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A NOTE FROM THE ALUTHOR... |

YOU ARE ABOUT TO ENTER THE WORLD OF ELECTRONIC SENSORS. 11'S A FASCINATING PLACE
WHERE YOU WALL EXPERIMENT WATH ELECTROMIC DEMICES THAT RESPCnD TO TouCH, PRESSURE,
MAGNETISM, 1AGHT, TEMPERATIIRE, AND ROTATION. WHEN YOIT RINLD AND ExPERWMENT wWATH THE
PROJECTS IN THIS LAR KT, YoU WALL HAVE FLin WHILE LEARNING HOW ELECTROMIC CIRCINTS
RESPCND TCo THE wORLD ARCUND THEM. I HOPE yOU ENJOY EXPERIMENTING WITH THESE PROJECTS
AS MUCH AS I DID DESIGNING THEM.

FORREST M. MIMS I



| HOW TO CARE FOR YOUR ELECTRONIC SENSORS LAB

L ALWAYS PUISH THE POWER SWITCH TO THE OFF POSITION (DOWN) BEFORE BUILDING OR
MODIFANG A CIRCUIT AND WHEN YOU ARE NOT USING THE SENSORS LAB.

2. 1F A CRCT FAILS 10 WORK PROPLRLY WHEN THL POWLER SWATCH 1S PUSHED ON WP, PUsH
THE SWATCH OFF (DOWN) UNTIL YOU FIND AND CORRECT THE PROBLEM (SEE PAGE 22).

3. OVERHEATED ELECTRONIC COMPONENTS MAY EMIT A DISTINCTIVE ODOR. VERY IMPORTANT:
IF yOU NOTICE AN ODOR AFTER SWITCHING THE POWER SWITCH ON, PUSH THE SWITCH OFF AND
CHECK YOUR WIRING FOR POSSIBLE ERRORS.

4. NEVER MAKE A DIRECT CONNECTION BETWEEN THE POSITIVE (+) POWER SUPPLY POINTS
ALONG THE TOP OF THE BREADRCARD AND THE GROUND POINTS ALONG THE BOTTOM.

5. THE THREE POTENTIOMETERS (POTS) HAVE BULLT-IN SERES RESISTORS TO LIMIT (REDUCE)
CURRENT. WHEN USING THE LOOSE LIGHT-EMITTING DIODES (LEDS), ALwavys INCLLIDE A SERES
RESISTOR OF AT LEAST 470 ORHMS. SEE ANY PROJECT THAT LSES AN LED.

6. BEFORE USING THE <0l DIGITAL LOGIC CHIP AND THE POWER RELD-EFFECT TRANSISTOR
PROVIDED WITH YOUR SENSORS LAR, REMOVE ANY STATIC CHARGE ON YOUR BODY BY TOUCHING
A METAL PIPE, LARGE METAL OBRJECT OR SCREW ON A LIGHT SWITCH PLATE.

7. NEVER PuLL ON THE WIRES OF THE REMOTE LINK WHEN REMOVING \TS PLUG FROM THE
CONSOLE SENSOR SOCKET OR WHEN REMOVING A SENSOR CARD FROM THE REMOTE LNK
SOCKET. ONE OR BOTH WIRES MAY COME LOCOSE.

8. STORE THE SENSOR CARDS AND LOOSE PARTS PROVIDED WITH YOUR SENSORS LAB IN THE
CONSOLE BAY. THE INTEGRATED CIRCUITS AND THE POWER FET TRANSISTOR SHOULD ALWAYS
BE STORED N THE CONDUCTIVE PLASTIC FOAM IN WHICH THEY WERE SHIPPED. WHILE BUILDING
CIRCUITS, YOu CAN TEMPORARILY STORE PARTS YOU ARE USING BY INSERTING THEM INTO AN
UNUSED PORTION OF THE BREADROARD. BE SURE THAT NO COMPONENTS OR WIRES FROM YOLR
CIRCUITS ARE PLUGGED INTO HOLES THAT LEAD TO UNUSED PARTS.

9. THE LED BARGRAPH READOUT CONSUMES MORE POWER THAN MOST OF THE CIRCUITS THAT
YoU WALL BUILD. BE SURE TO PUSH THE DISPLAY MODE SWATCH TO THE OFF PCSITION WHEN
THE READOUT 1S NOT BREING USED.

[ BATTERY INSTALLATION AND CARE
YOLR SENSORS LAB REOUIRES ONE 9-vOLT BATTERY. REMOVE THE BATTERY COVER ON THE
BOTTOM OF THE CONSDLE, SNAP THE BATTERY CONMNECTOR ONTO THE BATTERY TERMINALS
AND REPLACE THE COVER.

A FRESH BATTERY WILL PROVIDE MANY HOURS OF OPERATION. WHEN THE BATTERY BECOMES
WEAK, THE LED READOUT AND SOME OF THE PROJECTS WALL NOT WORK PROPERLY. BE SURE TO
REPLACE THE BATTERY WHEN YOU NOTICE THESE SYMPTOMS.

BE SURE TO REMOVE THE 9-VOLT BATTERY IF YOU PLAN TO STORE YOUR ELECTRONIC SENSORS
LAB CONSOLE FOR AN EXTENDED PERIOD OF TIME.



[FREQUENTLY ASKED QUESTIONS
1. "DD I HAVE TO BUWD THE PROJECTS IN THE ORDBER THEY ARE GWEN?'

NO. BUT IF YOU ARE NEW TO ELECTRONICS, OR W THIS IS YOUR FIRST LAB KIT, BE SURE TC
READ THE INTRCDUCTORY PAGES THAT FOLLOW AND TO BULD THE EXAMPLE CIRCUIT ON
PAGES 18 21 BEFORE GOWNG FHRTIHER. YO wALL TidEM KNOW WIHAT YOu NEED TO know TO
HAVE THE MOST FuN WATH AND TO LEARN THE MOST FROM YOUR SENSORS LAB.

2. "THERE ARE MANY WAYS TO BULD CIRCUITS. DO | HAVE TO FOLLOW THE CHECK LISTS?

1IF YOU AR NeW 10 LLECTRONICS, YES. wATiH A LITTLE EXPERENCE, YOu wiLL SOON BE
BUILDING THE CIRCUNTS STRAIGHT FROM THE CIRCUIT DIAGRAMS.

3. WHAT DO I DO WHEN A CIRCUIT DOES NOT WORK?

IF you FOLLOW THE INSTRUCTIONS AND USE REASONABLE CARE, CIRCUITS SHOULD woRk THE
FRST TIME Yoo PUSH THE POWER SWITCH ON. WHEN A CIRCUIT DOES NOT WORK, PUSH THE
POWER SWITCH OFF AND TURN TQ PAGE 22 FOR SOME TROUBLESHOOTING TiPs.

4, IS IT OK TO MODIFY OR CHANGE THE CIRCINTS IN MY SENSORS LAB MANUAL?

YES. EVEN AFTER YOU BUILD A CIRCUNT THERE ARE SOME EXTRA PARTS FOR MAKING
CHANGES. BUT Y0ou MUST FoLLOW BASIC ELECTRONIC DESIGN GUIDELINES BEFORE MAKING
SUCH CHANGES. OTHERWSE YOU MAY DAMAGE SENSITIVE PARTS LIKE ICS AND TRANSISTORS.
IF You ARE NEw TO ELECTRONICS, WAIT UNTIL YOU VE BLALT MOST OR ALL THE PROJECTS
IN THS MANUAL BEFORE MODIFYING CIRCLITS. BY THEN You MIGHT BE ABLE TO DESIGN YOUR
OWN CIRCUITS.

5. CAN I USE THE CRCLITS IN MY SENSORS LAB IN PROJECTS FOR SCHOOL OR AT WORK?

GENERALLY, YES. BUT SINCE THE AUTHOR AND RADIOSHACK HAVE NO CONTROL OVER WHAT
You DO WATH YOLR SENSORS LABR, WE ARE NOT RESPONSIBLE FOR ANY ADVERSE
COMSEQUENCES. FOR EXAMPLE, You SHOULD NEVER LSk YOUR SENSORS L AE OR ITS CIRCUITS
FOR MEDICAL APPLICATIONS, SAFETY DEVICES, TRAFFIC CONTROLLERS, OR ANY OTHER USE
THAT MIGHT SOMEHOW RESULT IN DAMAGE TO PROPERTY OR INJURY TO YOU OR OTHERS.

[ INSTVTUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE) |

YOU wAll LEARN MUCH AND HAVE LOTS OF FUN AS YOU EXPLCORE THE EXCITING WORLD OF
SOLD STATE EIECTRONMCS WATH YOUR ELECTRONIC SENSCRS LAB. YOU MIGHT EVEN THINK
ABCUT FORMAL ELECTRONICS TRAIING SOME DAY. IF SO, YOU Wil WANT TC KNOW ABOUT
THE INSTITUTE OF ELECTRICAL AND ELECTRONICS ENGINEERS (IEEE), THE WORLDS LARGEST
PROFESSIONAL SOCIETY FOR ELECTRICAL ENGINEERS. YOU CAN FIND IEEE MAGAZINES AND TECH
NICAL JOURNALS AT COLLEGE LIBRARIES. YOU CAN [EARN MORE ABOUT THE IEEE BY VISITING
ITS wes SITE (WwWW.IEEE.ORG).

MANY IEEE MEMBERS HRST LEARNED ABOUT ELECTRONICS BY BULDING CRCUITS MUCH LKE
THOSE IN YOIR SENSORS LAB. THEY KNOW THAT THEIR WORK INFLLENES THE LIVES, HEALTH,
AND SAFETY OF PEOPLE THROLGHOUT THE WORLD. THEREFORE, IEEE MEMBERS HAVE COMMITTED
THEMSELVES TO PRACTICING THE HIGHEST ETHICAL AND PROFESSIONAL CONDUCT. MEMBERS AGREE
TO ABIDE BY A CODE OF ETHILS THAT RECOGMIZES THE IMPORTANCE OF HONESTY, INTEGRITY,
FARNESS, AND SAFETY. I HOPE THESE SAME PRINCIPLES WALL SERVE AS YOUR ETHICAL COMPASS
AS YOU EXPLORE THE AMAZING WORLD OF ELECTRONIL SENSORS.



[ THE CONSOLE ELECTRONIC PARTS

MANY OF THE PARTS PROVIDED WATH YCOUR ELECTRONIC SENSORS LAB ARE NOT EASILY
INGTALLED ON THE SOLDERLESS BREADBOARD, THESE PARTS ARE INSTALLED oM THE
CONSOLE. CONNECTION SPRINGS MAKE THESE PARTS vERY EASY TO usE. CCMPARE vYouR
SENGORE LABR WITIH TIHE 1LLUSTRATION BELOW TC BECOME FAMILIAR WATIA ITS MANY PARTS.

[PARTS STORAGE BAY] [TOLCH SENGOR] BOZZER LED READOUT

[ROTATION SENSOR] [SENSOR_SOCKET) SPEAKER

RLFAPFR

fﬂ?j

SREAKER LED READDUT

SO TAXEC A I STMMOOD =

MasHET SENECT

'ﬂi\ RadioShack
()

FUWEE TCOK RO =HTIC EE M FOTEMNTHIA,

fh'

MAGNET SENSOR BREADBOARD DISPLAY MODE SWITCH

POWER SWATCH POTENTIOMETERS (3) TRANSFORMER

BAEF EXFLANATIONS FOR TIHESE PARTS ARE ON THE NEXT PAGE. YOU WILL LEARN MUCH
MORE ABOUT EACH PART AS YOU BULLD THE PROJECTS IN THIS MANUAL.



[POWER SWITCH

THE POWER SWATCH APPLIES POWER (+9 VOLTS) TC THE BREADBOARD.

[ ROTATION SENSOR

A SMALL DC MOTOR THAT PRODUCES A VOLTAGE WIHEN ROTATED.

[ TOUCH SENSOR

A PAIR OF INTERIEAVED CONTACTS THAT CAN BE BRIDGED BY A FINGER TP OR PRESSURE-
SENSITIVE CONDUCTIVE FOAM PLASTIC.

[ MAGNET SENSOR

A SEMICONDUCTOR MAGNET SENSOR KNOWN AS A HALL SENSOR.

| SENSOR SOCKET

EXTERNAL SENSORS ARE PLLGGED INTO THE SENSOR SOCKET.

[ POTENTIOMETERS

POTENTIOMETERS ARE ADJUSTABLE RESISTORS. THREE DIFFERENT RESISTANCE VALUES ARE
INSTALLED ON YOUR CONSOLE TO PROVIDE DESIGN FLEXIBILITY. EACH INCLUDES A 970-OHM
PROTECTION RESISTOR BETWEEN THE CENTER TERMINAL AND ITS SPRING.

| RREADBOARD

You wiLL BUILD PROJECTS ON THE SOLDERLESS BREADBOARD. IF THE RESISTOR LEADS BEND

WHEN YOU FIRST INSERT THEM INTO THE NEw BREADBOARD, LOOSEN THE CONTACT HOLES BY

INSERTING A CONNECTION WIRE ONE OR MORE TIMES.

[ TRANSFORMER

THE TRANSFORMER CONSISTS OF TwO COILS OF WIRE woUND AROUND A FORM MADE FROM
THIN FLATES OF IRON. A SIGNAL FLOWMWG THRCUGH ONE COIL 1S INDUCED WTO THE sEComD
ColL. CIRCUITS THAT CANNOT BE CONMNECTED DIRECTLY TO THE SPEAXER RECAUSE OF THEIR
LOW RESISTANCE ARE CONNECTED TO THE SPEAKER THROUGH THE TRANSFORMER.

| SPEAKER

THE SPEAKER TRANSFORMS A FLUCTUATING CURRENT INTO SOUND.

[ BUZZER

THE BUZZER PRCDUCES A LouD TONE AT A FREQUENCY OF ABOUT 2000-2500 HERTZ.

[LED READOUT

A 10-1ED READOUT THAT INDICATES VOLTAGE BY A MOVING DOT (DOT MCODE) OR BY THE
HEIGHT OF A COLUMN OF LEDS (BARGRAPH MODRE).

[ DISPLAY MODE SWATCH

SELECTS BETWEEN DOT AND BARGRAPH MODE OF THE LED READCUT.



| PARTS SUPPLIED WITH YOUR ELECTRONIC SENSORS LAB |

YOLR ELECTROMI SENSORS LABR IS SUPPLIED WITH A GENEROUS ASSORTYENT OF COMPONENTS.
CIRCUIT SYMBOLS AND ERAWINGS OF ZACH KIND OF PART ARE GIVEN BELOW. AVOID MISPLACING
THE PARTS BY STORING THEM W THE CONSOLE STORAGE BAY OR !N CONTAINERS OF YOUR
CHOICE. BE SURE T STORE STATIC SERSITIWE PARTS (FOWER MOSFLIS AND MOST
INTEGRATED CIRCUITS) IN THE ORIGINAL PACKAGING OR Wy ELECTRICALLY-CONDUCTIVE
CONTAINERS. NEVER STCORE SUCH PARTS W PLASTIC BAGS.

| CONNECTION WARES

—e YELLOW (YEL)

—

30 Cwma
—~ — . BLUE (RLU)
1OCcwm
RED (RED)
10 cim
WHITE (WHT)
5 Cam

YOU? SENSORS LAR HAS A GENERCUS SELECTION OF CONNECTICN WRES., THE wiRES ARE
COLC2-CODED S0 THEY CAN BE EASILY REFERREDR TO W THE PROJECT INSTRUCTIONS LGING
THE AZBREVATIONS SHOWN HERE.

[ RESISTORS |
=3 _ i-—= RESISTORS RESIST THE FLOW QOF ELECTRICITY. THIS MAKES THEM
VERY USEFUL FOR REDLUCWNG CURRENT TQ WGHT-EMITTING DIODES,
AAA WHICH CAN BE DAMAGED BY TOO MUCH CURRENT. RESISTORS ARE
ALSO USED TO DMIDE A VOLTAGE INTO A SMALLER VOLTAGE.
RESISTORS ARE USED TO INCREASE THE TWME REQUIRED TO CHARGE
CAPACITORS AND CONTROL THE DIGCHARGE OF CAPACITORS. THEY
ARE ALSO USED TO CONTROL THE GAIN OF AMPLIPERS.
| CAPACITORS |

——

-

jpue
L

CAPACITORS STORE AN ELECTRICAL CHARGE. CAPACITCRS SMOOTH A
FLUCTUATING SIGNAL. THEY BLOCK DIRECT (OR CONTINUQUS)
CURRENT WHILE PASSING CURRENT PULSES. CAPACITORS IN SERES
WITH RESISTORS ARE USED IN CIRCUNTS THAT MEASURE TiME OR
GENERATE A SERIES OF PULSES. THEY ARE OFTEN USED WMTH
RESISTORS. CHRAMIC DISK AND FLECTROLYTIC TYPES ARE THE MOST
COMMON, WITH THE LATTER HAWVING THE MOST CAPACITY.

[ UIGHT-EMITTING DIODE (LED)

MOST LIGHT-EMITTING DIODES (LEDS) EMIT LIGHT OF ONE COLOR.
YOLR SENSCRS LAB INCIDDES TWO LOOSE LEDS (RED AND (GREEN).
THE CATHODE LEAD s INDICATED BY A FLAT sPOT IN THE RIM AT
THE BASE OF EACH DEWVCE. A ROW OF 10 RED READOUT LEDS

1S INSTALLED W THE CONSCOLE. LEDS MUST USUALLY BE
CONRECTED TO A RESISTOR TO REDUCE CURRENT TO A SAFE VALUE.
THE CONSOLE LEDS ARE EQUIPPED WITH RESISTORS FOR THIS
PURPOSE.




| RIPOLAR TRANSISTOR (NPN)

RIPCLAR TRANSISTORS ARE LIKE SWITCHES. CURRENT FLOWING
BETWEEN THE COLLECTOR {(C) AND EMITTER (E) CAN BE SWITCHED ON
OR OFF BY A CURRENT AT THE BASE (B). TRANSISTORS CAN ALSO
AMPLIFY BY ALLOWING A TINY, FLUCTUATING SIGNAL AT THE BASE
TO CONTROL A MUCH LARGER CURRENT. TRANSISTOR PART NUMBERS
ARE PRINTED ON THEIR FRONT SIDE. VARIOUS OTHER NUMBERS MAY
ALSO BE PRESENT, SO JUST LOCK FOR THE PART NUMBERS.

IPOWER FIELD-EFFECT TRANSISTOR (MOSFET)

METAL-CXIDE-SEMICONDUCTOR (MOS) FELDEFFECT TRANSISTORS
(FETS) ARE EXCELLENT SWITCHES FOR CURRENT FLOWING BETWEEN
THE SOIRCE (3) AND DRAIN (D). THEY HAVE VERY LTTLE
RESISTANCE WHEN TURNED ON BY A VOLTAGE AT THE GATE (G).
THIS MEANS THEY CAN CONTROL MUCH MORE CURRENT THAN
BIPOLAR TRANSISTORS. THEY CAN ALSO BE USED AS AMPLIRIERS.
IMPORTANT: MOSFETS CAN BE DAMAGED BY STATIC ELECTRICITY.

| INTEGRATED CIRCLITS (OCS)

INTEGRATED CIRCUTS (ICS) ARE MICROSCOPIC ELECTRONIC CIRCUITS

ETCHED ON A SLIVER OF SILICON CALLED A 'CHIP® AND INSTALLED
IN A PLASTIC, METAL OR CERAMIC PACKAGE WITH EXTERNAL LEADS
OR PINS. AS SHOWN HERE, ONE END OF AN IC HAS AN INDEX

MARKER (USUALLY A SMALL CIRCLE OR NOTCH) THAT IDENTIRES PiN

1

| COMPASS

LoMPASS

THE COMPASS IS A L\Uib-FLLED CAPSULE CONTAINING A MINIATURE
MAGNET MONNTED ON A PVOT POINT. A CIRCIHLAR DIAL MARKED

WITH COMPASS DIRECTIONS 1S MOUNTED OVER THE MAGNET. WHEN
THE COMPASS 1S FLAT, THE MAGNET WILL ALIGN ITSELF wiTH THE
MAGNETIC FIELD OF THE EARTH OR A NEARBY MAGNET.

| MAGNET

THE POWERFUL MAGNET SUPPLIED WITH YOUR ELECTRONIC SENSORS
LAB 1S MADE FROM METAL ALLOYS. IT IS WSTALLED N A HOLDER
WITH A HOLE FOR A STRING. SLIP ONE END OF THE SUPPLIED
STRING THROUGH THE HOLE AND TIE \T W PLACE. THIS wiLL
ALLOW YOU TO SWING THE MAGNET LKE A PENDULUM. CAUTION!
THE MAGNET CAN ERASE MAGNETIC COMPUTER DISKS. ALWAYS
STORE THE MAGNET N THE PARTS COMPARTMENT.

A SMALL CYLINDER OF BLACK CONDUCTIVE FOAM PLASTIC ACTS AS
A PRESSURE SENSOR WHEN INSERTED INTQ THE TOUCH SENSOR
OPEMING. GENTLE PRESSURE ON THE FOAM PLASTIC IS EASILY
DETECTED BY MANY DIFFERENT ELECTRONIC CIRCINTS. THE FLAT
PMECE OF BLACK CONDUCTIVE FOAM THAT THE ICS ARE SHIPPED
WITH CAN ALSO ACT AS A PRESSURE SENSOCR.



| ICS PROVIBED WITH YOUR ELECTRONIC SENSORS LAB

THE ICS SUPPLED WITH YOLR SENSORS LAB ARE INSTALLED W DUAL- W13121110 4 B
IN-LINE PACKAGES OR DIPS." EACH HAS AN INDEX MARKER (A SMALL onnoEon
CIRCLE OR A NOTCH) NEAR PIN 1. NUMBERS AND A LOGO OR SYMBOL ) MCMonBCP
ARE PRINTLD ON BAZIH DIF. TiHE PART NUMBER MAY BE OKN ANY ROW, g FTe %A

AND IT WILL HAVE A PREFAX (MC, LM, TS, ETC.) AND OTHER T2346¢C7

CHARACTERS. LOOK AT THE CHIP AT RIGHT. CAN YOU rIND THE PART

NUMBER? ITS 9. THE OTHER NUMBERS ARE MANLUFACZTURING AND DATE
CORES. IrF THE NUMBER IS FAINT, SHINE BRIGHT LIGHT ON THE IC. YOU

MAY NEED TS TWT™ THE IZ TC SEE THE NUMBER.

[ 9011 QUAD NAND GATE

sunioe s THE 402 IS A CMOS LOGIC CHIP WITH FOLR INDEPENDENT
b aoil NAND GATES. YOU WALL USE THE <01l TO MAKE SIMPLE
e OSCILLATORS (FOR BUZZES AND MUSICAL TONES) AND
fir7se PULSE GENMERATORS (FOR FLASHING LEDS).

-~

| 9011 SPECIFICATIONS

SUPPLY VOLTAGE RANGE: +3 vOLTS TO -lb VOLTS.

CUTPLT CURRENT: 1o MLLIAMPFERES PER OLTPUT PIN MAXIMUM.

4011 HANDLING PRECADTIONS

THE 0l 15 A CMOS IC THAT CAN BE EASILY DAMAGED BY STATIC ELECTRICITY. FOLLOW
THESE HANDLING PRECAUTIONS WHEN LUSING THE =01l

1. BEFCRE HANDLING CMOS CHIPS, GROUND YOURSELF TO DRAIN AWAY ANY STATIC ELECTRICAL
CHARGE OM YCUR BCDY BY TOLZHING A LARGE METAL ORJECT, APPLIANCE OR SZREW CN A
LIGRT SWITCH PLATE. THIS 15 ESPECIALLY IMPORTANT WHEN THE AIR 1S DRY.

2. ALWAYS STORE ThE =0l W ThE RLAZK Z0MDNISTIVE FOAM IN WHI'H 1T WAS SHIFFED.

3. ALWANYS CONNECT LMUSED 40l INPUTS TC GROUND CR TO THE POSITWE SuPPLY WwOLTAGE.

| 555 TIMER (COMBINED ANALOG AND DIGITAL IC)

TH: 555 (OR NESBS) CAN BE usED AS AN OSCILLATOR OR TO

SOOA PROVIDE PRECISE TIMING DELAYS. BOTH OPERATING MODES CAN L

A 5551 BE CONTRCOLLED BY A SINGLE CAPACITOR OR RESISTOR. THE 555 -l _

TZTT  CAN POWER A SPEAKER OR LED. THE QUTPUT CAN ACT AS A !]FJ |
CURRENT SOURCE (OUTPUT DEWICE FROM PIN 3 TO GROUND) OR A L EJJ
SINK (OUTPUT DEVICE FROM POSITWE SUPPLY TO PN 3). R

| 555 SPECIFICATIONS

SUPPLY VOLTAGE 2ANGE: -4.5 VOLTS TC +l VOLTS.

SUPPLY CURRENT: 3 MILUIAMPERES TYPIZAL.

OQUTPLUT CURRENMT: - OR - 200 MILLIAMPERES MAXIMUM.




[ 272 DUAL-OF AMP

a7 65 THE 272 (OR TLS272) 1S A PACKAGE OF TWO PRECISION rf\
nnnn OPERATIONAL AMPLIFIERS THAT CAN BE POWERED BY A 8] 7] [& [5]
I BATTERY OR OTHER SINGLE-POLARITY SUPPLY. THE Two [ — ‘
OP AMPS ARE INSTALLED IN A SINGLL & PIN PACKAGE. T
L2134 THE QUTPUTS OF ALL OP AMPS HAVE A SMALL ERROR S
VOLTAGE CALLED THE OFFSET. THE 272 OFFSET
VOLTAGE IS 1 MLLWOLT OR LESS WHEN THE GAWN IS /Tj_-,_‘
1. BOTH OP AMPS HAVE A VERY HIGH INPUT IMPEDANCE. r‘x.‘-

E
[=]
o]
1=

272 SPECIFICATIONS

SUPPLY VOLTAGE RANGE: +3 VOLTS TO +lt VOLTS.

SUPPLY CURRENT: L9 MLLIAMPERES TYPICAL (3.2 MA MAXIMLIM).
oUTPUT CURRENT: + OR — 30 MILLIAMPERES TYPCAL (10 MA MNIMUM)
MAXIMUM VOLTAGE GAIN: 23,000 TYRMCAL (5,000 MINIMUM) AT ROOM TEMPERATURE AND WHEN

POWERED BY +5 VOLTS. GAIN IS SET BY A FEEDBACK RESISTUOR BETWEEN THE OUTPUT AND
THE INVERTING (- INPUT.

[ 38 ALDIO POWER AMPLIFIER .
875 TH 38 (0R LM38k) IS A LOW VOLTAGE AMPLIFIER DESIGNED ;il -
B [

Z8b6 INTERNALLY SET TO 20. THE GAIN CAN BE INCREASED TO
200 BY CONNECTING A 10-UF CAPACITOR ACROSS PINS 1 (+)

LDl SPECIRCALLY FOR ALDIO APPLICATIONS. THE GAIN 1S B [T

1234 AND & (-). A RESISTOR IN SERIES WITH THE CAPACITOR CAN ___/;
REDUCE THE GAIN TO BETWEEN 20 AND 200. THE 386 IS \
DESIGNED FOR BATTERY OPERATION. IT HAS LOW DISTORTION. ;ﬁ

APPLICATIONS INCLUDE DRIVING SPEAKERS IN RADIOS, INTERCOMS
AND TAPE PLAYERS.

|
1l 2 [3]

.]|—E

[ 386 SPECIFICATIONS

SUPPLY VOL TAGE RANGE: 44 vOLTS TC 117 VOLTS.
SUPPLY CURRENT (NO INPUT SIGNAL): 4 MILLIAMPERES TYPICAL (8 MA MAXIMUM).

CUTPUT POWER: 325 MILLIWATTS TYPICAL (250 Mw MINIMUM) WHEN POWERED BY & VOLTS.

VOLTAGE GAIN: 26 DB (20) TYPICAL. % DB (200) WITH 10-UF CAPACITOR BETWEEM Pins 1 AND
8.

FREQUENCY BANDWIDTH: 300 KHZ (300,000 HZ) TYPICAL.

TOTAL HARMONIC DISTORTION: 0.2% TYRCAL.

1



[ SENSORS SUPPLED WITH YOUR ELECTRONIC SENSORS LAB |

You? SENSORS LAB IS PROVIDED WATH A COMPASS AND 10 ELECTIONIC SENSORS. SCME CF THE
OTHER PARTS CAN ALSC BE USED AS SENSORS. SIX SENSORS ARE MCUNTED INSIBE PLASTIC
CARTRIDGES THAT PLUG INTO THE SENSCR SOCKET ON THE COMSCLE. THESE SENSORS ARE
REFERRED TO AS SENSOR LARDS 1IN TIHIS WORKBOOK.

[ COMPASS |
x You will usE THE CoOMPASS TO DETECT THE MAGNETIC RELDS OF
THE EARTH, THE MAGNET AND MAGNETVZED OBJIECTS SUCH AS A
FAPER CLIP.
COMPASYS

[ ROTATION SENSOR |

THE CONSOLE ROTATION SENSOR 1S A SMALL ELECTRICAL MOTOR
THAT ACTS LIkE A GENERATOR WHEN ITS SHAFT IS TURNED. You
WILL USE THE ROTATION SENSOR TO DETECT ROTATION AND THE
DIRECTION OF ROTATION.

THE CONSOLE TOUCH SENSOR 1S A PAIR OF WTERLEAVED, NON-
TOUCHING ELECTRODES. YOoU will BRIDGE THE ELECTRODES wWATH
& . YOUR PNGER TIP TO ACTIVATE VARIOUS CIRCUITS AND PROJECTS.

! MOISTENING YOUR FINGER TP Wil ENHANCE THE SENSITMTY OF
TOUCH BENSOR THE SENSOR_

THE CONSOLE TOUCH SENSOR BECOMES A SENSITIVE PRESSURE
SENSOR WHENM THE SMALL CYLINDER OF BLACK CONDOICTIVE FOAM
PLASTIC 1S INSERTED IN THE TOUCH SENSOR. YOU wALL APPLY
GENTLE PRESSURE TO THE PRESSURE SENSOR TO ACTIWWATE VARIOUS
CIRCLITS.

[ MAGNET SENSOR |

THE CONSOLE-MOUNTED MAGNET SENSOR IS A SEMICONDUCTOR
P HALL-EFFECT DEWCE. You wilL PLACE THE MAGNET NEAR THE
L& MAGNET SENSOR TO ACTWATE VARICUS CIRCUITS AND PROJECTS.

ouT

e

4
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| MAGNET SWITCH |
THE MAGNET SWATCH IS A NORMALLY-OFF REED SWITCH. YOU WLL PLACE
THE MAGNET NEAR THE MAGNET SWITCH TO ACTIVATE THE swiTCH AND
CONTROL VARIOUS CIRCUITS AND PROJECTS.

| INDUCTION COIL SENSOR |
THE INDUCTION COIL SENSOR RESPONDS TO ELECTROMAGNETIC FIELDS. IT
CAN BE ATTACHED TO A TELEPHONE RECEWER USING THE REMOTE LINK
AND SUCTION CUP. YOU WILL USE THE SENSOR TO DETECT VARIOUS
ELECTROMAGNETIC SOURCES.

[ PROBE SENSOR |
You WILL TOUCH THE PROBES OF THIS SENSCR TO VARIOUS MATERIALS,
AND You WILL INSERT THE PROBES IN WATER TO ACTIVATE TONES AND
LEDS.

_

[ THERMISTOR SENSOR I
THE THERMISTOR SENSOR CONTAINS A TEMPERATURE-SENSITIVE RESISTOR.
YOI WILL 1Sk THE THERMISTOR sSENSOR CARD TO ACTIVATE TONES AND
LEDS WATH TEMPERATURE CHANGES.

[PHOTORESISTOR SENSOR |
THE PHOTORESISTOR SENSDOR CONTAING A LIGHT-SENSITIWVE CADMUM
SULFIDE PHOTORESISTOR. YOoU wALL USE THE PHOTORESISTOR SENSOR CARD
TO DETECT vERY LOw LEVELS OF LIGHRT AND TO CONTROL TONES AND

___ LEDS.

[ PHOTOTRANSISTOR SENSOR |
THE PHOTOTRANSISTOR SENSOR COMTAINS A LIGHT-SENSITIVE SILICON
PHOTOTRANSISTOR. YO wALL USE THE PHOTOTRANSISTOR SENSOR CARD
TO DETECT VERY LOW LEVELS OF LIGHT AND TO CONTROL TONES AND
LEDS.

[REMOTE LINK |
THE REMOTE LINK ALLOWS YOU TO USE THE SENSOR CARDS AWAY FROM
THE CONSQLE. ONE END OF THE LWNK 1S INSERTED INTO THE SENSOR
SOCKET. THE SENSOR CARD IS INSERTED INTO THE OTHER END OF THE
REMOTE LINK. CAUTION: DO NOT REMOVE THE REMOTE LINK BY PULLING ON
1ITS WIRES.

13



| THE SOLDERLESS BREADROARD

ELECTUCAL CONMECTION TC THE PARTS INMSTALLED OM YOUR ELECTRCOMNIC SENSORS LAR 1S
MADE POSSIBLE BY 27 SPRING TERMINALS, SENSOR CARDS ARE PLLGGED INTO THE SENSCR
SOCKET. LOOSE PARTS ARE INSTALLED ON THE SOLDERIESS BREADBOARD. THE BREADRBROARD

HAS

220 CONNECTION POINTS.

TEN OF THEZSE POIMIS ARE ALONG THE TOF SIBE CF THE

BREADBOARD. THEY EACH PROVIDE 9 VOLTS WHEN THE POWER SWTCH 1S PUSHED ON. TEN
ADDITIONAL PLINTS ALONG THE BOTTOM OF THE BREADBCARD ARE CONNECTED TO THE
NEGATWE (-) SIDE OF THE BATTERY (GROUND). YOU WILL INSERT CONNECTION WIRES AND
THE LEADS AND PINS OF ELECTRONIC COMPONENTS INTD THE CONNECTION POINTS. THE
BREADROARD IS PERFECT FOR SIMPLE PROJECTS USING ONLY A FEW PARTS. AND IT IS

ESPECIALLY USEFDL

FOR MORE COMPLZATED PROJECTS THAT LSS INTEGRATED CIRCUITS.

| HOwW THE BREADBOARD IS ORGANIZED

+ eases 1 snses J:—— INSERT POSITIVE (+9 VOLT) POWER CONNECTION WIRES IN ANY

A B Pl A

B @4
G

=]
*

| — mompuoZErRc—InTM

o = H0S9000

IO WGEEr Aa—IRTIMOO@E

THE SLOT THROLGH
RREADBOARD DIWIDES THE CONNECTION FOINTS
ON THE LEFT FROM THOSE ON ThHE RIGHT.

THE CENTER OF

OF THE 180 HOLES ALONG THE UPPER SIDE OF THE BREAD
BOARD.

‘\THE MAIN SECTION OF THE BREADRCOARD HAS 200
CONNECTION POINTS.

INSERT GROUND CONMECTION WRES W ANY OF THE 10 HOLES
ALONG THE BOTTOM SIDE OF THE BREADROARD. POWER IS
w——— DELWERED TO THE BREADBOARD ONLY WHEN THE POWER
SWITCH 1S PUSHED TO ON.

THE

| HOW THE BREADBOARD COORDINATE SYSTEM WORKS
EACH OF THE 200 CONAECTION PONTS N THE CENTRAL PORTION CF THE BREADBOARD
RETWEEN +9v AND GROLND 1S IDENTIFED BY A COCRDINATE SYSTEM BASED ON THE ROW AND
COLUMN LABELS. R0WS ARE INDICATED BY LETTERS (A-T) AND COLUMNS BY NOVBERS (1-10).
THE ARRCWS BELOW SHOW THE LOTATION OF CONNECTION POINT K3

14
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THE PROJECTS W THIS MANUAL wiILL ASk YOou TO

+ 98]0 1 00006 w@gmmmmmm—emas CONNECT ONE OR MORE CONNECTION WIRES TO +9

VOLTS (+9v). YoU CAN USE ANY OF THE TEN HOLES
ALONG THE TCP OF THE BREADRBOARD.

THE FwvE Holbs on onE =IDE OoF THE BREADBOARD
SLOT ARE CONNECTED TOGETHER. THUS ALL RWE
HOLES W THE ROW AI-AS ARE CONNECTED TOGETHER,
AND THE FIvE HOLES W ROW AbL-AlD ARE CONNECTED
TOGETHER. BUT THE HOLES IN Al-A5 AND Ab-alD ARE
SEPARATED BY THE sSLOT AND ARE NOT CONNECTED
TOGETHER.

USE ANY OF THE 10 CONNECTION PCINTS ALONMG THE
BoTToM OF THE BOARD FOR GROUND.



[HOW TO ASSEMBLE CIRCUITS |

ELECTRICAL CONNECTION TO THE PARTS INSTALLED ON YOUR ELECTRONIC SENSORS LABR IS
MADE POSSIBLE BY 29 SPRING TERMINALS. YOU wALL INSERT THE LOOSE PARTS PROVIDED wWATH
YOUR SENSORS LAB INTO THE SOLDERLESS BREADBOARD. YOU WILL USE CONNECTION WARES TO
CONNECT THHE SPRINGS TO THE PARTS YOU INSTALL ON THE BREADBOARD.

IINSERT!NG CONNECTION WIRES INTO THE SPRINGS |

g TO INSERT A CONNECTION WARE INTO A SPRING, REND
THE SPRING SIDEWAYS AND INSERT THE ExPDSED METAL
PORTION OF THE WIRE INTO AN OPEN SLOT NEAR THE

" ROTTOM OF THE SPRING. BE SURE THAT ONLY THE RARE
METAL ENTERS THE SPRING. THEN ALLOW THE SPRING
TO RETURN TO ITS NORMAL POSITION. BE SURE TO KEEP
THE INSULATED PORTION OF THE WIRE OUTSIDE THE SPRING.
REMOVE CONNECTION WIRES BY BENDING THE SPRING AWAY
FROM THE WIRE. THEN PULL THE wirE FREE.

YOU CAN INSERT SEVERAL WIRES INTO A SPRING TERMINAL. FOR BEST RESULTS INSERT WIRES
ON OPPOSITE SIDES OF THE TERMINAL. BE SURE TO INSERT NEW WIRES AT DWFFERENT LEVELS
WITHN THE SPRING.

| HOw TO INSERT PARTS AND WARES INTO THE RREADROARD |

T eeshs L Gedes INSERT A WIRE INTO A CONNECTION POINT BY
: ooess| Sa88s & PUSHING UNTIL IT STOPS. DO THE SAME WITH
Eig'ﬁ ﬁsiig PARTS HAVING WIRE LEADS. PARTS WITH THICK
F seass| |sases LEADS OR PINS, SUCH AS THE TRANSISTOR
7§§ -Eiigr,' SHOWN HERE, REQUIRE MORE FORCE. ALIGN THE
) S8S1 8888 PINS WITH THE PROPER HOLES AND THEN PRESS
-+ -4+ DOWN FIRMLY ON THE PART. REMOVE PARTS AND
§§g: :‘.§§::§ WIRES BY CAREFULLY PLLLING THEM STRAIGHT UP.
2 338! 12333 1 PRY ICS UP FROM ONE END AND THEN THE OTHER.
;gg‘“ ;;; ? IF A COMPONENT I EAD DOFS NOT SLIP INTO A
| ;.i. i.::: CONNECTION PO':NT, INSERT AND REMOVE A CONNECTION
= WIRE TO OPEN THE CONNECTION.
|
SLOT

INTEGRATED CIRCINTS {I6'5) MIST BE INSTALLED ACROSS THE SLOT IN THE SCILDERLESS
BREADBOARD. THE IcSs suPPLIED WATH YOUR SEMSORS LAB HAVE TwoO PARALLEL ROWS OF
PINS. EACH ROW SHOULD BE WSERTED INTO THE COMNECTION POINTS ALONG OPPOSITE SIDES
OF THE SLOT. USE CARE TO AVOID BENDING PINS. CAUTION: It PINS ARE SHARP{

INGTALL AN TE BY LG 0P THE PN ON ONE SIDE wiTH THE CORRECT

N \/f::;; CONNECTION HOLES ALONG THE EDGE OF THE SLOT. REST THE OPPOSITE
vl s 15, SIDE OF THE IC OVER THE PROPER HOLES ON THE OPPOSITE SIDE OF THE
ety /ST SLOT AND PRESS DOWN ON THE TOP OF THE Ic. IF THE IC IS NEW, THE
™ @;’ PINS ARE SPREAD SLIGHTLY OUTWARD. PRESS THE TP OF A BALLPOINT
= ?\\ ;i PEN NEXT TO THE PIN FARTIHEST AWAY FROM YOU. PUSH THC PCN TOWARD
Vo MESI THE ROW OF CONNECTION HOLES WHILE PULLING {T ALONG THE Row OF
£ ) ¥

PINS. AT THE SAME TIME, PRESS DOWN ON THE IC. WHEN THE PEN
REACHES THE LAST PIN, THE IC SUPS INTC THE CONNECTION POINTS AND
RESTS FLAT AGAINST THE BREADBOARD.



| MORE ABOUT ASSEMBLY METHODS |

ALWANS PUsH THE POWER SWITCH TC OFF BEFORE YCoU ASSEMBLE A CRCUIT. BE SuURE TO
IMSTALL PARTS IN THE PRCPER HOLES. A MISTAKE MIGHT ZAP A COMPONENT wHEN YOU
APPLY POWER. AM INCCRRECTLY INSTALLED PART MAY NCT BRE DAMAGED, BUT THE CiRculT
WILL PROBABLY WOT wiRk PRCPERLY ONTIL TIHE ERR02 'S CORRECTED.

[ THESE TWO RESISTORS ARE INSTALLED CORRECTLY |

,,,,,,,,,, :

| THESE TwO RESISTORS ARE INSTALLED INCORRECTLY |
|

BE SURE TO KEEP THE LEADS OF PARTS FROM TOLCHING ONE ANOTHER
WHEN THEY ARE INSTALLED ON THE SOLDERLESS RREADBOARD. THESE TwWO
RESISTORS ARE INSERTEDR WTOC THE BREADBOARD VERTCALLY. THER LEADS
ARE SEPARATED FROM ONE AMOTHER AND DO NOT TOIICH.

