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RadioShack 

Hetttonjt 
Sensot tucuits 
& Ptoiects 

Build projects 
that detect: 

• Moving air 
•Tilt 
• Pressure 
• Direction 
• Heat 
• Vibration 
• Movement 
• Strain 
• Light 
• Magnetic fields 

Use sensors to: 

• Trigger relays 
• Charge batteries 
• Measure light 
• Control a tone 
• Monitor your PC 
• And much more 
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Cl RCUIT CY l\ABOLS 
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ABOUT THE ENGINEER'S 

Ml MI-NOTEBOOK COLLECTION\ 

EACH EOOK I/M THIS COLLECTION INCLUDES 
THREE OR FOUR ENGINEERS MINl“ NOTEBOOKS. 
EACH Book INCLUDES BOTH STANDARD ClRCuiT$ 
AmD CiRCU\TS DESIGNED BY FoRREST M. UlMSHT. 
EACH Circuit \ajAs Bujct And tested At LEAST 
TWICE. THE CIRCUITS 1/jER E ALSO ZuiLT Fl^OM 
the Final Book to F/nD errors. 

VARIATIONS 1M COMPONENTS And COMSTRuct/oM 
METHODS MAY CAUSE VOUR RESULTS TO DIFFER 
FROM. THOSE DESCRIBED HERE. THEREFORE 
the Author And rad^oshAck. are not 
responsible for the Suitability of the 
circuits FOR AmV APPLICATION, for example, 
the CIRCUITS IN TH/5 Book SHOULD NOT BE USED 
FOR MEDICAL APPLICATIONS; SAFETY DEVICES 
TRAFFIC CONTROLLERS OR Any OTHER USE 
THAT M\G/HT SOMEHOW RESULT l/M DAMAGE 
to Property or injury to you or others. 
IT is YouR RESP0MS/6/LITV TD DETERMINE 
IF COMMERCIAL USE, SALE ok MANUFACTURE 
of Amy Deuice based on in Formation in 
THIS Book INFRINGES Amy PATENT, coFyR/SHT 
OR OTHER Right. 

FOR MORE IMPORTATION! 

Due to the MANY INQUIRIES RECEIVED BY THE 
Author and Radioshack, it is not possible 
TD PROV/IDE CUSTOM CIRCUIT DESIGNS AmD 
TECHNICAL ADVICE. you CAN LEARN MORE 
about electronics FRom other. Zooks 
available from radio shack And from 
Radioshack lab kits. Electronics 
MCACinES are also a £ood source of 
information, various Electronics si-nss 
on the internet And world wide wee 
ARE Also very helpful. 

z 



I. SCIENCE PROTECTS 9 

OVERVIEW 9 

SPECIAL NOTE 9 

ELECTROSCOPE io-ii 
ELECTRONIC electroscope 11 

GALVANOMETER 11-13 

HOMEMADE BATTERIES ih-is 

GRAPHITE RESISTOR it 

LIQUID RESISTOR it 

SUPER CAPACITOR 17 

THERMOCOUPLE 18 
thermocouple amplifier 19; 

SMALL D.C. MOTOR CIRCUITS zo 
MOTOR REVERSERS 10 

MOTOR SPEED CONTROLLERS 11 

l INVERSE SQUARE LAW 21-13 

LIGHT LISTENER ih-is 
L\StEN\N6 TO NATURAL UGH T Z(o 

LISTENING TO ARTIFICIAL LIGHT 11 

MONITORING SUNLIGHT is 
THE SOLAR SPECTRUM. IS 

THE SOLAR DAY 18 
SImPCE Solar Power MEtER 19 
op amp solar Power meter 2.9 

ELECTROMAGNETIC PROBE 30 
USING THE. PR08E 31 

WIND SPEED INDICATOR 31-33 
MAST IN STALLATION 33 

3 



RAIN SENSORS 
ALARM 

LOGIC 

ACT WAT £D 

ACTW AT£0 

ELECTRONIC THERMOMETER 

TRE.R MxStoR amplifier 
All 6RATIOW 

MOTION DETECTOR 

DETECTOR POSITIO 

PRESSURE-SEWS ITIVE. 
ton6. 

SEISMOMETER 

EARTH MOVEMENT SENSOR 

RF TELE METRT TRANSMITTER 
SAMPLE CAU B RATION GRAPH 

LED TELEMETRT TRANSMITTER 
SAMPLE. CALIBRATION graph 

ELECTRONIC CRICKET T 
SAMPLE- CALIBRATION GRAPH 

GAMA LOG DATA LOGGER 

OPERATION DATA 

! ! 
! 

I 1 

• 

2 
55 

5S 

L._i 

i ! > 

56? 

3k 

21 

I 
5"7 

4 
58 _i r-rrr«in 

]-1 

54 

1 

4 
10 mw«lin 

| 

41 

1_i 
4 
11 

r s 

i—i -j. <*—wL» 

i _ < 12> 

....... ..V 
4 

Lm.,; -IH 
-4. 

15 _ 
i i 

1 

46 5“ H*] 1 
4 
P 

• 

4 
18 

4 
1& 

L_ T 

4 
|g 

r" 1*" 

4 
49 _1. 

i : 

4 
EO 

51 

SI 

52. 

i 

{ 

L •.- 

i : ; 
-L.- 

i 

i 
\ i ! 

i 

t-u 

i 
i— 

i r 
» J 

\—L 
i 

L~~~ 
i 

2 2 
! » 2 : 
i--i— 

livirnfl 

j ; 2 
1-—!—f 
! ! i 



i i 

~4~~ 
.. 

i i I -t—\- 

t < 
< 4 
I 4 
i—f— 

--4- 

..— 

•—1 
• 

.| 
.i 

TH 
\ 

j f 

ti 

f i. 

/ 

*** J 

_j __J 

TH 
b 

-- 

•"H 

-*"1 

U j 

: 

l 

• 

♦ 

\ ] 
-~-4 -«*—* 

, ~ 

.i 

OVERVIEW.. .I.j.rt.I 

SAFETY 

GRAPHING YOUR DATA 

IS.0.UIH15:4. j-HrHft 
i-4—iS.Q.b.M0 INTENSITY 

souwt) frecwemcy 
KAhifitOF WuMAM HEARING 
the speed op sound 
MEASURING 1sou»JD INTERS 
TYPICAL SOUMD LEVELS 

lAjrfifJSiTV STUDIES 

THE GREENHOUSE EFFECT 

r-1 

.• 
i 
4 
4 

JEf get 
4 4 

„„ 4_L„. 

! | 

'1-- 

} 

44 
i_4..._4~- 

I s 

lJ_L i T v 

ST 

1_i 

; 

..1" 

/ __ 

L 
j_ 
I 
1 .' u. 

Cl t — 

1 

5 07 
4—) 4'_J w J 

(pfc 

i 

S3 

b 

THE BEAT ISLAajO EFFECT 
Remote temperature tr a n smixter 

THE HYDROSPHERE 

RAl/sl PALL 

MEASURING C-LOUDlK) ESS 
STUDYING 4-tGMTMi/oG 
WATER TUR61DITY 4-4-4 
ElEC TRONIC TURfclDlMETER 
TESTING WATER 
THE pH SC ACE -_i— 

WATER And carbon dioxide. 

H—f- 
~t'—r—i—i—r 

** ..... —^ 
; 

no 
r — 

?.-j 
i_ 

_ j •*» — — 4 
* 

p“ 
MM, 

1 

! — 

1 \ 

j -1 
i . 
: 

— ~~~~ 
1 j 

—^—1 

S3 
i 

S3 

SS 

Sk 
5(o 
57 
S7 
57 
58 

4 -A 4 ; 

5*3 4 

feo 
4?i 

—L 
1 1 4 
j (p! 

(*3 
■ IfcSj 
■ <o7 

r 
4 

4>8 

-71 i 
71 

.4- 
■ i 

771 I 
73 
73 

-T 
-— 

1 X 
7*f 

j 

75 
75 
7fc 
77 
78 
79 
So 
80 

4 

81 | 
81 
5 { 



1 i 

i 
L. S 

1 rj 

THE ATMOSPHERE 81- 83 • 

THE SOLAR RADIATION BUDGET 89 
Haze and solar radiation 85 

Atmospheric optical thickness 8 (o 
AIR MASS 8(^ 

LED SUN PHOTOMETER 87 
:l 

SOLAR CELL RADIOMETER 88 
. Solar cell sun photometer 88 

HOUJ TO MEASURE THE SUM'S ANCLE 89 
HOU> TO MEASURE THE E.T CONSTANT 89 

TOTAL SKY SOLAR RADIOMETER 90 
SHADOuu band RADIOMETER 91 

• 

MEASURING TOTAL And DIFFUSE LI CUT 92. 
measuring the solar Aureole 93 
SonSH|aj£ Duration RECORDER. 99 

PAPER SOKfSHI/OE RECORDER 99 
Pop bottle sunshine Recorder 95 
Electronic sunsh/me recorder 34 

• 

zj JMITS OF MEASUREMENT 

"me. metric system is u*ed almost Exclush/BIY 
in sciemce.. principle units in this book: 

INCHES TO MILLIMETERS - INCHES * 2S.9 
MILLIMETERS TO INCHES = MILLIMETERS *0.03 937 
INCHES TO CE^TIMETERS * INCHES * 2 .S9 
CENTIMETERS -TO INCHES * CENTIMETERS *0.3937 
FEET TO METERS = FEET * 0.3OH8 
METERS TO FEET 5 METERS * 3.261 
YARDS TO METERS 5 YARDS 4 0-S19V 
METERS TO YARDS = MEtERs * 1.09<f 
MILES TO KILOMETERS = MILES *»l.fc09 
KILOMETERS TO MILES = KILOMETERS *0.£>2l9 

TEMPERATURE- the C£LS\US scale is usually 
USED IN SCIENCE. UJATER PREE7LES At 0°C 
And Soils At ioo*c CSEA leuEl). Room 
TEMPERATURE IS ARoufJD 2.2 ° C. 
FAHRENHEIT TD CELSIUS -(°F-32)* S/<? 

CELSIUS *TD FAHRENHEIT “ C°C * 3/£) + 22. 
u> 
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X. SCIENCE PROJECTS 

tl£M E R VIE W 4 XXTqTj 
SCIENCE. \S KNOWLEDGE GAINED BY ORGANIZED 
OBSERVATION, EXPERIMENTATION And STUDY4 

.Lixte PROTECTS THAT FOLLOW j DEMONSTRATE BASIC- j. 
UlsilEMTlflC PRINCIPLES And TECHK)»auESi-|.SOME 

WILL LET VOu MEASURE TEMPERATURE, WIND SP5LD, 
L LIGHT AND POSITION. OTHERS \jj\lL LET YOU DETECT 1 

RAIN, MOTION AnD EARTH MOVEM ENTS4-jyo|u-jC AN 
Learn much by tryin g any on The protects. 

J&ou can learn even more, by combiauajgL 
Projects And modifying them FOR. other].Li 
Purposes, here are some suggestions-. 

iZpJ PLAN YOUR PROTECTS. DECIDE WHAT YOU WANT 

XJto Build, measure or detect, set goals and 

IJaCCOMPCISH THEM. .I—|—|.i.Li 
I « g-IVIV ■■ I r|,-|L„ -|-'-v -4n - ~r rXn.^.rX, ,-,-r+r->-4--^-*-~L—--1. . . ~ ~-T-"1-~ ~4" ~ 

2.. kEEP A notebook, record your circuits, 
. MEASUREMENTS And OBSERVATIONS, be ACCURATE. 

SIGN And date EVERY PAGE. CtHIS SERIES 
of books Evolved prom the Author’s LAS 

notebooks.) 

3. Experiment. For instance, Substitute A 
light sensor For a thermistor to measure 

light instead of temperature. 

j.H. WANT to KNOW MORE ABOUT A TOPljEf-i 

Read other bdoks in this series, visit A 

.LIBRA RY.J READ ELECTRONICS MAGAZINES.] 

SPECIAL NOTE TO STUDENTS, PARENTS AND 

TEACHERS *. MANY OF THE PROTECTSLTHAT-j-J— 
UjpOLLOW CAN BE USED IN SCIENCE PAIR PROJECTS. 
I |Fo|R jg-frAjKAjPLjE. i MEASURE Both TEMPERATURE- ANCL- 

SUNLIGHT ON CLEAR , PARTLY C CO U D yLjA/UDL 

i iOvERCAsT DAYS. GRAPH THE RESULTS. TEST THE 
LlnveRse square law CPp.22.-23) with various 

.... LIGHT SOURCES. GRAPH THE RESULTS. 4.1.].U.I. 

.M.1.I.in.u.1.1. 1.mXHJaiu.1.ta 
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GALVANOMETER 

THE- G ALVANOM.ETER ^ 
OF Aisl ELECTRICAL C 
PLEST GALVAMOMETER 
A WIRE Coil Around 

MEASURE. S 

current. 

the Flow 
THE SIM- 

COMPASS 

COMPASS 

north 

COIL \ 
C30 TO 50 ' 
TURNS OF 
MAGnET 1/JlRE 
OR WRAPPING 
WIRE) 

USE TAPE OR Hi 
coil in Place. 

Flat.; Surface. 
COmPASS NEEDLE 
THEN TOUCH THE 
THE EnDS OF A 
COMPASS NEEDLE 

HOT MEL 

Place 
Align 

e Both 
L LEADS 

melt Glue TO Hold 

galvanometer oh 
SO THAT COIL AND 

Point NORTH. 
FRom THE Cc/L T 

1.5 VOLT CELL. THE 
will immediately i 

TO an EAST-WEST ORIENT ATIDN. 

north 

reverse Polarity 
OF BATTERY TO 

Reverse direction 

the needle Sumngs 
Momentary use 

current drain. 

. . . , . -A 
7 

r 

L,....,.. 
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Is 
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COlL 

NORTH 

NAIL 

also use reed 
Relav SOLENOID, 

STANDARD : 

RELAY OR 

lOOi- lOO __ 

TURNS Of= 
MAGnET 

OR WRAPPING MAGNETIC 

EARPHONE 

Pulses to the THE CIRCUIT BELOW will 

Galvanometer!. Coil that 
Compass needleL.iro source back 
Forth.- like a horizontal pewdl 

north 

R1 Ak»D CL CONTROL 
*te. Resistance. 
Plus R3 should 

EAST.4.ZO.OHMS. 

a_ 

in 
► ii mu 

i. i 
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HOMEMADE BATTERIES 

HOMEMADE POWER CELLS AMD BATTERIES 
CAn BE USED TO OPERATE MAMY KiMDS OF 
Low Power circuits. a basic cell 
IN) CLUDES THESE CO MPONEMT S : 

PROTECTIVE 
COMTMMER 

Plates of 

DISSIMILAR 

METALS 

Electrolyte 

CElectRicaliy 
COKJDUCTll/E 

liquid or 

paste) 

THERE ARE MANY Vaj AY5 TD MAKE PRACTICAL 
POWER CELLS. HERE IS Am EX AMPLE. *. 

COPPER FOIL galvamized MAIL 

ELECTROLYTE-SOAKED PAPER TOWEL 

ELECTROLYTE cam BE TABLE SALT DISSOLVED 

iM water or Powdered citric drimk. c^ust 
COMTAIn) citric Acid) DISSOLI/ED In) WATER. 

Dip TOWEL IN) SOLUTION) Amo ALLOW TO DRY. 

Activate cell with water, cleam amd reuse 
Electrodes when) cell stops workamg. 

b 



B± VARIOUSL 
ELEC.TROLYTES AfOD 

ZINJC (-) 
silver CO 
magnesaom. C~ 
ALUmimUM (.-) 

NA.AGM6.SIUM C"' 
AlumimuM C+} 

MAGMESlUNvOO AlUKIWUH (+) 
ALUMINUM (-) 
SILVER (+) 
: POWDERED 

SILVER CO 
NAAGM£S\UM( 
C\TR\C DRAMk 

ELECTRODE MATERIALS 

SHOP FROM A 

CIRCUIT 
- COPPER 

PER LAMI Mi BOARD 

GALVANISED MET 

A/ARE STORE. 

PROM mails 

ILVER TH/N S 

RlSBONJ FROM TBInJ MAGNESAu 

PPLY COMPA/UY. 

MAGNESIUM 

CHEMICAL 1 HOBBY 

THE VOLT, 

ABOVE WE 
VOLTNAETER 
REGAM TO 

AM SOME C 
TWICE ATS 

IN MOST CASES THE \JOL 

declime almost . 4mmed iai 
ASES THE VOLTAGE IMCREA: 

i INITIAL VALUE AFTER 20 
PEAK; VALUES ARE GIVEN INI EACI 

c 
C 

V 
M O 

• c c -> 

r. ~i.f 

P 

A L 
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TOR CAPACI 

onsideRab ly 

CAPACITORS 

iiact M.ON COPPER- CLAD 

PC Board 

(JFoit siOE Down)) 

PAPER 
TOWEL 

ACTIVATED 

C ARSON 

COPPER-cu 

PC goARP 
CFpl.L side u 

Rubber sand to hold capacitor together. 

SOAK CARBON RATER AND PAPER TOWEL LAVERS 

MON JUICE CELECTROLY TE). INCREASE AREA 

MORE CAPACITY. ADD LAVERS TD l/<JCfi.£AS£ 

k6E OtJL VOLTS PER LAVER). Do NOT APPLY 

THAN l.Z VOLTS PER LAVER OR THE} 

TROLVTE WILL DECOMPOSE. 

CHARGE (C) 

THROUGH IK 

SEcF 

DISCAAR6E 

PLACE Cl IN DISH 

DVSCHAR 

THROUGH 

Cm-vnut 

iw 

, 
1 

A II 

i ? 

■, l r 5 j } 

i 1 
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THERMOCOUPLE 

A "THERMOCOUPLE, is MA.DE. BY COMNJtCTlK) g 
A WIRE OF OKIE. METAL BETWEEM TWO 
WIRES OF A SECOMD METAL. IF o*j£ OF 
THE TWO COfOK) E.GTIOM S OR JUMCTIOMS IS 
MADE WARMER THAM THE OTHER, THEM THE 
THERMOCOUPLE WILL GENERATE A SMALL 
Voltage. Some metals And Alloys 
work muck better tham others im 
thermocouples. Vou CAK) mare a 
Simple THERMOCOUPLE from a paper clip 
Akjd Some copper wire : 

hot 

tum CT I QAJ 

CocO LREFEREMCE'i 

Iuk ICT 1 GK) i 
Y 

IT | -f 
55=, 

HERE 

copper 

paper 

- CL\P 
WIRE 

SOLDEK 

HEfCE 

COMKECT THIS SIMPLE THERMOCOUPLE to A 

digital Multimeter, it will generate up 
to a milhwolt or so Co.ooi i/olt) whek/ 
the Hot tumctlow is HEATED gy A match 

A THERMOPILE IS A SERIES OF MAAJY 
THERMOCOUPLES THAT G£aj£ RATES MORE 
Voltage tham a Simgle thermocouPce: 

rNKNKNI 
COPPER ; PAPER CLIP 

HOT 

TUnjCTIOMS 

COLD 

TUKJ CT1DWS 

COLD HOT 

THE TUWCTIOMS CAM g£ 

ARRANJG£D IaJ A STAR SHAPE 
WOK HOT UUKJCTIOWS IM CE/otER. 



COMMOTIONS -Look 

THERMOCOUPLE. 

