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1. General Description

1.1 Overview

The PI-4100 is Potomac Instruments’ third generation of precision survey instrumentation
designed specifically for the direct measurement of electromagnetic field strength in the 200 kHz to 5.1
MHz frequency spectrum. This microcontroller driven instrument combines alaboratory quality
measuring receiver, a balanced loop antenna, an internal GPS receiver, an internal calibration source, data
acquisition hardware and software, and a graphical LCD display in asingle rugged package weighing less
than 3 kg. The device measures, displays, and at the option of the operator, records the following:

Field Strength. Thisinstrument measures and indicates el ectromagnetic field strength in the 200 kHz to
5.1 MHz spectrum at levels ranging from 30 uV/m (29.5 dBuV/M) to above 50 V/m (154 dBuv/M).

Date & Time of measurement. For logging the Pl 4100 indicates date and coordinated universal time
(UTC) derived from the Global Positioning Satellite (GPS) constellation. For users preferring to
record datain local time, the operator has the option of offsetting UTC time via menu selection.

Distance from the transmitting antenna or array. Line-of-sight distance from the point of
measurement to the transmitting source is displayed both for operator feedback and for logging. This
feature is enabled when the | atitude and longitude coordinates of the source are entered into Pl 4100
memory by the operator.

M agnetic bearing from the measuring point to the transmitting antenna or array.
The Pl 4100 indicates Magnetic Bearing (True Bearing £ Declination) to the sourceif the latitude and
longitude and magnetic declination for the source has been entered into memory.

Trueazimuth (radial) from the sourceto the measuring point. Conventiona use of Field Strength
data often requires the data to be presented as a plot, on polar graph (or map), referenced to True
North. The Pl 4100 employsitsinternal GPS receiver to calculate and display the True azimuth, in
degrees, from the sourceto the measuring point both for operator reference and logging purposes.

Geographical coordinates of the measuring point. The Pl 4100 internal GPS captures and displays the
Latitude and Longitude of the physical location from which a given measurement is conducted
(degrees, minutes, and seconds). Thisinformation can be stored with other pertinent data for future
retrieval.

Spectrum occupancy (visual display) for the RF spectrum immediately adjacent to the measured
frequency. The spectrum display screen provides 1.0 kHz resolution bandwidth and a sweep width
of either £22 kHz or +64 kHz from center. Amplitude resolution on-screenis 1.0 dB. Carrier
frequency is displayed (center screen) and an internal Marker can be moved in increments of 1.0 kHz
either side of the carrier to precisely measure frequency response or interference level (in dB below
carrier with 0.1 dB resolution) at the Marker frequency.

Functional elements: The Pl 4100 Functional Block Diagram, Fig. 1, p. 10, showsthe Pl 4100's
functional elements.
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Pl 4100 KEY FEATURES

126 dB dynamic range measuring receiver
Digitally synthesized tuning in 1.0 kHz increments

Spectrum display to facilitate various measurements (Field Strength and Spectrum occupancy) in a
single instrument

Provisions for a third party calibration check, using their laboratory standards, when it is impractical
to return the instrument to the manufacturer for calibration

Data acquisition software and PC interface to enable the collection, analysis, and e-distribution of
field measurements. (Thisfeature anticipates the future acceptance of data e-filing by federal
regul atory agencies.)

Magnetic compass to aid in the initial orientation of the integral loop antenna

External RF input port (BNC) so that the instrument can be used as a stand-alone calibrated tuned RF
Voltmeter

External RF output port (BNC) so that the buffered output from the loop antenna can be used to drive
external detectors and spectrum display devices

USB port for downloading data from the PI 4100 internal memory to a compatible computer
Comma separated dataformat for ease of importation to third party commercial software
DC Field strength output for external recording

DRM and HD Radio™ measurement capability with automatic correction



1.3 SPECIFICATIONS

Field Strength M easurement

Freguency Range 520 kHz to 5.1 MHz or 200 kHz to 5.1 MHz, calibrated
Minimum frequency step 1.0kHz
M easuring accuracy:
AM & Simulcast DRM +3%
Pure DRM +6%
Field strength measuring range:
AM & Simulcast DRM 28 dBuV/mto 154 dBuV/m (25 pV/m to 50 V/m)

Pure DRM, 4.5/5 kHz BW 33 dBuV/mto 146 dBuVv/m
Pure DRM, 9.0/10 kHz BW 36 dBuV/mto 146 dBuV/m
Pure DRM, 19/20 kHz BW 39 dBuV/mto 146 dBuV/m

Measurement units uV/m-mV/m-V/m; mV/m only;
dBuV/m (dB above 1 pV/m)

M easurement bandwidth 1.0kHz @-3 dB

Image rejection ratio >60 dB

Spurious rejection >75 dB

Harmonic measur ement
Harmonics, menu-selected 2nd, 3rd, 4th, 5th
M easurement range to -80 dBc or lower, for carrier FSof (0.3—3) V/m

Spectrum Display

Modes Norm (referenced to center freq FS)
Peak (Norm with peak hold)
Abs (displays 20 - 140 dBuV/m FS)
Center frequency range Same as FS frequency range
Span (Sweep width) 128 kHz, 45 kHz
Resol ution bandwidth 1kHz
I/0O Ports:
Data output jack USB B jack
Cadl Injack BNC, nominal calibration input 700 mV rms
RF In jack BNC, RF input and dc FS output
RF Out jack BNC, RF output and dc cal detector output
Headphone jack Audiojack, 3.5 mm
Battery charging jack Power jack, 2.1 mm



RF Voltmeter (RF In jack)
Input impedance
Voltage range
Measurement units

RF Out

DC Field Strength output

Audio outputs

Data items stor ed

Battery power supply
Battery type
Battery operating time
Battery recharge time
Charging supply
Alternative battery

Environmental characteristics:
Operating temperature range
Operating altitude

Dimensions and weight:
Length, Width, Height
Weight

2500 Q
30 uV to 40 V rms
uV-mV-V; mV only; dBuV

28 £2 mV rms in 50Q2 for 1 V/m FS, 200 kHz — 5.1 MHz

Proportional to dBuV/m, 1.0 Vdc @ 100 dBuV/m with a
1 MQ load (10 mV/dB)

For AM and Simulcast DRM only:
Front panel speaker

Headphone jack, 3.5 mm, mono or stereo
(use disconnects speaker), up to 4.0 V p-p max output

28 items, listed in Users Guide Sec. 4.5.6

Rechargeable NiMH, 7.2 V, Pl supplied

5 hours min., new battery

3 hourstypical for full charge

11-15Vdc, 1.2 Amperesmin., 2.1 mm plug
Six AA cdlsin aPl-supplied battery holder

0°C to 50°C dry, RH 95% (non-condensing)
Up to 13000 ft. (4700 m)

L:15in,38cm W:7in,18cm H: 11in, 28 cm
5.51b, 2.5kg
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2. Receipt, Inspection, and Reshipment

2.1 Unpacking

The Pl 4100 is packed in a custom shipping carton. Inspect the carton for any signs of serious
damage. Report any damage to the shipping company.

Carefully remove the Pl 4100 from the shipping carton. A User’s Guide, a charger power supply
with power cord, an in-vehicle charging cable, a battery holder, a USB cable, and a CDROM are included
in the carton. Please retain the carton, the plastic foam insert holding the Pl 4100, and other packing
materialsin case the unit and accessories must be shipped. The foam insert can be used in the Pelican
1610 hard case, see Appendix 4 for details.

The Pl 4100 is ready for operation as delivered. See Section 4 of this Manual for operating
instructions.
WARNING
In al locations where power receptacles have a ground pin socket, the Pl 4100 recharging
power supply’s power input ground terminal must be connected to the receptacle ground pin
socket. Failure to use a grounded outlet may result in improper operation or a safety hazard.

2.2 Reshipment tofactory

If aPl 4100 must be returned to the factory it is best shipped inits origina carton and packing
materials or in aPelican 1610 case. Shipping cartons can be ordered from the factory if suitable
packaging is not available. Contact information can be found below and in Section 5 of this Guide.

2.3 Serviceand Warranty for Equipment and Accessories

Warranty: Potomac Instruments, Inc., warrants each new equipment to be free of defectsin
material and workmanship, for aperiod of one (1) year after the date of receipt of the equipment in
satisfactory working condition. Any instrument which is found within one year not to meet the foregoing
standards after examination by our factory or representative, will be repaired, or at the option of Potomac
Instruments, replaced without charge. This warranty does not apply to equipment which has been atered,
improperly handled, or damaged after receipt.

If the Pl 4100 fails to perform properly, initialy or after a period of use, or if it requires factory
recalibration: if thereisalocal factory-authorized dealer or service facility, first contact the dealer or
facility. A technician there will determine the best procedure to deal with the problem, in consultation
with the factory if necessary. Otherwise, contact the factory directly. In either caseit is recommended to
use the use the factory online RMA (Returned Material Authorization) system by going to the Potomac
web site at http://www.pi-usa.com, and clicking Request Service - On-line RMA Request. For units
that are not under warranty, repair cost estimates will be provided, and authorization to proceed will be
obtained from the customer before repairs are carried out. If return to the factory is not possible, Potomac
Instruments will work with the authorized service facility or user to complete the repair, and will supply
technical data and parts as necessary.

2.4 Contact infor mation

Factory:

Potomac Instrumentsinc.

Attn: Service Dept.

7309 Grove Road, Unit D
Frederick, MD (Maryland) 21704
Phone: +1-301-696-5550

Fax: +1-301-696-5553

email: service@pi-usa.com
http://www.pi-usa.com
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3. Controls, Indicators, and External Ports

3.1 Front Pand

Refer to Figure 1 or to the PI4100 itself for the following discussion. Each control is described
below, starting with the Power/BkIt key, and moving counterclockwise aound the panel to the other

keys..

Polomac
Instrumania

POWER L7F

9 IT’S?? HoLo @

@ 0 SAW? = ::'6
o Oy

AUDIO
MENU  SELECT DELETE @ FREQ PRESET

Figure 1. Pl 4100 Front Panel Controls and Indicators

POWER/BKLT: Turnsthe 4100 on (press until screen text appears) and off (press until screen text
disappears). Turnsthe display backlight on and off, a short press for both.

UP and DOWN arrowhead keys. These keys (1) move areverse video cursor to step through the
choices available in the menu and submenus, and (2) step through the available values of adigit or
character, 0-9 and/or A-Z.

LEFT and RIGHT arrowhead keys. These keys (1) for some menu items, move an underline cursor to
select options; (2) for some menu items, move a reverse video cursor to select a number or character to
change; and (3) for FREQ SET, move an underline cursor to select digits to change.

MENU: When in the field strength screen or a spectrum screen, pressto display the menu of operational
and setup options; press again to go back to the previous screen. For details see Sec. 4.3, p. 24.

SELECT: Used in menu operations to confirm a selection from alist, to confirm the choice of anitemto
modify, and to confirm that the modification is complete, al in accordance with on-screen instructions.

DELETE: Used to review the datarecords stored in the Pl 4100, and (using SELECT) to delete selected
datarecords. For details see Sec. 4.5.2, p. 27.

