By Bob Reif, W1XP, Ralph Swick, KD1SM, and Stan Pozerski, KD1LE

The NVARC FoxFinder

Fox hunting is fun! This FoxFinder is a modern way to locate hidden
two-meter transmitters. It's a project you can easily build yourself.

you're active on 2 meters,
I f you've certainly heard about
“fox” (hidden transmitter) hunts.
You may have even participated in
them. Have you read Pete (N9SFX)
Ostapchuk’s article describing the fun
you can have chasing foxes?* If so, you
know something about the thrill experi-
enced when you find that elusive fox, be
it a person sitting in seclusion with an
H-T, or a miniature automated fox dis-
guised as a part of the natural landscape.
Even if you don’t dream of someday be-
coming an international athlete and rep-
resenting your country in the Amateur
Radio direction-finding competitions,?
you can still combine an enjoyment of the
outdoorswith thethrill of alittlefriendly
competition and the pleasure of explor-
ing anearby park or forest in search of a
fox. The sport of fox hunting has practi-
cal spin-offs, too, as when you need to
find atransmitter that’s causing problems.
Anyone can find a hidden transmitter
with an H-T and a portable Yagi and using
body-fade techniques, but when you get
closeto the fox, simple equipment letsyou
down. H-Ts overload and body-fade tech-
niques, even without an antenna on the
H-T, can produce confusing results. In ad-
dition to receiver overload, signal reflec-
tions from buildings, trees and hills can
lead you astray. Our NashobaValley Ama-
teur Radio Club (NVARC) FoxFinder turns
those last few hundred yards from a night-
mare into a pleasure. If you're an active
fox hunter, or are thinking about adding
this skill to your list of accomplishments,
you need the FoxFinder. It's a simple
project, one you'll enjoy building!

Background

Several clubsin our central Massachu-
settsarearegularly hide small, automated
foxes. These foxes transmit a short mes-
sage in voice or CW every three to five
minutes. The transmitter our club usesis
typically hidden in forests and conserva-

!Notes appear on page 39.

tion land, places in which you can be
quite closeto the fox and not seeit. These
are freestyle huntsld you can hunt alone
or with agroup. You also have the option
to hunt whenever you want.

Over the years, many “sniffer” devices
were designed to aid in locating hidden
transmitters. We have used or observed
many sniffers in action and found them
lacking. Some designs have too many
controls and require time-consuming ad-
justment during the hunt. Others have
meters that are difficult to monitor asyou
stumble through the underbrush. Most
designs lack the dynamic range to cover
thelast few hundred feet; others overload
when close to a 5-W transmitter.

We werelooking for aclub project and
fund-raiser. We wanted a small project
that members could have fun assembling
as a bag-of-parts kit. With these objec-
tives in mind, we intensified our search
for a suitable sniffer.

Designing a Sniffer

One Saturday afternoon after a
morning’sfox hunt, we were having lunch
at alocal fast-food emporium, lamenting
for the umpteenth time that we'd once

again spent a lot of time on the last few
hundred feet of the hunt because we lacked
agood sniffer. At that moment, we decided
to either improve one of the existing sniffer
designs or devise one of our own. On a
napkin, we listed the requirements we con-
sidered necessary in a satisfactory sniffer.

It had to be shirt-pocket size; that was
on everybody’s list. After some discus-
sion, we decided to use an audible tone
instead of ameter or LEDs as the signal-
strength indicator; we wanted our eyes
free to watch for other thingsd such as
tiny transmitters! Besides, a meter would
add to the project cost and LED displays
use precious power and are difficult to
read in bright sunlight. We wanted amini-
mum of controls that might get bumped
out of adjustment while running through
the woods. We even rejected the idea of
a volume control. We opted for head-
phones instead of a speaker, both for
privacy when hunting in a group and for
extending battery life. The sniffer’s us-
ablerange was avery important issue for
us; several existing designswere lacking
here. We wanted a range of 1000 feet
when using a hand-held 3- or 4-element
Yagi and a 2-W fox. The sniffer also had
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to work with the same antenna at a dis-
tance of a couple of feet from the
fox[O some of our transmitters are quite
well disguised!

