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Solar cells have the remarkable ability to convert sunlight directly into gt _ -. :.l 1/ ﬂﬁglﬁl .'J.ﬁmr
electrical energy. They do so without producing pollution or noise. And " ' \ St .1 Pl
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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.

1 ..ru |||

8 I
i

ENGINEER’S
Notebook

Forrest M. Mims 111 %‘ aild 'Igljpie salﬁf

Forrest M. Mims 111 has written dozens of books for RadioShack. He personally builds .hI m}g

avery circuit in his best-selling Engineer’'s Mini-Notebook series. He then uses a 0.7mm e st

mechanical pencil to create pﬂ:i'lE'S or the finished book. |1f Bﬁt‘t&l’y EI:TBI"QEI'
Building tiny instruments for model rockets, travel aids for the blind and high-power .p} mﬂt meter

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 L ﬂmE‘tEr

Nations in Hawaii. 11|
Forrest also does scientific studies of sunlight, the atmosphere, mosquitoes and bacteria ® 3 C |ﬂl’ -powered

using instruments he designs and makes. A simple instrument he dey jeloped to measure i ‘tur

the ozone layer earned him a prestigious Rolex Award, NASA has sent Forrest and his 'll

instruments to several of the Western States and twice to Brazil to measure the effects of | t triﬂgEl'Ed

smoke from giant fires. L

i -'1
- . 1 - | i1 B #
Forrest is a member of the Institute of Electrical and Electronics Engineers, the National ..||“ L’“ 3\'
Science Teachers Association and several scientific societies. He lives in Texas with his wife k beam
Minnie and their youngest daughter Sarah.

620-5021

M1

40283 146489

i} i

Printed In USA

i ‘Forrest M. Mims_HT\

-



CIRCUIT SYMBOLS

T i < o, S

FIXED
RESISTOR

>t

RECTIFIER/
DioDE

o

CONNECTED
WIRES

-—-\:'""rc_u——

FST
J 1 TC

h

o L

L
!

u]'_

LAY

o

METER

e~ - O
= L_ |
== o=
— | A |

VARIAELE
,-.;E'E' SToR

e

FIXKED YOLARIZED
C A l:"ﬂn_ \TOR. CAPAC L"-'DR

ZENER PNP N PN
SIODE TRAMCGISTOR TRANCZISTDE

__'T\’fw ‘E% Im.-f" = @
A %

SLLAR PHOTO — PrioTO-
CELL RESISTOR TRANSISTOR
T
"‘" |
| | L
NCOMNMECTED Pocimve
WiRES SUPPLY GRounD
7 —
—a o B ¢l o
2
MORMALLY . MORMALLY
SPDT OFPEM CLOSED
SWITCH

PUSHEUTTeN PusHBuTTON

. +

EZ0-

TRAMNSFORMER SPEAKER SPEAKER
._E,} Lil\;,'{-— jy\»—
LN B BATTERY OP-AMP

'?_NGIN

- MINENOT

RS

_BOOK

SOUAR CELPROJECTS

BY

FORREST M. MINMS

FIRST PRINTING-1449

A SILICONCEPTST
cmpwmsu‘r@ 14499 BY FORREST M.MMS T | |

M Book

ALL RIGHTS RESERVED |

PRINTED |N) THE UNITED STATES OF AMERICA



.
ABOUT THE MIN\—NOTEBOOK SERlES o

WHERE TO FIND PARTS

ELEETR:JH'.E Pni'rs. N THI.*S .EﬂDH ARE AVAILABLE |
FRoM RADIOSHACK STHORES, OR  FRAOM RADIOSHACK .
LNLIMATED (RSL). SOME PARTS HAVE MORE THAMN ONE
DESIGNATION. FOR EXAMPLE , THE PoPULAR 2ZN2222
TRANSISTOR CAN BE REPLACE.D BY THE Erﬂlﬂﬂ
THE MPS2122L AnD THE MPSZ2272A. .

n PLEASE’ READ THIS

__THIS BOOK INCLUDES STANDARD CIRCUNTS AnD CIRCUITS
PESIGNED RBY FORREST M. MIMSTL, EACH CIRCUIT WAS
BulLT AND TESTED AT LEAST TWICE. VARIATIONS |
IN, COMPONE NTS  AND CONSTRUCTION  METHODS  MAY
GIVE RESULTS THAT DIFFER FROM THOSE DESCRIEED
HERE. THEREFORE THE AUTHOR AND RADIOSHACK . |
ARE NOT RESPONSIELE FOR THE SUITABILITY OF THE
CIRCUITS FOR ANY APPLICATION. SINCE WE HAVE |
ND (ONTROL OVER THE USE OF INFORMATION A THIS
BooK , WE ASSUME. MO LIABILITY. FOR SUCH LSE. .
IT IS YOUR RESPONMSIBILITY T DETERMINE |F El
COMMERCIAL USE , SALE OR MANMUFACTURE OF ANY |
DEVICE BASED OMN INFORMATION IA) THIS Book !
INFRINGES AnY PATENT, COPYRIGHT OR OTHER |
RIGHTS., | |

FOR MORE INFORMATION

DUE To THE MANY INQUIRIES RECEIVED EY THE
AUTHOR AND RADIOSHACK 4 IT IS IMPOSSIBLE TO
PROUWDE CUSTOM CIRCUIT DESIGNS ANMD TECHAMICAL |
ADVICE . You CAMN LEARN MORE ABROUT ELECTRONICS
BY REAMMG ELECTRanICS MAGAZINES. ALSO 55&5
RADIDSHACK'S "GETTING STARTED IN ELEC TROMICS Y |
AND OTHER MINI-NOTEBOOKS IN THIS SERIES. You
CAN. ALSO FIND 1IN FORMATION CN THE |NTERMET |
NMEWSGROUP  SC). ELECTRONICS. . el

'a |
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~SOLAR POWERED MOTORS | || 2 -_ INTRODUCTION

HUGHER PRl SoLdel mordel | [ 111 Bg | | SBLID SR BTE 1 e e TR |
—REVERSIBLE SPLAR MOToR | Bl B TG rrN. [ THEY| ARE ANAGNGI THE Mok | |
.| SOLAR MOTOR WITH RATTERY BACKUP | 31 " IMPORTANT SUNLIGHT-TO-ELECTRICITY , |
- R o i | coMUES AT HAVE REEN | INVENTED, |
‘SOIF_)AR ACTUATED MOTLDES - mel 0 1] L
. POWER FET ACTUATOR (1 o i 1l AR Ve At B MO
| GERNERATION IS BY FAR THE MOST
—-ERANstsTar AcTUATAR LI LT T L L1 =4 | B e e o [ Fa. | SoLAR| aekds| ||
. POWER FET ACTUATOR (2) SIS | ARND  ARRAYS. THEREFORE THIS MINI-NOTERDOK
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HSUNLIGHT SCTUATED REZRY [T B e o e o s
—t | _BAVE MARNY APPLICATIONS UNRELATED TO
LTLIGHT ACTUATED | EELA‘f L g [ | r-ReE POWER. TMIS 1S EECAUSE SOLAR
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SOLAR ENERGY MILESTONES

FOR THOUSANDS OF YEARS DPEOPLE HAVE
USED  SUNLIGHT TO \WARM THEIR HOMES.
SOCRATES (470-299 B.C.) TAUGHT THE
IMPORTANCE OF PUACING HOMES SO THE

SUN'S  WARMING RAYS COULLD WARM THE
INTERIOR ROOMS DURING  WINTER.

HERE ARE TUST A FEW HIGHLIGHTS oF
HISTORIC SOLAR ENERGY DEVELOPMENTS!

DESTRUCTION OF ROMAN FLEET (2128.C)—
ARCHIMEDES |S REPORTED T0O HAVE
IGNITED  |[NUVADING ROMAN SHIPS BY
MEANS OF REFLECTED  SUNLIGHT.

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

SOLAR FURNACE (17174) — TRE FRENCH
CHEMIST ANTOINE- LAURENT LAVOISIER
MADE A SoLAR FURNACE THAT MELTED
PLATINUM.

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

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

A GIANT UMBRELLA 33.5 FEeET (ARouT 1o
METERS) IN DIAMETER.

SOLAR ENGINE (1908)— TOHN BoNLES AND
H.E. WILLSIE DEMOKNSTRATED A 1S-HORSE~
POWER ENGINE PDWERED BY PooLs OF
WATER THAT CAPTURED ApD STORED THE
HEAT FROM  SUMLIGHT..

b

NEAR CAIRC, EGYPT.

USED
204 FEET (ABOUT 2 METERS) LONG. THE

COLLECTORS HAD A TOTAL AREA OF 15,000

SOLAR ELECTRICAL PLANT (1913)= FRANK.
SHUMAN AND C.\. BOYS BUILT  THE. WORLD'S

FIRST SOoLAR-POWERED EBLECTRICAL PLANT
THE HULE FACILITY

SEVEN SOLAR COLLECTORS , EACH

SQUARE FEET (ABOUT 1,208 SQUARE METE.E.E)

THEY AUTOMATICALLY TRMHED THE SUA.

SOLAR OUEN (1Q15)— C.G. ABBOT OF THE

SMITHSONIAN INSTITUTION  COORED MEALS .

USING A SoLAR- POWERED OUVEN AT H1IS

SoN  ORSERUATORY ON MOUNT WILSOR,CALIFORNIA.

SOLAR FURNACE (1250'S)~ FRENCH SCIEATIST

FELIX TROMEBE DESIGNED
SOLAR FURNACE . THIS FACILITY ,
MIRRORS ARE INSTALLED oOnN THE SIDE E'F

A BuILDING ,

(ABOUT 5538 ° CEL<ILS).

SILICON SOLAR CELL @_ng)- G ERALD .PEAR.‘SE}M,.

DARYL CHAPIN AnD CAWIN FuLLER OF BELL
LABORATORIES DEVELOPED THE FIRST
SUuCcEsSSFuL  SiLlconN  SOoCLAR CELL. THIS.
DEVELOPMENT LED TD THE MODERN ERA.

OF PHOTOVOLT ALL SOLAR POWER CONVERSION.

MID-EAST OIL CRISIS (19708)— THE OIL CRISIS
OF THE 1970’ STIMULATED SIGNIFIANT  NEW
RESEARCH IN SoLAR EMNERGY.
SOLAR ENERGY SMYSTEMS WERE IMPROVED.
AND  MEw KINDS WERE DEVELOPED.

