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A THIS . BOOK. . AS.. EOR....TRE ENTERTAINMENT AnD . EDIEICATION (..

ok OF AT READERS o JMMILE. . REASONABLE. . CARE _HAS BEEN .
AABXERCISED . WITH RESPECT s T ACCO ,g,a_cwy,_’mmm.s_wm_mAu;gh{ong,,w_mw

AND.. . RADIO. .SHACK. . ASSUHME. . NO.  RESPONSIBIITY.  FOR. __ERRORS, . ..

e dOHUESIONS L OR SUITARILLTY.  OF ITs CONT.ENT.S EOR....ANY

APPLICATION. NEITHER ... DO WE . ASSUME. . ANY. . LIALBILITY. EOR

LANY  DARMAGES.  RESOLTING.. EROM. .. VSE  OF. . INEOCRHATION AN ...

THIS . BOOK.. IT 18 YOUR . RESPONSIEILITY. . TO DETERMINE .
\E__USE . MANUEACTURE __ OR __SALE _OF. _ANY.. DEVICE.  THAT

o JINCORPORATES. . IN FORMATION. N THIS _ BOOK. _ _ JMNFERINGES . _ANY. . ..
APATENTS. | . COPYRIGHTS .. OR . OTHER . RIGHTS.

COUTION:  TRIS. ROOK. _ INCLUDES.  SEVERAL  REFERENCES . .TO. ..
e BB CTRICAL . SAEETY. . WRICH . MUST. . . BE. .  BREEDED.. .. IT IS

ESSENTIAL THAT. . CAREEQL . SUPERVISION. BE  GIVEN.
ey o A DRE A e SAO R K LG WAITH LINE ~PoWERED ECEC. TROMIC

CIRCUITS o L AND e S OLDERNG. . LRONS.

DUE  TO.  THE _MANY. . CUOSTOMER INGQUIRIES RECEAVED By
RADIO SHACK AND THE AUTHOR, T 1S IMPOSSIBLE

JToANSWER . REAQUESTS. . EOR . ADDITIONAL  JNEORMATION .

(LUSTOM _CIRCUIT. DESIGNS,  TECHAMICAL . ADVICE, TROVBLESHOOT=.......

JING.  ASSISTANCE ,  ETC).  BUT  THOUGH WE _CANNOT. o
ACKMNOWLEDGE . INQIVIDUAL . INQUIRIES,  WE _WILL  BE
C|HAPPY TR RECEIE . AN . COMMENTS_, IMPRESSIONS. . OR

| SUEEESTIONS

THANKS IN.__ADVANCE D THOSE . OF.  NOU.. MWHO.__WRITE. A

BUT _PLEASE  REMEMBER  WE  ARE UNABLE . T0Q. .. GIVE . NYOou -

A PERsoOMAL _ REPLY.
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IGETTING STARTED N EIECTRONICS.

JWELCOME. ID  THE. . MIORLD OF ELECTROMNICS,,. QNE, OF THE FA‘;TE T

|hRE _USED. _TD. FORM.ELECTRONIC. . CIRCUITS.  CHAPTER. Q. GI/ES. PLANS.

‘aa.e,w"ug@Wmagw.«.m:rwo.um?sM:i.»m.sﬁw:_‘:cgcamiw,E,f,.s,wtx.,o“smWam,,‘,_v,m,mwa.D_u,cmlomW.W,m.,.w..,w
AND  EMNTERTAINING. . HOBRY. _THIS.  BDOK. Wil TAKE YOoU. . EROM

SIATVC  ELECTRICTY. TO . S0LiD-STATE ELECTROMICS. ALONG IHE WAY.

WELL  COVER. ELECTRICITY, ELECTROMCLC. COMPONENTS AMD INTEGRATED . . . .
CIRCUITS (TC's),  CRAPTERS 3= SHOW _HOW COMPOMENTS. AMD  TIC's

[FOR 100, CIRCUITS . .EACH. .OF WiHIcH T WE  BOUT  AND. TESTED. "PAGE
ARROWS” (BEED) THROUGHOUT. THE  BoOK.  REEER..YOU. TO.RELATED TOP\CS...
IN. EUTURE  CHAPTERS . CLIKE WORKING. VERSIONS  0E _ _MANY. . EXAMPLE

e fCIRCUITS. IN. CHAPTERS. 322)u.. T ROPE. . YOU . FIAD. . THIS. BOOK. . USEFLUL.,
| EDUCATION AL, AND. ESRECIALLN,  FUNL. Foawedt M. M., TC

GOING  FLIRTHER IN_ ELECTROMICS

. HOPE. _THIS . BOOK. . ENCOL R.AGE..,;V.W‘{DU TD GD wmr’I.L.J_R'.mER IN ELECTROMICS.
IREGIN._BY. . GETTING RADID . SHACK'S “SEMICONDUCTOR . ...REFERENCE . B
JRANDROOK " AND  MENGINEER'S MINI~NOTEROOKY SERIES. RE.AD ELEC TRON }cs et
MAGAZINES LIKE COMPUTERCRAFRT, RADIO-E(ECTRONICS, BYTE AND. QST.

YoU. MAY. ALSO. WASH. TD..READ "ELECTROMCS NOTEROOK," A COLUMMN T .. .o

AMRITE. EACKH. MONTH FOR. COMPUTERCRAFRT. .. MANY OF THESE. COLUMNMNS o, -
JHRAVE BEEN COMPILED. IN A SERIES oF Books . INCLUDING “THE
JFORREST. MIMS  CIRCUIT.SCRAPBOOK " (MCGRAW RILL, 1983). AND. .

MEORREST MIMS' CIRCUVIT. . ScRAPRaok TL. . (HOWARD.. w SAMS, 198 6).. R

) THESE  BOOKS .. SCRIBE IN.DELAIL  SEVERAL OF THE CIRCUVITS . IN.. T'Hls‘
e BOOK . AND  MANY.  OTHER CIRCUITS.. . QUESTIONS? TS  BoOK. WItL. RAISE . R
MANY.L LE_ NOU  CANT. . EIND. ANSWE &sm_hwmwm&m.w&EE&KEM;ESMMASQME.\,A. mmmmm ‘ER}'M
A GOOD  LIBRARN. _FINDING. ANSWERS.. MAY. TAKE TIME, BOT  NOULL LEARN ...
MUCH . IN..THRE . PROCESS PERIAPS. . NYOoULL . EVEN. CONSIDER. ...EORMAL
e ] TRAINING.. . FOR A CAREER IN._ ELECTROMC S e
_JA_SPECIAL NQTE_TO _EDUCATORS .
e TS BOOK . CAN... GIVE _ MOUR__.STUDENTS A __BASIC KNOWLEDGE . OF s
e ELECTRONIC Su . _YOU _CAN. ASSIGN._THE. BooK . FOR__QUTSIDE. REARING. ...
e AND  TEST  STUDENTS _AS THEY. PROGRESS.. . QR _NYou. CAN. DEVELOP
et A TOTAL  COURSE .,  COMPLETE. WIATH. . DEMOMSTRATIONS. , EXPERIMENTS
—JAND  LECTURES. THANKS. . TO. RADIO. SHACK'S  SOLDERLESS. ... MODULAR o
e |SOCKET S, YOO AND_ . YOUR. .. STUDENTS. SHOULD RE ABLE TO.  ASSEMBLE
e TEST VERSIONS OF _ MIRTUALLY _EVERY CIRCUIT. IN . CHAPTER Qe
G100 ELECTRONIC _ CIRCUITS ). INCIDENTALLY, VOLUME.  _BUYERS  CAN )
e} BECEMWE . AL _PRICE DISCOUNT._ EROM.. RADIQ. . SHACK. _ON . THILS .  BOOK. AND ..
] ELECTROMIC.  COMPOMNENTS......SEE.... . THE. LATEST. . RARIO.. . SHACK. . CATALOG . e
—dEOR _DETAU S ... LPRICE. . DISCOUNTS. . ARE__OPTIONAL AT RADIO.  SHACK e
. |DEALERS AND FRANCHISE _ STORES.)o




o 1TRE oMLY DIFFERENCE e
o |BETWEEN A BotT _oF (N

LIGHTNING _AND __ THE D L L T, St
SPARK EETWEEN. . NOUR .. .. \\\\\
FINGER. AND. A DOOR - w AN

KNOE.. o A DRY DAY N
1S QUANTITY, BOTH e O THOSE . WHO. FLY. \
ARE... . ELECTRICITM . CALKLTE  ine THE  RAIN, \
BENTAMIN.  FRANKLIN  FIRST . Nou BETTER. . .Say '"gyel” .| __
CON FIRMED. .. THIS. . WITH. KIS MCAVSE. TS NOT VERY SANE. ). _
FAMOY S KITE EXPERIMENT, ,

. TO.  METAL -

_ LHERE 'S A NEAT WAY 70 "sge” ELECTRICITY WITHOUT

........ JRBEING  zAPPED. GRASP __ONE __LEAD _FROM A NEON
nnnnnnn LAMP , WALK __ACROSS . A _CARPET _ WHKE _ WEARING .
HARD  SOLED. . SKOES .. AND __ TDUCH . THE _ _SccomD  LEAD. EFEROM
THE . LAMF T AL HETAL  CBTECT. . THE _LAMP _wWitd

FLASH(UAJLESSTHERELATWE HurMioirY. IS H/C-;H)

OF _COLRSE , You _camwoT. 'sge’ _EcecTRICITY! You SEE
ITS. . EEEECT . UPON AR AND THE . NEON _IN_THE. LAKE.
e |THE.  EEEECTS _OF _ELECTRICITY. _WHICH _CAN.  BE _SEEN.
ARE  MANM. .. HERE. . _ ARE. . . . SOMHE  MORE.:




PUTTING ELECTRICITY TO WORK

LA MATTER.  HAS _ ELECTRIGAL.. PROPERTIES. . THAT'S _ WHY

SCIENTISTS OVER. . ....THE ___ PAST _ _FEW _ GCENTURIES HAVE

L BEEN  ABLE. . .TO INVENT HUNDREDS .. OF  GADGETS .THAT .
J-GENERATE , .  STORE _, ... SONTROL AND SUWITCH.  ELECTRICIT Y. .
LiTheESE . DEVICES.  HAUVE. _ COMBINED. .. TO. GARRY . US _INTO ...

L THAT FOLLOW .
AYouhe  FIND NS =
JOUT BOWL Do Ry e Ny Nl
e THESE  AND 2 e Nyt
JOTHER L ELECTROMIC o s
|PARTS WORK. AND . N
| YOV LEARN HOW o N o
) TO_LSE THEM N N>
hhhhhhhhhhh MWOoRKING  ELECTRONIL |
o JCIRCIT S LIKE e
NEIBHT  FLASHERS.y TIMERS, oo NN
e | AMPULEIER S 5 PIGITAL. $OGIC o,
fCAREVITS, . POWER. SUPPLIES, .. x\

ypa

OF .THIS _CHAPTER. ..
e OUNL L LEABRN.. SOME. .

SOUND  GENERATORS. ... .ANE

A MANY. . OTHERS.. . ARTER. ..
AYou.  COMPLETE . THIS . BooK, . ... .Y 2 |
pYoultl  BE . ABLE. TO_ o

SHDENTIEY.  AND.  USE. ALL

THE . CORPOMENTS  SROWN. . od o
ON. THIS.. PAGEl THEY .. ...THE

o INCLUDE. A TRANSFORITER,..........]
A DIOPES, RESISTORS, v NG R

|ELEcTROMICS ||

o TME, BE _SURE _TO. .
GO . OVER. THE.  REST . .

A D DU RO T
e GREATE.. AND, PETECT ...
D BLECTRICITY . MUTH
o DRDINARY.  HOUSEHOLD .

. YouRe
e BNIXLOOS
TO . GET .
e WORKING  WATH
e BLECTRONAC.  PARTS .

_..|CAPACITORS , ZENER .. . - - oA e
DioPES, TRAMSISTORS, . /L0055 0w 908 \ ] EES |8 -
: ¥ Py oy o e TR T -
VOLTAGE  REGULATORS . L7 B3 QLA D TR, \ TRig TN Q R
1A inTEGRATED | b — )
CIRCUITS. i M —




_|EtecTRICITY.

 ME  gEST  WAY._ TO. .
To EXAMINE.

JELEMERT .,

e ATOM
. LOF .
ATHE .

L GIVE

L ELECTRICAL. ...

.iPosstgee 1O ..

L L0R .

L MOST. ..

L LPOSITIVE. .

. LCALLED A ..

AL STRAY
L ATOM. ..

L. ICHARGE

I NESATIVE

|® ELECTRONS
®  PRDTOMNS.

LLTHAROUGH. ..
AL VACUUM.
REST OM A .

B S —

IRACK TO BASICS

1S AN,

L ESSENTIAL.....
ATOM ..

, NUCLEDS.
CPROTOMS AND

INGREDIENT . OF. . . MATTER.

DNDERSTAND THE NATURE _OF FLECTRICITY
SMALLELT COMPONENT . OF  EVERY

THAS A LITHRIUM
ATOM.. THE THIRD
.Mh..aJ.z;r;g_xﬁ@g&ws)wws,x.mWEL.E.s:;:,M.Q_W,MAIQMWA_E_MWM_
HRYDROGEN.  AND  HELIUM )

e EITHIDM  ATOMS . HAVE
3 ELECTRONS __ THAT
_ENCIRCLE A __NUCLEUS
AND

[

4 NEUTRONS.

LCHAME
HAVE.

O . MEUTRONS HI‘\.V,EW..

10 IONS — NoRmALLY . AN
AN, EQUAL . NUMEER
AND. ..
CANCECL...
NO....

HAS
ELECT &Q.MS e
CHARGES . .

MORE .. .
AToHSs.
ATOM .. TO ..

HAS .
ANO IS

(3 ELECTRONS — FREE ELECTRONS . . . . —~=
HIGH. SPEED oo, @—7
METALS, GASES. . ANP 2 R

MOVE AT ..

OoR ..

ATOM ...
CHARGE. .. ...
DISLODGE.....
ELECTRONS. ...
HAVE A _MNET e
CRARGE ,. ..
POSITIVE .
ELECTRON.....
A NORKAL  ATOM ., THE. . _
A NET NEGATIVE oo s
IS. CALLED. A o B
L —

...... JOMwoo k]
COMBINES o N\

THEY...¢ |
SURFACE . :

ELE CTRICAL CHARGE..
,.;EA\,&.N.QN,I,&,LQ.Aaf..m_m.,k,qﬁaan& GE.
CHARGE.

A NE GATWE
LPDSITA\VE
.‘,,.._E...LEC.T R|cm.

~ EXTRA
K ..... ELECTRON. .

PROTONS,
To .

ONE o NEG AT

EROM oo

CAUSES.

IT's _THEN

CAM pr————— -




CHARGED, SIMNCE THE . ELECTRONS. .. ARE  NOT . MOUING.,. . THE. ...
SURFACE CAN BE SAID 1o HAVE A NEGATIVE STATLC .

ELECTRICAL CHARGE.

CAN.  QUICKLY. . FORHM AN __ ELECTRICAL _CURRENT..

Wikb . RUSH N TD. FllL  THE.  "HOLES ' _oR._ .. VOIDS. ..

LEET BY THE _ MISSING. . ELELCTROMS. o

MIsSSIANG ELELTRON

CrHowe")

EwECTRON  ORBIT —_—

A POSITIVE STATLC ELECTRICAL
P e Y M P e ahan i P S

ERICTION )

LicH T

N

el T

CHEMICALS ..

[J MORE. AROUT FREE ELECTRONS — MANY. TRILIONS ..

0 RESTIN G ELECTROMNS — A GROUP. . oF NEGATIVE. ELECTRONS. ... . .
ON A SUEFACE CAVSES . THE SUREACE. . .T0.. . BE. .NEGATIVELY ...

QF ELECTRONS CAN REST ON. A SURFAcCE..OR _TRAVEL . ... . ...
THROLGH SPACE OR MATTER AT . NEAR. THE _SPEED. .. ... ..
CF . LIGHT (186,000  MILES. PER  SECON D)‘

5=

O] MOVING ELECTRONS — A STREAM . 0F.  MOVING. ELECTRONS

1S CALLED AN ELECTRICAL . CURRENT,  RESTING. . ELECTRONS o
PO N NN NN, AN A et gt Nt e N

PLACED o

NEAR A CLUSTER oF POSITIVE . JONS. .  THE . POSITIVELY (.

CHARGED . 10MS WiILL  ATTRACT. . THE . ELECTRONS .. WHICH

OB A CHEMICAL ___REACTION MAY. . REMOVE. . ELECTROMNS.. FROM ...
A SURFACE.. THIS CAUSES THE  SUREACE. .. .TO.  BE. . POSI~ . ...
TIVELY CHARGER SIMNSE THE POSITIVELY . CHARGED. . ATOMS
BRE. . AT . REST, THE SUREACE . CAM. . BE . SAID. TO HRAVE . .

POSITIWVE  TONS e
oo POSLTIVE
G STATIO  ELEC T
. TRicAL CHARGE. . . . ..

B



YOU GENERATE _ STATIC . ELECTRW\TY.. EVERY  TIME  _YOU. ..

A s et

L —"

TAPE FROM.. A ROLL .,

i A DRIER.,

EVEN. ReEALIZE _IT UMNLESS

e JWALR . ACROSS ... A CARPET, __ PULL
REMOVE . NOUR_.. CLOTHING. . OR. __DRY. . CLOTHES
MUCH _OF. THE.  TIME _You. _ DoMN'T
SSRRUUOUNN N = 8 =S - - S - DRY. AND THE

STAT.IC.. . CHARGE __ _SUDDENLY ..
TO A NEW.  HOME,

WA

CRACKLES, POPS __AND__FLASHES.  _ITS

(THESE ___STATIC.. CHARGES .. ARE. . _CAUSED .  BY. MECHANICAL

S MENTED L WITH. . THE  STATIC ... ELEQTRICITY. . PRODUCED. . WHEM.

JAMBER. .. IS . RURBED. . WITH. _ WOOL.

FRIGTION ... BACK UM L0O. B.Cuy THALES __OF GREECE. EXPER=-

ElAM@EP\‘“ONCEUPQM A_TIME
e HARDENED . _INTO.  CLEAR  GOLDEN. o i SN &

EROM.. . . TREES

INODULE S  WHICH WERE EVENTUDALLY.. . \. . WOOL . =&
<]

ABURIED _IN. THE _EARTH.  SOMETIMES, N\ . . . .. 1%
JBEFORE. T _HARDENED INTO AMBER, . N ...

THE. . STICKY.. . SAP ENTOMBRED. . RITS

|AND _ EVEN. . DROPLETS. .. .OF WATER! o ...%
JA_KIND.  OF  _NATURAL. _CASTING

PLANY.  MATTER , JNSECTS i BB PRPER

e \PLASTAC g AMBER. .. IS EASILY ... | FAMOUS FACT : THE_ ELECTROM|
e | ELECTRIFIED _ BY _FRICTION, IT IS _NAMED _AFTER THE GREEKR|
e {THENL . ATTRACTS.. BITS.  OF  PAPER. .. . | WORD _FOR. __AMBER.!
i VO ELECTRIFIED.  PLASTIC . AND. _GLASS.— RUN._A._ PLASTIC. COMB._
e | THRQUGH . YOUR . HAIR ___ON_ A DRY DAY . AND  Youlll . TRANSFER . .
e | LB CT.RONS . FROM.. NOUR.. . HAIR __TO. THE . COMEB. RUB A GLASS. . _
................................ ROD.. WITH. _ SILK. .. OR._.THE. . SYNTHETIC. . FIBERS . OF A PAINT. BRUSH...o.
............ JANR Mol REMOVE . ELECTRONS... FROM.. THE. GLASS.. ... BOTH .. THE
ANEGATIVELY. .. CHARGED.  _COMEB.... . AND. .. THE.  POSITIVELY. .CHARGED.. o .
A GLASS.  ROD.. WILL ., LIKE. AMBER., . ATTRACT .. BITS. OF PAPER. .. . .
o YOV CAN.. ELECTRIEY. . OR. . CHARLGE __MANY.. . HNATERIALS. .. BY  RUBBING

ATHEM . WITH . FUR ., WOOL.,. ETC. METALZ NO, THE.  CHARGE LEAKS AWAY. . ...




L) OPPOSITE. _AND.  LIKE CHARGES — HOW. DO _WE__KNOW
o ITHE.  COMEB.__AND __GLASS.. ROD . HAVE. _ OPPOSITE __ CHARGES.? A

FUMPAMENTAL  RULE. . OF.  ELECTRICITY. IS _LIRE  CHARGES REPEL
o JAND  UNECIKE mg.&aggg_s:,.W.MAJ:J;&&@::WWHxﬁgaismmwmg&gzgmmr
THAT . . PROVES. THE __RULE . _AND. . ANSIWERS _THE . QUESTION -

1 i —

| *x- f
N

X/"“l\ ATTRACT

P".Jclsw,g"E / \ /

/

NO._CHARGE. 7§ \‘\+»\

S MSE . FOAM. PLASTIC. ...
PACKING  MATERIAL,

THREAD
>

FOAM

N s
&3
- ~—

@Q)m

ke onamees rErec — = =3

REMEMEBER ! UNLIKE. CHARGES ATTRACT —

[7] THE ELECTROSCOPE — THE. . FIRST _INSTRUMENT.  DESIGMNED
LT0.. LDETECT . AND. _ MEASVRE _._.STATIC ELECTRICITY WAS. _THE

e ELECTROICOPE .. You  CAAN_ EASILY. MARE _ _ONE._ .
W - ]
=

J ~——_ copper_wiRE __No S ¢
_tHARGE = ¥

~—— CORK

\ [ gy
[ AAAAA o PLAST UIC MEDIM N7
\ e PlLL BOTTLE e CHARGE. . %A

)
I P S 1 e .
it ALUMINUM . ‘ H
. Fole HIGH YA

ANy

- 4 i CH ARG E. T

BE. . SURE. __THE EQAQVE,DWWu.,..ﬂ.Eo/L STRIP . _IS. .. .CLEAN __AND _DRY.

WHEN _ NYou ToDUcH A CHARGED CEJECT. . .TO THE m.mtz.‘.a7

TRE _TWOo. HALVES . COF.  THE. . . FOIL. . STRIP wice BE _GIuEMN
THE SAME.  CHARGE. AnD Wite  THEREEDRE.  _FLY _APART.

11




[0 CONDUCTORS _ AND  INSUWATORS— Nou CAN  USE
YoUR ELECTROSCOPE T PROVE THAT _ ELECTROANS.  TRAVEL
THROV.GH SOME MATERILALS BUT . NoT _ _OTHERS. HINT . TRY
TRIS....On. A DRY . DAY ELECTRONS QAN _TRAVEL _THROUGH
s A RLS T o BAR e SO THE . CHARGE __ON_ _YoUR _ELECTROSCOPE. .

WILL  QUICKLY.  LEAK _ AWAY oM Hurip  DAYS. T
e N ELECTROSCOPE
COPPER . N\
/ /
= / /
e BRARGED

PLAST.IC..  RobD

ToulH . THE.  CHRARGED .
RON.. .TO.. THE . WIRE

AND _THE . ELECTRO.
SCOPE Wikl . RESPOND.. . .

o AN
~ Woop RASE
\T e NYLon N\
2 N CORD TAPE -
\:::-——-—-/—_:,/ 4. / ] / A
SRS A P
e <e\§r\ ) N == CHARGED ...
S~ RO n.S - PLASTIC. _ROD
l E ki—--s., NEUTRAL FOIL // THE. . ELECTROSCOPE
Vs — i . WILL... NOT.._RESFPOMD. ...
[ \—T—~ o . WHEN. . .THE . CRARGEQD
/- - | RoD._TOUCHES. _THE
| — — — = = ] NYLOA _CORD,

e A TRLS  DEMONSTRATION SHows

THAT. __ ELECTRONS _ CAN... TRAVEL
'm&ou 6H SOME. HATERIALS Byt NAOT OTHERS. MATERIALS.

THROVGH.  WHICH. ELECTRONS . TRAVEL . ARE. .  CONDUCTORS mee,

MATERIALS. ... THROUGH. ... WAL CHo... ELECTRONS . TRAVEL .. POORLY ...
PR....NoT A‘r AL ARE (MSULATORS. .

CONDUCTORS INCLURE . SILVER , GO D, .TRON., GCOPPER , ETCu .

e L ANSUL ATOR S IMCLURE GLASS, PLASTIC , RUBBER, wooD, ETC. . . ..

12 .
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ELECTRICAL CURRENT

THE _ 0OMOUCTOR. — INSULATOR _DEMONSTATION

fh\“@\ ILLUSTRATES. . TWO . . OTHER _ {MPORTAMT
®3\:v\\\\ Q} POINTS i

1. AN N NN 2. ELECTRICAL _CURRENT.  FLOWS EROM.

LM MOBILE _ STATIC N O A REGION. _OF HILGH. . CHARGE

LHARAE.  fLOWS \\ \\\ QR POTENTLA oA REGION

THROVGH A CoNOUC TOR \\b \Q\ OF LOwW POTENTIAL.

AS AN ELECTRICAL NN

-
CURREMNT, IT THEMN RESUMES \\O \\\

TS STATIC. . STATE . ON _THE \(BQ

E{ ECTROSCOPE. _ FOIL __LEAVES. NN, =0 =C VN4
X0 = =0NO "‘
e
O TRE MAGNETIC _ CONNECQTION — A CURRENT NV VLN
ELOWIN.G... . THROUGH A ___WIRE . CREATES. _A. . NAGKETIC N4
FIELD . ARQUND . THE WIRE. YOU. CANNOT s
SEE _THE _ FIELD, . BOT. . Nou CAMN MIRE. P N
OBSERVE. . ITS.. EEFECT. ¥/+ A\
ORIENT. A COMPASS SO MAGMNETIE // ]
TS NEEDLE ___POINTS _TO /Puﬁmwmm%'{;”z/;, ..... <
THE . NORTH (M) . MARK., ﬁ-\'ﬁ N casnnent)
PLACE . A __ _COPPE R _.MWIRE NN = 3 CELL =7\ =
 |OVER _AND _ PARALLEL T\ "i‘\ »\\‘ 31&“‘\ /) /
o |To. . THE .NEEDLE. THEN \Wm;s:;‘CQWMPAVWWM_
COMMECT A FLASHLIGHT . X o~
CELL.. . ACROSS THE WIRE AND\\ e

THE NEERLE WILL, MOVE AWAY. FRoM TS  NORTH = SouTH

ORIEMTATION. (LEAVE _THE _ WIRE.. COMNERTED.. FOR . ONLY. AN

INSTANT. TO.  PREVENT. THE _ CELL FROM OVERHEATING.!) . . oo

(] MEASURING CURRENT. . ELECTRICITY —

1

THE. _ PHYS1CAL (0B MECHANICAL). MAGNET N

MOT DN OF . A MAGNETIC \WLE“SSM{\MM‘MQR&
COMPASS MEERLE. In A MAGMNETIC

. — 22t
EIELD PEOVIDES. A _  QONVENIENT \ NEEDLE

WAY. ..To0  MEASURE THE, . _QUANTLITY

QF QURRENT ELOWIN & InN A

WIRE. . THIS. 1S  THE. . BASIS. .  OF

THE __MOVING....Solt CURRENT METER .
USED. IN. THE. ANALOG MULTIMETER.

TO. PROVIDE _HIGH.  SENSITIWVITY, THE . ZERG_._RETURN O MovNG

WIRE 1S, WRAPPED AS A SO . SPRING Coit




DIRECT CURRENT EIECTRICITY

AN _ELECTRICAL  CURRENT  CAMN _ ELOML 1IN EITHER QE  TWO

DIRECTIONS THRQLUGH A CONBUCTOR ., IE T . ELOWS M

ONLY  ONE__DIRECTION, WHETHER STEADILY OR IN PULSES,

1TSS CALLED DIRECT CURRENT. (D). 1T s IMPORTANT _TO
RE ABLE _ID. SPECIEY THE _QUANTITY AND  POWER _OF A

DIRECT _CURRENMT. RERE ARE THE KEY . TERBMS.:

A CURRENT (1Y CURRENT. 1S THE OQUANTITY . OF  ELECTRONS

PASSING ... A GIVEN _POINT. THE UMIT OF  CURRENT 1S THE
AMPERE . ONE AMPERE IS 4,280, 000,000,000, 000, 0OQO

(.28 ».10")  ELECTROMS. _PASSING A POINT. _IN__ONE _SECOAD.

A VOLTAGE (V orR E)— VOILTAGE 1S ELECTRICAL. PRESSURE _OR

FORCE, VOLTAGE 15 SOMETIMES REEERRED TO  AS  POTENTIAL.
VOLTAGE. . DRoP 1S THE DIEFERENCE INL VOLTAGE  BETWEEN
L P S P N ey P e Ve gy

THE..TWO. . ENDS  OF A CONDUCTOR THROUGH. . \UKICH CURRENT

S BLOWING.  1E.__WE COMPARE CURRENT.  TD WATER FLOWING

U ROLEH A PIPEi THEMN _ VAITAGE |S. . THE  WATER PRESSURE.

L POMWER (PY— THE WORK PEREORMED  BY AN  ELECTRICAL

CURRENT 1S CALLED = POWER. THE  _UNILT _0F POWER. 1S THE
WATT. TRE POWER.. _OF A  DIRECT. . . CURBRENT IS __ITS VOLT AGE

TIMES 1TSS CURRENT.

O RESISTANCE. (RY— CONDUCTORS. . ARE __NOT _PEREECT THEY

RESIST __TO SOME. DEGREE _ THE FLOW.  OF  CURRENT. . THE

UNIT._OF RESISTANCE 1S THE OHM (0. A POTENTIAL

DIFFERENCE OF _OME _ VOLT. . \AILL EORLE A CURRENT o0E ONE

AMPERE THROUVAK A RESISTANCE QE _ONE AHM. THE RESIS™

TANCE  0OFE A CONDUCTOR. . 1S  ITS. . VOLTAGE DROP _DIWIDED RY

THE CURRENT  ELOWING THROUGH  THE  COMDUCTOR.

OMR..OBAM'S LAW~— GIVEN ASUMBMING _ UP — THIS 1S
ANY._TWO._ OF THE. AROVE , THRE “WATER ANALOGY.!:
NOL _CAN__EIND _THE  OTHER
TWO. USI\NG. THESE EORMULAS LT WATER LEVEL .
KNOWN __As _oRM'S | AW: s . (MOLTAGE)
AR T R A Y L
V=I xR “— TAPD
I=N/LR | (RESISTAMCE)
R=V/T | e
P=N*T (@R IXx R = STREAM
= i (CURRENT)
WE'LL  REFER _TO. OMM'S  LAW ROTATING TURRINE. 4%,_'}.
LATER. IN._THIS _ROOK ... (POWER) (_‘_ )}

14




USING

DIRECT CURREMNT

TRERE . ARE S0 . MANY. . . .USES FOR.. . RIRECT.  QURRENT. ELECT _
TRICITY NO SINGLE ROOK QAN DESCRIERE THEM _ALL.,
HERE'S A PAGE __ _OF SEVERAL _DESIGMED. AROCUND A . SINGLE
WIRE _QoltL You _ CAMN
. |BASILY _MAKE. . _FROM _A (Twice ACTUAL _SIZE)
I=Y%2 1o R-INCH  SECTION TR VARV
OF A SopA__STRAW. _AND fé\“:‘\"“\m\) s A=)
AT LEAST _20.-~FEET OF VA L AT 11 11117 I
30 .GAUGE, LACQUER i inaetend
COATED.  WIRE. _ SECURE —_— =
THE _Coll. N PLACE  WITH TAPE ‘ X\\\
REMOVE _ INSULATION. . FROM. . ENQS OF N2,
Aol MIUTH.. EINE _SAND . PAPER , ‘\\,\\\Y
NS
O _ELECTROMAGNET — INSERT XN i )
- "1:uam.a;..,,ﬁ\_.ﬂwAh;wﬂrﬂgwwj,&w:c.a_EM__Wnc,okLL_,,.m._n.wwmu_?iy.‘h.m?\‘\\\f/f/" -
COMNECT  THE _LEADS TO A &\\
9- voLT _ BATTERY., AND _THE Ao NS
NAIL WLl BECOME. A MAGNET. . \_,Q’/// 2
UNTIL _THE _POWER. . 1S._ DIS— SN S
CONNECTED. (1T MAY.  RETAIN

SOME _ MAGNETISM.L)

1 SOLENOID. — THIS 1S
A Y SuckING. .  MAGNET.”
APPLY POMER. . ...TD.. . LolL
AND  NAIC . WILL.  BE.  PULLED
RAPIDLY. _INSIDE .
!7‘1\"\: M= \}V:\\ \\\T\\\\\\ \\\\\ —
Ni-NN ? 1‘L!z} anl Wy -
VIR T = _ ==
(I . RATTERY i S
e+ - == N _conTACTS I
4 f
e IX S SR W—
1\ @ _________ -y v
0 MOTOR — MAYBE NOT ___ N\1>= (AWM S == 38\
__________ YOUR . IDEA _0F A __MOTOR, N o A
BuT. .. THIS. ELE.GANT.  APPARATUS L od L ALURINDRC. _EolL
| QUALIFIES  UNDER. . THE e
. DICTIONMARY  DEFINITION, . USE A Yl L ASSIGNMENT
_____ | LIGHT . WEIGHT. . NAIL. SECURE . \k-f@gtﬁww__Mf,zgﬁt.ﬁ.w,A.M,J\.NWZS
L onE . Colt  LEAD TO  NAMN .ol > WORDS._OR_LESS
ADTUST . HEIGHT.  DE _0oiL  UNTIL ¥ % vours MOW. _ THLS THING
NAIL _TUMPS UP_ AND . DOWN, LONGER LASTING} AQTUALLY.  WORKS...

e




L MAKING  DIRECT. CURRENT  ELECTRICITY

AR S .uR,.e.&,LsAm.W_GA..,W.“;.\,v_,m.,_uhm,@,eva OF WAYS. .  EXIST. _FOR _PROPUCING
ADIRECT | CORRENT. . RERE _ARE THE  RBIGGIES *

LA CHEMICAL . GENERATORS — ELEC TROLYTES _ARE._CHEMICAL
e SOLYTION S THAT ___COMTAIN . MANMY. .. JONS . FOR _EXAMPLE,
| PDLSSOLVE  TABLE SALT N _ WATER..__AND _THE SALT Wil _BREAK

e b POWNL L ANTO . POSITIVE . SeDIUM.  1ONS_ . AND NEGATIVE.. . CHLORIME

A dONS LA TWO L DISSIMILAR . METAL . PLATES. . ARE . IMMERSED
ANCCTHE. SBLT  SOLUTION,. . THE _POSITWE IONS. . Wit . MIGRATE
. TOMARD. _ ONE  PLATE AND THE. ... NEGATIVE _JONS . WILL M=
e ECRATE. .. . TOWARD THE. . OTHER. lE. . THE. . TwWo. __PLATES __ARF

ACONNECTED TOGE THER . BY. A CONDVCTOR , A CURRENT

QoW Flow.  THROULGH _ THE.  SOLUTION. (AS_1ONS) _ AAND

| THE .. ConDURTOR . (AS  ELECTRONS). THIS __KIND . _OF
|GENERATOR..IS.. CALLED A WET CELL. . CELLS _IN_ WHICH

e . THE  ELECTROLYTE 1S ARSORBED. RY __PAPER OR FORMED
e INTO A PASTE  ARE. . CALLED . DRY CELLS. . HERE ARE __

S0 E  CHEMACAL  GEMERATORS. YOU . _CAN MAKE. . HAVE FUN/

S—
Zine *

0 Dy O~ _CopPER o N e
\ ) . FOlL* OR \&H emmeoo—
PC.__BOARD 7 ¢

,,,,,,,,,, PLASTIC

ElLmM % 7
HOLDER > V4

e

% ”
LEMON ""'_""‘)-r/// -

TUIcE L

Y MAGmNEstum® PAPER. . TOMIEL bt
. OLEMON TUICE Wmm

LOPPER _EOIL *

S 2 PET L PAPER ( PAPER. .

o |OK.TO DRY. . TOWEL + SALT WATER)

o PRPER.AND
RCTWATE.  WITH WATER (o0

SWVER _COiN. ()

. |CONNECT _Two _ oR__MORE._CELLS N | e =
_|SERIES TD__FORH_ A _BATTERY. WITH _TOTAL ! !

A VOLTAGE. EQUAL TO..SUM_OF CELL . VOLTAGES. CELL BATTERY

o




L ELECTROMAGNET IC GENERATOR S— A CURRENT. . FLOWING.

| THROUGH A CONDUCTOR... . ESTABLLSHES A MAGMNETILL

ELELD AROUMD THE CoOMDUCTOR. THI1S EFFECT . WORKS ... m
RBOTH.. .  WAYS SO THAT. A CURRENT WihLlm FLOGW . I A
|CONDYLTOR  WHICH 1S. MOVED THROVGH . A MHACGMNETIC oo

| PLEL D YOU _ CAN..  EASILY DEMOAN.STRATE
| ELECTROMAGNETIC  CURREMNT

 CENERATION . WITH A
anle  OF UWILRE AnID

A SHALL MAGOET

(TRE. _ COlL. . SHOWNM

on PAGE. 15 WORKS &

FINELY _CoMMECT

THE LEADS OF

TRE _Coll .TO

A METER | N

DESIGMNED

T SENSE

MICROAMPERES. .z
INSERT. A e

STEEL  NALL

ITHROVGH . THE . ¢oll
AND STROKE.. THE MAGNET

Coil. . THE METER... Wit .. INDICATE A EEW. .. MICROAIPEEES ...

EACH.  _STROKE.. . THE . POLARITY.  (DIRECTION) OF THE. CURREN
WULL REVERSE on.._THE . _BACK . STROKES e  WANT B
o e Y

REA DY ~ MADE . GENERATOR?. _ JUST. _ROTAYE. THE __SHAET _OF. ..

B sMatd . DC . MOTOR e

MDbsST. .. SUCH MOTOR.S

Wiitl.  PRODUCE A [

POTENTIAL . DIFFERENCE t N 1

AE UP  TO  SEVERAL .

voeT sl You. CAM . ADD = S Ldm |

A__PROPELLER . TO _MAKE A .
|WIND.  POWERED  GENERATOR. =

_— ittt

[0 THERMOELECTRIC _ GENERATORS —

IF A JUNCTION. __OF . ..TWOo . DISSIMILAR

METALS 1S HEATED, A CURRE NT

WiILL BE PRODVCED COPPER WIRE

WRAPPED AROUNMD. .. ..THE __END . O0F B

.

 STEEL  NAW. Wit GENERATE A
EEuw/  THOUSANDTHS.  _OF A _ VOLT. . WHEWN

HEATED Ry THE ELAME oF A

MATCH. TUNMETIONS LIKE tRoN . AND

COMNSTANTAN PRCDUCE MUCH HicHAER

VOLTAGES. (THIS IS THE. SEEBECK EFEECT.)




ALTERNATING . CURRENT _EIECTRICITY

LooK. BACK AT THE. MAGNET

HOMEMADE ... S0 AND
PRECEEDIN.G PAGE. .

