Q. 100 ELECTRONIC CIRCUITS

BERE'S A CcollEcTION OF 100 ELECTROMIG ..CIRCIUTS.. . TIVE

ASSEMELED EACH CIROIT TO MAKE  SURE AL . .OFE. THEM.  WORK.

1 SELECTING. AND  SURSTITUTING.  LOMPONENT.S. == NOM. . CAN. . EIND

MQSY  O0F THE . CoOMPONENTS AT  RADID SHACK. STORES. SAVE.  TIME

AND.  MAKE A LIST OF WHAT YL NEED REEORE . MOU. . VLSIT
RADIO.  SHACK .. (MOU_ CAM__FIND  CURRENT.. CATALOG  NUMBERS. . IA_THE

LATEST _RADIO. SHACK CATALOG.) \E_A._ . COMPONENT. 1S UNAVALLABLE.

e

TRY EJSEWKHERE. . SOMETIMES NOW. AN SURSTITUTE . LOMEBOMNENTS

FOR _EXAMPLE, AT)s.  OFETEN . OK TR  SUBSTITUTE. NPN  SWITCRING

TRANS\STORS __FOR _ONE. _ANOTHER (2NR90H.. . FOR 2N2222, ETC.).
NEARRY _VALUES . 0OF RESISTDRS AND CAPACITORS CAN. . QETEMN. .. BE

seD.. (1.2 K FoR 1K RES\STOR , 032 uE _EOR.___0.47mF CAPACITOR,

ETC.). ALWAYS FoLLow. APPROPRIATE . VOLTAGE. .  AND POWER . RATIMNGES|

OWHEN A ClRCUINT. _DOESM'T _WoRk.— MAKE SURE_THE CIRCWT IS

RECEIVING. .. ADEQUATE __ POWER.. ... JE._IT. 35 OR __IE YOU _SMELL _OR

FEEL A _BOT. _ COMPONENT, IMMEDQIATELY DISCONMECT. THE. POMWER .
AND. EOLLOW. . THESE. STEPS.: @ RECHECK  ALL CONNEeTIONS.. (15 A

WIRE  MISSING? 1S AN IC¢ PIN RBENT? 15 A SOLDER CONMNELTION

BAD? 1S_A WIRE “SHORTED' 2 IS A DI00E  BACKwWARDS?) (2D 1S A
COMPONENT _DEFECTIVE.T @ SOMETIMES, ESPECIALLY WHEN.  POWER

SMEPLY . LEADS _ARE . MORE. _THAMN _ SIX__INCHES.. . LONG, . XL CIRLMATS
WILLL L AORK IMPROPERLY OR.  NOT AT ALL UNLESS _NYou COMMECT

LY o.llur CAPACATOR ACRDSS THE  POMIER. . SUPPLY. _PINS QOF

EACH oH P, T MAY. . BLSO BE NECESSARY T CONMECT. . A

1. .70 10  mF__CAPACITOR . ACROSS..THE _POWER LEADS. WHERE THEY

ENTER _THE _BOARD. (4)D0ES THE PUBLISHED CIRCUIT CONTAIN AN ERROR?

[l SAFETY. FIRST—— _ BE __SURE 1O _ Fortow. . APPROPRIATE. PRECAUTIONS.
WHEN  WHRKING WITH. AC LINE.  POWEERED. . LIRCUATS. . BE CARERUL

WHEN  SHLDERING.  CIRCUNTS. MITH.  SPEAKERS...CAN  PROPUCE VERY. . .

LRUD . SQouMDS. KEEP _VYOUR . DISTANCE, AND DON'T. USE HEADPROMES.

TlaoING FURTHER=— TRY EXPERIMENTIMNG _WITH _THE . VALUES OF

COMPONENTS N RC circtT.s  (Po27). TRY SUBSTITUTING .. OTHER

OUTPUT.  .REVICES N __ CIRCGUITS. THAT DRWE A RELAY _PIEZD Buz2ER, .

EYe, (RE  SURE.  _TD EOLLOW. VOLTAGE. AND CURRENT. . RATINGS.. .. USE....

OMM'S _ LAW. . AND, JE_NECESSARY, ADD A _SERIES RESISTOR..TO. REDUCE

CURRENT.). REEORE.__ BUNDING A PERMANENT. . VERSION OF A CIRCULT,
ALWAYS  ASSEMBLE. AND TEST A BREADBOARD VERSION. EINALLY,

BE  SURE IO RBUY._ RADID.  SHACK'S  0URRENT. "SEMICONOVCTDR REFERENCE

GUIDE" AND " ENGINEER'S NOTERCOK.! For .. .MORE ADVAMCED

QLRCUIT.S AND. AN EDRMATION. _ABOUT.. . NEW DEVELOPMENTS, READ MY

COLOMN. (“THE ELECTRONICS SCIENTIST O IN._ COMPUTERS. & ELEC TRONICS.
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DIODE _ CIRCUITS

THE _VARIQUS _KINDS . OF. . DIODES . HAVE. . .MANY.. APPLICATIONS

HERE ARE SOME TYPIC AL CIRCUITS 3

SMALL _SIGNAL _DIODES. _AND _RECTIFIERS

O VOLTAGE REGULATOR O VOLTAGE _ DROPPER ~C T~
—>—
tV | +V DIODES _MUST. __HAVE
Ri~ SEE.__ZEMER. DIODE ’ ADEQUATE _ POWER
R1. < REGULATOR. ( P. 102) RATING _(P= \VxTI)
D1
~Novr=n¥® O.LV . V= 0.6
D1V toap DIODE (S) AND._R1 D2,
(RL) 5 MUST._BAVE s> V- 1.2
DAY ADEQUATE. POWER -
! RATING. Dn ¥
On_ )\ (SEE.P.103) oo N (s 06V
' l 1 ) £ ANSLY
= N LoAD. S EXAMPLE : . Mot N
_IONE  OR. _MORE _SILICON _DloDES (Ri) 2 \\\\\\\\\\ +K . i
CAN. REGULATE A VOLTAGE N V. = 54y
N O VOLT.  STEPS = ~1 -
0.9 VOLT. _POWER ___SUPPLY L TYPICAL B1 ¢
WMZZW oo S1 CoPTIGNAL) “?A |
LINE ) | R
,w.,.-\) PRI ;1 g SEC /U\
o) 120V =, L3y < Blty t
j LO Kz 3 \U/ + | -!_-l_ Vaur
POWER ) [ | 01 71> ¢ (& _yoLTs)
CORD T4 L S300uF,

THIS 1S A BASIC. . AC LINE _OPERATED 9 VOLT. POWER. . SUPPLY.
EOR.Lowl. RIPPLE (SUPERIMPOSED AC AT . Mour),.USE . LARGE

IVALUE __FoR_C1. fok To ADD _ONE _OR _ MORE. . CAPACITORS (Cw)

N PARALLEL  WITH. . (1 COR . MORE. . CAPACITANCE.) CAPACITORS
MUST. BAUE. A DC. WORKING . VOLTAGE (wupc) OF AT LEAST
112 VOLTS.  RECTIFIER. . RRIDGE _B1_ MosT HAVE _ PEAK. _ INVERSE

VOLTAGE (PN OB AT LEAST 172 VOLTS T1. . AND. Bl  MUST. HAVE

JADEQUATE _POWER.._AND__ CURRENT _RATINGS.. (USE OHMS._LAW...)
ACAUTION L. YOU  MUST INSULATE . OR. ENCIOSE . ALl EXPOSED . AC. "

LINE _CONNECTIONS L THE .  POWER. . CORD  MUST BE _UNPLUBGED
WHEN. . You  ASSEMBLE  OR SERWVCE THE cIrRCulT
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VOLTAGE DOUBLERS

=

.
L]

-+ 01

o1

¢ I+
L5 ]

o 0UTPUT

2

e

Dz €2 (2Vin)

INPUT bz

7
INPUT l‘["

Gy 4

s

Ui}
CONVENTIONAL

CASCADE

APPROXIMATELY

POV BLE AN

INCOMING ._AC

CLRCVITS
VOLTAGE . OUTPUT. )

S 0C. USE .

THE
DIOPES FoR

TWICE

THE _INPUT  VUOLTAG

CAPACITORS. ...

QUTPLT

E.

RATED
R{PPLE.

CAN _EBE._

VALUES

FOR ¢l Atg_,o

Qz »,

REOYCED _ BY

USIin G

LARGE

A o

THE  BRIDGE .

INPUT

s o WMORE

(Vin)

O

e BONVEN TIONAL. .. AN
SINCE

TP oT. n.,,...DQ.U,.GL ERS

T
.

BRIDGE

LV m) L BRIDGE .

AVAWLABLE .  ITS..

ﬂmMouﬂa\G,,E._,um.,:Im&.m.Lg,_‘Eu ——

O VolThA GE QL)A D

Do.
EFEICILENT ...

RECTIEIE

UBLER. .13

ATHAR THE .
CASCADE

H= DIODE

RS _ARE ...

EASY..JTO. . MAKE.. ...

ND

RUPL.ER

Y

<

e

T+

INPUT

Q3

4l

(vin)

OUTPUT

_OUTPUT

@

GViw)

INPUT

€3 ~

() o

¢y

AY|
N+

o

- -

TRIPLES... AND CONVERTS. 100G

-

AN INCORUIMN G AS
C2, b1, D2 _AND D3 RATED AT

VOLTAGE oo

_QUADRUPLES. ..
pC AN

ALL _COMPONENTS .

22V e

AND....... L
INCOMING ..
RATED AT 22 Vin....

ONVERTS_.T0....
AL VOLTAGE..

