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\NTRODUCTION

ONE OF THE MDST (MPORTANT APPLICATIONS
OoF ELECTROMICS 1S THE USE OF SENSORS TO
DETECT ARND RESPOND TO EXTERNAL STIMULL
SVCH  AS TOUCH, PRESSURE, WATER, HEAT,
L\GHT, MAGNETIC FIELDS AND SO FORTH. THESE
ARE AMONG THE SENSOR APPLICATIONS A THIS
MinL- NOTERBOOK . YOU CAN. MAKE SOME SENSORS,
AMD MANY SENSORS ANMD SENSING SYSTEMS
ARE AVAILABLE FRomMm RADIO SHACK STORES
AND RADID SHACK UNLIMITED.

DESIGN TIPS

1. ™THE uBIQUITOUS 741 OPERATIONAL AMPLIFIER
IS USED N THIS  MINI-NOTEEBOOK., EBuT YOou
CAN SUEBSTITUTE NEWER ©OP AMPS IF You Do
NOT EXCEED THEIR MAXIMUM POWER SUuPALY
CVOLTA GE, BE SURE TD CHECK THE PIN OUTLIMNE,.

2. UNLESS OTHERWISE SPECIFIED, VSE 1/4 oRL[2
WATT RESISTORS AND CAPACITORS RATED FOR
At LEAST THE POWER SUPPLY VOLTAGE, IF EXACT
VALLE S - ARE UNRAVAILABLE ; YOU CAN USUALLY

. SUBSTITUTE VALUES wWTHIN 10 TD 20 %. OF
 THE SPECIFIED VALUE.

S.ALWAYS Buitb A TEST VERSION OF A
CIRCUIT O A SOLDERLESS EREADEOARD
BEFORE MAKRING A PERMANENT VERSION.
THIS wWith AULOW YOU TO MAKE MODIFICATIONS
TO THE CIRCWUIT,

SAFETY FIRST

1. POWER SENSOR CIRCUITS WITH BATTERIES,

2. DO-IT-YOURSELF SENSCR CIRCQUITS ARE NOT

APPROPRIATE FOR MEDICAL APPLICATIONS OR

WHEN HUMAN LIFE CR SAFETY IS5 AT RISK.
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ELECTRONIC SENSORS

AN ELECTRONIC SENSOR RESPONDS TO AN
EXTERMAL STIMOLUS SucH AS LIGHT,
SOUND, PRESSURE, VIRRATION OR TEMPER A-
TURE. MDST SENSORS <¢canN BE PLACED N
ONE OF TwWO CATEGORIES! SIMPLE GO~NO GO
SEMNSORS THAT ACT MUCKH LIKE AN ON-0OFF
SWITCR AND ANALDG SENSORs  WHOSE
OUTPUT IS PROPORTIONAL TO THE STIMULUS,

GO-NO GO SENSORS

GO~ND GO SENSDORS ARE ALSO KNOWN
AS ON=-0FF, NES-NO 0oR BINARY SENSDRS.
SOME. BRE SIMPLE MECRANICAL DEVICES
SUCH AS MAGMETIC PROXIMITY SWITCHKES
AND WIBERATION SENSORS LIKE THOSE USED
I VARIDUS SECURITY SYSTEMS.

> P

MAGNETIC REED SwiTCH  PENDULUM SWITCH
(MAGNET SENSORY)  (VIBRATION SENSOR)

SOME. GO~-NO GO SENSORS INCLUDE AN
ANALDGE SEMNSOR AND A CIRCUIT TRAT
SWITCHES ON (OR OFF) WHEN TRHRE AMPLITUDE
ODF WRAT \S BEING SENSED EXCEEDS
(OR FALLS BELDW) A CERTAIN LEVEL.
CQFTEN THE POINT AT WHICH THE CIRCLIT
SWITCHRES CAMN BE ADIJUSTED EY ADDING
OR CHANGING THE VALUE DF AN EXTER-
NAL RESISTOR oOR BY A DICITAL SwITCH
ARRAY. | | |
o



ANALOG SENSORS

MANY KiNnNDS OF ANALOG SENSORS ARE
READILY AVAILABLE. SOME CF THE MOST
COMMON ARE DESCRIEED HERE.

PROTORESISTOR

[IGHT- SENSITV\WE RES\sTOR
WHOLE RESISTAMNCE CRANGES
VTR LILGHT.

PHOTODIODE

AGHT-SENSITIVE DIODE
WHICH PRODUCES A CURRENT
inN REsSPomsE To LI\GHT.

THERMISTOR

TEMPERATURE ~SENSITIWE
RESISTOR WHOSE RESISTAMCE

CHANGES WITH TEMPERATURE.

MICROPHONE

SCUND=-SENSITIVE SENSDOR
WHICH PRODUCES A UVOLTAGE
O CRANGES A CAPACITANCE
AS THE SOunND LEVEL CHANGES.

PIEZOELECTRIC

VARIWOUS CRYSTALS ©OR
CERAMACLS wWHICH PRODUCE
A VDLTAGE WHEN BENT,
VIBRATED OR SUBJTECTED TO
MECHAN\cAL SHOCK.




RASIC SENSOR CIRCUITS

ELECTRONIC SENSORS REQUIRE A DEUWCE
TUAT INDICATES WHEN SOMETHING HAS BEEN
SENSED., THE (NMDICATOR FOR A SIMPLE &GO~
o &G0 SENSOR SuCH AS A MAGNET SwiTCH .
ChN EBE A LAMPJ LED OR BuUZZER.

MAGNET MAGNET S
SW MCH - LAMP 1S

f_-'l.
\ (| QN ONLY

/! Bnrr&mf 7 WHEN A
; 4 MAGNET
(@ LAMP 13 PRESENT

"' THE oUTPUT DEVICE FOR AN ANALOG SENSOR

CAN BE AN ANALOG OR DIGITAL METER,

.. AN OSCHLLOSCOPE OR A COMPUTER.

E ANALOG
- « | OR
: @—_Iﬁl.{____ .@’ MGiTAL

: METER

TRERMISTOR J_{i]_

MATCH

MAKNY ARALOG SENSORS REAQUWRE A CIRQUIT
TO PREPARE THE SIeNAL FOR AN QuTPUT
INDVCATOR ., AN ESPECIALLY USEFUL CIRCUIT IS
TRE OPERATIONAL AMPLIFIER (0P AMP). THE
OP AMP CAN TRANSEORM THE TINY CURRENT
FROM A PROTODICDE IMTO A VOLTAGE THAT IS .
EASILY INDICATED BY A METER.

 PHOTODIODE
S ouT PUT

— Gy vOLT AGE



T

SENSORS AND COMPUTERS
GO-NO GO SENSORS CAN BE EASWY - CON-
MNECTED T0 COMPUTERS AND DIGITAL CIRCUNS,

=
MAGNET TO COMPUTER
{, ,o MAGRET MOUSE SWITCH ,
L T Swrten TOYSTICK SWITCH
@- g OR PARALLEL PORT.
- i

ANALOSG SENSORS REQUIRE A CIRCU T THAT
TRANSFORMS TRE SIGNAL FROM THE SEMNSOR
INTO DISITAL FORM THAT A COMPUTER CAN

UNDERSTAMD. ONE APPROACH 1S TD CHANGE

CTHRE SIGNAL (nTO A STRING OF PULSES

WROSE FREQUE NCY |S PROPORTIONAL TO THE
AMPLITUPE OF THE SIGNAL, TRE COMPUTER
1S THEN PROGRAMMED TD COouNT THE PULSES

DURIMGE A GIVER TIME.

VOLTAGE

i Jlﬂﬂ
' FREQUENCY >
CONVERTER

SIGHNAL VOLTAGE FRE&uEm Y !

AN ANALOG-TD-DIGITAL CONVERTER (A/D CON-
VER TER) CHANGES A SIGNAL FROM A SENSOR
INTO A BINARY MUMBER PROPORTIONAL 10 TME
AMPLITUDE OF T™HE SIENAL.

