Time —clLPenden‘l': Pertrrbaiion Theory.

Electrorn Scwff;en’m; Pr W{y %
Ferm”s Gaolden ru,/eZ

WWCaas% an e‘ec{‘rawb fravsit fram one. St (> "”"74[‘2"‘.7 <rfe- IaﬂM?)

Exo»"(g‘»/ Shta

Tronsition = x«ﬂ’«:'? (
—o— Grud Skle
The (anse 1S z c&% /n /Dafenﬁ‘al V
hs chage in V' G be Souly or abuptly . Lot frrob Gomsidon :

Au,abm,ot d\a»f, fn /Jofenfl&l

Considen  an elecEron 17 o 1D /nf/«wb F&M well ;

[t i A Ne, e,

\/% cSlb ez [\\_/ E2_4e,
1 Q
l/% Sk, 2 .
o L

L&Af(oobe fhat Fhe elecran & = */L&ifau.nc/ Stade \p, - J\\AW; oF £=o

‘ﬂ@ well  width C/\w?/n /ﬂmm L e 2L. Thes Ao-ﬂwuo
thm[,»f [7 .



Tle 7‘/‘&4'/—“’” 5 WM C/[CC% ﬂiM— Obrmf{‘ (}\w/?e m v
hao on fhe exloecfw&én value %4& elecfron's ens 9y <E>,

a,,li on /}LS fﬁ"& ;
At t=0,V
. cl«m?u v
Q € <E> -/--1\_‘
|
0 L

0 L 2L

At {7<° 2 <E>=E, L)GCW e |5 afjfm&&]-aiz,

At o . fhe M"QJB‘A'&C{‘(%\ 1S the Same and is }o,ro
at- [{x2l . Ths +ae Qv\% -ﬁ «e,(eoba,\

/3 SJ—L;& <€> = E.‘

hete 1y £y < Jﬁf “&
2m de

Note 2 3 Be carefvl abut the kol ot 2o
Bk Jﬁor the wider weld e &?%JW o J(ﬁ[m«f ;

$,o= 20 0, for e onie woll



OBVI“OM’v W:af\f’}:c_ s nok an Q(ZLMM . Bt we @n
ex/mwl i+ versusr the e{?«éffu‘m,‘

Y= Z Gy, or: P> = 2 Qn \po>
n

T fnd an: <eml>e 2 0w <G lp > = Q,
S~
Snm

So Gn=< U, lys = S%ﬁ(x)\vm dr < ovelap integral

Qq= <kP7_lLP> %
Wy — \/LB“" rLT,' (\L_—‘zt_
JEm \/
2L
c‘;"" 2L Ch« <\;>]\p>

ds 7(” e elechyon /n State. w>,
o s A prbadility £ fodig the leckron

In fhe stuke NP}
L@f' ,}C:r example ]Cf"\ci dg/oro@é“,e“ .'f] '}[‘0/(‘ 7‘60- QjedLroy‘ i3
in H»e_ jr‘ouwé stute '5 7“4 O/I'JL u»@zg 2C =
(h:(k[)‘ (0> = g \\;lem\p(m\o(m
S
7 S d
/( /—-‘5"\ —_ ‘/’ IS L *

0



L
_ 2 _\_3 fx A
T L2 ((4 2L G‘\Z_(:- )J.x

(-] L L_
i Swr | o2l ) 3nx

L2\ 1 2L 3re 2L
¢ b
R

So Mo eleckpn in the wide voll will be t Ao
gromnd stk tf He e el oitly fla probaliilfy “
- We au aleulsli fhe pobolility Hot He
elethon ol be in ofter sl in Ho sane )

s

fo o thet we /w/tw/ o an abru/f cﬂaﬂe YV, /37‘/( /ML
7@* Fho more ﬂ@wwj cart. tha CAWJ% over fla fue .
TM—JLF%J@M* me n /oof?nh‘a,e.

In ?zpwuz[ Considon @ J}zgf'em with /}ﬂW.[ﬁM?M e | we lknow
fle slwkm & Hre {‘/’rve-;i/l&)pmw (Scl’)rgoll"?m/ e7(,m,&}m:

~

He In> = Enln> En= 1w,

We fnao fhat N> ewolves in 4irme &C.COroU? lo:
.-:'w,,t
Inyt> = Inye So tle &lﬁmc/(’?,&\ E?CU’ [

— (Wnt ""l‘un’b

Hs [n>e _ h2 nve
Y 'Bf \ .
nt>-= IP,‘(X.;{:)

S“W“e A tive oo, we ﬂf/lyz & ‘ﬁw_o&/ww/ﬂé%em/t%



Wit) - S He uw Hanulforudan 3

) N~

H="Hs + Wie)

Henz fle WauefmoHZW CVA/V% @p
" IN
/#% \P(’X/t) = (Ho + W(’t) ) W (& t)

We wud b kaow how wok) i dascrbed Versws e
Jn oon e;,em%mc%bm f He (m/er;é(,(réem/ J)rf/t’m -
or in oflen (,uarl) W ane_ am/S ir ’ﬂQ Q)]D&msl"am

{6 Wby s
—1w,t

Wk = ) anE) Ih>e
n o

° <Nou> on (s Fme Ja‘)e\,\o{m&t )
-S\A\DSSH'W W ) SCI/\V‘- eolw ;

