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SOLAR ENKRGY SOURCES FOP. BIOTELEMETRY TRANSMITTERS

Although position-locating and physiological-data trenswitters that
weigh only about 1 g are now readily available for telemetry studies
with aniwals, sizple primary batteries capable of powering such
transmittexs for even 6 months weigh more than i0 g. The capacity and
waight of the energy source therefore limit both the duration of the
study and the size of the animal that csn be monitored. To circumvent
these linitations, biologists have been forced to dasign thair long-term
experiments to allow for ngﬁhr raplacerent of small, low~-capacity
batteries, a procedure that is costly in time and monoy &8s well as
disruptive to the animals’' behavior.

Recognising these limitations of "gixed" capacity energy sources,
aany biologists have experimented with solar energy convarters. Although
these ars relisble snd adaptable (MASA has incorporated them into satellite
hardwvare for years), biologists have genarally found them unsuccessful as
biotelematry power sources. Possibly the major difficulty has been &
failure te recognize the need for a systess design approach. 1In the hope
of previding some guidelines for the design of rechargesble solar csll
systems, this paper discusses various pessible components, gensral design
considerations, and gives the rasults of som, experiments with solar cell
cirvcuits in the ladboratory.

*mnis research was conducted in part with funds provided to the Bureau of
Sport Fisheries and Wildlife by the Agency for Tnternational Development
under the project "Control of Vertebrate Pests: Rats, Bats, and Noxious
Birds," PASA RA(ID) 1-67.



COMPONENTS OF SOLAR CFLL SYSTEMS

The genersl form of a solar cell circuit 1s ohown in Pigure 1,
Its operation is simple. The solar energy converter (panel of one or
wmoTv, solar cells) supplies an electrical charge, through an isolation
"gate," to the charge storage device (battery), which then delivers
the stored charge to the electrical load such ss a transmitter. Each
of these components takes various forms: the choice depends on the
characterintics desired for the system.
Solar Cell

The solar energy convertsr is a photovoltaic cell, usually of
silicon or selenium, that transforms light energy into electrical energy.
The potential pownr from bright sunlight at sea level 1s about 100 milliwatts
(wr) per square centimeter, or 10,000 footcandles of illumination. Silicon
cells normally convert 5-10 percent of this power into slectrical energy:
selenium cells convert about 0.5 percent. The voitage of flluminated cells
is sppreximately constant (usually sbout 0.4 volt for silicon, 0.25 volt
for selenium), but the current (amperage) varies almost linearly with
the cell's surface area and the smount of 1llumination. In bright sunlight,
& silicon cell will provide about 12-25 milliamperes (ma), and a selenium
cell sbout 1-2.5 ma, per square centimster of surface.

When the output of one solar ceil is insufficient, several ugy be
Joined to form a solar panel. When the cells are joined in sertes, the
‘individual cell output voltage is multiplied by the nusber of calls to give

the array's output voltage, but current is not increased. When the cells



are joined ir parallel, the situation is reversed (the solar array's cutput
current io multiplied by the nusber of cells but the woltage is not
tn;:nucd). The panel's total power output (wattage) is, of course,

the product of its terminal voltage and output current.

Isolation Cate

The {solation gate csn ba any component that allows ensrgy to flow
from the solar panel to the battery and prevents the battery from
dissipating enexgy back into the solar panel during "dark' periods.

The simplest gating cowponent is a semiconductor diode. When light
is shining on the solar panel, so that its output voltage exceeds the
voltage of the battery, the diods becomes forward-bicsed and presents a
low-impedance current path. When the output voltage of the solar panel
decreases, the diods becomss reverse-biased and presents 2 high resistance
that blocks enargy reversal. The disadvantage of this device is the
relatively large voltage required for forward biasing (about 0.35 volts
for germaniua diodes, 0.65 velts for silicon diodes). Therefore, at
lsast one silicon solar call is needed in ths panel just to operate the
diede.

