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Abstract

Several reports described the effects of food additives on activities of cultured cells. However, the detailed mechanisms of such effects have not been clarified.
Additionally, the number of reports on morphological changes in cultured cells treated with food additives is limited. Thus, in this study, morphological changes
were investigated in human neuroblastoma-derived cells to which food additive compounds were treated, focusing particularly on the morphological changes
of cell surface and organelles. By the incubation with multiple food additives, shortened rough endoplasmic reticulum disseminated around the nucleus and
mitochondria with unclear cristae congregated in a limited area of cytoplasm were observed. These results indicated that the multiple food additives induced
morphological changes in human neuroblastoma-derived cells. In addition, morphological changes in mitochondria and rough endoplasmic reticulum were

suggested to be related with the cell degeneration, cell death, and decrease of number or disappearance of cell processes reported in our previous study.

Key Words: NB-1 cells, morphological change, cell organelles
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1. #% B

BRI, RV e ARIENHERE X Ml FIEUED 2 0
LENTNBH, Zh o DIHET AR & B CEf L 72

e T, RO BRI & A G DY TREMRERZ 170,
KA 5 2 LI L.

AWFeE 513, e M/NRHESRARCE e (NB-154
) 1R A BRI OEAHEENL 2T EH
Me LT, AR, Ser, RBEH, RO 4 5%
NB-TMif iSRG S U -GG DR ENDEE, fMiug
PEE 721 3lest, Mo RGO Z IS DN THREF L T
7o, T ORE, BRI ERS Lot TR L 223t
LB LT, RARGH I E RN HEI AR
KFT2ZE&0, MlaEEnELL WP T2 L2HENIC
L7z X512, BEOBRNED 2 I IBIR < h=/lliT
1%, 2 < OLAIHIIZE M £ 72 3t B 6h b Z &%
W LY, —, MifaoERREEOEIZONTE, Wil
TR NS L BB S h, WisEIR DMk
5 1 ARDKNEREMNZEOTEGEB T, Zh b HET
B Rl 2R AR L 72, 72, IRARSEF TR
HATE & Lbie LT, Ml o/ N O BAA L, Milaiks
5DORVERIZFRAFT 22, MlVEERFLIWITEI L
EHO ML 20X IR 3 B o
BAHEIZOWTORE L, KFEES OMEE2ED TS
Ohd BNV RN & B MO/ T 20
TRAWHTH D, BB ERGES U 2ROl e
DOEREEALIZ OV TOWRE CRE N T 5,

Z TR TIE, BRI OREYE-2 & 5 83l
NOHEEPLNMITHZE#HNE LT, NB-1TfzOHM
W& 1 D IS f5 & O/ NS B DI REEINZE LIS DWW T
LA

I. MBERE
1. BRRMY
BRI, BRI — H R U A
CPRG124F JRAETEE) OfbT, 1~6mEMEBIL W15
BRI 5 B RG2S @S D& EE L= himin
ERGIREE, REFBES MY Y4509 mM, 7 ZLT —
5536 mM, #—t52,0.929 pM, HA§EF U v 4159
oM Th 5. BESRMWO 1 %70 Okt Rt
(mg/ H/ AN) * Z53#0E1 ml FUZIRAIL, A5 L 7=,

R

* 0 246REHO AN O D BRI AN 1 H Y72 0 O &R BIE
HWREESRN S, IhEd LIC2E9 A TR&M
A XN, ZRFhOEMIAETY % — b 3R, 1007
HoAEY (ERIRNMORMEHE L2815 H) DERA
fTbhz. ERMERE S & ISERIRIMORE 27K &
h, Tl OBRCE S X h .

B ABEAF RT3 - B R 2WPERES 648 (2021)

2. BEfRS JUEESE

BRI, MR b0 T AME ShTnb e bh
SRR e, NB-1fflaZ i L7z, NB-1#ifz
VL F o LT L — MZ5X10 cells/well THEREL, 45%
RPMI1640 medium, 45 % Eagle's minimal essential medium
1210 % RS (FBS) % & & &4 vT37C, 5%
CO,, 100 % MJ& T T24MFMHIRG# U 72, K32 t% O NB-1#lz
&, HEFHEEWE TH 50.5 mM dibutyryl cyclic AMP (Enzo
Life Sciences, Farmingdale, NY) T72WEIFEL 725, fif
HZEBAIEEIC L A BIER &2 170 NB-1fllfu 3 0 b U 7= Z & % i
L7z, 4MHOBEMBNYEZRGHELGL, & 512481
MRE L2 ChaRaH#5HE L, 2EFFS L 7= NB-1#l
i B SR IAD & $ 5 U e S TASIE RS 3 L - il %
R L UZe, it ds K ONRGHEGREC DV TR 2R
#i, EAE IR X OERE B TR T 57200
Ve L (Ol

3. (IEZEBAMEE A ERHER

WilZ25% 72 L7 L7 Fii (pH 7.4, 0.1 MV v~
& #% @ %) TIE® L, Coomassie Brilliant Blue (CBB) 3¢
EHETYHE U 728, MRS (CKX31IN-11BFK,
OLYMPUS, Japan) % HwCHillafs & UCHilaZEiE 0Bk
IZDWTHIER AT - 72,

4. EEETEMFEAREMER

WIEISHE S T, M E25% 2L 2 L7 LT Fik (pH 7.4,
0.1 MV v EEEME) T30/ MIEE L 25%I1c, $6121 %A
23w LMW (pH 7.4, 0.1 M V) ¥ EEiEMERG) < 1 R
EETH72 WL, T4 — Lo FRZAITHAL 7%
Bz 4 V7 INET L TR R E1T > 72 B2 L
B, AFX YAy B A—F 4 Y IHETETI—TF 4 VLT
BB FHMEARR L Uz, EAE FImeE (JSM6510,
JEOL, Japan) % JHWT, MI#FEIES kV, WD (Working
Distance) 10 mm D THINEZR O WHIEE 2 DWW T 2%
CEmE NPT 1 3 TRV

5. BEETEMEAREMER

AW E 613, Ml EOEE 2 BISR T 572012,
TR TSR O Rk [ 35— 5 A3k ST
XHWELTE LY. KRBT, ZOAN—H T
FIT &0 ERE T UM AR 2R U 2. Milid2.5% 2
AZLTILTFE Fik (pH 7.4, 0.1 M ) v EREEMETR) <304
MR L2102, X5121% 4 X 37 A K (pH 7.4, 0.1 M
) V) T 1RERBREE 1T o2 L, e -
ND FHZHTHAL 72512, BT 1 ¥ L v IC IR
U7z, R, TRFREIERICaE L, ES& gk
L7 AU zatkH3, 370 —22HOWTEAYEVF
FA 7 THEHY Lz HYL 2RI, Ay v Bic#kd,
BEls™ 5 Vi 7 T VBT EHRE L 2RI, BRE T



BRI &2 & MR Hsk AR A O 71221

PHMMSE (JEM1220, JEOL, Japan) % HWT, NM##EH100
kV OZ&MFTHIB NG E OIZRE A ZEALIZ DWW TEI% 217 >
7z,

I. #%

1. HEBEREBICLIBE

SHERE T & 2O A MEL, =AU T
FH . & 50 A A3 [] — £ OF i B TRl AR BIER X hiz
(Fig.1a). TRA PG5 TR & uik U 22358102, [A—#
P2 30T BB IR U7z, & 72, filagsiid s L < Wb
U, MfamE-L2 Eo 8 U TIRIC 2 - 2212358 5 h
7= (Fig.1b).

2. EEEFEREBEICL 2HRREOHBBEDNHE
SRR T, WIS & U = Mlla o RIS/ EE 258 5
iz 7z, MIEED 5 IZTARD KRNI &Ml £ B il
PP, BiEd 2 MR T s 2T 2152580 5 iz
(Fig.2a).
RAPEGRETIE, Ml /NGEIZHEE & Foie LT
BTh o7 iz, MiHakL» 5 OKRNIGFEIAD 5Nz,
HNEENF L WA L 2512, BEMEED 50308
#ii U 7zAlifg s, <ot o TR & 2 - 7=l 23 BER
IR 517z (Fig.2b).

T

3. BAEFERSBECLIMRIBEORE

KRR CIIMIRIE &2 L =Ml Ase0 6 4, Mt i3
SEHARD 5Nz (Figda-1). 7z, MlaNOKOEELE
{LIZFRD 5, MIEICIE I b3y F Y 7 350U
L, 7V 27 2R h (Fig3a-2). X512, Wt &
V= LBREEATAEL, ZORIZIE, MMk B h
(Fig.3a-3).

—J7, RETGRTIE, MEE Lciilarz< Roh
5 DM TIEMlaZEe A LTz (Fig.3b-1). iz
WIZH® ZHOERIEREL, I bay P 7iddREmc
EAMNCHEPUTHEL, 20 2T EHA AR L & DL
gEnhi (Fig3b-2). &7z, MEMIBIZIE, KM L7z
i/ Matk S EiZ X h7- (Fig.3b-3).

-
—

V. E%

ZL OERHIZHO SN TS EMIRINYNE, FIAR 2R
% ¢ LITREFHI AT b TR ] R [ 1 HEHGERA R
(ADD) ] AEMEDH LN TS, 7z, BRHFNHOY 22
B S AT b [ESEIYORETEG] 2 [Hiks, HdExZ
DPE] BiTbh T 5.

1~ 6 RAER L T 2 BRI CHEGE SO E &
I DOWTADL &2 4% &, REFHRF Vv L (RE
FHE) 130~5 mg/kg/day, 7 A7SLF — £130~40 mg/kg/
day, #— b 7Y 130~7.5 mg/kg/day, HEHEES bV 4

Fig.1 Micrographs showing the effects of food additives on cells examined by phasephase-contrast microscope. (bar=10 pm)

a. Cells of control experiment.
b. Cells treated with food additive compounds.

Fig.2 Micrographs of scanning electron microscopy showing morphological changes of cells. (bar=10 pm)
a. Cells of control experiment: Cell processes were observed in many cells. These processes ¢ ontacted with other cells.
b. Cells treated with food additive compounds: The number of thin and small processes on cell surface were decreased. Some round round-

shaped cells with no cell processes grouped together.
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3a-2

3a-3

Fig.3 Micrographs of transmission electron microscopy showing cell organelles prepared by the cover glass method. (N: nucleus)
a. Cells of control experiment.
a-1. The cells showed the spindle-shape and had many thin processes on the surface. The nucleus was located in the center of the cell.
a-2. The mitochondria with cristae were evenly distributed in the cytoplasm.
Mitochondria (= )
a-3. The rough endoplasmic reticulum and free ribosomes were observed in the cytoplasm.
Rough endoplasmic reticulum (B> ), Free ribosomes (> )
b. Cells treated with food additive compounds.
b-1. The cells showed a round-shape with slightly thin processes on the surface. The nucleus occupied most of the cytoplasm.
b-2. The mitochondria with unclear cristae were observed in a limited area of the cytoplasm.
Mitochondria ( ==>)
b-3. The shortened rough endoplasmic reticulum was observed around the nucleus.
Shortened rough endoplasmic reticulum (> )
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120~0.7 mg/kg/day &> T 37, L L, ERIENIE
HWHTHWENDE ZLEiE AL, WO ERALTHVS
NBZENZH, BRIRNYERES LU CTHHL 2RO %R4
FHEIZED ST,

INETIZ, bR ERBNMOS bREEFREF M) Y
L, TAIIUT =4, A= b5V v, MRS ) LA ER
A LT NB-1THIHIZ # 5- L 72358 oI RE Iz D W T
FEZEWREE, & TS b K OO & o s
BV, TOMBEREL TR, F72, Zh5OEME
MH % BTG U 22556 £ IR, IRERS TidMilafn
W45 Z L=, MBSO BIERH KL & DIEREZ LA
FIBRENDZEA2Ws Iz LY. LaL, MO
DR T BRI DN TOFENIAHTH - 7272
W, 7O EEEL ORI MAEREMSE, EAE T
WEIN A T, Em A TS A O R A B A 1 7.
Lk, EWRE MBI O, A E L BEEL
7z [ 3= 5 2] EHGT T - 72, HEROTETIE, R
BOEELEFE CITaZE R OIER 1A T, Ki3EkE & [A CIRED
Mz BRI EDPNETH B7-0TH 5.

7 b U 7= NB-THII@IC B @RI & PE5- L 200 5481k
[BIRG 3 U 7o BRRE A WA 2B Tl 5 &, Ml 52
AR L, BT 2 Mk TRER LA EL T, M1
(REEIRRSE) AT L Tn. Zhb O & &8 75
WEETBIERT 5 &, A2 513 % < DIV ABIL S h
NSRS R A SR ORI > THE L Tw /. NB-1HM
JaidHSHlaTd 3 720, MLt U TR EA SIS &
OFEVEEMEFL TN B 2 ENELL R B,

—J7, WRAPGHE O NB-1illa & W AHE SRS TR 5
L, HEOBHSEFE LA LTHD, X 5ICHfae ML
T/, Fiz, EABTHEMSCBIERT 2 L, e 5k
LKW ERIZIRE L TV A A, W cEEsh- L5 %
ORISR D & 5 VA L Tz, 2o k51, RAER
ST, NB-IMIlRO MR AR L2 sk, £
FRMEn2ORFELRL < 2D, MRE LmiEbL, M
HaBWRP» L7z DB TE S,

B TSI OB T 5 &, RO E P 13N
EABE SN, HiEE % L2z filao b i idg» g L,
Z OJHHOMBVENIZIE & < F&E L 22 Make 3 Fa v
F U7 BEAEL T/,

—J7, RAEBGETIE, MEEO/NERRE L < W
U, FERFEEICEEIME U 72 i N A 2 e LTz, &
72, 303V T HAMREPICER RIS LT E L T
B0, 7V ATHAHELZLON L BRI,

U EORERD &, S50 A 3 Mafk O R/ MER o

5

WHEEEL TR EELLNS. £/, IPIVFYTH
Erh UTHIEL T2 01, Ml B oA & 2 iTaetks &
D, ETE M L A8ET, HE 2 OO MIE
DOENCHHERBERZ B 62 &3, HROT R % AT
TWa. MAT, I bavy Py 7oMEEc&0MlgsE»EC
e Z LRI X B0, EEOWMAIT X B Mok &l
ezt & OREIEN A BIFRIZOWTIEAN TS 5.

