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T I,ME'S ARROW s hou ld  ta ke  its  p la ce  a longs ide  R e ic h e n b a c h 's  The  Di- 
rection o f Time  a s  one  o f the  fine s t books  in  the  p h ilo s o p h y o f time . It 
is  time ly a n d  provoca tive , a n d  it will be  re q u ire d  re a d in g  for a nyone  

th inking  a b o u t time 's  a rrow. Although  its  virtue s  a re  n u m e ro u s ,  p e rh a p s  the  
m o s t s ign ifica n t is  its  ide n tifica tion  o f the  a ll-too -pe rva s ive  ' te m p o ra l d o u b le  
s ta n d a rd ' : the  fa lla cy o f e xp la in ing  a  te m p o ra l a s ym m e try by illic itly a p p e a l- 
ing  to  a n o th e r h id d e n  d iffe re nce  b e twe e n  the  p a s t a n d  fu ture . With  g re a t 
c la rity a n d  live line s s  P rice  e xpos e s  th is  re a s o n in g  fo r wh a t it is , a  fa lla cy, a n d  
h e  le a ve s  p h ilo s o p h e rs  a nd  phys ic is ts  with  n o  e xcus e  to  e ve r ma ke  it a ga in . 

P a rt o f wha t ma ke s  a  p rovoca tive  b o o k p rovoca tive  is  tha t it in - 
d u d e s  s o m e  s u rp ris in g  c la ims . Th a t  Time 's  Arrow con ta in s  m a n y ma ke s  it 
b o th  a  s ign ifica n t c o n trib u tio n  to  the  lite ra tu re  a n d  a ls o  e n te rta in ing .  Wh e n  
P ric e  is  p rovoca tive ,  for in s ta nce  a b o u t the  vie w fro m  'n o -wh e n '  o r the  re a l 
n a tu re  o f the  te m p o ra l a s ym m e try o f ra d ia tion ,  on  ba la nce  I e n d  u p  a g re e ing  
with  h im. Howe ve r,  the re  a re  s o me  a rg u m e n ts  with  wh ich  I d is a g re e ,  a n d  in  a  
fo ru m  like  th is  it s e e ms  a p p ro p ria te  to  dwe ll o n  the s e , howe ve r m u c h  I s ym - 
pa th is e  with  the  m a jo rity o f the  work. P ric e  s e e ks  to  u n d e rs ta n d  phys ic s  fro m 
wh a t he  ca lls  the  'a te m p o ra l'  pe rs pe c tive .  In  his  de s ire  to  c a rry o u t this  
worthwh ile  p ro je c t he  is  s ome time s ,  in  m y o p in io n ,  a  b it ove rze a lous  whe n  
figh ting  the  ca us e  o f te mpora l s ymme try.  Wh a t follows  a re  d e s c rip tio n s  o f 
th re e  s p o ts  whe re  I be lie ve  ze a l go t the  b e tte r o f h im. 

