
Lecture (Sept . 21
,

Mon
. )

Outline for today ( HW 2 dye , HW 3,4 assigned)
=

of Ora ( time - evolution of States)
- continue dynamics

inn more general / mathematical
framework

( still not using usual
Schiro edinger wave equation

for wavefunction : lot can be done without it !

- another Tpe of state system timeevolution :

neutrino LV) oscillations

- Schiro edinger picture so far (
state evolves in

-

not) vs . Heisenberg picture
time ; operators do
-

( states time - independent ;
operators evolve . . .)

-x

-ooscillations briefly ( HW 4 . I for details)

( electrically neutral ,(weakly interacting Fattiest
')

- 2
"

flavors
" (simplified version) : Ve , µ (muon)

interacting only with e.pe
- Energy ( mass eigenstates are

linear combinations

of flavor eigenstates :( and vice
versa)

Iue
,
re ) = cos Of sin 0/1 vz) - sinoftcosolluzy

with Mz Tf Mz

- : I ve ) produced using e- lsource),
but its two mass eigenstate

"components
"



It

evolve in time with different frequencies "⇒

different linear combination at later time
t :

finite probability to find Iv# ( produces µ

in detector) , probability to detect as he)

( like Sgt initially ,detected as
④
y
- later)

umyoftateystemtimn
( spin precession , neutrino oscillations)
- initial state is linear combination ( e. c.) of

(2) energy eigenstates ⇒

(2) components evolve with different frequencies

⇒ at later time ,
a different e. c. ( state

evolves non - trivially )



Schroedingerglvs . Heisenberg
",Y pictures-

So far ( more familiar / usual picture : called S) ,
state Ket ⇐ wolves in time , but operators

do not change . . . us . H - picture

( Motivation: different viewpoint
can lead

to betters simpler understanding of same
result)

- predictions intact (Linaerprodac# )
"' tiene, ia+I://uy-a.io-new Ket (trivial)
( BIX la) → kplutlx @ la)) . . - N

S - picture

= ( Bl ( utxu) 14 . . .

H-picture
( int constant , unless CX , H ] = O)
Kl s - picture : x unchanged , but.IQ?iseeI!:Ieit#
-

El H - picture : X → Vt X U (evolves) , with

* *D l B) unchanged ( * ( His
'
are

AHMH1=u¥AHui ,
both pictures same

Id , to = O ) s or H ( drop) &
A
# 'It =OKA

's)



iatertime.TT a' "' HI # An÷÷÷¥÷,¥÷÷÷÷¥#
& lid , to = 0

,

t ) H = la , to - o)
t I 2, to = 0 , t) s = U ftp.to-D

but § d. to = o , tf A I a. to -_ o
,
t) s . . .

H . . .

( by
" construction

'Y
-

H-F : @naiogotihobtIiY.I7sezotspiae.i;)
d Alt 'Yat = outlet Ats ' U t UTA duff

( Als
' time - independent)

f[ use : #=expfiH. H is time -

---
independent)

- . - dA't"4**=÷EAIt",h
-

ychecks : ca) If [ACHI , H) = O ⇒

used u= eaptitttlhy
Als) = U Alt" Ut TACHI ( knew already

⇐ constant
*gen

*
matinAYII.sc Feng

1st
67 ( a ' ( X ( a ' ), = constant ( earlier)

s -

staff me ( CA . HI 'EE0 )
HH EE

In H- picture dat !:{It
a'k¥4

"
'

Iyya,
← H

= O ( agrees . . . ) F-
a
'



- constructing t "
H

, replace x. P#
:

g
classical

by operators µ xp → { ( xp + pze )](⑥ resorption)
- use# formula : (x , F (f)) = it

0 Flop 's

[ D , Glx ) ) =
- it 0% ,

Fred particle : H = 10412 my ⇒ dat = ④ tilted

lEaseapeetedfromgeneralre.su#d4at----(x , ] If = to Im = Blohm

µug⇒.pk#=2cC0t-pco1/m
⇒ ( x El , * lol] = - it

,me
¥0

⇒ in: a.

re

.

' *"t÷¥¥
e.g.,Gaussian

wave packet of earlier fat fixed
time t = ol) : a) 2)⇐ o

= d42(s%7nau ")
(particle localized within - d arounq.no#rigtinsuperposition( much of momenta,
⇒ At

af later
time

,

it spreads ¢ as seen from $01ving
Sch ro edinger 's wavy equation)

,
but easier with

H - picture : a) 2) t grows with t ( Y Iif'T)


