o KB 75 F 12 A Rk

=)

o3 1 10]

HE ! HEESEHRER ﬁﬁétﬁﬁ
(& = b &



BB R R R A




16
20

28

32
38
48
54
57
2
60
61

67

64
65

H %%

AR EOEb g gl Pl
A E T RFD H TR IR 2 A 5URI5E
B RERE S FT s E&Q@—%Fﬁﬁmﬁ_
HE -~ ZECBEERAXERE
S EIRC TR SRR R B
4 IRER 35 R vh A0 IR FHE
FHE2 2 IRARE 5L 1515

AEER AMERLRS TR
%—@ﬂ%iﬁﬂﬂgﬁaa

ot
IR
I%III

.

[sues]
=

=
(==

OH

EH R BB IR #E

T.'IIIII

H
S

=2 |
N
iR
iR

>‘.

SRS #A Al

R8s
e
%'_.

o
iy

g

H
QH

PEREEt+TEFET=R

B+ MU 5 B oh E R 5 S
B T 4 ek R R RS R
B

g xR &
PR Z& X
3 B =T
g B OB
?é’lJ R K

HEFB(FE)

HEFB(FF)
R B E
B K

R 55 /s #E

ARAZ IR

TREFNEEARN (HEERHEE) R



T ﬁﬁﬁﬂﬁﬁﬁﬁ%%nﬁ%

"\S'EE’J

S B —TERE
FE SRR

PER S R AT & R RS TR BAR
B— R BRI —BEE : (F—)

[ sz E » REGRBEATER
Rtk RZB » (HAEIR - TR M » Tt
EFA  DRZBE R 2% » BHEWE
FEZH » —BNBFTE o AHBARME -
KRZ HH o |
B A AT AV O] » BEARSE B st ORI [
BRfkR) ROBIER » RABRAEREREHR
BA BRI E - AR EL—RARER
o

S ~ FHER o BN T RIBTOR A R
B MBS AEA ER » Mo E R ER
G HAEEA TRIEA—ERREREA
BT - LS TLIS X (8] TR
TSI TR NG » BB ABRAT SN
AR o

& XFHHE » LRRW R RS
[& % WK » ERREARYTEARM o
SLIE » BEEM  EXE - BIRX BB
> BB AR RREN KT - BT THES
(—OAZE) BARHE( HHE ) » ABEX
T (BEBRL) » BETRRESXMB—K
WEo (FEZ)

~ 2~

i 5

% K 1%

ToAR A0 MM R — 7 7 8 oh B $TR R Y
B, it ( AR ) o EXFARAKE B
BEHF SR s A B~ A THS% . 17
THEAME » #h—ANBRYX» O+EE
REX » ZUABRF o XRBUMHEBRT »
Ll —8 3 LBEA = E S EEH ~ S8
KREEXHAT - B REMHERBL K » W
M) & MWk 5 TEH] F& Mgl (@
- AMEE THERNEAMBE) o

BRI A B R EAZEN » S
—EBE » AR EGREN K BN T
HFESRARAS R EIWHR ) o HRE AT
— X FREREF - BFRBEOHRBAT
B RRBEHEAFZR TE%HNH] M

| EERXF » BERETEM o

S AKE - WEHEXFRR » EAKEK
HABME  FEXZRARE—EHFATF -
SABBBREAERS » BHRELRRS - B
ZHERE AFARTBHER o TI&XHE [
@ 7 MGEREENER E$Mrﬁz
FR] T o

= = =2 7t
] T8 | Rnis &R

e A Y S SE B AT 3R B A AR R B B B G
—EHex [ 8] FRATTH - AREFR
RFMEES » XFEHREBIBREOGH » S

SR obr T e



M [ B TR o SLREMBEHK
AT — A SRR MBRA RS U [HAF
1 RVIHERY s RERTDIURGE%R » B M %47) B
BEMT REERRE » LR o SRR
BREEER LI EAYYFIT o

ST A 36T A 4t B AR E SRR AT R K
BERMPRXFRENT AT AT
Araflvii 2 o PEAHTRER (&Z—)REeAadt
BAER B W] L5
Pl BRI F X F &2 0 - Bt AR Dk
7R BLERER L o

oh B A X O S5 SR B » —ARER WT 43 BRI
B0 > R .

—  HEARH RO RAYRLEL o

= MEE R » MEROINESE » TR
R AR RE o

= WHNBEBMERE o

e BRI T o
B SR ERET =5 ~ SRS » TAGHIA
~ BUE ~ BEARSE o RIS AR - BEME
ERFULUREHRROT(ER):!

2\ Ti= |y —LEfRfE

RN @R ) REFGE FEE T
& 6] FHME 5 T REE SE ST
TEFRHSANMBRET ( @@ ) —
» (=) c EM XFEBAELRIANER
o REEMSN %] FELTA+=F » W

PEAT=MFEEX » BREFLEHKT E
EHEE  EMBRHR KBRS - R
EREEERRYNURAE—EEX 6] F
B SEFTHERRR 6] EEF R IR A
MR W TREREENMALT - BRERT
 ~ ST A GEA T = 47 SRER LAVGRT - 38
7B B Ry H3R o Bl —RE A E R EH
BREVAE o
b 30 P R 6% 4T BR T BT AR < fE B
R T & o FEERXFERMIIHE » B

FRERRtTARFTA

WA — AR RS S E b s -
KPR BBITA TS » REMMEEES
FHEMF o BIOREMBESH & Lo M4l
TR0 kIR A AE—F o iR [t
SURLBIT » B sfE R alithth o &1 R
HABH Tl S ol & HERUME
o —MiAWER KR B E—YE - fi
ABERR  ERMRSFERRNT BAM
fy o

BT 8% Neth » TR » Hae
& M § # B 8o mIEmEmE
RN B BT EH B E—ENBRETMY
W o N8B B SEEMRFHBRARIERH
BROE ? HBEMMORE | [ —EKRFoR
B RRBEATEN - ] RE & bREEs
4ho {8 E RS » MR—HEBAKYHE
2 o

GHEBEMRE 6] 7 AR —5EA
iR FBIASE B Ik 5 2k (EIBRET R
ARMEERR% : ) A W 2E P
FBEZH  M=Mth o SXEMBMFE - HF
HEEMAEE > B4ELBRTGH - F B
B, SRR AR o | WRMRRE: T
STFHEY RE % & o ft s g m »
2% MBBROGERGTFBEMRUTHEX
y RERKTEZL o Kt & # ¢35 #EX
R AR AR R A8 E R
MRE 5 ol o BUBR MEENEHEE
] o

HEEFNER > WHMRE@BEXT
G FARRET » REEBBUERALEE
M2z s BB EF 2 o

ESXHERRETHEBENER » H—
LR R EE— > [BRZBE » B2 K EA
o | HMUTLURZ R o

ERAELEE  QEAMBRERET ¥im
Bl Moyl ¥R [F65 > FTREAFES
» BUKSES EI8E » (R8T o | S8
RBNMERRTMWE » b AREBEHKA » &

~ 3~



e '.z

RO B ZOR 2 B L B
.,%Cz:jmn RS B ® o, @ w
THRH S B R M
ﬁ{{p GO D b <
T 5 BEove = HUH A W0 s
@#:** - |
Q:fj % < %)me ,{— t\c..:« ::“'*’

BERS r@@’g |

2 L& A g
@’e* B i pE T L R

?E—( »s*’\u%; Lot @LZ“$M4H

H { \;\:’ \ ..L , : :‘i
?§$w§&($ﬁw*®$<(wwwz% e )
N /\-Ej):%’ ERI9T =

un.'k‘

oV (A\JY g«»«*#mw#—w*‘ Y e
‘@ £R e y\:_ﬂ‘}’s\

e g l TH Ny TS
e -qe ww. )

Rl st mM HE



— MWMESGEHMHMEHME
o E—is @ n @
s mPbaE # &amﬁ!ﬁ—!{j%i{lr)m@-)ﬁﬁ E &
i 77
% ¥
B %
®x_Z ST HEHAFHBMENTTREE
i x B
slHe = in a
P *
8 wEal % @l |k &
x B
% + R & @ B o B
m o+

PiEcCIRRER: Z T8

o)

B

EARFREEE BHBERS » N%RH
BB F R BEROBHRE » BE
BRI R PR 78R s& M aolt AR o
o FESELRAFRLRY PR 3 [ 6 FRWE
HRRMA | H—REEANG » X—2HK
B BRME [EHE] OEHERRHNE -

B 7 ARSI R ) —3F »
HRRHEHFFRRG [HEE] 2 AR
1A (MR ) ARFRNHER - L AR

REREC+EFEF= A

2~ —IE¥iE (FRIFT

BIER (6] o BMRSARHIBZ S8 » &
HREE—EHE o ERIERXERLTA
31/ » 4638 BB B REAELHAR B ¥ e

EA BTG » HEATS » BN
REAT  RWEASHHSEREH o 53
O R T — AR A SR SR RIS A > T
ST FE S RTRARA © LBRIZ K [
| FHE_ERREL - RAZTRATRE
EEMHHBRTE AA KSR » IR K
FERSUTE T  RFANK RS 25

ERA  MESAREEEY - RRETERE
0t/ fr A RERY o

~ 5~




B- SIFHAEHRRBMNEHRANEAR

B | F m‘!ﬂﬁﬁﬁ- B L%
€ 4 1 45 85
f&\ 2 47 89
A 3 28 53
‘T 4 16 30
gg 5 23 43
Nr< 6 42 79

RIG B HE — Lm AR IR H R
B A — AR - BB R AR & T SRR
Aol - SEEMWRARN T HRLBKA » ME
G E— AR R TP RHL » BT DU AR G
o BN BWEF MR » KBESKREH o
ESARRREMN=EROFRIR - HRE
Si— VRS » B LET MM » ErEm—d
SEMESE » TE—ELSREM o ERAEGER
BmEORR LR —EREHAS » DU
HEABWEA o SEEBF BTN BH 2/l
BE > ARFMOHIES & » MR EXBTES R
WEH - MMEZ » PEE AT ARG EHH
F (mould ) » RIRASHH LHAMATE AT
57 0l

B ERERESEE S BERTHEL

HESHMR » BE T BRE R RORE ST

o BTEMMM » BFFHT Ll h XF8
Ko ARMARBLAHEREST+ » BT
MREANAEMEE  WAGRME - BTLUE
—EROERE ERRAHEREER » T P3P
ey » HRERARBXFRER L TR
BERIR T o

~ 6~

ERExF  BARFEREHEBANBRERD
o FEREFAMBEERD » WEMRRHE
EiRY [BR ] F o REBRBRERARESH ~ S
HER ; RERVWHFLSEERNER - &8
RAATEH L5 Tt A HEREE 5 (B BRI
EEFRBAEE -

TR FAE 78 B T R AN B = #Y U A2 B
) R —TAAERBHOBRR - EREREED
(#EFE » BILHERTE)

— FHARBFOBE  BEETIEN

BAtA » MATRE AT HAIR - HKE

B T RACHAHD -tk R sy

SEHBLA o

HHBMT R BB » FREE R B e

KR IMAHTET  SERFEIG A

T8

M SR THEMA RS BANSE o
SHFIRIEH » BB [AH) hé
BEGRT » R RBFB DR S
_..Eo

B B EAREEEE o SERISH I

Al

Bl

MERBARERL



B
1l

&5 7 7< 8 B {0 40 K A9 O 22 B

)
2 K>

REstESH » BASTERA A - BA
» 01558 £ A B0 R BRAY » AETVAE
BEIE B ORIE £ H R i o
A BH—EEBRNT  RUSREAR
BT » BRRRS o
H-~# 5B
SE—RNEE » 2T B SRR
B » o BORTHHIRED o BB AR [ BRASE
ERAKRAZHE] » RTEBRA—LEHEA
B AR SR o SRAM L B
FREE [ G8) FRI—LE3IE » HERAR—M@
FREE o
HENERBHENRAER [ EH]
E—BA » hIPE—BAR BRI I
R RBRRTA - @2  EESREZ
BEREBIRBS T ANLLE o

FERBEt+EET=R

& — I RAERL WA Mg A
Ofu» XBEMEFFZ+AK M
RN KFRIFE> B E R o
= HREESH(AEA ) » Pk
‘z}- » Bl 1986 ~ 1987 o ALAMAX
[45] F6 8 KR A4 Bkt st
BHRFERG » TELA LR E S
s e EH R K o

XA A 4R A P AT KB B 35 AT AT

~ 7~



sam kBl H X EE g
AF 2 SR RE

k

[l

=
re=)

BURRNEFE  PEHNRANAEEE
o FAnRESRE L A EY MM o hE T
e EEACHAEER RBUT R » B& L ~ W98 ~ BH
Bt » B PEE RIS E O o
AXAZREH TMRBSITOREMEH »
DA T # 3K T8 6 B0 AR B
R YRFBH—ATENRREARAZHH
[RIRRE BT {E A R 2 S IR B 1% 0 e R BT o

= ~ RITEAF

BZFEZHLUBZR B8] RRR/EER
RERTANERE » AR LN RZEM A —
it o BRTHABRROHSAIW MR B
INARRE AYSREE 5 76 T FEHE AR b AEMT1200°C
P EMBRMAKEY RS 5 LR KBEH
BE -~ R MRLEPMARTE o

B2RHBRBDN ~ ZEGH ~ 1A - R
BBRERMARNBRER o 114 7 ik SRR
RRBHOEHR , REEAVREER » Bl
£ BitmAERERPREARSHEEL
RBEAH_TTLTF

L FnEe

- S

R AT S 5B » i~ SR8+
o IUBTAZRARISA 75 4 £ B B A A 8
Bt o 3T LRI TR L0 BIBARU B o
P10 B T EL 0% 7 O T LS50 577 R
RO B BRI 0 F 2R ) » TR B
o i P13t 95 2+ 7S il 7 70 0 S35

-+ MESRAREMGFERTUHL  (

d—) ERARERELN AL » RKR4E
mafL o

LIP3 AL RO 78 75 R4 i i - aY
RPRRG » HFEBERER » FrRHRE
RIRGHM ~ 2 F M » HMELRRIE
' BETRANRE B ED T - EEDTH
KB4 » KWMMEHA » RRATYEKAB KL
 HRIRTAW o (FZ ) RATHNHEWD
BARE L o

BRI E N REN RG> B
4 BEVRSE o SEMB LA AT X MES
AU FEER » FERRAFEIL U bP L HFIE o 4
MFEILRRE 2 AR Atk » L HEkEas
EELAE T L WAFR S RRER » BB
HEAKER R vEE  AEBRWK
3o FRABANBRFERLE ~ BRN
EURE - ARFERBANERFS » &
EMERRE - ERERFHIL LR
S~ TR & 1 (FE=) » BRAHLE

FHE B @A S



MELER » BRIELFRADT > LEL
Ritanzs  RBW 5 WERSEES
» NI K BT o (ZEDT)

BT DOEE » REMTELLBEN
o DIEAVR B C VRERAYSHE ) FISMPHEM
WA o B — » UERR 8 AL SRS T
BEHHL =B »
95 1L BB 45U £
RAREEZRRIR » 7
BRI » Ll
B bl e B R
WEHY o R THE
& s MO ~ B
HEF o MBS B
BB 5 T MG
R D AKEBE o (FIEFER » LTI
DEFS TR » BRIGHBRR o

FELL SO AL I R T B B » S 28
MAE ~ B R~ HRES » SR
FRF AR EEEMERRNIETS -
HRGEHERE o FIEFT R AkaE
RAH » HEHN - BMBERWE » R
RS AT R REE » ERREM - %0
HBHT » R - ENRBIER » Al
%4 LI BIR S B o R BMAR » 77
BRI FEEAAR o

SEATELIEE - AR RAUR
HAKS MR FLIBROES » ROBERS i 30 SRALBR
(EWABE ) o BREBEAEES » R
( LAREFEREEY ) » thit 700°C ~ 800°C
ZBRREE o RINAKLLBURS » BW/MEE
O UL I O RO R > 79 SR P TR B
IR R — SR » REFIBH Ok COTE
B o EE A CO, 3% RS » 7558 5 RUBMER B
KBARE » HRFTHEG TBR] fER - #
T2 o fIL AL B LA R B ER
B » TR P e SRR 10 SR IG AV I B 8
BREALBHEMW - (BEH) » BWATA
B R o B =S IL KBRS S

PERBt+RFETZA

TAUE R

H PR R L XX
LR AR 3R »
» E X ORIk
REEAT - HE
b3 /% A 2 Rt
Yo ZHEBEEERR
| el ol O Ry =)
BaA > LR ARE
AR R o 7B 3.2 B R B3 /[ it Y
HERBARA ~ W EMRmEIE NS
Baf o SRR » mhRMEER RS E /N
53 e CEEZN ) /Nl Fr i e S BE 0 SR
E o BEHRIRAIR AL HoFit o BB/
BfABEBRSFE R 1~2% B Ak
T 0, SERILAEAMEF RELATE AR
G ML AR PAEESEHK (F
+ ) SERFEIBE AR L] ( KAERSE
) FERT R S R AR TRV RE L 3B » Fois
RGBT RRILER » BRESZHEM
%o

NP FREY LR R » AT BER

B — FRBIS R AR

- HRMBEL > EERERHRMRZRER

s B RRL » L RBERRRBME o FIW
3 bR RO B BRI BE » FE1000CER - (
&) LRKEBEME » BERNER » KR
K&EP A 7~18 Ll E o HERIEERENS
Mg RAFEEKX - (FEN) LHERUSEM
WERBENAREREE RN - HEDHR -

oS ]
AN HFRPBmEEAT L HH T -

i FRPRAEIL TN FRERBR T AREH
BRAFTHRREMFFTEN=8E

- AL O, lhERE » “HAEW S, 0, BE »FNE

{t$k T, O, FHEHSMAER - EMNK »

