Formelsammlung

cos(a + ) = cosaccos f —sinasin f#, sin(a + ) = cosasin f + sinacos 3,

e =cosp+ising, (1+z)*=3, —a(a_l)"r'b(!o‘_"“)x"

Lgn=pan ) Linfe) =1 Lev=e* dging =cosz, Lcosz=—sinz
L cosh(z) =sinh(z), L sinh(z) = cosh(z), < arctan(z) = E
: LS no(d\" 1 N (d\N
Taylor-Formeln: f(x) = Zo Lz —zo)" (L) Nz + w2 — o) () Nz
n—
No1y .
flah, 2% .. ") = ﬁ(aj“ — g ) (2" — ) ... (2" — 2¢)03, 0y ... Oy, f "
— [l (g, gy, ()
1 - . _ .
+ — (2" — ) (2”2 —x@) ... (2" —x)0;, 0;, -
N!( 0)( 0) ( 0)11 fl( ,.“,jn)

dgd 021 (y(x dy'(x) 92
Kettenregeln: %f(g(x)) = g_g ) 8xj(y( ) aij( )|I 3yl(y)|y(r)

[ A"z f(z)= [ d"z|detZE| f(x(2)), wBereich = (=Bereich)

z-Bereich 2-Bereich
Produktregeln: i(uv) du .y 4y , Jdzu- g d =u- v‘ fda;— ‘v
" dx dz
T rsin @ cos ¢ 7;2:_reg+ 950-620 * fT.SIQH; .e;p
Kugelkoordinaten: |y | = | rsinflsing | , =T 5 TSI,
drdydz = r*drdcosf dp
z r cos f
0<O0<7m, —1<cosf#<1
x pcose 52 _ 2 2.9 | 22
. . ) o . =p +pe°+z
Zylinderkoordinaten: Z = |psine |, o dyds = pdpdpdz, 0< o < 2

Summationskonvention: i€ {1,2...n} a;b" :=a; bt +asb®+...a,b"
Vektoren: @ = €;a", Skalarprodukt: €; - €; = ¢(€;,€;) = gij = 0y

@-b=|al|b| cosa = g(c, €;)a' by OXB Satht =:a'b’
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dim = 3:

2 und zyklisch



=

(@xb) La wa Lb, |@xb|=|a|b|sina

Vektorfelder: (grad f)' = 52 f, (rot A)i =ik 0 Ay, divB = 8,B% + 0,BY + 0,B*

e -Tensor: €;4,. 4, = sign(m) Eir(yin(aymin(my » ¢ = 1,2...n, antisymmetrisch, £15_, =1
dim = 3:
Eijk Etmn = 0it0jmOkn + 0imOjnOks + 0in0i0km — 0i10n0km — 0in0jmOri — Oimd;ji0kn
Eijk Emnk = OimOjn — OinOjm » Eiki€iki = 2045, EijrCijk = 6
Kronecker-6: o' = §%;a? , 6'; = n = Laufbereich
Matrizen: (M - N )'; = M’ N, das heiBt: Zeile x Spalte, (MT);' = M,

i1 i 3 — .. .
M le Go M njngiliz---in = &j1j2...n det M,

det M = det M™, det(M - N) =det M -det N, det M ' = oL

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

=

det(1+ N) =1+ SpN + O(N?) N';=uv'w; = det(l + N) =1+ v’ w;
Drehungen: OT = O~! OikOjlékl:(Sij, detO=1,dim=3: SpO =2cosp+1

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

Figenwerte: MU=\ < (M —A1)7=0, 7#0=det (M —A1)=0
M=M"=M"= M0, =N\N0;, 0;-0; =06, \i =\
Eigenvektoren reelle Orthonormalbasis, Eigenwerte reell
fdve™ = /r, T(s)= [Cdttte™  D(n+1)=n!, T(3)=r, [(s+1) =sI(s)
Volumen S ! : 27TE/F(%)

Differentialformen: da' Ada’ = —dz? Ada?, w = I%Wil...ip (z)dz* A...Ada, i=1...D

parametrisierte Untermannigfaltigkeit: x(\!, ..., \?), dz® = d\® g/‘fa ,a=1...p<D

i1 i, _ Ozil ozt a1 a, __ Ox'l Az _aj...a P
dzit A Adaie = 22095 e p A dAm = Q8L 08 oy dp)

[y @ = [o oy dP A eter DL g;i‘; iwilmip(a:()\)), M = {x()\), A\ € A Bereich}

't
oxe ?

