
Excerpts from Cell Tower Siting Considerations - Why a Cell Tower Should Be In No 
One's Backyard by Norm Ryder

Near Field/Intermediate/Far Field Radiation

Seldom discussed or even thought about.  Generally divided into 2 categories 

1. For antennas shorter than half of the wavelength of the radiation they emit are 
"electromagnetically short" antennas.

2. For antennas physically larger than a half-wavelength of the radiation they emit the are
electromagnetically large  antenna rules apply.  

It is doubtful if Cell Towers are other than the large antenna. Most if not all cell phones are 
probably electrically small antennas. 

The boundary between the near and intermediate field zones is assumed to be at 
1/2D2/wavelength (Diameter or the largest dimension of the antenna- often the outer diameter
of the parabolic antenna for a cell tower) and the intermediate/far field boundary is assumed 
to be at  2D2/wavelength.i

Different writers  sometimes omit the intermediate field – some times known as the transition 
zone usually lumping it in with the near field zone although Health Canada in SC6 omits it and
includes it with the Far Field zone. The prime importance of the distinction of these fields is in 
the near field modeling the power density is difficult to impossible to model and tends towards
the easier to model far field modeling as the distance from source increases past the near 
field range.

In the near field and to an extent in the intermediate field the Electric (E) and Magnetic (H) 

fields are not at 90 degrees to each other and should be measured independently in several 
locations in the zone in order to have an accurate measurement of the Power density is the 
electric field in volts per meter times the magnetic field in amps per meter.  These zones can 
be characterized by spectacular peaks and valleys in the levels of power density.  If individual 
E and H  values are not available the suggestion is to approximate the value by using the 
following formula iiA conservative approach used by some organisations for the maximum 
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power density anywhere on the axis in the near field is S max (Wm –2 ) = 4 P/Area  The RF 
Tookit for Environmental Health Practitioners iii from the BCCDC has the same 
recommendation in eq 2.19.  

In the Far field many of the usual rules re energy dissipation etc apply.  The classic and well 
known inverse sq law or energy reduces at a rate of the squarer of the increase in distance. 
The rule of the impedance in free space is 377 ohms also begins to apply along with the E 
and H are assumed to be at 90 degrees to each other. (the last 2 rules are very important to 
techy nerds but not the rest of us).

The simple rule is until one is in the far field expect spikes of radiation in spot locations to 
occur.

We usually refer to the cycles per second or frequency when discussing microwave radiation. 
It is equally correct to refer to wavelengths or the distance the energy travels while completing
1 cycle (or hertz).  To convert from frequency to wave lengths the the speed of light(3.00 x 
108 m/s- often noted with the symbol “c”) divided by the frequency in cycles per second “f” is 

divided and the Greek Symbol Lambda (⋋)  or l =c/f. 1000MHz = 3 cm, 2000MHz=1.5 cm, 

1GHz (10,000MHz) =3 mm  all cell towers can be assumed to have an antenna of greater 
than 3 cm.  As an example a parabolic antenna of 2 m in diameter and operating at 1900 MHz
would have a near field that extends to 6 m and the intermediate/far field boundary of 50.665 
m (166 ft). Will signs be posted at such a distance from the tower warning of the potential for 
spikes of radiation if one approaches closer to the tower?  Will the zone be barricaded of to 
prevent in inadvertent entry into the zone?

If this was not as important to understand as it is I would not consider trying to 
explain it.  The fundamental takeaway in many situations is the typical RF meter is 

inadequate to measure exposure to RF radiation.  All classroom settings and anywhere one is

close to the source of radiation one must measure the electric (E) and magnetic (H)
fields separately, only then can one derive the power density by multiplying the E & H 

values for each measured location.  The highest value is the critical number to determine 
exposure.  

Many manuals have a condition on the use of the meter, stating the meter is invalid for near 
field measurements.  To which I will add they are of minimal use in the intermediate field 
either.  Other manuals do not note the restriction but do note they measure the radiation in 
terms of the Electric Field (E) or volts/meter and do not mention the amps/meter or Magnetic 
Field (H) as an important measurement.

Assuming a laptop is connected to an 802.11.n router (the standard in most classrooms, 
homes etc.) with an antenna 0.3 long (common), the near field extends to over 0.8 of a meter 
and intermediate to beyond 3 metres.



