G Ie nte k Release 0.1.1: 9/23/09
USB Watcher
chk Start Installation

Remove rear cover of wattmeter

Remove the cable connections to the meter cofringthe RF sensor. Remove the topmost nuts arel sa

Position the PCB assembly so that the compaigatof the main board is facing up and the USBdhaafacing down.

Install two brass washers over the mountingspokthe meter

Slide the “T” slot of the main board over thetar posts. The USB assembly will fit in betwees tieter and the RF

pickup unit. Some older units have the meter piostfferent positions and will not fit in the “T8lot. Over the years,

many different meters have been used in producidditional mounting holes are provided above th&oE. The brass

reinforcements may be unsoldered in the T slotaajdsted if necessary. The cable will fit below t8B board. Position

the sensor cable to be at the bottom of the waginnetusing.

6. Carefully push down until the main PCB sits ffium the washers on the meter posts. Adjust calsligign if necessary.
Do not install meter post nuts at this time.

7. Check to be sure the USB connector is accedsdrtethe side hole (see figure). Adjust the spaafithe main PCB by
adding and/or removing washers over the mountirsgspib necessary.

8. Remove the assembly and connect the sensortcathie sensor mounting holes as shown. Note ttaitm: The sensor
cable does not attach to the meter posts.

9.  Carefully position the sensor cable and mouattftire assembly onto the meter posts. The PCBdhe level.

10. Attach with the original meter nuts. Centeralssembly in the housing and hand tighten thefouts snug connection.
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USB Assembly PCB

Meter Mounting Posts

USB Connecto

Main PCB



USB and EXT Power connectors as seen from elenertge Power / Bypass switch as seen from opposite side
hole. If necessary, install additional washers @temposts to and accessible through the element storage hole

elevate PCB until USB connector is fully accessible

Board Layout:

Optional Meter Post Sensor negative

External power jack J1
(external power connection is not
required if USB power is selected)

A\ ? External 9-16Vdc @ 50mA
A Power Center pin positive, 2.1mm plug
¢ UsB
Power

USB /External selection
switch

Power/Bypass Switch SW1

e
\
OFF/Bypass
—>
Positive (center)
sensor cable Aux output connector
connection (Isolated

(normal)



Operation (non computerized)
With no computer connected, SW2 must be

in the EXT position and power supplied
either via J1 or an optional 9v battery

Element sensitivity stretcher switch SW3-8
(on for 2x reading, off for normal sensitivity)

«— Peak reading function switches SW3-6 and SW3-7 fwrizoth
switches ON depending on speed preference ... bokhf@F
normal (average reading) operation]

Typical installation. Note the location of the serar cable. They do not connect to the meter terminal



Initial Testing and Operation

The unit is shipped pre-calibrated from the factoryso further calibration should not be necessary.
See the calibration section of this manual if neceary

1.

Locate the main power slide switch (SW1) visibl¢he accessory mounting hole on the left hand
side of the meter and switch it OFF (down positidn)this position the Watcher is bypassed and
operation as originally specified is possible. Ting should be tested for normal operation at this
time by switching SW1 into the OFF position.

Move the power selection switch SW2 into theirdelspower option position. Your computer will
not recognize the USB port on the Watcher untitvgafe installation is complete and the USB
drivers are installed. An inactive USB port may sopply DC power to the Watcher.

Mechanical installation is complete. Refer téivsare installation and operation on the instadiati
CD or by downloading from http://www.GlentekCorpnco

For non-computerized operation, attach a 9-1434dcce to the power input jack J1. Making sure
that the power selection slide switch is in the B)6Eition, turn the unit ON by moving the main
power slide switch (SW1) to the ON (up) position).

Attach one side of the wattmeter to a transmiéttel the other side to an antenna or dummy load.
Install an element appropriate to the frequency@naer rating of the transmitter. This is the
normal way you would use your wattmeter.

Apply RF power and the meter needle will shoavplower reading. Switch the unit OFF
(bypassed) and the reading should be the samen\&®h of full scale.

Switch SW3 position 8 to the ON position to @até the 2X element stretching feature.

Switch SW3 position 6 and/or 7 to ON positiorattive the PEAK READING feature and to
select the speed of needle recovery. CAUTION: ilREnode, wait 1 full minute after turning
meter off (bypass) before applying RF power ag@iperating in bypass mode before the
capacitors fully discharge may over range the mlaysneter.

Computerized Operation

Congratulations! Your watcher is installed mechaltyc Following installation of the software, optoa
with the computer interface is straightforward. Sestallation CD “Readme.txt” file for software
installation instructiondJnplug all cables at this time Installation consists of 3 parts: installation of
Microsoft's .NET framework, meter software instéitle, and USB driver installation. Begin by rungin
SETUP.EXE on the included CD. This will install MER.exe and the .NET framework.



