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b) Polluoiteﬁﬁe%mﬁ@ﬁﬁi ------ pollucite Cs, O°Al, 0, " 4810, Ag
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L bEERA AR TS & LD &k D, TE Skt TN AR IC X 5 KB BB & i

ERERER DS DD L D TDh,

I Simple Anvil

aﬂmmbaEﬁK@m@éac&ﬁﬁ%&ﬁa&ﬂmsmUOOﬁE,70Woif@

FEEL NATRET D 2, 510, OFEEBTHHCoesite FE B AR L lath BRE
BEht 0%, IR L EREE L oRICiRS O —ED EEMENR I 2\, Simple
Anvil #n5 L, ENEED B 5 HFE RO BEPRK 3EL O HBVEL T 5 b b,
H R L7z f55 Avh 2o cEBRIC . A8 B0 lfRETTIC L LRt R PR 1T O,

HEEICLBLEA Y E FOER

(B R FATT 58 B
HE O EE=, R ORISR, FH OES)

FA4rE¥ Ve EKTAKE, Epitaxial growth BO BN E B NT, BUIFRIC
27, BESEDRES:LE LT, B, BEERELLDOLICHL 7 = %\ AR
f&vkﬁﬁ%ﬁlé@%ﬁ%ﬁ?f%%ﬁﬁhTMéoEﬁﬁﬁﬁ%ﬁ%kmf1962ﬁ
CRBINAOEKES An ¥— ALk $OT 55, B LHEEHMTIC, FTOFEINK
B T Lid, Bl 2 Mo Ic BB [T o TR & L, —EMIE TET D L KRR
28 TAKIERENRET S, COROREREDE, EEED T2, 000K bar &iEE
AN B, DL OEBBEEORET T B8z £1 12> MR LT,

EEA L 34200V, 50KVA, HEABH100,000j0u192sec, FE200,000
pF, WMTEEGQ 0V (CTHRIE SN 5, BEICE 2ERE RO $ik DUICEILE,
HEAEOIEF TF A =7 Neuf L7k, 20 L5 CLTRAbARE AT = FOX FREHT
@k, KRLA T, man-made diamond®Ftht—HFT%. X774 v — 4 VEREE
m%<c&ﬁﬂ%f@ok*ﬁ&mxa%4f%ykﬁﬁu1U‘~urﬂmo@¢ﬁmﬁm
BEIC 1 T AEICHE Lk L E4 b d OTHE BERko 30N TRREZIOL
£ ohb, BE ENOMEL & CEROMETS S %



WA ORI (BF7=x /A & E iE)

bﬂbhmimﬁ%WOTmé%@@ﬁ%%&&ﬁ@%@ﬁ@é&Ew1%<Aﬁé5#%
Lh&%o%ﬂﬁ%ﬁ&?ﬁ%&%@fﬁ&hﬁébhthﬁ,%%Kﬁxﬂﬁttfééo
Mﬁ&bfﬁﬁﬁﬁ,ﬁﬁﬁsu,%ﬁkﬁéﬁ%&bfm,tﬂ<%m®x§é©ﬁ%@%
@ﬁlmoC®E§@K§é@%@fé%t,%ﬁ%@i#%imkﬁm,ﬁmkEE&mﬁ
TOﬁéf%Bf(h%#,%@@&é%ﬁ%bﬁm&mbﬂﬁﬁééo%OTCh&@%@
ST b B TIE 5 L BIC, £ 5 LABDO YOLR S L) CNDND LRAEERLTE
50ktz@@ﬁﬂgmﬁﬁﬁﬁﬁ&&9<m5oﬂ@ﬂﬁﬁﬁm&émﬁ,:Mat&%%
ﬁf%,%m&?%ﬁg$@éé%@ﬁ%6ﬂ%oCﬂﬁﬁﬁ%ﬁ%lﬁfﬁ%@haMtﬁ
EriDEEL bNh,

SEAEMOE T (WER T R &)

@Eﬁﬁﬁ%@@%@é%ﬁt%&KOMT%@%tﬁ%&¢5OCCTﬁ&ﬁ%&M5@ﬁ
110 o~10"%em OxE IO IO EHET
1. 52
1.1 4138
(@) %ﬁﬁgﬁ,%ﬁﬁﬁﬁﬁﬁOx%éKﬁﬁb,Xﬁﬁmﬁﬁm bulk © DL E
DICK Do
() @%ﬁ%@penmIamon<Mpﬂ1;baﬂ@xéé#$é<&étlﬂﬂ%<
% B, XRBMEHHER VBT %o
1.2 BHERXAHERS T HEUEFORE BHICHE « RE 1 Ih 2o
13 BREHEICOWTldE—domain ORI TROBM L 22T EHIFIN 2o
1.4 5§%¥%dmmin@ﬁ%@&#K%%Wﬁ%%%t%@ﬂ¥ﬁ&@@%ﬁ@@ﬁ
TREL DT DD TH b,

