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Notes

(1)

(2)

3)

See R. F. Hendry: Approximations in quantum chemistry
in Niall Shanks (ed.), Idealisation in Contemporary Physics,
(Poznan Studies in the Philosophy of the Sciences and Hu-
manities, Rodopi, Amsterdam) (forthcoming 1997). R.G.
Woolley (1976): ‘Quantum theory and molecular structure’,
Advances in Physics, 25, 27-52.

For details of arguments against the single system, see
John Dopre (1993) The Disorder of Things: Metaphysical
Foundations of Disunity of Science (Harvard University
Press, Cambridge MA); Otto Neurath (1987) Unified Sci-
ence, Vienna Circle Monograph Series, trans. H. Kael (D.
Reidel: Dordrecht).

For a further discussion of this point, see Nancy Cartwright
(1993) Is natural science natural enough? A reply to Phillip
Allport, Synthese, 94, 291. For a more elaborated discus-
sion of the general point of view mooted here, see Nancy
Cartwright (1994) ‘Fundamentalism vs the patchwork of
laws’, Proceedings of the Aristotelian Society and (1995)
‘Where in the world is the quantum measurement prob-
lem’, Physik, Philosophie und die Einheit der Wissenschafft,
Philosophia Naturalis, ed. L. Kreuger and B. Falkenburg
(Spektrum: Heidelberg).

\a-



ouotadl Jundll
£S 22> JI g Jlad dom mo Sibsl s

2S5 b

Al oy e ol d Yt alle ol Giel o s dilad 3
Cailys ] LR (S Limalpaal cooly of il Ui ganls 5o L
LS — ] o) cgalh a3 LSS o Gl oy 10 B, 18y — slaasS)
ok 2l ds eelisadll oled Jf Ll oSay sbasSIh cnilsd ol el
(s 13 o 3588150 ouilal plins
SUa peanly SN Gl gy o S0k s2as pe Sislad il
J)B5LT clslss adlsll 3y ehagu isBly basie (e b Lay HISe3
et oAl ol oS daball dueill L NS & 100 J g dans an
WY s Olagie B paal (Hls et Luilall Liallas sie
Apunlind 85 30m5 - Joally S50l allall Gada Lasd (ans (e Lagunas
b plle usmss afy Sas sk dSY Ll LT (e Sai Sa
Lali o — Ul e Gl 8058 L8l508 Lais luny dauss LIS (e
Sl of il Se dordgl) dhlil) Pl G Ll — (i
3 1S 15 Lae. J3aall ol i Zuualy gilas ayme o 280 5l
collaadil ol 13) dads (iae W aad ¥ of a3lsH ae 3ilsm bkl



Cesliie (e pllally 5 rall Jiall ol

dsadll § pas BW pob Ul soun oaesl] YRV 13s (ol
s e Audladl o7 @ Lol Jiams (Bt Lgus slef il 1 o
o LSl aally Tamsll Alall ool S5 5f OR drany Lasd
olsal 3 sl Gk oo Buaay &l Jae 3 Bga 1550 Llaall iyl
JEaY e slyay dals & o BB, 8Eu e laud J8S Dasl AU
Jasa uasdl LiS S el 2 A4 gl

Lsall e gl Al AaeSl Ludlalls 350 aid (e Dl (S5
il Lamsll Dal) eguingld JIAN1 axd omall an Gy .5 Lol
e bl ase ;-,3;; Sy Jaal Al pse JISaT oo NS sy 40
t0pology Limglsssle @ Saad SN ol of &l ae cilelinh J¥a
oo s onaiobll 00l e Bl ¥ ses of s oS8 G
OSa3l @ Chdlall claiWl G Susy bl ase oF aedy welld
dsme of daple GEU LIS b oS) s pus L G palil
&) Hamiltonian evolution &;3‘911:\.“& ookl Gigas o sliaddl 1ia
Sl 3 ogngn JIFA] ssag J 3 ol bl pue U 3 S o
L G pals pl sag, oS bl Lgade 3aall HIGY 055 Lay,
(ool JIEAY Buay (e nall LA (e bt dlads

IE] G oaSs pmsudsll SRR jag; paa elyy siladl oF gun
ALy Bl iy Taadl Chaad Lilla o ZuSll yatag b e
) el Som of lseadl sapadl Bgeall JB G oda Ll &
JISSW ol sags pe) ob D aay LSS il Oy (A 0leS Lsal
650 oSall o oSy o il Lot il 8GN iuais (IS egunsld
IS 81 IS 3] Bl ae Jelill o palill Il A pae oo Gasas
Lala angs V1M Gadug b dlad yedd aabiun Judl ol il pae old
bo AS dae o esasll JIESY Sy o 13l Ausl) Zpital
25 o b Jads of gl ol dhused awli xS 853
&Y

\AY



£(5 > db}';‘ ‘;.‘LLI i.‘x_efc [CAPN 3P

Lo T35 Lesisll JI3a¥ ul o1 @ &bl o, dan obia
Sl JYA e Al il clisall 3 08B Gk oe Ly il go
o o gan OS1 Al Jae @ Lousdie conl ] @3lsl 3 283l
(el YNl @ aiiel oS o] s s s J] Jalne 2 e
oloshia e gsias all o Hsuadl O pubaiad Yy i€ cond aulallyy
balill pue e Gegpll JIFESY Snd (S (S LIS dapus dysae
oS sl uﬂ Jelinh pabius ol Gl Agiae il 13y ol
:Jlj,:sull O oo sas! BN daally Zuliall cbleal) ¢lya) 3 oA
Jaadl o Jl i3 Juss Ludss Y Lo By Gogpd and esudsll
sed goolt OF ooy aiiay (soal By peldll Wl pudd ety
ol . isneS Slga Jo GlSlas (Sas Yy bid Lall oKL Lol
(ool puads gesuall JIZEAW Sy GBS s, puag ol cllld Yo
dailadl oy 341 el of JI i TSy o alilas o Gils )
e Logins 0sS5 of o0 ¥ il ,aT 3af dull

