Software of single chip microprocessors with low Our standard TR-2 Receiver is
! power and low voltage specificationssupplied with a self-contained power

Software became available. Our original designpack. The pack can be recharged using an
! were very successful and proved whaRP-2 wall current charger, a 12 VDC

| wonderful things could be done with apower source such as the RP-4, or the cig-
EveryWhere' microprocessor and a “little” software.  arette lighter of your automobile. In addi-
Just A Small Matter Of User requirements are frequenthtion, special power supply options are
Programming a step ahead of what can be accomplishedtailable which many researchers have

with the technology of the day. As techfound useful.
Telonics began to use embedded?0logy continues to evolve, we are able to The TR-2-A (External Power

controller software (code for small micro-MaTy the latest technological innovationd/odification) is a popular alternative. The
processors) nearly eight years ago, and'q those user applications awaiting soluReceiver is modified for use with any
became personally involved as an outsidiPns. Hence, we are constantly producingxternal 12-28 VDC negative ground
contractor about six years ago. new systems to meet more and more uspower source, and a battery access cover
In the beginning, the work load needs. For example, we are currently ships installed at the laboratory. When the
was very light — just an occasional smalPind fourth and fifth generation satelliteexternal 12-28V source is removed, the
project. But within about three years, waransmitters, each p_erformm_g moraunit runs on replaceable internal alkaline
all realized there was more work to b&ophisticated user-required functions thaAA cells. The Receiver can also be used
done than one individual could possiblyV@S previously possible. We have writtenwith an external power source when used
handle on a part time basis. In retrospe@PZ?ns of different programs for each geras part of a data acquisition site. In this
(although it appears funny now), ouEration of transmitter and we continue tease, the “extemal power modlf!catlon”
biggest fear was that there wouldn't pdine tune them to meet specific applicatiomutomatically disconnects the internal
enough programming to keep a softwarkequirements. And, by the way, many oélkaline batteries and allows the unit to
engineer busy. Nevertheless, since thefBese programs are not so “little” any-operate for extended periods of time. The
were jobs on hand that couldn’t be comMOre. _ . _ TR-2A also allows the user to plug into
pleted within the required customer sched- As it turns out, satellite transmit-the electrical systems of most aircraft.
ules, we decided that | would have to staf€rs were just the tip of the iceberg. Therelowever, it is important to note in this
working on a full time basis. are antenna rotator controllers, satelliteption that re_chargeable (Nickel-
During the first couple of weeks Uplink receivers, and many other product€admium) batteries cannot be recharged
after coming on board, | did have a Iittlea|m,°5_t too numerous to reca_ll. The vasmhne in the TR-2 since no charging cir-
spare time. But after those first few weekdn@jority of new products which we arecuit exists. . .
that status changed to being permanent Irrently designing contain one or more ~ Another option available for the
swamped. In fact, there are now three fulftiCroprocessors. Our intelligent beacoffR-2 is the RP-1-B “hatchback” battery
time device programmers on staff, Supt_ransmltters will soon be con_trolled bypack_. This modlflcat_lon _allows the
ported by at least two part time contractor&iCrOProcessors and there will be manfReceiver to be used with either conven-
from the outside — and there are stjlfifferent versions, each requiring specificional alkaline or Ni-Cad cells. Alkaline
more projects than we can handle in theoftware development for specific cusbatteries are convenient in remote areas
time frame we would like! tomer needs. where an external power source is not
So what is it that's changed over It is. clear that the microproces—rgadily available for recharging. However,
the past six years? There was a time whé&Q'S which invaded your desktop severalince a standard 12 VDC charging circuit
none of our products had microprocessodears ago have m_0\_/ed in to control everys in place_to support the charging of Ni-
installed to control standard functionsthing from transmitting subsystems to th&€ad batteries, users must be careful not to
Microprocessors were too large ang:ewest and most advanced rece!vers. Vm:cidenta!ly recharge the alkaline cells.
required too high a voltage with too mucH'ave mgde a very serious commitment to Slnce_battery leakage can dam—
current. Since our products needed to gieveloping these sophisticated systems &me the Receiver (or any other electronic
extremely small and have a long Opera{_n_eet a wide array of needsdevice), both modifications allow for the
tional life, standard integrated circuitsMicroprocessors will continue to play aremoval of batteries when the Receiver is
were used to implement every needefld partin this. Which, of course, impliesstored for extended periods of time.

