it possible to obtain a global solution of Painleve transcendents.”
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Appendix-A Partial Differential Equation and Characteristic Coordinates

We consider the PDE as

The complete solution containing two arbitrary constants is constructed by

z=f(x,a)+g(y,b), (A.2)
where f(x,a) and g(y, b) are solutions of ordinary differential equations,
x=F(x %), v=6(v.20), (A.3)
ox Yy

respectively. On the other hand, the general solution must contain arbitrary functions. To
get the general solution z= f(x, y), we use the equation

QU SR 2), (A.4)
which has a form solved as to the differentials of z. We can denote the solution as the
1-parameter family of ¢,

P(x,y,z)

x=¢(t), y=¢(t), z=x(t).

Then z= f(x, y) is understood a curve on which z = x(t) crosses a sylinder {(4(¢), ¢(¢)|teR}.
This means that a point on the solution surface moves as . Hence the variations of z : dz =
fxdx+ f,dy is obtained by the total deribative as to ¢, we get

dz . dx dy
Comparing this with eq. (A.4), we obtain
_dz _ dx _dy
R(x,y,z)—idt , P(x,y,2)= a7 ,Q (x,y,z)——dt ,
or equivalentry
dx _ dy dz

P(x,0,2) Qx,4,2) R(x,y,2) (A.6)

which is called as the characteristic equations of (A.4). If we denote two solutions of (A .6) as

u(x,y,z)=cy, vix,y,z)=c,, (A.7)
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the general solution is given by
F(u,v)=0, (A.8)

where F is an arbitrary function.
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Transient Thermal Stresses in a Finite Clad Cylinder

Takahito GOSHIMA

This paper deals with the transient thermal stresses in a finite clad circular cylinder,
which is joined two finite circular cylinders of different materials together on the ends,
subjected to partially and axisymmetrically heated on the clad end. The thermoelastic prob-
lem is formulated in terms of a thermoelastic displacement potential and three harmonic stress
functions. Numerical calculations and the measurements by using resistance strain gages are
carried out for the case of the clad cylinder which consists of stainless-steel and carbon-steel.

The theoretical results were in agreement with the experimental ones.

(ZE3CF0ER)

77w FEBEDEESHRICH

Homs -

WAl A S N B M ORI AL LK S 7 7 v FEMEYXZD 7 7 Finill % IEE# Bkt
ENDEENIFEFBIGHEI k), REAMERIEDOBITIZEMMEEM R T > 2 v L & 3 DDA
BB EHCTITY), IS, 2AT v 277y FERFMAPSKE 77y PEHEIZOWT, ¥
EEELITY, 72, OTA7Y—C2HCGEEFRREHOMNEDL AL T 72, ZOREER, M
i WEERBR R —ED RN,



FROEMAIFEICEAT 3HR
A BT, ERFE—, b OEX EH B

&

2AE ) =NRXEEr ECBEICHEREE S &, BRI L 2 HARIMRGIC & ) KEBRE RS
LI ENHLNT WD, TP LERACTERSBICINALLBRERKZEZEBNICHRE I N
13, BIZ ITBBEBOKRZIEREE L CHEICFRA TS24 Y nflarifiiFci s,
ZELIIBMBEBMHKERA~FIHT 2 BT, KEEHEL XY/ —N, FNALLTLTE FBX
UXEBIZOWT, 77058 ke LBEEBELECOEMSBRICZERL, BHEKEZT LYY
EDBRATICL25A, BEREOH CRIENRY 27— AR EMSRICIIRDIEETH 2
ZEERWIELTERLDY, —F, BEAERP CKRERNXEEIZ 2 ¥/ —LoEl, B X USERIC
DFEERW T, £ Hy, ~OFRBRICOWTE DREVFRESINTE22DY, Py ) fTon
EEBZOWTIIH FNIFEIN Ty,

AHETIE, ERBICT L) 2 AVUSBRHEEWERM RO EENE TR TH 2 EBbd
DT, BRIZEHENRWI0BKEELY ) 74 TARRME T 7oz Y, XEEOHEMSERG
RRETL 72,

1.% B F &

1.1 & &

10X20mm /%7 277 440% (99.95% =73 (%) ®) cASREMHFELERE Lo, 72,
FRKGFRE XBEE L 0BREROLIERTIX, MULEEN ST 27 4RIC/$T 07 LR % T,
EhicZD LIcASEZ T2 ERE AW,