Lols — Lol Suay Losie 2Lyl pons Hadl dond s Liia
Luals g goolt Ol 3]t oo — Lol el 5aall alay rasall
paadl s nadl Ja seeb OSel 3l ol e Lgulid aubsiug
Shels dasll 138 Uo Les Jsls Ay Laad 5S35 o d32 Lol de ge
gﬁ\ S e waast o Jiasl GG eigg,y asme il o @lay ey 4l
SSal BlStan paad Gaw s,f Yy zoladl oo lgawbis (Ko @al_-;. axd
BlSlae Jladt cdsll § pabiad ¥ oo oSl . SpeS Slen ge
200 O W — bl sl G sas gl LS — (gl oSA
ldf . olsaadl slS3y gl sSAH G Jual as agay auay L3 s
of amiel Yy (o M Bags oS3 LlaeYl 3 s of W G 6o
saeS Slga de Ga M Buga Fo BlSlae pabaiad W3 el o 4
Giane Gt A 090 N Ao ols i 51 lagd Jasa adlas indy
1 Jaadls

VAY



St asia e llally s rall Jaall el s

skl Saay O GARR Ge oIS () kel slEnA (s
L) il 3,500 Zalall =Sy ool ad) J) G 350 o oo
Boadl) cundy <SSy SLlgsadl o cgsell g Bl o ells 3
Sl Jus dais 8 o) Js3l 53T §re i) Lualy Il Blall Yo fe
a8 e slill a5 PN Gl dilate duadl oda o) dus dle ol
e S Lua bl Uy palall Zlial La) deludiwl (Sas 3Ll
polae GaBs elal Lol G wuSTiILy gty Glanls caay Glast 34
2>l G smes ae 8T Y U daslall @Al 3 oI oS3 il
d oy dam sl Dall Cegunge I55a0 s o o las Lgeus Al
Jead¥l el (ool (W ool pandld (55508 @y 3l Joe 3 150
s it it



bl Junil

D9 p=>9) )

@by sl e UK (g aisy Sial e el o gl G Jgrane @
O JalB sae elag] @ il Al asasl I litastl Glay iy
Bas o Ko La.;h.,ul.c.;)l_ew «Jo Laady Lg_d.chuUa;BLU

Pyt il e o
aiel o AL 15008 il oliadas sl il 1 pges Al @
LLIEN 25 Je 5SAL — Gl s ey 8208 daod Sasie Ll
2 OIS 13 celling Mlaall Jaadl ssmin Jglal ey, (il (g — pulial
(oaEll LU s Dlial) daglt Sl e spuall dlia o Jf
Linall Loall play of Je LT Gl Lls aae 3ast LG o3
el oSl il isylae dailie das W puly Jpw sal
J 5T Bsm Bliadl syay o aiSas by lual o S5y 53l 558l
ol Gine Jusl J ;JLA 52 OIS W alal) 3y duelgll Luliall
SSI cadasar Bussdl aadle ola ol 3 sl cpedlh ) Llaal)
(ST Ldelsy s Lw) Lol daladiul ooy diimall Liysll Glay
Aol ol Riwse Ssums guluadl (fie soal Llic jalsa dua,lal
hiilie 3 Jlaall Coolul fin aludtul aue G canally . aa¥l ol
Lo o= Liaia cloglie 4f L puds Yy «JolSIL duabis dansde 53



Oaglaie e allally (s rtll Jaall shy 5

13) 03235 o Lisle ola3 ol Ll 2 R8s ¥ say (ool ao Blas &say
Addall el ulud 33-3‘%-&?3 of Jslas LS

(1) oSl oo Goall his Siae Jpw 3hie of SUL e
I il § Lgs ciaiol A olatbuall ceadiol b 13 (o)
Skas (V1=VY Sladeall Shadows of the Mind oS LA lal)
Coas g pad ¥ eoll DL do ¥l O pn s § o ] s
o ebudastt ol CMJAJ 2Ual S5 o LISl Nany - oluwat) Tady,y
By -oluadl JN2 e Ll Leal) J g gll 0Sas ¥ osll daa il a2 Y1
SSY Ll SNSal Ja Uglas § i ¥ Suasiliu] 5l a3l
oo lasdl 3 Al ST oh Jae Uglas Jy cdlall 0dn 3 Dgaun
G oAl sbadh ol aiSay Il el3udll £ 53 agd Aglae JNA
Bl G Gedl OB Il (ely o IS Taulss st o oS
3 iasg sl oda e i @il 58 (2)s (<) o (2)s (1)
ol ol e 3 (g din aBlgll § pudill Gaay el oS 4T el
Jmu cdiad Al Lbaall slalaill e @ Lajlae W i Jylad
olalaill sia ol o3l o Ll @ Ladaiad 13) Wl el <t
Jiase s Gslad padla woand e 5,03 ST Baie puaiu 35,0
capaadl 5aaill Gaga (o Gail fadll Lol ) Uy

QLS aliSss s M Lanbye Yo sy J) sl ol cslialiel 3
@dlsl 3 .a5K5 Ly BiSEe Gl @1 Liisge (Shadows of the Mind
ol stiel o) S cnadilly aliSgs e ol Ldudia Uglae LF Juul o
Adasiie La8le § Jsaall caanlil) 8L oo dlae § Bl clais
Lo aligs ololamst o Jf sl of (gl dgag oo cdalid apyl oK ads
ol Lgd puds ol Y Liols diny S8LS W8y ad pllon i ) o0
3y Loyl al ol § Leleln sl QBSI el3al 86,8 ge Juls
LA Slaalll Go sse oyl Cig socls 5 (A3 ASY) S
s caad of Jaly daunis €T 5, 5uns Shadows of the Mind L(S)

