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Hc_ show/ed "\'Lq"' (up 4 ?{nch&) ‘+k€.~1 are 44\: dml? ere:'a.:l-ofs ‘H\acjf
Preseove ’?N\a bilidies, T4 is net atcegary Fo  prestme 1ang- Prodqdrf;
+hey arent meagorable . This dhe From;ukq et are measvmable . Lol

[An  “The G_PP{N{:}: of s howle e~ Ireve —“-gw-(
ine'ﬁ J"\nf-\'\' I_—(Ck\ ( e }(4’1‘(\ ‘:5 C,o/\{';n\)ous &A& (oﬁ q.-\7 o

T R, e [P = (e ®
Lhen  Fla)= PREICNN ?au“;f,“:j G (¢ %>R

antiunt +--7 op

Time reversal is not e vattany operator. Tiuae reversal
'S C«I\'H\Jnf‘l“c‘.f‘\fi . .
RIS -€¢\S~( +1 5¢€ naow L\o»-u —+e +wo PGMdOJ(QS ant avo,'cll..d-

Wil = -

YOL) CO.r\"‘k’ Caﬂc-e_\ ‘H\E. '1'5 a4s we did ‘A 'Pc:f‘a.;’c( Z_ %;{(‘EH\—LDJT ::H
== 2fle_ H20rrz

4
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We can €><P“r.\'Jrk Ccr\S‘('r-uC‘k —~he time  reversal
operatds (an freg Lield +htor1. Tihe SIMPIJ&.‘- “Hm'/\j
o Jeok at i~ @ celativisdie +kcor1 (s ad-ua.tl7 PT. ~Lets

£iad 1
ey soch Fhat 3 GG e = F)

The ;impzes# cqn&.':tqjc& 15 i\us* c_ampl{x con\iujq'{n’oﬂ, TN
4he momentun S+u:!'{_ " bagic —nqq.'[' s %PT c{oeg nb#h;lf\jﬁ
dESo[\J'{"Q.L( n-sa-i-l'\i'f\j +o ap éad qn{'
- -t ¢ +
Ao, ap o= ap and oy ag e, = az

PT

gz—t‘keﬂmof{ well Lake zR-—PTlo> =[o> and 1 (:“awé -J-}'Mﬂl
Sopr 1T

acain mothing, they iust le dhere.  What does Hh actor
R f v s g

Qé(ﬂ: &d3,< [QT: é"k“ +q§tik-><‘7

(2 J2og!

—t

P N A YA

APP(T | .')ﬂrPT ‘(‘o qg(x\ v i{ocs- ncr‘(‘l\m? ‘L (KT)JAWJ [+
does nu{"«mcl +o az Gwd ncr{-?m»«-( to ap. I
Rot \.U‘\a:\‘ lq,l.off -{-'.«\4:\- 1 U[) '~ e CKT:onen‘[-v’Ql. =+ —!-u,mj 'L}’Idmﬂ'
i‘f\‘l"o "'i .

- B - ke |+ L
ﬂbﬁcﬁ(n%?r' g@“}”‘“m [Qiiﬁ tai A x:{

= lx) )

P does n&klai +o Mo tuum Stuatas, Tt s e’x/?edea/.
p@f"\‘{'j 4y rag T ~-% and  trme revesal CL,Q,;\;JZf 1 hack q?ou'n.
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For A WIDE <LASS ©F QUANTUM MECHANICAL SYSTEMS,
“THE DESCRIPTION of ANY STATE (S SIMPLE  |F YoU
GO FAR ERCUGH IRTD THE PAST OR TAR ENoUcH

INTO "THE §FUTUuRrRE,

WeLL ILLOSTRATE THIS BY A SEQUENCE OF
THREE  INCREASINGLY CoMmPLICATED  SYSTEMS .

(l> MRQMJ ".l'u-7° ‘pfir"#:.c-[ﬁs in‘]'wc'(':"j “H'\f“o'-’jtﬂ o réPuk;&
-?orce, w hicla d:es of€ at la.f“j.o_ Sefqrn.-l-:or\.

