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Dynamics of spir in magnetic field#I (car of constant field and Larma Preonia).
-

Recapabout the Block sphere.

We saw that a good parametrization for

qubit state recens in D" is

14( = (SE)(4 + (i)e"(t)

In this chapter 15 = 103 = (b)
in3 = 1x = (9) .

we use a molation that is intuitive when talking

about spi-



②

r
(4) = as24) +124x) = m =(0
u +, 0 ,432π

sin S
Remarks-
-

(L)s #D are athogonal (tE basis (

N
, ID

are allegard (Xbaris)
= ( (m) +H)) =-(#) - (3)Jz M

15)
,
183 are alhogana (Ybasis).

=(1) - i(e)
= (1) + if)) .



③

E basis
= eigenrectors of E = (1)

X basic = eigennectas of Ux = (id(
↑ basis = eigenveclas of 5 = (:")

Eigenvalues are always 11 for these matrices.

#

Recall also the where pananctrization follows

frami

14) = x(i) + P()

with <
, BeD and 1x1" + 1912= 1

nanalisation renover one parameter

Moon a global phase is unobservable

so one can always adjust -> 1R.

=> all in all take ↓ER
, B - 1. with

d = cast, = (i)e



&

2) Hamiltarian
.

-

The
magy obsurable (Hamiltanian) of a

spir 1/2 in a magnetic field is the 2x2

mahrix

H = -r
=- yz(Bx( + By + B

= 5z)

Bz Bx - iBy
- -( (

By+ By - Bz

[te value of 5 depends on the particle a system

and represents asoupling strength J-



⑤

Specialeasy case :

i = 10
,
0
,
B0) //z direction

H =- UEBo

Notation
-

visw.t
Here Wo has unit [S"]
to "[5 . S] => Planck constant.
H 11 "

[5].

=
Tigenvalues& eigenrectors :

H = - ( -i) = SHIT) = - to ,4)
H(V) = + (4)

A energy spectrum has to levels :

energy
=> ↓ ↳ It] "exciled state"

Gap I I - Wo

S

-

C

two
S - two ,

14 Ground State



&

-locksphere illustration :

With a constant in = (0 , 0 , Bo) field

in the z direction
-

eIf) Excited state

#atif is has any general crientation ?

obviously the energy spectrum will be De
same with eigenvalues :

# two and Wo =U1=B+B
The eigenrectos (a eigenslak) will be qubit
state with 10

, 4) pointing in the direction of
T

=



⑰

-teractionof this to luet system with photons

Qualitativediscussion.

A

- to , Is excited staleI
=> - Eo , ITS Ground stale

.

· If initialy system is in state 143 and

we send a photon (a grain of energy) of

frequency w = Wo luned to the
gap , so me

give an energy exactly t = two , the state

will flip to 1) the excited state
.
This is

an absorption process
-

· Conversely of Initially the state is It >

excited
,

it can release an magy to-two

in the force of a photon and the system fells in
me 2S . This is an emission proces .
-



⑧

3) Dynamics in constant field : Cara-
precension .

-

-

We wantbo sofre the equation

& indv
= Hit

at

v
= I = ( ! i)t=0

and then compute 141) given that

140) = Close) (4) + (sic)e 13

We also want to visualize the solution

as a function of time on the Black sphere.

Fa H = -J 2 with i time - independent
-

Tismy casy (time - dependant cash
Le Next week

. S



⑨
Become It is

independentof
time

a
et

following can be

plugging in ODE :

( = exp(iH)
Notic Net Eto = I = (d) initial and

is salicfied .

Now me adden the exponential.

By choosing the reference from

appropriately we alige i with z . So

we have look at the care : B = Co , 0, Bo

V = exp((
= exp(itw

H = -E Uz Wo = UBo



it wo ⑱

= (
E
2

E

S-

itwo
⑧

2 -

Remenk : De exp of a diagal matrix is jusa

the diag matrix with exp on the diagonal . (

=> 14t) = ve 1 % >

= pose) 143 +pieE)

= Cos et14(e-

=

et (2) (4)+ (g) e -two
↑

Global un observable phase .

Theis the solution of the Schroedinger equation.



⑪

allian
Black sphere : magnfil e

X

D
· the state precenses around the z-axis with

frequency No. Period of volation :

y - w.
T = y - 2=

-

· This is called the Carra precension.
-
-

· Of course of has general rientation the

lama precension is around Baxis with

frequency No = JlB11 and period T =i E


