solar cells have the remarkable ability to convert sunlight directly into
electrical energy. They do so without producing pollution or noise. And
they last many years.

This Mini-Notebook explains how you can use arrays of solar cells to
produce electrical power to operate small motors, electronic circuits and
other projects. It also shows
how you can use solar cells to
charge storage batteries. This
means you can store the
power of sunlight during the
day and use it to power your
projects at night. Solar cells
also make great light sensors.
This Mini-Notebook shows
how to use solar cells to trigger
relays, measure light, control
tones and detect objects.

Forrest M. Mims 111

Forrest M. Mims 111 has written dozens of books for RadioShack. He personally builds
every circuit in his best-selling En?ineer's Mini-Notebook series. He then uses a 0.7mm
mecganical pencil to create pages for the finished book.

Building tiny instruments for model rockets, travel aids for the blind and high-power
lasers is how Forrest got his start in electronics. When he's not writing RadioShack books,
he writes magazine articles and teaches experimental science at the University of the
Nations in Hawaii.

Forrest also does scientific studies of sunlight, the atmaosphere, mosquitoes and bacteria
using instruments he designs and makes. A simple instrument he developed to measure
the ozone layer earned him a prestigious Rolex Award. NASA has sent Forrest and his
instruments to several of the Western States and twice to Brazil to measure the effects of
smoke from giant fires.

Forrest is a member of the Institute of Electrical and Electronics Engineers, the National
Science Teachers Association and several scientific societies. He lives in Texas with his wife
Minnie and their youngest daughter Sarah,
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ABOUT THE N\lN\—NOTEBOOK SER',ES s

WHERE TO FIND PARTS

ELECTRAONIC PARTS |IN THIS EﬂaH ARE AVAILABLE |
FRoM RADIOSHACK STORES AR FROM RADIOSHACK .
UNLIMATED. (RSu). SOME PARTS HAVE MORE THAN ONE
DESIGNATION. FOR EXAMPLE , THE PoPULAR 2ZN2222
TRANSISTOR CAN BE REPLMELD BY THE "zmuuﬁ
THE MPS212L AnD THE MPSZ227Z2A.

| PLEASE’ READ THIS

__THIS BOOK IMCLUDES STANDARD CIRCUVTS ApD CIRCUITS
PESIGNED BY FORREST M. MIMSTIL, EACH CIRCUIT WAS
BuleT AWND. TESTED AT LEAST TWICE. VARIATIONS |
IM COMPOMNE NTS  AND CONSTRUCTIDN METHODS  MAY
GIVE RESULTS THAT DIFFER FROM THOSE DESCRIEED
HERE, THEREFORE THE AUTHOR AND RADIOSHACK . |
ARE NOT RESPONSIBLE FOR THE SUITABILITY OF THE
CIRCUITS (FOR ANY APPLICATION. SINCE WE HAVE |
NO (OMTROL OVER THE USE OF INFORMATION [A) THIS |
BooK , WE ASSUME MNO LIABILITY FOR SUCH LSE.,
IT IS YOUR RESPONSIBILITY T DETERMINE. IF |
COMMERC|AL USE , SALE OR MANUFACTURE OF ANY
DEVICE BASED ON INFORMATION I[N . THIS Book :
INFRINGES AnY PATENT., COPYRIGHT OR OTHER |
RIGHT S, |

FOR MORE INFORMATION

DUE To THE MANY INGQUIRIES RECEIVED BY THE
AUTHOR AND RADIOSHACK 4 IT IS IMPOSSIBLE TO
PROVIDE CUSTOM CIRCUIT DESIGNS AMD TECHAICAL |
ADVICE.. You CAN LEARN MORE ARMUT ELECTRaNMICS
EY RE;AMHG ELECTRONICS MAGAZINES. ALSO 55&5
RADIDSHACK'S "GETTING. STARTED IN ELEC TROMICS Y |
AND oTHER MINI-RNOTEBOOKS In THIS SERIES. YOU
CAN ALSO FIMND. 1M FORMATION ON THE JWTERMET |
NEWSGROUP SC). ELECTRONICS. ..l

2 |

CONTENTS

INTRODUCTION | |5
SOLAR ENERGY MILESTONES -7
ENERGY FROM THE SUN ERET
THE SOLAR CONSTANT q
SOLAR CONSTANT TAELE 9-10
SUNLIGHT AND ATMOSPHERE ' 101
SOLAR CELLS | 12
How SOLAR CELLS WoRKkK | 12
SOLAR CELL EFFIENCY . L 13
SILICON SOLAR CELL RATINGS -
SILIcoN SOLAR cELU VOLTAGE 14
INCREASING SOLAR CELL VOLTAGE 14
SILICON SOoLAR CELL CURRENT 1s

INCREASING SOLAR cELL CURRENT 15
SOLDERING LEADS TD SOLAR CELLS 1647
_ MDUNTING SOLAR CELLS 18
ADUANTAGES OF MDUNTED CELLS | | 18
INSTALLING CELLS IN AN ENMCLOSURE | 18
MOUMTING $SOLAR CELLS oN A PANEL ' 19

SOLAR CELL CONCENTRATORS 20

PARAROLIC REFLECTOR

FRESNEL LENS . 11
TROVUGH CONCENTRATOR 1

| EOoX CONCENTRATOR 2L

SOLAR CELL BATTERY CHARGERS 22.

. STORAGE BATTERY PRECAUTIONS 22-13
SCOLAR CELL EBATTERY CHARGER 4
MONITORING A SOLAR (HARGER | 28

TAKE A SOLAR CELL INTO SPACE 2624

3
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INTRODUCTION
. BAS\C SOLAR W ! | . - _ . ||
| HL,GH%R[ pﬂme?gﬁﬁ' EEEE; N §§ SOLID-STATE PHOTOUOLTAIC SOLAR CELLS
 REVERSIBLE SOLAR MOTOR HEEREET TRAN SFORM SUNLIGHT DIRECTLY INTO . .
SOLAR MOTOR WITH BATTERY BACKUP | 31 . ELECTRICITY. THEY ARE AMONG THE [MOST
| | . IMPORTANT |SUNLIGHT =TO-ELECTRICITY
SOLAR ACTUATED NOTORS | | || =2 COMVERTERS THAT HAVE REERN INVENTED,
POWER FET ACTUATO | | R | | i .
. _TRANSISTOR. ACTUATQE Li_j : [ ;%_ POWER GENERATION s BY FAR THE MOST
. POWER FET ACTUATOR (2) | ' 3'3 | IMPORTANT APPLICATION FOR . SolLAR CELLS
OP AMP-POWER FET ACTUATOR . | =3 . ARND  ARRAYS. THEREFORE THIS MINI-NOTEEDOK
SOLAR CELL LIGHT E 1] | | |NCLUDES BASIC INFORMATION  ABOUT THELLL |
| (= | M S 244 SUN AND = SOLAR EMNERGY. HOw SOLAR CELLS
. LLGHuT METER. (UOLTAGE ';erE',EF}% ?31 AND  SoLAR CELL ARRAYS ARE USED TO
LIGHTMETER (CURRENT TYPE) 34 CRARGE STORAGE BATTERIES AND TD
. SCOLAR CELL EBADIOMETER 25 DIREcCTLY PoOWER SomE CIRCUITS 1S ALSO.
COVERED. . .
_SUNL 2 i | HEEREN |
L]gl}\jTlGHT ACTUATED RELA\{ 2l _IT'S. IMPORTANT TO KNOW | THAT SOLAR CELLS
HAVE  MARNY APPLICATIONS UNRELATED TO
“RREAV- ECE;UATEEE RELAY. = SOLAR POWER. THIS 1S EﬁcﬂuéE. :ﬂméﬁ:v
AK - MDETECT | | | =g CELLS WoRK VERY WELL AS RELATIWELY |
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PULSED RREAK-BEAM TRANSMITTER = 40 FOR SOLAR CELLS 'AS LIGHT | SENSDRS.
. . PULSED EREAK-BEAM RECE\VER 41 VARIDULS CIRCLITS THAT USE SolLAR CELLS
- " | ] AS LIGHT SENSORS ARE ALSO GIVEA.
~SUN POWERED TONE GENERATORS | 4z ”
.. SoLAR POwWERED PIEzo BUZZER HZ ~<—SUN
.~ SOLAR POWERED DUAL GATE asclimm& 42
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SHin 2 (3] | 2. POWER CIRCUITS LEDsS, LAMPS AND
| L’?‘OLAR POWERED NIGHTLIGHAT | 4a DIRECTLY. . _OTHER 'sﬂum:&'s..g



| SOLAR ELECTRICAL PLANT (1913)= FRANK
SHUMAN AND C.U. BOYS BUILT  THE WORLD'S
FIRST SoLAR-POWERED EBLECTRICAL PLANT
NEAR CAIRO, EGYPT. THE HUGE FACILLTY
USED SEUVEN SOLAR COLLECTORS , EACH
204 FEET (ABOUT b2 METERS) anc-:m THE
COLLECTORS HAD A TOTAL AREA OF 15,000  _
SQUARE. FEET (ABOUT 1,208 SQUARE METE.R.S);
THEY AUTOMATICALLY TRACKED THE SUAL.

SOLAR ENERGY MILESTONES

FOR THOUSANDS OF YEARS PEOPLE HAVE
DSED  SUNLIGHT TO WARM THEIR HOMES.
SOCRATES (470-299 B.C.) TAUGHT THE
IMPORTANCE OF PUCING HOMES SO THE

SUN'S  WARMING. RAYS COULD WARM THE
INTERIOR RDOOMS DURING | WINTER.

HERE ARE TUST A FEW HIGHLIGHTS oF

HISTORIC SoLAR ENERGY DEUELDPMEHTSI SOLAR OQVUEN {,J_Qis‘,\" C.a. F«EE&T oF THE_

SMITHSONIAN INSTITUTION COOKRED MEALS .
USING A SoLAR- POWERED OUVEN AT H1IS

DESTRUCTION OF ROMAN FLEET (212 RB.C.)— -
¢ ) SUN  ORSERVATORY ON MOUNT WILSON,CALIFORNIA.

ARCHIMEDES IS REPORTED T0 HAVE
IGNITED  [NUVADING ROMAN SHIPS BY

MEANS 0OF REFLECTED SUMNLIGHT. SOLAR FURNACE LLQSD'E\)"'.FEEHCH ":":.CIEJ;I'I'IEuT

FELIX TROMEBE DESIGNED THE WORLD'S LARCEST.
SOLAR FURNMACE . THIS FACILITY , WHOSE q, 000
MIRRORS ARE INSTALLED oan THE SIDE Y |
A BUILDING ., CAN REACH THE TEMPERATURE
OF THE Sun’s SURFACE, lﬂum" FAHRENHE|T

(ABOUT 5538 ° CEL<S).