'P2 ?2 S Y
H= _;Y%; + 7.,52; + v({ra—rsﬂ V=0 V(oo):a
Am{ state of Hwe syshm, @ real nommlizable stobe | not
oo qu-ne weave look s in Al Fxr -bas‘l'/-pun"\.r‘c. like Twe
par‘l-m.{es -Fc.\r ¢P4r+ (a.d'w\ff\( « Su?Er_Paji+50~ ol svch S-}-:«‘LCSD. -)—AQ

Fential aluers  poshes +he  pa~ticles for aPawL Lor +res
.‘fe_{_kg Lor .C,T.}_,,-c_zo ] b¢¢Mg_P -}L-. \304-cf\+ia\ e.\\'gs oﬁF ‘*[LQI?/

+en ok like Tnoatskeracking  pactices

® ® > -2

N ¢

‘/@ @\3 i R
There is AS +race o-C“H«Q EA-LQ"DC'!‘IM, P:\ -{"'\—L gf 64\11‘& of J:AJL
Lor —as+, The states  act (f’c& Stetes  widl, dyramarcs
aouer‘ne,d [aT a. free quiHoniaA/ Ho ) which 1< s.'mroie,)
=z 2
H.= fA 4 Pa

e -
A cMig
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THE AN OF SCATTERING THEOSRY (S To TELL
WHAT  (SUPERPCSIMON ©F ) SIMPLE STATER) i~ THE
FAR FUTIRE A  SIMPLE STATE 1~ THE AR PAST

=VoLveES IedTO.

How AR 10 THE ‘FaR PastT" You HAVE —To GO
TEPENDS o~y THE INATIAL  coroiMmonsS  ANQ THE
INSTER~CTION, (F THE TITATERACTION 1S THE., Muc LEAL
FORCE AND e CoLLIOE Two NEVTRONS AT Low

CRERGY wHICH ELASTIcALL ScATIER NEAR L =0 ,
THEN T=-T YEARS 1% FAR  €mevdH 1IN TRE  FAR

PAST <o THAT THE SYSTEM lovks LIKE Two

o~ R SRACT REe NudLeoams. I« HoulE VEA THE
I T AL CoNOLTIONS ARE  SET wPl Se THAT ~THC
ELASTIC SUATTERING oCcvrs ARoIne = — | billion years

+then  Jou MIGHT  HAYE 0 6 To  t= — (lbillien and seven )yRasS
do rake THE  SYSTEML ook 5MPLE.

IT NETO AT BE THAT THE  SimPLE  HAMICTOAL AN
N TRE FAR FuTURE 19 THE SAME  AS tHE SimeLE

HAMIITONIAN (0 THE ™A PaST.

(z) NR@M,  THREE Particls A B¢ which infenct
‘er-oujl« alrachive  abhemctioAl Whicly are Strons €acUvh
+o Mmeake an AR Lovad  <tecte. SHart A the 't(qr \
Pq;-{- it < a~d —the AR bound et E-wgﬁr‘{'f\mi S%r'([
looles likae fre particles 36\:’@"&&& a’oT a free Hami|tortan
but tha {rer Hamionian Fin the pasT | is

T 2
~ Pz e ,
‘Ho —%:4—;; +_Z-§/}_C- ? ‘E:-—b-—i’O
Now et S,‘:a\,’d-af"mj acgur

T ke for Arbre Y we can

1{’_.+ S"\Lc«.%E/S '{'koﬁ‘f I.ook hko

+inrza. Pa/"HdéS) AJQ/(., ﬂof‘r—}'f\‘['efv-d'i‘hﬁ) ©
io"ﬁ.f"ﬂ—&d 1:1‘1 —Hvt— '@?.ﬂ-* &

Hami |[tossan o @

L= Ta | Pa oy Pe \

ZA v Lmac

N S

I fou had « su'ccgcftn‘“f advasced M oIS | you may have Stodied Sudy a frfr‘un‘- €+4 H> ?+€+-#€.-
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]
T here \S. no u)a.»-{ '!‘o *rw\ca-f-e ‘H'ns. SYS‘;TQ/V\S/\HMU 1Lomaﬁ m-\L
o Free Fv.r+ af\c{ an sn+€rc:L<_+/\t] for which the e
describes i evolition of s S‘fv-\ m e for €dore-
and the -(4.4— FAS‘{' I yos e ‘H«.‘L 'Q--Cx‘ﬁug l\{od de~t

