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ﬁ}f,'*rH\s BoOK NCLUDES STANDARD  APPLICATION
_CIRCUITS  AND CIREUITS oeswm&o By THE

" AUTHOR. EACH CIRGUIT WAS. "ASSEMBLED . AND
_TeEsSTED B8Y. TME AUTHOR As. THE . Bka wAs

DE VELDPED. Awrs.n THE saou "WAS COMPLETED

. 4E AUTHOR REASSEMBLED EACH CIRQUIT TO

cwECK FOR ERRORS. WHIE REASONABLE | CARE
WAS EXERCISED 1N THE PREPARATION OF THIS -

. BoOK, VARIATIONS ' IN [ COMPONENT. TDL&RANC&S

A D CONSTRUCTION METHODS ~MAY  CAUSE THE

RE SULTS YoU OBTAIN T mPFER. FROM THOSE
GLUEN HERE. THER&FDR& T™E AUTHOR AND
 RADID  SHACK ASSUM& NO RESPONSIBILITY FOR
‘™ME SUITABILITY OF THIS Book’S CONTEMTS
FOR ANY APPLICATION. ~ SINCE WE. HAUE NO

, CDN‘I’P-OI.. ovER  THE USE  TD WHICH mﬁ.

o FORMATION N THIS 800K 18 PUT, WE

' ASSULUME NO LIARBILITY FOR ANY DAHAGES ‘
Lo Resw.'rwc; FROM  ITS. USE,  OF COVLRSE | \T
1S YOUR RESPONSIBILITY To DETERMINE IF
. CompERCIAL USE, SALE OR. MANUFACTURE . |
OF ANY DEVICE THAT INCORPORATES INFOR-
MATION In  THIS Book INFRINGES  ANY
- PATEMTS, copvmsﬁ*rs "OR o*meR RIGHTS

E;Due T THE MANY mawmes RE,CE.WE.D By

" RApi0 SHACK AND  THE AUTHOR, IT IS NOT

- possiBLE TO PROVIDE = PERSONAL RE SPONSES
_ T REQUESTS FOR A-DDIT/QNAL INFORM‘}TION
- (CusToM  CLRRUIT DESIGN TECHNICAL ADVICE,

> mouBLeSHaonjé ADUICE, ETC). I You &
Wi sH T LEARN Hoaf_ Asour ELEe_'rRomcs,
SEE OMMER Books I THIS SE.RIES AND.

RADIO s:—mcgs "GETTING STARTED IN .

; EL..EcTﬁcmcs. AL$D READ HA&AZINES “uéaf
. M@DERN éggcTRguggs AND RADIO-ELECTROMICS. .

THE  AUTHOR | WRITES A MONTHLY CoLUMAM,

"Es.f_cmomcs Mo‘regoog FOoR Mgaegu ELECTROM!CQ

e+ R N S




CONTEMTS'

' (NTRODUCTION
ELECTROSCOPE

o ELECTRONIC ELECTROSCOPE

~ GALVANOMETER
HOMEMADE RATTERIES
GRAPHITE RESISTOR
LIQUID RESISTOR
 SUPER CAPACITOR
 THERMOCOUPLE

THERMOCOUPLE AMPLI FIER

- SMALL D.C. MOTOR CIRCUITS

 MDOTOR REVERSERS
. MOTOR SPEED CONTROLLERS

INVERSE SQUARE LAW |
LIGHT LISTENER |

CLSTENING TO NATURAL LJGHT: :

. LISTEMING TO ARTIFICIAL LIGHT

| MONITORING SUNL! GHT

THE' SOLAR SPECTRUAM

THE SOLAR DAY ,

SIMPLE S’OLAR POWER METER
0P AMP SOLAR POWER METER

ELECTROMAGNETIC PRORBRE

LSING  THE PROBE

CWIND SPEED INDICATOR

MAST INSTALLATION

=7

8-q
1o-11

12

R VR

13

14

18

16
TR

11,f3
C1g1a

'202.1,@

L2z
23
24
24

2y
25

s

26

27

28-29
29



RAN SENSORS e

© RAIN- ACT\VATED ALARM ‘_; RO S % COS B

RAm ~ACTWATED LOGIC . Lo 3%

~ ELECTRONIC THERN\OMETER IR

CTHERMAISTOR CIRCUITS 3%

. THERMISTOR | AMPLIFER . 32

~ THERMISTOR CALIBRATION 3
. TEMPERATURE SwiT¢H . 33

~ MOTION DETECTOR RS
~ POSITION DETECTOR s

PRESSURE SENSOR ﬁ7?7mﬁf

 PRESSURE-SENSITIVE SWITCH . 37
PRESSURE-SENSITIVE TONE . = 31

. SEISMOMETER  sesa

 EARTH MOVEMENT SENSOR  wo-u1

RF TELEMETRY TRANSMITTER ta-u3

; SAM?LE_ CAL\BRAT\DN GRAPH R 43

LED TELEMETRY TRANSMITTER v
T SAMPLE CALIBRATION GRAPH o : *‘-H
 ELECTRONIC CRICKET  &s

~ SAMPLE CALIBRATION GRAPH : S HS ,
~ ANALOG DATA LOGGER HE T
~ N/F CONVERTER - s

. E/V CONVERTER = = = S
 DATA LOGGER oPE&ATlou o e



INTRODUCTION

SCIENCE IS KNOWLEDGE GAINED BY ORGAMZE.}D%
OBSERVATION; EXPERIMENTATION AND STUDY.
AS YOU WILL SEE IN THE PAGES THAT FOLLOW,
SCIENCE CAN ALSO BE FUN AND excm-we.;

THE PROJECTS THAT FOLLOW DEMONSTRAT& BAS!C
SCIENTIFIC PRINCIPLES AND TECHNIQUES.: SOME.
WILL LET You MEASURE TEMPERATURE. WIND SPEED
LIGHT AND POSITION. OTHERS wilt LET vou DETECT '
RAIN, MOTION AND EARTH MOVEMENTS. You <AN
LEARN MuUcH BY TRYING ANY OF THE PROJ’CC.TS,
You CAN LEARN EVEN MORE BY COMBININ G
PROJECTS AND MODIFYIN G THEM FOR OTHER:
PURPOSES. RERE ARE SOME SUGGESTIONS &

1. PLAN YOUR PROTECTS. DECIDE WHAT YOU WANT
TO BuitD, MEASURE OR’ DE.TE.CT' SET GDALS AND
ACCOMPL(SH THEM. : : S

2. KEEP A NOTEROOK. R&coRD \/ou& Cchm"rs
MEASUREMENTS AmD OBSERVATIONS. BE ACCURATE..
SIGN AND DATE EUVERY PAGE. (THus SERIES
OF BOOKS EVOLVED FROM THE_ AurHoRs ./_AB
NOTEBOOKS.)

3. ExP&RxMF_NT FOR INSTANCE ' SUSSTITUTE. A
LIGHT SENSOR FOR A THER M) SToR TO ME_ASURE
L\GHT INSTEAD OF TEMPE.R.ATU&E.. :

4., WANT TO KNOW MDRE ABouT A Toplc?‘
READ OTHER gooks IM THIS SERIES. VISIT A
LIBRARY. READ ELECTROMNICS MAG AZINES.

SPECIAL NOTE TO STUDENTS, PARENTS AND
TEACHERS ! MANY OF THE PROJ‘ECTS THAT
FoLLow can BE USED IN SCIENCE FAIR PROJECTS.
FOR EXAMPLE , MEASURE BoTH TEMPERATURE AND
SUNL\GHT oM CLEAR, PARTLY CLOUDY AND
OUVERCAST DAYS. GRAPH THE RESULTS. TEST THE
INVERSE SQUARE CAwW (PP. 18-19) wiTH VARqu
LIGHAT SouRCES GRAPH THE RESULTS. ,

S




 ELECTROSCOPE

THE ELECTROSCOPE ta. A SIMPLE DEVICE = . .
THATY wiLlL DETECT AN _ELECTROSTATIC ...
. CHARGE AND THE PRESENCE « OF NUCLEAR EE
CRADIATION, . YOoU . CAN ASSEMEBLE AN. - @
ELECTRO SCOPE FROM COMMON HOUSEHOLD
MATERIALS. FOR EXAMPLE: o

COPER

WIRE L

DR

PLASTIC
PILC
BOTTLE

AL uminum
_ Fow

YOoU CAN USE MARY DIFFERENT .
ROTTLES. THE BOTTLE MusT EE GLASS
OR PLASTIC. THE STOPPER MusT. BE
CDORK OR  PLASTIC BUT NOT METAL.
THE FolL SHOULD BE THIN GAUGE ALUMI-
NLM FOIL. THE AIR IN THE BoTTLE
skWouLD BE AS DRY AsS POssiBLE.. .

