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.................... ANY . DAMAGES.  RESOLTING. . FROM. . USE . QOF.  INFORHATION. IN______
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CJCAUTION: _ TRIS ROOK. INCLUDES. . SEVERAL. __REEERENCES .. . .TO
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I SUGGESTIONS
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GETTING -oTAR’LED__-__lN_ .EL.E..CI_&OM\J.CS.M_,“

g

~rmra o]

R &

MWELCOME . TO _THE . WORLD OF. ,ELECTROMICS 4 ONE. oF THE FA' TE“ r___.__..“ :

GROWING. . OF _TODAY'S. " HIGH-TECH" . ..F.z,sx,ns___.._._&gg..., AN _EDUCATIONAL
AND ENTERTAINING.. .Jio,&r:ix. o THIS  BDOK WL TAKE YOU _EROM .
STAT\C. ELECTRICITY. . TO _S0LiD-STATE ELECTROMICS. ALONG. 1HE WAY

WE'LL  COVER ELECTR\CITY, E(ECTRONIC COMPONENTS. _AMD IMTEGRATED . . .

CIRCUITS (TC’s).  CAAPTERS _3-7 SHOW _ HOW _COMPONENTS  AMD IC's

IARE USED . To. FORM . ELECTRONIC.  CIRCUITS. CHAPTER 9 GIVES PLAMNS

FOR 100 _CIRCUITS , _EACH _OF WIIcH TWE ROILT _AND _TESTED. "PAce
ARROW S“ (EED) THROUGHOUT. THE _ROOK.  REFER . YOU TO. RELATED ToPcs.. .
IN _EUTURE CHAPTERS . (LIKE _WORKING.  VERSIONS 0F  MAMNY. . EXAMVLE .

.ClRLU_lI.S_._.JN_.ACA.FU.M?.I'E.R.S..NS:?,)‘.A,..I..,..HQP.E,...,A.YOU EIND.THIS.  BOOK. us&wc,,_._ I
[EQUCATIONAL. _AND. A.“E,S.QE.C.IALL.,Y,._. A STNE - Fs«w.d‘ M. M. by IO

GOING.__FLURTHER IN_ELECTRONICS .

I_.HQPE-_IAL.S_ aoox___emcouumc.L NOU. TD eo Suﬁmeg \N ELECTRONICS T
REGIN _BY. GETTING RADID SHACK'S “SEMICONDUCTOR. REFERENCE .o

JHANDBOOK " AND  “ENGINEER'S MINI-NOTEROOK" SERIES. READ ELECTRONICS .
MAGAZINES LIKE COMPUTERCRAFT, RADIO-ELECTRONICS., BYIE AND. QSETe o

YoU  MAY. ALSO. WiSH TO. READ "ELECTROMCS NOTERBOOK " A COLUMMN I ... ... _

JWRITE. EACHR MONTH FOR COMPUTERCRAET., MANY OF THESE COLUMNS

MAVE BEEN COMPILED. IN A SERIES OF BOOKS ,.INCLUDING “THE . . .

JFORREST MiM§ ClIRcuiT SCcRAPBook” (MEGRAW- RILL, 1983)  AND. R
_J'FORREST MimMS' CIRCUIT SCRAPBoOK TL  (HOWARD W. SAMS, 198 6). . ...

(THESE  BOOKS. . DESCRIRE IN _DE1AIL  SEVERAL OF THE CIRCUITS . IN _THIS .
(BOOK . _AND__ NANY _OTHER CIRCUITS.  QUESTIONS?  THIS  BOOK. WILL RAE .. .
IMANY L 1E_ YOU CAN'T _FIND ANSWERS _IN. _THE REFERENCES AROVE, TRY. . . ...
A..GOOD . LIBRARY. . FINDING. ANSWERS. MAY. .TAKE TIME, BOT NOU'LL LEARM. . . .. ...

IMUCH __IN._THRE . PROCES<. .  PERHAPS  NYOU'LL EVEN COMSIDER . FORMAL ... . .. ...

TRAINING. . FOR A CAREER N ELE CTROMIC Soa e B

__|A_SPECIAL _NOTE TO EDUCATORS ,Af"ff_f'_‘f.f_f‘_"fﬁf_ff.:fffffiff.f.ff';’f.ff.‘_'f.fflf_.__f:f_"_"_'.f_'.'_'Zﬁ.'.'.'_'_jﬁ"_"_‘
——TR\S  BOOK. CAN.. G: V—F-.—m MO U-Rq ST U Q.ENI S i A BASI C K NOW LE D Gé: A -Z)F w:_ :‘:_

—JELECTRONICS. ._YOU CAN__ASSIGN __THE. _..BQQK. _FOR . _OUTSIDE. REARPING oo

~AAND _TEST.  _STUDENTS _AS THEY _PROGRESS... QR _YOUu CAN DEVELOP ... ..
A TOTAL __COURSE, COMPLETE WITH DEMONSTRATIONS, EXPERIMENTS . . ...

AND  LECTURES. THANKS TO. RADIO SHACK'S  SOLDERLESS. .. MODULAR . .
SOCKETS,  YOUu AND.  YDUR . STUDENTS . SHOULD BE ABLE TO ASSEMBLE .. . ...
IESI ..... VERSIONS . OF . VIRTVALLY _EVERY CIRCVIT. IN. CHAPTER. 9.

P:E.C..E\,\[E.-.,-.,A h...._B.R_.K.E_._.QLSCOHNI__ERDM__&ADJQ__S.HACK_.._“O, N_._...IHL.S..._A..“B,OOK .....A ND.. e

IELECTRONIC. COMPONENTS,  SEE._THE LATEST. RADPIO . SHACK CATALOG .,

FOR__DETAWS .. (PRICE DISCOUNTS. . ARE _OPTIONAL AT RADIO SHACK. . .

—|DEALERS — AND . FRANCHISE  STORE S
R L 5
...... e - ettt — .j';




LIRE __onNLY

DIEFERENCE ([ NSOy

________ | BETWEEN. A Botr _oF o
........... _ LIGATNING  ANOD  THE )
......................... SPARK _ EBETWEEN _ NYOUR )
] FINGER. _AND A . _DOOR -
— L RNOB  onN A ORY _PAY

e 1S QOANTITNY,  BOTH
................... L ARE  EBLECTRACITM
e L BENTAMING FRANKLIN . FIRST NoU  _RBETTER._.SAY "Bye!” | __
...................... CON FIRMED.  THIS . WITH KBIS . .. 'CAusg IT'S NOT VERY SANE. ) _
e L FAMOUS.  KITE  EXPERIMENT o
......................... . ety
.................... S o o ST LAMP
_____________________________________ A7 TO METAL. N
________________________ W __DOORKNOB. ©R
- SR . WATER _PIPE,. S

.H.E.Rf:".s. A . NEAT WAY TD"SEE” EZ.E érk!cnv L WITHeo T
I BEING ZAPPED.
JLAMP ,  WALK  ACROSS A _CARPET . WHIKE _ WEARING ... ... ..

_GRASP . ONE _ LEAD _ _FROM A _NEON . . .

| HARD __SOLED _SHOES __AND_ __ TDUCH __ THE __SeEcoNnD  LEAD FROM. ..

| TRE _ LAMP  To..

JTHE  EFEECTS. . OF ELEQTRICITY.  WHICH CAN. . BE

A METAL _OBTECT. THE _LAMP _widl .
FLASH _(UNLESs .  THE _ RELATIVE . _HUMIDITY /5. AIGH)____

|oF _course , You cawwor "see’ EcecTRICITY! You SEe

AN THE  LAMP,
_SEEN. ...

ATS EFFECT . UPON AR __AND THE.  NEON

ARE  MANM. . HERE _ARE . _SOME. . MORE & .




L PUTTING ELECTRICITY TO WORK

| AL _MATTER _ HAS ELECTRICAL _PROPERTIES.  THAT'S _WHY
| SCIENTISTS . _OVER  THE _ PAST __FEW CENTURIES HAVE

| BEEN _ABLE. .. TO ___INVENT __ HUMDREDS OF . GADGETS .THAT . .

...... | GENERATE , . STORE ., . CONTROL _AND __ SWITCH ELECTRICITY. .

........  THESE. . DEVICES. . HAVE . COMBINED. . . TO. . CARRY US  INTO e e

THE RS YouRE
. e ANXIOUS.
_[THAT FOlLow -
o Youke FIND . AN
jovT._mow .. .. <L
o |THESE. AN . 2 N e ELECTRONNC PARTS
........ OTHER _ELECTRONIC . SN\_.

_{PARTS _WORK. AND

......... AYoulte  LEARN. _How. N . ol TWO. L WHEN YOU BAVE .
JTo use _meM. N NN MY TMME., B8E SURE._TO ...
o JWORKING _ELECTRONIC . Y GO OVER _THE. REST . ... ...
....... CIRCUITSw . LIKE coe

| LIGHT . _FLASHERS y TIMERS, .. ... NV ./
______ [ AMPLIEIERS , PIGITAL L0GIC . ... ..

e fCIRCVITS,  POWER  SUPPLIES, . §
e |SOUND  GENERATORS  AND O\ (gt
e MANY.  OTHERS .. _AFTER. ... & .\ ../
| YoU_ COMPLETE . THIS . BOOK, ... .. K . LEARNING.. .ANO_ .YoulL .. ... .
e tNOLML  BE . ABLE TO. . TITITTITITONG
e JIDENTIEY. . AND _ USE AL . foeeee
e TRE  COMPONENTS. SRHOWN . p ()
. |ON __THIS. _ PAGE] THEY . |
e | INCLUDE A TRANSFORIMTER, . . |.
e | DIOPES, RESISTORS, ... ... . |
e {CAPACITORS , ZENER ____ ...
e fDIODES,  TRAMSISTORS, ... ./
. fVOLTAGE REGULATORS.

e N AND  INTEGRATED g
QIRCUITS.

o STARTED
L WORKING. WITH

o OF _THIS  CHAPTER. ... . ..
e NOULL LEABRN. SOME

o ELECTRICITY. THAT. WIEL ..
o L QIVE. YOV, A SOLID.
o FOUNDATION ... FOR. FURTHER . ...

e EINID __OUT  HOW. TO
e QREATE. AND. DETEQT oo
e L BLECTRICITY.  MUITH
i ORDINARY.  HOUSEHOLD . ..



GIVE

MOST

REST

3

O IONS — NORMALLY AN s
ATOM
OF ELECTRONS AND. PROTONS. . fo .
THE CHARGES  CANCec. .70 N

. _ THE ATOM  NOQ . NET 0
LELECTRICAL . . CHARGE . IT'S ...
PoSSIBLE  TO . DISLODGE .. ONE . .o .
OR  MORE ELEQTRONS . FROM

THE _ATOM 7D . HAVE A _NET i,
POSITIVE .. CHARGE , . IT’ s THEN
_ ICALLED A
. A STRAY ELECTRON. . com BWE s N
A WIETH.

ATOM
CHARGE ANO IS CALLED A .
NESATIVE [oA.

BACK TFToO BASICS
_|ELEcTRICITY 1S AN ESSENTIAL INGREDIENT OF MATTER.
THE  BEST  WAY  TO  UNDERSTAND THE NATURE OF. ELECTRICITY

s 7o
ELEMENT o THE  ATOM ..

EXAMINE THE _ SMALLETT | COMPONENT. OF EVERY

e L 1 A i,

: NUCLEUS _._.A.____,_Tms ls A L,ITHIU.L’L,W_“

(PROTONS AND ____ATOM. _ THE __THIRD.

...N.E.U.T.R.Q.N..s).u_..._gmfc,es.r_,_..._.AIQM..-,..AH&&__,._

___HYDROGEN __AND HELIUM,

. LITHIUM  ATOMS _HAVE
i 3 _ELECTRONS . THAT

F ST~ ELECTRON ___ ENCIRCLE A NUCLEUS ____

R i OF 3 _PROTONS _AND

LITHIOM  ATOM o NEUTRONS. .

- GELECTRONS :HAME. A ME—.GATIVE ELE CTRICAL,_ CHARGE P
® PROTONS.  HAVE A _ PosIT !,v..ﬁ.,.«......,EA,L..E.Q,AI&_I,.c.a.l._...._.QHA.&.G.E.A.,...,-...M,..-__
O  NEUTRONS H f\VE NO  EBLEGTRICAL . . .CRARGE . .

HAS AN EQuUAL NUMEER

ATOMS.  THIS CAUSES

A POSITIVE F [ EA

A NORMAL ATOM , THE . N
HAS A NET NESGATIVE

|0 ELECTRONS — FREE ELecTRONS =20
PAANAY

| CAN

| THROUGH = METALS, GASES AND . “——

MOVE AT  HIGH SPEED .. o SN




Q,_MD_&E._,,..ABQU T FREE ELECTRONS — MANY. TRILLIONS.
OF ELECTRONS CAN...REST ___Oon. A

SukFAce L OR__.TRAVEL. .
THROLGH _ SPACE _ OR_. MATTER _ AT _NEAR. THE
OF. LIGHT (186,000 . MILE S PER.

SECOND)

[0 RESTING.  _ELECTRONS —. A__GzouP

oN A SURFACE. _CAUs ES....M..JRE,_._A.,.SAU,.KEA.cE S
| CHARGED,  SINCE. __THE _ELECTRONS __ARE
SUREACE. CAN Be ..__SAID

o} ELECTRICAL — CHARGE

_ELECTRONS

L NOT__MOUING., .  THE. . .
IO HAVE. A . NEGATIVE STATIC . .

0 _MOVING  ELECTRONS — A STRE.A.M of. MoV/NG EcE CTROMS B

1S CALLED AN ELECTRICAL . ;u.g,gey_t...,__... RESING ELEcT’RoNS.H

e 1CAN__QUICKLY. . FORM . AN.. ELECIR ICAL . CURRENT .. .. F‘......,,‘._PLA..CED.
NEAR A w.c_LuAs.rAE.R__.._...QE.,...,A.. PoSITIVE. . IONS. .
| CHARGED __IONS . WiLL _ _ATTRACT. . . THE .

WLl RUSM N TO. PG THE .

LEET ___BY _THE . _MISSING .

LELECTRONS .

M HotES Y oR._..
ELECTRONS ).

CWHICH

MISSING

ELECT RON, ::_’—"
CrHOLE") . ..

O _MISSING. ELECTRONS — ME .

MECHANICAL FRICTION,  LIGHT ,  HEAT
OR A CHEMICAL __REACTION

AL MAY. . REMOVE..
A SURFACE . THIS __..CAUSES _

S.E. . THE . SURFACE .
TIVELY CHARGED. . QINGE. . . THE _._PoS .I.T'...V.EL.Y.A..‘
4 BARE AT __REST, . .

BE __Posi-
THE __ _SUREACE .
A POSITIVE

P

.CH ﬁ.RG.E D‘ _...AToMsS.

_CAM.___BE. ._SAID. To. HAVE .

STATIC ELECTRICAL .

_CHARGE. . .

%,

L POSITWE. . . TONS

I O S oo wiTHL POSITIVE
o SN o STATIC  ELEC ™
lcHemicars ) NS N2

TRicAL CHARGE.

SPEED

G ELECTRONS . .. ..

__OF _NEGATIVE _ELE B
To.. . BE. NEGATIVELY .

_THE __PoSITIVELY . . .

VOIDS i

ELE(‘. TRoNS FROM .



B Y.ou GENE.R ATE. . STAT]C ELECTR\QITY EVERY TIME You ..
e |WALR _ ACROSS ...._..A..__.._.C.AREE.I_,.__...._.__.RULL TAPE. . FROM. . _ROLL .
o |REMOVE  NOUR .. _CLOTHING. . _OR.._DRY. _ CLOTHES. . 1N A DRIER. .
.................... AMUCH . _CF_ _THE _TIME. __You. . DON'T .. EVEN. . esauze ___,._._..u.ez.t_.sss.-m_
................... fTHE __AIR__IS___DRY. .. AND ___THE __STATIC . CHARGE __SUDDENLY .
e JCRACKLES . POPS __AND _ FLASHES _ ITS . WAY._ . TO A __NEW HOME. __
........... e |THESE . STATIC . CHARGES . _ARE __CAUSED. . BY. MECHANICAL
e | FRIGTION o BACK N OO B.C., THALES. . ._OF GREECE.  EXPER— ___
e JIMENTED __WITH THE STATIC . ELECTRICITY. . PRODUCED.. . WHEN
.} AMBER __IS. RUBBED __WITH _ W0OL., . _

|0 AMBER— oncE upon A TimMe [
R SAP_FLOWING. FRom. TREES [ |
B {HARDENED . INTO CLEAR. . GOLDEN. .| A
................ e {NODULE S WHICH . WERE EVENTUALLY \ .
e | BURIED._IN__THE _EARTH..  SOMETIMES, N\ ... .. ... . @
e | BREFORE T _RARDENED INTO AMBER, N\ ... .
i A TRE . STICKY. _SAP. ENTOMBED. BITS . ... T 7%  BFXR 4 OF
i fOF L PLANY  MATTER , INSECTS ... 8  PAPER
e \PNO__EVEN. _ DROPLETS. OF WATER! . . . . _%‘:,%‘;3,,,,,______._._._...__...-_._.._*
o |A _RIND._OF _NATURAL CASTING o S
. APLASTIC , AMBER IS __EASILY._ : ,FAHOU.S _.FAC’I’ THE ELschOM S
o |ELECTRIFIED. _BY _FRICTION. IT _ |iS NAMED AF.TE.&‘.,...mE...G@_E_E_K.J B
........................... THEA) . ATTRACTS . BITS. OF PAPER. | WORD. _FoR _AMBER! |

BlTS R

. |OELecTRIEIED. _PLASTIC _AND.. .GLAS.S_..-:._RUN_._..A....,PLAs.T.Jc.....c.oms_w-_.
o |THROUGH _YOUR . _HAIR oM. A _DRY DA Y . AND _Youltt. TRANSFER _ ___
e | ELECTRONS. . FROM. . YouR _ HAIR. _TO _THE . COMA. RUB _A.  GLASS .
e | OO WITH. . SILK._OR_._THE. SYNTHETIC _ FIBERS. . OF A __ PAINT BRUSH.
............................ JAND . Nou'LL  REMODVE . ELECTRONS. _FROM. . THE. . G6LASS.. . GBOTH . THE .
______________________ NEGATIVELY.  CHARGED. . COMB.. . . AND __ _THE _ _POSITIVELY. . CHARGED ..
| GLAS S ROD._ WILL ., LIKE _AMBER., . ATTRACY __ RITS OF PAPER. .. __ __
| YOV CAN . ELECTRIFY. _OR._. CHARGE __MANY  _MATERIALS. . BY RUBBING _
ATHEM _ WITH __FUR , WooL , ETC, METALZ NO, THE CHARGE LEAKS AWAY. . ..

—_— OHé ( AETER . sleowa Hf;/k) QLASS RoD. ( RUBBED wiTH SILK)

OF. --+ g \ POSnrsz S
g . CHARGE ...

e L NEGATWE., >N~
. CHARGE .

S O




THE _COMB. .
| FUNPAMENTAL .

J OPPOSITE. .
AND GLASS _ROD . HAVE

AND  UNLIKE

AND _LIKE CHARGES — HOW__DO__WE _KNOW
QPPOSITE CHARGES 7 A

IS . LIKE CHARGES REPEL .

RULE . OF .

CHARGES .

ELECTRICITY

ATTRACT. _ HERE'S . AN__EXPERIMENT

I THAT __PROVES. ..

THE .

RULE . .. ANSWERS _.THE . QUESTION -

ANP

| THREAD b
=

- y.—, T——

ELECTROSCOPE . ..

| PLAsTIC™

NO . CHARGE. . L
*use_ Fonu PLASTIC.
,..ﬂmCKm.Gm.MA.T..E.R.fA.L..,.L-____._.‘

REMEMBER ©

CLIKE.

TO. .. DETE .CI_._.,_.AN.D...._. HEA.S .U&E. .

UNLIKE CHARGES ATTRACT — .

CHARGES.