DimtERE - (F+ ) FANEEHZ

HmERL o
MAHRURR (WL ) Bl » Framw

~ 9~



S, 0, R £ BAL A0 HHI R - 54
R R —1% o BRI R
2 o LI R TR 88 » FERAA I ~ =
B~ A ~ A HERBHR R
W% » 6B th MRS — B AT E RV AR
D+ 5HE YL BAR—MEFE~T
B~ 1R R R 7 4 B b oY o
CE+— ) EMALBEE » TS
FAEBIEH o RRMIAFREDH FER
A—ERES L » —HERBERHEH
RBUFRIR GIE » 55— 77 E W5 T i
BINFRIBOEFGESE o (F+2)

i IR R 7 K A A0 S
BER  BRERLERAmEREY »
BUBR B ZER T » WL BERK AN
MEBES » REZBERBRSHER - £
fla RO LI AIVH) (B0 BT 7 £ 5 28 » RS
REARD SRS » HERATRERE 2 o L3RRI
FRBRE— - BEFEREWETREHA
% o BLHEER || &3t B A AL 5 K E
% BB 0 F8S o BT ESEW
K BRI E B - P ARSI > B2
AL (=) » HRNBRESHILE
R 777 3 5 SAL T LU R 268 FLRESR » L
S i R B SRR TE Y o

BEAEAEAREROATRILER
#3 o BiTH R ERA AR KA
RO » W LARIERITER IR S
— T ENRR < ELERARRE LFEA
BUERIZA » Al Os i & it — R 53 18~19
% 1 §F ~ NSRS BAILHESBAL ~ Wik
BANH 3 %A o BRSIENER S KT B
i, SEE - BT 1200°C £HER
WARSEY o (FE+M) » AARILRORT
FRtE LRAR » MERRIEA+ TR
ZRMEER - BN M T HEAFTRLEL
chBRAE » —REANERRIS~17%
IS SRE 4~ 6 % ERALEMT
BEA » 8813~15% » ARFRES ~ T

% » L RAR IR EIE FHERIERE » FiRR
RASEN o (F+7) » T8~ TR
BB ERE » _8WS 0. &5
TR B AR G HH FERR o BSR4
SUN AT ERNEESR > AR » KkE4
ZVRRBR » FRELSRBXETRIE » T
BEFRERED - EREMRIEBRE » 18
HEREMI AR o

H—EERZEANFATFREMLMERR
HERBABZRREL » AMEH/LERDHH
RBRERMERA o (F+75) /LI
RIS TELE] » & 84k’ (8,0, )
73.01 % ~ =#46=48 (A1.0:) 13.65 %
=528 (Fe;05)0.14%~0.98 % ~
Z5IESK (T 0:) 0.05% L& T£+] &
“HEeWEE  WAREELRNR EBE
14 (8 ~ 88~ 65 ) %5 AL ERIBER
1200°C » BEFTLAZRAL « LIML&E T3+ BB
SRREMNBEREBENEEER  ER [&
Al W o BFME—RIMENEL &
Z&E4EW (Si07) 46.51% =448 (
Al1,0,)39.54 % » #5BE4E 1780 °C » REE ST
MENRL » MRENFTENRE L - X
A e > B BERE R B RE R LA

RACRATHE A RERER » R T LSRE
AzH » EBEN CBEHE) MEAD
BAEMGA - BIERHRTRHNREL - &
HEPEAEENE =82 H » BmiE
ERRESFHRAFTAE - BRER « &R
FR~FR+HEAIVLENREBATY » T
BERIREE - Rt e » 88
ME » REREFNELER - ERERR
EE » RSB o BRNMER—R&I
Rat RS » A WS » SR HR o

B AmBLRIEANERRERR »
BRAGENE  ERRERFFIEH=H
{6 BB 2 T F BALIB BB BRAT K © MMERT
B ER T A ERE » BHLFMmiEiZag
Hofh ~ RRTY B EM I HEE S o K&

FrE s FmM A



RBFE—FIERFTAREBORS B o (
F+tE) Al HMAEEHBEA—MIE
¥ BRI TS R E » BAKKRL
EEEBRERTEREBAR - MIRERAF
WINARE R EE L o O BESEEIE B0 W] W3 {4 Fn
FUMYUEBBART « MINYRMRL » K
REL »BEABAHKNEL » E—BHEE
BREBOFTNRERTEBRF - A - 5
RERESRIELRELFNEL (REL
)IMARAZFERDE » EMEFANDE L
L5 B A ERLRALA » RitbE T s A+~
HAZEIER ~ W > RN AR~ TR
SERFIL S REIREA 0 BERUEINZR ~ TRFE
SBE S EREERER ) RRRBNIEES
A AT R AREER » o fEw IR B LR
T 2 PR ZE ML o
=581
R ERE » BRI RESUBEBEUY
TR LR AR o T b
» RESUHHER AN RRRRR AR
SREGL - EM [ Znib) HIERERER
M NEE A EEENEE .
HF{ERBERIEE
KA IATERNERREERLE
EBRANEA - bR RESHENZ AR
s ERBLERELD » NRFF
TRzZERLEYE - LEERAWEREE
RAM -~ 7LE » ZREH - ARERLE
BhREBE WL » BEEK H=
F_SEHek—MHE18~19% - 76
Sttt —RER 3 % © FE 1200 C

EEBRASBY » TLBERRARMEL o -

BRE TREEVNER » BEFRITX
ERRE . KM LBEAWELAR o

TRERN=S/_FEaR{HE13~15% >
SMEREBEYERRES~T%
$#21200 'C REIKBREY HEERKK
6 ~7 B » RIS - REBERIEYWE o

hEREET+HEET=AH

w EERANVELRZFRDHHERET

s BESIF I E S ST BATRERZS » KU

RBERAOMN KEE » EEERTYUENT
BEABEBLUARER - EHNEUBTER
& — U o
PR A A » R ARSAPR TR ER
FRIATHERERA » HMABTEL » TUR
AR R RSR S o BT A0 4 BTG EE 1R 5T
s WA BT » R BRRES o
O A A

BT E =8 88%35% » BHiM
i o BTRERE R AWML EEGEFH - TR
RARBECANEERTESR - &L
PR » BHA S » R AREET
BRA o
EEEEEEE

EAPRARSRE L HET S
BB ER » fEE T LI EE BiRA
W% » IR RIREE 1150°C + 20°C
ZiKEE o '

S HARMEELT » THRATNBRER
it KFEH AR EREREN z&E&EL—
H o DURHERXEMEE » BHTHBAR
R TR L] BIBRAFBZREL - (
F+\) » ML REFRERN » REBRER
RER » BREVLIRMA L RE S AR o

TARRELHBZR [HL] » Efigt
EMATRE - BBIFENER » oz T
Ht] —MARSELHRARER » HE
RTAEER [BRER] RENRFH——P7
76 1278 F » B AR R TREER_
eE(1322) ¢ CHTL)

BARBITAZE » UM LTRE T
{=4= ol (0

RESUEIANEBERELH > aRREHE
RTFA ~ Bt ~ FH > KAWEEHEE -
FORFEA TR R B R AR EM » (F
1) s AEMEEREERES S o maul
R EM AR » ZWGHREGREERY »



AMBIARE EEEM « (FEZ+—)

TR AR 2T S » BAEE
WIER o BRRERE B4R ( 1742) ( BREE )
S+ (PEE - Bt ) K -

[ BA i i+ —4E ( 1583) ERERAARAL
¥ RERERLTTER » MITHPE > 5
fhgR=% o J
FeatfEERXE—ErERts » (F
T+ WS RLHE - FIREARAR
BUARBERT o ZHBEPHALIE » 0K
FAE REFA LR - R TRARE

SE=+ 4 (1604 ) i+ FHE
FERAE BERAEREE » KFLlEG L
o BRI - ARKAFLFER » SFil
EEZD  AREETFZ » BEM ) (i
B+ —4E (1682) ( M E) &M (
PREL - B D #E)D o
EBRLARE TR E AR EE QS ULRE
R o E—HREERERBIFELHNE+ 7
2B AR AR T AR A i A 70 18 1 B
o MIEINEIZ [KDOZE | AHHE =+ M4 (
1606) ZERzkE =754 (1771 ) MAMR NS
s BRiE K D =R EMES » RARGEEEZ
WSz o HREA+LERBAFZIUSL »
I MM - RRE(BRFRHE ) £=
(BXRE ) BEATEE(1792) » BE
REFRRZE & .

T AERHEEZIL  HEBEILESR
ERME  ABTH SEERL - (F=+
=5)
HE—ENEL BEBEEE R » CREER
ARz % » RERSTHENNRY (&
Z ) #4653 B o ARIEBIFEAHE
2 SE A ER RS RSN » DRy
W o A E A 652 B o (FEZ+H)

v AR & g LB %4 ( d Entre-
colles )B4 A MM ERMURMRIENE
2 +EEHE > pdET 1712 F ( RERSIE

5

)M LR AR

REMZE » Bl QS RMANTF LA
s BERER » RIQBERMAN FHOE LR N
A BaEMat ikt R —HE=
E —RRDIRH N T FRRE A % D LBl TR 1
T HE EBREWIAR S o BERIA > B
+t25% ~ BATS LM KL R ZAFEE o
JEPAEH B4 F] BEREA AR
e Lt B AR th AR T WO TR BUBE R B T
BOIUR 3 ARGHEMAFHEERN A
AR« HER [ADTF] BERRATMN S

PSR O B L BRAVBHER 0 SR £
I\ AR R RSB M Z AT RS o [RIRE » {54
e 516 12wk AR B AU 1B LRI AR £ B i it
THRBEL  RERFMERDERAME
RIFHR AN REL » REERMR TR
BERER R -

{BRZT R » REIER ST
LHEPRE R » KERFFHHBE - AR
FLMBRA i FFE I o RESAREER
Bigte (FZHAR) » MRt » i
FER—HHEREL - ST » REGA
RAXMESEL  BRAMPTENE L » 1
BHRRBEBEB AR » NABAKLERE
FrstT FEENFHRAE FREL
s IR AT R [ =484t » £4H B
Wel (FEZ++E) HEFHEE - AKRE
FREALHREERBERE_ELE » KK
MERMAREN BHEMEN R - HtE
FRELHRAELMS - RRERHES
o AR TFEEWRBIMRE [HRHE] oM
[E—EF] o (EZ+N\) » ARELD
RIFBRE » REMMAREEEE S (FZ
T o ERAT R RS ER A —
FHEARR o

A~ BRI IR

REELEE TR » ABRKIKEN L
s @i gai

o



IR B o FINTER RR KR - B
TR FRONM TR o (E=+) » A
AHFIG E B » MEHERWES » SR
ATBURT o R4 LS S 00 AT 35 »
PR RGBS o (E=+—) - %Y
TLEs i RO BT MRS X » T2 1 B
BHRFMY o (=) » MHEBEORR
HE B RHOEOR L ERARS - B
RAEH A » 3L B - BAHMIE
A TS HG GBI - TARAH
THRBH N » I ERETEM » FAOES
BB EL o (F=+Z)
WY RISH AR LI - A0k R
K > FATHE » M F RGBT » &
LR R ARAE » BEA B — R > EE G
F s » A EEBFK o MRREFR
DABSHERRE ~ B TAF o 3%+ AU #10%
P HSER B o S T AP AL 4 S Mk
T BRI CER D A ~ 54 » 18
SEH ~ AR (RERBZBRT)
SRR TR o
WL AR L TREH B R AT R IR
TR © A BI -CEWN » BEHEE
» TTLUE YIRS o 2T BUE ~ 218 o C
B=HI) o EREFREHWN LTS -
T SO ZOR RO » BSR4 (—
AT Rl (RIH) BER
HSR RS 1 ERS » BREE -
RAEEL o +HEWR ~ P - —%H
Rl CRB o B (FEE) o
B > — PGl o HERK L (HR) » #
PERHK o FARIE » REHRK o HHERS
B> AMPBIER » EBREGTLEH > AB
BH—H o REAGAE (k) o 2 L8P
B » EBSE—IT - X TVESBER o
SR o > IR Ly (BRI
BRAE » TEEB R o
BEWEZ 4% » LIRKEI RN » BIRASE »
B KT o B2 BT R o AT

FEREBC+REFETZA

A » W o - CCRIGIDD )
38 B A% BB AN WY ~ A ARESRAN O
R URFF IR - T AR s IE o
i RaRE N\ SERCTHE 32 ( PRAEARR ) » R
B MWL) sE—FREB T .
WEez itk » BUKER K » KIEFEL o &

R » SHUUGRMH » BAYLRHELE 1A
SERCBIEFGK - MKBIER - AREARE
» MERFTRBUT » BB » jETIEME
A REEERK o KERE » BEXEH
L FASBRSRERS IT » LUIGEBLES o LEHIE
taRAAFitt o HE5 BiET - INECHE A » LABI
HHA o
FE ST SO0 60 37 FHE 1 22 RE R 1) SR R S B B
W o DUt Me R R IE 2R 8 - SRR P ERUE
H B A A B SRR Y A R R o SRR
MR L8 R TUEma - B=R%E
EERRY SR AEE » RWTE -

— R S8 R ES
AT L ~ Bt o

)*ﬁ%%(%ﬁ%
HENIT] - B4R
Si48 5L G VU pe IR ER
B 56 RN o
FRHE ML B
BRAOT - BRAREN (BHEREES ) B
g :

= FEEEROY
SRELFHE AR

BEZK  ERMN—Fb » MELEH
B o MEZ  FEHP » FEELT - TUAR
& BAWE  BAHAR - (F=+7K)
) VG R R R A O B e AR AT o [FUBR - oh
SN =S SRR M [XKR] B
Dl A5 msg g B IRy 41648 » R
BMUEMBEA—EOEE - PRERERE T
Tt REKRTS » L8 [#L] » EHMRER
AR MR ZBEMEE » BHEERE



il
S

N\

T

I
&

#t+z

~ 14~

PERRA S AR <KE TR

8 4 B0 XA i B X 4L 4B 9 A
FRE>S, (FERM) 1964~ 10

PR BRI ) 0 R 140 , 1963

0 A H kAL o

PR <GRRX W XALE G HE

B> Bl s LKW LS
» ( ETEHHBLH ) 0 1979~2 0
BREBREFEARSE A& HE
B <FREMLBHNKGERE>S
(XXATEMR) » $26M -

D3 LBIHEA > <H BEHRMAIE L AL

WAEMEDS » (FEL) 11958 ~
1 o

P RliE—s A 15 o
AR IRAH G BB > (

HEXHAT)F 3M o

A RGEA o RBRERERE  (REE

M AR ) R42s 5 (RGBS
FH—ME) » Ao '

AR BREBH TR BB ) <HE

HAZMFEL> o

P REEN e
CHFBSEFRE CRER FHEE

KRBT FEGHAL>S » ( PELTH
FHEY) > AI90

SR WA S8 K (ALRHE

BAHR ) 41963 » Hficdgx ¥ Mo

AR <A T —BRRBGRE

BRAEEES (AFAH) » Fl2X%
' %2> 1981 o

AR S REY ) <HFFELE

BEKIEM AR DS 0 (X EFHH) o
1956 ~6 » B 57 o

CARENE S i <SHPLXAED>

—Hkhk A ~ HHERES+E

CRGREX - (FPEME ) 21982
~TH 1 <FE+HEALEH>H |
145 o

BiEtwo
RIFLEL » <MABAE & L@

S (FREFMEHRE) » A2470

s FliEt+7 A 247 o
P FliE+w s B 153 o
P RiE+w s B 154 o
THEFKR (2 EmHEREDEL(B

T WLV (S 2R REINIEL R
MA °

P Fliz+w s {153 o
CEE =+ (WL s=: [HREE

Xl Pt

P RlE+m s R157 o
P R RAGEH R AT R ns

EREAAETKFEELNRE «- £F
RE(zEHEXRENSG(BE ¥L
DAk . [BRAE 2 —8 F ikt o
» BIREF » BE% LW o
J BMRASHE  ARESHEND
ELERASARNTIRGER -

:Rli+w s | 160 o
X Bitw A167 » 3| ks +AF

C1794) BAERESL o [ooeeee BiT%e
LG S A MY o BRI
o RikENAAE » REMEHR
W) o AU o WanHR 0 R BB
o LA BB RARAMFHIEE H
AFES L RAFE o K RRD
uﬂ-j.j'#_,@-gz‘- 0 hane ] .

cEH R+ —F1872) ( AR E )

(A - BEE)REXFM o @
BB EGHR o KX PA [HEF
AZEfF--FEH . ELALBAS
AL o A AFXMA B EXERAR
) 45AR ) kAL A2 5 o MAIK
& o R AHE (F) A (E)

DR LR



EH=

iEH

=ML

MK

AR RAMS P ALF o £ AR ~
O~ BA% R S REAFRAMRK
+ B oeeees B BAR 2 N5 i 338 R P
KB G ZHMRE LRI o -
_] °
DRARFAE (S RERKE ) A+
—FZ (FEF& ) &

P FREHL s i AT FEFRRA
ERHEIL XFPAH [XFRALZA
' B EMMKE » AETR—F >
HB— s —FBK ALHE o RE
Sd > EERMARIXTEHH - B
FHEAERLEFRLETEA  —2
Bk o LEMITRE ? LA RTHE
|