SILICON SOLAR CELL (1aS4)— GERALD PEARSON,
DARYL CHAPIN AnD CAWIN FULLER OF BRELL
LABODRATORIES DEVELOPED THE FIRST
SUCCESSFUL  SILlconN SOoCLAR CELL . THIS
DEVELOPMENT LED T THE MODERAN ERA.

OF PHOTOVOLT AL SoLAR POWER CONVERSION. |

DIAMOND  MELTED (169S5)— TwO ITALIAN
EXPERIMENTERS SUCCEEDED IN MELTING
A DIAMOND USING FOCUSED SUNMLIGHT.

SOLAR FURNACE ((1174) — THRE FRENCH
CHEM\ST ANTOINE-LAURENT LAVOISIER
MADE A SoLAR FURNACE THAT MELTED
PLATINU M.

SOLAR -POWERED PRINTING PRESS (1878)—
A LARGE PARAROLIC REFLECTOR COLLECTED
ENOUGH SUNLIGHT TO PowWER A PRINTING PRESS,

MID-EAST oIL CRISIS (1270's)— THE OIL CRISIS

OF THE 1970'S STIMULATED SIGNIFICANT  NEW

RESEARCH IN SoLAR EMERGY. OLD KINDS oF
SOLAR ENERGY SMSTEMS WERE |IMPROUED

AND  MNEw KInDS WERE DEVELAPED.

SOULAR STEAM ENGINE (1901)— A. G. ENEAS
DESIGRNED A SOLAR STEAM ENGINE THAT
PUMPED IRRIGATION WATER A ARIZONA..
SUNLIGHT WAS COLLECTED BY 1,788 MIRRORS
INSTALLED |0 A EIXTURE THAT RESEMELED

A GIANT UMBRELLA 33.5 FEeT (ARouT 1o

METERS) IN DIAMETER. THIN-FILM  SOLAR CELL (1380°s) — MANY

KINDS  OF SOLAR CELLS KRAUVE RBEEAN DEVELOPED,
RUT THIMN-FILM CELLS OF SILICON AnND. OTHER
SEM\CONDUCTORS ARE AMONG THE MOST.
IMPORTANT, THEY CAN BE MADE AS FLEXIBLE
SHEETS MUCH LARGER THAN STHMbﬁRD
SILICON SOLAR @ CELLS. . |

SOLAR ENGINE (1908)— JOHN BONLES AND
H.E. WILLSIE DEMOKNSTRATED A 1S-HpRSE-
POWER ENGINE PDWERED RBY PooLs OF
WATER THAT CAPTURED ApD STORED THE
HEAT FROM  SUMLIGHT..
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ENERG\( FROM THE SUN

j THE"_ -::um EM\TS AM IH{E.EDIELE AMOUNT c:F
_ ELECTROMAGNETIC Miﬁﬂ?m THE ToTAalL
_ RADIATED POWER 18 2.83%x10°°

_ MOST OF THIS RADIATION IS (OAT TO SPACE.
_OKLY A TINY FRACTION 15 INTERCEPTED RY

EARTH AND THE OTHER PLANETS. ACCORDING .

TD THE SOLAR ENERGY INDUSTRIES ASSQCIATION
(SEIA), ALL THE ELECTRICITY CONSUMED IN.
THE UMATED STATES Coulb RBE PROVIDED RY

PHOTONOLTAIC SOLAR CELL MODULES C::-HERIME‘.

0i3/% 0OF THE LAND AREA OF THE U.S.
| THE SOLAR CONSTANT

THE MEAN AMOONT OF SUNLIGAT AT THE
TOP. OF EARTH'S ATMDSPHERE |S CALLED

| THE. SOLAR CONSTANT. MEASUREMENTS

MADE BY SEVERAL SATELLITES  SHOW. | THAT |
__THE. SOLAR CONSTANT IS 136.8 WATTS PER
_ SAUARE CEMNTIMETER.

+ :/ 10,1368 W/0m* OR
T 1368 w;m =
52 R === — s
¥ J’ N SuN EARTH

TRE SUNLIGHT INTENSITY AT EARTH VARIES |
BECAUSE EARTH'S ORBIT AROUMD THE SUN. IS
SLIGHTLY ELLIPTICAL . THE MEAN DISTANCE.
OF [EARTH FROM. _THE SUMN 1S 92, 957 1830 | |
MILES (144, 00,000 KILOMETERS ). IN EARLY
TAMUARY EARTH 1S AROUT 1 60O, 60D MILES |
(2,815, 000 KM) CLOSER, 1D, THE SUN. | I

EARLY TULY EARTH IS ABOUT 1, 00, 0O Hfr_E:i |

(2,505, 000 K M) FARTHER FROM THE SUA.
gSEE. DRAWIANG AN FACING. PAGE.) |

I RICOWATTS (Kw)
OR 382,000,000,000000,000 000,000,000, WATTS. .

é::LnR ::UHE;TAM;r 'Pﬂ" Eﬂ.P.TH'.-? J ]

I(—qi-i,Ss'?,:.mm NRE L) 91 357,130 Mll—)]

| B

| O%— gApTH | L3 e 1O |
.T*.}L“f\_ SUN. 7" | TANUARY..

”THE DiFFERENCE [N TH.E. mrﬁmrw ch EUMHGHT
BETWEEN PERIHELION (CLOSEST PolnT). AmbD |
APRELION! (FARTHEST PoinT) IS ABOUT 6.7 %.
USE THE K <SOLAR  COMSTANT. THBLE, 1o FIND.

THE  SOLAR CONSTANT FoR THE FIRST. DAY
OF AnY MONTH. k.1 it ]

SOLAR CONSTANT TARLE

_ MULTIPLY. THE MEAN SOLAR CONSTANT

(13L& WATTS PER SQUARE METER OR & _

13b.8 MILLIWATS PER SQUARE CENT\METER)

BY THE CORRECTION NUMBERS |N THIS TAELE

T0 FioD THE ACTUAL SoLAR IRRADIANCE  anN.
THE GIVEN DATES. . oyt :

TANUARY 1. 0335 TULY 0.9L66.
FERRLARY 1.0288 ALELET 0.9009
MARC K 1.0113 SEPTEMRER 0.9818

APRIL 1.0009 OCTORER 0.4495
MAN . 0.9841 NOVEMBER 1,0164
JUKNE 0.9741 PECEMEBER 1.0288

FROM KINSELL L. COULSON . "SoLAR AnD |
TERRESTRIAL RADIATION,' "ACADEMIC PRESS |
11475, | |

EXAMPLE } WHAT |S THE sum's rn.R.ﬁ.mnN:E
AT THE TOP 0OF THE ATMOSPHERE ON MAY17?
THE IRRADIANCE ON My 1 IS 0.9841 ©oF mE.
MEAN SOLAR CONSTANT OF 136.8 MILL\WATTS
PER. SQUARE. CENTIMETER. 00,9841 % 13¢.& IS
134.625 MILLWATTS PER SAUARE CENTIMETER.

Ci



SUNLIGHT AND THE ATMOSPHERE

A SOLAR CELL ON A SATELUTE RECEWES
AT LEAST 15 % MORE SOLAR ENERGY THAN
AN IDENTICAL SOLAR CELL ON EARTH. FOR
EXAMPLE , AT NOON DN JuULY L THE SoLAR
IR.R.F-.DIHH{'.E AT ALBUQUERQUE, NEw ME‘AICDI
IS ARouT 1::}{:1 MILLIWATTS PER SQUARE Cm
(1oo mW /am ) IE THE SUN IS MNoT RLOCKED
BY A ClouD. FROM THE SOLAR CoMSTANT
TABLE (P.9) THE IRRADIANCE AT THE TOP
OF THE ATMOSPRERE ON JulY 1 1S 0.9666 %
136.8 mw /em? oR 132.2 mw /tm? THUS ONLY
1S.% oF THE INTENSITY 0F THE SUNLUIGHT
AT THE TOP OF THE ATMOSPHRERE REACHES
ALELAUERQUE ON JULY 1. ALEBUQVERQUE
IS ABouT 1 MILE (1.6 KILOMETERS) ABoVE
SEA LEVEL AND THE AIR IS OFTEN DRY.
LESS SUNMLIGHT REACHES REGIONS NEARER
SEA LEVEL, ESPECIALLY WHEN THE AIR

|S MOIST. MUCH LESS SUNMLIGHT IS RECE\WED
EUVERYWHERE DURING WINTER AND WHEN
CLovwDS BLOCK THE SKY.

HERE ARE SoME OF THE CHIEF FACTORS
TRAT AFFECT SuNLIGHT :

1. WATER VAPoR ., OZ20ME AND OTHER GASES
IN THE P:THGSPHERE ARSORR SUNLIGHT.

SOME  SUNLIGHT IS SCATTERED IN
VARIoUS DIRECTIONS BY MOLECULES OF
SUM AR, THIS IS RAYLEIGH SCATTERING.

OZoME ABRSORRS

LLTRAVIGLET AMND

ORANGE LIGHT AMD
VARIOUS INFRARED
WAVELENGTHS

WATER VAPDR
ABSORES VARIOUS
INFRARED WAUELENCTHS

LEMS.

2. AEROSOLS. ARE _TINY PARTICLES AND.
 DROPLETS IN THE ATMOSPHERE THAT. CAN
ARBSORE CONSIDERABLE SUNLIGHT QR SCATTER .
1T BACK |NTO SPACE. || - |

;:."ﬁATTE R.'-m r;-'. |
AEROSCL

.7 _RE H.ﬂSﬂLj
Cloub

ARSDRBING
AEROSOL | F

5. CLouUDS ,ﬂRE. FﬂEMEﬁ ’E.-:RﬁH.EMOR-HG.uﬂ. |
MNUMBERS oF TINY WATER DROPLETS OR \CE |
CLoLDS AERSCRE  AMD SCATTER LIGHT.

CRNSTALS.
O{-EUM CUMULUS | CLouDS
| CAN_ ABSORE MOST
LAEHT IN A DIRECT
xy A BEAM FROM THE SUN
e 1
AR X
CIRRWUS CLoubDs
AESDRE LESS
SUNLLGHT THAN
Y  CuMLLUS CLouDSs |

4, THE TILT OF THE EARTH CAUSES SUNLIGHT |

T PASS THRROUGH MORE ATMOSPHERE OURING
FALL | WINTER AnD SPRI\NG. |

o )3 —

4 . |

SUMMER L SUN WINTER
) LESS MORE / //
. /. ATHMOSPRERE | . AT MOSPHERE 11



L
“SOLAR CELLS =3

Iw&h:.‘f SEMU:.nHDuCTGRS UJILL GENERATE
ECECTRACATY FROM SUNLIGHT. THE MOST
CoOMmMON AND BEST DEVELOPED SOLAR CELLS
ARE MADE FROM SILICOMN. SINCE SiLicoN
FORMS 27.7% OF EARTH'S CRUST, SiLicon
SOLAR CEUS ARE PoTENTIALLY mExP&usmE
BUT TRANSFORMING SILICON' INTO SOLAR.
CELLS IS AN EXPENSIVE PROCESS THAT
REQumes CDLJ'SIDE.RAELE ELECTRICITY.

