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S"uR MUCT SOURCES FOR ulIOTELMMIY TRANSMTTYS. 

Although position-locating and physiological-data transittors that 

welgh only about 1 	 are now readily available for telemetry studies 

with animals, simple primary batteries capable of powering such 

more than 10 S. The capacity and
for even 6 mnaths weight-smsmitters 

welght of the energy source therefore limit both the duration of the 

of the animal that can be monitored. To citrcuvent 
study and the sie 

to desigp their long-term
these li'dtatons, biologists have been forced 

allow for regular replacement of smal, low-capacity
experimnts to 

as well asthat ts costly in time and money
batteris, a procedure 

disruptive to the animals' behavior. 

veosepsinS these limitations of "fixed" capacity energy sources, 

converters. Alt6mh 
emky biologists have experimented with solar energy 

them Into satellite
reliable and adaptable (MASA has Incorporatedthese are 


found them unsuccessful as
 
hatdAne for yeats), biologists have generally 

aPossibly the major difficulty has been sources.bloteemietry power 


systems design approach. to the hope

falule to reopius the need for a 


guidelines for the design of rechargeable solar cell
 
of previding som 

possible components, general design
system, this paper 	discusses veriou 

gives the results of som experiments with solar sell 
sesideraties, and 

eiits in the laboratory. 

*This research was 	conducted in part with 
funds provided to the Bureau of
 

Sport Fisheries and Wildlife by the Agency 
for International Development
 

Rats, Bats, and Noxious
 
under the project "Control of Vertebrate Pests: 


Birds," PASA RA(ID) 	1-67.
 



COMMENTS OF SOLAR CELL SYSTEM 

The general form of a solar cell circuit is chomn in Figure 1. 

Its operation is simple. The solar energy converter (panel of one or 

moe solar cells) supplies an electrical charge, through an Isolation 

"gats," to the charge storage device (battery), vhich then delivers 

the stored charge to the electrical load such as .atransmitter. Each 

of these components takes various form; the choice depends on the 

charaterLatics desired for the @ysteu. 

Solar Call 

The solar energy converter Is a photovoltaic call, usually of 

silicon or selenium, that trnsforms light energy into electrical energy. 

The potential poamr from bright sunlight at sea level is about 100 illivatts
 

(w) per square centimeter, or 10,000 footcandles of Illuination. Silicon 

ells normally convert 5-10 percent of this power into electrical energy: 

sele"Iu cells convert about 0.5 percent. The voltage of illuminat.d calls 

ts appretsuately constant (usually about 0.4 volt for silicon, 0.25 volt 

for selenlin), but the current (amperage) varies almost linearly with 

the cell* surface area and the immt of illuminstion. In bright sunlight, 

a silicon cell will provide about 12-25 uilliamperes (a), and a selenium 

cell about 1-2.3 um, per square centimeter of surface. 

Whe the output of one solar call Is Insufficient, several may be 

Joined to form a solar panel. When the colls are joined in theseries, 

Lndividusl call output voltage Is ultiplied by the number of cealls to live 

the array's output voltage, but currat is not increased. When the cells 
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an Joined In parallel, the situation is reversed (the solar array's output 

current is multiplied by the number of cells but the voltage is not 

The isolation gate can be my component 

Increased). The panel's total power output (vattage) is, of course, 

the product of its terminal voltage and output current. 

Isolation Gate 

that allows energy to flow 

from the solar panel to 	the battery and ptevents the battery froU 

Lnto the solar panel durIng "dark" periods.dissipating energy back 

The simplest gating component Is a semiconductor diode. When light 

is shiming on the solar panel, so that its output voltage exceeds the 

avoltage of the battexy, 	 the diode becomes forvard-biesed and presents 

lm-ipedance current path. When the output voltage of the solar panel 

deareases, the diode become reverse-blased and presents a high resistance 

that blocks enargy reversal. The disadvantage of this device is the 

for forward biasing (about 0.35 voltsrelatively large voltage required 

0.65 velts for silicon 	diodes). Therefore, atfor geaniu, diodes, 

In the panel just to operate theleut one silcos solar call is needed 

diode. 