A



PLASTIC OR .
CCOMR

NO  CHARGE

La

RUB come MEDIUM CRARGE
THROUGH | o
DRY HAIR
TO GIVE T

A NEGATIVE .
CHARGE,

HIGR = CHARGE

FOR BEST RESULTS THE FoiL LEAVES OF THE
ELECTROSCOPE S$SHOULD EBE FLAT. CuUT THE
Foll wiTH  SHARP SCISSORS TO AvoID
FRAYED EDGEGS. IF THE LEAVES Do NoT.
FLY APART WHEN A CHARGED OBJECT IS
-TOUCKRED T© THE ELECTRODE , CHECK Tb
SEE IF THE LEAVES ARE STUCK TOGETHER.
WORKS BEST WHEN AIR S DRY. RADIATION wiLL
IONIZE THE AIR AmnD CAUSE LEAVES TO COLLAPSE,

(ELECTRONIC ELECTROSCOPE

ELECTRODE tav

NORMALLY LED GLOWS.
~RUB  PLASTIC Comg oR
PEN  THROUGH DRY HAIR
AND PLACE CHARGED

ComB DR PEN NEAR

ELECTRODE..  LED wiLL

BE EXTIN GUISHED. 7
; . Qt LED
Qi - LsE 2N2819 OR N-CHANRNEL
. SIMLAR N-FET, FET -



GALVANOMETER

THE. GALVANOMETER MEASURES THE FLOW
oF AN ELECTRICAL CURRENT. THE SiM-=
PLEST GALVANOMETER IS MADE BY WRAPPING
A WIRE Coll AROUND A COMPASS:

CO MPASS

\\; L
A N
norn | e Pl
—— = ,

Coww

(30 TO 50
TURNS OF
MA GNET WIRE
OR WRAPPING
Wi RE)

USE TAPE OR HOT MELT GLUE TO HoLD
corL IN PLACE. PLACE GALVANOMETER ON
ELoT SUREACE. AlLleN sO THAT Colb AND
CO MPASS NEEDLE BOTH PoinT NORTH.
TREN TOUCH THE LEADS FROM ™E ColL TD
THE ENDS OF A 1.5 VOLT CEw. THE
CoOMPASS NEEDLE wiLL IMMEDIATELY SWING
To AN  EAST —WEST ORIENTATION.,

REVERSE POLARITY
OF BATTERY TO
REVERSE DIRECTION
THE  NEEDLE. SWNGS.
MOMENTARY USE |
witL PREVENT EXCESS
CURRENT DRAIN.




Nou cAN USE A COMPASS AND Am &xTERNAL

QoL TD MAKE A GALVANOMETER.

COMPASS

J L

. STEEL
'NAIL OR
BoLt

caL: 2
You CAN . ?,’ Sl
- ALSO use - ___REEb -
- SOLENOID, “<TRELAY

100-100 __& :
STANDARD

TURNS OF
. MAGNET ‘ RELAY  OR -
- OR WRAPPING ' [/  MAGNENC
wwe " EARPHONE..

T TTT T

THE CIRCUIT BELOW wiLL APPLY PULSES Tp THE
GALVANOMETER Coll. THAT CAUSE THE
COMPASS NEEDLE TO BounCE BACK AMD
FoRTH LIKE A HORIZONTAL PENDULUM.
+2 710 12V “ N
: JL

oS e o
ook 2 f

;z % ., 555 - | —;j'l;ﬁ

; Noi?:m

R3 S : RN
(SEE BELDW) 1\ Lo

100k \

2] I i comeass

L-O-

C1 o s Ri AND ci conTROL
Y4.9F e ; PULSE RATE. ‘RESISTANCE
lov R OF CoiL PLus R3 SROULD
o - T BE AT LEAST 120 OHMS,

q




HOMEMADE BATTERIES
HOMEMADE POWER CELLS AND BATTERIES
CAN BE USED TO OPERATE MANY KINDS OF .

Lows POWER CIRCUITS. A BAS\C CELL
IN CLUDES THESE COMPONENTS: S

+. , -

PROTECTIVE:

CONTAINER ™= ELECTROLYTE

: ‘ CELECTRIQALLY

: —— CONDUCTIVE .

PLATES OF LiQuip OR
DISSAMILAR

\ PASTB), L
METALS \ : o

TMERE ARE MANY WAYS TO MAKE PRACTICAL.
POWER CELLS. HERE 1S AN EXAMEPLE :

o COPPER FOIL GALVANIZED NAIL

+ 1 ‘ ELECTROLYT‘E"SOAKED PAPER TOWEL

ELECTROLYTE CAN BE TRELE SALT DISSOLVED
IN  WATER OR PowbDERED <CITRIC DRinK (MmusT
CONTAIN CI\TRIC Acip) DiSSOLVED IN WATER. .
DIP TOwWEL N SOLLTION AND ALLOW TO DRY. .
ACTIWATE CELL WITH WATER. CLEAN AND REUSE
ELECTRODES WHEN CELL STOPS WORRING.

10



VOLTAGES MEASURED WITH vARIoUS

ELECTRODE METALS AND ELECTROLYTES:

. ELECTRODES  ELECTROLYTE
1. copPER (+) zZine (-) 0.759 1.000
2. coPPERC() SILVER (+) 0.200 0.131
2. COPPER (+) MAGNESIUM () 1.400 1484
Y. COPPER (#)  ALUMINUM ()  0.570 0.120
S ZINC (7)) SILVER () 0.720 0.820
L. ZINC () MAGNESILM () 0.622 0.546
7o Z2VNC ) ALuMINUM (1) 0.248 0.350
8. ALUMINUM (+) MAGNESIUM(-) 0.7718 0.820
9. ALUMINUM (=) SILVER () - 0.395  D.450
0. SILVER (+) MAEGNESIUM(Y  1.242 1,231

1
- POWDERED CITRIC DRINK IN WATER.

WHERE TO FIND ELECTRODE MATERIALS :

COPPER — COPPER FOIL FROM A HOBBY SHOP
OR COPPER LAMINATED CIRCUIT BOARD.

ZINC = GALVANIZED METAL AND NAILS FROM
A BPARDWARE STORE. ‘ : ' :

 ALUMINDM — ROUSEROLD ALUMINUM FOIL OR THIN |
SHEEY ALUMINUM FROM A HORBRY SHOP.

"S\LVE.R T SILVER COIN OR THIN S|LVER S‘HE,ET’[
FROM  TEWELRY SUPPLY STORE. ' s

MRGNESIUM = THIN MAGWESIUM RIGBON FROM ;
CHEMICAL SUPPLY COMPANY OR  HDBRY SHOP.

TRE VOLTAGES GIWEN [N THE TABLE, ,
ABOVE WERE MEASURED witTH A DicITAL .
VOLTMETER. 1IN MOST CASES THE VOLTAGE:
BEGAN TO DECLINE ALMOST IMMEDIATELY,.

IN SOME CASES THE VOLTAGE INCREASED TO
TWICE 1TSS INITIAL VAWE AFTER 20 SECONDS
OR 5D, PEAK VALUES ARE GIVEN IN EACH CASE. .

11



GRAPH ITE RES STOR

RES\STORS RE S\ST THE FLOw oF ELE.C.TR\CAL.,
CURRENT, VYou CAN MAKE A RESVSTOR BY
STROKING A GRAPHITE PENCIL ON PAPER ,

S@LDER T oA

PARPER TN Cfro

CARD MULTIMETER

T OR CIRCUIT
GRAPRITE THAT REQUIRES
pPENCIL VARIABLE
RUBBING RESISTOR.
PAPER —

CL\P ~ SLIDE

TO CRANGE RESISTANCE

LIQUID RESISTOR

HWERE'S How TO MARE A RESISTOR FROM
A CONDUCTIVE LIGUID (ELECTROLYTE): ;

~TABLE

LE.MON SALT
IV ICE (STIR)
(s TIR)

TO w
_ MULTIMETER
OR CIRCUIT

CH ANGE ) ‘ THRAY REQUIRES
SPACE ] ; ‘ VARIABLE
BETWEEN | | ' ‘zi RESISTOR,

W IRES ¥ ‘—\

T CHANGE WATER
RESISTANCE , (ELECTROLYTE)

.18



. SUPER CAPACITOR
SUPER CF\PAC\TQRS STORE CONSIDERABLY |

- MORE ENERGY THAN ORDINARY CAPACITORS.
- HERE'S. How Tp MAKEe ONE : R

COPPER- CLAD __ l<-—4 1"— - LEMON TUICE
Pc goarD o = ~ f
(FoIL SIDE Down) |

7 P L :  k i+’0R~:

s8y
ACTIVATED _///; et te A8
CARBON N\ Lp=noto e 777 oy,
FiLTER % BT TR =

: o : - *’VOR +
COPPER-CLAD // ;
P BOARD , X solp 1N SHEETS AT PET
(FolL Si0E wP) AND AQUARIUM STORES.