CONTROLS 

FALLS jVtJCTi OAL 
HE OUTPUT 

lNH6.AU 

JUNCTION) 2. |1 
M JUNCTION i 

.tiow... 1 i For 

OG VOLTMETER BRjSTj*... 

OF A PEVJ ^EjMjrH s 
ILL LET you WATCH 

jimg Sack amd Forth 
volt 

OUTPUT V, 

DEPENDING 
after you 

JUMCTIO/J IS WARM 

Ri CSE patient) 

VDU CAM USE 

XUWCTI OH. cooc 



SB A CIRCU 

THESE SIMPLE CIRC 
TIOM LOFRoT ATJO K) 
L, LOW- POWER D. 

KimrREV 

THESE CIRCUITS 
CONTROL DIRECT)' 

Rotation) of t 

•OR M.AKJOAU'f 

A COS/C 

MOTOR M-UST MOT 

EXCEED Power 
RAtimg OF 
POWER MOSFETS 

forward 

REVERSE 

FORWARD 

RE VERSl 
Ql- Qh : 
SIMILAR 

IRF-SU OR 

Power mosf 

^011 / 11 
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D 
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MOTOR CONTROLLERS 

MOTOR. 

OR SIMILAR 

51 POWER 
MOSFET1 

stream, of pulses 
iG the Pulse rate 

ESS AMD 
ro MOTOR 

INCREASES 
protects 
voltage ;j 

DELIVER ' 

REASIM , l NIC 

THE 
5SS FROM 
SPIRESJ- 

ROTATION. D1 
MOTOR 

MOTOR OFF 
similar MOTOR ON 

POWER MOSFET 



INVERSE SQUARE LAW 

Sou KJ D UuAuE S SPREAD OUTWARD AS THEY 
TRAVEL AWAY FROM. THEIR. SOURCE.. So Do 

ELECTR0MA6WETIC WAVES SUCH AS LIGHT 
Awb RADIO WAVES. THE INTENSITY OR 
strewgth of such waves is inversely 
PRoportiomal to the square of the 

D\stAmce. of the wave from its Source. 
iw OTHER 
THEM THE 
WHEW THE 

WORDS, IF 
IWTEN S ITY 
D\ STAWCE 

THE DlSTAWCE 
IS i/H THE 

IS jL 

•5 3, 
wtewsity 

LI GU T 
Souir C E 

H 

v\ 
2 
uli.l 
H 
2 

BLACK Jt- 
PAPER — 

1.000 

1/H C.250) 

l/<* c.lll) 
1/1L C.0U3) 
1/ZS C.OMO) 

THE IKJVERSE 
SQUARE LAW 
DOES NOT APPLY 
TO MAR Row BEAN* 

LIGHT SOURCES 
LIKE LASERS. 

\ (WHY?) 

\ 
\ 
\ 

X 

_1_ \ 
1 2. 

DISTANCE 



LAWJ 

HELP SOLAR. WITH 
CELL 
ME AS 

A SILICON 
And M.ULT1ME.TER 

EX PERlME NT 
BACK- BDUED 

GROUND 

AND 

BLACK 

EXPERIMENTAL VAJHV 

WAT FROM THE; THEOREtVCAL 
AVERSE SQUARE LAW ASSUMES... 
• SOURCE Emits [uniFormlV jKJ 

REAL LIGHT SOURCES Do 

.X OBEV THIS ASSUMPTION 
LTS, THE DISTANCE TO THE P/RST 

Point should BE at least Jo to 
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LIGHT LISTENER 
THE. HUMAN E'fE WAS A PERSISTANCE OP VISION 
OF AgOUT 0.01 SECOND. THEREFORE A LIGHT 
that flashes on and off more, tham about 
SO l-U APPEALS CONTINUOUSLY on. the. 
Human ear is huch faster and cam 
Res pom d to sound ujith a frequency up 
TO AgOUT 20xooo Hi. THE LIGHT LISTENER 
TR An) S FORM.S THE PuLSAT/MG AMD FLICKERING 
OF LIGHT THAT THE EVE CANMoT DISCERN 
INJTO SOUNDS THE EAR CAM EASILY HEAR. 

R1 
10OK Cl 

. 1 F 

CZ prevents 
oscillation).. 

Battery leads 
Must be short. 

Ql e p_ip 
PHOTO- \T / 
TRAM5ISTOR, Ml [l 

RL 
iOOK 

+ 9 V 

IM STALL 

Circuit 

inj 
Plastic 
CABINET. 

L 
R3 
10K < 

RL- CONTROLS 

GAIN 

R3- VOLUME 

CONTROL 

QZ 
.l^F 

T ' 
CZ 
.1>mF 

3>a<* CM 
lOO^F 

S JL 
SPkR 

CAUTION) : 
THIS CIRCUIT CAM PRODUCE LOUP SOUMDS. Do 
HOT PLACE SPEAKER CLOSE TO YOuR EARS! 

ZH 



T£ST TBE.H6HT LISTEaJ6- R 

Q1 .TOWAUD AsJ.i ARTIFICIAL LIGHT"SQuR. 
A LIME.- POw£R.£b 1MCAMDES c£MTf LAMP 
WRL PRoDu CE, 1 A HUMMIMG isOUNJl 

F LUO R £. SC E. N T .. L AKP WILL _ PRODUCE 
Su-z-z. Am infrared tv/ rekotE co 
JNlT.] WILL L PRODUCE A LPULS I As) & ; TONE. 
CAMERA PLASM UNIT WILL- PftODUCI 

A LOUD 

FOR BEST RESULTS 
Ql's LEAPS . MUST 6E 
COR.RCCTL'tf INSTALLED 

LAMP 

FLUORESCENT lamp 

CONTROL 

SoumDS PRODUCED 

OTHER LI GMT SOURCES 

ARE , DESCRIBED ON 
NEXT TWO PAGES. flash 

PHOTOTRAMSISTOR Qi CA 
SOLAR CELL. CONNECT 
Cl And minus C-T lead 

N BE REPLACED.!BV \t 

cell's Plus C/O LEAD 
TO ground (40. OM 

: INSTANT 

CELL- TO 
POWERED 

LIGHT 
MICROPHONE INPUT 

Audio amplifier. 

batters 

US E MAGNIFY IN 

td increase 
listener's de- 

1 l 
1"”“' 

« r “T* 

-4 

4—j —i 

i 

} i 
4—] »<%■■»—nL 
7 t l ,4.,....... 

J 

—i. 
* 
i 

1 



NATURAL LIGHT LISTENING 

PRODUCE lightinvn g Plashes 
sharp clicks a^d 

UJORK-S best at NJ\GHT. 
SYSTEM. vaJ 1LL DETECT 

LIGHT Ml MG MISSED .....BY 
CAUTlOfC *. DETECT LIGHTS 
LUHILE IWOOORS OR IN C 
DISTANCE. IM P£ET TO Lie 

IS 1080 TIMES SECOmDS 
BetluEEm Plash and thu 

Flame 

THE PLAM£ 

BY MOVIM6 

A/s)D P OPS 

CANOUE 

HEARD HUM l/j/LL 
NEARBY Pi REPLY Dusk 

EACH 

OUTDOORS ON AaJY 
uv DAY. Sunlight 
ERIMS THROUGH LS4i/£. 

Duces4.various- sound 
do Reflections FROM 

SUNLIGA/r THRe LUlNDOKJS 



LISTEN] MG ARTIFICIAL LIGHT 

BEAK 

S4-OVAJ 

PL ASM LIGHT 

HEADLIGHT SInJG 

RUU6IN G 
SOUND WHEN 

AS MOU 1kj<£> 

OR BumPY ROAD. Bumpy Road 

Electro 

USUALLY 

sue Displays display 

POWERED BY RAPID 

Pulses CURRENT. 

5 ARE MERGED 

wouS LIGHT BY 

RESPOUSE OP 

ButJ THEY cam BE h 

A 6U2C OR. Hum wi* 

t\GWT LISTENER. 

iNiTO 

|\AACROVJ#M)E OVEN 

THE DISPLAYS, OF TELEvISvon 
sets AkID COMPUTER 
MONITORS ARE FORMED BY _ 
SWEEP IMS AK) 'ELECTRON 
beam Across A Phosphor l 
coated screen,, the light 
listener TRANSFORMS the 
Pul sating phosphor to a buz < 

n 
u "■'fv 

— — — 

c "<3>©f 
V v£^> 

T c 
i_ _ 
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WA v£L£.M<STRS 

OXYGEN 

OZONE. 

CAR&ON D»OxiPE 
WATER VAPOR 

ROMETERS) WAvELEMGtH 

SOLAR 
AT THE. EARTH'S SoRF.A 

ATMOSPHERE. C CLOUDS 

THE Sun’s Am C 
HERE'S -THE SOLAR 

mm£R DAY IM CENTRA 

THE SOLAR PovJER 
INFLUENCED BY THE 
SMOG* ETC.) AMD 
DAY AMD SEASON) 

For a clear sl 

DUST 

direct sum 

AMD SRYLlt&i- 

clouds that 

Block sum 

HOUR (.SOM T/mE JUNE 20 

i~ X~ i—i—l—i » \ \ 1 1 '.ill 
k $ g j, . -Wr« !  f—| 

_j 

RING 
( P 

KAO M ITO SI JNL & HT 

i c Aka! 1 BE LEARmED A6o u T THE earth £j 

A.T" MACP a | ere. K V (LriMlTf > ft l M <2 j SuaJLIGWT. .1 1 ' w W i n j * V * 

TWF < ;OLAR SPEC T RU M i~—-M 
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SIMPLE SOLAR POWER. METER 

-j-1- 

— 

+ 

— 

VOU CAM MAKE. A SOLAR 
PO^ER MET ER. W »THi L4 SOLAR 
cell amd a multi meter.isjsji.- 

~|r$>..Read current. the 
JCuRREmT FRom. THE CELL WILL 

REPRESENT the SU.Kjp <3MT’S 
I/MTEm S I TV OVER mi SOLAR, 
cell's spectral RESPONSE. 
US E. Qi <S JTAl MULTIMETER 
For .Accurate readings. 1 

o p : a mh: is o la r:i:h^meBlimeter 

J 
p 
Li R2 

lOK I 

SET Ri td Give 
OOTPuT oF LTOS 
VOLTS AT NOOM 

ON SUMMV DAY. 

—*— -j—j——4-—j.—4 

TO D'OITAL 
Multi meter 

to read voltage. 
—i. 

fTT...I -4-4—-j—j—f—4—-j—4—4—4— 
SET re TO GIVE 

O VOLTS OUT ivHEU 
Solar cell dark. 

T—4" 

SOLAR MON I TOR I NIG E XPE R ffififtltfXS 
4~ 

.T l4-..ft.elfcQRp <[o1a|L j .ftaLp tkoli d ColT I 

A; D A'i MA KE JK. GR APH OF i.YOuRJ..MEA SuREMEMTS. 

L-SU. STUDY EFFECT 6F VARIOUS CLOU OS ON SuNLUSAJT. 

-.A-StnlpY-IjEf pIsItT J>fj Li[> i-sLMuklii- H—!—I 

H-)- 
i ; 

H. RECORD j£UiMLl«Hr AT IVOOfJ.EACH DAY FOR A 
V£AR- GRAPH YovR MEASUREMENTS. 

444444444.i.L v\ 

? » \ 4.44 



ELECTROMAGNETIC 

OW1C C1RCUITS THAT OSCILLATE. OfiL 

CUR.R6.WT JGREATE. ELECTROMAGNETIC 
THIS CIRCUIT CHANGES A PuLSlMG 

PICKUP 

KEEP BATTERY LEADS 
SHORT TO AVOID 
OSCILLATION). 

:an PRODUCE VERY 
ISE EARPHONE. OR 

TO. YOUR ears! . 

CAUTION : TWVS 

Loud sounds. 



FACING 
PICKUP COIL NEAR | AjEC£U;SR 

OF TELEPRonE. j. WAndsStI 

SHOULD HEAR A.DIAL TOM4.i 

WHEN RAnOSET \S "OFF THE 
HOOK 

CAM FlMD WIRES 

W M £jf\> I. CuiR^Ej-^i 
ixiiiiku Switch 

INSIDE WALLS 

isi.FLOuolNJ &. 
Oto Am D he/ 

AGAIMST PICKUP 
Vou will heap Pushing 

sounds, if amplifier S0UC4LS 
REDUCE l/OLUM E 

REDUCE;.GAIN Of JHt 
JG resistance of R1 reduc 

MEARBV lightning Flashes 
iftyk.fi..Ickac Uik<.1 
3s. sparKs l tfr RiuMsl 

•T.CURRENT motors 
•OUCE :A.. Buzz oR 

many electrom\c Appliances 

gemerata electromagmet 14 

PLACING THE 
NEAR. COMPUTERS 

10 Pp.\NT"W\ 

10 GOTO 10 

PICKUP COIL 

Radios 
FLUORESCENT L1 

CONTROL TR an smitten 
l.N,f.RA RED CONTROLLERS 

l “j— i i—i* 
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WIND SPEED INDICATOR 

A SMALL D.C. MOTOR WILL GENERATE A 

VOLTAGE. INHEN ITS ARMATURE IS SPUN).4 t 

THIS PRINCIPLE CAN be USED to mAk.E A 

SIMPLE WIND SPEED INDICATOR. the most 

DIFFICULT ASPECT OF MAKING SoCK AN 

instrument is mounting Air collection 

CUPS to the motor's shaft, the best 

METHOD IS TO UJELD THE CuP HOLDER TO 

THE SHAFT. HERE IS OWE WAY TO ATTACH 

Air cups to a motor for temporary use: 

Aluminum 

(8" To 12") 
I UP 

<$> ± 

6-32. 
HARDWARE 

V "j 

1/2 PLASTIC / 
EGG / 

INSTALL GROMmET 

IN HOLE DRILLED 

IN CUP HOLDER. 

VOLT METER 

Rubber 

grommet 

GEAR 

MINIATURE 

D.C. MOTOR 

THE BEST MOTORS 

ARE THOSE SPIN 

EASILY SUCH AS 

THOSE DESIGNED 

to be Powered 

by solar cells, 

motors hard TO 

SPIN require, 

MORE SPACE 

betiueeh cups. 
i 
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RAIN ACTIVATED ALARM 

Ezo BuziMR vajill 
= MlT[-TDhJE WHEN) 

uu4.Jj^ju>|p Ji^^.s.4- 
ON SENSOR. TONE 

jUILL SOUND UK3T1L 

SEnSOR. IS 1TOTAUV 
DRV. LriI CONTROLS IN llZi 

R6LAV 

OPTIONAL 

VOLT 

VAT ED LOGIC 

LAJtT 

connect 

LED. TOUCH MOIST 

FINGER TO SENSOR. 

ADJUST RZ unICILJ. 

JUST GCOWS 
GLOVO UNTIL 

L_ 

.J R. Alh- j 
< JENSoR 

L_ 

-1-j 
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M OT I O N 

THIS 

RAM GE 

ZMCLOSURE 

i PLAT Si AC 

MA&MI FV ) hJ G FP-6Saj£L 

AST G IMCA6S SQUARE. 

; AT ARE 
... ADJUST Rl UMTIL 

OFP. (VAOVl 

WILL LlGWT 

REPLACE 

R2 AMD 
LEO WITH 

PIEZO 

SUZZER 

OR RE LAV 



POSITION 

ALSO 
TO SALAvNC£ 

T VoO LI6WT 

sources. 

LIGMT 

A/OALO G 

VOLT 
METER 

ADJUST RM 

4.UNTIL 

lOK 

WHEN EOTH 

EQUALLY ILLUMINATED 

PACK A 6E. 
IF Qiu£ 

TEST wrrA SUPER. BRIGHT LED l 
SEAM , STRUCTURE MAY AFFECT 

cell GENERATES more. UOLTA6E 

LEuEL is BALANCED , REDUCE O 

METER 

R.V6HT 



COMOUCTWe 

SE.SJ S IT l 

i-. CAM . 

E REsi 
of :.Such 

SCALE.. A SIN 

BE MADE BY > 
IAJEIGHT TO TK 
A PR.ESSUR.E-SI 



SENSITIVE 

at and 
DO\AJ KJ 

A R1 

VE TONE 

SAAKE TEMPORARY 
SENSOR simply sy 
IN SERT1NG 

LEADS FOAM, 

PRESS Down) 
RESISTOR Ri 

Of TME TONE. 
FREQUENCY 

R3 
2.2.0 

1 

8 SL ii 

SPKR 



SEISMOMETER 

A S£ IS MO METER. IS AM IMSTP-UMEMT THAT 

DETECTS THE EARTH MOVEMENTS CAUSED SY 

EARTHQUAKES. A SIMPLE SEISMOMETER CAM 

DETECT EARTHQUAKES THAT OCCUR. THOUSANDS 

MILES 

KlMDS 

i.£ ^ 

AWAY. 
SEISMIC 

EARTH 

EARTHQUAKES CAUSE SEIZERi 

WAVES IMSIDE THE EARTH. 

(I (aTf 
00 

a o 
a a 

EARTHQUAKE 

surface 
\AJ AVE 

^ P 

WAVE 

V/ 

s 
WAVE 

ly?' 7 

r Z L 
j t! \ 
f if \ 

y 

\ /c 

\ OUTER 

\ cc ■ RE 

•. A 

( i 

LyM 
■ i ... ... „ .vf. . 
J 

. J, 
t 

.V 

.r 

:1 

M NJ ER 

CORE 

SEISMOMETER 

M.AMTIE 

A SEISMOGRAM IS A 

Movements produced 

GRAPH OF THE EARTH'S 

BY A seismometer : 

f P WAVE WAVE 
L . . t ^ n i J I , ■ „ ,-ulv I j ? ?1- »- i-i.i.i.-jr I-! 

P.iWAve A Cruzes First 

£ surface wave 

—t->—-4- 



I DIFFERENT Ki 
AVAILABLE 

NOS OF SEl 
examples Two 

HORIZONTAL PENDULUM WEIGHT An)D 

RECOROVN g KOTOR 

CORDING ORUM. 

FOR SENSING 

Horizontal 

(back and forth) 

GROUND MOTION 

SEISMOMETER 

FOR SENSING 

vertical 

(UP AND DOWN' 

GROUND MOTION 

SEISMOMETERS 

SHOULD 8E 

mounted on a 

Fi Rm Foundation 

OVER, IF 
WEIGHT And STVLUS 

E INFORMATION ABOUT 

library. "Earthquakes 
1T66) BY BRUCE Bolt is 

SMO METERS, 

L>. H. FREEMAN 

Good Book. 

^3 

“5 

\ L... j 

\ 

/ / y\ 
,-n 

t* 
? « 

! 
ILLS P* 

MOTOR » 



EARTH MOVEMENT SENSOR 

TW\S SIMPLE seismic sensor was detected 

TRAIN)S MORE THAW ONE MILE AwAY. 

TO H 
mm mm 

VJ1RE 

OR 

NVLON 

u we 
V N 

Avoi D 

MOVI 

Al R i —• 

„.J VAAGNET 

—. 

Hot 

MELT • 

C II uE 

f 
... > /) 
L 

**-STURDY SEAM. 

USE THIS TEMPORARY 

PENDULUM. POR INITIAL TESTS. 

UNSTALL PICKUP Coil ON 

HEAVY SURFACE THAT CAN BE 

MOVED Dlfl.EC.TLV UNDER MAGNET. 