A soud gating system is a switchlng transistor circuit. Like the 

diode, the trnsistor is biased to present low impedance during 

Illumination ad high Impedanee during darkness, but the biasing requires 

nly about 0.1 volt. The disadvantages of a transistor gate are the 

added semplexIty of a three-terunal davies and the Loss of potentially 

milable charging curren that the trmietor dissipat"es In the base

eiatter jmsetion. 



A third possible gating method is an electrical relay. This would 

have to be designed specificailly for the power levels available from a 

solar panel but would provide very positive gating. There would be a 

ainim voltage drop across the relay contacts because the contact 

resistance can be made less than 0.1 ohms. The disadvantages of this 

concept are that present ultra-sensitive relayn require 10-25 i to operate 

and there is an inherent hysteresis associated with their actuation and 

release. Nevertheless. for solar panels with high power capacity, the 

positive action of relay switching has definite advantages. 

Charle Storage Device 

A great variety of charge storage devices is available to the circuit 

designer. Rechargeable electrochemical sources (batteries) capable of 

operating over a vide range of environmntal conditions are off-the-shelf 

item. Theoretically, large storage capacitors could also be used instead 

of batteries in som biotelmtric applications requiring extrsemly small 

curret flow ad time limited opera ion. Volumes of data are available 

from mesfacturars detalling design parameters and environmental 

lwimtatios of rechargeable batteries, but a fw design pitfalls often 

glossed over in this literature ae worth passing along. 

First, one should be aware of the difference Setween primary aad 

secodary batteries.. In a secondary (rechargeable) ca1l, the electrochemal 

proess is reversible; in a primary cell it is more or less Irroversible, 

Althovgh sme primary cells ea perform a limited recharge--as the 

literaure of battery recharling units often implies--this Is not a 
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as a function of temperature, since electrochemical processes are 

drastically sloved at low temperatures. If the battery is to power a 

ratio of peak load current to average load currentpulsating load, the 

supply a peak load 
to also critical; most batteries will not reliably 

their rated maxtAnu continuous current.current several times 

exposed to moisture should be protected byAny battery that is to be 

corroeon between the terminals. nom type of hermetic seal to prevent 

Several types of compounds may be used as sealats. but care must be taken. 

Some, Including several epoxy compounds, are good conductors while they 

completely discharge a battery, conceivablyare still liquid and can 

even ahorting it to destruction. 

LABORATORY TESTS OF A BIOTILEHETIC SOLAR CELL SrSTK'4 

Center, weIn blotelemetry research at the Denver Wildlife Research 

a solar cell system that will indefinitelyhave been attempctinc to develop 

power a 30-megahertz (MHs) radio frequency (rf), ponition-locattug 

matransmitter that weighs about 1.4 g and requires 1.0-1.4 volts and 0.3 

to operate. Becaswe the transmitter is intended for use on wild birds and 

the entire package, Includingsuall mmls weighing less than 75 g, 


go end the
antepna and attachment device, cannot weigh more than about 5 
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solar cell system is therefore restricted to about 1.5 g. In designing 

such a system, the choice of general component types wag dictated by 

these liitations, but several different components within each type 

were tested in the laboratory to determine their operatlug characteristics. 

Components 

Solar Ce1I.-- ilicon cells vere chosen because of their greater 

efficiency. Of five manufacturers contacted, two suggested almost identical 

silicon solar cell panels, and one of these (Centralah Semiconductor 

Division, Zl Monte, California-- ) responded vith semnie couponents of two 

comercially available sizes--type 55 C (0.2 x 0.0 inch, n.7 g) and type 51 

C (0.4 x 0.9 inch, 1.5 a). Tusts shoved that both types had an open circuit 

voltage of 2.5 volts; at an illumination of 100 m/em 2 , the short-circuit 

curreut of the 55 C was 6 ma, and of the 51 , 12.5 ma. These characteristics 

were Judged u satisfactory, so the Centralab cells were accepted as 

components. 

diode (1N64, General ElectricI)germanium solid-stateIsolation Gate.--A 

wm. selected as a gate because of its simplicity and small size. Tests 

shomed that this component needed 0.35 volt for forward blasing, nd so 

required the one extra silicon cell in the solar panel. (In hreadboardiug 

a system, It is advisable to measure this diode voltage requirement before 

inserting the component into the circuit.) 