USE RURBER RAND TD HoLp CAPACITOR TOGETHER,
THEN SOAK CARRON FILTER AND PAPER TOWEL (AYERS :
INCLEMON  Tuice (ECECTROLYTE). INCREASE AREA
FOR MORE CAPACITY. ADD LAYERS To INCREASE

MORE THAN 1.2 vouTs PER (AYER OR THE
ELECTROLYTE  wiLL DECOMPDSE. o
oy - CHARGE (c)
' TRROVGH 1Kk

SELF
. -DISCHARGE

~ , PLACE C1 In Disw.

1 N ﬂ ~ S - - ’ . ‘ :
DISCHARGE (b) = =~ = . T
THROUGH LED AND (&0 JL ;

A $ L L 4
e .5 1o . s 20 s

 TIME CMINUTES)



THERMOCOUPLE

A “THERMDCOUPLE IS MADE BY CONNECTING . f
A WIRE OF ONE METAL BETWEEN TWwO :
WIRES OF A SECOND METAL. \F oME OF .
THE. Two CONNECTIONS OR JUNCTIDNS. IS
MADE WARMER THAN THE OTHER, THEN THE
THE RMOCOUPLE WILL GENERATE A SMALL
VOLTAGE., SOME, METALS AND & ALLOYS .
Wo kK  MUCH BETTER  THAN COTHERS N
THERMOCOUPLES. You CAN  MAKE A L

. SAAPLE THERMO COUPLE  FROM A PAPER. CLIP
~ AND _SOME . CDPPER ' WIRE B AU

CoLD (REFERENCE) ~ HoT
CTUNCTION ) : (:uwc-r\ow, i

A

CoPPER SOLDER

S OLDER.
CHERE

- WERE

|l parer
|—~— ctip —>
WIRE.

COMNNECT THIS SIMPLE THERMOCDUPLE- TO A
oG lTAL MULTIMETER . |IT Wwitl GENERATE up
70 A MmiktlupltT OR SO ( 0.001 VOLT) WHEN
. THE HOT TuNCcTION 1S REATED BY A MATCH.

A THERMOPILE 1S A SERIES OF MANY

. THERMOCOUPLES THAT GENERATES MORE
 VOLTAGE THAN A SINGLE THERMO COUPLE .

L HOT. |
TUNETIONS

~coep
TUNCTIONS

l CoPPER  PAPER CLIP

(,, - Tu‘r:/:ruwcnbw:s cAN BE .
T/ NS aArranced s A STAR SHAPE
coLd HOT . WITA. HOT JunCTIONS IN. CENTER. .

‘fa



| THER MO COU PLE AMPLI FIE R

AN QPERATIOMAL AMPLlFIE.R WHLL AM?LIFY
THE TINY VOLTAGE GE.NERATED SY A
THERMOCOU’PL.E s

. +°1v~‘~‘
L R . R3 ~ RL WARD =
S i o loo 10M 7D ADTLST?
Rl S A AAA_ . REVERSE
Clook ; : CONNECTIONS
L S A 4qy | To+ AnD-
. A ; : Ct vm:rs.
=9y ‘
T 3 ; ,
.T :umc.nou 1\ >+
: o ' TO -
- THERMD couPLE | VOLTMETER.
: S k—-—?’ q A :
S JuNncTiON 2 R S

-R1 conTROLS +9v(___,l IFI_—’ l,__,,-qv
or—F SET VOLTAGE. :

MT\-\E ou'rPuT uou'AGE. FALLS WHEM J’uuc‘rlom‘
115 WARMER THAWN JUNCTION 2, THE OVTPUT
VOLTAGE  RIsSgs WHEN 'TUNCTION 2 is '
wARME& THAN J‘uwu'now 1. For @Es'r
RE_suL-rs., USE ANALOG VOLTMETER FIRST.
SET R1 F—DR OQuUTPUT OF ' A FEw TEN’\’HS
OF A VOLT THIS ~ WwiLL L.ET YOU WATCH
ouTPUT VOLTAGE SWING Back AND FORTH
DE,PENDING ON WHICH J‘uucrloxu IS WARM :
AFTER YOU LEARN TO ADTUST R{ (BE Pmsm)
YOU CANY USE A D\eITAL ' VOLT METER .,

NOTE THAT THE RISING OR FALLIN G VOLTAGE

CAUSED By HEATING ONE OF The :ruzucwous‘
MILL SUDDEAMLY: STOP AND BEGIN MoOVING In
“THE OPPOSITE DiRECTION. THIS. HAPPENS LUHEAJ

CITHE HE.AT s CONOUCTED TO . THE Cool | TUNCTION.



LS QE.' THESF. ‘,,\NM?LE cmcurrs YD? CON ROL . ..
DlRECT\ON oF ROTATION. AM SPE.ED QF*
SmALL. Low POwE.R D c.

, DPD‘I’ \sfw w '\‘l—\E.SE. Clkcu,rrs
swr\'cu j . _CONTROL DIRECTION
; i f L QF . RoTATnoN OF A

‘MQ‘TO‘R« / Mgué'l" NS
 EXCEED. POWER .

CRATING OF
POWER %Mossers_,

| Qi<Qu:TRF-SIL OR |
S\M\LP&R PO\MER MDSFETQ

VAR\ABLE speao ConTROL:
CuT AT X' AND..ADD-TTT



R2 cowra.ot.s E T
SPEED OF MOTOR. L

S s QL.
| |peq) TRE-S22
N\l g—f/ OR SIMILAR
s} POWER .
| MOsSFET = |

10uE T .

—

555 AND Qi DELIVER STREAM OF PULSES
TO MOTOR, INCREASING THE PULSE;R.;ATE
INCREASES THE SPEED  OF ROTATION. b1 . o

PROTECTS 5SS FROM MOTOR -GENERATED

VOLTAGE SPIKES.

: "“"“‘*'“”‘***”"-*-*’*‘-*"f'f'”‘e'”'%

LOw = mMoToR orf = Qi- IRF-$11
IHIGR = MOTOR oN . . OR SIMILAR.

t | - POWER MOSFET |

-1 TRIS CIRCUIT USES UNUSED 401t GATES
-4 FROM CIRCUIT oN FACING PAGE TO. GIVE
VAR\ABLE SPEED AND DIRECTIONAL CoNnTROL .
~TO MOTOR. R2 CONTROLS MoOTOR'S SPEED. .
iIF MOTOR FAILS TO TURN, READIUST R2Z. :

17



;IM\/E RSE SQUARE LAW

SDUND WAUES SPREAD‘OUTWARD As THE.Y ,
TRAVEL AWAY EROM. THEIR  SOURCE.. SO Do
ELECTRDMAGNET&C WAVE S SUCH AS; LIGHT
AND  RADIO WAVES. THE (NTENSITY OR.
STRENGTH OF SucCH WAVES 13 INVERSELY.
PR O PORTIONAL TO TRE - "SQUARE OF THE
DSTANCE OF THE WAVE FROM ITS SOURCE..
IN OTHER WORDS, |F THE Dnsmuce -
THEN THE lNT‘ENSlTY S 1/°t THE iNTENSITY
w\-\EN THE. D\STAMCE (s 1 : :

. L.lGl-i‘T :
L QQURCE}

= BLACK L
1 = PAPER - THE | mvaase
- - SQUARE LAW
DOES NOT APPLY
T0 NARROW BEAM
\ LIGHT SOURCES
L\KE LASERS,
e o N N (WHY?)
Nty .5 L THEORY EXPERIMENT co
Cub 1.000 1.000
= 174 (.2s0) 0 375
z 173 (.411) 150
o C1/16 (.063) X o
1/25 C.040) - ,087S e
[ .V
o 1 2

S DISTANCE
18 ‘



YOU CAN TEST THE INVERSE SQUARE LAwW

WITH THE HELP OF A SiLicon SOLAR
CELL AND A STANDARD MULTIMETER SET TO
MEASURE CURRENT. ) C

METER  * DO THIS EXPERIMENT

‘ WITH SUBDVED BACk-
GROUND LIGHT. PuT
~ LIGHT SOURCE AND
SOLAR . SOLAR CELL ON. BLACK
CELL & PAPER. = b

&

1/1&.2

WRY DOES THE EXPERIMENTAL CURVE
DIFFER  SOMEWHAT EROM THE THEORET\CAL
CURVE ?  THE INVERSE SQUARE LAW ASSUMES
THAT THE LIGHT SOURCE EMITS UNI(FORMLY - N
ALL DIRECTIONS. BEAL LIGHT SOURCES Do

. NOT NECESSARILY OEEY THIS ASSUMPTION.
FOR RBEST RESULTS, THE DISTANCE TO THE FIRST
MEASUREMENT PoINT SHOULD BE AT LEAST 1o TO
20 TIMES THE SIZE OF THE SOURCE.

