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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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ALlCALIIE PRIMARY-CEll FAIIJIH: IIDE

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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SUITCHIIG \IOlTMiE-REcu.ATCItS RIt ~-ACID BATTERY CHAR&EIS

Douglas Strait NSS 9707
*

The traditional constant-voltage charger using a lin-
ear voltage-regulator IC is unbeatable for simplicity.
All that's needed is a voltage divider and an IC such as
the LM317 or LM350, and you're in business.Csee "Mine
LampCharger" by Ray Cole, Speleonics ~ p.8). All linear
voltage-regulator chargers have in commonthe character-
istic that at least 1 amp must be input to the regulator
for each amp del ivered to the battery being charged. The
energy associated with the difference between the source
voltage and the battery charging voltage is dissipated as
heat. This arrangement is fine for most applications.

For charging from car batteries or other energy-
limited sources, the 1 amp in for 1 amp out character-
istic of linear voltage- regulator chargers can be a
liability: Using a linear voltage- regulator charger, a
typical car battery in good condition can fully recharge
two WheatCtm)-style batteries C4V, -15 AHr) at moderate
temperatures without subsequent starting difficulty.
Many of us in the real world, however, cave in the win-
tertime and only replace our car batteries when they will
no longer start our vehicles. I have heard a nunber of
reports of vehicles not starting after charging a single
Wheat-style battery.

Switching voltage-regulators offer Sale relief fra8
this problem. Instead of dissipating the energy 8SSOCi-
ated with "excess voltage" as heat, switching regulators
convert it to additional current del ivered to the battery
being charged. Efficiencies of 85% or better are attain-
able. A 2-cell lead-acid battery charged with current
limited to a reasonable value will accept most of the
charge at a terminal voltage in the range of 4.40 - 4.50
volts. This means that a switching regulator with an
input voltage of 12.0 volts and an efficiency of 851 will
del iver .85 X C12.0V/4.50V) = 2.27 to the battery
being charged for each amp del ivered fra8 the 12 vol t
source. This is a big improvement over the 1-amp-for-1-
amp of the linear voltage-regulator charger. The rel-
ative advantage of the switching-regulator charger
becomes smaller for decreasing differential between the
source voltage and the voltage required for charging.

A nunber of switching-regulator ICs have been intro-
duced over the years. Some, such as the LM494, LM3524,
and the LM3578 have low current capabilities and are best
used as controllers to drive external power-transistors.
By using any of the above ICs with a very low on-
resistance P-channel MOSFET such as the IRF9Z30, effic-
iencies in the low 90%'s should be attainable. Other ICs
such as the LH1605CK and the LM2579 incorporate BJT power
transistors capable of delivering several at effici-
encies of 70-80%.

I was finally moved to upgrade my vehicle charger from
linear to switching-regulator technology when my favorite
IC company introduced an 8-pin DIP switching regulator
that has adjustable output, onboard current limiting, an
externally-accessible voltage reference, and will deliver
over 1 amp at an efficiency of 85%1 This IC is the
MAX758 by MAXIM. Their basic circuit from their data-
sheet is shown in Fig. 1.

As you can see, it is relatively simple. R2 and R3
determine the output voltage and are chosen per the form-
ula R2 = R3CCVout/1.23)-1) where R3 can be any resistance
in the 10K to 1M range.

* 17 Pinehurst Dr.
Caswell Beach, NC28465
(919) 278-9246
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I chose to elaborate on their design, as there are
several additional things I want from a charger. These
requirements are:

1. Indication that it is working.
2. Automatic shift from fast to float-charging voltage.
3. Indication that near-full charge has been attained.

The schematic in Fig. 2 is the version I chose to build.

Operation: The MAX758is a pulse-width modulated step-
down regulator. Pin 4 is the feedback input and the IC
regulates to maintain 1.23V at pin 4. The IC has onboard
current limiting and the output voltage will sag as nec-
essary to l imit output to about 1.1 amp. The lower com-
parator of the LM393and R7 perform the function of
shifting between the fast and float charging voltages.
"'en the lower comparator output (pin 7) is low, it
causes R7 to modify the ratio of the divider formed by
R2 3 4 and thus raises the level of Vout to the "fast"
charge level. A low output of this comparator also
causes the output of the upper comparator to go low, thus
causing LEDD2 to illuminate to indicate "fast" charge
status. As the battery approaches full charge, charging
current will taper off to a low value. Whenthe voltage
across R8 falls below the threshold established by the
divider network consisting of R5 and R6 CR5and R6 are
dividing a 1.23V reference from pin 2 of the MAX758),the
comparators will go high. R7 will no longer modify the
rativof the R2 3 4 divider, and the output voltage will
fall to the "float" level. The "fast" charging LED, D2,
will extinguish. R6 can be varied to vary the current
threshold for the fast/float transition. The value of
820 ohms shown will cause the threshold to be about 0.1
amp. Raising the value of R6 will raise the current
threshold.

