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Frank Reid Remembered
Compiled by Paul R. Jorgenson KE7HR

¥

| first heard of Frank Reid, WOMKYV, in February

the time | thought it was a novel concept. FrRekd
tions and Electronics Section in 1985, along wibtle

Electrical Stuff” was the motto published in thest
issue of SPELEONICS. Frank had a hand in shap
the Section and keeping it going frd(RELEONICS 1
to SPELEONICS 21 spanning 1985 to 1997.

I met Frank at the Salida Colorado Convention ii6l

: We played with lasers and bat detectors in thetrag
the campground. He had a great style and | waktglhave had the personal acquaintance as whba:
ing read numerous articles written by him. FranKesed a heart attack in Saltpeter Cave and suiesely
died on January 24, 19983PELEONICStook a hiatus until 2001.

As many did over the years, | learned a lot fromnkrthrough his writings. Writers know little dfe minds
that they touch with their articles, but the effeah be great.

Following are excerpts from online sources and Emalating to Frank Reid and his contributions&ving
and electronics. They are in no particular orbat,Frank might have liked it that way...

Excerpt from Joe Giddens email, January 2008

FRANK REID was much more than a caver. He wrotaednteresting material in the process of learningse a word proces
ing program - and back in 1983 - these were not fiEndly. One was a spoof of "Soldier of Fortlrfe mercenary oriente
arms rag) called "Caver of Fortune". We sold a &wWave meets. The "TRICKS, DIRTY" booklet seidso started in 198
and never seem to die as folks kept sending himrematerial. The series went on for "AWFUL, NASTHYORRID, ROTTEN,
EVIL, WICKED, and finally EVIL" and so on until 132 | was aggravating him to publish "TRICKS, HUMBRS". In the
later years of his life, he enjoyed the humor af@ening as a cave balladeer. Frank had his owndrulook at some of the c3
toons in SPELEONICS.

| had called Frank in 1983 or early 1984 to get hinthair a new radio oriented section. That ditl alick at first as we wer
both adamant about NOT being the chair. | didthitk the section would work without him, nor wagding to start it withou
him. We did agree to start the section that existiay and started a search for a third person wloaid agree to be t
chair. Frank had a phobia about "speleopolitician3 o digress for a bit, Frank was the quinteiaérlectronics experimentg
The frat rats (his words) at the university in Bitiagton were partial to sporty BMWSs at the time letirank drove a diesel V
Rabbit. The BMW drivers were generally impatierdnd diesel Rabbits were slow accelerators - aag #ould cut him off
coming onto a freeway and pass him. When this éagg, he would pick up his antique "STAR TREK" fitatoy phaser pistd
and "fire phasers"! The pistol contained a baftergve guide and a GUNN diode with the same frequexs police radar. H
would be rewarded with red brake lights and wotikehtpass the BMW. For the other radar frequenaieggar box with a large
Gunn diode and wave guide joined the phaser gistible car.

Frank came to Texas when | lived there and use@RAN system (pre GPS days) in his car. He wagpgsiated when it was
(Continued on page 3)
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1984 when an article with the title “Caveman Radio”
was published i73 Magazine, a ham radio publication.
Even though | was not involved in organized cavang
was one of the founding members of the Communica-

Giddens and lan Drummond. “Better Caving Through

=)

o
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(Continued from page 2)

bit off when he arrived as it had been on trackl i turned south of Fort Worth. He was mollifiexifind out from anotheg
(pilot) visitor there that the third leg of the L@R in the area was inaccurate and due for reda@RAN was a consideration f
accurate cave location and | had an inoperable fardonomic repair as it turned out) LORAN unitheg time. The discussion
this unit and LORAN in general was a part of a gurihg search to adapt electronics and particulANJIONICS for cav-
ing. The newsletter was also a current topic stu$sion and SPELEONICS came from those rollingremations. RADI(
UNDERGROUND was considered briefly and we did naintvto call it AVIONICS UNDERGROUND! That had agical
conclusion.

Along that time, Frank found news of some Canadidnian Coward and lan Drummond, that had develape undergroun
radio for the Canadian Health folks to enable comications with survivors in a mine incident. lamubhmond became o
chair. We had already written a constitution aadtion application paperwork. lan added additiarfadrter members and t
item was bundled to the NSS. When the Section idatbn was reviewed, a director went on a tirableu "these frivolous se
tions with few members". Evelyn Bradshaw, Inter@agjanizations chair at the time, let him wind doanmd then asked if 100
members would be OK.

Jay Jorden KAS5YVC of Dallas drew the first coveiaila George N9DEJ of Kentucky published it and SPEGNICS #1 was
out in 1985. Frank had a great time as the matoredhile we had contributed material. His alyilgfet think out-of-the-box wa
EXTREMELY WAY -out-of-the-box and even the most s&1$ subject was game for some REID humor. He laatdgreat mind
is sorely missed.

IN AFTERMATH:
Frank was disappointed in the mid 1990s in the armhotipublication material sent. Folks wanted aen@gular publication, bu
we had vowed not to publish junk or issues withgnad material. When the idea of an online forumewsletter came out, it
looked like a good direction to revive contributitmnthe subject and the section. Newsletters wereasingly going electronic
and paperless. We hoped the section would berlafiiindsight, it was the thing to do in my opinjdut there were some ner\
ous phone calls at the time. Now there are fent@di newsletters. Newsletters are the glue thatddiverse and widespread
group of folks together. Communications is the keleed. The Section was always intended - at latite founders - to be frg
and open as possible. Our dues barely coveredgmst the time. Membership was not only NSS akaglemany electronics
experimenters initially. Such folk contribute teetend result whether they have ever been in aaad@re a needed part of a
technical group. SPELEONICS today seems morefoftan and articles and designs are published elsexwvith subscription
required. This causes a reduced audience angdetisipation of experimenters due to costs. ¥Eiéems of interest included
microgravity and/or micro magnetic surveys, gropedetrating radar in addition to "cave radio". ®awhthis is still untouched
but some has been used in DMZ tunnel searchesri@akand should be - maybe is - in El Paso and $&goD These are still
good areas for "earthy electronics".

WOMKYV Frank,

You might have never learned my name but | learned yours. You might not have known that | had learned from you
but I did. From cave rescue to ham radio to just being a good person, | will be remembering what you did for me.

Thank you and God speed,
73
KBOLTH Chris

My husband knew Frank for many years via the NSS, and my brother (WBOMHU) via the Dayton Hamvention. | first
met him at the sing-along at the 1993 Indiana NSS Convention, and was impressed with the wide range of a person
who seemed equally at home with a beer in one hand and a guitar in another, or promoting some great scheme involv-
ing field telephones or artificial entrance enlargement (Better Caving through Chemistry). But the best story which
most typifies his many-faceted character and which involved us is:

The Great Soldering Iron Caper
At the 1995 National Cave Management Symposium (NCMS) Spring Mill State Park, Mitchell, Indiana

As many who read this know, the NCMS is a gathering of cave owners, cave managers, cavers and other interested
people who come to learn new techniques for managing caves. These techniques are exchanged both formally in
twenty minute presentations and demonstrations, and informally. On Friday October 27, Frank came down to give a
presentation on Cave Radio as a Management Tool, which was to be followed by Jeff Moll of Lincoln National Forest

r
DI
bf

te

(Continued on page 4)
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(Continued from page 3)
(New Mexico) on Use of a Laser System to Survey Caves.

Jeff's presentation was to include a demonstration of a $12,000 survey laser--an electronic gizmo which takes read-
ings suitable for conversion into CAD data, thereby computerizing the map making process. After Moll and Ransom
Turner unpacked their delicate electronic equipment, they discovered that one of the connecting cables was broken,
after having been slammed in a door, rendering the unit inoperable.

Eugene Vale had hauled our computer to the meeting, and he ran into the duo in the hall having trouble. He volun-
teered to see if any of our computer cables could be used as a patch to enable them to make their presentation. No
go. | came up to our room for something, and found Eugene had stepped out, strange men in my room, cables and
gear spread everywhere, and these people wishing for a soldering iron. "Gee, who here would be most likely to have a
soldering iron?" Only one name came up. Frank Reid.

So | went in search of Frank.

As it turned out, Frank had just recently arrived, and was talking to people in the dining room. "Hi, Frank," | said, blurt-
ing into some conversation. "l've been sent to look for you. There's some people upstairs wondering if you had a sol-
dering iron." He looked a bit quizzical. "I know | have some solder. Let me go look in the car.”

I gave him the room number, and went back upstairs. Frank arrived with a roll of solder. "I didn't bring my iron," he
said, "but | have a butane torch, and a coat hanger." He cut off a length of metal coat hanger, and heated it with the
torch. "This should work, you know," he said. | just looked on in disbelief, as he attempted to melt the solder with the
heated coat hanger, in an attempt to fix the broken cable. Despite the application of solder, the unit refused to work. In
the meantime, Moll decided to forego the demonstration, and stick with his slideshow, so Frank left, as he had his own
presentation to prepare for.

That is the image of Frank Reid which will forever stick in our minds: hunched over a hotel table, a blowtorch in one
hand, a hot coat hanger in the other, trying to fix a piece of electronic equipment which cost more than my truck.

We're very lucky to have known him.
73s, Frank, until we too hit that final code key in the sky.
Jo Schaper and Eugene Vale

NSS 27624L & 19197FL
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Radio Slave for Flash

Alan Beswick

A very simple remote trigger for open flash photggry.

Many remote triggers exist for remotely triggeritaghlights for cave photography. Most of theseehsome circuitry to trigger
the remote flash from the flash from a cameradthiis really necessary??? Perhaps it just deatpk things.

Back in my youth, as a member of the Universit@okeensland Speleological Society when Queenslaadés had neither beg
flooded nor mined, photography was done using dlash techniques, wandering around in total desknpressing the open
flash button on the flashlights and leaving ghoBtures in the photos.

Nowadays, many hardware manufacturers do 99.9%edfiard work for us (you) by making wireless ddaimes (eg http://
arlec.com.au/pdfs/ doorchimes_security.pdf) , &ittadio transmitter in the press button compoaedta receiver in the bell.

Wireless Door Chime

Mo wiring required. 2 selectable chime tones Jﬂﬂﬂ EI.“E

ﬂuﬂrﬂ.h‘lu PANQE 3PpeCNama r!lr B0 meires:

‘Waatherpeaol {IP&4) push button with peovision loe

name 1ag. 16 selectable opeeating channels to prevanl u]'HE Em

imterferance with othar wireless products. Chime usas

fwe AN sire battésies (nol inchaded) and push bution 'y

mues 1 & 3V likhium baltery [included) IlEHT.
| APN: 9 311644 03277 9 iy

One additional component is needed, a readily abvil4n25 optocoupler (http://www.jaycar.com.aodurcts_uploaded/
ZD1928.pdf), plus a bit of wire. The 4n25 is aib imtegrated circuit, and I'm not even going teega circuit diagram.

Pin 1 will have a dimple adjacent to it so it cdr@tconfused with pin 4 if the chip is the wrongyaround.

Remove the two wires from the loudspeaker and sofdse onto pins 1 & 2. If you are like me, ybgét then around the wron
way but no harm will be done.

Pins 4 and 5 go to the flash gun, using a PC #gslc cable (search eBay for these). A dab of SGhé to hold the 4N25 onto
the case and that's it! Press the door bell amfldkh will fire. Again, you might get the cabtaund the wrong way. There are
possible ways to wire up this thing, and only ameks.

The transmitter/receiver pairs have 16 channelgpsacan follow the manufacturers instructionstiange channels to avoid
firing your friends' flashes. And best of all, yhere small enough to fit into a condom for wetea Range seems to be about
50m for the cheapest door chime, but there are mowerful models available.