THIN-FILM  SOLAR CELL (1980° s)'— MANY

KINDS OF SOLAR CELLS MWAUE BEEA ﬂeuampgﬁ, |
CELLS OF SILICON AnD. OTHER

BUT THIN-FILM |
SEM\CAONDUCTORS ARE AMONG THE MOST .

IMPORTANT., THEY CAN BE MADE AS FLEXIELE
SBREETS MUCH LARGER THAN STHHDHRD

SILICON SOLAR  CELLS. ._?:

THE WORLD'S LARCEST
WHOSE. 9,000

OLD KINDS OF

CAN REACKH THE TEMPERATURE |
OF THE 5um5 SURFACE, lﬂum* FAHRENHE|T |

| i
| SN |
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! ENERG‘( FP&OM THE SUN

| TTHE | Eum EMITS AN IH::E.EDIELE. AMOUNT OF |
_ ELECTROMAGNETIC | MIHTL%N THE ToTAalL | |
~RADIATED POWER 15 2.83%10°° RICOWATTS (Kuw)
DR _3832,000,000,000,000,000,000,000,000. WATTS. |
__MOST OF THIS MDtATluu 15 -‘I.L'.'ST TO. _SPACE. | |
_ONLY A TINY FRACTION 15 INTERCEPTED . BY .
_ EARTH AND THE OTHER PLANETS. ACCORDING
|_TD THE SoLAR ENERGY INDUSTRIES ASSOCIATION
(SETA) , ALL THE ELECTRICITY CONSUMED IN
THE. UNATED |STATES Could BE PROVIDED _BY |
. PHoTONoLTALC $SOLAR CELL MODULES COVERING |
0.3 % OF THE LAND AREA OF THE U.S.

THE ‘.":.OLAR CON‘STANT

__i TRE MEAN. Amquu"r OF SUNLIGHT AT THE

TOP. OF EARTH'S ATMOSPHERE IS CALLED. |
THE SOLAR (ONSTANT. MEASUREMENTS
MADE BY SEVERAL SATELLITES | SHOW. | THAT .

THE SOLAR CONSTANT IS 136.8 WATTS. PER
_SAQUARE CENTIMETER.

+ | SOLAR CONSTANT p:r BARTH = |
) I UL 10,1268 W/0m? oR

- | 368 W/fu*' | _
L)) e i = >0 | |
,.._/_L\'aum. EARTH |

THE. SUNLIGHT INTENSITY AT EARTH VARIES .
BECAUSE EARTH'S ORBIT AROUND THE SUN. IS
SLIGHTLY ELLIPTICAL. THE MEAN DISTANCE

OF [EARTH FROM. THE SUMN 1S 92,957 130 | |
MILES (144, 00,000 KILOMETERS ). IN) EARLY
TAMUARY EARTH 1S ABOUT 1,600, 600 MILES
(2,815,000 KM) | CLOSER. 1D, THE SUN. IN | |
EARLY TULY EARTH IS ABOULT 1, 00, mr::: MILES

(2,315,000 K M) FARTHER FROAM THE s‘uM

é‘:‘e&ﬁ. DRAWING 0N FACING  PAGEL .

rqq 55"1 :LEG MI ——)-l-(—':lL,ES'? 131':' M:—)]

| O=—eArmH | {:} Rt —=.0 |
TuL“f\_ SUN =T TANUARY.

o —t

TL-\F_ DiFFERENCE [N THE. mmmrrr oE EUMHGHT |
BETWEEN PERIHKELION (CLOSEST PoinT). AmbD | |
APRELION (FARTHEST PoinT) IS ABOUT 6.7 %.
USE THE SOLAR  CORMSTANT TARBLE To. FIND

THE  SOLAR CONSTANT FOR THE FIRST. DAY'
OF ANy MONTH.

SOLAR CON STANT TABLE

| MULTIPLY, THE MEAN SOLAR CONSTANT

(13L& WATTS PER SAQUARE! METER OoR & _
136.8 MILLIWATS PER SQUARE CENT\METER)
BY THE CORRECTION NUMBERS |N THIS TAELE

TO FlnD THE ACTUAL SoLAR IRRADIANCE AN

THE GIVEN DATES. . _
TANUARY  1.0235 TULY nlalit:
FERRLARY 1.0288 CAULELET. 049009
MARC K 1.0113 SEPTEMRER 0.9818
APRIL 1.0009 OCTORER 0. 44945
MAY 10,9841 NOVEMBER 1,0164
JUNE 10,9741 DECEMBER. 1.0288

FROM KINSELL L. COULSON , "SoLAR AND

TERRESTRIAL RADIATION,'

"ACADEMIC PRESS ,
147s., . ! |

EXAMPLE. ; WHAT |\S THE ‘SUHS m&mmmcﬁ
AT THE TOP OF THE ATMOSPHERE ON MAY1?
THE IRRADIANCE ON My 1 (S 0.9841 oF mE.
MEAN SOLAR CONSTANT OF 136.8 MILL\WATTS
PER. SQUARE. CENTIMETER. 0,9841 % 136.& IS
134.62S MILLWATTS PER SAUARE CENTIMETER,

9
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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 ON JULY 1 THE SoLAR
IRRHDIAHE’.E AT ALBUQUERQUE, NEW MEMCD,
IS ARouT 1{}1:: MILLIWATTS PEF.‘. SQUARE Cm
(100 mW /em®) IF THE SUN IS NoT BLOCKED
BY A ClouD. FROM THE SOLAR CoNSTANT
TABLE (P.9) THE IRRADIANCE AT THE TOP
OF THE ATMOSPRERE ON JuLY 1 1S 0.96L6 %
136.8 mw /em? oR 132.2 mWw /tm% THUS ONLY
1S5.% oF THE INTENSITY 0F THE SOUNLIGHT
AT THE TOP OF THE ATMOSPHRERE REACHES
ALEBLAUVERAQUE ON TULY 1. ALEUQUERQUE
IS ABouT 1 MILE (1.6 KILOMETERS) ABoVE
SEA LEVEL AND THE AIR IS OFTEN DRY.
LESS SUMLIGHT REACHES REGIONS NEARER
SEA LEVEL, ESPECIALLY WHEN THE AIR

|S. MOIST. MUCH LESS SUNMLIGHT IS RECEWED
EUVERYWHERE DURING WINTER AND WHEN
CLovwDs BLOCK THE SKY.

HERE ARE SoME OF THE CHIEE FACTORS
TRAT AFFECT SuNLIGHT :

1. WATER VAPoR ., OZONE AND OTHER GASES
IN THE P:THDEPHEEE ARSORR SUNLIGHT.

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

QZoNE ABRSORRBRS

LDLTRAVIGLET AMND

ORAMGE LIGUT ArD
VARIOUS INFRARED
WAVELENGTHS

WATER VAPOR
ABRSOREBS VARIOUS
INFRARED WAVELENCTHS

e

™

LENS.

2. AEROSOLS. ARE TINY PARTICCES AND.
. DROPLETS
. ABSCRR COMNSIDERABLE SUNLIGHT QR SCATTER .

1T BACK |INTO SPACE. s L1 i |

N, THE ATMOSPHERE THAT CAN.

SCATTERING
AERO SOL

7 BeEROSOL POLLEN
Ceoup i L ACE:

ABSDRBING
AEROCSOL | F

3. CLoubdS ARE FORMED FROM ENORMOUS
MUMRERS OF TINY WATER DROPLETS OR \CE |
CLOLDS AEBSORB  AMD SCATTER LIGHT.

CRMSTALS.
O-{—GUM CUMUuLUS, Cloubls
. CAN_ ABSORE MOST
! LAEGHT 1IN A DIRECT
wy A BEAM FROM THE SUN
FARY %

CIRRWUS CLoubDs
AESDREB LESS

SUNLLGHAT THAMN
Y  CUMUDLUS CLouDS |

L, THE TILT OF TRE EARTH CAUSES SUNLIGHT |

T PASS THRROUGH MORE ATMOSPHERE OURING

FALL | WINTER AND  SPRING.
g =< A} —
4 . |
SUMMER L SUM WINTER
) LESS MORE / //
. /. ATMOSPRERE | . AT MOSPHERE 11



SOLAR CELLS

i . + H 4
—_— _
MANY, SEMICONDUCTORS WILL GENERATE
ELECTRICITY FROM SUNLIGHT. THE MOST
COMMON AND BEST DEVELOPED K SOLAR CELLS

ARE MADE FROM SILICOMN. SINCE SiLiconN
FORMS 21.1% OF EARTH'S CRULST, SiLicon

SOLAR CEULS ARE PoTENMTIALLY mExP&usmE.

BUT TRAMSFORMING. SILICON |MTO SOLAR.
CELLS IS AN EXPENSIVE PROCESS THAT
REQUIRES CONSIDERABLE ELECTRICITY.

HOW SOLAR CELLS WORK

_LIGHT

CONSISTS 0oF PACKETS OF ENERGY
CALLED PHOTNMS THAT TRAVEL IN A WAVE -
L\KE EFASKRIOMN. WHEN PHOTONS STRAKE
SILICON ATOMS. THEY DISLODGE ELECTROMNS.
THE MISSING ELECTRONS LEAVE BEHIND
POSITIVELY CHARGED ATOMS. THESE ATOMS |
ATTRACT FREE ELECTROMS |M THE SILIcON. |
THIS RANDOM MOVEMENT OF ELECTRONS
ChAN BE CONVERTED INTO A Flow oF
ELECTRONS IF A PN TUNCTION IS
FORMED IN THE SiLicoN. E/LFCTRONS
PDISLODGED BY PHOTONS NEAR THE PN
JUNCTION ARE ATTRACTED TO THE P
SIDE OF THE JunCTION. THE REsSULT IS
A FLow OF ELECTRICAL CURRENT WHEWN
LIGHT IS PRESEMNT. THE LEVEL OF
CURRENT IN AMPERES |S DIREcCTLY
PROPORTIONAL To THE LIGHT (MNTEMNSITY.
TRE PoTENMTIAL OF THE CURRENT IN VOLTS

1S LNRELATED 10 THE LIGHT |INTENSITY.