"GENERATOR Y _ON. THE WHEN._ __ THE

L MAGNET 1S STROKED

ColL,. . ELECTRONS

IN.__ONE .. DIRECTION ALon G THE
N THE WIRE ARE MOVED IN__ONE

DIRECTION. . AND. A DIRECT CURRENT . 1S __ PRODUCED. ON

PRV e R
THE. . BALK . STROKE ' UNLESS THE MAGMNET. 1S . MOWKED
AWAY. . FROM OF _ QURRENT

THE Ct:m.i THE DIRECTION
FLow MAGMNET

IS REVERSED. THERE Fotaej IF _THE IS
STROKED . BACK. __ AND FORTH ALONG THE COlL, A

CLURRENT WH G K ALTERNATES A DIRECTION . OB  POLARITY
P e PV VY

IS _PRODUCED. IT's CALLED AN ALTERMNATIN.G. . . CURRENT.
ALTERNATING. .. CURRENT. (A ). )S . WSUALLY __PROOUCED. _BY

JROTATIN G...

A Colt iN A MAGNETIC FIELD,

e MAGRET o ROTATION o

90°

TRIS. LS. A
/S\NE wAVE

VOLTAGE

VAN |

\5
N

o |

l
1
H
|
I
j

I
J
|
I
|
]
¥ 1
I i
| |
.90°.  180°

QUTPUT VOLTAGE

_|RoTATING coit

VO QIAA;GWEMWNOUTPU T

AC _SINE  WAVE

1 SINE. WAVE. MEASUREMENT —

~m PEAK

/ BMS

VOLTAGE
VOLTAGE

PEAK . *

AC  VOLTAGE. s
SPEQIFIED AT A

EQUAL.. 1D THE Oc  UNTAGE
CAPARLE.. .. O DOING _THE.  SAME

U3V ALLY
VALUE

707

WORK.. FOR A SINE  WAVE

THIS. . VALUE (507070 TINES

THE PEAK . VoOLTAGE. .. . IT's

e HORSE HOLD
- RS

e CLLED.
votace. (ok. auaaawr)w 1S

_THE...RMS.. ( ROOT = MEAN = SQUARE) VOCTAGE.  THE. PEAK
A AL TIMES.. THE. VALLE.

RS
MOLTAGE Is.___SPEQ 1F/EQ_M.WMAC,Q,Q&.QLM&M.K.MID ITS
O0F . I20=VORTS. .

kel MJE..
VALVE ...

A CORRES PONDS

,HIHVEA&E,.EQ&.E«n,w.,w,m.c\.nW,.«,.HQQ";V&Hoe.ow_m.uogmseu..m
TO..A PEAK.. . VOUTAGE.  OF 120 % 2.41.  0R  16:9.2=Y0LTS.

OWHY _AC_ 1S USED — AC 1S EETTER . SOITED  DiAN.  Do. For

—WIRE !

TRANSMISSION... THROUGH. .. LONG . DISTANCE. _ POWER LINES. A
CRRRYUNMG.  AC. . WILL INDUCE. .. A CURREMT. N A MNEARBY
THIZ 1S . THE _ PRINCIPLE EERIND. . THE TRANSEORMER.




MEASURING. . AC AND DC

\ S : /. ) ;

YOU_ CAN_ EASILY. )

MEASURE AC _AND PC......L

 VOLTAGE. AND. CURRENT... .11 ;,IT My
WOTH . AN INSTRUMENT ]

YV A . CAWED. THE MULTIMEIER.

Py
77 BNALOG MULTIMETER S e i

e dSE AL MOVING. GOl g o g8

. METER. DIGITAL  MULTI~ e

N JMETERS. HAVE A DIGITAL .

READOUT. THE. MULTIMETER ... |e. .\

i
AZMemEn

A5 THE L SINGLE MOST s b Ty

HEE LI R
O

VBIEe wAaArog
T

e IMPORTANT. . ELECTRONIC @ @ = _

5

S@ “Zmmixpch

@

(D
WIXo w-rox<

H
i

[ ANALOG  MULTIMETER — . 0 DIGITAL MULTIMETER == ...

LESS.  EXPENSIVE ,.  SOHEWHAT . BIGHLY. . ACCURATE .. AND. e
LESS.  PRECISE. THAN.. .OIGITAL . ... . EASIER. .. .TO. READ . THAM
TYPES... . BEST  BY _FAR .FOR . . ANALOG. TYPES. _ BEST. . QR ...

| OBSERVING.  THE  TRENDR...OF A . _ FINDIN.G.
1SLoWLY  CHANGING.. MOLTAGE,

THE. _PRECISE _VAWE ..
OF A . VOLTAGE.,. .SURRENT ... .. ..

CURRENT. OR RESISTANGCE o OR . RE SUS TAMNCE o i s

1 SUMMING. . UP. MULTIMETERS —. THEY'RE _ INDISPEN SABLE.!
EVEN IF  You  HAVE. _6NLY A PASSING . INTEREST. . YOU. . . . SHOULD .

 COMNSIDER . BUYING. .. ONE. BECAUVSE. JT. HAS _..MAKY. USES . Io..

THE _ _HOME ,  oN.. THE . JO0B. . AND  WHEN . WORKING. . WITH. . APPLIANCES . . ..

AND _ MOTDR .. WEHICLES. ... IF.  YOURE _ SERIOVS.  ABOUT. . ELECTROMICS, ...
CONSIDER. ... BUYING . A QUALITY. HIGH~ JIPERANCE . MIULTIMETER. .. .

CIRCUIT. . YOU'RE..  MEASURIN.G.. EAWLY.,. YOU_ SHOULD . HAVE. BOTH. . .o

LaBRE BRALOG o BARND DG ITRL T LE S oo s e bt e

lelecTRiemy - cAw Kwel vEvou o Lo

AMENTING. L WITH L ELECTROMMCS o S

OF

| ALWAYS  TREAT _ELECTRICITY oo WIRE. .~
WLTH THE RESPECT o d T ]

L FORMER ...

DESERVES. _WEWL  LOOK s N

\ ExPERIMENTER

AT _SAFETY.. . AGAIN_ LATER. .~




AN ECECTRICAL  CIRCUIT 1S ANY. _ ARRANGE MEKNT. THAT. PERMITS.
et AN . ELECTRICAL  CURRENT. TO. ELOM. A

JAS _ SIMPLE . _AS A BATTERY . CONNECTED. . TO.. A __LAMP _OR___

CLRCUIT CAN. .BE .

AS COMRLICATED ...AS. A . __DIGITAL... . COMPUTER.,

O A _BASIC . CIRCUIT. — . 1H LS. BASIC _ CIRCUIT . _CONSISTS.. OF

BT

(\ff% ,,,,,,,, . A...SOURCE.  OF  ELECTRICAL. CUBRENT .

& bAMP. (A BATTERY), .. A __ LAMP. _AND. __TWO

WIRE

' -~ CONMNECTION. . WIRES. . THE . PART.

S ' - OF. A _CIRCIVT. . WHICH  PEREORMS

e TN WORK 15 CALLED.  THE _ LOAD.

o BTTERY.... W,,QHE,P\ETHEWL.QAD LS  THE. LAMP,
— U

e FLOMWL e ELEMENT... AN, . ELECTROMAGNET, ETC..

- IN.OTHER . CIRCULT.S...THE _LOAD
LE:_.'——‘—‘—'__.”_—"J_,

-

e S Ty e ELECTRON. . CAN _BE... A MOTOR ., . A HEATING ... __

AL AL SERIES  CIRCUIT = A CIRCUIT. MAY. . INCL UDE....MORE ..

— s THAM.....ONE. . .COMPONENT .

L S WATER 4 LAMP,. MOTOR, ETCY.
B SERIES  CIRCUIT IS FORMED.

e M EN L SURRE N T P OWING

e HROUGH. ... . ONE . COMPONENT.

e PARS T BLOW S . THROUGH
a ANOTHER. (CARROWS. SHOW
2 DIRECTION. QF. ELECTRON._FLOW.)

0A PARALLEL  CIRCUIT — . A PARALLEL ¢ LRCUIT... 1S _FORMED. ...

e AWREN L TWO.L L 0RL MORE
] L COMPONENTS... . ARE COM =

e NECTED. S0  CURREMNT
@3’,6_& N BELOW. TR ROUG M

CONE. G OM PO MNEMNT  WITH =

et QA ABMING  EIRS T o

m SR LW N Yo Y ) - =8 > 20

e MANY. L ELECTRIC.AL

I0 A SeERiEs- PARALLEL  ClRewT —

. - CARCUITS ARE

- LBOTH._ SERIES ...
' AND. PARALLEL. ...

B pano Nz AL PROVIDE A

W L/ TS, o COMPLETE . PATH
WEL W ST RETWEEN. THE . -
AAAAA ! PARALLEL I LIRCULIT AND TS .
L

POMIER. . SUPLLNw




MO cigeoiT  DIAGRAMS. —  THUS FAR_THE ELECTRICAL . CIRCUITS..

S HOWIA LA THLS BooK HAVE BEEMN JLLUSTRATED. .IN_PITORIAL .
FORM e PLCTORIAL. . VERSIONS.....Q0F.. .. SIRCUNT. S WILL . BE DSED
N THE NEXT SEVMERAL CHAPTERS _AS WELL, LATER...IN
THE _ BooK. .. THE _ PICTORIALS VALILL. BE REPLACED. . RY. GIRCUT N
DIAGRAMS INM_ A CaReutT . DIAG.LAM PICTORIAL.  MIEWS OF.
e  COMPONENT.S ARE _REPILACED BY COMPONENT. .. . SYMBOLS.
| —L
'*—l_— BATIERY LAMP t;L_— tL Lz 1 - i
e (8 ()0 B @\
L3 Ly
COMPONENT SYMBOLS SERIES—PARALLEL  CIARCULT oo

 loeiecTricAL TsuorT! clRcUIT.—  WHEN_ A WIRE..  OR_._ OTHER . .. ...

e {CONDUCTOR. . 1S PLACED  ACROSS.. . TRE.  CONNELTIONS. . .OF . A
COMPONE NT.., SOME...OR._ALL OF  ANY. SURRENT _ IM. THE

AT BEST THEY . CANM. . CAQSE BATTERIES —TO RAPIDLENY

CIRCULT MAY TAKE.....A.... SHORTCUT THROUGH. THE. . . CONDUCTOR o
S hoRT CleCuITS sucH  AS TS ARE. . USUALLY. UNDESIRABLE ...

LOSE THE IR CAPACITY. AND THEY _CAN.. . CAUSE DPAMAGE. oo

O WIRING . AND. . COMPONENT.S...  'SHORT CIRCUITS . CAN..
EVEN CAUSE ENOUGH  HEAT . TO _ L6MITE. . THE. INSULATION

oN. A wWiRE!l  CAUTION:  THE . HUMAN__BODY. CONDUCTS
PR S A

B B CTRICITY o THERE FORE. . CAREBLESSLY. TOUCHING.. AN

ELECTRICAL CIRCUIT. . MAY _ CAUSE .. A "SHORT” CIRCULT.

\E THE VOLTAGE AND CURRENT.. ARE KicH EMOQ&HM, You

e | MBY.... RECEIVE A _DANGEROUS. _OR..EVEN LETHAL SHOCK wen.

AL L LAINE 1S CONMNECTED . T EARTH. By A METAL . RoD.. METAL

(0 ElFeTRICAL "G RAUND'—  ONE. . OF THE WIRES OF THE

 |eNcLOSURES  OF.  ELECTRICALLY. . POWERED DEVICES.  ARE _COMNNECTED

oy s GROUND. . WIRE. . THIS.  PREVENTS.. A _ SHOCK. HAZARD. . SHOULD. e .

A_NON-GROUNDED WIRE MAKE COMNTACT. ALITH THE METAL ENCLOSURE.. ..

e ITROUT THE. GROUND  CONMECTION, . A PERSON.. TOUCHING. THE . DEVICE e

WHILE STANDIMNG _ON_TRE  GROUMD OR. A \WeT . ELOOR MILGHT

RECEwWE A DANGEROUS SHOCK. Py

GROUND. ALSO.  REEERS. TO. _THE g >t

L

COINT. _IN_ A CIRPCOIT AT ZERO \_D .
e MOLTAGE . WRHETHER . OR soT Y2 v o THIS. 1S GROoUND. . e
TS CONMECTED  TO..GROUND. N e LOVOLTS) MITH e

FOR..INSTANCE,  THE __MINUS —— RESPELT. TO .. -

(=) SI0E__DE_THE _BATTERY = L Vv ano-tav

LN THE  CIRCULITS. _ABOVE.  AND e v "\ .

ON_THE PRECEEDING.  PAGE e GROUND. S

CAN. BE . CONSIDERED GROUMND. =—>-|2v___ symgoL

le I




IPULSES, WAVES . SIGNALS _AND_ NOISE

L ELECTRONICS  iS.  THE.  _STUDY _ AND __APPLICATION _ OF.  ELECTRONS —
ATHEIR . RERAVIOUR ... AND. _THEIR .. EFFEQLTS. TRE UMPLE ST AP~

JPLICATIONS . FOR. . ELECTROAN.S. . _ARE.. STRAIGHTEORWARD. AL _AND

A DG CIRCUITS N WHICH A CURREMT 1S USED.. . TD _ POWER

fLAMPS.y. . ELECTROMAGNETS,  MOTORS., . SOLENDIDS. . ANO. __SIMILAR

LAPEVICES. O WHAT . TARES .. ELECTROMICS FAR BENOND _THESE
BASIC.... APPLICATIONS. . IS . THE  _EASE _wITH.__wilcH STRE AMS

e O ELECTRONS .. CAN  BE . __ CONTROLLER .. AND. _MAMIPULATED.

S5

e S=1oLT
CELL

N
)

JTRIS  SIMPLE  CIRCUIT.. 1S REALLY. __ MORE. _USEEUL. . THAAN IT... FIRST,
A APPEARS. ... BECAUSE . IT.. .. .CAN __SEND INEQRMATION By CON -

VERTING. ... A . PLANNED. .. SEQUENCE .  OF. _ SWITCH CLOSURES INTO
FLASHES. . . OF  LIGHT.

Ll

+

L THE . ELASHES
OF THE.  _LAMP
CANn.. . RBRE
REPRESENTED
BY A DIAGRAM
LIKE TH\S ...

APATIERNS. 0 FoFLASHES.  OR....QULSES. .. LIKE THESE _ CAN. . REPRESENT.. .
ACOMPLEX . INFORMATION _LIKE __SPEECH.. _OR SPEECH. CAN RE  TRAMNS=

JFORMED _tnTO . PROPORTIONAL. . VARIATIONS _IN. __THE. BRIGHTNESS 0F A

o JLAMP.  BERE'S A SIMPLE... WAY _TO SENMD. VOICE _OVER A RBEAM
JCF _REFLECTED LIGHT: '
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() PULSES — A PULSE_ )S._A_SUODEN, BRIEF _ INGREASE. . OR
e IDECREASE. ___IN A CURRENT =370, THE IDEAL Pucse
WOl HAVE AN INSTANTAMEQUS. . RISE . ANO__ EALL , . BuT
REAL PULSES . RRE NoT..... SO IDEAL.,

~— IDEAL _PULSE (==

kT‘erAL' 1604,
PULSES . Q0% — -2 & =T ~ — REAL _PULSE (=)
£ ) I \ ;\/
£ u I\~ RISE_TIME
/ ' '\ earL TimMe
/ |
¥ W% _ _ .

\
"RINGING" ——
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\%___.
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O _WAVES — A WAVE. IS A _PERIODIC. .  EFLUCTUATION _ IN.__A

...... WQURRENT... OR. .. VOLTAGE. . WAVES.....MAY. HAVE A SIA GLE

| Poragiry. . (De)  OR__ BOTH. . POSITIVE. . AND. NEGATIVE _ COMPOMNEMTS
M\,.M.,,q,éa.ci. THERE. _ARE _ MANY __ KINOS .. 0F . WAVES.. HERE ARE A
FEW. 2

+

VANANY AYAVAVAVAS Y

e R T 7§ T . e o

ol opCe sweE wave . DC SINE wavE. . . D0+ SINE WAVE AL SQUARE. . _WAUE

wwwwwwwwwww - VAR J

o /AC TRIANGLE WAVE._____ DC. RAMP. COMPLEX. . SINE. WAVE, VOICE

10 SIGNALS — A SIGNAL 16 A PERIODIC.  WAVEEORM __ THAT
JCOMVEYS. INEFORMATION. THE. PROCESS.  THAT.  GENERATES _THE

| WAVEFORKM .. 1S CALED . MODULATION. . SIGNALS CAN BE . HCy
[DC. OR... AL _RIDING _ON_ A DG LEVEL. THEIR .. EMEMY 15 4u.

JCLNCOISE — ALL. ELECTRONIC  DEVICES _ AND . CIRCUITS  GENERATE oo
"SJ:IA,LL.M,M.B\.AwhowommME‘(.E“QI.&JNQ&IMWQMLA&&E”MI,ﬁM_MM&E&..mﬂi&i&m“cugﬁeurs
ARE . UNWANTED, THEY'RE _ CALLED . NOLSE. . NOISE CAN . ALSO
JENTER . ELECTROMIC . CIRCUTS. . BY. HEAMS. . 0F. THE ELECTROMAGMETIC ... .
WAVES. . GENERATED  BY. . LIGHTNING,  AUTOMOBILE.... tGNILTION  SYSTEMS, .
JELECTRIL. .. MOTORS... AND.__POWER. __LINES, . WHILE.  NOISE. MAY . HAVE

e B LEVEL . OF. . ONLY. A FEW. _ MILUONTHS _oF A . YOLT...OR. AMPERE,

IT.  HAY. .  EASILY. . ... CBSCURE AN EQUALLY Lo  LEVEL.. . SIEAMAL.

fa i W !I/ 'l,l.
FU A A
VAR il

NOLSE +  SIGNAL = NOISY Slenal VOLSE  + SIGNAL = 277
23
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2. ELECTRONIC COMPONENTS

_|you'e  Ewmo.

e OPPER e SOLID.  MIRE. .. 1S A _ SINGLE. .. _ CONDUCTOR. .

JCABLES _ HAUVE. .. ONE. .. OR _ I70RE __ COMDUCTDRS AND

|DOZENS. _OF  DOIFFERENT __ FAMILIES . OF  _PARTS __AND
o fCOMPONENTS . BLOCK, .CARRY, . CONTROL, . SELECT ,  STEER,
o | SWITCH . STORE .4 .. .MANIPULATE ,  REPLICATE ., HODULATE
e ANE L EXPLONT. AN ELECTRICAL . CURRENT. THOSE. THAT

e fUSE SEMICONDUCTING  CRYSTALS. .. ARE. .. _.SO. IMPORTANT

JWENL  DBVOTE. .. AN.__. ENTIRE. . CHAPTER. TO _ TAEM. ...
LTUST L ABOUT . ALL  THE _ REMAINING. PARTS
LYoV L SHOULD. .. KNOW ARouT N THIS.  CHAPTER.

IWIRE _AND _CABLE

_JUSED.. TO CARRY._ AN __ELECTRICAL _ CURRENT. . MOST  WIRE
e d B MADE . PROM A LOW. . RESISTANMCE  METAL  LIKE

o} STRANDED. WIRE IS . TWoO_ _0R. . MORE . TWISTED . OR. BRAIDED ..
—.|BARE _ CONDUCTORS.. MOST WIRE ... 1S, . _PROTECTED . BY _An
e INSULATING. .. COUERING OF PLASTIC ... RUBBER _ OR. _LACQUER.
SJWIRE L WHICH. .. HAS. BEEMN. TINMED. . IS EASIER . TD.  SOLDER e oo

_SPECIFICATIONS  FOR _BARE COPPER  WIRE

| GAUGE | DIAMETER (incHES) | FEET Jpound | FEET /ot

N . " .L05082 1272.9 | 249.00!

A8 QHO30 2034 156¢.50]
20 03196 223.4 98.50
22 ] 025835 514.2 L1.96
d . 02010 817.2 38.96
bl 01,594 1360.0 24. S0
2B 012 LH ) 2067.0. 15.41

30 01003 3287.0 9.69

MORE. .. IN =

A SULATION THAN. ORDINARY . MWURE. ... . LOAXIAL.  CABLE. . CAM . .

| CARRY.... HIGH . FREQUENCY. .SIGNALS (LIKE  TELEWISION).

<

IS

1O CAUTION.L . BLWAYS _USE _ WIRE. RATED. FOR. THE. CURREMT ==

o AT A5 TO CARRY . LF A WIRE 15 HOT. TO. . THE.  TOUCH,De

LTS CARRYING..  TOO. _MUCH.  CURRENT.  USE A  HEAVIER .

| BAUGE _ _WIRE. _OR.. . REDUCE _ THE: CURRENT. OTHE nzmﬂs,aﬁ_.w,“,mgm_.

SSNURS o ¥ | - w&w —— (‘_ss ‘/QR) f'f\l/—\
695 o0 o]
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_ISWITCHES

e AMECHANMIC AL SWITCHES PERMIT.. OR _INTERRUPT THE _Ftow oOF
e JCURRENT, . THEY .. ARE. ._ALSD . USED .. TO. . DIRECT . CURRENT. .
Jo.. . YARWLLE .. POUNTS. . e e

|1 THE BASIC _KNIFE. _SWITCH — THE _SIHAEST _ SWITCH..en .

-

OPEMN.: IE’P/ 1 7 QLOSED 3 iEQF

o MARILOUS oo e P e
—7

~
——"/ o “ S\f MBQ LS. \’\‘"—‘“0""5‘—"' N

] THUS 1S CALLED. AN SPST (SINGLE=POLE, SINGLE=THROW) SWITCH..

| MULTIPLE  CONTAQT . SwITCHES — HERE ARE SvmBors . FOR. . . .
THE MAJICR.... KINDS.

SIPDT = SINGLE= POLE, DOUBLE ~THROW. . ...
o (THE . DASHER  LINE. .  MEANS. . . DPST = DOURLE-POLE, SINGLE=THROW. . .. ...
—|BOTH _SIDES  MovE. TDGETHER)... DPDT. = DOUBLE = POLE, DOUBLE ~THROW. . .

| _PUSHBUTTON.. .UsuALLY. SPST. PRAY. RHALLY. OPEN { NO) OR NORMALLY.... ...
SR SO ¢ .Lo,u_s%&Q..Ayw.u,v_(,u_v.&,_c.)

__l_f Lgﬁhhég . S
No—~ —0 o— NC.

ROTARY .. WAEER —LIKE. WITH. OMNE. POLE. . AnND.. .
e AONTALT S WAFERS.... . CAMN .  BE. . STACKED. . TO.. .. PRow DE STORE ..
ot POCES . HANY.. NARLATIONS. .. ARE. POS.S'IE’LE.

—— wb'lf.=.3@hcf.JR‘1fJ’V!Ezefu.mv SLOB QLOSEs - SWJTCZH. Posrrtou S.E..MSI.T_IM.F_ R

QTHER. MANY. &vjk,zg\.o.su,w.,.w.ﬂ\VQE.,M.*,.\.m.‘,\ltowa_@éé ﬁoc KE.R LE VER . S..L.Mm&,u.k

PUSH=ON / PUSH= OFF . LLUMINATED MJD OTHER  SWITCHES ARE.
AVAILABLE .




RELAYS

A__RELAY 1S AN ELECTROMAGANETIC SWITCH., A _SHMALL

CORRENT  FLOWING  THROUGH A CO N THE __RELAY ..
CREATES A MAGNETIC EIELD.  THAT _PULLS . ONE _ SWIT.CH -
CONTACT AGAINST _OR AWAY. . ___FROM. . ANOTHER. _—

Ve MOVABLE . COMTACT

T

ra

= i)
CONTACTS T C
I E|S4——reTyry  SPRING
N 5|1
S \E{\jm = a
COMNTACT / 1 3 \’F‘i——- MovING  COMTACT  LEAD

LEADS \

Qold coiL. LEADS

Q. _RELAY SYMBOL— THE. ARBANGERENT. . . 0OF.  COMTACTS. . . CAN

et PROVIQE. __SPST .,  SPPT, .DPST. DPDT .. AAMD.. . OTHER . SWITCH -
OPERATIONS . . —
r—“_““"—g ,

&0 THIS..  IS_ THE. SYMEoL

. 4 FOR___A. . _RELAY. . _WITH

’ RPOT. CONTACTS.
(1 REED  _SwiTeH RELAYS — AN ENCLOSED. .. GLASS. . TUEE. . .
Rousin G A PAIR _ _OF QLOSELY SPACED SWITCH.  COMTACTS

IS A REED SWITCH A MAGNET.IC FIELD WiL

e GO SE e RO M TACT St THLS o SIBKES. . POSSIBLE A __VERY. . ...

SIMPLE SPsST RELAY.,

e SMIVTGH ) X ao [
COMTACTS \\\
REED. "\ Y
N
syt o SWATCH \
ORI S o REED RELAY
g e CURRENT e
v e s MOVIN G. COoIL. METER / MOUNTING
“ SCREWS
A_ColL _oON__ A _PWVOT.  RETWEEN /
THE _ POLES _of A U- SHAPED ) /.
MAGNET WILL ROTATE WHEN o WP
A CORRENT. IS . . PASSED THROUGH . —
THE __Coll THIS 1S THE _PRINCIPLE y —
OE  THE _MOVING . Coll HMETER. ZERD . _APJUST

26




|

A MICROPRONE CONVERTS SOUND. WAVE \/ARIATIOMS INTO

CRRRESPONDING VARIATIONS INL_ AN ELECTRICAL ¢ ua.&.&.ﬂru,
[THE ___ SoumD . WAVE _ VARIATIONS ... ARE FIRST .. CONVERTED. . ..
0 RACK - AND= FORTH __ MOVEMENTS _ OF A _FLEXIBLE _FILM
OR _FOIL  CALLED A DIAPHRAGM, . THESE. .. MOUEMENTS.. THEM.
CAUSE  VARIATIONS N AN ELECTRICAL . CURRENT. . BY. ANY
oF THE EOLLOWING MEANS &

[1 CARBON= MOUEMENT _OF _THE DIAPHRAGM _CHANGES . THE PRESSURE

| APPLIER  TO A CAPSWE. . OF .  CARBOM. PRARTICULES.. .  THIS CAUSES. .. . .. .
| PROPORTIONAL  CHANGES  IN _THE RESISTANCE F.THE CAPSWE.,. . ...

I OYNAMIC— A SHALL _COIL IS, MOVED. . ‘mouaH A MAGNETIC
FIELD. AS .  THE .. DIAPHRA c-zmm - Mo VE. s o THIS  CAUSES A
PROPORTIONAL. . OUTPYT  CURRENT _TO BE GENERA TE D.

O CONDENSER-~— THE __MOVING. DIAPHRAGM  ALTERS  THE DISTANCE . .
[BETWEEN.  TWO METAL  PLATES.. ... THE _RESQLT 15 .. A _ PROPOR= ... ..
TIONAL CHANGE IN... THE . CAPACITANGCE . OF. _ THE  PLATES..

O CRYSTAL — A MAEER...OF PIEZOELECTRIC  MATERIAL LCWWICH PRODUCES .
A NVOLTAGE.  MHREN BENT. _RBY . THE  PRESSURE _0F. SOUND WAVES) EORMS.

THE. . DIAPHRAGM....OR 1S MECHANICALLY.  LINKED. 1O THE DIAPHRAGM ..

AL SPEAKER . CONVERTS .  VARIATIONS IN. A CURRENT. OR ... ..
IVOLTAGE  _INTO. .. SOUND WAVES. THE TWO. . MOST

COMMON.. SPEAKERS. _ARE .

O MAGNETIC — SIMILAR __IN__PRINGIPLE _TD A DYNAMIC M;ago'“-”;'j‘;;l.mfjfﬁﬁﬁj;ﬁjﬁ'
LPHONE. N _FACYT., . _A___MAGNETIC . SPEAKER __(AN. BE _USED.
AS. AL MICROPHONE , .,

1 CRYSTAL—_ SIMILAR __IN._PRINCIPLE _TO A CRYSTAL MICRO=~ .
| PROME . A _CRYSTAL. . SPEAKER. _CAMN _OOURLE. AS A MICRO~
PRoNE .

PIEZO. CRYSTAL e

S JQS”“WMWM ~AND.... SULPORTS o) PAPER COME oo

MAGMNET

Aéj r:_aj} — P 4 l““u“:" TEMOVING.. Colt
[ 4 CvoleE eoiL)

e

i

= .|

lcRYSTAY Tl A\

IMIC ROPHONE MAGNETIC . . o




RESISTORS

RESNITORS QOME iy DOZENS. _OF SUZES AnD.  SKHAPES
BUT THEY __ALL DO THE _SAME. _THING ! LIMITY CURRENT.
MORE . ARouT  THAT LATER . EIRST., LET’S SEE HOW. A
TYPICAL RESLATOR 1.8 MADE % - '
OR _RESIST
TYPICAL. CARBON. ___COMPOSITION g )
RESISTOR 4% /
. ,@//
/// AUT.GOING
/\, QURRBENT
INCOMIN \-WHLE L EAD
| CURRENT . 2l e

\—_—— CARRON COMPOSITION

| oA e e N\

{ 7}i// & \‘\\\\ ~— PROTECTIVE Housm«sl

e
\-/ \\__“——' CoLorR  CoODE. _BANDS

"aRRON  COMPOSITION. 1S TusT A EANCY _WAY. _OF DESCRIBING

POWDERED CARBON MIXED WiTH A GLUE=LIKE BINDER,

THIS KinD QF RESISTOR IS EASY T MAKE. . AND._ ITS

RESISTANCE CAN RE . _.CHANGED __FRoM ONE _RESISTOR

TC _THE NEXT TIMMPLY BY OHANGING THE RATIQO ©F

CARRBON PARTICLES T0 RINDEER . MORE cargron GILVES

LESS RESISTAN CE..

[ DO-1T-YOURSELE RESISTORS — Nou AN MAKE A RESISTDR

BY DRAWING A LINE WITH A  SOFET. LEAD PENCIL  ON A  SHEET

CFE PAPER. MEASURE THE RESISTANCE OF __THE LINE
orR PoinT S ALONMG (T BY _ToucHING . THE FPROBES oF A
MULTIMETER TO....TRE CINE . RE. SURE 0 SET __THE
MUWTIMETER __ TO _ITS. .  KBIGHEST RESISTANCE SCALE . THE
RESILSTAMNCE OF A SINGLE LINE MAY BE __TOOo _HIGH
0 MEASURE. . IE_ =0, DRAW OVER THE LIME A
DOZEN OR.. SO.._ TIMES. HERE'S WHAT I MEASURED S
N\ , PEMNCIL  LINE
\\\‘ \ // £ ,/ |
/ ) 42,000 7 .7 1.800,000.7 2,460,000 _ <~
. OHMS S OHMS },_,’ OHMSc” =
PRORE N\ N e L'/,’”v’
' . L/ r il
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O RESI\STOR  COLDR  (COPOE. ~—  <SEE  TROSE  COLOR CODE

BANDS  ON_ THE.  RESISTOR  PICTORIAL ? IN REAL LIEE

THEYRE XIND  OF  PRETTY. RQUT THEY _HAVE A _FAR

MORE IMPORTANT PURPOSE. & THEY. INDICATE. . THE.

RE S\STANCE. OF THE  RE<ISTOR THMEY.  DECORATE .

HERE’S RHOWL..

COLOR . ..CoRE....BANDS

Jo COLOR

B (MULTIPLIER)

BLALK

Q... L NOTE . SOMETINES

BROWN 10 THERE'S A _FOURTH

100 RAND.. 1T INDIATES

ORANGE 1,000 [THE.  TOLERANCE OF .| .

YELLOW e A0 OO T B A BB ST O

GREEN

RLUE 1,000,000 . |GOLD = TS %

o VIOLET 10,000, 000 iswvER= T 10 %

GRAY

/
¥
1.
o o)
1 1
RED | 2 2
3 3
4 9.
5 S 100,000 ..
[ﬂ Q
) v
o) =)
9 9

100,000, 000 . INoNE = F720%
W ITE.

_{NoNE)
o+

e * OR._ACCORACY. oo

| ookS  COMPLICATED  THE _EIRST  TIME ... BT You'll QuICKLY.

LEARN  How TO USE 1T, FOR EXAMPLE o . .  WHAT'S. THE

RESISTANCE . QF A . . RESISTOR. . .COLOR. . _CODPED . NYELLOW 4 o

VIOLET _ AND._ RED? CNELLOW . 1S THE.  F(RST  COLOR. SO .

LTHE  FIRST NUMBER A4S A oe  MIOCET. IS . THE _SECOND
L COLOR. SO _THE SECOND  NUMEER 1s_7. SINCE . THE

TRIRD  COLOR. . IS RED , THE . HOLTIPLIER 1S 10O .

THEREFORE ,  THE .. RESISTANCE 1S A7 % 100 . 0OR
4700 OHMAS ., ND  FOURTH COLOR BAND MEANS THE
LACTUAL . RES\STANCE 1S 4200 * 20 % . 20.%. . OF
Haoo. . 1S 940, THEREFORE , THE _ACTUAL VALUE. IS
L BETWEEN 23260 AND  S40. ORMS

D) SURSTITUTING. ... RESISTORS — WHAT. _IE.. . You  NEED A
(700~ 0HM.. RESISTOR.. . BUT. . CAN. __ ONLY.  _ FtND A B0~ OHM
UNIT.2  You.  CAN. . ALROST.  ALWAYS. _VSE. . ANY.  VALUE. . IWITHIN .

%

10 _OR_.20% . 0F THE REQIRED VALVE SO GO AHEAD AND

VSE.. 1T, IE._ A PARTICLAR  CIRCUIT  REQUIRES  MORE ACCURACY..

T WILL  TELL. YOle. .. OF  COUVRSE .. .YOU. . CAN. .. BullD. P CUSTOM oo
RESISTANCES . BY . CONNECTING _ TWD. . OR . IMORE. . RESISTORS .

IN_ SERIES OR _IN _ PARALLEL . MORE  ARour THAT . LATER.




O RESISTOR SUBSTITUTION PRECAUTIONS — RESISTDR S THAT

CONDUCT LOTS. OF.  CURRENT Canl . RBECOME VERY HoT |

| TRERE FORE ., . ALWANS USE . RESISTORS. __ HAVING THE
PROPER POWER RATIN.G.. [E._ A __PROTECT. YOU'RE

| BOILDING... DOESN'T. .. SPEQIEY. . THE . POER RATIN G
[ FOR .. JTS. . RESISTORS , . (TS USUALY. . QK _TO _USE
My oR. Y2 WATT  UNITS.

L) SOME  RESISTOR. _SHORTHAND —  OFTEN _You%is SEE RESISTORS

|_DESIGNATED WITH A K _OR .M _SUFFIX .  LIKE. 47K  _0R

IOM. K. MEANS KILO , AFTER. . THE  GREEK. __IWORD _FOR
1,000,  THEREFORE . . 42K . _NMEANS. . H7. % 1,000 . 0R 47,000,

M. IS _ SHORT. FOR . [MEGOHM. . OR .1 000,000 OHMS.

L THEREEORE . A 1M ___RESISTOR HAS.  A.. . RESISTANMCE . OF
1. % 1,000,000  0OR . .1,000, 000 OHMS.. . . SUHKING. L.

K= % 1,000 (41K= 42 % 1,000 2 47,000 OHMS)

M= x1,000,000 (2.2H=2.2 % 1,000,000 = 2,200,000 OHMS) ____

D__OTHER  KINDS. . OF RESISTORS. —. .  THE. . CARBON

|LL.AOMPOSITION. . RESISTOR ... 1S __ONLY ONE __OF SEVERAL
L. MAJOR . KiNDS .. .. OF .  RESISTORS e ... . HERE ARE.  QTHERS & . ..

METAL _ElLmM . RES\STORS .. VARIOUS... KINDS. _OF  RESISTORS. ..

THAT.. USE A THus  ENm..  OF.  METAL _OR A __IMETAL
PARTCLE . MIXTURE .. . TO.  ACHIEVE. .. VARIOUS. . RESISTAMCE Sa.....

CARBON _FiLr. RESISTORS..  THESE . ARE __MADE __RY

LDEPOSITING. A CARBON. . ENM. ..ON. .. A. .  SMHALL... . CERAMIG .

CYLINDER «.. . A SPIRAL . _GROQVE . . CUT.  INTO.  THE. . LM

o LEADS . BENCE  THE.  _ RESISTAMNCE. .

CONTROLS . THE LENGTH . OF CARBOMN .. BETUWEEN THE

WIRE ~WOUND.._ RESISTORS .. . THESE _CONSIST 0. A
TUBVLAR. . FORM... MRAPPED. . WMTH... COILS.. .  QF.  RESISTANCE ..

WIRE.. . THEY __ARE __VERY . ACCURATE AND CAN ____TAKE
LOTS oF HEAT.,

W,M.W.Rlaom&E.SJMinm&sm.wm,V.,AL&Q.W,m.cac,.g&b_ﬂaM:q,_,:VEAQIQWQELL;&,.WWM,M&AD"EWWWM_...
FROM A LIGHT SENSITIVE. . MATERIAL __LIKE _CADMIUM .

edone DR E o INCREASING... THE. LIGHT. . LEVEL  PECREASES. .

TRE RESISTANCE.. MpORE. AROUT.  THiS LATER .

THERMISTORS.. THIS...AS. A TEMPERATURE.. SEMSITIVE

RESISTOR.. INCRE ASING THE . TEMPERATURE. DECREASES .

THE  RESISTANCE (1N MDST  CASES).

30




THE.

el TO._CBANGE
e BESASTORS _ARE _ CALLED  PDTEMTIOMETERS.

VSED

RES\STANCE

RESISTORS — OFTEN _IT's

NECESSARY

QF._._ A ___RES)

STOR.. VARIABLE

e,

ALTER  ThE

THEY ARFE

e THE . BRAGHT NESS OF

VOLUME. QE A, RADID N CHRANGE
THE __CALIBRATION

A

LAMP . ADIUST

of . A _METER , ETC. TRAMMERS ARE POTENTIOMETERS
EQUIPPED WITH A PLASTAC _ THUMBWHEEL OR A. . SLOT .
EOR._. B SCREWDR\WER RLADE , THEY ~ARE  DESIGNED EpgR
OCoaSIOMAL  ADTUSTMENT.
10 RESISTOR  SYMBPNS.: \
AAAA AN (AAAA) AAAA)
T \T_/ NS
S e S

e EAKER. RESVSTOR . POTENTOMETER .  THERMISTOR _ _  PHOTORESISTOR

How. RESISTORS ARE USED

B SERIES CIRCUIT — OFETEN RESISTORS ARE CONNECTED N

SERIES  L\KE  THIS S g1
— 1 THE ToIBL. RESISTANLE 1S ( ST .

SIMPLY. THE._SuM_ oF THE. Ry 9§ R7 Re.= R1 +R2Z
e AN DIVIRUAL  RESISTANCES. & e
e L PARALLEL  CIRQUIT — RESISTORS  CAN  ALSO . RBE

COMMECTED N PARALLEL  LIKE  -THIS..
e THE. _DTAL  RESISTANCE 1S -
| TRE _PROBUCT. OF _THE. R1 X R2

Two.. RESISTANCES _DIVIDED Ry R1 éﬁ’i_ Rem —
L 8Y _THEIR _SuM. L R1 + RZ
et EOR _THREE OR._MORE _IN_ ,.Magau. E.g.u,, Go FIND. . NOUR

QAL CLATOR BECAUSE .

