62-5034 ®)

Jr_.

Build projects
that detect:

e Moving air
e Tilt

¢ Pressure

¢ Direction

¢ Heat

e Vibration

e Movement
e Strain

e Light

e Magnetic fields

Use sensors to:
e Trigger relays

» Charge batteries —-- :::',’j’f:‘:' P
e Measure light --,u,,,n. <1

‘

e Control a tone
¢ Monitor your PC
* And much more

Forrest M. Mims III

RadioShack.
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~ ABOUT THE ENGINEER’S
- MINI-NOTEBOOK COLLECTION

EACH EOOK (N THIS COLLEC_TION H\JCLUDE;,

.. 1
e

_THREE OR FOLR ENGINEER'S MINI-NOTE. EOOKS.

FACH ROOK INCLUDE L BOTH STANDARD CIRCUITS

CAND CIRCUNTS DESIGNED BY FORREST M. MIMSIT.

| "EACH CIRCuU'T WAS BuUILT AND TESTED AT LEA<T

TWICE . THE CIRCUITS WERE ALSD BulLT FROM
T™E FINAL Book TO FIND ERRORS.

__VF-\P;\ATiDMS IN COMPONENTS AND CONSTRUCTION

METRODS MAY CAULSE YOUR RESULTS TO DIFFER
 FROM THOSE DESCRIBED HERE . THEREFORE
T™E AUTHOR AND RAD\OSHACK ARE NOT
RESPONSIBLE FOR THE SOITARILITY OF THE

CIRCUITS FOR ANY APPLICATION. FOR EXAMP’LE,%'

THE CIRQUITS IN THIS BOoK SHOULD NOT BE USED
FOR MEDICAL APPLICATIONS, SAFETY DEVICES |
~ TRAFFIC CONTROLLERS OR ANY OTHER USE
CTHAT MAGHT SOMEHoW RESWT IN DAMAGE
TO PROPERTY OR INTVURY TO You OR OTHERS,
1T IS YouR RESPONSIBILITY TO DETERMINE
~IF COMMERCQIAL USE , SALE OR MANUFALTURE
_OF ANY DEVICE BASED ON INFORMATION IN

THIS Book INFRINGES ANY PATEWT, COPYRIGHT

. OR OTHEQ RIGHT.

'FOR MORE INFORMATION

DUE 10 ™E MANY INQUIRIES RECE\WED BY THE
AUTHOR AND RP.D}DSHAC‘.K IT IS NOT POSSIBLE
_TD PROVIDE CUSTOM c.nzcun' DESIGNS AND
TECHNICAL ADVICE. YOUL CAN LEARN MORE
_ABOUT ELECTRONICS FRoM OTHER BooKS
 AVAILABLE FROM RADIOSHACK AND FRoOM
__RADIOSHACK. LAR KITS. ELECTROMICS

. MAGAZINES ARE ALSO A GOOD SOURCE OF

._...IMFORMAT!OM VARIOUS ELECTRONICS SITES
ON THE INTERNET AND WORLD WIDE we&
ARE. ALso VERY. HELPFUL

nEaN




T SCIENCE PROIECTS
OVERVIEW
SPECIAL NOTE

_ ELECTRON\C ELECTRO SCO Pl:.

GALVANOMETER 1213

 ELECTROSCOPE  jo-u

HOMEMADE BATTE RlE‘“‘ | BERTETES

GRAPHITE RESI STOR

~ L'QUID RESISTOR
~ SUPER CAPAC&TOR

~ THERMOCOUPLE

 INVERSE SQUARE LAW THE e
CLIGHT LISTENER  gu-as

LISTENING TO NATURAL ((GHT

THER MOCOU PLE AMPLI FIE(

.. MOTOR REVERSERS
MOTOR SPEED COMTROLLERS

| LISTENING TO ARTIFICIAL LIGHT

MONITORING SUNL\GHT

THE SOLAR SPECTRUM
 THE SoLAR DAY o
SIMPLE SOLAR POowWER MI-T‘ER

OP AMP SOLAR. PowER METER i

ELECTROMAGNETIC PROBE.

_USING THE PROBE. Lo

o 18
.19

~ SMALL DC. MOTOR CIRCUITS

20
20
71

26
A

18
28
.18

19
29

31

~ WIND SPEED INDlCATOR 30-33

MAST AN STALLATlON

e 3



RAIN- ACTIVATED ALAM”' .35
p.m.a ACTNATED L.OGIC ‘_ U T OO O T %~ T O

THERM\STDR ClRC.utTS |

] meamsme_ AMPUFLER 3
TRERMIS TOR CALL BRP«TION S0 O OO U D W % O W |

- TE.MPERP«TURE:. swn-c.H SR SO O S N OO O v O O O

.......

j;JPRECsuRE SENSOR
ot PRESSURE- ss.wsmvs. sw1Tc;H .41
S DR, PRE.SS’U R& seNsm VE. TOME |

\?QEARHJ'INEMENT’ENJOR“f“.?fE'
R F TELEMETRY TRANSMITTE R 4e-w7

SRMPLE. CAL&BRATIDN GRA?H 0 O OO . 0 S O

LED ':LEN\ ETRY TRANS! TE Rqa

SAMPLE. C.ALJ.BRAT\DN GRAPH 48

AN:LOG[»U?iLOGGER _;5:5355  '

\J/F CONVERTER ... B1

F/v CONVERTER Ll USO8 W S

DATA J..Oées.R OPERAT]OM 5’2. .



UNIT‘S oF N\EASUQEN\E 'T

T O\/ERVlEW RN

~ SAFETY
G RAPI-\\NG \(OUR DATA
s,__f_f;SOLJND

SDUMD mTENSITY
1 ______.;_;sova F‘RE.QQE.MCY b
~RANGE OF RUMAN. HEAR.wc-'.__,_
_THE SPEED oF. SOUND |
_._._.MEASURlNG souuo lNTEM$lT.'
_TYPICAL SOUND LEVELS
_ARTIFICIAL SOUND. SQu&cF_SL
_S6uUND. wr&usnr’r sr:.:ms.s

_\_HE GREE..__.. O ;SE EFFECT
____\WATER VAPOR . __ |
H....;......RELAnu& HUM\QIT‘( - |
___THE _REAT ISLAND EFF&C.T
5 _._RELMOTF_ TE.‘M 2 ERA'rugE. raA M s Mrr TSR

_'."Q.'ETHE %:_':_'YD .L?OSPHERF_
MEA’SURING RAm DRoPs
RmN DR.QP DETEC.TOR

,_\._.____5_.__.,._._NOMGE_R oF &Aw o&ops
. DEwW AND DEW POIMT
____,.j.__...\PRE.QA?ITABLE. wA'rE.R.
5_._____;5_.___,_..ME.PLSURING cc.oummﬁ:%g
L STUDYIN G LIGHTNiN G
. WATER TURBIDITY S B
. EBLECTRONIC TURB! DlME.TER
L TESTING WATER o
. THE pK. SCALE. HEENEN
i \WATER AND CAREON. blaxlnﬁ.
' _i__.____.;____m,r\vm&o c.ARaou mu wATE.R,,;_ |




THE ATMOSPHERE er-es
THE SOLAR RADIATION: BUDGET R

_HAZE AND SOLAR RAD\ATION .85
ATMOSPHERIC. OPT!CAL.'!HICKMESS . 806
AlR MASS o 8
LED SUN PHOTOMETER 87
| SOLAR CELL RADIOMETER 88
. SOLAR CELL SUN. PHO'I“OMETEP. i B8
HOW T® MEASURE THE SUN'S ANGLE ... 89
_ _HOW TOMEASVRE THE ET comsTAMT 89
__TOTAL SKY sotAR RADIO METE-.R .90
_ _SHADOw RAND RADIOMETER .91 '
. MEASURIN G TDTAL AnD DIFFUSE. L,_lGHT. S I/ 2 N
. MEASURING THE SOLAR AUVReEOLE . 93
. SOUMNSHINE DURATION RECORDER 94
__PAPER SUNSHINE RECORDER . 94
__POP BOTTLE SUMSHINE RECORDER 95
| ELE.(‘_'I'P-oulC.. Suusmu& R&coaoea 8%

Ul\ \TS OF N\EASUREMENT

THE. METR\C. s‘rSTE_M 15 USED ALMOST EXCLUSWEU
___._lN SCIEMCE.. PR.IMC(PLE UNITS IN. 'mns EOQK.' "

INCHES 7'~ 2S5. '-l
9 MILLIME.TERS X O. 0393?
INCHES X 2, 5'1
_ CENTIMETERS X O. _3937

FEET x 0.3048
METERS X 3.28¢ =
YARDS X 0.914%
METERSs X 1.099
MIES X 1.609
- KItoMETERS *0 6214 I

lucuﬁs T0 M!LuHE,rERS
_ MILLUMETERS TO INCHES
. INCHES TO CENTIMETERS
. CENTIMETERS T lNcaES
__FEEYT TO METERS
METERS TO0 FEET
__.YARDS TO METERS
.. METERS TDYARDS
____MILES TO KILOMETERS
'? _.Ku.ome'reasw MIL.ES

__._"' O "ﬁ L

_:5______gr_E_MPE_&AWR.E;.-.-._-::'n—.\ﬁ.c_ELgf-sw;s.__g_sc:q;.&_ IS .usum.z.-;v ol
__USED IN SCIENCE., WATER FREEZES AT O°C

. AMOD Bows AT 100°C (SEA LE.UEL) Room
__TEMPERATURE. \S AROUND 23°C.

. FAWRENHE\T TD CELSIUS = E"F -32) % s/q

- CELSI0S ™ FAHREN HEAT = (°C* clls) + 32.
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| FREE SPACE LINKS
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....125
L .5_17_8,_ |

i _._.MDDLJLATION
____([;.(I:'I(':IZENS BAND RAD\O
_DIODE. RECEWER BASXCS
_SIMPLE. RF TUNING CG\L
__SIMPLE DIODE RECEIVER
. RECEIVER WITH. AMPL\FlER

5 _.,_SHORT WP\VE LlST EN\NG

 ANTENNAS EERE 120
SANTENNA SAFETY R OO T O 131
. _BASIC RADIO. TRANSM\TTERS 132:‘ 133
 TRANSISTOR RF TRANSM&.TTER A3M-135
 CODE TRANSMITTER L A%
_ VOICE TRANSMITTER 137
_ AUTDMATIC TONE TRANSMlTTER 138 139
. FCC. REGULATIONS 140
__.___;._.__,____GG)ING FURTHER - 140

'E STONES
..,_._163(,. SAMUE.L e B. MQRSE. INVE.NTS T&Lﬁemm-
18706~ ALEXANDER GRARAM BELL INVENTS. TELEPHQME:
1880 ALEXANDER GRAHAM BELL INVENTS. Paomp}-xoue.._.._..,;;_......_._5;,..
.1880= PAOTOPHONE SENDS VOICE 213 METERS. .
188 HEINRICH HERTZ INVENTS SPARK. TBAMSM!TT&R
1895-GUGLIELMO MARCONI INVENTS WIRELESS TE.LEGP.APH?__
___.;..._..__._.13<7l7-Nmou\ TESLA SENDS RADIO SIGNAL 20 MILES..
1899~ MARCON) SENDS ..." ACROSS ATLANTIC chm
18% A, FREDERICK. couws SENDS VOICE OVER. RADm.
19 07 L&E DE F-OP.F.ST JNUENTS T’RIQDF. VACUUM. TuE&
1901~ H.T.ROUND DISCOVERS LIGHT EMITTING D;oo&
. .1923-0.\V. LQSSEM INVENTS CRYSTAL AMPLIFIERS.. 0
. 1925-T. E.LILIENFELD INVENTS FIELD- EFFECT AMPLIFIER .
1947-BELL LABS INVENTS TRANSISTOR..
19¢0-T.H. MAIMAN BuILDS FIRST RURY. LASEK e
19626, &4‘ MIT AND [BM INVENT. SEMlCDNDUC.TﬂR LASE& |
19&:6 K.C. KAQ PROPOSES OPTICAL. FlBEﬁS FOR LONG |
DISTAMCE, LJﬁHTwA uF. Lw Js.s,




:pi.;I SciE NCE PR o;r ECTS
OV E R V l E W .............

_,._._,;;SClEMCE \s KMOWLEDGE GAINED BY ORGANIZED
QRSERVATION , EXPERIMENTATION AND. swu\/.
___ THE PROTECTS THAT FOLLOW DEMONSTRATE BASIC
=_._.._5,__._,_..;?scuEm*n:\c Pgmc.tﬁc.ﬁs AND TECHNIQUES.  SOME
WL LET YOU MEASURE TEMPERATURE . WIND. SPEED,
_LIGHT AND Posmo;\\.; OTHERS WLl LET w}u DETECT..
L RAIN, MOTION &MD EARTH MOVEMENTS. You CAN .
_;__..__LEAR.N MuCH  BY. TRYING _ANY OF THE PP.O,IE.C.TS.
__Nou CAN LEARN EVEN MORE BY. COMBINING.
__PROJECTS AND MODIFYING. THEM FOR OTHER .
?uRPos&s. HF.RE. AR.E. soME. suﬁsﬁswoms.._.._,

| _:L. PL.AM \:ou& PROIEC.TS Dacmﬁ WHAT ) __au wAm'r
..TO. BU!LD _MEASURE. o& DETEC.T’ sar GOALS AND
:i,.._...Acc.oMPLlsH THEM* : | !

2 KE.F.P A MOTEBOOK. R&coao Vove; CIRc_m‘rs,

-.________;_,___,_MeASuRamemrs AnD OESERUATtQMS _BE. ACCUR.ATE..._
__S\GN. AND DATE EVERY PAGE. C_T‘HlS SﬁRtE.S *
__OF BOOKS EVOLVED F-R.QM 'ﬂ-tﬁ. FwTHORS LAB

;_.._.__NoTE.soaKs) i IS0 D 5 O U N O U O OO B

e EXPERJME.NT. For. msuuc.f., SUBSTITUTE A
i LIGHT SENSOR . FoR A THERMISTOR To MEASURE
e ;_____,;..,...LIGHT INSTEAD OF TEMPERATURE

4. WANT TO KNOW. MORE Asour A TOPIQ.'?
:._____;__._____ReAD OTHER BOOKS IN. THIS sea:e.sg_ wsn' A
:__.__LlBR.ARY.,.,, RF.AD ELECTRONlCS MAGAZ(MES.

....SPEC.JAQ, MOTE T STuDENTS PARE.NTS AAJD
. TEACHERS ! M,mw OF THE . Pn.o:recrs THAT
: _._,z_FOLLow CAN BE. USED IN. SCIENCE. FAIR. Pao:rﬁc.Ts
. FOR EXAMPLE , MEASURE. Eom TEM?E&ATuR& AND '
a...ff....,Suu,f_xéHT ON CLEAR, PAanv CLOUDY AND
__OVERCAST DAYS. GRAPH THE RESULTS. TEST THE.
....;:_l.NVE.RSE SQUARE. _LAW. (PP 22-"3) wrrH UARIOUS
Llé!-j‘l' SDURCES,; GRAPH T'HE. REsqus C{




__PLAST\C

e FolL

ELE CTROSCOPE

':"__THF_ ELECTR.OSCOPE. s A SIMPLE DEVICE

_ THAT wilL DETECT AN ELECTROSTATIC
i.CHhRGE AND  THE PRESENCE  OF NUCLEAR

 RADIATION. You CAN ASSEMELE AN

. ELECTROSCOPE FROM COMMON l-\ouser\ot.b“ NN

f___MATE-_p.\ALs FOR EXAMPL‘E.‘

__ccppa.a_

NS

—-BRITe N
_BoTTLe |

. .AL-UM.NUM. \

YOU CAN USE. MANY DIFFE‘.RENT

 BOTTLES. THE BOTTLE MUST BE_ G(.Ass.'ﬁ@f'ﬁf@ff._j____"

;'"'ff'__.gon PLASTIC. THE STOPPER MUST BE

 CoRK. OR. PLASTLQ. BUT NOT METAL.

_ THE FoIL SHOULD BE THIN GAUGE ALUM\'—_if?f'"f_”_'

_NUM__EOIL. THE AIR IN. 'n-\E SOTT’LE.

 SRouLD BE. AS DRY. As POSS!BLE.




53.__._FoR BEST‘ RESULTS TME  Fo LEAU&S oF 'me

1 RUB chs: MﬁDkUM CHARGE.
TI—-\RQUGH 0
lg, DR’Y HﬁlR
é _.TO GIVE. T
. b AL NﬁéAﬂvE.

\Z .. .) ___CHARGE.

Htal-l cuaeee

..__.__._;___._.Ec.&c.TRoscoPE SHoULD BE. P:.AT. _CUT. ”ﬁ-lE
o Foll  wiTH SHARP sclssogs TD AVQID

. _FRAYED EDGES.. \r- THE LEAUES bo NoT
_FLY . APART wuaw A CHARGED oe:rE.c,T Js

_ _TDUCRED TD THE ELECTRODE , CHECK ™
__SEE IF THE LEAVES ARE STUCK TOGETHER.

__ WORKS BEST WREN AIR (S DRY. RADIATION bul!..l..
i___._iON\ZE. THE AiR AMD CAuSF_ LEAVES TO. COLLAPSE

__N_o.P._zMALLY LED GLO\NS.;

.. Rug PLASTIC. COMB. OR.

. PEN  THROUGH DRY Hp_ua |
__ANnD PLACE CHA R.c;%;e.p__..__;____ I

L BE. E)CT!N GUI SH&D. e Lo 5'

""5?”fﬁ'_'§ﬁ__ﬁfELECTRONIC E LEC TROSC o PE

EJ.E.C‘.TROD& +qv

| R2.
kS
. AND _CHARGED Y Im 5 |
,c.q_MB;.__og. PE_N' NEAR | ot

R:L

| QL ~ ..L.ED §E .
e _..%Qi us E QN 381‘I o R N CHAN NE.L




ALVANOMETER ®

_THE  GALVANOMETER MEASURES THE FLOW .
OF AN ELECTRICAL CURRENT. THE SIM~
P:.&s-r GALVAMOMETER \S. MADE  BY WRAPPING
I-\ WIRE Coll AROUND A COMPAS.S. hedd b

__.:____COIL NN\
(30 -ro 50
... TUORNS OF
. .MAGN ET Wi RE
_OR. _wRAPPwG ;
w.).KE.) e

usE TAPE OR Ho-r MELT GLUE TO HOLD
__ColL IN_ PLACE. PLACE GALVAMOMETE.R ON.
. ELAT. SURFA(‘.E. ALleN SO THAT cColt. AMD
_CGMPA‘SS NE.E.DLE. Bom™ Pouw‘r NORTH o
THEM TDUCH THE LEADS FROM THE cmL. “l‘D
. THE ENDS OF A 1.5 VOLT CEL. THE
COMPASS NE.EDLE:. WLl IMMEDIATELY Swwc-;
"ro AN EAST - wEST ORIENTATION. -

__REVERSE POLARITY
___OF BATTERY TO
__REVERSE DIRECTION .
_THE NEEDLE Swwss.

~ MOMENTARY USE .
e \NILL PREVENT . Exc.E.ss
| | __CQURRENT DRAIN..




