Elite Electronic Engineering Inc.
1516 Centre Circle

Downers Grove, IL 60515

Tel : (630) 495-9770

Fax: (630) 495-9785
www.elitetest.com

Engineering Test Report No. 37122-02

Measurement of RF Interference from an
Orion Transmitter

For : Badger Meter, Inc.
Milwaukee, IL

P.O. No. : 539965

Date Received: November 13, 2006

Date Tested : November 13, 2006 through November 20, 2006

Test Personnel: Mark E. Longinotti

Specification : FCC "Code of Federal Regulations" Title 47, Part 15,
Subpart C, Section 15.247 for Frequency Hopping
Spread Spectrum Intentional Radiators Operating within
The 902-928MHz band

_MAEK E. LoncingTT|
Mark E. Longinotti

Test Report By

Witnessed by
Syed Mateen
Badger Meter, Inc.

/Z;,.«M/M

Raymond J. Klouda
Registered Professional Engineer of
[llinois - 44894

Approved By



Engineering Test Report No. 37122-02

TABLE OF CONTENTS

PARAGRAPH DESCRIPTION OF CONTENTS PAGE NO.
1.0 INTRODUCTION ...ttt bbbt bbb e et b e bbbt b b et e s et et e e bbb nn e 5
I Lol o (o (0 = 1 o OSSR 5
A U [ 10 TR U TR URTUPTUPTOPN 5
1.3 Deviations, AAditions aNG EXCIUSIONS .......ooveeeveeieeeeeeeeeeeee et e e e et e ettt et e e s se s eeeeeesssae e reeeteessessrrereeeeesssasnrrens 5
N oo [Tor= o] Lo DT Lot 4T OSSR 5
1.5 SubcontraCtor TAENTITICATION .........oiieieieee ettt see st esae e e e teeneeneeseeenes 5
LG R I oTo)] =1 (o VA O] 1o 11 1 o] OSSR 5
2.0 TEST ITEM SETUP AND OPERATION ...ttt nnen s 5
2. L POWEE TNPUL ...ttt ettt bt h ekttt e b e e eh e e sh e e eh b e e h bt e R b e e s ke 2 k£ e be e ehe e e he e e mb e e ekt e nbeeebeenbeesbnennneas 5
P22 1 {01 o110 RSP 6
2.3 Peripheral EQUIPIMENT ... ... ittt sttt ettt e st e ete e s e sae st e e sae e e e teeeeeneesteesaesbeeneeneeneens 6
2.4 INEEICONNECE CADIES ...ttt sttt ettt ae e et et e e s e sbeete e tesee e e e sbeeneeneesteasaeneeeneeneenneens 6
2.5 OPEIALIONAI IMIOUE ...ttt ettt sttt e s et e st et ese e s e e ebeeseesaeeseentesae e e e aaeeseeneesteasaeneeeneeneensens 6
2.6 TeSt 1M MOGITICATIONS. ......eeie ettt sttt ettt e e s et et e beeneeseeseeeseenbeereeneeneeans 6
3.0 TEST EQUIPMENT ...ttt bbbttt bbbttt b b n e 6
3.1 TSt EQUIPMENT LLIST ...ttt ettt sttt e et e et ete e s e sa e st e besee e e e sbeeaeeseesteenaenneeneensennens 6
3.2 Calibration TraCRADTIILY .........coe ittt e et e st te et e saeereenbeereeneenee e 6
3.3 MEaSUIEMENT UNCEITAINTY .........eiiiieiieieie ettt sttt te sttt e s te et e tesbeeseesteeneeseeste e e eneeseeesaesbesreeneeneeans 6
4.0 REQUIREMENTS, PROCEDURES AND RESULTS..... .ottt 7
4.1 Powerling ConAUCTE EMISSIONS ........eiuiieiieie ittt ettt ettt ettt st et e te e e seesteeseesaesteenaesbeeneeneeneens 7
I I L= To DT (= TSRS 7
4.2 Duty Cycle FaCtOr MEASUIEIMENTS ......cceiiieieiieeeeiteeeeeeesteeteestesteeteestesseeseestesseessesteaseeseeaseeneesaeaseeneesseaseensessenns 7
O o (0 Tot T L1 1RSSR 7
A.2.2 RESUILS ...ttt ettt ettt a e ettt e s e he Rt e bRt e et Re R e eRe R e e A bt eRe Rt eneeeReen e e nte st e neenreeneenreanean 7
4.3 RAIAIED MEBASUIEIMENTS ... .c.eiieeeie ittt ettt ettt e e ste e e teeteeseeste et e stesseeseesaeeseeseeteemeeseeeseeneeseesaeanaenneareensensenns 7
O I (=0 01T (= < TSRS 7
O o 0 Tox =T [ =TSRSS 8
G G (=TT 1 ] 3OS 9
4.4 200B BaANUWITTN ..ot 10
O I (=0 DT (= < OSSR 10
O e (0 Tox =T [ - SRS 10
G (=LY ] 3 S 10
4.5 Carrier FreQUENCY SEPAIATION .......ccve ittt e et e st sre e e e sbeeseeseesteeseeseeeteeneeseeeneenbesneeneeseeenes 10
O =T [T =] 1= ) £ 10
O o 0 Tox =T [ =SS 10
TG N (=LY ] 3OS 10
4.6 Number of HOPPING FIEOUENCIES. .......eoiiieeiieie ettt sttt e st s et te e s e saeane e teseeeneeseeenes 11
I (=0 DT (= 1 ] TSR 11
A o 0 Tox =T [ -SSR 11
G (=LY ] 3SR 11
A 100 L= ) O oot U] o T YT SSTR 11
O I (=0 0T (= < o OSSR 11
O o o Tox =T [ -SSR 11
G o (=TT ] 3 S 12
4.8 PEAK OULPUL POWET ...ttt ettt sttt et se et e e et et e eteeneesae et e eneeseeeteeneeneeaneeseeneeneeseeenes 12
I (= o 01T (=< o OSSR 12
A o 0 Tox =T [ -1 ST 12

THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT THE
WRITTEN APPROVAL OF ELITE ELECTRONIC ENGINEERING INCORPORATED.

Page 2 of 63



Engineering Test Report No. 37122-02

G T (=TT U ] | OSSR 12

4.9 Bandedge COMPIIANCE .........cuiiiiitiitiit et bbbt h bbbt b bbb b b s 12
4.9, 1 REGUITEITIENT ...tttk b et s bbbkt b e bbb e s e bbb bt bt e e et e bt b e bttt 12
e o o Tox =T [ -SSR SS 12
e G (=TT ] S SS 13

5.0 CONCLUSIONS. ...tttk b bttt bbb bt E et e s e b e b bt bbbt e st e s e e bt e bt bbbt n e 13
6.0 CERTIFICATION ...tttk bbbtk bbb e s bbbt bbbt e b e bttt b ettt nn e 13
7.0 ENDORSEMENT DISCLAIMER ..ottt bbbttt 13

TABLE | - EQUIPMENT LIST ....ce ettt et et ettt e e e e e sesesnenene e oo L

THIS REPORT SHALL NOT BE REPRODUCED, EXCEPT IN FULL, WITHOUT THE
WRITTEN APPROVAL OF ELITE ELECTRONIC ENGINEERING INCORPORATED.

Page 3 of 63



Revision History

Engineering Test Report No. 37122-02

Revision

Date

Description

November 29, 2006

Initial release

Page 4 of 63



Engineering Test Report No. 37122-02

Measurement of RF Emissions from an Orion transmitter

1.0 INTRODUCTION:

1.1 Description of Test Item - This document represents the results of the series of radio

interference measurements performed on an Orion Transmitter, Serial No. None Assigned, (hereinafter
referred to as the test item). The test item is a frequency hopping spread spectrum transmitter. The
transmitter was designed to transmit in the 902-928 MHz band using an internal antenna. The test item
was manufactured and submitted for testing by Badger Meter, Inc. located in Milwaukee, IL.