HOW SOLAR CELLS WORK

_LIGHT CONSISTS OF PACKETS OF ENERGY
CALLED PHOTNMS THAT TRAVEL IN A WAVE -
L\KE FASKRIOMN. WHEN PHOTONS STRAKE
SILLCON] ATOMS. THEY DISLODGE ELECTRONS,
THE MISsInG ELECTROMNS LEAVE EEHIND
POSITIVELY CHARGED ATOMS. THESE ATOMS |
ATTRACLT FREE ELECTROMNS [N THE SILICON.
THIS RANMDOM MOVEMENT OF ELECTROMNS
CAN BE CONVERTED INTO A Flow oF
ELECTRONS IF PN TUNCTION IS
FORMED |IN THE SILICON. E/LECTRONS
PDISLODGED BY PHOTONS MNEAR THE PN
JUNCTION ARE ATTRACTED TO THE P
SIDE OF THE JuUNCTION. THE REsSULT IS
A FLow OF ELECTRICAL CURRENT WHEAN
LIGHT IS PRESENT. THE LEVEL OF
CURRENT IN AMPERES |5 DIREcTLY
PROPORTIONAL To THE LIGHT INTEMNSITY.
THE PoTENTIAL OF THE CURRENT IN VOLTS
1S UNRELATED 10 THE LIGHT |NTENSITY., |
A TYPicAL SILICON SOLAR CELL GENERATES
O.4H45 T 0.55 VoLT IN DIRELT SUNLIGHT.

| / 'j < CURRENT SUN
FLOW ¥

Ln‘ib-l- N[ O
T—soLArR <ELL

SOLAR CELL EFF!C[EMCY

(E_EVERY PHOTON STRIKING A SOULAR. |CELL

'. DISLODGE S | AN ELECTRON, THE CELL ILL.

TRAMS FORM  NEARLY 100 % OF THE LIGHT | | | |

THAT STR\KES IT INTD ELEQTRICITY. THE.
ACTUAL EFFICIENCY OF REAL SOLAR CELLS |

1S FROM. ARBoUT 5% TO 20%. THERE ARE.

SEVERAL REASONS FoR . P.Eaur:.&h EFthEmc‘n i

_AWAY | FROM THE FRONT .
_SURFACE DF THE CELL |

TEAEENT R IR

TYPICAL :

SILICON /" LppER_| | |
SOLAR | B 'CDNTPCTS =
CELL S CUwEu.L*:

BEFORE 1T REH:.HEE THE,
| _CEBLL's PH .‘Ium:TmH -
(N NN ] PN
\P OF. O%. Hﬂ/ PN IIJMLTIGM

v 4. SOLAR CELLS DETECT ONLY
PART OF THE SOLAR | 5PEL‘_TRUM

: i.ﬁcim_uairt \S REFLECTED| | | |

fi-anuf.‘)

R SaME | Llct & |AE<oREED | | |

-.+z—{>l~.—ﬁ'l

> 1 .QUHL.‘_GHT FEHKS b | | S0 . N [ S T

B HERE. ) (6REEN) - o i I I " O

S M~ (G W : . RE%F&NEE ﬂF- L.l

= . ':‘:.lLLan CELL PEAKS .

- . ] CINL.THE NEAR mmﬁﬂﬁb

E} D £ | | [ | L | 4 |

U 300 40D 50D WLbD, 60| B0D | Qm .Lnﬂ.n
WAUELEMETJL (,nm} i
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SILICON SOLAR CELL RATINGS

IT IS IMPoRTANT TO READ AND UNDERSTAND
SOLAR CELL RATINGS, ESPECIALLY WHEN THE
CELLS ARE TO BE ULSED TO CHARGE A STORAGE
CELL OR ! BATTERY.

SILICON SOLAR CELL VOLTAGE
oo

NOTE THAT THE VOLTAGE FLATTENS
S L AS THE LIGHT INTENSITY INCREASES
VT '
2 /
< 3| OPEN CIRcUIT (NGO LOAD
5 " ACROS LAR CELL)
é 3 ] 0BS5S0 LL
BN Y S |
i \EAHE. CELL COMNECTED |
= 1 & M ACROSS A 50-OHM RESISTOR
wl I
b A | | | | | I | | | |
0] L2 1 X | &l & | Gl 1g G 1]5

LIGHT INTENSITY

INCREASING SOLAR CELL VOLTAGE

WHEMN SOLAR cEi(Ss ARE USED - TD CHARGE
STORAGE CEUS OR BATTERIES ., SEVERAL
CELLS MUST BE CONKMECTED IN SERIES TO
CBTAIN A SUFFICIEMNTLY HIGH VOLTAGE .

WO T T

[~ 1
+O—1 DI 1 > 1
05V + 08y + oS8V t 0.5v + D.SV=2.85v

TYPICAL SERIES ARRAY.

1
s
f—— -
-
——
!.
f— -n
o
-
P
L 1
.

T
S
-
=
s
-

A STRING OF SOLAR CELLS CONMNECTED | IN._
SER\ES OR |N PARALLEL (SEE BELOW) IS
CALLED AN _ARRAY. ALL THE CELLS IN AN
ARRAY SHouLD BE EQUALLY ILLUMINATED.
SHADING ONE CELL IN A 6.5-UbLT ARRAY.
DROPPED THE OUuTPUT TO (.2 VoLTS.

Sl LlCON SOLAR CELL CURREMT

150 -
THIS GRAPA SHOWS THE .|
CURRENT. FROM A SILICON.
SOLAR CELL FOR A RARGE

__OF LOAD RESIS TANCES. | |
THE. SAME . SOLAR! CELL WAS

LWSED TD PRODLCE THIS |

GRAPR AND THE ONE ON

TRE FACIN G PAGE. OTHER

CELLS MAY GIVE, SOMEWHAT

DIFFERENT RESULTS,.

[ —
g &
|

6 &
:

b

HEENENAN S S e o AR
| Q |ip [ 2D 13O |40 Sp | @b (70 | B0 |90 100
LOAD ACROSS CELL (OHMS)

. CELL CURRENT (mA)

lNCREASI NG SOLP\R CELL CLI RQENT

CONNECTING SOLAR CELLS IN PARALLEL .
INCREASES THE OUTPUT CURRENT. THIS IS
ESPECIALLY USEFUL  WHEN CHARGING LARGE
STORAGE BATTERIE S.

FaaE g

. S0wA * SOMA +S50mA + SOmMA +S0mA =2S0mA

TYPICAL PARALLEL ARRAY:.

|



"SOLDER ING LEADSTOSDLAR CELLS

SOLAR CELLS OR SOLD WITH OR WITHOUT
LEADS. SOLDERING LEADS TD SCLAR CELLS IS
TRICKY, BuT YOU CAN SAVE MONEY IF YOU ARE
UJILLIHE TO SOLDER THE LEADS YOURSELF
USING  THE REFLOW. SOLDERING METHOD .
DESCRIBED HERE. SOLAR CELLS ARE FRAEILE
SO WSE CARE. | |

SUITAELE SOLDERING [ROMS AND SOLDER
ARE AVAILABLE FRoM RADIOSHACK.. SELECT A
Low-WATTAGE |IRON OF ARpUT 15 TD 20 WATTS.,
WUSE 0.032- INMNcH R SMALLER EBLOSIN CORE
SOLDER . DO NOT USE ACID-CORE. SOLDER.

BE SURE TO TIN THE TIP OF THE SoLDERING
[RON. FIRST, ALLOW THE IRON TO BECOME
BoT EMGUGH TD MELT SOLDER. THEN MECLT
SOLDER OUER THE TIP OF THE SOLDER|NG
IRON. CAREFULLY BRUSH OFF THE EXCESS
SOLDER WITH A SOFT CLOTH. AVOID SPLASRHING
SALDER ON YOURSELF OR OTHERS. A PROPERLY
TINNED TIP WILL APPEAR SMOOTH AND SHINY.

FOLLOW THESE STEPS. TD SOLDER LEADS
TO A SOLAR cELL S
1. FIND A SAFE PLACE TO WORK. IT IS

ESPECIALLY IMPORTANT THAT THE SOLDERING |
IRON’s POWER CORD BE SAFELY PLACED. 50
RE SURE AN ELECTRICAL OQUTLET |S NEAREY.
AUTION . A HOT SOLDERING IRON CAN BURN
Sk N DR CLOTRING |

2. SlLiCon SoLAR cELLS HAVE ELECTRODES
ON BOTH SIDES. THE ELECTRODE oM THE LIGHT—
SENSITIVE , UPPER SURFACE IS A THIAN STRIP
0F METAL HLEHC—.- ONE EDGE OF THE cCELL,
PLACE THE CELL WITH THE TOP SIDE UPON
VouR WoORIK SURFACE (A PIECE OF ScRAP wooD
|S. BEST) AND USE A PIECE OF MASKING TAPE To
RoLD (T IN PLACE WHILE YoV SOLDER.

1G

& e

3. WHEN THE SOLDERING IROR. IS HOT, | .
GERTLY TOucCK TRE EDEE 0F THE TIP 70 oNE
END OF TRE UPPER FELECTRODE. LIKE THIS:

MASKRING . SOLAR 12!
TAPE = SN 2 CELL! %
3 == 3 ";
w@ ARy \? A (]
UPPER . ail #’5 | SOLDERING
ELECTRODE : IRDN

4., AFTER A SECOMD OR SO, TOUCH THE END.
OF A LENETH OF SOLDER TO WHERE TRE .
SOLDERING IRON TOUCKES THE ELECTRODE.
ALLOW SOME  SOLDER T MELT ONTO THE
ELECTRODE AND REMODVE THE I|RON.

5. REMOVE ABOLT C.2 INCR.(S mm} OF THE
INSULATION FROM THE END oOoF SOME
WRAPPING MIIRE. PLACE THE EXPOSED END OF
THE WIRE ALOMG THE TOP OF THE SOLDER THAT
You MELTED ONTD THE ECLECTRODE AND THEMN
GEMTLY PRESS THE SOLDERING IRDN AGAINST
THE WIRE AND REMELT THE SOLDER. WHEN
THE WIRE PUSHES INTO THE MOLTEN SOLDER,
HoLe TRE WIRE VERY STILL AND REMOVE

THE SolLDERING |RDA.
SOLAR SOLDERING fr
CELL \( |RON \1 | WIRE
SOLDER. i ' /
— & e i
R N T e s |
0 L S T O T NS

b. AETER THE SOLAR CELL coOLS , GENTLY
REMoVE THE TAPE, FLIP THE CELL OVER AND
TAPE 1T N Pmr:.E AcAIN. FoLLow STEPS 3-S5
ABOVE TD SOLDER A LEM&TH OF WRAPPING.
WIRE TO THE BAcCk ELECTRLDE. AFTER THE
WIRE SINKS IMTD THRE MOLTEN SOLDER, BE
SURE TD KEEP THE WIRE VERY STILL WHILE
THE SOLDER <CoolS. ¥
v



MOUNTING SOLAR CELLS

SOLAR CELLS ARE AVAILABLE UNMOUNTED oOR
INSTALLED IN VARIOUS KINDS OF PROTECTIVE
ENCLOSUVRES. IT's BEST TO INSTALYL
UNMOUNTED CEUS IN AN ERCLOSURE OR
TO MOUNT THEAM OnN A PROTECTIVE PAMNEL,
TWO METHODS THAT T RAVE USED ARE
DESCRIBED HERE.

