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L = T − V

S =

t2∫
t1

Ldt (1)

Cylindrical coordinates (ρ, φ, z)

T =
1
2
m

(
ρ̇2 + ρ2φ̇2 + ż2

)
. (2)

Spherical coordinates (r, θ, φ)

T =
1
2
m

(
ṙ2 + r2θ̇2 + r2 sin2 θφ̇2

)
. (3)

Electromagnetic potential

V (r,v, t) = q [ϕ(r, t)− v ·A(r, t)] . (4)

Lagrange equations with differential constraints

n∑
i=1

alidqi + altdt = 0, (l = 1, . . . ,m), (5)

d

dt

∂L

∂q̇i
− ∂L

∂qi
=

m∑
l=1

λlali, (i = 1, . . . , n), (6)

n∑
i=1

aliq̇i + alt = 0, (l = 1, . . . ,m). (7)

Differential scattering cross section

dσ

dΩ
(θ) =

b

sin θ
|db

dθ
|. (8)

Small oscillations

L =
1
2

∑
ij

(Aij η̇iη̇j − vijηiηj), (9)

det(v− ω2A) = 0. (10)

Non-inertial frame(
d

dt

)
inertial

=
(

d

dt

)
kappale

+ ω×, (11)

m

(
d2r

dt2

)
kappale

= Fe −m

(
d2R

dt2

)
inertial

−2mω ×
(

dr

dt

)
kappale

−m
dω

dt
× r−mω × (ω × r).

Moment of inertia

Iij =
∫

d3rρ
(
δijr

2 − rirj

)
, (12)

T =
1
2

3∑
i=1

3∑
j=1

ωiIijωj , (13)

Li =
3∑

j=1

Iijωj . (14)

Euler angles α, β and γ:

ω1 = −α̇ sinβ cos γ + β̇ sin γ,

ω2 = α̇ sinβ sin γ + β̇ cos γ,

ω3 = α̇ cos β + γ̇. (15)

Poisson brackets

[A,B]PB ≡
∑

i

(
∂A

∂qi

∂B

∂pi
− ∂A

∂pi

∂B

∂qi

)
, (16)

dA

dt
= −[H,A]PB +

∂A

∂t
, (17)

[A,B]PB → − i

h̄
[Ǎ, B̌]. (18)

Equation of continuity

∂ρ

∂t
+ ∇ · (ρv) = 0. (19)