hove an AR bound state.
(3) (A plasible pichre o )4he real world,

TIn -H\e_ P%) DOO!\(:! < L\avc }ca.cl.s G‘C (S‘"@bl lﬂOJAC) S‘lca‘l"af.
TL the et wortd bde w [q,bora;l'buf bench as a shlile
bound S'}-:z:lc. +hea I need can d chall —beacl, scatMern |
and T n.u.c! a description of o g‘-e,e,l-( Ir,nj plece of chalk ca

b C’¢€‘ T lqhorn‘}w Emck The. c&-ﬁ&-ﬁpf‘liﬂ ot

States u\ “+he {‘3’_ T-é}"f f'{,?/b'lres S'l'di'ei witn Aelec{-mns

L\icf/'p?fn. AJL‘DM‘- pH:"‘oNS ) aAroad a‘l‘er) Lron nvd(’.t IQ_L-DM'I‘D\( I:w.n-dw(
Claal l< and ‘H'\f.. G-SQOC-ICC{"—(J '(;'.r.c. Henl l+onians.,

L&s c{- S s -Qfm[:yh ve. (T'k:. f st fnm" of <this lc&urg‘
witha \u‘\'& £ wordy ad fou ¢1‘Lq,+\'~§ s the f.a.p'i' of a kecture FHat
rMakes Soame teople  Nerveys aad Swne Tsc?‘q (noft.cl\

Lra,Jr ‘H l:;-e_ ’H\e— q,cl'ucd 'Hd.m) HD-MQA e-( -H'u: u.)orl.:f
and M ba the actval  Hilberd space af e world.

(( o jo Sv'p-gc.km'u -{:—;w 1A —HL\'- Pq_i‘f') €V€!‘T S‘i‘a\."[‘o ;n

“tre  actual Wilbert YSP‘LCQ loolss  simple. Let e Lo )
+he  Hilberd space  of witnple  stabes  and et (WD € H,,
Som(uﬂ\efe A ‘{'L-f, I‘QA,‘ world h’:lL\E/‘"i‘ SPQCG- FHacre 'S o

bt that  |ooks ke \P} w  the &Ha aj‘{‘ wletl {alel
“HAQ,J; ctute 7“‘ {LP?*“ & j‘{ Givea another S‘\{a.'l'e.
(LY e X, “Ha-cr{, ‘s cnotier state in the real werld Hilbert
space.  ~thak looks  lile PS> ia +he fer -F'-#urc_ booll  [abel
“}'Lw-.."(.‘ $‘+<¢:4‘t le>°U“‘ 'C{ >°V+ -56. S+¢+QS [Xa) +ka COM ‘\C.G‘['C;.‘!

quc-e_ ard ka‘oe,uéd ‘:T what —'Hv&7 [ool< ke in He far pa.r{’ or
+ne Lar 1--4\)1'{

®
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What we are oSter ia scccHer{mi +heory 1s the
probmbkli+7sj+ and nence the  amplitude; that a

iven ate |ooking like N"? in +the far
E;S+‘ loo ks like {;7 in +he Car fdvrg. We are
e -

RIS

The corrﬁSPonief\c,& LJE{‘Ween Z+>\ﬂ and Hj> L'C"”"
every state |¥) €T, thene is « [P € +hat looks

Lke 1> ian Fhe  far past) and behween (@5~ and |40
allows s = define “”PQOPQN&W in the <imple . ¢

Hil bert Space. 4o ¢ S, +the Sca‘H'em'nj ma;i-rtx, It degngc{ b7

Celd 4y ="C|¥>"

An iclea( Sca:H-enfnaS ‘Phem\( wou(c{ L\qve ""LUD Fao{-s

(l> A "F\)P/\ "H’\(’. Cmnk M€+Aod O'F ob“'q_;n;'nﬂ +h€
"deseri hev " S‘}‘c.:!‘es | qt‘> ! (€> +ihg J'S}
. J !
3enem1~.n X, , from +he ~eal world :
HamiHoni:Jf\. We alse need \L?o which
ves  the evelution of +he CldSQm'P‘f‘N‘

s-&&-eg. H.D eveveg "H\e_ c[@jcr‘rp{“of‘ S‘i‘a‘f‘tﬁg
with eut Sca,He,u-l'ﬁj,

(7_\} A durn dhe crank method of oHaim‘r\ﬁ s,

T of the f‘e_s~f' D( +his  course. will be devoted o
c.r_lculq;lrinj +at  matrix Llegments of S ‘(:.e/"f'u/‘ba-'{'tVﬁff{