.ST.AT.!C - 1’HE

CAN _EASILY .

YOU. ...

I _.‘."..."_w NO._
_CHARGE —

L MEDIOM. .
CHARGE —

. PLAST ac
. "S— PILL so.r.n,f:

.Foie HIGH
CHARGE —

S 3 E S . & E T'H E EO.L DED. _ _FO/ . STRI P I 5 C L&AN_._.._AN D_... _DR h S

THE _SAME.

,wa.su.-.,m\/.o.u_..._.mu.c.H.‘. A _CHARGED . OBJECT. . TO _ THE
e THE __TWO. _ HALVES
LHARGE .

WIRE
7

OF _THE ___FOIL __STRIP._ ..WIL BE __GIVEM.
AND  Wile  THEREEFORE. FLY _APART.




[0 _CONDUCTORS _ AND  INSULATORS—_ Nou _ CAn  USE
IYoUR — ELECTROSCOPE __ TO .. PROVE . THAT. . ELECTRONS _TRAVEL
| THROVGH _SOME . mms&mLs o BUT _ NOT __OTHERS. HINT . TRY
THiS._on__ A DRY .. DAY _ELECTRONS _CAN _TRAVEL _THROUGH
rza:.s:x’..___am.m,sﬂa.,m.,_IH&.M.m.AuARsE ..... o AL_._XQUJZ-__ELECI.@O.SQ.QPE_“.
— WL QUICKLY. . LEAK . AWAY oN Hurip DAYS .

Al bt s s st e ieeprnms

RS-

e VELECTROSCOPE . B .

T r U

e G HA RGE D, ............... —
PLASTIC _ROD.____

1. ROD. . TO. _THE __WIRE ..
_AND __THE __ELECTRO~ . -
_SCOPE.___ WL RESPOND. .

...... — N

SRR S S wWoopD BASE. .

4 a% f#}..c.a,&.&@.ﬁb FoiL, / . ' S Tm)cﬂ_ ..IHE.W.CHARGED.....__

e e e

= CHARGED
S PLasTic ROP.

.THE _ _ELECTROSCCOPE
. WILL.._ NOT. . _RESPOND. .
L B i — \ lr o WHEN. -THE _CHRARGEQ. .

: RoD._TOUCHES THE ..
([—— — == _— T NYLON _CORD,

e | THIS  DEMONSTRATION. . SHOWS. _ THAT __ELECTRONS - CAN._ . TRAVEL
.................. THROVGH . SCHE.  HMATERIALS .. BuT __NOT __OTHERS. . MATERIALS. . .
THROVGH WH ICH. .. ELECTRONS _TRAVEL  ARE ]
HATERIALS CTHROUGH. . WiHICH .. ELECTRONS ._TIZ AVEL PooﬁL ) A
DR_-A...M,O‘.‘L...,..,AT ALL  ARE  INSULATORS oo

i OM,QQ_C_'.CO.B_S__J.L\LCLQQE....-.,,..SJL,L{E.Q_.” GQL_Q —TRON. ,.___CQ_P_PEAS_,_.E Te

INSULATOR'S INCLUDE _ GLASS SS,. __El:A_S_th_,___ RUBBER, wooD, ETC. . _
12 )




ELECTRICAL CURRENT. .

_THE __CONDUCTOR — INSULATOR DPEMONSTATION .

{2}_‘ S = ~3  LLLUSTRATES.. TWO __ OTHER __{MPORTANT
_®$® = POINTS. i
— U ... S fan\ _
1- AN _\_\_‘)_\\ 2. ELECTRICAL _CURRENT __FLOWS _FROM. . _

A_REGION . OF HIGH CHARGE

1M MO8 ILL_SIBJ.L.Q e
CUARGE.  Flows

OR . POTENTIAL. .. TO. A _REG/ON

2

| THROVGH A ceuoucfml_\ OF. . Low. . POTENTIAL. j
|AS AN _ELECTRICAL \\D‘\\

CURRENT IT_THEN _RESUMES_D
iTS STATIC. . STATE ON_THE .

ELECTROSCOPE _FOIL LEAVES.

0O THE MAGNETIC _ CONNECTION—_ A
I FOWING _ THROVGH. A WIRE __CREATES. A __NAGNETIC
o AFIELD. .. AROUND. . THE _WIRE. YOU _CANNOT. .

| SEE __THE _FIELD, .. BOT _ NouU CAN . MIRE.

Yy _—

| OQRSERVE... LTS EEEECT.

........ ORIENT. A COMPASS.. SO MAGNETIC A

....... TS NEEDLE _ POINTS. TO . FIELD 7 2 N

e L THE _ NORTR._(N) MARK. .. ° L& N (2« N\ easHueat) .
PLACE A __COPPER WIRE . \ N e G

__|OVER _AND _PARALLEL —

__ITo THE nNeepLe. THEN &

|COMNECT A FLASHLUIGHT

CELL ACROSS THE WIRE. ANX

THE _NEEDLE Wittt MOVE _ AWAY. _  _FROM _ iTS . _NORTH=_SOuTH. _ S
| ORIENTATION.  (LEAVE . THE _wlIRE. . ..CO.N.NE,C_'IE.D_., _FOR__ONLY AN
........... INSTANT. TO. PREVENT.  THE. CELL FROM OVERHEATING!) .. R

3 ot

I MOT ION.._ OF A MAGNETIC

COMPASS . NEEOLE in A MAGNETIC __ § .. . p————te——
A FIECD _PROVIPES A __CONVENIENT. . . o A NE

WAY . __TD MEASUA&.__M__QQANI.LT,X_.._J._.__.k. B I o

OF. CURRENT  FlowiING . IN. A | b\
o |WIRE. THIS IS _THE _Basis_ OFf ... | .. [Lr@AN\
e THE  MOVING . GOl CORRENT METER b AN

IUSED . IN THE ANALOG MULTIMETER.. A==

[TO. PRonoE HIGH _SENSIT\WVITY, THE . ZtERo_ gf.wa» ,______Moum»o

T lwiRe s wRAPPED AS A COIL. . SPRING . Colt_.
. J R s




DIRECT CURRENT FEIECTRICITY

AN _EILECTRICAL CURRENT canN _ FLOWL LN EITHER  OF TWO

e JRDIRECTIONS THROUGH A CONDUCTOR. IE )T _ FLOWS. 1A

NLY ONE DIRECTION, WHETHER STEADILY OR IN_PULSES,

IT'S  CALLED DIRECT CURRENT (DC).. TS _ \MPORTANT _TO
RE. _ABLE To SPECIFY THE QUANTITY AND POWER _OF A

DIRECT  CURRENT. RERE ARE _THE _KEY. TERMS.:

| CURRENT (I)= CURRENT 1S __THE QUANTITY  OF  ELECTRONS

PASSING A _GIVEN _ POINT.  THE _UMIT _OF _CURRENT. 1S THE

e | AMPERE.  ONE AMPERE 1S 4,280,000, 000,000,000, 000

(.28 % 10'%)_ _mmaus__zamu_mun;_mw ONE _SECOND.

VOLTAGE (V. oR E)— VOLTAGE 1S E(ECTRICAL PRESSURE OR.____
FORCE ., VOLTAGE . 1S _SOMETIMES REFERRED TO . As. —

QOTEMTIAL
VOLTAGE DROP 1S THE DIFFERENCE IN VOLTAGE RETWEEN

nu: TWO _ENDS  OF A _CONOUCTOR  THROUGH. . \MIMICH CURREANT.

e N BLOWING.,  1E WE COMPARE  CURRENT . TDO. WATER FLOWING

THROVGH. . A _PIPE, THEN VOITAGE 1S THE WATER PRESSURE.

e D POWER _(P)— THE wWORK PERFORMED.  BY AN ELECTRICAL

CORRENT. 1S __CALLED POWER. THE __UNILT _OF __POWER 1S _THE

WATT. . THE _POWER _OF A DIRECT CURRENT. IS __ITS __ VOLTAGE

TIMES .ITS_ _CURRENT.

L RESISTANCE . (R)==_CONDUCTORS . ARE NOT PEREECT.. . THEY
e JRESIST  _TO  SOME. DEGREE  THE _FLOW OF CURRENT. . THE

UNIT _OF RESISTANCE 1S _THE OHM (). A POTENTIAL
DIEFERENCE _OF ONE VOLT WIiLh FORCE A _CURREMNT OF ONE_

e {AMPERE  THROUGH A RESISTANCE _OF ONE _0HM. THE RESIS=
e LANCE.  OF A CONDUCTOR. 1S _ITS _VOITAGE __DROP__DIWIDED RY .

THE  CURRENT  FLOWING _THROUGH _THE _CONDUCTOR.

OMR. _onM's _LAW— GIVEN  TISUMMING _UP — THIS IS
ANY. TWO.. OF THE AROVE , TRE "WATER ANALO&Y':
NOUw _CANM__FIND _THE _OTHER
TWO. USING  THESE _EORMULAS o e~ WATER _LEVEL
KNC ‘s LAW: ~— S/ I
W AS onM's s ST}
V=I xR IR £ TAP
I =N/R . /b LRESISTANCE)
s . ,..R=V/I _W_r
P=V*T (R T'xR e ! e sTREAM

o - ‘ =Y Hmanm__

L

LATER __IN_THIS ROOK ... (POWER) ¥/




USIN.G DIRECT CURRENT

THERE __ARE SO . _MANY USES FOR. . RIRECT QURREMNT ELEC—~ .

TRICITY NO __SINGLE. . ROOK QAN DESCRIBE THEM. _ALL.

|HERE'S A PAGE ___0F _SEVERAL _DESIGNED. AROUND _A. . SINGLE

JWIRE . Colk You._ _CAN

I~Y2 1o R=INCH___SECTION

EASILY.  MAKE _FROM__A (TWICE _ACTUAL _SIZE) e

|20__GAuGE, LACQUER e

|¢ole  wiITH _EINE _SANO._. PAPER ,

OF_A_SODA__STRAW.__AND ““\m
ar_Leastzo-feer or N J, 1T )]

COATED _ WIRE SECURE

THE _ Coll . IN.___PLACE  WITH TAPE

REMOVE __IMSULATION. . FROM __ENQOS _OF

|0 ELECTROMA GNET — INSERT
LA __STEEL. .NAIL _IN_THE __COIL,
.......  CONNECT.  THE _LEADS TO A

Q- voLT  BATTERY, AND __THE

ANAIL . wiLL  BRECOME A MAGNET. .. . >
JunTIe _THE  POWER 1S QIS =
o JCONNECTED. (1T _MAY. RETAIN

ISOME__MAGNETISM.) .

|0 SOLENOID. — _THIS 1S
A" SUCKING. MAGNET.”
_______ | APPLY  POWER 1D LOl&
_1AND NAIL. WILL BE__ PULLED

RAPIDLY _INSIPE .

AR\ ‘_'-‘“V T \\\\ 4
da e O
IR EY /M //1// W) / = " _&Q

"‘h‘

....BA.T.'!'E&Y.. e A

St - O contacts

W\

a

| YOUR . IDEA__OF A MOTOR, . . 7=

| _Q_UALlFIES _UNDER .
_...._DJCT)OMABY__.. -osfwmw._____ VSE A | .oV &.
........ ...,.L,.Lé/d.'l:_.._w.E.taar____A.I_L...m,.,_.msgc.uxs______,__. e | EBXPLAIN. IN.Z2S

L ONE . Coit.  LEAD TO _ NAI.

| NAIL  JUMPS UP_AND _DOWN,

| BuT _ THIS. ELE GANT.._.-APEARAIUS.._._-M..m_.,,.

ASSIGNMENT.

| ADTVUST . HEIGHT __0OF _00IL  UNTIL

ER LAs‘rms

I 15

.vy » WORDS. OR LESS ..
_Vours| wow  THIS. THING ..
e  ACTUALLY WORKS...




, o
_|SERIES TO _FORM_A_BATTERY. WITH TOTAL ‘ el

fOK.TO DRY. _ TOWEL + SALT WATER). ...
PAPER  AND /

MAKING. _ DIRECT CURRENT _ ELECTRICITY

A SURPRISING __NUMRER __OF __ WAYS _EXIST.  _FOR__PROPUCING
DIRECT CURRENT. . HERE ARE  THE RIGGIES .

[ CHEMICAL = GENERATORS — ELECTROLYTES. ARE_CHEMICAL
SOLUTIONS  THAT. . CONTAIN . MANY. QNS .. FOR _EXAMPLE,
| DISSOLVE  TABLE _SALT. IN_ WATER. AND __THE _SALT __wiil__BREAK
DOWN..INTO . POSITIVE ___Sopium. 1ONS_  AND. . NEGATIVE _CHLORINE

o fAONS . AF  TWO  DISSIMILAR. . METAL _PLATES _ARE _IMHERSED
AN THE  SALT. SOLUTION, . THE POSITIVE _1ONS _ WILL . MIGRATE

TOWARD. . ONE _PLATE __AND  THE __NEGATIVE _JONS __WILL M|~
GRATE . TOWARD __THE  OTHER. __IF ___THE __Two. PLATES __ARF

~|CONNECTED . TOGE THER. . BY_ A __ CONOVCTOR., . A CURRENT. __
fWiLL  FLow . THROUGH. .. THE. _ SOLUTION. (AS._IONS) _AND

THE .. CONDUSTOR.. (AS _ ELEQTRONS).. THIS _KIND _QF
GENERATOR IS CALED A WET CELL. . CELS N __WHICH
THE . ECECTROLYTE 1S ABSORBED. BY._ . PAPER __OR __FORMED

o INTO. A PASTE. . ARE.__ CALLED. . DRY  CELLS. HERE ARE
|- SOME  CHEMICAL _ GEMERATORS. YOU . CAN_ MAKE. _ HAVE EuN[

o FoLr OR

..PC_BOARD N/

e PrasTIC
f e EMCM
e HAOLPER

o LEMON e [
S JUICE

AP~ ZINC OR
S MAGNESIumM’  PAPER TOWEL. A S—

e ¥ LEMON TVICE
. ,...,..\ﬁ.COPeER eor X %

_ SALT _PAPER.( PAPER ()

ACTWATE with WATER...  ____ __ SWUER COIN (&)

[ -
L)

CONNECT _Two.  OR MORE CELLS N+ [, —  *|

| VOLTAGE EQUAL TO SUM_OF CELL VOLTAGES.. . CeLL BATTERY

Ve T




THROUVGH A . CONDUCTOR . ESTABLISHE. S___MAw _MAGNETIC

___lconoueTtor o wkieH 1S MOVED . THROUGH . A MAGNETIC . ...
o AFIELD. YOU _CAN._. EASILY. .  DEMONSTRATE i

 ELECTROMAGNETIC  CURRENT
 GENERATION . WITH A .
o lopiL  0F  WIRE  AND
A SHALL  MAGNET. .
THE. __ COIL. _ SHOWN. . ... ..

. |ON_ _PAGE 15 WORKS . &=
o AFINE ) CONNECT
THE __LEADS _OF

e lTRE  _CoOl  TO T
A METER o N Tras T A
— IDESIGNED T

 MICROAMPERES,

|0 ELECTROMAGNETIC  GENERATOR S— A CURRENT FLOWING

CIELD  AROUND. . THE.. COMDUCTOR. _ THIS EFFECT. . WORKS.
CoTh . WAYS . SO THAT. A CURRENT. _ wirt FLOW. N A

linseer. a2 \_ ~— *__ R

e 1STEEL  NAVL PLASTJC STKAW. e

I THROUGH . THE  COl e R
AND SIROKE..._....JHE....m.MHGN.E.Z'_..‘.,._,B.ACK..U..._AND FORTH AcRoss 7745

ColL., THE _METER. . W,I.LL_._.._._!N.JZl.c,A.IE...__..A..M.,,EEW..._..,M ICRO AFIPERES .
EACH _ _STROKE. _ THE . POLARITY.. (DIRECTION) OF THE. CURRENT. .. ..

 lwiLlL  REVERSE . ON. _THE _ _BACK _STROKES .  WANT A

| READY ~ MADE __ GENERATOR? __ JUST . ROTATE _THE . SHAFET OF
A SMALL  DC . MOTOR e e

Witl  PROOVLCE A . [ .
POTENTIAL _DIFFERENCE T v_ﬁzn |
OF. __UP _TO SEVERAL ... - N
| ¥YoLTsL  YoUu CAN . ADD.._ . T

A PROPELLER _ TO MAKE A
IWIND  POWERED GENERATOR.. .. _X.

|0 THERMOELECTRIC _GENERATOR S — —
IF A _JUNCTION -.o..E._. L TWO. _ DISSIMILAR

METALS . IS . MHEATED, A __ CURRENT
WiLL.  RBE PRODVCED.. . CoPPER . WIRE ..
WRAPPED AROUND. ﬂ:ta ...... END __0F A ol ¥ DRSPS
I STEEL  NAK. . witt  GENERATE A AN
| FEw. _THOUSANDTHS _ OF A __ VOLT _WHEN
HEATED By THE. . FLAME _OF A .
MATCH. JUNCTIONS . LIKE _ (RoN __AND

CONSTANTAN PRODULCE. MucH HIcHER

___.__-V.o,LJ_Aégs___(THrs LS. __THE.. sessﬁcg_;,ggw;

MRST. . SVUCH _ MOTORS e S il A



|"eEnERATOR ¥
A MAGNET . 1S ___STROKED ____IN_ONE __DIRECTION __ ALonG THE

e f COIC,  ECECTRONS __IN __THE _ WIRE. __ARE __MOVED __IN_ONE
JDIRECTION . . AND .. A DIRECT CURRENT. . IS _

IALTERNATING . CURRENT __ELECTRICITY .

LOOK. . _BACK AT ___THE HOMEMADRE ___COIL _AND. ... MAGNET.
ON._. _THE _PRECEEDING. _PAGE. .

U,

WHEN  THE

—————

.PRODUCED. ON

AN AAAANAAAN A

|THE __BACK. . STROKE , UNLESS _ THE. ._MAGNET IS . MOUED

AWAY _ FROM __THE _ COIL, _ THE _DIRECTION.  OF _CURRENT ________
FLOwW. . .18 _ REVE RSED.  THEREFORE , . IF

| STROKED . BACK __AND.___FORTH __ ALONG ___THE ¢ OlL,

|ROTATING Coll . VOLTAGE ocurpur.  AC. SINE  WAVE
A SINE w
JAC VOLTAGE. IS . _USVUALLY. :

. SPECIFIED AT A VALVE
~JEQUAL .. TD __THE . OC VOLTAGE

e THUS . VALUE

~|CALLED . THE . RMS . (ROOT .= MEAN.= SQUARE) VOLTAGE. . THE PEAK

- THE _MAGMNET 1S
A

ICORRENT  WHICH __ ALTERNATES __IN ___DIRECTION. OR __POLARITY
1S . PRODUCED. _ IT'S  CALLED AN ALTERNATIN.G. _ OUR RENT.
ALTERNATIN.G. __CURRENT_(AC). IS _USUALLY _ PRODUCED BY ...
IROTATIN G .. A___ QoI MAGNETIC  FIELD. .

JoMAGRET. ..
-

e ROTATION..

210°

. OUTPUT VOLTAGE

NV ——

AVE MEASUREMENT — P

e PEAK .. NOLTAGE ...
.,_.__ZR,M.S....-.,._,V.OLT,AGF. ....... -

e QL

ICAPARLE. .. OF _ DOING. __THE _SAME. -
MWORK. _FOR .. A _SINE  WAVE .01

o T T e —

1S...0.7072. TIMES . _PEAK —
THE . PEAK._  _VOULTAGE ., IT's

i —

VOLTAGE _(0R CURRENT). IS 141 _TIMES _THE _RMS. . VALUE. . .. .
HOUSEROLD . LINE.. VOLTAGE. . IS _SPECIFIED _ _ACCOROING. _TO. TS

HRMS._ VALVE. THEREFORE , A _ HOUSEHOLD. . VOLTAGE. OF. 120-VIXTS.. . .