Ry = e ii
R R -
— L H VOLTAGE . _OWISION = SUPER _IMPORTANT ! R1 :
e M oS DETERMINED . BY.  RATIO _OF _R1. .. .. '
Ane  R2.  HERE'S  THE . FEORMULA . Moot
Vn - = VIL] /‘ R’L \ 27'
\ R1 + RZ/




CAPACITORS

THERE ARE. MANY KINDS OF.  CAPACITORS ) BT THEY
VAL DO THE.  SAME  THING i . STORE. .. ELECTRONS., THE

g SimelesST. . CAPACITOR 13 TWO....... . COMDUCTOR S SEPARATED

BY AN _INSUWATING  MATERIAL . CALLED THE DIELECTRIC

ALIKE THIS, ¢

TN

/ CONDUCTING

cumsew ¥ PLATES.__\

\

CoMNMECTION

. G — <
b B EBADS e %% ., Wm,ajgf.acxm e |
D 7
s = \ /
"&.__________./

THE. __ DIFLECTRIC .. CANL. BE . MBAQ_ag,WWELQ.,ST;c FILM., MicA.,

) QLASS o CERAMIC o . AIR... OR. . A  VACUUM. THE . _ALATES QAN
BB ALURINUE.. DISCS 4 ALUSUAUM. . FOIL . OR A THIM..  ElLM

DOF  METAL ... APPLIED. . .. TD. .. .. QOPPOSITE . . SIQES . ..OF A  _ _ S506t0 . . . .

o\ DIELECTRIQ.. . . THE  COMDUCTOR — DIELECTRIC — CONDUCTOR. . SANDWICH
e p BN BE  ROLLED... . .| INTD. . A CYLINDER.... OR.. . LEET. .. EtAT. MORE
L ABOUT. .. TYPES ... 0F .. CAPACITORS LATER.

|l _How To MAKE A _caPACITOR

NYou.. .CAN. . MAKE. . A CAPACI\TOR  FROM. . _TWO. _SHEETS OF

L LIKE . THLS .S

Qo ALUMINUM . Folb AND._ ONE _SHEET.  OF .  WAXED . PAPER. . EOLD [ .
L THE.  PAPER. . ARDUND.  ONE _EolW.  SHEET . AND  STACK. THE SHREETS. | ..

THEN.... . FOLD . THE. .. SHEETS { .

Fol..._.. [ L CEAKE L THLS

. -
} FoLpEd A 4 =~ Fo. = 7 7

iy ad //_‘/// e 4 £ ot

AN

— P
PAPER . . i waxep.  PAFPER

| BE. SURE_ TME _FoIL  SHEETS. DoM'T.  TOUCH.! _ PRESS. TuE. | ..
CONTALTS  _OF A Q-Voer . BATTERY _BRIEFLY. TO THE. | ...

EXPOSED ENIDS OF THE EouL SHEETS . THEA

TOUCH THE PRORE S OF A HIGH — IMPE PAN CE

MIWLTIMETER Bt} THE oLl SHEETS. THE ME TER.

Jo Wil INDICATE A SHALL.  VOLTAGE. . .. _ EOR A FEW/
SECOMDS. THE  VOLTAZE WAL . THESM FALL T ZERD.




4B CRARGING. A CAPACITOR — THE  MINUS.  SIDE_ OF

~JOUR. . HOMEMADE . CAPACITOR . . .15 QHARGED . . iU m—l ELECTRONS
~ (ALMOST _IMMEDIATELY ... SIMCE _ RESVSTORS. . LIMIT. . CURRENT
et YOO CANL SLow. . DOWN. . THE __ CHARGING. . TIME BY. PLAC- .
e NG AL RESISTOR. .. BETWEEN. ... THE _ _CAPAC\TOR. _AND .
TR G o VO o BB T T E RN o

9 voLrs e G RAPH OF "D'IE-
Lo LRARGING _TIME

B DISCHARGING. . A CAPACITOR — THE  ELECTRONS. .. IN.. .
o A CHARGED . CAPACITOR. ... WILL. .. GRADUALLY  _ LEAK  THROUGH
o THE L DIELECTRIC . UNTIC  BoTH ... PLATES . HAVE EQUAC . ... .
.} CHARGE , . . . THE _ _CAPACITOR  Is. __THEN _ DisCHARGED. _THE .
L CRAPRCATOR | CAN  BE  DSCHARGED | VERY. . QuUWlkLY.... B8Y. CoN-—
b NERTING. . ITS . PLATES ... TOGETHER. . OR.. AT. CAN. BE
e DISCHARGED  MORE . SLOWLY. .. BY.. . . CONNECTING .
LRESASTOR | ACROSS. 8 o e e

LHERE'S. A
GRAPH _OF TRE
_DISCHARGE TIME.: . .

(CHARGE!

IO SPECIFYING  CAPAC ITORS-- THE ABILITY. 'ro s-rorza SR,
. ELECTRONS IS KNOWN As CAPACITANCE . CAPACITANCE . SPECIEIED.
AN FARADS ... A I=FARAD . CAPACITOR .. CONNEQTED. . m A AmvelT
] SupAY Witk STORE. G, 280, 000, 000, 00D, 000, 000 (6.28%108)
| ELECTRONS. L .. MOST . CAPALITORS . HAVE _ MUCH . SMALLER VALUES. . ...
e DEVALL . CAPACITORS  ARE . _SPECIEIED . IN. .. PLCOFARADS (TRI'LL'OMJTHS
o OF A FARAD) AND. . LARGER. CAPACITORS. ARE. . SPECIEIED __IN.
JMICROEARADS . (MULIOMTHS _OF .~ A FARAD) ... SUMMING UP.S

B

l MtcRoFARnD E
1 PICOFARAD =

o ooo oo.z F

_.M_o 000 . 000. ooo oo.t F

BSTITUTIN GC’APF\CITORS"*‘W—'E _CAPACITANCE _ SPECIFIED .. .
T...CAPACITORS . . MAY _BE __FRom. 5 TD 100 %.. . AWwWAY.
_THE. _ACTLAL. MALYE «.... THEREFORE . NOu. CAM.. . OFTEAM. ...

| SuBSTITUTE _ Olose. L MALVES .. FOR . A . SPECIEIED. MALUE oo
BE  SVRE.., .. ROWEVER , . To  USE A __ CAPACITOR .. RATED.

VAT THE . EXPECTED . MAXIMUM.  _ VOLTAGE  LEveL\




0 CAPAC I TOR SUBSTITUTION  PRECAUTION S —— You__MUST

THPY 4 MAKE. . SURE. .. . THE. ... CAPACITOR You... BLAN.. TD
A USE MEETS _ OR.. EXCEEDS. _THE. RERUIRED

VOLTAGE RATING. OTHEEWISE ITS  RIELECTRIC

ANV MAY. BE._ZAPPED . RY. THE. _STORED.  CHABGE.

oM. THE CAPACITOR . V.. MEANS.. . VOLTS . Wy

/ \ THE VOLTAGE RATIN G 1S UsSuALLY PRINTED
J

1S WORKRING VLTS ( SAME ‘mms).

[J_KINDS OF CAPAC ITORS ~— (APACITORS. . ARE.. OFTEAL _LABELED
A CCaRDIN e To THEIR. . PIELECTRIC . THIUS SYoulte SEE

REEERENCES ... . T0.... CERAMIC .. MICA. . POLYSTYRENE . AND. .. [18NY.
OTHERS. ALL THESE .. ARE FIXED.  _ VALLE. . . . CAPACITORS.

SOFE CAPACITORS o HAUVE A VARIABLE. . CAPACITY ArD

A.. . SPECIAL CLASS ... OF.... . . . FIXED _CAPACITORS. ....HAS . [1LCH.

MORE.... . CAPACITY. . THAMN. .. OTHER... . CAPACITORS... . .. HERE’S _I10RE _

VARLABLE  CAPACITORS .. THESE. . USUALLY. . HAVE. . . OME.. OR. . MORE

NOM = MOUNG..... PLATES ... AND..... . ONE... . OR . [10RE. MOVING... . LATES.. .
THE. CAPACITANCE. 1S CHAANGED. . BY _ RoTATING. . . A.. .R0D

AEE IXED ™ ONE. . SIDE. ... OF. ... THE MOVASBLE PLATES.

MOVABLE oo @ " - SCREWDRIVER

e MoVABLE, @

THIS. . KIAD IS . USEQ. . TO. TUNE. o THES.  KIAD. . 1S MHIED TD

RADID. RECEIVERS. . AND.  TRANS. ™ o TUME . OSCILLATORS . LIKE .

DMITTERS v THE. . DIELEQCTRIC THOSE.. . USED N e ITAL
15 USUALLY. . BlRo o WATCHES. . THEY'RE. SMAL.. . .

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

OXIDE __ LAVER FORMED . OM. . AtumisuM. . OR. . TANTALUM. ..

Foit s THE . DIELECTRIC. . MOCH HIGHER CAPACI TANCE

THAN NON = ECECTROLYTIC ... TYPES.. . TANTALUM. . .. LTS e
HAVE _ MORE _ CAPACITANCE . PER. _ MOLUME. .. At  A. LONGER.

LIFE _THAN ALUMINUM.  BLECTROLYTICS.,. . . BUT _THEY
COST MORE. . MDST  ELECTROLY.TILS. . ARE.  FOLARIZELD a

THEY MRsT.... . RE..

A COANECTED. INTO A ClRLAUIT N THE
PROPER DIRECTION &

e POSNTAME  LEAD.. [AMST e

OFN

= TiILE
22 GOo..T1TD MOST....BDSI

T LONNECTION . POINT

s S =
D
(J

:===._~—_-'L:£I’YOI

3 l_‘ ————— 7 AT A A T




O CAPACI\TOR SYMBOLS @

~

VA il 4
—l \ I \ s l “ o U - N

EWXED EIXED i M ARIARLE

D WARNIN.G ! CAPACITORS . CAN . STORE A CHARGE.  FOoR .
A R A__CONSIDERAELE . TIME. A FTER. _ THE . PowWER
B I §\__, M;EDW.IHEM WHM&EEN SWITCHRED . OFE.,

CTRIS CLHMARGE. . CAN. . BE _ RAN esaou s A

A ABRGE . ELECTROLYTIC. . CH&RGED oNLY
LLELOR 10 MoLTSs c HELT\, THE LTIP oF
e B SC i?.EwDP-NE& PLACED. ...,m.,,‘..‘,ﬁmcgo.;.s.m.,_u..,,_s TSwwm
_TERMINALS HiGH _MOLTAGE .. CAPACITORS

4.1 KE. m—\oss,usepw TELEVISION . SETS

252 uF AND . PROTOFLASH.  UNYTS. . .CAN. . STORE A .. .. .

e GETHAL  CHARGE L. NEVER . TOUCH  THE ... . ..
uuuuuu e EADS. _OF . SVCH. . A __  CAPACI\TOR. . AT

00V

THE . VERY. . LEASY. THE .. JOLT. . _CAM. ...

N THRowW. .. You... ACROSS. A Room.l

m,u.ﬁowwmW.c.a".eaﬁg,mLj:diiﬁfﬁfffﬁfﬂf‘

AR,E,..,, [u,éf"é;b

=) PﬂRM.LEL CIRCUIT — _QFTEN. camc rrog.s A&& co NNESTED. IN

JPRRALLEL . LIKE . TH l.s_k. :

.“TJ:\EWTOT’RLMQP&?AQ‘T?MJCE, I DR
1S..THE . Sur _0F THE  Ceq

J-INpwvIouA L | CAPACI TANCES....... & ..

O SERIES  CIRCUIT —  SOMETIMES . CAPACITORS e
‘‘‘‘‘‘‘ .,hu.ﬁgca,;mbm.‘,,., N SERIES  LIKE  THIS ... R
mme'romt- camcrmu CB o g P
WWWWWWWW J§TH&PRQDU(:TQFTHE. B

Tuweo. CAPACITANCES

DWVIDER RY THEIR _SuM. L J=<) €14
| THREE _OR.__MORE __ CAPACATORS. _ n_. SERIES ? HERE’S  1mE

PoRHULA .

-

[

Cer

L
e1i ¥t iz r ¥ ... ETe,

C_AND . MoRE — THERE ARE MANY OTHER Ways 1D YSE

CAPACITORS , SOME ___OF  WHICH _ARE _SHOWN NEXT o« o

o —.




RESISTOR  AND. CAPACITOR. APPLICATIONS

RESISTORS AND ___ CAPACITORS. .. .ARE. .. _THE . _ . KEY INGREDIENTS

oF MANY ELECTROMIC ... CIROUITS o iHERE  ARE.. . SOME. .
REASOANS WHY o

10 POWER _SUPPLY. EUTER — A _CAPACITOR. . Wil _ SMOOTHM

(FILTER). .. _THE _ PULSATING VOLTRAGE. ... FROM. .. A PrwWER

SUPALY __INTD.. A STEADY. . DIRECT. _CURRENT (.DC) .

+

R

Toan C.  FILTERED. ouTPuT VOLTAGE

Z Y AN

)

. - Cned)
(&8 o C4

i ACTER N ATING A

T GROUND

_CORRENT._(AQ). . RECTIFIER. (1ORE. LATER)

. SPIKE.  REMOVER .= DIGITAL . 40GIC _ CIRCUIT.S , . MWHICH.  WEZL.. ..
FIND.. . OUT.. 1MORE _ABouT. . LATER , . CAN. USE.  _4OTS.. QF. . CUEREMT..

MOMEMNTARILY.. WHEN. THEY SWITCH..... .FROM OFF _.TO . OA

OR __VICE . WERSA. .. . THIS . CAN . . CAUSE. . VERY __ BRIEE. _RBUT

SUBSTAMTIAL . . _REDUCTIOA.S IN PO ER APPLIED 70 MNEAREY

CIRCVITS.. .. THESE. .. PowER . .. $PLkES . (OR LITCHES o .  AS

THEY ARE. . SORETIMES..... . CALLED) CAA ... BE ELIMINATED

|8y _praciNG. . A sHALL . (0.1 . mE)  CAPACITOR . . ACROSS
THE. . POWER. .. LEADS. o THE b uc  CIRCQULT.

VOLTAGE &ELVEL
e LTS T LALPACITOR ...

P

S

-4 -

P

m

an

a

r

m i
£

VOLTALE LEVEL
WITH...... . . CRAPACLTOR ...

”*- —i—

CIRCUIT oo KRAPACITOR. .. ACTS LIKE _MINMIATURE

LBATTERY. . THAT. . . SUPPLIES. . . POWER .
e DURING..THE SPIKE..

EIAC*DCMSEA.ECTW&WF/LTEE — OFTEA. AN ELECTRICAL

LSlenaL el BE . RIDING AToP A STEADY D SleAA....

EOR. .. EXAMPLE ... THE . SIGNAL FROM A . LlGHTIAAVE
QOMMUNILCATION.  SYSTEM. .. B1AY..... L00K LIkE THIS WHENMN

1TSS . DARK ... e BT

SUNLLEHT.  .CAUSES. .. THIS . -
nnnnn A P 123

& L e

~“~STEADY DC OFFSET

o
S
%4
-
=N
ol
—
2:
—~
CD
£
q{
| o+

CAusen 8Y SunLIERT

A _CAPACITOR . il . PASS . THE. . FLUCLTUATING SIGAAL .. AND

L.COMPLETELY. . BlLOCK _THE  STEADY pPC  LEVECL .




AR RC . CIREUITS —  Two . CIRCGUITS . THAT. _ COMBINE. A
RESISTOR _(R). . AND CAPACITOR (&) ARE.. . VERY.  [MPOR=

TanoT . THREY ARE __THE INTEGRATOR .. AND  DIEEERENTIATOR

BotH THESE CLROUITS ARE USED. .. TD RESHAPE AN Ay =

COMIMN G STREAM OF WAVES O PULESES..,

THE  _PRORUCT. .. OF R_AND ¢C N, THESE ClLRCUITS LS

CALLED THE B¢ TIME CONSTEMT . Eor THE CIRCUITS
Pon e AL P VL e e W )

SHOWA. . BELOW., . THE _ RC TIME . CONSTANT . (IN_ SECOMDS)

13 AT LEAST TEN TIHES THE INTER VAL BETWEEA

INCOMIANG CYCLES OR. PLILSES. .

e L INTEGRATOR . HERE’S A EASIC RO __INTEGRATOR.

S PSS N 0 I

R .. (J\) ¢ - :_/\/\/\

—
o

é

L& THE . INPUT ___PUISES ARE ... SPEEDED UP, THE

e OUTPUT. . WAVEFORMS _ (OETEM. CALLED A SAWTOOTH).. WILL
NOT._ REACH . THEIR . FulL  HEIGHT  ( Ampu-runs.> AT

mmmmm L EASY.. T . DESIGN AN AMPLIEIER THAT IEANORES

b WAVES WATH LESS THAA A DESIRED AMPLITUDE. .

OO I, THEREFORE. , THE . INTEGRATOR .. CAN. ..  FUNCTION. .  _AS A

EILTER Wi iCH PASSES ONLY.......SIGNALS BELOW
A CER TAIN FRE. O VENCY.

o e DIEFERENTIATOR . HERE'S A BASIC. . RC DIFFERENTIATDR .

N
TN o \~J . OUT
¢ -
R NI T A A
_ ouT.

THIS CIRCULT PRODUVCE S SYMRPETRICAL QUTPLT. WAVE.S
WITH... . SHARP _ POSITIVE. . AND NEGATIVE _  PEAKS . . IT’S ..
YSED T HAKE ... NARROW PULSE GEAERATORS FoR

TELEVISIOMN RECEIVERS AnD 0. . TRIGAER DIGITAL
LOGIC CIRCUITS .

_W;,MIQ . THE . RC TIME. COMNSTANT. OF A CIRCUJT. IT'S THE _

e LAME . IN. SECOMDS . FOR. .. _A. CHARGIANG. OR DISCHARGING. o
....... |CAPAQITDR _T0. . GO THROUGH. 65.3% OF THE CHAMGE IN. CLHARGE..
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COILS

|ECECTRONS  MOVING . THROUGH _A.. WIRE

CAUSE
ELECTROMAGNETIC  FIECD . TO . EMNCIRCLE . THE

AN
WIRE. .

L AS YO KNOW  FROM . QHAPTER.. L, . . PASSING

|THROQUEM. A WIRE __ THAT'S . BEEMN. .. WRAPPED .AS A _Cole .
{CP.15)  CREATES. ... AN _EVEN. . STROMNGER. . FIELD.
JMAKES . POSSIBLE ... SOLENOIDS ... . MOTDRS...
JC0ILS. . HAVE  QTHER . IMPORTANT . ROLES ,  TOO

A QURRENT

THIS.  FlELD
AND._. ELECTROMAGMETS,

*
»

1..Cols.  RESIST RARID . CHANGES.. IN._ _ THE . _GCURRENT _FLow)=

ING . THROUGH . THEM _ \WHILE __ FREELY PASSING. ___STEADY. . .__

b (D). QURRENT ... MERE. . . ARE. .SOME .  EXAMPLES. :

SleMnAL

o SLOML_SINE L WAVE T A

Jono BAST. SINE  WAVE . JUUMNUU 0000 T

SLowW. SQUARE WAVE .

1. FAST SGQUARE WAVE — .

e Ber L BOME.OF
JCANL BE.__ INDUCED . ((TRANSFERRED) .. .INTD __ A __ SECOND, NEARBY .
Q0N L TRIS. . )S. . THE. . .PRINCIPLE . OF . THE. TRANSFORMER &+ e

b SOMETUMES A COIL il ADD.  RINGIMG. . .TR. A SQUARE . WAVE ..
L PASSING | THROUGH. .. 1T. .

b RESV\STANCE . OF .. . THE. .. EXTERNAL. . CURREMT.
L. CONMNELCTS

e THIS . CAN. . HAPPEN. . WHEAL  THE .
PATH THAT
OF LTHE ... COM .. 15 .. HIcH.

e DQUARE . WAVE ]

%),

THE.  ENERGY. . IN. .. THE. FIELD .. AROUND. ... 8. _ L0l

-

3

THE INPUT... SIDE. . 0OF . THE . TRANMSEORMER. .15 CALLEDR .
THE PRIMARY, THE . OQUTPUT SIbE 13 CALLED THE

______ SECONDARY,

[ S—




I TvyPeES OF  (C0HS — THERE ARE MANY.  DIEEERENT

TNYPES OF COILS , HERE ARE SOME OF THEM =

b L TOUNING.  COIL ... RADIOS... USE .. WVARIOUS CoiLs 0. _HELP
B SELECT A DESIRED SIGN AL . TUMIN G COILS HAVE
A.. _SERIES . OF TAPS OR A _MOVABLE CORE S0
TH E,..L,&m.WWJ.M"Q%M_&&E.ZWm.W.&,&_gs;ﬁ.w.m.,..&.E_.s,.oN ANT. . FREQUENZY,  CAN .
BE CHANGED. A
TYPIOAL . A U A/ Y (ORE __ADIUSTHMENT. _ SCREW
TUNIN G ’

0oLl S— TERMINALS * 0ePOSITION. . TO

CURRENT _CHANGES

ANTENNA Lol RAaDIOS OETEN USE. A CROADLY

TUNED Cold IO Piek ()4 RADIO S1EN ALS.:

TYPILCAL EERERITE
ANTENNA < GoRE
Lol —_— (BAR-SHAPED)
Coit, —-‘j

CHOKE .. {SED IN L MANY. CIRCUITS | TO. LIMLT.  OR

SUPPRESS FLUCTUATING. SIGANALS. .. WHILE PASSING _A

e DYEADY. . CORRENT. . CHOKES.. .. ARE .. AVAILABLE IN

MANY. SHAPES. . _AND. .. SI2ES.

- CONNECTION.

TABS

TRANSFEORMER , S0 _IMPORTANT WEML DEVOTE A

ComPLETE. SELTION 0. 1T,

THAT

A _APPLICATIONS,  FOR.__COILS — IN__ADDITION _TD . THOSE

|.ALREADY . DESCRIBED ;... CoiesS . ARE _ WSED _ IN EILTERS

SELECTIVELY PASS SPECIFIC FREQUENLY. BAMNDS.

O CAUTION . A HIGH VoLTAGE.  PULSE. CAN . BE. PRODUCED

IN A CHOKE  WHEN. _THE __ CQURRENT. . FLOWING _ THROUGH ..
T 1S INTERRUPTED . BE _CAREFUL.
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TRANSEFORMERS.

L TRANSFORMERS  _ARE A _MAJOR. . CLASS QOF___COILS
HAVING TIWO. .. OR MORE WINDINGS USUALLY

WRAPPED ... AROUND. ... A . _COMMOAN. . QDRE MADE FROM

LAMINATED. . . IROMN.. . SHEETS. HERE S A SIMPLE

TRANSECRMER ¢

SECOMNDARY

N (AMINATED. _ CORE

|k THE CURRENT. ... FLOWING. . THROUGH. . . THE __PRIFIARY. . .ColL . .

1S FLUCTUATING ., THEM o A QURRENT ... AILL  BE  INDUCED. .

INTD.  THE SECONDARY...  WINDIN.G. A STEADY._ . (.Dg)

erensrmemermn e G R R BT MWHMLL . NOT  BE  TRAMSEERRED EROM.... . ONE ColL,

TO. . THE. . OTHER.

I How THEY WORK — TRANSEORMERS  HAVE THE  ABIITY

.. TRAMSEORM.. ..  MOLTAGE. . AND. . CURRENT . T  HIGHER ....QOR

LOWER LEVELS. THEY. .DO. . .NOT 4. QF _COURSE ,  CREATE
POMIER .. FROM. .. NOTHING... .. THEREFCQRE. ... IE. A  TRANSFEORHER

| BoosTS . THE. . VOLTAGE. .. . . OF A SlenAL, /T REDUCES

[ ) QURRENT. AND.  IF T .  CYTS THE VOLT AGE _OF
A SISMAL ... AT RAISES .  ITS CURRENT. /N OTHER

WORDS .., THE POWER _ FLOWING _ EROM A TRAMS FoR MER

CANMOT. . EXCEED. . THE. . INCOMING.  POWERIL

OTURNS  RATIO — THE _RATIO.  OF. . PRINARY _TO. .  SELONPLARY. .

TURNS. . DETERFMIMES. . A TRANSEORMERS. . VOLTAGE __ RATIO....

1.1 RATIO. S

: FERRED.. . UMALTERED T THE SECOMOLARY, OETEA

T &—— LTHE PRIMARY.  VOLTAGE _AND _CURRENT. . . . ARE. . TRAMNS=.. .
- __

— CALLED. . AAL .. ISOLATION . TRAMNSEFORMER.

STEP~ LP

— THE VOLTAGE. 1S . _INCREASED By THE. .  TURNS. . .RATD.

= 33 THUS. A_. 1:8&  TUeMS. . RAtmo WL B00sT . S=VOLTS

= AT, THE. _PRIMARY. _INTD 28~ volTs AT THE _SECONDAR!

b STEP=DOWNL..

= THUS A 5:1 TURNS.  RATIO  wiLl DRpP. 25 -VouTs. AT

glm @ THE _ VOLTAGE 1S REPUCED. . GBY. . THE. TURNS  RATIO.
]

THE _PRIMARY. TD. . .S-¥OLT.S. AT . THE SECOMOARY... . .
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[ TRANS FORMER _TYPES. AND. APPLICATIONS — HERE ARE
SOME or T™E MAJOR TRAMS EFORIER.  _TYPE S ...

[SOLATION.

T . : e _ ¥ FERRITE _CUP_CORE
W Wwwm.musﬁf.aw,ﬂ,mw__w.Lsno,;u.ﬂ,IEWw.u.;m_..,w.n,_&o_ssw /‘Dﬁ
\ i DLEE EREMT.........LART &

Nf

S DRSO NP 1 { W OF.. .A. CIRCUIT.. AND
" =

&W T2 .LROVIDE . PROTEQTIOM......... 51
|- FROM. ELECTRICAL SHOCK o N ]

l.

STANDARD. 1:1 MisIATURE. 11
190LA.TION L30LATION

POWER _CONVERSION.

QEITEMN USED "
S WSS oS- Ay & > SN > 8 =3 > IV X SO e
' POWER . LINE
nnnnn o A UOLTAGE 1D
el T N2 USABLE.  LEVEL, OTILITY.
COMPANY.
POWER e TRANS FORMER |
e | TRANS FORMER

. w&‘mm g
=S| =,

| HIGH = VOLTAGE.. 1\
R

W, USEQD.. . .TD... . PRODUCE . é
i LGMITION... SPARKS d=1_ TESLA

ey .
,./'[( ‘-AUTO HOﬂVE- iN GASDLING. . BNGIMNES . ] COlf
N AGNITION ALSD..  WSED _ TD. . POWER
[ QOIL TV PICTURE _ TUBES.,
SOHE _ LASERS., . MNEOM

LJG,HTSs ETC,

~

l

f

(
‘%

USED__TD_ MATCH _ THE

A ALMPE DS NCE T P AN

3 AMPLIFIER T . THAT. . DOE -

> B MICROPHONE., SPEAKER .. _ 4-
, * PPOSITION . TO.THE FLOW. OF 11

N __ALTERNATING _CURRENT. .. _MINATURE

TAPPED PRIMARY.

e BIND..... . . SECOMNDARY. W.,W&m:c-,w L LEADS . OFE _TRANSFORHMERS ARE  COLOR

WINDINGS ObDED..
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L. SEMICONDUCTORS

THE MOST EXCITING AND IMPORTANT ELECTRONLE

COMPONENTS ARE MADE EROM CRYSTALS CALLED

LREMICONDUCTORS.,  DEPENDING. . ON.__CERTAIN __COMDITIONS )
LA [EMICONDUCTOR CAN ACT LIRE A LoNMDUCTOR. _ OR

AN INSULATOR,

alcicon

THERE ARE MANY. DIFFERENT SEMICOMNDUCTING MATERIALS, .

RuT SWLICON , THE MAIN INGREDIENT oF SAMD R IS
THE HOS5T POPULAR.,

SICiCoON  ATOM .

A _SItiConN . ATOM. ___HAS . BuT @,

FOUR._ . ELECTRONS. __IN.._IT.S Q0 o

OUTERHDST . SHELL. ., . RUT. . LT / 6.0 N\ ;j\:lﬁ:.ﬁcmommswmm
WOULD  LIKE. _ TO.... HALE f ) 9

EIGHT. __ TMEREFORE , A NUCLEDS /"U \-""H:}&smsﬁf.:.w.<s_.m,_W.Ww

SLLASON ATom WILLL . LINK O . 5 o © /,‘--
UP... ATH FOUR. ... OF 4TS ) /
| MEIGHBORS. _ TD. SHARE ELECTROMS.: e O

b CLUSTER OF SILiCons . ATDHS

e SHARIN G OVTER . ELECTROMS

FoRms A _REGULAR _ ARRANGE=
MEMT. CALLED A__CRYSTAL.
L S e

—— THts..._ 1S A MAGMIFIED VIEut

//‘\ it ‘ OF. A SILICON.  CRYSTAL. TD
‘\ 00.-/ KEEP. ... . THINGS SLMAE,  ONLY
A THE DUTER ELECTRONS _OF ...
(Do\ WQ ? EACH __ _ATOM. . ARE __ SHOWA.
K / \
SILLWLON. . FORMS 2.7 % . 0F  THE.  EARTH’S. . CRUST.!L . oMLY
OXY.GEN IS MORE COMIOM. IT)s.  NEVER. . FOUMD . IN._ THE
PURE STATE. WH.EN PURLEIED. ., LTS PARK. . GRAY __In.__ COLOR.
- DU <> "SEED”
] SILICON.  AND __DIAMOND.__ Ay GRYSTAL____S)MLICOM__CAN _BE
e SHARE  THE ... 'E'ufh'“*fliCRYST}‘H.Ww SIS BULE  GROWN . INTD..BIG . —

e L STRUCTURE . AND.

OTHER . .. ..
\4 { . PROPERTIES.  Bur Ne

S MocTEs). . CRYSTALS. UT'Ss CuT
SiLicon INTD. WRAEERS. . FOR

WWMN@ T SILICON IS MNoT 2 i I\ §2 HARING . ELECTROMIC
b= a
Jmaws PARENT. % 2,570°F ___PARYS, Qjﬂ//ﬂa
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O SILICON. RECIPE S —— PURE _SILICOAN ISN'T_VERY USEFUL,

THATS WHY  SiLiCon  MAKERS

SPICE. ... UP THEIR SiLeon

” /((1\ ¢ é S //// RECIPES WITH...... A......RASH... QF
f/@’%\\\\. - . _PHOSPHORUS. ... BOROM.... DR _OTHER

GOODIES. THIS 1S . CALLED

DOPING THE SILLCOA., WHE N
GROWN___INTO _ (RYSTALS, DOPED

e
SiLicon

SIICON. . HAS  VERY USEEYL

ELECTRONIC.  PROPERTIES.)

NP LN SPICED SIICON LOAF — BOROM., . PHOSPHORUS.  AND

— lCERTAIN . OTHER. .. ATOMS... . CAAN Joua WLLT A SHACOMN . _ATOMS _TD

B

FORM  CRYSTALS. . HERS'S THE. _ CATCH. & A..  BorRon . ATOM
 HAS. . ONLY . THREE . _ELECTROM y/N) 11s OUTER SHELL. . AND
A PHOS PHORUS ATOM HAS ELVE ELECTROMNS 7N} LTS

| OVTER _SHELL, __SiILIcoN WitH EXTRA. __PHOSPHORUS . ELECTRONS ..

11S. . CALLED  N= ;,.yRE.M.W,W.s,z.a.Lc.noM..(.W\Mw.s.w/,,\.z,g.s.am:u..zﬁ) ] SIICON  WITH

LELEQTROM. . DEFICIENT. ... BORON. .. ATOS IS  CALLED. P-TYfPE .
| sicicon Pz POSITIVE).

. P-TYPE. SILILCON —

| A__BOROA) . ATOM._IN_ A CLUSTER.. .\§ e é . % . I
 OF __SILICON... ATOMS.  LEAVES A

VACANT _ELECTRON . OPENING ~0 ﬁoﬁw w>00< MG\

[ CALLED A HOLE. TS POSSiBLE

|FoR AN ELECTRon __FRoM. A O e . o @
| NEARBY _ ATom__ . T0.  "Fault! _InNTD \" q

{THE_ioiter THERREORE.,THE \_m; 0L N
1 HOLE HAS MOVED pas)

auﬂmmwMMmmgamensaﬂmrmn_-mnm/.mm. . E\. %'
| 40L€S. CAN. MOVE. THROUG H F

——lsitliconN. (. JusT.  AS. BUBBLES HOLE RORON.__ATOM
— | MbUE  TH ROUGH .. WATER) }SlL\C_Q_M ATOM S)
PHOS PHORUS . ATOM. ...\

0 M-TYPE _SiLiCoN — NS ’
. lA__PHOSPHORUS _AToM . in__A (o0 ¥ .. ..... % m-‘_m, /o0)

CLOSTER . .OF. SiLICON. .. ATOMS &/ ?\ RN\S)
—{DONATES AN EXTRA. ELECTRON.. oo Mjrwo/ N /36/ N
e THIS  _EXTRA. ELECTRON ~
__loaN  Move  THRowGH _THE MBB ,,,,, ».W.jg..{&ﬂ 4

CRYSTAL . WITH. _ COMPARATIVE ?\' f \
mwwomu.agmﬁ_wgéf e Se e See |

N=TYPE __SILICON _CAN _CARRY X. N g/ —
AN ELECTRICAL . QURRENT . . . (00 [& Lo\ e (o0 & (59

BuT 5o cAN _ P-TypPE _Siciconl! —@%//e @ % =/ ,X\ e/

Hotes YcARRy’ THE CURRENT. EXTRA .

: ELECTRON




THE DIODE
ROTH. __P-TYPE _AND MN=—TYPE SILICON _ QCONDLCT ELECTRICITY.
TRE RESISTANCE OF BOTH IYPES IS DETERMINED BY
THE PROPOR TION oF HOLES OR __SURPLUS ELEQTRON S,
THEREFORE ROTH. . TVYPES can . FuNeTion  AS. RESISTORS.
AND AHEY WiLS ComMDVET ELEQTRICITY Ind __ AMNY.  DIRECTION
BY FORMING SOME P-TYPE. _ SILICON N A CHIP OF N-—
TYPE sruc:w., ELE LTRON.S nirra FLow THLRLOVGH THE. SILICOAN
Ind ONLY OME DIRECTIOANL, THiS 1S . THE. . . PRINCIPLE OF
THE Diope . THE _P~N._ INTERFACE 1S CALLED _THE fﬁ JUNCTION,
Q HOW THE  DIODE.  WORKS — HERE'S A SIMPLIEIED
EXPLANATION 0L How A DIODE CONDUCTS . ELECTRICITY ..
IN_ONE _DIRECTION (FORWARD) __IWHILE _ BLOCKING _ THE
EL 0w DE CURRENT Inl__THE QPPOSITE DlR&m.oM&VmQ
FORWARD  RBIAS, R
O m— o) —
P . N P :
o
[»] 0-]-- - - T __a_oo
e | L{{_ =l )
o ] ol —{— = —| 59 —K—
S ELECTRON Flow NO
T HOLE Flow QURRENT FLow
HERE THE CHARGE RERE _THE CHARGE
FROM . _THE _BATTERY FROM. __THE _BATTERY
REPELS HOLES AND ELECTROMNS. S . HOLES AND o
TOWARD THE JUNCTION. ELECTRONS AWAY.  _FRomM
|E THE. VOLTAGE EXCEENS THE. __JUNGCTIOAM. THERE. —
OubezVorT. ( SltiCon), THEN FORE . NOD CORRENT
ELECTRONS WL CROSS CAN ELowl,
THE _ JUNCTION AnD
COMABIME . WITH HotE S, //cn-'monF
‘ A__CURRENT. THEN _FLOWS. -
f SYMANL
A TYPICAL  DIODE ~— DidDES. _ARE / /,/
ComMONLY ENCLOSED I M 7 RAEMT _FLOWS ...
CYLIMDERS... A___DARK _BAND  MARKS. — IHEN. ANORE 1S .
THE CATHODE TERMIAAL . T™E W / MARE. POSITIVE
OPPOSITE. __TERMINAL S _THE _ANODE (/// ANODE __ THAN CATHOOE,
55




(3 D/IODE _OPERATION — You__ALREARY.. _KNOW.__ A DIODE. IS
| LIXE AN ELECTRONIC OMNE=WAY. . MALVE. I1T2s  II7PORTANT
el T UNDERSTANMD. _ SOME _ ADDITIONAL  ASPECTS OE___DIGDE
| CPERATION. . HERE _ARE __SOME . KEY.  ONES.:

e A A DIODE . WL NQT .. .CONDUCT  UNTIL. THE. .  FORWARD
e VOLTAGE. REACHES . A CERTAIN... THRESHOLD POINT FOR
) SILICON. . DIODES. . THIS.. WOLTAGE. . IS.. . ABOUT. 0.6 =KotT.

T —
N, You Turan \
\ A\ } Lo N E_OM A )

2. IE_ THE  FORWARD  CURRENT _ BECOMES A=\

_ | EXCESSWE | THE __SEMICONDUCTOR __ QHIP [4/0° dﬁ

MAY _ 0RAcK OB MewT !  AND  THE T

COMTALTS MAY SEPARATE . iE__THE s ¢
_lemip  Me(TS ., THE _ DIODE.  MAY.. SUDDENLY. ... @@/’
. _comoueT N BOTH . DIRELTIONS v THE . o= S

RESULTING _ HEAT MAY VAPORIZE. _THE /

eHipl N r\\; ) !

4 //

1.3, _Too _HUCH. _REVERSE ___VOLTA. Guﬁ._mm.x.ég,w_mw_m
CAUSE A DIODE __ Th. _ CONDUCT. __ JA -~ &
| THE  WRONG  DIRECTION. _ SINCE _ THIS __ %&L@gm N

VOLTAGE IS EAIRLY Hiél—lﬁ THE SUDDEN

CLRRENT SURGE. . .MAY. . Z2AP. . . THE. . RJQORE. . 7
) L

O SUMMING __UP___DIODE ___OPERATION — Jj{ %ﬂ,/(fj{
{

TS .  _ GRAPH _ SUMS._LUP.__DIODE . \ 5
OPERATION. (IT'S APPROXIMATE..) 4
Ve = FORWARD _VOITAGE VR ~—= e >Ve
Ve = REVERSE VOLTAGE [ \\
Te = FORWARD. (URRENT Y a1l 0. =VOLT.
Te = REVERSE CURRENT S ed o (siL1CoN)
Nl Ie
° I
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O TYPES _OF DIODES = MANY. _ DIEEFERENT. _KINDS. _ OF

DIoDES ARE . AVAILARLE. .. HERE ARE SOME OF THE
MAJOR TYPES.,

SMALL. . SIGNAL.. .

/. SMALL _SIGNAL__DIODES.  ARE _ USED 1O

aad

TRANSFORM.....LOW. . CORRENT. . AC __TO DC,  PRETECT

(DEMODULATE) RADIO... SIGNALS. , MULTIRY VOLTAGE,
PERFORM. . LOGIC ... ABSORE. . VOLTAGE SPIKES., ETC.

POWER . RECTIFIER.

7 Fuwc:uowm.u{ ADENTICAL.  TD.. SMALL __SIGNAL

w“.,WM.DJ\QDMEMSﬁwmw‘mﬁoﬂw‘,ﬁ.&,._ﬂ..aﬁan‘Em!.gw&wsmwgammﬁﬁA;wa.LEM;WWW

S G- MORE  CURRENT.... . THEY. .. ARE __INSTALLED ..
TN LARGE METAL . PACKAGES. .. THAT _ SOAK WP .