What Is the Problem of Time's Arrow? 
My firs t wo rry is  a b o u t the  wa y P rice  u n d e rs ta n d s  the  ve ry p ro b le m .  Th e  
p u z z le  o f time 's  a rrow is  tha t o f e xp la in ing  wh y we  ha ve  te m p o ra lly a s ym - 
m e tric  p h e n o m e n a ,  s uch  a s  th e rm o d yn a m ic  p roce s s e s ,  in  a  world  a lle ge d ly 
g o ve rn e d  b y time  re ve rs a l inva ria n t (TR I) la ws . To  re conc ile  the s e  p h e n o m - 
e na  with  TR I la ws  we  m u s t a s s ume  the  un ive rs e  ha s  te m p o ra lly a s ym m e tric  
b o u n d a ry cond itions .  P rice  ta ke s  the  p ro b le m  to  b e  tha t o f explaining these  
asymmetric conditions . Do in g  s o  p re s e n ts  us  with  the  fo llowing  ba s ic  d i- 
le m m a : (in  a  c los e d  un ive rs e ) e ithe r "e n tro p y m u s t de c re a s e  to wa rd  a  b ig  
c ru n c h ,  a s  we ll a s  a  b ig  ba ng , o r. . .  the  low e n tro p y b ig  b a n g  is  s imp ly n o t e x- 
p lica b le  by a  time  s ym m e tric  phys ic s " (p. 94). Th e  firs t a lte rna tive , tha t o f a  
s o -ca lle d  G o ld  un ive rs e ,  is  one  whe re in  th e rm o d yn a m ic s  ho ld s  fo r the  e x- 
p a n s io n  p e rio d  o f the  un ive rs e  b u t a n ti-th e rm o d yn a m ic s  (e n tro p y de c re a s e ) 
o b ta in s  in  the  re c o n tra c tio n  pe riod . Th e re  is  n o  n e t a s ym m e try in  s u c h  a  u n i- 
ve rs e . S p e a kin g  loos e ly, the n , P rice 's  ba s ic  d ile m m a  a s s e rts  tha t the  o n ly wa y 
to  e xp la in  the  te m p o ra l a s ymme trie s  is  to  s a y tha t the re  a re n ' t a ny. 
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Th is  re s o lu tion  o f the  p rob le m le a ds  one  to  s us pe c t tha t P rice  

ha s  a  p ro b le m in  m in d  d is tinc t from the  tra ditiona l one . Th e  tra d itiona l 
p ro b le m le ft to us  from Bo ltzma nn 's  de ba te  with Los hmid t,  a s  I u n d e rs ta n d  
it, is  tha t s ince  the  fu n d a me n ta l dyna mics  a re  time  s ymme tric ,  s ta tis tica l me - 
cha nics  ma ke s  the  s a me  pre dic tions  towa rd the  pa s t a s  towa rd  the  fu ture . 
No t on ly is  it ove rwhe lmingly proba ble  tha t p re s e n t s ta te s  e volve  towa rd 
e qu ilib rium, it is  a ls o ove rwhe lmingly p roba b le  tha t p re s e n t s ta te s  evolved 
from  e qu ilib rium s ta tes . Th e  la tte r s imply d o e s n 't ha ppe n ,  howe ve r. Roughly 
pu t,  the  tra d itiona l p rob le m of time 's  a rrow the re fore  a m o u n ts  to  e xpla in ing  
this  fa ulty re trod ic tion  away. 

Th e  tra ditiona l p rob le m s hould  be  d is tinguis he d  from P rice 's . 
P rice  wa nts  to e xpla in  why e ntropy wa s  e ve r low in  the  firs t pla ce . Th is  migh t 
be  ta ke n for the  tra d itiona l one , for it too origina te s  from the  fa ct tha t e n tropy 
wa s  lowe r e a rlie r. Bu t the  diffe re nce  is  e a s y to s e e  a fte r re fle cting o n  P rice 's  
c la im tha t the  pro je c t o f s e e king a  dyna mica l e xp la na tion  for e n tropy in - 
cre a s e  s imply misses  the  point (p. 40). A dyna mica l e xp la na tion  o f e n tropy in - 
cre a s e  (which would  re quire  a  n o n -TR I dyna mics ,  a s  in  the  re ce n t 
G R W--G h ira d i,  R imin i,  We be r---dyna mics  for q u a n tu m  me cha nics ) doe s  
n o t mis s  the  p o in t if the  p rob le m is  the  tra ditiona l one  a bove . G ive n  the  right 
s ort o f n o n -TR I dyna mics  we  would know why e n tropy wa s  e a rlie r lowe r, in  
the  s e ns e  tha t we  would  know e ntropy a lwa ys  incre a s e s . Th a t  is , we  would 
know why e n tropy d o e s n 't incre a s e  towa rd the  pa s t a s  we ll a s  towa rd the  fu - 
ture , which  would  a ns we r wha t I'm  ca lling the  tra ditiona l p rob le m. Yet we  
s till wo u ld n ' t be  a ble  to  a ns we r P rice 's  worry a b o u t why it wa s  e ve r in  n o n - 
e qu ilib rium in  the  firs t pla ce . We  would only know tha t if the  unive rs e  we re  
ou t o f e qu ilib rium, e n tropy would  incre a s e  a n d  n o t de cre a s e ; we  wo u ld n 't 
know why the  un ive rs e  be ga n  (or ne a rly be ga n) ou t o f e qu ilib rium. My que s - 
tion  is : is  this  fu rthe r worry P rice  wa nts  a ddre s s e d worth  a ns we ring?  