1.2 Purpose - The test series was performed to determine if the test item meets the conducted and
radiated RF emission requirements of the FCC "Code of Federal Regulations™ Title 47, Part 15, Subpart
C, Section 15.247 for Intentional Radiators. Testing was performed in accordance with ANSI C63.4-
2003.

1.3 Deviations, Additions and Exclusions - There were no deviations, additions to, or exclusions
from the test specification during this test series.

1.4 Applicable Documents - The following documents of the exact issue designated form part of
this document to the extent specified herein:

- Federal Communications Commission "Code of Federal
Regulations”, Title 47, Part 15, Subpart C, dated
1 October 2005

- ANSI C63.4-2003, "American National Standard for Methods
of Measurement of Radio-Noise Emissions from Low-Voltage
Electrical and Electronic Equipment in the Range of 9 kHz
to 40 GHz"

1.5 Subcontractor Identification - This series of tests was performed by Elite Electronic
Engineering Incorporated of Downers Grove, lllinois. The laboratory is accredited by the National
Institute of Standards and Technology (NIST) under the National Voluntary Laboratory Accreditation
Program (NVLAP). NVLAP Lab Code: 100278-0.

1.6 Laboratory Conditions The temperature at the time of the test was 22C and the relative
humidity was 27%.

20 TEST ITEM SETUP AND OPERATION:

The test item is an Orion Transmitter. A block diagram of the test item setup is shown as Figure 1.

2.1 Power Input - The test item obtained 3.6VDC from 2 lithium thionylchloride internal
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batteries.

2.2 Grounding - The test item was ungrounded during the tests.

2.3 Peripheral Equipment - The test item was submitted for testing with a Badger Meter
Recordall Transmitter Register. The test item can also be used with an ADE.

2.4 Interconnect Cables - The test item was connected to the Recordall Transmitter Register via a 3
meter long 2 wire unshielded cable.

2.5 Operational Mode - For all tests the test item and all peripheral equipment were placed on an
80cm high non-conductive stand. The test item and all peripheral equipment were energized. The test
item could be programmed to operate in one of the following modes: transmit at 911.65MHz, transmit at
916.45MHz, transmit at 921.25MHz, or frequency hopping enabled. The test item could be arranged in
two different configurations: one with no metal enclosure and one with the test item and the Transmitter
Register placed in a 21cm x 26.5cm x 26.5cm aluminum enclosure.

2.6 Test Item Modifications - No modifications were required for compliance to the FCC
"Code of Federal Regulations" Title 47, Part 15, Subpart C, Sections 15.247 requirements.

3.0 TEST EQUIPMENT:
3.1 Test Equipment List - A list of the test equipment used can be found on Table I. All

equipment was calibrated per the instruction manuals supplied by the manufacturer.

3.2 Calibration Traceability Test equipment is maintained and calibrated on a regular basis.
All calibrations are traceable to the National Institute of Standards and Technology (NIST).

3.3 Measurement Uncertainty - All measurements are an estimate of their true value. The
measurement uncertainty characterizes, with a specified confidence level, the spread of values which
may be possible for a given measurement system.

The measurement uncertainty for these tests is presented below:

Conducted Emission Measurements
Combined Standard Uncertainty 1.07 -1.07
Expanded Uncertainty (95% confidence) 2.1 -2.1

Radiated Emission Measurements
Combined Standard Uncertainty 2.26 -2.18
Expanded Uncertainty (95% confidence) 4.5 -4.4
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4.0 REQUIREMENTS, PROCEDURES AND RESULTS:

4.1 Powerline Conducted Emissions

4.1.1 Requirements — Since the test item was powered by internal batteries, no
conducted emissions tests were required.

4.2 Duty Cycle Factor Measurements:

4.2.1 Procedures: The duty cycle factor is used to convert peak detected readings to
average readings. This factor is computed from the time domain trace of the pulse modulation signal.

With the transmitter set up to transmit for maximum pulse density, the time domain trace is
displayed on the spectrum analyzer. This trace is obtained by tuning center frequency to the transmitter
frequency and then setting a zero span width with 2msec/div. The amplitude settings are adjusted so that
the on/off transitions clear the 4th division from the bottom of the display. The markers are set at the
beginning and end of a word period. If the word period exceeds 100 msec the word period is set to 100
msec.

4.2.2 Results: The plots of the duty cycle are shown on data pages 21 and 22. The test
item transmits a 1.76msec pulse every 3.98 seconds. Since a word is greater than 100 msec long, the
duty cycle factor was computed over a 100msec interval. The duty cycle correction factor was
calculated to be -35dB (-35dB = 20*log(1.76msec/100msec).

4.3 Radiated Measurements

4.3.1 Requirements — Per section 15.247(d), in any 100kHz bandwidth outside the
frequency band in which the spread spectrum or digitally modulated intentional radiator is operating, the
radio frequency power that is produced by the intentional radiator shall be at least 20 dB below that in
the 100kHz bandwidth within the band that contains the highest level of the desired power, based on
either an RF conducted or a radiated emissions measurement. Attenuation below the general limits
specified in §15.209(a) is not required. In addition, radiated emissions which fall in the restricted bands,
as defined in 815.205(a), must comply with the radiated emission limits specified in §15.209(a).

Paragraph 15.209(a) has the following radiated emission limits:

Measurement
Frequency Field Strength distance
MHz (microvolts/meter) (meters)
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0.009-0.490 2400/F(kHz) 300
0.490-1.705 24000/F(kHz) 30
1.705-30.0 30 3
30.0-88.0 100 3
88.0-216.0 150 3
216.0-960.0 200 3
Above 960 500 3

4.3.2 Procedures -Radiated measurements were performed in a 32ft. x 20ft. x 14ft. high
shielded enclosure. The shielded enclosure prevents emissions from other sources, such as radio and TV
stations from interfering with the measurements. All powerlines and signal lines entering the enclosure
pass through filters on the enclosure wall. The powerline filters prevent extraneous signals from entering
the enclosure on these leads.

Preliminary radiated emissions tests were performed to determine the emission characteristics of
the test item. For the preliminary test, a broadband measuring antenna was positioned at a 3 meter
distance from the test item. The entire frequency range from 30MHz to 10.0GHz was investigated using
a peak detector function.

The final open field emission tests were then manually performed over the frequency range of
30MHz to 10.0GHz.

A) For all harmonics not in the restricted bands, the following procedure was used:

1) The field strength of the fundamental was measured using a tuned dipole antenna. The
dipole antenna was positioned at a 3 meter distance from the test item. A peak detector
with a resolution bandwidth of 100kHz was used on the spectrum analyzer.

2) The field strength of all of the harmonics not in the restricted band were then measured
using a double-ridged waveguide antenna. The waveguide antenna was positioned at a
3 meter distance from the test item. A peak detector with a resolution bandwidth of
100kHz was used on the spectrum analyzer.

3) To ensure that maximum or worst case emission levels were measured, the following
steps were taken when measuring the fundamental emissions and the spurious
emissions:

a) The test item was rotated so that all of its sides were exposed to the receiving
antenna.
b) Since the measuring antenna is linearly polarized, both horizontal and vertical
field components were measured.
c) The measuring antenna was raised and lowered for each antenna polarization
to maximize the readings.
4) All harmonics not in the restricted bands must be at least 20dB below level measured
at the fundamental. However, attenuation below the general limits specified in
§15.209(a) is not required.
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B) For all emissions in the restricted bands, the following procedure was used:

1) The field strength of all emissions below 1GHz were measured using a bi-log antenna.
The bi-log antenna was positioned at a 3 meter distance from the test item. A peak
detector with a resolution bandwidth of 100kHz was used on the spectrum analyzer.

2) The field strength of all emissions above 1GHz were measured using a double-ridged
waveguide antenna. The waveguide antenna was positioned at a 3 meter distance from
the test item. A peak detector with a resolution bandwidth of 1MHz was used on the
spectrum analyzer.

