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THIS BoOK INCLUDES STANDARD APPLICATION . |

CIRCUITS AND CIRCUITS DESIGNED BY THE

AUTHOR. FEACH CIRCUIT wAS ASSEMBLED AND
TESTED BY THE AUTHOR  AS THE B8OK wAs
DEVELDPED. AETER THE B00K WAS CDMPL.ETED
THE AUTHOR REASSEMBLED EACR CIRGUIT TO ?
~ cWECK FoR ERRORS. WHILE REASONABLE CARE .
. WAS EXERCISED N THE PREPARATION OF THIS = |
BOOK , VARIATIONS IN COMPONENT TOLERANCES |
AnD  CONSTRUCTION METHADS MAY  CAUSE THE |

CRESULTS You OBTAIN TO DIFFER FROM THOSE |
GIVEN HEBRE. THEREFORE THE AUTHoR AND -
RADIO SHACK ASSUME NO RESPoNS(BiITY FOR &
TME SulTABILITY OF THIS Book'S ~CONTENTS |
FOR  ANY APPLICATION. SINCE WE HAUE NO |
CONTROL OVER THE ULSE TD whicH THE o
INFORMATION IN THIS BoOk 1 PuT, WE

ASSLME No LIABILITY FOR ANY DAMAGES

RESVLTING FROM TS USE. OF COULRSE IT.

18 YOUR RESPONSIBILITY TO DETERMINE ”:

COHnERCIAL USE, SALE OR MANUFACTURE

OF ANY DEVICE THAT I(NCORPORATES INFOR= . '

MATION 1IN THIS Book INFRINGES ANY
PATE NTS,  COPYRIGHTS OR OTHER RIGHTS.

DUE TO THE MANY |NQUIRIES RECE\WED BY |
RADIO SHACK AND THE AUTHOR, (T IS NOT |
POSSIBLE TO PROVIDE PERSONAL RESPONSES
T REQUESTS FOR  ADDITIONAL INFORMTION
(CosToM CIRGUIT DESIGN, TECHNICAL ADVICE,

- TROUVBLESHOOTING Aowce, ETC). IF You
wWisH o LEARN MORE  ABouT ELEcmomcs,
SEE OTHER BookS IN THIS SERIES AND

RADIO SHACK'S "GETTING STARTED IN |
ELECTRONICS. ' ALSD, READ MAGAZINES LIKE,
MODERN ELEGTRoMIAS  AND RADIO-ELECTRONICS, .
THE PAUTHOR WRITES A MONTHLY COLUMKN,; .
"ELECTRONICS MoTEBQOK," FOR MODERN ELECTROM(CS‘ f
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lMTRODUCT ON

m 'n-\\s ERA oF \NTE.GRATED c1Rcm‘r ‘
MACRO CHIPS, THE SIHMPLRITY AND ECONOMY
OF ~C\RC.LMTS MADE = FROM [NDIWIDUAL COM-
PONENTS ARE OFTEN OVERLOOKED. THE
 CIRCULNTS THAT FoLtow ILLUSTRATE MORE
_THAN. 75 APPLICATIONS FOR. SucH BASIC
. COMPONENTS AS DloDES, TRANSISTORS,
',SCRS SAND TRIACS. THESE CIRCUITS . ARE,
; PRECEEDED BY SECTIONS ON RESISTORS
AND CAPACITORS SINCE THESE COMPONENTS
ARE AN ESSENTIAL INGREDIENT IN NEARLY
ALL SEM\CQMDUQTOR CIRCUITS.

_%FOR MDRE \NF—ORMATIOM ABOUT THE COM-
CPONERITS USED [N THE CIRCUITS THAT FoLLow,
.. SEE"GETTING STARTED N ELECTRONIC S
- (RADIO SsHACK, 1983). THIS BOOK COVERS

. Basic ELECTRON\CS AND INCLUDES 100
TESTED CIRCUITS. ALSO, SEE OTHER TITLES
IN THE “ENGINEER’S M\Ml-NOTEBOO\(”
SER\ES.

C\RCU\T ASSEMBLY T\PS

TEST VE‘RSloNS oF THE.;CIRC_U\TS N THIS
Book WERE ASSEMBLED ON RADID SHACK
MopULAR BREADBOARD SOCKETS. AFTER .
ASSEMBLING AND TESTING A CIRCULT ON
A BREADBDARD, YoU CAN ASSEMBLE A
PERMANENT VERSION ON A CIRCUIT BOARD
AND INSTALL IT 1IN AN ENCLOSURE. TROUCH
EACH CIRCUIT INCLUDES SPECIFIC COMPONENT
VALUES, SUBSTITUTIONS ARE USUALLY OK IF
VOLTAGE CURRENT, AND POWER RATINGS ARE
OSSERVED. FoR: \NsTANce A 1.2k RES{STOR
CAN USUALLY BE SUSST!TUT’ED FOR A 1K UNIT.
A 100K POTENTIOMETER CAN BE USED IN
PLACE OF A SOK UNIT. AND MANY NPN TRAN-
S\STORS €AN BE UsSED FoR THE POPULAR 2N12222.
_FOR MORE, SEE “"GETTING STARTED IN ELECTRONICS, "
: 3



RESISTORS

RESISTORS RESIST THE FLow . OF AN

ELECTRICAL CURRENT. THE UMIT OF
RESISTANCE S THE onm (M), A PoTen-—
TIAL DIFFERENCE OF TONE VOLT Wikl
FORCE A CURRENT OF oNE AMPERE |
TAROUGH A RESISTANCE OF ONE OHM.

OHM’S  LAW

VOLTAGE (V) s THE POTENTIAL DIFFER-*

EMCE ACROSS A RES) STOR. CURRENT (:r.)
IS ME FlLow OF ELECTRONS THROUGH
A RES|STOR. GWEN ANY TWO VALUES .
OF RESISTANCE, NVOLTAGE | OR CURRENT
TRE THIRD vm.ue CAN BE_ c:Ac.cuz.A'rao;
FROM OHRM'S LAW ! ?

V=X *R I=V/R. R= V/T

THE. POWER OISSIPATED TN A RESISTOR
CAN ALSO BE CALCULATED:

P=UxT P=I*R

TRE OM'T OF POWER S THE WATT. IT IS
IMPORTANT To BE SURE THAT  ALL VAWES
ARE EXPRESSED PROPERLY WHEN USING .
ORM's LAW. FoR EXAMPLE , LS MiLLI-
VOLT S SHouLD BE EXPRESSED As
0.0Ws5 VOLTS, 470 MILLWWATTS SHouL.D
BE ExPRESSED As 0O.47 WATTS. A
4K RESISTOR HRAS A RESVSTANCE OF
471 * 1000 OR 417,000 OHMms., A 2.2M
RESV\STOR HWAS A RE.S!STANCE_ OF 2 7.*
1,000,000 OR 2,200,000 OHMS.

