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Fall Apart Two Days Later’, included in the anthology I Hope I Shall

Arrive Soon, edited by Mark Hurst and Paul Williams (Grafton Books,
London, 1988). This quote appears on p. 10.
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and the Quantum World (Cambridge University Press, Cambridge, UK,
1989), p. 115.
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Karl Popper, quoted in John Horgan, The End of Science: Facing the (Y)
Limits of Knowledge in the Twilight of the Scientific Age (Abacus, London,
1998), p. 35.
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Thomas Huxley, ‘Biogenesis and Abiogenesis’, Presidential Address to the (1)
British Association for the Advancement of Science, 1870, Collected
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(Princeton University Press, Princeton, NJ, 1954), p. 145.
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Bertrand Russell, The Problems of Philosophy (Oxford University Press, (1)
Oxford, 1912), p. 35.
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(University of Chicago Press, Chicago, 2013), p. 26.

Popper, Conjectures and Refutations, p. 346. The italics are mine. (Y)
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String Theory, the Fall of a Science, and What Comes Next (Penguin
Books, London, 2008), and Jim Baggott, Farewell to Reality: How Fairy-
tale Physics Betrays the Search for Scientific Truth (Constable, London,
2013).

VY



Ao o1 )T 085 I 8 pesl U

By el 318 130 BYI e o D gl Aokl & il S
oo Aslee oo ST gl Baly Ldl, Dslee JSC3 & las
e goome Ludd GOS8 13] Godony O g Lo Ol Y slaed) oda U
glod it eVl jan pod sl 5T g Bl e Bk
35 Sl seadl fad 48 5N e yjedl o framis A
A5 Lasy 51 a5l ol s Lo Loy LK e lonns ol sl
Tonbl oy of it 9 25U Sl pen o Jiedl GB1 ptnad B
i Lozl 355 5 dtpokal) & g8 300 alases g 5T lomns
(ol a4 larl) Lol o ol Fuodly el e
il LiSay - Jadlly o) o35 Lo B 1328 Siall I oo Y 35
O iy o 631l g g2 <3 gl B ki) g o o Lo, 3 &
LSy LB G5

05 e R L 2B RS Glasd B gl U
Sl 83 e ;_,.«,L@J:Aqm ‘.@wuyaﬁ? f!.xa’.-:ng KON PN
S sy Bl s Ny eoaliadl sda s 5 Gl L s
S e Jors A s 580l5 by mSOYI AUSLE Jo 45,0 b ULS
ujscq%oyawujc@ﬂ‘y.wjuﬁj%p‘
A3 ellb o daad 1a38 3 Gy sl I lSKe Jo iy

LAY

s A eda s Uy Jiedl B L3y o 0V e 5l OV
g o) D lall b e ) LBV e (g (g5 o oty SIS ny

YV ¢



s A a0 sl o Rl plasnad e 1,0 slas 1
Il Lo & el gy

o B e b e Joasy dail odn gl T a5 e
13 S5 3 5 ) g@m?:\iw&;wu A5 5l A )
(V# o3 ) e 3) 5 god) Bl 1 5 g5 U ) a5
by xSVl wlgadl Hl e Je L5 oo OULSI Ladlygy
BS 558 odias Y Y1 0T S5l ad (YH 1)l B B)
L I g o e S

SR T M [PURER TR I E T PP
S s s a5 81 LN ol g5 ol

Lot I B Sl loallaaed! (LwlaY] aliall) dnadf

ASLE Jo plio L] Wl s 3 plua VI S okay ol 5 o )
gd|u.».;mz.ﬁ,gsww‘,%g}w_w,asw,ﬁbe1
LY 0l el el oy oy 15 QIS b gl 0 LSS
Lot A A5 25 2V (6 231 22 ) S Sl
oo Bemo 1530 g0 5 S Lla¥) eoliad) dondlns Jorl o s Ladall
LSS S]]t el o o il
B Vg ST ISt ol VI 0 S o) Saedl IS 2l fites
configuration y oS sl o5 s b 82 pho Ak iS5 ) o0
Hles! f})U‘ o &1 A1 th'*' Y .phase space sl ¢L a5 4f space

\RKS



S iy ﬁw‘yﬂu@ edl g ol el sl Jis
SINSASo s J g2 WS ol 1 G 3 (5 5 B g e 55 5
p oo B podl DA o Ao 5dl DI ks g ol YL gy
Pty o Ay L o il LS s il ol g L gl

N o5 25 oAl T oS0 Gl YH LS A s
£ Blas T A WSS 2l 5 e 1851 ey (N 15
L@JWQAMJM&;M&JUU&;QM|HM‘&&J&‘