3
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What is an appropriate threshold? It must be higher
than the value the battery-charging current tapers down
to while on the "fast" charging voltage. I suggest set-
ting the threshold no Lower than C/100 where C is the
capaci ty in AHr of the Largest battery you anticipate
charging. Wheat Lamp users may consider a threshold of
around 0.2 amp. If you tend to have old and/or abJsed
batteries you may wish to set the threshold somewhat
above the C/100 minimum, as old/abused batteries tend to
have higher residual currents. In general, when the
fast-charging LED extinguishes, the battery will be very
close to full charge, typically within 1 or lX. Except
at elevated temperatures, the battery could be left on
float for weeks without harm. LED OJ is a pilot Light
which will illuminate either with input power supplied or
with a battery connected to the output, thus it can be
used to indicate both power avaiLabiL ity and continuity
from charger to battery under charge.

Perform initial checkout and adjustment as follows:
Voltage values are indicated for both 2.cell and (3-cell)
versions. With 12V applied to the input and no battery
attached to the output, D2 should be extinguished and 03
illuminated. Adjust R4 to optain 4.60 (6.90) volts at
the output. Apply a Load to the output slightly above
your fast/float transition current. LED D3 should illum-
inate and the input voltage should rise to 4.80-4.90
(7.20-7.35) volts. Increase load and observe current
limiting. Current limiting will typically occur in the
range of 1.0-1.2 amps. Reduce Load to a low value and
observe transition to ~loat voltage and that LED 03
extinguishes. Those who lack suitable equipment to use

C4

I
loo F

-VOUT

(\8 ro. ,.lL:

2

1\4 5K

3

TRIMfv1/NG.5

as a variable Load can improvise by using a fully-charged
battery: Remove a few tenths of 1% of charge from the
battery by running a light for a few minutes. Then con-
nect your battery and ammeter to the charger. The
charger will initially current-limit but charging current
will soon taper off, allowing you to observe the "fast"
charge voltage Level and fast/float transition current.
Note that the "fast" Level will rise slightly with fal-
Ling current due to the small voltage drop associated
wi th R8.

Some general comments on construction and component
selection: 01 (1N5817) is a Schottky diode. Do not
substitute a non-Schottky type. L1 must have a DC cur-
rent capability of at least 1.1 amp and the knee of its
saturation curve should be >1.5 amp. Any value in the
range of 80-120uH should be OK. I used 35 turns of 20-
gauge [0.081cm dia.] wire wound on a 0.8" [2.03cm] dia.
toroidal core which gave me 95uH and a saturation-curve
knee at around 5 amps. Values of C1 2 3 4 are not very
critical but C2 should be ceramic a~d'~6.047uF and C1
should be ~0.01uF. Locate C2 and C3 electrically close
to the MAX758. The MAX758 is a CMOSdevice so the usual
ESD precautions should be exercised during construction.
If you use both 2 and 3-cell batteries as I do, you may
wish to incorporate duplicate R2 and R4 along with a
toggle switch to provide for charging either battery.
Input and output connectors should be selected to suit
your needs. I used a 5.5mm OD/2.5mm ID DC power plug for
the input. Beware of plug/jack designs in which a momen-
tary short is possible ~hen you insert the plug. If the
other end is already plugged into your car cigarette

4
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lighter socket it will blow the fuse serving the cigar.
ette lighter.

lot. thet the desi", - presented i. not reverse-
pol...ity protected on either irpJt or output. I did not
require reverse-polarity protection, as both my input end
output connector arrangements are polarized, thus pre-
cluding error. If your planned output-to-bettery connec-
tion arrangement is not similarly foolproof and you are
not one of those people who never make mistakes, you
should consider incorporating reverse-polarity protection
for the output. I do not recannend the usual blocking
diode solution, as the forward drop thru the diode costs
too much in terms of efficiency. The energy-efficient
reverse-polarity protection solution is to fuse the out-
put. If a battery is reverse- polari ty connected, 01 will
be forward biased and the resulting large current will
blow the protectiv-,;: fuse. Since the MAX758wiII be in
current limit most of the time, it will be working pretty
hard. Special provision for heat sinking is probably not
necessary, but to be on the safe side I glued a 1 square
inch [2.54~ piece of copper to the top of IC to act as
a radiator. I assembled the whole works in a plastic box
about the size of a pack of cigarettes.

Switching frequency is about 165 kHz. I tested for
RFI by holding the charger (lnder load) near the loop
antema of a broadcast receiver. The charger could be
heard on the AMband at distances of < two feet [61cmJ.

