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The Electromagnetic Spectrum -1 

 

 

 

 

The Electromagnetic Wave. 
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ΗΛΔΚΣΡΟΜΑΓΝΗΣΙΚΗ ΑΚΣΙΝΟΒΟΛΙΑ 

 

 

 



Δξγαζηήξην Μηθξνθπκάησλ, Δ.Μ/Κ - Γ.Π.Θ. 

 

Δ.Μ/Κ - Γ.Π.Θ. 

- 15 - 

The Electromagnetic Spectrum -1 

 

Δλέξγεηα Φσηνλίνπ πνπ πξνθαιεί Ινληζκό:
 Δion > 12 eV  

Ινληζκόο:  f > Δion / h = 3.10
15

 Hz = 3000 THz  

Πάλσ από ην Τπεξηώδεο 

Νόκνο ηνπ Plank  E = h.λ = h.f  Plank’s constant  h = 6.626196.10
-34

 Joule.sec= 

4.1357. 10
-15

 eV/Hz 

Φσηόλην Μηθξνθπκάησλ  Έζησ f = 10 GHz,   =>     Δ = 41.357.10
-6

 eV = 0.000041357 eV. 
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Safety Levels for Radiofrequency Energy 

What levels of radiofrequency (RF) energy are considered safe? 

 Countries set their own national standards for exposure to electromagnetic 
fields. 

 The majority of these national standards draw on the guidelines set by the 
International Commission on Non-Ionizing Radiation Protection 
(ICNIRP). 

  ICNIRP is a non-governmental organization that evaluates scientific 
results from all over the world and is formally recognised by the World 
Health Organisation (WHO).  

 Europe uses guidelines developed by the International Commission on 
Non-Ionizing Radiation Protection (ICNIRP).  

 Currently, the World Health Organization is working on a framework for 
international harmonization of RF safety standards. 

 ICNIRP has identified a whole-body Specific Absorption Rate (SAR) 
value of 4 watts per kilogram (4 W/kg) as a threshold level of 
exposure after which harmful biological effects may occur.  

SAR = (ζ/ξ).Δ
2 

 ζ = electrical conductivity of the tissue;  

 ξ = tissue density;  

 E = effective electric field strength in V/m. 

 In addition, guidelines vary depending on the frequency of the RF 
exposure.  

 This is due to the finding that whole-body human absorption of RF energy 
varies with the frequency of the RF signal.  

 The most restrictive limits on whole-body exposure are in the frequency 
range of 30-300 MHz where the human body absorbs RF energy most 
efficiently. 

 ICNIRP Limit: This is a guideline for the maximum permitted power density 
of nonionizing radiation for public exposure.  

 The guideline is frequency dependent and is currently defined as: 
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CELL PHONES EXPOSE BRAIN CELLS TO BLOODSTREAM POSIONS 

A study by Finish scientist Darius Leszczynski published in the journal Differentiation 

shows that several hundred chemicals operating in a certain type of human brain cells could 

be altered by the weak microwaves broadcast by mobile phones. 

The blood-brain barrier normally keeps toxins and microorganisms circulating in the 

blood out of the brain. But Prof Leszczynski found that at the legal limit for mobile 

radiation, a blood-brain barrier protein named HSP 27 became ineffectual in keeping 

blood poisons out of brain cells. [The Guardian June20/02] 

Proteins found in the blood can, if they get to the brain, cause autoimmune diseases such as 

Fibromyalgia and Multiple Sclerosis. Damaged nerve cells could also lead to dementia, 

premature aging, and Parkinson's disease. Brain cells inflamed by cell phone conversations 

are also indirectly be linked to Alzheimer's disease. 

In addition to these potential personal disasters, medication that under normal circumstances 

wouldn't be able to penetrate the blood-brain-barrier could do so and cause damage. [British 

Library Net Sept14/03] 
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The blood–brain barrier (BBB). The BBB is created by the tight apposition of 

endothelial cells lining blood vessels in the brain, forming a barrier between the 

circulation and the brain parenchyma (e.g. astrocytes, microglia). Blood-borne immune 

cells such as lymphocytes, monocytes and neutrophils cannot penetrate this barrier. A 

thin basement membrane, comprising lamin, fibronectin and other proteins, surrounds the 

endothelial cells and associated pericytes, and provides both mechanical support and a 

barrier function. Thus, the BBB is crucial for preventing infiltration of pathogens and 

restricting antibody-mediated immune responses in the central nervous system, as well as 

for preventing disorganisation of the fragile neural network. This, together with a 

generally muted immune environment within the brain itself, protects the fragile neuronal 

network from the risk of damage that could ensue from a full-blown immune response. 

On rare occasions, pathogens (e.g. viruses, fungi and prions) and autoreactive T cells 

breach the endothelial barrier and enter the brain. A local innate immune response is 

mounted in order to limit the infectious challenge, and pathogens are destroyed and cell 

debris is removed, a vital process that must precede tissue repair
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Blood-brain barrier 
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ΟΡΙΑ ΕΚΘΕΣΗΣ 
 

ΔΤΡΩΠΑΪΚΗ ΝΟΜΟΘΔ΢ΙΑ 

• ΢ύζηαζε ηνπ ΢πκβνπιίνπ ηεο Δπξσπατθήο Έλσζεο L 199 
(1999/519/EC), 30-7-1999. 

«Πεξί ηνπ πεξηνξηζκνύ ηεο έθζεζεο ηνπ θνηλνύ ζε 
ειεθηξνκαγλεηηθά πεδία (0Ηz – 300GHz)» 

 

 

ΔΛΛΗΝΙΚΗ ΝΟΜΟΘΔ΢ΙΑ 

• Κνηλή Απόθαζε ππ’ αξηζ. 53571/3839  
ησλ Τπνπξγώλ Αλάπηπμεο, Y.ΠΔ.ΥΩ.∆.Δ., Τγείαο θαη Πξόλνηαο, Μεηαθνξώλ 
θαη Δπηθνηλσληώλ (ΦΔΚ 1105/Β/6-9-2000) κε ζέκα  

«Μέηξα πξνθύιαμεο ηνπ θνηλνύ από ηε ιεηηνπξγία θεξαηώλ 
εγθαηεζηεκέλσλ ζηε μεξά»  
κε ηελ νπνία εηζάγνληαη ζηελ Διιεληθή Ννκνζεζία  

 ηα όξηα ηεο Δπξσπατθήο Έλσζεο γηα ηελ έθζεζε ηνπ θνηλνύ ζε 
ειεθηξνκαγλεηηθή αθηηλνβνιία θαη  

 νξίδνληαη κεραληζκνί ειέγρνπ γηα ηα επίπεδα ηεο ειεθηξνκαγλεηηθήο 
αθηηλνβνιίαο πνπ εθπέκπεηαη από ηνπο ζηαζκνύο θεξαηώλ όισλ ησλ 
εηδώλ. 

 

• Νόκνο 3431 (ΦΔΚ 13/Α/3-2-2006)  
«Πεξί Ηιεθηξνληθώλ Δπηθνηλσληώλ θαη άιιεο δηαηάμεηο», 

  άξζξν 31 
«Ρπζκίζεηο ζρεηηθά κε ηελ εγθαηάζηαζε θεξαηώλ». 

