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Applicant: ISAT US, Inc.
Call Sign: E140029
File No.: SES-STA-20190321-00389

ISAT US, Inc. (ISAT) is granted special temporary authority for 60 days beginning March 28, 2019

to operate up to ten Get Sat Earth station terminal types: "MilliSat -W", "MilliSat-H", and "MilliSat". The
terminals will operate as Earth Stations on Vessel with the Inmarsat-5 F2 satellite at the 55° W.L. orbital
location and the Inmarsat-5 F3 satellite at the 179.6 E.L. orbital location in the 19.7-20.2 GHz (space-to-

Earth) and 29.5-30 Ghz (Earth-to-space) frequency bands under the following conditions:

1.

Operations must be in accordance with the technical limits contained in ISAT's pending application IBFS
File No. SES-MOD-20190321-00390.

Operations under this grant of special temporary authority are on an unprotected, non-harmful interference
basis, i.e., while operating under this temporary authority ISAT must not cause harmful interference to,
and must not claim protection from interference caused to it by, any other lawfully operating
radiocommunication system. ISAT must cease operations immediately upon notification of such
interference and must immediately inform the Commission, in writing, of such an event.

ISAT US, Inc. must take all necessary measures to ensure that the antenna does not create potential
exposure of humans to radio frequency radiation in excess of the FCC exposure limits defined in 47 CFR
§8§ 1.1307(b) and 1.1310 wherever such exposures might occur. Measures must be taken to ensure
compliance with limits for both occupational controlled exposure and for general population/uncontrolled
exposure, as defined in these rule sections. Requirements for restrictions can be determined by predictions
based on calculations, modeling or by field measurements. The FCC's OET Bulletin 65 (available on-line
at www.fcc.gov/oetlrfsafety) provides information on predicting exposure levels and on methods for
ensuring compliance, including the use of warning and alerting signs and protective equipment for
workers. The licensee shall ensure installation of terminals will be by qualified installers who have an
understanding of the antenna's radiation environment and the measures best suited to maximize protection
of the general public and persons operating the aircraft and equipment. A terminal exhibiting radiation
exposure levels exceeding 1.0 m W/cm2 in accessible areas, such as at the exterior surface of the radome,
shall have a label attached to the surface of the terminal warning about the radiation hazard and shall
include thereon a diagram showing the regions around the terminal where the radiation levels could exceed
1.0 mW/cm2.

The remote control point at Lino Lakes, MN (808-469-7104) must maintain be available 24 hours per day,
seven days per week, with the authority and ability to terminate operations authorized, for discussing
interference concerns with other licensees and U.S. Government agencies.

ISAT US, Inc. must maintain records of the following data for each earth station, a record of the location
(i.e., latitude/longitude/altitude), transmit frequency, channel bandwidth and satellite used shall be time
annotated and maintained for a period of not less than one year. Records shall be recorded at time intervals
no greater than one (1) minute while the antenna is transmitting. The operator shall make this data
available, in the form of a comma delimited electronic spreadsheet, within 24 hours of a request from the
Commission, NTIA, or a frequency coordinator for purposes of resolving harmful interference events. A
description of the units (i.e., degrees, minutes, MHz, etc.) in which the records values are recorded will be
supplied along with the records.

Antenna elevation for all operations must be at least 5 degrees above the geographic horizon while the
aircraft is on the ground.
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7. Grant of this authorization is without prejudice to any determination that the Commission may make regarding
pending applications or future requests for special temporary authority. IBFS File No. SES-MOD-20190321-
00390.

8. Any action taken or expense incurred as a result of operations pursuant to this special temporary authority is
solely at ISA T US, Inc.'s risk.

This action is issued pursuant to Section 0.261 of the Commission's rules on delegated authority, 47 C.F.R. §
0.261, and is effective immediately. Petitions for reconsideration under Section 1.106 or applications for
review under Sections 1.115 of the Commission's rules, 47 C.F.R. §§ 1.106, 1.115, may be med within thirty
days of the date of the public notice indicating that this action was taken.