ADVANTAGES OF MOUNTED CELLS

1. SOLAR CELLS ARE BRITTLE AND EASILY
BROKEN. MOUNTING THEM GREATLY
REDUCES THE RISK. OF BREAKAGE.

2. WIRE L.EADE SOLDERED TO A SOLAR CELL
ARE EASILY PULLED AWAY. MOUNTING THE
CELL wiLl PROTECT THE LEADS.

2. AN ENCLOSURE OR PAMNEL CAMN RBE MOUNMTED
ON) THE CIRCWLIT ITIS DESIGNED TO POWER.

4. AN ENCLOSURE OR PANEL PROTECTS THE
SOLAR CELL(S) FROM MOISTURE AND DosT,

NSTALLING CELLS IN AN ENCLOSURE

OME OR MORE SOLAR CELLS CAN BE EASILY
INSTALLED IN A TRANSPARENT BOX.

UNORSTRUCTED
VIEW OF THE Sun
OR LIGPT SOURCE

FO AM
PLASTIC
CusKION
HOoL DS
CELL 1IN
PLACE

SOLAR
CELL

CLEAR
PLASTIC

A SOLAR CELL SANDWILHED BRETWEEN A FOAM
PLASTIC CusKiaN AND THE LID OF A CLEAE
PLASTIC Box. YOU CAKN ALSO SANDWICH THE
CELL(S) BETWEEAN THE LID AND A PLASTIC OR
CARDEBOARD LINER INSERTED IN THE LID AND .
CEMENTED IN PLACE. | . |

I RAVE USED INDIVIDUAL RADIOSHACK SOLAR .
CELLS INSTALLED IN PLASTIC BOXES AS .
[LVGHT SENSORS WITHMOUT EVER DAMAGING
A CELL oOR BREAKIMNG 1Ts LEADS. SERIES OR
PARALLE( ARRAYS OF CELLS CAN EBE INSTALLED
IN LARGER PLASTIC BOXES. SOLDER THE CELLS |
TO ONE. ANOTHER WITH SHORT LENGTHS oOF
WRAPPING WIRE. SECURE THE CELLS InN.
PLACE AS SHOWNM oM THE FACING PAGE CR .
LDSE A LINER AS DESCRIBED ABOVE. EE
SURE THE CONNECTION WIRES Do NoT BLOCK
Ay OF THE CELLS.

MOUNTING SOLAR CELLS ONA PANEL

FOR manmY YEARS I HAVE USED HDMEMADE
SOLAR CELL PANELS TO CHARGE FLASHLIGHT
CELLS ON BICYCLE TRIPS. HERE's  How
THEY ARE MADE. |

PLACE A CLEAR AcCRYLIC oK TO .
BEAD OF | | MOUNT -
SILICONE BATIERY |
CEMENT i * MOLDER
AROUNID gt AT EnD
CELLS

E# BENENERRERY TR




SOLAR CELL CONCENTRM’ORS

A SoLAR CELL CGMEEHTP-P'«TDR INCREASES
THE AMOUNT OF LIGHT ColLECTED EBY A |
SOLAR CELL. CONCENTRATORS ARE BEST
USED  IN. APPLICATIONS IN wWHICH SOLAR
CELLS ARE ULSED AS LIGHT SENSCRS FOR
VARIOLS CIRCUMITS RATHER THAN POWER
GENERATORS. A CONCENTRATOR CAN ECOST
TAE PowER FRoM A SOLAR CELL ILLUMINATED
BY SUNLIGHT. BOT CONCENTRATORS ARE.
NOT  ALWAYS PRACTICAL FOR THIS PURPOSE

SINCE  THEY CAN CAUSE A CELL TO BECOME

OVERHEATED.

PARAROLIC REFLECTOR

LARGE ELASHLIGHTS THAT USE REPLACEABLE

BULBS <CAN BE USED AS CONCENTRATORS
FOR SOLAR CELLS. MOUMT TWO CELLS
BACK-TO -BACK. WITH DouEBLE SIDED TAPE.
CONNECT THE PLus LEAD OF oNE CELL TO
TRE MEGATIVE LEAD OF THE SECOND CELL.
EXTEND THE REMAINING LEADS THROUGH
THE LAMP QPENING. USE AN ADHESIVE
TO SECURE THE CELLS INSIDE THE
REFLECTOR. THE FLASHLIGHT CASE BAS
PLENTY OF ROOM TO INSTALL MANY  KINDS
OF LIGHT ACTUATED CIRCLITS.

REFLECTOR

AN e

SIDE VIEW

E.r-aﬁ VIEW
PAIR OF BACK -TO-BACK CEMENT SoLAR CELL
SOLAR CELLS
20 |

Q#'
-

LEADS ToO LAMP DPENING

| FRESNEL LENS
| SOLAR A ELAT PLASTIC
| “\ FRESNEL LENS 15

L L IN T AN IERKGELLEMT |
= CONCENTRATOR |

Al .| FOR. A SOLAR
J

| < CELL. WITH LENS
AND CELL IHEI‘ALLE.D

IN_ A HBUSING,

|/ <— THERE WILL BE
N | PLENTY OF SPACE|
FOR. CIRCUINTRY.

1= ELECTR:-.Mw_ _
UCIRGUT LENS

TROUGH CONCENTRATOR

S{ELAR. CE L.L

TROULGHA CAN BE PLASTIC OR SHEET METAL
LINED WITH SRKRINY AwMmINumM TAPE.

ROX CONCENTRATOR

AL UMINDIM
I FoiL. or

' SHINY,
ALUMINUM
TAPE

SOLAR (CELL

MAKE BOx FROM PLASTIC OR SHEET METAL .

FOR! BREST RESULTS. | | |
21



SOLAR CELL RATTERY CHARGERS
LEAD-ACID AND NICKEL CADMILM (NiCd)
ARE THE MDST COMMON STORAGE BATTERIES,
CERTAIN  ALKALIME | LITHIUM AND OTHER |
TYPES  CAN ALSOD EE USED AS RECHARGEARELE
STORAGE BATTERIES. \WHEN CHARGING

A STORAGE EBATTERY You MUST OBSERVE
SEVERAL PRECAUTIONS TD AVOID DAMAGE
TD THE BATTERY OR . ONE OF \TS cCEWLS..
THESE PRECAUTIONS WILL ALSO GREATLY.
REDUCE THE POSSIBILITY OF FIRE OR EVEN
EXPLoSION, WHICK CAN OCCUR WHEN A

STORAGE BATTERY IS IMPROPERLY CHARGED.

STORAGE BATTERY PRECALITIONS

1. CHARGE OmlN. CELLS AnD BATTERIES
DESIGMED TO RE RECHARGED. CAUTION:
MNEVER  ATTEMPT TO CHARGE OTHER KIMDS
OF BATTERIES! THEY MAY OVERMEAT,
SWELL AND Poss ey EXPLODE.

2. NEVER EXcCEED THE MAXIMUM ALLOWED
CHARGING CURRENT FOR A STORAGE .
CELL oOR BATTERY. INSTEAD OF REDUCING.
THE CHARGING TIME, THE CELL OR THE
BATTERY MAY BRE R-:..IIME.E

5. CHARGE MULTIPLE STORAGE CELLS [N

SERIES INSTEAD OF N PARALLEL.
CELLSL AN L | 4 e T ol ol T e
SERIES ® | l |

4. KEEP RATTERIES AWAY FROM DIRECT
SUNULIGHT WHILE BEING CHARGED.,

154
S.|F A BATTERY BECOMES ROT WHILE BEING
CHARGED |, IMMEDIATELY DISCOMMECT IT OR
REMOVE | T FROM THE SOLAR CHARGER.
%Liﬁ'_qm IT T €Ool EEFORE | LSI\NG (T,

. NEUER .’:'.HDR.IT T.HE. TERH\QALE‘;- GF L
STORAGE CELL OR BATTERY! STORAGE CELLS

HAVE A VERY Low INTERNAL RESISTANCE.

THIS MEAKNS THEY CAMN PRODUCE A VERY HIGH

r:,uRREMT |F THE!.R TERMINALS ARE SHORTED..
\1\ / cAauTION !
.% Do MOT SHORT
T THE TERMINALS
+ e OF A STORAGE
N ALL CELL OR BATTERY
STORAGE Wi™ A NAIL,
BEATTERY COIN, METAL
FoiL OR OTHER
ComnDUCTOR,

7. USE TAPE TO INSLLATE THE EXPOSED
TERMINALS OF STORAGE CELLS AND
BATTERIES. OTHERWISE THE TERMINALS

MIGHT BECOME ACCIDENTALLY SHORTED

TOGETRER., WHEN PossIBLE ; USE AN
INSULATED EBATTERY HDLDER oR Coqucﬂuu
CLIPS WITH INSULATED LEADS.

B, IT'S BEST TD CHARGE NICKEL CADMIUM

STORAGE CELLS AND BATTERIES WHEN THEY
ARE FULLY DISCHARGED. THIS INCREASES
THE TI\ME TRESE CELLS WILL FUNCLTION

_BETWEEN CHARGES.

Q. NEVER GUESS ABoOUT THE SPECIFICATIONS
OF AnN UNKNOWN OR UNMARKED RBATTERY.
THE SPECIFICATIDNS of BATTERIES souLD EY
RADIOSHACK ARE LISTED |IN THE RADIOSHACK
CATALOG. You CAN FInD THE SPECIFICATIONS
Oof BATTERIES VIA THE woRLD WIDE WEE,
BEGIN YouR SEARCRKH BY SELECTING ONE
OF THE WER SEARCH ENGINES. TYPE IN
THE MANUFACTURER'S NAME AAND THE
WoRD "BATTERY" O0R "cEelL'" TO NARRoOW
YOUR SEARCH. i3



SOLAR CELL RATTERY CHARGERS
SERLES ARRAYS OF SOLAR CELLS ARE USED TO.
CHARGE STORAGE CELLS AND EBATTERIES. THE
ARRAY MULUST SENMERATE A SLIGHTLY HIGHER |
VOLTAGE THAN TRAT OF THE BATTERY REING
CLARGED. HERE ARE THE NUMEBER OF SERIES -
CONNECTED CELLS COMMONLY USED TO CHARGE
SOME PDPULAR BATTERY CONFIGURATIONS:

1 1.2-VoLT NiCd CELL — 4 SOLAR CELLS

2 1.2-UOLT NiCd CELLS IN SERIES — 9 SOLAR CEUS
4 1.2-voLT Nild CELLS IN SERIES —18 SOLAR CELLS

1 12-VolLT LEAD-ACID RATTERY —3k SOLAR CELLS

SOLAR 2xAA CHARGER

2 0 S e LI T

| SOLAR ::ELL
* AN S SCARCaN
: S > _; l ARRAY
| | ¥ Ej’i‘_

+ 1.2 v

SRS AN ENCE N
| | -....:..";_. EBEL
| | + r G0 g
B S % 12N by
;' . 1nQ LY
| :
: s
e BT OV IS PR g SO D0 [ = MR e | -

THIS CIRCUIT WILL CHARGE 2 AA NiCd CELLS,
IF TRE CELLS ARE FULLY DISCHARGED, S0LAR
CELLS THAT GERERATE S0 10 100 A WL

CRARGE THE CELLS IN ABOLVT 5 TD & HouRs.