AUDIO/F4: Turnsaudio in the speaker or headphones on and off, a short press for on and along press
for off. For audio on, short presses step the sound level through four steps. For F4 see FREQ PRESET.
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SAVE/F3: Used to save ameasurement and associated data in internal memory. Press onceto review
and change the associated data on the Save screen, and press again to complete the Save operation and go
back to the Field Strength screen. For details see Sec. 4.2.4, p. 19. For F3 see FREQ PRESET.

HOLD/F2: When pressed, the field strength value at that time is held on the display and in temporary
memory. For details see Sec. 4.2.4, p. 19. For F2 see FREQ PRESET.

LPF/F1: Contrals stepping through three low-pass filter choices for three degrees of field strength value
smoothing. For details see Sec. 4.2.5.3, p.20. For F1 see FREQ PRESET.

FREQ PRESET: Allowsquick selection of any of four previoudly stored frequencies which are shown
onthedisplay asF1, F2, F3, and F4 after FREQ PRESET is pressed. Selection is made by pressing
one of the keys marked F1, F2, F3, or F4 asindicated above. For details see Sec. 4.2.1.3, p. 17.

FREQ SET: Allows setting the receive frequency to any available value by setting each digit of the kHz
number on the display to the desired value. For details see Sec. 4.2.1.3, p. 17.

MODE: From the Field Strength screen, steps the display through three spectrum display modes and
back to the Field Strength screen. For details see Sec. 4.2.7, p.22.

BATT LED: Signals by flashing that the 4100 will soon turn itself off because of low battery voltage and.
the battery pack needs to be recharged. For details see Sec. 4.4.1, p. 26.

13



3.2 Primary Display Screen Elements

Refer to Figure 2 or to the P14100 itself for the following discussion. Screen el ement descriptions are
given below with reference to horizontal lines of text, starting at the top with Line 1 and reading from
left to right in each line. For more detail on an item refer to Sec. 4, Operation.

Figure 2. Pl 4100 Field Strength display

Line1: Call sign of the selected station; Time and date from GPS (UTC + Offsat).
Line 2: Frequency of the selected station; Modulation type; Battery voltage.

Line 3: Field strength value and units; Field strength trend indicator, points up for increasing, down
for decreasing field strength.

Line4: Field strength value and units; LPF setting, degree of field strength smoothing, 1, 2, or 3;
internal temperature, °C..

Line5: Analogfield strength indicator, each mgjor division indicates 1 dB (12%) change.

Line6: Bearing (magnetic) of the station from the PI4100; Azimuth of the PI4100 from the station.

Line 7: Distance of the PI4100 from the station; Internal correction value (for reference only)

Line 8: Latitude of the PI4100, degrees/minutes/'seconds, from GPS.

Line9: Lpngitude of the PI4100, degrees/minutes/seconds, from GPS; Number of GPS satellitesin
view.

Lines 10, 11,12: Promptsfor the operator, on manual self-calibration, storing areading, and menu use.
Prompts vary with screen function.

14



3.3 Rear Panel Signal and Power Ports

RF calibration input Headphone jack

RF voltmeter input
DC field strength output

Battery charging jack

Buffered antenna RF output
Cal detector dc output

USB data port

Figure 4. Charger Cableinstalled for charging Figure 5. Battery charger and Interface
Cables supplied

15



4. Operation
4.1 FIRST- TIME OPERATION

After unpacking the 4100, atrial run will help a new user to become familiar with its operation.
The following is suggested:

Connect and charge the supplied battery pack, if either is necessary.

Adjust the compass index

Go outdoors and try some field strength measurements.

Review the menu options and enter the time offset between UTC and local time.
Enter data for a station to be measured.

Use GPS-derived data and the compass to orient the 4100.

Make and save some field strength measurements.

Download the measurement results to a computer.

Details on operating the 4100 can be found throughout this Guide, therefore browsing through the
Manual may reveal information of special interest.

e Connect the battery:

The 4100 is shipped with its battery pack connected except in unusua circumstances. If itis
shipped with the pack disconnected (there is no response on pressing the POWER key), connect the
battery asfollows:

Open the battery access door at the bottom of the front panel by pulling the upper left-hand
corner of the door away from the panel.

L ocate the cable on the battery aswell asthe cable to the unit above. Both cable ends are
usually found under the battery, after the battery is removed.

Plug the connector s on these two cables together and reingtall the battery with the mated
connectors under the battery.

Closethe battery door, pressing in on first the sides and then the top of the door so the flange on
the inside of the door is caught behind the panel edges.

e Adjust the compassindex:

The 4100's compass has ared vertical index line facing the operator, which should be on center,
aligned with the joint line of the two halves of the compass mount. If it isnot so digned, rotate the
compass in its mount to bring the index line into alignment.

e Adjust the hand strap:

To adjust the length of the strap, separate the two halves of the wide padded part of the strap,
which are held together by hook-and-loop materia. Pull the lower strap end loose from the pad,
reposition it in the bottom metal 1oop as desired, press the strap back onto the pad it was removed from,
and press the two padded halves together. The strap can be moved to the right-hand side of the 4100 by
removing and reinstalling the screws that fasten the strap mounting rings to the case.

e Turn on the 4100 and make a measur ement:

Turn the 4100 on: Press POWER/BKLT until text appears on the display. If the battery has
enough charge the main screen appears after afew seconds. If nothing appears on the display the pack
must be charged, see Battery information, Sec. 4.2.5.. When text appears ook for the battery voltage
readout BATT 7.2V (7.2V isatypica value) at the right side of the screen near the top. If the voltageis
7.0 or more, go ahead with measurements. Sec. 3.2, p. 14, describes other screen elements.
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Set the frequency: Change from the factory set 500 kHz to the frequency of the desired station.
A stronger oneis better for thefirst try: Press FREQ SET; a cursor line appears under the 10 kHz digit
(for 9 kHz channel spacing, the 1 kHz digit). Set that digit to the desired value using the up & down
arrow keys (UD). Usetheleft arrow key to move the underline to the next digit to be changed, and
changeit in the sameway. Repeat until the display shows the desired frequency.

Press AUDIO to hear the station'saudio: The level does not change with field strength. Short
presses of AUDIO will change the sound level through four steps and along pressturnsit off. Audio
quality islimited by the receiver's narrow bandwidth and the speaker's small size.

Start Self-Calibration: Press and hold the LPF/F1 key until CAL appearsin abox. Self
calibration at the selected frequency proceeds and ends with CAL OK in abox if al isnormal.

Measure Field Strength: orient the loop antenna for maximum reading (while keeping it
vertical) by using the analog indicator, a small block which movesright or left as the level increases or
decreases. Thereisalso atrend indicator with an arrow that points up when level isincreasing and down
when it isdecreasing. To reduce rapid variations in the reading, usually due to modulation, press LPF; on
the display LPF1 changesto LPF2. This reduces variation and slows response time by applying a
lowpass filter. Press LPF again to obtain more filtering; LPF2 changesto LPF3. A third press of LPF
returnsto LPF1 for the least filtering.

When thereading is maximum press SAVE to save thereading. The valueisheld internally
while the screen changes to the Save Screen, in which additional data can be entered and saved with the
measurement. On this screen the operator has the option to enter the pattern being measured, a
letter/number code for the measurement location, operator's 1D, and a 14-character note. After the desired
entries are made, press SAVE again to complete the operation and return to the field strength screen.

GPS use: In an outdoor |ocation where GPS reception is possible, latitude and longitude will
appear on the display (thefirst fix after the 4100 has been shipped along distance may take severa
minutes). Distance, azimuth, and bearing can be displayed if the latitude, longitude, and magnetic
variation are entered in the 4100 for the transmitting antenna location. To do this, press MENU, go to Tx
add, and enter the data. For more detail see Sec. 4.2.2, p.18. The 4100 can now be oriented for
measurements by making the compass reading equal to the bearing value on the display.

Downloading datato a computer: To download data, first, install the 4100 Data Downl oader
program supplied with the 4100 and start the program (see Sec. 4.5, p.28). A program window appears
with four buttons indicating the tasks the program can perform. When aUSB cable, Type A to Type B, is
connected between the computer and the 4100, “Pl 4100 connected” appears at the top of the program
window and the 4100 display blanks. On the computer click thetop “Download...” button; specify the
file name of the .csv file that will contain the data and where that file is to be stored. The download then
proceeds. Downloaded data may be viewed in the program or by opening the .csv file in a spreadsheet
program.

To turn the 4100 off, press and hold down POWER/BKLT until the screen text disappears after
about two seconds.
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4.2 PI4100 Operating procedur e details

4.2.1 Setting the operating frequency:

Freguency can be set in these ways:
Accept the turn-on setting
MENU - Tx select
FREQ PRESET key
FREQ SET key
MENU - Harmonic select

4.2.1.1 Turn-on: A new 4100 turned on for the first time shows the factory setting, 500 kHz. If
the unit has been used: if it was on afrequency chosen using Tx select (see below) at turn-off, it will be
on that frequency when next turned on. If it was on afrequency set using FREQ SET at turn-off, when
turned on it will be on the frequency most recently selected using Tx select, or on 500 kHz.

4.2.1.2 Use MENU-Tx select to make aradio station for which data has been stored the active
station. The station's frequency and call sign appear on the display, and its antenna |l ocation and
declination is used to calculate distance, azimuth, and bearing. For DRM and al-digital HD stations a
correction is added to the field strength reading. A new unit will have no station data stored.

Touse Tx select: Press MENU; with the cursor on Tx select press SELECT; use the up-down
keysto select astation: press SELECT; press MENU. If the desired station is not shown, use Tx add in
the menu to enter it, see Sec.4.2.2. Self-calibration will take place automatically.

4.2.1.3 Use FREQ PRESET to changeto anew frequency. To store afrequency as a preset to
use later, first use MENU-TX select to go to that frequency (only frequencies stored in Tx select can be
made presets). Then press FREQ PRESET; press one of the F1 - F4 keys and hold it down until you
hear a beep and the display shows the new frequency. Repeat thisfor other frequencies desired as presets.

Togotoapreset frequency, press FREQ PRESET; the display shows the available presets.
Briefly pressthe F1 ... F4 key for the desired frequency, do not hold the key down. If station location
data has been entered for that frequency, and GPS reception is possible, location-rel ated data, date, and
time appear on the display. Self-calibration will take place automatically.

4.2.1.4 Use FREQ SET to changeto anew frequency. To set afrequency: Press FREQ SET;
use up-down keys to change the frequency digit over the underline cursor; press the left key to move the
cursor to the next digit, changing its value the same way; repeat as needed. The 4100 will then receive a
signal on the new frequency but no location-related or time datawill appear. For accurate measurements
press LPF toinitiate self-calibration, holding the key down until CAL appearsin abox.

4.2.1.5 Use MENU-Harmonic to go to aharmonic of the current frequency. To select a
harmonic, press MENU and use the down arrow to go to Harmonic: 1 2 3 4 5. Use theright arrow key
to move the underline cursor to, for example, 3 for the third harmonic, and press MENU. Thereceive
frequency then changes to three times the displayed frequency, and on the display, 3x appearsto the left
of the frequency. If anew frequency is selected by using Tx select or FREQ PRESET, the harmonic
selection changes to the fundamental. For more detail see Sec. 4.2.6, p.23, Measuring Harmonics.