_NoU ¢ CAN USE A COMPASS AND AN Efo.'RNHL
cou.. 'ro MAu.E-. A QALUANDMETER‘

Cc: MPASS

oNAIL OR T c.ou. ‘
__BoLT _ﬁ* B3 Nou CAN._

.53 ALSO. USE

._2_.1o_o_:;_-_-_2_o.rj:>._...;.ﬂé,_,.’r : .__.____;_._.__..;Sque.mom,...,,.__; | RELAY.

. TURNS OF b’ STANDARD. . E F
__ MAGNET s RELAY OR. .

_OR. WRAPPNG ¥ MAGNENC .

~WIRE. ..E&RPH@&E_,

””.f__'ﬁ_'é.“_'_f'GALVANOMF.TF.R. colL THAT cause e
. COMPASS NEEDLE TO BOUNCE BACK AN
f__._FoP.-rH LLKE A HO&IZONTAL PEMDULUM

100&

R z, ]
e SLOO K

CO;MPA':‘.S

e R4 s AND L CONTROL

| | q";MF e | | _pu;_sg_ RATE RES‘ STANCE
L .,:I.to V.

__oF Coll PLUS R3 SHOULD
BE AT LeasT 1zo QHMS,
L] 13




""**'ﬁf’@fﬁ;fiHOMEMADE BATTER\ES
.._;\_..._HQME.MADE. POWER CELLS AND eramas
_CAN BE USED TO OPE.RATE MANY KINDS oFg.

. LOW POWER CIRCUITS. A BAS\C CELL
'____.IMCLUDE.S T?-\Esf—. compouam"rs“ -'

. .PROTECTIVE
CONTAIMER\\ N EL.E.CTRDLYTE I
'- | y— (ELECTRI::ALLY.;_. -
/r*""“ CONDUCTIVE
- LiQuip OR

PLATES OF | _ e
_ PasTE)

..i__DISSIMlLAR - I
 METALS

THEREAR.E. MANY WAYS TO MAKE PRACTICAL
POWER CELLS. HERE IS AN EXAMPLE:

COPPER Fou.  GALVANIZED NAIL

.+t ELECTROLYTE-SOAKED PAPER TOWE Lﬁfi'__ Nl

.__;..EL.E.c.Taomm cam BE. *rms:..& snr.-r mssowﬁp
. IN_ WATER OR POWDERED CITRIC DRINK (MUST
___CONTAIN CITRIC ACID) DISSOLVED IN WATER.
. .DIp. ‘rowst.. AN SDLUT‘ION AND ALL.OW TO DRY..

__ ACTIVATE CELL WITH WATER. CLEAN AND REUSF.
_,;_.._.__E‘-__E-ﬁ-TPsQD:E_S_ _WHEN CELL STOPS WORKING.




VOULTAGES MEASURED WITH VARIOUS | et
ELEQTRODE METALS AMD EL&QTROLYT&S,

E:..acraooes e;.ec_m_urg'f_f_?jf"_"fff_ffff_
O OO O O OO U SALT B4 ip* .

i__._.CoPPER (+).. ; __._.__'z,m"c "( )' . 0.7 10@0
_COPPER(-) _SILVER. (_+) o _0.431 .
__COPPER (+) MAGNESIUM =) o 1.484 .
. .COPPER (#)  ALUMINUM. (.-) 5_._.0 N0
L 2INC () SILVER (B 0.720 0.820
L2ANC (%) AMAG&ESILJM (~ 0.2 ?___;o 546
LZ2A\NC (F) . AtuMinUM () 0.248  0.350
. ALUMINUM (+) MAGNESIUM(G) 0,278 0.820
~ALUMINUM (=) SILVER &) .__;D .395 _0.450 .
. SILVER (+) MAGNES\L&M(- 1.242 1. ?.31 b
* PDWDERED crrmc_ DRINK m WATE.R.

R

.

= “N ﬁi§‘ U‘f U‘

- 3

P

WHEP-& TO Fwo ELE.CTRODE. MATER\ALS.
',_'.f_','"”?”_f'.;.coPp&.n ~ CoPPER FOIL FROM A Hq',g_'g_,{ | SHoP
_OR. coPPe_R. LAMINATED  CIRCUIT BOARD.

=_._,:_._.§:._..__'__z.gmc.-- GALVANIZED METN. Amo wau_s FR.QM
A _PARDWARE STORE. nEn ne

._._:_\,..__;____,'ALU}MNUM- stemw F\LUMINLJM Fou. OR 'r{-iw
._SHEE.T ALUM\MUM F-ROM A HDEEY SHOP S T SO S N

. "_  .;  ?_':.su_uej. '—'" su.‘vER. cow o& 'muu sll..us.g SHE,_E.T
,FP.QM :tE.wE.LFL‘( supﬁw s-ron-e. . ;

-J_M'f_.:MAG.-NE.SIUM 'er Mr;euast P-\Gsom FRoM.
._._.._._,CHE,Msc.AL 'SuPPLY CQMPANY oR. Hpes‘t SHoP_

T\-\E. voz:rAﬁES ewew IM “'m’&' TABL.E.._._.
__:..._.'..__?;ABove_ wea& ME,ASURED _WITH A DIlGITAL
o NOLTMETER. _IN_ MODST.. C.ASF.S THE... uo&m&&&
. _BEGAN. TO. DE.c_L.iMF_ AI_MDST IMMEDIATELY.
AN _SOME CASE.S THE  VOLTAGE. INCREASED. TD

_gthc.e. ATS INITIAL VALVE AFTER 20 sEgowQ&‘
. OR. 59; PEAK \!ALLJ&S A&E. GWE.N tN" EAC,H CASE




 GRAPHITE R ES s TO R

"”-”':_'_‘:'f,':.RE.fsnSTORS RES\ST THE FLOW OF ELEC.TR\CAL._.:";.. :':?'.  .'

. _CURRENT. Y0U CAN MAKE A RESISTOR BY

 STROKING A GRAPHITE. Psmc.u. on. Pnpeg.__,_;.__'f”__f_f-___'__'

SQLDER —_—

MULTIMETER
_OR._CIRCUIT .

Coemeer— [ 1
__CARD |
. GRAPAITE| TS
RUBBING |

cLP . siLipe

| %__'ﬁ_'__LIQUlD RE S\STOR

" HERE'S How TO MAKE A RESISTOR FROM
____A cowouc.rwe. Ll&uib c&:.&c.'re.oz_vr.&)._

MULTlMETER

_CHANGE |
SPACE _l] . R
_WIRES
_TO CHANGE\_ NN SO SO SO0 2 S NS W
RESlSTf-\NCE cc— —
- 16 ’

. VARIABLE.

WATE.R B O S
(E,LECTROL‘;'TE)

T'HA‘T"RE.GUIRES
_ VARIABLE
RESISTOR. . .

T'D CHAMGE RE‘S\STAN(;E

OR CIRCUIT
: _THAT_REQU!RE.S..;_

RESISTOR.



.CAKBQN
FILTER X

a‘.‘.;_ésuPER CAPAC\TOR

_ ‘SUPE-.R CAPP\C\TQRS S'TGRE (‘“OMSIDERABLY
__ _MORE ENERGY THAN ORDINARY c;ru=p~<:11-c:ua.s,..E
-...HER.F_S HO\AJ TO MAKE OME :

: -.-LFDK- ‘SIDE Dowu)
| _ACTWATED Z 7

CQ el AR R RE RN _
...PC BOARD _*so:.o N saes_-rs A'r PET
_CFQIL SIDE uP) Ao Aauamum STDRES

O use RuBBE.R. RAND TO. HOL.D CAPACITO& TOGETHER..

. _ ,. ;_... __:COPPER- CLAD ".."*"_1“—’4 _A L&MQN J‘uxc&
__PC _BOARD —\'\ L By

. THEN SOAK. CARRBON FILTER _AND PAPER. TOWEL LAYERS
AN LEMON  TUICE Lacecraowm) INCREASE AREA

. _FoR MORE CAPACITY. ADD LAVERS To. INCRE.ASE
_ voLTAGE (1.2 voiTs PER LAYER). DO NOT APPLY

 MORE THAN 1.2 VOLTS PER. LAYE.R.

.ELE.C.TR.OLYTE. wu.l. DEcomPoS&. ;

q CHARGE. (c)
_'rl-\R_ouGH 1K

.1—

QR ‘t‘HE.

\ DISCRARGE ™ -I-

Vouts

PLAcE. c:.t w DISH

THROUGH LEID AND La&o Ju

) : i ; l i : |,

D\SCHARGE (o) T T - - _,

o .5 10 1S 20




 THERMOCOUPLE |

A TH&RMDCDuPLE s MADE. BY CDMMECTIMG
A _WIRE OF ONE METAL BETWEEN TwoO.
..;___._.:wms.s OF A SECOND METAL. I|F OWE oF
. .THE TWoO CONNECTIONS OR. J'uucnoms lS
___MADE WARMER THAN THE QTHE.R THEN 'THE
;.._._..THE.RMbcouPL.E_ WILL GENERATE . A SMALL
VOL‘TAGE SOME. METALS AND  ALLOYS

o WORK Muca BE_TTER. THAN OTHERS N
_?..__.THE.RMDC,OUPLE,S You CAN  MAKE A
o SAMPLE ‘maRMocouPLﬁ FRQM A PAPE.R. cuP R
_?_.__.;AND SDMF_ CDPPE_R WIRE. | |

;_c_ec_,.;)_ .-.CR&FER_;F_QQE.)@.;. ) WoT
o IuneTion D b ( IUMC‘TIO!\J

. SOLDER T || ;QDPPER i ot-Df.R

WERE | HF_R.E.

D00 O O O O O O | PAP ER £ T O O O OO0 WO W O O
. ii l=<—cLip  —>

U w\KE_

.____....._comuac.'r 'n-us ‘S‘lM?LE. THE.RMOCQUPL& -ro A
.D\GITAL . MULTIME.TER.. IT Wil GENERATE up
~TO A MmiILLluotT OR So ( 0.001 VoLT) WHEN
:-___..___THE HoT Iuwcxlou s HEATED B‘f A MnTCH

A THERMOPILE 1S A SERIES OF MANY
e _THF_&Moc.ou PLES THAT GEMNERATES MORE
5‘.....V0LTAG£ T'HAM A ch-,z.& ‘FHERMOCOUPLE..

A‘r““- HQT S
J'uu crioms §

C‘.OLD

qu c:moms

_ ._._.cj:o.P.P.e.g_ .:._._._QAP:E_&.. cue S

f. _TRE. IUNCTIDMS CAN.BE
"\ ARRANGED IN A STAR SHAPE
_CoLD | HoT WA KOT. Jumcﬂoms N c;Em-ER.




s T S WU N

An. OPERATIONAL AMPLIFIER Wil M._?L.J Yo
THE. TINY. VOLTAéf_ Geweamam BY A .-
..;.THE,&MQc.muvLE.. o 100 N0 WS U WO WU FO SO S

RL KARD
_TO. ADJUST. ?..
RE.UE.RSE.
coum&cnws
TO + AND * -l
q va L:rs

\

__THERMOcoupLE [ . Y

| IUNCTJDMZJ’ | . . 1L

"""E'R:L CQMTRoL.S +9v ' |_ v
OFF SET VO LTAGE e _ I

__..;_THE, ou-rPu'r UOLTAGE. e:au.s wHE.M’:.J'lJbJQTl\ON'
1 )5S WARMER THAN JUNCTION 2. .THE Ou-rPqu
____..E;vot.-r&c-,-e_ RISES WHEN J‘UMCT[DN 2.
CWARMER. Tl—\AN IUNCTION 1. ForR. BEST
. REsVULTS, USE ANALOG . VoLTME.TE.R FIRST.
. SET R4 r-o& _ouTPUT OF A FEW TEJ\JTHS
e OF AL VGLT THIS Wikl c..ET YOoUu WATCH
_ ouTPuT VoLTAGE SWING BACK. AAJD Fom-t-\
z,_______;_____._gDePENDw6 ON. WHICH JUNCTION IS WARM,
_ AFTER You LEARN TO ADJUST RL. (BE. PATlENT):
DU _CAN USE A D\GITAL vo:..TME.TE,R.
_NOTE THAT THE RISING OR. FALLIN G ueLTAGE
f_._\.._}...__:@C.AuSE.D BY.  HEATING ONE OF. THE . ;rumcmous
__WILL SUDDEMLY STOP AND BEGIN MOVING  In
. THE._OPPOSITE D\R.E.c:raoN THIS HAPPENS WHEMV._;;_,__
m& Hr;m‘ 15 CONDUCT&D 'rp Tm‘.' COOL ;ru'c.*nw




‘sffLL Dc,fiCToR cyinu;s

USE THESE SIMPLE CIRCUITS. TO CONTROL
DtRECTlON OF ROTATION Ama SPEED QE_
SMALA. LOwW- PDWE.R. D:_.c,. MDTORS.

WOT0f j\ ERS

S:L‘ DPD'r THESE. ClRGulTS
'5 W |T C H S 1\ .. CONTROL DIRECTION

. A ....OF ROTATION OF A
-R_MDTOR MANUALLY
R OR. wm-\ A Loerc.;_._..
..g_._S\GNPiL o]

o ___MQTOR. MuST NOT__
.. EXCEED PO w&a |

__RATING OF
| _._Powea MOSFETSA |

Low = FORWARD Q- Q4: TRF-S11 oR.
- HLG_H.F RE \g_.ERs.E. o __._._,.____._s_;g\_.mu,.a__& POWER. Mosﬁ_;?.]f_.__

= UARIABLE SPEED. COM TeoL: [
.__.;Cur AT “x” | AND ADD F—




R?.'. CQMT&CDLS
SPEE.D QF MDTOR

?”IRF 511 m;
/ OR SI Mu.AR
__POWER

_____.__MQSFET‘

; 7 NN

f______.Sss AND QL DEL!\JER STR.E.AM oF Put:sr;s
TO MOTOR. INCREASING  THE PULSE RAT‘E. .
INCREASES THE SPEED OF ROTATION. DL . |
__PROTECTS 55§ FB.DM Mmp& G,EME.RATE.E)
| \IQLTAGF_ SPIK.ES R R O O T O OO

L jLow= Mo-roa OFF Q1 TRE-s11
;._.ﬂ._J{H\GH" MQTQR om b OR_SIMILAR. | L
bk . Powea Mos&‘-&.'r et

H ,._’_ R ._._.,.:,._,_ﬁ_: B ,...,_..f_ .

) Tt—\iS cchuuT use.s uwusﬁo ‘1011 GATES
_ .._! FROM CIRCUIT ON FACING PAGE TO. éluE
_VARAVABLE SPEED AND D\REC.TiONAL CQNTROL
TQ MOTOR. R2 CONMTROLS MOTOR'S SP&ED.
1F MOT‘QR_ FA!LS 'ro TuRN, READIusT R2.




INVERSE SQUARE LAW T

.SOUND. \WAVES :_._SPR..E-.:AD OUTwARD /-\s THEY
_TRAVEL AWAY FROM THEIR SOURCE. So Do |
 ELECTROMAGNETIC WAVES SUCH AS LIGHT
1Awb RADIO wAVEs TH& lNT‘ENSlTY OR
. STRENGTH OF SuCH wAvEs 1S INVERSELY
. PROPORTIONAL T™° TRE SQUARE OF THE
. .D\STANCE OF THE WAVE FROM TS SOURCE...
_IN_ OTHER. woRDS [F THE DISTANCE (S 3,
. THEN _THE INTENSITY ts .1/9 THE. !NTEMSITY
__;:wHEN THE D\STAMCE LS.l L

LI C-.-HT
! S.o.u[i.c.E)

| 1/4) L

THE wvaase
SQUARE LAW

DOES NOT APPLY

TO NARRow BEAM
\ LIGHT SouRces
L\KE LASERS,
AN

ggt ME.NT

1l.0o00 . i 000
1/4 (_.zs_o). . .R3S8
..1/9 (¢.111) . 150

1/16 (.0w3) - A28
1/25 C.o40) . ,087S

INTENSITY

o

DISTANCE
22 HENRN



..,.,.;\rou CAM TE..‘ST :n-\s_ imve&‘se__ SQUAR.F. LAW.
LWATH THE  HELP OF A  SILICON. SQLAR
~..CELL AND. A STANDARD Muums'rea SEJ" ‘r@f
5..§M£ASURE Cu&ae.ba'r o

=} METER Dc: THlS E.x P&mME.MT"
: o witH ‘SuBDuE.D BA,QK.
o GROUND . LIGHT.. PuT
iV BRT SOURCE. AND
__SOLAR. .. ..SOLAR. CELL ON. BLAC.K...._M.E

wm DDES THE. EXPE.RlME.NTAL. ._3_,CURV&
__DIFFER SOMEWMAT FROM THE THF_QRE.‘T*\CAL;
_CURVE.?  THE mve,ase SQUARE. LAW. ASSUMES . |
. THAT THE LIGHT souace EMITS UNIFORMLY N
_ALL DIRECTIONS. REAL LIGHT SOURCES Do
. NOT NECESSARILY OBEY THIS ASSUMPTION.
. _FOR BEST RESULTS, THE DISTANCE. TO THE. FIRST
. MEASUREMENT POINT SHOULD BE. AT LEAST m o
'....20 TiMES 'rHE. SIZE oF T’HE. souace S WO IO O




_OF ABOUT 0.02 SECOND.

-.__'.__;......,R&S'PQND TO
__TO _ABOULT 7.0 000 Hz.