BINARY

ANALOG  —— /
TO -
DIGiTAL [
CONVERTER 2
B




TOUCH SWITCHES

USE A STANDARD sSwITcH WwWHEN POSSIBLE.
FoOR SPECIAL APPLICATIONS ©OR FOR ULLTRA-
THIN SWITCRE S TRY THESE SWITCHES.

MULTI-LAYER SWITCH

PRESS

_- I,
plb—Al s A S RN

S FOIL

e -
==

L N\

Te BATTERY -POWERED CiRcuiTs onmey !

|

-

A - OVERHEAD TRANSPARENCY Flipm WITH
ALUMINUOM Foil. SQUARES ATTACRED TO LOWER
SIWDE. WiTHR CEMEMNT OR DOUBLE-SIDED TAPE.

B -SAME MATERIAL AS A WITH A ROLE
PUNCHED AT EACH SWITCH POSITION.

£ ~MARE ETCHED CIRCUIT BOARD. AS SHowN
OR. POSITION SWITCH ELEMENTS QUVER FoIL
PATTERN |N A PRE-ETCHED BLOARD,

TACTILE FEEDBACK SWITCH

PRESS

QVERKEAD TRANSPARENCY
/ FILM O WITH ALUMINLDM
*‘ €01 CEMENTED OR TAPED
TO LOWER SIDE AND

CEMENMTED OR TAPED 1O
~<— ETCHED CIRCUIT BOARD
WITH CoME PATTERM.

10 \




)
WHISKER-STYLE LEVER SWITCH

ATTACH <TIFF PLASTIC ROD OR MUSIC WIRE TD
MDBDVARLE LEVER OK A LEVER SWITCH TO MAKE

A WHISKER SWITCH. /?\
A

/___ OF F
o N N - T S Y N
[‘3 O _%\\LEUER. WHISKER
U U B SWITCH (A BR- SEE BELOW)

WHISKER SWITCH APPLICATIONS
ROBOTICS ~SENSE PRECENCE OF CRTECTS.

INDUSTRY ~ HANG  WHISKER 0OVER CONVEYOR EELT
T0 DETECT CAKTOMS AND OEJECTS PASSING BY.

RESEARCH~-DRACG WHISKER OVER SoiL OR GRAZS
To DETECT  AMD COuNT ROCKS AND PLANTS.

PHYSICS OF LEVER SWITCHES

THE WHISKER SwiTcH RESULTS BELOW
'S A SECOND CLASS LEVER., FROM POSTAGE SCALE
AMD RULER TAPED 1D
APPLIED PWOT SWITCH LEVER , RULER
FORCE | WAS PRESSED AGAINST
A SCALE PLAT FORM.
=3
i.( A (l’lhﬂ) Fﬂﬁﬂﬁ(ﬁramﬂ)
RESISTA MCE(FULC.RLJM 7 49 . 6
FORCE 5 11.7
10 11.3
FOR AN IDEAL LEVER 15 7.1
APPLIED FORCE + A =
RESISTANCE FORCE » B L1 OUNCE=28.35 GRAMS
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PUFF SWITCH

A PUEFF SWITCH 1S (CLOSED BY AIR PRESSURE
OR SIMPLY BY BLowliMNG& INTO A TUEE . PUFE
SWITCHES: ARE EXPENSWE AND HARD TO FIND,
BUT You CAN EASILY MAKE THEM. OF THE
VARIOUS KinMDSE I HAVE MADE THE TYPE SHOWN
HEKE 1S THE MO<T RELIARLE,

PRARIC IPLE. OF CPERATION:

BLOwW TUBE EXPANDAELE
HERE. Vo czozos 47 BLADDER

- LEVER
O OIS SUWIITCH

MOISTURE N YOUuR EBREATH wILL CONDENSE
INSIDE THE TUBRE AND CAUSE A SLIITEH MECHAMSM
TO CORRODE OR STICK. THIS METHOD KEEPS
MOISTURE AWAY FROM THE SwWITCH, BELOW 15
A DEMONSTRATION SuwiToH wWHICH CAN. FORM
THE BASIS OF A WORWING PUFF SUJITOH.

AGQUARIYM RINDER CLIPS!
TUBING SMALL MEDIUM

\

i | PERioDICALLY BALLOON il
i

CLEAN TUBRE LEVER SwWiITCH

THIS ARRAMGEMENT ALLOWS You TD
AUIC KLY MAKE A DEMONSTRATION PUFF
> SWITCH. FOR PERMANENT USE INSTALL N

A PLASTIC Box ComNECTED TO THE CuTsSIDE
Blow WORLD wiT™ A RBRASS AQUARVUM TUBE
HERE ZJuNCTION AND SWITCH WIRES,

VA




- PAPER CLIP SWITCH h?ﬁeaz

©-32 SCREW ., WASRER AND NuT  PAPER CLIP

PHONE PLUG SWITCH

SOLDER wsﬂa'
RLRODSS THE
TERMINALS

< OK TO ATTACH

INSERT PLUG 1IN TACK
W_ KNOTTED CoRD

TO CLOSE SWITCH. '

PuLL PLLG FROM JACK 4 | To PHONE

TO. DPEN SWITCH. ll' "l PLLG COVER
i ¥

TILT SWITCH

THIS SwWITCH CLOSES WHEN A

STEEL AIR GUN SHOT (E8) RoLLS
AGAINST THE TERMINALS IN A
1/8-1INCH PRHONE PLUG, INVERT
PHONE PLUSG TO QOPEN SWITCH.

PROTOTYPE USED ZINC-PLATED ,
4.5 wim BR COATED WITH A
LANYER OF PROTECTIVE LACQUER
WHICH DOES NOT ConbDucT
ELECTRICITY., THEREFORE T
PLACED RR. IN SMALL HOLE BORED
IN woaD, MELTED SOLDER  OQUER
IT AND PUSHED BE FROM HOLE WITH
SOLDERING IROM. (BR WAS HoT!)

13




MUSIC WIRE VIBRATION SENSOR

MUSIC WIRE (AVAILARBLE FROM HORERY AND CRAFT
STORES) IS STIFF STEEL WIRE THAT SPRINGS
BACK TO 1TSS ORIGINAL POSATION AFTER BEING
RENT SENTLY, MUSIC WIRE CAN EBE USED TD
MA KRE MANY KINDS OF TILT AND VIERATION
SWITCHES THAT WORK IN VARIOUS POSITIONS.
CAUTION USE DO-1T-YOURSELF SENSOR LIKE THIS
OMNLY FOR BATTERY-POWERED APPLICATIONS!

CLIP g MusSIC  FISRING
. =, WIRE, WEIGHT

L3 TO BUZZER , LIGHT OR ALARM

- SCREW

REDUCE SENSITWITY
BY MOVING WEIGHT
@@?—&-w#ﬁm&i{ CLOSER TO CLIP OR
BY INCREASING GAP
& o5 € SOLDER BETWEEN WIRE END
LU G AND COPPER FOIL .

E e CIRCUIT BOARD
= ﬂ (NO COPPER)

CIRCUIT EoARD
( COPPER CLAD)

HARDWARE : -32 OoR 8-24




PIEZOELECTRIC VIBRATION SENSOR

CERTAIN CRYSTALS AND CERAMICS BEND N
RESPONSE TO A VOLTAGE AND GENERATE. A
VOLTAGE WHEN BENT. THIS PROPERTY IS THE
PIEZOELECTRIC EFFECT, A PIEZOELECTRIC
BUZZER ELEMENT 1S A SENSITIVE VIERATION
SEMNSCR, TRY THIS!

TAP

PIEZ0 BUZ2ER ELEMENT SUPER ERV\GHT LED

TAP THE PIE20 ELEMENT WITH A PENCIL WHILE

LOOKING 1nTO T™E END OF THE LED. EACH TAP
WHL CAUSE THE LED TO FLASH.

