
ELECTR OM AGN ETIC EN ER GY

  

 W e would like,  in this  tr ip of our s  among the 
ener gies ,  to give emphas is  to a par ticular  for m of 
ener gy that,  beginning fr om the 1 8 th centur y,  up to 
our  days ,  it has  changed without any doubt the 
evolution of our  s ociety,  electr omagnetic  ener gy.   

The or igin of this  knowledge makes  him go up 
again to a S cottis h phys ic is t J ames  Clar k M axwell 
(1 8 3 1  - 1 8 7 9 ) that it analytic a lly for etold the 
exis tence of it a ls o founding on the s tudies  of 
Far aday (1 7 9 1  - 1 8 6 7 ).  It was  then the Ger man 
phys ic is t Heinr ich Her tz (1 8 5 7  - 1 8 9 4 ) that with 
his  exper im ents  of inter fer enc e it tr ied the 
exis tence of it beyond ever y r eas onable doubt.
And it is  impor tant to know that thes e exper iments  
wer e c onduc ted in the por tion of the elec tr o-
magnetic  s pectr um r elated to the r adio waves :  
this  fa c t,  tha nks  to the undis puted genius  of 
Gugliem o M a r c oni,  s a id beginning to the 
development of the r adio communications .  
R etur ning to the exper iments  of Her tz,  they wer e 
put in evidence s ome pr oper ties  of the r adio waves  
a s  the r eflec tion,  r efr a c tion a nd pola r iza tion 
analogous  to thos e r evealed by light.  
Concluded an amazing fact:  the light is  nothing 
mor e than an electr omagnetic  wave.   

 1     C H A R A C T E R IS T IC S  OF  E L E C T R OM A G N E T IC  W A V E S   

      
        An electr omagnetic  wave is  cons tituted by an 
elec tr ic  field (E) a nd a  m a gnetic  field (H ) 
per pendicular  among them and that they per pen-
dic ular ly os c illa te in phas e to the dir ec tion of 
pr opagation.  
A wave of this  type is  s aid wave polar ized plain,  
and the plan of polar ization is  the plan in which the 
electr ic  field os cillates .  
In ener getic  ter ms ,  the electr omagnetic  wave is  a 
flow of ener gy that,  in the vacuum,  is  pr opagated 
at the s peed of light.  In a homogeneous  dielectr ic  
the pr opagation happens  in s tr aight line.   

 1 . 1    S pe e d  

       The s peed of the electr omagnetic  waves  is  
differ ent in dependence of the dielectr ic  in which is  
pr opagated.  In the vacuum s peed has  been mea-
s ur ed in 2 9 9 . 7 9 2 . 4 5 8  meter / s ec .  
This  va lue is  nor mally r ounded off to 3 0 0 . 0 0 0  
K m/ s ec and it is  indicated with the letter  "c ".  
In a  dielectr ic  mater ial not conductor  the s peed of the 
electr omagnetic  waves  is  s maller  of that of the va-
cuum,  and it can be calculated with the r elations hip:   
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W her e “n" r epr es ents  the index of r efr action of the 
dielectr ic .  This  value is  nor mally gr eater  than 1 .      
Of it that the s peed of pr opagation of the r adio wa-
ves  in a differ ent dielectr ic  fr om the vacuum is  
s maller  than 3 0 0 . 0 0 0  K m/ s ec.   

 

 1 . 2   W a ve le ngt h

       

      The wavelength represents  the distance among 
two points  correspondents  between a cycle and the 
following one.  For instance the distance among two 
maximum points  of two succesive crests .   

The wavelength is  meas ur ed in meter s .  
In the cas e of the r adio waves ,  s uch length s tar ts  
fr om few millimeter s  (micr owaves ) to differ ent K ms  
(ver y long waves ).  
The wavelength is  indicated with the letter  “λ” (lambda).   

 1 . 3   F r e que nc y

       
        The frequency of the electromagnetic waves  is  
under s tood as  the number  of lengths  of wave that 
pas s  in the unity of time.  The fr equency is  indicated 
with the letter  "f " and it is  meas ur ed in Her tz (Hz).  
Fr equency and wavelength ar e in r elations hip accor-
ding to the for mula:   

 

1 . 4    A m plit ude

         For  amplitude of an electr omagnetic  wave we 
intends  the maximum value that is  r eached by the 
electr ic  field.   