ADJUSTMENT PROCEDURE: 

PLACE A MAGNET DIRECTLY ON 

TOP OP PlCKuP COIL. ADJUST 

R2 until led just Switches 

off And does not flicker. 

Remove MA6NET. led should 

Flash and flicker ujhen the 

Remove magnet, led should 

Flash and fucker when the 

magnet is moved near -the 

pickup coil, joext, Place 

Pickup Coil directly under 

Pendulum magnet. Reduce ri 

TO 1M IF CIRCUIT TOO SENSITIVE. 

REDUCE THIS SPACE to 

INCREASE SENSITIVITY. 

Rl 

10M 

Pickup 

COIL 

CUSE 
telephone 

PICKUP COIL 

OR 9-VOLT 

relay). 

USE SHIELDED 

CABLE IF MORE 

THAN 2-3 " LONG. 

KEEP BATTERY 

LEADS SHORT. 

35 

+ T v 

-HV 

^•I'l 
=L9J/ 



... exception ally... 

stop puckering PAILS TO 
sEnsitiv itv 
SPACE BET 

PERMANENT L 

PENDULUM Install 

AN& PICKUP COIL IN 
MEtal or Plastic pipe to 

prevent Air movement 
from, moving pendulum. 

USE L-BRACKETS TO BOLT 
Assembly to concrete. 
Foundation For 8£st 
RESULTS. ! VjMEN ae was 

\N P1I6H SCU00L IN T£XA 

eric Ryan mims used 
similar.4 Arran cement 
TO DETECT UNDERGROun 

NUCLEAR TESTS IN NEV/ 

Position of magnet 
N G CAP UP OR Down 

moving pendulum 
Wole in cap. make 

luiw 
Buzzer or 

INCREASE R3 
to use Both 

TO REDUCE VOLUME 

1.» II 
r 

s IX | riw^ur 
Co \ L 

Li 23 Za • °i v 
0 A 

AAA. j 
ri 
1_i 

r~ 

t 

optional PIEZO 

Bu2zer; CHIRPS 1. 
when led flashes. 

r» «■ ... .r 11, 

3 

2. 

+ ^v 
k T ' 

ay 
RZ 

LC K 
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RF TELEMETRY TRANSMITTER —i™*™ 

THIS SIMPLE LOW-POwER. RADIO FRE&UENCY 
CRF'i TRANS M.\TTE R WILL 8 ROAD c AST 
TEMPERATOR6. AS A SERIES OF COCKS, 
TD A NJ6AR.6V RADIO TUnEO TO TH £l_1—L—j.„ 
UPPER END of THE. Am BROADCAST BAMOiJ 

1/H" 
SODA 
STRAW 

t 
TAP 

AnJTE^ma 

uii) 

I 
IS- 

TURNS 
30 

TURNS ^ 

START 
Wl NOING 

Httt 

Cl 

lO^F 

THERMISTOR^ 

(_lOK AT 2S#c) 
Rl 
SOK 

oi- use a 
2AJZ901 OR 
OTHER PKlP 
TRAN SISTOR. 
SOME WILL 
WORK SETTER 
THArO OTHERS. 

St i 
l.SVf 

LI- USE 30 GAUGE WRAPPING W»RE OR 
MAGNET UUlRE. (.USE MAGmET WIRE FOR 
SMALLER COIL. BuH/O uARniSH FROM EnDSLj 
OF WIRE AMD TAP AmO LIGHT LV BuPA 
CHARRED VARNISH WITH SAND PAPER.) 
PoncF Small hole near one end of 
STRAW). INSERT 2£ OF WIRE THROUGH 
HOLE AMO WI/UO 2O TURNS. PumCH 
HOLE IM STRAW AMD IMSERT Z" LOOP 0F\— 
\AJ l RE (.TAP) THROUGH HOLE. WIND 15 ~4~~ 
TURNS SACK OUER FIRST WImDiajG. 
Punch hole through winding and 
insert emd of wire, wrapping wire* 
Cut TAP loop And TWIST EXPOSED WIRES. ...L.. 



VALUE .TO SLO \KJ pulse 

CH An>G£ PULSE RATE 

AA P£wU6MT 

SAMPLE CALIBRATION GRAPH 

WATERPROOF LEADS 
SILICONE SEALANT. 

AkjD- THERMOMETER 
SWITCH ON 

OF ! THERMVSTOR MJ ITH 
IMMERSE THERM! STOR j 

IN WARM water 4.1-4- 

ITTER AMD RECEIVER. 
CLICK. Si-1 Nlj IS SEcomDS 

AMD; TEMPER.ATUR&IJ 

)LS. lADD ICE FOR 

SAMPLE CALIBRATION) 

TRAMS M 

ECORD COUNT 
1.AS WATER 

TEMPERATURES 

FNN Sum 

CALIBRATION WILL CHANGE 
Read justed.- ok td use f 
FOR Rl. C\RCu IT.Ivajorks 
THERMISTOR that hasjaL 
Roo M. TE MP £ R A T U RE C Z£ * 

X y 
V_i 

y A 

14 
s 

r 

1 i _i 1_- 
u> o 70 

-- 
.mm 

i — 

LOO .45] __ 
a s 

t 

7 O 
. .. w.. 
3 

s o jq 
H o 

_ 
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l s 2i 

[ 1 _ 
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TRANSMITTER TELEMETRY 

THIS CEO FLASHER 
WILL TELL YOU-m£ 
TEMPERATURE At 
ITS LOCATION FROM. 
anywhere, you can 
SEE. ITS FLASHES. 

CHECK TEMPERATURE 
OF £R£EN HOUSE , 

ETC. UJH/LE 

| N doors. 

SUPER BRIGHT LED 

GARDEN, 

you stay 
IOO/aF works 

LIGHT. 

GRAPH CALIBRATION SAMPLE 

MPERATURE 

DR MU MG 

You CAN 

BY COU 

Rl CAN 

lBRAT 10N IS F 

30 SECONDS. 

URATE GRAPH 

GO SECONDS. 

MAKE.„ 
nTING 

BE FJXED RESISTOR 

A A MPLC .AIIUI' 1 ,rn • 

Is 
i 

l Hoi —• U SE THE RM\ STOR 
/ 



ELECTRONS 

LIKE A 

.......&lvcrs Emitted.i 
BY THIS; CIRCUIT 
is L.de.p£|Kjtekflh [ 
ON JX&MfERATURfiL 
INCREASE VALUE, 

- or a to llpycE 
Vi Rate, op clicks. 

speaker vsumj 
LED .TO CONVERT 
TEMPERATURE .. 
TO FLASHING 
RATE OF led. 

SAMPLE CALIBRATION GRAPH 

CALilBRATEj AS DESCRM 
NOTE THAT PLOT IS LI 
A WIDE COUMT RANGE 

PREVIOUS 
KJD THAT 

THERMVSTOR 
H RESISTANCE 
10K AT 25° C. 

-CALIBRAT‘D 
MuimMAr OF. 

M, TEMPERATURE JJS ABOUT 
CLICK* IM AS S£Com$,J 

FOR THIS 
5^Tik|sL 



ANALOG DATA 
DATA 

DATA 
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CONTROLS 

CONVERTER 

G Is) At. VOLTA6£ 
ROM. j S&NJSOR 
t sewsor 

audio isolation! 
TRANSFORMER. CLnjtER. PR60U£NLY 

OUTPUT TO R 
M.V C RO P HOn e. 

l N) Put 
EARPROhOt. 

Rl 
;_i M, 

-j 

SS£ 5 

« 

% » w i..* 

_j 

• » 

_J 
— i' 

i rs w- T*« r*N 
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LOGGER OPERATION DATA 
SENSORS CAN 4 
For example 

IT BE OUTPUT FROM MOST 
changed to a voltage. 
THESE {CIRCUITS gOTH CHA 

INTENSITY into A VARIABLE 
LIGHT 

lOOK 

SOLAR 

PHOT 

hi for two 
CONVERTER. 
SIDERED AS 

HERE IS A CAI 
VALUES OF CJ 
THE GRAPH S 
APPROXIMATE 
COMPONENT \ 
IN THE GRAPH 

SET R1 CV/F CONVERTER^ 
FOR DESIRED CENTER 
FREQUENCY THAT WILL 
Altered sy input susmal. 

z_ 

2 

1 S 
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SOUND 
\MHEK) Vou HEAR. A SOUMD, YOUR EARS ARE 
respokjdimg to timv, Rapid changes in 
the pressure of the mr. these changes 
ARE SOUND WAVES. THEV MAY HAvE A 
single Pitch Amo Constant 
LouDkjESS C IniTE N S I TV OR TUDE). OR 
thev may Be A Complex Mixture oF waves 
VMi-tH PIFFEREmt FREQUENCIES AMD AM-[ 
Plitudes. repetitious waves of UNIFORM 
or gradually changim<s frequency AND 
Amplitude ARE usually more Pleas-ant 
THAN IRREGULAR, Abruptly CHANG//u<S UJAI^S. 

SOUMD INTENSITY 

SlwcE THE EAR RESPONDS TD AM ENORMOUS 
Range OF soumd levels, the intensity! 
OF SOUMD IS EXPRESSED USING A LOGARITHMIC 
SCALE IM WHICH O DEC (EELS IS A BARELY 
PERCEPTIBLE. Sound with Am inTEmSITY Of 
XO-12- WATTS PER SQUARE METER. 0%"V* I 

TO REFERENCE. Sound DECIBELS 

1 0d8 

10 1 O dg> 

loo zoa8 
1,0 o o 2 O 
o o o o i O «<6 
o\o o o S' o <4 6 
ofo o o u 0 46 
o,o o o 7 O dS 
o,o o o 80 48 

ofo o o 9 0 <16 
ofo o o loo 46 
o,o o o 1 l o a 6 
o,o o o 1 2. o <4 6 
0,0 o 0 1 3 o dB 
0,0 O o 1 V O d £ 

A 10 a 6 INCREASE X 
\S An increase/ 
of to times / 1 

THE INITIAL/ 1 ° 
intensity./ 1,0 o 
(G>OdB-io/ 10,00 

*SOd6.)/ 1 0 0,00 

—-1,0 0 o,0 0 

1 0,0 0 0,0 o 
1 o 0,0 o 0,0 o 

1,0 O 0,0 o 0,0 0 
1 0,0 o 0,0 O 0,0 o 

1 O 0,0 O 0,0 O 0,0 o 



SOUND FREQUENCY 
WAVES RA 

TO COMPLEX 
IME. VJAVE 
-E PER. SEC 

FROM Pore. s»aj£. 
COM.g/KJAriOMS OF WAvES 
AS A FRE Q.UEao C V i OF 
WD (lWE£TZ OR 1 Mz) 

Amplitude 

RANGE OF HUMAN HEARING 
TUe NORMAL UcJMA/0 

SOUNDS RAnJGUOG (AJ 

to '2.0,000 Hz. the p 

FREQUENCIES DEC RE 
is reduced sv REP* 
eoud Sounds. 
having a FREau£^ 

OF HUMANHEARlN 

is SOUaoD KAUING A 
RANGE. 

OF SOUND 

THE SPEED oF Souub IN 
CECS'US C3^° FAHREMFEit) 
CiOftfc F££T) PER SECoMD. 
CR&ASES 
c o&°F) 

331 METERS 
SPEED |M- 

TEMPERATURE . AT 2.0 D 
SPEED OF SOoaj D tAJ Ai£ 

is 3H3 METERS (ills feet) per secowt>. 
SOUND WAuES TftAuEL THROUGH UQuiOS 
And solids much more (upibty than through 
AlR*. THE SPEED OF SOUND IN U/ATER AT ZS°C 

Qt*F) is 1^97 meters sCMii feet)per secomp 

AO 

• a 



MEASURING SOUND INTENSITY 
radio smack soumd level. meters are 
IDEAL FOR. COMDucn/sHS SOumO SvAu£VS. 
UJHEM M£ASUft.lf0 6 SOUND COMiME FftoM 
OM£ PlRECT/ON, Do /^CfT HOLD TOE METER 
SETiuEEM YouR goDV AMD TO£ SOURCE OF 
THE SOukjD. Hoed THE METER TD O/oE 
side Amd pO|/oT rr at the Sou/ud source, 
use fast response For sporadic sounds 
OR TO MEASURE PEAKS- USE SLOW RESPONSE 
TO MEASURE AuERAEE SOuuD LEuEL. 

SO U.M O 
SOURCE 

THIS IS A POLAR 
Rot of the 
Aj4<5ULAR RESPONSE 
OF A RADIO SHACK 
SoumP L£uEL 

> P 
/ 

d 
/ 

J 
9 

<to°t 
J 

La 
i 
,0 r 

dB \ 

\ 
c 

SOqkjD 
LEv/EL. 
METER 

A 
T- 

0 
o 

T 

d6 

THIS PLOT 

SHotu S 
THAT 6ES T 
RESPONSE 

# 

IS 
UJHEA4 IMSTRUMEaoT 
is Pointed ieo°± 
DIRECTLY AT TWE„ 

_ </ 

LO 
dB i 

SOun)d source: 
battery POWERED 
SHAx/ER TD SlUt 
BRoAD SOUajO 

SPECTRUM. 

270 

iSOo/up 

56 

Source. 

cAutiom: 
very 

SouwD 
DAMA6E YouR 

HEARIaxS i USE 

PROTECTORS 
MEASuRlMS 

LOUD SOUNDS. | j 

EAR 



TYPICAL SOUNb 

IMT6MSIH Cd &L ^ K ^ 

„ 5-00 JO Ui 
OoOOOQOOOOOOOOO 

JET AIRCRAFT 

PAJ/O THRESHOLD of 

SuBUJAY TRAWO 

NIAGARA FALtS 

PASS I/O <=> TRUC.IC 

PiAMO C&AR OF P6AV6A) 

WATER fiLU kj6 TUB (lm) 

VACUUM ClEaaj6RC2*0 

TVPICAL 

JET AiRCRAFT 

TyPlCAc 

CUMISPER (1 _LJ 

THRESHOLD OF SoukiD 

p lv“ j 1 1 

UlKll 5 

Li.i.! 
» 

• * 

% 
: 
r- 

,—- 

t | j 
; ! "T   -r—-r-r~-^t—r—w~ - 

rf”T 1 
i comPureR ZJH 

:_|_[_ 

i ; 

i \ 
__j._i_j 

RAp/o 
i 

TYPfCAC OPF/C£ 



ARTIFICIAL SOUND SOURCES 

ARTIFICIAL SOUIOD SOURCES CAN GE USEFUL 
im Evacuating the Acoustical properties 
OF A Room. or. Auditorium.. THEY ARE 
ESPEC*ALLY USEFUL CUHEm USED COiTH A 
Soo/JDj L6v£L meter, small Electric 
Motors Aajd Electric shavers cA/u g£ 
USED AS BROAD BAn)D yLouJ AREauE/JCY 
Sound Sources. THE circuits BELocu AR£ 
TOME SOURCES. 

SIM QLE FREQUENCY TOME 

ADJUSTABLE FREQUENCY TONE 

fc®. approximate freouemcv* 

<o0 



SOUND INTENSITY STUDIES 

THE if^TtNS IVY OF A SOUND IS ..JNUE/iSfM. I 
PROPoRTlOk)AL TO THE SQUARE. OF 1W£ DISTANCE 
T> THE. SOURCE.. THEREFORE A Plot OF jSOvwD 
imtt/os itv im D£c(g£c^ vs. distance. tt> the .. 
SOURCE Formula StAAIGHiL.Il1ajE . 

RADIO sHACK I 
PlEZo ELECTRIC 

8UZZ6-R LIU. 

STRAIGHT 

STRAIGHT line 

E,£arR/d SHAVEi 

Back-Room) sound 

STRA\GMT L|/sjE 

Scwud 5*. BACKd AOunD 

NOTE THAT straight unEU£6in$: AuiAV from 

SOt/RC-E. TO ESTIMATE THE SOUND IioTEnS/7Y io 

METERS FROM. A loud euT Of STAN riu/A T6R FrtOL, 

TET> T&AIN v BAND, ETE. r. MAkfi- SEVERAL 

measurements at different distances. Plot 

TME DATA ANDI DRAul A LIME TrtfiPU4HllH£i POINTS. 

EXTEND THE UmE to Estimate the JmtEmsity Li 
of me. sound meaner its^Murce. 



THE GREENHOUSE 

THE- GREEM HOUSE EFFECT KEE 
THE. EARTH tuARM. £ MO UGH T 
SUPPORT Llf£.. IA/AtER UAPOR 
-me most important of the 
GREENHOUSE GASES //si AlR. 

V\SI£LE AwD M64R-lMFft.Aft.ED 
SO/oLIGMT PASSES THROUGH Alft 

AcmD uuARMS THE EARTH. 

IWFRARED 

RAD/At/om \ 
FROM. ujARm 
EARTH IS 

^CLouD Blocked By 
GREEU HOUSE 
GASES 

(MAiMLV 
WATER. vapor 
AMO CARSoM 

GR££m HOUSE 
— GASES-' 

THE ROLE OF WATER VAPoR im th£ gReemHouse 
EFFECT is ogvious TO AwVOwE who i/IS/TS Humid] 
AMD DESERT or MOUMTA/M RE6/0MS. WATER VAPoft 
\M Humid RE6I0MS TRAPS ImFRARED from THE 

THUS KEEPikjG MIGHTS ujARm. WARM EARTH 
THE DR'* A/R 'oF DESERTS AmD HOu/JTAlwS PERMITS 
imFrared from the earth td be Rad/at£d 
IMTO SPACE. THUS CAVSIM6 Cooc mights. 
Clouds Also PRouIDE a GftEEMHOc/SE EFFECT* \ 
THIS PLOT OF TEMPERATURE AT MV 7EVAS OFFICE 
SHocus THE EFFECT OF WATER v/HPdR AmD CLOuDS*- 

FROk)T OVERCAS-T WARM/MUMfD 
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• V- 

r 
:twibk;vapor.~TrrTT.n iTIT 
p 4 4   ^—L~—X~~4 4 -4 1 1 * -L \ i 4 \ ^ X—X- 

.I THe„ ATMOSPHERE ALWAYS IMCLuDES SOME. WATER 
vapor. Air is mot a comtaik>£r For ujate^^ X. 
WATER MOLECULES ARE PART OF THE A/R.j WATER 

^^epfLi.ckili IgE up -Tt> H% op 
AlR. COLD AlR IS MUCH DRIER, AkjD Ar~YO'C 
('-Ao*F) THE MAX/MUm PERCENTAGE OF WATER 

.1 IM AIR CAnmoT BE GREATER T?\A<\) A6ouT O.OZ%. 

4 RELATIVE HUMIDITY 
Relative humidity is the RA-no of the Actual 

TO THE MAXIMUM POSSIBLE WATER VAPoR IM THE 
AlR AT A GWEN TEMPERATURE. SImCE THE /MAX¬ 

IMUM Possible water vaPor im wARm Air is L 
MUCH HIGHER] THAN THAT IK) CocD AlR, RELA¬ 
TIVE HUMIDITY IS DEPENDENT ON TEMPERATURE* 

_THUS THE RtLArxue HUMIDITY OH A COOL SPRING 
MORNING CAk) BE RS% Ak)D OnLY SO% LArER 
|m THE DAY. Even TH0U6H THE TOTAL WATER V/APoR 
IN THE AIR HAS MOT CHA/OGED. 

