EXC,: Spin 0f the QIQCtr‘on: vecC tor in (P\B.
WQ dre interested i o)oservaues g&) 83,) SE.
“) . _.d- _ ~ 2
ilbert Srace of our System is 2-Om: [H=C”
l-:r‘om now on, (H (Jenotes 3'«1333 3 Z-C‘im. S‘vace,
ONRB is chosen 3s |3 ) lli§>.

uL (’oWn

\X/Q 3'30 Jeno‘te, | 0>:=| T§>) |'1>::|£,§> (A\0> ¥ 2zero Vecto\")_

fect (4
AS matrices . gﬁ%o’x and “4C) sz(f 3)) O"az(o' ML))

» 0
0% = 10 :Pauli maTriceS.A\SQ:O’xzoq anc‘ cyc.
0 - J

S 13> = Lit>, Salda»=-L|Ls>

Pr'o erties of Pau|i mdatrices:
(1) U%U,pl:S&%’“"'iié&QO'Q)
(2) L9, 0% | =24€,4) 0% ;
(3) o5, 2§ =281 ({AB3:=AB+BA);
(4) @ is unitary 3nd sele-adjoin, §,=1,2,3.
guPFose $ystem IS in Stdte [0, \X/)\Elt %QPFQYIS ¥ we
measure o5 (2 }t—srin)? From the POStulSTQS ]exFe,ct that -
* measurement is shar‘P)'
. exrecv:ed value is {;
* System ST3YS in State 10> 3eter measurement.
<03 7i>=1, D (02)=0. Try with 11>,
gum;ose SysStem IS in State [0, \X/hat haﬂaens ¥ we
measure O (2-%-spin)?
<OxJ105 =0, A (0k) =1, nor s\aar"o.
Poss;hle outcomes: +1. What are the eigenstates of 0',(?
1—‘2—_|0>+%-3l1>=”a>) V—‘_;_lo)—iw:,H):lLO.

*With prabablity 1/2 we ¢ind 4 and acter that the sy stem
s in st3Te |13
*\With )orobal;;lit_tj /2 we £ind -1 amj after t%at 'tl')e 33 Stem
1S in  stdte |izx).
Suﬂsose 1 have measured o and found 1. The syStem is now
in state 1> What har)oens ir 1 measure 0% 3bain? Exc..
Remarlz\: these, tTwo olgscrva\)\es Jo not commure.

Qubits qubi space
C\asslcal bit: two loossiUQ States, 0 anJ 1. 1\
Quantum ):>i7:: o'uantum SyStem Q\eFineJ \55 3 2—J¢'m. Hi”:er‘t S\oace ""f

with ONB {|0>)|1>} and an observable O’

with eibenstates {lo>,147}% and eigenvalues .
0> and 1> corres]ocmcl to classical bits o, {, but in H we also
have 3ll the states of the torm WO =alo> +&- 17 ol | 4*=1, o - C.
Measurm% Oy on 3 o'ubit Sields { or -1 3fter that the o\ubit
will be in stare 10> o0 143> resr:ecrivelg.

PG\"Bme‘trization of 4 qubit Stdte

lal* +1&/*=1 = 3 an%'e's o, B,0 S.T. o= 2% cos (6/2), % =2 PSIN(8/2).
30) ula to 23 %‘o\oa\ I))\E\SQ,) { can write

Y5> =0 cos(0/2) |00+ Y2 SIN(8/2)[17,0S0S T, 0S P T2
B‘OCL\ sphere FePr‘esentaﬂon: dssacidte ['Y>p o with \ooint

(smeéow) on the S‘Dker‘e SPeR?

SINGSING
CoS 6

Fix 3 quloit Stdte W>.How can we, Lui'c’ an okserva)o(e that lqas
'¥> 3S an ei%ensmte?

3
Notation: let o= (%l) elR? and Jetine oo = E Qg0 .
3 —3

Exc.: (@ o)@.0) =@ @M +i(oxd)-o.

. ~ siNg 3 A - -4
Define My = qu;“:\;?) eR’) Muwy-0= cose Q SING)
coso *¥sive —cose

(orer'ator for sFin in Jirec-t'«on /’r\\.), 1t is T\n,e o\oer'gtor wWe Qare
look'mg for. Let V> =1T4 057, ana‘ogous|3,

Loy ? = (24 92SIN (0/2)).
2208 (0/2)





