April 24, 2019
RE:

4G Clarification
For:
GPS Location:
Nearest Address:
Nearest APN:
Jurisdiction:
Applicant:

PLN18469- ExteNet Small Cell Node 07436B Facility on
a Wood Utility Street Light Pole
37.764966, -122.195547
1700 62nd Avenue, Oakland, CA, 94621
038 321600101
City of Oakland
ExteNet Systems (California) LLC

To Whom It May Concern:
This application is for a 4G wireless telecommunications facility. The proposed infrastructure
will allow for an upgrade to a 5G network in the future. However, modifications to the facility,
including to enable 5G, shall be reviewed under the applicable City of Oakland Planning
Ordinance to determine whether such changes require an administrative approval, submittal and
approval of a revision to the Approval by the original approval body or a new independent
permit/ approval.
Thank you,

Charles Lindsay
ExteNet Systems (California) LLC

January 8, 2018
City Planner
Planning Department
City of Oakland
250 Frank Ogawa Plaza, 2nd Floor
Oakland, CA 94612

Re:

Proposed ExteNet Small Cell Node Installation
Applicant:
ExteNet Systems (California) LLC
Nearest Site Address: Public Right of Way near 1700 62nd Avenue
Latitude/Longitude:
37.764966000000001, -122.195547
PolygonID:
NW-CA-OASF07M1-TMO
Site ID:
NW-CA-OAKLAND-07436B

Dear City Planner,
On behalf of ExteNet Systems (California) LLC, this letter and attached materials are to apply for a design review
permit to install a small cell node in the public right-of-way near 6300 E 17th Street (“Node 07436B”).1 The following
is an explanation of the existing site, a project description of the designed facility, the project purpose and justifications
in support of this proposal.
A. Project Description.
The proposed location for our facility currently consists of a wood utility pole with an approximate height of 38 feet
above ground level (AGL) in the public right-of-way on the east of E 17th Street just southeast with 62nd Avenue, at
about 1700 62nd Avenue. There is power line on the pole at about 32 feet above ground.
ExteNet proposes to utilize the existing pole measuring 38 feet AGL and to affix one panel antenna measuring 23.9H
x 13.8W x 5.4D 23.9H x 13.8W x 5.4Dinside an antenna shroud in a side arm mount at 19'-0" AGL. Additional
equipment, including two diplexer/s each measuring 4.6H x 4.6W x 1.9D, three MRRU/s each measuring 7.8H x 7.8W
x 3.93D, a fiber splice box and an RF shutdown disconnect switch will be placed inside an equipment shroud measuring
48.4H x 11.67W x 9D at 7'-7" AGL. Antenna and equipment will be painted to match the pole or as directed by the
City Planner. Our proposal is depicted in the attached design drawings and photographic simulations.
This is an unmanned facility that will operate at all times (24 hours per day, seven days per week) and will be serviced
about once per year. Our proposal will greatly benefit the area by improving wireless telecommunications service as
detailed below.