logic function. Beacon transmitters werdhat the programming staff is going to be All options available with the
built with a couple of flip-flops and one- V€Y busy for quite some time to come.  TR-2 can be supplied at the time of initial
shots. Even our scanning receiver wa We all chuckle when we think purchase, or the Receiver can be sent to
built with simple counters, gates, ﬂip_t?“la_\t there was ever a concern about theoair laboratory for modlflt_:atlon at a later
flops and simple memory chips. being enough work to keep one prograndate. Susie Crow

We soon realized that to imple-Mer busy! Roger Degler Antennas, Collars And Sealants
ment ARGOS PTT's for wildlife applica- Helpful Hints
tions would require additional, and mordVlOre On The
complex control functions. Anytime . Throughout the years, we have
there’s a need for more control logic tanl R-2 Recelver been asked many questions concerning

can reasonably be built from simple logi . . our products and their deployment. Many
circuits, the solution readily dictates tthpeC'al Power Supply Options Areof the answers have application in a num-

use of a small microprocessorAVa”ab'e ber pf Felemgtry studies. One reason for
Fortunately, during that same time, a line publishing this newsletter is to provide a



way to answer questions for a lot of folkdransmitting antenna. Various material4980, we began an intensive effort to
at one time. and methods have been developed whiatevelop PTT's specifically designed for
Some of the questions includeallow collars to be marked without affecttracking wildlife. The incorporation of
“Can | use this RA-2A 150/152 Mhz cen-ing the antenna. They range from cellulahigh energy density battery packs, very
ter section with these 164 Mhz elementson-metallic reflective materials to paintlow current microprocessor-based con-
and still get good performance?” “Can lor other products which are glued and/atrollers and sophisticated RF design with
wrap my collar in foil tape so that | cansewn to the collar. In some cases, markéne capability of driving a completely un-
see it easily?” “Can | use some of thizollars are made with simple colorcontrolled antenna impedance were inte-
caulking material that | bought at theschemes. The code allows the animal to ligal components of the development
hardware store to seal my transmitters andentified as to a specific group or geoprocess.
receiving antenna connectors?” Th@raphic area. Vinyl tape is sometimes used Most of the early wildlife work
answers to these questions could be crifbut since it's not very durable, it shouldnvolving PTT’s was conducted on large
cal to the success of a program and amnly be used when it is necessary to markammals. Although mammals undertake
certainly worth careful consideration. the collars for a short time. In addition, thenigrations, they are often relatively short
adhesive can stick to the animal's fur irwhen compared to the migrations of some
ANTENNAS: The antenna sys-extremely warm environments, or the tapbirds. For this reason, it became important
tem is a critical component in the data linknay cut like a razor in extremely coldto consider the development of an avian
and it needs to be kept in good workingnvironments. Collar marking can be aBTT.
order. Before we ship your antennas, eaalaborate or as simple as required, and the We knew initially that the weight
one is tuned and optimized for the freeorrect choice of techniques and materialsf the PTT would limit the design to larger
guency range of the particular study irtan be critical. We are more than happy tbird species. As the size and weight of the
qguestion. Unfortunately, antennas orderedork with you to achieve optimum perfor-power sources could be reduced, the total

for different studies at different times, ormance from the entire system. unit size and weight could be reduced
by different agencies, can be confused accordingly to accommodate smaller
“back at the office.” The RA-2A antenna SEALANTS: Various sealants species. A primary concern in develop-

