
How do w describe prob dists over quantum states ?

Note about generality and deal with IP)EK
*

as much

as possible.

Aus : Density matrices

For 14L - &"
,
the corresponding d . m. is 14741 .

Def . Let 3 (Pa , /YaL)] a be an ensemble of pure states

meaning pa is a prob .
dist.

. PazO , [Pa = 1
.

Then
,
the corresponding d.m .

is p
:

= [i palYa)[Nal.

If d.m
. is rank 1

, p = 144) then called
pure.

If not rank 1 , then called mixed.

Central thesis : d
.m

, formalization is necessary
and sufficient.-
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& Let p correspond to [(pa , (4a))3 .

Then PSO , tr(p) = 1.



& If p 10 , tr(p) = 1 => 7 corresponding ensemble yielding p.

↳f p is a dm
. iff P10 , trlp) = 1.

D Since each patR ,
Ia)<Pal Hermition => P is Hermitian.

For
any

vector I,

[r1p1v) = <v1)[ palYa)[Pal) Ius
= [ Pa [VINa)[PalU]

- 条 PaKu 1 ψ>P ≥ 0
.

tr(p)
= tr(各 Pa 14a>54al )
← 各 Pa tr (14c)(4al)

← p 。〈 a14a> - ☆ Pa
= .



#o

Spectral thm : P =[ xalva][Val sigendecomposition

P = 8 => Na = 0 and 1 ← tr (p)
= 台 λa

so X is a prob .

dist.
.

So [(xa
, Iva))] is a well-defined ensemble.

Updating density matrices Derived
consequences

If a state is represented by P and unitary U is applied.

Then
, P +D UpUT. .

#f. Consider any
ensemble [(pa , (Pa))) corresponding to p.

New ensemble [(pa , UIYa))3. Corresponds to

p - 2 PaUl4ak4alut =U (各 Pal4a)ut- upu+. ロ



Measurements :

For bit b
, define TTs = 13b11.

If first qubit measured ,
then

Pr[b] - tr(πn 0)

post-measurement state is w=He
and if no measurement is recorded

,
then state equals

TopTTo + TT
, PTT,

#
. P = [ Palatal be

any
ensemble decomposition.

Observe To + TT
,
= 1 and ToTT, = O ,

then

142- π 014a) +π 14a7



Then Pr(b 1a) = 11Kb101) 14a)I
= 111, 14a> lで

=> <NalTTy(4a)

ThenPr[b ] 名 PaPrlbla)

. a Pa s4alπy l4.>

= 台 Par (π01><)

- t*( π 台Pal4a><4 e 1)
->tr (Ttsp).

If b observed
,
so Pr(b) > 8. .

Then for event a post-state is

π」149211=飛
as a

dim. ty:÷
π

1く41π 14.>



If b has ocurred
,
then Pralb]apubla).

past-measurement dim.

5 = [ Pr(a 1b) o5

- ε Pa <4 .1 .

π 加14%< 加1

二 加 (冬(
πs 0 )

←

舞似β) 、

Lastly , use that if measurement is not known then

Pr(0 8 + Pr(I] 4 = TtopTTo + TT, pTT.