Why isn't this useful above ground? Because, ittraera is hooked up to the door pushbutton,ythe speed is 1/8", too slow
for daylight use, but fine for pho_trog_raphyisliturrently in pieces as | try to speed it upneghoto of the finished article.

Have fun,
Alan Beswick

ENn
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185 KHz Ferrite Core Antenna

Paul R. Jorgenson KE7HR

| did some experiments with some small ferrite gore
antennas for 185 kHz. It was a % inch ferrite rtel,
inches long (yes, expensive), with full windings

along the length and appropriate tuning capacitors.
They performed surprisingly well, being able tng3
mit and receive through several hundred feet ok foc

using a CB to LF transverter. There are commdydial

available versions of this antenna that have been
available for some years now. This inspired meets
what could be done with easily obtained materials

| saw some ferrite rods on eBay and bought them,
cheaply. They are 3 % inches long and about 3/8
inch in diameter. (The seller had no idea of what
—— terial they were make of or what the permeabijlity
~ |was.) | glued three of the rods together sideithy i
- |a kind of triangle. Three of those units were lstai
end to end inside a piece of % inch PVC pipe to [pro
duce a rod that is 10 % inches long. The pipetbad
be relieved a bit with a round file to accommodats
triangles. The extra space in the pipe was filléth a
kitchen and bath adhesive caulk to keep the pieces
from moving around if the glue fails or if a shqck
were to break the rod. End caps were installethis
assembly.

The coil winding was done with #22 insulated hpok
up wire. More inductance than | wanted was found
by close winding the coil. By separating the tuioyg
about one wire space, the desired 300 uH value| was
achieved. Electrical tape was used to keep the-win

ings from moving on the PVC form.

The complete wound core was placed inside a|l %
inch PVC pipe using a closed cell foam packing mjate
rial to keep the core centered in the outer pipe.

One end of the outer pipe was solidly capped aadther has a screw off cap and Teflon tape to Keephreads from sticking.
Inside the screw off cap, a barrier strip connéiigsends of the coil, the resonating capacitore{faB000 pF), and the coax to a
BNC connector. More packing foam keeps everytlsitagple inside the pipe. The outside of the larige was flattened to a
commodate the nut for the BNC connector.

17
I

I chose to use the
matching method of fa
series variable capacitpr
(a mica compression unit
rather than a matchin
transformer or inductiv
link of one or more turn|
over the main coil. | thin
that this is a mor
efficient way off
transferring the power 1

WA W ag

o

(Continued on page 7)
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(Continued from page 6)
the antenna With the proper equipment is has basy to adjust to resonance. An analysis with mgi MNA network analyze
shows that the resonant point is quite sharp andeanoved up and down the band by adjusting thehimgy variable capacito
The antenna easily reaches resonance and a maiéhotam coax and has acceptable bandwidth for thgoge for which it wil
be used. The sharp tuning should keep out of begméls and noise to a minimum. This is important Atwhere there is lots (
noise!
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Radio Propagation Testing in Lava Tubes

By Jansen Cardy, ZL1AAB
Cave Research Foundation Volunteer, Lava Beds Natial Monument

communication experiment in Valentine Cave

volunteer Bill Frantz. The purpose of this exp
ment was to compare the usable range of Very
Frequency (VHF) radios, against the range of s
High Frequency (HF) Citizen Band (CB) radios.

amateur radio handhelds, on a frequency of
Megahertz (MHz) using Frequency Modulat
(FM) mode. The standard National Park Ser
VHF radios used at Lava Beds operate around

between low and high power (0.5 to 3.5 watts).
radio had a quarter-wave whip antenna (abou

Bill Franz using the radi ucky’ antenna (about 7 inches long — similal
e = those used on the NPS radios).

The CB radios we used for comparison were a paB©f3-5980 walkie-talkies, set to low power (abbutatt) on a frequency

27 MHz using Amplitude Modulation (AM) mode. Eardkdio was connected to a dipole antenna constriobed a pair of 3

foot CB vehicle whips, mounted to the end of a Mk in a ‘T’ configuration. It should be noteathalthough our VHF radid

have a built-in signal strength meter, the CB radio not. Therefore our assessments of the CRalsigrere made purely ‘ly

ear.

We began testing with Bill positioned in the entamoom, while | made my way further into the cavdout 400 feet down th
passage it became difficult to communicate with\Whé- radios, so Bill and | both increased our radio high power and low

ered the squelch thresholds (which makes the rieceptore sensitive). By the time | got about 766tffrom the entrance, all

effective VHF communication was lost. The CB radiontinued to operate flawlessly on low power.

After we lost VHF communication, | stopped and bbshed a testing location in the Bubble Distrilbytaection of the cave.
was now about 750 feet (in a straight line) frorll Bi the entrance room. The passage at this peas about 7 feet wide by
feet high, which | judged to be about the minimune s\eeded to effectively test the dipole anteriée began this phase of te

On November 27 2005, | conducted a brief radio

at

Lava Beds NM, California. Assisting me was CRF

Pri-
High
pome

The VHF radios we used were a pair of Yaesu FT-50

147

on
ice
171

& MHz FM, and we expected our radios to perform
similarly. During testing, both radios were ad@gst

Dne
t 20

inches long), and the other had a short ‘rubber

to

(2]

[}

4
St-

ing with both our antennas horizontally polarizdd.this configuration a dipole is bi-directionahd we positioned ours to trams-

mit to each other approximately north-south aldrgttend of the cave passage.

While receiving, | found that when the tips of mytenna got within a couple of inches of the roakioniched it, the signal wou
be sharply attenuated (causing Bill's voice to fad®. Because of the low ceiling height, | conlat test my dipole in a vertic
orientation. Bill tried with his dipole positionagrtically, but it seemed to make no differencehte high signal quality. How
ever, he did comment that my signal sounded slightlaker when his antenna was on a diagonal s\afet.then tested with bo
antennas back in the horizontal position but nownted the ‘wrong’ way, transmitting approximatelgst-west perpendicular
the trend of the cave passage. We experiencegh lelss of signal strength, but we still had g@adnmunication.

For the next phase of testing, Bill exited the came walked along the surface following the diractof the lava tube beloy
Again, the CB radios continued to operate flawlgsslill on low power. Communication by VHF radias re-established n

long after Bill exited the cave, and became fukksgth as he got closer to being directly aboveposition. He then went ba¢

into the entrance room, and we tested our CB ragitis one dipole element removed (making them sa§foot whip anten
nas). The result was a substantial loss in siginahgth, but we were still easily able to undemdtaach other. That conclud

(Continued on page 9)
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(Continued from page 8)
our testing.

| have been able to draw several broad concludions this brief experiment. Firstly, the CB radioad a significantly longe
range when transmitting in these particular cates tour VHF radios did. The 27 MHz signal eithmvels directly throug
these lava tubes more efficiently, or perhaps fiteprates the relatively shallow overburden anddisalonger distances above

surface before being received by the other undargtstation. Secondly, as expected, using a dgaenna increased the rar
when compared with a simple whip antenna. Thirbdhying each dipole antenna polarized differenitly/ribt seem to affect th

range as much underground as it often can abowendroAnd finally, allowing any antennas to touctbe too near the rock gt-

tenuated the signal and greatly reduced reception.

i |[Jansen's location|

et L
§
\
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Carlsbad Caverns Radio Caving
Paul R. Jorgenson KE7HR

Background:

The use of amateur radio (ham radio) communications
caves has been an on going, but not often publicecess

for decades. Reports BPELEONICS record experiments
(by Reid, Halliday, and Jorgenson - among othéval) ised |
the lower High Frequency (HF) bands for successbite
communications. Advances in technology have rhinia
ized and made more robust (field friendly) the oadcom-
mercially available to hams. Using this newer, owmm
cially available, equipment | have demonstratedattéty to
use wireless voice communications in caves in Agz®la-
bama, Missouri, Indiana and New Mexico up to depths
about 450 feet of overburden over several yeatse desire
was to test this voice communications equipmeihénGua-
dalupe limestone as a proof of concept for posdiisie in
other caves in the area.

The Left Hand Tunnel in Carlsbad Caverns is anligkexe ©
to test this communications system due to the deptine
passage below the surface, the level passage tharde
lack of electrical wiring or other metal associateith the
more accessible tourist parts of the cave, and aasyss by
elevator.

Testing:

A team of six cavers — Paul Jorgenson KE7HR, Ragléfe &
KE7CPI, Rich Bohman K7RRB, Teresa Gerrity KF7AEM el ; ;
Aaron Hicks KA3UPL, and Glenn Tooley K7GET — witlg= X
FCC General Class or Extra Class amateur radiodes ' o
(required for the frequencies to be used) drowhedPark from Phoenix, Arizona on Friday, May 2902 and staye
in the Research Huts in the Park. On Saturday, 30dly, about 8 AM, we met with Cave Specialists1\Jtdison and
Tom Bemis (incidentally, both also hams) to conplitie required paperwork and go over our plan efatons fo
the day.

After breakfast, we proceeded down the serviceagtg\and to the Left Hand Tunnel gate. Stan Atliaad Tom Be
mis accompanied us to the gate, with Tom stayirt tie radio crew while Stan returned to the sarfagve pro
ceeded to the “Beach” (survey station: BMLHT1) aoédhe passage and set up our first radio (Yads8IND)
and antenna (100 foot random wire laid on the gilcamd MFJ antenna tuner). A second and third radie set u
to be mobile down the passage, initially furthéoithe cave and secondarily back towards the esd¢raBeveral locg
tions along the passage were tested to try andndieie what the maximum distance possible betweendfithe low
power (5 watts maximum) stations was possible. ditennas exhibit an “end fire” radiation patterithvthe maxi-
mum signal off of the far end of the wire, so tikemnas were oriented to be “aimed” at each otleeigathe confine
of the flagged trail. The station that went towgatlde entrance got to the “First Bridge” area (syrstation: DA*2
and tried both possible orientations of the antgmrnithin the confines of the flagged trail) withetlexpected resultg
the signals from further in the cave were strogén the antenna pointed into the passage.

(Continued on page 11)
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(Continued from page 10)

Left Hand Tunnel passage charad

Reliable SSB (single sideband) voice communicatwase established from the First Bridge area toBeach and
beyond to a point in the passage at survey staBOC1. The signal levels for these radios is givets” units, rang;
ing from SO (no indicated strength) to S9 (a vergrgy signal). Signal levels above S9 are in ddsilbove the S
reading. The signals between the Beach and th€1.2Bea were in the S2 range - very good, 100% corizations
quality.

A rough distance survey with a Disto laser distameger along the passage yielded an approximat@ f&&d of sepd
ration between the stations on each end of theagassThis appeared to be enough propagation afattie signal
through the rock to allow a surface to cave comemtions test. The team returned to the surfasettap the surfad
station and plan for the second trip, at about 42 P

The Park has a linked repeater radio system on WidEshould allow communications from the surfaueugh thig
system to the gate area of the Left Hand TunneRark radio was given to the surface team alonly privcedures fd

tenna was laid out along the Nature Trail soutlthef Caverns entrance. The Nature Trail conveniemty nearly
aligns over the passage of the Left Hand Tunna&vielThe wire was longer than the trail was straigh the eastel

the distance (estimated 20 to 30 miles at the stpseeating static and lightning discharges thateapeaking up to
S8 signal strength.
(Continued on page 12)
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proper use to coordinate the start of the nextix@at. The long wire antenna for the surfacegadinsisted of twp
500 foot lengths of #14 wire that could be linkeddther to form one 1000 foot antenna and a MF8rtuithe ant

end (far end from the radio) was bent to follow traél. The surface radio was a Yaesu FT-857D titias addit
tional DSP filtering not available on the undergrduadios. This was somewhat important due todbtstorms in
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(Continued from page 11)

Two underground teams went down the elevator, atitab PM. One team was going to go ahead to tlaelBerhile]
the other team stayed near the Gate to be ablotdioate the start with the Park repeater raéior some reason t
Park VHF repeater was not functioning but SSB Hmmwinications were established anyway. We weréngén &
wireless radio through nearly 800 feet of rock watily 5 watts of radio power! The signals wera diare minimun
of usability with no indications on the S meter amerruptions by the thunderstorm static. An emoconnecting th
antenna tuner on the surface was found and codgredibe signals went up by nearly 100% in streragtth intelligi-
bility but still was not moving the S meter. Wedrechieved an acceptable level of communicationsgs messag
between the underground passage and the surfate witice radio!