BSUALLY You MAY USE A &E.sxsTO& WITH
A VALUE wWITHIN 10 -20% OF THE RE-
QUIRED VALUE. ALWAYS USE RESISTORS .
ZA\J\NG THE PROPER POWER RATING.



RESISTORS N SERES
| R o |
SN AA

' TOTAL RES.STANCE (Ry) = R1 + R2

A R‘.\. R2 R3

~ TovAL RESISTANCE (R,)= R1 +R2 +R3

RES\STORS IN PARALLEL

R1 ¢ R2
R1 g Q'L% Ry =
R1L + RZ
.. RL % - R2 R% Re= -
o : I S T
Rl R2 Rr3

CIF RL=R2=R3, THEN Ry= RL /3.

RESISTORS IN SERIES / PARALLEL

M
R3

‘ RL » R2
R1 % R2 Ry = — tR3
Ri + R2




HO\N TO use RE%\STORS
T‘CURRENT UM\T\MG

A RESISTOR CAN BE PLAcF_D N SER'ES
WITR A LAMP, LED, SPEAKER TRANs\SToR,,; :
OR OTHER compouau'r TO RE:DU(.& THE .

. FLow OF CURRENT. ‘rHRoL)GH “THE Dav;c;s.%;_
Fo& EXAMfLE.; AU NN

RL

gl I

——

—_r— 8L, (vocTs = LED \?‘ [N

. OHM S LAw CAN RE WSED To c.ALc.uLATE G
" THE CURRENT THROUGH THE LED FoR A
RANGE OF STANDARD RESISTANCE. VN.UE,S
THE. . FORMULA FOR CURRENT 1§ IT=V/R.
. Am LED D0OES NOT BEGIN TO. chDucr‘ i
CUNTIL TME FORWARD VOLTAGE IS ABQuT;;W‘&
1.7 vouTs (RED LED). THEREFORE, THE. |
FORMULA FOR  CURRENT IS I:(Q 17)/&,4W;

RL (ouMs | LED CuR&ENT (AMPs)

100 ; o .O‘-l’.'>

LSao | .. .028

220 . L,0wD

270 .0l
330 - ,013 .

VOLTAGE DlVlS\ON

RAAY

> Vour

RL. . RZ l \/ouT \/u.n _R2 N
. . RL'\' &Z ?

a | o




B WHEP\TSTONE BR\DGE

e WHEAT STONE  BRIDGE  PERMITS VE RY
P\CCURATE MEASURE‘.MENTS oF RES!STANCE
HE&E. 'S 'n-\a BAS\Q C.\RCUIT‘ :

+v

\Ri R?. AND R3 R‘{
FORM TWO VOLTAGE
DWIDERS. WHEN THE
VOLTAGE AT a_. EQUALS
THE voLTAcE AT b,
THE METER IND&CATES
NO VOLTAGE AND THE
BRIDGE S SAID TO BRE
BALANCED. WHE N THIS
QCCORS, THEN:
RL1/R3 = RZ /RY.

+2 1o +10v

THE BRIDGE SHOwWN

‘HERE PERMITS T™E
ACCURATE MEASURE -

MENT 0F AN UN-

o  KNOWN RESISTANCE
7 L (R3). R1 AnD RZ
R3 * SWouLD BE PRECISION

@1 %) RESISTORS. RY
15 A POoTENTIOMETER
WITH A CACIBRATED
PIAL. RS IS USED
TO REGULATE THE
R4 CURRERNT FRoOMmM THE
lok{ PowER suPrLY. RG
‘ AND S1 FORM A

SUGGESTED |
VALUES.

S L= s1 SHUNT THAT PROTECTS
oM slo4 MLl ADIUST RY unTIL
i "Rb. ; ; M1=0. PRESS Si
- 47, \ AnD REPEAT, R3I=RY.
SO ; +//,\\; IF RL# R2Z, THEN
ML ‘ R3= QRi*RH)/RZ.
L 0-1wmA .
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CAPACITORS

C AP CYTORS  STORE AN ELEC,TRACAL.
CHARGE. THE OUN\T OF CAPAanNcE_ 1S
TME FARAD. A L-FARAD CAPACITOR C‘.ON*J’; .
NECYTED TO A 1-volT SUPPLY wWiLL STORE . 1
A CRAARGE OF (.28 * 10'® BLECTRONS.. |
MOST CAPACITORS HAVE CONSIDERABLY. Lass&
CAPACITY, VALUES COMMONLY. RANGE : ¢
FROM A FEW PICOFARADS (1ot FARAD)
™ A FEW ‘n-\OUSAND M\CROFARADS
(10°© FARAD).

1 FARAD = L1F
L MICROFARAD = L uF=10"F
1 NANOFRARAD = 1»\F=10‘1F S
1 PlcOFARAD = L pF =10F

A CAPAC\TOR CAN BE CHAKGED\ ALMoST
INSTANTLY 8Y CONNECTING ITS LEADS
DIRECTLY ACROSs A POWER SUPPLY. '
THE CHARGING TIME CAN BE INCREASED
BY INSERTING A RESISTOR BETWEEN
THE  SWPPLY AND THE CAPACITOR.

W + > w i

) ‘ 3 o

& L+ : ;

o LA

E " < 0

v 1 - N v | e -
START 2 TIME START = = TIME

DIRECT  CHARGE RESISTIVE CHARGE

A CHARGED CAPACITOR WILL GRADUALLY LOSE.
TS CRARGE TRROUGH (LEAKAGE. THE Dis-—.
CRARGE TIME :
CAN BE REDUCED LOW RESISTANCE |
BY CONNELTIN G MGH RES\STANCE

A RESISTOR ACROSS ) 2
THE CAPACITOR'S , - 'E %
Two LEADS! TIME

10

CHARGE




 CAPACITORS IN SERIES

cL ¢z
I |74
AN ¢ o
TOTAL CAPACITANCE (¢ = cLtxcz
| CL +C2
¢t c2 c3 ~
A ¥4 . 4 ) .
S 1
- TOTAL CAPACITANCE (¢y) = T 1 1
- aa+€§
. CAPACITORS IN PARALLEL
et Loz | Cr = CL +C2
/[‘\ T~

L.

c1 ;JF cz _1_ ¢z i Cr= Cl+C2 +(C3

WARNING |

MOSYT cAPAC)TORS CAN RETAIN A CHARGE
FOR A CONSIDERABLE TIME AFTER THE
CHARG ING SUPPLY HAS BEEN SWITCHED
OFF. THEREFORE USE CAUTION WHERN
WORKING W TH CAPACITORS. A LARGE
ELECTROLYTIC CAPACITOR CHARGED TD oNLY
5 TD 10 volTs cAw MELT THE TIP OF A
'SCREWDRIVER SHORTED AcCRoSS ITs teaps |
RIGK ~-\voLTAGE CAPACITORS N TV SETS AND
- PROTOFLASH UNITS CAN STORE A LETHAL C’HAflCnﬁl




LOW TO USE CAPACITORS
SIGNAL FILTERING

A SINGLE CAPACITOR CAN OWERT AN
UNW ANTED SI1GNAL TO GROLND: .