1.2 & & &
1.2.1 EMoBAER

B 72 (BR) BEROKEEIL A ) 7 £30% % HIc, BRILE (k) REERRESE (BRfTHY
Protz) ERTENBEICL L LHVRAELL,

1.2.2 KFEREERE S LU Voltammogram #IE R ERE

I1mol - dm™2 KB # ) ™7 29EM % 500mA X 20 hr BiEM L 721, OB RZIT% > TRV,
1.3 EmMoB
FEHABEBRPCMENBENXBIAMRICER Y —EFHEE L ERSB LT by,

1.4 EMORICHEIKRENE

EEomENORE LI ML, EEKTEIKEL, KEREZHEHERBRP~HK L, dlIcA
E#BAVT, BEmA - -cm? DERFHETHIWL, 707 APICBRE L 2KFEETXTRH L2 LB
b1 3 +500mV vs.Pd-H Bl (R—EHS ) ISZET5E CRBELLBRESY, ARHCIE I oK



SR TR EHU% 1993

F® (A-sec) & L7z,
Wi, SAHTAORBOKEEIR A 7o (B EEREI263-50T) (2 THElE L 72,
1.5 EMSBREOEHD Voltammogram
o AR 2 H) 2L, R K TAKIET%, 1mol-
dm™* KEEAL 1) &7 20 itsh O 5V 2 477 - 72, B . |
WL CPAHEHEM G, MBICIRASEH e,
Voltammogram (3 dbbE (BB KT > >+ 2% b
HAB-151 2 Hw 7z,

60 L 4

2. BRBIUER

Fig. 112, X8 &30% KB LAY ) 7 ABHOBREL %
257 6hr RS RE B % - 2B AN T U KISk s 1
WA N KEROEOMT 27T, FREIRE15S~20%
TRAVER A 54, 740 L) & R Ll R 20r T
WO TR &l B A @ 2R L 72,

Fig. 2 12 % LA th T VR % & 0 R AL A 1T of N
SR 40vol% TIdEFO LN I i B b b ) | T
FOBREMIZIZEAERLNT, EHHICEL 2, — 20 40 e 80 100
F, 10, 15vol% O¥4, 2 ~ 3hr £ Tlafpz ok & Conc.of HCOOH/ vol%
DRIL, ZO%BH T () EMmMAESET 2, L , _ 4

B ) . . o Fig.1 Relation between concentration
A LRI EZ O E * HIET 5 Lo /s, of formic acid in 30% KOH solution
AU B R, SR ARG R R I BT X B and amount of absorbed hydrogen
BTh o b, R RAROBEIRAL T 28 X R in Pd plate
biLs,

NN XL, XERRE20%ITE R E
VA T A S - T T R S O e - R
HRLDEEZ LD,

Fig. 3 1= X i E4096 v 1= % W il i ik L
PEf o R % AT 7 b 72 R R KRR, X
Bz gL VT LA Y iR CRlE L Eik—
AR 27T, CofsictL Th (A),
(B) 2Momibe— 72 bnrz, o021
D — 7B 2 0 B UM EE TR eIl ng’ ]
(LTHE), co—7reBEomBy & g " T
LEB LTI, REAREHICL2LD . , \ e
YHEES N D, BAAHOERD 0.65V vs. o o 00 e e
Pd-H (E—i&ih) fHror—7 (A) 125

| S R | . - Fig. 2 Time course of the amount of absorbed hydro-
W FER A BRI KT, (B) 12 gen in Pd plate in HCOOH-30% KOH

Amount of hyrrogen / A - sec

o
>
o
-
L

o
W
o
T
.

- N,

Amount of hydrogen / A * sec
o
[
o
T
.
»

Time /min

WA RIC L 2R AR T E (A) A : 10vol% HCOOH @ : 15vol% HCOOH
227 b L, B R RMR AR S L W : 40vol% HCOOH

Capon % Parson (3%, X E@BEE{LIC




L,

#zRL, DR TEL
72 B FRRE R R 7
f& X COOH #°(2)3
128> T CO, 2L
5 RIGBD ERZEY TH
205, MABEKFELTF
Y KRBT
DX THEL X
COOH » R &K &
RO L o5& ik % &
XCOH 2 Zbh ) Kl
WHERE L > TEHE
L B bR % BES
LTS, S
DRI 72 BRI
RELTHEBETN
13, s G I
LT T o7k
RuwizBé, &8N
ICERNAENDR