The Gate team moved to the Beach and the Beachweatrfurther into the cave to test at various fioce along th¢
passage as directed by the surface station. Hne gt as far as the end of the flagged trail @ystation: L32A1
where we still had acceptable communications withgurface and the Beach area station. The Beatibnswent
back to near the First Bridge and established conmations with the surface and the Trail End stabefore going
back to the Beach for better signal strength. Juréace antenna was switched between 500 and £@d@g the ur
derground stations gave signal reports. Littléedénce was noted between the two lengths. Thié Hna statior
started back towards the Beach stopping along thetw see if any better signal strength could beeaed with thg
surface.

We had done all of the communications on the fraquef 3.905 MHz (75 meters) and tried a sessidh@t5 MHZ
(160 meters) at survey station D349 with acceptedselts. The antenna tuner in the cave was Hettalachieve
good match at this frequency so we returned to33MBz to finish the experiments for the day.

“The Beach” station tried a commercial antenna fidiiJ which is a base loaded vertical and also @s8&@ foot
counterpoise (ground) which acts quite a bit like tandom wire the other underground station wagyui effect
the counterpoise wire has an “end fire” effect with strongest signals off of the far end of thenterpoise. Variou
angles (direction and elevation) of the short eattivere tried with little to no effect on signatength on either er
of the path.

As the “Trail End” station moved back towards tleath trying different locations, a zone of greatiyanced sign
strength was encountered near survey station D3B&. signal strength jumped from not moving the &demat all tq
a very robust S8 signal! This equates to a pom@ense of 35dB! Since we had such good sigresigtin at 5 wattg
the power was reduced all the way to 1/2 watt ardstill had a signal strength of S2 from the Leftnd Tunne
about 800 feet below the surface! Wow! A vertioekntation of the antenna underground was trigdetiing the
wire go down a vertical crack but no real enhanggroéthe signal was noted. Tom Bemis even macengact with
the surface from the S8 area. After doing a “hagi@gce”, the S8 station kept moving back towarésBhach an
the signal went back to SO by survey station LBé&ck at the Beach, the experiment was over andinldergroung
stations packed up and came up to the surfaceagudistant stations were starting to use the &ecy The unde
ground teams could not hear either the thundersstaitic or the distant stations.

The surface antenna and station were packed uprandht back to the research huts, at about 5 PM.

On Sunday, May 31st, we coordinated with Stan étligand returned the Park radio to him), at abdd® AM, for
our reentry into the cave, before the tours statedake photos of the character of the passadeatempt to see
there might be any clues for the zone of enhaniggdikstrength. There is a ceiling joint along gassage length b
no other obvious physical indications of why thsheuld be such a zone of higher signal strengths.

We exited the cave about 9:30 AM, cleaned up ttis, Himished the paperwork with Stan and then ditbarist trip”
down the natural entrance of Carlsbad Caverns.n Bveugh we had all done this many times, theisrigiways spe
cial. Reaching the elevators, we rode up agaihdsurface to depart for home.

Conclusions:

Using “off the shelf”, commercially available, areat radio equipment we were able to establish dabkp SSH
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voice communications along a significant lengthtieé Left Hand Tunnel and to the surface from theenground.

An area of greatly enhanced signal strength wasdnotheories about this zone need to take intowatdhe possible
antenna orientation of the surface to undergroumensma, but not far from the enhanced zone thekgirength weri

—

SPELEONICS 27 - June 2011 - Page 13 of 34



down considerably with little change in antennawotation. The possibility exists that there isuaknown void
probably a large one, between the Left Hand Tuandlthe surface above. The signal strength arthanced area
similar to caves in Arizona where we only had alith@ feet of overburden instead of nearly 800 fe®efuture trip
will be done to try and resolve this area more #yac

Distances achieved (straight line), as measur#tkiprogram Compass using the Park data file folsBad Caverns

End of Trail (L32A1) to First Bridge (DA*2) = 162feet (.307 mile or 494 meters)
End of Trail (L32A1) to Beach (BMLHT1) = 1250 fee237 mile or 381 meters)

Depth achieved, with passage elevation derived tlePark data file for Carlsbad Caverns and tbation of the
Nature Trail on the USGS 1:24000 topographic map:

Surface = 4380 feet Left Hand Tunnel = 3600 fdet a depth of 780 feet (.148 mile or 238 meters)
Future:

This amateur radio system should currently be dapabestablishing voice communications to key arefothel
caves in the Park such as the Lechuguilla EF Jumatiith about 550 feet of overburden. Licensingtmetions|
(current system requires a General Class or higl& amateur radio license) or possibly a NatiorsakFService
authorized frequency in the lower HF band couldi®ed for deep communications in wild caves in thek P

Further testing in Carlsbad Caverns to try andrdetee the nature of the signal enhancement zonebeitlone at
future date. Different antennas and antenna cordtgns will be used to try and fine tune the sgsfor even bettg
performance. Also, when the Lake of the Clouds aseree from the bat restriction, a maximum dephwill be
undertaken.

S8

2

SPELEONICS 27 - June 2011 - Page 14 of 34

is



Very High Power Radiobeacons

And Long Range Direction Finding
Brian Pease, 3/29/11

Abstract

This article describes the design and testing oBB0 500 Watt high efficiency radiobeacons devedofwe direction-finding
(homing) at 2-3km range on the Earth's surfacegusiagnetic fields. Both are push-pull Class-E radficiency amplifier de
signs based directly on the author's existing shegided class-E beacon. They could be employedrgraiind for long rang
cave radiolocation and/or narrowband digital teoxtnmunications use. Although intended for use \étige high-Q tuned hor
zontal loops, this push-pull circuit can drive sdlked Earth-current long wire antennas, with lieidditional filtering, exclusivel
for long range and/or deep digital communicatioses. uThere are no even harmonics. In a Spice ationlof the 80 Watt circu
with a resistive load (no series-tuned circuit) 3né and 5th harmonics are -16 and -25 dB down.

Why build a high-power beacon?

The author received an inquiry regarding the pdgyilmf using a VLF magnetic field beacon on tharth's surface to provide|
homing signal that could be detected on the sud@3 km range without generating a ground wavekgwave signal. A hor
zontal loop antenna, lying on the ground, for aigical purposes, generates only magnetic nelgisfieThe primary magnet
field appears to be vertical everywhere (if thetkas flat), and drops off approximately as 1/ digte cubed. This field sets
eddy currents in the somewhat electrically conahgckarth, which in turn produce a weaker seconflarizontal magnetic fiel
that appears to come horizontally straight outwemch the loop in all directions along the Earthisface. This secondary mg
netic field drops off approximately as 1/distangeiaed, which means that at longer ranges (kmg@dbimes stronger than t
primary field. The secondary field can be useddioection-finding at km ranges.

This knowledge prompted me to do some simulatiortaé NEC-4 method of moments antenna simulatiogram. The result
although somewhat encouraging, turned out to beimeéstic (for once!). Real world conditions of we& ground, varying cor
ductivity, etc, improved the signal strength atjaange when compared to theory on a flat Eartleast on my hilly test range.

With the possibility of some paid work in the futud decided to cobble together a beacon with ashnmower as | could wit
what | had on hand. | chose 3496 Hz because Hameé an existing beacon loop antenna and my ndraoa DQ receiver.

The first Design, 80 Watts push-pull at 3496 Hz

My current single-ended Class-E beacon designyfach | have made circuit boards, is documentedhgrwebsite:
http://radiolocation.tripod.com/NewDQandBeaconHR898DQboards/NotesOnThe2008_DQReceiverBoards.html

In Speleonics 25, pgs 11-12, http://www.caves.edisn/commelect/spincs/spincs25.pdf , | gavegiesiquations for the si
gle-ended circuit and described the use of thelffieSpice circuit analysis program for simulationknew that the single-endg
design was capable of more power, perhaps 25-3@s\\&at | decided to combine two of these circuitith one PC board (th
Master) containing the 3496 Hz oscillator. The tdasirove the second board (the Slave) 180 degratesf phase, forming
push-pull circuit. The two outputs are added inese with the output voltage looking like a slilytstepped sine wave.

The left half of Figure 1 is one of my single-end&ldss-E beacon circuits, unmodified except forrthmber of turns on the se
ondary of T1 which sets the power level. T1 is shene CM270125 toroid core of MPP material (from £BYtemark) that

supply with my beacon boards. The right half of sheematic is a modified Class-E beacon board avit a few parts installedl.

The power MOSFET with its output circuit is unchad except that it is driven from an inverter tisgpart of the 74HC4060.
is necessary that Q2 turn off when Q1 is turnedbymhe 3496 Hz square wave drive. The secondatyubwf T2 (connects t
Q2) is 180 degrees out of phase with T1, givingdésired push-pull output. The TO-220 style MOS§&Hfe secured to copf
pads on the boards without heat sinks.

The single-ended design equations found in Spedsdh can be used to derive the values of C6/CtlZtemninductance (call
L1/L2 here) of the primaries of T1/T2. The actualues of L1/L2 are not critical, but it is bestdalculate them assuming th
each half of the push-pull circuit provides 1/2teé output power, 40 Watts in this case. The vahfi€36/C12 are calculated

(Continued on page 16)
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(Continued from page 15)

Figure 1—80 Watt Beacon
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0 WATT PUSH-PULL CLASS-E TRANSMITTER CIRCUIT DIAGRAM
MOTES: 17 Strictly speaking, the exactfrequency 343565 Hz) is not important as long as it matchesthe receiver.

If you willuse anly this one beacon with your receiver, then C11 can be a 27pF fixed cap.
If you have two transmitters, however, or you will use other people’s beacons you need to
standardize on the 3579545 MHz crystal frequency, which is divided by 1024 to give 349565 Hz beacon freq.
C11 should be replaced with a fixed capacitor once the correct value is found.
21 F1 and D1 are optional for pratection and reverse waoltage protection.
3151 iz a SPET gwitch to hald transmitter an for continuous measurements.
52 is a momentary action pushbuatton for morse code.
51 & 52 can be replaced by a jumper wire (and RZ deleted). 33 willthen turn the beacon on/off
Alternatively, because idle drain is so low, 33 can be deleted and the battery connected for the day's use.
41The beacon can be keyed onfoff by an external source such as a timer or pulser by connecting

2 CMOS logic ta pin 12 (deleting 52 & RZ).
5) D3 will light up only when a signal is actually being transmitted. Change C7 to adjust brightness.

B) U2 rust be deleted and bypassed if the beacon is re-designed for operation on 5 or 6 YOO
71 See assembly instructions for info on winding T1 & L1 and tune-up.
The number of turns on the secondary of T1 will vary with the loop antenna chosen and
the power level desired. The secondary winding is typically 15-25 turns. See text.

ot Ve |l C6=C12= 1 12638V 30
=/ 2={ 20085} S . =
LI=L2=(2085) = (12915 L1 “ioa~p

LI/L2  are Henries

I” ,~ = battery, volts

P =desired output power, Watts. For a push-pudlutir P is 1/2 of the desired output power.