After evaluating several approaches,
we found a suitable RF detector that
looked like it would meet the range re-
quirement. The most difficult part was
developing an interface between the de-
tector and the audio oscillator. After build-
ing a breadboard unit, some field testing
and some changes, we had a design that
excited us. We chose a case size and laid
out a PC board. At this point, we made a
decision that changed the nature of the
project. We determined that the fox-hunt-
ing community might want more than a
bag-of-parts kit, especially since some of
our associates are not expert scratch build-
ers. So, we wrote an assembly/instruction
manual complete with an alignment, op-
eration and troubleshooting sections. This
task proved to be bigger than we had ever
imagined! Next, we developed templates
for the enclosure and included photos.
Then, several kitswere built by other hams
who critiqued the kit and the instructions.
That led to PC-board and instruction-man-
ual changes and the final products.

The Result

How well does the FoxFinder work?
Well, using a 4-element portable Yagi,
foxes with power levels of 300 mW to
2 W can be detected within 500 feet and
frequently at greater distances, depending
on terrain and vegetation. The 1000-foot
goal is achieved in open areas. Typically,
if you have a no-antenna signal on your
sensitive 2-meter H-T, the FoxFinder can
detect the signal with the Yagi. Once you
can hear the signal with the FoxFinder, you
can follow the signal in the direction of
the highest-pitch tone. The typical fox
transmission we use is 30 seconds or |less,
but by rotating a handheld 3- or 4-element
Yagi, you can quickly determine in which
direction to move. If you're jogging down
atrail, you can even tell if you're closing
on the fox by the pitch change of the au-
dio tone. If the pitch is higher, you moved
in the right direction; if it is lower, you
are farther away.

The FoxFinder is simple to operate.
Other than the POWER switch, there'sjust
one control: a three-position RANGE
switch that gives you an indication of how
close you are to the fox. You start with
the RANGE switch in the most-sensitive
position. As the tone pitch you hear in-
creases, you move the switch to the next
less-sensitive position and proceed. Inthe
|east-sensitive position, you can use the
FoxFinder and a 4-element Yagi to get
within several feet of a 5-W transmitter
without overloading the FoxFinder. With
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A completed PC board ready for installation.

the FoxFinder, you can literally walk
right up to a hidden transmitter!

Theory of Operation

Refer to Figure 1. There are three main
sections in the FoxFinder, centered on
three I1Cs: the detector (U1), the amplifier
(U2) and the voltage-controlled oscillator
(VCO), U3. The circuit around U1 con-
sists of a wide-dynamic-range detector
using two 1N34 germanium diodes and a
tuned circuit. U1 provides the feedback
gain that compensates for the usual non-
linear behavior of the diode detector.® The
tuned circuit provides rejection of out-of-
band signals and a voltage step up. Ul's
input threshold is offset above ground by
about 0.5V. (The exact value of the thresh-
old voltage is adjusted by R9 during final
alignment.) The same offset voltageis ap-
plied to the second stage, U2. This “float-
ing ground” is used to set the minimum
VCO voltage described later. R12 on the
offset-trim terminal of the diode detector
is set during alignment to compensate for
Ul's input-offset voltage. The first stage
isthen adjusted in such away that it com-
pensates for the offset of the second stage.
The forward voltage drops of D2 and D3
are matched at low currents to provide
improved temperature stability. The result-
ing diode detector operates with a wide
range of signal inputs from a few milli-
volts to about 5 V to provide the desired
range performance.