" tite#_SES- STH ~/7552/ 0367

(or other identifier)
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ISAT US Inc.
FCC Form 312 Exhibit A

Application to Modify License E140029
L DESCRIPTION OF MODIFICATION

ISAT US Inc. (“ISAT US”) hereby seeks to modify its Global Xpress blanket license for
Ka-band maritime Earth Stations in Motion (“ESIM”), Call Sign E140029 (“License”), File No.
SES-LIC-20140224-00098 (“GX Maritime Application™) (as modified by File Nos. SES-MOD-
20151106-00818, SES-MOD20161130-00917, and SES-MOD-20170817-00928) to add a three
new GX Earth station terminal types (“MicroSat”, “MilliSat-W”, “MilliSat-H") that will
communicate with the Inmarsat-5 F2 (“I5F2”) and Inmarsat- 5 F3 (“I5F3”) satellites. Section II
addresses the proposed new Earth station terminals. No other changes are requested by this
modification application. ISAT US incorporates by reference Exhibits E (response to Question
E17 regarding the remote control point) and (24-hour point of contact) of the GX Maritime
Application, as well as certain other portions of the GX Maritime Application referenced below.

IL NEW EARTH STATION IN MOTION TERMINALS

This modification application seeks to add three terminal models that are manufactured
by GetSat. The terminals will provide mobile communications services over Inmarsat’s Ka-band
Global Xpress satellite system in the 29.5-30.0 GHz (Earth-to-space) and 19.7-20.2 GHz (space-
to-Earth) frequency bands. ISAT US already holds a blanket license for ESIMs that provide
broadband communications in maritime applications' with the Inmarsat SF2 and Inmarsat 5F3
satellite networks. This license covers operations in the 29.5-30.0 GHz (Earth-to-space) and
19.7-20.2 GHz (space-to-Earth) frequency bands. This application seeks authority to operate in

these same frequencies for maritime applications. As pictured below, the GetSat terminals

! See Call Sign E140029.



utilize small flat panel antennas to achieve a compact terminal size that is especially useful in
mobile applications. These terminals will add to the option of terminals available to meet the
needs of maritime users. In the future, Inmarsat plans to file an additional application seeking
authorization for these same terminals in land-mobile deployments.

A. Maritime ESIM Terminal Description
This application seeks to license the MicroSat, MilliSat-W, and MilliSat-H terminals

manufactured by GetSat (“GetSat Terminals”). The terminals will operate on the same
frequencies as the GX Terminals in the current license: 19.7-20.2 GHz (space-to-Earth) and
29.5-30.0 GHz (Earth-to-space). As illustrated in the off-axis EIRP spectral density plots in
Exhibit B, the MicroSat, MilliSat-W, and MilliSat-H terminals meet the performance
requirements in Section 25.138 (a) under clear sky conditions. Additionally, each of these
ESIM terminal types will be operated within the -118 dBW/m*MHz power flux-density at
the earth’s surface of the I5SF2 and I5F3 .satellite. Thus, the proposed terminals are able to
operate without causing unacceptable interference, consistent with the requirements of

Section 25.209(f).2

The Commission has deleted the requirement to provide receive earth station patterns in
the 19.7-20.2 GHz frequency band (see Sections 25.132 and 25.115). To the extent that the
proposed terminal may have minor exceedance at certain off-axis angles Inmarsat understands
and agrees to accept interference from adjacent FSS satellite networks to the extent the relevant

receiving antenna performance requirements of Section 25.209 are exceeded.

Radiation hazard analyses for the MicroSat, MilliSat-W, and MilliSat-H terminals and

a discussion of the results are provided in Exhibit C.

2 See Section 25.209(f).



The proposed GetSat Terminals will be subject to the same national security
requirements described in Section 4 of Exhibit A of the GX Maritime Application. That
discussion is incorporated by reference herein. Inmarsat has completed US334 coordination
with the applicable Federal users.

The following sections provide a description of each of the terminal types.

B. MICROSAT Terminal

The required technical data for the proposed MicroSat earth station is provided in the
Form 312. This terminal type employs a 0.248 x 0.135 meter flat panel antenna and the half-
power beamwidth required in Section 25.130(f) is 2.4 degrees. In addition, for blanket licensing
of transmitting Earth stations in the 29.5-30.0 GHz band, the Commission adopted off-axis EIRP
spectral density levels contained in Section 25.138(a). As illustrated in the off-axis EIRP
spectral density plots in Exhibit B, the proposed terminal type meets the performance
requirements in Section 25.138 (a) under clear sky conditions.