That's  an  ideal Scathening theory . WR Want o 76{'
calecslating  So welll start With a\faaraca'»\ bascment,
k- Moot gc,o:H-«UFnc] +hcer\.{.
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Low Bopeer Scamerive “THeEoRY

TImnaeine +hat H can be written as H= Ho']“J[ i] H/

7[ -{:}-— o €or la.r'j‘l H’.] 'G\./\d__ Hg 1= '("f‘-?--‘l Haﬂ'\lHoman
"‘J'hcd‘ evolvds S+CL+€S iampz\r Wi+£ﬂc;f{' Sc.ﬁCH'emN‘j Ur'\lé‘.S.‘S

+the nteraction is with some exlernall <pe cified Pardu&,
ln-’ce_rcs+xﬁa] Hami Honians  and Fhe real worli Hami{Henian are
not of this form.  We want a simple

cles P'HO/\ of stades 1n  dhe Sa~ Fa.g,-f' /‘('—U""UP{

Becavie +he interaction is oF £ iA +he far pas 4/@4‘01"6,
+the simple descriptor g{w&es are
nmp\ —H\e stutes in Fhe ol —(—L\eor‘y’ -x-q,r enoUaia

'~ o pag'(' Lodore  Shot -FY-&)"‘ o. -}S = _}5
Fur-{-\\e_rmOre -'H\.Q. Hami [Heniaa Fhat ﬁ;ves +he  evol (Ltion

=9 'H\Q. c_-nmp( 3"“&:&85} Ho) B .jUS‘{"‘H\& ol

Hami {toaian H', fanr enOuth in +he PG.S-'{'/-F«J'ILUF{, ‘]'hq,»l’

(=0 _

Most Hami [fonians c{on'{- v\o\w?_ an —-/('(:\ A —H’\éﬂ'\—\
~+het  qoes 4o 2ero as  [+]|—= 2, Hou)éver, man
Hamil+onlans are of 4he HFermm H=H +H where
Ho 1S & Hamildenlan we know +he solution of.

)\/\ayloe_ we wuld f__'f{‘ an f( ! ints Jhe HamiltAaien
without df\ar\.qlr\j Sc.,acH-emnci Loc.eQSeg Muchs  We
know we cadt ds Fhig in System (2). Mo mater

o w ‘Fa.f“ \/ou 30 At —H\L '@:1!“ Q.S"{'/'QJ'(L\)FE 1+ i<
“+he interacetisn +hat KRolds +he S‘l-a.b[& Ag bound
State +ct76FV\€P ; and yov cant <hot 4he j~teraction
OT‘:'{: U-JI“FP\::U"L(' = ODU?‘\Q\ g'}‘ﬂ:*'-a- gﬁ-ul PG\"J' .a"{'-—\.zf
C hana m. sc.c.’H'-QPtn nocass,zs no Ma,‘H‘é/‘ I—wz,\j }o/\ \(ou T
+o ghqu i+ off 1‘[‘ 4., P&:A world IS ke <ysfean (2]
ond W c,am on\ o Lhitle ways S‘{.Jc( ;f\j +he.
real world aac_n o+ vh 11(2. ‘H’u‘i mw\)th
g2t a  ways S‘{‘\)A\rt/\.i %Ys-hem () like Jrh:s T +he
Tar Fag+/fu+0r ~the Pa\r-hdeg P~ grshm () are
fer  apart and neninteractin fFlt\=>o 1A
+ne ga.r- ms{-/-ﬁ;—!—ur@ i+ Shou(c{. r\O"r affect Lheir
evoluotion Since -Hm-( are. not mTL‘@f‘ad'/ﬁ? dhen

