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ITHIS  RBook. 1S . FOR _ THE.  EMNTERTAIMMENT  AMD.__ EDIEICATION

o dOF 1TSS READERS.. . MWHILE  REASONARLE.  CARE. . HAS  BEEN .
AEXERCISED MITH RESPECT ™ TS ACCU gﬁncxm,MV._"ij:i,gwmgtuﬂw;togW,W,WW

AND... . RADO. ..SHACK ASSUME NO. _  RESPOMSIEHITY.  EDR EﬁzoRsi-

e JOHUESIOMNS L OR L SOITARLLLTY. OB AT S CONTENTS o FOR CANN .

APPLICATION conn NEITHER.... DO AE  ASSUKE. . ARNY. o LB BILITY. . EOR

ANY . DAMAGES .  RESOLTING.. . EROM. ... WSE OF.  INEQRMATION. N .

dTHAS L BOOK e AT 1S L YOOR L RE S PONSIEIITY, TO DETERMINE ..

HE . OUSE o MANUEACTURE OR.. . SALE OF...ANY.. . DEVICE.  THAT
INCORPORATES IN FORMATION. .. A THIS  BOOK. .. INFRINGES _ANY. ...

APATENTS ... COLYRIGHTS . OR . _ OTHER . RIGAT S

CALTION . TRIS. . RBOOK. . INCLUDES. . SEVERAL  _REFERENCES. .o.TQ
b ELECTRICAL .. SAFETY WHICH MUST. . BE HEEDED ... IT. IS
ESSEMNTIAL THAT CAREEUL SUPERVISION BE CIVEN
e AV DR E N MWORKIN G WITH LINE =~ PoWERED ELEC.TRONIC

CI1RCULTS AND SOoLDERING LROmS.

DUE TO.  THE  MANY __CUSTOMER INOUIRIES RECEIVED By

Radio SHAQK AND. _ THE AUTHOR, 1T IS . IMPOSSIRLE

o ANSWER REQUEST.S....EOR _ AODITIONAL  INEORMATION
(CusTOM . CIRCNT  DESIGMNS , . TECHAMICAL _ADVICE, TROUBLE SHOOT=
ING... . ASSISTANCE , . ETC.). BUT _ THOUGH. . \WE __CANNOT

ACKNOWLEDGE. e ANDIIDUVAL o INQUIRIES. o WE  WILL BE
HAPPY TR, RECE\VE ANY COMMENTS.., IMPRESSIONS... OR .
SUGGESTIONS

THANMKS IA. _ ADVAMCE O THOSE oF NOou._ WHO. . WRITE! —

BuT PLEASE . REMEMBER WE. ARE  UNAEBLE T0 ClVE YO e

A PeRsoMnAL. _REPLY.
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GETTING _STARTED AN _EIECTROMICS.

JWELCOME IO THE. WORLD OF ELECTROMICS,, ONE. O
GROWING. _OF TDDAY'S " HIGH=-TECH" _EIELDS . AND.. AN_EDUCATIONAL

JTHE EALTEST ..

AND  ENTERTAINING . HAOBEY.. THIS ROOK. AL TAKE. . YOU. . FEROM

SIATC, BlECTRICITY. . T0.. S0l - STATE.  ELECTROMICS . ALONG. SHE WAY.
WE'LL. . COVER. ELECTRICITY, ELECTROMC. COMPONENTS. AMD IMTEGRATED .
CIRCUATS. (T’ ), CRAPTERS. 372 SHOW. _HOW. _COMPOMNENTS. AMD TIC's

e |BRE USED __TD._FORM. . ELECTRONIC _ CIRCWTS. CHAPTER Q. GIVES PLAMS

FOR. _100. CIRCUITS  BEACH.  _OF WHIcH TWE RBoUT.  AND _ TESTED. 'PAGE

IN__FUTURE CHAPTERS. (LIKE  WORKING.  VERSIONS 0F MANY. .  EXAMULE

ARROW S (EED) tHROUGHOUT. THE _BOOK _REEFR._YoU 10, RELATED TOP\CS.

CIRCUIT S N CHAPTERS. 2=72). T HOPE _YOu FIMD. THIS POOK  USEFUL,

[EDUCATIONAL AND, EcpEciALLY, EUM! Foued M. M, T

GOING. _FURTHER 1IN ELECTRONICS

REGIN.  BY. . GEITING. RADID . SHACK'S “SEMICONDUCTOR  REEERENCE ...

L CHOPE  THIS.  BOOK ENCOURAGES _NOU..TD G0 EURTHER IN ELECTROMICES w e,

HANDBoOK ! ANO  MENGIMEER'S MINMIL=NOTEROOK' SERIES. READ ELECTRONICS .. .. .. ..
MAGAZINES. LIKE COMPUTERCRART, RADIO-F(FCIROMNICS, BYIE AND. . QST.
You MAY ALSO WISH. . TO. .READ. 'ELECTROMCS MNOTEROOK,” A COLUMMN. T .o
AWRITE. EACH MONTH FOR. COMPUTERCRAFT., . MANY OF THESE. COLUMNS .
HAVE. BEEN COMPILED. IN A SERIES OF BOOKS , INCLUDING “THE . .. . .

JFORREST. . MIMS CIRCUIT ..SCRAPBOOK " ( MCGRAW - HILL, 1983) AND. . . ...
“EORREST MIMS' CIRCVIT SCRAPRBOOK TL . (HOWARD W. SAMS,1986). . ...

e TRERS.E.... . BOOKS .. SCRIBE. _IN _ DEVAIL  SEVERAL OF THE CIRCUITS _ IN._THIS

e BOOK . AND . MANY. OTHEE CIRCUITS..  QUESTIONS? _TENS  BoOK _ Witl_ RAISE —
MANY L VB YOV CAN'T  EIND. ANSWERS _iN THE REFERENCES ABOVE, TRY. . . .o

e P GLQOD. . LIBRARN. . FINDING.. ANSWERS. MAY. TAKE TIME, BOT NOULL LEARN . .

mmmmmm IMUCH . INL TRE. . PROCESZ.  PERKAAPS. . NYOULL EBUEN _COMSIDER . FORMAL

e JTRAINING.  FOR._ A CAREER AN ELECTROMIC S

A SPECIAL _NQTE_TO EDUCATORS.

e dTRIS  BOOK  CAN. . GIVE.  NOUR. STUDENTS A BASIC KNOWLEDGE OF

e JELECTRONIC S, . YOU _CAN. ASSIEN _THE _ROOK FOR . _QUTSIDE. REAPING . .

e AND TES T STUOENTS _ AS _THEY. . PROGRESS.. QR __You. CAN_ _DEVELOFP

e B TOTAL . COURSE o COMPLETE  WITH DEMOMSTRATIONS , EXPERIMENTS

e lAND  LECTURES.  THANKS.  TO _RADIO SHACK'S _SOLDERLESS .. MODULAR e

e} DREKET S, . YOV _AKND. YOUR. . STUDENTS. . SHOULD RBE ARLE TO. ASSEMBLE e

e JTEST  VERSIONS _ OF . MIRTUALLY. EVERY. CIRCUIT. IN  CHAPTER .9

e j(h100  ELECTRONIC.. .CIRCUITS " )o  INCIDENTALLY,  VOLUME. . BUYERS . .CAN

—RECEWE A _PRICE _DISCOUNT._ EROM . RADIO SHACK . ON. THIS._ RBOOK..AND

el ELECTROMIL.. . . COMPONENTS,.  SEE _THE LATEST.. RADIO  SHACK CATALOG. . o,
FOR. ..DETAUS ... (PRICE  DISCOUNTS. . ARE _OPTIONAL AT RADIO SHACK.

. |DEMERS _AND _ FRANCHISE  STORES.D




e _omey_otererence. o (L ANAC YN
 BETWEEN.... A BOLT  OF i N

LIGHTNING — AAND THE

SPARK EETAUEEN YouR.

FINGER. . . AND A.._DOCR ~.

KNOB. . on. A DRY._ DAY N

1S QUANTITY,  EBoTH oo O THOSE . WHO. FLY \

ARE  ELECTRICITY. A_KITE v THE_ RAN, \
BENTAMIN.  FRAMNKLIN.  FIRST . Nou BETTER. .SAY. . 'gyel’ |

CON EIRMED . THIS. . WITH_ _BIS 2eavsE. TS KOT VERY. SAME..|. ..
FAMOUS. . KITE _ EXPERIMENT, :

TR METAL

_|RERE's A /. WITHOUT __
|BEING 2APPED.  GRASP __ ONE . LEAD _FROM A NEON

__NEAT.. WAY_ 70 'see”

HARD . . SOLED.  SKHOES . AND_ __ TOVCH. . THE.  SEcoND . LEAD. FROM

TRE __LAMP o A HETAL . OCBITECT.. .  THE . LAMP. MILL. o

FLASH..(UNLESS _ THE. . RELATIVE . HUMIPITY. /5. H/GH)

OF _COURSE , You camwor "see” EcecrRieiTy! You see

LTHE... EEEELTS..

\ITS . EFFECT  UPON_ AR __AND _THE  _ NEON N _THE.  LAHMP,

ARE _ MANN.. . RERE _ ARE. . SOME. MORE. G . ...
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IRACK TO RASICS.

o |EtecTRICITY. 1S AN

|CALLED A POSITIVE JOM.e AF

A WITH AL NORMIAL  ATOM . THE.
L LATOM .. HAS A NET NE.GATIVE S
ICHARGE . .AN.D._‘._‘ 'S __V,O_&;.L &DA Pos !T I\/E. I ON

FNESATIVE  JOM e

D ELECTRONS — FREE ELECTRONS _ ="
L CAN.  MOVE AT  HIGH SPEED. .o f
LTHROUGH . METALS, GASES _AND

LA VACUUM. . OR._THEY. CAMN._.._._... . = .
REST ON A SURFACE. i

18

ESSENTIAL. . INGREDIENT._OF _ MATTER.
DNDERSTAND.  THE NATURE _0OF FLECTRICITY

IS To. EXAMINE  THE . SMALLEST. . COMPONENT. _ OF  EVERY
|ELEMENT , THE ATOM. .

NUCLEUS . TEAS IS A  LITRIOM
(PROTOMS AND . ATOM. THE . THIRD
NEUTRONS) _ SIMPLEST. . ATOM. . AETER
HYDROGEN. . _AND HELIOH,,
LEITHIYM  ATOMS  RAVE
| W AR 2 EBLECTRONS THAT
) ST ELECTRON. . ENCIRCLE A __NUCLEUS . _
e LOE 3. EEQ TONS. . . .AND
CLATHIOM.  ATOM e L NEUT RON S,

:. ‘é :. .:Eg;i,.:fi‘('l‘T.RQ Nﬂs | CHAVE AN E GA TIVE . ELE CTRICAL CHARGE.,
19 PROTONS.. K AVF.
o N _E,QIR.Q.N‘.S‘., .H,HW\E..W

LPOSITI\VE ,“E..!.A.E..nc;_:rmg,vl.Wc_..ha.;.m,V,,.h,\q,aaw&w@m&w.mw,.«Wm
EL&CTRLCALCHARGE .

10 IONS — NoRMALLY. . AN - EXTRA
L AToM  HAS. AN EQUAL NUMEER ¥ ELecTRON
L OF __ELECTRO MS L AND. . _PROTONS...
LATHE _CHARGES .. CANCEL. TO |
e GIVE  THE . ATOM NO . MNET e S
e LELECTRICAL .. . CHARGE . . . 1T's e
i PosStELE. TO . DISLODGE.... ONE. ... NEG AT\VE_ ION e
A OR.ITORE. . ELECTRONS . FROM oo,
. LMOST . Aroms L THIS. .. . CAUSES .

LTHE. . ATOH T HA VE DALLNET. S rMUSSING

POSITIVE.  CHARGE.  IT'S THEN. [ Y _ELECcTRON
\
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L-STATIC  ELECTRICATY

.{YOU _GENERATE. _STATIC .. ELECTRWCITY EVERY . TIME . YOU. ...
fWALKR.  ACROSS.. A _ CARPET, .. PULL. . TAPE __ FROM A __ ROLL .,

Hr—

REMOVE. . NOUR.. CLOTHING. .. OR ..DRY.. .CLOTHES _IN.__ A . _DRIER,

e JMUCH . OF.  THE __TIME . _YOou.. DON'T _ EVEN. REALIZE _IT . UNLESS
ATHE . AIR.__IS____ DRY AND THE STATIC  CHARGE. . SUDDEMLY. .. .
~JCRACKLES , . POPS __AND _FLASHES _ITS._ . WAY. . TO. A_ _NEW_ HOME.
| THESE. . STATIC _ CHARGES . ARE ___CAUSED . BY. . MECHAMICAL

S—

FRIGTION . . BACK I8 00O B.C., THALES. . . OF  GREECE. _EXPER=

e AIMENTED  WITH. . THE __ STATIC __ ELEQTRICITY. .. PRODUCED . WHEM.
JAMBER. 1S RUBBED. _WITH __WooLl.,

o SAP.  FLOWING.. FROM. _TREES _
AHARDENED  INTO  CLEAR.  GOLDEN L. [~

~PAND_ _EVEN. _ DROPLETS.  _OF WATER! o Ch2PR

o |ELECTRIFIED. _BY FRICTION. IT
(THEN.  ATTRACTS.. BITS. OF. PAPER. | WORD. _ FOR _AMBER/!

QAHE’;ER"ONCEUPQM A_TIME

NODULES.. WHICH.. WERE..EVENTUALLY. .\ WOOL ... £l

ABURIED. _IN._THE EARTH..  SOMETIMES, N\ . . ..t

e BEFORE . IT__HARDENED INTO AMEER, . N ..

v TR B STICKY.  SAP. ENTOMBED. RBITS Bl R o O
JOEL PLANY  MATTER , JNSECTS o 8B PRPER

JA L KIND  OF  NATURAL. CASTING. ...
APLASTIC o . AMBER IS _ EASILY.

o ASL NAMED.  AFTER THRE GREEK|. .

|O ELECTRIFIED PLASTIC _AND . GLASS.— RUN._ A _PLASTIC COME

e | THRODGH .. YOUR .. HAIR . _ON_. _A.. _DRY _DAY. . AND  Youlll TRANSFER _ . ._

e FLECTRONS..... FROM._ NYouk . HAIR. . TO. _ THE . COME. . RUB A . GLASS .. .
LJROD. WITH. L SIK. . OR._THE. SYMTHETIC _ FIBERS. . OF A PAINT. BRUSH. .

AND . Noulht . REMOVE  ELECTRONS.  FROM. .  THE.. GLASS.. BOTH. . THE

NEGATIVELY . CHARGED. . . COMB. . AMND. . . THE.  POSITIVELY. _CHARGED . .

GLASS. . _ROD Wik kel KE. AMBER ... ATTRACT .. BITS . OF _PAPER.

e YOU._CAN.  ELECTRIEY.  OR._CHARGE . _MANY. MATERIALS., BY. RUBBING . _
A THEM  WHTH . FUR ., _WOOL., ETC. METAL? NO, THE CHARGE  LEAKS. AWAY..

1455 koD (Rused wirl 3iK)

4.ComM &(AFI:E&STJEQKWGHA/R) X
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[0 CONDUCTORS _ AND  INSUWATORS— Nou CAAN  USE

YOouR ELECTROSCOPE o PROVE THAT, ... ELECTRONS TRAVEL

THEDVGH SOME MATERLALS BUT NOT . OQTHERLS.  HMHINT . TRY

THIS _on__A DRY. DAY ELECTEONS. _CAN. _ TRAUEL THROUGH

MOIST AlIR so THE CHABRGE ON__YouR . ELECTROSCOPE

WHLL QUILCKLY LEAK Ay oM Hurtip PAYS.

e JELECTROSCOPE
COPPER ) N\
WIRE / /
I - X

R PLASTIC. . ROD
Sy

TOUCH  THE CHRARGED
| RoD.__TO. _THE ___MWIRE

/
‘ T , \ ] o ANO  THE. . ELECTRO.—

. SCOPE.. WiLL . RESPOND. ...

o AN
\\WOOD BASE
e NYLON \
“zy"\-lw QORD TAPE -
T e 4/() / ] _:-_ A
S== N/ S R S
— Q<¢5\\h ) N CHARGED
— A S = S
'\n—-) Ro MN.S - PLASTIC. _ROD
! E k‘l""“‘-ﬁ. NEUTRAL FOIL //’ THE ELECTROSCOPE
/1 - i ) Wit NOT _RESPomD
[ l=— A . \ WHEN.. -THE . CRARGED
/ - -~ | RoD. _TOUCHES.  THE
| — = = — | NYLOAY. _CORD,

ATHIS  DEMONSTRATION. . SHOWS THAT  ELECTRONS - 0AN)  TRAVEL

THROU GH SOME. HATERIALS BuT NOT OTHERS. MATE R1ALS.

THROVEH .  WHICH. .  ELECTRONS. _TRAVEL = ARE  CONDUCTORS .

MATERIALS ... . THROVGH Wit OH ELECTRONS TRAVEL. PooRLY
OR.__NoT AT ALl ARE (INSULATORS. .

e COMDUC TORS  INCLURE  SILVER . GOLD, TRON., GOPPER , ETC. . ... .
e | INSUL ATOR S INCLUDE  GLASS, PLASTIC.,. RUBRER, . weop., ETYC.

12 -




ELECTRICAL CURRENT

THE _CONDUCTOR — INSULATOR. REMONSTATION

/h\‘ D~ ILLUSTRATES. _TWO. ... .OTRER  {MPORTAMT
‘:LCD:'-("\ NN POINTS. &
i i \\\

1. AN \\U \0\\\ 2. ELECTRICAL _CURRENT _ FLOWS.. FROM
LM MoORILE STATIC \(\ (\\ A RE@GIoON 0F HIGH CHABRGE
LHARGE. _ FLOWS \\\ \\\ OR._.POTENTIAL o A_REGION
THRROLGH A __ConNDUC TR \Q \Q\\ OF LOW POTENTIAL,
AS. AN ELECTRICAL N oS

W
CURREMT - IT THEN. RESUMES O 1.
TS STATIC.. _STATE ON__THE O Q\

E{ECTROSCOPE _ FOlL  LEAVES. NN S =00 =Co VN4,

=0 b@»cgl\,@f

N .

0_THE MAGNETIC CONNEC TION— A CURRENT W
ELOWIN G THROUGH A WIRE __CREATES A . _MAGNETIC eI
f’rg;‘g ARDUNMD THE _WIRE., YO CANMAT
SEE. _THE_ __FIELD,. .. BUT _ Nou .CAN ARE. ™ B Nt
OBRSERVE _ ITS. . EFEFECT. Y _— +
ORIENT.... A _COMPASS... SO MAGNETIC e |
TS _NEEDLE __ POINTS _TO ¢ FIELD i \ C

THE _ NORTH _(N) MARK.. .. X O\ eeaspnear]
PLACE . .A.. . COPRE R __WIRE

NN e CELLJL_,
OVER. __AND PARALLEL \ m /

ol TO.. . THE _NEEDLE. THEN
COMNMNECT A FLASHLLG HT ‘%"’
CELL _ACROSS THE WIRE. AMD\ ——

THE NEEDLE WiLL, MOVE AWAY.  FROM .. ITS _NERTH - SOUTH
ORIEMTATION. (LEAVE  THE. . wWIRE. _CONMNECTED. .  FOR. . ONLY . AN
 INSTANT. TO.  PREVENT. THE. CELL FROM OVERHEATING!) . o i

] MEASURING CURRENT.  ELECTRICITY —

X

THE _ PHYSICAL (0B MECHANICAL). MAGNET | N

MOTION. . 0FE A MAGNETIC \WLE.SSMW(\MM‘MQREMW -
CoMPASS MEEDLE . _IN.. A MAGMNETIC ; —
EIELD _PROVIPES A _ _CONVENIENT \ _ NEEDLE

WAY 10 . MEASURE THE GRUANTITY

QF. QURRENT ELOWIN & I A

WIRE.. THIS. 1S THE . BAsIS. .. OF

e ) TRE __ MOVING.. Colt. CURRENT METER .
. lUSED_ IN..THE _ANALOG  MULTIMETER.. . .
—__ITO_PROVIDE _HIGH . _SENSITWITY, THE. .
o |WIRE_ IS WRAPPED AS A _COIL., ...




DIRECT CURRENT FEIECTRICITY

AN _ EBLECTRICAL CUORRENT  CAN  FLOWML LN EITHEE  OF TWO

DIRECTIONS TRROVGH A CONDUCTOR. IE._ T _ELOWS 1IN
ONLY ONE DIRECTION, WHETHER STEADILY OR IN PULSES,
TS CALLED  DIRECT. GQURREMT (Dc). 1T's IMPORTANT _TO

RE ABLE  To  SPECIEY  THE QUANTITY.. . AND POWER _OF A
DIRECTY . CURRENT. RERE ARE THE KEY. TERMS:

LCURRENT (IT¥~— CcURRENT 1S THE OUANTITY  OF  ELECTRONS

PASSING A _GIVEMN POINT. THE UMY OF  CURRENT. 15 THE
AMPERE , ONE._AMPERE 1S 4,280,000, 000,000, 000, 000

e T 18
(.28 » 10°°)  ELECTRONS PASSING A _POINT_IMN _ONE _SECAOAND

A VOLTAGE (V orR E) = VOITAGE 1S ELECTRICAL. PRESSURE OR

FORCE, VOLTAGE.. 1S SOMETIMES REEERRED TO AS POTENTILAL.

| MOLTAGE  DROP 1S THE DIEFERENCE IN VOLTAGE _BETWEEN

THE. _TWO_ _ENDS .. OF A  CONDUCTOR. THROUVGH . \WRICH  CURRENT
S FLOWING. e MIE COMPARE. CURREMT ToO WATER FLOWING

THROLEH. A PlPEi THEM. MOLTAGE 1S THE WATER PRESSURE.

L POMIER  (P)—— THE WORK PERFORMED _ BY. AN, E(ECTRICAL

CURRENMT LS. CALLED COWER. JTHE UNLY.  oE.  POWER 1S _THE
WATT., THE POWER _ OF. . A _DIRECT CURBRENT 15...1TS VOLT AGE

TIMES 1TSS LURRENT,

T RESISTANCE (RY— . CONDUCTORS __ARE  NOT. _ PEREECT THEY

RESIST... . TO. _SOME. DEGREE  THE FLOW. . OF  CURRENT. THE

DNIT. OF  RESISTANCE 1S THE OHM. (). A_POTENTIAL

DIEEEREMNCE OF ONE.VOLT WILL EORLE A _CURRENT. _OF ONE

AMPERE  THROUAKH A RESISTANCE QF ONE._ oHRM. THE RESIS~

TANCE  0OF A _CONDUCTOR 1S ITS . VOLTAGE DROP...DWIDED RY

THE.  CURRENT ELOWING  THROUGH _THE _CONDUCTOR.

MR, onM!s. LAW— GIVEN PsuMMING  UR = THIS 1S
ANY__TWQ. OF THE AROVE. ., THRE “WATER _ANALOGYY :

NOu. CAN.__EIND _THE  OTHER

TWO. USING . THESE EORMULAS A WATER  LEMEL

KNOWN...AS. _ORM'S | AW (NOLTAGE)

~ ]
R A

V=TI xR & i TAP
I =N/R | (RESISTAMLE)
R=v/1
P=N*T @R T %R < STREAM
- i (CURRENT)
WE'LL REFER _.TO OMM'S  LAW ROTATING TURB\@J b,
LATER. AN _THIS ROOK ... {POWER) v L. ‘/

14
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L MAKING... DIRECT  CURRENT  ELECTRICITY

_|A SURPRISING _NUMRER _OF _ WAYS_ EXIST__FOR_PRODUCING
|DIRECT  CURRENT. _ HERE __ARE _THE BIGGIES

| CHEMICAL  GENERATORS — ELECTROLYTES ARE CHEMICAL

. SPLUTIONS  THAT .. COMTAIN . MANM. . JONS. . FOR EXAMPLE,
o PLSSOLVE | TABLE . SALT. N WATER. . _AND. __THE . SALT _wii  BREAK
e POWNLLANTO. . POSITIVE . Sepium.  tONS_  AND . NEGATIVE __CHLORINE.
b JONS L AF L TWO  PDISSIMILAR METAL. . PLATES . ARE___IMHMERSED
g AN THE L SALT. L SOLUTION,  THE  POSITIVE. lONS. . WL _MIGRATE

L TOWRARD. . ONE  PLATE AND THE .. NEGATIVE _JONS. . WILL M-
L GRATE. .. TOWARD THE _ _OTHER. LE THE. TWo.  PLATES __ARF
o CONNECTED . TOGE THER. ..._BY. . A CONDUCTOR . A CURRENT.
] WILL  FLow.  THROUGH .. THE __SOLUTION._ ((AS _ IONS) _AND

L THE . CONDUSTOR. . (.AS. . ELECTRON s) . THIS__KIND __OF

GGENERATOR. .S . _CALLED. ... A WET CELL CELLS IN__ WHICH

ALTHE L ECECTROLYTE .13 ARSORBED. BRY. . PAPER OR FORHED

JNTO. A PASTE. . BRE._ _CALLED . DRY . CELLS. HERE ARE

. S0ME  CHEMACAL . GEMERATORS  YOU.  CAN MAKRE, HAVE puu'/

zine

PLASTIC

Elem %

e JORLTOORY.... . . TOWEL . SALT. WATER) ; LED
CiPAPER.AND

7
HOLDER > W T
/,/

LEHON oot /// 7
TuICE o4
—7 2%

PAPER _TOW/EL ———
FOLEMON TVICE..., @w@_‘
* N \ ,

MAGNESIUM
L ORLT. PAPER. (.FPAPER (=)

, ,E:D,C',ox.eef_gm EorL

JRCTWVATE thHWFsTER SILVER _COIN. ()

. |CONNECT _Two  0R  MORE_CELLS in B P T Y

_ISERIES TO _FORM._A _BATTERY. WITH.  TOTAL J '

A VOLTAGE . EQUAL TO. SUM_OF. CELL VOLTAGES. CELL BATTERY
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ALTERNATING _ CURRENT__EI/ECTRICITY

LooK EACK. AT THE

MAGMNET
WHEN THE

HOMEMADE SOt . AND
PRECEEDIN.G PAGE._.

"GENERATOR Y _ON___THE

 MAGNET 1S _STROKED
Cole, ELECTRON. S

M. ONE . DIRECTION ALomn G . THE

IN._THE_ __WIRE ARE __MOVED __IN__ONE
DIRECTION.. . AND

B RIRECT.  CLURRENT. . IS PRODUCED. ON
:I?}:\,Em.W.NM.ES.AC..}&WA‘W.“.,SNT_.&QM&“E:W,Mw THE MAGMET. IS . MOVED
AWAY. . FROM

UNLESS
THE cou.i THE DIRECTION QF QURRENT
FLow [F _THE MAGMNET

1S, REVERSED., THEREFORE y 1S
THE COlL,

STROKED .. BACK _AND  FORTH ALON G A
CORRENT WH G H ALTERNATES I DIRECTION . OR.._ POLARITY

IS .PRODUCED. IT's CALLED. AN ALTERMNATIN.G  QURRENT.

—|ROTATIN G

ALTERNATING... CURRENT. (AQ). IS USUALLY. _PRODUCED _ BY
A QO IN._ A MAGNETIC. .. FIELD,

MAGLMET BOTATION

9p°

TRIS 1S, A

f/ s\NE WAVE
|

VOLTAGE

77X

!
1
H
|
I
i

I
l
|
I
|
!
}
|
I
‘Io°

QUTPUT VOLTA&E

R @TAT!NG Col

_VOLTAGE ourPuT . AC. SINE. WAVE

.,D.,.WSJM.,E.w.\.,ww.AME._W,MEASWLA.RE. MENT ~
AL VOLTAGE
SPECIFIED

SJEQUAL...

o PEAK  NOQLTAGE .

K w,

PEAH. o RBMS

MOLYAGE
1S

AT A

USVALLY
VALVE

a0 THE Qc. . UNTAGE

CAPARLE. . O . DOING.. .  THE _SAME

IO

WORK,. EOR. A SINE _WAVE

THLAS

VALUE . 5. 0,207 TINES

THE . _PEAK. . VOLTAGE. . IT's

- e HOQSEHOLD
- RMS

e jCALLED. .
vorace (o QUR&EMT)W s

_THE __RMS...( ROOT.= MEAN = SQUARE) VOLTAGE. . THE. . PEAK
wd AL TIMES . THE. RMS. . VALUE.

~YOLTAGE IS.....S.PEC 1F/EQWWMAMC,QAQ&QLL\Jéw.w.“,‘.mtrzo ITS:
w_'J:?;{EJENEE.':!5«:2&11,,N,M,M..,V,,_p«,,.h.‘_w..,.1!.—1;2.@5&Hoz,z:u. OF. 120 =MOXTS.

A ME...
VALVE ...

- JCORRES PONDS

L MOLTAGE.. .
TO.._A PEAK VLT AGE....0F. 120 % . 2. 41 _0R  10.2= VTS .

J SUSED—ACfSEE,TTERSUITEDﬁ-MN DO FOR

TRANSMISSION

WIRE . CARRYING

THROUGH...  LONG. . DISTANCE. POWER . LINES.. A
Al WL INOUCE.. A CURREMT.  In.__A MEAR&):MWMWW_@,

WIRE .

THIS 15

THE  PRINCIPLE. _ BEMIND _THE. TRANSEORMER.
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JELECTRICAL _CIRCUITS

AN

BN E.uicmtmc.,
CELECTRICAL ..

As. ... SIMPLE AS

A

C.L,E“CUJK:IZWM
Lo e e W Ny
CURRENT. ..TD Fz_ovu.

m,m..['.\u!.‘)JX AR. RANGE

MENT

A

THAT. PERMITS

CILRCUVIT CAN EE

AS

COMPLICATED ...

BATTERY....

CONNECTED

TO. A

A .DIGITAL..

e lCOMPUTER.

LAMP oR.._

. A__BASIC ..

LIRCUIT  —  _THIS .

EAsIC...

e EDEED

A . SOURCE QEV

ACLREMT . CONSISTS. . OF

D S

ELECTRICAL  CURRENT.

LA BATTERY), A

LAMP  AND.. TWO

e CONNECTION
OF. A __CRCLIT. . W

e MO R 15

IN._OTHER .

AN

e MIRES

ELECTROMAGNET, ETC

THE... PART..

HICH  PEREFORMS
LCALLED .

LS

LOAD.
THE.  LAMP,

2.

LIRcLIT S, . THE . LOAD
AL MOTO Ry

AL HEATING. .

L ——

MABYL

THRAMN...
quw._rrm-\ R

~ONE

SANCLUDE L MORE

WareyY P OMENT... —

ANEEN. L

AL SERIES . CIRCUIT IS FORMED
e W) e

GEIRST. L ELOWS.

ANOTHER. (CARROWS..  SHOW
DIRECTION..

uL.15\4M,R,.,an.M..QJ:Q&,WETC.)QWW.

VRREMT .. FLoAWI NG
LONE  COMPAONENT. s
THROUVGH. ...

OF._ELECTRON. FLOW.)

F:..ow ,‘.W~ELEA_MEN:1:,,,M‘
AU AL SERES . CIRCUIT.— A CLRCUIT.
. | A PA RAL.LE.L, C. IRCUIT—~ A

LONE N

ol I%curr
MO
e COMPONENTS. ...

e NECTED. . S0..

A3 EQRMED. i
SOR. MORE
CARE CON =
CURREMT
TR ou.6.H
OMPOMEMNT

WIT g =~

JAAVING.
FLOW. .
AMOITHRER.

EILRST
THROUGH

RELECTRICAL

ARE

LBOTH. SERIES o

LELIRCUIT. AND.

PARALLE L

Ao PROVIDE M

PATRH
BETWEEN. _THE . .. —

TS e

POWER. _SUPPLN.. .

e AL DERIES = PARALLEL . CIRCUIT. . MANY
. CIRCUITS

} .
I

— - p : 1\\{_, oy P ,:\\f ,..Af‘.. ALt

WS, /0 e COMPLETE
1‘\\ f EON .
,,,,, P}\R ALLEL T
L
. 20 ]




D cireuT DIAGRAMS — THUS FAR_THE ELECTRICAL. CIRCUITS

S HoudAl LA THLS Book HAVE BEEA ILUSTRATED.IN_PICTORIAL

FORM.. PICTORIAL _VERSIONS. . QF  CIRCHWTS Wied . . BE QSED
I THE NEXT SEVERAL __CHAPTERS. ...AS WELL. LATER. ... AN
THE . BooK. __THE . PICTORIALS WILL BE REPLACED _RBY. CIACUIT -
DIAGRAMS INALCIRCULT.... DIAG LAM PICTORIAL. _VIEWS OF.
__ 1COMPONENT.S . ARE REPIACED. . _BY. . COMPONENT. . SYMBOLS.
' - \.;\f
YL garTeRY LAMP R L2 A H .
e () _(‘_‘;) (L) = R Q f’) 9,
L3 L&
e  COMPONENT.  SYMBOLS SERIES—PARALLEL CIRCUIT

O ElECTRICAL "SHORT ClRcuIT.—  WHEN. A WIRE _OR. OTHER oo

CONDUCTOR 1S PLACED ACROSS. _THE. CONNECLTIONS. . OF A

COMPONENT., SOME OB .ALL...RE. ANY CURRENT N THE
CIRCULT MAY TAKE. A ... SHORTCULUT THROUGH. . THE.  CONDOCTOR e

‘s worT’ _crecurTs SucH  AS  THIS.  ARE  USUALLY. UNDESIRABLE . . ..

AT _BEST THEY . CAN_. .. . CAUSE BATTERIES .. TO RAPIDLY e
LOSE THE. IR CAPACITY. AND  THEN. .. CAN _CAUSE. . DAMAGE ... .. .
O WIRING . AND COMPONENTS. 'SHORTY CIRQUITS. .. CAN. .
o lBvEN _cAUsSE  ENOUGH. . HEAT. TO __IGNITE _ THE _INSULATION
don A wnre ! CAUTION:  THE  HUMAN.. . BODY_ _ CONDUCTS
ELE CTRACITY .. THEREFORE. .. CARELESSLY. TOUCHING. AN
o |ELECTRICAL . CIRCUIT  MAY. . CAUSE A . "SHORT! SIRCUIT muan
(B THE  VOLTAGE AND __ CURRENT.. . ARE  KIGH.  ENQUGH 4 YO e
e fMAY.___RECEIVE A DAMGERDUS. R EVEN. LETHAL  SHOCK. ... B i

O ElLEcTRICAL “"GRAUND'—  ONE  OF THE WIRES . OF. THE ...

A LANE 18 CoNNECTED . T EARTHA._..BY. A _METAL.. ROD.. METAL

ENCLOSURES. _ OF _ELECTRICALLY. POWERED. DEVICES ARE . .CONNECTED

Th TS . LEGROUND  WIRE TS PREVENTS. A SHOCK  HBAZARD. ..SHOULD .. N
A_NON=GROUNDED WIRE MAKE. COMTACT  WITH. THE METAL ENCLOSURE. e

WITHOWUT.. THE . GROUND  COMNECTION,. ..A.  PERSON _TOUCHING. THE DEVICE e
WHILE  STANDING _ON_TRE _GROUMD._...CR...A  WET ELOOR . MLGHT ...

Recewe A DANGEROUS  SHOCK. 1Y . ST
e lEBROUND. Alse  REFERS I ...THE [{ i /2

OLT <P

COINT IN_A CIRCIT AT 2ERQ .
VOLTAGE ,  WHETHER _OR poT 12 v o THIS . 1S GROOMND. i
1T S CONMECTED To  GROUND. Nt / L OVOLTS) MANTH
EOR _INMSTAMCE , THE MINUS 1 RESPECT.. T e
(=) _.S10E._ DF THE . BATIERY — L A2V AND =iV
N THE  CIRCULITS. . _ABOVE _AND Ve v “\K .
OM.. . THE  PRECEEDIN.G.. . PAGE = GROUND
CAN. BE . CONSIDERED  GROUMD.. =>-2v___ symMgoL




JPULSES, WAVES . SIGNALS _AND NOISE

ELECTRONICS 1S THE. _ STURY. _AND __ APRLICATION _ OF.  ELECTRONS ,
JTHEIR . BERAVIOUR _ AND. . THEIR _EEFEQTS. TRE. QUMPLE ST AP~
{PLICATIONS . _FOR . ELECTROA.S . ARE __STRAIGHTEORWARD Al _AND

ADC QIR CVITS N WHICH A CURREMT. 1S.... USED___TD._ . POWER
JLAMPS . ELECTROMAGNETS,. . . MOTORS ,  SOLENDIDS. _ _AND _ SIMILAR

JODEVICES.. . WHAT __ TAKES . . ELECTROMICS FEAR REYOND. . THESE

1BASIC. . APPLICATIONS. . IS THE EASE WITKH . whcH STRE AMS

JOF  ELECTROMNS. CAN BE.  CONTROLLED — AND MANMIPULATED

e SMIATCH m

ORI SOV 0 - Y - | : & )

L
+

- S-VoLT”
N cecs
-

M

I

J TS . SINPLE  CIREUIT... IS REALLY. . MORE . USEFUL  THAM . IT.  _EIRST
| APPEARS . BECAUSE . Y __ CAN__ SEND. . INEORMATION. . BY. . CON=

L VERTING... A . WPLA NMED .. SEQUEAMSCE O0F _ SWITCH QLOSURES __INTD
) ELASHES . LLIGAT.