2. Wk
%&iﬁ%&&élkmtmlk@%@%ﬁﬁé%é#,¢éﬁﬁ#6ﬁ%bfﬁ%&ﬁ
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&I THR &1L 2 hOFEORIR, BLhk b0 FRECHEET L & &, KB T % i £
BréTh 2, |
2.1 TR HER D B SR, LI D W X2 Ak
2.2 BRI KEKE, EEKE, KAk
2.3 LAV D BITE, AEE ‘

2.4 KWEERHZ DO, ERODHES TR, BEILY A1 5—C L 3 hEnEs
5L By ; , ,
HEDBEFHEICOW T, B&KFIZZET T, WAWD L HBAE M 7,

EEBECILEBEBMETFO Bk
‘ (ZK®E + m B —)

HEFR CRETERED 85 2 LI L CAbRTnE 34, FEEH = thcolE 2 K%+
B LEEMET (1 2BT) 28505 22, 5% VAR TA AL 5 T3, KELC
ﬁﬁ@ﬁiﬂﬁz@¢fﬁié@f,é@®%%ﬁ9f%ﬁ@%ﬁ%(@f?oﬁ&ﬂ2U$
ﬁ#b%m%%@ﬁTC@ﬁ@%%%bf,xﬁ@ﬁﬁbd@TM§Lkﬂ%%§fuﬁo§
I AR IAOHER% ECRIBIN T $EFEFEHET oM T4~ TaE Li,

FKFELrceB 21 5F: Mg, Al,Cr,Mn,Fe, Co Ni, Cu, zn,Ag,Cd, sn, Au,
Pb, Bio MEHREE TV o> O MR b 2 Lk, EROBREAIORICRNS &, BT
OKREINL, SEOELF MO KREMHICIZIZLAE L bR NT, To TOENOHTE
%o TOKE XL 1 mmHg T 1008, 30mmHg T 10008 ORETH 2, ThLOR
FRESPICHL T OECBEINT (Po @YD) , #1235 0 0 R0 o kT & 34 4
fy&%ﬂ~Kﬂhf%§§Lﬁﬁ,%%d%bahégafbkoétééﬁ%@ ELW
MR R E L, #l2 dMe BRI, Cr Byrh,

K REFORE I CRBEL, THPICHEINE R0 TFob, HOR~NZER & —
WD D EEELT LA, COXIC LTI T EHED TS W2 LR K 2 35
LRI 3 3o PR TS BEO KT ZE—RE T35 5 tRBbhroT, FhicE®EL
TSNS HBNE E21d Vg 3, B~ ZFICHBEATT 25 T OHE DR % 3 T
WL TR T, 2 BAOEDRAL ORT 2 MIHOEIR SAICHEME LT, EBLTnis
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(RIEDED T 3, 2AR4OERIEL BREERRELVOIELLATIEE W EBNE T,
~ 7% v 7 ACEABROMICKERO &5 3 TE 232, toxE3zi10° 2L, =
OABIRCERER & Rtz 235 T3 T, COFREALHENLBNE T0T, &
Bo @il @RS, WHHE sHVne LET, 2F, COEROMEE T. J. A, P,
R~ LE |

BRFOEREEERE GEAEL B B Fl %)

BRI OBURIC (37 # O HEEN S 575, AHK T RERED BAMBIC & 545 B Bt ks -
DER, EREIC oW TRE 35,
B0 EZEE T NHA B L T8 2 B 7k TR IETE LT85 £ BOKT1, ARIC
PEDTERM T2 A5 15 DS\ TELMRIC X 2 EFRWIETOWBIC X DCERL, %Mz 3
—RF(Unit Particle)lkr B2, BHENEH ICE Uk SHOBE—E FIHIIEIIC Lo
TRt 5 B T M (CHE RSO D TN ne ok CHEGEL, FHERSE SY % B oA T
(Skeleton Particle) %% 3, H—KTid MNARHMIENE 2rEENEWELR
E(RET A, chidBET 28T+ OoTRELAIDO T 2, B—HTOKR & I
BECHEL 2fE L, XEEHED Broadning DIF L hEtE L EiNEE—5+ 20 & I
DEREREEL TL W, BE, EFED MBI (E—RTFrREI¥s &, RENKERE
T AR T ONIZ i, BT BE N TtOWERROEK 2R CE L, IS mett
CEOTE—RFE20 8~ 70> DREIDIVDIBLN 2, * D EEER TR A I
19 LBETRBMICAHML TEDBE L LR E X B KT 2185 T L053 %o
1 18D B T A BFEHTIC L O CBERRDEHT & R T ¢ £33 525, Thit 1 EOKE
KIF D SED B —RFH3 TR H L %— EH AT T 5720 TH 5, Flzid
Co(0H), = CoO+H, 0 DEIGDHE, RHE L ERTURLK T M5 (I (R Ik D0
{TH 5,
<OOD1)(N(OH%47<111>OOO
(1 170)00(0}1)2//<170)COO

