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Executive Summary  

A computational assessment was carried out to provide an estimation of the EME 
Saugerties, NY site of the Ulster County Emergency Communications
following. This assessment demonstrates that the Motorola Solutions system described in this report 
complies with the FCC requirements concerning radio
and the general public. 
 
The compliance is established with respect to the
carried out using the methodologies
distances for general public and occupational

 

Exposure Category 

General Public Exposure 

Occupational Exposure 

* These distances are extremely conservative as they
the same direction and that all the transmitting 

The stated compliance distances are 
calculated on the basis of an actual measurement taken under an SAR (specific absorption rate) 
analysis. SAR is a more accurate measure of exposure and is the basic 
the US FCC regulations [3]. However SAR is much more complicated to estimate (measurements or 
electromagnetic simulations) than free
the simpler, practical approach to compute the compliance distance based on the analytical estimation 
of the free-space equivalent power density is 
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A computational assessment was carried out to provide an estimation of the EME exposure 

Ulster County Emergency Communications system, as described in the 
demonstrates that the Motorola Solutions system described in this report 

complies with the FCC requirements concerning radio-frequency (RF) exposure of trained workers 

compliance is established with respect to the US FCC regulations [1]. The assessment was 
the methodologies specified in [1]-[2]. The following table provides the compliance 

occupational-type exposure: 

  

Locations Facing the Antennas* At Street

9.2 m (30 ft) All locations compliant

3.6 m (12 ft) All locations compliant

* These distances are extremely conservative as they are calculated presuming that all antenna emissions are oriented towards 
transmitting antennas are placed at the same height on the site communication tower

The stated compliance distances are typically much larger than those that would be predicted to be 
calculated on the basis of an actual measurement taken under an SAR (specific absorption rate) 

. SAR is a more accurate measure of exposure and is the basic measure for exposure under 
]. However SAR is much more complicated to estimate (measurements or 

electromagnetic simulations) than free-space fields or the equivalent power density. Thus in this case 
the simpler, practical approach to compute the compliance distance based on the analytical estimation 

space equivalent power density is used. 

Motorola Public) 

 1/14 

EME assessment 

exposure at the 
described in the 

demonstrates that the Motorola Solutions system described in this report 
(RF) exposure of trained workers 

. The assessment was 
The following table provides the compliance 

At Street Level 

All locations compliant 

All locations compliant 

that all antenna emissions are oriented towards 
at the same height on the site communication tower.  

much larger than those that would be predicted to be 
calculated on the basis of an actual measurement taken under an SAR (specific absorption rate) 

for exposure under 
]. However SAR is much more complicated to estimate (measurements or 

er density. Thus in this case 
the simpler, practical approach to compute the compliance distance based on the analytical estimation 
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Antenna site information 

The information illustrated in the following describes the Motorola Solutions system. Because Motorola 
Solutions does not have any information related to other products located at the site, the report does 
not include information about co-located pre-existing systems and antennas, if any.  

 

Key technical information 

The Motorola Solutions Land Mobile Radio (LMR) system features several transmitters and antennas 
operating across several frequency bands, whose key parameters are summarized in Table 1. 

1 Sub-System VHF_1 VHF_2 UHF 7-800 Dish 

TR
AN

SM
IT

TE
RS

 

Number of Transmitters 2 2 2 4 1 

Frequencies (MHz) 156.12 - 156.18 151.14 - 155.8 453.4 – 453.7 769.2 – 851.5 6175 

Transmitter RF Power (W) 100 100 100 100 0.25 

Cable/Combiner Loss (dB) 4.5 4.5 5 6 3 

AN
TE

NN
AS

 

Model CSA10-41-DIN CSA10-41-DIN DS4D06P36D-D DS7C09P36D-D PAR6-59W-PXA/A 

Peak Gain (dBi) 9.15 9.15 8.05 11.15 37.8 

Elevation Beamwidth 68O 68O 15O 6O 1.8O 

Azimuth Beamwidth 64O 64O omni omni 1.8O 

Downtilt 0O 0O 1O 0O 0O 

Polarization Vertical Vertical Vertical Vertical Horizontal 

Physical Length 51” 51” 21’ 24’ 6’ Ø 

Height AGL 180’ 150’ 100’ 100’ 100’ 

