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ABOUT THE MIN-NOTEBOOK SERIES
WHERETO FIND PARTS

ELECTRONIC PARTS IN THIS Book ARE AVAILABLE. |
FROM RADIOSHACK STORES OR FROM RADIOSHACK -
LNLWMATED (RSU). SOME PARTS HAVE MORE THAN OoNE
DESIGNATION. FOR EXAMPLE , THE POPULAR LN2222
TRANS\STOR CAN BE REPLACED BY THE 2N2222A,

THE MPS2LLL AnD THE MPS22UZA.

PLEASE READ THIS

C THIS BOOK INCLUDES STANDARD CIRCUYTS AND CIRCUITS. .
. DESIGNED 2Y FORREST M.MIMSTL, EACR QIRCWT WAS
BuiLT AND TESTED AT LEAST TWICE. VARIATIONS |
N COMPONENTS AND CONSTRUCTION METHODS MAY
GIVE RESULTS THAT DIFFER FROM THOSE DESCRIBED.
MERE. THEREFORE THE AUTROR AND RADIOSHACK
ARE NOT RESPONSIBLE FOR THE SUITABILITY OF THE.
CIRCULTS FOR ANY APPLICATION. SINCE WE HAVE
ND (ONTROL OVER THE USE OF INFORMATION N THIS
BOOK , WE ASSUME RO LIABILITY FOR SUCH LSE.
IT 15 'YOUR RESPONSIBILITY TO DETERMINE IF | .
COMMERCIAL USE , SALE OR MANUFACTURE OF ANY L
DEVICE BASED ON INFORMATION IN THIS Book !
INFRINGES ANY PATENT, COPYRIGHT OR OTHER
RIGHT S, , S

FOR MORE INFORMATION

DUE TO THE MANY INQUIRIES RECEWED BY THE
AUTROR AND RADIOSHACK. , IT IS IMPOSSIBLE TO .
PROVIDE CUSTOM CIRCUIT DESIGNS AND TECHMICAL .
ADVICE. You CAN LEARN MORE ABOUT ELECTROMICS
BY READING ELECTROMICS MA GAZINES. ALSO SEE ?
RADID SHACK'S "GETTING STARTED IN ELECTRONICS © .
AND OTHER MINI-NOTEBOOKS [N THIS SERIES. YOU

CAN ALSO EIND 1N FORMATION ON THE INTERNET . .
CNEWSGROUP  SCL.ELECTRONICS. . oo
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,,o;Pwaeuacmomcs
. TECANOLOGIES OF _OPTICS  AND ELEQTRQN\CS4

'S THE TERM FOR mr; comsweﬁ

BLECTRONIC Ds.\ncﬁs THAT EM|T OR DETECT |

| _OPTICAL RADIATION ARE CALLED oPToELECTRomCN
_COMPONENTS.
,?\AJ\DES?READ APPL[CA‘\'\ONS IN} COMMUM\CATIONS‘

OPTOELECTRONIC CIRCUITS | HAVE .

: 1
;‘SﬁNSlNG CONTRGL AND READOUT‘S. MAMY‘

OF SoLib- STA'TE OPTOELEC‘YRON\C

 COMPONENTS ARE AVAILABLE AT REASONABLE

 PRICES FROM . RADIO. SHACK. SO I$ "GETTING .

. STARTED IN ELECTRON\CS” A 2OOK THAT WILL HELP
,\/ou ASSEMBLE " THE cuacUn-s AN TH!S Boog :

5OPTICAL SPECTRLH\/\
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OPTICAL CON\PONENTS

OPTICAL COMPONENTS CONDUCT, BE.ND og
CHAMGE THE CHARACTERISTICS OF LeHT.

 MANY  OPTICAL COHPONENTS cAN. BE. Fouuo

~ AROL ND THE HOME OR OFFICE. . OTHERS ol
MLUST  BE PURCHASED FROM Scnmce, $uPPLY .

COMPAM\ES C Lo 3

SIMPLE LENSES RN
, LENSES MADE. OF GLASS orR PLAST\C , f
 ARE  AMONG THE MOST IMPO&TANT OPTICAL';
. COMPONENTS. , T ST SO SO N A
~ POSITIVE (CONVEX) LENS
| ,  Focuses
\/ PARALLEL . ' .
* RAYS TO A
" Poim- , :
FOCAL | ;

LE.NGTH FOCAL
; PO\NT
FOCAL. \ T I A’ COLLIMATES
POINT . T SPREADING
s AT - ~ RAYS INTO
LAMP'S ' T — A BEAM :
. FILAMENT .B‘l ‘ Focm. -
: L.ENGTH

; NEGATIVE (CONCA\/E) LENS

7 p—— ,//i//" (PIVERGES)
(@ p—— —>  PARALLEL

7 —— “\ RAYS

ExPAmosﬁ':°



o ‘,REFoqusms INCOMIN G

'”.jFlLTERS
- FILTERS TRANSMIT

A NARROW BAND
OF OPTICACL
ST . , WAVELEN GTHS .,

GREEN / ; USE COLORED
T o # #|  CELLOPHANE FoR.
CYELLOW //*// - VISIBLE LIGAT oR
T """ DEVELOPED coLer
G O U TS S BT S FILM FOR \NFRARED;

TUBE LINED wim
_ : BLACK PRPER OR
T COATED WiITH FLaT
INCOMING = BLACK PAWNT :
LIGHTWAVE  KEEPS EXTERNAL

SIGNAL L LIGHT AWAY
: : . FROM DETECTOR.

GLASS AND SILICA
FIBERS ARE THE | |
MOST TRANSPARENT,
PLASTIC FIRERS
ARE CHEAPER
"T ARND EASlER

\ TO USE.

 ciamine

. OPTICAL FIBERS CoNoDver
- LWGHT BY INTERNAL Re-

Z,FL.EchoM AS SHOWN
,,,,HERE o& BY CONTINUALLY !

- RAYS TDWARD CENTER .
OF THE. FIBER

-~
- -




LlGHT SOURCES

;MANY "LIGHT SOURCES ARE AVAILASL.E

FOR OPTOELECTRONIC PROJECTS. THE Mosr‘"\'\'

IMPORTRNT SOURCES \MCL.UDE. .

TINCANDE SC ENT LAN\PS

M /, : Lo
- - AR IR CAND&SQEMT CLAMP \S
N

MADE. BY ENCLOSING A THIN

IN AN EVACUATED: GLASS -

EMVELOPE. AN ELECTRICAL |

CURRENT PASSED THROUGH

TRE FILAMENT CAUSES rr;].i;

TO BECOME INCANDESCENT (WHITE: HoT)

" TAE OPERATING LIFE AND . BRILLIANCE OF An'" L

INCAN DESCENT LAMP CAN  BE mcaezxssb

TUNGSTEN WIRE (THE FILAMENT) -

v FILLIN G THE EMVELOPE WITR A GAS

;f svern AS  ARGON, NITROGEN , ©OR KRVPTOM
THE ULTRA-BRIGHT "WALOGEN LAMP HAS A

QUARTZ ENVELOPE FILLED wWiTH A WALOGEN |
GAS LLKE I0DINE OR BROMINE. THE GAS COM~ . .