H

" b
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THESE Two RESISTORS ARE INSTALLED TMPROPERLY. THE ONE ON THE
LEFT 18 PUSHED Down AND ONE OF \TS LEADS IS TCUCHING THE LEAD OF
THE ADJACENT RESISTCR. THE CIRCUIT THEY ARE WSTALLED N WLl NOT
WORK PROPERLY—IF \T WORKS AT ALL.

| WHAT S RIGHT ABOUT THIS SAMPLE SOLDERLESS BREADBOARD CIRCUIT? |
THS RESISTOR 15 INSTALLED ACROSS THE SLOT
N THE BREADBOARD, WHICH MEANS EACH LEAD
GOES TO A SEPARATE CONNECTION ROW. Ok.

THS INTEGRATED CRCUIT 1S
INSTALLEDR ACROSS THE SLOT IN THE
BREADBOARD. THIS MEANS EACH OF
ITS PNS 1S INSERTED INTO AN
INDEPENDENT CONNECTION ROW. EACH
OF THE PNS ON THE IC ENTERS A
CONNECTION HCOLE AND NONE ARE BENT]
UNDER THE IC PACKAGE. CORRECT.

THS LED 15 IhETALLED
ACRDSS SEPATATE
CONNECTION ROWS, ONE
RCW GOES TC A RESISTOR |
THAT LIMITS CURRENT TO
TIiE LEE. TH. O1H:R ROW
GCES TO RN 3 CF THE
INTEGRATED CI2CUIT. GCOL.

TS WRONG WITH THIS SOLDERLESS RREADBOARD CIRCUIT?

BOTH LEADS OF THS LED ARE INSTALLED IN THE SAME
CONNECTION ROW, THE ItEDwWILL NOT WORK.

BOTH ENDS OF THS WRE ARE
CONNECTED TO ROWS THAT ARE
NOT CONNECTER TO A PART.

THIS INTEGRATED CIRCUT 15 INCORRECTLY
INSTALLED ACROSS THE SLOT W THE
BREADBOARD. THE IC PNS DO NOT GO TO
SEPARATE CONNECTION ROWS. AND TWO
PNS ON EACH SIDE OF THE IC ARE BENT
UNDER THE IC. THE IC MUST BE
INSTALLED WITH ITS LONG SIDE PARALLEL
WTH THE SLOT.

BoTH LEADS Oor THS

RESISTOR ARE v THE SAME
CONNECTION ROW. THE RESISTOR
WILL ~NOT WORK.




[ELECTRONIC CIRCUIT SYMBOLS AND DIAGRAMS

ON PAGES 89, VARIOLUS SYMBOLS ARE SHOWN ALONGSIDE SOME OF THE THE COMPONENTS
THEY REPRESENT. THOSE AMD ADDITIONAL CIRCUIT SYMBOLS ARE SHOWN HERE. ON PAGE 18
WE WILL USE SOME OF THESE SYMBOLS TO REPRESENT A CIRCUIT THAT FLASHES A LED.

| SCHEMATIC OR CIRCUT DIAGRAM SYMBOLS

| +V _L
--—l-—-— T — —_— A
CONNECTED LINCONNEC TED POSITIVE (+) GROUND RESISTOR
WIRES WIRES VOLTAGE CONNEC TION
CONNEC TION
:|. + A ¢
|é IE D & E
NPM
POTENTIOMETER CERAMIC ELECTROLYTIC | LIGHT-EMITTING| NPN BIPOLAR
CAPACTTOR CAPALTTOR RIOPE (LED) TRANSISTOR
s
B9 B
Mnaoon + -
O 555 —{ }—
G @ oo E
i 2% 4
>3
POWER MOSFET INTEGRATED TRANSFORMER MAGNE TIC PIEZOELEC TRIC
TRANSISTOR CIRCLIT SPEAKER BUZZER
+ o frria I —
Ol | |®@] 8 £ | i
CONSOLE ROTATION| CONSOLE TOUCH| CONSOLE MAGNET | MAGNET SWITCH MAGNET
SENSOR SENSOR SENSOR SENSOR CARD
| T . l—
O e | & |=
sl
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LA PCTORIAL VIEW OF A TOUCH-SENSITIVE LED FLASHER

ThE ILLUSTRATION BELOW 1S A PCTORIAL WEW OF A CIRCUIT THAT DES A 555 INTEGRATED

CIRCUIT TO SENE PULSES OF CURRENT TO A LIGHT-EMITTING DICDE. PICTORIAL WIEWS ARE
VERY CLEAR. BUT THEY ARE NOT PRACTICAL FOR COMPLICATED CIRCUITS. CRCUIT DIAGRAMS

0% SCHEMATICS IN WHICH ELECTRONIC PARTS ARE REPRESENTED BY SYMBOLS ARE MUCH MORE

COMMOMLY USED.

RESISTOR RLI AND

RESETOR RZ THE RESISTANCE
LIMITS q + OF YOUR FINGER
CURRENT TO VOoLTS ACROSS THE
THE LED. RZ — TOUCH SENSOR
420 OHMS CONTROL TIMING
WORKS WITH SN o L 5 AND DURATION OF
A RED oR S ¢ oj— ouc |FLASHES.
GREEN LED. 4 T__E _fl . llsERSER
St | 45550 o
LA 3 L
TRE LEAD LED ] = 100k
NEAR THE | 5]
LED FLAT
SPCT MUST
GZ TZ PN CAPACITOR Cl CONTROLS
3 OF THE TIMING AND DURATION
E55. OF THE FLASHES.
| A CIRCUIT DIAGRAM OF A TOUCH-SENSITIVE LED FLASHER |

THE SIRCOIT DIAGRAM BE! 0w 1S FQUIVALENT TO THE PICTORIAL
CIRCUIT 1S SHOWN IN BOTH DIWGRAMS. ThHE MCST IMPCRTANT DIFFEREMCE BETWEEN
TWC DRAWINGS 15 THAT N THE ZIRCUT DIAGRAM THE PINS OF THE 535 IZ ARE NOT SHOWN

VIEW ABROVE. THE SAME

THE

N THE SAME A2RANCEMENT THEY HAVE ON THE ACTUAL I¢. THIS SHORTCUT PROVIDES A
SIMPLER wAYN OF REPRESENTING THE ZIRCUT.

*qy +Qy +€J’v
,
‘ =M _—
5
@ 8 |4 g Rp  RZ-970 (YEL-VIO-BRN)
470
b
TOUCH SENSDR LED ==
_ 555 o
= 100K
RI-100K {BRIN-BLK-YEL) 3 w*  LED-RED OR GREEN LED
=
1 e 1 A% &5
é:% : [ 555
cr-o.1 uF Saanll Crorerer

COMAARE THE TwWO SIRCLITS BY CRECKHC To skl IF ThE sAME

CONNEZTIONS ARE MARE TO

EACH 555 PN, START AT 2N L (PIN 5 I8 NOT USED.) THIS 'S AM EXCELLENT WAY TO FIND
MISTAKES WHEN YOU BULD CRCUITS ON YOUR SENSOR LAB S BREADRBCARDE. THE RESISTORS

ARE MARKED WITH A CODE OF COLOREDR BANDS (YEL = YELLOWw, wIC =

AND BLK = BLACK). THE INSIDE FRONT COVER EXPLAINS HOW TC INTERPRET THIS COBE.
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[BULD AN LED FLASHER THAT RESPONDS TO TOUCH |

NOW YOI ARE READY TO BUILD THE TOUCH-SENSITIVE LED FLASHER ON PAGE 1A. BUILDING
THIS CIRCUT wiLL GIVE You THE EXPERIENCE You wALL NEED TO ASSEMBLE THE PROJECTS
DESCRIBED IN THIS MAMUAL. TOP: CIRCUIT BULLDING GOES MUCH FASTER WHEN YOU

FIRST COLLECT ALL THE PARTS YOuU with NEED. ALSO, BE SURE TO REMOVE ALL unNUSED
PARTS AND WIRES FROM THE BREADBCARD BEFORE BEGINNING.

[PARTS YOU WILL NEED |

8% kL S =j: : -
L 555 '

o) RISIOOK (BRN-BLK-YEL) C1-0.1 UF (o) RED OR GREEN LED
Lz

“ R2-970 {(YEL-VIO-BRN)
[ CIRCUIT DIAGRAM

i

Ty + Qv +qv

@ & |4 R2
430
A 7

TG SENSOR
veH 1 555

(%%

830

F
&

NOTE THAT THIS CIRCUIT WILL 2 3 W
FLASH EITHER A RED OR A GREEN LED.
1
c1 T
Q.LmF

[1. BUILD THE CIRCLNT |
1. O PusH POWER AND DISPLAY MODE sWITCHES OFF. 7. O CONNECT J3 TO GROUND (WHT).
2. L1 INSERT THE 555 ACROSS SLOT (BN 1 AT J9). 8. O CONNECT JIo TO +9v (WHT).

3. O INSERT Rl ACROSS K10 AND L0 . O CONNECT k9 TO L7 (AHT).
4. C INSERT Rz ACROSS G3 AND +9V. 10, O CONNECT M9 TO J7 OWHT ).
5. O INSERT {1 ACROSS J1 AND Kl I1. OO CONNECT SPRING 5 TO +9v (RED).
6. O INSERT LED ACROSS Gl (ANODE) AND 12. OO CONNECT SPRING & TO K7 (RED).
L1 {CATHODE).
[2. TEST THE CRRCUIT I

CHECK YOUR WIRING FOR ERRORS. BE SURE THE 555 IC AND THE LED ARE INSTALLED IN THE
CORRECT DIRECTION. WHEN YOU ARE SURE EVERYTHING 1S CORRECT, PUSH THE POWER SWATCH
ON. PRESS THE TOUCH SENSCR, AND THE LEDR BEGINS TO FLASH. THE FLASH RATE
INCREASES AS YOU PRESS HARDER. PROBLEM? SEE PAGES 20 AND 22 FOR HELP.

[ 3. GOING FURTHER |
TIHIS CRCUIT WILL ALSO RESPOND TO LIGIHT. PUSIH THE POWER SWATCIH OFF. FIND TIHE
SENSOR CARD MARKED "PHOTOCRESISTOR™ AND INSERT IT INTO THE SENSOR SOCKET. MOVE
THE RED WRE AT SPRING 5 TO SPRING 1. MOVE THE RED WIRE AT SPRING & TO SPRING 2.
PLACE THE CONSCLE W A DARKENED ROOM AND PUSH THE POWER SWATCH ON. THE LED
FLASHES. IF THE LED GLOWS STEADILY, SHIELD IT FROM LIGHT. SLIGHTLY INCREASING THE
NGHT AT THE PHOTORESISTOR INCREASES THE FLASH RATE.
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GETTING STARTED. CHECKING OUT THE CIRCUIT

THE 2IRCUIT

0% NOT, COMPARE YOUR CIRCUIT

Cn PAGE 19 THAT You

WHAT YOU DID WRONG.

HAVE BUILT SHOULD NOW BE WORKING.
WiThH THE ONE BELOW TO SEE WRHAT You

WHETHER 1T 15

DI RIGHT CR

FINDING AND CORRECTING ERRO2S IN ELECTRONIC CIRCUITS 1S CALLED "TROUBLESHCOTING.
YoU WILL GET A GOOD IDEA OF WHAT IS

TROUBLESHOCTING 1S COVERED ON PAGE 22.
TECUBLESHOCTING YOLUR ELECTRONIC STNSORS LAB PROJECTS BY COMPARING

INVOLVED N

YOUR CIRCUIT WATH THE ILLUSTRATION BELOW
THIS ZIRCUT WiLL ITS NOT OK FOR|| 555 IC PIN 1 (USUALLY MARKED| | THE CIRRCUIT
WORK WATH A RED THE BARE WIRES || As sHOWN) MUST BE DIAGRAM SHOWS

02 GREEN LEE.

OF PARTS TO

TOUCH ANY

OTHER BARE WIRE

INSTALLED AT HOLE J5. IS
MUST BE INSTALLED QVER
THE sLoT.

F

IT S Ck FO2 THIS BARE LED WIRE
TO TCUCH THE ARJACENT
INSULATEZE CONNECTICN WIRE

COING TS SPRING

-
-

THREE LEADS
GUING TO +9
VOLTS. THEY
ARE SHOWN
HERE. ALL 10
HCLES IN THE
TOP ROW PROVIDE
+9 VOLTS.

Ea)
LI ]

aom
o boo B g oa )8

o bW oo
e & & ] p a4 pow
IO Mmoafk

Ll
L]
4 b v e pa @
L]
[ mrrmt—

Afmdoelle ¢ & a8 o 2 8

R

x
=

-

LI

1'9

SN EOTVOFTr XL

-
T oo
& u

) % ¢ u s ® o4 g

THESE ROW
LETTERS AND
THE COLUMN
NUMBERS ALONG
THE BOTTOM OF
THE BREADBOARD
ARE USED TO
IDENTIFY SPECIRC
HOLES ON THE
BREADBCARD. THH
ARROW AT LEFT
POINTS TO
POSITION RA.

WHEN A CRCUIT
FAILS TO WORK
PRCPEALY, ALWANS
PUSH THE PCWE
SWATCH OFF.

TO PROTECT

NOTE THE FLAT SPOT

ON THE RM OF THE

LED BASE. THIS MARKS

THE CATHODE (=)
LEAD. THE LEADS
THE LED MUST BE

OF

INSTALLED CORRECTLY.

BECALSE THESE TwO
WHITE WIRES ARE
INSTALLED CLOSE
TOGETHER, BE suRE

FOR BEST RESIHLTS,
KEEP THE AREA ARCUND
YOUR CIRCUITS FREE OF
UNUSED PARTS.

THEY GO TOC THE
CORRECT CONNECTION
POINTS. THEIR

WSULATEDR PORTIONS
CAN TQUCH.

YOUR SENSORS LAB, AND FOR BEST RESLLTS, ALWAYS SWITCH THE POWER SWITCH

TO OFF BEFORE BULILMNG 0% MODIFYWNG A CRRCUIT. AFTER YOU BUILD A CIRCINT, CARERLLLY
CHECK FOR ERRCRS SEFORE SWITCHING THE POWER BACK ON.
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[GETTING STARTED: REVIEW WHAT YOU HAVE LEARNED |

YOU CAN BULD THE CIRCUTS IN THIS MANUAL IN ORDER OR RANDOMLY. SO YOU CAN GLICKLY
LEARN HOW THE PROJECTS ARE PRESENTED, BEGIN WITH THE 555 LED FLASHER ON PAGE 19.
THE EXPLANATIONS BELOW SHOW HOW THIS AND MOST OTHER PROJECT PAGES IN THIS MAMUAL
ARL ORGANZLD. WHILL DLTALLD ASSLMBLY INSTRUCTIONS ARL PROVIDED WITH LACIH PROJLCT,
EVENTUALLY YOU WILL BE ABLE TO BUILD THE CIRCUNTS STRAIGHT FROM THE CIRRCUT DIAGRAMS.

TIP: BE SURE TO COLLECT ALL THE PARTS BEFCRE STARTING A CIRCUIT.

PARTS YO WALL
NEED  LISTS ALL
PARTS EXCEPT
WIRES AND THOSE
ON THE CONSOLE.

GIVES STEP-RY-
STEP

FIRST STEP IS
ALWAYS THE
SAME!

SWITCH OFF THE

YOU WILL BE ABLE
TO BUND THE
CIRCLITS &Y
FOLLOWING THE
CIREUIT DIAGRAM.

CONNELTION WIRES
ARE ABBREVIATED
TO SAVE SPACE:

WHI = WHINL
RED = RED
BLL = BILE
YEL = VELLOW

POWER. EVENTUALLY]

"RUILD THE C'.REUIT]

[1 BULD THE CIRCLT |
Lo OREd Pkl Al e AY WO S TERRS d k. 0 OCCNNECT T3 70 S0 Wb DTl
o0 TwalRT THD zop alifss =007 (P ¢ AT T8 & O COMNICT T 70 +7% (OWHT.

O TWESRT U ACIOES 2 Amno 1 9. OCONHETT Ko 70 LT T

INSTRUCTIONS. THE

EACH PROJECT PAGE HAS A TITLE BAR THAT
DESCRIBES THE PROJECT. A BREF INTRODUCTION
BELOW THE TITLE BAR EXPLAINS WHAT YOU wiILL

DO AND LEARN. J

[B0LS AN TED FIASHER TrAl RESFONDS TO TOUCH
Htar w0 aRS RCADY TA BULD — £ TOUZ! SSSTWE LED FLas 2F of PAZE 15, BULLDIME
1=S CHRCL: WAL GWE foU 4 EXFERIEHCE ¥3L WL WESD 10 ASSEMELE IHE PRCJEC S
PESCRIBED 14 TINE MALe_. T2 QIR0 ~ BRALMAS S0En W2l FASTIR Witk wou
FISE ZOLLECT AL IHE FA4IS ¥Ou wAl_ WECDK. ALSO. BE SURS |2 REMOWE A L LGuoSED
BaaTe abh WEES FR2iW THE BRSADE>E:D BEF2RE BEC whikZ.

[Ea3TS YOU Wil KEED |

B nE

L N i =0
Cea UMDk {Bu-BLe-YIL] Chnd UF ) RO oR GRTIH LDO
il

£ a e e e
[T GAGRAN,

KOTE Thla™ T CIRCIIT WLl
MesH B7-5F & RZD R A GRERN LED.

CIRCDIT DIAGRAM
IS A SCHEMATIC

DIAGRAM OF THE
CIRCUIT YOU WiLL
BLLD.

PARTS THAT
MUST BE
INSTALLED w A
SPECIFIC DIRECTION
ARE \LLUSTRATED.

L TH=IRT 32 ACROSS G2 ANT e
c. O Th=20T M OATRY=S 70 AND KL
b O Zh=TRT LID ACSSS Z1GANQLI ANE

1. L) CONMZCT WY 7O 7 DHT

15 0O C6NCET sPRwNG & To k2 RCDL
11 EmATESNF )

[2. TEST THE CIRCUT )
UHEZE YII4 UWIRING FOR CRAURS. BUG SUKE =0 00 D0 AND MG LID THs ALLED M THE
FORRECT DIREC TI0N, wHES YO | AR: S03p BvERT-UhG & C290ECT, B L POWER AWATTH PUSH"NG THE
ok PEESS THZ CQOCH SEMEDR, AMD THE LED 3B 16 TLASH. 1 - 4 A
TUTREARER AT M) PRERS ARGED, BOakLIMY AEE CRGRS M ayd iz FO HELR PO‘WER SWITCH
S Q.
[3. EENE FORTHER |
T-is CROLT whl. alug SCSFGRD TG LIGHT. P25H THE FowIR sin™2-4 oF=. Fab TWl 5D
SOR CARD WARKED “PHOTORFSISTOHR AN TNIFRT IT TNTO THFE S RS20 S60erT. Wb T2 .‘h__l Wgﬂ T;%EE E
SO0 WARD AT %35 o TS SPRING L MowE THI ROE WRE AT SPRIMG & TO oPRiNG & "LALT

Tor fORSILE N A TAREFR-D 250K ANY PUTZ THE 25uES SWTEH . THE JEY <[ ASHFE. T+
T-£ LTk Glews STCAMLY. SHICD 1T FROM JGHT. sGHT.Y TNCRTASWG 742 LIG-T &~
THr FROTSREGISTEY TUTR-ASES T4F RLASH RATH.

1L O FONNETT SMIG 5 TO +iv (REML /

T

THIS GENERAL PAGE LAYOUT IS USEDR TO PRESENT
THE PROJECTS IN THIS MANUAL. WHEN YOU BUILD
A PROJECT, YOU MIGHT WANT TO WRITE IN THE
MARGINS ANY IDEAS AND TIPS THAT YOU wiLL
WANT TO REMEMBER sSHCOULD You REWVSIT THE
PROJECT AT A LATER DATE. BE SURE TO CHECK
EACH STEP WHEN YOU BUILD THE CIRCLAT.

"TEST THE
CIRCUIT " REMINDS
YO TO REVEW
YOUR WIRING FOR
ERRORS BEFORE

SPACE, GOING
FURTHER DESCRIBES
WAYS TO MODIFY
THE CIRCLIT.
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[ TROUBLESHOOTING PRORLEM CIRCUITS

YOUR CIRCUITS SHOULD WORK THE FIRST TIME YCou PUSH THE POWER SWITCH ON IF YOU
FOLLOW THE STEP-BY-STEP INSTRUCTIONS, USE THE CCRRECT PARTS, AND DON'T BECOME
RUSHEE. BUT SOMETIMES A CIRCUT WILL ~OT WORK PROPERLY. WHILE THIS CAM BE r
FRUSTRATING, (TS A ROUTNE PART OF EXPEUMENTING WATIH ELECTROMIC CIRCUITS. 1HERES
HOW TC TROUBLESHOCT A PRCBLEM CIRCUIT:

1. PusH THE POWER SWATCH TO THE OFF PCSITION.

2. BE SURE A 9-VCLT BATTERY IS INSTALLEDY IN THE CONSOLE. CHECK TO MAKE SURE 1T 1S
INSTALLED PROPERLY AND THAT IT IS FRESH.

3. BE SURE THAT EXPCsSED WIRE LEADS 0O NOT TOUCH ONE ANOTHER.

9. THE WIRE CONNECTICN LEADS CAN SOMETIMES WORK LCOSE. BE SURE ALL THE LEADRS ARE
FULLY INSERTED INTO THE BREADZCARD HCLES.

5. CHECK TC MAKE SURE YOU DIENT LEAVE QUT A PART OR WIRE. (THIS WON'T HAPPEN IF
YOU CQLLECT ALL THE PARTS REFORE YOU BULD THE CRCUIT.)

b. MAKE SURE YOU INSTALLER THE CORRECT PARTS. DOUBLE CHECK PART NUMBERS AND
RESISTOR COLOY CODES (RED CAM LOOK LIKE ORANGE). IF THE NUMBERS OM TRANSISTORS AND
ICs ARE HARD TO READ, HOLD THE PART UNDER A BRIGHT LIGHT.

7. ELECTROLYTIC CAPACITCRS, LEDRS, TRANSISTORS AND INTEGRATED CIRCLNTS MUST RE
INSTALLED WITH THE LEADS 0% PINS IN A SPECIFIC DIRECTION. BE SURE NONE CF THESE
PARTS ARE INSTALLED BACKWARDS.

& ALL UNUSED INPUTS (NCT CUTPUTS) OF Tht 9011 MUST BE CONNZCTED TO GROUND CR THE
POSITIVE POWER SUPPLY (+ VOLTAGE). A CIRCUIT WAY WORK 'F YCU DCNT RO THIS. BUT
UNCONNEZTED INPUTS ACT LKE TINY ANTENNAS THAT CAN SWTCH LOGIC CHIPS CFF AND
ON. THIS CAN CADLSE ERRATIC OPERATION AND EXCESSIWE CURRENT DRAIN.

9. FREQUENTLY USED MECHAMCAL PARTS, LKE THE CONSOLE SWITCHES AND
POTENTIOMETERS, TEND TO FAIL BREFORE COMPONENTS WATHOUT MOWING PARTS. IF A CRCOIT
DOESN'T RESPOND WHEM YOU TUan THE KNOB OF A POTEMTIOMETER, TRY BYPASSING THE
POTENTIOMETER WITH TWwC RESISTORS.

10, IF YOU TOOK SHORTCUTS OR MADE CHANGES TO A CIRCUIT, TRY REBLILDING TAE CRCUT
EXACTLY AS SHOWN IN TrE CIRCLIT DIAGRAM. MAKE CHANGES TC PROJECTS ONLY AFTER THE
CIRCUIT IS WORKING.

1. IiF THE CRCUIT STIL FALS TO WORK, CHECK THE CONNECTIONS OF EACH PN 02 LEAD
AGAINST THE CIRCUIT DIAGRAM. IF THE CIRZUIT USES AN I, CHEZK THE CONNECTIONS TO
EACH PIN. BEGIN AT FIN & AND WORK AROUND THE CHP PN BY FiN. YOU WILL QuUIZkLY FiND
MISSING CR INCZORRECTLY INSTALLED WIRES AND PARTS.

12. SOMETWES YCU CAN Fix A CRCUIT FASTER BY RERUILEING 1T ThHAN BY TRYWG TO FIND A
WIRING ERR0R. AS A LAST RESORT, REMOVE ALL THE WRES AND PARTS. MAKE SURE ALL THE
PARTS ARE THE CORRECT ONES AND START OVER. IF THE CIRCUIT STILL FAILS, A PART MAY
BE BAD. TRY LSING A SUSPELT TRANSISTOR CR IZ IN A DIFFERENT CIRCUIT. IF THAT CIRCUIT
FALS TO WORK, THE TRANSISTOR 282 It MAY BE BAD.
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[MORE ABCUT SENSORS |
THE CONSOLE OF YOUR ELECTRONC SENSORS LAB HAS THREE SENSORS FOR DETECTWNG
ROTATION, TOUCH AND MAGNETIGM. ADDING A SMALL CYLINDER OF CONDUCTIVE FOAM PLASTIC
CONVERTS THE TOUCH SENSOR TO A PRESSURE SENSOR.

YOUR SENSORS LAB COMES WATH SIX PLUG-IN SENSOR CARDS. ONE CARD IS A PROBE FOR
DETECTING RESISTANCE CHANGES CAUSED BY WATER AND EVEN YOUR SKIN. THERE ARE TWO
CARDS FOR DETECTING LIGHT AND ONE FOR DETECTING TEMPERATURE. THERE IS A CARD FOR
DETECTING ELECTROMAGNETIC FIELDS AND A MAGNET SWITCH CARD. THE COMPASS PROVIDED
WITH YOUR SENSORS LAB IS ALSO A SENSCOR. SO YOUR SENSORS LAB HAS A TOTAL OF 11
SENSCRS.

ACTUALLY THERE ARE MORE SENSORS THAN THESE. BEFORE MOVING ON TO THE PROJECTS,
LET S LOOK AT HOW MANY OF THE PARTS PROVIDED WITH YOUR SENSORS LAB CAN DOUBLE AS
SENSORS.

POTENTIOMETER SENSOR: THE CONMSOLE OF YOUR SENSORS LAB HAS THREE POTENTIOMETERS.
THESE vARIABLE RESISTORS HAVE MANY USES AS SENSORS. HANG A ROD wiTH A wEIGHT
ON ONE END FROM THE SHAFT OF A POTENTIOMETER AND YOU HAVE A SENSOR THAT
CHANGES \TS RESISTANMCE ‘N RESPONSE TO ACCELERATION OR DECELERATION. IF YOU MAKE
THE ROD LONG ENOUGH, THE POTENTIOMETER BECOMES A SEISMOMETER THAT WILL CHANGE
RESISTANCE WHEN THE EARTH MOVES DURING AN EARTHOUAKE. POTENTIOMETERS ARE ALSO
VERY USEFUL POSITION AND ROTATION SENSORS.

SPEAKER SENSCR: THE sSPEAKER ON YOUR CONSOLE CAN ALSO FUNCTION AS A SENSOR.
NORMALLY A SPEAKER EMITS SODND. A SPEAKER wWALL ALSO GENERATE A SMALL VOLTAGE W
RESPONSE TO SOUND.

LED READCUT SENSOR: THE LED READOUT DOUBLES AS A VERY SENSITIVE RESISTANCE
SENSOR. YOI CAN SEE HOw BY PIISHING THE POwWER SWITCH TO On AND THE DIsPFiay McehE
SWITCH TO DOT. nNOW BRIDGE YouUR INDEX PINGER ACROSS SPRINGS 19 AND 20 WHILE
WATCHING THE LED READOUT. THE MOVING DOT wWiLL MOVE DOWN WHEN YOU PRESS YOUR
FNGER ON THE TWO SPRINGS. PRESS A BIT HARDER, AND THE MOVING DOT wiLL MOVE DOWN
MORE. THE LED READOUT 18 ALSO AM EFFECTIVE vOLTAGE SENSOR. TRY THIS EXPERIMENT:

1. O PusH THE POWER SWITCH TO OFF. 3. O CONNECT SPRING 15 TO GROUND (RED).
2. O CONNECT SPRING I3 TO +9v {BLU). 4. [0 CONNECT SPRINGS 14 AND 19 (RED).

ROTATE THE KNOB OF THE 100K POTENTIOMETER ALL THE WAY TO THE RIGHT. THEN
ROTATE THE 1ok POTENTIOMETER TO THE LEFT WHILE WATCHING THE LED READOUT.
EVENTUALLY A MOVING LED WALL TRACK THE MOVEMENT OF THE POTENTIOMETER KNOR. SINCE
THE CENTER SPRING OF THE POTENTIOMETER IS PROVIDING A VARIABLE VOLTAGE TO THE
READOUT WHEN YOU TURN THE KNOB, THIS EXPERIMENT SHOWS HOw THE READOUT ACTS LIKE
A VOLTAGE SENSOR. THIS ALSO SHOWS HOW THE POTENTIOMETER ACTS LKE A POSITION
SENSOR.

TRANSISTOR, LED AND SWATCH SENSORS: THE NPN TRANSISTOR PROVIDED WATH YQU2 SENSORS
LAB CAN BE USED AS A TEMPERATURE SENSOR. THE RED AND GREEN LEDS CAN BE USED AS
SENSCORS THAT DETECT RED AND GREEN LIGHT. EVEN THE POWER SWATCH CAN BE
CONSIDERED A SIMPLE PCSITION SENSOR.

AS YOU CAN SEE, MANY DIFFERENT ELECTRONIC PARTS CAN DOUBLE AS SENSORS.
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[OSE A COMPASS TO DETECT MAGNETIC FIELDS |
NOL Wil USE THE COMPASS TO DETELT THE MAGNETIC FIELD OF TARTH AND A MAGMNET, AND
MAGNETIZE THE WARE LEAD OF AN LEDR, LSING THE COMPASS TO VERIFY IT IS MAGNETIZED.

| PARTS YOU WILL NEED |
7 ===
Kﬁ@' RED OR GREEN LED
COMPASS

[1. DETECT THE EARTH S MAGNETIC FIELD

FLACE THE COMPASS CN A FLAT SURFACE AWAY F0OM METAL OBJEZTS. THE N (NORTH)
POINTER OF THE COMPASS POINTS TOWARD THE EARTH'S MAGNETIC NORTH PoLE. THE
MAGNETIC MORTH POLE 1S LOCATED IN NORTH CANADA, NOT AT THE GEOGRAPHIC NORTH
PCLE, THE ANGULAR DIFFERENCE BETWEEN TRUE NORTH AND MAGMETIC NCRTH IS CALLED
DECLINATION, DEPENDIMG ON YCUR LOCATION, DECLINATION CAN RANGE FROM A FRACTICN OF A
DEGREE TO MORE THAN 22 DEGREES., TOPOGRAPHIC MAPS USUALLY INCLLDE A DIAGRAM THAT
SHOWS BOTH TRUE NCORTH AND MAGNETIC NORTH FOR THE REGION COVERED BY THE MAP.

A COMPASS FOINTER OR NEEDLE 1S A MINIATURE MAGNET. SNCE THE NORTH PCLE CF A
MAGNET ATTRACTS ONLY THE SOUTH POLE OF AMOTHER MAGNET, HOw CAN THE NORTH
POLE OF A COMPASS BE ATTRACTED TO EARTH'S MAGNETIC NORTH POLE? IT 'S MORE
CORIECT TO SAY THE END OF THE COMPASS POINTER THAT POINTS MORTH 1S ACTUALLY THE
NORTH SEEKING END OF THE COMPASS. BY CUSTCM, THE END OF A MAGNET THAT
ATTRACTS THE NORTH POLE OF A COMPASS 'S DEFINED AS THE MAGNET 'S SOUTH PCLE.

[2. DETECT A MAGNET 'S MAGNETIC FELD

ALACE THE MAGKRET ON TTS UM O A FLAT SRFACE. PLACE THE CoMPASRS ON THE S AME
SUFACE ABRCUT 7 CM (AB2UT 2.75 INCHES) FRON THE MAGKNET 'S SOUTH PoLE. THE NORTH
FOLE OF THE COMPASS PRINTS TOWARD THE s0UTH POLE oF THE MAGKET. MOVE THE
COMPASS IN A CIRCLE WITH THE MAGNET AT !'Ts CENTER. WHEN TRE COMPASS 1§ ALIGNED
WITH THE EDGES oF THE MAGNET, \T FOWTS EITHER BAST 0% wEST. WHEN THE COMPASS
15 NEAREST THE NORTH 20LE OF THE MAGMKET, THE SOLTH POLE OF THE COMPASS POINTS
TOWARS THE MAGNET. BE SURE To KEEP THE MAGNET r0M TOUCHING THE COMPASS. THIS
WAY CADNSE THE NORTH AND sOUTH POLES OF THE COMPASS TO BECOME REVERSED. IF THIS
OCCURS, TRY PLACING THE COMPASS ON TOP OF THE scuTH SIDE OF THE MAGNET TC
REMACNETIZE THE COMPASS POINTER IN THE PROPER DIRECTION.

[ 3. MAGNETIZE THE WRE LEADS OF A LED |
HOLD THE LE> 5 wiRE LEADS NEAR THE COMPASS, THE COMPASS POIWNTER SHOULD NOT BE
DEFLECTED. wp THE =xPOSED SUFALE OF ThE MAGKRET (NCRTH POLE) AGAINST THE
TWC LED LEADS 20 TIMES. RUB FROM THE DIRECTION OF THE EPOXY PACKAGE THAT HOLDS
THE 'ED TC THE END OF THE WIRE LEAD. RL2 20 TIMES TN THIS DRECTION AND ALONG
THE FULL 'ENGTH OF THE LEAD. HOLD THE ENDS OF THE TwO LEADS NEAR THE COMPASS.
THEY  ATTRACT THE SOUTH END OF THE COMPASS POINTYER. REFEAT THIS PROCERURE,
RUBEING ThHE CPPOSITE SIDE OF THE MAGNET (SOUTH POLEY AGAINST THE LED LEADS. NOW
WHEN YCU HOLER THE LEAD ENDS NEAR THE COMPASS, THEY ATTRACT THE NORTH END OF
THE COMPASS POINTER. THIS PROCESS IS COMPLETELY REVERSIBLE. PROVE THIS BY AGAIN
STROKING THE SOUTH POLE OF ThE MAGRET AGAINST ThE WiRE LEADRS. THIS EXPEAMENT
WORKS WATH MANY DIFFERENT STEEL OBJECTS. IF YOI Rup A PAPER 214 FROM THE CEMTER
TO ONE END, ONLY THAT RALF OF THE PAPER CUIP I8 MAGNETIZED. THAT END OF THEC
FAPER CLIP ATTRALTS THE COMPASS POINTER, BUT THE OPPOSITE END MAY NOT.
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[USE A COMPASS TO DETECT AN ELECTROMAGNETIC FIELD |

Yo wiLl MAKE A SIMPLE COIL. You wiLL PLACE A PAPER CLIP INSIDE THE COWL, THEN
DISCHARGE A CAPACITOR THROUGH THE COIL. THE RAPD SURGE OF CURRENT THROUGH THE
COI. CREATES AN ELECTROMAGNETIC RELD THAT MAGNETVZES THE STEEL PAPER CLAP INSIDE
THE COWL. THHE PAPER CLIP THEN ATTRACTS TIHE POINTER OF A NEARBY COMPASS. THS
PROVES THAT THE PAPER CLIP HAS BEEN MAGNETIZEDR BY THE FLOW OF ELECTRICAL CURRENT
THROUGH THE COLL.

| PARTS YOU WILL NEED |

N | P e Gl
pEOmM - T
\\5 RI-1IK (BRN-BLK-RED) Cl1-970 UF PAPER CLIP
. YELLOW WIRE
COMPASS
| CIRCINT DIAGRAM |[ 1. MAKE THE COIL |
+qy - WIND A YELLOW CONNECTION WIRE AROLND A
\ P PENCIL. THE COIL WILL HAVE ARCUND &
TURNS. BEND THE EXPOSED WIRES AT EACH
X1 g END OF THE COIL S0 THEY ARE IN LINE AND
1k j coic PROJECT ONTWARD FROM THE COIL.
L '4J
" JUMPER
| wiRE
-
q'?giF
— o COMPASS

[2. BULD THE CRCIIT |
L. O PUsSH POWER AND DISPLAY SWITCHES OFF. 5. O CONNECT K!I TO +9v (RED).
2. O INSERT €1 ACROSS RI {+) AND GROUND {-). &. O CONNECT SPRING & TO QI (RED).
3. 0O INSERT RI ACROSS K2 AND R2. 7. O INSERT JUMPER WIRE AT R3 (RED).
4. C INSERT THE COIL ACROSS Q5 AND GROUND.

[3. TEST THE CIRCUIT |
BE SURE THAT C! IS INSTALLED IN THE PROPER DIRECTION. THEN SLIDE THE PAPER CLIP \NSIDE
THE ColL, AND PLACE THE COMPASS NEAR THE EnD OF THE PAPER CLIP. PusH THE POWER
SWITCH ON. TOUCH THE FREE EnD OF THE JUMPER WIRE T0O sSPRING &, THE COMPASS POINTER
WILL IMMEDATELY RESPOND TO THE MAGNETIC FELD THAT HAS BEEN GEMERATED.

REMOVE THE PAPER CLIP FROM THE COIL AND HOLD ONE END NEAR THE COMPASS. THE NORTH
QR SOUTH POINTER OF THE COMPASS will BE ATTRACTED TO THE PAPER cUP. REVERSE THE
POsITION OF THE PAPER CLIP, AND THE OPPOSITE POLE OF THE COMPASS willL BE ATTRACTED.

| 4. GOING FRTHER |
MARE THE tnD OF THE PAPER CLTP THAT ATTRACTS THE <SOUTH POLE OF THE COMPASS.
THIS 1S THE NORTH POLE OF THE PAPER CLIP. NOW INSERT THE PAPER CLIP BACK INSIDE THE
Ol AND REPEAT THE ABOVE EXPERIMENT. WHICH POLE OF THE COMPASS NOW POINTS TO
THE MARKED END OF THE PAPER CLIP? REVERSE THE POSITION OF THE PAPER CLWP AND REPEAT
THE EXPERIMENT. YOU WILL FIND THAT THE MAGNETIC POLARITY OF THE PAPER CLIP CAN BE
EASILY REVERSED nainG TiAE COIL.




USE A MAGNET TO SWITCH USE A MAGNET TO ALTER

ON AN LED THE BUZZER
YOou WILL USE THE MAGNET TO SWITCZH ON UsE THE MAGNET TO CAUSE THE BUZZER
AN LED. TO EMIT A TONE THAT DIFFERS FROM NORMAL.
[PARTS YOU WILL NEED | [PARTS YOou WALL NEED |
~ o . =

R0 (ELVIO-BRN) - g
= = ] /E

RED OR GREEN LED

] RI-100 (BRN-BILK-BRN) tf@
M,

[ CIRCUIT DIAGRAM | [CIRCUIT_DIAGRAM |
t4av *Qy
i
I
\r 2 ﬁf foio
MAGMNET SWITCH MA GHET SWITCH
L ‘-IR'.'iO L 2
MAGNET 2D o8 LED MAGRET  BuUZ2ER
T e 22
- & SfaT
[+ B3 i
[1. BUILD THE CIRCUIT | [I. BULD THE CIRCUIT
I O PUSH POWER AND DISPLAY SWITCHES L. O PUSH THE POWER AND DISPLAY
OFF. SWITCHES OFF.

oy

. O INSERT MAGNET SWITCH CARD. 2. O INSERT MAGNET SWITCH CARD.

. O INSERT RI ACROSS SPRING 2 AND H20. 3. OO INSERT RL ACROSS Ce AND +9v.

. LI INSERT LED ACROSS Hb (ANCDE) AND 4. O CONNECT SPRING 1 TO +9v (WHT).
5
[
7

L N

Jt (CATHOLE). . [0 CONNECT SPRING 2 TO C& (WHT).
5. O CONNECT JI0 TC GROUND (WHT). . L) CONNECT SPRING 21 TO (10 (RED).
. C CONNECT SPRING 1 TO +9v {(WHT). . O CONNECT SPRING 22 TO GROUND {BLU).

L

T

[2. TEST THE CIRCUIT | [2. TEST THE CIRCUNT |
CHECK FOR ERRCRS. PusH THE POWER CHECK FOR ERRORS. PusH THE POWER swiTCH
SWITCH uP, AND THE LED wiLL BE OFF. uP, AND THE BUZZER WILL SOUND. PLACE
PLACE THE MAGNET NEAR THE MAGNET THE MAGNET NEAR THE MAGNET swiTCH
SWITCH CARD, AND THE LED WILL GLOwW. CARD, AND THE BUZZER'S TONE WILL
SWING THE MAGNET PAST THE MAGNET CHANGE DISTINCTLY. SWING THE MAGNET
SWITCH CARD kB A PENDHIILLIM TO FLASH PAST THE MAGNET SWTCH CARD LKE A
THE LED onN AND OFF. PeENDULUM FOR NEAT EFFECTS.



USE A MAGNET TO SWITCH

AN LED OFF

USE A MAGNET TO swiTCH
THE BUZZER OFF

You wiLl usE THE MAGNET TO swWiTCH
AN LED OFF.

YOoU wiLL USE THE MAGNET TO SILENCE THE
BUZZER.

| PARTS YOU WILL NEED |

| PARTS YOU WALL NEED

JE = = f_—
o ] RI-470 (YEL-VIO-BRN}

—_

= :i?fg\

RED OR GREEN LED %

RI-150 (BRN-GRN-BRN)

[ CIRCUIT DIAGRAM |

¥ qy

CRRENES

MALZNET SWITCH

MAGNET =

Y

R1
150

@ \éf’_ BuzzER 3
4

[ 13
L MASGMET SunTCH
MASRET

— —

. BUILD THE CIRCUNT |

[

[ 1. BUILD THE CIRCUIT

1. O PUSH POWER AND DISPLAY SWITCHES
OFF.

2. O INSERT MAGNET swWITCH CARD.

3. O INSERT R1 ACRCSS H5 AND +9v.

4. C INSERT LEDR ACROSS H3 {ANODE)
AND L3 (CATHODE).

5. T CONNECT L5 TO GROUND {WHT).

6. O CONNECT SPRING 1 TO H1 {RED).

7. O CORNECT sPRING 2 TO GROUND
(BLL).

L O PusH POWER AND DISPLAY SWATCHES OFF.
.M INSERT MAGMET SwWITCH CARD.