A RCHAEFE) » B 172, 19795

TARLERA S HBEA ) <B#Er&H
WBNRRELEE DS » (dp ) 1975~
72879 0
AAATR TR R RE LR
> (FE) o 1980 ~4 » A 343
~ 346 ©

P RATTRT dy B P X 3 B ARG 3K
B> () s 1977~2 5 R 48
~ 83 o

PR BRI AR RRAENLR
BEEMIRS 0 (FF) 1981~6
» R 506 » B+ =
LEE=M4 ) ~ (A& ) ke T EF
Bt EERLEXFRE

L ARARR A L ARG ) » F=
F(FoELAHK) » A—A N
I o

MA S A4 Mot T W%

FERBEtt+HRET A



|

— FFﬁEE

i (USRS

Ta2% ELHT

(AL BE—MAXRFEA+RE-—+—BARNTLAETZF w A

THAFLHEBCRYE H)

BROESFMAWFELEREY (F— =
NED) o KEBERE > EREERM(FE—) o &
BRESRCIR R 50 B AR A h > TSR
T EREBTE o EFER PRREN SR
HEBRRBAZEHN+HE - BEBRELHRRA
POEIEERT PR ZAERETA » RIH BB E
Bk o Hep Rl & 8 B E /a8 AREFm A
REZRA) ~ ( QEWNBARRE ) F+HRE
HT o WLFBHERFHIR » RREZ+
—FRE<FHER SRR R GHE> (
) > ZRAKEERHKAGLAT A TR
RAHEFE—REMFUERBHGRK - O
gz » BEAER TR RBEFE
HH> (FZ) - FMMRE P AW &
RORRMl ~ 7k ~ EYERERF > MEMBETE
KERID VBB AR SRR 2 0 LIRS HRY
RAEMRAY » RHFRCBRHRPRER
ARz — o R BKENRS T » IR
ZRMRABLsT (FEAR) o

FIRERFHEBH R FE & RE RS
BAMBENYMRELHLEE (FEL) - X
HMNFHBAEE (R BRI ) 2
i (FEN) o EEBRFAASHAGBRLE
B ARAERKBOBATME » E—LET
B2 o FHBURTEERHESMAEE
H#5 » M7 R A LA — L AT R

¥ Ok X

FEBRER A 5538 » G0  FHB A4 ) =R Aok v Al

HER— R BORRIFEVZE B (B — ) - M

H—EWAR & (5 ) IR —f73EE (nE

=) o A iRBLE MR A MR o
ARE

Chinese still
Bl — REm

Wei chi lu

B <eEASHYH
Wiz (% ]

Fr& st maA A EH



K TRBRER A B0 £ 38 - TE R SHES ch o 3
S I CEEA ) o B T4 A
BB & TR » ARNERERAEHEZS
o FEEAMS (L~ FFEE) » INALES CHR ~ TR ~ A7
B~ BERRE ) AIRBURHESS (4 ~ B ~ b
SR ATRAT M2 HIB
%) 0 BHAR (K~ KERKES) »
FERMERE ] » fE R MK
P Bt ~ 5 S U~ 85 > FESM AR TA
Bl R s RIES At [A—IB) SRARE o
IRTT » R A B T HE 576 76 S 3 S 76 B 4R (
BEAL )+ B LA B A R R A S v B S
o (A7EREME hM PR SRS » [3508) —
RENZ EROIESE o &6 T RIEE T
THREA AR THhE) 5 (B=) 4
» $4F SRR A FI AR IR B AT AR S B A
TEH o

& P57 760 B ) — £ [ R T B KMt
{1737 A 0 O TEL B0 4 s e 0.2 P D DR 4
» BN E YR RGN RELEY -
URBFRERBT o MERBEKR HEIER
BE7RHE » THAENE » B2 U » a2 RUIK »
f2 BIFT o NEEEIERS BEER A » FREEA S
BEAEAT o | FFLL [ RAZ 38 AT KERRR
P AWBEEAD o | (34 ) BmAnRD
» ) RS A, R R M S R R A T
B » GAnRAL EIRE ATt A (AR A L R
E ) R [ EERA]) 3 [ TR
FaoF) BR o LUSBRAEANWES » A1
— I R IR - HETEIET
S B BEME A SRR EBYEY CGEBTF
R ~ RBE ~ TERL ) - BUERESHER (ES
SRR (F—) o LEKSBREA [F
W R M) Mk M) (SBEEHE)
» LN ( BHPRE SRR ) B TIR=+ 74 [t
| ¥erh A48 F B A RS EE o B B LU 5204
AT 5 h 5 1 RRGK o DBUBFER
FICERASEE ) ST TR o

i RS AL Bk » RERBRIA THR

hERBE+EET=A

p e i 4
2y
s
A
/ /9\ Q\ it
o (=) -
‘;"' / ,‘_/) 3 ""9 ,?‘
wl jn Mmaa }::r (&2
o s & 2 3Rk
£ -
£ R OR P
Auez > 2w ) /
b SN ' |
PR (J oo e A |
A gooN DY 7 d K
faag | | oy | 7 =
eanr \ G | i o
=% > | -y
,-_“5_’,7_ \_J ;‘!,/i &&=
T SR - R
oo -
T o, & %
(:‘ b |

= MWEEKES

EMEARRKERSOM B ERAE » (BhBEE
RS R T BB (3D ~ &~ EE B o
AR A K RERRELGEZIZR B T
EIER (76 ARE o MK E FIRE Qi
 ZRIN R SR an R N AN o SRR AAY ( BHUER
B ) WKW 7] % EIEEFRTR
& BARRARRER (F+2) - KERE
JERBEH (BT —HRER ) » PRI FA
VTR s » [IREHACERBAK] (&
+=) o BUMKREERA (F+W) -
FRABREBRIAMAE » ERFAAEN
SEERS ER AR REAE o RENE [REME]
s KWERNK (AGAERH ) BAARA T
BERS] (FE+Z) BWHEARE (F+X)
o shR Y 7 B A AAS > (BARSEY AnE A
1 THEEIGERDERTME » B (XFH
BE) WA MBS o DIFH Sk SUEUNIRY » B
JEREFRY o (BUREN ) hay [N 2
AN > HepWaR @ [HiE—W > A%AZ
» DARAERRE » 3CBAKSR 4R GRS 1505 o |
THLEE » NS > B FEE > MB35
REWHADHFRELS L > DUFEAEE » 1K
PREIUAE > B ERZ > I8 FRR EBE » B

WA e ] (BT E) BB ARNR - K

A AR RN  BIAEAHE ) 8  Hfk Bofngs



EEM AL ) R (A T
B o BB (ASEE ) B ( AERk
W) WA D] BT s A
MM R RERIEAR » TE ( ALME ) =
+ PS4 BUERBA T BN R 78k » AR BA
B HEE 5 BSRO R BE o

HREE NS FHRE T R A ERER A
MR » TIRMBEEE SIS 357 °C » 2R HEN A ,
B EERE » WA BE M AR R NS
8% 0 ALl » BB EFT MEE) MFbLssgt e o
f RS BB R IEBE - VBT 5E o TRBS L » 3 B @ % [El
REISEY 5 — L ARt T LIER B9 Tk ) WER
—ff [ EXTA] g A TFERIReE (&
+\) o

R ZE A AN AT A SRR » MR g
CHREB ) B RN BERMISF 252 o FORE > £
BEHERARFA ERMWER ? THELS
1965 ~ 1971 FEHERDH LM AR B W FH
BE—HBREN (REBNEN) » Ebe
FE8 > RETH EHABHG » WA — L
RIBEEY o HBME ( EE ) SRR [
ARE] FEHALY  MREFWER RS -
RIESREYTIHRET HEB » SREFE
Y RIBE | T TTRAEEE | 5 526 ( B 7 )
o R » FALBH R T OB T E 4 HEN 38
BEZB O ZHHB ML » AL R
ATERBE [AESR] tho

Br—uTRPREANEE (R -+
) TR » TAERERS PR [+
1 FERER [A—B) B o BEERH
gl (88)7RA » FLBLTHERBRTA
EBATFAS  EREAR (B o

s T NIV

Bz fRA8ay [

~ 18~ B8 s AR LA



W
k-

¥ 28 T
i S kBB W

o Yl a:
+ 7

e
+
I

f=t=
#E+w

EhEY
F£ 20 A
it
E+A
i+

CRRER (ERRAE D) 0 MAEER (

1963 ) o

CER (PRARRELE TN

B0 ) FLRFwH 519 7 (1936 o

DEIEAE s (A AR ) +K—Md8

B (1986) o

AT (HAF)FE-—M3AAC

1933 ) o

DERBEM o (EARBRSE ) (1982)0

. Nathan Sivin, “Chinese Alche-

my . Preliminary Studies” (1968
) o

. Ho Ping-Yu and Joseph Needham,

Ambix, 7,57 (1959 ) o

. Joseph Needham, “ Science and

Civilisation in China.” Vol. V
. 4 , Chapter 33(f), 1980 o

D RAAEK) o ‘
D FRARE ) K=o
DERASIE)) ~ (RARAR)

s (BRAFEE ) ~ (FFRE)
5%

HEQ: SR DR S 2 AL

------ Hig—8  REERZ » BEAN
B VR Y » ZRG T ERRE
------ ] A A Tot PEMBKELY [X
1 kM o

£tk (SRELEHL) » KB o
(Bl ) KEPTRR [RB] 2R
2 02K & GEN) RAZ [¥sl»
e THFTIRG Tl RETH]
(REY¥EtwWo
(EHMEAE ) E+= -
(ARG ) E—-o

Plhe  RAEE ) ¥ o

e ( Kk &) X (F
Fiuib e ) E— (=+xk

B B(RIAFREFREREL

RERBETEFTZA

AT ) F o

KA ZFRIEE AR E B REFA
F&o



FE - 22

) AH

10N 70N
OB

fa& (AEARA] TXEMF] [H]
TE&R] (HGk] T85] THE) THY] %
REIFBREREFRAXRFOEE o XA [
XERE] IBX] M£6) S TR
1 T3R8 B an B YR I RO i R i
NEEBREE - AMEE » M TEk] 85
B U TRE] RPOLBE HUTE-f -8
‘B REELMOFRFBEMR - LR FHE
mEkERE [ BHSFE) 56 o

B#REAEA [MEARHE] DRERPHY
HNROEFERI S AXEHEE - XY R
5 %] (Abstraction ) [l (
isolation ) » gl [ 484t ( idealization

C ) BENY EERME o

= HEHEZE

[RUBERERHE] BRTMES B
g MEHFFRABEZ—RIRFRLHR
BREARE (F—) » MEHKL AWM (&
71 KT BEAR  ERERAGHREM
ERFHEENERET B  TBREH
HIFBR/ERE [#X] (mode 3 pattern
) s I BERAH FREFBM -

358 S B 6 £/ 7] LUE HE R B Rk
FFERA OBk Fr B0 . Bh B335 58 » BRI [ 5
EHFEEGRAMAFIE » THEMH » HE

~20~

*

+ AN

VAR RN

¥ E %

B » Bk TR 18 ? BBHRPREL
% MELAR A4  BEMGFEKRE L
A REEE [+ HASR] 244 2 B [ FSH]
Dote (AL W ) FFLl A (7ER0 R R T5A6 [
Bl TNHEF THR] T BETHEBES S
KRR - REERR T AAL » DI EMSF T
BRI » RE LM (HE) BRHE & » L
REHGFI T o I [HE] ZHERE
T EREAK!

o R B s G S AT e [ SEME
FEEHEK . (B8] HITR MR
E—RIFRPRRE 8] R THE
# o/ B B0 I Lt 4T 1R T L AR 8 e
HMERENERS T » HRANENREA
TIESH [#ES] » bRERBYEHBET I
318 | BRIE 9

HK B RERBEALIRABRANS
EEBES o 8% [MMIE] » BE—@
ABKBPHREANRALEG » (RG] [
] R RE T PR » BE [&a]
HREEAR (Al » BB [2EhAE 4
4 » ZBETHET 7] (H—) » EPHERE
AZH o BEREHE » B9 (A W EET
BRy) % AEAL] » FERAERE
Z ki » FIDTEMRZTE » BAM TG
BEHAHME o T [HE] LERF—EA [H
R o Ll [6]) ERRARBYHLEF
y TEXAB ] RIEFHBIYORFT » [
BEIRZ » EIR G KRB M T HYR LD

B EMS E



BB TR 22 ] - R K EI YRR
R » FMAT AR 22A9 22 ( empty space
) {BEHZERME [HF] » AR [#&] >
BERTLL TR o » Mty zitifet ! J [ Z2hd
J &y M) 2 Mz8) ( framework) [[HZE
J B[22 FHRELGHES ) » T LIZRIRI8TTIL
RHH W et F5 o B TRef BEHE T
] Cevent )BRFFRIMES [F] BILEA T
Bl MEBNR KT » 7 LIKHE T8 i 48k
FraofE 2 [ Ref ] ATl [GEeE » A2 H
Kol ! (FED)

BER [ RE) » HBRXHERERE
Rt R > BEEOEZALUBR (O] » mA
{8 [ projector | 2R MBRAREE1 ( TIBRIIHE
)  EFRRESE [ER]) FIEM &M
REHBFERA » BEHEHLKYBMPHEAE
CE=) » BN BTN » EULILIRS
ANEBAEGHA » SRS AHHE R8T
RER > th I HEE WRE AR EE » — AR B TLIRAT -
FHCAVIRIIIE | FRLLS 86| XENS —F
BHEAREZTRPROBBERA R E [KE
18 BBRE » MEBHARME -

HAE [RRE] > BTLIENGE & RHM
J CEM) » & [RHEED » BEHEZ] T C
aAE) MR TRRAG] » HEFERKENE
B BH(AK) FE TRERE » ARER
B KittZzBRERE » AZBFREZTE] - 55
B REE A S RO » ThEth RS
A EBRREBN —AFE - MPRERR
AR ML » b A BBERBE MO » BF
BBRTH (RASS4A] HRBA » LERR
s R AR BERRHARRHE » B LITBRs XK
» BmEEXIESE o B TR » ¥R
TTREHER K LBEFEEY TRF AT
R—3o

e TSRILTERY » BETRE] (AR
AT » PR EERNREEZHET R LN
S H Rl — MERBBE] 5 AW
ERBHZ R MR H@FE » R

R B+ RETZ A

HRBIER [BREAR] R ot
AL YR KRG SR K o KA RLHE » K
REBRBRMAMNT o FUBKETRHEH
B IRE] » [B] Rt ABRARELD
o1 PR 0 Do) R TR » —& R
LSRR btasm AL > BIELACRIRRE » =%
REAERE H] 8 BACTHEERE &
RE—VH—EWTE ~ FR » frilpELA
LR T A 2 » N [ 1] BRABXIe
YEEERE: [REAMLA] » PEER
NER [EXR] TEXR) » HETEXR]
FHROEEFER [XKE®BS] BOANFE
P (L) 5 KEDRRBEASTE » )
A3 - TUER—TAGAUGHEIEAR 2
1E > A—RFEBROBRERENR ; EHH
RAHAHEE » ERBRBENR (F
A o REERBHERNFEFEFEARETMA S
s M—EA » BR-BRURRERXT R
RE—REEFAFEST 3 ZREXHEXH
(FEA) > AR EHEHSTEREKXR -

AL~ KBS E

K4 FARERHEZRE © PE
[RE#T] EAEXEETERAR A » MHE
£ [REEHE > wERF] » (F+HIEME
J S L TX] BRPBEAMEHKRERE
> TRERTEFE] » AR EEEXEH N
» MR AR » F—ER R » FIERR
w MAl o BRRSTE [HR] B [HE
] BT MAE]  EE—EHRE A
—EM [877] 8  BEARRERTTAH
£ REXRBIRMOA B REER - MAT
AR (L] hRFZMEABR LI AR
Z 7561 & [ HH] AUtk MEd |

L B - RED) AT . (BT »
HALUE] > [H] BE MHAHEE . dH
AR A AR » B ERHERROER
» BERMUOA [ RER] - AEHSEKTZ



0l » STRA—SIBLIRABE » BTLE (T
il B AT ; FRHKREWE > WEAET
—EWRR B BERANLE D » HETLIHE
FHBR 5 FTDUEER H RAREH BT - [[EZ
LRI » B2 DIELAIIX] (FE+—) » E8t
ERAE TARE (B » XIE—E ) RUBHX
» REATBAL CE+2) aodE®E » MER

th—HER TR [ RIFLE » B2 5 AFEE
' NTHE] T e

B [ RRFRA—-HERHET
ABYERYE » A TRRBH] » BRBHRRH
85 BR—5H » BRRANE D] LIEE s
' PRANBTRAKEEN » KEA=ZT &
AR » MEEZIA » PRAYA ORIt Bt
Kk o BMES H—F » BBLAHMR » B [ §iE
AR  AEEBER > FTUILEFER
C [ISREES > RZER] o

[BREH] EFEAGEER BRT
KEAHRE » AFESR] » (BIFEIH
M3 7H AMMAREERZE AR X
EEFR] o BT [ REILf] AR [
il o BRIFRHURBEAZ L » L REKEZ @
!

