Second sztfbn

Goals bor e lectwre :

T. mhoduce quomtization of EM belds => photor,
I “second quanctization ” - Jorgon fom OFT

— differawk approact than "&&Wihﬁ"k"
¥ we studaed $o fon :
observables <> operators
states <5 funchong
% whon dialing with (Fermions) bosons ;
wpose  (out) symmotry of States *by hand
— seomd quantization formulation 03[ QN.
¥ states thamsclves expresged M terms of
“ereatiom” amd “annihilation” operators
wor on the “vacuum State”
¥ other opuatvs (0.3. Hamiltonian ) also
AUsonbed b-j creation /ammihilation operators
¥ popr (anhi) syn o} states enforced
Via the algebra of Huse operaters

Svwple harmowic oscillgr  ( rZMSiteol)
HIP=ElY> witn f=Px , mtge

Rewrite : * L
ﬁ _ miwl(%+£7j ) E.? g Z:\WM ol p
T, (L4 gy (L iR = L% i{jii-iﬁhﬁ""
WY D F4pr= (gl -if)+ 108,8)
3%“ \

.
e ("*m—w) - "lowen\yg operator

at- (MmN (4 5\
a "(2_1-,> (4-3';"-’5) - ra.iso'j opwrator
(&)1_ = a‘l’ GAJ'DI\A* 0; one aMHMf Ql{‘@lﬂ‘bw
(but not Hermitianm ie. @& #+ %)
Can rewnte (Hermitian) operatos M terms of 4, AT

2 =(aﬁ>)vl (34+8)  px=i 1"‘—3‘—")"" (ar-2)
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(&,a+]=aat-at4 =1
ar,aj = -
(4,2l =0
Lat,at] =0

Swace we bawow Iy =Enln> witl En=tio(n+})

> atad(ny=nin>
Vs

n- Mumbor optrator

RaJSI\M & [.aweﬁh& opurators' action
"*") n = naln>
aa*-od’a = [&,at]=1 |
(1+213) aln> = nAIn>
odr aln)) (n-1)(aln>)

=> &&* ={+ata

h Cesult oJ. n opumtvr
> alr> = Anln-1> Loxum\nj oprator
S'Mla.r% ,

At In> = Bui| N+l — mishy operhr
Com find coeffcients An,Bn (see Griffitls 2.3)
Aln> = {n In-0
0ty ={net Inet>

E-s. Smwml state 0> :
B10> =0  (ocom weto fnd Yol) =<x167)
atlo> = 11>
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Alternatve Wierpretaton @ stake NS Comtwing
N idewsical quanth ) cach with gy Bl :
= W M)
Eu = 2 + h
9 m:““ n bosons

Haactw
These %M&imbchwz like idudtical bogong

ot ceates Ko = creation optrator
a dustroyg hw = annihilabon operator

Quomtization o;; EM_felds
Homui (toni an epations :
o _ 24 diseribes e pwoluthon,

:: ;:7 of quuenlized  momuitun p
T 7’;F and fvsrb\h- 3

Eg. classical 7. 95_: + V(§)

o1 g{: N = [ vewtws 29 law
at % =

dr_oH a_P

dt~ op dt  m

) Find guantities smular o p and 4 OQ(EMﬂda(_,
Homultonian egs qve dassical tme ewolution of p and 4

2) Proceed o guastizatin of A (3-¢ ,Fa-ﬁ%)

E S{mﬂ\/j EM wawve
g 7 By plowman- V
£ polarized aLovj Z -dir ﬁ/‘)& g xé
hedt

P

Ez =P D smlec T

Bj = qlt) 2- Cos ke ontinode antinod ¢

Chect agamst Maxwell epm. )
G.E--28 } Yriong: S22 %
e =E¢/'lo,(gi 2-Comyp - % 730 _87%3%:

dt
N‘-k?% smlex = Eoplo ETPD subex =5 i'f: -
(w=ke amd a,fcf%;,)