Van



D90 =90 W

o amiel @alelt 3 lglan dals ge Ll Cel Gl b pe oM
e lill o Tl days Je rwlal Ly cugarmy Loladl dunill
Qs -ped Lgie LIASI 3 Gasuie Goan oelll pans o ae slilly
Lusy dagain Walae Lo o3l Lee aalsl o) ) G daads
lpags 51 Lonn Jalaill 3 Tpam ulill pny dgalsn yal Tewle]
3l elsadll o 53 e W3 dage laglans Lay3s Ll J deglt dagilly
L pady o samy 1aa o as (ool Bralls Gulul iy ol Jaiall ga
sl Lty

il LS Al Anlalh b s Loawlad Zium, 35 il asse]
S8 3 slgw wagiols) il caall <3 pse olay Gpn oo ne als
2l (a9 .Shadows of the Mind _ U< ! Emperor’s New Mind
S5 Ush dlis el Yyt Jaall 50 i3 sl (goladl] canadl
:\;L, dagie & ;,m Lpamgas 3 Lalall angsly LS K ua oST o
ol 5l s swadl Las _panpsychism coudil) Jgad aier JIS
Galaill 3 Bufe i€ JUlby Jaoiill wgilyl duwls Jas o 13l
silse Of el gie suay of GHIGT o 4353 a0 o of diay e
bl Ll o i) axial of 0 p ¢ Ssant anudgl Lae 1iaas st alall
Loy JalSl plia¥l pue Jf Go3a 1ia masy e ligs Lols Susne
230 3 & oall

lpudse Sl e@ianll anginly SIGEH o sal (aw L JS e Ssile
B G Y el 3 Aaias gusy dols diiey kil &Y
e ea Lae fia a8 ad Sy 1a oS00 i) sl of i el
blaall o¥la o § Gae il Ol elld J) BLaYL ad o g L]
Ul Yol aalS el o il Jiall Suag) Loyg s GUaill Lol

http:// :gashl olsie 3870 b Slas] Gasds ) ge i N1 dall Je Jguand! cliSa’
ol of Brulis degidan daus (W aagig psyche.cs.monash.edu.au/psyche-index-v2_1.html
(VA8 G S

VY



O2oglaie e pllally (ol Jaall eby5u8

alall fo (GBS e o @ dalre S5 ) T ey drane duS
oo sl amiel 8 oS @ G globail dvlasly Luliall s o U
QAL‘,&,;A?;@T@;_,LMLW Juaih 138 e e a3 (55908l
Qgasl Wb ( gesuiol) JISAM Sus S Galiad I Lilagll dyldall
Sigam 999 LB (@tiay Leiulsgs daud 585 OF i oS ks
e 83lan B gy Bilsie ualatill Jlo JSaa ae Sl pwly cblas
W — Al 3 Boa LS — aloglall Tallas Je 8,uill oo Cpae £ 55
ol amtely Asale 85pum Livia Llic ,els o LA o (155
il Laa 1a oS sa Yo L s (o 6T o1 ) bads pm s S
sia olal LdSges dalaie pudgl ol e plail Lalel o ul )
Al Glilss Je 5 aSTL Gias Uy oleganyl
SISLAY Gaay dba 68 oF oSar 0 o Lo 3ilse 05
Basas oL o Gipaill J¥A e lpde Jpumall (Sas a0 Zagll
SN SIS 13 el ale o S duyad cULES]y e
of i 03] dgaas il elgll ASEI olilel s dage LucS
ol @ das claslan o Lidall 0ds 49ad Lo G L5, @ Tas
o baaidl ia G — ol Gopall a3l o s ¥ (g,al Laal (e LSS
LI ol augy aslll J) Juogill 3 g ¥ Euas — LasL
O 2SS Glagial Je 8508l Galy cay Jad) Ol Gus Slaedl §
o3lal (S Uslian Lawls ojylad dlis 5 s<5 adi 1 pe cilaay]
Loy qubally c¥laiadl sla Jie LA Jadll A8l Ge o5 adg
s Lagha] oSar A A sasll =LaaW e 5,30 plol dllia o5
' A ol oAl bls,) ST 85 L,
28 (SIS0 (e ebiln HISET agie Jo SlalRel § 50T <3
S Lo Uitls oI 4185 ,Un) paasn (oo g gl Nimg ccabaa el dous L
vl O 3w Awhyull e w3l aelian] iy &l asely  Saia
03¢ lems Aedy casliall 5 SHAIL pranil oyo g il fan o 44K Li3Ee

ARV



D903 90 S0

oo sae 3 LS — paanill s o Leasaf idiols diumy 815 18 5 Sl
e3loll 35S — oS SilShe (pread) Luudds Lol (5,331 palill
Loaaiul) Waiglt Lajliels oSl Dall (o Yo GBS Lighuna Jo
LU sliphins slind Ky Loball oS K000 § . x3lgll Ciuny!
leduny oS Sl ujall ediadlh oF LS cconvex set Lune degena
8 9uall 8in a..‘é&:j Aegaall sla ygus Jfe Buas (5908 aaly dalay
cnbs slad g a3 dae 8 dogane wad gule cipdia sliad (e
Lshuaor Lolall &0l I35 Y celisbia aaaas 3y - oSLll diiffiay
Gio (Sar golal i i cladl sgag ou XU Busmpe (ASLESI)
lisms oS paanill 3,55 o L fnn ol i) il deganl] (3
Oladd olas GIAIL Lasl ol LS Grgn ol slai asgie oo
o ol gan San @S &l (LS,1-L00a3ll) JSal dab 4ol
dade pliiy Bdiay o aaY oS0 ¥ il 1ia clew gan] s oludill
calie Uls daiey his Bl g5 all o Y« agd) ok Al
Liuay Lasle o<l G,ha) LS, LS ol J&, Iaay .l yall
sda ol Jhaall o ks o Sall o caalallys LICAI ] Jals Lals
By 25Ky SUI U o oSBT pns sl conall o SLSIAN
(oS il Jo Luulul Lol dli aey Lgie alaill Lule gpaty
}Km ol el 1883 03 Jaa Slusl areas sl sl el Gl
LS Gk 3 Luol
Pt SIS Lbodll 2 Cilsad) of ey Lol &6 basi
raie ssagl iy bl Libee J5bs (S Lgws o i 2ad(f) ol
Juadl EEmperor’s New Mind S jlif) Lo Sausie o) LbUSY
chibia L2 § g0 ol el 130 of (o ¥ 5 cadlsl) G (ol
Gk goalie ady ollal ees e el o i a3
e ISy @S K0S Tl selyill NS o Jud Jusi]