3) To ensure that maximum or worst case emission levels were measured, the following
steps were taken when taking all measurements:

a) The test item was rotated so that all of its sides were exposed to the receiving
antenna.

b) Since the measuring antenna is linearly polarized, both horizontal and vertical
field components were measured.

c) The measuring antenna was raised and lowered for each antenna polarization
to maximize the readings.

4) For all radiated emissions measurements below 1GHz, if the peak reading is below the
limits listed in 15.209(a), no further measurements are required. If however, the peak
readings exceed the limits listed in 15.209(a), then the emissions are remeasured using
a quasi-peak detector.

5) For all radiated emissions measurements above 1GHz, the peak readings must comply
with the 15.35(b) limits. 15.35(b) states that when average radiated emissions
measurements are specified, there also is a limit on the peak level of the radiated
emissions. The limit on the peak radio frequency emissions is 20 dB above the
maximum permitted average emission limit applicable to the equipment under test.
Therefore all peak readings above 1GHz must be no greater than 20 dB above the
limits specified in 15.209(a).

6) For all radiated emissions measurements above 1GHz, the peak readings were
converted to average levels using a duty cycle factor which was computed from the
pulse train. All average levels must comply with the limits specified in 15.209(a).

4.3.3 Results - Preliminary radiated emissions plots for six configurations (transmit at
911.65MHz no metal enclosure, transmit at 916.45MHz no metal enclosure, transmit at 921.25MHz no
meal enclosure, transmit at 911.65MHz with metal enclosure, transmit at 916.45MHz with metal
enclosure, and transmit at 921.25MHz with meal enclosure) are shown on pages 23 through 34. Final
radiated emissions data are presented on data pages 35 through 46. As can be seen from the data, all
emissions measured from the test item were within the specification limits. The emissions level closet to
the limit (worst case) occurred at 4582.25MHz. The emissions level at this frequency was 0.2dB within

the limit. See data pages 35 through 46 for details. Photographs of the test configuration which yielded
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the highest, or worst case, radiated emission levels are shown on Figures 3 through 6.

4.4 20dB Bandwidth

4.4.1 Requirement - Per section 15.247(a)(1)(i), for frequency hopping systems
operating in the 902-928MHz band, the 20dB bandwidth shall be measured for determination of the
carrier frequency separation limits and must not exceed 500 kHz. If the 20dB bandwidth of the hopping
channel is less than 250kHz, the system shall use at least 50 hopping channels. If the 20dB bandwidth of
the hopping channel is 250kHz or greater (but not greater than 500kHz), the system shall use at least 25
hopping channels.

4.4.2 Procedures - The test item was setup inside the chamber. With the hopping
function disabled, the test item was allowed to transmit continuously. The frequency hopping channel
was set separately to low, middle, and high hopping channels. The resolution bandwidth (RBW) was set
to > to 1% of the 20 dB BW.

The 'Max-Hold' function was engaged. The analyzer was allowed to scan until the
envelope of the transmitter bandwidth was defined. The analyzer's display was plotted using a 'screen
dump’ utility.

4.4.3 Results - The plots on pages 47 through 49 show that the maximum 20 dB
bandwidth was 262kHz. Therefore, the carrier frequency separation must be greater than 262kHz and
the number of hopping channels must be at least 25.

4.5 Carrier Frequency Separation

4.5.1 Requirements - Per section 15.247 (a)(1), frequency hopping systems shall have
hopping channel carrier frequencies separated by a minimum of 25kHz or the 20dB bandwidth of the
hopping channel, whichever is greater.

4.5.2 Procedures - The test item was setup inside the chamber. With the hopping
function enabled, the test item was allowed to transmit continuously.

The resolution bandwidth (RBW) was set to > to 1% of the span. The peak detector and 'Max-
Hold' function were engaged. The span was set wide enough to capture the peaks of at least two adjacent
channels.

When the trace had stabilized after multiple scans, the marker-delta function was used to
determine the separation between the peaks of the adjacent channels. The analyzer's display was plotted
using a 'screen dump' utility.

4.5.3 Results - Page 50 shows the carrier frequency separation. As can be seen from this

Page 10 of 63



Engineering Test Report No. 37122-02

plot, the separation is 398 kHz which is greater than the 20dB bandwidth (262kHz).

4.6 Number of Hopping Frequencies

4.6.1 Requirements - Per section 15.247(a)(1)(i), for frequency hopping systems
operating in the 902-928MHz band, the 20dB bandwidth shall be measured for determination of the
carrier frequency separation limits and must not exceed 500 kHz. If the 20dB bandwidth of the hopping
channel is less than 250kHz, the system shall use at least 50 hopping channels. If the 20dB bandwidth of
the hopping channel is 250kHz or greater (but not greater than 500kHz), the system shall use at least 25
hopping channels.

4.6.2 Procedures - The test item was setup inside the chamber. With the hopping
function enabled, the test item was allowed to transmit continuously.

The resolution bandwidth (RBW) was set to > to 1% of the span. The peak detector and 'Max-
Hold' function were engaged. The span was set wide enough to capture the entire frequency band of
operation.

The test item’s signal was allowed to stabilize after multiple scans. The number of hopping
frequencies was counted. The analyzer's display was plotted using a 'screen dump' utility.

4.6.3 Results - Page 51 shows the number of hopping frequencies. As can be seen from
this plot, the number of hopping frequencies is 25 which is equal to the minimum number of required
hopping frequencies for systems with a 20dB bandwidth greater than 250kHz.

4.7 Time of Occupancy

4.7.1 Requirement - Per section 15.247(a)(1)(i), for frequency hopping systems
operating in the 902-928MHz band, the average time of occupancy shall not be greater than 0.4 seconds
within a 10 second period multiplied by the number of hopping channels employed.

4.7.2 Procedures - The test item was setup inside the chamber. With the hopping
function enabled, the test item was allowed to transmit continuously.

The resolution bandwidth (RBW) was set to 100 kHz. The peak detector and ‘Max-Hold'
function were engaged. With the span set to OHz, the sweep time was adjusted to capture a single event
in order to measure the dwell time per hop. Then, the sweep time was expanded to capture the average
time between hops. When the trace had stabilized after multiple scans, the time between hops was
measured. The analyzer's display was plotted using a ‘screen dump’ utility.

The dwell time in a 10 second period was then calculated from dwell time per hop multiplied by
the number of hops.
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4.7.3 Results - Pages 52 and 53 show the plots for the time of occupancy (dwell time).
As can be seen from the plots, the time of occupancy can be determined by a 1.80msec pulse multiplied
by 2 hops. This calculated value is equal to .0036 seconds which is less than the 0.4 seconds maximum
allowed.

4.8 Peak Output Power

4.8.1 Requirement - Per section 15.247(b)(2), for frequency hopping systems operating
in the 902-928MHz band and employing at least 25 hopping channels, the maximum peak output
conducted power shall not be greater than 250mW (24dBm). Per section 15.247(b)(4), this limit is based
on the use of antennas with directional gains that do not exceed 6dBi. Since the limit allows for a 6dBi
antenna gain, the maximum EIRP can be increased by 6dB to 1 Watt (30dBm).

4.8.2 Procedures - The test item was placed on the non-conductive stand and set to
transmit. A dipole antenna was placed at a test distance of 3 meters from the test item. The test item was
maximized for worst case emissions (or maximum output power) at the measuring antenna. The
maximum meter reading was recorded. The peak power output was measured for the low, middle and
high hopping frequencies.

