
Formelsammlung
os(� + �) = 
os� 
os � � sin� sin� ; sin(� + �) = 
os� sin � + sin� 
os � ;ei' = 
os'+ i sin' ; (1 + x)� =Pn �(��1):::(��n+1)n! xnddxxn = nxn�1 ; ddx ln jxj = 1x ; ddxex = ex ; ddx sin x = 
os x ; ddx 
os x = � sin xddx 
osh(x) = sinh(x) ; ddx sinh(x) = 
osh(x) ; ddx ar
tan(x) = 11+x2Taylor-Formeln: f(x) = N�1Pn=0 1n!(x� x0)n � ddx�n fjx0 + 1N !(x� x0)N � ddx�N fj�xf(x1; x2; : : : ; xn) = N�1Xl=0 1l! (xi1 � xi10 )(xi2 � xi20 ) : : : (xil � xil0 )�i1�i2 : : : �ilfj(x10; x20; : : : ; xn0 )+ 1N ! (xi1 � xi10 )(xi2 � xi20 ) : : : (xiN � xiN0 )�i1�i2 : : : �iNfj(�x1; �x2; : : : ; �xn)Kettenregeln: ddxf(g(x)) = dgdx dfdg jg(x) ; �zi(y(x))�xj = �yl(x)�xj jx �zi(y)�yl jy(x)Rx-Berei
hdnx f(x) = Rz-Berei
hdnz ��det �x�z �� f(x(z)) ; x-Berei
h = x(z-Berei
h)Produktregeln: ddx(u � v) = dudx � v + u � dvdx ; R dx u � dvdx = u � v���� R dx dudx � vKugelkoordinaten: 0�xyz1A = 0�r sin � 
os'r sin � sin'r 
os � 1A ; _~r = _r~er + _� r ~e� + _' r sin� ~e'_~r 2 = _r2 + r2 _�2 + r2 sin2� _'2 ;dx dy dz = r2 dr d
os� d'0 � � � � ; �1 � 
os � � 1Zylinderkoordinaten: 0�xyz1A = 0�� 
os'� sin'z 1A ; _~r 2 = _�2 + �2 _'2 + _z2dx dy dz = � d� d' dz ; 0 � ' � 2�Summationskonvention: i 2 f1; 2 : : : ng ai bi := a1 b1 + a2 b2 + : : : an bnVektoren: ~a = ~ei ai ; Skalarprodukt : ~ei � ~ej = g(~ei; ~ej) = gij ONB= Æij~a �~b = j~aj j~bj 
os� = g(~ei; ~ej) ai bj ONB= Pi ai bi =: ai bi~a = ~ak + ~a? = (~a�~b)(~b)2 ~b+ �~a� (~a�~b)(~b)2 ~b�dim = 3: ~a�~b = �(~b� ~a) ; (~a�~b)i = "ijkajbk ; (~a�~b)1 = a2b3 � a3b2; und zyklis
h
1



(~a�~b) ? ~a und ? ~b ; j~a�~bj = j~aj j~bj sin�Vektorfelder : (grad f)i = ��xif ; ( �!rotA)i = "ijk ��xjAk ; div ~B = �xBx + �yBy + �zBz" -Tensor : "i1i2:::in = sign(�) "i�(1)i�(2):::i�(n) ; i = 1; 2 : : : n; antisymmetris
h, "1 2:::n = 1dim = 3:"ijk "lmn = ÆilÆjmÆkn + ÆimÆjnÆkl + ÆinÆjlÆkm � ÆilÆjnÆkm � ÆinÆjmÆkl � ÆimÆjlÆkn"ijk "mnk = ÆimÆjn � ÆinÆjm ; "ikl"jkl = 2Æij ; "ijk"ijk = 6Krone
ker -Æ: ai = Æijaj ; Æii = n = Laufberei
hMatrizen: (M �N )ij = M ikNkj ; das hei�t: Zeile� Spalte ; (MT) ij = M ijM i1j1M i2j2 : : :M injn"i1i2:::in = "j1j2:::jn detM ;detM = detMT ; det(M �N) = detM � detN ; detM�1 = 1detM ;�detM�M ij = detM(M�1)ji ; SpM =M ii ; Sp(A �B) = Sp(B �A) ; Sp(A �B � A�1) = Sp(B)det(1 +N) = 1 + SpN +O(N2) N ij = uiwj ) det(1 +N) = 1 + uiwiDrehungen: OT = O�1 ; OikOjl Ækl = Æij ; detO = 1 ; dim = 3 : SpO = 2 