EXCESS HEAT _AND  TRANSFER _IT 1D A METAL.
e AEAT  SINK . USED  MAINLY. . IN__ POWER SUPPLIES.,

cemsassnn THEM_»ZEMER.W DJODE AS. . DESIGNED 1D HAVE. A

SPECIEIC. _REVERSE &gga.&ogw_mm4.&0&35495;@&)mzo;,m,ﬁs_.__d

THIS MEANS ZEMER . DIODES AN FUNCTION. . _LIKE

S . VOLTAGE. . SENSITIVE _ SWITCH....... . S2ENER  QRIODES

w.u,_.mm@,ﬂem,ws}zr:fa;<f:'cnm,._wmz-ms.es r Vz). . OF. EROM. __ABouT

2= WOLTS . TO. . 200-10¢TS __ _ARE AVAM.A BLE.,

LIGHT = EMITTING.

2 ALL._DIODES.. EMIT_ SomE  ECLECTROMAGNETIC RADI-
ez 110

ATION . WHEN. . FORWARD _ RBIASED, _ DIODES. . . MARE .. ...

o EROM. . CERTAIN.  SEMICONDUCTORS. .. (4IKE.  GAMIIM. ..
L ARSENIDE _PHOSPHIDE) EM)T. _ GONSIDERABLY. _ MORE_ . __

RADIATION _THAN. __SItiConN__DIODES. . THEYRE _ 0a¢lED .

LIGHT = EMITTING _ DIOPES. . (LEDS).,

PROTODIODE.,

£ fil;l. DICDES . RESPOND ™ SOME DECREE.. . WHEN.
,r/W LLUMINATED . BY  LIGHT. RIODES  DESIGAMED. . SPE~- .

CIFICALLY _ TD DETECT  LIGHT ARE CALLED
PROTODICDE S, THEY INCLUDE A GLASS QR

PLAaSTIC WIND ow THROUGH wWHIcH. THE LIGHT

ENTERS, OFTEM.. . THEY . MHAVE A _LARGE , EXPOSED . . .
JUNCTION RESION. SILICON  MAKES GOoD . PHOTODINDES.

H6




HOW.__ DICDES ARE _USED

INLCHAPTER .G  Nou'i, SEE HOW.  VARIOUS  TIYPES _OF DRIODES ARE

USEL L IN L MANY APPLICATIONS FOR. . MNow. HERE. _ARE  TWO. .OF

JTHE MOST. . IMPORTANT ROLES EOR. _SMALL _SIGMAL DINDES AND

RECTILEIERSS

] BALE - WAVE  RECTIFIER

i [N o NN
AN L UMOVLEATING (AL
7 AN :
: Pl NS . SIGNAL (OR VOLTAGE)
AL 1IN / D puT \S RECTIFIED INTO A
HALE_CFE _SIGMAL SINGLE. _PorAaRvry. £ o)
15 . BLOCKED SIENAL (0B VOLTAGE).

) FOLL~WAVE _ RECTIEIER

\mo‘l\>

——t
THIS. Y4-DIopEMNETWORKY

X %
VANYAN < >N NN\ (or_gRIDGE RECTIEIER)
- N \J b

RECTIEIES. _BOTH  BALUVUES
PR -,

AC N i - Pe._ouT QE AN __AC _S\GNAL.

MORE _AROUT _THE DIRECTION _OF CURRENT ELOW

AN ELECTRIVCAL.  CURBEMNT. 1S THE _MOVEMENT . .OF. ELECTRONS. JHROUGH

A CONDUCTOR. . ..OR __ SEMICONDUCLTOR . SINCE _ELECTRONS . MOVE.  _FROM
A NEGATIVELY CHARGED ™ A DPOSITIVELY CHARGED . REAGION R WHY

IDOES _ TRE  ARROWHEAD N A DIODE  SYMBROL.. POINT. AN . THE
OPPOSITE __DIRECTION? _THERE  ARE _TwoO REASONS.

ILLBEGINNING  wITH  BENTAMIN __ERANKLIN, . 1T . WAS TRADITIONALLY.

DSSUMED.  _ ELECTRICITY.  FLOWS FROM A POSIT\WELY . CHARGED. . . .TO.. A

ANEGATWELY.  LHARGEDR REGION.  THE . DISCOVERY _0F THE . ELECTREOM

CORRECTED. TRAT. (RUT MOST. . ELECTRICAL  CIRCUIT DIAGRAMS.. . TODAY,

o ASTIOL. EOLLOW _ THE . _otD  TRADITION... IN_  WHICH THE POSIT\VE POWER

{SUPRLY  CONNECTION. IS PLACED  AROVE . . THE . NEGATWE CONNECTION o

,,,,, IBS IE GRAVITY _ SOMEHOW. _ INELUENCES . THE _ FLOW. OF A CURRENT.) . .

1IN A SEMICONOULTOR g AS. . SHOWN .. ON__PAGE 44, HOLES ELOW .

WML THRE L DIRECTION OPPOSITE THAT.  OF ELECTRON_._FLOW. T8

o JTREREEORE. COMMON._ TO.  REFER .TO. . PoSLTIVE.  CURRENT.  ELOW. _IN.

SEMACONDUCTORS.,

|EOR_ACCURACY , N THIS _RooK. "CURRENT Frow." REFERS .To ELECTRON

.ﬂ.mmM,_ammMa,_.mizymcxwmmmﬁm&%gwmmmmea.%&oA\ A
A

‘"I7\g




THE TRANSISTOQ

TRAM%ISTORS R SEPUQON",...

DULTOR ...

D.E.V..lCE.,f' mW)TH"I’HREE

LEADS. . A CVERY. L CSMALL

QURR ENT VoLt A GE ... AT “ONE..,,
LE ADCAMCDMTROL. A A

LARGER.....CURRENT ...
HMEANS. ..
BE OSED __AS ..

SWATCRES. ... THERE . .

OTHER _.Twho.  LEADS., ...

AMPUEIERS ..
ARE _.TWO . ..

MEAIN.... FAMILIES. . . CF TRANSISTORS.:.

§J.EQL AR ... _AnD

| BlPOLAR T RANS! STORS

ADD A ‘SECOMD ,Tuwc:r!o

PN Ju.&,ch:rhiohwwwijo.ma CAND You

GET A 3-LAY ER e SILLCON

ATHE. .. SANDw\cA LBE . ElTHE.R
NPN._ PN P h.‘..,t-wl..m.‘ri.g WAY,

TH E._M.“.WW.‘M...LD.DLE. ",‘.,M.L,AH'AEKM AeTs

A FAVQET ..

THE CURRENT .

Movin G .
THE _THREE  LAYERS..

[0 2IPOLAR TRAMS\ST&g

21 PDLA R TRF) NSISTOR. ... ARE _THE . .

JHEEMtTTEﬁ ” P: T N

3AS E_. YERY Y - THAN IN o BID

Lot E-.CT‘OR
WILL.. . CAUSE.. . A ..

BASE. . CURRENT ...

SQOLLECTOR .

CURREMNT....

AT A e 18 e

ST % o OO /i W 8. & G
e CURBENTIL (T N PN

A-CottEcTor (... L0 )

EM"TTER

LouTPUT
BLECTRON . ...
+

TRANSISTORS . CAN :

LS4 MDMJLCH .

OR...CATE. .  THAT CONMTROLS. ...
THROUGH. .o,

Q.E’..ﬁ RATION — ...
EMITTER ...
HAS... FEWER.....
THERE FORE ...
HUCH....

B \GG ER FORCE .

]

\

EM\TTE R

r

BASE

n/

THE ...

R es: STORS..
‘,,,ER.O n‘—;cr e
TRANSISTOR.. .FROM...
e OO MHUCH. CURP-EMT
4..,“{,!.5.&:[(CH,M,_,CA&. CAVSE .
EXCESSIVE. HEAT). __

BASE ...

LAYERS.
AND.
DoBING....

LARGER. ...

ATOMS
SMALL.
EMITTER —. .

‘oFA

COLECTOR . ...
THAM. ...

EMITTER —

BASE _{_.A

p-SURRENT

EH u:r'rfig

RURREMT




) MORE  ABOUT  RIPOLAR  TRANSISTOR  OPERATION — DIODES. . AMD

|1, e GASE-amlmxmww:upcmo&m(mo_g._mpmpe}wmswmcowoucr

2..T00 . MUCH cugaewr WILL _ CAUSE A

L TRANSASTORS. ... saArzEM SEVERAL .. __KEY FEATURES.:

FORWARD..... . VOLTAGE. .. EXCEERS. .. . Q.6 MOLT.

JAMPROPERLY. . _A._TRANSISTOR IS HOT
LWHEN 'mucHED - LDisSeansMEST. . THE . POILER
L. 11:!

 TRANSISTOR T BECOME HoT AND OPERATE

12, 100 HMUCH __ CURRENT oR . VOLTAGE _MAY

| SEMICONPVLTOR . QHIL. ... . THAT. . FORMS . A

| DAMAGE. . OR. . . PERMANENTELY.  DESTRQOY. . .

| TRANSISTOR.. . LE _ THE . .CHIP _ISN'T _HARMED,
iTS TIAY CoOMNEQTION WHRE.S MAY MELT.

L OR.... . SEPARATE. . FROM. . THE... .. CHIP NEVER

| CONNECT. A TRANSISTOR _BACKWARDS.

SMALL SIGNAL.  AND. . SUWITCHING .

O KINDS OF  TRANSISTORS. . — MAMNY DIEE EREALLMMMKJNDSOF
TRANSISTORS.. ... ARE. .. . AUAILAELE HERE ARE  EXAMPLES . OF
ATHE . M0ST. . IMPORTANT.

e TO L ARIPELEY,  LOW  LEVEL. . SIGNALS«

SMALL. . SIGNAL TRAMNSISTOR S ARE USED. oo

e O T DL BE.__OCPERATED FULLY aOn_ _OR_.._OFEE,

e SWITCH NG TRAMNSISTORS ARE. __DPESIGMNED .t

L. SpenE TRANSISTORS. . CAN _ BoTH _ AMPLIEY. ...
CAND  SWITCR. L EQUALLY  WEL e

. .MHlE-ﬂ WWF&Z,ﬁQUE NCY.

£Ox POWER _ TRANSISTORS ARE .o
USED. N HIGH. . POWER oo
o AMPLIEIERS AND POWER oo
i SUPPLIES. . LARGE _SIZE . AND . ...
EXPOSED. METAL SURFACES KEEP

f ﬁ B BlGH - FREQUENCY  TRANSISTORS

| OPERATE AT _ RADIO, TELEVISION

\u AND _MICROWAVE FREQUENCIES, THE

&.,,é,m..,,WWMBAS..,em.w,\.,“,_gwe_s,zuo_mm, 1S YERY. _ THIAL__AND
THE.  ACTuAL CHIP IS5 VERY SHALL,




[ BIPOLAR  TRAMSISTOR. . SYMBOLS. — _ARROWS. POINT._IN._ DIRECTION

OF . HOLE. ELOow.
COLLECTOR () E
A I,

N [ N8 P /7 €

BASE ()50 P B A= ] g=d N e ~—\ )
N N P N e
‘EJ MNEN LU‘ PNP
mmmmmmmmmm EMITTER (E) ¢
e JHOW . RIPOLAR . TRANSISTORS . ARE._USED

WHEN._ THE BASE . OF AN __NPN_TRANSISTOR. .IS. GROUNDED (O volTs),

SN CORRENT. . ELOWS
ATRANSISTOR

EROM THE. . _EMITTER. TO__THE COLLECTOR ( THE
IS 'oee"), IF _THE RASE. 1S._FORWARD — BRIASED.  RBY AT
LEAST . Qb .VOLT, A CURRENT. WILL _FLOW FROM. THE _EMTTER.TD.

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

- {ONLY. THESE. TWO . MODES, TRE.. TRANSISTOR. FUNCTIONS.  AS A SWITCH.

IF. . THE. _BASE 1S FORWARD = BIASED, THE EMITTER=COLLECTOR. CU| CURRENT.
WILL. . FOLLOW  VARIATIONS..AN. A _MUCH__ SMALLER .BASE  CURRENT. ... ..

ARISCUSSLON. APPLIES. . TD. A _TRANSISTOR .
LJEROUND

THE. _TRANMSISTOR...THEN __FUNCTIONS As AN AMPLICIER . THIS
INCWHICH.  THE . EMITTER . IS _ THE ...
CONMNEBLTION. . FOR _ RoTH. THE INPUT AND . OULTPUT _ANMD IS
CALLED. . THE. . ..COMMON — EMATTER . CIRCUIT e . SOME _ _SIMPLIEIED  COMMON=

EMITTER . CIRCLUITS __ARE __SHoWN.. BELOW. SO _NYou CAN. SEE.._ How

THEY.. . ARE . LMSED N REAL CIRCUITS,.  EACH  EXAMPLE  REFERS.. IO

A TYPICAL. wa&&u\LszAPPt.mwAnom IN__ CHAPTER 9, | .\>
: - P.9z

] A_RIPOLAR TRANSISTOR

SWITCH

lP.lO'?)

\\lf/

CV —

k)

UED)

BASE BASE

S —
ramm!
¢

ON

T
n

RESISTOR.D

o= il

RESISTOR 5
'4

S——

OK JO_VSE RESISTOR,

PIE20BUZZER, ETC.

LS
N

P

N
£y

=
{ E

GROUND N PLACE OF LAMP.

ONLY. _TWE. . INPUTS.  ARE  POSSIBLE |  GROLUMD o vorTs) AND  THE

e b POSATIVE  BATTERY. . NOLTAGE . (+.\) THERE FORE. _THE . TRANS\STOR. .. .
1S._OFF _OR._ O A_TYPICAL _BASE. RESISTANCE 1S 5000 1D
10.000.. . .0AMS. (1€ _THE RESISTOR 1S  REPLACED _BY. . A. WIRE, THE
LAMP _ CAN_ BE _SWITCHED ON 0R._OFE FROM. A CONSIDER ABLE. DISTANCE.)

20




0 A BIPOLAR TRANSISTOR DC  AMPLIBIER— IHE. _ VARIABLE
RESISTOR _ FORWARD

== {((C + BIASES THE TRANSISTOR
( SERIES -7 PN AND ___CONTROLS. .. TAE
@ RESISTOR L7\ INPUT . ( BASE-EMITIER)
CURRENT \/-SJ CURRENT. THE_ METER
METER =7 - INDACATES . THE  OUTPUT
- = o
T m rlM (COLLECTOR = EMITTER)
T 2 CURREMNT. THE SERIES
AN ) == 1 e RESISTOR.. .. PROTECTS
W G2 VARIABLE E;ﬂ TRE _METER. .. FROM
RESISTOR EXCESSI\VE  CORRENT. ..
LT e e

I
[P 104 >
INC AL WORKING . CIRCVUIT, THE VARIABLE RESISTOR . _MAY EE _IN -
— |SERIES..._MUTH . ..A__SEcOND COMPONENT. . BAVING. ... A RESISTANCE - |
THAT. . VARIES . WwITH. . TEMPERATURE, LIGHT, MOISTURE, ETC. (WATER .. .
. lis__THE _VARIABLE . RESI\STANCE.. AN _ THE. _ MOISTURE METER __ON
P 10M.)_ WHEN _ THE. INPUT.. SIGNAL.... CHANGES _ RAPIPLY, . AN
e AL AMPLIEIER  SUCH. . AS THE . ONE..  BELOW. 15 . USED.....

b L AL BIPOLAR  TRANSISTOR . AC..AMPLIEIER — THIS. . 15... THE
e SIMPLEST  0OF SEMERAL
BASIE A AMPLIEIER S e

\ TRE. LOAD. RESISTOR L =iAs THE INPUT_CAPACATOR
= CAUSES TRE..OVTPUT. . . A RESISTORG BLOCKS. ANY._ Do N
|-~ CURRENT. T BECOME . . THE_ INPUT. _SIGNAL.
. A NOLTAGE. (M3IxR). Vad
~ LOAD OUT.PUT 3 AMPLI __ OUTPUT
TYPICAL INPUT RESISTOR jLo ;\y SIGN AL
S\EGNAL INPUT. - wlOV 1/ be
+ 1y / CAPACITOR 4 7[\/\ BIAS
4 ¥ g ] N N =X T LEVEL
N/=—t -F———A¢ il N
N N o - [r122 >
°© A bc AN SIGNAL e TRE_ OUTPUT  SIGNAL
= = JL——:}A&MIED-

TRE _BIAS  RESISTDR. 1S  SELECTED.  TD._ GIVE AN _OUTPUT  VOLT AGE
0OE. ABouT HALE THE RATTERY VOLTAGE.. THE AMPLIEIED  SI6NAL...
YRIDESY ON  THIS.  STEADY. . OUTPUT  VOLTAGE. ... AND VARIES AROVE ANMD

BELOW AT, (MWITHOUT THE _ BIAS RESISTOR, _ONLY. THE POSITIVE
 MNE _oFE. THE  INPUT.  SIGNAL _ ABOVE 0.6 VOLT. (SEE P Y4S) wWith

 IRE  AMOLIFIED. _ THIS._.WWILL CAUSE SEVERE  DISTORTIOMN.). IO . SEE
ONE  WAY A WoRKING VERSION... OE _THIS AMPLIEIER 15.. . HNSED,

TURN__NOW__TD P 122  AND  LoCK AT THE . OUTPUT.  SELTION

OF. _THE LIGRTWAVE  TRANSMATTER

51




FIELD-EFFECT TRANSISTORS

AELELD > BEFECT TRANSISTORS .(OR._FETs) HAVE  BECOME _MORE
e AMPORTANT
et MAKE __AND.. REQUIRE .. LESS _ SILICON.
FE:TNPAMLME.S,JUNC.TION AND  METAL = OXIDE = SEMICONDUCTOR

THAN B1POLAR... TRANSISTORS. . THEY

THERE . ARE _.TWeo

ARE __EASY..TO.
MAJOR

e —

N BOTH . KINDS. AN OUTPUT.  CURRENT. .15 LONTROLLED RBY. A

SMALL.INPUT. _VOLTAGE . AND.. PRACTICALLY. . .NO  INPUT QURRENT]

- GATE
JUNCTION _FETs. - g
THE._TWO.__ MAIN___KINDS. _ OF S s 7
EETs.  ARE _ N- CHANNEL AND_ , \_P -
P~ CHANNEL.  THE  QRANMEL A N~ CHANNEL I A
VS LAKE A _SILICON _RESISTOR \ (e 1\ I
THAT __ CONDUCTS.  CURRENT \ 4
e IMOVING _EROM._ . THE.  SOURCE. SOURCE GATE DRAIN
TO__THE. . _DRAIN. A VOLTAGE / A \
AT __THE _GATE __ INCREASES $ y ANy )
__|THE _CRAMMEL __ RESIST ANCE N ) Ly
AMND._ REDUCES __ THE . DRAIN = . P-cHANNEL |
| SOURCE. .. QURRENT,  THEREFORE { ~ )
.................................... THE._FET _ CAN.__ BE. USED. __AS v
] AN AMPUEIER  OR. A SWITCH.

B JuneTioN
| SHOWS __ wow. . AN___ N= CHANNEC( . FET.. WORKS..
(GATE _ VOLTAGE . CREATES . TWO
JCTHE _FIELD) _IN.___ THE _CHANNEL.. . ADIACENT
ASIICON.  MORE. GATE _ VOLTAGE. . WILL. . QAUSE

THE  ARRANGEMENT  BELOW
A NEGATIVE
RESISTANCE REGIONS
TO.. THE _ P~TYPE
THE _FIELDS _ TO
COMPLETELY. .. BLOCK  THE . CURREANT.

FET__OPERATION —

HlGH

MERGE TOAETHER. .. AND
| THE  GATE ~ CHANMEL. . RESISTANCE

IS VERY _RIGH ,

e AT M

MAXLM. UM

N,

CURREMT

[

e DOME.

NG

~QURRENT.

o
o

J

4L MRR

PRAIN

DRAIA

O VOLTS

DRAIN

—

o 0.8 VOLT

-1 vorT

Com dE]

\h[T
NI -2

\“
=
A

| ¥4

GATE

GATE

e
Qg
-
P A

GATE

=D =Co

T ==

-

ENE
Q

&

s
9

G &OUNQ.@,\. SOURCE E SOURCE




[ MORE._AROUT.__TUNCTION FETs —  SINCE  THEY ARE_ _VOLTAGE

JCONTROLLED, TUNCTION. FETs (og :r:s-rs) HAVE IMPORTANT
[ ADVANTAGES . OVER. __CURRENT — CONTROLLED _RIPOLAR. TRANSISTORS.:

1., THE  GATE~CHANNEL _RESISTANCE _OF A TFET IS _VERY

g PRy
I e THERE FORE THE.  JFET HAS
LI\TTLE OR NO EEEECT ON EXTERNAL COMPONENTS OR

CIRCUITS COMMECTED NEe) L5 GATE.

2. THE. _VERY _HIGH _GATE— CHANNEL _RESISTANCE MEANS

PRACTICALLY. ND CURRENT FLOWS IN___THE GATE QILRCUIT.
(WHY. 1S THE RESISTANCE S0 HIGH 2 THE GATE AND
OHAMMNEL. . FORM. ... A.. . .DIODE.. Se._LONG _AS . THE INPUT

| SIGNAL  REVERSE RIASES THIS DJODE.; THE CATE __HAS

VERY _ HIGM  INPUT Res:s-muca)

(2, LIKE  BIPOLAR  TRAMSISTORS ... JEET S . CAN. . BE DAMAGED. . S
RESTRONED By EXCESSIVE CORRENT OR VOLTAGE .

L KINDS. OF . JuNCTioN FETs —  JIFETs ARE__ USED N __MANY
DIEEERENT.. APPLICATIONS . SINCE THEY CANNOT ____BE  (JSED
ME%Q&WWHLGAW»PM&WW"R,Q;NE.,S_,,.._,.__,M.o,sLWM&h&E.‘WJ&sJ:ALLEQWWLm SHALL
PLASTLIC oR ME.TAL PACKA GES., HERE ARE . _THE __1MAIN

CATEGORIES:

SMALL  SI1E6NAL AND.  SWITCRAING ,

: A SMALL . SIGNAL _ TEETs _ _ARE. . USED AT _THE
f/ / INPUT STAGE . OF . AMPLIEIERS 0. PROVIDE
\l 1 A_RIGH RESISTAMCE INPUT ., THEY ARE

ALSO. . USED AS SWITLHRES.

RiGeA FREQUENCY.,

e MGH EREQUENCY . TFETS. __ARE__USED 1D

AMPLAEY. QR PRODUCE. HISH EREQUENCY SIGNALS.

1 _JUNCTION  FET  SYMROLS — GATES INTERNALLY COMNECTED.

DRAIN (D) B b o
Y
Gate_elfptn o © ) 6. eyl ibm &
(&) /
N p
) U )
SOURCE('S) N-CHANNEL S P-CHANNEL

53




METAL=OXIDE ~SEMICONDUCTOR _FETs

THE  METAL-OXIDE= SEMICONPUCTOR METAL INSULATOR
FET (oa MOS r—s‘r) HAS. .. . BECOME sougaﬁw&ssmﬁ.“_ wwwww l\mmu
THE _tMbST.  IMPORTANT. . TRAMNSISTOR.. Jh
MOST  MICRDCOMPUTER — AMD  MEMORY //’2-,“ ?ZJ,;
INTEGRATED. _ CIRCUITS. __ ARE  ARRAYS 17"
0F. . THOUSANDS. _ OF __MOSEET.S. . o \NJ \NJ
e
A SHMALL.__ SLIVER _OF. __ SILICON. P
WHY.? __MOSEETSs __ARE _EASY.. . TD N-MOSFET
s ] VAR E o THEY _ CAN _BE. . VERY . SMALL,
AniD SOME MOSEEY QIRQUITS SOURCE GATE . _DRAIN..
COMSUME NEGLIGIBLE POWER.
NEw . . KINDS  OF . POWER  MOSEETS Fre LS ﬂ
e JARE  ALSO___VERY.. USEFUL. éf 1 /p v
- J
O MOSFET OPERATION — ALl N
e | IOSEET s ARE N=TYPE __OR _P-TYPE, P= MOSEET
UNLIKE . THE. JUNCTION. . FET. . THE
GATE.. . .OF. .. A MOSEET __ _HAS. . NO
wwwwwwwwwwwww ELECTRICAL.. CONTACT _ WITH. ... .THE
e SODRCE o AND__ DRAIN . A . GLASS-LIKE
IR 0 - 4 =4S o] = SILICOMN = DIOXIDE
e AN INSULATOR) . SEPARATES 0_voTS. (GATE) :
THE _GATE)S.  METAL. .CONTAST - - 3 e e W) S
FRoM. _THE _ REST .  _OF _THE SOURACE DRAIN. .\
e\ TRAN SIS TOR.  — NO
W) W CURRENT
ALV rinums SILICON—OXIDE P
GATE INSULATOR
COMTACT. N\ /o + 0.5 VDLT (GATE). L
ar 4
TN/ PN/ Sounce" DRAIN
[ SiLicoNn | —m—— CoME
AN fPra=@|\N CURRENT
A_POSIT\VE _GATE  VOLTAGE P
ATTRACTS ELECTRONS. _.TD
THE.. _REGION  BELow. THE_ GATE. +.1_VOLT (GATE) . A
THIS.. CREATES A __THIN - PR ey )
N=TYPE QR ANNEL IN__THE SOURCE H.D.Rﬂw.m
P~TYPE _ SILICON _ BETWEEN | — MAXLMUM -
THE __SOURCE. __AND. __DRAIA. W ENSS W CURRENT
CURRENT. __CAN __TREN __ FLow P
TRROUGH THE CHAMNEL ., GROUND
THE _GATE VOLTAGE |-
DETERMINES THE RESISTANCE - T
OF _TRE. _CRANNEL,
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[ MORE AROUT. MOSFEYs ~— THE INPUT ___RESISTANCE OF. THE

MOSEET. IS . THE. . HIGHEST QE ANY TRAANSISTOR.. THIS.

. JAMD. OTHER.  EACTORS. . GWE. MOSFETS .. IMPORTANT. ADVANTAGES I ...

1. THE GATE ~CHANMEL. . RESISTANCE IS _ALMOST _ INFIMNITE

1 (TYPICALLY 1, 000,000,000,000,000.= OHMS ). . THIS MEANS  THE

 GATE _ PULLS. NQ  CURRENT. _ FRoM  EXTERNAL . CIRCUIT S. (WEL,
IT. MAY __RORROW A FEwr TRILLIONTHS _OF. AN _AMPERE.)

12, MOSEETS _CAN.__ FUNCTION _AS VOLTAGE = CONTROLLED VARIABLE
RESISTORS., THE. GATE VOMLTAGE  CoNTROLS. .. CHANNEL RESISTANCE.

2. NEW KINDS OF  MOSEETs _ CAN.  SwiTOH.  VERY. HiGH CURREMNTS

IN_ A _FEW._ BILLIONTHS QF. A  SECOND

[ _CAUTION —  BECAUSE _ THE

GCLASS ~ 1 kE Sillcons OXIDE

LAYER RBELow.  THE _GATE e

THIN IT .CAN __BRE _PIERCED EBY

T MUCH.  VOLTAGE AR EVEN STATIC .
ELECTRIEILLY. EVEN._.. . THE STATIC . SHARGE ZAPPED... CAUTION. ...
GENERATED BY _OQIOTHING.. ..OR A CELUDPHANE MOSEET. .. SYMBOL.....

WRAPPER CAN... ZAP . THE . GATE 0F. . A . MOSEET/

[d KINDS. __OF  MOSFETs — . _LIKE .IFET'S; MOSFET < INSTALLER IN

e JSMALL  METAL _ OR  PLASTIC  PACKAGES. .. ARE.___UseD _TOD _GIVE . . .. .

AMPLIFIER S AN LLTRA — HIGH INPLT RESISTANCE. . THEY ARE

e ALSO. . USED  AS . VOLTAGE  CONTROULED. RESISTORS . ANR. . SWITCHES. .

THE MoST.... LMEORTAMT. CATEGORY HAS BECOME. .:

PowEeR. ,

S

W
R

POWER = MOSEET S AtLow A FEw —

Ve /
mﬁ VOLYS . TO_ . SWITCH. 0R . AMPLIEY
_ MANY _ AMPERES . AT.  VERY. . . FAST

SPEEDS.

] MOSFET  SYMROLS =—  THESE. ARE __THE_ _MOST. COMMOAL,

o |SOURCE _GATE __DRAIN . D
G ® =~ s 6 D P
| A____‘ | (| e 11 SN
I 6 —>Jd 04/ — 6 —\ [
P S N S
N-MOSFET P-MOSFET




HOW FETs _ARE __USED

FIELD - EEF ECT TRAM SUSTORS. .
SW. \;E,CH ES AN D
ARE SOME ___ TYPICAL .

CIRCUIT. .

CARE
\!()KL.T_ANGQE".:M co NTROLLED .
CARRANGEMENTS..

'As LAMPLIFIER S
RESISTORS..... WHEREWW

USED. .

R

C_A _JIFET  ELECTROMETER

THIS..

ULTRA= SIMPLE _ CQIRCUIT .

1.3

THE ELECTRONICQ . _VERSION

CURRENT..

. THE .  ELECTROSCOPE. ..

METER...

LEBD OF AN
JEET IS LEET

GATE. .
N=CRANNEL .

DISCOMNNMESTED. .. NORMALLY

B CURRE MY ELoMS EROM

SCURLE. .TD... . PRAIN..... WHEN

A NECGATIAVELY . CHARSED. .

OBTECT . L LikE . A PLASTIC

SOURCE

COME._  THAT'S __GEEN_. STROKED

THROUGH. . YOUR __HAIR). IS

PLACED .. NEAR__THE . _GATE.,

CHARGED

CURRENT ELow LS

RpD

l:l A M D S F: ET LAMP DRI VER -

N >

Tfaf

LREDUCED. . OR.. _ _STOPPED. .

IS CIRCUIT. . SHows. . HBow. A . ...
L POWER. _ MOSEET . CAn. . RE
LDSED L TO. SWITCH...ON A
OTHER . DG
CEVICE... . . SINCE ...

POWERED. .
TE... POwWER. . _MOSFET ...

BAS AN ALHOST

e INEIMITE L INPUT. RE=

T.NO RMALLY.. OPEN.

S\STAMCE , . THE

SWITCH.. CAN. BE

PUSHRUTTON. . SWITCH.

A

J......REPLACED. . BY. . A . TINY
INPUT.. SIGAAL

LAMP.. .

O A MOSEET. . LAN DIMMER. —

TRiS

CIRCULT. VUSES A PoweR

MOSFEY .. AS A NYOLTAGE

- VARIABLE.

CONT.ROLLED . RESISTOR.

L RESISTOR .

e I B

SLOMNTROL
W.WCU RRENT

° LARGE

OULTPUT... S RREMNT.




THE _LINLTUNCTION _ TRANSISTOR .

THE  UNITJUNCTION T

RAMILITOR

EHITTER

(LIT) . dS. . NOT._ A _TRUE

TRANSIZTOR.

ﬂA/

17's MORE.. .

TWO CATHODE COMNE.C

LIODE . WITH

TIONS...IT

=
\PJ

[WORKS.... LIKE A

VOLTAGE =~ COMTROLLED

L]

SWLITOR ArD. DOES,

N.OT

AMPLIEY.

f

epsE . 1

O UJT  OPERATION —

JNoRHALLY A
JCURRERT MLl Flow .

SMALL

SMALL TVOLTAGE
{

FEOM

BASE 1. TD. BASE 2.

WHEN

N \P_J

THE VDLTAGE APPLIED

I0

-_——— e e —

THE . EMIATTER. .. . REACHES

A

SMALL. CURREMNT.

LYY

JCERTAIN. THRESHOLD. (SEvERAL 1

TCHES

o JvoeTS),  THE.  UJT
ON-. AND A HIGH
ELOWS.....FROM  _BASE 1 .

E.H\TTE.R SELOUU

LV

RR ENT

rsz“"

m e

e THRESBOLD . VOLTAG Ew._,w. _
QURRENT _ELOWS

FROM .

RIGH.. CURRENT.

NO

HiGcH

GRDUND',}

THE . SMYMBOL.

e TRE L NIT  RESEMEBLES

O urT_symeor — L ®2

THAT QFAIFET

JTRIS AR BAM GEH E NT A
LA u:.r‘r‘rb FLASH A

EMITTING. _ DioDE _CLED) ..
. Mcﬂu,sl&&&MIMWE.L.o,wusu,W.\.v_.,w\m;l:o
ACAPACITOR . DATIL. 'rH._E.A

LAGH T:

L0 WS

L LHRARGES .
CAPALITOR

AOTT s  TRIGCER. ...
1S REACHED. . THE
AN THE L CAPACITOR. 1S,

"DUMPED "  _ THROUGH

LURRENT.

+

CAPACITOR .

AUNTIL  THE . CAPACITOR..
IDISCHRARGED. ... .THE. .

DISCHARGE  CYCLE T

CHARGE -
EN. REPEATS.

-

DISCHARGE] .
CURRENT .




S™MALL

) THE THYRISTOR OEE CURRENT
,,,,,,,,,,, - e rd
o |THYRISTORS  ARE._SEMiCON= pd |
DLOLCTOR _DEVICE S . WITH. THREE RN - ( I&)
e JLEADS ... A _SMALL. . CURRENT =) —0 o—\ \J
AT _ONE LEAD WILL  ALLOW
bA L MUCH  LARGER. __ CURRENT .
O . FLow.  THROUGH _THE '“/ LARGE
o |OTHER _TWo. . LEADS. __THE ON JE CURRENT
LOCONTROWLLED.  CURRENT 1S T\ /
o |EITHER_ _ON. _0OR._QEE ., e
o |THEREFORE. THYRLSTORS. _ C"fﬂ
Do moT  AMPLIEY FLUCTUATING = D O—>O—— \@-—Q@
el SVGMALS. L LIKE . TRANSISTORS. DO,
JHUNSTEAD.  THEN. . ARE SOLID - STATE

ISWITCAES.. _ THERE ARE. TWO . EAMILIES. _OF _THYRIST ORS., SUICON=__
.|ConTROLLED. . RECTIFIERS. . {SCRs)
IDIRECT

AND TRIAC 5 . SCRs  SWITCH

. thgg,au:r:m_m AND TRIACS _ SWITCH _ ALTERNATING CUBR ENT.
 |SILICON-CONTROILED RECTIFIERS  (SCR=)
LTHE  SCR. IS SIMILAR _TD A BIPOLAR ANODE.
o LTRANS\STOR. .. WATH. . A FOURTH __LAYER i
LAND...  THEREFORE THREE PN _JIUNCTIONS.
It 1S SDMETIMES CALLED A 4-LAYER P
e LPNPN OI0DE SINCE iT___PASSES A N
A CURRENT I OMNLY  ONE DIRECTION, ‘]P
N
LJEL SCR.____OPERATION = _IF _THE == _an1e
- JANODE OF AA) SCR ) MADE CATHODE

MORE..
e THE

e POSITIVE. . THAN. . THE CATHODE

TWO.... QUTERMOST. PN JUNCTIONS I
| ARE._ FORWARD _BIASED. THE MIDDLE PN ;n.JN Q]:}ou m.mﬂowayﬁk fsw.m,,.
eﬁnﬁﬂs.ﬁqmwﬁms_ﬁammam_omm

o Pl N CURRENT CANNOT.  FLOW.,
{—\ {om= < A SMALL. _GATE.  CURREMT
—4 L A FORWARD _ RIASES __THE
L Y st S A T
B I MMW&TAMDE.MMW% o MIDDLE PN TUNGTION .
= ‘ h A el AND.__ALLOWS A MUCH
HiGH P SMALL £2 3 LARGER.  CURRENT . .TO. .
e OUTPUT N _| comTRoL L‘j Flow _THRoUGH . THE
. CURRENT P CLRRENT i DEVICE.. THE _SCR
= N | —_ STAYS.  ON___EVEN IE
o CATHODE T © GATE " THE __GATE. __GURREMNT
=/ GROUND A | Sm=EEE=s==T 1S REMovED! CunTit
R LL ¥ ﬂ POWER 1S D1sc0NMEcTED.)
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8 KINDS.  OF _ SCRS —

SCRs ARE CATEGORIZED ACCORDING To
e |\ THE . CURRENT. THEY CAN _ SWIT.CH ., HERE ARE THEREE GEMNEEAL
CATEGORIES. (MANY _OTHER _ GASE. STYLES.  ARE AVAILAELE).
LOW. _ CURRENT.,
et < LOW  CURRENT _ ScR.s INCLUDE.  THOSE
i | ¢ THAT SMLTCH UP___ T 1- AMPERE AT
HL F\}! e TD 1ol ~ VoLTs
MEDIUM  CURREMNT,
© @f THESE SCR.s SWITCH P 1. 10
‘‘‘‘‘‘‘‘‘ AMPERES AT LP . TO SEVERAL HUMNDRED
VoLTS. ONE COMMON WSE LS. . 500D
SIATE SWITCRING EOR .. AUTO ENGINES.
RIGH CURRENT.
D) THESE SCR.s CAM SWITCH UP TGO
A-,\MA\: 2,500 - AMPERES AT UP T .. SEVERAL
l’“(gyv THOUSAND . VorTs | THEY CONTROL. .MOTORS,
Amvmm_w&\\ LIGHTS . APPLIANCES  ETC.
h - } 1
MGA.T.EMMCKG)NNN,M JETRN ». S /..-.-.
.s8¢ SYME . Pintp A IL‘C
RS oL Aneope (a) 1 F fpese REREBE ()
JHOW _ SCRs ARE USED.
e THIS . ARRANGEMENT. SHOWS  How. AN ScR 1S
DSED 0 SWLLTCH . ON... AN INCANDESCE NT g
LAMP, OTHER DEVICES CAN ALso RE /
CONTROLLED. /( Y\
o W \ ! ,/ %) /
L >~ N T L AMP N
Loy -, NORMALLY
= = bW >~ open
1‘ T PUSHBUT TON
= NORMALLY CLOSED llL A ,/ SWITCH
PUSHRUTTON.  SWITCH Pl __PUSH _TO
—2 (PUSH__TO _EXTINGUISH N SWITEH ——— RESISTOR
LAMP) P LAMP ON.
<> N ~
¢ & [p110 >
”. — N-?:—_
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TRIACS

TRE _TRIAC 1S  EQUIVALENT

TO_TWO __SCRs _CONNECTED )z,

IN. PARALLEL.. THLS MEANS N (f‘i—m MAIN. TERMIMNAL
TRIACS  CAN__ SWITCA__ BOTH A 2. (or A2)
DIRECT.  AND  ALTERNATING N_ L

CURREMNT, NOTICE _THAT _THE gt )

TRIAC . _HAS EWE . LAYERS GATE—t— o= Ma. TERMINAL
PLUS AN EXTRA __N-TYPE N 1.CoR A1)
RE Glon., ALSO . NOTE _How

BLL.  THREE LEADRS MAKE... . CONTACT

WLITH . TWO. . LAYERS.

O TRIAC _ OPERATION. . — THE. .TWO. . PARALLEL SCRs.  _THAT

FoRm A TRIAC FACQE
IN___QPPOSITE DIREC=
f —\ TION.S (REV&KSE -
= PARALLEL ). . WHEN
MT 2 USED __TO _SWITCH

ALTERNATING CUR—
RENT, _THE _TRIAG
STAYS... ON___ONLY
E WHEN THE _GATE

RECEAVES CURREMT,
GATE N

REMOVE . THE. . .CATE
A— Low MTZ

CURRENT _ANMD.. AT
XN CONTROL ..l SWITCHES OFE WHEN.