΢ύκθσλα κε ην άξζξν ηα Διιεληθά όξηα γηα ηελ έθζεζε ηνπ θνηλνύ 
ηίζεληαη ζην: 

 70% ησλ νξίσλ ηεο Δπξσπατθήο Έλσζεο γηα ηνπο ζηαζκνύο 
θεξαηώλ πνπ βξίζθνληαη ζε απόζηαζε κεγαιύηεξε ησλ 300 
κέηξσλ από ηελ πεξίκεηξν ησλ θηηξηαθώλ εγθαηαζηάζεσλ 
ζρνιείσλ, βξεθνλεπηαθώλ ζηαζκώλ, λνζνθνκείσλ θαη 
γεξνθνκείσλ θαη ζην 

60% ησλ νξίσλ ηεο Δπξσπατθήο Έλσζεο γηα ηνπο ζηαζκνύο 
θεξαηώλ πνπ βξίζθνληαη ζε απόζηαζε κηθξόηεξε ησλ 300 κέηξσλ 
από ηηο εγθαηαζηάζεηο απηέο. 



Δξγαζηήξην Μηθξνθπκάησλ, Δ.Μ/Κ - Γ.Π.Θ. 

 

Δ.Μ/Κ - Γ.Π.Θ. 

- 24 - 

ICNIRP 

Γηεζλήο Δπηηξνπή γηα ηελ Πξνζηαζία από ηηο Με Ινλίδνπζεο 
Αθηηλνβνιίεο 

Ιnternational Commission on Non Ionizing Radiation Protection 
ICNIRP 
Eπίζεκα αλαγλσξηζκέλε, κε θπβεξλεηηθή νξγάλσζε από: 

 ηελ Παγθόζκηα Οξγάλσζε Τγείαο,  

 ην ∆ηεζλέο Γξαθείν Δξγαζίαο θαη  

 ηελ Δπξσπατθή Έλσζε. 
Έρεη σο κέιε δηεζλώο αλαγλσξηζκέλνπο επηζηήκνλεο πνπ θαιύπηνπλ ηηο 
επηζηεκνληθέο πεξηνρέο ηεο ηαηξηθήο,ηεο βηνινγίαο, ηεο επηδεκηνινγίαο, ηεο 
θπζηθήο θαη ηεο κεραληθήο. 
 

Πσο πξνέθπςαλ ηα όξηα ηεο ICNIRP; 
Η ICNIRP,  

 Δμέηαζε ην ζύλνιν ησλ δεκνζηεπκέλσλ εξεπλώλ ζρεηηθά κε ηηο 
βηνινγηθέο επηδξάζεηο ηεο ειεθηξνκαγλεηηθήο αθηηλνβνιίαο 
ξαδηνζπρλνηήησλ,  

 Καηέιεμε όηη νη κόλεο επηδξάζεηο πνπ ζα κπνξνύζαλ λα 
ρξεζηκνπνηεζνύλ σο βάζε γηα ηελ ζέζπηζε νξίσλ έθζεζεο ησλ 
αλζξώπσλ είλαη απηέο πνπ νθείινληαη ζηελ αύμεζε ηεο ζεξκνθξαζίαο 
ησλ ηζηώλ από ηελ απνξξόθεζε ηεο ειεθηξνκαγλεηηθήο ελέξγεηαο από 
ην ζώκα. 

 Θεσξήζεθε όηη νη δπζκελείο βηνινγηθέο επηδξάζεηο πξνθύπηνπλ κε ηελ 
αύμεζε ηεο ζεξκνθξαζίαο ηνπ ζώκαηνο θαηά 1νC.  

1. Η αύμεζε απηή γίλεηαη κε ηελ απνξξόθεζε ελέξγεηαο από ην αλζξώπηλν 
ζώκα κε ξπζκό κεγαιύηεξν από 4W/kg. 

2. Γειαδή, γηα έλαλ άλζξσπν 80kg κε ξπζκό 320W.  
Λακβάλνληαο ππόςε όηη  

1. Δλδερνκέλσο θάπνηεο νκάδεο πιεζπζκνύ λα είλαη πην εππαζείο θαη όηη  
2. Γελ απνθιείεηαη ε έθζεζε λα ιακβάλεη ρώξα ζε ήδε επηβαξεκέλνπο 

ρώξνπο κε απμεκέλε ζεξκνθξαζία ή πγξαζία ή θαηά ηελ δηάξθεηα 
έληνλεο άζθεζεο,  

επέιεμαλ έλαλ ζπληειεζηή αζθαιείαο 50 

ζηε ζέζπηζε ησλ νξίσλ έθζεζεο ηνπ θνηλνύ.  
Έηζη, πξνέθπςε  

ν βαζηθόο πεξηνξηζκόο γηα ηελ έθζεζε ηνπ θνηλνύ ζε 0,08W/kg,  
δειαδή γηα έλαλ άλζξσπν 80kg ην όξην ηνπ ξπζκνύ απνξξόθεζεο 
ειεθηξνκαγλεηηθήο αθηηλνβνιίαο είλαη 6,4W.  
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ICNIRP 

Γηα λα κελππάξρνπλ πεξηνρέο ηνπ ζώκαηνο ζηηο νπνίεο λα εκθαλίδεηαη ηνπηθά 
πςειή απνξξόθεζε ελέξγεηαο πξνβιέπνληαη νη  

Πεξηνξηζκνί θαη γηα ηνλ κέγηζην ηνπηθό ξπζκό απνξξόθεζεο 
1. ζε 2W/kg γηα ην θεθάιη θαη ηνλ θνξκό θαη  
2.  ζε 4W/kg ζηα άθξα ηνπ ζώκαηνο. 

 
΢ε παξόκνηα ζπκπεξάζκαηα θαη όξηα γηα ηελ έθζεζε ζηελ ειεθηξνκαγλεηηθή 
αθηηλνβνιία έρνπλ θαηαιήμεη θαη άιινη δηεζλείο επηζηεκνληθνί θνξείο, όπσο  

 Σν IEEE (Institute of Electrical and Electronic Engineers –  
Ίδξπκα Ηιεθηξνιόγσλ θαη Ηιεθηξνληθώλ Μεραληθώλ),  

 ην NRPB (National Radiological Protection Board –  
Δζληθό ΢πκβνύιην Ραδηνινγηθήο Πξνζηαζίαο) ηεο Μεγάιεο 
Βξεηαλίαο. 

 
Πίλαθαο. Βαζηθνί πεξηνξηζκνί ηεο ΢ύζηαζεο ηεο Δπξσπατθήο Έλσζεο  
γηα ηελ απνξξνθνύκελε ελέξγεηα ζην ζώκα ελόο αλζξώπνπ πνπ 
θαηαηάζζεηαη ζην γεληθό θνηλό. 
 

 
 

1. Η ICNIRP είλαη κηα κόληκε επηηξνπή πνπ παξαθνινπζεί ζπλέρεηα ηηο 
εμειίμεηο ζρεηηθά κε ηηο επηδξάζεηο ηεο ειεθηξνκαγλεηηθήο αθηηλνβνιίαο 
ζηνλ άλζξσπν. 

2. Σα όξηα απηά ηζρύνπλ όηαλ ε έθζεζε ζηελ ειεθηξνκαγλεηηθή 
αθηηλνβνιία είλαη ζπλερήο θαη κόληκε.  

3. Οη ηηκέο ησλ νξίσλ αλαθέξνληαη σο ρξνληθόο κέζνο όξνο νπνηνπδήπνηε 
εμαιέπηνπ έθζεζεο. 
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Basic restrictions and reference levels 

Basic restrictions 

 In many documents, the basic limits (“basic restrictions”) are expressed in quantities 
such as the specific absorption rates (SAR),  

 since these are intended to be closely related to the biological impact.  

Σύσταση Σσμβοσλίοσ Εσρώπης, 1999/519/ΕΚ  

(¨Ορια για το γενικό πληθυσμό) 
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Reference levels 

 In order to simplify compliance testing, these biologically effective 
quantities are converted into external field levels and power densities 
(“reference levels”),  

 These are based on dosimetry and worst case situations.  