ﬂ:::.:ucs HT L) STENER

_ THE HUMAN EYE HAS A PERSISTANCE OF VISion

 THEREFORE A LIGHT

_THAT FLASHES ON AND OFF MORE THAN ABoUT

. ..SO Mz APPEARS CONTINUOUSLY  ON.

._._..Hu.MA&_EAR IS MuUcH FASTER AND cAu ]
SQUAND. WITH A _FREQUENCY. u?
THE LIGHT LiSTENER

THE

 TRANSFORMS THE PULSATING AND FLICKERING
.OF LIGHY THAT THE EYE CANNOT DISCERN

INTO  SOUNDS THE EAR CAN EASILY HEAR..

Ri
lOO K

OSC.ILLAT[OM

CZ PREVENTS

BAT TERY LEADS AR
ML;ST BE SHORT. . .~

____PHOTO- |
_TRANSISTOR{

Qi

AINSTALL
CIRCUIT

_ PLAST%C. R3O

_ CARINET, | 10K

R2 _CONTR.O_:L.:.S.
 GAWN

R3-VOLUME
CONTROL

CAUT\OM' P = -
'rms C.lR.C.UiT CAN PRODUCE LouD SOUNDS Do
_NoT PLACE. SPE.AKE.R ca.osc—. -ro YOUR EARsl

29 |




':MA LmE.-PowE,R.EE 1NCAMDE$¢E&T Lamp_
'.._._wu.f.. PR._oL’:ucE. A HC_JMMIMG _SOUND.., A

u:un' WIL.L Pacmuc& A.,,;:. Pm.swe -roms_, A; <
44 CAr-«LERA FLASH uut‘r uuu.L __é'__!=..R<:aDuQE Ai \__,Eop

FoR | gest ResuLTs |
_Qis LEADS  MuST BE
scatz @.e.\c:ru lN' _-rAa.c.ep.g

i — N
: o'i\\

"”'fﬂ.u ORE'S GENT LAme L e T LA

s::wns BRquceb sv
__OTHER LIGHT scu&ces
b ... PRE DESCRIBED. OM
ELECTRONIC FLASH __Nsx-r -rwo PAGES.

._.._._.5...___PHoToTRAM SLSTQR Qi C.AM aa Re?mcao e.x A
___SDLAR CELL, CONNECT c:Eu. s PLUS () L.EAD *rca
.___.ci AND MLMUS () LEAD. -ro ea.owuu cl-) amn- Ri,é
ff.,l.wsnu-r L.IGHT us-ramaa——ﬂﬁomue.c:r samf
?_..._\.,.fi__.._..C;E:L.L TO. . MICROPHONE. ANPVUT oF BATTER.Y
i;__._.Powﬁﬂ,F.D Aumc: AMPLIFI&R "

k’"“‘LE.us
usﬁ Mnamr-vwa LENS. .___._..,,. N~

__TD _INCREASE  LIGHT —
. LISTEN E&‘s DETECTION
- ______ Ramc:ﬁ.,




L\STEN\NG TO NATLIRAL LIGHT

SUNLIGHT. WHEN THE(R

_____,_____UUALK ou'rbocﬂ.s OM P:NY
. SUNNY  DAY. SUNLIGHT .
_..,__;____._:F!LTERWG THRouc;H LEAVES L
T PRODUCES VARIOUS. SOVAIDS. .
SO Do REFLECTJONS FROM
;.,_.._..;wimoows _SUNLIGHT. THRoucH

AL Ple-E.T F—ENCE FRouucﬁs

-Aé Z PQP PoP POP.

L GHT Nm G L _._._Fz_asa.s_sf. PRé:mu_c:jE
_SHARP  CLICKS AND POPS. . Ny
 WORKS BEST AT N\GHT. ... . ...
_SYSTEM  WILL DETECT SOME .
__LIGHTNIN G MISSED BY EYE.

__CAUTION DE.TE.c:.T LIGHTNIN G
__WMKILE INDOORS OoR IN CAR!
_ _DISTANCE [N FEET TO LIGHTNING
1S 1080 TIMES SECONDS. -
_BETWEEN FLASH AND THUMDF_R

__FLAMES PRODUCE VAR\QOUS . .
_SOUNDS.. WHEN THE AIR (S
STk, A SOFT RUSHING

~....SOUND . \S HEARD. \WHEN

.. THE FLAME. (s DIS'TURBE:D
. BY MovING AIR C.R.A(‘.KLES e
_AND POPS ARE HEARD. -

 POINT THE LIGHT LISTENER'S
'...DE.TE.CTQR. AT INSECTS. FLYING

__:__._._wwes REFLECT  LIGHT TO
__THE DE.TEC‘.‘TOR A BuzZ2 OR
o BUM WLl SE HEARD. A‘r.;_
_Dusk A NEARBY FJR.&FLY Jode
. WILL PRODUCE A SoFT .
_CLICK Fo&._EAcHL .FLQA.SH-.._._;_ e



iy b

SWEEP THE EBEAM EROM
o FLASHLIGHT A,cg.css THE.
f; _____,_,J_\ GHT LIST ENER'S DET E.c-raa.
SLOW. SWEEPS PRQDUC& A
LSOFT Sw\SHl‘_.@ SOUND.

f____nTAP_ THE ELASHL!CSHT WITH

'___,.;PEMc.u. AND A RINGING.
__SDUND  WILL RE HEARD AS
'ma FILAMEMT VIBRATES._,;_.___.._-;__._i_...._,._ ELAS

_____.THE uEAbLism‘s QF _
__CARS, TRuC‘.k’.S AND Mm-ea-?
__,C‘tCLES wlu. Pgooucﬁ. A
ok DLSTIN CT WE  RINGING
. SOUMD WHEN  THE VF.NC.LE.

. \S MOVING ON A RoueH
.oa KUMP‘( RDAD R

L ELﬁc_mom G DiSPLAYS ARE_
. USUALLY POWERED BY RAPID .
... PULSES OF CURRENT, THE
. FLBASHES ARE MERGED ww
. CONTINUOUS LlGHT BY. THE. |
. SLOw RESPONSE OF THE E,YE
. BuT THEY CAN EE HEARB AS
A Bu2z OR HUM. WITH A

'L..L\GHT LlSTE.NEﬁ b -

_.__.l\Mc‘.RomeE. OUE.N

._._.SETS AND co M?UT‘ER i
§.M9w11035 ARF_ FORMED EY
L SWEEPING AN "BELECTRON
.. BEAM ACRO ss A PHQSP&OR et el L
.COATED SC&ﬁEN. TH& LlGHT
LISTENER TRANSFQRMS THE
.?PULSA-rwG PHQSPHOR T0. A suzz,




~ MONITORI NG SUNL\ GHT _
 Much cam BE LEARNED ABOUT THE EARTH® s
: ATMos PHERE. Bv Moml'rofatm & SuuuGHT.
'fj_fTHE SOLAR SPEC T RU Mo

:____:___'____ce_armu GASES AGSQRS SPECIEIC wAvE.LE:.NGTHS_
?___.oF- SUM.UC-SHT - At St _

___..oz; ) _; oxvs&u
co,.‘ CARBQM Dtompﬁ
HzO WATER vAPo& |

o
] ? :

(u . Am Force, 1%5)?'

H;O AND CO;

i i l .l 'l A l l. ' i l_ l l'. A \‘ A

e q 8 11 | a

w o
T

wAve.L&u C-STH ( wc ROMETER s)

“ﬁTHE SOLAR DAY

THE SOLAR Powea AT THE EARTH' 5 SuRF&ce
,__;.___.,_,mFLuENceu BY THE ATMOSPHERE (c:.ouos pusr,
_...5MDG, ETC.). AND. THE  SUN's ANGLE . crwe OF |
DAY AND SEASON). HERE'S THE SOCAR POWER .

FORA CLEAR SUMMER onv ud C.E.NTRAL TEXAS‘E..._;_.._._._..___.

DE,T&c.ToR i § J:*‘DIRE@T Surd ot
| PoinTED. annn AND. S\cYu@HT
sl UPé " cLoubs THAT 1. O U O O O 8 O
' _BLbCk . SUN. SO0 NG S S S
CAUSE. DIPS —-—” A NG
i i : 1 H i i i i

6. 8 10 . 12 4 161820

]
4
]

CINTENSITY

Hou R (s UN. TIM E, JUME z,o‘m&‘a) ]




H H i i H H H
S S S W.,_,\%w H § ; ,,. S S
. -MYYQU QA,N. N\AKE,=AT,SQLARQ ..... S . “,\, . SUN
-~ POWER METER WITH A i f}

CELL Auav.A MQEEIME."J’E.

TO READ CURRENT. . EHE.,
il CORRENT  FROM THE c&u.
. REPRESENT THE SunLl GH. &
L INTENSITY OVER. IiHE. ..... 50 _f o
' LQ_‘,S__._.;M...E:,EE.QTR AL RESPONSE

L ‘__...”'AL MULTIMETER

PUPHRIDE SRV S— T

,.m,'-,. ._‘ . .,,, — 5. U SO SOV S

,M_,l Qé,c;aa.o SOLAR  POWER Evﬁgym_,mx.a WoUR FOR ||
,____A mw MAK& A QRAPHE.QE.?..Y;QUR MEMug&M NTS.

&F&Ec'r‘ "ca ;:i:vaamus cwubswars! Suwug.u:,

M.\.ﬂ.,gn...m.@.m. ,,.?, oo - ST PR S S S

éo 3 ww.l ,al-l o

»-\. é

J&:’Ob AJ

gs_ mm ,,:-su&.u.éu-r .,:A‘r

.,Am mf fggA., ««««« i




'"”‘i','_"ﬁ._'Emc_E_c.TRoNlc, ClRCULTS THAT. OSCILLATE. ”oa.'"«'

_ SWITCR CURRENT CREATE. ELE.cTRoMAsuenc
_FIELDS. :n-us CIRCUIT _CHANGES A PuLsing
___OR oscu.z..ATaNG ELECTROMAGNET)C. FJELD |
._____INTD SouN D. L

PROBE TELE?HONE.
- PlC.KuP C.mt._.

KE-E.P BATTERY LEF\DS
SHORT TO. AVOID .
OSC!LLATIDM;._._.__;_.._.._3

-;Loxﬁi <O T O O A N2 I/

R2 Co NT Rm.s

\io L.u ME_ . ai_n_i 3 B B
' SPK.R.

 CAUTION: THIS CIRCUIT CAN PRODUCE VERY
_.Loud. Sov NDS. D O _NOT US E EARPHONE. OR .

__._.;I;_..v_\.,.PL.ACE SPE.AKER. cuose o ynuse. eags! i




_TEST. r;-te.baoée, BY. PLACING
_PICKUP  CoiL NEAR R&c&w;a
oF TELEP&—\ONE umossr. *V@u

.- _.__._-.._._Rua MAGNET’ AGAMT Plc.lw
.___;.cou.s. Nouv.. WILL  HEAR. RusmMG
,__._scuuas4 lF AMPLiPIE.R. i@ueAr_s
REDUCE  VOLUME. LRZ). You

CAN Ac.so REDUCE caAw c:F 7‘1,1
__BY RE.DUC,\NG RE.S)STANcﬁ QF P-L

} _.,NE.A&BY LlGHTN)M& FJ-ASHES
I V) TN i Paoauc& C.P-P%C-KLE.S
_AND Pop's.; sFARtés AT s&uwgs
_OF Dm.e,cT c:uRRﬁmT Mc'mﬂ, -
i....,wu.t. PRQBucE. A__i_.___suzz .%;a.R

. lO PP.\NT Bl |
1 '2.0 GOTD 10 )

Bun&
H

GE.NZE.&AT& ELEQtROMA&NE;};
_é,.__.F-lEL,Ds, ..... TR‘{ PLACING THE
— PICR VP COIL  NEAR . CoMEuIﬁ:&S
(EES e} RADIOS, TELEVISION. sLE:rs&,. 1

F-LUD&ES CENT . LL@HTS RADIO.
. LONTROL. _TI?APWSMH:TE.:R" LAND |
IN. FR;A RE‘.D;_._&&MQTF_ CDNT‘RC‘DLL RS,




WIND SPEED INDICATOR

:];fA SMALL D.C. MOTOR WILL GENERATE A
_VOLTAGE. wHF.N ATs ARMATuRE. s sPuM

THIS PRINCIPLE CAN BE USED TO MAKE A

_ SIMPLE WIND SPEED INDICATOR. THE MOST

DIFFICULT ASPECT OF MAKING SUCH AN

INSTRUMENT 1S MOUNTING AR coLLEc.T.lo_r.;l
CuPs . TO THE. MDTORS SHAFT. THE BEST.

 METHOD (S TO WELD THE CUP HDLDER To.

TRE SHAFT. HERE IS ONE WAY TO ATTACH
AR cuPs To A MOTOR FOR TEMPORARY USE:
ALUMINUM. L-32. .

(8" TO012") HAROWARE

\}.‘

_1/2_ PLAs-rtc
 EGG | PR .
[0 I | | . CEAR
_ INSTALL GROMMET | |
IN HOLE DRILLED
AN CUP HOCLDER.

D.&. MOTOR

(\VOLTMETER ; \ o ¥ H.

ARE THOSE SPIN

THOSE DESIGNED
_TO BRE POWEREP
BY SOLAR CELLS.
_MOTORS _HARD. To
__SPIN._REQUIRE
_MORe. SPACE
BETWEEN CuPs.

THE BEST MOTORS

EASILY SUCH AS

| CP : | y 7 _\\\\\G"
\ _ @‘“1 _@_—\ \

. o e, S RUBEER. .
_ GROMMET
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__..Plan ....... Buzzﬁﬂ wu.L._
b EMIT _TONE WHEN
| RAIN. ] RAIN.__DROP. PALLS
_SENSOR... | . ON_ S'EN SOR.. Towe..\._._‘
U S U N -._,...wu..l.. SOUND. UNTIL
SﬁuSOR AS. ‘re'mu*r
DRY. Ri. CoN T’RQLS .....
SﬁNSlTSV!TY

S SEOUR: SHUVUTONS: JENUUOUON. SUANN. JS. WUU—G. SOPN":

o) Piezo i
3 uzze.R

BN ff*opﬂoum | EEEEEEENERE.
(q voit, se0 J‘L) e O S T O O O

RAIN S 47
SENSQR DR‘{ wz-.T

._.To resr couuscr__.__;_._
_LED. TOUCH MOIST ..
S0 U U B ' - g f_ ; L FINGER TO SEMSBK_['
Rmu CAUSE.S ..; . _ADIVUST RZ umTIL
é....,,%.,_.___ﬂOuTPu'r T0 . LE-D ‘IUST GLowS. LED wu.L_._iﬁ____
} _._\.GD Lcw. L GLouu umu. SE.MSQR oRtE.S

e 35 +-




I A THERMISTOR IS A TEMPERATURE i
9 DEPEN DENT RE.SISTO R. THERMISTO RS C.AN....

_BE USED TD MAKE VARIOUS KINDS oF
] E.z.e.c_TRomc THERMQMETE.RS.

. H E R f\ S O R C \ RC U \TS ______ |

OHM

..TO.
. _M.F-TF-_R -

.
—
‘-

__THERM\STOR AMPLIF\ER
?;..._..5__+QV I T ; Rz USE wwH
-' : .1:_oc:)\<. . _D\GITAL VOLT
. .. METER. T
___MAKE AcCcUR ATE
Ll 'THER.MDMETER

_ SEE FACING PAGE:'.?.W_T_
. TO CALIBRATE.

- Vo vt =2.* RZ / R Z

RN R VALuE.S FOR. THE.RM\STOR

j.....,.lNC.RE.ASF_ RS s RES\STANCE T lNcREAS&
SENSITIVITY OVER SMALL TEMPERATURE.
RANGE. REDUCE R3's Rasns'r‘ANcE TO
_REDUCE SENSITI\WITY OVER LARGE.
TEMPERATURE RANGE. R1. lS.._ZERD ADIUSI

1 36—




BR ATI . N |

.__._._WATE.R PRooF THﬁRM\SToR LE.ADS wrrH
. SILICONE SEALANT AND AlLLOwW TO. CURE. DIP
THERMISTOR IN HOT WATER AND R&coRDi
R-.ES!‘STAMC.E. VOLTAGE. OR CURR&M’T AS
_.,.\__.T'E.MP&R.ATLJR.E LOF. wATE.R FALLS ADD
lC.E. 'ro sP&ED c.oouue. | .

i TH&RMQME‘IER N/

_ — 2 wm—i smceue SEALANT

000 0 N U000 5 O VOO U O O O C_ KOH M§ L
~.300 _.__i.___.,;j.__._;_.RAmo SHACK ...-s0ol 32.q 2.
b PRECASION i ?.S.__ 8. ‘-l
200f\ ..-ms.g.wsTaR o] 2.'1
kN ._._c.m.\easx-r u;:n +zs
~toob N\ oeu IRMBL. s A ] 5'0._ BT IS5 S
o T e o S L J -+ :LO o O
- -s;:: 28 o +2.$ *75‘ *ioa |

RES\STAMCE (Konms)

TEMPERATLJ RE c c:)

"'TE .‘ P E R T U R E S W \T C H

ngiﬂmwm@m,ggM;mmngzusT az
41k S unTIL L,L-'.D_
. _TURNS OFF.
1 WARM THE
B j...THF.R,MuSToR
;;To TURN
ow LED.N

| f RZ S
S OK

| REVERSE CONNECTIO NS::_.‘:—:._.
ok TO REPLACE R3 _TO PINS 2 AND 3 TO.
AND L.ED MITH. RELAY. REVERSE. QPERATIDN._._

kY




__._,__MOTION DETECTOR
_WHEN_ PROPE.RLY AD:rus-rE.b, THIS
:_..._._SKMPLE. CIRCUIT . WILL DETECT THE
_____:g____ﬁ__.MQVEME.NT OF AN_OBIECT wn‘HiM TS ..
_F\ELD OF._ u1E.w. _THE DETECTION .-
. RANGE C,AN &J:-. TENS oF FEET

FLAT PLAs-nc
FRESNEL LENS \
. | Do .}

..'”'_'_;'ﬁﬁffj_fpf.Aca cds CeuLs
) BEHiND FDCAL Pom'r._.._

-
Y

(LIGHT TIGHT &ch.osuné
A Pmm— :Nsroﬁ FLAT ELACK)

Use

F-LAT MAGNlFYIM G FR&SMEL '_'_"”f_w_':f.if_:.