- Reference to trade names does not Imply endorsement of commercial 

products by the Federal Government. 

6 



Battry.-The only economically available rechargeable source that 

vould meet our size and weight requirements was a sealed nickel-cadmium 

(NiCd) button cell. Four sizes were ordered for testing from Gulton 

Industries, Inc., Metuchen, New Jersey; Union Carbide Corp., Chicago, 

Illinois; and Gould National Batteries, Inc., St. Paul, Minnesota. 

Table 1 lists the characteristics of the four sizes. The lO0-mllimpere

hour (mah) cells wore too heavy to seat our veiht restrictions and were 

not tested further. The 30-mah calls were naintained in the testing 

program to provide data at higher charging currents than could be obtained
 

vith the lover capacity cells. 

Table 1. Size and capacity of four types of 
nickel-cadmium button cells. 

Rated Volume Capacity per 
Battery capacity Weight (cubic unit veight 

type (lh) (gram) inch) (wah/grau) 

VI-20 20 1.1 0.03 17.7
 

2-50 50 3.4 0.06 14.7
 

VO.080 80 6,5 0.13 12.2
 

5-100 100 9.1 0.15 11.0
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To determine how well these UiCd cells net specifications, a votal 

of 20 cells from all three manufacturers were charged to full capacity 

and then discharxed into iiknovn electrical load of 0.3-0.5 ma. 

Battery discharge was arbitrarily dofind as the point at which the 

terminal voltage dropped below 1.00 volt. Nine cells (three of each 

Osie) were tested at 70"' and 11 (four B-20's and seven B-50'e) were 

tested at OF. 

Variation in battery performance wa not apparently related to 

either site or manufacturer. The nine cells tested at 70"F delivered 

90-125 percent of their rated storage capacity, averaging 115 percent. 

The yonle va much greater at O'?. The manufactuters' data indicated 

that ,,Cd cells at -3oF should operate at 60 percent of their rated 

capacity (at a 10-hour discharge current load), but our teut data at 

0"7 did not smi.port this. Six of the 11 cells tested at OF (two 3-20's 

and nix B-50's) operated at only 18-40 percent of their rated capacity 

at 70*7, and the total range for all 11 was 18-135 percent. Thus, for any 

low-temperature application, the researcher should measure the tharacteristice 

of his particular type of NiCd cell by operating it with a simulated 

electrical load over the temperature extremes. However, It is of Interest 

that three of the apparently discharged 20-mah cells tested at 0F were 

capable, when returned to a 70F7 environment, of restoring themselves to 

a norml terminal voltage under a full eletrical load and then powering 

the load for 1-3 additional days. 
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Solar Call CharL CircuitTests of NiCd Cells Opertng in a 

two test fixtures were constructedWith the test coMonents selected, 

of NiCd button calls cycled repeatedly throughto measure the efficiency 

daily solar cell charge in the laboratory.a 

six solar charging circuitsMethods.--Each test fixture contained 

five 51 C solar cells wired in series, a germanium diode,
each made from 

NiCd cell (B-20, B-50, or VO.080). Each circuit was set up with
and one 

a different load current, charge current, and ratio between the two 

Figure 2 shows the general schematic of
(charge replacement ratio). 

the amount of daily discharge is regulated by the
these circuits, where 

current is regulated by
load resistance, RL, and the amount of charge 

and the amount of light striking the
beth the limiting resistor, RC. 

solar panel.
 

turned on a 150-watt
Each test chamber contained a timer that 

for 6 hours a day. The illumination from this
reflector-type flood lamp 

measured as 4000 footcandles,
lamp at the surface of the solar panels was 

or about 40 percent of brisht sunlight. One chamber was equipped with a 

that slowly turned the lamp on over an hour's time,
varlet transformer 

solar cell would rQceive outdoors.the variable illumination aaimlatln 

In. the second charber, a disk with two epertures rotated between the 

ad the solar cells at about 405 revolutions per hour. The sin of
lamp 

that the cells were illuminated 50 percent of the
the aperture was set so 

iarge cycle of 3 hours. The constant electrical load
time. for a daily 
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chosen for each circuit drained the battery only those hours when 

the solar panel vas not illuminated. During charging periods, the solar 

cell provided the power to the load resistor. For each of the 12 circuits, 

the load ahd no-load terminal voltage of the battery was recorded daily 

just before the light was turned on, and the solar cell charging current
 

and terminal voltage were recorded daily about 2 hours later. 