Howdoes it perform? Myl.f1itis set up to operate as
either a 2-cell or 3-cell charger. Current limits at 1.1
amp. With a 12V input, efficiency while in current limit
is 85X at 2-cell voltage and 86% at 3-cell voltage.
Partial-load efficiencies are slightly better but this is
not particularly relevant, as most of the total charging
will occur while in current limit. The mean ratio of
output to input current over a complete charge is 2.27
for 2-cell and 1.53 for 3-cell. For decreasing input
voltage, an output of ~1.0 amp at an output voltage ~4.60
(6.90) volts can be maintained down to an irpJt voltage
of 8_7 volts for 2-cell and 11_7 volts for 3-cell.

While this design is not temperature compensated,
performance should be adequate in the range of 150F(-10C)
to 800F(27C). Above 800F(27C) the specified voltages are
a little high and thus the residual charging current may

not fall low enough to trigger the fast/float transition.
Those who anticipate routinely charging at temperatures
>SOOF(27C) should set the float voltage at 4.50 (6.75)
which will lower the fast level by a similar amount. If
this is done, the lower temperature limit of good per.
formance will be arou-d 320F(OC). Those requi ring per-
formance over the widest possible temperature range
should temperature. compensate the charging voltage. This
is readily done by replacing a portion of R2 with a
negative-coefficient thermistor with appropriate value
end slope.

Those who would like more bells and whistles might
wish to include a 2-step charging level indicator. This
is readily done by using a LM339in place of the LM393.
The LM339is a quad comparator. By adding two additional
resistors to the R5/R6 divider network, the additional
two comparators could be used to drive LEOs indicating
charging current levels of, say, 0.25 and 0.75 amp.

For a MAX758datasheet:
Maxim Integrated Products
120 San Gabriel Dr.
Sl.f1nYVale, CA94086
(408) 737-7600
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H2 CATAlYSIS FOR SEALED STRCBES
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John Ganter NSS 22870

[Reprinted by author's permission from cavers' computer-
mailing list, 20 Jl.f1e 1991.]

There have been reports in the caving literature of
strobes and "Weatherproof" cameras exploding (Caves ~
Caving 44 & 45, reprinted in SPELEONICS 14, also report
in #15).

The culprit appears to be hydrogen (H2) which evolves
from alkaline and other "sealed" dry-cell batteries,
particularly when they are discharged rapidly. The hydro-
gen is apparently ignited by sparking at switches or the
high-voltage trigger circuit/electrode on the strobe.

Development work on high-powered and re-packaged
strobes for caving led to further examination of this
problem. I recalled that my PeliLite(tm) dive light has a
collar around the reflector containing two small cylin-
ders and the label, "Hydrogen absorber. Dry if wet."
Efforts to obtain information from PeliLite were unsuc-
cessful.

Inquiries were made to cavers by e-mail, with Frank
Reid and Duke MCMullenmaking suggestions for a chemical
or catalytic solution- It was determined that Mn02, while
used within dry cells, would not work under ambient
conditions.

Rane CUrl then suggested a 1%platinum catalyst on
alumina pellet substrate, in order to achieve what he
termed "H2-02 RecOllbination Catalysis."

A lengthy and expensive series of phone calls then
took place. Eventually, a chemist at a large firm spoke
on condition of anonymity. Platinum on alumina works in
this application, even at 1/2%.

Provided that sufficient 02 is present, all H2 will be
consumed and water produced. The chemist refused comment
on the number of pellets requi red.

(Bill Stone has since pointed out that Tekna(tm) dive
scooters have large platinum catalysts glued inside their
housings to absorb H2 from the vented lead-acid batter-
ies)

The NSS Safety & Techniques Committee has obtained a
quantity of the catalyst pellets. They will be used in a
ratio of two pellets per C-cell or rough equivalent, with
an adjacent desiccant pack to absorb the water produced.
The first application is in the "TU-83," are-packaged
(waterproof) Vivitar(tm) 283 strobe presently being field
tested.

The pellets are available free to any caver or diver
who wants to experiment with them in strobes, dive
lights, etc. We also have a large quantity of silica gel
desiccant which is useful for camera equipment, film
storage, electronics, etc.

See author's address on page 12.
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LED Intensity Viewing Angle Price Price
part# (cd Q)20mA) (degrees) per cd

HLMP-8100 0.7 24 $.65 $.93
HLMp.8102 2 7 .80 .40
HLMp.8103 3 7 1.00 .33
HLMp.8104 4 7 3.50 .87
HLMP-8150 15 4 12.20 .81

Spe1eonics IS
vol V no. 2 July 1992

MIllE 01 HIGH-BRIGHTNESS LEOS

Douglss Strait NSS 9707 *

Sceleonics 12 contained a brief article by Ji.
McConkey on transparent-substrate AlGaAs red light-
emitting diodes (LEDs). These are a significant advance
in intensity and efficiency over earlier LED technolo-
gies. I read this article with interest but found that
it lacked the information I regarded as most relevant,
i.e., the luminous efficiency of these LEDs.