. BINES W\TR TURNGSTEN ON THE &uvﬁz_oPE
i. \MALL AND DEPOS\TS T on THE FILAME,MT'.;

AS DISC HARGE LAMP‘S

THE SIMPLEST GAS D\SCHARGE
LAMP, THE NEON GLO\N LAMP

WITR NEON G6AS. WHEN ™E

/l]\‘\\'

} \ 70 yoLTS, THE I|ONI2ATION oR
BREAKDOWN VOLTAGE OF MEON
? AR ELEQTRICAL DISCRARGE IS
ESTABLISHED BETWEEN THE ELECTRODES,
AND  THE NEON EMITS AN PRANGE GLoW.
OTHER GAS-DISCRARGE LAMPS ARE THE. XENO

8

VOLTAGE ACROSS TwO ELECTRODES
I THE ENVELOPE EXCEEDS &O=

s A’ GLASS EMVELOPE EILLED |

¢
P

[

_ FLASH LAMP AND THE MERQURY VAPOR LAMP.



L\GHT EM\TT NG DIODES

THE L,\GHT- E_w-rnu & Dio DE

(LED)

- PN JUNCTION. BIODE  THAT
. EMITS  VISIBLE LIGMT OR NEAR-
- INFRARED RADIATION \WHEN

L FORWARD BIASED. UISIRLE

LEDSs ‘
NARROW  BANDS oF GREEN , YELLOW ORANGE.
_ OR RED LIGHT. |[NFRARED DIODES EmIT IN

. ONE
LIGRT,
ARE. VERY EFFICIENT, HAVE A VERY L(LONG
L.\FE.T\ME. AND ARE EASY TO USE. (EDs
ARE CUR&ENT PEPENDENT SouReces, AND

. meR
. -i'rc ™E FORwARD CUORRENT.

IS A SEMICONDUCTOR

EMT  RELATI\VELY

LEDs SwWITCH OFF AND oN RAPIDLY,

LIGHT OUTPUT IS DIREQTLY PROPORTIONAL .

‘v”ifﬁiLlGHT SOURCE SPECTRA

 NORMALIZED 6uTPuT (%)

GaPsP  AlGaAs  GaAsiSi

NEOR LED LED . LED

CGLDW (RED) (IR) @ERr)
e G Gooy
oo (orR F\NGE) ! -~
) \ r\s\ Id N ”\\
So L . \\ v \‘\‘"l/r‘ SN
80 L ' X : 3/}‘\"!“4'\~ ‘
0L HALOGEN P
- \
L0 L. LAMP - RN |‘
sol (white) -7 \ MR
io | i STANDARD! 1! |
ol 7 TUNGSTEN | | 1
ol - LAMP 11
LY B wwive)r o/
> i i 7 l(\ \\1 :
360 4oo 500 GWoo 00 800 900 1000

WAVELENGTH (NANOMETE Rs)?

S~<——— VISIBLE ————>—S §<—- |u(|=n§me,o~—~—>
| @R ,

"OF SEVUERAL BANDS IJUST BEYOND RED -

oo e e



HO\N TO USE LEDs

LIGHT - Ewrnms mooes ARE VERY RUGGED
LONG ~LIWWED OPTICAL soue.css. THE Lném‘
THEY EMIT HAS AN INTENSITY THAT IS
LINEAR WITH RESPECT TO THE FOB.wARD
CURRENT THROVGR THE LED.  TO PREVEN

IRRE VERSIBLE DAMAGE, ALWAYS | oPERATa Ag” -
LED  WITHIN (TS RAﬂMc;s,;ky

BT

<~ EPOXY ANODE  CATHODE, =
SPoT \ d o : $ A
SHORT :

LEAD >4

 CATRODE —>

<—AwobE  LED SYMBOL

USE A SERIES RESISTOR (Rq 1O LimiT ms
CURRENT THROUGH AN LED TO A SAF& \/ALUE

Vi USE THIS FDRMULA TD o
DETERMINE THE R.ES\STANCE
OF Rs S
Rs Co
Vi = Vieo
- Re = — T
LED ; Treo
") N L ,

o
-

Tiep !5 THE SPECIFIED FORWARD CORRENT. .

Viep 1S THE LED VOLTAGE DROP, IT RAWGES |
FROM AgouT 1.3 vorTs (940 nm INFRARED . ..
EM!TTERS% ™ AgouT 2.5 vo;‘rs (GREE.N,,

. EMATTERS




 EEFECTWE LoGlc

SAN\PL_E LED CIRCUIT

— N I.en= 20 wA

L+‘ .

\ ‘

! C-11 o
| Rs = —— = 215 OHMS
i or s oms

e =
eV =

bt

‘: _T RED LED

Vz.so=1.;7V~ 220 L 1S CLOSEST :

W\ STANDARD VALUE.,

Loc;(c cnzcun* LED DR\VERS

Re= 2201
\ : 5 ENASILE. (WHEN  HIGNH) I‘Eb;iS“‘A
TTL OR CN\OS

+$v
A SAMPLE gUT

PROBE CAN BE

MADE FROM THIS

CIRCUIT, APPLY Qt
\MPUT S\GNAL w 21N2222

\N

Rg = 22050

R1-

, - 1ok
ENASLE (LuHF.N HIGH)

Ligp= 15 mA
VALUES oF Rs AR

_.FOR. TYPICAL RED LEDs, . = |
L | 11



-~ PROBRE TO N

- THE LOGICAL

| AC/ 5¢ POLARITY | N‘DiCATOR? Sss
y LEvL A ;tiE,Dz
‘ R, ___N_._.

,(/ LED2Z ~

+<

VOLTAGE-LEVEL INDlCATOR

oL ts A,
‘ ZENER .
Rs D1 LED DIODE . . i

—
-

on [off|l

LED wiLtL GLDW WHEN +V EXCEEDS THE | o
BREAKDOWN VOLTAGE oOF THE ZENER DiopE. .

NOTE  THAT Di IS REVERSE BIASED.

| LED BRIGHTNESS CONTROL

+V | 7 SELECT Rs
A % AS IF R4 .
NoT PRE.SEN‘\:
R1 Rs LED & ‘
1K (ADJUST To ALTER LEP SR\GATNE,ss)

- LOGIC PROBE +5

| oL R
USE  THiS R1 N2 220

MODNATOR

. STATUS OF
LogIC GATES.

C|tow jore] =X
12 T




PN S

HOW TO USE TRI-COLOR LEDs

_ TRI-COLOR LEDs ARE MADE 8Y (NSTALLING

A RED ANMD GREEN LED cCHIP

: IN THE SAME
PACKAGE. THE TwWO (CHIPS

 ARE  USUDALLY

. CONNECTED |N REVERSE — PARALLEL.