ExteNet expressly reserves all rights concerning the city’s jurisdiction to assert zoning regulation over the placement of
wireless facilities in the public rights-of-way.
1
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B. Project Purpose.
The purpose of this project is to provide T-Mobile wireless voice and data coverage to the surrounding area where there
is currently a significant gap in service coverage. These wireless services include mobile telephone, wireless
broadband, emergency 911, data transfers, electronic mail, Internet, web browsing, wireless applications, wireless
mapping and video streaming. The proposed node is part of a larger small cell providing coverage to areas of Oakland
that are otherwise very difficult or impossible to cover using traditional macro wireless telecommunications facilities
due to the local topography and mature vegetation. The attached radio frequency propagation maps depict T-Mobile’s
larger small cell project. Further radio frequency details are set forth in the attached Radio Frequency Statement,
including propagation maps depicting existing and proposed coverage in the vicinity of Node 07436B.
A small cell network consists of a series of radio access nodes connected to small telecommunications antennas,
typically mounted on existing wooden utility poles within the public rights-of-way, to distribute wireless
telecommunications signals. Small cell networks provide telecommunications transmission infrastructure for use by
wireless services providers. These facilities allow service providers such as T-Mobile to establish or expand their
network coverage and capacity. The nodes are linked by fiber optic cables that carry the signal stemming from a central
equipment hub to a node antenna. Although the signal, propagated from a node antenna, spans over a shorter range
than a conventional tower system, small cell can be an effective tool to close service coverage gaps.
C. Project Justification, Alternative Site and Design Analysis.
Node 07436B is an integral part of the overall small cell project, and it is located in a difficult coverage area near 64th
Avenue. The coverage area consists of a primarily residential neighborhood off of E 17th Street, 62nd Avenue, 64th
Avenue, 61st Avenue and surrounding areas. Node 07436B will cover transient traffic along the roadways and provide
in-building service to the surrounding residences as depicted in the propagation maps, which are exhibits to the attached
Radio Frequency Statement.
Based on ExteNet’s analysis of alternative sites the currently proposed Node 07436B is the least intrusive means to
close T-Mobile’s significant service coverage gap in the area. Node 07436B best uses existing utility infrastructure,
adding small equipment without disturbing the character of the neighborhoods served. Deploying a small cell node at
an existing pole location minimizes any visual impact by utilizing an inconspicuous spot. By installing antennas and
equipment at this existing pole location, T-Mobile does not need to propose any new infrastructure in this coverage
area.
The small cell node RF emissions are also much lower than the typical macro site, they are appropriate for the area,
and they are fully compliant with the FCC’s requirements for limiting human exposure to radio frequency energy. The
attached radio frequency engineering analysis provided by Hammett & Edison, Inc., Consulting Engineers, confirms
that the proposed equipment will operate well within (and actually far below) all applicable FCC public exposure limits.
The facility will also comply with California Public Utility Commission (CPUC) General Orders 95 (concerning
overhead line design, construction and maintenance) and 170 (CEQA review) that govern utility use in the public rightof-way.
This proposed redesign is a viable design developed according to our discussions with the Planning Department. As
discussed with City Planning, Node 07436B is the least intrusive option. Also, the proposed location is a good coverage
option because it sits at a spot from which point T-Mobile can adequately propagate its wireless signal.
ExteNet considered alternative sites on other utility poles in this area but none of these sites is as desirable from
construction, coverage or aesthetics perspectives. The proposed location is approximately equidistant from other small
cell nodes that ExteNet plans to place in surrounding hard-to-reach areas, so that service coverage can be evenly
distributed. The proposed facility is not in the path of any protected view sheds. The other utility poles in the area are
more conspicuous than the proposed pole. In addition to the utility pole proposed to host Node 07436B, ExteNet
considered alternative sites set forth in the attached Alternative Site Analysis.
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Alternative designs were considered including placing equipment inside of a ground-mounted cabinet. However, the
pole-mounted equipment would better suit the area because it would blend in with the pole. We also evaluated whether
equipment could be undergrounded but unfortunately this is not possible because there is insufficient right-of-way
space for the necessary equipment access and the equipment would be compromised from saturation by rainwater. The
antennas cannot be undergrounded because they rely on a line-of-site in order to properly transmit a signal.
Drawings, propagation maps, photographic simulations, and a radio-frequency engineering analysis are included with
this packet.
As this application seeks authority to install a wireless telecommunication facility, the FCC’s Shot Clock Order2
requires the city to issue its final decision on ExteNet’s application within 150 days. We respectfully request expedited
review and approval of this application. Feel free to contact me if you have any questions. Thank you.

Thank you.
Best Regards,
Ana Gomez
Permitting Agent for ExteNet Systems

2

See Petition for Declaratory Ruling to Clarify Provisions of Section 332(c)(7)(B), WT Docket No. 08-165, Declaratory
Ruling, 24 F.C.C.R. 13994 (2009).
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ITEM #

PART #

DESCRIPTION

QTY.

UNIT WT. (lbs)

STANDOFF ARM ASSEMBLY PARTS/HDWR

R

1

WA-714

3"x3"x3/16"x3'-2" STANDOFF ARM WLDMNT

1

43

2

SS-514

2"x2"x1/4"x2" A36, ANGLE

2

0.5

3

SS-516

2"x2"x1/8"x3" A36, ANGLE

2

0.4

4

15230

3/8Øx1" A307 FULLY THD'D BOLT/NUT/LW, GALV.

4

0.1

5

41010

3/8Øx1" A563-A HEX NUT, GALV.

2

0.01

6

51000

3/8Øx1" A563-A HEX NUT, GALV.

2

0.01

7

80326

3/8Øx6" A36 THRD ROD, GALV.