I d o n ' t  know tha t it is . Exp la in ing  why e a rlie r s ta te s  o f the  u n i- 
ve rs e  ha d  tow e n tropy p re s uma b ly me a ns  p rovid ing  a  re a s on  to th ink the s e  
low e n tropy cond itions  ine vita ble  or a t le a s t improba b le . Bu t h o w ca n  we  
pos s ibly do this , e s pe cia lly if the s e  low e n tropy cond itions  a re  b o u n d a ry con - 
d itions  of the  un ive rs e ?  S ome  cos mologis ts , for e xa mple , Ha wking, be lie ve  
the y ca n  e xpla in  the  un ive rs e 's  b o u n d a ry conditions , a n d  P rice  qu ite  rightly 
ta ke s  the m to  ta s k for committing  a  te mpora l doub le  s ta nda rd . Bu t the  s ig- 
n ifica n t p o in t s e e ms  to me  to be  tha t the  whole  e n te rpris e  o f e xpla in ing  
globa l b o u n d a ry cond itions  is  s us pe ct, for pre cis e ly the  re a s ons  Hu m e  a n d  
Ka n t ta ugh t us , na me ly, tha t we  c a n 't ob ta in  ca us a l or proba bilis tic  e xpla na - 
tions  o f why the  b o u n d a ry conditions  a re  wha t the y a re . An d  if tha t is  right, 
the n  the  im p o rta n t p rob le m is  s till the  tra ditiona l one , one  im m u n e  to  P rice 's  
ba s ic  d ile mma . 
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The Temporal Asymmetry Objection 
In  C h a p te rs  8 a n d  9 P rice  la unche s  a  ve ry a mb itio u s  p ro je c t a b o u t time  s ym - 
m e try a n d  Q M. Wh a t wo u ld  (o r s hou ld? ) Q M look like  if the  fo u n d in g  fa - 
the rs  o f the  th e o ry a d o p te d  the  a te m p o ra l vie wpo in t a dvoca te d  in  Tim e 's  
Arrow?  In  p u rs u in g  his  goa l he  la unche s  the  ' te m p o ra l a s ym m e try o b je c tio n ' 
a ga in s t s ta n d a rd  q u a n tu m  th e o ry (pp . 206-9 ).  Me a s u re m e n ts ,  a c c o rd in g  to  
th e  s tandard  inte rpre tation o f Q M,  a re  time  a s ymme tric .  If we  ma ke  a  p o s itio n  
m e a s u re m e n t on  the  s u p e rp o s itio n  I x, + Ix 2 a n d  co lla ps e  the  s ta te  to  (s a y) 
[ x 2 a t t, the n  for time s  a tie r t,  b u t n o t before , th e  s ta te  [ x 2 e volve s  a c c o rd in g  to  
the  S c h rtd in g e r e qua tion . P ric e  a s ks  wh a t jus tifica tion  the re  is  fo r this  a s ym - 
me try.  He  finds  tha t the  a s ym m e try is  n e ith e r o f th e rm o d yn a m ic  n o r o f a n - 
th ro p o c e n tric  o rig in  a nd  vie ws  th is  a s  a  g e n u in e  difficulty. Bu t wh a t is  the  
p ro b le m ?  Th is  te m p o ra l a s ym m e try is  s imp ly the  we ll-known a s ym m e try o f 
the  P ro je c tio n  P os tu la te  in  the  o rth o d o x in te rp re ta tio n  o f Q M. Ac c o rd in g  to  
th is  in te rp re ta tio n  the  P ro je c tion  P os tu la te  m u s t be  re g a rd e d  a s  a law o f na - 
ture . Wh ile  g ra n tin g  tha t the re  a re  time  s ym m e tric  a lte rna tive s  to  th is , I s till 
wo n d e r wh a t P rice  ha s  in  m in d  wh e n  he  d e e m s  th is  a  p rob le m. Do e s  he  b e - 
lie ve  the re  a re  e pis te m ic re a s ons  fo r be lie ving  tha t the  world  m us t (a  priorz ) 
ha ve  te m p o ra lly s ym m e tric  la ws ?  E ls e whe re  he  ta lks  a s  th o u g h  he  doe s : wh e n  
he  s ta te s  th a t P e n ros e  m u s t ha ve  g o o d  re a s ons  fo r p re fe rrin g  his  time  a s ym - 
m e tric  fu n d a m e n ta l la w to  time  s ym m e tric  fu n d a m e n ta l la ws  (p. 94). If s o, 
th is  s e e ms  a  te rrib ly s trong  c la im to  s us ta in . 