VAN N

A SINGLE CAPACITOR CAN REMOVE Aw
UNWANTED DC COMPONENT FRoM A
FLUCTUATING SIGNAL:L

|

POWER SUPPLY FILTERING

A LARGE CRAPACITOR WILL SMOOTH THE

PULS ATING VOLTAGE FRom A POWER :
SUPPLY 'NTO STEADY DIRECT CURRENT:

o—y  E et
N P N ——
§ o T .

AC 4 POLSATING  FILTERED
VOLTAGE RECTIFIER oC be

<pIKE AND NOISE SUPPRESSION

A 0.1 F CAPACITOR AcCROSS THE POWER
SLPPLY PINS OF A LOGIC CHIP witk RELP
SUPPRESS FALSE TRIGGERING CAUSED BY
%/E\EF POWER SUPPLY. NOISE SPIKES. ‘
1



‘RE’S!STOR-‘CAPAC\TOR CIRCUITS
| ;AMOF)G THE MOST IMPORTANT OF ALL

QRCOITS  ARE THE RASIC RESISTOR~
CAPACITOR (RQ) CIRCUITS ;

INTEGRATOR

THE INTE GRATOR 1S AN RC CIRCOIT AT
TRANSFORMS AN INCOMING  SQUARE WAVE
ANTD A TRIANGLE WAVE : : : ;

+ + .
| o AAA +— AVAVAN
‘ o | ,
'C I - ouTr

. RxC 18 ME TiME CONSTANT OF THE CIRCUIT.
- RC MusT ge AT LEAST 10 TIMES THE PERIGD
- OF THE INPUT SIGNAL. |F NOT, THE AMPLITUDE
OF THE OUTPUT SsieNAL Witk BE REDUCED,
THE CIRCUIT Witk THEN BE A LOW~-PASS
FILTER THAT BLockS HIEH FREQUENCIE S.

DIFFERENTIATOR

THE  DIFRERENTIATOR IS A RC CIRCUIT THAT
TRANSFORMS AN INCOMING SQUARE WAVE
INTO A PULSED OR SPIKED WRAVEFORM -
~+ N

+
UL,
o H o
_ IN R -
. ouT

THE RC TIME CONSTANT SHOULD RE 1/10 (R
LESS) OF TME DURATION OF THE INCOMING
PuLseE S, DIFFERENTIATORS ARE OFTEN
USED TO CREATE TRIGGER PULSE s.

13




o RE\/ERSE POLAR PROTECTOR
tE__) >___{>‘,__.>.+ (81 ogv)

= g1 . .OL cnﬁcw‘r
—_ 3Tz . 1NA14. CRAND TAPE.

[ ‘voq's, AN RECBRDER ETc‘)“

DIobE ¢ PRQT&CT.S CclReuiT IF BATTERY 1S
NSTALLED wrn-\ REVE&SED PDLAle‘rY& ?

?;TRANS ENT PROTECTOR

\UHE.N ‘ e CURRENT FLow\NG m&oueH AN‘
lNDUQ‘\'QR lS SGDQENLY SthCHED OFF THE,
} ,cou,APSlNG MAGNETIC FIELD WiLL GE.NE.RA‘DE;
A HIGH VOLTAGE IN THE. INDUCTOR'S COILS..
. TS, VOLTAGE SPIKE MAY HAVE An AMPqu,DE‘,
. OF i—\umoaﬁns OR EVEN THOUSANDS. OF vac:rs. o
. A DI0PE CAN PROTECT THE CIREUIT TO. S
L WHICH THE INDUCTOR (S CONMNECTED 8y :
' PROVIDING A SHORT CIRCUIT . FOR THE j-usﬁ% :
;VOLTAGE SPIKE.. FOR. EXAMPLE. = ‘

% WmeN THE PRIVE

. . CHRCUNT Sutrcz-kﬁs
‘RELAY.  THE RELA\/ OFF, A
. RIGR-VOLTAGE . SP!KE

CDR\VE. .
:Cikiu\T
. s GENE&AT‘ED
uor& - L. TTHE RELAY's. cou.;.
b1 iMEFFEQTluE % ... D1 SHORT CIRCUITS
DURING TURN=-ON 'ﬂME‘.,MS THLS . spme._ '

I\AETER PROTECTOR

Ml CONMECT‘ A DlODf.

o ____._.  ACROSS THE TERMI~
NALS OF A METER
ot 1D PROVIDE REVERSE.

1NQ14) _CURRENT.PROTECTION. . .

1



) |
- ADJUSTABLE WAVEFORM CLIPPER

o Rl
+V o 1ok
. & §
iNQLy| ©
RZ <
\osx | -
S o >
N L ouLT

; ADI\JST R2Z. T*o CONTROL c.uPPwe AMPL\TUDE,;
- *V SHoULD BE A VoLT OoR SO H\«SHER CTHAN
PEAK lNPUT VOLTAGE. ;

) fAfDIUSTABLE ATTENUATOR

[a]
b1 DZ _
1NG14  1N414

THIS 1S A BIPOLARITY. (+/-) VERSION OF
THE ADIUSTABLE CLIPPER.

AUDI 0 LH\/\!TER

o USE To LIMIT
‘Aum o . NOISE, POPS, AND
C1 STATIC.
.08
O-

D:L DZ. SPRRY D1,D2 = 1n91Y
; 17



 HALF-WAVE RECTIFIER

ouvY

DL 1S ANY DIODE RATED FOR THE INPUT VOLTAGE.
THIS CIRCUIT 1S ULSED TO TRANSFORM AN AC ‘
WAVE INTe PULSATING DC AND TO DETERT
MpOULATED RADID SIGNALS. : o E

DUAL HALF-WAVE RECTIFIER

_\>‘_,M AVANE .
o) \ i \\ : /, :
- L N N .
* ; vz tr ~
4 \ 7, \ ;
- o— > |
IN ; ouT i

TS CIRCUIT TRANSFORMS BOTH WALUES OF
AN AC WAVE INTO PULSATING DC. ?

FULL-WAVE RECTIFIER

D1-DY4 AVAILABLE

*F\/\/ bi o4 AS MODULE.
0 :

A L3 o

ALSO CALLED A BRIDGE RECTIFIER. USED TO

TRANSFORM RBOTA HALUES OF AC WAVE 1O pe.