THE _FLASHES
OF _THE LAMP
CAN RE

REPRESENTED

BY _A_DIAGRAM

e ONLL LIRE TH\S ,
OFF. .J e

.
o

APATTIERNS. o Fo BCASHES. . OR. RULSES. LIKE.  THESE QAN REPRESENT .
ACOMPLEX . INFORMATION. . . LIKE. . SPEECHK.. . OR. . SPEECH. __CAN _RFE _TRAMNS=

o fFORMED T O. . PROPORTIONAL . VARIATIONS. IN._ THE _BRIGHTMNESS. OF. A
e MLAMP,  HERE'S A SIMPLE. . _WAY __TO _SEND __ _VOICE _OUEE A REAM
,,,,,,,,, OF .  REFLECTED.  LIGHT '

Lo Foil GHT e THE LIGHT (STENSIY

VRICE SIGNAL.
AR
/

A /4

Ul 2” S

LMOICE
SIGNAL







e et
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IWIRE _AND CABLE

. |DOZENS. _OF __OIFFERENT  FAMILIES _OF PARTS. _AND
e {COMPONENTS | BLOCK, CARRY, . CONTROL, . SELECT .  STEER
e | SWITCH g STORE. 4. MANIPULATE ,  REPLICATE ., .  HODULATE

e PO LEXPLOXT. . AN ELECTRICAL. . CURRENT. THOSE. THAT
o JUSE. L SEMICONDUCTING. .. CRYSTALS. ... RRE SO IMPORTANT
L JWENL . DEVOTE . AN ENTIRE _ CHAPTER TO.... . THEM.
YOO EIND  JUST. ABOUT.  ALL _THE. _REMAINING. PARTS.
YoU. . SHouLD. .

S

s e oAl

L KNow ABouT N THIS CHAPTER.

LJUDED . T  CARRY. .. AN ELECTRICAL  CURRENT.  MoOsT.  WIRE

e A S MADE  FROM.... A LOW.  _ RESISTAMCE  METAL  LIKE

o COPPER ... SOLID . WIRE 1S A SINGLE. ... CONDUCTOR. ..
| STRANDED.. . WIRE IS TwWo. . 0R MORE  TWISTED.  OR. . BRAIDED . ..

| BARE _ _ CONQUCTORS. . . . MOST. . _ WIRE 1S PROTECTED.. BY AN

e INSULATING . COVERING OF PLASTIC .. RUBBER . OR _LACQUER. .
AWIRE L WHICH . HAS  BEEN._ TINNEOD._ . !5  EASIER.. .TD.. SOLDER. o .

 SPECIFICATIONS FOR BARE. COPPER  WIRE

| GAUGE | DIAMETER (imcnes) | FEET Jpound | FEET Jonm

I L 05082, ... 127.9 .| ..249.00] .
.18 L+..04030 L2034 . ]...186.50]
20 03196 323.4 98.50
o2 02538 514.2 L1.96
ol H 02010 877.7 28.96
2l 01594 13060.0 24. 80
28 012 LY o 2067.0 15.41
30 L1003 22870 Q.69

o iCABLES  _HAVE _ OMNE.. . OR.. .I170RE. _ CONMDUCTDRS AND MORE. A =
A SULATION THAN ORDINARY. .. WIRE. .. COAXIAL... CRARLE _CAMN. ... .
4 CARRY... HHGH. ... FREQUENCY _ SIGNALS. (LIKE. TELEWSION).

<=r
< ao. s s

0 CAUTION ! . ALWAYS __USE. . WIRE. . RATED. . FOR _THE _ CURRENT =
o AT S T CARRY . JE AL WIRE . IS _HOT TO _THE . TOUCH,Z .
TS CARRYING . TDO. . MUCH. CURRENT. _USE A HEAVIER S.
| BAUGE . WIRE _OR.. REDUCE _ THE:  CURRENT. OTHERWISE ... O3 .

DSz T

L 84— oR). A > T 2 = D ==
—,

S

A A AT S YL 03 e A T et o R 1







RELAYS

A _RELAY. 1S AN ELECTROMAGNETIC SWITCH., A SHMAaLL
CURRENT _ FLOWING. .. TRROUGH. ... A COM IN. . THE. __RELAY
CREAYES _A_  _MAGNETIQC  EIELD.  THAT . PULLS ONE __ SWITCH
COMTACT AGAINST. . OR AwWAY FROM ANOTHER. »

.o MOVARLE COMTAST

SR - T3, N
CONTACTS ~—» & | E—7
= |2 €—— RETURN. _SPRING
o = SR
A X _=im\
CONTACT {1 -~ MOVING. . CONTACT. LEAD
LEADS y o

Qoid \CNL LEADS

0. _RELAY . SYMBOL— THE.  ARRANGERMENT. . OF _ CONTACTS. . CAN

e PROVARE. . SPST, SPDT _ DPST  DPDT. . AND .. OTHER _ SWITCH.o. . -

OPERATIONS . S

0 THIS. 1S THE . SYMBOL
- 4 EOR...A. . _RELAY. MITH
p RPOT...CONTACTS.

L) REED. _SwWiITeH.  RELAYS — AN ENCLOSED . GLASS TUEBE e
HOLSIN.G A PAIR. .. OF QLOSELY SPACED SWITCH COMTACTS.
) A REED SWITCH . A . MAGNET.IC FIELD Wit
CLOSE THE COMNTACT S, TH!S MAKES POSSIBLE. A VERY
SIMPLE SPST RE{LAY.,

o SWITCH ™ coln
/ CONTACIS ‘\ﬁ\\ \\\
4 AN ) e v

REED/ A ﬂ

B8 TN REED . switen SWITCH \
REED ... RELAY

iy il IR R ENT s

AMOVING. COIL.__METER /. _MouNTING

.............. SEREWS e

A Colt  ON...A. . _PWVOT __RETWEEN
THE POLES OF A U~ SHAPED
MAGNET VAT R ROTATE WHE A
A _CORRENT IS PASSED _THROUGH. ... "
THE _ ColL THIS ... 1S THE. PRINCIPLE y
QE ..TIRE. . .MOVING ColL METEER. ZERD _ADIUST

26




MICROPRONE S AND SPEAERERS

A MICROPRONE CONVERTS SOUND.. WAVE.  VARIATIONS

— _|CORRESPONDING VARIATIONS I AN ELECTRICAL . CURR
e TRE . S00ND. . WAVE  VARIATIONS  _ARE  EIRST _ CONVERTED.
e JTO  BACK = AND= FORTH . MOVEMENTS _ OF. A FLEXIBLE . _FlLMm

CAUSE VARIATIONS . IA__ AN ELECTRICAL . CURRENT . EY _ANY.
OF THE _  EQOLLOWING . MEANS &

[1 CARBON=— MOVEMENT _OF THE DIAPHRAGM _ CHANGES  THE PRESSURE
__|aPeuED To A CAPSWE _OF _ CARBoN.  PARTICLES. . THIS. CAUSES. ...
| PROPORTIONAL _ CHANGES N __THE _RESISTANCE _ OF THE CAPSWE. ...

CI OYNAMIC— A SHMALL  COIL__ IS MOVED _THROUGH A MAGNETIC
e AFIlELD _AS _THE | DIAPHRAGM. . MOVES. ... THIS  CAUSES . Ao
—  |PROPORTIONAL..  OUTPRT. . CORRENT. .T0. . RBE GCENERATED . .

............. O CONDENSER— THE.  MOVING. DIAPHRAGM.  ALTERS _THE. DISTANCE . . .
e | BETWEEN . TWO. METAL  PLATES. .. THE.  RESULT. ... 15 . A PROPOR— . . .
e A TIONAL  CHANGE IN.__THE _QCAPAQ)ITANCE _0OF THE. ATES. ...

e A CRYSTAL = A _WAFER __OF PIEZOELECTRIC _ MATERIAL  {WHICH ,.k.ERoknu..cesw.A.A.N.;,.,.A‘,',.A,;M
A VOLTAGE _WYEN _BENT. BY THE PRESSURE . OF SOUND. WAVES) FORMS.
e JTHE _DIAPHRAGM. . OR 1S MECHANICALLY. LINKED. 10 . THE DIAPHRAGM.. o,

A _SPEAKER __ COMNVERTS. _ VARIATIONS. IN... A CURREMNT OR. .. . .
e A MOLTAGE  INTO o SOUND . MWAVES o THE o T e MO T i
. loommon. _SPEAKERS.  ARE.G_..___

|0 MAGNETIC — SIMILAR N PRINGIPLE _TD. A _DYNAMIQ  MICRO=
e LRONEL IN FACT, A MAGNETIC SPEAKRER (AN . BE USED . ...
) AS A MICROPHONE , .

|00 CRYSTAL—_ SIMILAR._IN.. PRINCIPLE. TO. A _CRYSTAL MICRO~
PROME. ., A . CRYSTAL _SPEAKER CAN  DOURLE. .AS A MICRO.
PRHONE .

5 PIE20.. CRYSTAL B e e e e e
. J _ﬁ_m_,mwmnwéuf PORTS %l PAPERCOME oo
| \G . MR GNET L o oo i
WMM m_iVL — e \——f"_.l“_“m[J"h“‘:::,»mohwym.,,cs_\.,.h,‘\co.u.-u.,.*.
s ol CVOIRE QOIL)

4
=L TN
ICRYSTAL \

MICROPAONE. 7 MAGNETIC
DIAPHRAGM _ SPEARKRER .




REQUISTORS

RESWNITORS COME 1N D0ZE NS .OF SIZES AnD SHAPES

BLT. _THEY ALl DO THE SAME __THING. . _LIMTT CURRENT, .

MDRE __ ABouT . THAT __LATER., EIRST, LET'S SEE  HOW. A

™YRPICA L RESISTOR 1.3 MADRE |

*
OR RESIST

TYPICAL  CARRON. . COMPOSITION )
RES\STOR 2~ /
. 2
\/// ALT.GOING
CURRENT
INCO ML A \-WmE LEAD
e CWRRENT

N CARBON. OO POS LTION

/ 7'Li// & \ — PROT ECTIVE HOUSING
| "~ \\ N\ -

\/- S~ CoLoR__ CODE RAMDS

"opgeon  coMPosITION' 1S TUST A _EANCY. . WAY OF DESCRIBING

POWDRERED CARRON MIXED WiTH A GLUE—LIKE  BINDER.,

THIS KIND . OFE RESISTOR IS EASY To. . MAKE. AND. 1TSS

RESISTANCE CAN BE CHANGED ERoM. . ONE RESISTOR .

TC __THE NEXT SIHPLY BY CHANGING THE RATIQ OF

CARRBON  PARTIGLES . . .TO.  BINDER.  MORE. . CARBON  GIVES

LESS RESISTAN CE.

LI DO-1T-YOURSELE RESISTORS — Nou AN __MAKE A RESISTDR

BY DRAWING A LINE  WITH A SOFT_ LEAD PENMNCIL AN A SHEET

OF PRPER. . MEASVURE THE RESISTANCE OF THE LINE
OR PoInT. S AlLONG (T By . TOUcHING  THE PROBES o A
MULTIMETER TGO . THE LINE . EE. SURE 0 SET.  THE
MULTIMETER....TO . ITS BAGHEST RESISTANCE SCALE . THE
RESISTANCE OF A SINGLE LINE MAY BE _TOoO _HIGH
T  MEASURE. IE....50., prAaw OUER THE LINE A
DOZEN OR SO TIMES.. HERE'S WHAT. I MEASURED &
N\ > PEMROIL  LINE
\\\‘ \ // £ -y
/ ) 412,000 7 7 1,800, 000, . 3,460,000 ="
, QHMS ,,é);/’ QHMS nJ’ OHMSc ="
PROBE L7 o L‘{,‘“
’ S ¥ - 2
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0 RESI\STOR  COLDR  (COPE. ~— <SEE  THOSE  COLOR.CODE
BANDS. _ ON__ THE _ RESI\STOR  PICTORIAL 2 IN_ REAL LIEE
THEY'RE XIND _ OF  PRETTY. BT  THEY. HAVE _A. _EFEAR
MORE IMPORT ANT PURPOSE & THEY INDICATE. __THE,

RES\STANCE OF THE  RESISTOR THEY . DECORATE ,

RERE’S HOW._+

COLOR. .CODE.  BANDS

SN COLOR

BLALK
BROWN

......... NOEE - SOMETINES
10 THERE'S. A FOURTA .
100 BAND.. LT _INDICATES
1,000 |THE  TOLERANGE. OF ..
e AR 000 JTRE RESI(STOR

ORANGE
YELLOW

0
1
RED ' 2z
3
g
s

GREEN

100,000 ...

RLUE. ... lo 3,000,000 GOLD 2 RS Y

MMMMMM oo VIOLET 10,000, 000 iowVvER= 10 %

P’
mmmmmmm o GRAY o) 100,000, 000 Inene =% 20%

é—DUJs.Ji;‘yl-téwgmHjo

........ o WRUTE_ 9

_{NoNE) e N
L OR ACCORACY o

(DOKS  COMPLICATED THE EIRST  TIME . .. RBUT._ Nou'lL QuICKLY.

LEARN  How To  USE 1T,  FOR EXAMPLE , . IWHAT')S  THE e
RESISTAMCE OF A . RESISTOR. .  LOLOR. . CODED . NYELLOW 4 .,
A VIOLET  AnmD. REDP _ YELLOW. IS THE _ _FIRST __COLOR. SO ..

e LTHE  FIRST NUMBER 15 4. VIOLET . IS . THE . SECOND

e LDLOR. . SQ L THE . SECOND . NUMBER 15... 7. SINCE. THE
TRIRD. . COLOR. 1S RED o  THE _ HULTIPLIER 1S 10O .
THEREFORE ,  THE RESISTANCE 15 47 * 100 0R.

L7000 OHMS .. ND  FOURT™  CoLoR ZAND MEANS THE

ACTUAL  RESISTANCE 15 4200 % 20 % . 20.%. OF

Ha00. L2 940 THEREFORE , THE. . ACTUAL VALUE IS
e BETWEEN. .. Dl AND.  SeH O  OBIAS o

MMMMMMMM 0 SURBSTITUTING. .. RESISTORS — WHAT. _JF..You. MNEED A . . .
[ (700-0CHM. . _RESISTOR . BUT __CAN.___ONLY. __ EIND A B0~ 0HM.
URIT 2 You  CAN _ALMOST.  ALWAYS. OSE _ ANY.  VALUE. _WITHIN. .
10...OR_._.20°%. .  QF. THE . REQUIRED. . VALVE. . . SO GO AHEAD. . AND. .

e AT, 1T A _PARTICLAR _ CIRCIT. . REQUIRES.  MORE ACCURACY. .
1T WILL  TELL. YO . OF _ _COURSE. . NYOU. . CAN. . Bultp 0P  CUSTOM.
RESISTANCES . BY CONNECTING TWD _ OR. . _IMORE . RESISTORS .
IN _SERIES OR..IN_PARALLEL .  MORE  ABwr. THAT.. LATER.




O RESISTOR SUBSTITUTION PRECAUTIONS — RESISTDR S THAT

CONDULT LOTS. OF . CuRRENT CAAl. _ BECOME VERY HoT |

e TAEREFORE o ALWAYS USE. . RESISTORS. .. HAVING. THE

PROPER. . POWER . . RATIN.G. lE.__A PROTECT..  YoulRE

e L BOLEDIN G DOESN'T..... SPECIEY.. . . . THE .. . POWER RATIN G

FOR. .. 1TS.  RESISTORS .y TS USLALLY. ... QK. T . LSE

Vg __oR._ Y2 WATT. . UNIT.S.

10 SOoME  RESISTOR. . SHORTHAND —  OFTEN._ _You'tt  SEE__RESISTORS

| DESIGNATED . WITH. A K OR . M _SUFEIX s LIKE . HI1K.  OR

IOM,. K. MEANS. KILO ,. . RETER. THE . GREEK. . IWORD. . FOR .
1.000.. . THEREFORE , 43K . MEANS. _ H7 X 1,000 . _0R 47,000,

IS . SHORT . FOR __[MEGOHM OR 1,000,000 OHMS.

M
THEREFORE. ... A.. . 1M  RESISTOR. .. HAS _A.  _ RESISTANCE _OF

L XLy Q00,000 OR...L 000, 000 OHMS. . SUMKMING. L.,

K= % 1,000 (41K= 47 %X 1,000 = 47,000 OHMS)

M= x1,000,000 (2.2M7=2.2 ¥ 1,000,000 = 2,200,000 _OHMSY. . _

D) _OTHER __KINDS.  OF RESISTORS — _THE . CAREON

|LLAOMPOSITION.  RESISTOR 1S _OANLY ONE.  OF SEVERAL

MAJOR KANDS. .. OF RESISTORS ... HERE ARE _QOTHERS + . ..

METAL ElLMm.  RES\STORS.... VARIOUS .. KINDS ___OF  RESISTORS. .. ..
THAT . _USE A tTHIMN. . ElM . OF _METAL __OR. A . [METAL. ...
PARTICLE MIXTURE . . TO0 _ ACHIEVE _ VARIOUS  RESISTAMCESa .
CARBON. _FlLm RESISTORS o THESE . _ARE . _NADE. __EY
DEPOSITING . A .. CARBON . _EWM. .__onN.. A SMALL.  CERAMIC . .
CYLINDER . A SPIRAL.  GROQUE . CUT _INTO.  THE _ _F/itM
CONTROLS, . THE . LENGTH.. . OF. . . CAREBON. . . BETIWEEN. THE oo

LEADS .. HENCE __THE. . RESISTANCE..

WIRE. -:,wau};);bm..W.M&E.sjs,:t.q&ﬂs . THESE CONSIST _ OF A
TURVLAR .. FORM... \WRAPPED. b TH. . COILS. . OF RESISTANCE. ...

WIRE.. . THEY _ARE _VERY . ACCURATE __AND _ _CAN __TAKE ... . _
LOTS oOF HEAT.
PUOTORESISTORS... . ALSO. CALLED. . PHOTOCELLS.. .. MADE.
FROM... A LIGHT.  SENSITIVE..  MATERIAL. . LIKE.  CADMIUM. o
S it SMLEIDE o INGREASING. TRE  LIGHT . LEVEL. . PECREASES .
THE RESISTANCE.. MORE. AROUT. THIS LATER .
,,,,, - TRERMISTORS . THIS s A TEMPERATURE __SEMSITIVE e
RESISTOR.. INCREASING THE TEMPERATURE. DECREASES .-
THE RESISTANCE (v MDST  CASES).
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ICAPACITORS.

THERE ARE. MAMY. KINDS OF..._ CAPACITORS , BUT _ THEY
o VALL. DO THE. . SAME.  THING..: STORE. ELECTRONS . THE

S EST. . LSAPACITOR S TAID o G ONDU CTOR S SEPARATED
BY AN INSULATING. MATERIAL . . CALLED THE DIECECTRIC
ALIKE THIS &

e et / CONDUCTING
CHARGE .. \( 1/ PLATES.. .\

CONMNECTION

) b LEADS oo Z O \DiELecTRIC
- ’ \ /
\"*——_.——/

) THE_DIECECTRIC .. CAN.. BE . PAPER. . PLASTIC. . FltM. . . MICA.,

o) BLASS . CERAMIC o AR __OR A . VAQUUM. THE.... . PLATES. .. QAN

e BB ALURINUE DISCS .,  ALUEMNUM. . FOI.  OR. . A THIM _ EILM.
N OF _ METAL. . APPLIED. . .TD... QPPOSITE . _ SI0ES. . . . OF A . S0lD. .. . . .
| DIELECTRIQ. . THE  CONDUCTOR —~ DIECECTRIC = CONDUCTOR..  SANDWICH. . . .
e |CAN  BE | ROLLED. . ) iNTD A CYLINDER  OR.. LEET.  FLAT... 10RE. . . ..
_JABOUT... TYPES. . 0F __ CAPACITORS. .. LATER.

o How TO MAKE A _CaPACITOR

NouU..CAN_ _MRAKE A __CAPAC\TOR . FROM. TWO. _SHEETS OF
Qo ALUMINUM. BOlL  AND. _ONE _SHEET OF  WAXED PAPER. EOLD | . ..
| THRE _PAPER _ARDUND. _ONE . _ EOIL  SHEET . AND  STACK. THE SHEETIS | ..

JLIKE  THLS S

THEN . FOLD . THE. .. SHEETS foo.
Eoll....._ L 4 VEVKE. CTHLS. s

| i 74/ 7 =r

AP = 74

.|| Forpep A 4« £ /J“‘-—- For. =" 7~z T

) - P
JPAPER waxep  PAPER

BE SURE_THE . FOIL SHEETS.  DoN T ToucH! _ PRESS Tue |
CONTALTS . OF. A - Voer . . BATTERY. _BRIEFLY IO THE . o
| EXPOSED EADS OF THE EOlL SHEETS. THEA
TOUCH THE PRORE S OF A HIGH = IMPE PAN CE
. MIWLTIMETER To. . THRE Fotl SHEETS. THE METER
e ML INDICATE A SHALC VOLTAGE. FOR A EEW/
SECOMDS, THE. . VOLTAZE Wil . THES FALL TO. 2ERD.




48 CRARGING. A

CAPACITOR — THE _MINUS. _ SIDE _OFE
JOVR . HOMEMADE . CAPACITOR ... .15 . CRARGED .
e JALMOST . AMMEDIATELY o  SINCE. _ RES\STORS.  LiMIT. . CURRENT .
YOO CAN SLow . DOWN. . THE . CRARGING _TIME _BY PLAC- .
NG A RESISTOR .. ..

Ja) rrHE LECTRONS...

BETWEEN.. . . THE _ CAPACI\TOR. . A~ND. ..

ATRE Qo VOUT BT YE RN oo

9 voLrs.

jin) D\SCHARGH\SG

b A CHARGED . CA P_A.c._l.:mg,._ e WILL . GRADUALLY . LEAK . THROUGL
e THE . DIELECTRIC . UNTIL  BoTH . PLATES... HAVE

_HEee's A 9N T
_ GRAPK oF TME . % | /.
CHARGING TIMED. _ ®

- _

_CAPAC\TOR — THE ELECTRONS. _IN_ .

AN__EQuAt

| CHARCE.  THE _ cAPACITOR  |s. THEN  DisCHARGED.  TME .

LCAPacrATorR .. Can . BE Dy

b DVPPLY  WILL . STORE. ..
|.ELECTRONS. ! MOST

4 DISCHARGED MORE
LRESASTOR . ACROSS. .

|0 SPECIFYING  CAPACITORS — THE ABILITY TO STORE
CELEQCTRONS 1S KNown AS CAPALITANCE . . CAPACITANCE 1S  SPECIEIED. ..
JIN_ FARADS. .. A I-FARAD _ CAPACITOR .. COMNECTED ToO A . 1-wvoLT

SCHARGED  VERY. . _QuiexeY. . BY.. . CoN—

SLoweN L BY  CONNECTING..

CHERE'S A
__GRAPH._OF TE
__DISCHARGE . TIME: .

CMARGE.

Y

G280, 000, 000, 00D, 000,000 (6.28%10")
CHPRCITORS HAVE MUCH. . SMALLER  VALUES.. ...

L SHALL .. CAPA cv_mtaasm __ARE. . SPEC \ELED. N PICOFARAD S. (TR'LLFONJTHS

e OF B FARAD) AND . LARGER. CAPACITORS.. ARE. . SPECIEIED . IN.
JMCROEARADS  (MWLIONTHS _OF . A _FARAD). .. SUMMING. . UP:.

DSuBSTuru-rws . CAPACITORS — THE _CAPACITANCE _ SPECIFIED. .
L FRpR. THE. . ACTUAL ...

_FOR _  MobST.

'J_ 'mcgomano = . LuFE
.1.7PICOFARAD = 1pF

.M.O 000 000 000, 001 F

mn%’

MALUE a THEREFORE. ... . NOU. . CAM .. . DETEA oo

e DYBOTATUTE . CLOSE. . VALVES . FOR . A .  SPECIEIED.  MALUE oo

BE  SuURE .

HOWEVER . . TO_ . USE. ..
AT THE . EXPECTED . Mf

A ___CAPACITOR. RATED. .
VOLTAGE  LEVEL '
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O CAPACI TOR SUBSTITUTION

MAKE SURE..

PRECAUTION S — You. MUST

Use

VOILTAGE

MEETS. ..
RATING.

THE CAPACITOR You ... PLAN.TD ‘
OR. _ EXCEEDS. .. THE. . REQUIRER.

MAY

BE __ZAFPPED

OTHERWISE ... . ITS . DIELECTRIC
8y  THE.. . STORED. CHARGE.

THE VOLTAGE..

RATING 1S USLALLY. PRINTED

oMn._ THE

CAPACITOR ...V MEANS. .. VOLTS.
do  MWORKING I/DLTS

Wy

(SAHE ‘mms).

O KINDS __OF

CAPAC ITORS — (CAPACITORS

ACCORDING

REEERENCES ™

CERArLC.,

1o THEIR. . RLELECTRIC

ARE _ OFTEA. LABELED. . __.
THUS You e SEE

POLYSTYRENE. .. .AND ~MAaNY

OTHERS. ALL THES.E ARE.

MICA .,

SOHE _ CAPACITORS HAVE A

EIXED .. MALUE. . CAPACITORS.
VAR ABLE LCAFPAQITY ArD

| A SPECIAL. .. CLASS . OF __ FIXED . . CARPACITORS. . ....HAS. ... L1UCH

MDRE . CAPACITY... THAM. . . OTHER ... CAPACITORS. . HERE’S. _IORE.. . .

VARLABLE . _CAPACITORS ... THESE . USUALLY. . HAVE _ONE. OR.. MNMORE

NOA) = HOUNG. . PLATES. ... .ANO. . ONE. _ OR . HMORE. . . MOVING... . . CLATES

THE. CAPACITANCE. . 1S CHANGED . By _ RoTATING. A ___ROD ... ..

AEE IXED ™ OME__ SIDE... . OF. . THE MOVASLE PLATES..

MOVABLE o

4—36 REWDRIVER
< PLATES. N EVXED

FIXED .. o - e DADMABLE, |

[ LY .. -
& < pate

nares =2 nae

¥~ TERMIMNALS

THIS. .. . KIND . 1S OSEQ .. TO TUME. .o T

LTHLS  Kiap. 15 USED
RADID.. . RECEIVERS _AND. _  TRANS =

LDTUME  DSCILLATDR.S LIkE
S MITTERS v . THE  _DIELECT.RIC THOSE.. . . LIED IA . DIgITAL
15 suALLy. . AlR.

 WATCHES. . THEY'RE _SMALL. .

ELECTROLYTIC . CAPACITORS.  UNIQUE. _ IN.. THAT A. .. THIN

OXIDE __ LAYER FORMED. . OM .. BLumIisUM... . OR. . TANTALYM oo

Folt s THE _ _ DIELECTRIC. ... [TUCH . HIGHER CAFPACITANCE

THAM.... . NON - ELECTROLYTLC. ... TYPES ... TANTALUM...... UMLTS

HAVE _ MORE. . _CAPACITANCE . PER. . . VOLUME .. . AND. . A _ LONGER. .

LIFE _THAN... _ALUMINUM. _ ELECTROLYTICS.. . BT . THEY

COST MORE., . MDST  ELECTROLY.TIES. . ARE _EOLARIZELD oo

THEY MOST  RE. . CONMECTER INTO A ClRouLT I THE
PROPER DIRECTION &

(j

POSITIAVE LEAD.. SUST.

o3

Go..TO MOST.. . .BOSITIVE
e LONMEC TIOMN . POINT

='_—-:_..._-<+'
D

GML:EWQI
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RESISTOR.  AND.  CAPACITOR .  APPLICATIONS

RESISTORS AND CAPACITORS ... ARE THE KEY INGREDIENTS

oF MANY. ELECTRONMIC ... LIlROUITS. HERE ARE SO/ E
REASDAIS WHY &

10 PoweR SuPPLY  FEUTER. —. A CAPRCITOR.  Witl. . SMOOTH

(FILTER) .. _THE _ PULSATING __ VOLTAGE . FROM. . A .. POWER

SUPPLY. . INTO A ___STEADY. . DIRECT _CURRENT (DC) wvo

+

F i C (PRSP S
......... /\V/\Uf Y AN e FILTERED _ouTPuT. VOLTAGE

F

o = — i ¢ne)
RouUN D
ALTERNATING Iy 0

_CURRE NT._ (AQ).... RECTIEIER (1oRE. LATER)

E1 SPIKE..  REMOVER = DIGITAL . L0GIC. . CIRCUIT.S.,  WHICH WEYL
FIND._ . OWUT.__ MORE. _ABOUT.. . LATER 4. . QAN USE. . &OTS. . OF CUERENT

MOMENTARILY.. WHEN . ... THEY. SWITCH.. .. .FROM OFF _TD. . OM

OR _VICE WERSA. _  THIS ... .CAN. .. CAUSE. __ VERY .. EBRIEF. _BUT

SUBSTAMTIAL .. REDUCTION.S IN Pow ER APPLIED T0.. MNEARE Y

CIRCUITS..... THESE . PoOwER . SPIKES.  (OR. . GLITCHES 4. ... A4S
THEY. ARE. . . _ SORETINES. . .. . CALLED) CAA . BE.. _ EelriinATED

| THE _ PowER.

BY.  _PLACING.. A sHALL (0.1 . mE).  CAPACITOR . ACROSS.
LEADS. .. OF _THE .. L0G(C. __ CIRCUIT

§ I 4 T VOLTAGE LEVEL
I

s A LT HOL T Q. APACITOR.....

—
-

: VDL.TALE LEVEL
\ M AT ... CAPACITOR ...

CIRCUIT . QAPACITOR..  ACTS. _LIRE  MINMIATURE .. ...

_BATTERY.. THAT.. .SUPPLIES POIER
s QR AN G ... THE SPIKE..

[0 AC-DC  SELECTIVE __ EILTER. —. OFTEA.. AN.  ELECTRICAL
SleNaL. e BE _ RIDING.. .. ATOP. . . A. . STEARY. . . .DL . SIGMNAC. .

EoR._ ... EXAMPLE ... . THE . SIGNAL Erom A LIGHT MAVE
QOMMUNMLOA.TION.  SYSTEM. ... A1ARY. ... LLDOK LIKE TMIS WHEN

LTS . DARK . BuT .  SUNLILGHT. CAUSES __ THIS : . e
[p123 >

~~STEADY DC OFFSET

o+
>
S
~
+
Rl
=
j>
=
<<>
'
| o+

CAusep BY SunLIEHT

A _CAPACITOR . Latt PASS. . THE. . ELULTUATING SIGAAL .. AND

L. COMPLETELY.... BlLOck THE _STEADY pPC. LEVEL.




L1 RC  clReuITS — Two CIRCUITS. . THAT __ COMBINE. A
| RESISTOR _(R)_..AND __ QAPACITOR. .(S). .  ARE_ __VERY __[MPOR~

TanmT ., TREY ARE THE INTEGRATOR. .. AND DIEFERENTIATOL .

AANWW NVW\M“

e BOTH ____ THESE CIRCUITS ARE USED. . TD RESHAPE AN 1IN —
COMIN G STREAM OF WAVES OR PULSES.,

THE... . . BRORPUCT OF R..AND C InN). THESE ClLERCLITS )

CALLED THE BC TIME . CONSTANT . EnR THE CIRCUILTS
SHOWN . BELOW., . THE. . RE TIME _CONSTAMT.  (IN.. SECOADS)
13 AT LEAST TEMN TIMES THE INTER VAL BETWEEN
INCOMING CYCLES oR POLSE S .

e LINTEGRATOR . HERES A BASIC. RO _INTEGRATOR.

o (b SV
R’ ‘ N N
I’L) : OU,I.N; WAV VAN

———
—

[

|E.._THE __\NPUT.. PULSES __ARE  SPEEDED . UP, . THE
OUTPUT . WAVEFORMS _ (OCETEM.  CALLED A . SAWTOOTH). . WILL
NOT REACH THEIR FulL  MEIGHT ( AMPLJ'TUDE.) 1T
EASY .. TD DESIGN AN AMPLIELER THAT I[GNORES

o AWAVE S WATH LESS THAN A DESIRED AMPLITUDE. .
AU I, THEREFORE., THE _ INTEGRATOR .. CAN _ FUNCTIONM. .  AS. . A
EILTER W 1CH PASSES ONLY. ... SIEGNALS BELoW

A CER TAIN FRE A LENCY.

2.DIFFEREMNTIATOR . HERE'S A BASIC RC DIFFERENTIATIR

TN Q___..&'-J 5. OUT
c- e
R INat L L1

0uT+'\kJ\
= | YT

THIS CIRCUMNT. . PRODUCES SYMRETRICAL QUTPLT. . \WAVE.S

WITH . SHARP..  POSITIVE  AND NEGATIVE . PEAKS o IT)S .
USED T HMAKE MARROW. . PULSE = GEMERATORS EnR

o TELEVISION . RECEIVERS AnD D TRIGGER DIGITAL

LoG ¢ CIRCUITS .

Q

el MORE. ABOUT . R-C — You. WILL.. OFTEN SEE REFERENCES .
e IO THE. . RC  TIME. _CONSTANT. OF A CIRCUIT. IT'S THE . ..
e TAME . IN. SECOMDS .. FOR. . A . CHARGING OR DISCHARGING. ...
| CAPRACITDR . TO GO THROUGH. ©3.3% OF THE CHANGE IN CHARGE. . ..

U 5=




COILS

|[ECECTRONS ... MOVING. THROUGH . A.._ WIRE

CAUSE
ELECTROMAGNETIC  FIECD  TO  ENCIRQLE  THE

AN
WIRE. .

L AS YU KN OW
| THROUGH. .. A _WIRE _ THAT'S .  BEEN_ .. WRAPPED _AS A _CoiL
j(P.158) CREAYTES AN EVEN. . STRONGER . FIELD,
| MAKES . POSSIBLE. ... SOLENOIDS 4. MOTORS. . AND _ELECTROMAGMETS,
4COlLs.  _RAVE. . QTHER. . /[MPORTANT. . ROLES. ., TOO.:

FROM. .. . QHAPTER. L, . PASSING A CURRENT

THIS. _FLELD

cdend ColLs  RESIST.  RAPID . CHAMNGES. . AN THE
NG THROUGH.  THEM . WHILE  FREELY. .. . PASSING. . . STEADY _ __
o dDeY. CQURRENT.... HERE. . .  ARE.. . SOME. . EXAMPLES. :

D LOMWL SENE  WAVE T L

b EAST. SINE  wAvE~ JUUMUU — 0 000X -

CURRENT. FéO ) =

. SIGNAL

SLowW. SQUARE WAVE — .

.} .FAST SGQUARE WAVE — .

LEONMECTS  THE . EMDS.

LSORETIMES AL COIC el ADD. RINGING. . T A SQUARE _WAVE __

PASSING. . THROUGH . . ITe. .. THIS ... CAN_ . HAPPEN. . WHEM . THE. oo
OF.... THE .. EXTERMNAL. . CURREMT. . . . PATH THAT
OF. . . .THE ... COM ... 1S .. HIGH.

e DQUVARE | WAVE — ]

ol SOME. . OF. . THE.  ENERGY. . IN..THE. .EIELD. . . _ARQUND

A Q01

o CAN.. BE . INDUCED . (TRANSFERRED) ... INTD.. A . SECOND, NEARBY ...
QO TRIS. . )S.. THE . PRINCIPLE. OF. THE . TRANSFORMER ..

THE

THE

THE PRIMARY. THE ... OUTPUT . . SIDE LS CALLED

SECONDARY,

it —




O rvypPes OF  COiS — THERE ARE MANY DIFEERENT

TNPES 0OF QOILS, HERE ARE SOME OF THEM

CTUNING., COIL,.  RADIOS. . USE. . VARLAUS COILS D HELP

i JSELECT. A DESIRED SIGNAL. TUMING  COlLS HAYE
A SERIES oF TAPS PRl L OMABLE ... . CORE Y o)

B THEIR __ JNDUCTANCE™ HENCE  RESONANT _ FREQUENSY, CAN.
BE CHANGE D, A
TYPILAL BDIUST MENT SCREW
TUMING

SNV SR LY o3 ¥ S

*DPPDS!TIOM To

CURREMT  CHANGES

WWWWW ANTENNA _ L0IL.. . RADIOS. . OFTEN  USE A BROADLY
TUNED Coll. ™ Plek UP RADIO SIGMNALS.,

TYPILCAL
AMTENMA _ T
C ol i
Con. 7

CHOKE . _USED 1 NM‘V_.W..I::IJQ.AJ"){%\.N\.C‘J.B.QHQJWI,.SWWIIQNW",.4.-7 MIT . OR

SUPPRESS FLUCTUATING. _ SIGNALS  WHILE PASSING. A

e AVEADY. . CURRENT. ... CHOKES .. ARE AVAILABLE IN

MANY SHAPES. . . AND . _SI2ES.