Metrik: g = 2, - 1, GroBe: = [, dPA/detg.

Tangentialvektoren: ' = a=1...p,

p=1:WegI: [Lw= [{dN9Z w;(x())), Arbeit: [,dZ - F(Z fd)\%-ﬁ(f()\))



Tangentialvektor ¢ = ‘fi—’f\i , Weglinge [ = f):\fd)\ Vi

p=2: Fliche F: [,w= dA'dA? L (ax oz _ ol 3) wii(z(\)

fA—BereiCh AL A2 AL 02

—_ 2. — — O3 _ k
D—3.M12—-UJ21—Q ...,wij—eiij

—

f w = fA Bereichd)\ld)\Qt Zt2]Qk€7’]k = fA*Bereichd)\ld)\2 (t_i X Eé) ) Q = fA*BereiCth'f’. Q
dupere Ableitung: d = da’

22, : p-Form — (p + 1)—Form

w= 17 Wiy, (€) dz™ AL A e — dw = 1%! (05owiy..ip (@) da’® Ada™ A ... Ada'

p=0: df = 0,fdz’ = grad f - d¥
. L = - S -
p=1D=3: d(A-d¥) =rot A- df= (rot A), dydz + (rot A), dzdx + (rot A), dz dy
— 4
p=2D=3: d(B df) = d(B,dydz + B,dzdx + B, dz dy) = div B d*z

d? =0, rotgrad =0, divrot =0
sternférmig: dn=0=n=dw, rotA':0:>A’:gradf, divB=0= B=rotC
Integralsitze: [,, dw = [,, w

p=1: S erad f-dZ = f

Randpunkte

=2D=3:[ 1ot A df 4. 7+ A, Rechtsschraube in df-Richtung

andkurve

p=3D=3:[_ div B d®z = . df .B, df nach aufien gerichtet

andflache

komplexe Funktionen: z = v + 1y, f(z) = u(z,y) +iv(z,y),
komplex differenzierbar: df(z) = dz d—f & (Opu = 0yv , Oyu = —0,v) Cauchy Riemann

Jrdz f(2) = [((dzu —dyv) +i(dyu+dzv) = [} o A ((Eu—go) +i(Fu+iv))

fr z)dz = 0 falls f im umlaufenen Gebiet komplex differenzierbar,

$. f(z)dz = 2mi Y Res f(z), T im Gegenzeigersinn, f(z) = > ¢(z —z)", Res f=c4
2, =% I=—00 Zi

§-Funktion: [da’ 6(x — 2') t(2') = t(x), S(ax) = H6(x), 6(f(2)) = Xy pranymo o

Jdz 50(2) t(z) = = :4(0), f(z)d(x) = f(0)d(), f(x)%ﬂﬂf) = [(0)£0(x) — §£(0)d(x)
0(z) = {0 falls < 0,1 falls z > 0}, L0(z) =d(x fdke"“C =27 §(x)

Entwicklung im Intervall: I = {z: —% <z < £}, Skalarprodukt (f,g) = [,dz f*(z)g(z)
fu vollst. ONSystem: (fi, fi) = i, 9(2) = 3=, fulx)(fi.9), (9.9) = >, 1(fi: 9)1” Vg

. L gz
Fourierreihe: f; = ﬁe%‘lf leZ, gx) =37 Lermlig g = flz dx ﬁefzmlfg(l")
2

—PV —imd(x fda:PVlt fda:
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reelle Fourierreihe: g(x) = %@ + Y~ a, cos(2rnf) + > b, sin(27nf)