THE SETOP RELOW IS A SEISMIC SENSOR.
THE VERSION I MADE DETECTED TRAINS
1 MILE (1.6 KM) AWAY. CONNECT THE
LEADS FROM THE PIEZD BLEMENT ToO AN
ANALOG VOLT METER. SEISMIC VIERATIONS
WILL CAUSE THE MNEEDLE 0 JIUMP UP TO A
VOLT ©OR S0. THE WEIGHT CAN ERE A LEAD
FISHING WENGHT OR A 4-voLT RATTERY,

L RULER
BRICK TR
T R
f St o T "1 PIEZO ELEMENT
ARIE Pl (HALF OVER EDGE
T [ e, RULER OF BOTTOM BRICK)
BRICK [ ¥ e \ <=
BRICK | = " "".] CONCRETE WEIBAT (MOVE
R FLOOR. CLOSER TO BRICK TD
i REDUCE SENSITIVITY)

15



PENDULUM SWITCH

PENDULUM SWITCRES

ARE IDEAL FOR

DETECTING TILT ARND VIBRATION. THEY ARE
PDSeED 1IN SECURITY SYSTEMS AND SEISMIQ

SEMNSORS. PENDULUM

SWITCRES ARE

EASILY MADE FROM READILY AVAILABLE

MATE RIALS, HERES onE

YOou CAN AMEE.

1
M.'Ii[lll+ \ G5 ~ £ SOLDER LUG

Bl — WRAPPING
S av WIRE
b st _— i L gracke
2 . _ CKET
58
Pz — <—— CHASS|S
_ﬂ"®+ ~—— OPTIONAL
SECOND
/4 SEMSOR
PZ1 A~D P22 iy DECK
ARE PIEZOELELTRIW X
BUZZERS. P —g OPTIONAL
— — DAMBING

.-""'-d-#
LEAD FISH|pMG
VUEVGHT

, FLUID
. (MINERAL OIL)

K WASHER— USE TINNED WASHER. SOLDER A
WIRE TO WASKRER., CEMEMNT WASHER OVER HOLE

PRILLED 1N THE SENSDR

DECK. .

CHASSIS S PLASTIC OoR METAL ENCLOSURE,

SEMsoR DECK 1S CIRCuUIT
(WiTROUT COPPER Foil).

BEOARD MATERIAL
SECOMND SEMNSOR DEck

RAS WALSHER WITH LARSER HOLE THAN
WASHER N UPPER DECK. THIS PROVIDES A

SECOND SIGNAL AS TILT
INCREASED.
ib

OR VIBRATOA IS

3




PENDULUM QUADRANT SWITCH

REPLACE THE SIMPLE GO-NO 60 WASHER

SWITCH OonN THE

FARACING PAGE WITH A

CIRCULAR ARRAY OF FOUR OR MORE SEGMENTS
WHICH DI~
CATES THE DIRECTION OF TILT ©R VIERATION.

AND You CAN MAKE A SWITCAR

R4
100K

R
1K

SELECT
VALUES
FOR (O
FROM
TABLE
ABOVE.,

USE ¥ 18
OR, LARGER
COPPER
WIRE TO
MAKE.
SEGMENTS

NOMN-
CONDUCTIVE
RoARD

+9Qy

C (mF)

TONE(H2)

!

4

%J::

20
.10
QU7
l'ﬁ?—i
Iﬂlo

50
110
230
4430

1200

DIRELTION
OF TIiLT
CONTROLS
TONE

8 SL
SPKR

C4

4,7 uF

h] s
]l

TO PENDULUM

1!i

Ln

USE A
DIFFERENT
VALUE FOR
EACKR C
TO GET
4 TONES

HOLES
SECURE
SESMENT
WIRES

17
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SWITCH-TYPE ALARM SYSTEMG?

MANY SECURITY ALAR M SYSTEMS USE _
ON=-CFF (SPST) SWITCRES o DETECT OPEN
DooRSsS AND WINDOWS OR VIBRATION. MAGNET
EU&LTCHESj METAL FOIL (WKHICH BREAKS

WHEN A WinDew 1S BROKEN) AND VIBRATION
SENSORS ARE OFTEN USED, -

CTNPICAL MAGNET SWITCH

RASIC OPEN-CIRCUIT ALARM

. SENSOR PANIC  ALARM
SWITCHES SWITC R | | -
/LE:L $1 /lss sS4 | ': BL
ALARM (BELL , SIREN, BU22ER OR LAMP) 1S
ACTIVATED WHEN A SWITCH CLOSES. BuT

THIS CIRCOIT 15 EASWY DEFEATED SimMPLy BY
COTTING A WIRE, L R

18




)IMPROVED OPEN-CIRCUIT ALP&RM:”
RESET  ALARM

¥ switen
Sy T A
NORMALLY olo—s | o
SENSOR | i I |
SWITCHES . '
AR RELAY

P . :
S1 S s3 Q volY |
- - '. - Sgodl. T
. . TRE RELAY IS _—
| T | T T ~  NORMALLY OFF - ‘I

WHEN A SENSOR ‘E-UJLTC.'.H 1S r:Lﬂ‘EED THF _
-~ RELAY PULLS IN. AND THE ALARM. STAYS ON
LDNTIL THE RESET SWITCH IS5 OPEMED.
THE CIRQUIT AN BE DEFEATED BRY cuT'rthG -
f"«. SWITCH . WIRE LEFORE CLOSING . A SENSOR.

"CLOSED CIRCUIT ﬁLARM

THIS CIRCUIT MONITORS THE | O ALARM
SENSOR. SWITCHES CONTINUOUSLY, _
THE ALARM (5 ACTIVATED IF A '
A SWITCH WIRE 1S CuT, —_——
THE RELAY DRAWS CURRENT - s
CONTINQOUSLY. . -E.’:g_ 1

S . , . RELAY

' | 9. voLT

| NORMALLY~ SO0

Sl CLOSEDR : - 1

SENSOR - 194
SWITCRES :

s2 . . pPreessql

TO ACTIVATE




INTELLIGENT SWITCH SENSOR: k

C WIRED SECURITY SYSTEMS ARE MORE
SECURE WHEN THE SENSOR SWITCHRES:

ARE NORMALLILN=CLOSED. AND CﬂmuE;TEﬁ
N SERIES LIKE THWS:E

g1 g2 $3 54q

WHEN A SWITCR 1S OPENED AN ALARM
SOUNDS OR A LAMP FLASHES ON. BUT

. THE CIRCUIT DOES. NOT INDICATE WHICH | |
L SWITCH 18 OPEM.. ‘r.'H_I‘S CIRCUIT DOERSS .

1K 7.2 33K 47K

NORMALLY THE OuTPUT IS CLOSE TO ©
OHM. WHEN A SWITCH 1S OPENED, A :
CORRESPONDING RESISTANCE APPEARS AT -
THE OUTPUT. WITH THE RES\STANCES
. ABovE, |F THE OCUTPUT IS 2.2x THEN S2
S B DPEN THIS. METHOD ‘ALSO INDICATES. |
LLWRICH OF TWO. OR MORE. SWITCHES ARE . .. .
... OPEN. WiITH THE VALUES ABOVE, IF :._;
.. THE ouwTPuT. IS E'EK THEN Swch.HEs
2 AND 3 ARE COPEN.

'fH\hPORTANT TIPS

. USE. GREAT CARE WHEN DESIGNING AND,
INSTALLING SECURITY . ALARM SYSTEMS.

EE SURE BATTERIES ARE FRESH AND

: "ZFEET THE. SYSTEM.. GFTEM

.90 .



INTELLIGENT SECURITY ALARM

S1-S5: NORMALLY CLOSED MAGNET SWITCHES
1 S2 $3 SH 5

RL - 10Kk (R1-R5: 1/4 W)

2'2.— 22 K S

3~ 33K

Ry — 47 K /m

RS 1600 & <7 PRESS TO TEST

DPERATE READOUT

N 1 RELAY C_':{vauf,;saﬁit;)_;.. |

RESISTANCE
. : INDICATED .
0 0" + BY METER

TRt REVEALS
PRESS AND RELEASE — 12v { O WHICH

S8 TO ACTWAIE SWITCH
T = s OPEN
Sloi NORMALLYY QOsED | PIEZO ¥
PUSHBUTTON SWATCH | BuZlER ORM.
| . METER
S7: SPDT SWITCH. T t o
P 5 " i
OPERATION

1. PRESS Sb To TEST. { BU22ER Wil Slm;ilfﬁlll‘il.).

2.1F PLARM SOUNDS, TOGSELE S7 To THE
READOUT POSITION 70 SILENCE BU2ZER . THEN
SWITCH ON OBRM METER AND READ THE

RESI\STANCE., |IE RESI\STANCE IS5 ONLY A FEw
ORMMS, THE BATTERY (S ToO wEAK TO PuLL
I THE RELAY. | g



FIRE OR WATER SENSOR

THIS RORMALLY -=CLOSED . SwnTCH 1§ KEPT
CLOSED BY A SUBSTARCE THAT MELTS
WHEN HOoT 0R DISSoLVvES WHEMN WET.
FOR SAEETY THE SwiTCH CPEMS IF T
1S DESTROVYED.