AalBl) oI & 00 e palill 8da jased audaid ad 3l slasll el ya)
50l (1S5 (saim ol Rlle Lal L (ol Ciobial o (U1 g
@loll G - AU Juodll § suilul G pgiall suall il jLaa) Yo
3 paid L,_,L, Lasy oSd (Y i Bugaas olghds auiis Ji35 Y L)

) Sbaasy Jeasl 5 S8 Jastal)

Sl HlS @l he oyl

Shadows oS o] ciraw Lodic (shbily) paaiilly cpad Dlaall §
I iaie i olsuill dlubu & ala ya3 Je (55 35 of the Mind
do lgnias § @b Leall el I 2ulsS 35Sy 2ulsS ] o)
Uglas Lule craty &b ilate BeSa p85 ouils ol el pay .o 6SH
3y -Laslonll Gy sbosadll G} 3 Jaally dalaill Auil e Ll
Y Laglgadl of Jodt ¥ wSlIL sl dy0 maagl o auls conall lia
oo o aiiel ) (aslsll & Ll oin Jsbi! Lmbt:u 3 doge il
ool Olall e Cooul i) xil ol asiag of Jasall
dhamy g olld ol lia gay (Shall cslall e oolaiel e S
ok On S Bos5 58 ialy @ eebinill e anBias Lo ol Jf Laba
) el &aaaw e

Qll sras Lo S Gad J5LI Ge gt 13 oF paal s
i ol La Slaed § 385 of e Gad o)liels — puils
3 Lliall pgd § qguladl 238lh a5t Yo 5,00 Ll o Linglpull
Araddll g 15 dgag (o OSall (e (S5 93 dadall Gy - pale U]
paius @ill el (U e Gaslon gl gl OLS dllia 05K o
SUS (8 BSn (155 ¥ 8 S -Jlall sl B elim oy prllasne &
b 3al) Lbaadt e e boad o Matiie ol 13) Gely 0S5 o
e L3l Yo sl



D98 20

@ub e olas BULY Jo bl o) UL (Sl g

LS elsuilly Lmglyadl 0o ol o GAAM Tl 3 s Lasd
L3l s colegiasll sds olas laaly ciige 83330 Lt LT )
3 Gacluy ells OIS 13) 280500 allue Legll of o Lgsiilsa gus
o el Je SSAN ey Jar sJlas g6 elld) umill 3uias
323 & «Opmslnall punly (Gl sadll 4 Buclun o palatun crae
dl w583 Slalsl of aatel 5l Bl § «SLrese Gl eumill
S e iy 6 Lo aesly cm i el s oo Tipans 36T el
Wb Lobsadll patladdl (o de dlaidie A1 G SLSS e Gan
Boges Lranlly G3lSe Sutall Luall eIl symy puis 3o i gnsll
eblaal ol o cas @ Baaly 4l 8al S8 fo Lol yaiuly 3aus
oo 8BS alabue Jo HLAEN Gas Lgd Jdaad Ulall sda § a2l
sty of 3 Laall LA e YT Bae u,mu Of Jaiall ey Al
Wb Qlals Loy o) Laslen olS s J) 2lad wigS Uls peuly
S e 3,008 05855 — osbll SR dged 05S5 Lay, — Tl
JEN o 1 ¥ il (o AT Bl e spsanl ilal) ohus e 550
Gadacil a*ag;‘am,s Al uag ¥ AN Gl as 3 S olall usal)
Loy Tl U Lo Loy gl ISl 0555 of (S woplial] S
O 90 — Eccles LuK|y Beck ol o JS A8 LS — Lggad
AL lal) JSagl dsall sl ol gan <al G sled Wb
B LS5 dlia 50y Layy -paballs Bte Ll Basie pailiad
JLSaay o585 AN (LSS Jie) dais GubEll lia Je afs 5,
AGY Unds crand Lgus el A Boseall ol uils p A&y 3 guall
Loy dgily (AN 39 suall el o Yass T LGl a0
BUL sase oLl LN e ST plad Gadiad Jlaial Je (gokis
¥ ol e Galsl By - ompntl LLASW Gosill o waall ssmy JI &
S — @L<y s,;mn o SRR bt o Jus S Gale Ui



Oposbie Go allally g bl Jaall ol 50

Jb deasith 23530 Y5 — Liay ol U1 puin T e ¥ W e
ST sga Ul glisy b i ol 3 toalll cdsll 3 Basae iylasd
53 M S all S8 8 3m S dpas ISYI il das o gun
Lol el aall 1aa Gy alladl J) dlaladl B3l 3 daals slojudll ()]
05Se a3 LenilSe Luals § Bl dlbia O Yo sbindll ) LS Ly,
pladt Jsa Ll oy ol Lilaie Lol 51 05S0 5 LS iyan 1o
i Ll 555 Loy, Lpapalls ool LSy & 0ssdlsadl) Jolay
e 3l Lasd o ol (LS e Lgal RBL 3laty Lass 8,08 3,90
Lo
liag) Slolill (e pae &dladl &80 5aall Lokl o @il o5
Al 1S I3 Lay,y sbadl) o 2 A 63 130y (2l @ puaaa
Basge 8o J| Juagill I el Slesl catlisadll Gaa 55 a3
S Lgay (@il A58 (Glaad! o 3y dBadal adlsll 3 Ldah Ll
Alalt sda Jyls oo Ughadl oo alall Gualy i3l of Js8
2350l @ AT 03aS) Ll ;as,n oo 1STe sl Lund s Tiinys
e JS L3550 jeme oo aan ol J) dals § Wl adtel ¥ dwis
g 3 w2ee il 4 aldll Be allall Bjldel § ausdd sandl
slad¥l 1aa ,laiuwl adsil o3 8 Lliwl s)ls Al pall olalasy)
e oSl Buys GCSas Guas S a3b 3 o<y il §
Lokl uier @ ol eradl opel Lo Jolins Lses (oYl -alls
el o pandl pudiin M skl waaslly Dasdl 4505540
Oo Llad pife pé sad o die Chuasll pralad)l (oSl oSl
O o ¥ Ll BN Llall dgas 333 o o5l aubiians (ool dgag
Sass bl 8)5ums (388150 12 B Gluad T Lol alaks
s — L8 oo oda Sl dgays) opdlide ugis Jo Lagialal
de G20als 555 08 Uy (O Lgie e AN S gy — (1RSI
Sluwladll s sbuj) pe oSI deuld Slgiw Baa) il i e Jas