A TyPicAl SIlicoN SoLAR cELL GENERATES
O.4H5 T 0.55 VoLT IN DIRELT SUMNLIGHT.

AAA,
/ 'D - CURRENT SUN
FLOW v
J i+ -
LOAD PIN[T O
T—soLAR CELL

12

Mt e B

-
Al ’
B |

_ TYPICAL

| k 1 ! S
| | |

'S'GLNFE'"CELE"EFFlC[E'NC"‘(""'"."_L (1 1]

(E EVERY PHan ‘STRIK,EM& A SDLAR lcELl |

_ DISLODGES | AN ELECTRON , THE CELL WILL

TRAMS FORM  NEARLY 100 % OF THE [VGHT | | | |

THAT STR\KES ITINTD ELEQCTRICLTY. THE.
ACTUAL EFFICIENCY OF REAL SOLAR CELLS

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

SEVERAL REASONS FoR . P.E.Duc.r:‘m EFFicLEMC‘!’*-:-i--é---é

_AWAY | FROM THE FRONT .

_ISUREACE DOF THE CEIC | |
CENTEN TN IEND

BLOCKRED RY!TRE |7 .

CELL | |

__BEFORE  IT REACHES THE

- CBLLS PH .‘Ium:'nnu F'Nl

4. SOLAR CELLS DETECT ONLY. | |

e 1 SUNLIGHT PEAKS

= _HERE. ) (6REEN) I . O 58

i gl jY L RESPONGE OF | | [N |

= EILI.LDH CELL PEAKS i\ = 2 !

| L a7 N .THE NEAR IHEF-ﬁH-ED |

E‘ D Y Y [ | L ! i »

U 300 40D 50D Wb, 00 AOO | Qm lnm-._-
WAUELEMG‘D{ C,hm) ¥

: i.é.cimﬁ_uaﬂ‘t 'S REFLECTED| | | |

e

il
—t—

5.S0ME LIGHT 5 AESOREED | | | |

<P ThMCTION +—{>}—— :

—4—1

PART OF THE SOLAR 5PELTE‘.UM |

 CONTALTS. -
_ SILICON | | Fd uPEﬁ&_ ..... |
SOLAR | L 7 CONTACTS | | |
7 S/ (usuAlly

1---

—
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SILICON SOLAR CELL RATINGS
IT IS IMPoORTANT TO READ AND UNDERSTAMND
SOLAR CELL RATINGS, ESPECIALLY WHEN THE

CELLS ARE TO EE
CELL OR BATTERY.

SILICON SOLAR CELL VOLTAGE
b

NOTE THAT THE VOLTAGE FLATTENS
S AS THE LIGHT INTENSITY INCREASES
w ML
3 /
;‘E b3 OPEN CIRcUIT (NO LOAD
f
) I ACROSS SOLAR CELL)
o= A |
3 \EAHE_ CELL COMNMECTED
I ACROSS A 50-OHM RESISTOR.
wl {
U V1 | | | | i | | I |
QL 1 & 121 Xy 1 & | &I |8 19 115
LIGHT INTENSITY

INCREASING SOLAR CELL VOLTAGE

WHEN SOLAR CELLS ARE USED- TD CHARGE
STORAGE CEUS OR EATTERIE'E.} SEVER AL
CELLS MUST RE CONMELTED IN SERIES TO
OBRTAIN A SUFFICIENTLY HIGH VOoLTAGE .

) swEs
P ST Y M AW

0.5V + 05y *+ o8V t 05V .+ D.Sv=2.5v

TYPICAL SERIES ARRAY.

_

14

USED TO CHARGE A STORAGE

o — ——
A A N 1
1 =1

[

= —

A STRING OF SOLAR CELLS CONNECTED LIN_
SERIES OR |pn PARALLEL (SEE BELOW) IS
CALLED AN _ARRAY. ALL THE CELLS IN AN |
ARRAY sHouLD EBE EQUALLY ILLUMINATED. |
SHADING ONE CELL IN A 6,5-~UOLT ARRAY.
DROPPED THE OUTPUT TO .2 VolLTs.

Sl LlCON SOLAR CELL CURRENT

150 -
THIS GRAPA SHOWS. 'n-aa |
CURRENT FROM A SILICON! |
SOLAR | CELL FOR A RARNGE

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

USED . T0 PRODULCE THIS .

GRAPR AND THE ONE oON

TRE FACING PAGE. OTHER

CELLS MAY GIVE SOMEWHAT

DIFFERENT RESULTS,

VY —
S &
T

6 &
s

b

SEENIRAN s S =~ o AR B
L Q lip (2D 13O 4O (Sp | &0 0 | B0 190 (100 |
LOAD ACROSS  CELL. Laum:-:)

 CELL CURRENT (mA)

lNCEEASI NG SGLP\R CELLCU R‘RENT

CONMNECTING SOLAR CELLS [IN PARALLEL .
INCREASES THE OUTPUT CURRENT. THIS IS | |
ESPECIALLY USEFUL WHEN CHARGING L.ARGE
STORAGE BATTERIES.

PR P R

 BEO0OwA * SOMA +S50mA + SOwmA +5S0mA =2S5S0mA

TYPICAL PARALLEL ARRAY:.

T



| o
] 'SOLDERENG LEADSTO SDLAR CELLS

BE:LAE; CELLS oR *E.Du:: wlTH rJR LU!THDUT
LEADS., SOLDERING LEADS TD SOLAR CELLS IS

_ TRICKY, BuT YOU CAN SAVE MDNEY [IF YOU ARE

WILL!HE TO SOLDER THE LEADS YOURSELF
USIMNG [ THE REFLOW SOLDERING METHOD
DE.SI':E.'.EE.D MERE . SOLAR CELLS ARE FRAEILE
SO LSE CARE. | |

SUITABLE SOLDERING IROMS AND SOLDER
ARE AVAILABLE FRoM RADIOSHACK.. SELECT A

 Low-WATTAGE |IROMN . OF ARpUT 15 TD 20 WATTS,

USE 0.0322- INcH . cR SMALLER EBOSIN CORE
SOLDER . DO NOT VUSE ACID-CORE. SOLDER.

| BE SURE TO TIN THE TIP OF THE SOLDERING.

[RON. FIRST, ALLOW THE IRON TO BECOME
HoT EMEUGH TD MELT SOLDER. THEN MELT

SOLDER OUER THE TIP OF THE SOLDER|NG

IRON. CAREFULLY BRUSH OFF THE EXCESS.
SOLDER WITH A SOFT CLOTH. AvoID SPLASHING |
SOLDER ON YOURSELF OR OTHERS. A PROPERLY
TINNED TIP WILL APPEAR SMOOTH AND SHINY.

FOLLOW THESE STEPS TOD SOLDER LEADS
TO A SOLAR cELL:

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.
CAUTION : A HOT SOLDERING IRON CAAN BURN
K 1M DR CLOTRING | |

2. SILiConN SoLAR cELLS HAVE ELECTRODES |
ON BOTH SIDES. THE ELECTRODE oN THE LIGHT=
SENSITIVE, UPPER SURFACE |S A THIAN STRIP
0OF METAL ,qmma ONE EDGE OF THE cCELL,
PLACE THE CELL WITH THE TOP SIDE UPON
VouR WORK SURFACE (A PIECE OF ScRAP wooD
IS BEST) AND VUSE A PIECE OF MASKING TAPE To
RoLD (T IN PLACE WHILE Yov SOLDER.

1

=

g o, O e

3. WHEN THE SOLDERING IRORN. IS HOT, | |
GEMNTLY TOucKW THRE EDGE 0F THE TIP TD ONE
END OF THRE UPPER ELECTRODPE. LIKE THIS:

 MASKING SOLAR

. TAPE \_&
| UPPER | EaLbEEJQG

ELECTRAODE IRDN
4. AFTER A SECOMD 0OR SO, TOUCH THE END.
OF A LENGTH OF SOLDER TO WHERE TRE .
SOLDERING IRON TOUCKES  THE ELECTRODE.,
ALLOW SOME  SOLDER T MELT ONTO THE.
ELECTRODE AND REMOVE THE |RON.

B. REMOVE ABOUT 0.2 INCH (S mm) OF THE
INSULATION FROM T™E END oOF SOME | |
WRAPPING WIRE. PLACE THE EXPOSED END OF
THE WIRE ALONMG THE TOP OF THE SOLDER THAT
You MELTED ONTD THE ECLECTRODE AND THEN
GENTLY PRESS THE SOLDERING |RON AGAINST
THE WIRE AND REMELT THE SOLDER. WHEN
THE WIRE PUSHES INTO THE MOLTEN SOLDER..
HowLe TRE WIRE VERY STiLL AND REMODVE
THE SolLDERING |ROAN..

SOLAR SCLDERING i
CELL |RON \\* _
SOLDER ] 21 [ € '
*"'-——'-"_-"+ __—_—'___‘ "‘_" e S A 11
N B o e R
o 1 e 1 .

GENTLY
REMBVE THE TAPE, FLIP THE CELL OVER AND

b. AETER THE SOLAR CELL coOLS,

TAPE IT |N PLACE AcAIlN. FoLLow STEPS 3-S5
ABOVE TO SOLDER A LEMATH OF WRAPPING.
WIRE TO THE BAcCKk ELECTRDDE. AFTER THE
WIRE. SINKS IMTD TRE MOLTEAN SOLDER, BE
SURE TD REEP THE WIRE VERY STILG LUHJ'LE.
THE SOLDER CoolsS. i
4



_ CLEAR

~MOUNTING SOLAR CELLS

SOLAR CELLS ARE AVAILARLE UNMOUNTED oR
INSTALLED IN VARIOUS KINDS OF PRAOTECTIVE
ENCLOSURES. IT's BEST TO INSTALL
UNMOUNTED CEUS IN AN ERNCLOSURE QR
TO MOUNT THEM ON A PROTECTIVE PANEL.
TWO METHODS THAT T RAVE USED ARE
DEScRiBED HERE.

