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RADIATION HAZARD ANALYSIS FOR PRODELIN SERIES 1134
Ku-BAND 1.2m ANTENNA

(PERFORMED FOR WSYR-TV)
SUMMARY:

This Rad-Haz analysis has been undertaken for WSYR-TV for a Prodelin 1134 Series Ku-
band 1.2 m diameter antenna. The analysis follows the guidelines published in the FCC
OET Bulletin 65 titled, "Evaluating Compliance with FCC Guidelines for Human Exposure
to Radio Frequency Electromagnetic Fields", dated August 1997. (Refer to Appendix 1 &
2 attached hereto.) The referenced document identifies two exposure levels for non-
ionizing microwave radiation to which (a) employees and operators and (b) the general
public may be exposed. The former condition (a), is defined as a controlled environment
wherein the maximum exposure power density is limited to 5 mW / cm? averaged over any
6-minute period. The second condition (b), applies to the general public and is defined as
an uncontrolled environment, wherein the exposure is limited to 1 mW / cm? averaged
over any 30-minute period.

For this analysis we have assumed the condition (b) (1 mW / cm?), time-averaged for a 30
minute exposure and a transmitter input power of 25 watts.

KEY PARAMETERS:

The following information lists the key parameters and assumptions used in this analysis.

Antenna Diameter (D) 1.2m (120 cm)
Mid-band Tx Frequency (F) 14.25 GHz
Nominal Antenna Efficiency (n) 64.8%
Nominal input power to antenna (P) 25 watts

Mid band antenna gain (dB) 43.2 dBi

DERIVED PARAMETERS:

This section presents the values derived from the antenna parameters, frequency etc.
following the FCC guidelines.

Regions:
(a) Mid-band wavelength A (cm) =30/ Freq (GHz) =(30/14.25) =2.11cm
(b) Near Field Limit (Rny) = (D*/ 4\) = (120°%) / (4 x 2.11) =1706.2 cm (17.1 m)

(c) Approx. Far Field Limit (Ry) = (0.6 D*/ A= (0.6 x 120%) / (2.11) = 4094.0 cm (40.9 m)
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The “Transition Region” is defined as region between R,; and Ry. In this case it extends
over a distance of 17.1 m to 40.9 m in front of the antenna.

POWER DENSITY CALCULATIONS (ON AXIS):
Power Density at Antenna Surface (PD ref):

PDret = 4P/ reflector area
= 4P | {mr D?/ 4}
=4 x 25,000 / {r x 120%/ 4}
= 8.84 mW /cm?

Maximum Power Density in the Nearfield Region (PDnf):

PDyy = 16nP/1 D?
=16 x 0.648 x 25000 / 11 x 120?
= 573 mW /cm?

Power Density at beginning of Farfield Region (PDs)

PDy (approx) = (P X Gaps) / (4 x T X R¢)
= (25000 x 103?10 / (4 x 11 x 40942
=2.48 mW / cm?

To establish the distance at which a 1 mW/ cm? power density is achieved when using a
25 watt transmitter, we would set the limit at 1 mW / cm? and utilize the equation above to
compute the corresponding R value. Thus the 1 mW / cm? limit is achieved at a distance
of approx. 64.5 meters (211.5’) in front of the antenna — measured along the radiation
axis. At a typical elevation look angle of 40 deg above the horizon, the ImW / cm? for this
case occurs at a height of 136’ above the local ground level.

OFF-AXIS POWER DENSITY CONSIDERATIONS (Near Field & Transition Region)

Off-axis power densities are typically 20 dB, or more, below the corresponding on-axis
levels for locations displaced by one antenna diameter from the center of the main beam.
As the maximum power density levels (on-axis) are approx. 5.73 mW / cm? in the near-
field, the off-axis exposure levels 1.2m of the central radiation axis will be reduced by a
further factor 100 or 20 dB. This equates to a power density exposure of 0.06 mW / cm?.
Per the FCC OET-65 Bulletin, it can be assumed that these off axis power density
predictions apply through the near-field and transition field regions. In the case of the
1.2m antenna for the WSYR-TV application, the 0.06 mW/cm? condition would extend out
to a distance of 4094 cm (134’). At this distance the edge of the off-axis cylinder would be
approximately 86 feet above ground level assuming a 40 degree elevation look angle to
the satellite of interest.
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OFF-AXIS POWER DENSITY CONSIDERATIONS (Far Field Region)

The radiation pattern for the Prodelin 1134 antenna in far field region will be such that the
antenna gain (dBi) from 1 to 48 degrees will below 32 — (25 logio (8)), where 0 is the angle
in degrees from the axis of the main lobe. The off-axis gain for an angle of 40 degrees off
beam peak will be — 8.05 dBi. Since the on-axis power density on at the beginning of the
far field (4094 cm from the antenna) is 2.48 mW/cm?, the power density at 40 degrees
(essentially ground level at this distance is 0.39 mW / cm?. This falls below the 1.0 mW /
cm? limit recommended by the FCC.