 Thus, compliance with these reference levels ensures that also the basic restrictions 
are complied with.  

 Failure to comply with the reference levels, on the other hand, does not necessarily 
mean that the basic restrictions are not complied with - this must then be investigated.  

 Having in mind the distances involved (compare figure 6), only reference levels will be 
discussed here.  

 In some documents (e.g. from Italy), limits are only expressed in external field levels. 
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Near field and far field situations 

 

 The physics of electromagnetic 
emission from an antenna produces 
different circumstances for 
measurements depending on the 
distance R from the source. 

 For practical purposes, this is 
commonly described as the existence 
of three zones  

 Figure 6. Illustration of three zones: 

 Reactive near field,  

 R < λ/2π 

 Radiative near field  

 λ/2π < R < 2D2/λ 

 Radiative) Far field, 

 R > 2D2/λ 

  D = largest dimension of  

 ι = wavelength (33 cm for 900 MHz) 

 . SAR = Specific Absorption Rate. 
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Near field and far field 

 



Δξγαζηήξην Μηθξνθπκάησλ, Δ.Μ/Κ - Γ.Π.Θ. 

 

Δ.Μ/Κ - Γ.Π.Θ. 

- 30 - 

Comparison of limits for radio-frequency fields (COST-244) 

 Figure 8 describes graphically the general public limits of the reviewed documents for 
the electric field strengths between 0.1 MHz and 300 GHz.  

 

Figure 8: Overview on limits of the electric field strength reference levels for the general 
public from 0.1 MHz up to 300 GHz. 

  
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Comparison of limits for radio-frequency fields (COST-244) 

 Figure 9 describes graphically the general public limits of the reviewed documents for 
the electric field strengths between 100 MHz and 10 GHz.  

 

Figure 9: Overview on limits of the electric field strength reference levels for 
the general public from 100 MHz up to 10 GHz. 

 As seen in figures 8 and 9, there is a substantial frequency variation in these levels in 
some guidelines. 

 Essentially those that are primarily based on restricting the SAR levels. 

 Across the frequency range between 100 kHz and 10 GHz, this basic restriction in 
SAR is the same exposure according to ICNIRP, 1998: 

 0.08 W/kg fore general public 

 But the coupling of the external field (=the ability for a field level to cause a certain 
SAR level) is at its maximum between some 20 MHz and some few hundred MHz – 
the so-called resonance range.  

 Accordingly, most reference levels shown in figures 8 and 9 are at a minimum at these 
frequencies, and do increase at lower and higher frequencies, where the ability of the 
external fields to pass into the body diminishes. 
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Comparison of limits - Different Countries (COST-244) 

 Comparing in figure 8 the electric field strength limits of different document 
in the intermediate frequency range from 0.1 to 1 MHz, differences of up 
to three orders of magnitude can be found.  

 This is mainly caused by different protection concepts applied by the 
different national authorities or committees.  

 A central distinction is that between: 

A. Exposure limits based on scientific evaluation of health based data, 

B. Other documents based on social and political considerations 

 such as the ones issued by the Italian Ministry of Environment (Italy 1 
98 and Italy 2 98), which applied another protection concept largely 
based on social and political considerations resulting in much lower 
limits.  

 A second distinction is that between those: 

C. Guidelines intended to restrict a biologically relevant exposure parameter 
(e.g. SAR levels) – and where as a consequence the reference levels vary 
with frequency (see above),  

D. Guidelines where the primary objective is to restrict the external field 
levels. 

Different Countries 

 In Italy, two limits for the general public are in force based on the concept 
that additional precautionary measures have to be applied in buildings 
used for periods of more than four hours:  

 Italy 1,  98, general limits, periods less than four hours 

 Italy 2,  98. periods of more than four hours 

 UK has recently adopted guidelines based on the ICNIRP (1998) 
recommendations  

 However, in UK, 1993 the National Radiation Protection Board (NRPB, 
1993): 

  took short term effects as a basis for his limits;  

 have not, in contrast to e.g. ICNIRP (1998) limits, introduced additional 
reduction factors for general public exposure,  

 but uses the same levels as for occupational exposure – which in 
principle are a factor 5 higher in power density (and a factor of √5 ≈ 2.2 
higher for electric fields) 
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Typical Exposure Levels 

 The strongest power frequency electric fields commonly encountered are 
beneath high voltage transmission lines.  

 Strongest magnetic fields at power frequency are normally found very 
close to motors and other electrical appliances, specialized medical 
equipment, etc. 
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Note: 

   Magnetic field strength around all appliances rapidly decreases the further 
you get away from them. 

   Most household appliances are not operated very close to the body. 

  At a distance of 30 cm the magnetic fields surrounding most household 
appliances are more than 100 times lower than the given guideline limit of 
100 µT at 50 Hz (83 µT at 60 Hz) for the general public. 

 Field strength does not depend on how large, complex, powerful, noisy a 
device is. 

 Magnetic field strengths vary between makes of hairdryers, etc due to 
product design. 

 

ICNIRP Limit: 

 
 Electromagnetic field levels vary with frequency in a complex way so one 

can not sensibly list every value in every standard and at every frequency.  

 The following table lists exposure guidelines for the three areas of public 
concern: electricity in the home, mobile phone base stations and 
microwave ovens. 
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Typical maximum public exposure of common sources 

 The following table lists most common sources of electromagnetic fields 
 All values are maximum levels of public exposure – normal exposure is 

likely to be much lower. 

Note: 

1. World Health Organisation literature states there is no specific level beyond which 

exposures become instantaneously and immediately hazardous – rather the 

potential risk to human health gradually increases with higher exposure levels. ie 

guidelines indicate that, below a given threshold, electromagnetic field exposure 

is safe according to scientific knowledge. However, it does not automatically 

follow that, above the given limit, exposure is harmful. 
2. Guidelines are set for the average population and do not address the 

requirements of a minority of potentially more sensitive people. For example, 
air pollution guidelines do not take into account the needs of asthmatics 
and electromagnetic field guidelines are not designed to protect people 
from interference with implanted medical electronic devices such as 
pacemakers. 
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ΔΞΟΠΛΙ΢ΜΟ΢ ΜΔΣΡΗ΢ΔΩΝ 
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ΚΙΝΗΤΑ ΤΗΛΕΦΩΝΑ 

 
Πόηε ακηινοβολούν ηα κινηηά ηηλέθωνα; 

1. Σα θηλεηά ηειέθωλα εθπέκπνπλ ειεθηξνκαγλεηηθή αθηηλνβνιία κόλν 
θαηά ηελ δηάξθεηα ηεο ηειεθωληθήο καο επηθνηλωλίαο.  

2. Επίζεο, όηαλ έλα θηλεηό βξίζθεηαη ζε θαηάζηαζε αλακνλήο (stand 
by),εθπέκπεη, πεξίπνπ αλά θάπνηα ιεπηά, έλα βξαρύ παικό πξνο ην 
δίθηπν θηλεηήο ηειεθωλίαο 

 
Πόζο ακηινοβολούν ηα Κινηηά Αζύπμαηα ηηλέθωνα; 

΢πλήζεηο κέγηζηεο ηηκέο εθπεκπόκελεο αθηηλνβνιίαο από ην αζύξκαην 
ηειέθωλν είλαη 0,01 W θαη από ηε βάζε ηνπ 0,12W. 
 

