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This version of the f.iliar cave-redio depth graph was
plotted by Dr. Robert F. Blakely of the IndianaGeolog-
ical Survey, using a Hewlett-Packard desktop computer.
It relates depth to vertical angle of the transmiter's
magnetic field at different horizontal distances fran its
epicenter ("ground zero"). Any distance units may be
used. Bill Mixon and Dicit Blenz originally published the
curves in 1964.

LETTER

Ian Drummond's notes on fluorescent lights in SPELEON-
ICS 17 caught my attention. I've lately been experiment-
ing with a belly-mounted fluorescent lamp for limited use
in walking passages only. Helmet-mounted fluorescent
lamps don't hold great interest for me at this point in
their development, since 1) they tend to be relatively
fragile and I bump my heed, 2) the diffuse light is only
good for near-field viewing, and 3) I ~ a saotliaht on
my head for distance viewing.

The fluorescent light is much better as a belly or
chest light, since you don't have to worry about aiming
it. The advantage here is the visibility of shadows in
walking passage.' the head-mounted lamp tends to obscure
shadows on the floor very badly; the belly-mounted lamp
brings them right out. This a function of having the
lamp above or below the plane of vi si on. Try it wi th a
flashlight; it's simple enough to demonstrate.

Such a lamp, I believe, should be considered as an
addition to the headlamp rather than a replacement for
it.

Experiments in March at Ft. Stanton Cave (NM) con-
vinced me that such a system is useful in certain parts
of certain caves. CRF is going back there this July 4
weekend, and I'm plaming to experiment further.

Also efficacious are fluorescent lanterns for fixed
work. We were digging leads in a (very!) small cave in
the Sandia Mountains a couple of summers ago, and an
Eveready(tm) fluorescent lantern made work much easier--
when the lantern was extinguished, it was instantly
missed, even though the diggers were using headlamps. I
plan to try them at Big Manhole Cave if that operation
resumes.

Note that this work all has been done in environment-
ally fairly benign New Mexico caves. I can get away with
using off.the-shelf fluorescent lamps with retrofitted
clips and brackets. This work may not generalize to
extremely wet and muddy caves. Not yet, at least.

There'll be more information after the next series of
experiments.

~ IIcAIll.. nSgax nss13429r
phonS05-255-4642 ee5391aamtriton.cirt.unm.edu

AmoI.n:e8ent:

1\IIEL DETECTION SYMPOSIUM

The fourth tunnel detection symposium on subsurface
exploration technology will be held April 26-29, 1993 in
Golden, Colorado. It is sponsored by the Combat
Engineering Directorate, u.S. Army Belvoir Reearch,
Development and Engineering Center, in cooperation with
the Colorado School of Mines. Contributor Bruce Bevan
says that these symposia grew out of an interest in
detecting North Korean tunnels beneath the DMZ. For more
information contact:

Office of Special Programs and Continuing Education
Colorado School of Mines
Golden, 80401
(303) 273-3321
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Douglas Strait NSS 9707

I recently experienced an alkaline cell failure via a

mechanism previously unknown to me. The cell experienc-

ing this failure was one of the 4 cells within an Ever-

eady Energizer(tm) #529 6V lantern battery. Fortuitous-

ly, this battery had been tested before use in such a way

as to preclude ascribing this failure to previous abuse

or gross manufacturing defect. Prior to using alkaline

cells or batteries, I routinely test them under load. My

standard test for 6V lantern batteries or sets of 4 "D"
cells is to apply a load of 0.7A (with the battery at

room temperature) and to measure the terminal voltage

after 1 minute. I have found this to be an effective

means of detecting batteries containing weak or defective

cells. The battery containing the cell which later

failed was initially tested via this method and determ-

ined to be good. The battery was used under normal

caving conditions for 7 hours during which performance

was satisfactory and approximately 40% of the nominal

capacity was removed. The battery was subsequently

stored in a refrigerator for 6 months with the exception

of 3 or 4 occasions when it was transported in my truck

on caving trips but not used. Total estimated distance

of truck transportation subsequent to the initial 40%

discharge was In the range of 5000-6000 miles. I hap-

pened to use this battery to test a light and noted that

the terminal voltage under load was markedly lower than

expected based upon the discharge history of the battery.

Because I was curious about this, I decided to investi-

gate further. I removed the sheet-metal cover from the

battery to permit access to the individual cells. I

measured the Individual cell voltages under load and

found 3 to have voltages consistent with the battery

discharge history and the fourth cell to have a much

lower voltage. None of the cells exhibited leakage or

signs of physical abuse. I then disassembled the "bad"
cell and one of the "good" cells. The visual appearance

of the Interior of the two cells was essentially identi-

cal with the notable exception that the anode current

collector which consists of a piece of brass sheet metal

was silvery in appearance in the "good" cell and darkened

in the "bad" cell. I knew from previous cell autopsies

that the anode current collector normally retains its

silvery appearance even in completely discharged cells.