The equivalent power was determined from the field intensity levels measured at 3 meters using
the substitution method. To determine the emission power, another dipole antenna was then set in place
of test item and connected to a calibrated signal generator. The output of the signal generator was
adjusted to match the received level at the spectrum analyzer. The signal level was recorded. The
reading was then corrected to compensate for cable loss, as required. The peak power output was
calculated for six configurations: transmit at 911.65MHz no metal enclosure, transmit at 916.45MHz no
metal enclosure, transmit at 921.25MHz no meal enclosure, transmit at 911.65MHz with metal
enclosure, transmit at 916.45MHz with metal enclosure, and transmit at 921.25MHz with meal
enclosure.

4.8.3 Results - The results are presented on pages 54 and 55. The maximum EIRP
measured from the transmitter was 11.45 dBm or 14 mW which is below the 1 Watt limit.

4.9 Band edge Compliance

4.9.1 Requirement - Per section 15.247(d), the emissions at the band-edges must be at
least 20dB below the highest level measured within the band. In addition, if the band-edge falls in a
restricted band, the radiated emissions must meet the general limits of 15.209.

4.9.2 Procedures - The test item was setup inside the chamber on a non-conductive
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stand. A broadband measuring antenna was placed at a test distance of 3 meters from the test item. With
the hopping function disabled, the test item was allowed to transmit continuously. The test item was
maximized for worst case emissions at the measuring antenna. The maximum meter reading was
recorded. The frequency hopping channel was set separately to low and high hopping channels both
with a metal enclosure and without a metal enclosure. The resolution bandwidth (RBW) was set to 300
kHz. The 'Max-Hold' function was engaged. The analyzer was allowed to scan until the envelope of the
transmitter bandwidth was defined. The analyzer's display was plotted using a 'screen dump' utility. The
measurement was repeated with the frequency hopping function enabled.

4.9.3 Results - Pages 56 through 63 show the radiated band-edge compliance results. As
can be seen from these plots, the emissions at the band-edge are within the 20 dB down limits.
5.0 CONCLUSIONS:

It was determined that the Badger Meter, Inc. Orion Transmitter, Serial No. None Assigned, with no

metal enclosure and with a metal enclosure, did fully meet the conducted and radiated emission
requirements of the FCC "Code of Federal Regulations” Title 47, Part 15, Subpart C, Sections 15.207
and 15.247 for Intentional Radiators Operating within the 902MHz - 928MHz band, when tested per
ANSI C63.4-2003.

6.0 CERTIFICATION:

Elite Electronic Engineering Incorporated certifies that the information contained in this report was

obtained under conditions which meet or exceed those specified in the test specifications.

The data presented in this test report pertains to the test item at the test date. Any electrical or
mechanical modification made to the test item subsequent to the specified test date will serve to invalidate
the data and void this certification.

7.0 ENDORSEMENT DISCLAIMER:

This report must not be used to claim product endorsement by NVLAP or any agency of the US

Government.
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TABLE 1: TEST EQUIPMENT LIST

ELITE ELECTRONIC ENG. INC. Page: 1
Eg ID Equipment Description Manufacturer Model No. Serial No. Frequency Range Cal Date Cal Inv Due Date
Equipment Type: ACCESSORIES, MISCELLANEOUS
XZGO ATTENUATOR/SWITCH DRIVER  HEWLETT PACKARD 11713A 3439A02724  --- N/A
XZG4 ATTENUATOR/SWITCH DRIVER  HEWLETT PACKARD 11713A 2223A01683  --- N/A
Equipment Type: AMPLIFIERS
APKO PRE-AMPLIFIER HEWLETT PACKARD 8449B 3008A00662  1-26.5GHZ 03/06/06 12 03/06/07
APK4 PREAMPLIFIER OPT HO2 HEWLETT PACKARD 8449B 3008A00329  1-26.5GHZ 01/31/06 12 01/31/07
Equipment Type: ANTENNAS
NDQO TUNED DIPOLE ANTENNA EMCO 3121C-DB4 311 400-1000MHZ 02/16/06 12 02/16/07
NDQL TUNED DIPOLE ANTENNA EMCO 3121C-DB4 313 400-1000MHZ 03/10/06 12 03/10/07
NTAO BILOG ANTENNA CHASE EMC LTD. BILOG CBL611 2057 0.03-2GHZ 08/21/06 12 08/21/07
NWFO RIDGED WAVE GUIDE EMCO 3105 2035 1-12.4GHZ 10/09/06 12 10/09/07
Equipment Type: CONTROLLERS
CDS2 COMPUTER GATEWAY MFATXPNT NMZ 0028483108  1.8GHZ N/A
CMAO MULTI-DEVICE CONTROLLER EMCO 2090 9701-1213 - N/A
Equipment Type: PRINTERS AND PLOTTERS
HRE1 LASER JET 5P HEWLETT PACKARD C3150A USHB061052  --- N/A
Equipment Type: RECEIVERS
RAC1 SPECTRUM ANALYZER HEWLETT PACKARD 85660B 3407A08369  100HZ-22GHZ 02/13/06 12 02/13/07
RACA RF PRESELECTOR HEWLETT PACKARD 85685A 2926A00980  20HZ-2GHZ 02/11/06 12 02/11/07
RACB RF PRESELECTOR HEWLETT PACKARD 85685A 3506A01491  20HZ-2GHZ 02/13/06 12 02/13/07
RAEC SPECTRUM ANALYZER HEWLETT PACKARD 8566B 3014A06690  100HZ-22GHZ 02/10/06 12 02/10/07
RAF3 QUASIPEAK ADAPTER HEWLETT PACKARD 85650A 3303A01775  0.01-1000MHZ 02/13/06 12 02/13/07
RAF5 QUASIPEAK ADAPTOR W/ RECEI HEWLETT PACKARD 85650A 2043A00151  0.01-1000MHZ 02/11/06 12 02/11/07
Equipment Type: SIGNAL GENERATORS
GBN9 SIGNAL GENERATOR ROHDE & SCHWARZ SMY 02 61400238 9KHZ-2.080GHZ 11/08/06 12 11/08/07

Cal. Interval: Listed in Months 1/0: Initial Only N/A: Not Applicable
Note 1: For the purpose of this test, the equipment was calibrated over the specified frequency range, pulse rate, or
modulation prior to the test or monitored by a calibrated instrument.

Page 14 of 63



Engineering Test Report No. 37122-02

Anechoic Ferrite Chamber

,,,,

Receive Antenna

DUT

Controller

Turn Table & Mast
1 Computer
|

Hpib cbl D

Spectrum
Analyzer

Printer

FIGURE 1 BLOCKDIAGRAM OF TEST SETUP
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Engineering Test Report No. 37122-02

Test Item Setup, with no metal enclosure

Test Item Setup, with metal enclosure
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Engineering Test Report No. 37122-02

Figure 3

Test Setup for Radiated Emissions, 911.65MHz to 921.25MHz, with no metal
enclosure — Horizontal Polarization

Test Setup for Radiated Emissions, 911.65MHz to 921.25MHz, with no metal
enclosure — Vertical Polarization
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Engineering Test Report No. 37122-02

Test Setup for Radiated Emissions, 1GHz to 10GHz, with no metal enclosure —
Horizontal Polarization

Test Setup for Radiated Emissions, 1GHz to 10GHz, with no metal enclosure —
Vertical Polarization
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Engineering Test Report No. 37122-02

Test Setup for Radiated Emissions, 911.65MHz to 921.25MHz, with metal
enclosure — Horizontal Polarization

Test Setup for Radiated Emissions, 911.65MHz to 921.25MHz, with metal
enclosure — Vertical Polarization
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Engineering Test Report No. 37122-02

Test Setup for Radiated Emissions, 1GHz to 10GHz, with metal enclosure —
Horizontal Polarization

Test Setup for Radiated Emissions, 1GHz to 10GHz, with metal enclosure —
Vertical Polarization
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 911.65MHz, No Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector

Pre
Meter Cable | Antenna | Amp
Frequency | Antenna | Reading Loss Factor Gain Total Total Limit
MHz Polarity dBuV | Ambient dB dB dB | dBuV/m uV/m uV/m
911.65 H 67.2 1.9 21.7 0.0 96.8 69431.8
911.65 \Y 76.1 1.9 21.7 0.0 105.7 193445.5
1823.30 H 21.0 2.9 28.1 0.0 52.0 396.3 19344.5
1823.30 \Y 34.6 2.9 28.1 0.0 65.6 1896.8 19344.5
2734.95 H 26.5 3.8 31.4 0.0 61.7 1218.6 5000.0
2734.95 \Y 30.0 3.8 31.4 0.0 65.2 1823.3 5000.0
3646.60 H 26.9 4.4 325 0.0 63.8 1553.2 5000.0
3646.60 \Y 26.2 4.4 325 0.0 63.1 1433.0 5000.0
4558.25 H 35.9 4.8 33.0 0.0 73.7 4836.7 5000.0
4558.25 \Y 35.8 4.8 33.0 0.0 73.6 4781.3 5000.0
5469.90 H 29.1 5.2 35.4 0.0 69.7 3064.0 19344.5
5469.90 \Y 31.7 5.2 35.4 0.0 72.3 4133.2 19344.5
6381.55 H 20.8 5.9 36.1 0.0 62.8 1386.5 19344.5
6381.55 \Y 27.1 5.9 36.1 0.0 69.1 2863.6 19344.5
7293.20 H 53.6 6.7 37.7 -35.6 62.4 1319.4 5000.0
7293.20 \Y 56.4 6.7 37.7 -35.6 65.2 1821.2 5000.0
8204.85 H 54.7 7.1 37.7 -35.8 63.7 1531.4 5000.0
8204.85 \Y 51.9 7.1 37.7 -35.8 60.9 1109.4 5000.0
9116.50 H 49.9 7.5 38.0 -36.2 59.2 911.9 5000.0
9116.50 V 52.5 7.5 38.0 -36.2 61.8 1230.1 5000.0
s O
963.00 H 16.6 2.0 23.1 0.0 41.7 121.6 500.0
963.00 \Y 22.8 2.0 23.1 0.0 47.9 248.3 500.0
976.8 \Y 154 2.0 23.3 0.0 40.7 108.4 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

Mgk E. |
Checked By: LONGINQTTl
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter
Model No. : Orion Transmitter
Serial No. : None Assigned
Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006
Mode : Transmit @ 911.65MHz, No Metal Enclosure
Test Distance : 3 meters
Notes : Redesigned Product
: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction
: factor
Pre Duty
Meter Cable | Antenna Amp | Cycle
Frequency | Antenna | Reading Loss Factor Gain | Factor Total Total Limit
MHz Polarity dBuV Amb dB dB dB dB dBuV/m uV/m uV/m
911.65 H 67.2 1.9 27.7 0.0 0.0 96.8 69431.8
911.65 \Y 76.1 1.9 27.7 0.0 0.0 105.7 | 1934455
1823.30 H 21.0 2.9 28.1 0.0 0.0 52.0 396.3 | 193445
1823.30 \Y 34.6 2.9 28.1 0.0 0.0 65.6 1896.8 | 19344.5
2734.95 H 26.5 3.8 31.4 00 | -35.0 26.7 21.7 500.0
2734.95 \Y 30.0 3.8 31.4 00 | -35.0 30.2 32.4 500.0
3646.60 H 26.9 4.4 32,5 00 | -35.0 28.8 27.6 500.0
3646.60 \Y 26.2 4.4 32,5 00 | -35.0 28.1 25.5 500.0
4558.25 H 35.9 4.8 33.0 00 | -35.0 38.7 86.0 500.0
4558.25 \Y 35.8 4.8 33.0 00 | -35.0 38.6 85.0 500.0
5469.90 H 29.1 5.2 35.4 0.0 0.0 69.7 3064.0 | 19344.5
5469.90 \Y 31.7 5.2 35.4 0.0 0.0 72.3 4133.2 | 193445
6381.55 H 20.8 5.9 36.1 0.0 0.0 62.8 1386.5 | 19344.5
6381.55 \Y 27.1 5.9 36.1 0.0 0.0 69.1 2863.6 | 19344.5
7293.20 H 53.6 6.7 37.7 -35.6 | -35.0 27.4 23.5 500.0
7293.20 \Y 56.4 6.7 37.7 -35.6 | -35.0 30.2 32.4 500.0
8204.85 H 54.7 7.1 37.7 -35.8 | -35.0 28.7 27.2 500.0
8204.85 \Y 51.9 7.1 37.7 -35.8 | -35.0 25.9 19.7 500.0
9116.50 H 49.9 75 38.0 -36.2 | -35.0 24.2 16.2 500.0
9116.50 \Y 52.5 75 38.0 -36.2 | -35.0 26.8 21.9 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

Checked By:

MMk E. LoncinveTT
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Manufacturer

Model No.
Serial No.

Test Specification

Date
Mode

Test Distance

: Badger Meter

: Orion Transmitter
: None Assigned

: FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
: November 13-20, 2006
: Transmit @ 916.45MHz, No Metal Enclosure
: 3 meters

Engineering Test Report No. 37122-02

Notes : Redesigned Product
: Peak Detector
Pre
Meter Cable | Antenna | Amp

Frequency | Antenna Reading Loss Factor Gain Total Total Limit

MHz Polarity dBuV Ambient dB dB dB dBuV/m uV/m uV/m
916.45 H 69.2 2.0 27.8 0.0 98.9 88603.7

916.45 \Y 75.4 2.0 27.8 0.0 105.1 180905.5

1832.90 H 21.8 2.9 28.1 0.0 52.8 436.8 18090.5
1832.90 \Y 30.1 2.9 28.1 0.0 61.1 1135.8 18090.5
2749.35 H 28.6 Ambient 3.8 315 0.0 63.9 1562.7 5000.0
2749.35 V 29.2 Ambient 3.8 315 0.0 64.5 1674.5 5000.0
3665.80 H 315 4.4 32.6 0.0 68.5 2648.7 5000.0
3665.80 V 30.2 4.4 32.6 0.0 67.2 2280.5 5000.0
4582.25 H 35.9 4.8 33.0 0.0 73.8 4879.9 5000.0
4582.25 V 35.4 4.8 33.0 0.0 73.3 4606.9 5000.0
5498.70 H 32.5 5.3 35.5 0.0 73.2 4577.1 18090.5
5498.70 V 34.6 5.3 35.5 0.0 75.3 5829.0 18090.5
6415.15 H 26.9 5.9 36.2 0.0 69.0 2814.4 18090.5
6415.15 \Y 28.9 5.9 36.2 0.0 71.0 3543.1 18090.5
7331.60 H 52.8 6.7 37.8 -35.6 61.7 1216.7 5000.0
7331.60 V 56.0 6.7 37.8 -35.6 64.9 1758.7 5000.0
8248.05 H 52.4 7.1 37.7 -35.8 61.4 1179.9 5000.0
8248.05 V 54.0 7.1 37.7 -35.8 63.0 1418.6 5000.0
9164.50 H 54.6 7.5 38.1 -36.3 63.9 1566.1 5000.0
9164.50 \ 50.5 7.5 38.1 -36.3 59.8 976.8 5000.0

e A —
968.5 H 17.1 2.0 23.2 0.0 42.3 130.3 500.0
968.5 \Y 23.3 2.0 23.2 0.0 48.5 266.1 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

Checked By:

MAre E. LoncinveTT
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 916.45MHz, No Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction

: factor
Pre Amp Duty
Meter Cable | Antenna Gain Cycle
Frequency | Antenna | Reading Loss Factor dB Factor Total Total Limit
MHz Polarity dBuV Ambient dB dB dB dBuV/ uV/m uV/m
m
916.45 H 69.2 2.0 27.8 0.0 0.0 98.9 88603.7
916.45 V 75.4 2.0 27.8 0.0 0.0 105.1 | 180905.5