1

0.19

8

PL-718

1/4"x2"x6" COPPER, BUS BAR

1

0.8

9

43010

3/8"Ø LOCK COPPER, BUS BAR

4

0.01

10

71017

3/8"Øx5/8" FULLY THD'D S.S. BOLT

4

0.04

11

90060

3/8" STANDOFF INSULATOR (559640)

2

0.1

2.2

mConnectivity
Everywhere

SYSTEMS

BUS BAR ASSEMBLY PARTS / HDWR

ANTENNA / EQUIPMENT MOUNT PARTS / HDWR
12

MAST

PANEL ANTENNA PIPE MAST

1

13

16250F

3/8"Øx1 1/2" A307 FULLY THD'D BOLT, GALV.

2

0.1

14

41010

3/8"Ø LOCK WASHER, GALV.

2

0.01

15

51000

3/8"Ø A563 HEX NUT, GALV.

2

0.02

8

®

SHROUD ASSEMBLY PARTS / HDWR

NO SCALE

14

WA-715L

14GA.x13 1/16"x14 5/8" I.D. E.G., FORMED PLATE WLDMNT

1

15

WA-715R

14GA.x13 1/16"x14 5/8" I.D. E.G., FORMED PLATE WLDMNT

1

8

16

PL-1264

14GA.x17 5/8"x2'-0 7/8" E.G., FORMED COVER

1

9.9

17

PL-1267

14GA.X17 5/8"X2'-0 15/16" E.G., FORMED COVER

1

9.9

18

PL-1581

1/2'x1"x2" A36, PLATE

4

0.3

19

14209-4

11GA.x1 1 1/2"x2 15/16" A36, FORMED PLATE

2

0.1

20

55500

1/4-20 U-STYLE SPEED NUT, BLACK PHOSPHATE

16

0.02

21

70217

1/4"Øx1" SS FLGD BUTTON-HD SCKT CAP SCRW

18

0.02

22

70218

1/4"Øx1 1/4" SS FLGD BUTTON-HD SCKT CAP SCRW

18

0.003
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EXTENET OAKLAND
NODE 07436B ALTERNATIVE
SITE ANALYSIS

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL
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MAP OF ALTERNATIVE POLES EVALUATED FOR NODE 07436B

• The above maps depict ExteNet’s proposed Node 07436B in relation to other poles in the area that were evaluated as
possibly being viable alternative candidates.
• The following is an analysis of each of those 5 alternative locations.
© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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PROPAGATION MAP OF NODES 07436B

This propagation map depicts the ExteNet proposed Node 07436B in relation to surrounding proposed ExteNet small cell nodes.
© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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07436B - PROPOSED LOCATION
•

•

•

The location for ExteNet’s
proposed Node 07436B is a wood
utility pole located adjacent to
PROW 1700 62nd Avenue
(37.764966, -122.195547).
ExteNet’s objective is to provide
T-Mobile 4G wireless coverage
and capacity as well as high speed
wireless internet to the Oakland
area.
ExteNet evaluated this site and
nearby alternatives to verify that
the selected site is the least
intrusive means to close TMobile’s significant service
coverage gap.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ALTERNATIVE NODE 07436A
•

•

•

Node 07436A is a wood utility
pole located adjacent to PROW
1620 62nd Avenue
(37.764823, -122.195973).
This pole is not a viable
alternative candidate because
PG&E prohibits the attachment
of wireless facilities on utility
poles with existing fuse cutouts.
This pole is not a viable
alternative candidate because
this pole is located too far from
the primary candidate to
satisfy the service coverage
gap.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ALTERNATIVE NODE 07436C
•

•

•

Node 07436C is a wood utility
pole located adjacent to PROW
1638 E 17th Street
(37.764747, -122.195315).
This pole is not a viable
alternative candidate because
placing equipment on this pole
would likely violate CPUC General
Order 95 regulations because all
four quadrants of the pole appear
occupied.
This pole is not a viable
alternative candidate because the
existing riser on the pole occupies
the quadrant available for our
proposed equipment.
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ALTERNATIVE NODE 07436D
•

•

Node 07436D is a wood utility
pole located adjacent to PROW
1703 62nd Avenue
(37.765055, -122.195640).
This pole is not a viable
alternative candidate because
cross lines and cross arms prevent
adequate climbing space on the
pole pursuant to CPUC General
Order 95, thus prohibiting a
wireless facility from being
installed at this location.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ALTERNATIVE NODE 07436E
•

•

•

Node 07436E is a wood
utility pole located adjacent
to PROW 5140 E 17th Street
(37.765211, -122.195797).
This pole is not a viable
alternative candidate
because this pole is located
too far from the primary
candidate to satisfy the
service coverage gap.
This pole is not a viable
alternative candidate
because this pole is located
too close to primary Node
06089B.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ALTERNATIVE NODE 07436F
•