TD LY ZBRE OB { DBBICED b h 29 L VE B ~D BFOBH 23D % A
BEICEL L9 T 5, BiGHRD kP B — Ko RS 2358 3SR 56 idh %
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\, =D 5, EED MEC L DTERL KT REMLREE LT T, LW S
—R FOEEN RN a, R FOREDH (BE, D R A0 A &y otk DIfAIC
oA RE B, PIAET-Fe00H & hi§k T-Fe, 0, DRMECIZFBFT T DR RED EL
Lcths, FERpMsEo T © s FORE SHEL L CEDBIEICH .

BEATFORBEE GIAE &~ K EZ8)

AIDEINKLCLETIBATOESCKER DAL B LA Lh T ey
CHEETAER § e R BI A, RAOTHENFEICHAN Cside by side [
FILTndEEL LR TNz, L LEECADTETERBE COBRC LIOTHDspi-
ral growth ICX AMRERSRE TR, T2EFHREFD ER ATHE, CORICE
BTH2 & 0L BICE Dk, OTHFHENLCICIAT Vet N %R L, spiral
KR LA D EEL L THRDL%E & Dk,

rcc@ #4=>, F)uvr (polvoxymsthylens), Polysthyleneoxide,

polysthvlene (€ o CEFHEHEESH BEFENER: A T «BLH &7 Ol

Zincblende HlEEE O Etching
(M TEFILEMER FHE HE, FFX B, BY EE

Zincblende BB EE LTy, {111 yECASEHETEN (111) &
(177) #520, ECEORWEENEEERT, ffzEiching F5LNEM
{111 }YED 5 by LFCRIHDRE WHDET REFREN A T ohemioal
polish 3N, RIEMHEDEWSDEC etch pPit NTELTN,

CdTefEf% HNOy —K, Or ,0, - AgNO, RO T, etohing 5 LARMEICHE
Ehotch pit patiernibbbhd, AgT A4v DEREFELALCZLCLD, AL
{111} EECHERURDBEDOX 2FED o teh Pit pBBINE, ThbHD 2
D evcn it [E 60° ARIEEID @ I+ X O BB ICKHET 5C &% bending [CX
YRIA L FBEhr &5t U TR R L 720 SAED & DIERMRDH LT D2 @D etch pit
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G T2 2 MoK E#ED, axIV BB EPLICREET HTL MBI N 7,

cdsp zvFr7 (EKkI W & #F K)

%%HH—V%%%*E%D—OT&é(me@%ﬁ%ﬁ%%ﬁﬁfhéﬁ,%@~ﬁ&
Lf,C@%E@ﬁ%&@ﬁﬁklU%%@@Eﬁ%ﬁofhgoOdmﬂmpsﬂ56%)
Dingotld, 0dEryrsb(99999%) % stoichiometrio CEEL, ThbEHE
%,E%ammuEWTm%(%SOWO)Lfﬁﬁoﬁﬁtﬁﬁﬁﬁékbm 200°c,
5 0 B DEEMIATT\y £ DB, zone melting dasWddirectional freez-
ing ICXyhBEEREEEIE .

zone melting BEIC seeding 1T\ ZEF L HAICERERTREIEL T ED
TE 7, :

cpkEEELTsxE (100) L@l (=78 HNOg @ HOL: H,0=

1:1:4), REFEMETCREELARER =Y FHICRRon% Ok FIHRRO G (R
@EW%DH,tmmK%%L,%@Eﬁﬁ[ﬂ10],ﬁﬁﬁﬁﬁ%10ﬂ)ﬁzgﬂﬁo
BiER|cL OT% fmatohed faces [CHbhjketch Pit (zvF WA, RFL
W@ﬁ%1ﬁﬁ%bﬁﬁbk%©)HE@Kmimwrcmmge%%ﬁbfhb,%ﬂﬁ%
BN B OEAICHIET 5 3D EEL bh B, #RDetch gdmatched faces [Tk
W, mirror Mmge%%&btmo%ﬁbkﬁ&etml%K§<(#%DD?iv%
2) lap LABRSEEL ELASHE, wch@ﬁ$ﬁ%ﬁﬁmﬁt&%oui@ﬁﬁﬂ,%
ﬁ%%ﬁ%%@m%&%ﬂkk%(%%%(@,sanKlé%D&%K%héﬁ:%KE
KRB bHBERDD 5,