4.2.2 Entering and changing station data for GPS use

To use the internal GPS receiver to obtain distance and azimuth of the measuring point from the
transmitting antenna, and to use the compass for |oop antenna aiming, data must be stored in the 4100 for
the station to be measured. Datais stored, modified, and retrieved by using the menu items Tx add, Tx
edit, and Tx select. Asmany as 50 stations may be entered. Station data can be entered by using the
front-panel keys or by using the Data Downloader program, see Sec. 4.5.4, p. 28. If the GPS derived data
is not needed, measurements can be made without this data-entry step by using FREQ SET to set the
frequency.
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4.2.2.1 Toenter station data usng MENU — Tx add:

Press POWER/BKLT to turn on the 4100.
Press MENU after the field strength screen appears; the menu screen appears.

Pressthe Down arrow key to go to Tx add; press SELECT. The Tx data entry screen appears,
listing six dataitems to be entered, and with the reverse video cursor on the first item, Call - Site. Call is
the station identifier; if there is more than one antenna site for the call, each one can have a separate Tx
entry with the same call but a different dash number. As many as eight characters can be entered. Press
SELECT,; reverse video appears on the first character. Pressthe Up key to scroll through the numbers
and the aphabet, or press the Down key to scroll backwards, to change this character to the desired one.
Pressthe Right arrow key to go to the next character and change it the same way. Continue this
procedure until all characters are as desired, then press SELECT to exit Call-Site.

Press Down to go to Freq, and press SELECT. Proceed asfor Call-Site, using the arrow keys
to change each frequency digit to the desired value. When done press SELECT, as before, to exit Freq..

At thispoint it is possible to exit Tx add, if the location datais not available or not of interest,
and the new entry will appear in the Tx select list.

Toenter location data, move to each of the remaining data items and enter the required data.

Latitude and Longitude are the transmitting antenna location coordinates in degrees, minutes,
and seconds.

Var is the magnetic declination, also known as variation, the angular difference in degrees and
minutes between the bearing of true north and magnetic north. It can be calculated from the latitude and
longitude at this NOAA web site: http://www.ngdc.noaa.gov/geomagmodel §/Declination.jsp.

Modulation is the modulation system used by the station. Going to Modulation and pressing
SELECT gives the available choices. AM refers to normal double-sideband amplitude modulation. DRM
with anumber refersto Digital Radio Mondiae; the number is the occupied bandwidth in kHz. HD-ad
refersto the all-digital mode of HD Radio™. When a DRM or HD station is selected in the 4100, a
correction is automatically added to the field strength reading to account for the difference between the
measuring bandwidth, 1.0 kHz, and the occupied bandwidth. The DRM correction would be valid for any
digital modulation system of the same bandwidth in which the power per unit bandwidth is uniform
across the band.

When therequired data has been entered, press MENU to go back to the main menu, and
press MENU again to return to the field strength screen. The station just entered becomes the active
station, meaning that the receiver istuned to its frequency. Its antenna coordinates are used to calculate
distance, the azimuth of the 4100 from the station, and the magnetic bearing of the station from the 4100.

4.2.2.2 Toenter station data using the Data Downloader Program: With this program, data
can be entered from the keyboard of a connected computer. To do this see the Downloader program
instructions, Sec. 4.5.4, p. 28.

4.2.2.3 To changeexisting station data: MENU — Tx edit: Press MENU, go to Tx select, and
select the station needing achange. Press SELECT to return to the menu, go to Tx edit, and press
SELECT again. All dataitemsfor the selected station can then be entered or edited as described above
for TX add.
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4.2.3 Sdf-calibration, automatic and manual

Automatic calibration: The 4100 calibratesitself using an internal calibrating source. This
takes place automatically when the unit is turned on, and also when the selected station is changed by
using Tx select or FREQ PRESET.

Manual calibration: Toinitiate calibration at any time press LPF, holding the key down until a
blinking CAL message appears on the display, followed by CAL OK. Do thiswhen the frequency is
changed using FREQ SET sinceit will not be done automatically. Do it immediately before critical
measurements, especially when the 4100 has been subjected to alarge temperature change. Manual
calibration isintended to be used only for field strength measurements, not for the RF Input mode.

CAUTION: For accurate measurements, all parts of the 4100 must be at least 12 inches (30 cm)
from any large metal surface during self-calibration. If the unit isturned on while resting on a meta
surface, and self-calibration takes place, its readings when handheld will be about three percent too high.
It is best to turn the 4100 on and change its frequency selection after the unit is positioned for
measurements.

How sdlf-calibration works: When LPF isheld down, CAL appears blinking in a box on the
display, and the 4100 checks to seeif the received signal is large enough to affect the calibration. If so,
the receiver frequency is shifted afew kHz and the check repeated; when thistest is passed, the internal
calibrating source is turned on and injected into the loop antenna; the resulting field strength valueis
compared to afactory-set reference. The dB difference between the two, which isthe CAL number seen
on the display, is saved and added as a correction to all field strength dBuV/m readings until the next self-
calibration. Voltage unit readings are calculated from the corrected dBuV/m values. CAL OK appearsin
abox on the display to show that the process is complete, and the new CAL valueisdisplayed. If thereis
aproblem with the calibration, NO CAL 1 (received signa on the cal frequency too high) or NO CAL 2
(change from the previous CAL value too great) may appear instead of CAL OK, and the previous CAL
value will beretained. The CAL value indicates the receiver internal gain correction; the operator does
not need to make use of it.

4.2.4 Saving measurements: SAVE and HOLD

4.2.4.1 Tosave ameasurement, press SAVE. All screen dataisheld at the values existing
when SAVE was pressed. The Save screen appears, which allows operator- entered data to be stored with
the measurement. Pressing SAVE a second time stores the measurements together with the following
optional operator notations:

Pat (pattern): Gives the antenna pattern in effect for the measurement, following standard US
practice. The choices are Dy (day), Nda (non-directional), Nt (night), Cr (critical hours), and -- (no
pattern designation). Choose one by using the left and right arrows to move the underline cursor to the
desired pattern. Then press the down arrow to go to the next screen item.

Meas. Point: Enter a predetermined code to identify the measurement point. Enter up to four
characters following the same method given above for entering acall sign for Tx add (see p. 19).

Radial: Enter theradial angle associated with the measurement, if applicable (the azimuth
shown on the field strength screen should be close to this value).
Initials: Enter theinitials or other ID of the person making the measurement.

Data point: Thisisanumber that steps up one unit each time a measurement is saved to
provide an identifying number for the measurement. To reset the number to a desired value at the start of
a series of measurements use the methods described for Tx add above. To see the number of the last
measurement saved, to prevent duplication of numbers, press DELETE.

Note: A note of up to 14 characters may be entered, using the Tx add call sign methods. This
could be the call sign of a station measured using FREQ SET, not otherwise saved.
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4.2.4.2 Completing the Save: Press SAVE a second time to complete the Save process and
return to the field strength screen for the next measurement. The 4100 allows up to 250 measurement
records to be saved before some records must be downloaded to make space for more. At the top of the
Save screen the number of measurements that can be saved at any timeis given as NNN Free. To reduce
the possibility of datalossit is advisable to download saved data as soon as possible, using the PI 4100
Data Downloader program supplied (see Sec. 4.5).

4.2.4.3 Entering Save screen data before measuring: Data can be entered on the Save screen
before starting measurements, which saves time during measurements. To do this press SAVE once,
enter the data, and press MENU to go back to the field strength screen. All Save screen datais held for
all measurements until the operator changes the data, except Data point, which automatically increases
by one as each measurement is saved. When measuring, press SAVE to hold the measurement data and
view the Save screen, which will show the previously entered data. Edit as necessary as described above
and press SAVE asecond time to save the data.

4.2.4.4 The HOLD key: PressHOLD to ‘freeze' everything on the field strength screen at the
instant the key is pressed; all values on the screen remain fixed until further actionistaken. Press HOLD
again to return to normal operation without saving the data, or press SAVE to save the data and return to
normal operation. The operator may make a measurement and press HOLD when satisfied that the
measurement is accurate, and then decide whether to save it.

4.2.4.5 Viewing and deleting saved data: To view measurement data records saved in the
4100, press DELETE. The screen now shows the most recent record and gives on-screen instructions for
going to other records. Press the up arrow key to go to an earlier record or hold the key down to step
through the saved records. Pressthe left arrow key to go to the earliest record. To delete arecord, make
it the one shown on the screen and press SELECT. To go back to the field strength screen press MENU.

4.2.5 Measuring Field Strength

4.25.1 Field strength units: FS1 and FS2 on the display express the same measurement in
different units, which are selected for each asfollows: press MENU; press FId Str 1 or FId Str 2; press
SELECT; move the cursor to the desired units; press SELECT. The choices are voltage units, uv-mV-
V/mor mV/m only, or dB units, dBuV/m (dB above 1 uv/m). Although voltage units are standard in US
practice, dB units can be easier to interpret when the value is fluctuating because a one unit change in the
last digit always represents approximately a one percent change in value. When it is desired to find the
dB difference between two values, having dB units simplifies the calculation. FS1 and FS2 values are
both saved when a measurement is saved.

4.2.5.2 Loop antenna orientation: When measuring, the loop antenna can be oriented for the
highest reading, or it can be pointed at the transmitting antenna by making the compass reading equal the
displayed bearing value. When using the compass, be sure that no nearby iron or steel objects are
affecting the compass, and that declination (variation) is entered correctly. Pointing at the antenna may
give alower value if thereis significant reflection from conducting objectsin the area. If thisisthe case,
both values can be saved for analysis after downloading. Standard practice is to keep the loop antenna
plane vertical; this aso can be varied and the results saved.

4.25.3 LPF use: Low-passfiltering to reduce fluctuation in the displayed value is avail able by
using LPF to step through three choices. Approximate values of the time it takes for the reading to reach
itsfinal value are for LPF1, 0.5 sec; for LPF2, 1.5 sec; and for LPF3, 5 sec. When the FS reading goes
below 35 dBuV/m the 4100 switches from LPF1 to LPF2. When cochannel interferenceis present, and
the frequency differenceis 2 Hz or greater, use of LPF3 allows measurements when the desired signal
exceeds the undesired signal by 4 dB or more.

Another way to deal with varying readingsisto save several readings and average them after
downloading.

21



4.25.4 DC fidd strength output: A dc voltage output proportional to dBuV/mis available at
the center pin of the RF In BNC jack. With a high-resistance load the voltage is approximately 10
mV/dBu, or 1V for 100 dBuV/m, with a maximum range of 0.2t0 2.0 V. The source resistance is 10,000
Ohms. A 100uafull scale analog meter could be connected between this point and ground for remote
reading. This output can be used while an external RF input signal is connected by feeding the signal to a
T junction through a coupling capacitor.

4.25.5 Temperature effects: The low-temperature limit for display operation is -20C/-4F, but
measurements become difficult as the temperature approaches these values because the display response
time becomes very slow. Battery performanceisreduced aswell. A good cold-weather strategy isto
keep the 4100 in awarm environment as long as possible and to transport it an insulated carrier so its
exposureto cold is minimized. The high-temperature limit is +50C/122F, aso set by the display. In
warm weather it is advisable to minimize the time the unit spendsin a closed vehiclein the sun, or the
time spent in direct sunlight. The temperature shown on the display is the processor temperature, which
increases to several degrees above ambient with operation.