 LENS AT LEAST (o INCHES. SQUARE.

 POINT LEnmS AT AREA TO BE
_MONITORED. ADJ’UST R1 UNT[L

'"”f__.__oa.rﬁc.-r wiLL LLGHT LED.

" R2 ok To.
1K

R2 AND

PIEZO

SOK

-__:_,':.'Mou ING. OBJ‘ECT

AT ONE OR BOTH

__LED TUST SWITCHES OFF. Mov\Ncs__'__'_ff_'__f__'_ﬁ;..'_.'_

REPLACE | _f i
LED Wit

RUZZER
o..g_ RELAY 0

CHAN. GE.S L.\ GHT (.E vf. ¢.

cd s PHOTORES(STO as,

R T INENEENEEEE .




__?__AD_TusT R'-l
i DNTIC MET ER
NEEDLE. CE.NTERE.,D
. WHEN ROTH ce.:.c.s
?_..._E.QUALLY iLLUMIMATED

PO S lTl O

U&E. ‘n-ns Cch.u;T ‘ro mbicmt PDSITUDM oF
__A_BEAM OF LIGHT . FAz.umc: ou -rwo o]
?__AD J‘P\C‘.,E.NT SOLAR c.Ez.:.s ]

»e 10K ;ﬂ; To EALAMGE_;_
_f ; f_ /vv\ - TWO. LIGHT
| 10 0 T O A SOURCES.

. -—cw ~av

"'”5?'.':_":'1'&5'\- WITH. S‘uPER smem‘ LED N CLEAR PACK.AGE

_ BEAM STRUCTURE MAY AFFECT READOUT. (F ONE

| CELL GENERATES MORE UOLTAGE WHEN LIGHT

_ LEVEL 1S BALANCED, REDUCE OTHER  CELL'S .
- INPUT.. RﬁStsmur_E CRJ. oR. 93) .

CLOSELY (S |
SPACED . §

omerer (||

L LEFT. b JCENTERED) .} RAGHT |

=

i¢wéfwé€m?3qem}



"ﬁﬁPRE SS U RE f.:ﬁ.EN SOR

\ 5____THE_ CDNDuCTw& FOAM PLASTIC. w WHtc:'H"

STAT\C ~ SE.MSI‘TI\JE. COMPONENT L.EADS ARE.

,___.SE;MS\TWE_ RESISTORS. You CAN USE A
PAIR_OF SucH. RESISTORS TO MARE A

A PRF_SSURF_ SENSITW& RESISTOR = CAN
E& USED  TO MAKE ﬁw EL.&CTRQN\C.
.:SCF\L.E. _____ A SIMPLE ACC&LE.ROMF_TER. CAM

___i.UUF_\GHT TO. -rHE MOVARLE. CONTACT OF.
A PRESSURE- SENSIT[VE. RESISTOR.
’...HE;RE 1S oNE OF MANY  WAYS TO. MAKE
r..A PRE.SSURE.-—SEMS\T\VE. RES!STOR

D\SK
(MOUAELE.

Wire —
_LEAD -

”..é,________PC.AST\C

_.5___ cOPPER.
DISK.

_ PRESS
 DOwWN
_HERE TO

 RESISTANCE

TL;IBE

INSERTED CAN BE USED TO MAKE Paessuae—f”_____".g'ﬁ”["_-;

PRESSURE - SENSITI\WWE. COMPUTER . .TQYSTICK..._;”_.._.If?._.:._i

_BE MADE BY ATTACHING A LEAD msaws

o C_ONTA.CT) L
CconbuU c.T\uE

FOAM.

. CHANGE

|« PLasTiIc

[__.:,___.,_;cooPs.R Dtsms CAN BE PE.NNYS _COPPER
_FOIL _OR COPPER~CLAD CIRCUIT BOAR..D Pous.H.__z_._

 COPPER BEFORE SOLDERING‘: LEADS.
-'Ho




_ "if';:f:tt:PR ES su RE SE s \T lVE SWITCH
:W}f'f_mﬁﬁi PRESSUR.E. +‘iv ADIUST Rz IUJ\JTIL
SENSOR et 5' A LED SwiT‘CHES. OFF..

1ool<_:_ > L 19 (

Bu _'_'ﬁ_'Rz.
.1 OK
T O

?._...jf_.._..PRESS bowu ON PR.E-.SSu?.E_ SENSITW’E.
..?R.E.S\ST.DR. ?.:L To SthcH Qh) Q:L AN{: LE;D,_

"‘”"éi__:_;_PRES Sus E SEN SITI \/E T.NE

Ri: PRE.SSURE. . #9v .__E.__.._.NOTE. Nou cAN. -
semsoR A MAKE TEMPORARY
RN ENE —¢—4 . SENSOR SIMPLY BY
13. 1

. _,_.____z_.___.INSE.RTIMG wfRﬁ
oot LEADS M FOAM.

(o Sss | on i

| SPK&

D —
-..'

.Qg_E_ss Dowm ous.\ PR.E.‘SSURE. SEMSIT!VE. Lot
f_.__._.._;.____R._Es;;\s,_-rog Rt 1O INCREASE m& Faﬁausucy




 SEISMOMETER

A SEISMOMETER S AN INSTRUMENT THAT

__DETECTS THE EARTH MOVEMENTS CAUSED BY

. EARTHQUAKES. A SIMPLE SEISMOMETER CAN
. DETECT EARTHQUAKES THAT O0OCCUR THOUSANDS

_OF MILES AWAY. EARTHQUAKES CAUSE SEVERPL

. RINDS

s R

i B R

. EARTH [ &7 ST

-

TTebRek el ]
. WAVE

_CORE _ CORE

 SEISMOMETER

OF SEISMIC WAVES INSIDE THE EARTH.

A SE\SMOGRAM IS A GRAPH OF THE EARTH'S |

MOVEMENTS PRODUCED BY A SEISMOMETER:

P WAVE ARRWES FIRST.




N Am Y DIFFE RE N T Kivds OF SEls M o ME TE R.s
- _?._._..._ARE.. AuAtLABLe Two E.XAM PLES P30 DU DU O SO OO S S

wm@m AN nsm.u.s | hoR r?.oNTAL eendulom

 WEIGHT AND STYLUS M oToR

SPRING  RECORDIN sn&um

 MOTOR  RECORDING DRUM

SEISMoM&TER
FoOR SENSIMG
HQR.lZQNTAL

CBACK AND. Foam).é._.,_
_GR_-ouup _ MoTipN._;...._..

SE\SMDMETER
FDR SENSkM G

‘é—' VERTI\CAL

(0P AND bowga)
_GR.ousl:D: Monqn.?

 SEISMOMETE 'g's*

SHOULD BE
FlRM FOUNDATIDN

_OVER, IF POSSIBLE,

EE‘.D RDCK.

"5?'_:'__;__:_f?be'”&6#& N FORMATION  ABOUT. SE(SMOMETERS,
__MISIT A LIBRARY. " EARTHQUAKES " (w. H. anaunu_;_._,___
,_..AND co.,iqes) Bv BB.uf.E Boc:r A5 A Gooo BcoK,

‘-13



 EARTH MO;;L’.E N\E NT SE NSOR

-'::::Tms SIMPLE SEISMIC SENSOR MAS DETECTED  .::'  _ 
-...TRALNS MORE 'n-mnu omE. MiLe AWA‘Y

|12 4:«5‘; :D t"’
® - —=— ©

2 To 4 _HEAVNY.
__FEET
L .Wl?»&
oR
CNYLon |
LINE

... AvVoLID ..
. MoviNG |

. MmAgmneT |

-‘—-——-'- S'ru Ro\r BEAM

| USE. Tms TE.MPDRARY
{  PENDULUM FOR .

NS TALL Pi\ckRUP Coill ON.
) SUREACE THAT cnu BE o
..MDVED DIRE.C.TLY UNDER MA@NET___..;___._

: ADJ’US‘T ME.NT PR.OC.ED\JR_E.
_PLACE A MAGNET. Dmecnv oN.
TOP oF PiCckuP colt. |
. R2 uUNTIL LED JUST SWITCHES
___OFF AND DOES NOT FLICKER. .
_REMOVE MAGNET.
_FLASA AND FLICKER WHEN THE

INATIAL TESTS

AOTUST

LED SHOUWLD

1S _MOVED NEAR. '-rHE.'__.

_PlekupP  couw.
_P\CKUP ColL D\REC.TLY UNDER
_ PENDULUM MAGNET. -
i To 1M u‘— CIRCUIT -roo SE.NS!TWE.

NEXT, PLACE

~ CABLE

THAN 2-3" LONG.

Pickue
. colL
o Cuse
_TELEPHONE

 PICKUP Colb +qv .(_+|
_OR_9- VO(.T i l
qy

LE.AD.S ; .SHQRT’.

RELAY). V.

KEEP BATTERY

]r—

i.QsEfjsHLngaD”ijf_.wjfi.
IF_MORE

REDUCE Rl._.__

| REDUQE ‘T‘Hts SPAcE T _R1 |
TJ!MCREASE sansmvn"r |




__.;______FDR PERMAMEMT usE.
. INSTALL PEMDULUM ot
.. AND_ PiC.KUP colL IN

_ METAL oR PLASTIC PIPE TO
... PREVENT AIR Mov&MEu‘r
. FROM MOVING. PENDULUM,
... VSE_ L- Baﬁcmﬁrs To. aoc;r
 ASSEMBLY To. comcaare
_._._;._______FouNDAT\bn FQR BEST
. RESULTS.  WHEN RKE wAS

AN BIGH Scuoo(._ N ‘TEXAS,

. ERAC R‘YAN MIMS USED
31M|LAB. ARRANGEMENT .

... TO DETECT. UNDE&GROUND SO T | U SO O SO S O 3

5.....MUCLEAR T‘ESTS N NEVADA..s__..___e.__.-;._..__

;:.THts seNSop. lS ExcEPTmNALLY .saNs,unuE‘
EL LED FAILS _TO SToP FLICKERING |
SEMSlTW ITY. . EiTHER &F.ADJ‘UST Ra OR thREmE_._g
SPACE. Be-rwsau MAGN&T AND Dic.ku -

AD :UST Pos lTlDN oF MA@N E-T

B\z MDVING cAP UP OR DQwN
ré__.._votl E’av Maume PENDULUM

REDUCE. THE

CQH’-

’T,t-_iRE.AnE.D _og

ogsg_RvA-noM PQRT TO Qgsgp_u&_g_

. MAGNET. COVER WITH CLEAR
PLAS‘T\C. wwbow. | |

PORT

OB S ER.V A'_Ylo tsi

i R 4 _:':II:":'fW_’ox 1o .P-EPLACE Leo __ w';_m"'
ré_.:_._._1ox< Y Bu22ER OR T USE BoTH.
A -‘W ._lMce.E.ASE 9.3 To RE.Duce vaLur-cE..;.,....;;.

OPTloNAL. PtE.zo
A’ BU22ER; CHIRPS .
‘.._wHEN LED FLASHES.Q




“fRFTELEMETRETRAMsj

\TTERf ;

:'_.:.:_'___.:...”...(_RF) TRANSM\TTER wu..t.. BROADCAST
_ TEMPERATURE AS A SE.FUES OF . CLICKS
_TO. A NEARSY RAD!O TUNED TO  THE

BN THRN _L* Bl

- __.]_Q__i_:- ose A |

- 10MF T i

__THERMISTOR
(10K ATZ s.'_c.)_

LPP _E R END OF ms.. AM BFLOA DCAST. E‘A N o

ih3 _w
_SePA
STRAW

; TAP L] L T . _START

_ANTEMNA ...Q:TURNS TURNS?
| Qla”) N l_1_

. 2M290) .QRS.__.. AN
__OTHER PnP._ _IF

L i N N,/ TRAN SISTOR..

 SOME wiLl
. MWORK. . BE.TTER
_ THAN OTHERS..

L1 USE z0 GAUGE. WRAPPING WiRE. oR

 MAGNET WIRE . (VUSE MAGMET WIRE FoR

Mr.._.SMALLE:.R Coll. SUKN VARNISH. FROM . ENDS
_OF WIRE AMD TAP AND LIGHTLY BUFF

CHARRED VARNMSH WITH SAND PAPER.)

_PUNCH SMALL HOLE NEAR ONE END OF.
 STRAW. INSERT 2" 0F WIRE. THROUGH
__HOLE ANOD  WIND 30 TUR.NS.._ PUNCH

. ROLE IN STRAW AND INSERT 2" LooP. oF

 WIRE (TAP) THROUGH HOLE. WIND 15
___TURNS BACK QUER FIRST WINDING.,
- PunNnCcH  IHOLE THR.OUGH WINDING AND.

 INSERT END OF WIRE. WRAPPING. wm&i_f_f.”f.'_i__ff.

" CuT TAP L0Oo0P AND TWIST EXPOSED WIRES.

A;HbM?,,H+___:.¢M__www,ww;;

1§ 30 wwmwé




"3'_:_':_'_'_31.;‘. use. AA PEMLKGHT CF.LL

CsA I\A PL \‘_ c A |_1 B R A | RAPH

__SILICONE SEALANT. [(MMERSE THERMUSTOR .

Cl mcae;\se uA;.u_efro s:.o'\u

elise me.;;;

i""'_:f_'_:R;L AD .:rUST ‘ro C.HAN GE PULSE RATE,

__,_.WATERPR.OOF LEADS op?;___THER,M\SToR wm—sf

e BAND THE.RMDME,TER AN WARM WATER..
 SWITCH ON T‘RAMSMlTTER ANID RECE;VE.R....;.....;._
_COUNT. NUMBER OF CLICKS IN 1S SECONDS

. AND. P.F.con.u COUNT AND TE:.MPERATUR,E..
5_.._._REPF_AT AS  WATER cooLS. ADD IcE FoR

cm_b TEMPERATURES, SAMPLE. c:AusRATLoN.%;

c)
-
1]

: § : ; : i ¢ ¢ : i t : i : i i i : :
H P o H i H H M : H H H ] 3 H H ] : 4 1
B P NG NG
: { $ : ; ; : i : : %
: : : : : : : : - 3 i ; i ; : i i

”ééme;fm; M;H;;m,iu?;m?;m?ﬁw wNW~W
50 ‘lD SQ QO '70 80 ‘?O 190

NuMGERchuck.s (lsse

TE_ M P E_R A'TU R ﬁ (_ F‘ )

__;_.__._\..CAL.IBR.ATION WlL.L_ C.HANGE. IF R:L
__READ IUSTED. 0K _TO USE FIX&D RE.S‘)STQR
__FOR R1. ClRCUlT woaks.s BEST AWATH
.__.;ﬂ-lf.&MtSToR THAT HAS A RES\STANCE. AT
..\.?R.QQM TE.MP&ELATURE. (.2.5 c.) OF 1@Kr._.__.s..




L ED T E L E ET RY T' RAN S N\ \TT E R .

:.....SUPE.R sau;.m Leo; _ THIS LED FLAS HER.
: | +1 sv WILL TELL YOUTHE
Ll @N A TEMPERATURE AT
12 1 | \Ts LocATION FROM
B |e IS = ANYWHERE MOUCAN
| see (TS FLASHES.
..__39___09_ | CHECK TE.MPERATURE.f
.| OF GREENHOLSE,
< R1. — 1 GARDEN, ETC. wmf.F_
et U sox ]z |4 vou STAY NDOORS.
1oo,MF o WoRKS BEST .

- ){* 3 j 'j‘-"-'.i ~ SUBDUED. L.lGI-IT

i'”"'??’"fSAMPLE CAL\BRAT\ON GRAPH

ADJ‘UST Ri FOR. DES!RED ROQM T‘EMPERA’!‘URE.f.__._.;f,__._._

____FLASH RATE. THEN.  CALIBRATE TRANSM\TT‘E&._g_v_\.ﬂ,;_..

.. AS DESCRIBED ON PRECEDING PAGE.. HERE
s A SAM?LE CAL!BRATION GRAPH b

usE_ THE. RMA s-rog ) / F Coum‘
CWITH RE.S!STANC& . T T s
 OF 10K AT 25°c. | / 1oo________; 41
LI U U N TR VO SO U NS . S ._....qo 29
S .....10| 226
e QT O 2
/ . - ..........4O0f 32
J90UR OUUR OSSO " - 3532 .
30 q?o go | c,f‘o 20 80 90 oo

O I

n
r

 NUMBER OF FLASHES (30 ss,c§
M -: -
AN

TEMPE RA’\‘U RE (:’ F)

CALIBRATIDM ls Fo& NUMBE.R oF FLASHE.S

IN 20 SECONDS. You CAN MAKE A MORE .
_ Ac.c'_uRATE. GRAPH By . COUNTING FLASHES =
lM O SECONDS. R:L c,AN EE EIXED. RE.SiSTDFL..



......

l-lKE. A CRiC ET,
:_._TH;Ek RATE OF |
_CL\CKS. E.MlT'TE,D Lo
—..BY THIS CIRCUIT .
1S DEPENDENT .
_ON _TEM PE&AW&&.__.
i INCREASE VALVE
4 OF ¢1 TO. REDUCE
/] RATE OF CLICKRS.
| OK TO REPLACE
« | SPEARER WITH
N_LED To. CONVERT .
L TR MPE&ATUR.E
... TO FLAS’HIMG
.RM‘&.E OF LED..

 NOTE THAT PlOT 1S z:mgg” AnD mm T HAS
?_,____,A wme. COUMT RANGE.. 100 SO0 VO O O O

G
ul
ﬂ;o. W\TH RES&STAMCE.
:za_ o|= 1.D1< A‘r 25 c.
S . :
OV
w
Q
ol
wt
o0
s

......

e QO
B 51 N R N O U U U B O O
] 3@ 4o s?o:f :aéo 7080 90 100

TE.MPER.AT!JR.E (" F)

| :FQR IS causgmlon TEMPE.RATURE IS ABou
3,.T1ME.S yum &ﬁ& @Ef carc&s AN 1S SE.coN{JS.




LOG DAT\-‘ LOGGER.

-:____.___;_Vou nm\s &ec.@&n ..... EXPERlMENTAL DATA
_..ON MAGM&T!C ‘TAPE WITH THE HELP. OF
A _SMALL CASS'E.T;_.__._ TA?E_ RECORDPER. .
. FIRST, CONVERT. S\GMAL TO BE S‘AuE.D
_INTD. A um:rAcse THEN. TRANSFORM THE.