ADVANTF\GES OF N\OUMTED CELLS

1. SOLAR CELLS ARE BRITTLE AND EASILY
BROKEMN. MOUNTING THEM GREATLY .
REDUCES THE RISK. OF EREAKAGE.

2. WIRE LE.&DE_ SOLDERED TO A SOLAR CELL
ARE EASILY PULLED AWAY. MOUNTING THE
CELL wilLl PROTECT THE LEADS.

2. AN ENCLOSURE OR PANEL CAN BE MOUNTED
ON) THE CIRCULIT ITIS DESIGNED TO POWER.

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

INSTALLING CELLS IN AN ENCLOSURE

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

SOLAR UNORSTRUCTED
PLASTIC CELL VIEW OF THE Sun
Box OoR LIGAT SOURCE

FO AM
PLASTIC
CushION
HoLDS
CELL 1IN
PLACE

g L o

THE Dﬁ.ﬁwms r:m THE. FA:::NE PAGE SHOWS
A SOLAR CELL SANDWILHED BETWEEN A FOAM
PLASTIC cushioN AND THE LID 0F A CLEARE |
PLASTIC Box. YOoU CAN ALSO SAMDWICH THE
CELL(S) BETWEEAN THE LID AND A PLASTIC OR .
CARDEOARD LINER INSERTED IN THE LID AND.
CEMENTED IN PLACE. | O O

I HAVE USED INDIVIDUAL RADIOSHACK SOLAR . .
CELLS INSTALLED IN PLASTIC RBoXES AS . .
LG HT SENSORS WITHMOUT EVER DAMAGING |
A CELL oR BREAKIMG 1Ts LEADS. SERIES OR.
PARALLE(L ARRAYS OF CELLS €AN BE INSTALLED
IN LARGER PLASTIC BOXES. SOLDER THE CELLS .
TO ONE ANOTHER WITH SHORT LENGTHS oF
WRAPPING WIRE. SECURE THE CELLS N
PLACE AS SHOWNM. oN THE FACING PAGE OR .
LDSE A LINER AS DEScRIBED ABOVE. EE
SURE THE CONKNECTION WIRES Do NoT BLOCK
ANY OF THE CELLS. .

MOUNTING SOLAR CELLS ONA PANEL

FOR MANMY YEARS I HAVE USED HROMEMADE
SOLAR CELL PANELS TO CHARGE FLASHLIGHT
CELLS ON BICYCLE TRIPS. HERE's  How.
THEY ARE MADE.L )

PLACE A CLEAR ACRYLIC 0K TO
BEAD OF | | MOUNT
SILICONE EATIERY
CEMENT 4. 1 * HOLDER
AROUNID LA, AT EnD
CELLS

E# B il 1 N\ OF PANEL.




SOLAR CELL CDNCENTRM’DRS

A SOLAR CELL CGMEEHTP-P-TGR INCREASES
THE AMOUNT OF LIGHT ColLECTED EBY A |
SOLAR CELL. CONCENTRATORS ARE BEST
USED  IN. APPLICATIONS IN wWHICH SOLAR
CELLS ARE USED AS LIGHT SENSORS FoR
VARIOLS CIRCUWITS RATHER THAN POWER
GENERATORS. A CONCENTRATOR CAN ECOST
TAE PowER FRoM A SOLAR CELL ILLUMINATED
BY SUNLIGHT. BUT CONCENTRATORS ARE.
NOT  ALWAYS PRACTICAL FOR THIS PURPOSE

SINCE THEY CAN CAUSE A CELL TO Eacom&f

OVERHEATED.

| F’AR'ABOUC REFLECTOR

L ARGE ELASHLIGHTS THAT USE REPLACEABLE

BULBS <€AN BE USED AS CONCENTRATORS
FOR SOLAR CELLS. MOUMT TWO CELLS
BACK-TO -BACK. WITH DouUEBLE SIDED TAPE.
CONNECT THE PLus LEAD OF oNE CELL TO
TRE NEGATIVE LEAD OF THE SECOMD CELL.
EXTEND THE REMAINING LEADS THROUGH
THE LAMP QPENING. USE AN ADHRESIVE
TO SECURE THE CELLS INSIDE THE
REFLECTOR, THE FLASHLIGHT CASE BKHAS
PLENTY OF ROOM TO INSTALL MANY @ KINDS
OF LIGHT ACTUATED CIRCLITS.

___REFLECTOR
AN TR -~
b e N O
"END VIEW SIDE VIEW

PAIR OF BACK-TO-BACK CEMENT SoLAR CELL

SOLAR, CELLS
20

LEADS TO LAMP DPENING

F'RF_ SN E L LENS

A FLAT PLPSTIC |

' SOLAR
_CELL EFRESNEL LENS IS
ANTET AN IERGELLERT |
CONCENTRATOR
EOR A SoLAR |

AND CELL INSTALLED
=1 | UN_A HOUSING, .
/=< THERE WILL BE | | .
"R PLENTY OF SPACE

ELECTF.aMw_
_CIRGUT LENS FOR. CIRCOVTRY.,. .
TROUGH CONCENTRATOR
. EOLAR CELL.
IARRAYN |
TROLGH CAN BE PLASTIC OR SHEET METAL

LINED WITH SKHINY hLuMmuM TAPE.

BOX CONCENTRATOR

P.L,LJM\.HUM Saf_ﬂﬂ. C.ELL
FOIL. OR ARRAY.
SHIMNY,; L |
ALLMINUM

TAPE

MAKE BOx FROM PLASTIC OR SHEET METAL .
FOR. BEST RESULTS. . i 2-1 | |

| <— CELL. WITH LENS



SOLAR CELL RATTERY CHARGERS
LEAD-ACID AND NICKEL cADMILM (NiCd)
ARE THE MOST COMMON STORAGE BATTERIES,
CERTAIMN  ALKALIME ., LITHIUM AND QTHER |
TYPES AN ALSO BE USED AS RECHARGEAELE
STORAGE BATTERIES. \WHEN CHARGING |

A STORAGE BATTERY You MUST O0OBSERVE
SEVERAL PRECAUTIONS TD AVOID DAMAGE
TD THE BATTERY OR ONE 0F \TS CEULS..
THESE PRECAUTIONS \WILL ALSO GREATLY.
REDUCE THE POSSIBILITY OF FIRE OR EVEN

EXPLoSION, WHICHK CAN OCCUR WwWHEMN A
STORAGE . EATTERY IS IMPROPERLY CHARGED.

STORAGE BATTE RY PRECAUTIDNS

8 EHARGE E}ML‘*[. CELLE AnD BATTERIES
DESIGMED TO RE RECHARGED. CAUTION:
NEVER  ATTEMPT TO CHARGE OTHER KINMDS
OF BATTERIES! THEY MAY OVERHEAT,
SWELL AND Poss gLy EXPLODE.

2. NEVER EXcCEED THE MAXIMUM ALLOWED
CHARGING CURRENT FOR A STORAGE .
CELL oR BATTERY. INSTEAD OF REDUCING.
THE CHARGING TIME, THE CELL OR THE
BATTERY MAY RE Rum&.b

3. CHARGE MULTIPLE STORAGE CELLS (N

SERIES |NSTEAD OF (N PARALLEL.,
CELLS \N. o P o e S 1 5 &
SERIES T l l L

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

154
E.IF A BATTERY BECOMES HOT WHILE EEING
CHARGED , IMMEDIATELY DISCOMMNECT IT OR
REMOVE IT FROM THE SOLAR CHARGER.
%Li_t}.u.l IT TD €OOlL EEFORE  SI\NG IT.

HAVE A VERY

b. NEUER SHORT THE TERMINALS OF A
STORAGE CELL OR BATTERY! STORAGE CELLS
Low INTERNAL RESISTANCE .
THIS MEANS THEY CAMN PRODUCE A VERY HIGH
CURRENT IF THEIR TERMINALS ARE SHORTED..

CcAuTION |
Py i P

| % Do KMOT SHORT
T THE TERMIMNALS

< o= OF A STORAGE
N AL CELL OR BATTERY
STORAGE Wi™ A NAIL,
BEATTERY COIN, METAL
FoiIL. OrR OTHER
CoNDUCTOR,

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  BATTERY HDLDER oOR CONNE ¢ TION
CLIPS WITH INSULATED LEADS.

B. IT'S BEST TO CHARGE NICKEL CADMIUM

STORAGE CELLS AND BATTERIES WHEN THEY
ARE FULLY DISCHARGED. THRIS [INCREASES

THE TI\ME TRESE CELLS WILL FUNCTION
EBETWEEN CHARGES.

9., NEVER GUESS ABOUT THE SPECIFICATIONS
OF AN UNKRNOWN OR UNMARKED RATTERY.
THE SPECIFICATIDNS of BATTERIES souD EY
RADIOSHACK ARE LISTED IN THE RADIOSHACK
CATALOG. You CAN FinD THE SPECIFICATIONS
Of BATTERIES VIA THRE WwoRLD WIpe WEE,
EBEGIN YouR SEARCRK BY SELECTING oOME
OF THE WER SEARCH ENGINES. TYPE IN
THE MANUFACTURER'S NAME AND THE
WORD "BATTERY" o0R "cEel" TO NARRow
YOUR SEARCH. i3



SOLAR CELL RATTERY CHARGERS
SERIES ARRAYS OF SOLAR CELLS ARE UWUsSEDQ TO
CHARGE STORAGE CEW.S AND BATTERIES. THE | |
ARRAYN MUST CENERATE A SLIGHTLY HIGHER f
NVOLTAGE TRAN TRAT OF THE BATTIERY BEING
CHARGED. HERE ARE THE NUMEER OF SERIES -

CONNECTED CELLS CoMMOMLY USED TO CHARGE
SoME PoPULAR BATTERY COMFIGURATIONS:

1 4.2-VoLT Nild CELL — 4 SOLAR CELLS

2 1.2-UOLT NMCd CELLS IN SERIES — 9 SOLAR CEUS I

4 1.2-voLT Nild CELLS IN SERIES —18 SOLAR CELLS

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

SOLAR 2xAA CHARGER

____________ =
- I--E— SOLAR ‘-'ZE-‘..L

-

* % N
i i K3 Ej’i‘_

o+ 1.
ERESCAN AN AR ]
| bl | B2
i ] + 11-2\! _
EEENC SN SN BN
| | D1 .
; ' P . inai4 |
| J | |
| I+ | \
R T TR ot Sl SN Sl MRS b ) G =

THIS CIRCUIT WILL CHARGE 2 AA NiCd CELLS,
IF TRE CELLS ARE FULLY DISCHARGED, S0LAR
CELLS THAT CGENERATE SO0 1D 100 m A wiLl

CHARCGE THE CceELS 1IN ABOLVT 5 To & HouRSs.

