NOTES QUANTIQUES

N. Lygeros

yHo,, —myp =0

SN

—Y,¥"0" 0,y —imy, 8"y =0

Dirac

imy, 8"y = m*y

/

¥yhadid,, + miP =0

w {y# vV} =pHyY + v = 29" Clifford — Minkowski

, , (r e +y7y*) . 2g%°
TFT“SI a'l_,L = gl—'ﬂ.};a.};#al a.',& = gl’ﬂfal a,'.vl = gl"lﬁ? ?

99, =g,,8"9, =548"9,

Yo¥H0¥ 8,y +mPp = 848Y0, Y + mPy = 843, + m> P =0
Klein — Gordon
o vt =L ovow o v ow  touov g ouw
Notation. iyt =R oy A A Sl
1 1
yiy* = 3 (r'u’ —y*y") +§ rry* +y¥yY)
Lie — Clifford: yrpt =ylpH 4yl = % [y v*] + g™
YyVyH = =20 SVE 4 g*v
2

Einstein: E* = p*c* + m°c
RE 8%y

Schrodinger: Eyp = — —— + Vy
Substitutions: E — iﬁi , D= —iﬁ;—x , p — —iRAV
, , &° , -
E*o -k —s, p?=-RV?

E+S=  —j* = R4 Ve 4+ mAe*

dt?



L ﬂ

— RV +micte =0

dt
h=c=1
9%

—— Vg +m-p =
3¢2 @ P )

) ) a .

D'Alembert — Minkowski: 0 = P Ve
Klein — Gordon: (o+m?*)p=0
Dirac: y*y¥ + y'y# =2g"", ot =L yR V], ¥8 = iylylytyd
ﬂwg#v =12, Ty T’xﬂw =0, GMJTE‘:TM — 12},.5
O,V 08 =0, crm,cr”cr“" = —4g*

3 1 -~ ~ 1..9 .9 1 o~ ~ 1..7 .9
Lagrange: L = 0,0 @, — M @] +20,§,0"@, —Z M @;
I . . {‘:ﬁ:rL = (cos ﬂ]‘:ﬁl — (sina) @,
nvariance. it

L@, @, )= L(@,, @,
@, = (sina)@, + (cosa) @, (41, ;) (&1, @, )

Voisinage 0: @; = @ —£@, , @ = @, + £§;
a@; = ‘aﬁ:lll. — @y = —=@p, , 0@, = @ — @, = t+e@
Linvariant = §£ =0

0=8f=—2 _ (2 )+ o
3@ Y g

oL
a6,

=

8(a, Q:Jn)-l- 5@, + — 66,
1

aL

0= a(a, ’*1)5[6 ) *3 a(a, ")5[6 (’D"H[ (%ﬂﬁ@ﬁr[ﬂ#(%ﬂﬁ’}

6(8,8,) = 8,(6¢,)

- -

d Lé"‘ +a—£ﬁ“"]—0
“la(a,4,) " T a(a,8,)

£d,[(9*@, )@, — (d*@,)@,]1 =0

AT o~

= @1& 2 _‘:ﬁ:agﬁl

. ATM
Noether: BH_ qu =0