4.2.5.6 Measuring pure DRM transmissions: In pure DRM transmissions the transmitted
power is uniformly distributed throughout the assigned signal bandwidth, which may be 4.5, 5, 9, 10, 19
or 20 kHz. Since the 4100 measures the power in a 1.0 kHz bandwidth, the total power received is
greater than the measured power in a 1.0 kHz bandwidth by a factor equa to the signal bandwidth in kHz.
Thus the observed field strength in dBuV/m in the 4100 must have added to it a correction quantity
10logB (where B isthe DRM signa bandwidth in kHz) to obtain the total received field strength value to
be displayed. Voltage unit values for display are calculated from the dBuV/m values. This correction is
done automatically in the 4100 (for operating software versions 2.3.06 and higher) when a stationis
selected from the Tx select list which has the appropriate modulation entry (see Sec. 4.2.2.1, p.19). The
correction values are: 4.5&5, 6.8dB/2.19; 9& 10, 9.8 dB/3.1; 19& 20, 13.0 dB/4.4. Simulcast DRM
transmissions with full carrier do not require this correction and are treated the same as AM signals.

4.2.5.7 Measuring HD Radio™ All-Digital transmissions. For thissignal the carrier but only
part of the sideband power are within the 4100's 1 kHz bandwidth. A correction must therefore be added
to the measured value to obtain the total field strength. This correction has been calculated to be 3.9 dB
for dBuV/m units or afactor of 1.57 for voltage units. In Pl 4100s with software version 2.3.07 or higher
this correction is added automatically if the station data has been entered using Tx add (see Sec. 4.2.2.1,
p. 19) with modulation type HD-ad.

4.2.5.8 Low measuring limit: In the absence of significant ambient RF noise the 4100's field
strength noise floor is typically 10 - 14 uV/m (20 - 23 dBuV/m) and the field strength of AM and
Simulcast DRM signals as low as 25 uV/m (28 dBuV/m) can be measured with approximately +5 per
cent error. If the noise indication exceeds 14 pV/m at a no-signal frequency near the signal to be
measured, because of ambient RF noise, the low limit for field strength accuracy is correspondingly
higher. For pure DRM signalsthe low limit for measurements is higher because only the signal within a
1.0 kHz band is measured; the full signal is greater as explained in Sec.4.2.5.6 above. Based on
measurements of a simulated pure DRM signal with atypical PI4100, the low limit for accuracy is, for
bandwidths of 4.5 and 5 kHz, 45 uV/m (33 dBpV/m); for 9 and 10 kHz, 63 pV/m (36 dBuV/m), and for
19 and 20 kHz, 89 uV/m (39 dBuV/m).

4.2.5.9 High measuring limit: The 4100's autoranging input attenuator allows measurement of
very high AM field strengths, up to and beyond the recommended limits for worker exposure, 600 V/m at
or below 1 MHz and (600/f in MHz) above 1 MHz. Potomac Instruments strongly recommends that 4100
users stay within these limits. In high field work, near an antenna tower, electric field strength readings
may not be accurate because the 4100's |oop antenna responds to the magnetic field and is calibrated to
read electric field on the assumption that the ratio of electric to magnetic fieldsis 377, asit isin free space
or the antennafar field. This ratio may or may not hold in the near field.
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4.2.5.10 Frequency rangefor measurements. While the 4100's specified frequency range for
accurate measurements is 200 kHz - 5.1 MHz, it can be used outside this range. The frequency range for
which the unit is calibrated is shown on the nameplate on the bottom of the case and on the screen that
appears for three seconds when the unit isfirst turned on. At the low end it can be used as long as manual
self-calibration gives a CAL OK message, typically below 200 kHz, and calibration down to 200 kHz is
available. At the high end the 4100 can be used with reduced accuracy at least to 8.5 MHz, so 5th
harmonic measurements of 1.7 MHz are possible.

4.2.6 Measuring Harmonics

4.2.6.1 Measurement conditions: The Pl 4100 can measure broadcast harmonics with full
accuracy for harmonic frequencies up to 5.1 MHz and with reduced accuracy to 8.5 MHz. For accurate
measurements the received signal must be large enough that the harmonic to be measured will be above
the 4100’ s noise floor, but not large enough to cause significant harmonic generation within the 4100.
The range of fundamenta frequency field strength values that satisfy these conditions, depending on the
target harmonic ratio it isrequired to equal or exceed, is asfollows:

Target harmonic ratio: 60 dB: Fundamental field strength must be: 30 mV/mto 12 V/m

70dB 100 mV/mto 6 V/m

80 dB 300 mV/mto 3V/m
If local RF noise picked up is greater than the 4100’ s noise floor, the lower field strength limit needsto be
greater than stated above. Generally, greater fundamental field strength is better; the best value for
accurate harmonic ratio measurements is approximately 2 V/m.

4.2.6.2 Measurement procedure:

e Use Tx select to select the desired station.

e Position the 4100 and orient it for maximum field strength, near 2 V/m if possible.
e Press MENU and move the cursor to Harmonic.

e Move the underline cursor to the desired harmonic multiple, for example 3.

e Press MENU to return to the field strength screen.

3x now appears on the display to the left of the frequency, and the 4100 is set to receive at three times the
displayed frequency. Thereceived field strength is displayed in dB relative to the fundamental field
strength, or dBc, so a harmonic 72 dB below the fundamental will display as-72 dBc.

4.2.7 Spectrum mode operation

The 4100 can display the spectrum of a signal as aplot of received amplitude vs. frequency
over aspan of 128 kHz, which is centered on the frequency shown on the field strength screen at the time
MODE is pressed (see below). It doesthis by stepping its operating frequency in 1 kHz steps across the
span, producing a plot on the display in 1 dB amplitude steps. Amplitude values are held internally with
0.1 dB resolution. The measurement bandwidth, or resolution bandwidth, at each frequency isfixed at
1.0 kHz. Each amplitude value is the average of the signal received over a period of approximately 20
milliseconds. Thetotal amplitude range available is approximately 128 dB. These parameters are at
variance with NRSC requirements for spectral occupancy measurements, which call for a 300 Hz
resol ution bandwidth and peak hold without averaging.

Spectrum modes: There are three spectrum modes, designated Normal, Peak, and Abs
(meaning Absolute). From the field strength screen press MODE to go to Normal, pressit again to go to
Peak, pressit again to go to Abs, and pressit again to return to the field strength screen.

Normal mode: Thisisaplot of amplitude in dBc (dB below the center frequency carrier
amplitude) with the center frequency point at the top center of the plot.
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Peak mode: ThisisadBc plot like the normal mode but with peak hold added. Each point
remains at the highest value it reaches during any sweep since the start of the plot, and atimer showsthe
time el apsed since the plot was started.

Absolute mode: Thisisaplot of field strength value in dBuV/m vs. frequency, with 20 dBuV/m
(10 uVv/m) at the bottom of the screen and 148 dBuV/m (25 V/m) at the top, without peak hold. This
mode is the most useful for showing what signals are present whether or not thereisasignal at the center
frequency.

Marker: All modes have a marker to give precise amplitude and frequency values. The marker
isashort vertical line which extends above the plot and is moved across the plot by the right and left
arrow keys. Asit ismoved, the frequency difference from center and the amplitude value is displayed.
Thereisalso avery short cursor that moves across the plot as the frequency is stepped.

Span (sweep width): In the menu the span can be shortened from 128 kHz to 45 kHz, which
gives 2.8 times as many sweeps per minute of the central part of the plot. The central part occupiesthe
same width on the display space asit does for the 128 kHz span. To change the span to 45 kHz, press
MENU, go to Spectrum kHz: 128 45, and use the right arrow key to move the underline cursor to 45,
or the left arrow key to change back t0128. Press MENU a second time to return to the spectrum screen.

4.2.8 Measuring RF voltage: the RF In BNC jack

General: The Pl 4100 can serve as atuned RF voltmeter to measure the level of asignal
connected to its RF In BNC jack, with approximately +5 per cent accuracy over arange of 30 microvolts
(32 dBuV) to 40 Volts (151 dBuV). Voltages greater than 40 V can damage the input circuits. The input
resistance is 2500 Ohms, therefore an external termination must be used when measuring a transmission
line that requires correct termination. Thisis essential when measuring the output voltage of an antenna
current sampling line, especially one driven by a sampling loop; the line must be terminated before the
RF In jack is connected to it to prevent 4100 damage caused by high voltage. The bandwidth for
measurements is 1.0 kHz. Measurement units are both voltage units and dBuV, according to the units
selected for field strength.

Bridge detector use: The 4100 can serve very well as a detector for an RF bridge, with the
bridge output connected to the RF In jack. The measuring range is very large with no range switching
and the analog level indicator serves asthe null indicator. In the voltage measuring mode the output of
the loop antenna due to external fieldsis well isolated from the measuring circuits and is not likely to
cause errors.

Voltage measurement procedure: To measure voltage press MENU and move the cursor to
Input. Move the underline cursor from LoopAnt to RF in and press MENU again to cause switching to
take place. On the display the two legends FS1 and FS2 change to RF1 and RF2 with voltage units
related to the units selected for field strength. Manual calibration is not needed and does not function.

4.2.9 RF Out BNC jack use

General: The RF Out BNC connector provides a broadband output from an amplifier driven by
the loop antenna. The source impedance at RF Out is 50 Q. The output voltage for a given field
strength is nearly constant over the frequency range 200 kHz — 5 MHz, which makes the output useful as
an input to a spectrum analyzer. For afield strength of 1 V/m the output level is approximately 28 mv
rms (89 dBuV) with a 50 Q load. If the spectrum analyzer displays amplitude in dBuV, add 31 dB to the
displayed value to get field strength in dBuV/m. If it displays amplitude in dBm, add 138 dB to get
dBuVv/m. At field strengths above approximately 21 V/m (146 dBuV/m) an attenuator is switched in,
reducing the output level by 31 dB. The noise floor of the spectrum display will be determined by the
analyzer rather than by the 4100 unless analyzer has alow-noise input amplifier, or a separate low-noise
amplifier isused at the RF Out jack.
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4.3 MENU Operation reference

4.3.1 Menu Navigation:

Use the menu to choose options and enter data as indicated below for each item. Press MENU
and follow the directions at the bottom of each screen or the instructions bel ow.

For all items, use the up and down arrow keys to move the reverse video cursor to the desired
item, and then do the following:

For items showing two or mor e options with one option underlined, use the right and left arrow
keys to move the underline to the desired option. Then press MENU to put the option into effect and
return to the field strength screen.

For all other items, press SELECT and follow on-screen instructions. To return to the field
strength screen when finished, press MENU.

4.3.2 Menu item descriptions:

Tx select: ABCD

Givesaligt of frequencies and call signs of stations for which data has been stored in the 4100.
To choose a station for reception move the cursor to the station’s call sign, press SELECT, and follow
on-screen instructions.  ABCD isthe call sign of the station currently selected. See Sec. 4.2.2.1, p.19.

Tx edit...