~iw,€ ’
(Ho + W) ) 2 aqphde = 1b j? 2; o et
\/7—//_” Y L’\\;——"‘/
L fime
=2 9}% DY PRI
= Z ﬁo On In> @_{wnt

As d,,,&/’s on\ly“ fumdtfm f time_
aud Ko 15 0 5/)0(,(;‘@@ O/Oem/{;c‘



fwat —-(w,t — [
(///+wce))21av,nn>e ST e Wx

t

D Gn(h W) In>e _ Z‘_ nye oy
] 2t

Cta?; hH (ﬂ@w 3 ho a@'l'wﬁfvz)

~ruyt
—nt h

Z <m janW (nNHe - J,’Z <mn >< _g,a,f’
n h ot
Smn
~ _wt Swn €
T 0,0 ImlW) Inde  _ he  dom
) dt
¢ (Wm-wn )T
ol _ Z 0.y <minin> e om
C))t' (~—"

Wman N7 (:c) P o dr

lwnt’

%0[“" Z )W, e
de ®

Racall ‘f'[w} we we "&O‘bl ]L, an(k} J Tlhe CAlOOJC FC[(X.XA&V\

ﬂ"’w N (ﬂupké é,’gefemh 7(/\0.){/\01/\3 ok we reogd

(fy SAvee &r fmi ﬁ,,S,

Example

Considen o system i ks jrwJ dat - So:

ay\ = O r\“_‘.b)l) -

{ o=t or Op= Sho

At t=o How i Sl-tp d\am?z h 0957‘(‘:‘47‘/2,( Had /W—for T



-f’rme aund then bé’éomd/;%er(u

W (k)

B0 —€nin

A

-—;'(AJ,,k ,.)un-t
t= 10 e ) e Y =) q,
W= 10> W Lgp\;gm Jantt) Inse
£ _ —_——
g — I —
Cravd —@— P
stk —e— —

Fiest Order fime- Je,oenc(a«f,‘ Perfwloaj;:on

We derved 4 sot % WESs At can resudF exack sdutou.

3wt now, ve Yie u‘rjfm S ensien i calcodats 30//0454 pued.
ow ﬁvm‘- ordor Wmd’wut\bw~

Assune ot {0, te sydem 15 i stkins == Gn=); dn, =0
Recadl orr ]Cma«Q result

4 ot
A dhs_ ) qwow, e
de *

ASK(AM a =0+ au(.(’):{ g d (O):‘O - S

m=£hn



“ant

['ﬁ O_lc_(—m- = me\e af ‘t‘:O
dt

LD Matrix 8[30!/\2/11' COuI)/eD [m> aud In>

O‘M.W amﬁ;’—)g 7@, t>o0.

£=t
| WOyt
== Om ('t) - I:.:h_ er)e d,t/
t=o
| Bl

A,Swvuz fhd He stats m> 5 not o(’?,@"@/&ﬁ* - We aun write_ JC(«QVL:

~(W,¥
vy = Zame >

/ L

Peturbed uhpecturbe L
If dbe perturbaton i3 smadl laml &) for meh
Ind we v assume A=) =>
—tont —lupt

lws=e In>4+ 2 Ot e n>

MNen ——

7

€=t

—'(wn{' Z | ‘.wmn—t/ s —l wmt
nt) =€ (%) L\ v e
\-P 5% A e h /11’7, mMn GH: e % (X)

F-0

Fist order perturbaben theory 4

Notes Two bas ¢ r\omvtﬂ&;,ax%v\ Prololcm fuek hea G be consfoned



~(Wmt

D ame [
<+
——
:
In> ): //14 bon;v\mi‘ f:‘mﬂléJT«z'Gj
?l anl =
CNEX , \\]
|
(

Scoltoned f,Mj Sty lo\miz_?_o

‘ t it
=\ W ot

t=o

Fermi’s Golden rule

What s He Fransion froLM'fy f‘” Ho
purtichs G scallin fr‘am st n> G > e
to a/ow,éufrm w(t) 9
Re ol

t .
| (W &

(

o
Ij[ W) (/oe,sm‘/' c,ﬁwjz wfh fime

Pty famte) —

2

g t

‘w £ 2 it 2
- ij@%df W \Se%d'c)
R TR

Z (W € 2
_ \\/\’Mn\ _‘_ e ) Z
B W
X Yoo VX, X, ix/,
¢-l= e (¢ _e _e 2( Sk




1 Wmnl : 31%2- _(”%"‘_t
NG 0N
Nowo ML Mﬁ /OV‘? brne L@/.’W/’ ome’ ‘éLQ_ m/&i&bh;

[amtt)| =

7
J A (xt)
t ¥

- o)

t—so

= ﬁ(f).—,_/:/%[ et o (Lo )

If- Hes are Confrnoun stols wath d.en,gﬂ—y ﬁ DLE) :

AGE amtj [, 1% D(E) S (E, -&.)de,

The {'mmst%('am relT s the Hime O(U’lwbtxve. :

= mn (g ;(Em—- G‘.\
de & 4 )

Ths s He frobww/:{j J,»}Q e I/ZT«



Ferm(s @olden rude

LA, Pee
z 7 / mn/ D(Em)é((:m—b,)