. [0 INSERT RL ACROSS C3 AND +9v.

. O CONNECT SPRING I TO C1 (WHT).

. O CONNECT SPRING 2 TO GROUND {(BLU).

. O CONNECT SPRING 21 TO C5 (RED).

. LI CONNECT SPRING 22 TO GROUND (BLu.

=) F UT DN

[2. TEST THE CRRCUIT |

[2. TEST THE CIRCLIT

CHECK FOR ERRORS. Pusid THE POwWER
SWITCH uP, AND THE LED willL GLow.
PLACE THE MAGNET NEAR THE MAGNET
SWITCH CARD, AND THE LED will SwiTCH
OFF. SWING THE MAGNET BACK AND
FORTH B ThHE: MAGNET SWITCH CARD
LIKE A PENDULUM, AND THE LED wiLl
FLASH OFF AND ON.

CHECK FOR ERRORS. PUSH THE POWER SWITCH
UP, AND THE BUZZER wiLL SOUND. PLACE
THE MAGNET NEAR THE MAGNET SWATCH
CARD, AND THE BUZZER WILL STCP. SWING
THE MAGNET BACK AND FORTH BY THE MAG
NET SWITCH CARD, AND TiHE BIIZZER WILL
EMIT A SERIES OF PULSES.
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[BUILD A RED-GREEN MAGNET DETECTOR |

YOu WALL BUMLD A MAGNET DBETECTOR CIRCUIT. IF A MAGNET IS NEAR THE MAGNET SwWITCH
CARD, THE REDL LED GLOWS. OTHERWISE, THE GREEN LEDR GLOWS.

| PARTS YOU WILL NEED |

g7 &5 e —
\ Ooono W ﬁb /@\
E ] 0 2272 RL, R4, R5-Ik (RRN-BLK-RED) RED LED / S
i . oo RS RIK (BRN-BLK-ORG)  GREEM LED % 7/
1 234
| CIRCILIT DIAGRAM
v +9v + 9y +9v
! ! !
RY
g R2 1K
1CK
1 GREEN
28 0 LED
3% >
2 =z .
T4
MhGuErsw-.tcH RS
1k
R1 g R
MAGMET 1k 10K, ren
Q\ LED

[1. BULD THE CIRCUIT |
1. O PusH POWER AND DISPLAY SWITCHES OFF. g [ INSERT RED LED ACROSS TI (ANODE)

2. O INSERT MAGNET swiTCH CARD IN THE AND GROUND (CATIHODE).
SENSOR SOCKET. 10. O INSERT GREEN LED ACROSS HI
3. O INSERT 272 IC ACROSS SLOT (BN @ AT IE) (ANCDE) AND J1 (CATHODE).
9. O INSERT Rl ACROSS L2 AND M2. 1. O CONNECT M4 TO GROUND (WHT).
5. O INSERT R2 ACROSS k4 AND T7. 12. O CONNECT JI0 TO +9v (WHT).
b. L INSERT R3 ACROSS k1 AND ML 13. [0 CONNECT SPRING I TO +9v (WHT).

7- L INSERT R4 ACROSS H2 AND +3V. 14. OJ CONNECT SPRING 2 TO L4 (RED).
8. 01 INSERT R5 ACROSS J3 AND T3.

[2. TEST THE CIRCUIT |
CHECK THAT THe CREMT IS 2LILT ~“ORRECTLY. SPREAD THE REIISTOR LEADS AND GSREEN LED
OUTWARDE 20 THEY DO NCT TOUCH. PusH THE POWER SWTCH Sk AND THE GREEN LED
GLOWS. FPLACE THE MAGNET NEAR THEZ MAGNET sWATCH CARD. THE GREEN LED DIMS ARND
THE RZD LED CGLOWS. L'STEM WHEN YOO PLACE THE MAGNET NEAR THE MAGNET swATCH
CARD. A METALLIC CUIZK SOUNGS EAZIY TIME THE SWATCH RESPONDS TO THE MAGNET.

[3. GOING FURTHER |
REVISE THE CIRCUIT S0 TRAT THE GREEN LED \s OFF WHEN THE RED LED 'S GLOWING.
L. O PusH POWER AND DISPLAY SWITCHES OFF. 2, O MOVE RED WIRE AT LY TO N5.
2. O REMOVE THE RED LED. 4, O INSERT RED LED ACROSS N4 (ANDDE)

AND L4 {(CATHODE).
MAKE SURE NONE OF THE LEADS ARE TOUCHING. PusH THE POWER SWITCH ON. PLACE THE

MAGNET NEAR THE MAGNET SWATCH CARD AND THE RED LED GLOWS. NOTE THE GREEN LED
Is OFF WHEN THE RED LED 'S GLOWING.
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[BULD A FERROUS METAL DETECTOR |

YO WILL BUALD A SIMPLE CIRCUIT THAT INDICATES WHEN A FERROUS METAL (STEEL OR
IRCON) IS PLACED BETWEEN THE MAGNET AND THE MAGNET SWITCH. NORMALLY A RED LED
GLOWS. WHEN FERROUS METAL 'S PRESENT THE LED sSwATCHES OFF.

[PARTS YOu WILL NEED |

I A = //@j

[ RI-470 {YEL-VIO-BRN) RED LED [@
[CRCUIT DIAGRAM | (1 BUILD THE CIRCUIT |
STEEL +3v 1. O PusH POWER AND DISPLAY SWATCHES OFF.

OBIECT L 2. 00 INSERT MAGNET SWITCH CARD W THE
- SENSOR SOCKET.

. O INSERT RL ACROSS PLO AND TID.

C INSERT LED ACROSS Tt (ANODE) AND

GROUND (CATIHODE).

. CONNECT SPAING @ TC -9V (WHT).

. O CONNECT SPRING 2 TO Pb (RED).

£

&

M
t MAGKET SWITCH
MAGRET

e AW

N

T

(2. TEST TFE CRCUIT |

CHECK YOUR WARING FOR ERRORS, THEN PUSH THE POWER SWATCH ON. PLACE THE MAGNET
NEAR THE MAGNET SWATCH CARD. THE LED GLOWS. FIND A PECE OF STEEL OR IRCON SUCH
AS SCISSORS, TWEEZERS, OR A STEEL RULER. HOLD THE MAGNET SO THAT THE LED GLOWS,
THEN PLACE THE STEEL OBJECT BETWEEN THE MAGNET AND THE MAGNET SWATCH CARD.
THE LED STOPS GLOWING IF THE ORJECT IS STEEL. THIS TEST CAN BE A LITTLE TRICKY,
BECAUSE THE MAGNET WANTS TO JUMP TOWARD THE STEEL OBJECT. HOLD BOTH THE MAG-
NET AND THE STEEL OBJECT FIRMLY W PLACE TO AVOID THIS FROM HAPPENING. FOR BEST
RESULTS, EXPERIMENT WATH THE MAGNET LOCATION. YOU MIGHT FIND THAT THE MAGNET
SWITCH RESPONDS BETTER WHEN THE MAGNET 1S LOCATED SLIGHTLY TO ONE SIDE RATHER
THAN DIRECTLY IN FRONT OR N BACK OF THE MAGNET sSWITCH. YOI CAN ALSD 1SR TH
REMOTE LINK TO MOVE THE MAGNET SWITCH TO A DIFFERENT LOCATION.

REPEAT THIS TEST USING VARIOUS NON-FERROUS MATERIALS, SUCH AS ALUMINUM FOIL, A
wooD CR PLASTIC RULER, AND FABRICS. THE LED STAYS ON WHEN ALL THESE MATERIALS ARE
FLACED RETWEEN THE MAGNET AND THE MAGNET SWITCH CARD. THESE TESTS ARE EASY TOC
DO SINCE THE MAGNET IS NOT ATTRACTED TO NON-FERROUS OBJIECTS.

[3. GOING FLIRTHER |
THIS PROJECT CAN BE USED TO MAKE A VERY SENSITIWWVE MOVEMENT OR WVIBRATION DETECTOR.
A STEEL RULER MAKES A GOOD FERROUS OBJECT. MOUNT THE RULER On A FIXED OB.TECT,
AND PLACE THE CONSOLE SO THAT THE RULER FACES THE FRONT OR BACK SIDE OF THE
MAGNET sWAITCH CARD. HOLD THE MAGNET FIRMLY IN PLACE, AND ADJUST THE CONSOLE SO
THAT THE RULER COMES BETWEEN THE MAGNET SWITCH AND THE MAGNET. CAREFULLY MOVE
THE CONSOLE SO THAT THE LED swATCHES OFF. NOW A SLIGHT MOVEMENT OF THE RULER
OR THE CONSOLE CAUSES THE LED TO GLOW.
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BULD A BUZZER RUILD AN LED VIBRATION

VIBRATION DETECLTOR DETELTOR

YO WILL USE THE MAGNET ANE THE YOu WILL UsSE THE MAGNET ANMD THE MAGNET
MAGNET sWITCH TO ACTIVATE THE BUZZER SWATCH TO ACTWATE AN LED IN RESPONSE TO
IN RESPONSE TO VIBRATION. VIBRATION.
[PARTS YOO WILL NEED | [PARTS YO WILL NEED |

|
= -
—_—

RED LED

_., W /@\]
R0 (YEL-VIO-BRN} | §
| &

[CIRCUIT _DIAGRAM | [ CIRCUIT DIAGRAM |

- STRING
+Qv tqv

o GO

1« MAGNET SWITCH

= STRIN G

T MAGNET SWITCH

MAGNET 21 MAGRET ‘{E'?%J
+
RED
BUZZER LED
T Sy
[ 1. BULD THE CIRCUIT | | 1. BUILD THE CIRCUIT |

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 1. O PusH POWER AND DISPLAY SWITCHES COFF.
2. O INSERT MAGNET SWITCH CARD IN THE 2. 71 INSERT MAGNET SWATCH CARD IN THE

SENSOR SOCKET. SENSCR SOCKET.
3. O CONNECT SPRING @ TO +#9v (WHT). 3. O INSERT R1 ACROSS PLC AND TIO.
9. O CONNECT SPRINGS 2 AND 21 (WHT). 9. O INSERT LED ACROSS Tb (ANODE) AND
5. O CONNECT SPRING 22 TO GROUND {BLU). GROUND (CATHODE).

S. O CONNECT SPRING 1 TO +9v (WHT).
b. O CONNECT SPRING 2 TO P& (RED)

2. TEST THE CRCUITS |

CHECK YOUR WIRING FCR ERRCRS. PUsSH THE POWER SWITCH ON. PLACE THE CONSCLE UNDER A
BOOKSHELF CR CTHER STEADY PLACE WHERE YCoU CAN HANG THE MAGNET. TIE CR TAPE THE
END OF THE MAGNET STRING TC THE OBJECT AND MOVE THE CONSCLE SO THAT THE
MAGNET IS NEAR THE MAGNET CARDR. WHEN THE BUZZER SOUNDS OR THE LED GLOwS,
MOVE THE CONSOLE JUST rAR ENOLGH WAY TO SWITCH IT CFF. THE BUZZER will NOW
sounD CR THE LED wiLL Glow wHEN ThHE SUGHTEST VIBRATION CALSES THE MAGNET OR
ThE CONSCLE TO MOVE.
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[USE A MAGNET T0 RUILD A PENDULUM METRONOME |

YOU WILL CONMECT THE MAGNET SWITCH CARD BETWEEM A SIMPLE 555 OSCILLATOR AND
THE POWER SUPPLY (+9 VOLTS). YOU wiLL THEN SWITCH THE OSCULATOR ON AND OFF BY
SWINGING THE MAGNET PAST THE MAGNET SWITCH CARD TO FORM A PENDULUM METRONOME.

[ PARTS YOU WALL NEED |

e

&7 &5 o L —_— B
55 o R
[ 22~ ] Re-IK (BRN-BLK-ORG) (\\g)
—- L2314 Q32D (RED-VIO-BRN) Cl-0.1 UF (104)
[CIRRCIHIT DIAGRAM
+ 4y
- STRIN G [.?1 Ry
THE MAGNET 1S STRONGLY “’%1.4 100% g | 270
ATTRACTED TO THE STEEL 13 . 23
SPRINGS ON THE CONSOLE. { i
YO WILL NEED TO AvOID gmk 6| 555
THE SPRINGS WHEN YOU \i‘ 24
SWING TIHE MAGNET. 2 2 3 SPKR
T MAGRET SW (TCH .
Tete |
MA Gl ET 0.1 uF

1. BOlLD THE CIRCIIT
L O PusH THE POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT RY TO S7 (WHT).
O INSERT MAGNET SWITCH CARD IN THE SENSOR &, [0 CONNECT T4 TO Q7 (WHT).

]

SOCKET. 9. O CONNECT Q0 TO Aé (RED).
3. [0 INSERT 555 IC ACROSS SLOT (PN L AT Q5.  10. [0 CONNECT SPRING 1 TO +9v (WHT).
4. [ INSERT R2 ACROSS RIO AND S10. 11. O CONNECT SPRING 2 TO A& (RED).
5. C INSERT R3 ACROSS SPRING 23 AND AlD. 12. © CONNECT SPRING 13 TO R7? (RED).
5. O INSERT €1 ACROSS Q1 AND RI 13. T CONNECT SPRING 14 TO T3 {RED).
&, O CONNECT Q3 TO GROUND {(WHT). 4. O CONNECT SPRING 29 TO $49 (RED).

[2. TEST THE CIRCUIT |
CHECK YOUR WARING FOR ERRORS. HOLD THE MAGNET NEAR THE MAGNET SWATCH CARD AND
PUSH THE POWER SWITCH ON. YOU HEAR A TONE. WHILE HOLDING THE MAGNET IN PLAEE,
ADJUST 100K CONSOLE POT R! FOR THE REST SOuUnD. WHEN YOU MOVE THE MAGNET AWAY
FROM THE MAGNET sSWITCH CARD, THE TONE CEASES. THE SOUND RETURNS WHEN YOu PLACE
THE MAGNET BY THE MAGNET SWITCH CARD. HOLD THE MAGNET BY ITS STRING AND SWING
T BACK AND FORTH PAST THE MAGNET SWATCH CARD. EACH TIWME THE MAGNET PASSES THE
CARD, THE MAGNET SWATCH IS ACTWATED AND YOU HEAR A TONE. A SIMILAR EFFECT OCCURS
WHEN YOoU SWING THE MAGNET TOWARD AND AWAY FROM THE MAGNET sWITCH CARD.

| 3. GOING FURTHER |
YOu CAN CONVERT THE ON-OFF OPERATION OF THIS CIRCUIT INTO A " TWEE-DELL ~ EFFECT.
WHEN THE MAGNET IS AWAY, THE FIRST TONE SOUNDS. WHEN THE MAGNET IS NEAR THE
SWITCH CARD, YOL! HEAR THE SECOND TONE. YOU NEED R4, A 100K RESISTOR (RRN-BLK-YEL).

L OO PusH POWER AND DISPLAY SWITCHES OFF. 3. O INSERT R4 ACROSS J& AND RA.
2. O MOVE RED WIRE AT A& TO Jb. 9. O CONNECT A& TO +9v {(WHT).
REPEAT THE PENDULIM EXPERIMENTS DESCRIBED ABOVE.
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|HOW TO USE THE ROTATION SENSOR

THE RCTATION SENSOR MOUNTED ON THE CONSOLE OF YOUR ELECTRCNIC SENSCRS LABR IS A
SMALL D (DIRECT CURRENT) ELECTRIC MOTCR. A KNOR 'S CONNECTER TO THE MOTOR'S
SHAFT. THE MOTCR wiLL PRODUCE ELECTRICITY WHEM YOU MANUALLY SPIN ITS SHAFT.
THEREFORE, A BC MOTOR CAN DOUBLE AS A SMALL ELECTRICAL GENERATOR. sINCE THE
POLARTY OF THE WOLTAGE AT SPRING 3 1S POSITWE WHEN THE SHAFT I sPun TO THE
RIGHT (CLOCKWASE), THE MOTOR CAN SENSE RCTATION. PAGES 33-35 HAVE SOME NEAT
APPLICATIONS FOR THE 20TATION SENSZR. FIRST, TRY THESE BASIC CIRCUTS.

BUILD AN AUDIO OUTYUT BUILD AN LED OUTPUT
ROTATION SENSOR ROTATION SENSOR
THS SIMPLE CIRCUIT EMITs CLICKS WHEN THE THIS SIMPLE CIRCUIT FLASHES A GREEN LED
ROTATION SENSOR SHAFT 1S SPUN. WHEN THE ROTATION SENSOR SHAFT IS
SPUN.
[CIRCLIT DIAGRAM | [CIRCUIT DIAGRAM i}
+ 3 23 L 27
28
O i s
o
s Ol A
ROTATION 24 SPKR - o™ LED
SEMSOR ROTATION _=p 8
SEMNSOR
[1. BOLD THE CIRCONT | [1. BUILD THE CIRRCUIT
L. O CONNECT SPRINGS 3 AND 23 (BLU). L. O CONNECT SPRINGS 3 AND 25 (RLU).
2. O CONNECT SPRINGS 4 AND 24 (BLLI). 2. O CONNECT SPRINGS 4 AND 26 (BLL).

3. 0O INSERT LED ANODE AT SPRING 28.
4. O INSERT LED CATHODE AT SPRING 27.

| 2. TEST THE CRCUIT | [2. TEST THE CIRCUIT
FLACE YOUR EAR NEAR THE SPEAKER WHILE DIM THE ROOM LIGHTS AT YOUR CONSOLE
SPIMNING THE RCTATION SENSOR KNORB WATH AND SPIN THE ROTATION SENSOR. THE LED
YOUR INDEX FIMGER. YOLU wiLL HEAR A WILL FLASH WHEN YOU SPIN THE SENSOR TO
SERIES OF CLIZKS WHEN THE SENSDR 1S THE LEFT (COUNTER-CLOCKWSE).
ECTATED N E'THER DIRECTION. THE TRANSFORMER T1 'S USED TO BROST ThE
ROTATION SENSOR PRODUCES A FOSITIVE TINY VOLTAGE FROM THE SENSOR TO A

VOLTAGE AT SPRING 3 WHEN THE SENSOR IS LEVEL THAT wiLL DRWE THE LED.
sPun TS THE RIGHT. A NEGATWE WOLTAGE

I PRODUCED WHEN THE SENSOR 1S SPUN TO

THE LEFT. THE CLICK'WG SCUNDS ARE THE

SAME FOR BOTH DIRECTIONS.
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[BUUD A DIRECTION OF ROTATION SENSOR |
IS A ROBOT TURNING LEFT OR RIGHT? 'S A CONVEYOR BELT MOVING W THE RIGHT DIRECTION
OR BACKWARDS? THIS CIRCUIT SHOWS A VERY SIMPLE WAY TO RAND OUT. USE THE ROTATION
SENSOR TO BULD A CIRCUNT THAT LIGHTS A RED LED WHEN THE SENSOR 'S ROTATED N ONE
DIRECTION AND A GREEN LED WHEN TiHE SENSOR 1S R0TATED N TiAE OPP2SITE DIRECTION.

| PARTS Yo WALL NEED |

87 &S W
arrinOn R /7 S : ﬁj}j
N 7272 RI-10K (BRN-BLK-ORG) ! RED LED
S— R2 100 (PRN BLK BRN) ! GRLLN LLD
L 234 RZ, RY-1K (BRN-BLK-RED)
[CIRCUT DIAGRAM
+qy tqv
A
R4
3 10k
..’..
O, .
ROTATION z
SEMNGDR

1. BUWLD THE CIRCLAT |
1. O PusH POWER AND DISPLAY sWATCHES OFF. 7, [ INSERT RED LED ACROSS I? (ANODE)
2. O INSERT 272 \C ACROSS SLOT (PN 1 AT AND T2 (CATIHODE).
J5). 8. O INSERT GREEN LED ACROSS T2 (ANODE)
3. O INSERT Rl ACROSS A4 AND K4 AND GROUND (CATHODE).
4. C INSERT R2 ACROSS J1 AND KL 9. [0 CONNECT ML TO GROUND {WHT).
5. C INSERT R3 ACRDSS It AND +9v 10. OO CONNECT JI0 TO +9v (WHT).
&, O INSERT R4 ACRDSS J3 AND T3. 1. OO CONNECT SPRING 3 TO A5 (RED).

12. O CONNECT SPRING 9 TO L1 {RED).

[2. TEST THE CIRCUIT |

CHECK YOUR WARING FOR ERRORS. BE <SURE THE RED ED L EADS AND FOUR RESISTORS DO NOT
TOUCH. PUSH THE POWER SWATCH ON. BOTH LEDS GLOW. TURN THE ROTATION SENSOR KNOB
COUNTER-CLOCKWISE. THE GREEN LED GLOWS, AND THE RED LED FLICKERS. TURN THE KNOB
FASTER. THE GREEN LED GLOWS AND THE RED LED SWITCHES OFF. ROTATE THE SENSOR
KNOB CLOCKWASE. THE RED LED GLOWS, AND THE GREEN LED STANS OFF, INDICATING WHEN
THE SENSOR 1S BEING ROTATED InN THE PROPER DIRECTION. OTHERWISE BOTH LEDS GLow.

[ 3. GOING FLIRTHER |
YO CAN SWITCH THE LEDS SO RED INDICATES THE SENSOR KNOB IS BEING ROTATEDR IN THe
PROPER DIRECTION. CHANGE THE DIRECTION FROM CLOCKWISE TO COUNTER-CLOCKWSE BY
SWITCHING THE RED WARES AT SPRINGS 3 AND 4. YOU CAN CAUSE THE LEDS TO FADE IN
{GRADUALLY TuURN ON) AFTER THE ROTATION SENSOR 1S NOT ROTATED. WSERT A 0.1 UF {104
CAPACITOR ACROSS A3 AND +9 VOLTS. ROTATE THE ROTATION SENSOR TO THE LEFT AND
THE GREEN LED GLOWS. STOP THE ROTATION AND THE RED LED GRADUALLY GLOWS. ROTATE
THE SENSOR TO THE RIGHT AND THE RED LED GLOWS. STOP THE ROTATION AND THE GREEN
LED GRADUALLY GLOWS.
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[BUILD A BRARGRAPH DIRECTION OF ROTATION INDICATOR |

THE RCTATION SENSOR PRODUCES A POSITIVE WOLTAGE WHEN R0TATED CLOCKWISEIAND A
NEGATIWE VOLTAGE WHEN ROTATED COUNTER-CLOCKWISE. YOU WLL CONMNECT THE BARGRAPH
READOLT TC THE 272 OPERATIONAL AMPLIFIER TO INDICATE THE DIRECTION OF ROTATION.

[ PARTS YOU WALL NEED |

81T k5 b=
onnn ==l _
N 272 RI-100 (BRN-BLK-BRN)
AR RZ-1K (BRN-BLK-RED)
L 2734 RH-10K (BRN-BLK-ORG)
| CIRCUIT DIAGRAM
+3v +9y
1 3
= 10
fii =1 g
ja]w] [
:5 \\ = 7
3 AN + a =
* L/ 4 19 =8
o M| 4P N =
RDTATIDRN Q2. AAA = 1 =
SEMSD 156K 15 4 READOUL
RE 1ok
im
1

[
||=

[1. BUILD THE CIRCUIT |
L. O PusH POWER AND DISPLAY sSWITCHES OFF. 8. [0 CONNECT SPRING 3 TO A5 (RED).

2. O INSERT 272 IC ACROSS SLOT (PN L AT J5). g9, [0 CONNECT SPRING 4 TO GROUND (BLLY).
3. O INSERT RL ACROSS A3 AND L3. 0. 00 CONNECT SPRING 13 TO +9v {(BLLY).

4. O INSERT R3 ACROSS K4 AND GROUND. 1. OO CONNECT SPRING 14 TO L1 {RED).

5. C INSERT R4 ACROSS .JL AND KL 12. [0 CONNECT SPRING 15 TO GROUND (RED).
b. [ CONNECT ML TO GROUND (WHT). 13. 1 CONNECT SPRING 19 TO J4 (RED).

7.0 CONNECT J10 TO +#9v {(WHT).

[2. TEST THE CIRCOIT |

CHECK FOR WIRING ERRCRS. PUSH THE POWER SWATCH ON AND THE DISPLAY MODE swiTCH To
BQT. ROTATE 10Ck CONSCLE POT R2 SO THAT THE NUMBER 5 OR b LED GLOWS. NOW ROTATE
THZ ROTATION SENSOR KNOB TO THE RIGHT (CLOCKWSE). SEVERAL FLICKERING READOUT DOTS
MOVE P, INDICATING A POSITWE VOLTAGE. RCTATE THE SENSOR KNOB TO THE LEFT
(COUNTER-CLCIKWISE). SEVERAL FLICKERING READOUT DOTS MOVE DOWN TO INDICATE A
NEGATIWE VOLTAGE. NOTE THAT TURNING THE KNOB MORE RAMDLY CAUSES THE CLUSTER OF
BoTs TC MOVE FURTHER LP OR DOWN. THUS, THIS CRRCUIT INDICATES DIRECTICN OF
RCTATION WHILE PROVIDING A GENERAL IDEA OF THE <PEED OF ROTATION. TRY OPERATING
THE CIRCUIT WHEN THE DISPLAY MODE SWITCH 'S SET TO BAR. ADJUST R2 S0 THAT LEDS
1-5 GLOW, R0TATE THE SENSOR KNCB TS THE UGHT, AND THE COLUMN OF GLOWING LEDS
MOvE UP. ROTATE THE SENSOR &NOB TC THE LEFT, AND THE BAR MOVES DOWN.

[ 3. GOING FURTHER |

YOU CAN ZEVERSE THE OPERATION OF THS CIRCUT 2Y SIMPLY SWITCHING THE TWE WRES AT
SARINGE EAND o0 ROW THE READOUT LEDS WALL MIVE DOWN INSTEAD OF P WHEN THE
SENSCR KNOB 1S ROTATED TO THE RIGHT.
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[BUILD AN AUDIO OUTPUT ROTATION SENSOR

VARIOUS ELECTRONIC AND MECHANICAL DEWVICES CAN MEASURE HOW FAST AN OBJECT IS
ROTATING. YOU WILL CONNECT THE ROTATION SENSOR TO A 555 TIMER CONNECTED AS AN
AUDIO OSCILLATOR. THE OSCILLATION TOME WALL CHANGE NOTICEABLY WHEN THE SENSOR
KNOB 1S ROTATED 1N LATIHER DIRLCTION.

[ PARTS YO WILL NEED

i -,

b 555
R3-10K {BRN-BlLK-ORG) Cl-0.01 BF {103)
RY-220 {RED-VIO-BRN)

1 238

[ CIRCUIT DIAGRAM

+ gy +Qy +8v
i 23
1‘2&2& 17 16 7 " 23
1.RD-SK lo |
RL 555 2
i1 or £ 3 SPKR
5
10 o1 o 7
O.0LuF
ﬂe;:*;':@j il

[1. BUILD THE CIRCUNT

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 9. O CONNECT MY TC J7 (WHT).
. O INSERT 555 IC ACROSS SLOT (AN 1 AT J5). 10. OO CONNECT SPRINGS 3 AND & (BLL).

M

3, [0 INSERT (1 ACROSS J1 AND KL. 1l. O CONNECT SPRING 4 TO GRCUND (BLU).
4. C INSERT R3 ACROSS KIo AND L1D. 12. O CONNECT SPRING 1L TO M7 (Bl
5. T INSERT RY ACROSS i AND +9v. 13. O CONNECT SPRING 17 TC +9v (BLU).
&. O CONNECT J2 TO GROUND (WHT). 4. O CONNECT SPRING L TO k9 (BLU).
7. T CONNECT T8 TO «V OWHT). 15. M CONNEST SPRING 23 TO (Lo (RED).
&. O CONNECT k4 TO L7 (WHT). le. O CONNECT SPRING 24 TO L4 (RED).
[2. TEST THE CIRCUIT |

CHECK FOR ERRORS. PUSH THE POWER SWITCH UP. You will HEAR A TONE FROM THE
SPEAKER. ROTATE 10K CONSOLE POT RL ALL THE wAY TO THE RIGHT. ADJUST IM CONSOLE
POT R2 UNTIL THE TONE HAS A HIGH FREQUENCZY. NOW SPIN THE ROTATICN SENSOR KNCB TC
THE RIGHT. THIS wiLl. CANSE THE FREQIENCY OF THE TOnNE TO RISE. NEXT, sPn THE

ROTATION SENSOR KNOB TO THE LEFT. THE FREQUEMCY OF THE TONE wALL FALL. EXPERIMENT

WITH THE SETTING OF Rl FOR BEST RESULTS. IF YOU ROTATE Rl ALL THE wAY 7O THE
RIGHT, THE TONE WwALL BECOME A CHIRP EACH TIME YOU ROTATE THE SENSOR KNOB.

| 3. GOING FURTHER

THS CIRCUIT USES THE CONTROL INPUT OF THE 555 {PIN 5). WHEN PIN 5 IS LEFT OPEN
OINCONNECTED), THE CIREDIT OSCULLATES AT A FREGUENCY DETERMINED BY {1 AND R2. APPLY
WG A VOLTAGE TC PIN 5 ALTERS THIS FREQUENCY. IN THIS CIRCUIT, THE ROTATION SENSOR
APPLIES A VARIABLE VOLTAGE TO PN 5.
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| BLLD AN ELECTROMAGNETIC SIGNAL RECEIVER |

YOU WILL uUSE THE INDUCTION COIL AS A SENSOR FOR A CIRCUIT THAT CONMVERTS
ELECTROMAGNETIC FIELDS INTO SOUND. LSE THE CRCUT TO DETECT THE ELECTROMAGNETIC
FIELDS FROM A TELEPHONE RECEIVER AND OTHER ELECTROMAGNETIC FIELDS.

| PARTS YOU WALL NEED |

g7 &S 870665 . —— e
Oonon O0nn —~_—- j) pem=t
O 2772, I8k R2-14 {(BRN-B] K—CRN) £1-0.1 UF {104 £330 UF
oo OO T £2-0.001 BF (102)
L L34 12234
[ CIRCUIT DIAGRAM |
+ 4y +Qy 19y
ADD THE REMOTE LINK 4 b
TO UsE THE \NDUCTION
COIL AS A PROBE.
CL R2
o4 uF im 3 L
i 2[>l8 ¢z
| . 1/2 1 |o-ccaue
514 g e
2 f
] s gy L7 tobug e WG uF SRR
INDLBCTION 100k @ Zpe 5+
coll R3 1‘__ 23
10K 4
24
L L 1 L

[1. BUILD THE CIRCUNT |
L. OO INSERT INDUCTION COIL N SENSCR SOCKET. 12, [0 CONNECT N7 TO +9v (RED).

2. [ INSERT 272 IC ACROSS SLOT (PIN 1 AT C5). 13. O CONNECT SPRING 2 TO GROUND (BLU).

4. O INSERT R2 ACROSS C4 AND DH. 15. O CONNECT SPRING 11 TO N4 (RED).

5. O INSERT Cl ACROSS SPRING 1 AND DI lo. O CONNECT SPRING 12 TO GROUND (RED).

b. O INSERT 2 ACROSS C3 AND D3. 17. O CONNECT SPRING 13 TO +9V (BLU).

7. O INSERT €3 ACROSS 08 (+) AND k& (-). 18. O CONNECT SPRING 14 TO EL (BLu).

2. [ CONNECT F1 AND GROUND (RED). 19. OO CONNECT SPRING IS TO GROUND

9. O CONNECT CI0 TO +4v (WHT). (REDS.

10. OO CONNECT Ml TC GROUND (WHT). 20. [0 CONNECT SPRING 23 TO kIO (RED).

1. O CONNECT 01 TO GROUND (WHT} 21. 1 CONNECT SPRING 24 TO GRONND
{RED).

[2. TEST THE CRCUIT |
CHECK YOLR CONNECTIONS AND THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH.
RCTATE 10k CONSOLE POT R3 AND ook POT RI ALL THE WAY TQ THE LEFT. BEFORE You
PUSH THE POWER SWITCH ON, PLACE THE CONSOLE NEAR A COMAUTER MONITOR OR TV SET, OR
PLATE A TELEPHONE RECEWER NEAR THE INDUCTION COWL CARD. PUSH THE POWER SWITCH ON.
RCTATE R3 SLICRHTLY TO THE RIGHT, THEN ROTATE R: UNTIL YOU HEAR A BUZZ. ADIUST
R UNTIL ThE BUZZ SOuUNDS REST. uUsE R3 AS A VOLUME CONTROL TO ADJUST THE SOuND.

[ 3. GOING FURTHER |
ON PAGE 37 YoU witl ADD THE LED BARGRAPH READOUT TC THE CIRCUIT.
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ADD AN LED BRARGRAPH READOUT TO THE ELECTROMAGNETIC
SIGNAL RECEIVER

YOU WALL USE THE SECOND AMPLIFIER IN THE 272 TO DRIVE THE LED BARGRAPH READOUT.
THE READOUT SERVES AS A SIGNAL STRENGTH INDICATOR. YOU WILL ALSC PERFORM VARIOUS
EXPERIMENTS WITH THE ELECTROMAGNETIC SIGNAL RECEIWVER.

| PARTS YOU WILL NEED

—_— =) T
RH-1K (BRN-BLK-RED) i —_——t
R5-3.3K (ORG-ORG-RED) C4-1 LBF C5-0.1 BF {I04)

R&—100K {BRN-BLK-YEL)

[ CIRCLIT DIAGRAM

.y READOUT
LtuF

TO PN 5 OF 38b. .,L{r_ 5
L g
7 1%

R4 3
1K AAA,

RS 100K ~ &
iS-SK. I 0.1 4F

6

(o t

2
na0aoooono
HREWLDYEIpol

[ 1. MODIFY THE CIRCUIT ON PAGE 36.

BEFORE STARTING, ADJUST THE CIRCUIT ON PAGE 3 FOR THE BEST RESULTS.
L O PUsH POWER AND DISPLAY sSWATCHES OFF. 5. O INSERT C4 ACROSS J10 (+) AND F10 (-).

2. O INSERT RY ACROSS F2 AND F7. L. O INSERT C5 ACROSS F4 AND D7.
3. OO INSERT RS ACROSS F3 AND E7. 7. O CONNECT 07 TO J7 (WHT).
4, C INSERT Ré ACROSS D10 AND EL0. 8. O CONNECT SPRING 19 TO D8 (RED).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. BE SURE THAT THE BARE LEADS OF THE COMPONENTS DO NOT TOUCH.
PLACE THE CONSOLE NEAR A COMPUTER MONITOR OR OTHER SOURCE OF ELECTROMAGNETIC
RADIATION. PUSH THE POWER SWITCH ON. YOU HEAR A BUZZ FROM THE SPEAKER AS BEFORE.
IF NOT, ADJUST THE CIRCUIT AS DESCRIBED On PAGE 3 AND TRY AGAIN. WHEN THE CIRCIT
IS WORKING PROPERLY, PUSH THE DISPLAY MODE SWATCH TO BAR. WATCH THE BARGRAPH
WHILE MOVING THE CONSCLE AWAY AND TOWARD THE SOURCE OF ELECTROMAGNETIC
RADIATION. THE ROW OF GLOWING LEDS RISES WHEN YOU MOVE THE CONSOLE TOWARD THE
ELECTROMAGNETIC SOURCE AND FALLS wWHEN YOU MOVE THE CONSOLE AWANY.

[ 3. GOING FURTHER

Yo CAN PERFORM MANY EXPERIMENTS WATH YOUR ELECTROMAGNETIC RECEWER AND TS
SIGNAL STRENGTH INDICATOR. FCR BEST RESULTS, DISCONNECT THE SPEAKER SO THAT T
DOES NOT DISTRACT YCU. REPEAT THE EXPERIMENT DESCRIBED ABCOVE BY MOVING THE
CONSCOLE TOWARD AND AWAY FROM AN ELECTROMAGNETIC SOURCE. REMOVE THE INDUCTION
ColL CARD FROM THE CONSOLE AND CONMECT IT TO THE CONSOLE USING THE REMOTE LINK.
NOW USE THE INDUCTION COIL AS A PROBE TO CHECK FOR ELECTROMAGNETIC RELDS. TRY
MOVING THE COIL CARD BACK AND FORTH ACROSS THE SCREEM OF A COMPUTER MONITOR OR
TV SET WHILE WATCHING THE BARGRAPH READOUT. NOTWE THAT THE STRENGTH OF AN
ELECTROMAGNETIC FIELD CAN VARY GREATLY, EVEN OVER RELATIVELY SHORT DISTANCES.
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BUILD AN ELECTROMAGNETIC PULSE SOURCE FOR THE
ELECTROMAGNETIC SIGNAL RECEIVER

YOou WILL USE THE 555 TIMER IC 7O BULILD A SIMPLE ELECTROMAGNETIC PULSE GENERATOR.
THE ELECTROMAGNETIC PULSES ARE COUPLED INTO THE AIR BY MEANS OF THE 1000-CHM COIL
N THE CONSOLE TRANSFORMER. YOU will USE THE INDUCTION COW AND THE REMOTE LINK TO
DETECT THE FIELD AROUND THE TRANSFORMER.

[ PARTS YOU WLL NEED

B7 65 - — =’j’"‘\
3 - —_—
253 Re-10K (BRN-BLK-ORG) 05-0.0 UE (164)
£tz34 R7-1K {RRN-BLK-RED}
[ CIRCUIT DIAGRAM | [ 1. EXPAND THE CIRCUIT ON PAGE 37 |
19y +qv BEFORE STARTING, ADJUST THE CIRCUIT ON PAGE 37
TO GWE BEST RESULTS.
TL
- 28 L. O PUSH THE POWER AND DISPLAY SWITCHES OFF.
10K & |x 2. 00 INSERT 555 If ACROSS SLOT (PIN 1 AT Q5).
7 %, O INSERT R6 ACROSS Q9 AND R9.
o 5 4. O INSERT R7 ACROSS RI0 AND SIO.
Tk S55 | 5. O INSERT C5 ACROSS Q1 AND RI.

[0 CONNECT 37 TO GROUND (WHT).
[0 CONNECT &8 TO N8 (WHT).
[ CONNECT R4 TO S7 (WHT).

1 . O CONNECT T4 TO Q7 (WHT).
o‘?fﬁ;r—\ l 10. O CONNECT SPRING 27 TO 54 (RED).

-D (o ~J

. M CONNECT SPRING 28 TO o (RED).

[2. TEST THE CIRCUIT

YCOLR BREADRCARD IS NOW STUFFED WiThH WIRES AND PARTS, CAECK CAREFULLY FOR ERRORS.
BE SURE THAT EXPOSED COMPONENT LEADS DC NOT TCUCH AND THAT WIRES ARE NOT LOCSE.
USE THE REMCTE LNk TO CONNECT THE INDUCTION CZCIL CARD TO THE CONSOLE. PUSH THE

POWER SWITCH ON. IF YOU LEFT THE RECEWER ZIRCUIT ADIUSTED AS BESCRIBED ON PAGE 37,

YOU HEAR A HIGH-PITCHED TONE FRCM THE SPEAKER., THIS 'S THE SIGNAL FRCM THE 585
PULSE GENERATOR BEING COUPLED TO THE NEARBY RECEIWVER WIRING AND THE COMMON POWER

SUPPLY LEADS. NMOw PLACE THE INDUCTION COIL CARD NEAR THE CONSOLE TRANSFORMER. THE

MUSICAL TONE IS LCURER THAN BEFORE. IF THE CRCUIT IS NOISY AND DOES NOT RESPOND
PRCPEZLY, FOLLOW THE INSTRUCTIONS ON PAGE 37 TO READJUST THE 10K AND 100K CONSOLE
POTENTIOMETERS. THE PULSES F20M THE 555 PULSE GENERATOR ARE CONVERTED INTO AN
ELECT2OMAGNET!C FIELD BY THE 1000-OHM COI. OF THE TRANSFORMER. THE STRENGTH OR
IMERSHTY OF THE FIELD DECREASES WITIH DISTANCE. THEREFORE THE SIGNAL 1S LOUDEST
WHEN THE INDUCTION COIL CARD IS AS CLOSE AS POSSIBLE TO THE TRANSFORMER.

[ 3. GOING FURTHER

USE THE INDUCTION CCIL CARD AS A PROBE TO FIND CUT IF OTHER PARTS OF THE CONSOLE
ALSS EMIT ELECTRCMAGNETIC PULSES., THE CONSOLE SPEAKER AND THE Two WIRES THAT
LEAE TO THE TRANSFORMEIR ARE GOOD SCURCES. REMOVE THE REMCTE LNk FROM THE
CONSOLE SOCKET. NCTWCE THAT THE RACKGRCUNMD TONE REMAING. THIS PROVES THAT THE
SIGNAL FROM THE 555 PULSE GENERATCR 'S LEAKWG INTO THE RECEWER CIRCUIT THROUGH
THE CONNECTION WIRES AND THE SHARED POWER SUPPLY.
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LUSE A MAGNET TO CAUSE AN LED TO FLASH AND FLICKER |

YOU WILL BUILD A VERY SENSITWE TWO-STAGE AMPLIFIER THAT BOCSTS THE TINY SIGNALS
INDUCED INTO THe INDUCTION COIL SENSOR WHEN THE MAGNET 1S MOVED NEARBY. THE
AMPLIFED SIGNAL DRIVES AN LED, WHICH FLASHES AND FLICKERS WHEN THE MAGNET 'S
MOVED BACK AND FORTH PAST THE INDUCTION COIL SENSOR.