•

•

Alternative Node 07436F is a
wood utility pole located adjacent
to PROW at 1723 62nd Avenue
(37.765239, -122.195374).
This pole is not a viable
alternative candidate because
this pole is located too far from
the primary candidate to satisfy
the service coverage gap.
This pole is not a viable
alternative candidate because
this pole is located too close to
primary Node 07437A.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ALTERNATIVE SITE ANALYSIS CONCLUSION

Based on ExteNet’s analysis of alternative sites, the currently proposed Node 07436B is the least
intrusive location from which to fill the surrounding significant wireless coverage gaps.

© 2072 EXTENET SYSTEMS, INC. CONFIDENTIAL & PROPRIETARY
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ExteNet Systems CA, LLC • Proposed DAS Node (Site No. 07436B)
6300 East 17th Street • Oakland, California
Statement of Hammett & Edison, Inc., Consulting Engineers
The firm of Hammett & Edison, Inc., Consulting Engineers, has been retained on behalf of
ExteNet Systems CA, LLC, a wireless telecommunications facilities provider, to evaluate the addition
of Node No. 07436B to be added to the ExteNet distributed antenna system (“DAS”) in Oakland,
California, for compliance with appropriate guidelines limiting human exposure to radio frequency
(“RF”) electromagnetic fields.

Executive Summary
ExteNet proposes to install a directional panel antenna on a utility pole sited in the public
right-of-way across from 6300 East 17th Street in Oakland. The proposed operation will
comply with the FCC guidelines limiting public exposure to RF energy.
Prevailing Exposure Standards
The U.S. Congress requires that the Federal Communications Commission (“FCC”) evaluate its
actions for possible significant impact on the environment. A summary of the FCC’s exposure limits
is shown in Figure 1. These limits apply for continuous exposures and are intended to provide a
prudent margin of safety for all persons, regardless of age, gender, size, or health. The most restrictive
FCC limit for exposures of unlimited duration to radio frequency energy for several personal wireless
services are as follows:
Wireless Service

Frequency Band

Microwave (Point-to-Point)
WiFi (and unlicensed uses)
BRS (Broadband Radio)
WCS (Wireless Communication)
AWS (Advanced Wireless)
PCS (Personal Communication)
Cellular
SMR (Specialized Mobile Radio)
700 MHz
[most restrictive frequency range]