1832.90 H 21.8 2.9 28.1 0.0 0.0 52.8 436.8 18090.5
1832.90 vV 30.1 2.9 28.1 0.0 0.0 61.1 1135.8 | 18090.5

2749.35 H 28.6 Ambient | 3.8 315 0.0 -35.0 28.9 27.8 500.0

2749.35 \ 29.2 Ambient | 3.8 315 0.0 -35.0 29.5 29.8 500.0

3665.80 H 315 4.4 32.6 0.0 -35.0 33.5 47.1 500.0

3665.80 \ 30.2 4.4 32.6 0.0 -35.0 32.2 40.6 500.0

4582.25 H 35.9 4.8 33.0 0.0 -35.0 38.8 86.8 500.0

4582.25 \ 35.4 4.8 33.0 0.0 -35.0 38.3 81.9 500.0
5498.70 H 32.5 5.3 355 0.0 0.0 73.2 4577.1 | 18090.5
5498.70 V 34.6 5.3 355 0.0 0.0 75.3 5829.0 | 18090.5
6415.15 H 26.9 5.9 36.2 0.0 0.0 69.0 2814.4 | 18090.5
6415.15 vV 28.9 5.9 36.2 0.0 0.0 71.0 3543.1 | 18090.5

7331.60 H 52.8 6.7 37.8 -35.6 -35.0 26.7 21.6 500.0

7331.60 \ 56.0 6.7 37.8 -35.6 -35.0 29.9 31.3 500.0

8248.05 H 52.4 7.1 37.7 -35.8 -35.0 26.4 21.0 500.0

8248.05 \ 54.0 7.1 37.7 -35.8 -35.0 28.0 25.2 500.0

9164.50 H 54.6 7.5 38.1 -36.3 -35.0 28.9 27.8 500.0

9164.50 \ 50.5 7.5 38.1 -36.3 -35.0 24.8 17.4 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

MAre E. |
Checked By: LONGINQTTI
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Manufacturer

Model No.
Serial No.

Test Specification

Date
Mode

Test Distance

: Badger Meter

: Orion Transmitter
: None Assigned

: FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
: November 13-20, 2006
: Transmit @ 921.25MHz, No Metal Enclosure
: 3 meters

Engineering Test Report No. 37122-02

Notes : Redesigned Product
: Peak Detector
Pre
Meter Cable | Antenna | Amp

Frequency | Antenna Reading Loss Factor Gain Total Total Limit

MHz Polarity dBuV Ambient dB dB dB dBuV/m uV/m uV/m
921.25 H 69.5 2.0 27.9 0.0 99.4 92963.9

921.25 \Y 75.2 2.0 27.9 0.0 105.1 179190.2

1842.50 H 19.1 2.9 28.2 0.0 50.2 321.8 17919.0
1842.50 \Y 30.4 2.9 28.2 0.0 61.5 1181.8 17919.0
2763.75 H 24.6 Ambient 3.8 315 0.0 59.9 992.9 5000.0
2763.75 V 23.4 Ambient 3.8 315 0.0 58.7 864.8 5000.0
3685.00 H 28.5 4.4 32.6 0.0 65.5 1882.9 5000.0
3685.00 V 275 4.4 32.6 0.0 64.5 1678.1 5000.0
4606.25 H 32.6 4.8 33.1 0.0 70.5 3367.1 5000.0
4606.25 V 35.5 4.8 33.1 0.0 73.4 4701.7 5000.0
5527.50 H 29.8 5.3 35.5 0.0 70.6 3372.2 17919.0
5527.50 V 30.8 5.3 35.5 0.0 71.6 3783.6 17919.0
6448.75 H 23.8 6.0 36.2 0.0 65.9 1980.8 17919.0
6448.75 \Y 28.3 6.0 36.2 0.0 70.4 3325.4 17919.0
7370.00 H 52.6 6.7 37.9 -35.6 61.6 1202.3 5000.0
7370.00 V 58.3 6.7 37.9 -35.6 67.3 2304.1 5000.0
8291.25 H 50.5 7.2 37.7 -35.8 59.6 952.0 5000.0
8291.25 V 54.2 7.2 37.7 -35.8 63.3 1457.5 5000.0
9212.50 H 474 7.5 38.1 -36.3 56.7 683.4 17919.0
9212.50 V 52.0 7.5 38.1 -36.3 61.3 1160.6 17919.0

e A —

609.3 H 16.7 1.7 194 0.0 37.8 77.6 200.0

609.3 \Y 22.8 1.7 194 0.0 43.9 156.7 200.0

973.4 H 13.9 2.0 23.3 0.0 39.2 91.2 500.0

973.4 \Y 20.8 2.0 23.3 0.0 46.1 201.8 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

MAre E. |
Checked By: LONGINQTTl
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Manufacturer

Model No.
Serial No.

Test Specification

Date
Mode

Test Distance

: Badger Meter

: Orion Transmitter
: None Assigned

Engineering Test Report No. 37122-02

: FCC Part 15, Subpart C, Section 15.247, Radiated Emissions

: November 13-20, 2006

: Transmit @ 921.25MHz, No Metal Enclosure

. 3 meters

Notes : Redesigned Product
: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction
: factor
Pre Duty
Meter Cable | Antenna | Amp | Cycle
Frequency | Antenna | Reading Loss Factor Gain | Factor Total Total Limit
MHz Polarity | dBuV | Ambient dB dB dB dB dBuV/m uV/m uV/m
921.25 H 69.5 2.0 27.9 0.0 0.0 99.4 92963.9
921.25 \Y 75.2 2.0 27.9 0.0 0.0 105.1 179190.2
1842.50 H 19.1 2.9 28.2 0.0 0.0 50.2 321.8 17919.0
1842.50 \Y 30.4 2.9 28.2 0.0 0.0 61.5 1181.8 17919.0
2763.75 H 24.6 Ambient 3.8 31.5 0.0 -35.0 24.9 17.7 500.0
2763.75 V 23.4 Ambient 3.8 31.5 0.0 -35.0 23.7 15.4 500.0
3685.00 H 28.5 4.4 32.6 0.0 -35.0 30.5 335 500.0
3685.00 V 21.5 4.4 32.6 0.0 -35.0 29.5 29.8 500.0
4606.25 H 32.6 4.8 33.1 0.0 -35.0 35.5 59.9 500.0
4606.25 V 35.5 4.8 33.1 0.0 -35.0 38.4 83.6 500.0
5527.50 H 29.8 5.3 35.5 0.0 0.0 70.6 3372.2 17919.0
5527.50 \Y 30.8 5.3 35.5 0.0 0.0 71.6 3783.6 17919.0
6448.75 H 23.8 6.0 36.2 0.0 0.0 65.9 1980.8 17919.0
6448.75 \Y 28.3 6.0 36.2 0.0 0.0 70.4 3325.4 17919.0
7370.00 H 52.6 6.7 37.9 -35.6 -35.0 26.6 21.4 500.0
7370.00 V 58.3 6.7 37.9 -35.6 -35.0 32.3 41.0 500.0
8291.25 H 50.5 7.2 37.7 -35.8 -35.0 24.6 16.9 500.0
8291.25 V 54.2 7.2 37.7 -35.8 -35.0 28.3 25.9 500.0
9212.50 H 47.4 75 38.1 -36.3 0.0 56.7 683.4 17919.0
9212.50 \Y 52.0 75 38.1 -36.3 0.0 61.3 1160.6 17919.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

Checked By:

MMk E. LoncinveTT
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 911.65MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector

Pre
Meter Cable | Antenna | Amp

Frequency | Antenna Reading Loss Factor Gain Total Total Limit
MHz Polarity dBuV Ambient dB dB dB dBuV/m uV/m uV/m