I decided it was time to seek professional help. I con-

tacted the Eveready Southeastern Region Engineering As-

sistance Office and eventually was connected with someone

who probably knew the answers to my questions. As a

relevant aside, in 20 years of dealing with technical

representatives of countless products, I have never en-

countered an individual who was more actively unhelpful

than this person I spoke with. Some of the information

presented here are my inferences based upon this conver-

sation. When given the opportunity, the Eveready techni-

cal representative declined to confirm or deny most of my

inferences. When I described what I had done and what I

had found, the first question I was asked was whether the

battery had been subjected to shock or vibration. Believ-

ing that 5000-6000 miles in the back of my pickup quali-

fied, I responded - YES. The Eveready Tech Rep volun-
teered that there is a "rare" failure mode associated

with shock and vibration consistent with my observations.

He declined to characterize the relevant levels of

shock/ vibration or the probabilities of failure. The

more specific my questions became the less candor his

answers contained. I managed to determine that the dark-

ened anode current collector is an indicator of this

failure mode. I also concluded that in the case of the

Eveready cells (and preslmably those of other manufactur-

ers) the effort to red' ~e or el iminate mercury in these

cells has significantly increased the occurrence of this

"rare" failure mode.
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What action is appropriate given the very limited
information we have on this failure mode? I suggest the
following:
1. Avoid subjecting your batteries to unnecessary shock

and vibration.

2- Where high confidence in battery capacity is required

such as when a single battery is to be taken on a long

cave trip, test the battery immediately prior to use.

As previously described, I test alkaline lantern bat-

teries and sets of 4 "D" cells by measuring the term-

inal voltage 1 minute after application of a 0.7 amp

load. For my uses, approximate remaining capacity is

given by the formula %capacity = (V-3.00)13.00. This

formula at best gives a fair approximation of capac-

ity. You will find that new batteries will typically

yield a capacity figure of 90-95%. I use an LM317T

voltage regulator configured as a constant. current

sink for the 0.7 amp load. This test should be per-

formed at 68 to 770F [20 - 25OC] for best results.

INCAJI)ESCEIT I.MP PARMETER VARIATICII UITH WLTAGE

Douglas Strait NSS 9101

Most readers are probably familiarwith the way in
which incandescent lampparameters (current, life, light
output, efficiency, etc.) vary In responle to applied
voltage. Most lamp manufacturers publlih thll Informs.
tion as a table or graph. These tabular or graphical
data are derived from a set of equations th8t relete the
parameter of interest to the applied voltage, via voltage
raised to an exponent. These exponents are based upon a
composite of various designs of lamps. Typical exponents
used are 1.8 for efficiency (efficiency varies as voltege
raised to the 1.8 power), 3.5 for light output (light
output varies as voltage raised to the 3.5 power), 0.54
for current (current varies as voltage raised to the 0.54
power), and 12 for lamp life (lamp life varies inversely
as voltage raised to the 12 power).

I have long been intrigued by a footnote that some
manufacturersinclude with these data. The General Elec-
tric Miniature lamp catalog is typical in stating
"...(these data) are approximate only between 95% and
110% of rated voltage...will not apply to lamps with
lives inexcessof 5000 hours or to halogen-cycle lamps".

While lamps with design lives in excess of 5000 hours
are of little interest to cavers, halogen-cycle lamps as
well as operation outside of the 95%-110%of design are
relevant. To satisfymy curiosity,I contacted the Gen-
eral Electric incandescent lamp guru. According, to him,
these formulas are good approximations for voltage varia-
tions far beyond the 95%-110% of rated range and also
apply to halogen-cycle lamps provided that the lamp enve-
lope temperature remains above the minimum required for
the halogen cycle to operate.

I performed an experiment to determine the applicable
exponent for variation of lamp life with voltage when
operating far above design voltage. The lamp selected
was the PR-13 which is an argon-filled miniature flange
based bulb (flashlight style) with design ratings of
4.8V/0.50A/15 hours. A large quantity from the same
production lot was procured. The lamps were tested under
stationary conditions using direct current and base down
positioning. Applied voltage washeldtowithin ~0.01V
of the test value. Test voltages were 4.80V (100%
rated), 5.80V (120.8% rated), and 6.00V (125% rated).
Test sample lot sizes were 6, 4, and 9 respectively. The
derived life exponent for the increase from 100% to
120.8% of rated was 9.9 and the derived life exponent for
the increase from 120.8% to 125% of rated was 10.4.
While the sample sizes were fairly small, the data do
suggest that at voltages well above rated, the life
expectancy will be somewhat better than that predicted by
the nominally-used exponent of 12 for life vs voltage.
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