5–80 GHz
2–6
2,600 MHz
2,300
2,100
1,950
870
855
700
30–300

Occupational Limit
5.00 mW/cm2

5.00
5.00
5.00
5.00
5.00
2.90
2.85
2.40
1.00

Public Limit

1.00 mW/cm2
1.00
1.00
1.00
1.00
1.00
0.58
0.57
0.48
0.20

Power line frequencies (60 Hz) are well below the applicable range of these standards, and there is
considered to be no compounding effect from simultaneous exposure to power line and radio
frequency fields.
General Facility Requirements
Wireless nodes typically consist of two distinct parts: the electronic transceivers (also called “radios”
or “channels”) that are connected to a central “hub” (which in turn are connected to the traditional
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ExteNet Systems CA, LLC • Proposed DAS Node (Site No. 07436B)
6300 East 17th Street • Oakland, California
wired telephone lines), and the passive antenna(s) that send the wireless signals created by the radios
out to be received by individual subscriber units. The radios are often located on the same pole as the
antennas and are connected to the antennas by coaxial cables. Because of the short wavelength of the
frequencies assigned by the FCC for wireless services, the antennas require line-of-sight paths for their
signals to propagate well and so are installed at some height above ground. The antennas are designed
to concentrate their energy toward the horizon, with very little energy wasted toward the sky or the
ground. This means that it is generally not possible for exposure conditions to approach the maximum
permissible exposure limits without being physically very near the antennas.
Computer Modeling Method
The FCC provides direction for determining compliance in its Office of Engineering and Technology
Bulletin No. 65, “Evaluating Compliance with FCC-Specified Guidelines for Human Exposure to
Radio Frequency Radiation,” dated August 1997. Figure 2 attached describes the calculation
methodologies, reflecting the facts that a directional antenna’s radiation pattern is not fully formed at
locations very close by (the “near-field” effect) and that at greater distances the power level from an
energy source decreases with the square of the distance from it (the “inverse square law”). The
conservative nature of this method for evaluating exposure conditions has been verified by numerous
field tests.
Site and Facility Description
Based upon information provided by ExteNet, including drawings by Black & Veatch Corporation,
dated December 28, 2017, it is proposed to install one Rosenberger Model
BA-O3O3T3T3VFX65F-06 2-foot tall, directional panel antenna, within a cylindrical enclosure on a
cross-arm to be added to a utility pole sited in the public right-of-way about 30 feet southeast of the
intersection of 62nd Avenue and East 17th Street, across from the church located at 6300 East
17th Street in Oakland. The antenna would employ up to 2° downtilt, would be mounted at an
effective height of about 20 feet above ground, and would be oriented toward 50°T. T-Mobile
proposes to operate from this facility with a maximum effective radiated power in any direction of
222 watts, representing simultaneous operation at 120 watts for AWS, 100 watts for PCS, and 2 watts
for 5.2 GHz WiFi service. There are reported no other wireless telecommunications base stations at
this site or nearby.
Study Results
For a person anywhere at ground, the maximum RF exposure level due to the proposed T-Mobile
operation is calculated to be 0.0073 mW/cm2, which is 0.73% of the applicable public exposure limit.
The maximum calculated level at the second-floor elevation of any nearby building is 0.50% of the
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public exposure limit. It should be noted that these results include several “worst-case” assumptions
and therefore are expected to overstate actual power density levels from the proposed operation.
Recommended Mitigation Measures
Due to its mounting location and height, the ExteNet antenna would not be accessible to the general
public, and so no mitigation measures are necessary to comply with the FCC public exposure
guidelines. To prevent occupational exposures in excess of the FCC guidelines, it is recommended
that appropriate RF safety training be provided to all authorized personnel who have access to the
antenna. No access within 2 feet directly in front of the antenna itself, such as might occur during
certain maintenance activities, should be allowed while the node is in operation, unless other measures
can be demonstrated to ensure that occupational protection requirements are met. Posting explanatory
signs* on the pole at or below the antenna, such that the signs would be readily visible from any angle
of approach to persons who might need to work within that distance, would be sufficient to meet
FCC-adopted guidelines.
Conclusion
Based on the information and analysis above, it is the undersigned’s professional opinion that
operation of the node proposed by ExteNet Systems CA, LLC, near 6300 East 17th Street in Oakland,
California, will comply with the prevailing standards for limiting public exposure to radio frequency
energy and, therefore, will not for this reason cause a significant impact on the environment. The
highest calculated level in publicly accessible areas is much less than the prevailing standards allow
for exposures of unlimited duration. This finding is consistent with measurements of actual exposure
conditions taken at other operating nodes. Training personnel and posting signs is recommended to
establish compliance with occupational exposure limitations.

* Signs should comply with OET-65 color, symbol, and content recommendations. Contact information should be
provided (e.g., a telephone number) to arrange for access to restricted areas. The selection of language(s) is not an
engineering matter, and guidance from the landlord, local zoning or health authority, or appropriate professionals
may be required. Signage may also need to comply with the requirements of California Public Utilities
Commission General Order No. 95.
S6AJ.1
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Authorship
The undersigned author of this statement is a qualified Professional Engineer, holding California
Registration No. E-21306, which expires on September 30, 2019. This work has been carried out
under his direction, and all statements are true and correct of his own knowledge except, where noted,
when data has been supplied by others, which data he believes to be correct.

Neil J. Olij, P.E.
707/996-5200
March 9, 2018
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FCC Radio Frequency Protection Guide
The U.S. Congress required (1996 Telecom Act) the Federal Communications Commission (“FCC”)
to adopt a nationwide human exposure standard to ensure that its licensees do not, cumulatively, have
a significant impact on the environment. The FCC adopted the limits from Report No. 86, “Biological
Effects and Exposure Criteria for Radiofrequency Electromagnetic Fields,” published in 1986 by the
Congressionally chartered National Council on Radiation Protection and Measurements (“NCRP”).
Separate limits apply for occupational and public exposure conditions, with the latter limits generally
five times more restrictive. The more recent standard, developed by the Institute of Electrical and
Electronics Engineers and approved as American National Standard ANSI/IEEE C95.1-2006, “Safety
Levels with Respect to Human Exposure to Radio Frequency Electromagnetic Fields, 3 kHz to
300 GHz,” includes similar limits. These limits apply for continuous exposures from all sources and
are intended to provide a prudent margin of safety for all persons, regardless of age, gender, size, or
health.
As shown in the table and chart below, separate limits apply for occupational and public exposure
conditions, with the latter limits (in italics and/or dashed) up to five times more restrictive:
Frequency