is particularly susceptible to “elementhave been used throughout the history @hent was that the electronics and power
inter-changing” because the elements aradio telemetry to seal transmitter packsupply, packaging, and antenna system be
so easy to install and remove. Elementsges, antenna connections and other elénterfaced with the bird in a way which
should only be interchanged among antertronic gear with varying degrees of sucwould minimize the impact of the equip-
nas of the same frequency range. In faatess. Many of the silicon sealants availment. The entire process of instrumenting
you should only use elements which arable at hardware stores contain acetic acidnimals, and the effect of that instrumen-
the same length as the original onestou’ll notice a definite “vinegar odor” tation on animals, has come under more
NOTE: Even within the same frequencywhen the container is opened and alsxritical review in recent years. The impact
bands, older center sections sometimekiring the curing process. While curingpf telemetry on behavior, physiology,
require elements of slightly differentthe acid comes out of the silicone, mixesnergy expenditures, and reproductive
length than newer center sections becausgth moisture, and attacks any exposedapabilities are all considerations in
of differences in tuning. copper, causing corrosion. In some caseassessing the performance of a PTT. In the
If an antenna has the wrong elethe copper can be completely “eatepast, it was often thought that weight was
ments, the performance is completelyaway.” With the advent of our fully her-the principal factor determining the degree
unpredictable. Both sensitivity and direcimetically sealed transmitters, the need faf impact on the bird. It has become clear
tionality can be affected. A great deal okilicones was virtually eliminated. Soover the past twenty-five years that many
time and effort is invested in a systentomponent corrosion is no longer a probadditional and sometimes subtle factors
before it is deployed. To pick a handful ofem. However, there are still times wherare also involved.
elements from a bucket, without checkinghe environment necessitates the use of In telemetry studies, the first
for proper frequency, can negate our consilicones. For example, silicone is someparameter required by scientists is often
bined efforts for success. Occasionally atimes used to seal antenna connectiohgcation. Once that is achieved, other
element will be broken or lost while thewhen they must be exposed to salt air. farameters become important. There-fore,
antenna is being used. The safest approaitte application requires a sealant, there aie our development, we have maintained a
is to order one or two spare elements witkilicones which do not contain acetic acidfully microprocessor-controlled PTT
your antenna. When replacing damageAds for the other silicones which do conwhich allows flexibility in duty cycling
elements, verify if possible that thetain it, the bathtub is still the best place foand data collection without compromising

replacement is the same length as the oritlheir use!  Gary Jones size or weight.

inal. Note that both front elements (left & Avian PTT'S Under current software regimes,
right) are of identical lengths. The two The Time Has Come duty cycling makes it possible to program
back elements should also match, and they the PTT to transmit during those intervals
are always longer than front elements. The ARGOS system wasofthe day when satellite passes are of the

designed to provide data recovery antighest frequency. Addtitionally, duty

COLLARS: It is often desirable location information for oceanographiccycling allows the PTT to be turned “on”

to mark collars to enhance visual sightand meteorological studies. The originabr “off” during periods when data collec-
ings. This has been done with a variety ®TT’s associated with these applicationson or location are not important. For
materials. Foil tape or reflective materialsvere large, and required sizable battergxample, some birds have a relatively
which contain metal flakes will detune thepacks and controlled antenna structures. brief migratory period. Collecting vast