Below are images of the MicroSat terminal both inside and outside of its radome:




C. MILLISAT-W Terminal

The required technical data for the proposed MILLISAT-W earth station is provided in
the Form 312. This terminal type utilizes a variation on the MicroSat design, that employs a 0.5
x 0.135 meter flat panel antenna; and the half-power beamwidth required in Section 25.130(f) is
1.2 degrees. Inaddition, for blanket licensing of transmitting Earth stations in the 29.5-30.0
GHz band, the Commission adopted off-axis EIRP spectral density levels contained in Section
25.138(a). As illustrated in the off-axis EIRP spectral density plots in Exhibit B, the proposed
terminal type meets the performance requirements in Section 25.138 (a) under clear sky
conditions.

Below are images of the MilliSat-W terminal, both inside and outside of its radome:




D. MILLISAT-H Terminal

The required technical data for the proposed MILLISAT-H earth station is provided in the
Form 312. This terminal type utilizes a variation on the MicroSat design, that employs a 0.248 x
0.27 meter flat panel antenna; and the half-power beamwidth required in Section 25.130(f) is 2.2
degrees. In addition, for blanket licensing of transmitting Earth stations in the 29.5-30.0 GHz
band, the Commission adopted off-axis EIRP spectral density levels contained in Section
25.138(a). As illustrated in the off-axis EIRP spectral density plots in Exhibit B, the proposed
terminal type meets the performance requirements in Section 25.138 () under clear sky
conditions.

Below is an image of the MilliSat-H terminal both inside and outside of its radome:



III.

REQUEST FOR WAIVER

ISAT US hereby respectfully requests a partial waiver of Sections 25.115(g) and
25.132(b)(1) of the FCC’s rules to the extent the antenna plots in Exhibit B of this application
do not cover the entire range of off-axis angles called for in those rule sections. The relevant
portions of Sections 25.115 and 25.132 call for plots of maximum co-polarized EIRP density
in the plane tangent to the GSO arc at off-axis angles from minus 180° to plus 180°. Exhibit

6



B of this application includes plots covering off-axis angles from minus 90° to plus 90°.
These are the plots that were provided by the terminal manufacturer, and ISAT US was unable
to receive plots covering the rest of the range called for in Sections 25.115 and 25.132 of the
FCC’s rules.® The plots provided for each antenna show a sharp drop off in EIRP density at
angles moving away from the GSO arc, and in each case show that by minus 50° or plus 50°,
the EIRP densities are well below the envelope specified in Section 25.209 of the FCC’s
rules. This strong performance against the Section 25.209 envelope is in part a result of the
small rectangular panel and tight beam-forming of the GetSat terminal antennas. As a result
of the terminal design, there is no reason to expect that that the EIRP density levels would
dramatically increase beyond minus 90° or plus 90°. Grant of this partial waiver will help
accelerate the approval process of these terminals by not requiring unnecessary and
duplicative measurements to be taken by the manufacturer, and thus would serve the public
interest.

IV. RESPONSE TO QUESTION 36

ISAT US submits this response to Question 36 of the FCC Form 312 out of an abundance
of caution. In 2005, the Commission dismissed a Petition for Declaratory Ruling (the “Petition”)
filed by Inmarsat Mobile Networks, Inc.’s affiliate, Inmarsat Global Limited (“Inmarsat
Global”), seeking United States market access to provide MSS in the 2 GHz band. Subsequent

to Inmarsat Global’s filing, the Commission assigned all 2 GHz spectrum currently allocated for

3 In other instances, the plots provided by the manufacturer show greater ranges than those
required under the FCC rules. Those greater ranges are included in this application for
completeness and only reinforce the favorable performance of the GetSat terminals.

7



MSS in the United States to two other satellite operators, and thus dismissed Inmarsat Global’s

Petition.