[PARTS YOU WALL NEED |
. 8765 =—_}-= i ﬁ]ifﬁ -
o J OO00O0O, oM (RRN-BLE-BLLY —_ I 4

il (;
L O 172 R3-3.3k (ORG-ORG-RED)  C1-0.1 UF (104 RED LED &8
= oo R4-100K (BRN-BLK-YEL) =
L2349 R5—470 {YEL-VIO-RRN)
[ CIRCLIT DIAGRAM |
+ Qv +9v
Ci
&ﬁfﬂp 2 Nsg
IREARES =
2 i +
2 S+ q/ 1/2 7
= 1gP17 | 7] e | 27T
INDuCTION
t ColL RZ
MAGRET tom £
{00k
R3
I3 i
1 1 1

[1. BOILD THE CIRCUNT |
1. L Pusid POWER AND DISPLANY sWITCIHES OFF. 9. 1 INSERT LED ACROSS Hz2 (ANODE) AND

2. O INSERT INDUCTION COIL W SENSOR SOCKET. F2 (CATHODE).
3. O INSERT 272 IC ACROSS SLOT (PN 1 AT C5). 10. O CONNECT FL TO GROUND {RED).
4. C INSERT Rz ACROSS Ll AND DL L. O CONNECT CI0 TO +9v (WHT).
5. C INSERT R3 ACROSS F3 AND E7. 12. O CONNECT C4 TC F7 {WHT).
t. O INSERT R4 ACROSS DIO AND ElD. 13, LI CONNECT SPRING 2 TO F4 (RED).
7. O INSERT R5 ACROSS D9 AND H5. 9. OJ CONNECT SPRING L TO +9v (BLU).
8. O INSERT C1 ACROSS SPRING 1 AND D3 I5. O CONNECT SPRING 17 TO E4 (BLU).
Io. [J CONNECT SPRING 18 TO GROUND (BLU).

[2. TEST THE CIRCUIT |
THE CIRCUIT PART LEADS ARE CLOSE TO ONE ANOTHER. CHECK YOUR WRING AND MAKE SURE
NONE OF THE EXPOSED LEADS TOUCH. ROTATE IM CONSOLE POT R!I ALL THE WAY TO THE
LEFT. PUSH THE POWER SWATCH ON AND SLOWLY ROTATE RL TO THE RIGHT UNTIL THE LED
GLOWS. BACK OFF SLIGHTLY OM Rl UNTIL THE LED sWITCHES oFF. THE CIRCUNT S NOW SET
FOR MAXIMUM SENSITWITY TO ELECTRICAL SIGNALS INDUCED INTO THE INDUCTION COIL BY
THE MAGNET. RUB THE MAGNET AGAINST THE BACK SIDE CF THE INDUCTION COIL CARD. THE
LED FLASHES IN RESPONSE BECAUSE THE MAGNET S MOVING FIELD GENERATES TINY
ELECTRICAL CURRENTS IN THE COIL. WHEN THESE SIGNALS ARE AMPLIFIED, THE LED FLASHES.

[3. GOING FLRTHER |
THIS CIRCUIT CAN ALSO BE USED wWiTH THE LED BARGRAPH. PusH THE POWER sSWATCH OFF.
CONNECT A RED WIRE FROM sSPRING 19 TO Fa. <WATCH THE POWER ON AND PhisH THE DISPLAY
MODE SWATCH TO BAR. ADJUST RL UNTIL ONLY LED ! OR 2 OF THE READOUT GLOWS. RUB
THE MAGNET AGAINST THE BACK OF THE INDUCTION COIL CARD AND WATCH THE LEDS.
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[USE A MAGNET TO ALTER AN AUDIO TONE

Yoo WALL USE THE INDUCTION COIL SENSOR CARD N A QIRCUIT THAT RESPONDS TO A

MOVING MAGNET 2Y ALTERING THE FREGLENCY OF AN ALBID TOMNE.

| PARTS YOU WLl NEED

., 8165 ., —_ — 5
oo o ;‘S” R2-10M (RRN-BLK—RBLLI) j ﬁ’f@%\
0 272 R4IK (BRN-BLK-RED)  Cl, C2-0.L UF (ID4)
—, mpmpn 1234  R5-270 (RED-VIO-RRN)
1234
[ CRCUIT DIAGRAM |
+ Gy +9v +av +y +qy
I 14 ook RS
a1 35 o 2 270
0.1 uF 13
=7 ¢ R4 2 _m_a 4 fé 555
B[O g *h
2 1Y 2 29
w1 L] 3 SPKR
TMbuLTION 13 SN 5
t o 1 fozu ce L 1
M AGNET O ufF ’[\ ‘L
[1. BuLD THE CIRCLIT |
L. O PusH PoOwWER AND DISPLAY SWITCHES OFF. 13. O CONNECT €4 TO T7 (RED).
2. O INSERT INDUCTION COWL IN SENSOR SOCKET. 14. O CONNECT Qo TC +#9v (RED).
3. [0 INSERT 272 IC ACROSS SLOT (AN 1 AT c5). 15. O CONNECT FIL TO GROUND (RED).
4. ] INSERT 555 IC AZROSS SLOT (PN L AT Q5). lo. [0 CONNECT CI0 TO +9v (WHT).
5. [0 INSERT R2 ACROSS €l AND DI. 17. O CONNECT SPRING 2 TO F4 {RED).
b. 1 INSERT R4 ACROSS RIO AND S10. 18. O] CONNECT SPRING 13 TO R9 (RED).
7. O IMSERT RE ACR0OSS SPRING 23 AND +9V. 19. 00 CONNECT SPRING 14 TO Q9 (RED).
&, O INSERT Cl ACROSS SPRING 1 AND D3. 20. O CONNECT SPRING 1 TO +9v (BLU).
. O INSERT 2 ACRDSS il AND RL 21, O CONNECT SPRING 17 TO EH (BLL).
0. O CONNECT G2 TO GROUND (WHT). 22. O CONNECT SPRING 18 TO GROUND
1. O CONNECT R4 TO S7 (WHT). {(BLU).
12. O CONNECT T4 TO Q7 {WHT). 23. O CONNECT SPRING 29 TO sS4 (RED).

[ 2. TEST THE CIRCUIT

INSPECT YOUR WIRING FCR ERRORS. ROTATE 100k CONSCLE PCT R3 TO MIDPOINT. ROTATE IM
CONSOLE PCT Rl ALL THE WAY TO THE LEFT, THEN PUSH POWER ON. YOU HEAR A MUSICAL
TONE. RCTATE 2 TO THE RIGHT UNTIL THE TONE SOUNDS SCRATCHY. RUB THE MAGNET
AGAINST THE BACK OF THE INDUCTION COIL CARD. THE TONE FREQUENCY CHANGES AS YOU
MOVE THE MAGNET. WHEN THE MAGNET IS STILL, THE TONE RETURNS TO ITS ORIGINAL

YALUE, EXPEUMENT WATH THE CIRCUIT BY ADJIUSTING R3 WHILE MOWVING THE MAGNET
AGANST THE INDDCTICK CCIL CARD. THIS CHANGES THE BASE FREQUENCY OF THE TONE AND

MAY CALSE MORE Q3VIODS FLUCTUATIONS. AFTER FINDING A SETTING THAT GWES GOOD
RESULTS, ABJUST RI WHILE MOWNG THE MAGNET AGAINST THE INDUCTION 2011 CARD.

[ 3. GOING FURTHER

CREATL A FREQUENCY CHARGE BY SWNGING THE MAGNET BY THE BACK OF TiHE INDUCTION
COIL CARD. PLACE A PIECE CF CARDBCARD 0R PLASTIC AGAINST SPRINGS 3 AND 21 TO KEEP

THE MAGNET FROM BEING ATTRACTED TC THESE SPRINGS, THEN SWING.

HO



| BUILD A COMPASS BOUNCER

THE CIRCUNT ON PAGE 25 SHOWS HOw AN ELECTROMAGNETIC PULSE DEFLECTS THE COMPASS
NEEDLE. Yoo wiLL BULD A PULSE GENERATOR THAT AUTOMATICALLY APPLIES A SERIES OF
PULSES TO THE INDUCTION COIL SENSOR CARD. EACH PULSE DEFLECTS THE COMPASS NEEDLE.

| PARTS YOU WALL NEED

P Soaha —E —) =D
LA P 555 1 po ik (BRN-BLK-ORG) CL100 UF RED LED
—— 1 2% 4
COMPASS
[ CRRCINT DIAGRAM
+ 9y A + 9V

N
=X O m
5

i COMPASS
3 Jg 2 O
f}- IR B UCTION
LED Co

(L. BOUD THE CIRCINT

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 7. OO ZCNNECT &2 TC GROUND {(WHT).
O INSERT INDUCTION OU CARD W SENSOR A. O CONNECT Q10 TO +9v (RED).
SOCKET. 4. O CONNECT R4 TO S7 (WHT).

o

3. [ INSERT 555 IC ACROSS SLOT (AN 1 AT G5) 0. O CONNECT T4 TQ Q7 {(WHT).

4, C INSERT R2 ACROSS RIO AND s10. . O CONNECT 54 TO He (RED).

5. O INSERT Cl ACROSS RL (+) AND GL (-). 2. O CONNECT SPRING 1 TO +9v (WHT).

& O INSERT LED ACROSS F9 (ANODE) AND H9 2. O CONNECT SPRING 2 TQ F10 (WHT).
(CATHODE). =, O CONNECT SPRING 13 TO R& (BLU).

5. O CONNECT SPRING 19 TO Q8 (RLuj.

[ 2. TEST THE CIRCUIT

CHECK YOUR WARING AND CORRECT ANY ERRORS. ROTATE 100K CONSOLE POT R 2/3 OF THE
WAY TO THE RIGHT. PusH THE POWER SwATCH uP, AND THE LED FLASHES EVERY FEwW
SECONDS. NOW PLACE THE COMPASS NEAR THE INDLCTION cOIL. EACH TIME THE LED
FLASHES, THE COMPASS NEEDLE IS SHARPLY DEFLECTED., THE DEFLECTIONS ARS STRONGEST
WHEN THE COMPASS 1S HELD VERY CLOSE TO THE CENTER OF THE INDUCTION COIL CARD.

[ 3. GOING FURTHER

FOR BEST RESULTS, ROTATE THE CONSCLE TO FACE EAST OR WEST. NOW THE COMPASS
MEEDLE IS PARALLEL TO THE INDUCTION COIL. SINCE THE NORTH OR SOUTH END OF THE
COMPASS NEEDLE IS ATTRACTED TO THE COIL, THE COMPASS DEFLECTION IS MUCH MORE
OBVIOUS. TO SPEED UP DEFLECTIONS, REPLACE C1 WITH A 10 UF CAPACITOR. INSERT THE +
LEAD AT RI AND THE - LEAD AT QI YQU CAN DETECT THE ELECTROMAGNETIC PULSES FROM

THE INDUCTION COIL WITH A TRANSISTOR RADIO. TUNE THE RADIC TO AN UNDUSED sPOT NEAR

THE LOw END OF THE AM BAND (BELOW ABOUT &00 KHZ). PLACE THE RADIO S SIDE WATH
THE ANTENNA COIL NEAR THE INDUCTION COIL. LASTEN CAREFULLY, AND YCu HEAR A CLICK
EACH TIME THE LED FLASHES.
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[BULD A BASIC MAGNET DETECTOR |
YOU WAL USE THE MAGNET SENSOR (HALL-EFFECT SENSOR) TO BULD A BASIC MAGNET
SENSCOR. WHEN THE SOUTH POLE OF THE MAGNET IS PLACED NEAR THE LEFT SIDE OF THE
MAGNET SENSOR, A RED LED WILL GLOW.

| PARTS YOU WLL NEED |

RI-1IK (BRN-BLK—RED) RED LED '&

[ CRRCUIT DIAGRAM

+4v  +4v
A
R1
1k
e
! RED
MAGNET 8 LED
N v T N
1 4
MAGHET SENSOR

[1. BUILD THE CIRCLKT |
1. O PusH POWER AND DISPLAY SWITCHES OFF. 4. O CONNECT SPRING 7 TO +9v. (REDR).
2. 0 INSERT RED LED ACROSS H5 {ANODE) AND 5. O CONNECT SPRING & TO GROUND (RED).
J5 ICATHODE). 6. [0 CONNECT SPRING 9 TO J1 {RED).

3. O INSERT R1 ACROSS HL AND +9v.

[2. TEST THE CIRCUIT |
CHECK YOUR WIRING FOR ERRCRS. PUSH THE POWER SwWITZH ON. THE LED REMAINS OFF. PLACE
THE SoUTH POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE LED
GLOWS WHEN THE MAGNET 19 WITHIN ARBSUT 1 CM (0.4 INCH) FROM THE MAGNET SENSOR.

SLOWLY MOVE THE MAGKET AWAY FRCM THE MAGNET SENSOR. THE LED wilL sSWATCH OFF
WHEN THE MAGNET 1S SEVERAL CENTIMETERS 0% MORE AWAY FROM THE SENSOR, MCOVE THE
MAGNET BACK TOWARD THE SENSOR TO SWITCH THE LED ON AGAIN.

[ 3. GOING FURTHER |
Yoo CAn PLACE vARIOUS MATERIALS BETWEEN THE MAGNET AND THE MAGNET SEnsCR TO
DETERMNE IF THEY WILL BLOCK THE MAGNET 'S FIELD. WiTH THE CIRCUIT SWATCHED ON,
PLACE THE SCuUTH PCLE CF THE MAGKET NMEAR THE MAGNET SENSOR UNTIL THE LED
GLOWS. THEN MOVE THE MAGNET SLIGHTLY FARTHER AWAY. NOW HOLD THE MAGNET IN
PLACE WHILE PLACIKG VARIOUS MATERIALS BETWEEN THE MAGNET AND THE MAGMET SENSCR.
PAPER, FLASTIC, AND ALLMINCM HAVE NC EFFECT. CRIECTS MADE FROM STEEL, HOWEVER,
WILL EXTWNGUISH THE LED WHEN THEY ART FLACED BETWEEN THE MAGNET AND THE
MAGNET SENSCR. COMMON STEEZL OBJIZCTS INCLUDE SCREWDRIVERS, TWEEZERS, AND
WASHERS,

EvERN A PAPERCLIP HAS TI4S EFFECT. WIHILE HCLDING THE MAGNET IN PLACE, PUT THE END
OF THE PAPERCLIP CNTO THE SURFACE OF THE MAGNET SENSOR. YCU SHCULD BE ABLE TO
EXTINGLISH THE LED BY MOWING THE PAPERCLIP AGAINST THE FRONT OF THE SENSOR.
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|USE A MAGNET TO SWITCH ON THE BUZZER |

Yo WILL USE TwWO TRANSISTORS TO BUILD A SIMPLE CIRCUT THAT SWTCHES
ON THE BUZZER WHEN THE MAGNET 1S BRCUGHT NEAR THE MAGNET SENSOR.

[PARTS YOO WILL NEED I

2 N
L —— -y —-
P ) —7 - {@
QI-NPN TRANSISTOR (3014) A RI-10K (BRN-BLK-ORG) ;
H]l R2-IK (BRN-BLK-RED)
Q2-POWER FET
[ CIRCLIT DIAGRAM
\%\& y + Qv + 3y +49y
[ =y |
& = R Q2

MAGNET El ; ) M@ ';]J
— g | . /’{E)C 1 L.
\/ E

+ | 2
/' A b
MAGNET sEmoRl k) BuZZER

22
1. BUILD THE CIRCUIT |
L O PUsSH POWER AND DISPLAY SWITCHES OFF. 7. [0 CONNECT B5 TO +3V (WHT).

2. O INSERT ©1 AT H8 (E), G& (By AND F8 (C). &. [0 CONNECT SPRING 7 TO +9v {RED).

3. O INSERT Q2 AT C1 (G), Bl (D) AND Al (8). 9. OO CONNECT SPRING & GROUND (RED).
l.f
5

. C INSERT R2 ACROSS €5 AND Fé. 0. T CONNECT SPRING 9 TO G& (RED).
. C INSERT RI ACROSS FLo AND +9v. 1I. O CONNECT SPRING 21 TO A5 (RED).
L. O CONNECT HI0 TO GROUND (RED). 12, OO CONNECT SPRING 22 TO GROUND (BLLY.

| 2. TEST THE CIRCUIT |
CHECK YOUR WIRING FOR ERRORS. PUsSH THE POWER SWITCH ON AND NOTHING HAPPENS. PLACE
THE sO0UTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSCR. THE
BUZFER SOUNDS WHEN THE MAGNET IS WATHIN ABQUT 1 CM {0.9 INCH) FROM THE MAGNET
SENSOR. AS WITH THE LED CIRCUIT OM PAGE 42, ONCE THE BUZZER 'S OM IT STAYS ON
UNTIL YOoU MOVE THE MAGNET MORE THAN A FEw CENTIMETERS AWAN FROM THE MAGNET
SENSOR. AFTER THE RUZZER SWITCHES OFF, PLACE THE MAGNET NO MORE THAN AROUT !
CM AWAY FROM THE MAGNET SENSOR FCR THE CIRCUIT TO ACTWATE THE BUZZER. THIS
WILL HELP You RETTER UNDERSTAND HOW THE MAGNET SENSOR 1S SWITCHED On AND OFF
BY THE MAGNET. THE MAGNET SENSOR IS A SEMICONDUCTOR DEWICE CALLED A HALL SENSOR.
IT SWTCHES ON OMLY WHEN THE PROPER POLE OF THE MAGNET FACES THE SENSOR. WHEN
You PLACE THE NORTH SIDE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR,
NOTHING HAPPENS., WHEN YOU PLACE THE NORTH SIDE OF THE MAGNET NEAR THE RIGHT
SIDE OF THE MAGNRET SENSCR, THE BUZZER SOUNDS. THIS EXPERIMENT DEMONSTRATES THAT
THE MAGNET SENSOR 1S SENSITWE TO THE DIRECTION OF THE MAGNETIC FWELD.

| 3. GOING FURTHER |
USE A PLASTIC OR woOD RULER TO MEASURE THE DISTANCE BETWEEN THE MAGNET AND THE
MAGNET SENSOR WHEN THE BUZZER FRST SWATCHES ON. THEM MEASURE THE DISTANCE THE
MAGNET CAN BE MOVED AWAY FROM THE MAGNET SENSOR BEFORE THE BUZZER sTOPS.
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[USE A MAGNET TO SWITCH OFF THE BUZZER |

USE A POMER FET TO TLRN OFF THE BUZZER WHEN A MAGNET MEARS THE SENSOR. THIS
CIRCUIT ILLUSTRATES HOW MAGNET SENSCRS ARE USEDR 1M SECURITY SYSTEMS.

[ PARTS YOU WILL NEED |

7 _ R) e i
" RI-Ik (BRN—BLK-RED) \(x §,¢
QI-POWER FET

[ CRRCUIT DIAGRAM

e [0 [ =

MAGRET SENSSR

[1. BUILD THE CIRCUIT |

L. O PusH POWER AND DISPLAY sSWITCHES OFF. ©. O CONNECT SPRING & TO GROUND (RED).
2. 11 INSERT Q1 AT €1 ((5), Bl (D) AND AL (S). 7. O 208NECT SPRING 9 TO L (RED).

3, O INSERQT RI ACRDSS 5 AND Hs. &. O CONNECT SPRING 2L TO A5 (RED).

9. O CONNECT B5 TO +9v {WHT). 9. [0 CONNECT SPRING 22 TO GROUND (BLLY.
E. O CONNECT SPRING 7 TO +9v (RED).

| 2. TEST THE CRCUIT |
CHECK THE CRIUT FOR ERRORS. PUSH ThHi POWER SWTCH Ok AND THE 2LZZtR SOUNDS
LOUSLY., BRING THZ SCUTH POLE OF THE MAGNET KEAR THE LEFT SIDE OF THE MAGNET
SENSOR. WHEN THE MAGNET COMES WITHIN ABOLT L CM (.4 INCH) OF THE MAGNET SENSCR,
THE BUZZER SWATCHES CFF. IT REMANS OFF EVEN WHEN YOU MOVE THE MAGNET MORE
THAMN 1 CM AWAY FROM THE SENSOR. YOU CAN EASILY DEMONSTRATE THE CPERATION OF A
WINDCW OR DOCR INTRUSION ALARM. SWITCH THE POWER OFF. WHILE HOLDING THE SOUTH
POLE OF THE MAGNET NEAR CR AGAINST THE LEFT SIDE OF THE MAGNET SENSCOR, PusH
POWER ON. THE BUZZER IS SILENT. MOVE THE MAGNET AWAY FROM THE MAGNET SENSOR.
ThHE BUZZCE? SOUNDS. W MOST INTRUSION ALARMS, THE MAGNET IS MOUNTED CN A MOVING
OBJIECT AND THE MAGHET SERSOR IS MOUNTED CN A FIXED OBJECT. THE ALARY IS SILENT
WHEN THz DCOR IS CLCSED AND THE MAGNET 's CLOSE TO THE SENSOR. WHEN THE DOCR IS
OPENED, THE MAGNET 's SEPARATED FRCM THE SENSOR, AND THE ALARM SOUNDS,

3. GOING FURTHER |
YO CAM ADD A EBED LED TO THIS CIRZLDT THAT G ows whiN Thi BUZFFER S0o0rNDs. Yoo
WILL NEED A RED LED AND R2, A 1K RESISTOR (BIN-BLK-RED). PUSH Thi POWER SWATCH ONM
AND REPEAT THE ABROVE EXPERIMENTS. THE LED CLOWS FACH TIWWE THE BRUZZER SOUNDS.

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 3. O INSERT RED LED ACROSS ER (ANODE) AND

2. O INSERT R2 ACROSS A9 AND Eo. G& {CATHODE).
4, O CONNECT G100 TO GROUND (RED).
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|USE A MAGNET TO SWITCH ON AN LED FOR A FIXED TIME |

YO WILL BULD A MONOSTABLE MULTWABRATOR CIRCUIT THAT CAUSES A LED TO GLOwW FOR
A FIXED PERIOD OF TWME WHEM THE MAGNET 'S PLACED NEAR THE MAGNET SENSOR. THE LED
CONTINUES TO GLOW EVEN WHEN THE MAGNET 'S MOVED AWAY FROM THE MAGNET SENSOR.

[ PARTS YOU WALL NEED |
HizleMing &

. f

ulis Bnlndulinln = F— i J’T j‘ ﬁb -~
i

(S

e

R 4011 Rl, R2-100K (BRN-BLK-YEL) C1-100 UF RED LED
TRESSC S R0 (YEL-VIO-BRN)

[CIRCUIT DIAGRAM |

+CN + Gy + 5y
i
R3
|7 430
MAGHEI’ 1 2o
q i 14 100_,;4!: LED
if“f 14 N 4 [\
MAGMET SENSOR Z qc-u 4ol
g1
g 100K ook-.

Ll l

GROUND UNUSED INPUTS OF THE 4p11 (PINS & 9, 12 AND 1

[1. BUILD THE CIRCUIT |
1. O PusH POWER AND DISPLAY SWATCHES OFF. g. [0 CONNEZT FIo TO +9v (WHT)
2. O INSERT 401l IC ACROSS SLOT (AN L AT F9). 10, OO CONNECT G2 TO I2 (WHT).
3. LI INSERT RI ACROSS F2 AND L2 1t. O CONNECT JL TO KL (WHT).
9. C INSERT R2 ACROSS K4 AMD GROUND. 12. 11 CONNECT L7 TO GRONND (WHT).
5. C INSERT R3 ACRDSS El AND +9v. 13, O CONNECT GI0 TO HID (WHT).
6. O INSERT C1 ACROSS HY (+) AND J9 (). 14, O CONMECT k10 TO L10 (WHT).
7. O INSERT LED ACRQOSS EY (ANCDE) AND GH 15. O CONNECT H9 TO k9 (WHT).
(CATHODE:) lo. O CONMECT SPRING 7 TO +9v (RED).
&. O CONNECT L1 TO GROUND (WHT). T7. O CONNECT SPRING & TO GROUND (RED).

18, O CONNECT SPRING 9 TO Fl (RED).

[2. TEST THE CRRCUIT |
CHECK YOUR WIRING FOR ERRORS. THE LEADS OF SEVERAL OF THE PARTS ARE CLOSELY
SPACED, SO BE SURE THEY DO NOT TOUCH ONE ANOTHER. PUSH THE POWER SWITCH ON AND
THE LED GLOows. AFTER SEVERAL SECONDS, THE LED SWITCHES OFF. NOW BRING THE
SOUTH POLE OF THE MAGNET NEAR THE LEFT sIDE OF THE MAGNET SENSOR. THE LED
SWITCHES ON FOR SEVERAL SECONDS. DURING THIS PERICD, MOVING THE MAGNET AWAY FROM

THE MAGNET SENSCR will HAVE NO EFFECT ON THE CIRCUIT, AND THE LED wilL CONTINUE
TO Glow.

| 3. GOING FURTHER |
Cl AND RZ CONTROL HOW LONG THE LED STAYS ON ONCE THE MAGNET SENSOR IS
TRIGGERED. FOR BRIEF TIME DELAYS, REPLACE €1 WITH A 10 UF CAPACITOR. FOR LONG TIME
DELAYS, REPLACE €I WITH THE +/0 uF CAPACITOR. ORIENT THE CAPACITOR LEADS CORRECTLY
(H4 18 + AND JI9 IS -).
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[USE A MAGNET TO SWITCH ON A FLASHING LED |

YOu WALL BULD AN LED FLASHER CRCUIT THAT 1S TRIGGERED BY THE MAGNET. NORMALLY A
RED LED GLOWS STEADLY. WHEN THE MAGNET IS PLACED NEAR THE MAGMET SENSOR, THE
LED FLASHES A FEW TWMES EACH SECONE.

[PARTS YOO WILL NEED |

BERARAA g — =T

m_ AT == py
H o qotL RI-IM (BRN-BLK-GRN) C-1 UF RED LED (8
OO R-I00K (BRN-BLK-YEL) N

RZ 470 (NEL w10 BRN)
[ CIRCUIT DIAGRAM

+ qy +9y +qy

y
-

7

14
MAGHET
8 8
A X 1/4 ic 1 =
q_l | [} qo{}‘ 174 3 1ly q
* 2luozz G| 4011
MAZMET SEMSOR 7

Qi RZ 1
IM 100K 4

GROUNE CRNUSED INPUTS OF THE 4011 (AINS 12 AND 13)

[1. BUILD THE CIRCUIT |
1. O PusH POWER AND DISPLAY SWITCHES OFF. 10. 1 CONNECT H2 TO J2 {WHT).
2. O INSERT 401l IC ACROSS SLOT (AN @ AT F5). 1. O CONNECT J@ TO KL (WHT).
5. O INSERT RI ACRCSS DRE AND G3. 12. OO CONNECT L~ TO H7 (WHT).
4. O INSERT R2 ACRCSS D5 AND HA. 13. OO CONNECT FH TO J7 (WHT).
E. O INSERT R3 ACROSS E1 AND +9v. 19. O CONNECT G0 TO HIo (WHT).
t. — INSERT Cl ACROSS I4 {+) AND D4 {-). 15. OO CONNECT K10 TOQ L1 (WHT).
7. O INSERT LED ACROSS E2 (ANODE) AND Ko O CONEST SPRUNG 7 TG 49 (RED).
Iz (CATHODE). 17. O CONNECT SPRING & GROUND (RED).
£. O CONNECT L2 TO GROUND (WHT). 18. O CONNECT SPRING 9 TO L7 (RED).

9. C CONNECT FI0 TO +9v (WHT).

[2. TEST THE CIRCUIT |
INSPECT YOUR CIRCUIT FOR ERRORS. THE LEADS OF THE LED, Cl, AND ALL Z RESISTORS ARE
VIERY CLOSE TOoGETHER. SPREAD THoskE COMPONENTS OUTWARD 2 THoiR LEADS DO NOT
TCUCH CNE ANCTHER, PusH THE POWER SWATZH ONW, ANE THZ RED LED will GLOW. WHEN
NOU PLACE THE SOUTH PCLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET
SENSCR, THE LED FLASHES SEVERAL TIMES EACH SECOND. MOYE THE MAGNET AWAY, AND
ThHE LED GLOWS CONTINUCUSLY.

[ 3. GOING FURTHER |
TO SLoW THE LED FLASH RATE, INCREASE €I TO 4.7 ©R 1o UF. QRIENT THE CAPACITCR
LEADS CORRECTLY (915 - AND D= 1S —) OR REPLACE R2 (BRN-BLK—YEL) WITH THE M CONSOLE
FOT. CONNEST sSPRING b T2 D5 (BLu) AND SPRING 17 TO HY (BLu). ROQTATE THE M POT KNOB
TO CRANGE THE FLASH RATE whEN ThHE MAGNET 18 NEAR THE MAGHNET SENSOR.
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[USE A MAGNET TO STOP A FLASHING LED

YO WILL MODIFY THE CIRCUIT ON PAGE % TO BUWLD AM LED FLASHER CRRCUNT THAT IS
SWITCHED OFF BY THE MAGNET. NORMALLY A RED LED FLASHES SEVERAL TIME A SECOND.
WHEN THE MAGNET 'S PLACED MEAR THE MAGNET SENSOR, THE LED STOPS FLASHING AND
GLOWS STEADILY.

[ PARTS YOu WILL NEED |

THS CRCWT IS A MODIFED VERSION OF THE ONE ON PAGE 9. NO ADDITIONAL PARTS ARE
NECESSARY.

[CIRCUIT DIAGRAM |

+ 9V +qy ¥ gy
A
R3
! 470
MAGNET
A — & RED
@ o ] 4 —44 5 Z LED
L4 \3 140N\ 4 |
MAGNET SENSOR 214011 6 |do11
7
R1 rR2 "'__ 1
1M 100K T LuF
) - GROUND LNUSED INPLTS

OF THE DIl (PINS &, 9,12
AND 13).

1. MODIFY THE CIRCUIT THAT USES A MAGNET TO SWTCH ON A
FLASHING LED

L O PUSH POWER AND DISPLAY SWITCHES OFF. 3. OO MOVE RED WIRE AT L7 TO FL
2. O REMOVE WHT WIRE BETWEEN F4 AND J7. 4. 0O CONNECT K3 TO HY (WHT).

[2. TEST THE CIRCUIT |

THIS 15 A MODIFED CIRRCUIT, SC BE SURE MONE OF THE PARTS OR WIRES HAVE COME LOOSE
AND THAT YOU HAVE MADE NO ERRORS. PUSH THE POWER SWITCH uUP, AND THE LED wiLL

FLASH SEVERAL TWMES EACH SECOND. MOW PLACE THE SCOUTH POLE OF THE MAGNET NEAR
THE LEFT SIDE OF THE MAGNET SENSOR. THE LED wALL GLOW STEADILY.

[ 3. GOING FLRTHER |
AS WITH THE ORIGINAL CIRCINT, YOI CAN INCREASE TRE VALNE OF €1 TO sLOw THE FLASH
RATE. YOu CAN ALSC REPLACE R2 WITH THE IM CONSOLE POTENTICMETER TO PROVIDE AN
ADTISTABLE FLASH RATE. SEE PAGE 4 FOR DETAILS.

You CAN ADD A SECOND LED TO MAKE AN ALTERNATE RED-GREEN FLASHER. YOu willL NEED
A GREEN LED AND R4, A 970-0HM RESISTOR (YEL-VIC-BRN). FOLLOW THESE STEPS!

L LI PusiH POWER ANMD DISPLAY sWITCHES OFF. 5. O INSERT LED ACROSS E7 (ANODE) AND
2. O REMOVE WHT WIRE BETWEEN K9 AND HA9. J7 (CATHODE).

5. O REMOVE WHT WIRE BETWEEN L9 AND H7. & O CONNECT 18 TO I3 (WHT).

9. C INSERT R4 ACROSS E& AND +9V. 7. O CCANECT H9 TO L4 (WHT).

PUSH THE POWER SWATCH ON, AND THE LEDS WILL FLASH ALTERNATELY. PLACE THE SOUTH
POLE OF THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. THE GREEN LED will
STOP FLASHING AND THE RED LED WALL GLOW CONTINUOUSLY.




[DSE THE MAGNET TO SWITCH ON A TONE |

YOLU WALL USE THE MAGNET TS ACTIVATE AN ADIUSTABRLE AUDIC SSCILLATOR MACE rFR0M
Twl GATES IN A 40LL

| PARTS YOu will NEED |

ﬁﬁﬁ%#’%g — ='j‘> f‘@
0 H011 RI-1DOK {BRN-BLK-YEL) C1-0.1 UF (L04) '“% @
DOOTOOTD R2-IM (BRN-BLK-GRN) i

| CRCUIT DIAGRAM

+ Qv
-
7
Iﬂ é-l SPRR
24
\ MAGMET SENSDR
MAGMNET 2%

GROUNE UNUSED INPLTS OF THE OLL (PING 12 AND L3).

[ 1. R D THE CIRCUIT |

Lo

1. 00 PUSH POWER AND DISPLAY SWATCHES OFF,  1- K CONNECT CID TO RI3 (WHTD.

13. O] CONNECT KID TO L0 (WHT).
2, IZI INSERT 4011 IC ACROSS SLOT (PN 1 AT F5).
s O INSERT 22 ACROSS D3 AND 3. 14. 01 CONNECT SPRING 7 TO +9V (RED).
4, 01 INSERT RL ACROSS L9 AND GROLND. L5. [J CONNECT SPRING 8 GROUND (RED).
e 0 INSERT 01 AcR0Se I4 AND o4 lo. OO CONNECT SPRING 9 TO L7 (REL).
* D CONNECT L1 T0 CROUND (WHT). 17. OI CONNECT SPRING 1o TO DS (BLL).
& O CONNEST 12 TO T2 (WHTS. 19. [0 CONNECT SPRINGS 25 AND 26 (RED).
9' O CONNECT T TO KL OWHT). 20. [0 CONNECT SPRINGS 29 AND 25 (WHT).
1. O CONNECT F4 TO 17 CWHTS. 21. 00 CONNECT SPRING 27 TO I3 (BLUI).
1. O CONNECT L4 TO H7 (WHT). 22. O CONNECT SPRING 28 TO GROUND (REDS

[2. TEST THE CRRCUIT |
CHECK YOUR WARING FoR ERRCRS. PUsSH THE POWER SWITCH ON. THE SPEAKER 15 SILENT. NOW
HOLD THE SCUTH POLE oF THE MAGKET NEAR THE LEFT SIDE OF THE MAGNET SENSOR. YOU
WILL HEAR A BUZZ O TCNE FROM THE SPEAKER. ADJUST 1M CONSOLE POT R3 TO CHANGE
ThE FREQNENCY OF ThE <2HND.,

[ 3. GOING RRTHER |
NOLU CAN MAKE THE FREQUENCY OF THE TOKE RESPOND TO LIGHT. FOLLOW THESE STEPS:

L O PusH POWER AND DISPLAY SWITCHES CFF.3. O MOVE BLU AT SPRING 1 TO SPRING 1.

2. [0 INSERT PHOTORESISTOR CARD IN SENSOR 4, [0 MOVE BLU AT SPRING 17 TO SPRING 2.
SOCKET,

FUSH THE POWER SWITCH ON AND PLACE THE SOULTH POLE OF THE MAGNET MEAR THE LEFT

SIDE OF THE MAGNET SENSOR. THE SPEAKER EMITS A TONE THAT INCREASES IN FREQUENCY

WHES THE DIGHT TEVEL AT THE PHOTOZESISTOR INCREASES.
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[USE_THE MAGNET TO SWITCH OFF A TONE |

Yo WILL MODIFY THE CIRCUIT ON PAGE 48 SO THAT AN AUDIC TONE IS SWATCHED OFF WHEM
THE MAGNET 1S PLACED NEAR THE MAGNET SENSCR.

[ PARTS YOU WLL NEED I
THS CIREIT IS A& MODIFED VERSION OF THE ONE ON PACE 48. NO ADDITIOMAL PARTS ARE
NECESSARY.

[ CIRCLAT DIAGRAM |
+9v + v

.

7
8
[¥] 14 T1
@ al Lra~ s Sq 27 25 SPRR
1t P e

[
MAGNET SENSOR z|4oL 16] 4011 24
7 1
O.1uF
MAGNET Ri -3 A
100K 3 1M (7,2 R i =

v GROUND unuskED INPUTS OIZ HO1L (PINS &, 9,_12 AND 1353,
[ 1. MODIFY CIRCUIT THAT USES A MAGNET TO SWITCH ON A TONE |

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 3. O MOVE RED WIRE AT L7 TO F3.
2. O REMOVE WHT WIRE BETWEEN F9 AND J7. 4. OO CONNECT H9 TO k9 (WHT).

[2. TEST THE CIRCUIT |
ANY TIME YoU MODIFY A CIRCUIT, IT IS IMPORTANT TO MAKE SURE NONE OF THE WIRES OR
PARTS HAVE COME LOOSE. BE SURE TO CHECK YOUR WIRING CAREFULLY. PusH THE PowER
SWITCH ON AND YOu wWALL HEAR A TONE FROM THE SPEAKER. PLACE THE SOUTH POLE COF
THE MAGNET NEAR THE LEFT SIDE OF THE MAGNET SENSOR, AND THE TONE wWiLL STOP.

THE OPERATION OF THIS CIRCINT RESEMBLES THAT OF THE CIRCGHIT ON PAGE 44 W wHICH
THE MAGNET SWATCHES OFF THE BUZZER. THE MAIN DIFFERENCES ARE THAT THIS CRCUT
USES LESS CURRENT AND THE FREQUENCY OF THE AUDIO TONE CAN BE ADJUSTED. AS WITH
THE CIRCUNT ON PAGE 44, THIS CRRCUIT CAN SIMULATE THE OPERATION CF AN INTRUSICN
ALARM DESIGNED TO DETECT AN OPEN WINDOW OR DOOR. IN EITHER CASE, THE MAGNET IS
MOUNTED ON TIHE MOVING OBJECT AND THE MAGNET SENSOR 1S ON A NEARBY PIXED OBJECT.

A SIMILAR APPROACH CAN BRE uUSED TO DETECT WHEN MERCHANDISE IN A STORE OR AN
OBJECT IN A MUSEUM HAS BEEN MOVED. THE MAGNET IS MOUNTED AT THE BOTTOM OF THE
OBJECT BEING PROTECTEDR. THE MAGNET SENSOR 'S MOUNTEDR BELOW WHERE THE OBJECT IS
PLACED. THE TONE SOUNDS WHEN THE ORJECT IS MOVED.

[3._GONG FURTIER |
THIS CIRCUIT CAN BE uskED TO DETECT FERROUS METALS LKE IRON AND STEEL. HOLD THE
MAGNET NEAR THE MAXIMUM RANGE AWAY FROM THE MAGNET SENSOR AT WHICH THE TONE
15 SILENT. THEN PLACE ONE END OF THE PAPER CLIF AGAINST THE LEFT siDE OF THE
MAGNET SENSCR. THE TONE SOUNDS WHEN THE PAPER CLIP 1S DIRECTLY BETWEEN THE
CENTER OF THE MAGNET SENSCR AND THE MAGNET. Rue THE PAPER CLWP AND THE TONE
SWITCHES OFF AND ON. GRIP THE PAPER CLIP FIRMLY, SINCE 'T WALL BE ATTRACTEDR TC THE
MAGNET.




[USE A MAGNET TO CONTROL A PULSATING TONE GENERATOR |

Yoo WLL USE ALL FOUR GATES I A 401l TO BUILD A PAIR Or AUBIO OSCILLATORS THAT
GENMERATE A PULSATING TOME. YOU WL USE THE MAGNET TO swiTCH THE TONE OFF.

| PARTS YOU WILL NEED |

S - _. _— _— o
Inqﬁﬁﬁlnngn — - j: j /\ /@
0 4ot RI-IM (BRN-BLK—GRN) CI-10 UF £2-0.01 UF (103) {(‘x@
g |
1 239 546 7
[ CIRCLIT DIAGRAM |
6 2B
+9vy 3
-t , SPKR T1 L
[ 24
' : 8 10 12
t MAGKET SENSOR q ‘-I;f;:z - @01_14
MAGNET { - ez
U_HF 17 R3 .CII_MF
A R:
- il T

[1. BULD THE CIRCUIT |
L O PUSH POWER AND DISPLAY SWTCHES OFF. 13. O CONNECT SPRING 7 TO +9v (RED).

2. OO INSERT 401l IC ACROSS SLOT (PN 1 AT F5). 14. OO CONNECT SPRING & TO GROUND (RED).
4. 0O INSERT RI ACROSS GH AND D 15, LI CORMECT sPaunG 3 70 FL D).

9. O INSERT €1 ALCROSS I3 {+) AND D3 (=) lo. O CONNECT SPRING 13 TO DI (BLU).
5. O INSERT €2 ACROSS I7 AND K7. I7. O CONNECT SPRING 14 TC HL (BLU).
b. 00 CONNECT L1 TO GROUND (WHT). 18. O CONNZLT SPRING e TO K0 (BLU)
7. 0O CONNECT FI0 TO +9v (WHT). 19. O CONNECT SPRING 17 TG J13 BLUL
£, T CONNECT JI TO KL (WHT). 20. 00 CONNECT SPRINGS 25 AND 2& (RED).
9. [0 CONNECT H2 TC J2 {(WHT). 2L. 71 CONNECT SPRINGS 24 AND 25 {(WHT).
10. O CONNECT GI0 TO HID (WHT). 22. O CONNECT SPRING 27 TO Is (BLU).
11, OO CONNECT H? TO J9 (WHT). 23. [0 CONNECT SPRING 28 TC GROUND
12. O CONNECT I TO L7 (WHT). (RED).

2. TEST THE CIRCUIT |
REVIEW WIRING FOR ERRORS. PUSH THE POWER SWITCH ONM. A PULSATING TOME SOLNDS.
ALTUST 100K CONSOLE POT RZ AND IM POT R% TO CONTROL THE RATE aND FREQUENCY DF
THE TONE. PLACE THE sOuTH POLE OF THE MAGNET NEAR THE LEFT SICE oF TRE

MAGNET SENSCR. THE TONE STCFS. REMOVE THE MAGNET AND THE TONE RESUMES.

[3. GOING ARTHER |

1. O PUSH POWER AND DISPLAY SWITCHES OFF. 3. O MOVE BLU AT SPRING 13 TO SPRING 1.
2. [0 INSERT PHOTORESISTOR CARD IN SOCKET. 4. O MOVE BLU AT SPRING 14 TO SPRING 2.

TO MAKE THE CIRCUIT RESPOND TO LIGHT, PUSH THE POWER SWITCH ON AND SHADE THE
PHOTORESISTOR CARD. PLACE THE MAGNET'S SOUTH POLE NEAR THE LEFT SIDE OF THE
MAGNET SENSOR. THE TOMNE FREQUENCY WATHIN THE PULSES INCREASES WHEN THE LIGHT
AT THE PHOTORESISTOR INCREASES. NOTE THAT TOOQ MUCH LMGHT MAY STOP THE TONE.
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[DSE THE MAGNET TO TRIGGER TWO TONES

YO WILL CONMECT THE MAGNET SENSOR TO THE VOLTAGE INPUT PIN OF A 555 TIMER IC
CONMECTED AS AN ALDIO OSCULLATOR. You WILL THEN USE THE MAGNET TO CHANGE THE
FREQUENCY OF THE TONE FROM A HIGH FREQUENCY TO A LOw FREQUENCY.