FIRE % PLACE SEcTioN OF BIRTHDAY CaAnDLE |
SEMSOR GAP. SwircH will 0OPEN  WHEA .
WAX MELTS OR IF CLoTHES PIN BURNS AwAY.

WATER: PLACE ASPIRIN OR OTHER WATER SOLUBLE

TARLET CR CAPSULE N SEMNSOR  GAP

] N4 /

CLOTHES PN CLOSED ﬁ BENT PAPER QLiP
CNDORMAL) /

SE NSOR anp) =32 —

! :
- OPEN N~
(ACT\URTED) PLACE
CONNECTION COMMECTION
WIRE 7 e NIRE AT
> 4 [_L EACH SCREW
PAPE R o
Ce P 3 =
¥
&-32
SCREW
ArD NUT

22



PULL SWITCH

e

=

PLASTIC \fb‘ CLOTHES

PULL
STRAP

CORD —

EVYE
SCREW

—

PIN

USE THIS SWITCH TO
ACTWATE A LIGHT, SIREN
OR BUZZER WHEN A DOOR,
Wik Dow COR MAIL Box 1S
OPENED. THE VERSION
SHOWN HERE IS NOoRMALLY
OPERY. THIS MEANS THE
SWiTCH QAN BE BYPASSED
BY CuThiNG 1Ts LEADS.

FOR NOoRMALLYY CLOSED
CPERATION DSE THE SWITCH
OGN FALING PPGE AND
ADTuST SCREW SO THAT IT
TOUCHES "THE PAPER CLIP
WHERM THE Pull STRIP IS
i/ PLACE . A THICKER PulL
STRIP MIGHT EBE WELESSARY
' You DSE THE NoRMALLY
CLOSED SWHATOH ., USE SCREWS
O CEMEMNT To MOUNT SWwWITCH,

<440 R £-27 SCREWS AND MUTS

P~ —FILE THE READ OF
1 ONE OR ROTH SCREWS
SO CLOsING THE
S ITCH WLl CAUSE
THE SCREWS To PRESS
TOCETHRER AND NOT
SLIPE T0 OME SIDE.

PLASTIC Pull STRAP
i$ cuT FROM FPLASTC
MILK oR SHFEFT DRINWNK
BoTTLE..

FOR BATTERY-POWERED
APPLUCATIDNS ONLY!

am p M

PuLL TO ACTUATE.

23



VOLTAGE SENSORS

GO-NO GO VOLTAGE SENSORS HAVE MANY
USEFUL APPLICATIONS, THEY CAN BE MADE
USING ZENER DIODES OR COMPARATORS.

ZENER DIODE VOLTAGE SENSOR

%
+ s AAA N
VOLTAGE K -
N Ri D1 LED

-
P

LED WwWiLL GLoW WHEN INPUT VOLTAGE
EXCEEDS EBREAWDOWN VHLTAGE 0OFf D1.

R1= (VOLTAGE IN = Vigp) / T LeD

Vieo RANGES FROM ABOUT 2.0 TO 2.7 VOLTS
FOR VISIBLE LEDs (SEE LED SPECIFICATIONS).

Iiep 1S DESIRED CURRENT THRoUGSH LED.
FOR 10 mA CURRENT , I e IS O.01.

BARGRAPH VOLTAGE SENSOR

+ >
{Fz‘l g R2. % R3 g RY g RS
330 < 470 6o 2 1K < 1.%K

VOLTAGE
| N DL D2 D3 |4 DH DS
'ZSE.I.U’ L2v [N9.1v A\av 1SV
USE 12
AT LEDL LED 2 LED 2 LED Y LEDS
RESISTORS SZ
- > %" %“ %“ Xlz*‘ \‘*

—

THE LEDs &Low FROM {TD 5 AS INPUT
VOLTAGE RISES FROM AEBOUT & TO 15 VOLTS.
OK To USE ZENER DIODES WITH OTHER
BREAKDOWN yYOoLT AGES,

24
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COMPARATOR VOLTAGE SENSOR

THIS BASIC COMPARATOR VOLTAGE SENSOR
DETECTS PRESENMNCE OF A UVOLTAGE ABOVE OR

BELOW AR

ADTUSTARBLE REFERENCE VOLTAGE,

+9qv

k1
10K

INPUTS

REFERENCE

NOLTAGE

?n—

REFERENCE VOLTAGE TO (NPUT R :

- 10, LED ON LED 1S ON WHEN
- ] e - INPUT 1S BELOW
b L g REFEREMCE VOLTAGE.
wl 4 | =
< o[ L _ _ EDOFF
= 0 { | 1 ] { [ i
g 1 2 3 Y 5 & 7
VOLTAGE AT 1NPUT B
REFERENCE VOLTAGE TO INPUT A:
= 16, LED 15 ON WHEN LED ON
5 8L INPUT IS ABOVE r— —— = - = - - - — -
L REFEREMCE VOLTAGE. |
g 4 ——— | —
< o[ _ tED o )
=4 0O i | L L i 1 1
S 1 2 3 Yy 5 6 7
VOLTAGE AT InPUT A



i
ANALOG PRESSURE SENSOR
PRESSURE SENSORS ARE EASILY MADE

FROM SIMPLE MATERIALS. THIS OMNME CHAMNGES
THE RESISTANMCE 2F A POTENMTIOMETER,

T ===
POTENTIOMETER (oo
SHAERT ——

CHASS (S
ATTACH SPRING

TO BAR AND CHASSIS
W ITH ECREuJ.J NUT
AND WASKHER.

RETAINER

MAKE EAR FRoM
Woop OR PLASTIC.
SECURE TD SHAFT
OF PCTENTIDMETER
WiTH CEMENT OR
SET SCRrREW.

SIDE VIEW OF
CRASSIS: USE POTENTIOMETER
RLUMINUM ENCLOSURE. \NISTALLATION

26
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SIMPLE PRESSURE SENSOR

TRIS SIMPLE SERSOR DDES NOT PROWVIDE
THE CONSISTENCY OF A POTENTIOMETER,
EuT T 18 yERY EASY To MAEKE,

PRESSURE PRINTED
I CiIRCwuIT
EOARD
CONDLCTIVE

PLASTIC FOAM

PRINTED
CHROIT  —
BoARD

o0T

POLISH COPPER SIDE OF BoTH RBoARDS. SOLDER
CONNECTION WIRES TO EACR BoARD., THEWN
SANDUWACKH CONDUCTIVE PLASTIC FOAM (USED
™ PROTECT ICs) RETWEEN COPPER SIDES OF
THE GOoARDS. PLACE SENSOR N srall PrAsTIC
EoxX T HoLD T TDGETHRER.

PRESSURE-TO-VOLTAGE

+9v R3 s AND R1 FoRM
1DK TO 100K VOLTAGE DIWIDER,
Re 1S _ MA____ . REDUCING Rs

SENSOR INCREASES THE
- +9v VOLTAGE AT R2.
Rg AD JUST RA TO
D SRV.V. N . CALIBRATE.
R
1k 3

MNMEGATIWE

- VOLTAGE
k1 ~Qvy = ouT
1ok : -

EXPERIMENT WITHR VALUES oF R1 AnD R3
10 GWE DESI\RED QUTPUT. CONNECT Rs TO ~Yv
TO GWE POSITWVE VOLTAGE OUT.

