/' 1@ s = [ £ G0 1Fl1ar / @) az = [ F@)ar

// F(@)do 7// F(@(u, ) - [[Fu X Foll d(u, v)

I, Fea o) - (@u x @) du,v)
o€ 85) o€
oy,

///V FEu, v, w)) (E x o

a

gradé = &n 92 + g5 1 9¢

o
dF,
Tsin0 09

Kugel koor. + Ewﬁ

(r2Fp) + WF(FQ sin 0) +

[639 (Fg sin 0) — Tw} e +
(rFp) —

(“"Fw)} e+
&y (sine

|
divF = TTW
rotF =

1
Tsin @
dFy.

[ 1 OFy
rsin@ 9d¢

a6

-1% % Jee

_ 10 $ 1 9%
Ad’*?f?ﬁ(r YT)"'r?gme W)+r?sinﬁea¢?

Gaus: / AV divF :/ ﬁd&“ Stokes/ dfrotF :}[ Faz
v av ¥ oF

o
wi>
an

L 5
Green: 1./V AV (pAy + (V) (V) = few ¢alda
o

Green: 2. /V AV (pAyp — PpAp) = %OV do ( 5
n

) S - ~
GL = Sya [ =1E - £@
9i5 = 3‘9“% x 361%] 9i = Tii AV = gugvgwAudviw
& = ajl / lg% (@)% = (A%)2 = g;;Au;Auy
rade = o §Eeu + o Goe+ oL G5
6(gvgwAu)+a(gugwAu)+8(gvyqu)
) Ju v dw
divA =
Ju 9v 9w
EN &y Ew
rot A — Qﬁw Qa;w Qﬁu
du v dw
JuAu gv Ay gw Aw
9 (Gugwoe 9 (JugwOyp 9 (9uguv9yp
Ao — [& (2220204 2 (fudyde ), 0 (dudylye)
0=
Ju9dv Jw
A(B x C) = B(C x A) = C(A x B)
Ax (BxO)=B(A.8)—G(A.B)
@xb=e;jpaibje a-b=3d;ja;b;
Vig)=f¥a)+9¥f) o
V(AB) = Ax (V x B) + B x (V x A) + (AV)B + (BV)A
V(A x B) = B(V x A) — A(V x B)
V(A = (Y x A - Ax(Vf)_ ~ B
V x (A x By =(BV)A — (AV)B + A(VE) — B(VA)
V(V x Ay =0 VX (Vf)=0
V x (V x A)=V(VA) - V24
= EDAL G )
1 = i . € N —
(@) = limy = aTee? AT = T4m@
Slo@@N = En 157emy] (: 8@ = wn)
Taylor-Entwicklung Felder
— oo 1 n
e = a0 (VR |
a 4 132 22
[7=7] 1t et i

|7 — 7| = \/w— #12 = \/Ir12 + |12 — 2|77 | cos 0

sin@) = S(-1)" Gt cos(a) = S~ D" oy

sin(e) = 4 (¥ — eTIT)  cos(z) = (T 4+ T

sinhz = 1(e® — ¢ = —isin(iz)

coshz = %(e:‘C + e %) = cos(iz) (elPy* = e~ 1%
i = cos(e) + isin(z) |wdy + ¥yl = |yés + adyl

aln(a + B) = sin(a)cos(B) % cos(a) ;Jm(ﬁ)

sin(2a) = 2sin(a) cos(a)  (arcsin(z)) = 1/4y/1 — x2

(arccos(z)) = —1/4/1 — 22 (arctan(z)) = 1/(1 4 m2)
S \/ﬁ = arcsinh (ﬁ) =1in (\a\/mi’ +a2 4 \a|m|)

J @ cos(z) dz = @ sin(z) + cos(x)

1 — @
5 =
\/m2+a2 a3\/12/a2+1
2 x
J Va2 — 22 dx = &~ arcsin — + £/a2 — 22

2

a
ST TR an a2 PN
f arcsin(z) de = @ arcsin(z) + \/1 — 22
J arccos(a) de = = arccos(z) — \/1 — 2
f arctan(z) dx x arctan(z) — 5 ln(l +
f arccot(z) dx x arccot(z) + % In(1 4+ 12)
Jsin?(@)dz = =L [sin? =2 (2)do — L
J cos™ (z)da =

z
arcsinh — +
a

2)

nfl(z)
L [cosm=2(@)de + L sin(z) cos™ 1 (z)

cos(z) sin

n

Lagrange 1. mi = K + AV (T, t)

Ekin %m(r2[9‘2+¢23in9]+%2) %m(r‘2+r2¢ 122y
L =T(q,4,t) — V(q,t) %%,%=0

1.2
Zentralfeld:VEff =V(r) + | R

t
kleinste Wirkung S = / 2 L(q;, q;)dt
t1

n
H(gq,p,t) i= { > qip,-} — £(q,4,t), mit ¢ = 4(q,p,t)
i=1
g;‘i =4q; g;f = — qut = —p; Bewegungsgelichungen
qg = gT%Ii P = 7% Hamiltonfunk. erhalten
OF: OF
Fi1(q,Q) =F P1=T;» l_iaQ%i
OF: OF:
Fy(q, P) =F + 3, Q; P, Pi = 8%?,@7;: BPf

aF oF.
F3(p, Q) =F — %, 4;p; ‘Ii—*W%,Piz W%
oF oF
Falp, P) = F +5; (QiPi — aipi) i =~ gp0 1 Qi = 5pr
Elektrostatik  Q / dBap(z) I :/ Fas
F
~ r (& -z - 7 —
F= g ( ) Gy = a4 /p(#)g 7
TEQ |1z — ﬂ/‘g dmeq |7 — 7 </‘3
= P(9)(Z — 7)

/dd

ameq|Z — 7|3

?{Edi

€
w =0 [a3z|E)|?
— n S s
W= 871-50 it & — ;] VDipol = —PE(Z)
2
zQ _ €A rd _Q _ 1 2 _Q
Kond. U = J W = 4= b Sogde = fov? o= §
Dipol:¢(%) = <L 1 _ 1
pol:¢ () Ireo %dﬁ\ \G?Jr%dﬁ\
Z — 1
*@ = 4#60\1‘\3 = Treo 7]

P =aqdii Faipor = (FV)E Mgipor = 7 % E
Monopol/Dipol-/Quadropolmoment: ¢ = [ d3& p(a')