os'+ 1Dx = 0�1 
 �ss 
 1A ; Dy = 0� 
 s1�s 
1A ; Dz = 0�
 �ss 
 11AEigenwerte: M~v = �~v , (M � �1 )~v = 0 ; ~v 6= 0) det (M � �1 ) = 0M =M� = MT )M~vi = �i~vi ; ~vi � ~vj = Æij ; �i = ��iEigenvektoren reelle Orthonormalbasis, Eigenwerte reellR dx e�x2 = p� ; �(s) = R10 dt ts�1 e�t ; �(n+ 1) = n! ; �(12) = p� ; �(s+ 1) = s�(s)Volumen Sn�1 : 2 � n2 =�(n2 )Di�erentialformen: dxi ^ dxj = �dxj ^ dxi ; ! = 1p! !i1:::ip(x) dxi1 ^ : : : ^ dxip ; i = 1 : : :Dparametrisierte Untermannigfaltigkeit: xi(�1; : : : ; �p) ; dxi = d�a �xi��a ; a = 1 : : : p � Ddxi1 ^ : : : ^ dxip = �xi1��a1 : : : �xip��ap d�a1 ^ : : : ^ d�ap = �xi1��a1 : : : �xip��ap �a1:::ap dp�RM ! = R�{Berei
hdp� �a1:::ap �xi1��a1 : : : �xip��ap 1p! !i1:::ip(x(�)) ; M = fx(�); � 2 �{Berei
hgTangentialvektoren: t ia = �xi��a ; a = 1 : : : p ;Metrik: gab = ~ta � ~tb ; Gr�o�e: = R�{Berei
hdp�pdet g::p = 1 : Weg �: R� ! = R �e�a d� dxid� !i(x(�)), Arbeit: R�d~x � ~F (~x) = �2R�1d� d~xd� � ~F (~x(�))



Tangentialvektor ti = dxid� ; Wegl�ange l = R �2�1 d�p~t2p = 2 : Fl�a
he F : RF ! = R�{Berei
hd�1d�2 12 � �xi��1 �xj��2 � �xj��1 �xi��2�!i j(x(�))D = 3 : !1 2 = �!2 1 = 
3 : : : ; !i j = �ijk
kRF ! = R�{Berei
hd�1d�2 t i1 t j2 
k�ijk = R�{Berei
hd�1d�2 (~t1 � ~t2) � ~
 = R�{Berei
hd2 ~f � ~
�au�ere Ableitung : d = dxi ��xi ; : p{Form ! (p+ 1)�Form! = 1p! !i1:::ip(x) dxi1 ^ : : : ^ dxip ! d! = 1p! (�i0!i1:::ip(x)) dxi0 ^ dxi1 ^ : : : ^ dxipp = 0 : df = �ifdxi = grad f � d~xp = 1D = 3 : d( ~A � d~x) = rot ~A � �!df= (rot ~A)x dy dz + (rot ~A)y dz dx+ (rot ~A)z dx dyp = 2D = 3 : d( ~B� �!df ) = d(Bx dy dz +By dz dx +Bz dx dy) = div ~B d3xd2 = 0 ; rot grad = 0 ; div rot = 0sternf�ormig : d � = 0) � = d! ; rot ~A = 0) ~A = grad f ; div ~B = 0) ~B = rot ~CIntegrals�atze: RM d! = R�M !p = 1 : RWeg grad f � d~x = f jRandpunktep = 2D = 3 : RFl�a
he rot ~A � �!df= HRandkurve d~x � ~A , Re
htss
hraube in d~f{Ri
htungp = 3D = 3 : RVolumen div ~B d3x = HRand
�a
he �!df � ~B , d~f na
h au�en geri
htetkomplexe Funktionen: z = x+ i y; f(z) = u(x; y) + i v(x; y);komplex di�erenzierbar: df(z) = dz dfdz , (�xu = �yv ; �yu = ��xv) Cau