Reaults.-The two test chambers began continuous operation in October 

1969. some circuits were altered in order to measure significant 

paremters, but seven of the original 12 circuits wore still operating 

at the time of this writing. The test results as of october 1970, are 

shown inTable 2. 

The relatianship between the various energy reqtirvnents of a
 

rechargeable system can be stated mathematically as I C TC - F IL TL, 

where IC - average charge current, TC - average hours of charging time 

per day, Z - charge replacement ratio, IL - average load current, and 

TL m avmraes hours of battery load time per day (for this test TL a 24-

T C). ngure 3 graphically illustrates this idealized energy-bAlance 

equation when the charge replacement ratio is the 140 percent recomended 

by the battery mnufacturers for stable operation of NICd cells--in other 

words, vhe the charging circuit supplies the battery 1.4 times the energy 

used by the electrical load. 

The two major variables in the energy-balance equation that affect 

Uvit-trm battery operation are the amount of charge current and the charge 

replacement ratio. The manufacture% recommended a charge current equal 
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to the 10-hour discharge rate for the :IICd button cells; some cells in 

these tests vere charged at more than 150 percent of this figure. 

Thae highly charged cells showed some deleterious of fecti from the 

Tie major effect indicatedoverload, but none catastrophically failed. 

was a gradual detrease in the battery voltage. oddly enough, the only 

cell to exhibit a failure was operating under a slight (30 percent) 

charging cuttent overload md a nominally recormended 138 percent charge 

replacement ratio. This failure did not occur until the battery had 

completed 40 charge-discharge cycles. However, NiCd cells are normally 

expected to deliver 200-250 complete char$e-discharge cycles, a much 

where the batterymore stringent mode of operation than in these tests, 

a charging current vas introduced.was never completely discharged before 

Although the recmmnded charge replacement ratio was 140 percent, our 

cell. actually operated with greater efficiencytet results showed that most 

than this. Two calls prong ed with charge replacement ratios of 122 md 

after more than 300 days of operation.130 percent showed no voltage decay 


On the other hand, one cell prvngraed at 117 percent discharged in 140 days.
 

For caells given adequate charge replacement, dally terminal voltage generally 

varied less than about 1 percent from the ma.
 

both reliable and
These tests showed that fliCd button cells were 

for solar cell systm at moderateversatile secondary charge storage devices 

Most cells appearedtemperstures, although an occasional failure could occur. 

capable of operating at a charge replacement ratio of only about 120 percent. 

a this low asince circuits should not be designed without safety factor, 
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ratio cannot be rccomended even for batteries that prove unusually 

efficient. The high efficiency does, however, provide an extra margin 

In-designing a reliable system. None of the solar panels used in this 

laboratory test have given any indication of a malfunction. 

Table 2. Results of testing NICd button cell batteries 
in solar call circuits providing daily charge and discharge. 

Charge time Charge Load Charge Length 
Battery per day current current replacement of test 
type (hours) (a) (ma) ratio () (days)* 

VO.080 6 8.9 2.52 117 140(D)
VO.080 3 5.3 0.63 122 306(C)
VO.080 6 1.2 0.28 145 348(C)
V0.080 3 5.2 0.28 270 14(T)
VO.080 6 11.1 0.27 1350 42(T) 

1-50 3 1.8 0.4 60 31(D) 
3-50 3 1.8 0.27 95 137(D)
3-30 6 2.9 0.74 130 311(C)
3-.0 6 3.4 0.4 250 296(C)
3-5O 6 3.3 0.28 396 60(T) 