Mo O jn b 5 JUaS (5 ad SN (gl pasnns Lo
e d ] lleed! Dslasdl oda I 0 Bl il

B e

S| & skl

(Lo g 55 oo € Jad) 31D 85 U 3113 s e jlaal) 38 ol o) J
L:LJWMUAQLJ}&J(Q‘D&AL%;WMJ‘N&J&
o gl ol Lty 3 oLa 13015 Y Al s gl p sgia O
A5 pte iy pte ol o A 530 oLt o I Ll
o s B g 2SN pedall Walasly BU ) 8 g8 e
Sl b1 Al 1Y) el A5 58 el 1da Jiy ¢ el
el I B YUl 6 Ll il S1,5) 3 oS oY1 b

1



i gl A o151 3 SV 8 eld 1B Sl - b
Vo BU &5 Y - 2 i LaS &l Loy )l el ) 0 ol
A e o JE5 ¢ G ol g Ablany 8 25 29 (Sodowitnd
BU) 88 2 B o mdil g 2T J] 8550 o S 5T 5T
25 Ul 5 & 58l 7ol 85T g5 b 2 gioes ond (3 pully das 5ol
015 ey aned 59 AL el ol 5 ) o 5 g g Bl IS ey
%m‘ﬁu‘%&julbww‘yc;idﬁbﬂgﬁﬁ‘r@}
S 5ty A3 s 155 — g ) Bl ) BLAYL S o)l Bl
Ayl Pl Sealyll ggobias amnedl ol el 5 g D (0

552 O $ adll Bl il Jdre dizd o5l U o
] o o o 0SS gl s o V1 S5 s
el 08 S5 N ) B A e R 3 B ol
S i Aall g bs (A o3, JS2) middl ] sble g s
S 35 5 BUall o sudont el S 929 S - Bl Mhginy ¢ oY
A5 g Llaa o Lghore 518 el Ly 2 s A1 e g8 Senall
Bl I S J s a3 oull Bl ol A Y) o Bl S
ol pd I B Jroxs . JI) Gad dio Radlonll 3 Fenall Lgy Jadins (o5
sz\cfﬁum.yﬂTglJﬁ\L@e,wgd|W|g§
(S8 8 - B I b ) B s ¢ Jiwd) g ool
35 (ST 8500 ilS) oI ol LS by pme diS™ J) 4l
.éu‘t)w‘

VY



Bl B e 5 (V0 £ 5T Lo ) o 8 sl 2 (M) a8y S5
.ZSJaJ\ZSLb}@b‘,J\

Jod b —llag) ghs 5 05 13Led bl v Lo Lind s )

8 2 Y1 L o ghradl ] o e 3 pu5 V#3115
bke Sdoaw bod Slid Y g e | s5e0 ‘s%»iww;,m

VYA



L = ol podl SYT g Ll U sl A . Jawd) goui 5 5enall o o
apndly B EL e

Readad) & 1 3 Asbes (g Ll x ALY = 55200 o Y
595 oo bl Bajlas fmiall o 655 Liley (A
D1 S ey ¥ L L3N Gan L5150 0ss o oLy pdlaned)
wxwm;w[m&,mgﬁd;x‘ij,.w
B9 B ol il L le

o N B 3 il ke foay Jall st of Vo ol e
AL o | SN RSP KPP PR CON [
O 35 Sl b 3o b il ddas oo L Bl 0 oS
52 Cads B S 355 0 58 by 19Sa e 00 ) 2l
Al B3 el Glany g8 = b el (6] s Y ]

o ol LS (Bl Lk yulis puillaadl 5 5 p0 59 310 31 Y
B s oLV (g 5 a3 gy Los JIaidl G . S Jodll
Lgrol ook 3] ol om0 Lgodams Vs ol amy i Loy L2315
oo Bk b Tas e 0K B oo g 1S Lg3] Al
oS A g el cnd e g L2V o BN I
J ol (Sandl b o0 14l ) Y odegld g O gl
(S Y 6 oI b alesTy I puradl  alizall (g3ledl 51 a5
IS jdaza g d gne b 4

Gottfried Wilhelm Leibniz, from his correspondence with Samuel Clarke (1)
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Isaac Newton, Mathematical Principles of Natural Philosophy, first ()
American edition, translated by Andrew Motte (Daniel Adee, New
York, 1845), p. 73.