7= [a3# @ o)) Qi = fdsci’/(p(;i‘/)(?’z,-m/- —#25;5)
R

4meqd(E) Ed

q+H + 3 Z’]le”ﬁg+

Randwertproblem: ¢ ¢o sein Losungen ) = ¢1 — ég
auf OV bekannt: Dirichlet:¢ = 1 = 0

Neumann: #9% = 9% = 79y =0
Jv Fw)Fv) = $5y wﬁjwdv - [ $AwdV = Bindeutig
0@ = geg Ju 4=’ 55
i Jov o (e 35 - 0@ 527
2,67, &) =B @ -7 a, 5/) - L

:Potential mit Randwert:

7
\
lf%rl + £(z, &)

Dirichlet: ¢(#')|gy = w(@') wihle f(&, &) so, dass :

/

#,8)=03 cov,FeV

. ’ = o\ OY
., ¥ ep@ P
=/

<4/) Gp(Z, T

) z,
z') —}{ df' w(z 9Gp & F)
v on'’

#(@) = %/ a3a’ p(#)Gp (7,
)

Neumann: — W‘E)V: E| =v(Z) wihle f(&, i’/) so, dass :
o\ GN (&3 aG
}{ df’¢(.—n/)% =0 fordern: GTD = — b

- 1 3, - .
F) = — acz'p(@)G N (EF, &) —
&(T) €0/ P(F)GN( ) fa

Green Funktion: Halbebene:
Gp

auB.

. - 1 _
Kugel: = In =7

1
T T A T R
Tind = €0E -7 a=[gy dfc

Gy =

Induzierte Ladungen:

S ti tz: Agp = ( 82 22

eparationsansatz: = m + W
22 22 52

z.B. (ﬁ)a‘ By2 ) ¢a:y(fﬂy y) = Aday (ﬁ)z bz(2) = —Xoz

Sep. Kugelkoor.: Y(0,9) A=
+ cot 867 + T

2. (2 2 )2
222 () e (5%)
Bigenwertproblem: L2f(0,¢) = X-f(0,¢) f(0,¢) =
hm (@)

+

Q
ﬂ%

¢ = R(r) -

9(0)-h(p)
M orfiillt L hm(p) = mhm(p) 0 <m <1l €N

( ) 7(:0':0861»:"“220 )\}gm(Q):O u = cos(0)
[<u -1 (&)? +2u6—u—u’;flfx]1’<u>:o A=11+1)
[(uz—l)(a%) +2u—7)\}P(u):0 m =0

SLiduukPp(u) =0 firalle0 < k <1

JLyduPr(u)Pm(u) =0 n#m Pu) = o (ﬁ)l (w2 -1l
Normierung: f_ll du Pn(u)2 = lil

Allg. Fall: PlTn(u) _ (—23lll)l (1 u2)7n/2 (%)l%»m (u2 l)l
Orthogonalitit: fjl du PIMPIP =5, ) %

Legendre Polynome le, Pg =1 {) =z Pll = —

PY = 1322 —1) P}=-30y1-02 P2=301-a2

Kugelfiichenfunktionen, erfiillen Eigenwertgleichungen:

Yy m (6, 9) = /(2L + 1) Fm P/™ (cos 6)e' P
L2Y) o =W+ )Yy L2Y) = mY]
fiir jedes I gibt (21 + 1) Eigenwerte:m = —1, —1 + 1,
- — S = z
Yoo=1 Y= ‘/gjcz%“’ = V3 y
_ . Qo _ xtiy
Y1,41 = FV/3/2sinbe = ;1/3/277, ) )
Yo, 0 = V5/4(3cos? 0 — 1) = \/5/422° =2 Y
e
Yy 41 = —/I5/2sin 6 cos 6eFi® = /15/22(”17%”’)
) )2
— in2 geti2e — (ztiy)
Y = P =
2,42 V/15/8sin” fe dlS/ST
Orthogonaltiiit:

b oo
/a de U (@)U (2) = Spm > UL(nUL(e) = 6(a — v)

=] l

FO,9) =3 3 Vim0 @)erm

l=0m=—1
Clm = ﬁ/ d0de sin Y], (6, ¢)F(0, )
o 1

B(r0,0) = > D Ry (MY (0, 0)

I=0m=-—1

a=lunda=—-1—-1
—a+2a—1(+1)]
—(l+1)

_(z+1)) Yiim (0, %)

Radial-Lésung: Ry, (r) = r% =
_ d\2,2d _ WD ] «
0= [(W) R il
Damit folgt: Ry, (r) = Apy,rl 4+ Bypy,r
(r 0, 0) =2 5 (Azmrl + Bimr
Symmetrie in ¢: m = 0
= (1, 0) T2, VAT F 1[Ayr! + Byr TPy (cos 0)
geladene Kugeloberfliche o(0) = Zloio V20 + 1o Pj(cos 0)

=22

oy =1y d(cos 0)a(0)Py(cos 0)
falls ¢ — Ofiir r — co = Ay,
Multipolentwicklung in Kugelkoordinaten:¢ — O fiir » — oo

Q
&(r, 0,9) =X m ﬁm)ﬁﬂnw» »)

Q
Bim = 4,525 T}Fl) [ d?Qadr THZYﬁm(Gy @)p(r, 0, ¢)
Additionstheorem: ~ winkel zwischen &, @’
ST The Ym0, )Y, (07, ¢7) = Py(cos )

JET et =m)ap = sy

Magnetostatlk M=mxBm magnetischer D]pol

J(#,t) = p(&, t)¥(F, t) Stromdichte I = Ir df -7 =dQ/dt
&7—/ B3z F= - af - j(z
= : = J(Z,t)
dat v ov
oder iiber: V - (V X B)

Kontinuitétsgl.:% + V(@) =

Stromfaden: jd3z — Id% = L 323( Az

dZ) X (dEg X Z19)
1Z12]

€OH0 = T3
dFo

Ampere’sche Gesetz: ﬁ12 = 01112 7{ %
C1/C2
—7kgm
107 24T
- #12) — F1pdTy -
1.Term 0 Beitrag: F12 = %?{ }{ (dF - dia)
C1/C2

Fio =& — Fg I; =const. pg =A4m -

d#y X (dFg X T1) = dFig (di]

|& 12|3

ATX(Z—F)