—— — — A
A




LIGHT LISTENER
THE HUMAN EYE HAS A PERSISTANCE OF VISION
OF AgouT 0.02 SECOND. THEREFORE A LIGHT
THAT FLASHES ON AND OFF MORE THAN ABOUT
SO Hx APPEARS CONTINUOUSLY ON. THE
HUMAR  EAR |S MUCH FASTER AND CAN
RESPOND TO SOUND WITH A FREQUENCY WP
T0 . ABOUT 20,000 Hz. THE LIGHT LISTENER.
. TRANSFORMS THE PULSATING AND FLICKERING
. OF _ LAGHT THAT THE EYE CANNOT DISCERN
N0 SoundS THE EAR CAN EAsILY HEAR.

o RL C? PREVENTS
. 100 K ; Cci OSCILLATION.
R : C .1/»‘: ' : o ' ‘ :'
ST S I — BATTERY LEADS
o _,..@ N ; MuST BE SHORT.
Lo R2 , B
I - TR 3 2 %100& *qAV S
fHovO- + "/

 TRAMISISTORG M \741 L2 ‘ o

....L. cz
2 e » T tmF
ANSTALL L 1 ez I
L CIRCQUIT : - o
N ; ; , o
S PLASTIC R3 , b ‘, o
 CABANET, - toKk >.‘5__ cH
L_> R2- CONTROLS gk I
3 GAWN T ﬁ
, ; ; 8 L
R3- VOLUME. SPrR
,CONTRQL .

—
-

CAUTION - | o
TS CIRCUIT (CAN PRODUCE LoUD SOuNDS. DO
. NOT PLACE SPEAKER CLOSE TO YOUR EARS!



ETEST THE. L(GHT,,USTENE.R, ,«SY : ;,nw,rw&
. .QLl TOWARD AN ARTIFICIAL LIGHT . soumaf.,
A LINE-POWERED INCANDESCENT LAMP .
. WILL  PRODUCE A HUMMING sounD. A
fFL.uO&ESCE-.NT LAMP e Paonuca A LouD
Buzz. AN INFRARED TV REMOTE CQN’I’ROL.
UNIT  WILL PRODUCE A PULSING 'TONE. A i.;
CAMERA PLASH UNlT wLLL PRODUQE_A 90?.

’/

FOR SEST RE.SuLTs
L Qi's LeAps musr. e ,
, scaaﬂ.e.c.'ru ;Ns'xjeu,t.&p

 INCANDESCENT LAMP © |

R

TR REMOTE cONTROL

i "»f SR SoUNDS PRODUCED ' BY

@I © . OTHER LIGHT SOURCES
c T o ARx; DESCRIBED oON o
,ELE,CTRQN\C_‘ ELASH S NEXT Two ?AGEVS.‘ :
Puo-ro‘ramusnswg QL CAN BE REPLACED 8y A

SOLAR CELL, CONNECT ceu. S PLUS (#) LEAQ ’TQ
uc.i AND Mmus oF LEAD TD GRDuND ). oMIT Ri

nosr,w-r LIGHT LlSTEME.R'— CONMEC.T SQLAR
(ELL TO  MICROPHONE (NFUT - OF BATTER‘( ‘
?owERED Aumc AMPL.I Fl E.R :

L)SE MAGM:FWNG z.s.ws _,..._>
TO INCREASE LIGHT
LISTENER'S. ne-rec_-rnoa
. ;RAMGE.,




L\S;\\'EI\\\NG T NATURAL, LIGHT

AL “POP.,POP..,POP.“,

L\GHTM\MG FLASHES. PRODUCE .
SRARP CLICKS AND POPS.
wWorkS BEST AT N\GHT. ‘
SYSTEM  WILL DE’T:.QT SOME.
LIGHTNIN & MISSED. BY: EVE.
CAUTION: DETECT L.\G}-ITN\NG‘
WRHILE INDOORS  OR.IN. CARY
DISTANCE (N FEET TO uGA-mwe
1S 10860 TIMES SECOMDS
BETwEE.& FLASH AND THUNDER

ELAMES PROD\JCE VARI\OUS
SouNDS.  WHEN THE AR S
sTiLL, A SOFT RUSHING

SOUND 1S HEARD.  WHEN
THE FLAME IS DISTURBED
BY MOVING AIR CRAQKLES
ANnD  POPs ARE_ HEARD.,

POINT THE. LtéHT LtSTE.NERs
DETECTOR AT tNSE.C'rs FLYING

AN SUNLIGHT. WHEN THEIR

WINGS REFLECT LIGHT TO
THE DETECTOR, A BUZZ OR
RUM  WiLL BE HEARD. AT
DUSK A NEARBY EIREFLY
wiLl PRODUCE A SofFrT . -
ceick FOR EACH FLASA.

ALK om‘booas ON ANY
SUNNY DAY. SUNLIGHT ;
EILTERING THROVGH LEAVES
PRODUCES = VARIOUS SOUADS.
SO DO REFLECTIONS . FROM
WINDOWS. SUNLIGHT. THROUCH
A PICKET FENCE PRoDucE.s

o



N [ AU, SUNVIE SO S
! i

SWEEP THE  BEAM EROM AL BEAM T/
- FLASHLIGHT AcROss THE L A
LIGHT LISTENER'S DETECTOR,
SLOW.  SWEEPS PRODUCE A L (O
< SOFT  SUNSHING  SounD. o >
. FAST Sweeps GIVE POPS.: oo
. TAP THE FLASHLIGHT WITH “
- A CPENCIL AND A RINGING  \U \

~ SOUND.  WILL BE HEARD AS Yy

- TE FILAMENT  VIBRATES. . FLASHLIGHT

THE WEADLIGHTS oF SINGING' HEADLIGHT
CARS, TRUCKS AMD MOTOR~ o i :

. CYCLES WILL PRODUCE A T
- DISTINCTIWVE RINGING % .

SOUMD WHEN THE VERICLE &~ ——=r—
1S Movine oM A RoUGH '

OR BUMPY ROAD, o ' Bumey Rvoj

ELECTROMIC DisSpLAays ARE , - DISPLAY —~
USUALLY POWERED BY RAPID - .
PULSES OF CuRrREMnT, THE.
FLASHES MARE MERGED o
 CONTINUOUS  LIGHT BY THE :
. SLow RESPONSE 0OF THE EYE.
~ BUT THEY CAN BE HEARD AS o
A BuZZ o©OR HUM. Wik A ‘ / I D
L\GHT LISTENER. . Cmcrowave QUEN

THE  DISPLAYS OF TELEVIS\OM
SETS  AND COMPUTER i
MONITORS ARE FORMED By.