ny -
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gwﬁposé- L LOOV\'('CQL "\‘o inSef"(’ D \C(‘(:\ ‘{'a S‘{'uc{xf
a +}'\€OF‘\( of electrons ir\*l-{f‘q.c{-ff\a} -fhrcu.}if«\ ‘&
r‘-t.Pulﬁin. Covlomb force. We can!see a "flaw
cl-e.ve(cFinj. As o sinale electron «f]oeg o€ o 05}
aw af fFfom all othess | st That & Coulem’
Field  (covd of pheteas) around jt. TE v V_,Lweijk

an electron, you qet & conteibution ?5’— 3y " 4o
fhe mags -2ener in  adddion -te the T conteihution
~to +the Aqass./enzn’j-( et “HLE heart of “+he C12C+”°n~
This is on€ and *he <ame <eckric Fleld “4hat cavies
+he. scattering o take ?lace,i and you cant dorn off
SCG:H'-Q.P}'Aj L.UH‘ nu+ ‘ILUPA;Aj of € ‘Hq;S Q_'OUCL. Maz/bt) £

we turn’ 4he  inkraction  ofF svificiently sléwly +ae
simple. stades inldhe Meadl theony  will tura indd the
stackes  in the free ‘*%P?cory v 1A Pf‘oioa_hz[,'+-{ __;_L__
L«J?_. Nu'qr\:{- ({1‘:\ +a look ke i £(¢)

+) +urng on e -
?‘_‘and off /, 1\4 -?
adi abati c.af\[\(. e— A& ——C T Ple— A ——
A moce  precise we hope

WEY of s+q!-;n7 +the condition uUader uh\'cb\A:nserﬂ'n

£ Into  Hhe +k(,or7 wont chang¢ Scaﬁ‘aﬁ‘.‘nj processe’s
moch 1S o there mJUst e A =1 correspondence.
between +he qszmg-f- e (simple) shates of the £
Hami\donian and dhe  states ‘ of Hhe T__/_"_é_'g Hami[tonian,
That means wno bovad S'f‘ad-es) No cm?nemem‘-. e

hope SCacHer-Inc} processes woet ke c.kq.r\jve,d at all
Inder  Fhis assom pdtion In Fhe Umit A2 T o0, _‘:?.—a-o.
The last  (mit is needed so that Ldae offecds are’ 7
A&j[;?i'ute.- We want adighatc Furm Y en and tora a-(f, but
we) aleo want +the (<temackion o be on much Ior\?e.r- ~{-H¢n dhe
emount of  Fime we Spond Yurning i+ o~ and o, Sim'lar
r‘equu‘memmirs_moﬁ' b:.';mposed € You pu+ a System in 4 %‘Pmlio.i

BOK ‘C'rQAPQ’\&';/\‘i on what kird  of  quastties Zou want fo kaow abor,
T~ s/ L’\‘H\-{ rac. (a»f]ucxje,‘ +he glectron without Hs clovd of hotoas
s call a:&:qu_H eled'f‘th\‘, and with s clovd of f'\o'!o;.s a'dresse ”e-!éctr'fo«\'
The. Scaﬁ‘(‘e/“iar] ?r‘ocess sa2$ ke ths: Ta +he -C:zr"cEf- astyq bxree{ac:%o«
roses Fredly Zlona, A bilitea Jears hetore 1+ 15 o interacd 4 liesurely dresces

'I'{'SC{\C. -.Han‘\ \Jr maves C!Jonj 'F;;f q_lon -Hnng_ a5 q’drc&s&cj Q{g(‘\l'/‘o/\J Lp;e(!‘/ :I\‘FQMC_{-‘-S
w it et hes (eressed Y €lectron amd moves dEar & lony Fima asain, deesind, Then vt legurely vadrencs,
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We need c{wel-r Time C{Q,O-Q/\O’Ev\‘{" p&r‘[‘orbo\:‘hoﬁ 'The,or\( Lor
Ho-miHo.\;a.ns Q*g “Hie ‘F‘or.a-\ l

He Ho+ HY(E)