A second gating system is a switching transistor circuit. Like the
diode, the cnaquto\r is biased to preseat lov ispedance during
11lwmination and hts.h impedance during darkness, but the diasing requires
only about 0.1 wlt; The disadvantages of a transistor gate are the
added eswplexity of ‘a three-terninal devies and the loss of potentially
svailable charging current that the transistor dissipates in the base-~

~ emitter Jumetion.



A third possible gating method i{s an electrical relay. This would
have to be designed specifically for the power levels available from a
solar panel but would provide very positive gating. There would be a
ninimum voltage drop acroes the rslay contacts because the contact
resistance can ba made less than 0,1 ohms. The disadvantages of this
congept are that preaent ultra-sensitive rolays requive 10-25 mw to operate
and there is an inherent hysteresis associated with their sctuation and
release. Nevertheless, for solar panels with high power capacity, the
positive action of relay svitching has definite advantages.

Charge Storage Davice

A great variety of charge storage devices {s available to the cirecuit
designer. Raechargeable electrochemical sources (batteries) capadble of
operating over a wide range of environmental conditions are off-the-shelf
ftewms. Theoretically, large storage capacitors could also be used instead
of batteries in some biotelematric applications requiring extremely small
eurrent flow and time iimited operacion. Volumes of dats are svailadle
from liaufnctutnrn detalling design parameters and environmental
1tmitations of rechargaable batteries, but s few design pitfalls often
glossed over in this literature ara vorth passing along.

First, one should be awvare of the difference between primary and
secondary batteries.. In a secondary (rechargeable) coll, the electrochemical
process is reversible; in a primary cell it is more or less irreversible.
Although some primary cells cau perform a limited recharge--as the

1iterature of battery recharging units often implies--this is not a



ss a function of temperature, since electrochemical processes are
drastically slowed at lov temparatures. If the battery is to power a
pulsating load, the ratio of peak load current to avarage load current
is also critical; most batteries will not reliably supply a peak load
current several times their rated maximum continuous current.

Any battery that is to be exposed to moisture should be protected by
gsoms type of hermatic seal to pravent corrosion betwean tha terminals.
Several types of comwpounds may be used as sealaits, but care must be taken.
Some, including several epoxy compounds, ars good conductors while they
ave still 1{quid and csn completely discharge a battery, conceivably

evean shorting it to destructiom.

LABORATORY TESTS OF A BIOTELEMETRIC SOLAR CELL SYSTEM
In blotelematry rasearch at the Denver Wildlife Research Center, we
have been attempcing to develop a solar cell system that wvill indefinitely
power a 30-megsherte (Miz) radio frequency (rf), position-locating
transsitter that weighs shout 1.4 g and requires 1.0-1.4 volts and 0.3 ma
to operate. Becansa the transmitter is {ntended for use on wild birds and
snall masmals weighing less then 75 g, the entire package, including

antesna and attachment device, cannot weigh more than about 3 g, and the



solar cell system {s thereforc restricted to about 1.5 g. In designing
such alaystcn, the choice of zeneral componant types was dictated by
these limitations, but several different components vithin each type
wvers tested in the laboratory to determine their operatiup characteristics.
Components

Solar Cell.--Si{lfcon cells were chosen because of their greater
efficiency. Of five manufacturers contacted, two sugpested aimost identical
silicon solar cell panels, and ona of these (Centralah Semiconductor
Divisfion, 71 Monte, Calitorniull) responded with mample componente of two
commercially available siras--type 55 C (0.2 x 0.9 inch, 0.7 g) and type 51
C (0.4 x 0.9 inch, 1.5 g). Tests showed that both types had an open circuit
voltage of 2.5 volts; at an {l1lumination of 100 uu/cnz. the short-circuit
current of the 55 C was 6 ma, and of the 51 C, 12.5 ma. Thase characteristics

were judgsd 1 satisfactory, so the Centraladb cells were accepted as

components .