CORRESPONDS . .TO. A PEAK  VOLTAGE. . 0F 120 % 2.491 OR.  [68.2=YO0TSA

__JOWHY AC_|S_USED — AC IS BETTER  SUITED THAN.
- TRANS MISSION . THROUGH. . LONG . _DISTANCE.  POWER . LINES.. A

s

D¢ MEOR

AWIRE__CARRYING . AC __WILL INOUCE A __CURREMNT _In. A _NEARBY

WIRE . THIS _IS._ THE _PRINCIPLE _REHIND. _THE _TRANSEORMER.

e e PR




R

Ao USE.__A___MOVING . COlL ... .

B

|ELECTRICAL _SAFETY @ ‘- "a )/
lELecTRiomy AN Kkl JEYou .l

e JWANT _TO BE _ARCUND . LONG e\ rfoi o
JENOUGH. . . T ENIJDY. EXPERL—= . .. ..N

e IMENTING. . WITH _ELECTRONCS, .
e IALWAYS. TREAT _ELECTRICITY

e e WMETER. __DIGITAL  MULTI= 1€ . ‘;_
- . .METERS. _HAVE A D\GITAL .. R . -
S READOUT. THE MULTIMETER . . . |E... sl
O IS THE  SINGLE. . MOST. 4T R . S
SLLIN W AMPORTANT... ELECTROMIC . . S 24
L TEST ANSTRUMENT w e —

| CONSIDER . BUYING . ONE._ BECAUSE  IT._ . HAS .. MANY _VSES _ _IN. ..

WATH  _THE . RESPECY . IT . OF

o IDESERVES. . We'LlL  LOOK. ..

AT SAEETY AGAIN LATER. %  EXPERIMENTER

T B RN —————

| vou eAn EASLY. {14

| MEASURE. AC AND DC. | T i o vl
‘e

Al VoLTAGE AnD_CurRENT.. .1 {|r ’E?;L b

MM wWTH AN INSTRUMENT. | Y L

o LALLED THE MULTIMETER (e

o _DANALOG  MULTIMETERS i e N

0 ANALOG. . MULTIHETER — . DO DIGITAL _MOLTIMETER — .. ...
ILESS EXPENSIVE, SOMEWHAT . ... HIGHLY . ACQURATE _ AND . .
LESS  PRECISE . THAAN. DIG/ITAL. . .. EASIER . _T0. . READ  THAN_ . ...
| TYPES.. BEST.__BY _FAR __EFOR ... ANALOG _ TYPES. . BEST _FEOR ...
| OBRSERVING. __THE TREND. - .OF A FINDING. . THE PRECISE VALUE ...
L SLowWLY  CHANGING . VXTAGE ,. ... . .OF . A __ VOLTAGE.,  CURRENT . .. ..
JCURRENT.  OR_RESISTANCE . . . OR _RES\STANCE., . . i
IO _SUMMING  UP  MULTIMETERS — THEY'RE _INDISPEMNSABE !
(EVEN  IF._ YOU HAVE _ONLY A . PASSING JNTEREST.  You . SKowtD. . .. . ...
[ THE . HOME , . oN. THE . JO0B.. . AND.  WHEN . WORKING  WITH. _ APPLIANCES .
 AND _ MDTDR  VEMHICLES. .. 1F.. YOU'RE  SERIovS.  ABOVUT  ELECTROMICS, .. .
L CONSIDER. . BUYING. .. A _ QUALITY  HIGH= IIPEPANCE  HMYLTIMETER
| THAT  WILL . HAVE _ LITTLE.  OR.___NO EFFECT . ON__THE .  DEVICE _OR . ...
| CIRCUIT  YOU'RE. _ MEASVRING.. .  IDEAWY, YOU_  SHOULD . HAVE  BOTH. . . . ..

| TRE. . ANALOG. AND  DVGITAL TV PE S et

FORMER..



3 A BASIC . CIRCUIT. . —. _1uis. BASIC cmcunr conmsrs OF

. C] A SER!Es— PARALL&L CJRCUJT_,. - MANY. . ELECTRICAL ..

JELECTRICAL. CIRCU lTS

A 80 B P e e e A e 70 e,

A e s

..... AN ___E.LECTKlCAL..._.._.ClKCUIT ANY._. ARKANGEMEMT n-\AT PERm:r.s
AN ELECTRICAL .,...CURKEM.T.__,..TO... FLOW. . A . CIRCUIT _CAN.. RE

it e b ey

JAS. __SIMPLE . AS. A __BATTERY ..CONN.ECTED.-.--..IO...... A LAMP.OR__
4AS. . COMPLICATED .. AS A DIGITAL .. COMPUTER «

A g it e e

i O Bt et

i M . S OURCE . O ELECTR.[CAL CQURRENT
e LAMP ....(A-,.SA.T_.T.Eg.y.),_,._.._A.A.H,. LAMP_AND._TWO
gy P CONNECTION __ WIRES. __ THE _PART
AN i OF A CIRCUIT. WHICH . PERFORMS. —
T MWORK IS CALLED. me LOAD.
¥ _HERE _THE _ LOAD. IS THE LAMP.
S .........,_...1.M....oTHEK.,. .....c.nzcu.n.r..s - TH‘E‘.._,.._LO.A.D._...-.... —
............ ELECTRON... CAN..BE. A MOTOR, A _HEATING . ..

-~

i FLOW _ ELE MENT., AN __ELECTROMAGN ET, ETC.

bt ¢ st g

—

,A.E] A ,ERlES C.I.RCu.l..T.'..‘:.A._‘.....A....Cl.&cu.l..T......M_ﬁ).’ )NCLUDE MoRE_._.__

o TAAN___ONE._ .‘comeo NENT
- (SWITCR, . LAMP, MOTOR, ETC).____
A SERIES CIRCUIT IS FORMED

e ANHEN . CURRENT . FLOWING.
i -THROUGH ... .ONE . COMPONENT.
. EIRST . FLOWS . THROUGH. . —
. ANOTRER. ( ARRO WS SHOW. . ..
.4.,..D.l.REC.'r./o.N,._‘oE......E.LEc,TRo.N.WELOW.)-.__.

PA&A LLE L Cl.Rcu.l.T.,. A S FORMED ..

WHEN ~TWO....OR. MORE ... —
Lo MP.O.N.E.NTS... L ARE CON~_
e NECTED. . SO _CURRENT .. -
e CANL . FLOW. . THROUGH_
& L ONE L COMPONEMNT . WITH~_

A QUTL L RAVING . FIRST -
e X0 ELOW.  THROUGH .
e ANOCTRER .

e GARCUITS  ARE -
e BOTH _ SERIES

. AND _ PARALLEL. ...
o ALL PROVIDE. A ...
o COMPLETE  _PATH ...

L BETWEEN. _THE . -
e CIRCOIT _AND TS
—omm——y POWER__SuPlLN. .

om0 AT AL Y P i e b g § S P




10 cipeculT  DIAGRAMS —___THUS. FAR_THE ELECTRICAL . CIRCUITS.

S HOWAM LN THLS ROOK HAVE REEAN  LUSTRATED._IN_.PICTORIAL ..

 IFORM.. . PICTORIAL. VERSIONS. _OF CIRCUIT.S.  \WiLL BE  USEO.. . .

IN___THE NEXT SEVERAL . CHAPTERS _AS WELL  LATER N . .

__JTHE __BooK __THE _ PICTORIALS.. Wil BE __RE PLAQE.D--_B‘I__WL R
e DIAGRAMS . IN__ A __C.Jacuu:. _DIAGRAM. _ PICTORIAL VIEWS. __ OF.. e

1COMPONENT.S . ARE  REPLACED . . BY. . COMPONENT. . SYMBOLS.

1
L parTeRY C . LAMP

(e Ty = Q) w

COMPONENT  SYMBOLS . L SERIES—PARALLEL  CIRCUIT

D__ELECJR..CAL_.__SHO&I___CJRCUIT.....T___JAJHEN-. A me_ o& omsx

CONDUCTOR ... 1S PLACED . ACROSS . THE _ CONNECTIONS . OF A .
|COMPONENT.,...... . SOME __OR __ALL. __OF _ANY _CURRENT _ IN _ THE .
';'_C, IRCUIT . MAY.... . TAKE . A __ SHORTCUT. . THROUGH. . THE. CONDUCTOR. .. ...
lauoeT” CleeuITS . SUCH. AS._ THIS. _ARE.___ USUALLY  UNDESIRABLE .. .. ..

AT REST.  THEY _CAN.. CAUSE  BATTERIES _TO RAPIDLY. . ...

|LOSE.  THEIR _ _CAPACITY. _AND __THEY . GCAN. _CAUSE. . DPAMAGE .

T WIRING __AND_ .. COMPONENTS..  "SHORT CIRCUITS .. CAN
EVEN. _ CAUSE  ENOUGH HMEAT. TO _I1G6NITE . THE _INSULATION. . . ...

oN.__ A wire!l  CAUTION: THE HUMAN__RBODY. _CONDUCTS. . .

IELECTRICITY .. . THEREFORE _ CARELESSLY . TOUCHING. AN

ELECTRICAL ... CIRCUIT  MAY . CAUSE A _"SHORT CIRCUILT
LE__THE _VOLTAGE. _AND _ CURRENT...ARE RKIGH _ENOCUGH 4 YOU. o
MAY RECEIWE. A . _DANGEROUS __OR. .EVEN LETHAL . SHOCK . .

—

———

——————

1O ELEcTRIC AL “GROUND —  OME. OF THE WIRES. OF TRE. .

AC  LINE 1S __CONNECTED ..TO . EARTH.__BY._ A METAL . ROD. METAL ...
ENCLOSURES. _OF _ELECTRICALLY. . POWERED _DEVICES  ARE CONNECTED . ...
Ih__'ﬂ-us_-GBOUND_._MLIRE._._"D-MS__..PRE.V ENTS._ A SHOCK. HAZARD. .. SHOULD. .

.A__&QN.__G&OQPJDED. ..... WIRE __MAKE COMNTACT  W.ITH THE METAL. U.ENCLOSUKE..__._‘._.‘,.

WITHOUT. THE . GROUND . CONNECTION, A PERSON _TOUCHING THE. DEVICE..

JWHILE  STANDING _ON_TRE . GROUNMD . OR A WET _FLOOR . MLIGHT

RECEWE A _DANGEROUS _SHOCK.

GROUND.Also REEERS To TME. . f_ " T’Zl__ _

POINT . IN_ A CIRCUIT AT _ZERO o P S
. THIS. IS QRQLW st

VOLTAGE , WHETHER _OR NoT. ... |
{o-voLrs) . MATAL

IT'S  _ CONMECTED TO. . GROUND.

e fEOR INSTANCE, THE _MINUS . ¥ RESPECT. TO

(=) __SIpE__DF _THE _BATTERY [ 2\ v Ano - Yav

IN._THE _CIRCUITS _AROVE  AND ll/..z_,.v.. o _‘\ e
GROUND

e lON.THE PRECEEDING. PAGE . TTW. e T BROUND. e
o lCAN._ BRE _CONSIDERED GROUAND.. ‘I'zyS\/MBOL

- R _'f;f.'f". Z;L




[PULSES | WAVES | SIGNALS _AND__NOISE

JELECTRONICS IS _THE  STUDY __AND __APALICATION _ OF. _ELECTRONS .
ATHEIR _ RBERAVIOUR . AND __THEIR __EFFECTS.  _ THE SIMPLE ST AP~
JPLICATIONS  FOR _ ELECTRON.S _ ARE___STRAIGHTFORWARD __AC _AND
ADCeIRCITS N WHICH A CURRENT. 1S USED_._TD._ POWER __
LAMPS .  ELECTROMAGNETS, . MOTORS.,  SOLENOIDS _ ANP _ SIMILAR
DEVICES.  WHAT __ TAKES _ELECTRONICS FEAR REYOND. _THESE

| BASIC. . APPLICATIONS. IS . THE . EASE ___wiITHR __wHICH STRE AMS

J.OF ELECTRONS. QAN BE . CONTROLLED  AND. MAMIPULATED.,

1_-..-.--__.__._. LAMP >

TRIS _ S\WHPLE  CIRCUIT . IS REALLY. . MORE __ USEFUL __THAA..._ 1T _ FIRST.
APPEARS . BECAUSE. _ IT. _CAN_ . SEND __ INFORMATION __ BY . CON=
VERTING . A _PLANNED.  _ SEQUEANCE __ OF _ SWITCH. . QLOSURES __INTD

FLASHES . .. OF  LIGHATw oo

THE FLASHES .
OFf __THE LAMP
CAN__RE
REPRESENTED

BY. _A_DIAGRAM
LIKE _TH\S '

e —

_{PATTERNS OF .FLASHES. OR.__QULSES . LIKE _THESE _ QAN __REPRESENT _
~JCOMPLEX . INFORMATION . LIKE __SPEECH. .. OR__SPEECH QAN _RE _TRANS=_ .

JFORMED INTO . PROPORTIONAL . VARIATIONS _IN.__THE __BRIGHTNESS. OF A
LAMP. _HERE'S A __SIMPLE __WAY _TO SEmMD __ _VOICE. _OVER A BEAM.

OF _REFLECTED.  LIGHT: .

Slewae

2T




(] PULSES — A _PULSE 1S _A SUDDEN, BRIEF _INCREASE _OR
—|DECREASE. .. IN___ A  QURRENT . Flow.  THE __ _IDEAL . PULSE
Woued . HAVE AN INSTANTANEOUS. RISE ANO _ FALL . BuT

. |REAL _PULSES. .. _ARE NoT. SO ____IDEAL.

~— IDEAL _PULSE. (==)

T?PmA Lo 100% r .

AN =

“~ _PULSES Q%= === T; ————— — — REAL PULSE (—) -

/. ' +-, | ] \ ;\l/

FALL_TIME

i 1\~ RiSE_TIME
|
1

........ o | B A PN .
- N

"RINGING" ——

(=) WAV ES— A WAVE. IS A PERIODIC _ FLUCTUATION N A

_____ _cu.a.a.e_u.t._.._..-on.,._, ~YOLTAGE . WAIVES MAY. HMAVE A SIALGLE

| (ACYa. THERE _ARE __ MANY _ KINDS . O0F  WAVES. HERE ARE A .

PoLARLTY. . . (DC)  OR.. BOTH . POSITIVE __AND _ NEGATIVE _COMPONENTS. .

FEW 2

- o

AC _SINE wAvE . DC SINE WAVE._ .._.._DC._.SJNE_WAVE. _Ac §QUARE WA\IE_ ________ B

IAC TRIANGLE WAVE . DC RAMP . .. . comm&x swi_wava_______v_mca

ﬂ 3 \ G M A LS.::...A ..... SIGNAL 1S A PERIORIC  WAVEFORM. . _THAT -

CONVEYS. _ INFORMATION.. ...~ THE __PROCESS _ THAT.  GENERATES. THE . ..

| WAVEFORM 1S . CALED __ MODULATION. . SIGNACS _CAN. BE _AC, -

I DC . OR.___AC RiDING _ON A _DC LEVEL. . THEIR _ENEMY 1S saa.

P =

|ELECTRIC _ MOTORS.  AND _POWER _LINES.. . WHILE _NOISE _MAY . RAVE .

i NmSE._—_-.._ALL_._ec,Ecmow_m.__Qmmi AND__CIRCUITS.  GENERATE .
ISHALL . ,.,]LANDOM EL&QT&!C#L___ CURRENTS. __WHEN _THESE.  CURRENTS

ARE _UNWANTED, TH EY'RE. CALLED _ NOISE. — NOISE_ _CAN_ ALSO
_EN.IE&__,_EL,EQI&O.N 1C  CIRCUITS.  BY HEANS. _0F. THE . ELECTROMAGMETIC .
WAU.é_S..._.-,EE.M.ER.AJED_-_. 8y._ . . LIGH TNI.AJ_G.,W._,.H.UID_L“.ZQBILE_._._..LG.A)..I..I'.I.QM... SYSTEMS, .. -

B _LEVEL _0F ONY A __FEW _ MILUONTHS __oF A YOLT _OR _AMPERE, .. .

NAT __HAY.  EASILY. . CBSCURE __ AN. EQUALLY LOW. LEVEL SIGNAla .

| ‘ /\V/A\\ o A A f\/ﬂ\ "15#1
NOISE + SIGNAL = NOISY _SIGNAL NOISE __+ SIGNAL = 7 7_»*“..___




| 2 E L_ECTRON l C_g_ | COMPONENTS

b e s

e

NVIPT IR UV UTEVIVOUVOPLIPU DY S — e C————

.DOZE.NS,‘,_.,OF,m,‘.,‘,_D\FF.E.,R.ENT\. FAMlLLE._S____OF PARTS .._EU\LD
_|[COMPONENTS _BLOCK, CARRY, .c,oN.rf;oL,,. ‘..._...._,sE,L_E.c.r,_,_.,.“._.._s.r._&s-tz_,__m
SWITCH , . STORE ... . MANIPULATE , REPLICATE , HMODULATE _ __
| AND _ EXPLOIT .. AN . ELECTRICAL. ngmwr.q THose THAT
JUSE  SEMICONDUCTING  CRYSTALS . _ARE _ L IMPORTANT.
WE'LL __ DEVOTE AN ENTIRE. _ CHAP _-r.ea.... ,-m _THAEM.
Youlte . FIND. . TUST . ABOUT. _ ALL ___THE _REMAINING.  PARTS

AYou  SHoutp . _KNOW. . ABOUT _IN  TMIS  CHAPTER.

T ——

NP

IWIRE AND _CABLE

U$ED TO. CARRY_ o AM ELEQTR\CAL CURRENT. 1‘4o's~r..~ WIRL_W
1S MADE ._.__ERom..._._..._A._.__-.Low ,,,,,,, Rﬁs\_s:r_AN_.C.E..._._.-._METAL.4.A._Lll_t,‘E...._..-_.._._.___.n._
_|COPPER. . _SOLID. _WIRE .. IS . A __SINGLE ___CONDUCTOR. .
| STRANDED. WIRE IS Two . _OR.__MORE __TWISTED _OR. _RBRAIDED
{BARE _ CONOUCTORS. . . MOST. _WIRE IS __ PROTECTED. _BY An_
INSULATING . COVERING.. . . OF  PLASTIC , . RUBBER . _OR _LACQUER. _
JWIRE  WHICH . HAS.  _BEEN._ . TINNED . /S EASIER. . TD. SOLDER.

___SPECIFICATIONS FOR_BARE. COPPER _WIRE

| GAUGE | DIARMETER (INCHES) | FEET /PounDd. FEET/OH_M
SOLID o UV KU R N -
N e | .oscgz. | 127.9 | _.249.00l
.48 . ,04030 . |..203.4 | 156.50]
20 | .. 03196 . |.323.4 98.50
St 02535 | .514.2 . L1.96

_STRANDED |24 | .02010 . 1. 8177 | _26.9]
2l | .,015894 . [.1300.0 | 24.50

28 | .0120CH 1 2067.0 | 185411

|1 20 | _.o100x | z2872.0 | Q.69 .

. |CABLES. ___HAVE _ .ONE OR /"ORE _CONDU C.TDR S - _AND - __.A'ZORE.___JAJ e
_|SULATION __THAN... ORDINARY. _ WIRE.  COAXIAL _ CABLE _ CAN
{CARRY. . HIGH . FREQUENCY. . SIGNALS. (LIKE. . 4,._I‘E.LE,.14LSIO,N.).......“...,___.__.._..

<

D..CAUT,ION,."N..._Ames USE._ wms _RATED.. _FOR . THE. cugiLEuJ'_.o_
AT 1S, TO.__CARRY. /F A _WIRE IS ._H.o_r....‘.m...,.mE._,__,.._mu_c_H.,_.G
rr.’,s CARRWNG NUcH _CQURRENT. _USE A ___ HEAVIEEK
GAUGE _ WIRE. o:a - ._@Eo UCE _ THE: CURRENT. OTHERWISE ... O3

I ’”‘ =-s Ml/\w

e e e .- e




_ |MECHAMICAL  SWITCHES PERMIT. OR. INTERRUPT. THE. Flow OF

____..C.LL&&EA’_I‘-._..._..--m,E.Y.‘..,.A.A,.-‘AB..E.u.....,&L.S.Dv_._x.-D.SED‘...,.... LTO.. . DIRECT . QURRENT. . . |

e T VA R IO S PN S

D_TH.E___.éA.SJC KN[F& W’TCH_ """" mﬁ—- S‘[r-[[(_gsr Sw'TCH o -

e | THIS 1S _CALLED AN . SPST (SINGLE=POLE, SINGLE-THROW) SWITCH. .

| THE . MATOR. .  KINDS i . ... .