SWEEPING AN 'ELECTRON
BEAM  ACROSS A PHOSPHOR , N
COATED SCREEN, THE LIGHT. 7
© LISTENER TRANSFORMS THE ,

- PUsATING PHOsPHOR T ARBuzz., =




'9¢¢cw1TOR.MG SUNUGHT

MUCH CAN BE LEARNED | ABOUT THE EARTHS
,ATMOSPHERE. BY Nom-roewé Sum.icsu'r.,m,

 UTHE SOLAR SPECTRUM

&,RTR\M GASES AG$ORE SP&C&F'IC WAVELE.NGTHS

OF’ SUNL\&HT

, O‘.XVEM
/\‘is z OXYG

o O3 4 02ONE .« .
v C 0.t CAREBON D\stbf.
;’- \—\;_O WA'TER VA?OK
o« (v s AR Foace 1%5)
3 Hz.o : . S
: QC .08 ‘\-\go AN# .C.O‘z ‘! S

1.4 w0 24 2.8

WAVELENGTH (MICROMETERS)

“ THE SOLAR DAY

T\—\E ‘SOLAR POWER AT THE EAB.THS SURFACE. s
I FLUENCED BY  THE AT MOSPHERE ( cLoubS, DUST,

. 5mM0G, ETC.) AND THE SUN'S ANGLE ( TIME OF

DAY AND SEASON). MWERE'S THE SOLAR PoWER
FOR A CLEAR SUMMER DAY IN CENTRAL TEXAS:

[1' DETECTOR A «— DIRECT SUN _
T | PoinTED C N AND SKYLIGHT
. SEEE & cLoubs THAT 1_," ‘ :
2 BLDCK SUN. o

ul CAUSE DIPS . 7

Z . X i i { P N~

- © 8 o 12 M e 1B .20

hour (Sun TIME, TUmE 20,1989) .

\)
oo



| «ES\MPLE SOLAR POWER METERfff’;f‘j
,‘gg\ieg\ﬁa:\;:&wﬁ*usﬁ‘ﬁ;ﬁmé% {M} SW\? -
‘ ;c;r:,u. AND . A Mu:.TtMETEK SET . SOLAR
Jl\

.. TO READ CURRENT.. THE . CcEll
" CURRENT. FROM THE CELL WILL
R.EGREse&r THE SUNLIGHT’S

L INTENSITY OVER THE SoLAR. .
L CBLL'S SPECTRAL RESPONSE. ..

. PSE DIGITAL MULTIMETER
3 ,FoR Acc.u&m'&. R:—.Abmés

};OP AMD SQLAR PO\NER N\ETER

SET Ri to e

*"'M'i ' Ri. o | t
ilwx- o i iR . OUTPUT OF 2T0S:
N\ ... VOLTS AT, NOON

ON SUNNY DAY, .

To D\GITAL o
MULTIMETER SET
:_[_} To READ VOL.TAG&

’ +

. SET RZ TO GIVE. |
10K O VOLTS 6UT WHEN |
. SoLAR CELL DARK i

SOL/—\R MONITORING EXPER| N\ENTS

1. RECORD SOLAR POWER EVERY HALE WouR FOR |
A DAY MAKE A GRAPH OF YOUR MEASUREMENTS.

2. STuby EFFECT OF VARIOUS CLOUDS 0N SUNLIGHT.
REN sruov EEFECT OF SMOG ON SUNLIGHT

4. RECORD SUNLIGHT AT NOoN EACH DAY FOR A
YEAR. GRAPH YOUR MEASUREMENTS. .



,,w—.,—»,}»w*

 ELECTROMAG NETIC PRO BE

ELECTRONIC CIRCUITS THAT OSCILLATE OR
. SWITCH CURRKRENT CREATE EL&CTRQMAGMEDC‘,
- HELDsS. THIS CIRCuIT CHANGES A PuLsing

OR QSCILLATING s.Lﬁc,rRoMAcsusm pusm f

INTD SDUN D.

S ‘;_,Paose TELEPHON&
PROBE > |

R | w,k&f.? EATTERY L.EADS
SH‘,E.LDEDS)._ ",<SHD&T TR AVQ‘D

P CABLE

| ,gosc,u,;.A-rmw
L ot e
f ?”T\ - f-n

~qv

.

7

¢z

.1‘./4}:“

R2 CONTROLS
VOLUME

Plckup cole.

CAUTION: THIS CIRCUIT CAN PRODUCE | vsm N

- Loud SounDs. DO NOT USE ERARPHONE . QR
- PLACE SPEAKER CLOSE Ja. mua EARS;

) 26



TEST THE Paose BY. PLACQNG

PICKUP CcoiL NEAR RECEWER

QF TELEPAQNE : HANDSET. :vout
SHoULD HEAR . A DIAL TONmE

 WHERN HANDSET 1S "OF F THE .

Hoa&."

 Use. PROBE. T Einp wnts.s’

,QcAamwe ALTERNATING |
. CURRENT.. You CAN FIND, WIRES
L INSIDE WALLS, WHEN (‘,uR“SEMT‘

MAGNET

RUN

10 PRWT MWy
20 GoTO A

» W:,f\S: FLOWING.. TURN SWITER
L] ... DN AND HEAR A " PoOP."
: LlGHT S\u\TcH Lo : o : ~

.

RUB MAGNET AGAINST PICKUP

cal.. You WLl HEAR RUSHING f
SOUNDSA IF AMPLIFIER SQUEAI,S,

- REDUCE VOLUME (R2). You.

CAN, ALSO REDUCE GAIN OF W-si'

| ‘8\1 R&Ducme RE'.S!STANCE OF R1.

NEARB\/ LAGHTMMG FLASHF_S
Wit PRoouc& CRACKLES

~ AND  POPS. SPARKS AT BRUSHES
~OF DIRECT CURRENT MOTORS

Wil PRODULCE A guz2z oR .
wHtuE‘ :

MANY. ELECTROMIC APPLIANCES

GENERATE ELECTROMAGMNETIC
FIELDS.  TRY PLACING THE

_ PICKRUP  COoIL NEAR cowx?ureaé
_RADIOS, TELEVISION SETS, ,
- FLUORESCENT LIGHTS, RADIO

conTROL TRANSM\TTER S, AND

INERARED REMOTE CoMTRALLERS,

e

4;‘.?



WIND SPEED INDICATOR

A SMALL D.C. MOTOR WILL GENERATE A
VOLTAGE. WHEN 1TSS ARMATURE 1S SPUN.
THIS PRINCIPLE CAN BE USED TO MAKE A
SIMPLE WIND SPEED INDICATOR. THE MOST.
DIFFLCULT ASPECT OF MAKING Such AN
INSTRUMENT 1S MOUNTING AIR COLLECTION
CuPs TO THE MOTOR'S SHAFT. THE REST
METHOD (S TO WELD THE CuP HDLDER To
THE SHAFT. HERE 1S ONE WAY TO ATTACH
AIR CUPS TO A MOTOR FOR TEMPORARY USE: .

ALUMINUM ‘ L-32
" TO 12"} HAROWARE
Cb X ,
@m—L @
/ ' - RUBBER
i/2  PLAsTIC GROMMET

EGG

. GE.AR

INSTALL GROMMET
IN HOLE DRILLED ' -
IN CUP HOLDER. ~_ MINIATURE

D.c. MOTOR

QVOLT METER
S - |

THE BEST MOTORS
ARE THOSE SPIN |
EASILY SUCH AS
THoSE OESIGNED
TO BE POWERED
BY SOLAR CELLS.
MOTORS HARD TD .
SPin REQUIRE
MORE SPACE ;
BETWEEN CuPs,




CALIGRATE THE WIND SPEED INDICATOR WITH A

COMMERCIAL ANEMOMETER OR HAVE A FRIEND
DRIWVE VYou DowN A COUNTRY ROAD WHILE YOu
HOLD THE MAST-MOUNTED UNIT (SEE BELOW)
OVUT A PASSENGER-SIDE WINDOW, RECORD THE
MDTOR’S VOLTAGE AT VAR\OUS SPEEDS AND

MAKE A CALIRRATION GRAPH LIKE THIS:

.5

Y U T T Y \ Y Y T t

ML INSULATE EXPOSED
MOTOR TERMINALS
WITH TAPE OR

SiLlcONE RUBRER,

cw

c B~ O~
L]

o CALIZRATION GRAPH 4

i I i 1 1 ) [l 1 1 1

§ 10 1S 20 15 30 35 4O 45 50 8§

MoTOR ouTePuT (VoLTs)
e
 §

| SPEED (MPH)
MAST INSTALLATION

CAUTION:

1. NEVER HOLD TRE |
UNIT AT EYE LEVEL
WHEN THE CuPs ARE
SPINNING !

2. DO NOT INSTALL
THE UNIT NEAR A
POWER Line!

3, USE GREAT CARE
WHEN CALIBRATING
‘ e THE UNIT FROM A
WooD DOWEL MOVING CAR!