Isolation Cate.--A germanium solid-state diode (1N64, General zloctticl/)

was selected as a gate because of its simplicity and small size. Tasts
showed that this component needed 0.35 wolt for forvard biasing, and so
required the one extra silicon cell i{n the solar panel. (In breadboarding
a system, 1t is advisable to weasure this diode voltage requirement bafore

inserting the cosponent into the circuit.)

y Refersnce to trade names does not iwply endorsement of commercial

products by the Federal Governmant.



Battery.—The only economically available rechargeable source that
vould meet our size and wveight requirements was & scaled nickel-cadmium
(NiCd) button call. Four sizes vere ordered for testing frow Gulton
Industzies, Inc., Metuchen, New Jersey; Union Carbide Corp., Chicago,
Illinois; and Gould National Batteriss, Inc., St. Paul, Minnesota.

Tsble 1 liats the characteristics of the four sizes. Tha 100-millismpere-
hour (mah) cells were too heavy to meet our waight restrictions and were
not tested further. The 30-mah cells were nmaintained in tha tasting
program to provide data at higher charging currents than could be obtained
wvith the lover capsacity cells.

Table 1. Sixze snd capacity of four types of
nickel-cadmium button cells.

Rated Volume Capacity per
Battery capacity Haight (cubic unit weight
type (wah) (arams) ineh) (mah/gran)
R=20 20 1.1 0.03 17.7
B-30 $0 3.4 0.06 14.7
v0.080 _ 80 6.5 0.13 12.2
B-100 100 94 0.13 11.0




To determina how well thesae YiCd cells met spacifications, a totsl
of 20 cells froe all three manufacturers were charged to full capacity
an¢ then discharged into s known electrical load of 7.3-0.5 ma.

Battery discharga wasm arbitrarily defined as the point at which the

terninal voltape dropped below 1.00 volt. Nine cells (three of each
size) vere teated at 70°F and 11 (four B-20's and seven B-30's) were
tested at 0°F,

-Vuriation i{n hattery performance was not apparently relatad to
either size or manufacturear. The nine cells tested at 70°F delivered
90-125 percent of their rated storage capacity, averaging 115 percent.
The range was much greater at 0°F, The manufacturers' data indicated
that RiCd cells at -5°F should operate at 60 percent of their rated
capacity (at a 10-hour discharge current load), but our test data at
0°F did not swpport this. B8ix of the 11 cells tested at 0°F (two B-20's
and six B-50's) operated at only 18-40 percent of thair rated capacity
at 70°7, and the total range for all 1l was 18-135 percent. Thus, for smy
low—-temperaturs application, the researcher should measure the characteristics
of hie particular typa 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 0°F were
capable, vhen returned to a 70°F environuont, of restoring themselves to
a norual terminal voltage under a full eleitrical load and then powering
the load for 1-3 additional days.



Tests of NiCd Cells Operating in a Solar Cell Charping Circuit

With the test cowpenents salected, two test fixtures wera comstructed
to @un the efficiency of N4iCd button cells cycled repeatedly through
a daily solar cell charge in the laboratory.

Methods.--Fach test fixture contained six solar charging circuits
each made from five 51 C solar cells vired in geries, a germsniunm diode,
and one NiCd cell (B-20, B-50, or V0.080). Each circuit was set up with
a differsnt load current, charge current, and ratio between the two
(charge replacement ratioc). Figure 2 shows the general schematic of
these circuits, vhere the amount of deily discharye is regulated by the
load resistance, R;, and the amount of charge current is regulated by
both the limtting resistor, Re, and the amount of light striking the
solar panel.