COM PORT selection tab Scale selection tab Output pin control tab

P P R

Digital Readout | —Y

1.  After a successful installation, start the ilisthsoftware When first started, the software operates in the
SIMULATION mode . The software meter needle will be moving back famth and will not respond to any input signals.

2. Left Click the METER CONNECTION tab. Without thkSB plug installed, the pull-down menu will displdne COM
ports already installed on your computer from otigplications or hardware. If your computer has &@M ports for
example, it may display COM1 and COM2. Make a roftdhe currently installed COM ports (if any). TOSB drivers
will install a new COM port anglou will have to recognize the new number that wilappear following installation of
the drivers. METER may show “connected”, but it will not op& with your existing COM ports.

3. Plugin the USB cable from the Watcher. Makeshe POWER selection switch is in the desiredtjpos(if not in USB
position, you must connect an external power syp@iyitch the POWER/BYPASS switch to ON (up). liuysoftware
was installed correctly, the computer should reczga new connection. Follow the Windows instruesidor the “New
Hardware Found” pop-up to install the USB drivétsint to installation from a CD. Alternatively,‘lew Hardware
Found” does not appear, go to Device Manager astdllrihe drivers from the CD by right clicking tmee new COM port
item. Again, point Windows to the driver folder thre CD.

4. Restart the software Meter will start in the simulation mode. When ymess METER CONNECTION again, a new
COM port number will appear. In the example abahis may be COM3 for example. Click on this new C@btt and
your computer will connect to the Watcher board.

5.  Select the meter scale that matches the elefisting”) installed in the wattmeter. The computéespday will now track the
readings on the physical meter to within +/- 2%utifscale when connected to an appropriate RFcsour

6. Read the ADVANCED FEATURES section of the fulunual (on the CD) for instructions on how to cusieEnmeter
scales, how to make a particular scale appear fayl@pon startup, needle weight adjustments,athdr features.

7. ltis the nature of USB connections that eack ja individual. If you plug into a different US&nnector, you will see a
different COM port created and you will have totaisthe drivers for that port as well.

8.  See the full instruction sheet on the includ&l C

METER.exe uses a proprietary 4 order polynomial to linearize the software meter sale. This is a
significant improvement over the “lookup table” approach and provides a smooth, continuous
display response. Linearization does not improve &aracy, but it significantly improves readability.

Also displayed is a digital readout of the RF pawer



ADVANCED CONFIGURATIONS

Many functions of the software are customizablenftbe CONFIGURATION.LUA file
that may be found in the directory where the soféwaas installedBefore attempting
any changes to this file, make a copy of the origah and store it elsewhere on your
computer.

CONFIGURATION.LUA may be viewed and edited with mtext processing programs
including Microsoft's NOTEPAD and WORD programs.

Once your backup has been made, open the CONFIGUBMTUA file. In the LUA
software language, any statements proceeded byldeddash -- is a comment and
ignored. For example,

--this is a comment for this line only.

Note that everything in LUA is CASE SENSITIVE satiTextUpdateSpeed is not
the same as Textupdatespeed

METER UPDATE SPEED

How often the meter is updated may be modified nijda text is as follows:

-- How often the display updates in milliseconds
TextUpdateSpeed = 50
MeterUpdateSpeed = 20

In this example, the digital readout data is inded to update every 50mS and the
analog meter needle is instructed to update ev@n&2There should be no need to
adjust these valuesilf you feel that you must, change ONLY the numi@&mputers
with speeds higher than 500 MHz should not regaimgchanges to these parameters..

SIGNIFICANT DIGITS DISPLAYED

Displaying too many significant digits in the dajiteadout is meaningless given the 5%
accuracy of the original meter (451.05 watts digplao meaningful information).
Displaying too many will result in annoying digitiéicker in the least significant digits.
On 4 digit scales (e.g., 2500 watts) inserting avilforce the last digit to be zero. So a
sensed reading of 1022w would display as 1020 waitee the A/D converters have a
12 bit accuracy (1/4096), and the original metslftonly has an accuracy of 5% (here,
5% of 2500 is +/- 125 watts) it makes no sensadplay more than 3 significant digits.



NEEDLE “WEIGHT” ADJUSTMENTS

-- How many measurements to filter over to smooth t he meter
FilterCount =5

The parameter FilterCount adjusts the number osoreanents to be averaged before the
data is displayed. In this example, 5 samples\aeaged and the result is what is
displayed. The higher the number, the slower theenreeedle will appear to move and it
will appear as if the needle has mass. Low numibersase the responsiveness of the
needle. For example, most linear amplifiers havees60Hz hum superimposed on the
signal and appears as 60Hz AM modulation on a CklecaWhile normally small and
undetectable, with the Watcher set to a low neeuiss, it will respond to minor

envelope changes. Any hum on your signal will appsaneedle jitter. This makes the
Watcher a great diagnostics tool, but in normakaipen you may want to set the needle
weight to a higher number to eliminate the humlggg

CUSTOMIZING SCALES

The analog meter scales may be adjusted to pergefatence. Scales in the list may be
added by adding a new line or they may be deleyateleting the line.