amounts of information when they reaclbeen under test since Summer 1988. Th&S. Fish and Wildlife Service has several
the terminus of the migratory route maypackage measures 4.7 x 2.54 x 11.76 crtmock-up” PTT’s. They are currently
not be essential. However, an intense dasad utilizes 30 solar cells. The new, nabeing tested on eagles in captivity to
collection and location regime during theower packaging was better adapted texamine the suitablility of the package. A
period of migration is desirable.being positioned as a backpack betweesecond functional PTT has been undergo-
Appropriate duty cycles can be prothe wings of the bird, and lessened thimg extensive tests at the University of
grammed into the PTT prior to deploy-chances of impeding wing movement durfennessee’s Space Institute since October
ment, resulting in a period of maximuming flight. Additionally, the power level 1988. They expect to deploy the PTT
data collection and a period of relativevas reduced from 0.50 watts to 0.25 wattsometime this summer. A third PTT has
quiescence. This conserves the power sum minimize the impact on the power supundergone an extensive testing regime by
ply by restricting transmissions to periodply. The weight of the PTT (including Minnie Nagendran at North Dakota State
of time when they provide the most usefupackaging, electronics, battery and antemJniversity. On two separate occasions, the
information. na) was also reduced to less than 140 gnit has been deployed on two different
Both our first and second generaexcluding the harness. Sandhill Cranes. During the most recent
tion avian PTT designs monitor package A primary lithium battery config- deployment, the crane’s migration
temperature, and provide long term andration of the avian PTT has also beehetween Florida and Michigan was moni-
short term activity counters. The shortlesigned which weighs 140g. With itsored during late March and early April.
term activity counter provides informationspecialized pressure resistant housing, this Our current plans involve mov-
on activity levels monitored over thedesign has been utilized successfully img out of the experimental testing phase
course of a one-minute time frame. Théntarctica by Lloyd Davis in locating and into an operational program in Fall
long term activity counter data, which isfeeding penquins. 1989. Stan Tomkiewicz
acquired over a 24-hour period, can serve In comparing the solar panel con- Satellite PTT'S
as a mortality indicator. Alternative datafiguration to the primary lithium battery They Do More Than
collection formats can be established ancbnfiguration, two important facts become Just “Beep”
incorporated into the data stream. Angvident. While the solar power configura-
limitation is quite often a function of thetion offers the potential for achieving a ARGOS PTT's (Platform
sensors involved in collecting physiologi-much longer operational life, it is alsoTerminal Transmitters) differ from “con-
cal or environmental parameters, and sinmore subject to varying environmentalentional” VHF transmitters in many
ply the imagination of the biologist conditions. Performance can be limited byways. The transmission of a VHF unit is a
designing the experiment. the Ni-Cad battery under high pulse cursimple pulse which is typically 12-25 mil-
The first generation avian PTTrents, and by temperatures lower than 0°@iseconds in duration, and which is repeat-
was 6.35 x 2.54 x 10.16 cm and weigheth addition, if portions of the solar arrayed about once per second. (Both the pulse
175g. PTT's were deployed on a captiveecome occluded, the transmitter wilduration and repetition rate vary depend-
eagle in conjunction with the Wildlife cease to function after the Ni-Cad battering on specific requirements, but these
Wildland Institute, and on a gianthas been discharged. Function will notalues approximate those used in many
Canadian goose in conjunction withresume until such time as the solar panetdudies.) In contrast, PTT’'s have a very
Southern lllinois University. A third unit are capable of recharging the Ni-Cad batomplex transmission which lasts 360 to

went through extensive testing with thdery. 920 milliseconds and is repeated once
USFWS, although it was not deployed on Primary battery power suppliesevery 40 to 240 seconds. PTT’s also con-
an animal. suitable for use with avian PTT’s alsocsume and radiate much higher power, and

These first generation PTT’s forhave limitations. Lithium powered sys-the frequency stability and message struc-
birds were all solar powered, and utilizedems have been used extensively and hattge require more complex circuitry. This
a rechargeable Ni-Cad battery as an intebeen extremely reliable in powering VHFarticle focuses on the composition of the

mediary charge storage device. They hadtalemetry systems. PTT transmission and on its software con-
solar array composed of 4 x 8 cells, thus Much is known about trol.
providing a total of 32 cells in series. the various lithium battery technologies A PTT’s transmission can be