U2 is a switched-gain noninverting
voltage amplifier. The three gain settings
are selected by the RANGE switch. The
voltage gain is about 23 in the MAX range

position and just over one in the MIN
RANGE position. This divides the
FoxFinder’'s useful rangeinto three over-
lapping segments. In the most sensitive
position (MAX), the offset voltage is ad-
justed by R9 and the input offset is ad-
justed by R12, as stated earlier. When
amplified by the high gain in the MAX
RANGE position, this output is large
enough to provide a voltage to the input
of the audio-frequency VCO (U3) to pro-
duce a continuous low audio tone. Note
that only the offset of the input above the
threshold (a few millivolts), and not the
full threshold offset, is amplified by the
second-stage gain.

U3isaCMOStimer IC. TheVCO con-
trol voltage is the output of U2. This volt-
age charges C8 through R7 and R8 until a
timing threshold voltage is reached. Then
the timer changes state and discharges C8
through R8 until alower timing threshold
voltage is reached. At this point, the out-
put switches again and the charging cycle
starts over. The higher the control voltage,
the more quickly the RC network charges
and the higher the tone frequency.

To produce audio output, theVCO-in-
put control voltage must be above the
threshold of the 555 circuit. Theinput off-
set voltage of Ul and U2 achieve this
voltage level without excessive gain or
extremely largeinput signals. In the MAX
RANGE position, the oscillator runs con-
tinuously, so that the smallest change in
detected-signal level produces a pitch
change, allowing detection of weak sig-
nals. The pulse output of U3 drives the
headphonesthrough C11 and current-lim-
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Figure 1—Schematic of the FoxFinder circuit. Unless otherwise specified, resistors are */s-W,

, 5%-tolerance carbon-composition or

metal-film units. DK part numbers in parentheses are Digi-Key (Digi-Key Corp, 701 Brooks Ave S, Thief River Falls, MN 56701-0677;
tel 800-344-4539, 218-681-6674, fax 218-681-3380; www.digikey.com); RS part numbers are RadioShack (RadioShack.com, PO
Box 1981, Fort Worth, TX 76101-1981; tel 800-843-7422; fax 800-813-0087; www.radioshack.com). Equivalent parts can be
substituted; n.c. indicates no connection. (The designators for D4, SW1 and SW2 deviate from QST style.)

C1—2-6-pF ceramic trimmer (DK SG1021)
C2,C8—0.001 YF, 50V ceramic
(DK P4937)
C3-C6, C9—0.01 pF, 50 V ceramic
(DK P4922)
C7,C10, C11—3.3 pyF, 10V tantalum
(DK P2035)
D1—1N5221 2.4V, 500 mW Zener
(DK 1N5221BMSCT)
D2, D3—1N34A (RS 900-6232);
component matching required, see text.
D4—Red LED (DK 160-1078)

iting resistors R13 and R18. Having two
current-limiting resistorsin the circuit al-
lows use of stereo or mono headphones;
you can omit R18 if you intend to use
only mono phones.

A regulated supply voltage from
U4 provides circuit stability asthe battery
voltage changes over its useful life. Zener
regulator D1 supplies voltage to the VCO

J1—Chassis-mount BNC jack
(DK ARFX1064)

J2—Chassis-mount, three-circuit
(stereo), 3.5-mm jack (RS 910-0768)
J3—9-V battery connector (DK BS6I-HD)
L1—6 turns #21 wire wound on a 3/s-inch
diam. form, with a total coil length of

1linch; see text.
R9—100 Q trimmer (DK 3306P-101)
R12—100 kQ trimmer (DK CT9W104)
SW1—DP3P slide switch (DK SW334);
one pole unused

and the threshold-adjusting circuit. LED
D4 takes advantage of the current supply
to D1 to provide a power-on indication
without impacting the battery life. In typi-
cal use, abattery lastslonger than oneyear.

FoxFinder Construction

Now that you're convinced you want
one, we'll tell you how to build your own.