R1+R2
RED LED CURRENT |
‘GREEN (ED CL)R&ENT, 1

W
) » :
wog oH

RED
GREEN
AC [ YELLOW

V_ | CoLoR
+

k*/— V- Ve

Ry =
DL " T :
1NqLy L o E
o +/-v- (Ve + Vp)

Is

R1=

——
—

 Va= RED LeD ForwARD voutAGE  (AgsuT 2v)
- Ve= GREEN. LED FORWARD VOLTAGE ( ABOuT 2 V)

RZ= Re-RL = 20 oHms

VUp * D1 FORWARD VOLTAGE (0.6 V).

SAMPLE  CALCULATION

ASSUME +/<V = 5VouTs AnD TR 4 Te= 20 MILLIAMPERES .

S-Z o . : S*(z*’.‘:) .
) =150 oHMS  Ri=————— = 120 oHMs

.02 , .02 :

SELECT STANDARD .

RESISTANCE VALUES

CLOSESY TO THESE.

13



THOW TO USE. FLASHER LEDs

FL.ASL\ER LEDS INCLUDE IN THE LED ?AC.KAGE
A MINATURE INTEGRATED CIRCUIT THAT CAUSES
AHE LED TO FLASH FROM 2 T & TIMES EACH |
SECOND. CAN BE ULSED WITHOUT A SE.FZ\E.S ‘

RES\STOR.

RASIC LED FLASRHERS

+3TO+7V Y304 W
< NO SERIES : | : /smw\map
. RESISTOR , Lep
RA RN ?
< FLASHER gotH UP TO LO .
¥ LED LEDs LEDs CAN
J— FLASH BE FLASHED
% BY caxzi . o .
= _L FLASHER LER |
L ADD 1.08 Vv
ELASH RATE DECREASES - PER LED ™
AS FORWARD VOLTAGE \MCKEASES. . SUPPLY. _
+V | 5V
; )
FLASHER
FLASHER LED
- LED \
D1 Z\ Y|
e N
' IN ; ] N
i D1=S.CT0 '
- bV L i
DSE THIS ClRcwIT How TO DRWE:
WHEN VOLTAGE ELASHER LED FROM
EXCEEDS SAFE A TTL GATE, THiS
VALUE. D1 1S A Witk WORK \WITH
ZENER DIODE. , HigH - ouTPuT CMOS.

14



N LED FLASHER

"'f,FLASHER 1L"-’V
. LED . '

WHEN THE
SUPPLY VOLTAGE
S e vours,
THE  LEDs: wnLL,
FLASKH ALT‘ER-~
NATELY. THE
STANDARD LED
WILL REMAIN
ON ;W.,HEN THE -
SUPPLY VoLTAGE
FALLS gELow
& VvoLTs,

;,,POWER FLASHER
: “"C?V o C T
W LLED’ b THIs cReuIT wiLL PERMIT
— < A LOW-CURRENT LED
o : FLASHER  TO SwiTcH A
FLASHER | = RELAY OFF AmD ON.
LED | DSE  SEPARATE Pow&kg,;
Y [« Cod : SUPPLIES FoRr ReuABLE
v IR ~ OPERATION. o

’
_bvar
. LAmP

QL S
2.;\)27.12. LED 1§
1N CLLDED.
TO REDUCE
voL-rAGE.fD;
FLAS‘HER

:“;,51'2\11 usE A
=9 VouT Dc
,sooJ‘L RELA\I

ot

o CAuTlo‘N ‘oo ‘No'r us& -ers QchulT' T FLASH
©ILENE ~POWERED LAMPS,. DO NOT EXCEED T™HE
‘,,/S.URRE.NT RATENG OF . -ma RELAYS CONTACTS. Lo




SINGLE LED FLASHER

~ RED LED ‘{\

*(

L ,
cl 1
4T puF

L_|s

| s

g3

st

+;1k.5 "4

_| RATE

FLASH

LY

OPEN l
CLOSED

NOTE THAT ',-rms CIRCULT DRAVES THE LED
EVEN THOUGH THE SUPPLY VOLTRAGE IS LESS

THAN THE LED FORWARD VOLTAGE (V1.7 V). .

DUAL LED FLASHER

e

+3

TO +9Vv

!

D

QL

QL

| B
é R1 ~
. 22050

2M39 O,(p,‘

THE LEDS
FLASH .
ALTERN ATELY,

RED
LED

look

RZ

INCREASE C1
AND C2 TO

R3 2
100k <

R4
2200 <
RED
LED

SLOW FLASHING.

—

-

2 Rz

N



NCANDESCENT LAMP FLASHERJ'"

+3TD+L|‘/zV -

RL
‘-I‘)K

R S
1ooK

Qz
N2 222

NEON LAMP FLASHER

: ,Tl M\NIATURE 6.3 V. 12.0\/
- OR 12.6 V (CEnTER TAP): 120V

fomera

-—

L1 18 A PRLZ

- OR SwmiLaAR

MINVATURE LAMP.
LL witt FLash
1-2 TIMES PER
SECOND, [F »
L1 STAvYS ON,
Q2 witl ovea-
HEAT AND RE
DE.STROYED

NEON
', Lame

» N

c3
.0’47/4 F1 50V

C@

RY
CAM

CAY TION.
Do nOT
™ toucn
oUT PUT
LEAD S
FRoM T1!

| e moT
¢ T
AnF

50V

+qy R3
A 40K —
1M
CRL e 4 DL
R 1N924
vl
e;?_;f 555
1K 6
2
T c1
WO1,.F
- n yd

N

63V WInPING 120 V WinDING
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LIGHT SENSORS
MAN\( L_\GHT sﬁmsoas ARE AVA\L.AEL.E.

FOR OPTOELECTRONIC PROJECTS. THE MO$T’ .
COMMONLY ULSED SENSORS INCLUDE & !

PHOTORES\STORS

THE ELECTR\CAL RE‘S\STANCE.
o0f A DARK PHOTORESISTOR IS
ORDINARILY VERY HIGH, UP
TO 1,000, 000 OHMS OR MORE..,
THE Res\STANcE MAY . EBALL |
o AS LITTLE As A FEW
HUNDRED ORMS WHEN THE
PHOTORESISTOR 1S (LLUMINATED. THE MDST
COMIMON SEMICONDUCTOR ULSED TO MAKE
PHOTORESISTORS IS CADMIUM SULFIDE ‘
(C4dS). IT IS PRIMARILY SENSITIVE TO.

CREE L LIGHT. PAGTORESISTORS EXRIBIT A

AEMORY EFFECT"” IN THAT THEY MAY REQUIRE!
A SECOND OR NMORE TDO RETURN TD . THEIR = ¢
WIGH ~RESISTANCE STATE AFTER A LIGHT
SOLRCE 1S REMOVED. THDUGH THIS SLDWS
THE\R RESPONSE TIME, THEY ARE VERY

SEN SiTIVE  AND EASY T OSE.