When arrays are composed of series-coand their performance characteristicsglivided into two major parts: the unmodu-
nected cells, they do have a major drawsnder pulsatile current regimes. Howevelated carrier and the phase-modulated seg-
back. If any single cell fails, or is totallythere are size restrictions associated witlnent containing a binary-encoded data
blocked from sunlight, the entire array’san avian package. Only the smaller cellstream. The transmission starts with 160
net output can plummet to virtually zerocan be utilized and they provide less cumilliseconds of unmodulated carrier fol-
As with all solar cell arrays, the amount ofent. Thus, the primary lithium cells uti-lowed by 48 bits (120 milliseconds),
current available for recharging the Nidized in avian applications are on the edgehich includes a preamble, format syn-
Cad cells was directly proportional to theof their current capability, and their totalchronization, initialization, specification
intensity of solar radiation and the orientaeapacity is limited as well. of amount of sensor data to follow, and an
tion of the solar panels relative to the inci- Three solar powered second gentD number. The ID number identifies a
dent solar radiation. The performance ofration PTT'’s are currently under test. Thepecific PTT, which is critical because all
the electronics was good; however, the NIJ.S. Fish and Wildlife Service in PTT's operate on exactly the same fre-
Cads were simply unable to provide thénchorage has been testing a PTT undeuency. The final 32-256 bits (80-640 mil-
required pulse current of 350 milliamperesarying conditions since September 1988iseconds) of the transmission consist of
for long periods of time. The unit has consistently operated with ancoded information provided by various
A second generation PTT hashigh degree of reliability. In addition, thesensors associated with the PTT. ARGOS



operational rules require a minimum of 32nerged, and the bouy’s motion or orientaponents (typically 10 or fewer in one-
bits of sensor information. Thereforetion is also available. PTT’s are also usesgtage transmitters and 12 in two-stage
either data is transmitted or the 32 bitso transmit between 32 and 256 bits ofransmitters) allow production of a pulse,

must be otherwise filled user-specified data by utilizing an asynthey provide very little control of the
chronous interface between the PTT andteansmission characteristics of that pulse.
host computer or remote sensors. To improve transmitter perfor-

(e.g. with zeros). The type of sensors It should be realized that theremance and dependability, additional com-

used and the data transmitted can hare limitations associated with data collecponents and circuitry must be utilized. At
defined by the researcher. Thus, a gretibn and transmission. Users should coriFelonics, we have designed our transmit-
deal of information in addition to locationsider that transmission of data stream®rs to maximize performance.
can be obtained via the PTT. In fact, folonger than the 32 bit ARGOS minimumMiniaturization is achieved by utilizing
some applications data transmission is tHacreases current drain on the battery sugmaller components and hybridization
primary, or only, objective. It should beply. In addition, data must often be accurather than by elimination of components.
noted that a “location” is not transmittedmulated and then math-ematically reducet@ihe result is a transmitter which has
by the PTT. Locations are mathematicallguch that it can be transmitted within thg@reater stability in the critical parameters
calculated by ARGOS or an Earth Statiomvailable data stream. This typicallyinvolving timing, such as pulse width and
(such as Telonics THRPT-1) based on akquires transmission of averages or catpulse period, and improved frequency sta-
least two transmissions as received by thgorized data rather than individual sambility in both the short term (during a
satellite during an overpass. ples. Data must also be collected withoytulse) and long term (days, weeks, and
Sensor monitoring and format ofdamaging the mechanical integrity of théonger). NOTE: In simpler circuits, these
transmitted data is controlled by softwar®TT package. For example, externaparameters often drift appreciably with
which has been developed in response prvobes or leads are generally inappropriathanges in power supply voltage, temper-
individual researcher’s particular requirefor deployment on wildlife. Easily dam- ature, and even component aging.
ments. Specific applica-tions software caaged sensors are also unsuitable, and all Of course, a transmitter isn't of
be programmed into any of our appropriapplications require adequate protectiomuch value in a snake (or anywhere else)
ately configured PTT’s. Because of thdrom moisture, shock, and other abuse. unless it's connected to a power supply.