Vo LTAGE ANTO. AM AUDIO- FREQUENCY
. TONE WATH A VOLTAGE. ~To- FREQUENCY
 (V/EF) CONVERTER. RECORD TOME ON
. MAGNETIC TAPE. RETFL\E,VE. DATA BY
. PLAYING TAPE THROUGH A F-RE.@.UE.NC.Y"
TR uOLTAGE LF/\/) CDNVERTE'R..,.._.

. |CONVERTER{ .. |

swenaAn LT

RE.C_O_R_DER

" JcoNVERTER| ) LTS T

&r—_c.ogaea Vo ::r METER

 FoR BEST RESULTS, USE "é’qALm 'amg’u.;q a
’...j_.._..‘I‘A?E. BETTER QUALITY REC.OR@ERS WORK
_RBeEST.. ’yeu CAN  _SQUEEZE. Man DATA OoN_A
[/

E.':_TAPE BY Rﬁ.c.ognme 5 SE(.,QMD SNAP SHOTS. "




_(EROM  SERN SoR.
_OR SENSOR._
~AmeL FlF_R)

_\.,_._0\;. To conacr
. N/JEL CONVE.RTER
;_._D\REC‘TLY TO
___F/N. _CONVERT ER
..TO CALIRRATE .
,._._SSYSTEM. S.Er RL
_FOR DESIRED . i
,__.CE.MTER FREQLJENCY..

TD

_._._._.QSlGNAL. VQ LTAGE _; |

"——-—-— "“* AQD!D
-__2______ou-rpu*r To R.E(.ORDER\
M\ C R-.O P:l"\QN E.

'. f_'__i_'__'_'_ﬁ_lNPuT FRom. RECoRtaeR‘s
 EARPHONE OUTRUT.

N S S

Tl 11

H\J Pu‘l’

Vm.'r METER -e—-——i-

lSOLATlO N
TRANS FQ&M&LR




"DT, LOGG R OPERATION RRud

_.__.THE. QUTP\JT FRQM MOST SEMSGRS cem ea
,_,.__.CHANGED IO A uoc.:rAGE. FOR ExAMPLe,
_THESE CIRCUITS BOTH. CHAMGE L\GHT .
lMTEN‘SlTY iMTD l-\ VAR\ABLE UOL.TAGE.
Rl S O O 0 O + CIV

;QQK - | -}
SN SO SO S S _ AAN

CSOLAR) | 4qy
__CELL.

: 101< TO 100&

-ﬂmPHQTD?ﬂ;_NL. ;
R.E.slsma

HERE \S A CAL[BRATKOM GRAPH FoR Two
__;__.._.._.UAL.LJES OF C.l IN _THRE F/Vv._ coNuEﬁTER
_THE GRAPH SHoOULD BE. co&szbseab As
. APPROXIMATE SINCE. D\FFERENCES i
__COMPONENT VALUES wtu_ c.Ause CHAuces_é__,._;___?
n\x THE. GR.APH. 15000 00 000 VO VO WO YO0 Y0 R N SO WO §

~ SET RL (V/F CONVERTER)
__FOR DESIRED CENTER .
FREQUENCY THAT WILL BE
ALTERED BY INPUT SiGNAL.

os 1o 15 2.0 2.5 3.0

'7

b

5 :

: |
2

1

BREN \l / F F R E.Q,UEMCN ( an)
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ts ms—.a& A Rﬁmﬂensmp EE_TWE.EM 'rwo sars CJF
DATA ? Ass:c;u ONE SET TO X AXIS ). AND THE
_oTRER TO Y Axis(}). PLoT PAIRS OF DATA AS PoiwTs.
_THE MORE CLOSELY. THE. POINTS ARE CLUSTERED. ALONG. A
LIME. THE BETTE.R. THE. COR&ELAWD& OR AGREE.MJ:‘:NT
OF 'n-lE. ‘nuo Ss'rs oF DATA.

P

s _ocross.&tqqq L

THlS SCAT’T&R
o ..__._GR.APH SHaws ﬁ
N _oF coaaemno»
.| BETWEEN mo
.. DleiTtAL
L _’!H'E.RMMETERS
_TH:E DIFFE.IZEMCE

tp )

W

THIS LINE. _ﬁi 1

o

o

1 ]
[ )

w

s Bss'é-"ﬁrf“

| ™ m& oAm

.__BE.TW&E.N THE

_,' s THE "OFFSET,

Two. AV Eﬂ.ﬂéﬁs

A _CONS ISTEMT
-0 _:F.F E&E.M:.E

N
o
‘ ¢
.

Av:zgaee ?so 3
SS(«OGS'?D?S&DBSQD_ %
ano s HAC.K. 'm&a MoMerE.R ("

§
i
a—
o
]
-
i

SR IS SCAT TER
C.._;_...,_...._GRAPH Sl—\ows
].NO. oBv;OuS
,._._._..('.QR.RE.LAT‘(QN
%] BETWEEN
S . S S . O T _.;TE.MPE.P-ATUR.E.
] ocToeER 1994 . . . _AND. mrmsm
Lo 1 S B ig;L : _oﬂ S‘wu 416!-(1".

220 1225 230 135 240 24S 2SO zss o |
sm.a& csu. cu&&ﬁwr (_mn)

O
A~
]

remgmma £ (°F)

 For s SERIOUS ANALYSIS, USE. A ScEnTIFIC CALW‘ATDR

]__.,,_og COMPUTER . SPREADSHﬁs:r T SRARN ;,youa DATA..




SOUND

WHEN You. HEAR_ A SouMD, YOUR EARS. ARE

__RESPONDING TO TINY, RAPID CHANGES IN

__THE PRESSURE. OF THE AIR. THESE CHA:JGE.S:'_: L

 ARE SOUMD WAVES. THEY MAY HAVE A

 SINGLE PITCH (FREQUENCY) AND CONSTANT
. LoubnESS. (INTENSITY OR AMPLITUDE). OR

| THEY MAY BE A COMPLEX MIXTURE OF WAVES

 WitH DIFFERENT FREQUENCIES AND AM-—

| OoF 1o TIMES. /.
L TRE ANV TIAL _.

_PLITUDES. REPETITIOUS WAVES. OF UNIEORM

_OR_GRADUALLY CHANGING FREQUENCY AND

_AMPLITUDE ARE VUSUALLY MORE PLEASANT
~THAN. tRREGw.AR. Agaop-rw CHANG!NG wwaS

© SOUND INTENSITY

 SincE THE EAR RESPONDS TO Au ENORMOUS
_RANGE. OF SOumD LEVELS, THE INTENSITY .

 OF S0UmD IS EXPRESSED VUStmé A LOGARITHMIC
 SCALE I WHICH O DEC(BELS 1S A BARELY

;"_____p‘:_gce_mggg SouND WITH AN (NTENSITY. OF

| 10712 WATTS  PER S&uAR& METER (w/m )

. paATIO oF 'Mg;s;;aeo  paATio n
i (2] RE—FE.RENC,ﬁ SoumD b ._Q&c._,\.BE.(._.S. :

Qo
o
o)

ARRRPRARNRNRDR R R® RE

['A L0dR 1ncrense
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Sow\m wAve.s Raaéﬁ. F&:)M PURE. 'S\NE-.
_;_.__.:.wAUE:.S T0 . COMPLE.X COMSNAnous OF WAvE&..,,..
. TRIS SINE. WAVE. HAsS A FREQUENC\! OF,

é*‘"""“f;fiiiif;'__fsoL.JND ‘REQUEiCT'f~f§§

1 CYCLE PER SECOND. (1 HERTZ OR. 1uz)

Y

...SeuUND ..
_PRESSURE.

SECONDS |

| THE MonL uUMAN EAR CAN PERc;Ewt‘-_

__FREQUENCIES DECREASES wiTH AGE AND

__SOUNDS RANGme IN FREQUENCN  FROM 20
_T0 20,000 Hz. THE PERC.E.PT‘*ON OF MGH

1S REDUCED BY REPEATED EXPOSURE. T ver-w

__LOUD SOUNDS. INFRASONIC SDUND (5 SOUND
__HAVING A FREAQUENCY BELOW THE RANGE

__OF RUMAN HEARING . ULTRASOAIC. Sow\)b

1S _soumnD HAWNG A meauf:_m:v ASouE THE
-....RAMGE OF .._HUMAN HEAQINL? S 0 S

§"'__ﬁ)ﬁjTHE SPEED OF SOUI\ID

_ CREASES Wit TEMPERATURE . AT 20°

 Sounb. WAVES TRAVEL THROUGH LIQUIDS
- _AND Souos MUCH  MORE RAP:DLVWNmR.MH
_ AIR._THE SPEED. OF SOUND I WATER AT 25°C

 Tue SPEED OF SouwDd IN DRY. AR AT ©°
 CEGSWs (32° FAHRF_MH-E!T) 1S 331 ME"ERS
_(Logs F&&r) PER SECOND. THE SPEED |N-— .

€ (B°F), THE SPEED OF SOUND IN. mﬂﬂ?"
1S 343 METERS (1125 FEET) PER SECOND .

N 0'7 F) 151497, HE..;_,_....}RS (:4911 FEET)PER SECOND




| '??j__f:MEASURch-, soum INTENSITY

"”]"fRAmo SHACK SOUMD. (EVEC ME_T‘ERS Aaa

IDEAL FOR. CONDUCTING SOUmD  SURVEYS.

WHEN MEASURIMG SOuUND . COM!NG FRoM
_ONE. Dm&cnom Do _RNOT._ _HoLD THE ME.TER

_THE SCLND. HoLD THE METER To OME
_SIDE _AND_ POINT T AT THE SoumnD. . SOURCE_
USE FAST RE.SPONSE_ FoR SPORADIC SOUNDS

'ro M&ASURF_ Aueame& SOUMD LE_uEL.

Souwo
_SOURCE. .

 BETWEEN ‘lou& BoDY AND THE SOURCE. oF 1

 OR To MEASURE PEARS. USE SLow R&spomse__j

CTas s a PocaR 4 N soump source: .

_ _PoT OF THE & | earvery Poweren
AmowAR RESPossE || suaver GWE

__OF A RADIO SHAcK O __BROAD SOUND.
_.__.SOUND l-EvE.r_ —2 4B TN SpEcTRUM

_._.ms PLoT‘ ST SR T 1 ol A N
SHQLU S
'THAT‘ SEsr
o ._.._wHaM tMS‘l‘RUH&MT
15 POINTED. J.eo

| _SounD CAN__ ’

[ cavmion:
' VERY toub
_DAMAGE YoUR

ey HEARING' USE.
| @0 EAR PROTECTORS

 DIRECTLY AT 'mF_ __._de'_ WHEN. MEASURING
__SounD SQUR.C'-F_ {-Oyb §OU~D$9

..58
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r....—ART\FICIAL SOUND SOURCES
ARTIF\QIHL scwuo SOUKQES C.AN RE. us&Fuc..
R TN E:UAL.UA'I‘ING THE Acous'l“lCAc. PROPERTIES
.. OF A ROOM OR. Aul_)rroal_uM._ THEY ARE j_
_ESPECIALLY USEFUL WHEN USED WitH A
__SOUND LEVEL METER.. SMALL ELECTRIQ
.. MOTORS  _AND ELEGTQ-IC. SHAVERS CAN BE
___USED AS BROAD BAND ylow FREQuUEANCY

_SouND SOURCES. To—tE CiRCuTS B:.Low AR.E.

'r’o:oE. swacs.s. L i R

sw GLE FFZEQUENCY TO”E

00 000 OO O O O .l B [4 EEREEEN BEE O RADIO SHAGK
.9-voer —. LCSPsT | PlﬁzoEc.Ecmra_ -
_BATTERY — Swvr«:H —= | Bu2zeER -

ADIu STA BLE FREQUEN ey TONE |
5 ’*‘qV | APPROXIMA’E. FRE-GIUE.MCY

1.4y

F-= (Ruzaz)x'c.t
H;_e

Ac-ru AL F&&Qu E..NC | E.S
(MA‘! \JARY) |

e B 1 FR@Q;;@ gx
4qv0k| 40 Hz. !
5 4.7K Z?H(o H?_ " |

- Tes« L -g-ouu\
o0t L . SPRR .
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‘n-tE. wrﬁ.rosrrv OF A $ouu0 15 mu&ﬂ.&:ﬂ.?
PROPDRTIQMAL ‘lto THE. SQUARE. OF THE DtS'rAmﬁ
O THE _SOURCE... THERF.EoR& A PLoT OF. SouND

INTEMSJTY N DEC.{BE.LQ NS. DLSTANCE ‘T'o T)TE'.

SOURC.E. Fonms A smme.u-r L.IME. |

ADQO S HAC.F@;

R
: ._._P Ez.e.c.-rmg L

_'-éiéiii

1.0 20 30 40 S50 6O 10 80 90. 1,00 110 1z,o
DlSTP\NCE (CENT;ME.T‘ER.S) L

S?RA\GI—H' LINE-: —g LlN DQR_
AN CAR- Em&lmﬁ

»
S
»

P |
o .
1 :

__ mc&“wmsmny oo
— ""'
01 RS S e B 7
- Dls-rauca (_METE.R.S)

SoUND _ SOuND ____ SOUND
o il

LeveL (48)

..._.Nmf_ THAT smasar LmE B&wms A fAv FRQM
__SOURCE., To. EST\MATE THE SounD ImTENSITY. 10_
. METERS. F&ou A Louo RuT . DlSTANT' WATER Fm.c.
~....JET, TRAIN , BAND, ETC., MAKE SEVERAL
'i_._Me._asuaﬁm.MTs AT DlFFERﬁNi DISTANCES.. PLQ"‘
_..TRE DATA AMD DRAW A L\NE THROUGH THE. Pom'rs.'
. EXTEND THE LINE TO ESTIMATE. THE lu're.nsew
oF ‘T?*lE. Seuub NEARER l'rS $QURC5- |




””'Efﬁj"ﬁTHE GREEI\IHOUSE EFFECT |
/TN sww ?THF_ CREEN HOUSE. EFFECT KEE.P.S
<—’ __THE EARTH WARM ENOUGH TO
. _._ﬁsuPPoP:r LtF—E_.. WATER. VAPOR. lS

. _THE  MOST IMPORTANT OF THE
_.__;;GRE.EMHQJSE Gases AN AtR.

'__;msusua AND MEAR - mmAp.ep N
fsouuen'r PASSES THROUGAH MQ P
Pmo waams THE.. EARTH

‘._..._.;._.._._._lNFPAR.ED \ O\
___RADIATION\ '\
... FROM u.:mM N
__EARTRA | \ SR AL S O SO S 8 SO O O
BLDC&LED BY ‘"',_“.'Z‘_ fCLQOD :‘
. GREEWN HousE. AN NS B S Q_““‘D
__GASES ~—0_ .\ T 7 ! A =S Eu
MAILY N T N ' ;‘_“Gmwnousﬁ
 WATER VAPOR | = GAs£S~:’"
__AND CARBON TR TS . O

i &)‘ _ __;  BEEE.

THF_ ROLE_ QF mﬁTER VAPOR IN mé. GREENHOUSF_
__EFFECT 1S o8vious TO AMYONE WHO VISITS HUMID.
. AND DESERT OR MOUNTA(N REGIONS. WATER. UAPOR
~\N HOMID REGIONS TRAPS (NFRARED FROM THE
. WARM EARTH, THUS KEEPINE NIGHTS WARM.
__TRE DRY A(R OF DESERTS AND MOUMTAINS PERMI'IS |
_____is__wmARe.o FROM THE EARTH TD BE RADIATED

_INTO . SPACE, THUS CAUSING CoolL MIGHTS.
__ClLoubs ALSO PROUIDE. A GREENAOUSE. EFFECT.

n—ns PLOT OF TEMPERATURE AT MY TEXAS OFFICE

snws ‘mE. EFFﬁc.'r OF WATER vm’oR AND. Cwuos-

wAnM/Huwo coLD FRONT OVERCAST wnﬁm/uwrpf., |

ARRNE-S (orY) \\\

& 1 8 9 10 11 12 13 14 15 1t {7
B | omorse& 1qqq




THEi ATMQS?HE,KE. ALWAYS INCLUDE.S SOME WATEIZ. ...
- ____E...._vﬂPoR. AIR IS poT A CDMTA[M&R FOR WATER § |
. WATER MOLECULES ARE. PART OF THE _
-__.__§..._._.UAPoR CANn BE UP T 4% OF wARM T‘ROPIC‘AL
AR, COLD AIR IS MUCH. DR!E.R AN})
 (-4D°F) THE MAXIMUM PERCENTAGE OF WATER
AN MR CANNo‘r BE. GREATE.R. THAN Asour'OOZA

AT ~40 c

 RELATIVE. HUMIDITY

| "’“”_:_RELA“VE. HUMlDlTY s T‘HE. RP«T‘IQ OF THE. Acrum_

_ TO THE MAXIHUM .. POSSIBLE. wAT‘ER VAPOR N THE

AR AT A GIVEN. TEM?ER.A"I‘U&E, SINCE. THE. MAx-
IMUM  POSSIBLE. WATER VAPoR IN WARM AR IS
MUCH  BIGHER THAN THAT N ColD AIR, REc.A-%_,___;__,_,_
T\WE HOUMIDITY 1S DEPENDENT oM TEMPERM‘URE..,.},.,,

__THUS THE. RELATAVE HUMIDITY ON A coe.w. SPles

__MORNING CAM BE 95% AND oMLY 50% LATER
N THE DAY, EUEN THOUGH THE. TOTAL wAT&& UAPOR. -
fé___.m THE AR HAS NOT CHANGED.. LT

f’,ME'TSUR\N (; REL A‘rl_j_ﬁ;

| E A RE(ATWE. } USE TWo THERMOMETERS ,
.Hupublw ME.TE.R

\LIMIllTY

ONE WITH A WET SiEAosoK

) _OR _BLLB. BiLow AIR PAST
*\ _THE l&EJ: sﬁ.msaﬂ. FoR . A

MM UTE. , YEN) USE CHArz:r

H ON Fou.owiée TWo. Pﬁéﬁs
-ro F—wD RELATNE. Humbrr‘f

AIR. WATER



RELATIVE HUM\DITY (%)

DR\( BULB (°c) U\)ET BULB Oc)

10,0
150 |
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200 | as

15 20
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| _,:.3.____0_,.. gl
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et
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81
gy

> go
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43
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g s m’meﬁamuae' OF THE AIR.
2 1S TEMPERATURE OF vem‘m,mED
wgg?f?&n N MOIST CLOTH.

mo 12 s* 15'0 1'2.5

.MQRGAA}

3_ _ JN{BEANH\ MJD ,;M‘,
| . MACMILLAN Pu&.cs:-moc&
£y p Scao (1989).

| 1o, c:omv.c_"f"ff;__fé”'f o
1 R °FAHRENHE(T"._{

Lo SH4 49 44 1.q B EXA ,M?LE_
e PRy = 2,s°c.