 

1 . 5    Int e ns it y

      The intensity of an electromagnetic wave is  the 
energy that transits  through a unitary area in the unity of 
time,  and it is  express in W att/ m2.  
In synthesis ,  it is  the energy that crosses an area 1  me-
ter per 1  meter wide,  every second. In this  optics ,  the 
electric field and magnetic field are related as is  shown 
in the formula:   
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 2     E L E C T R OM A G N E T IC  S P E C T R U M

         The electromagnetic waves  extend in a vas t in-
ter val of fr equencies  and cor r es pondents  wave 
lenghts .  Thes e las t ones  vary from about ten K m,  up 
to dimens ions  comparable to the atomic greatnes s  
(around 1 0

-1 3
m).   

In base to the wavelength (frequency) the electromagnetic 
spectrum is separated according to the following classification.   

•  R adio waves   

Fr om fr equencies  lower  than s ome K Hz up to the 
micr owaves  (3 0 0  GHz).  The r adio waves  ar e main-
ly us ed in the s ys tems  of communication,  but als o 
for  medical ther apies ,  diagnos is  and s ys tems  of 
r adar  location.

•  Infr ar ed

This  par t of the electr omagnetic  s pectr um is  tied 
up to the heat.  Ever ybody that an own temper atur e 
contained electr omagnetic  ener gy in the r ange of 
wavelengths  that s tar t fr om 1 0 -1 2  ms  to 1 0 -1 4  ms .   

•  Vis ible  light  

Vis ible light r epr es ents  a ver y nar r ow por tion of wa-
velengths .  They s tar t fr om 3 8 0  nm to 7 8 0  nm.    
    

Thes e wavelengths  r es pectively cor r es pond to the 
violet and the r ed colour s .   

•  Ultr aviolet 

The ultr aviolet one is  above the vis ible s pectr um  
and s uch waves  ar e the r es ult of atoms  and mole-
cules  s ubmitted to electr ic  dis char ges .  
Our  s un pr oduces  enor mous  quantities  of ultr avio-
let r ays .  This  fact is  ver y impor tant in the s tudy of 
the pr opagation of the r adio waves .  In fact the ul-
tr aviolet r ays  inter acting with the pr es ent atoms  in 
the low par t of the atmos pher e,  ionize them r es ul-
ting in a par ticular  called layer  "ionos pher e".  This  
layer  has  the par ticular ity r eflects  a cer tain por-
tion of the s pectr um r elating to the r adio waves ,  
making pos s ible connections  up to thous and of  
km.   
The ultr aviolet r ays  als o have applications  in the medi-
cal field,  es pecially in the s ter ilizations .   

•  X r ays   

Dis cover ed in 1 8 9 5  by the Ger man R oentgen,  
they ar e mainly us ed in medical applications .  
This  wavelength is  s o s tr ong to be inter acted with 
the cons tituent molecules  of the human body

•  Gamma rays   

In this  par t of the electr omagnetic  s pectr um the 
ener gy as s ociated to the photons  is  s o s tr ong to 
be des tr oyed the molecules  that they meet.  
W e ar e s peaking of nuclear  ener gy.  It mus t be 
s pecified however  that s uch waves  als o exis t in na-
tur e,  for  ins tance in the cos mic  r adiation floor .   
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        As  pr evious ly s ays ,  this  por tion of the elec-
tr omagnetic  wave,  is  almos t exclus ively devoted to 
“wir eles s  communications ”.  
The por tion of s pectr um s tar ts  fr om 3  K Hz up 
to 3 0 0 GHz.  
S uch por tion is  divided in fr equency r anges  and for  
each of them a differ ent us e is  as s igned accor ding 

to inter national r egulation.    

This  s ubdivis ion in r anges  is  tied up to the fact that 
ever y one of them has  differ ent char acter is tics  of 
pr opagation.   
The fir s t exper iments  with r adio waves  go up again 
to the epoch of Her tz but,  as  alr eady mentioned,  
the fir s t us e for  communications  was  s er ved as  
Guglielmo M ar coni.   
 