AWML TIE, BERIBINYOREES51Z & % NB-1g O
Han 2 16 O IR J6 & O/ N B OTEREEIZLIZ DN T
PFRTz AR TRD SN P Ty P ) 7 & O
ROREZAIE, T E TISHE U M2t & 72 13 E,
HIlaZE AL O RGN LB D B L EZ 6N 5.
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Investigation of molecular mechanisms of associative learning of the earthworm
by

Yoshiichiro KITAMURA
Yuri SAKAI
Akira SAKANE
Hikaru TSUMITA
Taiki KIKUCHI
Yuki NANBU

Abstract

Molecular mechanisms of associative learning of the earthworm Eisenia fetida was investigated. Earthworms were conditioned by weak
vibration as a conditioned stimulus (CS) and light as an unconditioned stimulus (US). The occurrence of a shrinking response upon exposure to
the CS (score) increased with the number of paired training trials. Conditioned worms showed short-term memory retention for 3 h and also long-
term memory retention for at least 72 h. Induction of long-term memory but short-term memory was blocked by 1 h cooling after conditioning.
The influence of nitric oxide (NO) donor SNP or NO synthase inhibitor L-NAME on consolidation of short-time memory was also examined.
Induction of short-term memory was blocked by treating with L-NAME and was slightly accelerated by treating with SNP. These results demon-
strate that the short-term memory of the earthworm is dependent on NO signaling pathway.

Key Words: Associative Learning, Short-term Memory, Long-term Memory, Nitric Oxide (NO), Earthworm
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1. 3IC®IC

YN, RIS HEDNTEE - L, et EEs
ZETHREBIOEIET S Z N TE S, RO, B
PN K > TERFICAEGHERF PO RFIZ S DA D, KEH
PABRETH D LA 5. - i & Vo 22 SR RE
i, MREEER R Y b =2 DS XIZKBEDTH BN,
FFHEBYH O 1 D RS B X 100~ 1000516 & & Wb kR
IR TH D, 3 - GBS A 5 = X L OFIHIL R A
Wi 5. — ), MESHEBIMNE, BHEBINIC LR, Z Ok
S SR S W TR 2 2 b st 8T e 7 DRT
MBN5 &S MRS Glag¥Eo—fE) 2, Hh
RIEE L VS IR ER SR TE T LA b5 THD Y,
P RO T AN =X LEFLLSHND LTHMERT
b5,
MEMIMTH 5 I I, 16k, HREEAD L DI LK
HBI LT 2RI T 2 E RS Tnzs, EF, ¢
ERBIOM A DRI & 5 I EES T 2K T 5 2
LR, ¥E AN = X LARHAD DD T FILE)
M L THEAPEE S TWS, £72, I IXTOFELMRR
ThAHMERHMREOREE LT, —B{L=EE (nitric oxide :
NO) FEAERTH B eNFITF N5, I I ZWEREMREI T,
IS NO AVERIICEEA S h, MRS BN EmIZ /) ~
74 2 aELLARULDIRFERED NO A, o b=
Ko T HSBMIZHESI XN B Z WLt E>TEDY Y, X
DICTEREMIEROMEH 2 6, W2 SHAME NO ARG hRE
FOMRIEE I IHIC# 2L e b o T EY. Thb
DT Emb, I I ZAOMBGENZIE NO (R 2 i < B G-
LTED, EHITHARHMNEA DT E VWSO A7
ZZLICERELS DI I TPRENS. Z T TRIET
1d, KRB X A HINRAEDTO R T AN =2 L%
FEL NS 720, ZMESFI2F 5 NO (35 B D
WEAFANLZ L EHNE L.

2 EBREE
21 EHOUERE
IIZDEMEDTIE, WS —F TR 2= fE SR
W TIT - 7=. I XTI ESENEET A A AT
(FDR-AX60, SONY) TkHEiL, # A 7% F=4— (EX-
L.D-2071TB-B2,10 DATA) 282 &TY 7L & 4 LTl
WTELLIICLE T592F 92 v —L (EFI0 mm)
DEMIZIRE T — 2 — (FM34F, T.P.C) % 1 {8V i3,
Iha 4iHEL CTRFIZ4LD I I 2% TE 5 L5
2L 72 (Fig1). BFENO EEIZ500 WD T 55 F T VT
(PRF500WD, SlaES) #HD i) 7.

~

— 8§ —
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. Petridish

. Vibration
motor

.~ Steel plate

Experimental set-up for the classical conditioning of the
earthworm

Fig.1

2.2 FREIRERIHMICK B HHEIIRED T

ETOEREZBLE T, REHE->E0D LR TE 5K
U772~ 332 (Eisenia fetida) %WV 72. I I X &
FUFDTDIOAHNHCIEEND Y v — LIZ AR, BRENICHE
5L 7% FHEOTHTIE, S8HBOMRENRM (S,
conditioned stimulus : CS) & 3ROl (SR pFHIEL,
unconditioned stimulus : US) #fHASbHLELHIE (b —
ZVZ) 214 ZEIC1I0EG A, Zhidlxyyavel
CTét3 kv v avitork (bb—=v21~3). &7, Ik
L &SR A I 52 S v 2 AR, TR S A &
WA = THEAHZL, FUOUREKRLZ (Fig2).

FL—= VI ORIKIZIE, TAMIRBELTI AT EIZS
M, % 8MWMOIREMH#HAE S5 A% (72 1~4, Figd).
SRR DIRAL AR T 5 728, &FDI#R T, 33X
WENTHEL, 7 A b4 %2175 20550 3ER%IZT 2 b
5%17-7 (Figd). ZOL Xy vy —LNIZEOEF L4
T HNE LYo THE, WML 0 & 5 KT 3 BRI R
FL7 &HINEL, 872 02237 (RETEHAZ-I L
AR, RIS hr-BE130) O (R 3,
M O) TR L 7=

IIXORBREE NS 20, FEEE R RMD
URE, TV A LRE, A - TRERHBLZ. TA N 4D%
24, 48, T2 OIRBHIEI 3T B IBE & PN
2% 3HFHLL EIRIE S B AT ATIC A L, WL Kk
vy —VIch ez AN, 20 RIhE LY s2F 44
FILENLBTHhRE T,

FAMADERTHRIZ, FUHEDTHROI I 4 mEEIC ]

B AN, (KIRTHEE L 728 (Cooling (1 h)) Z#MHEL
241 B2 DIRENHII X § B I8 EF 2 W N7z £/, 7L
5 %419 2 BRI s s CLRE M S L =2 HE L =2
(Cooling (2 h)).
Z OFEHFCEIEHIZ B 5 NO O#%# & N5 729,
NO &% B £ EA] L-NAME % L UVNO ki 3= h o 7L
Y FF hYwa (SNP) W72, 33 X% L-NAME (%
FRIE1 mM), 7213, SNP (RASRIEL mM) % &340
IR T 1 IIERRE U 721, RO %772 72, &
D RSB O AR PR IEAIS 1 RERBIEHE L 72 3 3 &R
L, Zh&zav ta—Lfife L.

S~ N

~ N
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Fig.2 Three procedures of training sessions

8 min

i

3hor24h

| fros s

Fig.3 Training session

5 min

o
i

Training 1 Training 2

Training 3

3. BRHLVEE

3.1 HWHBREOTICLZEHEREORIL
ZUEDIHTR N —= v s EBERD 222 TIE S
LT, 3KMHEOT A P52V TEEVMED L LT
»-7 (n=8, Figd). &k, FVZLEE, +14—-THIIE
WA TOEFBRR W AEr 572 (ZhEhn=8).
NoDZEn»s, HHAEEDTIZ X0 ETEE KL LT
WekEZboh3b.

-
—

3.2 REREORIL & 2 OFHEERE

SO FRECIR b -y s EERS I AT IR S
LTnWg, T2l ECEVWZ T 2R Tz (h=13,
Fig.5). &k, v & LH, T4 —THIZEWTEAITO
FRABRNEI 57 (ZhZFhn=8, data not shown).
IN5 DR 5 HIEES Ik, BHREENE KA L
TWhetEZbh3.

TAT TV ERAWEBEOERETIE, FAHI (CS) &
U CRENO M A, MR (US) & LTREAD
WY 3 v 7 EMAADETCIONE A28 2 5, BRI
P LT EY. &k, ZOROEEONkERRNIE 5 B
IEETH 7. AHFED I I ZOHMBEED T T, X
EARTIHIN A A DY 2 fil A 10075 2L T1EO -
L—=vZkl, A3 L —=V &5 s L1
BOF7 A7 EIIZDIL ==V ZARICHIREH - T
Wk bk, I 3IZ0EEE5 ~ 7 HEEEMKET % 60
LRI NS,

B8

3.3 REREICHTIEEHBEOHE
SO R S TR R v R THEL L 728 (Cooling (1 h)
n=12) T, FAFEDIH (h=8) TR T2U4RZDO T X
FEDZATEMAKEL FA 5T (Figh). Zid4ft
DB DIREHE I & > TRE#ZA T2 0, REFECED 29
DFRLE VS BAREAHF S22 L Bbh 5.

F72, 7 Z b 5O 2 BERFTHKIR TfE L 728 (Cooling (2
h) TE, FALIN5DZ2T7DEIELREZNTWE (=
12). ThoDHR? S, REEEDZOOHH 4 v /30 &
AL, SO TR IEREEOMIZITrbR T3 80D
LEZONS. Ik, AIROMRE, MEOTrF v A
YUDRT VAV UIZED X VS BEARBEO KSR
EEL—H LT3,

3.4 EHARERILICE T3 NO DR

avba—LBTIE, PV AERZZEIZZTT
AERL, FBEDFET IERZOT 2 F 5280 TEEN
B IZR 7= T2z (n=11, Fig.7). SNP TRUE L -1 T3,
TV = BIHRTT 2 M 1 ~4I2B0WTIERRE N A
A7 ARLTNEZEOD, FZP5IZBWTIEI Y fu—L
Lo Lr Nk >Tn/k (n=14). L-NAME T
MPRL Z2BECOWTIE, ML —= VA ERTEAITHL
HLZAu»-72 (h=20).

25

e Conditioning
20 || =e=Random
Nalve
g15 3
B 10 | /\\
05 ¥ Qr T <}
- 8
0 1 1 1 1 J
1 2 3 4 7]
Number of tests

Fig.4 Short-time memory by classical conditioning

25
2.0
g 15
3 10
05
24 48 72

Time (h)

Fig.5 Memory retention time
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=& Conditionir
25 - Condtonng
-& Random 1
Cooling {1 h}
20 | |- Cwlix(zh) 1 I I
o 15
o
(5]
w10 |
1 |
!
[
05 / é
!
0
1 2 3 4 5
Number of tests
Fig.6 Influence of cooling on long-term memory
30 r
=&= Control
25 || =e= SNP
~8- L-NAME
2.0
®
5]
g 15
0
1.0
0.5
0 :
1 2 3 4 5
Number of tests

Fig.7 Influence of SNP and L-NAME on short-term memory

4. #8

e L ARBYHNE A O 72 TSR IC kD, I I X0R
RO & BIIRCIE R 5 Z L 2R T % 72, BRI
Dl Ly 3HMEEE, DT EBOMREHEIC X 5 M
AV BARIHFIZEDEFEINE ZEnbhr ol b,
ZOHM L VS BEKIE, ROFDTHET 4 1 IERHITFEEE O
DR TWE Z eI X NS,

NO &K EEHBLEH] L-NAME % W 72 ZEBRERH» 6, NO
BRI RIS ETH B Z R Ehz 5
BT RIHRRIEERIZ BT 5 NO OEENZ DN T EFHNTNL
MENRDBEEZ TS, THETI I OB LIREE]]

WUz K B HENEE T, NOZERIE O WEPEL 2 RE gk AT I
MHETH BT ENbNr->TNEY, ZhoDfER2S, 33
X DFEIED AT NO RERIE DAL B 545 Z & AURE
xh3.

&!x

=4
KWL D513 201 74E 0 FET /SR - BRBIsE g wiin)
BhZI-e0TH5. ZIITEMOEERT
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Precise measurement of rare element abundances in remnants of core-collapse supernova to
understandings of its explosion mechanism

by

Hiroshi NAKAJIMA

ZE B

Cassiopeia A 133504F-1F Emilifd % 7=, EHMEER (CC : core-collapse) AT EBEFEDRH: (SNR : supernova remnant) T, R
TRNTEMESS 2 SNR O CIdmE M5 < HV. ZORROBEIZONTIZ L < OB X 0 B 23EA T 5. SNR JEY
ORI —FH» 5 IE, SEOKEEIZLEAER S ZINEORGHEERICEWTAN) AT T7THME L TER L LHEESh 5
(I b BEHER) . £ 72"Ti OMIEY ¥~ BB 513, BRREORAREIZN§ B HIRAE o N Lar L, CCHRIFEDE
FRBHER, I B 2 ILRAROFHNEAMETH 5. ZOMMO 7201213 CCHFIRIZX > THRRENAHED 5> 5, Wiz
EHIAD IR & SRR C 2 TRE SN B HEIROEER (mass cut) HETHER IS Fe BILROBER s ENERELHE LS. %
ZTCRA IR X RO MRS BN [3E<] &, AR 7z [NuSTAR] MW, HiFR & FiaticEns:
RGBT — 2 2 Aba TR L7z, 7 OFEE, Cassiopeia A 7> & OFMHET ST & JEBI SR 73 D /3Bl L, B3
WA O TS A B L 72 Ni O 2B L7z, 243 CC SNR TI1E WAIB 2R 2WIH DR R TH 5. wEkEEEEL 72 Ni OB &I,
KEERED (2.0 + 06) X10METH -7 Zhid CCRFIEBRDET A2 6 MEXI NI ERO AL TH S, ZDT L5,
Ni OF5 L @RI K 2 MEE £ 22 Cosn g s hb, 72, Bl Cr, Fe, Ni OHBIIE, 2055 65925
BOKBEEOBIE & T 2 HEICEARTT I EFIF LA, Mn OHRILIZFHE L T3, ZOREKIZOWT b ##RT 5.

F—T—F EETERN, EICRMDK, Xk

Abstract

Cassiopeia A is a gravitational collapse (CC: core-collapse) supernova remnant (SNR) that occurred about 350 years ago. It is one of the
brightest and youngest SNR in the galaxy. Many observations have made the understanding of the parent star of this explosion better. From the
light echo observations around the SNR, it is estimated that the helium core collapsed and exploded in the red supergiant star, which had almost
lost hydrogen in the outer layer (Type Il b supernova). In addition, “Ti decay gamma-ray observations put a limit on convective instability during
an explosion. However, the details of the explosion mechanism of CC supernovae and the nucleosynthesis in the explosion are unknown. For
this understanding, we need to measure the amount and distribution of Fe group elements generated near the boundary (mass cut) between the
region that falls inside and the region that is repelled to the outside. We used “Suzaku”, which has excellent soft X-ray spectral performance, and
“NuSTAR”, which has excellent wideband spectral performance, to perform spectroscopic analysis by combining long-term observation data
with the best photon statistics in the past. As a result, we succeeded in separating the thermal and non-thermal radiation components from Cassi-
opeia A, and detected the emission lines of highly ionized Ni in the explosive ejecta. This is the second discovery in CC SNR after W49B. The
mass of highly ionized Ni was (2.0 + 0.6) x 103 times the mass of the Sun. This is about half the mass expected from the CC supernova explosion
model. From this, it is estimated that more than half of Ni has not yet been heated by the shock wave. In addition, the observed composition ratios
of Cr, Fe are consistent with the supernova nucleosynthesis model of the parent star with 20 to 25 solar mass, while that of Ni are not consistent.