D1 PREVENTS THE NiCd CELLS FROM
gSCHP«RGIMG THROUGH TRE SDLAR CELLS.
Ll

SOLAR %ATTERY CHARGER TIIPS

1. NEVER EXCEED THE RECOMMENDED CHARGE f_

_ RATE FOR A STORAGE CELL..

2. D0 NOT USE A SOLAR ARRM THaT | ||
DELIWERS TDo MucH CURRENT TO THE. CELE
BEING CHARGED, . 0 -

4. SEUERHL TIMES A DAY EEEEIEMTH EE:LAE'.
PANEL SD T FACES THE Sun. ELSEE

| 2. INCREASED CURREMNT REDUCES ﬁ_cHA&csm;c;ﬁ |
TIME. CHECK THE BATTERY'S SPECIFICATIONS |
TO FIND THE MAXIMUM -ALL-nwAELE CURREMT-. .

| S, SOLAR CELLS | \WoRK BEST WHEN cool. .

AVOID PLACING A SOLAR PAMEL|ON SURFACES |

TRAT BECOME HOT [N SUNLIGHT, SucH AS.

__PAVEMEMT 0OR DARK PAINTED METAL,

b. STORAGE BATTERIES CAN BE MOUNTED

. DN THE BACK SIDE OF A SOLAR |PANEL, BUT |
THEY WORK REST WHEN KEPT (A A GOOLER | |

LOCATION WHILE BEING CHARGED. .

" MONITORING A SOLAR CHARGER

You CAN MEASURE THE CURRENT FROM A |

SOLAR PANEL wiTA A MULTIMETER.

4. CONNECT A MULTIMETER SET TO MEASURE.
_ CURRENMT BETWEEN THE BLOCKING DIODE AND
__THE RBATTERY REING CHARGED. RE. EUE*.E.

TO ORSERVE POLARITY, OR..
2. CONNELT A 1-OUM  POWER P.é.si-a;-rbii’.:

=

| RETWEEN THE BLOCKING 0(0DE. AND THe | |

BATTERY BEING [ CRLARGED. USE A pyLTl—|

— METER To MEASURE THE VOLTAGE (V) ACROSS | |
THE RESISTOR (R). FROM OHM’S L AW, CURRENT |

EQUALS u/& OR.,
. | | | 25

AN THIS CASE ., 'U'. 1 o S I



TAKE A SOLAR CELL INTQ SPACE | 71| omne waY 1S 10 wRAP THE SOULAR cELL EAD.

- . | L OF THE TURE WITH ALUMINUM Foil . TAPE
SOLAR CELLS, ARE SENSITIVE TO oNLY PART Ll MHE FOIL TD THE SIDE DF THE TURE. BE SURE
- OF THE SOLAR SPECTRUM . THEREFORE A SOLAR ... 1T DoES NOCT SONNECT TOGETHER  OR| SHORT
i CELL CAK NOT MEASURE THE PODWER OF THE L TE_SDLAR CELL LEADZS, -
i TOTAL AMOUNT OF SUNLIGHT AT THE TOP OF o | L4 b ! {4 3 | L 3
: THE ATMOSPHERE (THE SOLAR CONSTANT), EVEN . 2. CONNECT THE S$OLAR CELL LEADS ACROSS
lF. YOoU coulh TAKRE ONE THERE. | L A 100-0HM RESISTOR. TAPE THE RES\STOR

= L . TO THE SIDE OF THE TUEE AS SHOWAN:
L HCEDRDIMG TO SOLAREX, A MATOR SoLAR CELL . . - !

] MANUFACTURER , A SOLAR CELL PRODUCES r
ARBouT +14.L4 ?f’u MORE PowER IN SPACE THAN ALuHmum | '

THE SAME CELL PROBUCES ON EARTR. LET'S _L | _FoiLitb 2 e O G o W 3“)_.(_
CALL THIS PERFCRMANCE INCREASE A SOLAR L el | Brock: i U S0 1 N (O C
CELL'S SPACE EFFICIENCY. L LGHT % \ | / |
1 YOU! DON'T NEED To BRECOME AN ASTROMAUT L ~ 100-0OHM RESISTOR  TAPE  SUNLIGHT
It TO DETERMINE HOW MUCH MDRE POWER A L S L
I SOLAR CELL WILL | PRODUCE [N SPACE. THE - b 3.0N A CLEAR DAY MEASURE THE \DLTAGE
| METHOD DESCRIBED HERE WILL REVEAL A i ACROSS T™HE 100-0BM RES\STOR WHEN THE
1] SOLAR CELL'S SPACE EFFICIEAKCY FROM EARTH. L, TUBE 15 POINTED DIRECTLY AT THE SuA. THE
1l - FOLLOW [THESE |SYEPS: . TUEE |S PROPERLY POINTED WHEN ITS SHADOW
_ . DISAPPEARS AND WHEN THE VOLTAGE ACROsSS
1.MoUNT A SCLAR CELL AT THE END OF A . ... THE 1o00-OHM RES\STOR REACHES A PEAK.

I PVvc. OR CARDEOARD TUEE: . . . . .
- | | MAKE MEASUREMENTS FROM EARLY MoRNING
| LINE WITH BLACK CONSTRUCTION PAPER ™ | | ¢ O NOON . OR FROM NOON TO LATE AETER.NDON.

it
il i ———ty = \E_You Do NOT HAVE INTERMET. ACCESS You
i (; L , WILL NEED TO MEASURE THE ANGLE OF THE
N S O D o o O 0 G O I i = .| SUN OVER THE HORIZON AT EACH MEASUREMENT.
I|g SoLAR CELL . L . RECORD YpuR DATA IN A NOTEBOOK UMNDER.
1 || THESE MEADIN &S
£ swhoulD BE AT LEAST 5 TIMES d. . !
e
DATL‘.. . |
LAOCATION * (Town AND cooRDINATES).

SKY CONDITION! (CLEAR 2 BLue?)
OBSERVER . (YOUR NAME)

USE DouBLE  SIDED TAPE To ATTACH A BARE

SOLAR CELL TD A THIN CARDECARD Disk. \KE

L DARK THAPE TO ATTACH THE CELL AND DISK

I TO THE END OF THE TUBE. ACTERNATIVELY,

- INSTALL THE SolAR CELL IN A THIN, CLEAR

PLASTIC Box AND TAPE THE BoX T'D THE

EAD OF THE TUBE. |F THE SOLAR CELL IS

LARGER THAN d1 THE EXPOSED PORTION E=r |
CF THE CELL MUST BE SHIELDED FROM LIGHT.. | o . - . _ |

20 . ! . | 21

TIME | sienvac | sienac] sun | AR
(Vo Lrs) (LN) ANGLE | MASS

—




4. AIR MASS (M) IS THE THICKNESS OF THE
ATMOSPHERE BETWEEN You AND THE SUA.

M= 1/S11 B, WHERE 8 |S THE ANGLE OF THE

SYN  ABovE ‘THE, HORIZaN., FIND mw FOR EACH |
TIME YOU MADE A MEASUREMENT. USE THE Sun
ANGLES YOoU MEASURED ., OR VISIT A SEARCH.
ENMNGINE ON THE WORLD WIDE WER AND ENTER
“SUM ANGLE CALCULATOR." CHECK THE WEEB
SITES AND SELECT A CALCULATOR You LIKE. |
FOLLOW THE INSTRUCTIONS TO FIND THE SunN!

ANGLE. FOR EACH TIME. CALCULATE m EOR EACH

ANGLE AND ENTER THE RESULTS IN YOouR NOTEBOOK.

5.USE THE LN KEY ON A SCIENTIEC .|
CALCULATOR TO CONVERT THE SI&6nNALS YOU |
MEASURED TO THEIR MATURAL LOGARITHMS.
ENTER THE RESULTS IN YOUR NOTEBOOK,
HERE ARE SOME OF MY RESULTS.

’ I=:" T T I e —— ey S S ! [ F T R

e

DATE FE-.EF-*-.UAFW 21, 19%9.
LOCATION: GERONIMD EEEEH. TEKAE
SKY COMDITION: CLEAR AAD, ELUE
ORSERVER! FORREST M. MiMS 1T

TIME SIGNAL | SIGNAL | SUN. AR
(Vecrs) | LLw) ANGLE | MASS

1§50:20| 4.0 | 1.5261 Eﬂ.n?: 1.99
P 1blt: 0ol 4.44 |1.49071 2539°| 2.23

lo. GRAPH THE LN OF THE SIGNALS AND THEIR

AR MASSES ., HERE'S MY GRAPH.:
1.8 _
ol - 3 B THIS (S CALLED A LAMNGLEY
2 1t} GRAPH |N HOMNCR. OF
= 1S 9o SAMUEL LANGLEY
~ 1 Y 1-:,
- | T T O
. ksl o =
L2 Al O
LN o1
n 10 | | | e (o 1

=
gl 34 Al 19 s | 4lT L
AR MASS (m)

=
»

I.l'—' THE_ SH‘f whs f:LEAEL 1‘1—1& Pmm'rs E.E:erErJ
AN AIR MASS OF ABOUT 2 TO o SHOULD. FORM
A STRAIGHT LINE. DRAW A LINE THROUEH
THESE POINTS. AND  EXTEND IT TO [THE ¥
(VERTICAL) AXIS OF THE GRAPM (AIR MASS= D),
THE LN OF THE S|eNAL THE SOLAR CELL
wiLl PRODUCE AROVE THE ATMOSPHERE , | THE
CELL'S EXTRATERRESTRIAL (ET) cnm'sTAMT
IS WHERE THE LINE CROSSES THE Y AXIS.

s e s PR
Gl'—-r-a-w':qu-..rm
|

: ET CONSTANT =1.T005 @ FIND THE
L. EXACT UVALDE WITH THE LINEAR

. RECGRESSION EUNCTION OF A
SCIENTIFIC CALCULATOR
OR CoOMPUTER
SPREADSPEET.