Ernst Mach, The Science of Mechanics: A Critical and Historical Account (Y)
of Its Development, 4th edition, translated by Thomas J. McCormack
(Open Court Publishing, Chicago, 1919), p. 194.
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Albert Einstein, ‘Does the Inertia of a Body Depend on its Energy Content?’,(\)
Annalen der Physik, 18 (1905), 639—41. This paper is translated and
reproduced in John Stachel (ed.), Einstein’s Miraculous Year: Five Papers
That Changed the Face of Physics, centenary edition (Princeton University
Press, Princeton, NJ, 2005). The quote appears on p. 164.
Mass: The Quest to Understand Matter from Greek Atoms to : &gt:s Al (Y)
Quantum Fields (Oxford University Press, Oxford, 2017)

'Y



Rl Lol Ll cpliiial g 5 O ASTHL O s dns )
Sl Ly S8 1 T 655 s ol 8 o Ul
Logsl x00) eSS ot 5 Y135 Y LagsT Y]S5
Lt 50 5 Amdl B e o8 Y g LdS ads (S [t )
Ll a5 b Ll ¥ otliadl O o o8 ) oy Y# 031 )1 2 s
Bl Loongs 5,5 U8 ke 05 8 Bom ) ol o 15 Y
KRR P TR BN PR PRAT N Y I P RS S0 PSvag v
Sl Bl o] a3 [ 55 g o5 5 B ol SN 0 U1 D L) g
S g8 Pty T L] ciB 5o 3 Bl LS dadall
V&éa@jﬁj@aw!uhuww@l‘hﬁb}ﬁ
P e Badne gl Lo

A 03] N ods am sy (B oo 8 2iS I3] 2l e
S D o L) 5 g3 oISV ol 3 L, LSS e Cusf
Jgm olaladl of o)1 . Jade B s 3,50 B NVURCHER
{325 B OB (e e Waoad Lo (Lo SV G s
I dnd B) Bo g padl LBl gl o LIS ] el (831 5D
31 4d 3) g YN Jas (B3 ) 20 UL bl g5 (VH#
Rraall 2l 3 UL e S ghy ol 5 JEGT Gondl g5 (Y4
Sl il ods 0l O iy o sl 0581 G g (#8311 45 )
2SN g W el O g oS0 BalS ) e ol LG 5
gl eda o gl an bkis

\YY



oo Ll AS 5l o Y# 5 VH# U gy db g e YH# 25,401 0 s
S35l S ety gedall Jiasl) s e o1l gl O s
Lds oy led Sa o Led] tas Ladie dudly eLaY1 S o ands
s Al 35 019 3l o 5 .V s b s Lo sl
ot A o o Slay YH LAl Jpd pilaey Y YH NV
Sl o azel & o ) WH Lus il b, s oy Y# s V#
] Bl 3 oSS SIS o d g2 Jioell Sy 2y
Wlias 2adly d g JanS” Jo e 92 LS (31 dad) J g JueS' Y
Lo A g el 3 S ] 10
oy osd ty3edl dd O e B ] (LS Blagan
o b b I i oF JI glios Vel 2311 ¢ g5 g
Sl S5 ¥F Lo, d 3y Gty L2E A daladl o
S B o g e AT L jlast (Say 1 g 2l
Sub o8 W15 et e 5 Sy 5l (o) 23501 3) by i
LT e a1 gadl J) QIS sl . o o) LI ol ) 3L
e o el 1 0 g cplall B (il oy e Lois

ioo g godl Bend| ) 523 g Jo sl Dl Il Sams 0 S 20T Lo (V)
Juis 613 3 0 e o T s o Lt ) gow 03 5 (Lgalons 1 loes 31 o 2 50)

e 8 5 30 maedl ! gl s Bzl o Sadl o 12 Y &l ol 0da
Richard Boyd, ‘On the Current Status of ScientificJlodl foow Jo Ll (Y)
Realism’, Erkenntnis 19 (1983), 45-90. Reproduced in Richard Boyd,
Philip Gaspar, and J. D. Trout (eds), The Philosophy of Science (MIT

Press, Cambridge, MA, 1991), see especially p. 195.

\YY



A e Glly Glad (el Zdes o)l (o3 (loniy B ST
iy el ) ) g BN 089 (s | o ) o e
doeaell O 103 g1 (5RO el S Ay ol UL g A
oo o Y A i 1 Bl g 3 o il 1 s 3
6 penadl L B s Bl L] 5Lty Vi 5mms (Al s
31 oy g Zodl M ey Gl s S S 1 O 5
e B 175 Joens Y Lies 8T ¢ tadl (g st Lo (Arl g DI
3 gl o A5 LB Jam o I Jlss o sl
Sl N Wle IS (B go po 8Uitams Lk LU 5 5o dendl 5 W1
structural & gl a3l Jb o 4oy o Il o2 40,1 g S
9 é!,ﬂ g0 o deddl O I G 50 I 99 omaw Lrealism
#159 oo @31 s i) 0 B U s Y s s (31 01 &)
VLN 515, el s
3 35 B s 0 (6 T B e &y a5 s Lois
ity ol LU Badiod & V) i L8 LY pepliall Sl s
N A 5 L gas 3L 5 LY oy daS B
N e s 5 5 ST Al al gl AaSLE BN ST

