RADIATION HAZARD STUDY
ANTENNA- PRODELIN CORPORATION 2.4 METER

(Antenna Model No. 1251)

Anal ysi s of Non-lonizing Radiation for Prodelin Corporation
2.4 Meter (Model No. 1251) Earth Station Systens

This report analyzes the non-ionizing radiation levels for a 2.4 neter earth
station system The analysis and cal cul ations performed in this report are
in conpliance with the nethods described in the FCC O fice of Engineering
and Technol ogy Bulletin, No. 65 first published in 1985 and revised in 1997
in Edition 97-01. The radiation safety Iimts used in the analysis are in
conformance with the FCC R&0 96-326. Bulletin No. 65 and the FCC R&O
specifies that there are two separate tiers of exposure limts that are
dependant on the situation in which the exposure takes place and/or the
status of the individuals who are subject to the exposure. The Maxi mum
Perm ssi bl e Exposure (MPE) limts for persons in a Cenera

Popul ati on/ Uncontrol | ed environnent are shown in Table 1. The Cenera

Popul ati on/ Uncontrolled MPE is a function of transmt frequency and is for
an exposure period of thirty mnutes or less. The MPE limts for persons in
an Cccupational /Controll ed environment are shown in Table 2. The
Cccupational MPE is a function of transmit frequency and is for an exposure
period of six minutes or |ess. The purpose of the analysis described in this
report is to deternmine the power flux density levels of the earth station in
the far-field, near-field, transition region, between the subreflector or
feed and main reflector surface, at the main reflector surface, and between
t he antenna edge and the ground and to conpare these levels to the specified
MPEs.

Table 1. Limits for CGeneral Popul ation/ Uncontrolled Exposure(MPE)

Frequency Range (MHz) [ Power Density (mN cni)

30- 300 0.2
300- 1500 Fr equency( MHz) * (0. 8/ 1200)
1500- 100, 000 1.0

Table 2. Limts for Cccupational/Controlled Exposure (MPE)

Freguency Range (MHz) | Power Density (nmW cnf)

30-300 1.0
300- 1500 Frequency(MHz) * (4. 0/ 1200)
1500- 100, 000 5.0

Table 3 contains the paraneters that are used to cal cul ate the various power
densities for the earth stations.



Table 3. Formulas and Paraneters Used for Determ ning Power Flux Densities

Par anet er Abbrevi ation | Val ue Units
Ant enna Di anet er D 2.4 m
Ant enna Surface Area S, T * D4 nf
Feed Fl ange Di aneter D.. 14.0 cm
Feed Fl ange Surface Area Sl n* D, /4 cnf
Fr equency (Ku-hband) F 14250 VHz
Frequency (Ku-band) T 7.018E- 11 s
Wavel engt h A c/(t) m
Transmt Power P, 8. 00 W
Antenna Gain G, 49. 2 dBi
Antenna Effici ency n 0. 65 n/ a
El RP El RP 400949. 799 w
Speed of Light C 299792458 n's
Pi T 3. 141592654 n/ a

1. Far Field D stance Cal cul ati on

The distance to the beginning of the far field can be determ ned fromthe
foll owi ng equation: (1)

Distance to the Far Field Region

(Ry) =0.60* D/ A (1)
= 164.27 m
wher e: R, = distance to beginning of far-field

D = antenna diameter
A = wavelength

The maxi mum mai n beam power density in the Far Field can be determned from
the foll owi ng equation:(2)
On- Axis Power Density in the Far Field

(S, c* P,/ 4* n* R’ or EIRP/ 4 * ¢t * R? (2)
1.962 W nf
0.196 nmW cnf

wher e: = power density (on axis)

= power fed to the antenna

= power gain of the antenna in the direction of interest
relative to an isotropic radiator

R. = distance to the point of interest
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2. Near Field Calculation

Power flux density is considered to be at a naxi mum val ue throughout the
entire length of the defined Near Field region. The region is contained
within a cylindrical volune having the sane dianeter as the antenna. Past
t he boundary of the Near Field region the power density fromthe antenna
decreases linearly with respect to increasing distance.