FHhokF £ [H] c&T &,

BE2), QRizxL T

i/ mA

A - EESE - HE - B XEOEMSRICET 2R

HCOOH- xCOOH+H"*+e" (1)
x COOH~-CO,+H* +e" (2)
X COOH + 2H,, — xCOH + H,0 (3)

0.4 0.6 0.8 1.0 1.2
E/V
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Catalytic decomposition of formic acid
in alkaline solution

Yuuko Nakamura, Seichi Rengakuji, Masami Inoue
and Keiichi Nishibe

Department of Materials Science and Engineering, Faculty of Engineering, Toyama University

In order to obtain hydrogen as an energy source for fuel cell, the catalytic decomposition
of formic acid was investigated on a platinized palladium plate in 30% KOH solution. The
hydrogen once formed by the decomposition of formic acid was absorbed in platinized palladium
plate by dipping method. The amount of absorbed hydrogen was increased with increasing
the concentration of formic acid up to 20 vol% of formic acid and decreased above higher con-
centration.  Voltammetric study demonstrates two kinds of adsorbed species of (A) and (B)
according to the decomposition process. (A) was observed in any concentration of formic acid
in alkaline solution, while (B) was not observed in dilute solution (below 20%). The properties
of (A) and (B) were discussed.
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NDEIHIz

E=1/4 £ B< ¥,

navzg(ta_tc)z/dz (7)

Nap— (tg_ tc)2/40'2

s ), MEVERAEIL to & f(t) OFMME tp, 0 TRTZEDTE S, STHEICERT 2,97 2 —
FE L TUIEHEF N L 2RAON 2 BB EHET 5,

N=(ty—tc)?/o? (8)

Poisson BfEH 5 2N Lk H 121, 2 FHSF OBBEMEI R IUT, AR TERL 258K

(tEl_tEZ)/V(dlz+622> 9)

HKRD L 512 D1/25 & 8 s= (6,2/0,%) THREDZ Ehibrd,

(tEl_tEZ)/\/(612+622):\/Nl/(1+s)_\/NZS/(1+S> - (10
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HDRNE=Z—LRETFT N
(TOSO #x &t % TOYOPEAR-
LE-HW 40) iIc L 3K =F1L >~
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BD b Mg ——2HW727 7> 7EREHITL2, 512, 27 2%NL2IGBER TRKORE L
— 7 2B L CEHRER S IOV TOmMBRDOMIEZIT- 72, EBREMHFII 7 7 &2 T10, 15, 20
cm, #&ET0.8, 1.0, 1.2ml/min, PEG % ¥ & CTZ#x#E400, 800, 1000, 2000, 40007T\>§ 41 ik
E»0.1wt% TH2, 4B, HEHERICIZEBKREDL LW,

2) 7m= 77 L SRBENEDHE R I Mg EIC L 72 W EE V(L) D —
75, EHREEOGHEE (1), Z0FE tp 5 6 2 ZNZILRATRD 72,

SO=V (/v (t)dt W FIG.3 RI OUTPUT V(t) PEG1000 SYSTEM
te=11f (t)dt 12 V() (Vott)
4_._.
a?=J (t—te)?f(t)dt 1) 7]
3_
Fig. 1 1213 f @8 A@:anER o o 2—_

FEICHW7 BD o=k 77 -

2O—BlER L 72, ERoE—7 1
Eh I LENLTEOAD O 0 ,//\\\\\k

DR, TEERELZBAEOERT | ! | ! I 1 | ! |
Hhb, ZDxT2O2HODE—7 L Y 80 160 240 320
Eq. (1) Tl & o i R 0 A5 2 T (SEC)

f(t)sp %K, Eq. (1) O&EF
6% tepps trosp & LT, FEUALEMIRR tc 2 XX TRHEL 72,

tc=tegp— teosp (14)

Fig. 21213, 5572 te BZEERE u,y 12 L 2 22 @B e (=L uy) 12720 L Tl 72,
A2 OEBEERNIE RIF S EREFRERL T, BEHTH D RT A EBER 0 A iR SRz B
a— % ZOHEDLRDDZEDTER, TOFRKRaI30.360% % - 72,

1, 2HPDMAERD 702 77 L3 BB EMOBEHEBOHEE f,(t) 2Z2Ti=1, 2»b
UL, RIMHEBOBEIZZ ST E2MAAMEICLY o, Z ERASOMERTHEETIUL, DED fi(t)
FLbwiigsnsd,

fM(t):w1f1<t>+w2f2<t)