[1 CASCADE. . MULTIPLIER

AL+
n

ADD  HORE _STAGES . _EOR

MORE  MULTIPLIC ATION,.  ALL

A

N

hY |
N+

COMPONENTS

RATED AT >2. VIA14

TOUTPUT (B Vi)
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ZENER DIODE _CIRCUITS

IO VOLTAGE  _REGLDLATOR

This  CIRCUIT  SOPPOIES. A __STEADY

Vin

VOLTAGE. CVAMT) T A _LOAD FROM

4 P V7 v T

AN UNBEAULATED  SUPPLY. (LIKE

T2 Pz / \/-1

A _BATTERN). _ Viu _ CAN_VARY. BUT

RL__S R1.z2(Vin-V2) /. T

MUST _RE AT LEAST 1. VoLT

ABove . DESIRED X L. CAN

Vc‘ h Jo P

Vﬁ]JT

VARY _FROM O MA_TO.  PLANNED

MAY IMUM.  VALUE .. .. T DBES NoT
PP

D1 LOAD

. S
AN s

(RL)

CRANGE . IE T, EALLS TO O MA,
SINCE. _T= T, +#To . T, RISES

p— ——
- —

JIe = MAXIMUM.. LOAD _CURRENT

AS...Te..EALLS. LM._QTHER WORDS,
JRE . REGULATOR . . ALWANYS _USES
THE. . ..SAME. . CURRENT, . EVEN

11z 7 MAXIMUM ZENER. CURRENT. .. WHEN THE LDAD IS REMOVED.

e LT CURRENT . THROUGH. R1 .. CALTION: D1 AND. RI1._.MOST_HAVE

d Nz 2 ZENER _DIODE _VOLTAGE... .. .. PROPER. _POWER. RATING. . USE

) P22 ZENER__DIODPE. POWER ORM's AW (P 14). e T o

—iEXAMPLE i A _RADIO__DRAWS. FROM EXAMPLE CIRCUIT.:

...... 20..T0. SO MA. FROM. .. A 9 voLT AAA N
BATTERY.  TO.. . . POWER. IT  FROM. R1
A 12 _VoLT  BATTERY.,  USE A 1z vt LOSL D1 qv

A VOLT, 1/2 WATT ZEMER DIOPE . .. (Mi)o—  *haw. . /N v (Vewd .

JR1 _SHOULD.  BE CLOSE TO. &O.SL

2w

JAND. __RATED. _FOR. AT LEAST. 0.15 w.

I WAVEFORM.. CLIPPER . .DUAL  WAVEFORM . CLIPPER
K:L.* CLIBPED Rf* E& UAL
FIAYA VAN > W.AVE O NAA . P R |- N e
AWA T AWA STV W o iy
\_] \J D1 Y / _\J : (il vk
e MMM%M«M-MWW{;* + o V‘“J" Man R A BT s s
B Q > ey

LTRAS CIRCULT 1S HAMNDY. . EOR

REDLVCING. AN INCOMING

TS 1S AL . .SYMMETRICAL FDRM

S\GNAL. VOLTAGE 1O A

OE._TRE _ADIALENT __ CIRCUIT, T

LOWER . MORE _MANAGEARLE .
CAN . ALSO. . CONVERT ... ANCOMING. . WAVE _EQUALLY

LLIes  BorH . BALVES _OF AN

(JE. VY22 D1 =0D2).  USE _TO .o
PROTECT.  SPEAKERS.. AND PHONES

FROM ___EXCESSIVE  SIANAL _ LEVELS

LEVEL. i1
e ALCSINE OB TRAANGLE WLAVE
T0..AN___APPROXIMATION. _OF
A SQUARE.__WAvE. ¥R1: see
ABOVE. (LET T2 .2 MA MINIMUM). ___ _OR Tb  MAKE
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TRANSISTOR. _CIRCUITS

INTEGRATED CIRCLITS RECEAVE _MORE . ATTENTION, BuT BOTH

RIPOLAR.AND EIEID=-FEEECT TRANSISTORS . HAVE _MANY APPLICATIONS.

RIPOLAR _TRANSISTOR _CIRCUITS

i L MOISTURE ~ METER O MOSTURE  ACTUATED RELAY
EBC R T 1M +LTO+q V¥
7M2222 AMA_Y A _AAA, =27
202907, RL t Y Y [ Ao
ET¢. 100K g 5(_\\ O=1.mA 100K ; INA1Y g [
- METER - ( SPST
SENSOR PRogES"‘ e SENSOR. PROBES ¢ RELAY
- & Q1 < B o1
NSV U 2z
folean NAIL oR wige - amn3soq. 1 283904, ETC,
THIS  CiRenT . WILL. MEASURE _THE _ THIS CilReunT  CLOSES A REZAY
IMDISTURE  LEVEL OF __Soll N (L-9 .V, 500 oHM COIL). \WHEN

| YOUR__ GARDEM.. . ADIUST _R2Z_FEOR. .. MOISTURE _LEVEL EXCEEDS A
METER READING OF 1 mA. WHEN LEVEL SET BY R2 BE/AY

SOl MOVSTURE. 1S AT ___DESIRED CONTALTS THE M S\WITCH . ON
o L EMEL e CMETER . ML THEN _IMDICATE A LIGHT oOR._OTHER DEVICE.
e LOMIER .. .MOISTURE, LEVELS CAN DETECT  RAIWN.

A METRONOME O LIGHT.  ELASHER
+q v ' +6 TO +9 v
3
RL e
10K 3 S 1K > o
01 a2 R1 2 Qi . / Q2
N IN2227 E2N2907 1ok I2M2222 \ 1IN0
e L M E( \ cl.
e /1) NN 80 (U_\_s/ 22 4F
R2 \ E e PR R2 |+ J1 ( \
Yol V4 e 56K N n S
RS - NP
TN
€1 22 #Em,___‘_____m_ - ==

A METROMOME  MARKS TIME RY THIS . CIRCUIT PRodvwcES.  BRIGHT

PRODUCING A REGULAR SEQUENMCE FLASHES.  EVERY SECOMD.. . QR

OF ‘cricks” or. “Pocks. ADIUST SO, R1 _CONTROLS FLASH. RATE

THE CLICK. _ BATE  BY  ADIUSTING USE. . NO, 1272 oR 222  MINLATUEE

RZ ok CHANGING _C1's VALUE. LAMP For L1,
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L _SIREN

R1

22K

CLOSE.. .S 1. _AND.__THE

+9v

FAVAYAY

~SPEAKER _EMITS A TDNE

@

THAT . RISES.  IN._FREQUENCY

+

CAS..Cl CRARGES).. . OPEN

C1

¥4
AN

Q1

31 AND . THE _TOME EALLS

22 uf

B3

2M22722

DN EFREALENCY. . CAS o1
DISCHARGES ). LIKE  -THMIS:

41K

B2

39K

LOPEN. ...

A

31

o447 mF

| HINT: CHANGE RL TO

CRANGE. _UP~DOWN. TIME.

Io Mien volTAGE  POWER _sueery

+1%2

To+9vVv

THIS.. CIRCUIT. _PRODLUCES. 220, VOLT

Q1

_PULSES_ . OF .DC _WHEN. . POWERED

gL .S

ZNM2222

BY A _9-voLT. BATTERY. LT Witk

20K

PRODUCE WP . . T0. 170 VOLTS. ... EROM oo

A ELASKHLLGHT. . cecl. . (BuT.. . You

IV
e/ \ \”\
NSV

(o

2

MAY. .. HAVE . TD. . EXPERIMENT WITH
C1's  VALUE . . THE
Q\ BLACK

P
7

CIRCWUIT . MILC . POWER
32 / AUTION: DO .

T12120V. .00 &3V

_LAMPS  THRoOUGH. . A

TRAMSEFORMER

AMo SEKIES RESISTOR e

ONE._ . OR.._MORE NEOM
NOT. Toucrd
T1 (MA’J’MHLLM N Usr-:)

(1 _RURGLAR.

__ALARM._

t &

T0 + 12 V

LALARM. . SOONDS... AND STAY s on (oNTib

h

POWER. 1S DISCONNECTED) MIHEN. . MAGMNET

R1

SWITCH A5, OPENED . OR...MINDOW. . EO M

o

looKk

1

2. BROKEMN.. .. SET..To. MAXIMUM

NALUVE ... ONE LEAD.. TR

< e (AN —
S Y e \2 - \

PRISCONMELT...
VTHEN. BREDUCE  VALUVE

7

10 MAGMET.. |
SMNTCHES OR

L8

e SMWANTCHES. / FOIL .
oF. . R1_.TO JUST. w.MPAS:Y POINT _WHERE .

W, Vel oA

N/ _ALARM _SOUNDS. _ CIRCUIT. USES ONLY.

WAINDOW

oo Y . |

RELAY. ]

.u.AJ.A,&M\._Wo..,SWM»u_u,AMR.E.QE.sw..WAT.!LWGWMQLJ:.S.

Fole

~RELAY L USE L.V, S00.0. UNIT. WHEN

NEAVAVE
L}i _

LSOPPLY 1S =9 M. LSE M2V, 12008
ADNIT  WHEN . SUPPLY_ QS 12 V.

—

MOTE & _ASSEMBLE, INSTALL _AND
CONGEAL __THIS

SMSTEM WITH. CARE,
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JUNCTION __EET CIRCUITS

[
Ll ELECTROMETER O TOUSH _swiTcH
d
s6 0 +4 v R1 RZ Ol=2N2819 +L TO+9QVy
2N32819 J 33K 100K "an \
ADA : f "
+ ,-A 1 / _R sS00.5
N O-1 mA VAN G/=n- RELAY
) meter " A% R \_,uq/,m —
SHORT. WIRE e ol M QLS| —3
PANTENNA" N o OPTIONAL. 1 DL
T
<t G/aﬂ: ol “OFE" LANQEE b
NV 2N3819 Ll o =D
___S 1[ /2. v .
- OUTDOOR 5.4 =
TRIS. . CIRCUIT . RETECTS . STATIC AWAY.. FROM _POWER LINES,
mmmmmmmmmmmmmmmmm BLECTRIGITY.. .EROM... A CHARGED . BRIEFLY _ToucH_ "on' CONTALTS..TO
ORIECT. CPLASTIC.  SOMB, ETC.). . OVER ACTUATE _ RELAY.. TOUCH  CONTACT
A EoOT.. AwWAY.! __ADTUST R1 2 ONLY....TO. DEACTUATE _RELAY.

SO METER. . INDICATES 1 MA. . INDOORS!

CHARGED.  OBIECT MEAR "ANTENNA. . MAY. BE. _NECESSARY. TO INCLUDE
WILL  DECREASE  METER. READING... .. OPTIONAL. . 0EE" CIRCULT.