Pach test chamber contained a timer that turned on a 150-watt
reflector-type flood lamp for 6 hours a day. The 1llumination from this
lamp st the surface of the solar panels was weasured as 4000 footcandles,
or about 40 percent of bright sunlight. One chamber was equipped with a
varise transformer that slowly turned the lamp cn over an hour's time,
simulating the varieble 111\-dnntim a solar cell would vaceive outdoors.
In the second chasber, a disk with two spertures rotated batween the
lamp and the solar celis at sbout 40S ravolutions per hour. The size of
the aperture was sut o that the cells were illuminated 50 percent of the

time, for a daily charge cycle of 3 hours. The constant electrical load



chosen for each circuit drained the battery only thoss hours when

the solar panel was not illuminated. During charging periods, the solar
ail provided the power to the load resistor. For each of the 12 circuits,
the load and no-load terminal voltage of the battery was recorded daily
just bafore the light was turned on, and the solar cell charping current
snd terminal voltage vare recorded daily sbout 2 hours later.

Results.-~The two test chacbers hegan continuous operation in October
1969, Sowma circuits were altered {n order to measure significant
parameters, but seven of the original 12 circuits were still operating
at the time of this writing. The test results as of October 197G, are
shown {in Table 2,

The relationship between the various energy reqiirements of a
vechargeable system can be atated mathematically Fu Ic Te = B Ip, Ty
vhers Ic = average charge current, T, = averagea hours of charging time
per day, E = charge replacemsnt ratio, I; = average load current, and
Ty, = average hours of hattery load time per day (for this test T; = 24-
Tg)e Figure 3 graphically 1llustrates this idealized energy-balance
equation when the charge replacement ratio is the 140 percent racormanded
by the battery manufacturers for stadble operation of NiCd cells--in other
words, vhen the charging circuit supplies the battery 1.4 times the energy
usad by the electrical load.

The two major variables in the energy-balance equation that affect
livig-term battery operation are the smownt of charge currant and the charge

replacement ratio. The manufactursrs recomeended a charge curremt equal
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to the 10-hour discharge vate for the N1Cd button cells; some cells in
these taste ware charged at more than 150 percent of this ﬂ'guro.

These highly charged cells showed some deletarious effects from the
overload, but none catastrophically failed. The major effect indicated
was a gradual decrease in the battary voltage. 0ddly enough, the only
csll to exhibiz a failure was operating under a slight (30 percent)
charging current overload and a nominally recormended 138 percent charge
replacement ratio. This failure did not occur until the battery had
cospleted 40 charge-discharge cycles. Howvever, NiCd cells are normally
expected to deliver 200-250 czaplete charge-discharge cycles, & wuch
more stringent mode of operation than in these tests, vhera the battery
was never completely discharged before a charging current was introduced.

Although the recosmended charge replacement ratio was 140 percent, our
test results showed that most cells actually operated wvith greater efficiency
than this. Two cells programmed with charge replacement ratios of 122 and
130 percent showed no voltage decay after more than 300 days of operation.

On the othar hend, one cell prngrammed at 117 percant discharged in 140 days.
Yor sells given adsquate charge replacement, dd.ly terminal voltage generally
varied less than shout 1 percent from the mean,

These testa shoved that NiCd button cells were both relisble and
versatile sscondary charge storage davices for solar cell systems at noderate
tesperatures, although an occasional failure could occur. Most calls appeared
capable of operating at & charge replacemsnt ratio of only sbout 120 percent.

Sinee circuits should not be designed without & safety faactor, this lov a

1



ratio cannot be rccommended even for batteries that prove unusually
efficiant. The high afficiency does, however, provide sn extra margin
in designing a relfable system. None of the solar paneles used in this

laboratory test lhiave given any indication of a malfunction.

Table 2. Results of tasting NiCd button cell batteries
in solar cell circuits providing daily charge and discharge.