The reason of this discrepancy is also discussed.

Key Words: Supernova remnants, heavy ions abundance, X-rays
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1. 3IC®IC

[H8Hr 2T (SuperNova; SN) | &k, KEROHEHED
ZVIEHEEEMRERT AR TH S, ZORBERIZLD
TEDOMEED KEB AR EFRIE XN 5. HHEREEIE 1 DR
J&tb Bel-4Rc 1S 0#EIA TR E 2 L fEIhTE

, HUT RN OH BRSOV TEEE O SCRRIZEL#E 2
?%ofhééd)éiﬁé. HA#xbD%uE L5 &, SN1006,
SN1054 (HIZ5ZFE), SN1572 (54 A DE) BENDH D,
B3R REER LTS, FUTRATIRE B S -
PEREFIT SN1604 (X 75 —DE) Th5.

AHTEBERIE T AN E - AR PLOKTFIZL-TC, 2ff
JICRM N 5. wHEEBIHNC 50T, KROMIER (O3
v —H) PRI a0 0E [ IG-EHE, KRBT
AHNYD S O% N ANHE LR, JURIY 7 T AT Tl
7 A ROWNGEAE TH 55, BFIAEZ 51I2OhT
TARORPT [ BEHEARE S h &k 22T, M
Ry T RGH R IE Ta il L, Zhbto ooty
T AR R Z B DI Tb B, AU A0S RS
Wy IcMEpHE 7z 2055 DIHEEHEIEN
10Mell O KB EAEDOH LA 7 A (LB OR%ICE I
B (CC : core-collapse) #EZ L THELBEZEZ LN T
5. ZO CC M 2EDBEEEMP, BEIZH T 2 ILHRAK
DFEMNEARIRIA 03 B0, BB O (BB -
Supernova Remnant (SNR)) % X CEIHITA Z &i2kD,
BEONBITAFIEL T TR (RN A sy 2l
T B ENRETH D, JEFEE D ENEBORE 1%
Was5 2 TAHNTH 5.

2. BEER

Cassiopeia A (Cas A) &, FI350F-wiITikd & 7= 8 ) s
TR RO TH 5V P BB TR & hoig
R I DOBE /3 A KD, ek 5 DOFEREIX3.kpe & E

Declination

1 : (%) Cas A D X #RE#%. NuSTAR THEISh/-F 2 U4hE

59:00:00.9

58:40:00.0

FME 635 (2020)

ZoN3Y. HEEEEICS DFEO D, IhE TEEY 5k
S - TTRDE, XBE - Y B E TIROERIE TS < 0
AT hN, ZORPHEAFEC B T b, B
OFEME & ABHRIRETE, ZOMHFITDOWTHES 2 5 A Thel
BRIKOD—DEE LS.

X1 CmA@Xﬁﬁ@%TT 22 RE I B 2 F v
VEIEREDOT 41513, $T ) 3 v OBREE N IE
ﬁ%t%ﬁbfné:t%%#é.%@ﬁEW%®¢®37
FHEIZAFIET 20K T, IR A S 5 A CEEAFH2»
DERDN, DOARTEL, 7asLR=y T ILEE, $EIT
LTI 2 BROTCROAFAEIL A IS Z & 03 ARE
MNCEETH 5. 7 2 TRAGDMERIZT Sh7zHAD§
<] iR I KRR R IC R 7. [NuSTAR]

Bk 3BHlT—2IcEH L. B (B) 12, T<#BR
X # CCD # # 5 XIS (X-ray Imaging Spectrometer) T1%
7= X #REi§ AR

3. ANRY MVEEITIER

K212, ¥ BLUNuSTAR TSNz X AR b
LNERT. RAZZOF—2%, Y TIREIN Tz Fe TH
® Doppler shift IR AEMKL RS ETFTILT 4w b L7
FTR2 T, EFMIHEOCEHIEEEOETILTT 4 v b
L7z, ZOKSE, 795 X~ 133.2keV, BHE ST X & 0t
(FETEE L, HEBEY & ORGEEOR) 132.6X10" s/
cc &, BHEFHELD G HHIKREEMORETH S Z LR
o T,

KT %2 1F, 5-10keV O FMEFRIEIZEH L2 (K 3).
B 1T AUTH U T Redshift 9 2 ###f# (Red) & Blueshift
S (Blue) 20T 2 Z A EINS 0, Thi
Fe Hea, HeB, Hey, Hed ICZNF @b X ¥77=. ZOD
W FeHea DM A5 Z LI TELD, £ETFT—KED
WEMKE L 572, £ZTZZIZNiHea, Hep, HeyIZH

55:00.0

50:00.0

45:00.0

25:00.0 30.0 23:24:00.0 30.0 23:00.0 30.0 22:00.9

EE—————— 2 ]
12 37 87

185 383 775 1556 3132 6249

BTRENATWS., Fyv o F7HRETHAS O AHIFE, TI1FH

JETREN TS, (NASA/JPL-Caltech/CXC/SAQ). () E 4 HFAMEICA W, §ECHE (XISO) DEfR. FFDHIROFEELT7

DAOAEEL S X BAFANY MEHEL L.
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K2 : 9 &< XIS0+3 (), XIS1 (), HXD (E#R), NuSTAR (F) ICLD XEAXY MVTF—42%, TI7XATETFTITETINT 1V

FUEBRR BV
equilibrium of ioniza

TIATETIVIE, NEROELFH S I RIVE—TEILT 3 broken power-law DS &, BEEIEFE (non-
tion) OXZHCHW T I XATHARBIRIEETIETRY I T FLAEETIVERVWTWVS. TON

IV, ETINET—EDFEREETRT.
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Energy (keV)

B3 :R2DZANT MILDS b, 5-10keV DFIHELAL R, § &< XIS0+3 (]), XIS1 () IK&LB XEANY MILVF—4%, XIS
DIEERBEZERLEHOH T ARBRFTETIVT « v bLLHER. SREERL 28 (6.5-7keV TRICRA2REGBEDTE
) 55 DERPEHEET S, COANT MUy TV OEBEAEERT B ET, T2 LU LSRRI EHF P o1
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WM AW AETNICMAZLEZ A, F—2&E LD KL 3
TEXBRZ NG o7 CasA 25D Ni OB IZYI®DTO
ZLTHD,CCSNRTE WAIBIZKS 2EHDHERTH 5.

4. £ =

Sukhbold &3, HEHFRFNEI A > 7=l TOEE M_
ZAMS 739Mo7 5120Me £ TOHPAIZDWT, 1 RILA,D
Mg BE L2V EREE Y Iav—va v, B%
MEILEAR TER XN EILRKROEREZFHL 2 RS
SN1987A & Crab nebula DR A HH§ 5 L5 IZRIEEh
TWw3?, 2ZrofonzF— &2 &HNWT Cr, MnFe, Ni
OMBEIL AR L= ZhEd WISETFILLIER, WISET
L ORIRSR & T4 OBMIT — 2 % iR 5 Z & T, IR
DEEAME Lz, MRER4 (&) 1987, BHllyT—420
MENKEL, BERASOREE CHEET 2 Z &3 L VA,
Mn OFEAV/NENZ &, XS5 Ni DMK ENZ &
F— RO THD, TEFUHEONTEDOEMAFOE DIT
204525 MeTHh 5. £->T, §XL & NuSTAR DF — &
75, CasA 7320-25 Mo M_ZAMS OB ER L 728
DEHEETZ S,

WIS, BRETNLE2Hm T 50K TR ENEEDE R
NHBEONERME 572, TFILT 4 v b OTFEFEORREE L
THEoND, BRT I XKy OME (normalization) Dt
BRI TOMD TH 5.

10—14
4D, (1 + 2)]?

ZZTD ERRETOMHEE (cm), n 3B TEE, nyld
REOEE, VIIHHERBORMTHS. &, RKELLT
CassiopeiaA F TOD Pk %#3.4kpe, KR z =0, HHE
PMEDIGIR & L8 5 R DERE § 5. W AR OE T
JEERKEDEZIFIFIFF LD To, =0, 55, THITEK
077 X2 OARKDE %KD, KA & K ILRDOB I

norm = eranV

(X/Xsolar)/(Fe/Fesolar)

data
15.2solar
20.1solay
25.2solar
27 3solar
60.0solar
120 solar

Cr Mn Fe Ni

FUBHBEEEHTZIENTES. EFANLAE L Cr,
Mn, Fe, Ni 2N ZhoOiw/Mb& ZhZnOMHisER» 514
SNMEDILE RO ZZFERSIK4 () Thb. fHRELT,
WI18MDEFINLIZX LT Cr, Mn, Fe, Ni OB ENHEIC
KW Z Ehbr o7 £7Cr, Fe, Nildf#rms L Cid T
WA, EREEAEL 72 Ni OB RIE, KBEED (2.0 = 0.6)
X10METH D, Zhid CCMFEMBDOET L2 6 i &
h2BREONHETH B, M 7ZFFRICRIBEN D,
L, HEOWTTHER I NI NS DILED, F72fHE
PWNE A SZ 0 T W TEEMEAYE 2 51 5. Chevalier 513,
IR & BB OMEEREZE T AL, BRI
DL L PWITHEE A TR TWEELEY. ZoEFLE
Laming 523 F v ¥V FI#EO T — 2 IC L TEHA Lz Z
A, EEPINEE 2 T W I OB 8135 4 0.3
KERTH B AL 23U, BRATOBEE R (4-6
KEVER ) ISR TIERIC A0, LaL, BUEONE
WZRIES 2 CRICRRIE, EEZ T ConEldiEkE <
BHEEZOND. 7z, FOLEOTEPENTIE, MEE 2
TOEVIEHAR 2 KBRS D L 0IHRE B 5.

ZDEZFIZH DI L, Cr,Mn,FeNi D 5 %, Mn 7=
2, MEEZ T ToanEIAEREV. ZOFRKIZAH TS
5. ZNO6DOILEDS B, Mn 751 28R AN 55 A
EEB LI BRONNE—UMp B EIFEZIC W, £,
[a BBH R TIZ, BTN L SREEEE Mn OIEEES T
JEELBHERTWBEZERS, I3 XvEFILHO Mn D
emissivity IZKRE RGO NBH B L EH L IT W,

727U, BET 2B E LT, SNI1987TA D¥Fe {7
EERAETLTPEID KNIV ENS F v v F IR
OBMFE R B 3Y. PFe i3, Mn OHE—DRERNAATS 5
“Mn DBETH D, PCo DB CLBIHI7IFRE) <Ak
XN, XHITHE R CERIN2.74E) Mo s 5. Y
2k, A =550RINAEDARENETLOTELD B
INE WD, B BVITIERRTOBENT TCORBNET L TT

XIS0+3,1
08 XIS0+3,1 HXD
XIS0+3,1,HXD,NuSTAR

o
o

(M_fity(M_model)
1
Y

0.2

Cr Mn Fe Ni

X4 : () WIBSEFILTFEEN3Cr, Mn, Fe, Ni DHEItE, AR TESN/AHERIEORE. EFILTRENTVS, BHO M
ZAMS DEtEZE AR 3B T7OY FLTW3. (B) WIBEFITFEENBCr, Mn, Fe, NiDBE LT, 5K 5 h 7 Cr,

Mn, Fe, Ni DEENDLE.



o PR SR SR O IR 2 101 72 D TR AR R O K HE 15

BT 2E0 B HBEINEL 5B L, "Fe DRAHVITE 3
AHEMED B 5. ZD¥Fe DRZIZ, Cas A D Mn K2 & i
T AR D B,

5 %&8

K7 Tid, <AL NuSTAR 2 2 W GEBE
%% Cassiopeia A Z#BUHIL 72, ZXZ bLT 4 5 F OFER,
BRmMETI, TIXVETNT 4 v b OliffCrEbgEE
U 7= Ni ORifg & AR L7z i #ato B XIS0+
3, 1, HXD, NuSTAR D[~ 1 v b THEWZKETLHK
DML &, Cas A OFUEOE & 320-25 MeD i & 7%
BIERbroT. EHITANRIMLT 4y bORNS,
Cr, Mn, Fe, Ni #TLRDHEAFFE L1224, ThbD
TERITBRIFIER SN L EZ 5N B RIS L T30%
IFELAKINTE T ah o7 ZIUTHE RO W TE
WP FZABMEZTIEEL TE 6T, AEHEOET
ENFFEER LN TOENT EEREL TS, X512 Cr,
Mn, Fe, Ni O TEHIZ Mn DRBRIES DL, ZOKIKE
324238 Mn A& S OIEDO D ER RIS, &
LU FBERAOBED~ 2 7w MMEET Mn ORFIZHAEOW
METNEIZIRL2ZHNHE, ELIEFELEZEDMn D
BT H 25Fe DILRENMER XN TR WA ERR A & alGE
Wb 5.