L L
ay, = %ff%dx cos(2mny) - g(x), b, = %ff‘édx sin(2mnf) - g(x)

Fourierdarstellung: f(z) = [dk —=e™* f(k = [do =" f(2)

(k) = ikf(k), = [ —p)

partielle Diﬁerentmlopemtoren: (xZ kartesische Koord.) A = Z?Zl 0yi Oy, 1= 000,00 — A

A=02+20,+54, 1*= 502 + 07 + cot 00y, grad = €,0, + €,~—=—50, + €p=0

Ap(Z) = —dmp(Z fd3 fﬂ = —4763(7)

|27

(0 — DA)G(t,7) =0, 6(t,3) ~SF6(0,7), 7= —D gradg

fCOS 0=+1d COoS 0 fO dep v (f =+ tﬁ(COS 07 80))

cos=—1

Mittelwert: M, z[v] =

7l'

O6(t,7) = dmp(t,7)  S(0.8) =u(@) SO, =v(d) =1
o(t,T) =t Myz[v] + 2 (¢t My z[u]) + me fd3y plsign®) 1T 0.0)  fe = {370 |7 — ] < |r|}

|1Z—9] ’ -
Pret = [ddy 820D — g fdty f(a® — 4°) (2 — y)?) p(y)
D%Q(mo)é( %) =642, 7), 2 = (2°)? — 7
Relativititstheorie: a = (a°,at,a?,a®), a-b=a’d® — a'b' — a®b* — a®b® = a™0" "y,
mFEn Ny =0, 00 = 1, m1 =102 = N33 = =1, Ny = ™", Ay = Nrpa”, 0" =" ay

n

Lorentztransformation: v — 2', 2™ = A" 2", o' -y =z -y, A" A", Nyn = Nkt

kontragrediente Transformation: 0, = 52~

E
A _ 1 [\ _ _m c 2 _ 22 dam 1 c
2X2 — | 02 v , P= 1—5 - | 02 17 , P = > dr T | ) ,17
ez c VT2 Y

Vektorfeld: j'™(2'(x)) = A™,, j"(x), A'™(2'(x)) = A™, A"(x)
Tensorfeld: F’m"(aj’(x)) = A" A" FR ()
Wirkung: Wg] = [dt Z(q(t),q(t),t), Energie: E =3 E,(q)¢" = L =) ﬁEn(q) q"

ox™

= (A1)t = A0, AT =

—_

—ole

Euler-Lagrange-Ableitung: g}% = Om L — 8 m. 2, Euler-Lagrange- Glelchung =0

Symmetrie und Erhaltungsgrofie: (5qm 02 = 4 dtQ =0

6q™ Ogm L + (%5qm)8q-m$ + %K(q, q, t) = 0 Erhaltungsgrofie: Q = 0¢™ Oym L + K



q' zyklisch: g%_Oj%%ZOaE:q'i%f—g,8t$:0:>‘3—€:0
z "( =
eindim. Bew.: E = %md;z +V(x), t(x) —t(xy) = f da’ , Wi = Lﬂgx)

i \J2(E - V(@)

harmonischer Oszillator: V(z) = 1ka? | &4+ w?r =0, w? = £ 1(t) = Acos(wt + ¢)
gekoppelte Osz.: i + (2*)72? =0, (2* — wingy) =0, 2'(t) = 32, ajny;) cos(wit + ¢;)

Virialsatz: V (A\i") = A"V (7) , skalierte Bahn: #\(t) = A" (A2 7't), 2By, = nkpo

. —_a _ a(l-e?) _ 2BL2  T? a3
Kepler. V(F) - |7] 7 ’I“(QD) " 1+ecosp’ €= 1+ ma? 7 (2m)2 T GN(MSonnetMPplanet)

