
Mechanik

E = T + V ~F (i j) = −~F ( ji)

Tt rans =
m
2
~̇x2 Trot =

J
2
ϕ̇2

~F = m ~̈x = ~̇p ~F = − ~∇V

~L = ~R× ~P + ~Lint ~̇L = ~N = ~x × ~F

V = −

~x
∫

~x0

d ~x ′ · ~F(~x ′) W =

∫

C

d ~x · ~F(~x)

~R=

∫

dVρ(~x)~x
∫

dVρ(~x)
M =

∫

dVρ(~x)

M = m1 +m2 ~r = ~x (1) − ~x (2)

µ=
m1m2

m1 +m2
µ~̈r = ~F

J =

∫

dV ρ(~x) (~n× ~x)2 J = JS +M~R2

Ji j =

∫

dV ρ(~x) (|~x |2δi j − x i x j) Ji j = JS
i j +M(~R2δi j − RiR j)

mi ~̈x
(i) = ~F (i) +

k
∑

j=1

λ j ~∇(i) f j , f j(~x
(1), . . . , ~x (N), t) = 0

�

N
∑

i=1

mi ~̈x
(i) − ~F (i)

�

δ~x (i) = 0

L = T − V
d
d t
∂ L
∂ q̇ j
−
∂ L
∂ q j

= 0 für j = 1, . . . , s

L =
1
2

�

q̇T Mq̇− qT Kq
�

Mi j =
∂ 2T
∂ q̇i ∂ q̇ j

�

�

�

�

q=0

Ki j =
∂ 2V
∂ qi ∂ q j

�

�

�

�

q=0

Mq̈+ Kq = 0 det (K −ω2M) = 0

S =

∫ t2

t1

dt L(q, q̇, t) , δS = 0

H =
s
∑

i=1

q̇i pi − L(q, q̇(q, p, t), t) pi =
∂ L
∂ q̇i

q̇i =
∂ H
∂ pi

−ṗi =
∂ H
∂ qi

∂ H
∂ t
= −

∂ L
∂ t
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{ f , g}q,p =
s
∑

j=1

�

∂ f
∂ q j

∂ g
∂ p j
−
∂ f
∂ p j

∂ g
∂ q j

�

d f
dt
= { f , H}q,p +

∂ f
∂ t

{F, G}q,p = {F, G}Q,P Falls
dA
dt
=

dB
dt
= 0 ⇒ {H, {A, B}}=

∂

∂ t
{A, B}

q̇i = {qi , H}q,p {qi , q j}q,p = {pi , p j}q,p = 0

ṗi = {pi , H}q,p {qi , p j}q,p = −{p j , qi}q,p = δi j

{ f , g}= −{g, f } ⇒ { f , f }= 0 ∀ f

{c, g}= 0 ∀g und c = const.

{ f , gh}= g{ f , h}+ { f , g}h

{c1 f1,+c2 f2, g}= c1{ f1, g}+ c2{ f2, g}

{ f , {g, h}}+ {g, {h, f }}+ {h, { f , g}}= 0
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Allgemeine mathematische Formeln

Taylorreihen:

f (x) = f (0) +
∑

n

dn f (x)
d xn

�

�

�

x=0

xn

n!

sin x = x −
x3

3!
+ · · ·+

(−1)n x2n+1

(2n+ 1)!
+ . . . (x ∈R)

cos x = 1−
x2

2!
+ · · ·+

(−1)n x2n

(2n)!
+ . . . (x ∈R)

ex = 1+ x +
x2

2
+ · · ·+

xn

n!
+ . . . (x ∈R)

1
1− x

= 1+ x + x2 + · · ·+ xn + . . . (|x |< 1)

Zylinderkoordinaten:

~x =





ρ cosϕ
ρ sinϕ

z



 , ~eρ =





cosϕ
sinϕ

0



 , ~eϕ =





− sinϕ
cosϕ

0



 , ~ez =





0
0
1





hρ = 1 hϕ = ρ hz = 1

dV = ρdρdϕdz

~∇ f =
∂ f
∂ ρ

~eρ +
1
ρ

∂ f
∂ ϕ

~eϕ +
∂ f
∂ z
~ez

~∇ · ~A=
1
ρ

∂

∂ ρ

�

ρAρ
�

+
1
ρ

∂ Aϕ
∂ ϕ

+
∂ Az

∂ z

~∇× ~A=
�

1
ρ

∂ Az

∂ ϕ
−
∂ Aϕ
∂ z

�

~eρ +
�∂ Aρ
∂ z
−
∂ Az

∂ ρ

�

~eϕ +
1
ρ

�

∂

∂ ρ
(ρAϕ)−

∂ Aρ
∂ ϕ

�

~ez

∆ f =
1
ρ

∂

∂ ρ

�

ρ
∂ f
∂ ρ

�

+
1
ρ2

∂ 2 f
∂ ϕ2

+
∂ 2 f
∂ z2

Kugelkoordinaten:

~x =





r sinθ cosϕ
r sinθ sinϕ

r cosθ



 , ~er =





sinθ cosϕ
sinθ sinϕ

cosθ



 , ~eθ =





cosθ cosϕ
cosθ sinϕ
− sinθ



 , ~eϕ =





− sinϕ
cosϕ

0





hr = 1 hθ = r hϕ = r sinθ

dV = r2 sinθdrdϕdθ

~∇ f =
∂ f
∂ r
~er +

1
r
∂ f
∂ θ
~eθ +

1
r sinθ

∂ f
∂ ϕ

~eϕ

~∇ · ~A=
1
r2

∂

∂ r
(r2Ar) +

1
r sinθ

�

∂

∂ θ
(sinθ Aθ ) +

∂ Aϕ
∂ ϕ

�

~∇× ~A=
1

r sinθ

�

∂

∂ θ
(Aϕ sinθ )−

∂ Aθ
∂ ϕ

�

~er +
1
r

�

1
sinθ

∂ Ar

∂ ϕ
−
∂

∂ r
(rAϕ)

�

~eθ+

+
1
r

�

∂

∂ r
(rAθ )−

∂ Ar

∂ θ

�

~eϕ

∆ f =
1
r2

∂

∂ r

�

r2 ∂ f
∂ r

�

+
1

r2 sinθ

�

∂

∂ θ

�

sinθ
∂ f
∂ θ

�

+
1

sinθ
∂ 2 f
∂ ϕ2

�
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Vektoridentitäten:

~a× ~b =





a1
a2
a3



×





b1
b2
b3



=





a2 b3 − a3 b2
a3 b1 − a1 b3
a1 b2 − a2 b1





~a× (~b× ~c) = (~a · ~c)~b− (~a · ~b)~c

∫

V

d3r ~∇ · ~A=
∫

∂ V

d ~σ · ~A
∫

F

d ~σ · ( ~∇× ~A) =
∮

∂ F

d~s · ~A

Integrale:

2π
∫

0

dx sin2 x =

2π
∫

0

dx cos2 x = π

2π
∫

0

dx sin x cos x = 0

π
∫

0

dx sin3 x =
4
3

∫

dx
1

p
x2 + a2

= ln (x +
p

x2 + a2) + C

∫

dx
1

(x2 + a2)3/2
=

x

a2
p

x2 + a2
+ C

∫

dx
x3

(x2 + a2)3/2
=

x2 + 2a2

p
x2 + a2

+ C

∫

dx
1
x
= ln x + C

∞
∫

a

dx
b

x
p

x2 − b2
= arcsin

�

b
a

�

falls a > b > 0

∫ ∞

−∞
exp(−x2)d x =

p
π

∫ ∞

0

x exp(−x2)d x =
1
2

∫

xnd x =
xn+1

n+ 1
+ C

∫

ax d x =
ax

ln a
+ C

Sonstiges:

Θ(x) =

¨

0, x < 0

1, x ≥ 0

β
∫

α

d x f (x)δ(x − x0) =

¨

f (x0) falls x0 ∈]α,β[,
0 sonst.

d
dx

sin x = cos x
d

dx
cos x = − sin x sin2 x + cos2 x = 1

sin x =
1
2i

�

ei x − e−i x
�

cos x =
1
2

�

ei x + e−i x
�

sinh x =
1
2

�

ex − e−x
�

cosh x =
1
2

�

ex + e−x
�
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