MEASURING RELATIVE HUMIDITY 
USE A RELATWE. 0o use two thermometers , 
Humidity mEtER-^ one with A ujLt sensor 

j OR SulS. Blow) A/R PAST 

THE wet s&msoR For A 

__ 4 . min utE . them USE; chart 
ra°U FOllou/inG TLOO PACES 
QpD3I^ TD FimD RELATIVE HuMID/TV. 

1 Jooooo motor 

"t#.!. 
RADIO SHACK. 

W£T GAu2£, FABRIC^ 
OR. HolLOU) SHofcUcE 

WET -y-—{-*— 
Lap*o/haoc. 

i—f—f- 
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RELATIVE HUMIDITY (%) 

DRV 6UL& c “O' WHT 6ul6 1®[ 

0.5 1 .o i.S- 1.0 2.5 3.0 

-s.o 88 77 4 4 59 93 21 

.=fcts 90 8o 7o 40 50 91 

0.0 91 81 72 45 S4 97 

i.s 9 2. 89 74 48 41 S3 

S.O 93 84 78 71 45 S8 

&H 93 87 80 7 9 48 42 

10.0 99 58 01 74 71 45 

12.5 99 89 8H 78 73 48 

ISO 95 9 o 85 80 75 70 

1 7.5 95 90 84 81 77 72 

zo.o 95 91 87 0 2 78 79 

12 ,S 94 92. 8 7 83 8o 74 

is.o 9 4 91 8 3 89 81 77 

17.S 94 91 89 85 82- 78 

30.0 94 93 89 84 81 79 

21.5 97 93 9 o 84 83 80 

35.0 97 93 9o 87 89 81 • ✓ 

37,5 97 99 91 87 85 81 

9? 99 HI 8S 85 81 
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3 SOU RC.£- V.L. 1.Li.1-4. .i.L- -f- 

53 L [ 22 1Z J 3 “HtTEC'ROtOOVi BY i .1 4  

) X. Mo£A\4/\a)D M4M0R6A/O, 1 1 ?9 
—1 

5 1! ZZ IS MAC.KILCAAJ 1 PU&LLSH!rt G 
j CO. , P.5(pO (19S9). 

9<p IS 12 x 2.9 
to\QotJVEKrr °c 

t | Sf 95 SS iz i to "FAHRewHfir: "•4—— 

1__ 5k 50 ‘i'i 3 8 11 °F^C°C*‘1/s)+5l 

C?o 59 9 9 9 9 19 Example.* 
DRV — 7c°d 

£3 9 S IS H wtr* ^o•C 4^ CTP 
DRV -u>er= £°c 

6,1 S7 SZ 31 11 k (o3% L. 

<c0 £S 2 (o t &P(f- Z II" ’ I 6>9 

7o 42 56 ‘iQ/'ZH . S..L.... 

72 £» A (bH (1,1 Xv zs lv 1 

6,4 (23) </ 7 32 nZB|.- -2-.. ... 1 
*"—" 

71 7 o '"f- 1 

75- 11 48 4S SO 3 4 23 12 1 

7 Cs» 73 70 47 52 39 27 14 4 r ^ ■ 
m I i j M m ! i H 1 m ...n.l 

I 
r"~“ 

7 7 
— 

79 7 L (o& S9 9 1 3 0 2.0.1 11. 

3 

1.7Z 49 S4 9V 33 Itfrl lltp/l T 7P IS r~ » ! 1 T | ! ! 1 [ill 1 [ j 
i ; 7 9 7 G» 73 70 ZQ 9 4 34 24 18 
i 3 i 8 ■■"t—— T"""' 5 7 9 7 7 79 72. S'? 98 3 8 Z9 21 
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THE HEAT ISLAND) 
TOUJtOS 
CA LL£D 

And L CITIES 
HEAT ISLAmDS 

Attempt data/ 

RECORD the. Foclqloimg 

Location) 

RfcDio 

6oADALUp£- 
rvver sriocl 

•TUUCTiOk) Fas 
PATCH 

COURT 
StR££T 

i ran 
_ Stop Po iut^ ujAS EouAL At 006 *. 

T 

1 

i tuf 

5 

1 
J- 

j i i 
1 1 1 M i __i__ 

5 
» 

v 1 
| 

0 1 n.cA 2 VH.s l') t-lfL 

fip6M6iTl£jR| 

' ^ • far T*— 

M.\ LE <; 

-9£-j- 

1 

1 
~i- 

' 
—j—1—I 

i 1 
-J 

1 l 
—1—^— 

covjnjtRvside . You cam Easily measure- 
YOuR City's H£4r ISLAMD EFFECT uJH ILE 

LJ DRiVlM G j Across toojM. You twice m££D* 

D A MOTE Book. OR TAPE RECORDER TO 
RECORD YouR. MEASUREMENTS . 

J_ 

□ A iT>te(lMDA\£TeR. ( DlClTAC TYPE UllTW 
SENSOR OU A CARLE UOORklS BEST.) 

Q A FRlEMD OR relative to DRivE ioh/lE 
i H—■ „i You RECORD DATA. CAuT/OnK DO Not 



rEMPERATc/RE- SEMSoR Mus 
DED FROM. Sw'mUGHT /WD 
FROM THE CAR’S j £aj<s/mE 

'JST- MAKE HOLLOLO TvBE. 
UjhITE PAPER ^ TAPE. TO . 

>R.i OR DooR. HANDLE uj/TJ 
FACImG FDRWAR D. TAPE. 1 Si 

PuRTIAER ; MEASURE HEAT ISCA^P.. 
AT DIFFERENT TIMES OF DAV AmD 

IS THE EFFECT GREATER J/Sjl „ 
2. OR ojvkiT&R'? MoRmIMG OR AJlCHT? 
U MEASURE THE HEATH L^OAajD EFFECT 
;e PARKIN) G EoTS HEATED 6V THE 
FACTORIES * Su(?Di\/isio/OS * ETC. ? 

VEAR 

DATA GRAPH VOt/R 

ACROSS TPu)Kj 
from, sarah's 
SCHOOl TP HOME 
OCTOB£R Hx H£K( • 
FoRREst* MV MS 

MoTEE 
JUUCTIOM 
123/123 

v Business 

road 

martin dale 
Road 

Railroad 

OV/ERPAS5 

OlZ(o-10 

Ffto M Rvs» KJ G SVtsi C 
vse im temperature 

7) 7(«3) 9(1^5) 
(IOLOMEtERS IN PARENTHESES} 

« 

_J 

j/~~? 

i I 

■ T 

i i 



REMOTE TEMPERATURE TRANSMITTER 
install this 
CIRCUIT- |k) a 

_ Small Plastic, 

JRZ CASE. PLACE. IM 
*L Silo REmotE site. 

< C^OP OP BUILDING, 
LEU BRIDGE, HiLL-TDP, 

I ETC.) AMO POINT 
\l LED inhere You 

PLAN TO BE. 
1_ SECURE Uo »TH 

_ TAPE OR BRACKET. 
supcr-bp-icmt Circuit must 

RED LED £E IN SHADE. 

»-t !•• ^ - >».% ■ — » ■ 9 1 

*T*"* 
pq v 

r- THERMISTOR 1 

PL 
! 

,.X. ...- T k r 
T » 

< fc L8 H < 

* > 

. . . . ■ . J- P 7 t 

r 5SS 
I Ri < 

r 
* G V 

2.2k 
< 
< 

■i 

i L > 2. 3 
• 

r ■ 

rrr- 
ci : 
iOOy^F 

THE LED EMITS FLASHES AT A RATE DETERMINED 
by temperature. Flashes from a super-£Ri6/*r 
L6.D CAM 66 SEEM Ov/ER A ComSlDEHASCE 

Ev/EM i/u DAYLIGHT. USE 6imocuMRS OR TEl£ScoP£ 
td increase Ramce. td calibrate, INSucate 
LEADS OF THERMvSTOR UMTH SILICONE SEALANT 
And dip in ice ujAter. Count flashes jm is 
SECONDS And READ UMTEfc TEMPERATURE from 
THERMO METER.. ADD WA«.M udatER AnD REPEAT 

THE MEASUREMENT- PROCEDURE S’ OR MORE 

times. Plot data like this: 

OS£ RADIO SHAO VC. cy 
THERMISTOR. INiTH ykl. 
RESISTANCE OP X* 0 
Iok. At 2.s°C. 

x° 
o temperature is 

About 3 times 
RASHES Ik) is-SECONDS 

nti FoR THIS CALIBRATION 

TEMPERATURE COc0 

f— 



ABOVE-BELOW TEMPERATURE RECORDER 

SOME- PRuIT TREES REQUIRE A M\NIMUM MUM6ER 
io£ kobgs THE tEMPERATURe IS BELOW 
PREEZlMG. THIS CIRCUIT RECORDS THE TIME 
THE TEMPERATURE 1 IS RELOuJ 06C (22°P) OR 
ANOTHER TEMPERATURE SELECTED BY R2.. 

Si mil AR 

JVJ-CHAkjw&L 

Power 

Cloc.il 

BATr£RY 

iOK 

RADIO 5HACK TH6RKM.«,-TOR METAL 

ISOLATOR 
METAL Rt CONTROLS TEMPERATURE 

LRvEl THAT Activates 

COECTiOOS TD Pia>5 
Z AMD 3 OE *7^1 TD 
RECORD TIME T>Mt 
TEMPERATURE EXCEEDS 
LEVEL SET gy R/£- 
TO calibrate: iMseitr 

THERMVSTOR 
(im SULAtE 
LEADS WITH 

Silicom£ seal amt) 

OR rtoT WATER 
battery- Powered 
AnAL06 clock 

tro ADJUST 
TEMPERATURE 



HYDROSPHERE 

OlRROS 

STRONiG, 
uPppapts CUMOLO/Ji MSOS 

CLOU& \ 
(mat PtMeTturt. 
ImtD ColuER 
stratosphere') 

L!6HTW»KH3> 

VIR.GA 

tuAt 

EvaPoRATEs) 

Riv/£R. 

WATER Ru*J0FE 
MAT CO KIT Ail r4 
A<$Rlcu<_TOR AC 

CH£M\CA‘i.S) So/C 
AmO M.icRog£S 
FRom AWIMAL UiAstE S AK»0 ' OR- GB- Av/fiL 

V 

p- VI 

r 
L 
v 

r' 
X XV Qv A/ 

r . ^ ) f )i 

T 
i 

1 pl 1 .j joy 
i / 

. t : 
;. j:..; .. 

: ffl * * j* 

i J J i 

/ I i i: 
■4 ' 

La, 
| ' * 

i tiiij -hi 
A All' . [II f * t 

j j 

r: ti V Pd it a . m Onj 



Tl-JsJ V 

Rjrm ujh£ a! 
WATER VJAPOR 
CONOEMSES ON 
tiioy Particles 

MERGE ImTO 

*AUCH 

op Oust , 
Etc. A4.u 
Pres e mt 
ms. Air. 

water vjapor. from plam- 
A^D EVAPORATED FROM. 
Rop/es oF water. 

PftoM 

i_I 

i-i -L. 
T t 

1 

\\ 
\\ 
m 

5 

s* 

*■ G> 

» 



MEASURING RAIN DROPS 

A TOPICAL RAIN DROP MAS AJ&IAMETER. OF 
ASour 2. Mlu_<MS.rE.RS (o). DROPS cam be 
smaller or LARGER. USE this INSTRUMENT 
TO STUDY THE SI2.E OF RAIN DROPS: 

PAIN 

METAL OR. 
PLASTIC 
CYLINDER 
OPEN AT 

Both £mds 

wvlom 

STOCKING 

DUSTED UJITW 
POLODERED 
Sugar or 
Flour 

rubber band 

MEASURE And RECORD p/AMETER Of INDlUiDUAL 
DROPS AND AVERAGE DIAMETER OF AlL DROPS. 

RAIN DROP DETECTOR 

TU\s SIMPLE circuit will 
SOUND A TONE uuHEn A 
RAIN DROP SPLASHES ON 
A SEN SOR . THE SEMSOR 

CAN BE ALUMINUM. SCREEN 
MOUNTED JUST AgoVE A 
metal plate, (e.9. copper 

Foil on pc Board). oR 

make a'^comb" sensor - 

ETCHED CIRCUIT ''COMB*'} 

\ % Dsk 

RA\n 
DROP 

sensor 

+ 9 v 

CLOJL J 
< 

MPJtlZL 

R1 controls 
SENSiTiUlTY 





LiaoiD ujATER that CON 
osxecrs. Op TD 0.(0 

: iDE\U may comdekjsE 
OBJECTS An) D PLAwTS 

DEW POINT 

ji. THE. TEMPERATURE At NlOHT 
BELOVjJ THt DEvJJ PO 

USUALLY 

MOT PALL 

2-. A DEvu POIMT OF ; 
AMD An) APPRoACHI/OG 

rnowoe RSTOftMS ARE. 

AOUU TEMPERA- 1.i THE PREDICTED 
OGuJ f^lwT • 

20°C LCMeS ofl H,6W£K. 
UfJ comfortably Humid. 

DEuo POUoT 
the Air MEAmS 

5. UJHEfO THE dew) POI/^T IS ZELOVJ FREE-Z.I (06 
0/0 £XPOS£D SURFACES. i..J. frost mat Form 

DEuJ that FREEZES FORMS A GLAZE OF 

MEASURING DEW POINT 

iEfVou MARE A VOET/PRN RECAtivE Bum id 
CHVUROMETER, SEE fcfSoi-J 

DE.W) POIMT li APPROX* MATECV ;.i—i—L—j 

IT N TE MPE R ATuR E. „ FORMULA FRom. CUMATE. 
DATA Am RESOURCES M BY £.AJmAcRE ^OuTt£^€r B‘ 





MEASURING CLOUDINESS 

THE TEMPERATURE OF EARTH IS REGULATED 
IN PART BY CLOUDS. VajARM. AIR. CA/u contain 
MORE VUATER VAPoR ^ HENCE MORE CLOUDS. 
THE CLOUDS REFLECT SUk) LIGHT BACK IN)TO 
SPACE , THUS CoocinG THE EARTH. RECORDING 
TAE FRActcoao OP thE SKY COVERED BY 
CLOUDS CAn PRoviDE IMPORTANT INFORMAr/ON) 
ABOUT THE EPPECT OF CLOUDS ON CLIMATE. 
the. fraction op sky covered by clouds 
IS MEASURED in tenths or octas (eighths) 

O TENTH S OR o OCTAS= cloud-PR££ sKY 
£ TENTHS OR H OCTAS= SO % CLOUVlutSSj. 

10 TENTHS OR 8> OCTAS= OVERCAST SKY 

ESTIMATE CLOUDINESS IN EACH OuADRAnt 
OP thE CONVPASS. AVERAGE THE H ESTIMATES' 
ID GET THE OVERALL QLOUD\UE$>S. 

CLOUDS 

v Film, op, 
\|\OEO 
CAMERA 

/ 
OME ujAy to 

PHOTOGRAPH 
cloudiness: r^ 

Hemispherical 
MIRROR (vh\DE 
An£L£ BACKUP 
M\RROR, SECURITY 
Mirror, Poushcd 
Hub cap, etc.) Jcd- 

TRlPoD 

a 

—? UA 

0 
• 



r lis)DOORS WH£M 

f COK)0uc.T|/O<> 

THtise. 6xp£RiM.£f/re 

M You HEAR 

OlSTA#sice IS 
iCOtJOS TIM6S 

•T'l OR. 

PWATCH vjjHEn) 

*£AA THUNDER 

AlttEM THUNDER 
hum LE»<iTH 

.T IS ElAPS B D 
)n£S X.8C0 

3 (K/LOMETEAS) 

JULY I<*7S\ 

U6HTAUM6 STRUCK ez.M 7“R££ -r 

WEAR MY..6ARtt, S Puttie <3 ,„^0. 
TfijJfJK IM HALF, BREAKING <AAC£ 

BQAmCH A<siD Bloloi/o 6 PARK. Aa>0 J 
i A. . . —— /t i -■ — 

Arom TR«nK SPUTTERS 



TURBIDITY WATER 
COMTAMtMAMTS SosPEmDED P/\/ltICL£S , Ll&oip 

A/OD WAtCr. MOLECULES all ABSORB or SCATT6R 

LIGHT PASS/MG THROUGH WATER. THE SEC.CHI 
D/SK PROVIDES A SImPLjE ^ TibfE-TESTED ME4M5 

\aiAt£R C4AR/ry. MEASURING. 

WATER 
SHOULD 

SuRFACE. 

B£ Smooth ECCA i 
DISK 

SUBMERGE DISK 

OWL i r DiSAPP&iRs 

Poll d/sr dp umt/l 

it /s just wsiele 
AMD RECORD depth Luooo 

(OLD brook 

stick OR 
FROM, hardware 

Polarized Scwcms5£5 

WILL. BLOCK PJLfULCr 
TlOMS FROM SURFACE 

OF WATER. 

For peeper water 
REPLACE POLE WITH 

CORD. USE FELT 
TIP MARKER TP At>D 
Scale to cord. 
(F MEcESSAAV, ADD 
UJEtOHT TV BOTTOM 
Of DISK (STEEL 
WASHERS OR L6A0 

F/SH/aJ<S WEIGHTS), 

BLACK PA|mt 

CookiE SHEET 

mSlg/L/TY RECORD 

L Z7, I4>7G . OM 

CAuTlOM UJITH 

:hi Disk V 
w&r er 

THE SEA EAST OF MOV At 
ZEMLtA , CAPTA\k» XOHf 
WOOD OBSERVED SHELLS 
om the Bottom w |m 8c 
FATHOMS water, which 

Ls H80. FEET. Eos , 
MARCH i, iftW v p. ^9.) 



ELECTROMIC TUP.61 DIMETER 

HMS CIRCUIT MEASURES 

liguad wjitk res peer td that of clear water 

liquid silicon 
solar 

BAttER-T 

la^p-too 
BRV6MT? 
ZLOCK 

SuMfCM 

TUlS PORTION Of 
CIRCUIT MOST 6£ 
ISOLATED FROM All 
External usmtT 

TEST CELL ~ Plastic 
OR 6LASS COMTA/IOER 

With Plat Sides. 
TO D(<SITAC 
VJ&CTMETBR 

OK TD REPLACE LAMP VaJITA LED 

PROCEDURE 

X. FILL TEST CELL lu 
Distilled water 
TO 6iv>E Output oF O. 

£. SWITCH L AMP om amd adjust 
OUTPUT OF 1.00 VOLT. 

XUMSERT cell mp*- SAMPLE Wi 
] RECORD OUTPUT y/oLTASt * 

i CLEAR. TAP VjJAtER OR 
UMTH LAMP OFF, AOTuST 

oo VOLT. 

For more sekisttiuity, u 
volts Amd adjust ri to 
Mnk i CLF am S WatER i* 



TFC.TIM^ \WATER 

ViIAtER 1C SOMETIMES DESCRIBED AS THEomioERsAA 
Sni hPk\t-. You CAu EASILY MEASURE THE CON)C£mtR4T7oa; i 

OF VARIOUS IMPuRiT7£S 
CDaM SfIPPL' 

— V 

IN) t 
/ St< 

juAt£R oS|ni£ TEST KITS 
>R6S Amp RADIO SUAQ.K. \. 

IMOORTAaOT" TESTS 1 

HfVRDhST SS ~ ■ CAUSED BY C NS SOU aED MimERAES- 

ArM MOM'A “ - A u)ASt£ PRODUCT" oP BA<StER\A . 