D1 PREVENTS THE NiCd CELLS FROM
gsi:HFlRG'HG THRoUGH THE SolLAR CELLS.
H

[ MONETDR]NG A SOLM«? CHF\RGER E

111111

SOLAR BF%TTERY CHARGER TTPS ""ﬁ_

1. NEVER EXCEED THE RECOMMENDED CHMARGE |
_ RATE. FOR [A STORAGE (CELL.. | , |

2. INCREASED CURRENT ;.F{fr:_nw:_é'-_.é ;_cH.QEG_iM;c;: |

TIME. CHECK THE BATTERY'S SPECIFICATIONS | |
TO FIND THE MAXIMUM .&.LanAELﬂ :uﬂ&ﬁut &

3.D0 NOT USE A SOLAR ARRAY iar | | [
DELWERS Tbo MucH CURRENT TO THE. ¢E4-L5 |
BEIMG CHRARGED, | 0 N T .4 .

Y. EEuﬁ,p.nL TIMES A DAY REORIENT A samaf f
PAMEL SO 1T FACQES TRE Sun. ] I .

| 5. SOLAR CELLS \WoRK BEST WHEN cool. .

AVOID. PLACING A SOLAR PAMEL ON SURFACES | |
TRAT EBECOME HOT |M EuMLIGHT SucH AS

___PAVEMENT OR DARK PAINTED METAL. . |

. STORAGE BATTERIES CAM BE MOUNTED | |
DN THE BACK SIDE OF A SOLAR PANEL, BUT

THEY WORK BEST WHEN KEPT .IM..A COOLER | |
LOCATION WHILE BEING CHARGED. N I

You CAN MEASURE THE CURRENT FROM A _' T
SOLAR PAMEL Wit A MULTIMETER. . | | | | | |

1. CONNECT A MULTIMETER SET TO MEASURE |

__CURRENT BETWEEN THE BLOCKING DIODE AND |
__THE BATTERY REING CHARGED. BRE. suE.E_ |

TO oBSERVE PGLRPJT“!’ L QR

2. CONNELT A 1-OHM  POWER Rés-iai-rbi?. |

| RETWEEN THE BLOCKING 0I100E. AND THE . | |

BATTERY BEING  CHARGED. USE A AMULTL-

___METER TO MEASURE THE um_-rms-f;(u} ACROSS | |
__THE _RESISTOR CRL FROM QHM’s AW, CURRENT |
- EQUALS /R OR

INTHIS CASE ., "u". S A S )
| SUUR R -



TAKE A SOLAR CELL INTQO SPACE = 7 onE WAY 1S T0 WRAP THE SOLAR CELL EaD

L) 1 ] ey | L | OF THE TURE WITH ALUMMINUM  Folil . TAPE
SOLAR CELLS. ARE SENSITIVE TO oMLY PART | ME FOIL TO THE sSIDE DF THE TUBE. BE SURE
OF THE SOLAR SPECTRUM . THEREFORE A SOLAR .. 1T DeoES NOT COMNNECT TOGETHER  OR| SHORT

CELL <CAN NOT MEASURE THE PODWER OF THE. L | TRE_ SOLAR CELL LEADS, -l

TOTAL AMAOUNT OF SUNLIGHT AT THE TOP OF L4 3] - ) . 1 _ .
THE ATMOSPHERE (THE SoLAR CDMETHMTj EVEN | 2. CONNECT THE SOLAR cELL LEADS AcCRoSS
lE YOoU coulh TARE OWNE THERE. L L A J1oOo-0HM RESISTOR. TAPE THE RES\STOR

| . To THE SIDE OF THE TUEE AS SH&OWA:
ACCORDING. TD SOLAREX, A MATDR SOLAR CELL |

MANUFACTURER, A SOLAR CELL PRODUCES b b 58 | |
ABouT +14.4 ?f’n MORE POWER IN SPACE THP.M L ALUMINUR, Fhetemefeeree—eooro—— oy« U
THE SAME CELL PRODUCES ON EARTR. LET'S | FOIL.TO 2 v 0 0 1 ) e,?)._é |
CALL THIS PERFORMANCE [NCREASE A SOLAR . . || | RBLock s, N SO 1 Y O O | C
CELL'S SPACE EFFICIENCY. L GHT \ = / |
YOU DOMN'T NEED T0 RECOME AN ASTRONAUT Ll _1o0-0OHM RESISTOR  TAPE  SUNLIGHT
TC DETERMINE HOW MUCH MDRE POWER A MR | L 1| L
SOLAR CELL wiLlL PRODUCE N, SPACE. THE Lo Ll 30N A CLEAR DAY MEASURE THE \WLTAGE
METROD DESCRIBED HERE WILL REVEAL A | L. ACRDSS THE 100-0HM RES\STOR WHEN THE
SOLAR CELU'S SPACE EFFICIEANCY FROM EARTH. i TUBE 1S POINTED DIRECTLY AT THE SUN. THE
FOLLOW [ THESE STEPS: L TURE \|S PROPERLY POIMTED WHEN ITS SHADoOW
.. DISAPPEARS AND WHEN THE VOLTAGE AcCRDsSS

1. MpDUNMT A SOLAR CELL AT THE END OF A . .| THE 1o00-0HM RES\STOR REACHES A PEAK.

PVCe. OR CARDEOARD TUBE: . 5 .. . . | .

. MAKE MEASUREMENTS FROM EARLY MoRNING

L 0 NOON OR FROM NOON  TO LATE AETER.NOON.
IF You Do NOT HAVE |NTERMNET ACCESS You

LINnE WITH EBlACk CONSTRUCTION PAPER

(; L 4 . WILL NEED To MEASURE THE ANGLE OF THE
Z. S bbbl L L YL . SUN OVER THE HORIZON AT EACH MEASUREMENT.
SoLAR CELL : | .. RECORD YovR DATA IN A NCOTEBOOK UNDER.

THESE HEADIN &S .

| A T o ﬂil
DA‘TE.. .
LOCATION * (Town AND cooRDINATES)
SKY CONDITION! (CLEAR 2 BLue?)
OBSERVER . (YOUR NAME)

£ suouLD BE AT LEAST S TIMES d.

USE DOURLE SIDED TAPE To ATTACH! A BARE

SOLAR CELL TO A THIN CARDEOARD Disk. WSE

DARK TAPE To ATTACH THE CELL AND DISK

T THE END 0OF THE TURE. ﬁLTEF.‘.MATIUEE.Yj

INSTALL THE SolAR CELL IN A THIN, CLEAR™ 18 |

PLASTIC BoX AND TAPE THE EBoX T'D THE | =

EAND OF THE TUBE. |F THE SOLAR CELL IS !

LARGER THAN d, THE EXPOSED PORTION i

%E}WE CELL MuST BE SHIELDED FROM LIGHT. . b MO | | | | | - .
_ | 3 ! =

TIME [stenac] sienac| sun | AR T |
Quours) | (LN) | ANGLE | AMASS )




ERTS SN et TR NN

4. AIR Wﬁs (m IS THE THICKNESS OF THE
ATMOSPHERE BETWEEN . YoU AND THE SUAN.

M= 1/S1K B, WHERE @ |S THE ANGLE OF THE

SUYN  ABoVE ‘THE. HORIZON, FIND m FOR EACH |

TIME YOU MADE A MEASUREMENT. USE THE Sun
AMGLES YOou MEASURED. OR VvISIT A SEARCH . |
ERNGINE ON THE WoRLD WIDE WER AND ENTER
"SUMN ANGLE CALCULATOR." CHECK THE WEER
SITES AND SELEcT A CALCULATOR Youw LIKE. |
FOLLOW THE INSTRUCTIONS TO FIND THE Sun.

ANGLE. FOR EACH TIME. CALCULATE m FOR EACH

ANGLE AND ENTER THE RESULTS IN YouR NOTEBOK.

G.USE THE LN Rf.v ON A SCIENTIAC _
CALCULATOR TO CONVERT THE SI&MALS ‘“mu
MEASURED TO THEIR MATURAL LOGARITHMS.
ENTER THE RESULTS IN YoUR NOTEBOOK,
HERE ARE SOME OF MY RESULTS!

T T ETCE 1 T e = | 1 i ) - T

—_— mpae e om

i

DATE. . FEEF’..UAP-‘? ZI H"ﬁ' |
LOCATION: GERANIMD :RE.EH. TEH‘AE
SKY COMDITION: CLEAR AAD, ELuE
ORSERVER! FORREST M. MiMS 1T

TIME  |SIGNALISIGNAL | SUN. AlR
(VecTs) (LN ANGLE MASS

iﬁ 1950:20| 4.0 | 1.5261 Eﬂ-o?: 1.99
QLD 16GIG:00| 4.449 |1.49071 253971 2.33

lo. GRAPH THE LN OF THE SIGNALS AND THEIR
AIR MASSES . HERE'S MY GRAPH.:

1.8 _ .
S 4 - THIS IS CALLED A LANGLEY
2 it} GRAPH |N HOMNOR. OF
= 1S Qo SAMUEL LANGLEY
= lam] O
.%: 1.3 O o
L4 1) »)
O g | s 1
W 1o | T | W {2 1 | |
gl 3 | A3 1915 1% Ll 1
AR MASS {m) |
28

L AE THE SKY WAS CLEAR, THE POINTS BETWEEN

AN AR MASS OF ABOUT E*rc:c;- SHOULD. FORM
A STRAIGHT LINE. DRAW A LINE THROUEH
THESE POINTS. AND EXTEND IT TO THE ¥
(VERTICAL) AXx(S OF TAE GRAPA (AIR MASS= D).
THE LN OF THE SIGNAL THE SOLAR CELL
wiLl PRODUCE AROVE THE ATMOSPHERE , | THE
CELL'S EXTRATERRESTRIAL (ET) r.:a::.msmm*
IS WHERE TRE LIKNE CROSSES THE Y AXIS.

- ET CONSTANT =1.7008 @ FIND THE
L, EXACT VALDE WITH THE LINEAR

.  RECRESSION EUANCTION OF A
SCIENTIFIC CALCULATOR
OR COMPUTER
SPREADSHEET.

