Formelsammlung

cos(av + 3) = cosacos f —sinasin 3, sin(a + ) = cosasin § + sinacos 3,

e¥ =cosp+ising, (1+z)*=>" dazb-(a=n+l) yn

n!

%x" =na" !, %ln|x| = % , %ex =ev, d%sinx =coszT, %Cosx = —sinx
L cosh(z) = sinh(z), 4 sinh(z) = cosh(z), < arctan(z) = ]
&y d\n 1 N (d\N
Taylor-Formeln: f(xz) = nzo Lz —zo)" (L) Ny iz = z)™ (L) fiz
N-1
flah, 2% . 2" = ﬁ(x“ — g )(x? —xg) ... (2" —25)0, 05 - O f), |
=0 (o, o,
L i\ (o i i i
+ ﬁ(l‘ 1 ;L'Ol)(;p 2 _ ;L'OQ) o (1‘ N _ fL'ON)ahaiQ .. .8,~Nf|<j1 2
. d _ dgdf 02\ (y(2) _ Oy'(x) 02'(y)
Kettenregeln: 5-f(9(x)) = g5 dg .~ o7 BRI

f d"z f(ZL‘) = f d"z ‘det %‘ f([L‘(Z)) , a-Bereich = l‘(z—Bereich)

z-Bereich zBereich

du

Produktregeln: %(u-v):ﬁ-v—ku-g—g, fdxu~g—;:u~v‘—fdxdu

dz "

7'=r1€, 4+ 0réey+ prsinf e,

x rsin @ cos @ oy 040 P
Kugelkoordinaten: [y | = | rsinfsing |, = 7" +T§ + 7% sin%0 *
dx dy dz = r=dr dcost dp
z rcos 6
0<6<7m, -1<cosf<1
x pCos o o gm o
' ' : — ; re=p"+pieT+ 2
Zylinderkoordinaten: Z = ps;nsp ' drdyds = odpdeds, 0< ¢ < 2

Summationskonvention: i€ {1,2...n} a;b":=a;b' +ayb®>+...a,0"

Vektoren: @ = €;a*, Skalarprodukt: é; - €; = g(&,€;) = gi; QAL dij

d-b=|d|blcosa = g(é,é)a b 28 S ai bl = ai b
j

a= 5” +ad, = (g;)g%» (6— (@ )g)

dim = 3: @ xb=—(bxa), (@xb) = aibh | (@ x b)' = a2b® — a3b?, und zyklisch

ceT0)

, ")



—

(@xb) Lad wa Lb, |@xbl=]allb]sina

Vektorfelder: (grad f)' = 52 f (rcFA)i = etk LAy, div B = 9,B" + 0,BY 4+ 0,B*
e -Tensor: €;,..;, = sign(m) i yin(yinmy s © = 12,1, antisymmetrisch, €15, = 1
dim = 3:
Eijk Etmn = 0i10jmOkn + 0imOjnki + 0indi10km — 0i10in0km — din®jmOk — Oimd;i0kn

Eijk Emnk = OimOjn — OinOjm , Eiki€jki = 20ij , EijkEijlk = O
Kronecker-6: o' = §';a’ , &'; = n = Laufbereich
Matrizen: (M - N')'; = M’ N*;, das heifit: Zeile x Spalte, (MT)ji = M

i1 19 ) _
M M2 M gy = S, det M

In

_ T . _ . -1 _ 1
det M =det M* |, det(M - N) =det M -det N , det M = et Il -

S = detM (M), SpM = M, Sp(A-B) =Sp(B - A), Sp(A-B-A™") = Sp(B)

det(1+N)=1+SpN+O(N?) N =v'w;=det(l+ N)=1+u"w;
Drehungen: OT = O~' | 0,0%,6" =69 det O =1, dim=3: SpO = 2cosp + 1

1 c S c —S
D, = c —s|,D,= 1 , D,=1s ¢
s c —S c 1

Figenwerte: MU=\ < (M —X1)7=0, 7#0=det (M —A1)=0
M=M= M"= M0, =\N0;, 0;-0; =06, \i =\
Eigenvektoren reelle Orthonormalbasis, Eigenwerte reell
[dre ™ = /1, T(s) = Jldttte™ , D(n+1)=n!, T'(3) =7, T(s+1)=sT(s)
Volumen S™~1: 272 /T(%)