PEANAGOMAEREZRT AL [
BMEK] foshd o WA AR — IR
TERMBERISE (F+=) » (AHEMER
BT ABBALL AL o BT gy
i o fEER A\ UEETH o FEERRT o HERHES
BENTOEE > MFBZEEX » FIRAZE » A
RHEE > i REEE » W RRTEA DR
ABE ;s BE [REXEHE] % [ERE
M) % ARMTF » BRFETHT » LAR
[EAR =B o AT AP ER5EH [y
Atk > BAEFERFA [ Adomte] - BFILERE
T&ET  ARBPHEMHETF » E—HBERD
G0l

CBEEWR

ABA THX] AT BAEARREK » R
BETRIAHRZ) (FH+M) » TBEZT
LIREN] AXEHBRETBERTHE) T
RRUF ] - FRBRZ TR] » B 4] »Br
P—7m M) » ZR TRRE] [IERTY
1 REMEEAKZS » BEAKRMEARHERE
 AEEIRRER LR TAH] » TBF
ZE] b [ERTERE] » BAXBAER [ER
Kl E—UIEAS THE] B MMFE] - B
—FEELU TAR] B B] »#HE2AN TR
JRIK] "RE THEOERALE] »—8)
HY B RBR B Bk B2 5 A B B B HE o
T 548 ~ FE) SROEF : THERMMEENY
BB AR L » ABLMEARE » &
KEMERARXTF » AXFMEEEE » AEE
MEELT  FETMEBBRBHE] 5 —F
ERBERFR bR 2% » — A mEssa [
SEXRME  DERME » REEIRH » Hp
MRTE?] (F+7A) » EFAANTRAAIED
) SEBUY B K HERE S ( von Weissaker )i
FTERENRA » AERERBZE] (F+7K)
; B ( Karl popper ) (A4 TEE AR A H
RETAGER TH=HR] P (F+E) »88 T
WEERK » BEER ) IERFERHEMS » &4
[Eehfm T] (XLIBRKRRE) » R M4
Ttk » RIGhEt ] 5 )

FEAS [R] AHEs » 82T [HHE)
£ HEE] » TRERHRETHOBA » &
BB B (RIHNE] s ACFIRUERE [
KHELIE] # MfLE—25] » (BEFT R IRIER
[A%REE] |

RN ANTAARERETARER [ AR
1 EBT AERSOAE > BEEEDE [H
ALl o MREMZN (Hm) »bzA (
AL s ATTLIGSB HRES » BALERER
B —85 » EAETTZH » BRER »
EBF AR » SEMBHBAFHANEA o

:EE‘ ﬁsfﬁ,\ﬂ>§E

BHEs0 An ST A



[ J7ehskE] BpHAWME » bAKE
AR - MPRMERVGRE 5 LR R > Fik
» LT A A XA Ve ? FTLLRAE ( BAE ~ IREF
PHERRRM  RRYR (MR w T
&l &) sl el SEMes -

[y LAz m R &zl (
sET\) o (8] ZEpBYAN RS » R
EETTY o MEBCEN TS » —98 —EBR
R c MABF TS » BRBEAHHEK »
NEWBEREFERBA > UM F 2 E
il [ gias) » BRIFEFRHYEREDTIN »
AR RN E] » thEMEE CEE ST
I AB AR P AR REMNE » (fTRE FERE
HEWRE » FR AR AR » BrilERER

[BFAE] - LR RFANRERE ERE
A BEEETZENA LA [F8] RNET
KR > SRERBETEERLERIE
BE—HE

Mae] BRGEOFE » Frbl [ 8] PEARK
— G RE BT H B » AR B R e —E] Al
Tl > SEGHER SR SLAR AR o AN A HITE 7 8T
BEER B RBA R hERIRATEER R
B I&R] o [AHR]) —RAIFRR TB8REHE] 5
—RIFR AR [ H#EF) 2 [ A&l (
concrete abstraction)x#y » AR [ Kb
s iDLl (FE+) » TR ARBHE
Tt » ATHERFBIET » (B RRAVFF BEAHASR -
MARRNENE » ( B ) WBRE/FHE [—
1 =] R—EA% A BRYF
ARBUBEF  SERAHEEEN > T8
BERRERARR [EmPRE] &9 [ A

X FHHE  ERNERETEL R
S| E—4H > XFLE AT BHE T
) > ERLNMA [HRE] TE] I
Wl SREAT HERKAAR [EZ] >
INAAR TRE] » bERERYRFFDH
[ ¥RELAERTFRARFREAR
BFOED o

Bhf HR SR A R — T ~ HRRNRA

RERRE+AEFTZA

HIREEE o AR LBTIRKIFRE » REHE
MAERBUTLRE (Mekt] » HIBEFH
=B ARGABENEGRATEHBRATE - %
TU &5 Be o — S — 3t Jfd B5 SRIE B e [T 50 5
ENE X | EWRMEEMOATE » REFEES
54T > FTURHMIES » BWIEE 52 &858
o MRE ~ ARBE—EOBE  BEH IS
WY ZEFARRWRMER » HERE ~ AL~ #
WRrmEEESER  BEEAREAEH
TEZM > RKM K] HBRET |
Bt AL PR » FREVR BN KK A @ (10
Z ) UKFVERE - BEFBAKE » B
AL —EBRF IR E o

HRERERREFOEBR > AR HROE
SERBFLRE MEK] - RFNERAE—
MEaeRet 2 [ #4] » dhRHBE » MEATR
R 380 ~ "R ~ A ~ K EAE R BIBE
B AR » HE [ 5R] BEEHEERA
THE » EEHRRFNER - ERELERD
FEERZ BN » FORLBRRLEFRMRL »
Mg » MERTNPRSSE -

ABEEREFHHE  ARRFaRH
A—EEEE  ALEMLEB  RBEEHN
BRI LAE B B LT R ~ f3E - ERFIR
R T BEH - B UTRKER T Bk » L
EREAENFTREME » BAFTABR - #ZF
HAN L E T LURHER S » AR E B LIRS
RETE o FERERMFBL EHFAERIHERK
R EBR N LHES FI #S Al » KBRS
Bt S T ERSFRE R K o AU - B RS
FROIZIHEERK - BREWANE B
ZRETEREHAHEEHOMRE » MARGIL
RAAERT EREH] (OBERHBERE
Fromm 4T ) ib%d » BHKRMRT —%
=il

{h RIFAME BN ER B E S

BRRIMB-R-B - ®OIE -



RERRBE [HERHR] (=D T
ABENSE S HARE [FIRR] > Wt
(48] o #aner M301 » W 5] 92 3t
DFEBAH R » (AT ) 7 [ UBER]
(FE=+—OWEE » LMAR RS EHTN
9T > REEE BV A RRA0RK - 48 [®E]
Analogy ) EKEF MV - AR5 28R H
= [—&ER] (tautology ) » ¥ AHRVAI
B TR AR BRI > BHME -
VEEHHRE—E) » BEBA TRFER »
RbBR > ARKE] » FHEEER  £4
AE o EREE [ Hh] MIHZ)HREUE » I7 5T
EXMEERE > ERTSERAIR L o
CEF)ER B DHXRBEIRT » B
REL T#E] CR#ED » B A T#8] (F
—+Z)  ER TE] IkMM (4] [E
J o BERBHERSHPRE > AXEMS » &
M8 ZIRBAR [B] > et (B~
R ) TARE [ RBoRESR] - BMA(SMH)
R BMENREREE » NMRERNEF LS
B [ A BoRE S E—HMERa A+ 534 -
ABRERSE [ B wRABREN+5EL
MR ESR] » B [RKEARTHEK] » BT
FREE [ WERF] » FEFWFRM -
HEEFROHBHEER [EH] » TERIE
iy ekl » @AER [ ABLARE] -
¥ B AL R B b HRA XRBEE—# »
B ) Py [BE] WAHBRBE » WiEFH0
(EHKSE) ~ AR (HERT ) » HERWE
R ( BREER ) o KR (RTFER) K%

Wt TRGRER T —EEEBE  m(AFE )

(B ) ( BB ) 24 » MAMPIREW
RS - MAREEELEEB Tt AR
ERAXRE » FrlhE B R BA K
RO IR 2 2 Y o

BE[EA] EHFHRET (BRI T
AX] o TVE [BE] K - (AT ) FR

f TR | ERPEA KRR » [HIRR]
ELHE RO + MEAEHRNLES

o~ 24~

(iR B ARE S TR AL A58 » AFIM
o SERMSETE T X EER T R b
falt BN AXTIERESWRERE » [
k] !

e [BSHEIERL) T » ShER A SR{ER A
MBS KRR (Rl ) o TREZHE] — T
B|AZE] > TRzl S(EF) M &
01— Tatk] — T@F] > % BE AR
SRR (=) 5 fIA R FR
BAKF  SETRR—F [ GERE » LE
Kt » RibEK i » KREMEE 2] (3=
+1M ) #o% B |

TALBH TN BIRE » ALt UL T
A Bl s chBR BT A R ~ B ABKF
HyZEHE » BEAESL » BT [ HIH ] Z5HK

YT B8 ?
fE  HE S KEE
% [ R

B XALERERSE » —RE » —RB%
13 > WY LB HR T IT—T o RMWALTE
Fsembl » [EABI] B4R HLHE -
BREBH=AMEZ— » 4K RFIRE [k
FBE] $RT MER] mHs  MERES
B TE R BB 5 2 Bty 2L TS o

FBALAEN 1 2ERE » [SHHE
HHFERE] RBBREMEN (F=+E) -
FLUR IS DRI » R iiEt bR
REHE - REHER EA® » EEORLHHR
RIEE » BT EMHERFNRT » BT HR
SEEME  EHERUT (RS W -
1L EE AR EE o R—ETEMN
SRS » 55 T B 7 4818 Y > B0 3
THERE  TEFESAR  ASH0KED
PRAEMET H4 » RRHRETE PO
BB TRBRT o

ARBH FRILUBEIIE » — U BB
TSEMERIE » 0 R Y AR — A0 » T3
L DN 7 7 I B R RN - (BLEAHE

BB BREEL



VWHRERIET LR EHRE [ RIBRT
XMl PSR - K LRFEHG L BEY
TR -

brl ~ # =7  2 ERF R M A MELE & (
A1) AU AU B AH » BR
RS —FBEA———{fmFIBg » A—%F
KRG R#E  ARM—ERFTENE - R
BIMFIRE AN T BET ANPRZER TS
P BGER XS - BREARBEERS >
NRFEEMRI » ERAGFRBRZE VRS &
FREME » — NG K/DMRSR B B K o
MRERTELENER (LEE) » KENHE
BERAEHM AR REENRMBR
TRBRETF » AKX HEZTREERE [HF]
s BRI AR RIFREBHFHBRANE
RE-- o (FE=TE) o

fMFIRE ARfE 2t L ERAENKE RPE
ST ET » HEEAREEFTOEER T 2
1 BERSESE L > B DU AR we B L 366 £
ALK » HRFEEZH o fit fit TR AV 4
R LRI N SFE » IEE
B [SRem] W’ ER [T MBS
 EEHT HMENSPEETH EE] £
Bagzeeeee o W H [FERBNAEHEDIE LR
—_HBENATF] BRTHRHAZE -

Z€ ~ 2RERY LT

L7 [ AT ~ METAA ~ AT
Bl ER [5EX] mRERE - T [5ZXH] &
R MRmEm] » ERREsRAE TBE] AR
£ [ HRe] B - BREmo 2T BiER
LSRR » BRRSAH B AR - LA
KN BRERE » LK BREMHE -
WHEE A EME K]  EAER B
EORREK o BT U B 5 4 A A0 A A SR
BEAR [BEmME] 2 [BHTLE] @5
AT AR R R [BRERA] - PEAAT
B\ RS TE RSt E R B AD ERAY - DUET AR

FERREtT+EFT=A

KOBEHEARER T ERTDEHRIR
A e BEARERMARLED ~ M FRHER
BREIE— (Primary Qualities) » A{f
ArRATRIE [ 26 ~ B a ] BRR% ZH ( Se-
condary Qualities) s 32— [HRHN_%5 ]
( Bifurcation of Nature fJfi{EE) Wi} 2
WEESAE » MBREE » BRARKELEER
e [FEAME] EFREK (FZ+A) o #
Foad [ Ammts] wERBHEOYET &
HiEE] IR EEZRERES -

T REARE REAREE #&) MEE
E# T o {810 P A PR T ZE SRR 65 i T B
E7 0 BERLSBEVENER » RAEERERD
Rt B EMBA » MBREREAIMBGERIE
S i O R o

BALREBRWEY » BREE ~ B3R
8T REBEEXNEE » ERTHRAFRED
FEHLRET » EHEBRAAR » R K
HH » EEBHREFME  ELTREMME - @
fARBFHE > FN—EROBRF—REERE
R » EREBFABNRASR » —BE
R—AXNBRER - BEBERBREN=X
I ——10f BESn ( BBEKER D » BEWMAAT (fa
HEB) » AABEFZ (ME ) XN &EME
s BEMEE : A 7 ERE—SRMZHR
I

[N » KEEBUE] » EXER+
RIAR » FTERRAY MHBRRAKZEM] 44
AR WBRANER  BAX » FMARLER &
wXit » ERRNREXRTRR » T HEK
' THRFLE AR — B8 > HIRZEMA »
FEATRE TR ~ &7 ~ il ~ B WERS
B [ B3R TALERE] ¥ 1!

ff Rt REMRESR L BRERWAIRE »
BB » RATH » REN T HEREEE
B R ERR ¢
Ml | TZ84HNTRS » HEHNERE

y —ERR—ER  SE—RBRXE
° |



M

AR BEMEMERD » AXARKEXTR

P Es—KE > BE—KB  EXE

L RMARY - |

» RA R EBE BIEERRTRY
» THK) ZMRERTAS » F THELH
RER o ETLL TR RFEE (Al » AR
M ] o MREHH (BERzH) B
Mol B ) 38R » Farg IRt ) 788
i IR ZE,

Y

e
I

] R

DA (RIS AKE ) A43 0
DTRK] LR~ E PR E

s FEEFLAR B ~ FlK S KESF
FI A » sl AR Rk TRF] »
ISATEFNGHEE » WwBRAKZERT
D TdIeZ EA B (IRBEZ 3K ) 5
AHGZ LA BB » I
sRREWR » R RERF AL
Ateo] » MEMEZEFEEHEA
471l 0 BRGESRRE o

A ERAIE R (FRHELFE) A

146 7 ©

D huHEMNE D [T TAR

MR F&mK ; KAB » X%
TR B c A > Tt ih,
s KFERFAL > KFFHT » A
BRETE ] ] !

 EAFEFE ( AAEE) AAHAS

>k

& AHE REW (EHME S XFER)

VURRCE 3582 2 & v E )-FA

. 3
Y,

Do (AF i s KA ) ¢ [e&kE

B sy » Q9 Z Rk o |

D ERARER T AA AT RO

r (AT SRXE) (AT
A E)—% AT Ml 2 AA
ZARAXL [—HRTHETE] T

= oY
+ +
v T

1 R

32+ .
EtAC
=13
(G F o~ EmE) o
Y=

TR

D REE ) R R A E 0 MG

B 2T RAFAALER (4932
HYAL FRLECEFTEAN—

)#73{ o

D (AR S REE ) 0 T4EM

Z(Fq XKAG[H > iEaFH o |

(U FARFE) D TREFA¥R X

HEH ) REST o R »
RZPARLAIR © | o

A
CERRE S RRE DA HREL

SERBE > BHEAL AR > R
XARE | SeRBIHAF 2 % Bl KA K
o K AR RS o 4B K TF
BB L RIPR/TEFZ (2T )
FE-FITEREHER( TEGH
FRLA )KL (HEE) o

R ESRBR) D TABRARE X

IAFERZ o]

AR (M) B415 o
7 ¢ B BB M S AE (W, Heisen-

berg ) R¥ » (HEEESF ) A44>
R72FM B E B FIk o

L ME—wR] & REHT AR
WERER > [F_eR] ZERY
SEER [FZwR] MEGSE
AR (R—ZXAEN) » 24
FREMGER o AL [FRER;
—{A4itL#& ¢8| (Objective
Knowledge : An Evolutionry Ap-
proach ) —# R 117 ~8 o

(% $HLH)+=F-o
(H-~$HTHY—Fo

Flizm o

(HF~k+=F&) : ITExR8EF
v AT okl F¥ o

R Em A A



EHA G

SFMIH=F (ZTF~ESE)

e

! FliEtE -
PBRAFE L o
N IER(HBEFGRL ) > XFRF

» 1.B. Cohen 314 P 3% 5 hko

P 3-PR|BHFE > S. Drake ¥ ( #=F|

% ) R 48,51, 74 (T2 ~ &7 LA
TFEE) o
HiEEF (8 80HRA ) A 30~31-

X A A RALRA LA F o

FERB++RETA



AU EIRCHRRZ AR

22 i

m R

9 > IR ET R REREE - N EAEE
HFRZ KB JEAESFN B R » A
SR o By 5% BA Y 1 BE STANVRBE STLA R MR
it~ BEX RN BH AR BB REK o HR
BEHRRAKRREZBRFERZEM -

AR EEKNAECAET » Bl
E<RFER > <HFUBA ERED Bt
» BB RSB 3R LA S Foat i o 455
5|z R REE ot AR B AR L St B [ 2 ~
g ~ ERHER IR o AL B +ttitie
W BHZRREMBHBRELES ES o

‘BMIRCZETF

#3f#{= ( Ferdinandus Verbiest, 1623-
1688 ) FHE » XFBA » HFIRFIHKEZ
Bt o WIRBERKE » RBEZFRELR
5% > LIBAIE » EXKEE] FAF 1664 F

B BRERE - REAERRE RBEHH
BRI > BRFAE A » BAMELR - A
FE BERTAE » BA<HUBRAERE
> o [BF s MET » MABEFLH XwH
EAR o RBEY  MBEZZK KEFEEXR>
) FHEBX R 0 K <BRXFRE>=T"%
s BAETSA £ B o BT A8 B » U4 b O BE -
FEMHCE—) o

B m R

‘\“ﬁjmnﬁ*l]%ﬁ%z?ﬁl_\
BREFHRRE

BRCRT 2@&@t¢(ﬁx1M4¢
) BEFTUBEERETAE > HhEUEE
B: [ IRE#HZs » QIRHRRZ S » R
RERMEHEMFESR o | A5 ERORKE
WA REE R o B IIEEST R RESHERM
RRME R ERIM ES T o

