
Physics 1

Lecture 8: Maxwell´s equations and
electromagnetic waves

Prof. Dr. U. Pietsch



Gauss´s laws

Induced fields

Analogy predicted by James Clark Maxwell

Flux throughout Gauss surface measures included net electric charges

A changing electric flux induces an magnetic field

Summarizing our knowledge



1st term: „Displacement current“ 

 Combining : A current and a changing electric field
give a magnetic field exactly in same form

We know a similar equation :

A changing electric flux induces an magnetic field



i=0

= B ( 2pr)

A =  pr²

R

Outside B

A =  pR²



Material equations:

D = e e0 E
B = µ µ0 H
j = s E

Integral form

Differential form



j=0

And consider: No charges

For 1D 

Ampere-Maxwell law

2nd time derivative 

Substitute dB/dt

Using relation (math)

Gauss law for electrical charges, but r = 0

Provides 3D wave equation

Or Considering

Usage of Maxwell´s equations to derive the wave equation

-

Per hand

ΔE =





Analogy to Wave equation in Mechanics

Ansatz : y= ym sin (wt - kx)              E=E0 exp (i(wt-kx) 

dy/dt = w ym sin (wt - kx)
d²y/dt² = -w² ym sin (wt - kx)
dy/dx = k  ym sin (wt - kx)
d²y/dx² = -k²  ym sin (wt - kx)

-w² ym sin (wt - kx) = 1/v² (-k²  ym sin (wt - kx))
-w² = 1/v² (-k²)

v = l f c = 299 792 458 m/s
Speed of light

m0e0= 1/c²
= 4p 10-7 N/A²*8.86 10-12 As/Vm
= 111.3 10-19[Nm/mA² *As/Vm
 Ws/mA²*As/Vm
 VAs/mA² * As/Vms²/m²]

c = 1/(111.3 10-19)1/2 m/s



Faraday´s law

Flux FB through rectangle

Wave properties

Define
rectangle



Maxwell´s law

Alternative approach



Wave propagates along x- direction

For propagation outside vacuum

Amplitudes are: 

Amplitude ratio

Wave resistance ZW

Wave propagation in E and B 



Energy transport

Right hand rule

E and B are perpendicular to each other

Since B=E/c

intensity

Root mean square value of E Dependence on 
distance





Derived by Max Planck 1900

Radiation is quantized

In modes E = h n

h = 6,626 10-34 Ws² 
(Planck´s constant

WIENs´ law

lmax T  = 2898 µm K



Electromagnetic spectrum



Electromagnetic radiation

Variation of E and B 
at point P

r



Hertz oscillator : 
Dipol radiation

Wave emission always
maximum perpendicular
to direction of electronic 
oscillation with power P

Time dependence of
emission

Elements of emission antenna

Linear oscillator

Elektronik-Kompendium.de

Gerthsen: Physik, 22.Ed, pages 431ff

transformator

LC oscillator

Linear oscillator = antenna



Wave propagation in media with conductivity s

Here phase velocity v = c/√e In conductive medium  the current j=sE

Wave equation in media

Penetration depth > wave length

Penetration depth < wave length

Per hand



examples

seewater :  s≈ 12 Ω-1m-1   ε ≈80   c ≈ 3 107 m/s

2d ≈  4 p 10-7 Tm/A 12 A/V m 3 107 m/s = 452 m-1

Decay depth 1/e  1/2d ≈ 0.002 m = 2 mm

=  4000 l for visible light  (0.5 µm)  or
< 1 l for radio waves

Copper: s≈ 6 107 Ω-1m-1  ε ≈80    c ≈ 3 107 m/s
2d ≈  4 p 10-7 Tm/A 6 107 A/V m 3 107 m/s = 2.25 109 m-1

1/2d = 0.4 10-9 m  = 0.4 nm ( 2 atomic layers)   see later

Quartzglass: s≈ 10-15 Ω-1m-1   ε ≈2  c ≈ 2 109 m/s
2d ≈  4 p 10-7 Tm/A 10-15 A/V m 2 109 m/s = 25 10-13 m-1

1/2d = 4 1011 m (limited by absorption) 

µ0:
Tm/A 
= Ws/mA²
=VAs/mA²



Dipole moment of
antenna of lenght l

Each charge accelerated
by a radiates with energy
density S and power P

Radiation due to accelerated charges

ar
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1. Give the equation of Ampere´s law, what is its physical meaning ? 

2. Give the equation for Faraday´s law ? What is the physical
meaning ?  

4. Show the analogy of Gauss´law for magnetic charges. Apply Gauss´law for the
case of an enclosed magnetic dipole.

Name :                           Matr nr.

3. Apply Gauss´law for the case of an enclosed electrical charge.  