Differentialformen: da‘ Ada? = —da? Ada?, w = i, wiy i, (x)dz™ AL ANdat i =1...D

parametrisierte Untermannigfaltigkeit: x?(\!, ... \P), daz® = d\® gfa ,a=1...p<D

daft AL Adat = Q5L 088 qae AL AN =GB D cara dp)

[y @ = fo o dPXetrtw D2 Oz ;w (x(N)), M = {z()\), A € A Bereich}

Tangentialvektoren: ¢’ = g—fi ,a=1...p,
Metrik: gup = t, -, GroBe: = f)\ e, APA Vdet g

p=1:WegT: [Lw= f)f\:d)\ C(lfi\i i((x(X)), Arbeit: [.dz - F(z fd)\ a. F(Z(\)



Tangentialvektor ¢ = C(ll—’f\i , Weglinge [ = [ ;‘1 ANV

p=2: Fliche F: [w= dAlda? 1 (Bx O] Bija—xi) w; j(x (X))

f)\—Bereich AL N2 O N2
— Q. — — 03 _ k
D—3.W12——W21—Q ...,wij—eiij

wa = »IV)\—Bereichd)\ld)\2 tlztszk€Uk = »IV)\—Bereichd)\ld)\2 (t_i X t_;) ) Q = f)\*Bereichdzf_). Q

dufere Ableitung: d = da' 5%, : p-Form — (p + 1)—Form

W= 1%! Wiy (x) dz™ AL A da — dw = l, (Diowiy...ip (@) dz™ Adz™ Ao Ada'
p=0: df = 8, fda' = grad [ - A7

p=1D=3: d(A-d7) =10t A- d_j:: (rot A), dy dz + (rot A), dz dz + (rot A), dz dy

p=2D=3: d(B- df) = d(B, dydz + B,d>dz + B, drdy) = div B d%

d? =0, rotgrad =0, divrot =0

sternformig: dn=0=n=dw, rotA’:0:>A):gradf, divB=0= B =rotC
Integralsitze: [, dw= [, w

p = 1 : fWeg gradf : df = f|Randpunkte

p=2D=3: fFlache rot A - d7 = fR dz - A , Rechtsschraube in d f—Richtung

andkurve

p=3D=3:[_  div Bd3z = 4. (Tf .B, df nach auBen gerichtet

andflache
kompleze Funktionen: z =z +1iy, f(2) = u(z,y) +iv(z,y),
komplex differenzierbar: df(2) = dz & < (9,u = d,v , dyu = —9,v) Cauchy Riemann

Jpdz f(z) = Joldwu—dyo) +i(dyu+ dev) = f) g, A (Fu—§v) +i(Gu+iv))

fr z)dz = 0 falls f im umlaufenen Gebiet komplex differenzierbar,
$p f(2)dz = QWIERGS f(2), T im Gegenzeigersinn, f(z) = > c(z—z)!, Resf=c_,
l=—00 Zi

§-Funktion: [da’ 6(z — ') t(2') = t(x), d(ax) = ‘7}45@)  0(f(2) = X us fen=0 W

Jdo $0(2) t(z) = —5t(0), f(x)d(x) = f(0)d(), f($)d%5($) = f(0)5;0(z) — £ (0)d(x)
O(z) = {0 falls z < 0,1 falls > 0}, L6(z) =d(x fdkell‘“ =271 (x)

El_l)Ion_,’_ x+ie

—PV——17T5 fdeVlt —Qfd
Entwicklung im Intervall: I = {x : —% <z< %} Skalarprodukt (f,g) = [,dz f*(x)g(x)

fi vollst. ONSystem: (fi, fi) = 0w, g(x) = >, filx)(f1,9), (9,9) = >, |(fi,9)]> Vg

- L gz
Fourierreihe: f; = %em”lf leZ, gx)=>"_ \/1— g, g = f+§ dz ﬁef%llfg(ﬂf)



reelle Fourierreihe: g(x) = @ + 3~ a, cos(2mnf) + > b, sin(27n¥)

n=1 n=1
5 L 5 L '
an = 7 f_%dx cos(2mnf) - g(x), by = 7 f_tdx sin(2mn¥) - g(x)

