



































































































































Summary of early attempts

both k G and Dirac try to find a

relativistic egu.fonsnglepart.ie wave function

KG for spin 0 predicts the Energy level for Teton

Dirac for spin Y predicts the energylevel for l ydr.se

KG hasthe negative energy and negativeprobability problem

the 4 function for KG.equ.ca not be
interprefated as a probability wave function

Dirac Solves the negative energy problem by
imposing the Dirac Sea Sit ahandon EL single

particle picture
Also the 4 function for Pires egn.ca not

he interpreta fed as a singleparticle wave function

Causality violation
iltlt.to

p c.xle l Yo

toalewayslqprohablityaaph.tn
de to find a particle at n at time it

when initially the particle l.ca liked at K at time
t.HR

nini no it t.gs

Jx SǛ sin ale 化 a fan in IT ct t.li






































































































































when combine special relativity with quantum Heo

we have to

l a baidu.hn probability wave function interpretation

2 deal with infinite degrees of freedom problem






































































































































7hBirth.fQFT
nattenptstoquantiaepL.tn

number of photons is not conserved

e 9 1 Atom了了 ⼗十 energy 1At ⼗十 1At ⼀一 8

known to be a field E a field before

he turally we need a Quantum field theory

orěiewofclcsicfiecdkeorgllocaejrg
Leis study the vibration of a D metres s with volume V

4 7个t
9伲 tl

⼀一
蹅 inration

0

1
zpnǎy in

yGHYJgjyv.lu

me V

At the same lime we dis cretin it to N cells of site ST
and indicate ii the center of the cell Now th problem reduces

to a N body system 9 it 三 4 It i






































































































































So the lagrangian for th system i i given by

N

L E L qicH.cit 9it ctl
Sheilours sites
Asluueohlyncarest neib.ir nteration

pereonellyhave no idea why
we need to Stick to His assumption

9 int 41 xi.tt 541 i HI isnor.jh.isher
I ⼈人 0

orders in Sx

L I LCqxi.tl hi t iqci.tl leads t in ear
specialderivativeoaf

3 03 74 ispossible
E If I 丈 41 xi.tl 2年年 x it but will not be

discussed in this course
⼼心 sis ⼤大三 上its fi I C 4化H.igcx.tn t

t density

Locality
ㄥ NOT necessarily relativistic

we can Gene non relativistic_field theory
oh.lydepends on here we simply use tu notation
one X but not SC h IG

field qt.ie a function defined at every single point
of space and fine X is only a label

e 9 fix t

S fat h fdtfdidzfdbcLC4 ie






































































































































We will also use the Hamiltonian density H or

he.fi㼱 H Pti L

Pi 意 我举 ⼀一 收 器器 EAT

of
H Pii L P x 9 sit d ⻰龙 f i d3 fe

下 三 起 ⻋车 ⼆二 万 4 L24
S
energy den is

We See the following dictionary from mechanics to the

field theory

Classic Mechanics Classic field theory

lagrangian act as cx.tl

LT9i.ci7 ⼟土 9 atl cx.tt

t 7 sc.tn






































































































































Hamiltonian
Pict 7 丌 x.tl

HCPi.si 7 Hln 4

Pi 9if f T 9 年年
poison

Some examples

example 1 Euler_ Lagrangian equation

d d h d L 2⼤大
不不㶨 ⼆二

杰 2 后
⼆二 章

prose

Using the action principle SS 0

ss fd47 ⼟土 4 2.14

i f d⽐比 I Gtsq 29 1 284 ICU 24

fd4K 4 9 早84 8点4284
Icqgzfngifd

421 达 89 t 答428404






































































































































21d 声89 叶器器89 2㷠 84

_Sing 2㮺证 2 㒩以
arbitneyi fi itesin.eet.H.tna change vanishes as sc a hotel derivative