 
 

 

Εξαπηήμαηα αποδέζμεςζηρ ηων σεπιών (hands free) – ακοςζηικών 

1. Μεηώλνπλ ηα επίπεδα αθηηλνβνιίαο πνπ δερόκαζηε από ην θηλεηό 
ηειέθωλν; 

2. Μηθξή αύμεζε ηεο απόζηαζεο ηνπ θηλεηνύ ηειεθώλνπ από ην ζώκα καο 
κεηώλεη ζεκαληηθά ηελ έθζεζή καο ζε ειεθηξνκαγλεηηθή αθηηλνβνιία.  

3. Να κελ ρξεζηκνπνηνύκε ηα εμαξηήκαηα απηά έρνληαο ην θηλεηό 
ηειέθωλν θνιιεκέλν ζην ζώκα καο. 

4. Σα αζύξκαηα εμαξηήκαηα ηερλνινγίαο Bluetooth εθπέκπνπλ πνιύ 
κηθξόηεξε αθηηλνβνιία απ’ όηη έλα θηλεηό ηειέθωλν 

 



ΠΡΟΛΗΠΤΙΚΑ ΜΕΤΡΑ 

Για ηην μείωζη ηηρ ακηινοβόληζηρ καηά ηην σπήζη ηος κινηηού 
ηηλεθώνος 

1) Η ζςνομιλία να είναι όζο ηο δςναηόν πιο ζύνηομη. 

 Όπνηε κπνξνύκε λα ρξεζηκνπνηνύκε ζηαζεξό ηειέθωλν. 

2)Ππομήθειαρ κινηηού ηηλεθώνος με σαμηλό SAR.  

 Οη θαηαλαιωηέο κπνξνύλ λα ελεκεξωζνύλ γηα ηνλ SAR από ηα 
έληππα πνπ ζπλνδεύνπλ ηα θηλεηά ηειέθωλα θαη ηα εγρεηξίδηα 
ρξήζεο ηνπο. 

3) Να σπηζιμοποιούν ηα εξαπηήμαηα αποδέζμεςζηρ σεπιών (hands 
free).  

 Απνκαθξύλνληαο ηαπηόρξνλα ην θηλεηό ηειέθωλν από ην ζώκα.  

 Έζηω θαη κηθξή αύμεζε ηεο απόζηαζεο ηεο ζπζθεπήο από ην 
ζώκα ειαηηώλεη θαηά πνιύ ηελ έληαζε ηεο ειεθηξνκαγλεηηθήο 
αθηηλνβνιίαο. 

4) Να αποθεύγονηαι οι ζςνδιαλέξειρ ηο κινηηό ηηλέθωνο έσει κακό-
σαμηλό ζήμα 

(΢ε εζωηεξηθνύο ρώξνπο, Αλειθπζηήξαο, Τπόγεην, Απηνθίλεην)  

1. Να πξνηηκώληαη νη εμωηεξηθνί ρώξνη ή έζηω ηηο ζέζεηο θνληά ζηηο 
εμωηεξηθέο πόξηεο θαη ηα παξάζπξα ηωλ θηηξίωλ όπνπ γεληθά ππάξρεη 
θαιύηεξν ζήκα.  

5 )Η σπήζη ηος κινηηού ηηλεθώνος καηά ηην οδήγηζη αςηοκινήηος 
αςξάνει ηοςρ κινδύνοςρ οδικού αηςσήμαηορ. 

2. Απηό ηζρύεη αθόκα θαη αλ ρξεζηκνπνηείηαη ην εμάξηεκα απνδέζκεπζεο 
ρεξηώλ (hands free).  

3. Σα αηπρήκαηα απηά απνδίδνληαη πεξηζζόηεξν ζηελ απόζπαζε ηεο 
πξνζνρήο ηνπ νδεγνύ από ηελ νδήγεζε ιόγω ηεο ζπλνκηιίαο ηνπ ζην 
θηλεηό θαη όρη ζηε δπζρέξεηα νδήγεζεο ιόγω ηνπ ρεηξηζκνύ ηεο 
ζπζθεπήο. 

 
 

 



Χπήζη κινηηών ηηλεθώνων από παιδιά 

Τπάξρνπλ ελδείμεηο όηη ηα κηθξά παηδηά είλαη πην επαίζζεηα από ηνπο ελήιηθεο 
ζε όηη αθνξά ηελ έθζεζή ηνπο ζε ειεθηξνκαγλεηηθά πεδία. 

Δηεζλείο θνξείο  π.ρ. (NRPB - National Radiological Protection Board - Εζληθό 
΢πκβνύιην Ραδηνινγηθήο Πξνζηαζίαο)  

1. Σα παηδηά θάηω ηωλ 16 εηώλ λα απνζαξξύλνληαη από ηελ ρξήζε ηωλ 
θηλεηώλ ηειεθώλωλ. δηόηη: 

2. Έωο ηελ ειηθία ηωλ 16 εηώλ πεξίπνπ, ην λεπξηθό ζύζηεκα ηνπ 
αλζξώπνπ αλαπηύζζεηαη. 

3. ΢πλεπώο, δελ απνθιείεηαη (δελ έρνπλ νινθιεξωζεί αθόκα νη ζρεηηθέο 
επηζηεκνληθέο έξεπλεο) θαηά ηηο ειηθίεο απηέο ηα άηνκα λα είλαη πην 
επαίζζεηα ζε θάπνηνπο παξάγνληεο απ’ όηη αξγόηεξα. 

4. Σα άηνκα κηθξήο ειηθίαο έρνπλ ζηαηηζηηθά κεγαιύηεξν ρξόλν δωήο. 

 

Χπήζη κινηηών ηηλεθώνων από άηομα με καπδιακό 
βημαηοδόηη. 
 

1. Η ειεθηξνκαγλεηηθή αθηηλνβνιία ηνπ θηλεηνύ ζα κπνξνύζε λα 
επεξεάζεη ηελ ιεηηνπξγία ελόο θαξδηαθνύ βεκαηνδόηε αλ ιεηηνπξγεί 
πνιύ θνληά ζε απηόλ. 

2. Γηα ηνλ ιόγν απηό πξνηείλεηαη ζηα άηνκα πνπ έρνπλ βεκαηνδόηε λα κελ 
ηνπνζεηνύλ ην θηλεηό ηειέθωλν θνληά ζην βεκαηνδόηε. 

     (ηζέπεο ηωλ πνπθακίζωλ ή ζηηο εζωηεξηθέο ηζέπεο από ην ζαθάθη) 
3. Σα δηάθνξα κνληέια βεκαηνδνηώλ κπνξεί λα δηαθέξνπλ πνιύ κεηαμύ 

ηνπο, αλ έρεηε βεκαηνδόηε, ζπκβνπιεπηείηε ην γηαηξό ζαο θαη ηνλ 
θαηαζθεπαζηή γηα ηε ζπκβαηόηεηα ηνπ βεκαηνδόηε ζαο κε ηε ρξήζε 
θηλεηώλ ηειεθώλωλ. 

 

Χπήζη κινηηών ηηλεθώνων ζηα αεποπλάνα και ζηιρ ενηαηικέρ 
μονάδερ ηων νοζοκομείων. 
Απαγοπεύεηαι η λειηοςπγία κινηηών ηηλεθώνων; 

4. Η αθηηλνβνιία ηωλ θηλεηώλ ηειεθώλωλ κπνξεί λα πξνθαιέζεη 
παξεκβνιέο ζε επαίζζεηεο ειεθηξνληθέο ζπζθεπέο. 

5. Επεηδή ηα αεξνπιάλα θαη νη εληαηηθέο κνλάδεο ηωλ λνζνθνκείωλ έρνπλ 
ηέηνηεο ζπζθεπέο θαη επεηδή θάπνηα παξεκβνιή ζε απηέο ζα κπνξνύζε 
λα έρεη νιέζξηα απνηειέζκαηα. 