7]



STRAIN SENSORS |

B STRAIN GAUGE 18 A ERESISTOR HAVING A
RESISTANCE wRICH CRANGES WHEN THE
RESISTOR 18 BENT OR TunSTED. You
CAN BASILY MAKE A WOoRKING STRAIN GALZE.

FLEX BLE GRAPHITE Wy NOTE: SCcME
PLASTIC PENCIL ™Sy PENCILS DO
(ROUGHEN NOT HAUE
WHITH SAMD GRAPHI\TE LEAD
PAPER 1IF
NECESSARY) -~ >
s 5
———

MULTIMETER ~ RESISTANCE SETTING

=k
a1

BEND SENSDOR TOWARD
GRAPHITE <IipE TO REDUCE
OR hwWAY FROM GRAPHITE
SIDE TO INCREASE EE‘EiETAHH-’:E

nv's
Iy ConNECT —EE =

N7 SENSOR TD |
/-CMP LEAD S |
OR USE

g

METHOD |
EE LOW 7 MULTIMETER
A
COPPER / COPPER
Pe BOARD STRAIN GAUGE PC BoOARD
= ]
A




)
STRAIN SENSOR APPLICATIONS

MY FIRST STRAIN GAUGE PREJECT MOMITORED THE
MOVEMENT OF A MODEL ROCKET [NSTALLED N A WIND
TUNNEL STRAPPED TD THE SIDE OF A 19bb CHEVY.
T WORKED. HERE ARE OTHER APPLICQATIONS

FRESSURE—-SENSITWE RESISTOR — USE STRAIN
SENSOR TD CONTROL FREQUENCY OoF ALDIC OSCILLATDR
OR GAIR OF AMMPLIFIER.

PRESSURE “SENSITIVE SwiTCH — USE STRAIN SENSOR
AS VERY SENSITIVE TDUCH SWITCH.

BCCELEROMETER= ATTACH WEIGHT TD ONE END
OF STRAIN SENSOR. MRDVEMENMT WILL CHANGE
EESISTANCE OF SENSDOR.

SCALE — ATTACRKR STRAIN SENSOR TO BoTTOM SIDE
OF FLEXIELE PLAT FoORM, CALIRRATE BY PLAUNG
ITEMS OF KNOWN WEIGHT ON. PLATFORM.

EXPERIMENTAL — ROBOTICS AND DETECTION OF
VIERATION AND MOVEMENT.

STRAIN SENSOR DESIGNS

TRY THESE VARVATIONS TUO INCREASE
SENSITWITY OR MAKE SINGLE—-ENDED SENSORS,

CALIERATE OR ADIUST
RESISTANCE EYy LICHTLY
STROKIN G PENCIL ERASER
ACROSS GRAPRITE.

TRY COATING GRAPHITE
WiTH THIn LAYER OF
PAANT T PROTECT FROM
VN WANTED CHAMNGCES
IN RESI\STANCE.,

HIGH
SEMNSITIVTY

29



STRAIN SENSOR RELAY

THIS CIRCUIT CAN BE ADIJUSTED TO PULL (N A
RELAY WHEN SENSOR 1S BERNT oR TUWSTED.

tq v R4
A yq7
- b AN
STRAIN
SENSOR Ql
R3 12222
/ 2 |3 1K

R1 R
100K 1M
L AAA
1 Rrecav

= 500 JJL,QwLTs

STRAIN SENSOR TONE GENERATOR

TRE FREQUENCY OF THE TONE FROM THE SPEARER .
CHANGES WHEN THE SENSOR IS BEMT ORTWISTED. |

t9v (NCREASE VALUE OF C1
TO REDUCE FREAHAUEMNCY

STRAVN N BRL
SENSOR g 14 220
7
! 0K TO
R1 3 | 585 VSE

1K ) EXTERWAL
[ Aubro
*
3 N AMPLIFIER
n .

&
41 SPER

¥01~0.0110 LuF. =

W



STRAIN SENSOR AMPLIFIER

THVS CIRQUIVT CONVERTS THE CHANGE 1IN THE
RESISTANCE OF A <STRAIN SENSOR TO A
CHAMGE In VDLTAGE,

+9vy
1 e
STRA [ 1M
SEMSOR AN
/ 2 (7
I 741k . —
. e o7
GRAFHITE fff;q TO
VOLT METER
(Vour)
-y kf S
L
-qv

=l L—
—— i

THIS CIRCUIT AMPLIEIES THE CURRENT THROUGH
THE STRAWN SENSoR (In) 8Y 1,000,000, IT S
THEREFORE VERY SENSITIVE. REDuc:. RESISTANCE
oF RL T Rebduvce GAIN (Vour =1, , x R1).

RESULTS wWiTH TYPICAL STRAIN SENSOR (Vour):
PLASTIC STRIP

- ..,A_L/CMHFLAR ™™ .

GVERHEAD

= TRANSPARENCY
- FILM N PRoDuUCT
1 PACKAGING, ETC)
ROVGHEN WITH
SAND PAPER.

FLAT END BEND VSE NARROW
owT N LINE WHEN GAIN
1.48v 1.32v 2.25 vV 1S HiGH.
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MAGNETIC FIELD SENSOR

A COMPASS 18 A MAGNETIC FIELD <ENSOR.
B LIGHT SENSOR <CAN DETECT TINY MOVEMENTS

OF A CoOMPASS NEEDLE CAUSED BY ELECTRIC
MOTORS, MAGNETS AND SOLAR ACTIVITY.

SINGLE SENSORT

/ \E_‘_];L*Pmmﬁﬁmeswa

II. I. DR
J *® J PROTO TRANSISTOR

N

NON-TRANSPARENT T TRANSPAREMT

COMPASS f COMPASS
AN
N-NORTH S~SOUTH LED
J1.

DUAL SERNSOR SENSORS

N

USE CLEAR, DOUEBLE-SIDED TAPE

TO ATTACH SENSORS TO TOP OF
TRARMSPARENT COMPASS. TAPE

TPHDTGEEE!ETDRS BLACK PAPER OVER SEMNSORS.

TEST BY PLACING COMPASS ON CLEAR Box oN WHITE
PAPER. ROOM LIGHT wiLl BE REFLECTED UPWARD.
W STALL COMPASS AND.LED IN LIGHT ~TIGHT ROX.
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MAGNETIC FIELD SWITCH

LIGHT-TIGHT ENCLOSURE  RATATE cOMPAsSS s TV
S - PC1l IS OVER NEEDLE A

o £ —4

PCl

R2 ConTROLS | R3
SENSITIWVITY 1K

*”-

|
I
I
|
|
I
|
|
|
I
I
|
|

__[{]_/W\ + ADJusT CoMmPASS AND RZ
LED L — SO LED SWITCHES ON WHEN
1K T A MAGNET 1S MOVED
L - — - - - _ _ _ AV NEAR COMPASS,

MAGNETIC FIELD AMPLIFIER

LIGHT-TIGHT ROTATE ComMPASS So Pci  *9y
EnCLOSURE AND PC2 ARE OVER NEEDLE T
l’ *R3- L0 10M | '

il Sttty

| i

| I 2 \

1 I -

. . 2| 74

' ! 4 10 ANALOG
| i MULTIMETER
| | ~3yv

' | R1 R L

' | 100Kk | Look — .

| |

SLIGHT MOVEMENT OF STRONG
MAGRET 2 METERS (GFEeT) AwAY

33
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VIDEO MONITOR SENSORS

TAPE A LIGHT-SENSITIVE PHOTORESISTOR,
PHOTOTRANSISTOR ©OR SOLAR CELL To THE
SCREEN OF A VIDED MONITOR. A SsPorT OF
LIGHT FLASHED ON THE SCREEN UNDER THE
[IGHT SENSOR (AN THEN ConNTROL A TONE
GENERATOR ; LIGHT OR RELAY. THUS LIGHT
ON THE MONITOR'S SCREEN REPLACES
CONMNELTION WIRES BETWEEN THE MONITOR
Anmp THE DEVICE EEING CONTROLLED.