DisplayParameters =

{

{ MaxValue = 5,LargeFrequency = 1,SmallFrequency = 0.2, TinyFrequency = 0.0 },

{ MaxValue = 50,LargeFrequency = 10,SmallFrequency = 2,TinyFrequency = 0.5},

{ MaxValue = 500,LargeFrequency = 100,SmallFrequen cy = 20,TinyFrequency =5},

{ MaxValue = 5000,LargeFrequency = 1000,SmallFrequ ency = 200, TinyFrequency = 50 }

MaxValue sets the full meter scale reading
LargeFrequency sets the large tick marks in thiesca
SmallFrequency set the medium tick marks
TinyFrequency sets the finest tick mark gradations.

The tick marks must make sense. In other wordsakes no sense to set MaxValue =
100 and Large Frequency to a number that doesaitlgwivide into 100, say a 7.
In the following example

{ MaxValue = 5,LargeFrequency =1, SmallFrequency =0.2,TinyFrequency = 0.0 },

the meter is set to 5 watts full scale with laigk tmarks every 1 watt and
SmallFrequency ticks (the marks in between theeléicks) every 0.2 watts.

When adding a new scale, simply insert a new linreode. Do not forget the { }
enclosing the code nor the comma at the end of leaehThere is no comma after the
last command in the sequence. Also remember thdiWA language is CASE
SENSITIVE.



DEFAULT SCALE: the scale that appears when the anogs initiated is always the
first in the list. Simply move the desired scalédhte top of the list and it will appear first
in the pull-down menu and be the displayed scategtartup. Properly modified scales
will appear in the new scale pull-down menu ondisplay. You can also remove scales
from the run list by “commenting out” the line withe double dash -- at the start of the
line.

ELEMENT “STRETCHING”

This is a convenient feature, but some commentstahe accuracy of this method are in
order. This feature is factory set to 2x. Thabisay that with switch SW3-8 in the ON
position, a 50w element will approximate the regeoof a 100w slug, etc. As the
element operates farther away from full scale (lopaavers), the diode detector inside
the element operates in a “mixed mode”. That salpit does not act as a pure rectifier
and begins to act like more and more like a sqglaavedetector. This is evidenced by the
fact that the power scale on the meter is not ¥ahg the square of the current detected.
A detailed technical discussion of this phenomes@resented in Appendix A at the end
of this manual.

The element stretching feature may be set to atwyracy desired dependent upon the
accuracy of the reference RF power source. Thatsay if you want to, you can
calibrate the Watcher by comparing it to a knowndeErce or element and then
adjusting R5 to force agreement. This may seemg,ebut even in the original element,
there is a pot that is adjusted to force agreetoeaatknown RF reference source.

Recalibration is as simple as setting the RF pdavéull scale (with SW3-8 OFF),
switching SW3-8 to ON and then adjusting R5 to rgapower (remember to read the
proper scale ... if you're adjusting a 50 watt sloggad 100 watts, you must first adjust
the raw slug by reading the 50 watt scale and tbad the 100 watt scale when adjusting
R5)

This feature is not power or frequency sensitivg@od results should be obtained with
all of your elements once the unit is calibrated.

Meter needle speed is not affected as it wouldybgldcing a resistor directly across the
meter terminals (R/L time constant would then clegng

Both the Physical and Virtual meters are affectgthle settings of SW3-8 which
controls the element stretching feature.



PEAK READING ADJUSTMENTS

Peak readings are obtained from “sample and hatdliitry. Since the Physical meter
needle has mass, it takes a finite amount of toné to reach the peak reading detected.
In the case of the 30uA movement used in you waémg may take as long as 500mS
to reach the full that was detected. But in theeazsa short 1KHz peak (such as a voice
peak) the actual signal to be detected is gone @ity 1mS. Any physical sample and
hold circuit must therefore hold the peak readimgievthe meter takes its time to move
the needle. This means that the more accuratestileneading, the slower the needle will
take to delay back to zero after the signal is nsdoExperiment with SW3-7 and SW3-
6 switch positions. You may activate one or botthese switches to adjust the decay
times on the physical meter.

But there’s a better way: since you now have a ederpnterface, you can adjust the
virtual needle weight to show peak readings by ceduthe number of averaging cycles
in the CONFIGURATION.LUA file. Since the “masslesséedle is driven from A/D
converters that sample every millisecond, peaksheaaccurately seen when low needle
averaging is selected. In fact, the Watcher casobgensitive it can even see 60Hz hum
on your signal. See NEEDLE “WEIGHT” ADJUSTMENT skect.