A TIMER HLAUDIO  MIXER
+av o ¥ c1
I AAA ENLCAY t) A uE +av
R1 Q1 o R1 é ADA o1
RESET. | S1 1K PlaNz819 10 . R2 _ ZN381%
+1/ _:\r 1look ? oo
TLME N / = i G [1‘?—\ 03
R 3 o \¢ e NGV
41 _T0O 3 R R INCRY D ‘ Qi"‘; Sl .
Y20 uF TG R3S AAA =
I T 10K € R4___IRS 2
DELAY. TIME. 1 1 took 48K -
UP.TO 1.5 MINUTES . PIEZ20BUZZER - = f L]

ADDITIONAL _INPUTS =

SET. S1. . T0. “RESET” (RUZZER

WILL  SOoUNMD).  THEN SET S1 TO RIS CIRCWIT  ALLOWS.  Two _CoR ..

“TUME.  BUZ2ER WILL BE SILENT MORE). . MICROPHONES... OR._OTHER

AUNTIL  DELAY. 15 _COMPLETE.,  BUZZER . DEVICES 10 BE. CONMECTED _TO

DWILE  THEN  SoumD,.  INCREASE...C1 . THE SAME.  _ AMPLIEIER. ... .R1 _AND
oR...R1 __FOR __LONGER DELAYS. . RE . CONMNTROL . ATTENUATION. OF

REDUCE RZs RESISTANCE DURING __ EACK __INPUT. _THEREFORE . R1

JRESET MODE.  (SPEEDS UP RESET L. AND R2 _ARE  BALANCE CONTROLS....
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|POWER  MOSFET _(DMOS,VMOS,ETC) CIRCUITS

&

A LINEAR L\EHT . DIMMER . D AUDIO.  AMPLIFIER

tev Q1.3 N=CHANNEL tav B
S P A : POWER _MOSEET 'ﬁ 3

- i o |

R1

L7
v

RZ

I
:.

()

\

s

g 22
o

1 N

wn

bs

1..DO_NOT

R3 % LAMP. . EXCEED

iMm e POMIER

. RATANG

1 OF_Qil.

235

e dCHANGE SETTING. . 0E _R2 _.TO

SPKR

e CRANGE. . INTENSITY _OF  LAMP.

e TRLS L QIRCUIT.  SHOWS . HOW

MSE _TO __AMPLIEY. _ SIGNALS . AND

e POWER. ... MOSEET _ CAN...BE USED ... . TONES . FROM. OTHER . CIRCMITS. .

e AS_ A VARIABLE  RESISTOR.

RZ . CONTROLS . GAIN

(VOLUME).

D LONG. DURATION.  TIME . DELAY. . CIRCUITS

1. ocE AETER  DELAY

2..ON__ AFTER __DELAY

*av. PIEZORUZZER.

+4qy

L (0R. PORTABLE

}

W

.RADIO,. LIGHT, ETC.).

R2

R3

10K <

1K

. DO.NOT. BXCEED
POMWER . RATING

s1 <
2

o OF... QL. .  USE.

— a2

g

ANNYN¥A

]
1Y SERIES.. RESISTOR
AT X 1o REDWKE

<)

\

N %

Wi

1 CURRENT. THROUGH

9

E

o+

e QL AND_THE LOAD.

) o S
i

4

>

Akl

—~ <
<

sm s ﬁ-\

i (
- -
c

>
Ll N

PIEZo= o

DELAY._TIME ! MINUTES. TD. RoURS!

1-1004F |

BUZ22ZER

e dCLOSE AND THEN. . .OPEN.S1..TO

R2_REDUCES BUZZER'S VOLUME oo

—ACTIVATE  BUZ2ZER..  AFTER _C1 Q2 INVERTS THE STATVS. .. QF
| DISCHARGES . INTERNALLY.  OR. QL. TAEREECRE. THE _BUZZ2ER

)} THROVGH _ R1._COPTIONAL), Q1

SOUNDS AETER THE TIME
e TURNS . OFE . _ANO._ SILENCES THE . DELAY 15 . COMPLETE.. INCREASE (.
—JBU22ER, LONG DELAYS POSSIBLE. . C1’s VALUE TO INCREASE DELAY. .
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UNLIJUNCTION TRANSISTOR CIRCUTS

=

O TIME __BASE [l TONE  GENERATOR

g1 E B2 + 17 TO +18vy +9 TO + 129
204891 )\ J\
RZ R2
L3 2 100 Ri 106
10K 1k . 2
1 f,-—-‘ BL [ S- 182
IR € \ R2_L o E ,[['_'\
100K Q1 \VU,«/M 100K ﬁ QRIN A BL
]
Q1.3 Q1l.2M4891 ~..LED c1 Ql.znda81. ). a5
22E 10 _oR _SUMILAR LME ] oR._SIMILAR P SPKR
-;:_ 1—' ——

EACH. TIME _THE. UJTT.(QL). TURNS. . THIS _CI\RCUIT 1S _ IDENTICAL _IN_ .
ON, . THE CHARGE _ON._..CL 1S PRINCIPLE _TO THE ADIACENT
“DUMPEDY . THROUGH . THE. LED. _  CIRCWIT. _C1 1S _MUCH_SMALLER

THE _LED _FLASHES [N RESPONSE. TO._SPEED . UP. THE CHARASE -~

BETWEEN. ELASHES , TRE _LED. .. DISCHARGE _CYCLE..  THE RESWT
GLOWS. _DIMLY.. . R2 _CONTROLS. . ... IS _AN__AUDIO. FREGVENCY. ...

FCASH. . RATE.  AND . CAN..BE . .. TONE. . WHMCH. IS  EMITTED . BY .. __

SET __FOR__ONE_ FLASH. . PER ... THE .  SPEAKER.. THMS_ _CIRCUIT. _._
SECOND _(TIME _BASE . _ROLED, CAN__BE. EXPANDED (sEe BELOWL

+9 TO+12 V Gl L2481

\ OR SIMILAR
IR1 Rz2). . R2 R4l . R8s | R R7 RE R9 R10 R11
< S < < S 1o0< 10KS. 2205 aq
] S iy R S S -
g "‘o _'{o 'lg '{n W.M:‘_om ......... ‘{ ‘]2 Qi
si] sz )s2 ) su| ss] se] s3] se| o, 87
...................... c1 . —twlf)
.............. VALUE | FREQUENCY I Y S 81
Ri.L 1ok | 5806 Rz T Je
R2.|. 15K | 2988 Hz R2 9 R13 ez La/ A

o

R3.].22K

/

2956 H2Z

\

100.< . éwr,z., WWWWWWWW Q%

e

=3

33K . .1984 _H2

(voreme)| I uF_ 2N2222

471K 1. 1393 H2Z

YN . o I O Y A

. TABLE _sHows TYPICAL FREQUENCIES. .. -

looK 583 __HZ |

| CHANGE C1  TO ALTER _THE

150K H30..Hz2

OVERALL FREQUENCY.  RANGE.




L1 RAMP GENERATOR

tav Q7 _SAMPLES. THE VOLTAGE
A OM._CL__AND__OUTPUTS _iT
AS.__ A _ RAMP (or"sawToem”
< R1 J Rz Q2 WAVE).  R2__CONTROLS. THE
2 100 100K 2NZ22.22. RATE AT WHICH. _ RAMPS
B2 | c ARE. . PRODUCED.
-1 \e MA___ el ¥
Vo7 TRV T ] s
s 10K > OUT Z /. L
S g2 T c1 RS »
4 001 Twzmz..#swn%wxswwmmesw.-..AV.s_.u,aez.xmca‘g.ap UALLY
INCREASING NOLTAGE. . . TO
== Q1 2N4891  ETC. MANY.  KIMDS.  QF CIRCUITS.
O CHIRP GCENERATOR
+av THIS. CIRCUIT  PRODUCES. A
REMARKABLE VARETY. OF
SOUNDS.  AS SHowN, T
<S.R1 LS R3 <. 85 S Rl "CcHIRPS" AT A_RAYE
100 100K, 100K 100 DETERMINED RY .K3,
B2 L e B2 EXPERIMENT.. MITHR.VAWES .
An\e AAA e/ ) OF . C1, R5_AND. €2 _EOR
o /a1 RY az Lty o —MANM__OTHER EEFECTS.
220K
<. R2 +]._¢1 ez J R '
4 TAME TR.00LuE. S 470 PIEZO_ TWEETER
3 I SPEAKER

feprencormwsd
"

Ql,. QZ: 2N4831 _OR _SIMILAR

O VOLTAGE

SENSITIVE

QSCILLATOR

+V (0 1o +18V)

N

THIS. CIRCULT.. . SOUNDS A _TONE

SOPH\ST\c,ATF-;D5

J WREN Vi 1S _BELOW. Vz OF
J.RL___(conTROLS 2 R2 D1. . SELECT. . V2 OF D1 _EOR. .
>3 100K __TonE) ____ SN1oo . DESIRED. TURN-OEE _ LEVEL.,
3 B2 Thils CIRCUNVT AN BE USED .
e_@]i}mmm_m-;to_mm_m_amwwamW.W.vymongmeE
NIV OF A _BATTERY..CWHICH . CAN
o c1 nw . BE_POWERING ANOTHER CIRCUIT)
o N PP S AN - Y12 FALLS. BELOW A CERTAIN
o1 | sexg L1 LEVEL. THIS_ 1S AN _EXCELLENT
Y _EXAMPLE__OF A SIMPLE, YET
DI:iZENER DIODE QLiIN489]1, ETC, CIRCUIT,
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THYRISTOR __CIRCUITS

DT

SILICON. _CONTROLLED _RECTIEIERS. . AND _ TRIACS _HAVE

MANY . APPLICATIONS As  SOLID=STATE  SWITCHES.