18



CASCADELVOLTAGE DOUBLER

‘ Vin +
- (Aac) S
o | < CL
O— VWT
| o (arvin)

 VOLTAGE QUADRUPLER

-~ 4
A Y
# f_l__. C3
7
O Vout‘
: \/\N : (‘4 )‘Vug)
CAC) cL ,

<>_§I:___3 ey
<

ECAUTION

COMPONENTS

- SHOULLD BE
RATED AT
2 %X Vi, USE
LARGE VALUE
CAPAC\YTORS TO
REDUCE RIPPLE ,

C,OMPOMEoJrS ‘
SHOULD gg
RATED AT
2K V.
OK TO
USE BRIDGE

- MODULE

FoR D1, D2,
D3 AND DH

COMPONENTS | |
SHoul-0 g . !
RATED AT
2%V,
USE LARGE
VALUE
CAPACITDRS
TO REDUCE

RIPPLE.

VOLTAGE MULTIPLICATION CIRCUITS
- CAN. PRODUCE HIGH VOLTAGES. USE CARE !

19



| D ODE LOG C GATES L

. THESE S\MPLE LDGIC CIRCUITS  CAN e
USED To TEACH BAsSICS OF DIGITAL Loszq, o
;AND InN PRACTICAL . APPL\QATIOMS. L Lo

o= Q':ROOMD' |

QR GATE D 1= tov

LED

B o—pDH—— - -

R |LED
o |oFe .
L | on

o om
By

e oo?

& |LED
ore
;OFF‘; ‘

- e i |
sy

= LED

. rroOoP
D—-OHOOO

AND GATE o
‘ o rev
LK f ‘
P\Q__--l<1h VAV, VX |
P L

BO%__. ul '
| D1 L
; LED -

NAND GATE
; ; ; +6V

1k A
Ao——-K} V.V -

i

]LEDE L
QFf
OFF
 OFR .
;ON& :

rroOp
Crorolm

LvED
on.
ON. .
on
| ofF

PR ODP
r*oyr-yom

q?k% LED | |
) NOTE: USE LN14(0R S\MILAR) )

) =  FOR. UNMARKED INPUT DIODES. . N
0

- ON 4 V; l



)l

- DECIMAL-TO-B)

NARY ENCODER

THIS CIRCUIT IS A PROGRAMMABLE READ-
ONLY  MEMORY (PROM), USE 1NALY DIODES.

o=

Y6V

DECIM AL

fJNPUT’SMHTCHES

- O

A

)

g

.X%,

|

0 O——

.

'
P

1»——'-—0"‘

e

%

&
o

zl
o

CONTACT

¥

P Pt

.

N SF\\

3 A

RINARY
TRUTH
TABLE

DCEBA
ocooo
ocool
Q010
0011t
0100
0101
oLLO
oL11
L0060
Ltool
RINARY

READOUT
LEDs

21



ZENER ‘D‘\O:DVES

NORM ALLY A CURRENT DOES NOT Fuow
THROUGH A DIODE CONNECTED IN. THE = .
REVERSE DWRECTION. THE ZENER DID0E s,
DESIGNED SPE.C.!F\CALL‘{ TO BEGIN cououcﬁ
NG IN THE REVERSE DIRECTION WHEN.
THE REVERSE VOLTAGE EXCEEDS A .
THRE SHOLD VALUE (THE BREAKDOWN VQLTAGE).\, .
THEREFORE THE ZENER DIODE IS A VOLTAGE~ .
SENS IT\WWE SWwiITCH. TH\S GRAPH SuMS uP
ZENER DIODE OPE:.ERATRON.
F

greakpown

OR ZENER 0.6

VoLT AGE vouT

V2,< - V;:,
COMMERCIAL ZENER
DIDDES HAVE BREAKDOWN
VOLT AGES FRDM 2 TO
{ 200 VOLTS. «

; Tgr S
\/OLTAGE REGULATOR I\/\ODEL
V in
Pz sVzex T ; \Itm MUST BRE AT l..EAS;’\';E :
TP/ Vz 1 VOLT ARBOVE Vour. T

RL © R1= (vm-vz\/x CAN VARY FROM. OwmA |

TO MAXIMUM PLANNED

Vout VALUE. D1 AND R1 MUST

HAVE PROPER  POWER

DL Loadp = RATING (USE OHM' LA\N)‘
(R

1 1 SAMPLE. REGDLATOR'

- - § O—S g >+
TLSMAXIMUM LOAD T . RL R
T2=MAXIMUM ZENER T 12V bOJL oL av
I =R4i CURRENT AN Azw Qv ouwT
Vz2=ZENER VOLTAGE | | taw (Somn)

Pz=2ENER CURRENT  _ o -

22



}f
: \/OLTAGE IND\CATOR

1o

Py

R2 - R3. Rq RS‘
, 470 < GRo iR 1.2k
CINPOT D2 b3 by DY
. VOLTAGE Lv qv I CAVIRVAS LAV
(o-1sV) ‘ P
o LEDZ LED3 LEp4Y L LEDS
o] SN \:« T

LEDs GLOW N SEQUENCE AsS )NPUT \/OLTAGE
R\SES. OK TO USE DIFFERENT ZENERS 50
LONG AS SERIES RESISTOR LIAITS CUR~
RF.MT ‘\'HROUGH LED TO SAFE VALUE.

 VOLTAGE SHIFTER

. 5

+ EXAMPLE Vv
(D1=6.2V): s | o

= o ; ; A 36

Vin R “Vour q 3.7

- O- . P ‘15 q «27
\/\/A\/EFORN\ CL\PPERS

R1is€e P2z
m o- > ouT IN o ouT

Vour |

.37

USE T© REDUCE LEVEL
OF INCOMING SIGNAL.
ALSO CONVERTS SINE
- IWAVE T0 NEAR
L ASRUARE WAVE,

CLIPS BoTH WALVES
OF WAVE (EQUALLY

WHEN 01=D2). USE
AS POP FILTER FOR.

SPEAKERS AND PHONES.

23



BIPOLAR TRANSISTORS

A BIPOLAR TRANSISTOR 1S A 3-TERMINAL
SEMICONDUCTOR DEVICE IN  WHICH A ;
SMALL CURRENT AT ONE TERMINAL CAN
CONTROL A MUCH LARGER CURRENT
FLOWING BETWEEN THE SECOND AND

TMIRD TERMINAL., THIS MEANS ‘T‘RANS\STORS
canN FuncTioN AS BoTH AMPLIFIERS AND

SWATCHES. RIPOLAR TRAMNSISTORS  ARE ‘
CLASSIFIED AS NPN OR PNP ACCORDING .

1o THE DOPING CONTAINED N THEIR THﬁéE._
REGIONS. o

- BASIC TRANS\STOR SWITC HES

£Qy +Qv + Qv +Civ i

£y

Qi RZ Qtl 1K
s1 R1 2n2122 < 1K Si Rl 2m2222 ,
3% 1K Hi 1K
LOQ LooQ

——

RASIC TRANSISTOR AMPLIFIER

+12v +ilvy :
ADJLST R1 TO CTEST CIRCUIT:
GIWE BEST GAVE GAIN
RESOLTS. €1 R1 RZ (\/ouf/v..,)=50.
1uF SR | QL 1K
N2222

o—H—

NN

N o

QUT

24



RELAY DRIVER

RELAY
215 -004 D4
| 914

R1

QL :
T2

RELAY CONTROLLER
| o )

+oV

: L._.% RELAY PULLS IN WHEN

: 3 INPUT IS POSITWE.
< .