Biot-Savart: B (&) = I»Lolf ar|Z—7|3

fe)
- 1}{0 4z x B(7)

x (4 x B(&))

auf Leiterschlf.: F

auf Leiterschlf.:

fiir Stromdichte: B(&) = pg /d3 %yr)
A |T—7|
- 1 = .-
Vg X =——Vg XJ—J XV
© Feg Ve X7 -7 oy

Ve x 7@ =0 = B(a)

Homogene Maxwellgleichung:
Vo - B=0= 0= [, a3V . B@ = §,,, d5B(F) Inhomogene
Maxwellegleichung:

Ve x B(&) = ¥ x (m x 40 [ a3y

% T x ) =(Y. 1) - AT I(z) = Ko 3, ()
Vx(VxD =V D)-al (@ =24 [a v
verwenden:V 7 (#) = 76%7(;!) =0, (& = 0im Unendlichen

Vo l(@) T B0 [ ady[9, 7@ E

Vo x B(@) = —8, 49 fd3y‘z.(y>

= Vo x B@) = pnoi(@)

Ampersche Durchflutung: ID dé - (V x B) = $op AT - B = pol

Vektorpotential: B(Z) = V x A(&) A(&)

Eichtransformationen: A’ (%) = A(F) 4+ VA(T)
Coulomb-Eichung: V - A(#) = 0 Axiale Bichung: 7 - A(Z) = 0
VX (VXA =-AA4Y(V A = AA&) = —ugj(@)
F= [dd2j@) x B(@ M = fd3“x(J(L)xB< ))

Jadai@ = [a3aG - 9@ T - [dBa(¥hHa=0 $i=0

Konstantes B-Feld: m := 1 [ dSyg x (@) M =m x By
A= X

Fernfeld: A(Z) = 22 %& + ...

Elektro- und Magnetostatik in Materie:
P frei induziert ppip,0) in Materie  P(&) Dipoldichte
B(@) = emE+O<E2> ¥ =
Pges = Pfrei — V.P= = Pfrei t Pdipol D(&) = eg E(&) + P()
VD(&) = pfrei(@) D(z) = c¢E(Z) mit: e = egepr er = 1+ xg

Ubergang zwischen Medien: €r, E, D / e,”,, El, D’

Gauss’sches Késtchen: Q = [y, d& - D = Afi - (D — D’)
7. (D — D’) =0 oist Ladung der Grenzflichen, meist 0

x Diel. Suszeptibilitat

Stokes’sche Fliche: = §odi - E~ L. -(E—E') #(E—-E')=0
!

— D’ — € g — g/ —_ € p/
Dy =D & By =%B, B =E & D 7DH
Magnetisierung: B (&) = pg(H(Z ) + + M(%)) M =xm - H
pr =1+xm = B@ = pH@) VXH@) =5fpei(@ V-B=0
faAdf-szﬁei’A fBVda‘iS:,O
Ubergang zwischen Medien pr, B, H / y.;‘, B’, B’

= . o SN _ 7 =
}Tf‘H (€ X &n) - (H—H") = jfre;- €t

Hy = Hl’| & B = 7BH Diamagnetismus xm < 0 |Xxm | klein
T

’
B, =B & H, =

Paramagentismus xmm > 0 Antiferromag. exakte Ausléschung
Randwertprobleme: & X H = H = —V¢ém magn. Protential
Yy M ()

Iw il

Adm = VM(@) ¢m (@) = — 7= [ddy

Fernf. ¢m ~ =

Relativistische Formulierung elektromagnetsiche Felder

oh = (ct,z,y,2) p=0,1,2,3 a9 =ct, a? =&; - &
zy = nupa’ = (ct, —F) nupdiag(l, —1, —1, —1)

N2 _ .2 2 )2 [ o dxt
(ds)® = c®(dt)* — (dF)® ds = \[&Paydr @t =

Wirkung: S

b i
—me [V ds = —me [Ldr,[ili,
2
= —mc? fiZ dty/1— L5
c

Wirkung: S

Poincaré-Trafo:z’H = A, z¥ + ol mit AF nu AY = npk
9L oL _ _ i OL _ d L a i _
bat =0 i = =P Gaf T dipze — atP =0
Vierer Vektor: zM = (ct,z,y,z)T = (ct, &)
Lorenz-Transformation: a/#* = AM,zV

Kontravariant: A’# = AM, AY Kovariant: AL, = A“"A,,

Ay = npupAhon™ = (AT, Ak = (A0, ) 4y, = (A0, - 4)
A B = AMBy = nu, AM
BY =A9B0 _ 1. B
egor 2.Stufe: F‘“’ 3.Stufe: AHYP n.Stufe AH1---Hn
Flpy — ALL AL’ FPE ABVD AuaAuBAP’YAaB'y

Metrik hebt/senkt: F/,LV =nusF" Fuv = nuxnupF"P
Fop = FO0 Fy; = —F0% Fy; = FUI

FO():FOO Foi:FOi FOi: Jaltts Fl]:_FIJ

nMY = diag(1, —1, =1, —=1) nuy = diag(l, —1, —1, —1)

88 = diag(1,1,1,1) 85 =nkPny,  SEnYP = nup



eHVPR e ppr = —24

ehvaB,

e B’Y‘uaﬂw = —65

—2(8h 8% — 5p5,‘;)
sH
— | s &
€koda = T |%% a é}
&

My =

prafB =

eHVpa

— (1 9¥
= (1532 -v¢)
0
. _ _ _9 BA —_
Div(A) =8 A= g4k =1 + VA =08,AK =0lAy,
AH = (¢(@), A(ﬁ)) Ap =

2Em

Viererpotential:
allg. Wirkung:
gelad. Teilchen: S = /:2 <7mc2 1- %
Lagrange:
F=Pmech + SANE ) = Pmeon = 22—
)2 +eo

relativistische Bewegungsgleichung«
dPrec . .
Pmech = _eGg - € Fd 4 i x (T x A)

ﬁm:eéxé

04,

94,
Fuv = galt = aat

oxV
Bewegungsgleichung 4erGeschwindigkeit:
Foi = —0;¢ + 201A; = By
Fij = 0;A; —0;A; Fip=09A' —0;A%2 = -B,

0" By Ey E. 0 —Ey —Ey —E,
~E; 0 -B, By Ep 0 —B. By
-Ey B, 0 -Bg Ey B, 0 -Bg
~E, -By Bz 0 E, -By By 0

!