SW2—SPST toggle (RS 900-6973)
U1, U200 CA3160AE (DK CA3160AE)
U4—UA78L05 (DK LM78L0O5ACZ)
U3—TLC555 or LMC555CN

(DK LMC555CN)
Misc: 12 inches of #20 wire, hardware, PC
board, 8-pin IC sockets (RS 900-5738),
1.1x2.4x4.4-inch (HWD) enclosure
(DK HM103), slide-switch topper button
(DK SW149)

All components are readily available
from the listed suppliers. A drilled and
silk-screened PC board, with or without
a complete set of parts, is available.*
Besides the usual good practice of
keeping circuit connections short and di-
rect, the only areas requiring attention are
the coil and RF-detector wiring. Use short,
direct leads for the coil, tuning capacitor,
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L1 ready to go, complete with C2 tapped
at 1turn.

D2 and D3 and the connection to the coax
connector. Be careful when soldering the
RF-detector diodes: They are germanium
diodes and more heat sensitive than sili-
con diodes. It isimportant that germanium
diodes be used in the detector circuit. Sili-
con diodes such as IN914sor 1IN4148sare
not suitable substitutes. RadioShack sells
apackage of 1IN34 diodes (RS 276-1123).
If you follow the schematic during con-
struction and use the alignment procedure
provided later, you should be able to eas-
ily duplicate the FoxFinder.

Case Selection

We selected a plastic case for its low
cost and weight, and because metal boxes
are darn cold to hold in the winter! The
shielding qualities of ametal case are not
required. The case must, however, be
opaque because the typical 1N34
glass-encased diodes are light sensitive.
Depending on your building skill and ex-
perience, you might want to consider us-
ing aslightly larger case than the one we
chose so you have a bit more room for
the parts. The layout shown in the photo
is suggested for a “dead-bug” circuit as
well, with the coil, RF detector diodes
and | C located close to the tuning capaci-
tor. The coil tap is at the end of the coil
farthest from the diode connection.

The Caoil

Wind the coil on a %s-inch form (a
drill-bit shank or dowel). The wire need
not be enameled, but if it isn’t, you must
use care to avoid shorting turns and en-
sure that nothing touches the coil to short
it out. A tap point is needed one turn in
from one end of the coil for attachment
to the coupling capacitor. (If you use
enameled wire for the coil, be sure to
scrape off the enamel coating before sol -
dering the connection.) While the coil is
still on the form, spread the coil turns
evenly to a width of one inch. Remove
the form and mount the coil, making a
direct connection from the end of the coil
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An inside view of the completed unit. J1, J2 and SW2 are to the left. The RANGE switch
is at the bottom. One lug of the RANGE switch (MIN) is unconnected.

farthest from the tap point to the tuning
capacitor, C1. Be sure to mount the tun-
ing capacitor so you can adjust it later.
Connect D2 between the coil and C3 with
short, direct leads. We suggest building
this part of the circuit on asmall piece of
copper-clad board even if you build the
rest of the circuit on perf board.

Matching the Diodes

The 1N34 diodes should be matched
to reduce temperature effects on the cali-
bration. You can sort a group of diodes
by connecting a 1-MQ resistor in series
with the diode (forward biased) across a
9-V battery. Using a voltmeter with mil-
livolt resolution, measure the forward
voltage drop across each diode and se-
lect two diodes having similar voltage
drops. (It takesafew secondsfor the volt-
age to stabilize after applying voltage to
the diode.) You should be ableto find two
diodes that have voltage drops within a
few millivolts of each other.

Wiring the rest of the circuit is easy.
Mount the supply pin bypass capacitors
close to their respective ICs. Be sure to
provide suitable connection points
(scraps of wirewill do) for the three test
points (TP1-TP3) so that they can be ac-
cessed easily without shorting to the sur-
rounding components. Thetest pointsare
used during alignment of the FoxFinder.
Also ensure easy access to pots R9 and
R12 for the alignment process.

Alignment

For the following procedure, you'll
need a high-impedance digital or analog
voltmeter and a 2-meter signal source
(such as an H-T). If at anytime you do
not obtain the expected results, you will
have to troubleshoot the circuit. After fix-
ing the problem, start the alignment pro-

cedure from the beginning.