Co/C12 gareFarads
w =27 % f where / = frequency in Hz

= series-resonant load that, when placed directlgss L1 or L2, will cause the single-ended cirtoitiraw the de|

A
LoAD | o ; )
sign power P. A secondary winding is used to tedaghe actual resonant load resistance to thigva
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directly from the L1/L2 values and form a tunednk&circuit whose resonant frequency is offset fritva beacon frequency by
specific amount. 5% capacitors are adequate f®ildiv-Q circuit. The original single-ended equatare:

Notes:
1) Once C6/C12 is calculated, the nearest availaddige (SuF in this case) can be selected, theedhation used in "reverse"

to

calculate a new value of L1/L2 to match. The dshiftalues are no problem as long as both L andeClanged. 5% values are

OK.
2) After constructing this circuit, | discoveredathC6/C12 can be replaced by a single 5uF capagited directly between th
drains of Q1 and Q2. This works because one MOSEEIways conducting, which alternately grounde end of the singl
capacitor.

3) is not very accurate and should be used only giside. Start with extra secondary turns. Inéngasecondary turns increag
the power level. It is very inaccurate for thelpyoull circuit. Experimentation is required.

My old 4 ft 4 inch (1.3 meter) diameter folding avas used for this first test. It consisted oftws of #14 wire (~1.9mm d
ameter). This circuit worked the first time! Wighfresh battery pack of two 12V, 7AH, lead acididxds in parallel, | serie
resonated the loop to 3496 Hz by tuning for maxinid@ current, which was approximately 9.25 Amps. jLaoltage was 32
VAC, which gave 11.2 Amps RMS. The magnetic monvess 276 A-T-M2 . With the loop disconnected, DErent was 0.1
Amps.

Using my "D-Q" receiver, with it's ~1Hz bandwidthwas able to easily detect the magnetic field aigrt 1km range with th
beacon loop in any orientation; coaxial, coplaoaiflat on the ground. With the loop flat on th@gnd, | could direction-find o
the beacon just as though it was underground ehaumgh the primary magnetic field was vertical, aiséless for radiolocatio
At this range, the secondary magnetic field, whihenerated by eddy currents in the Earth, is siras strong as the prima
field. This secondary field appears to radiatézumtally directly from the beacon and is perfemt direction-finding. This fielg
falls off with the square of distance, insteadh# tubic falloff of the primary field, which causié$o actually dominate at lon
ranges.

The Second Design, 500 Watts at 15 kHz with a gialdop

The 80 Watt beacon proved the concept of dirediimting on the surface. Simulations showed thatéhwas a different opti-

mum frequency for each combination of range (distqrand ground conductivity. 15kHz was picked dsetier compromis
than 3496Hz. | decided that 500 Watts was thedgsghower | dared try for. This of course raisgmléssues because of the
15 regulations for unlicensed operation above 9kHae short answer is that there is no problemhoAzontal loop lying on th
ground creates only a horizontal electric fieldjchhdecays rapidly in a very short distance. Onlgar" magnetic fields are cr
ated by the beacon, with no possibility of a rad@electromagnetic field. Any attempt to measareertical electric field at
significant distance would fail. The use of a ieitwire loop oriented to put the beacon in ifang would result in a magne
field null at any range.

| started the design by picking a bea
loop (Figure 2). Large size (when (
ployed) and weight were not a problem
this application, so | procured a heavy d
100 ft (30 meter) extension cord with th
- #10 wires which used special 20 Amp ¢

laid out the loop to form a circle ~32
(9.75 meters) in diameter, then measu
its impedance at 15 kHz, getting L=403
and Rseries=0.47 Ohms, which gi
~ Q=81. Eventually, | had to replace 1
~ male plug on this cord as the original p
contained a neon bulb that self-destruc
causing a short circuit.

The 15kHz Test Receiver(s) an
Antenna:

nectors that | had to procure mates for.
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Figure 2 -100 foot (30 meter) circumference lOBefore doing a quick regllty check wi
- — (Continued on page 18)
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(Continued from page 17)

this transmit loop, | had to assemble a test receivi had a
Rycom 3121B Selective Level Meter (Figure 3) witR%0 Hz
bandwidth and a direct readout of signal strengith no AGC,

but it was not very sensitive. | needed a preanthdecided to
use one stage of the venerable LM833 dual bipotaarap,
which is designed specifically for low noise audiequency
use. | decided to use a non-inverting circuit with infinite

input impedance that would not load the paralleet receiv-
ing loop antenna. The preamp schematic is showigure 4, §
with the parts list in the Appendix. | constructiéchs a dual [§&8
preamp to also allow testing of dual x-y rod antenmith a SEEEEE
sound card receiver that had I/Q inputs. Theacakti@in is
40dB, with enough sensitivity to detect the thermaise from &
the antennas, which in turn was overridden by aphesc &
noise during my tests.

The optimum antenna impedance for the LM833 fot bessi-
tivity is 6857 Ohms but anything from 1/2 to twittés value
will work well. Atmospheric noise levels actualpeak near
15kHz, which allowed me to use a tiny 4" (10.2 cloihg
1/2" (1.27 cm) dia ferrite rod of type 61 (Ui=126jaterial.
For one test antenna | used 140 turns of 220/46 Wite (220
strands of #46 wire) wound in 2 layers over mosthef length 8
of the rod. This gave L=1.04mH with Q=165 and reged [
impedance of 16.1k Ohms which is a bit high buehtwith it. §
The noise level of this tuned loop is 2.0 nA/metee]l below
atmospheric noise.

As a backup (and experiment), | downloaded a soéwafined
sound card VLF receiver, which | installed on mytboek.
This was "SD Radio" by Alberto, I2PHD, http://wwwradio.eu/sdradio a very simple and robust progizah provides both
spectrum analyzer display and audio output up 420 In the SSB mode, the bandwidth can be nardowe-100Hz. My pre|
amp was able to drive the mike input of the nett®skund card directly. S/N ratio is directly désged. The program actua
had both | and Q inputs, which created an omintoeal pattern from a pair of "crossed" loop angsnThe only drawbacks
found were: 1) the netbook had to be placed at lEadeet from the receive antenna to avoid intodaiy computer noise and
The program had very effective AGC that made dioeetinding using the audio difficult. Never thesk, it effectively receive
signals anywhere that the Rycom could.

A second program | tested was the Sound Card Oscidpe by Christian Zeitnitz, http://www.zeitnite/@hristian/scope_en~

mid=1022&PHPSESSID=iarotj900avm86158165ku0lI0 .isTprogram provides a 2-channel 20kHz oscillosdbié can also b
used in x-y mode, with a brick wall filter allowirtgandwidths down to 2HZ. Signals in the 2 channals be added, subtracts
or multiplied. It includes cursors to measure d@tage, time, and frequency. It also has a signakgaor for sine, square, trig
gle, and sawtooth waveforms which has two outputh adjustable phase relationship. This programs d¢reat potential but
found 2 drawbacks: 1) there is no way to get arbdised audio output like the SD Radio and 2) tgase wave had too mu
distortion and duty cycle error at 15kHz to be ukat a driver for the 500 Watt amplifier.

The 15kHz Reality Check:

| series-resonated the 100 ft (30 meter) circumigzebeacon loop with 0.2754uF, using high-voltaglygropylene caps. | the
used a CWS Bytemark CM270125 toroid of MPP matetgalconvert the 0.47 Ohm loop impedance to 4 Ohuossng
12Turns/37Turns. | used a 50 Watt car stereo diepin 4 Ohm bridged mode, driven with a 15.00@ksine wave source,
generate 8 Amps of signal current in the loop, Whéca magnetic moment of 1775 Amp-Turns-Meterssepl

At 1km range, using the Rycom receiver, the sigved just above the atmospheric noise level, whiak very good considerin

that the 250 Hz bandwidth has 24dB more atmospimeige than the 1 Hz bandwidth used for the origiB496 Hz test. | coul
direction-find (by ear) at this range. | decidedtild a 500 Watt beacon amplifier.

The 500 Watt 15kHz Push-Pull Class-E Amplifier:
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o The basic design is the same
Gamﬁ?iﬁﬂ — the 3496 Hz push-pull amplifig
100k with additional circuitry to pro

Ferrite rod antennas

Tuned to 15.0 kHz AN tect the MOSFETs (Q1 and Q
Impedance ~7000 Ohns Bruc G111 1000PE from destruction. The schema
See Lext. is shown in Figure 5, with th

{2) 1M914 parts list in the Appendix. T

c14 save space and cost, C2 serve

| ST the "tank" tuning capacitor fq

L1 :§ ==c139 7 ol 1uF both MOSFETSs. This is possil

because Q1 is ON (groundi
C2) when Q2 is OFF, and vi

(23 1M%l4d versa.
Gain Adjust (4048)
R144

1/8" stereo jack

A0UT The MOSFET driver U3 pe
S0 forms several functions. It hag
GND : : . .
J5 high impedance input wit

Schmidt trigger action for ver
fast switching and inverting/no
inverting low impedance outpu
with 4 Amp drive to rapidly
switch the push-pull MOSFE
inputs. The Enable inputs g

I
L2 |§ —Cz20

gate input unless sufficient D
supply voltage is available
switch it full ON.

The "RF" input is a 5V p-
square wave dc referenced
ground. If the source is capal

R18 A tor-coupled, add a 1N914 dio
across R10, with anode
_Ez DEL ground. It is critically importar

- that the duty cycle be exact
50% to prevent large curre
Figure 4—Preamp Schemalic | transients in the MOSFETS tl
will destroy them in minutes.

The best simple signal source is a 74HC4060 otmillzinary divider with a common 7.68MHz clock daisrunning on 5VDC
9 binary stages gives 15.000kHz with a precise 80% cycle. Simple "free-running” generatorsIddoe used by dividing

30kHz output frequency in half with a flip-flop.oFmy actual testing, | acquired a Protek Direagifal Synthesis (DDS) wave

form generator which | set to produce a 15.000ké#izase wave with a precise 50% duty cycle that weaed# on for ~5 sec/o
for ~5 sec. The on/off timing is synchronized wiitle square wave, eliminating any possibility ahsients.

The 36 Volt supply was chosen to allow operatiamfrthree 12V deep cycle batteries in series, bhuadétual testing | opted
use a 28.5VDC power supply that could deliver up@0 Amps from 240 VAC. The power input level wittis supply is aboy
370 Watts.

At this power level, even a brief (milliseconds)cassion into the linear region during power-up castroy the MOSFETS.

added a latching relay circuit that disables theedrU3 and shorts the gates of Q1 and Q2 to graumehn the power supply

first connected. Pressing SW1 latches the ampliid. If the battery voltage becomes too low fooger gate drive, or there ig
momentary power failure with an AC supply, the yadaops out to save the transistors.