047,

R4

Feldstarketensor:

dut

me =
dr

mit 8y, i= 52

Fuu FHY

’

_ o4,
EI
Lorenztransformation/Boot:

coshn —sinhn

A#V:(fsinhn coshn ) ) tanhn:% ~ =
1

coshn =~

@' (') = [9(x) — LAg(2)] -~y

AL (@) = [Ap (@) — Lo(2)] - v

F/RY (2]) = AH AV FPR (2)
Transforamtion der Felder:

! —
Fl, =
A'B(z"y = AP, AY Boost in x:

sinhn = 42
Al (2') = Ay(e)
AL@") = Az (@)

= = — = 2 ~ g
B'(@) =~ (E@) + 17 x B)) - - (71;7) (7-E@)w
PN s 1, = = B =
Bl(#) =~ (B(z) -l@x E(:)) - LT(’YHT) (v . B(z)) 7
Ort transformieren: = — z/ ol = (A= L)HgH

¥ —yvj/c

A7) = ATL(@) = A(-9)

5
—yv;/e 1+ —5t—Fuv;v

* 2(1+y) v Y
Erhaltungsgréen: FFY Fy,, = 2(B2 — B?) = invariant
cpvpo FHYFPY = —8E - B = invariant

Homogene Maxwellgleichungen: V-B=0 V XE=

Induktionsgesetz und Magnetischer Fluss:

= ey,

= 0u Ay + 00N — 80N — By Ay = Fpy

Kovariante Formulierung der homogenen Maxwellgleichungen:
— — 9o

OuFup +O0vFpu + 0pFpuy =0 O = Fora

Fuy =0y Ay — 0v A oder: VP79, Fpe =0

Wirkung des E-M-Feldes: S = S + Sy, 5 + 5

1d1_

freies Teilchen: Sy = — YN o myc [ds; ds; =

i
-2 & [ Auei)dal
Froderungen an Lagrangedichte fiir Feld: Sy = ¢ [ dtd3as
L ist Lorenzskalar, also alle Indizes abkontrahiert

L Eichinvariant, also Abhéngig nur von Fy,

dr;

Teichen-Feld: S,, f =

Bewegungsgleichung soll linear in Feldern sein, also £ ~ F2
= Fhkv

HVPO R Fpg = eMVPT0, ALO A = O, [eHVPT AL D, Ag)

Wirkung: sf =a- gfdtdE'zFWFW a ist Einheitensys. abhangig,sno. A —

S = —1geg J dt [ a32(E? — B?) (in CcGS)
i . — 1 v _ 1 m2 B2
Lagrange Dichte: £ = — 167‘_CF Fuy = g=(E% — B?)
Stromdichte := jH :— 'i;" = jH = (9,F) = (cp, pi)
Kontinuitits Gl.: + v - ] =0
) " _ aj aj ) o =

— [ J — — 9p . 7
0=0ui" = 3w = a*az =ottV-J
vollstéindige Wirkung:

N 4 .
S=-3i_ fmic ds; — de z(Ap it + 16” Fuy FFY)
_ 1 4 1. 1 a

55 = =1 [ata(lr + L D104,

Die Variation muss verschwinden,
Inhomogene Maxwellgleichungen:
0 IV (z) = AT j¥ ()

daraus folgt:

— qeldr

Fuy oder e#YPP Fy,), Fpo 2. ist Totale Viererableitung:

;9:5:0: iaatFOOJr 2. Fi0 = 4np = VE =4rp (CGS)
F00 _ ¢ on: it

v=1; 12 p01 2ZF11,4WJ1

FOl = _p, Fll=0 F2l=B F3l = _B,

> VxB=138 4n5

Energiedichte und Energiestrom des EM Feld

B (9xB)=15.9E L 4rp.;
B-(9xB)=-15.98

Gleichungen subtrahieren:

153.0E , 15. 0B _ _4njg. 7 50
cE- Gyt eB- G =—"FFE-j—-[B(Vx

[B(V x E) — E(V x B)] = V(E x B)

9 (L (524 52 ==
S (& E2+ B )+v( ExB)=-5 B
Pointing Vektor/Energiestromdichte: ﬁE x B

524 52 2
Erhalung: Ot fdvu +ZN ——mc® | =9

J1-@;/c2?
52, 52

Energie des Feld: W = % Ekin: Z{\jzl

abgestrahlte Leistung: Py = fA f& - 8(&,t)

Energie-Impuls-Tensor THY

v _ 1 v 1 v K
THY = 1 (F“"Fp + TtV Fy P )
Erfiillt: T ‘. =0 Erhaltungsgleichung somit:
OMTW’T[B FW’F vy FW’E)“F V4 —n”"th(aqu“)]
v "
o THY = ]‘LF’ .
TDOZW—L(E2+52) anTY = (B x B) - &;

raumliche Komponenten bilden Spannugnstensor:
anT¥ = —Fi0pi0 4 pikpik _ 15i3(52 - E2)
T = —p'EI - BIBJ + %5”(152 + B2y
v _ 1 [ E?+4B2 2(ExB)T

87 \2ExB)T (E24+B2)1—2BBT —2BET

L
4T

Elektromagnetische Wellen
Abwesenheit von Ladung und wieder Einheitensystem in ST
07V><(V><E+at3)

2 ~
=V(V EBE) - AE + 2;02F (2—26?— )E:O
2 - =
(262—A)E75E (%BffA)B:DB:O
(& c
n ist Brechungsindex und hier 1 n = \Jerfr
all. Losung: (&, t) = f1 (- K+ wt) + f_(F- Kk — wt)
= 2 ~
Ofp (8- k£ wt) = (:T 7192) @ FEtwt)y=0
. dr)
Wellenzahl: w = c|k| Phasengeschw.: =Y =c
dt 1%
Ebene Welle:  fy (7 - F & wt) = Ay ci(FkEwt)
Wellenlédnge: A = %

V(@) = Ter <A$)e“f‘k1‘+wﬁ) + A(_j)ei@'k.i*“’j‘))
w(F,t) = dek[A+(E)ei(E«f+wt) + A_();)ei(l?-f—wt)]
Forderung an Reelle Lésung: (&, t) = ¢™ (&, t)
allgemeine reelle Losung:

3 - .
w(@ )= [ (ng;“g[A(k)e’