KO BEE (KE X 2)

KD HERFFED 7 O I, B 575 < REED PN KOBAER F LR ET bo zeti, 28
WAER UE #8205 DEERICH T T 4% TICfThhc\nl SHD KRR LCDONTRBRY, T, H
L4 E AT D T B EED b D BERDERIC 2T,

SHA S DEE R, YWHEBRORBEIES HRE LT, PSRN TE BN &, BERE



LEp
B2 T LEDBAC L OT, FTHAT»2, Lal, & DPEDREETEN LA TED
LERRAMFL L CHRAICE D EEMIICE~ O NIRRT, Sl E ok Bl E, Misaom
E (AW & EREZO#E) SOBRAD TN LEEZEHR 2 D Th T, TOMBHE 2
TERAERNSS S, WL LDHRICDONT, Criggs—-Coles %, ZIEICL 2Bridg-
man DA &, Landauver RFJINCEL 2T EFER S D, —IGD KT 2D T 523,
WREDE DX T, WAKRRBRO A DB, BIC, zone melting %ff
AL MEL BT 20BN 5,

B D DR BRI ICT 5 T L2 B oDl EEDKFIC 3203 5 Bkt R0 4
FREARHOMICE 25 We &, AILBAE FCE-EEKERKET 22 LiICL b, &5
R R RE S EFT T2 2 & KFIICHT 5 B2 DBIES, Rigsby DEBRTHFHAIA 2L
Sk Okt Thb, BHTHEED L\hanneal ing tank #%fEF T, FOHICH Fn
BRI L7oRD ZHE&E AN, FEERD HEARIGICHE 5 # &85 ORI BB H 8o <~ =
= 4w ¥—DHERIE % Kb 5 ¢ L% EET TS 2,

REFREBEC L4 A EREBEORE _
(BXR, =T ~ & &)

A 4 ¥ FERIC ONTEIEBAER D 5\ (TR Hfsd 7 R I¢ TR 4D bh <
%D, BHEIC Lo OEBERER L BIEL 2 BITHRD TA<, Sohultz(1951) HETEFE
CrOTx &5 27— PB e BELURE, HADRENAL N 205 TH2, ME(1961)
B~ 47 FHEC NaCl #7E3 s OREREKEL EFEEEC IO CH~, BEEE,
ZALVICHER T 2T Dt~ 1 7B BIEICEH T 2 K EF DB ICY >T8iHL, T
HSRTEC #4755 DR 55 TR CEA BB A 52 20 L4 L, +h0 KHEIC
L OTHED/AE AR DRANCAE 100 0R BED BRCRD & 127 —EX 10008 BED K
DE7AN—=vayHBRORDCEVHEL T b, cOBRETE, HBBECLOTEDRLE
REDRHREHEFCMAT 2 L ICr DO TRE L UM T2 &, RELIHCSHBERD v
FEYIBELNBT L, P IUBAC IO TEHARERE YFE Y BILZ v F b Fou gk
CHCLERL, #7 #—H>YBLEC Va0l 2@ 2o eick 0T, (111) Hfrs
Bt (001) Hirk &EDRIERTINEG REIEL c LA TE B &% BEFHEMEER 1



DAL
f— o R Rl O BfE RHIEL, BEEZBEAERBREITLLENTELDT SHeD
BOED R ER 2 N& 3 D% L Bbha,
& % T M
L.G.Schulz @ Acta Cryst. 4 (1951) 483 5 (1952) 130,
5 (1952) 264 35 (1952) 266
H. Ludemann : %Z. Naturforsch. 2a (1954) 252
11a (1956) 936
E. Bauer : Z. Kristallogr. 107 (1956) 265.
W. Wilkens : Z. Naturforsch. 14a (1959) 275
I. Ogura ! J. Sci. Hiroshima Univ. 25 (1961) 55
J. Sunada, I. Ogura & T. Hirokawa
J. 2nd Coll. Nihon Univ.
3 (1962) 54. (in Japanese)
D.S.Campbell, D.I.Stirland & H.Blakburn : Pnil. Mag.
7 (1962) 1099