APPLICATION®

RES\STWE SENSOR OR .
MOISTURE-SENSING PROBES.

+lev ) ’ T0o - :
T IN o
e 100K ‘l_

—

DL

1N914

2715 -ooH

SUPPLIES SEQUENCE
OF DRIVE PULSES
TO RELAY. R4 AwD
QL CowTRoL PULSE
RATE AND TIRE
RELAY S CLOSED
PER PULSE . RH
CONTROLS PULSE
RATE, USE TO
FLASKH LAMPS . AND

CONTROL MOTORS, .

LED REGULATOR

+5 To +1§ AAA_,  SUPPLIES
u‘QT‘® R3, Loo CONSTANT

; /2w CURRENT

R4 RZ Qz AL, Qz To LED AS

L1003 100 1N 2907 SUPPLY

t/ew ,_J\N\_AL__@_DH VOLT AGE

\ ' ' w-L  cranGES.

LED. CURRENT = 7>8 wA. LED = A

25



- 3~ VOLT SPEAKER AN\PL 12

; +3\/ o
bsE;To GIWE o T T2 84
Low- POWER ~ —_ . SPKE
.. SPEAKER TO -
RADIOS ANID TAPE
~ PLAYERS witHoUT
. SPEAKERS.

85t

1k
QL
2N2222

e- STAGE SPEAKER AN\PL FIER

THIS ClRCOIT Raoumr—.s NO o t3V S
INPUT TRANSFORMER, AT am

‘- . . SPKR

oy _| (.
RL g R? 2 A uF] 1
15K 15K
i ¢3 1k 8%
O +( 7 Qv
- T / an1222
INPUT CALN2222 . :
RZ $ RY = R&$ RrRa $ o5 s
15K < 100 ™ 15K 100 <476
C N
h l

. = USE TD GIVE Low-~- POwER SPEAKER To
) RANOS AND TAPE PLAYERS WITHOUT SPEAKERS.
2b , ; ,



c RO PHONE PREAN\PLI Fl ER“ REND
+qv ‘ N

ELCECTRET
LoMIC
'ELEMENT

USE wm—& TA?E RECoRD:—.RS Pueuc ADDRESS
S"/STE.MS AND PoRTABLE AMPL!F\ERS

AUD 0 N\\XER SRR ans

et mPuTs: Y4V OKR TO ADD . L.

o AMF AR ,%  MORE [NPUT 44

;Ao_* ~ . NETWORKS

A R3 — (C1,R1, R‘S) L
~ | _

10K
. 1ook3S

’7
~ % RS 10K
18K

¢3
Aufb

B
L AR ' o
Bo_‘ QL - TO0
Ry YANYNAX XS AMPL\F-&EK
, 10K »
¢ RZ ; | < R4 R8 ;C'e(
L1o0oK : Ik 1K LuF

+— . >

—

. ¥ USE TO COMB[NE SIGNALS FROM rwo
(og MORE) AMPLIFIERS , MICROPHONES, ETC.

27




AUD\O OSC\LLATOR .

+1.5 TO £12V 8 L \WITH VALUES
SPRR SHOWN , TH\S
CIRCUNT CREATES
AN AUDIO TDNE
OF UP TD SEVERAL
THOUSAND HERTZ.
THE FREQUENCY

Qat

R1 1LN2307 1S CONTROLLED
10K BY RZ. OK._ TD
LIE MANY
) : DIFFERENT TRAN-
. R2 : , SISTORS FOR
8K I : Q1 AND Q2. FOR
f ) - VERY SLOow
R3 L FREQUENCIES,
SOK ~ INCREASE QY.
METRONON\E
RL +9v THIS ClRCUIT LS
I A ... lok A VARIATION OF
LR L MA - THE CIRCUIT AROVE,
L. Sok )Gt QT R2Z CONTROLS THE
' 282222 1LN2907 ; heLiek"” RATE .
8 3 OK TD USE
: SPKR  VARIOULS :
LY , TRANSISTORS
e 1 FOR Q1 AND
2L pF = ] Q. .
o A .
¢ : ¢
LOGIC PRORE
+Sv
o at ] o
Locie Ltoaie | LED
CIRCUIT RL 1x AN ‘
10K LO OFF
%% ‘ ~ Hi | ON
2N2222 > ~



AD ILJ STAB LE S REN | "L

22K Si %;u: -
—NAA

CL
2 mF
‘+l/

g

l\ ; T T ;
R} g cLosiInG sS4 |
1SK, GIVES RISING

| TONE. OPENING
S1 GIVES. :

R % gq‘f_‘,g FALLING TDNE.
sk oK[T9 o

, ‘ ' ﬁ QL Qg S TR S
SZ AND R4 cz zwnzz zwzcun S EUUUTIERE S
CONMTROL SR ,
TONE

LANGE .«

At
P
,__%w_,‘

/—\UD\O NO\SE GENERATOR it
¥, TO 412 V :

USE TO CREATE. .
o | EUZ2Z SOUND .
ctL , . AND . OTHER
A mF SPECIAL EFFELTS
( 5 , OR AS MNOISE.
ND\S& SOURCE FOR ... .. .
OU‘E' TESTING ROOM ...
CACOUSTICS WiTH
. : AMPUFER) SOUND . METER..

Q_CI“




~ 1-TRANSISTOR OSCILLATOR

~ THIS 1S A
‘ B L | SiMPLIFIED
R SPKR HARTLEY
Sox J Q1 1 oscieeaTor,
S ?.Nz.zzz 3-voLt —. ADJUST R1 TO
R2 CBATTERY T CH ANGE TDNE
2k FREQUENCY. ,
- CONSUMES ONLY
e A 160 - 200
A MICROA MPE RES
: 25 % 50 msuz.AT ED 20 GA.
1/4”7  TURNS—™ TURNS WRAPPING w;ae
SobA | e -
STRAW . TAP
: ,'So TURNS -7 \\_,ZS TURNS

COIL: PUNCH TwWO SMALL HOLES 1-1/8" APMzr
IN STRAW. INSERT WIRE IN KIRST HOLE, WIND -
50 TURNS, INSERT WIRE LOOP IN SE_COND HOL.E,
CAND T wipD BACK 25 TURNS. PUNCH HOLE THROUGH
FIRST WINDING AND INSERT END OF WIRE. Lo
CTAP: CUuT LODP AND TWIST EXPOSE.D WIRE S,

- SWITCH DEROUNCER |

, 43 7O t1s vV
QL ‘ o
TNL2212 SUPPLIES - SINGLE
TRAGGER PULSE ToO
Ry LOGIC CircutTs. k
10K OUT SWITCH ALONE wiLl
o ] "BOUNCE ' WHEN CLOSED,
, cct ,  CAUSING FALSE PULSES,
© LluF . ; L o
; __l +] ]\ TO LOCK ©OUT S1 FOR
51 '@ g A SECOND AFTER A -

o R S PULSE, LET C42220.F
20 - F S SR



MINIATURE RE TRANSMITTER

fH\S Cl&Cu\‘Tk

s PATTERNED AFTER A PiLL-

S\ZED %tOTELE,METR‘/ TRANSMITTER FIRST .