Charge time Charge Load Charge Length

Battery per day current current replacement of test

type (hours) (ma) (na) ratio (2) (days)®
v0.080 6 8.9 2,52 117 140(D)
Vv0.080 b 5.3 0.63 122 306(C)
v0.080 6 1.2 0.28 145 348(C)
v0.080 3 5.2 0.28 270 14(T)
v0.080 6 11.1 0.27 1350 42(T)
B3-50 3 1.8 0.27 95 137(p)
3-50 6 2.9 0.74 130 311(c)
8-30 6 3.4 0.4 250 296 (C)
B-30 6 3.3 0.28 396 60(T)
B-20 3 1.8 0.4 60 9(D)
B-20 3 2.6 0.27 138 127(p)
B3-20 6 2.4 0.57 140 306(C)
B-20 6 3.8 0.32 155 287(%)
B3-20 6 2.6 0.27 318 11(T)
3-20 6 5.3 0.27 633 230(C)

. C = tast continuig, T = test terminated to start new experiment,
D = test terminaied bacause of battery discharge.

12



‘Tests of Mercuric Mxide Batteries as Sacondary Sourcas

Marcuric oxide batteries, though primary cells, can ba recharged to
gome degres. Since thess cells have a higher storaga capacity per unit
weight than NiCd cells, 10 mercuric oxide battaries of two sizes (type
E-312, A0 mah, 0,85 g, 7.0l cubiec inch; and type E-675, 180 mah, 2.33 8,
0.03 cubic inch) were tested in the same test circuit arrangement as the
NiCd calls. The results are given in Table 3.

Table 3. Results of testing mercuric oxide brinary batteries
{n solar cell circuits providing daily charge and discharge.

Charge time Charge Load Charge Length Cycle
Rattery per day current current replacemant of t"f 1*;;
type (hours) = (ma) (zs) ratio (¥)  (days)
E-312 3l 1.2 0.27 63 6.5 (p) 1.0
E-312 6 1.0 0.28 119 32 (D) 4.5
E-312 6 1.5 0.26 179 10 (D) 1.5
E-312 6 1.6 0.28 191 53 (p) 7.4
E-675 3 146 1.00 ‘23 13 (D) 1.8
£-675 3 2,3 0.50 66 44 (D) 2.9
E~-675 3 2.1 0.28 104 162 (C)
-675 6 1.1 . 0.28 130 142 (D) 4.5
R2-675 6 2.2 0.50 147 33 (p) 1.9
6 3.3 0.28 623 31 (v) 1.0

B-675

,'::C = test continuing, D = test terminated because of battery discharge.
‘Cycle Life = the nusber of times the battery was effectively charged
‘and discharged before destruction.

13



Although the mercury cells did in general accept recharging, only
one had not evantually dischargec and fafled at the time of this writing,
even with charge replacement ratios as high as 625 percent. The '"cycle
1ife" (ch.e number of times a battery can effectively be charged and discharged
Snforo destruction and hence a measure of its rechsrging capsbility) vas
quite variable, but vas 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, wmultiplying b; this figure gives a comparative
basis for evaluating the recharging capability of the HiCd and mercury
cell, Thus, tha best rechargeable mercury cell tested has only ahout
30 parcent of tha life capacity available from an average NiCd system
with cells producing the advertised cycle life of 200.

PRACTICAL DESICN OF SYSTEMS FPOR FIELD USE

Caged Bird Experiment

Even though simple solar cell circuits vith N{Cd cells can be designed
to oparate very efficiently in the laboratory, the quastion of importance
to the wildlife biologist is vhether they can adequately power bdiotelemetry
«'pupun: in the fiaeld. We obtained a partial ansver to this question in
an experiment with caged birds.

Kethods.—Tvwo starlings (Sturnus vulgaris) vere aach instrumented with
a package containing a pulsed rf position-locating tramsmitter, a 1.5 g
solar cell panel made up of five-31 C <eries-vired solar cells,

s germanium diode, and a 20-mah NiC4 button cell. One complete transmitter

14



reighing 6.1 g operated at sn 1l percent duty cycle with an average
lnput powar of 0.5 mw, The second unit weighed 5.5 g and required
.2 ww of input power for a 6 percent duty cycle. Each package vas
sealed with epoxy and attached to the bird's body with tvo insulated
wAre loops (Figures 4 and S).