Distance to Buildings > 500’ > 500’ > 500’ > 500’ > 500’ 

 

Applicable RF exposure limits 

The FCC exposure limits [1], when expressed in terms of equivalent power density, are frequency 
dependent. Table 2 reports the strictest applicable limits for general public and occupational 
exposures within each subsystem operating band: 

 

2 Sub-System VHF_1 VHF_2 UHF 7-800 Dish 

W
 m

-2
 General Public 2 2 3.02 5.13 10 

Occupational 10 10 15.1 25.63 50 

 

Because the overall exposure is due to the combined emissions from each system over different 
frequency channels, the compliance distances are established by the sum of the respective exposure 
quotients, given by the ratio of the power density and the applicable limit, not exceeding unity. 
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Exposure prediction models 

Three different models are employed to perform the exposure assessment. One is relative to 
exposures around sector antennas; another is for exposure at ground level. The last one is for 
exposures in front of a dish antenna. 

 

 

Fig. 1. Reference frame and notations employed to describe the cylindrical model. 

 

A. Exposure to sector or omni-directional antennas 

The behavior of the spatially averaged equivalent power density in the radiating near field of typical 
base station array antennas (omni-directional or sector coverage) can be predicted using simple 
algebraic formulas that depend on a few, readily available antenna parameters, such as directivity, 
beamwidth, physical length, and the radiated power [2]. The reference frame relative to an array 
antenna axis and the relevant analytical notations employed in the analytical prediction formulas for 
the spatially-averaged power density are illustrated in Fig. 1. The parameters required to apply the 
formulas are the following: 

radW : Antenna radiated power; 

L : Equivalent electrical antenna length (meters); 

AD : Antenna peak directivity (unitless); using the peak gain AG  is acceptable; 

 : Electrical down-tilt angle of the antenna main beam (radians); 

dB3 : Azimuth semi-beamwidth of the antenna pattern (radians). 

For sector arrays, the prediction formula for the spatial-peak equivalent power density is: 
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For omni-directional arrays, the prediction formula for the spatial-peak equivalent power density is 
obtained by setting the azimuth semi-beamwidth equal to  and neglecting the exponential factor. 
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The above prediction formula does not take into account the formation of grating lobes near endfire, 
whose power content typically becomes significant for tilt angles greater than 100. Hence, we delimit 

conventionally the validity of this formula to the range
010 . 

Equation (1) provides a conservative estimate of the RF exposure since it does not rely on ant spatial 
averaging over the projected area [1] of the exposed subject. It is particularly suitable for determining 
exposures within the antenna main lobe.  
 
For exposures behind the antenna, which are much lower due to the antenna backplane shielding 
effect, it is possible to employ Eq. (1) with 0  , but reducing the radiated power by the antenna 

front-to-back gain ratio, when this figure is available. This is preferable to sampling Eq. (1) at   , 

since the azimuthal gain tapering by the exponential factor may produce an excessive front-to-back 
ratio, thereby making the estimate less conservative. 
 
Because near-field coupling between antenna and exposed body is not considered in the present 
treatment, the exposure estimates based on it should be trusted only for distances larger than a 
wavelength from the antenna. 
 
 
 

 

Fig. 2. Schematic of the ground-level exposure model adopted for the assessment. 

 

B. Exposure at ground level 

This type of exposure occurs in the antenna far-field, and is very low compared to limits, thus simpler 
expressions can be employed. The antenna phase center is assumed to be the mounting height. The 
resulting predictive equation for the power density produced by each antenna at ground level is: 
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where radW  is the radiated power, and  G  is the elevation gain pattern, which is approximated by 

means of the following expression 
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where AG  is the antenna gain, 0k  is the free space wavenumber and L is the effective antenna 

length yielding the appropriate vertical beamwidth, X and B are auxiliary parameters used to shape the 
elevation pattern, while H is the antenna height above ground and d is the field point distance from the 
base of the installation tower (see Fig. 2). The factor "2.56" is introduced to enforce near-perfect, in-
phase ground reflection as recommended in [1].  
 