[PARTS You WILL NEED

B8 &5

annon L_:,.:E}j}= - = ™, )
H BSS zj/ /‘%\
R R2-10K (BRN-BLK-ORG) %=
12349 - - - - \w.:;“j
R3-150 (RRN-GRN-BRN) C1-0.1 UF {104
| CIRCUIT DIAGRAM
+9y  +Gv ey +9qy
" -, 5
i B3 7 23
100K
? LOK, el 555
MAGRET a N 24 <PRR
S E] o | S L3

MAGMET SEMSOR ‘

oy L
0.1FFI

e

" BOLD THE CIRCUIT -

O PUSH POWER AND DISPLAY SWITCHES OFF.
- OO INSERT 555 IC ACROSS SLOT (PN 1 AT QS)

. O INSERT R2 ACROSS RIO AND SI0.

. C INSERT R3 ACRCSS SPRING 23 AND +9v.

. O CONNECT Q3 AND GROUND (WHT).
. 1 CONNECT QL0 TO #9v (RED)L
. OO CONNECT R4 AND 57 {WHT).

9. I CONMECT T4 AND 7 (WHT).

10. O CONNECT SPRING 7 TO +9v {RED).

1. OO CONNECT SPRING 8 TO GROUND
{RED).

lz. O COMNECT SPRING 9 TO T7 (RED).

13. O CONNELT SPRING 13 TO Rg (BLU).

4. O CONNECT SPRING 14 TO +9v (RLuj.

15. O CONMNECLT SPRING 29 TO S9 (RED).

1
L.
?
3
l.f
5. C INSERT CL ACROSS Q! AND RL.
1]
7
&
2

. TEST THE CIRCUIT

INSPECT THE CIRCUIT FOR ERRORS. ADJIUST 00K CONSCLE POT Rl TO ITS MID-POINT AND PUSH

THE POWER SWATCH ON. A BUZZ OR TONE SOUNDS FROM THE SPEAKER. PLACE THE sSOuUTH
POLE OF THE MAGNET NEAR THE LEFT <sIDE OF THEZ MAGNET SEns0R, THE FREQUENCY OF
THE TONE SUDDENLY CHANGES. MOVE THE MAGNET AWAY, AND THE FREQUENCY RETLRNS
TO ITS FORMER VALLE. wiTH THE MAGNET MOVED AWAY FROM THE MAGNET SENSOR,
ADIUST 100K CONSOLE POT RL FOR THE DESIRED TONE FREQUENCY. REPEAT THE MAGNET

EXPERIMENT. ROTATE RL TO THE RIGHT, AND THE TONE HAS A HIGH FREQUENCY. WHEN YOU

BRING THE MAGNET CLOSE TO THE MAGNET SENSCOR, THE TONE STOPS.

[3. GOING FURTHER

1. O PusH POWER AND DISPLAY SWITCHES OFF.

2. O INSERT PHOTORESISTOR CARD IN SOCKET.

PLACE THE CIRCUIT N A DARKENED ROOM. PUSH THE POWER SWITCH ON AND PLACE THE SOUTH
POLE OF THE MAGNET NeAR THE LEFT SIDE OF THE MAGNET SENSOR. THE SPEAKER EMITS A
TONE THAT INCREASES IN FREQUENCY WHEN THE PHOTORESISTOR LIGHT LEVEL INCREASES.

5. 0O MOvE: BLU AT SPRING 13 TO SPRING 1.
4. O MOVE BLU AT SPRING 19 TO SPRING 2.

51



[USE THE TOLCH SENSOR TO SWITCH OFF AN LED |
YOL WILL BUILD A SIMPLE TOUCH SWITCH FROM ONLY OME GATE IN A =2Il QUAD NANE GATE.
NORMALLY AN LED WiLL GLOW. TOUCZHING THE TOUCH SENSOR EXTINGUISHES THE LED. THE
CIRCUIT INCLUDES A PAIR OF ICC,000 CHM RESISTORS (RL AND R2) TO RELP PROTECT THE
CMOS GATE r0M POSSIBLE DAMAGE CAUSTED BY ELECTROSTATIC DISCIHARGE.

[PARTS YOO WILL NEED |

4131211109 8
il n

o ) ==
[ Hoil Rl, R2-100K (BRM-BLK-YEL) RED LED
(SpEEEEEEERE R3 1oM (BRN BLEK BLY)
113495647

R=970 (YEL-VIO-BRN)

[ CRRCUIT DIAGRAM

+ 9y + Qv
I*5} |
Eirvvuiall SR FU
RZ /4 4
“ 100K 2 |qe11
o aan_] 5 »
TQUCH SEMSOR 470
2 R3a Rep  GROLIND UNUSED INPUTS OF +olL
e PINS 5, b, 8, 9, 12 AND 13).
b

[ 1. RUILD THE CIRCUNT |

L O PusH POWER AND DISPLAY SWITCHES OFF. 8. O CONNECT LI TO GROUND (WHT).
2. O INSERT 4ot IC ACROSS SLOT (PIN L AT F5). 9. O CONNECT F7 TO +v (WHT).

3. O INSERT RL ACROSS SPRING 5 AND FL. 10. O CONNECT FH4 TO +9V (WHT).
4.1 1 INSERT R2 ACROSS SPRING & AND (3l 1. O CONNECT JL TO KL (WHT).

5. O INSERT R3Z ACROSS G4 AND L7 12. O CONNECT k2 TO L2 (WHT).

t.  INSERT RY ACROSS H3 AND N3. 13. O CONNECT GI0 TO K10 {(WHT).

7. O INSERT LED ACROSS N9 (ANODE) AND 14. O CONNECT K20 TO L0 (WHT).

L4 {CATHODE). . O CONMNELT H3 TO K9 (WHT).

. O CONNECT L9 TO GROUND (AWHT).
2. TEST THE CIRCUIT |

CHECK YOUR WIRING FOR ERRORS ANE BE SURE THAT ALL THE UNUSED INPUTS ARE
CONNECTED TO GRCUND. DISCHARGE AMY STATIC ELECTRICAL CHARGE OM YOUR BCDY BY
TOLCHING A GRCUMDED METAL OBJZCT, SufH AS A SCREW ON AN ELECTRICAL LIGHT
SWITCH PLATZ. PUSH THE POWER SWITCH ON. THE LED GLOWS. PRESS THE TOUCH SENSCR
WITH YCUR INDEX FINGER. THZ LER SWITCHES OFF. REMOVE YOUR FINGER, AND ThE LED
GLOWS AGAIN. NOTIZE THAT THE LED CONTINUES TC GLOW UNTIL YCu PRESS DOwWN WITH
YOUR FINGER. TRY VARYING THE PRESSURE ON THE TOUCH SWITCH AND THE ANGLE OF YOUR
FINGER TO sbiE IR YOoU CAN DIM THE LED INSTEAD OF SWITCHING \T OFF ABRRUPTLY. A WERY
GENTLE TOUCH ALLOWS YCU TO DO THIS.

[ 3. GOING FURTHER |

LATER IN THIS MAMUAL (PP 62-07) YOU WALL INSERT THE ZCNDLCTWE FCOAM CYLINDER WMTO
THE TOUCH SENSOR TO CONVERT 'T TO A PRESSURE SENSCR. YZU CAN ALSO USE THE
PRESSURE SENSCR WATH THIS TOUCH SENSOR PRCJECT. INSERT THE FOAM PLASTIC PRESSURE
SENSCR INTO THE TOUCH SENSCR APERTURE AND PRESS DOWN. THE LED SWITCHES OFF.

15
1o

52



[USE THE TOUCH SENSOR TO SWITCH ON AN LED |
Yo WILL ADD A GATE 70O THE CRCUIT ON PAGE 52 TO BULD A TOUCH SWTCH THAT
SWITCHES O AN LED. NMORMALLY THE LED IS OFF. TOUCHING THE TOUCH SENSOR CAUSES
THE LED TO GLOW. THE CIRCUIT RETAINS THE PAIR OF 100,000 OHM RESISTORS (RI AND R2)
TIHAT HELP PROTECT TIAE CMOS GATE FROM ELECTROSTATIC DISCHARGE.

[PARTS Yoo WILL NEED |
THS CIRCUT IS A MODIFED VERSION OF THE ONE ON PAGE 52, NO ADDITIONAL PARTS ARE
NECESSARY.

[CIRCLAT DIAGRAM |

+9v +9v

Ri A
100K
e
os 74N\ 3 179 N\ _4
§ o 100K 2 4011 &_|4on
TOUCH SENSOR - R
(LEDGROUND LNUSED INPUTS OF
s N PN B, 9, 12 AND 13).

|l. MODIFY THE TOUCH SWITCH THAT SWTCHES OFF AN LED (P. 52) |
L. O PusH POWER AND DISPLAY SWITCHES OFF. 4. C INSERT R ACRDSS I3 AND N3
2. O REMOVE R4 ACROSS H3 AND N3. 5. C CONNECT H2 TO J? (WHT).
3. O REMOVE WHT WIRE ACROSS K2 AND 2.

[2. TEST THE CIRCUIT |
BECAUSE THIS CIRCUNT HAS BEEN MODIRED FROM A PREVICUS PROJ‘ECT, \T 'S ESPECIALLY
IMPORTANT T0O MAKE SURE NO WIRES OR PARTS HAVE COME LOOSE. CHECK YOUR WIRING
CAREFULLY. IF YOU HAVEN 'T ALREADY DONE S0, DISCHARGE ANY STATWC ELECTRICAL CHARGE
ON YOUR BODY BY TOUCHING A GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN
ELECTRICAL LIGHT SWITCH PLATE.

PUSH THE POWER SWATCH ON. THE LED wilL BE OFF. PRESS YOUR INDEX FINGER AGAINST
THE TOUCH SENSCR. THE LED will GLOW. REMOVE YOUR FINGER, AND THE LED willL SwWTCH
OFF. EXPERIMENT wWATH THE ANGLE OF YQUR FINGER FOR BEST RESLLTS.

[ 3. GOING FURTHER |
AS WITH THE PROJECT ON PAGE 52, YOU CAN USE THE PRESSURE SENSOR WITH THIS TOUCH
SENSOR PROJECT. JUST INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TouCH
SENSOR APERTURE AND PRESS DOWN GENTLY. THE LED wiLL GLOW. NOTE THAT THE CIRCUIT
IS VERY SENSITWE TO TOUCH WHEN OPERATED WITH THE PRESSURE-SENSITIVE FOAM.

You HAVE PROBABLY ALREADY NOTICED THAT Yoo CAN SWITCH THE LED ON BY SIMPLY
TOUCHING THE TOUCH SENSOR SPRINGS INSTEAD OF THE TOUCH SENSOR ITSELF. YOU CAN
ALSO BRIDGE YOUR WNDEX FINGER ACROSS THE LEADS OF RI AND Rz. IT's REST TO TOUCH
THE LEADS OF Rl AND R2 THAT MAKE CONTACT WATH SPRINGS 5 AND &. TOUCHING THE
LEADS THAT ARE CONNECTED DIRECTLY TO THE INPUTS OF THE 40l GATE MAY INTRODUCE
STATIC ELECTRICITY THAT CAN DAMAGE THE GATE.
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LUSE THE TOUCH SENSOR TO SWITCH OFF A TONE
YOL WILL BULD A SIMPLE TOUCH SWITCH AND AN AUDIO TONE GENERATOR FRCM THREE
GATES I A “DI! QUAD NAND GATE. NORMALLY THE TONE SCUNDS. TOUCHING YOUR FINGER
TO THE TCUCH SENSOR WILL SWTCH CFF THE TONE. THE CRCUIT INCLUDES A PAR OF

190,000 OHM RESISTORS (21 AND 220 70 HELP FROTECT THE £MOS GATE FrROM ELECTROSTATIC
DISCHARGE.
[ PARTS YOU WLL NEED
0 o1l Rl, R2 100K (BRN BLK YEL) Ct 0.1 uF (109
CCICT e R3-10M (BRN-BLK-BLU)
[ CIRRCLIT DIAGRAM
+Qv +4v
fbiok ] GROUND UNUSED INPUTS OF 401l (PINS 5 AND &)
S AAA .
12— - T2 SPKR
Fox 4 Nto [ | L4 127 25
e 4011 13| 4011 o 24
TOUCH SENSOR Q]
] R4 T~
1ock 23
i o 13 28 26
[1. BUILD THE CIRCUIT
L. O PusH PowER AND DISPLAY swWITCHES OFF. 11. O CONNECT J1 TO K1 (WHT).
2. O INSERT 40IL IC ACROSS SLOT (AN I AT F5). 12, O CONNECT K9 TO GROUND (WHT).
3, O INSERT RL ACROSS SPRING 5 AND FL 13. O CONNECT G0 TO HIO (WHT).
4. O INSERT RZ2 ACROSS SPRING & AND Gl 19. O CONNECT H9 TO J9 (WHT).
L. O INSERT R3I ACROSS G2 AND L2, 15. O CONNECT SPRING 14 TCO J& (BLu).
b. [0 INSERT 1 ACROSS 110 AND Kl10. lb. [0 CONNECT SPRING 13 TO k& (BLW).
7. 0O CONNECT L1 TC GROUND (WHT). 17. [0 CONNECT SPRINGS 24 AND 25 (WHT).
E. O CONNECT FIZ TO +9V (WHT). 18. [ CONNECT SPRINGS 23 AND 26 (RED).
9. OO CONNECT F9 TO +9v (WHT). 19. O CONNECT SPRING 28 TO GROUND
10. O CONNECT HY TO L7 {(WHT). {RED).

20. (1 CONNECT SPRING 27 TC Ia (BLU).

2. TEST THE CIRCINT

THIS CIRCUIT HAS 5 COMPONENTS ANMD M CONNECTICN WRES, SO CAREFULLY CHEZK YOUR
WIRING FOR ERRORS. BE SURE THAT UNUSED PINS 5 ANE & OF THE 401l ARE CONNECTED TO
GROUNE. DISCHARGE ANY STATIC ELECTRUCAL CHARGE ON YOUR RODY BY TOUCHING A
GROUNDED METAL OBJECT, SUCH AS A SCREW ON AN ELECTRICAL LIGHT SWATCH PLATE.
Fosid TIHE POWER SWATOL ON, AND YOIl HEAR A BoZZz OR TONE. ARTOCST TH: 100k JONSTLE
POT 24 UNTIL YOU LIKE THE SOUND, THEM PRESS THE TOUCH SWITCH. THE TONE CEASES.
REMCVE YOLR FINGER, AND THE TONE RETURNS.

[ 3. GOING FURTHER |

THIS CIRCUIT 1S MORE SENSITIVE TO TOUCH WHEN THZ BLACZK CONDUCTIVE FOAM PRESSURE
SENSCR 1S INSERTED INTC THE TOUCH SENSOR APER|URL_. THIS 'S BECALSE \T HAS MUCH
LESS RESISTANCE THAN THE TIP CF YOUR FINGER.
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[USE THE TOUCH SENSOR TO SWITCH ON A TONE |

Yo WILL ADD A GATE TO THE CIRCUIT ON PAGE 54 TO BULD A TOUCH SWTCH THAT
TURNS On Al ADTUSTABLE TONE. NORMALLY THE TOME 'S OFF. TOUCHING YOUR FINGER TO
THE TOUCH SENSOR CAUSES THE TONE TO SOUND. THE CIRCUT RETAINS THE PAIR OF
100,000 QHM RESISTORS (R1 AND R2) THAT HELP PROTECT THE CMOS GATE FROM
ELECTROSTATIC DISCHARGE.

[ PARTS YOU WALL NEED |

THS CRCUWT IS A MODWFED VERSION OF THE ONE ON PAGE 4. NO ADDITIOMNAL PARTS ARE
NECESSARY.

[CIRCLIT DIAGRAM |

tayv +9v

RL ,
100
5

RL
| = ANA

ToU LH SEMSOR

NOTE THAT THIS CIRRCUT USES
AlLL FOUR GATES IN TIHE <01L.

: T1 SPkR
1/4 L 27 25
4011 24
c1
13
18 26&
= = —

[1. MODIFY THE TOUCH SWITCH THAT SWTCHES ON A TONE (P. 54) |
L. O PusH POWER AND DISPLAY SWITCHES OFF. 9. O CONNECT HY TO J9 (WHT).
2. 1 REMOVE WHT WIRE ACROSS HY AND 7. 5. O CONNECT I9 TO L7 (WHT).
3. [ REMOVE WHT WARE ACROSS K4 AND GROUND,

[2. TEST THE CIRCUIT |
BECAUSE THIS CIRCUIT HAS BEEN MCDIFIED FROM A PREVICUS PROJECT, T 'S VERY IMPORTANT
TO BE CHECK THAT NO WIRES OR PARTS HAVE COME LOOSE. IF YOU HAVEN 'T ALREADY DONE
S0, DISCHARGE ANY STATIC ELECTRICAL CHARGE ON YCUR BODY BY TCUCHING A GROUNDED
METAL OBJECT. PUSH THE PDWER swATCH ON, AND YOU HEAR NOTHING. NOW PRESS YDUR
FNGER AGAINST THE TOUCH SENSOR. THE SPEAKER EMITS A TONE. ADJIUST 10K CONSOLL
POT R4 FOR THE MOST DESIRARLE SOUND WHEN THE SENSOR 1S TOUCHED.

[ 3. GOING FURTHER |
AS WITH THE CIRCUIT ON PAGE 54, THIS CIRCUIT IS MORE SENSITIVE TO TOUCH WHEN THE
BLACK CONDUCTIVE FOAM PRESSURE SENSOR 1S INSERTED INTO THE TOUCH SENSOR APERTURE.
A VERY LIGHT TOUCH ON THE PRESSURE SENSOR WILL ACTIVATE THE TONE. YOU CAN ALSO
CONTROL THE TONE BY PLACING A SMALL WEIGHT ON THE PRESSURE SENSOR. AN
INTERESTING EXPERMWENT 1S TO TOUCH THE ToulH SENSOR AFTER SLIGHTLY MOISTENING
YOUR FINGERTIP. THE TONE CONTINUES EVEN WHEN YOU REMOVE YOUR FINGER BECAUSE YouRr
FINGER DEPOSITS A THIN FILM OF MOISTURE ACROSS THE TOUCH SENSOR ELECTRODES. THIS
MOISTURE CONTINUES TO CONDUCT EVEN WHEN YOUR FINGER IS GONE, S0 THE TONE REMAINS
ON. EVENTUALLY, THE RLM OF MOISTURE EVAPORATES AND THE TONE CEASES.
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|USE THE TOUCH SENSOR TO KEEP AN LED ON OR OFF

Yol WILL BDILE A TCUCH SWATCH THAT SWTCHES ONE LED ON ANE A SECOND LED OFF.
THE LEBS REMAIN On AND OFF FOR A r'XED TIME INTERVAL EvVEN AFTER YOU REMOVE YOUR
FINGER FR0OM THE TOUCH SENSOR. THIS CIRCLIT USES THE ConDUCTIVE FOAM PRESSURE

SENGCR TS PROVIDE BETTER RESPCKRGE TO TOUCH.

[ PARTS YOO WILL NEED

BRBANAS - — =D
R 4011 RL, R3-100Kk (BRN-BLK-YEL)
COTDOOTT R2 1M (BRN BLK BLU) C1 100 UF GREEN LED  PRESSURL SENSOR
N R4, R5—470 (YEL-VIO-BRN) RED LED
T DIAGRAM
*qy
RL
1oM
5 i
Sl
100k

z
b .
TOLLH SERSOR {

[1. BLLD THE CIRCINT

—

. O PusH POWER AND DISPLAY SWITCHES OFF.

. O INSERT 4011 \C ACROSS SLOT (PN 1 AT F5).

. OO INSERT Rl ACROSS SPRING 5 AND FL.

. O INSERT Rz ACROSS F4 AND +9v.

. O INSERT R3 ACROSS K9 AND GROUND.

. O INSERT R9 ACROSS JI0 AND SI0.

. O INSERT R5 ACROSS I8 AND T7.

. O INSERT 1 ACROSS H2 {+) AND J2 ().

. O INSERT RED LED ACRCSS Te (ANODE) AND
GROUND (CATHODE).

PR TRl ¥y BT g . B

10. O INSERT GREEN LED ACROSS 59
{ANCDE) AND GROUND {(CATHODE).

H. O CONNECT 1! TO GROUND {WHT).

. O CONNECT Flo TO +9v {WHT).

13. T CONNECT J1 TO KL (WHT).

. O CONNECT I9 TO L7 (WHT).

. O CONNECT GH4 TO L& {(wWHT}.

. O CONNECT H9 TC J9 (WHT).

. O CONNECT G100 TO HID (WHT).

. O CONNECT K10 TO L16 (WHT).

19. O CONNECT SPRING & TO GROUND (RED).

ESFGT

2. TEST THE CIRCUIT

CHECK FOR ERRCRS. BE SuRE THAT THE ExPCSED LEADS CF cl, 1 AND R2 DO NOT TOUCH
OME ANOTHER. DISCHARGE ANY STATIC ELECTRICAL CHARGE CON YOUR BODY BY TOUCHING A
GROUNEEE METAL OBJIECT. INSERT THE rOAM PLASTIC PRESSURE SENSSR WTO THE TOUCH
SENSOR OPENING. FUSi THE POWER SwaTCl4 OR, AND WAIT FOR THE RED LED 7O GLOW.
GENTLY TOUCH THE FOAM INSERT IN THE TOUCH SENSOR. THE RED LED SWATCHES OFF,
AND THE GEEEN LED GLOWS FOR A TiME DETERMINEDR BY R3 AND Cl. THE GREEN LED GLOWS
EvEn AFTER You REMCOVE YOUR FINGER FRCM THE TOUCH SENSOR. THIS CIRCUIT WORKS BEST
WHEN THE CCNDLCTWE FCAM INSERT 1S PLACED WTO THE TOUCH SENSOR. MOISTEN YOUR
FINGER TIP AND REMOVE FXCESS MOISTURE wWiTH A CLOTH OR PAPER Towtl . REMOVE ThE
FCAM INSERT FROM THE TOUCH SENSOR. TOUCH YOUR FINGER TP AGAINST THE TOUCH
SENSCR, AND THE RED LED SWATCHES OFF AND THE GREEN LED GlLOWS.
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[USE THE TOUCH SENSOR TO KEEP A TONE ON OR OFF

YO WILL MODIFY THE CIRCUIT ON PAGE 56 THAT SWATCHES A LED ON OR OFF SO THAT IT

SWITCHES A TONE On OR OFF. THE TONE REMAINS ON FOR A FIXED TIME INTERVAL EVEN

AFTER YOU REMOVE YOUR FINGER FROM THE TOUCH SENSOR.

[PARTS YOO WILL NEED

&7 &5 . ;—j‘\)

P 555 R2-10K (RRN-BLK—ORG) CL-0.1 UF (104 PRESSURE SENSOR
5% 5 R3-270 (RED-VIO-BRN)
[CIRCLAT DIAGRAM |
+ 3y +4qv +qy
R3
1y
g |4 2170
Ry 13 7 23
100K
R2
10K b| 555
24
3 SPKR
TO PIN 10 OF 4011 FOR NORMALLY ON TONL. » 5
TO PIN 1t OF 401t FOR NORMALLY OFF TONE. -
1 et |1
T O.'lqu

. MODIFY THE CIRCUIT THAT KEEPS AN LED ON OR OFF

(1 |
1. O PusH PowER AND DISPLAY SWITCHES OFF. 8. O CONNECT QI TO GROUND (WHT).
2. O INSERT 555 IC ACROSS SLOT (MM 1 AT 05). 9. [0 CONNECT 010 TO +9V (RED).
3. O INSERT R2 ACROSS P10 AND G0, 0. O CONNECT R0 TO I7 (RED).
4. C INSERT R3 ACROSS SPRING 23 AND +9V. 1. [ CONNECT SPRING I3 TO P7 (RLU).
5. C INSERT C! ACRCSS 02 AND P2. 2. T CONNEST SPAUNG 9 TO +9v (BLU).
b, O CONNECT P4 TO &7 (WHT). I3, O CCNNECT SPRING 24 TS Q4 (RED).
7. O CONNECT R4 TO 07 {(WHT).
[2. TEST THE CRCUIT |

THE EXPANDED CIRCUIT 1S PRETTY CROWDEDR, SC CHECK YOUR WIRING CAREFULLY TO MAKE
SURE YOU HAVE MADE NC ERRORS. THEN INSERT THE PRESSURE-SENSITIVE BLACK FOAM

CYLINDER INTO THE TOUCH SENSOR OPENING. PUSH THE POWER SWITCH ON. YOU WILL HEAR A
TONE OR BUZZ. PRESS LIGHTLY ON THE FOAM INSERT IN THE TQUCH SENSOR, AND THE
FREQLENCY OF THE TONE CHANGES DRAMATICALLY. TO OPERATE THE CIRCHUNT W A TONE

ON-OFF MODE, PUsSH THE POWER SWTCH OFF, REMOVE THE RED LED, AND PuSH THE POWER

SWITCH ON. IF THE SPEAKER BUZZES, ROTATE 100K CONSOLE POT RlI TOWARD THE LEFT
UNTIL THE BUZZ STOPS. TOUCH THE FOAM INSERT IN THE TOUCH SENSOR, AND THE
SPEAKER EMITS A TONE FOR A TIME DETERMINED BY RI AND Cl. ADJUST Rl FOR THE BEST

SOUND.

[ 3. GOING FURTHER

THE CIRCUT 1S CONNECTED SO THAT THE TONE 'S ON. TO CONNECT THE CRRCUIT s0 THE
TONE 1S OFF, REMOVE THE GREEN LED AND MOVE THE RED WARE AT I7 TO J7. THE TONE IS

SWITCHED OFF WHEN YOU TOUCH THE FOAM INSERT W THE SENSOR SWATCH OPENING.
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|USE THE TOUCH SENSOR TO SWITCH OFF THE BRUZZER |
YOL WALL BUILD A SIMPLE TOUCH SWITCH FROM A SINGLE GATE v A 40l QUAD NAME GATE
AND THE POWER FET. NOWALLY THE BUZZER SOUNDES. TOUCHING THE TOLCH SENSOR QUNETS
THE BUZZER. AS wiTH THE PREVIOLS CIRCUITS, THIS CIRRCUIT INCLUBES Two 100,000 OHM
RESISTORS (RI AND R2) TO IHELP PROTECT TIHE CMOS GATE FROM ELECTROSTATIC DISCHARGE.

[PARTS YOO WILL NEED |

2 i - =
gt e O —_
b 4011 % 5 RL, R2-100K (RRN-BLK—YEL)
OO 4 R3 10M (BRN BLK BLU}
12398567 H |] R9-1K (BRN-BLK-RED)
QI-POWER FET

[ CIRCINT DIAGRAM

R4 4
100K
2 i

R2

(g? , look z
& pan |

ToOULH SENSDR

BUZ2ZER
GROUND UNUSED INPUTS OF 4ol
{(PINS 5, b, &, 9, 12 AND 13).

. BUILD THE csRcuIT |

[ 1
. O PUSH POWER AND DISPLAY SWITCHES QFF. 1. O CONNECT B5 TO +3V (WHT).
2. O INSERT 40l IC ACROSS SLOT (AN @1 AT F5). 2. O CONNECT J1 TO KL (WHT).
3. O INSERT Q1 AT Ci (G), Bl (D) AND AL {5). I3. O CONNECT K2 TO L2 (WHT).
9. O INSERT RL ACROSS SPRING 5 AND FL M. O COMNECT GIo TO HID (WHT)L.
5. O INSERT 22 ACRCSS SPRING & AND Gl I5. O CONNECT KID TO Lo (WHT).
. 0 INSERT R3 ACROSS GH AND LA4. . O CONNECT H? TO K9 (WHT).
7. O INSERT RY ACR05% £3 AND H3. 17. O CONNECT L7 TO GROUND (WHT).
& O CONNECT LI TO GROUND {WHT). 18. O CONNECT SPRING 21 TO A5 (RED)
4. O CONNECT F10 TO +9v (WHT). 19. T1 CONNECT sPRING 22 TO GRONND

10. O CONNECT F2 TO +v (WHT). {BLU).

2. TEST THE CRCUIT |
INSPEZT YOUR WIRING ARD FIX ANY TRR0RS. BE SURE THAT ALL THE UNUSED 4oil INPUTS
ARE ZONNECTED TOC GROUND. DISCHARGE STATIC ELECTRICITY ON YOUR BODY BY TOUCHING A
GROUNCED METAL OB SUCH AS A SCREW CON A LIGHT swWATCH PLATE. PusH THE POWER
SWITCH ON AND THE BUZZER SOUNDS. PRESS THE TOUCH SENSOR WITH YOUR FNGER AND
THE BUZZER IS SILENT. REMOVE YOUR FINGER AND THE RUZZER SOUNDS AGAIN. NOTE THAT
ThE BRUZZE2 CONTINLES TO SCuUNE CNTIL YCU PRESS DOWN CN THE TOUCH SENSCR. YOU
SHOULDN T HAVE TO PRESS DOWN VERY HARD UNLESS YOUR SKIN 1S UNUSUALLY DRY. VARY
THE PRESSLRE AND THE ARNGLE OF YOUR FINGER FOR BEST RESULTS.

[ 3. GOING FURTHER |
AS WTH PREVICUS TOUCH SENSOR PRCIEZSTS, You ZAN USE THE PRESSLRE SENSCOR WITH
THIS PROJECT. INSERT THE FOAM PLASTIC PRESSURE SENSCR INTO THE ToUCH SENSOR
APERTURE AND PRUESS wERY CUENTLY. ThHE BUFFE2 IS SILENT.
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[ODSE THE TOUCH SENSOR TO SWITCH THE BUZZER ON |

Yo WILL ADD A GATE TO THE CIRCUIT OnM PAGE 58 TO BULD A TOUCH SWITCH THAT
ACTWATES THE BUZZER. THE BUZZER IS SILENT UNTIL YOU TOUCH THE TOUCH SENSOR.
THE CIRCUNT RETAINS THE TWO 100,000 OHM RESISTORS (Rl AND R2) THAT HELP PROTECT
THE CMOS GATE FROM ELECTROSTATIC DISCHARGE.

[ PARTS YOO WALL NEED |
THS CIRCUT IS A MODIFED VERSION OF THE ONE ON PAGE S5A. NO ADDITIONAL PARTS ARE
NECESSARY.

[ CIRCLIT DIAGRAM |

+ Qv +9v + Gy
Lpbiox
AAA i

R2 4 14 3 3
ipok _ %4011 b
LIV |

TCUCH SENSCOR

GROIND NNISED INPITS OF 0Ll (PINS &, 9, 12, AND I3).

1. MODIFY THE TOUCH SWITCH THAT SWTCHES OFF BUZZER (P. 58) |
L. O PusH POWER AND DISPLAY SWITCHES OFF. 3. O REMOVE WHT WRE ACRDOSS K2 AND L2z,
2. O REMOVE R4 ACROSS 3 AND H3. 4. O INSERT R4 ACRDSS C3 AND I3.

5. O CONNECT H2 TO J2 (WHT)

2. TEST THE CIRCUIT |
BECAUSE YOU HAVE MODIFIED A CIRCUIT THAT YOuU PREVIOUSLY BUILLT, SOME WARES OR PARTS
MAY HAVE COME LODSE, SO I\T IS IMPORTANT TO CHECK YOUR WRING CAREFULLY. IF YOu
HAVEN IT ALREADY DONE S0, DISCHARGE ANY STATIC ELECTRICAL CHARGE OMN YOUR BODY BY
TOUCHING A GROUNDED METAL CBJIECT, suUCH AS A SCREW ON AN ELECTRICAL LIGHT
SWITCH PLATE.

PUSH THE POWER SWATCH ON, AND NOTHING HAPPENS. NOW PRESS YOUR INDEX FINGER
AGAINST THE TOUCH SENSCR. THE BUZZER SOUNDS. REMOVE YOUR FNGER, AND THE BUZZER
IS SUENT.

[ 3. GOING FURTHER |
YOU CAN USE THE PRESSURE SENSOR WATH THIS TOUCH SENSOR PROJECT. INSERT THE FOAM
PLASTIC PRESSHRE SENSOR INTO THE ToncH SENSOR APERTIIRE AND TONCH OR PRESS DOWN
GENTLY ON THE FOAM PLASTIC. THE BUZZER SOUNDS. NOTE THAT THE CIRCUIT 'S MUCH
MORE SENSITIVE TO ToOuUCH WHEN THE PRESSURE-SENSITWE FOAM IS USED.

AS WITH OTHER TOUCH SENSOR PROJECTS, YOU CAN BYPASS THE SENSOR AND USE YOUR
FINGER TO BRIDGE SPRINGS 5 AND & OR THE LEADS OF RESISTORS R1 AND R2. BE SuURE TO
TOUCH THE LEADS OF RI AND RZ2 THAT MAKE CONTACT WITH SPRINGS 5 AND & TOUCHING
THE LEADS THAT ARE CONNECTED DIRECTLY TO THE INPUTS OF THE <40l GATE MAY
INTRODUCE STATHC ELECTRICITY THAT CAN DAMAGE THE GATE.
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[USE A TOULCH SENSOR TO TURN GREEN LED ON/RED LED OFF

Yoo WALL USE OALL rOUR GATES W A 90l TO BUILD A REDAGREEN LED TOUCH SwiTCH.

NORMALLY THE RED LED GLOWS. TOUCHNG THE TOUCH SENSOR EXTWGUISHES THE RED LED

AND CAUSES THE GREEM LED 7O GLOW.

| PARTS YOu WALL NEED

AnEiess —
N 4Ho11 Rl, R2-100K {BRN-BLK-YEL)
II.J T IS_I 5 |§| Gu g R3-10M (BRN-BLK-BLU)

R4, RS 70 (Y.L MO BRN)

==

RED LED
GREEN LED

+ 4y + gy

TOUCH SENSOR

[1. BLLD THE CIRCLNT

—

O PusH POWER AND DISPLAY SWATCHES OFF.
. L INSERT 4ol 1€ ACROSS SLOT (PIN L AT Fi).
. O INSERT Rl ACRDSS SPRING 5 AND FL
. O INSERT R2 ACROSS SPRING & AND Gl
. O INSERT R3 ACROSS G AND LA4.

. C INSERT R4 ACROSS JI0 AND SIOD.
O INSERT R5 ACRDSS I7 AND T7.
T INSERT GREEN LED AZRLSS $9 (ANODRE!

AND GRCUND {CATHODE).

. O INSERT RED LED ACZROSS Té& (ANCODE)
AND GRCUND {CATHODE).

0P~ G A £ N

L

1o

1.
12.

F G TG

7.

13

. O CONNECT
LI CONNECT
O CONNECT
. O CONNECT
. O CONNECT
O CONNECT
O CONNECT
O CONNECT
. O CONNECT

Ll TO GROUND (wHT).
FI0 TO +9v (WH1).

F2 TO +9v (WHT).

H2 TO J2 (WHT).

JL TC Kl (WRT).

I9 7O G7 (WHT).

H9 TO K7 {WHT).

Gl TO HIL {(WHT).
K10 TO LD DWHT).

[2. TEST THE CIRCUIT

CHECK YOUR WIRWG FOR ERR0ORS. DISCHARGE ANY STATIC SLECTRICAL CHARGE ON YOUR BODY
BY TOUCHING A GROUNDED METAL ORIECT. PUSH THE POWER SWTCH oM, AND THE
GLOWS, PRESS THE TOUCH SENSOR WATH YCUR FINGER. THE RED LED SWATCHES OFF
GREEN LED GLOWS. REMOVE YOUR FINGER AND THE GREEN LED sSWATCHES OFF AND THE RED
LED AGAIN GLOWS. THIS CIRCUIT ‘& VERY SENSITWE AND WORKS FINE WATH PINGER PRESSURE
ALONE. IF NOT, INSERT THE FOAM PLASTIC PRESSURE SENSOR INTO THE TCoUCH SENSOR
APERTURE AND PRESS VERY GENTLY. THE RED LED SWTCHES OFF AND THE GREEN LED GLOWS.

&0

RED LED
AND THE



[USE A TOUCH SENSCR TO CHANGE THE TONE FREGQUENCY

COMBINE TWO GATES W THE 0Ll WITH A 555 CONNECTED AS AN AUDIO OSCILLATOR TO
BULD A TOUCH-CONTROLLED OSCILLATOR. NORMALLY THE SPEAKER EMITS AN ADJUSTABLE
TONE. THE TONE BECOMES A BUZZ 0OR IS SILENCED BY TOUCHING THE TOUCH SENSOR.

[PARTS Yoo WILL NEED

! I-—= —
HEHBEAE  srces — — I
L 4011 I R1, R2-100K {BRN-BLK-YEL) e
RZ-10M (BRN-BLK-BLU) C1-0.1 UF (109
FEUTS ey t134 R5-10K (BRN-BLK-CRG)
R&—770 {RED-VIO-BRN)
[ CIRCUIT DIAGRAM
+qy +Qy +8v +qy +4y
b A
" Ré
g |4 270
Qi RY 13 7 23
100K 100K
|1 1/"1‘1 3 2o im fc?x 5
(.f
b apn b SPKR
7 3
TOUCLK SEMS0R 2
R3
10Mm
» T GROUND LNUSED INPUTS
o4 uF OF 4011 (PINS B,
- -+ — - 9, 12, AND 13).
[ 1. BUILD THE ClRCLIlT |
1. O PUsSH POWER AND DISPLAY SWITCHES OFF. 15. O CONNECT GI0 TO HIO (WHT).
2. |_ INSERT 0L 1C ACROSS SLOT (PN I AT FB). 1. O CONNECT KIG TO L6 (WHT).
3. O INSERT 555 IC ACRCSS sSLOT (PN 1 AT &5 17. O CONNECT HY TO K9 (WHT).
4. O INSERT RL ACROSS SPRING 5 AND FL 8. O CONNECT L9 TO GROUND (WHT).
5. O INSERT R2 ACROSS SPRING & AND GL. 19. O CONNECT Q4 TO GROLND {(WHT).
k. J INSERT R3 ACROSS GY AND LA 20. O CONNECT R4 TO S7 {(WHT).
7. O INSERT R5 ACRCSS RID AND S10. 2l. [0 CONNECT TH TO Q7 (WHT).
B. O INSERT Re ACROSS 8 AND +9Vv. 22. O CONNECT Q0 TO +9v (RED).
9. T INSERT €1 ACROSS Gil AND RL. 23, [0 CONNECT I4 TO T7 (RED).
1. O CONNECT LI TO GROUNDI {WHT). 24, O CONMECT SPRING 13 TO R7 (BLU).
1t. O CONNEZT FLo TO +9v (wHT)L 25. O CONNECT SPRING 14 TO +9Vv (BLU).
12. O CONNECT F2 TO +9V (WHT). 26. LI CONNECT SPRING 23 TO CLO (RED).
13. O CONNECT H2 TO J2 (WHT). 27. O CONNECT SPRING 29 TO s49 (RED).

4. 01 CONNECT J1 TO KL (WHT).

[2. TEST THE CIRRCUIT

CHECK YOUR WARING FOR ERRCRS. DISCRHARGE ANY STATIC ELECTRIEITY ON YOUR BODY BY
TOUCHING A GROUNDED METAL OBJIECT. ROTATE w0k CONSCLE POT R4 TO ITS MDPOINT.
PUSH THE POWER SWATCH ON AND A TONE SODNDRS. ARJUST THE TONE TO YOUR LWKING BY
ROTATING RY. TOUCH THE TOUCH SENSOR. THE TOMNE EITHER CEASES ENTIRELY OR BECOMES A
BUZZ. IF THE CIRCUIT DOESN T RESPOND TO ToucH, PRESS YOUR FINGER AT A DIFFERENT
ANGLE. ADJUST R9 TO SILENCE THE CIRCUIT WHEN YOU TOUCH THE SENSOR.
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[BUILD A PRESSURE-SENSITIVE RISING TONE OSCILLATOR

THE SENSOR CIRCUITS BESCRIBED M THE PREVICUS SECTION (P. 52-61) ARE PRESSURE SENSITIVE
TO THE EXTENT THAT THEY AN BE INFLUSNCED &Y HOW RARD YoU PRESS THE TouctH
SENSCR. THE CIRCUITS ON PAGES 62-67 ARE SPECIRCALLY DESIGNED TO BE PRESSURE
SENSITIVE. TIHIS 1S ACHIEVED BY FLACKNG A SMALL CYLINDER OF BELECTRICALLY CONDUCTIVE
BLACK FOAM PLASTIC OVER THE TOUCH SENSCR ELECTRCDES. YOU will LEARN HOwW TO USE
THIS PRESSURE-SENSITVE FOAM BY BULLDING AN OSCULLATOR THAT EMITS AN AUDIO TONE.
THE TONE FREQUENCY RISES WHEN YOU PRESS ON THE PRESSURE SENSOR.

[ PARTS YOU WILL NEED

Y — =1

553 RI-IM (BRN-BLK-GRN) C1-0.001 UF (102) PRESSURE SENSOR

12314 R2-270 (RED-VIC-BRN)
[ CIRCUIT DIAGRAM
+9v +qy +9y

LT 1\?.?_
5 4 70
b i 23

ToOULH SENSOR EE& g . 555 "
2 3 SPKR
e1 i 1
0.001 uF 7T

[ 1. BullD THE CIRCUIT

1. O PusH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT JIID TO +9v (WHT).

2. O INSERT 555 IC ACROSS SLOT (AN 1 AT J5). & [0 CONMNECT k4 TO L7 (WHT)

3. L INSERT Rl ACROSS L10 AND KIO. 9. O CONMNECT M4 TO JI7 (WHT).

9. O INSERT R2 ACROSS E& AND J8. 10. O CONNECT SPRING 5 TO +9Vv (RED).
5. C INSERT €t ACRCSS It AND KL 1. O CONNECT SPRING & TO K7 (RED).
b. T CONNECT J2 TO GROUND (WHT). 12. 1| CONNECT SPRING 235 TO E10 (RED).