The di stance to the end of the Near Field can be deterni ned fromthe
foll owi ng equation: (3)

Extent of the Near Field
(Re) D/ (4*2) (3)

68.45 m

"EIRP Cal cul ator when P, = 8.0Wand G, = 49.6 dBi




wher e: R, = extent of near-field
D = maxi mum di mensi on of antenna (diameter if circular)

A = wavel ength

The maxi mum power density in the Near Field can be deternined fromthe
foll owi ng equation: (4)

Near Field Power Density
(S 16.0* n* P,/ m* D (4)

4.598 W nf

0. 460 mN cnf

wher e: w = maxi mum near-field power density

S
n = aperture efficiency, typically 0.5-0.75
P, = power fed to the antenna

D = antenna di aneter

3. Transition Region Calcul ations

The Transition region is | ocated between the Near and Far Field regions.
The power density begins to decrease linearly with increasing distance in
the Transition region. Wiile the power density decreases inversely with

di stance in the Transition region, the power density decreases inversely
with the square of the distance in the Far Field region. The maxi num power
density in the Transition region will not exceed that cal culated for the
Near Field region. The power density calculated in Section 1 is the highest
power density the antenna can produce in any of the regions away fromthe
antenna. The power density at a distance Rt can be determ ned fromthe

foll owi ng equati on: (5)

Transition regi on Power Density
(S) =5Sc* R/ (5)
= 0.460 mMiWc
wher e: S; = power density in the transition region

Syr = maximum power density for near-field calculated above
Ryr = extent of near-field calculated above
Ry = distance to point of interest

4. Region between Main Reflector and Subreflector

Transm ssions fromthe feed assenbly are directed toward the subrefl ector
surface, and are reflected back toward the nain reflector. The nost conmon
feed assenblies are wavegui de flanges, horns or subreflectors. The energy
bet ween the subreflector and the reflector surfaces can be cal cul ated by
determ ning the power density at the subreflector surface. This can be
determ ned fromthe foll owi ng equati on: (6)

Power Density at Feed Fl ange
(S) =4*P, [ A (6)
= 207.876 mN cnf
5. Main Reflector Region

The power density in the main reflector is determined in the same nanner as
the power density at the subreflector. The area is now the area of the main
refl ector aperture and can be determned fromthe foll ow ng equation:(7)

Refl ector Surface

4 * P | S (7)
7.074"Wni

0. 707 mWNcnf

Power Density at the Mai
(S

Inni s



where: S, = maximum power density at the antenna surface
P, = power fed to the antenna

A, = physical area of the aperture antenna
6. Region between Miin Reflector and G ound

Assuming uniformillum nation of the reflector surface, the p
bet ween the antenna and ground can be determined fromthe fol
equati on: (8)

Power Density between Reflector and G ound
( SG) PW / SA

1.768 W nt

0.177 mWcnf

ower density
| owi ng

(8)

Table 4. Summary of Expected Radiation levels for Uncontroll ed Environment

Regi on Cal cul at ed Maxi num Radi ati on | Hazard Assessnent
Power Density Level (mW cni)

1. Far Field (R) = 164.27 m 0.196 Satisfies FCC MPE

2. Near Field (R) =68.45 m 0. 460 Satisfies FCC MPE

3. Transition Region 0. 460 Satisfies FCC MPE

SNI: < ST < Sl:l:’ (ST)

4. Between Main Reflector and 207. 876 Potenti al Hazard
Subr ef | ect or

5. Main Reflector 0. 707 Sati sfies FCC MPE

6. Between Main Refl ector and 0.177 Sati sfies FCC MPE
Gr ound

Table 5. Summary of Expected Radiation levels for Controlled

Envi r onnent

Regi on Cal cul at ed Maxi num Radi ati on | Hazard Assessnent
Power Density Level (mW cnf)

1. Far Field (R) = 164.27 m 0.196 Sati sfies FCC MPE

2. Near Field (R,) =68.45 m 0. 460 Satisfies FCC MPE

3. Transition Region 0. 460 Satisfies FCC MPE

SN: < ST < Sl::! (ST)

4. Between Main Reflector and 207. 876 Pot enti al Hazard
Subr ef | ect or

5. Main Reflector 0. 707 Satisfies FCC MPE

6. Betmegn Mai n Refl ector and 0.177 Satisfies FCC MPE
G oun

It is the applicant's responsibility to ensure that the publ

¢ and

operational personnel are not exposed to harnful |evels of radiation

7. Concl usi ons

Based on the above analysis it is concluded that harnful |evels of radiation
will not exist in regions normally occupied by the public or the earth
station's operating personnel. The transmitter will be turned off during

ant enna mai nt enance so that the FCC MPE of 5.0 mWcnf will be
for those regions with close proximty to the reflector that
accept abl e | evels.

complied with
exceed




