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H=C?* <> X
e lensor loroduct Space: IHA=(HA®|HB.
e How to compute Smar 'mals”, reduced states /DAQB('HA))
PBGD(IHB) giVen /o€ B(IHAB)? Part'.a| trace operitor.
The tengor FroJuct of (Two) Hilbert sFaces l R* with
Scala\" Froc\uct < \>‘HA) ll-—\e wiﬂa <l >|HBZ
Jecine for [@SEMHA, |¥>EH® the Sunctionsl
Y elv>: HAx IHE — C.
(R, 1) 21t <y He
Lt is (biranilinear.
Notazion: 1€>e1¥> =lwe¥> =10, ¥> =1¥>|¥>=py>.
Des.: HA lHB={ Y 1A IHe—= C \ai-anrilmeari.

P\Qmar‘kS: i) |HA®IH9’ is 3 (l:-v.s.)'
i) i§ {'“QD}LH,...,MAS'HA) §|%>§§=1,-..,m§|HB dre oNg,
then {‘£L>®|¥‘é>}{¢=1)...,m,¢\ is a3 basig and
4=4-)yMg e
V¥ eHeH® W= §§ Yy 127elfy>
with W, = Wla,fy); 1
i) shinm (HA® 148) = i, (144) - it (H®).
Be{: 3 scalar product on HA elH® is defined V‘(’q ‘€z€(HA) .
Y, eH® as <8 ey, e, 3 <, 19,0 <y ot
g extend bj \inear'\tj
E xe.: <1 SH%er® o well (’leﬁnécl.
Remark: i¢ { L%, {fﬁ dre  oNB then {\Q;@¥3>}S1HA®\HB IS ONB
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Remark: 111> @ 1%l a0 = 10l o Wl

H
One can veneralize the rensor product to 3,4,.., m factors.
Noﬁce that (He H®) @ IHCqE\HA@lHe@lHC, bur are isomorrh\c
as Hibers spaces. The  same ¢or HeH® and H®@ IH*, but for
us the order is impartant.
Ex. HA=HE=C* {1o5% 157, {17 10
HA®H* (= €*) with ons § 100>, 1017, o>, M1>T,
COmFutationa‘ EaSiS of m-£old tensor Pr‘oJuCt of clu)y.t SyStems:
H" = Cfe..®C’, dimH"= 2™
m f£3ctorg
Recurs‘welg: H'=¢r, H"=C2eH"™
T he comru‘tatiov\a| basis of H™ is dec'mec) as
{|7>>§b€{0’1§m ) A= (Ko, Rmea, oy Ry Xo), %5 €4048)
IND> = XD @\ Rm-2V ® .. @ XD R XD,
The comru‘tational basis is of ONB of H™ (bﬂ inc‘uction).
Another notation: Riven N 3s above, we IQT
Mooz = 2 %i-2* € 0,4, ;2743 Given xe{ 0,1, 2"~1} we ler
H™3 Ix>™ =8> where X=Npase 2 -
Another oN basis in H2:=Clc? is the BELL basis:
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StaTeS anJ okser‘vables for comPosite systems
Postulate: %’nven 3Ysteéms lHA, lH?’, the comrosite System of the
two is represented by IHAelH®  (pure) states dre
rerresem—ed \95 V> € HA®H® with Wl =1 Sncl
mixed states are feb(\HAell—le’).