F72, BIHMOTEIEL ZRG D f:(t) OFE t, L5 o® TERLTBY, UTFTHE~NS f(1) I
HRETIZOWTHLNTZ LD TH S, &HAOTE te 13 t12720F % Eq. 19 XRBEZ AN
SHTZONDE—7D f(t) 7 HEQ () TRONS tey, teos NEE L TKRD,

te=te:i— tro:
Fig. 31213 Z D EIZH 72 PEG-1000 » 7 a=+ 75 2% —# & L TRL 72,
5 PEG OF¥)iadisf e b5 b3 t, &« BDOLHICEAEMHD 7 VIS EEEL L VT D F

1, bbb te LIZEEMDERTOEMER-EL B, T 1T
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tp—te=tc(l—a)B/a %1,
(=) /a=s, ¥ 51312 FIG4 TE vs. TC : DETERMN. OF BETA

4:EG > :PEG 200 A :PEG 400 V:PEG 1000 ¢ : PEG 2000 + : PEG 4000

tp=tc(146,;) (15) TE (SEC)
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ThHBEh b, B (1+8,) DER %07
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% & 91 A T R AL BRI o s 1w e 20 25 300
PRLATE), FFROMIE TC (SE0)
ELICHBEATRA L T B Z e
bbb, NREEFEIIFTRIC
e, EEOESER FIG.5 NTU vs. TC PEG SYSTEM
R, DPBEL L 5 TWB I ED Nm(-sg—

bhrd, DEELNVEBELNT B D
BIZFTFED/NE NI )DL,
0.597, 0.475, 0.354, 0.181,
0.0754, 0.0238TH 5%,

55 PEG D& R D 58 o
IZ2nTh, ZNEFNR7TZDODE
— 27D f(t) 55 Eq. 3 TRLN
% 0‘21' j”)‘c};U‘ o_zm b

TC (SEC)

6’ =06%—0"%; 17

LTk,
M7=t 7774 —DBEHEEBEMIC 2T 2WENZOEERD T 7T XLk EH 5EH)
NZEHENDET LN D2 RE—AL P ELTOTE 6 IZRAND L F 12K B, P

62=2tc[(tq:,8/15)+ (tc/Pe)(1+6)?%] 19

ZZTCtyi;=R*B/Dg, Pe=uL/E
THb, tyir 1TEERDERKTINVAERIC BT 2 ILEBENRERM T, De IZDIBUIREKTH 5,
FRERBEHETOY 7 LREFMDOGEHIRE T, Pe BIIZDGHORKIEME tc LOKTHS,
SRR BE DR w IS BT 2 & TS, 6%/tc & 1/ u LIZERBFRTHIENSGZ LiIc VTR
Nty RDHLND,
9 2 CTik7z Eq. (18 »BEfR % Eq. (8) DB BEAHORIRICERT 5, Eq. (19 &Y

tcazt[;_tc

Thoar»H, KA HELND,
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(tp—te)/a?=1tc/2[(ty:;/156)+(1+68)%t./Ped?] 19

AL DD > ZHADIELHDIEIT S NVNEND, FEIHIZ ETHENTZ Pe HoRNAE L) BEIMHTH Z
NZNBHBEOEE T A — FITHIEL TWb I L b b,

Fig. 51212 Eq. (8) DRBIHAEL # o 12720 L CABL 72, RO ERIIES 2@ RRERT H 5
bLTBY, PTRERONECI) b5 ZDEE, L72h - T Poisson MENDEE T £ — 9 & ZOHE
#387(20.593(0.0426), 0.180(0.00593), 0.0862(0.00364), 0.0220(0.000636), 0.00449(0.000156)
Yhh, THLDERD L, EHMED ENEITTH ) Eq. 19 OADERN THEOHESE L <,
BSEH TOME B FBVECIC L) BEEAMA ARSI TWE 2 E2AbN D,

Fig.6 123, Uk k12 T
RdTZ N NN DB BYEAL FIG.6 CORRELATIONS OF MD.Rs WITH SQRT(N)
DL /2FDER & V), S8 % %
szl Tk L7z, Eq. 0 T
I3, ot s=1.0 04, DAL
0. 707D EMBRE H22 B0, Z
ZTIEs=1.020.20 D#EFEOT
—ZIZOWTIEE 2 & BARER
B AR, WECIE 0.675 (12
#82 0.0141) &% - 172,