,,,,,,, LSPOT —

| DPST —

—C THE _DASHED LINE _ MEANS. .._.‘_D....?.ST..,T..-.D._.QU.‘.&LE.....E’.OL-.E. SINGLE ~THROW

IO MULTIPLE . CONTART  SwITCHES — HERE ARE SymBoLs  FOR

SPDT - S)NGLE POLE D,ouec,&:.m.gow......N...A........“

__|BotH _Si0ES.  tevE. TOGE THER)... DPDT = DOUBLE ~ POLE, DOUBLE ~THROW.

|0 omer  swiTewes — oo

s TR e A bt by b e e

PUSHBUTTON. _UsvaLLy SPST, NoRrvﬁuY OPEN (NO) OR Noarmuy .
) QLOSED. _(NQ)..

NO - ——O o—- NC— -—

w8 ) A AP L ALY 41 o~ SPIPPVUIPRVENSNPINSPSSIN ., )., . SSPURSPRE O R S,

— KOTAP-Y . WAFER —LIKE WITH OME,.....“.RDL.E,. _AND.__ 2 OR. _MORE . .. .
S .coumcr,s..,__....-m;,-'..ees .CAM.,_‘EE...A,‘STA.CK.ED., _TD... PROVIDE . /MORE
.._,_,_.-_.._._._.Eoc.s.s..._._,,A.HAN.AY..,.‘..A.A,..y.ﬂ.km T/IONS. .. ARE _ _POSSIGLE . .

RSO R MERCURY. MERQUKY 61-06 QLOSES_..A Su.tf‘.!.i.'l.'.C.H‘..,‘,...APOS,ITI,.ON“.. SENSITIVE. . .

..... - OTHER. __ MANY. KINDS _OF  TOGGLE , ROCKER, LEVER, SLIDE,

- PUSH=ON / PUSH= QFF , ILLUMINATED . AND _OTHER . SWITCHES ARE. .. .

25




RELAYS

A_RELAY. ._IS ..
CORRENT .
CREATES . A _MAGNETIC _ FIELD THAT _PULLS . ONE
CONTACT ... AGAINST

A b s n o e A AR A b S

AN ELECTROMAGNETIC. SWITCH. A SMALL

LolL uu THE Q.EJ.A};M__
SWITCH

___ANOTHER. .

FLOWING. . THRQUGH A

QR AWAY EROM.

2 MOVABLE  CONTACT

.....

NSRRIV S — ___..____Elx.ﬁ_o_-__?,e::h f. e S —
........ CONTALT S ~>, e
IS =~ S|E4——pRetuRn. SPRNG
................................ E § e e e 8 L P Dl 0 -~ A sty
............ QQNIAQ.L......._.N..%l,.,....m / A u-‘—— MOVING  COMTACT. LEAD.

U
S LEADS | . e -
....................... ColL \ QO LEADS e
A0 RELAY. . SYMBOL— THE _ARRANGEMENT __OF __ CONTACTS _ CAN. .
.................. PRovIoE __ _SPST, SPDT, DPST . DPDT _ AND . OTHER . SWITCH. .. . .. _
e ) OPERATIONS. o e e e e
—-— — P—— _.ﬂ‘,- PSS ————— P PP PP .
R R S A _.‘__TH!.S .._LS TH& swma(.__ .................. -
. SN B A FOR.___A.___RELAY. __WITH —
- — SPOT.__CONTACTS.

At BOUSING. .

[T A

QREED Swtcﬂ RELAYS—

A____PAIR ___OF _CLOSELY. . .
REED

AN

TUBE ...
SPACED SWITCH.  COMNTACTS. . ..

FIELD. wled

ENCLOSED. . GLASS .

SWITCH « . A MAGNETIC .

L CLOSE  THE . CONTACTS. .
| SImPLE  SPST  RE(AY,

THIS MAKES .. _POSSIBLE A __VERY

4 QolL

B U ST

REED / \

REED . SwWiTel . SW\TCH.

I I R_.esp _RELAY.

OO =y CURRENT PR
I / - . .

|MOVING. col. METER

TING ..
i MounNs
v DG REWS .

.. T N

A_ColL__ON

A PLvoT

BETWEEN . ...

THE _ _POLES

OF A U=~ SHAPED

A

T™HE __Coll

 MAGNET __ WiLL  ROTATE _ _WHEN.
CORRENT. IS PASSED THROUGH

mu__,-ls_gﬁs__egmmzcﬁ___"_.__; _____

QE _THE M

OVING . _COIL METER. ZERO _ADPJUST
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MICROPHONES AND SPEARERS

A__MICROPHONE __ CONVERTS _  SOUND . WAVE __VARIATIONS _ inTOo. .~
__JCORRESPONDING . VARIATIONS __IN. AN FLECTRICAL _CURRENT. 7
|THE _ SounD __WAVE _ VARIATIONS . _ARE___ FIRST _ CoNVERTED .~
|70 RACK = AND= FORTH __MOVEMENTS. . OF A . FLEXIBLE __Fltm
—JOR___FOIL_ _CALLED A _ _DIAPHRAGM, . THESE __MOVEMENTS . THEN. . . .
e A CAUSE.  VARIATIONS _IN AN _ELECTRICAL . CURRENT . _8Y. _ANY

oF THE FOLLOWING e AN S o

-

[0 _CARBON— MOVEMENT. OF THE DIAPHRAGM _ CHANGES.  THE PRESSURE

— |APPLIED TO A ___CAPSWE __OF _CARBoN. PRRTICLES. _THIS CAUSES. .. . . .
| PROPORTIONAL _ CHANGES _IN__ _THE __RESISTANCE OF THE CAPSUE.
JOYNAMIC— A SHALL COl IS, MOVED _THROUGH A MAGNETIC
— \FIELD AS _THE __DIAPHRAGM . MOVES. .. .. THIS _ CAUSES A .
—|PROPORTIONAL . OUTPUT _ CURRENT _TO BE _GENERATED.
|0 conDENSER— THE _ mMoviNG. DIAPHRAGM _ALTERS _THE DISTANCE

BETWEEN ___TWO METAL PLATES. _ THE RESULT 1S A PROPOR~ . .

e ATIONAL  CHANGE  IN__THE _CAPAQITAMNCE 0OF THE _ PLATES.

A0 CRYSTAL = A _WAFER _OF PIEZOELECTRIC  MATERIAL (WHICH PRODVUCES. .
—|A _VOLTAGE _WHEN _RBENT. BY THE _PRESSURE 0F SOUND WAVES) FORMS. .. . .
—[THE DIAPHRAGM __OR 1S _MECHANICALLY _LINKED TO THE DIAPHRAGM.

A _SPEAKER . CONVERTS.  VARIATIONS. IN. A CURRENT OR ... .. .
...... VOLTAGE INTO. . SOUND._  WAVES. . THE . TwO . MOST . ... ... .
wwwwww COMMON.. SPEAKERS  ARE o

O MAGNETIC — SIMILAR . IN __PRINCIPLE _TO. A OYNAMIC  MICRO-
| PHONE. N _FACT, A MAGNETIC SPEAKER _CAN._ BE_ USED .. . .
L AS A MUICROPHONE o

| CRYSTAL — SIMILAR N ___PRINCIPLE _TO A CRYSTAL MICRQO~

) PRONE A __CRYSTAL _SPEAKER _CAN _OOURBLE AS A _ MICRO~ .
PHONE . ~ e

— o PIE2O. CRVYSTAL. o A B

2 — AND._SUPPORTS . ... N}~ PAPER _CONE .

’ ~,$_Mma@oar == A S
N Hr i e——1_ voyine. cot

A Cvoice eowL) ..

—

—{MICROP A MAGNETIC .

DIAPHRAGM ____ SPEAKER .

S e~ A

1l




RESISTORS

RESISTORS COME N DOZEANS OF QUZES AnD  SHAPES

BUT _THEY _ALL DO __THE _SAME THING. [IMIT" QURRENT.

MORE _ ARouT THAT LATER.  FIRST, [ET'S _SEE HOW A

™PICAL RESISTOR 1S MADE % ¥
OR _RESIST
TYPLCAL  CARRON  COMPOSITION - r/\
RES\STOR ) D) /
. \/f% AUT.GOING
= CURRENT
{/
INCOMIN G Z "Ls__ <7 S— WikE  LEAD
CURRENT 2\ \Z\_\= Dz
— :
I B, 2\ 2\ _Z N CARRON _ ComPASITION
7 s =
[ ~
‘ Z / \\‘\\ \___PRaTECT\UE BOUSING ol
S —
g S CoLOR. _CODE __BAMDS

"oppgoN  COMPOSITION' 1S JusT A EANCY. _ WAY _OF DESCRIBING

POWDERED CARRON MAXED WITH A GLUE=~LIKE BINDER.,

THLIS KIND OFf RESISTOR 1S EASY T MAKE . AND _ ITS

RESISTANCE CAN BE _CHANGED FRoOM ONE RESISTOR

TC __THE NEXT SIHPLY BY CHANGING. THE RATIO OF

CARRBON _ PARTICLES  TO BINDER . — MORE. _CARBON  GILVES

LESS RESISTAN CE.,

[] DO~1T-YOURSELE RESISTORS — You CAN _MAKRE A RESISTOR

BY _DRAWING A LINE WITH A SOFT_LEAD PENCIL ON A SHEET

OF PAPER.. MEASURE THE RESISTANCE QF THE LINE.

(T BY TOUCHING THE __PRORES QF A

OR PoinTtS ALONG
MULTIMETER. TO. .. THE . CINE. . RE SWURE TO SET __THE
MULTIMETER. __TO. __IYS BIGHEST RESISTANCE SCALE . THE

RESISTANCE QF A SINGLE LINE MAY RE _TOO __HIGH

0 MEASURE. ., iF S0, DRAW QVER THE LINE A

DOZEN 0k SO TIMES. HERE'S WHAT T MEASURED .
\ , PENCIL LINE
\\\\ ,/ Z - 4
A A 12,0007 P 1,800, ooo(/ 4 2,460,000 . -~
, QHMS S QHMS s OHMSe” =7
PROBE L% } 2 éé&v -
_ - /3 1/ -
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O RESISTOR

COLDR _ COOE. ~—

L BANDS  ON  THE

RES\STOR

PICTORVAL ?

IN_REAL LIFE

TREY'RE ¥AND

oF

PRETTY.

el MORE  IMPORTANT __ PURPOSE
RES\STANCE =~ OF ___THE _ RE<ISTOR

| RERE’S WOW o

THEY

INDICATE

GUT__THEY _HAVE A _FAR )

THE.

THEY

DECORATE. .

S 7 ST SRR STV S— -

BLACK

A BROWN

e GREEN &5
e NIOLET .7

| B— GRAY ..

O
e RED
e ORANGE 3
S
o

| WrITE 9
| iearn  How To USE 1T,
,,,,,,,, | RESISTANCE _ OF

LCOLOR.

SR & N

e Ay QOO
SRR Vo JAY Y T J—

JTHE.  FIRST _ NUMBER IS ..
SO _THE __ SECOND

NuMeger 15 ..

S - T o NS

NQTE +  SOMETINES

[ GAND. LT _INDIATES
THE _ TOLERANGE. OF

_FOR _EXAMPLE. ,

H. . VIOLET ..

ITHE REs(sTOR: | .
100,006
leowo= 25 % .\

P.\LVE&E”;..LQ._%M IR SR
NONE =% 20%. |

..,.mg,a‘s.__..A__._Eo_us:a-..,.-} I

¥ OR._ACCURACY

WHAT s _THE . ...
A  RESISTOR. .COLOR __QODED YELLOW , . . ...
JVIOLET _AnD._ RED?  YELLOW. IS THE. _FIRST __COLOR SO . . . .
/S THE _SECOND . . .

| THIRD _coLoR 1S RED ,  THE _ MULTIPLIER IS 1OO o ...

37260

L BETWEEAN

|0 SUBSTITUTING . RESISTORS — WHAT IE You NEED A

] THEREFORE , THE RESISTANCE 1S 47 * 100 OR ...
_NO  FOURT  CoLoR. . BAND  MEANS _THE ...
| ACTUAL  RESISTANCE 1S5 47200 220 % . 20% _OF ...
H00. 'S 940, . _THEREFORE , THE . ACTUAL VALVE . 1S ...

1 (700~0HM. . RESISTOR __ BUT. . CAN __ONLY __ FIND A  B800~0HM. .. e

_____ UNIT 2 You.  CAN. . ALMOST. . ALWAYS.  OSE__ ANY _ VALUE _ WITHIMN
JD._OR_..20% _0F .THE ___REQUIRED  VALVE SO ..GCO AHEAD. AND. . .. ... ...

-l

oV USE. AT IF A _PARTICULAR _ CIRCUIT _ REQUIRES . MORE _ACCURACY.... .

LT wWiLl  TELL YO« . OF __COUVRSE __YOU_ CAN __ BunD 0P __CUSTOM ..

| RESISTANCES . BY CONNECTING TWD 0R __MORE _RESISTORS ..
o JIN SERIES  OR _IN _ PARALLEL.  MORE  ABour THAT . LATER. .

e e .




0 RESISTOR SUBSTITUTION PRECAUTIONS — RES)STORS.  THAT
e JCONDUCT LOTS. OF. _ CURRENT. . CAN _ BECOME. VWERY __HOoT !
............ | TREREFORE , . ALWAYS .= USE _ RESISTORS.. . HAUNG THE
............ | PROPER . __POWER . RATING. _ IF A _PROTECT _YOURE
.................. | ROILDING.  DOESN'T _ SPECIEY. . THE . POWER. . _RATING
| FDR_ITS _RESISTORS. oy AT S USLVALLY. OK . TO __ USE
Y4  oR. / WATT. UNIT S
. |lo some  RresSISTOR. _SHORTHAND —  OFTEN. _ﬁ\/_oy Li__SEE__RESISTORS
| DESIGNATED . WITH. A K  OR M SUFFEIX . LIKE. 47K 0OR
i AOM e K MEANS K.ILO__, AFTER _TME GREEK _IWORD _FOR
i | 1,000, THEREFORE , 47K _NEANS 472 % 1,000 _oR 47, 000,
M IS s&o&r....,_._ﬁo&_ ...... _u.ac;oam__.._o_g._._1,_ooo.,aoa.._aHHs.
.IHEREFQIZE VA 1M RESISTOR. . HAS A . RESISTANCE __OF
I B . S 1, 000, oao e ORI, 000, 000 OHMS. . SUMMING . UP.ewe.. .

K= % 1,000 (41K = 47 % 1,000 =.'. 47,000._0HMS)

M= x1,000,000 (2.2M=2.2 1,000,000 = 2,200,000 onms)
O OTHER KINDS OF RESISTORS — THE.  CARBON ::.:::
................. | QOMPOSITION  RESISTOR . A.!A.S__..A...ON.L.Y.~.,...._QME.,. QF SEVERAL. .o
B MAJIOR . KINDS _ OF  RESISTORS . . HERE ARE _OTHERS o .

___________ | METAL FliM.  RES\STORS. . .VARtous.A,,A......&wo.s.. aF.M REs LST.QXS
______________________ . THAT __USE A _tTHIN _ Fllm. . OF _METAL _ A.o&..\A..AA,_.._.,/.ZEIA.LM.A“
. PARTICLE MIXTURE . TO. . ACHIEVE . VARIOUS _RESISTAMNCE Sa. . .

....................... b CARBON.  FiLM RESISTORS ... . THESE. _.,,...AKE MADE EYw S

il DEPOSITING. A . CARRON _FILM. _._ON.._ A. ....._S.MAL.L...,..._-.C_EEH_/':!_I_Q .....
i CYLINDER . A SPIRAL . GROOVE .. QUT _INTO _THE _ F/itM
b CQONTROLS . THE  LENGTHR . OF  CARBON. . BETWEEN _THE

i LEADS . HENCE _ TH e_____.&JE,ASLs_rAu._CE...,.,,_.__

___wuzf. wau&o ........ &Es(swks P 'IHE_SE._._. _couSlST OF A

e TUBULAR . FORM . WRAPPED . wtTH. . COILS.  OF RESISTANCE .. ...
WIRE. .. m;—.‘z _ARE. \/__&_\(,“.A,,Acc,um.rs o AND. . CAN. . TAKE
_____ LOTS HEAT. e e e
__ PROTORESISTORS. . . ALSO.. ‘CALLE.D ...,_.PAOTOCEI_LS, MAJ)E —
i FROM A LIGHT  SENSITWVE. __ MATERIAL. __LIKE CADMIUM
b SULFIDE.._ INCREASING . THRE _ LIGHT _ LEVEL _DPECREASES. ..
i TP B RESISTANCE. . MORE _AROUT THIS LATER . . R

|

THERMISTORS .  THIS. 1S A TEMPERATURE _ SENSITIVE.
................ o RESI\STOR. _ _INCREASING. __THE TEMPERATURE. DECREASES
...... ) T™E %SLSIQ_EQE..(.ANWMOSLWQA&E.&).W
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O VAR\ABLE RESISTORS — OFTEN I1T's  NECESSARY
TO  CHANGE  THE  RES\STANCE OF A _RESISTOR. VARIABLE -

RES\STORS ARE CALLED W&;kww..._rk\&\{ ARE i .

VUSED TO. . ALTER  TRE  VDLUME _QOF A _RADIO. o CRANGE

T

|_THE . BRAGHT NESS OF A___LAMP AD.'[uzt_m_Tt\E__QALMLS RATION

0E A __METER , ETC.  TRAMMERS . ARE POTEMTIOMETERS

L EQUIPPED  WI\TH A PLAST\C.. THUMBWHEEL  OR A  stOT ... ;

| _EOR.___ A S&&ﬁm&&ui& ..... L BLADE,.  THEY  ARE DESIGNED FOR. .
 OCCASIONAL  ADTUSTMENT.

0 RESISTOR  SYMBOLS. :

AN R, S NG /AN N N A

v

| _OIXED._RES\STOR____POTENTIOMETER. THERMISTOR __ PHOTORESISTOR

How. _RESISTORS _ARE USED S

O SERIES  CIRCUIT — oméw RESISTORS ARE ;ON&ELCTEP

SERIES LAKE THIS & Rl

1]

_me_ms_,@esxsmme 1S
_SIMOLY__THE _SuM  OF THE Ry

| INDIVIDUAL _RESISTANCES.

22} Ry = R1 +RZ

Tate

O PARALLEL CIRQUIT — RES\STORS  CAN ALSO  BE

- COMNECTED N PARALLEL  LIKE  THIS I e e

e THE_TOTAL  RESISTANCE IS

TRE _ PRODUCT OF _THE.

WO RESISTANCES. Dvipep  Rr <

) BN THEIR . SUM.

EFOR __THREE _OR __MORE __IN EBRALLLL_, GO FIND _NYOUR. . . . .

