
1 Allgemein

1.1 mathematisch
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1.2 physikalisch

T =
2π

ω
=

1

f
Stoffmenge ν =

m

M
Teilchenmasse µ =

M

NA

2 Schwingungen und Wellen

Überlagerung ‖: x(t) =
∑
n

xn(t) Intensität: I =
ρc

2
ω2η̂2

Überlagerung ⊥: x(t) = a · cos(ω1t+ ϕ1) harm. Kugelwelle: η(r, t) =
A

r
cos(ωt∓ kr + α)

(Lissajous) y(t) = b · cos(ω2t+ ϕ2) Phasendifferenz: ∆ϕ = k0(n1r1 − n2r2)

Harm. Oszillator: mẍ+ dẋ+ kx = ~F (t) Gangunterschied: δ =
∆ϕ

k0
= n1r1 − n2r2

Iϕ̈+ γϕ̇+Dϕ = ~M(t) Brechzahl: n =
c0
c

=
k

k0
=
λ0
λ

Energie: Ekin =
m

2
ẋ2, Epot =

k

2
x2 Brechungsgesetz: n1 sinα1 = n2 sinα2

Gekoppelt: x1,2 = A[cos(ω1t+ ϕ1) Doppler-Effekt:

± cos(ω2t+ ϕ2)] bew. Quelle: f =
c

λr,l
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Wellengleichung:
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)
η = 0 bew. Beobachter: f = f0
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)
eine Lösung: η(x, t) = η̂ cos(ωt∓ kx+ α)

k =
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3 Thermodynamik

3.1 Konstanten

0◦C = 273, 15K NA = 6, 02214129(27) · 1023mol−1 Normbedingungen:
1bar = 1 · 105Pa R = NAkB = 8, 3144621(75)J ·mol−1 Tn = 273, 15K
kB = 1, 3806488(13) · 10−23J ·K−1 σ = 5, 670373 · 10−8W ·m−2 ·K−4 pn = 101325Pa = 1atm

3.2 Gleichungen

Ideales-Gas-Gl.: pV = νRT Wirkungsgrad: ηWärmekraft =
|W |
Qw

= 1− |Qk|
Qw

= 1− Tk
Tw

Partialdrücke: pges =
∑
i

pi, piV = νiRT ηWärmepumpe =
|Qw|
W

Ausdehnung Festk.: l1 = l0(1 + α∆T ) Entropie: δS =
δQrev
T

A1 = A0(1 + α∆T )2 S = kB lnW

V1 = V0(1 + α∆T )3 Carnot-KP:
Tk
Tw

=
|Qk|
|Qw|

Ausdehnung Flüssigk.: V1 = V0(1 + γ∆T ) Wärmeleitung: Q̇ = kA∆T,
1
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+
∑
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Innere Energie: U = N
µ
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kBT Wärmestrahlung: P = εσAT 4
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f
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RT van-der-Waals-Gl.: νRT =

(
p+

ν2a
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)
(V − νb)

dU = dQ− pdV Enthalpie: H = U + pdV

mitt. freie Weglänge: l =
kBT

4
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Änderungswärme:

dp
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mitt. freie Stoßfr.:
dZ
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V
v Cl-Cl-Gl:
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Maxwell’sche GV: f(v) =
4√
π

(
m
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) 3
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2kBT Wärmekapazitäten: CV =
f

2
R, Cp = CV +R

vmax =

√
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m
, 〈v〉 =

√
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πm
, c =

C

M
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Q

m∆T√
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√
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m
Adiabatische ZG: TV γ−1 = const., pV γ = const.

Arbeit: Wisob = −p∆V,Wisot = νRT ln
VA
VE

γ =
Cp
CV

=
f + 2

f

Wadiabat = νCV (T1 − T2) Guggenheim2:
−S U V
H F
−p G T

4 Elektrodynamik

4.1 Konstanten

e = 1, 602176487(40) · 10−19C mp = 1, 672621777 · 10−27kg
me = 9, 10938291 · 10−31kg ε0 = 8, 85418781762 · 10−12As · V −1 ·m−1

4.2 Gleichungen

elektr. Kraft: ~F =
1

4πε0

Q1Q2

r2
~er Potential: dEpot = −~F ~ds

allg.: ~F = q ~E Spannung: |U | =
b∫
a

~E ~ds

elektr. Feld: ~E(~r) =
1

4πε0

∫∫∫
V

ρ(~r′)
~r − ~r′

|~r − ~r′|3
dV Kapazität: C =

∣∣∣∣QU
∣∣∣∣

Superpositionsp.: ~Eges =
∑
i

~Ei Plattenkond.: C = ε0εr
A

d
, E =

U

d

Dipolmoment: p = qr Energie: W =
C

2
U2

elektr. Fluss: Φ =

∮
A

~Ed ~A =
∑
i

Qi
ε0

=
1

ε0

∫∫∫
V

ρdV Dielektrikum: ~D = εrε0 ~E, ~P = χeε0 ~E

Maxwell: rot ~E = 0, div ~D = ρfrei

∮
A

~Dd ~A = Qfrei

Ohm’sches Gesetz: I =
U

R
Leistung u. Arbeit: Pel = IU, Wel = QU

Kirchhoff:
∑

I = 0 (Knoten) Parallelschaltung: U = U1 = ... = Un∑
U = 0 (Maschen) C =

n∑
i

Ci,
1

R
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Reihenschaltung: I = I1 = ... = In
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