Kl\TRftTf — IMfSkFlttF. NJT OF CROP EER.TI CIZ£R. 1 .1 ...* 

Nitrite — - IMPAIR ABILITYOf BlooD TO CARRY OXYOEaA. 1 i 

P 14 / rv|2l *\F ~ ■ Dl*s 1MF£ CtAkIT OPtFn j added to water. v IV u. 

P U - COMC FmtRATIOM OP HYPR.06EM 10MS. 1 n v/1 

THE PH Ff AL F 

A k\ ikirPPA^F. 1A - en£ 

OP 1 pU IS An) IS - BLEACK 
ik\ r c F A.CF r 12. 

to TIM.FLS Tl-IF Ul£H H - AMM0N\A <L V 1 II v w_~ -> 1 fiL* ri»V** 
khJMRFR OP /ALkALlME) lo 

UvftP o G£kj lOfOS- 
— / 

R - 8AK-IM 6 SODA 
8 - SEA WATER 

NEUTRAL. 7 * DlST«U-6D WATER 
6? z milk 

RAiM DJAtER S ■ maajy FboDS 

FALL In! LOU) *1 ' OR.AM6E JVICE 

TMK0O6H Cacip) s - ViwE^AR 

11k»Pa/ i IITF.D l 1 I 2. - LEMOM TOICE 

aid ua<; A pH v . 'll 

oP about s . (o . 
w--— 

0 - gAxrERV AVOID 

tv>. IT - VOdBCFlP DU 1 mdicatoR - -ElOui FY PURPLE 
4v--f . 

<•*/»<? pa/£F im A [?/£aJD£C. the. Purple :ruic£ imu. 
u dilute, to use.. 

i A 6 ! i r -—r—r—- 



WATER AWD CARBON) DIOXIDE 

WATER READILY ABSORBS CARBON OiOXlDE CCOi) , 
WHICH MARES POSSIBLE CARBONATED BEvERA&£SC; 
MUCH OF THE CO* IN THE AlR IS ABSORBED 6Y THE l 
ocean), rain.absorbs cd2i which forms carbonic 
Acid And causes rain falliaj<s through clean 
Air *n> be mildly acidic. 

to DEMONSTRATE 

ABSORPTION OF COx. I/O 
WATER, &U>uj BUBBLES 
THROUGH TMALL CuP 

OE WATER, use pH 
Indicator drops oR 
Paper to measure 
pH of THE WATER 
BEFORE AnD AFTER 
Blowi/OE. X MBASuREb 
Change in pH From. 
<p.2_ TO (p.O AFTER 

Bloujin)£ B. minutES 

/nJTD TEST iTUBej SMALL 

/XCTIVATED CARBON AND WATER 

CARBON IS A MIGALV POROUS FORM OF 
IT IS WIDELY USED TO REmov/e 

FROM DRIkjKinG WATER AnD WAtEF 
IMS. ACTIUATED CARBON IS SOLD BY 
TORES. THIS SIMPLE DEMONSTRATION 

ability -n> Filter, water. 

Food add ACTWJATED CARBON to 
watER And it will Fizz, 
as timy air. bubbles are 
RELEASED. ADD A DROP OF 
Food Coloring, CAP the 
Container AnD shAk-E 
VI60ROUSLV- UjAtER WILL j. 

BECOME Clear. AS carbon 
absorbs the colored dye. 

Coloring 

BUBBLES 

ActivMtED 

CARBON 

N i 

i_ 

i 

; 

j 

i 

i_ 

j_ 
s 

i 

4 i 
4 
! 

4 I 
i 
i ; 
t i 

i i 
4 
J.__ 
4 



ATMOSPHERE 

UJVmO 

VOL CANUC. 4 

CvER.'f 

Pu.ni Am 
EAuptioaj 

Column* TRoPoSPNErE (^MoiST, CLoi/D 

AmP TInY 

ROC-IC u 

PARnctes 

CASH")- 

HEIGHT VARIES VaJITH AATItVO 

AMP WEATHER SYSTEMS. ABowT 

17KfA (SC»,ooo FEET) At -the. 

EQxJAToR An)D 1 Km C^S.ooo 

ERuPTiokJ VOLCAulp 

CLOuD OF ROCKS 

POLLEN HAZE 

AfiRJCULrvRAL 

M > J C 

1 NATURAL 

q 
— 

j 

I j i 
I 

rr 
p\ 

¥r 
y 

... 

[3 ; 
i ■ 



TVHS- OZomE. 

^0% OF THE 

B^MAUoDER 1 

Iajc<_ud£.S ABout 

zone. TH£, 

L. TROPOSPHERE.. 
SUk) 

ultra vioc£r 

OZ.o*o£, 4 CAVE R AjgSpR& 
OF THE. S Utj' 5 DCTRA\/i 

RAPia-tiom. uoccAmic. 

AND Both NATURAE. Amp 

F*)THRoPoG£.aJ\C* GASES 
destroy ozone . * man 

0ZO/OE LAVER 

IS 1S-3S KM. 
ooO 

MAOfL 

Bj% NiTRoGENi, |2.lj..*4 - 

Oose OF WATER VAPOR,.. 

lA/uE, CARBON MONOXIDE 

ST,i SPIDER UJ£BS> 

Vnd dozens of otm&z 

condensation cumucu s 
CLOUD 1-. TRAIL C^ONTRAIL.) 

MAZE CAusGo 6 V 

SULFATE PAAT7CZES 

COATED WITH tUATCR. 

SVLFOH DIOXIDE GAS 

URBAN BA26. 

AClDlfr£0 

PouiER ftANT* 

traffic 



BUDGET SOLAR RADI ATI ON 

THE OZo m£ LAVER. 
ABSORBS HOST 

ULTP.*W\ OC6T AMD 

some orancse1 VoLCANlC. 

uj&tix* 

CiRPuS 

f CLOUD 

DIFFUSE^ 

RADIATION 

RADIATION 

CUMULUS 

cloud SMOKE. 

diffuse 

Radiation RADIATION 

Cumulus 

CLouD£ 

CLOUD 

SHADOUJ Cumulus clouds 

RADIATION IS Solar ultraviolet by 
UP TO 2S %. CS6.E 

F. MlkSHt £ X. FREDERICK 
NATURE 371 p* 2 <11*199*.) 

DIRECT SW ti.. 

diffuse radiation 

ON a FLAT SURFACE 

■■...'"TjT 
> 2 



—f- 
; i i 

HAZE AMD SOLAR RADIATION 

.. .v 

t 

•*-—r"- 
__4„. 

NATURAL HAZE IS CAUSED BY SMOKE FROM FOREST 
FIRES v WATER VAPoR FCx3 ^ I/ERYLTHin OUERCASTi 
CIRRUS OR STRATUS CLOUDS , DUST, SEA SALT AND 
PHOTOCHEMICAL REACTIONS OF SUNLIGHT j AMD 
VARIOUS GASES EMITTED BY PLANTS. 

.AM TARO POGENIC. KA-ZE , A BY PRODUCT OF Mum AM i 

ACTIVITY, IS CAUSED 

—T- 

SY Emissions from, coac-Fireo.. 
Power Plants, Fireplace smore * contrails 
From high Altitude. Aircraft (which cam cover1 
MUCH OF THE SKY) AnD PHOTOCHEMICAL REACTIONS 
of SUNLIGHT Amo CASES EMITTED BY /ntERmAC 
COMguSTtON Em G/n£S. ANTHROPOGENIC MAZE 
IS ESPECIALLY BAD OVER THE EASTERN POR*T70n5 
of Europe amd the united stated. [ j T | T [ 

No hAz.£.; SUkj is brilliAn^t P!$r in 
PEEP KLuE SKY. CLOUDS-JSt'WD OuT. 

"T" 

SOME HAZE*. Sum Surrounded BY BRIGHT 
GLOUJ (ClRCuMSOCAR RADIATION^. CLOUDS 

near horizon Difficult to resolve. 

—-L. 

considerable haze*. Sun Dim. Entire 

SKY PALE ^ MILKY RLoEi jctjo4c4 tfelfc 

into HAZE And tjcLAjt\r Ufr SgfeJ 

Hr 

HAZE SIGNIFICANTLY reduces direct radiation , 

si oni Ft can Tty increases diffuse RAdiat/on And 
Slightly reduces total radiation. 

UA2E scatters Some Radiation back into 
SPACEv THUS CAUSIMG A COOLING EFFECT. 

ff 
IT 

MAZE GREATLY INCREASES DiFFoSE RADiAtioNJ on 
Plants and animals shaded from Direct sun. 
During summer of i<mr x found that a person 
SHADED from DiPEct Sun BV A SMALL UMBRELLA CAn 

RECEIVE 30% OR MORE SOLAR ULTRAVIOLET AT A 

MA2Y Site near sea level than. At the top of 
Pikes Peak (Elevation*. Soi meters or i%ti&Met)* ~x~~ 

8S 

■y—*4,"-*4.-4- - 
i i I I 
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ATMOSPHERIC OPTICAL THICKNESS 
•T"*~! 

q 

ATMOSPHERIC OPTICAL THICRMESS (Aot) /S A 
OF -T74P riARirvioF THE AiR IK) A 

VERTICAL COLUMN) THROUGH THE ATMOSPHERE. 

AOT IMDILAtES the Amdumt OF HAZE* SM06 . 

S MftWt hu<;r AmC> VolcAmio. AERoSols Iaj 
/ » 

THE ArMOSPHPJiE . A small Act /mdicates 

A d / ea«j atmosphere. 

YOU c A MEASURE Aot with A sum Photometer 

l RE the om£ oM PACE ^,9 AMD A CALCULATOR ! 

with A iyy CNATURAL LD(k>f\ R.lTHM'i KEY* A > 

simplified Formula FoR Aot is: 

i \ —1.1- v  ---|- ...—4. 

Aot - Cl* I. /Llj/m 

ft IS the SI&mal the sum Photometer. — u 
LOOULD measure a .roue the atmosphere — 

~- i 
_ 

•mr EXTRATERRESTRIAL I'ErT) COMSTAMT. 
1 

I is the sigmal DURimG a SPEClF/C, 

S”UM oRSERiMTIOM { 

uW IS THE AlR MASS (SEE gZLouj) DoRlMcS 
i 

THE 
■r' 

OESERvi At/on). 

AIR ( tVl) 
r * - 

AiR MASS IS i /SIM ft . WHERE 0 IS THE 

AmcClE OF THE SUM ARovfe. THE HoRIZOM. 

^0—— f— 
■1 /£fAJ ft SunI/'—/ 

. 

SunJ W = 

"T.ITjYfeHi.i.r rn r ' 

.. . i Ld^.. fi.1.j. 
ri 

, 1 Aprl I h 
S ATMOSPHERE 

Y4*w 
^8= 30° ||..1.L 1 

. . T ' T * 4 i 
1 : 

Lvm. r~i — s ■ r 
• 



LED SUM PHOTOMETER 
\ L\ G UT- £ Mn~n N & CM DOES EMitT j 

1444 frMfr j>E{T^c|r[ Lk <dw[r 1 gJu^d.aXj 
(DO M&r 4 .RELATIV/ELV MARRouJ B AMfcloF 

wauElen cstas 
the su^i) meters), t+ms naeAkjs am l&j> 

1..L4 CAM BE OS£D IK) A SUM 

1. 1 prioTOKierferiL k/J nf rtbdrri klill 
External optical filter. 

OLOW £ SOLAR. SPECTRUM 

,OXyC£N 

X TYPICAL 

I. RED LEO 

RESPONSE 

v*)AT£g 

/V/APoR 

3oo soc> S'oo Loo 7»o Sop 900 #0oO moo 

ImAvj£LEn£T8 (MAMO/AErERs) 

CjOCulMiATOR TOBE 055S 

in crease. rro i 1 rii_„ 
INCREASE Saim^S70R 

.I.I4i4£fc4 
gRUSHT-| 

-—^ Reo 

0B\ js M. 

+ ^ V 

781 

RdUSMEM . 4^^ 
.jElS»D OF j_U 
JuSjD» [wjni I p- 

SAMRlPAPft*!..!„ 

T -9v 

reference : 

F.M. M»\KS3L, 
_ "sum Photometer 

With LEDs ... * 

APPLIED OPTICS 

VOL.H, MO. S3, 
J.Mcs-iy^?. im. 

TO 
„4 ^1>M^LTIMETER . 
R2. * SET TO 
sk indicate 

V UOlTAGE 

4~ ' adjust FoR zero 
.i 1 ! 1 I J_! M -^V OUTPUT U)HEM DARK OMTPUT U)H£M DARKi 

i4~44444--.f-S74 



RADIOMETER SOLAR 

SILICON SOLAR CECLS RESPonC 
TO VVS18LE Ak)D NEAR-INFRARED 
RADIATION FRonA THE SUN. VOI 
cam use a solarLcell to; 
track daily variations in 
SOMU6HT. Place SOLAR cell 
IN) SAME LOCATION EACH DAY. 

COO MOT 

Look at 

*fA£ Som| 

TO multimeter 
SEt Tb INDICATE. SOME SOLAR 

solar 
Brittle SOLAR CELL Oor 

Pur «m Full son 
exceeds RAngE 
OF multimeter. 
Block Part of cell BtACk 

PHOTOMETER SOLAR 

RESTRICT- FIELD 
td -me SUM 

PA lA)T BLACK 

SOLAR 

RltER OR COLORED 
Plastic inoE* 

vdur data mult/meteR GRAPH 

G J 

CAUTIC 



SUN'S ANCLE MEASURE 

US£ VARIOUS ASTROMOMY COMPUTER PR06RAMS 
TO FlMD THE Sum's Am<£lE. OR isAEASURE 
THE- SOM'S AM6LE TO L UJ ITH /M ABOUT It jil ^lb^ 
A iu|M AM£t£. lliit>* CATOR Vi .LOUl-iLLj 

Bubble level - 

(HARDWARE STORE) 

TAM 0 

THE ET CONSTANT TO MEASURE 

first; measure, i for 1/2. day, Every 20 

mimutes mear moom, more, oftem at 
lovjjER Sum Am6l£s. THEM Plot Xvi oF 
I vs. *m At Each sum observ axiom. Drava 
a straight lime through -me points. the 
^ OF 1HE ET ComstAmt IS UIHERE THE 

VERTICAL. <Y) AXIS 
USE THE LlMEAR 
OF A CALCULATOR feature 

ii SPREADSHEET TO F/MD 7HE. 
r ms0. ■‘^extraterrestr-a ac 

intercept at m 
SHOULD lAJiTHIM 5 

WHE.NI Sky 

IS CLEAR 
Aqt is LoojER 

WA2Y DAY 

Air m*ss 

w T7f 

1_ 
f ! 

.. 

1_i __1 
~T 

4 T i 
> t 

» 

! 
Q 
T 

» 

L j 

! 
« 

_L 



RADIOMETER TOTAL SOLAR 

ADD Lh40i D l fFUSEjR TD 
SOLAR cell improves 

TOTAL SKY RESPONSE 

DlFFusER TO MUCTIM£t£R 

SET TO INDICATE 

CURRENT. IP TH 

solar current- 

solar 

in Full sum 

exceeds rakj^e 
of MULTIMETER. 
Slock part o f ce 

^translucent Plastic FRoka ligmt 
Food storage container liD* et< 

Place solar cell on opaque, Ricro surface.; 
place diffuser over solar cell And use 
Hot melt gluE or silicone SEAlAnt TO 
cement EDOES OF D\FFOSER TO S iift.pAl.Cg..4-4 
PLACE DETECTOR I/O SAME LOCATION EACH MY 
IF YOU UJAkJT TD COMPARE DAY TO DAY CHANGES 
AND TRENDS. BE SURE YouR HEAD AMD BoDY 
DO NOT SHADE Solar CELL FROM PART OPLi 
THE SKV WHEn YOU MAKE MEASUREMENTS. 

SOLAR RADIATION 

a Full day 

Ci.OuO$ AT 
SUN) LA/S£ 

dips And 

spiwes 

S OLR (2. 
MOon) 

DO NCjT LOOK 
AT THE. Sum* 

HOUR OF 



PAPER BEktT IMTO iA HALF ClRcLE. THE 
8AmD IS OfUEMTED GAST AMD LuEST AMD 

tilted to pace the sum, LAi L 
UmDER THE &AMD UlILL 6E SHADED LAS T 

l-iiiMsi-Hov/ES across the sky. 
.j.(revenue Lomly -the diffuse 
..uittttL SKY AMD CLOUD S .1 

R.AD1AT/DM IftOM 

Do vj 

BAMD DlFfSusC 

BAOlATlOfO R-AOlATiOM 

Hole 

nortm 

solar. CELL 

Amplifier 

cement diffuser 
Akjd Solar cell j. 

to enclosure lid. 
set RE T© <£IV£ 

O VOLTS.lk>ySM . 

SOLAR cell dark. 

TO MULTIMETER 

jsfei Rl 
OUTPUT 

Volts o 

TP .& IVE 
^4 1 TO p. 

vJsumnjy 

Shadow Raud 

LOITM LED Sum 

i I i j ! ! r— r 
| 1 
» | i 

_... A 
; i Tn i I » 1 i _— *  . ..i. .... . 1 > i 

* i 

(r t 1 * i t 1 1 | i | 
-r* ~t~ ; : f 

mmm L. BAND D </\DlnNAtTht? 
__i_i_i_ _[_i_4_t_a_ 

—- 
_J_ 

AJ SlHAoovii) P.AMD I' OR ksi t K STRIP OF 
opaque. flexible F ’LAST 1C , METAL OR 

j—- 
stiff --— 



MEASURING TOTAL AND DIFFUSE RADIATION 

THE. atmospheric, optical thickness CAot) 
MEASURED 6V a sum PHOTOMETER IS HI6H, THE 
DIRECT SOLAR RADIATION IS REDUCED AmD DIFFUSE 
RADIATION is increased, the led sun PHOTOMETER 
ON PAGE 39 CAN BE MODIFIED TO MEASURE THE 
TOTAL AND DIFFUSE Radiation And THE RATIO OF THE 
DIFFUSE OR OIRECT TO 1K£ TOTAL RADl At/ON. FIRST 

REMOVE 

P-0U6HEk> 

EnjO OF LED 

MODIFIED 
LED 

lz3 
f FILE — .'i /2k X 

LED LED DUST 

T" 

KiEXT^ ARRANGE THE PHOTOMETER- So THE FLAT 
TOP OF THE LED LOOKS STRAIGHT UP AT THE 
ZENITH SKV. USE A BuBBlE LEVEL TD MAKE 
sure the photometer \s level each time 
Nou make a measurement. adTust the 
resxstance of ftl For best results — but 
MAKE AnV CHANGE PERMANENT SO VOUR 
MEASUREMENTS uuill G£ comparable.. 

total radiation 
OUTPur LUHEN led 
fDlWTCD AT ZEmitH. 

Diffuse radiation) 
OUTPur WHEN LED 
SHADED ASSHOOJN. 

Direct radiation 
TOTAL- DIFFUSE 

SUGGEST ION : 
TRACK Ratio of 
DIRECT OR DIFFUSE- 
To TOTAL OVER TIME. 