H/('f\ My Aepev\d on fime becarse -u'é octenall Uaﬁ-(l,h
i aberactions or becavie o€ —the tasetion of TF('&\ LB{_'U do Lhe
Formal tgm 'u\"“\f- ;A‘{'Lm&\'oh leture C{-QVQ,[OPQA b Dirac. Ths s
+He f_g_ei-g Lormalisn Lor dfo:nj —l'.'n-\{,-ész\denr ?tml.:r!;.\,-f-.'m -Hu.orT
TIF Jov  have f«-}a— {:IH- SL\'A(\] bn da a.-l-.M, and v knww Lhig formalisw
e dnt most offidieat w of calevlating  whad hap pens 4o the a,'f’oM7
c.HUuuj\\t'h{- T k:jLer Po.ﬂ(:L -}-L\Q.A -]-LA sy s e ‘(af‘au\ql\';m \10;- need Gor 'ALL-‘{'
ffo\y'\lrﬁ-

Schrd d\'f\%g‘ E'\CPUP{/

Wz hare 5‘]~cc“{.$ evo(vs‘nj ‘A $me acco.-clx'/\l‘{-o
P 5 [Vl = H(psigs, t) W),

{ur QLfSJ:ﬂje.r, Siace well be VW“«EA']
in Sevessl ?1_-})"-5

The fundamentsl oPerdorsj Ps and 9s @re Hime fnc{e?c-eqc{e-\-i'

ﬁ/s‘f cf/sr\,ﬂ:_ ‘7(/5(”} Ps= Pg (‘@: Ps("’)

] Twa Ddl.! oPe,r\an"or‘. +kq’+ are M‘\L +ime ;AJCfeAJEﬂ"l'- are, OW —!L&+ \\
JV‘.?;!'PULJH\(-*\‘CAeP@‘d on +imt. The “ime esolution OPé';apF U(ﬁtﬂ

1S even by
T oy, = WA S ),
U« chF\che.\ Y Jedermined BT ‘“ﬁ'-A d:qlveh+;¢[ 61’04?{';0« in
L5 V)= Hipsigs t) ol

and —LL\.{ 'ﬂ:’i'\a\ Co-mll“{’;o./\ U(é}{')({__,f/:’ . TL\I.»')L o\( ‘t) a8 o

parama+cr. U is vartac ({r-—- +he Hemrmitic of H

Nt / 1"' ) ) V.ot
1. LTt \ = U(-E}'P: \ | which expresses dhe comgervation of pro.’m;'f:r;/.
U elie obers  dhe commosfien law Vit ol )= Ul 1) |

whiek ;mPHQ5 Y, .({_&:): U (f/i‘é)_I



et G

He'lsenbér? Pid—ur@
The AS‘[‘T.'C"-CS do not C\r\a_rgig. .Ui_'{"'\. Lime
[Py = LRloDy = [Y))e

v— pPosse erglici+ sime  desendence

f Ag (£) g an o?ern.?{'vr ia -the g.kfal;l\jﬂr ?‘.c"‘"'f' and
AH&) +s ¢wn+¢r?ar'{' ia Fhe Hds:n!nu*j —P;c'{‘brf_.J demand  That

LPE) AR [Vl = LeDLA YR,
= 5<C€(OXAH({‘HWO)>S
= ¢ <o) U(O,G{ Anl4) U(O,@M&\)g
Awl) = Vlot) As(U (007 = ulte) FAHIU [k o)

S.rpposll /e ha\;& S oA 'Cuncho.r\ a-C oF-ef'xI'orS and ‘HM- -HM-@
ian +the Sc_krocﬁnjut PJ'c:fUN, 1dcel€  an oPe,rui-ar. GP-&XQMP’&
M '\434(? 1S a  fuaction o( PSJ%\S aw.c{ "t. Tt
“+he operater |a +he Heigen e P:c.'l-ur(’_) all yov have 1o
do s  replacz po and Zag BT Pu e qu.

E!rand H as a power

Hu (t)’—'— H (‘PH(%\\C\,HH)J{-) Series  and jagent :
U(é,b)u(l;Joy" all eve s

—:Dx-&rac\-\on i Hore

Acgome W can be writea ac H(f’ a, +\= Y + H/( 4:)
“This defines the relation behween dhe e \ °(P)Cu 04
Fnctions  H Ho aad ﬁ’j +he a.rjumcq-k ok '{‘L\L}c"fmcébluﬂ will Cﬁmyt.