OR METAL RpO

(A



RAIN SENSORS

RALN DROPS CONDUCT ELECTRICITY. THIS
MEANS THRAT A SIMPLE RAIN DETECTOR.
CARNY BE MADE FRDOM TwWO CLOSELY SPACED
ELE CTRODES. THE CHANCE 0OF DETECTING.
A SINGLE RAIN DRoOP ARE INCREASED RY
INCREASING THE AREA OF THE ELECTRODES.
RERE ARE SEVERAL WAYS TO MAKE RAIN
SENY SORS , ‘ i

COPPER FolIL

"‘/’ // /

, }‘/ AN
OuTPuT
LEADS

. s R

/ ]

ETCHED USE TAPE OR INK RESIST TO.

CIRCU\T MAKE ELECTRODE PATTERN.

BOARD THEN ETCH. REMDVE RESIST.

NOTE: COPPER MUST BE SHINY BRIGHT
BEFORE SOLDERING!

INSERT WIRES

RETWEEN ALTERNATING PRE ~ ETCHED
ELECTRODES AND CIRCcuIT EoARD
SOLDER IN PLACE. , SEGMENT,

30



: RA;N ACTIVATED ALARM

PIE20 Va5

o | |
6' PIEzo Buzz2ER wiLL
AN EMIT TONE WHEN
| RAIN RAIN DROP PALLS
——— | SENSDR ON SENSOR., TONE
== Wit SOUND UNTIL
L= Qi SENSOR 1S TOTALLY
T LN ORY, R1i CONTROLS
; : ~ /-\ SENSITWITY.
L |
RL 4

1M Buz2eR | *
. o RELAY
- ¥oeTional LT T
- (qvoir | s00 ) =

 RAIN-ACTIVATED LOGIC
YA tev tov

Nl \
4;/:/ !,,/.'1 : “
——| RAIN 470 L
—_ 1 SENSDR DRY weT
LED
— L2 N7 N
a NIREH e
: b W =2 e
1M < R2 14 TO TEST, CONNECT
' im , LED. TOUCH MOICT
o B FINGER TO SENSOR,
- Raww causes L ADIUST RZ umTIL
_OUTPVT TO = LED TUST GLowS. LED witl

‘,:,wieo,,;t.ow‘;ﬂ o GLOW UNTIL SENSOR DRIES.



ELECTRONIC THERMOMETER
A THERMISTOR 1S A TEMPERATURE
DEPENDENT RESISTOR. THERMISTORS CAN

BE USED TD MAKE VARIouSs KiINDS ofF .
ELECTROM\C THERMOMETERS. C o

THERI\/\ \STOR C\ RCU\TS

; +V v
T | EEROR
/?2' OHM : TO ST
/ METER T VoLT . TO
T ‘ ; METER o . CURRENT
N METER.

THERMISTOR AMPLIFIER

49y R3 USE WITH

100K DIGITAL VOLT
3&_ METER TO .
MAKE AccvRATE_ ;
RZ +9v THERMOMETER.

T ik SEE FACING PAG£
AAALE TO CALIBRATE.
RL 3 Vour = ~RZ/RZ
10K : ‘
VALUE S FDR THERMISTOR:
-qV 1 -9y  wim R=10K AT 25°C.

—

INCREASE R3's RESISTANCE TO INCREASE
SENSITIWITY OVER SMALL TEMPERATURE.
RANGE. REDUCE R3's RESISTANCE TO
REDUCE SENSITWITY OVER (ARGE S
TEMPERATURE RANGE. R1 IS ZERO ADIUST.

32.



THERM STOR CAL[BRAT ON

 zc0)l .

Qo

VOLTAGE

WATE.R PRoor— THE.RM\‘STOR LEADS \N\TH
‘q?”StL(CONE.SEALANT AND Allow TO CURE.
. THERMISTOR.
. RESI\STANCE,

ﬂaMPE&Aruae OF WATER FALLS..
CE TO SPE.ED COouuG,

DiLP.

INC ROT . WATER AND R&CDRD
OR CURRENT AS
ADD.

lNSULA‘\"E LEADS '

L HO O

| 200\

- 100

-SD

_RADIO (SHACK . .
PRECI\SION

. THERMISTOR:

/ CAL\SRRTIDN
cukus

i dd !
L) *100

L | - |

—ZS' O

*Z.S

TEMPERATURE C c)

| wm—\ SILICONE. SEAL.AN"T
6 C_ . :

4

o+

Lol

f+ 100

10K

' Sow

e

_ OK TO REPLACE R3
hrg 0. LED WITH: RELAY.

50
- 2§

(o) 27.3
25| .
50
ns

,ADJUST Ra
uUNTIL LED
TURNS OFF.
CWARM THE
THERMISTOR
" TOo TURN

CON LED.

REVERSE CONWECTIONS
TO PINS 2 AND 3 TO
REVERSE OPERATION, .

.33 :



MOTION DETECTOR

WHEN PROPERLY ADIUSTED, THIS
SIMPLE  CIRCUIT WILL DETECT THE
MOV EMENT OF AN ORIECT wlTHiM 1TSS
FIELD OF VIEW. THE DETECTION =
RANGE CAN BE TENS OF FEET.

PLACE CdS CelLs FL.AT PLASTIC
BEHIND FOCAL POINT. FRESNEL ‘LE.MS‘;S'\,

cds :
CELLS
 MONITORED
REGION |
(ue:—n TIGHT ENCLOSURE
(PAINT INSIDE FLAT &ACK)
USE FLAT MAGNIEYING FR&Sueu
LENS AT LEAST L INCHES SQUARE.
POINT LENS AT AREA TO BE | |
MONITORED. ADJUST R4 UNTIL
LED TuST SWITCHES OFFE. MQV\NG
OBIECT wilL LIGHT LE,D, -
+9v ' ,R?.a; oK To
1 1K . REPLACE
. — AM, R2 AND
S} LED WiTR
; PleEze
2| N7 - LED. BUZZER |
| ML e OR RELAY,
R1 P SR
SOK ) O
MOVIN G ORJECT R
CHANGES LIGHT Lﬁvﬂ.

L AT onE orR BoTH
.. T CdS PHOTORESISTORS,

[



POSFHON DETECTOR

Us& m\s CIRCUIT -ro IND\CATE PDS:TIOM OF
‘A BEAM OF LIGHT FALLING ON TWOo.
AD TACENT SOLAR CELLS. ;

ALsSO VSE

R1 R2

1K , 10K . TO BALANCE

NAA AAA TWO LIGHT
SOURCES.

/;,
LlGHT

N

1 R3
ADTUST RY 1k
COURNTIL METER

- NEEDLE CENTERED

" WHEN BOTH CELLS -qQv  -Qv
EQUALLY JLLUMINATED, :

TEST WITH SUPER BRIGHT LED IN CLEAR PACKAGE.
BEAM STRUCTURE MAY AFFECT READOUT. IF ONE
| CELL GENERATES MORE UOLTAGE WHEN LIGHT

. LEVEL 15 BALANCED, REDUCE OTHER CELL’S
INPUT  RESISTANCE "CR1 oR R3).

|

CLOSELY

SPACED 4 LED ’ﬁ
SOLAR ‘

[ P/y/ CELLS I\ | | l& :

SPoT
LEFT

voLT
METER

~

/

=

. SeoT
CENTERED

/)

SPoT
RAGHT




PRES3IURE ZENSOR

THE  CONDUCTWE FOAM PLASTIC N WHICH
STATIC - SENSITIVE C<OMPONENT LEADS ARE .
INSERTED (AN BE USED TO MAKE PRE SuRE.—
SENSITIVE RESISTORZI. You CAN U"E,A,
PRIZ OF SucH REZITTOK. TO MAKE A ‘
PREZIURE - SENSITWE COMPUTER TOYLTICK.
A PRESSURE-TENCITIWE RECIZTOR CAN
EE WSED TO MAKE AANF EBELECTRONMIC ;
TCSALE., A SIMPLE ACCELEROMETER CAN
BE. NADE EY ATTACKRING A LEAD FisHINIG
WEIGRT TO THE MOVARBLE CoNTACT OF .
A PRESSURE-SENSITIVE RESISTOR. :
RERE 1S oNE OF MANY WAYS TO MAKE
A PRESSURE-SEMNSIT\WE RESISToR

~— COPPER
DISK ;
(MOVABLE
CDNTAC.T)

COND\JC_T\VE
< PLAST\C
FoAMm

~— COPPER |
DiSK

PRESS
DownN
HERE TO
CHANGE ‘
RESISTANCE

~—— PLASTIC
TLBE

COPPER Disks CAN BE PENNYS, coPPER :
FOIL ©OR COPPER~CLAD CIRCU'T BODARD. POLISH .
COPPER EBEFORE SOLDERING LEADS. .

