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HWI-Conection ; Playing with 2-level systems

↑1 Derivations

Pauli Matins : tabe Oxi(idio : () (
7

. 5x" = Jy? = O = 1

2 Tr Ex = Trop : Trx = 0

3. [oxy] = (((01) · (0 : )(% ) = 2i)]) = 200

Hence [Exty] = Zioz ; [E ,x] = City ; [g ,
02] = ziox

4 As ::: I
,
their eigenvalues one such that XE1t J = #

5 (E) x
= v (10) = ())i y

= (10tik) ; ley : lol -

X1y-
Ins

Spin Y, and Block vector

Tab = (Sh == +Si

Si= /l SuiteinSi
1
.

Calculate (Cost -J)(-1000-3) -Suit > J'= cos +Suit =

3 : 1 -> Equation of Subac (CS-1/n + Singet y = 0

eigerector 11 (-Scie) 1 (6 ein)
as sit = 2 sint/ cos #/ and ISO = Es

1 +
u

= cost 102 + suit et In
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And similarily : 1-1 = Swith los-cost et (1)

-( + 10x1 + 3
h2

15/ = E [n( + 10y +) J
( + 102 1 + Su

W

And : n[0x1 +
E (Cost/ suityeb) (01)) Le ein)

= Les sin % (eteY) = Suit cos

same calculations yield : (Su = /Ces

Measurement of a abit : take in = de

The state rector associated to loy) is (4) = 10s * 10) + suityet(1)

Hence to Cos =

st
and p : Sui=

As . i= cose -> Co
,

1=

Ghurfet's thorm : (A) = <PUT(A/H)

: [1] A 14) + <414) + <4114
As 4) and (4 = - it H

(A) = It <41An-Ha14) + <A)
= i <[A , H]) + LA

Evolution operator

= Exp[-i] =
avox

+
Using O -VH,,
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One
recognizes the Taylor expansion of cos and sin.

hous U : cs e -isin et

Rotation opator H = the has two eigenvalues #h
associated to the State 103 and 113

thes 140 = costo +Si => 14h = cose 10) + siner 11

on
,

to an overall phase factor ITW = cost10) + sinent (1)

Onezecognizes the geneal expression of a state associated to the

Block rector il , 4: et ,
honce rotated by ht with isput to 01)

10
,

07
-

et



A . 2 Rabi oscillations

1
. If 14101) = cost10) + ell suit (1)

=> Ith) =
e- Wh +

I= cos E eri10 +sui
To a phase factor : Ith) = cost10) + Sinteilew) 11

Hence the new polan angle y is 4-(-wr) : equivalent to

a rotation of the fame

Ite
by an angle-we

-
2.

it RUH =
it&R + itR

= itRIRHR

heur : I
: RAR"titfuR

3. itRR" = it (itoz
= -tu

Thus F
= (eveiw)(ev) ce w

- Ew)
w - No - (l+ e-Zet)

= E Incretion) -w + wo
(

4. Near-usonance : In-Wol Wtwo
,

Lance Al--ic +

Note : in practice -Wow few live widths of an ofical transition. Lex : in Rb & 780 m
,

↑~ LixIMHz) .
As wo ~ 384THE

,
the approximation wo

is very well justified.

* is the result we would have obtained had we neglected effire in i from the start.

5. Writing = E (D) = Existsurd)

we obtain Ex =+& with 1H) : cost10) +Suit 11)

E= -Ent with 1 = suitlo-cosE11).

6. (HolS = 1F(0) = 10) = cos(t) + su-

=> Fu = as
en It +suie:I t



7 . 4,1 = KIIA = /11 Fa 1
"

Finitial fam
↑ in rotating fame.

= 10seW (1 +) + SueNE ( ->1
"

- /20ssi [e-
·
si which is the

Rabi formula

8
. a

Pitt)
1 ----------------

m
A =0

D = 32

imm2

t

9. Envelope: Contzian curve.

M
- 1 Transfert from

S
>

los to 1) maximal

on usonance (A = 0)

*
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#I Zeno effect

2 D = 0 = P
. ( = 12/ = 1 . L ton

2 P() = (4
.
17)]" (1-e-

3.him Pelt.-o

4 If you do not measure every et
, Polit cos

Measuring the system popits it into 102
,
andrevents the

system from coolving : a continuous measurement freyes the state

of the system.

IV Enlangling gate

- Hil = villes) a re
= (1002 + 101s + 102 + 111))

Hout) = I 14m) = [ (1003 + 1013 + 110 = (1)

2. If not entangled ,
5 <

, p ,24 such that :

Hout( = (2102 + Bli)(@ (l 02 + (())

-

COP and
=

nicompatet en

Hence not sequable -> entangled.

3. vMleave the e quit untouched
,
hove one pist has to

look at : (i) n
= (1)(i)(i

=

1)

vil
fr
on the target quit

(= I % ) => Unot= (
j o 8

↑

villost . voi
P