Use to change previously-entered data for a station. To choose a station for editing, use Tx
select. Then press MENU, move the cursor to Tx edit, press SELECT, and make changes in the entered
itemsasdesired. See Sec. 4.2.2.3, p.19.

Tx add (NN Free)...
Use to enter station data to be stored in the 4100. NN isthe number of stations that can be added:;
the maximum is 50. Follow on-screen instructions or see Sec. 4.2.2, p.18 for detailed instructions.

Input: LoopAnt RF in
Use to choose the signal source for measurements, the loop antenna for off-air signals or the RF

In BNC jack for voltage sources. Move the cursor to Input, move the underline cursor to the desired
source, and press MENU. See Sec. 4.2.8, p.24.

Harmonic: 12345

Use to choose a harmonic of the currently-selected station for measurement. The underline
cursor indicates the current harmonic (1 = the fundamental). For details on choosing a harmonic see Sec.
4.2.1.5. For further important information on measuring harmonics see Sec. 4.2.6.

Spectrum kHz: 128 45
Use to choose spectrum mode spans of 128 kHz (the default) or 45 kHz. For spectrum mode
details see Sec. 4.2.8.

Auto off: NN min

Use to set the number of minutes of no 4100 keypresses after which the 4100 turnsitself off to
saveits battery. NN isthe current number of minutes and is factory set to 15. To enter anew value,
move the cursor to Auto off and follow the on-screen instructions. To disable automatic turn-off set NN
to 00.
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UTC offset: +NNhNNm

Use to enter the time interval (offset) in hours and minutes which must be added to UTC time to
enable the display to show local time correctly when a GPSfix is obtained. To set theinterval, move the
cursor to UTC offset and follow on-screen instructions. +NNhNNm is the current offset. The offset
interval must be reset manually when there is a standard/daylight time change.

FId Str 1: mV/m
Use to choose measurement units for the FS1 field strength number on the display. For detailed
instructions see Sec. 4.2.5.1, p.21.

Fld Str 2: dBuV/m
Use to select measurement units for the FS2 field strength number on the display. For detailed
instructions see Sec. 4.2.5.1, p.21.

Datum: LLLNN

Use to choose the geodetic datum for GPS location calculations. LLLNN is the current datum.
Move the cursor to Datum and press SELECT; move the cursor to the desired datum and press
SELECT.

Spacing kHz: 10 9

Use to input the local station frequency separation (affectsthe FREQ SET cursor initia
position). Move the cursor to Spacing, move the underline to the appropriate number, and press MENU.
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4.4 Battery information

General: ThePI14100 is supplied with arechargeabl e battery pack made up of six matched
nickel-metal hydride (NiMH) AA sizecells. Included in the pack is atemperature sensor which connects
to the charging circuit to prevent charging when the temperature is too high or too low. When the pack
reaches the end of its useful life, asindicated by a decreasing number of measurements possible per
charge, it is recommended to replace it with an identica pack from the factory.

4.4.1 Chargingthebattery:

To chargefrom the AC line (mains): Locate the supplied charging power supply (Input, 100 -
240 VAC; output 12 VDC regulated, 2 A), Connect its output to the 4100 charge input (see figure 4) and
connect itsinput to the AC line using the supplied power cord. Charging now begins and will be
completed in three hours or less. If the 4100 is turned on during thistime, charging still proceeds at the
same rate and a blinking word CHARGE appears on the display. When charging is completed the
display shows BATT and avoltage near 9.0 V while the charger is connected. When the charger is
disconnected the voltage drops to avalue near 8.3 V.

To chargefrom vehicle power (12V nominal only), for example while traveling between
monitor points: Connect the 4100 charge input directly to vehicle power using the supplied cable with
lighter plug (the plug has afuse, 3A, 8AG). The current drain is approximately 1.0 A with the 4100 off
and 1.3 A with the 4100 on. A complete charge reduces the vehicle battery's avail able capacity by about
three ampere-hoursiif the vehicle engineisn't running, not alarge loss. Note: During charging the
charging circuit generates significant interference at multiples of approximately 400 kHz..

When to charge the 4100 battery: The battery voltage appears on the display at the upper right
when the unit ison. Although voltage is known to be generally not a good indicator of remaining
operating time, it can indicate when the battery is nearing depletion. When a battery isfirst used after a
charge the voltage may be near 8V; it drops steadily with use to about 7.2V, where is changes little until
the battery is nearly depleted. Voltage then beginsto drop at an increasing rate, and at 7.0V about one
hour of operation remains. Thisisagood timeto plan to recharge. The front-panel BATT LED blinks as
awarning when the voltage falls below 6.6 V, a which point only alittle operating time remains. During
charging the voltage reading is replaced by the word CHARGE blinking.

Non-oper ating charging: When the 4100 is not in use the battery self-discharges and its voltage
drops, if the voltage goes below 6.0V charging becomes difficult. Therefore, if the 4100 is not to be used
for along period, charge it fully before putting it on the shelf, and recharge after not more than three
months of non-use. The battery manufacturer recommends storage at hormal room temperature, avoiding
heat or cold.

Charging temperature: The charging circuit allows charging only at ambient temperatures
between approximately 5C/41F and 40C/104F.

Charge maintenance: If the charging supply isleft connected for much longer than the normal
charge time, charging will automatically restart when the voltage dropsto 7.6V and restore afull charge.
Continued operation with the charger connected for along period may shorten the life of the battery.

Battery life: The manufacturer states that the expected life is 500 charge-discharge cycles or two
years. End of lifeisindicated by shortening of the operating time between charges.

4.4.2 Loose-cel battery:

A battery holder for six individual AA cellsis supplied with the 4100. It can use rechargeable
nickel-metal hydride cells, which can be recharged in the 4100. It can also use primary (non-
rechargeable) cells. Non-rechargeable 1.5V Lithium AA cells will give areasonable number of
measurements. A strip of tape may be needed around the holder to keep loose cells from popping out of
the holder.

Warning: Do not connect a charger while using non-rechar geable cells.
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45 Datastorage and retrieval: The Pl 4100 Data Downloader Program

4.5.1 General: For every saved measurement in the 4100 a data record containing 31 datafields
is stored in memory, using the .csv (comma-separated value) format. Thefieldsarelisted in Sec. 4.5.6
below. For each station data set entered using Tx add, arecord is stored containing the entered Tx data.
Up to 250 measurement records and 50 station records can be stored. The user can view each stored data
and Tx record and del ete unwanted records using the front panel controls and display. The user can also
download records to a Windows™-based computer by using the PI 4100 Data Downloader program
supplied with the 4100. Datais downloaded as a .csv file which can be opened in a spreadsheet or
database program, and the desired data items extracted to a user-designed report. Appendix 4 describes a
sample Microsoft Excel ® Workbook report which presents selected dataitems. The CD supplied with
the 4100 includes a template file and instructions for using it.

4.5.2 Viewing and deleting data using the Pl 4100 controls and display: To view data
records on the PI 4100 display, pressthe DELETE key; dataitems from the last record stored appear.
The dataitems shown are Data point, Date, Time, Frequency, Azimuth, Pattern, Distance, and Field
Strength (FS1). To go to an earlier record press the UP arrow key and hold it down until the desired
record appears. A beep is heard when the earliest record appears. Pressthe Left arrow key to go to
directly to the earliest (oldest) record. Pressthe Right arrow key to go to the latest record. To delete the
record currently on the display from memory, press SELECT. NOTE THAT THERE ISNO
UNDELETE FUNCTION. A deleted record cannot be recovered.

To return to the Field Strength screen after viewing records, press MENU.

4.5.3 ThePI 4100 Data Downloader Program: The CDROM supplied, PI4100 Supplemental
I nformation, contains the Downloader program for Windows™ computersin a compressed (zipped) file,
Installxx.zip, where xx = 53 or greater, as well asthe Excel® template file, 4100 Data Report
Templatel.xlt, and template instructions, Using the 4100 Data Report Template.pdf.

4.5.4 Data Downloader program installation: First, copy thefile I nstallxx.zip to the desired
location in the target computer and uncompress (unzip) thefile. Theresult isthreefiles: P14100 Data
Downloader .CAB; SETUP.LST; and setup.exe. To start theinstallation proceed as follows:

e Click setup.exe. If an "Unidentified Program" box appears click Allow to continue. The setup box
appears.
e In the P14100 Data Downloader Setup box click OK to continue. A new box appears.

® To accept the proposed program file location click the large square box, or click Change Directory to
specify adifferent location. A new box appears.

e Choose the desired Program Group; click Continue, a new box appears. If afile version conflict box
appears, it is usually best to keep the newer version.

e Installation proceeds and a “successfully completed” box should appear. Click OK to finish.

Toinstall iconsto open the program: First, make the computer’s Desktop visible. Then click
Start, click Programs, and click Potomac | nstruments; the program with icon [PI] PI4100 Data
Downloader should appear. [PI] isthe programicon, awhite Pl in ablue box. Copy theicon to the
Desktop or to the quick launch area, or both, where it can be used to open the program.
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455 Data Downloader program operation:

oTo open the program click the Pl icon, or click Start - Programs - Potomac Instruments - PI4100 Data
Downloader. The PI4100 Data Downloader window should appear (Fig. 6, appearance may differ for
different Windows™ versions). If the 4100's USB cable is not yet connected, the title bar of the box
shows Pl 4100 Not Connected and the sel ection buttons do not function.

eConnect a USB Type-A-to-Type-B cable between the computer and the 4100; if all is normal the box
title bar now shows Pl 4100 Connected.

m PI4100 Data Downloader - PI 4100 Not Connected L=

File Edit Actions Help

Download Saved Data
to .cev File

Diowenload Tx Data to
esvFile P ] Potomac Instruments, inc.

Precision Measurement & Control Equipment for the Broadcast Industry

Yiew/Delete Saved
Ciata in F1 4100

| “iew/Delete Tx Datain
Fl 4100

Figure 6. Pl 4100 Data Downloader Program — Opening Screen

oTo view stored data records in the 4100 and to delete selected records, click the View/Del ete Saved
Data button. For each record, 13 of the 31 saved dataitems are downloaded and shown in the Saved Data
box. To delete arecord without saving it to a .csv file, click in that record srow and click the Delete
button on the left. To select all records for deletion use the Select All button

eTo download all data records to a .csv file: click the Download Saved Data button. Enter afile name
for the .csv fileto receive the data, and specify wherethefileisto be saved. To work with the data, open
thefilein a spreadsheet or database program.

oTo view, edit, delete, or add new Tx data: click the View/Delete/Edit/Add Tx Data button. The data
for stations previously entered in the 4100 using MENU -Tx add is shown in the Tx Data box. To edit a
Tx data s€t, click itsrow and click Tx Edit. To deleteaTx, click itsrow and click Delete. To add anew
Tx, click Tx add, enter datain the form provided, and click Save. Notethat for older Pl 4100s having
software versions below 2.2.01, the Tx Edit and Tx add functions are not available and the software will
not offer them. The version number appears at the top of the MENU screen.

eTo download all Tx data records to a .csv file: click the Download Tx Data button, enter afile name,
and specify where thefileisto be saved. Open thefilein a spreadsheet or database program.

eTo generate a Data Report: From the CDROM copy the files 4100 Data Report Templatel.xlt and
Using the 4100 Data Report Template.pdf to the desired computer location. Refer to Appendix 3 for
more detail. Use the template asis, modify it to suit, or generate a new one to suit local requirements and
the spreadsheet or database program in use.
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45.6 Datarecord fields; The datarecord for each measurement contains 31 fields, listed below
in the order in which they appear in the .csv file. For details on any item, go to the applicable section of
this User’s Guide.