13. O CONNECT SPRING 294 TO L9 (RED).

[2. TEST THE CRCOIT

CHECK FOR ERRORS. INSERT THE FOAM CYLINDER INTO THE TOUCH SENSOR OPENMING. PUSH
THE POWER SWITCH ON. YOU HEAR A BUZZ OR NO SOUND AT ALL. GENTLY PRESS DOWN ON
THE PRESSURE SENSCR. A BUZZ THAT QUICKLY 2ECOVMES A TONE SCUNDS AS YOU CONTINLE TO
PRESS DOWN ON THE SENSOR. RELAX THE PRESSURE AND THE TONE FREQUENCY FALLS. MOVE
YOUR FINGER. THE TONE BECOMES A sLow BUZZ OR THE SPEAKER BECOMES SILENT.

3. GOING FURTHER

HOLD DIFFERENT OBJIECTS OM THE PRESSURE SENSOR WHILE LISTENING TO THE TONE
CHANGE. FOR BEST RESULTS, USE OBLONG OBJIECTS. CAUTION: AVDID USING HEAVY
QBJECTS. USE CARE TO PREVENT THE CBJIECT FROM FALLING ON THE CONSOLE. THE CIRRCUIT
CAN BE MADE INTO A MOVEMENT AND VIBRATION SENSOR. PLACE THE CONSOLE WNEAR A WALL
AND PLACE A METAL RCD OR SCREWDRIVER S0 THE LOWER END RESTS ON THE PRESSURE
CENSOR, THE QTHER AGAINST A WALL. MOVEMENTS CAUSE TONE FREGUENCY CHANGES.
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|BUILD A PRESSURE-SENSITIVE FALLING TONE OSCILLATOR |

BUILD AN AUDIO OSCILLATOR THAT CREATES A TONE FREQUENCY THAT FALLS WITH PRESSURE.
THIS CONTRASTS WITH THE PREVIOUS CIRCUT, WHERE THE FREQUENCY RISES WATH PRESSURE.

[PARTS You WALL NEED |

- — =T,
?lrl?l?l "__@Eh ) AR
P 355 R3-10K (BRN-BLK-ORG) C1-0.1 UF {104 PRESSURE SENSOR
L Z31q R4-270 {(RED-\VI0-BRN)
[CIRCLT DIAGRAM
+qy  t+8v LA +Pv
5_T R4
R2 I
b 100K 23
R3
TOUCH SEMSOR 10K 6] 555
2 | <pkR
= 3

1T
Ct

14 0.1 uF

R1 10 I

10K . L L

[1. BLILD THE CIRCINT |

1. O PusH POWER AND DISPLAY SWATCHES OFF. 10. O CONNECT SPRING 5 TO +9v {RED).

2. O INSERT 555 IC ACROSS SLOT (AN 1 AT J5). 11. 00 CONNECT SPRING & TO M& {RED).

3. [ INSERT R3Z ACROSS LI0 AND K10, 12. O CONNECT SPRING 10 TO GROUND

Y4, [ INSERT RY ACROSS Es AND I8 {RED).

5. O INSERT 1 ACROSS J1 AND KL 13. O CONNECT SPRING 11 TO M9 (RED).

6. O CONNECT J2 TO GROUND (WHT). 1. L1 CONNECT SPRING 13 TO K9 (BLUY.

7. O CONNECT JI0 TO 9V (WHT). 15. O CONNECT SPRING 19 TO +9v (BlLU).

8. O CONNECT k9 TO L7 {WHT) le. O CONNECT SPRING 23 TO ELC (RED).

. O CONNECT MY TQ J7 (WHT). 17. O CONNELT SPRING 29 TO L4 (RED).

[2. TEST THE CIRCUIT |
CHECK WIRING FOR ERRORS. INSERT THE BLACK FOAM CYLUINDER INTO THE TOUCH SENSOR
OPENING. ROTATE 10K CONSOLE POT R1 TO ITS MD-POWT. PusH THE POWER SWITCH ON. AN
AUDIO TONE SOUNDS. ADJUST 100K CONSOLE POT RZ UNTIL THE TONE FREGQUENCY 'S REASON
ABRLY PLEASANT. NOW PRESS DOWN ON THE PRESSURE SENSOR WATH YOUR FINGER. THE
FREQUENCY OF THE ToONE FALLS. You CAN ADJUST ROTH RI AND R2 TO ALTER TRHE \RCLIT
TONE RANGE. RL AND THE PRESSURE SENSOR FORM A VOLTAGE DIVIDER, SO PRESSING DOWN
ON THE PRESSURE SENSOR OR ADJUSTING RL CHANGES THE VOLTAGE AT THE CONTROL
INPUT PIN 5) OF THE 555. THIS CHANGES THE TONE FREQUENCY. R2 1S INDEPENDENT OF THE
PRESSILIRE SENSOR. CHANGING ITS VALLE CHANGES THE ToONME FREQUENCY.

[ 3. GOING FURTHER |
THE EXPERIMENTS DESCRIBED IN GOWG FURTHER ON PAGE 2 CANM ALSD BE TRIED WATH THIS
CIRCUIT. CAUTION: AVOID USING HEAVY OBJECTS AND USE CARE TO PREVENT TiHE OBJECT
FROM FALLING ON THE CONSOLE.
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[BUILD A PRESSURE-ACTIVATED TONE GENERATOR |

BUILY A CIRCUT THAT PRODUCES A TONE ONLY WHEN THE PRESSLRE SEMSOR 1S5 PRESSED. IT
CAMN BE EASILY MCDIFED 7O PRODUCE A TONE THAT IS SWTCHED OFF BY PRESSURE.

| PARTS YOU WILL NEED |

BRe5  HBEEHNIZ g - 10 “s
I O 4olt RI-IM (BRN-BLK-GRN)  Cl-0.1 UF {104  PRESSURE SENSOR
ogourniu
| By Ny | 1 +3498¢%47
1 2 34
[ CIRCUIT DIAGRAM |
+qv +9v tav *av
J A A
=4
¥ e 3 +i!?_8 - qu‘i s S W ar ™ s SPKR
7
ToucH SENSOR 1M 2;1{_' 2401t b 4011 [l
+qy i1
17 RZ 2| r3 7 €L A
ey 1ok 14 OLuf T
23
g R4
18 16 ] = 1% |00k 28

GROUNE CRUSED INPUTS CF <0l {PNS 8, 9, lé AND 13)

[1. BULD THE CIRCLIT |
L. O PUSH POWER AND DISPLAY SWATCHES TO OFF.17. T CONNECT SPRING 5 TO +9v (RED).
2. O INSERT 272 IC ACRDSS SLOT (PIN 1 AT ES). 18, O CONMECT SPRING 10 TO +9v (BLL).
3. O INSERT 401l IC ACROSS SLOT (PN 1 AT NS5). 19. O CONNECT SPRING 11 TO Fl (RED).

9. O INSERT Rl ACRCSS SPRING & AND Gl. 20. [ CONNECT SPRING 12 TO GROUND

E. OO INSERT €1 ACROSS O! AND Gl (RED),

. 01 CONNECT HL TO GROUND {wWHT). 2. O COMNECT SPRING 13 TO 02 (RED).
7. O CONNECT ELO TO +9v (WHT). 22. L1 CONNECT SPRING 1M1 TO P2 (Blb).
&. O CONNECT T2 TC GROUND (WHT). 23. O CONNECT SPRING & TO GROUND

g. O CONNECT N9 TO +9v (RED). (B

0. O CONNECT E4 TO N4 (WHT). 29. O ZCNNECT SPRING 17 TO G3 (BLU).
11, OO0 CONNECT P3 TO R3 (WHT). 25. O CONNECT sPRING 18 TC +9Vv (BLU).
12. O CONNECT RZ TO 52 (WHT). b, O SCHMECT SPRINGS 23 AND 26 RED).
13. O CONNECT 010 TO PO {WHT). 27. O CONNECT SPRINGS 24 AND 25 (WHT).
4. O CONNECT P9 TO 59 (WHT). 28. O CONNECT SPRING 27 TC OF (RED).
15. O CONNECT S10 TO TI0 (WHT). 29. O CCNNECT SPRING 28 TO GROULND
. OO CONNECT T9 TO GROUND (WIAT). RED).

2. TEST THE CRCUIT |
CHECK FOR ERRORS. ADJUST 100K COMNSCLE POT R~ 2/%3 TO THE RIGHT. ADJUST 0K AND M
CONSOLE POTS RZ AND RZ TO THER MUD-POINTS. INSERT THE PRESSURE-SENSITIVE FOAM
CYLINDER TMTO THE TOUCH SENSOR OPEMING. NOW PUSH THE POWER SWITCH ON. IF You
HEAZ A TONE, ADTUST RZ OR R3 TO THE RIGHT UNTIL THE TONE STOPS. PRESS GENTLY ON
THE PRESSURE SENSOR. YOU SHOULD HEAR A TONE. REVERSE THE CIRCUIT OPERATION BY
REMOVING ThHE RED WIRE BETWEEN SPRING 5 AND +9v. CONNECT A RED WIRE FROM SPRING 5
TO GRCOUND, ADJUST R2 AND R3 uUNTIL THE TONE sTOPS WHEN THE SENSOR \S PRESSED.
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|USE PRESSURE TO SPEED UP A FLASHING LED

MANY CIRCUITS CAN CHANGE THE RATE AT WHICH A LED FLASHES. MOST ARE CONTROLLED
BY ADJUSTING A POTENTIOMETER. THE CIRCUIT YOU ARE ABOUT TO BUILD 'S uUNIQUE BE
CAUSE You CONTROL THE LED FLASH RATE BY SIMPLY PRESSING DOwn On THE PRESSURE
SENGOR. YOU WALL BULD THE CIRCUIT AND ADJUST A CONTROL POTENTIOMETER TO GIVE
VARIOUS EFFECTS.

PARTS You WILL NEED

a7 5 . _ e,

anan, - i ==
]

o R2 10k (BRN BLK ORG) Cl1uF RED LED
Lz

* REH0 (YEL-VIO-BRN)

CIRCHIT DIAGRAM

F
R1 RE
5 I”-g 14 FBL“! gtno

Sl s
o | Rzg 5z L5P

555 >

TOULH SEMNSOR

] I
oL T
L
1. BUILD THE CIRCHLAT

L. O PusH POWER AND DISPLAY SWATCHES OFF. 8. O CONNECT JIo0 TO +4V {WHT).

2. L INSERT 555 1€ ACROSS SLOT (AN 1 AT J5). 9. O CONNECT k4 TO L7 {WHT).

3. O INSERT R2 ACROSS L10 AND KID. 10. O CONNECT MY TO J7 (WHT).

9. C INSERT R3 ACRCSS Is5 AND +9v. 1. C CONNECT SPRING 5 TO +9V (RED).
5. O INSERT Cl ACROSS Kl {+) AND J1 (). 12. [0 CONNECT SPRING & TO k& (RED).

b, O CONNECT J2 TO GROUND (WHT). 13. OO CONNECT SPRING 1 TO K9 (BLL).
7. O INSERT RED LED ACROSS I9 (ANODE)} AND 1T CONMNCCT SPRING 17 10 +9v (BLIY).

L4 (CATHODE).

2. TEST THE CIRCUIT

CHECK YOUR WIRING FOR ERRORS. INSERT THE PRESSURE-SENSITIVE BLACK FOAM CVYLINDER
INTO THE TOUCH SENSOR OPENING. ROTATE IM CONSOLE POT RI TQ ITS MID-POINT, THEN
PUSH THE POWER SWATCH uP. THE LED FLASHES A FEw TIMES PER SECOND. PRESS DOWN

ON THE PRESSURE SENSCR. THE LED FLASH RATE SPEEDS UP DRAMATICALLY. WHEN THE
FLASH RATE REACHES ARQUND lb FLASHES PER SECOND, THE LED APPEARS TO GLOW
CONTINUQUSEY. ADJUST RE TO Al TER THE OVERALL FlASH RANCE. FOR EXAMPLE, wHILE PRESS
ING DOWN ON THE PRESSURE SENSOR, ADJUST RI UNTIL YOU ACHIEVE A DESIRED FLASH
RATE, THEN RELEASE THE PRESSURE TO SEE WHAT HAPPENS.

3, GOING FLIRTHER

FOR A SLOWER FLASH RATE, REPLACE ¢l WATH A 4.7 IF CAPACITOR. YOI CAN ALSO REPLACE
THE RED LED wWITH A GREEN LED. IN BOTH CASES, BE SURE TO OBSERVE POLARITY.
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[USE PRESSURE TO SLOW A FLASHING LED |

SLOWING DOWM A FLASHING LED IS A BIT MORE COMPLICATED THAM SPEEDING UP THE FLASH
RATE. YOuU WILL USE THE CONTROL INPLT OF A 555 It TO SLOW DOWN A FLASHING LED BY
CONNECTING THE PRESSURE SENSOR AND A POTENTIOMETER W SERIES TO FORM A VOLTAGE
EWADER. PRESSING DOWN ON TIHE PRESSURE SENSOR CHANGES 1TS RESISTARCE. THIS ALTERS
THE vOLTAGE THAT THE DIVIDER APPLIES TO THE CONTROL INPUT OF THE 555.

[ PARTS YOU WILL NEED |

&7 &5

Tess =8 _)-- == === e
B 555 1 oz 10k (BRN BLK ORG) CLluF RED LED  PRLSSURL SENSOR
T23a R0 (YEL-VIO-BRN)

[CIRCINT DIAGRAM |
Yo TV T4y +4v

5_T 17 I ] 5;10

@ F{%& TP g
RED
b b
B2 N
TOUCH SEMSOR bl 555 =
2
3
= .
4
i I

[1. BUILD THE CRCUIT |
I. O PUSH POWER AND DISPLAY SWITCHES OFF. 8. [0 CONNECT JI0 TO +9V (WHT).
2. O INSERT 555 IC ACROSS SLOT (PN I AT J5). 9. [ CONNECT M4 AND J7 (WHT).
3. O INGERT R3 ACROSS K10 AND LIO. 0. [0 CONNECT k4 AND L7 (WHT).
4. L INSLRT R4 ACROSS HI AND +9v. II. O CONNECT SPRING 5 TO +9v {(RED).
5 2
b I3

. C INSERT Cl ACROSS K1 (+) AND J1 (). . O CONNECT SPRING & TO M7 (RED).
. C INSERT LED ACROSS H3 {ANCDE) AND L3 . O CONNECT SPRING 13 TO GROUND (RED),
{CATHODE). . O CONNECT SPRINGS 19 AND & (BLU).
7. O CONNECT J2 AND GROUND (WHT). . O CONNECT SPRING L& TO K9 (BLU).

. O CONNECT SPRING 17 TC J9 (BLU).

2. TEST THE CRCOIT |
CHECK FOR ERRORS. THE L0CK CCNSOLE POTENTIOMETER 21 AND THE PRESSURE SENSOR
CONTR0L CHANGES IN THE LER FLASH RATE. ROCTATE R® ALL THE WaY TO THE LEFT. THE IM
COMSOL POTERTEIME TR 22 CONT20S THE BASIC FLASIHH 2ATE oF TidE LED. ADJUST RZ2 TO
ITS Ma-POINT. INSERT THE PRESSURE-SENSITIVE BLACK FOAM CYLINDER INTDO THE TOUCH
SENSCR OPE:\HNQ THEM PUSH THE POWER SWITZH ON. THE LED FLASHES, PRESS DOWN ON
THE FCAM PLASTIC PRESSURE SENSOR, AND THE FLASH RATE OF THE LED SLOWS. YOU CAN
BRETTER SEE THE CHANGE BY ROTATING RZ UNTIL THE FLASHES F20oM THE LED MERGE
TOGETHER. NOW WHEN YOouU FIEss DOowk ON THE Prissusi SENSCR, Thi SLOWER FLASH
RATE IS MORE APPARENT.

FO R
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[BUILD A SIMPLE SCALE WITH A BRARGRAPH READOUT |

CONNECT THE PRESSURE SENSOR TO THE LED BARGRAPH READOUT TO FORM AN ELECTRONIC
SCALE. A 272 OPERATIONAL AMPLIFIER MULTWPLIES THE PRESSURE TEN TIMES TO INCREASE THE
SENSITIVITY OF THE SCALE. A GREEN LED GLOWS TO INDICATE THE READOUT IS OFF-SCALE.

[PARTS YOO WILL NEED __ |

g I~ - e

Lo tn R2-M (BRN-BLK-GRN) == o
O 2,772, R3-10k {BRN-BLEK-ORG) GREEN LED PRESSURE SENSOR
| I RH-100K {BRN-BLK-YEL)

1 234

R5-150 (BRN-GRN-BRN)
| CIRCLNT DIAGRAM

+9v +9v tav
1\ A
RS
150
3?_ LED | = Jqo
1o M s —_
5 17 s :\ 2 > 29 = g
R1] /2 1 19 2= &
v Blin 2| 272 = 4
T4 =5
TOUCH SEWMSOR 100K = 1
READOUT
R3
im&
[1. BUILD THE CIRCUIT |
1. O PUSH POWER AND DISPLAY SWATCHES OFF. 9. O CONNECT T TO +9V (WHT).
2. O INSERT 272 IC ACROSS SLOT (PIN 1 AT J5).10. [0 CONNECT SPRING 5 AND +9v (RED).
3. O INSERT R2 ACRDOSS G3 AND L3, 1. O CONMECT SPRING & TO Gl (RED).
4, C INSERT R3 ACRDSS K2 AND GROUND. 12. O CONMEST SPRING 19 TO T4 (RED).
5. O INSERT R4 ACROSS J1 AND KL 13. O CONNECT SPRING W TO +9v (BLU).
L. OO INSERT R5 ACROSS A8 AND +9V. 14. O CONNECT SPRING 17 TO GY4 (BLU).
7. O INSERT LED ACROSS Ab {ANODE) AND 15. O CONNECT SPRING 18 TO GROUND (BLL).
bt (CATHODE). . O CONNECT SPRNG 29 TO Do {(BLo).

3. [0 CONNECT ML TO GROUND (WHT).

[2. TEST THE CIRCUIT |

CHECK FOR ERRORS. INSERT THE BLACK FOAM CYLINDER INTC THE TOUCH SENSOR OPENING.
ROTATE M CONSOLE POT RL ALL THE WAY TO THE LEFT. PUSH THE POWER SWITCH UP AND
PUSH THE DISPLAY MODE SWITCH TO DOT. ROTATE Rl TO THE RIGHT UNTIL ONLY READOUT LED
1 GLOWS. GENTLY PRESS DOWN ON THE PRESSURE SENSOR. A GLOWING LED MOVES LP THE
READOUT AS THE PRESSURE INCREASES. WHEN THE PRESSURE CAUSES THE READOUT TC GO
OFF SCALE, THE GREEN LED GLOWS. RELAX THE PRESSURE ON THE SENSOR AND A GLOWING
LED MOVES BACK DOWN THE READOUT.

| 3. GOING FURTHER |

INCREASE THE SCALE SENSITIVITY BY REPLACING R3 WATH A K RESISTOR. REMOVE R3 AND
INSERT THE IK RESISTOR ACROSS k2 AND GROUND. THE CIRCUIT IS NOW SO SENSITWVE THAT
EVEN VERY GENTLE PRESSURE SENDS THE READOUT OFF SCALE.
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[USE _THE PROBRE SENSOR TO DETECT RESISTANCE

THE PROBE SEMGOR CARE CAN BE CONNECTED DIRECTLY 7O THE LED READOUT TO
SIMPLE RESISTAMCE SENSOR. YOU WILL BUILD THIS CIRCUIT AND USE 1T TO SENSE

PROVIEE A
RESISTANCE

OF YOUR SkIN AND WATER. YOU wiLL ALSO BUILE A SIMPLE TIMER rRCM A SINGLE CAPACITOR.

[PARTS YOU WILL NEED

1140

0.1 UF (104)

4=

=

")

1 uF

| CIRCUIT DIAGRAM

“ *~70 conSOLE f

-

F“‘:ﬁm PROEE
| O CONSOLE ny NOT TOUCH
PROBE o CAPACITOR
LEADS.
CAPRCITOR PROBE
P
. \_‘j:—_\_\i:_'_',,f,.wn‘ree =10
\ J‘/T = 8
‘ E——_ | ;—; 1 lq = z
| ‘ = 5
: = 4
| . | . 2 20| =3
— B S—— —"
- PROBE
L_// \ Rsn;okfﬁ_/ READDUT
[1. BULD THE CIRCUIT |
L O PusH POWER AND DISPLAY SWITCHES COFF. 4. O CONNECT SPRINGS 1 AND 19 (BLL).
2. O INSERT PROBE CARD IN REMOTE LINK SOCKET. 5. O CONNECT SPRINGS 2 AND 20 {BlLLY).

3. O INSERT REMOTE LINK INTO SENSOR SOCKET.

[2. TEST THE CRCUIT

REMOVE ELECTRICAL CHARGE FROM YOUR BOSY. PLACE PROBE SENSOR CARD S0 ExPOSER PROBES
LO NOT TOUCH ANYTHNG. PUSH THE POWER SWITCH ON AND THE DISPLAY MSDE swiTCH TO

LOT. EADOUT LED 10 GLOWS, INDICATIMNG RESISTANCE BETWEEN ExPOSED PRCBES.

Skin RESISTANCE: GENTLY PRESS THE PROBES AGAINST A FINGER TIP. THE GLOWING LED

MOVES DOWRWARD. PRESS SLIGHTLY RARDER AND EVENTUALLY LEDR 1 GLOWS. MOSTEN YOUR
FINGER TIP AND REPEAT. LESS PRESSURE 16 NEEREDR TO MOVE THE GLOWING LED FROM 10 TO

5, BECAUSE MOISTURE GREATLY REDUCES THE RESISTANCE BETWEEN THE PROBES.

WATER QESISTAMCE. INSERT PROBES A SHORT DISTANCE INTO WATER. THE ZCSITICN OF THE

CLOWING (ED INDICATES IF THE WATER RESISTANCE 1S LCW OR HIGH.
CAPAZITOR TIMER: TOUZH THE LEARS OF A 2.1 Ur CAPACITOR (10%) TOGETHER TC 2EMOVE

CHARGE. SPREAD LEADS APART ANMD TOUCH THE PROBES TO THE Tws LEADRS. READOUT LED
I GLOWS. AFTER HALF A SECOND 07 SO, LED 2 GLOWS. THIS CONTINUES ONTIL LED 1D
GLOWS. TO Slow THE MOVING DOT, PLACE A @ UF ELECTRCLYTIC CAPACITOR AC0SS THE
PRCBZS. SHORT THE CAPACITOR LEADS TCGETHER, THEN THE PROBZ NEAREST THE BLACK
REMCTE LINK WIRE SHOLULD TOUCH THE LEAD OF THE CAPACITCR MARKED WTH A () SIGN.
AFTER 5 SECONDS OR SC, LED I GLOWS. THIS CYCLE CCNTINUES UNTIL LED 12 GLOWws.
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[BUILD A HIGH-SENSITIMITY SKIN RESISTANCE MONITOR

YOU CAN DETECT SKIN RESISTAMCE WITH A LED READOUT AND NO OTHER COMPOMENTS. USE
AN OPERATIONAL AMPLIFIER TO SENSE SKIN RESISTANCE WITH GREATER SENSITIVATY.
| PARTS YOU WLL NEED |
87 65
oM =—6]T:;-=-
0 272 RI-10K (BRN-BLK-CRG)
R3-1K (BRN-BLK-RED)
| I I g |
L L34
+9v
(== ¥ =]
=g
N AN 5 b\ 2 = Z
172 1 18 = a
PROBE & z 272 = @
=27 =%
14 - 17 =%
Rz 15 18 READOUT
R
190k R3 1r
iw
L =+
[1. BUILD THE CIRCLNT |
1. 00 PUSH POWER AND DISPLAY SWITCHES OFF. 8. O CONNECT SPRING I TO +3V (WHT).
2. O INSERT PRORE CARD N SENSOR SOCKET. 9. O CONNECT SPRING 2 TO A5 (RED)L
2. L) INSERT 272 ACROSS SLOT (PN L AT J5). 10, OO CONNECT SPRING 14 TO LI (BLU).
4, C INSERT Rl ACROSS A9 AND LY. 11. O CONNECT SPRING 15 TO GROUND (RED).
5. C INSERT R3 ACROSS K2 AND GROUND. 12. O CONNECT SPRING 18 TO k9 (BLU).
b. O CONNECT ML TO GROUND {(WHT). 13. OO0 CONNECT SPRING 17 TO J9 (BLU).
7. O CONNECT JI0 TO +9v (WHT). 14, O CONNECT SPRING 19 TO J1 (RED).

2. TEST THE CIRCUIT

REMOVE ELECTRICAL CHARGE ON YOUR BODY BY TOUCHING A GROUNDED ORJECT. INSPECT YOUR
WIRING AND CORRECT ANY MISTAKES. ROTATE IM CONSCOLE POTENTIOMETER R4 ALL THE WAY

TO TIAE LEFT. Pusid TIAE POWER swaATCId OM AND THE DISPLAY SWITCIH 70 DOT. MOSTEN
YOUR PINGER TiPs AND PLACE THEM ACROSS THE PROBES OF THE PRORE SENSOR. ROTATE
THE 100K CONSOLE POT R2 BACK AND FORTH. A GLOWING LED MOVES UP AND DOWN THE

READOUT. TO INCREASE SENSITIMMTY, SET Rz SO THAT OME OF THE LEDS NEAR THE BOTTOM
OF THE READCUT GLOWS WHEN YOUR FINGER TIPS ARE ACROSS THE PROBES. SLOWLY ROTATE

RY TO THE RIGHT. THIS INCREASES THE OPERATIONAL AMPLIFER'S GAIN, WHICH GREATLY

INCREASES THE CIRCUITS SENSITWITY TO RESISTANCE. WHEN A RESISTANCE SENSOR IS MADE

FROM THE LED ALONE (SEE PAGE 8}, A LOW RESISTANCE ACROSS THE PROBES MOVES THE
GLOWING LED DOWN. IN THIS CIRCUIT, A LOW RESISTANCE MOVES THE GLOWING LED UP.

[ 3. GOING FLIRTHER

You CAN USE THE REMOTE LWNK TO MOVE THE PROBE AND DO VARIOUS EXPERIMENTS. FOR

EXAMPLE, YOU CAN INSERT THE PRORE TIPS INTO SO AND MONITOR ITS RESISTANCE. MOIST
SOIL HAS LOWER RESISTANCE THAN DRY SOIL. YOI CAN ADTIIST RZ AND R4 50 THAT LED 10

GLOWS WHEN THE SOl IS MOIST. AS THE sOIL DRIES, THE GLOWING LED MOVES DOwNn

&



[BUILD A MOISTURE AND WATER BDETECTION BUZZER

CIRCUITS THAT DETECT MOIST SURFACZES AMD WATER HAVE MANY USES. THEY ARE USED TO

SOUND AN ALARM WHEN BASEMENTS FLOCD, WHEN BCATS TAKE OM WATER, AND TO ADWISE

BLIND PECPLE WHEN TC STCP POURING LIQuD INTS A CUP SR COOKING POT.
A WATER DETECTION CRROLT THAT SCuNDS THE CONSOLE BUZZER WHER

ELECTRODES TOUCZH MIIST SKIN 0% ARE IMMERSED IN WATER.

YoU wilL BUILD
TiiE PROBE

[PARTS YOU WILL NEED

a7 &S —_ ezt
N 2.72. RI-IM (BRN-BLK-GRN) 4,
o R3, R5-IK (BRN-BLKRED) HH
L 234 RY-1OM (BRN-BLK-BLLY)
[ CIRCUIT DIAGRAM |
+ Ry +ay +Qy &,
. Ml
{ ¢ PROBE i
e R&:\J&TE 17
T~ PRCEE RO 18
1M
N R3
| % LK
WATER OR I =

MolST SWRFACE

[ 1. BUILD THE CIRCUIT

L O PusH POWER AND DISPLAY SWITCHES OFF.
2. O INSERT PRCBE CARD IN SENSOR SOCKET.

9. O CONNECT ML TO GROUND (WHT).

10. O CONNECT JI& TO +9v (WHT).

3. O INSERT 272 IC ACROSS SLOT (AN 1 AT J5) 11. OO0 CONNECT B5 TO +9V {WHT).
9. [T INSERT (@ AT AL {S), BL {D} AND LI (G 12. O CONNECT SPRIMG 1 TO 9V {(WHT).
5. C INSERT Rl ACROSS L4 AND Ee. 13. O CONNECT SPRING 2 TO ELD (RED).
. C INSERT R3 ACROSS k2 AND GROUND. 4. OO0 CONNECT SPRING 17 TO L3 (BLU).
7. O INSERT R4 ACROSS J1 AND Kl 15. OO0 CONNECT SPRING 18 TO GROUND (BLL).
£. O INSERT RS ACROSS €4 AND J4. lo. [0 CONNECT SPRING 21 TO A5 (RED).
I7. L1 CONNECT SPRING 22 TO GROUND (BLU).
[2. TEST THE CRCUIT |

REMCVE ELECTRIZAL CHARGE FROM YOUR 30DY BY TOLIHING A GROUNDED COBJECT. CHElK YOUR

WIRING FOR ERRORS. PUSk TRE POWER SwWITCH OM. MOMTEN YOUZ FNCERTIPS AND PLAZE

THEM AC205S THE EXPOSED PROBES. ADJUST 1M CONSCLE PCT R2 UNTIL THE BUZZER JUST

SOUNDS. 2EMOVE YOUR FINGERS ANMD THE BUZZER IS SILEMT. COMNECT TRE PRSBE CARD TO

THE REMCTE
REMCVE THE

CRLY TIAE EMDS OF TI4E FRCBES N

TiHE WATER.

LINK. DIP THE PIORES SLIGHTLY INMTO THE WATER, AND THE BUZZERY SOUNMDS.
PROBES AND THE BUZZERY IS SILENT. ADJUST Rz FOR BEST RESCLTS. PLACE

[ 3. GOING FURTHER

REDUCE THE CIRCUIT SENSITIMTY BY REPLACING R< WITH A W RESISTOR (BRN-BLK-GRN).
WHAT HAPPENS TO THE CIRCUIT 'S SENSITIVITY WHEN YouU ADD A DROP OF LEMON JUICE OR
WVINEGAR TO THE WATER? BOTH LIQUIDS ARE ACIDS, MEARING THEY GREATLY REDUCE THE
WATER ' RESISTANCE.
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[BUILD A DIGITAL LOGIC WATER DETECTION CIRCUIT |

MOST PRORE CIRCUITS N THIS MANUAL HAVE AN ANALOG INPUT (272 OPERATIONAL AMPLIFER
OR 555 TIMER). THIS CIRCUIT HAS A DIGITAL INPUT (4011 OIAD NAND GATE). BY BULDING THIS
CIRCUIT, You WILL LEARN HOW FLEXIBLE THE DESIGN OF PROBE CIRCUITS CAN BE.

[PARTS YOou WILL NEED |

, == HEEERAS
‘ § :| 0 4011 = —_ 1
- = b RI-IK (BRN-BLK-RED) C1-0.1 LF (104)
[CIRCLIT DIAGRAM |
+9y + 9V

PRORE t GROUND UNUSED INPUTS OF
1 911 (PINS 8, 9, 12 AND 13).
Ti SPKR
L AM 25
R1 24
f¢ e
e _REMOTE e 17
LiNK iz
Lo R
u \Paoe.e | 1M 28 2b
ML—»
WATER

[I. BUILD THE CIRCUIT |

1. O PUSH POWFR AND DISPLAY SWITCHES OFF. 14, [J CONNECT SPRING L TO +9v ({WHT).

2. C INSERT PROBE CARD IN SENSOR SOCKET. 15. O CONMNECT SPRING 2 TO ALD (WHT).
3. O INSERT “0ll IC ACROSS SLOT PN 1 AT H5). . O CONNECT SPRING 15 TO I (BLU).
4. O INSERT Rl ACROSS HZ AND As. 17. O CONNECT SPRING 14 TO T2 (BLU).
5. O INSERT Cl ACRDSS Il AND KL 18. O CONNELT SPRING & TO GROUND

L. 1 CONNECT NI TO GROUND {(WHT). {BLU).

7. O CONNECT HID TO +9v (WHT). 19. O CONNECT SPRING 17 TC H4Y (BLU).
& 0O CONNECT J3 TOC L3 (WHT). 20. 1 CONNECT SPRING 18 TO #9v {RLI).
9. 1 CONNECT LY TO MY (WHT). zl. O CONNECT SPRING 27 TO K4 (RED)L
10. O CONNECT N9 TO N7 (WHT). 22. [0 CONNECT SPRING 28 TO GROUND
1. O CORNECT Ilo T IIo OWHT) {RED).

12. O CONNECT J8 TO M& (WHT). 23. O CONNECT SPRINGS 23 AND 26 (RED).
13. O CONNECT MI0 TO NID (WHT). 24. [0 CONNECT SPRINGS 24 TO 25 (WHT).

2. TEST THE CRCUIT |

REMOVE ANY ELECTRICAL CHARGE FROM YOUR BODY BY TOUCHING A SCREW ON A LIGHT SWITCH
OR OTHER GROUNDED OBJECLT. CHECK YOUR WRING FOR ERRORS. ROTATE THE IM CONSOLE
POTENTIOMETER R2 ALL THE WAY TO THE LEFT, THEN PUSH THE POWER SWITCH ON.
ADJUST THE 100K CONSOLE POTENTIOMETER R3 TO PROVIDE THE MOST DESIRABLE TONE FROM
THE SPEAKER. NOW ROTATE R2 UNTIL THE TONE JUST STOPS. TOUCH A MOISTENED FINGER
TIP ACROSS TiHE PROBES OF TIAE PROBE CARD, AND TIHE TOME RETURNS. CONNECT TIHE PROBE
CARD TO THE REMOTE LINK TO TEST THE CIRRCUIT WITH WATER. USE A SPOONFUL OF WATER
N A SMALL PLASTIC CUP OR SOFT DRINK CAP TO AVOID SPLLING WATER ON YOUR CONSOLE.

N



[BULD A LED YES-NO WATER INDICATOR

You wWALL BUILD A VERY SENSITIVE WATER AND MOISTURE SENSOR. WHEM THE PROBES OF THE
PRORE CARD ARE DIPPED INTO WATER OR TOUCHED TO A MOIST SuURFACE, THE GREENM LED
SWITCHES OFF AND THE RED LED GLOWS.

| PARTS Yo WALL NEED

a7 b s

- — Oonann —W._— ﬁi@
H i ] 0 272 RI-IM (BRN-BLK—CRN) 1 RED LED
-y oo R2-10M (BRN-BLK-BLL) 1 GREEN LED
1 34 R4, R5-1K (BRN-BLK-RED)
[CIRCUIT DIAGRAM
+ Gy +qy +9y +qv
1 1k
RED
2 J\é\f\ LED
{ ¢ PROBE 1M 17
RS
-~ RuEJ:;ETE N % o E
~ orosE fOM 1A
ﬂ u GREEM
1 ™ LED
M‘A— ___ —
WoATER OR = =

MEIST SURFACE

[1. BulLD THE CIRCUIT

L. O PusH POWER AND DISPLAY SWITCHES OFF. & O INSERT GREEN LED ACROSS T2 (AN

7. O INSERT PROBE CARD N SENSOR SOCKET. ODR) AND GROUND {CATHODE).

3. O INSERT 272 IC ACROSS SLOT (PN L AT J5). 9. O CONNECT M4 TC SR0OUND (WHT).

4. O INSERT Rl ACROSS k4 AND Eé. 10. O CONNECT JIo TO +9v (WHTL

4. O INSERT R2 ACROSS KL AND GROUND. 1. [0 CONNECT SPRING 1 TO +9v {WHT).
5. O INSERT R4 ACROSS Il AND +9V 12. O CONNECT SPRING 2 TO EI0 {RED).
G. LI INSERT RY ACROSS J5 AND TE. 13. O CONNECT SPRING L TO J9 {BLL).
7. O INGERT RED LED ACRCSS IZ (ANODE) AND 14. O CONNECT SPRING 17 TO L4 (BLU).

J2 {CATHCDE). 15. L1 CONNECT SPRING 18 TO GROUND (BLuj.

[2. TEST THE CRCUIT

REMOVE ELECTRIZAL CHARGE FRCOM YOUR 20DY 2Y TOULHING A GROUNED CBJECT. CHECk FOR
FRROES. PUSH THY POWER SWATCH O8N AND R0TATE W CONSCLE POT R4 ONTR THE 28D 1vD
IS CFF AND THE GREEN LED 'S ON. PLACE A MOST FINGERTIF ACRCSS THE PRCBES OF THE
PRCBE CARD. THE GREEN LED TURNS CFF, AND ThHE RED LED CGLows. IF THE ZIRCUIT DCES
NOT WORK PROPERLY, ABJUST R3 UNTIL THE GREENM LED sSWTCHES oM WHEN THE PRCRES
ARE NCT TCUCHING ANYTHING. THE CIRCUIT INDICATES WHEN THE PROBES ARE DIPPED INTO
WATER. CONNECT ThE SENSCR CARD TO THE REMCTE LINK. THE CRRCUIT IS SC SENSITIVE
THAT IT INDICATES WHEN THE PRORES TZUCH YouR HAND, EVEN 'r YOUR HAND 'S DY,

[ 3. GOING FURTHER |

USE THIS CRCUIT TO CHECK IF MATERIALS ARE GOCD INSWATORS. SUZH VATERIALS CONJLCT
ELEZTRICITY 2OORLY, IF AT ALL. ARJUST RI FOR MAXIMUM SENSITMTY THEN TOuUCH PRORES TC
THE MATEZRIALS TO TERT. THE GREEN LED OLOWS wWHEN TRE PROBES To0:0H Gool
TNSLLATORS LIKE GLASS, PLASTIC, AMD DRY PAPER.
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[BRUILD A PENDULUM SWITCH

PENDULLM SWATCHES ARE LISED TO DETELT VIBRATIONS AND MOVEMENT. TRANSFORM THE PRCBE

CARD INTO A SIMPLE PENDULUM SWATCH BY HANGING THE PAPER CLIP FROM ONE OF THE

PROBES. THE TOME FREGUEMCY FROM THE SPEAKER FALLS WHEN THE PROBE CARD 'S MOVED.

[PARTS YOu WILL NEED

P — B7 &5
I 5‘ J H 555|
- — 1234

R2-10K (BRN-BLK-ORG)

—

R3-270 (RED-VIO-BRN)

cl, £2-0.1 bF (104}

[CIRRCUIT DIAGRAM

PROERE
*_ remete S

=5

+qy +9v +9v
R1 5 |4
ook |13 7 23
”RZ, é
10%
55%
b 24
2 3 SPRR

[1. BUILD THE CIRCHAT

1L O PusH POWER AND DISPLAY SWITCHES OFF.

3. O INSERT REMOTE LINK IN SENSOR SOCKET.

9. O CONNECT &8 TO +4Vv (RED).
2. O INSERT PROBE CARD IN REMOTE LINK SOCKET. 10.

11.

3. O INSERT 555 IC ACROSS SLOT (PIN 1 AT Q5. 12,

H4. L INSERT R2 ACROSS RIO AND SIO.
5. O INSERT C1 ACROSS G2 AND Q2.
6. O INSERT €2 ACROSS Gl AND Rl
7. O INSERT R3 ACROSS FG AND +9V.
8. O CONNECT Q3% TO GROUND (WHT).

O CONNECT
O CONNECT
O CONNECT

. O CONNECT
. O CONNECT
. O CONNECT
. O CONNECT
. O CONNECT

T4 TQO 07 (WHT).

R4 TO S7 {WHT).
SPRING 1 TO S8 (Blu).
SPRING 2 TO 05 (RED).
SPRING 14 TC +9v (Blu).
SPRING 13 TO R9 {(RED).
SMRING 23 TCO FLO RED).
SPRING 24 TO S4 (BLU).

2. TeST THe CIRRCUIT

REMOVE ELECTRICAL CHARGE FROM YOUR BODY. HOLD THE PROBE CARD OVER THE EDGE OF
YOUR WORK SURFACE AND HANG THE PAPER CLIP FROM THE UPPER PROBE. THE PAPER CLIP
SHOULD SURROUND BUT NCT TOUCH THE LOWER PROBE. PUSH THE POWER SWATCH ON. THE
SPEAKER EMITS A TONE. ADJUST THE TONE FREQUENCY TO THE PREFERRED VALUE BRY

ROTATING 100K CONSCLE POT RL. TWLT THE PROBE CARD SO THE PAPER CLIP MAKES CONTACT
WITH THE LOWER PRCRE. THE TONE FREQUENCY FALLS WHEN THE PAPER CLWP TOUCHES THE

PROBE. TILT THE SENSOR CARD UPRIGHT, AND THE TONE RESUMES 1TS ORIGINAL VALUE.

3. GOING FURTHER

THIS CIRCUIT DETECTS VIBRATIONS AND GROUND MOTION CAUSED BY WIND, INTRUDERS, OR AN
EARTHOUAKE. IF YOU DON T NEED THE "TWEE-DEL ~ SOUND PROVIDED BY THE 555 OSCILLATOR,

CONNECT THE PROBE DIRECTLY TC THE BUZZER. CONNECT SPRING 1 TO +9v (WHT), THEN
CONNECT SPRINGS 2 AND 21 (WHT). CONNECT SPRING 22 TO GROUND (BLU).
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[RUILD A TEMPERATURE-CONTROLLED AUDIO OSCIIATOR |

SOMETIMES IT'S HELPFLL TC BE ADVISED ABOUT A SUBTLE CHANGE M TEMPERATURE BY
A TONE CHANGE RATHER THANM A VSIBLE INSICATOR SUCH AS A DIGITAL DISPLAY. You wiLL
BULE A SIMPLE AUDIO OSCILLATOR WHOSE FREQUENCY 'S DETERMINED BY TEMPERATURE.

[ PARTS YOH WILL NEED |

B Ondn —J_F— =j>.
(=i b 555 ===
/¥ RI-10K (BRN-BLK-ORG) CL-0.1 LF (104)

L1234 R2—270 (RED-VIO-BRN)

LCIRCUIT DIAGRAM |

+9V +3v +9y
= 1 ’ RZ. THE FREQUENCY OF 555 AuDIO
a |y 270 OSCILLATORS 1S USUALLY CHANGED
2 - 23 BY MEANS OF A POTENTICMETER.
IN THIS CIRCUIT THE THERMISTOR
TRERMISTOR Rt é .| sss y PLAYS THE ROLE OF A POTENTICMETER.

