
8.07 – Basic Formulae

εijkεpqk = δipδjq − δiqδjp , �a ·�b = aibi , (�a×�b)i = εijkajbk

detA = εi1i2···inA1,i1A2,i2 · · ·An,in∫
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∫
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�F · d�l

∇× (∇φ) = 0, ∇ · (∇× �A) = 0
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| �E(r)| = 1
4πε0
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V (r) =

1
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r

∇ · �E =
ρ

ε0
,

∫
S

�E · d�a =
Qencl
ε0

, �E = −∇V ∇2V = − ρ

ε0

W =
1

8πε0

∑
i �=j

qiqj
|�xi − �xj |

→ 1
8πε0

∫
d3xd3x′

ρ(�x)ρ(�x′)
|�xi − �xj |

→ w =
ε0
2
| �E|2

Q = CV → Qi = CijVj

V (�x) =
1

4πε0

∫
d3x′G(�x, �x′)ρ(x′) +

1
4π

∮
S

[
G(�x, �x′)

∂V

∂n′
− V (�x′)

∂G(�x, �x′)
∂n′

]
da′

∇2
�x′G(�x, �x′) = −4πδ(�x− �x′)

G(�x, �x′) = “potential” at �x′ due to a unit charge at �x ,when .......

Image set for sphere: (q , y), (q′ , y′) with y y′ = a2, q′ = −a
y
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}
γ2 = α2 + β2 a cartesian solution of Laplace’s

{rl , r−(l+1)}Pl(cos θ) azimuthal solutions of Laplace’s

1
|�x− �x′| =

∞∑
l=0
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rl+1
>

Pl(cos γ) ,
1√

1− 2hx+ h2
=
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l=0

hlPl(x)
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Pl(1) = 1 Pl(−x) = (−1)lPl(x)
∫ 1

−1

dxPl′(x)Pl(x) =
2

2l + 1
δll′

S′i1···in = (detR)Ri1j1 · · · Rinjn Sji···jn (pseudo) tensor under rotation

V (�x) =
1

4πε0

[ Q

|�x| +
�p · �x
|�x|3 +

1
2
xixj
|�x|5 Qij + · · ·

]

Q =
∫

d3x ρ(�x) , pi =
∫

d3x ρ(�x)xi Qij =
∫

d3x ρ(�x)(3xixj − δij |�x|2) ,

�Edip =
1

4πε0
1
r3

(3(�p · r̂)r̂ − �p ) → �Edip =
1

4πε0
p

r3
(2 cos θ r̂ + sin θ θ̂) , �p = pẑ

�J d3x ⇔ �K da ⇔ I �dl , �J = ρ�v , ∇ · �J = 0,
d�p

dt
= q �v × �B

d�B(�x) =
µ0

4π
I �dl × (�x− �x′)
|�x− �x′|3 , �B =

µ0I

4π
∇Ω

�B = ∇× �A , �A(�x) =
µ0

4π

∫
d3x′

�J(�x′)
|�x− �x′| , ∇ · �A = 0 ,

∇× �B = µ0
�J ,

∫
Γ

�B · d�l = µ0Ilinked , ∇ ·B = 0

�A =
µ0

4π
�m× �x

|�x|3 , �B = −µ0

4π
∇

( �m · �x
|�x|3

)
, �m =

1
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∫
d3x�x× �J(�x) , �m = I �A
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4π
1
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(3(�m · r̂)r̂ − �m ) → �Bdip =
µ0

4π
m

r3
(2 cos θ r̂ + sin θ θ̂) , �m = mẑ

E =
∫

Γ

( �E + �v × �B) · �dl = − d

dt

∫
S

�B · �da

W =
1

2µ0

∫
�B · �B d3x =

1
2

∫
�A · �J d3x

Mij =
µ0

4π

∮
Ci

∮
Cj

�dli · �dlj
|�xi − �xj |

=
1
Ij

∫
Si

�Bij(�x) · �da , Mij = Mji

∇× �B = µ0
�J + µ0ε0

∂ �E

∂t

dEmech
dt

=
∫
V

d3x �J · �E , �S =
1
µ0

�E × �B
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dEmech
dt

+
d

dt

∫
V

d3x
1
2

( �E · �D + �H · �B) = −
∫
S

�S · �da

dPmech
dt

=
∫
V

d3x (ρ �E + �J × �B)

Tαβ = ε0

[
EαEβ + c2BαBβ −

1
2
( �E · �E + c2 �B · �B)δαβ

]

(dPmech
dt

+
d

dt

∫
V

d3x ε0( �E × �B)
)
i
= +

∫
S

Tijnj da

�E = −∇Φ− ∂A

∂t
, �B = ∇× �A

Φ(�x, t) =
1

4πε0

∫
d3x′

ρ
(
�x′, t− |�x−�x

′|
c

)
|�x− �x′| , �A(�x, t) =

µ0

4π

∫
d3x′

�J
(
�x′, t− |�x−�x

′|
c

)
|�x− �x′|

�E(�x, t) = �Eei(�k·�x−ωt)

�B(�x, t) = �Bei(�k·�x−ωt)

�n · �E = �n · �B = 0 , �B =
√
µε�n× �E �E = Z �H× �n , Z =

√
µ/ε

〈 �E ◦ �B〉 =
1
2
Re(�E ◦ �B∗)

Radiation: e−iωt �H(�x) =
1
µ0
∇× �A(�x) �E(�x) =

iZ0

k
∇× �H(�x)

�A = − iµ0

4π
ω �p

eikr

r
,

dP

dΩ
=

c2Z0

32π2
k4|(�n× �p)× �n|2 , P =

c2Z0

12π
k4|�p|2

magnetic dipole radiation
dP

dΩ
=

dP

dΩ
(�p→ �m/c) , P = P (�p→ �m/c)

�D = ε0 �E + �P , ∇ · �D = ρ linear material: �D = ε �E

ρpol = −∇ · �P , σpol = �n · �P

�H =
�B

µ0
− �M , ∇× �H = �J , linear material: �B = µ �H

�Jb = ∇× �M , �Kb = �M × �n

�H = −∇ΦM → ∇2ΦM = −ρM , ρM = −∇ · �M , σM = �M · �n
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