Dir ID
RecID

Point Number

TxID
Call Sign

Tx Frequency

Meas. Freq.

Radial
Pattern
Initials
Note

M eas. Point
UTC Time
Local Time
Harmonic
RF Source
GPSVvalid
Latitude
Longitude
Elevation
Fid Str 1
Units 1

Fld Str 2
Units 2
mV/m
dBuVv

Tx distance
Azimuth

Temperature

Tx Lat/Long
is absent
M odulation
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Internal use only

Internal use only

Data point: number from the Save screen (incremented with each save)
Internal use only

The call sign of the station chosenin Tx select

Freguency in kHz of the station chosen in Tx select

Operating frequency in kHz (may differ from Tx Frequency if FREQ SET has been
used)

Radial from the Save screen

Pat: setting from the Save screen

Initials from the Save screen

Note from the Save screen

Meas. point from the Save screen

UTC Date (m/d/y) and Time (h:m) from GPS

UTC Date and Time from GPS plus UTC offset value from MENU
Harmonic: setting from MENU

Input: setting from MENU

TRUE = agood fix, GPS datais valid; FALSE = no fix, datainvalid
P14100' s latitude in decimal degrees from GPS

PI4100’ s longitude in decimal degrees from GPS

PI14100' s elevation above sea level in meters from GPS

FS1 (upper) field strength val ue as displayed

Unitsfor FS1 or RF1 value

FS2 (lower) field strength val ue as displayed

Unitsfor FS2 or RF2 value

Field strength in mV/m or RF Input in mV, without rounding

Field strength in dBuV/m or RF Input in dBuV, without rounding
Distance in km of the PI4100 from the Tx antennalocation
Azimuth (true) of the PI4100 from the Tx antennalocation

The PI14100’ sinternal temperature in degrees Celsius

TRUE = Lat/Long data for the station chosen in Tx select is present; FALSE = the data

Modulation format of the station chosenin Tx select



5. Servicelnformation

5.1 Maintenance

Two regular maintenance operations are recommended for the PI4100.

eCleaning: Clean the unit’s outside surface with a cloth dampened with water only, not a
solvent, as heeded. A mild solvent such as a citrus product may be used for spot cleaning, but do not use
a solvent of any kind on the display window, which is polycarbonate. A brush or vacuum may be used to
remove dust from crevices.

eBattery charging: When not in use the battery slowly dischargesitself and its voltage drops.
The voltage must not go below 6.0 V before recharging. Thereforeif the 4100 is not used for three
months or more, charge its battery three to four months after the unit was last used, and at three to four
month intervals thereafter until the next use. Experience may show that the maximum time between
charges needs to be reduced as the battery ages. |If the battery voltage is alowed to go below 6.0V before
charging, the charge time may become very long because the charge rate is low until the voltage exceeds
approximately 6 V. For long battery life, store the unit at or somewhat below normal room temperature
and avoid excessive heat (see Sec. 4.4, Battery Information).

5.2 Troubleshooting and repair

eUnit does not operate: If aPl4100 does not respond when its POWER Key is pressed, the
most likely cause islow battery voltage. To check this, open the battery door at the bottom of the panedl,
pull the battery out, and measure the battery voltage at its connector using sharp probes. If the voltageis
less than 6.0 the unit will not turn on and the battery must be charged or replaced.

eOperating problems: If a PI4100 or its Data Downloader software appears not to function
properly in any respect, the following course of action is recommended: (1) prepare awritten description
of the problem, including all factors and conditions that might be related to the problem; (2) contact the
nearest designated service facility (see Contact information below) with the problem description, in order
to discuss the problem. It will then be decided how to deal with the problem, in consultation with the
factory. It isalso possible to contact the factory directly (see Contact information below) with the
problem description in as much detail as possible.

eRepair: The Pl 4100 is not considered field repairable, except that some minor repairs and
possibly modul e replacement can be done at an authorized service facility. Future problems areless
likely when al but the simplest repairs are done at the factory, especialy if they involve opening the unit..
See Figure 1, Pl 4100 Functional Block Diagram, which depicts the functionality and interrel ationship of
the replaceable modules. The Front Panel Switch Matrix, LCD Display, GPS Receiver, and GPS antenna
are purchased third party components. The remaining modules are manufactured by Potomac
Instruments, inc. and their respective schematic diagrams are provided as reduced images in this book but
are also provided as PDF files (for greater viewing detail) on the CD that is supplied with the instrument.

eRepair under warranty: Unitsthat are under warranty should be returned to the factory for
any needed repairs. Potomac Instruments warrants each new equipment to be free of defectsin materia
and workmanship, for a period of one (1) year after the date of receipt in good operating condition by the
initial customer. Any instrument which isfound within one year not to meet the foregoing standards after
examination by our factory, will be repaired or at the option of Potomac Instruments replaced without
charge. This warranty does not apply to equipment which has been altered, improperly handled, or
damaged in any way.
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5.3 Calibration

The P14100 normally holdsits calibration for a very long period with minimal change.
Nevertheless, it is prudent to recheck the calibration periodically, especialy in situations where
repeatability of measurementsis critically important. It istherefore recommended that a calibration check
be done at two-year intervals. For the greatest certainty afactory recalibration is preferable. When return
of aunit to the factory is not practical, afield test to verify the calibration can be done; a detailed
procedure for such a verification test appears below. If it is planned to use thistest at regular intervals
without returning the PI4100 to the factory for calibration, it is recommended to perform the test
according to this procedure on the unit when it isfirst received, using the same test equipment and test
setup which will be used for all futuretests. Thiswill establish alocal basisfor judging whether the
calibration has changed. For every verification test done it is recommended to keep a copy of the test data
sheet together with the factory certificate of calibration in order to maintain arecord of calibration test
results.

5.4 Pl 4100 Calibration Verification Test

General: The purpose of this procedure isto verify that a particular Pl 4100 Field Strength Meter
continues to perform in accordance with its published specifications and its factory calibration. The test
makes use of the 4100's external connectors and loop antenna and requires an external signal generator
and a precision voltmeter. It isadetailed version of the test described on the certificate of calibration.

Test Method: The CAL In BNC jack provides away to check the 4100’ s calibration using an
external signal generator. An RF voltage source at thisjack produces an RF current in a conductor at the
outside edge of the loop antenna pc board. This current generates an RF magnetic field around the loop
antenna which simulates areceived radio station field. It induces avoltage in the loop antennajust as a
radio station transmission does, and the 4100 measuresits value and displays the result as an equivalent
received field strength value. The calibration circuit is so designed that the displayed value in dBuvV/m
(or mV/m) iswithin £10 per cent of the RF voltage in dBuV (or mV) at the CAL In jack. Thistest using
an external signal generator is done at the factory after al adjustments and calibration of the 4100 are
completed. Thetest results are recorded on the certificate of calibration supplied with the 4100 and are
kept on file at the factory. At any future time, therefore, the overall performance of the 4100 from
antennato display can be checked by connecting asignal generator to the CAL In jack and repeating this
factory test. A changein the displayed field strength for the same generator voltage asindicated by the dc
output at RF Out would be cause for concern.

Accuracy - the calibration detector: The accuracy of this verification test depends on knowing
precisely the calibrating signal generator voltage at the CAL In jack. If the generator output accuracy is
specified at +/- 0.5 dB, for example, the resulting 4100 reading could deviate as much as +/- 0.5 dB from
the expected value when its calibration has not changed from the factory setting. To prevent generator
inaccuracy from affecting calibration, the 4100 includes a precision detector circuit at the CAL In jack
which produces a dc voltage equal to the RF rms voltage over the range of 114 — 117 dBuV (500 — 750
mV). Thisdc voltage can be measured at the RF Out jack center pin using an acccurate, high-impedance
voltmeter and is used to adjust the generator output level to the required value in both factory and
verification tests. A small uncertainty remains when a different generator is used for verification because
the detector dc output for a given generator voltage depends slightly on the generator's output harmonic
content.

Low signal level tests: Checking the 4100’ s accuracy at low signal levels requires a precision 50
Ohm attenuator between the generator output and the Cal In jack. This can be the generator’ sinternal
attenuator. Again, test accuracy islimited by the attenuator accuracy. An uncertainty of £ 1 dB in the
attenuation value resultsin +1 dB uncertainty in the expected 4100 reading, which must be added to the
generator output uncertainty.
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Verification test, equipment required:

Signal Generator:
Frequency: 520 kHz or lower to 5100 kHz or higher, settable in steps of 1 kHz or less
(steps of 10 Hz or lessrequired for bandwidth measurement), accuracy * [5 x 10e-6].

Output level: maximum, at least 700 mV rms with a 50Q load, settable in steps of 0.1
dB or less; harmonic level, less than -40 dBc desirable.

Digital DC Voltmeter:

Range: 3-1/2 digits minimum, accuracy £0.1% or better and resolution 1 mV or better
a 500-750mV input.

Input resistance: 10 Megohms minimum.

Verification test procedure:

1. Setup:

Perform thistest in alocation as free as possible from high RF fields from nearby transmitters.
Place the 4100 on a non-metal bench top with no metal objects of similar or larger size lessthan 12 inches
from the 4100 (to avoid affecting the loop antenna). On ametal bench the 4100 can be placed on anon-
metal support such as a cardboard box at least 12 inches above the bench.

2. Connections:

Connect the Signal Generator output to the 4100 CAL in jack using a 50 Ohm coaxia cable with
BNC connectors. No external terminating resistor is required, the jack input resistance is 50 Ohms.

Connect the 4100 RF out jack to the digital voltmeter test probes using a BNC-to-clip cable,
with the ground clip to the voltmeter low probe and the center-conductor clip to the high probe.

3. Test data sheet:

Prepare atest data sheet showing the following: full identification of the PI4100 under test; the
location, date, and time of the test, the test equipment used, and the person performing the test; columns
for recording frequency, final generator level setting, 4100 dc detector (RF Out) voltmeter mV reading,
4100 field strength mV/m reading, a corrected value of this reading (if needed, see 5a below), previous
field strength reading from the calibration certificate, the cal culated ratio of these two field strength
values, and any other appropriate data and notes.

Supplied Data Sheet: A Calibration Data Sheet isincluded on the CD-ROM supplied with the
Pl 4100. ItisaMicrosoft Excel™ file, PI4100FieldCal CheckDataSheet2.xIs, for downloading to auser’s
Windows™ computer. To useit, for each frequency enter the following: in Column B, the factory
indicated field strength for the unit from the supplied calibration certificate; in Column C, the measured
detector dc millivolts; and in Column D, the indicated field strength. Columns E and F will then be
automatically calculated. Or, the sheet may be printed and filled in by hand.

4. Tests:

Perform the following procedure at each desired test frequency. For an overall performance test
use the applicabl e test frequencies shown on the calibration certificate: 200, 250, 320, 410, 520, 670, 860,
1100, 1400, 1800, 2400, 3100, 4000, & 5100 kHz.