2 z SPKR

1
e1 L
0auE T l

[ 1. BUILD THE CIRCINT
L1 PSH POWER AND DISPLAY SWITCHES OFF.

O CONNECT &8 TO +9v (RED).

8.
2. O INSERT THERMISTOR CARD W SENSOR SOCKET. 9. O CONNECT RY TO S7 (WHT).
3, O INsSERT 555 1T ACRCSS SLOT (PN 1 AT Q5). 1. O CONNECT T4 TO Q7 (WHT).
4, C INSERT Rl ACROSS RI0 AND SIO. 1. O CONNECT SPRING L TO +9v (WHT).
5. O INSERT RZ ACROSS GF AND +9v, 12. O CONNECT SPRING 2 TO R9 (RED).
. (1 INSERT Cl ACROSS RI AND GROUND. 13. O CONNECT SPRING 23 TO Gl (RED).
7. O CONNECT 563 TO GROUND (WHT). 14. O CONNECT SPRING 24 TO 4 (RLU).

[2. TEST THE CRRCUIT |
INSPECT WAUNG Fok ERReRs. PusH THE POWER SWITCH ON. YOU HEAR A TONE FROM THE
SPEAKER. IF NOT, PusH THE POWER swWITCH OFF AND CHECK FOR ERRCORS. THE THERMISTOR
RESISTANCE 1S ARCUND 10,000 OHMS, AND IT DECREASES WHEN THE THERMISTOR 1S WARMED
AND INCREASES WHEN THE THERMISTOR 'S COQLED. IF YOU wWARM THE THERMISTOR CARD BY
BLOWING CN 1T, THE TONE FREQUENCY RISES. HEAT FROM SUNLIGHT HAS THE SAME EFFECT.
FCR A MORE DRAMATIC DEMONSTRATION, CONMECT THE THERMISTOR CARD TO THE CONSOLE
USING THE REMOTE LiMk. HOLD THE SENSCR CARD NEAR AR FROM AN AIR CONDITIONER OR
HEATER. THE TONE FREQUENCY FALLS RAPIDLY WHENM THE CARD 1S COOLED AND USES RARDLY
WHEM THE CARD 1S HEATED. MOVE THE CARD AWAY FROM THE AIR, AND THE FREQUENMCY OF
THE TONE GRADUALLY RETURNS TO ITS PREVIOUS vALUE.

CAUTICN: DC NOT PLACE SENSOR CARDS, REMCTE LINK, C2 CONSCLE 1 LIQUIDS NEAR A
FLAME, SCLDERING IRON, HAIR DIVER, OR OTHER HEAT SOURCE. LIQUIDS AND EXCESSIVE HEAT
VAY DAMAGE THE PLASTIC COMPOMENTS AND DELICATE SENSORS. NEVER SPRAY ANY CHEMICAL
INTENDED TO COCL ORJECTS ON THE SENSCR CARDS, REMOTE LINK, OR CONSOLE. CHEMICALS
VAY DAMBGE AND DISZCLOR PLASTIC.
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[BUILD A TEMPERATURE-CONTROLLED THERMOSTAT |
THERMOSTATS ARE ELECTRONIC OR ELECTRO-MECHAMCAL DEVICES THAT <SENSE TEMPERATURE.
THEY SWITCH A HEATWG OR COOLING DEVICE ON OR OFF WHEN THE TEMPERATURE STRAYS

FROM A DESIRED LEVEL. YOoU wALL BUILD A BASIC THERMOSTAT THAT SWITCHES ON A LED
WIHEN TEMPERATURE EXCEEDS A PRESET VALLUE.

[PARTS You WILL NEED |

a1 b s
—r = foion —_- - =D
(\_"/\'E ] H 272 R3-IK (BRN-BLK-RED) RED LED
=] Iy |
1234
| CRCLIT DIAGRAM
+9y +9v +3v + v
A 4 A
R3
1K
R1
RED
Lok o RL CED
100
-
= Lol o e
; | z[272
z 14
THERMISTOR

[

. BOILD THE CIRCUIT _ | |
1. O PUSH POWER AND DISPLAY SWITCHES OFF. CONNECT J.0 TG 9y (WHT

T
2. O INSERT THERMISTOR CARD IN SENSOR g. [ CONNECT SPRING 1 TO L4 (RED).
SOCKET. 9, O CONNECT SPRING 2 TO GROUND (RED).

3. O] INSERT 272 IC ACROSS SLOT (AN 1 AT J5). 1€ O CONNECT SPRING 10 TO LI (RED).

4, T INSERT R3 ACROSS Hb AND 9V, 1L O] CONNECT SPRING 1L TO J8 (RED).

5. O INSERT LED ACROSS HL (ANODE) AND 12. LI CONNECT SPRING 13 TO GROUND
Il {(CATHODE). (RED).

L. [0 CONNECT Ml TO GROUND {WHT). 13. 0 CONNECT SPRING 14 TO Kl (BLU).

14. O CONNECT SPRING 15 TO +9 v (BLU).
[2. TEST THE CIRCUIT |

CHECK THE CIRCUIT FOR ERRORS AND ADJUST 10K CONSOLE POT Rl TO ITS MID-POINT. PUSH
THE POWER SWATCH ON. ADJUST 100K CONSOLE POT R2 UNTIL THE LED JUST SWATCHES OFF.
WHEN THE THERMISTOR SENSOR CARD 1S WARMED ABOVE \TS PRESENT TEMPERATURE, THE
LED GLOWS. ADJUST RL TO CONTROL THE CRCUT SENSITMATY RANGE. CAUTION: DO NOT
PLACE SEMSOR CARDS, REMOTE LINK, OR CONSOLE IN LIQUIDS OR NMEAR A FLAME, SOLDERING
IRON, HAIR DRYER, OR OTHER HEAT SOURCE. LWQUIDS AND EXCESSIVE HEAT MAY DAMAGE THE
PLASTIC COMPONENTS AND DELICATE SENSORS. NEVER SPRAY ANY CHEMICAL INTENDED TO
COOL OBJECTS ON THE SENSOR CARDS, REMOTE LINK, OR CONSOLE. SUCH CHEMICALS MAY
DAMAGE AND DISCOLOR PLASTIC.

[ 3. GOING FURTHER |

You CAN MODIFY THE CIRCUIT TO SWATCH THE LED OFF WHEN TEMPERATLRE RISES. PUsH
THE POWER SWITCH OFF AND SWITCH THE CONNECTIONS TO PINS 2 AND 3 OF THE 272 OP
AMP. PUSH THE PowbR SWATCH ON AND ADIUST RZ LNTIL THE ED JUST Gl Oows.
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[BUILD A TEMPERATURE CONTROLLED BUZZER

BUILE A THERMOSTAT-STYLE CIRCUNT THAT STOPS THE CONSCLE BUZZERY WHEN THE
THERVISTOR TEMPERATURE EXCEEDS A PRESET wALUE. COMPARE THE CIRCUIT DIAGRAM BELOW
WITH THE ONE CN PAGE 75. BOTH USE THE SAME INPUT COMPONEMTS AND CONNECTIONS.

| PARTS YOu WALL NEED

[B_I Onon W L ioﬁ‘f
—1 - # .
L 292 R3-IK (BRN-BLK-RED) | fé»_r
TR 1l
1 L34
Ql-POWER FET
| CIRCUIT DIAGRAM
+9vy +9qv t qu + Gy
’i “"é
10% wa
1t |10 100K
15
-I- 1

i4
( g .
3 ES
2
THERMISTOR J
_J— —

[1. BUILD THE CIRCUIT |

I. O PusH POWER AND DISPLAY sSWITCHES OFF. 9. O CONNEST SPRANG @ TC L= (RED.

O INSERT THERMISTOR CARD 1IN SENSOR 10. O CONNECT SPRING 2 TO MY (RED).

SOCKET. 1. O CONNECT SPRING 10 TO L1 (RED).

O INSERT 272 IC ACROSS SLOT (AN L AT J5). 12. O CONNECT SPRING 11 TO +9v (RLU).

C INSERT Ql AT Al (S), Bl (D) AND Cl1 {G). 13. O CONNECT SPRING 13 TO GROUND

O INSERT R3 ACROSS CH AND J4. {REDy).

C CONNECT ML TO GROUND {(WHT). 14. O CONNECT SPRING 19 TO k49 (BLU).

O CONNECT J10 TO +9v {(WHT). I5. O CONNECT SPRING 15 TO +9v (BLU).

. O CONNECT B5 TO +9v (WHT). lo. OO CONNECT SPRING 21 TO A5 {(RED).
I7. O CONNECT SPRINGS 2 AND 22 (WHT).

[2. TEST THE CRCUIT |

CORRECT ANY WIRING ERRORS. ADJUST 10k CONSCLE PCT R TO ITS MID-POINT. PUSH THE
POWER SWITCH ON AND ADJUST 100k CONSOLE POT R2 UNTIL THE BUZZER SCUNDS. THE
BUZZER STCPS SOUNDING WHEN THE THERMISTOR TEMPERATLURE RISES.

CAUTION: DC NOT PLAZE SENSOR ZARDS, 2BEMOTE Link, C% CONSCLE IN LIQUIDS CR NEAR A
FLAME, SCLEERING IRGCN, HAIR D2YER CR CTHER HEAT SCURZE. LIQUIBS AND EXCESSIVE HEAT
VAY DAMAGE THE PLASTIC COMPOMENTS AND DELICATE SENSORS. NEVER SPRAY ANY ZHEMICAL
INTENDED TO COCL OBJECTS ON THE SENSCR CARDRS, REMOTE DNk CR CCNSOLE. SUCH
CHEMICALS MAY DAMACE AND DISCOLOR PLASTIC

[ 3. GOING FURTHER |

YoU CAN REVERSE THE CIRCUWT OFERATION SO THE BUZZER SOUNDS WHEN THE TEMPERATURE
RISES. AS WITH TRHE LED ON PAGE 75, JUST SWTCH THES CONMNECTIONS TO Plug 2 AMD 3 CF
TIAE 272 0P AMP.
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[BLLD A REMOTE TEMPERATURE TRANSMITTER

Yo WILL BUILD A TRANSMITTER THAT SENDS THE TEMPERATURE OF THE THERMISTOR
SENSCR CARD BY FLASHING AN LED. THE MUMBER OF FLASHES IS PROPORTIONMAL TO THE
TEMPERATURE, AND THEY ARE SLOW ENOUGH TO COUNT THEM.

[ PARTS YOU WILL NEED
\é‘ jrerea TR R B S ==

0 555
C1-100 LF RI-2.2Kk {RED-RED-RED) 1 RED LED
R2—-470 (YEL-VIC-BRN)

L CIRCLIT DIAGRAM | [1. BUILD THE CIRCUIT
+Qy +Qv +qy 1. O PuUSH POWER AND DISPLAY
SWITCHES OFF.
N I gs 2. C INSERT THERMISTOR CARD IN
T 2 |4 470 SENSOR SOCKET.
@' Rep 3. O INSERT 555 IC AZROSS SLOT
z 7 LED (AN 1 AT O5).
TRERMISTOR R é - 9, 7 INSERT Cl ACROSS R2 {+) AND
u| 555 Q2 (-).
T INSERT LED ACROSS PL {ANODE)
AND Sl {CATHCDES.
. 0 INSERT Rl ACROSS R16 AND S10.
. O INSERT R2 ACROSS Ps AND G9.
. T CONNECT Q3% TO GROIND (WHT).
. 71 CONNECT Qlo TO +9v (RED).
= = 10. O CONNECT R4 TO S7 (WHT).
1. OI CONNECT T4 TO Q7 (WHT).
12. O CONNECT SPRING 1 TO +9v
(WHT).
13. O CONNECT SPRING 2 TO R9 (RED).
[2. TEST THE CIRCUTT |

CHECK FOR WARING ERRORS. PusH THE POWER SWATCH ON. THE LED SLOWLY FLASHES. THE
ACTUAL TEMPERATURE (FAHRENHEIT) IS ABOUT 2 T'MES THE NUMBER OF FLASHES N &0
SECONDS. AN EXACT CALIBRATION CANNOT BE GIVEN BECAUSE OF SLIGHT VARIATIONS N THE
VALUES OF THE THERMISTCR AND Cl. CAUTION: DO NOT PLACE SENSOR CARDS, REMOTE LINK,
OR CONSOLE N LIQUIDS OR NEAR A FLAME, SCLDERUNG IRON, RAIR DRYER, OR OTHER HEAT
SOURCE. L1QuiDS AND EXCESSIVE HEAT MAY DAMAGE THE PLASTIC COMPONENTS AND DELICATE
SENSORS. NEVER SPRAY ANY CHEMICAL INTENDED TO COOL OBJECTS ON THE SENSOR CARDS,
REMOTE LINK, OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC.

[3. GOING FURTHER |

YOU CAN CALIBRATE THIS CRCUIT WITH A THERMOMETER. PLACE THE THERMOMETER AND THE
THERMISTOR CARD IN A REFRIGERATOR. AFTER AROUT 15 MINUTES, REMOVE THE THERMOMETER
AND NOTE ITS TEMPERATURE. INSERT THE THERMISTOR CARD IN THE CONSOLE AND COUNT THE
FLASHES FOR &0 SECONDS. REPEAT THESE STEPS, PLACING THE THERMISTCR CARD AND
THERMOMETER N AN AR CONDITIONED ROOM AND W A SHADY <SPOT OUTDOORS. GRAPH YOUR
DATA, WITH THE ¥ AXIS ON THE ROTTOM FOR TEMPERATURE AND THE Y AXIS ON THE LEFT
FOR MUMBER OF FLASHES. CONNECT THE POINTS. USE YOUR GRAPH TO MEASURE THE
THERMISTOR TEMPERATURE BY COUNTING THE FLASHES FOR 1 MINUTE. AT NIGHT YOU CAN
SEE THE FLASHWG LED FROM A CONSIDERABLE DISTANCE.
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[BUILD A TEMPERATURE-CONTROLLED CHIRP GENERATOR |

THE CONSCLE BUZZER DCES ITS JOB BY GETTING YCUR ATTENTION., SOFTEM TS IMPACT BY
BULEING THIS CIRCUT THAT INDICATES TEMPERATURE WITH A SERIES OF CHIRPS.

[PARTS YOU WILL NEED

7,
- gasnes J— O
- A A
(;‘}5 :| B H 11 ' I /éf
~ (EpEpEREREpu g C1-100 LF '
— 1 T 9 5k 7 C2—4.7 ¥
Ql-POWER FET

[CIRCUIT DIAGRAM

+ Qv

5 F
1/4 = 14
2| qp11 o | 401y
7
1 -
T
@ s

THERMISTOR

[

GROUND UNUSED INPUTS OF
4l PINS 8, 9, 12 AND I3

[ 1. BUILD THE CIRCUIT

. O PusSH POWER AND DISPLAY SWITCHES OFF.
2. O INSERT THERMISTOR CARD IN SENSOR

SOCKET.

i

(PN 1 AT H53J.

hh ~J & w1 _¢

~

O INSERT 401l IC IC ACROSS SLOT

. O INSERT QI AT Al (S), BL (D) AND Cl (G).
. O INSERT Cl ACROSS Kl (+) AND I1 (-)
. O INSERT €2 ACROSS K2 {+} AND 2 ().
O CONNECT NL TO GROUND (WHT).
. O CONNECT Al TO +9 (WHT)L
1. O COMNECT BS TO +9V {(WHT).
10. O CONNECT HY TO I4 (WHT)

L.
12.
13.
14. O CONNECT
I5.

lo. O CONNECT
17.
18.
19.
20.

21

22.

O CONMECT
LI CONNECT
O CONNECT

O CONNECT

O CONNECT
O CONNECT
O CONNECT
O CONNECT
O CONNECT
O CONNECT

J3 TO L3 (WHT).

L4 TO MY (WHT).

NY TO N7 (WHT).

IIo TO JIO (WHT).

J8 TO M8 (WHT).

MIO TO NID (WHT).

SPRING 1 TO LI (RED).
SPRING 2 TO H3 (RED).
SPRING 14 TO GROUND (RED).
SPRING 15 TO €5 (BLUJ.
SPRING 21 TO A5 (RED).
SPRING 22 TO GROUND (BLLY).

[2. TEST THE CIRRCUIT

CHECK FOR ERRORS, PUsH THE POWER SWATCH ON, AND THE BUZZER EMITS BRIEF PULSES CF
SOUND. ADJUST 100k CONSOLE POTENTICMETER RI TC PROVIDE THE BEST SOUNDING CHIRPS. A
CHANGE IN TEMPERATURE WALL CHANGE THE CHIRP RATE.

CAUTICN: DC NOT PLACZE SENSOR CARDS, REMOTE LiNK, CR CONSCLE IN LIQUIDS CR NEAR A
SCURCE OF REAT. H1QUDs AND EXCESSIVE
HEAT MAY DAVAGE TAE PLASTIC COMPONEMTS ANE THE DELICATE SEMSCRS. NEVER SPRAY OM
THE SENSOR CARDS, REMOTE LINK OR CONSOLE ANY CHEMICAL INTENDED TO COOL ORJECTS.

FLAME, SCLEERING IROM, RAIR DRYER, OR CTHE

SUCH CHEMICALS MAY DAVAGE AND DISCOLOR FLASTIC.

[ 3. GOING FURTHER

SES PAGE 77 FOR TIPS ABOUT CALIBRATING THIS CRCLIT.

78



[BLLD A TEMPERATURE-CONTROLLED BARGRAPH READOUT

THE BARGRAPH READOUT CAM BE USED TO MAKE AN ELECTRONIC THERMOMETER THAT
RESEMBLES A CONVENTIONAL L\QUID-FILLED THERMOMETER TUBE. YOU WILL BUILD A CIRCUIT
THAT USES THE BARGRAPH READOUT IN THIS MANNER.

[PARTS YOu WILL NEED

__ 87 &S =)=
N nnnn
SE ] 5 2777 R2, R3-1K (BRN-BLK-RED)
— ugs|
1234
[CIRCUIT DIAGRAM
+ 9V + Gy

T@ !; lqO
= 8
= 7
2 = 7
a2 5
TRERMISTOR, = 4
=i
Il = 1
Ri 12 READOUT
10K K3
RZ 1K
im
[1. BUILD THE CIRCLIT |
L. O PusH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT JI0 TO +9v (WHT).
2. O INSERT THERMISTOR CARD IN SENSOR SOCKET. £, [0 CONNECT SPRING 1 TO +9V {(WHT).
3. O INSERT 272 \C ACROSS SLOT (BN L AT J5). 9. [ CONNECT SPRING 2 TO LY (RED).
4. C INSERT R2 ACROSS K2 AND GROUND. 10. O CONNECT SPRING 1L TO L3 (BLU).
5. C INSERT R3 ACROSS JL AND KL 11. O CONNECT SPRING 12 TO GROUND
&

. O CONNECT Ml TO GROUND (WHT).

(RED).
12. O CONNECT SPRING 19 TQ J2 (RED).

[2. TEST THE CIRCUIT

CHECK YOUR WARING FOR ERRORS. PUSH THE POWER SWATCH ON AND DISPLAY MCDE SwITCH TO
DOT. ADJUST 10Kk CONSOLE POT UNTIL A READOUT LED BETWEEN 2 AND ¢ GLCWS. THE LED
DOT RISES WHEN THE THERMISTOR 1S WARMED AND FALLS WHEN CCOLED. THE RESPONSE TIME

IS SLOWER FOR LIGHT SENSOR CIRCLUITS THAT USE ThHE READOLT. YOU CZAN sSwWiTCH THE

DISPLAY MODE SWATCH TO BARGRAPH, LIKE A THERMOMETER. SwITCH THE DISPLAY MODE OFF
WHEN THE CIRCUIT 1S NOT N USE. CAUTION: DO NOT PLACE SENSOR CARDS, REMOTE LINK, OR

CONSCOLE IN LIQUIDS OR NEAR A FLAME, SCLDERING IRON, HAIR DRYER OR OTHER HEAT SOURCE.
LQUIDS AND EXCESSIVE HEAT MAY DAMAGE THE PLASTIC COMPONENTS AND THE DELICATE

SENSORS. NEVER SPRAY ANY CHEMICAL INTENDED To COOL CRJIECTS ON THE SENSOR CARDS,

REMOTE LINK OR CONSOLE. SUCH CHEMICALS MAY DAMAGE AND DISCOLOR PLASTIC.

| 3. GOING FURTHER

SPRING 29 1S INTERNALLY CONNECTED TC READCUT LED 10, MEANING YOU CAN TRIGGER AN
EXTERNAL CIRRCUTT WHEN THE TEMPERATURE REACHES 10. INSERT THE GREEN LED ACROSS +av

{ANODE) AND AL (CATHODE). CONNECT SPRING 29 TO A0 (BLL). THE GREEN LED GLOWS WHEN

READOUT LED 10 GLOWS.



[BUILD A LIGHT-ACTIVATED BUZZER

LIGAT-ACTWATEDY BLZZERS HAVE MANY USES. YOU WILL USE THE PHOTORESISTOR SENSOR CARD

AND A 272 OPERATIONMAL AMPLIFIER CONNECTED AS A COMPARATOR TO MAKE A SIWPLE LIGHT-

ACTIVATED BUZZER.

[PARTS YOH WILL NEED

g7 &5 ) ey
i = norn = _— ;,
@'E :| H .72 RI-10K {BRN-BLK-ORG) ’/;;’ al-
—. T O R3-IK {BRN-BLK-RED) H u POWER FET
1L 234 .
| CRRCUIT DIAGRAM
+9v  +9v +9y +9v
A [
®’1
LOK
4.4 2
@ i 17 z ,
18
PHOTORESISTOR f.&. BUZZER
22

[1. BUILD THE CIRCUIT

TC

TO
TG

TO

TO Kl (RED).

-

L1 (BLU).
GROUND

A5 (RED).

. O PusH THE POWER AND DISPLAY SVWATCHES OFF. 10, O CONNECT SPRING I

2. O INSERT PHOTORESISTOR CARD IN SENSOR . O CONNECT SPRING 2 TO GROUND
SOCKET. {RED).

3. O INSERT 272 IC ACROSS SLOT (BN 1 AT I5). 12. O CORNECT SPRING Lo

4, O INSERT Gl AT C1 (G, BL (D) AND Al (S). (BLLUY,

E. Ll INSERT Rl ACRDSS SPRING 1 AND +9V. 3. L CONKEZT SPRING 17

. 00 INSERT R3 ACROSS €4 AND J4. 14. O CONNECT SPRING 18

7. O CONNECT ML TO GROUND (WHT). B

£, O CONNECT JI0 TO +9v (WHT). 15. O CONNECT SPRING 21

4. O CONNECT B3 TO +9v (WHT). . O CONNECT SPRING 22

Bl

TO

GROUND

[ 2. TEST THE CIRCUIT

CHECK YOUR WIRING FOR ERRCRS. BE SURE THAT POWER FET QI 1S INSTALLEDR CCRRECTLY
WITH 179 FRONT SIBE FACING THE RIGHT SIDE OF THE CONSCLE. ALLOw LIGHT TO STRKE
THE PHOTORESISTCR SENSOR CARD. PUSH THE POWER SWATCH ON, THEN ADIUST 1M CONSOLE
PCTENTIOMETER RZ UNTIL THE BUZZER SOUNDS. SHADE THE PHOTORESISTCR CARD, AND THE
BUZZER SWTCHES CFF. IF THE BUZZER ZONTINJES TC SOUND WHEN THE PHCTCRESISTOR 1S

SHADELR, ADILET RZ GR T [NGHT L2VE]

UNTIL THE CIRCOIT WORKS FROPERL Y.

[ 3. GOING FURTHER

Yoo CAN BASILY CHANGE ThHS ZIRZUT T2 A DARK ACTIVATED BUZZEZ. FRST, Pusk ThE
PCWER SWAITCH OFF, THEN SWITCH THE CONNECTIONS FOR R: AND THE PHOTCRESISTCR.
REPEAT THE ADTSTMENT PROCEDIRE AROVE TO JANSE THE RIZZER TO S01ME WHEN THE

PHOTORESISTOR 1S SHADED.
a0



[RUILD A LIGHT OR DARK ACTIVATED TONE

YO WILL BULD A CIRCUIT THAT EMITS A TONE WHEM STRUCK BY LIGHT.

| PARTS YOU WILL NEED

T slrs  HMBEHARSA — I
. 0 qo11l
st E ] p 172 g EmagEgmEERE RI-10K (BRN-BLK-ORG) C1-0.1 UF {L0%)
—— LTIl L 1 23956 7
L3y
[ CIRCUT DIAGRAM |
+ay  +9y +9v +4qv
] 4 GROUND UNUSED INPUTS OF
RL 9011 (PINS B, 9, 12 AND 13).
10K @
s[iie W . T1 SPKR
o [ 7|5 L el Ty
1] 2 |4o11 & |q011
T4
@ ! ociFT'q
2 o 11 23'1"” 27
PHOTORESISTOR i - 10K 2B 16
= = 1D =
[1. RUILD THE CIRCUIT
1. O PusH PowER AND DISPLAY swiTCHES OFF. 15. OO CONNECT P2 TO S8 (WHT).
2. O INSERT PHOTORCSISTOR CARD W SENSOR . M1 CONNECT 510 TO TIO (WHT).
SOCKET. 17. O CONNECT T9 TO GROUND (WHT).
%, O INSERT 272 1 ACROSS SLOT (PN 1 AT E5). 18, OO CONNECT SPRING @ TO FL (RED).
4, O INSERT 4011 IC ACRQSS SLOT (PN 1 AT N5). 19. O CONNECT SPRING 2 TO GROUND (BLU).
5. O INSERT Rl ACROSS F9 AND E7. 20. O CONNECT SPRING 1D TO 02 (RED),
L. T OINSERT 6 ACROSS O1-0ul. zl. O CONNECT SPRING II TO Pz (RED).
7. O CONNECT HL TC GROUND (RED). 22. O CONNECT SPRING L TO +9Vv (BLU).
8. O CONNECT Elo TO +9v (WHT). 23, O CONNECT SPRING 17 TO Gl (BLL).
g. 71 CONNECT T4 TO GROUND {(WHT). 24. O CONNECT SPRING 18 TO GROUND
10, OO CONNECT N3 TO +9v (RED). (BLL).
11, O CONNECT B9 TO N4 (WHT). 25. O CONNECT SPRINGS 23 AND 2. (RED).
12. O CONNECT P53 TO RZ (WHT). 26. [0 CONNECT SPRINGS 24 AND 25 (WHT).
13. O CONNECT R2 TC s2 (WHT). 27. O CONNECT SPRING 27 TG Q4 (RED).
4. O CORNECT C10 TO P10 (WHT). 28. O CONNECT SPRING 28 TO GROUND
(BLLY.

2. TEST THE CIRCUIT

CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. SHADE THE PHOTORESISTOR WITH YOLR
HAND. ROTATE THE IM CONSOLE POT {R2) UNTIL THE BUZZER IS OFF. MOVE YOUR HAND, AND
THE BUZZER SOUNDS. ADIUST THE 10k CONSOLE POT {R3) TO CHANGE THE FREQUENCY OF
THE TOME.

al



|BUILD A LWGHT-INCREASES-FREQUENCY AUDIO OSCILLATOR |
AS YOU KNOW BY NOW, THE 555 TIMER IC PROVIDED WITH YCUR ELECTRONIC SENSCRS LAB

IS IDEAL FOR MAKING MANY DIFFERENT KINDS OF TONE GEMERATORS. YOU WALL CONNECT

THE PHOTORESISTOR SENSOR CARD TO THE 555 TO MAKE A LIGHT-SENSITWE OSCILLATOR.

| PARTS YOO WILL NEED |

[ — — 3 — 1>

S/ 555 RI-I0K (BRN-BLK-ORG) C1-0.01 LUF (103)
= gooT R2-150 (BRN-GRN-BRN)

| CIRRCLIT DIAGRAM (1. BULD THE CIRCLAT |

1. O PUSH POWER AND DISPLAY
+9v +3v +av SWITCHES OFF,

2. O INSERT 555 IC ACROSS SLOT
1 RZ (PN L AT Qb

@ s l« 180 3. O INGERT RL ACROSS RI0O AND

[CATT=rr

9% 0.
2 é ks . O INSERT R2 ACROSS G9 AND +9v.
b

%

. T INSERT Cl ACROSS Ol AND RL

555 . O CONNECT Q3 AND GROLND

SPRR (WHT).

7. O CONNECT QI0 TO +9v (RED).

&. 01 CONNECT R4 AND S7 (WHT).

o1 9. [0 CONNECT TH AND Q7 (WHT).
0.01uF | 10. I CONNECT SPRING 1 TC +3V

4 (WHT).

= 1l. O CONNECT SPRING 2 TO R7
(JED).
12. O CONNECT SPRING 23 TO GLO
(RED).
13. [ CONNECT SPRING 24 TO 4
(RED).

[2. TEST THE CIRCUIT |
CHECK YOUR WIRING FOR POSSIBLE FRRORS. PUSH THE POWER SWITCH ON. YOU SHOULD HEAR
A TONE FOM THE SPEAKER. IF NOT, SHADE THE PHOTORESISTOR CARD WITH YOUR HAMD TO
INCREASE ITS RESISTANCE. WHEN YOU HEAR A TONE, SHADE THE PHOTOREZISTOR WITH YOLR
HAND OR DY THE ROON LIGHTS TO OBSERVE HOW THE FREQLENCY OF THE TONE CHANGES
WITH THE LIGHT LEVEL.

[ 3. GONG FURTHER |
YOU CAN EASILY ALTER THE BASIC TONE FRREQUENCY BY CHANGWNG (2. USE A HIGHER wALLE
FCR A LOWER FREQUENMCY TONE. THE - LEAD OF ELECTRCLNYTIC CAPACITORS MUST GO 7O PN
2 OF THE 555. IF THE SPEAKER WOLUME IS TOO HIGH, INCREASE R2 TO 270 (RED-WVC-BRN) OR
920 OHMS (YEL-vIO-BIN).

TER R1
PHCTORESIST LOK

L

24

HERE 'S AN INTERESTING ExPERUMENT T TRY. CHANGE 2L TO A LARGER WALLE SO THAT THE
SPEAKER CLIZKS OR BUZZES WHEN THE PHOTCRESISTOR 18 DARK.  FLACE THE CONSOLE IN A
LARGE DARKENED ROOCM OR CLTROCRS. NCW STAND SOME DISTANCE AWAY AND FOINT A
FLASHLIGHT TCWARD, BUT NOT AT, THE PHOTORESISTCOR. CHANGES IN THE CLICK RATE OR
RNZZ FREQVENCY PROVIRE A VERY SENSITWE WWBICATICN OF TRt PRESENCE CF W0RT.

B2



[BULD A LIGHT-REDUCES-FREQUENCY AUDIO OSCILLATOR

THE BASIC 555 AUDIO OSCILLATOR DESCRIBED On PAGE A2 CAN BE MODIFIED TO PROVIDE AN
OSCILLATOR W WHICH THE TOME FREQUENCY DECREASES WHEM THE PHOTORESISTOR IS
ILMINATED. YO WILL BULD THIS CIRCUIT NEXT.

[PARTS Yoo WILL NEED

. = ooss =M= 1)
» E ] p 555 R3-10K (BRN-BLK-ORG) CL1-0.1 UF (104)
= T2z RY4-150 {BRN-GRN-BRN)

[CIRCLAT DIAGRAM

Qv + Qv +qv +9v

| RY
1 14 o lu IS0
" 100K '

&

E55 24

2 SPKR
5

@
e
o 71
i1 -~
Ry 10
10k 1

FHOTORES\STOR ick

[1. BUID THE CIRCINT

1. O PusH POWER AND DISPLAY SWITCHES OFF. 10. O CONNECT SPRING I TO +9V (WHT).
2. O INSERT 555 IC ACROSS SLOT (PN 1 AT Q5). 11. O CONNECT SPRING 2 TO TID (RED).

3. OO0 INSERT R3 ACRCSS RIO AND SI10. 12. O CONNECT SPRING 10 TO GROUND
4. [ INSERT R4 ACROSS G9 AND +9v. (RED).

5. C INSERT Cl ACROSS Ql AND RL 13. [0 CONNECT SPRING 1t TO T7 (RED).
L. O CONNECT Q3 AND GROUND (WHT). 14. O CONNECT SPRING 13 TC R& (RED).
7. O CONNECT QIO TO +9v (RED). I T CONNECT SPRING 14 TO +9v {RL1.
#. [0 CONNECT R4 AND S7 (WHTL . O CONNECT SPRING 23 TO GI0 {RED).
9. [ CONNECT T4 AND &7 (WHT). 17. O CONNECT SPRING 24 TO S4 (RED).

[2. TEST THE CIRCUIT

REVIEW THE CIRCUIT FOR POSSIBLE ERRORS. BE SURE THAT ExPOSED COMPONENT LEADS DO
NOT TOUCH ONE ANOTHER. ADJUST 10K CONSOLE POTENTIOMETER R TO ITS MID-POWNT. PUSH
THE POWER SWATCH ON. YOU SHOULD HEAR A TONE FROM THE SPEAKER. IF NOT, SHADE THE
PHOTORESISTOR CARD WAITH YOUR HAND WHILE ADJUSTING CONSOLE POTENTIOMETERS R1 (10K) OR
Rz (oK) . ADJUSTING BOTH POTENTIOMETERS MAY BE NECESSARY. WHEN THE CIRCUIT IS
QOSCULLATING, SHADE THE PHOTORESISTOR TO OBSERVE HOw THE FREGLENCY OF THE TONE
FALlS WHEN LIGHT STRIKES THE PHOTORESISTOR.

[ 3. GOING FURTHER

YOoU CAN CONTROL THIS CIRCUIT BY ADJUSTING TH: 10K CONSOLE POTENTIOMETER RL THIS
POT AND THE PHOTORESISTCR FORM A VOLTAGE DIVIDER THAT DELWERS A VOLTAGE TO THE
555 CONTRCOL WPUT (PN 5). LIGHT CHANGES AND THE SETTING OF R1 CHANGE THIS VOLTAGE.
TRY DISCONNECTING THE WIRE AT PN 5 TO SEE WHAT HAPPENS.



| BUILD AN OBRJECT DETECTOR |
MANY DIFFERENT SENSOR CIRCUITS CAN BE LSED TO JETECT NEARRY OBRIECTS. YOU WILL LSE
THZ PHOTORESISTOR SERGOR CARD TO BLILN AN ORIECT DETECTOR. A GREEN LED GLOWS
WHEM AN OBJECT IS PLACED BEFORE THE PHOTORESISTSR. THE RED LED GLOWS WHEN THE
CBJIELT 15 MOVED.

[PARTS YOU WILL NEED |

T e 5
()E ] L 992 RI-IOK (BRN-BLK-ORG) 1 RED LED
- R3, R4-1K (BRN-BLK-RED) ! GREEN LED
— I |
1 2349

[CIRCHT DIAGRAM
i +9v  +hv +qy +9)

r-

-
I |
s b @
L. -
z _ b
’,@:‘ : : 2 2
! 1
o4

L_ PHOTORESISTOR 13 2
G IR s
et RZ
10K ook
[1. BULD THE CIRCUIT |
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 8. O INSERT GREEN LED ACROSS T2
2. O INSERT PHOTORESISTOR CARD IN SENSCOR (ANODE) AND GROUND (CATHODE).
SOCKET . 9. O CONNECT MY TO GRCOUND (WHT).
5. O INSERT 272 \C ACROSS SLOT (BN L AT J5). 1. C CONNECT JI0 TO +9v {WHT).
4. O INSERT Rl ACROSS KL AND GROUND. L. O CONNECT SPRING L TO +9v {WHT).
o T INSERT R3S ACROSS IL AND w9V, 12. OO CONNECT SPRING 2 TO K4 {RED).
. T INSERT R4 ACROSS J3 AND T3. 13. [0 CONNECT SPRING 13 TO J9 (RlD).
7. O INSERT RED LED ACROSS I2 (ANODE) AND J2 14, T CONNECT SPRING 14 TO L4 (BLL).
{CATHODE). 15. O CONNECT SPRING 15 TO GROUND

{RED).

| 2. TEST THE CIRCUIT |
INSPECT YOUR WRING FOZ E0RS. PUSH THE PCWER SWATCH TO OM. PLACE A FINGER OVER
THE LIGHT SENSITIVE PART OF THE PHOTORESISTOR CARD. ROTATE THE 1osk CONSCLE POT
(R2) UNTIL THE GRZEN LED GLOWS. MIVE YOUR FINGER, AND THE RED LED GLZWS.
EXPEIMERT wiTH ThE ADITUSTMENT OF B2 AND THE AMDUNT OF LESRT AT THIEE CORSOE.

| 3. GOING FURTHER |
TRIY THIS CRCUT WITH TRHE EXTEnsION CABLE. PUSH THE POWER SWITCH OFF AND INSERT
THE PHOTORESISTCR CARD W THE CARLE sO0CKET. WaERT THRE CABLE PLUG IN THE CONSCLE
SENSOR SOCKET. ARRANGE THEZ POSITICN OF THE PROTORESISTSR CARD rOR EXPERIMENTS. FCR
ExXAMPLE, PLACE THE CARD FLAT ON A TABLE WITH THE LIGHT-SENSITIVE SIDE '_'P1 AND
ADTUST R2 T2 TRIGGER Ti4E RED LED widtk AN OBIECT 15 REMOVED FROM TidE CARD.

84




[BULD A BASIC PHOTORESISTOR LIGHT METER

YOU CAN BULD A SIMPLE BUT uSEFUL LIGHT METER USING ONLY THE PHOTORESISTOR CARD,
A SINGLE POTENTIOMETER, AND THE LED READOUT. YOU WALL LEARN HOW TO ADJUST THE
SENSITIVITY OF THE LIGHT METER.

| PARTS YOO WLL NEED || CIRCUTIT DIAGRAM

o oV

—_ — 1D
= 9
AN
IF THE LED READOUT DOES NOT SEEM TO ' = 7;
RESPOND TO THIS AND OTHER | IGHT PROTORESISTOR = 5
SENSITIVE CIRCUITS, TOO MUCH LIGHT MAY » R1 =3
BE STRIKING THE LIGHT SENSOR. COVER 100K, = 2
THE SENSOR OR PLACE THE CONSOLE IN A 15 = i
DARKENED AREA. — READGUT
[1. BOILD THE CIRCHAT
1. O PusH POWER AND DISPLAY SWATCHES OFF. 5. [0 CONNECT SPRINGS 14 AND 19
2. O INSERT PHOTORESISTOR CARD IN SENSOR {RED}.
SOCKET. &. O CONNECT SPRING 15 TO GROUND
3.1 | CONNECT SPRING 1 TO +9v (WHT). {RED).

4. C CONNMECT SPRINGS 2 AND 19 (BLUJ.

2. TEST THE CIRCUIT

BE SURE YOUR WIRING IS CORRECT. ROTATE THE 100K CONSOLE POTENTICMETER (RL) ALL THE
WAY TO THE LEFT. PLACE YOUR HAND OVER THE PHOTORESISTOR CARD TO SHADE |T FROM
ROOM LIGHT. NOw PusH THE POWER SWATCH TO On AND THE DISPLAY SWITCH TO DOT MODE.
TiHE LED READOUT sHOULD BE DARK OR TIHE NUMBER 1 LED MAY GLOw. VERY sLowLY ExXPOSE
THE PHOTORESISTOR TO LIGHT WHILE ROTATING Rl TC THE RIGHT. HIGHER VvALUE LEDS NOwW
GLOW. DARKEN THE PHOTORESISTOR TO RETURN THE BARGRAPH TO A LOWER POSITION. THE
LIGHT METER 'S MOST SENSITWE WHEN Rl 1S ROTATED ALL THE WAY TC THE RIGHT.

3. GOING FLIRTHER

THE EXTENSION CABLE CONVERTS THE PHOTORESISTOR CARD INTO A MOVABLE LIGHT PROBE.
PUSH THE POWER SWITCH TO OFF. INSERT THE PHOTORESISTOR CARD INTO THE CABLE
SOCKET. PLUG THE CABLE INTO THE CONSOLE SENSOR SOCKET. PUSH THE POWER SWITCH TO
ON. POINT THE PHOTORESISTOR N VARIOUS DIRECTIONS AND TOWARD DIFFERENT LIGHT
SOURCES WHILE WATCHING THE READCOUT BOUNCE UP AND DOWN. FOR A REALLY NEAT
EXPERIMENT, DIM THE ROOM LIGHTS AND ADJUST RI UNTIL LED 1 GLOWS. IT MAY BE
NMECESSARY TO PRIME THE CIRCUIT BY ALLOWING SOME ROOM LIGHT TOC REACH THE
PHOTORESISTOR. POINT THE PHOTORESISTOR CARD AT LED L. IF YoU MOVE THE SENSOR CARD
TOWARD LED 10, A GLOWING LED wilL FOLLOW THE CARD. MOVE THE SENSOR CARD BACK TO
LED 1, AND A GLOWING LED FOLLOWS,

L INVENTION ROX

WHAT USES CAN YOU THINK OF FOR A ROW OF LEDS THAT TRACKS THE POSITICN CF A
LIGHT SENSCOR? CAN THIS METHOD BE USED TO MOVE A SPOT OF LIGHT ON A COMPUTER
SCREEN? (YES.)



[BUILD AN UL TRA-SENSITIVE LIGHT METER |

THE SLPPLIEDR PHOTCORESISTOR SEMSOR CARE CAN BE MADE MUCH MCRE SENSITIVE BY ADDING
Ad AMPLIFIER. CONNECT THE PHCTORESISTOR TO ONME CF THE AMPLIFIERS 'N THE 272
OPERATIONAL AMPLIFIER TO IMCREASE ITS SENSITIWTY.