Lolls

Cwanpinge )

- CONNECTION.... (57

TARS.. ot

TRANSEORMER. SO IMPORTANT WEML DEVOTE A

ComMPLETE. SELTION T . AT.

[ _APPLICATIONS  FOR . COILS — IN . ADDITION.  TD.. THDSE

|_ALREADY.  DESCRIBED . . coies. . ARE . _VSED . IN EILTERS

0O CAUTION ! A RIGH VOLTAGE PULSE  CAN BE. PRODUCED

THAT. . SELECTIVELY. . PASS SPECIEIC . _FREQUENCY.  _ BAMNDS..

IN A CHOKE WHEN THE CURRENT Et OULING TH R OUGH

T = INTERRUPTED. EE CAREFUL.
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TRANSEORMERS

TRANSFORMERS ARE B MAJTOR CLASS QFE___COILS

HAVING

WRAPPE

D

WO OR MORE WINDINGS USOALLY

AROUND ... A COMMON.... _ QORE MADE EROM

LAMINATED lRON __ SHEETS. HERE'S A SIMPLE

TRANSFORMER

___;‘('

T SECONBARY

PRIMARY

|

-

\\fﬁ

—
¢
;e
o]

l

S anm ATED  CORE

IF. . THE

CURRENT F:.oLu ING. THROUGH. . . THE. _PRIMFARY . QO . .

) FLuctun TING g THEAL . B CURREMT . WL BB INDUCED
INTD THE

Sf.LQ&Q&&XM.W_M..,.w_ﬁt,NwQuu G. A___STEADY. . . (.Dg)

CLURRENT

WLl NOT... BE.. . TRANSEERRED EROM OAME ColL

10 __THE

QTHER... . —

] How THEY WORK — TRANSEORMERS  MHAVE. THE. _ ABIKITY

TO ... TRANSFORM .. VOLTAGE . AND.  CURRENT. . T0 . HIGHER  OR .o

LOVWER

PolJER

LEVELS. THEY ng,wmafrw,m .WQ\E_Mm.m‘gquuf{nsf_wW_W.WQ.«&E.AI&WMWMWW
FROM. .. NOTHING.. . THEREFORE .. IE. . . A . TRANSEORHER.

| BOOSTS ...

THE. ... MOLTAGE .. OF A SlenAL , /T . REDUCES
1S CURRENT. AND.  IF. . IT .. CUTS THE VOLT.AGCE.  __OF

A SISMAL .y AT RAISES JTS CURRENT. M. OTHER

WeRrRps |

L EANBOT ...

EXCEED. _  THE. . INCOMING. _ POWERL . . .

E_ PUVER.  FLOWING... EROM A TRAMNSFORMER

A TURNS

RATIO — THE RATIO OF. . _PRINARY. . TD.. . SECONPALY

TURMNS . DETERHINES A . . TRANSEORME RS VOLTAGE BAT/IO eus

1:1. RATIO.

B ¥ W

.THE PRIHH»QY VOLTAGE LAMD.  RUREBENT.. . ARE .. TRANS~ .

FERRER AW,QAMQ4."‘E‘éﬁ.ﬁ,&mmmm«Wmmﬁmww_».w@E,QQMQ&&X;MMMQ&ZEWM,W

S

CALLED . AN . I50LATION TRANSFORMER.

STEP- LP

——

THE .. WOLTAGE... 15  INCREASED. By THE. TURNS. RATD.

=3

=

THUS.  _A_ 1. & TUeNS. . RATo WL BoOsT . S~VOLTS

=

AT THE _ PRIMARY. INTD. 28~ volTS. Al THE. SECONDAR

MWWS,TEE;DQ M‘Nwm«w
e THE . VOLTAGE. 15  REPUCED _BY THE. TURNS RATIO. .

=

THUS A E:1 TURMS RAmo witl  DRpp 25 -Voirs. AT

THE  PRIMARY. . .TD S-VOoLT S AT . THE. SECONMOARY.
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L TRANS FORMER _TYPES  AND. APRLICATIONS — HERE _ARE
SORE OF THE HMATOR TRAMS FORIER TYPES &

[SoLATION.

- ; _JF__FERRITE _CUP_(CORE
7 2 UsED. 1D _1SOLATE : s,qs_sw r,'m
o BIFEERENY  PARTS
OF.__A.__CIRCUIT . _AND CoiL —
T2 PROVIDE _PRDTECTION . . 2/
FROM. ELECTRICAL. SHOCK. . ...

A

STANDARD.. 111 e MIALATURE 211
190LA.TION L.50LATION

POWER.  COMVERSION. W s

OETEMN WSED
- TD._._REDUCE e Bl i
e POWER _ LINE ZZ i

4 VOLTAGE . . T® .. .. V 2
e VSABLE _LEVEL. UTILITY by
COMPANY IR N

If

POWER e TRANSFORMER | T\
| TRANS FORMER L~
HIGH = VOLTAGE..
/‘/ USED O PRODVCE.
b7 i [GMITION.  SPARKS | = TESLA
A\ "~ AuTo HOTIVE N GASOUINE, BNGINES o Colk.
JGMITION _  ALSD. UuSED T POWER -
/ COIL . TV PICTURE  _ TUBES. , =
SOME. . LASERS., . MEOM
LIGHTS . ETC, “'-"/%/:G
|® -
AubDIO.,
SRV I Mwuseom'roﬂnrcri . THE ——
iy IMPEDE NCE’fOFAM
\:l <, AMPLIFIER _ TD._ THAT. 0E
byt B_ MICROPHONE., SPEAKER . ..
<,

=it
e AP N QR OTHER _ DEVICE .o
_ X opPosITION . TO. THE . FLOW OF

N0  AUTERNATING. CURRENT... MIMATURE

e TAPPED . PRIMARY
e AND.__SECOMDARY. w_m_m,gagcmf.m L LEADS _OF . TRANSFORMERS. _ARE . COLOR

SR ISR ¥ S 1. 1)1 1 .87 <%= —— QD DED e e -
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L. SEMICONDUCTORS

THE MDST EXCITING AND LMPORTANT ELECTRONIC

COMPONENTS ARE MADE. FROM CRYSTALS QALLED

L REMICONDUCTORS. ... DEPENDING. .. ON__CERTAIN _ COMDITIONS ,

e IA SEMICONDUCTOR CAN ACT __ LIKE A CONDUCTOR OR

AN INSULATOR,

QLI coN

| JTRERE  ARE_ MANY  DIFFERENT  SEMICONDUCTING  MATERIALS,

BLT [LIeoN |, THE MAIN INGREDIENT CF SAMD I
THE 05T POPULAR.

SUICLCON ATOM... .
A __SILiConN ATOM. . HAS. ... BuT Q
EOUR.  ELEOTROMS. . N ITS QO 0 N
OUTERAOST.. SHELL o  BUT LT / 6O O\ A ElEcTRONS
WOULD. ... LIKE . TO_ . HAVE ( % ' 0
EIGHT. . THEREFORE , A NUCLEUS /TU ; o}% SHELLS
SLLACON ATom WILL  LiNK O = o o
UP__WITH ___FouB___ OF. . _ (TS S—0 /
NEIGHRBORS ___TD.. SHARE. ELECTRONS. )
N\ A D__CLUSTER. __OF__ SILCON _ ATDHS
h g o SHARING. . OUTER . ELECTROMNS .
EoRHS A REGULAR... ARRANGE=
SRR WIS o @< MEMNT CALLED A...CRYSTAL.
f?ﬁ ~— THIS._ IS A __HMAGMIFIED __ VIEw
y oF A SiLicon)  CRYSML.,. ... 1D
) . “oo.,wwwD,Wéé.éﬁmmNmm_s.swmsamﬁd..ﬁ,,wﬁgwgrwm
— e THE QUTER.. . ELECTROAS. .. .OF e
(30) S (%) g@WWMWEACHWWATOMMAg& SHow A
/ A

SILLOON. . FORMS. 270 % . 0F THE _ EARTH'’S _ CQrusT.! oNLY

LOXYGEN. 15 MORE COMI1OM IT'S  MEVER FOUMD IN__THE

PURE. .. STATE. WHEN___ PURIEIED g IT!S.... PARK.  GRAY. . IN... COLOEa
- e "SEEDT
N SIL;QON AND D!AMOM.D T g _ CRYSTAL SILICON.. Can BE
e SHARE  THE . SAME_C RYS m.'. "‘— "BOULE . GROWM. INTO. L BLGn
W,WMNRuc;maf.,.W.M,A[-,\,Nvoﬂ OTHER ... W Mouw CRYSTALS. IT's CuT

\ 1L, PROPERTIES,  Bur SiLicon INTD._ _WAEERS _ FoR
— @ . SILICON._ IS NoT 511 d §_§ HAKING _ ELECTROMIC .

__TRANSPARENT. =g 2.870°F _PARTS, /{M,ﬂa
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40 SILICON RECIPES — PURE _SIticoa, ISN'T. VERY. USEFRUL,
' THAT'S __WHY _ SILICON.  MAKERS
SPICE __UP __THEIR . SIICON
Zhy RECIPES. __wiUTH __A__DASH__OF
Z o PHOSPHORUS. . ROROMN DR OTHER

GOODLIES TMIS.. 1S CALLED
DOPIMNG THE.  SICLCON. .. WHEN
G ROWA INTO CRYSTALS,. . DOPED

e

.
e sweon T QN — ;;___,_M_,_.u SILLCON . HAS. __YERY. . q;EEuL
= ELECTRAONIC . PROPERTIES.)

PD.P &N __SPICED SKICON LOAF — BOROA, PHOSPHORUS. AND
CERTAN OTHER __ATOMS. . CAN Joiad WLTE SIACoA.  ATomMS.. . TD
el PORM..... CRYSTALS........ . HERS'S THE __ _CATCH. : A___Boron __ATOM

A HAS _ONLY. . . THREE . ELECTROA. . IAN. . ITS.. OUTER __ SHELL . AN
A PHOS PHORUS ATOM HAS ElLVE ELECTROMNS. ... IN LTS

—JOVTER  SHELL, __SHICoN WitTH. . EXTRA. . PHOSPHORUS . ELECTRONS
1S __CALLED  N-TYPE  SILICOM. (M2 NEGATIVE). SIICON. .. WITH
) ELEQYRON _ DEFICIENT BORON . ATOMS...odS  CALLED.  BTYPE ..

| Slticom (P2 POSITIVE).

o 1O P TNPE _SILICON —

N Nk "
LA _BORON) . ATDM._IN._ A CLUSTE R. \% . .\S.g.mmmm
L OE __SILICON.. ATOMS. . LEAVES A

e A VACANT.  ELECTRON.. . QPENING 70 < /—{) o\ %OR/““% ..... e

) COLLED A HOLE .. (TS.. POSSIBE. ..

A FOR _AN.___ELECTRON. _FROM. . A © . 8 (90
NEARBY. __ ATom. . .To. "Fasl! _INTD -‘ Al c{

) THE.  HOkE .. THEREFORE ,  THE . S0
| HOLE. . HAS .. MOVED _ TO. A ,
e NEML . LOCATION... REFMEMBER 4 .

el HOLES  CAN. .. MOVE  THROUGH

myi, )0,,«4 -

o<
$16] lere

LS LICON (TS, AS. BUBBLES HOLE. BORON __ATOM
e LMOVE  TH ROVGH... WATER) }SIL\QOM ATOM S|
PHOSPHORUS. . AToM )\
0 N=-TYPE _ SILiCon — N /.
__|A_PHOSPHORUS _AToM. ._in__ A (00 ¥ . ..... % M,W (00)
CLUSTER _OF _ SiLicoN . _ ATOMS o/ R RN
.,_mJzau.ﬂxﬁLM-AM_M_EXJ:&AWJELEVCI&QMM_m...m>°<_,ijc_/ N Aa/ \“‘G/
o lTHIS  EXTRA.  _ELECTRON & B/ }) ’;’\\X/U
et GAN _ MOVE. . THROUGH. ... THE oo -0 80 20
R PO ﬂ, PO 5O
N=TYPE. . SILICON CAN . CARRY.
AN ELECTRICAL . CURREBNT . . ...___.___
BuT S0 CAN__ P-TYPE Siticon! @%}5 ' %\ .”—X
| Hotes Ycapey® THE CURREMNT. EXTRA. .
' ELECTRON

H3




THE DIODE

ROTH _ P~TYPE __AND

N =~ TYPE SILICON CONDUCT ELECTRICITY.
T™E RESISTANCE OF BOTH TMPES IS DETERMINED BY
THE PROPOR TION OF HOLES OR __ SURPLUS ELECTRON S,
THEREFORE BOTH ___TYPES Can___ FuNeTionN AS .  RESISTORS.
AND THEY Wil QOMOVUCT ELEQTRICITY Ind . AMY DIRECTION

EY _FORMING SOME P-TYPE

SILICON el A

CHIP _QF M-

TYPE SILicon) .

ELEATROA S Ll

EL.Qu) THROUGH THE.  SILICON

1sd oMLY OME

PDIRE CTIOAL. THIS 1S . THE PRIMNCIPLE OF

. - 5. QALLED TH AN )
THE __ DICDE. THE _P-=N__(NTERFACE... I E. PN TUNCTION..
O How _THE. . DIODE  WIORKS ~—~ HERE'S A SIMPLIEIED

EXPLANATION OF How. A

IMN . ONE

DIRECTION _(FORWARD)

DIODE CONMDUCTS... ELECTRICITY.

i E Beockin s THE

ELow OE

QURRENT __IN_THE __QPPOSITE.  DIRECTION (REVERSE).

EORWARD  RIAS REVERSE RIAS
QJ,. )______§ _,.—____=§,l ,, ._)==
\ \
= N P
0'._“'4\]"" 5
AR N I . -l =e .
O ) ey gyt =
) 00: - —{— = —=| »p° —f—

< __ELECTRON_ Flow

NO

T HOLE. Flow

QURRENT FlLow

HERE THE _CHARGE

RERE. _THE CHARGE

FROM . THE BATTERY

EROM THE BATTERY

REPELS HOLES AND ELECTROMS

3 HOLES ANR

TOWARD THE ___JUNCTION, ELEC TROMNS AWAY. EROM

JE.THE _ VOLTAGE EXCEEDS THE . JUMNETION. THERE —

0.6~ VoLT (:SIUC.QN); THEN FORE ., ND CORRENT

ELECTRONS Witt  ¢ROSS CANMN ELows,

THE _ JUNCTION AND

COMABIME. .. WITH HOLES., //CATHODF
: A __CURRENT _THEN.  ELOWS. -
i )Y R
* O A _TYPICAL __DIODE. — Diopes ARE // L

L COmMONLY  ENCLOSED

CYLIMDERS., A DARK _BAND  MARKS _ IHEN _ ANDRE 1S
THE CATHODE TERMIAN AL THE MARE.  POSITIVE
N P e

OPPOSITE TERMINAL 1S

THE  ANODE

b N
(/// ANODE THAMN... CATHODE,

a4




D DIODE _OPERATION — You. ALREADY.  KMNOW_ A DIODE IS

e LA KB AN ELECTRONIC ONE=~WAY. . . MALVE. LT 11PORTANT
e IO DONDERSTAND. . SOME  AODITIONAL . ASPECTS OE . DIDDE

el OPERATION. ... HERE _ARE. _SOME __KEY ONES. @

e L A DIODE._ WL NQT . CONDUCT.  UNTIL. THE. . . FORWAHRD

el VOLTAGE . _REACHES A _CERTAIN THRESHOLD POINT . FOR
1 Sluicon.  DICPES  TMIS  UOLTAGE IS ABOUT 0,6 = WoLtT.

|y /You rvmv\}

e

\ N S~ 7 BE_oN A

1 2. 1F THE FORWARD . CURRENT . BECOMES . /12
e BEXCESSWE . THE . SEMICONDUCTOR. .. QHIP ¢/ dﬁ
MAY___CRACK _ OB _ MELTL _ AND __THE '8
CONTASTS. . MAY. _ SEPARATE . _IE ___THE s :
CHIP.  ME(TS . . THE _DIODE _ MAY._ SUDDENLY ‘Zlm/
| CONOLET N ROTM _ DIRECTIONS. THE  ed ¥V
RESULTING . HEAT . MAY. _VAPORIZE . THE /
eie | AW,
\\ \ \ i //,/

VOLTAGE 'S FAILRLY HicH 3 THE SUDDEA

R, TOO. HUCH. . REVERSE. __VOLTA éﬁmmm,aﬂégmmmwm
L cause A DiopE__To. . coNpueT. A P’
| THE __WRON.G ___DIRECTION. __ SINCE __THIS __ %&L@um _

CRRRENT SURGE _MAY ZAP _THE __DIODE . .

N

1O suMMING P DIODE __oPERATION— Lt %3 -~

THIS __GRAPH _ SUMS... UP. DIODE M /iy
—|oPERATION. (IT'S APPROXIMATE.) //

Ve = FORWARD _VOLTAGE VR <= i >Vr

Ve REVERSE _VOLTAGE / \

Te = FORWARD (URRENT & 1ls Ou-VOLT

Ie = REVERSE _CURRENT S od (sIL|Con)

/!C'é%)'\'- Ie
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O TYPES OF  DIODES — MANY _ DIFEERENT. _KINDS __ OF

RIODES ARE. _ AVAILARLE.. HERE ARE SOME OF THE

MAJDR TYPES,

SMALL.. . SIGNAL..

SHMALL.  SIGNAL . DIODES  ARE _ USED ™

Lo LEANS EORM. .. LOW. CORRENT. AC _TO DC,  PETECT

(DEHODULATE) RADIO. . SIGNALS. , MULTIRLY. VOLTAGE,
PERFORM .. LOGIC,. _ ABSORB. . VOLTAGE. . . SPIKES, ETC.

POWER... RECTIFIER.

(*)

FUNCTIONALLY. IDENTICAG.  TD __ SMALL. . SIGNAL
e DIQDES 5 POWER. _RECTIEIERS _ CAN . MANOLE

e HOLCH  MORE. . CURRENT..... . THEY. . ARE. . INSTALLED ___
N LARGE METAL. .. PACKAGES .. THAT.. . S0AK. . WP ___

EXCESS  HEAT. AND TRANSFER 1T 1D A METAL. ..
e BEAT  SINK._ USED  MAINLY. N POWER SUPPLIES .,

w..,‘...,.»,_.W.u..w"'ffj.-}ﬁmw_2 ENER _DIODE ... .IS... DESIGNED T .. HAVE. A

SPECIFIC  REVERSE  BREAKDOWN _ ( CONDUCTION) VOLTAGE.
THIS .. MEANS.  ZENER _OIODES . CAN.__FUNQCTION. .. LIKE . .

4 A VDLTAGE. _ SENSITIVE . SWITCH. _ ZENER  DIODES.

- HAUNG _ BREAKDOWN VOLTAGES  (V2) OF EROM.__ABOWT

27 VOLTS . TD. . 200=1/06TS.... ARE AVAILABLE.,

LIGHT = EMITTING.

L . ALL_ DIODES. __EMIT _SomE _ECECTROMAGNETIC _RADI=

@/ _ATION ___WHEN __FORWARD. _ RIASED. _ DIODES.  MADE

ANL... FROM _CERTHN. _ SEMICONDUCTORS _ (LIKE _GAUIIM

27 ARSENIDE _PHOSPHIDE) EMIT _ (ONSIDERAELY.  MORE.

< RADIATION _THAN.... SitiCon._  DIODES. THEY'RE CALLED

LIGHT = EMITTING. .DIODES (LEDs).

PROTODIODE. .,

ALl DioDES RESPOND TR SQME. DEGREE  WHEN.

26 Pt
{W\ LEWMINATED BY LIGHT. Rlopes DESIGMNED. SPE- .

CIEWCALLY  TD DETECT. . LIGHT ARE CALLED

PHoToDIoDE S, THEY INCLUDE A GLASS OR

PLASTIC __ WINDOW THROUGH  WHICH & IME. . LIGHT

ENTERS., OFTEM. . TMEY HAVE A __LARGE ., EXPOSED

JUNCTION  RESION., SILICON  MAKES GOoD  PHOTODINDES.

H6




HOW...DIODES _ARE_USED

IN_CHAPTER .G . _NYoultL SEE HOW.  VARIOUS IYPES .. COE. DRIORES ARE

USED N MAMY APPLICATIONS EOR . Now. . HERE _ARE  TWO..OF

e JTRE  MOST. _IMPORTAMT. _ ROLES _FOR. _SMALL. . SIGNAL_DIODE.S AMND

RECTILEIERSS

e L HALE - WAVE  RECTIEIER

N /\ /\ "'=(::B=:+/\ /\ 5 AN UMOVLEATING (AL

\ ; A

U U . — N o, SILEMAL (OR VOLTAGE)
P y
AC_IN I/Dc QuT 1S RECTIFIED. INTO. A
W ALE. .OF. _SIGMAL SINGLE _PoraRyvTy (D)
1S BLOCKED SAENAL. (L 0R VOLT.AGE),
e L FOLL ~ WIAVE _ RECTIEIER ™~
{r101 >
g
_—+—-1
s X ¥4 . TRIS. 4-DioDE "“NETWORK"
JANYANN- >/ N NN\ eR._BRIDGE RECTIEIER)
- \/ \/ &ﬁ( RELTIEIES. . RBOTH. BALUVES
AC AN “r""'j . De..owT OF. AN __AC SIGNAL.

MORE._AROUT _THE DIRECTION _OF CURRENT FLOW

AN ELECTRICAL .. CURRENT. 1S THE  MOVEMENT. _of ELECTRONS. TAROUGH. ..
A CONDUCTOR. .. OR._. SEMILCONDULCTOR ... SINCE. ELECTRONS _ MOVE  FROM
A__NEGATIWELY  CHARGED. . To0 A POSITIVELY. . CHARGED REGION, WHY -
IDOES . THE ARROWREAD WUNL A DIODE . SYMRoL___ POINT. _IN. . THE

OPPOSITE . DIRECTION? _THERE ARE_ TWO. . REASOMNS.

L BECINNING . MUTH.. . BENTAMIM.  ERANKLIN, 1T WAS TRADITIONALLY .

ASSUMED.  ELECTRICITY _FLOWS.  FROM...A_PDSITWELY CHARGED TO A
INEGATWELY CHARGED REGION.. . THE  DISCOVERY 0F THE ELECTRON
CORRECTED _THAT.  CBOT.  MOST  ELECTRICAL.. .CIRCUIT . DIAGRAMS. TODAY .
STibb . EOLLOM. .. THE. . OLD.  TRADITION . IN__WHICH THE POSITIVE . POWER .

ASOPRLY.  COMNECTION. 1S . PLACED  ABOVE. THE NEGATWE  CONNECTION

NS 1F__ GRAVITY _ SOMEHOW. _ INELUENCES _THE _FLOW . _0F A CURRENT.)

2. AN A SEMICONDUCTOR . AS _SHOWN . ON. PAGE 44,  HOLES _ FELOW
N THE  DIRECTIDN OPPOSITE.  _THAT OF ELECTRON._ . FLow. iT'S

e JTREREEORE, COMMON...TO. _REEFER TO PoSLIWE. . CURRENT _ELOW . _IN

SEMACONDUCTORS.

FOR. _ACCURACY. , IN  THIS . BOoK. . "CURRENT. Frow' REFERS To ELECTROM .

.EJ.D,M;WW&QIW“MLEJ»&EMW*SIQ&KMWMJME_Qéém'EElAIMLN«Q}Q&.«‘CEwﬂQ_J&EPELQWA\\ Y
A
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THE . TRANSISTOR

TRAM%E%TORS ARF—. SEM!QOM-.M
DUCTOR ".,.DE‘VJ.C.ET meH'rHREE
LEADS. .. A __VERY _SMALL ..
QURRENT .. OR . VOLTAGE .. . AT . ON EM
LEAD ... QAN . CONTROG o B MOCH e,
i e ARGER o CURREAT oo FLOWIN G 5
e | THROUGH. . THE . OTHER_ . TWO. . LEADS. .. &7
THIS. . MEANS.. . TRANSISTORS .. CAAN o= gy
BE.. USED _AS . AMPUFIERS. ... AND. ... . It

SWATCHES, ... .THERE _ARE . TwWO . ..
MAIN. FAMILIE S OF  TRANSISTORS:
JPOLAR. .. AND.. EIELD = EFFECT..

IRIPOLAR TR A NSIST 0 R S o ABASE.
ADD A S Ec ON D ,ru NCT ID N To A N
BN Ju..v_s)u,cM:rwi.omN.w,w_WDA ODE. .. ANDYOU e e N e P N
GCET A 3-LAY ER Slligen)  SANDWICH .. . \ _
IR b 1 - SAprxc A BE.. E ITHER. . R EASE .
NPN._ PN P t:lTHER L WAY, .. EMTTER i COLLECTOR...
TH E,u_w._.u..uW.wm.xkb.oa&._m..4,..z_msa.m o BRETS  LIKE ﬂ
A FAYCET ... .OR. . QATE. . THAT COMNTROLS. oo . /
THE . CURRENT. . MOMING. .  THROUGH . . e P | N AP T e
e TR THREE LAY ERS.. [ .

[ RIPOLAR _TRAVSISTOR. OPERATION — _ THE. THREE.  LAYERS. OF_A.

e | BIPOL AR .. mnwsns-roﬂ _ARE. W THE . EMITTER ,  BASE. . . AND. . COLECTOR.....
eeermarme | THE . BASE l/f;ﬁ}’ 'n-tw LAND  HAS. . FEWER. .DOPING. . AToMS. THAM ...
mmmmmmmmmmmm JH.EM,W,EMLTIEK Do COLLECT'ORTWEREFOREAVERYSHALLEMWTER“
BAsm.ﬁ.Ww.c..u,&fzm.t‘,,.w,..A.,&...A.u._t.z,uc_‘,.ﬁ(.M_,_.,\ CAUSE.... A MucH (ARGER . EMITTER —

COLLECTOR i

A-CotlBeTor [ o L0 ) AMPUIEIED. .o s ol oo N b Mo P
ool quRRENT. . ssE :_{_M_ Lol p. GurRENT
EMN’TEK R | SH QN pu FLOW. oo
Louteer Mo ]WE rdes:smss
L ELECTRON | ... PRDI?ECTTHE SR T SO, O SR ———
TRANSISTDR ... FROM..
LT, LHUCH. CURREMT
(wmcr-l AN CAUSE. ... EH
EXCESSIVE _HEAT)e o -

o s i s

—weur | ({0
CURRENTLAT N N
>
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D BIPOLAR . TRANSISTOR  SYMBOLS. —.  ARROWS.  POINT 1IN OIRECTION

QF __HWOoLE _FlLow.,
COLLECTOR () E
1 I

N ¢ P (o E

RASE ()Y P B ) =4 N g —1\ )
N € P N ¢
‘HJ MNEN LUJ eNP
EMITIER. (EY ¢
e HOW.__RIPOLAR _TRANSISTORS _ARE_USED

WHEN. . THE .BASE _OF AN __NPN_TRANSISTOR. 1S __GROUNDED. . (O vouTs),

~INOLCORRENT.  ELOWS
JTRANSISTOR
HEEAST Ol VOLT, . A CURRENT WIWL _ELOW.  FROM..THE. EMITTER. TO.

FROM.. . THE
(F...THE _BASE

EMITIER _T0_ . THE COLLECTOR _( THE
1S FORWARD. — BIASED. _BY AT

s ‘oge"),

THE . COLLECTOR. . THE TRANSISTOR 1S _"ON").  WHEN OPERATED IN__

- JONLY TRESE. TWO.. . .MODES, THE TRANSISTOR._FUNCTIONS AS A SwiiICH.

IE. THE. BASE. 1S FORWARD = BIASED, . THE EMITTER=COLLECTOR. CURRENT _
WILL . EOLLOW... VARIATIONS AN A MUCH _ SMALLER BASE . CURRENT.

DS cussioNnN.  APPLIES. _TD. A TRANSISTOR
LEROUND. . CONNBLTION

THE. _TRANSISTOR __THEN . FUNCTIONS As AN AMPLIEIER . THIS
AN WHLICH . THE . EMITTER . IS _THE
INPUT. _AND . OUTPUT AND 1Y
CIRCUIT.. SOME.. SIMPLIEIED  COMMON=

FOR....BOTH. . THE
COMMON—~ EMITTER
B e iy

CALLED _THE

AEMITTER _ CIRCLITS. ARE . SHOWN  BELOW. SO0 _.You

CAN. _SEZ __wWow
EXAMPLE  REEERS ..TO

THEY.. ARE.__VDSED. N REAL CIRCUILTS ' EACH

LA,

AT _TYPICAL. . WORKING __APPLICATION CHAPTER 9, I h>
] — P.az

A _RIPOLAR  TRAMSISTOR

SWITCH

Bi67S

Ay

PV

£

=4 K

o

)

=3 SIE
" P

BASE BASE

D

RESISTOR 5 OFF RESISTOR ... C

/4
S——

0K TO.VSE_RESISTOR,

PIEZ0 BUZZER, ETC. E

AN
m [

“—._lz-ozj‘z

GROUKD N PLACE OF LAMP.

et

ONLY. TS INPUTS. ARE  POSSIRBLE & AROLUNMD (o vorTs) AND  THE

 POSATIVE. . BATTERY.  NOLTAGE (. + ) THERE FORE . THE.. TRANSISTOR

i9..0FF . OR._._ON ATYPICAL  BASE. RESISTANCE 15 . .5,000 TO
10,000 _oBMS...(\E THE RESISTOR 1S __REPLACED. BY. A _MWIRE,  THE

LAMP. . CAN__BE SWITCHED. ON _0R _OFE FROM._A CONSIDERABLE PISTANCE.)

S0




] A BIPOLAR TRANSISTOR DC _AMPLIEIER— THE _VARIAGLE

RESISTOR FORWARD

. BIASES TRE _TRANSISTOR ..

f SERIES P, AND ___CONTROLS. . THE
@ RESISTOR " (7N ANPUT  C BASE=EMITIER)
CURBENT \/-L ] CURRENT, . THE. .. .METER
METER =7 T = INDICATES . THE _OUTPUT
S~ o o ¢ | (COLLECTOR = EMITIER)
- 8 R gl N CURREMNT. THE SERIES

AN ) = 1 e RESISTOR ___PROTECTS

s ..o VARIABLE w?j THE. _METER FROM
= RESISTOR...E EXCESSIVE  CURRENT.

o,
[P.1od >

— “.'LNWN_.A_._MW.O_RKML&G_.,_m_.CJ,RQ‘QmLI«,WMIH.EMMA RIABLE RESISTOR MAY.  EE. _IN
e b SERIES . MUITH. A _SECOND COMPONENT BAVING A  RESISTANCE .

THAT. VARIES _ WITH _ TEMPERATURE,. LIGHT, MOISTURE, ETC. (WATER .

Ibs THE  vARIABLE RESISTANCE . IN._ THE . MOISTURE METER _.ON

P 10M.).  MAMEN. . THE _INPUT . SIENAL . CHANGES. . RAPIDLY, . AN

 AC. AMPLIEIER. .. SVUCKH . AS THE __ONE .. BELOW. .18 . HWSED.. .

ﬂtl.m,A..w-,M&LEQLan&.w,:t&awﬁ,s.,.L,s,:JI,QR,W AC AMPLIFIER — . THIS. .15 _THE
oo e SIMPLEST . OF SEVERAL

. Basie Ac.  AMPLIEIFES

i THE _LOAD_ RES{STOR .mias TRE _INPUT. CAPACITOR
e CAUSES THE OUTPUYT . . FRESISTOR by BLOCKS. . ANY. . DC.IN
5 CURRENT. _TO BECOME .. .. /Mm THE _ INEUT. SiaNAL.
2 A NOLT AGE. (VzIxR). Ve
~— {OAD OUT.PUT AMPLLEIED QUTPUT
TYPICAL INPUT RES)STOR bu g ; SIGN Al
SIEGNAL INPUT - +10V 1./ De
vy / CAPACITOR o | 7[\ /‘\ BIAS
¥ g | N N X =T LEVEL
M /:===%')E -):’:_q P o w ~
= N © o [r122 >
°© A e N SIGNAL el TRE _OUTPUT SIGNAL |
WMMMWW

TRE _ BIAS  RESISTIOR..IS.  SELECTED TD  GIVE AN OQTPUT  VOLT AGE

OF __ABOUT RALE THE  RAITERY. . VOLTAGE. THE AMPLIEIED _SI16MNAL

“RIDESY _ON _THIS  STEADY.. OUTPUT. VOLTAGE AND VARIES ABOVE ANMD
RELOW 1T, (withouT THE  BIAS.  RESISTOR, OMLY THE POSITIVE

RAME _0E _THE _1NQPUT SIGNAL _ABOVE 0.6 VOLT. (SEE P HS) Wikl

BE.  AMPLIFIED. _THIS_ WAL CAUSE  SEVERE . DISTORTION.) TO SEE
CNE  WAY A WoRKING VERSION . OF THIS ..AMPLEIER. 1S UQSED,

ITURN. . NOW._...TD P 122  AND.  LOOK AT THE _ OUTPUT. . SELTION

OF. . _THE LIGRTWAVE  TRANSMATTER

S1




FIELD-EFFECT  TRANSISTORS

_|EIELD = EEFECT TRANSISTORS. ( OR.__FETs). . HAVE BECOME _MORE
JAMPORTANT e

THAMN.... BIPOLAR _ _TRANSISTORS ... THEY. ARE. EASY.TO.
MAKE. AND.. REQUIRE.. LESS .. SILICOM. THERE. ARE _TWo.. MAJIOR

m,ﬁEIMW.“E:E&MLL.VLE..S.“&.,.VMJMN“C-IJQM,,, o AND L METAL T OXIDE = SEMICONDUCTOR

N BOTH . KINDS. . AN OUTPUT. _ CURRENT. 1S5 LONTROLLED BY. A

SHALL

INPUT__VOLTAGE.  AND.. PRACTICALLY.  NO  INPUT  QURRENT)

ASOURCE . RURRENT,  THEREFORE

- B GATE
JUNCTION _FETs : g
THE _TWO._ MAIN_ KINDS.  OF 4 7
FETs ARE N - CHANNEL  AND , \__P =
el P CABNNEL . THE  CHANNEL A N~ cHANNEL I A
\S_LAKE A _SILICON._RESISTOR \ [ P ) ]
| THAT  CONDVETS  CURRENT \ v
MOVANG . FROM __THE __SouRCE. 5/°UR°E GATE DRAIN
TO...THE. _DRAIN. __ A__VOLTAGE AL )
AT THE _GATE __ INCREASES .&.1/ a4 )
L|THE. _CRAMMEL . RESIST.AMCE __ \_N ) i
......... ) LBND  REDUCES _ THE _ DRAIN — B CHANNEL |
N
S 1

THE __FET. ..CAN.  BE _USED. . AS
AN AMPUEIER

OR._A _SWITCH.,

B sucrion

FET OPERAT\OM - .THE. " ARRANGEMENT . BELOW
Bow AN N- CHANMNEL . FET WORKS.. A NEGATIVE

SHOWS

A GATE. . VOLTAGE .. CREATES . .TWO

o SMACON.... . MORE  GATE . VOLTAGE WL QAUSE

HiGH RESISTAMNCE REGIOMN S
ADITACENT.. . TD.. . THE __ P~TYPE

THE  EIELDS _TO

MERGE. TOGETHER . AND COMPLETELY. .. BLOCK . THE.  CURREANT.

CHAMNEL

(-THE._EIELD) . IN.__ THE

THE _GATE ~ CHANNEL . RESISTANCE IS VERY.  RIGH .

| .

NQ

. WQN,Q%WW

vy
&

][ BRAIN

N

- L8 YoLT

S A
NV, NS
= 6:'1 Do s RVMIEe M) G Z f‘;“-:‘:‘( D (=]
.,4..@ GATE ;? GATE fgf@\ GATE +
N ( y =
: :] ugk.n - %_dp.q -
G.RD.UND.%“ SOURCE \I SOURCE SOURCE




] MORE AROUT  TUNCTION FETs. —  SINCE  THEY  _ARE _VOLTAGE

JCONTROLLED, TUNCTION.  FETS /0R :n:a'rs\ HAVE MPORTANT

AnyA&_:r_AFﬁ.,ssm QVER.. . CURRENT — CON T.R OLLEDW BIPOLAR . _TRANSISTORS..

RESISTANCE RF A __JIFET IS VERY
Ay

1. _TRE GATE — CHANMNEL
HIGH _ ( MILLIONS _ OF OHMSY ., THERE EORE THE _JFET _HAS
LITTLE OR NO EFFECT ON EXTERNAL COMPONENTS. _OR

CIRCUITS COMMECTED T 1T5 GATE.