Electromagnetic Fields (f is frequency of emission in MHz)

0.3 –
1.34 –
3.0 –
30 –
300 –
1,500 –

1.34
3.0
30
300
1,500
100,000

614
614
1842/ f
61.4
3.54 f
137

614
823.8/ f
823.8/ f
27.5
1.59 f
61.4

1000
Power
Density
(mW/cm2)

Magnetic
Field Strength
(A/m)

Electric
Field Strength
(V/m)

Applicable
Range
(MHz)

1.63
1.63
4.89/ f
0.163
f /106
0.364

Equivalent Far-Field
Power Density
(mW/cm2)

1.63
2.19/ f
2.19/ f
0.0729
f /238
0.163

100
100
900/ f2
1.0
f/300
5.0

100
180/ f2
180/ f2
0.2
f/1500
1.0

Occupational Exposure

100

PCS

10

FM

Cell

1
0.1
Public Exposure

103
104
10
100
105
Frequency (MHz)
Higher levels are allowed for short periods of time, such that total exposure levels averaged over six or
thirty minutes, for occupational or public settings, respectively, do not exceed the limits, and higher
levels also are allowed for exposures to small areas, such that the spatially averaged levels do not
exceed the limits. However, neither of these allowances is incorporated in the conservative calculation
formulas in the FCC Office of Engineering and Technology Bulletin No. 65 (August 1997) for
projecting field levels. Hammett & Edison has built those formulas into a proprietary program that
calculates, at each location on an arbitrary rectangular grid, the total expected power density from any
number of individual radio sources. The program allows for the description of buildings and uneven
terrain, if required to obtain more accurate projections.
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1

FCC Guidelines
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RFR.CALC™ Calculation Methodology
Assessment by Calculation of Compliance with FCC Exposure Guidelines
The U.S. Congress required (1996 Telecom Act) the Federal Communications Commission (“FCC”) to
adopt a nationwide human exposure standard to ensure that its licensees do not, cumulatively, have a
significant impact on the environment. The maximum permissible exposure limits adopted by the FCC
(see Figure 1) apply for continuous exposures from all sources and are intended to provide a prudent
margin of safety for all persons, regardless of age, gender, size, or health. Higher levels are allowed for
short periods of time, such that total exposure levels averaged over six or thirty minutes, for
occupational or public settings, respectively, do not exceed the limits.
Near Field.
Prediction methods have been developed for the near field zone of panel (directional) and whip
(omnidirectional) antennas, typical at wireless telecommunications base stations, as well as dish
(aperture) antennas, typically used for microwave links. The antenna patterns are not fully formed in
the near field at these antennas, and the FCC Office of Engineering and Technology Bulletin No. 65
(August 1997) gives suitable formulas for calculating power density within such zones.
For a panel or whip antenna, power density

S

=

180
BW

and for an aperture antenna, maximum power density
where

=
Pnet =
D =
h =
=
BW

Smax

0.1 Pnet
, in mW/cm2,
D2 h
=

0.1 16

Pnet
h

2

, in mW/cm2,

half-power beamwidth of the antenna, in degrees, and
net power input to the antenna, in watts,
distance from antenna, in meters,
aperture height of the antenna, in meters, and
aperture efficiency (unitless, typically 0.5-0.8).

The factor of 0.1 in the numerators converts to the desired units of power density.
Far Field.
OET-65 gives this formula for calculating power density in the far field of an individual RF source:
power density

S

2.56 1.64 100 RFF 2
=
4
D2

ERP

, in mW/cm2,

where ERP = total ERP (all polarizations), in kilowatts,
RFF = relative field factor at the direction to the actual point of calculation, and
D = distance from the center of radiation to the point of calculation, in meters.
The factor of 2.56 accounts for the increase in power density due to ground reflection, assuming a
reflection coefficient of 1.6 (1.6 x 1.6 = 2.56). The factor of 1.64 is the gain of a half-wave dipole
relative to an isotropic radiator. The factor of 100 in the numerator converts to the desired units of
power density. This formula has been built into a proprietary program that calculates, at each location
on an arbitrary rectangular grid, the total expected power density from any number of individual
radiation sources. The program also allows for the description of uneven terrain in the vicinity, to
obtain more accurate projections.
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Figure 2