[PARTS YOO WILL NEED |

87 65
E T aA Ao =M _—
a RI-IOK (BRN-BLK-ORG)
b é‘ —I e R2-1K  (BRN-BLK-RED)
L OO
L 134
[CIRCLIT DIAGRAM
+ Qv + 9y

@ |,

PROTORESIZTOR

gooonooooan
HN\N-L‘U’[S‘Q@.QE

RE
ez J_ i ﬁj_m READOUT

[1. BUILD THE CIRCLNT |

L O PusH POWER AND DISPLAY SWTCHES OFF. b. O CONNECT ML TO GROUND {WHT).
2. O INSERT PHOTORESISTOR CARD IN SENSCR 7. O CONNECT JIo TO +9v (WHT).
SOCKET. &. O CONNECT SPRING ! TO +9v (WHT).
3, O INSERT 272 IC ACROSS SLOT (PN 1 AT JI5). 9. O CONNECT SPRING 2 TC L2 (RED).
9. O INSERT RI ACRDOSS L3 AND Mz, 10. O CONNECT SPRING 17 TQ k4 (BLU).
5. O INSERT RZ ACROSS K1 AND M2 1. O CONNECT SPRING 18 TO J4 (BLu).

12. [0 CONNECT SPRING 19 TO TJ1 {RED).

[ 2. TEST THE CIRCUIT |
CHECK YOUR WIRING FCR POSSIBLE FRRORS. THEN DIM THE ROOM LIGHTS OR PLACE THE
CONSOLE In A SHADED AREA. ROTATE THE IM ZONSOLE POTENTIONMETER (R3) ALL THE WAY
TO THE LEFT. PusH THE POWER SWATCH TC CN AKD PusH THE DISPLAY swiTCH To DoOT
MODE. IF THE PHOTORESISTOR 'S DARK, NONT OR ONE OF THE LOWEST LEDS GLOwSs. seowey
EXPCSE THE PHOTORESISTCR TC LIGHT. HGHEZ wALUE LEDS NOW GLOW. DARKEN THE
SHOTCARSISTCY TC BFTURN THE BARCZAPH To A LOowWhET POSITION. FOR MAKIMUM %EN‘SLT1'~;".'I"T',
RCTATE R3Z ALL THE WAY TO THE RGHT.

[3. GOING FURTHER |
IT MAY BE EASIER TO DARKEN THE FHOTZRESISTOR LSING THE SHTEMSION CARLE TO
CONNECT TIHE SENSOR CARD TO TiHE CONGOLE SOCKET. Yo CAN TiHEN PLACE Ti4E
SHOTCRESISTOR SENSOR CARD FACE DOWN ON A FLAT SURFACE AND COVER IT WTH DARK
CLOTH 22 PAPER. THS ALLOWS YOU TO TEST THE CIRCUIT WITH THE ROOM LIGHTS ON.




[BULD AN OPTICAL FEEDBACK CIRCUT |

Yo WILL BUILD AN OPTICAL FEEDBACK CIRCIAT THAT SEMSES THE PRESENCE OF AN OBJECT.
[PARTS YOU WILL NEED |

87 &S - =
= Oonnn HY —. : l

i E RZ-10K (RRN-BLK-ORG) LED I-GREEN LED
‘;‘)E P 172 R3-IK  (BRN-BLK-RED)
— I I I |
1 234

[CIRCUIT DIAGRAM

+9y vV +9V
A P T
SREEMN
s —————— LED
£315TOR R3
PHOTORESISTO i
s >~le
1/2 L
L3 1 o | 292 >
- 7-’-{
Ri RZ
15 1ooKk 2 10K

. BUILD THE CIRCUIT |

[ 1
1. O PusH POWER AND DISPLAY SWATCHES OFF. 7. O BEND LED TO PHOTORESISTOR CARD.
2. O INSERT PHOTORESISTOR CARD IN SENSOR 8. O CONNECT M4 TO GROUND (WHT).
SOCKET. 9. O CONNECT JW0 TO +9v (WHT).
3. LI INSERT 272 1€ ACROSS SLOGT (Pie 1 AT JIb). 15, [0 CONNECT SPRING 1 TO 9V (WHT).
4, T INSERT R? ACROSS L2 AND GROUNE. 1. O CONNECT SPRING 2 TO L4 (RED).
5. C INSERT R3 ACEZSS I5 AND -9V, 12. O CONNECT SPRING 13 TO +9v (BLU).
6. O INSERT GREEN LED ACROSS Il (ANODE) AND 13, M1 CONNECT SPRING 14 TO K2 (RLil).
J9 (CATHQDE). M. OO CONNECT SPRING 15 TO GROUND

{RED).
2. TEST THE CRCUIT |

BE SURE YOUR WARING 1S CORRECT AND THAT THE LED POINTS TO THE PHOTORESISTOR CARD.
DIM THE LIGHTS AND ROTATE THE 100K CONSOLE POT (RL} ALL THE WAY TO THE LEFT. PusH
THE POWER SWATCH TO ON AND ROTATE R1 TO THE RIGHT UNTIL THE LED JUST GLOWS.
PLACE A PENCIL OR FINGER BETWEEN THE LED AND THE PHOTORESISTOR. THE LED
BRIGHTENS. REMOVE THE CBJECT AND THE LED DIMS AGAIN. FOR MORE DRAMATIC RESULTS,
ADJUST Rl UNTIL THE LED 1S FAIRLY BRIGHT AND REPEAT THE EXPERIMENT.

[3. GOING FURTHER |
THIS CIRCUT OSCILLATES, PRODUCING AROUND 120,000 PULSES PER SECOND. WHEN LIGHT
STRKES THE PHOTCRESISTOR, THE AMPLIFIER sSENDS LESS CURRENT TO THE LED. THIS CALSES
THE AMPLIFIER TO SEND MORE CURRENT TO THE LED,

Ly



[BUILD A LIGHRT-ACTWATED BUZZER

BLILD & CIRCUT THAT TRIGGERS THE BLZZER WHEN LIGHT STRIKES THE PHCTOTRANSISTOR.

[PARTS YOU WILL NEED

g1 6es

r—d

£

| Iy |
L 34

m_—

B amn I
(S)E ] b 272 R1 10K (BRN BLK OR()
— R3-1K

(BRN-BLK—RED)

Og
#
A

Il

O1-POWER FET

[CIRCUIT DIAGRAM

——
—_

PHOTOTRANSGISTOR, K

iz
2

RL RZ 514
10K | took [,4

+ 9y

| 1. BUILD THE CIRCLNT

—

O PusH POWER AND DISPLAY SWITCHES OFF.
OO0 INSERT PHOTOTRANSISTOR CARD IN SENSOR
SOCKET.

O INSERT 272 \C ACROSS SLOT (AN L AT JI5).
C INSERT @l AT 1 {G), Bl {D) AND Al (5).
[0 INSERT RI ACROSS L3E AND GROUND.

C INSERT R3 ACROSS C3 AND J3.

O CONMECT Ml TO GROUND {WHT).

. O CONNECT JI0 TO +9v (WHT).

C CONNECT BY TO +9v (WHT).

M

0P w6 LN

10

. O CONNECT SPRING

1t. O CONNECT SPRING

12
13

14.

15
I

. O CONNECT SPRING
. O CONNECT SPRING
(Bl U).

O CONNECT SPRING
{RED).

. OO CONNECT SPRING
. OO CONNECT SPRING

L TO 9V (WHT).

2 TC LY (RED).
21 TO A5 (RED).
22 TO GROUND
13 TO GROUND

¥ TO kI (BLu).

15 TO +v (BLU).

[2. TEST THE CIRCUIT

CHECK YOUR WIRING FCOR ERRCRS. PUSH THE POWER SWITCH TC CN. SHIELE THE
PHOTCTRANSISTCR F20M DIRECT LIGHT. ROTATE ThE 00k CONSOLE POT (R2) UNTIL THE
BUFZER JUST BECOMES SILENT. REMOVE YOUR RAND, AND THE BUZZER SCUNDS.

[BUILD A DARK-ACTIVATED BUZZER

YOU WALL COMVERT THE LIGHT-ACTWATED RUZZER AROVE TO A DAK-ACTIWATED BLZZER.

[1. BRULD THE CIRCLIT

L. O PUSH THE POWER SWITCH TO OFF. 3. OO MOVE THE RED WIRE AT L9 TO k4.
2. O MOVE THE BLU WIRE AT KL TO L1 4. O MOVE RI FROM L3 TO k3.

[2. TEST THE CIRCUIT

PUSH THE POWER SWITCH TO ON. SHIZLD THE PHOTOTRANSISTOR FROM LIGHT AND THE
BUZZER SOUNDS. ADJUST THE 100k CONSOLE POT (R2) TO ADJLST THE SENSITIMTY.
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[BUMLD A LIGHT-ACTIVATED TONE

YO WILL BULD A CIRCUIT THAT EMITS A TONE WHEM STRUCK BY LIGHT.

| PARTS YOU WILL NEED

= AnSi maeEad - =D
(f_’)é ] N 272 b 4eil RI-1OK (BRN—BLK-ORG) C1-0.1 UF (104)
= oo 172598567
[ CIRCUIT DIAGRAM |
+<?v +9y +9v + 9y

_:(

1!?_ 1 1
PHOTETRANSISTOR E-’Z ”
1.|
GROUND LINUSED
NPUTS OF g4
911 (PINS &, 10K
9, 12, AND 13).

ADJUST R3 TO CHANGE
THE TONE FREGUENCY.

T1 SPER

27 25

24

]
[T L

1. BUILD THE ClRCUlT

L O PUSH POWER AND DISPLAY SWATCHES OFF.
2. OO INSERT PHOTOTRANSISTOR CARD N SENSOR

SOCKET.

L1 INSERT 401 1C ACROSS
O INSERT RI ACROSS G3 AND H3E.
1 INSERT C1 ACROSS Ol AND Ol
O CONRECT HI TO GROUND (RED).
O CONNECT EI0 TO +9v (WHT).
T CONNECT T4 TO GROUND {(WHT).
. O CONNECT N9 TC +9v (RED).
. O CONNEZT B9 TO NY {WHT).
. O CONNECT P3 TO R3 (WHT).
13. O CONNECT R2 TO 52 {WHT).
19. O CONNECT C1 TO P (WHT )

CREEBCSRNEF U LW

O INSERT 272 T ACROSS SLOT (BN 1 AT EG).
SLOT (AN 1 AT N5).

15

-3

1r

=G

A,
9.
C. O CONNECT

8.

|
a

. O CONNECT
O

O CONNECT
O CONNECT
O CONNECT
O CONNECT
[0 CONNECT

O CONNECT

. O CONNECT

| CONNECT
CONNECT
CONNECT

CONNECT
O CONNECT

Pa TO 59 (WHT).

S10 TC T {(WHT).

T9 TO GROUND (WHT).
SPRING 1 TO +9v (WHT).
SPRING 2 TO GH (RED).
SPRINGS 24 AND 25 (WHT).
SPRINGS 23 AND 26 (RED).
SPRING 27 TO Q4 (RED).
SPRING 28 TO GRODND (RED).
SPRING 172 TO 04 (RED).
SPRING 14 TO P4 (BLU).
SPRING 1 TO GROUND (BLU).
SPRING 17 TO FL (BLU).
SPRING 18 TO +9v {BLU).

2. TEST THE CIRCUIT

CHECK FOR ERRORS. PUSH THE POWER SWITCH ON. SHADE THE SENSOR WITH YOUR HAND.

ROTATE 1M POT (R2) UNTIL TONE 1S JUST OFF. MOVE YOUR HAND.

THE TOMNE SQUNDS.

[BUILD A DARK-ACTIVATED TONE

YO WILL MODIFY THE CIRCUIT ABOVE TO EMIT A TONE WHEN DARK.

[1. BUILD THE CIRCUIT

1. O PUSH THE POWER SWITCH TC OFF. 3. O
2. O MOVE THE BLU WIRE AT FL TO Gl 1. O

MOvE THE RED WARE AT GHY TO F4.
MOVE RI FROM G3 TO F3,

[2. TEST THE CIRCUIT

PUSH THE POWER SWATCH ON. SHIELD THE PHOTOTRANSISTOR AND THE TONE SOUNDS.
ADJUST THE 1M CONSOLE POT (R2) TO INCREASE THE SENSITWATY.
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[BUILD A BASIC PHOTOTRANSISTOR LIGHT METER |
YOL WILL BULD A SIMPLE LIGHT METER USING THE PHOTOTRANSISTOR CARD, A SINGLE
POTENTIOMETER, AND LED READOUT. YOU WILL LEARN TO ADJUST THE LIGHT VETER
SENSITMTY.

[ PARTS YOO WILL NEED [ CRCLIT DIAGRAM |
+qy
1 | = 10
=3 f
— g )
“‘”ll"[f 2 19| = &
=%
PHOTOTRANSISTOR | EI:: z
R{ 14 s = i
100K
- READOUOT

[1. BULD THE CIRCINT |
1. O PUSH POWER AND DISPLAY SWITCHES OFF. 4. ] CONNECT SPRINGS 2 AND 19 (BLL).

2. O INSERT PHOTOTRANSISTCR CARD N 5. 0O CONNECT SPRINGS 14 AND 19 {RED).
STNSCR SOCKET. 6. [0 CONNECT SPRING 15 TO GROUND
500 CONNELT SPRUING I TS +9v (WHT). {RED).

[2. TEST THE CIRCUIT |
CHECK YOUR WARING FOR ERRORS. ROTATE THE 100k CONSOLE POT (RL) ALL THE WAY TC THE
LEFT. SHADE THE PHOTOTRANSISTOR CARD TO BLOCK LIGHT. THEN PUSH THE POWER SWITCH
Oh AND THE DISPLAY SWITCH TO DOT MCDE, THRE LED READOUT IS DARK. sLowLY ExXPOSE
THE PHOTOTRANSISTZSR TO LIGHT WHILE 20TATING 21 TO THE RIGHT. RIGRER vALUE LEDS
NOW GLOW. DARKEN THE PROTOTRANSISTCR TO RETURN THE BARGRAPH TO A LOWER
FOSITION. ROTATE R1 ALL THE WAY TO THE ACGHT rFoR THE HIGHEST sENSITWTY.

| 3. GOING FURTHER |
USE THE EXTENSION CABLE TC CONVERT THE PHOTOTRANSISTOR CARD INTO A MOVABLE
LICHT PROBE. PusH THE POWER SWITCH Orr AND INSERT THE PHCTOTRANSISTOR CARD INTO
THE CABLE SOCKET. PG THE CARLE INTO THE CONSOLE SENSCR SOCKET. NOW PUSH THE
FOWER SWITCH ON, ARND POINT THE PHOTOTRANSISTOR N DIWFFERENMT CIRECTIONS wWhHILE
WATCHING THE READOLT BOUNCE P AND DOWN.

TIE BASIC FHOTOESISTSR UGHT METER PRCIZCT On PAGE 85 DESCRIBES HOw TO MAKE THE
LEES IN THE READOCLT FOLLOW THE PCSITION OF THE PHCTORESISTOR. TRY THIS wiTH THE
PHOTOTRANSISTC? CARD. FIRST, DIM THE RCOM LIGHTS AND ADJUST RI UNTIL LED 1 GLCWS.
POIMT THE PHCTCTRAMSISTCR CARD AT LED 1. MCVE THE SENSCR CARD TCWARD LED 10,

AND A GLOWING LED FOLLCWS THE CARD. MOVE THE SENSCR CARD BACK TO LED I, AND A
GCLOWING LD FOLLOWS.

[INVENTION BOX |
THIS ZIRCUIT AND THE CONE ON PAGE £5 ARE SWWILAR TO CIRZLITS THAT ALLSW A LIGRHT
PEN TO MOVE A DOT CON A CZOMPUTER SCREEN. WHICH SENSCR 15 BEST FOR THIS APPLIZATION,
THE PHOTORESISTCR CR THE PHCTCOTRANSISTCR? (THE FROTOTRANSISTCR 1S REST RECAUSE
T RESPOMDS FASTER.)
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BUILD A SUPER-SENSITIVE RADIOMETER

THE SENSITMTY OF THE PHOTOTRANSISTOR SENSOR CARD CAN BE GREATLY INCREASED
WITH THE HELP OF AN AMPLIFIER. YOU WALL WCREASE THE SENSITWATY OF THE
PHOTOTRANSISTOR BY CONNECTING '\T TO THE 272 OPERATIONAL AMPLIFIER.

PARTS Youl WILL NEED

765 . .
ﬁ no =l
O .72 RI-10K (BRN-BLK-ORG)
- R2-1K (BRN-BLK-RED)
1234
[CIRCUIT
* v +3y
T Y
3 — 10
—_— [anr] g
==
"" z 3 [~2 = 2
i 1 19 Z ‘;
PHOTCTRAMNS|STOR 2 —'Z?Z T
R L~14 = %
10K 1 1B = i
READOLT
RL _I_ R3 ﬁ
= ik - 1M

1. BUILD THE CIRCLAT

CONNECT ML TO GROUND (WHT).
CONNECT J10 TC +9v (WHT).
CONNECT SPRING | TO +9V (WHT).

I O PusH POWER AND DISPLAY SWITCHES a
O
O
O CONNECT SPRING 2 TO L4 (RED).
O
a
O

b.
OFF. 7.
O INSERT PHOTOTRANSISTOR CARD IN SENSOR 8.
SOCKET. 9.
3. O INSERT 272 IC ACROSS SLOT (AN I AT J5). 10
4. [ INSERT RI ACROSS L3 AND M3. .
5. C INSERT R2 ACROSS Kl AND M2. 12

Md

CONNECT SPRING 17 TO k4 (BLu).
CONNECT SPRING 18 TO J4 (BLu).
CONNECT SPRING 19 TO J1 (RED).

[2. TEST THE CIRCUIT

TC MAKE SURE THERE ARE NO ERRORS, PLACE THE CONSCLE IN A DARKENED COR SHADED
AREA. NEXT, ROTATE THE 1M CONSCLE POTENTIOMETER (R3) ALL THE WAY TO THE LEFT.
PUSH THE POWER SWATCH ON AND PUSH THE DISPLAY SWITCH TO DOT MODE. WHEN THE
PHOTOTRANSISTOR 1S DARK, NONE OR ONE OF THE LOWEST LEDS GLOWS. AS YOU VERY
SLOWLY EXPOSE THE PHOTOTRANSISTOR TO LIGHT, HIGHER VALUE LEDS GLOW. DARKEN THE
PHOTOTRANSISTOR TO RETURN THE BARGRAPH TO A LOWER POSITION. FOR HIGHEST
SENSITIVITY, ROTATE R3 ALL THE WAY TO THE RIGHT. TOO SENSITIVE? CHAMGE R3 TO THE
1k POT.

[3. GOING FURTHER

AS WITH THE PHOTORESISTOR VERSION OF THIS CIRCUIT ON PAGE 86, IT MAY BE EASIER TO
DARKEN THE PHOTOTRANSISTOR IF YOU CONNECT THE PHOTOTRANSISTOR CARD TO THE
CONSOLE SOCKET wWATH THE EXTENSION CABLE. PLACE THE PHOTOTRANSISTOR SENSOR CARD
FACE DOWN ON A FLAT SURFACE AND COVER \T WATH DARK CLOTH OR PAPER. YOU CAN NOW
TEST THE CRCUIT WITH THE ROOM LIGHTS ON.
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[BUILD A LWGHT-CONTROLLED OSCILLATOR |
YOU WILL BULD AN AUDIO OSCILLATOR WHCSE TONE CHANGES WITH LIGHT. BRIGHTER LIGHT
WILL EITHER DECREASE OR INCREASE THE TONS FREQUENCY.

[ PARTS YOU WILL NEED |

a7 es5
1 87 &5 p— /—'\\ B
Y oo aofs, T 1 ) S
E"E H 272 h 555
______________ oo hdr CI-0.1 UF (109 Rl R3, R5-10K (BRN-BLK-ORG)
L 234 R2-1K (BRN-BLK-RED)
Re 270 (RL:D V1O BRN)
| CIRCUIT DIAGRAM
+9v +9y +qy +9y +qy
A
1 I R Rb
00K
14 1 , a8 |y 2900
_._‘;l 13 .
_— 2 L NS RS
Y1 10K .| sss
PROTOTRANTISTOR 2 _?_‘11 24
Y il s
rR1 5 SPKR
10K A.E{\s
R 16K 1 el 1
1 { ™ o.x,..FJ_

[1. BULD THE CIRCUIT

1. O PusH POWER AND DISPLAY SWATCHES OFF. 12. OO CONNECT JLO TS -9V (WHTL

2. [0 INSERT PHOTOTRANSISTOR CARD IN SENSOR 13, [0 CCNNECT I9 TO QF (WHT).

SOCKET. 14. OO CONNECT J9 TO T7 {(WHT).

3. O INSERT 772 1C ACROSS SLOT (PN L AT I5). 15, [0 CONNECT Q7 TO T4 (WHT).

4. 0O INSERT 555 & ACROSS SLOT (PN L AT Q5). 16, O CONNECT 8~ TO 57 (WHT )

. O INSERT Rl ACROSS L3 AND M3 17. O CONNECT Q1 TO GRCOUND (WHT).
k. 00 INSERT R2 ACROSS kI AND M2. 18. O CONNECT SPRING 1 TO +4V (WHT).
7. O INSERT R3 ACROSS J2 AND k2. 19. O CONNEZT SPRING 2 T2 149 (RED).
#. 1 INSERT R5 ACROSS RIO AND s10. 20. O CONNECT SPRING 23 TO C1o (RED).
g, O INSERT Rb ACROSS Cb AND +9v. 21, O CONNECT SPRING 22 TO sS4 (REDR)
10. O INSERT €1 ACROSS R1 AND GROUND. 22. O CONNECT SPRING 13 TC R9 (BLU).
11. OO CONNECT M1 TO GROUND (WHT). 23. T1 CONNECT SPRING 14 TO «9v (BLI.

[2. TEST THE CIRCUIT |

CHECK FOR WIRING ERRORS. PusH THE POWER SWITCH ON. ROTATE CONSOLE POTENTIOMETER
R9 TO THE RIGHT, AND YouU HEAR A BUZZ. SHELD THE PHOTOTRANSISTOR CARD FROM
HGHT. THE FREQUENCY OF THE BUZZ DECREASES. ROTATE R4 TO THE RIGHT TO INCREASE
THE TONE FREQUENCY.

[3. GOING FURTHER |

YOU CAN INCREASE THE TONE FREQUENCY BY CHANGING Cl TO 0.01 UF (103). COMNECT THE
PHOTOTRANSISTOR CARD TO THE REMOTE LINK AND YOU CAM POINT THE PHOTOTRANSISTOR
AT vARICUS LIGHT SOURCES.
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[BUILD A PHOTOTRANSISTOR FEEDBACK CIRCUIT

PAGE 87 SHOWS HOW TO BUILD AN OPTICAL FEEDBACK CIRCUIT USWNG THE PHOTORESISTOR
CARD AND A GREEN LED. HERE YOU WALL BUMLD A SIMILAR CIRCUIT THAT UsES THE
PHOTOTRANSISTOR CARD AND A RED LED. YOu wiLL LEARM WHY THE PHOTOTRANSISTOR
RESPONDS BETTER TO RED LMGHT TiHAN TO GREEN.

[ PARTS Yoo WILL NEED

©
M,

a7 &5 ! |- =

mimlnlm =3 ﬁb
RI-IDK (BRN-BLK-ORG) 1 RED LED

i R3-IM {BRN-BLE-GRN)

'1-_' ‘—'?_ '—3' g RH-4970 {YEL-VIO-BRN)

[CIRCLNT DIAGRAM

| L1 BUILD THE CIRCUIT

+9v

~

10

i

10K

+9y + ;"'
T,
LY
2 | ~u8
e 1
11 z iy i i
g i
s &
1
o —
RED - —-
LED 2
PHOTOTRAMSIITOR
Ri
10K,
A -4

1. O PusH POwWER AND DISPLAY

Md

Lr

=) 5 ur _b

10

12

15
149

=

e

SWITCHES OrFF.

(PN 1 AT I5).

. O INSERT PHOTOTRANSISTOR CARD
IN SENSOR SCCRET.
. O INSERT 272 IC ACROSS SLOT

. O INSERT Rl ACROSS K2 AND M2.
. O INSERT R3 ACROSS J3 AND K3.
. O INSERT R4 ACROSS Il AND JL
. O INSERT RED LED ACROSS I5

(ANODEY AND I (CATHODE).

8. O BEND THE LED TOWARD THE
PHOTOTRANISTOR CARD.

9. O CONNECT MY TO 17 {WHT).

. O CONNECT M1 TO GRCUND {WHT).
1. OO CONNECT JIW TC +3V (WHT).

. O CONNECT SPRING
WhTh

. O CONNECT SPRING

. O CONNECT SPRING
(B L),

. 1 CONNECT SPRING

. O CONNECT SPRING
(RED).

170 19v

2 TO K4 (RED).
N TO v

I TO LI (RED).
12 TO GROUND

[2. TEST THE CIRCUIT

CHECK FOR ERRORS. MAKE SURE THE LED 1S POINTING TO THE PHOTOTRANSISTOR CARD. DIM
THE LIGHTS AND PLACE THE CONSOLE WHERE THE PHOTOTRANSISTOR 1S NEARLY DARK. RO
TATE THE 10k CONSOLE POT (R2) TC THE LEFT. PusH THE POWER SWITCH ON. ROTATE R2
TOWARD THE RIGHT tNTIL THE LED GLOWS. PLACE A PFENCIL DR FINGER TW BETWEEN THE
LED AND PHOTOTRANSISTOR. THE LED BRIGHTENS. REMOVE THE OBJECT AND THE LED IS AS
DIM AS BEFORE. AS WITH THE CIRCUIT ON PAGE 87, YOU CAN ADJUST THE CIRCUIT FOR MORE
DRAMATIC RESULTS. ROTATE Rz UNTIL THE LED 1S FAIRLY RIGHT. REPEAT THE EXPERIMENT.

[3. GOING FURTHER

THE PHOTOTRANSISTOR RESPONDS TO BOTH RED AND GREEN LIGHT, BUT IT RESPONDS TO RED
BETTER THAN TO GREEN. TO PROVE THE PHOTOTRANSISTOR RESPONDS TO GREEM LIGHT,

REPLACE THE RED LED wiTH A GREEN LED. INSTALL THE GREEN LED IN THE SAME DIRECTION
{ANODE AT IS5 AND CATHODE AT Ik). REPEAT THE TESTS DOME ABOVE.
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[BUILD A LIGHT BEAM AUDIO RECEIVER

BUILE A SENSITIVE LIGHT BEAM RECEIWER THAT CONWERTS INFRARED SIGMALS FROM A TV
REMOTE CONTROL URIT INTO SOUND. LEAVE THIS CIRCLIT IN PLACE TO BLILY THE CIRCLIT
ON PAGE 95,

[ PARTS YOH WILL NEED

8717 s B76e5 - ~ ; ——
"“i - nOoOon OOon j_j" =
(o) O 272 286 C1-0.1 UF {104 RI-10K (BRN-BLK-ORG)
| = oooTO oo €240 UF R3-1M (BRN-BLK—GRN)
L 234 12324
[ CRRCLIT DIAGRAM
+4v +9v
+ V + Qv o N
pog
P AAN
— 0. IMF
z 2
E¥ 1 o
PHOTOTRANSISTOR 3_19_ i 18'{( o
-TH 1o " HIOMF
“SPER
¥ 1z 5 +
10 100I< 3Sb>_-—-l 73
f :
29
il I S L

[ 1. BUILD THE CIRCLNT
L. O PusH POWER AND DISPLAY SWITCHES QFF.
2. O INSERT PHOTOTRANSISTOR CARD IN
SENSOR SOCZKET.

O CONMECT SPRING 1 TO +#9v (WHT ).
O CONMECT SPRING 2 TO Hs (RED).
O CONMNECT SPRING 10 TS JI (RED),

FhT

3. O INSERT 272 \C ACROSS SLOT (PN L AT J5). I7. O CONNECT SPRING 11 TO CI {(BLU).
4. OO INSERT 386 IC ACROSS SLOT (N L AT AS5). 18. [0 CONNECT SPRING 12 TO GROUND
5. O INSERT Rl ACROSS H4 AND MA. {RED).

. O] INSERT R3 ACROSS J3 AND K3. 19. O CONNECT SPRING 13 TO -9v (RLU).
7. O INSERT (1 ACROSS HL AND KL 20. O CONNECT SPRING 14 TO LI (BLu).
.11 INSERT €2 ACROSS D7 (+) AND F7 ¢-). 21. O CONNECT SPRING 15 TO GROUND
9. O CONNECT MI TO GROUND {(WHT). {RED).

19. O CONNECT JI0 TO +#v (WHT). 22. O CONNECT SPRING 23 TO FLo (RED).
11. O CONNECT B2 TO D2 (WHT). 23. O CONNECT SPRING 24 TO GROUND
12. OO CONNECT DI TO GROUND (RED). {RED).

15. [0 CONNECT CIO TD +9v (WHT).
2. TEST THE CIRRCUIT

THIS CIRCUIT 15 vERY SENSITIVE. 'F YOU HEAR A LCUD BUZZ, \T 1S PROBABLY DETECTING
THE RCOM LIGHTS, WHICH ARE MCDULATED AT o0 HERTZ BY THE POWER LINE. STOP ThE
BUZZ BY POIMTING THE PHOTOTRAMSISTOR AWAY FRCM THE LIGHT OR BY SWTCHING THE
LIGHT OFF. IF THE SPEAKER SCUEALS LOULALY, YOVE THE RE> WIRE AVWAY AT SPRIMG 2 FROM
THE 386 AMPLIFIER. ADJUST 0k CONSOLE POT R TO CONMTROL THE VOLUME. ADIUST 100K
CONSOLE PCT R2 FOR BEST SOUND.
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[BULD AN LED TRANSMITTER FOR THE LIGHT RECEIVER |

Yo WILL BULD A SIMPLE LED TRANSMITTER THAT SENDS A RAPD STREAM OF PULSES TO
THE L\GHT RECEWER ON PAGE 94. BE SURE TO LEAVE THE CIRCUIT oM PAGE 94 In PLACE.
YO WILL BULD THIS CIRCUIT ON THE UNUSED SPACE AT THE BOTTOM OF THE BREADROARD.

[PARTS YOU WILL NEED |

g 553 £33l UF R&—10K {RRN-BLK—RG) 1 RED LED
L 7% Y R7T-470 {YEL-VIO-RRN)
[CIRCLAT DIAGRAM
+ Qv +3v iy

[1? é "T‘l R7
g {4 470 —>| l‘— 0.0k SECOND
L
RED
" LED
555 Y
Rl . z ey }'}‘ |

s
2 & \
LVGHT PULSES FROM LED. AN N

3 A= i
1L uF _l_

st
p

[1. BUILD THE CIRCUIT |
1. O PusH POWER AND DISPLAY SWITCHES OFF. 7. O CONNECT Q! TO GROUND (WHT
LT INSERT 564 1C ACROSS SLOT (PN L AT Ob). 8. OO CONNECT QI0 TC J9 (WHT).
. O INSERT Re ACROSS RID AND S, 9. O CONNECT T4 TCO Q7 (WHT).
C INSERT R7 ACROSS P5 AND Q8. 1. O CONNECT R4 TO S7 (WHT).
1. O
2. O

C INSERT €3 ACROSS S9 (+) AND GROUND (-). CONNECT SPRING 1 TO R9 (BRLU).
. OO INSERT LED ACROSS PL (ANODE) AND SI CONNECT SPRING 17 TG Q92 (BLU).
{CATIHODE).

2. TEST THE CRCUIT |

CHECK FOR WRING ERRORS. BE SURE YOU HAVE NOT DISCONNECTED ANY WIRES ON THE
RECEIVER CIRCLIT. REMOVE THE PHOTOTRANSISTOR CARD FROM THE CONSOLE SOCKET AND
CONNECT 'T TC THE CONSQLE USING THE REMOTE LINK. DIM THE ROOM LIGHTS TO PREVENT
INTERFERENCE. ROTATE THE IM CONSCLE POTENTIOMETER (R5) ALl THE WAY TO THE LEFT.
PUSH THE POWER SWATCH ON. THE LED FLASHES VERY SLOWLY. ROTATE RS TC THE RIGHT
UNTIL THE LED FLASHES RAPIDLY. POINT THE PHOTOTRANSISTOR CARD AT THE LED. wou
WILL HEAR A LOUD BUZZ FROM THE CONSOLE SPEAKER. MOVE THE PHOTOTRANSISTOR CARD
AWAY AND THE vOLUME OF THE BUZZ DECREASES SHARPLY. THE BUZZ MAY NOT ENTIRELY
DISAPPEAR, EVEN WHEN THE PHOTOTRANSISTOR CARD 1S COMPLETELY BLOCKEDR SINCE SOME OF
THE BLSING SIGNAL 1S SENT DIRECTLY T0O THE RECEIVER. SOME OF THE <IGNAL 'S SENT
THROUGH THE SHARED POwER sSUPPLY CONNECTIONS. THE REMAWDER 1S SENT AS AN
ELECTROMAGNETIC PULSE TO THE RECEIVER WARES.

[ 3. GOING FURTHER |

THE RECEWER 1S VERY SENSITIVE. IF THIS 1S A PROBLEM, REDUCE THE VALUE OF R3 W THE
RECEWER CIRCINT (PAGE 94 FROM IM TO 100K (RRN-BLK-YEL) OR EVEN 0k (RRN-BLK-CRC).

& UL
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| GOING FURTHER WITH ELECTRONIC SENSORS

THERE ARE MANY CIRCUITS AND PROJECTS THAT YOU CAN BUILD USING YOLR RADICSHACK
ELECTRONIC SENSCRS LAB. YCOU CAN ALSO BUILD PERIMANENT VERSICNS CF THE CIRCUITS IN
THIS MANUAL CR ZIRCUITS THAT YOU BESIGN. YOoU CAN FND STANDARD CIRCUT BCARDS,
ELECTAONIC PATS, HARDWARE, EMCLOSURES, SOLDERING MATEUALS AND OTHER SuPPLIES AT
RALIOSHACK. REMEMBER, OF COURSE, THAT THE CICUITS IN THIS MANUAL ARE FOR EDUCA
TIOMAL USE, SCIENCE PRCJIECTS AND JUST PLAIN Fud. THEY ARE NOT DESIGNED FOR ANY
HEALTH PURPCSE CR FOR ANY APPLICATION IN WHICH PROPERTY OR PEGPLE MIGHT BRE IMJURED.

HERE ARE SCME DEAS FCR ACDITIONAL PROJECTS ARND APPLICATIONS:

1. ARCUND THE HOUSE

USE A PHCTOTRANSISTOR OR PHOTORESISTCR AND A LIGHT SCURCE TC DESIGR AN
ANNUNCIATOR SYSTEM THAT SOuUNDS A BUZZER WHEN A WVISITOR AT YOLR FRONT DOOR
BREAkS A [IGHT BEAM. DSE A PHOTOTRANSISTOR, PHUTORESISTOR OF MAGKET ANT MAGNET
SWITCH TO BUILD AN ELECTRONIC MAILBOX INDICATOR THAT rLASHES AFTER THE MAILMAN
OPENS YOUR MAILBOX. USE A PHCTOTRANSISTOR TO MAKE A PORTABLE TESTER FOR INFRARED
REMCTE CCNTROL UNITS.

2. SCIENCE PROJECTS

USE A LIGHT-SENSITIVE RADIOMETER TO RECORD THE LEVEL OF SUNLIGHT AT THE SAME
LOCATION AT NOCN FOR A Foll YEAR. ADJUST YOUR CRCUIT &0 THAT IT GIVES THE
HIGHEST SIGNAL ON A BRIGHT, CLEAR SUMMER DAY, USE A THERMISTOR TO BUILD A REMCTE
THEMOMETER THAT INDICATES TEMPERATURE WITH A BLINKIMG LED.

USE A MAGKET AND HALL SENSOR TO MAKE A SEISMOMETER SENSITIVE ENOLGH TO DETECT
DISTANT EARTHQUARES. YOU wiLL kKNOW YCUR CIRCUIT 1S VERY SENSITIVE \F VT DETECTS
TRAFFIC ON A NTCARBY HIGHWAY.

3. EXPERIMENTAL CIRCLITS

SURSTITLTE SENSORS OF YOUR OwnW SELECTION WWTO VARIOUS 2IRCUITS DESCRBED IN THIS
MANUAL . FOR EXAMPLE, SOLAR CELLS ARE EXCELLENT LIGHT SENSORS. BE SURE TC CRSEAWVE
THE SPECIFICATICNS OF THE SENSOR TO AVCID DAMAGING 'T.

ADD BIGTAL INTEGRATED CICUITS TO YOU? SENSORS LABR KIT AND DESIGN CIRCUTS ThAT
INTERFAZE SENSORS wiTh DIGITAL JRCHITS.

BUILE A LIGHRT-SENSITWE CIRCUT THAT 1S ACTIVATED BY A SPOT OF LIGHT ON A COMPUTER
SCREEN., THEN WRATE A SIWPLE COMPUTER PROGRAM TO TRIGGER A BUZFZZER OR TOME WHEN
THE LIGHT sFoT 15 PRESENT.

9. JusT FCR FUN
USE A PHCTORESISTOR TO DESIGN AN ZLECTRONIC MUSICAL INSTRUMENT THAT IS FLAYED BY
A FLASHUIGHT BEAM.

USE A PHCTORESISTOR OR PHOTOTRANSISTCOR TO MAKE AN OPTCELECTROMIC DART BOARD
THAT TRIGGERS A BUZZER WHEM YCU MANAGE TC rLASH A SPCT OF LIGKT AT A TARGET.
MOUNT THE LIGHT SENSCR AT THE CENTER OF THE TARGET.

USE A PROTORESISTOR OR PFHOTOTRANSISTCR TO MAKE A LIGHT-TRIGGERED BUZZFER CIRCOIT
AND PLACE IT IN A 2EFRIGERATOR. WhEN THE DOOR 'S OPFENED, THE BUZZER WLL SOUNE.
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| GOING FURTHER WITH ELECTRONIC SENSORS

THERE ARE MANY CIRCUITS AND PROJECTS THAT YOU CAN BUILD USING YOLR RADICSHACK
ELECTRONIC SENSCRS LAB. YCOU CAN ALSO BUILD PERIMANENT VERSICNS CF THE CIRCUITS IN
THIS MANUAL CR ZIRCUITS THAT YOU BESIGN. YOoU CAN FND STANDARD CIRCUT BCARDS,
ELECTAONIC PATS, HARDWARE, EMCLOSURES, SOLDERING MATEUALS AND OTHER SuPPLIES AT
RALIOSHACK. REMEMBER, OF COURSE, THAT THE CICUITS IN THIS MANUAL ARE FOR EDUCA
TIOMAL USE, SCIENCE PRCJIECTS AND JUST PLAIN Fud. THEY ARE NOT DESIGNED FOR ANY
HEALTH PURPCSE CR FOR ANY APPLICATION IN WHICH PROPERTY OR PEGPLE MIGHT BRE IMJURED.

HERE ARE SCME DEAS FCR ACDITIONAL PROJECTS ARND APPLICATIONS:

1. ARCUND THE HOUSE

USE A PHCTOTRANSISTOR OR PHOTORESISTCR AND A LIGHT SCURCE TC DESIGR AN
ANNUNCIATOR SYSTEM THAT SOuUNDS A BUZZER WHEN A WVISITOR AT YOLR FRONT DOOR
BREAkS A [IGHT BEAM. DSE A PHOTOTRANSISTOR, PHUTORESISTOR OF MAGKET ANT MAGNET
SWITCH TO BUILD AN ELECTRONIC MAILBOX INDICATOR THAT rLASHES AFTER THE MAILMAN
OPENS YOUR MAILBOX. USE A PHCTOTRANSISTOR TO MAKE A PORTABLE TESTER FOR INFRARED
REMCTE CCNTROL UNITS.

2. SCIENCE PROJECTS

USE A LIGHT-SENSITIVE RADIOMETER TO RECORD THE LEVEL OF SUNLIGHT AT THE SAME
LOCATION AT NOCN FOR A Foll YEAR. ADJUST YOUR CRCUIT &0 THAT IT GIVES THE
HIGHEST SIGNAL ON A BRIGHT, CLEAR SUMMER DAY, USE A THERMISTOR TO BUILD A REMCTE
THEMOMETER THAT INDICATES TEMPERATURE WITH A BLINKIMG LED.

USE A MAGKET AND HALL SENSOR TO MAKE A SEISMOMETER SENSITIVE ENOLGH TO DETECT
DISTANT EARTHQUARES. YOU wiLL kKNOW YCUR CIRCUIT 1S VERY SENSITIVE \F VT DETECTS
TRAFFIC ON A NTCARBY HIGHWAY.

3. EXPERIMENTAL CIRCLITS

SURSTITLTE SENSORS OF YOUR OwnW SELECTION WWTO VARIOUS 2IRCUITS DESCRBED IN THIS
MANUAL . FOR EXAMPLE, SOLAR CELLS ARE EXCELLENT LIGHT SENSORS. BE SURE TC CRSEAWVE
THE SPECIFICATICNS OF THE SENSOR TO AVCID DAMAGING 'T.

ADD BIGTAL INTEGRATED CICUITS TO YOU? SENSORS LABR KIT AND DESIGN CIRCUTS ThAT
INTERFAZE SENSORS wiTh DIGITAL JRCHITS.

BUILE A LIGHRT-SENSITWE CIRCUT THAT 1S ACTIVATED BY A SPOT OF LIGHT ON A COMPUTER
SCREEN., THEN WRATE A SIWPLE COMPUTER PROGRAM TO TRIGGER A BUZFZZER OR TOME WHEN
THE LIGHT sFoT 15 PRESENT.

9. JusT FCR FUN
USE A PHCTORESISTOR TO DESIGN AN ZLECTRONIC MUSICAL INSTRUMENT THAT IS FLAYED BY
A FLASHUIGHT BEAM.

USE A PHCTORESISTOR OR PHOTOTRANSISTCOR TO MAKE AN OPTCELECTROMIC DART BOARD
THAT TRIGGERS A BUZZER WHEM YCU MANAGE TC rLASH A SPCT OF LIGKT AT A TARGET.
MOUNT THE LIGHT SENSCR AT THE CENTER OF THE TARGET.

USE A PROTORESISTOR OR PFHOTOTRANSISTCR TO MAKE A LIGHT-TRIGGERED BUZZFER CIRCOIT
AND PLACE IT IN A 2EFRIGERATOR. WhEN THE DOOR 'S OPFENED, THE BUZZER WLL SOUNE.
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