I included a timer circuit U2 to cycle the beaconadf every ~10 sec with a 20-100% duty cycle whsed with a continuod
square wave input. There is a slight risk using timer because it is not synchronized with th&H5 square wave which wi
alter the duty cycle of the first and last pulséeaxh ON period. | experienced no failures frdms.t

After an embarrassing failure due to overheatiraglded a cooling fan. Even though efficiencyighh>90%, there is still 40-5
Watts of heat to dissipate, much of which appeatstdue to the undersize wires used in the tdraitsformers, plus some cor

used to prevent any MOSFE
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S00WMYATT 15 kHz BEACOM

L=403uH R=0.47 Chms
L loop R loop

éNY\—fW"V—»—‘

C3=0.2794uF

il

Analog Current Meter
SWYEA, Power Level SWWaB B

+12% OutA, In ~5EIEIW‘? ~100W ~1000 ‘?’“5130 -
[Fea] oo mant:

"—’HEM/.—_" 12 | D2
1 ] o e ——
Zener ot T 7T/3T ‘ ot c4|
Beacon OFF DEZS
S
_’L I |
24% Relay | po I v
RL1 C1 Tfansm\f C2 ‘
o Q2 [l - 36 .0 _ma}{
| 24 min
il T |
Eas R3 D4 —Jj
= R5
D5 D5
7 y T
u—|<
Beacon OM o7 /_L
| = SV >
Beacon ON Time (ddty cycle) RB%EIattery 11 U3 |8
Short (20% Long| (100%) Erer G Enables (HI is ON)
Lz 011
¥ Puls Cy il = 1 2
! Gnd * Ay 5 Cj:;“ < O<
RE% [ s A ) Input (HI-Z}
* Trig Dis 5 4 c10 J1] Souare wave
3 B z : 15.0 kHz
Ot Thrs b R10 £y pop
p2 H o - 2v] L™ Schmitt inputs
MCP14ES-E/P |3
555 Timer MOSFET D_ri\rer
CE Period ~ 10 sec 0y CR—— cg (Microchip)
L . I . by .
MOTES:
11 Loop antenna is3 turns of #10 wire, 100 ft circumference.
21 Drive is an accurate S0% duty cycle square wave 5% P-P centered on gnd or referenced to gnd.
3) External duty cycle control, syncronized to the carrier is preferred, with SWWS in CWW position
A Long periods of high duty cycle in 500 mode may cause overheating. 33% duty cycleis OK.
5) 100WY mode can be continuous.
B) With internal duty cycle cantrol, minimum OM time (duty cycle) can be shortened tao nearly zero by reducing REB.
71 To operate, connect and deploy antenna in a circle, then connect battery and operating square wave source,
8] Press OM button to activate beacon and red LED. Meter should swing up during each transmission pulse.
9 Tunethe loop by distorting shape slightly until DC current peaks.
10) Output power is the current squared times 0.47 Ohms. Power is proporional to battery voltage squared.
111 The fan will not work above 36.0 WDC. A resistor in series with US input will fix it
(Continued from page 19) Figure 5—500 Watt 15kHz Beacd

(Continued on page 21)
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Figure 6

Figure 7—Prototype 500 Watt Beacon Amplifier

Raw output voltage waveform of the 500 Watt Amplifi

—

loss. Only a few Watts are lost in the MOSFETdthdugh not tested, with the fan it will likely ofge continuously withod
overheating.

The simulated raw output voltage waveform (betwdg®n500 Watt poles of SW5) is shown in Figure &hwhe amplifier run

ning 370 Watts input from a 28.5V supply. The peghsine wave has no second harmonic and thehhirdonic is -14dB. The
actual resonant loop current of ~27Amps RMS hdsrd harmonic of -48dB. Loop (and total C3 voltage~1000 volts RMS.
The magnetic moment is ~6000 Amp-Turns-meter sailare

Figure 7 is the prototype 500 Watt beacon amplifiehe lid is raised on spacers to provide an bédiethe cooling air. Note that
no expense was spared on the labels!

The Field Test:

| set up the loop on a gravel driveway next to ragage where a 220 volt outlet was available.

| operated my Protek signal source from a true RM&rter in my motorhome, since a momentary infgtion of AC powel
would change the Protek settings and possibly darttegamplifier. There was no problem detectingj dinection-finding on th

secondary magnetic field at 2.0km range in an &meftom pipes and wires, using the little 4" (1@r®) rod antenna/preamp and
the Rycom's 250Hz bandwidth. With a narrowbaneirex, range should be 3km or more.

1%

Conclusions:

It is relatively easy to construct a very high gowadiobeacon. For portable use, a low on/off dytcle mode should he
used to save the battery.
This non-linear amplifier design is compatible withl voice or any one-tone-at-a-time digital textdasuch as CW, RTT
FSK31, JASON, MFSK, etc. There is no legal issienwoperating below 9kHz (in the USA), and showddnb issues at
higher frequencies when used with a horizontal dunep since it should be able to pass the Patedfs for unlicensed op
eration. Just don't cause interference to licenpedators (or anyone else!).

These tests show how the secondary magnetic fileldsacave radiolocation to work so well at rangesthe surface many
times the depth of the beacon.
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APPENDIX—Parts List for 500 Watt 15 kHz Class-E Beaon
and Dual low noise antenna preamp

10/5/10
Part Description Part #, “ND” is DigiKey| Eag Tota
R1 240 Ohm Carbon film, ¥ Watt, 5% 240QBK-ND
R2 2K “ 2.0KQBK-ND
R9 100K “ 100KQBK-ND
R4,R8 1K 1.0KQBK-ND
R6 240K “ 240KQBK-ND
R7 1Meg linear pot Mouser 31VC601-F
R14A,B 100k dual linear pot Mouser 31VW501-F
R3,R5 3.3k 3.3KQBK-ND
C1,C5 0.1uF 50V ceramic, 0.1” spacing BC1084CT-ND
C2A 0.47uF 450V hi-Amp polypro, 10mm sp P14202-ND 14
C3 0.15uF 3000VDC hi-Amp axial polypro 338-1188-ND 2
1.2mm dia lead, 46mm L, 27mm dia
C3 0.10uF 3000VDC 338-1187-ND 2
1.2mm dia lead, 46mm L, 22.5mm dia
C3 .01uF 3000VDC 338-1183-ND 2
1.0mm dia lead, 34mm L, 11.5mm dia
C3 .015uF 3000VDC 338-1184-ND 14
1.0mm dia lead, 34mm L, 13.5mm dia
C4 100uF 50V, ELEC,8 dia, 12H, 3.5mm sp 565-2005-ND
C6 10uF 63V, 9mmW, 18mmL, 0.6” spacing Mouser 5289Vv10.0-F
C7,C12, .01uF 50V ceramic, 0.1” spacing BC1078CT-ND
C9 1uF 59V ceramic, 0.2” spacing BC1168CT-ND
C11,C15 1000pF 50V COG ceramic BC1025CT-ND 114
C13,C17 50pF 50V COG ceramic 2
C19,C20 0.11uF 63V polypro tuning cap BC2055-ND 0/1
C19,C20 .047uF 63V polypro tuning cap BC2068-ND 0/1
C19,C20 1000pF 63V polyester tuning cap 399-5419-ND /10
C19,C20 .01uF 63V polyester tuning cap 399-5437-ND /10
C19,C20 4700pF 63V polyester tuning cap 399-5417-ND /10
D1,D4,D5 1N914/4148 diode 1N4148TACT-ND /15
D2 12V 1W zener diode 1N5242BFSCT-ND
D3 12V panel mount Red LED MPJ 17303-LE
D6 6 Amp 100V rectifier MPJ 5219-DI
D11 12V panel mount Green LED MPJ 17303-LE
D20,D21 3mm diffused Green LED P564-ND 12
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F1 30 Amp auto fuse MPJ 3619-FU
Holder Heavy duty inline fuseholder MPJ 8879-FH 2
J1,36,J7 BNC female panel jack. MPJ 0507-RC /3
J2 Male 120VAC plug local
J3 Female 120VAC socket local
J4,35 30 Amp Power Pole conn, 4 pieces On hand a
J8 1/8” stereo phone jack Mouser 161-3402-E
Loop 100 foot extension cord, 3 cond #10 wire Local
M1 30 Amp DC analog meter with ext shunt MPJ 176¥0-
Q1,Q2 IRFI4321PBF MOSFET (150V) IRFI4321PBF-ND 2
Q1,Q2 IRFB260NPBF (200V, higher Ron) IRFB260NPBF-ND 2
RL1 Omron G5V-2 style 24VDC, 1600 Ohms Z772-ND
SW1A Momentary ON red push button (norm OFF) MPI%8W
SW1B Momentary ON blk push button (norm OFF) MP2BSW
SW2A,B DPDT mini toggle switch MPJ 5011-SW 2
Ul LM317L voltage regulator LM317LZ-ND
u2 555 timer MPJ 2350-IC 2
u3 MCP14E5-E/P dual mosfet driver, DIP MCP14E5-E/P- 2
U4A,B LM833 dual op amp, DIP 497-1598-5-ND 2
DIP sock- 8-pin ED90032-ND 13
Dip socket 16-pin ED3316-ND 1
Heat sink TO-220 10W vertical screw mount HS276-ND 2
Aavid 1.65W x 1.0TK x 1.5" H
Case Gray plastic Elec box, 6x6x4” high Lowes local
Case 4x3x1.6" plastic box MPJ 15523-BX
Cable 5 ft BNC male-BNC male (for preamps/ants) -2003-ND 2
Cable 12 ft shielded stereo 1/8” phone cable MRD21CB /1
Batteries (2) 9v local
Holder (2) 9V battery holders 1295K-ND 2
Wire #14 magnet wire MPJ 7258-WI
Wire #16 magnet wire MPJ 7257-WI
MPJ is Marlin P Jones, mpja.com
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The TP-6N Field Telephone

By Jansen Cardy

A brief history lesson.

As most of you know, military field telephones haveen standar
cave rescue communication equipment in the US fanyrdecades
Field phones are relatively robust, cheap, and sdrateasy to obtai
in surplus quantities. Other custom-built optioestainly have advar
tages but producing a standard, reliable desigruanmtity while being
cost-effective is not so easy. Of course this dbesop people experi
menting, as shown in many fine Speleonics articles!

Over the years many rescue organizations, grottab iadividual
cavers have stockpiled field phones and military \Wire for rescue
contingencies and project use. But these phondise-tHe old EE-8
TA-312 and TA-1 — date back to the 1940’s and a0'd those used |
caves are especially showing their age. They at@riposly heavy ani
awkward to carry around, voice quality is often poand they cal
experience sudden failures. However given theiregfilead use ar
popularity for cave rescue, and being central ¢éorthtionally standarc
ized training provided by NCRC, trying to change #ystem is not a
easy process.

For a couple of years | tinkered with ideas to ioy&r upon what we had, like adding an amplified optone to the soun
powered TA-1. It was fun but | didn’t get very famhen in the fall of 2008, we caught a break. Aptus dealer in the US adve
tised some interesting-looking European field plsoata reasonable price. | purchased some to égalaad was quickly im
pressed by their design and ability to interfaceatly with existing US field phones and wire. Ebenat!

Being an NCRC instructor with a background in raifyt communications | advised NCRC to purchase sohtkese phones ‘Lo

trial. Despite some skepticism about foreign eqptrand possible supply and repair problems, tlomeh were declared a s
cess and the good news spread to other organigaffmmand quickly exceeded supply, so | decidddattk down a new sourg
directly from Europe. Almost 3 years later, there aow over 200 of these phones in the hands afrsaand rescue-related
ganizations across the US.

A new twist on old technology. TP-GN Baﬂew Powered PhOﬂe

Officially the TP-6N is a Norwegiar
built felttelefon (field telephone) produced for tl
Norwegian and Dutch armed forces. The Dt
refer to thisveldtelefoon as the TA4881. It wa
designed in the early 1970’s by Electrisk Burea
Billingstad, Norway, and won an award for des
excellence in 1973.

The TP-6N weighs a little less than 3 Ibs and
measures about 10 x 7 x 2 inches in its carry

pouch. Despite being very robust and waterpro * NOIDRIERIe 212 ATen
it's only a third the size and weight of the old U: * Uses 3"D" cells, or 3 AA's with adapter (insert + end first)

TA-312. Voice clarity and volume is excellent, ~* Press call button to ring other phones
and an efficient electronic ringer is used to sign * Hold down the press-to-talk switch while speaking
other phones. A call light and handset buzzer ir *+ Call button also tests line, handset chirp and light = normal

cates incoming calls and also allows an operatc + Handset chirps but no light = disconnected or break In wire
identify open circuit and shorted telephone line « Light but no handset chirp = short across wires

(Continued on page 25)

o
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(Continued from page 24)
conditions.

