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A MULTPUEIUSE, WI WIW NSWTM
 

A voreatu ea.widlife owitor has been dev)oped~ by coiW5aan 
a YW4imaezz radio-frus=7m trs!4tter with amdigital. 

4•.. 
i$tsrcts ciits, The dsignpmmide a basic puUkqj 

batteries. potting, antena, mid anattacuumt device results In 
A piackas veighin SO-35 -. depending o operating tine. 

D i 8 am availal for a. number of wildlife telemtry t t 

that serw a 1ocat beacons by sendi either cotinmm or pulsed d o 
frequncy Wr) xignai. A few of these transmitters sad ditied s nl 
that telimmtoer such aditioinal infornmtian as the instrl ted ai Os 

by temperatur w activity pattanw. bu non t our knwldg r"Aur 
more tha cue of these additional parameters; or can be readily mmnveitod 
for other type of operation. 

The cominrciai availaility of lw-voltage. Integrated circuits has 
recently -- WW it possibl, to design a versatile wildlife tramtter. By 
the ircl-z choice of conpoets; and aprgiate shorting wires; an aprinted
circuit board, the imultiple-use truansmitter decribed here cnte]mter 
location, 

rimbint
results 
transwiting 

tesperatoe 

of these.
ipcae 

lie m 


activity, or mortality data, as woin as am
 

In its aost cmplex configuration, the assemled

rangi f +50ot9ad 35sa;. ora i,+tmwit a, 

+
t 90}+ 350+++ tj a" +'cO a+' '"+das to .+ LS for;+ ++ unit+ r++: 

designed to operate for 2 years an a coyote (Cmnii latrams). 

This research was conducted in part with fuas[rwvidod to tim. U.S. Bureau 
of Sport Fisheries, and W1idlife by the U.S;. Agency for International 
Devlpmuniunder the project Ctrol of Vertebrate Pests: ,pats D-ate. 
and noxiu Birds,*PASA RAt(ID) 1-67. 
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- (I Ths logic witdcYI crcuto a ben the remet1ss.,bleof 
&VsUjsk~ty,of suitable Integrated crcuits (IC's) do p.4e byH.

I!
 
* .. s y voltage,of to 15 voltsOperat... 3 
ove a Pinor rsegeo -490'to*oC euetoIe" csec 
COMInStn of foo dual-imput '-- gates. 

Thefolowing iUn of the Ingio switcbimg circuits will proceed 
fro imlet arri"mgmst to the oor* cwricated (thete 

cir ple wtrtr fg.3 me all. four NOR gates of one integrated 

cicit(C-) Gts 2an £3 aonastale ascllator with a square 
wav ouputdriingLawthenowtable circuit fmdby gates A! and £4(o ad 2Wlsy 1971, FX Corporaiticin 1971). lb. 'uof Al turns anTM jP 

the f'tan~dtardiretlythrugh isolation diode 02. Ibm8, the rate of 
Pulse tramm ii Jsdet~red by coeponsta 33 and C3 and the duration 
of an i'ividul pulse by RS ad CS. Ou polsid generators are noxnally
designed for a pulse width of-35 t s uiilisecupds daplerate of 30 to 

I" plsepe RdVariati nL pulse rate are used to identify
dift ranmitersoperating at the Sa frequency. 
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90CMIUM COS3W logic gates witch at a thresbold Input voltagea aot 
hal! the sqpply voltage, the palse generator can Operate almost 

imipemaly Of sqiply voltage variations Qmvestiamal transistor 
imltivibrator circuits used in soo wildlife transWttars lack this 
stability and are also nore difficult to cosutt. 

Tom -mumededq 

Ths Pulse generator is normally desigd for t ratre stability but 
can be eailY Coverted to a tdRature sensor by se tituti..g a 
theritor for resistor 3. RS, or both. bs pulse rate or pals vidth can 
tbhee calibrated directly against twperature for rowte mnitoring. 

A norMal Pulsing transtter cam be conwerted into a mti on-sensitive 
Activity MOitor bY aiding the&circuit of figure 4 to the basic pulse 
generator. Each time the aninals moemnt closes the mercury switch, the 
circuit: gemerates wi extra triggerin pulse into the yxwetable oscillator. 
7hus, the trasinttar sends a base pulse rate plus extra pulses directly
correlated vith the aninals moumt. 

7he activity circuit in figure 4 operates. full-time, but half-time 
u'mitoring is possibia through a slight rodification of the pulse 
gonerator. Short-circulinig R4 and C4 clanps the mnostabi. input in tke 
"i"1-oltae state so that the square Wve Output of the astabe oscillator 
disables the activity pulsing circuit aout 50 percent of the tine. we 
hMve foqMd the half-time onitor an efficient mom of lisriting our battery 
current drain wdil still conveying enough notion data for nost purposes. 

TiSure 4- Diagram of activity-nonitoring circuit. 