EXHIBIT B

1.0 MilliSat-W Off-Axis EIRP Masks

Co-Pol EIRP density in the Plane Tangent to the GSO Arc 29.5 GHz
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Co-Pol EIRP density in the Plane Tangent to the GSO Arc 29.5 GHz (-10 to +10 degrees)
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Co-Pol EIRP density in the Perpendicular to the GSO Arc 29.5 GHz (0 to +30 degrees)
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2.0  MilliSat-H Off-Axis EIRP Masks

Co-Pol EIRP density in the Plane Tangent to the GSO Arc 29.5 GHz
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ISAT US Inc.
FCC Form 312 Exhibit C
Radiation Hazard Analysis
. Introduction

This Exhibit analyzes the non-ionizing radiation levels for the three GetSat Terminal earth stations
included in this application. The analysis and calculations performed in this Exhibit comply with the
methods described in the FCC Office of Engineering and Technology Bulletin, No. 65 first published in
1985 and revised in 1997 in Edition 97-01.

Bulletin No. 65 and the FCC R&O 96-326 specify two Maximum Permissible Exposure (MPE) limits that
are dependent on the situation in which the exposure takes place and/or the status of the individuals
who are subject to the exposure. These are described below:

e General Population/Uncontrolled environment MPE limit is 1 mW/cm2. The General Population
/Uncontrolled MPE is a function of transmit frequency and is for an exposure period of thirty
minutes or less.

e Occupational/Controlled environment MPE limit is 5 mW/cm2. The Occupational MPE is a
function of transmit frequency and is for an exposure period of six minutes or less.

The analysis determined the power flux density levels of the earth station in the 1) far-field, 2) near-
field, 3) transition region, 4) region between the feed and main reflector surface, 5) at the main reflector
surface, and 6) between the antenna edge and the ground. The analysis also examined the safe distance
required to meet both the controlled and uncontrolled exposure limits. The summary of results and
discussion is provided in Section 2 and the detailed analyses are provided in Section 3.

. Summary of Results

The Tables below summarize the results for the proposed GetSat terminals. The analysis of the non-
jonizing radiation levels, provided in Section 3, assumed the maximum allowed input power to antenna
of 16W and a 100% duty cycle resulting in worst case radiation levels. In a significant number of
deployments the terminal duty cycle would be below 100% and the actual power required would be
lower than the 16W maximum resulting in lower radiation levels than those calculated. As with any
directional antenna the maximum level of non-ionizing radiation is in the main beam of the antenna that
is pointed to the satellite. As one moves around the antenna to the side lobes and back lobes the
radiation levels decrease significantly. Thus, the maximum radiation level from an antenna occurs in a
limited area in the direction the antenna is pointed to. This is especially true in the case of the GetSat
terminals, as they utilize small, flat panel antennas that result in tighter beam-forming that concentrates
the transmitted power in a smaller area around the main beam, resulting in higher calculated power
density in the main beam but a sharp drop off in energy as one moves toward the side lobes.

The GetSat terminals are for commercial and government use and are not intended to be operated by
the general public. The terminal is cost prohibitive for purchase by the general public, therefore it will
only be operated by trained professional personnel. The antenna installers will be aware of the
antenna’s radiation environment and use measures best suited to maximize protection to anyone who
may come into the proximity of the terminal.



As summarized in the tables below, the MilliSat-W and MilliSat-H antennas meet the FCC's MPE levels
for controlled or uncontrolled environments beyond separation distances of about 21 m and 9.5 m,
respectively. The MicroSat antenna meets the FCC’s MPE levels for contolled or uncontrolled
environments beyond separation distances of about 15.2 m and 6.8 m, respectively. Based on these
calculations, the MilliSat-W antenna meets the FCC's MPE levels for controlled environments in the far
field of the antenna and exceeds the levels in the near field and the transition region, as well as on the
main reflector. The Millisat-H and MicroSat antennas exceed the FCC's MPE levels for controlled
environments in the near field, far field, and transition region, as well as on the main reflector. Since the
antenna of each terminal will be enclosed within a radome, the main reflector and feed flange areas will
not be accessible while the antenna is in operation. Training of personnel with access to the terminal
would include consideration of the operational modes of the antenna and information on how to
prevent radiation exposure, including disabling the communications system. The terminal is not
designed to be serviceable in the field. If maintenance of the antenna requiring removal of the radome
is necessary, this typically will be done at the manufacturer’s facility, by trained technicians who will
turn off the transmit power before performing work in these areas.