6. ΢πζηήλεηαη ε απελεξγνπνίεζε ηωλ θηλεηώλ ηειεθώλωλ ζε απηνύο ηνπο 
ρώξνπο. 



Mobile phone technology and health. 

The UK Government’s Research. 

 At the request of the Minister for Public Health, an independent committee, 
under the chairmanship of Sir William Stewart, was set up to report on 
Mobile Phones and Health. The Stewart Report, published in May 2000 
(available at www.iegmp.org.uk), 

 This was the most comprehensive in the world and concluded that: 

 The balance of evidence to date suggests that exposures to emissions of 
radiation from mobile phones, at levels below the National Radiological 
Protection Board or the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) guidelines do not cause adverse health 
effects to the general population. 

 There is now scientific evidence, which suggests that there may be 
biological effects occurring at exposures below these guidelines. 

 A precautionary approach to the use of mobile phone technologies, 
particularly by children and young people, should be adopted until much 
more detailed and scientifically robust information on any health effects 
becomes available. (See Recommendations A2 and 3, C2) 

  
 The Stewart Report proposed that more research was needed on:  

1. effects on brain function 

2. impact, if any, of pulsed signals 

3. improvements in dosimetry 

4. possible impact on health of sub-cellular and cellular changes 
induced by radiofrequency radiation 

5. psychological and sociological studies related to the use of mobile 
phones 

6. epidemiological and human volunteer studies. 
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Fields from Mobile Phone Systems 

 The RF power from a phone is mainly transmitted by the antenna together 
with circuit elements inside the handset.  

 The antenna is usually a metal helix or a metal rod a few centimetres 
long extending from the top of the phone.  

 Neither type is strongly directional, although more power is radiated in 
some directions than others.  

 

Fields and intensities when the antenna is a long way from the head or 
body.  

 At points 2.2 cm from an antenna (the distance at which calculations were 
made), the maximum values of the electric field are calculated to be  

 about 400 V/m for a 2 W, 900 MHz phone and  

 about 200 V/m for a 1 W, 1800 MHz phone and  

 The maximum magnetic field is calculated to be  

 about 1 µT for both phones*.  

 For both 2 W, 900 MHz phones and 1 W, 1800 MHz phones the maximum 
intensity (power density) at 2.2 cm from the antenna is very roughly 
about 200 W/m2. 

 This is about one-quarter of the intensity of the Sun’s radiation on a 
clear summer day (800 W/m2) , although the frequency of the emission 
from a phone is a million or so times smaller).  

 

Fields and intensities when the When the antenna is near the body,  

 The radiation penetrates the head or the body it but the fields inside 
are significantly less, for the same antenna, than the values outside.  

 For example, the largest maximum fields inside the head when its surface 
is 1.4 cm from the antenna are calculated to be 

 about three times smaller than the values given above.  

 The average field values are all appreciably less than these maximum 
values for the reasons explained earlier. 

 As well as these RF fields, that are pulsed at 8.34 Hz and 217 Hz, there are 
magnetic fields near to the phone that oscillate at these same frequencies, 
and are a few µT in magnitude.  

 These are generated by currents flowing from the battery which are 
switched on and off at these frequencies as a result of TDMA. 

 The largest values of electric field E inside a model of a head whose 
surface is 1.4 cm from the antenna were also computed and are  

 about 120 V/m for a 900 MHz antenna radiating 2 W and  

 about 70 V/m for a 1800 MHz antenna radiating 1 W. 



Description of the mobile telephone system, (COST-244) 

 

Figure 3. The structure of the mobile telephone system (here with three cells). 

 Other transmission links connect this base station with switches connecting to base stations in other cells, 
or with switches connected to conventional phones.  

 The mobile (cellular) 
phone system works as 
a network containing 
base stations.  

 Within each cell, a 
base station (with an 
antenna) can link with a 
number of handsets 
(mobile phones).  

 The mobile phones and 
the base stations 
communicate with each 
other, sharing a 
number of operation 
frequencies.  



Photographs of GSM Base Stations. 

  Figure 1. A base station; right: two of the three masts with an antenna at the top;  

   Foreground: the equipment cabinet; left: one of the masts with an antenna and 

   A dish antenna for the microwave link. 



  

TELEPHONE MAST BASE STATION 

(A close view} 
 



Description of the mobile telephone system, -2. 

 The cell exists in order to permit re-use of frequencies – the same frequency can be used in different cells 
(given a sufficient distance).  

 The links (uplink from handset to base station, downlink from base station to handset) employ high 
frequency electromagnetic fields. 

 The outdoor base station antennas may be mounted on the roof or walls of buildings or on free 
standing masts.  

 The size of the cells may vary, from several kilometres (in rural areas with low traffic density) down to 
some 10-100 meters (in high traffic density areas in cities).  

 Small indoor cells occur, using either normal mobile telephone systems such as GSM–900MHz, 
– GSM–1800 MHz (DCS), or systems for cordless telephony (e.g. DECT). 

 In these systems, several users can use the same frequency, since each transmission is 
digitalised and compressed to fit into one of 8 time slots.  

 A new system, the UMTS, is currently being introduced, and will use codes to separate the 
calls. 

 The typical power emitted from outdoor antennas is between 5 and 10 W per channel, which means 
that the total power from a base station could amount to some 50 W depending on the number of 
channels and varying with time. 

 In the GSM systems, each link is allocated a bandwidth of 200 kHz (0.2 MHz). Thus, the allocated 
spectrum could theoretically encompass 124 (GSM 900) or 374 (GSM 1800) different channels (pairs of 
links). 

 One channel (the control channel) from each base station is always transmitting with essentially a constant 
power, regardless of the traffic intensity. 

 However, the re-use of the same frequency limit the number of possible channels to be used in each cell, 
and thus also the total emitted power, from a minimum of10 W  up to a maximum of 50 W. 



Exposure variations with distance from the base station, Antenna Characteristics. 

 An antenna does generally have some directionality.  

 Omni antennas radiate in every direction (seen horizontally), while  

 Sector antennas effectively only radiate in a (horizontal) sector, see figure 5.  

 This will permit increased re-use of frequencies, as it will reduce interference – accordingly, most base 
stations in high traffic density areas such as cities are of the sector type.  

 The preferred sector antenna gain is between 10 and 20 dBi.  

 This means that the emitted power may be between 10-100 times stronger in the intended 
directions compared to an omni antenna, while  

 It will be correspondingly weaker in other directions. 

 For example, the exposure behind a sector antenna could be 300 times weaker than in the 
main lobe (Ramsdale and Wiener, 1999). 

 Tilt down (between 3o to 6o): In addition to this horizontal directionality, the antenna lobe will also have a 
strong vertical directionality, with a fairly narrow beam, which is often tilted slightly downward (see figure 
5). 

 At a sufficient distance from the antenna (of at least 10-15 meters) the EMF exposure levels can be 
characterized by the power density in W/m2.  

 In the main lobe, and disregarding attenuation by other objects (“free space”), this power density will 
decrease with the square of the distance. 

 At larger distances, where (often) buildings or hills will interfere, attenuation and/or reflections will cause 
an even faster overall decrease in the power density, but also cause substantial variation. A decrease of 
power density with distance as 1/r3.5 has been found to be useful for e.g. base station power calculation 
(ETSI, 1996). 

 



Exposure variations with distance from the base station, Antenna Characteristics –2. 

 

 The preferred sector antenna gain 
is between 10 and 20 dBi.  