Fourierdarstellung: f(z) = [dk =" f(k = [dz = e ke f(x)

k) =ikf(k), = [ —p)

partielle Differentialoperatoren: (:c’ kartesische Koord.) A = E?:l 040y, = 0000 — A

A=02+20,+ L— L2 = 1202 + 97 + cot 03y, grad = &,0, + &,—=0, + &1,

51n0 ®

AP(T) = —4mp(T), dey |§ gm ) Aﬁ = _47T53( 7)

@2

(0= DAY T) =0, 6(t,7) = Loy [dye T 6(0, ), j= ~D grads

Mittelwert: M, z[v] = & [/~ Hldcosd fo "dov(Z + tii(cosb, @)

47 Jcos O

Oo(t, ©) = dmp(t, 7) , ¢(0,7Z) = u(Z) , ¢(0,%) =v(Z), c=1
O(t, @) = t Myalo] + 5 (¢ Myalu]) + [y, Py A5 0D K= {37 & — ] < |r[}

17—l
= [ddy D — g [ty f(a® — 4°) 6((x — y)?) p(y)
D#w)é( 2) = §1(a%,3), o = (a9 — 7
Relativititstheorie: a = (a°,a',a?,a®), a-b= a0’ — a'd' — a®b* — a®b® = a™0"

mn

MFEN N =0, Moo =1, M1 = N2 = N33 = —1, N = 0", A, = Nna™, a” = 1" a,

n

Lorentztransformation: z — 2/, 2™ =A™ 2", o' -y =z -y, A" A", N = N

kontragrediente Transformation: 0, = 52

Ao — — L —%_LC 2 _ 22 dam _ _ 1 [C
gzl 1) 0= () =z () oo 2 =522 ()
Vektorfeld: j'™(a'(x)) = A™, j"(x), A™('(x)) = A™, A"(x)

Tensorfeld: F'm”(x’(x)) = A" A" R (2)

Wirkung: Wg] = [dt Z(q(t),4(t),t), Energie: E =Y E,(q)¢" = £ =Y —=E.(q) ¢"

n Ox™m

B (A IT) "ol = A0, AT = A

—_

—ole

Euler-Lagrange- Ableitung: gq% = Om L — %@-mf , Euler-Lagrange-Gleichung;: %—% =0
Symmetrie und Erhaltungsgrofie: 5qm ax + dtQ =0

6q™ Oy L + (£64™)0m L + LK (q,4, t) = 0 Erhaltungsgrofle: Q = 0¢™ Ojm L + K



¢! zyklisch: 22 = 0= 492 =0, E=§2%2 - 0.2 =0=4 =0
x "=
eindim. Bew.: B = %ma’:Q +V(x), t(zr) —t(xg) = f da’ , Wiy = VT@)
VEE - V@)
harmonischer Oszillator: V(z) = ika?, & +w?z =0, w? = £ z(t) = Acos(wt + ¢)

gekoppelte Osz.: i + (Q*)V2? =0, (2* —wing) =0, 2°(t) = 3, ajnj;) cos(wit + ¢;)

Virialsatz: V(A7) = A"V (7) , skalierte Bahn: 7)\(t) = M* (A2 7)), 24, = nEyot

o _ a(l—€?) _ 2EL? T2 _ a?
Kepler V(f) - f‘ 9 T(@) - 1+6COS§07 €= 1 + ma? ) (271')2 — GN(mSot\t\e+mPlanet)

—

Nichtinertialsystem: Zinertial = Russprang + O PLabor » O = 00, Q= -7 | QF = Q x 7

L =Imi® 4 m G- (Fx )+ im (@ x 7’ — O R -7 — V(r)

1
2
mr=—gradV —mO~ TR 2mQOxi—mQx7—m@x (Q x 7)

starrer Korper: T, zﬁ—l—OFa, z., :]§+O(Q X Ty) aU:OQ, Yo = OT,,

Masse: M = [d®z p(z) , Schwerpunkt: R= [Pz p(x)Z, Impuls: P=MR

),

Trégheitstensor: 67 = [d*z p(x)(697* — 0 = OikOjl OH 0T 4072 > 6%

Fgn = AMR? + 1505 = IMB2 + 10 08, [ = Bx P+ 05 =B x P+ 0()