[
\ >'\ / CURRENT THE _AC PASSES
S - THROUGH O VOLT S .

R

<3 |
|
N

-l

HIGH (
ouUTPuUT
CURRENT

~ |z|o]Z

Al
VOLTAGE

O KINDS . QF  TRIACS —  TRIACS.,.  LIKE. . SCRS.,.  ARE. . GCATE=

GORIZED ACCORDING ™ THE CURRENT.. ... THEY. . CAM_ SWITCH.

e b TRLACS  DON'T  HAVE.  THE . VERY. .H\GH. . POWER. . CAPABUITY. OF .
mmmmmmmmmmmmmmmm | BIGH  CURRENT. . S¢Rs.. . HERE. . ARE  TWO CATEGORIES:. oo

LOW  CURRENT,

=) @ Low.  CURRENT TRIACS SWITCH uP_  TD
\ 1- AMPERE AT UP _TO  SEVERAL HUMNORED
{ m\ VOLTS..  OTHER  CASE . STYLES. _ALSO _ USED.

MEDIUM _ CURRENT,

THESE . TRIACS ST CH P ...T0. .. 40 -

AMPERE S AT P TD iiooo - UOLTS. MANY
CASE STYLES ARE AVAILABLE.,




L1__TRIAC

SYMEOL —

REHEMELER

THE

TRIAC

s, THE

SAHE AS

AL

SCR

~REVERSE — PhEALLEL

s o

Sk s

r[L GATE

MT 2 —d

TG

N "

GATE

P NLP

MITL

MT.2

MT 1

SCR

Mt O

HOW. TRIACS ARE _USED

ON A LAMP

POWERER

el MOTORS

AND

QTHER

TRIS  _ARRANGEMENT  SHOWS. .. HOW. A
BY. . HOUSEHOLD...
LPEVICES . CAN__ ALSO.. RE. CONTROLLED. .

TRIALC

GAN

SWITCH

LINE

CLRRENT

13 ~6.3. VoLT

TRAMSEORMER,

MORMALLY

i

CLAMP .

J¥ Spe

DPEN

- PUSHBUTTON,

SWITCH

_Ioerionar MW paimagy. T CECONDARY.... . MT2N =] N e
P RESISTOR Jwd
LAMP. . GLOWS.. WHEN. N el

/57 /. POWER _ {SwITCH IS CLOSED. . | o (]

o AR+ 14 » N GTD\TE
‘ ] .Mt 1N

CAUTION: DO NOT._ASSEMEBLE. IP-111> ,,,,,,

TWO-1EAD THYRISTORS

AN _SCR OR TRIAC . MWikb  SWITCH . ON _ WITHOUT. ..A . GATE. . -

e SAENAL

LE

THE

VOLTAGE...

THLS

SELE~ SWITCH NG

THYRISTORS.

ACROSS. __ITS . OTHEE. . TWOD
REACHES... A CERTAIN. (LEVEL . (THE. EREAKDOWN. . YOLTAGE oo
ABILITY.  MAKES .. POSSIRLE  TWO=LEAD . o

FOUR = LAYER

P

%

A

A FOUR- _LAYER. .. DIODE . IS

AN SCR . MWITHOUL T e

GATE . IT. SMUTCHES. ..DC.  VOLTAGE.

A

T AL PNP

BASE  LEAD.

RIAC S A THREE = LAYER. DEVICE SIMILAR .

o dUNMCTION.  TRANSISTOR . WITHOVT A

e

Ac VOLTAGE.
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4, PHOTONIC SEMICONDUCTORS

PHOTONICS 15 HE. FAST  GROWING. FIELD of ELECTRONICS

A INVOLVING . SEMICONDUCTOR . PEVICES  THAT _EMIT. _AND  DRETECT

LIGHT. BEFORE . LOOKING AT SOME. . PROTONIC.  COMPONENTS,

LET s TAKE A AUICK. LOOK AT SOME._ _EAQTS. ARQUT. .  LIGHT.

,,,,, R

[iGHT o [Fier_vnere ee Lent...]

o B Y /, IH\‘\‘

LIGHT IS COMPOSED  _.QF PARTlCLES _ CLALLED PHOTOM S, THAT
BEHAVE . LIKE WAVES. . OF.. . ENERGY... M.E.H‘ox.gmwswWARKE CNOT

NECESSARILY VISIELE AnD QNLY . Yol S AN ... -
SEE ARE COLLECTIVELY. .....QALLED . ..

Ll GRT. PHOTo NS

ARE PRODUCED. . WHEN_ _ AN ELECTRON _ THAT)s..  RBEEN ...

EXC)TED TO A HIGHER  THAN .  NORMAL ENERGY LEVEL .

FALLS RBACK T0. . 1TSS  NORMAL . LAEVEL oo

4’"““‘ &xczr&a ., PHOTONS. .

(Ol ¥ ELECTRONS.

R

B ———
—————

A # (0) "

[ vaRious _,..n,".\.,\ﬂ\,_hflﬁifffﬁfﬁ“fi.j:[ﬁﬁﬁjfﬁfﬁf R AR I

ENERGY

LEVELS. . /
[EVERSY /@ &
e NORMAL &,NER GYL&VE(. e ettt
_REMEMBER, . PHOTONS _ACT LIKE . MAVES. ..
e e DISTANCE . BerweEenN _CRESTS..AS_TRE ...

L MAVELENGTH..  ELECTRONS .. EXCITED T2
HIGBER. ... E&.E.&G.,‘z mmmmmm LBVELS.. ... EMIT  PHOTONS .

V WAVF.L.EMGTH CWITH. SHORTER . WAVEL .EN. GTH.S.H S . P2 ¥ .S FR R —

/& / \.m.,,WWWm-wJ::.;..".E,gma&sw_”\.ﬁgxkc_vnx.gnw,‘ TD.. LOWER., LEVELSe ..

"y = EXCITED  ELECTRONS .CAN.
2 it o RESUME _ THEIR. .. .NORMAL

N
4
Y - il  LEVEL.  SPONTANEQOUSLY e

L~ 1 4 \ OR A...PROTOM WLITH
SECOND. PHOTOM. ... TRE ... PROPER . WAJELENZTH.

WITH _SAME CAN. _STIMULATE AN _EXCITED

,‘-\ WAVELENGTH AS ELECTRON..TO. . RETURN. . TO (o
) FIRST _PHOTON ITS _NORMAL LEVEL, \

b2




(I THE ELECTROMAGMNETIC SPECTRUM — \VISIBLE LIGHT. 1S
A_FORM. . _.OF ELECTROMAGMNETILO EADIATION . THE . WAVELEMCTH
OF LIGHT 1S,  SPECIFIED N NANMOMETERS. (I-~NMANOMETER IS
A _BULIONTH. . 0F A_METER). THE. . DIAGRAM __ BELOW _SHOWS
THE. . BELATIONSHIP OF  IIGHT. . TD. . OTHER EQRMS.__of ELEC—
TROMAGNETIO RADIATION .
VISIBLE LIGHT

i X=RAYS ol RADID WAVES -
= > .
<OGAMMA RAYS | ULTRAVIOLET INFRARED MICROWAVES |

— ’ } } ! } 4
_’I¢pm d-rm 1= pam 1~nmim 1-m 1~ Km

WANVNELE NG TH

l-pm_=_1 PiCOHETER (0. 000 000 000 001 METEER)
l1=nm = 1 _NANOMETER (C.000 000 001 METER)
1-pum = I MICROMETER £0.000 001 . METER) [ I
d=vam = 4 MILLMETER (0.001 METER) THESE LINES ARE
I-wm.. =1 METER (39,37 INCHES) ONE _ MIWLLIMETER
1=K = 1 KILOMETER (10060 METERS) (1-pamr) _ APART.
(L.THE __0PTIcAL  SPECTRUM — ULTRAVIOLET , VISIBLE _ AND
INERARED RADIATION ARE TOGE THER CALLED THE _.OFPTICAL
SPECTRIUM., HERE'S AN EXPANDED DIAG R AM OF THE

.
]

LOPTICAL  SPECTIRUM

. . GREEN. S el YELLOMW e OO0 % RESPONSE
. /—\ OF. _THE
\ - ORANGE HUMAN EYE
BLUE — /
\ —<—— RED S50%
VIRLET -ﬂ-/ \\
/ \ NEAR — \NFRARED
: I : S~ : .
00 400 500 00 200 &00 00 looo
WAVELENGTH. _(NANOMETERS)
MANY _ PHOTONLC . SEMICONDYCTORS.  _ EMIT__OR__DETECT.  MNEAR -
IMFRARED RADIATION.. Sluco:\), FOR. ... EXAMPLE. , CAN _ _DETECT
VISABLE . LV GHT. RUT LT A8 . MOST SENSITIVE TO.. NEAR =
INERARED AT ARBouUT 8BRc. .Nm, RECAUSE SO _MANY
PROTONIC..  COMPONENTS CAN..  QPERATE IN___BOTH____THE
VASIBLE — AND  NEAR=INERARED , LTS CoOMPON TO . REFER
TO __NEAR-IMNFRARED AS LIGAT.
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OPTICAL __COMPONENTS

JOPTICAL . COMPONENT.S . COMDLUCT , . BEND . OR . CHAMNGE. _THE
CHARACTERISTICS . OE.  LIGHT, SEVERAL _ARE. VERY _IMPORTANT . .

N MANY. A PPLICATIONS.  0F _ PHOTOMIC. . SEMICONDUCTORS

E:)LNL\{/:JL:E R :,A - ‘: : \»:m SMIT o AMC@%; ——
IRAKND  OE. _OPTICAL o—— ®" gl gi
WAVELENGTH. S D "/ S FILTER ...
ZR&FL&QTOM&S%MW&E&E;LMMM,@W L -n-\oss. ALTH A.V.Mvsg.y S
SOME. OR . MOST._OF AN a é SMQOTR _SURFACE
ONCOMIN G, LIGHT. _BEAM,. S A e CLKEL MR RORS) o
e I1SOME.  LIGHT__MAY. .OR.. MAY 7 :\'\"Cb . ARE __CALLED .

INOT. BE __TRANSMITIED \ MIRRAR.

e SPECULAR... REFLE CTQQ -

2 BEAMS PUTIERS  REELECT o J 22 e .,V,___Amm._.hems\_s MCCROSCOPE
JPART . 0F AN ONCOMING. . ety e LSLIDE .. MAKES. ..A.__ .c-ﬁ..,ag,o.w.‘.w S—
M @HT  BEAM.___AND__TRANSMIT / ,,;/, o REAM. SPLTTER . (EACH. o

_TME _ REMAINDER . . SURFACE. REFLECTS 4% .

4 Lauge LBEND  LIGHT. _THE  MOST. . IMPORTANT. ARE .
'1-1 FOCAL  LENGTH

o EONVEX  LENS \aFocm_ POINT, o CONCAVE  LENS

EX LENSES  ARE  OETEN. USED._ N CON. J‘UM c,'rloru CAWITH SEM i-
C.DJ.\A,D,..LJ.QTLQ&."..m..mt.,lﬁﬁlwmwﬁnu&cﬁsmM.DH.AMQMWQJ:.IEQTQ RS.. FOR  ExXAM P.L_E. 9 THE.Y e
LACAN.  COLLECT. AnD _Eocus.  LIGHT. . ONTO. A MINIATURE  QETECTOR e

18, OPTICAL.__FIBERS ARE  THIAN o ey 9 | W . ) U a8 | - Y .
P T o ey k]
i R EXABLE . STRANDS . OB G BN o R DS mmny B R N S —
e TRANSPAREMNT  GLASS . OR_PLASTIC L CCLADDING Ny
THAT.  CONDUCT LIVGHT THE e CORE
ALIGHT. TRAVELS. . THROUGH A _GCORE
SWRABUNDED. .. . BY A THIN CLADDING . oo oorgesismesossersemm s resiss
[ties e e
e \PLASTIC FIBERS. ARE  INEXPENSIWE e
JBLASS. . Fmﬁm&swAﬁﬁw HMuUcH..  MORE
e \TRANS PARENT ... BOTH... BINOS o
o STRANSMUT  SOME  WAVMELEMGETHS ...
MUCH BETITER THAN _ OTHERS.
e BIGH. . QUALITY.  EIRERS ARE _USED
s AT S EMBD.TELEPHONE __CALLS  AND
e 1COMPUTER.  DATA. VIA_ PULSES OF. LIGHT. o WAVELENGTR CNM)

N GLASS S HUNDKEQS ..................... S
OF. TIMES CLEARER rem

f‘)s
my

PLASIlC

TR \NS b}t 551924

L~ i

4oo SO OO oo Beo Joo 1o




HOW_CONVEX LENSES ARE HSED 2

MANY. _SEMICONDUCTOR . LIGHT.  SOURCES
AND. . DETECTORS.. _ ARE EQUIPPED SN
WATH A BULT=IN . CONVEX..  LENS. (7. A
THIS. . PAGE _ EXPLAINS __WHY. . _ANO - N
Shows H o EXTERNAL . LEAMS ARE \Wﬁ
DSED _vMnTH . _SOURCES AND. . DET EQCTORS. ‘ L
¢
1 THE  INVERSE SAQUARE. LAW.. ('
1/9, a 1/16\
INTENSITY ! 1.2 174 s

FAMOUS EACT.. . L\GAT. . TRAVELS| . .

186,291 MWES  PER_SEcoNp! |

SQURCE

AS___LIGHT. ...FROM A VERY. .SMALL SPREADS  OUTWARD., . .ITS
INTENSITY 1S IMVERSELY.... . PROPORTIONAG... . I0.. . THE  SQUARE. . QF .  THE
DISTANCE .. IN._ OTHER __WORPS., LE. THE.. . DISTAMCE IS 3.,  THEN
THE  INTENSITY. S 1/9 _THE _INTENSITY. WHEN THE. DISTAMNCE. 15 1
A_CONVEX. LENS  CAN_ CANCEL . THIS . INTENSITY RERUCTION.,
H.THE. CONVEX. LENS.
~THIS, )5 A COLLMATED BEAM.. -

SOURCE o e N e o — T T T

.‘ﬂ‘i’,/ I THE _ ACTUAL....BEAM _SPREARS

‘(’f‘{):\ J (DWERGES) _LIKE.  THIS. —=

g2 T\

Clens R i S I 4

THE BEAM _SPREAD ANGLE

#*
ICTHE _PIVERGENCE) IN._ RADIANS

1S _THE _DIAMETER . OF _THE LIGHT (o X\ iEns
|SoURCE _ MWIDED __BY _THE . FocAL BEAM \ AL Joiamerer
LENGTH _QF . THE _LENS, THIS DIAMETER ~ =

MEANS.  LENSES  WITH. . LONGER ¥

EOcAL. LENGTHS GIVE NARRDWER

—BEAMS, (BUT LENSES. WITH LONG

LIGHT SENSITIVE  _PARTION. OF DETECTOR

| ERC A LENGTHS... COLLECT.  LESS WITH  CAREFUL. . LENS PLACEMENT
LIGHT  THAN _ THOSE. __ WITH. . SHORT M TRE . LIGHT  WITHIN . THE
EOCHL  LENGTHS....) DASHED _CIRCLE CAN_BE. FOCUSED.
ONTO. THE  _LIGHT.  SENSITIVE

*onE RADIAN 1S 57.3 _DEGREFS. PORTION  _OF THE. DETECTOR.

(THERE__ARE._360° IN_ A CIRCLE.)

(SURE BEATS. THE INVERSE SQUARE LAw!)
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SEMICONDUCTOR ~LIGHT SOIIRCES

WREN  ROMBARDED _RY o ’ v,
L\GHT . HEAT . ELE CTRONS D NI = -
) 1 ‘Q‘ \ é)
AND _ OTHER. .. FORMS._OF (\}3\ RS 5,} Q v
ENERGY . MOST __SEMi= RN A rfg)
COMDUCTOR _ CRY ST ALS Q Q /—:7\ &
WILL _EMIT  VISIRLE. _0R / = s i L-IGHT
INERARED _ LIGHT. . THE ELECTRONS Jy = }lL.WWJ,',.“(NmQJ:W_
BEST.. . SEMICOMDULETOR _ P e H{ Il{ /
LGHT. . SOURCES , HOWEVER, SEMICONDUCTOR f L.:'\
ARE PN .IUNMOTION . DIODES., CRYSTIAL HEATYT
VIGHT EMITTING . DIODES
[ Fe)
THE  LI\GHT __EMITTING o N U M
DIODE . CONVERTS AN N\ P @S
A VA |
ELECTRACAL CURREMNT PHOTONS 1:\ QN e o e
— o IDIRECTLY INTO __ LIGHT. N A~ A
THEREEORE THE. . LIGHT P’ @ CATHODE
EMITTING. . DIODE . (LED) N [~
1S MORE . EEEICIENT.. THAN P/ Py ANODE
MANY _ OTHER. _ L)GHT. SOURCES. S ¥
SCO=CO=CD=
. LED  OPERATION— _ THE __ EORWARD . VOLTAGE.. . ACROSS A
DiopE HMUsT EXOEED A THRESHOLD LEVEL RE FORE....A
CURREMNT CAN CROSS THE . JUNCTION. EoR sm.acord7 UWHICH
EMITS A TINY . AMOUNT... O0F.. NEAR=INERARED , THE THRESHOD. .
\g 0, VOLT ., Eog GALLIUM... ARSENIDE WiHLCH. . EMIT.S con —
SIPER ARLE NEAR= INERARED , THE THRESHOLD. 1S . 1.3= VOLTS
TRis VOLT.AGE EXCITE.S THE ELECTROMNS WHE N THE.

ELEATROMNS CROSS THE . JUNCTION AND COMEBINE W iTH

HOLE S y THEY EMT PHOTONS.

FORWARD  RBIAS REVERSE _RIAS .
T )
N e

- -— _a.oo

— h-)-oo

- ——————— LU EOTRON FLOW NO CURRENMNT FLOW




0 MORE APOUT LED OPERATION — HERE _ARE _ SOME.  _KEY

JASPEQCTS. . OF._ LED. . OPERATION.... . YDOU . SHOOLD. ... KANOW. = ARaUT. S

oo THE. LIGHT  EMITTED.. BY ..

i
i

e i o o e b e

AN INCANDESCENT... LAMP. .

Lo CONTAINS MANY. . WAVELEN GTHS.

THE  LIGHT EMITIED. . .BY..__ AN

LED. . HAS A NARROW. WAVE-

o LENGTH...  RANGE.. . (THIS._ IS
1 BECAUSE. . TRE.. . ELECTROMNS ...IN
e TRE_LEDR . ARE..ALL_EXC (TED 300 400 600 600 700 800 900

| 2. WHen AN LED  BEGINS. el P O
}enTO..COND, ver. o THE VOLT’AGE e TR e (2 oy

| WHILE _THE . ugzsm— Mgg_eggfé

| qu.uovems ATTHE. LED . ...%
fornn MDD POSSIRLY.. SEPARATE  _THE. ... SO .
Lo LEADS. . . OR. . _MELT  THE _SEMl=~ e
o CONDLETOR . CRAP
hemde THE  LIGHT. . EMUTTED. _BY AN
o LED 45 DIRECTLY. . PROPORTIONAL ... ..
Lo TRIS O MEANS. . LEDS .. ARE. IDEAL ..
| FOR. .TRANSMITTING  INFORMATION. .
S THE  LIGHT . OUTPUT.  FROM. AN

J  OVERHKEATED  LED _wiLl  SOOM. .
f DECREASE ... THE _ LED _MAY. EVEN . O 20 4o = Y o N 1=~ R & X = N

Llpﬂ}f'r oyt AUT

| TO_THE . SAME. . . LEVEL.). W,&MﬁwgﬁM_,\GI.H\,..,,A.V\(NM)

SREASES. .. GR&DQ@LLY ~ .80
—-RARID Y e MUCH  CURRENT. Y 4o
[
3
<

e T GURRENT . THROUGH. THE.. LED, . .

OVER HEATING .o

LiGHT ou‘rPuT

| | . 1 1 S

| BE__ DAMAGED. .. FoR WAP.D .c,.ug RENT._ (MA)

o TDMAKRE.  VARIQUS  LEDS.. k940 (INFRA RE.D) .1.3.-1.17

| H, THE FORWARD _VOLTAGE .. .. | WBVELENGTH (NM) | VOLTAGE |

L AND NI—\UELEMGTH OF . AN

.LED _ARE _DIRECTLY. RELATED. __ | 5(S. (GREEN) |22 —3.0|

| THEREFORE _ IT'S. NOT _ ALWAYS.....|. 880 (YerLow) |z2-2.0| —
Lo POSSIBLE . TO._  SUBSTITUTE. | tis  (CorAanGgE). |18 -2.72.1

e DIFEERENT. . LEDS  WiTHOUT. . | 40  (rED) | 16 -20) B
. CRANGING . THE VOLTAGE ANO..|. L30  (RED) | 22-20l
e CURRENT. . MANY.  DIFFERENT | 880 . (INFRAREM) | 20-285 |
e SEMICONDUCTORS... ARE LSED. . [.. 900  (INFRARED) | 12~-21.6.\ -

VISIELE LIGHT Emrrruucz LEQS

e EMAT L UP.TO. A MILLLWATT. m.mpz so QF POW.ER, _SOME

Lo INFRARED 4,,5.@ks,w.,c.;.,uh&e.w,waa,o.wmmw,g_m,!‘.z:s.),m..,,E.m.;.r 15. OB _MORE

MILLIWATTS! (A FLASHLIGHT.  EMITS. 10 0R. IMORE.  MILLIWATTS.)

A




OKINDS OF (EDs — SIMCE REFLECTOR

THE LED 1S B LIGHT. . SOURCE, e Y 4
L7 N

TS RELPEUL TO _KNow. . WHAT!S AN\ EPoX Y
INSIDE. . THE PLASTIC _OR _METAL (/P AN\,
LED.. CASE SHown . RERE 1S U7\~
A TYPICAL _LED THE. __HEAVY !JJ [0
LEADRS.  BELP  CONDUCT.  HEAT _AWAY LED "—7& " U
EROM.... THE (WY THE _REFLE CTOR CHIF ),
I COLLECTS . LIGHT. . EMITIED _FRoM s 4!
THE.  __EDGES. _ OF THE. CHIP. __THE Eeat AN\
EPOXY. .. 1S . USUALLY. . COLORED MARK .
—  JWHEN._ THE _ LED IS A VSIBLE
LIGHT.  EMITTIER. LIGHT _SCATTERING e -
PARTICLES. . ARE . _OFTEN . AODED. . TO CATHODE ANODE
THE __ EPoXY. . THIS . DIFFUSES.  THE LEAD LEAD
LIGHT. . AND CAUSES _ THE . _END
OF _THE __LED _TO APPEAR BRIGHTER. oo -

VISIRLE  _LIGHT. . LEDs.

THESE INEXPENSIVE  LEDs  ARE. .USED. . AS

Wy
L = 4 INDICATOR.. _LIGATS. ___CERTALN.  RED___LEDs

| 1 ARE.___USED . To.  _ TRANSMIT. INEORMATIONs .
ﬂ,. “ MOST ARE EMCAPSULATED  IM _EPOXY,

LED DISPLAYS.

MANY.  KINDS  OF  LED  READOUTS .

CAPABLE QE . _ DISPLAYING DIGITS _AND

o CHARACTERS ARE...AVAILLABLE.  THEY

) ARE__MORE. __RUGGED _THAN_ __ LiQuLD

I CRYSTAL.. DASPLAYS . BUT . THEY . USE

MUCH MODRE QURREMNT.,

INFRARED. . LEDS.,

INERARED LEDS SROULD Be. . CALLED

INFRARED EMITTING. DIODES. THEY

g;f j‘, @\‘\: lh m.i ARE __DSED _ TO __TRANSMIT . INEORMATION. .
q
iu \

THEY ARE ABLED  USED IN_ INTRUSION

71 ALARMS ) REMAOTE. .. .COAM TL&Q;’.,‘...wW.DEMLC.E.QSW,.,‘M,M,w_

Ete. A SPELIAL KinD QF. _INERA=

RED LED. 1S . THE...DI0RE  LASER. .

SOME _ EMIT  SEVERAL. _WATTs
P

L LED . SYMEBOL.. y
BOTH__ SYMBOLS A1 Pans
SHOWN . _HERE PN = A—>F—¢ A
ARE _LISED. ANODE " CATHODE ~
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HOW [EDs ARE 1ISED

lED.s CAN RE PowERED gy CONTINUOUS CURREMNT. _QOF

EBY BRIEFE PULSES QOF CURREENMNT. WHEN QPERATER

COMNTIMUOUSLY , TRE _ CURRENT. . . CANn REE.VARIED TO CHANGE
THE LI\GHT OUT PUT.,

D LED  DRWVE CIRCUIT —.  RECAUSE __SERIES_RESISTOR (Re)
LEDS __ARE ___CURRENT. . DEPENDENMT, - \{E
e LTS DSUALLY. NECESSARY TO il
PROTECT.  THEM _ FROM_ _EXCESSIVE \ SUPPLY A
| CURRENT _wWiTH. A_SER Le‘sm,_e,s_s_a.s:_.g.g._.mwww%:‘" VOLTAGE. —
SOME._ LEDS  INCLUDE A BUlLT.~IAl e X, 7
—|JSERIES  RESASTOR. . MOST Do  NOT. - ~
1T)S5 AMPORTANT. .. TO _KNOW.___HOW - LED FIN X
TO. . DETERMINE _THE REAQUILRED ([ CURRENT
SERIES RESASTANCE  (Rs).. . THE N~ - ¢
FormuULA LSS =
Re = SUPRLY VOLTAGE ~ LED VOLTAGE  ,p Pe o V- Vieo [P.112V>

LED . CORRENT Iiep

ExXAMPLE . SUPPOSE YOou _ WANT _TO _ OPERATE A . RED LED AT

B FORWARD CLURRENT. . (T .ep) OF .10~ MULIAMPERES FROM A

S-vouT. _suepey. (V). Veep 1S 1.2.=VoLTS.. CEROM. DATA  SHEET).
THEREFORE . Rs._ 1S (5-2.0/0.01. _0R 330~ OHMS.
KA A
QLED  POLARITY _INDICATOR — - e
TWO .  REVERSE = PARALLEL PN ‘\Mwwuvs LED
A ¢

LEDs _ FORM__A__POLARLTY ) >

INDICATOR . BOTH LEDS GROUND l ¢ A Y

GLOW.__IE _THE. TESTED N | P B= pLus cep | B

VOLTAGE. 1S AC. _THE _SERIES ~ IR /

RESLSTOR .. MUST __BE _usep.| p1iz > " ¥ ° PrRozE <~
) PULSED  LED — WHEN. . _OPERATED CONTINUOUSLY. o AN

IMFRARED _ LED . M\GAT . HAAVE A MAXIMUM. CURRENT ___OF
ek LOQ = MILLMAMPERES WHEMN. ... DRIVEAN. .. BY. . RBRIEE PULSES . OF

CURRENT ,. . . THE _SAME. _ LED. . _MAY _ SAEELY.  ACCEPT HUGE. 10— ..
| AMPERE . PULSES l

NOTE = e -
__|A_SERIES. RESI(STOR i = 11 T
MAY. . NoT RE REAQUIRED PULSE o4 oy T
—anLs —~——
IE. _THE PULSES. DO GENERATOR . :: WWMG S
NOT __EXCEED THE nan e D o D
MAXIMUM. LEVELS HL Jrr’ I
SPECIELED FOR THE LED. e PULSED OUTPUT
]P12b> ,
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SEMICONDUCTOR  LIGHT DETECTORS

ENERGY ENTERING A

SEMCOND UCTOR CRYSTAL BOLE ~. = EXCITED

EXCITES  ELECTROM.S . TQ s sy eI oy CELECTRON .
e |BIGHER  CEVELS., LEAVING IS

BERIND __ HOLES, THESE e CRYSTAL

ELECTRONS  AND _ROLES.  CAN S 0 e

RECOMBINE  AND _EMIT_PHOTONS, P A

\
QR _THEY CAN _MOVE  AWAY FROM . ELECTRON. . HEAT N PHROTON

ONE __ANOTHER AND.  FORM_ A

CURRENT. THIS. 5. THE BASLS oF SEMICONDUCTOR LIGHT

DETECTORS. THERE .. ARE . TWO. HAJTOR.. CLASSES QF
SEMICONDUCTOR  LIGHT DPETECTORS , THOSE  WITH  AND THOSE

WITRAOWUT P Ay JUNCTIONS.
]

PHOTORESISTIVE [IGHT DETECTORS S 7

r &l IJJ/)HJ

PHOTO RESISTORS — ARE  SEMI-
COMOUCTOR LIGHT DETECTORS

WATHOUT. A PN JUNCTION.,
[a W i e s g
THEIR _ RESISTANCE L5 VERY

MEH . (UP TO  MILUONS. OF _OHMS)

WHEN _NO . LIGKRT IS PRESEMT.

WHE N !LLUMINATED; THEIR.
RESISTANCE 1S VERY . Low

CHUNDREDS. . .QF.  OHMS).,

[) PHOTORESISTOR ...0 PERATION. [ ELECTRON T . - Jj’f
THIS _ PAMEL  SHOWS. . HOW. . A PHOTON_ ) ®. OO =CD
PHOTON _CREATES A K,.vaou;,,a.-;mE_L.a,cmqumW{f’;“;w/ t N/
PAIR. AN __EXTERNAL _VOLTAGE .. é.,,.'_m_w_w _\mote_|
WILL __FORCE__ THE. . HOLE. . _AMD Ve 7 wore |etecTRoN
ELECTRON. _TO. . _MOVE. - 1.17 2. 2,
Rt m)
RITTLE --.\ IL /——-U'-—-\ HicH
CORRENT. e N\ CURRENT ~ LIGHT
AN \"_/ /
= ) ,f’/j
e z = R | Ny
T =lso YR N
= | © v\ VT e eatrERY
= TleQ ”" "_'l “ PROVIDES THE FORCE
T ’=‘T" TO _MOVE _THE_ ELECTRONS

AND  FoRmM A CURRENT,




[J.MORE . ABOUT  PHOTQRESISTOR QPERATION —— HERE ARE SOME

IMPORTANT. ASPECTS OF  PHOTORESISTOR OPERATION &

1. PROTORESISTORS MAY _REQUIRE A FEW MIULISECONDS OR

MORE To EULLY RESPOND D A __CHANGE LA LIGHT

INTENSITY . (THAT S PRETTY. . SLOW)., THEN. _ MAY REQUIRE

MANY MINUTES TO . RETURN.  .TO _THEIR NORMAL PARK

RESISTANCE WHE N LIGHT 1S  REMOVED ( THE MEMORY

EFFECT),
LW Wy

2. THE SEMICONDUCTOR  MOST N /\__capmium

OETEN. DSED IN._PHOTCRESISTDRS E / SULEIDE

1S CADMIUM.  SILEIDE . 1TSS ol / \PHoroRES\STog
L T P e e —

SENSITIVMAITY TO _LladT 1S . VERY ) /

SIMILAR _TO._THAT _OF _THE 2 / N\,

MM AN EYE '; LEAD SULEIDE v [V \ { l\ y

1S USED  TO  DETECT.  INERA- 300 400 Sob Loo 900 800 qoo

.@..m;.W,.P:ﬁmwmw(..gu.:cm..,:rmm%;.mggmﬁxe&sjlwhmmwm_ui&ﬁl:a (. NM)

L KINDS  OF  PHOTORESISTORS ™ __MANY _DIEEERENT _KINDPS.

ARE. AVAILABLE o AN _MOST. . THE
<> — LAGHT _SEMSITIVE _SEMICONDUCTOR IS |
S ﬁ COATED.  BETWEEN _(NTERLEAVED. . ELECTRODES
“ TO L ANCREASE  THE . _EXPOSED SUREACE
! i | AL PLASTIC. .OR. . GLASS. . .WINDOW. MAY
L OR.._MAY. . . NOT _Ee USED.
[1_PHOTORESISTOR. _ SYMBOL. N N
BOTH. . SY.MBOLS. _SHOWA VYA [ 3
HERE _ ARE. _SEO. \ o~ ] \~___]
N S~
HOW PHOTORESISTORS _ARE _HSED o
(P14 >
PHOTORESISTORS .. ARE i
USED. . IN __LIGHT.  LON= << ey POTENTIOMETER.. (IO ZERQ!
—dTROLLED . RELAYS __AND _ THE _CURRENT. METER)
LIGHT. _ METERS.
D LI\GHT  METER..
) THE _ARRAMNGE MENT = ) o
SHOWN._HERE . INDICATES = )
ON...A_ CURRENT. METER ‘ Mg@ P
THE . INTENSITY __OF CURRENT 7}1-1 | 2
LIGHT _ ILLUMINATING ) METER ML &2
A__CADMIUM __SULFID.E L
PROTORESISTOR., #,J e




PN_JUNCTION _IIGHT DETECTORS.

N

PN TUNCTION. LIGHT. DETECTORS

.
EORM __THRE I ARGEST. FAMILY ‘g / AN
OF _ PROTONIC.  SEMICONDUCTOR S RESPONSE
MOST __ ARE  MADE _ FROM.__SILICON 5 QF __SILLCON
AND CAN DETECT .. BoTH VISIBLE uw% / PN TOUNCTION
LIGHT _AND  NEAR- INFRARED. e
460 500 w0 00 BcD Gob  1odo
WAVELENGTH...(NM)
PHOTODIODES
- [T D== oy
AlL PN _JONCTIOMNS. ARE. __LIGHT _
SENSITIVE . PROTO.DIODES. . ARE PN y =
JUNCTIONS. .. SPECIELCALLY.. DESIGNED | P_Iv C(/_/",__c
EOR _ LIGHT. DETECTION.. . THEY.. ARE A & &
USED. . IN _CAMERAS . INTRUSION ALARMS vz
— LIGHTWAVE COMMUMNICATORS , ETC. e

D PROTODIODE. OPERATION.. i ¢ Proton 1| EcecTRONZ [ELECTRON, X, .
A _pHOTON. _wite__ CREATE _A_moLe= | Y M S N VI
e JELECTRON _ PAIR AT A _ PN 2 M -
e P TMNCTAON . A CURRENT WL FLOW © . I,
\E_THE _TWO _SIDES _OF __THE 1P J P 'T P :"
e pTRINCTION,_ ARE. CONNECTED. . wo ELECTRON ROLE HOLE 4

OPERATIING MODES ARE  POSSIBLE:

4. PROTOVOLTANC. _ OPERATION —. .

HERE __THE PH OTODIODE

BECOMES A CURRENT. .. SOURCE. WHEN.  .IT 1S JLUMINATED. .
/—Hﬁ ND " CURRENT
[\,—\jﬁumen‘r -Fﬂ N e e / ELow
N < P2 <0 |ie
v B =
] X |- N————
- DARK oo
F 1 ===

]:n..h,wmzw.\,\,RL;\QLO_LQ.m.oﬁ.uwc;r\ VE
OPERATION.— .  HERE .

=

LIXYTLE ™.

o W = B X S~ N e

CORRE NT e mgx&&gm{ — }mw.”.M,mm&:-.m.ah,ﬂ.RL:\Q:rWQ.,‘D,LoDE \S
(< A REVERSE - BIASED. A
T L[\—j \Wa\, CURRENT. . ElLowS. . . WHEMN
- _.PARK e TRE PN TURNCTION. LS
~T = Ing ML UMINATED. CWREN.
p_{n] R 4 GO LY Ty RPARK AL TINY. _ CURRENT
@i . CALLED  TRE DARK
“ﬁ ﬁ,: ~ . CURRE NT _WIHLL
___LigHT e _n




OKINDS. _OF _PHOTODIODES.. /T winpow

e SHOMIN_ HERE 1S A__TYPICAL .

PHOTODIODE MANY . OTHER wl
—Jcase _stvies  ARE. Aso wseD i - |
e CPLASTIC  ROBSING 4 BOILT.Z N h = \ METAL
_ltensEs  AND FUTERS., Evel. . (L JEED ULD  caw

THE __MosT IMPORTANT DIS —~ ~

TINCTION 1S THE __SIZE__OF \

—lTRE  SEMICONDUCTOR ...CHRIP, 2 chip i
ASPECIALIZED _ _CHIP _DESIGNS ANODE CATHODE

MAY RE...LUSED 0. GIVE LEAD , LEAD

e BETTER . __RESPONSE _TO . CERTAIN U

—fWAVELENGTHRS . OF. . LIGHT.

EAMOVS.. . EACT: LEDs  CAN

SMALL AREA  PROTODIODE Swce p BOTH_EMIT_AND_DETECT LIGHTI| .
S SO oo DU A THESE....PROTODIODES HAVE  VERY EAST
L P

RESPONSE TIMES  WHEN USED IN__THE

” l J REVERSE — BIASED  PHOTOCONDUCTIVE. MODE.

1)

—jLARGE. _AREA ___PROTODIODES.

A CEE > MWYSQI THOUGH _ SLOWER . RESPONDING. _THAN _SMALL
r . ' AREA . PHOTODIODES , THEIR.  LARGE. AREA
n % PROVIDES.. . BIGH. . SENSITWLTY.
L PROTODIODE __SYMBOL . [} cATRODE ¥y 4y
el BOTH . SYMBOLS __SHOWN N N
WERE _ARE _ USED. A —Dr—c  A—{{H—c¢
B S
U ANODE
_{HOW.__PHOTODIODES.  _ARE USED
PHROTODIODES. . ARE &d
COMMONLY. __USED __TO £S5 fBy - POTENTIOMETER
) DETECT. __FAST_ _PULSES /Z N3 _,.;\Cm,(:m CALIBRATE __THE
OF __NEAR__INFRARED YOS METER) ~
1CAS 1N LGHTWAVE (& 3/ I\ P14 >
|COMMUNICATIONS). ey gy
. A - VA
0O LY GHT.  METER.
|THIS  ARRANGE MENT 20 [ Ny s
o PROVIDES A _BASIC. ... CURRENT =Dt Vol
| PHOTOCON DUCT IVE. . MODE _ METER =l o
LIGHT _METER. . ITS |
RESPONSE IS VERY LINEAR. ' p N




PHOTOTRANSISTORS
' EMITTER BASE
ALL TRANSISTORS . ARE. [ |GHT Do i
SENSITIVE.  PHOTOTRAN SISTORS 24 s
ARE _ SPECIEICALLY. DESIGNED P e -
To. TAKE __ADVANTAGE of THiIS N
IMPORTANT ___PROPERTY. {AGHT P y
SENSITIVE FETs ARE AVAILABLE, N
BUT  THE MOST COMMOAN _PHROTO ~ U""COLLECTOR
TRAMSISTOR 1S AN__NPN__JUNMETION
TRANSISTOR  wiTH . A . LARGE., o pnoron\s
Mmam&smwwmhm ‘ o
|EMTERING . THE  RASE  REPLACE THE _ s
e | BASE. = EMITTER __ CLRRENT _OF % P p
ORDINARY. . MNPAN  TRANSISTORS e BEC2ECR =l n ELECTROMN
THEREFORE A _PHOTOTRANSISTOR N = s
e DIRECTLY  AMPLIEIES  VARIATIONS . NOTES T _
e JINL L THE . NUMRER . OF  PHOTONS. . BASE.__LEAD IS _OPTIONAL.
{0 NPN__ PHOTOTRANSISTOR __ OPERATION— _Two TYPES __OF
NEN  PHOTOTRAMSISTORS. . ARE.  AVAILARLE. ONE. 1S AN _NPN
[TRANSISTOR . AS _SHOWN. . AROVE. THE __OTHER _INCLUDES ...
(A SECOMD  NPN __TRANSISTOR. ... TO. PROVIDE _MORE _AMPLIFICATION.
. NPN._ PHOTOTRANSISTOR !H['S\
L
ﬁ ) c ) M‘:;}"‘“ﬁ 3 i
P __NO N\ (Y=o | pl¥ BIGH
f’@ =n CuRRENT. 7N > | ;;/E ™! CURRENT //_\/&\
DARK ] > \ o/ tieur o \ A )
- _ {— +®
\ \J
2. PHOTODARLINGTON
TRANSISTOR r" —— e
P oty o » i i
LIGHT 4 = [f, - PN | S,
G W= = L RIGH | e
THIS ARRANGEMENT ' — Bt eorpent |
1S VERY.  SENSITIVE |5= 6 || — L\
A 4 T
BUT 1T IS SLOWER N
THAN _ ORDINARY  NPN | =g
. i —d
PROTOTRANSISTARS. £
ROTH __TYPES __MAY. OR [ +(_ )
MAY NOT _HAVE A RASE_LEAD. \ \/
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O KINDS . QF PHOTOTRANSISTORS .