POWER DENSITY — FEED CONSIDERATIONS:

A condition not directly addressed by OET-65, covers the region immediately in front of,
and close to the antenna feed. Here the radiated field is confined to a cylindrical beam
with a diameter matching that of the feed horn aperture. The power density in this region
is determined from the input power to the feed divided by the feed aperture area. The
feed for the Prodelin model 1134 Ku-band antenna has a nominal aperture diameter of
14.6 cm. With this diameter, and an input power of 25 watts, power density levels of
approx. 149 mW / cm? can be anticipated. Clearly this is a region of concern if work is
performed on the antenna when the transmitter is supplying an input power of 25 watts to
the feed. Warning decals are strongly recommended, alerting personnel to potential
radiation hazards in the immediate antenna vicinity.

CONCLUSIONS:

The operational conditions for this application have been investigated following the FCC
OET-65 guidelines. Safe operations require that precautions be limit the public exposure
to a maximum of 1 mW / cm? when the antenna is supplied with an input power of 25
watts. This can be accomplished by the operator, (WSYR-TV) ensuring that no un-trained
personnel are allowed access to the front of the antenna of the feed region the transmitter
is activated. Further the operator, (WSYR-TV) shall ensure that the transmitter is only
turned on when the antenna is set to an elevated look angle following satellite acquisition.
We recommend that prominent warning signs be displayed indicating the potential
hazards from microwave radiation when the antenna is operating at its maximum power
level. 1t is the responsibility of WSYR-TV and its operators to ensure that no person is
accidentally permitted to enter the region in front of the antenna where power densities
exceed the allowable 1 mW limit established by the FCC for the general population and in
an uncontrolled exposure environment.

Aj/}m ﬁ quﬂ/L —

Colin M. Robinson. 1/
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APPENDIX 1: FCC LIMITS FOR MAXIMUM PERMISSIBLE EXPOSURE [MPE]

(From supplement C to FCC OET-65)

(A) Limits for Occupational/Controlled Exposure

Frequency Electric Field Magnetic Field Power Density Avcﬁmgjng Time
Range Strength (E) Strength (H) (S) |E]", H[  or S
(MHz) (Vim) (A/m) (mW/ent) (minutes)
0.3-3.0 614 1.63 (100)* 6
3.0-30 1842/f 4.89/f (900/%)* 6
30-300 61.4 0.163 1.0 6

300-1500 - -- /300 6

1500-100,000 -- -- 5 6

(B) Limits for General Population/Uncontrolled Exposure

Frequency Electric Field Magnetic Field Power Density Averaging Time
Range Strength (E) Strength (H) (S) |E|2, [H|" or S
(MHz) (Vim) (A/m) (mW/ent') (minutes)

0.3-1.34 614 1.63 (100)* 30
1.34-30 824/f 2.19/f (180/f%)* 30
30-300 27.5 0.073 0.2 30

300-1500 - -- 71500 30

1500-100,000 - -- 1.0 30

f= frequency in MHz *Plane-wave equivalent power density

NOTE 1: See Section 1 for discussion of exposure categories.

NOTE 2: The averaging time for General Population/Uncontrolled exposure to fixed transmitters is not applicable
for mobile and portable transmitters. See47 CFR §§2.1091 and 2.1093 on source-based time-averaging
requirements for mobile and portable transmitters.
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APPENDIX 2: EXTRACT FROM FCC OET 65, EVALUATING COMPLIANCE WITH
FCC GUIDELINES FOR HUMAN EXPOSURE TO RADIOFREQUENCY
ELECTROMAGNETIC FIELDS.

Aperture Antennas

Aperture anfennas include those used for such applications as satellite-earth stations,
point-to-point microwave radio and various types of radar applications. Generally, these types of
antennas have parabolic surfaces and many have circular cross sections. They are characterized
by their high gain which results in the transnussion of power in a well-defined collimated beam
with liftle angular divergence. Systems using aperfure antennas operate at microwave
frequencies, ie. generally above 900 MHz.

Those systems involved in telecommunications applications operate with power levels
that depend on the distance between transmit and receive anfennas, the number of channels
required (bandwidth) and antenna gains of transmit and receive antennas. The antennas used
tvpically have circular cross sections, where anfenna diameter is an important characteristic that
determines the antenna gain. With regard to some operations, such as satellite-earth station
transmitting antennas, the combination of high transmitter power and large antenna diameter
{(high gain) produces regions of significant power density that may extend over relatively large
distances in the main beam. Many "dish" type anfennas used for satellite-earth station
transmissions utilize the Cassegrain design in which power is fed to the antenna from a
waveguide located at the center of the parabolic reflector. Radiation from this source is then
mcident on a small hyperbolic sub-reflector located between the power feed and the focal point
of the antenna and is then reflected back to the main reflector resulting in the fransmission of a
collimated beam. An example of this is illustrated in Figure 3.
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FIGURE 3. Cassegrain Antenna

Because of the mghly directional nature of these and other aperture antennas, the
likelihood of sigmificant human exposure to RF radiation is considerably reduced. The power
densities existing at locations where people may be typically exposed are substantially less
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than on-axis power densities. Factors that mmst be taken info account m assessing the potential
for exposure are main-beam orientation, antenna height above ground. location relative to where
people live or work and the operational procedures followed at the facility.