Additionally, there are various safety features associated with the operation and installation of the
terminals that will prevent radiation exposure. The antenna will be installed on vessels, and only at
locations not accessible by the general population on the vessels. Given that the antenna will not
operate below elevation angles of five degrees, and that the terminal will be pointed upward toward the
satellite - persons on the vessel are unlikely to be exposed to the main beam of the antenna. Any areas
where the limits for uncontrolled environments could be exceeded will be restricted to trained
personnel. Furthermore, the manuals for these terminals will provide warnings regarding potential for
radiation hazard, including a label attached to the surface of the terminal warning about the potential
for radiation hazard.

The terminals also are designed to cease transmitting if the receive signal from the satellite is blocked,
which could be caused by a person standing in front of the terminal or from other blockage. If the
receive signal is blocked, the transmitter is shut down nearly instantaneously and will not resume
operating until the signal from the satellite is reacquired. In fact there is a double shut down protection
in the event that someone or something obstructs the RF path to the satellite. Not only does the
terminal automatically turn off its Transmit capability if it loses the satellite Receive signal, i.e. the
transmission path is compromised, but the radio frequency amplifier is additionally muted via its
monitor and control so that no radio frequency can be transmitted. Especially given the small size of
these flat panel antennas and their operational elevation angle, there is a high probability that any
person passing close enough to the antenna to be exposed to its main beam would also block the RF
path between the terminal and the satellite triggering the automatic shutdown mechanism. As a result
of this automatic shutdown mechanism, the maximum continuous time that a person could be exposed
to the main beam transmissions at any power level would be significantly less than one second before
the antenna would cease transmitting.

Finally, the software interface for the terminals also includes the ability to set up three-dimensional
blocking zones that will prevent the terminal from transmitting in certain set directions relative to the
terminal’s place of installation. This would allow the trained personnel installing and operating the
terminal to ensure that the terminal will never transmit when it is pointed at areas where people are
likely to be present.



In conclusion, the results of the analysis combined with the design and operational characteristics of the
terminals show that the GetSat terminals, in a controlled environment, and under the proper mitigation

procedures, meet the guidelines specified in § 1.1310 of the Regulations.

MilliSat-W Terminal

. Distance Calculatec! Corl;ltr::;ﬁed Limit U.ncontrolled
Region (m) Power Density Environment Environment
(mW/cm2) <5 mW/cm2 <1 mW/cm2
safe Range for | >37 gp 1.0 Meets Limit Meets Limit
Uncontrolled
safe Range for >9.40 5.0 Meets Limit Exceeds Limit
Controlled
Near Field 6.3 18.91 Exceeds Limit Exceeds Limit
Far Field 15.0 1.96 Meets Limit Exceeds Limit
Transition Region 6.3 18.91 Exceeds Limit Exceeds Limit
Main Reflector NA 94.81 Exceeds Limit Exceeds Limit
MilliSat-H Terminal
Limit
. Distance Calculateq Controlled Limit L!ncontrolled
Region (m) Power Density Environment Environment
(mW/cm2) <5 mW/cm2 <1mW/cm2
fjar:foF:\i:c?ITe?r >21.26 1.0 Meets Limit Meets Limit
safe Range for 5.0 Meets Limit Exceeds Limit
Controlled >9.51
Near Field 1.8 64.83 Exceeds Limit Exceeds Limit
Far Field 4.4 23.61 Exceeds Limit Exceeds Limit
Transition Region 1.8 64.83 Exceeds Limit Exceeds Limit
Main Reflector NA 95.58 Exceeds Limit Exceeds Limit
MicroSat Terminal
Limit
. Distance Calculatec! Controlled Limit U'ncontrolled
Region (m) Power Density Environment Environment
(mW/cm?2) <5 mW/cm2 <1 mwW/cm2
fja::oi?cpflfe?r >15.23 1.0 Meets Limit Meets Limit
(S:Zf:tf;?eg: for >6.81 5.0 Meets Limit Exceeds Limit
Near Field 1.8 64.83 Exceeds Limit Exceeds Limit