AWFFETIE5-30keV DT FILF — 3V F & HDIf#NT L 72
728, INH6DT L% XD IEMEIIRD 2720123 L DK x
LF—MOITEHE THEHL TS DEDRDH 5.

oo

K5I KRR OB L2225 T d - 7= LB & ) L
THEMEL 7z, F72ARM221E, 20184E 1 B e kBT
BRI 2 OB B & 2 Eia S iz, TOBIZT,
fLE L 1T 5.
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Development of signal processing electronics for X-ray CCD camera onboard the X-ray imaging
and spectroscopy mission (XRISM)

by

Hiroshi NAKAJIMA
Hikari KASHIMURA

2 B

XRISM 13201641 A& T L7z [0 LA #HEOHRRIIEE & LITERT 7 X0 X SRS eif 48 L ¢, WES
IALF —DOWlEA AN TREDOHEICEMPL T Iy Y 3 v ThHB. XRISMIZIE, JAMEREAHIE LA CCD # 2 7
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ZHUZ& D Xtend D CCD I X T DT 54 F EFAMA. TUIBITT 5.
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Abstract

XRISM (X-ray Imaging and Spectroscopy Mission), a next X-ray astronomical satellite mission, will investigate the flow of matter and en-
ergy through X-ray high-resolution spectroscopic imaging of high temperature plasma and elucidate the evolution of celestial bodies based on
the background and research of the “Hitomi” satellite, which was discontinued in 2016. XRISM is equipped with a CCD camera (Xtend) for
wide-field imaging. For Xtend, we will use our proprietary ASIC (Application-Specific Integrated Circuit), for which we will use substitutes
for the “Hitomi” satellite. Therefore, the purpose of this research is to investigate whether this ASIC, which has undergone long-term storage,
can be used for XRISM. An electrical performance test was conducted in which a pseudo signal of CCD was passed through the ASIC, and the
performance was compared with the performance at the time of Hitomi. As a result, no deterioration in performance was observed. In addition,
a calibration test was conducted to investigate the temperature dependence of the gain, which is the linear relationship between the magnitude
of the ASIC input signal and the peak value. The rate of change was 0.1% at AT of 20 °C, and it was found that the effect of temperature was
very small. Next, a CCD calibration test was conducted at Osaka University. CCDs connected with the ASIC was exposed to various sources for
several hours in the range of -100 ° C to -130 ° C for a week. We obtained data from several types of radiation sources. From the emission line
of ¥Fe in the spectrum, the resolution was derived to be 170eV @ 5.9keV, which was better than the result of the “Hitomi” satellite. With this
results we will shift to the flight model assembly of the CCD camera part of Xtend.
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1. ([FU®IC

XRISM i, 2022 NDOHTH LiF2HEE L TWS
JAXANASA, NSO RFE2 5 U TR L To 3 EEE X
WMRXGFETHY, [Oeh] HEOREMIZLS. [V
A RO TORECHIIABII TR - B R A L % &
Lz, [0 A ETERTE S -2 HER, WHEPT
FE — O g PR TRROMAL Z FFIH L Tl

XRISM (Z## X 1 % Xtend (X CCD # x ) 1213,
MU E 12 B ¥ L 72 ASIC (Application-Specific Integrated
Circuit) FEHL&IA I E£REMIEK) & H0 225, 20 ASIC i,
[OGen] ETRHEHZE >N EHHT 2 PETDH 5.
ZOEEA XRISM IS LT3 R WARENS Z L5
BIDOWIZEDHKTH 5.

55 2 7 CIE XRISM IZE#§9 % ASIC 12D W CORME & £
BARKE, MERERBIC DWW THIHIL T 5. 3 ®Tid ASIC
DUREZAIZ K B PEREANDHBIZ DO CELR LT b, 4
#ClE XRISM 12454 % CCD DO#IEGRER IZ DWW Tk T
W3, 5 EICIIARIZED £ & & XRISM D5 #% O @A
DNTRLTW3,

2. ASIC BIE

Xtend IZfiH N 2 XHECCD I AV HEDA A TRT Y
HABRELHEUCHMERMETH 5. FamicdaddL=un,
Xtend 1Zffifl X 115 ASICY 13 [O & &) BHERICER S H
7 DONTRHEME S DEMMT S TETHS.
76 DO ASE X B4t CCD W CRERIFRIZ & 0 F 58 IT%
fexh, BB CZ7FerEeelihd s, ich
o7 FHasGEIE ASIC IZER S h, 55045, 55
AP ARIC X D BOMEEE 372912, ASIC iF CCD
DOE FIZHE#HE LT, b VO /NI 2 Th 3.
ASICIZIE 3mm U ADNT F v THNEE N Tnb. Z
DRT F v FI2EF v ¥ FILEER TS CCD 5K 7=
7THusEEENMET A0S 4 OFREh TS (B
%). B1AIC, ASICOMEET v v sXMERT. CCD2 5
OT7FarGEnkicE, Fv v LNORIERTES %
1005124 5. Z DK, DAC (Digital-Analog-Converter) T
TFusEEORE LI E Ty VESZ S O
HF v VA2 2FDH B ADC (Analog-Digital-Converter)
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MES %D FPGA (M) TEHE{bEhs. @i,
ASIC LWERTF v T hEZNN Y F—=VICAAEEDE N
5. ST PETH S, [OLAh] BB TRIEMZ
72 ASIC 1324HF b H72. TD S H 1 BT I3 BRIC il
U728, @il 55 ASIC IX23% 2k -7-. Z2hb
23% T [k & fiE2 5 XRISM OFHAMEE 5 % Tl
WEEHA SN TWAENWT Y r — 2 =2 sh Tk Z
DWFT T NTUSBMRE %17 - 2ER, 23K TD I 515
RTS8y r =Y o—-cbhbFhraZErRonz. ZOXEE
2, Sy r—Yov—yrvrunitgihsif (Ag L%
KA OmE (S) AR IZ K6 Lgi) THtfbal (Ag,S) 12
BotDEEZOND. ZD/8y7r—YDEEPHERON
7 Iy T OBV B L T B AR A NS 72912
AR AT - 72,

NERE CTERENR SN > -FFRZIFEFLED,
D9 HTHEAMN 7 FM (Flight Model) fifififh & 2 - 7=
B DURTIZEGCH RS N72728 FM Bl 5 5 st 7=
L L, UERTOEGHRRSNWZZHATNE, Sy r =YDy —
)y a0 TH 57z ARBTHITY % bR
HIRISFEM & Bedse 4 i s Elc3E @R R o hkn. 2
ZT, ZOLEETFIZOVWTEEEME LT, FM AN
ORT LM T— 2 #AUFT 2T L2 L. R,
ASIC % RBHEEEHA Iy P L, CCD ¥ ab —4 —
75 ASIC 2 CCD O%EMIE5 #8007 L3 AFIL, A
TS, R JEREYE (INL, integral non-linearity) 7«
ExFMi4+2 (R2Z&L). Zo0, ASIC 121X 0 ~20keV
HEOES x5,

WHETINTOTF - 242 FL0728DER2TFIZIRT.
VERERHA I O 22481 E, A JTSlMES, T IR T &
5. HiEIE, ASIC EBTHE L M 03 R T AR
L7223 DEABLIZEZDHSTTHD, HALIEuV Th 5.
RNEEBN MG IEREZ &2 5. BB, 71V OME
BIERS BEARI 22 — KB A & ENZ TR T B2 DIEET
b5, —WEREFEBEOF — 2 HOThoRKitE AIES
HEATHY, S—t Y FTRT. TH6Y, HANIVIEE
ROMREE S 25, KaeRs e, M, INL £ 312 [OEA]
TR (20134F) DEEOFERLIFIZFLC Z LARIA TS,
DF D, FEMFEMEOPNRZT SN o M
BO32.7uV ZEF BRI A2 1T S LEF OREH6.5M & 4 5.
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i L C & WA & L 7=
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4. XRISM (Z##9 % CCD OHIERER

FM @i ASIC & [AREIZ FM i CCD DRk ik %
fTo7. ZOX#CCDY ZWts+ b =2 24k & Xtend F —
LETHFEMFELZEDTHD, ¥r v+ 4 X1d24pm 1Y
77, 1280X1280t 7 ¥ L DG HHEL & £ D. Xtend TI1d Z
D CCDAETFA#HOFRUFET 5 Z &C, 62mm U F D
M Y R T 5. KB HE, b EoHE X
I BIRERER, TS AR PR EREEICHIET B 2
ETHB. KIEDZARY P IVIZERIBI RS 2 &2 & 53l X
e REOILFEIZEDAHEANY PLTHR I, Zhbo
MR AL T2 2 E A RKOBRIZIIVETH 5. 6
FZRRIC KD, BRBEEMEST 2 5 AS X RO T AL F —
AN B Z LA A B,

KRBT O RS |, KPR TIT>72. FMICHWS
h5goeaL F/—ohksEE> ASIC % FM fgfhfioo CCD
IZPERE LT, 248 CCD IZ BRSO # R # —100°C ~ —
130°C D#HiPH THET 1224 T T < fE¥E 4 DERBET 7.

AR T B O B O BIER 73 D 7 — 4 AEAF L 72D
5, ¥Fe ®—110CHD 7 K5O F — 2 DN 17> 72, 7
RS D Z X7 P L AR AITRT. KD Fe OWESED 5 7
A BANRAER, 170eV CHEAINR) @5.9keV 8572 [O
LA RO Fe OMREEIZ179eV@5.9keV 72 5 72D T, [T
LA HELD B ROEETH Z Z L0 0 - 7.
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On the theory of nuclear cluster structure
by

Yasuro FUNAKI

2 B

A 5 2 4 —fEEIZ oW, BRNBLG» S REORIBZ TH#MEIT 5. 3707 7R FEHHRO VE & 2 h & il
3 2 ERREIBI A IERIZ D AT T EEBHAL, 77 7 @O ARICIRE N, JERTIER Y 5 2 4 — RN & ik
fbEhdZ&, ThhH5W307 724 —HEIZOWTEEHATEETH 21 2T 5. IERERINTERLY 7 24 — D%
JRAEVE & i 7= e T d BIERMEN L OF A, HfiE, 25 22—y ) Pt e A EIRIc G Eh 3 24 F I H 8T
A= ZIZHED ST B, HIZIE MHAA Y 2T 4] ICk->TREND L EWMEANC D W2 5 2 4 — KD,
W2 5 2 4 — % R fH4 5 4 [container] DRIBOERHE &6 ABETEL I L ERT.

Abstract

Nuclear cluster strcuture is discussed from its historical point of view to a new aspect developed recently. After a great success of a model
wave function of alpha-particle condensation is explained, the picture of alpha-particle condensation is extended to a general concept of nonlo-
calized clustering, which is applicable to promisingly all the cluster structures. The competition between the localized and nonlocalized cluster
motions is investigated in terms of the inter-cluster Pauli exclusion and dynamical character contained in a new wave function proposed recently.
It is also shown that the path of cluster evolution, indicated by the Ikeda diagram with a threshold rule, can be described by the evolution of

“container”, which traps the constituent clusters in a flexible way.
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1. [FC®HIC

R AREOK T (BT ehtET) 2tk EC
FHL7-BTEERRTH 3. ZTDLL OIEARNEE L, @i
TIZRE SN BBFOPFGREIC L > TR SN TE
72, LA LRSS, BoBLKICEWTE, bThk
Jiffd = 3L — TRIMICHE 22 A, & 725 & RIS
BT B0 L2, RO LD 25 22—kl
RERBINS. Zhhy 7 2 8 —HEEREELITIEN S & D
T, BUETIZBEANRE L A6 0, P &3 R R %
BIFETMOEARNFERREL LTHON TS, 20k %
HT2=y b LTORTENOP TR EERNLDIZT L
7 ki (B2, kT 22 5 & 5 He HFH) Th
5. 777 (UFa) KTEa¥y - 74928 0O
L7 HEPHEE A LR, IEWIIRETHD. 58—
TR IZ AT 3 % 1220 MeV FEE DK X A T F L ¥ —H
WETHY, JEHICHN . ZORDETICIE, a kit
12k 325 24— (b LZIRESHEICEIN S, FRCBERKA
=4n OHCOHEN 0 ZEHARKE UTHE T, PETEEtc
o) WSIEZFDOEI B ar T AL —REEIRENGAEL, Fhb
IFFICEE L ILEIRE TR A <, kkiEIC Bl 5

ZIHLr 528 —EEIRENE D LS Ailild 3L ¥ —
MERIZBNE L D LS Z 220 TiE, L& WEH] & ip
Bh2EDORH6NT WS, 7528 —EIREN I
LHEFNE, FRIZFDI I AZ—IIHRTHLE VTR
FEFHICENG, LS DTHS. ZTDOZ LF, b
HEZANE =T T A8 =D L ZNEREE < WA
i, 77 24 —BOMEBIZEEERELITEDET, 752
A —FIEIRL ZOMWEELS, LI T LEREHEKL TS,
ZO L EWEHNZAE > THCA A I 0 7 2 2 —fEE O
BT 2H 420700 Fig1IOMM & 4 Y25 £ ThH 5.

Fig.1 MESZAYJSLY . HyINOBERIET 7T X4
— BT IEEIXINF—. EFRBRHIPLTaITRE
— (OH) ICHET BHFHATRENTVS.

ZOEAY T 7 LI, iy —0fkEIZED &
KD TAR—REEDERENDE D0, LS, VT AH—
HEER, REOEMARIN TS,

Bl ZU3C T, BRI G A7 U 72 SR IR TG & L,
a2 7 28 —BOMXEHE ZREK S5 Z L T3a HfEL 0
EEfEIZ3 e 7 5 2 4 — R IRER BN 5. £72°0 TIF, F
JEIREIZ I T, BB RS 2 HD A Eh 72°C — o [HAH
SEME ZRRS 2 Z & T, "C+ a i L 2 WEIEBIZC
+ o FEIRRES BN S, WICRIEE LA COFD e 7 5
24— EHE RS2 2 & T3a 2 7 A4 =125 R
SN, daBRLEVENFEIC4e 7 T 2 4 —IREENHBLT
%, LW ZEIZED. KX T, TOKI B0 T A% —
HEETZ R D7 S 21565 2 5 L OEE 0% & TiRE LT
Hind 5.

2. aEiEREE
2.1 RAIVIREE &3 a BHREIREE

BCIlzh W T S L ¥ —7.65 MeVD A E Y 081 7 4
A J =0T DRAIRREI, KA LMRBEE LTHIG R, EDrh
TORFICEABORFE Fo\ N TYE ) 2 81 & B =R 7«
RETH 2V, ZOFA NREIHEDOEH» 5 & H 25
2 O R XN, BEMTIIHETEILEDOTELNAR
R kige sz 1950FRUTIE 2 DRI 3 DD a 7
T A X —PEBIRITIE A ZIREE (BHREEHIRTEE) LS F AR
FAIC K o> TR I NE2Y, 19704E~19804E 12 A 1 Th X
N7z 7 22 = E RIS K > TZ0E 213584
TEINZZ, 22 TEENEZDEZ, a2 5 A F—FHIIZHS
Wi, JRIBREEEY, AEBUBEREEY ) & B VI A SRR,
CIFEN A EREHETH D, WTFROF L TROER) 2
FEEINPEHHEL, a2 F2AX—%RELELET, 329D«
25 22 —BOMHESZ L COREMRERDSZEDTH
5. EOFEET S u—FOENE S NAE NI U E S
A, Bl h iz, TS ILE—, o AUEIE, ERGER
MEREDOFERT — 4 &2 RAFCHEL Tz, 2L TEDIE
TRONZWEEEKDE, R L7z o 2 5 2 % — S EREIR
IZHEAZZ LD BEETIEAL, BLAZDD a7 T AZ =7
M ST THEL FEU DV AMEARL TV Y 90 25
L TZ DKM 2D, KA IREBIIEEIC R < FE
L7z3a 2 7 A8 — K& t§D, Ao 7 2 & —Rga ot
Bl Uik S h, 2ORBE RS hzLEroh
T&E7.