4a. Turnon the signal generator and set it to the first desired frequency, 520 kHz for a 520 —
5100 kHz unit, and an output level of 117 dBuV or 700 mV, with no modulation. Then, wait for
whatever warmup time the generator requires for its output to stabilize. Its frequency must be within 50
Hz of the desired value.
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4b. Turn on the 4100 and set it to the same frequency, 520 kHz, using the FREQ SET key as
described in the Pl 4100 Users Manual. The field strength reading should be in the neighborhood of 700
mV/m and the dc voltmeter reading should be in the neighborhood of 700 mV .

4c. Switch the generator RF output off or to itslowest level, or disconnect it, and check that the
4100 reading isbelow 1.0 mV/m. If the reading is greater because of an interfering signal, change the
4100 frequency just enough to reduce the interference well below 1.0 mV/m, and change the generator
frequency to match.

4d. Perform manual calibration of the 4100 (press and hold LPF until the word CAL in a box
appears, and wait until CAL OK appears).

4e. Switch the generator RF output on, returning its level to 700 mV. Check that the generator
and the 4100 are set to the same frequency. Readjust the generator output level for a dc voltmeter reading
of exactly 700 mV , or ascloseto 700 mV as possible. Record the 4100’ sfield strength reading in
mV/m and the dc voltmeter reading in mV.

4f. Repeat steps 4athru 4e above for each test frequency.

5. Calculationsand Report:

5a. If in 4eit was not possible to adjust the generator output for a dc voltage of exactly 700 mV,
calculate a corrected field strength value by multiplying the measured field strength by the quantity
[700/dcmV] where dcmV is the measured dc voltage. Use this corrected field strength value in the next
calculation.

5b. Calculate the per cent change in the measured (and corrected, if required) field strength value
from the value shown on the calibration certificate, as follows: (per cent FS change) = 100x[(FSmeas —
FScal)/FScal] where FSmeasis the value recorded in 4e or 5a, and FScal is the calibration certificate
value. If ameasurement frequency is between two calibration certificate frequencies, estimate the FScal
value by interpolation.

Keep a copy of the completed data sheet with the calibration certificate for future reference.

6. Low-levd tests:

For checks at lower signal levels a precision attenuator is needed such as are found in the better
modern signal generators. A convenient test isto increase signal attenuation in precise 10 dB steps while
observing the 4100 dBuV/m reading, which should also change in 10 dB steps. At each 10 dB step the
deviation from the ideal field strength value (a multiple of 10.00 dB below he starting value) should be no
more than 0.2 dB plus the attenuator error. The lowest level for which measurements are valid is
approximately 10 dB above the no-signal noise reading found in the measurement location. The ideal
location is a screened enclosure that reduces ambient radiated signals and noiseto alow level.

7. RF In jack voltage measur ement tests:

RF voltage measurements done by connecting a precision generator to the 4100's RF In jack is
another way to evaluate measurement accuracy. This port hasits own path into the receiver which
bypasses the antenna and most of the RF circuitry ahead of the mixer stage. The procedureissimply to
connect the generator directly or through a precision attenuator to the RF In jack, but a T-connector must
be used at the jack with an external 50 Ohm terminating resistor. Theinput resistance at the jack is 2500
Ohms. The RF voltage read on the display is typically within 5 per cent of the input voltage, + the
generator voltage accuracy.

This check can be done at an input level of 700 mV using the calibrate input detector to eliminate
generator level inaccuracy, asfollows:

eConnect a BNC Tee connector to the Cal In jack; connect one side of the Tee to the generator
and the other side to the RF In jack.



eConnect a DVM to read the dc voltage at the RF Out jack. Adjust the generator output level for
aDVM reading as close as possible to 700 mvVdc.

ePress MENU, go to Input and select RF In. The 4100 voltage reading should be 700 + 35 mV.

35



5.5 Contact infor mation

Factory:

Potomac Instrumentsinc.

Attn: Service Dept.

7309 Grove Road, Unit D
Frederick, MD (Maryland) 21704
USA

Phone: +1 - 301 - 696 - 5550

Fax: +1 - 301 - 696 - 5553

email: service@pi-usa.com

Time zone: North American Eastern, UMT-5
Web site: www.pi-usa.com

Authorized servicefacility, India:
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Harriban Broadcasting and Communication (P) Ltd
C-2, FIE, DSIDC, Patpargan;

New Delhi - 110 092

Phone: 91-11-22162605/22484557

Fax: 91-11-22157281

Cell: +91-9811077882

Web site: www.harriban.com



6. Technical I nformation
6.1 Introduction

This section contains a description of the Pl 4100’ s circuits with reference to its printed circuit boards as
shown on the System Block Diagram, Fig. 1, p. 10. Thisisfollowed by schematic diagrams and
component layout drawings for the printed circuit boards manufactured by Potomac Instruments.

6.2 Pl 4100 Technical Description:

The Pl 4100'scircuitry is contained on six printed circuit boards (pcbs), which are designated the
Antenna, Receiver, Power/Audio, CPU, Display, and GPS pcbs. The pcbs are all interconnected by short
ribbon cables. The following paragraphs describe the circuits found on each pcb.

Antenna: The Pl 4100 uses a multiturn loop antenna, balanced to ground, formed on a printed-circuit
board which is encapsulated in molded plagtic. It works into a balanced |ow-impedance receiver input
circuit (on the receiver pcb) for which the signal level to the receiver for agiven field strength is nearly
constant in the working frequency range. Around the receiving loop antenna on the pcb is a separate
single-turn loop to which a calibrating current is fed to generate a calibrating field for self-calibration.
Both loops are connected to the receiver pcb by a short ribbon cable.

Receiver: On the receiver pch the balanced-to-unbalanced receiver input circuit feeds alow-noise, low-
distortion broadband RF amplifier which drives the receiver mixer and supplies an external RF output. A
frequency synthesizer generates the local oscillator signal for the mixer in 1 kHz steps under the control
of the central microcontroller (cpu) and the front-panel keys. The balanced mixer up-converts the
selected RF signal to an IF frequency of 10.703 MHz. At thisfrequency the signal passes through a

4 kHz bandpass crystal filter which gives high adjacent-channel rejection. The filter output drivesa
three-stage variable-gain IF amplifier for which the gain in dB varieslinearly with control voltage. A
second crystal filter between two amplifier stages narrows the measuring bandwidth to 1.0 kHz. A
detector at the amplifier output is forced to have a constant output by having its output control the
amplifier gain, so that the amplifier gain control voltage is proportional to the received field strength (in
dBuV/m) and is the output to the measuring circuits on the cpu pcb.

Calibration signal source: Also onthereceiver pch, acdibration signal at the RF frequency is
generated in a second ba anced mixer for which the inputs are (1) the local oscillator synthesizer which
also drives the receive mixer, and (2) a 10.703 MHz crystal oscillator. The frequency difference between
these inputs is the RF frequency to which the receiver is set. The mixer provides balanced current-source
outputs directly to the two terminals of the calibrating loop on the antenna pcb. The sourceis switched on
only for 700 milliseconds during the calibration cycle under the control of the cpu, as described in Sec.
4.2.3, p. 20.

Power/Audio: This pcb contains the battery charge control 1C, with protection circuits and alinear
regulator at itsinput. The battery feeds a second linear regulator to provide the main +5 Volt supply.
Thisin turn drives adc-dc converter, operating at 5.4 MHz to avoid signal interference, which has outputs
a -5Voltsand-17 Volts. Thereisaso a“class D" audio power amplifier to drive the speaker with high
efficiency.

CPU: This pcb receives outputs from, and sends inputs to, all other boards. It contains the main
microcontroller for the unit; the main memory IC; the USB interface |C; audio response shaping circuits;
a3.3 Volt linear voltage regulator; a signaling buzzer; and various switching transistors. The
microcontroller controls the frequency synthesizer, the memory IC, and the USB 1C by means of an SPI
bus. It directly controls the display, the buzzer, and supply voltage switching. From the front panel key
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switch matrix it receives row and column inputs, responding when keys are pressed. It receives data
messages from the GPS receiver, and calculates and sends to the display GPS derived information. The
cpu pcb receives the outputs of the power supply and distributes power to the other boards. The analog
voltage proportional to received field strength from the receiver pcb drives lowpass active filters on the
cpu pcb, which are selected by the front panel LPF key to smooth the data. The selected filter output
feeds an anal og-to-digital converter on the cpu IC from which the cpu generates the field strength value
directly in dBuV/m units, and from which it calculates field strength in voltage units. For reprogramming
the microcontroller in the field the pcb has a connector with cable attached which is accessed through the
Pl 4100’ s battery compartment.

Display: Thedisplay pcb containstheliquid crystal display and its controller ICs. The display itself has
128x128 pixels and is backlighted by an array of LEDs.

GPS: The GPS pcb and its receiver modul e are products of the u-blox AG company, which is known for
its advanced GPSreceiver ICs. The pcb isfed by a ceramic antennalocated at the top of the Pl 4100’'s
case.

6.3 Printed circuit board drawings

Circuit schematic and component layout diagrams are shown on following pages for the CPU Board, the
Receiver Board, and the Power/Audio Board.
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Appendix 1
Using the magnetic compass of the Pl 4100

Proper operation of the Pl 4100 dictates that, in order to make a measurement, the receiving loop
antenna’ s vertical axisisto remain upright while the longitudinal axisis pointed at the center of the
transmitting antenna. Since certain measurements will be made when the transmitting antennais not
visible to the operator, a magnetic compass is supplied as an integral component of the Pl 4100 and it can
be used for approximating the direction of proper antenna alignment.

At first thought it may seem that a magnetic compass is superfluous when the instrument also
includes a Global Positioning Satellite (GPS) receiver. However, the user should quickly realize that the
GPS receiver “knows” only its physical location on the earth. The PI 4100 program is, therefore, capable
of calculating the True bearing to the transmitter antenna if transmitter coordinates have been entered into
the Pl 4100 transmitter data base. The GPS cannot “know” the direction that the Pl 4100 loop antennais
pointed, for a given measurement, but the magnetic compass that is mounted on the antenna does enable
the operator to track that information. However, if the operator is to gain the optimal precision from the
magnetic compass, it is appropriate that he or she understand and compensate for differences between
Compass Bearing (as indicated by a magnetic compass) and True Bearing which is displayed on the P
4100 data screen.

A magnetic compass functions by allowing a free swinging magnet to align itself with the earth’s
magnetic flux lines that result from the flow of the earth’ sinner core. These flux lines extend between a
Magnetic North Pole and a Magnetic South Pole. Magnetic poles differ from the geographic poles by
several degrees. And, they move over time which means that the difference between Magnetic North and
True North also changes. This difference is known as magnetic declination (or variation). Magnetic
declination a so varies from place to place and, like the position of the magnetic poles, it changes from
timeto time. It is carefully tracked by geol ogists around the world and the value of declinationis
published on some topographical maps and virtually all air and sea navigational charts. [If you wish to
calculate magnetic declination at any location on earth, at any date from 1900 to 2010, for which you
know the geographical coordinates (Latitude and Longitude) that information may be obtained from the
U.S. National Oceanic and Atmospheric Administration’s (NOAA) web site at the following internet
address:

http://www.ngdc.noaa.gov/geomagmodels/Declination.jsp]

If the Pl 4100 operator enters the appropriate magnetic declination information when the entering the
transmitter coordinates (viathe Tx add menu or the Tx edit menu) the magnetic bearing to the sation is
displayed inthe BRG ### °© Mag block in the center left of the display.

