Lecture 6

Postulate 4

IV.

IV.

The state variables change with
time according to Hamilton’s
equations:
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The state vector |w(r)> obeys
the Schrédinger egquation

d
ifi = | y(0)) = H | p(t))

where H(X, P) = #(x — X,
p—= P) is the quantum Hamil-
tonian operator and # is the
Hamiltonian for the corre-
sponding classical problem.



a—

TIMmE ZVvowLurioN

POSTUVLATE 4

amas————

(1) &xrand [¥l0) > N &NErLY Bl6 RN BASIS

( I 2 0 . 3
— % = B — Y & t .
m" 3 r;;' 0 W 0 {-'?

-?

en o0F H 088Y TOSE

H l El‘) = &; |8

B lECO = d'ﬁi‘_{z—»]:s;) = E, |&:>

-c8t/y ’
|2, ()> = e | BL (0)
rime BVoLVTION OF ev's 0F H s

VEAY SIMPLil ! onwy ThBIL PHASE CHANFES
(1) Stmecy Weire oowN THE TIME QEIRVIEBNCE !

-.:s;ﬁ/xﬂﬂ a; |E:5

_ostliy, , -ieslE
e — e
e

[$18)> = 2 e

!
Vig

S o



af's
-’
ev ‘s 0F H ALE CALLED STATIINAAY SraTES

es s

ONLY THEIR PUASE VAL &<

mEALVAE ‘
] (AMBLATELY
£=3 | "3‘6/'t\ £23 i .-b-Jél/K
R o ) & — o | €
0 Ll o
. el
I - 36[‘?\ wair ¢ 1 ‘;3,“‘ -uS{A
e — :
o (4
raaN 0 ¢
o MEASIRE,
ALWAY S 8T K=3
ALwaN § N STATE | ¢ 6,
¢ é

©

-l
rImE EVoLVTION 0F eV o H:

¢ 6o -b.?'é/{

¢ 8o ! waiT € !
e 0 —_— 0 e e
0



|

|

TIME ELEVvVowvrion 0oF

«? {
¢ Pzl en = °

OF Pop 0

g0 rs TIME gVowvrioN

-3

ev's oF P

AS THE £=23 ea‘: or U

P:3&;:0ﬁp=_‘__

2

ro FIND
irs rime& gvoevrioN

o

!
¢

2 &23 en 0F Hep

P2l ¢S ¢ Srarvievany
BBCAVSE |P2L> X [BE23D

AND 1828 IS5
IS &¥AcTLY THE

s rarviovasy

SAné&

NO BQuAaL TGé AN eﬁéoﬁlf

So [p=2> s rmE .

QEIENDENT

E4pAND IN eir's oF H

BacAVs e

~imiE &VNOLUTION

”r IN r““‘

rimg

D EparvorncE

! { -0'3‘£/ﬁ
22— 6 | o e

vV o

we | W) D> = ‘p=3> rusN

o\ -ctt/k

& ¢ é

0

WE Kwnow THE

o o‘:

+1 [0]¢©

—

/y



|
|
|

- 0 -o!‘ﬁ/ﬁ
[ ) ¢</% ). >

. 0 -c / '
() e - H =(f)ef'"

WHAT 008S PTHIS LOOK Cl1LE
. 0
1 oty [ O itk
A 0 ]
(o]
[ () 0 {
7 0
TIME - QRPGNOENT PHACE PArcTORS
Im
= otk
..b"ﬁlﬁ e“
&
‘ -ob.v"é ¢=0 ‘
- t Le e Re
e : ;
&= 0 ¢
e & , ¢
4 4
~cSt/H .
S0 AT JSomiE TIME e wie 8 |80
ARBAD o¢F ¢

V7Y 0

- Q
.‘.”4

L X



STaeT (N P23 ¢: oFr ’.’
& IN QATrWAEEN S0 :50

LAaT@A  IN P2l ew o  Pep
AGaIN IV BETWAEN

(e

> ’
gacu (N Pz 3 e OF op
TVET LIk & COVPLEYD pampiLA

IN BRTWEEN, Vit AekE
N A eINGAR  COMEN ATV

0F |&=x4> AND | E25T>



Recipe for calculating time evolution

rimg gdocoT ron
[';] EEFAND [P;u]"} i ENELEY B ENEETS

[¥ig) D= I |#(0)>

(z - {'E,‘I) | ¥(e)7

H

= 7 180y cal[tlel)

& 'ﬂ.;.

1]

E_ e, |EL>

M
it] aApp THE rimg DEASUDEVCE

et /%
[#18)> = 2 wi|Ei> e
¢ TiMg . 0GP
PHACE FACTIa S

Woegks Foax AL £



WHERLE pogsS TH E SIMPLE T IME DEFENDIBSNCE

comg raom’

086V TO0S E Hl&c> = ékf—;“;)
08a1 TISE Hla »= &, |E.D
+Por)
-.etlg
(e (t)Y = & [ &, (0)D

/

PUHAS & gVocUTroN

oF ENGREY
RI16EN K& rs




ONLY E(é6ENWETS OF H Aerg STATIONARY

LOoiZD AT

s = k(]

(P=3>= P 1E;> <€ [FP=3D

= 1E,> < E | P=3D
¢ 16,5 (EL P23

J-IE;)<E;‘(’=3)

! {
s 035¢7*7_-;-'IE,_> #E—“.—._'z)

~
"
w
(1)
V4
"
(=]
M
(4
M




coEFrfFls




DEGEINERATE

POSSt1BLE
ENZAEFIES

RBSOLTING
STATE

NEZE D reo

PA-OB( g;) =

oLrGrATOIAS

Pacg = ...‘.._
¢

( Bococy) &0

TORZTHEAR
+3

—

I

BirYOND

z
|<e >l =2

Srarg =

1ESD




ENERAL CASE

L¥[P(e)]ED

pros (E.) =

A

- s t?(e;)w)}

wiAT 1S [’P(E‘:)

P= 12>Le]| +13><K3]
= ()(Ma 4-(:){0:“)

[]

°© 0 0 06 o

- o 1 © 0 0 o

B o O © o o
0 0 »
P = o I 0
o o0 )

W N ..




wWuHAT 1S THG

[ ¥ (o*)> =

11

i

it

MPENASVR E £

sTar g ?

Plece~)>

AeAIN

Y~ )

3

NoT

® AlLwWaAY S

sTAY

vormpacLitg D

Finp E=¢

IN SAmg STATE




Statistical Description
Expectation Value aka Mean or Average
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Statistical Description
Uncertainty aka Standard Deviation
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