Y. Fukano : J. Phys. Soc. Japan 10 (1955) 420

LRREBE» bOERKRE
(RAKE BARK Fkx, mKEWHF /MEH %5HB)

B 50 D R R DRI L, R D pFge &L RER (0 W HEAT 5 THRR DI
LKA I N B2, AFFEE THETEDRED Mk &L ERDRERIC O T L %o

BREEOMELE LT, BEED LR FIELFUERTRECH I Y, /D CHE
ERTH CEESECHEET 284 (nornal growth) &, HEEET B SRS
h, BENETFEDHEEHS TDMTbhs8a (1ateral growth) E23EL L b,
D SIS Z RERTMA L EH, 35 CRTAECS T 5 EFOBITHERLE 7
[t Lz Jackson—-Chalmers DEEEHIZEEN, & 8HE (B LRI S iR
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DI EMME #RME & L Hillig-Tunbull DERMAD D, & & ICHREIE ICEIT HIBAE
B & RERE & DBERARO ATV,

Jackson [HEHEED BT xv¥—%, TOEFHDEREDEME L TR, D
B, WlENED X9 WAL W TEET 55 20E L 7.

3 REER AT ES A RE TR, diffused surface HLTETHIHATIN
B C O THE L7 Chan DRERIC DN T BAL %o

BAEED B & LT BREREDHEREEDRE Lo /et 27, =DM ZER
REZRTASICBE B\, AFFFE T, Rosenberg-Tiller DEFHSHDRMEICHE
PhAl EBREED SRESHIC L 8%, Colligan-Baysrs (CL5= s VEIKA
Do ACHEAINAZ optical Tiber (€L 2% BHD AIEE & ICEH T Dk
BIHE 1 00 a2 D WFREMERCHA Leih 7 d SRR DEEIRHCAE 3 2 BRSO
L LA LR ERE EDRAIEELC DWW TR %, Th bDHEEWIN G ESAE L L
TEHEDIE #FT\wA 2, Borisov-Duklin ZEWK &@LU CERZHKT 2 HHRLH
EdomAct b, EEEORED EHAENTELZZ L2 HEL D, COHEIRICEHE
BEE b 5D THE TR L

BIED HEETED Wi RERED ERIE X W ITh D4  BiREICK L TEICKTS D,
CDEREHPTLTENILICBETSDL,

Bk R EHTE O T MK
(REKRZLEFRA &~ L B H)

melt HbREIELSBEMEICIL —RICTMWICGERT 28488 (corruga-
tion) & FREMDEFIL V2 BHEEL LN AHMEM (striation) &5 RRDH
FE CERC ST 5, BIELENE, SRESE BREEEDRHFICLD, TOREEN
B+ be L DTk 2 TEHMEAMT S5, BEDREDREHE L UL, BT CREFNMICHEET S
Zofl (g =S¢ vacancy disc collapsing mechanism PRIEINT NG 2TH
DEDE N, Elbaun i&, gD mechanism (€ ¥V FET LA EABOREI L DH
EMICER L, carrot RO BMEEAL #HICOW TDRED R LA & DBIR & XiRHY
[T Les

gF Iy Bridegmnan KICE pEPHMERMAIC Dh Tvacancy disc collapsing
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mechanismpIPh b HERE HEOES MELERT D TERMERR L DEER &

XIRAIICA N Teo

SBEEROT L (DEFR &

/N

)

Geﬁ%ﬁ@ﬁim%mahé&ﬁﬁ@%%&%ﬁmﬁﬁwiﬁK;OT,Alxm,A&
Ni % EDEBRUEGESEBEEDTI LEAS % B AERDZEE LA bIDICHERL
o BB 2L RO (COIBT R UBFEE L, e tchepit AU R & o THBE €17 D7,
FOREREY TOEIGR L, #%BridgmanfkiC DTE R Lk FARICAEL THER

BEF L 7co
B L B K I/1, (%) EE @)
Ge N 638 19
cu- P 2451108 465 45
cu-2 1.1x10¢8 563 54
cu-3 = 485 17
cu-4 82x105 406 —
cu 2.6x10° 432 78
Cu 26Xx106 = —
Cu-Mn 2.2x10% 515 35
Cu-81i 7 ixAD® v 418 42
Ni e 554 56
Ag 40x105 615 35