E-d—wt) | g% (Fye—i(k-T—wt)]

Fourier-Transformation:

Fa) = A= [0 akf ket fk) = A [ do fm)eTihT
Eigenschaften:  f(k) Fourier-Trafo von f(z)
Linearitiit:  g(z) = aq f1(z) + ag fo(z)

= §(k) = a1 f1 (k) + agfa(k)
F@) = f1@)f2)  Jk) = = [T ak’ f1 () Fa(k = k)

ist f gerade/ungerade so ist f auch gerade/ungerade
Trafo mit konvergenzerzeugenden Faktor:

2

NOES éﬁiﬁﬁ [55 da f(a)emike—ew
= oo s iko—e22
19 = i, e (% an fye koo
f@)=c fk)=cvams(k) (k)= [ dze—ika
Ableitung: f(z) — F(k) = 2L(x) — —ikf(k)

F0) = A [T dwfw)e T fw) = A [T ar st

f(@t) = dew F (R, wye— i (RE—wt)

J a7

(27102 fd%ffzo atf (&, t)et(FT—wt)

1
@m?

f(R, w) =

Monochromatische Wellen:
P
E:Rc[EocL(kz wt)] ,RC[Boez(k —w t)]

(k' T—wt)

VxE=-8;8 = i(kx Bo)et(FE—wt) — i,/ Bge
w=w k'=k V.-E=0= k-Eyg=0
V- B=0 = k-Bg=0
S ~ s .
VXB_C—ZatE = kaO_—C%EO
b=10by +iby by -bp =0 by Lby 11éz ke
|51 | cos(wtt+a—Fk-&)
E =R (KT —wt—a = —
B = Re[(By + iba)e )] = ( +|bg| sin(wtta—k-F)
0
B2 E2
E erfiillt Ellipsengleichung: be + bT;! =1
Zirkular polarisiert: by = |bg|

linear polarisiert: b = 0 oder by = 0
Vierervektor: kM = (¥, E) kyzH =wt — k- &
O FFPY =0 = DAY — oY (auAr) =0

so Elchung auf Raumkomponeuten reduzieren: A9 = 0 ¢ =0

kukH =0

dann: 0A = —V(V - A) 8V -A=0
‘ﬂxlal Elghgng. VA =0 mit A’ :ﬁA:«F VA
VA" = VA4 AN = AAN(F) = —VA®I)

Od=0 = gt 59, S0, A=0

Aoe—“mf“
Aus Eichung folgt: VA=

Monochromatische Welle
0 = _kA=0

Realteil: E = |k|Re[A] B =k x Re[B]

Energie Impuls: 790 = 8« (B2+B%) =w 19 = L (ExN)¢
T = ﬁ(—EiEj — BiBIY 4+ 8w

Koordinatensystem: k = k&, E || & B | ¢ x 3 = &y

Damit folgt, alle Komponenten von T sind 0 auBer:
700 = L i2Re(a)2 =w 7198 =w 7133 =w
THY — we?

w

Dopplereffekt: Beobachter mit v im Winkel o zur Welle

ku:(gﬁg) kM = (@

c c

o AH v

KM= AF

W = w 1+v/csina
1—v2/c2

Transformation der Wellen in Wellenpackete im Fourierraum:

B(#,t) = sty Re [k B(F, wye—H(RE—wt)

T =iy ,—sina¥, cosa ¥, 0)

kM = @

w i inaw
= coshn“ + sinhnsina ¥
- ne + n -

(2m)

w=|klu u=<
n

E-E=o0
Fouriertrafo Maxwellgl.:

n Brechungsindex

VxB--1 0;E=0, V.-E=0
ST u?] .
¥V x E4+8; B=0, V-B=0 ExB—wB=0, k-B=0

Bz, t) = i )

4
e

B(z,t) = WRefd% k x B(E, w)e i(kF—wi)
w=|klu K-B= k= E/|R|

r =

Kugelwellen in Kugelkoordinaten:

2 2 2

1976 _Ap—o LO¢_ 120 1 f24—0
2 at2 ¢= 2 at2 T 9r2 (ré) r ¢ =
o =L1F@ )Y 0,0) mit L2ylm =1+ 1Y},

1 0%2F  9%2F , W04

? ot2 or? r2

L 0%F _ 22F —o
Kugellosungen
E=1 LIE (et + )+ E_(ct — )]
B = T[B+(ct +7) 4+ B_(ct — 1))
Transversale Wellen die mit 1/r an Amplitude abnehmen
Ausbreitung von WeLlet\ in Leitern:
Le\tfa higkeit; 7 = o E o : Leitfahigkeit

B=0 V-E=0 .
V x B = prugoE + 1/u21§

V x E=—8B, o
1 62 —
Telegraphengl.: | (A — by Do) — uppg LI E@t)=o0
2
1 B
(2 2 88) - wono ] e =
2

E = Bo(@)e Wt = (A + CTMET + iwuruod) Eg(@) =0

komplexe Dielektrizititskonst.: €p(w)i = ey + i —2—

eow
—_ c w o =
= = (A+—i2)Eo 0
E(&,t) = BoRe {e*i(kf*w)} F=wg
u

- 2
1+ (egsrw)
- 2
1+ (m2s)

2

e = -1+

[N

E=¢,: E=ByRelew(ii/cz-t)],—ywz/c
Eindringticfe, Abfall um 1/e: 6 — & — 0
oy = 3wy

Abstrahlung Wellen, in SI und Lorenzeichung:

OAK (2) = poit(2) = 0G(z,2’) =6 (@ — ')

W (@ — 2’y = 5(ct — ct')sB) (@ —a') = Lot — /)63 (7 -
G(z,2') = Gz — ') AM(x) = pg [ d*a’G(z — 2/)jH (2')
Lo —ct)y r=VT2 ah = (ct,T)

9(t—t’)

g(z) =

retadierte Green G(z—z’) =

AH(ct, &) = de3 ’ 7J“(Cf_|m_’ 2

ctroy = ct — |# — &'| < ¢t Quelle Ausdehnung: d
r> dund > A
blct, @) = AL [ada’ plet —r+ & - 7, &)

€0
Aet, @) = m}fd% Fet —r 4 &2, 7)

—cé&rxB EL1LBLeén
elw(t—r/c)j(%a‘)