Z LT, 20000FfRICAD KIEARER E XN D, X5k
FREWERIIBT 52728 —{LERZOMETH 5. %
MBS 50T, faRIE R I3 U TR s O M8 %
FAXT72 P, Schuck & G. Ropke 1&, SdFIEE D1/3F %
DIREE SRS EWERTar 724 =01 L, THIC
WZORY VHFHEIZ K DR = - TA VY 2 &4 VK
RREAMEERE T 2 HREME D B B Z L A L2, 4513, A.
Tohsaki, H. Horiuchi & 12, HRBIZH VTR HBPOHS
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B D[ NIZDONTORE Z YD, oV 7 A4 —HEF
MO TR 2B L Z DRIET 3oL ¥ —IREA a4
5, alBiE NS TA T4 TEEELEY. ZHERERD &
ANIRRED R AZTFH§ 57213 ThL, —f%D na KB
T MR A SRS 2 IR ISR I A D TH B, ZD
TAT 4T ERET S0, (RO THONTE
25 28 — RN ST L 7297 7 A B R B R S (DLF
THSR (Tohsaki-Horiuchi-Schuck-Ropke) BB %) »3 L
ToXdIcfHRgEhz?,

Pra>R(B) o« ATy @i 1)

2
@, = exp f- = (X = Xew)?} (a0, @)
ZZ7T, ¢la) (=1, 2, =, n) FaP T AZ—DNEHEI
B TH D,

4
¢(a;)= exp {— % z (Trraq-1) — rm+4(i—1))2} onty (3)
l<m

D&z, FHIEE) /8T X — & b T &N 522/ 0s P
EAODOKTMEAT S, ELTWa, ridrEiETs 0,
ot EENETRAEY - 74V 2 VBB KEE L T
W5, F7, AT EREBOIRMET 2B T, Xi = (ny ¢y
+oot s o) /4 Xew=+-+r)/4n D00 Xildi %
HD a2 5 248 —DFLIERE, Xy FARIZIZENTEED
B NEekoELEETH S, R IZiFHae 524 —
OELEBFEIELERL T, X 1) &, /S 2—4
B2M2o 524 —-HEDO¥ 4 XTXD+ARENL, DFD B> b
OEAEIIE, KAFMUERE T A<1EBERITE, f>Ta
7 2 4 —BOMBIEIELS, 20— GO H Clal—iE % 4
U 7zl & /R 9.

7285 A— 4 BOEBPKREL EEEB1EE, 2D—

KRTF Vo vy LIV DEHD, a2 T A4 —1ZXKD AR
MIEAIZE DN TN, = TB=bDHIZIIE, a 7 7 XX —
OELFEIIMTOX kB EF L LD, §XTDa”
T AL —\FEML, BOMUER T A K O BT — RGO
ZIIN X 5. 2 U THUSIRE O ARl & —30d 5.

20034E2CIZH L, a 7 7 A & — BRI X B 06k B
B, ZOHAERNREIREK L OWERET 2 E Sz B
KOLBRERIL, HIAIZLL N O &5 mdtEkE AR (RGM
FifR) EM ZE RN DTH B,

(p(a)p(az)p(as)|H — E|A[p(a)d(az)p(as)x(s, )]) = 0

(4)
ZZCHEMTH AN EGENIL =TV TH
D, s tix32D a2 I AL —OYIVLEMTHD. Z
TERROEY, a2 5 2 & — O EE) & E 7 < i<
EDTH Y, HIBELEOWBIBIEL,

DEM = AP (ay)p(az)p(az)x(s, t)] (5)
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WHZLTHhHB. ZhZKDRANIRETE, X (1) T
BHINBEITa s T AF =K EERLEWIZTIL HE
BIL2AZ20XS Ak E L, & CRH—OE%s 546 L
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722000 7 A Z =0 FANCHERER 72 7 P LT



%2 7 2 2 — 2D W C O PRI 27

W3E35L, R= (0, 0, R) DLIITHBZENTE S,
ZhiE, 2202 5 24 —HHEEER 72 EER 72 7 E A T
REL, ZOHD THEONEOERD b Oy e ¥ a skl L
TW3, EWHZEAERLTWS, ZLTIERY 524 —H
WEWIDIFZOX D SR ARARL UTHIR SN T 7%,
Z ORI TIRARIC BN S /S5 X — 212D TH D, bid&k
27 A% — N &R § 2B EMDOS 4 Z/8T XA =2 Th
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Prlli ZONINI=ZTVAAETEE, LAY —_
)y Y OESFRBED,

Zk%wmﬂﬁ_#?Pﬁﬁ&»¢P@J=0 (®)

J
AEOND. ZOHEFEREERELTFINTHDE DT,
TS % SLIRHERED 2 kO A L RIS OME 5 2 5
ZEBHOERTWEY, DFh, ZoOKkZ2kY 7 24—
BOMXHHEB A LT fE 54 5.

Zhzxi e, X (1) THEAZY T A4 —BOMKED
B (7) EERETHB. BEDC0+ a7 T X4 — DRI
HIL TR (D) cxbisd 2 Bk 4 & & T,

2 822

OTHSR(B) = 4 [exp (— S & _ —) ¢(“)¢(160)] )

12

I —

10 |-

o+

= 81
= -
= 3
=
)
5 6
o
g
=

2 o+

ot —m—0

KEO} KZo;
Experiment

x5 R (1) T, p(a)—g (C0)LEERA HM, /S
FA—-4BICIEHEH®EB= (B,=B, B) ##HAL, 27
7 24 —BOMHEEcHEEE T A (9) BfE5hs. T
@ THSR BN BIBABIZ B TIE Y 7 b8 X — 213 313
FAELKWD, DFD 2000 7 28 —HRICNEE LD B 7
DRbDIZ, 85 A =2 |BIGH|I2k-T, BT AL —
IZR KD RE LY u ik FFE SIS, 20K AR
R=LTHMITHA I »?

FIFighlimd ki, X B) 2@ ZLitk->THRS
NIz ANF =27 PUVIEBRTEHE N2 AXS P L%
JEFIZ LS HBT 5. X528 4D J DIRFEIZH L, HIE
TRREMOWHHEK (7) &, TZTHEALELR 9 O
ARG EIEE (AR A Y -8 F I LRI L 72
LED) EDF—N=F v TO FfliEINT X — 4 B OB
E LT L2/, ZORKMEIVTROIREIZH LT
b, BALIFIFI00% 557 DFD, 22T 24D
2 7 A4 — BAEXHES) % I0E & < RV 2z a i, KX (9)
DWFBBZDEDIZE 572, EWH3TZETHB. Lirlk
25 Z0HFE, EHNBTELE WS 7 7 2 2 —fEisxdd
DUEROIRENENCEHT EDTH S, 7T A4 —I132% W
BERE L TR, WY 5 24—, 4 355 4 —4
B TR O T o5 1K, &350 EdH S5FD [container]
D% JERFIEMISEB LT b, &5 DA THSR % E)
B (9) ORTHigTH 5.

3.2 3a, 4aEiRgHKEE
ZRHINREN L7227 9 24 =g LTHIOhTE 23D
ORDOENL, a2 T 2 &2 —=HPEMFIRIZ, FRHILBFOX I

.
61-
99.87%
2O
97.75% 99.98%
4* -
98.79% T
21-
99.29%
70-0- J
KEO] KEQ;
Theory

(O:@()

Fig.5 ?Nell®O+a ¥ 5242 —EEEBETHPRNBEF, RUBAShTVEIANYT MLEDLE. HFEIFRERRERBEK L

BEDF—N—Z v TOZFEORKE .



28 WIS BEASER TGS - B 2T H64% (2021)
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Formation and Humidity Sensing Properties of CuO and Cu,O Crystallites on Copper Surfaces
Immersed in Aqueous Solutions of N-Isopropylacrylamide and Ammonia

by

Tomoyuki TAKADA
Shouta NAITOU
Yuu TAKANASHI
Akio MOCHIDA
Shohei YAMAGUCHI
Akira HASHIMOTO
Tomoyasu HIRAMATSU
Kazunori MATSUI

2 g

N-A4V7aeiLr7s )7 IR (NIPAM) BLUO7 VE=T OKERICHIR A RET 5 &, Z&HIZ CuO ¥ L U Cu,0 Mkl
MERFEIZAERT S Z &2 RATWME L THE. AL TIEZ NS OMASHOAERIZBET % X 6 & 5678417\, WEX VY
ANOFHE A& U TEBLIEYU T B ORR MG L 7. HHEE210% 2 590 % 1281 % &, NIPAM KiFiih, 64
B L 72 Cu,0/Cu OBEFEYUL 7ML EWA L2, Zh s OfER, 6 Cu,0/Cu IEE Y 4 & L TORMM R TE 5.

X—"7— K L, FBY, 7TryEZT, NAYTaELT I YVLT I, WEE VY

Abstract

We reported that CuO and Cu,O crystallites are deposited on copper surfaces which are immersed in aqueous solutions of N-Isopropylacryla-
mide (NIPAM) and ammonia. In this paper we conducted further studies on the crystallites formation and the effect of humidity on the electrical
properties of the copper surfaces in order to fabricate humidity sensors. The resistance of Cu,0/Cu prepared in NIPAM decreased more than
seven orders of magnitude when relative humidity increased from 10% to 90%. These results indicate that the Cu,O/Cu can be used as efficient

humidity sensors.

Key Words: copper surface, copper oxides, ammonia, N-isopropylacrylamide, humidity sensor
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1. #
% 7 v = 7 KIS % L KR {LE Cu(OH),
DF )Ry ORFIRSE (77 VRV TL =) pERT Y.
X512 Cu(OH),»F 7 VRV 7L — % Bk L TiAT 3 &,
WALSH () CuO DF /7 VRY 7L =24k T 3. Cu0id
1.2 eV DIV Y R 5 o 70 p BRERT, il 2 ¢
vHY L LTHWSER TS,

FALsl (1) (Cu,0) 133 Ry vy 7217 eV EHTS p
RERURTH O, ) F 7 L4+ BUOEMY, 54+ —F?,
SIS, ", A2 Y WER Y nl, ik
12b 7= BB TS, Cu0 13RS iz &
DOEIMR, a3 7Y LR, T4 —, BIkAkE, &
B4 o0 - EEROEEER RS S hTna Y,

Bxld, 73 FMEAMOKERIZHK#RET 52 LT
SRR F i 12 B CARLRRAE YIS Cu(OH) , - HLODF /¥ — b 28
TERIRBBE RIS 2 BT 2 Z L IOV LTE 2 19,
ZD—MDOWEMHBEDORFTNA Y T LT 2 YT IR
(NIPAM) ZKVERICHIIR A =RIE T 5 &, Cu,0 fEdmA 4R d
BZLHRRAMLEY. 27 Vv BT AKEBFHOHIRICE
WU, AR TOEETIE Cu(OH),»F /7 74 ¥ — 234
Y20, BHEBRERE T VESTREEHBET LT
Cu(OH), CuO, Cu,0 OFEFAEBIRMICERTXZZLE
WELTH3". ZhoOfEMEIZLD, Hae oBROHD
LM EPEREL DB TE 5 Z Ll ah 3.

S Zh s DMRAIZEEDSE, NIPAMBKU 7V E=T
AVETEH IR L 2= SR IR S 3 CuO 5 & U8 Cwy0 (2
HHL, gLyl T2Z 2 HBE LTHIRL N
KE#ET 5.

[l

2. RBHE

7 X 7 X0.2 mm’ DR (#99.96%, =7 ) &, T4 J —
Lk KUK TENZ N304 Sk L 2%, K5
A BIZS IO EBRIZH L 2. NIPAM (=98 wt%, FI%
#ZE) 0.1 M K4 mL & FREL L C50mL HRD A T A
Bz AR, RO ERE L7z, BEHIE Y A — Lo
TeNT T 4N ATHEELTHELZ (HECR). 7VE=7
REWETIE, FRATFIETHREZREL, /S7 74 LLTYE
VAR ERIFICEE L TEREEL 2 (BHR). 22
TT VEZTRKEE TORIG & EARTHENE L 2201, HHF
MEERE T VEZTIRIE AT 5 Z LT Cu0, Cu,0 DG
ERASEIRIZAERIT X 205 Th 5. 925 C THiED ]
RIFE L 72 8%, S A& 7K Cokid L caRazi L, it
B U7z, NIPAM KA TIE3 HM& 7 HRE, 7V E=7
KRIEWETIE 6 HIEl 2 2 hiRig L 72,

IR L 7 2 i o0 ZE B A XORg 0] BT 2 i RINT-2200
(XRD, VY #2) TH®EL, ZikiOIKREEEHEUE T
# JSM-6510 (SEM, HA®E 1) THI% L . URR
% Fig N2 /R§ MU LT LCR # — #6430B (Wayne
Kerr) €, FUIIEEM:0.5 V ¥ & O W20 Hz THIMRRRR

OIS WE L7z, BOERrEoMlE iz, fgfifitr
PO LKEANTZZT V=4 (BHARE10%) 46 & OV
TEIERE (R 30-90%) % L 7=.

KA DI, AR G V-570 (HAS
W), AR AS810 (7 X7 V), pH A — & (YRIBELET)
EEZNENH N,

3. BREER
3.1 NIPAM Kigi&hIC &1 2 SiREE TORERTHK
NIPAM K& 3 HIELL 1323 % & filiRids— 10k
HEIZZIL L7z, 3 HIFRE L 2=tk XRD 7S % — »
(Fig.2) &, v st R LS (1) Cu,0 @ (111), (110), (200)
MR 5 ¥ —2 (JCPDS#05-0667) %718 L 7=.
Fig.31Z 3 H MR L =8tk & ifid SEM {4 /89, &Kl
B onm TS O LA O WSS mAHE L TERLTWA, 7TH
MRS 5 LSRR DT MITRE S REL TV,

3.2 TFUEZTKBEPFICET BEMEECOERIK

T VR TRETRISIRE L 28O EIE, 0.1M Tk
Hta, 5HXUI0 M TIEIEBEEEZE L. Figdlliilo
XRD 7§84 =Y &R¥. 0.1 MO 7 ¥V €= 7 REW IR
U725, D Cu DRI/ & — v OIE I B R
DAt (1) CuO IZHkK T % ¥ —2 (JCPDS#45-0937)
ERLTWSZ L 5K EIZ CuO HBERL TR Z L
Bbh»b. 5MBIUIO MDY v E= 7 KERDIZIREL

Fig.1 Photograph of the copper oxides/Cu humidity sensing device.
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Fig.2 XRD pattern of the Cu plate immersed in an aqueous solution

of NIPAM (0.1 M) for 3 d.
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7o BRRHC L 5 FOR LS (1) Cu,0 ik T 3 —2
(JCPDS#05-0667) A8, Cu,0 BAEED EfEHHTH 3
ZEHERLTOD, —f#IZ CuO & Cu,0 13, ThZhH
Gl KORMBEERTOT, ZE L ZHNEGOGIZZh S
DR E —HLTW5,

Fig.5% 5 Fig.7Ic ®IRED 7 » & = 7 KIEKRTIZ 6 HIME
U 28R O SEM %% 7”9, Fighid, 0.1 M7V E=
T ARE W AR U 2= SR HT 0300015 (a) F5 K TF10000
fs(b) O SEM 1§ Th 5. KEiZIZF /74 Y —BEELT,
B pem FEIE ORFERFGE 2 TE L Tz,

5M TIEFigblond &S50, MROEBERMEEMEZ D,
FIIAY—HBNETF /Y — FBREREICBR I, B
RESROILESINEC T B 728, LHIROMNKIG
(FANLE Y b)) ICHRLTWEEDEHEINS. 10 M
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Fig.3 SEM image of the Cu plate immersed in an aqueous solution

of NPAM (0.TM) for 3 d.
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Fig.4 XRD patterns of the Cu plates immersed in aqueous ammonia

solutions for 3 d: (a) 0.1 M, (b) 5 M, and (c) T0 M.