Nichtinertialsystem: Tinertial = ﬁUrsprung + O TLabor » 0O=090 , Q=-07  QF= Qx7

m +mG (7 x )+ Im (S x 72— 0 R-7— V(r)
mQ x (G x 7)

mi=—gradV—mO"'R—2mQx7F—mQxi—
starrer Korper: o, = R+ O

Qa ga:OFa

S

&L

P, T - O(Qxf‘a),
R=

Masse: M = [d*z p(z) , Schwerpunkt: [d*z p(x)Z, Impuls: P=MPR

1
M
Triigheitstensor: 0% = fd333 /’(9’3)(5”52 ) 07 = Oikojz oM, O+ 0% > 0%

=

B = LM + 15 9@:%M§2+§Q-m, [=RxP+05=FRxP+0wd)

=>.Fu, dt =, Ta X Fa , freier starrer Korper: 6, O, = (O — 03) Q25 Q3

W , Hamiltonfunktion: 7 (q, p,t) = p;¢’ (q¢,p) — £L(q,d(q,p), )

_ o 9A OB _ 0A 0B
Hamiltonsche G.: ¢ > Di = a — , Poissonklammer: {A, B} = 50 5o — ;96

konjugierter Impuls: p; =

{aA+bB,C} =a{A,C}+0b{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}}
Erhaltungsgrofen: $¢ = {¢, #} + 0,9 =0, & =0 =12 = % =0

kanonische, inf. Transformation: d¢* = {¢', ¢}, , 0p; = {pi, #}, Symmetrie < Lp =0
fliichentreue Entwicklung: w(t) = d¢® Adp;, ¢ (A1, Aoy t), pi(A1, Aoy t) = Ow =0,
Liouville: 0;w™ =0

Mazwell-Gleichungen: divB =0 , rot E + %E =0, divE = dmp , rot B — %E =i
B=rotAd, E=— grad ¢ — %/T , Eichtransformation: A’ = 4 — grady , ¢ = ¢+ %X
Lorenz-Eichung: 2.¢ + divA=0 & 0,A™ =0, 2™ = (ct,T), A™ = (¢, A), j™ = (¢cp, ])

Kontinuititsgleichung (lokale Ladungserhaltung): d;p + divj =0 < 8,j™ =0



kovariante Beschreibung: F,,,, = —F,.,, Fo; = E*, Fij = —¢;j,BF | F™ = g™kl By,
O ™ =14 7"y bl + O F g + O Frg = 0
Frn = O An — 0n Ay, ist eichinvariant: A = A, + Ox — F = Fon

OA™ = 4 jm = Am (30 F) = 1fd3 N ot [ 57)) f2k0 —1kx_|_am*( ) eikz)

c \x gl
K = k|, ka®(k) — Ea(/;’) =0, ke =k2"— k-7
Multipolmomente: Q = [d3z p(Z), d = [Pxip(@), QU = [dPz (3z'al — §77)p(Z)
Ex B

Energiedichte: &= (E* + B2) Poynting- Vektor: S =

<
8w 4

Energiesatz: £ [M(E2 + BQ)] + div [ﬁﬁ X E] +7-E=0

Impuls: 2 [ﬁﬁ X E]] +(2)0; [EiEj + B'Bi — 15(E? + 52)] - _ [pE +17x B !
Energie-Impuls-T.: Tiu (z) = — 5= (F™F" — 1™ F* Fy,) , Lorentzk.: F=q(E+ I B)

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

K]
— k|, k-Ey=0, S= ﬁ%@(t, 7)|2, S, E, B orthogonales Rechtssystem
0 |E | 1
k=210 E()Z 0 ia ] ,—1<a<1,linear:a =0, zirkular:a = +1
“\1 Vita® \

skalare Kugelwelle: ¢(t, T) = %@ el (K| 7] — wi) , k=¢

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

Lienard-Wiechert: A (z) = ¢ 0
r

A (o —1) s =5(2): (0 = r()2 =0, 2 > 1(3)

Energieimpulstensor: 7" (z) = [ds chM(S‘L(x —r(s)), Pm =1 [d*zT"™

N

Hertzscher Dipol: Fernzone B(t,7) = ~5&d(t — 2y x £ E=Bx &

elektrische Dipolstrahlung: S(t, Z) = - 23 sin® 0 |4 L d(t — ‘—f') 0 =0(z, L.d)