%OLAR CELLS

THDUGH SDLAR CELLS ARE
‘GENERALLY USED IN SOLAR.
POWER SUPPLIES, TREY ARE
ALSO ULSEFUL As DETECTORS
OF VISIBLE LIGHT AND NEAR-
INFRARED RADIATION. THEY
ARE AVAILABLE M MANY .
DIFEERENT SIZES AND SHAPES.
SINCE A TYPICAL SOLAR CELL RESPONDS 1D
CHARGES N LIGHT INTENSITY WITHIN 20
MICROSECONDS, SOLAR CELLS CAN DETECT
VOICE MODULATED LIGHTWAVE SIGNALS.

i8




PHOTOTRANSISTORS

ALL TRANSISTORS ARE LiGHT
SENSITIVE. PHOTO TRAMSISTORS
ARE DE SIGNED TD EXPLOIT THIS
- PHENOMENON, THOUGH A BIPOLAR
- TRANSISTOR HAS THREE LEADS,
A PHOTOTRANSISTOR MAY NOT
HAVE A BASE LEAD. MosT ‘ ; :
- PHOTOTRANSISTORS ARE NPN DEVICES WITH
A BRSE REGION MUCH LARGER THAN THAT
OF A STANDARD MNPN TRANSIS TOR. THEY
HAVE A RESPONSE TMME OF 1 MICROSECON D
IN SOME CIReUITS. THE DARLINETON ProTo~
TRANSISTOR (NCLUDES A SECOND ON=CHIP
- TRANSISTOR TO AMPLIFY THE SIGNAL GEN -
. ERATED BY THE PHOTO TRANSISTOR. T GIVES
- MORE SENSITIVITY BUT 1S SLOWER.

 SENSOR SPECTRAL RESPONSE

CADMIUM . NORMAL TYPICAL

SULFIDE  HUMAN SiLicoN
(cds)  Bve SOLAR CELL
oo }-—-:\«
o[ SN
8oy ’ \
0] ,/ / \ \\
/ TYPIcAL

A%
StLicoN \
PHDTOTRANSISTOR\ \

N\

WD

DJJ | t n\

300 H4po s00 o0 6o 800 00 1000

NORMALIZED RESPONSE (W)
‘\ R
(]
]

WAVELENGTH (NANOMETERS)
YElLLow ‘

;, ;;;u,«.faévc,omré%wafcaemm RED S nEAR INFRARED->
B o ‘ 19



HOW TO L\SE L\GHT DETECTORS

LIG MT DETECTORS CAN BE. OPE.RATED ;N,,;
ONE OR MORE OF THESE. Mouﬁs.;

1. PHOTO RES\ST\VE-— THE QESISTANCE OF
T™E DETEQTOR vAm&s WiTH THE uam— LEVEL.

2. PROTOVOLTAIC — THE DE_TE.C‘.TOR G&MERAT&S
A CURRENT wH&M |LLUM|NATED

2, PHOTDC«OMDUC.'T\VE—" THE DETECTOR ALLawS
CURRENT FROM AN EXTERNAL POWER su?PLY
O ELOW N RESPONSE TO LIGHT

PHOTORES\STORS

PROTORES\STORS ARE '~ PROTO~ L
RESISTWE DETECTORS. THEY .
A OFTEN BE SUBSTITUTED .
FOR FEIXED OR VARIABLE

RES\STORS To MAKE AN |
EXIST ING . CIRCUIT SEMSIT\VE i
SYMBoL To LIGHT. S A

THE VARIABLE RES\STANCE OF A PHOTo— P
RES\STOR CAN BE CRANGED 7O A VAR.\ABLE,
VOLTAGE BY MEANS oOF A SIMPLE voLTAc-.E_
DI\WVIDER CIRQU!IT. :

Vi ; Vi | Vi
R1 o B
A, : L
Vour 4 Veur - VWT ;
RZ ‘ " i
p— - 3 : A = N
- R2 o= >[___, : .

Voot =Vin (—-———-) LIgHT N, benTin
R1+R2 R



SOLAR CELLS

SOLAR CELLS ARE PR\-
: : MARILY PHOTOVOLTAIC
K7 OR DEVICES, BUT THEY ARE
: ; : ‘ SOMETIMES USED [N A
T 7a PRHOTOCONDUCT \VE - MODE .
: USE THEM 10 PowER A
SYMBOLS CIRCUIT oR SENSE LIGHT,

SOLAR CELLS MAY BE SUPPLIED WY TH  OR
MWITHOUT LEADS. THOUGH SocAR CELLS ARE
FRAGILE, 1T 1S RELATIVELY EASY TO SoLDER
WIRE LEADS 10 THEM, UsSe A LOW-WATTAGE
SOLDERING 1RON  AND WRAPPING WIRE FoR

- BEST RESLLTS. FIRST WARM THE ELECTRODE
- ON THE CELL FOR A FEW SECONDS. THEN MELT
- A SMALL PUDDLE  of SOLPER ONTD THE ELEC-
TRODE. PLACE THE EXPOSED END OF A LENGTH
OF WRAPPING WIRE IN THE SOLDER A D HoLp
1T IN PLACE UNTIL THE SOLDER cCooLs,

PHOTOTRANSISTORS

OPTION AL THE SIMPLEST WAY T USE

2ASE A PHOTOTRANSISTOR 1S O
LEAD CONNMECT IT TO A SERIES
; N - RESISTOR. IT THEN FUuNCTIONS

. AS A PROTOCONDUCTIVE

Ty DETECTOR.

SYMBOL v

I

USE A LARGE VALUE

PHOTOCURRENT
Crv.laok TO L M) FoR t
Rs T GivE MIGA /

SENSITWITY. UsE A
SMALL VALUE (~10K)
FOR FAST SIGMALS.

Vour

ALWAjS . SHIELD
PRoTOTR AN SISTOR

Ty FROM UNWANTED
LIGHKT, )
= 21



MPLE L\G HT N\ETERS

TROUGH \IER\( S\MPLF_ mas& L..\GHT
METER CIRCWITS ARE. VE.RY SENSJTWE.

PHOTORESISTOR

C4's
PHOTO +
RES\S TOR

qy ; 0-1 mA

=
'SOLAR CELL

L SoLAR
- CELin

PH OTOTRAN S\STOR

:‘ Y]
Lk

s

UNUSED o
; / ‘ / ML

PHOTOTRANS\STDR Oo-1wmA

22

* ANALOG MUL‘NTE.STER

O TJUNGCTLION .

MIGHT HARM,
THE ME.TE.K';

. TwWO OR MORE |

SOLAR CELLS

N PARALLEL

witl | GIVE

. HIGHER s&wéj
SITTY. L

: l< - RL oK TO ﬂZY
/ :LOOK OTHER BATTERY &
4 . VOLTAGES. |
CAUDID . RAPID |
‘lucREASEW m&_

CLIGHT THAT

THE BASE-

COLLECTOR |

OF QL .=
FoRMS A

PHo'romoDE.
OR MlMlA‘EURE.
SOLAR CHL ..