2. THE VERY HIGM GATE-— CHANNEL RESISTANCE MEANS

PRACTICALLY NO CORRENT. ELOWS IN_._THE GATE CLREU LT,

(WHY. IS __THE __RESISTANCE . SO _ HIGH 2 THE GATE _AND
CHAMMEL. . FORM A__DIODE . SO LONG AS THE INPUT

[ SIGNAL _ REVERSE BIASES THIS DJODF_; THE CATE _HAS
VERY. _ _HIGH  INPUT RES:sTA.\Jce)

S LIKE.... . BIPOLAR.  TRANSISTORS, JFET S CAN __BE DAMAGED QR

RESTROVED By EX CESSiVE CUORRENT OR VOLTAGE. .

JSFETS ARE USED IN MANY

Ll KINDS  OF  JTUNCTIOMN.  FETS —
THEY  CAMNOT. EBE. __USED

e DIEEERENT  APPLICATIONS o SINGE

. FOR __RicK . PowER . ROLES. Po— osmmm&&g ek NS TALLED . AN . SHALL
PLASTLIC OR ME TAL. PACKAGES- HERE ARE. __THE.. I1M8IN

-l CATEGORIES:

SMALL . SIEGNAL AND _ SWITCAING ,

SMALL _SIGNAL.__ TEETS ARE LSED AT ___THE

v (// INPUT._ STAGE . OF  _AMPLIEIERS I0... PROVIDE

\g /4 A _RBILGH _RESISTAMCE _ INPUT.. _ THEY ___ARE
4 ALSO _USED AS SWITCHRES.

HIGH FREQUENCY.

e T MGH  FREQUENCY JTFETS ARE  USED TO

JA AMPLIEY __OR _ PRODUCE. _HIGH. FREQUENCY. SIGNALS.

QmwJ:LJ_&_“C:._‘L@.MWWE&'EMW-“SJMM&Q“g,sﬁ»::m_“ﬁm&gﬂmwwm&%%mmcame CTED.

DRAIN (D) D B o
il
yam
eare_pllelo e © ) 6ol b= G
(6) /
| N_| P
S U S
Source(s) N-CHANNEL s P-CHANNEL
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METAL=OXIDE ~SEMICONDUCTOR FETs

THE METAL-OXIDE—= SEMICONDUCTOR

METAL. INSRLATOR

[EET. (OR..MOSEET) HAS _BECOME . source [ GATE !\mmu
TRE..SDST._ IMPORTANT . TRAMNSISTOR. )

f

MOST _ MICROCOMPUTER __ AnD.  MEMORY /;’o.u ?211,}
INTEGRATED _ CIRQUITS ARE .. ARRAYS J;E/:;—:';_TW O
oF THOUSANMDS oF MosSEET. S Nl W w
e e
A SHALL . SLIVER. . _OF . SILICON, P
WHY 2 MOSEETS..  ARE _EASY TD N-HOSEET
MAKE ,  THEY. CAN. BE__VERY SMALL,
AND SoME MOSEEY CIRCUITS SOURCE. .. GATE DRAIN
CONSUME NEG&LIGIBLE . POWER.
NEW .. KINDS . OF. . POWER _ MOSEETS Z. V2=~ H
mmmmmmmmmmmmmmmmmmmm ARE.__ALSO_ VERY. _ USEFUL. { 4 /p '
\PJ ]
O MOSFET OPERATION — ALl N
e TNOSEEN S ARE N=TYPE . OR . P-TYPE, P- MOSEET

UNCIKE  THE . JUMN.CTION.... .EET , .

THE.

GATE. _OF A _MOSEET __HAS__NQO

ELEQCTRICAL .. CONTACT W TH THE

SOURCE _AND . DRAIM.. A _GLASS

= LIKE

LLAYE R oF SILICON = DIOXIDE

0. VoLTS. (GATE)

(AN, _IMSULATOR) . SEPARATES

\
THE _GATE’S. . METAL _CONTAST. - A X
ERoM... THE REST_ _OF _THE SoURLE PRAIN_
e LRANSIS TOR. B 1 NO
\WN/ \NJ CURRENT
ALuming M S\L\ch-Oxmr; P
GATE INSULATOR
COMNTACT. .\ s + 0.5 VLT (GATED m—
| — il - o
ww P \N/J SOURCE DRAIN _\
SiLicoN J SOME

\N 2=\ N/ CURRENT

A_POS\TA\VE __GATE VOLTAGE

P

ATTRACTS ELECTRONS. .TO

THE. _REGION BELow.  THE GATE.

+ 1 VOLT (GATE) . A—\

DETERMINES THE RESISTANMCE |

OF ..THRE_ _CRANNEL,

THIS__ CREATES. A THIN AL

N=-TYPE . CHANNEL IN._THE SOURGE prﬁm&m\@é‘,

P-TvypPE SiLicon RBE TweEN MAXIMUM -
N [P N

THE. . SOURCE AND  DRAIN. O FD =t L LURRENT.

CURRENT CAN___THEN ELow .

TRROUGH THE CHANMNEL . GROUND

THE __GATE UOLT.AGE. . */,
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[0 MORE ARBouT MOSFE.TS — THE _INPUT__RESISTANCE OF  THE
MDSEET 1S THE.  HIGHES OF _AANY _ TRAMNSISTOR. THIS
AnD  OTHER  EACTORS. @ygmwa&&mmmﬁa&mufwmpy&v TAGES o oo

1. THE GATE —CHANMEL RESISTANCE (S  ALMHOST.. INFINITE

o LTYPICALLY. 1, 000, 000, 000,000,000 = OHMS ), . THIS MEANS THE. . . .
_leare  pules NG SURRENT... FROM EXTERNAL .. CIRCUIT.S..C WEWL,
T __MAY _RoRRow A _FEw. TRILLIONTHS. OF AN AMPERE.)

2. MOSFETS. . CAM.  FUNCTION _ AS . VOLTAGE = CONTROLLED VARIABGLE

el RESISTORS. . THE GATE VOLTAGE.  COMTROLS.  CHANMNEL RESISTANCE. . ...

2. MNEW KINDS OF MOSFETs QAN SwiTeH  VERY _HieH CURRENTS
IN_ A FEW  RBILLIONTHS OF A  _SECOND R

e L CAVTION == BECAUSE . THE N ==Y
 lGLASS —AKE . SILICOM. OXIDE R A I e
— | LAYER _BELOW.. THE.  GCATE. 1S S0 i m//
THIN . _IT___QAN__BE _PIERCED _BY ! " N
™o MUCH  VOLTAGE. oaR. EVEN__ STATIC t _ b \
ELECTRIOITY EVEM____THE STATIC .. . SHARGE ZAPPED .. CAUTION.......
G ENERATED BY _CIOTHING. __OR A CELLOPHAMNE MOSEET __ SYMEBOL

WRAPPER CAN __ZAP __THE GATE 0oF. A. MOSEET/

[1 RINDS  0F  MOSEETS =  LIKE TFETS , MOSFETs  INSTALLER N . .. ..
| SMAYL METAL. OR.._PLASTIC. . PACKAGES  ARE USED . T . GIVE i
o L AMPLLEIERS AN OLTRA=HIGH.. . INPLT. . RESISTANCE . THEY.....ARE

ALSO___ LSED._ . AS _ VOLTAGE .. CONTROUED. RESISTORS —_ AND .. SWITCHES.....

THE  MOST  IMPORTANT. . CATEGQORY.  HAS BECOME. ©

PoweR_,
/”7'/—‘\ POWER MOSFET S AtLow A FEW i
MM VOLTS. _TO.  SWITCH _0OR _AMPLIEY
- MAMY. AMPERES AT VERY FAST

SPEEDS.

A MOSFET.  SYMROLS —  THESE  ARE._THE _MOST _ COMMON.

— _|SOURCE __GATE __DRAIN > D
(s) G ©® —~ s 6 D =
“ &_, [foe) ] ()
" 6. — 04/ — 6 A
] P P
5 N S
N-MOSEET P-MOSFET




HOW _FETs ARE USED

FIELD - EFFECT  TRANSISTORS. ARE . USED . AS. _ AMPLIFIERS, _
[SWITCHES __AND __ VOLTAGE = CONTROLLED _ RESISTORS.. MERE.
ARE _ SOME__ TYPICAC . CIRCLIT  ARRANGEMENTS. '

—

O A JIFET. ELECTROMETER TBIS. . JLTRA= SIHPLE. . CIRCLIT

L3 THE ELECTROMNIC. .. VERSION

OF _.THE . . ELECTROSCOPE.,

THE GATE . LEAD OF. AN

N=CcHRANNMEL . JFET lS.... LEFT

RIS CONNESTED. . NORMALLY
M. CURRENT FLows FROM,

SOURCE 1D PRAIN. ... WHEAN

A MNECATIVELY.  CHARGED ..

e OBTECT L LIKE A PLASTIC

CoMB. . THAT'S . BEEN. . STROKED
THROUSH —OUR . HAIR). L5

SOURCE

PLACED. . NEAR _THE . GATE.,

CHARGED TRE . _CURRENT ELOW LS

ROD L REDUCED. . OR.___STOPPED.

o MDSEET  LAMP.  DRIVER = THIS . CIRCUIT. SHOWS .. Fow. . A
e POWER  MOSEET  CAn. BE
LDSED . TO. SWITCH. . ON__A
e AMP.OR. . OTHER pXe :
e POWERED  DEVICE . . SINCE .
THE POwWER. MOSFET. .
BAS . AN___ALHOST
INEINITE _ INPUT  RE= s

r

w4 RESI STOR.

-

ALLY. . QPEN..
PUSHBUTTON. . SWITCH.

1 norm S\STANCE ,.. THE

SMILTCH. _CAN. BE

REPLACED.  BY._ . A_ TINY

INPUT.  SIGANAL

A _MOSEET _ _LAMP.  DIMMER — TRIS _CIRCUIT. .NSES A __POWER
MOSEET  AS B NOLTAGE o,

CONTROLLED RESISTOR.

f ... CONTROL
o CURRENT

f

° LARGE

OUTPUT... G RREMNT




e THE  UMNATUNCTION.  TRANSLITOR . o EMITTER
(T T) 1S NOT. A TRUE. _TRANSISTOR. <
1T's MORE... LAKE A DIODE . WITH : =
W.mﬂmﬁow.m..mc.ecthoyb.E_,M...w..-,,,c,qkfgﬁm‘E‘.MC.I.ALQMW&.N.M_IA.I,..A.W_W,W, —= \ P S 5\ Y —
e | WORK S  _LIKE A VOLTAGE = COMTROLLED { N T

o) SMLITCRA L ANMD  DOES  NOT.AMPLIEY. ease 1 EASE.Z

Q. UIT  OPERATION — N
—_|NORMALLY A SMALL.... L ML votTRee
e JCURREM T MAULL .. FLOML. FROM ...B2 >lE Bl AN
IBASE 1 _TO. _BASE. 2.  WHEN N \P ] | S, w—
THE  VOLTAGE. . APPLIED  TO == 4
e TRE o BMITTER . REACHES A ol SMALL CYRRENT .o LOW
e CERTAIN. _THRESHOLD. (SEVERAL oo & vorTAGE" CueReNT I
e JNOLTS). ,,mea AT, SwITCHES... |  TRIGEER VolTAeE
e fON  AND A RIGH.  .C URR ENT..
ELOW.S AW.\ERQkL _BAsE. 1. .
o 'EHEEH\TTE.R SELo uu T H E \
@Ww.:ma.ﬁs\.};\oﬁL.DM.M,M.V.,mcms.ﬁw,wW."tguo.,w,,_,V.m
e JQURRENT . ELOWS . FROM . U |
o (BASE. 1 TO.  THE EMITTER. N .

Q.uIT_symeol — . L e

| ™e__ svmeo.. FOR..__._
o THE  UIT  RESEMRBLES. . € ==lp}
THAT. OF A TFET o AN
T g1
_IHOW UNITUNCTION. TRANS\STDRS ARE LJSED
THIS ARRAMGEHENT ALlows. N oras )

ol A UIT. TO. . FLASH A LJGHT-CuRRENT A
EMITTING. .. . DIODE CLEDN . | CHARGES
e JCURREMT. FLOWS. . INTO. THE ... [ CAPACITOR ..l
o JCAPACITOR.  UNTIL. THE. -
e dOT T s TRAGGER. . NVOLTAGE. ..t L
e} IS REACHED. . THE . CURRENT. . l.—_
s AL THE L CAPACITOR ... 1S THEN
mmmmmmm  DUMPED " THROUGH. . THE. A o 2V S CA PAclTo
MW”QEDH{ELEDGLQWS b b L DI SC HARG
e JUNTIL . THE . CAPACITOR. . CURRENT.
mmmmmm &JSCHARC-.E.D. THE .. CHARGE‘“

et PISCHARGE C‘ICLE. 'FHEN REPEATS

.mm,_,\{.,,nl,m. ST S i YO SR S




i W SMALL

TH E THY R \S TOR OEF D CURRENT

o |THYRISTORS . ARE _ SEMICON= pd
e |DUCTOR _DEVICES _WITH THREE  {0)

= [

JLEADS . A _SMALL  CURRENT é o \ \ }

AT, ONE LEAD WILL . ALLow
e h B MUCH . LARGER....... CURR EMT y
- TO __FLow.  THROUGH _THE ;*:/7 LARGE
e} OTHER o TWO. ... LEAD S ... THE ON. < ‘f/{ ! CURRAEMT
LLCONTROWLLED. . CURRENT. 1S 6 S /
EITHER . ON__OR.__OEF e ¥

| THEREFORE . _THYRISTORS =D =)
DO NOY. AMPLIEY. . ELUCTUATING @C@P——-—o——;-o————— = 22>

o ISYGMALS,  LIKE  TRANSISTORS DO,
LHNSTEAD  THEY.  ARE SOoLIP =~ STATE
A PP AL

jmmm:\ﬁsA.“..,,,Q.Wu:th&g,amaw&mmQWWJQAM«LQ:@S«MQEW;BAJ«&JWSWM&%Wsl,umc,‘o&,:f__ﬂ

e |CONTROLLED. . RECTIFIERS. CSCRS). ..AND _ _TRIACS.. . . SCRs _SWITCH
- ADIRELY . CURRENT . AR T RIAL S SMUTCH..... ALTERNATING.. CURRENT ..
o ASILICON=CONTROILLED  RECTIFIERS  (SCRs)
LTHE . SCR is SIMILAR IO A BiPOLAR ANODE.
TRANSISTOR  WiTH A FOURTH. _ LAYER 1
. 1AND THEREFORE THREE PN TUNCTIONS.
T S SOMETIMES OALLED A 4~LAVER P
e L PNEN  DIODE SINCE T PASSES A N
CICURRENT . IN . ONMLY ONE. . DIRECTION,

P
[

R SCR OPERATION — TF THE C— . nye

Y

ANODE DF AN SCR ) MADE CATHODE

—AMORE _POSITAWE. THAN . THE CATHODE
ATHE . TWOo.  QUTERMOST. PN JUNCTIONS

|ARE__ FORWARD _ BIASED. . THE __MIDDLE PN TUNCTION, HOWEVER, IS .
REVERSE. BIASED __AND

Lo ,:::::.>.\ CURRENT CANMNOT _ELOW,
[\ _laomeal A_SMALL _GATE _CURRENT
(s 4 S— S W S s FORWARD _ BIASES _THE
| < Il Anope | MIDDLE PN _JUN CTION
= ) _h A t{Lj AND. . ALLOWS A MUCH
RiGH P SMALL \ E’__'Z LARGER. . CURRENT. TO .
s OUTBUT. N CONTROL l_-j ELOIA THROUGH. ..  THE
CURRENT P CURRENT i DEVICE., THE .. SCR
= N | ——a STAYS. ON___EVEN._IE
\ CATHODE JI T GATE h THE __GATE __CURRENT
L) GRounS A | Gem=Emm=e=mmT 1S REMovED! (unTit
o L 1':_“______ |J POWER 1S D]SCONME(‘.TED-)
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B KINDS.  OF  SCRS —  SCRs  ARE  CATEGORIZED ACCORDING TO
e JTHE  CURRENT. . THEY. .. CAN _SUWITCH. HERE  ARE  THREE  GEMNEEAL
CATEGORIES (MANY. . OTHER _GASE_STYLES _ARE . AVAILABLE):

LOW  CURRENT.,
< < LOow  CURRENT _ ScR.s INCLUDE.  THOSE
. 1‘ ¢ THAT SWLITGCH UP.__.TD d- AMPERE AT
“ \ WP TD 10O~ VoLTS
1R~ “ )
MEDIUM CURRENMT,
LY THESE SCRs SW ITCH P .1 10—
,,,,,,,, AMPERES AT BP TO SEVERAL BUMDPRED
VolTs. OMNE COMMONMN W3E LS. 50010~
SIATE.  SWITCHING EOR__ AUTO .  ENGINES.,
RIGH CURRENT.
) TRESE SCR < CAN SWITCH UP . TO
m\;(//g 2,800 — AMPERES AT UP.TO. . SEVERAL
R&?}V THOUSAND. . VOLTS | THEY _CONTROL MOTORS,
ﬁu;»mmm@&\‘ LIGHTS . APPLIANCES _ ETC.
N L Y
T ey, GATE (G). G
g ¢ /
C S ? , Pinjp A C
0 _SCR. ..SYMESL ANopg (A). 11 F T C) R
JHOW _SCRs ARE USED.
THIS _ARRANGEMENT _ SHOWS . How AN ___SCR IS
USED w SWATCH . ON AN INCANDESCENT T
et LAMP.  OQOTHER DEVICES C AN ALso .  RE
CONTROLLED., : y ( hY
- . /5 P
~ N7 e L AMP N
Vo AN NORMALLY
! bW S~ open
A = PUSHBUT TON
S NORMALLY . CLOSED LA ,/ SWITCH
PUSHBUTTON _SWITCH P_l _Pusn TO
-2 {PUSH _To  EXTINGUISH N SWITSH = RESISTOR
LAMP) P LAMP ON.
N-_;./ b.II)L § . | oy
¢ [ & B11Q,>
H — e p
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TRIACS

THE TRIAC 1S _EQUIVALENT

TO . TWO . _SCRs CONMECTED

IN_PARALLEL . THIS. _ MEANMNS N Ko maw TERMINAL
TRIACS CAN SWITCA . BOTH P 2. {or A
DIRECT _AND _ ALTERNATING N_ L
CURRENT., NOTICE _THAT _THE Y ven -
TRIAC.. . HAS.__EMWE. _LAYERS GATE S MAIN_ TERMINAL
PLUS AN EXTRA ___N-TYPE N 1.Cor A1)
RE.GLON. ALSO. . NOTE. __ How
BLG. .. THREE LEARS MAKE_ ___COMTALT
WITH WO . LAYERS.
O .TRIAC . OPERATION — THE . TWO PARALL EL, SckRs. . THAT
FoRm A _TRIAQ FAQE
LA . OPPQSITE. DPIREC—
f —\ TION.S (REV&RSE-
< PARALLEL Ya... WHEN
\ USED _TO _ SWITCH
HleH | N ALTERNATING CUR-
oUTPUT P RENT, THE TRIAQ
CURRENT N STAYS. . ON _ oNLY
AC V ETRI WHEN __THE __GATE
VOLTAGE T (=i RECE\VES CURRENT.
l GATE N REMOVE THE _ GATE
Low M1 CURRENT . ANMD \T
(X _ _contRot. | SWITCHES OFF. WHEN
\>\ CLRRENT. THE AC.  PAsSsES
N | S — | THROUGH . O NMOLTS ..
O KINDS  O0F  TRIACS — TRIACS., LIKE _SCRs, ARE _CATE=
GORIZED ACCORDING ™ THE CURRENT. . THEY  _CAMN_SWITCH....
e TRLACS . DON'T. _HAVE __ THE VERY . HIGH POWER. . CAPARILITY. OF
HIGH CURRENMT SECRs. HERE ARE TWO. AT EGORIES:
LOW CURRENT,
) 4) Low. _CURRENT _ TRIACS SWITCH __UP _ TD
) | 1- AMPERE AT UP TO _ SEVERAL _HUNDRED
{ m\ VOLTS. . OTHER _ CASE _SIYLES. ALSO.  USED.
MEDIUM _CURRENT.
N =
.Mm_m-mm__m@&@‘w c THESE.  TRIACS.  SWITCH _ UP_ To. . 40~
AW | 0 AMPERE S AT QP TD 1,000 =UOLTS, MANY

CASE SIYLES ARE AVAILABLE,
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L TRIAC  SYMEOL — REMEMEER, THE _TRIAC IS THE

SAME AS WO REVERZE = POARALLEL Yl Bl

SCR

BN Nicalk v

MT2 =y 5 N”' P In|p N MT.2 MTT

MI1

SeR mra T mr2

HOW. TRIACS ARE _USED

THiS ARRANGEMENT . SHOWS. . HOW. A TRIAC CAN_ SWITCH

ON A LAMP POWERED CBY  HOQUSEHOLD. . LINE. . CURRENT

MOTORS BAID QTHER. DEVICES. . CAN.. . ALSO. RE  CONTROLLED,

137 ~6. 3 NOLT

MNORMALLY

—
TRANS FORMER,

o OPEAL .
PUSHRUTTON
S

] JAL W S CSECONDARY. . MT2

M*Qﬂtigbl\‘

LAMP.  GLows.  WHEN. .

SWITCH . IS,  CLOSED w M@H

e

2SN 21 >4 » B

1] N GATE

MT1.

CAUTION: DO NOT._ ASSEMBLE. lP-111>

TWO -TEAD  THYRISTORS o

AN . SCR OR TRIAC ... WL SWITCH . ON _ WITHOUT A __GATE..

[REACHES A QERTAIN.  LEVEL.. . (THE. GREAKDOWN. . YVOLTAGE)..

SIENAL, LE THE. .  VOLTAGE . ACRQSS. . ITS. . OTHER __TWo. LEADS . . ..

THIS SELF= SWITCHING ARILITY. .. MAKES.  _ POSSIBLE . TWO=LEAD o

ITHYRISTORS..

FOUR=LAYER DIODE.
=

-V FOUR- LAYER . DIODE. IS AN . SCR.  WITHOUT. ..

j A GATE. IT. SWITCHES. . DC. VOLTAGE..
=

e A OIAC A5 A THREE = LAYER.  _DEVICE . SIMILAR o

T A PNP.  JUNCTION.  TRANSISTOR _ WITHOVUT. A
e BASE  LEAD.  IT. SWITCRES  Ac VOLTAGE.
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4, PHOTONIC SEMICONDUCTORS

PHOTONICS 'S THE._ FAST.  GROWING  FIELD 0Ff ELECTRONICS. .

INVOLVING. . SEMICONDUCTOR. . CEVICES THAT _EMIT. _AND DETECT
LIGHT. RE EORE LOOKING AT . SOME. . PROTOMIC. .. AC,QAMRQMEN.IASW,«_, -

LET s TAKE A _HOUICK. LOOK AT SOME _EACTS. ABOUT. . LIGHT.

\\\\\\ " /'/ cermn

LIGHT

I“LET THERE BE LIGHT..."|

'//. ||\\.\\

LieyT IS COMPOSED. .. .QOE PARncz,Es s QALLED PHOTONS THAT
BEHAVE  LIKE WAVES. _OF _ _ENERGEY.. .. ,."EH.QJZ.Q.M_SW.WAR.E,V.,mN.QTM“.M_M_

NECESSARILY VISIBLE AM,J‘)..N.M LOANLY. . THOSE. ... You CAN

SEE ARE COLLECTIVELY.... CALLED. . LlGHT. .. PROTONS

ARE PRODUCED.  WHEN _ AN __ELECTRON . THAT'S . BEEMN. .nn

EXC)TED T A HIGHER _ THAN NORMAL ENERGY. . .LEVEL. . ..

FALLS RBACK T0.. TS NORMAL . LEVEL e

e EXCITED .. e i PHOTOMNS

I e

R L ¥ Eectrons. .. () ﬁ AN

A ’(O"

———

{ SNARLOUVS

LEVELQSW.y\
L[EVERSY 2/ . S
_NORMAG .
| @REMEMBER, _PHOTONS. _ACT  LIKE _WAVES.
 THE  DISTANCE. . BETWEEN . CRESTS. IS THE .

L MAVELENGTR.,.. ELECTRONS. .. EXCITED . TD. e
e H\GUER. . ENERGY. .. . LEVELS  EMIT _ PHOTONS ...

WAVF_LEMGTH JWITH O SHORYER O WAVELENGTHS . THAN i

W.,wm,m._mW,.W.M,M.,W.V,WE.L“E.QIRQM‘,SW, CEXCITED . TR LOWER.. LEVELS« e

g & Ex,g.na.x...&._aw,nE.L.E_e.,r,.&a&:‘.swckm_,_km

EESUMHE THEIR NORMAL

e L e LEVEL . SPONTANEOUSLY w e

\ OR A___PROTOMN WLITH
SECOND. . PHOTON. . THE . . PROPER . WAVELEASTH

WITH . SAME CAN.. . STIMULATE AN_EXCITED ..
. WAVELENGTH. AS ELECTRON. . TO. RETURN. . TO i

) EIRST _PHOTON TS NORMAL LEVEL,

YA




(1 THE ELECTROMAGNETIC SPECTRUM — \WSIBLE LIGHT IS
A__FoRM OF ELECTROMAGMETIO EADIATION . THE  WAVELENCTH
QfF LlegT 15 SPECIEIED 1AJ NANOMETERS (1~NMAMNOMETER. IS
A_RULIONTH .. 0F. A METER ). THE  DIAGRAM. . . BELOW. .. SHOWS
THE.  RELATIONSIHLIP OF . LIGHT _TO OTHER FORMS. .. 0F ELEC-—-
TROMAGNET.IO RARIATION .
> VISIBLE  LIGHT
. X-RAYS o RADIO WAVES -
= > >
<GAMMA__RAYS \U‘LTRHV'DLET,_ [MFRARED MICROWAVES |
1-pwm d=rm 1= pamm 1-mim 1-m 1~ Km
WANELE NG TH
1‘Pm = 1 PICOMETER (0,000 000 000001 METEE)
l-vm. =31 NANOMETER (0.000. 000 001 METER)
1-pum. = 1 MICROMETER 0,000 6O1 METER) — |l
d=wmm = 1 MILUMETER. . (0.001l METER) THESE LINES ARE
I-m__ =1 METER (39,237 INCHES) ONME __ MWLIMETER
I-Km = 1 KILOMETER (1000 METERS) C1-wam) _ APART.
L THE _OPTICAL. SPECTRUM — ULTRAVIOLET. ., . MISIBLE . AND
INERARED RADIATION ARE IO GETHER CALLED THE . QFTICAL
SPECTRUM., HERE'S AN EXPANDED DIAG R AM OF _THE
QPTICAL.. . . SPECIRUM +
I .GREEN, . e YELLOW . doo % RESPONSE

/\

QE. THE

/

\ = QRANGE

RUMAN  EYE

BLOE —= /

S0%

VIOLET - /

\
N

/ NEAR -~ |NFRARED
: S : S~ : .
00 400 500 L0O 00 200 Q00 1060
WAVELENGTH. _(NANOMETELS)
MANY......PHOTONIC . SEMICONDYCTORS _ EMIT. . OR __DETECT _NEAR =
e LLERARE D RADIATION. . SILLCON g EOR _ EXAMPLE , CAN __DETECT
VISABLE LAGHT., BUuT LY. IS MOST SENSLUTIVE T0....MEAR.=
INERARED AT... ABouT S8R0 _nNw. BECAUSE SO._MANY
PROTOM IO COMPONENTS CAN___OPERATE IN.. BOTH. . . THE
VASIBLE . AND  NEARTINERARED , IT)S COMHON To REFER
TO _NEAR~ INFRARED _AS LIGAT.
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OPTICAL _COMPONENTS

JOPTICAC. . COMPONENT S _..COMDUCT . BEND . OR..CHANGE. _THE . _
CHARACTERISTICS OF L\ GHT SEVERAL __ARE VERY. _IMPORTANYT
CHNMANY APPLICATIONS OF PHOTOMAC . SEMICONDUCTORS,S

- TRANSHIT . T4 . %
AL EILTERS M R e T = —
ONLY. A NARROW 7 ! B
|BAND _QF.. ORTICAL e OB - =y -

WAVELENGTH S D > FILTER.

THD%E. AATH A VEPJ .
SMQOTH  SUREFACE . .

2 REFLECTIORS  REEIEQT ... /7 I LA
_ISOME PR _MOST....OF AN -
ONCOMING . LIGHT _BEAM. S T LV KE MIRRORSD)
e lSOME LIGHT _MAY._OR__MAY Y My ARE. CALLED.
INOT. BE  CTRANSMITIED N MIRROR e SPECULAR . REFLE. CTQ§ e

20 BEAMS POUITIERS . REELECY 122 e AGLASS MICRDSCOPE
APART. _0F. AN ONCOMING... sty .. o SLIDE. . MAKES. A eaooM

ALMGHT _REAM _ AND_ TRANSMIT. ot L2l BEAM. spurTeR. (EACH ...
[-)
THE  REMAINDER .  SURFACE. REELECTS. 4.%.)

X

A LEmges BEND  LIGHT. THE  MOST.  IMPORTANT. ARE S . .
I, FOCAL LENGTH N

~LONVEX LENS \—Focm_ POINT o CONCAVE  LENS i

L JCONVEX LENSES  ARE OFTEN  USED. . IN _ CON. de cmoru LWIT H SEM i-'
s comgxu.,c,m&.wN.;,Jaﬁﬁlﬁ_m_s_augcﬁsmwmﬁmzwmQ;IEAQTQ RS....FOR _EXAM &,E..,,..W.A THEY.
e fCAN . COLLECT _ AND . .EOCUS.  AGAT. ONTO A MINMIATURE  DETEQCTORa i

A5,  OPTICAL FIRERS ARE THLIA P W Wy 2 9 | B e IBER e
PR N e AN R ey 7T
i AL EXABLE ... STRANDS  OE  BUIGHLY oo e e 22 2z n SR NN S ——
i TRANSPAREMNT  GLASS  OR PLASTIC e L SGLADRING NN
THAT _ CONDULT LIGHT THE e CORE v
L ALIGHT.  TRAVELS. THROUGH A CORE S U ..
ASURROUNDED. . BY A THIN GABDDING et s e e
L
s PR ASTAC L FABERS.  ARE INEXPENSWE s
e JOLASS  EIRERS. ARE. . MUCH __MORE
TRANSPAREMT. BoTH. _ _KINDS
e b TRANSMMIT  SOME  MWAVELENGTHS .
MM BETTER T™HAN.  OTHERS.
e SHIGH . QUALITY EIRERS ARE _USED
i d T S EM R TELELPHOMNE ... . CALLS... . AND
o lCOMPUTER. . DATA. VIA__PULSES OF LIGHT.  WAVELENGTH (NM) .

e GLASS 8. HUNDKEQS mmmmm T
OF TIMES GLEARER.....

’JT :
\

PLASII:‘:

TR\N§ M| SSION

L~ :

Hoo Sp0  LOO 700 800 Qoo 100w




HOW CONVEX_LENSES ARE LSED 2

MANY _SEMICONDUCTOR LIGHT  _SOURCES

AND  DETECTORS __ARE _ EQUIPPED SN
WATH A BUNT=IN _ COMVEX_ . LENS. /AN
THIS... PAGE _ EXPLAINS..._WHY __AND N )
SHOWS  How  EXTERNAL CEAMS ARE \W_

USED. _WITH _ SOUBCES. . AMD _ DETEC TORS. : '

OLTRE INVERSE SQUARE. . LAW.. S

INTENSITY & 1y 1/4y ; ¥

LIGHT S .

EAMOUS EACT. .LV6AT. TRAVELS| .

186,291 _MuWES. PER_SEcoNDY | . B T

AS LIGHT FROM A VERY. .. SMMALL SOURCE SPREADS QUTWARD, ITS

WMTENSITY LS IMVERSELY. . PROPORTIONAL. 10 THE. . SQUARE __OF __THE
DISTANCE IN_OTHER. WORDS ; LF. . THE _ DISTANCE. IS5 2 y THEMN

THE _ INTENSITY. IS L /9  THE. . INTENSITY. _WHEMN. THE. DISTANCE 151
A CONVEX  LENS CAN _ CANCEL .. THiS INTENSITY REDUCTION,

[ THe  CONVEX [ENS,

oTHIS. S A COLLIMATED.. BREAM..

SOURCE e — = = N DETECTOR »
.‘F‘\’f/ ” THE ACTUAL . EBEAM.. SPREADS o /
'(’fgf S I (DWERGES) _LIKE  THLS. .=~

|
Clens e m y

THE BEAM __SPREAD AN GLE

JCTHE_DPIVERGENCE) (N RADIANS acTvAL . [ T X ]
1S THE..DIAMETER . QF _THE LIGHT / ° ) \LEMS
- |SOURCE __DWIDED _ BY THE FOCAL BEAM \ Vo4 ! } DIAMETER
LENGTH. __©OF  THE. LENS. _THIS omms-rsﬁ\ / z
MEAMS LENSES. . MWITH ___LONGER ¥ \
EOCAL LENGTHS. GIVE NARROWER. LIGHT. SENSITIME . PORTION  OF DPETECTOR..
e |BEAMS, (BUT LENSES WITH LONG
EOCAL... . LENGTHS COLLECT. .. LESS WITH  CAREERUL  LENS . PLACEMENT
LIGHT  THAN __THOSE . WITH _SHORT ‘5.."& THE  LIGEHT. WITHIN . THE
EOCAL.  LENGTHS .u) DASHED CIRCLE CAN. BE_FOCUSED.
ONTO THE LIGHT. SEMNSITIVE
W.iwfmm&ADLAMWJNSWMS,Z.B DEGREES. PORTION OF. . THE DETFcTOR.
(THERE _ARE._360°_ IN_A_CIRCLE.) (SURE_BEATS THE INVERSE SQUARE_LAW!)
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SEMICONDUCTOR. LIGHT SOIIRCES

WRHEN __RBOMBARDED _ RY N\ .
L\GHT., REAT _ ELE CTRONS N \) o (7 ~ A"
) T Ny N Il W
AND___OTHER __FORMS__OF (\\0\ R 67— wd
ENERGY.,...MOST _ SEMI= oD P e,
COMDUCTOR . CRY.ST ALS Q 0 /—’"?\ & %
Wikl EMIT. . VISIBLE __OR 4 = ) LIGHT
INERARED. LIGHT. . THE ELECTRONS N il '[' CBROTONS)
BESTY _SEMICONDUCTOR _ P i #{ I'{
LIGHT _SOURCES , HOWEVER, SEMICONOUCTOR 5
ARE PN __JIMNCTION.. DIODES. CRYSTAL \\ HEAT

LIGHT EMITTING. __DIODES

e

THE _ L\GHT.  EMITTING o Q VoM
DIODE . . COMVERTS AN r"'“ P @
ELECTRAICAL CURRENT PROTONS Ig o \f ’ [{_/—\——' G
DIRE OTLY . INTO. . LIGHT. N A T N
THERE FORE THE __LIGHT A@ C‘AT;-\DDE
EMITTING _DloDE . (LED) N~ )5
1S MORE. . EEEICIENT.. THAN P A Z  ANOBE
MANY. ___OTHER _LIGHT__SOURSES. Vo

SO=CO=CD=>
0 LED OPERATION— THE. FORWARD .. VoLTAGE.  ACROSS. A
DionE MUST EXOEED A _THRESHOLD LEVEL BEFORE. ._A
QURBREMNT CAN CROSS THE __ JUNCTIONMN. EOR SIucoM7 LWHICH
EMITS A _TIMNY. _ AMOUNT .. 0F . NEAR=INERARED , THE THRESHOLD. ..
(] Q.- MOLT., FoR GALLIUM . ARSENIDE ., WHICH . EMIT.S COA) =~
SIPERARLE NEAR= INERARED THE  THRESKHOALD... 5. 1.3=VOLTS
TRIS VOLT.AGE EXCITES THE ELECTROMNS WHE.N THE

ELEQTROMNS CROSS THE  JUNCTION AND QOMEINE W ITH

ROLE S y THEY EMIT PHOTOMNS..

FORWARD RBIAS. REVERSE .. RBIAS
PO | T —————— ‘ i_l_ ‘
& @\@* _/ ) vk J )
Fﬁ \')-\\D N W o)
b K CoT=
d SR a1 S
/ \'L—__E OHO/:-\_ _ e={] ~_ - O,
panToN S, o 06'1“ ~ ~ % |>0°

< —— ELEQOTRON _FLOW NO  CURREMNT  FLow




L. MORE ABOuT.  LED _OPERATION — . HERE  _ARE _ SOME _KEY

| BSPEQTS . OF. ... LED.. OPERATION. . YOU. . ..SHOULD  KANOW _ ABOUT. :

ool THE  LIGHT.  EMITTED . BY.ooo

oo o A b

AN INCANDESCENT  LAMP.

e COMNTAINS  MANY.  WAVELEN GTHS.

e} THE L LIGHT . EFMITTED _RY.... AN

e RED L HAS. AL NARROW. MAVET. ... .