91 

SvN 

PEnnjw + glue- 

black paint 

-----.-. 

tIQ- Rod pi 
*<-north 



SOLAR AUREOLE MEASURING THE 

the p.ins of 4..iw4-4w^..paM^AM 
Bor THE. ] CLEAREST 4 DAYS IS THE SOLAR AoREOLE 
OR THE CIRCUMSOLAR RADIATION. THE SIZE AND 
brightness of the aureole is determined by 
HAZE. Vou can USE A SON PHOTOMETER TO 
MEASURE THE AUREOLE . HERE ARE THE BASICS: 

VJ»0 M0U6S 

MINUTES. 

POlOT THE 
UH, 

THE SUN 
FIELDOF U» 

Colli kMToR. 

collimator tube 
FOcmtED Direct LY 

S HA DO>jO 
SoNU 

when it 

Plot YooR measurements out way 

C MinutEs) 

EARLY OR LATE 

Plots wile 6£ 
v^. wvder than at 

SL.l-iido4iul-4.4.1 

TO COMPLETE 

half of scan 
place collimator 
Ahead of where 

SUN WILL drift. 

o clear, 
a. HAZY 

_
1
. • 

.... 

j_ 
.. 

_ To 



SUNSHINE DURATION 

THE. TOTAL TIME DuRvN<3 A DAN IajhEk) t> 
sum vs not blocked BY clouds vs Am import* 

environmental. Parameter In Agriculture 
And studies of twe effect of clouds on th 
Earth's TEMPERATURE, in 18S3 Xf. CAMPBE* 
invented a sunsh/ne recorder ; 

PA/nt 

ACTS 

NAJOO D 
&OVJL 

DAILY CHANGE. \_ 
IN Son'S Angle 
At NooH CAusES EACH 
DAY TD FORM A TRACK 
Burn MARKS CnoBoRH- 

SUNSHINE RECORDER PAPER 

Sunlight darkens newsprint And cause. 
SdmE COLORED construction PAPER to FADE, 
Place strip of slue or red construction 
PAPER UNDER STRIP OF BLACK PAPER uiITH 
Slot cut out to Pass sun light, move slot 
same distance each morning, after a 

VNEEK, PAPER StRiP vnilL HAVE SEv/En) FADED 

RECTANGLES* TV\E most FADED RECTANGLES 

Received the most sunlight. 

too\/E 
EACH 

clip Board 



SukJ 
CHART 

CLEAR 

WATER 

6Lv)£ PAPER 
s UKJW TD IMS IDE OF 

1/2. PAPER 
CuP. .PRop 
60T7TE IM 

WATER 

SHOULD Bp. 
tilt£D so 
Su/o‘S RAYS 
ARE. PER¬ 
PENDICULAR 

UjoRKS S£S7- 

1/2. PAPER PAYS. iSAOCj- 
AajP COMPARE 
SOM CHARTS. 

□St n 
-!—i- 

1 1 

——s 
* ; __.,... j 

—i 1 ~i~ j lit? ■-i- 
» ? i m i ! ; 

•—i "1 t 
"—»-<4 

s 
_j 

w ... Li i 
i 
—i l \ * j j i 

.. mJ 

PGP r i h SUN' SHINE- RE -CORD E Rl 
i 1 n i BHH i.i ...i i_ _ I _,.J 1.,^v,.J. J ».u.i 

TR«S S wssw 4 D (GATES 1 Pa SSAGE ' 
i 1 
OF j -^— - -i—■» -j 

large 
■ i j 

. CLOU D L..N- 4A SS £S AS UN FAC ED stripes L.< ON 1 

_L BLUE 
i r ' 

cons- w s PER. R om. clo< JDS -j 



ELECTRONIC RECORDER SUNSHINE 

THIS CIRCUIT MEASURE 
THE TOTAL TIME -me 
SOK> SMINES DuRlNG SHADOW 

BAND ^ 

PCL-L ARE CADMIUM. 
SULFIDE PHOTOgESISTDRS 

PCI IS COMCEALED 

from the direct sum 
&Y A SHADou) SAND. 
Both pci And Pce 
Look straight up. 
WITH Pci In SHADE 
AMD PC2_ IM Sum , 
ADJUST R.1 until REUY 
Pules in (*ct i c k '*) And 
CCOClc. STARTS, shade 
Pc2- And relay should 
DROP OuT ^ STOPPIMG 
CLOCK. SET CLOCK TO 
IZ:oo:oo to begin, 
log total Elapsed 
Sum SHINE TIME M) 

IRFSIO 
OR 

SIMILAR 

N-CHAnuCI 
POWER 
M.OSFET 



.OVERVIEW 
i I j i i | i ! j.j_?_5_' . ;_l_x_l l__~4__4_-4_i._ 

i Electrom i c £3j^u|4i|24TiE-4^ *4 Tp-f^. ^WMsfekJcLR 
IMfORMATlOM BY WIRE OR. OPTICAL FIBER iOR WIRELESS 
MEAMS CRAo^JteLEViSlOM , M\CRow/WE OR. 

LI6HTWAVE). 

UnTTT - 11.H-f-i [j.I44--T"-" 
.fTHE-fti fak 44i4 kHT^gbriigp op | ELflcirfibAttld._ 

COMMUMlCAri oM. FOR IMSTAkilE, VOICE—j.|_4. 
COMmum\ CATiOMS CAM EE i-WAYjAS Ik) A 
RADIO OR TELEVVSIOM M£\k/S BROADCAST- OR 

VQ\CE COMKUNJICAXIOMS CAM BE. Z4wAY AS 

j |M .V)A t&lephome, intercom 

.AMD both Amateur ...AMD-- C1T12EM S BAmd 

._L.fr adio. ExAmPcES ,ok-~ no m-voice gommumicatjo<|l 
IMCLUDE MORSE CODE, TELETYPE WRITE/R SIGNALS, 

4.COMPUTER DATA TRANSMISSION AMD UJILDLlFE 
T&LEmETRYUI-RADIO-JCOMTROL is a form OFj.„„. 

CQMMUKJ\CATiON • iKl. WHICH THE TR An) Sm i TTED _. 
IJtM formation controls a Remote device 

Such AS A camera , GARAGE.DooR OR 

.—i—I——»•—i-  ——.■-+• 
it ! | i 

.j-4 4  • -4--- ■ 4-4-4— .|.....J— 

CIRCUIT ASSEMBLY TIPS. ■ XLL 
T | | I { i i i I I | i i 111 

-j.—|..j.—i—t—j—j—i—t—i—1—!—t—r—s—|—1—I—£ j i f T r j 
| |t>4e1 diRcuifsL that Follow cam be assembled;., 

from.Ire. ad jly .AVA/CABLE SUPPLIES. 4 Vou cam.].. 

.4 . JUSUALLY SuBSlTUTE SIMILAR COMPOMEMTSt- .f 
THDSE SPECIFIED ARE UkiAVAILABLE. ..FbR-4-~U4~ 

IMSTAmCE 4 A 2-3xOOO CSOK) OHM POTENTIOMETER 
_c AM be SoEST IT.OTED FOR A 10, OO.0...CloK) UK) IT. j 

BE So RE TO BYPASS THE POWER SUPPLY P/ NLSLj— 
OF OPERATIOMAC AMD POWER AM PLIER ICS.j_ 

j j^TtlEj THE K. TO GRoumD AviTH A O.l^F CAPACITOR. 

[ close . )t^ pi& j ■ jrrtf4.H1444 
HELP PREVEM-XuDK) WAITED OSCILL AT/OKi-L-i-X 
FOR ADD1TiONAL IMFoRMATlOiNLLSEE “ GETTIAJE I 
STARTED 14L4^A£CTROn)ICS " C RADIO SHACK , 
l^SB) AMD OTHER BOOKS IN THIS SERIES. 

-i—4—+- 



CONNECTED COMMUMICAT1 ON LI NKS 
COM/OE.CTEO communication LlAlkiSiARE THOSE 
i.M.WHICH TVAJO OR nvdRE STATIONS ARE LlK) RED 

BY.A WIRE., CABLE OR |^Ai/EGuiD£, 4.1 [ [ | 

Abvk»AT[A*pgk [ i^odutok |gkAiAB|LjTrjff.|..iJ>iiA...kiA>4fe| 
4AkjD Simple ELECTRONICS. HouuEV£R,CONNECTS0 
jLlWKS REQUIRE RLCMT"of - WAY AniDCAN BE VERY-I 
j&YPEMSWE 
CONNECTED 

TO ;1M ST ALL. 
STATIONS CAN 

SINGLE WIRE 

PurtheRmore , o>uty 
CO M MUN \ CATE. I I I 

4~ 
“X jr 

TWISTED PAIR 

TELE 6 RAPH 4lfc)xjS-4- 
GROUND REQUIRED AT 

EACH END*.i 

HH COAXIAL CABLE 

telephones. Cop td isl 
CrtANM ELS) AND .DIG UAL 

DATA TRANSMISSION). ! 

*< $=• 

CAk) i_cARRY UP. Tt> 1. 

qo,ooc> voice. channels. 

HOLllOWI WAVEGUIDE 

~/X4 Htt 
CAnJ CARRY MICRO U/Ai/E; 

SIGNAL MODULATED with 
loo, ooo + voice channels. 

OPTICAL FIBER 

jA/yvX 

CAN CARRY LIGHTWAVE 

-L4~4_X_k0 DELATED w 1'TH 
100,000 OR M.ORE 

4—-i  Voice, channels. | I 

n 
4-4-4 



VWIRELESS COMMUNICATIONS LINKS Af 
iKl VJHVCR 1M P'0 R NA AT \ O N iS SEmT TO OmE. 

RECEIVERS Svi-MEAMS Of A MODULATED 

M A G N Et\ C. WAVE.  J—I 1—J—!—I—!—144- 

ADVAMTA6ES INCLUDE LONG DlSiT AMjCE 

|TRAnSMISSIoN TO AMO FROM. (.AMD t Ali 

vehicles.aird. Both d\ r Ecnon al ano 
TRAl^MisSiOMi $USJECT TO ImTERFER 

RADIO 

S HQRTNAJ AV£ 

radi04 Also amateur, ramo 

RAMDL-JmoSILE 

FM RADIO 
AmAtEUR ALSO_. aircraft 

Mo6JL£ RADIO 

weather Sal loom 5 
MOBILE^ NJAviGATJOtO 
SATELLITE. 064.p1.sJ> 

MICROWAVE 

c^J l\AAO 

LIGHTWAVE 

DATA TB.AMSMilSSIO1U4 AMD 



ELECTROMAGNETIC RADIATION 

ELECT R.OM AUSMET 1C. RADIATION IS EnJ£R6 y 
.Jj4.THE form, of A J wave.of oscill ati41<L 

T Ofrj.M.A6NJ £Tlt44^M^MT4iJ^l" 
WAvE TRAVELS THROUGH A 1/ACLuM, AT 
AjVelocity of . e.^a * ios meters per 
SECOND CiSL^fiH MiLES PER SECOND). 
THE. WAVELENGTH.OF Anj ELECTROMAGNET IC 
w AuEL DETERMImES ITS PROPERTIES ..X-RAYS 
INFRARED, MlCROwA V£S, RAD JO WAVES AifJi) j-.. 

U 6uk.4-Aa£_..jELE CTROMA GnJETI C RADIATION), L.L 

ELECTROMAGNETIC SPECTRUM 

OOl ME' 
-METER) 

NANOMETER.. 

MICRO METER 
NULLIMEtE-R 
M.ekB.R|-.1-.-1. 
KILOMETER 

Cly4-L 

3R.3-7 1-NCRES) L 
1,40.0.IM.kTk.Rsl) 

YELLOW NEAR VIOLET 

TOO v\»* 

LIGHT 

100>K hiH 

WAVELET GTK 

-1.4 
^ I 

7i ' 

J 

! 

~
 

t 
— 

j H 

1 

> 

JCJ 

i I 

X 

p ] 

Ua ! 

? ; 

i i 

j i 
v-L—,.-^s 

l 
,imt" 



MmnEKSiXEr 

VJAUEliS.i.^i£|. MUKB£« OP CYCLES}.THAT OCCUR 

luj^loka.. sE.gd^pJ ..i.i-.J.J~4.U.I.i.i.i-4. 
!-A-i-i-A-L 
1 CVCCE 

--1-4-4- 

cycle /second . 

hNt ' -WHM.> 

—j_j—j.— 

WAVELE^TH 1-4-4=3: 

I..1-1.-I..... 1..1.J...-L1 
if, E ITItER ,,. ™, 4^(au^CY . OR ;. 

A WAVE:IS fc>JOWMt THE. UMKMOwM VALUE 
cam ■■■i&L..£AL4uMxid..;..f....l....J„l.-l..J...1..4---l4-4.j jCAMl.....teLjpMtUW 
1—1—i—i—l—\.—^—4—|—t—I—|--j—-j—f-—I-—-I—j-—]—j—j-—j-— 
|.4...pB|E<awtMCY ChO * C / WAi/EtEfO £TH Os) 

VJ AVECEMCTH FRE 

* 1 v iifTCfl <- Oe D e,£/*>Miifv C * 3*10° METERS PER. SECOND 

ft j   H -14 _ i . 
h-Radio waves.11 ?»■ 

...t.Lul 

i 
4-2 
T £ 

X 7- 
VJ VJ 

2 
uJ 
D 
<3 
ul 
c* 
LL 

10 kWh* 100 W>*v\ 1 ^y\ 10 ^ 
\ \ \ { i i i ; \ I { ? ! * i 
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4 4 t » m r 

i.__ N hkMAl ONAL MORSE CODE 
| 

1 | j ] 
~~~~ 

IM lA$kL SAM oE/ F ft. MnRSF 1 RiiJi/T - rwi F F^RSr 
4 

..V/JORKIMG lECEGRAPH . - Mt ALSO PE VISED A 
I CODE THAI r PFBMITTF D TF/F GILA PH OPf AAToHS TO 
4 

EXCHAN £»£ iMpACUATinM. UlQ COl)P |C 
■ f W 1—" — 

sti/;/ 
— H--* 

— 

US ED 6V TF./ f GRA />J4 BAOIO AMD j 
k- 

liCut opt *R AT CRS. HERE IT IS: 
j | ; i 

S !.!.1.. .5 1.i. 
4 
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< rule, coop Ik. tiDFS WAMV ADDITlOkJAZ- PUNkLTU ATIrtk '■"p'-'n 
MARKS. PHRASES Am D ABBREVIATIONS. 

1 1 
j 

_i ..j._ 

" 
— — 

T i 1 

] EARN NG THE CODE 
'“1 

1 1 
4 

_H 

„„„ 
» i i 4 l -j- 

THlNk OF 1 rHi = CODE AS SnnkiDS J NOT 
j 4-1- 

DOTS 

AMD DASHES. SAY UDIt'' For DrtT AnJ D " na 4 * 

ifiki PASH THUS A IS 8dit D A H * i ARl S 1 WPCV 

'didah'.’ l IS "DAHOlDlDlT£ IS “DAHDI DAH DlT. n 
-~1 

—«J A CODE PR-ACT1 C£ OSCIU.ATOR.- CAN H^P j/o|uJ... 

—-1 

-J -ear.kj, the ... 

TAPP io// zjD 

CODE. Ev/EW BETTER IS THE 

Er» LU1TH THE " TUklE I/O THE 

CASSETTE 

VUDRLD ! 

— —• 

... VJITH HAM RADIO " kClT AVAI/.ARLE PROM THE 

liWPOCAM Banin rflav /.faauF fARRC'l 1 M 4 i 
t 

kl£Ul\M/C1T>kS CT 0 6,111 . TUF TFvt! GmPPMFI WITH 

~~~~o 

TUF WiT 1 s Akl EyCf/-Lf *JT iMTRoDof TION rn 1 i 
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RADIO TRAMSNMTTER 

A IT CODE TH AM 
BE. UNDERSTOOD 

UT OR WHEN 
E. IS U^)I^JTEUiLlBLE 

P you learn 

RE&ljxlRES LESS PoVa 

4-Vo l|c4- MO REOVER 
LUHEKi THE SI 6.M AC 

STATIC US SO SEVERE 
THESE CPOS 

cooe-.i.L j—i.i.i.1 

KEY-USC TELEGRAPH 

KEY FOR E»EST RtSUCTS. 

PUSHBUTTON SWITCH OK 

FOR TEMPORARY USE. 

N/flUAMpEJ. 

INTEGRATED I.C I RCll IT 

\MSERT 

REDUCE 

VOLUME* 

\c E 
; 

ll ,£ 11 □ 3 

4— 

rw~-~ 
■ --H 

— *( 

-—i- 

~~r 
t 

L-_ _ 1 f 
- r t 5 
r t 
-1~ 

lir.nr<lin- _ r ^— 
p 
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TELEGRAPH ELECTROMAGNETIC 
THERE. /ARE. MAnV WAVS TD MAKE.:SlMPtE.L4~J 
TELEGRAPHS* FiOR EXAMPLE, THE CODEiPRACTlCE 
OSCILLATORS OW THE PREVIOUS PACE CAM EeJ-J. 
USED U4 4 SOUD-STATE TELEGRAPH SVST EM* 4 
THE COMPOMEtkriS-] OP A DO- IT- YooRSELf.iELECTRO- 
magnetic telegraph are given here, you.1 

FAC1N) g TELEGRAPH ON 

uL Hours4_ 

inventor 

S.F.E. MORSE CiBZt) 

HARDWARE. 

HEAT - SHRINK ABLE 

MAGkjET 

REMOVE 

VARNISH 
Actual 

size) 
WITH 
MATCH L_I 
FLAME And 
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TELEGRAPHS SOLID 
AND INTEGRATED circuits MARE 

-WlE GRAPH SYSTEMS- 
TRANSISTORS 
POSSIBLE].VERY 

EVER 4MSTALL TELEGRAPH -j J-K)T£R.COM 
POWER LINES. 

CAUTION 
luiRES near Outdoor 
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RANGE hundreds of 
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Pushbutton 
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SPKR 

volume can 
Do hA QT....U.SE 
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QMlTl-4,4 
VO LOME 

Z-WIRE TELEGRAPH SOUNDER 

R1 CONTROLS VOUJMEL. 
FOR . MORE GAlKJ ADD 10 
PROM, PI N 1 TO PIN 
00 notJUSE. EARPHONE 



mElLEPBOME 

SIMPLE (TELEPHONE RECEIVER IS Et 
AVAILABLE MATERIALS F R.OIA IjRE A 0 ICY 

WASHER 

4/2i*-fcURN\TuRE 

5/S & 
kuBiN.6. 

Plastic 

Le|il]mL 

jSfrfigjLj 
ARMATURE 

HOBSV 

TORE IS 3/16." SQUARE, 

THICK STEEL (SCRAP OR 

rom..sheet). Attach to 

1C klfli DOUBLETS 106.D 

INVENTOR 
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CONNECT leads to 
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PUSH-TO-TALK INTERCOM 

USTfcN 

DPDT SwiTCR USE SHIELDED CABLE 
TO REDUCE NOISE Is 
(Power liwe hum, 
ETC.). (SROufJD GAIN. 

Fixed 

RV, CONTROLS VOLUME 

ADD t 
BJL .gw ip 

SPKR.SAVE 

Important: 6 
Power, supply 
To GRoukjd jj 
O.lywvF CAPACITORS 

PINS 

BATTERY LIFE 

REMOTE STATION 

» 

OSCILLATES? 
REOUCE 

: 
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MAN!±Uil4Mjr. 
LlGHTUJAvE 

miEl.easiest 

SOURCES CAM 
COMMUW.lCATlfl w Amowc 

1. SUNLI GHT -- | 
USED Ju THE FIRST 

communicators IP 
Ms*,-fed.fcsfeJ j ! 