SHOWN. _HERE S A TYPICAL RN ___Lens
e OWL_COST  NPN _ PHOTOT R ANSISTOR O\
MANY OTHER CASE. __STYLES N ELAY
ARE ALso  USED  (METAL.  _CAMS, iy MARK
GLASS _LEWSES, . FLAT _WINDOWS., S N——
— lETC).  IMPORTANT: . THE _RASE \ 1IY
LEAD. __MAY.. _OR __MAY__NOT__RE ) 1
et PRESENT o MANY.  PHOTO TRANSISTOR a— —
CIRCUITS DO MNOT. . LsE THE ColLECTOR EMITIER
BASE ___CONNECTION, LEAD Vil LEAD
N . \gase
=] B S PN \ LEAD
A oy fiy f ) GIASS (OPTIONAL)
T e
) TRESE . ARE....TYPICAL .. PROTOTRANSISTOR S.
(A PROTOTRANSISTOR . SYMBOLS.
\‘x\\ (0 \\:'\ W \\f 1S NN ¢
7o 7 A ~—\
B \}f) (é{) e ke ) _(oR). & _(-\\'g/)
I"E IE "E [E
NPN NPN_ (MO RASE LEAD) PROTO DARLINGTONS

HOW__PHOTOTRANSISTORS _ARE _USED

__PROTOTRANSISTORS.  ARE _ QETEM

JUSED  TO . DETECT.  FLUCTUATING (AC) PHOTODARLINGTON

LIGHT S\GNALS.... . THIS ARRANGEMENT . TRANSISTOR.D)

USES A STEADY. (pc)

O [ —_— —— — —_—
LIGHT.__TO. ENERGIZE (—— ) Al
A._RELAY. THE _ DIODE " i
PROTECTS . THE | I
” TRANSISTOR er .
RELAY L7 FRom._ VOLTAGE. | [T = !
S = — PROPUCED _tN o S =
S THE_QELAY ColL, | ne | (AN
I T J A= I? R ——— S
o DiopE o~
PN J Leur A~/

RELAY CONTACT LEADS P 11‘1 >




PROTOTHYRISTORS OEE

PHOTOTHYRISTORS.._ARE__VARIOUS

KINDS __ OF LIGHT=ACTWATED (O~ - ([ A
o [THYRISTORS ... YO U CAN_ THINK ) —0 "o—\ \/
e JQE __THEM.._AS _ {IGHT=ACTIVATED

SWITCHES., THE MOST _ IMPORTANT

MEMBER......QF. THE __FAMILY. 1S —

THE. LIGAT=ACTIVATED. __SILICON on 1T CURRENT
e {CONTROLLED  RECTIEIER. _(LASCR). .m,_,w—/’ /

LIGHT. _ACTWATED _TRIACS.  ARE — |

ALSO. _MADE.  NEITHER.  CAN =D [(==Ch)

STEL

= —0—0—| ==
SWITCH . AS._. MUCH.  _CURRENT ) \ ==

AS  CONMVENTIONAL  THYRISTORS.

LIGHT ACTIVATED  SCRs  (LASCR )

e | TO_IMPROVE  TREIR.  SENSITIVITY._TO  _LIGHT, ANODE
THE. . LASCR 18.....MADE THINNMNER THAN n
wwwwwwwwwwwww  STAMDARD  SCRs.. . TRIS LIMITS _THE AMOUNT. . ...
st L e L RRENT L THEY CANMN SWIATCH, FOR ooy P
HIGH . CURRENT. .. APPLICATIONS. A NN
LASCR CAN.. BE . USED._. TO. TRI\GGER ... LIGHT P
A..__CONVENTIONAL _ SCR. SEnSITIVE NN
AREA
O KINDS OF  LASCRs. CATHODE. . GATE ..

23 e MOST.....LASCRs  CAN _ SWITCH 0P TO. . _A. FEW
& s HUNORED . VOLTS. ... MAXIMUM.  CURRENT. .S _ONLY

E It A EEW. TENTHS . OF AN __ AMPERE.

HOW. _LASCRs ARE USED \
VA <
; | TomcE  TR\GGERED,
\/ BUuzzER. . REMAINS
\ oM AN T POWER
/, LS. INTERRUPTED,
/
} PIEZOELECTRILC I
| —LﬂJG P BuzzeR ¥ 'P.115V>

e _louick. ELasH Ss—{l——

QF.. . LYGHT THIS  ARRANGEMENT. .  ALLOWS

Wibk.. TRIGGER . +. %Lwa_w/\ AASCR.TO.LLTURN. . ON
LASGR. AN EAR PIERCING BUZZER. .. ...
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QOL AR CEIILS

SOLAR CELLS ARE PN MET

e ] TUNCTION PHOTODIODES e LONTRE

-

o e eeranad e wwwﬁmm e NN R et i
WITH . EXCEPTIONALLY. P 775
.,_.f; g%r rfﬂt/.u

ARE M. A SINGLE.. SILICOM

. |SOLAR.. CELL . GENERATES e _

Q.5 VOLT _IN BRIGHT SUNLIGHT.

0 SOLAR CELL  OPERATION

. beur _§ 3§ 3 { ro=c=ce

DARK > SXRXRKK (T — N Aa0A-00 o Y

J UYL - >

et == yrd S HlGH A

e JSOLAR....CELL CURRENT >~\ / ( A currEnT \ /'S....;
a Y, B—

: e — 5 )
A_CELL ~N —

THIS_SIZE | % IN_RRIGHT _$ AMODE.

N
R IALRLAR f' S
GEMERATES SUMWERT \ _ g CONTALT

0.1 AMPERET

o~ SUACON CELLS  MAY RE P am.N

L KIMNOS. OF  _SOLAR.  CELLS

CELLS ARE . MARE.. QETEN. ... INDWIDUAL. . CELLS

e MABARNY. . DIEFERENT. . KINDS  QF  RINCON_ SOLAR e

I ARE CONMECTED 1IN .. . SERIES..OR _PARALLEL . ..
_ - -
o SERIES oo PARALLELS Gm . )
ek OUTPUT. VOLTAGE. | e DOTPVUT. CURRENT
IS LS OM.OE CELL. m 1S SUM. OF
e MOLTAGES GELL. CURRENTS.. H
=+ ——— = r > +
14
—— . /‘\" .
O _SOLAR __CELL _SYMBOL. —H\_/*")“ REMEMBER, CELLS
- MAY. _BE P _ON_N.
JHOW__SOLAR _CELLS ARE USED N
wMAL  suN P 115 >
N D 0 7 / 1
ARRAYS . OF. SOLAR _CELLS S -
CAN. CHARGE RECHARGEARBLE Au o
CELLS . ANMD__BATIERIES. //// '/VV\I N \\ mn",\ue *)
+
'/'\\ / - / - / - \
— |SERIES. CONNECTED L = = ;- T
e} SOLAR__CELL _ ARRAY




5 INTEGRATED CIRCUITS

ELECTRONIC CIRCAMITS CAN N STANDARD
BE MADE __ BY.  SIMULTANESLSLY | B~ R~ COMPONENTS
|EQRMING..... INOIVIDUAL _TRANSISTORS, " é‘? P
DIODES AalD RESISTOLS ON é ‘
A S.MALL, CRIP . OF SILICOAL, }
Ny

THE . COMPANENTS.. R
TO  ONE ANOIMER MWITH  ALum /
"WIRESY DEPOSITED _ON THE } INTEGRATED

| * 4
SURFACE......Q0F _THE __CHIP. THE : CIRCULT

JRESLLT. 15 AN  INTEGRATED CIRCUIT.

INTEGRATED . CIRCIITS. (0R.IC's) . CAN  COMTAINM  AS._ EEW AS SEVERAL
TO. _AS.  .MANY  AS. . HUNDREDS _ OF .  THOUSANDS. . OFE  TRAMSISIDRS.

THEY. _ HAVE MADE  POSsSIBLE. . VIDEO. GAMES, . .DIGITAL.  WAT
AEFORDARLE . COMPUTERS.. . .AND... . MANY. _ OTHER. . VERY  SOPHISTICAYED __

PRODUCTS. . KERE)S. .. . .A.. SIMPLIFIED. . AND.. HIGHLY.  MAGNIFIED VIEW

OF A SECTION OF A BIPOLAR iINTEGRATED. . ClRCUlT

"
ALDM INUM SILICON  DIOXIDE ~ —~ CONNECTION LEAD /i m

"WIRING " T / // //N%///LM/;//W %mwm%

i S— - _, Vo
I h\ -
. e SILICON. DIOXIDE
<V} < 7 i 18 A GLASS -
o T kel EE. _ INSULATING..
" \ SUBSTANGE..

| RESISTOR— ... A . SHALL o DIODE = A PN ____ TRANSISTOR — A PAIR

e SECTLON.. OF P2 TYPE oo TINCTION. o QE PN TUNCTIOAS e
SILICON. _ Foams. A FORHS A EQRMS AN NPAN
| RESISTOR DODE TRANSISTOR

OFE. . (OURSE THE _ _COMVENTIONAL  COMPONENTS  SHOWN  BELOW.

THE Blaaty MA_GNIEIED SECTION oF THE _I¢ ARE

LNOT . PRAWN.._ IO THE SAME _Scacg,  FOR EXAMPLE , — ONE  KIND

e OF  ECINCLODES . 202 2144. TRANSISTORS _OAN A SWKICON CHIL

ONLY.  ARsuT. L/u tmcH SQUARE !
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O KiInNDS OF _INTEGRATED CIRCUITS — INTEGRATED _ CIRCUITS

ARE GROUVPED INTD TALD MATOR CATEGORIES

L ANALOG  (OR LINEAR) .TC'S.  PRODUCE. .  AKIPLIEY. QR RESPOND .

0 VARIABLE  VOLTAGES ANALOG Tols ISCLIDE MAALY.
N ——r——

—kiNDs.  OF . AMPUEIERS, . TIMEAS .. OSQULATORS. .. AND.. VOTAGE ..

REGUIATORS

e RIGITAL  CoR_LOGIC)  TC's  RESPOND  TO OR PROPUCE SIGNALS .

HAVIALG oMLY, TWO VOLTAGE  LEVELS DiciTAL . Tels INCLUDE

MICROPROCESSORS . MEMORIES g MICLROQOOMPUTERS  AND _ MANY  KINDS
QF.. . .SIMPLER CHIPS.

e JOOME TC) s COMBINE. .. ANALOG ... AND.. DIGITAL.  EUNCTIONS  _OAN A
) SINGLE . CHIPe.  FOR  EXAMPE A DIGITAL.. QHLP  MAY. INCLURE

A BUWILT = In ANALOG VOLTAGE REGULATOR SEQTIoAL AND AN

e IBNALDG  TIMER CHIP MAY IMCLUDE Al OMN=CHIP  DIGITAL

COUNTER T GIUE MHOCH LONGER HeE DELAYS THAAL

POSSIBLE WITH THE. TIMER ALOMNE..

VOLTAGE ~ 1
e LT O OR N\ / \ /\V/ \
OuUT._ OF e ~ \
CHLIP. ("\LOI - o
POWER__SUPPLY TiME TIiME
VOLTAGE.) ANALOG.  TC's DAGITAL __Ic's

L KINDS  OF  INTEGRATED _CIRQUIT PACKAGES — TC onles
e {ARE___ SUPPLIED N MANY _ OIFEERENT. . PACKAGES.  BY. _FAR _THE

JCoR __PIPY.  THE _DIP.. 1S .MADE _ FROM . PLASTIC __( CHEAP)

MOST CoMmon...  ARE  VARIATIONS ofF THE  DUAL_IN~LINE PACKAGE

CERAmIC . (HORE QoBusT).  MOST _ DIPs  WAVE 14 _oR 1e  PINS.
BuT __ THE Plam  Coum T  CAM  RAMGE. FEROM .,

Y TO b HERE's A TYPICAL DIP ¢

S
Ny [ 3 iz (@ fol {71 [B1 _ PART
/"\L@ ME T 10"\18% NUMBER
/ MANUDEACTURER'S &, LLieed
éuDEx MARKER L0GO (MOTOROLAY 5 CPSS l% m::.&ﬁ?immsw
impleATES.  PIa 1) £2=19832

Pin. numeers —zbet 21 18T 18] i8] lef 1o 4o puth epy

ANOTHER. .. . TC. . PACKAGE . IS THE  TO=S .. .. = METAL
METAL _CAN.  THOOGH VERY _ STURDY , I(T's LAN
ABEING REPLACED IN_ MANY. CASES BY
CHEAPER PLASTIQ PDIPs. . S LEADS




|6 DIGITAL_INTEGRATED CI\RCUITS

NO  MATIER 0w COMPLICATED, ALl DIGITAL INTEGEATED

CIRCUITS ARE MADE, EROM SIMPLE.  BUUDING. BLOCKS

ICALLED  GATES . .CATES . ARE . LIKE . _ELECTRONICALLY COAL~

TROLLED SWATCHES . THEY ARE EITHER 9}!}1 OR... QEE
HOW. DO GATES. WORK? [ET's START WITH THE BASICS ...

MECHANICAL. SWITCH GATES

THE. . THREE .  SIMPLEST GATES CAN__BE  DEMONSTRATED _WITH
SOME. PUSHBUTTON. SWITCRES, A BATTERY. . AnD._ A _LAMP,

O swutch " Anp" _GATE. TRE _LAMP _GLOWS. . OMLY. . WHEN

SWITCHES A AND. B __ ARE CLOSED.
THE . TARE _ SUHMARIZES T™HE

%D I&D GATE'S___OPERATION. _1T'S._ CALLED A
v B TRUTH__TARLE. .
ﬁ"—"——'L L= ) i} — A B |our
] NORMALLY.  QPEN | __DPEN_SWITCH = OFF OFF___OFF OFF
PUSHRBUT TON CLOSED SWITCHZ ON . OFF. . ON QFF
- SWITCHES LAaMP ON  OFF OFF
= — —==—= (OFF) ALL. POSSIBLE oN. _.ON ON

ON=OFEE._COMBINATIONS. e

O switern "or" GATE THE._ LAMP. _GLOWS. _ONLY.. . WHEN
SWITCH. A QR . SWITCH. . B QR BOTH. .
A MORMALLY. OPEN  SWITCHES A AND B ARE _CLOSED. . .
\mmswh\meummo.&mW",ag&&lsmmawlgum TABLE.:
— A SWITCHES

ﬁ THE _SMUTCHES A B ouT

Lo = = | ARE_ THE _GATE'S OFF___OFF OFF

] B { o\ JNPUTS,  THE. LEAD OFF _ON. | ON

_ - ) W WITHOUT.. SWITCHES ON__OFF on

- LAME. ... 1S THE.. COMMOAS ON___ON oN

MMMMMMMMMMMMM = -q-_ﬁff) OR....GROUND.. LEAD. j

CoswiTer “not” carE. THE . LAMP__NORMALLY.  GLOWS. . ONLY.

WHEMN... THE SWAUTCH. LS OPEMNED 15

£ MNORMALLY  CLOSED . THE LAMP OFF. N __OTHER WORPS e

{gmwmqumwmmwimﬂwﬁammawms,ﬁ«ska‘wncmyﬁ.&r_s),m
SWITCH THE VUSUAL. ACTION. . OF. A . SuTCH
15 J L W L, HERE's .. THE.. . TRUTH. __TABLE.:
¥ | ’-
Lamp 2 1y j-‘:mm“ihlﬂljmﬁi&t& 15 In | OuT
[I (oN) el USUALLY.. CALLED THE. OFE | _OM
\ : INVERTER. ON | OFF




THE _BINARY CONNECTION

TS POSSIBLE _ TO  SURSTITUTE THE DIGITS O _AND. 1 _FOR B M
TRE __OFEF ___AND _ON STATES. . OF A _SWIXCH.  THE TRUTH _TARBLES ... .. .

FOR__THE _GATES.  _ON.__ THE. PREVIOUS. PAGE__THEN. __BECOME. s .

L} ]

AND" GATE “or" GATE "wotT" eaTE

ouT 1N ouUT
o o 1
1 O

o

HOOO[E‘

R OO
ok o|W
-2

C

)
1

o
1

- Do

!

—dHE O AND 1 INPUT (A 2B) __COMBINATIONS _FORM _NUMBEBERS. . _IN .
e ATHE__TWO _DIGIT. (OR BIT) . . BINARY. NUMBER _SYSIEM. N __DIGITAL.
—JELECTRONICS,,. BINARY.. NUMBERS.  SERVE  AS. . CODES THAT REPRESENT . . .. .. . .
—|DECIMAL __NUMBERS,  LETTERS. OF THE _ALPHABET., VOLTAGES. _AND. ... . . .
e {MANY. OTHER . KANOS. .. OF . INFORMATION oo eeessesees oot

DECIMAL _ BINARY. . BINARY- CODED (o N\ BINARY_ FACTS..
DECIMAL (Bep) O
0 00000000 ~
1 0000 0001 A BNARY. O 0R1 IS A BIT.
o 0.0.00 0010 ___A PATTERN OF 4 BITS IS A NIBBLE.
1

0

e 2. 000. Q011 A LPATTERN OF .8 BITS IS A BYTE. ...
00000100
0000 0101 LBCD— EACH DECIMAL DIGIT IS o .

110 0000 0110 . ASSIGNED. . ITS5. BINARY EQUIVALENT. . .. ..

111 0000 O111  NOTE THAT LEADING ZEROS ARE. ... . . ..

1looo 0000 1000 . SHOWN. . IN_DIGITAL ELECTRONICS .. .

1001 0000 .1001 AL BIT. LOCATIONS . ARE.QSCUPIED, ... .

1010 0001 0000

1011 0001 0001

1.100 oeel 0010 1213 .14 .15 oo

1101 ....0001. 0011

1.1.1.0 0001 .. 0100

1.1.1.1 ool 0101 e

| PARALLEL

—IBINARY. _NUMBERS __CAN_BE _SENT_ THROUGH CFAST)

—JwireSs  (BusSES) ALL AT ONCE_(PARALLEL) S

OR__A__RIT AT A _TIME C(SERIAL).. . SHOWN

—JHERE ARE _SERIAL__ANO _PARALLEL SERIAL - I

TRANS MISSION. OF  15...14...13...12. rf (sLow) I\ e

e
O LN~ E Mo
—

O
=

—
=i

-y
~

b
LA}

—
in o

\ 17 S 12 . 14 ot 15 o~

T Tl o o HL Il o T fl ol o mLnl maL




IDIODE GATES

OETEN

\T'S . DESIRAB/E _TO . CONTROL. A GATE _ELECTRICALLY
e \BRATRER . THAM MECHAMICALLY THE SIMPLEST., ELECTRICALLY
e DN TROLLED . . GATE LSES PN TUNCTION. . DIODES. THAT  ARE
e |SWITCHED . QN CEORWARD. BIAS) OR _QFF (REVERSE. _RIAS)._BY AN
i INIPYT . SIGNAL... OF  SEVERAL...VOLTS _C RINARY. .1 . 0OR HIGH). . OR
AN __INPUT.  NEAR OB AT . GROOND.  (BINARY O _OR __LOW).
- Aeaga
e LLDHODE L ORY  GATE 0 Dicoe "And"  cATE
. A =={Ta Y QUT A =G ¥ P OUT
e (DID DES (wiTH. RESPECT DIODES % CWITH _RESPET
o o ( TO. _GROUNDY TO. GRAOUND)
- B =gy P B mau = A W
TG / ™
RESISTOR . GROUND RESISTOR Y GROUND.
C | K) [ ( ‘K) k‘,/
| A | 4
AAWHEN  THE  INPUT. . VOLTAGE AT WHEM. _THE _INPUT _VOLTAGE. _ AT
A g& B..l5...MORE PosiTiwWE A AND B 18 MORE POSITIWE
~{THAN._GROUND, (T PASSES. THROUGH TRAN._ GROUND, . CURRENT.. FLOWS

o JIRE  EORWARD . BIASED . DIODE LS)........EROM . THE__BATTERY
o AND. . APPEARS

THRQUGH. . _THE

. AT THE _QUTPUT. RESISTOR. _.T0. THE _QUTPUT. LF
JOTRERWISE. . THE ___OUT PUT. 1S EITHER A _oR_B._.IS AT OR
ATLORL NEAR  GROUMND... THE NEAR  GROUND,. .. ONE_ . 0R RBOTH

TABLE .15 VALID. _FOR DIODES.  BECOME.  EORWARD RIASED

INPUTS _OF O VorT. (o 0R Low) AND  CURRENT.  FLOwWS. _AWAY
AND 6 VouTs (1 or  KIGH). FROM __THE . OUTPUT.
A eyt A B8 | ouT A o—Kr——e—> A R ouT
Lo ov.ov.! ov s\ ov_ovl ov
BoPH S our  ovevls.ay Bo—i— Tt R ] e
V. QVIS.4y . eV _ovl .5V
- _’_" eV CV1S.4y _'__“* V. eVl S4v
e THE L OUTPUT . DoES.. MNOT. . REACH AS. _CIRCUITS.  BECOME. _MORE
A EOLL G VOLTS  MWHEN  HIGH COMPLICATED,. . PICTORIAL. _ VIEWS
BECAULSE THE  DIODES . REQUIRE ARE _MNOT. . PRACTICAL. THAT'S o
A EORMWARD  VOLTAGE . OF O WHY. . THIS. . PAGE. INTRODUCES
VOLT, THIS.  VOLTAGE 1S, SuB- CIRCOAT  DIAGRAMS EDR.__EACH
s JTRACTIED.  FROM _THE _ OUYPUT OF . IHE  TWO PICTORIALS _SHOWN
| VOLTAGE 4. (N ELECTRONICS. TARG ON Agpue WE'LL  FIND _OUT _MORE
wwwww AL SILICOMN.. .DIODE _ CAUSES. A AROUT. _ CIRCUIT.  DIAGRAMS.  LATER.
WOLTAGE.  DROP' _OF. 0.6 VOLT.) ___IN_THE MEANTIME, THE NEXT

PAGE SHOWS MORE OF THEM s4s
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TRANSISTOR GATES

THRE _ VOITAGE _DROF. _QF._ _DIODE. GATES _MEANS.  _AMPLIEICATION
IS REAUMPLED. _IN_ _ORDER . TO _COMMECT TOGETBEELE A SERIES
OF GATES. WHILE TRAMSISTORS CAN.. PROVIDE THE
—INECESSARY. AMPLIFICAT FUNCTION
AS.  _GATES! _RBoTH RIPOLAE AND FEIELD-EEEECT. TRANSISTOES
CAN.. BE  LSED, QA THIS . PAGE ARE SHEOWN CIR CuUlT
DIAGRAMS EOR SOME __OFE THE SI\MPLEST BlPoLAE
TRANSISTOR __GATES, TOGETHER THEY EORM THE RESISTOR- . . .
—|TRANSISTOR DIGITA __CAN  ACTUALLY
MAKE _THESE _GCATES. RUT THE. . MAIN. _REASON_ _THEY'RE HERE
& ID. GIVE  NYou AN APPRECIATION FoR THE INTEGRATED
e iR GATES . WEMN L BRE.  LOOKING. AT SHORTLY srsas
e A NOT GATE. (NVERTERY N Lot #V(BToqY)
e WHEN _IN. 1S AT +V (BINARY_1 OR HIGH), L .M b
e JTRANSISTOR Q1  SWITCHES _ON _AND CONNECTS R | L . S10K .
__|our. _pirecTiY. _TO_ GRoUND._(BINARY. O _OR N
e LW WHEN N 1S L0W., QL. SWITCHES ] é 10k =S| ouT
e QE . AND._OUT . BECOMES. (THROMGH K1) Yoo (P \ax
e PNOT" GATES _LIKE THIS. MAKE  POSSLBLE ; NG AT
e lIMPORTANT. . NEW._ . LOGIC. . CATES . E8C E

o 'AND" eaTE. 0N AND" _(NOT-AND) _GATE.
+V

AR | ouT 1ok < A B louT

Lo 2 L L | R

L. [ — ouT L H (R

TR A A_Aaal B Lol H

nonlH 1ok N Ho Al L
M.lg,;smw%ufmwsiw%lmumag P THE “NoT FUNCTION
ANY. COMMON._NPN._._B _AA A 1S tBuT=an" { NO

10K é : TRAMSISTOR _EOR 10K EXTRA. TRANSISTOR oo
"; Al THESE GATES, = REQUIRER).
D orR" _cATE O "NoR" _(NOT-0R) _GATE
: +V +V

o A A B LOUT A A Rl ouT

AL AN I@ b o L, 1ok L1 K

10K e L. H B Jf\ __,;__,amwwj.a H L

— o W B A__NAAA Ho.L L

_glaaf AHL H 10K\ %= HoB L
WJQM ouT o LiKEe  THE “NAND"
$ +V FOR. ALL THESE. . 8 Aol oy GATE, THE "nor’

1ok ?L GATES...CAN..BE 10K \‘_. FUNCTION 1S

= +2 10 +9. VOLTS. = BUlLT =N,
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GATE _SYMROLS

BEFORE  MOVING. .. QN TO.. . NGITAL INTEGRATED. CIRCUITS,, LET'S

ook AT TRE. _SYMBOLS...FOR ...THE . VAROUS._ IKINDS.. OF. GATES
ATRIS. IS ALSO A GooD. . PLACE . TD.  INTRODUCE.  SEVERAL

GATES WEVE. . NDBT  NET.. . ENCOUNTERED.

O"AND" cATE O'NAMD"  GATE

m
o
C

—

A A o OUT

Y
\
R — _/

B— )

1

i R
Il‘-rrlg
...'

O
5
&
N
III'"T";%:P
~

~
) S R 2R =

O."or" _GATIE Q'NOR" _GATE.

L OMT

OVT S e DT

B — 7

T e

T
rr Tirie
i
r-rr:c,g
115

A0 "exciusive ~oR" GA

e O "EXCLUSIVE =~ NOR" __GATE

R |
0
C
g

r~

ouT

A No oot
=) —-7’

T~ =
T~ X I
s A =

cE T
Al O
T~ T

O tocie  GATES  WITH.. MORE  THAN. . TWO .  INPUTS — THE o

CNEATES . SHROWN..  AROVE..  ARE. CALLED. LOGIC. . CIRCUITS. BECAUSE. ...

THEY. . MAKE _LOGICAL.  RECISIONS. LOGIC.  GARES.  QETEN. HAVE
MORE __ THAN. _TWO __ INPUT S... ADDITIONAL . INPUTS INCREASE .

ATHE .  _DECISION. . . MARING. .. POWER ...OF A GATE ... . THENY . ALSO ..

_|3=InPUT

ANCREASE . TRE.. NUMBER .. .. .OE . WAYS . . GATES. . SAM. . BE. .
e CONNECTED . TO._ ONE__  ANOTHER. ... 10 . FORM . _ADVANCED.. ..
ADIGITAL  loGIC. CIRCITS. . HERE ARE _TWo.  EXAMPLES:

L.OUT Z-INPOT

O
i

I"AND" _GATE

"NAND' GATE .
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Y

2% B

M550 ol ol Bl Y
T riIrTE ST ®
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crzror-rrrp
F‘III';IIIIC




D SINGLE = INPUT. GATES —  THE. "noT" GATE _0OR._INVERTER

1S VERY. _IMPORTANT.  SINCE 1T . CAN INVERT . CREVERSE)  THE

OUTRLT.  EROM. . ANOTHER _ GATE.  STRICTLY . SPEAKING,
AHOWEVER . THE INVERTER IS _NOT A . DECISION MAKING

ClRewiT. . (LIKE.  _GATES WITH _ TWO._ OR MORE  INPUTSY. A

CLOSE RELATIVE OF . THE _INVERTER 15 .. .THE . BUEEER . .
P e et ]

e b B NONY = INVERTING  CIRCUIT . THAT.  ISOLATES. . GATES .  EROM..oe...

JOTHER  CIRCULITS . OR..__ALLOWS.  THEM. .TO. .. ORIVE . HIGHER

JIHAN . NORMAL  LOADS..  THREE=STATE.. IMVERTERS. .. . AND

IBVEEER S . HAVE AN . OUTPUT . TRAT. CAMN._ .. BE_ _ELECTRONMMCALLY .. .
ADISCONNMECTED . EROM. _THE _REMAINDER . OF  THE . SIRCUIT wo
JIHE OUTPUT. S THEAN . NEITHER . HIGH . NOR. ._LOW.  INSTEAD

v YEloarsY AND  APPEARS AS. AL VERY. . HIGH. . RESISTANCE..

LN LOUT

0. RBUFEER  DUINVERTER. ("NoT' GATE)
| AN JOuT

TN, oUT B D S Mlmwwguf b f o H.
H H . H ok

A 3-STATE BUEFER

O 23-<TATE  INVERTER.

CoONnTROL CoNTROL LT LEONTROL L CONTROL]

| L ) o]

N \'\ OUT L

H Nt oSS OUT ol

X T |z
'N

X Tz
,\-

H HI~Z | H |

ADATA " HIGHWAY S

-~ JOR_MORE AT A TIME). _IN_.B0TH_CASES., OF COURSE, A GROUND .. ..

AOETEN . CIRCUITS . MADE. _FROM _GATES  EXCHANGE INFORMATION oo
ACBWARY.. Qs AND. 1's. . ENCODED. . AS. .. LOW. AND. HIGH.  VOLTAGE

L EVELS) e THE . INEORMATION. IS USUALLY.  SENT.. OVER . WIRES.
JCALLED . Buses., A Rus. 1S  LIkE A DATA HRIGCHWAY . IT. MAY

ABE . ONE __MWIRE __THROUGH __ WHICH _INFORMATION. . IS, SENT_SERIALLY ..
(BIT. BY. BIT). _OR 1T MAY BE UP TO EIGHT. (0R _MORE) WIRES ..
IThROVGH . WRICH _INEORMATION. IS SENT._  IN._ PARALLEL (A _BYTE

IS REQUIRED _ TO:- . COMPLETE THE CLREULT a

1'TRAFEIC _TAMS" ON__BUSES.  FOR INSTANCE &

13- STATE. TRAEELC  COPS— __ 3-STATE.  GATES. . CAN._SToP

BUS..D
< - Y

- L

r:oNT RoL CONTROL CONTROL

AN

N N
[~ =

A ree
Pedll ON._THE _ BUOS..

- ONLY. _DATA.  ENTERING .
TRE  SELECTED  BUEFER
CeontROL = LY. GETS o

.



HOW. . GATES ARE HSED

GATES _CAN_ . BE __USED _INDWIDUALLY 0OR__CONNECIED. TOGETHER
To__ FORM. A "NETWORK”" 0F GATES CALLED. A LOGIC CIRCUIT

PO PP P P W e ey
LMDST ALL  LDGIC CIRCUITS _ GCAN_ RE. . PLACEDR  _IN _ OME __OF

— IO CATECQRIES I COMBINATIONAL . OR SEQUENTIAL .

COMRINATIONAL LOGIC CIRCUITS

COMEBINATIONAL  LDOGIC _ClRCULTS

RESPOND. ToO  INCOMIAG DATA
POANAN

(O°s _AND_1's) _ALMOST. _IMMEDIATELY  AND _WITHOUT. REGARD

TO EARLIER _EVEMNTS. (THIS \With  MAKE  MORE  SENSE  WHERMN

NOU. .READ . ABOLUT.. SEQUENTIAL CIRCUITS cnn) COMBINATIONAL

LOGIC. . CIRCUILTS CAN.___BE __VERY SIMPLE OR..IMMENSELY

COMBLICATED. .. . MIRTUALLNY  ANY  COMBINATIONAL _CIRCUIT CAN.

BE..IMPLEMENTED WATH ONLY...."NANDY oR_"NoR" GATES.
e LI KE  THESE “NAND' GATE.  CIRCUITS ...
O o INVERTERS
4- INPUT ) NAND' _GATE =
T\ N\ ] _
}}—)
N RUEFER
] " _E \ r‘ x_:-
AND _GATE NOTE ¢
THESE. CIRCUITS
——  DO.NOT SHOW..... "EXCLUS\VE -0OR" _GATE
—— THE GROUND
COMNNECTION \
‘OR" _GATE THAT _MUST "
BE._PRESENT, N\ ] >
\L VSUALLY THE
= —l [~ GROUMND 1S \
b'—> COMMAN.__TO
L \l — THE __INPUT
=5 /S AND.__QUTPUT. "EXCLUSI\VE = NOR" GATE
- . N
"NOR' GATE ! P
l — —
= o en o>
ST . L —
> )=
R Rt — M4 =

b




1 COMBINING _ DIFEFREMNT. GATES — HERE  _ARE.__TWO

EXAMPLES OF _ COMBINATIONAL. . NETWORKS THAT. . UUSE .. MORE

THAN. _ONE _KIND OF GATE. (QEMFMBERI BoTH.. THESE

CIRCUITS . CAN  ALSO. RE  MADE ENTIRELY _EROM "NAND' GATES[)

S DATA SFELECTOR BINARY. IO DECIMAL DECODER
N
A N\ B >0 N\ o)
>—>0UT e
B | A >o—¢ N1
w i - — _
Q —— \ AND. —
DATA__AT A OR LN ¥ | N 2
VAR B_1S_STEERED.TO ROTH. MEANM: -
THE QUTPUT.  UNDER f \
b CONTROL.OF THE A NO N3
DATA SELECT INPUY !r CONTACT
/ N\ (THE "ADDRESS" ),
THIS _ CIRCUIT CAN THIS. . CONVERTS A B 1O . 41.2.2
DATA RE __EXPANDED T A_TwWO=-RBIT Lo 1L KRB R
QELECT: INCLUDE BN RANARY NuMmBeER 4 H | H L KA R\
L SELEcTS. A MORE _ INPUTS TO 175 DEQMAL Boo v H oL H
H.SELECTS. B __AND AUDRESSES ., EQUAVALENT, HoHIB R RBL
CLADVANCED COMRBINATIONAL  NETWORKS = MERE. __ARE _SOME

SIMPLE  EXAMPLES. _FROM. . FouR  MATOR  FAMILIES OF. .. COMBINATIONMAL

IMETWORK S,  THESE AND MANY _ OTHER  NETWORK CAMILIES ARE

AVALLABLE _AS _INTEGRATED CIRCUITS.  BOXES (IKE THOSE _SHOWN. . .
ARE . LOGIC  QIRCUIT. SYMEBOLS THAT  REPRESEMNT COMPLICATED

NETWORKS  OFE GATES

MULTIPLEXER (DATA SELECTOR) DEMULTIPLEXER
X Y —DATA 'SEJI_Ec-r-1 XY SHATA SELECT
e ' -
A, X N.1.0UT A X NN TO...
B s Lo | A B b | A
Cos —> ouT (O S - IN_ -2 ¢ = -
D H. bt | ¢ .. D WLl €
H o H D Moyl D
ENCODER DECODER
COMUVERTS.  _DECIMAL - COMVERTS.  RINARY..TD
> AND _OTRER..DATA » - DECIMAL AND. BLD
- > TO... BANARY.. . USES . O DECIMAL DIGITS
"OR" GATES, . ON DIGITAL READOUTS,
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SEQUENTIAL _LOGIC  CIRCUITS

TIRE  OUTPUT STATE 0F A SEQUENTIAL toelc. CIRCUIT. 1S
DETERMINED BY. THE _PREVIOUS.  _STATE OFE _THE. INPUT. _IN
e | OTHE R WORDS.,..... BITS. . OF _ _OATA MOUVE THROUGH. SEQUENTIAL ...
CIRCUITS . STEP -RY ~SITEP. OETEN __THE DATA _ADVANCES.  ONE
STEP  WHEN. A _ PUSE. 1S _RECEWED From A "crocx!” (A

N RCUIT . THAT.  EMITS. . A _STEADY _STREAM _ OF PULSES). THE

ISEQUENTIAL _ LOGIC. . BUILDING. BLOCK S THE ELIP=FLOP.
HERE'S A __QuICK  ELIP- FLOP _REVIEW :

o ThE RASIC RS (RESET - SET) FLIP-FLOP

SR Q QS
ALSO  CALLED A > N A L_{ | (DISALLOWED)
LATCH . THRE. OLTPUTS J L. H = L
(e AND Q) ARE__ALWAYS :>< o W L H
IN._OPPOSITE _STATES. o= DU W BN H_H NO_CHANGE
(G _Means.  "nNor QL) R _— ESJ:_NE_F alEQ=0, @ =1)
O CLOCKED  "RS" E1P-FLOP _
. S RO Q
e | THIS_ LATCH  JGNORES T NI L L] NO cnamGE
DATA AT S AND R s P LWl R
ONTIL._A "crock” CLOCK -— BobLol K e
(oR _ENABLE). PULSE L= - BB (DSALLOWED)
ARRIWES.. THEN —~ \ P—=>Q  yaiD AETER CLOCK.
IT_CHANGES STATES. R— ./ PULSE _ARRIVES.
D"D" _(pATA _oR _DELAY) _ FLIP-FLOP
DLQ Q
D_ELIP-ELOPS —\ Lol L K
STORE THE \:‘..-—-—,L—G Hl. A L
CURRENT. _ouTPUTS — ] (OR)
BETWEEN _CLOCK, | CLOCK — ol o 1L
PULSES —~_ 1 \Wil.a 1l_1__0
DAT A A Jo— VALLD AETER CLOCK.
— PULSE _ ARRIVES.
o'k FLIP-FELOP _
| T K ey
ThE " TK' ELIP-ELoOP K Ny v L E% CAANGE
ALLOWS _BOTH / ) - Q LR LK
INPUTS.  TO BE M.  CLOCK — | - H L
(iN_WRICH CASE [ u Bl "toecrr”
TS OUTPUTS. "TOGGLE" N\ o= Q VALID. _AETER . CLOCK
OR__SWITCH _STATES I/ PULSE. ARR\WES
INT EACH CLocK PULSE.) '
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OMTY (TOGELEY ELIP-ELOP

OUT.PUT. (142 INPUT. . RATE)

THE A (oR_ Q). _OUTPUT LNPYT \ , "
St Cop ) FOR_EVERY H—NF¥ a1 T 1
OTHER. . INPUT__PULSE, b tlf - N
THEREEORE  THE. |NPUT LA Q > | P {
PULSES ARE DIVIDED RY
WO HERE ARE  SEVERAL WAYS _TD _ MAKE A"T" ELIP-ELOP:
| 1
T cLock @ == Lle Q = — 1 o
T —{CLocK RAGH—
— o Q> R Q> — Reoc A
- ] - i T T
"D _ELIP-FLOP CLOCKED RS" ELIP=FLOP TK_FLIP-FLOP
QD! FLUP-FLOP DATA_ STORAGE  REGISTER
HERE S HOW _ FOUR _"D" FLIP-FLOPS _FORM A STORAGE REGISTER
—fOR MEMORY . THAT . " OADS" (SAVES) THE.  4H-EIT.  EINARY. MIBRLE
AT ANPUTS  A=D _WHEN. THE "CLOCK’ _INPUT._ 15 "sTRoECED"
(PULSED). MANY._ TYPES OF . TC. REGISTERS. ARE.  AVAILAELE.
DATA ow'r-e-_i% E»; i 3 )
STRORE CLOCK Clock g i— cock @ - cLock  Q
GLOCK .= - B - - . - U e
T0. SAVE 1° Q o L il B A Q- D Q-
THiS l I I
DATA | | ] LNPUT
S A B ¢ D. = N\RBLE
T ELP-FLOP  COUMTER CounTlp e g A
o D RO 0.0
HERE's  HOW.  FOUR "T" FLIP-FLOPS FORM. A 1..je00.1
H-BIT  BINARY.  COUNTER: 2 00i9Q
NPGT BULSES H A ﬁ . ?i - gié ;éﬂ, e
J2 1 o Q }—4 Q1. e 5 lo1o1
i LU T A T . LA de . |Q 110 .
- QI Q— Q- A o 5 U U SR
et 2 1000
EACR "T" FLIP-FLOP _DIVIDES. INCOMING _ PULSES _BY . 1001
TWO., AS... THE _BINARY. TRUTH.  TABLE REVEALS, .10 1010
THE RESOLT. 19 A COOO. == 1111 BINARY COUNT. 11 3103 1
(THE__COUNT. RECYCLES TO. . Q000 . AFTER THE _16™ 1211 100
INCOMING. PULSE.).  THERE ARE  MANY.  TYPES  OF 130111 0.1 '
¢  COUNTERS,  MOST OF  MWHICH  INCLUDE : 14...11.1.1.0
SPECIAL _EEATURE S (COUNT UP oR DOWN, RESET, ETC.). 15 11111

@0
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LOGIC _SYSTEM

A_COMBINATIONAL ~ SEQUENTIAL

HERE'S BOMW. . COMBIMATIONMAL _AND SEQUENTIAL...LOGIC . T.Cs

CAN. _FORM A _DECIMAL COUNTING CIRCUIT, A VERY _SIMPLE

DIGITAL  LOGLC. . SYSTEM.
i o
1. THE RLOCK DIAGRAM [e17 >
PUSES TO |\ RCD~-To- |\
e BEL_COUNTED R D T-SEGMENT RIS PLANY
L T COUNTER DELCODER
F e I e 1/ 1/
4
S ATHE BCD COUNTER  ADVANCES _ONE. _COUMT. . EOR {
e JEACH L INCOMING.  PULSE. _WHEMN __THE _COUNT \
REACHES 1001 (DPECIMAL..Q), THE COUNTER \_\_.
e AREBENCLES 700000, THE  DECODER ACTIVATES A
THE  APPROPRIATE. SEGMENTS. OF. AN_LED DISPLAY. . : “E"é“"“
2. THE _ CIRCUIT.  DIAGRAM - e%?gcf
= te . -
Y S ol i3 AAN & NI )
COUNT. IN 141 7490 14 7498 o 112 AAA__ BN ! \
2 e 19 1lg cllf\/\/\;cmr\ﬁ;
7490 = COUMNTER 3 4 110 AAA :dJ\]ﬂ/VI %
M4 = DECODER b clB _ 21¢ ela annel o H]
7 ‘ elis AaA_ s ngmr
RESISTORS. R1-RQ plil & p 3114 AN 9 VT ;
. |PROTECT _LED DISPLAY o] 5 N AN
_|eROM. EXCESS CURRENT. $ T \
= Ri=R1= \“COMMON”CATH;)DE,_
%, THE  ACTUAL . CIRCUIT 270-0BMS 2
' T COMMON
COUNT [N~ == =) CATHODE _LED
r , i . L\ DISPLAY.N
THE. =
__loope !
o 'DROPS" 7]
b= VOLTS. . II 7] 7490
J0 = 3
N 5.4- youTs, ) q
.......... 7 || S5
€y 3 B
.Ju 7 c
- TO. COMMON. CATHODE
| )




DIGITAL_TC EAMILIES PR
—_:'Q” %f./\ )I

THERE ARE  MORE. __THAMN A ‘"'»"\35/ NS
— |DOZEM . MAIOR __EFAMILIES OF Sl
— |RBIPOLAR AND MOS. _INTEGRA 1.4 v

CIRCUITS, EAcH T  Cor “emip”) SALA N\ !