.4
LY

: ‘?1?2 | L AMA_ |

A A‘ A {

—r
N

+/

L\

S
| KEEP BATTERY

002 uF

10M

.oz.f,.F
1M

.2 mF
100k
leaF

LoK

22 AF

1k

LEADS ; ~9qv
SHORT!
& Zt>\$i\LQ
X soLar 741
; j; CELL __ 3 a
; |
: RZ

1ok
‘M1

O-lva‘
METER

IF ULTRA-HIGH SENSITIVITY
OMIT THE UPPER RES|sTORS
LoweRr . two or T™REE,

ULTRA-SENSITIVE LiGHT METER

FULL ScALE
READINGS
(SwiTch $1)

THIS CiRcuiT
\S VERY SEN-
SITWE. ALwWAYS
SET SwitcH 51
TO PosiTioN 1
BEFORE THE
C\RCUIT (5
SWITCHED ON,
CAREBELLLY
ADIuUST: R1 10
SET METER 1O
() WHEN . THE
SOLAR CeLl IS
TOTALLY DARK.
YOU MAY HAVE
TO ADIUsT RZ
TO PROPERLY
ZERO THE
METER,

CAUTION !

EXCESS\WWE
LierT wiLL
"SLAMY THE
METER'S
NEEDLE.

IS NOT REQUIRED,
AND USE THME

23



SOLAR BATTERY CHARGER

i ARRAY OF SOLAR CELLS witL RECHARGE
ONE OR MORE NICREL™ CADMIUM (NiCd)
STOR AGE CELLS. FOR EXAMPLE, NINE SOCAR

CELL S CONNECTED IN SERLIES Wil CHARGE
wo NiCd cews CONNECTED IN SERIES:

DL
1NQqiYd
M NiCd ,
- STORAGE
. cerrs ()

D1 PREVENTS ,
THE CELLS FROM
DISCHRARGING
TAROUGHR THE
SoLAR CELLS
DURIN G TIMES
OF DARKNESS.

A SINGLE SHUCON SOoLAR CELL PRODUCES AN
OPEN-CIRCUIT POTENTIAL OF EROM 0©.45 1D
0.5 VoLT. A SINGLE <cELL CAN PRODUCE A
CURRENT OF AN AMPERE OR MORE DEPEND—
ING ON THE AREA OF THE CELL AND THE
SUMNILIGHT INTENSITY. IMPORTANT & THE ,
SOL AR CELL CURRENT MUST NoT EXCEED
THE SAFE CHRARGING RATE OF THE Nidd CELLS.
THE. OuTPUT VOLTAGE OF CELLS IN SERIES IS
THE Sum OF THE CELL UOLTAGES. SOLAR
ceels ARE ERAGILE. CORNNECT THEM  WITH |
z\akAPPme WIRE. MOUNT WITH SILICONE SEALANT,



SOLAR PO\NERED CRCU TS |

ULTRA- S\N\PLE L\GHT RECE\\/ERS

T\-\ESE. 'VHRE.E RE.C.E\VER cmcun’s R.EQu\RE. ,'

NO SObURCE OF POWER BEYOND THE. . LIGHTWAVE .

S\GNAL THEY RECEBWE. THEY Wikl TRANSFOR.M .

AN AUD\O -~ FREQUENCY MODULATED LIGgHT BEAM
DIRECTLY INTO SOUND. THEY CAN BE USED ™. L
CHECK [|MFRARED REMOTE CONTROL TRAMSMITTERSW;

‘AND o RECEIWE \/o\ce OR TDNE. LIGHTWAVE
S\GMALS. : , ; . RS S

+ . PpEZO . 4} o

* 4 BUZ2ER :
— ECEMENT -4

QD ( (GLueTo . ﬁ) .
Tx = T SOLAR CEL) Ax = :
L NS - 0T/ U
BLACK ; , SPRR .. i

TL IS A MINIATRE
AUDID - CVUTPUT.

PRI — PRIMARY. -

THE LOUDEST DUTPL{T/
SUN- _POWERED OSCILLATOR

\LC: 2 s \‘\ N ‘\\ :

L ltmza09 B T O
el [ NN TN L
tk| Rz , 4 lan
4 Lol ' .L_ SPKR
= L_ma =

. TRANSEORMER.

SEC- SECONDARY
THIS CIRcurT HAS



LIGHT- SENS\T VE OSCILLATORS

THE.SE SIMPLE cnzcuws ARE SOME.TIM"ES :
CALLED AUDIBLE LIGHT PROBES. IF THE
CIRQUIT IS ADIUSTED sbo THE OSCHLATION
- JUST CEASES WHEN THE SENSOR (3 DARK,
LOTHE CRQUIT witl EMIT  CLICKS IN RESPONSE
T A CAMDLE FLAME oeP ’rD 100 Fssr AWAY.

TRANS!STOR ,
: K TDME '
+qvy : AAAL ' FREQUEMCY ,
R3 1K " INCREASES
; ! , CWITH . LGUT
L | Mcg@_«“_&. INTENSITY.
J at ‘ :
SR INZ2907 | PlEzZO BU22ER]| THIS : CIRCUT
AR S ELEMENT : CAN EASILY
o , , BE INSTALLED
. Pe AN A VERY
. , ? -~ SMALL PLASTIC
Ny Qr . ENCLOSURE.
i look , PC-dCds
: J L AAAL .  PROTOCELL
L (PHOTORESISTOR)
LM 3909 | o
, ‘ TONE
+1is5v FREQUENCY
A ; INCREASES
WITA  LIGHT
b AAA . INTENSITY.
R1 o
8 5 100
¢ N Y A VR CT-ET - %A
4 - SPKR
4 T PC-cds
s

) - , : : : - PHOTDCELL |
L . ~ (PHPTORESISTOR).
26 B



| SSS (E:AS[C OSCILLATOR)

+CIv

TDNE'

——
—

A , FREQUENCY -
INCREASES
WITH LIGHT
4 INTENSITY.
. R2 ,
: 220 C\RCULT -
58S BELOW
SHOW S
- BN How TO
SPKR VSE PO~
21 BUZ2ER
T OLTPUT.
INCREASE CL TO
1 REDuc& FREQUENCY.

SSS (VOLTAGE CONTROLLED OSCILLATOR) |

. PIEZO  BUZZER ELEMENT

+qv

TWO DPERATIN 6 :
MODES POSSIBLE.

N[ xeo

+ RL
lok

BLACK

TONE St

FREQUENCY
INCREASES
WITH LIGHT.
EXCHANGE

PC
R1 AND Tr

PHOTOCELL TO
REVERSE THiS
OPERATING. MODE. .