36



) |
PRESSURE-SENSITIVE SWITCH

Ri: PRESSURE +Gy ADTUST R3 UNTIL
SENSOR ; A LED SWITCHES OFF.

i
R1

R2Z 100K

10K

TO
100K

PRESS DowN ON PRESSURE= SENSITIVE
RESISTPR R1L ToO sSwiTern ON Qi AND LED.

PRESSURE-SENSITIVE TONE

Ri: PREZSURE +9v NOTE © YOU CAN
SENSOR A MAKE TEMPORARY
SENSDOR SIMPLY BY
INSERTING wIRE
|:> 8 |4 LEADS N FOAM.
; 1 2__AM
R3
LI 558 220
lK
(3 8.
SPKR
ey
01,4F”E 1
A

-

PRESS DOWN ON PRESSURE~SENSITIVE
RESISTOR R1 TO INCREASE THE FREQUENCY
OF THE TONE.

37



SEISMOMETER

A SEISMOMETER S AN INSTRUMENT THAT
DETECTS THE EARTH MOVEMENTS CAUSED EBY
EARTHQUAKES. A SIMPLE SEISMOMETER CAN
DETECTY EARTHQUAKES THAT 0OCCUR THOUSANDS
AWAY, EARTHQUAKES CAUSE SEVERAL

OF NAILES
KINDS OF SEISMIC WAVES INSIDE THE EARTH.
; “m\) .
ARTH QUA ‘
EARTH ?{/ER QUAKE
SURFACE

WA VE

SEISMOMETER
MANTLE

IS A GRAPH OF THE EARTR'S
A SEISMOMETER

MOVEMENTS PRODUCED BY .
| | f
‘AA"' A\A'A" 4; ‘Q(VM/WW
ixy :

<

KP’WA\/E S WAVE REACE WAVE

A SEVSMDGRAM

P WAVE ARRWES FIRST.
38




MANY  DIFFERENT KINDS OF SEISMOMETERS
. ARE. AVA\LABLE - TWO EXAMPLES: ,

,wttggr AND sfrw).u:s' HOR\zONTAL PENDULUM

\ /
i_,_ . H
L {{i’, g

MOTOR RECDRD\NG DRUM
HE’SP'R\M‘G" , REfcéabmg\ DRUM SEISMOMETER
‘ ~ - — FOR SENSING
= HORIZONTAL

(BACK AND FORTR)
GROUND MOTION,

Fd

\ j

SEISMOMETER

. FOR SENSING
A1 “<— VERTICAL

(UP AND DOWN)
GROUND MOTION.

B—

SEISMOMETERS
SHouLD RE
MOUNTED ON A
FIRM FOUNDATION.
OVER, |F POSSIBLE,

WEIGHT AND SYYLUS MoToR  BED ROCK.

FOR MORE (NFORMATION ABOUT SEISMOMETERS,
C VISIT A LiBRARY. " EARTHQUAKES ' (w. H. FREE MAN
 AND CO.,1988) BY BRUCE BoLT IS A GooD BOOK.

39



EARTH MOVEMENT SENSOR

THIS SIMPLE SEISMIC SENSOR WHAS DETECTE.D
TRALNS MORE THAN ONE MILE AWAY, Lo

2. T > =% | €——STURDY BEAM

=3 Q
= ({‘? == USE THIS TEMPORARY ,
8 PENDULUM FOR INIVTIAL TESTS.
INSTALL PiCKUP cCoib ON{
2 To 4 HEAVY SURFACE THAT CAN BE
FEET MOVED DIRECTLY UNDER MAGNET.
WIRE o P
oR :
NYLON ADJIUSTMENT PRDCEDURE Y &
LINE PLACE A MAGNET DIRECTLY ON
\ TOP ofF PiICKUP colt. ADTUST -
R2 UNTIL LED 3JUST SWITCHES
OFF AND DOES NOT FLICKER.,
AvVOLD REMOVE MAGNET. LED SHOULD
MOVI NG FLASH AND FLICKER WHEN THE
AR L MAGNET 1S MOVED NEAR THE
PlCKLP ColL. NEXT, PLACE
PICKUP Coil DIRECTLY WNDER
MAGMET PENDULLUM MAGNET. REDUCE RA
\ TO 1M \F CIRCUIT To0 SENSITIVE,

T REDUCE THIS SPACE TO RL
HoT -¢—J\NCREASE SENSITIVITY.  10M
MELT AL

GLVE +9v
USE SHIELDED
; CABLE (F MORE ]
f-rHAN 2-3" LONG.,
7 :

PICKkUP KEEP RATTERY
coitL LEADS SHORT. = -qy
(USE
TELE PHONE
PicKULP coit +qv .é__'* ’_—_ﬁ "
orR G-voacT lM \l l‘—}
RELAY). Qv = qy

40



k.
P

THls SENSTDR 1S EkcE.PﬂoM,ALLY' SENSITIVE L

IF LED FAILS TO SToP FLICKERING, REDUCE THE

LSENSITIVITY. EBITHER READJIUST R2 OR [NCREASE

~$PA<.E BETWEEN MAGNET AND PICKUP coiL.

FOR PERMANENT USE THREADED OR
INSTALL PENDULUM PUSH - ON CAP
AND P\CK&;P coie 1IN

METAL OR PLASTIC PIPE TO

PREVENT AIR MOVEMENT <>
FROM MOVING PENDULUM, i L |
USE L-BRACKEYS TO ROLT — 1
ASSEMBLY TO CONCRETE
FOUNDATION FOR BEST
RESULTS. WHEN HKRE WAS

N BlGH ScHool IN TEXAS,
ERIC RYAN MIMS USED
SIMILAR ARRANGE MENT

TO DETECT UNDERGROUND
NUCLEAR TESTS IN NEVADA.

AD JLST POSITION OF MAGNET
BY MOVING cAP uUP OR Down
OR BY MDOVUING PENDULUM

THROUGH HDLE IN CAP. MAKE

OBSERVATION PORT To OBSERVE |

MAGNET. COVER WiTH CLEAR ) 7

PLASTIC WiNDOW. é I

' | OBSERVATION Pickue
PORT coil

3
z } .
: T4 . ! oPTionAL PIEZO
- t9v L 1% BUZZER, CHIRPS
t -\ WHEN LED FLASHES.
| R2 OK TO REPLACE LED wiTH
10K Y BU2Z2ER OR TD USE BoTH.
-Qav INCREASE R3 TO REDUCE VOLUME.

41



RF TELEMETRY TR’ANSM!TTER"T

THVS SIMPLE LOW-POWER RADiO FRE@uEwc‘/
(RF) TRANSMATTER WiLL BROADCAST .
 TEMPERATURE AS A SERIES OF CLICKS
TO A NEARBY RADIO TUNED TO THE |
LPPER END OF THE AM BROADCAST BAND.

g /\
1/4”
SobA
STRAW |
TAP * o T .. . START '
- 1§ 30 :wwom&
ANTENNA TURNS TURNS? B A
(e rngmmmm'f RN
6 1 L Qi Q1- uUse A |
10uf T 282907 R |
, __GE OTHER PNnP |+
> TRANSISTOR. T . |
' 2}7 SOME witl gt ,
, C) . WoRK BETTER |18V
THER MISTOR JE gék - THAN OTHERS. | .

(10K AT25%)

L1l USE 30 GAUGE WRAPPING WIRE OR .
MAGNET WIRE, (USE MAGNET WIRE FOR
SMALLER Colt. BURN VARANISH FROM ENDS.
OF WIRE AND TAP AND LIGHTLY BUFF
CHARRED VARNISH WITH SAND PAPER.)
PUNCH SMALL HOLE NEAR oONE END OF
STRAW. INSERT 2Y 0FfF WIRE THROUGH
HOLE AND wIND 20 TURNS. PuNncgH o
HOLE IN STRAW AND INSERT 2" LOOP OF
WIRE (TAP) THROUGH HOLE. WIND 15 =
TURNS BACK OQUER FIRST WINDING.
PUNCH HOLE THROUGH WINDING AND o
INSERT END OF WIRE. WRAPPING WIRAE!
CuT TAP LOOP AND TWIST EXPOSED WIRES,

HL



| ;v.su_xcoms_
AND THERMOMETER

INCREASE  VALUE TO SLOwW PULSE RATE.

R:L 3 Ab;rluﬁf TD CHANGE PULSE RATE,

Bl USE AA PENLtGHT ceu.

SAN\PLE. CALIBRATION GRAPH

WATERPROOF LEADS OF THERM\STOR WITH
SEALANT. [MMERSE THERMISTOR

, : IN WARM WATER.