¥

L ]

®

SIGNAL (LN |

| L | | | | L l
 C VL S L TR |
AR MASS (m)

-

C
H

7. USE THE E&* KEN OF YoUR! CALCULATOR TO
CONMUERT THE LN AOF THE RIGHEST sieanAL AT
oR NEAR NOON AND THE ET COMSTANT TO
THEIR ANTILOGS. DIVIDE THE ET CONSTANT

BY THE NCOMN SIGNAL, SUETRACT 1 AND ADD
A %% S\Gmn. THIS IS T'HE SOLAR CeLL'S SPACE
EFFICIENCY, THE INCREASE IN PERFOR MANCE
THE CELL wlLL PROUVIDE IN SPACE. THE SOLAR
CELL I MEASURED HAS A SPACE EFFICIENCY OF
+10.9 %, THIS IS REASONARLY CLOSE TO THE
t14.. %4 GIWEN BY SOLAREX. SOME 0OF THE
DIFFERENCE 1S RECASE THRE LANGLEY METHOD
WORKS BEST WITH A NARROW EAND OF
WAVELLENGTHS AND A SOLAR CELL DETECTS
FROM ARouT 400 ToO 1100 NMANOME TER S.
DIFFERENCES ARE ALSO CAUSED BY DIFFERING
AMOUNMTS OF WATER VAPOR AND HAZE
WHEN THE TESTS WERE CONDUCLTED. WATER
VAPOR \s ESPECIALLY IMPORTANT  SINCE |IT
ARSOREBS SOME NEAR INFRARED TD WHICH
SOLAR CELLS ARE VERY SENSITIVE. T
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SOLAR POWERED MOTORS T

SMALL DC MOTORS CAN BE POWERED RY
SOLAR CELLS., SOME MOTORS REQUIRE ONLY A
SINGLE CELL AMND BRIGHT SUMLIGHT. MosT
REQUIRE AN ARRAY OF SOLAR CELLS.

RASIC SOLAR POWERED MOTOR

+
4 E@J
S L0

HIGHER POWER SOLAR MOTOR

A SODLAR CELL ARRAY THAT POWERS A
MOTOR ON A BRIGHT SUMMER DAY MAY NaT
PROVIDE ADEQVUATE POWER DURING WINTER .,
THIS CIRCUIT FEATURES TwWO SERIES ARRAYS
COMMNECTED (N PARALLEL ToO PROVIDE DoUEBLE
TRE CURRENT PRODVUCED BY A SINGLE ARRAY.
IFIDENT\CAL 0.5 VOLT CELLS ARE USED AND

A SINGLE SoLAR CELL GENERATES
ENOUGH CURRENT TO POWER
MOST SMALL DC MOTORS, ADD
CELLS IN SERIES |F MORE
VOLTAGE IS REQUIRED.

IF EACH PRODUCES SOwA IN BRIGHT SUNLIGHT, |

THEN THIS ARRAY WILL PROVIDE (o VOLTS
[L‘?_ CELLS % 0.5 voLT) AND 100 mA.

) rPI: rﬁt I*PE I'i’-'[ l‘r?l: |ﬁ’/[:| N E Iﬁ"—-E |*£-'E lh}E |"‘;'~

Si: ON= b VOLTS AT 100 mA (AT SO0mA /CELL)
g OFF = (e VOLTS AT 50 mA

Lt K B r e o

HPEDFDDEDEDHEFHHEDH
= S A Tl

\[:T) LOW CURRENT
DC MOTOR

POWER
SWITCH

S0

N .

ARE EQUALLY

REVERSIBLE SOLAR MOTOR

A REVERSIBLE SOLAR POWERED MOTOR HAS | |

APPL\CATIONS  IN ROBOTICS AND TRACKING

THE SUN. THE ROTATION. OF THE MOTDR BELow |

1S CONTROLLED BY WHICH ©OF TWO SOLAR @ |

ARRAYS IS ILLLMINATED. WHEN EOTH ARRAYS
ILLUMINATED, THE MOTOR

DoE S NOT ROTATE. _ .

¥ ¥

TO ROTATE CLOCKWISE...

vee ILLUMIMNATING  THIS
ARRAY CAUSES THE MOTOR

“~ 10 ROTATE COUNTER CLOCKUNSE,

o

SOLAR MOTOR WITH BATTERY BACKUP

 EVEN. A BRIEE INTERRUPTION 0F DIRECT .

SUNLIGHAT WILL SLow OR EVEN SToOP A |
SOLAR POWERED MOTOR. A STORAGE BATTERY .
CONMRNECTED ACROSS THE MOTOR'S SOLAR
CELL ARRAY WwWILL PROVIDE BACKUF POWER.

4 |"/"I ﬁ % r|,, 4 #}I ""r:-' r’lf [*"lr [ rr I "f’
Bl MUST BEA |
SoLaR CELL STORAGE BATTERY.

ARRAY Si

& ' |
CLOSE ‘S?/ l:l [ | ‘ Di's RATING MuETEHCEED? |

FOR BACKUWLP PEAK. SoLAR ARRAY CURRENT
SZ (l:k (1n4001 , ETC.) |
+
oD M _
PoWER \:{ Law CURRENT
SVWIATCH PC MOTOR

BTl

_wa_ - _H;. IE ILLOMINATING THIS |
.. ARRAY LAUSES THE MOTOR



EEEEN W § I O O
SOLAR ACTUATED NOTORS | t L POWER EFET ACTUATOR (2)
SOLAR CELLS HAVE MANY APPLICATIONS IN. HREEL THIS CIRCUIT wWiLL
ROBOTICS AND CONTROL. THE CIRCUITS L | DRIWVE A SMALL DC

_ SHOWN HERE SWITCH SMALL DC MOTORS ON : — : MOTOR WHEMN THE

OR OFF WITH SUNLIGHT. SOME ARE SO IRFS10 POWER MOSFET
IS SWITCHED ON BY

THE VOLTAGE DWIDER
FORMED BY THE SOLAR
CELL AND R1. ADIUST
Ri TO COMTROL SENSITIVITY. .
THE IRFS10 wiLL DRWE

|
SENSITIVE THEY cAN BE TRIGGERED WITH A 'J[ .
SMALL FLASHLIGHT ©OR LASER PDINTER . | -
r

POWER FET ACTUATOR (1)

+ TV THIS CIRCULT WILL | A MOTOR THRAT CONSUMES
DRIVE A SmALL Do | - UP TO 2 AMPERES., tV
Y | MOTOR |IMHEN. TRE | | | =t SHOULD NOT EXCEED
s Zid IRES10 POWER . THE MOTOR'S RATING.
Y MOSFET IS SWITCHED L] 1 USE SUNLIGHT, FLASHLIGAT
o 2] | ON WITH ABoUT 4 = | == OR LASER POINTER.
;SZ LY VoLTS FROM A . | |
g el SOLAR CELL ARBAY. | | | B+ :
Vg THE IREGS10 CAN . OP AMP -POWER FET ACTUATOR
e o LAy = DRIVE. A MOTOR THAT =l . | |
Y VY 1Res10 CONSUMES UP TO A +qy | +V
7 ] 2 AMPS. +V SHOULD . T |
SOLAR CELL : NOT EXCEED THE — pas -
ARRAY = MOTOR'S RATING., SN - Ak/\_.
TRANSISTOR ACTUATOR m ] SOLAR | RZ
=E | CELL 100K
+av THIS CIRCUIT e £ :\\9‘\
SOLAR I | . USES A REVERSE — X 5 LDEjf,i 4
CELL o = BIASED SOLAR — = | }/ :
N _1*r CELL TD SENSE = | Ri
- R Y Bl = | ILIGHT. 'R - | 100K
LN22LL . g ComnMTROLS THE =t - 4
+ . SENSITWITY. 1 L
4 RN1 M USE CIRCUIT =t . =
T0 ACTUATE o THIS CIRCUNT ALSO SWITCHES A SMALL DC
R4 ShMALL Do MOTOR wWiTH AN IRFS10 PowER MOSFET.
5 % 100K MoToR (1% . ADDITIONAL FLEXIBILITY (S PROVIDED BY THE |
| TO b um.rs.)i_ TLOSZ QP AMP. R4 CONTROLS THE SWITCHING.
__T. RY1- _ | — THRES HOLD AND R2 cONTROLS THE GAIN.
T RADIOSHACK 275-005 N SKRoOULD NOT EXCEED THE MOTOR'S RATING.
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SOLAR CELL LIGHT METERS

THE PHOTOCURRENT FROM A SILICON SolAR
CELL IS LINEAR WITH RESPECT TO LIGHT |
INTENSITY. THIS MEANS SOLAR CELLS MAKE.
EXCELLENT SENSORS FOR LIGHT METERS.
THE APPLICATIONS SHOWN EBELOW ARE FOR
LIGHT METERS MADE FRoM A SolAR CELL

AND A RADIOSHACK MULTITESTER.
LIGHT METER (VOLTAGE TYPE)
SOLAR é 3
CELL
+ R4 | ANALOG 0OR DIGITAL
AV 10 | MUCTIMETER SET 10
= MEASURE VOLTAGE
F

THE VOLTAGE PRODuUCEDP EBY A SOLAR CELL
1S poT LINEAR WITH RESPECT TO LIGHT.
INTENSITY. THIS ARRANGEMENT MEASURES
THE PHoTOCURRENT (1p) FROM A SoLAR
CELL, WHICH IS LINEAR. FROM OHMS LAW,.
THE CURRENT THROUGH A RESISTOR IS V/R
IF BL IS 10 oHMS AND THE UDLTAGE AcCROSS
R1 IS O.HZ voLT, THEN Tp= O.HZ /10 oR
0.04H2 AMPERE (42 m A).

LIGHT METER (CURRENT TYPE)

solLBR T
CELL
15 ANALOG OR DIGITAL
AV MULTIMETER SET TO
P E MEASURE CURRENT

THIS ARRANGEMEMNT,
DIRECTLY ME ASURES SolLAR CELL PHE-TDCUEREMT

34
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SOLAR CEL_L RADIOMETER

AAA_ T'H..LE RADIOMETER
- - | R1! | _ ME&SuRES A VERY
Ri-R7? ARE . | 10M | WIDE RANGE OF
FEEDRACK ReSIsTORS Li\GHT LEVELS. FOR
AAA__| | REST RESULTS,
R2 - INSTALL CIRCVUIT |
imm | L ARND . SRLAR CELY
. 1IN AN ENCLOSURE.
AAA . KEEPS LEADS TO
R3 _ BATTERY AND R1-
1ok R717 SKHEORT To. .
AVOID OSCILLATION.
Fo ¥ .5, N
R4 IM USE, SET €1
LOK (Mum- POSITION
. . ROTARY SwiTCH
A4 RADIOSRACK 275- Iass}
. RS’ TO LOWESZT GAIN |
1k, | SETTING (10). WitTh
L SOLAR CELL DARK,
ADJUST R& uMmTIL
METER INDICATES
LOWEST VOLTAGE .
Al owl ! LladT TO
ILeurrJATE SolAR
CELL AND ADIUST
SL TO TRE MOST
APPROPRIATE GAIAN,
. o .
MULTIMETER
SET TO
MEASURE
. DC VOLTAGE
R& -
100K =

TRE GAIN OF THE RADIOMETER EAQUALS THE
FEEDBACK RESISTANCE (R1-R7).
s SELECTED, THE RADIOMETER MULTIPLIES THE
SoLAR CELL PROTOCURRENT 10,000 TIMES.