‘ - R T B ——— e e T L L g -
-

i -“ e e T SR
“_mtm T & .ere. o

L]

|0l VOLTAGE. OWI(SION — SUPER _IMPORTANT.!
L Veoye—IS  DETERMWED BY RATIO OF _RI R o
L ANO__R2. HERE'S TME FORMULA : ..V, B /A S ——

Voyr = Vo [ RE N
\R1 + RZ )




lcAPACITO RS

| THERE AR MANY __KINDS___OF _CAPACITORS , _BUT _THEY
LA Do THE  SAME _ THING i STORE. . ELECTRONS.. . THE

e I SIMPLEST . CAPACITOR 1S . TWO. .. CONDUCTORS. . SEPARATED

BY AN _ _INSUWLATING. _MATERIAL  CALED. . THE _DIECECTRIC

_lme mﬁc.:cmtc_...._mu_ﬂf._ Jzaezg ........ P.LA snc o ’ _MicA ’
.| GLASS , CERAMIC,  AIR _OR A__yaguum . THE __PLATES QAN
A BE ALumuwa_.._,._DLScS_, ...... ALurunUpM.  FOl.  OR A THIMN _EILM

CONDUCTING

e chmReE N} PLATES ™\
R < \

\
/

L LEADS o 2 :_\.._Dnmacﬂ;m

N OF _ _METAL . APPLIED. . .. . TD. . OPPOSITE _ _ SIDES . . OF ... A S0LID

| ABOVUT.. TYPES . O0F  CAPACITORS. . LATER. .. . . . ..

B

Nou. . CAN._ MRAKE A CB.?AC LTD& PROM TWO S HEE.T'S - OF .

- '. _TOUCH. . THE PRORE.S. OF A BIGH — JMPE PAN CE.

WLl INDICATE A SHALL  VOLTAGE .. _FOR . A . FEWS ]

- 52 B IR

DIELECTRIQ. _THE  COMDUCTOR — DIELECTRIC — CONDUCTOR. _SANDWICH

AN BE  ROLLED. . INTO. A  CYLINDER. . OR _LEET . . FLAT. MORE

_How_ TO MAKE A (OAPACITOR. MH.W.

cosrn s areand

J ALUMINUM _ FoiL . AND . ONE SHEET _OF  WAXED. ....RARE&,_.._.EQLD_ .....
_THE __PAPER. __ARDUND _ONE _FOlL__SHEET _AND  STACK THE SHEETS.|

. THEN __FOLD _THE __SHEETS |

CIKE  THIS s

HIIH

[

R /‘ FolL

e _//_.,_7 Z/ / .

FoLDED -ﬂ / 7 ; r
PAPER ~ e \WAXED_ _PAPER
BE SURE THE FOIL SHEETS . DON'T . TOUCH| __ PRESS THE__|. .

_CONTALTS . _OF . ._._A_.__.,_.Q,:.‘.VQLI...--,-_-_,@AIJE.&..Y.....-.BR \EFLY. TO THE |

_EXPOSED. . _ENDS . 0F THE . Fou  SHEETS. THEN

_MULTIMETER o _TRE ___FoiL  _SHEETS. THE ME TER

e
T

__SECONDS. . THE _VOLTAGE . WILL _THEN _ FALL TO ZERD. |




{0 CRARGING A CAPACITOR — THE _MINUS _ SIDE_OF_
JOUR _ HOMEMADE . CAPACITOR . .15  CHARGED  WITH.  ELECTRONS
JALMOST  _IMMEDIATELY .. SINCE . RESVSTORS  LIMIT. _CURRENT
YOO . CAN  SLlow.. _DOWN .. THE __ CHARGING . . TIME BY PLAC-
NG A RESISTOR..  BETWEEN. . THE CAPAC\TOR  AND. —
JTRE  Q-VouT . BATTERY o B

— | o HERE'S . A
9 voLrs . .GRAPH OF _ THE R
[ C.HARG,IN,.G.....,T?ME S

_|D DISCHARGING A CAPACITOR — THE ELECTRONS N
1. A__CHARGED _ CAPACITOR . WILL. GRADUALLY __ LEAK THROUGH . .

| THE  DIELECTRIQ  UNTIL  BoTH . PLATES  HAVE AN  EQUAC

DISCHARGED = MORE  SLOWLY. ... BY CONNECTING A .
RESISTOR = ACROSS [

HERE'S A
GRAPH OF TE
_DISCHARGE TIME.:

;OH:ARTGE:

o _TIME

O SPECIFYING CAPACITORS — THE ABILITY TO STORE
ELECTRONS IS KNown AS CAPACITANCE. .  CAPACITANCE IS, SPECIF/ED
AN FARADS. .. A 1-FARAD _ CAPACITOR . CONNEQCTED _TO A 1-voLT. .

,..l.:..FﬂR.AD-,_.,. 1F
1 =_MICROFARAD.
. 1-PICOFARAD

o ooo oo.z F

LuF =
= = 0. 000 000 000, 001 F

1zF
1pF E

.Z
10

A SLBSTITUTING  (CAPACITORS — THE _CAPACITANCE _ SPECIEIED .
4-FOR . _MOST _ CAPACITORS __MAY BE FRom. 5. 70 100 %. AWAY . ...

FROM . _THE __ ACTUAL. . VALYE. .. . THEREFORE __YOUu.  CAMN  OFTEM ... .
L SUBSTITUTE .. CLOSE .. VALUES .. FOR A SPECIFIED. VALUE o oo
.} BE__SURE , HOWEVER , . To _ USE A ___ CAPACITOR . RATED . _ ...

| AT THE __ EXPECTED __ MAXIMUM_ __ VOLTAGE LEveL!

| CRARGE ,  THE  CAPACITOR Is _THEN  DiSCHARGED. THE
| CAPACATOR CAN  BE  D\SCHARGED  VERY. QuitkeY.  BY.  CoN-
NEQTING.  _ITS  PLATES .. TOGETHER.  OR I\T __CAN _BE

| SVPRY WitL.  STORE. . b, 280, 000, 000, 00D, 00O, .oo.o.‘,.(e..zezslo.’..’i)..._... .
- ELECTRONS ! MOST.  CAPACITORS . HAVE _ MUCH _SMALLER. VALUES. . ...

SHALL  CAPACITORS . ARE . SPECIFIED _ IN . PICOFARADS. . (TRILLIONITHS . .
OF A FARAD) AND  LARGER . CAPACITORS.. ARE. SPECIFIED _IN . ..
| MICROEARADS ..(‘M‘LLIONTHSH.H.O,F,., A _FARAD). . SUMMING. _UP: ...
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o MAKE SURE .. .T

LUSE  MEETS L O0R

_VOLTAGE __RATING. . .
.H&.Y_ . BE.._ZAPPED ... BY.
_THE . _VOLTAGE . __RATING.. .

O_KINDS
LACCORDING. ... To. . THER .

ON.__THE. __ _CAPACITOR. . V. .
19 WORKING . V/OLTS. ..

__OF _CAPAC ITORS ~—_CaPACITORS.
QUIELECTRIC «
| REFERENCES. ... TO ... CERAMIC, . MICA. .  POLYST

ARE.___ _FIXED.. .

OTHERS . . _ALL . THESE

LA . SPECIAL __ CLASS .

| SOME . CAPACITORS.... . HAVE A VARIABLE
_OF ___FIXED .
_OTHER ...

| MORE. THAN ...

CAPRCITY. .

....... VARLABLE . camum&s. 'méss usuva

NN = OUNG. . PLATES .. AND. . . ONE. .

THE _  CAPACITANCE. . I.S.__,_CHA.N,GED,_..__A.

(.SAME-_.IHLALG_)_.

THUS.........

VALUE. .
CAPACITORS.. ... HAS ...
CAPACITORS .. . HERE’S

HAVE _ONE.
_..oR._.._”._/:-zosgw..A,.\
By .

0O CAPACITOR SUBSTITUTION _PRECAUTION S — You_ MUST
T™E . CAPACITOR ...
EXCEEDS . THE . REQUIRED
OTHERWISE ...
THE ...
1S OSUALLY. .. PRINTED.

You. . PLAN.__TD

ITS  DIECECTRICO
STORED.. . CHAERGE.

NMOLTS... . WV

MEANS

_OFTEN.__LARELED
You'te. . SEE
YRENE. . _AND. . MANY. . —
QAPACITOR.S oo
AND
MOCH.
IMORE <. .
a&__.tzog: ...... S

L PLATES. .
ROD

ARE._.

CAPACITY. ..

MOVING ...
A

RoTATING

AFEIXED. . TD. _ONE__ SIpE. . OF. . THE. . _MOVABLE ..  PLATES. —
......................... MOVABLE. AU sceewdriver
..................... . / PLATES B e
_____________ - MOVAGLE -4'/ paTeE
____________________ P .A..A.A?.LA'[E.. e ....‘:.m&m&m.s..m.ﬁ_...,w,w.__

THIS . KIND 1S USEQ. . TO. . .TUNE. .. 'mts — IsIND S USED_.__m ............ -
- RADIO...RECEIVERS. . AND._ _._,mﬁus..:.. R Tv 4.0.$.c;,u,4.rok S LIKE o
L MITTERS ... THE. DIELECTRIC . . THOSE. USED. ___ _IN. _ DIGITAL . . -
R 15 USuALLY  AlRe o WATCHES. _THEY'RE._SMAL. _

_E LEQTROLY TIC  CAPACITORS. _UNI au.e
OXIDE. .. LAYER . FORMEOD . __ONM. ... .
ol _THE.  DIELECTRIC.,. ... .

._A,..___mAu_....m.-N.,a& ..ELE.cr&oaxuc.....-.._.,.Iype.s,-m,....“
HAVE  MORE _ CAPACITANCE  PER. ..

L LIFE  THAN . ALOMINUM.. .
L QDST __ MORE. .. _MpsT

L THEY __MUST __RE _CONMNECTED

PROPER . _DIRECTION & i

Ac.um./_uu.m, .
MUOCH ...
TARANTALUM.......
VOLUME .
_ELECTROLYTICS. .
ELECTROLY TICS. ...
..... ANTO A

w ‘!HAT ,_._A IHJN ______
CTANTALUM. ..
CAFPACL rfwgé_,.
ONITS -
AND. A LONGER
BT THEY

ARE _POLARIZED . . .. e

ClRCUIT . IN_THE .. -

HJ.GHE.&. S

B

LEAD__M,QSI_.M_.

POS LT_lVE.

- ._GAD__TO ..... HDS.T,'-W_PD&IMLE-_

I R E _:h '''' T _CONNECTION. _POINT!
=7, T -




O CAPACI\TOR SYMBOLS

B E)XE.D - F\XLD e CMARIABLE

| ¥4 T 4 R \K:_ _*
1 N N e

'.D WA&M\NG‘ _CAPACITORS.. "EAD}QM4WS.%6?;ZE_',:'.TA CHARGE _ FOR.

o A CONSIDERABLE  TIME. ,4,..,.AE.‘L’E.&.._.4,.‘!,'):*&._._.Eow&ﬁ'._::.:.—...:.:::
I .,..,...-m-u__mEM.__ HAS. BEE.N..,, L SWITCHED. QE.E,-.M._V e
— LTHIS. . CHARGE . CAN__ RE QANG&Rous! A

e @OV f LEADS . OF __SVUCH. . A ___CAPACITOR. AT
o THE . . _VERY.  _LEASYT __TRE. . IO0LT _CAAN
e e THROW _ You. ACROSS. A __Room !

v LARGE  ELECTROLYTIC.  CHARGED ONLY
e 5. 0R 10 VoLTS.  CAN  MHELT THE TIP. oF_ ...................
(é—@ %A SCREWPRWER _ PLACED _ ACROSS TS
1 _TERMINALS!  HIGH . VOLTAGE . CAPACITORS ..
SRS I R CLIKE . THOSE. . WSED . IN._  TELEWSION _SETS.
2SO uE L . _AND. PROTOFLASH _ UNYTS . CAN. . STORE. A .

Aol LETHAL _CMARGE |  NEVER  TOUCH THE )

N (<5 M
|HOW.___CAPACITORS ARE USED /&? o

O SERIES  CIRCUIT = SOMETIMES . CAPACITORS _ A” oM.

._.._Q._?ﬂR AL.LEL c:ﬂc.u_-f_~ OFTEN ca PAQ\TORS _ARE ONNECTED N
. PARALLEL ,t.m.e. LTRSS

'mE__To cA?AcL\anca B T
IS, ms,...,.,Sum_, _OF_ _THE . C'r _—
INDIVIDVAL _ CAPACITANCES ... L.

" Cr=Ci+C2

NECTED N SERES  L\kE  THIS S

|. THE TOTAL . CAPACITANCE .. . .

|-DWIDERL BY THEIR _SUM.

1S. THE . _PRODuUCY OoF T™E ...\ ...

LCL 2 CT
| Two. . CAPACITANCES . I

T x

| THREE  OR. MORE _ CAPACITORS. IN__SERIES ?  HERE’S.  mE.
.mEo&uu.éAm.;,

et e e et _k___,_.__A._I_.., e et e e

......... a,______ W

JR_AND  MORE — THERE &3.& HANY .Q.TH&&..M.“.W“Mﬂ.ys.w. m KJSE e

| CAPACITORS o SOME _OF  WHICH __ARE SHOWN __ NEXT o oo

- R T




|RESISTOR
|RESISTORS M

AND CAPACITOR _ APPLICATIONS

.ANQ ______ cemc 1 To@S ﬁRE S DLE —— Ké}{. /N,GRE DIENTS

ELECTROMNIC ... LI &.cw, TS _H_EKE_._._..,RKE._..,.W.Som&,_.

MANY

REASONS WHY.

19 power SUPPLY._,_JEILTEK— _A__cAPACITOR

WiLe SMooTH
VOLTRGE . _FROM A POWER

C..EI,Q.TE.R)W.,,A,... THE. __PULSATING

SUPALY.... ._./,w.m_,.ﬂ_,.u,A__-...._.s,rmo_x.__,-._,._o.mz.cr..‘,.,,._c:u.gg.éy_z:_-(_o_c_)@. ..... B

+

_MOMENTARILY. . . .

ALTERNATING ...
_CurReNT __(AQ) .

El SPlk.& QEHC"QER — ch-:tmz.

‘ FlLTEKED OUTPUT.  VOLTAGE
(pe)

7

cnowuo i

r]: C.

REcrlFusk ( HORE . mrsg)

Loslc___QRCUJTS WVH_LCH___ &
LATER 4. CAN _  USE_ __,_Lar.s. L OF  CURRENT: .
THEY .. . S.uzfl:fﬂ.-...___ELZOM_.M, _OFF 10 . _OM

CAN..  CAUSE. _ VERY __BRIEF. . _BUT. . ..

FIND __OUT.. MORE __RRou T o
WHEN ...

OR _VICE _WERSA. . . THIS . .

_..POWER APPLIED 70 MNEARE Y. .
(OR _ GLITCHES ,

SUBSTAMNTIAL . REDUCTIONS . IN_

1L BY _PLACING. ...

CIRCUITS.. .. THESE. . POWER . SPIKES. .
L CAN . BE _ ELIMINATED. ...

_THEY ...  ARE. . SOMETINES .. CALLED) .
A smhael (0.1 . uF)  CAPACITOR _ACROSS..... -

............................ THE _ POWER. .. LEADS. _ OF . THE __LociC. CIRCUIT .

- | + o MOLTAGE. . LEUEL ..
R [ o M e MLTHOUT . CAPACITOR ...
R apae SPKE.—

VDLTAGE.. AEVEL . . .

i
I A :
........................ l \j WITH. . CAPACITOR
................................................................... LoGle. - -
S _CIRCLIT OAP&CtTaR A'CT'S A RE  MINIATURE....... .
[ ; A.ABArIezy,.,_.mmﬁr ; ._S.uff?.c./s Po/ER
.................. e DURING . THE. . SPIKE..... ..

SELECTIVE __FILTER — OFTEA AN _ELECTRICAL

- SIGNAL. .

[0 AC-DC
RiDING....__ATOP. .. A. . __STEARY . DL SIGNAL.. .

wne . BE.
EXAMPLE. , . THE. SIGNAL . FRom . A LIGHTWAVE ..
MAY. . LOOK. . LIKE  TMIS WHEN

SYSTEM ...
L BUT . SUNLILGHT. _CAUSES. . THIS.:

LQOMMUNICATION
TS . DARK &+

CAusep BY SUNLIEHT

+ +
o O

1%

A _ca PA£ LTo&_._._._mmL__._ Péé..s 'me
COMPLETELY. _ BLOCK ...___17_1&_,_._SJ.'E.AQ..Y...A...

EL.U Q. IUA rusl (<3 ,_S_G_NAL., A/yp_.,__
pPC LEVEL. .




_JEA RC CIRCUITS — Two  CIRCUITS. _ THAT __COMBINE A
—-RESISTOR _(R) __AND __CAPACITOR (&) ARE . VERY _ [MPOR~

TANT. THEY. __ARE_THE __INTEGRATOR. ._.AND DIEEERENTIATDA

] BOTH_____THESE CIRCUITS ARE USED ___TD RESHAPE ___AN__1

_..._.-—..,.‘w_____.—.-

LCOMING  STREAM OF WAVES OR____PULSES.,

e THE __PROPUCT. _OF R _ANOD C IN THESE. . CIRCUITS. IS

CALLED THE  RC TIME  CONSTAMT . . FOR. .. THE _CIRCUITS
SHOWN. _ BELOW., . THE _ RC TIME _CONSTANT . (IN.__SECONDS)

IS AT LEAST TEN TIMES THE INTER VAL BETWEEN ..
INCOMING CYCLES OR POLSES..

LINTEGRATOR . HERES A BASIC RO __INTEGRATOR.

IN. o (D~ Sem OUT

L N <,,_l U—LJ L I

IE__THE __INPUT __PUISES ARE __ SPEEDED UP, THE .

OUTPUT . WAVEFORMS _ ((OETEN. CALLED A _SAWTOOTH). WILL

NOT _ REACH __THEIR _ Fule  HEIGHT ( AMPLITUDE) ... LTS

EASY To. . DESIGN AN AMPLIFIER _ THAT . IGNORES . .
o WAVES.. __m:ta____c.,gss ......... mAN_. A DESIRED. ... AMPLITUDE.
b THEREFORE ,  THE __ INTEGRATOR . CAN _ FUNCTION. . AS A
o ENTER  WHICH  PASSES _ _ONLY  SIGNALS. . BELOW. . ;

A. . _CERTAIN FRE QO VEN CY.

B DLFEE_&E&_TJAT.ORA__&ERLS__&__ BASIC‘. RC DJFEﬁllﬁAJI’MTQR

B L

§ N\ . — e e

IN o \~\/ . —_—OUT R
ol e ———

R _____IN. _o.J L_I ]__.l ._..L_ .................. _

..__...___Jjﬂi.__hu&cu AT __PRODOUCES = SYMPMETRICAL ___QUTPLT . w& v& s

WITH... SHARP __ POSITIVE ANQ__ALE_GA_ILZE...._.._..REAIS,S_.M_.. IT’s

USED  _To  MAKE _ NARROW. . PULSE . GENERATORS FoR ~
] TELEVISION.  RECE\WWERS ~ AND . TD  TRIGGER _ DIGITAL.

LOGIC CIRCUITS . —

. |CAPAQITDR.  TD GO THROUGH. ©3.3% OF THE CHANGE IN CHARGE. ..

_|[AMORE ABOUT R-C —You WIL OFTEN SEE REFERENCES .
JTO  THE RC TIME CONSTANT. OF A CIRCUIT. IT'S THE

TIME. IN SECONDS .. FOR. A  CHARGING OR DISCHARGING
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] ELEC.I&ON S . MOVING '_maousH AL .WJRE,___CAMSE AN
__________________ ELECTROMAGNETIC . FIELD . EMCIB.QLE_..__-.TIHE WIRE. .
_______________ LAS _ You. . KNOW FJzoM QH APJE&.,..__J. s PASSING. A __CURRENT
_______________ | THROUGH A WIRE ..mA‘T.'S .. BEEN. . WRAPPED _AS A CoiL
e (P.15) CREAYES . AN __EVEN. _STRONGER . FIELD. _THIS FIELD _
e | MAKES _ POSSIBLE. ... SOLENOIDS , .. MOTDRS. . AND ELECTROMAGMNETS,
e COILS. HAVE  OTHER.  !MPORTANT . ROLES , TOO i __ . )

1. CoiLs.  RESIST  RAPID . CHANGES. . IA. THE. CURQENT,,,Je.Qu-
LANG  THROUGH . THEM . WHILE  FREELY. PA SSING _STEADY ____
(pe) _CQURRENT. . HERE . ARE . SOME . EXAMPLES. B

SO U P —

oSlemar o€ o'/L - : ﬁf[.fjjj_f,_'dJr""fflff.""