I vanishes as sc a

逛
sqi.co

Therefore

s s no 2n器器 ⼆二 是

example 2_ Conserved Charge current

Q ⼆二 点sq F 5 䑝 S4 F

it Sq inches SLE 器器 if 84 inches SI zin
JS ft Sh fdt是 ⼆二 SS Jd I P 之 F 0

pro o

s s 2 F 1章 ⼀一㻑 1 19 2儛问
Euler

Legrangia.eqn.int⼆二 孩 答984
2 蕊 sy.in 0

in with J 是 84 i不不4
conserved current Coin






































































































































example 了了 free Klein Gordon Field C complex

⽀支 2924 ⼼心 4布

g 华 4⼤大
4

o si

We choose 4 and 4⼤大 be independent

equetion.tmot.in

2 a 噐 2 前 tiia
以三⽔水 嘉中18 名的 4

2 nfspmd.GE 2mg 为 4 229

2 L
29 急 hi 4 my

⼆二 2器器收 ⼀一 辈 2 my 4 ⼆二 0

k.ci equation

But 4 here is a classic field NOT the Probability wave function

nothing to do with quantum at all at the momentina

so i at ㄨ7 H i i P No No No

we haveNOTtalked about quantization yet






































































































































Let's calculate the Hamiltonian

in毙 4 t I

icici_iiiq.int䑝 ci

L

rhhsnnyfli.T41ff ciqtjfiqt.mn 4年年

ciitcie ciytjciietm.ci 4

T T j f 84 trite

Positive definite

Considerthetransformation

rq
qeiaqtqxe.in With ⼈人 三 coast

I ⼩小⻋车
⻔门

24 fn nicifqei

Iunchangedtaheao.ee 9 1 it 89 以 9
4 4个 1 it 84 ixyt






































































































































N
a j 器器4 84 器器 84

2 T it 4 t 24 City
⼆二 tfqiqticiiqj.ru
Jxiqici.iq xjy

NOT the probability current But a chaircannery
d

Uhy charge we will see this in the

future when we couple

4 ⽐比 to the E M vector

fieldAm






































































































































txampe5 ec Gaia E m field

II An ⼩小A ⼀一交 层 F T_T

with Faut 2nA 2 An An 三 c E Ǎ

note flat we prefer An than he and Ě as the fcndaae.ee
fields in the Lagrangian Since Ě and I can not describe

things like A Detects but A can

Although A are No T observables co Lik E and A one

let's get familiar with ⽆无

relates to Hei and É fields
BE ǑXA Ǐ t T

iclec.lu

Foi 2 Ai tai A ⼆二 点 叫 总部

Fij 2 iAjt2jAii fij.in 131 22A 23A F 3
天 B 2 E.si B ˇ

05 Ei Foi Bi ⼆二 ⼀一⽓气Gjk Fjk 72 ⼩小 A3 23Ai F

𥘅 132 GzzBe ˇ
0 1 2 3 B3 2An 22A ⼆二 ⼀一⽆无
0 E ⼀一天 ⼀一Ey o F 133 Gzn B V

⽆无 ⼆二 E 0 133 132 Ii 毕梁梁炎 AnE B3 0 131 2

E 132 131 0 了了 e itijul 2jA.tk tjJ
tEijnFih






































































































































I i in

Ìfg h A 2 An 2 An 2pA

i i j 2 A i 2iA 2 Aj 5A X 2

年年gilg ⼀一 iAj 2 Ai 21Am 3mAe

_f i ⽟玉 Ej ⼀一 年年 is Ein Een BuBu⼀一

⼆二 主 Ě2 fi
ㄟ

2Skin

equation of motion CMaxwell equ

on器器 2 录⼊入 is 22An 2pA t A6 26Ap 刘

⼆二 anG g Sigi _Sisi 2pA 2Ap

tig 2 Ap a.nl lips ⼀一 Sisi fi

孙 l f 56 g g 2pA ⼀一 九Ap

lgtmgN.gg 队 2Ap 2pA 1 1 i
2 1 2年年ˇ _2 A t it 5A

2 A 5A 1 2年年 ii ⼀一 it
h F

2 i2 I
⼨寸⼼心 ⼆二






































































































































plug in Fm i 2nA 2 Am

I CanA ⼀一 Am1 2 0

2 A 25 An o

2⽉月 2 A i i in it
22A i t 2 i 12 A it o d

Aoi notdynamic
No in the Lagrangian

8红 2 i i i.ci A to 本

iiiAi 2 in A ⼀一 TA i 2i it
⼆二 2 A i 2 i A Ōxix I

2 ⽟玉 5 51i i i Ě

Only zeqni.fr_ the euler_Lagrangianefhn The form will be modified

if oe Gave change current

The other 2 hexwell egg will be given by the
Bianchi Identity

不不 Far t Da En 2 六公
⼆二 0

proof
⽟玉e uithch.ru the form will not be changed

2⼊入2mAfu 2fhAmt2nAY 2xfAut2fm ⼀一 弧上⼒力力 0

Let ⼊入 1 M 2 U ⼆二了了

2 Fn 1 22F 1 t 23 F v 0

a Fan 22 F is ⼗十 了了 F n 0

⽓气 Eiju 2 i Fju 0 5 5 0