D38 50 S

Ve @ il §sSow msinll Gada o Jualdll aall SLESS) Gl
Gkl 055 Lass cJualdll sall 13a ae Glas Laglall Jolahi i
Lo o dowls §ysma lisiae dinglondl Slashill pany aSlus Gl
Lad oeSs oY Jsbatl o1 Lassl ) Jusldll aadl tis fo Eany
o Lo gn ol s AL Gyl Gt aad o adons S 13
258l e Ula Lgsls un 3 elsudll colS 13 Lo of dac e oasb
LIl layt aSBIl st 3a Jo &0
Sens Jadil Baaiwe L@j @b ot e LElla) o3af Al
o 00$ Layy Talapll sda wie sl ol 3 AL ol
J) L3t e ¥ Laslsadl OF e Lasals 31 51 o faaly
Led daglae ne &S50 Bayae old5e dlia §5S5 05 (ulally oLy 5aall
Jalaill Jal fay Zusglgull cleghaill 3 st 1ia sic dage Llsol
Lhaall L8050 ool paas 2l o Ga — oleshill sla e
Gilag malie A dleall Lalill o Logrd 05K o8 — Leslas
Las 9 ‘Z._GL.&;H eallaly Lo, el eleasll blal K
Bogeay BS5e duale dallas wudl Jal (e Bupaad) Lualll LG
O o poll S bl el 5aall Ha3 dgag oo Bélhal) (S AU sEne

ol Zus Luadl sia olad Leise cul il il oSt st ol 3"

o oAl o AR 1+l oo Do gihe Slagliie pa Jalaihl pdatad ¥ 3 sl i) o g aliasn
Lo! o308 cuna s Lasaball 0pl98 20IS 13) pilgll B 13 B el d (55 8 gl el Bl a3
s e G Je i () 880 506 pailiad ) S0 ALLEN 12 atliaddly Gale allall 1S 13)
Dians il 90 Lells 3 Byl (5,53 Jalgalh nan IS el 3 555 nally (9 T Y1 il (s
Jods dalsat) ohﬁngé@;@bﬁjy&&é‘,aﬁgﬁ

1 O (res By 520m AU n 0l LaS L3 $30 03 Sy s 665 o ikl el g Lo
Ui 5adl0adl yo £ 5ill Vi a2l Gy plalh 50515 L Loy ol 30 ) 01 55000 Lgd U
LU Basad s § g 8ol Gias (5,5l 51 A sl 1330 (6T Zamgil) a0 e Lasie (S 5
SN Al gl LAY 085 Bsle 0 0ol Gpie anly pI5YI Gl (s camy o pel e
ouly spball e 3K e e Spaadl pladt f ol adll 3 ALalSI g3 o gandy il il gl Coatlad e
Tk TGS Juad¥ e sl el 1508 Ladl gl € 5 olas UidBga s o il a3 130 5 Bt ge o glitin
ouls cJadll agm90 50 LS Souall plall 5o ling LiSls § Laadloll labaith il J) 130kl i3 511 1ig!
w0y g Jadll LS



Daostie e allally (g ) Jiall sy 506

sia HLE (aSs 50 (5a58 L uls w3 L glgnll cleshill (gaa] Jualds
Colslll ilS 3] Leals Lianall 45k 5aall puledll @ G685 O (oa4dl)
Laslondl paibaddl (55 3] pagadd! Taa @ delS 45054l
i Sal G gu «@ilsuill atladll il

g ALalS ol dpwbdll elosadll ilyd oF S35l ) e
ok L Zaae ol Lol a5 Lo dia (e Tyl cmpun
Gl 2l o) L sl 5590 s e Ao 213 0555 O (S
30 JIBS — R Llaall 8 Suan LS o g 55 (0 3,380 w92y puils
O Baliall Ll dgay Gy -Aunaliill SIS 10y Lualadl — DLl
05Se oF cSay S @5, Liaky daadly Llsde Sgus J] ol el
Alytiall oda duadly 3 Jauls oF Gou La Hso wan qeaglsn Taul
Tl Lol o1 pesl S0 A0 500N L laall pusd ey ad gall LS
o Gilgie ol i) B30 Galall R clpad) of Sum wclli o
ol and L Basad dal ey S Bask 1) U sl gangll skl
oo Ylaaf Lipllaie é drwldll @SI G530 (ggumsll Hohill dile
S bl Sl dgag s AaaNU e BTl daualyll GElE)
Aalide olsjus c¥laIaYl e sae Caala g 3,k e daleldy ol Laas
ol amss ¥ o oly 3y 3L AR dal Jhiw 6,30 Lol Ge oS
55Ss ey bimslanlly Loilin S GT (&Sl 306 S sia ol & el
ibluy Jolass o aubsius cquier oo Gl biail) Lanbs o] JsBll
Llle 05 of @ S sl umbu,)m gay sl 1aa pa
‘ sl el Gt Jaily

S Liaslondl Loale agil ¥ Lol 5L (g gunpll 13a (e sy
;b) eleasSl o LT Gabasy M*y&b eolysadll Lasll ool Y
S5 a3y (oadall cragill Gia e sT slas) wadl ¥ Akl sla
sl of oorsbion ¥ agil 165 o ellls Gud 5al paadll J
S i panb pd Gl Gul 1ay (ubidll 3L Leatlhy (sS3 Y ol



D90 =290 90

ooy Lokl Buaiuns L5l & ) Liay ciasd 3l caonll Laai Je oSOy
0S5 of oS Lo Jgm DSEN Gy ks GBI Jund) 385,11 (o 54f
o Biles sa5 de asf glaiawl 13]y . uball ALEN 5@ ol juill aude
Lol Guslas ¥ (Sl chaasloaidhy aple 585 O (S Lae 855§ pads
sda po Jolasll 3 saddl e oaiaw aa dgae Il el paintl
i 93 Je 5S4