Isolated Outputs

Four isolated outputs are controllable via the PIMTPUTS pull-down menu on the
virtual meter face. These outputs can control &anyilloads up to 50mA and 80 volts DC
only. Be sure to diode suppress any external indeidads directly across the load itself
with a diode. The sockets are compatible with eedalid-state relays. For example, if
AC loads are to be switched, the photo couplereisokan accept SS relays such as
Panasonic AQW212A series.

HINT: the external outputs can be wired so as tiicévthe element stretching functions
on/off using the dropdown pins.



EXTERNAL OR REMOTE SWITCHING OF PEAK
AND STRETCHING FEATURES

External switches can be wired in as shown below:

Wiring in external switches for the Peak
An external switch can switch infout the p Reading and Element stretching functions

reading feature if wired here. An additional
10u or 100u capacitor must be installed here.\b

If the AQW relays are installed in K1 or K2,
they can be used as the switch and remotely
controlled via the drop-down pin control.

N

N\

An external switch can switch in/out the
element stretching feature. An additional 5K
POT must be installed here.

10



Appendix A: schematic diagrams
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Appendix B: Calibration

Refer to the calibration chart on the schematjora@uced here (S6, 7, & 8 OFF):

Step 1 connects the calibrator directly to the aysneter. Adjusting R14 (CAL) forces
the calibrator to match the full scale readinghef physical meter, eliminating one
possible source of error.

Steps 2 and 3 connect the software A/D convertectly to the physical meter
movement. In other words, it is measuring the ga@tacross the meter. This is not
normal operation since the meter is highly induetiv this position, the software meter
will be “microphonic” with any physical motion ofi¢ meter. Being a magnet inside a
coil, motion will generate small voltages that viaé# detected by the A/D. The purpose of
these steps is to match the RESISTANCE of thenatdrOAD resistor (R10) to the
actual resistance of the physical meter movemeaostivhovements used over the years
have been about 1400 ohms +/- 5%. This is the nalfastory setting. The value of R10
can be measured by connecting an onmmeter betweandyand TP1 on the PCB.

Step 4 adjusts the physical meter driver gain.
When calibration is complete, the physical anduakimeters should read within 1% of

each other throughout the entire scale. This israptished by a proprietary4power
polynomial meter correction expression.

12



If you wish, minor adjustments or calibrations twlvn sources can be made by slightly
adjusting the associated controls. For examplghisthanges to the virtual meter can be
made simply by adjusting the software gain contt®OFT”). Likewise, the physical
meter can be adjusted using the hardware metercgainol (“‘HARD”). Do not adjust
individually by more than about 1% - 2% or full ibahtion may be required.

2X Power Calibration

R5 is identified on the PCB as “EXTND”. Adjustmezan be made by applying an RF
signal that gives close to a full scale readinghendesired slug. When SW3-8 is turned
ON, the reading will drop. Looking #te new scaleadjust R5 to indicate the same
power as was noted when reading with SW3-8 in tRE @osition. The best method is to
use a known good element of higher value (say 1@ba)set it to full scale. Then take
the desired element (50w), switch in SW3-8 andttet100w (remember to read the
new scale — 100w and not the old one). If you tialye a 50w element and you want it
to read 100w, adjust the RF power to 50w (with S8\#f), then turn on SW3-8 and
adjust it to read 50 watts on the 100w scale. $peradix D for a technical discussion
regarding this approach.

Peak Reading

Switches SW3-6 and SW3-7 adjust the timing of thygsgcal meter only. No calibration

is necessary or possible. Use of the virtual matevides the best Peak reading accuracy
since the meter needle “weight” can be set to Igwadjusting the number of averages in
the .LUA configuration file. In fact, at extremdtyw virtual needle weight settings, the
virtual meter is so fast that it can even show lmmyour signal.

13



Appendix C
In case of trouble

When software is run, the meter needle just moaek bnd forth.

o Software is running in simulation mode and not @uted to the
hardware. Connect to the correct COM port that wsiglled by the
software.

The display shows “connected”, but it does notoesito the Watcher hardware.

o If connected to an incorrect COM port, the metexdie may just lock in
some random position.

0 Make sure the Power/Bypass switch is in the ON fugsjtion.

0 Make sure the green power LED is illuminated shagwpower to the unit.
Select the USB or EXT switch position. If in the E)Yosition, external
power must be connected.

Software meter doesn't display desired scale

o0 Toggle through the scales by clicking on the METERALE button and
clicking on the desired scale.