911.65 H 43.6 1.9 27.7 0.0 73.2 4587.3

911.65 V 59.5 1.9 27.7 0.0 89.1 28612.7
1823.30 H 11.1 2.9 28.1 0.0 42.1 126.8 2861.3
1823.30 V 13.3 2.9 28.1 0.0 44.3 163.3 2861.3
2734.95 H 11.9 3.8 314 0.0 47.1 226.9 5000.0
2734.95 \% 15.5 3.8 314 0.0 50.7 3434 5000.0
3646.60 H 16.6 44 32.5 0.0 53.5 4745 5000.0
3646.60 \% 21.3 44 32.5 0.0 58.2 815.1 5000.0
4558.25 H 22.6 4.8 33.0 0.0 60.4 1046.0 5000.0
4558.25 \Y 28.1 4.8 33.0 0.0 65.9 1970.4 5000.0
5469.90 H 23.5 5.2 354 0.0 64.1 1608.0 2861.3
5469.90 V 25.7 5.2 354 0.0 66.3 2071.5 2861.3
6381.55 H 17.4 5.9 36.1 0.0 59.4 9374 2861.3
6381.55 V 21.8 5.9 36.1 0.0 63.8 1555.7 2861.3
7293.20 H 51.2 6.7 37.7 -35.6 60.0 1000.8 5000.0
7293.20 \% 52.5 6.7 37.7 -35.6 61.3 1162.4 5000.0
8204.85 H 48.3 7.1 37.7 -35.8 57.3 733.0 5000.0
8204.85 \% 51.6 7.1 37.7 -35.8 60.6 1071.7 5000.0
9116.50 H 45.1 Ambient 7.5 38.0 -36.2 54.4 524.7 5000.0
9116.50 \Y 46.7 Ambient 7.5 38.0 -36.2 56.0 630.9 5000.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

MAre E. |
Checked By: LONGINQTTI
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 911.65MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction

: factor
Pre Duty
Meter Cable | Antenna | Amp | Cycle

Frequency | Antenna | Reading Loss Factor Gain | Factor Total Total Limit

MHz Polarity dBuV Ambient dB dB dB dB dBuV/m uV/m uV/m
911.65 H 43.6 1.9 27.7 0.0 0.0 73.2 4587.3

911.65 V 59.5 1.9 27.7 0.0 0.0 89.1 28612.7

1823.30 H 11.1 2.9 28.1 0.0 0.0 42.1 126.8 2861.3
1823.30 \ 13.3 2.9 28.1 0.0 0.0 44.3 163.3 2861.3
2734.95 H 11.9 3.8 31.4 0.0 -35.0 12.1 4.0 500.0
2734.95 V 15.5 3.8 31.4 0.0 -35.0 15.7 6.1 500.0
3646.60 H 16.6 4.4 32.5 0.0 -35.0 18.5 8.4 500.0
3646.60 V 21.3 4.4 32.5 0.0 -35.0 23.2 14.5 500.0
4558.25 H 22.6 4.8 33.0 0.0 -35.0 25.4 18.6 500.0
4558.25 V 28.1 4.8 33.0 0.0 -35.0 30.9 35.0 500.0
5469.90 H 235 5.2 35.4 0.0 0.0 64.1 1608.0 | 2861.3
5469.90 vV 25.7 5.2 35.4 0.0 0.0 66.3 20715 | 2861.3
6381.55 H 174 5.9 36.1 0.0 0.0 59.4 937.4 2861.3
6381.55 \ 21.8 5.9 36.1 0.0 0.0 63.8 1555.7 | 2861.3
7293.20 H 51.2 6.7 37.7 -36.6 | -35.0 25.0 17.8 500.0
7293.20 V 52.5 6.7 37.7 -36.6 | -35.0 26.3 20.7 500.0
8204.85 H 48.3 7.1 37.7 -35.8 | -35.0 22.3 13.0 500.0
8204.85 V 51.6 7.1 37.7 -36.8 | -35.0 25.6 19.1 500.0
9116.50 H 45.1 Ambient 7.5 38.0 -36.2 | -35.0 19.4 9.3 500.0
9116.50 V 46.7 Ambient 7.5 38.0 -36.2 | -35.0 21.0 11.2 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

MAre E. |
Checked By: LONGINQTTI
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions

Date : November 13-20, 2006

Mode : Transmit @ 916.45MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector
Pre
Meter Cable | Antenna | Amp
Frequency | Antenna Reading Loss Factor Gain Total Total Limit
MHz Polarity dBuV Ambient dB dB dB dBuV/m uV/m uV/m

916.45 H 44.0 2.0 27.8 0.0 73.7 4869.1
916.45 \Y 57.5 2.0 27.8 0.0 87.2 23038.4
1832.90 H 7.1 Ambient 2.9 28.1 0.0 38.1 80.4 2303.8
1832.90 \Y 14.3 2.9 28.1 0.0 45.3 184.2 2303.8
2749.35 H 10.5 Ambient 3.8 315 0.0 45.8 194.5 5000.0
2749.35 \Y 15.2 3.8 315 0.0 50.5 334.1 5000.0
3665.80 H 16.7 4.4 32.6 0.0 53.7 482.0 5000.0
3665.80 \Y 19.9 4.4 32.6 0.0 56.9 696.7 5000.0
4582.25 H 24.7 4.8 33.0 0.0 62.6 1344.0 5000.0
4582.25 \Y 30.5 4.8 33.0 0.0 68.4 2620.7 5000.0
5498.70 H 21.8 5.3 35.5 0.0 62.5 1335.3 2303.8
5498.70 \Y 20.4 5.3 35.5 0.0 61.1 1136.6 2303.8
6415.15 H 15.3 5.9 36.2 0.0 57.4 740.3 2303.8
6415.15 \Y 17.4 5.9 36.2 0.0 59.5 942.7 2303.8
7331.60 H 48.6 6.7 37.8 -35.6 57.5 750.2 5000.0
7331.60 \Y 52.8 6.7 37.8 -35.6 61.7 1216.7 5000.0
8248.05 H 45.9 7.1 37.7 -35.8 54.9 558.3 5000.0
8248.05 \Y 47.9 7.1 37.7 -35.8 56.9 702.8 5000.0
9164.50 H 50.1 75 38.1 -36.3 59.4 932.9 5000.0
9164.50 \Y 50.9 75 38.1 -36.3 60.2 1022.9 5000.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

Mgk E. |
Checked By: LONGINQTTl

Page 43 of 63



Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 916.45MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction

: factor
Pre Duty
Meter Cable | Antenna | Amp | Cycle

Frequency | Antenna | Reading Loss Factor Gain | Factor Total Total Limit
MHz Polarity | dBuV | Ambient dB dB dB dB dBuV/m uV/m uV/m

916.45 H 44.0 2.0 27.8 0.0 0.0 73.7 4869.1

916.45 V 57.5 2.0 27.8 0.0 0.0 87.2 23038.4
1832.90 H 7.1 Ambient 2.9 28.1 0.0 0.0 38.1 80.4 2303.8
1832.90 \ 14.3 2.9 28.1 0.0 0.0 45.3 184.2 2303.8
2749.35 H 10.5 Ambient 3.8 315 0.0 -35.0 10.8 3.5 500.0
2749.35 V 15.2 3.8 315 0.0 -35.0 15.5 5.9 500.0
3665.80 H 16.7 4.4 32.6 0.0 -35.0 18.7 8.6 500.0
3665.80 V 19.9 4.4 32.6 0.0 -35.0 21.9 12.4 500.0
4582.25 H 24.7 4.8 33.0 0.0 -35.0 27.6 23.9 500.0
4582.25 V 30.5 4.8 33.0 0.0 -35.0 33.4 46.6 500.0
5498.70 H 21.8 5.3 35.5 0.0 0.0 62.5 1335.3 2303.8
5498.70 vV 20.4 5.3 35.5 0.0 0.0 61.1 1136.6 2303.8
6415.15 H 15.3 5.9 36.2 0.0 0.0 57.4 740.3 2303.8
6415.15 \ 174 5.9 36.2 0.0 0.0 59.5 942.7 2303.8
7331.60 H 48.6 6.7 37.8 -35.6 | -35.0 22,5 13.3 500.0
7331.60 V 52.8 6.7 37.8 -35.6 | -35.0 26.7 21.6 500.0
8248.05 H 45.9 7.1 37.7 -35.8 | -35.0 19.9 9.9 500.0
8248.05 V 47.9 7.1 37.7 -35.8 | -35.0 21.9 125 500.0
9164.50 H 50.1 7.5 38.1 -36.3 | -35.0 24.4 16.6 500.0
9164.50 V 50.9 7.5 38.1 -36.3 | -35.0 25.2 18.2 500.0