SO e e N N
Gl'—br&w‘_::mr-.rm
1

¥

£

L]

SIGNAL (LN)

-

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

BY THE NCON SIGNAL, SUETRACT 1 AND ADD
A % SIGRn. THIS 1S THE SOLAR CceLL’s SPACE
EFFICIENCY, THE INCREASE IN PEREFOR MANCE
THE CELL wILL PRoOVIDE  IN SPACE. THE SOLAR
CELL I MEASURED HAsS A SPACE EFFICIENCY OF
110.9 %. THIS IS REASONARLY CLOSE TO THE
+14.0% GI\VEN BY SOLAREX. SOME 0OF THE
PIFFERENCE IS BRECAE THRE LANGLEY METHOD
WORKS BEST WITH A NARROW EAND OF |
WAVELENGTHS AND A SOLAR CELL DETECTS
FROM ARouT 400 TO 1100 NNANOME TER S.
DIFFERENCES ARE ALSO CAUSED BY DIFFERING
BrMOouTS OF WATER VAPOR AND HAZE .
WHEN THE TESTS WERE CONDUCTED. WATER
VAPOR \S ESPECIALLY [MPORTANT SINCE (T
ARSCRES SoMHE NEAR INFRARED TOD WHICH
SOLAR CELLS ARE VERY SENSITIVE. T
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REVERSIRLE 8S0LAR NMOTOR

SOLAR POWERED MOTORS
SMALL DC MOTORS CAN BE POWERED BY
SOLAR CELLS. SOME MOTORS REQUIRE ONLY A

SINGLE CELL AND BRIGHT SUNLIGHT. MoDsT
REQUIRE AN ARRAY OF SOLAR CELLS..

RASIC SOLAR POWERED MOTOR

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

HIGHER POWER SOLAR MOTOR

A SOLAR CELL ARRAY THAT POWERS A
MOTOR OMN A BRIGHT SUMMER DAY MAY NAaT
PROVIDE ADEQUATE POWER DURING WINTER .
THIS CIRCUIT FEATURES TwO SERIES ARRAYS
COMMNECTED (N PARALLEL To PROVIDE DoUBLE
THRE CURRENT PRODUCED BY A SINGLE ARRAY.
IFIDEMNTICAL 0.5 VOLT CELLS ARE USED AND

*_

=

et = .

A REVERSIBLE
APPLICATIONS
THE SUN. THE ROTATION. OF THE| MOTDR BELow |

ARRAYS
ARE EQUALLY
DoDE s NOT EBOTATE.

SOLAR PoOWwWERED
N ROBOTICS AND TRACKING

1S CONTROLLED BY WHICH OF TWO SOLAR
IS ILLLMINATED.
ILLUMINATED, THE MOTOR
e

IE ILLUMINATING THIS

vee ILLUMINATING | THIS

"SOLIAR MOTOR WITH BATTERY BACKUP

 EVEN. A BRIEE INTERRUPTION OF DIRECT .

IF EACH PRODUCES SOmwA IN BRIGHT SUNLIGHT, |

THEN THIS ARRAY WILL FROVIDE (o VMOLTS
(12 CELLS ¥ 0.5 voLT) AND 100 mA.

) r?E l"ﬁt I‘PE I*."'[ l*:FE |5’f[: r;'f[ rﬁ[ l%[ l’}[ l*;fE F
o NOLTS AT 100 mA (AT SOmA /CELL)

OFF= (e voLTS nT 5D mA

S%

S ACE

POWER \:f LOW CURRENT
SWITCH PC MOTOR
S0

i
CLOSE ‘3?/ El [ | ‘ Di's RATING MUST EXCEED

SUNLIGHT WILL SLow OR EVEN STOP A

SOLAR POWERED MOTOR. A STORAGE BATTERY

COMPNECTED ACROSS THE MOTOR'S SOLAR
CELL ARRAY wILL PROVIDE BACKUFP POWER.

g b K

NIRRT

BL MuST BE A |
SOLAR CELL STORAGE BATTERY.

ARRAY Si

FOR BACKULP P’EAH SoLAR HRRA; CURRENT
ST ! r-J"iﬁﬁ_l ETC.).
+ (EM:I\ 1
 PowER \.._.{ Low CURRENT
SVATCH PC MOTOR

. ®1

MOTOR | HAS | |
WHEN BOTH ARRAYS

.AD|+ f___Hf-. |
. ARRAY CAUSES THE MOTOR

TO ROTATE CLOCKWISE...

ARRAY CAUSES THE MOTOR

.4|<|_ & "KI_‘ 4~ 10 ROTATE COUNTER CLOCKUASE,

NN VU NS SN NI N d v

—




SOLAR ACTUATED MOTORS
SOLAR CELLS HAVE MANY APPLICATIONS IN
ROBOTICS AND CONTROL. THE CIRCUITS .
_ SHOWN HERE SWITCH SMALL DC MOTORS ON
OR OFF WITH SUNMLIGHT. SOME ARE SO

SENSITIVE THEY cAN BE TRIGGERED WITH A
SMALL FLASHLIGHT ©OR LASER POINTER..

POWER FET ACTUATOR (1)

=+ TN TS CIRCULT WLl
DRIVE. A SmALL Do
AV4 | MOTOR WHEN THE
) > IRES10 POWER |
R MOSEET IS SWITCHED
o . ON WITH ARoUT 4
V | VoLTS EROM. A .
T e SOLAR CELL ARRAY.
Y | Vie THE IRES10 CAN
e ol IV DRIVE. A MOTOR THAT
1Y V 1Res10 CONSUMES UP TO
e A 2 AMPS. +V SHOULD
SOLAR CELL NOT EXCEED THE
ARRAY = MOTOR'S RATING.

TRANSGISTOR ACTUATOR

- + v THIS CIRCUIT
SOLAR I | L USES A REVERSE
CELL e BIASED SOLAR
e A+ CELL TD SENSE
il R -} Ril =_!| LSBT, 'Ry
IN2222 — ComTROLS THE
+ : SENSITWITY.
4 RN1 A USE ClRCuIT
T0 ACTUATE
("4 § SMALL Do
100K MoTDR (132
i TO b VOLT S).
1 RYi- |
= RADIOSHACK 275-005
B2

s | T

i |

B s

POWER FET ACTUATOR (2).

A5 THIS  CIRCUIT WILL
SOLAR t DRIVE. A SMALL DC
 CELL MOTOR WHERN THE
L | IRFS10 POWER MOSFET
£ 1S SWITCHED ON BY
N\ THE VOLTAGE DWIDER
A, 2 . FORMED BY THE SOLAR
| G CELL AnD R1. ADILST .

RiL TO COMTROL SENSITIVITY.

s THE IRFS10 wiLtL DRWE
_% R1 Qi A MOTOR TRAT CONSUMES
100K IRFS10 UP TO 2 AMPERES. 1tV
SHOULD NOT EXCEED
THE MOTOR'S RATIN G.
1 USE SUNLIGHT, FLASHLIGHT

OoR LASER POINTER.

OP AMP -POWER FET ACTUATOR
+qy

!

+V.

SOLAR . Rz
. CELL looK
=~k Lﬂ N8
A TLoa>t |
3 [~
T
+ RL prals _at
100K IRFS10

THIS CIRCUIT ALSO SWITCHES A sSMALL DC
MOTOR wWitTH AN IRFS10 PowER MOSFET,
ADDITIONAL FLEXIBILITY |S PROWDED BY THE |
TLo8Z OP AMP. R1 CONTROLS THE SWITCHING
THRES ROLD AND R2Z CcONTROLS THE GAIN.
+N SROULD NOT EXCEED THE MOTOR'S RATING.
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SOLAR CELL LIGHT METERS

THE PHROTOCJURRENT 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 BELOW ARE FOR

LIGHT METERS MADE FROM A SOLAR CELL

AND A RADIOSHACK MULTITESTER.

LIGHT METER (VOLTAGE TYPE)
SOLAR é +
CELL
+ R4 | ANALOG OR DIGITAL
AV 10 | MULTIMETER SET TO
= MEASURE VOLTAGE

THE VOLTAGE PRODUCED EY A SOLAR CELL
IS NOT LINEAR WITH RESPECT TO LIGHT.

N TENSITY. TRIS ARRANGEMENT MEASURES
THE PHOTOCURRENT (1p) FROM A SoLAR
CELL, WRHICH IS LINEAR. FROM OHMS LAW, .
THE CURRENT THROUGH A RESISTOR IS V/R.
IF B1 IS 10 oHMS AND THE UVOLTAGE ACROSS
R1i IS Q.HZ voLT, THEN Ip— DL /LD ok
0.04H2 AMPERE "(42 m A).

LIGHT METER (CURRENT TYPE)

SoLAR +
CELL
L] ANMALOG OR DIGITAL
SZ MULTIMETER SET TO
,j;, - MEASURE CURRENT

THIS ARRANGEMENT
DIRECTLY ME ASURES SoLAR CELL F'HEI'I'DCUEREMT

34
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& | SOLAR CEL_L RADIOMETER

L_d;f AMA___ TH.'-.E RADIOMETER
;L b bl b et ]| MENSURES |Al VERY
| | RI-R7? ARE! | | 4G | WIDE RANGE OF
| FEEDBACK RESISTORS L\GHT LEVELS. FOR .
| AMA__| | REST RESULTS,
Lo L1 1 | L R2 AINSTALL CIRCUIT |
N O 5 1Y AND SOLAR CELL
Ll L] . 1IN AN ENCLOSURE.
i | MAMA___{  KEEPS LEADS TO
Wil | R3. _ BATTERY AND R1-
E look R2 SHERT TO. |
| | AVOLID OSCILLATION.
=t | RY IN Use, SET. sS4
| 10K (_ML:-LTI- POSITION
et = | ~ _ROTARY SWITCH
.t | A { | RADIOShACK *z*;s_—lass)
L. O TO LOWETT GAN
| 1K SETTING (10). WiTH
- . | L SOLAR CELL DARK,
- AN} ADIUST RB uMTIL

| R METER INDICATES
- - . loo LOWEST VOLTAGE ..