Stow . SINE . WAVE ™ /.
S | _PFAST._ SINE _WAVE~— JUUV
AAAAAAAAAAAAAAAAAAAAAAAA _Slow SQUARE WAVE —
FAST SGQUARE WAVE — m NN .
LSOMETIMES. A CoiL . .,w:u...,‘,.Aop E g(_/_qg ‘ro A sauaga LWAVE
_PASSING  THROUGH . IT. . THIS __ CAN. _HAPPEN. WHEM. . THE . . . .. .
| RES\STANCE.  OF . THE _EXTERNAL _ CURRENT PAmmA'r_
_CONNECTS . THE _ E~DS. . OF . THE QoM . IS . HIGH o
b SQUARE WAVE..-,NU,—., — 0000 1 et
’/gﬁ TRIS 1S RINGING === —
1. 2. SOME. _oOF THE ENERGY IN _THE E:ec.o . Akouuo chgou..____.
- .CAN.. BE__ _INDUCED . ((TRANSFERRED) ... INTD._ A .se.c.o.&o...,...ﬂEA&&Y____
e b QOML.  THIS. IS . THE  PRINCIPLE _OF _ THE TRANSFORMER &+ . .
. . N

I A.__THE “._m.w'r.,. ,A..,Msn.o‘a”.....‘ .oE.. THE T‘RAMS Fo&ue& ..... __LS____CALL,ED___.,._.
...... b T™E___ PRIMARY. . . . THE ... .ou:r.Pu.r,. _SIDE._____IS ___QCALLED THE.
e S B CON DA RN o

B . —




DOTYPES  OF (OIS — THERE ARE MANY.  DIFFERENT

J.TYPES. _OF _COIS, HERE __ARE __SOME . _QF THEM. &

_.TUNING  COIL. RADIOS.  USE . VARIOUS . COIS __TD __HELP
SELECT A ____DESIRED .. SIGNAL. TUMIN G CoILS RAVE

A___SERIES OF .- TAPS. .. OR____A __MOVABLE CORE so

»
THEIR __INDVCTANCE | HENCE . RESONANT  FREQUENSY, CAN

BE ___CHANGED. A

TYPICAL A o2 T~ (0 ADIJUSTMENT. _ SCREW

TUNING

N Y oY ¥ A \

*oPPOSITION _TO

CURRENT CHANGES

L ANTENNA _COIL.. . RADIOS __OFTEN USE A _RROADLY
L JUNED  Coit... TO . _PieK QP RADIO SIGNALS.

b XTYPICAL . E
b ANTENNA

Codbm

S __(8AR-SMAPED)
~~ LEADS

coe —

Ao CHOKE , _USED .. IN_ _MANY. _CIRCUITS TO LIMIT __OR . -

SUPPRESS .. FLUCTUATING __SIGNALS . WHILE _ PASSING A . . .

SYEADY. .. CORRENT. . CHOKES . ARE __ _AVAILABLE __IN. . . .

A MANY.  SHAPES.  AND  SIZE Sao o

\-,En.cmsaow.._. e L%

. <
..... e €O o COMS
— R A (CwinpiNGe™)
= e S

. CONNECTION &

e o TABS =T e
TRANSFORMER, SO IMPORTANT _ WEYL  DEVoOrE. . A
et COMPLETE. . SECTION TC AT e o -

e

\_APPLICATIONS  FOR _COILS — /N__ADDITZON.__TO __THOSE
|_ALREADY. _ DESCRIBED , . Coies.  ARE _ _USED ___ IN EILTERS
L THAT. __ SELECTIVELY . PASS. _SPECIFIC ___FREQUENCY. . BANDS. .

O CAUTION! A HIGH VOLTAGE PULSE AN GBE. PRODUCED
IN___A CHOKE . WHEN _THE __ CURRENT.. .. FLOWING _THROUGH .

IT 1S INTERRUPTED .. . BE _CAREFUL.
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TRANSF—TQRMERS ..................... S

TRANSFORMERS  ARE A MATOR.  CLASS __OF _ COILS

HAVING __TWO ¢ OR. .. .ti__&E_______._w.lM.Q_uy.G.s..-.M._U.S.UALLY

WRAPPED . _AROLUND. A _COMMON . QORE ..__MADE __FROM. _____
| LAMANATED.  IRON._  SHEETS. .. HERES A ___SIMPLE
TRANSFORMER

SECONDPARY

I = (]

- = S~ LAMINATED _ CORE

IE___THE. CURRENT . FLOWING. . THROUGH. _ THE __PRIIIARY. _ COlt

1S FLUCTUATING 4. . . THEAN. . A CURRENT .. _WILL _BE._ . INDUCED

INTD. __ THE S ECONDARY. .  WINDING.. .. A ___STEADY _(DQ)

CURRENT. . . WILL  NOT. __BE . TRANSFERRED . _FROM. _ONE __ COIL . .

0 How THEY WORK — TRANSFORMERS __HAVE _THE __ABILITY
TO.__ TRANSFORM . . VOLTAGE. . AND _CURRENT .. TO. . HIGHER _OR .o
| LOWER. . LEVELS.  THEY. DO NOT 4, OF COURSE , . CREATE . ..
POWER. _ _FROM. ..  NOTHING, . THEREFORE .. IE A  TRANSFORHER .

_|.BeosSTS . THE .. VOLTAGE .. _OF. . A ___ SIGNAL,  IT _ _REPUCES. .

ITS  CURRENT. . AND __ IF. _ IT . CUTS. __THE __ VOLTAGE _OF .

A SIGNAL o ... /T .. RAISES . ITS _ _CURRENT.. .. IAN.__OTHER -
WORDS , ., . THE Ppw_ex L FLOWING....  FROM... A . TRAMNSFORMER . . -

| CANNOT . EX CEED.  THE. INCOIING.  POWERL

OTURNS Q-A'\' Lo_:¥ 7;45 kAﬂo OF._ _._P@mﬁg_v. o TO s.e CONPRARY .

wzns‘.,‘.u.nsraamNES... A 'mAust:okn&&s___- VOLTAGE RAT /0. e e

1:1 RAT!OJ

. THE PR;MARY VoLrAéE .A/vo CURRENT.. _ARE .. _TRANS~ _

—.FERRED . UNALTERED _ TD._  THE . . SECONDARY.  OFTEA _
L CALLED . AN . ISOLATION . TRANSFORMER oo

e

-._.STEP uP. e e e -

g;_ ..._.._._.I.H.é.....-..MO.LJ.'.#.\G E. ..._..IS_.. / nNC ﬂ 6’ A S ED By THE __TIZRAZS..,_B&‘I?D, —

= __THUS._A_ 1:&5 TvenNS. . RATMIO.. WML ___BOOST . S=VOLTS. .

AT _THE _PRIMARY. __INTD 28~ VolLTS. Al THE SECONDAR

STE.E:DDW N B .

T’H E VDLTA65.~.J S REDUC ED__GBY THE. TVRNS.  RATIO. -

_g“g " THus A 5:1 Tvmui RATIO __wiLl__DRpP. 25 -VoLTS AT
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[J TRANS FORMER . TYPES AND APRLICATIONS — HERE ARE
SOME OF ___THE MAJOR . . TRANSFORIER. .TYPES & oo

) ISOLATION .

T ——

— i Jp FERRITE  _QUP _CORE

USED ___TD :.som.rE__-_...__.......scaew.-.,._.....W‘__....‘.,
¥\

S PIFFERENT.  PARTS .
................ OF__A_QIRCUIT. Anp o1t —» XC=) )~ N\ |

...... e MIANI AT URE. . 231

1S0LA.TION . e S CEATIOM ...

| Power _comveRsion.

OFTEN. ___WUSED

7 & VOLTAGE . TR o X
B2 USABLE  LEVELao OTWITY o it
e GO MPANN 2

POWER e TRANS FORMER ]

| TRANS FORMER

HIGH = VOLTAGE .

e L ONITION. _SPARKS ™=

AGNITION ALSD. _ USED T  POWER . . .

_QOIL TV PICTURE  TUBES , . .. .. [%

SoHE _LASERS, . NEOM. .. ... . ..

LIGHTS., _ETC.

~ . USED.___TO_ _MATCH _THE .
A imPEDANCE™ of AN

\:l A _AMPLIFIER _TD __THAT _oF
> A __MICROPHONE , SPEAKER .

| e ALTERNATING  CURRENT... ... _MINIATURE

| 7 ~N—T. 8. OR._ . _OTHER . DEVICE. . ANy 4/ { S N b -
IS N ..,‘.,,.w_,___,_,.“,.*OPPOSIT.\QN _TO.TME FLOW _OF . | ) S

| TAPPED ___PRIMARY. O —

| AND.__ SECONDARY.  NOTE = LEADS __OF  TRANSFORMERS. . ARE  COLOR . ..
WINDINGS CDOED. . . ...

. b |




X SEMICONDUCTORS

THE MDST . _EXCITING AND IMPORTANT. . ELECTRONIC

LA [QEMICONDUCTOR CAN ACTY _LIKE A CoNDUCTOR . OR

 COMPONENTS _ARE__ MADE _ FROM._ . CRYSTALS _ CALLED
(REMICONDUCTORS, . DEPENDING . ON.__CERTAIN _CONDITIONS,

AN INSULATOR .,

SILICON

THERE  ARE  mMANY.  DIFFERENT  SEMICONDUCTING  MATERIALS,

RUT SILICON. THE MAIN INGREDIENT OF ___SAND , IS
THE HOST POPULAR .

SILICON  ATOM

|

A__SILICON. __ATOM. __HAS _ BuT
FOUR. . ELECTRONS . IN.___IT.S

OUTER HOST _ SHELL o ROT _IT
WOULD. . LIKE TO. . HAVE ..

| SILACON __ ATom MILL. LINK —~
o o7/
UP  WITH FoOUR OF  ITS

et s e e ey e

|MEIGHBORS __TD _SHARE ELECTRONS: . .

e A CLUSTER.___QOF__ SILiCoN _ ATDMS
o o SHARING... . OUTER __ ELECTROMN.S

\ ~ e FORIAS.. A REGULAR. _ARRANGE=
e O O PAENT . CALLEP A CRYSTAL.

) __ <~ TMiS__IS.___A__MAGNIFIED __VIEw
e L OF A ___SILICON . CRYSML,. TD

2005 KEEP __ THINGS.. .. SIMPLE., _ONLY.

v THE . ODUTER . ELECTROALS oL
e EACH ___ _ATOM ARE SHoOWA.

SILICON. . FORMS 2720 % . 0F _THE ___EARTH’S _ QRUST.! __omLy

OXYGEAN 1S MORE ___CommaN. _ IT'S _NEVER _FOUND. . _IN. THE.

B e T
v s b s 1t

proe e

PURE. __ STATE. —_ WHEN___ PURIEIED. ., . IT'S. . DARK. . GRAY. . _IN. _ COLOR.
| SILICON  AND _ DIAMOND. _1‘*
ISHARE THE SAME_CRYSTAL | _
 STRUCTURE _ AND. OTHER

. SEEDT
N CRYSTAL . SILICON . CAN _BE

= <—PBWLE _ GROwWAN__INTO __BIG .

\Il, ...P.ROB.ERIT!_.E.S.e........_8.0..1:.___,’_% SIICON  INTD. WAEERS _FOR

@ /_\ T KCTT S L Y N7 SR L — ﬁz B MAKING _ ELECTROMIC
__TRANSPARENT.
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0O SILICON RECIPE S — PURE__SILICON. _ISN'T__VERY USEFRL.
e THAT'S _ WHY  SILICON _MAKERS

e SPICE.__UP__THEIR __SILICON

y....=RECIPES WiITH A ___DASH_ _OF .
—.PHOSPHORUS. ., BOROA. __OR__OTHER.
,,..__._G_Qoozes - wmls.m,l.ﬁ CALLED

....... ....__._..-___._Qoe;.uﬁ___.-..,m.c_,M_us.u.!.c.w.,m....,wuﬁM
GROWN __INTO ... CRYSTAL. S,“ .00P£D
SiLLCON . HAS _ VERY. .. S
.............................. ELECTRONIC. _PROPERTIES.
D P &N _SPICED SKICON LOAF — BORON., _PHOSPHORUS. AALD
— _Qa_ﬂa_m___gms.s____/.&:mms___-.cAm___.-_Ibm.A,..,_ WATH.. . SILiConN. . RTomMS . TO
— |FORM __ CRYSTALS. __HERS'S  THME. __CATCH : A __BORON __ATOM
__|MAS__ONLY _THREE _ELECTROA . /A . ITS.. . OUTER. . SHEW . _ANO
A PHOS PHORUS ATOM HAS _ FWE _ELECTRONS. ... IN_.._ITS .
— JOOTER SMHELL, SIICON. WiTH __ EXTRA. __PHOSPHORUS . ELECTRONS. . .
,.__..Ji...-CAL.L.&.D_._..AWE__“_SAI.LLCQN_.(.-/5!_5..N,.ﬁ.GA..T_l.ME.)4.‘.“.“.-5.!.4.!_09&.-_....,.,(MLTHW.MW-_.___
L ELECTRON _ DEFICIENT .. BORON __ATOMS 15 _ CALLED _P-TYFPE
) SICICON. (P2 POS. LTH/E) B
0. P-r1YPE__SiLicON— ot
| A_BoroN). ATOM. N A CLUSTER.. .. (00). . \é e
_loe. _siicon. AToms . tEAVES A 2/ X
__|VACANT ELECTRON__OPENING s, /oof~v-~w>oo<——¥0c<
—|CALED A HOLE. (TS  POSSIBE . .. . ;
FOR__AN___ELECTRON ___FROM A @ G 'o @
_INEARBY _ATom.__TO_ "FAwL' _inNTO h X
) THE _HOLE.  THEREFORE , THE . . DO — u; ;o.__\(¥99<
—|HOLE _HAS __MOVED __TO A
I uauL_*Loca,muk_,Rﬁnensen,_____ __. - .__; \. ? @
| HotES. CAN . MOVE. THROUGH. .. [ & ﬂ &/
__|stticon _(aust._as_susaes. moee. . SNA _gorom_avom._
_____M.n\LE__Il:\.RO.QAH..-.M_,WAIER.).__.H._._._ e SILN GO N ATOM sl
PHosmoaus JATOM
00 AM=TYPE  SILICON — Nt/
Y T v — 0%/0 %0 % ®
o JCLOSTER _OF _SILICON.  _ATOMS S &/
_|DONATES AN EXTRA._ELECTRON. . < o
THIS.  EXTRA. . _ELECTRON g \.
__1GAN __MoOVE _THROUGH. . THE @_B.,.. 'y 20 §
e JCRYSTAG. .. WITH COMPARARATIVE ' : ;
—|EASE. IN OTHER WORDS, . 5o 00<
N=-TYPE SILICON CAN CARRY
AN ELECTRICAL  CURRENT _._____
BuT 50 CcAN __ P-TYPE _Siticon ! '%f ' % ‘ @
— lHotes 'cAarey' THE CURRENT. _EXTRA__

_ELECTRON




THE DIODE

BOTH __P-TYPE __AND N—=TYPE __SILICON

CONDVCT ELECTRICITY.
THE RESISTANCE OF BOTH

e JTHE  _PROPORTION __OF  HOLES __ OR

TYPES s DETERMINED RY

SURPLYUS ELECTRON S,
THEREFORE BOTH __ TVYPES

Ccan __FuNeTionN  AS  RESISTORS.
AND THEY WiILL

CONDOVET ELEQCTRICITY IN___ANY _DIRECTION

EY FORMING SOME P-TYPE _ _SILICON __IN_ A CHIP. OF N-

N IN)  ONLY OAE

[ TYPE  SILICON. ,  ELECTRONS Witk  FLOW  THROUGH _THE  SILICON
DIRELTION., THIS 1S

THE PRINCIPLE _OF

THE DIODE . THE P-N__INTERFACE 1S CALLED THE PN __TUNCTION.
AAAANAN A CAAAAANA,

O _HOW__THE __DIODE _LORKS —~ HERE'S A SIMPLIEIED

EXPLAN ATION OF

How A DIODE CONDUCTS _ELECTRICITY.
IN___ONE

DIRECTION. (FORWARPD) _WHILE. . BLOCKING __THE
LELOW . OF  QURRENT __ IN THE _ QPPOSITE DIRECTION (REVERS

EFORWARD  RIAS REVERSE RIAS
F=—-@+ :}——-q e e (l==-=é}. -
p N ]l’ ﬂ N p
o M~ o
(o] 6h— - -~ T —-POO )
°o gl - D=J Lc‘- < | — oop=
j -
S  ELECTRON FlLow NO
T2 HOLE. Flow QURRENT FLOW

HERE THE CHARGE

RERE THE _CHARGE

FROM . _._THE BATTERY.

FROM THE BATTERY
REPELS  HOLES AND ELECTRONS ___ ATTRACTS . HOLES AND

.TOWARD __THE  JUNCTION, . _ELECTRONS _AWAY_ FROM
,lf THE __ VOLTAGE EXCEEDS THE _TUNGCTION. THERE —
O.L=VoLT (SItiCon), THEN Fo ENT
ELECTRONS wiet ¢ RoSS CAN ELow.,
THE JUN CTION AND
COMRINE _WITH HOLE S, //cAmonE
A__CURRENT _THEN. ELows. -
SR % 7 =< ¥ <1, Y A—
O A TYPICAL __DIODE — DIODES. ARE

L COMMONLY ENCLOSED _ IN___SMALL. .G
| CYLINDERS . A _DARK __BAND __MARKS
MINALC , THE

OPPOSITE.  TERMINAL IS __THE ANODE

JHEN RNORE IS. .

b N MbRE POSITIWVE
(/// ANODE  THAN._ _CATHODE.
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1O DIODE __OPERATION. — You. ALREADY. . KNOW.___A__ DIODE IS

L LIKE AN ELECTRONIC . ONE=WAY. . VALVE.. .. IT)S _Ir1PORTANT.
el TD  UNDERSTAND  _SOME __ AODITIONAL _ ASPECTS . _OF _ DIbDE

| OPERATION.  HERE ARE __SOME . ___KEY ONES :

1. A _DIODE Wil NQT . CONDUCT _ UNTIL _THE __ FORWAHRD

— 1 VOLTAGE __REACHES A CERTA/N ___THRESHOLD POINT. FOR

. SluiconN _DICRPES  THIS _ _VOLTAGE IS ABouT 0,6 = VOLT,

,\,J ya / You zvﬁ/v\
=S TR
B R PN (« JRL T § — 63 I\ ..._.._._:, @© Q... ——
. I\ . o
UL S . - ‘;~e.-¥w ......
N
N\ AN Sy o\ ee
G f”'( AT (%), N /)
A\ \4 AN L O
\ U _I\ — o ——— . - :»» —

.....,......n....... OSSP Sy ——— S $ S (

2. \E. . THE _FORWARD __ CURRENT BECOMES_______ A ﬁ_\
e EXCESS\WE . THE = SEMICONDUCTOR __ QHIP %

MAY. __CRACK OB  MELT! __AND _THE

f CONTACTS . MAY SEPARATE . IE__THE

) CONDUEeT  IN__ROTHM __DIRECTIONS. . THE

_lenip  Me(Ts., THE _DIODE _MAY _SUDDEMLY g@y’

) RESULTING __HEAT _MAY. __VAPORIZE. .  THE .

epip AWR
\\ \ \ . //
2. _T00 _MUCH _ REVERSE _ VOLTAGE __witl D _w_
| CAUSE A ___QIODE __Tb __ _CONDUCT _ IN /Q
_ L THE _WRONG _ DIRECTION. __ SINCE __THIS /(,u O \ N\,

VOLTAGE IS FAIRLY HIGH y THE SUDDEN
_._____Q_u_&&ENI_,__iu_&G.E___Ltlﬁl..,z&em...-,m.é..,__.D.LQ.D..&

e r /
|0 SUMMING __UP.___DIODE. _OPERATION — I‘{ \a‘é
THIS __GRAPH. . _SUMS. . LP. __DIODE /i \-Q\

QPERATION. (IT'S__APPROXIMATE..) //
Ve = FORWARD VOLT AGE VR ~— - >V F
1 Ve = REVERSE VOLTAGE [ \
Te = FORWARD (CURRENT & 1 ls " O.-vOLT
Ie = REVEESE CURRENT. S od (s1LICoN)
.f/cz"), \~ —— Ig
' ) - 48




00 TYPES _OF _DIODES — MANY _ DIFEERENT. KINDS _ OF

DIODES ARE . AVAILARLE. ___ _HERE ARE SOME OF THE

MAJOR . TYPES;

SMALL__SIGNAL.