. SWITCH ON TRANSMITTER AND RECEjVER.

L COUNT NUMBER OF CLICKS IN 1S SECONDS
AND RECORD COUNT AND TEMPERATURE.

. REPEAT AS WATER <cooLs. ADD Iicg For
~ CoLD TEMPERATURES. SAMPLE CALIBRATION!
Suor an 55 com
e - ug -~
W =
n W= ‘
:?‘-’3\5’ o \ O/ C°F lcounT
Y. - —
o ,mg / , 100| 38
L 8s] 36
%20 ‘; 70 3Y
‘o [/ 50 21
v
tvd , qo0 29
s 25l 217
s
2 15 1 i i 1 1 { 1 )
S 30 40 50 0 10 80 90 100
TEMPERATURE (°F)
. CALIBRATION WILL CHANGE IF R1 IS

READTUSTED. OK T° USE FIXED RESISTOR
FOR R1. CQReuIT WwWoORKS BECT wWIiTH

. U THERMISTOR THAT HAS A RESISTANCE AT
- ROOM. TEMPERATURE (25°c) ofF lOoK.

432



| ot
LED TELEMETRY TRANSMITTER

SUPER -BRIGHT LED) THIS LED FLASHER
o +1.5v  witk TELL YOU THE

¥ TE MPERATURE AT,
TS LOCATION FROM

® e |S ANYWHERE YOu CAN
SEE (TS FLASKHES,
- 24909 CHECK TEMPERATURE
i) OF GREENHOUSE,
R1 GARDEN, ETC. WHILE
cL ! sok 2 —t You STAY |NDOORS,
LOOmF WORKS BEST N
){* = SUBDUED LIGHT,

SAMPLE CALIBRATION GRAPH

ADTUST R1i FOR DESIRED Room TEMPERATURE
FLASH RATE. THEN <CACIBRATE TRANSMITTER
AS DESCRIBED ON PRECEDING PAGE. HERE
iIs A SAMPLE CALIBRATION GRAPH: i

o

b o, ;
Q 4o~ USE THERMISTOR / F |CounT
~/ WITR RESISTANCE o) L
a OF 10K AT 258°c. s 100| 41
& 0 90 29
a4 a0 E]
@ 3gh / n0| 36
o o~ so| 32
« oo~ 4ol 22
© 1S 32
z 3D \ i l I\ \ I\ 3 i '
3 30 4o 50 O 70 80 90 100

TEMPERATURE (°F)

CALLRBRATION (S FOR NUMEBER OF FLASHES
IN RO SECONDS. You CAN MAKE A MORE.
ACCWRATE GRAPH BY COUNTING FLASHES
IN O SECONDS. R1 CAN BE FIXED RESISTOR..

4



+qv ,R‘f&E SRR L\KE A C.R\CKE'T:
A ; 10 THE. RATE OF.
L} o AN, CL\CKS EMITTED .
T 1. ] 8 tms cireoir
8 14 ] . IS DEPENDENT
RN B I o om TEMPERATURE.
24 ] o]0 INCREASE VALUE
L ' 4 OF C1 To REDUCE
RATE (OF CLICKRS.
OK TO REPLACE
SPEAKER wiTh
LED TO CONVERT
. SRR B SPRR| . TEMPERATURE
?,100,4F — , : . TO FLASHING
SO L_g___ .. RATE OF LED.

8

“‘SAN\PLE CALI BRATION GRAPH

f,'cAuB&ATE, As DESCRIBED ON PREVIOUS PAGES.
 NOTE THAT PLOT 15 LINEAR AND THAT hy HAS
L ‘A w\be couw'r RANGE ~ ,

32 - ﬁu‘sF_, ,fTHERM\'SToR O °FlcounT
0l WITH RESISTANCE ‘o/ ; o
28 L  OF 10k AT 25°¢. VAR 1oo} 33
W S 087 gqo] 130
zz‘«-:éﬁ_-:ifo/ 8o 27
2k 0 10 23
z;o-f,_:}j o Q/ ; - . Go 20
sy - Ssop 11
wep 0 4ol 14
wE ;é/ ‘
12 | SR I { L\ 4 1 1

30 40 SO 6O 0 80 90 100

PP S

""‘V;”Q‘Migag OF cucks (s s‘fec.)

 TEMPERATURE. (“F)

,, Foa Tl»-\lS CAL\ERAﬂON TEMPERATURE IS ASouT
UA‘N3 TIMES. HUMBER OF. cucrzs‘ IN 18 SECoNDS.

B 4s



ANALOG DATA LOGGER

You CAN RﬁCORD ExPERwAENTAL DATA
ON MAGME.T\(; TAPE wWIiTH THE HELP oF .
A SMALL CASSETTE TAPE RECORDE.R.,_,T
‘F!RST CORVERT S\GMNAL TO BE SAVED
INTD A VOLTAGE. THEN TRANSFORN\THE
VO LTAGE INTO. AN AUNO- FREQUENCY ‘
TONE WITH A VOLTAGE ~TO- FREQU&MCY
(V/F) CONVERTER. RECORD TONME ON
MAGNETIC TAPE. RETRIEVE DATA BY
PLAYIN G TAPE THROUGH A FREAQUENGCY=- |
TO- VOLTAGE (F/v) CDNVERTER., .

[\/\/\/ = V/E > /// ;
CONVERTER , o) ,//?,
sS\GNAL /////( T

DATA RECORDER
TAPE SR

2o AN

CONVERTER :

RECORDER Vou‘ﬁAETﬁkg

FOR BEST RESULTS, USE QUALITY RECORDING ;ﬁ
TAPE. BETTER QUALITY RECORDERS WORK
BEST. YOU CAN SQUEEZE MORE DATA ON A

i

TAPE RBY RECORDING & SECOND “SNAP SHOTS.":
He ‘



)'“jvyr:? f?l¢,

SRR .. *9Vv Rl comnTROLS
i CONVERTER | A FREAQUENCY.
Lo - ‘R
Lo , o “ =) , ‘dook
- SIGNAL VoLTAGE 5 1 S|
 (FROM SENSOR ?
~ OR SENSOR
AMPLIFIER). 558 (& Rz
S 1K
OK TO. CONNECT K
V/F CONVERTER ; e Y
DIRECTLY TO . T .01uF
F/V CONVERTER 1 (3 |t
TO CALIBRATE -
SYSTEM. SET Ry Wﬁﬂ T T o1:
FOR DESIRED

TE- AUDIO ISOLATION

CENTER FREQUENCY mm TRANSFORMER
QUTPUT TO RECORDER'S
MICROPHONE  INPUT,

INPUT FROM RECORDER'S
EARPHONE OuTPUT.

anw

- FE/v LK ]
L , T+ 1. c1 +v
CONVERTER T ot uf
Ri RZ
H4aK Y.TK
ouUTePVUT +,<_____3_. 8
- TO , 588
TVOLT METER 1 nl
b |7
L Ay AN
*see next L /ey « R3
; PAGE. LA -:_

22 TO. 6B MF 1K
47



BPcas U

DATA LOGGER OPERATION

TRE ouTPuUT FROM MOST SENSORS CAN BE
CAANGED TO A VOLTAGE. FOR EXAMPLE,
THESE CIRQUITS BOTH CHANGE LIGHT :
INTENSITY INTO A VARIABLE VOLTAGE

R1 -~ +Qv
100K |
AN

R1

cCeELL 10K TO lQO,K .
- Vour-
-7, b2 Vowr o ~
; cds = ‘
/,/,1 PHOTO~
-Qv

RESISTOR

HERE (1S A CALIERATION GRAPH FOR TwO.
VALUES OF C1 IN THE F/V CONVERTER.
THE. GRAPHR SHouLD RBE CONSIDERED AS
APPROXIMATE SINCE DIFFERENCES N
COMPONENT VALUES WILL CAUSE CHANGES
IN TTHE GRAPH.

7 - : ' .
- e} C1L= 0.LB8AF R
t ] S - ¢ - e
> R
4 L S
— Ci= 0.2z mF
> k| e ‘
a_ =3
- .
o 2t SET R1 (V/F CONVERTER).
/ FOR DESIRED CENTER ‘
> 1t FREQUENCY THAT WILL EE
L‘: ALTERED BY INPUT SIGNAL.
A 1. A H 1 I ) 7,
o) .5 10 15 2.0 2.5 3.0

V/E EREQUENCY (Knz) o
N -
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