. 000 . ALLocw ! LIGHT TQ
;. o o AN 4 Lt rJATE SolAR
_ . R1 CELL AND ADIUST

SOLAR si 49V 1o Si TO TRE MOST
CELL %ﬁ APPROPRIATE GAIN,
y o 8
TLo8Z~ 1 | r _ |
N 31, MULTIMETER
¥ z, SET TO
MERASURE
+qy DC VOLTAGE
R& | e
100K -

. | TRE GAIN OF THE RADIOMETER EQUALS THE

. FEEDBACK RESISTANCE (R1-R7
1S SELECTED, THE RAD\OMETE

MULTIPLIES THE

~  SOLAR CELL PROTOCURREMT 10,000 TIMES.

3§

. THUS WHENMN RY




By -

SUNLIGHT ACTUATED RELAY LIGHT ACTUA‘I’ED RELAY
A SERIES ARRANGEMENT OF SILICON ;_ A SOLAR CELL GEMERATES A PHOTOCURRENT
SOLAR CELLS wiLtL ACT\WWATE A RELAY, L L WREN | [LLOMINATED. THE CIRCWT SHOWN |
THE SOLAR <CELL ARRAY MusT PROVIDE | HERE AMPLIFIES THE CURRENT  FROM A SINGLE
SUFFICIENT VOLTAGE AND CURRENT TO | spLAR | cELL AmD | DRIVES. A RELAN. THIS| | |
OPERATE THE RELAY. THE ARRAY L ClReulT WILL WoRK WITH A VERY SMALL, SOLAR |
SHOWN HERE wit. Pull IN A Low L CELL AND wWire RESPoMD TD VERY [ LOW.
CURRENT! RELAY WITH A 7-To 9-VOLT ColL. L LEVELS OF LIGHT. L O O (O
] W= 7-TO 9-VOLT I Te1-common _}1 RELAY~-RADIOSHACK 275-005
,SZ “~__ SOLAR Low CURRENT _L | _OPAMP (741 ,ET ¢ - L]
:SZ QX O s ﬂ] . RELAY | | ] |
(RAPIOSHACK = | b
;SZ QZE ﬂ‘;s-uas)aa o |
SIMILAR) - . L.l
A D . | _ n ?-‘::\
L I\ | EXAMPLE: A 7-TD G- vouT REUY oL Sl 1] Ixed
[ W] REQUIRES FROM 14 TO18 CEUS. - NN
L. USE INDWIBUVAL CELLS OR CONNECT e SOLAR | T ]
AR APPROPRIATE MUMBER OF SOLAR 1 el L]
\V4 " ARRAYS IN SERIES. i Q3
] | N = | | | | 100K
IN TESTS oF PROTOTYPE = &
7] R CIRCUIT, THE RELAY PULLED IN u _T_ .
EVEN WHEN THE ARRAY WAS =1 | [CONMNEST THIS | = | XN GREEN (READY) |
TILTED SOMEWHAT AWAY FROM SUN. —1 | PAIR OF LEDSs. | o Iq 11 ] ¥9v)
. _+!_, To THE RELAY . L .
SENSITIVITY ADIUSTMENTS & | TERMINALS TO
' 1 | [InNDACATE THE
AN = | CIREUY STRTHS.] ) & MEEE N IS
Hﬁ'“:‘@\\\ R | RELAY . - é’ RED (ACTULATED) =

L WITH RooM LIGHTS SUBDUED, ADIUST R3 UNTIL
ELOCk PART OF THE ARRAY WITH AN OPAAQUE - THE RED LED JusST STOPS GLOWING AND THE! | |
CoOVER TO REDUCE SENSITIWVITY, OR... GREEN LED GLOWS. LI|GHT FROM A FLASHLIGHT

WILL TRIGGER THE CIRCUNT AnmD THE RED LED
| aWSE. 1K WILL GLoW. THE CIRCUIT Will RESPOND ToD! AN
;5_ N o \\_AK POTENTIOMETER LED , MATCH , CANDLE | DAYLIGHT AND. A LASER |

% 7 U RN | EJ RATED AT

| : N\ POWER OF
| ARRAY.

PGIHTER ’S\MCE_ THE r.:lﬂ.curr RESPONDS TO MANY
LIGHT  SOURCES, NEVER USE [IT TO. QONTROL
HAZARDOLS THINGS (mmmc—.ﬁ.*r Erc.)l _

il | ok e s




_RREAK-REAM DETECTION SYSTEMS

RREAK-BEAM DETECTION SYSTEMS DETEST
EVERYTHING FROM \TEMS oN A CONVEYOR
 BELT AND SMOKE TO CUSTOMERS IN.STORES
ANMD RURGLARS., WHEN A LIGHT EEAM IS
IMTEREUPTED:, THE SYSTEM SwITCHES AN
ALARM, COUNTER OR LIGHT. HERE ARE SomE
c.m-qmam RREAK-BEAM CONFEIGURATIONS:

IN-LINE  MODE

S |
}—r R
LIGHT SDOURCE  RECEI\VER

REFLECTION N\ODE

S . REFE E.‘l'bﬂ.,

\ MIRROR.
[ OR WHITE

PROXIMITY MODE
S CRIECT THAT

s o= = S AV T T2
L LT | LIGAT T
Rl == T T L1 REQEWER

KINDS OF BREAK-BEAM SYSTEMS

STEADY STATE — THE LIGHT SOURCE (S A
LAMP, LED OR SUNLIGHT. WHILE VERY SIMPLE,
A ETEAD‘f STATE SYSTEM CAMN EBE |WTERFERED

WITH BY AN OuTsIDE SOURCE.

PULSED— THE LIGHT IS A PULSED LED. A

CAPACITOR BETWEEN THE SOLAR CELL AND THE

RECE\WER EBLOCKS
PULSED QuTSIbE
28 |

INTERFERENCE FROM NON-
LIGHT SOURCES. .

pup [ T[]

~ STEADY-STATE BREAK-BEAM SYSTEM

THIS SYSTEM PULLS  IN A RELAY AND LIGHTS
AN LED WHEN STEADY LIGHT ILLUMINATES
THE SOLAR CELL. |

| m HE.H TH\S

SPACE |S
OPEN, THE
CIRCLIT'S

__RELAY IS
. POLLED IN

AND THE

 LED GLOWS,

ADTusT R{

L TO COMTROL

CSENSITIVITY.

 THE RELAY

CAN CONTROL

A MDTOR

LA MP, ETC.;

| RZ mnmm_s

OP AMP GAIN,

USE

. V=R1 yoLTAGE
- Nigo™ LED VOLT AGE
i Tigp=LED *ZUE.E..‘EMT

/ - '-
\/

SOLAR CE.LLDf.

| 84
HHHH—

USE THIS
ARRAMNGEMENT
OR USE A
F-LAEHMEHT

!

LEH S

IEL
EL\GHT SHIELD
tav

R4

§ . 1DDK

L o

IRFSAD

o
e
™
l—h
;\.""

Q4

ia
s@

R3
1K

RY1 1S RADIOSHACK 175 <004 OR
SIMILAR LowW-CURRENT RELAY.

29



PULSED BRREAK-REAM SYSTEM
A PULSED EREAK-BEAM SYSTEM IS GENERALLY
IMMUNE. TO STEADY-STATE LIGHT SOURCES,
THIS IS VERY IMPORTANT WHEN THE SYSTEM.
IS OPERATED IN THE PRESENCE OF ROOM. !
L\GHTS OR WEAK SUNLIGHT. A SOLAR CELL |
RECEIVER FOR A PULSED BREAR-BEAM SNSTEM
1S SHOWN ON TRE FACLING PAGE. SHOWA

EELOW IS A 555 PULSED LED TRANSMITTER
TRAT wiLtl WOoRK WITH THIS RECEIVER.

PULSED BREAK- BEAM TRANSMITTER

R1  +9V R2 CONTROLS
10K PULSE FREQUEMNCY
| CL Co MTROLS |

POLSE WIDTH

R4

LED

/1

0.01 umF

:

FOR REST RESULLTS:

1. USE AN INFRARED 0OR SUPER RBRIGMT RED
LED FOR MAXIMUM RANGE. .

2. POWER THE TRANSMITTER AND RECEIWER
FROM SEPARATE BATTERIES. . _

2., BE SuRge THE BEAM FROoOM THE LED
LLLLJM&H;&TES THE SOLAR CELL,
@, _

i

1 BLOCKS

PULSED BREAK-BREAM RECE|VER

R4 .C.D:HTR&L’S
THE SlanNAL +9v THE GAIN OF
FROM STEADY- | OP AMP TLD&Z...
_ STATE REDUCE R4 TD!| .
LG HT | REDUCE THE SAIN,
__SOURCES. - -
| é Ry
_ | L L Lk |
| 2[]8 <
1N TLog~ 1
SOLAR i 5 A _
CELL O1.uF [t 14
RZ  R3 [
10K 10K LED
- $ Ay
| THE LED I
1S USED o AN 1 |
D TEST 0.22 uF |+ |
CIRCULIT 7 J - ' fi
OPERATION. |
| { 7] Beg I3 1A
| || Sloe
S1 1S AN .
SPDT .
SWITCH, '
Ry RY1
100K 13 4  RADIOSHACK =
115 -00Y4 RELAY

~ TO OPERATE, SWITCH S1 To PosiTION A.
ADTUST R2 OF THE TRANSMITTER TO ITS
MID-POINT. WHEN LIGHT FROM THE LED IS
STRIKING THE SOLAR CELL, ADIUST RY OF

- THE RECEMWER UNTIL THE RECEIVER'S LED

SWITCHRES CN. THE LED SHoOuULD SWITcH OFF
WHEN THE TRANSMITTER LED IS POINTED AWAY
FROM THE SOLAR CELL OR \TS! LIGHT IS | |

ELOCKED., swiTCH S1 TO E TD SELECT RELAY.