35
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SUNLIGHT ACTUATED RELAY

A SERIES ARRANGEMENT OF SILICON
SOLAR CELLS wilL ACTWATE A RELAV.
THE SoLAR <CELL ARRAY MusT PRQVIDE
SUFFICIENT VOLTAGE AND CURRENT TO
OPERATE THE RELAY. THE ARRAY
SHOWN HERE wilL PuoLll IN A Low
CURRENT RELAY. WITH A 7-To 9-VOLT ColL.

i R[- 7-TO 9-VOLT
SOLAR Low CURRENT

’.';Z R = crils . RELAY
/SZ (RADIOSHACK
d IR Y 275-005 oR
,ISZ AN SIMILAR)
7l =

/N | EXAMPLE: A 7-TD G- VouT RELY
| W] REQUIRES FROM 14 TO18 CEUS,

USE INDIWIDUAL CELLS OR CONNECT

21 IR APPROPRIATE NUMBER OF SOLAR
\VA ARRAYS IN SERIES.
Al =
IN TESTS OF PROTCTYPE
7] CIRCUIT, THE RELAY PULLED I
/N EUEN WHEN THE ARRAY WAS

TILTED SOMEWHAT AWAY FRoM SuN.

SENSITIVITY ADIUSTMENTS &
-\."‘ '\.-' -, ..\"'\-1

BLOCK PART OF THE ARRAY WITH AN OPAQUE
COVER TO REDUCE SENSITIVITY, OR...

RELAY

| e USEL_ 1 K
q'l‘. b ! \v/\F ~ POTENTIOMETER
ﬂg'.'/h H'x\ i T . X ij RATED AT
o5 A0 W : A\ POWER OF
' ARRAY.

. It‘li— EQHHE}H | A

WREN

_ SoLAR |t

Ll GHT ACTUP\TED RELAY

A "SDLAR CELL EEME.RR‘[E'S A FHG‘!’DCURR.EMT
ILLUMIN ATED. THE  CIRCUIT SHOWMN. |
HERE AMPLIFIES THE CURREMNT FRoM A SINGLE

,' SOLAR  cELL AnD DRIWVES A  RELAY. THIS

A VERY SMALL SOLAR
Low.

CIRCUIT WILL WoRrRK WwWITH
CELL ANMD Wittt RESPAMD TD VERY
LEVELS OF LI\GHT. - .

+9y

RELAY-RADIOSHACK 275-005
OP AMP. | (741 ,ET)g .

CELL

4'_1‘_'

COMNNEST THIS = | \{\‘ GREEN fﬂﬁ-ﬁlﬁ\f}

PAIR OF LEDs. | o1 1 ESVIEE
To THE RELAY . | g

] _ 1 ) ] . N
ANDICATE THRE | AL 4 K] __AAL L.

TERMINALS TO
CIRCUIT. STATUS. S A0S 2R SIS B B IS S
¥/ ReD (AcTUATED) |

WITH RooM LIGHTS SUBDUED, ADRIUST R3I UNTIL |
THE RED LED JusST STOPS GLOWING AND THE, | |
GREEN LED GLOWS. L|GHT FROM A FLASHLIGHT
Wil TRIGGER THE CIRCUINT Amb THE RED LED .
WILL GLow. THE CIRCUIT Wwill RESPOND TD. AN, |
LED , MATCH , CANDLE , DAYLIGHT AND A LASER |
PGIMTER ’S\MCE. THE CIRCUIT RESPONDS TD MARY
LIGHT EDLJRCE"S NEVER USE IT TO, CONTROL |
HAZARDOLS THINGS (M#{HIHERY Err_.). 0



BREAK-REAM DETECTION SYSTEMS

RREAK-BEAM DETECTION SYSTEMS DETECT
EVERYTHING FROM ITEMS ON A CONVEYOR
 BELT AND SMOKE TO CUSTOMERS IN STORES
AND RURGLARS., WHEN A LIGHT EEAM IS
(NTERRUPTED, THE SYSTEM. SWITCHES AN
ALARM E-DUMTER OR LIGHT. HERE ARE SomE
C.ELMHDH RREAK-BEAM CONEIGURATIONS:

IN-LINE  MODE

S >t R
LIGHT SDURCE RECEIVER
REFLECTION NODE

= REFLEI:.‘I‘ER

\ MIRROR.
_ OR WHITE |

R / SURFACE.
PROXIMITY MODE

> \f-: EEEIE-‘EES;SW

o R R LIGHT TO

Rl == T L1 REQEI\WER

KINDS OF BREAK-BEAM SYSTEMS

STEADY STATE — THE LIGHT SOURCE (S A
LAMP, LED OR SUNLIGHT, WHILE VERY SIMPLE,
A ‘STEAD‘f STATE SYSTEM CAN EBE |OWTERFERED

WITH BY AN O0uTsIDE SOURCE.

PULSED— THE LICHT IS A PULSED LED. A

C APACITOR RETWEEN THE SOLAR CELL AND THE

INTERFERENCE FROM NN -
LIGHT SOURCES.,

RECE\WER BLOCKS
PULSED QuUTSIDE

28

)

F—re——

_OPEN, THE.

. PULLED IN
 LED GLOWS,

- STEADY-SIATE BREAK-BEAM SYSTEM

TS SYSTEM PULLS  IN A RELAY AND LIGHTS
AR LED WHEN STEADY LIcHT ILLUMINATES
THE SOLAR CELL. |

USE

LED |
OR -
f LERMP —a

| Bi
o

. . . LS E L THILS
RSt ARRANGEMENT
i Leep OR USE A
L F-LASH.L‘IGHT
\U=R1 YoLTAGE \ /
L Nigo™ LED VOLT AGE LENS

+qv

I

ﬁ’;'

+ {>f
SOLAR CELL |

R4

§E look

AND THE = z

s
y TCJ.{;
\i
@4 6 RL
IRFSA0D 1L Y1
_— C...} .
+ 3 . [= |
RZ EC}HTRDLE , L)

OP AMP GAIN, | T

*uuHE.H TH\S
SPACE \s

cmcurr s
RELAY IS
R2
1K

ADTUSTRL L |
TO CONTROL
SENSITIVITY.

5 ol B

. TLORD
THE RELAY
CAN COMNTROL
A MDTOR
LAMF ET:..

RY1 IS RADIOSHACK 275 <004 OR
SIMILAR Low-CURRENT RELAY.

29




o I 1 A B A - T

|
- I
| ¥

1 [ PULSED BREAK-REAM RECEIVER |

' PULSED BREAK-BEAM SYSTEM . AN | |

I | {3 B : = B | ic1 BLOCKS Ri CONTRALS

|i A PULSED EREAK-BEAM SYSTEM IS GENERALLY - THE SlanAL +q v THE GAIN OF

| IMMUNE TO STEADY-STATE LIGHT SOURCES, | | | FROM STEADY~ | OP AMP TLDRZ. .
THIS IS VERY IMPORTANT WHEN THE SYSTEM | o | STANTE | || REDUCE R4 TO

| IS OPERATED IN THE PRESENCE OF ROOM. . L | Lvent | REDLIAE ITHE Eatall

| | L\GHTS OR WEAK SONLIGHT. A SOLARCELL . || | <ouRCES. |

| RECE|VER FOR A PULSED BREAK-BEAM SYSTEM
IS SHOWN ON THE FACING PAGE. SHOWA p
BELOW [S A S55 PULSED LED TRANSMITTER
THAT WLl WORK WITH THIS RECEIWER.

| | | | | o shlpsR | | |
_ . - I | i CELL | |+
PULSED BREAK-REAM TRANSMITTER v =
R4 +9V R2 CONTROLS . P | L
10K PULSE FREQUEMCY Ll LED
ClL COnTROLS 0 ’-f"
PULSE wWIDTH .| THE LED
L 1S USED cz - |
R4 = TD TEST 0.2Z mF | * | | ' RBs
| _ciRcLiT J . 1k
. OPERATION,
i il Egg [31 [N
| L L S || Sioe il |
LED - L. [S1 s/ AN |
ol - = SPLT i
c.0iuF T Ji: ;! swiTen. | =
- -l RY RY 1
| B | 100K 13 4  RADIOSHACK |
= . 105 -004 RELAY
FOR BEST REsSuLTSs! = . TO OPERATE, SWITCH S1 To PosiTION A.
_ + . ADIUST R2 OF THE TRANSMI\TTER TO ITS
1. USE AN INFRARED oR SUPER BRIGHT RED — MID-POINT. WHEN LIGHT FROM THE LED IS
LED FOR MAXIMUM RANGE. f=td + STRIKING THE SOLAR CELL, ADJUST RY OF
L] 4 THE RECEAWER UNTIL THE REGEIVER'S LED
2. POWER THE TRANSMITTER AND RECEWER | — SWITCHES ON. THE LED SHOULD SWITCH OFF
FRoOM SEPARATE BATTERIES. | i + WHEN THE TRANSMITTER LED IS POINTED AWAY
| 4+ FROM THE SOLAR CELL OR \TS LIGHT IS | |
2. BE SuRE THE BEAM FROM THE LED . 4 BLOCKED. swiITCH S1 TO E TD SELECT RELAY.
ILLUMINATES THE SOLAR CELL, | + 41
Ho - | <




SUN_ POWERED TONE GENERATORS

THE CIRCUITS ON THIS AND THE FACING

DAGE ARE POWERED 'SOLELY BY SUNLIGHT
OR A BRIGHT LAMP. MDST PRODUCE A TONE
OR Buzz. ONE GENERATES A SOUND THAT
SoUNDS MUCH LIKE A TICKING £LOCK.

SOLAR POWERED PIEZO BUZZER

SOLAR
CELL THE SocAR ARRAY
ARRAY _|* MUST PROVIDE
S.Z SUFFICIENT . VOLTAGE
’.ﬁ' ' + T0 PowWER THE PIEZo

BRuzzER. ANY PIE20

PZ
O
BUZ2ZER CAN EE

i

SDLAE POWERED DUAL-GATE OSCILLATOR

THE SOLAR CELLU
ARRAY SHOULD -
PRoOVIDE 3 VoLTS.

gﬁu

P2 |s A PIEZo BuZZER.

SOLAR cELL ARRAY

5.

L
| ._+[>|£__ BN

14
1 5
1/4 =
H4o11B
Iz "
g*mmEﬂE TO AN
R1 LVoLTS  EoR. | [T ed
LK MORE VOLUME. 0.1 «F
o+

EXPERIMENT WITH VALUE of ¢1 AND R4 1O
CRANGE FREAQUEMCY. .