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

MAre E. |
Checked By: LONGINQTTI
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 921.25MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector

Pre
Meter Cable | Antenna | Amp

Frequency | Antenna Reading Loss Factor Gain Total Total Limit
MHz Polarity dBuV Ambient dB dB dB dBuV/m uV/m uV/m

921.25 H 40.9 2.0 27.9 0.0 70.8 3453.9

921.25 V 58.9 2.0 27.9 0.0 88.8 27435.6
1842.50 H 17.0 Ambient 2.9 28.2 0.0 48.1 252.7 2743.6
1842.50 V 20.9 2.9 28.2 0.0 52.0 395.9 2743.6
2763.75 H 20.6 Ambient 3.8 315 0.0 55.9 626.5 5000.0
2763.75 \% 21.8 Ambient 3.8 315 0.0 57.1 719.3 5000.0
3685.00 H 20.9 Ambient 44 32.6 0.0 57.9 784.9 5000.0
3685.00 \% 23.5 44 32.6 0.0 60.5 1058.8 5000.0
4606.25 H 27.2 4.8 33.1 0.0 65.1 1808.2 5000.0
4606.25 \Y 29.6 4.8 33.1 0.0 67.5 2383.7 5000.0
5527.50 H 25.0 5.3 35.5 0.0 65.8 1940.5 2743.6
5527.50 V 27.2 5.3 35.5 0.0 68.0 2499.8 2743.6
6448.75 H 18.6 6.0 36.2 0.0 60.7 1088.6 2743.6
6448.75 V 20.2 6.0 36.2 0.0 62.3 1308.7 2743.6
7370.00 H 53.5 6.7 37.9 -35.6 62.5 1333.5 5000.0
7370.00 \% 52.8 6.7 37.9 -35.6 61.8 1230.3 5000.0
8291.25 H 48.5 7.2 37.7 -35.8 57.6 756.2 5000.0
8291.25 \Y 47.3 7.2 37.7 -35.8 56.4 658.6 5000.0
9212.50 H 51.8 7.5 38.1 -36.3 61.1 1134.2 2743.6
9212.50 V 51.1 7.5 38.1 -36.3 60.4 1046.4 2743.6

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain

MAre E. |
Checked By: LONGINQTTI
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter

Model No. : Orion Transmitter

Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, Section 15.247, Radiated Emissions
Date : November 13-20, 2006

Mode : Transmit @ 921.25MHz, With Metal Enclosure

Test Distance : 3 meters

Notes : Redesigned Product

: Peak Detector Used
: Peak readings converted to average readings using the duty cycle correction

: factor
Pre Duty
Meter Cable | Antenna | Amp | Cycle

Frequency | Antenna | Reading Loss Factor Gain | Factor Total Total Limit

MHz Polarity dBuV Ambient dB dB dB dB dBuV/m uV/m uV/m
921.25 H 40.9 2.0 27.9 0.0 0.0 70.8 3453.9

921.25 V 58.9 2.0 27.9 0.0 0.0 88.8 27435.6

1842.50 H 17.0 Ambient | 2.9 28.2 0.0 0.0 48.1 252.7 2743.6
1842.50 V 20.9 2.9 28.2 0.0 0.0 52.0 395.9 2743.6
2763.75 H 20.6 Ambient | 3.8 315 0.0 -35.0 20.9 11.1 500.0
2763.75 V 21.8 Ambient | 3.8 315 0.0 -35.0 22.1 12.8 500.0
3685.00 H 20.9 Ambient | 4.4 32.6 0.0 -35.0 22.9 14.0 500.0
3685.00 V 23.5 4.4 32.6 0.0 -35.0 25.5 18.8 500.0
4606.25 H 27.2 4.8 33.1 0.0 -35.0 30.1 32.2 500.0
4606.25 V 29.6 4.8 33.1 0.0 -35.0 32.5 42.4 500.0
5527.50 H 25.0 5.3 35.5 0.0 0.0 65.8 1940.5 | 2743.6
5527.50 V 27.2 5.3 35.5 0.0 0.0 68.0 2499.8 | 2743.6
6448.75 H 18.6 6.0 36.2 0.0 0.0 60.7 1088.6 | 2743.6
6448.75 V 20.2 6.0 36.2 0.0 0.0 62.3 1308.7 | 2743.6
7370.00 H 53.5 6.7 37.9 -35.6 | -35.0 27.5 23.7 500.0
7370.00 V 52.8 6.7 37.9 -35.6 | -35.0 26.8 21.9 500.0
8291.25 H 48.5 7.2 37.7 -35.8 | -35.0 22.6 134 500.0
8291.25 V 47.3 7.2 37.7 -35.8 | -35.0 21.4 11.7 500.0
9212.50 H 51.8 7.5 38.1 -36.3 0.0 61.1 1134.2 | 2743.6
9212.50 V 51.1 7.5 38.1 -36.3 0.0 60.4 1046.4 | 2743.6

Gray rows indicate restricted bands which must meet the general limits

Total = Meter Reading + Cable Loss + Antenna Factor + Preamp Gain + Duty Cycle Factor

MAre E. |
Checked By: LONGINQTTI
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter
Model No. : Orion Transmitter
Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, 15.247, Peak Output Power —
: Radiated Measurement

Date : November 14, 2006

Notes : Redesigned Product, No Metal Enclosure
: Test Distance is 3 meters

Matched Signal
Meter Generator Antenna | Cable

Frequency | Antenna | Reading Reading Gain Loss EIRP Limit
MHz Polarity | dBuV dBm dB dB dBm dBm
911.65 H 69.7 2.2 2.15 5.2 -0.85 30
911.65 \Y 77.7 13.6 2.15 5.2 10.55 30
916.45 H 64.2 -2.9 2.15 5.2 -5.95 30
916.45 \Y 77.8 14.5 2.15 5.2 11.45 30
921.25 H 735 6 2.15 5.2 2.95 30
921.25 \Y 77.3 13.2 2.15 5.2 10.15 30

EIRP = Sig. Gen. Reading + Antenna Gain — Cable Loss

Maryk E. -
Checked By: LONG'NQTﬂ
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Engineering Test Report No. 37122-02

Manufacturer : Badger Meter
Model No. : Orion Transmitter
Serial No. : None Assigned

Test Specification  : FCC Part 15, Subpart C, 15.247, Peak Output Power —
: Radiated Measurement

Date : November 14, 2006

Notes : Redesigned Product, Inside Metal Enclosure
: Test Distance is 3 meters

Matched Signal
Meter Generator Antenna | Cable

Frequency | Antenna | Reading Reading Gain Loss EIRP Limit
MHz Polarity | dBuV dBm dB dB dBm dBm
911.65 H 50.4 -16.8 2.15 5.2 -19.85 30
911.65 \Y 60.1 -3.6 2.15 5.2 -6.65 30
916.45 H 50.6 -16.9 2.15 5.2 -19.95 30
916.45 \Y 60.2 -2.9 2.15 5.2 -5.95 30
921.25 H 51.3 -16.2 2.15 5.2 -19.25 30
921.25 \Y 61 -2.9 2.15 5.2 -5.95 30

EIRP = Sig. Gen. Reading + Antenna Gain — Cable Loss

Maryk E. -
Checked By: LONG'NQTﬂ
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