Hilary Putnam, Mathematics, Matter and Method (Cambridge University (1)
Press, Cambridge, UK, 1975), p. 73. Quoted in James Ladyman, ‘Structural
Realism’, Stanford Encyclopedia of Philosophy, Winter 2016, p. 6.
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Max Born and Werner Heisenberg, ‘Quantum Mechanics’, Proceedings ()
of the Fifth Solvay Congress, 1928. English translation from Guido
Bacciagaluppi and Antony Valentini, Quantum Theory at the Crossroads:
Reconsidering the 1927 Solvay Conference (Cambridge University Press,
Cambridge, UK, 2009), p. 437.
Albert Einstein ‘General Discussion’, Proceedings of the Fifth Solvay (Y)
Congress, 1928. English translation from Bacciagaluppi and Valentini,

Quantum Theory at the Crossroads, p. 488.
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Albert FEinstein, Boris Podolsky, and Nathan Rosen, ‘Can (\)

QuantumMechanical Description of Physical Reality Be Considered
Complete?’, Physical Review, 47 (1935), 777-80. This paper is reproduced
in John Archibald Wheeler and Wojciech Hubert Zurek (eds), Quantum
Theory and Measurement (Princeton University Press, Princeton, NJ,

1983), pp. 138—41. This quote appears on p. 138.
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Einstein, Podolsky, and Rosen, ‘Can Quantum-Mechanical Description of (1)
Physical Reality Be Considered Complete?’ Also Wheeler and Zurek (eds),

Quantum Theory and Measurement, p. 141.
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Léon Rosenfeld, in Stefan Rozenthal (ed.), Niels Bohr: His Life and Work (1)
as Seen by his Friends and Colleagues (North-Holland, Amsterdam, 1967),
pp. 114-36. Extract reproduced in Wheeler and Zurek (eds), Quantum
Theory and Measurement, pp. 137 and 142-3. This quote appears on p.
142.

Paul Dirac, interview with Niels Bohr, 17 November 1962, Archive (Y)
for the History of Quantum Physics. Quoted in Mara Beller, Quantum
Dialogue (University of Chicago Press, Chicago, 1999), p. 145.
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Einstein, Podolsky, and Rosen, ‘Can Quantum-Mechanical Description of (1)
Physical Reality Be Considered Complete?’. Also in Wheeler and Zurek,
(eds), Quantum Theory and Measurement, p. 141.

Albert Einstein, letter to Erwin Schrodinger, 8 August 1935. Quoted in (Y)
Arthur Fine, The Shaky Game: Einstein, Realism and the Quantum
Theory, 2nd edition (University of Chicago Press, Chicago, 1996), p. 78.
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Michael Cuffaro, personal communication, 19 June 2019. (1)
David Wallace, personal communication, 25 June 2019. (Y)

David Wallace, personal communication, 27 June 2019 (Y)
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David Deutsch, interview with John Horgan, ‘The Infinite Optimism of (1)

Physicist David Deutsch’, 17 January 2018, https://blogs.scientificamerican.
com/cross-check/the-infinite-optimism-of-physicistdavid-deutsch/
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Martin Rees, ‘What are the Limits of Human Understanding?’, Prospect ()
Magazine, 13 November 2018. https:/www.prospectmagazine.co.uk/
magazine/martin-rees-what-are-the-limits-of-humanunderstanding

Max Tegmark, Our Mathematical Universe: My Quest for the Ultimate (Y)
Nature of Reality (Penguin Books, London, 2015); see particularly
Chapter 8.
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Jim Baggott, Farewell to Reality: How Fairy-tale :Jidl o o Ll (V)

Physics Betrays the Search for Scientific Truth (Constable, London,

2013), especially Chapter 9; and Sabine Hossenfelder, Lost in Math: How
Beauty Leads Physics Astray (Basic Books, New York, 2018).
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See Christopher A. Fuchs, ‘Copenhagen Interpretation Delenda : Ll (1)
Est?’, arXiv:quant-ph/1809.05147v2, 11 November 2018

Adam Becker, What is Real? The Unfinished Quest for the Meaning of (Y)
Quantum Physics (John Murray, London, 2018), p. 264.

Lee Smolin, Einstein’s Unfinished Revolution: The Search for What Lies (Y)
beyond the Quantum (Allen Lane, London, 2019), p. xxiii.
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Helge Kragh, Higher Speculations: Grand Theories and Failed Revolutions (1)

in Physics and Cosmology (Oxford University Press, Oxford, 2011), p. 28S5.
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James Ladyman, personal communication, 29 March 2019 (Y)
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