B-20 3 1.8 0.4 60 9(D) 
3-20 3 2.6 0.27 138 127(D) 
B-20 6 2.4 0.57 140 306(C) 
B-20 6 3.8 0.82 155 287(r) 
3-20 6 2.6 0.27 318 11(T)
3-20 6 3.3 0.27 653 230(C) 

C - test continui'ug, T - test teroinated to start ney experiment,
 
D - test terminated because of battery discharge.
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Tests of Mercuric rixtdo Batteries as gecondary Sources
 

Mrcuric )xide batteries, though prituary cells, can be recharged to 

a higher storage capacity per unit some degree. Since thiese cells have 

weight than NiCd cells, 10 mercuric oxide batteries of two sies (type
 

type E-675, 180 uah, 2.55 g,E-312, 40 mah, 0.85 g, 0.01 cubic inch; and 

the test circuit arrangement as the
0.03 cubic inch) were tested in same 

NiCd cells. The results are given in Table 3.
 

Table 3. Results of testing mercuric oxide primary batteries
 

in solar cell ctrcuits providing daily charge and discharge.
 

Length Cycle
Charge time Charge Load Charge 
current replacement of teo life
Battery per day current 

ratio (T) (days)

type (hours) (--) (a) 

1.2 0.27 63 6.5 (D) 1.0
2-312 3 
E-312 6 1.0 0.28 119 32 (D) 4.5 

1.5 0.28 179 10 (D) 1.5

B-312 6 


7.4
1.6 0.28 191 53 (D)
E-312 6 


3 1.6 1.00 23 13 (D) 1.8Z-675 
2.3 0.50 66 44 (D) 2.9


1-675 3 
2.1 0.28 104 162 (C)E-675 3 

0.28 130 142 (n) 4.5

2-675 61.1 

33' (D) 1.9
!-'6 2.2 0.50 147
1-475 

1.0
5.3 0.28 625 31 (D)
1-675 6 


SC - test continuing, D - test terminated because of battery discharge. 

the number of times the battery was effectively chargedCycle Life 
•and discharged before destruction. 
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Although the mercury cells did in genoral accept recharging, only 

one. had not eventually discharged and failed at the time of this writing, 

even with charge replacement ratios as high as 625 percent. The "cycle 

life" (the number of times a battery can effectively be charged and discharged 

before destruction and hence a measure of its recharging capability) was 

quite variable, but was typically 4.5 or less; the maximum was about 8. 

Since mercury cells have about 7.5 times the energy capacity per 

unit weight of NiCd cells, multiplying by this figure gives a comparative 

basis for evaluating the recharging capability of the lNiCd and mercury 

cell. Thus, the beet rechargeable mrcury cell tested has only about 

30 percent of the life capacity available from an average NiCd system 

with. calls producing the advertised cycle life of 200. 

PRACTICAL DESIGN OF SYSTEMS FOR FIELD USE 

Caged Bird Experiment 

Even though simple solar cell circuits with NiCd cells can be designed 

to operate very efficiently in the laboratory, the question of importance 

to the wildlife biologist is whether they can adequately pwer biotelemetry 

equipsent in the field. We obtained a partial answer to this question In 

an espeutment with caged birds. 

.etho.--Two starlings (Sturnus vulasris) were each instrumeted with 

a package containing a pulsed rf position-locating transmitter, a 1.5 g 

solar cll panel made up of five-51 C 'trles-wired solar cells, 

a gevenium diode, and a 20-mah NI d button cell. One complete transmitter 
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anat 11 percent duty cycle with averagereighing 6.1 g operated an 

wm. The second unit weighed 5.5 S and required
Lnput power of 0.5 

Each package wes
 
mv of input power for a 6 percent duty cycle.
).2 

to the bird's body with two insulated sealed with epoxy and attached 

dre loops (Figures 4 and 5). 