hy RiemannR� dz f(z) = R�(dx u� dy v) + i (dy u+ dx v) = R�-Berei
h d� �( _x u� _y v) + i ( _y u+ _x v)�H� f(z)dz = 0 falls f im umlaufenen Gebiet komplex di�erenzierbar,H� f(z)dz = 2�iPzi Resz=zi f(z) ; � im Gegenzeigersinn, f(z) = 1Pl=�1 
l(z � zi)l ; Reszi f = 
�1Æ -Funktion: R dx0 Æ(x� x0) t(x0) = t(x) ; Æ(ax) = 1jajÆ(x) ; Æ(f(x)) =Pxi: f(xi)=0 Æ(x�xi)jdfdx jR dx ddxÆ(x) t(x) = � ddxt(0) ; f(x)Æ(x) = f(0)Æ(x) ; f(x) ddxÆ(x) = f(0) ddxÆ(x)� dfdx(0)Æ(x)�(x) = f0 falls x < 0; 1 falls x > 0g ; ddx�(x) = Æ(x) ; R dk eikx = 2� Æ(x)lim�!0+ 1x+i� = P:V: 1x � i� Æ(x) ; R dxP:V: 1x t(x) = 12 R dx t(x)�t(�x)xEntwi
klung im Intervall : I = fx : �L2 � x � L2 g, Skalarprodukt (f; g) = RIdx f �(x)g(x)fl vollst. ONSystem: (fk; fl) = Ækl, g(x) =Pl fl(x)(fl; g) ; (g; g) =Pl j(fl; g)j2 8gFourierreihe: fl = 1pLe2�il xL l 2 Z ; g(x) =P1�1 1pLe2�il xLgl ; gl = R +L2�L2 dx 1pLe�2�il xLg(x)



reelle Fourierreihe: g(x) = a02 + 1Pn=1 an 
os(2�n xL) + 1Pn=1 bn sin(2�n xL)an = 2L R L2�L2 dx 
os(2�n xL) � g(x) ; bn = 2L R L2�L2 dx sin(2�n xL) � g(x)Fourierdarstellung: f(x) = R dk 1p2�eikx ~f(k) ; ~f(k) = R dx 1p2� e�ikxf(x)fdfdx(k) = ik ~f(k) ; (gf � g)(k) = R dpp2� ~g(p) ~f(k � p)partielle Di�erentialoperatoren: (xi kartesis
he Koord.) � =P3i=1 �xi�xi ; � = �x0�x0 ��� = � 2r + 2r�r + L2r2 ; L2 = 1sin2 �� 2' + � 2� + 
ot ��� ; grad = ~er�r + ~e' 1r sin ��' + ~e� 1r����(~x) = �4��(~x) ; �(~x) = R d3y �(~y)j~x�~yj ; � 1j~xj = �4�Æ3(~x)(�t �D�)�(t; ~x) = 0 ; �(t; ~x) = 1p4�Dt3 R d3y e� (~x�~y)24Dt �(0; ~y) ; ~| = �D grad�Mittelwert: Mt;~x[v℄ = 14� R 
os �=+1
os �=�1 d 
os � R 2�0 d' v�~x+ t ~n(
os �; ')���(t; ~x) = 4��(t; ~x) �(0; ~x) = u(~x) _�(0; ~x) = v(~x) 
 = 1�(t; ~x) = tMt;~x[v℄ + ��t�tMt;~x[u℄�+ RKjtj;~xd3y �(t�sign(t) j~x�~yj;~y)j~x�~yj ; Kr;~x = f~y : j~x� ~yj � jrjg�ret(x0; ~x) = R d3y �(x0�j~x�~yj;~y)j~x�~yj = 2 R d4y �(x0 � y0) Æ((x� y)2) �(y)� 12��(x0)Æ(x2) = Æ4(x0; ~x); x2 = (x0)2 � ~x2Relativit�atstheorie: a = (a0; a1; a2; a3) ; a � b = a0b0 � a1b1 � a2b2 � a3b3 = ambn�mnm 6= n : �mn = 0; �00 = 1; �11 = �22 = �33 = �1; �mn = �mn; am = �mnan; an = �nrarLorentztransformation: x! x0 ; x0m = �mnxn ; x0 � y0 = x � y ; �mk�nl �mn = �klkontragrediente Transformation: � 0n = ��x0n = ���1T�nm ��xm = �nm�m ; ��1T = ����1�2�2 = 1q1� v2