To help understand the subject it is best, one  should down load and read  sections 2 - 5 of 
the Radiofrequency Toolkit for Environmental Health Practitioners, British Columbia Centre for
Disease Control (BCCDC)  (paying particular attention to the discussion around equations 
2.12 & 2.19),  Industry Canada TN-329 February 2011 Spectrum Management and 
Telecommunications Technical Note Safety Code 6 (SC6) Measurement Procedures 
(Uncontrolled Environment) https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/TN-329-NT-329-
eng.pdf/$file/TN-329-NT-329-eng.pdf  and Annex A of Industry Canada Spectrum Management 
and Telecommunications TN-261 — Safety Code 6 (SC6) Radio Frequency Exposure 
Compliance Evaluation Template (Uncontrolled Environment Exposure Limits) 
http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html  When I asked Industry Canada for 
clarification on some aspects of near field radiation, they sent me the link to TN 261, told me 
to pay particular attention to Annex A as all the answers were there.  They are correct, all the 
answers are there , unfortunately all the understanding is not.  It has taken me several years 
to get to the point of feeling I understand it enough to try to explain this important topic.  
Industry Canada's GL – 01 Spectrum Management and Telecommunications Guideline 
Guidelines for the Measurement of  Radio Frequency Fields at Frequencies From 3 kHz to 
300 GHz https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/GL-01-Issue3-EN.pdf/$file/GL-01-Issue3-
EN.pdf  provides additional insights.

Most people's rf meters are not designed to measure radiation in the near or intermediate 
field (for definitions of the zones see Appendix 1).  For most delving into near field, 
intermediate field and far field radiation zones  will be a new experience.  The size and 
starting point of each zone is primarily a function of frequency and size of the antenna, other 
factors may apply, discussion of the other factors is very complicated and technical (and have
a minimal effect on this discussion).

Many when discussing radiation intensity fall back on to phrases like “distance is your friend” 
or “radiation drops at the rate of the “inverse square law” (quantity or intensity is inversely 
proportional to the square of the distance from the source).  While correct in the far field they 
are misleading in the near field.  When measuring in the near field separate readings for both 
the Magnetic Field (H) in Amperes/meter and Electric Field (E) in Volts/meter should be 
measured in a variety of locations.  

Most typically available meters then calculate the other value using the impedance in free 
space of 377 Ohms (Ώ) in a formula such as {Power Density (P) =E2/Impedance (Z) 
{P=E2/Z}or {P=E2/377}.  This works well in the far field, in the intermediate field not so much 
and in the near field not at all.   The default measurements in any situation according to 
Industry Canada/ Safety Code 6 is measure both the E and H values

“Industry Canada TN-329 February 2011 Spectrum Management and Telecommunications
Technical  Note  Safety  Code  6  (SC6)  Measurement  Procedures  (Uncontrolled
Environment)

'If  it  is  estimated  that  near-field  conditions  exist,  SC6  requires  separate  E  and  H
measurements  within  the  operating  range  of  commercially  available  survey
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http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html
https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/TN-329-NT-329-eng.pdf/$file/TN-329-NT-329-eng.pdf
https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/TN-329-NT-329-eng.pdf/$file/TN-329-NT-329-eng.pdf


instrumentation.  However, if it is unknown whether near-field or far-field conditions
exist, then assume that near-field conditions and separately measure both E and
H'.” iv Emphasis added

It is generally accepted that if it is not possible to measure both the E & H separately The 
estimated Power Density times 4 should be used.v  When the radiation specialist at the 
BCCDC was asked for clarification his response was 

“Equation  2.19  was  taken  from  the  first  reference  of  Chap.  2:  Kitchen,  R.  RF  and
microwave radiation safety handbookvi,  Oxford,  UK: Butterworth-Heinemann, 2001.  You
can also find it in the World Health Organisation's Environmental Health Criteria of 2006,
Chapter  4:  WHO_EHC_137_chap4_eng.pdf   vii Please  note  that  Eq.  2.19  is  only  an
approximation  sometimes  used  by  regulatory  organisations  for  safety  purposes  when
experimental readings are not available.

In practice, the E and H fields are measured in the near field, not the power density.

Also: power density equations that are used for far field calculations (e.g. Eq. 2.12) must
not be used to determine exposure in the near field.”

For those that need more equations to look at Magnetic Flux (Β) = H μ where μ is the 
magnetic permeability.  Equation 2-12 of the RF toolkit is an equation to determine power 
density in the far field when db gain is to be considered.