 The horizontal half power beam-
width of the sector antenna is 1200 

 The main-beam is vertically Tilted 
downwards between 3o to 6o: 

 Typical antenna dimension D=1.8m 

 Antenna boxes consist of a plastic 
casing between 1m and 2.5 m in 
height, containing a number of dipoles 

 Typical mast height: 20m to 35 m 

 At distances greater than at least 10-
15 meters from the antenna the EMF 
exposure levels can be characterized 
by the power density in W/m2.  

Figure 5. The direction of main radiation 
(main lobe) from base station antennas, 
both in the horizontal direction (above) 
and in the vertical direction (below). 

 



Typical Antenna boxes for GSM base stations 

 The antennas transmit the electromagnetic fields mainly in a forward horizontal direction in which the 
beam is targeted at a downward angle of between 3 and 6 degrees.  

 In the most usual construction of a base station there are three antennas.  

 In such a case the beam from each antenna has a horizontal spread of 120o (Figure 4), such that the three 
antennas cover an entire circle. 

 

 Antenna boxes consisting of a generally right-angled plastic casing between 1m and 2.5 m in height, in 
which a number of dipole antennas are enclosed. 

 In thinly populated areas the antennas are often placed on a free-standing purpose built mast of between 
20 and 35 m in height. 

  



Field strength within and outside the beam  

 

 Figure 5 Schematic representation of the field strengths near a GSM 900 MHz antenna with a 
radiated power of about 20 W. 

 

 Figure 5 provides a schematic 
representation of the calculated 
field strengths for an antenna 
with a radiated power of 20 
Watts, 

 The exposure limit for the 
general public can only be 
exceeded within the beam and 
at a distance of no more than 3 
metres from the antenna.  

 



Field strength within the beam 

 The field strength within the beam depends upon the power of the antenna and the distance from the 
antenna. 

 For the antennas most typically used at base stations, the near-field remains limited to a distance of 
several metres from the antennas.  

 Simple calculations reveal that for an antenna with a radiated power of about 20 Watts,  The exposure 
limit for the general public can only be exceeded within the beam and at a distance of no more than 
3 metres from the antenna.  

Field strength outside the beam 

 The field strengths outside the beam are considerably lower than those in the beam and the exposure 
limits are not exceeded (see also Figure 5). 

 From measurements that have been carried out at various locations near GSM 900 and DCS 1800 
antennas, it is clear that outside the beam at a distance of 1 to 1.5 m underneath the beam and at a 
distance of less than about 3 m from the mast the field strength is not greater than 3 V/m.  

 At distances further from the beam and the antenna the field strength is inversely proportional to the 
distance. 

 At most of the accessible places on the roof, the field strengths are generally lower than 1 V/m. 

 As a consequence of the protective effect of roof constructions, the field strength in the space underneath 
the roof is lower than that on the roof surface.  

 A variety of different measurements reveal this to be lower than approximately 0.2 V/m. 

 At distances further from the antenna (for example at street level) the field strength will also be 
considerably lower than 1 V/m.  

 In all cases the exposure level lies considerably below the exposure limit. 



Dish antennas 

 A dish-shaped antenna that provides a microwave link with another base station. 

 

Main beam characteristics 

 The antenna transmits electromagnetic fields at a frequency of between 24 and 40 GHz within a very 
narrow beam.  

 The opening angle is not more than about 3o.  

 The beam is therefore comparable to the light beam from a laser.  
Field strength within the beam 

 The power of the dish antenna used at base stations is not more than approximately Pt = 130 mW.  

 The maximum power density for such antennas is four times the quotient of the available power and the 
surface (A) of the antenna.   S = 4 Pt /A 

 This maximum occurs within the main beam at a distance from the antenna corresponding to 
one eighth of the far-field distance. 

 The far-field distance varies between 14.4 m at 24 GHz and 24 m at 40 GHz. 

 The maximum power density therefore occurs within 1.8 to 3 m from the antenna. 
 For an antenna with a diameter of  D=30 cm and a maximum power of 130 mW: 

 The maximum power density is 7.4 W/m2,  

 Which corresponds to an electric field strength of 52.7 V/m.  
 For the general public, the exposure limit is 20 W/m2, or at least 106 V/m (for a 24 GHz transmitter).  

 Even within the beam, the exposure limit is not exceeded. 

 Furthermore, the likelihood of someone being present within the beam is small, as the beam is narrow, 
and in the usual position (affixed to a mast) it remains out of the reach of the general public. 



Dish antennas 

Field strength outside the beam 

 Outside the beam, the field strength at all points is considerably lower than within the beam and thus also 
considerably lower than the exposure limit. 

 For distances from the dish antenna greater than half of the far-field distance, the electric field originating 
from the antenna is inversely proportional to the distance from the antenna.  

 The electric field strength is simple to calculate in this case.  

 Table 4 shows the result of a calculation of the field strength outside of the main beam and at a distance of 
4 m from the dish antenna. 

 For the general public, the exposure limit is 20 W/m2, or at least 106 V/m (for a 24 GHz transmitter).  
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Evaluating Mobile and Portable Devices, (FCC OET Bulletin 65) 

 The new FCC guidelines differentiate between devices according to their proximity to exposed persons.  

 In that regard, "portable" devices are defined as those devices that are designed to be used with any part of 
the radiating structure of the device in direct contact with the body of the user or within 20 cm of the 
body of the user under normal conditions of use.  

 This category would include such devices as hand-held cellular telephones that incorporate the radiating 
antenna into the handpiece.  

 "Mobile" devices are defined by the FCC as transmitting devices designed to be used in other than fixed 
locations that would normally be used with radiating structures maintained 20 cm or more from the 
body of the user or nearby persons. 

 In this context, the term "fixed location" means that the device is physically secured at one location and 
is not able to be easily moved to another location. 

 Examples of “mobile devices”, as defined above, would include transportable cellular telephones ("bag" 
phones), cellular telephones and other radio devices that use vehicle-mounted antennas and certain other 
transportable transmitting devices. 

 Evaluation of exposure from a portable or mobile device depends on how the device is to be used. 

 With respect to portable devices, both the 1992 ANSI/IEEE standard and the NCRP exposure criteria, upon 
which the FCC guidelines are based, require that such devices comply with the limits for specific 
absorption rate (SAR).For portable devices SAR evaluation is routinely required by the FCC prior to 
equipment authorization or use. 

 Therefore, portable devices, as defined by the FCC, are to be evaluated with respect to SAR not MPE 
limits. 

 For most consumer-type devices, such as hand-held cellular telephones, the appropriate SAR limit is 1.6 
watt/kg as averaged over any one gram of tissue, defined as a tissue volume in the shape of a cube  
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Evaluating Mobile Devices 

 The selection of the 20-cm value for differentiating between "portable" and "mobile" devices is based on 
the specification in the 1992 ANSI/IEEE standard that 20 cm should be the minimum separation distance 
where reliable field measurements to determine adherence to MPEs can be made. 

 Therefore, although at closer distances a determination of SAR is normally a more appropriate measure of 
exposure, for "mobile" devices, compliance can be evaluated with respect to MPE limits, and the 
generic equations of this section. 

 Evaluation prior to equipment authorization or use is routinely required for the following mobile 
transmitters: 

 If the operating frequency is 1.5 GHz or below and the effective radiated power (ERP) of the 
station, in its normal configuration, will be 1.5 watts or greater, or  

 If the operating frequency is above 1.5 GHz and the ERP is 3 watts or more. 

 At this time routine evaluation for compliance is not required for devices such as "push-to-talk" portable radios 
and "push to talk" mobile radios used in taxicabs, business, police and fire vehicles and used by amateur 
radio operators.  