The two starlings were placed outdoors in a 25 x 30 
x 33-inch cage 

canopy for protectionand a partial canvasequipped with three perches 

the cage shielded it 
from sun ,ma weather. Buildings and walls near 

and after about 3:00 VM. This allod 
from the sun before about 8:00 AN 

monitorIng of the transmitter during "dark" (noncharging) periods 

than 7 hours of sunlight
without waiting for nightfall, but gave no more 

April 20, throughtests verefor battery recharging. The conducted from 

from below freesing to about 
June 30, 1970, and air temperature ranged 

1-3 times a day during both dark 
8507. Each transmitter was monitored 

receiver
periods and sunlight (when available) with a Johnson 350 DY 

from the cage.about 100 feet way 


operated quite differently.

Resgtg.-The two transmitter packages 

the test, both were found to be transmitting whenever monitored 
Throughout 

the 0.5 transmitter 
during periods of sunlight in the cage. Hovever, aw 


first 2 days, the normal time
 
eperated during dark periods for only the 

without recharging. The 0.2 aw 
a MiCd cll could be expweted to power it 

transmitter operated during dark periods foi 30- days before its battery 

operated only in sunlight, 
apparently dischared. The following week it 

to the 
=d then it rtumad partial nighttimo opetation, which continued 

end-of the test. 
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Under the conditions of this experiment, solar energy replacement in 

the 0.5 mw transmitter circuit was not adequate to provide a stored charge 

for full continuous operation. That in the 0.2 mi circuit was nearly 

adequate (the battery was discharged only about 3n percent of the time). 

When one considers only length of operation, both were superior to a 

circuit of similar weight powered by a primary battery. One must also 

take into the account that the behavior of the caged birds was far from 

normal. A treat deal of their time was spent under the canopy avoiding 

contact with passing personnel. 

Deans for Different Operational Requirements 

The operation of these two transmitter pack ges illustrates one of 

the first practical questions that confront the circuit designer in field 

biotelemtry: flow continuous does the transmitter's operation need to be. 

and how sich weight and volume can be tolerated to achieve this level? 

Depending on his answer to this question, he may design his circuit In one 

of three ways. 

For reliable, continuous operation, an "optimal" system would be 

required--one in vhich adequate power is always available to operate the 

elactrouie circuit, the battery uses its entire cycle life capacity, and 

the systemn fails only vhen the battery fails. Such a system would approach 

the Idealized energy-balance equation, 1C Tc - E IL TL However, in 

practical applications the charge replacement ratio (-) cannot vary 

freely but ha a fixed minisim characteristic for the battery chosen. 

For M1Cd calls, the necessary charge replacement ratio (E') is about 
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percent, so that an optintal system would require the average charge
140 

> 
to at least equal 1.4 times the average load--that in. IC TC E, IT TL. 

This would provide continuous operation under normal conditions, but 

could drain the energy reserve
such events as extended cloudy periods 

as occurred with the
enough to temporarily stop transmitter operation, 

extra
0.2 me transmitter in the caged bird experiment. Adding enough 

capacity 	to cover such circumstances--that is, multiplying the right-hand 

(S)--would require more solar
side of the inequality by a safety factor 

cells and/or higher-capacity batteries and added welht. 

Becase of the probable larger size of an optimal systems the 

which transmitter 
biologist aight sometiwms prefer a smaller 	package in 

and
 
operation was extended and generally continuoun but not optimal 

reliably continuous. In such "extended-life" systems, the designer 

fact that
fully Intends to eventually discharge the battery, but the 

the solar calls 
some of the energy used by the transmitter 	Is replaced by 

each day means that operation can be extended well beyond 
that possible
 

For these extended-life systems, the
with a simple primary source. 

can be 
approximate factor by which the battery's capacity is extended (X) 


caloulated byi
 
24
 

LC

rler, TL s assumed to equal 24 - TC. This equation gives(As e a 

TC < 1 L T1 , since otherwise the yitanmeaningful anwer only when ?€ 


vovU be "optimal.") Figure 6,ilustrates the equation for 2' - 1.4.
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As an example, if 
a NiCd cell system were designed with an average charge
 

tim of 3 hours 
and an average ratio of charge current to load current
 

of 8, the extension factor would be about 6. This means that a 20-mah 

N±Cd cell would power the transmitter as long as a 120-ma primary source. 