Frequently in discussions regarding radiation the subject of db or db gain is raised.  Db is an 
expression of how concentrated the energy is an increase of 3 in db gain is a doubling of the 
effect of the concentration i.e. 1 (units) under a db gain of “3” would be 2 units and 1 under a 
db gain of “6” would be 4 units of energy. (think of a old style flash light bulb – on its own a 
dim light, put a mirror behind it and no light behind the mirror and more in front (twice the 
amount) or a db gain of 3 – concentrated it more as in a spotlight the db gain would be much 
higher and the light in the beam much greater)

The distance from the antenna to the outer edge of the near or intermediate field zones 
depends on the size of the antenna relative to the wave length of the frequency.  Different 
authorities use different calculations to determine the distance to the near and intermediate 
fields.   The most commonly referenced ones are the ones I will use here.  Industry Canada 
uses the same definitions viii.

“For electrically small antennas (D ≤ λ) 

For electrically large antennas (D > λ) 

Where:

    D is the largest dimension of the antenna (m),

λ = c/f   (wavelength = speed of light/frequency)

  λ (lambda) is the wavelength (m),  where(c) is the speed of light = 3x10^8m/s) and (f) is the 
operating frequency (Hz)].”



For electrically large antennas the boundary between the near and intermediate fields is 
0.5D2/λ and the near field/ far field boundary is at 2D2/λ.  Some authorities dispense with the 
intermediate field altogether and roll the near field boundary out to 2D2/λ.  This is probably the
best if one wishes to apply the precautionary principal and avoid an spectacular spikes in 
radiation.

Many also divide the near field down into 2 regions the  radiating  extends to λ/2π and the 
reactive from λ/2π to 0.5D2/λ For the purpose of this discussion this distinction is not 
important. 

More information on the distinction between the zones is contained in the previously noted 
Industry Canada TN 261 Annex A.

Note: Industry Canada/Health Canada is different than most international 
experts  when they consider consider the intermediate/transitional zone to be 
part of the far field.  Often the rest of the experts roll the near field to the far field
with no intermediate zone.  Health Canada/Industry Canada sort of deals with 
near field in their typical inadequate way by saying if one is within 200 mm of the
source the SAR value should be used (section 2.1.2 2015 Revision2015 Revision).  SAR is value 
that can only be measured in the lab, it is totally meaningless as a field 
measurement.

Appendix
Antenna Field Regions

Quote from Kitchen R, RF and Microwave Radiation Safety Handbook, http://www.metronom-
ps.com/docs/RF.pdf   page132

It is generally accepted that for an antenna radiating into free space, four distinct regions
can  be  identified  where  the  behaviour  of  the  electromagnetic  field  from  the  antenna
displays specific characteristics. These are:

1  The non-radiating reactive near field region (reactive field) with a very short range of a
fraction  of  a  wavelength.  This  region  is  not  usually  of  significance  in  the  microwave
spectrum,  from  the  point  of  view  of  safety.   It  can,  however,  be  important  at  lower
frequencies.

2  The radiating near field region. Here the field varies considerably with distance from the
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antenna.  In  the  microwave  spectrum  meaningful  calculations  are  difficult.  The  usual
conservative approach to safety is to use the expression for the highest possible amplitude
of the power density as applying to the whole of this region, and then undertaking specific
measurements.

3  The intermediate field zone.

4  The far field zone.

Quote from Industry Canada Spectrum Management and Telecommunications TN-261 — 
Safety Code 6 (SC6) Radio Frequency Exposure Compliance Evaluation Template 
(Uncontrolled Environment Exposure Limits)    https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/tn-
261-i3-mar15.pdf/$FILE/tn-261-i3-mar15.pdf page 15

Antenna Field Regions

Antennas are grouped into two categories as defined in Health Canada’s Technical Guide: 
electrically small and electrically large antennas. Electrically small antennas are defined as 
those where D, the largest dimension of the antenna (usually taken as the length), is less than
the wavelength of the recommended operating frequency (D < λ). Electrically large antennas 
are defined as those where the largest dimension is greater than the wavelength of the 
recommended operating frequency D > λ.

Safety Code 6 (SC6) Radio Frequency Exposure Compliance Evaluation Template (Uncontrolled
Environment Exposure Limits) Industry Canada Technical Note-261

At close proximity to an antenna, the characteristics of electromagnetic fields are 
unpredictable and the E-field can dominate at one location, while the H-field can dominate 
just a few centimetres away. Predictions are very difficult in this region and antenna engineers
have defined boundary regions to categorize the behaviour/characteristic of electromagnetic 

https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/tn-261-i3-mar15.pdf/$FILE/tn-261-i3-mar15.pdf
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(EM) fields as a function of distance from the radiator. Reflection is another characteristic that 
adds to the complexity. All waves experience reflections, and EM waves are no exception. 
Further to its research, the U.S. Federal Communications Commission (FCC) recommends 
that, for the reflected wave, the electric field strength be assumed to be 60% of that of the 
direct waves at any point of observation.