Satellite-earth uplink stations have been analyzed and their emissions measured to
determine methods to estimate potential environmental exposure levels. An empirical model has
been developed, based on anfenna theory and measurements, to evaluate potential environmental
exposure from these systems [Reference 15]. In general, for parabolic aperture antennas with
circular cross sections, the following information and equations from this model can be used in
evaluating a specific system for potential environmental exposure. More detailed methods of
analysis are also acceptable. For example, see Eeferences [18] and [21].

Antenna Surface. The maximum power density directly in front of an anfenna (e.g.. at the
antenna surface) can be approximated by the following equation:

surface

4F
a

(11)

where: 5, = maximmm power density at the anterma surface
P = power fed to the anterma
A = physical area of the aperfure antenna

Near-Field Region. In the near-field, or Fresnel region, of the main beam the power density
can reach a maximum before it begins to decrease with distance. The extent of the near-field can
be described by the following equation (D and A in same units):

Y\ (12)

where: B, =extent of near-field
D= maxmum dimension of antenna {diameter 1f corcular)
A =wavelength

The magnitude of the on-axis (main beam) power density varies according to location in
the near-field. However, the maxinmum value of the near-field, on-axis, power density can
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be expressed by the following equation:

16nP
5 —_—Q 13
g nD? (13)

where: 5 = maximmm near-field power density
7 = aperture efficiency, typically 0.3-0.75
P = power fed to the anterma
D = antenna diameter

Aperture efficiency can be estimated, or a reasonable approximation for circular apertures
can be obtained from the ratio of the effective aperture area to the physical area as follows:

()
( nD 2) (14)

4

where: 1= aperture efficiency for circular apertures
G = power gain in the direction of interest relative to an isotropic radiator
» =wavelength
D = antenna diameter

If the antenna gain is not known, it can be calculated from the following equation using
the actual or estimated value for aperture efficiency:

o . Ama
s (15)

where: 1= aperture efficiency
G = power gain in the direction of interest relative to an isotropic radiator
» =wavelength
A = physical area of the anfenna
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Transition Region. Power density in the transition region decreases inversely with distance
from the antenna, while power density in the far-field (Fraunhofer region) of the antenna
decreases inversely with the square of the distance. For purposes of evaluating RF exposure, the
distance to the beginning of the far-field region (farthest extent of the transition region) can be
approximated by the following equation:

Rff ;‘. I:lﬁ)

where: E_ = distance to beginning of far-field
D= antenna diameter
4 =wavelength

The transition region will then be the region extending from R, calculated from
Equation (12), to B;. If the location of interest falls within this transition region, the on-axis

= z (17

power density can be determined from the following equation:

where: 5 =power density in the transition region
Sr = maxinmm power density for near-field caleulated above
F.; = extent of near-field calculated above
E. =distance to point of inferest

Far-Field Region. The power density in the far-field or Fraunhofer region of the antenna pattern
decreases inversely as the square of the distance. The power density in the far-field region of the
radiation pattern can be estimated by the general equation discussed earlier:

PG
ang? (18)

Sff

where: 5,=power density (on axis)
P = power fed to the antenna
G =power gaimn of the antenna m the direction of Interest relative to an 1sotropic radiator
B = distance to the point of interest
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In the far-field region, power is distributed in a series of maxima and minima as a
function of the off-axis angle (defined by the antenna axis, the center of the antenna and the
specific point of mterest). For constant phase, or uniform illumination over the aperture, the main
beam will be the location of the greatest of these maxima The on-axis power densities calculated
from the above formmlas represent the maxinmum exposure levels that the system can produce.
Off-axis power densities will be considerably less.

For off-axis calculations in the near-field and in the transition region it can be assumed
that, if the point of inferest is at least one anfenna diameter removed from the center of the main
beam, the power density at that point would be at least a factor of 100 (20 dB) less than the value
calculated for the equivalent distance in the main beam (see Reference [15] ).

For practical estimation of RF fields in the off-axis vicinity of aperture antennas, wse of
the antenna radiation pattern envelope can be usefill. For example, for the case of an earth
station in the fixed-satellite service, the Commission's Rules specify maximum allowable gain
for antenna sidelobes not within the plane of the geostationary satellite orbit, such as at ground
level ¥ In such cases, the rules require that the gain of the antenna shall lie below the envelope
defined by:

31 - {15log, (@)} dBi for 1°<0 <48
gnd: = 10dBi for 48°<0 =< 180°

Where: B = the angle in degrees from the axis of the main lobe
dBi = dB relative to an 1soiropic radiator

Use of the gain obtained from these relationships in simple far-field calculations, such as
Ecmation 18, will generally be sufficient for estimating RF field levels in the surrounding
environment, since the apparent aperture of the antenna 1s typically very small compared fo ifs
frontal area.

END OF DOCUMENT
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