HECERRERPE ERPERLBHE
o3 s R =

[Tz ERTEBRBEE - ’
(BRI R 5 8% » WL B » MAKERIB% 2
RZRmK o |

BAXFIEZ (WML ] 5 stRIBLKER
K UFPREELSHES BER o Al CEER

B

[BERZAELFT=6 FSEA
SEKH B o FTHOEAL » KL% BABFE »
BRI o I EENEK » TR » et
° |

[ SHEFEWE  RAERS 5 XAE
EE#Z AR HEEE=Z T » RigkB
s Al ERZBRRM - thz BT o EHEZ T
» BSEAR » Bl FZRR 8 » iz 28 el »
LR RIRZ B o |

R RA FF TR & REBRRZER
R » B Bt AR E i BB 2R
TR ER A T2 ARBE o B Xt
B FI S MBI BAR  RRER

R8s EASE 1



A ALY B 0 BIKAZ 5L (A AZE
‘BRTE] o NERD FIERAE o AN GERUL S8 Ml B B8
o | FIIN[ H SPBURE L » ML RZ A
ZHF > IR EE 2 5 HEsh sz 2458
NERELZ P MAZBFEHHEPEI 2 i
gath | » PTUVTEBERERSR » A BRE +
I B2 REE » HFHEBIBZTATIRE o

[ PSR 24 | Z 15 2% » BIRBERT » JLHUPE
FEFE B WEAERE> BUFHFMAR
B A

[ Frafife s » MEBH WP ZRT »
BEARKZE » n—aAl ( RE—2ZAR) »
FREBCETEZRTHEE  KINEEFH—
EZH » KEFERE 4= » L& X it
TRZ=1H o FEHZ/INE » LIt KERBHE » K
EXR4 > WAL HPMZEES » AR
B4 » BARKEILBININZ ZHHME o BILEE
G HBh A AR ETREEE T 0 AIF K0S BE nd IR
P[0t ELHBZR AT LA » AR
2B BEZHERE » TS B2 B » KINRFE
GHREZ o |
PR B AR BN BE At 2 7 BEAR I 5 2k

%

[ F_ERF— @5k 258 » AIRPTE T
KB BET IR HFE » AIRIBEL T A » X4E
BRIRATH » BB ET ZKEHWFEMFET o
A 2K T EERR | H#Z AU R
o FE ZHAIRRE » BEHBRRNPTEZ
Wk BEE AR » — S A SR RIRRT
& 2RI » EEZ KKILHE » MR
M EFR] e NZEY 20 MAETENR
» MR TARBNS RIHE » Bk KEEE »
MR TZRBMMTR » LEKZ MR
UHRIEMR | RESFZRIH TRR
DABK AT I » SRBATTHE o BIER TRE &P & » R
HREEMEHR! J

N FIREIATETT 1593 SER B TR RIREE
it T 80 ERHEBLAERBRUPENKRI AT
» Bk T — RIEE > BRCHEESUR
o R U—AERBLLE ) ETF

thEREETEFETZA

MR E4 & 0 TR HE » HETH (XA
) ZE B (F—ANEFEFZ5E » (BRI INEEE
ZEER > i inFIBE Y 75T 1593 ERTEERIAY
ZRRMES (FZ) » YHEBEIEER » MARE
RERER » HREZEE LS ZRIREZY
P BRILHE - BICREATLIHIRE ~ i
R ABFE~S KB CAZE) ~ &~ KERZH
Fo UFKRFERT » BARE - il - ARE
B (UAFEFHENTHZ ) Z#E R , B
RN ERZBEEERME » ZHAIIA

FEREREE a2 B IR TIR B » BT
KHWBAE SGED> Bl FthH FMEIRHA »
Xk HER (RE—2ZZE ) o ExH :

[ RBRFRRZE > MAHPHERRZ
MR & R » i RS (R—8
B ) o BB { BFEERE » RHN_R»» &
—&G LHEBZImBZ » LERZHE &2
PRl Z 0 THBRRRZ » TRUREREZ
» RZ TR F A » 2R EIHKER » £
il o ARUBIRZIERM ]

RER  XEH AIfREE > RB - Al
HRREW » RZRBINBET » QIFRE LR
POURETF o F oz BER > IR T k2%
e » MHFMR | o F 8 LEm > F
GEL > RETE » MEKETE » BERBZH
' ERBEZR  ERBREZR  HELA N
e o ERFMEIME » FREZ S » K
BERK/NAMEZ - BIAR HRR—4% » B1 8
ANGZH - MBrTEsm—R » BRAASZH »
YR AR —R » BB NG 27 » ik Rl
SRR HADRA > MERAR o XX B IR
BRIRZ R BT BIRE RE o Lk
ARERFIEESTZR s RETELEREBRZ R
PRI » AR o |

38 AR 1% AR R K AR TR MR BE ST » 7T
PRZERRYIR » HERRIER L EE
T v R R E DB L — BB ST > FAX
MR R IGRRFERE IR LT 2 ZRA » 2k ¥
TEREE o E ARSI FVETC 1664 ER AR
( Robert Hook , 1635-1703 ) BTt B RyjR

~ 29 ~



R EE 5T B BN SRR BEST ( =) REAER o

M—: BEHCEAEFEARRGR LT (HE
) RRER CER) (B BH S TTEE
BRI ELES 95 SIS 12 BIBERGE
HREER RN 203H)

ERZMDERZ BRI » BRLCEL
FrER BHRED SRt FHARN - X
=1

[CETEETEARE MBS a2zl
o HRE » MLZF » MEZW » TP LARB
EZ 5t o —3 A8 > MAL75h Z AR
| REZFEEH LRT » AINREAEAL » MZIFKA
36 » BUMLfREBTMAK » 3 H SGFR IESY » BIATR 4
HITEK » BT 2 Bt » MAFARE M » JREH
tth o B30 » TP ZHIt » HS % > FIAT
R > fi 3l St o LLE ARSI AT o &
WA ERTF » RESAZAER > BXEZ B
BILZR | BR ABRPR—F » IERH—» WA
HEX R HALE o BE—FMAEE» BARZ
» F— EREBROR | MIENX R BEZ B
o R_BEMFBIR | XA MEERT Mz X » &
BHERBE > R=BMBTR | HRHAEZT
s SEAINH ZBE » BRI AEE > HHIET
B2 2RI A Y62 IERR » T—E35A=Frige ir
s NBZFBZHEF o MEES » K957 B=
» LINEI Gt o PR G THELER
W RIPTURRZ K » Bt 22 R »
Wz ko AMAH #AZMBRIBKRE »
ZUWE > B Bkt » AR » RIFEII AR
EHRRZ B 2R HRRZHRW » R

Bl > MR » B2 BRI RIS -
Ptk 2 RKAR | WA ES » RET »
AYGAREE » HAEIGIRA » BT L2 ORISR |
EE—BZI ) e MBS R > WiFF
HE o IERBAL » ik s B THRIER )

KE ;B R %% BB o KA
LAARES » T AYGRNEZ B4 o JLBUITH 2 %
» H KRBT RS 6 ) B EBEZ R » RE T >
BA BIER—IDZ B BEALEIIE Y
o BHEAR B EEA B A— B2 SEE | W
PRI IEZAA B > RGBS E
ABBRZ » bh— BT » HaRRTAR
s A REATRRR | RAFH AEIIE 2 £
BO+LE > AR+ _E4 - NFHSA
' ZBAE s BTHEAM  PLOBE » B
2l  FERZE Rt 2 it o KILET BRI 2
o3t » &BER Atz =4 o T HLEE
B LA A2 638 » 70 B 8 RILPT 2 %
)

At BERRAHRS G » HEy ekt
o JLMLHRTSE » AR RE 0 2Bk 2
BFHET » KRR 2 BB 3 RS 306
{FIBHTEKZ ANz b » BEpTE e A
—EZ T ABFFEBRASE 2R » R
AEZHE o IR A2 6 &5 kE
28 2 RBNZHANE | REX
B H %IAER » REIKBEERZ R » B3t
BIABES » BEBHFT U2 BRath o kAR
BHEZ s 1B RS » ERRERIRZ
TE o MBERSER | LREAGERE» E
RERERS Y » BHRE - |

HARBEERE B BERBIEYA
REEMIZR Y » (8 R &K M EAHEFIIR
FEUAR Y688 2 KRR B A SMGEIR ¢ fEg
) o Bt EESHE » REE RUBRERERS
HMZ 5 (R ) » BRABIRE o +K
He M+ ttie » FEESRBHR » KB
BB Yt 2 e » WP E AL &
FZRERE+5 B » BT s - dtin
MTE SRS [THEXMEZSE | » AL

BB WABEIN



ABBIZE » BHE—-BZAEAERFIESLER %
» LR » WH—EZLE » BRAR » fl
BARGER o iR WIgH  HREMELRE
Bz 4 KBME+AE (T A BB
B3ty AR KRR PY +0F A+ E 2] ) o A4t
R+ EES (A4 » THBLKS
ZHAZBE ) TIRTETRAZ KT EEE) o
KA HEEAAFRAZ & KFEzKRE
FREL o BEAREMBPERFHREMS > 71
LARR & Pt BT A MBS B R R B T 2 B o

=

TR 373 » T S SR RIS e B
BEINME » FIURBER 5 E KRR R
Z IR BDIE 7 VERE - Jen R o IR
B AR08 0 T 4SOV OESH - SYATAndt 2 s
WRA RS o AT » BRI TR »
T 1534 697 SRS » oA ok R BB U B 3 A it
CROREESE » AR S IES » (/8 B8 L e R
2 5 S B BN R AZ % o B
£ R Y T ST R B A RE 6
IR 95 5 SR BN BB B Bl o A
AR » IR b A » B4R
ST IE 2 BB » BT 2 B MG T
R B » IR S G S e R AR 2E 140
R R AR —H BRI G T !

E:

—: LRE 64 F&IFETH HMmZ M
HFLEMFA79 AFH+Spdkifk o
PR REFOSERLFE (RET0
F &t ALK FEMIPER ) F
82 Ao

FE= F 101 R e

DB REFPEREFL (RE69
F-5 AR EF AR D) F 93,94,
120 @

% E:FliEwmr $87~90Ho

| FY

{
\

YRR~
g8

XA AAAE R RALE # B s
hERBLTEFTA



Y

S5

RABE—EH SR RGELN—FHRED
HERFE—XEMY BB BRHES ] ( cau-
sal notions ) BRAVELFEFTE ? HNATEH
BREEGE (J. Piaget) WHRMATS » H—
EERRBAZEMEN  REGRNRREYH
Refd ~ 2R SGEE) » SR B RAOBEEN
FABE—FERTEARERHHRAFIS
KTEBHHE » FEENRUZE - IRE
[FEE#A: ( notion of cause ) HE IR HHLL
ZiE s MBEERERROEEFREBERAME
a0 R R R E /A& -

AR BE—EXBRNES » HHFERE
BEAALRESHZELERRMAMNS 2L
o KW Z+4EH » RAKXBREMHFI &M
¥4 (intellectua]l interest of the his-
tory of science) DIREFER —FRMB R
BT REGNMLEBRHE - 1tk » EMERY
REMBEERNHE IR E T EREIHWR
o Bz MEIA EEH—LEAMEA R SR
RIFE » MPRBEBKEGHEREENHR
o T AR % i 501538 (B Y BAN] 1 B 2 T RAT
%4 ( A Koyre ) fit5— K AFEZH o fFR/AR
A HE AT — 7 o B » BREREATED
o H&EFfh » HKIEGEHE R BT » BEE
T T %R B A e B o Tt o9 SHE
— R B S A E B T % KR

R A&

% % :Thomas.S.Kuhn
FHE 8

B RENE TR —EIEREE T BERS
HYWEEM o Bl [HREA] (caus-
ality ) ZHMBEEZH » RERFPNBESE
A— » RO ERZ KEHOEEMS LIS
K o

MRYERRKETE—RH [ RS
ST » REARMBAREEREHEMAE T
8 EE R SR EF AT R R B AR
RERMOBSEAR A o FEH HM S ESHT
R o A AR RS A HEE NEEFHBNR
MNRE] (cause ) B [FAR | ( because ) Z
B FREF - HERFRMALME ROR
S [fzfE . (position) ~ jfllifiy ( motion)
~ B ik (weight) KRR ( time )FF A
AEARA  EMEMBRAFLERNER » RE
ERFENRAPTAEINEMH  RMEZ »
BIEBEKEZJ.B. Grize AR ER
o TFER] EEFEEIFRRBRER
FHE8# ( meta - scientific) MIERBHEHY
BEHE o

ERNEMLAER [[ER] #& » N
M ERMtEaw M|l ~ Th] 58 [l
| A EE - ANARRERT EEM MR
s ZEAHZhEE (analysis function ) EF|M
TR EERRM « E4H [RE] AR
, R B RN BN R R 2 M

FHEE m A E A



RPN LR LT R R - N BER S
 [ER] 2 FAEWHE > MAEZMER
EFAFEHBENRERES - BOBKR » i A
BT EH0 2R 3 FEfh SR ARG R A A AL 7
Z L > TEE ARAS B AR B B R G T —EER
' (B0 AR 1 B R R FE R E M AR 3P
— 3 ELEMEER A o LUEMEF XA
MAEZERMOTEZRTHG B2 T EER
Hfsam - B M7 ZHs - TERE
] TR BEE S &% (linguistic ) EaE¥
LB ER) ( group psychological ) HAEL
e
HE#E4: ( causal notion ) S#rfyFEh

T A6 B SABL N B EE R s 0 S — M E AH AR
EUIH R o i BB » ML ARRERK
EMATERBE [FR] #8  HEBR » HKE
HWERROEZEE —EEHRPLON [ BEBEEN
#£4: (notion of an active ) ] »@fn:
Hl ~ TR ~ THED] R MBHHRERR (
manifests a power) | o 35EafH Bif% &/
[ H2EA#E4 (concepts of the efficient
cause ) | MHEHSE » :ER T LA ik EHE
REHEE E 5 Himi#ER & ( collision pro-
blems ) {9 — A& o REAMW S » ELER
H_EERANHER - RKEGRBICEHLE[ A
A —M&#%4: ( general notion of explana-
tion)Jo M —MEH 4 (—EHASME) EHE
 REMBERABEERA - WEBERPHEF
5k ( cause figure in physical explan-
ations ) DU 4 B R B0 A S T B R K R
o R » FRa T LAMAE Sl » R4 A
FEEAREETRFRMSZAEHANEEH
# ( intrinsic subjectivity) o FEsRERSER
DEBREEDHT R  EYEERRIARR
TR RH AR » REEMBBO—RIVNHRZIR
THER @ 385 — BB chitt— 5 RORIIE o SERR
REZDHAFRMRBERZALUGEN »
HEEHNWRSIE? AR 510] KEOE
Kreps | SEZ L AS 2R AR 7 —@EBAHE

h#ERBE+AEFTZA

E’giﬁﬂ%ﬁl,‘ (deductive structure ) gz
WiE—EHREME (causal explanation) gy
DEGH > BAFEFEBGH - BB BFSH
—fEE R ( causation )Rf» M AELEEERT5I
AR RE » WRBRZ [EEHEET] (
force majeur)i$ M BN FATEEYE (LM FERe
EREBMN Y FLRRHAT S —ER
Farmprl B E - ZLEHNEERBES
HEH » EMKENRSER HERBEEARD
» MRRENESRIZARESEN » EENE
EEHURMNRE  KENRERBYLEF—HE
HNR—ERA » R —ERRREERK
fE-BROLAELHMERBRRNWER—ET
HElG S s — HP LR FEENT4RR &
» 8 BT IER AV (active medium)
FREFMWER - EPENERREBERE
BRIFR R (noncausa ) IAFTHEE [T H R
WERHLHEER AN (linguistic natural-
ness) | ! EMENGRZ EMEBLKEHALUER
RAYRR (missing cause ) {Hi4y o A
FFEFEDEEBERMNEERE FFEEN]
RREH MY T &HER » Ef TS5
B—ERENHEEKXHE ( a narrowly causal
response) o HIRBERRKMERMERBEFE
RREEBRTLUBAB S » HEFAEKEHRD
BRE—ENHEFHMHZER ( subtleties
that are irrelevant here) o T EYEHER
BLUBR 3 F MR — MR R
RIE CHAMER ) BENEANEEER B
BRI o LFHEMER T LSRR ( AR R H
HHMKRZE (Bunge) FTRBAMITY HEZ
— ) (BEEE 6 E R R RSB R K
THRBENRRSY o
THEHREHLYESEFERSELFEE
Y P9 {18 B B 2 5 |8 I 56 T i T OGRS o RIRE B
% &I L84 BE AR K53k o —TEL 31 1660 4
) BRBSRBE—EHRYESOEME
y BB KN EESH ( analysis of cause
) L—ERRERNML - RMERRHSR



HEBWHRERET RAZE » RKERSH
BREREE At E B AR ES BB RZH R
BB ZE o RIKER B T S ER » 8L
235 &4 ] (coming into being)fER »
HEAEHEY (material) » FHE (effic-
ient) ~ X /Y ( formal) Bif& iy ( final
) MR NERERA o 38 U FRRERT &R
B R » BEREHZRBUARRELLN - LI
HAREH » EEENY)ERE (material cause
YRAEA » ERvBEHAE (efficient cause
) AIRREAIZ L B 2 Famty B RE - MH
A (final cause ) QIEMLEAEBA
D9 32 BE pdm 75 Wik | o S8 0 o