[
) d%
l\ kFDCOSl(x ':-—é-%COSk’x , £>-—-=C«.)P }
ﬁ,
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Comb?hinj the two -
al_"ﬂ-__l_wl‘i___o ‘; samt 28 SHO!

dt?
HM[WM&/MM EM wawe -

H=2(p+¢") o D=2
kaj quant i :

A _ w AQ A2
H = Z (r + ? )
rewcte M terwys of creation /amnihilation operators

.I,
3*=E§—(a?* 1?) A A A |
oA = H=‘hw(aa+;_)
&% (3-3f) ,\
Extend to Man Modes r‘l"" H,\ ,'hw-'/'ﬁa),\
ﬁ,\='|iw,\ (at\a,\* ‘2) pheton ner gy
;1,\ b OFUW
Same propwties o} ﬁj\',a,\: [&A‘ﬁt]=1
A= [t s+t create s photon
oA\ = (s Ing-13>  destoy s pheton

Pl'qusncs of u&aksﬂgon
* quoudined EM fidd ‘
= enurgy / smgle quamtiunm | WO, = "photon
¥ Com put as photons Mt A\-neode
as desived => ~ poSons
zero-pt. Huctuakions ( E,& M oo Pluduatcs)
=7 enuqy of vacuum

* com quantize other waves: vibratong insolids = phonon
pla.sm Wanes — Plasmpn , Sp\- wayes > Magmon ...

*

Casimir effect : attractne bove due to 200 -povit
on tup pamltd cowadi"j plotes

odyAc
_‘E';&= _hen > (Casmw) Sa'o
owren 240 a4 .
be zer -pt Modes
E’ﬂ' 4}““ Separation br Iim* m»‘j /\7‘; wavel s
plates => force 12:16>N from botives the plates
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Fermion Creation & amnibdation operators
recall :  fermion wavefen auiisnn.mdﬂc w.rk.
partide exchauge
\

12;0,b> = ?-7__(|1,?>I:,b>- |1,b>|2,a7)
state ot
1,87 12,8
11,62 12,b>

rewnX e
Slatey s
deter mnont

252,67 = -LE

EA&J to extend to N idewtical fermiong
4,00 1200 ... IN,&D

A
IN,ab,..,n> “nT l1':,b>_‘l.2.b7 \l\?.b)

11,77 1275 ... N, n>
two partictes ( columns)

= Wa"‘g&\m Sign =M3S:1u~hd‘i(
- owy two Si?'nle-palt. states Hue Samg (rows)
= Q'f%{-bh qots o zero = Pauli principle

Com chavacterize multipartide stute -
Fode representation
I/;"‘ ’/'“’ yet )/h7 = (some :?rak as HF mcthod)

ocmpa.h‘o- o.[. state o ]e.j, Dor 1 &( ‘fam‘ioh
A

Creation, operaiol &r fermions bt/mm

Anna hi lation, " : B

Ther actio :

7 =
b | o . pime0.. pny = (;\1) | o pin=t

add ow wit, mth state 1 Slader
dttermunaumt . Mterch ows

) anyt
& = (&
a';g““d;wl forne =3 (1) bor tack

Ex. 1,0 12,02 13,05
ap |11 12,5 14,h> 12,h>(3,h>
- : ' ! Sw.
MWD 12,0 Hm> [2,m> \3,wmD> 3 T

Lecturel6 Page 5



Ue> 12,6> B3>
[Am> 12,m> Bw>
N> 12h> \3n>

-—
—_— —

a‘:\n /qa /4M=1/1u> =0
fM(M% -
b l/f(.l /4,.:1.-./4..7— )" I}Aa /«..,=o.../<,.>

Con proe thak bt Bbu <1

= {E..:l\::."] ={ omtitommudtator
v fermions

What's wt ) . n
¥ tam Wwrite opuatwrs H ete, ( mcludi 1{’)

™ form o;. creation /mnihilm‘*!h ofa'ah)ar
% Com mix famion with byong

(it phobn omisson by on electom,
clurm.-p;mw Pa}v\ Pf&duc‘tp“' y =2 QPT)

¥ math ks track of prper stute (a0 symmctry
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