C&.kt i 

Hortlit by~epsngwa bemoulore ethe cesatin fm o 

a rpi Wmtoo-aetn rnmitri airt 

Th tLony-dabectmiorta cessatn ~secordby semsag sitmer afg.s & 

Integratad circuit (IC-B) in conunction with the pulse gsnrator. lbs
Output Of gate 133, a pulse wveforn similar to that of gets Al, charges
iadtor CS. Gates 54 and a1 form a nomstable Oscillator triggeig E 
inpiut Pulses genrated bY the PWrcuzY switch and dischaging capacitor CS 
IthrOuffi 07 and 311. ?bus, the capacitor chargliv, gate 33 continuouly acts 
in OPPoeition to the 'discharging "nOtle Oscillator. if the animal 
sbs ningA ad the mercury mitch n longer f~vtiom, capacitor CS
charges -110 - to trigger gate 52. TisL cl amps the output of gate Al in
the,hi'~a-voltage state, and the rf transmission bemoes continuu. Thme,this uon-detecting mrtality transmitter ca be used as a normal or 
aCtivitY-Nmitoring transmitter while the animal is alive and indicates its
death br ch ang to a contduomu signal. The interval betmem cesation
Of LNOwnSnt and the Start of a cotinuou Signal can be Set by R, CS, and
the tndbr of curret pulses fro gate 83. We haves md with coyotes that 
a delay of 2 to 4 hors eliminates mot false indicat-ins 

In the tume~riture&-detacting mrtality transwi.tter, a therimistor semmens 
the Postmu drop in the animal's bodY temprature. 0D3, R4, and C4 in 
the pulse generator are replaced with a single resistor, a anegative­
coefficient tharmistor is added from P3 to ground. - 'be thermistor an 
resistor are selected to bias the 100ontable oscillator off when the body 

C6~~t MecryB 

RSswtch3P 

44 

-DiagranFigure 5 of otion-detecting mortality circuit. 

6 



------- - ----

;ft ~ ~ ~ ~ rnate~ ~ ~ weeakdt ~ uansln ni~ olpa ~ ~ ~~~..htwul 


Dhe~e circui i se in thm edtctah as meumeag ot 

risre ae to d-evl a tra nutterw tht2l -tieterewaU at*l 
e2itr t s nd ruevdedseoriase dode~ Del ausn tedonot hem bcilato 

in thiuse deeut as puligtssi erTuredror tacty ,norma ar o. 

ttranuittex cant thdeae thistcirtufrnetbye rasup thraout th 

#momths at an average curet drain of less than 5 niczaameres. 

B* rWP3 
RD EW 5 T 

Figure 6 -Diagram of trature-detecting mortality circuit 
with delayed turn-on. 

PiMW dirma board 

The layout of the printed circuit (PC) board is shown in figure 7. tn 
this case, both sides of the PC board are ethd to sialtanously provide 
the circuit and indicate the lacmnnt of conents. we sacrificed 
soldiering ease to satisfy the small size restrictions normally imposed on 
wildlife transmitters. 

if only a pulsing or activity-sonitoring transmaitter is required, the 
Pc board can be cut at 2.7 a' and the par-t containing the IC-B circuit not 
used. Additional soldering pads are etched on the PC board so that the two 
halve can be rejoined with wires for other configurations. 

'"7~vL 



Lasded Board 

I/ PwaM , Circuit mrd wyout 

Figure 7 - Printed circu-xt board lar-fzt. 
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Wj~integrated circuits have greatly facilitated and
standardie our trsitter production. Eves for specialized trasmitters 
forj gh- -Prited __ crcui bithoardscapuaot• be se - ..fr bette 

stabi-t n'ons;!t :ifatir i . better-"i 

stshlitand o~ abrcation than individual comonents. 

It .of course, adumtageou to operate the logic switching circuits 
at highb lupedence _levels to lUmit their curret consumption to a fewi 
micompre. me, have espernntiay operated the pulse generator at 
lupedmm levels of 50 ievsig and enoutered n deleteriou 1 ratuqe
effects from -29P to *380 C, which is well within the maufacturers 
Specification for the plastic-encasulated IC's. Moast of the current 

jsution should be controlled lnp the rf transitter. The only
cicitmace We enmuntared in whicha the logic switching circuits required 

a *sipaifIcmntcurrent was iwhen the dc input voltage to a M~R gate equalled
abot half the XoPPlY voltage. Thbis intermediate witching codition ca 
result in a larxe current flow through the MR gate but caa nornally be 
avoided through proper biasing networks. 

7b& only mjor shorteming of the IC's is their voltage' requirement of 
at least 3 Volts, which mukkes; themn arginal for operation with tw 
marcuricoside calls (about 2.7 volts). ibm.enal toere 
selected We~ at 2.2 volts, but with a not-iceable loss. in temeratmre 

-' 

stiaillity. Therefore, we powr most of our transnitters with three
Icurc-ouide batteries (4.2 volts), wh~ich provides the added a41vantage of 

increasing the radiated powr.ii ' i L + C--~:% 

3miated Output powr fitc. typical transmitters is I to 2 milliwatt. 
* with an 11-inch atenna and a 4.2-volt. supply. Transposing this output 

powr ysz ntinto a menaningful transmission ran"e is difficult because 
of the numer of receiving parameters involved, but a figure of 3 iles is 

reaonalewith hanibold equipument. Reports by' our field biologists
indicate that transmission ranges of over 10 miles ar emon when the 
receiving anena ise on a pxominent hill. We 'have been able to correlate 
our radiated output powe measurements and transmission dietance with 
theoretical 
and t ,his is 

calci~4ation for transmission 
helpful for predicting a usable 

loss (Jasik L%61:33-1 
transmtission range 

to 33-6), 
with any 

lr tranmitter. 

7Me funactions described here for the uwltiple-use wildlife transmitter 
are only a few of nmqn thenoretically osible With the PC board and tbo 
XISe. For exmlet, it should be possible to modify the circut to 
telemeter physiological or behavioral data ad still retain comination 
functions such as delayed turn-on. Oe believe 
tranitter designs using IC-'s will greatly extend 

"wildlife biologists mouitoring wild anirals. 

that the versatility~ of 
the oiptious open to 
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