DEVELOPED BY

LATE 1980's.

DR. R. STEWART MACKAY
AND OTHER = MEDICAL RESEARCHERS

IN THE

THIS TRANSMITTER REMAINS

ONE OF  THE SMALLEST EVER DEVELOPED.

l?.k“
TANTENNA e

(oPTioNAL) |- L1OLF

:

A s
. '
25
TURNS
50 2N2222
TURN S
. ' , g1
DSES omeY :\.—’1/2_ v
100 m AL Y
s 1+
ColL:

S\GNAL AT etL's BASE:

AN
R A 14 o
22K RF KHARMONNCS -

SENDS SIGNAL TO
AM oR Sw RADIO
A FEW FEET AWAY,
R1 (AnND R2) conm~
TROLS SIGNAL
FREQUENCY. OK
TO VSE G4 S CELL
OR TRERMISTOR
FoR R1 /RZ.

USE  THE coll SHOWN ON THE FACING

PAGE OR MAKE A MUCHR SMALLER VERSION WITH
A 1/2" LENGTHR oF SODA STRAW AND NO. 30
MAGNET ‘WIRE. BURN THE VARNISH FROM THE

LAST 1/4"
MRATCH).
VARNISH -

OF THE coil’s LEADS (ULSE A
THEN LIGHTLY BUFF THE CHARRED
WTH FINE SAND PAPER.

BL: USE A PENLIGHT CELL OR A MERCURY

OR SILVER OXIPE BUTTON CELL.

WARNING

NEVER ATTEMPT TD SOLDER LEADS TO MInLA-

‘\"URE POMWER CELLS.

THEY Wikl EXPLODE.

'Ci. 0.1 uF GWES AVDIO TONE § 10 «F GIVES

AUDIBLE CLICKS.
STEEL NAIL

INSERT FERRITE CORE OR
IN COIL TO ALTER THE SIGNAL,
USE MINVATURE ELECTROLYTIC. CAPACITOR,

51



FREQUENC‘( MET ER

; -+(ov
lNPUT t52
1-voLT
SQUARE Co
WAVE, RY

: R1i 100
_ 1K 3 ‘
AN
: RZ . |
J_U_Lﬂ_ sok | at
o_’e__,_,%’mzﬁzzz
cL ~
ApmF
R3
K

O

Bi—: usa REQTGFIER
BRIDGE MODULE OR
FowR 1N914 DtODES

oMy ‘
OLW\A

 RECALIBRATE
LF INPUT IS ©
NOoT A 1-V

1+

CTHIS c’lracunf

SAUARE WAVE,

IS SUITABLE FOR SPECIFIC ROLES

RATHER THAN GENERAL FREQUENCY MEASURE-
MENTS. TO CALIBRATE FOR O-1 KMz RANGE:

1. SET R2 AND RS
AT MID POINTS.

2. APPLY 1KMWz, 1vor

S QUARE WAVE AT
ANPUT.

‘3. ADJUusT R2
UNTIL M1 = LwmA.
H.REMDVE 1KHz2
SI\GNAL,

5, ADJUST R3
LNTIC ML= O,
b, REAPPLY 1 KHz
S\GNAL. ,
7.ADIUST RZ
LNTL MA=1 AL

32

TYPICAL RESULTS:

S\GN AL M1
(Ha) | (wn)

] LOZ
{00 | .4
20Q .24
300 34
400 A4
S00 .55
60O s
Moo ki
Qoo .85
9c0 | 95|

loceo | L,00)



]‘PUL’SE G ENE RATOR

;+510+1sv D B '
o ;,1\; et | puse |
SR Q,,F) DuRATloN .

,‘,RS c_oNTRcl_s 1 ;D‘l ] .
,;PULSE RATE. N lNQL‘( . .QOL 5 nse.r.: R
L ~ S J.ot |22 /-'lSEC;

e .ooJ m i,uF — AM?L\TUDE.

\  WHEN SOPPLY . tsﬁ; ;
 12.5 VOLTS.

Rz s ot = ot
CAM S 2N2%07. aN222Z

"

RISETIME =100 nsec .

[
==
-

DC METER AMPLI F\ER
. N -H,\/ , : :
m o T T CALIBRATE,

122. Lo INPUT TO teV
THROUGA A
LM POT AND.

DL T | A meiTAL

‘ | MULTIMETER =
' _’% SET TO READ ©
F\A~/- " T2 CURRENT IN.

:ENUP TO 5 -
j M\CROAMPS
. FULL $CAL.£.Z

RL ;
{0k 2 0- u«A .8k, | THEN SET RZ |
-c‘ ———y 7'_,7,AT1TSM\D‘_:
R | g,_[_7 o PoInT. uex‘r'%

9_1 SET lM POT FDR DES\RED CURRENT e
2.ADTUST R3 UNTIL. ML luD\CAT‘ES 1 mA. :

. B.REPEAT STEPS 1 AND 2. : '
L H, ADIUST RZ UNTIL M1 lNDlCATES 1 mA.

ABOUT 10 vot.rs,ﬁg,f

FIRST CDNNECTE .

R3 | MILLIAMPERES.



RESISTOR TRANS\STOR LOGFC ;

‘ THESE LogliC cuzcm‘rs CAN BF_ LSED TO
- TEACH BASICS OF DIGITAL L,oenc AMD w‘
PRACTICAL APPucmloms, Co

OR ‘GATE O;= GROUMD
: ‘ o : 1=+Qv
+G v : .
| A & luab
0 OFF
L o on
A 1 ON
L ON -
&
NOR GATE |
tov A B |Lep
0O O | on
6 L |ore
o 1 o0 |OrF
R3 Lt 1 |oFF

4K,




AND GATE

A B Jep
0 0 |oFfF
o 1 O FF
1 a |OFF
1 t ON
R4 LED
R3 1K
4,1 , N
NAND GATE
tev A B ILED
o O on .
o 1 ON
R2 1 0 | onN.
49K 1 1 |oFF
R4 :
z 10K
‘A QL RY
/ 1RN1222 1K
B Qt LED
: 2N2222
-
INVERTER
: RZ +6V A I LED
‘ R1 /o) ON
10K 1 |ogF



S&.D - IMPEDANCE,

“TUNCTION FETS

A TUNCTION FIELD-EFFECT TRANSISTOR (FET)
1S A 3-TERMINAL SEMICONDBUCTOR DEVICE IN,

CMIHICH A SMALL VOLTAGE. AT ONE TERMINAL
CAN CONTROL A CURRENT FLOW'NG BETWEEN
.THE SECOND AND THIRD TERMINAL. FETS c¢AN
- FUNCTION AS BoT  AMPLIFIERS AMD SWITCHES,
THE PRINCIPLE ADVANTAGE OF THE FET IS

I TS VERY RKIGH INPUT (GATE) IMPEDANCE.
FETS ARE CLASSIFIED AS EITHER N- OR P~

 CHANNEL ACCORDING TO THE DOPING OF
- THE CURRENT ~CARRYING CHANNEL REGION.