__SMALL__SIGNAL__ DIODES _ ARE._ USED 1o

= TRANSFORM. . LOW.__CORRENT. AL TO DC, DPETECT

. (DEMODULATE) RADIO _SIGNALS ,. MULTILY. VOLTAGE,

. PERFORM ___LOGIC, _ ABSORB.. VOLTAGE _SPIKES, ETC.

POWER. . RECTIFIER .

o FUNCTIONALLY. _ IDENTICAL 1D SMALL.__SIGNAL

D ....D..!QD,E,S..,,...M.._P.O.N.E&__.REC.T_LF_!.E_R.S_._.._QAN.,..,..HﬁN.D.L E . —
oMU GH.. MORE _ _CURRENT. _ THEY . ARE _ INSTALLED .

e EXCESS._ MEAT. AND_ TRANSFER.  IT T A METAL
e REAT.  SINK..  USED_ MAINLY. _IN_. _POWER.  __SUPPLIES,
........................................... e THE _ZENER . DIODE . (S DESIGNED 1D _HAVE. A _.___
e SPEQIEIC. _REVERSE . BREAKDOWN _ ( CONQUQTION). YOLTAGE. _
=N i THIS M EANS  2ENER _.__DIODES . _CAN___FUNCTION.. LIKE
e A VOLTAGE. _SENSITIVE __ SWITCH. __ Z2ENER _ DIODES.
e HAVING __ BREAKDOWN _VOLTAGES__ (V2) OF FEROM __ABouT ..
. .2=VOLTS TO. 200-w0eTS . ARE. ___AVAILABLE.
LIGHT = EMITTING,
/,
Y
// . ALL_ DIODES __EMIT. S0mE _ ECECTROMAGNETIC _RADI~
ATION ___WHEN _ FORWARD . BIASED DIODES.__MADE .
e FROM _ CERTAIN. _ SEMICONDUCTORS  (LIKE GAMIM.
L ARSENIDE _PHOSPHIDE) EM)T.__CONSIDERABLY _ MORE
RADIATION __THAN_ . _SILICON ___DIODES. . THEY'RE CALLED
LIGHT = EMITTING _DIOPES (LEDS).
PHROTODIODE .,
; e ALL _O\ODES _RESPOND. _TD  _SOME DEGREE __WHEN

oo MLLUMINATED . BY LIGHT. . DIODES DESIGNED.  SPE-

CLEICA AT __ARE___OALLED

PACTODICDES. THEY INCLUDE A GLASS OR

PLASTIC _ WINDOW THROUGH  WHICH _THME LIGHT

ENTERS. . OFTEN _THEY MHAVE A __LARGE , EXPOSED.

JUNCTION  REGION. SILICON  MAKES __GOOD PHOTODINDES. ..

Ho




HOW__DIODES _ARE__USED

IN_CHRAPTER 9  You'tL SEE _HOW. _ VARIOUS TIYPES OF PIOPES ARE

e JUSED N MANY.  APPLICATIONS FOR . Now_ HERE__ARE _TWO OF .
______ THE __MQOST __IMPORTANT . ROLES _ FOR _SMALL SIGNAL DIODES  AND )
o JRECTIEIERSY B
| HALF = WAVE  RECTIFIER . )
+/-\\ ﬂv 5 AN UNMOVLATING. (AL
NSt SIGNAL. (OR _VOLTAGE)
AC. __IN y Dc__our \S__RECTIFIED _INTO A
HALE_OF._SIGNAL SINGLE. _ PoLARATY. ( DC)
. o 1S__BLOCKED SIGNAL _(OR VOLTAGE). i

{P.101 >

THIS. 4-DIODE "NETWORKY

LN NN\ (R_gripGE RECTIEIER)

RECTI\EIES _ BOTH. . _HALUES
PN~

0L _ouT OF _AN.__AC SIGNAL.

_IMORE _ABOUT THE DIRECTION _OF CURRENT F|OW

PUBGEENW 4

Pt &

AN ELECTRICAL___CURRENT 1S THE _ MOVEMENT _OF ELECTRONS THROUGH .. .

A__CONDUCTOR. O SEMICONDUCTOR .  SINCE. ELECTRONS _MOVE FROM. . .

A __NEGAT\WELY CHARGED _TD A PCOSITIVELY CHARGED. REGION, WHY
IDOES _THE  ARROWHEAD __IN__A  DIODE . SYMBoL . POINT _IN. _THE

OPPOSITE. . DIRECTION? _THERE _ ARE__TWO REASONS.

AS _\F  GRAVITY _ SOMEHOW. . INELUENCES. _ THE _FLOW OF A _CURRENT.)

1L BEGINNING  wiTH QBENTAMIN _ ERANKLIN, 1T WAS TRADITIONALLY
ASSUMED. _ELECTRICITY _FLOWS. FROM. A _POSITAVELY. CHARGED TO A
INEGATWELY. _CHARGED REGION.  THE  DiSCcOVERY 0F THE ELECTRON

CORRECTED. _THRAT. (BOT MOST ELECTRICAL _CIRCUIT DIAGRAMS. . .TODAY. . .
STIAL _ FOLLOW. . THE. . OLD  TRADITION. . IN _ _WHICH THE POSIT\WWE _POWER .
SOPALY_ CONNECTION IS PLACED. . _ABOVE. . THE NEGATWWE CONNECTION .

2N A SEMICONDUCTOR ., AS__SHOWN _ON_PAGE 44, HOLES _FLOW.
IN_ THRE  DIRECTIOAN __ OPPOSITE  THAT OF ELECTRON.  _FLowl. _1T's

o JTREREFORE . COMMON._ TO. _REFER TO POSITIVE CURRENT _FLOow. __IN
e |SEMACONDUCTORS. -

|EOR _ACCURACY , IN_ _THIS  BOOK "CURRENT Frow' REFERS To ECECTROMN .
[FLOW.  BOT  WE'RE _STUCK WITH SYMBoLS THAT INDICATE ROLE

\
00N

AR

97\




THE TRANSISTOR

TRANSISTORS  ARE  SEMICON-

e T

NPT (O

JLEADS.
L} LEAD . CAN _ ConTROL. .
| THROVGH

L TRIS.
| BE __USED _AS .

ANPN  OR .. PNP,
|THE _ MIDDLE . LAYER . ACTS LIKE .

L JCOLLECTOR QURRENT . __.TO _FLOW. .

| DUCTOR . DEVICES. . WITH.. THREE
A VERY _SMALL .
QURRENT. _ OR . VOLTAGE AT ONE
A MOCH. ... .
LARGER . CURRENT. . FLOWING. . e
THE . OTHER . ..Two.  LEADS. .
MEANS. _ TRANSISTORS .. CAN . ..
AMPUFIERS . AND. .

| SWITCHRES.. .. THERE _ARE . TwOo. . . . .
I MAIN. FAMILIE S, OF TRANSISTORS: ... . .~ S U S
L BIPOLAR . AND  FIELD = EFFECT . i TT—

FORCE  —/—=

RIPOLAR.  TRANSISTORS

ADD. A SECOND _TUNCTION To A
PN JUNCTION _ DIODE... AND. _YOU. . . .. ..
GET. A _3-LAYER __SILICON SANDWICH. .

THRE . _SANDWICH . CAN.. .RBE . EITHER \ .
. EITHER . WAY, .. ... EMTTER

A __FAYCET . OR _GATE . THAT CONTROLS. .. . /
THE  CURRENT . MOVING . THROUGH .. . ==

COLLECTOR ..

P

|0 _RIPOLAR  TRAMSISTOR  OPERATION —  THE _THREE _ LAYERS
[BIPOLAR . TRANSISTOR . ARE. THE. _ EMITTER , BASE . AND . COLECTOR. ...
THE . BASE IS VERY THIN .. AND . _HAS  FEWER . DOPING. . ATOMS.  THAN .
ITHE. __EMITTER . AND . _COLLECTOR. . THEREFORE A . VERY. . SMALL EMITTER —
BASE  CURRENT .. WILL. . CAUSE .. A MUCcH.  LARGER . EMITTER = _

B _— e COLLECTOR
.|.CoLLELCTOR AMPLIFIED. .. .. -

L OUTPUT. .. SRRRRRON B SR (S IR
L QURRENT .. . BASE ,_-_-E ’ | p-CQURRENT ..
_THE RESISTORS b b
PROTECT . THE .
o TRANSISTOR . FROM... .. = T
e TOO. _MMUCH. CURRENT . .. .. .

| 8ase

| EMITTER

— _outpur |l
. ELECTRON || . _
.. Flow

---------- e (WHICH CAN_ CAUSE _ EMITTER .o
= - EXCESSIVE MEAT). .



- 00 MUCH__ CURRENT . OR___VOLTAGE __MAY
| panace . or _PERMANENTLY. _DESTROY. . THE
| SEMICONOVCETOR . GQHIP . THAT. _ FORMS ... A
| TRANSISTOR.. TE. . THE . CHIP _ISN'T __ _HARMED, |

O MORE  ARBOUT _ RBIPOLAR. _TRANSISTOR __ OPERATION — DIODES . AVD .
I TRANS\STORS. . SHARE __ SEVERAL. . . KEY. . FEATURES.

2. . ToO  _MUCH _CURRENT. _WILL __CAUSE A
 TRAN SISTOR _-ro BECOME .__HOT.___AND __OPERATE. . = 8,
4

tfg

AMPROPERLY.. . AL _TRANSISTOR 18 HoT

ITS . TINY. CONNEQCTION .. WIRES __MAY __MELT. ..

| OR___SEPARATE .. FROM . _THE .. . CHIP NEVER
| CONNECT. _A__TRANSISTOR . _BACKWARDS\ i}

THE. .. MOST . IMPORTANT .. O

._SMALL S|GNAL AND SWITCHHJG.

SHAI-L..-SIGJ!.&L..__IRAM.. LSIQ&L_..AR.E, us sp
JAMPLIEY  tow. LEVEL . SIGANALS. .
sw \TC HIN.G __TRANSISTORS __ARE__DE SléluED

............ S POWER._ _TRAMSISTORS ARE. ... ..

— USED IN HIGH POWER .

—_— o AMPLIEIERS _AND . POWER. . ...

— SUPPLIES. _ _LARGE _SIZE _ANP ..

N B EXPOSED  METAL SURFACES KEEP .
| HIGH - FREQUENCY. . I

) g o BASE___REGION. IS _YERY _THIA. _AND
L= THE _ACTUAL _CHIP IS VERY SMALL,

e 1‘0 _RE _OPERATED __FULLY. . ON OR_ _OFF . . s
 SOmME ____TRANSISTORS _CAN . BotH _ AMPLIFY ...
A AND  SWITCH . EQUALLY.  WELC..

L{q

|1. THE  GASE - EFMITTER __suneTion. (OR_DIODE). _ wieL  NOT . CONDUCT
LUNTIL  THE . FORWARD. . . VOLTAGE . EXCEEDS. . Q.6= VOLT. .

WHEN 'roucHED . _DiSConNEST..  THE _POWER YW

D Kw D S . oF._.__. TRAM 51 s*ro&s — MANY _ DIEEERENT. . KINDS OF
_ITRANSISTOR s . ARE___ AVAILABLE .. .. .. HERE ___ARE __EXAMPLES... OF .. . ... ..

&B\ Hlé u&émw&5151ogs_,. R
R OPERATE AT EAQLQ_,_._IE&E-.ULS.ION. I
. H AND _MICROWAVE _ FREQUENCIES. THE .



D BIPOLAR _TRANSISTOR  SYMBOLS — ARROWS.  POINT. IN_OIRECTION. _
_OF _HWOLE__FLOW.

e COLLECTOR ()

I ik
N e e o c
.................. BASE(R)"H P | B ‘é ) &
) N N8
______________ e Tr NPN -
EMITTER (E)

—JTRE _

HOW. _RIPOLAR __TRANSISTORS ARE USED. o

WHEN _THE _BASE _OF _AN.__NPN.__TRANSISTOR IS _GROUNDED (O vours),
e dNO CURRENT _ FLOWS. ..
JTRANSISTOR. 1S _“ofe"),

FROM.  _THE _EMITTER _TO _THE  COLLECTOR ( THE

IF._THE BASE _1S. FORWARD — BIASED. RBY AT ___
LEAST _ C.b VOLT, . A _CURRENT _WILL _ FLOW. FROM..A._...IHE ........ EMITTER .TO
COLLECTOR . ( THE TRANSISTOR . 1S "ON"). WHEN OPERATED N __

ONLY THESE TWO MODES, THE . WTRA&SLSTOR FUNCTIONS _AS A SWITCH.

I THE BASE 1S _FORWARD = BIASED, THE EMITTER=COLLECTOR. cumut_.
IWILL _FOLLOW . VARIATIONS. . IN._ A _MUCH__ SMALLER BASE _ CURRENT.
THE. TR AN,S.LSL'.CQR.__.ZDAEN..M.,.EUM.CT_I.Q.MS___A.S.__.-ANW._..,A.MQLI EIER. THIS

_DISCUsSSION_ _APPLIES . TO. _A_TRANSISTOR _IN_WHICH.  THE _EMITTER IS _THE

- fBROUND.  CONNEBCTION. _FOR __ROTH _THE _INPUT _AND_ _OUTPUT _AND S
—|CALLED .

THE . COMMON = EMATTER . CIRCUIT.. . SOME . SIMPLIEIED  _COMMON=. ..

. e JEMITTER _ CIRCUATS . _ARE __SHOWN. . BELOW. SO __YOU CAN_SEE __How
e | TREN.___ARE__USED._IN_REAL CIRCUITS,. EACH  EXAMPLE REFERS . .TO. ...
e | TYPICAL . WORKING  APPLICATION __IN___ CHAPTER 9. .
B [P.az >
O A__RIPOLAR TRANSISTOR _ SWITCH e .
I A e (P.107 >
............... — +V AA\‘\)i\’ /‘
et ot o PSS T——— - "-.'T -AT r ’Q _
.......... . 59 But—
= S— BASE BASE Tl
. . ResisToRsy. . C A oFf |l resistory ¢ b ON
— gl N Al 8| N
T [ ] { { P
......... . N | ok vo_use_resisToR, N
- 2 E T PIEZ0 BU2ZER, ETC. L
GROUND ) IN_PLACE OF LAMP.
. |ONLY. TWO_ _INPUTS _ARE_ POSSIBLE :_GROUND._ (O voLTS)__AND _THE
S ..Po..s_tx.\v.ﬁ...-h...s.mﬁg>t.._.~-.vJoLrAsE C+ ) THERE FORE. THE  _TRANSISTOR

JAS__OFF _OR _ON.. . A _TYPICAL BASE. . RESISTANCE 1S 5000 TO ..

10,000 . chMs. (1E _THE RESISTOR 1S REPLACED. _BY A WIRE,  THE
LAMP _CAN.__BE _SWITCHED ON oR _OFF. FROM A CONSIDERABLE PISTANCE.)




10 A RIPOLAR _TRANSISTOR _DC_AMPLIEIER— THE _ VARIABLE

RESISTOR CORWARD

+ BIASES THE TRANSISTOR .
SERIES B —>\____AND _ CONTROLS. . .TAE ..
=) RESISTOR I — __INBUT _CBASE-EMITIER)
.. w,.....CLJ.B..&E.!«.L‘_\Z._..IJAE.__MEJ:ER_._____W._
- INDICATES  THE QUTPUT
N~ (SOLLECTOR = EMITTER)
N CURRENT. THE SERIES
P RESISTOR _ PROTECTS. ..
N THE__METER __FROM S
_______ _EXCESSI\VE _CORRENT. . .
<m2, ~ N
. . [p1o4 >
e AN AL WORKING  CIRCVIT, THE VA&l ABLE RESISTOR . _MAY. _BE _IN . . -

SERIES.  WITH.. A _SECOND._ _COMPONENT. _ BAVING A RESISTANCE -

o |TAAT  VARIES.  WITH.  TEMPERATURE, LILGHT, MOISTURE, ETC. (WATER
1S _THE _ VARIARLE _RESISTANCE __IN __THE . MOISTURE.  METER __ON
P 104 WHEN. . THE . _INPUT  SIGNAL . CHANGES ... RAPIDLY, . AN
—JAC  AMPLIFIER __SVUCH . AS THE. _ONE _.__BELOW. .15. . USED.
_____11_A-._.-.B.LEQLAR._,_..I&.Aros.\..s.ToR, Ac F\MPLLFJER__-_A_IHIS ,..LSH-WIHF
. _SIMPLEST.._OF SEVERAL
_— — e BAS\C __AC. _AMPLIFIERS. .. :
e THE.__LOAD _RES|STOR. CRBIAS |l THE INPUT CAPACITOR. . ..
—A __CAUSES. _THE _OUTPUT . L RESISTORAY. oo BLOCKS  ANY  DC N
oy —CURRENT_ TO_BECOME . B TME__NPUT SIGNAL.
A NOLTAGE (ViIxR). .. Vadi - ,
~r B OAD.__|f mrﬁwww,--mgﬁn QUTPUY .
TYPICAL INPUT RESISTOR I e S SIGNAL
SIGNAL INPUT I STV ¥ 0
+iv / CAPACITOR.... L - 7[\ /\ __BIAS
/ ¥ e | N o o st SRR £ 2L - R
N/t ~F———9¢ i N
_ N o - [r122 >
° L e an_SiGNAL e THE  OUTPUT SIGNAL
ANYERTED.
— |TRE _BIAS RESISTOR IS __SELECTED OLTAGE

OF __ARouwT HWALE THE RATTERY.  _ VOLTAGE. THE _ AMPLIFIED SIGNAL
RIDESY _ON _THIS STEADY. . OUTPUT VOLTAGE __AND _VARIES ABOVE AND

RELOW. T,  (WITHOUT _THE BIAS __RESISTOR., . ONLY THE POSITIVE
BMAE__0F  TME _INPUT _SIGNAL__ABOVE 0.6 VOLT. (SEE P 4S) wiLk

RE___AMPLIFIED. _ TMIS.__WILL CAUSE  SEVERE _ DISTORTION.L) TO SEE
ONE WY A WORKING . VERSION _0F THIS AMPUFEIER IS USED,

ITURN.__NOW.__TD P, 122 _AND. LOOK AT THE _OUTPUT. SELTION

OF THE LIGHTWAVE _TRANSMITTER.
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JEIELD-EFFECT TRANSISTORS

___|FIELD- EFFECT TRANSISTORS ( oR_ FF_T_s) _HAVE _BE COME__MORE
....................... IMPORTANT __ THAN. . BIPOLAR _ _TRANSISTORS . . THEY .ARE_EASY.TO_____
................... MAKE..,‘..A!.\I.D,--_.REQUI.RE.,...LESS,_, .....S.I.LI.COM”. S IHERE_._A_AR.&A‘_\..J:wo‘,__/:LA..&o,R...
.............. EET,._..-EAMLL.LE..S.,A,..,..w-T.L).MC.II.ON.- AND L METAL — OXIDE — SEMICONDUCTOR
e )N BOTHL__ KINDS. . AN OUTPUT. _ CURRENT. 1S LON TROLLED BY. .. A _ .
.................... SHMALL._INPUT__VOLTAGE. _ AND.. PRACTICALLY. . NO .  INPUT QURRENT.!
B S GATE

—|JUNCTION _FETs _ S R S
o ITHE__TWO__ MAIN__KINDS. OF l b 7
e |FETs  ARE__N- CHANNEL AND_ P .
o |P-cHANNEL.  THE  GRANNEL N-CHANNEL J.
1 (e

ATHRAT. _CONDVCTS
MOVING. _FRoM .