SrEEREIC 7o LT, BEhEE
DI2RDEH FNEELT B O o 1 2 3 4 5
EODKF E B LB, L SQRT(N) (-)

M5 #ih & HAUE, FEEAHE

BRI % ) DR 05 A £ ((t—te)/V o) TlE, TPl (tp—t) /Y o2 S LIS DT,
FoEOsH F(((L—t)/Ve?)—((t—t) W a?)) Tk, ¥ ((ter—te)/V o) = ((tes—tc)/
ok B2 B D ek, BB O]/ 2EH ORI D O OREETL H B D Ik D,

MD.Rs (—)

&

B

AR CEFR L 72 2 A AT 2 RF & L TSRO TFERRI 74 BB U b 5 B s 7 e Bh
%, EEM, BEHICEIT 5KERR % Poisson #FE & L TEDHEE T 4 —F 1/7, LD F4E)
FHEE R 0 TokERE (/0 & L TEFEL T,

R 20070 L 400000 PEG %2 4 bWz 7 WEdo 7 o=t 75 L 5155 1 5 AR 94
R F(E) DV TR 2 HIE L 7245 E £y, 6® & BD THISE L 72580 2 AvT Eq. (8) T&
WL 72 RS ED BB NS R B AEE BB R 0 107w L TR Al B BB TESI N, 20BELL D T
BICHHRT 2 EEMNOBEBRROEE ST 2 — I RWIZE N,

SHEEX Eq. 10 @ & 91z, BEHREAAENDL/2%A T & aib TcRINED, 1/ 2EEFDEE, 5
BCCEEEAL L 7@ fo F b Y OB OREORKEME & L Tl & OG22 728658, &
BRI 1 2 H IS A O A VB IC F 7275 RIF 2 MBI R S e,
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Nomencluture

¢ : concentration [wt. %] Rs: degree of separation [—]
F : injection volume [mil] s : variance ratio (-]
f(¢t): elution time density function t : elution time [sec]
[1/sec] u : interstitial velocity [em/sec]
i : stage [—] V : phase volume [m]]
K : partition coef. [—] a : external void fraction [—1]
L : column length [cm] B : gel effective internal volume
N : number of transfer unit [—] fraction [—]
n : degree of migration [—] y : fraction of composition [—]
P(#, t): probability mass function § : constant
[—] x : rate parameter [1/sec]
g : volumetric flow rate [ml/sec] T : characteristic time of migration [sec]

Reference
1) King, C.J.: “Separation Processes” McGraw-Hill Chem. Eng. Series, N.Y. (1971)
2) Schneider, P: Chem. Eng. Science, 42, 1251 (1987)
3) H, WA BIIRFETHERLCE, 43, 93 (1992)

ZDRILND—EIFTREFRTRELZ,

HF A, IWARSE "7 o< b EREFRZEOSMORFIEE & 58 L¥FT¥2 5782 G117
KPR (1992, April)
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Number of Transfer Unit in Chromatograghic Separation
as an Poisson Process

Tanaka, H., Kawasaki, H.,, Yamamoto, T.

As a separation determining factor, the number of transfer unit N of chromatographic
column was derived from an Poisson migration process of rate parameter x=1/7, at moving
phase convection time f{.. It was obtained from the elution time distribution density function
f(t) with the mean ¢; and variance ¢° for each component as (¢ —t¢)®?/s?.  Calibrating the
end effects of observed ?¢, ¢tz and 6° of PEG system, the NTU could be plotted against ¢ on
several straight lines being determined by molecular weight. The degree of separation previ-

ously defined by (fg,—t£,)/SQRT(c% + 7%,) was linearly depended on the differences of square
root N.

E3e

gg

)

K7V o BIEEYAEI2O7 FoBIOBEIEAMAK

M ASE, Il e, A R

7a= bMMEOGEEAEAT AR E LT, A7 2RNOKERR 2 HEHEBIR (0 1281 58
8T A —% x=1/7p @ Poisson #fih o MENEAE 2 H 72, ZHUITPDT te, 5D 62 DUEH
FHEO G EED S (te—te) /6 L LTHENS, PEG RTHMREZWHIEL 2 te, 1 & 6 &1,
ZORBBHAIE te 2w L TENENGFETCHRE S ERBARTEREI NG, BEIC, (tn—1e)/
SQRT(6,*+0,%) TEFRL 270 BEFZIZFEE RN D 1/25 D Z (SRIZI 2 ARFRIR 21§,
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mHE Rl =T, A% MhE
FE OER, B &, ERFE—, B B