The TP-6N can be powered by 3 D cells, or by 3 &Rscwith the use of p
custom battery adapter. This innovative batteryetuwnas designed and
produced by Ken Anderson, a fellow rescue commuioics experi
menter. We reasoned that AA cells are a more lbgiwaer source than D
cells because they are smaller, lighter, cheapet, emsier for cavers
carry spares. Modern alkaline, lithium and NiMH A&Alls are easily suffi
cient to power the phone. And if necessary the phzan be used withopt
batteries in sound-powered mode but with no outgaimger.

o

For users familiar with older model field phondsere are a few ming

considerations you should be aware of with thesne$. First, the orig

nal military configuration for the TP-6N handsetitel is “push to tall

AND listen.” This was intended to isolate the eanpd from the line so
| wouldn’t act as a bug allowing people to listeromnearby conversation
Pressing the talk button just to listen is somewdmainter-intuitive and frustrating to rescue usérg, fortunately the switch
easily modified by simply swapping a wire over desthe handset.

=

LN

T

Second, the TP-6N electronic ringer will alert nuous other TP-6N phones at one time but can sorestfail to sound the me
chanical clacker on older field phones becausdgtfdn resistance. If ringer signaling is a priarity to limit the number of oldg
field phones connected to the same line. Voice comication between old and new phones is not affecte

=

And third, the line terminals on the TP-6N are dasd for connecting the phone to the END of a lergtwire. This differs from
open-sided terminals on many other field phoneg &ésy fix is to attach a pair of leads to the tareninals with alligator clip
at the ends. This will allow the TP-6N to be cligge anywhere along the phone line, after carefsitigiving a little insulation o
each WD-1 conductor at spaced intervals.

UJ

=Y

In the short time since it was introduced to thedd8ing community the TP-6N has been used in doaétraining events and|a
significant number of actual rescues, all with reegiews. During one callout the AA battery adapteere left behind and no (D
cells were available. Rescuers had to use the pimos@und-powered mode, and found they could easilgmunicate over 1090
feet of wire. Even teams with their own cave radiss the field phones to supplement their commtinicaequirements.

There have been more subtle changes too, inclusanmge attitudes
among cave rescuers. After dragging a 10 Ib fobtizéd TA-312
through a cave, people don't complain so much atwitittle 3 Ib TP-
6N. Smaller size and greater reliability means fasstration, less rough
handling, and no more trying to drop-kick equipmietd submission. A
clear and easy to operate phone also makes resmegers more likely
to talk to each other directly without relayingdbgh a telephone opera
tor. Ultimately, this helps cut down on errors aildws information to
flow more efficiently.

Many organizations initially adopted the TP-6N tartper with their
older field phones, but most now have them fuifdlithe cave commu-
nication role completely. Field telephones may letthe perfect solu-
tion for cave rescue, but at least here in the by tseem to fill the
niche. Perhaps in future there will be a standedi&ll-wireless solution
which is compact, reliable, durable, easily opetatnd cheap. But for
around $50 per phone and a little more for a spbalire, the TP-6N is
proving to be a viable option for many users -east for now.

For those interested in specs, the TP-6N has adrexy range of 300 to
3400 Hz and a nominal impedance of 600 ohms. Battgtage is 4.5
volts, and current consumption is 7.5 mA for vasoenmunication and
430 mA for the call ringer. The ringer frequenc®tHz, and call volt-
age is nominally 60 volts under load. Communicatimge is 22 miles
over WD-1 wire, temperature tolerance is -40F t80H, and the unit is
resistant to EMP. More specifications and details lse found online at
http://tp6n.blogspot.com/
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Simple Phone Line Amplifier
By Jansen Cardy

A small amplified speaker attached to the fielépdlone system can be a
useful tool for Incident Command and other locatidiuring a rescue. |it

allows personnel to receive information without stamtly holding
phone to the ear. With this version, headphonesbeaconnected and fat
the flip of a switch the speaker can be muted fosggy.

This project requires a $15 Mini Audio Amplifier §&io Shack part
number 277-1008). The amplifier is small and lighhot much larger

In the left highlighted area, | used a simple T-paduit to lower the input level and a capacitiprotect the amplifier from hi

) ) voltage ringer current. This is wired in serieshathe tip o
the input jack as shown in the circuit diagram beldhe
external speaker (or headphones) jack is showhercén
ter highlighted area. It incorporates normally-eldswitc
contacts to disconnect the main speaker when a igl
inserted. | soldered a bridge across these contactde|
circuit board side (not visible in the photo) toable thg
speaker to continue operating independently eveenwh
headphones are connected.

In the right highlighted area | added a mute switcherieq
with the speaker. Please note this does not tdrthefam-
plifier, it only silences the built-in speaker. Bare to ad}
just the volume control to match the type of phooes-
nected to the line. Keep the volume setting low nvhis-
tening to battery-powered phones, and raise itstirnd-
powered phones. If a phone is located nearby, densi
muting the speaker while transmitting. This willoa) an-
noying feedback distortion.

The components and their Radio Shack part numberiésted below:
- CL: 1.0uF 250V Metal-Film Capacitor [272-1055]

- R1andR2: 100k-Ohm 1/2 Watt Carbon Film Resistors [271-]131
- R3: 470k-Ohm 1/2 Watt Carbon Film Resistor [271-113®Bjs value R1 R2
works well matching the amplifier with most field phones. Substituting for
a lower resistance will lessen feedback distortion when using battery pow-
ered phones nearby, but will make the amplifier less sensitive to lower
audio levels (sound powered phones). - C 1
- J1: The 1/8 inch mono audio input jack on the amgilifiinterrupt the R3 -1
circuit at this point by lifting the terminal which connects the tip of the
jack to the circuit board. Apply solder, lift it out of the board, bend it flat,
and solder the capacitor and T-pad circuit in series as shown in the dia-

gram. — "

- Single Pole Single Throw Micromini On-Off TogdBavitch [275-624] s

(not shown in diagram)acts as a mute switch by disconnecting the =
speaker. Wirein series with one of the speaker terminals, and install the J 1
switch carefully so as not to obstruct the battery. | recommend switching
down to mute.

- My telephone line connecting lead is made fromual? feet of lamp cord with a pair of Mini Alligat Clips [270-1545] on ong
end, and a 1/8 inch Mono Phone Plug [274-286] erother.
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Modifying the classic phone patch

By Jansen Cardy

Like so many other caver/rescuer/hams, once | desed the old classic Frank
Reid phone patch design | just had to build onenfgself. My version was for ja
Yaesu handheld, but with no VOX feature the pustatk operation was rather
awkward. It also occurred to me that trying to teaave rescue students to use
this equipment was largely a waste of time for ¢hado have no connection (or
interest in amateur radio.

With technology improving in leaps and bounds awer last decade or so, pqrt-
able radios are no longer mostly in the realm ahhgperators and CB usefs.
While amateur radio will always be a valuable resey Family Radio Servige
handhelds are now very common, cheap, and popitlarowtdoor enthusiasts and
cavers. However they are somewhat limited in ramgey non-private, and easily
interfered with. Newer 900MHz TriSquare eXRS umite also rather limited in
; 7781 range, but offer very private frequency-hoppinghtedogy at a mini
3 g ~_ mal cost. Anybody can legally operate consumerosadike these,
' — it de Lo ' and most come with built-in VOX.

. Fire/rescue handhelds and other commercial urgtgeerywhere tog,
" utilizing VHF, UHF, trunking, data and more. Intpasability be-
_ tween agencies is commonplace. Virtually every ueseorker now
' carries a radio and is directly connected to tbevfbf information
#80 at least above ground. In addition many people oethphones an

# network coverage is constantly improving, evenanieg areas. It
not so far-fetched for the field telephone linectone out of the cay
and connect to a cell phone so the medic can spieektly with a
specialist at the hospital.

D =

. | But what does all this have to do with the phontelpaWell, many of
. il these devices have a single combined mic/ear sedkieta commor
ground instead of the old speaker/mic configuratising two sep3
rate pairs. So the old design needed a little timgpkl added a

T T 10.0pF non-polarized electrolytic capacitor to wllaudio coupling
D—| ann between the 8 ohm and 1 k ohm transformer windingple restrict-

.
E B‘H R I ing DC current flow. | also replaced the 5 k ohndiauaper potenti

R T ometer with a tiny 100 k ohm audio trimmer, whidlows a wider
range of adjustment to allow for mic and VOX leveddifferent ra-
dios.

| replaced the momentary push switch with a latghiocker, allow:

ing a person to select between receive-only andnzatic transmit
via the built-in VOX in the radio. When making allgghone call (which is of course full-duplex) tipdone patch would He
switched on for the entire duration. The originesigin suggested binding posts to connect to thehehe wire, but | find a shart
length of heavy duty lamp cord with alligator clifsbe more durable and convenient. On the otlaey, $iattached a short hegvy
duty audio cord with molded stereo socket. Thear select the audio adapter cord to match, depgratinwhich device I'm
connecting to. The cables are secured inside theifiog plastic cable ties and sealed with Aqua&dhésive sealant.

The components and their Radio Shack part numberiésted below: Editor Note:

- C1: 1.0pF 250V Metal-Film Capacitor [272-1055] Thecircuit may present a larger

- C2: 10.0uF 50V Axial-Lead Non-Polarized ElectrolyG@apacitor [272-999] than normal load to the phone net-

- T1 and T2: Audio Output Transformers with 1 k ohm primarydaohm secondary [273Work. A small resistor (200-500
1380] ohms) in series with the capacitor on

theinput of the transformer should
limit the current and thus the volt-
age drop on the network.

- VR1: 100K-Ohm Horizontal-Style Trimmer (Variable RdsigPotentiometer) [271-284]
- SWL Single Pole Single Throw On-Off Rocker Switch $2694]

- J1: 3.5mm (1/8 inch) Stereo Jack Cable [42-2458} you can substitute a plug which
connects directly to your specific radio. Be sure to determine the correct pin connections! EXPERIMENT!
- Mini Alligator Clips [270-1545]
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Minutes of the 2007 Annual Meeting of the
Communications & Electronics Section of the NSS
Marengo, Indiana
Brian Pease, Sec/Treasurer
7/123/07

Meeting

The meeting got underway at 12:35 PM during theti@e Luncheon. Bart Rowlett put the 2006 minutgson the
screen. They were accepted as published. Ouerdutmembership” is 118 plus any new people whaeigin at this meeting.
After this meeting | will delete any “members” whave not signed in at this annual meeting sincenthdues/5 year rule was
established in 2002. This is th8 $ear. | gave the Treasurer’s report. Last yée#hia time we had $1530.74. As of 7/12/07|we
have $1540.75. Since | have moved to from Conoetcto Vermont, | sent in my address change td/Magerford, CT branch of
Peoples Bank where the passbook account is hdid.agcount cannot be accessed online.

We discussed the definition of membership andd#etio leave it as-is.

Bart received an email regarding scheduling thertmss meeting at the International Congress i®20ahey have rigidg
rules about papers including an abstract and aeprifelectronic) copy of each paper in advance, €te paper must be accepted
first. We might not want to have our own sessiahibstead put papers into the appropriate Congratggjories. We will proba-
bly have a breakfast/business meeting/show & #IC&E field day is a possible Congress Event.

For the election, Kirk McGreggor acted as the mation committee. There being no other voluntetiies present slat
of officers was reelected by acclimation.

0]

Session

The session got underway at 1:05 PM. Bart desdrtheC & E Field Day at nearby Langdon’s cave. | demonstrated
3496 Hz radiolocation using my new miniature beaicoan Otter Box. It is short range, but useablechves up to ~50 ft de¢p
where ground zero is approximately known. Sevpealple tested communications using 75 meter SS&ya@i meter and FRS
FM handhelds, and 27 MHz CB handhelds. The VHF/UBiHos worked here because it was basically linsight from the
entrance to the in-cave site. Jansen Cardy reptntg he had experience on the 160 meter baraantubes. Kirk McGreggq
said that FRS would work up to 300 meters in a #demdiameter cave. Bart said that the low hand480 & 40 meters) log
good for shallow caves, and also in the dry westésn | mentioned how well CB worked here, and lpmerly on one Arizon
mine where the range was barely 25 feet and welashisper that far.