What are the luminous efficiencies of these LEDs?
After reading this article I set out to answer this and
other questions about these LEDs. What follows is a
synopsis of what I learned from talking to various LED
manufacturers, reviewing countless product datasheets,
and test ing a nuri)er of saf11:lles from four di fferent manu-
facturers. I conclude with my opinion on possible uses
of these LEDs.

First, a primer on units associated with light is in
order; they are the source of much confusion. The total
light (flux) emitted by a source is typically measured in
lumens (lm) or Mean Spherical Candlepower (MSCP). 1 MSCP
= 12.57 lumens. Intensity of a source is a measure of
flux per unit solid angle and is measured in candelas
(cd). 1 candela = 1 lumen/steradian. Note that the
intensity of a source is independent of the distance from
the source to the observer. To grasp the relationship
between lumens and candelas, imagine a focusable flash-
light: Changing the focus from a broad beam to a narrow
beam does not change the light output (lumens) but does
increase the intensity (candelas) within the beam as the
same number of lumens are confined to less sol id angle.
Luminous efficiency is a measure of how much light (lum-
ens) is obtained per unit of power (watts). The appro-
priate dimensions for luminous efficiency are lumens/watt
or MSCP/watt. For reference, the following are the lum-
inous efficiencies in lm/watt of commonly.used incandes-
cent bulbs operated at their design voltages:

PR.2
PR-13
425
502

8.5
11.6
11.6
9.9

CAUTION: You may find the parameter Luminous Efficacy on
some LED datasheets. Even though it has the same dimen-
sions, lumens/watt, luminous efficacy is an entirely
different parameter.

A table from Jim's article listing five Hewlett'Packard
LEDs is reproduced here:

Jim concludes his article with the statement, "The 8103
offers the most light for the buck". Is the true? Not
according to the Hewlett-Packard product applications
engineer that I spoke with. The truth is that all of
these part numbers have (ignoring possible sample-to-
saf11:lle variations) approximately equal light output and
luminous efficiency! The intensity value is a peak value
that usually (but not necessarily) occurs along the cen-
tral axis of the LED package. The viewing angle is the
angle within which the intensity is greater than 1/2 the

peak intensity value. How much of the total light emit-
ted falls within the viewing angle? It is highly vari-
able. In the case of the HLMp.8100 (viewing angle = 240),
typically 19% of total emitted light falls within the
specified viewing angle. For the HLMP-8103 (viewing
angle = 70) it is 26%. These values will show consider-

able variation among samples of the same part nuri)er.
Transparent-substrate AlGaAs red LEDs are offered by a

number of manufacturers and are the most efficient tech-
nology currently available. What is the luminous effici'
ency? None of the datasheets I obtained answered this
question. Of several LED manufacturers [ contacted, I
was unable to find someone who could answer the question
authoritatively. I finally had success with Hewlett-
Packard after five or six different calls (to HP). Lum-
inous efficiency is approximately 8 lm/watt.

What about other colors? The most efficient yellow
and green technology is about 1 order of magnitude less
efficient and the most efficient blue technology is about
2 orders of magnitude less efficient. By 1993 new
AlinGaP technology will be commercially offered by
Hewlett-Packard in a 620nm reddish-orange and 590nm amber
with luminous efficiencies of 5 lm/watt. Hand-built
engineering samples of these are currently available for
$10 each.

A number of LED samples from various manufacturers
were obtained and tested. The following general observa-
tions were made.

1. Different models with similar viewing angles can have
radically different intensity-distribution patterns.

2. While most LEOs tested came in T-1 3/4 packages,
extremely narrow angle «70) LEOs have large packages,
T-4 typical.

3. Narrow-angle LEOs «150) tend to have less-uniform
intensity distribution patterns than wider-angle LEOs.

4. When used as a light source for caving, optimum view-
ing angle for handheld use is 20-350 and for helmet-
mounted is 15-250.

5. A subjective test of the "brightness" of equal "inten-
sities" of white incandescent light and red, yellow,
and green LED light was performed. My methodology
here may be suspect but this is what [did: For each
source I adjusted the intensity until [ could just
read black print on a white background at a fixed
distance (like an eye test). I then did comparisons
between the sources to assess subjective "brightness"
among the various sources. The white incandescent
light seemed "brightest" of the lot, the green and
yellow less so but about equivalent to each other, and
the red was least "bright" of all. ['m not sure what
conclusions can be drawn from this observation.

6. LED datasheets all specify both a typical and maximum
forward voltage at a specified current. [ found no
samples with forward voltage drops that varied signif-
icantly from the "typical" values. This observation
is relevant to selecting power sources and ballasting

*
17 Pinehurst Dr.
Caswell Beach, NC 28465
(919) 278-9246

6