diversity of software available, no attempt ...And all you wanted was a loca-For the vast majority of wildlife telemetry

is made in this writing to specify all thetion, right? applications involving larger transmitting

software currently available in our library.Bill Burger subsystems, the power supply of choice
We are happy to work with you to review has become lithium electrochemical sys-
existing hardware and software optionsC ollar A Snake tems. With very small subsystems, other
and to modify or develop applications battery systems are often preferable
software to meet your particular needsAll You Have To Do because of considerations which include
Even with existing applications software|g Ask packaging, pulse current capabilities, and
certain parameters must be specified by teminal cell voltage. While a full discus-

the user with each order. In the Spring 1989 newsletter,sion of battery technologies is beyond the

Boyd Hansen discussed the fact thatcope of this article, it should be noted
The kinds of data which can benybrid circuit technology has allowed forthat small cells tend to operate over a

transmitted via PTT's are diverse. For terg reduction in the size of transmitter eleduch more limited temperature range than
restrial animals, the most commonly usegtonics. Utilizing hybrid technology, we large cells, and they often limit the pulse
software includes temperature, a 60-segyrrently produce compensated transmigurrent which can be drawn by the trans-
ond activity count, and a long term activiting subsystems weighing as little as 4nitter. Our smallest transmitters, the CHP
ty count. Other software includes six, 4yrams, including power supply, packagseries, have been designed to provide con-
hour activity counters. For marine aniing, and antenna. sistent performance over the operable tem-
mals, commonly transmitted data includes In fact, the electronics portion of Perature range defined by the batteries
temperature, dive counts over various timghe transmitting subsystem can be mad@pproximately 4-21°C), and to optimize
periods, length of last dive, and averaggyen smaller by using simple circuits?erformance when utilizing such small
dive length. Other software includes scalmade of discrete components. The smalRower supplies.

ing of depth of dive, activity information est transmitters available are possible So what about the snake collar?
similar to that used for terrestrial animalspecause the printed circuit board has bedMell, actually, no one has ever asked us
or information regarding the amount ofgliminated, and the number of componet®' one. Transmitters are usually implant-
time spent out of water for species whiclkomprising the circuit has been limitedd in (or ingested by) snakes, and we're
commonly come ashore. PTT's deploye&ych simple “one-stage” and “two-stagePeginning to work with an increasing
on buoys for oceanographic research c&ircuits were some of the first circuits uti-number of people in this field. However, |
transmit data including temperature angzed for wildlife telemetry, and they arerecently spoke to a researcher who said
pressure at the surface and at variougi|| used for some applications wherdhat while he had received numerous rec-
depths. Information regarding the amounfery small size (i.e. less than 4 grams) {@Mmendations on our receiving equip-
of time a sensor on the buoy has been subssential. While the small number of comMment, he had not heard much about our