Warren's Cave, FL was suggested as a field dayfaitnext year. It is a ~45 minute drive from envention in Lake
City, and has a short vertical descent followeddme crawling. WE could set up at the bottom efdtop in a canyon. Sugges-
tions for tests were demonstrating an electronipprasuch as the Laser Tech device if anybody hastbe Mitchie phone, and
RF communications conducted along an insulated (gireh as the Mitchie phone wire) with no direatmection to the radios.

Paul Jorgenson gave a brief history of AmateumfHiadio in caves from the 1960’s. He said thatdofrequency unli
censed devices were also used. He also mentitieeti8b kHz transverters used with SSB CB and Halinsa He mentioned
specific Ham radios; the Yaesu FT-817 (low powed the FT-857 (100 Watts); the lcom IC-703 (low gowith built-in tuner
and the 1C-706 (100 Watts); the MFJ-9400 singledb&8B radios; and the marine SGC-2020 which isongdr in production.
He built a “Wee Willy” DSB xmtr/rcvr for 80 meterbut it only talks properly to a station with anE5&ceiver. He also built|a
KD1JV SSB xmitr/rcvr on a board for 80 meters thegaia switched crystal filter. He has used a lmerew inside a soda straw
for permeability tuning over most of 80 meters. dsigned a Variable Crystal Oscillator (VXO) citdiat uses 5 crystals |n
parallel to increase frequency shift (more crystatamore shift). He used a variable capacitariodelfor tuning and built it intp
an Altoids box. He is currently using a 12V 1.4A&M battery plus a spare. He gave several exangilése use of HF undey
ground including the Desoto Mine and Grand Canyameins. He showed vertical whips with counterpaiges and also wir
end fed antennas. He likes 80 meters becausedfiereis greater electrical noise on 160 metéts.uses a small MFJ “L” net
work wire tuner. He may build a 185 kHz SSB rafdgon scratch.

Jansen Cardy mentioned that VLF is best in higidaootivity areas and HF in dry low conductivity ase

| showed the 3496 Hz | demoed at the Field Day,asd a 218 Hz antenna | have built for seawater us

Ray Cole is trying to build a text radio using t 8SON mode, which is an ultra-narrowband mode usindfiple tones
one at a time. He wants to use the Windows CHqutat He wants to use it during radiolocations, et

David Larson talked about the advantages of simijle telephones (SRT’s) and made several points:
The single wire phones work best in wet caves @rigionductivity) where radio works poorly.
The wire makes it easy for rescuers to find theag along passages.
Surplus Sales of Nebraska has small self-feediogrziuctor #24 wire with polyethylene insulation.
He showed an original Michie phone (pronounced imijck

R =

o

(Continued on page 29)
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(Continued from page 28)

He showed Michael Lake’s commercial version.

He showed a commercial stereo amplifier kit, adddaor $10.00 that can be modified to make an SWth a SPDT push bu
ton. This is the Mini Kit Super Stereo Ear MKB6el\éman kit) at velleman-kit.com. cables&connestoom has it for $10.00.
He said that he is working on a ruggedized versidine SWT.

When he asked about interest, rescue people corathdrat everyone already had field phones.

There were comments that a link to the Speleonicraile list should be placed on our webg
http://www.caves.org/section/commelect

David showed a Maxim class-D amplifier IC that ®his at 125 kHz and up. TI also makes some. Balsold by
DigiKey. He thinks that they could possibly be diger transmitting LF signals.

He also mentionedttp://hamtestonline.corwhich has interactive tests online for all of hateur Radio exams thiat

learn what you need to know, then guide you thratigimtil you are ready to pass the exam. Theiserig not free, but a

lows a free trial of 50 questions and gives a ffefund if you don't pass. He suggested studyingdad taking, the Tech

General, and Extra exams at the same time to sgtheime and money.

Jonah Schachner demonstrated a Fenix hi-powerepdight using a single AAA cell. It uses a Crdeefiiciency 3
Watt LED. He over drives it with a 3 Volt lithiueell. It is smaller that the one-LED Infinity ligkhat uses one AA cell. It
available on eBay.
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Minutes of the 2008 Annual Meeting of the
Communications & Electronics Section of the NSS
Lake City, Florida
Brian Pease Sec/Treasurer
8/11/2008

Meeting

The luncheon/meeting got underway at noon with dflypeople in attendance. The only officers preagme Bart Rowlett and my
self. Gary Bush was at the BOG meeting that tdakepat the same time. | read the minutes, whietewvaccepted. | gave the treasurers re
Last year at this time we had $15.40.75. As o588 we had $1550.91 in the Peoples Bank (CT) pa$saccount.

We discussed what to do for the International Cesgof Speleology next year in Kerrville, TexasirkWMacGregor said than th
normal business meetings of the NSS will be helth@iCS, but that they will typically be breakfaseetings which will not conflict with th
crowded session schedule. We decided to lookvitiat we would be able to do, then hold an ICS plagsession on Friday in place of
Lighting session.

Bart decided to not hold elections this year dutheosmall number of officers and members in atiecd. All 4 officers are willin
to continue for another year:

Bart Rowlett, Executive ChaiBrian Pease Sec/Treasurer Chair,
Paul Jorgenson, Publications ChaiGary Bush, Communications Chair

The meeting was over by 1 PM, so the next houramasformal chat session.

Session

The informal Session got underway at 2 PM as sdbddwith no formal papers to be presented.

| talked about the use of Near Vertical IncidenggvBve HF communications in Belize this year. | leiped how several peop
obtained Belize (and US) ham licenses. We firdete$C-703 SSB voice transceivers in March on 8@ensewith full size dipoles only a fe
feet off the ground. The range was 45 miles betvike jungle and our lodge, which does not meanhmideen the signals are bouncing off

port.

0]

J

le
W
he

ionosphere 100 miles (or greater) up. We had 2wmége comms but with high manmade noise leveth@atodge. We operated during the glay

when there was no skip. When we returned in Mayhag added PSK31 capability just in case, usinglaAxim pocket PC at the cave. Th
multi-day backpack trip was to a large cave inG@heguibul Forest Reserve about 40 miles from thigéo At the cave, the horizontal ante
was at least 100 ft down in a huge sinkhole, wiéztuced our transmitted signal. As a result, wddcceceive voice clearly, but our voice W
never heard in the steady S7 noise at the lodgea result, we used PSK31 to transmit informatigve used a simple program called Poc
Digi on both ends, which has a feature called Reeldmon ID (RSID) that is sent at the start of emahsmission to automatically tune {
receiving program to the frequency of our upcontilagsmission and even switch to the mode we willgieg! This corrected any tuning
rors and drift, allowing reception even if the agter had stepped away. It worked.

| demonstrated the program, including the RSIDUiegtusing acoustic coupling between the Axim ataptop.

Ray Cole demonstrated a semi-coherent CW progrdedc&€W Lab” that operates at 10 baud, also usiogustic coupling betwesd
computers. It uses LabView, which is included. ifrtends to use it to key 3496 Hz beacons for 2-a@yms during radiolocations. It loo
promising. He described CW keying the beacon’sastable multivibrator to hard limit the sound cardlio output.

| described my class-E beacon circuit, showingsttteematic, and explained the advantages of sem@sgtand high efficiency.

I showed my bicycle wheel shielded loop built fal Btone.

ICS Planning Meeting

The ICS planning meeting was held Friday at No@mly Bart, myself, Gene Melton, and Bill Franz atted. We decided to try
hold 3 events at the ICS:
A breakfast business meeting, on Monday if possible
An informal meeting, open to all, for people to hwhat is going on around the world in caving &tetcs, with show and tell and inform
presentations. This is allowed at the Congressaandd probably fall under Tools and Techniques.
A Wednesday Field Trip to a local wild cave, prefdy dry horizontal with as much as 200-400 ft eédourden. We would probably
demonstrate AF comms and radiolocation along wihcBmms.

Anyone who wished to present a formal paper cdoldo at a formal session, preferably at a timedthnot conflict with our mee
ing #2. The papers can be older work already phibti in Speleonics or elsewhere.

We decided to attempt to design, and | would qonstsome simple 3496 Hz units that would be chpabradiolocation and twg
way manual CW comms as stand alone devices. Thejdwse the same loop for both beacon and receitte, moderate range. It would
possible to connect a pocket PC or laptop to thsdunit to allow 2-way digital comms in modestsas PSK31 and MFSK16. A possi
addition would be a small filter/matcher to alldwetuse of earth current antennas for longer raigg@ldcomms. Bart made up a tentative s
sheet. The idea would be to demonstrate this guhia Field Trip.
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C&E Minutes 2009

By Brian Pease

The normal meeting of the C&E Section was not lueid to the ICS gathering. The informal Communaatiand Electronics Ses-
sion and Meeting got underway Monday July 20, 2@9730 in room MS106 of the Moody Science buddi Schreiner University in Kerr
ville, Texas. The meeting started with informaggentations and show-and-tell. All officers werespnt except for Gary Bush, who had hig
usual conflict with the NSS BOG.

Paul Jorgenson gave a PDF talk on the history imevw@dio in caves, specifically at HF, which istigalarly suited for low conduc-
tivity rock such as the dry Southwestern US, maabplé dolomite caves, etc. Most of his work is foem 80 meter ham band, 3.5-4 MHz. He
described his DSB handheld radio, which can orkuell to an SSB radio, and also an SSB radiotiftaim a KD1JV kit. He described a
VXO using 5 crystals in parallel to allow severdlZof tuning range with low drift. He mentionednamercial HF portable rigs including the
IC703 and the smaller 5-Watt FT-817ND. He menttbsaccess in several caves with cave to surfacewammunications, including Lim-
rock Blowing Cave at the 2005 NSS Convention wierenanaged to get 600 ft down the passage. Atdaarig Cave, he reached the end g
the cave. He originally used collapsible tunedpndmtennas with a single counterpoise wire on tbargl aimed at the distant station. Now
is using just the counterpoise wire, fed with anIWér homemade) random wire tuner, also with tire wointed at the distant station. This
works well and is less fragile. In other testshie Southwest, he has talked from cave to cavdt®@ay (using up-over-down propagation),
and also 400 ft deep with 300 ft offset. In thdtlkéand Tunnel at Carlsbad Caverns, New Mexicou$ed a 100 ft wire to talk 1620 ft cave-
cave, and 780 ft to the surface (weakly). Movinghie cave, at one spot signals jumped to S-8jlggssdicating a large void overhead. Thg
were no known conductors in the area. He mentidingdcave-cave ham band HF comms could be comtlugtkrout an amateur radio licens
as long as there was essentially no signal onutface, but that a license is required for a serfggerator. Unlicensed operators in a cave g
not legally talk to the surface.

Paul also showed some simple 3496 Hz radiolocagam using my class-E beacon circuit with an arderamsisting of a small plas
tic bicycle wheel with an inner tube cover to pobtihe wires. The receiver was a simple audioliiemp
He has designed a “Radio Caver” T-shirt graphiaulB website iittp://members.cox.net/caveradioat

John Lyles described a 23.4 kHz digital text ratisigned by Alex Kendrick, a New Mexico high schstoident. It won the New
Mexico Science Fair and an Engineering Prize alN#gonals, nearly $10,000 total! He used vergedoops of ~2 mtrs diameter with a
spaced single-layer winding for maximum Q.The anéetuning network was designed in the SPICE siraulatogram. He used a class-E
power amplifier for transmitting, with simple onfddeying of non-redundant text at 60 bits/sec. ditehis own programming of a microprocg
sor including the modem, keyboard, and displayriates. This was tested with solid comms in thi& Hand Tunnel at Carlsbad Caverns at
660 ft depth with ~15-25 Watts.