SCR._.ClLRCUITS . S
(A ATcHlMGmmSW\ TCH [ TEST. . CIRCUIT
tV S 15 "sPRING.. Y GV -
1 RETURN. To A
CENTER ofr" ol
f QoD LT NORMALLY. L SWATCH.. z 9\: L1
Sl’i OPEN - I A A N lLy)
S2.-NORMALLY S

CLOSE. .51 . TO _TURN _ON. THE . .S31 )5S AN _SPOT. SWITCH. _IN_
SCROANO._SUPPLY  CORRENT ... THE "ON'_POSITION, THE ScR

0. THE _LOAD, THE ScR.witl 1S _TUARNED . ON. _AND —THE
REMAIN _ON. AFTER. ...S1._ .15 LAMP. . 6LOWS.. AN THE “ofe! .

SHUNTED . AWAY._ _ FROM . SER g

OPENED . UNLESS . THE . .LOAD . POSATION, . CLRRENT 1S
S B DC _MOTOR... . OR..UNTIL

S2Z...1S.  BRIEELY _OPENED. TARS . TURNING ..IT.  OF]

SO U ——

0 CAPACITOR . DISCHARGE _ LED _ FLASHER

_tav
\

WHEN. THE. . SCR_\S_OFF, ..

Q2.  CRHARGES THROUSH

R4, ... WHEN. _THE _SCR

IS TURNED __ON_ BY A

B2 PULSE  FROM._ UJT . Q1, .

THE .. CHARGE .. IN.. L1 . L5

+ RAPIDLY. " DUMPEDR" _THROUCH

et THE__LED. _THE . SCR. ..

+

[N
N A
AL
H

~

P—\
Y
/t

¢z CAND._ LED) THEN _ TURNS

OFF. . SINCE __THERE_ __\S

NO. . LONGER _SUEFICIENT.

BOLDING. . CURRENT. THE .

QI1: 2N4891 UTT R1. _COMNTROLS _RATE. CYCLE _THEN. _ REPEATS,

10




TRIAC _CIRCUNTS

A TEST _CIRCULT

T0 _AC

LINE ) L1 .
o2 pri. =L cec oML (NG, 4. LAMP) ,
._,_j;i_wuov }" L3N TRIAC AN 4

j‘ Lorz ‘RS Az %; AN LA GlowsS . WHEN )

POWER. R1 e <418 CLESED,

CORD z3 S1 1 DOES NOT GlLow

AN 5 WHEM S1 1S _OPEN
CAUTION:

TRIACS __ARE DESIGNED _SPECLEICALLY. . FOR AL _QPERATION

IBE _SURE.___TO. _ORSERVE . COMMOAON._ SENSE.  SAFETY.  WHEM

WORKING  MWIATH . HOUSEROLD  LINE _ CURRENT.L MAKE SURE

LALL CONNECTIONS. TD. AC LINE  ARE INSULATED OR ENCLOSED.

JELleRnT . DIMMER . CIRCUITS

L bn3  NOLY.__DIMMER

P1..imM914

TO AC it L1

LINE Q A R R2 (MO HT LAMP)

4 P IS sec 33 100k Steo
- 120V °< .3V \] U, \C
L) couz S DiM .y I
| POWER ", e [ 1\ AL
CORD T1 lel",/m /\ TRLAC
01 Vb—-—-—-—-g—/ Al

THE _UTT_OSCILLATOR _SWATCHES. | R .047uE S R3
ON__THE TRIAC, AND. THUS 100
THE LAMP, AT A __RATE
CONTROMED _ BY . _Ri1. Q1. _2N4Y2491 oR SIMILAR _UJIT

2...120  VoLT DIMMER

THIS 1S  HOoW. . MANY. HOLUSEROLD

| Y ) S DIMMER. .. SWITCHES ARE . MADE. o
TS ) R1_triac_J A2 L1 CAN_BE UP TO._ 100 WATT
L1 2 22K \VAN (120 VOLT) LAMP, _ USE HEAT
AC S Dl SINK__ON_TRIAC IE T BECOMES
LINE _ OIM .~ o RZ . RoT. THE . DIAC 1S A
120.v) =< 5eoK L. BIDIRECTIONAL TRIGGER _DIODE.
DI N CAUTION: THIS CIRCUIT MUST BE
c1 L~ \__FULLY ENCLOSED AT ALL TIMES
<lufF s0v_ | T L WHEN _POwWER 1S APPLIED]
<= = T INSULATED  ENCLOSURE =
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PHOTONIC  CIRCUITS

[CIRCUNTS USING . PROTONIC.. COMPONENT.S_ _ARE __AMONG
MOST VERSATILE AND

THE
INTERESTING  OF ALl CIRCUITS.

IAGHT EMITTING _DIODE . (LED) CIRCUITS

C1LED .  DRWE _ CiRcLIT

A SERIES. RESISTOR EXAMPLE . ASSUME. . You WANT

+ VvV

MUST . BE . USED. IO .. TO _OPERATE A RED __LED AT A

LIMIT. CURREMT FORWARD.  CURRENT (T .e0). OF

THROUGH. AN LED. 10.MA. L OR _0.01. AMPERE.)

(EXCEPTIONS.. CERTAIN. FEROM. A5 VOLT . SUPPLV.

POLSE.  CIRCUITS .__AND

THE . OATA _ _SHEET . FOR..THE_ LED .

TC LED DRWERS.) LLISTS AN _LED._VOLTAGE. R

(Nigo)..OF.. 1.7 VOLTS.  THERE-

s = +V—(VLED) )

FORE.. Rg . 15. . {(85=-1.70/.01 ©OR . ..

Tien B3O OHMS.,

() VARIABLE  BRIGHINESS. . _LED

+V __ADIUST _RI _TO. ALTER. CURRENT.

Y AXa

AAA THROUGH THE. LED.,. THUS

R1 Rs NARYING 1TSS BRIGHTNESS. Rs. .

1

MUST. RE _USED. . (SEE ABOVE). .

A POLARATY.  _INDILCATOR

THAS . CIRCOIT INDICATES  THE

R Jl>1l"’ LEDZ.  POLARITY.. OF A_ VOLTAGE. Rs

AAN ‘

o

MUST  RBE. . USED (SEE. ABOVEY. ..
A

+

o = 1AC(2)

CTO. DNKNOWN CN | OFF ON

D
1
2

POLARITY.) OFF | ON ON

A _TRIZSTATE POLARITY.. . INDICATOR.

RZ. TS 1S O AL MORE. _COLORFUL .

LED L

(RED) th’ Ri. . o VERSION.. OF. THE. CIRCUIT ABOVE.

AAA

p—
~

4 | AV L COLOR

<] K
# LED 2 D1

PROBE L

RED

(GREEN) _..1NQ14__ ~ _GREEN

ClAced) | yerow®

Ri= V“z.t-..z: (Veesz + 0.6) R1+R2= iy -V LEDJ.

T 02 Tient * WHEN  TWO-CHIP LED USED,
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1 DUAL . LED ELASRHER.

+t3. 70+ 9V

€l @R1,0272N3906.. &

THIS . CIRCUIT

4QL (M) )8 S—

LR2.

e FREE = RUNNING. . MULTIVIER ATOR.

CLOP  THAY . . TRIGGER.S

e REPEATEDLY.

ARE GENERAL. .PURPOSE. .

R1 Rz

220.

R3,R4

THE

LEDL. > ook 2.

% x

INCREASING

CA _AND €2 wikl Slow THE

FLASH. .. RATE.

O VOLTAGE _ _LEVEL

+V

r GLOWS ..

THE

Es

BE._ _SURE. . TO. USE

INCEACH. . CIRCUIT. . THE LED(S) u
WHEN. V+ REACHES.
BREAKDOWN. VOLTAGE
(V2) OF ITS_ZENER + ViED. Ry S .. Rs.
INDILVIDUAL

\S. CALLED. A .. .

AT APENTACAL L TO A ELP
RLAND. Q2
PNPo
TRANSISTORS . (2N.3506.,2N2307,.
EYC e R _AND R2Z _LIMIT o
CURRKENT TD. THE LEDs ...
Lepz Vo CWRICH . FLASH. ALTERNATELY). . . .
THE. VALUES. OF . . .

INDICATOR R

Rs

D1

GRAPR. __READOULT

FOR._EACH LED. ( SEE . .
FACING. _ PAGE.) _THE CIRCcuIT
At R\GHT. PRoOWDES. A  BAR-

ve. /

-
Pl

WHEN

tED1

HRIGHER ..

4

ZENERS. . WITH PROGRESSIVELY. LEDL]  LED
Vz . ARE _WSED. /

LED2

=
N
i

[ A
™~

IN. SERIES % #

CONMNELT. . ZENERS

- FOR._NIGHER. . TOTAL Vz.

JOFLASHER LED + RELAY

f
Bl \I

100K | 1n914

e TRE L ELASHER . LED .

AL BOWT-IN IS THAT FLASHES

N CAD:UST

\\]/

\
NI bV
,®\

e TRE LED  SEVERAL TIMES .EACH

SECOND.  THIS CIRCOIT. . .SHOMS .

Row. T '-Tap" THIS_  FLASH

q WEFVBBIE). —E “_Ql \ %
_ B_(Pj\ 282807,]....B1. . =

. ZN390,

g0 ' -
-

RATE o
CVAR. Q1) 10 .FCORM AN ULTRAT .

SIMPLE.  PULSE. GENMERATOR. _THAT e

—

BCTUATES. A RELAY. AND, IN TURN, .

L - i

A LAMP. D1

FLASHER A
.

KEEP THE VOLTAGE To . .THE ...

LED
|

FLASHER _LED NEAR 5 VOLTS. .

S



ASEMICONDUCTOR . LIGHT DETECTOR . CIRCUITS

A LIGHT _METER CIRCUITS

R ,lA.WEJ:\OIHQ&.E.ASlSJIZ.QR 2. .SOLAR CEL)
S SR /\X,A J\XA l
100K ,l\*' 1k ,-L‘r
( 5"\ (CALIBRATE) o1 Ma TN NF-LCALIBRATE).._O-1M N
- METER A 1 METER
/ + (b - 1- / 1.
Cas F qv SoraR. CeLl. (oR _PROTODIODE OR
PHOTORESISTOR PHOTOIRANSISTOR.  COLLECTOR ~ BASE)

(A LIGHT. ACTUATED. REIAY CIlRCUITS

1. PROTORES\STOR 2. PHOTOTRANSIS TOR
e +8 v
RA Gy RIS SENSITAWVITY i Q1 LS  NeN.
ko bafa_ bt comtrob... e PHOTOTRAN SISTOR.
Z CALIBRATE / n/\ Qi pa— s ot
(o) c AN VA N
7y e/ E e
| \“\/ i DY
r2..% Q1 E:_" Rl L»é 2AMN22272 I RELAY
MK S AN222Z, % RELAY 100k ) —~ : 5000 kxqV
. D 5000Q,6=9v =
- -~ RESPOMNOS EASTER THAN  PHOTQ=
RELAY..REMAINS.  ACTUATED... FOR RESISTOR.. CIRCUIT. .. NO.. DELAY

BRIEE TIME AFTER LIGHT REMOVED. WHEN  LIGHT 1S REMOVED.

