'EXC. : tr‘5 tl’l.Q, Fr‘oo{ of uncertaintj PrinCiFIQ \X/iﬂq \,(=A+B,
Heisenber‘g ineo,ualzt3 on [H=L*(R)
Q:FOSition O)oer*a‘l:or‘) (Q"V)(*)':X' Y(X)
P = momentum oPerator) (P’\Y)(X)‘:—Li"’((x)
Qne cdn prove: it VY is C’C((P\), t\r\en h
LA, PI w0 = =ik S W) + L9 (x V(%) = Lyex) =i 1dY ),
X dy ,
T}IQSQ are CQHZA CQnOV\SCS‘ Commutdtion Y‘e'atlons.

HeiSen\aer‘%'mealua\itj reads as _’Z_\<AW(Q)A4V(P).

Two (l3st) poswlares

¢ 14 ¥ is the rStafe oF Your <1u8Yl1:um System anJ t\'te o)oserva]ofe
A is measured with outcome \€ o(A), the State aeter the
Measurement is described b3 P>/ ipay with Py iH—IH
the Or‘thogona\ Pro} on Eig(X,A).

o \f{ 'mSl'eEiJ ‘t)\e SSS‘tem IS g(_oSic] (ise|3t€<’) 1:\4,2 e\/olution of
3 Stdte I’\Vt7 from time L, to Time k, IS descr'i\oeJ 53 d
unitary UlEotd st 1 Y¥e,>=U0k, ) 1'¥e,>.

An observable H is the hamiltonian of 3 system i+
U(to,l") _;Q:".A'-(t{-to)H. |

ASSumin% t\qat H does not deFevm‘ on t) one can Write (WD = Q_‘JtHWJ

QWD =-AH VD> = L3t (V2= HIVe2, Sc\wao\mger’s equation.

MiKQJ Stdtes
Remember: Y7 = al¥o>+L1¥,7 is 3 Surer“oosition,
Ldea: (11.;):’:, classical )aroha‘b\\itS,(l"Y;))z:, Stdte vectors.
bewsit%orerator‘: P =2 11.;"\VL><’%| it <YlVWy2= iy
Der.: 3" mixed state on @ system [ is Jescribed by any
c]ens‘n:3 operator f;lH—ﬁlH 3T
N sevaaJsoinT)' °iS non—negative; ehas unit trace.
We write d(H)=] p:H=IH | p*=p, p70, Te(pr=1].
Remar‘k‘. e D(IH) s conVe X |
« if I'Y>elH is 3 (pure) $T3te vector, F=|"-Y><"V| € DUH).
e if 7Ry (FaeR st 2** 0> =(¥>),
1Y><VYI=1¢><¥l;
« i U:H—=H is wnitary,then V/DG D(IH)
UpU* eDH).
Theorem: it pe BIH), sim (H)< o0, Then
e 3 (P s 6[0){])%‘\4.;:1J(|’YL>)L oNg of H st
P>z Wi <Vl
. PQS)D a3 o[uac]ratic forms, With = ife jD S \Our‘e)'
° “P" < i W i (eXC.).
Pl"oo$1 aFPlS Srectr‘a\ T\'teorem to P! (l‘?&,oD)é,,oz ONB o that
p = %\8 Zd__. Nir«)“?&«‘) {X%zs:xzc'(f). UF to r'enum\ber-ing,
‘,\Y'&o(,> ~% |V;7, >\8 WT"@.
)O-:Z;. = V> <Y = P” = ZE- 14% %7 <V, | < ? ;.I"V,;7<’%|=/D
because & e[o,4] -—‘7145$11,;,)' = <D 1’%6{0,4} Vi, WLo G
'r“l:i = p=|Yo<v (. 0O
Posm\’c}tes for mixed States:
. given A o\oser*va\:le, TS ex‘)ectation over 3 mixed state P [N
B (AP) =2 (u<ADny,, where p= 2 (ulE><YL), (V.7 ONB,
o 't»xe Pr'oloa\bi\'tt\j of obsehving >\€ o'(A) it System 18 ip t\u S-tafe}) 1S
(PP( N = Te(Prp)=Z fa Pry. (N);
. atter measur»in%XEG*(A),the state P is uFJatecJ to P, pPy .

PN
14-‘ A IS mQQSureJ laut "t\ne outcome (S not given [PP( \

the State s u Jatecl ta 5= 2 IP (N Px PA).
F f /O xeow (-—@%
) 1(: 't\me. SjStem is c‘osec‘ it QVOlveS from time L, to :t(

accmlmg T3 wnitdry Ullet): Pr,=U(ke,k) Pe, Uls, t1).
T\'Le Sc\wﬁdmger'/s e,e|. aSSociatec] to H IS
A't%fx =[H, Pr].
+ Uncerzainty or A over p i AP(A):(<(A-<A>/,1°L)’~>P)”2.
E»LC.: Heisen);er% ineolua‘it3 for mier States?
Le féb(lH) is Fe{)risentec‘ 38 /"E % N;7<‘Q;l) |V, state vectrors,
%;70)\9\&1 also P:S; f&l’\l/@><'\)’3l) 112°{>0) (‘,\VP)% ONB.

TL\Qn Mmam anJ M‘ther‘e ex\Sts UGCMXM S.t. UU* :].ot
with ARG\ =2 Vi Vg 11>

. L . .
Hmt: U,.az'\(% <Yy 192> for A=Yy, m a,=i,...)m,.

Exc:ir p, pleDH) sz <A>p=<A>5 VA dbs then p=p!
Hint: Tu(Ap)=Te(Ap) = Te(A(p-p))=0.