BRL 5—EMHWERERET L
Wi AFzB—HAN—EERN » BIFEE
—BERN R ERNER SRS M
Lo HNYER » H B AEBIREF HR
FRAPARRERER B > MEEMEESE
BEE—MERE o #ZUAEE— LR B R
BFAEE—EREEENEHREAE » WH#H
MNEF > AEEERETNHERIENREE—
BHRR  REBBERYBRZN - TNE
{8 PR B B RRER PR SRAE R ORI » RISEH K
HE AR - REARE i OREREFANAK
H (nature) HHYK ( form) F2 I ECRFAH
SEfEALE A 5 ARG S @ MY R SR E 1
i 5 T2 IR RIZ 85 A A0 R s 5k SRAE B 8
frERFERCHAH o

i » ERNBRRERUTHEE L
HIBRIE » R XFHITF (verbal play)Sifk
AR ED ( tautologies) MAEMAREL
HREA « KERYR— B84 A [ #RAE
BE ( dormative potency) | ZKARRBM H4EA
BESE 525 IR RA DO o ERNPHEELR
AETHRD » MAETEHDEEHRER FH D
i o R » FEE—HRBRZAL Y H:EEE
KB o REATFEESIMRR [REEM SR
B —EMEE (HHRRE ) RANBERBASK
RA(HEEMER) PBKA] » REAK

BRATZLAWET - REEFE—TRHHR
RUFRHE-MNABANLNFT 2/ » EFT
TR EEENEN o ZIBRER & BB ID
HERNRER L T2 hUNEE - WRE
FIRZR D A QFAA » Bl R M AN s
o MEEEHTERANERX o L0 B 5
B » JWA R ( formal explanation ) H
HI SR ISR BRI EE

BREEL L ~ AT » ENBIEEFHA
R » fMFIBEBRA b ) A =46 B £ 8
BB R > MATEE —FWERDH
HEM AR REHERBEMRAN o f—7]
DIzt X B B ix 8 B F RO TUAR BRI ©
AR L » MR ESRFLESEENEE 6
SR AE AU BEAL » VAT AR AR AR — BERL T8 B
—BERL TRV ERLE 8 (physical impact ) A
ERHRER o Bt » HRBIsnE L pER
RELK Caether ) 54l 41t 2 1 i A0 45 3R
o BRI E# KA (efficient cause ) »
# Cpush) ~ K7 Cpull) WifE4: » BATED A
EHHBICAMRRR o BfE R4 HAT) (work) 3E
— S » WL EARRRRL T » TRRAHY
FEBBIERZ T EMR ( licensing nonmecha-
nical interactions ) {13 NEE HHXER
FETHA o R » ERIETBHBHKESE
At 3 2 AR LEHE 5 | HEHB B 1F R (F R GrfE) =2
MALTHSHHR - (EERRRUBMLELRE
8 TAHKHRBRTHERE M ARR
5| A—HHHND » ML HEL>BABRIAERE
o ) {ER » HEMIER RRIER [ HAB D
1 BREQUH » ME A EMNRR D EER B
R o AHRERFENYEE —MBE
BB~ B % HE——EEME+ AL » EM
fo e KR pr B A AR L o

R EHAYAK » WBEREELELE—
AL > WM REYERS  -RRYE
ESE WAL » ERY R ER D R AR AR E L I
By fk S B E M RSB K o BUREMIRER
\ BN R A LR EEE (B [ AR AIE

BB A



BIFIEE BT 5 A0 B BT o IR B
TR R — AL B B 5 > B @ R T — B
WA FAER » W4 % HETE S T
B AT > SRt RS B LA 038 AR )
o T » i ) A8 G B A S B A0 T AR
H B S o (85 AR R BB e
BN o TSR AR R0 KRR B o RaA M 4R
EREBE » B RR—ERIHRR » LEL
—HI R o T B AL B — MR AR -
S8 5 ALK TR WAt — 53 e » Tk
» 3K A4 5500 5 A2 o R B — (B FEIR B A
o I B — (AR ] S SR 0 3 OER » o
TR T S T o

PR » 0 8 0 X2 oS LA I 54
AT o B A REUR T4 00E RIERE
— MBS 5 L 3 0 R e RS A B i o 53
o A — B R AR R T » (B 2
—RE B R o TSP & R
BSm ML RBER  LEUTRARAR
S o 346 2k B P15 1 — 8 R 3 /1
B K S AR T RO R R I 2R eh e R 0
[t o 31755 2R W L gy L2 A — R 0 K SR 2
MORLIE S AT A TS 0 » L5 bl
— B AT TR 4 50 AR e
SR AR 05 S R ZE— 8 o {8 B P ST
SRS PRE M SR A - RA AR S
4 0 T LU A E— — S K ARG S
R T 2E fr B R o R R A SR IR
B » FE R E 3t 2 AREE (explanatory)
BT o

SEMEG TS H IR SR « BT
SR 3 B 5 » TSE LR RN @ 4 A B
B » BAE dey BERFRE o 53| KR
255E P RIS T BRI e R A
R AR B R RS B M e
% o MERMABEFASHE  mREARHER
HERT 2 » EEAE AT : REgES
RT3 Hh A SRR R B8 — A S A B R B
BT o AT » HAFERMAIREE » b

hHEREFE+HEETZ B

FEBRACIHN G Y » T B 708 LR 44
tho SEE RSN E RO BT AR o &
R KERBEL JENEED - SRR ERMAT
FEA 7L SUAR G 0 R v At S MR /& C two
body problem with boundary value con-
dition) Z AT - AIBERRERHE
(HREERBET2 THZAER) » AERT
BT » REKREMOMERFE - 38
AR AR ER - B —EfEm REE ZREHE
T——ENHMTEH KENEHSIH - B
(regularity ) NRIME » AFIBTHRENE
RIMELEMBRE TSR (anomalies ) o BidR
B HmEBNAU R X BEESIALER -
HAWER ( formal cause)fRfEE RNEF
y HEA (efficient cause ) Fll3gs# ( 5%
B ) BARBRFF o RMBE » RE (irregu-
larity) Ba# 4t (regularity ) —&§ » #HFE
W B0 BB o

is SE B Kl Bl F R h B H
MM X ~ BE N KB HANBEFEET
J\HEAD R B3+ AUttt R A0 A58 R AD ER Rl R 3K 3
o N » IR T HMANR » 8L FIRUCH
ARG B SEAXNRRALU R B ARE
MAHERIELTE o + At HERRE
FRANHERLEN T2 REEMSERXN » T
BERE FRREEANBREEN - EFEE
+E SRR B E T o RTEMHE
B BR REERLE+ Lttt id R » REFEEE -
RGN B LB A RER (Maxwell’s equa-
tions ) FHER » LIRHERE T ANrIHER #h L
AWBHMUHELEFEX » WEBRREFERR
RS ANEARBST ©

Hilt » P EYERBIERX ST
—R¥M  EHEMRERE EOMIELM LW
o IR EEH ( Halbwachs ) BEIFHEF
S HMRE 7 EARET o B RIE —BARS
B HS - MRNERS - ERER—MEME
RELABOER 5 B Rt W H T A Ne 0 FE s bt it A
AYE I o R HEAYEBELR/ITSHME—



AR - ERNDERRRAE M 8] KH
it MEENERNERMNZS - —BWME
ERBRAURRHEREET AP RE
BELNBRR » WEFSHBIRFIANT I'H
1 Wi S NEBRBRR—EATF - EN+t
G — » FEEREMRBRNEYRE
ERTNHERERT - ARRY » F—EFHT
Bt BRTEEMEE - HHLAH —HEBRK
AP RENEME X4FtE ( formal proper-
ties) —AEHE ( spin) ~ F#F ( parity )
~ TR Y (strangeness ) FF o FRWEF—
B S B R BB R 5 o K » —FLTF
RBEEENBRERES ANYER G » &
ERNARLEIIET HNEE - HRTHHA
HER  BECHRAEDRE - Al > a X
FEABERHEREFEMBHHE » EEM
BEYEBRZHEIREELERNBNEEKRE
B o MARIMERBRS » ERAERHTH > B
B aNTFREHRFSBUNTARREERERMN
o LA RBREMANERSEREHRE T
o MABESEETCHEREBIN—BAZ -
HHEERKNYERBEQHEEEEFR »
EEHMYREAHBEYEERRREMER LA
ZER—MEE o EEI I B YR —
SRR R AR AVET o

PE5E B A A L e » AT AR 2 BE
FERTE ? TEERATFEMN—EREARMRLR o
HARENFERBSRT €~ \tiEHEEE
BEEMNT S  AMEHNEEREETAHKEE
BRE o EMERMCEFRBELY - TEMN
PINERBRLEERUFREBRAFYHEER
HRBZHER AR LYK c BHLEM
RIBERRENEERE  REFRIHERE
SeFE AR IR R R T 208 (R R AR AR RREY o ART
Rtz 4 » HEBBOEMAE B SBES
WA ERT R RS ME R AL o ZHE (
effects ) B i MEMEMBR A Z T2
Bl A EHER MR o Bt H ARG H
TEESEEEIRIE ( logic status )HEEE

WL ABHRANYR - RE TER] £
BB R R RRFE S » BB R o
B2 » MRFAHEL (modern physics
) SRED B3t 45 45 YR 7E R SR A HE O TR A AR 2
RN 'BHIGPE ( argaments ) 5 » HEH
SRBEME LA RBOT AN E & A B i
ACRV B E R B AR o HZAE [ S B
EEaat » RMEKBR TEYEENER
LU RS AR RERE R BER ( the
types of forms ) FHRIfi FEREE | 7
EER (qualitative forms) [F40: @&
HRYHDR S ( gravity)BiEh ( lovity ) |
I R EEMAX ( mechanical forms ) » 3]
RALH A A R I B X (mathematical
forms ) o W RMWEF » I EIWTEBERK
P EE o RAMEBNBEROVR—REH
HAWRE » R TR ENXEERLD

o RATEES IR TEMMRAMEHE ? EHE

B W ? Hrils R ( explanatory
mode ) Z [é] F9BRAR X 204 ?

BN —MEME » HRREYESRF > H
MR EFOERELN » EMKH =
DEIHE—HEEENEE - FINYEER -
WMEERER » —FHERE—FEAR BHE
B — il R] L R TR 51T i 32 H1F RO R AE RO B
BE > AXBRRRARECZ2TEREBEMIY
RALAHER o it X R ERBLEH mEHN
EREEFERVA  BEREERHTCHLRE—
TR REAER - FIBERENH LRI
FHERTHEBREANRERD) - RMER
AR SRHER—ERYER ( coming) o FF
SERBERETHENEBHRNRRRA
T—REATHERRE —FEHR » AHTE—H
BETR R R MR AT NS #e 3 f R FIAR C
retraining ) BAZHR (habituation ) o ffEHRKF
R fESEREM B L » Ll B RTEOIEARE »
ERBREAET o

AR B DN LU 100 2 S SN
BHE . yEBRENRBLEBRER » B

FHE B EAB AL



TERR » B—AEENHGESE - EEAFES  XEAIXFHERALETNLF
RN - R4 A ALY B A A5 ARz
Paychy — 51D o H—H KPR - LREBEH
FeAHER A > T ATHO MRRA S B A B
B — BRI E HRAMYE o EHIEGH
B RF R TR MR R AT AT
T ARAT (] — BB SO R ER I R o

TEMT AT T A T8 e TR SR o DO 3 TS B
% REEERCFAZPRETLUGL—EZ
% RS EEAERR » BAYBELR
AR+ /AT R B MR+ A A4
B SO R R ARG SRR T o A B ch AR O R 2
BEMEEAR  EEERREEW - EE—
R 30 A T B B SR 0 OB 2 A AR T o %
BORR R ERYERROABERTS
o Bl BN EECEY BEERMESHET
REMBHE  HEPRALFNEREOE S
RRR o AMAELMBEENHAET » REBHT
MR & AT E R - — B RFEmEL
HMWE R bR [Eh) RABR—EH
EARRR—E [EASATOHER] BiEs
BT > 8] bRTFRE—EHEERRR [
| BIEART | IEMRBARNASY REER
— MRS » A E L S AL
mEnER » QgAY BRER LTI
o AE EARRBHANSREES - BT
BREMEHEAR » MERRNELCRTRBS
i o Bt RTBIRERE R 2 M DR A RA M ELE »
ERRERTE—FIHERER  CERRL
B T A SkEAER DI EE SR AT LA
KA o ERARRE » BHEB Hofiy B {4 U v BB
R FROTERD - EWEBERNREES
U ERR - (AR R BB EEERNT
Hitt > MKERRHT - MERHERERE
R A AL AR BERER BRATE A HE S SR G
HEM B B IR - SR AA e AT S | W
8375 BERUR HiZK o

FERRETAFETZA



MERT MR R inE

7 3f9 B RGBS b RER A —
{8 H Ay FE R LB AR E R 2 —/ §5
BEHZEIMMMBR(E—) - RERRABHE
RARFFI B SRy — (B3R » AR IBH SR
RS HBRRY » RALERBA MR o B
B » ThER IR A R R R G InaE
BHEBF— 8T ( event ) » MERE M
A EER BRYEHEH ( preconditions ) s T
HEBRREEFER » HEHERE REREHE (in-
ternal structure) o FEHF—IYWHIZRE S
BB B—a0E Gl B—WaREE
BEAF—KEERE ~ B~ A% L —4Ir
» MEBARB CREREHR FIRFEE— B
BB o .

BERE » FIER T AYAE RE SN
~ scientific community ) BKEHREEW

7o HNERBRMA (BEEE RFE2NEL
) KR o ZERTRBEFF » SRR BRBIR
BB RAERRGERRCHEEAY » REH
RS FPE RE RS o AR FAESR
By REh R FEBE RS L K B MR
W 655 [ BE | —ARHSHERME »
BE—EE B BEE - RFANETLR » [ B
B—3re | EERIBROF B2 HREEF »
Bfbif5—HEmE A E o TE B L mBEE
bEAGTE LK EEEEINRG (E2) o
BEARRIE B A6 ( priority ) BB (

J& % :Thomas.S.Kuhn
FE K 42 IR

independence ) Fy52 SRAI 2R th A3 B 81 T RHER
i ( scientific communication) IF % M
WA o RE L » HSRBBRISME T
BEE B (I BE BB B R W HEEE » LR/
T AL BB [ SR 735 SR 20T EC T2 1] A FEAT G
BTHERS « MERIIET HERE | B
BAZEE » BRAMNER : FERATEEHSH
T 5 » TR R RGN R 2 B A9 5
R ERE I8 H— K B BB BS 3
Ho 38 I T B 4 R B 3 B o
EMPIERAE LA BRTRBE
WSO TE - HSHERT » DHENLRE
ARSI BEE » BRI T R R
4R ) » B [ IR | ByTrs: o BNGESE
H— RHE 7R » LR DA TE TERY
KR o AT H— B B8R S LeRE » 2
Tee REMEK [ FBRE | £RM L r—HE
AR o RTMEM T ER R EMER - R
B4 R Bk —EE ER By B 175 5
B2 B ERIEET
E—FRANMERS TTANRE— %
& ~ Bifi ~ XKBEBETFE o EEULRERS
My B FTAN » AR TIRERNER - B
1 BNy SR R B BB hnA Y o (B R AY
BERMNROREE A BEERE S — BN
RRERE » R4 2 B HISATE HR AR
Ho BoHARBREAET HPTF ( neut-

RELEMBEE L



rino) ~ fEKRARY: ( radiowaves) DA% 5I40E
W Fe 2L {9 R LEALBTEH 0 s se TIMFERBLZ
ISt E A B T TEMAFE » (FTase s
BIAY RIS » v Seb R b EB nskifi 7 Py BEa 8K
AR AHEE o 38 AliF SEAY TAM AR PEIE T TIERY
TR BUER » TES FHEK Pt T —APIdE » &
Fr M BERTEMIB BB ITE (3= ) o R
A TN BASE BRER | M9 > M ERESIHE
iR B 550E 5 16 3 4 B B Dol 7 1A — R g R ] B
MBS TURHB R BLZ o & AT B35 — 570
LREEE AR BN » 55 B fl e 5 B E AT 1%
Btz B9 PR FhEE L) 2 o B35 Ll 5 ABIC A9
Pl » AR ATHETEEYE ( benchmarks ) 7E
— fER}E2 B I 58 A R TR AT B R B FESR BB o

BMEaTLLgE [ SRYEEBL | 3k » kR BUE
B A< F] B B A5 2R o it A A M R BIsth EA— i
ST A9 BH 13 BILES TS e In L ERAY 0 38 18 BB AU
FAEHE AMEEFTTTE LA EF - Rt » E
K 1) B E AR T BEAR AV RS ( 59 ) o A
A=MHERHTIRERECEEERIER
BN BE=EARZE(C. Scheele ) ~ ¥
FIFE C J. Priestley ) LIRH H.55 ( A. La-
voisier ) » M HHA B ( P. Bayen) #H &
BT ARFEFRZI (FR ) o BR
BT ATLAREE 2 BB R A 5 FI B
by FLE5 2B > {BRRTE 3 K ShT K AT BE R B
WS B23% 2T » BERBR YL EKRARH (FAR)
o PR I3t R0 SRR A9 RBNGR » BT Mk
FoataR o TELEAS S BRI FLLARS (L) ©
HR 8y BiGRR R BB EMBERER N
AIEFE R » B BAHE 1744 3 AZHIR
AZB T KB B ITRY (Bl » HgO)
ATLARR el pn P — ARSI o BB HGE FE D
RIFR—MREARIE (&4 ) » —HF
WA HsE ¢ J. Black ) i@ mMB ARG
A 5% ( pneumatic chemists ) Fi %
EBHWE (FEA) o BREAMERMETHS
oAb B4 BT AT LA BE 4 38 Al 5l o