2 �1 v
v
 1� ; p = �E
~p� = mq1� v2
2 �
~v� ; p2 = m2
2 ; dxmd� = 1q1� v2
2 �
~v�Vektorfeld: j 0m(x0(x)) = �mn jn(x) ; A0m(x0(x)) = �mnAn(x)Tensorfeld: F 0mn(x0(x)) = �mk�nlF kl(x)Wirkung: W [q℄ = R dtL (q(t); _q(t); t) ; Energie: E =PEn(q) _qn ) L =P 1n�1En(q) _qnEuler-Lagrange-Ableitung: �̂L�̂qm = �qmL � ddt� _qmL ; Euler-Lagrange-Glei
hung: �̂L�̂qm = 0Symmetrie und Erhaltungsgr�o�e: Æqm �̂L�̂qm + ddtQ = 0Æqm �qmL + ( ddtÆqm)� _qmL + ddtK(q; _q; t) = 0 Erhaltungsgr�o�e: Q = Æqm � _qmL +K



q1 zyklis
h: �L�q1 = 0) ddt �L� _q1 = 0 ; E = _qi �L� _qi �L ; �tL = 0) dEdt = 0eindim. Bew.: E = 12m _x2 + V (x) ; t(x)� t(x0) = xRx0 dx0q 2m(E � V (x0)) ; !2klein = V 00(�x)mharmonis
her Oszillator : V (x) = 12�x2 ; �x + !2x = 0 ; !2 = �m ; x(t) = A 
os(!t+ ')gekoppelte Osz.: �xi + (
2)ijxj = 0 ; (
2 � !2j )n(j) = 0 ; xi(t) =Pj ajni(j) 
os(!jt+ 'j)Virialsatz : V (�~r ) = �nV (~r ) ; skalierte Bahn: ~r�(t) = �~r (�n2�1t) ; 2 �Ekin = n �EpotKepler : V (~r) = � �j~r j ; r(') = a(1�e2)1+e 
os' ; e =q1 + 2EL2m�2 ; T 2(2�)2 = a3GN (mSonne+mPlanet)Ni
htinertialsystem: ~xinertial = ~RUrsprung +O~rLabor ; _O = O
 ; 
 = �
T ; 
~r = ~
� ~r
L = 12m _~r2 +m~
 � (~r � _~r) + 12m (~
� ~r)2 �O�1 �~R � ~r � V̂ (r)m �~r = � grad V̂ �mO�1 �~R � 2m
� _~r �m _
� ~r �m~
� (~
� ~r)starrer K�orper : ~x� = ~R +O~r� ; _~x� = _~R +O(~
� ~r�) ; ~! = O~
 ; ~y� = O~r�Masse: M = R d3x �(x) ; S
hwerpunkt: ~R = 1M R d3x �(x)~x ; Impuls: ~P = M _~RTr�agheitstensor: �ij = R d3x �(x)(Æij~x2 � xixj) ; �ij = OikOjl #kl ; �11 + �22 � �33Ekin = 12M _~R2 + 12~! � �~! = 12M _~R2 + 12~
 � #~
 ; ~L = ~R� ~P + �~! = ~R� ~P +O(#~
)d~Pdt =P� ~F� ; d~Ldt =P� ~x� � ~F� ; freier starrer K�orper: �1 _
1 = (�2 � �3) 
2
3konjugierter Impuls: pi = �L� _qi ;Hamiltonfunktion:H (q; p; t) = pj _qj(q; p)�L (q; _q(q; p); t)Hamiltons
he G.: _qi = �H�pi ; _pi = ��H�qi ; Poissonklammer: fA;Bg = �A�qi �B�pi � �A�pi �B�qifaA+ bB; Cg = afA;Cg+ bfB;Cg ; fA;Bg = �fB;Ag ; fA;BCg = fA;BgC +BfA;Cg� fA;Bg = f� A;Bg+ fA; � Bg ; 0 = fA; fB;Cgg+ fB; fC;Agg+ fC; fA;BggErhaltungsgr�o�en: ddt� = f�;H g+ �t� = 0 ; d�1dt = 0 = d�2dt ) df�1;�2gdt = 0kanonis