2.. INC ANDtSjCfiN.T LAMp- 

LAMPS with Small Fil Am ENTS] An 
BE voice modulated** not suitable 

For high frequency signals. ] 

3_ light Emitting diode (led) 
IDEAL source, both visible AND 

INVISIBLE WAVELENGTHS- CAN BE 

MODULATED at high frequence 

LIGHT'. DETECTORS 
TORS FOR JjLLGHT W A VE 
L.k.^£4-.l4s4AiLi.[.SLUdAsIi 
G THE MOST COMMONLY A MON 

1. SOLAR CELL- 

Inexpensive and 
sMs muj ty |i4- oU 
used from yHSO 

TO USE. P 
J cUiJ) BB 

lioo urn 1 

24.PHOTOTRA kj s 1 s to Rjrl 
BLStfiiRi.ANl)-iMQft£i,sklD.Sl Tjl V|E 
SOLAR CELLS. SAME SPECTRAL R 

THAN 

LENS HELPFUL 

34.light 
AN LED 

from! A 

NEAR- INJFRAREDJJLEDi 

EMITTING DIODE 
:an detect the Emission 

uioRKt^feasr 
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ELECTRONIC 
ptfrTt R HE. IN UENTEfc JtHEimOTOP BO Me IN) 1880, 

Alexander aR^WAM4-66LL4i4^4Ki:T£D the Electric 
PBOTOPBONE.. j IM |T^gj. NON - ELECTRIC PHOTO PHONE 

A, BEAM. OP SUNLIGHT WAS DIRECTLY 4-MDDULATED BY 

V 6 AC.jE.IjP R ES S UPlE | A£ ft I Ni S T A PLEXlglE MIRROR OR 
MOVABLE £RATin<5*4 AM THE : ELECTS- 1C PHOTOPHON£ 
g^k^W^UTT lulAS MODULATES BY A MIRROR ATTACHED 

TO A„±elEPHOM£ REC£\V8R. SHOWN! HERE AS j. 
A MODERN vERSAONlijQk THE ELECTRIC PHOTO PHQNEl 

MICROPHONE 

SILICON 

SOLAR 

SI (a) 

sia) 
ADJUST FOR 

RECEPTION 
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LEADS'SHORT AND 
CDNN&cf 0.1 yuP 

CAPACITORS FROM 

POWER SUPPLY PINS 

GROUND 

\ ALUMINIZED NV/LAR OR 

i Heavy duty Aluminum THE SPEAKERS 

|MAy.iEM.lt- J/BRY 
Loud sound s. . 
DO NOJ PLACE / 

POIL STRETCHED Ol/ER 
speaker .or Hole. 

tub... Box IN WHICH 

[sg-Ejfl^JBR.I IS 1.1_ 

installed. Liks^™ 
ALUMiNIZED MYLAR 

PgOM EMEROEAJdy.. 
Blanket or 

Lj- p A C K A G) N d\..1 

YOUR EARS 

Either 

speaker 
pftujribki: ) ] 

BOTH OPERATORS j\ 
Must wear. 
SUNGLASSES 

AVOID 

!SUNL\GHTl 

flexible 

reflector 

USE TRlPOOS PoR BEST - 
resbiJri. Rfc(kicffdo | 
•sunli 6ht prom Flexible, 
reflector should Fork; 
A DISTINCT, SPOTt IN HEN [ 

DIRECTED against a 
MaRbIy 1 UjaIllL r S i 
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treat wm/e code 
;S1MPL£ CODE. COM MU NlCATORS 

\AI ARNlN-fiJj SEmO 

FLASHLIGHT SYSTEM 
LE.MS Cop FLASHLIGHT 

SYSTEM IN FRAPED 

Current 

MODULATED SYSTEM PULSE 

controls 

giLJ 
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”1 • 

TO 
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FROM. EXTERN AL 

.M.6HT4 SOI, 
ACTUATED 

l MOST B£. KEPT 
THE FIRST TWO 

GENERATORS. 
umx 

CAS 
PHOTO R£$\$Ti>A 
ifokcM \i ] II 

E S T A S U S.H£5.„ i_ ll 
SWVTCH^G POINT. 

mztzl Twins 

NOT Glow BU2ZE 

2N212.E 

NOT GLOW 

PHOTOTRANSISTOR 

COLLIMATOR 
AT Qi TO BLOCK 

UNWANTED LIGHT 

AmPu 
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TRANSMITTERS FLASHLIGHT 
D&MOM ST RATE TH A' 

BE VOICE MODULA TED 
JWZ&t S>MPl£ AM SYSTEMS 
.INCANDESCENT LAMPS CAN 

B^SlCltVOlCElTRANlSMlTTER 

PHONE TACK 

RADIO OR 
AMPLIFIER 

-MOIX BE I.4.4.L 
BATTERY POWERED 

SJLuOUTPOT TRAMSFORmER jnL is mimiaturelXIc 
SlMCE MOST PRONE TACKS ARE 8 JL, M.UCH BETTER 
RESULTS WILL BE O BTAlMED \Al ITH TWO 8ACKr|T0 - 
BACK TRANSFORMERS. CONNECT IK W1NDIN6S OF? 
MeItramsFormers together. them connect 
ONE 8 JI VsmnDIMS TO RADIO OR_ AMPUPIER AMD; 
THE OTHERJTO THE LAMP AMD .BATTERY. 

TRAWSMIIHER BETTERlIEDICE 
CURRENT. Average current 

THROUGH Q1 IS 
ZlOnA. USE PO\wER 
TRANSISTOR IP 
QZ OVERHEATS. 

LENS 

JR^DJjQijQR- 
AMPLIFIER |4Eat Sink 

mayube 
NECESSARY 

SOUND 
QUALITY 
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2..- CONNECT* THE SOLAR c£Lti£ADS ACROSS 
ALlOO-OHM -RESISTOR. TAPE THE RESISTOR 

TO JxH6. SIDE OF THE. TOgE AS SHOWN: 

Aluminum. 
foil to 

LlfcHX 

loo-OHM. RESISTOR 4TAPE SUNLIGHT! 

3. ON A CLEAR DAY MEASURE THE VOLTAGE 
|AjCilQ^SL-!^E lOO-OHM RESVSTDR UJHE/0 THE 
TU664-1$ POINTED iDlREcrLVL-AT THE SUN. THE 
TU8Eas PROPERLY POINTED WHEN ITS 5KADOVU 
disappears., amdjwHEM the voltage across 
THE 1 oOtOHM : ft£SlSTOR REACM£$.A PEAK. 

MAKE MEASUREMENTS FROM 
TD MOOM4-.OR. FROM NOON TO 

EARCY MoRnJIMK 
EATE AFTERNOON. 

IF YooiDo NotJKAvE iMTERMET ACCES5 You 
\a>ile need td iUsAk\bate| tme AfcfcH 4P1 T*$ 
SUN.OVER THE.HORIZON AT„EACH MEASUREMENT. 
RECORD VOuR DATA IN : A NOTEgDOK UNDER. 
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4., AIR NMSS (W) IS THE THICKNESS oP THE 
ATMOSPHERE SE.T\AJ££M YOU AMD THE SUM* 

1/SlM 0, WHERE 0 IS THE An)6L£ OF THE 
SUN ABOVE TH£ HORizoM. FINDm FOR EACH.j- 
TlME YOU MADE A MEASUREMENT. USEJthESuM 

OR VISIT A SEARCH 4 ANGLES YOU MEASURED 
ENGinE On THE iuoRld uviDE uu£6 Awd Enter. 

1v5un ANGLE CALCULATOR." CHECK THE L444. 
SITES AMD SELECT A CALCULATOR You LIKE. 
Follow the iaostruct/oms to /hnd the sum 
Angle for each time, calculate m For 64c/i- 
An)6LE AMD ENTER THE results !M VouR tiOTE6aDtL 

date; FEBRUARY 21, 
Location: GERow'mo < 
sky comdit/om: clear 

FORREST M. MlMS HE 

SIC^AL 
CUocts) 

SIGNAL SUM 
ANGLE MASS 

1.S2L1 

i.Y907 

THE SIGNALS AMD 
MY graph: 

GRAPH THE LM OF 
R MASSES . HERE’S 

TH£/R 

LANGLEY THIS IS CALlED-A 
graph iM honor of 

SAM.OEC LANGLEY 
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SKY WAS CLEAR, -me. POINtSA&ETwEENJ 

AM MR MASS OF ABOUT 2 TO G SHOULD FoRNA. 
A straight UjNE.. DRAW AJuMLcthro 

ilH£jSE iP6l4JTS AmO EXTEND IT TO THE Y 

(VERTICAL) M<S OF THE GRAPH (AIR MAS Sr 
THE LN OF THE SIGNAL THE SOLAR CELL! .1. 

will produce above the Atmosphere, the 
cell's Extraterrestrial CEtLcoMstant^ . 

JlSL DO HER E |TME LINE CROSSESLTHE Y AX/S,;. 

-4-4- 

-4 

F~ 
ET comstamt «i.ioos.-4---F/Mc> the 

Exact value with the dm ear 
REGRESSION* FUNCTION OF A 

SCIENTIFIC CALCULATOR 
OR COMPUTER i.tJ- 

. SPREADS H6.EJxJ_i.-i.. 
—v-v- 

4 SJ.(o 
MASS C*0 

4 

7. USE THE £* KEY OF YOUR 
4444444.t+ 
CALCULATOR TO 

-4~- 

J- 

CONUERT THE L|sJ OF THE HIGHEST SIGNAL AT 

OR NEAR MOOM AmD THE ET CONSTANT.T0 j . 
THEIR ANTILOGS. DIVIDE THE ET CQ4STAM.tr ' 
BY THE MOOM SICNAL , SUBTRACT 1 AMD ADD 

A %.jSlGMi.THIS.. IS THE LSOLAR CELL'S 

4— 

EFFICIENCY, THE INCREASE IN PERFORMANCE 
THE CELL WILL PROVIDE IN) SPACE. THE SOLAR 
CELL X MEASURED HAS A SPACE EFFICIENCY OF 
*104%. THIS IS . REASON)ABLY. CLOSE TO j“DjtE| 

6 ivEmt BY SOLAREX.I..IS O M E O FTHE 
DIFFERENCE IS BECAUSE THE LAN6LEY METHOD 
\A)0RVLS BEST WITH A MARROW 6AMD OF 

WAVELENGTHS AMD A SOLAR CELL DETECTS 
FROM ABOUT HOO TO llOO njamometerslI_L 
DIFFERENCES ARE ALSO CAUSED BY DIFFERING; 
Amounts of water vapor and KA'ee 
WHEN THE TESTS WERE CONDUCTED. wATE&i 
VAPOR vs ESPECI ALLY Im HdRtAmx sIimce ilr.J_4 
ABSORBS SOME MEAR INFRARED TO WHICH .I 
iSi>LAR CELLS ARE VERY SENSITIVE 1 
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MOTORS POWERED SOLAR 
SMALL DC MOTORS CAN BE PoujERED 
SOLAR CELLS. SOME MOTORS REQUIRE < 
SWOSLE CELL AMD BRIGHT SUWLISHT, 

AM ARRAV OF SOLAR CELLS. 
most 

require 

SOLAR: POWERED MOTOR BASIC 
A SINGLE SOLAR CEi.L6E.N6R 
enough current to power 
MOST SMALL DC MOTORS. At 
CELLS IN SERIES If MORE 
VOLTAGE IS REQUIRED. 

POWER SOLAR MOTOR HIGHER 

A SOLAR CELL ARRAY THAT POWERS A 
MOTOR ON A BRIGHT SUMMER DAY MAY NOT 
Provide adequate Power during winter . 
THIS circuit FEATURES TWO SERIES ARRA 
connected in parallel to Provide Double 
THE CURRENT PRODUCED BY A SINGLE ARRAY 
IE1DEMT\CAL O.S VOLT CELLS ARE USED AnD i 
IE EACH PRODUCES 5Cv^AlN BR\GHT SUNL\GI- 
then this Array will provide g volts). 
j(L2. CELLS * O.S volt) And loo 

VOLTS AT SO w\ A 

Power 
SW'TCH 
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na mm 
SoL.AR £o\io£RED MOTOR HAS 
IN) ROBOTICS AMD. TfeAC;.fci.N4&. 
ROTATION OF THE MOTOR BELoW 
isy WHICH OF, .TIMOJ.SOLAR 
MIWAtED. VAJHEM both .arrays 
ICLUMlM THE MOTOR 

IF ILLUMiMATiMG THIS 
^ ARRAY cause! THE MCrrOR 

TO R OTAT E ; QLOCK uu IS£... 

IALUMiajATIMG THIS 
ARRAY CAUSES THE MOTOR 

TO ROTATE COUNTER CLOCKWISE. 

SOLAR MOTOR WITH.BAITED BACKUP 

BRIEF UMTERRoPTIOM. OF DIRECT 
*T VAJlLL SLOW OR £u£M STOP A 
po\a)£R£dL. motor. A Storage bat 
:teu acrossItheJ mo tor's; sol/ 
RRAY IAJILC PRov/lDE BACRUf?.POW 

Bi must be a 
storage battery Solar cell 

ARRAY 

Dl s rating most Exceed 
PEAK SOLAR ARR.AY CURRENT 

&MH001j.6TC41.1.i.• 

POWER LOW CORRECT 
PC MOTOR SW\TCH 

—< 

TlosFTl c 
_J FOR RACKnP 

—*1 i i.I.St 
iiif 
i ! ! i 

—LJ_rr? 



SOLAR ACTUATED MOTORS 
SOLAR CELLS UAVE MANY APPLICATIONS ML i 
Robotics and control, the circuits 
SHOWN HERE SWITCH SMALL DC MOTORS ON 
OR Off WITH sunlight. some are so X 
SENSITIVE THEY CAN BE TRIGGERED WITH A 
small flashlight or laser pointer. 

ET ACTUATOR POWER 

WALL THIS CIRCUIT 
DRWE A SMALL DC 
MOTOR WHEN THE 
zrfsio power 
MOSFET IS SWITCHE 
ON with About H 
VOLTS FROM A 
SOLAR CELL ARRAY. 
THE IRFSIO CAN 
DRIVE A MOTOR TH/ 
COMSOMES UP TO 
2 AMPS. +V SHOULD 
NOT EXCEED THE 
MOTOR'S RATING. 

SOLAR CELL 
ARRAY 

TRANSISTOR ACTUATOR 

TH\S CIRCUIT 
SOLAR 

BIASED SOLAR 
CELL TO SENSE 
LIGHT. R1 - 
Co mtRoLS TH£ 
SENSITIVITY 
USE CIRCUIT 
to Actuate 
SMALL DC 
MOTOR UMLj 
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RADIO COMMUWICATIDN) has always attracted 

many thousands op enthusiastic amateur 

Rad\o operators, they WERE Amok)<s th£ first 4 

TO DISCOVER THAT SHORTSAvES PERMIT- WORLDWIDE 

COMMUNICATION*. TREYf RR^vdbE COMMUNICATIONS 

DURING NATURAL DISASTERS AND EMERGENCIES. 

And they commuu\cat£ wimiE£U.c>w amateurs 

ACROSS TOWN AND HALF WAY A ROUND THE WORLD. 

44-4-4.4-4.f-j-1-1 • 4.1444-44444444444- 
Amateur or; hah radio operators are licensed 
and assi6nj£d4aLcall si&nj sv the federal 
government. Prospective hams must pass 
A WRITTEN EXAM. FOR MORE INFORMATION, 
contact the American radio Relay league 
CARRl) in NEWlN6rOM.V4CT D<clll. THE ARRL 

fe.i-4.si.^4^i4-4^44uEL,CATloMS P0R“ 6oTH 
PROSPECTIVE And £i.TA6usH£C HAMS. 

J—L—L 

CITIZENS band radio 
THE CITIZENS BAND IS HO CHANNELS IN THE 

V\C\niTV OP Z!2[A^r*.ItUESE CHANNELS ARE 
1M TENDED FoR TwO-wAY PERSONAL AND 4jJ_.. 
Business com muni gat lone L-OMe. c h a n Kf.6k.Ml.. 
IS RESERVED FOR .IemERGEnCY TRANS Ml SS ION) S. 
THOUGH J^MCL^SL IS REQUIRED. CITIZENS band 
Cos') OPERATORsL-HAvE fewer privileges than 
Amateur radio operators. For example, 

maximum transmitted Power is ljmiteo to II 
H-Uvatts,.; 
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FEDERAL COMMUNICATION5.COMIVUSSlOKJ 
X-4—1—4—i—l—|—j—j—4—-I—i—l—|—l—j—.\—i—i—I—J—j—l—I—l 
THE FEDERAL COMMUNICATIO N S COMMISSION) 
CPcc) Regulates radioXcdmmumic ation in the 

UNITED STATES. VIOLATIONS of fee REGULAT/OMS 
can R£ $U4JEUiM SEVERE PENALTIES. YOU CAN 
WRITE THE FCC (GETTYSBURG, PA lllZk') TD 
REQUEST INFORMATION ABOUT lTjS„lRfe6uLAT/ON S. 



DIODE RECEIVER 

TOME LuRftEwT PRODUCED BY 
SI6MAL MODULATED 

CURRENT PRODUCED - iBV 
MODULATED RF SIGN A 

LU CAN- BE TRAwS FORMED 
THE POSITIVE OR MECATlvE 

FluCtuATIN <S 
.js.fljuN.aI BY Rl 
.PFlJM WAvE 

THE 
INTO 

DIODE 

TORECTIFIED Njo.viJ-4 s Aid 
WjAvE -UliUL NOTE CAncEL. TWO HALVES OF 

ON E A NOTH ER 
THEREFORE THE 
THE RF SIGNAL 

EARPHONE CONNECTED 

THE 
WHEN THE OUTPUT IS MONITORED,. 
AUDIO SIGNAL SO PE RIM POSE 0„.ON| 
CAN BE HEARD FROM A SMALL 

TO THE DIODE 

SIMPLE RE TUNING COIL 

1. WRAP PL 

FILM CAN 
1-1/1" WIDE 

WRAP 

WITH WIDE SECTION 

TAPE WITH SO 
MAGNET Wlf 

3. SANDPAPER the 

INSULATION FROM 
\tRin strip alone 

STIFF WIRE 
l(PAP6R cup) 

Coil to 

Wood base 
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u m 
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Amt£M/\)A CIO'or L0M66R WIR.E.) 

DL (GERMANIUM DIODE} 

Q> L) 1 -pur TO 

1. CRYSTAL PHONJE. CSZST) 
_L Cl QSl MA6METIC PHoME 

OR 

, _L_ Cl QSl MASmEtIC PKoME 
[JUS!! ™i»3iP4F.l i.[.THROUGH IK : 8 SI TRAMS PORTER 
1 _||_! M_M_ III_L. I i 1 | 1 i | 
. 2. AuDiOU-k&POiFlER. CS££ 
1-->. BELOW). t)o mot use 

PKOSiE. . (S££ CAUTIOM 

R-J-Ckib>J.fefe^.1 Rkdftii b I .1JJ_L.LL.. SLiDER.4 Ctuner)] 

11.liSjCftlCoW FAOM6 PAGE. TOKJIS36 IS SENSITIVE 

JSOiME. ISTATVOMS WlU- COINCIDE )TR OMkivIN)D1kJ6. 