The two starlings wers placed outdoors in a 25 x 30 x 33-iuch cage
squipped with three perches and & partial canvas canopy for protection
from sun sn¢ veather. Buildings and wvalls near the cage shielded it
from the sun bafore about 8100 AM and after about 3:00 PM. This allowed
monitoring of the transmitter during "dark" (noncharging) pqriod-
without wvaiting for nightfall, but gave no wore than 7 houxrs of sunlight
for battery recharging. The tests wvere conducted from April 20, through
June %0, 1970, and air temperatures ranged from below freezing to about
85°F. Each transmitter was momitored 1-3 timas a day during both dark
perieds and sunlight (vhen available) with a Johnson 350 DF receiver
sbout 100 feet away from the cage.

Rasults.~—The tvo tranamitter packages operated quite differently.
Throughout the test, both ware found to be transmitting vhenever monitored
during pariods of sunlight in the cags. Mowever, the 0.3 m transmitter
operated during dark periods for only the first 2 days, the normal tims
a N4Cd cell could be expected to power it without rechargtug. The 0.2 ww
transmitter operated during dark perfods for 30 days bafore its battery
spparently discharged. The QQIMQQ -vcob; it operated only in sunlight,
ad then it resumad p;ftﬁlf nighttime operation, which continued to the

| oado! the test.



Under the conditions of this experiment, solar energy replacement in
the 0,5 mw tranamitter circuit was not adequate to provide a stored charge
for full continuous operation. That in the 0.2 ms circuit wvas nearly
adequate (the battery was discharged only about 30 percent of the time).
When one considers only length of operation, both were superior to a
eircuit of similar weight powered Ly a primary hattery. One must also
take into the account that the bahavior of the cagaed birds was far from
normal., A great deal of their time was spent under the csnopy avoiding
contact with passing personnal.

Designs for Different Operational Requiremants

The operation of these two transmitter packages illustrates ono of
the first practical questions that confront the circuit designer in field
biotelametry: low coantinuous does the transmitter's operation nsed to he,
and how much weight and volume can be tolerated to achieve this level?
Depending on his ansver to this question, he may design his circuit in one
of three ways.

Yor reliable, continuous operation, an ‘‘'optimal"” system would be
required-—one in vhich adequate power is always available to operate the
elactyonic circuit, the battery uses its entire cycle life capacity, and
the system fails only vhen the battery fails. Such s system would approach
the {dealized energy-balance equation, I, Tno = E I; T,. Hovever, in
practical applications the charge replacement rxatio (z) cannot vary
frealy but has a fixed minimum characteristic for the battery chosen.

Yor N4Cd cells, the necassary charge replacsment ratio (E') ie about

16



140 percent, so that an optimal system would require the avarage charge
to at least equal 1.4 times the average load--that 1s, 1. Te > 1A IL TL.
This would provids continuous operation under normal conditions, but

such events as extended cloudy periods could drain the energy reoserve
enough to temporarily stop transmitter operation, as occurred with the
0.2 v transmitter in the caged bird axperiwent. Adding enough extra
capacity to cover such circumstances--that is, nﬁltiplying the right-hand
side of the inequality by a safety factor (5)~-~would require more solar
cells snd/or higher-capacity hatteries and added wveipht.

Because of the probsble lsrger size of an optimal system, the
biologist mipght sometiwes prefer a smaller package 1n vhich transmitter
operation vas extended and generally continuous but not optimal and
relisbly continuous. In such "extended-11ife'' aysterms, the designer
fully intends to eventually dischaxrge the battery, but tha fact that
sose of the energy usad by the transnitter is replaced by the solar cells
sach day means that oparation can he extended well beyond that possible
wvith a sisple primary source. Yor these axtended~11ife systema, the
approximate factor by wvhich the battery's capacity is extended (X) can be

calculated by:
24

' 1 1
T, - T -
L Clygey —2

1.