 These transmitting devices are excluded from routine evaluation because their duty factors 
(percentage of time during use when the device is transmitting) are generally low and,  

 For mobile radios, because their antennas are normally mounted on the body of a vehicle which 
provide some shielding and separation from the user. This significantly reduces the likelihood of 
human exposure in excess of the RF safety guidelines due to emissions from these transmitters.  

 Duty factors associated with transmitting devices that are not "push-to-talk" such as transportable cellular 
telephones ("bag" phones) or cellular telephones that use vehicle-mounted antennas, would be generally 
higher, and these devices are subject to routine evaluation.  
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Evaluating Portable Devices, based an SAR 

 With respect to evaluating portable devices, various publications are available that describe appropriate 
measurement techniques and methods for determining SAR for compliance purposes. 

ANSI/IEEE C95.3-1992 : 

 American National Standards Institute (ANSI), "Recommended Practice for the Measurement of 
Potentially Hazardous Electromagnetic Fields - RF and Microwave." ANSI/IEEE C95.3-1992. 
Copyright 1992, The Institute of Electrical and Electronics Engineers, Inc. (IEEE), New York, NY 
10017. 

and NCRP Report No. 119: 

 National Council on Radiation Protection and Measurements (NCRP), "A Practical Guide to the 
Determination of Human Exposure to Radiofrequency Fields," NCRP Report No.119, 1993. 
Copyright NCRP, Bethesda, MD 20814. 

 For purposes of evaluating compliance with localized SAR guidelines, portable devices should be tested or 
evaluated based on normal operating positions or conditions. 

 A sub-committee sponsored by the IEEE has been recently formed to develop specific and detailed 
recommendations for experimental and numerical evaluation of SAR from portable devices. 

 IEEE Standards Coordinating Committee 34 (IEEE SCC34), sub-committee II. 

 For portable devices operating at frequencies above 6 GHz special considerations are necessary.  

 The localized SAR criteria only apply at operating frequencies between 100 kHz and 6 GHz.  

 For portable devices that operate above 6 GHz (e.g., millimeter-wave devices) localized SAR is not an 
appropriate means for evaluating exposure.  

 At these higher frequencies, exposure from portable devices should be evaluated in terms of power 
density MPE limits instead of SAR.  

 Power density values can be either calculated or measured, as appropriate.
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ICNIRP Statement: (Health Physics 1996) 
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Fields from Mobile Phone Systems 

 Figure 4.4, which shows the directions in which most of the energy flows. 

 The electric field directions are in the plane of the paper and 
perpendicular to the directions of energy flow, while 

 The magnetic field directions are perpendicular to the paper.  
 Far from the antenna, the energy flows outwards. However,  
 Near to the antenna, most of the energy is stored around the antenna, 

 flowing to and fro along its length, and only a small proportion is 
radiated outwards. 

 Figure 4.4 Electric dipole antenna showing the directions in which most of the 
electromagnetic energy flows.  

 In the near-field region,The amount of power being radiated outwards is the same 
as that in the far-field region, but near to the antenna a considerable amount of 
electromagnetic energy is also being stored.  

 So as well as the net radiated energy flowing outwards, there is additional energy 
that oscillates to and fro.  

 These oscillating flows occur perpendicularly to the outward direction from the 
antenna as well as along it so the net energy flow is tilted with respect to the 
outward direction.  

 The E-field and B-field are still at right angles to each other and to the direction in 
which the energy is being carried, but they are no longer in phase and their 
values can differ appreciably from the simple expressions that apply in the far-
field region. 
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Stewart’s  Report. 

The UK Government’s Research. 

 At the request of the Minister for Public Health, an independent committee, 
under the chairmanship of Sir William Stewart, was set up to report on 
Mobile Phones and Health. The Stewart Report, published in May 2000 
(available at www.iegmp.org.uk), 

 This was the most comprehensive in the world and concluded that: 

 The balance of evidence to date suggests that exposures to emissions of 
radiation from mobile phones, at levels below the National Radiological 
Protection Board or the International Commission on Non-Ionizing 
Radiation Protection (ICNIRP) guidelines do not cause adverse health 
effects to the general population. 

 There is now scientific evidence, which suggests that there may be 
biological effects occurring at exposures below these guidelines. 

 A precautionary approach to the use of mobile phone technologies, 
particularly by children and young people, should be adopted until much 
more detailed and scientifically robust information on any health effects 
becomes available. (See Recommendations A2 and 3, C2) 

  
 The Stewart Report proposed that more research was needed on:  

7. effects on brain function 

8. impact, if any, of pulsed signals 

9. improvements in dosimetry 

10. possible impact on health of sub-cellular and cellular 
changes induced by radiofrequency radiation 

11. psychological and sociological studies related to the use of 
mobile phones 

12. epidemiological and human volunteer studies. 
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Cellular phone technologies –1. 

GSM mobile phones. 

 The maximum powers that GSM mobile phones are permitted to 
transmit by the present standards are 2 W (900 Hz) and 1 W (1800 Hz).  

 Nevertheless it seems possible that some older phones might still be in use 
whose maximum powers are 3.56 W (900 Hz) and 1.78 W (1800 Hz). 

 However, because TDMA is used, the average powers transmitted by a 
phone are never more than one-eighth of these maximum values (0.25 
W and 0.125 W, respectively)  

 Usually these powers are further reduced by a significant amount due 
to the effects of adaptive power control and discontinuous transmission.  

 Adaptive power control (APC) means that the phone continually 
adjusts the power it transmits to the minimum needed for the base 
station to receive a clear signal.  

 This can be less than the peak power by a factor of up to a 
thousand if the phone is near a base station. Although the power is 
likely to be appreciably more than this in most situations.  

 Discontinuous transmission (DTX) refers to the fact that the power is 
switched off when a user stops speaking either because he/she is listening 
or because neither user is speaking.  

 So if each person in a conversation is speaking for about half the time, 
he/she is only exposed to fields from the phone for that half of the 
conversation.  

 In summary, the largest output from a phone occurs if it is mainly used at 
large distances from the base station or shielded by  buildings, etc.  

 In this situation, the peak powers could approach the values of 2 W (900 
Hz) and 1 W (1800 Hz) and the average powers could approach the values 
of 0.25 W (900 Hz) and 0.125 W (1800 Hz). 

TETRA (digital) 

 The new TETRA (Terrestrial Enhanced Trunk Radio System) technology is 
not intended for public systems connected to the telephone network. It is 
designed for closed groups (eg for communication within an organisation or 
company) and is coming into use for the emergency services and some 
commercial applications.  

 Frequency bands are available at about 400 MHz and 900 MHz. The 
modulation method is complex. The main features, however, are a 25 kHz 
band divided into four frequency channels, each of which is divided into 
56.7 ms frames containing 4 time slots. So the transmission is pulsed at 
17.6 Hz (1/56.7 ms). 
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Cellular phone technologies –1. 

UMTS/IMT-2000 (digital) 

 A third generation of mobile telecommunications technology has now been 
agreed and will be introduced in the next few years. In Europe this is called 
UMTS (Universal Mobile  Telecommunication System) and worldwide it is 
known as IMT-2000 (International Mobile Telecommunications - 2000).  

 The frequency bands identified for this system are 1885–2010 MHz and 
2110–2200 MHz  

 The specifications allow some choice in the modulation to be used but it is 
expected that the main choice will be CDMA (Code Division Multiple 

Access).  

 The frequency channels will have 5 MHz bandwidths and, as in GSM, each 
can be used by a number of users at the same time. However, in CDMA, a 
transmission is “labelled” by a coding scheme that is different for each user.  