FE1774 £7 A > ERABMRBIEBEAZ

FERFET+REFET=A

o WFI B B TETTER > B A AYITER
AT RESRHI 2 Sl o AR K BLE M K848y
RRIER » R THERGLE b BiE’
—fiE A RE ( EkiEEd > N.O) » E5EH
WEHESERTUMZRA—MBE (FER) °
Fatefe R —fE A 3E » MWECHT 4 BB 838 T 1T
R THIELSS o BIASERIT- 11 ABIKE
2 ABIXFWESRET ESMITER » hRAYITER
HEF BMAVERE » Rt —&keEE 7
#8 M REIAYGRE o £ 1775 -5 A Z2HF » i
B30 1l B BR Wb b Z44E BUAY KB PEIE — S 1Rk
IRESALER R » T [ BB E 2K REE Ay
RAK G- HEFLUMBMER » EHZERE
TRk e | (FT) o RAMERFF » FFHE
REFAMAET IR » W HF 1775 -3 B2 Hi» B
R EMRENARRZER o FIERBIE BT
LA BRRD pn A 5 38 R R A SR B S
REEZFABEBATBABHE (FE+— e

B » B BECERT ByEB 31— & M
R o #E 1775 3 Azh » H¥H EE
B A MR Ay e 5 Ay Rtk BHZRR FES
s R XY THEMNELE » MBZEH [ ER
FRFZ HA92245 | ( dephlogisticated air
) v BB T IEW RBRID 2R R o &
it B Wi EE SR B REXFREXRBANE
ER3&r#) ( Philosophical Transactions ) Z
» MARBEM » ASLFAECERRIEED
FHHEER (FET2) « EBEREOITIER
1776 4= 2 ABAtA » E—F2ZR » BIASGR
THE > LEREE M REITE BT 2R R
sh o HERY—BIRKID o TZEE Z B » B F
BEHFRALARZREA ( homogeneous ) o
B AR ENMAEEBHRBE—EEHERN
il > RFEREATLEES [ S8R | ZEHX
&R o

(BT ENR ) RORST G > BIFCHR MR ER
AR ABERF R BB AYIE 2 XM EA A
HEREIEEIE ? MAREHBHREZHAFF
KRBT - AR R > BEERERE



HARRES—EE ISR REARTHARER
T o fESERY » LITTERRAVEERIZEER » RM YA K
BB EFIN BE 1774 £ 8 ARERAY
IO MIRERY RS o (BFE 1774 F¥EFIH B &
ERY s AABRRB R THE—-MAMEESHE
BWEE—EF HEMNE - ER—FREIB
& ECAYEE B AT 1A BB BT A9 3 39 Rakk o
i A7 AR &P BRI - Bl B3 H AR R AY R
Bitf (R. S. Hales ) B8 AyIdrsc2 iR (&
+=) - BRRBBAEMIHERR » FHERD
ARMECHIBE » YEMEBACSREATH
BE o

7658 fif I T » b Dh AR RENBER2
BEYR ? A3 B3R et BT 5 R R S
mEE > WREERE THEBETE 2 NRER
B BUBBEMNRE  MESTRERN
URBHELFREXERT EE—HEENR
TR ? % 1775 43 A EFI BEB— ks
ThEEER » R (EA R ? ERKAHE
MRIRER » BIER » HRXFHRFKROL
BXRME » 2 TMEHZFHRE » cH%
R—ABS MR 2R o RE » HFRMTLL
WIZhI LS 7E 1776 S 1777 SRR ILIFRE
59 AR BF BIRIE » 7658 BRIFIE S » hIFLEEAN
(B4 BEHEH RS > MAMETRAEE - BHE
EELRERMNE  BR#1777 Fi-E
Bftbfs iR = B » h B SBIAKR BRER—HFE T
F9BE2K ( an atomic principle of acidity
) » MAERBKEME ( caloric ) 4
BIEEY o P #E » RIBHAAITTH ( the ma-
tter of heat) ( F1+H ) o FEEMWHET »
RIERBMELRE 1777 58 » SR BHRHED
BIE? AR AFREREER » BENHBR—E
F| 1810 4= LAGA WiERE KR » T HEME S
EF 1860 A4 BMIE o MELEERBEFR
ZHIBRA R ERK B—H A BHHE o &
—HHR o MBHHTREEE o [ EFRRH ]
By T RBER 7 FI BRI T IRRyEE
Bz LEBHE » MATEEB R b1 76 7l

KRB AR o

H LT » REB SR MEE— B4 AL
E—EH e o Famasng Bz Bl
o BER [ SBBHT | B WEEREETER
' BREHAR—MRES BRE—THHE—
il —M A BMeTE » RERMmEEHS
CIRITERY ) » BIRTBAREHL SR8 = BEAFE
HEERFZI ST | RIS R o ¥ E MR AL
FEANERAFI BT TR B FBERRE » BEE HH B B Ay TEE
RSk EAN AT RERY » T RBEH R RRET
T REME o MIRBFTHEBR LKL » B
PRI LA A9RR © S 1774 SRR
B RERPFLATLRE 1777 FRBHE - &
FEHHEBT - EELORMHRRZRA » £AMAR
WA EERBHENOHEY R MR ARRE » K
HERAERAY o HE— B3R > BERBFHERAE
BRA FR—EH AR  EEARaET
S8 BEGHFHYHERT | > BETHIE
RATEE | o BRI BHES » TFICLUARAEITE
BA B » MEIRFF YRR EEZIR
A EIBH R o BAR » BBLEHRBEFE—
BYRF[E] AR —BE A BRI ZBREK SR E o REHHT
W —FWARE - HEXEBIER APTAAY
BH-MS > [ BREMIY ( discover ing
that) LI [ T B+ EE ( discovering
what) A ATREFE R — el — i & 4k o

BERERRBEE WL E BMSN6T
EATLER Y [ €408 5 | 8— TR %
¥ o 3 B W5 | ERFIF R E K MERY i o 7E1781
F3H 13 AMKE » RXBRHEB (W.
Herschel) ZE{t A9 2 B 3% L fF T 3ERKAVECIR
: [ ES4EHRME ( Zata Tauri ) IR
2. VETER—ESENEEIRER
o J(F+HE) o —RERBER—BAME
BX ERMRWR » (BUTE L Fp RA o 1690
43 1781 FEBHME » BEEEPFTE
KRER ABRBLEHL Huk e » — AR
BER—EEE - HEHEBTIRARIA » B
BB B B 1 poi i g e RIS R BUK »

B8 T A S A A



Mg & STk LT feR— TSR - £ 3 A 17
REL 19 B » X FHRE R SBUER » #E
R ZRIBYEDR) » EHE TSR o Bt
HIEB MBEARLBRES THAIFEH o
WERMbAAT S B HE L aE » £EE
BYSEME A 2 o BT B 69 M) kiR — AR 2
HEYT SLEB ML FUR B Y & » RXP KA w%E
A5 ( Lexe 11) 7 a5l 2€ 85 P75 BiAY AT RE& BT
B 55 (AR AET 1T 4 B R o &
RIMEZR K ERFIKAE 1781 FAYHHEERER]
BEEBIAY 2 M BB M2 & 528 7T LATERE Bk 2
BmMFED R EBBEB TREL?

R MM % S —FEE MBI - X
NHIEER » E AL 1895 £ H—K » HE
B %% ( Roentgen) R (LT fb ¥} Eaka 44
R FITTIRE » RS R EIFE L A% 37— B
FEEEAY b » F—k 45 AR LR ( barium
platinocyanide » —fli & H ) AR N HEAEK
MBI RHBE (1A ) o Bk ATE
B2 #ARYIER] » 46 FRE T H PR JTRE
Py o 2T PTRE BB &R o AREFFA
XA FEREK B BB FERA R EY
B&R RPTE MERR EEERY » UAR
BOBRTRIT - FF » BEFLSHMAVKE -
REFMETERZHT - B EE EREY
JEEA IR SHRPTER » TRl R —MHavEy
E R B A R o Bkt RIEXEEH
BT BIERMFEZR X RAIR S BHA?
R BT R R B0 — RIER B R
(R REEAERE B —EA LEFRE
REHER » RRfAEDLREER » RETLUS
BEMEAGENREEZTHSERE - ]
M AR X Ot BH AR X BERE IULH R
B CE R PR E—BzR » RERGZEH
Droeay— HBE AR B T A3 IR APEH o &
HFRMRGER: 1895 42 11 A8HE 12 B
25 BZEXABRN ERBLEE ( Wuszburg
) o

RAE > B LEHTF P A AR » R R

FERRETAF+ZA

AR Ba S — RO RRRI#E - B
IR AT LA R A G = 183 3G o Re HE LU 617 T8
L NAERY SRl fF— B A5k » SRIFRBIR 66—
fEZeH » M OGE— P RHBLEREANTEBS
[ B | BysRHer o

B SRR P ey =B
—E R~ REEAX K -ERALHRETRF
RME PG RER LRG> -EZ > %A
R BRBESR | MET2ZFUAZEY S o E—
BOTERL » RIFATA TR > REFRAY5IHER
hRFFERET [ MR E AR mERAE
TAZ BYRRE o R B X XGRGIF » RERT
M6y 55— R AR SR — FRAEPT BAE — IR EH
A i8I 25 F T— AR AR EIHEFIRT E B AY o B
Bt R IR R 2R R EEAEE
38 Al DR #R AL 1R HRAI G g e 5 AR ~ RO
REER LTI o R » $FATLMERNZ
REZ BRI ER IS HEBA o
LB > wE ARSI IR BRIE B B EFI
BESBHAL o S BRI K226y BRI RN
FEHKREIHEBMARMBERBREHER o
TEEBR T B9 B PTIRGEAKSh BESY » BF
FEM A8 TR BBt Sl RBIAVIRS » SR A
ABREEXERAF BRI RE HESR
o 71| tf BL B9 JL IR BT AL — 5 S BE P
RMRANZR2GERAORER —MEERRT
— MRS RPRLERBIEUAR NHFHHTF
o ARERITRERMERFTAME > MA
BEBADIE—KIEEETRHTRE -

BEFRERTHBRARNREDFR
FE R o 5 —EE R RERI F IR EE
HER » Mt —REEARNKE 7 FRXK »
BESY LA — EEM SR B RREHR c AR
T AR BRBEERI KRR REHERT
S M2 EX » Kb B—ERHRAR EES
R R EH R EARR PR R H
RN ; RREHS AR E LT ERER £
o M8 MM B IBTAR T A — P RBAL
R R o A AR SERE LR AIKRE 2



HEERRE » REBSBAGEFERNB TR E
4 > BRIE(E 2% R T AR G A5 R R LA
EME®E R ; R2RUB MR T E
BIRE(FtTL) - [ —EEANaRE >
RAEEML M B A E84E o ] R
Z [ ERAERB RN THAEEFEZD
LA B B RBIREEZ AT LA 64 € 884 o |
FIMBE RGBT RAERMBER TREH
R ERIE o 38 Mz RAH L3R 5 51
BUSE H & RAYHT % 94 ] RS TT B fT Ay s
BRMEEHBIRNEEMBE CFTA) o
SEDBA CHEEFIHFE ~ DIFSRE ) AIBELE
ARTELTT0 EZHENRBEERIBARA T

REBSKENBZRFHHEEAAE 8L
AT N= 5 B A R — B o =
R AIEME > AR EEREM T AXAE
B o BERRE BRAE SR BB R — B »
EERFTRAEBEHEME o —EZEHFHEREE
B EEBRERRZES D EE—BRRH L
BERREBROFIBREALREH £ FEA
BRTERIRERERRRARM o TEE—BK
5 — ERIEHE—HABE ~ TTRUR KBt
B# o Ak » FEXK WREMELE P AR
y SEHEIEAVRIE SR ~ TRAEHE ( instrum-
ental standards ) & HREZRIRIEFAYE
RME o BERK » HERBRNE LRRE—
BIEF#BIRZERES ( internal history ) ~5&
HAEEL ( prehistory ) BREHFEL ( pros-
history ) o #—HXHR » EER S BHIRTE
BB i » FERB R EER RS2
BB R —RER > BME iS4 T 2 AR
o FMHE—BEHNBRAMNBRFYRHAGHR
1E— B » BAE ML EREE HBIER #e7
RIVIERBBE o

Itk » FEEEPIFE=Ek RN BB
ERHET— TE—ER28 R MERRERE
B A HBERER o B E MRS » STHAYRY
HR T EE— ST Y BB TER AR #
BRI AT B BIAY SR (EFAIAIER o

R » R ATER ER2LH  REERE
MERMERZ EFHA—E B RV E o

AEWMAOBERRE » WEH AR BERER
ERAGR BB M S SR 2ME » e i Gk
{2 G fiE ) & 58 BB A5 4k BE BHERHESH B9 — 185 75
HAVIEE c HEENABEMBLEZTZ RBAR
Rl 2 BUH AR R AR TR Y T K2 Ay »
EHBBZERENEHTAMZTESR 2
2R BRI F AR FE TR » R o B
A LR R A B 5 B AR EE L R — Al BSR4tk
B9t ind » (HEMRRFRIEMR Z LAER o
REFEALERE » RESDEEER » EMBR
BOORWI AT A BAE T B BE » EME g
PR ey e PR g T B 0IREF » Hm e T
AT R R R BT BHE A9 5 B o FRLLLL H S I
FIRED BB BiR 9RIE R » B R /4
BT BN R EBROB T BRRZ HR
BERE » BT S R B 5 TERY B o

Bl UIFREEER » ¥ BB BRALUEAR
RTENE O8m7T—@ )R » bRRFHIT
RN BFREBERABHRE - BMERER (K
HhZE BET MR KR ) EHF A 28— 2
s TSR B B9Av4 o KF B3 REH #h a4 it
Foh o KRR AE R EBREARETHER
| IT = ERRXAERREAEALE
—EEEMNFER (FETA) - BFLRHRE E
Wb R BRERZENFTIE - BERARIEK
R B AR KE  RENEXE
Bifth M E AR SR 12 AR A9 B8R o HLLARE
BTGB IR > DR E R ERE 6
Gtk e 734k » FARMBEIEE T HERER
BB EHRIBRRTFEL o X Tt
FUH R AT ARBU SRS 8 2 B 25 —FT s Bl Y 1R
GH5R o (AEFEDEIHFERRFR] » A5 EAL YT
TR SR e85 A9 R oA HiL HELETE 45 ZE Bt B
L[EE (EN C assimilation ) Ay [ 2 T 5
BB EANE FHER (FE=+ e

SER RIS B B PTAT & R BB LR
S (U AP BRI B R e 8 R BT IR B

RS E



Y IR EE o EREDLUAKRER
YLX X6 BYBIF oA ZR BH 5 TBH 1A S B9 52 BLAY Bl
Fo RIZAEH R o FUIRZERGER » ¥
FII357 B3 5L Ry BT $5th BN BHEA R AM LA I ik 3Bk
Uit o Rt » EMBRMET FUHAY » ERILTE
(R TE MM %5 M — BEE AT WE - B2
FELAFB I Gl > S/ R IERT R R EE
( readjustments demanded by assimilat-
ion ) » [EFMEB T » R EMEABER
BLE HIp9 6E 8% » that EIRM AT ey [ (LB
] 2B T EE e A6 > BREMLIE
SRR AL EREE iy 9IRS £ o FAMNGER F—1{E
TRIZABE RSB MEENERNTHAFN
R AT TR (9L 9 o (B RB &— ERAR
BTG R FhHEB A FEe ER TIE > M
182 BLS BB %S o« ERBATHARIERES
LSRR > RAE BB RIBKE
—{E R A 5 A FHER K A8 o

B

— ¥ KAEGE G ( revolution) » A&
&K 5B —&KF1EThe Structure of
Scientific Revolutions Fitih » X
P B Al §| fEE o HAEF
AET I [EFRASHAE ERIE
4 | (1970 FF=H) °
(" FHE RELHHEHF=F)

DA M LA > T AR K Merton

» “Priorities in Scientific Disc-

Yl

overy : A Chapter in the Sciol-
ogy of Science” » F|# American
Socilogical Review 22 (1957):635
vA B F. Reif, * The Competitive
World of the Pure Scientist " ,
Fl# Science 134 (1961):1957 ©
Reift§ 3L &AL RIA HRE
» TR B IE 20 AR W) 14 o

=0 EIRPTA AT BRAREST AR

fERFETRFTA

PSR X P G—4 o Hlde : &
# 4 ( Anderson ) #3:EF ( Po-
sitron ) X if » AT Sl K42 X,
( Dirac ) ¢§% F32# » Kz X 9E
WHFETHEGTAN ARG o 3
— 7 & A4z % 4% ( Blackeett ) s gt
& 2 #|R ( Occhialini ) R§4# A o3t
FIR T KRGRARIT T REEGR
S BHETHALERETILEELE
AR ) GEY o M 758 % W 6§ A >
T4 M N. R. Hanson, * Discover-
ing the Positron ”, §|# British
Journal for the Philosophy of
Science 12(1961):194;12(1962)
1299 o 4 FIRIEIRT —BRFF
ARG ELEE » RAREHOE & FARde
BAREFRPAYG—E SR B AZH
x o

D RALE R Aa B G RS R B — (B —

A I HTE 4L FF > T :
* The Caloric Theory of Adiabatic
Compression” , F|# Isis49(1958)
1132 o ERF— BB FHIHAF
I 69 A & A FRE 24T > F SRk
1€ 5> * Energy Conservation as an
Example 'of Simultaneous Disco-
very ” in Critical Problem in
the History of Science , ed.M.
Clagett. (Madison : University

of Wisconsin Press, 1959 ) ,
pp.321-56 ( pp.66-104 abnve ) o
AFEFHRLTIOEm T HIEGIE
BT o