) LENGTH.... RANGE . (THIS IS

LIEGH:T ot TPu-rg

ot BECAUSE  TRE  ELECTRONS.....IN

d TRE. LEP . ARE _ALL_ EXCITED 300 400 §00 4oo 700 8oo 900

e TRTHE  SAME. LEVEL.D . WAVELEN 6TH.. (NM)

ol NNHEN . AN LED. BEGINS. oo B0

e} TOCONOUCT .y THE. VOLTAGE. 5100} o &G
SREASES. . GRADUALLY. .. ~ 80 !

e WRILE . THE  QURRENT . INGREASES s

oo RARIDL Y w TOO.  MUCH  CURRENT .
X 2D

ST 1N ———— N
e MG OVERMEAT. . THE.  LED ... %20
e AND. POSSIBLY.. SEPARATE  THE. ... 9 .

e LEADS L OR . MELT  THE. . SEMi= e : 1. SO S S

efrmS e TRE  LVGHT . EMATIED. BY AN

&R 45 DIRECTLY... PROPORTIONAL .
e TR CURRENT . THROVGH. THE . LED, . ..
b TRIS . MEANS  _ LEDS . ARE.__IDEAL. . ... .
oo COR TRANS MUTTIN G INFORMATION, ... .
wrcfn TRE . bl GHMT. . OUTPUT.  FROM. AN

oo SOVER BEATANG oo

LIGHT fouThuT

el OVERREATED . LED. .WwILL _SOOM . .

| [ | 1 1 S

...... e DECREASE ... THE  LED. _MAY. EVEN. . B T
e BE_ . DAMAGED. oo FORVUAR D CURRENT._LMA)

Lo R0 Mo ko, 80100 320

e AR MW AVELENGTH . OF AN

e THE _FORWARD... VOLTAGE . . |WAVELENGTH (NM) I VOLTAGE |

e LED  ARE _DIRECTLY RELATED. . | 565 (GREEN)

o DIEEERENT _LEDS  WiTHOUT . | 640 (rED) | 16 -2.0

lez =30
el THEREFORE. _IT’S_ MNOT . ALWAYS. | .S9%0. (Yertow) | z2.-2.0|
o POSSIBLE .. YO SUBSTITUTE | 15  (orRANGE) |18 -2.2.1

e CRANGING . THE. . VOLTAGE ANO.. | L90 (REDY | 272=-20l|l

b CVRREN T, MANY.  DIEEERENT... |
e SEMICONDUCTORS . ARE. _USED.. [ 900  (NFRARED) | 1.2 -1.6
e TR MAKE. VARIQUS LEDSc...]... 940  (INFRARED) | 1.3 -1.7

880 (INFRARED) | 20-2.85 1

o MASLBLE L LVGHT  ERITTING  LEDRs. . ...

o BT UP L TOL AL MILLLWATT. OR_.SO._OF  POWER.. . SOME

et AN FRARED  LEDs (LIKE. B8O NM__UNITS) _EMIT. 15 o0R MORE

MILLWATTS! (A FLASHLIGHT  EMITS 10 0R_IMORE  MILLIWATTS.)

A




AKINDS. . OF (EDs — SINCE REFLECTOR

THE LED 1S A LIGHT. . SOURCE, e

V
1T s RELPRUL. .TO. . KNOMWL.. . WHAT S L7 /N EPoxy.

INSIDE THE PLASTIO OR METAL ///, /\\\\\

/
LED. _ CASE Spown . HERE IS U =¥\~

A _TYPICAL_ _LED THE. . HEANY

FROM. . THE CHIP THE . REFLECTOR CHIP

[QOLLECTS  _LlGHMT __EMITTEDR .. FROM

3]
LEADS BELP _ CONDUCT. . HEAT. AWAY LED '—"7;’\ "
)

A
TME __EDGES. __OF THE. CHIP. THE FeaT AN

J

EROXY L5 USUALLY COLORED MARK

WHEN THE LED AS._A__WNSIBLE

LIGRT  EMITTER. LIGHT  SCATTERING e -

PARTICLES ARE  OFTEN __ADDED TO CATHODE | ANODE

THE EPoxyY.. THIS DIFEUSES. THE LEAD LEAD

LIGHT AND CAUSES THE END

~

QF....THE LED. .. TO APPEAR. . BRIGHTER. e

VISIRBLE LIGHT . LEDs.

THESE INEXPENSIVE. . LEDs ARE ___USED __AS

S

ey O gy INDICATOR . _L\GHTS...  CERTALN . _RED__LEDs
: il ARE __USED _To . TRANSMIT.. INEORMATION.
”“_“ MOST. ARE EACAPSULATED. . UM . EPOXY.

MANY. KINDS  OF L ALED READOUTS

COPABLE OF ___DISPLAYING DIGiTS AND .

e CHARACTERS  ARE __AVAILABLE.. . THEY. . .

) DRE__ MORE. _ RUGGED. _ THAN.. . LIQULD

e CRYSTAL.__DASPLAYS .y BUT_ . THEY. .. USE

MUCH MDRE CURRENT,

INERARED. . LEDS .

INERARED LEDS SHOULD BE.. . CALLED

INMERA RED EMITTING. _DIODES. THEY

-9 Gl PP s N v o
ﬁ @\?\\; ARE . LSED . TO.  TRANSHIT _INEORMATION,
o T\

THEY. _ARE _ALSD USED N INTRUSION _ .

-
7 ALARMS ) REMOTE....COM K&QAW..,,ﬂ..DE.MLCHE.MSM,.M..,_W_.

Exe. A SPELIAL KinD oF. INERA=

ReED LED 15 _THE DICLE. . .. . ASER e

SOME . BEMIT. SEVERAL WATTsS |
P

e | L ED . SY.MBOL . y
ROTH. . SYMBOLS. Ar A~
SHOWM. HERE P I N P/ A—>—c¢ A ey
ARE LISED. ANGDE _CATHODE
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SEMICONDUCTOR  LIGHT DETECTORS

ENERGY _ENTERING A

SEMICOND YCTOR CRYSTAL ROLE =, = EXCITED

EXCITES. ELECTRONS . TO X .mw_o ,,,,, ELECTROMN
e JBAGHER . LEVELS., LEAVING =,

BEMINGD . HOLES. THESE ) CRYSTAL

ELECTRONS.  __AND . ROLES. _CAN S 1L S

RECOMBIME. . AND EMIT PHOTOMS, Zr} ! T

QR . THEY.. .. CAN. _MOVE _AWAY FROM ELECTRON HEAT \ PROTOMN

ONE __ANOTHER AND. _ FORM A

ICURRENT.  THIS 15 THE BASIS QF  SEICONDUCTOR  LIGHT .

ORS. THEBE _ARE TWO HATOR . CLASSES QE
__|SEMiconpucToR  LigT CETECTORS , THOSE.  WITH AND THOSE
WITROOT  PA. JUNCTIONS.
PHOTORESISTIVE LI\GHT DETECTORS J

PHOTO RESISTORS ARE__SEMI-
COMOUCTOR LIGHT CETECTORS
WITHOUT A (=) TUNCSTION..
THEIR  RESISTANMCE (s VERY
MGH _ (UP TO  MILLIONS. _OF _OHMS)
WHEN. N0, LIGHT 1S PRESEMT. ( /‘CuRR&NT
WH.E A ILLUMINAT'E.Di THEIR, U&@Qr_——(nm—cr)”
RESISTANCE 1S VERY. __LOW T
JCHUNDREDS _OF _oHMS). —
[ _PHOTORESISTOR. __OPERATION, ELECTRON Tong » ;VT
THIS... PAMEL  SHOWS _How A PHOTON @ oS -=CH
PROTON _CREATES Aﬂ,n.,hf:w;,,E..-;mEL‘E.QIRQMW{U%JW/ T_ N ,/
PAIR. . AN . EXTERNAL. _ VOLTAGE .9 A.':\WWW\MMLEWW
WILL.._EORCE THE HOLE __ANMD (9 %WHOJ.E.M | ELECTRON Y
ELEQTRON _ TD . MOVE . - 1. 2. 3,
- M »)
LLTTILE.. - r—uﬁ ,—ﬂ--\ TN eIN|
CORRENT. [ ' N CURRENT o~ LI\GHT
-\ 14
(\\/
= WJ/ THE _BATTERY
oy il PROVIDES THE FORCE

T0. . MOVE THE ELECTROMS

AND  FoRM A  CURRENT,
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0 MORE AROUT _PHOTQRESISTOR QPERATION — __HERE _ARE SOME
IMPORTANT. _ ASPECTS 0F.. . PROTORESISIOR OPERATIOAN. &

1, PHOTORESISTORS. . MAY. REQUIRE A __FEW MIELSECONDS oOR
MORE... . TO . FULLY RESPOND TO. A _CHANGE IN__ LIGHT
IMTEMNSITY. . (THAT'S. __PRETTY _SLOW).  THENM _MAY REQUIRE
MANY MINUTES TO RETURN_ __TO _THEIR NOBMAL PARK
RESISTANCE  WHEN  LIGHT IS REMOVED (THE MEMORY
EFFECT).

[ W g WSV N

2, THE SEMMCONDUCTOR MOST ) /\ CADMIUM
OFTEN _DSEDR _IN_ . PHOTORESISTORS E / SULEIDE

1S CADMIUM. _SLLFIDE . 1TSS ‘ ol / PROTORESISTOR
SEMNSITIVITY T0.. LIGHT 1S VERY 9 / .

SIMILAR _TO. THAT.  _OF THE 2 / N\
MUMAN___EYE !l _LEAD SULEIDE ol L
IS__USED. _TO  DETECT INERA= 300 400 500 oo 100 @oo 9o

. RED _(ouT TO 3~ MICROMETERS oo MWAVELENGTH.. ( NM)

Dl KINDS  OFE  PHOTORESISTORS — . MANY.  _DIFEERENT __KINDS.

ARE _AVAILABLE.

IN__MOST. _THE
- BB LAGHT  SENSITIVE SEMIQONOUCTOR IS ..
Tﬂ ﬁwm_b,.m.w._C.QAI_E.waﬁﬁl,wﬁ_ﬁ&mL&LE&LEAM.EDn_MQLELTBQQESMWW
“ Ln—1 TO INCREASE  THE EXPOSED _SUREACE
,! i | A__PLASTIC _OR.__GLASS _WINDOW . MAY
! OR __MAY. _NOT. _.BE __USED.
|F] PHOTORESISTOR _ SYMBOL. . \3 NN TN
BOTH __SYMROLS. _SHOWN [ AAA ) (/ )
e e USED. ~
HERE  ARE N N4
HOW_ _PHOTORESISTORS ARE _JISED ~
- [R114 >
PHOTORESISTORS. _ARE 1)) -
USER__IN __LIGAT _ CON= /-é, >~ POTENTIOMEYER (To'ZzEROY
TROLLED _ RELAYS. AND (. Z THE CURRENT METER)
PZRE IS >
LIGHT. . METERS. .
L) e
R LIGHT METER , s [
THE _ARRANGE MENT ©. & 6 A
SHoOWA.  HERE _INDICATES - L/‘« —t— ép"’f
ON__ A CURRENT..  METER o i_. Ul err
THE _INTENSITY  OF r CURRENT 7}11 2
LIGAT __ ILLUMINATING _ METER UM &
A__cCcabDMmium SULEID E 1
PROTORESISTOR., W—J ——————
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PN _JUNCTION

LIGHT _DETECTORS

PN__JUNCTION  LIGHT  DETECTORS

N

LIGHT  AND NEAR - INERARED.

b e
EOBM. __TRE. _ LARGEST. EAMILY £ e \
DE._ PROTONIC_ SEMICONDUCTORS. = . RESPONSE
MDST.. ARE _ MADE __FROM__SILICON o OF._SILLCON
AND _ CAN __ DETECT BOTH VISIBLE usz e PN TUNCTION

/ L 1 | | t

Hqoo 500 oo 00 820 90 looo

WAVE LENGTH. _(NM)

PHOTODIODES
- [T ==y
ALl PN JTUONCTIONS.  ARE LIGHT
SEMSITIVE . PROTODIODES _ ARE PN @ =
JUNCTIONS  SPECIFICALLY.  DESI\GNED ] L [ @“ -
EOR  LIGHT DETECTION.  THEY _ ARE A & &
USED _IN_ CAMERAS , INTRUSION. ALARMS, |le D= =CD
. LIGRTWAVE _COMMUNICATORS , ETC. ==
Y e
0 PROTODIODE.  OPERATION . ~f PHoTon 1| E(ECTRONZ. [ELECTRONZ 3.
|A. DHOTON. WiLL  CREATE A _ROLE=_| ) N N N AN ~
— |ELECTRON _PAIR_AT A_PN______ p i i
e lFUNCTION. A CURRENT.  WWL Flow O . l,
\E_THE _TWO . SIDES._OF. THE ie ] P_} P_-Q
TUNCTION.  ARE  CONMNECTED. . TWD ELECTRON ROLE ore 47 O

OPERATING MODES ARE  POSSIBLE

1. PROTOVOLTAC  OPERATION —. _ HERE .

THE . PHOTORIODE e

BECOMES A. . CURRENT. _ SOURCE. . WHEN. . LT 1S _ JLLUMINATED......
H q et s F f erprens —. /\
N NO o CURRENT | _r]) ..... //\
s \LURRENT, o s N ELOW . @
~; TR, . * / ) S,
SN T I S ey i T R
k—-'—__w-—‘ ¥
= X pARk. == LIGHT
- ) N2 PROTOCONDULCTIVE
L LIYTLE ~ L ALEH OPERATION. — . HERE
CORRENT “ .Mg.g_smggwxm( —— W THE __ PHOTODIODE. |5
N f)i—\ /—% REVERSE - BIASED. A
Wy, \aNy| CURRENT. . FLOWS. _ WHERN
- |l park g TRE PN TUNCTION 1S
~T = = MLLUMINATED. CWHEN
Y s> I o DARK., A TINY.  CURRENT
@ . CALLED _THE. DARK
= A
— Jf




ICKINDS _OF  PHOTODIODES..

—SHOWN __HERE 1S ... A TYPICAL N -
PHOTODIODE MANY..  OTHER | a
CASE. _SIYLES. _ARE__ALSO._ _USED N )

e CPLASTIC.  BOUSING 4 BULLT = IN I A merac i

—|LENSES __AND EUTERS , Eve)e . (U NEED U can -
TRE .. MOST . IMPORTANT OIS = .

e LINCTION 4S5 THE  SIZE  OF \‘ ]

et TRE  LSEMICONDUCTOR ... CHIP., e CHIP ——

| SPECIALIZED  CHIP.  DESIGNS . ANODE CATHOOE
MAY RE___LUSED I0..  GIVE LEAD , LEAD

—JBETTER __RESPONSE . T0.  CERTAIN U

] MAVELENGTHRS  OF  LIGHT.

EAMOLVS. _EACT: LEDs  CAN
SMALL _AREA  PROTODIODES. . (BOTH EMIT AND DETECT LIGHTI|
] ST F\ THESE. _ PROTODIODES . WAVE. . VERY. . EAST
b RESPOMSE. . TIMES _WHEN  USED IN_ THE
i J , REVERSE = BIASED.PHOTOCONDUCTIVE  MODE.
L ARGE. .. AREA ___PROTODIODES.
. ez THOUGH . SLOWER. RESPONDING  THAN _SMALL
X5 s L5 AREA.. PHOTODIODES , THEIR . LARGE. _ AREA
PROVIDES . _HIGH  SENSITWITY.

{1 PROTODIODE. ... SYMBOL . {|cATHODE e ¥y
BOTH __SYMBOLS. _ SHOWN N 4 N
HERE __ARE ___LSED. A —t—c A—{{Dhc

P NN
ANODE

HOW __PHOTODIODES  _ARE _USED
PHOTODIODES. __ARE &9
COMMONLY. _ USED. . TO |~ /POTEMTIOMETER

— | DETELT.... . FAST. PULSES :2 g-;»' A (To_cALeRATE._THE
0F.. _NEAR. _INFRARED 4 METER) ~

fCAs N LIGHTWAVE U; \-f) /—-'—\W P14 >

e COMMUDAICATIONS ). "

) 6 gmm i 7'\ ==
O LV\GHT _METER. ,i_\

TS ARRANGEMENT A

—|PROVIDES A BASIC ... CURRENT

| PHOTOCONDUCT IVE. . MODE METER =
LIGHT. METER.___ITS - 1
RESPONSE IS _VERY. LINEAR, ==  p Y




PHOTOTRANSISTORS

EMITTIER BASE

{ALL TRANSISTORS ARE LIGHT bl ~/

SENSITIVE PHOTO TRAN SISTORS P i s

ARE _ SPECIEICALLY DESIGNED sy ~

TO _TAKE. __ADVANTAGE. _of THIS LN |

IMPORTAMNT. ___PROPERTY. LIGHT P p,

SEMSITAVE _FETs  ARE_AVAILARBLE, N

BUT  THE. . .MOST.  COMMON.  BROTO = U“-couec-ro;a

TRAMSISTOR . 1S AN _NPN__TUuNCTION

TRANSISTOR .. wiTH . A _LARGE T PHoTONs
WWMMEMMWWWMAA o

EMTERING . THE __ RASE. . REPLACE .THE — . =TI

BASE~ EMITTER _ CURRENT _OF % P h

ORDINARY MNPAN TRANSISTORS. EC@E@WE 4 ELECTRON

THEREFORE A PHOTOTRANSISTOR \ — Z

DIRECTLY  AMPLIEIES  VARIATIONS _ NOTE;

e MIN THE  NUMBER . 0OF  PHOTONS....... BASE__LEAD IS _OPTIONOAL.

L1 NPN . PHOTOTRANSISTOR . . OPERATION— . Two  TYPES . OF. . .

NEN  PHOTOTRAMSISTORS. . ARE. . AVAILARLE. _ONE IS AN _NPN

[TRANSISTOR .. AS. __SHOWN. __ ARBOVE, THE __OTHER . INCLUDES. .
(A SECONMD  NPN__ TRANSISTOR _TO PROVIDE MORE . AMPLEICATION, .

1. NPN__PHOTOTRANSISTOR IWS\
|
—. o ) i z — ﬂ
P _NO N \//’\)'2‘-» PIN MIGH
1/7« O CuRRENT. L2\ > ) A E =] CURRENT [/-7&\
pARK | & > \ AN\ / cieuT | e \ A )
. | ——
| \ \J
2. PHOTODARLINGTON
TRAMSISTOR I ———————— T
P A W I L )i
eient [ = | | PN | PN
\\\_\:/JJ:-,."_’.'W 0 .. BLGH /,N
THIS _ARRANGEMENT ' — N Veorrent. | 2
IS VERY ~ SENSITIVE ! P § o Al
BYUT. . 1T IS SLOWER N
THAN __ORDINARY . NPN | e ] |
T e — — 1
PAOTOTRANSISTAORS. £ “
ROTH __TYPES  _MAY OR [ +@=—/]
MAY NOT HAVE A RASE LEAD. \

/4




SHOW N HERE IS A TYLICAL

O Kinbs OF _ PHOTOTRANSISTORS.. /‘ EPOXY
LENS

LOW. _COST NPN . PRHOTOTRANSISTOLR. CHIP% \

MANY OTHER CASE STIYLES ELAT
e ]ARE __ALSO _USE! DWMC‘M.EI;AL__C_AMJS_T_M_. MARK
GLASS.  LENSES FLAT _WINDOWS., -
JETC.). _IMPORTANT: THE BASE
W.,L_EAD,._.._MJM _OR___MAY_ _NOT _RE
 JPRESENT.  MANY  PHOTOTRAMSISTOR 4 > “\
CIRCUITS Do . NOT. . USE THE ColLLECTOR EMITIER
BASE CONNECTION, LEAD Vil LEAD
" P (5ASE
=) ﬂ S PN \[ LEAD
A b H %W* > Jmﬁ* GLASS (QPTIONAL)
| i T I Ul rens
] THESE  ARE __TYPICAL _PHOTOTRANSISTORS.
(1 PROTOTRANSISTOR. ... SYMBROLS..
NG e o Le SO LS N ¢
> 7 7 ~—k
B \ﬁf) (& 3 ( ] (oR)._8 w
I"E I E SR I'E
NPN NPN. (NO _BASE LEAD) PHOTOOARLINGTONS

HOW__PHOTOTRANSISTORS. _ARE _USED

PROTOTRANSISTORS _ARE. _OFTENM

JUSED IO DETECT.  FLUCTUATING (A) PHOTODARLINGTON

LIGHT S\GNALS. . THIS _ARRANGEMENT . TRANSISTOR. TN ..

USES A _STEADRY  (DC) O e o
_JenT 10 ENERGIZE 0 Al
A_RELAY. THE. . .DICDE " 1
PROTECTS. THE |
14 , TRANSISTOR e
RELAY m.!, 2L FRQA_W\J.QVLI.A@E..JW_“N = !
S = — PRODUCED I b o ~d
= =l THE RELAY. ColL, | N|P N‘I\
3 ™\ RionE
S AR J Lgar 2~
N\ L

. —— L ["_____L@J o
RELAY. _CONTACT LEADS \_ [P 11‘1>




PROTOTHYRISTORS OEE

PHOTOTHYRISTORS. _ARE _ VARIQUS .

KINDS . OF LIGAT=ACTIVATED . (- - ({

THYRISTORS. _YOU_ CAN_THINK __\_&) —0 "~ 0o——\ \J
e JOF L THEM . _AS . LIGHT=ACTIVATED

SWITCHRES.,  THE _ MOST  IMPORTANT

MEMBER . QF THE _FAMILY 1S -

THE _ LIGAT=ACTI\VATED. __SILICON on W12 CURRENT
e | CONTROLLED . RECTIEIER . (LASCR), — T ———n [

LIGHT . ACTIWVATED _TRIACS _ARE e v

ALSO.. MADE.  NEITHER _CAN (==

£
e Y - o
SWITCH _AS. . MUCH . CURRENT Yo —Oo— 00—\ = o=
AS  CONVENTIONAL  THYRISTORS.

LIGHT ACTIVATED  SCRs  (LASCR )

TO.IMPROVE. . THEIR _SENSITIWATY._TO _ LIGHT, ANODE
THE . _ LASCR 1S MADE THIAMNMNER THAN
mmmmmmmmmmmmm STANDARD  SCRs.  _ THIS LIMITS. . THE _ AMOUNT
e JOF CURRENT. . THEY. . CAN. . SWATCH. FOR e NP
BLGH. .. CURRENT _ APPLICATIONS. . A NN
LASCR CAN __BE._ _ _USED. _TO. _ TRIGAHER LIGHT P
e |A___CONVENTIONAL _ SCR. SENSITIVE N)
AREA
MDKINDS  OF  LASCRs. CATHQDE __GATE

23 e MOST LASCRS CAN _ SWITCH . _ UP TO A _FEW
= b HUNDRED... VOLTS. . MAXIMUM. CURRENT. 1S _ ONLY

5 I A FEW. . TENTHS . OF . AN AMPERE.

HOW._ _LASCRs  ARE USED \ \\
\

3
" | Tomce TRAGGERED,..
U RUZzER . _REMAINS
GATE \ onN N T POWER

[r—
a2
P =
N RESISTIOR / LS. INTERRUPTED,.

+r

fl

A

LIGHT

mmmmmmmmmmmmmmm LY

{ =)

RN T

e

| PIEZOELECTRIC ™

G P BUZZFE'# |P-115V>
e dQAUIC R ELASH M = LA i\
OF __LI\GHT THLS. . ARRANGEMENT. _ALLOWS

mmmmmmmm WibL . TRIGGER. | m.www.w@@zwmw A LASCR__TO. __TURN .. ON
LASGR. AN_EAR _PIERCING. BUZ2ZER...

_ﬁ”

76




SOLAR _CELLS

TUNLILON... . RHOTODIODE S CONTACT. . 7 imes et ,i ‘T_

e WATHL . AN EXCEPTIONALLY  EINGERS Moot
LARGE. _ LIGHY  SENSITIVE

NG

wwi/mw

AREA. A _SINGLE _SILICON +
__|SDLAR._CELL  GENERATES... e
0.5 _UDLT N BRIGHT SUNLIGHT.
Ll _SOLAR _CELL _OQPERATION N \
_ beur $ 3§ 3 ¢ 2CDCOECH
BARK > SRR M N AL N 1 ﬂ
J VWYl Uil )
(‘*'! ;'!Nn < yrd. ”mc-.a /7\
- |SOLAR _cELL CURRENTA. D (/ ( @ e uRRENT. S
— \ )
..... A CELL ~/ Ereres
: THIS. SIZE. | KN RRIGHT - = 3 ANODE
; GENERATES| . SUMULIGHT [ P g CONTALT
‘ 0.1 AMPERE \ o
N

" SIWACON CELLS  MAY. _BE. P _om.N
L KINDS. . . OF  SOLAR . CELLS

e MBANY. . _DIEFERENT. _ KINDS _ OF. SINCON_ SOLAR i
s S ELIS  ARE . MADE . OQFETEN_. INDWIDUAL. CELLS

/ / ARE  CONMECTED. M. . SERIES. _OR . _PARALLEL
> T —
ASERIESE oo DARALLELY I | _ :
e OUTPUT, VOLTAGE... e QUTPUT_CURRENT
IS SUM_QE CELL . m‘ 15..5UM. OF
e MOLTAGES. .. W b BLL CURRENTS.. )
= o~ £ -
=d w
AL SOLAR . CELL..SYMBOL. —H\_/"‘)“ REMEMBER,. . CELLS
e MAY. BE._ P _oN_N.
JHOW SOLAR _CELLS . _ARE USED N
wMA4  suN P15 >
A o 0 7 J! 1
—ARRAYS . OF. _ SRLAR. . CELLS = Z.
- A
AN CHARGE _RECHARGEARLE e N\ -
/ / SA4AN by
...... CELLS.. . AND. . BATTERIES. / \ Rlobe

/
r/'\\ / - / - / - \ -
___lseriES COMNMECTED WJ&J \"'_)

e | BOLAR.LELL. ARBRAY




5. INTEGRATED CIRCUITS

ELECTRONIC CIRCUITS cAn /"“ N STANDARD
BE. . _MADE 2y SIMULTANENUSLY. [ COMPONEANTS

e JFORMIN G, INOWIDUAL  TRAMSISTORS, . bg N 44 ) i

DIppES AnD RESISTOLS oY\

A SMALL chRip __OF SiLICoAL

THE COMPONENTS.  ARE  CONMECTED

TO _ONE AMOTHER WITH AL&AM “ ff
"WIRES! DEPOSITED. . ON K ]r% INTERATED

ISUREACE.....OF.. THEMWWQHJEWJAE CIRCULT

RESULI,.WLSWAN INTEGRATED CIRCUIT.

INTEGRATED _ CIRCIITS  (OR.IC'S)...CAN CONTAIM. . AS.. EEW. .. AS SEVERA(L
TO .AS. .MANY AS. . HUNDREDS . oOF THOUSANDS . 0OF TRANSISTIDRS.

THEY... . RAVE ... .MADE _ POSSIBLE __VIDEQ  GAMES,. . DIGITAL . MWATCHES
AREEORDARLE. ...  COMPUTERS . AND. . MANY. OTHER VERY. SOPH\STICATED

PRODUCTS. .. HERE S . __A__ SIMPLIFIED _ AND. . HIGHLY . _MAGNIFIED VIEW.

0F A SECTION OF A BIPOLAR INTEGRATED _CIRCWT :

/”' 7
ALLUMANUM SILICON o:oxro&* ~ CONMNECTION LEAD /}’L" m
"WIRING” N .
e
RN
r_—;:.-ﬁ |
\
{ T
[ y vV Sliieanal
e S, l v *
4 \ M e SLELCON RIOXIDE, . ...
< 7 i 15 A GLASS =

kel KE._INSULATING..

mcm S——— m.g__(‘l 7 ‘ l\ SUBSTAMGE .

SRR ,.&E.sjtsmam,wAWsmu e DIODE — A PN . TRANSISTOR = A& _PAIR
SECTION.. OF _P-TYPE TUMCTIOA OF_ PN ___JUNCTIONS
SILICON. FoRMS.._ A EORAS. A EQRMS AN NEPA
RESISTOR DIODE TRANSISTOR

OF _COURSE  THE  COMUENTIONAC . COMPOMNENTS. . SHOWN . EBELOW.
THE WlEHLY MA GMNLFIED SECTION. OF THE. . I ARE

LNOT  DRAWN...TO.. THE _SAME.  ScALE, . FOR EXAMPLE, ONE KIND
OF _LC.__INCLODES. _ 262 144 TRANSISTORS _ON A SiLlcoN CHIP .

ONLY _ ARswT Yy tmew SQUARE |
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|6 DIGITAL INTEGRATED C\RCU\TS

NO  MATIER RO C()MF"(_EC‘ATFD5 ALL _ DIGITAL INTEGRATED

CIRCUITS ARE MADE EROM SIMPLE  BUULDING  BLOCKS

CALLED. . GATES... . GATES __ARE . LIKE _ELECTRONICALLY COAL~
TROLLED SMWATCHES . THE Y ARE ELTHER an OR ... QEE

A

HOW._ DO GATES. WORK?  [ET'S  START. WITH THE RBASICS ...

MECHANICAL. SWITCH GATES

IHE  THREE.  SIMPLEST. _GATES. . CAN. __BE DEMONSTRATED _WITH
SOME. . POSRBUTTON.  SWITCHES, A BATTERY _AnD A LAMP,

0. suuTch " Ane" __GATE. TRE _LAMP__GLOWS _ ONMLY. _WHEN
SWIATCHES A AND 8 ARE CLOSED

= = 'rHuE.MTIM,LEWMS,u%mmAR IZES.. . THE

b ]
Q=Di K LB_J ? :JTE;-{ S . :éllﬁéﬁfmlgblwVWJMIWSW,Q.BAQ,!EWDWAW
i e b B A__B | our
=] NORMALLY.. QPEN ..\ e DPENL. SWITCH S OFF OFEF._ . _CFF OFF
PUSHBUT.TON CLOSED SWITCH= ON. . OFF .. ON OFF
- SWITCHES LAMP oON _ OFF OFF
e === (OFF). . .. ALL POSSIBLE ON._ . ON ON

ON-OFE_COMBINATIONS. =

A swiTer "or" GATE.  _THE _ _LAMP __GLOWS. _ONLY. __WHEN
SWITCH A 2& SWITCH. B 2& Borr

MORMALLY. _OPEN._ . SWITCHES A AND B ARE CLOSEDw

o
ﬁ _PUSHBUTTON. .. HERE'S _THE _ TRUTH. TABLE.

N
— ASWITCHES
. ﬁ THE __SWITCHES A B ouT
mwwp ) ARE__THE _GATE'S OFF . OFF OFF
—_ — N INPUTS. THE  LEAD OFF _oN | oNn
- e e WITHOUT.. . SWITCHES ON___OFF ON
- LAMP IS_THE._ COMMOM ON___ON on
L e "E—-ES_F_FJ OR._..GRoOUND LEAD, —
A swiTer. U NoT ! GATE .. THE._LAKP. NORMALLY. . GLOWS.. . ONLY.

MIHEN THE SWUTCH....18 OPENED. . 1S

MNORMALLY. CLOSED . THE LAMP __ OFF. . IN__OTHER WIORRS +
%%eum&ummwmmmmﬁmimﬂmagﬁww&em&s,ﬁ_sw(muﬁ.&:csl__m

e SWITCH THE . LSUAL . ACTION _O0F A SWITCH .

NN HERE'S  THE __TRUTH _TABLE :

+ \ =

LAMp == ,J‘:WWHMQL'MQAI& 15 In | ouT
. (on) e USUALLY... CALLED. THE OFE | _on
' J INVERTER. oN | _OFF

20




__II1's  poss JWBALENwm_":[éjmm,ivunﬁm‘sTiTUT’E THE  DIGITS . O ANDMLFOKC_
e JTHE. _OFF _AND _ON _STATES. . OF A _SWIYCH. THE TRUTH. __TARBLES ...
FOR...YHE GATES .. ON__ THE _PREVIOUS. PAGE THEN . BECOME & . . -

] H

AND"  GATE “or” GATE "woT" GATE

ouT IN oUT
o 1
1 Ne:

ouT

-~ OOP
woro®
TN RN N0

&
)
1
o)

1

e O IOPF
~ 000

e BE O AND L INPUT (A #.B)  COMBINATIONS  FORM  NUMBERS. AN .
e THE._TWO. DIGIT.  COR BIT) . BINARY. NUMBER. . SYSTEM. .IN _DIGITAL.
e fELECTRONMIC S,  BINARY  NUMBERS _SERVE. __AS CODES THAT REPRESENT . . ...
et RECIMAL  NUMBERS, LETTERS OF THE A/PHARET, VOLTAGES. _AND .. .. .
e {MANY. . OTHER _KINOS _ OF  INFORMATION. e

__pEciMaL  BINARY.  BINARY- CODED [ N BINARY. EACTS..
DECIMAL (Bep) . \2 _ran/
0 0.0.0.0..0.000 ~ _ : S
1 Qo000 000 A BINARY. O ORI IS A _BITe

o) 0000 0010 A PATTERN OF H BITS IS A NBELE. .. ...
1.

0

e 2.0.00.. 0011 A PATTERN. OF 8 BITS IS A BYTE. .
10.¢ 00000100
101 0000 0101 . BCD— EACH DECIMAL LIGIT IS
110 0000 0110 ASSIGNED. __ITS BINARY  EQUIVALENT. ..o ...
111 0000 O1 11 NOTE THAT LEADING ZEROS ARE
looo Q000 1000 . SHowWN. IN_ DIGITAL ELECTRONICS .
1001 0.000..100% . Ak BIT _LOCATIONS. ARE. QCCUPIED.
1010 00el. 0000
1011 0001l 0001
1.10.0 coel 0010 12 13 1415 oo
1101 000l 0011 IS I .
1.110 000l 0100
1111 ... 0001 0101

1
1
0

'—L
O NFg N WMNER O

—
=i

-y
r~

Y
A

s
in &

PRRALLEL].
—|BINARY. _NUMBERS __CAN. BE SENT _THROUGH CEAST)
e WIRES  (BUSES) ALL AT . ONCE (PARALLEL) p—.
e JOR__ A BT AT A _TiME (SERIAL). . SHOWN
—JHERE_ARE _SERIAL _AND__PARALLEL SERIAL SR
— |TRANS MISSION _OF  15...14...13...12, ya (sLowd) I\ I

 Pa—

AL T 6 o HL T

T

13 : 1"' Syl 15 e

0 mmmm o Jry Jzi Il T3\ o




DIODE. . GATES

OQETEN __1T'S _DESIRAR/IE D _CONTROL A GATE  FEIECTRICALLY

ARATHER ._THANM MECHANICALLY THE . SIMPLEST. ELECTRICALLY
e JCDMNTROLLED. . GATE LSES PAL TURC TION DIoLE S  THAT _ARE
SWITCHED QN CEORWARD _BIAS) OR QFF (REvERSE  RIAS) _BY AN
JINPUT. SIGNAL.. OF _ SEVERAL  VOLTS...CBINARY. 1. OR f-ﬂgﬁ\ OR

AN__INPUT  NEAR...OR AT GROOND. . L BINARY . O _OR _LOW).

e )L DIODE . ORY . GATE 1. Diope " AMD"  cATE
- A =={veils > OUT A =N = Ty > __OUT
e ,(Dlo DES (Wit _RESPECT ('mnngq % CWATH.. RESPECT
e ( TO.. GROUND.) TO._ _GROUND)
B (gl B 8 ={mmp=" 7
r’—’“ﬂl '/ = +
RESISTOR... GROUND RESISTOR LV GROUND
1K) / ) L=
| A I 4

WHE M TRE iINPLUT. VOLTAGE. AT WHEMN._  THE _INPUT . _VOLTAGE AT

A 9}3\ B 15 . MORE PoSITWE A _AND B IS MORE POSITWE

ATHAN.__GROUND, T PASSES. THROUGH THAN. . GROUND, . CURRENT.. ELows

e fIRE EORWARD RIASED . _DIOBE(SY . EROM. THE. BATTERY _THROUGH. _THE. . ..