X
e
I

Aet, #) = L2 [a3e! Fct —r, @)+  Dipol
4‘7:(:7* fd31l(‘? - @)0yj(ct — r, &)  Quadrupol
Ay(et, @) = O Ljct —r)
Abgestrahlte Lesitung: S = TIO(E“ X E)
§= 518178 = = cgelE|2ée,
4P _ 1256, = ceor?|B|2 = %7,2‘5‘2

dP, , dP L.
%: dQl + ;?Zag +#”2%§e7,,(pXWl)

— Mo 32 o

Pet.Dipol = 67\-Ocp Prag.Dipol = ‘gm

Lienard-Wiechert Potentiale, bewegte Ladung

p(@ t) = as®) (7 - Bv) (@ 1) = a6 (7 - R1))
Mz ¢y — Boac 18(c(t=t")—|F—R(®)|)

Al 0 = £ [ ar 5= Rt/

r(t') = | — R(t))|

vk (t)

Ft')y =ct —ct! — r(t))

dar’) _ _dr¥) ar(¥) _ _ (F-R(’ ) A(t!)
Tdt’ dt’ dt’ [&—R(t")|

oy _E—R(t)) ft]) — —el1 — 7 15

a(t’) = TZ=E(| F(t7) = —cl1 tHBEH] Bty =1

Ctret = ct — r(tret)
AR (F, ) = 20 gt (tret)
AT r(treg)1— ”(tret)B(trPt)]

t
OE D) = Ty e =Rty B lErer)]
A&, t) = ZQ Llﬂ_(iret) _
o ‘" g(fret)[1*"(tret)5(fret>] R
Olwet =1 = O7Uret) — 1 4 i(tpey) Altrer) Vgt
Or(tret) _ ,Otret
Azt ox?

Gleichférmig Bewegetes Teilchen: (tpey — )2 = %(i* 'l_’tret)2
c

u /(2 u)2 — c222] u vierer geschw.

ut = (ye,v0)

v
[(u-z)2/c2 —22]3/2
R = dsin(wt)ez B = kdcos(wt)é&y
r(tret) = r(1 —

Schwingendes Teilchen:
Z| > d trer Rt —1/c

Z o)

z')

Sle(t—t')y—|z—a"|]

R(t)



f[f f@av = [[f 7@, v, w))( ,: §f)§i

Zylinderkoor. grud¢=€r%-$+=,-5£+gvr-5-i

GF =12 (rFr+1 55 +9§zl| olb S [J;B‘; —9&&]
+[%E - ] e + 2[££ R0 - BF] e

Ao L (o58) + Mt + 5

Kugel koor. gradé = &r 92 + 91 8¢ + o rabg B2
givF = B (2 F) + by oy (Fo oin ) + by T
. rotﬁ r—s‘f‘ry[& (Fy 5in 6) — -s-ﬁ-]a +

| Frsbo 8 - 2 & (R 0 + 3 [ (rro) - ] %
fas = dng (2 38) + oy (e $8) + il 2%

GauB: f avaivF =/ Faal Stokes/ afrotf = far Raz

L

y Green L/ AV (AP + (V) (Te) = fav"?‘d" 6

g C 9y ©
! Grsen a2 / AV (pD P — vAP) = fev do (,‘,8_'1 o ‘b;)
‘ai oun Kor= fo 1@

iy o 'gv{' i 'Se\'az_ = VI AV =gugugwluldviuw

Sk B&i,‘ﬁ‘ (ds)a (88?2 = g;;Au;Au;
grnd¢=—l—82€u+‘L‘5£ev+J_a"£=w ;

’

) «c.ma

R & 2 guguyw
s e _.u._ _Ew
‘x SvSw 9u, E;U
<\l‘0 =

u
guiu v Au

é{; ‘ -fg-[&(‘%?.‘ﬁgzﬁao-(“z%‘&r*)wa-(%)]

JufvIw

| 5= [ ada'(#p(@") Quy = [ P2 (p(2")(30]a) — 5'2645)

Fo(p Q) = F - Tiaipi % = — ot Pi = — G0k = 1 /1, d(cos 8)o(8)Py(cos 6)

i

OF, 8F, fallsd:—»of T+ o0 = Al =0
/ (&) ds = f!('?(t)) 11714t / f(&) dz = ff(-?(t))-ydt Fy(p,P)=F + 2‘ (QiPi — aipi) 9 = —-5-#: Qi = maf Mumpulemx.rcklungm Kugemoordlnatﬂn ¢ — Ofiir r — oc
r 0, ) = =lm Yl m(8,9)
- § ;/_[ I(E)do-/f (@ ) 21| @ X Follld(er ) SIFle Mt Q=/ Nela ) 1Y) =f oy ( w) 2 W 1,m (8, ¢
i ,(me-./ F(@(e, )+ (Pu X @) d(u, v) el o) Bim = U s [ 20dr Y, 0, 0100, 002 G
; q F= F(7) = P(”I) ar Additionstheorem: ~ winkel zwischen Z, z’

41re0 |:E e J:_lla 41(5() 7 3

X =]
B(z) = Z q; (% — &;) p(7)( 7)

ST Shae—t Yi,m (8, @)Y (67, &) = Pr(conm)

In _tp(n-m)g, = § -
41r¢0]:3-5‘ 13 ameg|Z — 713 L £ T e
BTIT=0 = 1
v £(&) = - ¥V x B = f. =0 a netnstati M x B 7 magnetischer Dipol
li & A % S ‘; ~\#(, t) Stromdichte I = [p df -7 =dQ/dt
—V%-Ei—l ¢—fd3y_ﬁ_1,)_=””0'7 w = g [d3a| B2 %’.3:_/ 329 .7=- [ 4f 3z
= weg Zjwi=1 ]7—%'7'._ j Vpipol = —FE(&) :(der iber: 61 (Y x B)
2 ontinuitéitsg
KundU—' w=ﬂ5££)"_§2_7¢,=£cuz c=9 ;
3 SA Stromfaden: 7d%z — 1dZ =
Dipolig(#) = + - —{2—— ' d
polig(&) 10 (l‘L— dit| | &+ dﬂ!) Ampere'sche Gesetz: Fig = l‘.ﬂz{l—lzf f EJ_X(_IZ,;_’LZ_
___F_I (o)} Cz 1Z12]
e dmeg|Z| 2"0 E #1g = &y — @9 I; =const. pg =4m 10" ﬁ% eong = .0-17

7= qdit Fyipol = (13'6)E Mgipor = 7 % E 4y % (dEg X @13) = diy(dF) - £12) — F12d%) - dy
Monopol/Dipol-/Quadropolmoment: g = [ d®a’p() 1.Term 0 Beitrag: Fy2 = 40112 f f dz; - dF. )——1-13
g: Fy — ol (d&y - dTg =73

R<|#} Biot-Savart:,

ameq (@) = T%T + I—EI% + 353,00 Qij“l?lg‘ + ..