(Fig.7) T, BRBEAESXLIEATY L —2 —IROKH
NELBHIE N7, ZOERMIZIZT /¥ — FBEE S TER
RS ARICRE LT a. Zhid NIPAM AVETEH TR &
N5 LA & I 6 2 IC s > Tn 3,

3.3 #REBRBELLETOEZT7H LU NIPAM KiBHED
2

T VR TREHOEIR, 0.1 M TRENEL LD 57
2, 5MEI0M CIEEGIZELL 72, ZOHFEDOWPIN L~
27 bILIZ620—660 nm (LI 7o — KA —2 &R LT3
Z L5, [Cu(NH,),(H,0),]*" ¥ & U [Cu(NH;),H,0),]**
D7 VI VEH () $ARBERIEL TS A 6N %Y.
BRIEAROELE LT, CalNHy) 237 388k ToH 5
Z & &M L2 [Cu(NHy) , (H,0) - )" 23d 528, ATT
BBRERLORTLABUHELTZEDOE LML 7. Tablell
A ARE L 27 v =7 KIS O Cu (1) B, OH
TR, SAR ORI RT & IR OB AR RIRE 2”9, Cu (1)
EEEIZ0.1 M CIRMETZ LA 57278, 5.0 M TI20.18 M
10 M TI130.26 M AEEH L T2z, IRERRRIZIE, 0.1
M T 1 ERBROB I IEVIIRE D70%, 5.0 M Ti%25% I
WAL ZThoDfRE, 7Y 7 REGRHOHE 5

Fig.5 SEM images of the Cu plate immersed in an aqueous solution
of ammonia (0.1M) for 3 d at different magnifications,
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Fig.7 SEM images of the Cu plate immersed in an aqueous solution of ammonia (10 M) for 6 d at different magnifications.

Table1 Concentrations of Cu (ll), OH-, and dissolved O: just prepared and after 7 d of cupper-immersed aqueous ammonia solutions.

Aqueous ammonia solution [Cu(I)]/M [OH ]/M [Dissolved O, just prepared]/mM  [Dissolved O, after 7 dJ/mM

0.1 M — ~107° 0.25 0.17
5.0 M 0.18 ~1072 0.20 0.05
10.0 M 0.26 ~107! —° —b

a Undetectable

b Unmeasured
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Cu (II) #AKT BB, 7V EZTERENEVIEE
1L, ZTORIBTHRENHE XIS ZEERLTNS,

fth50.1 M 0 NIPAM 7KIF I MBI T, Hib % =20 L
TSHAREH S GOZEMITR S hikh - 72, NIPAM KA
OWEEL M —10 M &< 35 &, NIPAM OWIIZ X %
HMEEICR D0, 2O 2R L TR L 5r 7

3.4 $REEAD CuO B LU Cu,0 B ttE

TV EZT KW B B IEFFIERIC K B O EMRIKIG I
X (1) THEHHIhTHBEY 2,

Cu+1/20,+4NH,+H,0=Cu (NH;) /*+20H" (1)
S HITHHDEMIIN (2), R () T/RE N D HAMEKIEIC & -
T E B LELZLNTNEY D,

Cu+Cu(NH,) ,**=2Cu (NH,)," (2)

4Cu (NH;) *" +4NH;+4NH, " +0,=4Cu (NH,) ;** +2H,0

3)
Jabb, Eiidd (2) TCuk Cu () 5 Cu (I) %
Ak L, X (3) TXH5IZCu (I) 26 Cu () #HAELT,
SADTAEMR % O IZ X S ITIEE T 5T 2 IBTdH 3 45,
ZIUCRT VEZTEBESMBETH B L ERLTNS

Z0 kS mRISTEKT 5 Cu(NH,) 2113, BIRO 7~
= 7 AKIETH T OH ™ AV L CFRINAK O Cu(OH) >
LhD, FRDSECHMLMIZESE L T Cu(OH),F / V&R
VEBKT B EEA LR THEY P,

0.1 MO 7 ¥ EZTKREKTIE, Table 11 L7z& 12
Cu(NHy) & B\ E — ¥ K & @ L7z Cu () DIKKE
AEEE NS, X 1) TRLUEEOEIZES T 2 BES
30% FRE LB IR T AENWZ L ERLSHIGLTW3,
7 VT AREWETIZ B WT, NH#EE0.2 M 3L F T Cu0
AR AR T 5 2 L2 52, SEOFEREDOL MO
7 VEZTAKIZEBNT B ARROBER T Cu0 ZEK L T 5
LDEELLNS,

S5MBLUI0MOT v EZT7AKERFIZHT S Cu,0 D
BRI O XS ISR L TWE. 22 TREREED
T—AMNdHB5MIZOWCikamd 5. LidoT b7V IV
() $HATIE AV, Y7V IV () kLY 7
VIVE () $AxED Cu () £%0.18 MK L, AT
BRI IRT5%HE ENTWBEZEns, X 1) »5R (3)
BRI 228 DRSS AR E ThWd EELoNb. LarL
RO B TR+ aBERi s s hszvoT, X 3)
DES7% Cu (1) A Cu (1) 1222 RISIEHH 4, Cu (1)
DIREN IR REISFALEL D B LR E N B, Thi
OH 2V L C CuOH & & 1, BiAK#E A KIBIZ & D Cu,0
KB EBATES. LA LANRSINhSDRHHERIET S
1213, RESNED X 5K HMENLETH 5.

%72 NIPAM KIFTITIRE 1 & - T A 6 i A 5 LT
W52, ZHiE Cu () ZPRLEWTHEEE Cu (1) 2T
MR CuO ER LML TCWBEZEARKBL TS, Z
DIIBDFEIHIZE F 22T RE LB LK T 5.

Resistance/MQ
)
|

5| - Cu/0.1MNH,
1077 - CulsMNH,
4| -~ Cu/10 M NH,
-8 Cu/0.1 MNIPAM, 3d
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Fig.8 Relationship between resistance and relative humidity of
cupper surface immersed in aqueous ammonia solutions and
aqueous NIPAM solutions.

3.4 RENE4EM

Fig.8l27 v & = 7 KW 5 & U NIPAM KX IZIRIE L
7= HK OB KIS & HAHBE OBRZ RS, DFh g s
< 5 EIEPUE AN X < & BEHAIZR L7 CuO 2SI
JETH 501 MDOT vV EZTKBETITRE L 2501213107
UAEHEAZL L 2 0olzxt L, 5 M & U010 M T Cu,0
fEREEITER NS & 3HRD Lz, mTE5EMDE DI
Wl EARE A BAF T 5. NIPAM AREWIZEE L 7254
I21E, T 2B W00 7 Hir 6 8D KIE LD &
RU, 7 V=7 KEROGR & D Eh 2z BER AR L7z

PHUE AR T 2B & LT3, Cu,0/Cu EMIZWRE§
LR TORE, KapTicksTabyFy ) 7TOMNEE
BEZONS. [HU Cu,0 TE 7 VEZT KB E NIPAM
KA & CRIBAEDR KR E S B > T3, ZOFH & LT,
SR OFEEAER» RO &S BIHLEZEZ 5N 5.

Fig2k Figd# L4 5 &7 v &= 7 K& H» 5 EBLIL 7=
Cu,0 TiE (111) mAFEICEM X 22, NIPAM KREH A
SR 72 Cu,0 13 (111) Mmool (200) W& (110) T
DREL TR Z Db b, ZROHFRTFOLY ) v
Ay FoBiE, (110) H2d (111) mO k¥ & 2 1L5HEEE
LTkb, (110) M (111) HEOLHE S EER %2 HUT
WB” (200) WG FEFEE T AEA L CREER I$H
PECh 3. BREBIKROIHERELTTa by F ) A
AR LR 22D TP, (110) HEAKE L7 NIPAM 5
D CuO IZBHFEDNEN T EFHT BN TE 5.
LaLane, ZhPSHIMESOREFEDE, 5120
BT RBOMEEE S Z 6h, ZhbDMHNZIZE &% 56
RPUETH 5.
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4. # B

$M A NIPAM KiEHISHRIE L T Cu,0, 7 ¥ BT KIE
TITIRIE L T Cu0 ¥ XU Cu,0 % HfREE ISR L. %
NS DFEBILMIEMGE L v FAFHATEEZ &2 RIL
7z Th b OFIFALIRO A AR s & ORIBRHE ORI S
HOBETH 5.
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Effect of Electrode Compression on the Performance of Sealed Alkaline Storage Cell
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FEMIHD H ZED0.1MPa & 2V EZ WU FICfR7=N7e, BRI A 2R E O 2% 7L H ) " REMOHRD 728
12, HEZL S CICMAMEIC B KX TERR R L OEMEROMEMMET S h e, EREFRETICZ P Ly 7y =Yk Dl &
N7z, BB REE MG, 4-AH ZHM Ni-Cd B O BT HE 2 2 X ¥ - PRIk > T S h -, ki, 4 FE%
O Ni-Cd FEith2, 0.05MPa, 0.2MPa, 0.5MPa % & 1°0.8MPa OEMITHE TR X7z, TRGEY 4 7 L ikBR A 9206 < h,
HAEEFREOZEAE I Nz, KD EOEHIC X > TELNAZBEME, A 2 ILOKEORME & ICEFEAME T4 A @A
AU 7z [EHEE0.05MPa TR 7= Tilllid, +4 78k, PIHNMEE IZITH L OERE MR L .

F—T K7 RER, BRI, B, 72D

Abstract

The effects of electrolyte volume and electrode compression on capacity and durability were studied in order to develop sealed alkaline storage
cells using an oxygen cycle system in which gas pressure at the end of charge was kept at 0.1MPa or less. Electrode compression was measured
mainly by strain gauge. The optimum amount of electrolyte for an electrode stack was decided by a preliminary experiment in which the elec-
trode compression of a 4-AH sealed Ni-Cd cell was varied. Then four kinds of sealed Ni-Cd cells were constructed with electrode compression
of 0.05MPa, 0.2MPa, 0.5MPa and 0.8MPa. A charge-discharge cycle test was performed, and changes in gas pressure and capacity were meas-
ured. Cells made by higher compression showed a tendency to decreased of capacity with an increase of cycle repetition. Cell constructed with

a compressive pressure of 0.05MPa maintained a capacity approximately equal to the initial value after cycles.

Key Words: Sealed Alkaline Cell, Electrode Compression, Electrolyte Volume, Gas Pressure
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1. #
TS RE T DR A AN & > TN & ¥ 5 Z & 25
MET5, WbWAIBEFA LRI KBEFMTILA Y
TWEMY Y F, AESKSAR LT O/ A g b
LA ERIN TV, LA LEROKEWEMOEAZ
ZOHRIZ L BFEAEAIE IFE K LT, 20RO
B TEEL DL, FHEHZZKIZNELANKRE WD
ICEMICHT 232 b BE A5HTHAS.

FThbbBEETF A 7L HRICK B EHM 7L ) k&M
TIE, ERBERCAEL CTEHREZOMOMHSIIIC LT
TS5 H AEICMA B ZENTES XS, —RIC/EEIE
71MPa (10kg * em °) FEDQIENREF AL T3, Z
DAEBIE AR & 224 Fp O AR B0 KA 8 U C o i i 2% 0 A
L, BihoMaEs St sk 2hsrd 5. Li LIMPafe
B i A, MMIEmThhIEREMFEEE T Z &1
Ko THWEAMBEAET 2 Z &idans, KEROFMTIZ
HKmrMFEHEE T2 L HEAORTHERS 5 5. £ 2 TR
AL FIUSBEAO JUIEEE Sk S 23, IS IR
ORFFIZHEE AU B, Ld o CREIE O B4 7 E 1
DA ZAEANIEBROLE XD 132 212K<, & 21T
0.1MPa B2l 2 3 Z & AT EAUTERL1MEE X 1 5 &
KB THAS.

BRI E NS L5 ORI 2B PR T 5 Z &1
Ko TEBHINEBESA 2V FRICKBEHUT LAY —
REBMOIEARR) R & LT, Efiie LsL — 20k
REDEEETH 528, /INUBHEMTIZZ O HIZTDNTOH
FHRZIERE SN TNDE L5 TH 5. TabbBEEMI
= it K OREW A SR D 50030 F I LMD
The, BEALOICMATE $I1ZE A EMBED 2 IRREIC
FTHEELTED, 2450 — 4 & KRR A 1 3k
ELTEEL TS, L LAMOEHABEM CHREIFO 2
JE%0.1IMPa B2 T A 228 02 AT 51213, 20
ZOOEAOMIZEMBFOMKIT I & O ERE RS EE RS
HTh5.