SRl il ol J5laall dpte) Lo g1 adl o (9e
reads CJLJ Basas slias ch_l.lm_\ull.ulcu_a.mml adiel 1l YY)
a3l Lagd (S 2l e Lgningl JLaial ulals 9 el Gale
RISINIE mbji Lliall Jlos ol ol ¥ Wbl 5] pgarts il
Lissdsuall o HLaedt 3 sl g pllall Ge Bladl B80S0 5, sull
el ¥ ) el ge Sade Bpguall ol slial e Gl cliasSlly
Spall 23 Gn 3m gl ¥ S Liaglonll i puliad iS
Lgmg oy O wm oo s 3 ¥ da oy sbadll puss oeu
gsiad oS I bl fe Sadiaer Lol allall e s3asl) Lk
o) 1ia adlgll 3§ ol il Jo Lslul) ddEall e jslic o
239l & JSY Yo Bnsll 130 31 S il slallall ale yad,
) IR

2aS 50 s e o

&35 dl Ly o5 Lagll jlail e 4 Jsn i lialas Ja
On aguier sbisadl) o] Jss AN Sl dgagl 1ge LaT o6 3 o
olh S il duwlal) Z;Jgn 20 5gd eclld may Ailide agle
3 — degd wablel U s — oidll 3G ¢ oS balaill 5umyg
paad G a3lll 3 0 Y S Ll L,;uf@ Jotasll aagis
il HAT e 3 (Gaad goamsll jolaill o sSy o1 LISy 5k sy
L0 d3sall 3okl Ll oS 6S) naae — Guans — U,

Y.o



Crosie e allally (5 rall Jaal oly5ad

O sam oS Geliand Tl dgud aad U1 Auilel oo GBal
Lo U Toaisgl Lusblill we Jalaill IS 0,80 06 ¥ 08 ol
e o el dlass

Uls o) pulaian suker Al ol ase of e 38050 ¥
O s il Aall .Iae\j\_ﬂ-e_\c o b Ol saiag ilag Shs
po i paliill e ¥ sias sad e bl Ul § Dall e
sl e 05 o Bl (Glie) puase LiaS dapliie L e f) dndl
99 SI - sepasll JIman At allas of HLaal Als 3 Joe 358
alls Jie) =850 sl wyme SIS o is oJIESM sl o asag
S5 Al § dalus St AN 5L (Luleadl (21,8 JSI 51 FAPP
L 3l G g ¥ € — (gl hde sl b — Ly
LK) Ggiuns iuny g i Ulal Goimsll kil aile o5,
Wi e oLl JI Ly ghdy el Qida § celld oS L c@aalslh
3 ogd ams ¥ & G — BN Ladll 3 caayl WS — dall
3 conly Eie 5l Lua dodll =3l 1) Lo oS5 LESH dgiina Chung
slly Blall (K15 Uls

50 (OR) equasll JI5aW o1 o pais g3l o lA80 3lats Lasd
G sals 3 3o o aSBIL G ol sl Zusladl ot so
Sgam 59 Jsme o [Olesl] slimil (s dgale Al ol pall IS
seuisbl JI5ad Dalaad 065 ol (90 0 USBL) (KT gilaale sl
3 Aalial) Lula3l L& o Aaldll slilul) ruwd age 90
oo Ails sy 3B suidy (AbE) Ul 3 W) Buliia 3)5a
oS3 of w ¥ Leale santl LIEY o wanel sl sia Gy Losadlt
LS oo s un J) B @lSST o pes olls o Ble B
sl 1aa e Buas o e w ¥ T aitel Loy 3lady Lasd Libunis
S sty o Tl sus e (S lne oSl Y Yo uls
ol



D902 =90 40

Bilsl ol alls olleall 03s (o dis ssay Lilial ogiaisy
Peb Sigas dda Yol — (wa as ) Jadae gy gam e T ge
2o (Poeed Y diSs) J sam i eloll A3 LLal AL
23l 3 allall L8L5adll Sysuall Gagads dagdd O ki L 3l
Saal (3sm ol Lale iy Lale Zalladl sia iad kil Sl
s aell o il siiely a3W1 o ST Glasial Lgs algs F oo &I
oV ISy Aalyally ol wd Al G Gladll Ciills ale Jass ()]
Jadll Bass U Juagil Aglal wud Hiay dbaglgull (331

Tallal peladtod SIEH alliel § it S5 wslall Ll 3
ks (S &l paigill § sludl lan LSy gud sl ol - Jus>
(2)s (1) el Lo oA pige 5] Sum) 2oladl (e dale oSl
Bl 2 gm sl 3,80 undy e e S35 o WS4 (2) 5 ()
Boasdl Ladill Sl elld ge Spde ((o)s (1) omsslall o Gl
el o 3 JiaD — el SL33db 3las Lad — Leaigl oS Al
lig) @paal 48 0S5 ‘AJ Sluabl ae Joladlls Lolalt dall ,uill
> 5oy (Jasa Aadlas [l § Pt US oIS 51 oIS 13l a4l
ol jeadl L5 pasadll ang Je saall lia Gy .Baay o 3
Sills a1 agdll e Lole 3,08 of Joo 3Soan dadlaall
8,080 sday 355l § g 2l pgdll Jo 3uld 1 oKas Lt sl
BakS L (Jusa Ealan o) BaolsaY (0083 oY dals 3 e
el ¥ il ells ) BLAYL olus bl SYA sl e 3K Je
calially NSy 3Ll 5T e ondy o S AN a8 0 et
Leple 3535 (AN cllgaall e 103,