Far Field 4.4 12.11 Exceeds Limit Exceeds Limit
Transition Region 1.8 64.83 Exceeds Limit Exceeds Limit
Main Reflector NA 191.16 Exceeds Limit Exceeds Limit

lil.  Detailed Calculations
Millisat-W Terminal
Input Parameter Value Units Symbol
Antenna Major Axis Dimension 05| m D
Antenna Transmit Gain @30 GHz 35.4 | dBi G
Transmit Frequency 30000 | MHz F
Power Input to the Antenna 16 | Watts P
Antenna Surface Area 675 | cm? A
Antenna Efficiency 0.58 | Real n
Calculated Parameter Value Units Symbol | Formula
Gain Factor 3467.37 | Real g 107 G/10)
Wavelength 0.01 | m A 300/f
Antenna Field Distances
Calculated Parameter Value Units Symbol | Formula
Near-Field Distance 6.25 | m Rnf D?/(4M)
Distance to Far-Field 15.00 { m Rff 0.6D?/\
Distance of Transition Range 6.25 | m Rt Rt=Rnf
Power Density
Calculated Parameter Value Units Symbol | Formula
Power Density in the Near Field 18.91 | mW/cm? | Snf 16nP/(nD?)
Power Density in the Far Field 1.96 | mW/cm? | Sff gP/(4nRff3)
Power Density in the Transition
Region 18.91 | mW/cm? | St Snf*Rnf/Rt
Power Density at Aperture Surface 94.81 | mW/cm? | Ssurface | 4P/A
Distance to 1 mW/cm’ 2102 | m
Distance to 5 mW/cm’ 9.40 | m
Millisat-H Terminal
Input Parameter Value Units Symbol
Antenna Major Axis Dimension 027 | m D
Antenna Transmit Gain @30 GHz 35.5 | dBi G




Input Parameter Value Units Symbol

Transmit Frequency 30000 | MHz F

Power Input to the Antenna 16 | Watts P

Antenna Surface Area 669.6 | cm? A

Antenna Efficiency 0.58 | Real n

Calculated Parameter Value Units Symbol | Formula
Gain Factor 3548.13 | Real g 107(G/10)
Wavelength 001 | m A 300/f
Antenna Field Distances

Calculated Parameter Value Units Symbol | Formula
Near-Field Distance 1.82 | m Rnf D%/(4A)
Distance to Far-Field 437 | m Rff 0.6D%/A
Distance of Transition Range 1.82|m Rt Rt=Rnf
Power Density

Calculated Parameter Value Units Symbol | Formula
Power Density in the Near Field 64.83 | mW/cm? | Snf 16nP/(nD?)
Power Density in the Far Field 23.61 | mW/cm? | Sff gP/(4mRff?)
Power Density in the Transition

Region 64.83 | mW/cm? | St Snf*Rnf/Rt
Power Density at Aperture Surface 95.58 | mW/cm? | Ssurface 4P/A
Distance to 1 mW/cm?2 21.26 [ m

Distance to 5 mW/cm2 9.51 | m

MicroSat

Input Parameter Value Units Symbol

Antenna Major Axis Dimension 027 | m D

Antenna Transmit Gain @30 GHz 32.6 | dBi G

Transmit Frequency 30000 | MHz F

Power Input to the Antenna 16 | Watts P 334.8
Antenna Surface Area 334.8 | cm? A 0.03348
Antenna Efficiency 0.58 | Real n

Calculated Parameter Value Units Symbol | Formula
Gain Factor 1819.70 | Real g 107(G/10)
Wavelength 001 |m A 300/f

Antenna Field Distances




Calculated Parameter Value Units Symbol | Formula
Near-Field Distance 182 | m Rnf D%/(4\)
Distance to Far-Field 437 | m Rff 0.6D%/\
Distance of Transition Range 182 | m Rt Rt=Rnf
Power Density

Calculated Parameter Value Units Symbol | Formula
Power Density in the Near Field 64.83 | mW/cm? | Snf 16nP/(nD?)
Power Density in the Far Field 12.11 | mW/cm? | Sff gP/(4nRff?)
Power Density in the Transition

Region 64.83 | mW/cm? | St Snf*Rnf/Rt
Power Density at Aperture Surface 191.16 | mW/cm? | Ssurface | 4P/A
Distance to 1 mW/cm’ 1523 [ m

Distance to 5 mW/cm? 6.81 | m