BRI & BRI ORI AL BGE U e h & P
DOVEREIC B A RIETEDTH D, ZOHEIZOWT Lunn 57
EEVERNCERITAT 2 BRI O S M 4138, 28
REEDS L VEE BB H ZE ERHAAZ VL ERR T
3. L2 LZOWREERERLEOBEEIZOWCEREHRr A
T, 7= Turner 57 (ZEMEPFOMKES KX VEE
= TR TRAET ZMEN S F I Y LMITET S £ TOR
PR £ 5 - OBBROMENHENFELS K5 L L, 1.4MPa
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Component (1) Component (2) Component (3)  Assembly (4)

Fig.1 Stainless steel components used for cell assembly compres-
sion (Unit; mm)
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Table1 Experimental equations for load, compression pressure and torque as a function of strain ( )

Gage 1 and Gage 2 are fixed to component (3) in Fig.1
(1) Thickness of component (3) in Fig.1 is 12mm

Load, W/kg

Pressure, P/ X107 MPa| Torque, T/ X10~' N'm

Mean of Gage 1 & 2 W =0.497 ¢ —1.170

P =0.014 ¢ —0.032

T =0.074 ¢ —1.453 T =5.451P —1.278

(2) Thickness of component (3) in Fig.1 is 8mm

Load, W/kg

Pressure, P/ X107 MPa| Torque, T/ X107 ' N'm

Mean of Gage 1 & 2 W =0.215¢ —1.017

P =0.006 ¢ —0.027

T =0.028 ¢ —1.995 T =4.583P —1.876
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DI FEBEOBIFE A INA 728556, % DR L BT O
WL DBRERT & Table2D L 50D TH 5. ZDFERIZ
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08

0.6 F

Strain ratio

05 F

0.4

Number of separators

Fig.2 Relaxation of cell assembly compression with addition of
water (The compression pressure was 0.5MPa)
(1) Relation between strain ratio and number of separators
A; Standing time of 102 sec, B; Standing time of 103 sec,
C; Standing time of 104 sec, D; Standing time of 24h
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0.8
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0 0.2 0.4 0.6 0.8

Compression pressure / MPa

Fig.3 Relaxation of cell assembly compression with addition of
water (10 separators were compressed)
(2) Relation between strain ratio and compression pressure
A; Standing time of 10? sec, B; Standing time of 10° sec,
C; Standing time of 104 sec, D; Standing time of 24h

3.2 BEREZZEA-SGEOREEHRRE

WL Table3IZ R g & B0 TH 5. WE25+2TC, MK
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JFLAEENRDENED 5T

%&F%OZEiOO%MHNﬁ% 13 7R R R 23100%

HoTHLRERHOH ZAERZ YO THY, K HRIEE LD
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P Eo#SR LD, ¥4 20 B MO B HE ST
730.05MPa D6 O AEMRIE % FIAI3 5 DIZ M E 22 50D80%
LU, HERREA0.2, 0.53% & U0.8MPa DAL TR T100%
L7

3.3 YA I AEREROMEE

2. 3. 21BN LM TR L 72 4 FSHO sk @iz O n
T, BREHOH AL LOFRICB XTI REER, LEE
B L OIREOREA KD - ERIE TabledlZndT 260 ThH
3.

Tabled &k O RFBHED # 2 EE KL 2 B 72 D IS IE MK
JEDRNSEBERTH BT Ehbr b, BENIBCHE LY
LOCTOHLAHEEEHT AT FVFhE k& alTida<, 25T,
0.7A (39 ¢/512H1Y4) TR 0.05MPa 484 5 Z L35 h 57
U2 LIEOC THRE R IKERDAI50% T dH - 7251+ No.6

Table2 Relaxation of cell assembly compression with addition of

elecfroly're
Electrolyte in cell Cell assembly compression / MPa
assembly 0.05 0.2 0.5 0.8
100% (Saturated) 26 38 58 62
80% 43 46 65 —
60% 45 51 67 —

The results are shown in percentage to initial compression
pressure.

Table3 Effect of the amount of electrolyte on cell capacity and
increase in gas pressure

Cell assembly Amount of . Pressure
. Capacity / .
compression / | electrolyte / Ah increase /
MPa % MPa

50 2.87 0
60 3.92 0
0.01 70 4.12 0
80 4.20 0
100 4.21 0.01
50 2.29 0
0.07 75 3.78 0
100 3.98 0.01
50 0.40 0
0.2 70 3.34 0
100 3.91 0
75 3.89 0
0.45
100 4.11 0

TIEAAELEAR R EDKE VN, ZOLMFICKT 2 ETFREL
Ui TEIER b NI H AL DOBRETRT & FigdD L 0T
»H5.

M IE 530,053 & 10°0.2MPa D34y, F876 it £3350% 3%
DT EMAERL TS, Thbb=y r izt 3
WEEOFEL 71 F 3 Ll ‘féﬁ%t#$@bfu5_
LAERLTWS, LA L0.5E0.8MPa DA B A4
12U 72085 T H A EIXELHIN %mufné TR A IE S
5 &, RERIEA0.05&0.2MPa OB 7 2 1 B RE 4 12
Yo ko724, 055 K00.8MPa O Ti40h DL Fi%iH
LT HAERERIZRS oz, EHIZZD2HDMT
BIEARBITH 2 HXD 50mV IZEE» 5722 & &OF
HCEZBE, 058 &00.8MPa DX 5 ISHRIENE W E A
FIwafEk D KRESRE L DEELSND. FURIEH
BOWEEMTRET ABEN /L — 2 DGILERTLTH
Fil2 2 2 WERO R & 75 B 7= O IR B UG B E S B 0
THH9.

B K3 LB TOBLIIE

Cd+20H =Cd (OH) ,+2e (1)
B L OKRZOAL IS
H,+20H =2H,0+2e (2)
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Table4 Change in capacity and gas pressure under various experimental conditions

Cell assembly compression / MPa
0.05 0.2 0.5 0.8 Charging
No. Temp.
Capacity | Gas press.| Capacity | Gas press.| Capacity | Gas press.| Capacity |Gas press.| Current /C
/ Ah / MPa / Ah / MPa / Ah / MPa / Ah / MPa /A
1 3.88 0.01 3.75 0.01 3.79 0.03 3.90 0.02 0.5 25
2 3.79 0.01 3.56 0.01 3.70 0.03 3.71 0.02 0.6 25
3 3.82 0.03 3.55 0.02 3.78 0.05 3.72 0.04 0.7 25
4 3.36 0.01 3.09 0.01 3.27 0.02 3.31 0.01 0.5 40
5 3.99 0.00 3.73 0.00 3.95 0.02 3.59 0.01 0.5
6 4.56 0.06 4.27 0.03 4.60 0.14 3.89 0.12 0.5

The amount of charge in experiments No. 1,2,3,4 and 5 was 140% of the previous discharge, although it was 450% in No.6

z g
5 012 =
= 2
4 2
= 0.08 %
g g
£ 2
] 0.04 ©
0 100 200 300 400 500

Amount of charge / %

Fig.4 Variation of terminal voltage and gas pressure with the
amount of charge
A; Compression pressure of 0.05MPa
B; Compression pressure of 0.2MPa
C; Compression pressure of 0.5MPa
D; Compression pressure of 0.8MPa
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The effect of hydrogen inhalation on the biological functions of long-distance runners
by

Kentaro TAKAHASHI
Minato KAWAGUCHI

B FE

ARWFZEE, B FHRRIEEGE T2\ T, HEEETOARZWS | AEE h DI FLFEAN I T RHE AW S 2129 5 2 & LR,
HERIHT D ARAWET [ DB D L > TED K S ke 525 »MEMIT5Z L aHWE Lz, TO/RE, KA %7
52L&k o T, HEh OO G A L, RO M FLRRIEO MR EINH X, WD 25 Z e S 1Lk 57
& o T, BIFTOARTAS N & 0Bt IO B ERAERBEEE TS0 T, MR LR OKRERE ) 2 1A X2 S RENES S B
EAURIE S Tz,

F—T7— KRR, B EREEDET, b I

Abstract

The purpose of this study was to clarify the effect of pre-exercise hydrogen inhalation on blood lactate during exercise in long-distance run-
ners, and to clarify the effect of pre-exercise hydrogen inhalation on athletic performance differences. The results showed that hydrogen inhala-
tion reduced the heart rate during exercise, and the rate of increase in blood lactate level after exercise was reduced and increased. Therefore, it

was suggested that pre-exercise hydrogen aspiration may improve the ability to remove blood lactate from the highly competitive long-distance

runners.

Key Words: hydrogen inhalation, long-distance runner, blood lactate
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Seismic performance of corroded steel bridge piers at subjected to simulated motions
by

Yuka OHTANI
Takeshi KITAHARA
Yosuke KONO
Kazutoshi NAGATA

Abstract

Herein, dynamic analyses were performed assuming that the corners and the bottoms were corroded. Corrosion damage to steel bridge piers
mainly occurs at the corners where the coating film becomes thin and at the bottoms where rainwater is retained. If corrosion damage progress-
es, it should be worried that seismic performance cannot be ensured during a large-scale earthquake. In this study, the purpose of this study is
to understand the effects of damage location, degree of damage, and input long-period waves (such as Nankai Trough Earthquake) on seismic
performance. As the corrosion damage progressed, the maximum displacement increased and the maximum load decreased. The rate of change

is affected by changes in the natural period due to corrosion damage and the periodic characteristics of seismic waves.

Key Words: Steel bridge piers, corrosion damage, seismic performance, simulated motions, long-period waves
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Table1 Specifications of analysis model

Height of Pier L (mm) 5300
Height of corroded area A (mm) 750
Width of Flange b, (mm) 1000
Width of Web b, (mm) 750
Thickness of Plate ¢, (mm) 15
Width of Rib @ (mm) 75
Thickness of Rib #, (mm) 8
Mass of superstructure (kg) 1.79%10°
Width-Thickness Ratio R, 0.686
Slenderness Ratio A 0.442
R EE R m
[
bj % 12 =
. i
r v tIT !
X b

Ih R S

Fig.1 Analysis model
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Fig.2 Corrosion part (Unit: mm)
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Fig.3 Cross-section defect (Unit: mm)
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Table2 Cross-section defect rate (corner)

Degree of damage Initial 25% 50%
Cross-section area (mm?) 54000 | 53606 | 53325
Cross-section defect rate (%) 0 0.07 0.23

Table3 Cross-section defect rate (base)

Degree of damage Initial 25% 50%
Cross-section area (mm?) 54000 | 40931 | 27975
Cross-section defect rate (%) 0 24.2 48.2
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MORHEBCHNE R EIEL AN 4 ) =7 REF L e L, R4
B IIRIE (v > 2 %) ED1/100& L7z SRIOEFT
3, MR B X OERERE A Tablediomd. ALK
HEBD A 6 HHEEIE & T 5.

¥, SIIOMHT T KRETEHE E TIRIRE R L 20
EF AL, BRI EIE L Cokn, IR
BRUOWHAE  BBIN I W EEZEZEL TR,
BRI B RATICBE U, & 3 AR 217 > 2285 5R e L
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Table4 Property of material

Young’s modulus E (N/mm?) 2.0X10°
Yield stress ¢, (N/mm’) 325
Poisson’s ratio u 0.3
Yield displacement ¢, (mm) [Y-direction] 36.52
Yield Load H, (kN) [Y-direction] 752.15
Table5 Natural period (unit: s)
Degree of damage 0% 25% 50%
1°" mode 0.6080 | 0.6091 | 0.6106
2" mode 0.4878 | 0.4887 | 0.4899
3" mode 0.0589 | 0.0590 | 0.0591
4" mode 0.0214 | 0.0214 | 0.0215

Table6 Input simulated motions

Acceleration (ecm/s®) | Duration
Earthquake .
NS EW time (s)
Foundation 162.6 187.9
Scenar.io Twice 325.1 375.7 150.0
Tokai 3 times 487.7 563.6
4 times 650.3 751.5
Foundation 159.9 105.1
Scenari.o Tche 319.8 210.2 1500
Nankai 3 times 479.7 315.3
4 times 639.6 420.4
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Fig.4 Time history of acceleration (scenario Tokai)
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Fig.5 Time history of acceleration (scenario Nankai)
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Fig.6 Acceleration response spectrum
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Table7 Change rate of maximum displacement
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Fundamental development of motion control program for dog-type robot “aibo” to
improve therapy/healing effect

by
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Abstract

A disease peculiar to aged person and a mental illness in the modern stress society arises from an upcoming worldwide aging society in the
future. As one of the treatment of such symptoms, animal therapy is an attention-getting methodology. However, it has a disadvantage such as an
infection, disease and daily care owing to employ inlife animal. In order to get rid of the disadvantage, robot therapy is applied instead of animal
therapy. This study intends to develop a motion control program for two dog-type robots. Bringing a smile to symptomatic person’s face by the
developed robots’ enjoyable motion can boost immunity and relieve human’s stress. The results of the questionnaire by observing two robots
named “aibo”, which is a production and distribution of Sony Corporation, show that many respondents find the two aibos’ motion very funny.
Furthermore, assuming that the respondent is under stress and/or is admitted into a hospital or nursing-care facility, the answer indicates that the
robots’ motion can bring relief for the hearts and mind of humanity. In the process of observing the robots’ motion, a video is shot. A smiley face
is picked out by means of video image processing. Then, by checking up the aibos’ motion and the timing of the smiley face, the authors clarify
that what kinds of motion bring a smile to observer’s face. Clinical evaluation for long-term experiment in nursing-care facilities is an issue in

the future. Improvement of recognition accuracy for smiley face is another task.

* KB T e BLTRE (RORER ) 2020 4 10 1 16 F %7
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1 Introduction

Recently, Japanese aging society proceeds and the
population ratio of the elderly becomes 28.4% which was
maximum in the past. Then, the ratio will increase more and
more”. In the worldwide point of view, aging society will
proceed in the coming half century in not only developed
region but also developing area”. In addition, we can
communicate to the external world very easily by using
modern information communication technology. Consequently,
this will add to the stress by an increasing frequency of such
communication and the mental illness owing to the stress
becomes a problem in society.

Under such circumstances, health care intervention
called “animal therapy” using animal is enforced in medical
facilities and nursing-care facilities. Animal therapy has a
psychological effect as follows; (1) building up a sense of
pride, (2) lowering of a sense of anxiety, (3) physiological
effect such as lowering of blood pressure and the number
of heat beat and relaxing, and (4) social effect such as
making a human relationship smooth and accession of
linguistic interaction. These effects have mechanisms for the
prevention of dementia of aging person, who is lacking in
communication, and mental illness. Moreover, enhancement of
the curative power of hospital patient and stress relief can
be expected. There are many practical examples which obtain
proof.

However, animal therapy has many questions such as
allergy, communicable disease common to human and animals,
and pet loss, which are straightforward mischief, and damage
of home equipment and contamination to room, which are
implicit mischief. Therefore, it is very difficult to give an
absolute reaction for continuing operation®. Thus, robot
therapy, which is one of healthcare intervention, using
robot instead of animal is attention-getting recently, and it

is enforced in medical facilities and nurse-care facilities.

Table 1 presents the comparison between robot therapy and
animal therapy.

There are a RAT (Robot Assisted Therapy) and RAA
(Robot Assisted Activity) in robot therapy. The purpose
of RAT is explicit treatment and RAT is enforced under
medical profession and/or expert. On the other hand, the
purpose of the RAA is relaxation and RAA is applied for
recreation in a certain facility. Even so, it is considered that
RAA has a similar or somewhat limited benefit of treatment,
because improvement tendency is recognized after RAA
treatment. Therefore, the border between RAA and RAT is
undetermined and the definitive difference is the presence or
absence of the medical profession.

Accordingly, in this study, RAA treatment is enforced
by means of motion control of two four-legged dog-type
robots called “aibo”. Namely, the authors develop the motion
control program to improve the entertainment considering
healing effect. Then, a questionnaire on healing effect is
practiced after observing the two aibos’ motion. In this
study, “entertainment” is recognized as “bringing a smile to

observer’s face”.