“The ln'{‘erac{-lon P\\c:(vur*e l‘S l'n“formec!;ml'e L.r{-uugea\ \{-Ke_
Senrddingre pleture and Fhe Heseabery pictva. fou make
-Pv\t +rqv‘\§*€anm=x-1r§o.-\ o weoud el i‘%o C1€+ ‘Cf‘bM ~he
Schrodinaer Pic.-}-ure 4+ The  Heiseab p;’c'}"dr‘ej bt yov de
N 'JS'\/\% ;\US“' ~+he £ree oa.r"’r oL ““\.{ /\’ffl‘l’an\dﬂc%{ »

‘ ! T A here were no inferactinnd 44 Jlere wovid

d') (_{\)I - el?.ua (\st'{s)t (d%é\>; e o Time Cvelvtien of dhe  Soaves, That s

vt make the (2mctlea picturs g0 vred |,
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(€ Ho depended ex‘_pl-'c:"-“ on FHme  we  weuld have Lo deline
a o (‘{:)0\ which  would  take the place ot 6"H°{J bvt we
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1L is shown under gencral assumptiong that il the one-duwdy Green's function equals its free-tichh vadue

the theory s that of afree neld,

I would like 1o point out a simple and remarkable
senerlization of previously known theorems'=
regarding the vacuum expectation values of relativistic
fickl theory operators. Numely, if the sweuum ex-
pectation value of the simple wo-point function
coincides with that fnr a free field at equal times, then
all vacuum expeciation vitlues coincide with the corre-
sponding free-field wvalues? The proaf is essentially
elementary. Consider the states,
v= [af-mm@etin
where f(x) is an arbitrary space-time function with
reasonabe propertics such that surface terms vanish
upon integration by parts. Then ¥ has zero norm since

(= 23+ )0l (x)a () 03=0 (2)

{By assumption, (0jéd 10} coincides with the free-field
function at equal times, and therefore, by analylicity,
at arbitrary times.) Cansequently ¥ =0 i the meiric

Aceordingly, it is tree that

O] (e (rd-diriny=0. (3)
It follows thut
016y - j(1)- -3y 10)=0 )

since both matrix elements are boundary values of Lhe
same analytic funciion of complex variables.!
We see immediately that:

(1) The operators satisfy the {ree-field cqu.uiuns

(2) Canonical commulation relations imply all the
matrix clements are equivalent to the iree fietd ones.

(3) The weaker assumption of the asymplotic con-
dition also yivlds the same resale (This foliows directly
from the Yang-Feldman equation.?)

Although the resull is therefore more general, we will
assume the canonical commuiation rales {or simplicity.

1t is clear that the same resull follows with the
assumptioh that any single vacuum expectation value

i

{

/¢
A
' S
S
|

i

— S
Cambradir, .'lfuu-:f-"um-:.:: ER' AQ H‘ LL

with an even number of operalers coincides with the
corresponding free Oeld expeciation vatue, For by the

is positive definite, Define

Y= — [Tt K i
Jy={— S mf)alr). W Gime method we can then constrnet 2 null state aud ol
We see that from w=0if follows that hence show that with o single ¢ () replaced by f{x) we
. L gel a zero aperator. 1 will then follow that all higher
j(x):0y=0. {4} vzcuum especlation values voincide with the [ree ficld (U er
- . ) . functions. Fipaliy, by reduction using commutatoers a ‘
1 *TEi work is supported in part by fumds provided by the . - e
U. & Aonic Lnergy Commission, the Oilice of Naval Rescarch equal times, all mainy clements must equal the free where
and the Air Force Uflice of Scientific Research. ones, alen-
tR. Haag, Kgl. Danshe Videnskai. Sciskah, Math.-fvs. Medd. =
2%, No 12 (1933} . i i and o
10. W. Greenberg, Phys. Rev, 115, 706 (1939). «D.W. Hall and A S, Wightman, Kel. Danshe Videnskab. atom
I\We have been informed by R Jest that the same result has  Selskab, Mathefvs Medd, 31, No. 3 (19571 3 Ty s
been olnained independently vy both R. Jost and B. Schrocr, v DL Felidman and C N, Yang, Phys. Kev. 79,972 11930, B
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