3



®
SUN POWERED TONE GENERATORS = 50/ AR POWERED 555 OSCILLATOR

. THE C\RCUITS ON THIS AND THE EACING

E ARE POWERED 'SOLELY BY SUNLIGHT ! Bl '
E&Gﬁx BRIGHT LAMP. MDST PRODUCE A TONE |+ g |4 ' EéEf’;LR%S
OR BuzzZ. ONE GENERATES A SOUMD THAT L AV 1 . b2 + P?.fsuﬁ; .
SOUNDS MUCH LIKE A TICKING €LOCK. | | /’f | 15{)& PIEZO |

| A
| ot 'ﬁﬂmn et — RUZZ2ER OR .
= - I8} s L SPEAKER
|- : ARRAY i
SOLAR | | FOR BEST RESULTS
THE SocAR ARRAY | i ' L
iﬁ? 3 G e . M_V__ et THE SOLAR CELL
Vi = o BT larTAE | o.1 T |1 ARRAY SHoulLD PROVIDE
,i‘;f | " T0 PowER THE PIEZO ——r e TO 9 VOLTS.
| o BuzZzER, F‘:M":’EPIEEG. | ' i
" \ ehz2e@ can B8 - WSO AR POWERED  CLICKER (1~
ﬂ . i T = IS | H | 2 L '
- 3 | |
% FZ |s A PIE2o BuZzER. —-: [k ®FE ET 1 1
L 4L , . | . | n S I’Z doled | PEySIA || |
SOLAR POWERED DUAL-GATE OSCILLATOR =y SENE NN RN
SOLAR CELL ARRAY THE SOLAR CELL ‘{ e By Umf 3909 |8 | OR SPEARER
ARRAY SHOULD r—_;. 4 "f;}‘ . 2. ELEMEN T
7 p PROVIDE 3 voLTS ¥ t— SOLAR ’ R1  REDULCE
| - “f X CELL = Aok et | || |
| — I =-—- 7 =t |~ ARRAY _UINCREASE | |
7S i | FREQUENCY. |
14 |7 gH'?DK h | ]l
1 HrruGuh EEEN ~ 'SOLAR POWERED CLICKER (2) = =
g o2 —t P+®;1_ THIS CIRCUIT | EMITS
' = | 2. ¢ SOUND LIKE THAT |
-*:
EJEEEEFEDH. z ST = Yf 22kl | | OF ATICRING| | |
MORE VOLUME. | O.4uF B | CLOEK. USE R-voLT
- : — . 0 5 1) SOLAR ARRAY. | |
- |1 sdeaRl |1V - LED IS A BLINKING
EXPERIMENT WITH VALUE of ¢1 AND R4 1O . R EC ii';{'m o ET&;EH‘ OK.ITD. |
ANGE FREQUENCY. . - - CE PZ WITH
cH MAGNETIC SPEAKER,

HZ ' | @



LIGHT CONTROLLED TONE

S\LICON SOLAR. CELLS CAN BE USED IN MANY
KINDS OF TONE GEMNERATORS THAT RESPOND

TD DAYLIGHT OR ARTIFLCIAL LIGHT.

LIGHT CONTROLLED S55 OSCILLATOR

F SOUND

_THE EREQUENCY ARD VOLUME. | O
PRoODUCED Ry A BASIC E5€ 905cil

LATOR CAN

CE EASILY MODIFIED RY COMNNECTING A
SILIcoN SoLAR. CELL AT VARIOLVS POINTS.

() wiTR CELL HERE , INCREASING LIGHT |

®O-@: +9V  ADIUST RA TO
SOLAR CELL CHARNGE FRE@UEMC‘!’
\ E o 3 —- + :
N | %
| EL 8 |4 Pz ol
(L) 2 100k - @ ZS@*:
l? i i =
| RZ . .
y B2 o) i
7 42 A
© * b 17N | 1 @ 1‘ Pz IS PIEZO
E. — k:" SPEAXEER @
e ELEMENT

CONMNECT SOLAR CELL HERE . IMCREASING
LILGHMT WILL INCREASE TDNE FREQUERNLY.

WITH CEU CONNECTED  HERE ,

INCREASING

CIGoHT REDUCES VOLUME FROM PZ.

LIGHT! FALLING ON CELL HEEREE
 FREAQAVENCY OR CuTS oFF TOME

EEDWUCE S
EMNTIRELY.

LIGHT STRIRKING CcELL HERE REDUCES
VolLuME FROM PZ oR CuTS OFF TONE.
LIGHT EALLINMG OMN CELL HERE. CuTs OFF

“1TOME OR CAUSES CHIRPS.

LIGHT STRIKIMNG, CELL HERE REDUCES THE

TONE. FREQUENCY.
|

INCREASES. ToNE FREGQUENCY.

AN INMTERESTING APPLICATION IS TD REPLACE (1
WITH A SOLAR CELL , SINCE A SDLAR CELL HAS
CAPACITANCE , THE CIRCUIT WiLlL OSCILLATE.,
LIGHT AT THE CELL WILL CHANGE THE TOME
FREQUENCY | ORI CUT IT OFF ENTIRELY. THE
CELL  SHoULD BE ORIENTED  LIKE CELL.®.

HIGH GAIN LIGHT CONTROLLED TONE

Pz~ PIEZO SPEAKER *Qv
| OR BUZ7ZER ELEMENT
SOLAR

CeELL PZ 1
! = 4] I8
8
N 47K
Z\ | LT
# | 210y | 1 se< | | PlER
| Tog N b -4 2ilK !
) S < ) Y f"”r e
/""' CGMMDM | . E |
P AMP . cq |
(141, ETC.) f T o1l
< }

THE FREAQUENCY OF THE TONE PRODUCED RY |
THIS CIRCUIT IS REDUCED AS THE INTENSITY
of LIGHT AT THE SOLAR CELL IS INCREASED.
1N Q?ERPLTIGH THE PHOTOCURRENT FROM THE!
SOLAR CELL r5 AMPLIFIED AND CONVERTED.
TO A VOLTAGE BY OP AMP IC 1. THIS VOLTAGE
1S THERN. APPLIED To THE CONTROL INPUT 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 CAN GET
LUNIAVE EFFECTS BY USING A FLASHING.
LIGHT. | L L -
HE



IRTREMOT E CONTROLTESTERS

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

PIEZDO ELEMENT TESTERS

PZ |S ANY PIEZOELECTRIC <SPEAKER ELEMENT

OR EARPHONE . (DO NOT USE A PIEZOELECTRIC
Buzz ER.) T1 IN THE CIRCUIT ON THE RIGHT IS
ANY MINIATURE AuDlo OUTPLUT TRANSFORMER.
THIS CIRCLIT PROVIDES A LouwuDER SOuND

THAN THE CIRCUIT ©N THE LEFT. TEST
THE IR REMOTE COMTROL TRANMSMITTER EY
POINTING IT AT THE SOLAR CELL. A TONE
WILL EE HEARD |F THE UNIT IS5 WORKING.

MAGNETIC TRANSDUCER TESTERS

_RED
SOLAR SOLAR o]
cew. | ¥ ¥ ocew |t 8-
\V4 AV SPKR
jr— < j —
et aiac K lpp 7 B

PH 1S A MINIATURE MAGMNETIC EAR PHONE . .
BOTH CIRCUITS EMIT A TONE WHEN A WORKING
IR TRANSMITTER |S POINTED AT THE SOULAR CELL.
USE A SoLAR ARRAY FOR MORE VOLUME.

He

Iy ff

TRANSISTOR REMOTE CONTROLTESTER

tqy

PZ 1S A PIEZOELECTRIC
SPEAKER ELEMENT oR
EARPHONE . (DO 'NOT
IUSE A PIEZOELECTRIC
BLZ2ER.) POINT IR
REMOTE ConNTRoL AT
SOLAR CELL. PZ
WILL EMIT TOMNE

({F UNIT 1S _' Qi
WORKING. SOl 2N2222 oR
Q1 SIMILAR NPN
seLART 0.1 TRANSISTOR
ceLl |t

OP AMP REMOTE CONTROL TESTER

PZ IS A PIEZOELECTRI(C
SPEAKER ELEMENT,
(Do NOT USE A PIEZO

+qv IC1- COMMON
OP AMP (4L ,ETC.)

BUZZER.)
I/ PAAL_ x
AR Eaegas-aan )
Gl 100K
T 0.1 ~.l7 - Pz
A Ici o : |
SOLAR | + =y P :
CEW ‘ 14 s RZ
4 2 2.2k
'§
i T': LED
- N
POINT IR REMOTE CONTROL AT N
SOLAR CELL. PZ wiLL EMIT A ot
ToMmE IF THE REMOTE conTROL 4
TRANSMITTER IS WORKING.
ADD RZ AND LED TO PROVIDE A VISUAL
OVUTPUT. THE LED WILL FLASH WHEKN THE
REMOTE CONTROL (S POINTED AT SOLAR CELL.
7



SOLAR-POWERED NIGHT LIGHT RESISTOR COLOR CODE
RADIOSHACK | - %
SOLAR PANEL, ,
OR PANELS
 CONNECTED | VARl Y EZ.K: Vb
__TO PROVIDE | s L. W W BLACK 56 © x1
b-7 VoLTS. | nis \ | BREWN & & 5@
1._ | Y SZ EZ SZ | RED L i ¥ 100
| L {;\ \;:-.. {'}I CRANGE ¥ & 4000
OR MAKE | | YELLOW 4 4 £ 10,000
YOUR OGWN | N1 L] \VARBAVAS GREEN 5 5 x 100,000
L=7V0LT | | = N A % BLUE e  * 1,000,000
SOLAR. CELL | \ VIOLET 77 X 10,000,600
PANEL. 5 e O e ERAY & 8 £ 100,000,000
(12-14ceus) + - WHITE 9 A -
| DA B4 | |
Ri CoNTROLS LINEEL B1—32 AA FOUKTH EAND INDICATES TOLERANCE (BCCURACY):
SENSITIVITY 0> +If|l|l—~—- NICKEL | GOLD=ZS5E %  SIVERTEIO0%  NonE=220%
1 [ CRDMILM
RL STORAGE .
100K | CELLS OHM'S LAW: v=Ir R=v/1
I=V/R P:vI=IR
R3 LiMITS =~ .
| R3 CURRENT | &B‘:EEU\QTION‘S
» 22001 THRoOVGH
SHIELD | THE LED A = AMPERE R * RESI\STANCE
PHOTOCELL R2 F = FARAD Vv (oR E) = VOLT
FROM LIGHT 4.7K I = CURRENT N= WATT
EMITTED Qi P = PoweR L= OHM
BY THE LED 1N2222
LED 1S RED M ':ME'E") = 4 1 00D 000
.."_;L. OR GREEN K (kiLo=) = ¢ 1 ¢00
LED HIGH- m (ML= = Leel
cilk \/ BRIGHTNESS M (MUICROA) = . 000 oo1
PHOTOCELL W TYPE n (NANO-) = , 00O ooo 001
! P (Pico=-) = . poo ooc coo ool

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

Hg
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