BAS!C_ T—'ET SW\TCHES (M*FET)

+9v NoTE: +9v +9v 1%
LO==~9\/

QL

. QL ; R2 ;
St | RL 2zn2e1q ik g2 R4 2N3819
D H iM ~

Sl
, Lo |OFE
j-‘iv Hi | oN

y
+

——
-

BAS!C FET AN\PLIFIER (N-FET)

2n3819 +9v
| </ Low GAIng

VERY WIGH tNPUT

TEST CIRCUIT
- GAVE GAIN
R C\/our/\/u.))— 2.
ik ,

; Ci
NI 1ufF
O_+i Qi
zmzsxq




HI-Z MICROPHONE PREAMPLIFIER

+9qv

RZ \S GAIN.
CONTROL.

DSE TO COWPLE
HIGH-IMPEDANCE
CCRYSTAL-TYPE.
MICROPHONES QL
™o AMPUFIER.  2nm3819
3

LuF TO
AMPLIFIER

cx'm
ApE 100K

J+

M

Y

 KEEP LEADS T0 MICROPHONES
SHORT OR USE SRIELDED CABLE.

HI-Z AUDIO MIXER

CL INPUTS: +qv
L ufF ALB

Aoy
R
iM

RA AND RZ |
conTROL L
GAIN FOR t
INPOTS A
Ane B.

R3
100K

cz

TO

B
i AMPUFI\ER

| USE. TO COMBINE SIGNALS FROM Two OR MOF‘-E.
,M\Q&oPRoNES PREAMPLIFIERS , ETC..
, 39



POWER MOSFETS

A METAL-OXIDE - SEM\CONDUCTOR FET
CMOSFET) HAS A GATE WHICH IS INSULATED .
FROM THE CRANNEL BY A VERY THIN.
GLASSY OXIDE. THEREFORE THE INPUT .IM- .
PEDANCE OF THE MOSFET (S CONSIDERABLY
RIGHER THAN THAT oF THE STANDARD FET.
POWER MOSFETS HAUE A VERY Low RESISTAANCE
CHANNEL. THEREFORE THEY CAN . CONTROL.

MUCH MORE CURRENT. THAN FETS. | .

ON-AFTER-DELAY TIMER

+9v ,
PRESS S:L To, ,
CHARGE CL. THE
PIEZO -BUZ2ER ;

CEMITS TONE. AFTER
Ci SELF DISCHARGES.
LARGE VALUES FOR'
CL INCREASE THE.
DECLAY. PLACE = .
LARGE VALUE RE~
SISTOR ACROSS
CL{ TO REDUCE DELAY.
Q1-POWER MOSFET.
Qz = Zszzz : ~

ON-DURING-DELAY T N\ER

+9v

{

- S1 pIE20-
; 4é>

PRESS SL TO
CHARGE CL. THE
PIEZ0O ~BU2ARER .

BUZZER EMITS TONE usdTIL
? ) Ct SELF DISEHARGES,

i at INCREASE Ci TO

cL Pow ER INCREASE DELAY.
RESISTOR ACROSS Ci

i-LOO MOSFET

WILL REDUCE DELAY, .



| H!- 2 SPEAKER AMPLl FlER

+Clv

, Qﬂ:ﬂ
' YF

ar
POWER
- MOsFET

BEAC

F e R:L CDNTROLS GAIN.

‘i-\lGH lMPEDANCﬁ M\c&oPHoNE RAD!O

)[,DUAL LED FLASHER

~

T @; <R BN
RL N/ LED 1K SRR o
ox ¢ o ‘

T ZQMF

RS
LED. i.K.

me

: INPUT CAN 8& !

ETC.

LEDS FLASH
ALTERNATELY.
R3 CONTROLS:
FLASH RATE.

lauvickey

SHORT «f
OR €2 iF
CIRCUIT

o ; R %
T QL QL-POWER MOSFETS .

A

FAILS TO: -

FLASH.

ap



CUNITUNCTION TRANS ’fs‘@T‘ORs
THE LN\ JUNCTION TRAMS\SToR (_UIT) s A

VOUTAGE— CONTROLLED SWITCH  AND NOT

AL TRUE TRANSISTOR. THE UTT IS WELL -
SUVTED FOR MANY OSCILLATOR APPLICATIDNS

;BAS\C LuJT OSC!LLATOR

+S TO + 18V

ZM’-(SQI
‘ AN e @ C
RL R2Z R3 -
M ,g 2.2k 100 :
, - BL E 8?—

gz Q1
24891 OR
SIMILAR UXT

INCREASE el
- R4 T
R € Duce.
FREAQUENCY. ';_Ci.

.00t TO ‘ ,
ouT 1 ouT

LOW-VOLTAGE INDICATOR

+3

+i8v

SOUNDS WARNING
R3 TONE WHEN THE
100 SUPPLY VOLTAGE
EALLS BELOw Di's
82 Q4 TURN=-ON VOLT AGE.,
1Nu8al, SELECT D1 FoR
evC. DESIRED VOLTAGE.
OK Tb ULUSE A
8 3L SINGLE FIXED
SPKR CAPACI\TOR FOR
RL AND R2 (LHK
Al | T GlvES 2.8 KHz).

50 K |

AV s

047




SOUND-EFFECTS GENERATOR

tLTOY4ZV
R4 LS ws LN4Bal
CAM ‘ eTC.
L ANA
RG
100K
o
ez TR TO
.O0LuF Y7 AMPLIFIER

TRIS CIRCUIT GENERATES CRIRPS HAVING A FRE-
QUENCY CONTROLLED BY RY. R3I CONTROLS RATE.

1-MINUTE TIMER

+9qV

R THIS CVWRCU\T  PULLS

o3

RA
Ltook 100 Im THE RELAY AT
, o A REPETITWE CYC(LE
| Qi ~ CONTROLLED BY R1I.
Rz CINUBAL, RELAY MUST BE LOwW=-
HIK - ETC. VOLTAGE TYPE. :
: ) € BZ ; ) ] )
o (ﬂ@i)‘ | RL+R% DELAY
o , lorms) | (sec))
2 S | tox 7
T o1 L 1SK| 1o
40uF] mruq(:F RELAY | 22K | 17
EE i 21§ 004 “Ik | 27
RS S 100K | 68



PIEZOELECTRIC BUZZERS

PIEZO BU2ZERS DELIVER EAR-PIERCING TONE
AT LOW DRIVE CURRENT AND VOLTAGE.