5| B&

Bridgman

Br idgman &
Anneal ing

5l ki

Bridgman &
Annealing

5l L&

Bridgman

% cu-1,2,3,4 @BIEFxingot #5 | EAMCEEC 484 L, LobBRECEST

DiF7ed D
1/ 1, | XD & AGHR DREH ‘
EAXmEou-x, , BHE (1171)
1



—Z A

£ HEE D b Al iR
(WHEHREES B I — BB

FERDIEE E0BBDRARE, TN -CEEDEREL AL TIiTbh b, O THRE LICERI
NTWARE#HEZHE LB AET AL D0 BERESD 47 =X 2%, BREX
R EXHONACT L ENTE, TRBANL DMDTEEMDZEF #IFE T 5T LATE 5,
FE#EDEE WEC, UIRETESREL M) BRLTEE2 Lo RN 2RB 260 &, K
REEDHHICHEEREE COBRAET L LnTE, ROTHRERESD An =X 2L,
BT RETERT A C ENTRETSD 5, BEE TN LD HEREREL T, Rk, K
BOEESAST, L, X 1T =P, SiC, Ge,TAJn N, BRE, U0, % XDEER%HE
LTE &,

SEEZh LDHEBRDT 225, EE LTIRRIAC O ToBERER 2P L L LT, &R
mﬁ,xyfo@fﬁ:jA,&E@%¢%ﬁ,&E*@f4fiv&&ﬁé%mxﬁyz
Rt L REME & DB % E1C D TR~ '

REEED 7 v 2, Bz 3D TlEE<, FC, REPXARKZX b v 2 CFERH L TD
 GNIEEMBEDFED, BRICLOTEEXENICED T &, HEWZEEBRED R
MEETO(bh AT L, BRDENEMIE—ERIETFTHER L BFEBERT 2R ID 1%
B THrTE, BEPICT D faul t 8 LELIED, Thafdl oisx v 1>
0L BRREC 2D TA BT &) REHEIRRREDHELEIEF CHERCTKB L TWhbA T &,
etcning DHEMIC, Hifix ZIRTHIZ KT T A Wetoning 2D b, ThHFER
RDEEFIE L TRFIE L DHFELDLH LTV T L, ZERDNTBEERE LRL 2N LH
T D 72,

NaCl whisker OKBWHIC BT 5 EEKE
(&KL tn B  *)

KR D R RO L FEREE B L DB R E 5 0 CT 5720 (CRESR AR (G & £ 2
bR TwAhNaCl whisker #FEEME &L LTOKEED SDREREERE BB DT #8122
L7,



Y
MR whisker @ 2. oyulail) D HbiEsxSAEL § ORE AT
HKICBL, ZZEPTEE L TEok, BRDEMHCIOTHEONZwhisker & (Type
I) b <hb, BECELEARCEEL, ZDAIN—KICKAN (~504) 3D, (Type
I) HECHBHAC 108) 20BW GH1004) 3D, X0 (Type M) K
ECHBEEEC (5~14HTF) »oEN (~1004) 40 (FICEFHICKRSZ nn M ED
PDONRDD) CAHEIh, UToERCEITAEHEREL LT, ELLTType I kU
Type Il AW,

£ B:+001°C DEETCHBEIR T 2 EREDPICHAEHEY10cc DY 7 XEH
#AN, FORTHERETREIGL, COEBTRRBCHEI BEEME 001%day BTE
HRLhz, NaCl DBMFWEKE Nacl KARDEMEE T, Ly 4T, ZOTT
EbH, COHCas grown RUMMREIMT &4 zwhisker AN TREGEKE 28
B, —HFA LR LEEEOEE 2 BT TSR & L TREBDBB L BE L,

EERER | 18 5 h A KBRERE RDRICTRT,

LD B T, | 4T | RN | RE DR T | R DR (G2 BT
WTEme+ (as srown)|40°0,59 O 178 |l % %
TGS femsy |0 | 05 | 2 |RRe=| T o®
BB E W M |08 AEI30 T
Tw in REBEATY 42 |50 | 12 |mnms B LT b A
% wm B % |40 |195 | 65 |zl 5% #

A LT LA SRR LB bR A Whisker %3 KT TRTE THAL
B REZT b 2EREERT 2,

% $:1)as grown D whisker (Type I,I) RO RE T bz
L, FCEBRBEEDELBE VEEIN 2N L, whisker DEAFEICScT oW
fTEADTHENWE EBRL TN 5,

2) +AEAwhisker CHEAREELABE (B ¢ =8X10"°, MISEEDOHH
Fhe,~1072) FOTFINC BT 3 (LR HE RO LA EBBES A 2 o

3) IR 2 DEER %170 BBIC, BEIC twin ROBMERER T L2 b, TDI
O BiER TR TEREEMEE S, REVR D DBRT 5,
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Dubon-Mack’s formula

dT(OC) 4o
R DEFIRER bulk DL EK (nota-1)kr _ B4T@

NTES, CDEAT LFERDLR
a & PEMREERICHEHD L5 T
B 5, ¢ DED R HEFIEIK IC

4) KIHrHUTDas grown

Bk NaCl fEDRME T XV

—#9 1601500 rgfont  (REE 12 34 5678 910112
FTD Born DHRE1502ars - a(u)
S ) LEHE TN %,

(1) Zz.Gyulai ! Z. f.