BnD. APPEARS AT THE OUTPUT. RESISTOR .10 THE  0LUTPUT. LF
AOTBERWISE. THE __ _OUT PYT. IS EITHER .. A oR B IS __AT._0OR
AT OB NEAR...GROUAD. THE NEAR . GROUND,  ONE . OR..BOTH
TRUTH. . .TABLE . 13 VALID _FOR DIODES  BECAME.  EORWARD. BIASED
INPUTS . OF O vorT.{o or Low) AND  CURRENT.  FLOWS. _ AWAY
AD 46 Vorrs (1 or HIGH), FROM.._THE __OUTPUT.
A ity A B | our N v SR — A @|our
| LN ov ov | ov Ls N Ov_.ov|. Qv
BoPH 3 jUT ov evlS. 4y Bo—Kr— Tt 301" Ov.__¥| .SV
bV OVIsS4dy = 4 V. oyl sV
\ ? eV _GVLS. 4y T V. eVl S.Hy
e TR OUTPUT . . DOES.... NOT... REACH AS.  CIRCUIT.S. BECOME __ MORE
A _Eort b VOLTS _ WHEN HIGH COMPLICATED,. PICTORIAL _VIEWS
BECALSE THE. DIODES REQUIRE .. . ARE _NOT _PRACTICAL. THAT S . ..
A EORWARD. . VOULTAGE _OF. 0.6 WHY  THIS.  PAGE. INTRODOCES
VOLT.. THIS  VOLTAGE 1S _SuB- CIRCuL T  DIAGRAMS EOR_.EACH
e | FRACTED __FROM. . THE _OLUY PUT OF  THE . TWD. PICTORIALS . .SHOUMN
e A VOLTAGE o (N ELECTRONICS. TARGON Agpue WEMLL. EIND. . OUT.._MORE
— ABL SILICON.  DIODE . CAUSES A ABOUT. . CIRCUT.  DIAGRAMS  LATER. .
OLTAGE. DROP! _OF O OLT.) N THE MEANTIME, THE NEXT

PAGE SWOWS MORE OF THEM ...
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TRANSISTOR GATES

THE. VOILTAGE . _DROF _OF  DIODE. GATES _MEAMS

AMPLIEICATION

IS __REQAUNRED IN . DBEDER TO  COMMECT TOGETHEER A SERIES

OF  GATES. WHILE TRAMNSISTORS cAan_ _PRO

VI DE THE

— INECESSARY AMPLIEICATION . TRAMNSISTORS

CAN FUNCTION

AS  GATES! ROTH . RIPOLAR AND FIELD-EEEECT TRANSISTOES

CAN __RE USED. oM THLS PAGE ARE SHOWN CIRcuUlT

—tDIBGRAMS  EOR. SOME __OF THE SIMPLEST _ BIPOLAR
TRAMNSISTOR. GATES., TOGETHER . THEY.  EORM._ _TRE RESISTOR-
P Y e

e JTRANSISTOR DIGITAL. LOGIC. EAMILY.,

NoU  CAN ACTUHALLY

—IMAKE __THESE GATES. _BUT THE MAIN REASON THEY'RE MERE

1S . T GIVE. Yo AN APPRECIATION _FOR _THE

INTEGRATED

ISR GATES  WENL  BE  LOOKING AT SHORTLY sews

o A'NOT" GATE . _(INVERTER)
e JAUHEN._IN. LS AT+ V. (BINARY..1 OR _HI1GH) ,
o IRANSISTOR QL SWITCHES QN AND CONNECTS

e OUT.  DIRECTLY. . TO _GROUND. (BINARY. O OR
e e OW Y o MWHEN NS oW, Q1 SWITCHES .
—OEE. _AND _OUT BECOMES (THROUGH R1Y+VY. .
PNoT" GATES __Like THIS MAKE POSSIBLE

| onT tV(3T04V)

N
L M

) L é 1t;|<

2 g:w*‘ e

\

8

. NG, T
__|IMPORTANT __NEW. _ LOGIC GATES.. €8¢ B
I3 "AND" GATE. ... 0N AND"  (NOT-AND) GATE
+V +V |
o A B LouT 10K_..9 A B_“,I OuT
..,.“A,_Am\fn)\ Ls.Low [ A 2 L L H
SR N ¥ <1 T Wl B2 HiGH (. (A ouT L H H
S R A A A _NAA H_. L H
BlLAsaA [\ B I A 10K \ [ H H L
m,nkgx.mmﬁfaj_iufmpﬁngugzmwgg . THE "NoT FUNCTION
ANY. COMMON. NPN.__ B A 1S ‘BuT=an" (NO
10K € TRANSISTOR _ROR. 10K\ (TRA..TRANSISTOR
= AL THESE.  GATES, o REQUIRED).
D'oR"  caTE O "NOR" _(NOT-0r). . GATE
. +V
A B | OUT N ARl OUT
Al e b L 1ok L. L H
— Lo R.L.oK i LK | ¢t
AL ] B YA 2 sahe T Y
Bl ALKL R YN HoH L
Ifal(,:xﬁL ouT e LAKE  THE “NAND"
S +V FOR. ALL THESE.. B Aol v GATE.,  THE "Nor'
10k _§L GAYES. _CAN_BE 10K \v EUNCTION 1S
= +3_T0 +9. VOLTS. = "RUILT =N,
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GATE _SYMBROLS.

BEFORE . MOVING  ON _TO . DIGITAL INTEGRATED CIRCUITS, LET'S..
| OOK, AT . THE. SYMBOLS.. . FOR _THE _VAROUS _KINDS OF GATES

e THALS 1S ALSO A GDOD PLACE _TD. _INTRODUCE SEVERAL
e IGATES  WE'VE_ NDT. YET _ ENCOUNTERED.

O"AND" cATE O'NAND"  cATE

ourT .

1

A

—
\
R — /

U

L,

L A j,\ OMNT
L j

H

rT P

IrIr'i'xl
T

Q"or"  GATE D"NOR" _GATE.

>
®
8]
| o
=
|
>
®

[S1VR)

LT

A
B

v,

T~ T ¥
= r T g
Ll < o

A0 ExclusivE —oR! GATE . . D'EXCLUSIVE = NOR" _GATE
A B" ouUT A Bl O

T AN N )
B~

L - .

A
= i~ X

L
H 8 —4
i

2 i Bl SO

[

L
=}
H

e L LOGIC.  GATES  _ WITH. __MORE _ THAN_ _ TWO. INPUTS. = THE. ..

L ATES  SHOWN. _ABoVE ARE. . CALLED LOGIC CIRGUITS. BECAUSE ..
e d THEY. . MAKE . LOGICAL. .. . PECISIONS., LOGIC. .  GCARES. .  QETEN. HAVE.....
o MORE. . THAN....TWO . INPUT S, ADDITIONAL . INPUTS . INCREASE .
ATHE. . DECISLON. . MAKING. _POWER _OF A _GATE .. .  _THEY . ALSO....
JINCREASE TRE NUMBER QE _ WAYS GATES.  CAM. . BE. ...
i, CONNE CTED. TO.....ONE ___ ANOTHER .. _EORM .. AD‘, VANCED e

‘D,L@J,IALM._WL,QG.ML.C,‘,.\.nv..m“,c,.1.12wc:_u.1:tws,\.f,,w..u,w.w.;,x;:sar= ARE Ton—.x AMPLE S.%
$

a

RINPOT e

J3-InPuT

) K15 SUm—

AND" GATE "NAND" GATE

1.\ 1 O\,

P>

O E>

_ -4

Tt SR
LI T |
=Sl S N

IIﬁrb?"§PT>
s e Nl N 4
._.'

el ad af 'l '
Eo8:~0 ol plie -3 = ol ol 2
TCrzrDreEee

=)
R
H
A
H
H
H
L
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HOW . GQATES ARE

HSED

GATES _CAN___BE  USED. _ INDIMIDUALLY . 0OR CONNECTED TOGETHER
TO. FORM A "NETWORKR" OF GATES CALLEGC. A LOGIC  CIRCUIT

LMDST  ALL LOGIC  CIRCUITS . CAN. RE  PLACED _IN._OME _OF
TWO. . CATECORIES COMEBINATIONAL OR__SEQUENTIAL.
COMRINATIONAL. _LOGIC CIRCUITS
COMBRINATIONAL. LOGIC _CIRCUITS. . RESPOND . TO INCOMING _ DATA
(O's  AND. 1's) ALMOST IMMEDIATELY . ANMD __WITHOUT REGARD
TO _EARIIER  EVENTS.. (THIS Witt  MAKE _MORE  SENSE  WHER]
NOU...READ.  _ABOLUT . SEQUENTIAL CIRCUITS ) COMBINATIONAL
wrrrrerinsr i NG CIRCUITS  CAN  BE. VERY SIMPLE __OR _IMMENSELY
COMPLICATED. VIRTUALLNY . ANY . COMBINATIONAL _CIRCWT.  CAN
B IMPLEMENTED WITH ONLY. "NAND" oR _"Nor" GATES.
e JRIKE  THESE “NAND' _GATE CIRCUITS...
o INVERTERS
4- INPUT.) NAND" _GATE 9
O\, ) Ao\ o
N e RBUEFER
TS £ o]l
AND. . GATE NOTE 1
THESE _CIRCUITS
— I DO NOT. SHOW.. " MLLQSM&MMQRE“%W
— THE . GROUND
CONNECTION \
"‘or" GATE THAT _MUST —
BE. PRESENT. .. >
\L LSUALLY  TME J
= B — GROUND._ IS AW
b“’ CoMmMman_ TO
e \\ — THE __INPUT
=/ AND__OUTPUT, "EXCLUSI\VE = NOR" _GATE
. N
"NOR' GATE ! r—
l — —
=\ o e )
A _—\b—* | "‘\P_l —
Y Rt — =

b




L _COMBINING

DIEEERENT GATES —

HERE. ARE __TWO
EXAMPLES OF.. . . COMBINATIONAL NETWORKS THAT _UsSE  MORE
THAN  ONE _KIND . OF GATE. (REMEMEER. @oTH  THESE
CIRCUITS.  SAN. ALSO BE MADE ENTIRELY EROM "NAND" GATES))

DATA SELECTOR BINARY 10 DECIMAL DECODER
N
A \‘ B >° \ D
)“>OUT .
B N = A o—t N1
— - — .
o) — \ AND l —
/\__| _DATA_ AT A OR LNk N 7
/ N1 & 15 sTEERED TO ROTH. MEAN: -
THE _.QUTPUT (UNDER A
) COMNTROL. OF THE r‘-”—é NO \n 2
/\ DATA SELECT INPUT [ _contact
/N CTHE “ADDRESS™),
l THIS _CIRCLIT. CAN THIS . CONVERTS_ A B 1O 4. 2 2
DATA RE .. EXPAMDED 1D A TWO=-RIT I O

) L BELECT:  INCLUDE  MANY BANARY. NUMBER . £ H | H L K. B
L.SELEcTS A MORE __INPUTS TO TS _DEAMAL HLin H LR
H SELECTS B AND.__ADDRESSES., EAUNVALENT. R HIB R B.L

— Bl ADVANCED _COMBINATIONAL.  NETWORKS —  HERE.  ARE  SOME
SIMPLE _EXAMPLES  FROM.. EoUR_. MAJOR FAMILIES _OF COMBINATIONAL

METWORKS.

THESE _AND  MAMY. . QTHER NETWORK CAMILIES

ARE

e AVAILABLE  AS INTEGRATED. CIRCUWITS. ROXES LIKE THOSE __SHOWN.. .. .
THAT.  REPRESENT

ARE L OGIC . CIRCUIT SYMEOLS

COMPLICATED

NETWORKS. . .OFE GATES
— ) MuTIrEXER . (DATA  _SELECTOR) DEMULTIPLEXER
X Y —DATA SELECT~ X Y =CRTA SELECT—
' r's Y AN
A, X Y. 1 OUT -\ X N IN TO..,
Bon bl | A ” B b b | A
C s [ .ouT LK B IN ¢ LRL.2
D, [ S D H.L.l.C
R_H D L= W DL
ENCODER DECODER
COMUERTS _DECIMAL S COMVERTS  BINARY TR
AND._OTRER DATA » . DECIMAL. AND BCD
2 > TO. BINARY.. .  WSES o X0 DECIMAL. DIGITS
] "oR! _GATES. o ON DIGITAL READOUTS,
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SEQUENTIAL LOGIC  CIRCUITS
TRE  oUuTPuT  STATE. . OF A SEQUENTIAL. . LOaIC CIRCUIT 1S
DETERMINED BY _THE _ PREVIOUS. STATE. OF THE INPUT. _IN
OTHER woRDs, BITS _OF  DATA . MOVE. THROUGH. SEQUEMNTIAL
CIRCUITS STEP -BY~STEP. . OFTEN .. THE . DATA _ADVANCES _ONE
STEP  WHEN A PUSE 1S __RECEWED _ERom A "ciocwx” (A
IRCUIT  THAT EMITS A ___STEADY. STREAM. . OF. PULSES). THE
ISEQUENTIAL  LOGIC _ BUMDING  BLOCK \S . THE ELIP-FLOP. .
Here's A__Quick  ELIP- FLOP REVIEW.:
CLTHE RASIC "R<" (RESET ~SET) FLIP-FLOP
‘ SR Q Q9
ALSO _CALLED A = N A Ll | (DISALLOWED)
LATCH. THE OUTPUTS J .. B B L
(Q. anp. Q) ARE. _ALWAYS el B4 L H
IN.. OPPOSITE.  STATES. ' WT, A HoH NO CHANGE
(& . MEANS. . "NOT. QL) R — c‘af._h_xgj R lEQ=0, Q= 1)
N\ CLOCKED "RS" EL1P=-FLOP _
< S RLQ Q.
e lTHIS LATCH. 1GNORES 1 NN L L] NO CHANGE
DATA AT S _AND.R —__/ P wl H
OnTIL A "crock” CLOCK — BoLl on be
(orR _ENABLE) PULSE L= - R__H|(DISALLOWED)
ARRWES, THEN ~ ) P8  ypiip AETER CLOCK
[ S —
IT_CHANGES STATES, R — ./ PUISE ARRIVES.
0"D" (paATA__oR__DELAY) _ FLIP-ELOP
DL.Q . Q
D_FELIP=ELOPS [N\ [ L H
STORE THE \;} 0 Hl..H [
CURRENT. . ouTPUTS — /1 (CR)
BRETWEEMN  CLOCK | CLOCK — ol..o L
PULSES —~ 1 _ Wl.3 1l 1.0
DAT A A Jo— VALID. AETER. CLOCK
— PULSE __ARRIVES.
A'Tk" ELIP-ELOP .
| T RL Q &
THE " TK' ELIP-ELOP Ky vy~ bl ] NO _CHANGE
ALLOWS. BOTH / ) - Q LK LW
INPUTS. . TO BE_H.  CLOCK — |y - i L
e OIN WBICH . CASE [~ vt "toecere”
ITS._ QUTPUTS. "TOGGLE" o D o1 Q VALID. AETER . _CLOCK
OR _SWITCH _ STATES I/ - PULSE _ARRIWES
IAT EACH  CLocK PULSE ) '
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OM (ToesLE) _ELIP-ELOD

OUTPUT. (1/2. INPUT _RATE)

THRE . A (or Q). .OUTPUT LNPYT e
wS_ L Cop W) FOR EVERY  H—NF¥ QP> | 1 |1
OTHER _ JINPUT.  PULSE. I "

THEREEORE _THE _INPUT LA Q > | P |

POLSES ARE _DIVIDED _RY
TWo. HWERE. . ARE SEVERAL WAYS. _TD  MAKE A"T" ELP-ELOP:
[ \
T cLock @ = Llg QHe — T Q>
] T —qCtock RiIGH—4
D Q p> R Q= — Mok QT
- ] - I T 1

"D _ELIP-FLOP CLOCKED 'RS" ELIP=FLOP TK _FLIP-FLOP

Q"D FLib-EloP  DATA

STORAG

£

REGISTER

HERE'<

HOM. . . EOUR

"D ELIP=FLOPS

EQRM. A

QR.__MEMORY.. THAT

N OADS" (SAVES)  THE

STORAGE REGISTER

H-BIT.  BINARY. MIBRLE

AT _ANPUTS.  A=D__WHEN. THE "CLOCK' _INPUT.. 1S "STROGED"
(PULSED)... .MANY. _TYPES OF  TC. REGISTERS  ARE. . AVAILABLE .

AT A SO x 5 e S ——
STRORE cLtock gl Ctock qid ccock g - CLock Q@ Ey ]
CLOCK = " . — - . o et oo -

TO. SAVE .° Q e e | b QI o Q-
THIS l I I
DATA | } ) INPUT
e B ¢ D. = N\BELE
O'T" ELP-ELoP  coumTER COUNT D ¢ BA
S T e 1V e W o T o NN
HERE s  HOW._ FOUR '"T" FLip-FLOPS FORM A 1001

JH-BLT  BINARY.  COUNTERS ; 2400010
T T x B - ~ ?3 gc;é; R

B NI S Q et ! Q- . aH s o101

O = T Tl b lo110 )

- Q- Q- Q Q- 7000

I - & 11000
EACH T FLIP-FLOP  DIVIDES. INCOMING _ PULSES.  BY 9 . .1l1001
TWO, AS.  THE..BINARY. . .TRUTH. TARLE REVEALS, 10 ]1010
THE. . RESOLT . 1S...A _ CO0Q.=> 1111  BINARY. COUNT. 11 1011
(THE...COUNT RECYCLES TO. 0000  AFTER. THE. _16™ 12 11 100
INCOMING. __ PULSE.) THERE. _ARE _MANY. TYPES OF 1211101
TC  COONTERS, MOST  OF  WHICH INCLUDE . 14 11110
SPECIAL _FEATURE S (COUNT up oR DOWN, RESET, ETC.). s 11 11y




A COMRINATIONAL = SEQUENTIAL L OGIC SYSTEM

HERE S BOW  COMEBIMATIONAL _AND _SEQUENTIAL LOGIC Tl
CAN...EORM. A DECIMAL COUNTING CIRCULT., A VERY SIMPLE.

DIGITAL LOGLC. SYSTEM.
e it B ] L e

)
1. THE RLOCK DIAGRA M Ty
PUSES. . TO |\ ReD~TD- |\
S IBE _COUNTED BRLD T-SEGMENT, \ RISPLAN.
T COUNTER DECADER

i
SR b 2 - § <N =Y ] b COUNTER  ADVANCES ONE  ¢COOUMT. _FEOR {
e EACHL L INCOMING. . PULSE. WHEN. THE _COUNT \

REACHES 1001 (DECIMAL Q) , THE _COUMTER \{
e RBEONCLES TO 000 0.. THE. DECODER. . ACTIVATES = A
THE  APPROPRIATE . SEGMENTS O AN _LED. DISPLAY. {}@m /
9 b
2. .THE  CIRCUIT. _DIAGRAM el
5V !&dg
= Lo - -
12 7R oL AAA_ LG N
COUNT_IN____ 141 7490 {1} 74498 o |12 AAA_b NI 1 {
2 gl91lg e |1l AAA_4C -~ S
T490.= COUNTER 3 4110 AAA _d N \
2448 = DECODER b c |8 2 ¢ e 19 AAA ;e 1 DJI’S' ;
2 Ay
£ 115 AAA ;C ll/\’% j
RESISTORS...RL=RQ plil elp g-[td AN 40 .
o |PROTECT _LED DISPLAY o] 5 - AN
_IFROM EXCESS CURRENT. - 1 N )
T _Ri=R1= \ O MMON, CATHODE
3. THE __ACTUAL__CIRCUIT ' 210-onmMs 2
T COMMONMN
COUNT [N} —= = =) . CATHODE LED
= . T )\ DISPLAY.N
THE. (= )
DIODE I .
e I"'pROPS" 7] 0,
bmVoLTs. I 7] 7490 AN 3 o
§”’“TO : | 2 Al .. ”'W q 13/ b
— M VOLTS B 4 D o 5 1 :_'JE e
........ u\ = s 1 ] ‘ D [11 ' ““ ‘___“_ LL...conimcummertomponasimonniiss
c J 6 B o~ — 1 A [EA ﬂii c______ ((((( i —————
Ay y ¢ |1/ B i -
b : TO COMMON. CATHRODE .
LL:—,:“ = —




DIGITAL TC FEAMILIES
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. [7. LINEAR INTEGRATED CIRCUITS

e THE  INPUT.AND. L OUTPUT.  VOLTAGE LEVELS  OE LINEAR

e INTE G R ATED ... CIRCULT.S C AN VARY OVER A WIPE RANGE,
OETEN. .THE Qu‘rPuT VOLTAGE 1S . 2PROPORTIONAL TO. . THE
e AN PUT_ VOLTAGE . . THEREEORE ., A __GRAPH. . OF INPUT VERSUS
T louTPUT. IS A STRAIGHT. (LINEAR) _CINE. THERE. . ARE

MANMY. TYPES. _ OF _LINEAR . ITC'ls. QOMNLY THE MAIOR

INPES ARE COVERED. .. HERE . FIRST LET'S . COMPARE Wm]:t\t’:..mm
BASIC Dic—,nALMAND e NEAR. . CIRCUITS

[THE RBASIC _LINEAR _CIRCUIT

A SINGLE  RIPOLAR. . OR.  FIELD - EFFELT  TRANSISTOR. . .CAN
e JFUNCTION. _ AS A DIGITAL. QR . LINEAR CIRCULT. LN BOTH
CASES, . THE_ _TRANIIZTOR. ...CAN _INVERT THE _ S\GNAL . AT
ITS. . INPUT. HERE’ S  How. AN ___NPN__BIPOLAR _TRANSISTOR
e L CAN L PEREORM . ALL  FOUR. . FUNCTIO NS A

Q1,028
- P [

LN e (8 R

= AN
1= 1N VTR | L. V-7 W 4 ' WN N S
Vouts) 1 Lo nowmenn

e R1 ¢

- / “ 10K . B.
S ==

. Y FoN

/QFFE LE

GRA PRS. .. U .-
COLLECTOR vaLTAGE
|

ouT

§ I N33 P
N APPRoxtMATE 1ooi< l
W LINEAR:

o |MERE _TRANSISTOR. Q1. IS e BERE Q2 IS ANLCAMPLFIER
USE_DASASWWQ-\WHEN THAT. _OPERATES  OVER. THE.
A TAE L ANPUT 1S NEAR .V ENTIRE . RANGE FROM _FULL
e CORLBAGH )y QL. TURNS. . ON QFEF TO. FULL_ON. RY_AND.__
e L ANDL L LED L LS L MLLOMIN ATED, RS...FORM. . A _VOLTAGE DWIDER ...
CAWHERN. CIRE L INPUT 1S NEAR THAT.  APPLIES A SMALL e
e} GROUND. (08 LoW) .y QI TURNS _ VOLTAGE. . TO Q2's. BASE. .TO
e |OEE o THIS  TURNS. LED..1 QFF KEEP  QZ  SLGHTLY. . .ON_EVEN. .
e IAND. ALLOWS . LED. 2 TO.  GLOW MWREN  NO L INPUT LS. PRESENT
e JCR 2 . CONTROLS. . THE _ CURRENT THIS.._ALLOWS Q2 .TO. OPERATE
L JTHROVGH _BOTR . LEDS.). . THIS INLALLLINEAR  MODE. .. AS _THE
i |CAR C VLTS THEN. . A COMBINED INPUT.. VOLTAGE . RISES,. ..LED.3
DiGITAL BUEFER AND INVERTER.. .. . BRIGHTENS AND LEDH DIMS.
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OPERATIONAL _ANMPLIFIERS . )

QPERATIONAL AMPLIFIERS  (oR " OP~AMPS") ARE _BY EAR THE

MOST.  VERSATILE _OF  LINEAR TC's. THEY'RE CcALLED .

COPERATIONNAL " AMPLIEIERS SINCE  THENY MMERE  ORIGINALLY

DESI\GNED T0...D0.  MATHEMATICAL  OPERATIONS. OP—-AMPE
AMPLIEY __THE  DIFFERENCE  RETWEEN VOILTAGES 0OR _SIGNALS

(AC _OR _DC).  APPLIED . T0. THELR _ TWO. INPUTS . THE VOLTAGE
BPPLIED  TD.. ONLY ONE. . INPOUT WML BE AMPLIFIED. IE THE
SECOND INLOT LS. GROUNDED OR. .MAINTAINED AT _SOME
VOLTAGE LEVEL.

D_OP-AMP _ _OPERATION —  THE _OP-AMP  WAS AN [NVERTIAA
AND  INON=INVERTING INPUT,  THE POLARITY _OF A VOLTAGE
APPLIED O THE INVERTING NPT 1S5 REVERSED AT THE

OUTPUT,. . CINVERTING. IMNPUT. 1S, = ' NON=-INVERTING. INPUT 1S +.)
R — e .
RS = I I 0 === s IO ¥ >
OP-AMP ’/—F“ auT ] L p Lo YU n S
SYMEOL IN o
INVERTANG  MOOE NOMN~ INVERTIANG. MODE

O _oP-~AMP. "FEEDRBACK — __THE _CIRCUITS. SHOWAN.  _ABOVE  ALLow
THE OP-AMP _TD. . OPERATE AT 1TSS  MAXIMUM . AMPLIEICATION
LEvEL. L oR _GAIN). USUALLY. . THE . GAItL 1S REDUCED TO. A
MORE. _PRACTICAL LEVEL _ BY. EEEDING SOME. . OF _THE _OUTPUT
e BACK, IO _THE_ _INVERTING. (=) INPUT. _ FOR EXAMPLES

VA INVERTING  AMPLIEIER
k2 <« FEEDBACK ~
Vin. =MW = GAIN = R2/RL (eL2z >
R 1 >-A~_> an 1T v AR A P L AL bt A A b i
L2 Voor=.= Vi (R2Z/RL) .
wwwww . OP- AMP. COMPARATOR—_ WHEN _OPERATED . WI\THOUT A

e EEEREACK  RESIITOR .. RZ ABOVE),. . TRE . OUTPUT .  VOLTAGE
mmmmmm ML SWING. . FROM....FOLL _ON_TO. FulL.  CFF__(oR VICE VERSA)
AAWHEN.  TRE _ _VOLTAGES. . APPLIED TO THE. INPUTS. . DIFFER RBY .
ONAY..... . ABOLT....0.001 vorT. | THIS. DIGITAL=LIKE MODE N
MAKES.  POSSIRLE . MANY.. . USEFUL . APPLICATIONS. (P124 >

....... 0 TYPES _OF . OP-AMPS— _ ROTH. BIPOLAR _AND MOSEET
e LC  OP-AMPS ARE _ AVAILARLE. SOME BIPOLAR _ OP~AMPS
o JBAVE  FET.  _OR _ MOSEET  INPUTS TO _PROVIDE.  VERY HIiGH |

e ANPOT L RESISTANCE . MANY.  _DIEFERENMT.  OP~AMPS ARE MADE.
A_SINGLE . TC  MAY. _INCLUDE WP _TO FOUR INDIVIDUAL OP-AMPS,
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TIMERS

(WHE N OPERATED _AS A _COMPA RATOR , ... THE .O P~ AMP. _CAN
BE USED A= A TIMER AlLL  THAT'S REQUIRED .15

AN Re  (RESISTOR=CAPACITOR) SIRCOIT. ..LIKE THIS:

3V
A

LED

& R . % R
-

R3
K
v

VOUTAGE
N
st
l_L

f
Yo

E\Y
“

TIME

RC CHARGING

RC CIRCUIT GRAPH

IN_THE _CIRCUIT DIAGRAM _(ABGVE RIGHT),  R1.AND.C1_FORM _AN

RC  CIlRCUNT. . C1.  GRADUALLY CHRARGES ..TO +9 VOLTS . THROUGH.
R4, WHEN  THE . VOLTAGE  _ON._ 1 _EXCEEDS .THE REFERENCE

VOLTAGE SUPPLIED. . TQ  THE _NON=INVERTING . INPUT. . . OF THE _
OP=AMP, . ITS . OUTPUT. _. SWINGS. . FROM _HIEH TO.  LOW AND THE __

LED __GlLOwS. THE _TIME. _ DELAY. . CAN BE .  CHANGED. . BY..

ALTERING.  THE  VALUES. OF R1.AND. C1 _OR THE . SEITING . OF.

IRZ. DISCHARGE 1 (USE PUSHBUTTON SWITCH) FOR NEW . CYCLE.

0 TC TIMERS —  THE  SIMPLE . CIRCUIT.  ABOVE __ IS _THE. KEY _

INGREDIENT. . OF _MOSY TC  TIMERS ... .MOST INCLUPE AN _QUTPUT

EHIP=-FLOoP TI0  GIlVE .  DEEIMITE HIGH... QR __LOW.  QUTPUT. SoOME

INCLUDE A BINARY. COUMTER  THAT.  ADVANCES . ONE  COUNT ..

PER  DELAY..  PEROD. (OR. CNCLE).  THE _TIMER 5. RECYCLED EACH. .
TIME __THE COUNT. . ADVAKMCES. A _DECODER. AT .. .THE  COUMTER..

OUTPUT  ALLOWS TOTAL. . DELAYS. ..OF . FROM _DAYS . 0D A _YEAR ..

OR . MORE TR EBE SELECTED,. BOTH... BIPOLAR. . AND _GCMOS. .

TIMERS ARE AVAILABLE . . ™
[P1ze > lEaMous EACT: ANALOG

COMPUTERS... USE. . OP-AMPS.TD | ..

FUNCTION GENERATORS . SOLVE. COMPLEX _ERUATIONSL |

Hosouare | T T 1T T TMESE. IC's GENERATE _VAR\OUS. .
KANDS . OF OUTPYUT  WAVES SVUCH. . .

TRIANGLE | 5 NN AS _THOSE . SHOWN. HERE. _THE
T EREQUENCY. _OF THE WAVES

N Pt s et NN
SIME .‘_L/\/\f CAM. BE CONTROLLED BY AN

— EXTERNAL _RC CIRCUIT.

A
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_ ITHERE  ARE._ SEVERAL__WAYS.  TO_ MAKE _EITHER TEMPORARY
IOR. _PERMANENT _VERSIONS.. OF ELECTRONIC . CIRCUITS. (.. IN

ltRiS. CHAPTER . WELL  LOOK. AT. SOME . CIRCUIT ASSEMBLY
TIPS NOL. MAY._EIND._ HWELPFUL.

| TEMPORARY __CIRCUITS % i

TS ALWANS . WISE. . TO. . BULD
A TEMPORARY.. VERSION.. QF A - TR
L ICIRCWIT.. REFORE. ASSEMBLING 1T . / O it reeeen O\
NN PERMANENT.  FORM . YOU CAN T/i
L ITHEN  MARE _ CRANGES. ANOD_ EmnD._. . MODULAR SOCKET

L OUT . ROW. WELL THE  CIRCUIT WORKS. o S

IR FAR.THE . MOST _IMPORTANT oo
iTooL. . .FOR__.TEMPORARY _CIRCULT -
. JASSEMBLY.. . JS.. THE _PLASTIC ...
. |SOLDERLESS. . MODULAR _BREADBOARD
o JSOCKET. . AT)s A GOOD _ IDEA . ik
e I TO  KEEP.  SEVERAL . .ON MOUR ] ANA iy gg 0ol
IWORKBENCH.  THEY. Witk LET . ~7\JUHOHEMEENa s
e dNOU L BUILD. ENTIRE. . CIRCUIT.S . :

lIN. MINUTES.. USE “JUMPER" _ M ——————
e AAMRES L UTO L INTERCONNECT . PARTS . CUTAWAY  SHOWING  COMMON
o JWHOSE . LEADS . _ARE NOT INSERTED . TERMINAL. ..CONMNECTIONS..
O NLTHE  SAME. ROW._OF  TERMINALS
o ATO. . ANOID. . BENDING. . THEIR . PINS o BANT L
L ICAND. PRICKING. YOUR. EINGERS), ... .. . BASE _AND ADD POTENTIOMETERS,

L INSTALL  AND REMOVE. TC's CAREFULLY.

__IPERMANENT _ CIRCUITS. e

ClWATH. THE . EXCEPTION. . OF. _SOME. VERY.  SIMPLE. _ CIRCUITS, ..

o IMOST. PERMANENT..  CIRCUITS..  ARE __ASSEMBLED...ON..SOME
LFORM . OF L CIRCUIT. . BOARD. _

100 PEREORATED.. BOARD _CONSTRUCTION —. .
_IARE  INSERTED.. . THROUGH. . PERFORATIONS . IN A _PRENOLIC e
L lOR_ SIMILAR _ _BOARD._ . AND. . _SOLRERED . TDGETHER . ON THE BACK
__ISIDE . OF  THE _ROARD... . OFTEN INSULATED. .. CONNECTION WIRES. .
IMUST.. BE _USED._._ONCE __ ASSEMBLED, "PEREEOARD! .CIRCULTS

o

ANSTALL L SOCKET . _ON_ .

LEDSs , SWITCRES, ETC.

___BATTERY,

LEOMPONENT... LEARS e

T, ARE  DIEFICULT.. TO . .REPAIR

e B OMPONENT SINCE. COMPONENT. . LEADS ...

e CONNECT LON ARE.  OFTEN_ _ TWISTED _ AND
_(REQUIRES SOLOER)  SOLDERED..




O WIRE - WRAP — FASTEST WAY. To  ASTEMPLE  CIRCUITS

THAT. _USE. . MOERE.  THAM A _FEW. T USE WIRE — WRAP TcC

SOCKETS. . (WITH. SQUARE  CONNECTION Pms\ BOTH. . WAND. __AMD

IMOTOR....POMERED . WRAPPING. _ TDOLS.  ARE _AVAILAGLE. .. tE  Nou. . USE

THE ... KIND...THAT. __REQUIRES . SOME __OF THE _ WIRE S _INSULATION

BE. . BEMOVED, WRAP A FEW._  TURNS. . OF  INSULATED.  MHRE _AROUND

TRE. . . CONMMECTION PIN. . TD STRENGTHE K THE CONKMECTION.

PIN

pa—— 'jK Q Eamare : " % g g g

J %@: ~ POARD DIFFICULT TO MAKE. CHRANGES

= /
> LI TT7 ,WW.‘RE‘VMRAP

SOCKET EASPER TO. CRAMGE

e, .

[
1_ =3
. A AP SR 2 e 2 8 i S e t’.

i J - N
BiT

T\IPICM HAND,? POWERED. _WIRE-WRAPPER ) (

RoTATE ) LLL

oo =—--- 05 N INSERT.WIRE. HERE m

{ Mjl ........... 3 -10 TURNS d; ib
T

% \_/HDLE.FO&M -

WIRE -WR APEJNGBITTERMWA G "

O PRINTED _ CIRCUIT._(PCY —.  PROVIDES.  THE NEATEST  AND. MOST

IPROFESSIONAL . _APPEARING.

COMPLETEDR . CILRCUIT.. .. SOCKETS NOT

REQUIRED, BUT....COMPONENT. . LEADS . MUST _BE _SOPERED . TO. . THE

COPPER... . PATTERNS. . ON... THE _ _BOARD. THERE .. ARE . _MANY TYPES _ OF
PC... ROARDS,  TWO. _ TYPES _ USED . BY. EXPERIMENTERS. ARE :

1. BPRE- ETCHED PERFORATED . GRID BOARDS  HAVE . A _ ROUND . COPPER

EOIL. SOLDER . PAD. AT . EACH _HOLE...ON. MANY _RBOARDS .. ROWS. . OF

IROLES  ARE. . COMMECTED. . . BY. . COMMON. . COPPER . Folt.. STRIPS { LIKE

B _SOLDERLESS. . BREADBOARD). .IT'S__USUALLY _ NECESSARY.. TO

ToIN __ SOME. . 0F __THE __ CONTACTS. OAN._THE_ _BOARD _ wnTH _"TumPpPeEgS®

(SHORT. LENGTHS _OF  INSULATED __ HOOKUP. . _OR. WRAPPING. WIRE oo

NZ-MQUSTOM%SE OARDS. . ARE. ~MADE. . BY. APPLYING. . A_TAPE

Mggmwcav.aMnx.ucA.L.wM,Mc‘o_nﬁxﬁ.l.mﬂ.em...W(Wm\s.,m'.:wg.,&..s..\_sp:r "N TO  THE _ CLEAN_
PN,

COPPER _Foll ... .OF A PC. .. BOARD. THE

LUNCOATED . CORPER. . AS . THEMN.  CHEMMCALLY . . COMPONENT
ETCRED . AWAY, LEAING _RERIND A __FOI COPPER

[EOR..... . COMPONENT . LEADS. TAKES. LOTS  OF

WIRAN & PATTIERN... HOLES  ARE. DRVLLED . Ao X SOLDER o

TIME ,  BOT . PRODUCES NEAT CIRCUITS..




HOW. TO  SOLDER

00 SOLDERING PRACTICES ARE  ESSENTIAL CoR _RELIABLE

OPERATION OFfF A__CILRECMIT WITH SOLDERED CONMECTIONS.,

RERE ARE SIX.  STEFS.  ENR. _SUCCESSEN SOLDERING &

1.

ALWAYS.. . OSE B DWW WATTAGE. . SOLDERING. . IRON (25 .T0. 40 .

WATTS) e BE _SURE _TO_TIN. . THE. . TIP  ACCORDING __ TO. THE
e MAN U EA CTURER S . INSTROLCTIONS.
] 2. ALWAYS USE  RDSIN  CORE  SOLDER . WHEN  SOLOERING o
— JELECTRONIC COMPONEMTS .  NEVER. . USE.  ACID._  _CORE. . SDLDER. oo

SINGCE P WILL. CORRODE. ... THE .. SOLDERED LEAD.