A third kind of circuit is possible when nighttime operation is not 

required. With this "intermittent" design, the battery stores very little 

energy and the transmitter stops operating at night or during other 

extended dark periods. This is essentially the mode that the 0.5 Kw
 

transmitter assumed in the caged bird experimnt. 
However, a properly
 

designed system of this type would include a voltage bias shut-off
 

mechanian to prevent damage to the battery by turning off the tronsmitter 

when the battery volasge dropped to Its recomended discharge point, 

Thus, in an Intermittent system, as in an optimal one, the battery uses
 

its entire cycle life capacity and the system can maintain indefinite 

operation if Ic 
TC > E' IL TL S. Because it requires only a small
 

capacity for energy storage, the intermittent system is potentially the
 

smallest couplete solar cell circuit. Its advantage over an even smaller 

circuit without a battery, in which the solar cell powers the electrontcs 

directly, is that it allows the transmitter to keep operating through 

brief dark periods--as, for example, when the instrumented animal stopped 

to feed in a shade area. For nothing more than daily location checks, of
 

course, the circuit without the battery should be considered because of 

its light weight and reliability. Here at the Denver Center a solar panel 

has reliably powered a 1.5-volt rf beacon transmitter dsring the daylight 

hours each day since June 1967. 
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Practical pplication of Inrgy-41afnce RelationSIhIIp 

lhis discussion so far has assumed that in designing solar call 

system we are dealing with known variables. In actual field biotelemtry. 

however, at leat one major parameter, the charge tivie (TC) , is 

ssentially unkwarn. Not only are almst no data available on the mount 

of tite that piven species of animals ray spend in the sunlight, but if 

such information wore available it would be only a rough estimate of the 

behavior of individual animals under different envIronmental and weather
 

conditions.
 

Obviously, this lack of knowledge must be overcome before a solar 

cell system can be designed on any rational basis. It would be possible 

to compensate by building a system with a very large safety factor, but 

only at the cost of greatly increased weight and volume. The trial and 

error process of testing various transmitter circuits on individual 

animals is inefficient at best. The most satisfactory solution would 

seen to be measuring the time spent in samlight by a representative sample 

of the animal population that one is interested in monitoring. This could 

be done by attaching a siwple. light-weight integrating coulowster circuit 

powered by a solar cell to sense the amount of tiLe during vhich illumiuation 

is sbo a certain threshold. This information would therefore be stored 

on a device carried by the animal which could be read out by a clock timer 

eircuit when the device was retrieved. 

An operative circuit design for a 3-S Integratln, coulometer of 

this type is shown in Figure 7. With such an "illumination recorder," the 

avsrap mad rane of light exposure csuid be determined for different aes 
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and sexes of animals at different seaso and under all norVAl 

environuental conditions. With this kind of informiation available for 

the targt species and a knowledge of basic design principles such as 

those discuosed here, the biologist should be a!)le to design a reliable 

solar cslU system to met almost any set of requirements for field 

biotelematry. 
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General Schematic of a Rechargeable
 
Solar Cell System
 

Figure 1 
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Solar Cell Circuit used for testing 
NiCd button cells cycled repeatedly 
through a daily charge and discharge 

Figure 2
 

22 

Electrical
 

Load
 

Energy Drain
 

R
RL
 

Load 
Resistor
 



E
 

S
4J 2I 

-
I

C
 

T
C

 
--E I

L
 

T
L

 

W
here, 

E =
1

.4
 

T
L
 
=
2
4
 
-
T
C


 

A
verage 

L
oad 

C
u

rren
t 

(IL
) 

-
m

A
 

F
ig

u
re

 
3 

2
3


 



Five-gram instrument package containing a
 
30 MHz position-locating transmitter, NiCd battery,
 
germanium diode, and panel of five-55 C solar cells. 

Figure 4 



Starling with instrumentation package attached
 
by two insulated wire loops.
 

(Similar to package shown in Figure 4 except
 
the solar panel is five-51 C cells)
 

Figure 5 
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Schematic of a light sensitive
 
device to measure the amount of 
time an instrume-t.ed animal 
spends in sunligh 

Figure 7
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