CONTAINS A SPECIEIC _ LOGIC "’)v(“

NETWORK . OR ASSORTMENMT OF 4011 v

VARIOUS _ LOGIC FUMNCTIONS.

HERE __ARE  <SOME__OFE __ THE A_"QuUAD" (EFour) oF

MATOR _DIGITAL T¢ EAMWIES.: 2-INPUT _CMOS "NAND"GATES

L BIPOLAR  DIGITAL. IC'S

et 1. TRANSISTOR - TRANSISTOR 106GIC (TTL OR _T2L). THE LARGEST

AND  FORMERLY MOST. POPULAR DIGITAL T EAMILY. CARN. CRANGE

STATES _MORE _THAM 20,000 000  TIMES. PER _SECOND VERY
—WNEXPENSIVE . DRAWERBACKS  MUsSYT. RE_ _POWERED.  RBY _ S- VOLT
SWUPPLY . USES  LOTS. of POWER . (INDVIDUAL GATES. REQUIRE

P i’y
— R OR Y MILLIAMPERES.)  MOST \WDELY.  _DSED 1S THE 7900 SERIES.

THE '7‘404; EOR EXAMPLE, GCONTAINS EQUR _ INVERTERS.

2 b QW -POWER SCROTIKY  TTL L S). A NEWER _KIND

OF TIL. THAT. COMSUMES OMLY. . 209% AS _MUCH  PDWER.

—JORAWRALK: MORE EXPEMS\VE  THANM STAMDARD TTL. MosT

o JWIDELY  USED IS THE  741S00. SERIES.

0 MOSFET  DIGITA! TIC's

1.8~ AND N-CHANNEL MOS __(PMOS ANMD KNMOS). CONTALM

MORE GATES PER. . CHIP THAN . TTL. _MANY _ SPECIAL PURPOSE

cHips  (MICROPROCESSORS, MEMORIES | EYC.). DRAWRACKS . FEw
COUNTERPARTS . TO POPU/AR  TIL _CHIPS. SILOWER. . THANM __TTIL

MAY REQUIRE WO . OR__MORE SUPPLY VOLTAGES. MAY __BE

_IDAMAGED RY STATIC ELECTRICAL DISCHARGE.,

2 COMPLEMENTARY Mos (cMOS). FASTEST GROWING

AND . MDST VERSATILE DiciTAL TIc EAMILY., THERE ARE

- MOS VERSIONS NE MosST POPULAR ITTL _CHIPS. QANIE

SER\E S USEZS THE SAME DESIGMNATION MU MEE RS, THE

-')qc.oq? EQR EXAMPLE IS __THE CMOS  EFQUWALEMT. OF THE

TTL IHOA, NEW HIGH~ SPEED CMOS JUST AsS. . FAST AS

TT, MosT C MOS HAS A ___WIDE SUPPLY. MDLTAGE RANGE

(TYPICALLY +3 TO + 18 VOLTS). USES LESS  POWER  1TH AN ANY

—JOTHER ..DiGITAL To  FAMILY, (INDIMIDUAL GATES REAQUIRE O.1 MILLI-

—JAMPEREN DRAWRAGCK: MAY RE DAMAGED RY STATIC ELECTRICAI DIS—
CHARGE, MOST WIDELY DSED ARE  74C00  AND  H4O0O SERIES.
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o THE INPUT  AND  OUTPUT. . VOLTAGE LEVELS  OF LINEAR

INTEGRATED. . CIRCUIT.S CAN VARY OVER A WIRE. . RAMNGE.

JOETEN. __THE __QUTPUT. VOLTAGE. 1S  2ROPORTIONAL TO.. THE

MMNPUT VOLTAGE . THEREEORE . A  GRAPH OF INPUT _VERSUS

OUTPUT. 1S A _ STRAIGHT (LJMEAR\ LINE., THEEE __ ARE

MAKMY. . TYPES OF _LINEAR . TCl<., QALY TRHE MAIOR
IYPES ARE _COVERED _ HERE . FIRST _LET' sm_CQM.,PWARCRWmﬁEWW_.

BASMC. .. DIGITAL  AND . LINEAR _CIRCUITS ]

i I TRE BASIC LLINEAR CIRCUIT
A SINGLE.  RIPOLAR.  OR. FIELD - EFFECT. TRANSISTOR _CAN
e |EUNCTION.  AS A DIGITAL QR LINEAR CIRCUIT. . tN._. BOTH
. |CASES, . THRE .TRANZIIZTOR CAN. _INVERT. THE SIGAMNAL AT
ITS INPUT. HERE'S  Bow . AN NPN__BIPOLAR _TRANSISTOR
CAN... PERFORM BLL . FOUR FUNCTIO NS
[+ Y AVRTNS TS VT % WO W O 3
VolTs) 1 Lo howEan
\“1 P R1 ¢
.......... [ 10K &
- =1 P | o1 _
. H: o L ON
- SUUPVIRNE REHI | R - S oY1 % .
GEA PHS: Y - /=
= LOLLECTOR vou'AGE .
CDIGILTAL: L
o |HERE TRANSISTOR_ Q1. IS MERE Q2 1S _AN__AMPLIEIER
e fSED . AS AL SWITCH . WHEN THAT. OPERATES . OVER _THE.

THE .. INPUT.._ 1S NEAR. .+ V ENTIRE __RANGE  FROM __FULL
JCoR BIGH) . QL. TURNS... . OMN oo QEE To._FULL ON.. RH __AND
o AND L LED L S MLUMIMATED e RS EORM A VOLTAGE . DWIDER .\
CIWRERN IHE L INPUT 1S NEAR THAT. APPLIES A _SMALL
JGROUND . CoR tow), QI _ TURNS . VOLTAGE T Q2's BASE. .TQ.. .

o JOEE .. THIS TURNS LED 1 OFF . . KEEP QZ. . SLGHTLY ON. EVEN. ..
IAND.  ALLOWS. LED 2 TO GLOW. . WREN NO. NPT 1S PRESENT

1(RZ . CONTROLS. _THE CURRENT . THIS _ALLOWS Q2 .TO OPERATE
_|TRROVGH . . ROTR . _LEDS.)...THIS N A LINEAR  MODE . AS. . THE
CIRCUIT 1S THEN. . A _COMBINED . INPUT _VOLTAGE RISES.,. . LED.3

DGITAL  BUFFER AND INVERTER, . BRIGHTENS _AND LEDHA DIMS.
R il A e ]

92




OPERATIONAL _ANPLIFIERS . )

QPERATIONAL . AMPLIEIERS. _(OR " OP-AMPS") ARE BY FEAR THE B
MOST _ VERSATILE _OF LINEAR . TC s .  THREY'RE CALLED

COPERATIONAL " AMPLIEIERS SINCE . THEY. WERE  ORIGIMALLY

DESI\GNED o Do MATHEMATICAL OPELATIONS. OP-AMPS
AMPLIEY  THE DIFFEREMSE BETWEEMN __ _VOILTAGES 0OR_SIGANALS

CAC _OR..DC) _APPLIED. IO THEIR _ TWO _INPUTS., THE VOLTAGE
BPPLIED  TD . ONLY ONE _INPUT. ML _BE AMPLIFIED IE THE
SECOND INPUT LS. GROUNDED QR MAINTAINED AT _SOME
VOLTAGE LEVEL.

L OP-AMP. __OPERATION — THE _OP-AMP _WAS AN INVERTIAIE
AND . NON=WVERTING INPUT. THE POLARITY..OF A __VOLTA.GE
APPLIED T THE INVERTING INPOT IS .  REVERSED AT THE
QUTPUT.  (INVERTING INPUT.. 1S = ' NON-INVERTING.  INPUT. IS +.)

R E— s >

NS ) Sy b n = SIS s

OP~AMP ,/—F_'+ ouT | L —t OUT o

SNYMBOL IN o
INVERTAN G MODE NOMN=-INVERTIAMNG MODE

. 0P-AMP "FEEDRACK — THE _CIRCUITS _ SHOWMN. . ABOVE  ALLOW
THE.  OP-AMP _TD.. . OPERATE AT 1TSS _ MAXIMUM. _ AMPLIEICATION
LEVEL _(oR..GAIN) USUALLY. _THE . GAIN. 1S REDUCED . Tb. _A
MORE PRACTICAL  LEVEL. .. BY.  EEEQING. . SOME __OF.  THE.  OUTPUT
e BACK. T THE _INVERTING.. (=) _INPUT. FOR _ExAMPLE.

— W\ INVERTING  AMPLIEIER
V k2 -« FEEDRACK .
Vine. =M = GAIN 3 R2 /R1 P12z >
1 Vour.z. =V (R2/RL)
mmmmm ] OP- AMP. COMPARATOR— WHEN _OPERATED  WITHOUT A

—|EEEDEACK  REZISTOR . (RZ _ABOVE), . THE _OUTPUT VOLTAGE
mmmmmm ML L SWING.  FROM . _BULL  ON._.TO._Full. . CFE.  (OR _VICE VERSAY o
~AWHEN. THE  VOLTAGES. . APPLIED TO THE _INPUTS DIFFER BN o
ONLY... ABOUT. _0.001 . vorT | THIS. DIGITAL=LIKE __MODE. e
MAKES . POSSIBLE . .MANY. _ USEFUL .. APPLICATIONS. IP-12‘4V> .....

L TYPES . OF . 0P-AMPS—  ROTH _BIPOLAR. AND MOSEET .
, IC . 0P-AMPS ARE AVAILABLE. SOME BIPOLAR  OP~AMPS oo
CdBAVE  FET _OR._ MOSEET __INPUTS.  TO PROVIDE VERY HicH |

e ANPOT  RESVSTANCE .. MANY. _ DIEEERENT . OP-AMPS.  ARE  MADE,
A_SINGLE _Tc  MAY  INCLUDE. UP_TO FEOUR INDIVIDUAL OP-AMPS,
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TIMERS

WHEN _OPERATED. Ac__A_ COMPARATOR, . THE OP=AMP._ CAN.
RBE.....USED Az A __TIMER ALL. THAT 'S  REQUIRED. IS

AN _RG (RESISTOR = CAPACITOR). SIRCUT. . LIKE _THIS:

A

é R . L 2R3

VOUTAGE
N
\Y;
=
8
x

~ + . 1
+ - . 2l
Lﬂj] e TIME ] T\CI m?&;‘ 4
I_:"': F"" - 4 I o SR
| RC._CHARGING -

RC CI\RCUIT GRAPH

IN_THE _CIRCUIT DIAGRAM. . (ABOVE RIGHT), . R1_AND. C1 FORM_ . AN . ..
RC...QIRCLNT. . C1 GRAPUVALY. . CHARGES ..TO 9 VOLTS. . .THRQUEH. ...

1R, WHEN  THE  VOLTAGE. ON. 1. EXCEEDS THE REFERENCE ..

VOLTAGE.. ... .SUPPLIED  TO  THRE . NOMzINVERTING INPUT.. OF. THE ...

OP=AMP, . ITS . OUTPUT _ SWINGS. EROM. . HIGH . TO LOW AND THE. ...

ALTERING. . THE . VALUES oFE R1 _AND C1  OR .THE . SETITING. QE....
R2..  DISCHARGE. €1 (USE PUSHBUTTON SWITCH) FOR . MNEW.  CXCLEa

O TC TIMERS —  THE  S\MPLE  CIRCULT. ABOVE 1S _THE KEY

INGREDIENT . O0F _ MOST TC  TIMERS. . _MOST _INCLURE AN _OQUTPUT...

ElP=FLOP  TD  GIVE PEEINMITE  BiGH oOR . LOW. . OUTPUT. SOME

IMCLUDE A BINARY. COUNTER .  THAT ADVANCES. . . ONE  COUMNT. ..

RigWMQMEL\AM,@_MP.&ijQWmL:\ng,c;x_.c..uEw).,.k_m. THE . TIMER 5. RECYCLED. EACH .
TIME . THE COUNT _ADVAMCES., A__DECODER. . AT THE COUMTER.

OUTPUT ALLOWS TOTAL.. OELAYS OF  FROM. DANS. . TO. A _NYEAR .

OR _MORE. __TD..RE SELECTED. BOTH.. BIPOLAR. . _AND _CMOS. .

ANMERS  ARE  AVAILABLE. [___3

P126 EAMOVS FACT: ANALOG. ...

g COMPUTERS. . USE. OP-AMPS.TO|

FUNCTION GENERATORS SOLVE. _COMPLEX _EQRUATIONSL.L

{ square | J I 1T TMESE. IC's GEMERATE _vARiouS .
XANDS _OF QUTPUT  WAVES. SUCH ..

TRIANGLE Lo NN AS _THOSE _ SHOWN. HERE. . THE

EREQVEMNCY OF THE WAVES

A g Pt it e P AR
SIME VAVAVA CAn. BE_ CONTROLLED _ RY. AN

EXTERNAL RC CIRCULIT,
PP i N

!




VOLTAGE REGUIATORS

VOI TAGE REGULATORS..  COMVERT A VDLTAGE APPLIED TO_ THEIR
INPUT _INTO A FIXED OR VARIABLE  (BUT USUALLY. LOWER)
VOILTAGE., IN_MOST A SMALL .. FIXED REFEREMNCE  VOLTAGE

L A N, Pab I i
(USUALLY A _VOLT. QF _So) 1S ADPOLIED TO THE. NON-INVERTING

INPUT OF AN __OP=AMP, _THE REREREMCE  VOLTAGE (oR Vage)
IS . THEN _AMPLEIED  BY. THE. -

RATIO.  OF TRE. FEEDEACK AND A

INPUT _RESISTORS (TRE. _GAIN). Vege &4

IF_ONME_OFE THE RESISTORS 1S e - Vou'r
A _POTENTIOMETER, THE_OUTPUT 1 1 _R2

VOLTAGE . { Mour)  CAM_ BE VARIED ANA | AMA

FROM._ Veee TO + V. (IRE CHIP < +

SUPPLY  VOLTAGE).. ACTUAL T.C

REGLIATORS INCLUDE _EXTRA RBASIC VOLTAGE REGULATOR .
TRANSISTORS. . TD. PROVIDE _Vgees

AND. _TO ALLOW. . THE CHIP TO_  _DRIVE LOADS THAT REQUIRE
MORE POWER THAN. AN . .OP-AMP ALONME _CAN DELIVER.

. |
0IC REGUIATORS —  MANY _TYPES OF _FIXED AND  [P125 >
VARIABLE OUTPUT. . IC. REGULATORS ARE _AVAILABLE. MOST
ARE.INSTALLED _IN._ PACKAGES _MADE oF METAL OR  HAVING
METAL  TABS. .TO. HELP  RADIATE  EXCESSIVE  HEAT _INTO THE
SURROUNDING AR, CALTION: MANUEACTURER S — OPERATING
INSTEROCTIONS AND  STAMDARD __ SAEETY PRECAUTIONS.  MUST._.__.
BE.. EOLLOWED FOR BEST RESULTS.
OTHER LINEAR TC'e
THERE ARE MUMEROUS SPECIAL. EUNCTION _LINEAR _IC’s.,

MAKY OF WHICK. INCORPOL ATE OP = AMPS, EoR _EXAMPLE ;
LLAUDIO. . AMPLIEIERS ~—  MANY  KinOS. AVAILARLE, SOME
INCLURE _ TWO — AMPLIEIERS  ON_ONE_cHIP C(FOR  STEREO).
O PHASE = LOCKED . LOOPS — BASED _ON AN _OLD BUT CLEVER. .
DEA AN MBICH AN ON=CHIP  OScI ATOR.  DUPLICATES. (. 0P
TRACKS) THE  FREQUENCY. _OF AN INCOMING  SIGNAL.  USED
TO. DETECT THE . PRESENCE.  CE  CERTAIN_ FREQUENCIES (LIKE
TOUCH-TONEY TONES) AND T DEMODUIATE  EM_RADIO._SIGAALS.
OOTHER LINFAR Ts —  INCLUDED  ARE  MANMY  KINDS _OF
CHIPS _FOR TELEPHONE RADIQ ., TELEWSION. AMD _COMPUTER
COMMONVCATIONS.  ALSQ,  MANY KINDS OF  Tc's TRAT DETECT
TEMPERATURE? LIGHT _AND _PRESSURE.,
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_[THERE  ARE  SEVERAL. WAYS TO MAKE EITHER TEMPORARY

|OR. PERMANENT . VERSIONS . OF ELECTROMIC . CIRCUITS. AN |

T s ALWANS. . WISE . TO. BUILD
A TEMPORARY. . VERSION. __OF A : T\
lciReuiT . BEFORE. ASSEMBLING. T .. /G TP PR PR e ©
ML PERMANENT  FORM ... YOU. CAN /
o THEN . MAKE.. CRANGES. _AND_FIND . . ... MODULAR 50C KETﬂ WWWWW S
o OUT  ROW.  WELL THE  CIRCUIT WORKS.
o \BY. FAR  THE.. MOST. _AMPORTANT ],
ltoot. FER__TEMPORARY CIRCULT " :
e /ASSEMBLY. IS THE. . PLASTIC ...
L ISOLDERLESS .. MODULAR _BREADBOARD
o dSOCKET. . TS A GOOD . ADEA ),
o dTO. KEEP. . SEVERA L ..ON MOUR oo f
O IWORKRBENCH.... . THEY _ WILL  LET
ANOL L BLILD  ENTIRE.  CIRCUITS .

| TEMPORARY __CIRCUITS

" THIS CHAPTER.  WEML LOOK AT . SOME.. . CIRCUIT. ASSEMBLY

goDDD |
impm oo |
0 googs |

D oooob |

IN. . MINUTES.. . USE “JUMPER" .

CAWIRES  TOLUANTERCONMNECT  PARTS CUTAWAY.  _SBOWING. . COMMON. .

_JWHOSE. . LEADS. ARE NOT INSERTED . TERMINAL _CONNECTIONS.

AN THE  SAME. ROML_CE TERMINALS.
ATO AvVOID. . BENDING...THEIR . PINS . _BINT:

ANSTALL  SOCKET  ON e

lCaND . PRICKING. YOUR._ . FINGERSY, BASE._AND ADD POTENTIOMETERS,.

CINSTALL AND REMOVE TC's CAREEULLY. .

 IPERMANENT  CIRCUITS

U lWTH THE . EXCEPTION. . OF  SOME. VERY. SIMPLE  CIRCUITS,
e AMOST. . PERMANENT. . .CIRCUITS. . ARE . ASSEMBLED. .. ON.. . SOME

_AFORM . OF  CIRCOIT...  BOARD. .

_.BATTERY, LEDs, SWITCHES,ETC,

 |ARE.  INSERTED.. THROUGH. . PERFORATIONS. IN A PRENOLIC .
1oB. SIMILAR . BOARD. .. _AND . SOLRPERED.. .. TDGETHER . ON_THE _GBACK .

LLSIDE . _OF TME RBOARD. . OFTEN_INSULATED. . CONNECTION. WIRES .

IMUST. BE._ USED... ONCE __ ASSEMBLED, "PERFEOARD' CIRCULTS

o rmemecre e ARE . DIFFICULT.  TO. . REPAIR

o COMPONENT i SINCE . COMPONENT.  LEADS . ..
TSCONNECTION ARE _OFTEN.. TWISTED _ AND

(REQUIRES SOLDER)  SOLDERED..




L WIRE - WRAP — EASTEST WAY. TO  ASCEMELE  CIRCUITS

THRAT.USE . MORE THARL. A _EEW TIC'c. USE. . WIRE - WRAP TcC

ISOCKETS  (WITH _ SQUARE . CONMNECTION  PINS). BOTH.  HMAND  AND

[MOTOR _ POWERED  WRAPPING. ToOLS.  ARE  AVAILAPLE. 1E  NYou. . USE ]
THE  KIND . THAT . REQUIRES. _ SOME . OF . THE. . MIRES _INSULATION
BE _REMOVED, .  WRAP A FEW _TURNS. .. OF INSULATED _ WIRE. ._ARDUND .

TRE _ _COMNECTION PIN. _TD STREMNGTHE M THE COMNMECTION..

PN

) ;K (] ﬁ.amuag ‘ “ % \}\M

- ~ . BOARD DIFFICULT . TO MAKE CHANGES

i

; T i Z MW/ . | E’—MMWWW__M“
—% WIRE-WRAP.___s g“‘“ﬁ .

SOCKET EASIER TO CHAMGE

T, -

o
‘
& —
! FO— i
p -
by
. -

"Bt i )

ARRAL

-l

TIYPICAL.  BRAMD— POWERED. .. MIRE-WRAPPER } L (

ROTATE ) Lt

\ ... k=10 TURNS d! b

\ .

vl et o . o A S AN S ER T WIRE HERE
WIRE ~WRAPPING “BIT" TERMINAL. .k

O PRINTED _ CIRCUIT_LPLY -— PRO\/,,LDES_ THE . NEATEST. _AND__MOST

JPROFESSIONAL . APPEARING. ..

COMPLETEDR . CIRCUIT. ... . SOCKET S _ NOT
REQUIRED,, BUT . COMPONENT.. . LEADS  MUST.. . BE . . SOLOERED . TO  THE

[COPPER . PATIERNS _ON.__THE _ BOARD. THERE _ARE. _MANY _TIYPES OF
PC . BoARDS. . TWO  TYPES USED .. .BY.  EXPERIMEMTIERS ... ARE

1. PRE- ETCHED PEREORATED. . GRID BOARDS. —HAVE.. .A.. ROUND —COPPER

FOIL_ SOLDER .. PAD. AT EACH _HOLE.. .. ON. MANY. .. RBOARDS . ROWS. . _ OF
BROLES ARE CONMECTED. .. BY. _COMMON. COPPER . Foit . STRIPS ( LIKE

A SOLDERLESS . BREADRBOARD). IT'S_ . USUALLY  NECESSARY.  TO
IoIN . SOME _ OF  THE _ CONTACTS. OAN.. THE_ BOARD __ wiTH_"TumPeERS'

(SHORT _LENGTHS. .. OF  INSULATED. .. HOOKUP. _ OR. WRAPPING . WIRE o

JOR . CREMICAL _ COATING. . C IHE "RESAST.')...TO THE _CLEAN.
] A A AN,

2. CUSTOM. .PC BOARDS . ARE _ MADE. . BY  APPLYING _A_TAPE

COPPER . FolL . QF A _PC  BOARD. THE
LONCOATED COPPER. .AS .TREMN .. CREMMCALLY . COMPONENMT
ETCHED _ AWAY, LEAVING . RBEHIND A FOL. /. CoPPER

WIRAMN & PATIERN. HOLES . ARE__OR\LLED . A SOLDER
FOR . COMPONENT _LEADS,.. TAKES _ LOTS.  OF

TIME ., _BUT._ PRODUCES  NEAT _ CIRCUITS.. =2 & &\




HOW. TO. SOLDER

GOOD. . SOLDERING. _ PRACTICES. ARE _ESSENTIAL.. . FOR. . _RELIABLE
QOPERATION OF A CILRCUIT WITH SOLDERED COMME CTIOMNS .

RERE ARE _SIX_ _STEPS . _EOR.  _SULLESSFUL SOLDERING. &

Lo MWAYS  0SE_ A LDW-WATTAGE _SOLDERING IRDON... {25 10 40

WATTS). RE SURE _TO. TIN. _ THE _TIP  ACCORDING TO. THE

[ ———

MANUFACTURER'S __ INSTRUCTIONS.

20 ALWAYS USE  ROSIN. CORE  SOLDER . WHEN . SOLOERING .

IELECTROMCE  COMPONENTS.  NEVER. . USE _ACID  CORE  SOLDER. .o

SINCE LEAD.

T WILL __ CORRODE. THE . SOLDERED

3. SOLOER...DOES. _ .NOT. ADHERE . .TO _PAINT, GREASE,. . OlL,  MAX
OR _MELTED __INSULATION..  REMOVE. ALL .. SUcH.. FOREIGMN. .  MATTER

. ,.w,mk\_w_A_ms,m.ymsM:J:T_M.MSJ:E.E,L.MMQLM,\QR,W,..M“EJ.AJ,E.\..VWW.&SAMD.ARARE.&MWALWﬁY.S,W._.__.

BUFE _THE _CoPPER.  EOIL._OF A PC. _ BOARD  wilTH .  _STEEL . _\WOOL.

IBEEORE  SOLDERING..  CTHE. COPPER. _SHOULD _BE _SHINY.)

4. TO  SOLDER.,. . FIRST. HEAT. THE . CONNECTION. .CNOT. THE. SOLPERL) . .

IEOR A _EEW.  _SECOMDS. . WITH_ . THE  HOT . . TIP. . .OF THE . IROMN.. . THEM... ..

LEAVE.  THE . _1RON. . IN _PLACE  AND. APPLY.. SOLDER .

5, _ALLDOW.. _THE _ SOLDER TO _FLOW._  THROUGH. __AMND
AROUND THRE. CONNECTION. BEEORE_ _REMOVING

SOLDER . OR._... . MOVE  THE CONNECTION
REFORE. 1T COOLS.

TRE . IROM.... 00N T, APPLY . .T00  MUCH

o, KEEP THE _IRON'S __TIP

CLEAN __ AND __SHINY..  WIPE L HANDLE
OFF _DEBRIS. . WITH A Sl

DAME .

_SPONGE _OR L

T

CLOTH.,

P\
\((\ HEATING.

Wl eremenT. G2

1o A KHOT SOLDERING. _IRON

WA

CAN. BURN A FINGER OR

EVEN_ START__A_FIRE, USE CARE! __

M Tip

I
-y K &.,V,.,,A_,.WfBQARD

2 UNPLUG.  THE  1RON. . MWHEN

M

f
~SQLDER. .|

o .
i | _.,_.,L.WIL_L\ NOURE  NOT _ USING. . IT.

dIIEETY I RN

/ TigRoen AN

3.BE SURE. _THE POWER CORD IS ..

(HOLD PARTS. IN_PLACE WITH TAPE) NOT _WHERE. _YOU CAN. TRIP OVER IT.
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APOWERING  ELECTRONIC  CIRCUITS

O BATTERY. . POMER —  MANY... CIRCUITS. _USE_ SO LITTLE
| POWER _ THEY. . CAN.__RE__ POMWERED RY RATTERIES, THIS
] KEEPS _THE _COMPLETED. __ CIRCUIT COMPACT. . AND ALLOWS
e AT IO BE. L OPERATED. . ANYWRERE.

JeiRculTs D t_‘ge,gx,z,x._.',q,.,..m..uoﬂgx.wA.h,mxu‘..mM,WCKAM.,WVQSKE.W_.“,M.AN..M‘,V._Aw&,&A\/ oF N
—|SOLAR. ... CELLS  TO . CHARGE A RECHARGEAEBLE  BATTERY.

JEBULINE . POWER = THE  SIMPLEST. . LINE. POWERED  SUPPLY IS
| THE.... SO=CALLED . AC ADAPTIER.. .. THESE. MODULAR. UNITS ARE
] COMPACT . AND. . _EASY._ . . . To.. USE. UNITS. HAVING. . VARLOUS.
e fOQUTPUT  VOLTAGES. ... AND. . CURRENTS . ARE __ AVAILABLE .
e YOUCCAN . MAKE  YOUR.._OWN.._ LINE . POWERED. . SUPPLY. . USING.

BN T VOLTAGE. o REGU L AT OR o

AR CAUTION — . . SAFETY. . SHoutD  BE YOUR FIRST. CONCERN. .
e WHEN L BUILDIN G YOUR . QWN._. LINE POWERED . .SUPPLY..  THE .
.|POWER .. CORD. . MUST . .BE.. PROTECTED. . FROM. THE.  SHARP EDGES
fOF A _ROLE . DRILLED _iN. A METAL . CABINET. CUSE_ A .
~PLASTIC. STRAIN. RELIEE.). AL CONNECTIONS. TO THE AC . .
e LNE L MUST  BE.INSIDE. A FULLY. EBNCLOSED . _MousIN& b .
A LEAVING. . SUCH.. CONNECTIONS . EXPOSED. IS . A _POTENTIAL
ASROCK . HAZARD.... MAKE _SURE. . ALL. . .COMPONENTS. THAT
AARE___CONNECTED ... THE . AC _LINE CSWITCRES,. FUSES, .
AAAAAA TRANS FORMERS , ETC.) . .MEET. OR _EXCEED THE POWER
AAREQUIREMENT . OF . YOUR . CIRGUIT... .

JASUMMING. UP_ CIRCULIT ASSEMBLY

_ITHE _REMAINDER. OF  TRIS. BOOK  INCLUDES.  MANY . ClREUITS
MO0 CAN. L QUICKLY.  ASSEMSBLE oM. A SOLDERLESS.  RREADEOARD.
~JCHANCES. ARE.___You'lle WA NT.TO. . . MAKE _PERMANENT.  VERSIONS. o
—|QE.  SOME.. _ FOR _REST RESULTS, PLANM . THE  PROJECT CAREFULLN

hhhhh A _NEATLY..  ASSEMBLED.  PROTECT.  WILL . RE. . MORE. . RELIABLE
CATHAN  ONE. . BASTILY. ASSEMBLED.. .

(SLORRY...x . RIS IR % X o NEAT
AAAAAA IPROJECT. N VT L A 2 A \ 7 _PROJECT

o O




Q. 100 ELECTRONIC CIRCUITS

BERE'™S A cot LECTION OFE 100 ELECTRONIL... CIRCITS.  TIVE

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

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

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

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

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

e

TRY EJSEWKHERE. . SOMETIMES NOW. AN SURSTITUTE . LOMEBOMNENTS

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

TlaoING FURTHER=— TRY EXPERIMENTIMNG _WITH _THE . VALUES OF

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

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

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

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

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

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

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

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

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

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

HERE ARE SOME TYPIC AL CIRCUITS 3

SMALL _SIGNAL _DIODES. _AND _RECTIFIERS

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

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

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

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

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

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

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

DOUELERS.

-+ 01

=

.
L]

o1

A

4

¢ I+
=

Oy

CUTPUT

2

Dz

e

ez C2Vm)

INPUT bz

7
INPUT l‘["

Gy 4

s

I}

CONVENTIONAL

CASCADE

THESE CIRCUITS

APPROXIMATELY

POV BLE AN

INCOMING ._AC

VOLTAGE. .

THE OUTPUT. 1S

0¢C. ASE

RIODES

RATED

FoR TWICE

THE _INPUT VOLTAG

CAPACITORS. ...

QUTPUT

E.

RiPPLE,

CAN _EBE._

VALUES

FOR ¢l Atg_,o

REQUCED ..
Q z »,

USIin G

LARGE

A o

INPUT

THE  BRIDGE .

+

MORE

(Vin)

O

TPuT

e BONVEN TIONAL. .. AN
SINCE

DOUGL ERS.

RRIDGE

T
.

7-Vm)

.BRIDEGE. |

AVAWLABLE .  ITS..

ﬂmMouﬂa\G,,E._,um.,:Im&.m.Lg,_‘Eu -

e VOLT A GE'. QUA DEU PL. E R.

Do.
EFEICILENT ...

RECTIEIE

UBLER. .13

ATHAR THE .
CASCADE

H= DIODE

RS _ARE ...

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

ND

<

Y

e

INPUT

T+

Q3

(vin)

4l

OUTPUT

_OUTPUT

@

GViw)

INPUT

€3 ~

() o

¢y

AY|
N+

o

- -

TRIPLES

AND. . CONVERTS

°.0¢

-

€2, D1, D2

AN, INCOoML,

NG AC .
AND D3 RATED AT

VOLTAGE oo

_QUADRUPLES. ..
pC AN

ALL _COMPONENTS .

22V e

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

ONVERTS_.T0....
AL VOLTAGE..

[1 CASCADE. . MULTIPLIER

AL+
n

ADD

FORE

STAGES __FOR

MORE

MULTIPLIC ATION,

ALL

A

COMPONENTS

RATED AT >2. VIA14

N

hY |
N+

Vi)
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ZENER DIODE _CIRCUITS

IO VOLTAGE  _REGLDLATOR

This  CIRCUIT  SOPPOIES. A __STEADY

Vin

VOLTAGE. CVAMT) T A _LOAD FROM

4 P V7 v T

AN UNBEAULATED  SUPPLY. (LIKE

T2 Pz / \/-1

A _BATTERN). _ Viu _ CAN_VARY. BUT

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

MUST _RE AT LEAST 1. VoLT

ABove . DESIRED X L. CAN

Vc‘ h Jo P

Vﬁ]JT

VARY _FROM O MA_TO.  PLANNED

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

D1 LOAD

. S
AN s

(RL)

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

p— ——
- —

JIe = MAXIMUM.. LOAD _CURRENT

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

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

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

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

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

—iEXAMPLE i A _RADIO__DRAWS. FROM EXAMPLE CIRCUIT.:

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

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

JR1 _SHOULD.  BE CLOSE TO. &O.SL

o w_

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

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

LTRAS CIRCULT 1S HAMNDY. . EOR

REDLVCING. AN INCOMING

TS 1S AL . .SYMMETRICAL FDRM

S\GNAL. VOLTAGE 1O A

OE._TRE _ADIALENT __ CIRCUIT, T

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

LLIes  BorH . BALVES _OF AN

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

FROM ___EXCESSIVE  SIANAL _ LEVELS

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

INTEGRATED CIRCLITS RECEAVE _MORE . ATTENTION, BuT BOTH

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

RIPOLAR _TRANSISTOR _CIRCUITS

i . MOISTURE ~ METER Do MOISTURE . ACTUATED  RELAY
EBC IR Y LT0rq v
2M2222 PV, V.Y AN L '
282907, RL AM:II RL 1 D1 [ Ao
£T¢. 100k g 5(_\\ O-21. mA 100K, ; 1NA1Y a1
- C METER - SPST
SENMSOR PRogES"‘ Y SEMSOR. PROBES ¢ RELAY
- 8 Q1 < B o1
NSV U 2z
foleAN  NAIL OR WIRE. Mww_l_w&aswo,i 2N3904., ETC.

[

THIS _ CiRewniT  MNLL  MEASURE THE . THIS. CQ1RconT  CLOSES A RELIAY

Soll AN (-9 .V, 500 OHM OIL) WHEN
» MDISIU_R.E uuuuu LEVEL _EXCEEDS A

IMOISTURE. LEVEL OF.

[ YOUR__ GARDEMN.....

ADIUST _R2 _FOR. ...