: 2B A. N. Meldrum , The Eighte-

enth Century Revolution in Sci-
ence : The First Phase ( Calcu-
tta,-1930) Chap.5. It #t A&
AR 1€ 40 B2 2 1 o FH ok >
J. B. Conant, The Overthrow of



1]

>k

the Philogiston Theory : The Ch-
emical Revolution of 1775-1789,
( Harvard case Histories in Ex-
perimental Science, Case 2, Co-
mbridge Harvard University Press,
1950 D BAEPALLE R AR
# 6%k o M. Daumas , Lavoisier
theoricien et expersimentateur (
1955 Paris ), Chaps. 2 and 3 o
36T #4452 % ( priority con-
troversy) #§3&if » B RT TR
— {8474 o H. Guerlac, * Joseph
Priestley’s First Paper on Gases
and Their Reception in France ”
Journal of the History of Medic-
ine 12 (1957) :1. and Lavoisi -
er : The Crucial Year ( Ithaca:
Cornell University Press , 1961),
¥/ E R ERMG A LR R
857 e M) (8 A £ 3R %] 49323 A W]
£ 4 ( Scheele ) &§¥F4HT4H : J.
R. Partington , A Short History
of Chemistry, 2d ed. ( London,
1951 ), pp.104-9 o

: AMERTIRAMIATT » 4N

A. E. Nordenskjdld , Carl Willian
Scheele, Nachgelassene Briefe

"and Aufzeichnungen ( Stockholm ,
1892 ) o

: &% % (U, Bocklund ) @& £ 4 ¥

£ 1774 F9A 30 BM—3HEP 4
Foft EARRBERT LA (S " A

Lost Letter from Scheele to La-
voisier ” , Lychnos 1957-58 pp.
39-62 ) BH{fEE KikEE > MH
BT ERA T ERTE AN R
FAD X ATHE R T RA o 2K 2HE
45 #7130 & BAT ARG ARIR 0 T LA,
83k TR R4 Kshdo FTAEI R 3145

~ 44~

BB o LRARRET £ &
ER AR > FAER e — AT RAL e
A2 > W ELE e R AVPT T R > 42 Fdh
RIRAFEGANRLET 2 AN
AHAIMEZGRFTLAPR o R
T R SHIMT ALY 8515
FIRPT R TR

: 2K P. Bayen, * Essai d’exper-

iences chymiques, faites sur
quelques precipites de mercure,
dans la vue de d'ecouvrir leur
nature, Seconde partie ” , Ob-
servations sur la physige 3 (
1774) : 280-95, particularly

pp. 289-91 o

: 28 J. B. Conant, The Overth-

row of the Phlogiston Theory,
pp.34-40 o

! FIATEE > p.23. R AEE X R R

SRR T X ETA R GEATE -

AT RERL REAXTRRAT

red precipitate —% o FF{ L» A
B R B R (FHiz: fpid i
ERGRRE ) RIETIR ; Mt FIHE
RIZ R T #my BB ARG R K SRR A 7
XFFE LA ; MRS RHEA T A
FHoBHEEFAHEE » AHERAL
FEMER+ ) FRZIFHAHTF R
LR CERE:  BRMET R
FERGEN : ) o

P WA ER—F R RS K KA AIME

HEGHE > AARKTWE o 2
RAE 1776 2 F » 2 R4 Y EREG
#ie Pk T« Iair dephlogisti-
que de M. Priestley ” #93 (¥t
;i 8)E A AL A Shid i T 46 0
e AR X TRENER )
( 48M. Daumas, Lavoirsier
p.36 ) o

FIE8 B EMpR



e L AN

: &B] J. R. Partington , A Short

History of Chemistry, p.91 o

P A M 43 RAH AE ALY R —TT AR

» 2B H. Metzger , La phclosop-
hie de la matiere Chez Lavorisi-
er ( Paris, 1935 ), »v2Z& Daumas,

Lavoirsier , Chap.7 o

: 2B P. Doig, A Concise History

of Astronomy ( London : Chapman
s 1850 ), pp. 5-16 o

: 2B L. W. Taylor, Physics, the

Pioneer Science ( Boston, Houg-
hton Mifflin Co. 1941 ), p.7900

© M3 RE £ E R R AT F

2% EFREGHREURREFRELS
AP R B ERE R REZ
P A FE 4 o i 18 F T AMA KM
X My AT BA P [ A E4
#9#3% | ( simultaneous discove-
ry ) o

Fl£+= » Chap.6. HAMALF (

Pneumatic Chemistry ) % #& A1k
¥ 69 el o

: 2B R. Wolf, Geschichte der Ast-

ronomie ( Munich, 1877 ),

pp.513-15 , 683-93° AWTAH
Az &, 0 MTE ( asteroid ) &
R, AR X BB EH (Bo-
de’s law ) ®H £ R MIHE
F—LRHZRE LETTH)ER
o K& ( G. Piazzi ) # 1801 &
BRsH2 OMTEZ 13 ) ( Ceres
) L — AT ZAREG R P —AT
EHREXESAZZIMAGRA ] (
hole ) #REMA M o RRHR » 1%
A X & ( W. Herschel ) —#%» KK
R MR BWATE o LHEHG—F
iR A E 1800 SRATEAR RS
(A B F%pp.683) » BRI ATR

hERRE+HEEFZA

E—4:

MEFRERA G

A —EAMRF B2 EFREH —
BT o R L REZHFHERER
RAXE £ FRARGITER 2R
AR KA o BAME » R K FIRITE
HIMREZRAMHESERAXEER
IR o

AMa ~ BTFRy Mok EREL
# 1896 FL 6943 » T 5B Taylor
» Physics pp.800-804 o Mj# % w
A5 AT 6 Skt 55 —— N 5% » 2B D.
J. S. Price, Science Since Baby-
lon ( New Haven : Yale Univers-
ity Press, 1961), pp.84-89¢c

N A #4588 A% AT F R— KI5 44
Rk B—FRAKAGE THFER
BEEGSR T o

(" Fe: AMNAt &893 F > D.J.S.
Pricety < A7 4 pdh 45ik » AR
AL — Y R » HAFE ( 1975
FIEITHR ) ¢y R% ( pp.153-159
DAL RERE o REGH Bl £
KF B TR R B AR
e )

BEALE

~ 45~



SCIENCE SINCE BABYLON (PP.153 —159):

In France, as everywhere clse, X rays tremained the

dominant influence. At the University of Nancy, the pro-
fessor of physics was René Blondlot, born in 1849 (just
four years after Roentgen) of a father who had been a
professor of scicnce before him. His carecr, like that of
Roentgen, was solid but undistinguished until the great
discovery. In 190g, the samc year as the work of Becquerel,
he published a paper that had sprung from his previous
activity in measuring the speed of X rays and proving, by
great experimental ingenuity, that they were true elec
tromagnetic radiation like light and radio waves.
_ Using the fact that a spark was affected by X rays and
made brighter in their presence, Blondlot managed to
detect by this means the cxpected phenomenon of polari-
zation in X rays, analogous to the polarization of light.
He discovered that just as crystals would tumn the direc-
tion of polarization of light, quartz and lump-sugar ro-
tated the plane of X rays and even of the secondary and
tertiary rays thought at this time also to be given out by
the Crookes tube.

~ That was on February 2. On March 23, Blondlot struck
again; he was on to something good. Using the spark, he
succeeded in showing that all X rays were automatically
polarized on emission, and that not only could they be
rotated, but also they could be refracted by quartz prism
to form a spectrum, just like light. Further, they could be
focused by a quartz lens. This was almost too good to be
true, but better was yet to come. He noticed, that the
power fed to the Crookes tube could be turned down so
low that there was no phosphorescence, and therefore pre-
sumably no X rays, and it would still exhibit all these
phenomena detectable by the spark.

Within a few weeks he was back again. This time, hav-
ing suspected that his new rays were more like infrared
rays given off by an incandescent, gas burner, he tried such
a source, with good positive results. The rays from the
lamp would pass through paper, wood, and metal, just
like X rays, and still affect his spark. In a subsequent
paper, he showed that the new rays were not quite infra-
red cither, and at'this point he christened them “N rays,”
after the University of Nancy, where the work was being
done.

In paper after paper Blondlot mined the mother lode.
All the phenomena showed by his fluctuating spark could
be found in N rays given off by hot bodies or by the sun,
and even by certain substances that had only been exposed
to hot bodies or sunlight. He found that cven the spark
was not necessary, for exactly the same effect could be
had from the apparent changes in brightness of a dimly
illuminated shect of paper or a spot of some dull phos-
phorescent chemical. N rays could be produced not only
from a body that had been illuminated, but also from one
that had been strained by compression or hardening, like
a steel file.

While all this was going on, other scientists in France
were flocking to Blondlot's banner. They were quite a
distinguished band of physicists, including the best in the
land, among them Jean Becquerel, son of the Henri of
radioactivity, and also the more dubious A. Charpentier,
who had been involved with experiments on_hypnotism
that were then reasonably thought to be quite fantastic.
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After Charpentier had shown that N rays were given off
by all living matter, another man came along and claimed
priority for the whole affair, since he had proposed years
previously that all life emitted an aura of radiation.
Blondlot had all the usual troubles of this sort, but this
particular claim was passed to the medical section of the
Academy and there left to lie on the table.

Once the start had been made the new field grew rapidly.
Nearly one hundred papers on N rays were published
in the official French journal Comples Rendues during
1904, rcpresenting not only the product of Blondlot and
his pupils and assistants but also of other teams of work-
ers growing up in Paris and elsewhere in France. Some-
thing like 15 per cent of all physical papers in the journal
in this period were on this subject. A success so resound-
ing could not go unrewarded, and eventually, in the same
year, the French Academy decided to honor their new dis-
coverer with the considerable Leconte Prize of 20,000
francs and a gold medal. ‘

As it happens, Blondlot had troubles greater than meect-
ing a priority dispute for his claims. As with the work of
Roentgen, physicists in all countries had been cager to
try out the new cffect. In this case, alas, it appeared that
not a smglc Eng]xshman, American, or German could
detect satisfactory results. At first there was just disbelicl
of Blondlot, and the effect was attributed to a mere opti-
cal illusion duc to the great difficulty of being certain ol
anything so subjective as small changes in brightness of a
dim spark or patch of light in a darkened room. But later
the effect had been worked on successfully by. many French
scientists in many laboratories. Further, when the matter
was raised, Blondlot was able to mcet the argument by
succeeding (as he had not at first) in photographing the
change in brightness of the sparks. This cnabled him to
submit quite absolute objective evidence.

With the consequent increase in perplexity, more scien-
tists abroad tried the experiments, some of them spending
much time and ingenuity in trying to get an effect. Some
few in countries other than France were indeed success-
ful, but for every one of these there were a dozen men of
high repute who became convinced that something was
very rotten in the state of French physics. At a symmer
congress in Cambridge, a2 number of these men were un-
officially brought together. One who felt most strongly

was Rubens, of Berlir, a pioneer in the study of infrared
rays, upon which Blondlot had dared o touch. Rubens
was sweating under'a command [rom the Kaiser to come
to Potsdam and provide a demonstration to show that
German science was not to be outflanked by French.

From the discussion arose the clear consensus that a
first-class physicist, adept in the art of detecting frauds,
should go to Nancy and pry into the matter. There was
only one man in the world who fitted this bill perfectly,
and he was duly unofficially elected to volunteer for the
job. The adept was Robert W. Wood, Professor of Physics
at Johns Hopkins in Baltimore, onc of the most ingenious
optical experimenters of all times and the exposer of
countless frauds of spiritualist mediums and other per-
petrations.

When Wood went to Nancy, he was regaled by a compre-
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hensive demonstration lecture by Blondlot himsell. All the
great experiments were cxhibited. Blondlot demonstrated
how a hardened steel file held near onc’s cyes made a
dimly lit clock visible enough to tell the time. He showed
the culminating experiment of the N-ray spectroscope
with its aluminum prism and lenses which sprcad the
rays into a spectrum and allowed their wave lengths and
other optical properties to be analyzed. While doing this,
the assistants had become suspicious that Wood was no
innocent bystander but had interfered with the apparatus.
They repeated the experiment, watching Wood carefully,
and suddenly putting on the light when Wood had gone
up to the apparatus in the dark an< then left it. But all
was in order, and the visiting American left amicably
after the demonstration.

Next morning, in a lctter from Wood to the weekly
“priority” paper Nature, the beans were well and truly
spilled. In the frst experiment, when Wood had been
allowed to hold the steel file near the cyes of Blondlot,
he had sccreted it behind his back and held instcad a
wooden ruler over the forchead of the master. Neverthe:
less, although wood was onc of the few non-cmitters of
N rays, the experiment had worked completely and Blond-
lot had scen the clock or not secn it in proper scquence.
Wood said that when he tried it himself, no cffect what-
soever could be scen. Then, in the big spgctroscope cx-
periment, sure cnough, the wily American had spirited
away the aluminum prism at the beginning of the experi-
ment and sat with it in his pocket throughout the entire
success. On the sccond occasion, when he had already
surrceptitiously replaced the prism, he fooled the assistant
by making as if to do it again but in fact doing nothing.

Wood’s lctter to Nature,® a masterpicce of tonguc-in-
cheek restraint, had a devastating cffect. In it he showed
it rcasonable to attribute all the subjective effects to
wishful thinking and to the overpowcring difficulty of
cstimating by eye the brightness of faint objects. The
evidence of the objective photographs, he also showed, dc-
pended completely upon the easily upset skill of the ob-
server in moving the screens and timing the duration of
the very variable flickering spark. From that day onward,
there were no N rays. A few papers came out after the
fateful September 29 on which that issuc of Naturc ap-
peared, but it scems that they had all been submitted to
journals with longer lags between submission and publi-
cation, and the authors had failed to retrieve their manu-
scripts and their reputations.

Blondlot appeared in print only once more. It was an-
other three months before the annual mecting of the
Academy at which he was presented with his Leconte Pprizc
and gold medal. In a specch which was the epitome of
diplomacy, the president, Poincaré, reported that the
honor was ‘bestowed for the recipient’s entire scientific

8. Nature, 70 (1904), 530.
work rather than for the N rays in particular. He added
that it so happencd that circumstances had not allowed all
members to acquire that conviction in this matter which
could be lent only by personal observation. It was per-
haps a belated attempt to acquit French science as a
whole, for though somc individuals had failed to repro-
duce the experiments, the movement had been too large
in France for much opposition before the grand debunk-
ing.

hERELTREF+TZA

So it was that French scicnce suffered a mortal blow.
It took all the prestige of Becquerel and the Curies to
cffcct a restoration of morale. Perhaps the hero-worship
of Madamec Curic hersclf was in part not only a tribute
to her true worth and her value as a specimen of scicntific
womanhood but also as an analgesic at a period of trau-
matic shock for a nation so sensitive to honor. Poor Blond-
lot was not hcard of again. He reached the age of retire-
ment from the university faculty soon afterwards and
lived out the rest of his life in Nancy, dying.in 1930 after
years of obscurity and ill health.t

Perhaps it is good that scientists keep always before them
the banner of past successes and prefer to forget the few

4 While this book was in course of publication there appeared an cx-
cellent analysis of the story of Blondlot and his rays; Jcan Rostand, Error
and Deception in Science (New York, 1960). pp. 13-29. The only previous
accounts had heen that given by Cohen in General Education in Science,
cds. 1. Bernard Cohen and Fletcher G. Watson (Cambridge, Mass., 1952),
p. 87. n. 19 and in the biography of Wood by William Scabrook, Doctor
Wood, Modern Wiwrd of the Laboratory (Necw York, 1941), pp. 234 f.
Blondlut’s original papers, translated by J. Garcin, were published in book
form by Longmans Green, London, in 1gos. Since this story is so worthy of
prescrvation as a pathological example of deviation {rom the single-minded
way in which the cold logic of modern scicnce is often thought to achicve
its gzals, it would Le worthwhile to pursue the facts a hutle further. Blond-
lot never told his side of the story. He gave his prizc money (o the town
of Nancy for the purchase of a State Park (which still exists) and made no
public statcments. He might well have thought that Wood’s dramatic
treatment of him was unfair and not in the best interest ol science.

occasions on which scicnce has taken a wrong turn. The
historian, on the other hand, may lecarn morc of the true
spirit of science from the pathological cxample of an in-
glorious failurc than from any normal progress. There
arc, howcever, not many good failures to talk about. That
which springs to mind most rcadily is the story of phlogis-
ton in carly chemistry, but here the nub of the business is
diffcrent. Phlogiston was plausible and, in a sense, in
keeping with available obscrvations of the chemistry of
gases. It was a rcasonable cxplanation—until, as more cx-
periments accumulated, the properties of phlogiston had
to be stretched so that it became so gencral and all-pervad-
ing and omni-properticd a gas as to be uscless as an ex-
planation.

The curious crror of N rays is much more a sort of
mass hallucination, proceeding from an cntirely rcason-
able beginning. By no means can it be considered as any
sort of hoax or crank delusion—it was a genuinc crror.
It mushroomed into a complex that could have been possi-
ble only in that short and glorious cpoch when physics
had suddenly found the first great massive breakthrough
in its modern history. Out of that arose the whole science
of radioactivity, of atomic physics, and eventually all the
material of particle physics.

Oddly cnough in an age that has produced the new
wonder of atomic bombs and energy, many physicists now
feel that in some ways physics is once more near a point
at which the end is almost in sight—for the theory, if not
for the world. The present maze of fundamental particles
is getting to that stage of complexity where it can be
resolved only by some master stroke. It scems likely that
such a stroke may also be closely linked with the basic
problem of establishing some unified theory in which rcla-
tivity and the quantum theory appear as scparate faccts
or consequcnces of the same simple thing. This, if effccted,
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