&

AL OKRRMIGIE, TRBESCHFET, BERSEDRCEHFICLINITEbN TS
OGIZ I3 ERS EHRINTBIEKRKZEEZHCLNT, REICAKFMHOBEZITL ) ICIZEBNE
FICERNBRBREET L, —H, BERMFIKFLIL, HEREET, 2R TITLbN 5D THETIR
H5H, RICHEFRHEDHENVBHETRIE—MICERL Tl v, 22T, oERE HWERILY
BRI E HA, WERCKFELETL ) OEREVICRIGRGEE RWZ L0 THRET 5,

1.% B X &

HELLTa T b7 3 PERE GERILER k), Bilb=yvrn, B 37270, ~XH7
v B4 (IV) B, EERE (FBME, Fk), tBfba vt (FeME, 1#4), =ikt
2L, ZBAEA ) U7 a, KFEILKRT7FRF M) 74 (FIRME), BT =724 (1I) Kl
(BA#ALY:), MUERILA R 3724 (Merck), @®¥EFEMEF ) 724 (Merck, $#), =5 /— (9%,
BATNV2—NTE¥) 2w,

FEII Fig 1 SR THL T AWERL L2 W, vILERIIN, BtRt4z 100ml T, 20/
7 4 A BE(117) CRT, BRI G4

N2Gas

B, [2fc 77774 FEmERAW:, BRE | +
&L THARMIC 1 mol/dm® @iE T+ ) 7 4 1

95ml #, B&E®®fliciz= ¥ /—/ 45ml, 7K 45ml, |,—— Graphite Working Electrode
FEEESml 1C /%7 U7 a— &R 0.4g, B a- 7
T b7 FPEEE]l g®2MzZzinzBWE,

AR (4 GPT322 (BRYBUERT), RiaHE T n
TYPE2011 (#mEHE) » Bz, ﬁdmde

BERF L NVOEBRAICIISMESEZ 72 281,
BRI & FE VL EELZI0VICR- 72, K
FIbFEIF, —ERH I I RG % F5 # IRk
WD, "I a—EERE R OCTEEIC L - Th
Wiztk, =5/ — L TC—EBEICHRL 277nm
7 UV BRIBGEE DA & 0 ked 7z,

|_ Rotor’ J

Magnelic Stirrer ]

Fig.1 Apparatus for the electrolytic hydro-
genation of cinnamic acids
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2. HREBIUEE

2.1 7EI7IFEEBOBHBKRILICE TS VI EEBOFEHE

VI &l & EHRICIRAE SRR LD 25 ERE LT, T b7 3 FHEEBOKEILEZTL 72,
¥R%E Table 12, BWREZ 77774 MREL, =T /—1—K (1 1) #EMHEE L THEY
RIEIR S0, BIRTUBEIKRILA T -72, T 2a—FERAMZTIZI T 774 FBD
A CEMBEATL > THKFRIIREET LV, CORICERBR—BFERLZ DR ETEREITL D &,
IRTUTATRLBVWERFELZEZ, vy vA, A%, = AN RICEVWERES 22, F2, 4
238, AN T, VT =74, AL TRHBEWEZRLZ, X720 740 EWEREE
TL72DIE, XTI 2LDBCKFEN EKERFNICL LN EEZ NS, 22 TRT 2EMBK
FI 777 74 PERETHRAL 2KFELHEER EOGRBHEKFLZH), 2 OEMEKE TR
CEHDOKFEZIT LI LDEEZ LB,

2.2 77 FEEBOBBRARILICE I IRERMHDRE
T A—IEERGEGRE FWC, ERRKFEILARER TS ) oD KL BRNL 72, B
K& R L, RIS ERRE OB RS )
TLEERTHLOTHITIUEL LB, F 7,
BOGHRIZ KR & D BEDHE 5 TH T g%
S, TOFMFICHELZLnEL TS /) —