John also mentioned the Vital Alert Company, whd hat known about the world of Cave Radio but atlput commercial “mine”
radio technology. John mentioned existing cavéortgthnology, which existed prior to various pasethey either have or have applied for.

Ray Cole repeated his formal talk on Cave Radidt@liylodes here. The actual formal talk occurretha same time as this sessid
He mentioned that 2-way communications was verfuliéer coordination during radiolocations. He sheml Radiolocations in Organ Cave
and Memorial Day Cave. He showed his updated O@gare Radio with added digital input. He has ume@nvelope detector to key CW fo
the transmitter. He also showed the Dell Axim &odketDigi software that allows sound-card digitaldes in your pocket. He is working
with a software defined radio that has the A/D aater directly after a simple preamp, digitizingeditly up to 50 MHz. The radio can be us
down to 9 kHz carrier, and potentially to zero Hezl&B.

At this point we decided to hold a quick Sectioretiry. | gave the 2008 Secretary/Treasurers repbith was accepted. In 2008
we had 113 active members (who signed in at thitimg within the past 5 years) including 33 Ham® ®Mrrently have $1556.36 in our Peg
ple’s passbook account. Skip Withrow handled teetmns. There was a new volunteer for the Comwatiins Chair (webmaster). Executi
Chair, Bart Rowlett; Secretary-Treasurer, Briaagee Publications Chair, Paul Jorgenson; CommuaitaChair (webmaster), Arron Biren-
balm. All were elected by 100% vote.

We continued the show and tell session. Dave Tdyde 3 sets of Nicola voice radios partially coatgd. He passed them to Paul
Jorgenson, who never found time to work on themmul Bsked for a volunteer. Gene Melton now had\ikela radios to complete.

Jansen Cardy is the comms coordinator for US caseue (NCRC). He is interested in non-licensediThe-Earth communications
gear. Jansen showed a surplus modern analogofielde, which is being adapted here. They were itagdsy Sportsman’s Guide for ~$35
each. The current state of the art is digitatifighones. It is a European TP-6N battery powehehe that is 1/3 the size and weight of the
traditional hand-crank phones, but is compatiblintiem. It uses 3 D-cells for ~200 hours talketiwith lots of ringing. Clarity is better that
the old phones. There is a built-in light thatddhke line for open-short-connected each timé>hE is pushed. The only change made to th
phones was to defeat the push-to-listen featuemht®p://cavecomms.blogspot.comJansen is looking for quantities of field phaviee. Jan-
soncardy@hotmail.com

Brian Pease mentioned Bill Stone’s successful @isengle-wire telephones during his recent divixkgegition to J2 in Mexico. A
phone line was rigged from base camp ~1/4 mil&éocentrance right through the sumps to the (dédfjlend of exploration with 100% comm
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C&E Minutes 2010

Brian L. Pease — Secretary/Treasurer

The annual meeting of the Communications and HElaais Section of the NSS was held as usual on Mpatithe NSS
annual Convention, held this year at the Champlaiiley Exposition (Expo) in Essex Junction, Vermoiihe meeting started §
1230 following lunch. | displayed the 2009 minytedich were accepted. There was one questiontabewurrent status of th
Nicola radio kit project that Gene Melton now hagjave the Treasurer's report. The balance ofi W@s $1556.36. Unknown
to me, Peoples United Bank started charging $1&0th during the past year on balances of $2508sst As a result, the ba
ance on 6/30/10 was $1511.43. | will attempt targe to a non-profit checking account, which wéll/a no fee. | will also atte
tempt to recover the fees. (Note: the accounsfeardid occur after the convention).

The only old business was Paul Jorgenson’s cabfficles forSPELEONICS.
Under new business, we had just heard that canesines on public land in Colorado have been dasevisitation.

Nearby Glenwood Caverns, where the 2010 NSS Hovadlty Rvill be held, is privately owned and may bgossible site for
C&E field day. There was discussion of when to hblikcause of the two geology field trips on Synd#@his was not resolved

There is a rumor about the owner wanting some lachtions. Paul and David Larson talked aboutghito do at the Field Day.

David suggested that it might be possible to sepidtare from inside the cave to the surface agltrinto the room where the
C&E session will be held. This would require segtup on Sunday.

Paul said that the graphic for his Radio Cavehiftss available on the Café Press website,
http://www.cafepress.com/radiocaver , for thosetimgrntheir own shirts. Bumper stickers are alsailable.

There was a discussion about a proposal from 8@ bbard of governors for an improved voting maelfiom their
meetings. Each of 17 people needs to have a déhatallows them to vote yes/no/abstain plus othi@igs. The existing syste

is hardwired. Paul said that there are process@iable with 70 data lines that could be usedaformproved hardwired systeim.

Paul thought that a computer-based system mighebtbecause the voting machine would exist onBoétsvare. The WiFi in
each laptop could be configured to allow it to tilla master computer, creating a wireless networkere was no decision
about taking on this project.

We held elections. Paul described the dutiesiochefficer. David Larson was nominated as Exeeulthair to replace
Bart Rowlett, who is stepping down for health re@soBrian Pease agreed to stay on for one moreageBecretary Treasurer.
Paul Jorgenson agreed to stay on as Publicatioas.Charon Birenboim , who was not present, aglieetlvance to stay on as
Communications Chair (Webmaster).

The C&E meeting adjourned at 1:20 PM.

An informal board meeting followed. David talkedout publishing a couple of real papers with alosérfor next year.
David said that the requirements for the voting Innae are on the web. He asked Paul to talk toNtB8 board about the actual
minimum requirements for the voting machine. Rhalght that networked computers were probably. bBsan was asked to
finish his comms/locator project for next year.rtBsid that he was interested in a comparisohefttual ease of use of diffe
ent types of compasses in cave surveying. HetlatdSuuntos are difficult compared to the boasityde hand bearing compag
which does not have a lubber line. The electronimpass with a laser pointer may be the easiedt wf use, but suffers from
calibration errors.

We talked about Field Day in Colorado next ye2avid said he would coordinate wired (2-conducpidnes, and sin-
gle wire phones, with both voice and PSK31. Bsaiu he would do Radio Locating and Thru-the-Eadimms. David said thg
we should consider void locating. Later, Davidgested that an interesting thing to do, if thed-Rhy is at Glenwood Cavern
and it is close enough to the Convention Site, didod to set up a link that could send a picturenfieside the cave right to the
session on Monday.

It was suggested that we run slides between theEtthe meeting and the start of the formal Sessibhe Board meet-
ing ended when the Session started at 2 PM.
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Communications & Electronics Section

Session Minutes
Brian Pease, Sec/Treas
9/28/10

The session started at 2PM and was a show arelegit. Brian Pease showed some really miniateideahd 80 meter
Ham band dipoles, only about 1 foot long with adwidth suitable for SSB voice and tunable over alsportion of each band
Very small wire was used for the inductors to lotver Q on purpose. He also showed a vertical djm@nter fed with a small
isolated link and coax exiting the bottom.

Brian also showed a new Princeton Tek Apex healldmat replaced his old one which had become airigliafter
many trips to Belize. The company stands behmtifétime warranty!

He also showed a magnetometer he purchased éimgreemains of metal fences along boundary lines.

Brian also showed a Rycom Selective Level Metat tie bought at a flea market. It is useful at WIFFMF and down
to 1 kHz, and has calibrated meter, SSB demodulaite.

Jansen Cardy showed the “modern” 1970's “cricketi phones, model TP-6N, available surplus frive Netherlands
They are much smaller than the old hand-crank phyomigh a waterproof handset, self-test, electroiniger, etc. Standard pow
is 3 D-cells, but modern Alkaline AA cells work érand he has had some AA adapters made. Thepiagatible with standarg
field phones. Talk is amplified, but not listefihe earpiece works as a sound powered phone whkgrhtine is “hung-up”, so
the military made them push to listen as well ashpio talk. This is not good, so Jansen has nextidach handset to be PTT
only. He adds clip leads to the terminal postllimw clipping into a phone line anywhere. He usdittle Radio Shack
speaker/amp with an input attenuator and 1uF bhgckapacitor for surface use. He also has dofmaeppatch based on Frari
Reid's design. He is selling the phones for $5@#th with bag but not the AA adapter.
He also showed a “bubble-gum” phone using a Rabarkpiezo element for a the earphone, with an ifiegbkelectret mike
from Hong Kong (originally a video camera mikekwitch and 9V battery. This is a really basicdiphone! The idea is to ha
them in cave rescue medical kits.

Jansen also showed his Trisquare XRS handheldsagthich are analog frequency hopping with a hugaber of pos-
sible channels and very private. They have ~1I2 mainge, less than FRS.

Lea Nichols talked about private submarine bugdeho needed sonar (acoustic) communications. ddevblunteered
to build it for them.

Paul Jorgenson gave his talk on the history of Hadio in caves. He described currently avail&epower HF ra-
dios from Icom and Yaesu, his homebrew DSB and BEBransceivers, CB transverters for 185 kHz, asduork with PTO
VFOs and multi-crystal VXO's to stabilize homebnegs. He showed how his antennas for undergrosedhave evolved from
tuned dipoles and verticals to a simple end-fede@amwire lying on the ground with a tuner and ceupbise.

Paul talked about successful HF tests from thehkafid tunnel in Carlsbad to the surface.

He mentioned the availability of his RF calculaton his web page for such things as RLC and iiadiabfety limits.
He showed his tiny Mini VNA Vector Network Analyzeshich is a USB device using a PC for DC power display over the
range 100 kHz-180 MHz. See miniradiosolutions.amtried it on my 160 meter vertical antenna anidldy showed that it
must be held near the end of it's PVC support tadagte-tuning! He also mentioned the Signal Hounsdoftware defined radio
set up as as a spectrum analyzer. See sighalhoamdicoutputs 16 bit | &Q to USB with input up frol Hz to 4.4 GHz. It can
also be used as a measuring receiver from 150 pHZtisports bandwidths as low as 0.1 Hz, avegend wide dynamic
range.

Kirk McGregor talked about nickel-zinc rechargeabélls. They are available as AA cells with 24@8-hours at
1.6VDC nominal and 1.8V fully charged. Unlike NiMiglls, the discharge voltage is a slope. IN ab lHeadlamp, 1.75V ini-
tial voltage drops to 1.3-1.4V near the end, theps abruptly to zero. The self-discharge ratisisd as 8%/month, but is likel
higher. The number of charge/discharge cyclesknown, as is any reverse charge issue.
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RADio Geek Mobility Device
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Half Wave

HF-VHF
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Editor Notes:

The Internet URL addresses and email addresse&la¥AYS moving targets in the elec-

tronic world of today. The URL and email addressethis publication are believed to
accurate as of the printing date. If you find aldrass that is no longer valid, try doing
online search for the author or specific subjddiany of the authors are NSS members
are in the Members Manual, which is issued yeaylthie NSS.

| wish to thank those that have taken the time effalt to write up their projects so that
may all share in those efforts and benefit frormthd know that there are more of you
there reading this that have cave related commtioisaor electronics projects that wo
benefit the caving community as a whole. Pleake the time to write up your proje
(plain text is fine - photos are a bonus) and hayelblished so that the caving commur
can share in your innovative solutions. EmailEuitor (whoever that might be) and disc
your project for publication.

This is my sixth andinal issue as Editor. If you have any desire to ediisgue or two
please let any Officer of the Communications aretibnics Section know.

Paul R. Jorgenson KE7HR NSS39382 RLFE - ke7bx@et
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