



































































































































Recall Laws of QM

1 state is Iv VE V complex vector space

with Hermitian inner product s

2 observables are self adjoint operators X

Xu v Lu Xu the
and there is a distinguished observable H

Hamiltonian

3 state evolves in time via Schrodinger eqn

0 I Hv
i e vet Uct vco where Ult e

Ht

is unitary ie Ult a Ult b a b

4 Measurement stated for finite dimensional

i The result of measuring observable X
must be one ofthe eigenvalues of X

ii If P is the orthogonal proj to X eigensp

then the probability of obtaining 7

is HP uh Lv Par

Hull Lv v2

iii after measurement with result X state is Pyo






































































































































A self adjoint operator has an 0N basis of eigenvectors
X XuPn Pn orthog proj

to Xu

Pu Pu Pn Pn PnPm o ntm eigensp

Orthog proj to l d space spannedby V is

w E v HI
v.v

T
means Iv CV so this is V

VI 11m12

Propi The expectation value of the observable

X on the state Cv is

p.ggyyg
XfProbabilityofobt.X






































































































































Combining systems

I Hamitonian systems

M I H and 142 I Hz

can be combined

M xMz H t Hz

iii u ai u

were in words I I't
guy if h

2 Quantum combining Quantum systems

Vi 5,7 H and Va s z Hz

gives V Vz C S H ltl Hz

AB






































































































































Asideonthetensorproduct

V Vz is the vector space spanned by bilinear

expressions u V where u E V g v EVz

bilinear expression means that

at uz v X u v t Uz V

and similarly for u Xv v2

If e ii Cf are bases for V W

then ei fi i n m
is abasis for V W

dim vow dim Colin W

example If to and 117 are basis for V

Yin
which we can write as tooo 11117

labeling each basis vector by a binary number

from 0 to 111 8 dim V
3 8






































































































































Combining 5,7 4,72

u v a r u u v.v'd

lol l l l l 1 0 I O

There is a natural inclusion

Ucv x Ucw U W

u u u u

where
U a b Ua U'b

so we can act only on V via

U l a b Ua b

this corresponds physically to exerting forces

on only onecomponent of a combinedsystem

The operation U U t U Ul is

the Kronecker product






































































































































i i
Bases et en f fo e fi e fa e f g e fr

If we differentiate this

ftp.geitxxoeitx
i X I t l X

so we see that there is a compatible inclusion

Obs Vi C x Obs Va 42 Obs CV Vz G

X x l X ltl X

This completes the Justification of

an


















Decomposablestate

RN x PCW C IP w Segre embedded

Luo Mn Dom Ym 1 7 fuovo Uov UiVj UnVm

PC E

PCE x PCE PC E

p xp p3 decompose

hot

El

c e4
4 4 3



measurement on combined system

Consider two copies of Q2 E Ee 87

Eh H E l t l E

E Ez

too O.tl L

Eigensp of E are 10 Q2 and 11 Q2

If we measure E i e energy of first switch

on a general state

V aooloo t Ao 101 t 9,0110 t ai 111

we will get 0 with probability laooft a.lt
v12

y wi mob Hotta
1012

and if the results 0 then the resulting state

after measurement Ts a doo tanto D to aoolo 901117



Entanglement
E

Consider the state

to lo t 1 It too t 111

If we measure Ez we get
0 Prob 42

1 prob 12

but if we obtain o for E the resulting state

will be too and hence Ez 1007 0

meaning Ez is 0 w prob 1

Similarly if the result of E is 1 Ea is forced
to be 1

so whatever Mease v is it forces Ez

to be the same theparticles are in

a en state