Xw

(As earlier, TL is assumed to equal 24 - Tc. This equation gives a
meaningful angwer only vhen Ic ?C < Ef Iy Ty since otherviss the system

vould ba "optimal.”) Figure 6 1llustrates the equation for B' = 1.4,

R Y



As an example, {f a NiCd cell asystem were designed with an average charpe
tize of ) hours and an average ratio of charge current to load current
of 8, tha extension factor would be about 6. This means that a 20-mah
RiCd cell would power the transmitter as long as a 120-mah primary source.
A third kind of circuit is possible when nighttinme operation is not
required, With this “intermittent” design, the battery atores very little
snergy and the transmitter stops operating at night or during other
extended dark periods. This 1is essentially the mode that the 0.5 mw
transmitter assuned in the caged bird expariment. Howavar, a properly
designed system of this type would include a voltage bias shut-off
ucchanism to prevent damage to the battery by turning off the transmitter
vhen the battery vol. age dropped to its recosmendsd discharge point.
Thus, in an intermittent system, as in an optimal one, the hattery uses
its entire cycle life capacity and the system can maintain indefinite
operation if I, Tc > E' I; Ty, S. Because it requires only a small
capacity for energy storage, the intermittent systenm is potantially the
smallest cowplete solar cell cireuit. Its advantage over an aven smaller
eircuit without a battery, in which the solar cell powers the elactronieas
directly, is that it allows the transmitter to keep operating through
brief dark periods--as, for example, wvhen the instrumented animal stopped
to feed in a shade arsa. For nothing more than daily location checks, of
course, the circuit without the battery should be considered becauss of
its light weight and reliahilicy. no.r- at the Denver Center a molar pansl
has relisbly pbvcred a 1l.5-volt rf beacon transmitter during the daylight
hours each day since June 1967.

18



Practical Application of nnérgy~ﬂnlance helationships

This discussion s0 far has assumed that in desijning solar cell
s}otoun we are dealing with known variables. In actual field bilotelemetry,
howaver, at least one major parameter, the charge tiue (Tg), 1s
essentially unknown. YNot only are almoat no deta available on the amoumt
of tira that given species of animals xay spend in the sunlight, but if
such information were nvnilnble it would be only a rough estimate of the
behavior of individusl animals under different environmental and weather
conditions.

Obviously, this lack of knowledge must be vvercome bafore a solar
call system can ha designed on any rational basis. 1t would be possible
to compensate by building a system with a very lsrge 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
anivals 1s inefficient at best. The most satisfactory solution would
seem to ba mesasuring the time spent in smmlight by a representative sample
of the enimal population that one is interested in monitoring. This could
be done by attaching a simple, light-weight integrating coulometer circuit
powerad by a solar cell to sense the amount of tiue during vhich illumination
is sbove a certain threshold. This information would therefore be stored
on a device carried by the animal vhich could be read out by a clock timer
circuit vhen the device vas retrieved.

An operative circuit design for a 3-g integrating coulomatar of
this type 1s shown in Pigure 7. With tuch an "i1llunination racorder,' the

average and range of light exposure csuld be determined for diffarent ages
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and sexes of animals at different seasona and under all normal
environmental conditions. With this kind of Iinformation availabla for
thé targat species and a knowledge of baaic design principles such as
those discussed liere, the hiologist should be ahle to design a reliable
solar cell gystem to meet alrwst any set of requirements for field

biotelematry.
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Average Charge Current (Ic) - mA
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Idealized Energy-Balance Byuation
L Tc=EILT
Where, E = 1.4
A.H;“NE,I.H.O

L LX)

Average Load Current Ava - mA
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Figure 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 L



Starling with instrumentation package attached
by two insulated wire loops.
(Similar to package shown in Figure lj except
the solar panel is five-51 C cells)

Figure 5
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Ratio of Charging to Load Current
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Figure 6
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Motorola Diode 30 K 2
1N4370

E-Cell Integrator

No. L460-0002 by <
Solar Bissett Berman T
Panel
(5-55 C
Cells)

Schematic of a light sensitive
device to measure the amount of
time an instrument.aed animal
spends in sunligh

Figure 7
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