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Outline for today
=
-

- finish " kinematics
"

of Ora ( re - casting into more

powerful language (formalism) time

- Onto dynamic : Throwing,

but for,p

evolution ot Ket (to begin with) ; then more

familiar Schrodinger's wavy equation
for

wavefunction classical
,
i- e .

.

( QM analog of{Newton 's leangrange
's ( Hamilton 's,

F- Ora)

1GaussianJ wavepacket
wave Gaussian

ex eats (ik #) a Hala'll
" Halse 'll

'

2

I #>a' # 2C
'

- d

false 't = ( a' la) = ÷¥d eat Lika ' -÷:)
14×121112 probability density Gaussian
( localized near origin)

( fixed t : dynamics later)
-onvalues : ( se ) = o (by symmetry)



( see > =p . ' ka " " " at:D"apqa÷,-da e
- r

-

=#( t⇒ o%a . . . go.ae#ze-aK-EItra)
((Dnf) = @2) - 432 = d4z

( b ) = t k ; ( D2) = hey,za,
+ h2k2 (H %)

④ H2 ) = t4Czd4
⇒ uncertainty product = (⑥ xp) plz)

r¥i"iiiii:÷i¥
probability of finding is also Gaussian

( centered around ⑤k) . . .
with width A

⇒ ② widths inversely related
-¥1 limit : plane - wave ( delocalized in a

'
us

.

fixed momentum) . . . vs . : S - function

in ze
'

n . .

- generalize to ③D : dimension of ware function

[4*64]
-ft ID : @ ength)

- th

→ 3D : (length
-3012



Outline for dynamics for today/
next week ¢
e- time evolution operator,p

related to Hamiltonian

(SE)
⇒ scng÷tqnjfor timeevolutioon
operator ( u) & la)
-

← SE for time - evolution operator (UI

actually
- How tofuse above to time evolve state :

examples of spin precession ; neutrino

oscillations ( MW 4.1)

* time evolution of expectation values of

operators

-
time energy uncertainty relation-

- -
-

* Schiro edinger us . Heisenberg pictures
( " casual ")
- x-tat[#It, toD

la , to ; t) = U (t.to) Ix, to : to)
- -

✓ initial
later time

ia
14to>

time evocation is like time
"

displacement
"

( translation in a
' )



propertiesofult.to#LIkedoneorfT(dx'I]
it . U is unitary :( probability conservation :

( a. told , to > =L ⇒ ¢a. to.tl x. to it> =L)
(2) .

"position : ultz.to/=Uft.z.ti)uCtx.t
-

.

131 .

version : U ( to +

dt.to/=I---#-ddtirtHermitiaF=
( Hamiltonian , H

"generates
" time translation)

- . .

"

motivated
"

by classical
mechanics,p postulate

r=t I ④ as inkso

µ that we recover pm =daIf
Hamiltonian operator

as classical limit of 0am)

UCtotdt.to/--2-iHdt1h
Finite time evolution : divide o At

. . .
use composition ( like for translations
U ( t , to ) = U [to -1 Nbt

,
to + (N - 1)At] . . .

-tuftotbt.to#
use U on RHS = (z - i Hatch)
-

(Hisdependeo*)

⇒d= f - itch)
"
at = tyto

NIO.tdte-afeitft-t.lk#=at-LitLf*t
.

?



schroedingesequationfozuft.to

i¥¥*h(eat

⇐t%*¥m¥ii"
it oqfyla.to/= H la , to it)

⇒%I"o%Iiato;⇒=Hkto€
- *¥g¥
Impractical expand La> in terms

of

base beets ( eigenkets
of Hermitian Al . . . ⇒

ne.ec#seknowUCto.2o3kaDJ
Ht . ICH , A) = o . . -

⇒ H 1a '>

Aires
=

ai
la's

eigenvalues

⇒
Ya.

Eat . It, to = o ) = Ea, I *
'⇒=€!a¥⇒



⇐ III . ( d , to it) = U ( tqto) la, to>
= u ( t, to) ( Ea , La ' ) Ca Lto))✓

= E la ,> calf -_ o) eat Ea⇒
§ailt)=calt=o1eapfiE£y

: probability to measure⇒ ( Catt 112 = ( ca' # ⇐ 0112 constginti.me#Cseee.g.FsutJ
relative phases between components change ,

since
-

Ea , are different . - ⇒ state does eus
non - trivially

- special I warm
- up case : La

,
to ) = ( al) , then

lay to -_ o, t) = la ' ) eaebfi Ea 't th )

⇒÷%÷%%¥amewin
Expectational
-
warm - up : Ini Ket is eigenket
+ not commuting

with H (CA . H] - o)

KB ) =Ct . B.uen%itw
use

new brakettle:iIe⇐*a"B1aD¥E÷÷¥
.
#Eitel .



Onto
-fSui (B) =@cattail eat iffy))as Hel/ Ket a' new bra

= Ea.?.cat. ca " - B -f?.ca "nee:tfiEh)]# Ket

(al ( Bla ")eapEa¥a#¥⑦constant
sum of oscillating terms h ( Ea , # Ea ")

( see e.g . ) ←

Exceptional : (B , A] = O ⇒ & all la
") = 8 a'a" b '

. . .

no

oscillating term ; ( B) at time t = §.kz ' 12 b
'
= constant

HW4.2.in#
^
't

torque E- it x B- along
Bz T \ x initially ⇒

=¥¥ tries to align at with

£ MT Y
. ..
butget comes with

"

spinlangutarmomeatumJTassicay.de. g. , spinning top
let go#ngtetovertic.ae#itydiTection: precesses as
it falls

y--
H = - it . 5 i hit = Emt, = 151¥, :

BEBE

( neglect kinetic energy) egeomacism

H=-emeB⇒ LH '

- o

eco,

FEEL = I et B12 area
for (Sz; t)

w=lelBl@ ; ( E + - E -) = tw ; H=w



la
,
to) = C + It) + c- t>→ la, too

-

- o ; t>

EH . 4%1%9
.

) = cteatfiwtl It> ⇐*I .
+ c
- eat fifty -3

e.g., initially ( Sy : t) = tf (It) ti l -s)
probability to be found in (Sy ; I > at time t

new

=⇐⇐¥¥:#"t.tn#ii:::::tiiIiiii--1zealf-iwt/Izteapfiwt$1 !fcoshoztforsyit)
( sinewy for (Sy;-)

⇒ neon - zasero probability for initial
( Sy⇒ to be

found Itsy; - ) dater ( related probability
to be found as ( Sy ; t) reduced)

( Sy ) = t tf cos Zwzt - Iz sing = tacos wt
--

eigenvalue probability gon stagnate
- - r ( Sze ) = htzsinwt &⇒

=@⇒ gerneesr:*,

spinprecessesyins.IM#
( probability to measure Sz

to beth
-=④ at all times ,

as per general result)