Pt P Vo W . L ] i NN Nl s £ P
e e SOUDER . DOES. _ NOT. . ADHERE _TO PAINT, GREASE, OIL, WAX
OB MELTED L INSUEATION...  BREMOVE. . ALL. . SUCH.. . FOREIGMN. . MATTER .,

e AT A SOLVE u:J:N,wW.,.MSJ:EEL.mmggwogwwﬁf.AJ\E,A..,W,.,SAu.n,_eazsa&._mm,_ALwﬁstm

BUFE  THE.  CoOPPER FEOIL. OF A PC  ROARD _wiiTH STEEL WOl
e ABEFORE  SOLDERING.  CTHE. COPPER. . _SHOULD. .. BE. . SHINY.)

4. TO SOLDER, . FIRST HEAT THE _CONNECTION. (RNOT THE SOLPERL)

IFOR A EEW SECONMDS. . WITH_ _THE

HOT _.TIP.. . OF _THE _IRON. . THEN .
LEAVE TRE IRON. N _PLACE  AND.. APPLY.  SOLDER.

L ALLOW. _THE.  SOLDER...TO._ . FLow. THROUGH. . AND

AROUND. . THRE.  CONNECTION.  BEEORE. . REMOVING

mmmmmmmmmm THE . 1ROM.. DON T _APPLY _TOO  MUCH
SOLDER . .OR_..MOVE . THE _CONNECTION . & /
REFORE _ |T. _COOLS. LEEND POWE R
- ﬁjﬁn g CORD
e B JEER  THE . IREN'S. __TIP s i
CLEAN . AND __ SHINY.. . WIPE S~ RANDLE
OFF _DERRIS. _ WITH_ A
e \DAMP. __SPONGE OR_ . ALR GRLP
CLOTH. ‘

¥ -

{
\((\ _HEATING.. .

I ELement KR

LRON

W N

CAN__BURN_ A _FINGER _OR

EVEN START__A FIRE, USE CARE'\

X

N

~SRLDER. L N

2. UNPLUG  THE 1RON __WHEN
YOURE  NOT. USING. 1T,

/ - 2. BE _SURE._THE POWER. . CORD IS ...

(ROLD. PARTS. IN_ PLACE WITH _TAPE) NOT _WHERE. YOU_ CAN _TRIP OVER IT.
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Q. 100 ELECTRONIC CIRCUITS

BERE™ A colLECTION oOF 100 ELECTROMNIC . CIRCWITS.. TIVE

ASSEMELED  EACH _ CIROUIT THo MAKE. . SURE. ALL OF THEM. . . WORK.

(1 SELECTING.  AND  SURSTITUTING _ LOMPONEMNTS = NOU _CAN.  FIND

MOSYT  pf THE  COMPOMNEMTS AT  RADID . SHACK. STORES. SAVE TIME

AND.  MAKE A _LIST _OF WHAY. You_  NEED. . .BEEORE vou  VISIT

RADIO. . SHACK . (YOU CAM_. FIND.  CURRENT.  CATALOG. NUMBERS. _IA_THE

LATEST  RADIO. SHACK CATALOG.). \E_A _ COMPONENT. 1S UNMAVAILABLE,

TRY ElLSEWHRERE . SOMETIMES NOU b SURSTITUTE.  COMPONENTS

FOR _EXAMPLE, 1T'S OFTEN  OK TR  SUBSTITUTE . NEN  SWITCRING

TRAMSASTORS ... EOR ONE  ANOTHER..(2N3G0H. . FOR 2AM2Z2222., ETC.).

NEAREY _VALUES. . 0OF RESISTDRS ANR CAPACITORS CAMN. __QETEMN. . RE

vsed . (12K FoR 1K RES\STOR . . .0.33 uF FOR.. 0.47uE CARACITOR,

1), ALWAYS.  FoLLOW. APPROPRIATE _VOLTAGE _AND POWER. RATINGS.|

OOWHEN A CIRCUIT DOESMN'T.  WOoRK — MBKE  SURE _THE CIRCIT A5 e

RECE\WVING __ ADEQUATE...POWER. . I\F 1T 15 OR..IE_YOU SMELL.  OR

FEEL A MOT_ _ COMPONENT, IMMEDIATELY. . DISCONMECT THE POWER
AND.. EOLLOW. . THESE STEPs.: (1) .RECHECK . ALk CONNEcTIONS. (15 A

WIRE  MISSING? 1S AN _IC PIN. BENT? 15 A  SOLDER CONMESTION

BAD?. 1S A WIRE.“SHORTED" ? 1S A. 0I00f  BACKwARDS?) (B) 1S A
COMPONENT. . DEFECTWE 7  (3) SOMETIMES, ESPECIALLY. WHEN . POWER

SURPLY. . LEADS.. ARE... MORE __THAN.  SIX. . INCHES LONG, . K& CIRCUITS
WHLL . WORK IMPRDPERLY OR  MNOT. AT ALL  UNLESS . Nou.. .CONMMECT

Ay o.llm: CAPACITOR ACROSS THE  POWER  SUBPLY....BIANS oF

EACH QHIP, T MARY.  BlsD BE NECESSARY T3 _LONMNECT A

17010  mF__CAPACITOR . ACROSS THE. POMER LEADS . WHERE. . THEY

ENTER _THE _ BoARD. (4)DoES THE PUBLISHED CIRCUIT CONTAIN. AN ERROR?

N SAEETY  FIRST —— BE . SURE. _TO. Fortow.  APPROPRIATE PRECAUTIONS

WHEN. . WORKIN.G WITH  AC LINE  POWERED. . CIRCUNATS..  BE  CAREEUL e

WHEN  SOLDERING . CIRCUITS WITH . SPEAKERS. CAN . PRODUCE.  VERM. . .

LDUD. . SOUNDS, KEEP.. . . YOUR DISTANCE, AND DoMMT VSE HEADPROMES.

LaoING  FURTHER™ TRY . EXPERIMENTING . WITH. _THE VALVES OF

COMPONENTS.  InN RE  CIRCUIT.S (P27,  TRY SUBSTITUTING. OTHER

OUTPUT _DEVICES. ... AN CIRCUITS. THAT. .DRWE. A RELAY _PIEZD BU22ER, ..
Eve, (RE  SURE _TD EOLLOMW.  VOLTAGE _AND. . CURRENT RATINGS.. .USE ..

ORM'S _ LAW__AND, IF_NECESSARY, ADD A SERIES RESISTOR..TO. REDUCE
CURRENT.) REEQORE __BUNDING A PERMANENT.. VERSION OF A CIRCUIT,

ALWAYS.  ASSEMBLE ___AND TEsT A BREADBOARD . VERSION. EINALLY,

BE  SURE TO. RuvY._ RADIO  SHACK'S  QURRENT “SEMICONOUSTOR REFERENCE .

GUIDE" AMD " ENGINEER'S  NOTERCOK.. . FOR . MORE . ADVANMGCED

CLRCUIT.S AND AN EDRMATION . _ABoUT  NEMW DEVELOPMENTS, READ MY

COLOMN _(MTHE ELECTRONICS  SCIENTISTO IN _ _COMPUTERS % ELEC TRONICS.

100




DIODE CIRCUITS

ATHE _VARIOUS. . KinDs. OF  DIODES  HAVE  MANY _APPLICATIONS

HERE ARE SOME TyYPiac AL CIRCUITS &

SMALL  SIGNAL _DIODES  AND RECTIFIERS

(A VOLTAGE. _REGULATOR OVOLTAGE  DROPPER B~
——
vV ‘ +V DIODES . MUST. _HAVE
R1-~ SEE__ZENER DIODE ‘ ADEQUATE.  POWER
R1_< REGULATOR (P, 102) RATING. (P=VxT)
D1
~ NMowr 202 0.V > V=04
D1V toap DIODE.(S) _AND__R1 D2,
(RU)._Z  MUST. _HAVE > V=12
Dz Y ADEQUATE  POWER .
! RATING: Du ¥
VA (SEE P.103) b N= (% 0.6 V)
l 1 } £ 1NG1Y
= ' LoAD. <
ONE . __OR __MORE_SILICON. _DIODES (R 2

CAN. . REGLLATE A VOLTAGE

e AN Qo MOLT . STEPS

0.9 VOLT _POWER SUPPLY

I0

AL 3/; S1 (oPTioNAL) < %,
LINE Q ] l T
r-\.) PRI Q Q cee /U\

Rabl 120V =1 kégw@.sv —& Bl '
- yi (annﬁiw..:)) N/ 1. +l_ Voux
POWER [ ] Te1 7TrCan (4. volTs)
CORD T1 L 3300uF _

—

THIS. . AS A _BASIC AL LINE _QPERATED 9 VOLT POWER.  _SUPPLY.
EoR.__Low. . RIPPLE (SUPERIMPOSED AC AT Veur), USE LARGE

VALUE _ FoR_ C1.. . £OK TO_ADD ONE OR  MORE_ CAPACATORS (Cw)

N PARALLEL . WITH.. (1 FOR  MORE CAPACITANCE.). . CAPACITORS
MUST  BAVE A DO WORKING. _ VOLTAGE.  CWuDC) OF AT LEAST

112 VOLTS.  RECTIFIER RRIDGE . B1. . MusT _HAVE PEAK . INVERSE
VOLTAGE. L Piw)Y OFE AT LEAST 12 VOLTS T1i AND Bl  MUST _HAVE

JADEQUATE . POWER . ANMD. . CURRENT. . RATINGS. (USE OHMS.__LAW...)
ACAUTION T YOU MUST.  INSUATE OR ENCIOSE. . ALl  EXPOSED . AC -

LINE __CONNECTIONS ! THE  POWER __CORD  MUST. BE. _UNPLUGGED

WHEN _ You. ASSEMBLE  OR SERVICE THE CIRCWT.
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VOLTAGE  DOVEBLERS. .

¢1 &

- p1

* D1
L‘A

¥

el H

+

l

O——-4 OUTPUT

i
=,

L2 QUTPUT

o

pz c2

(2Vi)

Dz

\NLPUT L2V

7
INPUT “T°

Comy 4

o

S

-

CUN)A |
COMVENTIONAL

__THESE  CIRCUITS. . APPROXIMATELY

POVELE AN INCOMING JAG

VOLTAGE THE QUTPUT 15

0C.

USE  CAPACITORS. . AN 2.

FoR TWICE

THE

INPUT  VOLTAGE, OUTPUT

DIODES _ RATEP
CAN . BE.

REPUCED.....

LARGE

LY. . . US5ING

RIPPLE . (~nan) =
VALUES  FoR. . .. C1 Amo [

BRIDGE  DOUBLER. . IS

INPUT +

EFEICIENT. . _THAN THE

(Vin)

MORE .
ND

SONVEN TIONAL . A CAICADE

@__w

OUTPUT

. POUBLERS. . ..

(‘L Vin)

1BRIOGE

’T
s
B .

SINCE H— DIORE
RECTIFIERS ARE. ..

BRIDGE .
Aum;,,&m.m.,..M,V.txls,h,,m.,u.

EASY. . TO_ MAKE.

OVOLTAGE.  TRIPLER ..

O VOLTAGE. . QUADRUPLER .

A Tl

<

¢1

INPUT b

|
b
—

]

(Vin)

D2 Q2

OUTPUT

_OUTPuT

Q

GV

INPUT

(4 Viy)

A

P c3 ~

[ o

11

pa—

.
-

™~

- =
_

TRIPLES __AND COMVERTS....TO. DC

An INCORrUN G AC  VoLTAGE.

QUADRUPLES.  AND  QONVERTS...TD .

€2, D1, D2 AND D3 RATED AT

pC AN INCOMING . AC  VOLTAGE.

ALL. . COMPONENTS. RATED AT >2 Vine .

22 Vinso.

[1 CASCADE  MULTIPLIER

ADD MORE STAGES . EQF

MORE  MULTIPLIC ATION,. ALL

COMPONENTS  RATED AT 22V iu.

AY; Al
S N+

TOUTPUTT(B VinY

102




ZENER DIODE CIRCUITS

IO VOLTAGE REGULATOR

This  CIRCWIT  SOPPLIES.. A STEADY

Vin VOLTAGE  (Mont) TO A LOAD.  EROM

/ Pe= No % T AN ONRESULATED  SUPPLY. (LIKE

To = P2/ V2 A _BATTERY.). ... Min.. .CAN_VARY. . RUT

R1..S R1=(Vm-\!z)/ I MUsST BE AT LEAST 1 VOLT

ABOVE DESIRED Ve:n‘. LT CAN

Vout VARY FROM..O MA_ TO  PLANNED

Parata v e iy

MAXIMUM. VALUE . T DBRES NoT

DA LOAD CRANGE. . \E_ T, EALLS T0. . OCMA,

e S
JAN <

(R SINCE . T2 T, +Ta ... LTa RISES

S T EALLS o AN OTRER WORDS
o LA B R EGULATOR. ... ALWANS..  JSES

ey —
- —

JLA S MAXIMUOM __LOAD  CURRENT THE. SAME.  CURRENT., EUEWN
1Lz 2 MAXIMUM. ZENER. CURRENT. . WHEN __THE . _LOAD IS REMOVED.
L T CURRENT . THROUGH. R1. CALTION: D1 AND.  R1__MOST._ _HAVE

Vz

"

ZENER DIODE. VOLTAGE ... .PROPER. POWER RATING. _USE

L

LZENER _DIOPE. POWER ORM's  LAW (P 14), s W o]
' —~—

EXAMPLE 5. A _RADIO._DRAWS FROM. ... EXAMPLE CIRCUIT.:
20 10, 50,  .MA... FROM. .._A 9. VoLT AAA -
BATTERY o IO POMWER 1T  FROM g1

A.12. VOLT BATTERY., . USE A fzv Xl koL DL Qv

14 VOLT, 1/2 WATT  ZENER . DIODE . . (Min)o— _ Yfew. /N 3V (VoD

dB1 _SHOWD BE CLOSE 10 6O L T 2w

|AND. RATED. _FOR._AT.LEAST. 015 W. " | o

D WAVE FORM___ CLIPPER. . . DUAL. WAVEEORM _CLIPPER

Rl CLIPPED Ri EGUAL

AAN . WAVE o AAA - CLIP

& —
A - ~F -

L . - Ww.wwma.qW,.mw»;’mmm T ——

A A AWA ot V. L A

A W A
\J_\J D1 Llf Y \J _\J ‘ (il v

Zz ¢
[
Y

)
-]

2

VE' )T \!\LI DZ VBUT

LTRSS . CIRCUIT 1S HANDY.  _ _EOR

Q

- IS
o

REDUCING. AN INCOMING TS 18, A SYMMETRICAL FORM

b SLENAL NOLTAGE ... TD. A OF. . THE ADIACENT _ CIRCLIT,.  IT

AOWER . MORE . .MANAGEABLE. ..o... QLIPS RBOTH.  HALVES. _OF AN
LEVEL. AT CAN_  ALSO _CONVERT... . INCOMING . WAVE EQUALLY

(A _SINE . OR...IR\ANGLE _\LAVE (UIF V2= D1.2D2).  USE TO

7o AN _APPROXIMATION.. . OF PROTECT. . SPEAKERS AND PHONES

A__SQUARE WAVE,*R1: SEE  FROM. EXCESSIVE _ SI6NAL  LEUELS.
RBOVE (LET T.=.2 MA. MINLMUM). _OR_Th. MAKE _SQUARE WAVES,
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TRANSISTOR CIRCUITS

INTEGRATED...CIRCUITS.  RECEAVE _ MORE ATTENTION., .. BUT.  BorH
RI1POLAR . AND  EIELD=FEEECT TRANSISTORS HAVE _MANY APPLICATIONS,

RIPOLAR__TRANSISTOR _CIRCUNTS

il O MOISTURE . METER O MOWSTURE  ACTUATED. RELAY
EBC N 1M +LTO+q v
7M2222 ADA__3 M. AN =z
282907, g1 t Y RL___1 D1 [ Ao
ETC. 100K g k‘\\ Q-1 mA 100K, 3 1MALH i

< ? METER - { SPST
SENSOR PRogES* e SEMNSQR. PROBES ¢ RELAY
< & Q1 - §/ o1
TN2222 \__ / an2222
¥ =E } € ’
CLEAN NBIL 0B WIRE L 2m3a04 1N3904 , ETC.

— —
- -

THAS.  CIRCUIT... MNLL  MEASURE THE  THIS CiRculT  CLOSES A _RELAY

IMDISTURE.  LEVEL . OF.

Seid

A

(L-9 V.. 500 OHM ot WHEN

| YOUR_ . GARDEM.. ADIUST.  R2._EOR..._ MOISTURE. _LEVEL EXCEEDS A
METER . . READING.. . . 0OF 1 mA. WHEN __LEVEL SET RBY RZ2.. . RELAY .

Soll . MOLSTURE . . 1S AT __ DESIRED. . CONTACTS. _THEMN _ SWITCH  ON
DEVICE.

LEVEL METER. . MILL THEM. INDICATE A LIGHT 0OR ._OTHER
e JLOMIER  MOASTURE  LEVELS CAN  DETECT _RAIWN.
IO METRONOME DLNGHT  FLASHER
+9 v +6 TO +9 vy
k
RL_J R3
10K 3 LS 1K > p—
o3 a2 R1 ’2 QL. / \ Q2
N 2M2227 E.2M2907 100K 282222 . \ 282307
e e cl
QQK\ /c 840 (U__\__\/ 22 &4F
R2.... E ot SPKR. R2 +|f
sok_ Ity | a 56K A O
AN - ~
[ N
1 'zz,&gwﬁ__;.,_w_ " L
A _METROMOME . MARKS TIME_ RY THIS . CIRCUIT.  PRoDVCES BRIGHT
PRGDLCING A REGULAR. SEQUEMCE FLASHES  EVERY _SECOMD. _OR
OF “clicks” or_ “Pocksy .. ADIUST 30, Rl _COMNTROLS. . FELASH RATE
TRE . CLick _ RATE . BY  ADIUSTING USE. NO, 122  oR 222 MINIATURE
RZ OR__CHAMGING.  C1's. _ VALUE. LAMP  For L.

104




L) SIREN

R1.22K

— CLosE. .5 1. AND _THE
+9 v

73}
[EY

FAVAYAY

e CSPEAKER L EMITS.. A TOME

|_

@
]

THAT _ RISES. IN_EREQUENCY

+

CAS_ €1 _CHRARGES). OPEN

{L
01 N\

a1

L33 AND . THE  TONE _EBALLS

2T uF R3 2N2222

IN_FREaveENCY. (AS &1
DISCHARGES ). LIKE  THIS:

RZ

VA

l2n2q07 S AU YV

39K

o SPKR A CLOSE OPEMN.... ...

A<

Lz

S § S i

L4947 mF

] | HINT: . CHANGE R1 ToO.

CRANGE _ UP=DOWMN. TIME.

_J0) HIGH VOLTAGE POWER _ SupeLY I

+1%2 o+ 9v

THIS. . .CIRCUIT . PRODLCES. 220 VoLT

Q1

Q.2

PULSES OF .DC _WHEN. _POWERED

g1

S

ZM2222

BY A Q-voLT  BATTERY. LT WLl

£2N2907 .PRODLCE

21K

LM TR A0 VOLTS o EROM .

A _FLASHLIGHT. . CeEel  (BUT..  You

p— - VAA
B/ﬂ/\ \“\c
W=

01

r—

MAY. . HAVE. TO.. . EXPERIMENT AWITH
C1's . VALUE.. .. THE

Tk
¥4

5 Q? BLACK o CIRCUIT. . WILL. . POWER

ﬂunom 100 ONE.. OR ..MORE . NEOM. o

T1z.120Vv. 10 L2\

NOT.. ToucH !t LAMPS _THRowGH. . A

TRANSEORMER

o AM SERIES. . _RESISTOR.
T1 (_,M&x.w...mﬁ,mwm,‘.L_Jua.e,.)w. _

10 _RuRGLAR. _ALARM.

+b TO +12 V

ALARM.SOONDS... AND smys ONCONTI e

h

POWER 15 DISCONNECTED). WHEN . MAGNET

R1

SWITCH A5 OPENEDR. _ OR WINDOW  EDIL

o

100K Q1

15 RROKEN. _R1: _SET _TD. MAXIMUM

NALUVE . PISCONMECT. . ONE _LEAD.. .7

< (AN B T “
BN Y78 W

wswrrcues A FOlL .. THEN Rr:oucEMyAwﬁw S

s

TO MAGNET AN 2 EwSJ?..S:\"
SMNTCHES OR RELAY..

- e R1._TO JuST  PAST. . POINT WHERE .

WINDOW

N ALARM. . SOUNDS . . CIRCUIT  _USES ONLY o

JALARM . 0.3 MILLIAMPERES. AT & VOLTS.

Folt,

/]

~RELAY L _USE L.V, SO0  UNIT. . WHEN

A

i

\ 3
‘\‘é‘vu
L

LSUPPLY IS =9 M. LSE L2V, 12000
ANAT WHEN.  SUPPLY. . iS. 12 V.

NOTE & . ASSEMBLE , INSTALL. _AND
COMCEAL  TAIS _SMSTEM. . WITH._ _CARE,

d'
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JUNCTION _EET _CIRCLIITS

[
W.MHWL;IWE,L ECTROMETER [T TOUCH _SwiTCH
S¢ o +q v R1 RZ O1=2N32819 te TO +9QV
2N2819 ) 2.3 K 100K " oN \
AN | # / .
) e N4 ° 500.0.
M}Wokuwumgmmmg;wm AV TA S WV
(){j METER 4.2 R4 Vo _
SHORT _WIRE N Z b kM Q1 8] T _
YANTENNA' N ) oPTIONAL.L 1. D1
B ARYA = WY “QEE" R h N
NV . _2n2819 Ll TP
4 1.4/2 v -
= OUTDOOR 5.4 =
TRIS... CIRCULT.  DETECTS  STATIC AWAY.... FROM.. .POWER LINE S,
MMMMMMMMMMMMMMMMMM BLECTRICITY. EROM. A CHARGED ... BRIEELY _ToUCH. "ON' CONTACTS _TO
OB JECT (PLASTIC COMB, ETC). OVER . ACTUATE . _RELAY.._ TOUCH CONTACT
A __EooT.  AwaAY! ADTUST R1 2 ONLY. _TO _DEACTUATE RELAY.
SO . METER . INDICATES. 1 MA., INROORS:
mmmmmmmmmmmmmmmmm CHARGED ORJECT NEAR "ANTENNA. . MAY RE _NECESSARY TO INCLUDE
e WALL . DECREASE  METER. READING. __ OPTIONAL "0EE"  CIRCULT.

O TIMER FLAuDIO. _MXER
v o ¥i el
I AAA INREN N ) . 1IMF +_q v
R1 Qi o R1 §< AAA Q1
RESET | 51 1K Pl2mM2819 10K . R2 2N32R21%
+\( G/,{Il: L __\__ look .
TIME ] N / - ' NACAES
¢ 5 o A C2 GV
47 _rto LS R2 ~ .._1N..CE\)M.J:MWQZM.1,Mr: Sd 1l
Y30 uF TSI R3S AAA =
- 7 10Kk__ €. RY (RS
DELAY. TIME.; 1 1l 1ok 'e8k | -
UP.TO. 1.5 MINUTES - PIEZO BUZZER = = f {1

ADDITIOMAL _ INPUTS =<~

SeT . S1 To “REsET” (BuzzER

WL, SoumD).  THEN  SET. S1.TO THIS  CIRCOIT  ALLOWS.  Two_CoR. .

“TAME. _ RBUZZER  WILL BE SILEMT MORE). _ MICRODPHONES . OR.__OTHER .
e NI DELAY. LS. COMPLETE.,  BUZZER  DEVICES 10 RE COMMECTED TR0
S WL THEN  SoUMO..  INCREASE. 1 THE  SAME.  AMPLIFIER . R1 AND

o R1 . FOR. __LONGER DELAYS. .. R3 _.CONTROL _ATTENUATION _OF

|REDUCE . R2s  RESISTANCE DURING. .. EACH.  ANPUT.  THEREEORE RL ..
JRESET MODE  (SPEEDS UP RESET). . AND  R3%  ARE  RBALANCE CONTROLS.
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[IPOWER . _MOSFET . _(DMOS.,VMOS,ETC) CIRCUITS

L1 LINEAR LIGHT. DIMMER I AUDIO  AMPLIFIER

tev Q1= N-CHANNEL +4v

A , POWER. MOSEET I N

ke
R1 (P L1 R1 RY

2

P p

\
LN 5 . 4

1M - R o1 2 47k 2 22
i

AW N .
B2 g{ ¢l ],L'*_‘) ol ot if of | Q1
/ o

1M s ] s

Llz= 4= Vv .| DO NOT G- 4 RZ

R3 LAMP EXCEED L o2 iMm

<
Mm% POMIER - 1

s RATING R 3

8 ofF._Qi. 2 1M TN

- . a5k

ACRANGE. . INTENSITY...0F  LAMP,
ATRIS  CIRCIIT.  SHOWS. . HOW. o USE  TD. AMPLIEY  SIGNALS... AND

CHANGE. SETTING.. OF. R2Z_TO 1 _SPKR

| POWER...MOSEET.  CANM._BE USED __ _TONES . FROM.  OTHER . CiRCUILTS
AS.. A VARIABLE. _RESISTOR. R2._ CONTROLS. . GAIN.. (VOLUME )uo

IO LONG.. DURATION  TIME . DELAY. . CIRCUITS

AL QEF . AETER. _DELAY. .o 2. ON _ AFTER _DELAY

+qv. PIEZORUZZER. +qv

_/(oR _PORTABLE A

/. RADIO,. LIGHT, ETC.), R2 R3

)..DO NOT.. EXCEED s1 < 10K S 1K
POWER _RATING 4a

OF. . Ql. . USE. ~—3 Q2

D

L.SERIES . RESISTOR ' g Yan2222

e N

. ) AT X! 1o REDUE

( B EJ-

1% CURRENT. THROUGH

h 4
1
J
>

AL

™~

L QL AND THE LOAD. S (o

" )

A NN

b2
Cl by PIEZO- k

DELAY. TIME i MINUTES. TD. HOURS! 1-100mF | BUZZER
i R2..REDVUCES . BUZZER'S VOLUME .

ADISCHARGES  INTERNALLY. ..OR e QL. THEREFORE _THE _BU22ZER

CLOSE AND THEN..OPEN_S1 T
ACTIVATE . BUZ2ER.. . .AETER .CL e Q2 LINVERT S THE . STATVS . QF

ITHROUGH. _R1_COPTIONAL),. Q1 SOUNDS. _ AETER THE TIME

[TURNS. OFE. __ANO. SILENCES THE __ DELAY. 1S _COMPLETE,. INCREASE
1BU2zER. LONG DELAYS. POSSIRLE. C1’s VALUE TO INCREASE DELAY.
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UNIJUNCTION_TRANSISTOR . CIRCUHITS

m O TIME___BASE Ll.ToONE . GENERATOR
g1 E B7 + 17 T0 +18vy +9 TO + 12V
284291 )\ j
RZ R3
RL..2D J_100 R1 100
10K 1k 3
! | B2 [ ) B2
e R2 = NS SR
100K Q1 \w/}m 100K QLN ABL
]
e Q1 2N4891 e ED c1 Ql: 284881 ). 8.0
22 uE T OR_SIMILAR .i,MF/\ OR._SIMILAR .‘ < SPKR

EACH. TIME. THE. UIT (Q1). TURNS.. . . THRIS CIRCUIT. IS  IDENTLCAL.IN_
Oy THE  CHARGE _ON..CL 1S PRINCIPLE  TO THE _ADIACENT .
“DUMPED”  THROUGH  THE. . LED... .. . CIRCUIT. . C1 1S MUCH_SMALLER

THE LED . FLASHES. _IN..RESPONSE. . . TO  _SPEED  UP _THE _ CHARGE=-
BETWEEN FELASRES, THE _LED. .. . DISCHARGE _CYCLE. THE RESWLT

GLOWS _ DIMLY... . RZ _CONTROLS . 1S __AN__AUDIO FREAVENCY. . .

FCASH . RATE. _AND . CAN._BE  TOMNE _WWCH 1S EMITTED  BY. ...
SET. _FOR. _.ONE.. FLASH _PER  THE SPEAKER, THR\S CIRCUIT. ...

SEconNDd (TIME BASE ROLED, CAN _BE _EXPANDED. (SEE RELOWL. .

+3TO+ 12 V Q1. 2N48481

\ OR  SIMILAR
g1 Rz} Rz R4l .. RE|. R R RS RY R10 R11
< < < < < 100 < 1oK.S 1205 a.q
SESRESE =
1o Ao Ao da. ds 4o 4 1o Q1
s1) sz )]sz | s4| ss] se] s7] sel g, B
MMMMMMMMMMMMMMMMMMM - c1 .t
MMMMMMMMMMMMMMMMMM R_I VALUE [ FREQUENCY e aO1 el
RA |l 1ok | 5806 Kz 0 IO N | -
R2.|. 18Kk | 23988 Mz RIZ < _RIZ S il le/ )\
R3 | 22k | 2956 Mz 102 5k <2~ or\Ds/
Ra.}.32k. | 1984 Hz - (voLome)| A uF_ aNZ222.f
RS, 41K 12393 HzZ
Ré& LBK Q41 WZ | TABLE.  SHoOWS. TYPICAL FREQUENCIES ...
R? 1 100K 583 _HZ. | CHANGE C1 . TO0 _ALTER .THE
R& 150K 420 Hz OVERALL _FEREQUENCY RANGE.




L RAMP  GENERATOR

+qv Q2 SAMPLES. THE.  VOLTAGE
A ON_CL_AND_ _OUTPUTS |T
As . A_ RAMP (or"sAwTootH”
<. R1 2R3 Qz WAVE)._ _R3.__CONTROLS. _THE
100 ~>§ 100K 2N2222 RATE AT _WHICH __RBAMPS
B2 Lo c ARE.  PRODUCED.
M \e MA___ el ¥
B1 ’—u‘j a1 \W&!mmwwﬁw}é iy 54V
+ 10K > OUT Z e
S R T ca RS »
47 001722 M 2 1K RAMPS _SUPPLY_ GRADUALLY
INCREASING _ NOLTAGE._ TO
= Q1:2N4891 | ETC. MANY._ . KINDS. OF  CIRCUITS.

O.CKHIRP CENERATOR

+av THIS_ . CIRCIT. PRODUCES. A
REMARKARLE. VARETY. OF
SOUNDS......AS SHOWN, 1T
SR L,S R <. .Rs S Rl 'cHIRPS" AT A _RATE
100 100K 100K 100 DETERMINED.  RBY R3.
sl gz EXPERIMENT . WITA VALES
tn \e AAA e/ ) OF .C1, RS _AND €2 FOR
a1 RY Q2 NEY . MANY.__OTHER _EEEECTS. ... .
220K
<..R2 +{ ¢1 ez JR7 .
47 T AME. o T.001puF. S 470 PIEZO TWEETER
I SPEAKER

b Qg Q20 2NHBIL L OR. . SIMILAR

O VOLTAGE. SENSITWE  OSCIULATOR

+V (O 70 +18V)

h

THIS _CIRCUIT. _SOoUNDS. A TONE

j WHEN My IS BEIOW. V2. OF
J R1 _ (comTROLS. < RZ D1.  SELECT.. V2 OF D1 EOR
—>2 100K TONE). ____ N100 ___ DESIRED. TURN-OFE _ LEVEL.
3 ™ THIS _ CIRCUIT. CAN__RE USED
ef }m,,_mwwmznzommmahamc,mmm,mW_.,y.mom;,meE
i\ - OF A _BATTERY._ C WHICH _CAN
_loc1 . o BE_POWERING ANOTHER CIRCUIT)
TTLo4IuE_ /N B FALLS BELOW A CERTAIN
D1 SPKR L-——\ LENE L. THIS 1S AN EXCELLENT —
N EXAMPLE.OF A _SIMPLE, YET

IDL:ZENER DIoDE L. Q1.12N48A1, EYC.  SOPMISTICATED, CIRCU)T.
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THYRISTOR __CIRCUITS

ASIICON.  CONTROLLED RECTIEIERS
IMANY. . APPLICATIONS . AS __ SOLID-STATE. _ SWITCHES.

R

RAVE

A o b e

AND TRIACS

SCR._CIRCUITS ; N
Dl LATCRING. SwWiTehd Cl TEST. CIRCUIT.
Vo } S1.1s. "sPRNG. . YOGV N
T RETURMN. .TO. ... } \
R CENTER OFE" . . 3, N
by DL NORMALLY & SWITCH. :1(°‘\1 L1
s1. 1 OPEN - 1 (ev)
S2 = NORMALLY R

CLOSE . S1. 7O TURN. ON.THE

SIS AN _SPRT SswiATCH L IN

THE . .SCR

SCRAND..SUPPLY.  CORRENT . THE "ON" POSITION,

J0THE  LCAD,  THE ScR.owiLb .
REMAIN _ON. AFTER . S1 18

LAMP  6LOWS..  IN. . THRE “oeg’

OPENED. . UNLESS . THE_ _ LOAD . .
1S B DC. MOTOR. ... OR__UNTIL

PosSIATION,  CURRENT 1S
SRONTED. . AWAY.  FROM . SCR., ...

215 _BRIEFLY. .  OPENED. THVS.  TURNING 1T OF]

o A LR i

01 CAPACITOR _ DISCRARGE _ LED _ FLASHER

_rav
) \

WHEN. . THE. .. SCR . 1S _OFF,

RH C2 CRHARGES THROUGH

< S K. RHs o WHEN . THE . SER

VAV U

SIS TURNEDR.  ONL L BY B

1 )

82 PULSE. . FROM UJIT. Q1. ..

LOOK A S¢Rr THE .. CHARGE . _IN_ CL1 1S

RAPIDLY. _“pumPEDR" THROUGH

v
Y

BL

N
+ ¢ /¢ . THE_ LED.  THE _SCR

L.

/1

LED. . Q2 .

(AND__LED) THEN. . TURNS

2L MuE CEE. . SINCE.  THERR..\S

AV
T‘-\

NO._ LONGER ...SUEEICIENT ...

BOLDIN.G... CURRENT.. THE .

QI _zN4891  UTT C Rl _CONTROLS. _RATE. CYCLE __THEN _REPEATS,
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TRIAC CIRCUNTS

O TEST _ClRCculT

T0...AC

LIME ) L1 .
e pr1. =Ll sec M. (No. 47 _LAMP)
mm.ij:;_.wu@%mw L3N T OF

1| wonz pe el AL AN 14 Grows.  WHEN )
POMIER R1 l>|\\e SA 1S . CLOSED,
CORD 23 S5 L1 DOES. NOT GlLow
V.Y, S WHEM. .S1.15. OPEN
CALTION.:
TRIACS ARE DESIGANED..  SPECLEICALLY. . EOR AL OPERATIOM

IRE.. SURE. . TO ORSERVE _COMMON.__SENSE _SAFETY WHEN
WORKING.  MIITH.  ROUSEHOLD  LINE  cURRENT !
LREL..CONNECTIONS TO _AC LINE ARE INSULATED OR _ENCLOSED. o

_MAKE _SURE

A LIGKT  DIMMER... CIRCUITS

1. 6.3 _NMoLT. . DIMMER

L1 1m91y
TO AC i~ L1
LINE ) A R1 R2 (NO.H7 LAMP)
=¥ Rl =1l sec +S 100K S.teo. ol
) 120V AN 3y 5 2 -(P):
Al tonz S DiM oy I e
| PoweER . € \ Az
CORD Tl Glm‘_l:jm /\ _TRiAc
01 { G AL
THE _UTT _OSCILLATOR. SWITCHES RLOHTME SRR
ON__THE _TRIAC., _AND._THUS 100
THE _LAMP, AT A RATE
CONTROLLED _BY Ri. Qi _2N4291  0R__SIMILAR _UIT
2. 120 NOLT. . DIMMER
by THIS 1S HOoOW_ _MANY _HOUSEROLD
e (R DIMMER  SWITCHES ARE MADE.
S JR1___triac_JA? L1 CAN_B8E UP TO. 100 WATT
L1 2 22K (120.VOLT). LAMP. . USE. HEAT
AC S 6/ |a1 SINK _ON_TRIAC IE 1T RECOMES
LIME  DIM = o R2 . HOT. THE . _DIAC 1S A
120 v) =< 5ooK L BIDIRECTIONAL TRIGGER DIODE.
DI i CAUTION: THIS CIRCUIT MUST BE
o1 R \___FULLY. ENCLOSED AT _ALL TIMES
dluF 50y | VAT b WHEN_ _POWER 1S _APPLIED!
= = T |INSULATED. ENCLOSURE.
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PHOTONIC  CIRCUITS

CLRCUINTS USING _ PROTOMNIC.. .. COMPONENT.S... ARE. AMONG. _ THE

MOST . VERSATILE _AND __INTERESTING. . OF  ALL  _CIRCUITS.,

LIGHT EMITTING _DIODE. _(LED). CIRCUITS

JE1LED  DRWE. . CIRCUIT

A SERIES. RESISTOR EXAMPLE . ASSUME . You. WANT

t Y MUST BE. USED IO TO OPERATE. A _RED. LED AT A

LIMIT. CURRENT FORWARD. . CURRENT. LI .e0). OF

THROUGH _ AN._LED. 10 MA. . LOR. .O.OL. AMPERE)

(EXCEPTIONS. .. CERTAIN. . EROM. A 5 VOLT _SUPPLY.