0 Scales can be customized in the .LUA configuratilen See
ADVANCED section.

Meter “jiggles” when RF is applied

o On some settings of meter needle weight, the resspenso rapid that AM
hum is displayed on the signal. This is very commwwben using external
power amplifiers. This can be adjusted by increagiie number of
averages, thereby changing the meter needle “weigae ADVANCED
section.

A modified scale doesn’t display properly or thegnam won't start after the
configuration file is modified.

0 Check VERY CAREFULLY for any changes in capitalinat
Remember, the Config file is CASE SENSITIVE so difiakFrequency
is not the same as SmallTickFrequency.

0 You may download the default Configuration.LUA fdé
http://www.GlentekCorp.com

Send us an email describing your problem to Su@GitentekCorp.com
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APPENDIX D
RF DETECTORSsquare law, peak, and transitional modes

Frederick Glenn

This paper is an analysis of the function of theddiused in the detection part of
directional RF detectors. The ultimate goal istderstand the scale on the 30uA
movement Bird (brand) wattmeter for two reasonst fto investigate the possibility of
extending the useable range of a particular elemeaisecondly, to understand the
relationship of the type of diode in the detectothie event a repair is needed. To the
author’s knowledge, this technical information has been made publicly available by
the manufacturer.

It is the assertion of this paper that the dicaie act as a square law detector and not as
a “rectifier” for low input signals. For small sigls, the output of the Low Pass Filter
(LPF) in figure 1 is a DC voltage directly proporial to the POWER dissipatedRa.

(The LPF can simply be a capacitor placed adrp3s

Consider the following circuit and the typical deodurve in the forward bias region. This
looks like a half-wave rectifier circuit, but itieot always so. Both will be analyzed here.

0.006

_ I ‘ 0.005

+ N + To LPF
Acos(wt) 0.003

0.004

e &) ! EI § VO 0.002

0.001 A‘/

bl 0

- O > P O o & B Q@ 4 oo X Q@ &
Q_QQQ\NQ’L’L%%QQPP‘QPQ‘Q

Q- Q'o@' Q7 Q7 Q7 o
N
2

Figure 1 Figure 2: Typical Diode V-I curve
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The following assumptions are made for the sak®&roplicity of analysis:

1. The diode need not have any forward bias totfoncbut for now, assume that a very
small signal is operating in the knee of the cunye@dding a small bias current.

2. Acosim) <<Vgiode Note that under these conditionsthe signal is not rectified

3. The V-I curve of the series combination afdhd R can be represented by a power
series of the form:

4F ae + bé + cé + ...

0.006

0.005

4
y = 2E-11x8 - 2E-09x° + 1E-07x* - 2E-06x° + 3E-05x2 - 9E-05x
0.004

0.003
0.002 l
0.001 /

0 “J —

Q > » W\ N\ >
SRS I Y
-0.001 BTSSP

D o O X Q@ &
RUSRAG JRN N K

4. F%Iiode'*' RL >> RS

Figure polynomial representation of diode curve

ANALYSIS of the First Assumption:
(small signal)

Since e = Acos\), # may be represented by the polynomial
[1] iu= a Acosit) + bA%cos(wt) + cA’cos (wt) + ...
(the R term is absorbed in the constants a, b, c, etc.)

In trig, there are identities that are useful. Henetwo of them:

[2] codwt) = (1/2)[1+ cos(M)] and

[3] coywt) = (1/4)[cos(3m) + 3cosim)]
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Substituting [2] and [3] (and the continuing infmiist of identities) into equation [1]
gives us the following result:

[4] iy = aAcoswt) + (b/2)A?[1 + cos ()] + (c/4)A° [cos (3m ) + 3cosm) | +

[5] = (b/2)R + [aA + (3/4) cA]cosinm) + (b/2)A%(2wt) + (c/4)A’cos(3nt) + ...
Again, simplifying the constants gives an equatbthe form
[6] @A? + gcosim) + gcos(am) + geos(Iwt) + ... (where@), are constants)

Note that a DC termggA® has appeared.
Since the voltage across R(V,) is what is of interest, and,% ig R

[7] Vo= RL @A? + R_ ggcosfm) + R_ gcos(am) + R gcos(amt) + ...

This represents a DC term + all the harmoniasosfat). By passingv o through a low
pass filter (a simple output capacitor) we can ougmly the DC output voltage term

[8] V=R gA?

This is a DC voltage proportional to the SQUAREI# amplitude of the input RF
signal!