1. Connect the battery and turn on the
POWER switch. The LED should light
indicating that power is applied.

Asmentioned earlier, the IN34 diodes
are sensitiveto bright light. During align-
ment, shade the diodes from any bright
light; normal room lighting usually is
okay. (This precaution is necessary only
while adjusting R9 and R12.)

2. Place the RANGE switch in the MAX
position. Connect the positive lead of a
dc voltmeter to TP2 and connect the
voltmeter’s negative lead to the coax con-
nector shell. (This is a handy place to
make aground connection.) Adjust R9 for
a reading of +0.5 V. The exact value is
not critical at this step; R9 will be read-
justed in Step 3. Next, connect the
voltmeter’s positive lead to TP1 and con-
nect the negative lead to TP2. Adjust R12
for an indication of about +7 mV. Again,
the exact value isn’t critical at thistime,
but you should be able to adjust thisvolt-
age through zero. It isimportant that the
voltage be positive. If you can't get a
level of +7mV , check for awiring error,
a defective component or an incorrectly
installed component.

Move the voltmeter’s positive lead
from TP1 to TP3, leaving the negative
lead on TP2. Ensure that the RANGE
switchisinthe MAX range position. Care-
fully adjust R12 for a dc voltage of
+50 mV £5 mV. Use the most sensitive
voltmeter scalethat isappropriate. Again,
it is important that the voltage is posi-
tive. Remove the test |eads.

3. Connect the positive voltmeter lead
to TP1 and the negative lead to the coax
connector ground shell. As a signal
source, set up a2-meter rig on aclear fre-
quency with a low power-output level
(100 mW to 1W). It is not necessary to



have an antenna on the FoxFinder. With
therig within afew feet of the FoxFinder,
transmit and observe the voltage on the
voltmeter. The voltage should increasein
magnitude. It is the increase that is im-
portant. If the voltage increases in mag-
nitude continue with the alignment. If the
voltage decreases, it indicates that D2 is
not installed properly. Unkey therig, cor-
rect the problem and repeat the entire
alignment procedure.

Connect the negative voltmeter lead to
the cathode (banded) end of D3. Key the
rig. The voltage measured this time
should be well below 1 V. A voltage
greater than 1V indicates that D3 is ei-
ther installed backward or defective. Cor-
rect this before proceeding, then repeat
the entire alignment procedure. If every-
thing tests correctly, remove the test leads
and proceed to Step 4.

4. Plug apair of headphonesinto head-
phone jack J2. With the rig unkeyed and
the RANGE switch still in the MAX posi-
tion, you should hear an audio tone in the
headphones. If not, adjusting R9 should
provide an audio tone in the headphones.
Whileadjusting R9, note that at some point
the tone becomes very low pitched and
then oscillation stops. The correct adjust-
ment of R9 isjust beyond the point where
oscillation starts with the RANGE switch
in the MAX position. Moving the RANGE
switch to the center position should stop
the oscillation. Thisindicates a proper ad-
justment of the detection threshold.

5. RF alignment is next. Connect an
antenna (a “rubber duck” will do) to the
FoxFinder RF connector. Set therig on a
frequency close to the intended fox fre-
guency and make a short transmission with
the RANGE switch in the MAX position.
The audio tone in the headphones should
increase in pitch. With the help of an as-
sistant, increase the separation between the
rig and the FoxFinder so that the change
in pitch is not too great when the rig is
transmitting. Now, carefully adjust C1 for
the highest pitch. Thisisthe point of maxi-
mum sensitivity. Unkey the rig.

6. Turn off power to the FoxFinder and
install the case cover. Assembly is com-
plete and you can congratulate yourself
onajob well done! Aswith any finetool,
you now need to practice using it. We are
sure you will be pleased with your
FoxFinder and will have many happy
hours hunting with it.