'-lwe.n 20°Cc
- pa,v wE:r‘- S °C._§_




AN "'E’Asuw”' MéA'S&kEﬁ.”
ISLAMD_ EFFECT WHILE
~You. u.uu.. NEE.D

" Nou Raconmf " "6&-@; . "”ckw?ici&i . Db i\\d'\‘
ATTEMPT 'l‘o Dch. e_«;_l) RE.coRD DA‘TAI

1 DATE -

?- S'mm' TIM&
3. LOCATION
ODOME.:TER
S. TE.MPE.RATUR&
END TIHE-

w‘f'sro? f?om-rs:? was EG.UAL. A'* d‘)'oé.

51 (1.(.,) 7 (3 2) 3(4 a) q (e q)
o D oM afe R NN




-me, 'TEMPF_RAT'URE. sewsoa MusT ss_
... SHIELDED FRom 'iuNLléHrT' BND K&PT‘
__AWAY FROM THE CAR'S ENGINE. AND
"E.XHAUST. MAKE Hoc_c.ow 'ruBr-L FRQM
. STIFR wm-re PﬁPER, TAPE. TO SIDE. .
| __.i__._,._.;gwRﬂoR OR _DOOR HANDLE . UJITH._QPEM
o END FACING FonAalb. THPE_ SEMSO&
i’lNSIDE 'TUBE. ol - SO VN OO S W N SO SO O WO SO

Gouue FuRTHEEl. MEASURIE ﬂEAT'_ tsuwp
. EFFECT AT DIFFE’.REM’T‘ TIMES . oF_.QA‘v AND
_YEAR. IS THE EFFEc.T’ GREATER IN

_SUMMER  OoR  WimTER ? MORNING oR mcnr?:______;,_
_CAN_YOou. MEASU&E THE. HE.AT ASCAND EFEE:.T
_OF LARGE. PAmeé LOTS HEATED BY THE
SON FﬂC.mRIES > Su@ Dw:‘;rous 3 ETC.

___','_'_'_'_'GRAPH Youl{ DATA — me_ -rms 7

_’..._Ij_.élNTERSTATE J.o  Across oW

MQ'[EJ_ Lo sHool. TO ROME|
:wucnou oc,-roe.ea l%l—l 422
_ l2.3_/123_ L __FQM&_.“:_"" f‘ M\!U\_S

_'.'_'_:;:_'fii;u.:?.b&b' MARﬂN DN.E.
OUERPASS R,p AD

D;p/':

EM<TOP
S S - .f B0 S O'l?-.(n' 10

f__._';__',.'_"_f,;t-\ﬁa-r- Faom R\SING SUN crosed .4 8%
 INCREASE (N TEMPERATURE. AT
f.......l-\ome. AT 072

S(a) (.p(q 7) 7(11 3) 3(12 Q) 9(1%8) 10(16 1) |
e (KtLQM E.T‘ERS b PA Re.n'm E.sE. s) 6' L




""""‘%‘:‘:‘:RE :::" OTE TEMPER ATURE TRANSM&TTER

. %aqv. INSTALL THS
T—.m_ﬁ.&mst e IREIT IV A
o . SMALL PLAs‘nc.

| g._’m_o? REMOTE. SITE.

555 | __ETe.) ARD POINT
N/  (ED wHERE You
ol |\ PLAN TO BE.

. 3 .. .SECURE. WITH

1 *S.u?&k--éﬁi@f? CReunT MUST'
_RED LED 8E N SHADE

3 H
—

| T R’L _CASE. PLACE IN |
8 |4

e ._._.%_.._(TDP OF Buu.DluG
| LED BRIDGE , HiLL ‘IDP

_ TAPE OR BRACKET.

 TME LED EMITS FLASHES AT A RATE DETERMWED.
__BY TEMPERATURE.. FLASHES FROM A SUPER- BRlam'.

. LeD. CAM BE. SE;EN OUE.R A CGMSIDERAKCE. RAA)GE _
EVEM IN DAYLIGHT. USE B1AOCUARS OR TELE.SCOPE
. TD INCREASE RAMNGE.. TD CAueRATE. INSULATE.

__LEADPS OF THERM\STOR WITH SlLlc:ouE S‘EALﬂNT’
. AND _DIP 1N ICE. WATER. COouNT FLASHES IN 1S
__SECOMDS AMND READ WATER TEMPERATURE FROM
__TBERMOMETER. . ADD WARM WATER AND. REPG»&T..._?_._.

THE MEASUREMENT Pp.oc.c_m:?& 5 OR. MOP-E
TlHﬁS._ PloT DATA LIKE THIS‘

T T i' 'r T l v .. T .
32 0 - - /Od
20| USE-. RAD:D SHAQK [ ST I
28 1 mﬁgms'ma wum IRV 28NN

26 L RE.SISTMCE:. OF P28 T T
4 L 1ok AT 2S5°C. 5 505 1000 O O O O
22 |- i A
2o b / TEMPERATURE |s .

2 S

__E__l__z__ll.lillllllllliflll_[

FLASHES IN 1S SEcomDS :'

TEMP&RA‘]‘URE (o ¢)

&
-

Agour R TIMES 1
FL&SHL‘-.S In1g S&wub.s B O
FoR T‘H(S QALIBRATION.. |



_'_‘;gSOMe FRUIT TREES REQUIRE A MINIMUM NUMBER
. OF BOuRs WHEN THE TEMPERATURE 1S BELOW
_EREEZING. THIS. ClReunT. REcoF‘os THE TiM(-'_

TH1E. TE.MPERAT‘URE_ 1S BELOW 0°C (32°F‘) oR.

BOE -BE LO TEMPERATLIRERECRDER.".T

StMIL AR

_POWER.
~MOS F'-E.'l'

'ro PLus
_SIDE._OF
C:.Loc.lr.

___..1014

MF_TAL
B j...lN.auLATOR, —>p

___;-r-? RADIO smcx THGRMLsToR
Mﬁmc.

__.%R?. co »-rapas TEMPE.RATUKE_._,_
....L&.v&l.. THAT AcnvA‘rE.S N
. THE CLoCK. REVERSE N ._,_..,a;q..l..-;nﬁa._f

'_...Qoumﬁcnons T PlnS o]
2 AND 3 ofF 724941 O
___RECORD TIME THAT
___ TEMPERATURE. . EXCEE.DS
. LEVEL SET Gy R2

_..TO CAL\&RATE,

THE.&MH&TQR;. b NN NG
_(INSULATE ’
S0 S 5 _LEADS WITH
| _ADP lee _3. s:ucouﬁ SEALM)

__OR ﬁo‘r wATER -
BATTER,Y’ Powe Rép N

:___f_:\_-ro ADIUST. Ry

V

EA'r reay “

_|IRES10 OR|

N-CRANNEL =




T'HE HYDROSPHERE

OlRRUS CLouD J

. -

CumMm ULo:m H&)&;
Iu-ro L.owE.& ’
STRATOS PHERE)_

A a T
' VIRGA
(RA\N

By A?QRAT.Es)f |

\ 't ’f
_ .w&TER RUNQFF
_MAY conTAIN

_CHEM\CALS, SmL_
_AND MICRORES
FRoM ANIMAL WASTE.

) __AGR.ICULTUR AL. _____ ;



DROP(.E rs S SUEI /28 K <N B \\
... FORM _WHE N
;.....wm-en. uAPOR
. .CONDENSES ON .
L TINY PAR.TIC‘I.ES
o OF. Qus-r , SALT,
. ETC. az.umrs
. PR.E.SENT w
THE. Atg

c.mmn hRaPLE.TS
MERGE _INTO
: Mucu LARGER :
RA lm DRD Ps..

mATER \JF\PQ& FP-OM PL.ANTS
i AND EVAPORATED F-KQM
._;BthEs or-‘ WATER

_VE.C?E’\"AT!QN - _. o}




: _WMEASURlNG RA[N DROPS ST
A TYPICAL RAIN DROP HAS A DIAMETER. oF
_ ABouLT 2 MILLIMETERS (O). DROPS CAN BE .

| _..:.__.._SMA_LL_.E,R OR LARGER. USE THIS lNSTRUMEM‘I‘
~TO STLUDY THE SIZE OF RAIN DROPS: .|

— STOCKING

_DUSTED WiTH
POWDERED
SUGAR. oR.
FL.ouR.

\.__ME.T‘N.. OR
____PLASTIC
:,______;_______cvc.wDER A S
. OPEN AT —

__ Bom _EnDS

RuUBBER. eAmogj'---s.

 MEASURE AND RECORD DIAMETER OF ;_Nim;q.iom
..pao.?s_._ﬁ:..___pgnb_ zw&.m.é.e..,_D_me&r.&R...;o_.E .P.«L.;L .._;.D.tﬁ__.z_.._o.P.s..

RAH\I DROP DETECTOR

'ﬂ-k\s SIMPLE. C\RCUIT Wl .RMN 5 S SO SO SO S S S

s___._._;______Souwb A TONE WHENM A DROP . +9Vv
._RAIN DROP SPLASHES on sansoR
A SENSOR. THE SENSOR L]
_ CAN BE ALUMINDM SCREEN
_MOUNTED VST ABoVvE. A

. METAL PLATE (€.9. COPPER
__FolL. o;o PC BoARD) OR.

MAKE 2 CDMB CRary |
Nl E-.‘ITC.H.E;D.-C!RC-_U_ T ;CQMB ’2 --

\\\\\\\\ ] =2 o (
)\L“ i

N “- | 7 | ez
T RN RN \\\\c;/ R dobrals T T

'l'l[L"‘”

_MPS_?.LZ_.Z.. e

/r/ (/]

i_’/ﬁ' 7
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USF_ STORE &Quéﬁ-r' Rmn
. GAUVGE OR. MMLE, NOuUR. . Oum
_LSING A CLEAR PLAS'rnc.; "
L CYUMDER  WITH A FLAT
.. BoTToM. PLACE GAUGE
o AWAY F&DM TREES AND
_._._,;______.BUlLDlNGS. ucn't:.. wluD

. C.OLL&cfe.D E.Y T‘HE Mm&
f._e‘r uP ™ .l.o "/&.

..,éAbb A 'F-JNN&L. 'm wc.REASE
._ ,__A_ccu&Acy WHEN. MEASuawG
SMALL AMOUMTS OF. RAW .
... DWIDE AREA OF LARGE E.MD
. OF FUMNEL RBY AREA. OF
_INSIDE | QPEM EMD _OF GAUG&
T Ge,-r CQR%E.C‘RQN FAcroR
___DWIDE. HEIGHT OF wATER. w
. _GAUVGE BY c.on.ec.ﬂou
.;.._.__FAc,TaR To. G..e-r Acrum.,
Mw ,FAJ.L.. | |

_::F_R OF RA\N DROPS

THE VOLUME OF A SPHERICAL RAIN DROP. wimh A
._...DIAME.TF.R OF 2.5Mm 1S B ww....s (v_g_ g ) s

. ! ?Aﬁ_\_am.u_,_, VOLUME. of—L SnuAR!E M&TE.K

b fo J BB NG OF RAINL L mmbEE.P 1S

| ’ llhm 4 ooa,qoo e THIS. ﬁo.um,s

N\ ..7;._____.m -zdm Zaslum DaaPs. ]
.. 1...SQ.UA&E Me.-re.& 1\

-'_'.:'f:”:w:l.zz. 249 DRPS PER MILLIMETER OF RAIN PER. saums
_METER \§ 122 ;249,000,600 DROPS PER. Saumﬁ ml.oME.TER
os 315,67.3 qsra qse ORoPs. PER. .saunge. mf.&_‘ -




THF_ TE-MPE.RATURE_ ""Arwwmcn DEW_BEGI 'Ms "Tv'
n....,FoRM ls_ -_ms_ DEW. POINT. THE. DE:N POINT |

ucrk Agour 'me. LOCAL wEA-rHE.R“

1 | TBE.”TﬁMPE.R.ATURE A:r Nlem- USVALLYW DoEs
N_o-r:- c:m,.L. @E.Low 1:1+E. DE.\U Poum SR T S

2.4 .Euu Pom'r 0f 20% (_cas"t:')'_ﬁé}f'f_fffff R
_PWD. AN &PP &OACHING €oLD. ER.onT‘ M&AMS
f.._._.:_UNDER.STORHS ARE- POSS!BLE’.. o]

5 WHEN THE DEW POINT IS BEow Faeazma'__:_______________._..____

_____FP.osT MA*( Feam ON. EXPosgo suamcﬁs

6 Deuu 'rHA'r FRE&ZE.S FORMS A GZAZF. oF 1ce.

EASURING DEW POINT -

.l.',ﬁlp'you mxe_ A we-r/om RELATIVE Hor fp@f;ry
_INSTRUMENT (HYSROMETER, SEE. ?15), -
._.__..DEuJ Pom'r: ls APPRox: MATELY.,

| MPER.,ATUR &Famut.A 0% e
L wﬁcsgg(_@o _




h E H i i i H H
~ o e . Y S - . H Fe

ToP oF
- N" M DSPH&O\E.

CLO u D u E \G HT

cumut.us CLOUDS FoRM
_MMHEN NA&M nuwb

f3._._,_,___§__comums;me mc—. WATER |
S VAPOR _IN A COLUMMN. m&oocuﬂ |
| THE. ATMOSPRERE NIELDS
. The PR.E.cmmBLE WATER. | _;

_C.H. REATANY HAS DEWSED

THE PREC!PITP\BLE WA‘I‘EK

low 1S NATURAL t.ms oF
PRECAP;T‘AE&L&- WATER Ccu«)

HEEEE T
srecponnsi i T

A _FORMULA . mAT ESTIMTES _:_;

W= (o ow.x D P;

)@ 11

D P lS DEw m'r (°¢)

PR RISES TD WHERE
__THE AIR TE.MPE.RAWR.E 105 T U0 S JOUE FOUUS SR NE N T, | SO U O

 FALLS BELOwW THE DEW |
KNOWING THAT

S (1IN} PRIANT |

AR TEMPERATURE. _
5_..FALLS ABouTt 2. ‘?‘7"(.'.
(5. s F) PER 0.3

;___.__j_.___FEET) LESL:F_
T‘RomeDGE*DERWED
'ﬂ-ﬂS FDRMULH FOR
__ BESTIMATING ‘mE.
_BEIGHT OF THE BASE.

L OF A cumuLys CLouD

.HEIGHT(FE,E.T) zmx('r DP)

""”*..DP DEW Pt (°F)

DESC.ENDmé Cmt. AIR/.

| .:.T‘*Gkouuo TEMPE&AW&E cos)

..fff?""exfgsmgurs 'm'fﬂareqapcoev or»usc.&om,, p'zsfi 1974.:_'3..

SUNLlGHT
\uARMS m&
C.OL.UMNS of |

* T

i H i ¥
SRR SIS SRS S

mARM MO!ST
MR THE.N
R-IS& lN

S THE. sm.




’"MEASUR\NG CLOUD[NESS

 THE TEMPERATURE OF EARTH IS REGULATED
_IN PART BY CLOUDS. WARM AR CAN. Cow-mfN

_ MORE WATER VAPOR , HENCE MDRE CLOUDS.

THE. CLOUDS REF.:.Ec‘r SUN LIGHT BACK (NTD

 SPACE , THUS CoOLING THE EARTH.. RECORDING
. ThEe . FRAcT:DM OF THE. SKY COVERED BY

CLOUDS  CAr PROVIDE IMPORTANT (MFORMATION

AROUT TRE EFFECT OF CLouDS on. CLIMATE.
THE FRACTION OF SKY COVERED BY CLOWDS

s MEASuRED IN TENTHS OR ocrp.s (&nc;mws)'_

O T'E.NTHS OR O Oc:TAs- CLouD -~ FREE SKY
& TENTAS OR 4 0cTAS= 50% CLOUD!NESS
10 TENTHS OR & OCTAS: OUERCAST SKY.

ESTIMATE C"Lbobl'hass 1N EACH QUADP-..ASJ"T. __
OF THE cOMPASS. AVERAGE THE 4 E.STI.MA'TES'

1-0 G,E,T T'HE- OUE.RALL CL.OUDINE.SS.

 REM(SPHERICAL
. MIRROR (WIDE
__ANGLE BACKULP

HUB cAP, ETC.)

('Louos

CAMERA

"_cme wA*t’ro 1 NN U R T
 PHOTOGRAPH -
CLOUDINESS: N

MIRROR, SEcumw.i.. e n
MIRROR 4, POLISHED ~

FILM ORL
\NA\DEO




 THE MR N THE PArH oF A usaruwe. Bm-r t's HEA!’ED
- ALMOST (MSTANTLY TD 20,000°C (S4,000°F). THE
. PRESSURE OF THIS AIR CAN BE 1O To 100 nues ma
.. PRESSURE AT SEA LEvEL. THE RESULTING SHOCK

WAUES CAusr—:s -rue. SbuuD HEARI:» AS. muuoaa- |

D((,rmz_ SToP wAT‘c.t-l il S NANAAAANA AL
___TD MEASURE. DlSTAua—’_. IR N oN . STAY
. BETWEEN YOu AMD A _;_Lmnpcas wHEN

Lxeuruws aa.-r Anp (A coupum—ws

o DISTANCE TO ROLT: . .. »
__STRRT STOPWATCH. WHEN
.. You SEE Flash ANO . N

..STOP WHEN You HEAR SO0 O O SO S N
__THUNDER. DISTANCE 1S [ X
. ELAPSED SEcomDS. 'r:mss
1125 (FEET) OR

343 CME.TERS)

,LE.NG-TH oF Bu i S NS NN
. START sToPwatchwuen S r A~
_ Nou FRST HEAR TMUWOER ("
_AND STOP WHEN THUWDER ./ N ¢ Tl N
BEmps. Musimumtenerd [ U Wt
. OF THE BOLT IS ELAPSED \
__SECONPS TnES 1,86
. (Muwes) or 3. (KILONETEP.S)
___SEE "THuwDER * BY A. FEw
. SCQIENTIFIC AME.RICAN
.JULY JA'?S‘ |

__;..___L\GHTMNG. Sﬂtuc& ELM TR&E. / |

. NEAR MY Barm SPUTTING "

L TRORK N HALF, BREAKIMG Mﬂ.cE

BQAMCH AnD 8mwluf; BAR.K ANDJ
j.._____(.Aac;f. ser..mrf:‘.ﬁs UNK. .