100
O
80 o
Table 1 Effect of VIII group metal-charcoal =
in the electrolytic hydrogenation of & 60 -
a-acetamidocinnamic acid '%
g O
ERT I
Catalyst Conv.(%)
20 ©
None(graphite) 10.3
Co 27 0 T T T v
Ni 415 0 2 4 6 8
Ru 29.1 Time (h)
Rh 67.7
Pd 100 a-Acetamidocinnamic acid (1.0g),
Os 23.1 10%Pd-C(0.4g), EtOH-H.0(1:1)(90ml),
Ir 24.4 CH3;COOH(5ml), electrolytes:
P ’ cathode;NaClO,(1.4g), anode;
t 496 1mol/dm*NaClOs(95ml), and 10V
were used. Reaction was carried
out at room temperarure.
- Acetamidocinnamic acid (1.0g),
10% metal-charcoal (0.4g), EtOH-H,O (1:1), Fig. 2 Time course of conversion in the
CH3;COOH (5ml), Imol/dm*NaClO4(95ml), and electrolytic hydrogenation of
10V were used. Reaction was carried out for a-acetamidocinnamic acid on
24 hrs at room temperature. microelectrodes of Pd-charcoal
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N—KREBRAE, 72, RIGOETICL 2> CREBLEZWVIZTAS VHERZRTRICLZ2DT, &
Lo UOBEEE R ML 72, BEISIKFIGEE L 8IEBRMEZEEL CIOVELRZ, 2NHNEHET, 10
%Pd—iEM K& AV, ZRTKFILETL > 2R 2 Fig. 2 12T, KFRILOWHICE A FELRHER
HHNTA 2B ZBE D IZITEROICKFRILIETL, 7TEMTERELZ, 20/, ERMEIZ50
mA 75 70mA ~E ML 7z, 72, 7L b7 3 FEEBOKEILICNT 2 EBRMFIZ60% I2EL 72,
R L TCOBEMERICHT 297 07 28 KFILEEICHES RITT, EHERERZ—FICL, /5
CULBEEZ TCEBARENNEZTL >R %E Fig. 3ICRT, BHERIINL SZCT72B1I%E TR
BUCKFILRED KR E & B5H%, 5 R TIZITANZEL 72, —MICKFILIZ ST 27 L 8H 8T &3k
BENHETLEEZLNDINT, ZZTELNAEMIT T 7 74 Fld 537 27 a—iEMR E~D
KEMITHVBREE L >TWBRLINEEZLND,

2.3 B2OFRBFMILEMIcTT 32 ERKkFRIL

10%/37 7 o—iEHRE AV, 25V > BLUBEEBEFERICOWTERKRIL2ITE - KR
% Table2 i7" F, AV BERON, HEEBEAFLTRIEVAKRILELZRL, KR THLRII L
E2FOT L MT I FHEEEE p-t FoXx AR HEBOIBICES -7, 2FLidzs/—

Table 2 Hydrogenation of several alkenes on
the dispersed micro-electrodes of
Pd-charcoal

100
Subslrate Solvent Conwv.
EIOH:H=0 %
( ) ) 80 - o °
§ o O
@— CH= CH: 21 44.0 E’ 60 -
g, 40 A
Q—CH=— CHCOOH 141 69.7
20
@—CH—CHCOOCH; 11 97.2 0 T v - v - .
0 2 4 6 8 10 12
Pd(%)-C
HO——@— CH = CHCOOH 1 7520
a-Acetamidocinnamic acid(1.0g),
10%Pd-C(0.4g)EtOH-H>0(1:1)(90ml),
<}Hm_gmmm’ 14 835 CHsCOOH(5ml), electrolytes
\ cooH cathode, NaClO4(1.5g), anode;
1mol/dm®*NaClO4(95ml), and 10V
were used. Reaction was carried out
10% Pd-C(0.4g),EtOH-H20(90ml),CHsCOOH (5ml), for 6 hrs at room temperature.
electrolytes: anode; 1mol/dm3*NaClO4(95ml),
cathode; NaClO4(1.5g), and 10V were used. Fig. 3 Effect of the amount of Pd to
Reaction was carried out for 6hrs at room charcoal on the hydrogenation of
temperature. a-acetamidocinnamic acid
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L—K (1 1) ICIEBLEZ VD TI Y/ —N—K (2 1 1) 2Hwk, ZOBAICITKE 1tfa\“E“
biEnz, Lo L, HBRIFHEE & i kE©E irﬁ]LL T b T I FHEREE TR 7 BRI T2
100%ICET 5, Kbk, 37 07 a—EERE = OTBEL 721412 thTf«eﬁ%%ﬁfL,lﬁw—w
RS ER-cnb T Y/ — e BE LIS 2872, oMM RIEOKEEIL T ) 7 2RI EE X
BB L7200 bR - L CREBE S L mhbic SO R L2, BoncaeiERizuy, TR2
&7rwﬁﬂ$%E@§mt~ﬁLto%ﬁmim&ﬁ&b &0 T 27 A —iEME RO 5 B N A
PR, BIREE CEEIC CEEANKFILETL ) ek, TN EIBHL CTAFKEILET
O ENEZLND, AL, REEL TCHWET 2T 2 FEEBDO L S ICKFEILEDT L7 7%
FOARBERFZETH 2545101, BEEAFTLES FEECEBAI L TITX » 2 EBEAF KR A Y)—
O 27 LR TORFKFZDREZ N T DD T, 2D 3T 207 2 2582 74 25 OIS 3 g
THEKFEI»RIL LD HFEND,