 Since all the transmissions occur at the same time, the changes in 
amplitude of the carrier wave are essentially random (noise-like). 

 

DECT (digital) 

 Cordless phones are used at very short ranges between a base station 
located at the telephone socket outlet within the house or office and the 
cordless phone handset.  

 Earlier cordless phones used analogue technology and are now being 
replaced by a digital system, DECT (Digital Enhanced Cordless 
Telecommunications) which has performance advantages in terms of 
privacy and protection against interference.  

 DECT is now in widespread and increasing use and operates at similar 
frequencies, around 1850 MHz, to cellular mobile phones.  

 There are ten channels with a spacing of 1.728 MHz.  

 In each channel there are 24 time slots within a 10 ms frame and the 
transmission within a slot uses a form of frequency modulation.  

 So a particular phone emits a pulse every 10 ms (100 Hz) during one of 
the time slots.  

 Since the maximum power emitted is 250 mW, the average power 
emitted is about 10 mW. Possibly, DECT technology may form part of an 
overall UMTS system. 
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Fields from Mobile Phone Systems 

 The RF power from a phone is mainly transmitted by the antenna together 
with circuit elements inside the handset.  

 The antenna is usually a metal helix or a metal rod a few centimetres 
long extending from the top of the phone.  

 Neither type is strongly directional, although more power is radiated in 
some directions than others.  

 

Fields and intensities when the antenna is a long way from the head or 
body.  

 At points 2.2 cm from an antenna (the distance at which calculations were 
made), the maximum values of the electric field are calculated to be  

 about 400 V/m for a 2 W, 900 MHz phone and  

 about 200 V/m for a 1 W, 1800 MHz phone and  

 The maximum magnetic field is calculated to be  

 about 1 µT for both phones*.  

 For both 2 W, 900 MHz phones and 1 W, 1800 MHz phones the maximum 
intensity (power density) at 2.2 cm from the antenna is very roughly 
about 200 W/m2. 

 This is about one-quarter of the intensity of the Sun’s radiation on a 
clear summer day (800 W/m2) , although the frequency of the emission 
from a phone is a million or so times smaller).  

 

Fields and intensities when the When the antenna is near the body,  

 The radiation penetrates the head or the body it but the fields inside 
are significantly less, for the same antenna, than the values outside.  

 For example, the largest maximum fields inside the head when its surface 
is 1.4 cm from the antenna are calculated to be 

 about three times smaller than the values given above.  

 The average field values are all appreciably less than these maximum 
values for the reasons explained earlier. 

 As well as these RF fields, that are pulsed at 8.34 Hz and 217 Hz, there are 
magnetic fields near to the phone that oscillate at these same frequencies, 
and are a few µT in magnitude.  

 These are generated by currents flowing from the battery which are 
switched on and off at these frequencies as a result of TDMA. 

 The largest values of electric field E inside a model of a head whose 
surface is 1.4 cm from the antenna were also computed and are  

 about 120 V/m for a 900 MHz antenna radiating 2 W and  

 about 70 V/m for a 1800 MHz antenna radiating 1 W. 
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Output from base stations 

 The base station antennas serving macrocells are either mounted on free-
standing towers, typically 10–30 m high, on short towers on top of buildings, 
or attached to the side of buildings. 

 In a typical arrangement, each tower supports three antennas, each 
transmitting into a 120° sector. 

 A large proportion of the power is focussed into an approximately horizontal 
beam typically about 6° wide in the vertical direction and the rest goes into 
a series of weak beams (called side lobes) either side of the main beam.  

 The main beam is tilted slightly downwards (Figure 4.5) but does not reach 
ground level until the distance from the tower is at least 50 m (usually 50–
200 m). 

Figure 4.5 Main beam from an antenna mounted on a tower. The beam is 
in fact less well defined than that shown here and there is a 
series of weak side lobes either side of it 

 The base station antennas transmit appreciably greater power than the 
phones.  

 The limit to the power is formally set by the need to avoid RF interference 
and defined by a licence issued by the Radiocommunications Agency.  

 This does not directly limit the total power emitted but does so indirectly by 
fixing the maximum intensity (power density) that an antenna can transmit 
into the main beam.  

 This is done by defining the maximum “equivalent isotropically 
radiated power” (EIRP) that can be transmitted.  
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Fields from GSM Base Stations 

 The EIRP is the power that would have to be emitted equally in all 
directions to produce a particular intensity (power density).  

 In fact, as already noted, the antennas used are very far from isotropic, with 
most of the power being emitted into the main beam, and the ratio of the 
EIRP to the total power output is called the gain of the antenna. 

 For a 120° sector antenna the gain is usually between about 40 and 60. 

 The licence sets the maximum EIRP at 1500 W per frequency channel 
corresponding to a maximum total radiated power of about 30 W per 
channel (= EIRP/gain).  

 It also limits the number of channels per antenna to 16 (for 1800 MHz) and 
10 (for 900 MHz).  

 However, we have been told that in practice the number of channels is 
typically: 

 less than 4 for 1800 MHz and radiated power = 120 W 

 2 to 4 at 900 MHz (FEI, 2000), radiated power = 60–120 W 

which would correspond to maximum radiated powers of less than 120 W and 
60–120 W, respectively.  

 Similarly, the total radiated power emitted from an antenna is generally 
limited by the characteristics of the equipment to somewhat under 70 W 
(FEI, 2000), and a figure of 60 W will be assumed in this report.  

 It needs to be stressed that the number of channels used, and hence the 
total radiated power, is limited by technical rather than legal requirements, 
which would in fact permit significantly larger powers to be radiated.  

 As with a phone, and for largely the same reasons, the average power 
transmitted by a base station is normally less than the maximum 
power, although in this case it could rise to the maximum at times (rather 
than to one-eighth of the peak power in the case of a phone).  

 By the inverse square law, the maximum intensity (power density). in the 
main beam at a point on the ground 50 m from a 10 m tower carrying an 
antenna transmitting 60 W into a 120° sector is about 100 mW/m2 *.  

 This corresponds to oscillating electric and magnetic fields of about 5 V/m 
and 0.02 µT, respectively,  

 very roughly about 50 to 100 times smaller than those 2.2 cm from the 
antenna of a phone.  
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Comparing Fields from GSM Base Stations and mobile Phones 

 By the inverse square law, the maximum intensity (power density). in the 
main beam at a point on the ground 50 m from a 10 m tower carrying an 
antenna transmitting 60 W into a 120° sector is about 100 mW/m2 *.  

 This corresponds to oscillating electric and magnetic fields of about 5 V/m 
and 0.02 µT, respectively,  

 very roughly about 50 to 100 times smaller than those 2.2 cm from the 
antenna of a phone.  

 This corresponds to oscillating electric and magnetic fields of about 5 V/m 
and 0.02 µT, respectively,  

 very roughly about 50 to 100 times smaller than those 2.2 cm from the 
antenna of a phone.  

 The heating effects that these fields would produce will vary with the 
intensity and are about 5000 times smaller than the maximum value 
2.2 cm from the antenna of a mobile phone. 

 

The RF intensity (power density) on the ground 

 The RF intensity on the ground is not zero outside the main beam, because 
of the power emitted into the side lobes.  

 Its value will depend on the design of the antenna.but it seems unlikely that 
it could ever be significantly more than that within the beam.  

 So the values given above should be reasonable indications of the 
maximum intensity and fields that would be present on the ground around a 
base station.  

 The intensity (power density) will, however, become appreciably larger as 
the antenna is approached, as it might be by maintenance workers. 

  

  
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