REiQElVERL WITH 1AUPLIFIER 

C2 R1 
l/^F .iik.—. 

R1. R2. COWTROLS.^l 
lOOK. R3 CONTROLS VOLUME- 

_% SEE RADIO ABOVE,... 

i j ^ 

j { 

i ! 
? « 
> * --1-^ 

TUWE BY.| AD JoSTJNi6._jS.LlD£RL-cM--El. coup PoPi_|. 
MAY 6C4URWHEW SUDEft IS MOVED. volum£ CAM 

BE VERY 1.QUD..CAUTION DOM’T USE 6ARPA0MES\ 
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FEW HD&B UE.S ARE 
Intellectually L iri 
LISTENING. YET Mfl 

. ASi-gJEJA 
MULATING AsU$hqrtwa\/e 

NEvEK 
u STEM £ Q l_TO |Ai SHORT W AVE RAD iO. £v£M 
V£RYJ.1N£XPEN:5VvE [SHORTWAVE RADIO CAM. RE 
BROADCASTS ! FROM HUNDREDS OF STATIONS 

MAM Y OF THEM Af ARoun d the. WORLD 

ENGLISH. SHORTWAVE. BROADCASTS 

DVIDED INTO THREE BROAD CATEGC 

International BROADCASTS THESE OR 16/MATE. 
FROM BOTH .PRIVATE AnDJGOVERNMENT STATIONS 

woTEMDED FOR. A-4M^...4ulDlEM.d£i..4.. 
PROGRAMMING, OFTEN .. i.M ENGLISH, iMCCUpES 
NEWS *i WEATHER , IN TE RVIEVJS, DRAMA AMD 

PERSONAL 
INCLUDES 

COMMONI CAT I ON) S 
Amateur And jcn 

VIRTUALLY NOT 
LISTED ABOVE CAM BE CONSIDERED UTJL/TlES. 

THESE INCLUDEj. TIME SIGNALS, COMPUTER -4- 

TRANSMIS5IONS w£AtH£R reports, satellite 

SIGNALS AMD MANY KINDS OF INDUSTRIAL 

And government transmissions, included 

ARE.^TELECOMMUNICATIONS TO AMD FROM SHIPS, 
Aircraft, taxis and-.commercial vehicles 

Also included are tRansmiss/ons from spy, 
Radio icontrol , tracking, surveillance ^ 
telemetRV w£ ather BALLOON 

BROAD MANY OF THESE TRANS Ml SSI O NS 

CAST AT FREQUENCIES BETWEEN 

BROADCAST BAND AND4 30 MHz. 

SIMPLE RECEIVER ON THE FACINCS PA6E CAM] 

RECEIVE SIGNALS FROM 1 TO G MHz. IN onE ..J 
evening this Radio received signals FRom~-.1 
Asia , Europe, south America And north America, 
the antenna was A ih' indoor wire. _1 



SHORTWAVE RECEIVER 
.<—L. 5 ! 1 { 

| I | I I | 4-j--j-b 
TH\S SIMPLE RLCEWER CAM Bl.iASS£MBL£D ON 
A SOLDERLESS BREADBOARD. T-toOGH THIS 
RECEIVER DOES MOT SEPARATE STATlQiMjsJ AS 
WtLC As A COMMERCIAL RECEIVER , IT IS 
SURPRISINGLY SENSITIVE AmD WILL RECEIVE 

■ STATIONS FROM AROuajD THE WORLD. 

\ i / : ~i : - ■ - i: I' 1 Hi * 
\ / Antem n A j.. 

,.Rl 

_X44i|m14-4^ 
Li. . - . 

antenna is lo7 

OR LONGER (.INSIDE 
OR OUTDOOR"). R3 15 

VOLUME. COWTR.OL . 

\j. L. 

_.J CJ u 
■■1 anil 2 
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* 

1 

+ ^ V 

7*U 

jJicl.. 

38G 

fti 
loa^F 

jQZl 
SPKRl 

Lt IS 25-50 TURNS OP 20 GAUGE MAGNET WIRE 
VO RAPPED AROUND PLASTIC FIL.K, CAN. SEE.|UJ|wIjsJLfi| 

.JcdiU ASSsmSm}* 1 UiU page k4-1 1  1 

tlIS 10-2C.S pF VARIABLE CAPACITOR f ROMj 
DISCARDED, RADIO OR lD-^D pf Oft .SO CRYSTAL 

osc ILLATOR TUJs) IMG . CAPACITOR L-LJ.J—L _L--l-XJ 

TUNE ..BY SETTING Li'S SLIDER J-TO ANYl POSITION 

AND ADJUST Cl.i CHANGE Ll\s4 sliPER POSIT/on 
jPDH i DUFjFERENXi.EftjEQVEKlcbMflA.Li.jBfi.sl 

CAUTION: VOLUME CAN BE IfERY LOUDy ESPECIALLY 
WHEN Li's SLIDER \S MOVED AWAY FROM Li AMD 
Local Stations Eoom in. no earpkonEs! j...4_ 

■I.1.U.- 4.1.1.j.—1.4 4 4 4.0-14 .}.j ■ 1 4-.44k4-4.-4- 



ANTENNAS 

THE PERFORMANCE. OF RADIO TRANSMIT 
RECEIVERS IS VERY MUCH DEP£njO£mT 

-NirfehMsiiAS. THE SIMPLEST AnTEWMA. 

E WAVELEN GTH OF THE RECZlVBb 
COMMON WIRE An) TENS) AS ARE/. 

SIGMAL 

VERTICAL WHIP D1 POLE 
wavelength 
LENGTH (FT)., 

FREQUENCY 

EXAMPLE 

LONG WIRE 

ROPE OR 

ANTENNA 
STANDOFF 

INSULATORS 

RECEIUER 

GROUND LEAD-IN DRIP LOOP 

CFOR RAIN} WIRE 

GRgunD 
Static discharge 
unit.(Does not 

GUAR A NT EiEi4--~l 

RADiO . SHACK 

SUPPLIES 
LI GHTNIN<s> PROTECTION) antennas 
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AN ANTENNA 
safety. care 

THE INSTALLATION 
CAREFUL Attention 

OR A FATAL INJURY CAN RESULT 

install Any part qj*„An 

NEAR A POWER 

PART TOUCH 
Power Line THAT CONTACTS 

AN„ ANTENNA 
An Electrical Storm DURING 

H. connect Outdoor aInt&nnas - 
GROUNDED STATIC DISCHARGE iklilTt 

ii.tHt Antenna 

commercial An 

TIPS SUPPLIED 
and ch/en 

ANTENNA HANDBOOK 

Rope other 

CONDUCTING 
4-—Multi strand 
...i—i ...CO P P E ft_J_.]... 

SUPPORT CORD 

INSULATO R 

ANTJEn N A 

GROUN D LEAO 

iaaaA 
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Rkbllo.rouSMlllfl Big 
4-'—~f~——-4~~— Am 

—L* RADIO rPREGUENCY CRF) w/\v£S ARE. CREATED 
WREN AM ELECTRICAL CUR.RE.MT IS SW ITCHE-DJ_L 

RAPIDLY OM DR Off. THIS IS WHY A RADIO 
RECEIVER £Mjlt!s.4-A. Burst OP STATIC DURIM6 
A M6HTM1M6 DISCHARGE OR A POP WHEN A 
nearby appliance is switched ow. 
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BTOBEANfB RF TRANSMITTER 

fdLEL4 *T* 

i—4.. 

STROKE WIRE ACROSS F/CE. BURSTS Of N>OIS£ 
WILL BE emitted By A NEARBY RADIO. SlwcE 
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L ... '"HA.SU"V. THE SI6MAL IS EOUALL' t... STROMS ACRQS? r 
L mte BROADCAST SAMb. 
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TRANSMITTER 

BE CONNECTED i/U. SIN 6LE TR A n % V St OR 
.osaLLATSft THAT 

RADIOtF Rf.au ENCY PU LS1S 
OSCILLATOR ’SMOVUM H6RE_ 
TO k 

LOAM 

SUPPLIES A SERIES Of 

]_JtH£ SASIC HARTLEY 
UiJLL 

SAND ...RADI O SHORTWAve OR 6ROADCAST 
Ml FEET-iAw A Yi.1_l_i_i_i_ 

TfR'Y VARIOUS 

NPN transistors 
Clbillll 

WORK 

BATTERY 
POLARITY AND TRY 

PNP transistors 

RF COIL 
GAUGE ..WRApPtN 
MAGNET WIRE 

GNET WIRE. 

Burn 
varnish FROU JITH A MATCH A 
LIGHTLY 

BEFORE 

OF STRAW C RU 

BUAF C \M\Hk SAnD PA( 

above) 

wind 30 Tu. 

Punch Second 
An di.(Insert.k 

lept end oP cc 

e Ctap) throu 

BACK OVER FIR 
GH WINDING Al 
RAPPING WIRE 
1ST EXPOSED VJIJ 

HOLE. WIND B 
WINDING 

r-\ k - r 

_i. 
1 1 .... 

r f 
J 
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U 

antenna 
I (U ") 

— 

1 /A ** 

sc ?0A 

STRt V w. 1 — 

T Af 3 _ -» 

IS. A. HC 
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TRANSMITTER 
AnTEnnA THIS TRANSMITTER WILL 

maximum) SEND TOME. TO M6.AR.BV 

BAM D RADIO BROADCAST 
TUNED TO MEAR 700 KHe. LI I AIR CORE ColL, 

t o? 30 Cfk)dt 
ET W\ RE, TAP 
CEmTER of L_ 

TR A N Sm)TTlN 4 RAN<S£ 
is: SEVERAL FEET. 

STRAW 

TRAMS MVT TOME 

2MZLZZ 

LI U. FORM.l-i/2" LOOP AT Cl 

WlMO WIRE ON) STRAW, INSEf 

Bole Punched in center of 

THROUGH 

RP OUTPUT IS CLEAN SINE WAVE NEAR TOO RH2 

ADJUST R3_ FOR CLEAR 

RADIO AS NECESSARY. 
1MS1DE LITO LOWER 
USE MAXIMUM 



:votc:e TRANSMITTER 

OSCVACAtoR of THlsirRAMSMITTE 
T\CfKL TO THE ONE ON THE. FAC|N 
efer there FoR dll ASS Em b av. 

INPUT IS Anten MA 
m\cRoPAoNE. OK MAXI 

TO CONNECT 

TRANSFORMER 

2N12Z2. 

RE.OUTPUT 1$ OLl 
PLACE MICROPHONE 
TO TAPE RECORDER 
TO R&CEWE SIGNAL. FROM TRANSMIT TER 

s) 5Ik)E WAVE NEAR 700 KW*. 

OSE TO EAR PRONE CONNECTED 
THEN TUNE NEAR6V i RADIO _L 

ADJUST 
6EST SGUND._ RETUNEj radio as necessary. 

RECORDER AND SPEAR INTO MICROPHONE].L. 

TRANSMATTERS ON THVS AnO FACIN 
TO THE REfiuiREMENtSj- oF Tl 
HI CFRj PART 1S.11S lAOMiNl. 
for clE arestJaut putJjS^n AL 
sLD.iTHE antenna 

GIVENIN 

LEMCTH < 2 METERS 

L / K 

p ,3. A Z 01 
SOI < n 1 0 I si 2 2.2 2. 

j 

* fc » U 

. 

R- k > C 
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loo . ( -in c: 7 
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AUTOMATIC TOME TRANSMITTER 

TAIS CIRCUIT TRANSMITS A BRIEF (1A SECOND) 
TOME BURST ONCE EVERY 10 SECOM05 TO Am FM 
Band recewer up to a few rumored feet away. 

+ 3V FIELD STRENGTH AT 3M 
A \S <50O/W/kvi. j 

\ ho * 

AMTEMMA 

0“ WIRE) 

Rl K 18 RED 
100K '-ED 

-1 
Rl—k. 555 £3 

,1K .005 
i 2 

_J\ 
1 TONE 

SOURCE 

IMTERv/V 
. TIMER 

-U-IV 

< — -*-■ ■ 

“1 

ii L 
. 02 ^ F 

/• 

=L C2 r 

Rk &8 
9/7k loo 

Q1 
2MS906 / 

RT 

4 3.3yuF 

Tlw T"C5 f 
H7pF H.lpF , 

I TAP>* 

R3I—k. 555 

.iooK 

Q2l- 
2N2Z22 

L?_AAA_ r - 
• RH RS 

TAP |(SE£ BELOVA)) p 8 

LI IS 5 TURNS OP BARE, ... V V V V V 

Solid Hookup wire, woomd t l jZ "—>■ 
around a 3/g" diamEtek 
Wood doujel . Remove doujEl after ujiaodiajE-. 

tap is wire soldered At 1-1/e turns poimT. 

R9 IS 3.9 NA OR 2 2.2 K RESISTORS /M SERIES- 

136 
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— H-j- 

-1-1— 
-f-f-f i i I 

: i 
—i—-4- 

mo lit icMiMihbiki 

—t—l 
iiit —I—|—^—{— 

-i-—+■ 

i—r 
44 

-4-i— 

*1-1 

—b 

_i 

v&i i OSC/CLATES AT A FREQUENCY CONTROLLED BY 

C.S AMO Li. VALUES SHOWN Sju£.J*.£4*uEMCY NEAR 

100 MWz. .US£.. VARlAgLEjxAPAC ITOR FOR CS; TO.VARY. 
feft^uENjCY. J.;.t..| [ I 1 j 1 I j j | j j [.1.1. 

144-4-44..L£D off 
i---te4^--sl£44j^4|444~~^ 

b-4- 

-ff- 

4 
3 

W 
. .L....I 

.RFL£l.£ MAL-£-4444.HDWRATIOMS. [.OF RJjLjSJGNAL 

(audio frequency ; i_J_„jA4x>; intervalLcontRolled 
controlled BY Rt/Ci) . ByLfc4*/R2/cz) 

Jxq.AfrlruisTt .■DkdflyNfcf if.jays do4Lkclro|4g^^rq?T 
TUNE i FM; RADIO UNTIL STEADY TD,n£ IS RECEIVED. 

0*31. 
TOME 

RECONNECT 

.CONTINUOUS 
DO NOT OPERATE C i Rcu CT” ; JM.j. 

mode unless _Mix.ij.srrMEmr.s 

4- 

ARE &EIW6 MADE. (SEE FCC RuLES gELow A/uO.Ja/si. 
iFetLowiMG ..page.^Install circuit i/o aluminium 

*4* 
i 

Box. mount 

jLlpjiol^' 
Both sss 
But not 

Ll SECURELY TO CIRCUIT BOARD. IF 

OR VIBRATES, THE FREQUENCY WILL SH I Ft. 

J 

~4 

CHIPS CAM BE CMOS /LOWt PowER TYPES 

ALL CMOS 5SS’S Witt WORK. IM CIRCUIT* 
iUSE CIRCUIT FOR PAGING, REMOTE CONTROL, TRACK /MS, 
AMMOUMC IMG VISITOR Si kljc. Tb TRAkldMlrl 

iLEv/Et OR TEMPERATURE AS A VARIABLE TONE, REPLACE 

T 
i 

4 

RLWITH 

SPECIALFCC RULE 

ilHE.FCC REQUIRES THAT 

TRANSM\SSION SHALE NOT 
SECOMO4 Amid THE SILENT 

MVSSIOMS.SHALti BE AT 

A- J ' v n -L- 

..THE DuRAT\OM i 
GREATER than 

dF 6AC 
ONE 

fcLi 
66 

PERIOD BETWEENJTRAMS:*- 
least xo Times , XMJBL..L 

TR.A MS MISSION DURATION BUT [.US)..: M O CAS E L£ S5 

mAM!4o.jSeC0NDS .4i43lb cFR ..S.1I2.) WITH THE 

XHi.si. For ri, p-h Amd cl gwem: here. VALUES 

c ircu it Fulfills.this Rule. 
AD D\T ION AC RULES. . M 

SEE].. RL£kTl„. PAGE 
4 

—t- 

j—j. 

i—j.. 
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^TRANSMITTER that IN 

TELEVISION RECEPTION 
2. A LOw - POwE 

VaJ.ITH radio OR 
BE OPERATED. 

ROME-BuilT TRANSM»tt£R4LAB£L 3. REOu/RED 

DW^.JUSE*|-I HAVE TESTED IT .AND, CERTIFY 

THAT JlT COMPLIES iwiTH THE.J.A PPLICA B L £ 
REGulAT IONS Of j fCC RULES PAEjril$J- 
A copy of my measurements is iasJ jwy 

DATE SIGNED 

ADDITIONAL RULES. Glv£ PERMISSIBLE SIGNAL4... 

;S“tRENGTH S And. OTHER RESTRICTIONS.].SEE....*L 
CTqfiQ. RAftT 11¥ j Pbd D£Tfty LWRT.i.[teLtHE.i. 

SUPERINTENDENT Of DOCUMENTS, ,U*S. GOVERNMENT 

PRINTING OFFICE , .[.WASHINGTON, DC IQVOZ). Li. 

FURTHER GOING 
RADIO SHACK SELLS EASILY ASSEMBLED TRANSMITTER; 

AND AECttVER KITS..-RADIO SHACK ALSO SELLS . A.1 

VJ \ DE RANGE OF Cl E &U l PmEnT.. BOOKS... ABOUT 1.1--) 

radio communications can be Found at MOST L-;.{ 
LIBRARIES.. POPULAR COMMUMCATIONSr.,T?3 j QST AND 
CQ ARE SOME OF THE MAGAZINES!.DEVOTED TO ] 

0BA8LY.„TH£ BEST-GUIDE TO AMATEuRRADIO J. 

THE ARAL HANDBOOK FOR THE RADIO AMATEUR. 
L'iNllustv£ Book, which is REVISED Ej 
is available from the American RADj YEAR, 
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RESISTOR COLOR CODE 

E.LACk O c 

0.RDW N3 1 1 
RE.D 1 2 
ORAM6E ~2 

Zs 3 
YELLOW H H 

GRFEM 5 5 
Clue u> (0 

VIOLET 1 1 

gray S Q. 

WAITE 9 $ 

* i o 

* i 00 
* 1,000 
* 10,000 
< 1 0 o, o 0 0 
* 1,000,000 

* 10,000,000 
* 100,000,00 0 

Pom YH CAK'D IMD\CATE: TOLE£AfOC£ (accuracy) 
Gclo*±z% silver-^ 10°/,. Mcr-6-±20% 

LAW: V ~ I R 

T r V/R 
R= V/T 
P = v/I 1 I*R 

ABBREVIATION;: 

A = amPe. f 0 
F = FARAD 
I = CuRPEkt 
P r POyaJE R 

R * REMSTAULC 

V (OR £) = VOOT 

W = WATT 

jl " OAN\ 

K (ME 6-) 

K (kiLO") 
\\\ (Mill!-) 

/-i ( MICRO") 
A ( KJAtslO-') 

p (Pico-) 

* 1,000, ooo 

* 1,000 

.COl 

. OOO C C L 

. OOO OOO c 

. OOC OOG COO C01 



Electronic sensors convert light, temperature, s^urtd, tialae ana 
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, 
i "tor-1 s: • ha! of feej 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 several of the Western states and twice to Brazil to measure the effects of smoke from 
giant fires. 

Forrest is a member of the Institute of Electrical and Electronics Engineers, the National 
Science Teachers Association and several scientific societies. He lives in Texas with his wife Minnie 
and their youngest daughter Sarah. 

Printed in USA 


