QULU:: IH (2 Ohm.)_, l0>)"l>) Oy .
W7 €H has the form V7 =ale> + & With 0 1%*=1, 0, &eC.
V> = 072 cog (8/2)] 0> + 22 sin(8/2) 11> for suitable ang\es

0, ~> Bloch svhere representation.
Wl\at QLout mixeo’ StaTeS?A m'lxc.cj u.Li'L STate s %iven 53

JQnS'\Tg operator, i.e P*r-)) T o= 70

ﬁ , 1.e., ) fD J 70 .

Pe(e %) e TndeR, k=g, avd=t
Introduce red rarameters xiy k% ER st

Q-»‘_":%i,gl:“xs b= iy, £=X tiXy .

5 )

2 .
XytaXy 1 — X3

2 2
/D=-L(“"‘3 x*“""*?v) . Ei%enva(ues of P

(‘1+X3"2>\)(1'X3 ‘ZX)*(X-[-AX'L\ (X.(i—k)(:):o
A-D) = xX = <} +%

(1-20% =1Kly %= ( ’1:,) cR

R3

= 1 +lxl, < .
A 1£id, 20 = |Ixll, <1, r*?n"'tﬂla’a"

BlOC‘\ Srhere r*e'or*esemation ) /3 > x €R .

Remark 1: /O IS Fure&‘—'—‘—bit is r‘elor‘esen-teol 133 3 Fom‘[ on
the unit  Sphere (that is, (xly=1).

Remark 2 12_ (ﬂ R0k + %, 0% + Kgo’a:) =J5,'(1l+ x-0)=p.

PT‘oo# of remark 1: 1S ‘:mre iFf )oz=j>)'
f1=ﬂ4-(1(+(x.c)(x.o') FQKO)= _14_(4l+|\><u§j 1l+2x.w))
=p <=> Ixly=1.
Remark 3: for 8‘-’4,2,3) LI(/DKO’*) =x%:
x}t(i{({wx-c) 0’3) =%X}; (0 + (X0 03) =

3
= -g-(bzg @) + 2 %o e (007) =
=2 %y G () =%

OF_Qr‘a‘tor‘S on C;uLiTS T We want to stue‘j unitarj o)oer‘ators on |H.
J : A_S2 1Tk
E)«c..let A be an opergtor on lH) L2 S ypers s&‘./\ .Suﬁsose

ﬂ\e}t A"=1(}- then Ya€R
QA viaA-Lat -4 3A+ Lot v i o5 A
2 3! 4! 5!

= coSt | + & SIN(a)A.
. . . 3
Des. (rozation): let M be 3 unit vector in R”, deR and desine

the orer'ator' gz b,ﬁ(a)'-fﬂ'm/za'd(sloin or)er‘ator').
Pr‘o erti€s:
(1) (m-0)*=1 => Ba (@) =cos(a/) - sin(a/2) -0,
(2) D) =Dz () (exc);
(3) Da@)ds ()=, so rotation is unitdry

(4)  Da (D4 (R) =Da (a+p) (exc.).
Lemma:let Ube 3 unitary operaror on H. Then 34,p8€R st

the matrix of U w.rr, {'0>/|1>} 1S
ANEE <9,"° B costla)  —24 T sIN(Y/2) )

o* B:E SIN (¥/2) ot P2 cos (¥/2)

14@8 o+ rr‘oo~F: U= (.Z i")Gszzj Uunitarﬂ =

= YU*=1 s (‘; i')(% %): (‘0 ‘:), that IS,

1a(24] %7 =1, aL+%d =0, |l |dl2=1.
Betai\s in the Bmk, Section 2.5) Lemma 2.32. 1

Lemma: let U be 3 unitar*j oiaerator on IH)'t]nen 3 o(,(i,‘() seR
s.t. U= .Q,'mbg((i) B%(‘o’)bg(&.

Pr‘oor: (Io the ca‘cu|3tions anc) use FPeVious |emma. El

Lemma: U unitdry on IH. Then there exist operator A,B,C on lH)
d€R st +ABC=1; « V=oAL Boy C.

].QIQQ of FrooF: we know U=go*? bg((%\ B%(K)BQ(S)} take

A =D (BIdg (5/2), B=Dg(-X/2)bg (- BLE)  C=Dg (%&) N

Lemma 1V unitary on 1H. Then there exist &, & €R (M%les),
m unitary vecror S.t. V=20 B;,\(i},
]JQQ of ’rr'oo{:: use rE\DreSentation U= g ( ); SFI'\I mitriX 4§
Lo+ )C‘O’K-rﬁ,,‘o',a + Ly 0% and from the —C&' decluce
coorc‘inams of Mm aml 3ngle %.gee Lemmd 2.35 in the book . M|
E.xc. : \QT A \be an OPQr‘a‘tor' on lH.Then 3 &o,%{, Zﬁt,vJ &3 € (E
St. A= M+ Z -0, &=(§:) eC3® 1¢ A is unitary
then |Rol *+IRI, =1. Hing: * A= 2" N4 (X).

Hadamard operator: Hi= oxt % = ;4/-5 (: *1{) w.r.t. flo>, >3
Hioy= 124 - s =lo-i HA =1
V2 Vz

H=o"% Dy (0) B%(%)bg (=10).