IO LIGAT _ DEACTUATED. RELAY.  CIRCUITS

1. PROTORESIS.TOR 2. PHOTO TRANSISTOR
+9y *9v
R1. i\ Ri_Is.SEnsaTwITY Rl . R1 1S . SEMNSITIVITY
LOOK COMT.ROL. 100K J CONTROL .
> . ey
e | Y4
§ g e _az NP/ .
01\__, — 4 anz222 o B
IS N ~\ 0y / d D eeay
;/r.,@/ RELAY 7 oﬂﬁ 1 SN0, emqy
S00.0. b9y =
= RELAY 1S _ACTLATED WHEN Q1 15
RELAN. 1S __ACTVATED onLY.  WHERN DARK.... LIGHT. oON Q1 _ OEAcTUATES
THE. _PHOTORESASTOR -\S  DARK. RELAY. _CALIBRATE wiTH RZ1.
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L AUDIBLE  LIGHT. PROBE . 1 SOLAR. _CELL BATTERY CHARGER

t1t/2 v N * It'—iit-:" AACAD
AA D1 D1 CELLS
1 R1 Qz 2\ MR T
L8k 2N3IYXe ) E A CONNECT LEADS TD.CELLS
Zn L B b2 /) BY FIRST . MELTING. SoLDER
WMy Mww\ﬁé ’3’\}:'[/ ON_CELL  CONTAGTS _AND
LYok [ y ) WIRE LEADS. . . TDUcH
CL . T amziod a8 o WIRE TD_ CONTACT AND
L ME SPKR ) D3 m BRENT . UMTW SOLDER .
| T\ =\ MELTS. KEEP LEAD STIL
—1— A WHUE  SOLDER  HARDENS
e d TRAS 1S AMONG. .. THE MBOST

ENTERTAINING  CIRCUNTS IN_THIS . USE__NINE CELLS . TD. CHARGE. .TWO..
BOOK..  VARICUS _PNP _AND NPN_ MNWCADS., _ CURREMT. FEROM. .. SOLAR.

- JTRANSISTORS. _CAN BE _USED FoR .. CELLS  MUST NOT EXCEED  MAXIMUM. .
Q1. AND_ Q2. . THE TONE FROM._____ CHARGING RATE FOR NICADS) You
e JJHE  SPEAKER . INCREASES __IN ... .CAN MOM\TOR CURRENT BY
| FREQUENCY. _AS _THE. _INTENSITY. ... .LONNECTING  MUTIMETER BETWEEN .
e OB LAGHAT. ON. THE PHOTORESISTOR . NICADS. _ANMD. D1, INSERT __SERIES . .
e INCREASE S, VERY. .. SENSITAVE L . RES\STOR . .OR..REMOVE _ SOLAR CELL . .. .
e TR THIS. . OPERATE. .CIRCWMT N A .. 1D REDUCE  CURRENT.. D1 KEEPS .. .
e JPRRX  ROOM..__UNTIL. TOME. . Stows. . _NICADS . EROM.. DISCHARGING e
e fTO. A SERIES. _OF _CLICKS. THEN. . THROUGH . SoLAR._ceLls (WHEpN

ISHINE  BEAM. . FROM. . FLASHLIGHT ON. . DARX).. . SOLAR _CELLS ARE FRAGWE. oo ..
JTHE  PROTORESI\STOR e SOLDER. _AND . MOUNT WITH.  CARE.

O L\GHT  ACTUATED _ LATCHING. . CIRCUITS

N\
4. RELAY. 2. LED (oRLAME) 3. BUZZER \

|

tav tav, +av THESE.  cIRCulTSs  CAS
)P 1‘ ‘f ARE ACTUATED RY. LASCR.
S1 S1 g S1 LEHT. . opes_ (MAY
v__° S1 1D SWITCH VARY)
— $ ez P LASCR.__OFE.
y: P RELAY < 1K R2 g?)ﬁza‘?j) SOME _LASCE S
» 5000, 1K \lsuzzﬁ_&:_____ ARE._MORE LIGHT
]A -9V A A SENSITIVE  THAN
LASZR LASCR LASCR _ OTHERS. MOST
. fo X e G e |\E WILL  TRIGGER
\ \N._RESPONSE _TD
R1...S LED RL.S Ri .S LI\GHT _ EROM
47K < 4wk 41K CAMERA. _STRORE
[ , (XENOMN _ELASKH
-]_- -_} -}- UNIT ).

1S




DIGITAL _TC CIRCUHITS

DIGITAL _TCs  ARE _VERY _EASY __T0 _USE. HERE'S A  SELECTION
OF.. .. TTh  AND.  CMOS.. . CIRCUITS. S '

TTL C\RCULTS

1. POWER__SUPPLY. MUST NOT  EXCEED . 4, FORCE OUTPUTS.  OF UNUSED CATES
5.25 votTs.. SEE PAGE 125 OR LSE: "W' 10 SAVE. POWER. CEXAMPLE. . .

UNUSED "NAND' — MAKE OME INPUT W)

o7 I 1N 1001 ot B AVOID. LONG WIRES IN._CIRCUITS. .
+] - .. CONNECT. . .1.T0..10 MF _CAPACITOR
= LvoLT = na ACROSS. _ POWER _LEADS WHERE THEY
T BATIERY 1ME 1 uE ENTER . CIRCOIT.
- >GND.. T CONNECT 0.1 uF_CAPACITOR

ACROSS. __PowER _PINS . 0OF EACH

120 INPUTS.  MUST _NOT. EXCEED +S.28 V. TTL CRIP. N MWTI-CcBIP CIRCUITS,

R INPUTS  SHOULD  ALWAYS... GO . B, REMEMBER,, TTL USES. _MUCH
_JSOMEWRERE . (NOT _LEET "ELOATING ). MORE__CURRENT . THAN LS. _OR_CMOS. .

O"D" FLIP-ELOP O CLOCKED "RS" FLIP-FL0P
*Ey +5V
............. g 1 11 1"‘ 1 J..'( 1"'
b M N\G3 INAC o Q) S Y NL3 N o o q
E ——— 7o/ ey - "‘“’@ e )
£ [\ X T
145 = E = —
'f\ [&T 11 i/\[ q / \1
el N —AaN qg BN sl = N g BHUSN ol 5
B '7‘13!—{/ Y2 __ 13 [7Hoo __10|qu00 M R g0 L—&‘W o end
e R Z D WHEN.  ENABLE (E) 1S HIGH....  FUNCTIONS  AS. "Rs" FLIP-FLOP  WHEN
NO. _CHANGE _WHEN_ £ 1S . LOW. ENMRLE (E). 1S . _HIGH,
L DUAL  LED  FLASHER . TONE  GENERATOR
t5v +5vy
AAA &1 AAA
R1 p i4 R2 YK 14 B3 .1
4K AN 3 H70 4 1iepg AMA_ L] N2 210 | spre
2 o0 /7 f‘ / ~J N
Y g P
T e “vou. Tea v
— e
41K L 2 aak |21 auod S g ~
 MA_p N Y L lLEDZ a4 *
i s '1‘1‘0: £ 1N. -
WAVATAN SPEAKER_EM\TS.
g4 = LEDs FLASH AT 242 = HRHZ TONE.  _WHEN
ix WHEN C1=¢2=497uF Ci1=C2.= O.1mMF,
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[J 010 9 SECOND (ORMINUTE) TIMER

R3-RSG
N +85v R2 H70
‘ 1b 12 AAA_ Al
,5 8 4 5 RY V‘% ]
R1 < 12 1 12 AAA B~
21
1M 1] 555 s1 7490 11 ] 7448 RS =
3 T oR 9 1 oR 1 AAALLE
R2.< 24 LS 90 14 LS 4B Rl R
1K 2 2 g Z 10 AAA_dD | 1~ "
\ 3 R7 N
+ o 11 [ 9 AM__ SN .
T~ ¢1 1 7 R& s
0.1.— 100uF 15 AAA_E
’ 1o a oq 2
e 14 AN )
CLOSE .. S1_AND. _PUISES _FROM..THE o R
555 WAL BE _COUNTED. _BY. THE , [
THA0. . THE._ 1448 CONVERTS. THE COMMON -
BCD . OUTPUT.  EROM.._THE 74490 CATHODE = | e .
INTO_T-SEGMENT._ DIGITS. _oN AN 7-SEGMENT. [Pl e "
LED. DISPLAY..  _ADTUST. Rl _AND CL DISPLAY e ¢
__|FOR__DESIRED. . _PULSE RATE. TO d
ADD ___ADDITIONAL.  DIELIT e
_ M I THIS.  BASIC.  CLRSYIT
Esg >1 74490 > 1448 > {—i Wikt GOUNT  PULSES. o
N g EROM. QTHER CIRCYITS.
ELIMINATE 555
M NG — AND _APPLY PULSES
. 7490 _V> 7448 V> =i (5 voLTS MAXIAMUM)
D I4490.
L DAVIDE = BY =5 _COUNTER . ek DWIDE =BY =10  COUNTER ..
5 l11 [ 14 5
_lnnngt 2490 / 1 ngs ANl 72490 / 12 W10
I q4L5 80 LN 724L5 90
l?. l's lc, \-: \19 |i l.'s . ‘1 lio
-4
DIVIDES. INCOMING " TRAIN" oF DWIDES  INCcOMING  "TRAINY o
PULSES  BY 5. _OK _Tb__USE PULSES _ BY 10, OK._To _ USE
AT INPUT OF CiRCUIT . MEOVE, AT INPUT OF CIRCWT ABOVE,
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CMOS . _CIRCUITS

wwwwwwwwwwww (L OPERATING. .. . REQUIRE MENTS DHANDLING  PRECAUTIONS
I.THE POSITIVE _POWER_To A 1L PLACE  CMOS. . .TCs PINS._ DOWN