Remembering tha is the amplitude of that RF signal, and that Pawer (\V//R), the
peak power dissipated insks

[9] P=A% Rs

Solving equation [8] foA?, equation [9] becomes
[10] P=\6/[R. Rsg@]

This is of the form:

[11] P=aVo

wherea is a constant ando is the DC term at the output of the LPF

17



*** |n other words, \, is directly proportional to theowerdissipated byRs . ***

A different assumption:
(large signal)

The above analysis is based on the assumptio\tuaimt) << Vgioge and that the
signal is not being rectified by the diode. Lettsanlook at this detector using the
opposite assumption. That is to say that the damtie as a rectifier and that

[12] A codt] >> Viode

With the addition of the LPF (capacitor) at thepuif and again making the assumption
that there is no detector circuit loading;(R + R. >> Rs), then

[13] Vo =A

where A is the amplitude of the input sinusoid. Threuit becomes a simple voltage

peak detector (again assuming tMagoqe is small) and the power dissipatedRa is
related to the squad Vo rather than being a linear function\é$ as concluded
previously. That is to say that

[14] P = a (Vo) for the peak (large signal) detector and

[11] P =a Vo forthe square law (small signal) detector.

So, for very small signal levels, the voltage vati¢dNEARLY with the power input (as a
square law detector) but at large signal levels SQUARE ROOT of the voltage varies
with the input power (as a peak detector).

Which way is best? Well, the small signal model ninesamplified in order to be
properly displayed. It also requires a small DGli@a best “linearity”. Both require a
power supply to be connected to the circuit. Howelre large signal model can
potentially introduce distortion in the signal bggimeasured and will likely generate
harmonics and/or intermodulation products. It Wkély also suffer temperature-related
errors due to changes in the peak voltage (theateli peak will be the actual peak
voltage minus the diode forward voltage).
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A look at a self-powered portable wattmeter

A typical schematic might look like this:

Figure 4: a variation of the Bird wattmeter theme

With only minor variations, this is used by manymaacturers of portable wattmeters.
About the only thing that changes from manufacttwenanufacturer is the direction of
the diode. That will simply change the polaritytioé metering connection.

While schematically different from figure 1, theteletion analysis is similar with CR101
acting as the detector and C102 as the LPF. R182 &tenuation and calibration

resistor. What we’d like to understand is if tliooperating as a square law detector or as
a peak detector.

Obviously, the first clues are the lack of any D@stmethod for the diode and the
thermistor at the output. Both are characteridtithie peak detector mode of operation.
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So, for this peak detector mode of operation, wald/expect a current vs. “wattmeter
reading” as shown in figure 5 below:

Peak Detector

120.00

100.00

80.00

60.00 //
40.00

20.00 —//
0.00 - T T

0 5 10 15 20 25 30

Indicated Power (watts)

Currentin uA

Figure 5: expected scale of a peak detector watimet

To generate this graph, the current scale was ri@edato a full scale of 10 and then the
value was squared since from equation [14], we kiratP = a (Vo)?

But it would seem obvious that as the power getsaaed, at some point the diode will
stop rectifying (simply because the signal is sal§nand start acting more like a square
law detector. The expected output from a squaredietector is shown in figure 6:

Square Law Detector

120.00
100.00 /
80.00

60.00

40.00 -

Indicated Power (watts)

20.00 H

0.00

0 5 10 15 20 25 30

Currentin uA

Figure 6: expected scale of a “square law” deteetstraight line
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This graph was generated the same way as figuret Biere equation [11] was used:
=Pa Vo
A clue to what modes these wattmeters operatenrbeaincovered by actually

measuring the indicated watts at the same cunmng@uoits$. This data was taken from a
30uA Bird meter:

Indicated Power

Current (watts)
0 0.00
5 9.50
10 22.20
15 38.50
20 56.10
25 80.00
30 100.00

This was plotted alongside the data of figuresd &n

Bird Scale alongside Peak and Square law scales

120.00

100.00 p
@
&
g 80.00 /
$ 6000
[e]
o. /.//‘//
3 40.00
E /;7/
Q
2 2000 /

Currentin uA

Figure 7

This clearly shows that the meter is operatingatwieen the two detector modes. Call
this the “transition” mode.

Another way of looking at this is to calculate ff@wver to which the x-axis (normalized

current) data must be raised to get to the indickteel. Once again, this was normalized
and the result is plotted below:
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Plot of correction exponent vs. current

Correction exponent

0 5 10 15 20 25 30
DC Current (uA)

Figure 8

Figure 8 clearly shows that as the signal incredbesdetector in the Bird wattmeter acts
more and more like a peak detector. This is evideruy the fact that the exponent
asymptotically approaches the expected value of the peak detector mode.

This is useful information if the wattmeter scades to be increased beyond the 30uA
limit of the typical “Bird”. We can assume that teetended scale would follow the peak
detector mode curve.