"= ADIVST BASE
. EREQUENCY VIA RZ.
27



LIGHT- ACTIVATED RELAYS

| PHOTORES!STOR
+qv ‘
| 4 vrusT Rt ™
RL CHANGE  SENSITIVITY.
1K ; ~ PHOTORESISTORS HAvef
‘ . Cd4S PHotO- SLow RESPONSE, SO
o RESISTOR - RELAY WiLL REMA\N :
L ‘ L ACTUATED RRIEFLY AFTER
o - LIGHT IS REMOVED.
- Qg;t ’
R2 ‘ RELAY
41K , : 500 JSu
' c-9 Vv
=

,;PHOTOTRANS\STOR

+av
3 Apwst Rt TO .
‘ CHANGE SENSITWITY,
Q4 ' THIS CIRCUIT RESPONDS
ST PhDoTO~ MUCH FASTER THAN
T TRANSISTOR | THE ONE ABdVE.
L N—"
. Q2 TP reay
CRL 282222 | soon

NOTE % USE LIGHT SHIELD AT DETECTOR OF EOTH.
. CIRCUITS TO. PREVENT. FALSE . TRCEGERING. S

B ,zg



# ‘DARK ACTIVATED‘; RELAYS
- PHOTQ RES\STQR

+QV

e S — ] AblusT RLTO

RGO} ] CHANGE SENSITWITY.
Lo LOO ] | THE RELAY Wil BE
o _,% | AcTuATED WHEN THE
4 el ‘ Puowo&e.s\s-roa 'S DA&&‘;,

Li2N 2.2.2.2. :

PHQTORES\STOK RELAY

/\
i
e

Q

b

H PH OTOT RAN S\STO R

+‘!v

L b ABTUST RL TO
RL S CHANGE s:—.wsmvrr\!

.LQOK S DR . WHEN Q1 1S DARK .
\_)g‘.',,.?,mERELA‘ItSffE:

< @l ] ACTUATED. THIS CIRwIT

;zm;u/‘\ . RESPONDS FASTER THAN
: 1) THE oNE . Aeove.-

@@L ' [ PR A SR S
PHQTQ’TR.ANS&STQR C RELAY . .
Ce-Av.

bt
—

-
-
B i IR +



 DARK- ACTIVATED LED FLASHERS?
CLM330%

| \\ s

- ’ 114’, sy
- PC , ‘ 18 |6 .~ LED FELASHES
o - ‘ : .} WREN PC
L %f o |mz909 [5 ] \S DARK. =
4+ et T R S A

22uF P S A
S J:f Pe-gds
. PROTOCELL

j T (PHOTORESISTOR)

A\

TS CIRCUIT IS

MORE SENSITWE- ,gg Lep

+1Sv

. at ) e Je A Lr:o FLASHES,

: ) LM3909 |5 | lS DAPLK-; TN
2 uF
- I

4
i\

. TRANS\STOR

© FLASHER LED

+SV ' e Z"'a—sv,

QL Rz
LNZ2222

» 2N2222

N
' phoro-

CTRANSISTOR. . Lo

T at-puoro-



GHT/DARK AC'I'NATED ALERTER;

’+¢, To+qv

o ‘wuf.N SsLs AT

ot
2N2222

%
D

 AGTWATED WHEN, |
WD THE &uzzﬁ,g 15
J me Pc LS DARK
| TME_ ONE BElLOW
. DRAWERS (AND

Rr-_n\
T 5

e - cas Puowcsu;

&

].SV

N

POSITION L, THE
PlE2D suazg& 18

LIGHT smmss,“, *
mF_ PC.,. w&:—.n

AcnuArED NHEN

TI-HS Cl &cw'r AM

CAN BE USED TD . |
DETECY oPEN . CAﬁk\ :

REFRIGER AToR .oaés.,i
P'EZD e
EUZZER

(PHOTORESISTOR)

Sff R

| gwsﬂ\aq |

100

Rcives L

 MGH TONE |

," F&musuc\t‘,f A

S

PC-CdS PROTOCELL
(PHOTORESISTOR)

1 *ok 1o ot 81,




© LIGHTWAVE COMMUNICATIONS

, rr IS RELATIVELY EASY TO TRANSMIT VOICE.
 OR. SIGNALS  BY MEANS OF WVISIBLE | LIGHT
. OR. INFRARED RADIAT!ON, THE RADIATION.
 CAM BE SENT DIRECTLY THROUGH THE AR
OR . . CHANNELED THROUGH AN OPTICAL FIBER.
. THE NFORMATION ON TRESE TwO PAGES wiLL
_ ASSIST You IN USING THE LIGATWAVE
,COMMUM‘CAT!QN cnacurrs THAT Fou.ow.;

g su lTA&LE CON\PONENTS

: SMALL. lNCANDE:SCENT LAMPS CAN BE U$ED
.. To SEND Volce AND ¢ AUDIO ~FREAUVENCY .
. S\GNALS. FOR BEST RESLLTS, USE HIGH-
POWER, NEAR-\MFRARED EM\TTms DIGPES.
: SU!TABLE PETECTORS |INCLUDE PHOTDD)ODES,;
PROTOTRANSISTORS , AND SoLAR CEu.s. o

f""‘;,OPTICAL FIRER LINKS

EXPOSED EIBER = UsE RA?.DR

v ‘ ~ KNIFE TO
= , . CLEAVE THE

—_— FIBER.
4 | o
, RETAINER

INFRARED-EMITTING DIODE

LEDs AND DPETECTORS INSTALLED
AN PLASTIC RECEPTACLES LIKE
THESE SIMPLIFY SHORT-RANGE
FIBER LINKS. ALTERNATIWELY,
. CONNECT  FIBER DIRECTLY TO
_LEDs AND DETECTORS WITH .
EPOXY AND HEAT- > S
SHRINKABLE TUBING. = PHOTOTRANSISTOR
YA



FREE SPACE Ll N KS

BEAM DI\VERGES ONLY THIS PART OF

(SPREADS) 1 BEAM IS COLLECTED
o leNs A= £ 2T W LEmS
. LED T e = — — ¢_ _ - bETECTOR

e —

l*‘—-KANGE (R) —*l

A PA;R OF LENSES wiLl GREATLY INCREASE.
THE RANGE. USE LENSES FROM MAGNIFYING
GLASS OR ORDER EROM SCIENCE SUPPLY FIRM.

. FOR BEST Resuu’s SHIELD DETECTOR FROM
 EXTERNAL LIGRT WITH  HOLLOW TUBE LINED
. WITH BLACK PAPER OR COATED WITR FLAT
"BLACK PA\NT. A PIECE OF DEVELOPED COLOR
EILM MAKES A GooD NEAR-INFRARED FILTER.