WWWWWWWWWWWWWWWWWWW CMOS...CHIP (Vgo) CAN_RANGE _FROM ON__ AN __ALUMINDM _ FOIL__SHEET. OR
1370115 Cor+18) VOLTS. . USE TRAY . WHEM _THEY _ARE__NOT.IM_A
POMWER . SUPPLIES. _ON. _PAGE 175 CIRCUAT _OR. PROPERLY. _STORED.
oR..A . .BATIERY. . (BEST).: 2. NEVER _SToRE CMOS . ICs. . IN
NONCONDUCTIWE  PLASTIC. 'Snous,”
oo . Voo JRAYS ,  BAGS  OR._FOAM. . PLUG
| i THEM _\N___COMDUCTWE __EOAM.__ OR
- BATTERY o = EOAMED _ PLASTIC._ WRAPPED _|N
R =T (3.12.15. veLTs) IME | LuF ALUMINLM __EOIL,
>GND. 3, AVOID  USING AN __AC LINE
_ POWERED . \RoN . TO <OLDER . PINS
2.INPUTS _MUST _NOT EXCEED. . Vop. OF.. LMOS. . TCs.. VSE_IC SOCKETS,
s Do Al UNVSE D INPUTS. MUST. GO WIRE~WRAP. _0OR _BATTERY POWERED
TO Voo .OR._GND._ (). LRON.,

H, NEVER

AN__UNPOWERED . CMOS . _CIRCUIT,

APPLY.  AN..INPUT . SIGNAL _To . H, DRAIN. _STATIC CHARGE..ON. YOUR

RODY.... BY _TOUCHIMNG

GROUNDED _OBIECT.

e L BOUNCE LESS. SWATCH O siNGLE . LED "GATED" FLASHER
| Voy X
Voo R1,R2:100K . FLASK=1HZ AAA
- 1 1/& ; R1 ] 1 TARCa v 14 STi7 JZ LED
- 2 Yaour J~ AM—y> ° = HOMJ _£ 4011 R
A4 1 v QuUT - "
‘M;; =\ R2 / < -+ =
81 . IJN" AMAT il ep M g 100K ATk
e PROVIDES "CLEAN' L | ON___(ADD \NUERTER GETWEEN._PIN_

. losic. _PULSES. BOIFLASH 4 AND. LED FOR. L= OFEE.L)
M ONE= SHOT"  TDUCH. _SWiTCH DDUAL _LED _ELASHER
300Kk 22M VED LEDs  ELASH Vop 1K
ANA e 1 SECOND ALTERNATELY AT ~LHZ AAA
A X 14 ¢ )
fe X L e
. 11y 2 . 4K ..: ilq\‘é — iy 11 K;L
' ;/”' A AAA A IR iEAN
: u “4IMF et T '
P
']_' e TOUCH... . THE =~ €1.62.5. 32 mF
-& 5 IMPUT 4K s Ci l .
2 100k . ;Ml e CONTACTS bbb o TN 4 . NI I
— '“.&-_/v O _GET 1 e /" fou %
—[_- feLEAN" AAA
Cl. CONTROLS  LENGTH OUTPYT =
OF . OUTPUT . PULSE. PULSE ., CHAMGE 01 ANDCZ TC CHANGE RATE,




Vo

—1'_-0

JFARN
MINL_RADIO TRANSMITTER A'GATED" TONE _ GENERATOR -
* S
+*9y ANTENNA T3 USE. AT _LEAST Voo Rz *
o . 1802 WHEN Vot v, A aan
zlq\; 1N o ) N iy
4 FA bl -
F—W P ” IN o—=1/4™\_; {;:ﬁ'}w
28 RZ 10 =100 PF"‘"" T 2 |tou 1 S_f \ 3
10K H4,7K ﬁFiXED OR VARIABLE Rl J | e { =.01 A S RY
12 10K 5 100k QLumF < 10K
1 %1 10 ] 2 | g
Ho1z i3] [ ‘Wu 9 a0 / \
T2 R - RY IN | TONE SR 1 e\F Vel
01 mF jmox 200K L QEF L Qi -
B | own -/ IN2222 -
SENDS. TDME _To_ NEAREY.. RADIO.

e TONE _RADIO _AND LOR €1 . TO HEAR  VALVES . SROWN. . GIVE 1,3 KMz

TONE USE _INSOLATED. TROL _TO TONE.. ClL . AND RZ _CONTROL. .o
TUNE _C1. C2 CONTROLS TOME TONE.  EREQAUENCY. R2_CONTROLS.
FREQUENGCY WoE 1-2 FEEY QF . NOLUME. INPUT CAN_RBE  SWITCH . .
WIRE _EOR._ANTENNA. (Voo [ GND) _OR _LOGIC.  SIGNAL

C STANDARD. _TOUCH  SWITCH O LINEAR . %10 . AMPLIFIER
100K 220 V‘ko Voo .
AAA ADA RAM.AIM N GAINME R2/RL
" 14 R 1006 -1y
- Nz | Ry MM\ 3
;&L(_/,\) E o—ZJwi / 1 - lé AAAL e 401t =TT euUT
va 4 =3
/ ? TOMCH Oo— ¢l “'l" ‘.1.—
- J 4 =
= RELEASE = 0LuEl AAARZ .
e JNHEN  THE ENARLE  (NPUT () (S THIS. 15 A NON-DIGITAL. _ ROLE
B\GH, THE.  SIRCUIT RESPONDS. EOR A DIGITAL. GATE
el LEREQUENCY GENERATOR OLAMP._ELASHER
Yoo . . .R1L__CONTROLS RATE 1S ~amHz Voo vbpp e AMP
1 EREQUENCY, AS_ SHOWN. b SN
LS, . . MRS
= - Y K r
1 N YIN4 N TN e 3 N
Z;qy Ug,,‘fy - [ 24011 T Jwost ( \ 5‘)
5 7 i -y
R —l— R el R1 —J_— T ,/\-“5
1c0k § S IM A uE 100K 2 [ab POWER =
| H.TMF | Mo FET
e fUSE..T0__SuPPLY “Clock” PULSES  TO Ci__AND Rl _CONTROL RATE. 0K
OTHRER  CMOS  ClRCULTS, T _USE SEPARATE SUPPLY FoR LAMP
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M ELECTRONIC COIN._TOSSER

t9v
e JPRESS._S1. . MOMENTARILY R2
TYPICAL . TEST. RESULTS: AAALK |
TRAWAL | HEADS L TAILLS "HEAD" "TALLS! <_.Rz2
y 1 23 21 LED % |  Lep 49K
2 25 25 . 3 2 16
. . 8,’ 14
sl N s |
oL 7 &
RL et = '..S:L.,__,m
WK 2D 470 pE K 18 8 ?
O RANDOM.. . NUMBER_ . _GENERATOR
LED __ READOVT. ARRAY
i KRinNT e +9v B S RS R S RS O] W™
mmmmmm INCREASE (1 A ANASANAN N WACANAN:
mmmmmmmmmmmmmmmmmmm o 4.9 MF
AND.  LEAME 11 9 & 5 |1 0 17 Y 2 3
S 1. CLOSEDR .
O MAKE W | 4017
SEQUEMNTIAL
FLASHER.,
* o s 4 EEIE
Pt ot
[#] ~ Dl
oo o 7/ . CLOSE. . S1._ ANO._ALL _LEDS. WILL . |R2.S.
Ri._S T I ox GLOW. __ DIMLY.__ OPEN__SI__AND __|1K
4,0k é - H470.pE... BANDOMLY.  SELECTED. LED WL
) e GLOWL.

EJ 1 -:.,QM5.;:,.&.,“““5,&@@&:\;rr-" R

S L_J._ﬁ.E....ﬂ:rﬂow,.&.uc,:c.umawﬁjqV =
v p RELAYS y  EXC. 14 .
. 1 ek AR Y
3—- 1/y 3 Ib— 1[:( 4 3 ——--—J'IC
(2 | qy tel4pi] 1 '
il ;1 l
R1 C1 z_“L +).. s
4K — ooi=-__ T 13 | KAL) }/i AAA
M 10OMF L fHeety ™ T 1K
1t
EACH _LED __TURNS._ OFF 4,6,7, 8,10 — AN\ AAA
N _SEQUENCE, =

1K

13 !'—wo;/“ ),‘T\J
il g

I R




oq'oe &
e JO_MODEL  RAILROAD. . CROSSING.  ELASHER _ LIAHTS O)
+V £ " RR_TRACK tav / \ |
RN ey ANl AAA_ D — 5 ' )
e ). 2 S :‘-_a;/ﬂ/\m R1 Re (L) as -
L1 ""‘_"' 5 - \LI\‘ 100K 1K LED L ~
I Y - : | © LEDZ
) & 7 ¥ ¥ ~
:“:,.w%m..mmmm_mmww — \ RILA25 NEN ol 34
' ( PHOTDTR ANSISTOR — 3 = 4
/ Q3. POWER MOSEET._ ol o8 Le {3011
Mol L, = el L1 L2 L ANY. SMALL S R3 i SR QL.
(XN TS =+/ﬁ>\oz LAMP _(0R.. 0SE 10K, 2 41k 4INETT
I ="\ iNFeaRED LEDS
= - |5 AND SERIES RESISTOR)

}
=

LEDS . FLASR _ALTERNATELY WHEN_TRAIN__BREAKS. LIGHT. BEAM_ _TO EITHER .
@1 QR Q2. LEDS .  CONTINUVE _ELASHING.  UNTIL TRAIN . PASSES. _SHIELD
QL AND Q2 _FROM . ROOM. LIGHTS _WITH. 1" HEAT_  SHRINK TUBING.

