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1.1 Notation 0O OO

00000000000 c=A=1000000000000000000
{2} = (t,x) = (2,2, 2% 2%) (1.1)

00000000000000000000000000 signature O 1, = (— + ++)
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ds® = —(dz°)? + (dx)* = 1, dz"dz” (1.2)
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(v,w) = Nuo'w” =vw’ =v-w (1.3)
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O =50 =(5V) (1.4)
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1. 00000000 «000000000000000((0000000000)
o M>z" — p(x)eR (1.5)

2. 0000000¢0000000000D00O00O(K*00000000000)
¢+ M3a" — ¢(z) =pi1(x) +ipa(z) €C (1.6)

3. 00000 AdDb0OO000b0DOOO00U0ODOCOO0UUbODObOOODOOo
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AF o M 32t — AM(z) € R? (1.7)

4. 00000 F,0000000000000000000000000000040
gbooooogn

AF o M 32t — AM(z) € R? (1.8)

5. 00000 ¢q000000000000000D0000(0000D00mMOOd
ooo)

€t M3a" — &(x) e C? (1.9)

Mo © M3t — fa(z) € C? (1.10)

6. J00000¢0000000000000@MO000000000000000
00¢ = (&, 7%)(0000000---0000)

Y M3t — (x) e C (1.11)
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Y M3ah — (r) eR? (1.12)
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P, +m? = —FE*+p*+m?=0 (2.1)
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5= [at3IGER - (Ve —mte?) (23)
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(=0 +mA) =[(55)" — V2+m) =0 (2.2)

Sz/ﬁf%P@mww—m%ﬁ {Z/ﬁﬁgiwww—m%ﬂ (2.4)
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o) — ¢ (x) = ¢(x) + dp(z) (2.5)
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do(xz) =0 (2.6)
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6S = Slo+dp] — Syl
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= /dm4(—(‘9“g08”5cp —m?pdp) = /dm4(62g0 —m%p)dp (2.7)
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P mtye= L 2, —
(8—|—m)<p—at2 Ap+m p =10 (2.8)
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(—E*+ PP +m?)p =0 (2.9)
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gooogg

gboodgog

S = /dtﬁ (2.10)

L= [@56 - (TP + ) (2.11)
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L==-¢— kg’ 2.12
50— 5ka (2.12)

0000000 m?00000 k00000000000 DOOOOODOOOOVeOO
0000 p(x+Ax) 00 0000000DOD0OCO0O00ODOOOOO0OODOOOOOOO0
gbooboogooood
gobobobobbbbbboobotbodogdoooooooooooooooooobon
goobodbbogboooobboobooboboobbooboobooboon
gboboodgboogbobbuoobbuobbooboboobobooobooooobobn
00000000000 ¢(x) 0000

23 UD0OO0OoOoooOon

gbobogoobobuogbbuoobbuoobbodbbooboboboooobooboo
0000 A, 00000000000000000000000O0O0O0O0O0O00C0O0O00
O00000000000000000 (Field Strength) D0 000000000000

F, = 0,4, — 0,A, (2.13)
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O000000o0oobOoO00000 A, 00000000000
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S = v d'zF,, F" (2.14)

000000000000 A, 0000000000

6S[A] = S[A+64] — S[A]
- L d'zF,, 0 F"
2&10
= ——— [ F*™(8,0A, — 0,04
200 (9, n)
= —— [ d'zF,0"5A"
1#0
= — / d*zO" F,,6 A” (2.15)
Ho
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5= B Fu ™ + Aug) (2.17)
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" F,, + 110y, = 0 (2.18)
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0,F,, + 0,F,, + 0,F,, =0 (2.19)
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Sy=— [ d*z(= — B? 2.21
a= g | A = B (2.21)
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1. \/Eopo — 1/C
2. ED -~ Z /gD

3. 0,3, I,P = \/e5(p,J,1,P)
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1. 00000 (Current conservation):0 000000000

8,0 = -
—+V.5j=0 2.22
5 TV (2.22)

2. 0000000 (Coulon’s law):
1 Q 1 QQ

F = F=— 2.23
Amey 12 A 12 (2.23)
VE=p/e¢y = VE=p (2.24)

D=¢E = D=E (2.25)
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3. 0000000000000 (Ampere and induced current):

OE 1 OE
B = uoJ — B=-J+— 2.2
V x o +M0€Oat — V X p +C@t ( 6)
B=;H — B=H (2.27)
4. 00000000 (Faraday’s law):
0B 0B
E4+— = E+ — 2.2
V x +8t 0 = VX +cat (2.28)
5. 000000 (Lorentz force):
E+vxB — E+-xB (2.29)
c
6. 0O0O00OD0DO ( Relativistic form)
40000000 (current 4 vector) O
j* = (cp,j) (2.30)
000000 (Potential) O
. 1.
E=-Vo—A, — E=-Vo—-A (2.31)
c
B=VxA (2.32)
00000000 (4-potential) O
=08 = w=@a (2.33)
c
0000 (field strength) O
8[MAIJ] = Ful/ (234)
goodooooooooobobon
¢ E;
Fo=—-0——0A, = — = Fyoy=—-0;0—0A; =F; (2.35)
c c
Fij = 0;A; — 0;A; = By (2.36)
gogd
7. 000000000 (Maxwell equation) O
1
O"F = —wojy == O'F=——7J, (2.37)
c
O0000D0O00O0 (Bianchi identity)
O Fyp =0 (2.38)
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8. 00 ODODOODOOOO (energy density) O

1 1 1
=—(0E’+ —B%) = u=_(E*+B?
u 2(60 o ) u 2( )

9. 000000000000 DODO (lagrangian density) O

1 1
L=~ FuF" + A"
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1. Fp,0000000000000C000000¢0

F.=0,A,—0,A,

000000000000000 eq.(220)(c=1)000000000000O
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(2.39)

(2.40)

(2.41)
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1 v
;C: _Z_LFM F,UV

(2.42)