In general, the space surrounding an antenna is divided into field regions defined as: near-
field region (reactive/evanescent near-field), radiating (Fresnel) near-field region, transition 
zone (intermediate-field region) and the far-field (Fraunhofer) region

Reactive near-field region – This is sometimes referred to as the evanescent (fading 
quickly) region and is the space immediately surrounding the antenna or leakage source, 
where the reactive (stored energy) components predominate and energy is stored in the field. 
In this region, the E and H fields are not orthogonal. Therefore, the impedance (Z) is not 377 
ohms, but rather a complex impedance.

However, the mathematical relationship of Z=E/H still applies. Z could be a small fraction of 
377 ohms for a predominately magnetic field or many times 377 ohms for a predominately 
electric field. The region extends up to a distance of λ/2π or 0.159 λ. For electrically small 
antennas (where, D < λ), the end of the reactive near-field region is also the boundary where 
the far-field region begins. In distance terms, it is: 1.6 m at 30 MHz, 32 cm at 150 MHz, 11 cm
at 450 MHz, 5 cm at 875 MHz, and 2.5 cm at 1950 MHz.

Radiating near-field region – This is sometimes referred to as the Fresnel region. In this 
region, which starts at a distance from the antenna where the reactive near-field energy has 
diminished to an insignificant amount, the antenna gain and the angular distribution of the 
radiated field vary proportionally with the distance from the antenna. This is because the 
phase and amplitude relationships of the various waves arriving at the observation point from 
different areas of the antenna change with distance. For electrically large antennas (D > λ), 
this region extends from λ/2π to 1⁄2D2/λ.

Transition zone (intermediate-field region)Transition zone (intermediate-field region)  – For an antenna that is electrically small
compared to the wavelength in question, the transition zone is considered to exist at
distances anywhere between 0.1 wavelength and 1.0 wavelength from the antenna,

essentially between the radiating near-field and the far-field regions. This region is comprised
of a combination of the characteristics found in both the near-field and the far-field regions,
but the far-field characteristics are becoming more evident moving outwards. The E and H
fields are almost orthogonal (Z is almost 377 ohms). This region extends from 1⁄2D2/λ to

2D2/λ and, for the purpose of SC6, is assumed to be the region in which the far-field starts.



i TN-261 — Safety Code 6 (SC6) Radio Frequency Exposure Compliance Evaluation Template (Uncontrolled 
Environment Exposure Limits) Cover page for Safety Code 6 (SC6) Radio Frequency Exposure Compliance Evaluation
Template (Uncontrolled Environment Exposure Limits) PDF Version, Issue 3,  Industry Canada : March 19, 2015, 
http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html 

ii R. Kitchen, RF and Microwave Radiation Safety Handbook, 1993, 
http://www.sciencedirect.com/science/book/9780750643559 
A conservative approach used by some organisations for the maximum power density anywhere on the axis in the near 
field is  modified to assume an antenna efficiency of 100% giving: S max (Wm –2 ) = 4 P/Area

iii Radiofrequency Toolkit for Environmental Health Practitioners ,BC Center for Disease Control 
http://www.bccdc.ca/resource-gallery/Documents/Guidelines%20and%20Forms/Guidelines%20and
%20Manuals/EH/EH/RadiofrequencyToolkit_v5_26032014.pdf 

iv Industry Canada TN-329 February 2011 Spectrum Management and Telecommunications Technical Note Safety Code 6
(SC6) Measurement Procedures (Uncontrolled Environment) https://www.ic.gc.ca/eic/site/smt-gst.nsf/vwapj/TN-329-
NT-329-eng.pdf/$file/TN-329-NT-329-eng.pdf 

v Radiofrequency Toolkit for  Environmental Health Practitioners, British Columbia Centre for Disease Control 
(BCCDC)  http://electromagnetichealth.org/wp-content/uploads/2013/07/RadiofrequencyToolkit_v4_06132013.pdf  
Page 18 Eq 2.19

vi Kitchen R, RF and Microwave Radiation Safety Handbook, http://www.metronom-ps.com/docs/RF.pdf 
vii http://www.inchem.org/documents/ehc/ehc/ehc137.htm 
viii Industry Canada Spectrum Management and Telecommunications TN-261 — Safety Code 6 (SC6) Radio Frequency 

Exposure Compliance Evaluation Template (Uncontrolled Environment Exposure Limits) 
http://www.ic.gc.ca/eic/site/smt-gst.nsf/eng/sf09976.html 
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