A PROGRAMMARBRLE.  GAIN ORERATmNAL AMPLIEIER

Vop = +4qv VDD

Rk EQR_DETAIS SEE
) [_ AMA "THE._FORREST. MIMS. . . ... ...
R/8 14 LA FDY e LARGULT. SCRAPBOOK”
AA_L 406k D B I (pp.21-23),
- A R./4 7:‘1\ b ;;_q,Vuu‘
/ AAA 3| MANUAL _ contror? |4 2 /w/
Rin ol R/2 CONNECT. TO. EACH || Y Vour-2. 2V {Re.Z Run)
AL AAA 8 InPoT A swiTcH |9 = T
\ R 70 Voo AND._ A APPLY... CONTROL . SIGNALS.. AT
o ANA_2014.1 K. RESISTOR. 1D | DCRA..INPUTS. . TO _ALTER
Vine GROUND, RBine 0001 . TD 1111 VARIES
o caN (J)”* G is IEE Rin..FROM__R.TO R/1S
- CONTROL D ¢ Bo....B TYPIcAL R Re =10K.
Sy
A ALL_ON — ALL__OFFE__SEQUENCER
A B < O ALL_OUTPUTS..GO. LOW,.
Voo 1 Voo THEN. . BAGH, IN_SEQUENCE. ..
‘ ) 1t Jqg J3 (A Bl DriAnss Brs ETC Yoo
14 13 ) 14 VSE . WATHA. . LEDs . FOR
= TP | 4013 H013 4,6y, EYE-CATCRING. . DISPLAY.
8, 10 5 12 8,10 FOR "BUCKET - BRIGADE "
- = OPERATION., CONNELT . PIN
e S i 5 ou 5 _0F FIRST 4013 TO.PI
CLOCK o 13 (NoT 12) OF SECOND 4013,




o IINEAR CTC CIRCUITS
o AYOU AN MAKE AN AMAZING.  VARIETY _OF  CIRCOITS . WITH
i JLINEAR  TCs. HERE DARE A FEW. OF THE . MANY. POSSIBIZITIES 4
i |OPERATIONAL  AMPLIFIER  (OP-AMPY_CIRCUNT S
M ADDIOL  AMPLIEIER
THT 1S PREAMOLIEIER  {RBZ . .SETS..GAIN)
hhhhhhhhh S RZ 284 1S _POWER AMPLIEIER
ot Aan_ L AXA_ 100k +Qy
IN o~ et Ri tqv oY e v ) R3 N 14
X Luf ik L 24, use 2 20k 3 o Mol
. \ 73_;\‘- OTHER S‘\‘ +36.w\3 Yar o duE
e JDYNAMIC _MICROPHONE, 2 1y A{\;\ OP-AMPS VoLUME 2 }"q/c 2 -
e ARADIO  ETC... .. TRY ALSO, 100 MF
o I BLSO_WATH. CIRCUITS -V T
RN 111 o VN RPN =B SPXR
AL MWXER I DIEEERENCE _AMPLIFIER
1ok 100K 100k
e INL L o AAAL AANA N 1o AAA AAA
10K Qv +9.v
e AN 2o AAA (A A 2 A
! 10Kk, m\l\f- 5 OUT. look _-_;::1{ e {3 OUT
LINCE e AAA 3 |4 / IN. 2 g NAA 3 1s /
oK e v
. N look. .S -qv
o |SEVERAL  SIMULTANEOUS. INPUTS. S IN1.—_1IN2.1S
DSE__WITH. AuDIO, AMPLIEIER  AROVE, — AMPLIEIED,
o IO LIGHTWAVE  VOICE  TRANSMITTER.
+9y
e | MG VS CRYSTAL . \
o lor ErEcTRET® (FRep |c1 RE R2 RS J RS
_IMmicropnone. & LL1uF s0K 1M 1K 2 220
L ALED IS INEFRARED L MIC WA AAA < AE
e YPE W USE _LENS! A c2 e [T\
To_ focus. LeaT L6 | eamn. | 2 N |2 1O ME Lar \thy/ -
FROM_LED inTO T, WIS t .;5 wN2222 L AT ’g:
LINARROW. _ RE AM. 3 o o7 N R 3 TR
TO TEST.,. PLACE ol /7 50K e | S\
RADIO . EARPHONE ADA_L AAA_L ADTUST FOR_ .S A
. e NEAR . MICROPHONE. R3 RY BEST _SouND 2 g7 LEMS
ADITUsT R1 _AND 36K S.bK QUALITY. 1K
R FOR__BEST =
o IRECE\WER SouUND.  SEE “THE FORREST_MIMS _CIRCUIT. SCRAPBROK” (pp. 35-42),
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0O PERCUSSION

SYNIHRESIZER

(g

€Ll ., DRUM, ETC.)

SET..RZ...AND R3Z AT CENTER

R V)(V cl V)(VR-: POSITIONS. ADTUST RY4 TO ITUST
1M 001 — 1 1M PAST. _ POINT._ WHERE _ OSCILLATION
Ry | .0o5uF STOPS... .CLOSE _S1. ADIUST RZ,
1M 1 R3_AND._RY_AND_TRY_AGAIN. N
Ra cz—% ¢a.” TIME _Youltl HAVE AN ELECIRONIC 5
10K QO pE | 001 MFE BELL ., .DRUM, RoNGo, ETC.
INAAC 1L M +£4v
1N /1 *
L .
b VOLUME = “ee |
7 A _— L o
s1 o N . sse >—]€- A ME.
1o (PRESS 742 1€ NV—y (- B
AND —{F Ik cH RS 100MF 1. lan
RELEASE) -qv OQLuF 10K SPKR
T~
O LIGHT _SENSITWE UP-— DOWN. . TONE. . GENERATOR. e e
PHOTORES\STOE‘@&\
RL._. tiv BALANCE
A
ok 3 ——+ 7\‘; Sokji/
. 2 741 o - VOLUME.
- A L] I > A
e J_c RO/ o
100k 2.1 uE PN 100pF
| PHOTORES IS TOR

= SPKR

TAXKE  THAS _CIRCUIT  AND A

ELASHLIGHT _INTO A DARK . ROOM.

D LIGHTWAVE . COMMUNICATIONS. . RECE\WER

tav WILL. . DETECT. MOWCE. .
OR.TONE MODULATED. ...
< RI 01 Rz C2. - LAGHT . BEAM. USE__
&> A00K AuE M AuE L LENS. FOR .. MORE. .
- It AAA ~ RANGE.. . KEEP. .
= el , |7 L DETECTOR..AWAY. .o
AT e — EROM.. SUNLIGHT.
ZAp\y /fa?/ A PV e 2 (S on P & L
X LQ1_CoR)| €EuL 1ok ., |38 H—
LENS. 4 VOLUME 14 C3 S
} 10o0mF L
—

IDETECTOR : SE. R1 AND Q1

QR..SOLAR cELL, (Q1: PHOTOTRANSISTOR)
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ICOMPARATOR  CIRCUINTS

JTO..REVERSE. _OPERATING  MORE. . WHEN LIGHT INCREASES.

[ VoL TAGE MONITOR O blert LEVEL INDICATOR
N +l TD + 15V +9v
\ PHOTORESISTOR A
Ri RZ 1¢ PIEZO GUZZER x:l»f
1ok S 12K (S (o)
ﬁ " '7‘-11’>_‘K}_"AN\'—" .;5,’2 Qli2N2227 o
PN O——dem— 2. 14 u }’# LED A c
CReED) JRZ 1z JW
= ngiomcgé— E
WHERMN. THRE INPUT VOLTAGE IS 1m1(‘[ \J.
Q, THE LED GLOwWS. THE LED =
SWIATCHRES . OFFE _MHEN THE INPUT BUZZER . _SOUMDS. . MHEN. LIGHT
VOLTAGE  RISES . Jo. A LEVEL EALLS Tbh LEVEL. . DETERMINED REY
DETERMINED. . BY. RI. _EXCHANGE R2. RBEVERSE COMNECTIONS ..TO
o JCONNECTIONS. . To. PINS...2 AMD 3 PINS. 2. AND 3 TD __SOUND TONE

[l RARGRAPH VOLTAGE. INDICATOR 0O "window  coMpARATOR

. +9Vv +qy
éi J 5 PHOTORESISTOR A R
100K 5 Rie J‘/-’\ <TR’& I RE l Rle
3 +\,3 LED 1K (%’\ 5 10K . 2 10K 5 1K
|R2. > AAA Y DN
1K 4 | /;{ & o339 >
< - R B’ _)'3\ Do Ylsscn'
3 +\ LED 1¥ 100K R SUBSTITUIE
R3 3;/51\1 < AAA_ +1l‘f . ” @\"’
LK % G |- //, 6 _339?2>_" t\}’)e
R& al
9 P LED 1K SR1 S RY IN2222
RY US| A AAA 2 1M 10K
1S 8 .“VI’JN | 2 |
2 - g9 =. LED.L . LED2
...... i1 +\ LED. 1K ‘
._|Bs YN AMA SET_R1 TO.  CENTER . POSITION
339 ~J
e ,usmg RO ¥y TURN._OFE LIGHTS . AND. _ROTATE
R3._ JUST  PAST . _POINT. WHERE
o O _TO USE LED.2 GLOMS. CLRCULKT.  \WILL
IN_, | L 741 eTc. THEN._ . RESPOND _LIKE . THIS:
e - (R1.% R3 _CONTROL RESPONSE) .
LEDs Glow N SEQUENCE AS DARK. = > LIGRT
INPUT  VOLTAGE  R\SES ., 231 LED 1 = OFF. <= ON— OFF
COMTROLS _SENSITIVITY. LED 2 = ON  ~==— Opf —> onN
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VOLTAGE REGUILATOR_ CIRCUITS

1 EWED  0UTPUT. LINE. _POWERED  SUPPLY

To AL o2l

LINE., ) | ~BRIDGE. _RECTIFIER
— ;. PRI S ' \f :
] } 120V

(= /N .
B Ko S =
- Vi LOHz E W W gz 18 XX Vour
POWER 1 N = .
e | CORD 11 c1,c2 4 1% ¢c3 7
(SEE . BELOW) 2000 mF 35V / AmF o

/ + -

THIS . .BASIC  _SUPPLY. _MWILL. DELIVER UYP TO REGULATOR..TIC oo
1.E _AMPERES. AT . THE  RATED. QUTPUT. . 805, 5.5, voLTs

LE- - PROPERLY.  HEAT SUNK. __You . MUST 7812 12 MoLTs

e NBE A TRANSEORMER  RATED . AT  THE BLE 2 15 VOLTS
PROPER . VOLTAGE. _AND_ CURREMNT.. THE ——y et e
e |REGULATOR .. WAL "SHUT _DOWN" IF. THE CHIP... .. 4 TOBEATOSINK.
| BECOMES . OVERREATED.. FOR . BEST RESULTS ] TAR

....... LAPPLY. . SILICONE . COMPOUND . BETWEEN. . TAB 78%x
e AND L WEAT.  SINK.. o ALL . CONNECTIONS B VN N
T THE ... AC LINE  MUST.  BE _INSULATER v 2. 0uT

]ORENCLOSED L 3T GROUND

A I
|

S .CZMMARJABVL~E_M.W-;ouumehum POMER SUPPLY CAUTION: AC LINE L

To.  AQC s S1

LINES ol .jm . Q____lwmm .
] x/ PRI

) z0v =X |10
~ } 1@&42@(&

POMUE R | ‘ C1..