Who Is Guilty of 'plnnocence'? 
I find  the  a rg u m e n t o f C h a p te r 5 unconvinc ing .  P rice  be g ins  by c la iming  th a t 
th e re  a re  conflic ting  in tuitions  in  c o n te m p o ra ry phys ics . Th e  conflic t is  s u p - 
p o s e d  to  e xis t be twe e n  the  a lle ge d  time  s ym m e try o f the  la ws  o f phys ics  a n d  
the  id e a --c a lle d  "g ln n o c e n c e "h th a t  in te ra c tin g  pa rtic le s  e xh ib it p o s tin te r- 
a c tive  b u t n o t p re in te ra c tive  corre la tions , g .Innoce nce  is  s a id  to  e n joy "a lm o s t 
u n c h a lle n g e d  s ta tu s " in  phys ic s  (p. 122). Like  Hu tc h is o n  (s e e  his  c o n trib u - 
tion  to  th is  s ym p o s iu m ),  I be lie ve  ~In n o c e n c e  m a y be  a  s tra w m a n  fo r I d o  
n o t find  th is  p rin c ip le  in  phys ics . Th e  TR I a n d  d e te rm in is m  o f c la s s ica l 
phys ics  im p ly tha t the re  a re  a s  m a n y p re in te ra c tive  a s  pos tin te ra c tive  co rre la - 
tions  be twe e n  pa rtic le s . Th e  TR I a n d  d e te rm in is m  o f the  S c h r6 d in g e r e q u a - 
tion  in  Q M im p ly the  s a me , e xc e p t a c c o rd in g  to  ('c o lla p s e ') in te rp re ta tions  
tha t in te rru p t the  S c h rtd in g e r e volu tion . Bu t a c c o rd in g  to  the  la tte r in te rp re - 
ta tions , the re  e xis ts  a  n o n -TR I la w o f na tu re ,  fo r e xa mple ,  the  P ro je c tion  
P os tu la te . S o  whe re  is  the  conflic t?  ~ In n o c e n c e  is  e ithe r true  d u e  to  the  e xis - 
te nce  o f n o n -TR I ba s ic  la ws  o r it is  fa ls e  d u e  to  the  TR I o f the  la ws . Th e  m a n  
in  the  s tre e t m a y like  to  be lie ve  in  TR I la ws  a nd  pLnnoce nce , b u t h is  de s ire  
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doe s  n o t re ve a l a ny con fus ion  w ith in  phys ics . Th e  m a n  in  the  s tre e t a ffirming  
p J nnoce nce  a b o u t c la s s ica l phys ics  (for ins ta nce ) is  s imp ly wrong .  