Randwertproblem:¢] ¢ g sein Lésungeny = ¢1 — $2 0 4
auf 8V bekannt: Dirichlet:¢p = ¥ =0 auf Leiterschlf.: M = If Z X (di’ X B(z‘))

Neumann: AVy = -g—% = AVY =0
Sy F0)(F9) = $5y vV wdo — Jyy wApdV = Eindeutig

I
¢(@) = s = [y d=’ -EL—)-E )y tPotential mit Randwert: ik TL(—DT T‘J‘Tﬂ e
1 = 1
+ & Jov 4 (2 oy — 0@ 5% 17 ) Vo x J@) =0 = B(#) = Yz x 42ad
A;G@F @) = =@ @ - ) c@e) = 7 ey + 152

. , 7 s R Homogene Maxwellgleichung:
Dirichlet: ¢(& )]y = w(g’') wihle f(&, ') so, dass : o = fv da3z9 . B(z) = fav d7B(Z) Inhomogene

Maxwellegleichung:

4 df'GD(E, #) 2% wihle: Gp (7,7).=07 €0V, FEV e
Jov. on G x B(@) =Yz x (V2 x §2 dayﬁ—(l)T-
8Gp (@2 % % ( z Jf z )

auf L hif.:

ichte: B(Z) = d
fiir Stromdichte: B(Z) uo/ y 41r|:: :71

__1_ 3 1 o=l 21 sy ) -
o@ = & [ @< p@)op @ 2 }gavdf W@ =B o (9= 99D - AT T2 =42 [ &y ]l_g%[
Neumann: — B%\av= B, = v(Z) wihle f(&, &) so, dass : Verwendan ¥y () 1= -__%(1).8 (1) — 0, j(7) = 0im Unendlichen
i z! LITp T L A by
oy 4 o@INED, gy rten P = -y OHD [ SO AR fons

(B x C) = B(C x A) = (A x B)

x th &) =B(4- 6)— 6(5 E)

a@x b = €5k b €k

S (el 1(%0) + g(vnl v(lﬂ:(; A)+A AL

T (AEB) = Ax(exB)+Bx(Vx )+(A€)B+(B€)A
. V(AxB)=B(VxA)-AVxBE
- YIA) = 79 x A) — AX mml(u’) i

4y h

- Y)"(“{)

3

#(2) = :Lfv a3’ p(&') G N (& 5’) dl }iav 4 Gn(E 2 Ve x BE = 2,40 [ a3y 2 = Vo x B(@) = koi(®

Ampersche Durchflutung: fD 45 - (V x B) = §gp d& -
Green Funktion: H“‘be"ene H= {5 € Rav 3 > 0}11% = —US3 Vektorpotential: 5(%) = ¥ x A(z) A(2) = 52 J 4%y T—S-—)—[i- ”y Setbo
Sp =y —ys SN =l =l B =751 mientranstormationen: A'(@) = A(Z) + VA(z)

2
auB. Kugel: 7. V.G __Ll_l_r_ Coulomb-Eichung: ¥ - A(Z) = 0 Axiale Eichung: 7 - A(Z) =0
1= fir D = Ty 4am|Z— (R /171 )ul Y x (Vx4 = _AA+ V(T - A) M AARE) = —upi(F)

B = pgl

= = 2 _ 7272
.Fﬁq==[¢r+—s+%ﬂm—m—]

I VI 12 - 37 cee
sin(z) = 3(— 1)"-&%;—1 cos(z) = T(-1)" I%W
sin(z) = *(eiz — e~ i) cos(x) = %(e"’ i e sty
sinhz = %(?’ _"') = —isin(iz)

coshz = %( "~ %j = cos(iz) (ei'\’)"' Lty

T —cos(z)+i-m(=) |z&x + y&y| = |lvez + z&y|
sin(a £+ B) = sin(a)cos(B) % cos(a) sin(B)

’f sin(2a) = 2sin(a) cos(a)  (arcsin(z))’ = 1/y1— z2

- (arceos(z))! = —1/y/1 — z2  (arctan(z))! =1/(1 + z2)
f 7—}"’—2 = a.tc-lnh (-‘3-‘-) in (la z2 + 02 + |a|:|)
) dz = zsin(z) + cos() 40
.fzcu-(z == z sin z) cos e J} ﬁ-?
Vz24a2" 03\/zz/a2+1 S

f\/ —czdﬁ\f ﬂrucsin—+f\/02—z
f \/rz’ o z’dz —_:‘ﬂﬁ- uc-inh — + 2/a2 + 22
f :rclh(:u) dz = z arcsin(z) + ‘/1 —z2

) dz = zngou(z:) — 11— 22 ¥ gL
z u—ctan(:) % In(1 + ::2)
dz == uccoq;(z:) + %ln(l.{- z4 ’
) ;: 'V‘h'-;l fg&n"'2(z)d= - l col(z) sﬂn""’l(:c)

sln(z) cos"_i(z)

280 O R V- T e+ gy ¢ i s ML) 7 7 [ g B = f Bemx (o x B@)  BAS
ST XAy G = VA T Ek‘;’x”% Indusierte Ladungen: oinq = B -7 a= oy e fdamz) - [ %G9 Pd _ [ 43,97z =0 F5=0 “‘"&"‘
T %*3F - ¢ * 48,7 5 T N
~ %g' =(EV)A + %% Separationsansatz: A¢ = (B + 9% "&2') ¢ =0 Konstantes-B-.Feld ‘mmxz J & VIR M X Fa . %
s(z) = :%}:,ETJ AT%T = —4n§(F) : (_122 i _&!) M ; B (—iz) Ve i Fernfeld: A(F) = ’Efrlﬁs‘ 44 ;
2.B. Jy) = SR
slo()] = T Torimyp (= = ) , padi by G T HDaT ) wﬂmﬂ%m Shmut
S Kugelkoor.: ¢ = R(r) - Y (6, ‘PS Al _0;2_ + g _12_ L2 Pfrei IPQUAICTEPDipol 10 Materie P(F) D:poldnchm
Taylor-Entwicklung Felder y vl (&) r cowa% ) (36_) fa__ T B(Z) = eg7vE + O(E?) + = x; Diel. Suszeptibilitat
T_‘;— T2 & V,.)“T?_l_r[!r_ = sin 3 pges = Pfrei =V« P =pfrei + Pdipol D{E) = cqE(®) + P(F)