C. Exposure to dish antennas 

As illustrated in [1], the following expression allows estimating an upper bound of the RF exposure in 
the near field in front of dish antennas, expressed in terms of time-averaged power density:  
  

  
4 rad

dish
dish

W
S

A
         (4) 

 

where radW  is the radiated power (conservatively assumed equal to the input RF power), and dishA  is 

the effective area of the dish antenna aperture, computed from the peak antenna gain ( dishG ) 

according to the following expression: 
 

  
2

4dish dishA G
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         (5) 

 

where   is the electromagnetic free-space wavelength at the operating frequency. Therefore, 
antennas featuring larger apertures produce lower near-field exposure than antennas with smaller 
ones, for the same input RF power. Exposures outside the antenna aperture are typically negligible. 
  
Equation (4) produces an overestimation in the antenna far field since it does not account for the 
eventual spherical field decay behavior. In order to account for this behavior, the formula is divided by 
the factor that grows weakly with distance at short distances and eventually grows with the square of 
the distance at large distances from the antenna: 
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Exposure assessment 

 
RF exposure assessments are carried out for the Motorola Solutions system for exposures close to 
the antennas or at ground level. No assessment is performed for pre-existing co-located systems and 
antennas, if any. 
 
The ground level assessment is conducted extremely conservatively upon presuming that all antenna 
emissions are oriented towards the same direction. The assessment of exposure in front of the 
antennas is further exaggerated by assuming that the antennas are also physically collocated. 
 

Furthermore, the assessment is carried out by assuming perfect antenna efficiency and spatial 
averaging across a person projection area is not performed, rather the peak exposure is computed for 
conservativeness.  

 

Exposure at Ground Level 

Table 3 reports the equivalent antenna length or area used in Equations (3) and (4):† 

3 Sub-System VHF_1 VHF_2 UHF 7-800 Dish 

 

Equivalent Length (m) 1.05 1.05 2.2 3.3 1.2 

Equivalent Area (m2) N/A N/A N/A N/A 1.13 

 

The following plot illustrates individual antenna and the total exposure quotients, at various distances 
from the site communication tower, showing that the combined exposure is always at least 100 times 
below the applicable general public limits (i.e., unity, highlighted by the yellow marker) even under the 
aforementioned conservative assumptions. 

 

————————— 
† The X, B factors used to shape the antenna elevation beam in Eq. (1) are B = 0.01, and X = 1 in all cases. 
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Exposure at Locations Facing the Antennas 

Using the equivalent lengths and diameter in Table 3 in Equations (1) and (4)-(6), the exposure 
quotients are computed versus distance for the general public limits and for the occupational limits, as 
shown in the following diagrams: 

 

 

This analysis indicates that, under the aforementioned conservative assumptions, the compliance 
distance for the general public is 9.2 m, while it is 3.6 m for occupational exposures. 
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Summary and conclusions 

A computational assessment was carried out to provide an estimation of the RF exposure at the 
Saugerties, NY site communication tower, showing that the Motorola Solutions system described in 
the foregoing complies with the FCC requirements concerning RF exposure of trained workers and the 
general public. Because Motorola Solutions does not have any information related to other products 
located at the site, the report does not include information about co-located pre-existing systems and 
antennas, if any. 
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This EME Assessment Report (Report) contains Motorola Solutions' best estimate of 
EME exposure at the indicated site(s). The actual EME exposure may vary, 
depending on various factors. Neither the Federal Communications Commission nor 
any other state or federal agency has reviewed, approved or disapproved this 
Report. Any publication, reproduction or transfer of this Report to a third party, 
requires the prior written approval of Motorola Solutions. Any such Motorola 
Solutions-approved publication, reproduction or transfer of this Report, must be of the 
Report in its entirety, including its complete wording and date of issue. By providing 
this Report, Motorola Solutions does not entitle the recipient to use any Motorola 
Solutions trademark or other intellectual property. 
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