Summary

Your FoxFinder is sure to add to your
enjoyment of the great sport of hidden
transmitter hunting! Our FoxFinders have
saved us countless hours and given us con-
fidence that we can find the elusive fox!
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“Drilled, silk-screened PC boards and full
kits (including a PC board, all parts, enclosure
and anassembly manual) are available. Send
all orders to the Nashoba Valley Amateur
Radio Club, PO Box 900, Pepperell, MA
01463. Address any questions to nvarc_
nlnc@arrl.net. Prices in the US: PC board,
$10 postpaid; kit, $59.95 plus $5 shipping and
handling. All US orders are shipped by First
Class mail. Personal checks and money or-
ders accepted for US orders. For shipments
outside United States, payment must be in
US currency by bank check or money order.
PC board, $14 postpaid. For surface delivery
of a kit, $59.95 plus $9 shipping and handling
(expect a total of six to eight weeks delivery
time). For kit air delivery, shipping and han-
dling is $12, with an expected delivery time of
two to three weeks.

First licensed in 1955 as KN9AQP, Bob Reif,
W1XP, has been an active amateur ever since.
He is an Extra Class license holder and an
ARRL Life Member. In 1963 he earned his
BSEE from Purdue University. After two years
active duty in the US Army, Bob joined GTE
in Waltham, Massachusetts, in 1966. During
the next 30 years, he was involved in many
areas of military communication: analog, RF

NEW PRODUCTS

GPS/VHF MOBILE ANTENNA
FROM ANTENEX

¢ Antenex Inc has recently made avail-
able a combination GPS/VHF antenna
that should be well suited for APRS
applications.

The Antenex Model GPSDVHF an-
tennaconsists of acompact cylindrically
shaped base containing an active ceramic
patch GPS receive antenna (power is sup-
plied from your GPS receiver through the
feed line). A tunable (138-148 MH2z)
Ya-N 0.1-inch diameter stainless steel
whip with a tapered shock spring base,
finished in black chrome, is mounted on
top.

The antenna system requires
a ®/s-inch mounting hole and is secured
viaasolid brass stud and a stainless steel
jam nut.

The GPSDVHF comes with 14 feet of
RG-174 for the GPS receiver and 14 feet
of RG-58A/U for VHF. A crimp-on SMB
connector and an N connector, for instal-
lation by the user, are provided.

For more information on the
GPSDVHF and the entire line of Antenex
antennas, antennamounts and antennare-

and antenna design. Since retiring in 1994,
Bob has spent more time enjoying Amateur
Radio. During his 45-plus years as a ham, he
has worked MF, HF, VHF, UHF and SHF to
10 GHz. Bob likes to design and build equip-
ment and antennas. You can contact Bob at
PO Box 363, Groton, MA 01450; wilxp@
arrl.net and nvarc_nlnc@arrl.net.

Since the age of seven, Ralph Swick,
KD1SM, has had a consuming interest in all
thingswith wires and electrons. However, even
with electronics as a hobby, it wasn’t until his
own son expressed interest in Amateur Radio
that Ralph got histicket. Ralph has BSdegrees
in physics and mathematics. His career in-
volves designing computer software and pro-
tocols. Having worked in industry and
academia, Ralph is presently on the research
staff at the MIT Laboratory for Computer Sci-
ence. You can contact Ralph at 113 Townsend
Harbor Rd, Lunenburg, MA 01462; kd1sm@
arrl.net.

Stan Pozerski, KD1LE, has been a ham
since 1992 and holds an Amateur Extra li-
cense. He has a BS degree in computer sys-
tems with a minor in business management.
For 25 years, Stan worked in defense industry
electronics and industrial manufacturing. He
now works as a network and systems adminis-
trator for the Mitsubishi Electric Research
Laboratory. In addition to fox hunting, Stan
enjoys mobile and fixed-station HF CW, and
traffic handling. You can contact Stan at PO
Box 527, Pepperell, MA 01463; kdlle@
amsat.org.
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lated products, visit your favorite Ama-
teur Radio equipment dealer or contact
Antenex, 2000-205 Bloomingdale Rd,
Glendale Heights, IL 60139; tel 800-323-
3757 or 630-351-9007, fax 630-351-
9009; www.antenex.com.

s

From April 2001 QST © ARRL