Jo¥! gl

@Dl SATllg Giiags ded 3

pead idusa Luash JISaT sal daie e Glass caos (2B Lnill 3
;,sAfu;,Ln,zw;uumb‘_\fyg;mylﬁ_uwis,g&@u,m
o 35S Ulsal 3 Gl oS0 Bulias alela] J¥5 e LlSLas
S g3l Qalall 3855l Jasa Ludyh s Duaal ais § Lgrus
bl G ol lls Gl waly il el U § Jia o
ol AL s Lladll 8 lall o gy ke Bl Ly pusd 30
Aol 23 Lualy; o L dall Zgue Joga clals Lalal
Jold) P dnbuan o elyal oY ) Juga duisi Bl i Loy
Slaiell (S 2hal ooliiely 4 A8 () paatine Wl ual (LIS &, gumy
G(P) pudly oolus (AIAG pudy pubaiass Lislae ol ogo wile
s (S G algadl e o Gine 658 35 o L L gy
285 Al saally P fuall Lapdl ehya] Gk oo ale Jguasl
Bualll Sl o s s ] el e <l @ i G L
Ll e Lagliy Jusa wlelesd a3l alaall oo Za3lll G(P) Lilagl)
sl plas G Zadia e SBl Gipey dlaninly & page dasls, 556



roslaie e allally g rball Jaall sl

s el Uadeg P slyodl pladiuly lebliiul oSe ¥ oS0 Lidais
Jalads slanw agsl — 533 na e — gl Craalill (S LAl
G(P) 5,laall ALall dnab,ll alyball

lpagh (S Jogas Buols Zualy, olbiad dliel Jligh olld pas
el ol slalleally 2a8y dime pgal s O P g
sl alaial 8T 3y stiall Claall § Zoadiad) s ava Zusl )M
Qyj;el ol Llafl s palas 3 dals B, gums Lhull cdy Jle V447
s B 3 Leule walel I 56 ol pdlae sldl] aay) Dan Isaacson
laag ol Bale m; Losic b aie alel ST ot agt (ol
ob @l amiel Bly Voasase Lussd puls gyl Zosill sa JULI
Do s e Ol Jiaay (S s piBage Lussé gl of wdll
O dise Ao g on dbih Bl asais 3L BrAY

J1 S Loy hlS BlLu) gibage Luasd dle S5 Lo s
de s Dladl 3y 581 suall Whe (Suls comse pusis wae
12 saall Sossie (598 pan Jalas

81 =512+64+4+1=2%+2042%2420

ul

581 saall SLEN Jiai Llis sie Guadd (Se Lo o la )
3 Baga sl z-wm Jias LSaH 1 saalt o) &as 1001000101 i
couasdily o oMLl ey (ASGS (g oill Hliall Jiad Loty dlolall ol
il 0igs Lebtiad Lol oSas 25 65 9 sladl o @lslall 030 &
(20 = 1) o Llael (2 = 2h, (6 =22 +2h, (9 =27 +2%]

(e Juaadd (21 =2),

581 = 22'1 4 2242 4 02 1

Jitaill 13e Jouss S 3 o) sy i Al i & ol Laad i3 ¥

AR



Js¥ zalll
ide Jons 1Sy (3 =21 +2%) aby a0 50

2 s
< P4

5241 2
581 =22 Flypr+2 o2,

e T BB el ae Jolasll ) S 08 €Y1 olacl dually
g

Boball sia o dasindl ollaadl o dauliie Al Gabay Yl
i ol AS bl slas

1 laday (oulalh 80l (1)

125k (<)
AnLal Slhladl 3«20 sasdl s (1) sayt 3 adl SLalt Gullll
65 55 45 3 Jie <Y clulud dglie =alias slay] pubiws i<
Y 5,00 e (1) ehayl Gua Lesie Baas Lo o¥1 330y J3Say
il 2 (558l IS puuad tany odel 581 saall e paaill Lesdiawll
ide Janid (3

341 3,
37 43T 34

Golall Lap,lally S wie d25, 40 (e (o 5Sa sae adlell § diny)
shall Gakad el s ((133027946... WIS Lgas saall Tay 3l

e Juaaid (L)

341 3
33 +1+33 +3+33

'JBIS Taw 45 40 G (sS0s 10ae Ui Y aulalls fa)
e Juoadd ,af B0 (1) clal 3akes o315 (1133027946

4+1 44
44 +1 +44 +4 + 44

ARR



rostiie a pllally sl Jaall ol

S (112926802 (JUIS aily a3, 618 (e (5Sh sue say)
e Juanid 1 oaadl 25k ol (o) shal Gabd a3l

gl g 35043 1342 1 3% 443

@bl el 3 edas 9 ST Hllie Byl sda 3 ela 3 S cua)
saadl Je Juasid 10000 saalt (o 1 pok Lesie (g ball allasll
ide Juans (1) syl aladiwlyy (19999

5. =

.——?1 - _»
Tl 5 4 3x53+3%x52+3x%x5+3

5 +5°
(1274, WIS doly oS5y 3, 10923 Ga osSh sae say)
oo BB Llgaas 0S5 o 0 ¥ L el a0 3 calelall o Lasy
Suki ,n ] Shay ookl 3aL5s 30 Yy (5 = Leladl L) uludl

' P Juannl (u) 9“).:.;?\

5571 15545 1353 4352 43%x5+2,
Lelbiad 55 (0)s (1) Dorload) i Joasil) Dalee 3 sl O Lidle
Of OsSs a8y — gan Lo e — LS uluy oladd of Sab :5‘,;
YIS Gud S S0y ) ) e e T (B AR o alal
A il pmaall saadl S BT ) B 585 S0 cnidags dudd
iaalls Ll Glall ,3T 3 em Wl (581 saalls La Bla) < fus
sl Jlyu¥s puas adlll ;‘m el Gans Gt 15l 13a gan
3=2"+1 sua) 3 saadl Yyl Tawdy gty gl puasl (daadall
sagdouallas(3,4,3,4,3,3,2,2, 1,1, 0 Je Juonio Juluilly
PG pasl e T Juubad Jo Juaatl o = 27 Lpad 555 Saa) o)
OsSas vae ) Juas S ISay 4, 27, 26, 42, 41, 61, 60, 84, ...,

(Giuall J) Blgit 3 Juasd pailiny oF U3 3, 121210695 (s

YAY



Jsdi 3=t

Loy Jadll o opibase duass o Al e BE SSYI
S5 0 ALN sl awls Gigyadl shad) J) Tlial Joya
Lare Lualy) oble of Jo Lasd) Ly W aady galyl ol
shhayl lia o elld iay Agied cil lage 1 S dasaa JB3 S(0)
=14 3 w 0S5 Luabol bl o Lladl 3 sy
W 03f M il Bsgsin ol ladl w3lS 5] 5T el w gy a3
do ALal ABN fay 1+ 1 Lewitlly L] Zasan )5S0 Ll s
:LIGH 8 Ll el

1+2+3+4+5+---+n:%n(n+1).