he, inf. Transformation: Æqi = fqi; �g ; ; Æpi = fpi; �g ; Symmetrie , ddt� = 0
�a
hentreue Entwi
klung: !(t) = dqi ^ dpi ; qi(�1; �2; t) ; pi(�1; �2; t)) �t! = 0 ;Liouville: �t!n = 0Maxwell-Glei
hungen: div ~B = 0 ; rot ~E + �
 �t ~B = 0 ; div ~E = 4�� ; rot ~B � �
 �t ~E = 4�
 ~j~B = rot ~A ; ~E = � grad�� �
�t ~A ; Ei
htransformation: ~A0 = ~A� grad� ; �0 = �+ �
�t�Lorenz-Ei
hung: �
�t�+ div ~A = 0 , �mAm = 0; xm = (
t; ~x); Am = (�; ~A); jm = (
�;~j)Kontinuit�atsglei
hung (lokale Ladungserhaltung): �t�+ div~j = 0 , �mjm = 0



kovariante Bes
hreibung: Fmn = �Fnm ; F0i = Ei ; Fij = ��ijkBk ; Fmn = �mk�nlFkl�mFmn = 4�
 jn ; �kFlm + �lFmk + �mFkl = 0Fmn = �mAn � �nAm ist ei
hinvariant: A0m = Am + �m�! F 0mn = Fmn�Am = 4�
 jm ; Am(x0; ~x) = 1
 R d3y jm(x0�j~x�~yj;~y)j~x�~yj + R d3k2k0 fam(~k) e�ik x + am�(~k) eik xgk0 = j~kj ; k0a0(~k)� ~k~a(~k) = 0 ; k x = k0x0 � ~k � ~xMultipolmomente: Q = R d3x �(~x) ; ~d = R d3x~x�(~x) ; Qij = R d3x (3xixj � Æij~x2)�(~x)Energiedi
hte: 18� ( ~E2 + ~B2) Poynting-Vektor : ~S = 
4� ~E � ~BEnergiesatz : ��t h 18� ( ~E2 + ~B2)i+ div h 
4� ~E � ~Bi+~j � ~E = 0Impuls: ��t h 14�
 ~E � ~Bij + (�14� )�i hEiEj +BiBj � 12Æij( ~E2 + ~B2)i = � h� ~E + 1
~j � ~BijEnergie-Impuls-T.: TmnFeld(x) = � 14� (FmlF nl � 14�mnF klFkl) ;Lorentzk.: ~F = q( ~E + ~v
 � ~B)ebene elektromagnetis
he Welle: ~E(t; ~x) = < ~E0ei(~k~x� !t) ; ~B = ~kj~kj � ~E(t; ~x)!
 = j~kj ; ~k � ~E0 = 0 ; ~S = 
4� ~kj~kj j ~E(t; ~x)j2 ; ~S; ~E; ~B orthogonales Re
htssystem~k = !
 0�0011A : ~E0 = j ~E0jp1 + a2 0� 1i a01A ;�1 � a � 1 ; linear:a = 0 ; zirkular:a = �1skalare Kugelwelle: �(t; ~x) = < �0j~xj ei(kj~xj � !t) ; k = !
Punktladung : Weltlinie rm(s) = (
t(s); ~r(s)) ; jm(x) = 
q R ds drmds Æ4(x� r(s))Li�enard-Wie
hert: Amret(x) = q drmdsdrnds � (xn � rn) s = �s(x) : (x� r(�s))2 = 0; x0 > r0(�s)Energieimpulstensor: Tmn(x) = R dsm
2 _rm _rnp _r2 Æ4(x� r(s)) ; Pm = 1
 R d3x T 0mBewegungsglei
hung ohne Strahlungsr�u
kwirkung: m
 dds _rmp _r2 = q
Fmn _rnHertzs
her Dipol : Fernzone ~B(t; ~x) = 1j~xj 1
2 d2dt2 ~d(t� j~xj
 )� ~xj~xj ; ~E = ~B � ~xj~xjelektris
he Dipolstrahlung: ~S(t; ~x) = 
4� ~xj~xj3 sin2 � ��� 1
2 d2dt2 ~d(t� j~xj
 )���2 ; � = �(~x; d2dt2 ~d)