snake transmitters. That's because wevavailable and the subjects range fror®P 1000 ms
worked with a relatively small number of‘Antennas and Antenna Theory” to
“snake people,” and we are admittedly lit*“Avian Telemetry” and “Implant The current drawn by the trans-
tle known in this field. While we have Technology.” Just let us know what youmitter as it pulses is called “peak current”
provided transmitter configurations forare working on and we’ll be happy to sendip) and it accounts for the majority of
large snakes since the early 1980’s, wyou whatever we have available. current drawn from the battery supply.
were not developing transmitters for many We would also like to announceThe higher the transmitted power, the
of the smaller species until several yearthat beginning in Fall 1989, we hope tdigher the peak current. Quiescent current
ago. Of course, things are changing and &iclude one guest article per issue. Whiles negligible as compared to the average
the time of this writing, we have CHPthe Telonics Quarterly is a small publicacurrent, and may be disregarded for practi-
transmitters in production for Blacktion, it's distributed to a wide audiencecal purposes.
Snakes, Garter Snakes, Cat-Eye Snakesd can serve as a practical forum for the When you know the duty cycle
Coachwhips, and Sidewinders. sharing of information. We encourageand peak current of a transmitter, the aver-
We have been producing CHPanyone who is interested to submit an artage current (lavg) can be determined. For
transmitters for several years now and thele on field technigues, methods and expexample, when peak current (Ip) = 17 mil-
diversity of uses continues to expand. Faiences. In general, our articles are eithéramperes (mA) and duty cycle (DC) =
example, the transmitters have been usede, two or three columns, and there ai®@ 015, we can calculate the following
in snakes with three different power supapproximately 350 words per columnaverage current:
plies and package sizes. Many of th@lease don't hesitate to call if you would lavg = (DC )(Ip) = (0.015 )(17mA) =
transmitters have also utilized a temperdike more information. We look forward to 0.255 mA
ture sensing option. In various configurahearing from you.

tions and utilizing various power supplies, If the battery capacity (BC) is
the CHP’s have also been used on lizards, . known to be 500 milliampere hour (mAh),
turtles, tortoises, ground squirrels, red /HF Transmitters the operational life can be estimated by
squirrels, chinchillas, domestic cows (yes, } ) dividing battery capacity by average cur-
it's true, and size was a limiting factor),SO How Long Is This Thing rent (lavg) = 0.255 mA. This calculation
owls, pheasants, falcons, and various oth€oing To Run provides the number of transmission
species. The units have been deployed as hours, or operational life (OL) of the
implants, backpacks, legmounts, and on Most VHE transmitters used fortransmitter, with a given battery.
collars — but not yet as collars on snakesjildlife tracking purposes are operated in
Bill Burger the pulse mode to conserve battery power,OL = BC = 500 mAh =1961 hrs. =
) The pulse width, or pulse duration, is sim81 days lavg 0.255 mAh
The EdltOI”S DeSk ply the time between the start and end @4 hrs.
. the transmission. During this “on time,” a o
Some Addtional Notes VHF transmitter sends an RF signal, and It is important to note that the
And An Invitation consumes significant power from the batcalculations are only as accurate as the

tery_ To keep the power Consumptior‘ﬁtabi“ty of the transmitter’s power an'
It doesn’t seem possible, but thedown, the pulse duration is kept to a minisumption, pulse width and pulse period.
Telonics Quarterly is concluding its firstmum and 15-25 milliseconds [ms] is typi-The actual battery capacity varies depen-
year of publication with this summercal for many applications. Pulse period i§lent on current drain and operating tem-
issue. We'd like to take this opportunitythe time from the start of one pulse to theerature. Joe Lessard
to thank all of you who have expressedtart of the next.
your enjoyment of the newsletter. Quite While the operating life of the
honestly, we didn’t know what we weretransmitter’s battery and pulse period are
getting into, and we wish all of you coulddirectly proportional, operating life and
sit in on one of our “story” conferences!pulse width are inversely proportional.
Since our industry is as diverse as it i8Vhen you know the pulse width (PW) and
dynamic, we sometimes have a hard timgulse period (PP), a duty cycle (DC) can
deciding what to cover in each issue. Whbe calculated. This is the amount of time a
encourage you to write or call us at (602ransmitter is “on” versus the pulse period.
892-4444 with any specific questions yoWe calculate duty cycle in order to deter-
would like answered, or with suggestionsnine how long a transmitter will operate
on topics and issues you would likewith a given battery. When the pulse
addressed. width (PW) = 15 ms and pulse period (PP)
For those of you who need more= 1000 ms, we can calculate the following
complete technical information on a parduty cycle:
ticular subject, please don't hesitate to call
or write. A number of technical papers are DC = PW =15 ms = 0.015 or 1.5%
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