SCREEN

\

TAPE

——
L. TO CIRCWT

\DHDTDRESIETDR

1. BusY SIGNAL— WHEN A PROGRAM TAKES LOTS
CE TIME TO CRuUMCH DATA, USE THE MoUsSE
TO MOVE THE RusY Icon (&E) unuTiL 1T 1S UNDER
A LIGHT SENSOR TAPED On THE SCREEN. CONNECT
THE SENSOR TD A TONE GERNERATOR. A VERY
DISTIRCT CHANGE IN THE SouwD CF THE TUONE
WL OCCUR WHEN THE BRUsY \CON CHAMNGES
0 THE CURSOR SYMEOL., THIS wilL ALLOW
YoU TO DO SOMETHING ELSE WHILE You
ARE WAITING FOR THE C(oMPuTER TO
COMPLETE AN CPERATION.

2. CONTROLLER — WRITE PROGRAMS (N FASIC,
LBASIC OR OTHER LANGUAGES THAT PLACE
BLOCKS CF LIGHT ON A BLack EBACKGRounD
DIRECTLY UNDER CNE oR MORE LIGHT SENSORS.
THIS WILL ALLOW YOUR COMPUTER Th <CONTROL
EXTERNAL LIGHTS, SOunwDS AND RELAYS UNDER
PROGRAM COMTROL.

3. DRWE SIGNAL- TAPE A LIGHT SENSOR OUER
THE INDICATOR LIGHT FOR A HARD DRIWVE OK
COD-ROM DRWE ., COMMNECT THE SENMSOR TO A
TORNE GERNERATOR. EACH TIME THE DRWE 1S
ACCESSED A TONE  witl sounND.
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4, VIDEO CAMERA — VIDEC CAMERAS ARE IDEAL
FOR WATCHING A SLEEPING RARY 0OR A FRoNT
PORCH. BuT You MUST WATCH THE MONITOR

TO Knoul WHEN SOoMETHING HAS HAPPENED.
TAPE ONE OR MORE LIGHT SENSORS To THE
PART OF THE SCREEN WHERE MOVEMENT QR
CHANGES ARE MOST LIKELY TO OCCuR. THEM
CONNECT THE <SENSoR TO A TRRESHCL
DETECTOR., WHEN THE IMAGSE ON THE MANITDR
CHANGES, A BLZ2ER wiLl SOUND.

PLEASE NOTE — WHILE ALL THESE APPLICATIONS
HAVE BEEN TESTED, THEY ARE EXPERIMENTAL,
THE RESULTS You OEBTAIN WILL BE SUEJTECT TO
INTERFERENCE FROM AMBIENT LIGHT AND TTo HOW
AND WRHERE You ATTACH THE LIGHT SENSCR TO
THE MONITOR.

VIDEO MONITOR TONE GENERATOR

CADMIUM  SULFIDE +9 v
PHOTORESISTOR A

l * !
Pe 1 = L

M (Pe MEANS PHOTOCELL) R

220
3 -
555

VIDED R4 b

MORITOR 1K |
SCREEN LS

]

¢t T . s
INCREASE. VALUE O.1uF L 13 <pkRr
oF C4 7o REDUCKE
FREQUENCY OF TONE
= N\
j,,?r"

Ok TO REPLACE SPEAKER WITH PIEZOELECTRIC RUZZER
ELEMENT. (RED WIRE TD PINY AND BIACK WIRE TO PIn 3.)
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VIDEO MONITOR RELAY CIRCUITS

THESE CIRCUITS PROVIDE A S{MPLE MEANS FCOR
COMTROLLIMNG EXTERMNAL DEVICES wiTH A
VIDESQ MORMITOR.

LIGHT-ACT\VATED RELAY
RELAY DROPS OuT WHEMN SCREEN) AT PCL 1S BRIGHT,

PHOMRESISTOR  +9V  ADIVUST SCREEN
(TAPE TO SCREEN) A BRIGHTNESST AS NECESSARY

J A l
_ PC1- ysE RZ CONTROLS Ry
| R1 | BLACK TAPE SENS|TIWITY “47
100K
\ 2 I Qi
741 2RL2L
—+\2> 1K —
PCL Mo
\ 4 RELAY
RZ - QU,EGDJL <1
SCREEN M | D

DARK-ACTIVATED RELAY

RELAY PULLS 1IN WHEN SCREEN AT PCL IS DARK.

PHOTORE SISTOR + 4V ADTUST SCREEN
(TAPE TO SCREEN) T BRIGHTRESS AS NECESSARY

. _

# PC 1-LsE R2Z ConTROLS R4
— PCL | BLAC Kk TAPE SENS\TIWVITY 47
i

2 [N a1
m%‘:}h AAA, WL
3 3
+  —
R1 14 1K
100K ﬁ:
. RELAY |
SCREEN R2 4 qv, 50001 4
M | =
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) . :
IMPROVED VIDEO MONITOR RELAY

TRIS CIRCUIT USES DUAL PHOTORESISTORS

TO PROVIDE DIFFERENTIAL OPERATION. CHANGES
IN ROOM LIGHTING . CAUSE THE SAME RESISTANGE
CHANGE IN EOTH PHOTORESISTORS, THUS THEY
CANCEL ONE ARNOTHER. ONLY WHEN PCL1
RECEAVES MORE LIGHT THAN PC2Z 1S THE

CIRCUIT UNRALANCED AnD THE RELAY ACTUATED.

,L' MA____ R1

100K
N Pci +9v R

47

Q1
TN2222

S .

\ P2 J
SCREEN I
_I_ RELAY

PC1 €2~ PHOTORESISTORS = 500.fL, 9 vor

ADTUST RZ TO CONTRDL SWITCHING THRESHOLD.
~

N
e

‘PAINT"

PROGRAM
CURSOR

THIS CIRCULIIT EASILY RESPONDS TO vARIOUS CURSORS
GENERATED BY TYPICAL PAINT PROGRAMS. THE
PROTOTYPE coutd BE. SET (VIA R2) TO ACTUATE -
THE RELAY WHEN THE TEXT CURSOR (M MICROSD
PAINTBRUSH APPROACKHED PC1 (WHMITE ON RLACK). .
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VIDEO MONITOR SENSOR PROGRAMS

HERE ARE SOME SIMPLE PRQARAMS THAT

DEMDM STRATE HOW A COMPUTER CAN CONTROL
EXTERNAL DEVICES VIA ONE O0R MORE LIGHT
SEMNSORS THAT RECEIVE PROGRAMMED FLASHES
OF LIGHT £RoOM THE MONITOR'S SCREEN.

THIS QBASIC PROGRAM PLACES AN '""X' AT
THE SAME PLACE oN T™E SCREEN FoR 10
<DFF CYCLES !

REM X ON X oFF DEMD

CLS

FOR A =1 710 10

_LOCATE 20, 501 PRIRT M X!
FOR N . =1 Tc 1000 ¢ NEXT N
LOCATE 20, 50 @ PRINT " "
FOR N =1 TO 1000 4 NEXT N
NEXT A

END

HOW THIS PROGRAM WORKS
FOR A =1 10 10 CONTROLS NUMEER OF

ON=-OFF (YCLES. FOR EXAMPLE, CHANGE
10 0 100 FOR 100 CYCLES.

LOCATE 20.80: PRINT_ "x" PLACES AN 'X" AT
Row 20, corumnN 50. A TYPICAL MownIToR HAS
25 RowsS AND B0 COLUMPANS, YDU CAN PLACE
CTHE "X ANYWHERE WTHIN THIS RANGE,

FOR N =1 TO 1000 : NEXT N DETERMINES
How LONG THE X" STAYS ON AND OFF.
CINCREASE THE SECOND NUMBER TD INCREASE
THE DELAY.