_SUSP£NDE.D PAa.rtc:.t:s uaou)' CONTAMINAOTS
_ AND WATER Moc.&cur..r—:s ALL ABSOREB OR. scA'rT&R
_LIGHT PASSING. THROUGH WATER. THE SECCHI
_.biIsk . PROVIDES A SIMPLE. , TIME - TEST&D MEAMS
-'____.Foiz. MEASUR.IMG wA'rE.& cc.Am'rY S O S U |

wk‘rE.& STURFAcE..
Sl—&ougo 6& SMOO‘TH

:__ﬁ_j_@j_.j_'jumu. T msappsms';
__PuLL DISK UP LNTIL
) ts JusT. ms:tscﬁ

l.ucoo Pot_E-.. —-....__
__(otb BRooM_ .
__STcK. OR . .
_Mpgftﬂmwwmm
» S'rone) |

wa \TE. Pmm-r

euck |

__COOKIE SHMEET

—H Ao e ocpm.

L POLA&lZ.z:D Suw cu\SSES 0

L BLOCK RERLEC-

. TMORNS. FRDM su&mcﬁ,__..j
ﬂ._..or- wArE.R o]

i FDR. o&epr.-:a wArE.e.;_
REPLAC&. POLE wm—l
__CORD. USE FE(T
___TIP _MARKER TO. AoD
__ _SCALE TO CORD. . .
. IF_NECESSARY, Aobé._.._;_.
. WEIGHT TD. so-r'mH
_ _OF bDisk (STEECL
. WASHERS OR LEAD_
i__...;F:smus wsfc;urs)

AT‘E,R, mscsmw RecoRD _.__:i_._.usa C.AUTION w-m
| §_____._0N TUNE 27, 1676, oM se.ccm DlSK\ RN
. THE SEA. EAST OF NOVAYA...._,;_ 50 U 0 T OO OO O O O SO O S S
__ZEMLYA , CAPTAIN. IQHN QN
. Woob. oss&&u&o SHELLS '-
__ON_THE @oTToM “in 80 IR | 7. %
;-.____;..__.._,FA-rnoms wArE-R,wmen e T
)5S 480 FEET...." (€os,. 50000 000 | T 0 T O O T
;;__.,._._.m&cu 1., 19?‘1 . p‘ ‘i‘i ) :
78




et CELL-PLasTic

; 1 I:[LL TE%T CELL w[‘n—i C E__AR TF\P \UATE.,R IQR

T sui?rcp' B

._‘mus PQR.T!OM oF
__CIRCUIT MUST BE
__ISOLATED EROM ALL

-...E.m‘E&MAL LcGAFT

) g_:l.ox. | |

DR GLASS CONTAINER _;f__'_ﬁ_éﬁTo méum_
; ",...wt-rﬂ FL.AT $1DES Y __;.vo;.TME:raR

T 'oK-ro ae&nca LAMP wm—t st" |

P&oc&ouae_

_DISTILLED WATER. WITH LAMP. OF-F p.b.'rpsr R;
. TO G\WE OUTPUT OF 0.00 VOLT. .
| '?_sw;TCHL.AMPouAnDAb:WST R:L o Gwﬁ
__OUTPUT OF 1.00 WoLT.
3 ANSERT CELL. wn'H SAMPLE. wAT&a AND
RECORD c}u'r VQLTAGt. '

Fog MORE. SENS mu.w, iMcREASE. tfi Vours To. x12
f'.___.,\aac:rs AND_ADIUST Ri TO. GIU‘E. Ei-—ti,o.vocr.s ouT.




__wm-ea 3 somerme.s o&scmgeo AS m&umusgsm.

__SOLUEMT. You CAN. EAS!LY MEASURE THE. cococgu-manou
__OF VARI10US IMPURITIES IN WATER USING TEST . KJTS_‘
?___.____FROH Aauaawm Su pm S‘l‘oRES Auo RAnlo SHACK..

I.MPGRT‘F!M'T‘ TES TS .

é.ﬁf.Hﬂ&D&ﬁss - CAUS&D &Y mssowED | Mmﬁaﬁu. _

"T'___].AM MomA A wASTF. PRoouc:r‘ of BACTE.R.\A NN

i_._.__.mvgﬂ"rﬁ — twsaememv OF ce.op Fek-nuze.g.,

':_.'_.Nrr&u-re. '- IMPAms Aeu.l'l“Y oF &LoaD ro caa&v oxYGEu,

_"_'_'CH,_ogl NE p\smr-ecmnr oF’rEM Aopea m wATEE

PH — wmcﬁmrkc&nom or—‘ HYDP.GGEM ious

___._"_THE pH SCALE

AN INCREASE T i"' “&

_OF 1 pH IS N\J 13 |- g:.enca
_INCREASE OF | | az | |
10 TIMES THE_ _____ I-HGH & U ;AMMon
NUMBER OF (Acmu»e)f.__.;i_q___ -
moaoeﬁn tons AR T IO A B b BHMMG sopA
L8 |-sEA wATER

o7 |- Dns-m.c.eo wATﬁR___;_..._
ol |- M B
T S' MALY FooDS T SO0 O
Fm.:.wo Low 4 |- oramMGE. J‘Ulce. Lo
et s

2

__THROULGH |- VINEGAR
UNPOL.LUTE-D - LE.MON J‘Ulcﬁ.

_ BAIR HAS A PH AT U S §
_oF ABout‘ 5.(9. ;fQé -BA'rrEav AC‘.ID

Do- rr VOuRSE.LF pH 'm'mcnnma LJQU[;.FY””PLJ;R.RE..
5;.._\.,._.<:A8€A65 N A &t‘:uoﬁa. THE . PUKPLE.. JUICE WLl
.cl-}Auc-r.Ef Q.LQR AS pu cr\ANGES. Dt(.u‘l’& muss..




NATER REA*D”-V AB$ORES CQRBQN DJOKID& (CQL)

ma ™ e MiDLY. acibie.

1 (1 2 MluuT‘E.S)

:___QHAR.QDAL AT IS (WIDELY. useb 10 REM@VE

_IN__AQUARIUMS. AGTIVATED CAREON IS SocD BY
_.________AauMmM STOREsS. THIS. SIMPLE Ds.mamsrmnw
SHOU)S ITS P«BMJT‘I 'I'b F'ILTE.R WATﬁﬁ

AT E:R m > ¢ RI-ON DIOX 1 DE

. WHICKA MAKES PDSSIBLE CARRONATED. BE.VERAGE,S,
. MUCH OF THE CD, \N THE AIR 1S ABSORRED RY THE.
. OCEAN. RAIN ARBSORBS. €02, WHICH FORMS caasomc.

__ACID AND CAUSES. RALY FALLIMG 'I'H&ou&-l (.’!LE.AN

&Lom HERE. To DE-MoNSrRATE
/ . _ABSQRPTIQA) OF COz IN.
i A WATER, Blbw BuBsLE.S._...

__‘STn.AuJ S — _"I'H&Ouﬁ»ﬁ SMALL cuor
/L. TN OF WATER. USE. pH
IN;,DIC.ATQR DROPS oR
... PAPER Tb M.E".ASURE.
. pH _OF THE WATER
. BEFORE AND.. AFTER
. BLownG. T HEASuP:ED
o CHANGE 1N pH FROM.
i .2 TO £.O AFETER
S e o " ?.._.Bl_.ou_nl\)l; '& MruuTES
SMM.L CuP OR rEs-r 'rusE. Ju‘m TEST‘ msﬁ

. AC \ VATE D C A RKON AND [ATE R

| _Ac,numeu c&ason 1S A HIGHLY POROUS FORM. os...

. IMPURITIES FROM DRINKING WATER AnD w\nsg_._;

é E F°°° ADD Acn\JATE‘.D c&&ﬁom 'm h
cotoawe_j_. .__wa-rER AND AT e Frzez
. AS TOY AIR BUBBLES ARE.

{
.ou;\

R O T _.__&&L.E_ASF_D. _ADD A DROP. oF._,_.._
—— MR FOOD COLORING , CAP THE
__;__s.u&sLes.;_.___c:cmTAwE.R A:MD SHAKE.

. NUGOROUSLY. WATER wu.t.. |
= -  ActATED j.......BE.CDME...Q._L,EAR. AS. c;AR.EoN.....
cmzs:w Assogss me, QQLORE.D m«&.
S0 N S 81
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- Mﬁraoabusr

; UQLMNLC.

Mz_e..

AND w&AmER svsrems. Asour'

. 17KM (56,000 FEET) AT THE.

_EQUATOR AND 1KM (_?-S ooo
FE.E-T) m- -m&. PoLE:s‘

VQLCAM\C. ERUPT‘IQM
CLOUD OF ROCKS ,
| ASH _AND. _GASL_-:S_ |
SMOJ{.&. PND




"l'HrE. QZQ&E HQAYE,R I&CLUDES ABOu
‘km OF THE TOTAL. omu& THE S
Rﬁmmoea \s m i_ TRDPOSPHERE. 9-

__0E_THE. su..as ur..r;._._.,.\nm._s.r
___RADIAT(ON- VoLcAnnc. HAZE.
. AND _BoTH. uh'muz_ AND
. ANTHROPOGEMCT csases CAN

8 ..,D&s-ram ozorue. MANMAOL

(qé 115, oéo
FE E.T)

M'HospuER tC c.am-L Sq ‘?5% N;_.TROIGEN 21
L OXNGEN 1% ARGQ& PLus A DOSE. OF warsp. vA;POR,_‘
3......9?.05;& CAP,son Djoxmﬁ MﬁTHAuE. CARRQM Momxwa
sm.;:us. moxwt-: SMOKE. DusST,. ma&x wEBS,

. POLLEN, msﬁcrs, BAiT‘EP.lA AND ooz&ms oF. nmﬁx
; 5._...,GASE.S MD Pam‘lc:.&s. S NS SN NS N NS NOUS NN SN S S N W W

i__;.chpe.nSAnoN |
| TBAIL (anTRML)

.....--'es...

<‘ HAZ&. (’Aus&n SY
/"‘ £ ") .SULFA‘TE P&RT)Q.ES‘ I T TR O s
)) Conreo wum wq‘nak




11—\& oz:: NE.. Lﬁ*{&&.._}
__PBSORRS MOST . /NS
...,.ULTP-A\JlbLE.T Auo o]

/. RAPIATION .
. SC. ATTE QED
_i_.....FRoM stoe_

.CUM!JLUS. CLOUDS lN
__CLEAR. Sk‘l CAN. mcREASE.
SOLAR.. ULTRA\J!OLE-T EY
_LP T 25%. (SEE

. F.MIMSTID 1 I FREDER(CK_ |
L_ﬁ 371, p'z'u,u 4.)1

.._._TOTAL RADIA.TIO!Q is
N\ DIRECT SUM +
__DIFFLSE. RADIAT!QM __
ON A *F‘-AT SUR-FACELQ




- NATOURAL HAzE. rs cAusab e.v SMo,x.a FROM Fotzr;sr
. FIRES , WATER VAPOR €0G, VERY THIN OUERCAST
__CIRRUS OR STRATUS CLOUDS , Dusr SEA SALT. pr
:.Pﬂomcu:e.mcm. RF_AC:FIDMS oF .__sum.nsm.f AN?D |

104 MA ‘PLAN:rs. ’

AN THRQ Poe;amc. l-lA'zE_ A BYPmouc*r oF HUMAN
__ACTWVITY, IS CAUSED BY. EM!SMQNS FROM. COAL*-F[RE-D;' ‘
. POWER mers, FIREPLACE. SMOKE., CONMTRAILS
__FROM HIGH ALTITUDE. AIRCRAFT (WHICH CAN . cowsg
__MUCH_OF THE SKY) AnD PHOTOCHEMICAL REACTIONS

;f.o.s SUMLIGHT AND. _GASES EMITTED.. BY !NTERNHL_
COMBUSTION  FNGINES. Ammmma’mc BAZE.
1S _ESPECIALLY BAD OVER THE EASTERA %Pag-uoms

| F_. euRoPﬁ AND -me«. um-rep 3TA'1'5$. R T O

No MAZE : SUN 1S ERILLIARGT _,;_p.s,_ |
'.......PEE? ELuﬁ. s.lw. t.auos STB'\'D " ou-r:. ‘

~ §5,.......soMe HAZE: Sum. Suaaaumnﬁo, BY B&\GHI‘
GLOW. (cnRCuMsm&R RADlA'rnoa)4 CLauuS
...\_.NEAR Ho&;z.oh\ QlFFlcuu TO. KESQLUF_. i

f_f_:econsuoeaaaee HAZE: Sum pm.;,___,swme;_fjﬁ?"“ _,
. SKY PALE , MILKY BLUE. CLOUDS B(.Emo
?,___.lu-rn HAzE. &wb mmwcr -ro s.Ef..b

e SIGMIFICARTLY. REDUCES DlRE,cr_EADlATsoQ
b sns-m thnn‘x IN(:REAS&.S mFFuse RAD]ATIQM ﬁwo
] Suc»uru Reoucﬁs -rp'mL RADIAT:ON.

" uAZE Smrreas SOHE. RADI;AT‘IOM BACK uu'ro
_SPAC.E 'mus causmcs A cooc,me- EFFEC.T‘._.-..

-..._;._...HA‘ZE. GREAT;.Y lh\CREASES DIF,FUSI- RAM&T&D& mu,
-_..__.§._....PLANTS AND. ANIMALS. SHAD&D FROM . DIREGT s;m.__;,
. DURING SuMMER OF 1994, T FOUNO THAT A PERSD&

... SHADED FROM DIRECT Stm BY A _SMALL UMEBRELLA CAN. .
__ RECEWE. 30 % OR MORE. SOLAR ULTRAVIO(.E.T AT A

... BAzY. SITE. NEAR SEA LEVEL THAN AT THE. TOP of _
. PkEs PEA& (ELEVATIDN 4301 ME‘I'ERS OR. m.uo FﬁE'r).




___._ATMOSPHERIC_ OPT'ICAL TH!CKME.SS (AOT) :s A
_MEASURE. OF . ‘mF_ CLARITN. OF THE. AIR IN A
_VERTICAL COLOMM THP.QUG.H THE. AT‘MDSPHERE .
_AOT _INDICATES 'THE. AMDUNT OF. Haze. SMDG
____.SM@R& DusT .. AND VOLCANIC. AE&oSDas NN}
AT‘MOSPHE!LE A SMALL Am‘ lMDfCATES_
A CL&AN M‘Mos PHE.P.&.

:_;“ K& mﬁ _ojoc-. "ou m&_ I A S "éﬂc.c'uz;AfoRf
witkt A L (NATURAC LDGHP-ITHM) KEY . -
__..VSIMPuHED FQRMULA FoR Ao‘r ]

'.'.__"[Io ls'%"ma SIGNAL THE SUN. PHOTOMEFER
WOULD  MEASURE. ARBOVE TRE ATMOSPHERE
-an_ EXTRATERRESTR{AL (ET) CONSTANT.

s()p """ogsagmm; BN

wa IS THE AR MaASS (s,c_e. EELow) DURQNG |
THE OBSERVATION.

AR MASS IS wHERE_ 9 15 THE _
__.____Amec.e. ar— 'me. Sw\: Aeouﬁ we_ HoRlzou.




._“:_"RE.LAﬂ'vE:u NARROW RAND. OF
WAVELEN GTRS (30- -150 N_Agoca
NETtr;as) LTRSS MEANS. AN LE

PROTOMETER w’f.,. HOUT AN
_..f.XTERNAL c:sPT lc_' AL

_RED. LED [ 1
RE.S Poussf

"Sun. PHprHETEG;
__._,...wrra AEDs voo.




;"ﬁi‘éij"ﬁjf_AR CELL RA Dlo“j;;_,:;,E[. ER

'-__._.._.:i.SlLICoN SQLAR. CELLS &esp_omo
_TD.V\SIBLE.  AND NEAR- lNFRaREb
____?RADmTloN FROM. THF.. SUN.. Vou.._____
_CAN._ USE A SOLAR CELL. ‘Tb
_._._,..;§TRACK DAILY VARIATIONS
_._.'ESUNLIGH'T'. PLace sOLAR ceu_f
w SAME Locn'no:o EAcH DAV ]
ﬁ_: Mum‘t:%&@,..., R
1 S ;_SE.T o wchTE._;;_
_CURRENT. IF

 SOME. .SOLAR. |
CEUS ARE
| BRITT’LE.I

Pu‘l’ N Full Sun
.___;._.__._Excee,bs RANGE.
oSN b OF MULTIMETER,
i AN K yH>— .__.BLDCK PAR'I'GFC.ELL...._._

.?SOL ':__;:R CELL SUN PHoTojf;:tE,_;; R

‘mE OPT!CAL. THICKME.SS OF 'mE. A’!“MOSPHER&_.__
_(SEE PACE 86) CAn RE MEASURED WITH A
.._.__RADlDHE.TER THAT RESPONDS To A NARRow
__BAND OF LIGHT. WA\IEL&.MGTHS. A SOLAR
. CELL RADmM;T&R CAN BE. cowu ERTED m‘ro
A suu PHoToME.TER. 0 U0 00 OO O WO WO O O |
f.....,Cou_:MAToR ‘T‘UBE T
Res*rmc-r F!ELD of—‘ UlEuu ______

emck Pmm-r-
oR PAP&R
*‘ USE. PLASTIC. oR
 _GLASS CAMERA
. FULTER OR coLOR.ED
. PLA ST’lC le&X
TR 3.