CORD Ao T2
(SEE...BELOW).. |01, C2

e INSULATE OR 2000 uE., SOV

e dENCLOSE _COMNECTIONS .

VT

e THAS . ADTUSTAELE.  SUPPLY. MLk DECIVER. 311K 7

FROM_ .12  TO 372  VOLTS AT _uP 1O
e L AMPERES. Rl . _CONTROLS VeouT... s
(e Vepr. DOES.  NOT. .. GO TO. 1.2 verT. . [H°~
MANIMUM, . RA _ MAY. _NOT. RE__ARBLE..TD AN , \
e ACRIENE, . SLERICIENTLY.  tow. RESISTANCE.) SN\ % Al A WA
Tl _SHoulD  HAVE 25 votT. (oR RIGHER)
SECOMDARY AND BE..RATED _FOR 2 DRV VY S §
AMPERES OR .. _MORE.. ADI ouT N




TIMER _CIRCUITS

TITONE.  RBURST . GENERATOR.

1 RBASIC  TIMER

* QV DI.b2: 1ma1y

&1

&

DL > 1.R3

o

s—p

sy

j,

3 47K

%!

Fa
o, .
?V D2 1P fentoor Ll

R2. RELAY

. |JPRESS  S1 . MOMENTARILY. .. TO. ... e
e ISTART . TIMING.  CYCLE., RELAY. .. PRESS S1. . AND THE SPEAKER .. ._

AL BE L ACTUATED... CPULLED ...
CHNY uNTIL. everE 1S COMPLETE.. ..
IRV AND. Q1 . CONTROL . LENGTH. .
OB L TIME. L DELAY.. . USE. . VERY. ... ANO R4 CONTROL . .DELAY..CL ...

~qlool ..

Amq Vv

YLoes
T .1uF

o lRre. QiZMZZ?-Zq -
¢

EMITS . A TONE. RELEASE.  S1. ...
AND L THE . TONE _CONTINUVES .
FOR. SEVERAL. . SECONDS. Q2 ...

CILARGE.  VALUE _FOR.C1..TO GET . CONTROLS. FREQUENCY.. ( LSE ..

|RESPOND. . TO. . LOGIC. . PULSES., TOO.... MUCH ... CURRENT..)

LONG. . DELAYS.. .. CIRCUIT .. WL ... J1SSS ONLY. 5SS USES. . .ToO0 ...

_ |OPuLse  cENERATOR oo

COLED &..,‘,.uTO,,NkE.,.m,v.‘T.l'?.liA.t‘s):é M\TTER

L ASTOMSY

N

8 la

S PULSES

OR

e MALVES  SHOWMN......

FREAVENCY LGEIAVE L PULSE

e RATE 600 W2, .

115

et

01 mF L RALAND.CA

| OV pF

CONTROL RATE. ...

o JUSE. TD..SUPPLY._ _PULSES . TO UsE. _To JTEST LIGHTWAVE
| NGITAL  LOGIC . CIRCUITS, ETC. . RECEWERS..
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DLAGHT / DARK _DETECTOR —
tav R1..ANMD.£1 _CONTROL _
TONE FREQUEMCM -
R1 ) B8 L WHEN. ST . 1518 B
4K % PHOTORESISTOR PO ATIO M"LT'WII',I-*E
171 585 N S1A. oD SPEAKER. _EMITS A
RZ ok |4 25\ 4« TOMNE.. WHEN_ LIGAT.
1K nsss 3 AUMIM ATES  THE
2 2 3 02 Sis PHOTORESISTOR.,
tho ] 4.7MF DEDT WHEN _ S1_ 19 18
¢1 ;L_-\ T S.SWITCH COsaTION D" THE
L4 1 R3 \\ L SPEAKER __EMITS. A
8 a 10K TOME WHENTRE
SPKR...L N S1B..o2 PROTORES\STOR 1S
' NOT  JLLUMINATED,

] 3-STATE. _TONE _GENERATOR D EVENT _EALURE ALARM
ca T
\
R1 ] {4 14 RY g |4 -
228 < 5K_..S SR L -
2 M| 555 )
1| 556 |13 < g1 el _oR a\
10 4,7K "5SS
RZ A2 7 R
100K S o 2 2 PIEZO BUZZER ... ..
2 S1. S Q1 e
I3 2N3906 L R2._AND._C1
L R3 < RS e dE & CONTROL -
el *| 100K > 5K 4 T CYCLE. TIME
2 ME T 8 . ] AN [ et =
12 | A Cli2.2 70 Y2mF
9 C2._ & s1 «
\ ] :
7 R < WHEN _POWER. .15 APPLIED, THE. ... . .
210 é SSS  ENTERS A _TIMING _ CYGCLE.
| tav UNLESS. .. S1. IS __cLOSED. BEFGRE. .
T i\ 8| THE.. CY.CLE ENDS, THE _PIE20 . .. ...
03 SPKR BUZZER __SoumDs THE . CYCLE o
i Juf CAN.. RE __ RESET.._ANY..  TIME
=1 RY . CLOSING...S1.. NOTE! S1 .
1-TonNe BuRsT . ANOML_  nimh CAN __BE _REPLACED _BY _A
2. STEADY _TDANE _ MANANNARINOANARL S\ENAL . EROM.__AN _ EXTERNAL

2. TWo TON

€. Junmna L aan CIRCUIT,
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é\..,\A.L.T,E.RN,EC\',.,\\.!:\LGW..,‘,K,C,LJ.B.,&ENNI,,M1_8»4m3u£a

OHM'S  LAW, 14,103 e

PN s et b

) AMPUFIER, 92-93,.95,107,118,122 . _OPERATIONAL AMPLIFIER, 83, 172-123 . _

FF\E LD-EEEELT, 52=56, 92.
| FLip-£Lop, 88=89, 94, 116
G GATE,.BO, B2-87

N TuncTion. FET, 52-53 Se,100

e D BATTERY, 17,44
e BIN ARY .. 8.1, B
e fopu DI POL AR, 48, 851, 1042105
CW...M.CA.PACJ.IQ.E..,,.M\.'&',Z:.‘S,S 331
o CARCUAT, 20221, 82, 90
e C MO S A 1182221
e S0 OMLy . 3B 238
) COMBINATIONAL , 86287,.90
i COMPARATOR,.. 93,124
b CONDUCTOR,12., 43
e CMRRENT,. 9,13, 14, 98,.59,.67
D petecror 10277
e DIEEERENTIATOR , 37
e RIGIT AL 29,.80,.83, 91,1162120 e RE SIS TANCE 14
ot DIODE., HH247,98, 82,101=10%

E\\,.,\E.LE.C.I.&QMA.G,& ET,.15
o ELECTROMAGNETIC SPECTRUM, &3 o SERVES (20:21,33, 35,683,707
Ao ELECTRON 4. 829, H42:43,.62, b, .70

I._,h.m.l.wsummg., 12,43
e AINTEGRATED. CIRCUIT, T8-95
i INTEGRATOR.,.22

e INVERSE  SQUARE. AW, 05

o LENS, 65, 122,123 |
o LGHT, 62,63, eme8,02,101,104, 022 .. TRANSEORMER , 4O =44 .

OPTICAL .COMPANENTS.,. Y
LQPMEAL. SPECTRUM, L3
PARALLEL, 20-21,31,35,.64,.21
PHOTODIONE, 72213
PROTON, 62, 66,20,72, 74, 16 :
PHOTQRESISTOR, 70-11, 114=115,124
PHOTOTHYRISTOR, 26,118 _
PHOTOTRANSISTOR, 14275, 114,121,123
PN.IUNCTION 44, bhe, 20,72 '
POWER .14, 11(.,. 125
PROTON, 8 ...
PULSE , 22-23%,119,.126
RC_CIRCUITS, 27,94, 100
RELAY,28,28, 1M, M8

——ATOM,..B..

o

K

- RESISTOR,28~31,.L9,28
S SAFETY,.19,35,98,100, 111,125
DR, 5B 89, 110

. DIRECT. . CURRENT, 14, 3

SEMCONDULTOR (H2m43, 62763, 66,20
SEAUENTIAL, 882480 .
SNEGNAL, 22-23
SIMCON LHL M3 22
SSINELOWANE, 18
SOLAR...CELL,. 12=115.
--SOLDER, 98 . ...
SOLENOID, A5 i
SPEAKER,. 27 ..
STATVC . ELECTRIGATY.,. 10,106,118
SWITCH(ES), 25,26,58,.80
THERMDELECTRIC , 17
THYRISTOR,.58 =61,.110. 2111

TAMER, 93, 106>107,.1170, 126

ELECTROSCOPE | 11712

__GROUND, 21 .

VON 8

EASCR, T

e LVG AT _EMITTING. DIODE, Hlo, bb=e9, 112 TRANSISTOR, 48-57,74-15,78,83,104 .

S~ .M,.MMAGNEMCW,W,EnLELD,,“l 3
fere METER .13, 25,114

e MICROPHONE 4 277
ot MOSEET, 54=55,. Sk, 102
| MULTIMETER,, .19
NNOls E4.22223
e NUCLEUS, B
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RINEAR (I0),.29,.92,95 TRIAL, 60=61, 111
TTb,.91,.116=117

WHUN! JUNCTION, 857,108 = log

VOLTAGE, 14, 45, k&
__VOLTAGE. REGULATOR, 95,103,125
WAYE(S), 22523 .

WIRE, 24
WIRE =W RAP, 97,