Copyright 2008, Frederick Glenn
All rights reserved
This document may not be reproduced in any forrhauit express written permission from the author.
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Appendix E: Wattmeter theory

Analysis of a portable Wattmeter

Frederick Glenn

Figure 1 shows a simplified diagram of a directiawupler. The addition of a diode
detector would make this a directional detectoe apacitor is shown as dotted since it
represents a parasitic capacitance from the pitdypto the center conductor of the
coaxial cable. The pickup loop itself may be aspdenas a straight piece of wire and the
terminating resistance is assumed to be non-indeieti the frequencies of interest. The
pickup loop may be rotated 18® be on the left hand side of the resistor-capaci
divider. Coupler analysis is often done in termshef even and odd impedance values,
but here a circuit analysis approach will be taken.

Coaxial Shield
\

Loop
Termination Pickup Loop

V (t) Resistance R /-W

|
—L- < — Capacitance C from pickup
—1- loop to center conductor

Coaxial Shield \

Figure 1: a simplified schematic of a directionalipler

Let v(t) andi(t) be the instantaneous and time-varying voltagescanménts at a

particular point of interest along the transmisdina. Note that/(t)/i(t) will then define

an impedancg at this particular point of interest. In the spéciase of a transmission
line terminated in its own characteristic impedaeg., no reflected wave), this become
v(t)/i(t) = Zo , the characteristic impedance of the line itself.

[In this paper, the time-varying “a function of (f&signations will not be shown for simplicity aitie-varying signals such as
v(t) will simply be shown as lower case letters inidslv

Furthermorey andi will refer to the voltages and currents of theagraission line. Other voltages (such as voltagessac
components) will be representeddyOne must keep in mind that these are also tingngvoltages and could otherwise be written
ase(t)]

Figure 2 below defines some of these voltagescurrents. Here, the inductance is
represented by M, the mutual inductance betweenehter conductor and the pickup
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loop (it also has self inductance L) axd=1/ juC . The physical length is assumed to be

small compared with the wavelength and, of course,2uf .

- But +

Coaxial Shield \

Figure 2: Definitions

The Analysis:

The voltage across the terminating resistor Rsisrgle voltage divider:

R

e = Y
R+ X,
We can make a simplifying assumption th& X, so that
[1] 6 =V
X

c

Since X, =1/ juC = - j/uC , €sbecomes

[2] e, =- juCRv and

3] 6 =-ixjuM

For the case where the inductance is rotated, 180
[4] & =iXjuM

In any event,
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[5] Gu = & + 6y

Considering the negative (or “reverse”) case, ardstuting in equations [2] and [4],
[6] e,=6+6€,= juCRv-i>juM = ju{Mi- CRY)

When the coaxial line is properly terminated, thépat voltage the output voltage of a
properly designed directional coupler will be zarahe “reverse” position. An
examination of [6] shows that this happens when

Mi = CRv

Recalling that under conditions of no reflected pothat X =Z,, the zero reflection
[

point occurs when we set

[7] =

This is a fortunate conclusion since because botntC are difficult to measure, the
balance point can be found simply by adjusting Raq@moperly terminated line until the
reverse output voltage is zero.

Continuing on, and assuming that balance has beeaved, we know from transmission
line theory that under conditions of IMPROPERLYnémated transmission lines a
reflected (or reverse) wave exists on the line.Rivaw that the voltage at any point along
the line is the sum of the voltages created froenféinward and the reverse travelling
waves. In other words,

[8] V=V, +v; andthe currentis
9] i=Ve Y
ZO ZO

[Incidentally, you might think that the equationwid be similar to the voltage cate= iF + iR but since current is measured
against the wave propagation direction, the negatign appears in front of the reverse term an@du@tion becomes

i =i - i)

Recalling [7] and substituting into [6] for the B¥ge case
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[7] (re-written) CR= ZM

qu=iwm . Yo M JME ]
0 0 ZO ZO

And since [8]v =V, +Vg,
[10] eout :ﬂ[VF +VR - VF +VR] = 2VR JWM

0 0
Considering the forward mode,
[11] 6y = - 20 1M

ZO

the minus sign goes away when we consider thadehaition of the voltage across M
has reversed when it is rotated. So the resultsrbesimilar:

ﬂ and eout(rev) = 2VR JWM
ZO

[12] Cout(wa) = 2V

0

What we have now is a useful device that can bé tssmeasure SWR from the formula

[13] SWR Ve VR _ Sut(twd) T Gout(rev)

Ve - Vg eout(fwd) - eout(rev)

This is a very useful device and is known undergiaeeric names of “SWR METER” or
a “Reflectometer”. Typically, a forward voltagesst to a full scale reading with a
sensitivity potentiometer and then SWR is readatlyeoff of a meter scale when the
loop is reversed. (Rather than physically reversiregloop, the termination resistor can
be electrically switched from one end of the loophe other and this is what is normally
done for mechanical simplicity.)