MULTIMETER ﬁfﬁ:}_,]\..]fc;mpn vo:m" DA‘rA



USE VARIDUS ASTRQNAQMV c.ompuwea Paaeams
o TO FIND THF_ SUNS ANGLE. OR MEASURE

AMGLE. ‘ro wrmw AE’O__uT .4 _1.° wrm

HOW To MEASURE HE E

FIRsr MEASURE I Fo& 1/?_ I:»A‘f EuER\l 30
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____._._g,uaAPFE_n AR&DJJ_MP ?LAST]C Eu.fm CAN _SEE.. TL.!NLMG?

‘ i'am.fﬁlk_i S SLIDER 1S MOVED | AWAYE
;”M__J.mcaz. smnaﬁs 80@»4 . ,ﬁu_ &A&}_. \ONE




AMTEMN AS. me. SLMPLEﬁT ANTE&NA is A wm&.\_m_
DR _ROD WHOSE  LENGTH EQUALS OR IS 1/4 OR
1/2 TRE WAVELENGTH OF THE RECEIVED snsNAJ.;

HRE,VE.E QOMMQN \maﬁ ANTENNAS'.A'?RE |

xrwaviearn | Fetiool ki
L LE.,NGTH ( FT)

."_po;a 1/q >,

7[_:.'_ ROPE oR coeo'_"_'f,f_'_”['ﬁ_'__f_
~(NSULATOR

REC EJVER
ANTEMNA) e | L UING S
< VA ) dod—— STANDOPF
SR B S S S W ——— -~ /A msm.pcroas
awgggg@ggfammzé TRy HEEN

_GROWND |

,_.__.RPiDlO SHACK
_._SELLS. BNTENN&._.\_._E”_...__5,_,

__SUPPLLES AND.
ANTENNAS.
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ADIO+FREQUENCY CRE) WAVES AR CREATED
WHEN | A LECTRIC CURRENT (S SWITEHED
APIOLY | ON . OR OFE, TRIS_ IS  wHY | A RADIO
CE\WER EMITS A _BURST QOF STATIC DURING
LAGHTMIMG. DISCHARGE OR PO HEN A
ARBY. | APPLIANCE 1S SWITCHED 0O L
AD D ANSMITTER
T E o '1; ¥ ! ¢
! H i N'
'- H ,, i
—-— q \‘p b g :
T N ElE
STROKE WIRE | ACROSS FILE. BURSTS OF NoIS
L LTTED BY A NEARBY  RADIO.. SINC
AnY.  DIFFERENT WAVELENGTHS ARE. PRODUCE
("HASH"), THE SIGNAL 1S EQUALLY STRONG. ACRQ
THE [BROADCAST BAND. . . . . | .
o ——— et
" |
ADEA RANSNMI
» .
1 Z 3 NCREAS
00K : Nt ] &0
my t S N S TRON GER
T Qv T ci | o SIGNAL.
T i 1L.E]l 5
— SPST
| - PUSHRBRUTT
WHEN_$1 (S| PRESSED A DISTINET "POP" wiL
B _HEARD  FROM NEARRY RADIO H) !
CIRCGUIT AvOoIDS A DIRECT SHORT CIRCUIT ACRO
THE . BATTERY. (NSTEAD IS. SHORTED. BY S{
AETER | REING  CHARGED  THROUGH R1i.
132 — e




ARROW BAND RF TRANSMIT
‘ * »2RN
i e ) ¢/: C AND L
M ol T FoRMUIAL L
| L o] st | RESONANT
+ | t e CRCT.
B R O T et ) L1 THEREFORE.
- T _.av | -i00S uE . THE RANG :
T bt __._DE AVE —
BENEEEE RN ) LENGTHS
i N B 0 DLICED
| L \WReN $1
U0 O T O O O O O S, PRESSE
WL L1 ? JSINARRDW.
SoDA N § ) %
TRAW. 1} 4 V. _72'9" of 30 cAvéE .
e UL [ ~—MAGNET wiRe. | |
b L 5 L Lo
= 5 5 " U % E

| R LL
. 1M
[ b + E \
o s |
= Qv Toc1 INSULATION ALONG
T LE'Nc'.m oF L1, |
il f r\ _STROKE _r_.t.mgm-;
- , L\JIRE | ALONG | n
‘ ' bl _BRARE. Q?l TURN
?l‘mi‘. L0001 uF ;g‘o MFE .,._&;.m E . LISTE 1&?
- f ¥l . 7o NEARBY RADIO,
e ssomt;_;;. 0 O O O O
. "4 MMz EAK FREQUENCIES
_~LMiz _& £ ASURED NTH
- < — J0POKHz . ACTUAL CIRCUIT
- | < —— 1LDO KHz. OR VALVE S
% A TUOMBe OB L. L]




A SINGLE TRANSISTOR CAN BE. CONNECTED
_AS AN _OSCILLATOR THA ..,.‘..,SU‘E'PL!ES& A S;ERIES OF.
...,..RADtD«FREQLJE.MQL* pu_gs ; ‘

_TO A SHORTWAVE OR. BRbAbCAST EAND &Amd
-‘savr-.a.au FE.ET AwA\cf N

| QL-TRY VARIOUS .
_NPN. TP-&NS&STORS

- | (en2222, Evcl). NoT

e Y S SOK L TN BLL wlLL WORK.. oR
| ANTENNA [ IV ) REVERSE BATTERY

1wy :_\._._.?_._._.,Pmaam AND TRY
L Rlel T pae TRANStsToRS.

e N

_,..§.___.__MAGNET WHR.E F'oﬁ. ‘SMALLER. cou_.__ Buam THE
__VARNISH FROM EmNDS OF L1 WITH A MATCH. AND
_LIGHTLY. BUFF CHARRED VARNISH. WITH SAND. PAPER]
_BEFORE WINDING, PUNCH SMALL HOLE IN ONE. ENn
_OF STRAW. (R.tsH'r END OF cOIL. _ABOVE). INSERT. .
2" OF WIRE THROUGH HOLE AND WIND 30 Tukms:
PUNCH SECOND SMALL HOLE (LEET END OF. c.gu.)
_AND INSERT 2" LOOP OF WIRE (TAP) THROUGH |
_HOLE. wmb BAcx 15 TURNS. BACK. OVER. F-IRST
__ __.,.w)NDIMG _PUNCH HDLE. THROUGH WINDING. AND.
__INSERT E.ND OF WIRE. IF._ wRAPPmG WIRE 15 S
__;.._____USE.D, c:.u"r TAP LQOP AND TwIST &xms&o wme,s"w; ...... |
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_,__\._,Mmm'ruﬁe, EL&CT&OLXI‘LC :;APAcnnB. '

FR&Q Ll ENC Y&

f;__.__..;;,ﬁf:ﬁBL. USE A PENLIGHT | CELL OR A MERCU RY OR

wt=, :

AT TEMPT TO SOLDER LEADS TO _MJdeRE, Po
- ceLLs! THEY wikk EXPLODE,

»_\._v.ﬂuL&Rw THE. 1&: M&t&ﬂ BAND. AND BEYQNDA i mli

oF. rae 3&-‘

 EAcn TRAKSMITTED PULSE IS AN.ENVE.LQPE OF
. BROAD SPECTRLM RF G)ss:.m;.AﬂoNs R.ATL-?:ER THAN
A ?uge smc&;&. F-REQLJﬁNC.Y <.3'6NAL,. N -

 CLIUSE O mF  TO TRANSMIT AN AUDIO. TONE. sE
b O MF TO TRANSMIT A STREAM OF Pcac.kg, us& A

”.“_'_'_:R.L Q”HA&GK R:L“"‘é 3&nw6 Tb VAR,‘/ oscumrlm; 1
__SILVER OXIDE BUTTON CELL. WARNING : &Euﬁ....;..ffffmj__
THlS " T'R_-A_Mﬁsm-rﬂr.e,a"”E.Ml-rs AN RE SIGNAL THAT |

| CAN RBE RECEIVED ACROSS A WIDE PART OF THE
B&oADcAS‘r AND SHORTWRAVE  SPECTRUM,. EAR.TIC.‘-

__SIGNAL CAN. ac.so BE. Rec,:r;ave,o AT THE Low. F.M.‘} L1

e A s e s e o bt ov v it e e mesin v s e e o e el

"_ﬁﬁﬁf_fﬁj_; sEcoND. WITH. TME HELP. ) of A marrat.. wmm
@R TLMF_R, \/Q_u i..cmq E.T‘HE.M r-‘oum'r_ 'n-u:_ L\luMBE.R

\ """f:_:_'_‘_se;i}'é.é.m.' LQPuT .,c@éb ﬁinon\ s. L
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Tl-us TRF\MSM!TT‘&.R wlu. ANTEA.:NA —\[/
SEND TONE TO NEARBY . .;:__ q"’ MAXIMLLM) 1
BEOADCAS‘Y &AMD R.ADICL ke
_..WTU&ED 0. MEAR ?QO l{.l-\?. LL 15 AIR. C.QR& CQ!LJ
TRANSM&TQN_.G &ANGE " .§USE 8/ pFE 30 Gwéﬁ
; | MBGNE.T WIRE.. I’AP
A8 AT CEMT'E.R QF
aou. | |

4/« " SODA smAuJ

S +3v ot TM
A Oi F

Jaon zzz_z._,

C.S
OOS

Q;Lfl[-‘- :

1

L1: FORM 1-1/2" LOOP AT CENTER OF a WIRE.
_;;wwo WIRE ON smaw wsearwe c.no_t?fTHRousA
.__._..1—\01.5 PUNC.HED m c&mrs_a QF s-raaw ol

._._..RF cu'rPu'r ls CL.&AM smE. WA\!E MEAR 700 KHz
__ADJUST R3 FOR CLEAR, LOUD TONE. RETUNE .
5_\.,._.RADlO AS _NECESSARY. INSERT. SMALL STEEL . NAIL_._\i___.__é;_._\_____
_.M.\.,msnDE. L1 TO LOWER. TRBNSM\SSLON F&E@uemcv
LUSE DuRmG DM Foa MﬁxmuM RAN&F_, ..... N SN IO SO U

- 1%




| . mags s,qorm
____,_fRF QUTPUT IS LLEHN SINE. wauswwﬁaa 'Loahil-lz

_PLI'-\CE M\c;aﬁmouﬁ .... g . LOSE TO. EARPHONE CQMNE.(.TEP "
.....,.ITQ TAPE R»ECORDER THE.N TuNE.._..NEAR.BY RADIQ

TO RECE\E S\GNAL FROM TRANSMIT TER. ewm:sf
R3_FOR BEST SouUND. RETUNE RADIO AS. NEQE%SAE.Y.( ?

__ 'RE.MDVﬁ RECQE.DEK ma SPEAR mra MlCKQPHQNEu

LENTS QF Tﬁiﬁjscc
__GIVEN N Li') QFS. PART. 15,

13 WHEN R3 IS
~/ADIUSTED FOR. CLEAREST outT

PuT S\GNAL, B1 ls
SR UoLTS‘_ AND | THE. AMTEMMA LE.!\MIH .3 3 MEJ"ERS

1‘57

KEQE'P au.




CAUTOM AT\CTONE __ TRAN SMITTER

_ THIS CIRCUIT TRANSMITS A BRIEF (1/4 SECOND)
_TONE RURST ONCE EVERY 10 SECONDS TO ANFM

_ BAND RECEWER UP TO A FEW HUNDRED FEET AWAY.

a

43V FIELD STRENGT AT 3M  ANTENNA. ‘

L11S 5 TURNS OF BARE,

L R‘-i S 39 M OR 2 zzm RESISTORS lN SERIES_

\S <500 m\ [m. NS &k w:RE)
1 I L m
R1 14 18 RED < RbL R8
lOOK_.7 - LED < 49K 100
885 | ¢3 | 2N5‘?ob L~
R?
VY N b gmk
TS0 uF 1| TonE | |
... |sourcE | -
¢ ‘ <4
(NTERVAY Tey T
TIMER | ‘-I'?pF
~ 2 L)
+ 3.3/4.[:
2
| L1
| 5585 |
(RH | )H 8'_ RS
SEE Bu.ow 1K
o~

SOoLID  HOOKUP WIRE wouub | ]|:
AROuUND A3/g"DIAMETER '

wooD Dowel . REMOVE DOWEL AFTER WINDIN G.
TAP 1S me_ SOLDERED AT 1-1/L TURNS POINT.
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PR R .
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Q.L Q’idjc}r_ 138 AT%.A ,_EGEE@u."axfac.;rt,ﬁ.i.cémr,amf_ggbg__._.a,z_,;
........ L LS BND L1, VALUES  SHOWN GIVE FREQU m,c;sz.___....Ju E;AE. :
L 1c0Mh\z VSE . vi,a.gmage.,,ﬂ. ca?ﬁcn:og..ﬁ.ﬁpa e.s

b ...FRE@U&MCY, U O O OO N L L

¥ —

L \__.l.MTERVAL,..__._E,_ L
,._._LDUR.ATIQNS OF RF. SJtSMAL

Lwnm Egﬁmum Y. . AND INTERVAL. cmsz:raocuﬁb
....... mmmu.e.p ay _BY.. e-m/ssxcz)
ke \ ek S
To ADILAST‘ Disaoyn&&c.‘r QZ,._.s._;. mu-cmg FRoM. CL |
_TUNE__EM. &amo UNTIL. 'SIEADY TONE IS RECELVE.D '
W% _____ _.Iaﬁcouru&g'r QR2..DO _NET . QPERATgQJRgun AN
L _CONTINUOUS  TONE. MODE UNLESS ADJTUS’IMENTS

| PRE_REING MADE. (SEE_FCC RULES _BECOW  AND ON
o FOLLOWING PAGE.) INSTALL. ,c,Lgc.un- uq mammuw
.BOX. MOUNT L1 SECURELY TO  CIRCUIT ROARD..
L1 MOVES OR. ms&m&.s THE | F&Eta.yf-..pwgwu.i. sn—alr-r
. BoTH S§SS. CHIPS CAN BE CMOS /Low POWER . T‘IPES .....
. BUT NOT ALL CMOS S5SS’S WiLk WORK AN CIRCUIT.

USE CIRCLUIT FOR. PAE.ING REMOTE CONTROL, raacxme
- ANNOUNCING \ISITORS ETC. . TO. TR«ANSMJT} LIGHT
b LEVEL OR. TEMPERAI,U&E AS A _VARIABLE TO&&?,RE&A;&”,_\.;
°1:{1. wm-a PHBTbR-ﬁSlS"I'D‘R Q&._:n-tﬁ&msroﬂ ‘

._ __T_HE Ecc REQUIRES; §...?ip:r “.; mﬁ puam:mm DF Eacu

TRANsmsmu’ SHALL NOT BE GREATER THAN ONE .
5ECQMD AND. mﬁ SlL,,ENT‘ P&Rmu B&Twﬁ&bl T@AN&-?
‘.;’-_M\,SsLQNS SRALL BE. AT _LEAST zo TIMES THE
;a-----»-TRAM@SML%SlON DU&AI\Q& BUT IN. MO CASE L.ess :
_THAN 10 stcmns,“ (H:u:sa isAJ.uJ WITH THE
. VBLUES FoR R3 Ry, LAND €2 GIVEN. HERE, THIS.
L CIRGUIT. FW.FLLLS THIS RULE.. .ue& NE.XT‘ PAGE‘.

,EQ,R Anmnon.zad_ B,u!.ﬁi.ytm. ,; .

,,,,,,,,,

'g m\?




2. A___;_ LOW - POWER. Tamsmw&.a, THAT. MTE&FE.R,ES
WITH. RAD:o oR TELE.-.WSJQN RECEP’I‘IO
€ QPERAT&D. . L :

3. R&QUIRE.D HDME* E.uu.-r” TR.ANSM:TTER.__.?_._Assc.

I., HMF_ QQ&STRULTED ‘mxs m&mce FOR. M‘t
Jown. USE. T HAVE TE.STE.IJ T f.,_ANDMQEE.'rk,FV do

e

_|THAT (T GOMPLIES {WITH THE APPLICARLE .
_._...___&EGULATLOMS oF Fcc. RU&E.S PA&T 1s. ]
| A _coPy oe MY H&ASUR&MENTS s u:d M:/
_.___;______._.,Possﬁ.ssmm A_MD 1S AUAJLABLE. Po& L
_JINSPECT 1@:4 AU N 0 S O S

__516!\'&0”_5 L

'x:%&uam-\s _AN ‘QTHE.R RESTRICTIONS... s@f.
11 CFR , PART 15 FOR DETAIS. Lwarr&. o THE.
u_PE,RINTE.NDaNT oF DOCUMEMTS V. s ..?_GQVE.RNME.NT

.ﬂ.h,.é,.\.,..\._.ﬁhJD R&cmve& &n:s RAma SHAC.K. Ac.sa ssu.s A
._.ﬂ.,__g_._\.u_\wloe RANGE oeF CB. EQUIPMENT Boor:s Asou'r
%___.._._R&om mMmuuis:ATlous cmu BE. Fqumo AT MnST

......  ADDITIONAL RULES GIVE PERMISSIBLE SIGNAL.

'i":_'__ﬂPP,DsABLY THE. EE.s.I ..... empf_ o AMAre,ua RADm s

_\ THE ARRL HANDBOOK FOR THE RADIO AMA TEUR." |

5__,.§TH|S ALL-IM&LUS!UE emm whuc:H 1S QEmsED Eﬂm_._,f

E AMf.RJ C.AM RADIO

LS Ammam FROM

cr. Quu).m.* N
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F = FARAD
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P = PoweR
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> ¥ 1,000

4 % 10,000
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Blectronic sensors convert light, temperature, s6und, M%gl‘\.éfid fialde and
other signals into a form that can be processed by electronic circuits. Sensors
have become an increasingly important segment of modern electronics.

This volume of the Engineer’s Mini-Notebook Collection includes three best-
selling Mini-Notebooks devoted to sensors: “Sensor Projects,” “Solar Cell Projects”
and “Magnet and Magnet Sensor Projects.” Learn about important sensors like

solar cells, photoresistors,
thermistors, hall-effect devices
and magnet switches. Then use
these sensors to build circuits and
projects that respond to heat,
pressure, light, touch, water,
strain, lightning and magnets.
You can even make a circuit that
detects the presence of the cursor
on your computer screen and the
position of a compass needle.

Forrest M. Mims III

Forrest M. Mims III has written dozens of books for RadioShack. He personally builds
every circuit in his best-selling Engineer’s Mini-Notebook series. He then uses a 0.7mm
mechanical 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 atmosphere, 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 sev;eral 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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