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Formula Collection
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1 Analytical Mechanics

The Lagrangian

L= L(g,4,1) , (1)

is a function of the generalized coordinates= {¢;; i = 1,2,..., D} of the physical system
and their time derivativeg = {¢;; i = 1,2, ..., D}. The Lagrangian may also have axplicit
dependence of time

Lagrange’s equations

d oL 0L
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Generalized (canonical) momenta
L
plza ) i:1727“7D' (3)
9q;
The Hamiltonian
D
H(p,q) = Z%‘Pi —L (4)
i=1

is usually considered as a function of the generalized coordipaed momenta.

Hamilton’s equations
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Standard expressions forL. og H
L = T-V
H = T+V 7

with 7" as kinetic energy and as potential energy.



Charged particle in electromagnetic field(non-relativistic)

1
L=1L(r,v) = imv2—q¢+qv-A

H=Hrp) = 5-(p— AP +a0 ®

2 Relativity
Space-time coordinates
(2%, 21, 2%, 2°) = (ct,z,y, 2) = (ct,r) (9)
General Lorentz transformation
at — " = LEx¥ + at (10)
Special Lorentz transformation with velocity v in the z direction

2 =5 (a° — fa)
2" = (at — pa) (11)

with 8 = v/candy = 1/4/1 — 32, andz? og z* are unchanged.

Betingelse @ Lorentztransformasjons-matrisene

g,uuLl:;Lyg = Gpo (12)
Invariant line element
As® = Ar® — PAE = g, Ar*Az” = Az, Az (13)
Metric tensor
0, p#v
Guv = - 1, H =V = 0
1, pu=v#0

Upper and lower index

I"u = g/ﬂ’ xV7 (:L:li) = (Ct’r)u (xlt) = (_Ct7 I')
' =g"x,,  gup 9™ =9 (14)
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Proper time - time dilatation

v

dr — %dt, =0 ()

D=

(15)

dr: time interval measured in (instantanteous) rest frame (= proper tithepterval measured
in arbitrarily chosen inertial system (coordinate time).

Length contraction
1
L=—1Lg (16)
Y
L% length measured in rest framg; length measured (at simultaneity) in arbitrarily chosen
inertial frame.

Four velocity

U“:F:fy(c,v), UrU, = —c? (17)
Four acceleration
dU# A2z
A’u - ? - d7'2 5 A”UM =0 (18)

Proper accelerationag
Acceleration measured in instantaneous rest frame,

AMAM = 802 (19)
Four momentum
H H K
P =mo U =moy(c,v) = (. p) (20)
with mg as rest mass.
Relativistic energy
E = ymoc® = mc? (21)



3 Elektrodynamics

Maxwell's equations

vE=2.
€o
10
VxB—-—=—E = uj
X 201 Hod
V-B =0
0
VXE+—B = 0
BT 5
Maxwell's equations in covariant form
0
o, F*" = pej*, 0, =
or”
[V [y — 1 vpo
O F" = 0,  F"=odvE,

Electromagnetic field tensor

1 y
F% = -E,, FY=¢;B
&
[0k —B Fi = —€ii B
Four-current density
(4") = (cp,j)

Charge conservation
9" =0 9 +V.j=0
lt] - ) atp .] -

Electromagnetic potentials

E:—ng—%A, B=V xA

Four potentials
1
FW = QMAY 9P AF . (A") = (-9, A)
C
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Lorentz force
Force from the electromagnetic field on a charged point particle

F = ¢(E + v x B) (29)

Potentials from charge and current distributions
In Lorentz gauge), A" = 0:

1 p(r' t")

t) = !
o(r, 1) Admey ) |r— 1| v
3 / t/
Afr,t) =10 L) (30)
A ) |r—r/|
Retarded time
1
t'=t——r—1| (31)
C
Electric dipole moment
p— [ row)av (32)
Electric dipole potential (dipole in origin)
n-p r
_ — - 33
Ameqr? r (33)
Force and torque (about the origin)
F=p-VE, M=pxE (34)
Magnetic dipole moment
1
m:§/r><j(r)dv (35)
Magnetic dipole potential (dipole in the origin)
A Homxmn n=-< (36)
47r? r
Force and torque (about the origin)
F=m-VB, M=mxB (37)
Lorentz transformation of the electromagnetic field
F" = LA LY FP? (38)
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Lorentz invariants

BB — _Cp pw
2
C x v
E-B = _F,F" (39)

Special Lorentz transformations
ilZEH’ EIJ_Z’}/(EL—FVXB)
B =B, B, =7B.-vxE/?’) (40)

The fields are decomposed in a parallel compon@nalong the direction of transformation and
a perpendicular componentl(), orthogonal to the direction of transformation.

Elektromagnetic field energy density

1 1
u=~(eE* + —B?) = X(E* + 2B?) (41)
2 o 2

Elektromagnetic energy current density (Poyntings vektor)

S = iE x B (42)
Ho

Monochromatic plane waves, plane polarized

E=Egcos(k-r—wt), B=Bgcos(k r—wi)

1 k
Ep-k=By-k=0, By=-nxEy, n=- (43)
C

Monochromatic plane waves, circular polarized
E=Eqexpli(fk-r —wt)], B=Bgexp[(k-r—wt)] realdel

i(62 — iel) (44)

1 .
EO = EO—(e1 + Zeg) s BO = B()\/§

V2
Polarization vectors

e;rk=e; k=0, e -e=0, e =e=1 (45)

Four-wave vector

(*)y=(=k), w=ck (46)



Radiation, fields in the wave zone{ >> ', \)

Ho 1 d s( 04l / r
B(r,t)= 102 & £)dv ==
(x,1) dmer i i@t -
E(r,t) = ¢B(r,t) x n (47)
Elektric dipole radiation
Zmnﬂ:—ﬁ%;xpw@, E(r,t) = ¢B(r,t) x n (48)

Radiation from accelerated charged particle

Hod
B(I’,t) = 47TC7’a(t7£) X 1n
r

E(r,t) =cB(r,t) xn, n=- (49)

r

Radiated power, Larmor’s formula

2
p =t 2 (50)
6mc
Maxwell’'s equations in a medium
V.-D = Pfri
V xH - 2D = Jtri
ot = Jfri
V-B =0
0
VXxE+—B = 0
“ET G
(51)
Polarization (LIH medium)
D=cE+P=¢(l+x)E=¢6E=¢E (52)
Magnetization (LIH medium)
B = puo(H+M) = po(1 + xm)H = ptrpoH = pH (53)



Polarization charge (volume density)

P = Pfree +Pp, Pp= -V.P (54)

Polarisation current and magnetization current (volume density)

.. .. ) 0 )
J=Jfree +ip+im Jp=§P7 n=V xM (55)