Phys. 138 317 (1954)

B EAT BIC X % S0 fs & B
(B TR A L & KW

TR C T 5 ERE, —EDMID BRIC L DTTbh 525 ([EACKH, % 73X
REREENL ERCL A3 DI HE 0D 2, RILET DEC, < =B, KikEET
@%&%ﬁ,%ﬁ*ﬁ%ﬁ%ﬁmié%@%ﬁ%éhfméo%%Dmﬁféé%ﬁﬁﬁmk
Wk, ECHTH T 24 BERD B, SERERDFEEOHNZ EEEAMBE TS 2, &
A T—RDBELFES CHWTI, BREEGMBEOSAICKE (, M HI NIV, £
DRERLE LT, BEBDED Bk i D BMNC AR MBDORS TR 220 IR
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Education and Research in Australia

John A. Milledge®

As an academic visitor to Japan and more particularly to
The Institute of Solid State Physics, I have been anxious to
learn as much as possible about education as well as physics
in your country. In what follows I shall endeavour to describe
briefly the corresponding things in my country, together with
some comparisons. I feel that my knowledge of the Japanese
education system is still so small, that some of my conclusions
and comments may be quite wrong and at best should only be des-
cribed as impressions.

In Australia, education is the responsibility of the State
Governments as distinct from the Commonweslth (or Federal)
Government, and therefore, the system varies a little from one
state to another. Thus, my discussion refers specifically to
New South Wales (NQSDWn).

Children usually begin attending school at the age of five
years, and by law, not later than six. (Younger children are
sometimes sent to hursery schools and pre-school kindergartens
run by private organizations, but not in the majority of oases).
The first three years are spent at an Infant's School consist-

ing of kindergarten, first class, and second class with ex-

* 8chool of Physics, The University of New South Wales, N.S.W.
Australia
Milledge Hid#AA2Az5 6 A% TEL LTHWMEFICHEEL , WHFOM , 2ok ), R
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clusively women teachers. Primary school (third to sixth class)
follows, with boys and girls separated, and with respectively
men and women teachers, but in N.S.W. there are signs of a trend
towards co-education in the primary schools. At the end of the
primary school course the pupils sit for an examination to
determine their aptitudes, and whether in high (secondary)
school they should enter classes taking a more academic course
including, for example, one or two foreign languages, or classes
taking a less academic course including say manual work and
technical drawing.

As from 1962 six years of education are available in the
high school. Formerely this was five years and the law per-
mitted pupils to leave school at the age of fifteen, usually
having passed an external government "Intermediate Certificate"
examination'at the end of third year. At the end of the fifth
year another government ("Leaving Certificate") examination was
taken by those pupils who remained at school until they were
sixteen or seventeen. A pass in this examination was accepted
by the universities for matriculation or entrance purposes. In
future there will be corresponding examinations at the end of
fourth and sixth years respectively. The sixth year will be
intended to prepare particularly, those pupils who hope to
enter an university. Country high schools are co-educational
but most city high schools are not.

Most children attend the government ("state" or "public")
schools, but a number of private schools exist, for example
those of the various teaching orders of the Catholic Church.
Private schools must satisfy government standards and satis-
factorily prepare pupils for the public examinations referred,
to above.

Tertiary education is available at universities, technical
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colleges,; and teachers' colleges. The technical colleges

offer a wide variety of trade and vocational courses of varying
length and standards. Both the technical and teachers' col-
leges are government institutions and the latter provide mainly
a two year course of training for primary school teachers.

The universities are not government institutions, but are
nevertheless quite dependent on the state government for fi-
nance. Also, although the universities are "private', the
government controls the establishment of new universities and
their right to award degrees.

In the case of a science degree (B. Sc.), the university
course involves three years for a pass degree and four years
for an honours degree. At least one year's research and a
thesis following upon an honours B. Sc. degree are required
for a master's degree (M. Sc.), while for a Ph.D. degree, about
three years are required. A master's degree is not an essential
pre~-requisite for beginning a Ph.D. course and some students
proceed directly to the doctor's degree. There is a Doctor of
Science degree (D. Sc.) conferred occasionally on graduates
who have made distinguished contributions to their subject
over a period of years.