There is one additional factor which must be considered with regard to “compass bearing” and its
relationship to “ magnetic bearing.” Magnetic deviation may, or may not, exert an influence on magnetic
heading to yield the final compass bearing. Magnetic deviation encompasses the combined magnetic
field distortion effects caused by ferromagnetic material in close proximity to the compass. The effect of
magnetic deviation is site specific and cannot be predicted accurately. Accordingly, it isimportant for the
Pl 4100 operator to understand that the magnetic bearing that is displayed on the display screen may
differ, slightly, from the compass heading as indicated by the instrument’ s magnetic compass and that this
difference can vary from one measurement location to the next.

The foregoing discussion is summarized by the two following, age old, formulas: Compass Bearing
+ Deviation = Magnetic Bearing and Magnetic Bearing = Declination = True Bearing.
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Appendix 2
Pl 4100 OPERATION QUICK REFERENCE
The 4100 has on-screen help for most operations. In the menu use up & down arrow keys to go to an item.
To select adigit to change use left & right arrow keys. To change the digit value use up & down arrow keys.
Turn the 4100 on: Press POWER/BKLT until text appears.
Turn the backlight on/off: Short pressof POWER/BKLT.
Turn the 4100 off: Press POWER/BKLT until text disappears, in approximately 2 sec.

Set frequency and get GPS-derived distance, azimuth, bearing, and time: Press MENU, press
SELECT to get Tx select, choose frequency, press MENU two times.

Enter station data needed to get GPS-derived data: Press MENU, choose Tx add, follow on-screen
help to enter the antenna latitude and longitude and the declination/variation. For declination go to:
www.ngdc.noaa.gov/geomagmodel s/Declination.j sp.

Set frequency: (no GPS-derived data) Press FREQ SET. Change frequency digits using on-screen help.

Preset a frequency: 1) Select the frequency in MENU - Tx select; 2) press FREQ PRESET; hold down
an Fn key until abeep is heard.

Set frequency using presets. Press FREQ PRESET; give ashort press of the Fn key for the frequency.

Listen to audio: Press AUDIO. To change the level through four steps press AUDIO for each change.
To turn audio off press AUDIO for at least 2 sec. To use headphones and mute the speaker, plug phones into
the rear jack.

Point the 4100 loop antenna using GPS-derived data: Note the on-screen BRG (bearing) reading and
rotate the 4100 with the loop vertical until the compass reading equals the BRG reading.

Start a self-calibration: Set the frequency; hold down LPF until CAL in abox appears on the screen.

Reducefield strength reading variations. Short press of LPF, LPF1 on display changesto LPF2; for
less variation and slower response press LPF again, display shows LPF3. To return to normal response press
LPF again, display shows LPF1.

Hold afield strength reading on the display: PressHOLD. To exit hold press HOLD or SAVE.

Save afield strength reading: Press SAVE, enter SAVE screen data as desired per on-screen help, press
SAVE again.

Enter SAVE screen datafor later use: Press SAVE, enter data, press MENU.
Delete a measurement record: Press DELETE, go to the desired record, press SELECT to delete it.

Change the unitsin which field strength isdisplayed: Press MENU, goto FId Str 1 or Fld Str 2,
follow on-screen help.

View a spectrum showing dB below the carrier (dBc): Set the center frequency on the field strength
screen and press MODE once.

View a spectrum showing dBc with peak hold: Do asfor dBc above but press MODE two times.
The 4100 needs a stable mount for this.
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View a spectrum showing absolutefield strength: Press MODE three times.

Change the spectrum span (sweep width): Press MENU, go to Spectrum kHz: 128 45, follow on-
screen help.

Gotothefield strength screen from a spectrum screen: Repeat presses of MODE until the field
strength screen appears.

Measure a harmonicin dB below thecarrier (dBc): Set the desired carrier frequency, position the
4100 for afield strength reading between 300mV/m and 3 VV/m (110 - 130 dBuV/m), press MENU, go to
Harmonic: 1 2 3 4 5, follow on-screen help to choose a harmonic and return to the field strength screen.

Measure RF voltage: Press MENU, go to Input: LoopAnt RF in. Pressthe right arrow key to change to
RF in and press MENU. Connect the source to the rear RF In connector (Input R = 2500 Ohms, Vmax = 40
Vrms). Toreturn to field strength reading press MENU, go to Input, pressthe left arrow key to change to
LoopAnt, press MENU.

Display local time correctly: Press MENU, go to UTC Offset, enter the difference between UTC and
local time (for US EST, enter -05h00m).

Use theloop antennato drive a spectrum analyzer: Connect the RF Out connector to the spectrum
analyzer input. The level for a 1 V/m (120 dBuV/m) field is 28 mVrms (89 dBuV) in 50 Q +0.5 dB, 200 kHz
-5MHz. To obtain field strength from the analyzer display multiply by 35.5 or add 31 dB.

Check/Change the GPS datum: Press MENU, go to GPS Datum, follow on-screen help.
Set the time of non-use for automatic turnoff: Press MENU, go to Auto off:, follow on-screen help.

Check the need for battery charging: Read the battery voltage on the display at the upper right. Less
than 7.0V indicates less than one hour of operation remaining. The 4100 turns itself off at 6.0V.

Chargethe battery: Connect the charging supply output cord to the 4100's charging connector (rear,
upper right, middle connector) and connect the line input power cord to the line. Or, connect the vehicle
charging cord to the 4100 and to the vehicle lighter socket. A full charge takes three hours, a partial chargeis
OK, the 4100 can be on or off. Voltage required is 11-15V, negative ground, 1.3 A, 2.1 mm connector.

Replace the battery: Pull the battery door open (bottom of front panel) starting with the upper |eft corner.
Pull the battery pack out, disconnect it (press on the tab at the battery side of the connector), connect the
replacement pack, insert it with its cable to the right, and push the connector under the battery. Close the
door, pressing its side edges and then its top edge until it snapsin all around.

Download measurement data to a computer: Install and open the 4100 Data Downloader program
supplied. Connect aUSB A to B cable with the B plug to the 4100 (rear, upper right, lower connector). The
4100 can be off; if it ison, it will go off when the cableis connected. Click the Download button specify a
.csv file name and destination, and click Save. All datarecordsin the 4100 are then downloaded. Open the
.csv filein a spreadsheet program where selected items can go to a data sheet template. Downloader program
buttons indicate other tasksit can do.

Get a dc output voltage proportional to field strength in dBuV/m: Connect to the RF In BNC
connector. The open-circuit (no load) output level is1.0 V at 100 dBuV/m.
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Appendix 3
Sample Excel® Field Strength Measurements Report

This appendix gives step-by-step ingtructions for using the data report template for Microsoft
Excel®, 4100 Data Report.xlt, supplied on the PI4100 CDROM.

1) Copy the Excel® file 4100 Data Report.xlt to your default Excel folder or as deemed appropriate
2) Start Excel
3) From within Excel, open the desired Pl 4100 data file (XxXxxxXx.csv)
4) Move the cursor to highlight cell A1
5) Press and Hold the Shift Key
a) Pressthe RIGHT arrow key until the highlighted areaincludes cell AC1
b) Pressthe DOWN arrow key until the highlighted areaincludes:
i) The entire block of datato be covered by the report or
ii) A maximum of 23 datarecords
6) Release the Shift key
7) From the Menu Bar, click on “Edit”
a) From the drop down menu click on “Copy”
8) Minimize the Pl 4100 data file (XXXxxX.cvs)
9) Open the WORKBOOK TEMPLATE 1.xiIsfile
10) Select Sheet 2
11) Movethe cursor to highlight cell A1
12) From the Menu Bar, click on *Edit”
a) From the drop down menu click on “Paste”
13) Select Sheet 1
14) Highlight meaningless data (from empty data cells, etc.) if any
a) Pressthe Delete key
15) Preview the file as desired
16) Save thisfile under a new name
17) From the Menu Bar, click on “File”
a) From the drop down menu click on “ Save As’

18) Add additional comments or edit the header and records of renamed file, as desired, then save when

you are finished
19) Print the new file as desired
20) Close the 4100 Data Report.xlt file but DO NOT SAVE CHANGES
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Appendix 4
Pl 4100 Accessories

Potomac Instruments recommends the following accessories for use with the Pl 4100. Some are
available from Potomac Instruments and some are available direct frAom their manufacturer. Contact
Potomac for further information about any of them.

eHard Case for transport and shipping, the Pelican 1610: Thisisarugged hard plastic
shipping/carrying case that will protect the Pl 4100 from damage in transport. It isavailable from its
manufacturer or dealers. Its outside dimensions are 25x20x12 inches, 63x50x30 cm. Refer to the web
address pelicansuperstore.com/products/pelican-1610-case.html for details and for direct purchase
from the manufacturer. The 1610 case requires a plastic foam insert with cutouts to fit the 4100. The
foam insert in which the 4100 is shipped from the factory fits the Pelican 1610 case exactly and can be
used without modification. Thisfoam insert can also be purchased separately, see below.

eFoam Insert, Part No. LM 10529: The Pelican 1610 case requires a plastic foam insert having
cutoutsto fit the Pl 4100. Thisinsert isavailable from Potomac Instruments.

eBattery Pack, Part No. EPG-1068: A spare/replacement rechargeable NiMH battery pack
identical to the one supplied initially in the Pl 4100. It is available from Potomac Instruments.

eCharging Cable, Part No. LM10541: A cable which plugsinto a vehicle's cigarette lighter
socket and the PI 4100's charging jack, identical to the one supplied with the unit. It isavailable from
Potomac Instruments.

eUnipod, Part No. UNIPOD: A telescoping "leg" which screws into the PI 4100's tripod mount
to support the unit'sweight It is available from Potomac Instruments.

eTripod: A tripod rated for at least 15 Ib or 7 kg, having a 1/4"-20 mounting screw, is
recommended. Potomac Instruments does not offer a specific model but can suggest one.

eHeadphones: Any mono or stereo headphone set having practically any impedance and a 3.5
mm or /8 in. plug can be used. Potomac Instruments does not offer a specific model but can suggest
one.

e Soft carrying case: When carrying the Pl 4100 on foot, a soft case with shoulder strap can
provide hands-free carrying and can protect the unit from dust and rain. A suggested model isthe
Timbuk2 Messenger, size large, which isavailable in severa variations and custom colors on the web at
timbuk2.com.

eRemote Antenna Kit: The Pl 4100 can be operated with its |oop antenna separated from the
body of the unit by a cable having specia adapters at its ends to connect to the antenna and the body.
Self-calibration (4.2.3, p.20) operates in this mode and measurement accuracy is essentialy the same as
for normal operation for frequencies below 1800 kHz. A standard cable length of 25 ft isavailable, and
other lengths are possible. The cable and adapters are available from Potomac Instruments as a kit;
contact Potomac for further information.
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