2 Preceding study

As preceding studies, some robot therapies as shown in
Table 2 are enforced to aged persons applying AIBO (earlier
type) and PARO presented in Figs. 1(a) and (b). In these
studies, how to communicate between human and a robot is
one-to-one interaction. Reference” verified that there are
powerful effect of psychological stress (prostration and
tightness, especially) lessening and improvement of sparkle
applying an original robot called “Chobonyan” as shown in
Fig. 1(c), by analyzing the result of subjective response of
questionnaire for a measure of temporary mood (current

tightness, dysphonia, anger, disorder, fatigue and sparkle).

Table 1  Comparison between robot therapy and animal therapy

Item Robot therapy

Animal therapy

Psychological effect

Buoyancy, positive emotion, effect by emotional expression

Physiological effect

Blood pressure, effect by lowering of cholesterol

Social effect

Linguistic interaction between examinees and intervenient persons

Economical effect . .
industrials

Reduction of health care cost, creation of new

Reduction of health care cost

Safety aspect Necessity of attention in design

Necessity of training

Pet loss

Consideration not required, but unclear in nature

Necessity of psychological attention for
precaution and reparation

Infection disease Not to warry

Management must, need caution for ill person

Scenario Easy by programming

Necessity of high degree of training
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Table 2 Preceding study for robot therapy

Sufferer Therapy robot Change of disease presentation

. . . Severe joint inflammation became clear by the interaction with

Male with dementia and ademonia PARO 5)] Y
PARO” .
Female with Alzheimer dementia and PARO The sufferer speak understandable sentence in a spontaneous way and
mixing different languages mixing different languages disappearedS) .
Female with truculent action and PARO The sufferer became positive more than a little, verbal exchange with
megadose care personnel became easy, and the amount of the drug decreased.
Female with moderate dementia and . . . . .
L PARO The sufferer became communica- tive with nursing staff and famllyS) .

no communication
Female with Alzheimer dementia, no oy

L Few days later, the sufferer call out “Fine” to PARO suddenly and
communication for seven years and PARO 5)

. extended her arm to PARO” .
motionless arms
Female with dementia and problem AIBO The sufferer made a call in a spontaneous way and the time staying
behavior by loitering one place get longers) .
Female with alogia and articulation L . .
. & AIBO Her motivation of deliverance was improved” .

disorder

. . . His head movement became 3D-spatial and the effect of rehabilitation
Male with left visuospatial neglect AIBO as clarified® P

w ri .

(¢) Chobonyan (Cat-type) *

Fig. 1

3 Study objective

Examples of therapy robot

by examinees and a questionnaire to investigate the healing
effect boosting entertainment is carried out. In this study,
“entertainment” means “bringing a smile to someone’s face”.
Evaluation of the smiley face is done by video image
processing used using machine learning techniques. By means
of the video image processing and analysis of a questionnaire,
the authors think that what robot motion can bring a smile
to someone’s face. In other words, this study objective is to
develop robot motion control program to provide powerful
healing to human even if the number of humans is larger than

that of robots.

4 Effect of smiley face

A smiley face and laughing has an effect for irrigating the
brain and act on not only improvement of immunity but also
accession of brain blood flow. The image of brain blood flow
is shown in Fig. 2. Figure 2(a) represents a normal condition,
and Fig. 2(b) shows smiley condition”. Accession of brain
blood flow boosts the activation of brain cell and immune
function activated hormone called neuropeptide is excreted.
Furthermore, natural killer cell as an anticancer cell is also
activated and the hormone including analgesic constituent
such as beta-endorphin is excreted in large amount. These
are available for not only dementia and cerebrovascular

disease, but also improvement of immunity and curative

This study is going to develop a motion control program to
provide powerful healing effect to human even if the number
of humans is larger than that robots. This is the difference
compared to the preceding studies in Section 2. The two
robots are controlled at the same instant. The effort belongs

to the RAA. Then, the motion of the two robots is observed

power.

There are many reports dealing with the effect of a smiley
face with stress relief. With reference to the influence of
stress hormone to variation in cortisol for laughing, the
amount of salivary cortisol is measured before and after

hearing a comic storytelling and the result presents that
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(b) Smiley condition

(a) Normal condition

Fig. 2 Image of blood flow in the brain'®

the amount after the comic storytelling decreases compared
to the amount before storytelling. This shows that laughing
makes stress reduction effect higher'.

Therefore, in this study, a program which has a high
entertainment for aibo’s motion will be developed. Then, the
authors investigate qualitatively and quantitatively the effect
of letting many examinees (healthy people at the moment)
become smiley faces and laugh. The smiley faces of the
examinees are analyzed by means of video image processing

during the observation of aibos’ motion.

5 Applied robot

A four-legged dog-type robot called “aibo” (ERS-1000 by
Sony) is applied in this study. The aibo has some kinds of
sensors such as capacitance type touch sensor, ToF (Time of
Flight) sensor, range sensor, 6-axis detection system, human
sensor and illumination sensor (11 sensors in total), thus
aibo is a multi-functional entertainment robot with artificial
intelligence linking with a cloud server.

The aibo has 22 degrees of freedom. The moving parts are
head, mouth, neck, lower back, front legs, rear legs, ear and
tail. The external dimensions are 180mm X293mm X305mm
and its mass is approximately 2.2kg.

Figure 3 represents the appearance of aibo and Fig. 4
shows body parts and sensors®. The aibo has an artificial
intelligence function and can be controlled by WebAPI (Web
Application Programming Interface). The authors develop a

motion control program by Python.

6 Execution program

Coinstantaneous control for two aibos is performed by the
individual device ID. The number of ID account in only one
to register the two aibos. The two aibos are controlled with
applying token issued to the account. A general outline of the
control is shown in Fig. 5.

Execution of the developed program makes
(1) Tonguing as the start of motion control (Fig. 6),
(2) Feeling a person and approaching (Fig. 7),

Fig. 3 Appearance of “aibo”

Head | Human sensor Power button
Eye Range sensor SLAM camera
Front camera Front legs Tail

@ ToF sensor @ Ear Rear legs
Neck Status LED

Fig. 4 Body parts and sensors'?
R (X 7

N

1
(D HTTP request of API and acquisition of response
2  Indication of API and acknowledgement of execution result
(3  HTTP request for acquisition of API execution result

Fig. 5 Procedure of control'?

(3) Dancing (Fig. 8),

(4) Up-from-under looking (Fig. 9),

(5) Stroking by a person (Fig. 10),

(6) Rejoicing (Fig. 11), and

(7) Turning back as the end of motion control (Fig. 12).

Considering the needs of a variety of motions with plot
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Fig. 11 Rejoicing

Fig. 8 Dancing Fig. 12 Turning back (End of motion control)

which are not boring, these seven consecutive motions are
determined. Moreover, these seven consecutive motions are
performed by the two aibos at the same instance.

The initial locations of the two aibos at the start of motion
control are fixed manually. When the aibos can recognize an
examinee after tonguing (1), the aibos begin to approach the
examinee (2). Then, motionig from (3) to (7) are enforced.
The elapsed time is approximately three minutes in the case

of the initial distance between the examinee and the aibos

is almost 500mm. There is a declination of elapsed time,

Fig. 9 Up-from-under looking

according to the initial distance between the examinee and
the aibos. Difference of stroking action to each aibo by the

examinee causes a declination of elapsed time.
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7 Questionnaire

A succession of the seven motions was observed by the
students and office staffs (hereafter, “examiners”) of the
authors’ university. The total number of examinees was 27
(male: 15 persons between the age of 20 to 28 years old,
female: 12 persons between the age of 30 to 50 years old).
Then, they answered a questionnaire.

The questionnaire items were as follows.

(1) How do you feel to observe this motion?

(2) Why do you feel so?

(3) How do you feel to observe this motion if you were in
hospital and/or atrabilious owing to stress?

(4) Why do you feel so?

Five alternatives are set in (1) and (3). The results of (1)
and (3) are represented respectively in Fig. 13 (a) and (b). In
the free description (2), the followings were seen as positive
comments.

» The aibo is cute.

> When I stroke the aibo’s head, I feel lovely, so that
the aibo approach me and the two aibos dance.

» The aibo heals me by only looking the aibo.

» It is interesting that the next motion of the aibo is
non- predictable.

» The aibo makes a very lovable movement.

However, a negative comment for (2) is as follows.

v" 1 bless myself that not only emulating a real dog, but
also exploiting a mechanical characteristic in the
motion.

In the free description (4), the followings were seen as

positive comments.

» The aibo’s aspect is very lovely.

> 1 feel as though the aibo can understand myself.

> I feel happy to look approaching aibo when I get
depressed.

I can get distracted by the aibo in motion.
I feel healed from the aibo in motion.

I love dogs.

YV V V V

It is a change of pace and I think I can find out
temporal amusement.

However, negative comment for (4) are as follows.

v" 1 become curious about mechanical noise.

v" I cannot feel the warmth of an animal (pet).

8 Extraction of smiley face

In order to measure smiley face quantitatively, the authors
shot a video from the scene of examinee’s observation of
aibos’ motion. In one scene, 4 examinees at a maximum was
shot at the same time. After the shoot, the smiley face was

extracted by means of video image processing using OpenCV.

The number of shot group was 3. There were 4 examinees
in Group 1 and Group 2, and 2 examinees in Group 3. The
total number of examinees was 10 in 6 males and 4 females.
These 10 examinees were out of 27 examinees who answered
the questionnaire.

Using Harr Cascades, recognition of smiley face was
performed after recognizing the human face by a self-
produced program.

In the recognition of smiley face, when the smiley face
detector responds with even one examinee, the video
frame was extracted and saved as a photograph. Then, the
photograph was evaluated visually in terms of that which
motion out of 7 motions, (1) to (7) mentioned in IV, is the
case for the smiley face. In this regard, however, (4) up-
from-under looking and (5) stroking are considered as one
motion, because (5) was the consequent motion of (4).

Table 3 represents the number of extracted frames in
which the smiley face detector responds with. Table 4
represents the number of affected persons by the aibos’

motion.

9 Consideration

As shown in Fig. 13(a) for questionnaire item (1), 52%
is for “very interesting”, 41% for “interesting”, and 7% for
“neither”. Then, at lowest 93% of examinees interested in
the aibos’ motion. Therefore, it is clear that a succession of
the two aibos’ motions can put a smile on a person’s face. In
addition, we must respect the other 7% for “neither”, and the
negative comments in questionnaire item (2).

As shown in Fig. 13(b) for questionnaire item (3), 52% are
for “be cured”, 33% for “perhaps be cured”, 4% for “neither”,
and 11% for “perhaps not be cured”. Then, 85% of examinees
feel cure and the other 15% does not feel cured. From this
point of view, it can be said that a succession of the two
aibos’ motions does not necessarily mean healing to all the
people. In addition, regarding questionnaire item (4), we must
consider something else other than the motion itself.

As shown in Table 3, 1036 frames out of 4365 frames
in Group 1, 292 frames out of 6045 frames in Group 2 and
290 frames out of 3750 frames in Group 3 were extracted
as scenes of smiley faces. Then, all these extracted frames

were checked visually and confirmed the scenes of motion for

Table 3 Exiracted number of frames

Number of persons Number of extracted frames/

constituting a group Total number of frames

4 (Group 1) 1036/4365 (24%)
4 (Group 2) 292/6045 (4.8%)
2 (Group 3) 29073750 (7.7%)
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® Very interesting.  m: Interesting. =: Neither.

(a) How do you feel when you see the motion of aibos?

=: Be cured. =: Perhaps be cured. m Neither. =: Perhaps not be cured.
(b) What do you think when you see the motion of aibos
if you are under stress or in nursing-care facility?

Fig. 13 Questionnaire result

smiley faces.

Consequently the result is shown in Table 4 for 10
examinees. For “tonguing”, 6 examinees became smiley
faces. For “feeling a person and approaching”, 5 examinees.
For “dancing”, 8 examinees. For “up-from-under looking”-
“stroking”, 10 examinees. For “rejoicing”, 7 examinees. For
“turning back”, 7 examinees. More than half of the examinees
became smiley faces to almost all the motions. The elapsed
time for “feeling a person and approaching” became longer
compared to the other motions. Therefore, it appears that
this longer elapsed time led to the lower percentage of a
smiley face.

The percentage of smiley face was calculated manually in

Table 4 Number of smiling person in aibos’ motion

Number of affected
persons/ Total number

6/10 (60%)
Feeling a person and approaching | 5/10 (50%)
8/10 (80%)
10/10 (100%)
10/10 (100%)
7/10 (70%)
7/10 (70%)

Motion of aibos

Tonguing

Dancing

Up-from-under look

Stroking

Rejoicing

Turning back

this study. However, if it can be calculated automatically by
means of computer processing, the evaluation will be more

accurate in a quantitative way.

10 Conclusion

In this study, a coinstantaneous motion control program for
two dog-type robots was developed to increase healing effect.
In order to boost entertainment of the robot, a succession of
motions was demonstrated and was observed by 10 examinees
to get answers of questionnaire on the feeling for the
motions. Then, the motions of the robots to bring a smile to
a person’s face were investigated under the condition of this
study.

Especially, in the combined motion of “up-from-under
looking”-“stroking”, an examinee who did not touch the aibo
also smiled. Therefore, even if the number of humans is
larger than that of robots, the entertainment in this study
can be available.

For the future, examinations at medical facilities and/or
nursing-care facilities should be performed. Furthermore,
increment of examinees should be an active assignment.

This paper was financially supported by the College of

Science and Engineering, Kanto Gakuin University in 2019.
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Frontal brain activation during everyday conversations measured by near-infrared spectroscopy
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Abstract

A previous study showed that communication between caregiver and older patient/resident is qualitatively divided into two types: task-orient-
ed and life-worldly. The latter type is similar to everyday conversation, but the patient/resident speaks it very shortly, which may induce deteri-
oration of quality of life. We investigate if and how the frontal lobe activations have differed between these two communication types through
near-infrared spectroscopy. A participant demonstrated each communication ten minutes. The multi-resolution analysis based on the discrete
wavelet transform and running correlation were applied to reject noise derived from body motions, excessive light transmission and insufficient
light detection. The difference between communication types was compared by two-way ANOVA. Our results showed that oxygenated and total
hemoglobin levels during the life-worldly communication were significantly higher than that during task-oriented communication at a specific
frequency band that is regarded as dependent on the conversation, such as turn-taking. In addition, during life-worldly communication, relatively
high levels of brain activation were found near the premotor cortex. These results suggest that life-worldly communication generates higher

activation in the frontal lobe, improving how caregivers communicate with older patients/residents in hospitals and nursing homes.
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VBB et A 522 8m¥ 5. TohTEEhLa
22— v a VEBEOERNERBERE AT I L EE
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A b=r2) 2FHLE 4K T —T L 9ARDZ
KTa—Tn616F % VIILDEFSEAETS LHIZLT,
RAIA O e % [EE10-203k12 361 % Fpz OfiE & LT, &
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Fig.1 NIRS optode positioning
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b FEHE L 7=
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Fig.2 Noise rejection
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