 

    

 3 . 1    T r a ns m is s ion of  t he  infor m a t ion  

       An electr omagnetic  wave does n't tr ans por t 
any infor mation its elf.  
If it is  wanted to s end a mes s age it is  neces s ar y to 
tur n this  mes s age into an equivalent electr ic  s ignal,  
then to s uper impos e it to the electr omagnetic  wa-
ve.  
This  pr oces s  calls  "M odulation" and,  in mor e detail,  
it cons is ts  of var ying one of the thr ee fundamental 
char acter is tics  of an electr omagnetic  wave:   

•  Amplitude,  r es ulting in Amplitude modulation (AM ).

•  Fr equency,  r es ulting in the Fr equency modulation (FM ).   

•  P has e,  r es ulting in the P has e modulation (P M ).   

Today we us e digital for ms  of modulation ver y 
complex,  with the pur pos e to exploit to the bes t 
the s pectr um of the r adio waves ,  non endles s  r e-
s our ce.    

 

 3 . 2   P r opa ga t ion of  t he  R a dio wa ve s   

        The electr omagnetic  waves  and ther efor e als o 
thos e r adios ,  ar e pr opagated in s tr aight line.  
This  is  tr ue in the vacuum,  but not in a mechanis m 
of ter r es tr ial pr opagation wher e the inter action of 
the r adio waves  with the higher  la yer s  of the 
a tm os pher e,  m a kes  pos s ible phenom enons  of 
r eflections .  
On the bas e of this  elementar y c onc ept thr ee 
mechanis ms  of pr opagation of the r adio waves  can 
be c las s ified:   

 3     R A D IO W A V E S          

 

  ELECTROMAGNETIC ENERGY



 

•  Dir ect  wave 

In a por tion of s pace in which the tr ans mitting an-
tenna and that r eceiver  ar e fr ee fr om obs tacles ,  
the pr opagation it happens  in s tr aight line.   

•  R eflected wawe 

This  type of wave can be of two types .   
  Ear th wave:  
  It is  r eflected by the ter r es tr ial s ur face.   
  S ky wave:  
  It is  r eflected by the ionos pher e.   

•  S uper face wave 

This  way of pr opagation exploits  the phenomenon 
of diffr action,  for  which when a ter r es tr ial wave 
meets  an obs tacle of dimens ions  compar able to  
wavelength,  it has  the tendency to follow the pr ofi-
le of the object.

P r evious ly we have s poken of r adio waves  r eflected 
fr om the ionos pher e and of r eflections  that allow 
connections  up to thous ands  of km.  
It mus t be s aid that not all the r adio waves  ar e 
able to us e this  phenomenon.  Only thos e fr equen-
cies  between 3  and 3 0  M Hz.  
They ar e the s hor t waves .  Fr equency lower  than 3  
M Hz it pr opagates  by means  of ear th wave,  in-
s tead,  fr equency higher  than 3 0  M Hz it pr opaga-
tes  by means  of s ky wave.
The ionos pher e is  compos ed fr om differ ent layer s  
s et to differ ent heights  that intr oduce differ ent 
char acter is tics  of r eflection:  

•  Layer  D 

It is  found to an inclus ive height between 5 0  and 
9 0  K m.  
Its  level of ionization is  maximum until midday and 
dis appear s  s uns et.

•  Layer  E 
It is  found to an inclus ive height between the 1 0 0  
and 1 5 0  K m.  
Its  level of ionization is  maximum to midday it is  at 
the minimum at midnight and it has  an incr eas e at 
s unr is e.   

•  Layer E s poradic 

It is  found to an inclus ive height between 1 0 0  and  
1 2 0  K m.  
As  it points  out name,  it is  formed only in a s poradic 
way with particular conditions  of ionizations  and me-
teorological.  
It is  creates  and it fades  away in a little amount of ti-
me and it allows  reflections  of radio waves  whos e fre-
quency is  higher than 3 0  M Hz.  

•  Layer F1  

It is  found to an inclus ive height between 1 5 0  and  
2 5 0  K m.  
During the night only a layer F exis ts  .

•  Layer F2  

It is  found to an inclus ive height between 2 5 0  and  
5 0 0  K m.  Its  level of ionization is  maximum to midday,  
with a s low decrement up to the s unris e.   
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C ON C LU S ION S              

  W e conclude this  br ief tr ip among  electr o-
magnetic  waves  with a nor mative pictur e on the 
expos ur es  of the hum a n body to the 
elec tr oma gnetic  fields ,  in us e in the differ ent 

countr ies  of the wor ld.   
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