Generally speaking, the Australian universities closely
resemble those in Britain, but with occasional noteworthy
differences. For example, in the University of New South
Wales all science and engineering students are compelled to
take additional humanities courses such as philosophy, psy-
chology, history and English expression. In this respect
there is a resemblance to American universities.

At each stage (or "year”) in their course, undergraduate
students receive lectures in their several subjects from the

appropriate departments e.g. Physics Department, Mathematics
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Department, Chemistry Department etc., and normally their in-
struction would not be confined to one department before third
year, In this regard I believe there is a difference in Japa-
nese universities where students may receive all of their
undergraduate course within one department, and thus, students
who major in Physics learn their mathematics within the Physics
Department and not from the Mathematics Department. Also, I
understand that school pupils would sit for an entrance exami-
nation for, say, the Physics Department in particular; at a
given university. This suggests that the Japanese student must
commit himself as regards his subject of specialization at
university, while still at school. To a person of my back-
ground this seems rather early to make such a decision."If
this had been so in Australia, I would have become a chemist,
since I did not recognize the superiority of physics, (a fact
with which you will all agree), until the end of my second year
at university!

As compared with that in my oWn country, a characteristic
of the Japanese education system, which strikes me, is the
great emphasis on entrance examinations. I am told that, once
a student passes the very difficult entrance examination for a
university, he is practically certain to receiVe his degree in
due course. In N.S.W. almost an} student who passes the above
mentioned Leaving Certificate examination is eligible to enter
the universities, but he will meet final examinations at the
end of each year of his course, and he may fail in any of
these, and have to repeat the year or leave. The fraction of
entrants who "survive" their chosen course is rather small.
This failure and wastage of students in our undergraduate
courses is a matter of great concern to us. We feel that our

Leaving Certificate or matriculation examinations are not
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sufficiently satisfactory instruments for predicting the
future success of students at the university. We do not
believe that making these "entrance examinations" more diffi-
cult is necessarily the remedy, because we occasionally meet
students who were barely satisfactory up to the university
entrance stage, but perform quite well once they begin a pro-
fessional or tertiary course. Thus my first reaction to the
Japanese system, in which so much depends on performance in
university entrance examinations, is a little critical.

I believe that some formal lecture courses are given even
to post-graduate master's and doctor's degree students in
Japanese universities. This is something lacking in British
universities, and I feel our post-graduate students would
benefit a great deal from further lectures in addition to
carrying out their research projects.

I have gained the impression that Japanese school and
university students are much more diligent than their Austra-
lian counterparts. As a university teacher, I think that it
must be a pleasure to lecture to a class of such studious and
respectful young people.

In Australia, research in physics is confined almost
entirely to the (ten) universities and to government labora-
tories.

In the universities lecturers must carry out teaching
duties (including first and second year classes) and are not
free to spend as much time as they would like on research.

As yet, we have no separate '"colleges" to instruct junior
undergraduate students.

Although many of the famous companies of Europe and
United States have large branch factories in Australia, the

latter usually depend on their "mother companies" for research



and development. There are, however, signs of this situation
changing.

About thirty years ago the Commonwealth Government es-
tablished what is now known as the Commonwealth Scientific
Tndustrial Research Organization (C.S.I.R.0.), which has set
up "divisions" and laboratories in all states e.g. Wool Re-
search, Coal Research, Food Preservation, Industrial Chemistry
etc., with some emphasis on research to assist primary (agri-
cultural) industries. However, C.S.I.R.O. does carry on pure
research also, and the Divisions of Physics and of Radiophysics
are to be found in the National Standards Laboratory (together
with Metrology and Electrotechnology) situated in Sydney. One
section of the Phyéios Divigion is devoted to pure solid state
research and the staff includes Dr. E.K.White of ”ldW'tempera—
ture techniques'" textbook fame.

Generally speaking C.S.I.R.0. laboratories are well equip-
ped and endowed with money by the comparatively rich Common-
wealth Government, in contrast with the universities who depend
on the State Governments. My impressions of The Institute O,
Solid State Physics in Tokyo, and of the C.S.I.R.0. Division
of Physics in Sydney are such that I believe a physicist from
one would feel quite at home in the other. Perhaps a similar
remark could be made about the ordinary university physics
departments of the two countries.

An exchange of scientists and educators between Japan and
Australia, such as these last remarks imply, is something I

sincerely hope to see develop in the years to come.
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