PRACTICE FOCUSING AN 1
 INFRARED LED BY FIRST

L DSING A RED LED. 3
 NOTE THAT RAW BEAM
FROM CLEAR ENCAPSULATED
LED  SHOWS BRIGHT Y
SQUARE (THE CHIP) INSIDE <0 "8 0 +5 410
DIFFUSE RED HALO. THE BEAM DIVERGENCE(®)
HALO 15 NOT ELIMINATED \3
8Y AN EXTERNAL LENS. TYPICAL BEAM

FOCLSING  AND  ALIGNING AN INFRARED

. PREE- SPACE LINK 15 TRIGKY. MOuNT THE.
TRANMSMITTER ON A TRIPOD  FoR BEST RESULTS.
 DOUBLING THE DIAMETER OF THE RECEIVER
LENS Wikl APPROXIMATELY DOUBLE THE -
yz\AxxMuM RANGE. FOR MORE DETAILS, SEE
"A PRACTICAL [NTROPULTION TO LIGHTWA VE
COMMUN'CAT\ONS (FORREST Mims, SAMS , L982).
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,f LlGI-lTWA\/E TONE TRANSM\TTERS? |

SIMPLE LIGHTWA\IE TONE. TRANSMITTERS ARE
. VERY USEFUL WHEN TESTING LIGHTWAVE RE-
© CEWERS AND AS CODE AND REMOTE CONTROL
, TKAMSM&TTERS THESE CIReUITS AND. THE ONE om :
PAc;E. qo CAN BE Bun:r 1N SMALL PLASTIC 5oxs.s -

555 TRANSN\\TT ER

Ry 9V
5K |

-

| L_quoq TRANSN\\TTER

t1.5 TD3\/

= et +

=
LUuF

b1

1Naly

RL

sy

ook ; ;

 RL CONTROLS

PULSE. RATE.

. DSE INFRARED-

EMITT!MG

. DIOOE FOR
8EST RESULLTS.

puTY. c.vcus -
3 Aeour Soz ;

| oMuT DI iF i

RED LED USED,

uSE !MFRARED-EMITTWG
D\ODE. FoR BES‘T R&Suu‘sb



fS MPLE L\GHTWAVE RECE \IERS

' C\chws CAPRBLE oF RE.CE\UING MODULATED
LIGHTWRVE 'SIGNALS AP.E EASY TD BuILD.. THREE
ADVANCED RECEWERS ARE SHOWN oN TE Fm.- ;
LowiNG PAGES. HERE ARE TwWO. vr—.n\/ S\MPLE L
Rﬁca\ve&$ (,ALSO sae PAGE ?_S) R

”INSTANT" L GHT\NA\IE RECE\\IER

SOLAR
i CELL

| PoRTRBLE, |
BATTERY

POWERED - |
AMPLIHER ________l

SPK'K

! i_CONuE.cr THE SOLAR cew m&acn.v ™ THE !NPUT
| Iack  ofF THE  AMPLIFIER. THE . SPEAKE.R. MAY BE
BUILT-IN OR' EXTERNAL. THIS - RECEIWVER  wiiL . DE=
TecT TDME AND  VOICE MowLATED SlGNALS ’

ETWO TRANS\STOR RECE \/ER o

+QV ‘
, ,t :  THis CIRCUIT cAn BE
BUILT INTO A SMALL = ©
PLAST\C BOX AND USED
TO MONITOR LIGHTWAVE: .
TONE OR VOICE TRANS- ,
MATTERS. TO = |
USE AN 8 fL ;
SPEAKER , RE-
PLACE. BuU22ER
ELEMENT  WITH
PRIMARY. OF .

Z - 1K: 85 ALDIO
TRANS‘STOR L PiEzo J TRANSFORMER.

. BUz2£R | CONNECT SPKR.
. ELEMENT — TO B8R SIDE.

! SSZV



Z'THE PHOTOPHONE
OM FEBRUAR‘Y 1q 1880 ALEXAMDER

GRAHAM BeELL Amb SUMMER TAtuTER
PROF, BELL'S LARORATORY ASS\STANT

" BECAME THE FIRST PEOPLE TO TRANSMIT

 THEIR VOICES OVER A BEAM OF ELECTRO-
MAGNETIC RADIATION., BEL. CALLED His
INVENTION THE PHOTOPHONE AND  SAID
1T WAS FUNDAMENTALLY A GREATER
INVENTION THAN THE TELEPHONE.  THE
PHOTOPHONE s EAS\LY DUPLICATED., = =

f g_PHOTOPHONE TRANSM\TTER

\ALUM\NL)M oL 5dR;
- , . ALUMINIZED MYLAR
TIN CAN OR (SHINY SIDE ouT) -

 PAPER TURE

 (OPEN AT BOTH ENDS)

 THE  ALUMINUM  FOIL OR AL.UMIN!ZED ElLm
SHOULD BE STRETCHED TIGHT OUVER THE
CARNY OR TUBE: AND HEW IN  PLACE WITH

 TAPE OR A RUBBER BAND. BE SURE

THE SHINY SIDE OF THE FolL OR FILmMm
FACES OUTWARD. TEST THE TRANSMITTER
~BY REFLECTING SUNLIGHT FROM IT TOo A -
WALL SOME DISTANCE AWAY. THE RE-~- .
FLECTED  SUNLIGHT SHOULD FORM A DISTINET
-~ SPOT. IF NOT, THE Foll OR FILM IS NOT
- TIGRT ENOCUVGH. . FOR BREST Rr—.sm:rs - MOUNT
CTHE: TRANSMITTER ON A ?HOTOGRAPHERS
~__TRIPOD  TO SIMPLIFY AIMING' THE BEAM.
3b



LPHOT@ PHONE RECE VER

\LAJ ;
BELL'S  PHOTOPHONES USED s%0°07
A SELE.N\uM DE.TEC.TOR IN : aﬁu‘;—; A
SERIES. WA\TH A BATTERY : Yy
AND TEL.EP!—\ONE. :
REQ.E.\vER : 1‘

SUN

iT\-\!S Pl—\OToPHowt’; RECE\VER

7 LsES B SILICON SOLAR CEW SO

. NO LENS \S NECESSARY. TO USE A
?I—\OTDTRAI\&S\S’TCJ&, SEE PAGE. 24, ‘

5 CAUT\OM BOTH. TRANSLMTTE.R AND RECE.\\/EK
. OPERATORS MUST WEAR DARK SUNGLASSES
AND AvolD $TARIN6 AT REFLECTED SuNuaA'ri

. SoLAR VA |
oce > | Ny | cz erEVENTS
: — ZK - A uF OSCILLATIO Ny

| usﬁ LIGHTT ——
. SPUELD S 3 2 tdv

IMPORTANT:{ kﬁ?ﬂl% J RO P

. THE SPEAKER
MAY BEMAT
VERN LoD
SOUNDS | DR
m&&er—oa&. 1 .
po NoT . |
PLACE YOUR | RL
BAR CLOSE | . 10K
™ ™E | '
SPEAKEE. { R1-GA\N , A+

:  CONTROL | cz T

gOK To VSE | ‘ ioo,uF
Ay AUpIO | RZ-NVOLUME ;
AMPLIFIER. | . CONTROL
AN PLACE ' |

CoET™MIS A a8
CWRQUIT. T SPKR




AM LIGHTWAVE TRANSM 1TTER

AM AMPUTuDE.
(o& mrmsm)
MoDuL.ATm N,

+ \2 |
SDK 31.& 3 zz_o
zuzzza

CZ_ i
LouF [
+i( ;5
L . ' ‘ l(;Rb . o
*M\c— USE CRYSTAL SOk | .
MIC ROPHONE OR ' S

ELECTRET. UNIT
(COMNEQT RED LEAD T +QV)

‘71'~“',~&‘,'“,,.4....
R1i- GAIN CONTROL = . = =

Re — LED BIAS CONTROL. :ADva-r Re FOR Bssr‘
SOUND  QUALITY.