G ive n  m y s us p ic ion  th a t phys ics  d o e s n ' t  h o ld  p In n o c e n c e  e x- 
c e p t wh e n  jus tifie d  by a  time  a s ym m e tric  la w, P ric e 's  n e xt c la im c o m e s  a s  
qu ite  a  s u rp ris e .  He  de c la re s  tha t Q M is  the  s o rt o f th e o ry we  ought to have  e x - 
pe cte d  if we  re je c te d  p ln n o c e n c e  (p. 124). He  u n d e rs ta n d s  Q M p lus  p In n o - 
ce nce  to  g ive  ris e  to  a ll o f the  puzz le s  c o m m o n ly a s s oc ia te d  with  Q M,  s uch  a s  
non loca lity,  in d e te rmin a c y,  a n d  s o  on  (p. 126). R e tra c tio n  o f p .Innoce nce  is  
vie we d  a s  a  ge ne ra l p a n a c e a  for a ll the  ills  o f a  q u a n tu m  world . Bu t th is  is  n o t 
righ t,  fo r re tra c tio n  o f p .Innoce nce  s a ys  n o th in g  a b o u t the  n o to rio u s  m e a s - 
u re m e n t p ro b le m .  Th e  m e a s u re m e n t p ro b le m  a ris e s  fro m  the  s uppos itions  
(1) th a t the  wa ve func tion  o f Q M offe rs  a  c o m p le te  d e s c rip tio n  o f a ll the  
p ro p e rtie s  in  the  world ,  (2) tha t it a lwa ys  e volve s  a c c o rd in g  to  the  line a r 
S c h r6 d in g e r e qua tion  a n d  (3) tha t we  s e e  de fin ite  (n o t s u p e rp o s e d ) p ro p e r- 
tie s . If one  ho ld s  the s e  th re e  (incons is te n t) p ro p o s itio n s ,  one  s ha re s  the  p ro b - 
le m S chriS dinge r e xh ib ite d  with  his  fa mo u s  ca t. Th is  is  tru e  re ga rd le s s  o f 
wh e th e r o r n o t one  ho lds  p .Innoce nce . 

P rice  wa nts  to  u n d e rm in e  Be ll's  Th e o re m  by d e n yin g  the  te m - 
po ra lly a s ym m e tric  a s s u m p tio n  kn o wn  a s  ' in d e p e n d e n c e '  a n d  c la iming  tha t 
h id d e n  p a ra m e te rs  in  the  fu tu re  m a y d e te rm in e  the  re s u lts  o f ou r p re s e n t 
m e a s u re m e n ts .  He  a s s e rts  tha t the  re je c tion  o f g ln n o c e n c e  he lps  us  to  s e e  
th is  pos s ib ility. Th is  s ugge s ts  tha t P rice  de n ie s  p ro p o s itio n  (1). F ine .  Bu t it is  
fu rth e r in c u m b e n t u p o n  thos e  d e n yin g  (1) to  te ll u s  wh a t 'c o m p le te s '  Q M.  
Are  the re  pa rtic le s  (a s  in  Bo h m 's  th e o ry) o r s o m e th in g  e ls e  (a s  in  the  m o d a l 
in te rp re ta tio n )?  P rice  d o e s n 't s a y, n o r is  a  're la tive ly trivia l' a ns we r im p lie d  
fro m a  de n ia l o f pJ nnoce nce , c o n tra ry to  wh a t P rice  c la ims  (p. 126). It s trike s  
m e  a s  u n fa ir to  thos e  la b o u rin g  with  th is  h a rd  p ro b le m  in the  founda tions  o f 
Q M to  s ugge s t th a t a ll the  d ifficu ltie s  d is a p p e a r by d e n yin g  a  p rinc ip le  I'm  
n o t s u re  a n yo n e  holds . 
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By Keith Hutchison 

p EOPLE in te re s te d  in  u n d e rs ta n d in g  phys ic s  ha ve  o fte n  be e n  p u z z le d  a t 
the  fa c t tha t the  te m p o ra l a s ym m e trie s  s o  fa milia r in  the  world  o f e ve - 
ryd a y e xpe rie nce  do  n o t s e e m  to  p re s e n t the ms e lve s  in  the  d e e p e s t 

la ye rs  o f re a lity--fo r (with  s o me  e xtre me ly m in o r e xce p tions ) wh a t s e e m to  
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