FOR FLASHING CURSOR, CHANGE LOCATE STATEMENTS:
LOCATE 20, 50,/1 ,0,7  (CURSOR OR) |

LocATE 20, 50, 1., 1,0 . (CuRSOR OFF)
38



THIS PROGRAM ALTERNATELY FLASHES AN “X*
AT TwO ADTACENT LOCATIONS T <CONTROL
TWO LIGHT SEMNSORS,

REmM DUAL FLASHRER ROUTINE
LS

FOR A = 1 To 10

LOCATE 20, 50 PRAINT "X’
LOCATE 20,40 : PRanT " "
FOR N =1 10 1000 : NEXT N
LOCATE 20, 50 ¢ PRImnT "
LOCATE 20,40 PRNT"X"
FOR N =414 TO 1000 NEXT N
NEXT A

END

NOTE ¢ THIS PROGRAM AND THE onE ON
FACING PRAGE WILL WORK WiTH BAS|C (F
You PLACE A CONSECUTIVE MNUMMER REFORE
EACH LINE. (TRY 10, 20,30, ETC. SO YOoU
CAN INSERT NEW LINES LATER.)

MODIFYING THE SCREEN SYMBRBOL

LOCATE 1S THE SIMPLEST COMMAND FOR
PLACING A CHRARACTER AT A DESIRED PLACE
ORN THE SCREEN. IF “x" oR oTHER KEYEOARD
CHARACTERS DD NOT PRoVIDE ENOUGH LIGHT
OR CONTRAST TO ACTIVATE YOUR SENSOR, .
INCREMSE THE SCREEN BRIGHTNESS OR . TRY USING
AN ASCIl CHARACTER ACCESSED BY THE CHR $
STATEMENT. FOR EXAMPLE:

LOCATE 20,20t PRINT cHR$ (178)

PLACES A WHITE BOX oM THE SCREEN.
CTHER, SUITABLE AsSClt SYMEBOLS INCLUDE .

-17 | -179 F+-216 m-220 ©0-249
O-197 +-197 U-219 0O-223 0= 250

SEE PROGRAM MANUALS FOR COMPLETE LIST.
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LIGHTNING SENSOR

USE THIS CIRCUIT TO
DETECT DISTANT FLASHES
OF LIGHTNING.

THUNDERSTORM

S

A

T
[{jh? S1(a)
L
|

R

~— B1

+ [ qVOoLT S

SINCE A LA\GHRTNING BOLT 1S A GIANT
RADIO TRANSMITTER, A TRANSISTOR RADIOD
CAN DETECT LIGRTRNING. BuT THE POPS
AND CRACKLES YOou HEAR DO NoT REVEAL
THRE OIRECTION OF THE LIGHTMING. THIS
CIRCUIT INDICATES THE GENERAL DIRECTION
OF LIGHTNING EBoLTS DULURING THE DAY
WHEN T MAY EBE TOO BRIGHT TO SEE THE
FLASHES. AT N\GHT IT willL DETECT
DISTARNT LIGHTMNING THAT MAY BE To00
FAINT TO SEE.

FOR BEST RESULTS MOUNT THE SOLAR CELL
BEMIND A MAGNIFYING LENS. A LARGE
PLASTIC FRESNEL LENS SUCH AS THE
FLAT PLASTIC LENSES SsoLbh AS PActE
MAGMIFIERS WORKS WELL, THRE LENS
WILL COLLELT MUCH MORE LIGHT THAN
THE SOLAR CELL ALONE ApND 1T WILL
MAKE THE SENSOR VERY PDIRECTIONAL.
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o
Y, Yo\ N OPTIONAL LED OUTPUT.
K2 L1 LED WILL FLickER AND
1K LED FLASH N RESPONSE
TO LI\GHTNING.

TO TEST, PO\NT TV CAUTION
REMOTE €O NTROL STAY INDOORS
UMAT AT SOLARCELL | WHEN LIGHTNING
1S NEAR

L3
10 uF
*if ey

A iGCIJL.I.F
. : 5 4|
+
{0k 280 52

|
I
|
|
|
|
—

/

+

L

E==TETY
——

——

)\

q voLTS

i
I
I
|
I
I
I
|
I
I
i
I
i
B2 : 8 0
!
.

TO MAKE A DIRECTIONAL LIGHTNING SENSOR,
CEMENT A SOLAR CELL TD THE INSIDE OF EACH
SIDE oF A CLEAR SGQUARE PLASTIC BOX.
ASSEMBLE FOUR SENSOR ClRcUILTS wiTH AN LED
OUTPUT (LESS 38(L AUDIO OUTPUT STAGE) ON A
CiRcuiT RBOARD AND INSTALL ROARD AND
BATTERY INSIDE THE PLASTIC Box. SELECT A
DIFFERENT CoLOR (RED, YELLOW , ORANGE AND
GREEN) FOR EACH LED, INSTALL THE LEDs ON THE
SAME SIDE OF THE Box SO THEY CAN BE SEEN
FROM A DISTANCE. MARK EacH SIDE OF THE
BOX WITH THE FOUR COMPASS DIRECTIONS
(HDRTH.,' EAST , SOUTH AND WEST) AND NOTE
THE LED COLOR FOR EACH DIRECTION. PLACE
THE SENMSOR |IN AN OPEN FIELD SO THAT ITS
MORTHR <SIDE FACES NORTH AnD WHERE YOU
CAN SEE IT FROM |NSIPE YOUR HOUSE.
COLOR OF FLASHING LED OR LEDgs (wiLL
IRDICATE THE APPROXIMATE DIRECTION OF
LIGHTNING BOLTS. _ i



INFRARE D SENSOR

A THERMISTOR 18 A TEMPERATURE -SENSITIVE
RESISTOR, {MNSTALL A THERMISTOR AT THE FOCAL
POINT OF A FLASRHLIGHT REFLECTOR ToO DETECT
INFRARED RADIATION FROM HEAT SOURCES.

THERMISTOR WRAPPING

S 4
IFRARED (IR) FLASHLIGHT TAPE. WIRES
SOURCE REFLECTOR HERE

INFRARED SWITCH

INFRARED FLASHLIGH T + Qv
SOURCE REELECTOR
\] 1{ _Fg..\\ [ R3
— 1K
() e
Z T1 T2 LED
_ . v
T1 AND T2- i g
RADIO SHACK 33k l> B2
THER MISTORS S0OK

COMNECT BATTERY AND wWAIT SEVERAL SECONDS

™ Allow THERMISTORS TO STARILIZE. ADILST RE<
ONMTIL LED JUST SWITCHES OFF. PLACE YDUR
HANMD MNEAR REFLECTOR AND LED SHOULD TURN
OM. A MATCH WwilL TRIGGER THE CIRCUIT FRoOM
LP TO 1 METER (ABouT 2 FEET) OR MORE. NOTE
THAT CHAKNGES M ARIR TEMPERATURE CAVSE
EQUAL CHANGES IN T1 AND T2. BuT AN
INFRARED SOURCE AFFECLTS OMNLY T1. TO ADD
RELAY SEE SIMILAR CIRCUITS N THIS Book.
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INFRARED AMPLIFIER

TS CIRCUIT WILL (NDICATE THE PRE.SENEE OF
B FLAME ©GR HOT SOLDERING IRON. THE OUTPuUT
JOLTAGE (Voutr) INCREASES AS INFRARED

INCREASES.
+qy

FLASHLIGHT REFLECTOR A T1 amp T2-
! RADIO SHACK

T1 T4 THERMISTORS
_@_ T AA.
R3
Z

1M
{7

741 L2 S

3

. TO ANALOG
~QV. MULTIMETER
RA R

S0K 33K _ i
IR gauncﬁ - .

SET MULTIMETER TO O-~5 QR ©-10 VOLTS DL,
AD VST RL uNnTIL METER MEEDLE 1S NEAR
CENTER OF METER SCALE. AN INFRARED SOURCE . |
WITHIN FIELD OF VIEW OF REELECTOR WILL CAUSE
THE METER NEEDLE TO DEFLECT UPWARD. (TO RIGHT),
KEMDUE IR SOURCE AND T™E METER MEEDLE WILL

MOVE DOWNWARD (T0 LEET). CORRECT ALIGAMENT
CF T1 |INSIDE THE REFLECTOR \S |MPORTANT.