Eigenwertproblem L2£(6,¢) = A £(0,9) £(0,9) = 8(0)h(P) GD(2) = pyrei(®) D(&) = eE(@) mit:e = fosrHivRs 1+
hm () = '™, erfillt Lz "m(‘-’) =mhm(e)0<m <1EN  gGyegang swischen Medien: e, B, D / <., B/, B’
[ (3%) - cotasay + s—m—g— — | gm(8) =0 u = cos(9) Gauss'sches Kilstchen: Q = Jpy 47 - D~ AR - (D - B')

2 i o . (B — D') =0 oist Ladung der Grenzflichen, meist 0 h
[(u — (&) +2ug - ,,2_1 & ’\] = NSO S BN §oai - E~L.(E—E) &§B_E)=0

2 —_— -
(42 = 0 ()? +2us - 2] Py =0 m =0 (BL=5, =lsi-<= = -5 = b =557}
f1, duvPP(u) =0 firalle0 <k <! Magnetisierung: B (Z z M= xm &3

a2 ( #r=1t+txm = B(@) =nH(F) VXH(E) =j () V.B=a
J1, duPn(u)Pm(u) =0 n#m rl(u)=;llﬁ(a;) (u2 —1) OO R T Lt frei .
: 4 A Poa 17 B =Isreija aveLP RSO e
Normierung: f—:l du Pp (u) EI?FI Ubergang zwischen Medien:  up, B, H / ul, B/, A’ 4

i L 2ym/2 +m aRNL X L
alle; Foll P‘m(")'%(l_“ ) ?-ifp, B} « HJ.——LHL (€ix&n) - (A-R') =540 6 F
Orthogonalitst: [, du lepu =8y {f—f—}[ H|=H| & B = l‘.;s .
PO — 0 s AT g Paramagentismus Xm >'U Antiferromag. exakte Ausldschung 1

Logendre Polynome P™: P§ =1 PP == Pi=—y1-= Randwertprobleme: # x # = H = —Vdm magn. Protential . v
‘P9 =1@:2-1) P} = —az,h Z 22 p2=301-2g2) 3 Yy M) e
g 2 Lo = TH(Z) Sm(D) = — = [d3y T ‘j g
elflﬂchenfunktionen erfh]len Eigenwertgleichungen: HE T @ m (%) 2117] Y ]z—g 3 < -~

4 M 7 vi !
.El'm(o:‘l’) = /(2L +1) l+m TP (cos 8)e™® Trick: (y) = (A:I 7 ) - M(9) - Vy ( =] )

LY o = W0+ )Y LzYim —.mY; oy y(.l,J_[) = _vz(r_l.ﬁ.[) = dm (D) = _avafda ]1%(_1”_2[

lamagnetismus xm < 0 |xm| klein

filr jedes | gibt (2] + 1) Bigenwertefm = —I, —L+1, ..., L = 1,1
Yo0=1 Yi,0=+8cosf=3Z Fernf. ¢m=,_1___|?|sat..=>ﬁ~4" [ﬂzl_ﬂi'flrsad_ Hrge ] TSI
- ‘/ I3 +ip ,/—‘_Jl. i
Gnaia T T e Relativistische Formulierung elektfomagnetsiche Felder cas
'YZO—\/T(SCOEQG—l)—‘ﬁ—_Z_—_mT;L ol = (et @y, 2) b =0,1,2,3 =’ =ct, & =
zy = npyz? = (ct, —F) nuvdiag(l, -1, -1,
dt i z(zki H {7
i A2 e conde AT _L_z_ul (49)2 = c2(at)? — (dD)? ds = [eaudr i 43—-

Yp,45 = /I5/Bsin? 0eEi2¢ = \/1578-(5—1;271‘L Wirkung: Sm = —me [[*ds = —me [0 dr\[2hz,

ma—R+A€¢(5 t) Y

é?H-‘qs‘.m 6] + #2) %m(fz Tr242° 22)
18, j-%g -8k =0 -

Zantult;ld V,,'f ?V(r) + ‘}J';d' e TR

kli}' 1Ixmx-l;uns 8= / L(q‘:dt)dt s Ly

a5 a
E ¢m} £(g,4,), mit 4 = q(q.p,t)
‘ ‘=1 ‘./\

\ ﬂ. = —p; Bawe‘ungsgellclumgen
| LT
; ;{ﬂa 7 Vﬁnmgltu?(an.‘arhs!tln A

“ Orthogonaltilit:
Wirkung: Sp, = —mc? L 2 g¢,/1 ~ _; $

/ dz U2 (2)Um (2) = Snm Z UX()UL(2) = 8(z — ) Poincaré-Trafora/t = A¥,z¥ + ol mit A%,nuy A, = npi

s oL F LI S LR _ 4oL S
palr S lpaty =2 #* '&%"Ea;t“:’ a0

F(0,0)i= Z, Z Yz,m(G.v)cz,m Rl
I=Oimes el Vierer Vektor: zH = (ct,z,y,2)T = (ct,&)T
G e / dsw sin0Y}" m(a,tp)F(B,w) Lorenz-Transformation: z'F = AM, zV
— Kontravariant: A’H = A“VA"_ Kovariant: A:‘ = A“VAV
smon=2 ¥ ,“’ I (019 AY = muphPen® = (A=1)¥, |4k = (4%, &) Ay = (4%, —4)
(=0 m=— A.Bi= APB, = nu, AR
Radial-Lésung: Ry, (1) = SO0 e s i B" = Aga‘: AL.VE o P
% - esor 2.Stufe: FHY 3.Stufe: AKYP n.Stufe A
0= (ad;)’ b gf; L) EL‘T:;H] 2o = 19202 —at2a—I(1+1)] B LR — AR AV _per ATHve = AR, AuﬁAﬂ AaB'y
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