RELAY

METER _READING _0F 1 mA. WHEN LEVEL . SET RY R2
Sol_. MOVSTURE .. 1S AT __DESIRER CONTACTS THEM _ _SWITCH. OA
e LEVEL e METER _WILL  THEMN _INDICATE A LIGHT 0OR OMER DEVICE,
s DMIER . MOASTURE LEVELS CAN.  DETECcT.. RAIN,
L METRONOME DO LGHT.  ELASHER
+9 v +b TO +9 vy
N
RL._J__ R3
10K 3 25 1K > o
o1 Qz g1 2 Qi / Q2.
N 2MN2227 E.2M2907 100K, 1.aN2222 \ 282907
e s( \ / ci
e /1) NN 80 (U_\_s/ 22 4F
R2 \ E e SPK R R2 D 4 1¢
sok__ It e 56K NN 1
AN .,‘!\ Q
¢ 22 #Em.__?m. - ==
A_METROMOME . MARKS _TIME RY THIS . CIRCUIT PRoDUCES. . .BRIGHT
PRODUCING A _REGULAR _SEQUENCE FLASHES . _EVERY _SECOND. QR
OF ‘cricks” or. “Pocks. ADIUST SO, R1 _CONTROLS FLASH. RATE
THE cLick. . BATE . BY. . ADIUSTING USE. . NO, 122  OR 222 MINIATURE |
RZ 0OR CHANMGING _C1's VALUE. LAMP  For Li.

104




L _SIREN

R1

22K

CLOSE.. .S 1. _AND.__THE

_t3v

FAVAYAY

~SPEAKER _EMITS A TDNE

@

THAT . RISES.  IN._FREQUENCY

+

CAS..Cl CRARGES).. . OPEN

C1

¥4
AN

Q1

31 AND . THE _TOME EALLS

22 uf

B3

2M22722

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

41K

B2

39K

LOPEN. ...

A

31

o447 mF

[ HINT: CHANGE R1 TO __

CRANGE. _UP~DOWN. TIME.

Io Mien volTAGE  POWER _sueery

+1%2

To+9vVv

TRIS . CIRCUIT. PRODUCES. 2Z0. VYT

Q1

_PULSES_ . _ OF . .DC _WHEN. . POWERED

gL .S

ZNM2222

BY A _9-voLT. BATTERY. LT Lk

20K

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

A ELASKHLLGHT. . cect. . ( BuT.. . You

IV
e/ \ \”\
NSV

(o

2

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

P
7

CIRCWUIT . MILC . POWER
32 / AUTION: DO .

T12120V. .00 &3V

_LAMPS  THRoOUGH. . A

TRAMSEFORMER

AMo SEKIES RESISTOR e

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

(1 _RURGLAR.

__ALARM._

t &

T0 + 12 V

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

h

POWER. 1S DISCONNECTED) MIHEN. . MAGMNET

R1

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

o

looKk

1

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

NALUVE ... ONE LEAD.. TR

< e (AN —
S Y e \2 - \

PRISCONMELT...
VTHEN. BREDUCE  VALUVE

7

10 MAGMET.. |
SMNTCHES OR

L8

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

W, Vel oA

N/ _ALARM _SOUNDS. _ CIRCUIT. USES ONLY.

WAINDOW

oo Y . |

RELAY. ]

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

Fole

~RELAY L USE LV, S000 UNIT. JWHEN

NEAVAVE
L}i _

LSOPPLY 1S =9 M. DSE M2V, 12008
ANAT L WHEN. . SUPPLY. 1S 17 V.

—

MOTE & _ASSEMBLE, INSTALL _AND
CONGEAL __THIS

SMSTEM WITH. CARE,
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JUNCTION __EET CIRCUITS

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

SO METER. . INDICATES 1 MA. . INDOORS!

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

A TIMER HLAUDIO  MIXER
*av o ¥ c1
I AAA ENLCAY t) A uE +tav
R1 Q1 o R1 é ADA o1
RESET. | S1 1K ©lamNz2819 10 . R2 _ ZN381%
+i/ _:\r 1look -
TLME N / = i G [1‘?—\ 03
R 3 o \¢ e NGV
41 _T0O 3 R R INCRY D ‘ Qi"‘; Sl .
Y20 uF TG R3S AAA =
I T 10K € R4___IRS 2
DELAY. TIME. 1 1 took 48K -
UP.TO 1.5 MINUTES . PIEZ20BUZZER - = f L]

ADDITIONAL _INPUTS =~

SET. S1. . T0. “RESET” (RUZZER

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

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

wfUNTIL DELAY. 15 _COMPLETE. . BUZ2ER____ DEWCES . . T0.. . RE. . COMNMECTIED

T

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

REDUCE _RZs  RESISTANCE DURING __ EACK __INPUT. _THEREFORE R1

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

&

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

tev Q1.3 N=CHANNEL +t9v B
S P A : POWER _MOSEET 'ﬁ 3

- i o |

R1

Bl

L7
v

RZ

I
:.

()

\

s

g 22
o

1 N

wn

bs

1..DO_NOT

R3 % LAMP. . EXCEED

iMm e POMIER

. RATANG

1 OF_Qil.

235

e dCHANGE SETTING. . 0E _R2 _.TO

SPKR

e CRANGE. . INTENSITY _OF  LAMP.

e TRLS L QIRCUIT.  SHOWS . HOW

MSE _TO __AMPLIEY. _ SIGNALS . AND

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

e AS_ A VARIABLE  RESISTOR.

RZ . CoONTROLS. .

(VOLUME).

D LONG. DURATION.  TIME . DELAY. . CIRCUITS

1. ocE AETER  DELAY

2. _ON_ AFTER_

~PELAY

t3v. PIEZORUZZER.

+4qy

L (0R. PORTABLE

A

.RADIO,. LIGHT, ETC.).

R2

R3

10K <

1K

. DO.NOT. BXCEED
POMWER . RATING

s1 <
2

o OF... QL. .  USE.

— a2

g

ANNYN¥A

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

<)

N %

Wi

1 CURRENT. THROUGH

5

E

o+

e QL AND_THE LOAD.

) o S
i

4

>

Akl

—~ <
<

sm s ﬁ-\

i (
- -
c

>
Ll N

PIEZo= o

DELAY._TIME ! MINUTES. TD. RoURS!

1-100umF |

BUZ22ZER

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

R2_REDUCES BUZZER'S VOLUME oo

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

)} THROVGH _ R1._COPTIONAL), Q1

THE TIME

SQUNDS AETER
Pavae s vy

] TURNS . OFE__AND._ SILENCES THE. ... DELAY. )5 . COMPLETE. INCREASE
—JBU22ER, LONG DELAYS POSSIBLE. . C1’s VALUE TO INCREASE DELAY. .
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UNLIJUNCTION TRANSISTOR CIRCUTS

=

O TIME __BASE [l TONE  GENERATOR

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

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

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

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

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

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

+rq 10+ 12V Gl L2481

\ OR  SIMILAR
R1 Rzl . R2 R4). .. R8| R R RS R9 R10 R11
< S < < S 1o0< 10KS 2205 8.0
] S iy R S S -
g "‘o _'{o 'lg '{n W.M:‘_om ......... ‘{ ‘]2 Qi
s sz s2 ) sq4] ss] se| s7] sel ¢ 82
...................... c1 . —twlf)
.............. VALUE | FREQUENCY R T ) S el
Ri.L 1ok | 5806 Rz TS I Je
R2.|. 15K | 2988 Hz R2 9 R13 ez La/ A

o

R3.].22K

/

2956 H2Z

\

100.< . éwr,z., WWWWWWWW Q%

e

=3

33K . .1984 _H2

(voreme)| I uF_ 2N2222

471K 1. 1393 H2Z

YN . o I O Y A

. TABLE _sHows TYPICAL FREQUENCIES. .. -

looK 583 __HZ |

| CHANGE C1  TO ALTER _THE

150K H30..Hz2

OVERALL FREQUENCY.  RANGE.




L1 RAMP GENERATOR

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

feprencormwsd
"

Ql,. QZ: 2N4831 _OR _SIMILAR

O VOLTAGE

SENSITIVE

QSCILLATOR

+V (0 1o +18V)

N

THIS .CIRCULT...SOUNDS A _TONE

SOPH\ST\c,ATF-;D5

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

DT

SILICON. _CONTROLLED _RECTIEIERS. . AND _ TRIACS _HAVE

MANY . APPLICATIONS As  SOLID=STATE  SWITCHES.

SCR._.ClLRCUITS . . R
(A ATcHlMGmmSW\ TCH [ TEST. . CIRCUIT
tV e S215. "sPRING. T GV -
1 RETURN. To A
CENTER ofr" ol
f QoD LT NORMALLY. L SWATCH.. z 9\: L1
Sl’i OPEN - I A A N lLy)
S2.-NORMALLY S

CLOSE. .51 .TO. _TURN _ON. . THE . .S1 S AN _SPOT. SwWiTcH. _IN
SCROANO._SUPPLY  CORRENT ... THE "ON'_POSITION, THE ScR

0. THE _LOAD, THE ScR.witl 1S _TUARNED . ON. _AND —THE

REMAIN _ON. AFTER. ...S1._ .15 LAMP. _GLOWS. . IN.  THE “ofe’ .

OPENED . UNLESS . THE . LOAD . POSATION, . CURRENT 1S

LS DCMOTOR......OR. .. UNTIL SHUNTED . AWAY._ _ FROM . SER g
S2Z...1S.  BRIEELY _OPENED. TARS . TURNING ..IT.  OF]

SO U ——

0 CAPACITOR . DISCHARGE _ LED _ FLASHER

AN
\

WHEN. THE. . SCR_\S_OFF, ..

Q2.  CRHARGES THROUSH

R4, ... WHEN. _THE _SCR

IS TURNED __ON_ BY A

PULSE  FROM._ UJT . Q1, .

THE . . CHARGE.. .IN_ L1 15 .

+ RAPIDLY. " DUMPEDR" _THROUCH

et THE__LED. _THE . SCR. ..

+

[N
N A
AL
H

~

P—\
Y
/t

¢z CAND._ LED) THEN _ TURNS

OFF. . SINCE __THERE_ __\S

NO. . LONGER _SUEFICIENT.

BOLDING. . CURRENT. THE .

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

10




TRIAC _CIRCUNTS

A TEST _CIRCULT

T0 _AC

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

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

POWER. R1 e <418 CLESED,

CORD z3 S1 1 DOES NOT GlLow

AN 5 WHEM S1 1S _OPEN
CAUTION:

TRIACS __ARE DESIGNED _SPECLEICALLY. . FOR AL _QPERATION

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

WORKING  MWIATH . HOUSEROLD  LINE _ CURRENT.L MAKE SURE

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

JELleRnT . DIMMER . CIRCUITS

L bn3  NOLY.__DIMMER

P1..imM914

TO AC it L1

LINE Q A R R2 (MO HT LAMP)

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

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

2...120  VoLT DIMMER

THIS 1S  HOoW. . MANY. HOLUSEROLD

| Y ) S DIMMER. .. SWITCHES ARE . MADE. o
TS ) R1_tRiAc_J A2 L1 CAN_BE UP TO._ 100 WATT
L1 2 22K \VAN (120 VOLT) LAMP, _ USE HEAT
AC S Dl SINK__ON_TRIAC IE T BECOMES
LINE _ OIM .~ o RZ . RoT. THE . DIAC 1S A
120.v) =< 5eoK L. BIDIRECTIONAL TRIGGER _DIODE.
DI N CAUTION: THIS CIRCUIT MUST BE
c1 L~ \__FULLY ENCLOSED AT ALL TIMES
<lufF s0v_ | T L WHEN _POwWER 1S APPLIED]
<= = T INSULATED  ENCLOSURE =
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PHOTONIC  CIRCUITS

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

THE
INTERESTING  OF ALl CIRCUITS.

IAGHT EMITTING _DIODE . (LED) CIRCUITS

C1LED .  DRWE _ CiRcLIT

A SERIES. RESISTOR EXAMPLE . ASSUME. . You WANT

+ Vv

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

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

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

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

POLSE.  CIRCUITS .__AND

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

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

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

P = +V_(VLED) )

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

Tien B3O OHMS.,

() VARIABLE  BRIGHINESS. . _LED

tV __ADIUST _RI _TO. ALTER. CURRENT.

Y AXa

AAA THROUGH THE. LED.,. THUS

R1 Rs NARYING 1TSS BRIGHTNESS. Rs. .

1

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

A POLARATY.  _INDILCATOR

THAS . CIRCOIT INDICATES  THE

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

AAN ‘

o

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

+

o = 1AC(2)

CTO. DNKNOWN CN | OFF ON

D
1
2

POLARITY.) OFF | ON ON

A _TRIZSTATE . POLARITY.. . INDICATOR. .

RZ. TS 1S O AL MORE. _COLORFUL .

LED L

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

AAA

p—
~

4 | AV L COLOR

<] K
# LED 2 D1

PROBE L

RED

(GREEN) _..1NQ14__ ~ _GREEN

ClAced) | yerow®

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

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

+t3. 70+ 9V

€l @R1,0272N3906.. &

THLS . .CIRCUIT. LS C&LLL’:ILAw

J.Q1 (M) e SR ) T s & A

1'e

FREE - RUNNING. . MULTIVIER ATOR. o
iT s IDENTVCAL. _TO A ELIP=
CLOP. _THAY  TRIGGER S . ITSELE o

e REPEATEDLY. o QLI AND..Q2

ARE GENERAL. PURPOSE.  PMNP. .

R1

TRANSISTORS . (2N.3506.,2N2307,.

R3,R4

WMW%Z?.O . iz‘o%wwwﬁmh b BACAND R 2 . LIMIT

THE.  CURRENT TO. YHE LEDs ... ..

% x

LEDL. S 100k S tep2 Moo

CWRICH. . FLASH  ALTERNATELY)w o
INCREASING. .. THE  VALUE S, . OF

CA _AND €2 wikl Slow THE

O VOLTAGE _LEVEL. INDICATOR

A

Vv IN_EACH.  CIRCUIT  THE LED(S) -
GLOWS _WREN. ..Vt REACHES o
THE  BREAKDOWN. _VOLTAGE - S —
Rs..< (Vz2). . OF ITS_ . ZENER. . .+ VLED .. R, wgsgas
BE__SURE..TU. USE _INDIVIDUAL

_
D1 \ AT _R\GHT.  PROVIDES._A

Rs . FOR._EACH LED. ( SEE_.. .
FACING. _ PAGE.) _THE CIRCcuIT

a3

BAR=_ D1/ 02 /N pnZ

GRAPH. __READOLT. . WHEN

LED1 < ZENERS . WITH. _PROGRES

HIGHER .. V= ARE._ _USED.

SIVELY LEDL] ~ LEO2L  LEDA)

NP
~J

» 1 CONMNECT ZENERS IN SERIES ¥y ¥ %
- FOR _HIGHER. . TOTAL V2.

/O FLASHER LED + RELAY

W
<Y

RA oo TRE L ELASHER O LED INCLUPES

AL BOWT-IN IS THAT FLASHES

100k lamaid  f, . L1
.S (ADJusT | Y

M

Q);evw e TRE. _LED. SEVERAL. TIMES. . .EACH. ...
£

Row. _ To MTaP" THIS.  FLASH . BATE o

q_.,,m_?pv.gaw E Q1 \ " SECOND. _THIS _CIRCUIT. SHOWS...
d N 282807,]...B1. . =

r -

cTN3A0L |y (VAR Q1) 10 FORM AN ULTRAZ .
PN SIMPLE.  PULSE. GENERATOR .TRAT

e oo RELAY ACTUATES. A RELAY _AND, IN_TURN, .

I |

FLASHER q ] SO0, A _LAMP. D1 IS . NEEDED TO i
LED » % XY, KEEP THE VOLTAGE TO. THE ...

| ELASHER LED NEAR 5 VOLTS.

S




ASEMICONDUCTOR . LIGHT DETECTOR . CIRCUITS

A LIGHT _METER CIRCUITS

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

(A LIGHT. ACTUATED. REIAY CIlRCUITS

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

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

IO LIGAT _ DEACTUATED. RELAY.  CIRCUITS

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

114




L AUDIBLE  LIGHT. PROBE . 1 SOLAR. _CELL BATTERY CHARGER

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

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

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

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

O L\GHT  ACTUATED _ LATCHING. . CIRCUITS

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

|

tav tav, +9av THESE  ciRcuits  CAS
)P 1‘ ‘f ARE ACTUATED RY. LASCR.
s1 S1 g S1 LIGHT, QPE A CMAY.
v 2 S1 1D SWITCH VARY)
— $ ez P LASCR.__OFE.
y: P RELAY < 1K R2 g?)ﬁza‘?j) SOME _LASCE S
» 5000, 1K \lsuzzﬁ_&:_____ ARE._MORE LIGHT
]A -9V A A SENSITIVE  THAN
LASZR LASCR LASCR _ OTHERS. MOST
. fo X e G et J\E WILL  TRIGGER
\ \N._RESPONSE _TD
R1...S LED RL.S Ri .S LI\GHT _ EROM
47K < 4wk 41K CAMERA. _STRORE
[ | (XENOMN _ELASKH
T AS _E. UNIT).

1S




DIGITAL _TC CIRCUHITS

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

TTL C\RCULTS

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

UNUSED "NAND' — MAKE OME INPUT W)

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

ACROSS. __PowER _PINS . 0OF EACH

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

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

O"D" FLIP-ELOP O CLOCKED "RS" FLIP-FL0P
*Ey +5V
............. g 1 11 1"‘ 1 J..'( 1"'
b M N\G3 INAC o Q) S Y NL3 N o o q
E ——— 7o/ ey - "‘“’@ e )
£ [\ X T
145 = E = —
'f\ [&T 11 i/\[ q / \1
el N —AaN qg BN sl = N g BHUSN ol 5
B '7‘13!—{/ Y2 __ 13 [7Hoo __10|qu00 M R g0 L—&‘W o end
e R Z D WHEN.  ENABLE (E) 1S HIGH....  FUNCTIONS  AS. "Rs" FLIP-FLOP  WHEN
NO. _CHANGE _WHEN_ £ 1S . LOW. ENMRLE (E). 1S . _HIGH,
L DUAL  LED  FLASHER . TONE  GENERATOR
t5v +5vy
AAA 81 AAA
R1 p i4 R2 YK 14 B3 .1
4K AN 3 H70 4 1epg AMA_ L] N2 210 | spre
2 o0 /7 1,‘ / ~J N
Y g P
T e “vou. Tea v
— e
41K L 2 aak |21 auod S g ~
 MA_p N Y L lLEDZ dal > s ¥
i s '1‘1‘0: Y 1N. - e
WAVATAN SPEAKER_EM\TS.
g4 = LEDs FLASH AT 242 = HRHZ TONE.  _WHEN
ix WHEN C1=¢2=497uF Ci1=C2.= O.1mMF,
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[J 010 9 SECOND (ORMINUTE) TIMER

R3-RSG
N +5 vV R2 H70
‘ 1b 12 AAA_ Al
,5 8 4 5 RY V‘% ]
R1 < 12 1 12 AAA B~
21
1M 1] 555 s1 7490 11 ] 7448 RS =
3 T oR 9 1 oR 1 AAALLE
R2.< 24 LS 90 14 LS 4B Rl R
1k 2 2 8 2 10 AAA_ G| i~y .
\ 3 R7 N
4 b 1 G 9 AA_CI N
T~ ¢1 1 7 R& s
0.1.— 100uF 15 AAA_E
’ 1o a oq 2
e 14 AN )
CLOSE .. S1_AND. _PUISES _FROM..THE o R
555 WAL BE _COUNTED. _BY. THE , [
THAO. . THE. . 1448 CONVERTS.  THE COMMON -
BCD . OUTPUT.  EROM.._THE 74490 CATHODE = | e .
INTO_T-SEGMENT._ DIGITS. _oN AN 7-SEGMENT. [Pl e "
LED. DISPLAY..  _ADTUST. Rl _AND CL DISPLAY e ¢
__|FOR__DESIRED. . _PULSE RATE. TO d
ADD ___ADDITIONAL.  DIELIT e
_ M I THIS.  BASIC.  CLRSYIT
Esg >1 74490 > 1448 > {—i Wikt GOUNT  PULSES. o
N g EROM. QTHER CIRCYITS.
ELIMINATE 555
M NG — AND _APPLY PULSES
. 7490 _V> 7448 V> =i (5 voLTS MAXIAMUM)
D I4490.
L DAVIDE = BY =5 _COUNTER . ek DWIDE =BY =10  COUNTER ..
5 l11 [ 14 5
_lnnngt 2490 / NS ANl 72490 / 12 W10
I q4L5 80 LN 745 90
l?. l's lc, \-: \19 |i l.'s . ‘1 lio
-4
DIVIDES. INCOMING " TRAIN" oF DWIDES  INCcOMING  "TRAINY o
PULSES  BY 5. _OK _Tb__USE PULSES _ BY 10, OK._To _ USE
AT INPUT OF CiRCUIT . MEOVE, AT INPUT OF CIRCWT ABOVE,
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CMOS . _CIRCUITS

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

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

H, NEVER

AN__UNPOWERED . CMOS . _CIRCUIT,

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

RODY.... BY _TOUCHIMNG

GROUNDED _OBIECT.

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

. losic. _PULSES. BOIFLASH 4 AND. LED FOR. L= OFEE.L)
M ONE= SHOT"  TDUCH. _SWiTCH DDUAL _LED _ELASHER
300Kk 22M VED LEDs  ELASH Vop 1K
ANA e 1 SECOND ALTERNATELY AT ~LHZ AAA
A X 14 ¢ )
fe X L e
. 11y 3 . 4K ..: ilq\‘\g, — iy 11 K;L
' ;/”' Al AAA A IR AN
: u “4MF et T '
P
']_' e TOUCH... . THE =~ €1.62.5. 32 mF
-& 5 IMPUT 41K s Ci l .
2 100k . ;Ml e CONTACTS bbb o TN 4 . NI e
— '“.&-_/v O _GET 1 e /" fou %
—[_- feLEAN" AAA
Cl. CONTROLS  LENGTH OUTPYT =
OF . OUTPUT . PULSE. PULSE ., CHAMGE 01 ANDCZ TC CHANGE RATE,




\ o

—1'_-0

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

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

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

C STANDARD. _TOUCH  SWITCH O LINEAR . %10 . AMPLIFIER
100K 220 V‘ko Voo .
AAA ADA RAM.AIM N GAINME R2/RL
" 14 R 1006 -1y
- N3z | Ry MM\ 3
;&L(_/,\) E o Wi~ / 1 - lé AAAL e 401t =TT euUT
va 4 =3
/ ? TOMCH Oo— ¢l “'l" ‘.1.—
- J 4 =
= RELEASE = 0LuEl  AAARZ .
e JNHEN  THE ENARLE  (NPUT () (S THIS. 15 A NON-DIGITAL. _ ROLE
B\GH, THE.  SIRCUIT RESPONDS. EOR A DIGITAL. GATE
el LEREQUENCY GENERATOR OLAMP._ELASHER
Yoo . . .R1L__CONTROLS RATE 1S ~amHz Voo vbpp e AMP
1 EREQUENCY, AS_ SHOWN. b NN
LS, . . MRS
= - Y K r
1 N VINA N TN TN . s N
Z;qy Ug,,‘fy - [ 24011 T Jwost ( \ 5‘)
5 7 i -y
R —l— R el R1 —J_— T ,/\-“5
1c0k § S IM A uE 100K 2 [ab POWER =
| H.TMF | Mo FET
e fUSE..T0__SuPPLY “Clock” PULSES  TO Ci__AND Rl _CONTROL RATE. 0K
OTHRER  CMOS  ClRCULTS, T _USE SEPARATE SUPPLY FoR LAMP
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M ELECTRONIC COIN._TOSSER

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

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

S L_J._ﬁ.E....ﬂ:rﬂow,.&.uc,:c.uME.JjqV =
v p RELAYS y  EXC. 14 .
. 14 ST SOOE... ¥ o s SN D |
3—- 1/y 3 Ib— 1[:( 4 3 ——--—J'IC
2 fno1t /- tet4o1l 1 y
il ;1 l
R1 C1 z_“L +).. s
4,7K - ooi=-__ T 13 | :"' 10 }/i AAA
1M 100 LF i, //\] 1
1t
EACH _LED __TURNS._ OFF 4,6,7, 8,10 — VAN M L AaA
N _SEQUENCE, =

1K

13 !'—wo;/“ ),‘T\J
il g

I R




oq'oe )
[ MODEL_ RAILROAD. . CROSSING. _ ELASHER  LIGHTS @
tv £ " RR_TRACK tav / \ |
RN ey ANl AAA_ D — 5 ' )
e ). 2 S :‘-_a;/ﬂ/\m R1 Re (L) as -
L1 ""‘_"' 5 - \LI\‘ 100K 1K LED L ~
I 9 - - | & LEDZ
) & 7 ¥ ¥ ~
:“:,.w%m..mmmm_mmww — \ RILA25 NEN ol 34
' ( PHOTOITRANSISTOR 1 2 {4 4
) Q3.: POWER. MOSEET. i o4 Le 4oy
Mol L, = el L1 L2 L ANY. SMALL S R3 i SR QL.
(XN TS =+/ﬁ>\oz LAMP _(0R.. 0SE 10K, 2 41k 4INETT
L2 NN =T\ NFRARED LEDS
= = |E AND SERIES RESISTOR)

}
=

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

A PROGRAMMARBRLE.  GAIN ORERATmNAL AMPLIEIER

Vop = +4v VDD

Rk EQR_DETAIS SEE
) [_ AMA "THE. FORREST. MIMS. . . ...
R/8 14 LA FDY e LARGULT. SCRAPBOOK”
AA_L 406k D B I (pp.21-23),
- A R./4 7:‘1\ b ;;_q,Vuu‘
/ AAA 3| MANUAL _ contror? |4 2 /w/
Rin ol R/2 CONNECT. TO. EACH || Y Vour-2. 2V {Re.Z Run)
AL AAA 8 InPoT A swiTcH |9 = %
\ R 70 Voo AND._ A ARPLY .. CONTROL .SIGNALS.. AT
o ANA_2014.1 K. RESISTOR. 1D |3 DCRA..INPUTS. . TO _ALTER
Vine GROUND, Bine 0001 TR 1111 VARIES
o caN (J)”* G is IEE Rin..FROM__R.TO R/1S
- CONTROL D ¢ Bo....B TYPIcAL R Re =10K.
Sy
oA ALL_ON — ALL__OFF__ SEQUENCER
A B < D ALL_OUTPUTS..GO. LOW,.
Voo 1 Voo THEN. . BAGH, IN_SEQUENCE. ..
X k4 | C O CAusBocCsi Die Bns B ETC oo
14 13 5 14 VSE . WATHA. . LEDs . FOR
= TP | 4013 H013 4,6y, EYE-CATCRING. . DISPLAY.
8, 10 5 12 8,10 FOR "BUCKET - BRIGADE "
- = OPERATION., CONNELT . PIN
e S i 5 ou 5 _0F FIRST 4013 TO.PI
CLOCK o 13 (NoT 12) OF SECOND 4013,




o IINEAR CTC CIRCUITS
o AYOU AN MAKE AN AMAZING.  VARIETY _OF  CIRCOITS . WITH
i JLINEAR  TCs. HERE DARE A FEW. OF THE . MANY. POSSIBIZITIES 4
e |OPERATIONAL  AMPLIFIER (0OP-AMPY _CIRCUNT S
e I ADDYOL  AMPLIFIER
THT 1S PREAMOLIEIER  {RBZ . .SETS..GAIN)
hhhhhhhhh S RZ 280 1o POWER AMPLIEIER
ot Aan_ L AXA_ 100k +Qy
IN o~ et Ri tqv oY e v ) R3 N 14
X Luf ik L 24, use 2 20k 3 o Mol
_ \ 13_;\ ¢ | oTHER s‘\‘ +3e,:..\3 o TR 13
e JDYNAMIC _MICROPHONE, 2 Iy A{\;\ OP-AMPS VoLUME 2 }"q/c 2 -
e ARADIO  ETC... .. TRY ALSO, 100 MF
o I BLSO_WATH. CIRCUITS -V T
RN 111 o VN RPN =B SPXR
AL MWXER I DIEEERENCE _AMPLIFIER
1ok 100K 100k
e INL L o AAAL AANA N 1o AAA AAA
10K +9v +9.v
e AN e AAA z I 2 A
! 10Kk, 144,\1\1- > OUT look _-_:::1{ b 4y OUT
LINCE e AAA 3 |4 / IN. 2 g NAA 3 1s /
oK e v
. N look. .S -qv
o |SEVERAL  SIMULTANEOUS. INPUTS. S IN1.—_1IN2.1S
DSE__WITH. AuDIO, AMPLIEIER  AROVE, — AMPLIEIED,
o IO LIGHTWAVE  VOICE  TRANSMITTER.
+9y
e fMAC VS CRYSTAL \
o lor ErpeTRETX FREp JC1 R R2 RS J RS
_IMmicropnone. & LL1uF s0K 1M 1K 2 220
L ALED IS INEFRARED L MIC WA AAA < AE
e PE A USE _LENS! A c2 e [T\
To. _Focus LIGHT L{o’s) | can. | 2 N |7 10 ME | a1 \‘_,/: -
FROM_LED iMNTOQ WIS t .;5 wN2222 L AT ’g:
LINARROW. _ RE AM. 3 o o7 N R 3 TR
TO TEST.,. PLACE ol /7 50K e | S\
RADIO . EARPHONE ADA_L AAA_L ADTUST FOR_ .S A
e NEAR . MICROPHONE. R3 RY BEST _SouND 2 g7 LEMS
ADITUsT R1 _AND S.6K S.bK QUALITY. 1K
R FOR__BEST =
o IRECE\WER SouUND.  SEE “THE FORREST_MIMS _CIRCUIT. SCRAPBROK” (pp. 35-42),
122




0O PERCUSSION

SYNIHRESIZER

(g

€Ll ., DRUM, ETC.)

SET..RZ...AND R3Z AT CENTER

R V)(V cl V)(VR-: POSITIONS. ADTUST RY4 TO ITUST
1M 001 — 1 1M PAST. _ POINT._ WHERE _ OSCILLATION
RY | .005uF STOPS....CLOSE  S1. ADIUST RZ,
1M 1 R3_AND._RY_AND_TRY_AGAIN. N
Ra cz—% ¢a.” TIME _Youltl HAVE AN ELECIRONIC 5
10K QO pE | 001 MFE BELL ., .DRUM, RoNGo, ETC.
INAAC 1L M +£4v
1N /1 *
L .
b VOLUME = “ee |
Z ik g = B
s1 o N . sse >—]€- A ME.
1o (PRESS 742 1€ NV—y (- B
AND —{F Ik cH RS 100MF 1. lan
RELEASE) -qv OQLuF 10K SPKR
T~
O LIGHT _SENSITWE UP-— DOWN. . TONE. . GENERATOR. e e
PHMoREstsmE‘@&\
RL_J *av BALANCE
A
ok 3 ——+ 7\‘; Sokji/
. 2 741 o - VOLUME.
- A L] I A
e J_c SO\ o
100k 2.1 uE PN 100pF
| PHOTORES IS TOR

= SPKR

TAXKE  THAS _CIRCUIT  AND A

ELASHLIGHT _INTO A DARK . ROOM.

D LIGHTWAVE . COMMUNICATIONS. . RECE\WER

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

IDETECTOR : SE. R1 AND Q1

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

[ VoL TAGE MONITOR O blert LEVEL INDICATOR
N +l TD + 15V +9v
\ PHOTORESISTOR A
Ri RZ 1¢ PIEZO GUZZER x:l»f
1ok <=7 12K (S (o)
ﬁ " '7‘-11’>_‘K}_"AN\'—" .;5,’2 Qli2N2227 o
IN O——1 -4 W gp < N
CReED) JRZ 1z JW
= ngiomcgé— E
WHERMN. THRE INPUT VOLTAGE IS 1m1(‘[ \J.
Q, THE LED GLOwWS. THE LED =
SWITCHES. . CFE AWKHEN THE _(NPUT BUZZER . _SOUMDS. . MHEN. LIGHT
VOLTAGE  RISES . Jo. A LEVEL EALLS Tbh LEVEL. . DETERMINED REY
DETERMINED. . BY. RI. _EXCHANGE R2. RBEVERSE COMNECTIONS ..TO
o JCONNECTIONS. . To. PINS...2 AMD 3 PINS. 2. AND 3 TD __SOUND TONE

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

[l RARGRAPH VOLTAGE. INDICATOR 0O "window  coMpARATOR

. +9v +qy
fi <|, N PROTORESISTOR A R
100K 5 Rie J‘/-’\ <TR’& I RE l Rle
3 I3 LED 1K (é’\ 5 10K 2 10K 5 1K
+‘;q 2 %/ + 2
IRz Wl lJ—AAA 23 A -
1K 4 | /;{ & o339 >
< - R B’ _)'3\ Do Ylsscn'
3 +\ LED 1¥ 100K R SUBSTITUIE
R3 Ul LA AAA N S R
- W K RED sl
< R& 112 Q‘L\}E
9 P LED 1K SR1 S RY IN2222
RY J‘%‘i | —LAA 2 1M 10K <
kS 81 /l; | B B
2 - g9 =. LED.L . LED2
...... i1 +\ LED. 1K ‘
._|Bs ;;:;\131'4 AAA. SET_R1 TO.  CENTER . POSITION
e ,usmg RO ¥y TURN._OFE LIGHTS . AND. _ROTATE
R3. . TUST  PAST. POINT. WHERE
o O _TO USE LED.2 GLOMS. CLRCULKT.  \WILL
IN_, | _l_ 741, BTG THEN._ . RESPOND _LIKE . THIS:

(R1.8 R3 _CONTROL RESPOMNSE)

LEDs  @Glow 1N _SEQUEMNCE AS DARK — > [1GHT

QFF. . S ON — 3 OFF

"

INPUT VOLTAGE RASES , g1 LED 1

CONTROLS SENSITIVITY. LED 2 oON - = OFfF > OonN
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VOLTAGE REGUILATOR_ CIRCUITS

1 EWED  0UTPUT. LINE. _POWERED  SUPPLY

To AL o2l

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

(= /N .
B <o - .
- Vi LOHz E W W gz 18 XX Vour
POWER ] N = .
e |CORD T1 ¢, e2 {2 c3 7
(SEE _BELOWD 2000 mF 35V / AmMF o

/ + -

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

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

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

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

]ORENCLOSED L 3T GROUND

A I
|

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

To.  AQC s S1

LINES ol .jm . Q____lwmm .
] x/ PRI

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

POMUE R | ‘ C1..

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

e INSULATE OR 2000 uE., SOV

e dENCLOSE _COMNECTIONS .

VT

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

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




TIMER _CIRCUITS

TITONE.  RURST. . GENERATOR.

1 RBASIC  TIMER

* QV DI.b2: 1ma1y

&1

&

DL > 1.R3

o

Ao

sy

j,

3 s~ 4.71%

%!

Fa
o, .
?V D2 I fentoor Ll

R2. RELAY

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

AL BE L ACTUATED... CPULLED ...
CHNY uNTIL. everE 1S COMPLETE.. ..
IRV AND. Q1 . CONTROL . LENGTH. .
OB L TIME. L DELAY.. . USE. . VERY. ... .ANO RY. CONTROL .. .DELAY..CL1 . ...

~qlool ..

Amq Vv

*Loecs
T .1uF

o lRre. QiZMZZ?-Zq -
c¢

EMITS . A _TONE. RELEASE.  S1 ..
AND . THE  TONE . CONTINUES
FOR. SEVERAL. . SECONDS. Q2 . ...

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

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

LONG. . DELANS e CLRCUAT. . MGG sSs s, ONLY ... 558, VSES ..TCC e

_ |OPuLse  cENERATOR oo

O LED TONE TRANSMITTER. ...

L AS TOMSY

N

8 la

S PULSES

OR

e MALVES  SHOWN......

FREAVENCY LGEIAVE L PULSE

ey 1S ¢,  RATE_6OO. RZ. .

01 mF DRAAND.CL

| OV pF

CONTROL RATE. ...

o JUSE. TD..SUPPLY._ _PULSES . TO UsE. _To JTEST LIGHTWAVE
| NGITAL  LOGIC . CIRCUITS, ETC. . RECEWERS..
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DLAGHT / DARK _DETECTOR —
tav R1..ANMD.£1 _CONTROL _
TONE FREQUENCY -
R1 ) B8 L WHEN. ST . 1518 B
42k % PHOTORESISTOR PO ATIO M"LT'MIHE
171 585 N S1A._00 SPEAKER. _EMITS A
RZ ok |4 25\ 4« TOMNE.. WHEN_ LIGAT.
1K nsss 3 AUMIM ATES  THE
2 2 3 02 Sis PHOTORESISTOR.,
tho ] 4.7MF DEDT WHEN _ S1_ 19 18
¢1 ;L_-\ T S.SWITCH COsaTION D" THE
L4 i R3 \\ L SPEAKER __EMITS. A
8 a 10K TOME WHENTRE
SPKR...L N S1B..o2 PROTORES\STOR 1S
' NOT  JLLUMINATED,

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

2. TWo TON

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

OHM'S  LAW, 14,103 e

PN s et b

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

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

N TuncTion. FET, 52-53 S6e,100

e DU BATTERY,. 17,44
e BIN ARY .. 8.1, B
e fopu DI POL AR, 48, 851, 1042105
CW...M.CA.PACJ.IQ.E..,,.M\.'&',Z:.‘S,S 331
e CAREUIT, 20221, 82, 90
e C MO S A 1182221
e QL. 28239
) COMBINATIONAL , 86287,.90
e COMPARATOR,.. 93,124
b CONDUCTOR,12., 43
e CMRRENT, 9,13, 14 95,39, 67
D petecror 102127
ch DIEEERENTIATOR |, 37
o DIGITAL, 74,80,83,91,116=121 . RESISTANCE , 14
o DIODE , HH247,78, 82,101=102 ...

E\\,.,\E.LE.C.I.&QMA.G,& ET,.15
o ELECTROMAGNETIC SPECTRUM, &3 o SERVES 20:21,33, 35, 68,07
e ELECTRON . 8:9, H42-4H3, L2, lole, 70

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

e INVERSE  SQUARE. AW, 05

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

QOPTICAL COMPAMENTS.,. LY
LQPMEAL. SPECTRUM, L3
PARALLEL,.20-21,31,35,.69,11
PHOTODIODE, 72213
PROTON, 62, 66,20,72, 74, 16 :
PHOTQRESISTOR, 70-11, 114=115,124
PHOTOTHYRISTOR, 26,118 _
PHOTOTRANSISTOR, 14275, 114,121,123
PN.IUNCTION 44, bhe, 20,72 '
POWER .14, 11(.,. 125
PROTON, 8 ...
PULSE. ,.22=23,119,.126
RC_CIRCUITS, 27,94, 100
RELAY 25,18, M4, 118

——ATOM,..B..

o

K

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

. DIRECT. . CURRENT, 14, 3

SEMVCOMDUCTOR (4243, 62763, 66,20
SEAUENTIAL, 882480 .
SNEGNAL, 22-23
SIMCON LHL M3 22
SSINELOWANE, 18
SOLAR ._CELL, 12115
--SOLDER, %8 . ...
SOLENOID, A5
SPEAKER,. 27 ..
STAT\C . ELECTRISITY.,. 10,106, 118
SWITCH(ES), 25,26,58,.80
THERMDELECTRIC , 17
THYRISTOR,.58 =61,.110. 2111
TAMER,.93,106>107,.117, 126

ELECTROSCOPE | 11712

__GROUND, 21 .

WON &

EASCR, T

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

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

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

WHUN! JUNCTION, 857,108 = log

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

WIRE, 24
WIRE =W RAP, 97,