2
LEb_ | PULSE  CIRCUITS. AND._.  THE  DATA. . SHEET. FOR. THE LED
IC LED DRWERS.) o LlsTs. AN LED. VOLTAGE .

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

= P = *V-=(Vieo) FORE . R¢ 1S (5-1.7)/.01_O0R
TLeD 210 OHMS. .

e J VARIABLE . BRIGHINESS  LED

+V

LGADIVST ORI TO L ALTER . CURRENT.
THROUEGH. THE. LED. THUS

Y.V SV

R1 Rs NVARYING  1TS BRIGHTNESS. Rs. . .

1k

MUST RE. USES  (SEE _ABOVE). ..

[_POLARITY. .. INDLCATOR

THIS _CIRCUIT _INDICATES. . THE

R Jl>1"'/ LED L . POLARITY. . OF_A_ VOLTAGE. Rs .

- AAA ‘ MUST BE_ USED (SEE ABOVE).
A Py

PRORE. p yﬂ\J tep2- leep I + [ = Ac ()]
(1D DNKNOWN 1. | oN | oFF ON

POLARITY.) 2 kb F# oN ON

TRIZSTATE . POLARITY..  INDICATOR.. .

LE Dlm, o RZ. TS 1S . AL MORE _ COLORFIL
RED) ~ 7  R1.  AMe.. VERSION. . OF  THE.  CIRCUIT ABOVE.

B =t A

PROBE._ 4  LED2 1 o RED

(GREEN) _ INRI4 = . GREEN

AL | yecow®

Ri= Viw=(ieoz+0.6)  R14+82= Viw-Vieny

T LEn2 Tient * WHEN _TWO-CHIP LED USED. .
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LI DUAL LED  FLASHER.




ASEMICONDUCTOR LIGHT DETECTOR. _CIRCUITS

O LIGHT METER  CIRCUITS

L PHROTORESISTOR 2. SQLAR.CEL}

S AMA a1
100K K 1k s
(5"\ (CALIBRATE) O=1.MA //7\\ ST (CALIBRATE) O-1MA //7\\
. 71, METER Nty / Zx 1 METER
/ e 1 / 1
CdS N Qv SotaR. Ceitl. (oR _PHOTODIODE  _OR
PHOTORESISTOR PROTOTRANSISTOR COL ECTOR = BASE)

A LIGHRT.  ACTUATED RELAY CIlRCUITS

1. _PROTORES\STOR 2..PHOTOTRANSIS.TOR
RL *Qyv _R1.IS SENSITVITY i G1 LS NeN
ik J\XA CONTRO . PHOTOTRAN SIS TOR
? caLigRATE % n/\ a1 e B,
(3 c EANS VA N
N s (1 ; M
] \“\/ T . | ez |- E—
lra. < at E:‘D R1 l—>§ 2N W RELAY
MK S ANRZ2ZZ q-fRELAY 100K - : S0R -8V ...
. =R Q. =9y ' =
‘1" RESPOMNDS EASTER.  THAN PHOTO~
_jRELAY.. REMAINS. _ACTUATED. __FOR RESISTOR...CIRCUIT.. . NO _ DELAY.

~[BRIEFE TIME AFTER LIGHT REMOVED. WHEMN  LIGHT. 1S REMOVED.

A0 LIGHRT.  DEACTUATED. _RELAY.  CIRCUITS

1. PROTORE SIS TOR 2. .PHOTO TRANSISTOR
+9v +9yv
Rl y Ri_ls_SEmsITwWITY... . Rl 1‘ R1 _\S SENSITIVITY
LO0K COMTROL, 100K J COMNTROL..
S - T C
e | s/
} e . LY \L\/E ; -
Ol\wz e / ?.szzTL ) S
1 (5#\ anm22 Sr— A\ Uy / AV eeiay
A \'ls Q
g RELAY Qi SO0, -9y
- RN '
_1_ SDO.Q1 b=qVv -
= RELAY...LS ACTOATED MWHEN Q115
RELANY. _IS._ACTUATED __ONLY WHER DARK. _LiGHT ON Q1. DEACTUATES
THE. _PHOTCRESISTOR 1S DARK. RELAY. CALIBRATE.  WiTH. R,
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_ 0 AuDIRLE LIGHT PRORE T SOLAR CELL BATTERY CHARGER

y1i2 v s N s
AAA, p1 _(-L D1 CELLS
1 R1 a7 | AL/ 1nq14

R (SN L BK o ANAY e ) B ) CONNECT LEADS TO CELLS . . .
n PR & \ v L BY..FIRST _MELTING  SOLDER
N8 M,WW 5\}/ AN _CELL.  CONTACTS _AND
i m\u\/g ¢ y | WIRE  LEADS. i TDucH..__
CL T 2nM2%04 af .l WIRE T CONTACT..AND
A ME SPKR__] og_(1 MEST . UNTW SOLDER
| L =\ MELTS. KEEP LEAD STUL
-1: h WHILE... SOMER HARDPENS..
e ATHAS IS AMONG THE MDST
el ENTERTALNAING. . CIRCULT.S. N _THIS USE. NINE CELLS _TD. CHARGE TWO |
SR BOOK .. MARIOUS  PNP.__AND _NPN .. MNCADS. _ CURRENT FROM SOLAR ..
e LTRANSIS TORS....CAN. . BE _USED . FOR. o LERLS. . MUST. NOT EXCEED MAXIMUM. . .. .
e JO1 AND_ Q2. THE. TONE FROM .. CHARGING. RATE FOR NICADS! ‘You
] THE  SPEAKER . _INCREASES . IN_ .. .CAN _MOMITOR. .CURREMT.. . BY
JFREQUENCY. _AS. _THE _INTENSITY. __ CONNECTING  MULTIMETER . .BETWEEN. . .
e iOE_ LAGRT. _ON_ THE PHOTORESISTOR __ NICADS _AND D1, INSERT. . _SERIES

e INCREASES. VERY  SENSITAVE L RES\STOR.__OR. REMOVE _ SoLAR CELL. . .. ..

TRY _THIS . OPERATE CIRCWMIT INA D _REDUCE CURARENT, D1 KEEPS . ..

PRRX  ROOM . UNTIL TDNE. _ SLOWS. .. . NICADS __FROM. _DISCHARGING

TO. A__SERIES OF  CLICKS. THEN .. THROUGH _ SorAaR cerls (WHEN

o |SHINE  REAM. . FROM. FLASHLIGHT.ON. . DARK). SOLAR CELLS ARE FRAGWE.

ATHE  PROTORESISTDR... SOLPER.AND MOUNT WITH CARE.

O LVGHT. . ACTUATED.  LATCHING.. . CIRCUITS

A RELAY. 2. LED (oRLAMP) 3. BUZZER

N
L

|

tav . tav +9v THESE. . CLRCUITS.. CAG
A 0 7 ARE. ACTUATED. BY.. LASCR.
s1 S1 S1 LIGHT. . QPEN (MAY
LA S1 TD SWITCH VARY)
o < 82 | Pt LASCR OFE,
d P RELAY z 1K B2 §Piezo\?j) SOME__LASCR S
LD S0, 1K |Buzz=3:m ARE. MORE LIGHT
[ -9y A A SENSITIVE THAN
LASCR LASCR LASCR _OTHERS.  MOST
n A Znfe\E 7 |o\S WILL . TRIGGER
\ N RESPONSE .TD
BR1__S LED RL.S ' Ri < L\GHT _FROM
47K < 4 4kl 41K < CAMERA STRORE
[ ’ | (XENON _ELASRK
L L L UNIT).

-
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DIGITAL_TC _CIRCUITS

ARE

DIGITAL ICs VERY

EAsSY. . TO_ _USE.

HERE'S

A . SELECTION

OF . TTl. . AND. . CMOS . CIRCUITS.

TTL CIRCUNTS

U OPERATING  REQUIREMENTS

H, FORCE _OUTPUTS  OF UNUDSED CATES

1. POWER SUPPLY. MUST .NGT EXCEED

B INPUTS  SHOULD. ALWAYS .
|SOMEWRERE _(NOT LEET “FLOATING ). MORE __CURARENT. THAN LS. _OR_CMOS

(c¥o)

5.25 voLTs.. SEE _PAGE 125 OR_UsE: . "wW' 10 sAVE. POWER. (EXAMPLE - L
UNUSED "NAND '~ MAKE ONE_INPUT_H.)
T2 1N 1001 ot B AVOID LONG WIRES. IN._CIRCOITS.
* | - b, CONMECT. . 1 T0 10 mF CAPACITOR .
= LvoLT = ACROSS._POWER. . LEADS  WHERE THEY.
 BRIIERY TME JuE ENTER  CIRCUIT.
- > GND_ T CONNECT 0.1 uF _CAPACITOR
ACROSS...POWER _PINS __OF EACH
J2 INPUTS  MUST NOT EXCEED +S.26 V. TTL.CRIP AN MULTI-CRIP CIRCUITS.

B, REMEMBER, TTL. LSES. MUCKH

oo eLip-FLOP

O CLockED "RS. _FLIP-FLOP

+5 V -~ +Sv
nnnnnnnnnnnnn - » o 13 . 14
O "N\ 2 17 N\e . 0 s TS e Q
E L z 7‘ioy“ IE__?‘ry" 7 G L 550 i
1 x5 g [\ E _-,:'j l\ /
'7\ frul s i/\l a l/\
" 1/(’_L 4 __ﬁjﬂ‘ 2 L ”Nﬂ >Q o 8 : m‘n o
'7‘1344/ TE._13 [7400 L_10}7400 R wlue0 S R LT

RQELDWHEN. ENABLE (). )S. HIGH..

NO _CHANGE _WHEN _E 1S LOW., ENMRLE (E)_15  HIGH,
O.DUAL LED FLASHER O TONE __GENERATOR
+5v +5v
AAA R1 AAA
R1 PR R2 4K 14 B3 =
41K (V4N 3 470 4 [ient MA L] N2 270 1 spKR
S LLZA0 MV | )
T 1 e nuod  Teq v
/ /
| /e -
4K = (2 4.2K 1404 2 g
—AAA M 1Nb—‘f LA |Lepz J__-z. oy +l
Ls_'l*io“y“ %IN {.‘,
AN SPEAKRER _EM\TS. oo
R4 = LEDs FLASH AT 2HZ = HRHZ TONE. WHEN
ir WHEN C3=C02=47uF C1=C2 = Q.1mF,

116




- ;
- . =
- — — =
B -
.
- ¥
|
i

W




CMOS.  CIRCUITS

LD OPERATING REQUIREME NTS

I..THE _PCSITIVE . POWER_To A

R HANDLING . PRECAUTIONS

1..PLACE  CMDS Tes PINS Down

CMOS. _.CHIP_ (Voo) .CAN_RANGE FROM

OMNLAN_ CALUMINUOM  Eoll. SHEET MR

1370+ 15 (oRr+18) VOLTS. _USE TRAY. . WHEN _THEY _ARE_ NOT_IM_A
POWER. _SUPPLIES.  ON _PAGE. 175 CIRCULIT 0B  PROPERILY. . STNRED.
oR..A__BATTERY _(ResT).: 2, NEVER _SToRE._CMOS.  TICs N
NONCONDUCTIVE. PLASTIC "Snow.,”
oo . . =VMop— TRANS . BAGS. OR.__FOAM. _PLUG
* 1 | | THEM. AN CONMDVCTWE  EDAM.__ OR
= pA MR J
T BATTERY. e EOAMED. __PLASTAC  WRAPPED . IN
S =T (misvers)  |LuE | 1uF ALUMINUM __FQIL,
>OND.__ 3, AVOID. . LSING AN _AC  LINE
POWERED _IRON _TO SOLDER _PINS
s G ANPUTS _ MUST. NOT . EXCEED _ Vop. CF. CMOS TCs. . MSE. XE SOCKETS,
— wWV:5._ug%.muu-muus@swnH.,M.MLuPurs MUST. GO WIRE-wWRAP. _0R _BATIERY POWERED

10 Ves.0R__END. (T,

iRON

A NEVER _APPLY. AN _INPUT._ SIGNAL 1o Y. DRAIN. STATIC CHARGE _ON. YOUR
B ONPOWERED. . CMOS....CIRCVIT, BROOY. . BY TOUCHING _GROUNDED. OBIECT
DL BOUNCE LESS SWATCH O S\NGLE . LED "GATED' _ELASHER
‘ Vo 1%
Voo o R1,R2. 100K FLASH =112 AAA
- 1 1/&_‘ .R1 1 VRS 14 ST 7 LED
- 2 qoyg Aol = qoy*J Iqou R
. 1 it N e
i / < S . >
81 £ Lep LM 25 tooK 4.7uF
LON. . (ADD _INVERTER. BETWEEM PIN_._
e kOGIC __PULSES. BELASH . 4 _AnD _LED FOR. L= OFE.) .
~fAlone- SHOT" _ToucH. . SwiTeH I DUAL LED. _ELASHER
eid 200K 22m VR0 LEDs ELAsSH Vop 1K
™1 SECOND ALTERNATELY AT ~LHZ. AAA
....................... PR |3 v ,
N TN\ 3 ~ N e I = EL T “
< /"y/}_ = e —MAJETIL T [ Wen S
o T HTmF ¢1 T -
L T ouwcH_THE Tl oriziuf
< 5 INPUT 47K s Ci L
2 100k 1 N CONTALTS e A AN l'i‘ N0 %iso
‘ ol TO._GET s ot i,
—]_— feLeEan AN
Cl. CONTROLS.. LENGTH OUTPUT .
OF _OUTPUT. PULSE. PULSE. CHANGE C1 ANDCZ TO. CPRANGE RATE,
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VELECTRONIC . COIN._ TOSSER.

TYPICAL

PRESS.S1 _MOMENTARILY

R2

TEST . RESULTS.:

ALK

TRAAL

TA

LS "HEAD

"TaLst

1

Z]

LED

4 | Lep

2

Z5.

1

14

11y 2

/4

10 14

Ho17 13

ACHk

4ol

{2

R

I
-

LK D

L

J1s

10 RANMDOM. __ NUMBER . GENERATOR

e B R R EA DAV T ARRAY

. KINT: +9v [ W N Sl ] ] N B
MMMMMMMMM INCREASE 01 A AN ASNAS AN S WAWAY, 0
wwwwwwwwwwwwwwwwwww o A mE
e (AN LEANVE L 11 9 A 5 1 10 7 4 2 3
e IS1. CLOSEDR .
1o MAKE o 4017
e |SEQUENTIAL
FLASKER. .
19\ .2 N a, 2=
24 & (4011 Rl
G e it CLOSE. . S1._ AND._ALL_LEDS. WLl __|R2.S
axmgm__w T Qb GLOMWL . DIMLY. . QPEN _SI___AND __|1K
4,7K ?. 470.pF.... RANOOMLY.  SELECTED . LED WILL
l e GGLOM.
WWWWWWWWWWWWWW .1-0F-4 SEQUENCER
] VL!S.,E...",CI,QM,A(,:\ZUATE,‘J]qV I

|RELAYS , ETC.

14

14

1
Iy 3

1/y

4 HO13

qo11

g
z
]

b=3
=
AT}

R1

A7

Cl

49K =

AYina
/1

RN

0D

Ty 10

1M

100 uF

135

]
. LI LL))

]
% 1

EACH. LED

TURNS .  OFE

IN. SEQUENCE,

4, 6,7, 8, 10

= IIN“ Ll AAA

20

i3 !Hoe;/" ‘,‘T\J 1K
il g




oq_o" &
A MODEL._RAIUROAD _ CROSSING. _ ELASHER . LIGHTS
+V £ RR._TRACK tay // \‘ |
[ e, S L) AOD ] AAA_ D s .
(e :‘—_;(ﬂ/\m R1 R2 AR BAPH -
BRSNS 100K e N/ LEDL
N { h 5
9 - l LEDZ
o || 7\ ¥ 7 -
- .
“MMSm’mwww = -—-( QL Q2.0 NEN .Ai.ilqm ST
PHOTOTRANSISTOR st 3 . 4
) Q3% POWER. MOSEET. 17 L& [4o1t
s, G € L1 L2 ANY. SMALL. S R3 SRA..Qho
LX) 25 =jfﬁ>\oz LAMP..{OR ._USE 10 247k 4uETT
L2 NEAR. = | A"/ NFRARED LEDS
= ! = I AND SERIES RESISTOR) |
L.
LEDS. FLASKH ALTERNATELY.  WHEN TRAWN. BREAKS L'GHT BEAM._TO EITHER

Ry OB Q2.  LEDS. CONTINUE ELASHING UMNTIL _TRAIN... PASSES.. . SHIELD
01 AND Q2 FROM.._ROOM._ LIGATS. WITH. 1" HEAT.  _SHRINK. _TUBING.

D PROGRAMMARLE __GAIN._ OPERATIONAL _ AMPLIELER

Voo + Qv VDD

. R EQR_DETANS SEE
\ [_ AAA "THE_FORREST MIMS.
R/8 14 7" IV b CIRGUAT. SCRAPRBOOK”
AA_L 406k 2| L2 P L RRL21 223,
/L Aaa 3 ManuaL control? |t | 4//4/
Rin il R/2 CONNECT. TO. EACH ...} Y Voor-2= V. (Re / Rin)
AL AAAL 8 linpuT A swiTcH |9 = ~9v
\ R |70 Vio AND. A APPLY... CONTROL._SLGNALS. . AT
o AANA_10]4.7 K. RESISTOR. 1D |3 DCBA__INPUTS . TO. ALTER
e Ming GROUND, Rine 0001 TO 1111 VARIES
an 1(., ]s Iz 3 _ /
o SAIN SRS DR A | _ Rin..FROM. .R..TO.R/1S
= CONTROCL.D C B..A._. TYPICAL.. . R . Re. = 10K,
M

A AL ON.— ALL__OFE__SEQUENCER

< ALL_QUTPUTS. GO. LOW,
Voo | 1 Voo THEN .. B\GH., IN_SEQUENCE
| It 9 | PR O P2 CAuiBoConnDire A B ETC e
19 1. 13 S 14 VSE. MLUT.A. LEDs FOR
EYE-CATCRING. _ DISPLAY.
FOR "BUCKET -~ BRIGADE "
OPERATION.,  CONNELT . PIN
5 OF EIRST.. 4012 TO_PIN
CLOCK. o _ 13 (8oT 12) OF SECOND 4013.
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e EINEAR CTC CIRCUITS
.\/ou CCAN.  MAKE AN AMAZING _VARIETY OF CIRCUITS.. MITH
L..LNE.AR ICs. HERE DRE A FEW. OF THE MANY POSSIRILITIES &
o |OPERATIONAL _AMPIIFIER (OP-AMPY CIRCUITS
DO AUDIO. AMPLIFIER
TH1. IS PREAMOUIEIER  (RZ SETS GAIN)
......... . . N DA RZ 286 15 POWER AMPLIFIER
o Y\ AAA 100K +ayv
IN I\m Ri +q v okKk.TO B3 \ i{
N1 1uf ik | 2N A USE 2. 20k 3 Nl Neal
73.1\‘- OTHER ;‘\‘ *m\s+,L AuE.
JOYNAMIC_MICROPHONE, 2 1+ ,\{\;\ QP-AMPS| volume 2 }‘,q e
RADIO, ETC. . TRY ALSD, 100 mF
. IALSO_ WATH_ CIRCUITS -y T
e | BELOW 4 — B0 SPKR
A MIXER A DIFEERENCE _AMPLIFIER
L0k 100K 100k
o INL L el AAAL AAA N1 g AAA AAA,
Aok 9 +9V
e INT o AAA z IN A, G
. 10K 1§41\b o OUT look 7\,1{& >OQUT
Iz o—AAA 3 |4 IN.2 g AAA, 3 s /
ok L V4 {
AAAAAA . B 1look .S -9qv
L ISEVERAL  SIMULTANEOUS INPUTS. 2 IN1 = IN2 IS
DSE__WITH. AuDO. AMPOLIEIER . AROVE, -~ AMPLIEIED,
o I LIGRTWAVE  VOICE  TRANSMITTER
+9 vy
e JMAC VS _CRYSTAL \
— log erecTRET® *Rep |0t R1 22 Rs __J ga
IMicroproNE. 1/ | 1uF 50k 1M 1K 2220
e JLED S AN ERARED L mie VA AAA. 9 e
e VY P B USE. LENS] n A cz e [TV
To. Eocus. LIGHT. L can .| 2 N |7 10O ME lar \thy/
FROM_LED I1NTO YT N an2aee L AT L\ X
NARROW. _RE AM. 3 e % N Re . ;1 2B
TO TEST . PLACE - /7 50K ren | MY
RADIO  EARPHONE AAA_LAAA ADTLST.. EOR < A
e INEAR . MICROPHONE, R3 R4 BEST. . SOUND R7 LEMS
e IADTVET  RI AND 3.6k S.bK QAUALITY, 1K
Rée. FOR. _BEST =
T TIRECEIVER. SouND.  TSEE “THE FORREST MIMS._CIRCUIT. SCRAPRAOK” (P, 55_::_2_)..,_
122




L PERCUSSION  SYNTHESIZER . (RBELL , DRUM, ETC.) -
SET..RZ. AND R3 AT CENTER .. -
TN o c1 YXVez POSITIONS. _ ADTUST R4 TO TyusT
1M 00— 1 1M PAST _ POINT . WHERE __OS¢ILLATION
RY 0o5MF STOPS.. . . CLOSE . S1.  ADTUST Rz,
1M | R3.AND. R4_AND TRY._ AGAIN. N
R1i 2 —% ez " TIME_ _NYoulil HAVE AN ELECIRONIC .
10K olel WIS BN Te R WY BELL ,..DRUM.,. .. BONGO, ETC.
As. 4 v
9V 3 Ef ™
A VOLUME e _— Ll _.L S
2 T ST
S1 =~ . o _386( - i\ I maF
1 (PRESS , 741 >t———¢ NV 4_¢5 ] R
AND —" 1 CH RS 100MF 1. 180
RELEASE) -9y OQIME . 10K < SPKR. S
O LI\GHT. _SENSITWE _UP=-DOWN _TONE _GENERATOR oo o

PHoroREstsmE‘m;

RL___J tav. N /e BALANCE [T+~ = cq .
e 2 LT3 50k J_ 7
N 741 AN >
. o - - VOLUME ’
‘b_‘v /ﬁ — j 1. VAN
Rz _J ¢l - (A | co Ry
100k 2 I ME N 100pF 10K [
| PHOTORES 1S TOR 89
. = SPKR
TARE TS _CIRCUIT. __AND A FLASHLIGHT.  ANTO..A. DARK. ROOM.
e DLLGHTWAVE  COMMUNICATIONS _RECEWER
tdv WILL. DETECT. VOICE
OR . TONE MOBULATED .
< Rl 0q Rz C2, | L\GHT. BEAM. USE__..___
200K AuE M. A L e LENS  EOR. MORE
L i« AAA = RANGE..  KEEP. . . .
- el , | ; L DETECTOR... AWAY .
B e AN o N FROM . SUNLIGHT.
& I ! /E\e‘/ i SoLAR =t "T R3 = t b et
\\ : Q1. CorY| CELL 10K 2| 386 2 F"_‘l
LENS....1 VOLUME 14 C3 b |8
l _1oouF L
-
e JDETECTOR . _USE R1 AND Q1 OR _SOtAR cELL, (Q1: PHOTOTRANSISTOR)
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JCOMPARATOR. _CIRCINTS

3 VoLTAGE MONITOR

A L\enT LEVEL

INDICATOR

+6 1T0 + 15V

+9v

- A PHOTORESISTOR A
Ri ’ RZ 1& PIEZO GUZZ ER \‘.j+
Lok ST 12K [ Sr) o
3 ) 741 ;5,/2 , Qi 2nzzzz. g
IN O————4 ~Tu ¥ |gp N7 P
CReED J e 1=
= ng 100K 2
WHEN  THE INPUT. VOLTAGE 1S 100K 1
Q.. . THE LED GlowS. THE LED =

DETERMANED  BY Rl

ICONNECTIONS . To. PINS. 2 _AND. 3

o SWITCRES . OFF. AMHEN. THE . INPUT. o BUZ2ER . .SOUMNDS. MHEN LIGHT.
ANVOLTAGE  RISES . TO A LEVEL ... .EA LLS 1D LEVEL. .DETERMINER. BY .
EXCHANGE . R2. ReEVERSE COMNECTIONS .TO .

PINS 2. AND .3 T0 _SOUND TONE

fTD._REVERSE. . QPERATING MODE. WHEN . LIGHT  INCREASES.
ClBARGRAPH VOLTAGE. INDICATOR . O "WinDow!' COMPARATOR
) + 9V +Qy
i éi é, M PROTORESISTOR ; _
100K Rie 4‘/-1\ <T RZ I RS l Rl ...
S I3 LED 1K (;2'\ g 10K 2 10K LX
v 2 2 N <
fez B s
1K 4 1= /;{ . o334 >
< - £ R3 _)% Do NeT
1 +\ LED 1K 1OOKW1 o SUBSTLIVIE
R3 UL AAAL N S A
S e o ST
< g <1- 112 _ (€
RA Q1
9 I LED. ¥ S R1_S.RY N2222
Ry J‘s’:\l‘i Ll AAA 2 1M 10K -
1K 8l 4 | Sl e
2 - Rq = LED.L. . LEDZ
..... i1 ’+\ LED.._ 1%
RS ;3/‘;\‘31[4 AAA SET__R1_.TO _CENTER. . POSITION
R m__wg 1o L-/{‘i{ TURN . _OFE LIGHTS.  AND_ ROTATE
R3  TUST. PAST. . POINT WHERE
o 0¥ TO WUSE LED.2 CLOIMS., CLRCUIT WLl
IN_ | L 741 . gxc THEMN __ RESPOND . IIKE. THISS
e ' (R14 R3 _CONTROL  RESPONSE)
LEDs  GLow. 1IN SERUENCE As DARXK — = || GHT
NPT VOLTAGE R\SES.. 21 LED 1 .=  OQFF. . . €= ON—=2> OFF
COMNTREOLS .SEMSITIVITY. LED 2 = ON - = QP - ON
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VOLTAGE REGUIATOR CIRCUITS

1.5 AMPERE

S.

AT _THE RATED . .CUWIPUT. .

JVsE AL

PROPER

STRANSEORMER
VOLTAGE

PROPERLY . HEAT SUNK.

T EXED  OUTPUT LINE. . POWERED  SUPPLY
To AC o1
LINE. 5 ~ERIDGE.  RECTIEIER
¥
. PRI < . ,
L~
Z eOHz... = oSt 82 1 TBXX Vour

POWER p—l — .
CORD T1 ¢1,c2 £ |2 cz

(SEE_ BELow) | 2000 uF 36V // AMF . o

_L....

THIS.  BASI..SUPPLY. WILL DELIVER UP TD REGULATOR . TC o

18085 = 8 uvalXs
Now oo MusT 1812 .= 12 MNMouTs
RATED. AT . THE N8lS 2 18 NOLTS

JAND.  REAT.

IBECOMES. . .

IREGULATOR ..

AND. . CURRENT.
wwl "shor pown”
OVERHKEATED.....

\F. . THE CHIP .
FOR..EEST RESULTS oo

VHE.A'TM SH\IK
TAR

APPLY _ SiLlconNE

COMPOUMD

BETWEEN.  TAR

T0...THE AL

MR § AN P—
LINE... . MUST

ALL  CONNECTIONS

BE _INMSULATED .

1= 1IN
2.2.0U7%

Jdor._ENcLOsED L

[ VARIABLE _ 6uTPUT

POMIER CAUT!QN“ACLJME

SMERLY

QPERATED. CIRCUITS. o

TO. . AL oo 51 . .
LINEs | | g._l BRIDGE _RECTIEIER.._.... R2

2 PRI o% N el HE

=, 120V ='< }" SEC

f HONZ °< E \/
POMIER Qf | 1 .
CORD A .T1 A
/ (SEE__BELOW) 01,02
eh ANSULATE ... .OR

L2000 ME, ARV

{ENCLOSE . CONMNECTIONS .

THIS  ADJIUSTAELE

SUPPLY ML

DELIVER

[FROM.. 1.2 T .30
1.5 AMPERES. . R1

~MOLTS

AT P .TO
CONTROLS

Vrau‘r .

0E . Veus... .DOES.  NOT....

MANIMUM,. . R3  MAY N

Lo..TJ0. 1.2 VoLT
Or..RE. . ARLE. TO

ACRIEVE . SUEELCIENTLY.  LOW. RESISTANCE.) o NN o AR BB 0

AT L SHoulD

SECOMDARY

HAVE 25 votT (oR WIGHER)

AND BE RATED _FDE 2

AMPERES

OR...MORE.




TIMER . CIRCUITS

T BASIC. . TIMER

CTonNE

v qvaDl,D 25..AM914

BURST..

GEMEE ATOR

D1 - m—

o

A——op

ls 14

3~

bl

.35 9y

Pa
D2 b

R2. RELAY

1ok | lscon 1.

CL

ool .

+
T4 mF

LRl Qi 2w r_a -
- _ 1100 AAAL -
c

L BE _ACTUATED. ..LPULLED. . ... EMITS A _TONE.

UNTIL. CYCLE. . )8 COMPLETE. ..

JFOR .. SEVERAL

E. . MALUE. . FOR.C1 . TO.GET ...
DELAYS ..  CILRCuUNT.. WMLl

_|3pu

T L 10 A

S

_THE  SPEAKER ... ...
. RELEASE .. S1. ...
ARD . THE _TONE. . CONTINUES
LSECONDS.,. . Q2
AN RY. CONTROL...DELAY..CA
CONTROLS . FREQUEMNCY. . LSE .
Nsss. ONLY.. 558 USES .TCO .
MOCH . CURRENT.

e ISTART L TIMING,  CY.CLE..  RELAY. . . PRESS S1. AND.
. JRL _AND. Q1. . CONTROL. . LENGTH
JOFE  TIME. DELAY...  USE. . VERY. ..
—dLARG
LONG

_JRESPOND.. . TO. . LOGIC.  PULS ES.4 TR0

O LED TONE. TRANSM\TTER ...

2

8 la

,,,,,,,, eBPLALEBS s

55§ | )

oR

EREQUENC Y e Sz

.,
c1

e MACVES SHOWMN........

GAWE L PULSE

115 ¢

01 uF

.01 MF

. RATE 600 HWZ. ..

U RALANDCL

CONTROL _RATE. ...

o JUSE. TD. SUPPLY.  PULSES  TD USE TO _TEST LIGHTWAVE
v NG LTAL . LOGIC . CIRCVITS, ETC. RECEWER 5.
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IL\GHT ./ DARK  DETECTOR

TAV a1 AMD €1 ConitROL

TONE FREQUENCY

R1 ) B L WHEN. ST 15,

qik % PHOTORESISTOR PosiTID M"L;WJ}*E

7 555 S1A D SPEAKER . EMITS A

R2 oR |4 NYEE) / TOME. __WHEN. LIGAT.. .
1K nSs8s X LAUMIN ATES.  THE

3 o2 S1: PHROTORESISTOR.

H—M
>t
& |

HIOMFE DPDT WHEN. . S1_ 15 N
[ 3. SWATSH POSITION. "D THE

At

()

1 R3S \ L SPEAKER...EMATS A

Ty

LU M
7

80 10K \ TOME.  WHEN. TRE

SPKR._ [ N S1R_ ol | PR OTORESISTOR. 1S

d
NOT_ JLLUMINATED,

b

(] 3—STATE _TONE GENERATOR LEVENT EALURE  ALARM

+Yv +9y

h [
Re_J 14l R4 g |4 B

21K < 5K S
S 2 IM_| 555

1| 556, |13 < R1 AR f}
10 4,7k NSSS o

R2 1 7 3 N

100K S :,/ z 2 PIEZO BUZZER .o
z SL S Q1 | S

N3G RAAND.Ch o

RS —lE CONTROL

hY ks
/

J
¢+ 100|<§1 SK / CYCLE.. TIME

33ME T 8 PADN 3 =

C1i2.2 70 4IpE

O

q CL & St

Rt S WHEN.._PoWER 15 _APPLIED, THE

270 é S88 _ENTERS A TIMING.  CYCLE.
| tav v UNLESS. _S1_ IS __CLOSED BEFORE. .

= A 80 THE _CYCLE  ENDS, THE . PIE20. ... .. ..

£2 SPKR BUZZ2ER S0u0mbs THE _ CYCLE. ...

JuF CAN. . RBE. . RESET. _ANY._ _ TIME

210 BY  CLOSING. 81 NOTE: ST ..

- 1= ToNe  BuRsT AN DAnR CAN... . BE__REPIACED . BY..A

2= STEADY. ToNE  IANADAARNARANRNL S\emAL  FRoM. AN EXTERNAL

2~ TwWo ToNE  JINAm M N0 CIREUIT,
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o ATOM - B
. CBATTERY, 172, 44

OPTICAL COMBANENTS, bY
QPTCAL.  SPECTRUM , 63

~BINARY,..B81,.89
BIPOLAR, 11& 51,104-105

PARALLEL.,.20-21,231,35, 69,27
PHOTORIONE, 72203

C CAPACITOR . 32-35, 36=37

L CARQUIT,.20-21, 82 .90

PHOTON . 62, bioy 20,12, THy Mo
PHOTORESISTOR,.J0-11, 114-1185,124 ..

PHQTOTH‘!R“STOR e, 118

LLMos, q1, 118121
ColL,.38=39

_.PHQTQTRANS\STOR —w -15.,.114, 121,123._.._'

. J TUNCTION. FET 52-53,. 56,100
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E ELELT ROMAGNETA 15
ELECTROMAGMNETIC SPECTRUM,. L3 ..

F FIELD - EFEECT, 52= 56, 92.

G eare .%s.o,ﬂ.az:.s:z,

MM maenETic FLELD,.13

PN IuNCTION Y4, bl 2,02

.COMRINATIOMNAL , 86282, .90
... COMPARATOR,..93,.124

BOWER, 14,.11k, 125

PROTON, 8.

. CONDUCTOR, 12, 43
CURRENT, 8,13, 14,45, 59, L7

PULSE.,..22= 23 11‘3 11@

) DETECTOR,..20.227
_DIEFERENTIATOR , 37

RC.MC.JL&C.LJ..LT.‘Su,v,.:i."lk,_ﬂ14, 100
RELAY.2S,15, 114, 118 .

Dlope  H4-40.,.08, 82,101=103

DlREc.T LCURRENT., 1‘1 2o

LELECTRON, 8-9, 42-43, 62, lolo, 70.......

LDIGITAL, 74, 80,82,.9L,116121 . RESISTANCE,

S _SAFETY, 14,35,98,.100, 111,125 ..

wW‘SERxES 20:21,33, 35 43,07

14
. RESISTOR,28-31,.69,78

.SCR, 58-89, 110

SEMACO NKDV.U,CIQ@.,,.H =43 ,blmba},w(eh.ﬂcfflﬁom.w

ELECTROSCOPE | 1112

SEQUENTIAL,.88-90
SIGNAL, 22223

FLip-FLOP, BR=8%,94,11C

SIL\CON  HL-43, 02

LSINE. WAVE 18

_GROUND, 21, .. .

SOLAR._CEBLL, 12=115..

INSULATOR,.12.,. 43

..SOLDER, 98 .. ..

L INTEGRATED. CIRCUIT,. 78295

SOLENOID, 15 i

&,.ﬁm,:naehg.a.m&,.ms-;

SPEAKER, 27

SINVERSE  SQUARE . LAW, €S

STATVC. ELECTRICITY, 10,106,118 ...

JONL.8 .

SWITCHLES), 25,26,.58,.80 ...

L

TRERMOELECTRIL, 17

]_h,V_h,L,-A‘.SCR. e N

THYRISTOR 4.58 261,.110.~ 111

_LENS .,Wc.,us_ 122,123

TIMER, 93,.106>107,.117,.126

WWLH\&EAR 18),.29,.92,35

CLAGHT, 62,63, L6268, 20,111, 114,122 ...
LG AT _EMITTING. DIODE, 4, bl=b9, 112 .

TRANSFORMER , H0=41..
TRANSISTOR, 48-57,74-15,78 83,104
TRIAC, L0561, 111

TTby 91, 1162117

~-METER., 13,25, 114
- MICROPHONE .27

UNIIUNCTION , 57,108 =109
NMOLTAGE, 14, 45, k&

L MOLTA GE REGULATOR, 95,103 125

_MOSEET, 54=55, 5k, 102
MULT!ME.TER 19

¥
v

WAY.E(S),.22-23

WIRE, .24

V.WMU.,C,L,EJU,‘S ,V.S

WIRE =WRAP, 97..