B Ra"-t.tm‘rs CORRENT A"PPLIED T LED

: THE 41 AM?L!F!ES vo.ce SIGNALQ FROM‘THE
| MICROPHONE AND COUPLES THEM THROUGH ¢z
~ TO  MODULATOR TRANSISTOR QL. USE A HIGH-!
_ BRIGHTNESS RED OR HIGH-POWER wmAaeu f
_LED FOR BEST RESULTS. FoR A FREE-SPACE
 RANGE OF WP TO 1,000 FEET (AT NIGHT)
S USE A LENS TO . CDLLIHATf THE LED
~ _BE AM. OR USE THIS = CIRCUIT AS AN

op-nc;u. F-|BE.K TRANSM\TTER. i

P B S ST S prsep



5/—\[\/\ LGHTWAVE RECE\VER
THIS REQE\VER woa«.s &EST ™ susou&p
L\GAT. OR. AT NIGHT WHEN USED FOR. FRE.&"
SPACE CDMMUN\CATIONS. ALWAYS PLACE A

SHIELD  OWER THE DETEGTOR IF ‘SUMLlGHT og
] BR\GAT ARTIFICIAL LIGHT IS PRESF,MT,,, AN
~ INFRARED FILTER SHOULD BE USED. Fo&.,., :
. BEST. RESULTS (DEVELOPED = COLOR FiLM | WORKS.

WEW) UMLESS THE TRANSMITTER LED. EMITS.
VISIBLE L_\GAT SO S

‘fcggxgo:\s THIS CIRCUIT CAN Paoouce t,gg_p
SouNDS. DO NOT PLACE SPEAKER CLOSE O
\/OUR EP\R B L

Rt ] e ) 2 PREVEMTS b
100k S A uE | OSCILKATION. .

R : KEEP LEADS .
- To BAxrr-_aY

' LENS
' Hog

QL ,
. puoto-~ [
. TRANSISTOR

)

R3
VLOK,{

Ri-cam | [T
. CoNTROL } -} | C3

| R3- VOLUME
. COMTROL

1
ih
*'m';**
A,
r )



- BREAK- BEAM DETECT\ON SYSTEN\

TRANSN\\TTER e

tevV
mes simeee A
CIRCUIT GENERATES ‘ ) S
‘A STREAM OF C HIGH OuTPUT | -
PONNERFUL , NEAR-= INFRARED. N7~

IN FRARED PULSES. ; LED T

, : : | —
lé"—_——" :
L JoPmonAL
OZuF LENS

X
ANl

e ; = CL: ok T USE Twoo.t.,,F
. oUTPUT PULSE CAPAC|TORS IN PARALLEL.

THIS SYSTEM \S A VERY SENSITWE  BREAK-
BEAM DETEQCTOR. IT CAN BE USED. TD DETECT
OB TECTS OR PEOPLE THAT (MTERRUPT THE
TRANSM\TTER REAM. THE TRANSMITTER |
 GENERATES ~ 240 PULSES PER SECOND, EACH
. HOO usEC IN DURATION WITA AN AMPLITUDE
CoF oo wmA.  THE RECE\UER DETECQTS  THE
NEAR INFRARED FRDM THE TRANSMITTER By
ME ANS OF PHOTOTRANSISTOR " Q4. THE PHOTO~
CURRENT FROM Q1 IS AMPLIFIED AND ' THEN
SENT TD . A THRESHOLD COMPARATOR., = THE
555 FORMS A MISSING PULSE DETEcCTOR
TR AT ACTUATES THE RELAY AND. Llc:ATSL
TR E LED WwWHEN THE INFRARED REAM 15
INTERRUPTED. RANSE wiTHOVT LENSES 13
AT LEAST SEVERAL FEET. USE L&.usEs F-OR
NVCH GREATER RANGE.;_“,,H

40



RECE!\/ER f ] .
SHIELD QL TO ELIMINATE AMBlE_N‘T wuéi-rt.
ADJUST R3 TO. SET. THRESHOLD. ADIUST. RS m
ACHIEVE  OPTIMUM RELAY. OPERATION, ALWAYS.

~ TEST  CQRCuiT AN SUEDUED LJGHT To :\\lmn FALSE
TR\&GER:M@.{ - [ S S O B

oL : :
PHOT OTRP\N'SESTOK

ok YO
LsE WOl
24fs N | 0 0 A RS
pLace | oL tOK
OF 1458, | -

. ForR. i

. MDRE |
RANGE,l . .
vsEA | Qe 1T

L LENS | o2m2907 - L T f-t'll(,,.
AT QL] e AAA

~17

(P

AV

.F—-_—A. S
~

= o

T 01

; lMPOR‘tAN‘r" ; ;
BATTERY MUST BE FR,ESH
IF QIRCKIT. oesamss
;ﬁRRAT\CAL.LY CONNECT
RELAY. LEAD. AT ARROW. . L

_ FO SEPARATE t9V SUPPLY. . . .




e me.s a’”’
AN CQN

"cmcu s

‘ ,._,.DPTQE.L.E.

:UJN Q:Y

oN). wm-\ op'ralso;.moas ag A”'

C.T’&@MQ cor«?u‘rmé ELEME..N"I‘S

Lo TRANSISTOR Y.




H s ¢ K H H !

. oporo- L
o TRAMSISTORS M =
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SOU RCE /SEN‘SOR PAlRS

| SOURCE /SENSOR PAIRS ARE ALSO CALLED oPTO-
: \SOLATDRS OPTOCOUPLERS P)—\o-ro ISOLATEQ COUPLERS .
CANID PHDTDN 120LATORS. . mev »—&Ave MANY : IMPGRTAN‘T ‘

k“‘APPL\CATtoNs I\ ELECTRON\CS THE*/ ARE. PARTICU-

LARL‘! IMPORTANT AT PROV!DLNG ELECTMCAL 1806A~

T\ew BETWEEN TWO SEPARATE CLREVITS. MANY

souaca SEMSDR COMBIMATHJNS CAN se USE.D' :

,, LED“* PHOTOTRANS{%TOR OR. PI—\DTODlODE
LED—> LIGHT= ACTIVATED SCR OR. TR!AC
TUNGSTEN LAMP——>PH0TOR&S&STOR Lo
NEON LAMP —> PROTORESISTOR |

CLOSED PAR
O-CE S

o r t  ECECTRICAL I1SOLATION
. SOURCE SENSDK ' L.E:VEL CONVERS[ON

TRANSM S| ON/SLDT PA\R

stoT = APPL\CAT!ONS""
U . OBJECY DETE;CTION

' UM SWITEHR
— :
-——_}’U C‘—‘ : eauwce EREE swmr-\
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