REFLECTOR ALIGNMENT

THRERMISTOR MUsST
BE AT REFLECTOR
FOCAL POINT. THE
FOCAL POINT 1S

WHERE FILAMENT =
OF FLASHLIGHT MLS ALIGNED ALIGRNED

BULE woulD RE.
LOOK INTO REFLECTOR AnD 'E.E.E.l/

e



POLARVZED LIGRHT

WAVES OF ORDINARY RAYS OF REFLECTED

LIGHT VIBRATE N LGRT AND LIGHT THAT
MANY DIRECTIONS. PASSES THROUGH SOME
LIGHT WAVES TRAT MATERIALS VIBRATE N
TRAVEL TO YOUR ONLY SOME DIRECTIONS,
EYES FROM THE IF THEY VIBRATE IN OmLY
CIRCLE BELOW VIERATE  ONE DIRECTION, THE

LIKE THIS ¢ LWGHT 1S POLARZED

A
|

UNPOLARIZED W\GHT POLARI\ZED LIGHT

SUNLIGHT REFLECTED FROM WATER , ICE,
GLASS AND METAL 1S PARTIALLY OR EVEN
COMPLE TELY POLARIZED. SUNGLASSES WITH
POLARIZING LENSES RBlock THE GLARE OF
REFLECTED SUNLIGHT, WHICH MAKES THEM
POPULAR wiiTH PEOPLE WHODO FISH DOR SKi.

THE SKY 90° AWAY FRomM THE SuUN IS PARTIALLY
POLARVZED. YOu CAN SEE TS YOURSELF WITH
THE HELP OF POLARVZED  SumnN GLASSES.

THE MDsT POLARIZED SECTION POLARIZED
OF THE SKY APPEARS AS A SKY LIGHT
DARK BAND WHEN VIEWED +

THROUGH POLARVZED SUNGLASSES. —
WITH YOUR BACK TO THE SUN, :T-:
LOOK AT THE SKY 90° HLUA‘{/ —
FROM THE SuN TO SEE THIS: [——
THE POLARIZED RAND s BEST o
SEEN  NEAR SunN RISE oOR SUumSET i

WHERN |IT 19 STRA\GHT ouER /’:‘_“‘1:.
HEAD AND FORMS A NEARLY ap® e
NORTH~ SOuTH  BAND. V/ ,

5{%-:'}_&-"‘5UM5ET CESERVER wiTH —
Lty PQLMWLG SUNGLASSES .
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POLARIZED LIGHT SENSOR

POLARIZING FILTERS ARE AVAILABLE FROM
CAMERA AND SCIEMNCE STORES. OR USE LENSES
FROM INEXPENSIWE POLARIZING SUNGLASSES.,
CROSSING TWD POLARIZERS BLOCKS MOST LIGHT.

UNCRQOSSED PRRTIALLY CROSSED CROSSED

THIS PRINCIPLE Chr BE USED TO MAKE SERMSORS
LWIMICH 1GNORE ORDIMARY LIGHT WHILE RESPONDING
T0 POLARVZED LIGHT,.

+9v
PCL %2~ PHOTORESISTORS R3 |
| 1K
RZ- SENSITIVITY LED
LIGHT 2 ;\\ 7 EZ
Emimﬁua LIGHT L | 791 A AN
¥ | '
Pc 1l Pe Ri RZ q APPLICATION
ADD POLARIZER
TD FLASHLIGHT

iookK | 1M

@@ 1 AND USE FOR

CROSSED - REMOTE WMTROL.
A I POLARIZERS
WHE N THE LIGHT LEVEL AT
BOTH LIGHT SERNSORS 1S EauAl
THE LED IS OoFF. WHEN THE
LiGWT 1% PARTIALLY ©OR
COMPLETELY POLARVZED SO

4 THAT PC 1 RECEWES MORE
. " LIGHT THAN PC2, THE
= - COMPARATOR wWILL SwWwITCH
o . THE LED ON. SEE ELSEWHERE
/ lny THIS Bolk FOR HKOW TD
LIGHT . ADD A RELAY TO CIRCUIT.
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INTEGRATED LIGHT SENSORS ﬂ

INTECGRATED LIGHT SENSORS CoMEINE A
LIGHT-SENSITIVE PHoTDDIODE AND AMELIFIER
OR OSCILLATOR IN A MINIATURE PACKRAGE
WITH A BOILT-IN WINDOW OR LENS., SOME
ARE ENCAPSULATED IN DYED PLASTIC THAT
TRANS MITS NEAR INERARED WHILE BLOCKING
VISIEBLE LIGHT.

LIGHT-TO-TONE SENSOR

T.F. TSLZ23S Y
OR SIMILAR ~
Q | < N Ea
USE TO MONITOR 1
NE 2 3 | vioEo DISPLAY,
COMPUTER DRWE /
LIGHT, OPEN LAMP, LED,
DRAWERS, ETC.  SUNLIGHT,
FLAME , ETC,
l L our

WTRA -SIMPLE
LIGHT-TO-TDONE
SENSDR \

CLAP

‘f—q- UGLT
BATTERY

———TSL 235

,//,r

PIEZOELECTRIC : TO P2 DiIsK
BUZZER o BNV

ELEMENT o TO + 9 volTs
(PZ DISK)

5 \TD PZ DSk
AND GROUND

ATTACH P2 \

DISK WiTH. 2-SIDEDd TAPE TAPE

DARK TAPE ON TSL22S will REDUCE SENSITIVITY,
46



)
IR REMOTE CONTROL SENSOR

LED WiLL GLOW OR PULSATE 1R TR REMOTE
COMTROL TRAMSMITTER 18 TRANS MITTING.

TV OR <STEREO T.L. TSL250 LIGHT-TO-VOLTAGE
REMDTE CoNTROL CONVERTER
— L
ogood
0o . P —De  —e @
good
D[]UD LUSE N SUBDUED LIGHT
J 1 2 3
FAVAVAN .
oK TO LED R1i I
REPLACE LED - 1K L
WITH A - ZX - L
PIEZOELECTRIC Y210 + GV - T ]
BUZZ2ER ELEMENT

LIGHT-ACTIVATED RELAY

USE THIS CIRCLIT TO SENSE PEOPLE, OBTECTS,
CARS , ETC., WORKS BEST AT NIGHAT OR IN
SUBDUVED LIGHT. TO HELP BLOCK WS3IBLE LiGHT
PLACE PROCESSED COLOR PRINT FlLM OVER TSL250.

%, I ! P

- TsLeso Y4V
OR
m : =1 O || ¢miar

1‘ A ,_é_-""'
LAMP | LED, L 2 31/ R2
SUNLIGHT, ETC. 47

Q1

HELP BLoCK
ROOM, LIGHT BY J

MOUNTING A
TUBE OVER TsL25D,

THE COLOR PRINT |
FiLm (SEE ABOVE) §00 L av ¢
ACTS LIKE AN RELAY D
INFRARED FILTER. L



OPTICAL LEVEL SENSORS

THESE OPTICAL LEVEL SENSORS HAVE AUDIRLE
QUTPUTS. FOR BEST RESULTS ILLUMINATE SIDE OF
LEVEL VIAL WITH LED AND PLACE LIGHT SEMSOR

BELOW VIAL. INSTALL IN LIGHT-TIGHT EoX.

VARIARLE TONE LEVEL SENSOR

e NAAN
R1 P +9q v TONE CHANGES
32K A DISTINCTLY

| WHEN BUBEBLE
T—?{@) _?5 4 1S CENTERED
Y

INy LEVEL VIAL.
LED /
s

% INCREASE &1

TO REDUCE

R2
PHODTORESISTOR | 1K L 555 FREQUENCY,
P — 3 2 1
RURBLE LEVEL = AAAN . SPKR
J R3 /]
— A N 160
1 L1
— | [1 N
SWITCHED TONE LENEL <SENSOR
R1 . +9yv | USE SUPER-BRISHT
2TK A b LED IN BoTH CIRCWITS
—_— | . ﬁ‘_l.__
7 +{ —y 3\ 2222

LED
= g 2
F’HEJTDRE.'EESTQRD +
R3 §
BUBBLE LEVE.L 100K RE Pz
R % | 47K | BUZER]|
100K | l

ADIJUST R3 ONTIL PIE2OELECTRIC (PZ) BUZZER
SOUNDS WHEN BUEBLE 1S CENTERED IN VIAL,
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