3. & ]

Fize o VII e B2 EHERICHFF S &, ERRICHRES 2L 02 oaERY L CHEEBROKE
fbefTh - 720 AL GBOPTIE X7 27 20 b @WiGTE 2 R L7z, RIS 557 27 4
135 % CARFILERE »RIAIL, =ik, 7 R CRFEILATEREL 72,

* HABEEMTERASHE T930 & Li#dihés

& E X @

1) Y. Ohkatsu, K. Abe, T. Morimoto, T. Kusano, T. Osa: DENKI KAGAKU, 59, 123,
(1991).

2) M. Inoue, K. Ohta, N. Ishizuka, S. Enomoto: Chem. Pharm. Bull,, 31, 3371 (1983).

3) N. Ishizuka, N. Togashi, M. Inoue, S. Enomoto: Chem. Pharm. Bull., 35, 1686 (1987).



ARE - AR HE - A - ERSF TR T O AGEER Y v R B O KL

The Hydrogenation of Cinnamic Acids on Palladium-
Dispersed Microelectrodes

* %k
)

Akihiro Morita**, Michio Sayama®*, Naoyasu Ishizuka
Masami Inoue*, Yuuko Nakamura** Seichi Rengakuzi,
and Keiichi Nishibe

*Department of Chemical and Biochemical Engineering, Faculty of Engineering, Toyama
University

**Department of Materials Science and Engineering, Faculty of Engineering, Toyama Uni-
versity

***Nihon Iyakuhin Kogyo Co., Ltd.

The hydrogenation of cinnamic acids was carried out by using a technique of electro-
chemistry. We used graphite as cathode and Pd-charcoal powders as microelectrodes which
were dispersed in a electrolyte of EtOH-H20-AcOH-NaClOs. The cell was separated by a
Nafion memblane (Type 117). A 5% Pd on charcoal powder dispersed in a cathode gave an
excellent result for the hydrogenation under the conditions at 10V for 7hrs.
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v, EEMR D EtOH-H:0-AcOH-NaClOy IC 58k X872, BRE L EREIZF 74 A 2K (117) T
SEEL 72, BEREMRBIC ORI 725 BPAd—iEHRIZI0V, 7 REETKRILICENEREE5 27,
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On the Frequency Characteristics of a 3-D Cavity by Finite Element Method
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A Study of Time Period and Characteristic of Forearm Electro-
myography in the Writing Activity of Alphabet Characters

Siti Meiningsih

The writing is a typical example of unimanual activities which is performed by human beings.
They write alphabetical characters from left to right with certain angle in favor of each indi-
vidual. In the present study, relations between the time periods required to write lower-case
alphabetical characters “a” to “z” at some different angles to a horizontal line and the ampli-
tudes of electromyogram signals recorded from forearm extensor and flexor muscles during
writing.  The subjects were divided into 3 groups: right-handed (11 persons), left-handed (2
persons), and left-right-handed (4 ambidextrous persons) groups. The time period was the
biggest in writing angle of 20, despite of the handedness. It decreased when writing angle
increased from 20 to 80, reached to a shortest level at an angle of 80 or 90, and then increased
together with further increase of writing angle, resulting in a U shape curve. In any groups
and in the use of any hands, the amplitude of EMG signals was the lowest at such an angle at
least within differences in writing angle from 0 to 10. In addition, EMG recording in any groups

indicated that the use of non-dominant hand required the bigger force than in the use of dominant



hand in writing with the angle of 80 or 90. The results suggest that the writing angle in favor
of each individual is chosen reasonably from a biological point of view. The results were also

discussed in relation with brain asymmetries.
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from Various Biological Materials
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