C/-\UT( ON': UsE EAR PROTECTORS WHERN
EXPERIMENTING WITH PIE20 RUZZERS. AT
CLOSE RANGE FOR MORE. T'HAN BR&E.F
VRTERVALS. , S

BELL \/OLUME CONTROL? |

+3 1D +12V - o ; _l | +31—o+fzv? '
| - \

OK TO ALTER RL- {OK TOSOK | -

St o'_ C1's VALVE, " POTENTIOMETER

PRESS AND RELEASE St R4 CONTROLS VOLUHE. |
T0 smuz.nrre BELL, : ‘ Lo

: LOGIC lN‘\‘ERFACES

+S To+12,\l . 4s TO+1zv

QL
RL 2N2222




.MEzo ELEMENTﬁmaVERS”*
IHXED TONE

+?>TD*1.SV . S
o ‘ ; C CONNECT ,
—— . CdS cELL
. ] . AcrROSS. R1
 R3Z  FOR  DARK~
. H70  ACT\WWATED -
*\‘,'TONE OR -
i HERE FOR
- LIGRT -
ACTIVATED
TONE, :

R
220

CBLUE . RED

‘RZ ,
10\< . BLACK

Q1
ZN2222

—p—
-

:ADIUSTABLE FREQUENCY

t1 To +15v ‘ : +O‘STO +1SV

; o S : A o
, AMA___ Ri. 1 at |
, R4 ; AN
8LveE 1K Rep :

@LUE

QL
. LN2907
RL )

iK

R2 Qz

1N22t2

-|':

O . T1 18 PRIMARY OF
¢ - F CENTER-TAPPED AUDIO
THIS CIRCUIT CAN BE TRANSFORMER (RADID
EASILY MINIATURIZED, SHACK 273-1380). R1
RZ CONTROLS FREQUENCY., CORNTROLS FREQUENCY,

ni)



N SiLICON—CONTROLLED RECT\F ERS |

THE. S\LICON =~ CONTROL.LE.D RECT\(—\ER (sce){
1S A TRUE SOLID=-STATE ON- oPF SWITCH. .
‘n—*e SCR IS SWITCHED  ON BY A SMALL

CLWRRENT AT (TS GATE TERMINAL. THE C
SCR WILL REMAIN ON UNTIL  THE CURLREN’E :
FLOWIN G THROUGH IT FALLS ReELow A .
Mm\MuM LE.VE.L. CIH OR. HOLDNG cuaaem-)

LATCHING PUSHBUTTON S\N\TCH

J"\/ : ]

T S 51 PUSH TO ACTUATE
. . (NORMALLY OPEN)-

S2- PUSH TO RESET.

© (NORMALLY CLOSED)

Ry~ LOAD (LAMP, ETC.)

SCR = TERMINAL Pwom's
VARN. T‘/P\CAL‘ ‘

OEA

U GHT—-ACT[ Y ATE D RELAY

+9To+12\/

= RELAY (S PLLLED

AN WHEN Q1 1S

. LLUMINATED.
RELAY REMAINS
LATCHED UNTIL S1
1S PRESSED. WORKS.
WIiT™ FLASHLIGHTS

- AND_ PHOTO STROGE.

, uun‘s ~

 RELAY
ik 2715-004

Si PUSH TD REsET
,,M(MQRMAL_LY CL.QSED)

Q1-PHoTO-
TRA NSISTOR

Yk

—
pay



RELAXAT ON OSCI LLATOR

) +Qv
. CL IS CHARGED THROUGH
RL oL RL UNTIL TS, CRARGE

took 1S HMIGH ENOUGH TO =
—e—— . SWITCH ON  THE  SCR . |
.. THROUGH R2. (1 THEN
~ DISCHARGES -n-\aouca-\
THE SCR AND THE ;
SPEAKER. R1 CONTROLS .
%m:—.;_REPEfnbm RATE .

- NoTe: k”SOME‘SC‘K{s,_ :
‘~ 18 REQUIRE CAREFUL
‘[___.; L SPKR ADTUSTMENT OF RZ

DC_ MOTOR SPEED CONTROLLER

- +9v : .+3rowv .

, A THIS ClRCU‘JT ,
wiLL VARY ‘rH;E:*
SPEED OF SELECTYED
DC MOTORS. RY
CONTROLS THE

- SPEED. AT Stow
CPULSE RATES FROM
THE UTT OSCILLATOR,
THE MOTOR Wil
ROTATE 1N BURSTS.
FOR BEST RESULTS,

. USE A SEPARATE
- POWER SuPPLY Foaﬁ
THE. MoroR.

NAN

FCHECK  MOTOR wWiTH THIS *_L' 'S
CIRCUIT: {F LED FLASHES = -6V

ON AND OFF WHEN SHAFT — LED
OF MOTOR IS ROTATED,

IT WILL PROBABLY WORK. g
. | | 47



THE TRIAC 15 A SOLID~STATE ON=OFF
SWITCH THAT  CAN CONTROL ALTERNATING

C—URRE.NT' T 18 ELECTRONICALLY EQUAL TO
T™WO SCRS' CONNECTED IN: RF_VERSE PAKALL.EL.,

WARN\NG TRIACS ARE DESIGNED FOR |
AC OPERATION, USE COMMON SENSE

S ARETY PRECAUTIONS WHEN WORKING .
WIITH CIRCUITS THAT USE HOUSEHOLD LINE
 CLRRENT. ALL CONNECTIONS MUST BE WELL

INSULATED. NEVER WORK ON N AN AC LINE
. POWERED CIRCUIT WHEN THE POWER: CORD
. Prue \s \MSERT'E_D IN A WALL soc:KE’r

TRIAC S\/\/\TCH BUFFER

N 4

AcC . ‘/’\3 .
LINE TN RA TRIAC_JZ I=TR\AC.
100 (2oov) CURRENT ;
\ LAMP /1L P=LAMP POWER
- READ : st V=120 VOLTS
WARN NG : ~ I=P/V

LAMP DIMMER

L1-NO0.4T LAMP D1 1N400%1 ; , ~
Q1-I1N4849, eTC. 4 Dn : L1 o
o | R2 AN
READ : 100 ’,(Bf ,
WAR NING CRA Ay
PR1 SEC  1poK | QL 82
L20V 6.3V z
A< | AN
LINE Tt L
+
U TT OSCILLATOR SWITCHES] CL 7]
O N THE TRIAC AT RATE |.047

CONTROLLED BY Ri..
48
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