HZ

POWERED BY SUNLIGHT,

—

= S

- |
.-l-"'lt'_'

]
- il
— T

| SOLAR POWERED 555 OSCILLATOR

5 | I I . R1 ¢conTRALS
i . 8 |4 + FREAQUENCY.

ﬁ,SZ R1 PZ IS _A
ol : look L 11 PIEZO |
- . — RBuUzzER OR. |
SOLAR R2| 585 SPEARKER
| LELL 1K ELEMENT.

| ARRAY (o _ .

| \_‘/, Z FOR BEST RESULTS

o 4 THE SOLAR CELL
o.1 T |1 ARRAY $HouLD PROVIDE

e TO 9 VOLTS.

SOLAR POWERED CLICKER (1)

1 ez
® +®_ ]
% I 1 c1 pzis A

S; 4 s il B3 gn.ech .

- . BUZZ2ZE |
T 5 /2909 [8 | OR. SPEARER
/,,-SZ. 1-1/2voLT ELEMENT,

A SOoLAR ’ R1 REDUCE

/J,EZ.; CELL = =4 o] 1 B ' N ) O

Z [T ARRAY L INCREASE | |
! FREQUENLY.

Yf 2.2K
= AR
|| SOLAR
| {CELE LED
,;sr_ R

SOLAR POWERED CLICKER (2)

+{G)_
Pz R{

THIS CIRCLIT  EMITS.
SOUND LIKE THAT |
QF A TICRING! | | |
CLocK . USE B-uDLT
SOLAR ARRAY. |
LED 1S A BLINKING |
TYPE [LED, OK ITD |
REPLACE PZ WITH
MAGNETIC SPEAKER,

43




@ WITR CELL RERE ,: INCREASING LIGHT

[IGET CONTROLLED TONE AR

S\LICON SOLAR. CELLS CAN BE LSED IN MANY
KINDS OF TONE GENERATORS THAT RESPOND
TD DAYLIGHT OR ARTIFLCIAL LIGHT. A )

LIGHT CONTROLLED S55 OSCILLATOR

THE EREQUENCY ARND VOLUME OF SOUND
PRODUCED RY A BASIC E58 OSCILLATOR CAN
BE EASILY MODIFIED BY COMNNECTING A
SILIcoN SoLAR. CELL AT VARIOUS POINTS.

IMCREASES TomME FREQUEMNCY.

AN [NMTERESTING APPLICATION IS TD REPLACE (1
WITH A SOLAR CELL ., SINCE A SDLAR CELL HAS
CAPACITANCE , THE CIRCUIT WLl OSCILLATE.,
LIGHT AT THE CELL WiLL CHANGE THE TONE
FREQUENCY | ORI CUT IT OFF ENTIRELY. THE
CELL  SHoULD BE ORIENTED LIKE cetl(3).

HIGH GAIN LIGHT CONTROLLED TONE |

Pz~ PIEZO SPEAKER *+Qv

@-@.: +9V  ADIULST RA TO | | OR BUZ2ER ELEMENT
SOLAR CELL CHANGE FREQUENCY. 'é’% LLEF
> -
N . + l y
‘.‘ R1 | 8 |4 @) Pz k‘:{ 4 T R1
@® P 100K 4 Q) S 4.7K
- .
1 T 555 T ] + | 2[N[s [ g2 | T Bies]
@y Rz & © P 1&1}‘-’# 51 P LK
1K ! ) TS 2 PN . .
7 L1 6] 5 & ZS: S 14 “copmmon Cmil
| yd | Lo OP AMP . o |
B, ThEE T | = (4L, ETC) |4 Tlo.1l
© o4 7RI T © T_.PZ. IS PIEZO g J |
1 ELEMENT ' . | : |
= o] THE FREQUENCY OF THE TONE PRODUCED RY |

CONMECT SOLAR CELL HERE ., INCREASING
LIGHT WILL INCREASE TONE FREQUENCLY.

WITH CEW CONNECTED HERE , INCREASING
ClenT REDUCES VOLUME FROM PZ.

LIGHT FALLING ON CELL HERE BEDUVCE S
 FREAVENCY OR CuTS OFF TOME EMNTIRELY.
LIGHT STRIKIMNG cELL HERE REDUCES

VOLUMME FROM PZ oR CQuUTS oFF TONE.
LIGHT FALLING oM CELL HERE CuTs OFF
TOMNE OR CAUSES CHIRPS. -
LIGHT STRIKING CELL HERE REDUCES THE
TONE. FREQUENCLY. . _ . : |
Hy

THIS CIRCUIT IS REDUCED AS THE INTENSITY
of LIGHT AT THE SOLAR CELL IS INCREASED.
IN OPERATION, THE PHOTOCURRENT FROM THE.
SOLAR CELL 15 AMPLIFIED AND CONVERTED
TO A VOLTAGE BY OP AMP IcC1. THIS VOLTAGE
1S THEN, APPLIED To THE CONTROL INPOT OF
A 555 IC CONNECTED AS AN OSCILLATOR.
WHEN THE SoLaR CELL IS DARK, ADTUST R2
UNTIL THE DESIRED TONE 1S PRODUCED. THEN
ILLOMINATE THE SDLAR . CELL. YOU CANY GET
UNIAVE EFFECTS BY USING A FLASHING.
LIGHT.
HE



IR REMOTE CONTROLTESTERS

NEAR-INFRARED EMITTING DIODES ARE USED
IN REMOTE CONTROL TRANSMITTERS FOR
TELEVISIONS, VIDEO RECORDERS AND OTHER
SYSTEMS. THEY ARE ALSO USED TO TRANSMIT
DATA FROM VARIOUS CoMPULTERS. THE
CIRCUITS SHOWAM HERE VERIFY THAT KNEAR-
INFRARED TRANSMITTERS ARE OPERATING.

PIEZD ELEMENT TESTERS

PZ |S ANY PIEZOELECTRIC SPEAKER ELEMENT

OR EARPHONE . (Do NOT USE A PIEZOELECTRIC
Buz2 ER.) T1 IN THE CIRCUIT ON THE RIGHT IS
ANY MINIATURE AuDlo OUTPLT TRANSFORMER.
THIS CIRCLIT PROVIDES A LouDER SOUND

THAN THE CIRCUIT &N THE LEFT. TEST
THE IR REMOTE COMTROL TRANMSMITTER EY
POINTING IT AT THE SOLAR CELL. A TONE
WILL BE HEARD |F THE UNIT IS WORKING.

MAGNETIC TRANSDUCER TESTERS

_RED

SOLAR SOLAR e

CEtL | ¥ L CELL 17 8-(L
\V4 AV SPKR
5| ek [on 7 5

PH 1S A MINIATURE MAGNETIC EAR PHONE . .
BoTH CIRCUITS EMIT A TONE WHEN A WORKING
IR TRANSM|TTER |S POINTED AT THE SOULAR CELL.
USE A SoLAR ARRAY FOR MORE VOLUME.

H

TRANSISTOR REMOTE CONTROLTESTER

Tqy

PZ 1S A PIEZOELECTRIC
SPEAKER ELEMENT. OR
EARPHONE . (DO /NnET

USE A PIEZOELECTRIC R3

BUZ2ER.) POINT IR 3.3K

REMOTE ConTRoOL AT

SOLAR CELL. PZ

WILL EMIT TONE

(F UNIT IS _' Qi

WORKING. >l 2N222Z2 oR

ZE Q1 SIMILAR NPN

seLART D.1 TRANSISTOR
ceLl |t

OP AMP REMOTE CONTROL TESTER

PZ |S A PIEZOELECTRI(C
SPEAKER ELEMENT.
(PonOT USE A PIEZO

+9v Ici- coMMOoN
I OP AMP (4L ETC.)

BuZzZER.)
4 AAAL_ +
I R1
4 3 1ook o
2|~ o.1 ‘_?._1\? ~ Pz
K If_i>h &
SOLAR | T 31, II
CELL /"-f s RZ
[ 4 ¢ 2.2k
A
S
T'_ LED
= A
PCINT IR REMOTE CONTROL AT : ‘E‘
SOLAR CELL., PZ wWiLL EMIT A oot
TONE |IF THE REMOTE coONTROL £ A
TRANSMITTER IS WOoRKING.
ADD R2 AnD LED TO PROVIDE A VISUAL
OUTPUT. THE LED WiLL FLASH WHEN THE

REMOTE CONTROL (1S POINTED AT SOLAR CELL.
47



SOLAR-POWERED NIGHT LIGHT RESISTOR COLOR CODE
e 25 —) —
SOLAR PANEL, ,
. OR PANELS
. CONNECTED ! SZ\ SZK L4 SZ‘K'* L v\
. TO PROWVIDE X A R b E;Zitm f c x 1
b-7 VoLTS. bl - 1 *1i0
| | Y Vi 1IN RED L 2 %100
| #} Q‘* "'.:"‘ i:". ORANGE 3 3 ¥ 1. 000
CR MAKE | | YELLOW H 4 ¥ 10,000
YOUR OW N \4l LW GREEN 5 5 x 100,000
=7\VOLT I ‘1:‘5'- \?:"* ":5. *‘l BLVE & e * 1,000,000
SOLAR CELL | * VIOLET 7 7 % 10,000,000
PANEL. O i e O O =Ew ERAY & B 2 100,000,000
(12 -14ceus) + — WHITE g 9 =
| | DA B4 | .
Ri. QE’HTW 1[\1":‘1"‘ B1—2 AA FOUKTH PEAND INDICATES TOLERARCE {n{{#-gﬁi?}:
SENSITIVITY L +If lll_____ NICREL | GOLD= LS %  SILVERTE10% wNonE:=%220%
- [ CADMIUM
Ri SToRAGE |
lookK » CELLS _ OHM'S L AW: v=1Rr R=v/T
I="~"/R Pz VI =I°R
R3 LIMITS ~ :
| R3 CORRENT | ARBRREVIATIONS
g:?.m.n_ THROUGH
SHIELD | THE LED A = AMPERE R * RESI\STANCE
PHOTOCELL R2Z F = FARAD V (OR EY = VOLT
FROM LIGHT 47K I = CURRENT W= WATT
EMITTED QL P = PoweR L= OHM
BY THE LED 1N2712
@ LED. 1S RED: M (MEG=) = % i oD ooo
<> OR GREEN K (xiLo-) = « 1,000
LED HIGH- mo CMiLLt=) ®= ool
cd s Wi BRIGHTNESS M (MUICROA) = . 000 o0l
PHOTOCELL W TYPE A (NANO-) = . 000 coo 001
& % (. PicD~) = 000 o060 oo Do}

DURIN G DAYLIGHT HOURS THE SoLAR PANEL
RECHARGES R1. AT NIGHT Q1 SWITCHES
ON AND APPLIES CURRENT TOo THE LED.

H8
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