1
2

%—}; => . ﬁa, %—% =, Ta X F, , freier starrer Korper: 6; )y = (0 — 03) Q2 Q3

konjugierter Impuls: p; = a L Hamiltonfunktion: 5(q,p,t) = p;jd’(q,p) — ZL(q,d4(q,p), 1)

Poissonklammer: {4, B} = 9498 _ 0A 0B

Hamiltonsche G.: ¢* —, Di = aq Op;  Op; O

3 T
{aA+bB,C} = a{A, O} + b{B,C} , {A, B} = —{B, A} ,{A, BC} = {A, B}C + B{A,C}
0{A,B} ={0A,B}+{A,0B}, 0={A,{B,C}}+{B,{C,A}} + {C,{A, B}}
ErhaltungsgréBen: $¢ = {¢, #} + 0, =0, dd“ =0= % = % =0

kanonische, inf. Transformation: 6¢' = {¢*, ¢}, , op; = {pi, ¢}, Symmetrie < $¢ =0
flichentreue Entwicklung: w(t) = dq" Adp;, ¢' (A1, Aa, 1), pi(A1, Ae,t) = Orw =0,
Liouville: 0;w™ =0

Mazwell-Gleichungen: divB =0 , rot £ + %E =0, div E = dmtp | rot B — E j
B=rotA, E=—grad¢ — %ff , Eichtransformation: A’ = A —grady , ¢ = ¢ + %X
Lorenz-Eichung: 2-¢ + divA=0 < 0,A™ =0, 2™ = (ct,T), A™ = (¢, A), ™ = (cp, )

Kontinuitétsgleichung (lokale Ladungserhaltung): d;p + divj=0 < 9,j"=0



kovariante Beschreibung: F,, = —F,,, Foi = E°, Fij = —€ijk BF, o= pmkpgnl B
O F™™ =257 - O Fyy + 01 F i + O Fiy = 0
Fon = O Ay — 0, Ay, ist eichinvariant: A = A, + Onx — F.).. = Foun

CA™ = Az A7 (a0, @) = L [ty SO [k fan (R ek 4 am (R) o)

—

KO = |k|, KaO(k) — ka(k) =0, ko =k2° — k- %
Muitipolmomente: Q = [z p(&), d = [Bxip(@), QU = [dPx (3z'zl — §972)p(Z)

Energiedichte: 8%(52 + B2) Poynting-Vektor: S =

<FExB
E=

Energiesatz: 5 [%(E2 + BQ)} + div [ﬁﬁ X Bj +7- 0

Impuls: & |4 F B} + (5200 [B'BT + BB - 19(E? + B)| = - [pE + 1] x B]
Energie-Impuls-T.: Tiet (z) = — 4= (F™F" — ™ F* Fy,) , Lorentzk.: F=q(E+ I x x B)

ebene elektromagnetische Welle: E(t, T) = %Eoei(kf —wt) , B=£ x E(t,7)

oL

|k:| k-Ey=0, S= 7%, S E. B orthogonales Rechtssystem

<
47

; 0 b
k=<10]: Ey= | Ey) ia ] ,—1<a<1, linear:a =0, zirkular:a = +1
1
R

e

|
1
Vita® \

Do (k|7 —wt) f_w

|7

skalare Kugelwelle: ¢(t, ) =

(e}

Punktladung: Weltlinie r™(s) = (ct(s),7(s)), j™(z) = cq [ds 6%z — r(s))

Lienard-Wiechert: A™ (z) = ¢——
% (T — 1) ‘ s=35(x):(z—7(3)*=0, 2° > r°(3)

Energieimpulstensor: 77" (z) = [ds mc2wé4(:p —r(s), Pm =1 [dPzT™

d

Bewegungsgleichung ohne Strahlungsriickwirkung: med I _ap my

ds\/7;_2 c

Hertzscher Dipol: Fernzone B(t,7) = ﬁ%% 1t — ‘—f‘) X % , E=DBx %
— - — =) 2 —
elektrische Dipolstrahlung: S(t, ¥) = 4= sin 20 TZd( — ‘—i') , 0=0(7, %d)