Notice, however, that the sensitivity (magnitudegj) is a direct function of frequency
and that sensitivity increases with increasingudergey. How can we turn this into a less
frequency-dependent design? In other words, howweamake this a useful POWER
meter over a wide range of frequencies?
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Frequency Independence

A quick look at equations [10] and [12] gives udlize. If we were to place a capacitor
across the output, thew terms might cancel out. This turns out to be tsec

Calling the load capacitord, the output voltage becomes

[14] e = Xcou *e wheree,, = 2v, JuM

corrected — j’/l/L"‘ JVN _ jXCOut+ R out ‘out Zo

from eq [7]

andL is the self-inductance of the pickup loop.
An opportunity can be seen here in thatdf.:is chosen so that
[15] xCout = M’L + M/{VI

Equation [14] reduces to

[16] €.orrected = Koo « 2V, JuM Recalling from [7] tha{M— =Cz,
R Z, R
2C
[17] eCOI’I'EC e = A
ted Com F

Some authors (1) have reduced the assumption Jid15

cat<<R

But this is close to the same assumption sinced.Mmre small w.r.t. R also. In any
event, if Xsout can be selected to tune out the inductance caonitvifs of L and M, a wide
range of frequencies can be practically achieved wlatively constant output
sensitivity.

Note that this forces & to be a very large value, and since C L and Maready known
to be small, this results in significant attenuatod the signal to be measured.
Nevertheless, we now have a reasonable and soméetaéency-independent
WATTMETER. (Actually the device is measuring thdtage of the forward and reverse
waves independently, but with good directivity stban be equated to Power.)
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Frequency Independence: an alternative method

There is an alternative method used in the pasat@mplishes nearly the same result,
although there are more compromises involved aoftem more difficult to implement.
This method increases the self inductance of tbleupi winding L. A commonly used
method would be to encircle the center conductaheftransmission line with a toroid
core and then wind multiple turns onto the tordilis in effect makes a %2 turn
“primary” winding and a multiple # of turns on teecondary. This increases the self
inductance of the secondary winding(ldentified as the pickup loop in figure 1 or
where @ is generated in figure 2).

If we eliminate the output load capacitag,@hat we added above and replace it with a
resistor which we call &;, and recalling from eq. (12) that

juM
ZO

Cut = 2VF (unloaded output)

then, with the output terminated inJRhe output voltage becomes

juM R
[18] € = *
‘ Z,  (Ru+Z)

where Z is the coupler output impedance. If we lgtr@present the self inductance of the
secondary winding, then we can see that

Zc = Zm + ZX +R (R is the terminating resistance defined in fig 1)
Then [18] becomes
[19] 6y = 2, 1M it
ZO (R)ut + Zm + Zx + R)

Here, we see the frequency independence opporteimiéeyge from the equation:
sinceZ +Z, =jmM +L, )

If we choose ourju (Lx + M) >> R + Ry we see that the undesired terjms nearly
drop out of [19].

The final equation then would then become

[20] €, =2V —* R and finally results in
Z, (M+L)
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2n.M
[21] Cut = Ve M. Ru o 21 MR (since L>>M)
ZO Lx ZoLx

Previously in this section we made the assumptiah fu (L + M) >> R + Ryt
Now let’s check to make sure that our assumptisolte in a reasonable value for:L

Assume a reasonable number for Rg R 100 ohms. To be valid within 1% then, our
assumption forju (Lx + M) must be >> 10000 ohms

If we choose our lowest frequency of interest t@tVIHz, and sincer = 24f then

10000

(M) >> 20 (35x10°)

= 454nHy

This value of I alone could easily be realized with a ferrite aoirey =19 and wound
with about 15 or 16 turns. I[ = N?A ]

This is a good approach with the assumptions ggebietter with increasing frequency,
but the secondary coil must encircle the centedaotor of coaxial line making it more
and more difficult to maintain a smooth insertiarpedance as frequency increases.

Comments on Directivity

Directivity is one measure of the quality of an &fupler. In a coaxial system where the
coax is terminated in its characteristic impedattoe directivity is the magnitude of the
forward wave divided by the magnitude of the rafelovave. This will be¢ and is often
referred to as RETURN LOSS. Practical couplers ale a directivity of >-30 or -40db.
This will give good readings of forward power sirthe reverse power interaction is then
insignificant. With good directivity, and since theflected wave is not interacting, the
measurement of the forward VOLTAGE is directly ppaponal to forward POWER.

Note also, that since directivity is a ratfeequations [10] and [12], so directivity is
(almost ... where the assumptions are still corfeREQUENCY INDEPENDENT.

The next step is to detect the voltages angerd them to POWER readings.

Copyright 2008, Frederick Glenn

All rights reserved

This document may not be reproduced in any forrhaut express written permission from the authory And all links to this page
are permitted.
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