Boladl o Lladl 3 S5 o ealdl ehEad) aladtul 13a olSY;
Gl oy dlld any (pudly ting) 1= 1 Al § dagain Lusll
Ll dasain (555 L3 03] 7 Loailly dasais 8,000l ilS 13

loal 0¥ — aud o Y el liag — 7+ 1 Ll

1+2+3+---+n+(n+1)

%n(n+l)+(n+l)

%(n +D((m+1)+1).

Jia3 P oslS 13] a0 dllee (Paris Guy ,bs Kirby s xS aadgl Lo o)
(8obiall Luabill Luluad) clibeall il ) @au LI e,diad) ol ,a)
Wiy s -pidiage Ludd 8y0m0 3 GIP) 0 50aT 850 il oS 3]
585) AL as @bl ehanadl sha) oF amias U of Wl el
faios 5o Ol 2 Y O] (Gain § AT Gy 3l LA
plidinl dale Loyl B 2 S Lads o a2 Il (pibags Lus s
log yiay 2Ll sl aiwl
Jome ¥ oidage Lussd Jo o LLG auey of SAL Luusll
Gle of Gum a1 3ly 3 Tavain Ll o Lot B3, oy L
oo Labioadiul S Qs Llaad Bogaadl clpladll 4las oe R

Y\Y



Sostane e pllally s sl Jaall sly5ed

S ofia dad i o Lanll sy adag> sk ol @3lel 3y s
transfinite 45l Gé oL, wle 3l Lo o 1 aaf pladid
gl e 8508 Guawlil Gslul 1aa audy (Jladl 3Ll 3 dnduction
O sl i) (3hilh adlghl 3 Lialas 13) 58l Je LeShiad o oS
dany a ) Bpuill sl Lusd 0685 Of (Sas - daanis onidase L
Gann lag (adags duaydd Loyl Sl e sae dwlye Basb e
ol 333 5T ) Sl (J3lasily 3 3l bl (&) sy o
I JRVSRS PN PRI I N S SR N kSN Pt AP e PR
colshatt o Nala 13ae o3t

oo (S Gt ool agill Luals S 4K 13a Ge W oy Loy
de adiad sl asd agdll o WS cachsill o diaae 3§ o
de — dlayl ol msll oo Jstall sl G BT (Jilly LS)0)
Dgase cpailh o5 Losie Luwlal Lay 590 & GSam — o Lo
aelsi 3 Lpos (Ko ¥ jolie padl b LSl of gun dlily
e s 458 ol LY dBEa § sa g 3 55 6l e Lnles
dnlas i ollesy Gula8 3 o Lelgll Wlasl 1 3

saiay udy ddaiill sis 3 Adiase oyl du‘{j@my Lae
Basly Jo ducls)l LBl Lalatll dobuuad) Luduldll Hlail dgay L]
O 3 oLail sde e dwlal Liiayy .ol sia e ST
Yl Zpluadl olebafl Gaas oo pas a3 (alll) pedd) e L5,a8
Sua e Lglisne (Sl Ge 5585 Leyyy buadal o Lgi6ae (S
Sy Wds b 055 05 ol AL B ues dasais s LS Tl
3 =lsls Shadows of the Mind GBS 3 4,85 8,900 dagaun
IS puaily dalinul daiall ol sis J$ &dlilly SEI cpluadll
185 Legal] g saslls Jadl sa3 e clegagll oda daslias pige (5,18
3 Ssaill 3230s J] g saoll Yol pgd il oo 4T L8N s wa
(”.«Beyon(i the Doubting of a Shadow» (,lgic ciad «ebsjaén ddas

YyE



JS 3l

Notes

(1) R. L. Goodstein, On the restricted ordinal theorem, Journal
of Symbolic Logic, 9, 1944, 33-41.

(2) See also R. Penrose, On understanding understanding,
International Studies in the Philosophy of Science, 11, 1997,
20.

(3) This was shown by L. A.S.Kirby and J. B. Paris in Accessible
independence results for Peano arithmetic, Bulletin of the
London Mathematical Society, 14, 1982, 285-93.

(4) The reference and www address are cited in the footnote
on p. 175. The more complete printed reference is: Psyche
2, (1996), 89-129.
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Notes

(1) Ghirardi, G. C., Grassi, R., and Rimini, A. Continuous-
spontaneous-reduction model involving gravity, Physics
Review, A42, 1990, 1057-64.

(2) See Moroz, 1., Penrose, R., and Tod, K. P. Spherically-sym-
metric solutions of the Schrodinger-Newton equations,
Classical and Quantum Gravity, 15,1998, 2733-2742: Mo-
roz, I, and Tod, K. P. An analytic approach to the Schro-
dinger-Newton equations, to appear in Nonlinearity, 1999.
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(3) I am grateful to a number of colleagues for suggestions in
relation to this. Most particularly, Johannes Dapprich sug-
gested the idea that a small (Mossbauer-like) crystal might
be the appropriate object to put into a linear superposition
of two slightly differing locations. Considerable encour-
agement about feasibility issues. and specific suggestions
about the appropriate scales for the experiment, were put
to me by Anton Zeilinger and several members of his ex-
perimental group at the Institute of Experimental Physics
at the University of Innsbruck. The space-based version of
this experiment was the result of discussions with Anders
Hansson. See Penrose, R., Quantum computation, entan-
glement and state reduction, Philosophical Transactions of
the Royal Society of London, 356, 1998, 1927-39, for a pre-
liminary account of the ground-based version of the ex-
periment.
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