PSS LAKE A SILICON. _RESISTOR._.
CURRENT

THE . _SouR<E. .

TO._THE __DRAIN. A VOLTAGE

\

SOURCE

fﬁ‘.‘ji'/_f""'."

................... AT _THE _GATE __INCREASES .
| THE _CHANNEL _ RESISTAMNCE N ) _u L
| AND  REPUCES.  THE _ DRAIN= _Ji  P-CHANNEL J
| SOURCE  QURRENT, _ THEREFORE [
. |fTHE __FET _CAN. _BE _USED . AS . “7
JAN__AMPUEIER _OR. A SWITCH. .
........................ O JUNCTION __FET._OPERATION —__ THE _ARRANGEMENT _ BELOw
e SHOWS . Row_ AN _ N~ QHANNEL . FET ___WORKS. A __NEGATIVE
.................... GATE ___ VOLTAGE CREAIES 0. RHIGH _RESISTANCE __ _REGIONS. .
| (THE__FIELD) | A,,..___ms.,.....c.a.m,us,t._ .......... ADIACENT. . TO.__THE _ P~TYPE
i SILICONL. . MORE. GATE _ _VOLTAGE __\WILL . _CAUSE _THE _ FIELDS. _TO
i | MERGE  TOGETHER __ AND __ COMPLETELY. .. BLOCK _ THE _ CURREAT.
|THE _GATE ~ CHANNEL. . RESISTANCE IS VERY _RIGH.,

N MAxm UM .
,..,_C.MR&E.NI..._._..,,.. i —

DRAIN

+|@

— g_,'“.,
* ‘ 40’-.‘
BT {45 ;
SQURCE R SOURGE. . . SOURCE ;J]l!




] MORE _AROUT _TUNCTION _FETs —  SINCE  THEY. ARE __VOLTAGE
[CONTROLLED, . TUNCTION.. FETs . (OR _.JEETs) HAVE _IMPORTANT .
ADVANTAGES . OVER . CURRENT = CONTROLLED _RIPOLAR . _TRANSISTORS: .

1., THE  GATE—CMANNEL _RESISTANCE _OF A TFET IS __VERY

- THERE FORE THE _JFET _HAS
LITTLE __OR NO EEEECT ON EXTERNAL COMPONENTS _OR

CIRCUITS COMMNECTED 0 1TSS GATE.

2. THE __VERY MHIGH. _GATE— CHANNEL _RESISTANCE ___MEANS

PRACTICALLY ND CURRENT FLOWS IN___THE GATE CIRCUIT.

((WHY. 1S THE __RESISTANCE SO0 _MigH ?  THE GATE _AND
CHAMNEL. . _FORM ___A__ DIODE Se._LONG _AS __THE INPYUT

| SIGNAL . REVERSE BIASES THIS D!ODE; THE. GATE___HAS
VERY _ MHIGH __ INPUT Rss;s-mucg)

1S, LIKE __BIPOLAR TRANSISTORS, JFETs _ CAN RBE DAMAGED OR . ..
 DESTROVED  BY EXCESSIVE . CURRENT. . QR ____VOLTAGE .

3 _KINDS . OF . _JTUNCTION. _ FETSs —  JIFETs ___ _ARE __ USED . IN_ _MANY
DIFEERENT __APPLICATIONS . SINCE _ THEY CANNOT ___BE  USED

4_EQ&__.msa.---f?nw.es_m._mgoge.s,___“uosz____A&_&___ms::Au_so__*w SHALL
|PLASTIC . _OR.._ _METAL . PACKAGES. __HERE __ARE __THE _MAIN

 CATEGORIES:

SMALL  SIeNAL AND SWITCAING ,

~ SMAL.___SIGNAL__ TFETs . ARE __USED AT __THE
ﬁ_ INPUT.__STAGE. __OF.__AMPUEIERS. . TO. PROVIDE
\ /1 A RIGH _RESISTANCE __ INPUT .. THEY. __ARE o .

ALSO. __USED AS SWITCHES. -

HIGH FREQUENCY., -

—f = MIGH _FREQUENCY. _JTFETS __ARE USED TO.

AMPLIEY  OR._PRODUCE . HIGH FREQUENCY. SIGNALS

1 JUNCTION _FET _SYMBOLS — GATES _INTERNALLY. CONNECTED. ..

DRAIN (D) D B )
/-\
B TS PR P | P s v.n | D 6],
(€) N
N p
S U
SoURCE('S) N=CHANN EL s
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METAL-OXIDE ~SEMICONDUCTOR _FETs
JTHE _METAL-OXIDE= SEMICONDUCTOR METAL ___INSULA:
e |FET_(OR._MOSEET) HAS__BECOME ____ source [ GATE __ |pram
e TRE ___HMDST _ IMPORTANT _TRANSISTOR. R f
e |MOST_ MICROCOMPUTER __AND._ MEMORY Sz, 2, .
e JINTEGRATED _ CIRQUITS. _ARE _ ARRAYS ZZ7_Z7
of THROUSANDS OF MOSEET s N N \N/
A___SHMALL . _SLIVER __OF _ SILICON., P
WHY.? __MOSEETSs __ARE _EASY _TD N=MOSFET
MAKE ,  THEY. CAN__BE VERY _ SMALL, S
e BAND_ SOME__ MOSEEY __CIRCUIT.S. SOURCE GATE DRAIN
e | QONSUME . NEGLIGIBLE . POWER.
R NeEw _KINDS  OF  POWER  MOSFETS Z. LZ2 Jr
B |ARE _ALSO___VERY _ USEFUL. 7 /<4
B \rJ \PJ
. MOSFET  OPERATION— ALl N
el FIOSEET s ARE  N=-TYPE __OR _P-TYPE. P= MOSEET
e fUNGIRE  THE. JUNCTION. . FET, THE S —
e JGATE __OF A MOSEET. ___HAS__NO
e JELECTRICAL ... CONTACT _ WITH THE -
___________ SoveckE . AND.._ DRAIN. A GLASS=LIKE . . .
e JLAYER .. OF _ _SILICON=DIOXIDE oo
(AN INSULATOR) SEPARATES . ... 0 voLTS (GATE)
e |THE__GATE’S.  _METAL _CONTACT. : X
e JERoM._THE REST OF. _THE || Souace DRAIN_
e J[TRANSISTOR .  — NO
.................. OV W CURRENT. |
_________________ ALV MINUM SILICDON—=OXIDE P
- GATE INSULATOR
—e L CcomTACT N / + 0.5 _VoLT (GATE). . _
Fa—r/;i'—l‘/ ﬂmm.,, ......
1W p_\N/ SOURGE | . Aln
R Sit)con ). T SOME
1 N Pz \N CURRENT.
e A _POS\TAVE __GATE. _ VOLTAGE P
- JATTRACTS  ELECTRONS. . TO
——__|THE__REGION __BELow THE GATE. + 1 VOLT. (GATE). ... A=\
THIS . CREATES. A ___THIN 1 LM
| N=-TYPE.  CHANNEL IN_._ THE SOURGE. Prain_|
AP=TYPE __SILICON _BETWEEN  I—— “ MAXLMUM -
e \THE_ _SOURCE ___AND __DRAIN. N oSN T surgent
ICURRENT _ CAN _THEN. . ELOW P
TRROUGH THE CHANNEL . IAROUND
THRE GATE VOLT.AGE. e
| DETERMINES _THE__RESISTANCE (LT |- - _
OF _THRE _CRANNEL,
o4




0 MORE AROUT MOSFETs — THE INPUT__ RESISTANCE OF THE

MOSFET. IS __THE __HIGHEST QF ANY TRANSISTOR.. THLS

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

 GATE.___PULLS. _ NO — CURRENT.. FROM EXTERNAL _CIRCUITS. (WEL,
IT_MAY _RoRRpw A FEw TRILLIONTHS. OF AN AHPERE_A)

A — RECAUSE __THE . ) 7/ .
& Y .

| GLASS = LIKE . SILICON. OXIDE . =@ 505’"\\
LAYER _RELow. _THE _GATE IS _SO.... . "0 =

0o MUCH __ VDLTAGE OR __EVEN _STATIC i

{ELECTRLCITY

————

THE __MOST _ IMPORTANT.  __CATEGORY HAS __ RBECOME :

THIN IT QAN ___RE PIERCED BY ‘.‘”-,_ }_\___ _._
' 7

EVEN __THE ___STATIC __CHARGE ZAPPED __CAUTION.
GENERATED BY _CILoTHING. _OR A _ CELLODPHANE . .. MOSFET __SYMEoL .

WRAPPER. . CAN . ZAP _THE GATE OF A MOSEET! e

AMD.. OTHER  FACTORS _GIVE __ MOSFET S _ IMPORTANT  _APVANTAGES s .

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

2. MOSFETSs __ CAN. . FUNCTION _AS  VOLTAGE —~ CONTROLLED VARIAGLE .
RESISTORS. THE GATE _ VOLTAGE  CONTROLS.  CHANNEL RESISTANCE, .

2. NEW KINDS OF  MOSFETs. __CAN _ SWITCH _VERY . HIGH QURRENTS . .
IN__ A FEW. _BILIONTHS OF A _SECOND e et i

L1 _KINDS OF  MOSFETS = LIKE JFETS , HMOSFETs _INSTALLED IN . . ..
SMALL  METAL OR PLASTIC  PACKAGES — ARE VSED TO GIVE . .. ..
(AMPLEIERS AN OLTRA=HIGH _ INPUT.. RESISTANCE .  THEY ARE . .. ..
ALSO__ LSED  AS  VOLTAGE . CONTROUED. . RESISTORS _ AND . SWITCHES. . ... .

PowWEeR.,

SPEEDS

(s) (9] (o) e

POWER  MOSFET g AlLow A FEwW e

. VOLYS _ TO.  SWITCH 0oR AMPLIEY
e MANY  AMPERES AT . VERY  FAST

—

G
4l : ] N
) — 3 R | W (—

P N

] MOSFET _SYMROLS — THESE__ARE__THE_MOST (COMMOA. . ...

[SOURCE __GATE __ DRAIN N o

N-MOSFET P-MOSFET




_|FIELD - EFFECT  TRANSISTORS  ARE_ USED . AS. _ AMPLIFIERS,

{ARE  SOME____TYPICAL __ CIRCUIT.  _ARRANGEMENTS «

S

SWITCHES __AND.___ VOLTAGE = CONTROLLED .. RESISTORS.. . HERE. .

e ————

N—— o it e e e e A S o o oo M i o s T —

JO A JIFET_  ELECTROMETER —  THIS. ULTRA- SIMPLE__ CIRCUIT

e 1S THE _ ELECTRONIC _VERSION
e CURRENT e . OF__THE _ _ELECTROSCOPE . . .. —
o METER  —> X< |  THE __GATE. _LEAP __OF_ _AN
AN N N—-CHANNEL .  JIFET IS LEFT
By DISCONNECTED.  NORMALLY
ORAIN. VYL A CURRENT. . FLOWS __FROM

o o ) SOURRE. _TD . _DRAIN. _WHEN
Eb N A NEGATAVELY.  CHARGED ..

S . OBTEQT . CLike A __PLASTIC

SOURCE | r.j’. ................. COMEB._ THAT'S. BEEN.. STROKED
- THROUGH . YOUR _ HAIR). IS
A S _PLACED _NEAR THE _GATE,
L CHARGED . TRE _CURRENT __FLOW _\S
L ROO i REDUCED. . OR____STOPPED..

10 A MDSEET LAMP DRIVER— THIS CIRCUIT SHOWS HMHow A

B X

PUSHBUTTON. _SWITCH J

. POWER _ MOSFET CANn.__BE —

. DSED _TO. SWITCH _ON.__A

ot LAMP.. OR _OTHER . DC
J.. POWERED .. OEVICE, . SINCE .

e THE . POWER.. MOSFET. _____

BAS. AN ALHOST . .

INFINITE _ INPUT _ RE=-

\.12 ,RESISTOR.
-

t NORMALLY . OPEN. .. ... . 4 . SISTANCE ;... THE

A SWITCH . CAN__RE
— —J.. REPLACED. _BY A __TINY

et - e—_— o it o

O A _MOSFET _LAMP._ DIMMER — THIS _CIRCUIT. VUSES. A POWER . .
e MOSFET.__AS A VOLTAGE ..
L NARIABLE . ... CONTROLLED RESISTOR..
/ RES\STOR .. .

y ... .CONTROL

e CORRENT |

| S N

o’

N
\e 107>

S 7 - '




THE LUNETY NCTlON.___TRAN%&Q’EOK_.__..

— ~..._TH,E um:uwcﬂQN TRAM_S_L..IOR. ey EMUTTER
ef(UIT)AS NOT A _TRUE TRANSISTOR. S —
..... Tls  MORE. . LIKE. A __DIODE . WITHR o I —
e TWO . CATHODE  CONNECTIONS. . IT . ;L_-w B B ——
_ |WoRKS _LIKE A VOLTAGE=CONTROLLED f N } R
______mut.ca__,.mo....-_oos CNOT . AMPLIEY. ease 1 EASE. 2
0 u3T_ oPerATION — ) B )
N I 5”2‘: VOLTAGE R
__|CURREMT. _wiLC _ Frow. froM___ . Bz *NE  B1 AN .

vassoamnsnd

oo ond

LTHE .
JTHRESWOLD . .

BASE 1 __TO _BASE 2.
I THE __VOLTAGE. ..
[ THE __ EMITTER __ REACHES
UJT. .
_RIcH.
_BASE 1.

[ON  AND
ELOWS. .. F R,OM
EMITTE R
.\Lox:r.Aé E .,
QURRENT . FLOWS __FROM .
BASE 1

APPLIED _TO. . ..
| CERTAIN. _THRESHOLD . (SEVERAL .
._vm.s).,_.-.__ma_ .

TO0.. THE _EMITTER. . .

N.

T T

SNAL(.

N ——

£ URR ENT

CU&R&NT

..A.__...C..uRR&u.T. I S

SELow me

e NO J'*IGH CURKEMI’

{8 ust symeor — L e

L CURRENT

L TN ——

SYMEOL.. .

OIT  RESEMRBLES T ]

{HOW.  UNI IUNCTION TRANS\STORS _ARE USED

'[HJS

AR RAM G E. M E NT ALLOWS

A VUIT TO. .
EMITTING. .

ELAS.H_,,_.._.A.,_. LIGHT =

JCVRRENT
CAPACLITOR

Diope (Lep).
FLOWS. . INTD. ..
UNTIL. .

THI S

-

..c.u‘sg&m.r., . . .
K CRARGES b

CAPACITOR. _|.

| casnerror |1

_DISCHARGE| |

_CURRENT

......... OIT s  _TRIGGER .

_______ 1S _REACHED. . THE CURRENT | -_J
....... AN THE . CAPACITOR. IS THEN _ _ §
e f"DumMPED " THROUGH __THE A
el LED ... THE _LED GLOWS . .

e JUNTIL_THE __ CAPACITOR. IS .

o DlsmaARc-.ED. __THE. CHARGE—.

w |DISCHARGE cvcaa ‘T'HEN REPEATS.




i i\ SMALL

S THE TH Y R \S TO R OFF \ CURRENT

e ITHYRISTORS . _ARE _ _SEMICON= ( .
e |DUCTOR _DEVICES WITH. _THREE ) PRy | I i
e \LEADS ... A __SMALL . _CURRENT "7 \ \J

AT ONE . . LEAD.._ _ WILL _ALLOW
e B MVCH  LARGER . CURRENT . e .
e ATO._FLow._ _THROUGH. _THE i LARGE
_|OTHER. _Two _ LEADS, _THE ON. CURREMT
L ACONTROLLED _ CURRENT IS ) > v /

o _|E\THER _oN__OR__0EF_. yd Y
: —
=\

................ | THEREFORE __THYRISTORS (= {@SE
............................. DO NOT.__AMPLIEY FLUCTUATING A\ = DF—0—>0—| =2
e ISVGMNALS._LIKE . TRANSISTORS DO
o JINSTEAD  THEY. ARE _SOLID = STATE .. .
A SWITCHRES o THERE ARE _TWO FAMILIES _OF THYRISTORS. , SILICON=__
|conTROLLED. . RECTIFIERS. (SCRs).  AND.___TRIACS.. .. SCRs _SWITCH
DIRECT _CURRENT __AND __ TRIACS  SWITCH  ALTERNATING CURRENT.

|SILICON=CONTROLLED RECTIFIERS (SCRs)

e L THE . SCR___ IS SIMILAR__TO. A BIPOLAR ANOCDE.
I TRANSISTOR _ wWiTH.__ A _FOURTH. _LAYER f_

.\ AND __ THREREFORE . THREE PN __JUNCTIONS. ..

_lIT 1S SOMETIMES ___ (CAWED A 4-LAYER P

o f PNPN.__ _DIODE. ... SINCE IT___PASSES A N

JCURRENT . IN._ ONLY ONE_ __ DIRECTION, P

IO SCR  OPERATION — TIF THE &= cate
I ANOCDE ___ _OF AN SCR 1S __MADE CATHRODE
...........................  MORE. . POSITIVE __ THAN _THE CATHODE
i JTHE __Two . O0LQTERMOST. PN JUNCTIONS. . . .. [
i\ BRE._ FORWARD __ BIASED. _THE MIODLE PN JTUNCTION, HOWEVER, IS.. . .
e N P gl CURRENT CANNOT. _FlLow.
! A _SMALL  GATE.  _CURRENT.
FORWARD RBIASES THE
MIDDLE PN JUNCTION
e AND___ALLOWS A MUCH
LARGER. __CURRENT. . TO
ELO W THROUGH THE
| DEVICE. THE SCR. . .
STAYS ON EVEN IE
e THE  QGATE  CURRENT
GROUND. A | 1S REMovED! (unTit
[ i 1 POWER IS DISCONN F.c'rED.)
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10 KINDS.  OF SCRS —  SCRs__ARE CATEGORIZED ACCORDING To
—fTRHE _CURRENT . .THEY . QAN SWITCH. HERE ARE . THREE. . GENEERAL
e dCATEGORIES  ( Mmui___o_’m&&-__C.ASE_iIlLEi.._AR_.E__-..-A.ZAU.A&LE_)_'-___“w. e,
LOW CURRME‘M T.
f“"“*“‘ Low  CURRENT _ScRs INCLUDE  THOSE .
TRAT SMUTCH VP TO 1- AMPERE AT -
I UP__TD OO~ VOLTS .
e LMEDIUM  CURRENT,
LY ©[ ,,,,,,, THESE SCRs SWITCH UP 10 .10~
S A CAMPERES AT WP TO.  SEVERAL... HUNDRED
Mo YOLTS.  ONE  COMMON ___USE IS SOLID—=
STATE  SWITCHING  FOR . AUTO. . ENGINES. .
RIGH CURRENT., . — — .

e . TRESE SCR < CAN . SWITCH UP __TO
2,800 - AMPERES AT  UP IO SEVERAL .o

THOUSAND . VOLTS | THEY CONTROL MOTORS, . —
e WLGHTS | APPLIANCES  ETC. B

JHOW.  SCRs ARE USED

—JTHIS = ARRANGEMENT. _SHOWS How AN SCR. IS

DSED 7O  SWITCH . ON AN INCANDESSENT =
LAMP, QTHER DEVICES __CAN ___ALSO BE /,{‘ S
CONTROLLED. d hN S -
NS, z/ A §

SN T L AMP \_ _/
T2 NORMALLY. . .
bW~ oeen -
...... PUSHBUTTON .
8} _NORMALLY _ CLOSED A 7 SWITCH
PUSHBUTTON. _SWITCH. P | PusH TO @ -
2 (PUSH__ TO  EXTINGUISH N SWITCH  Nel =< RESISTOR ...
LAMP) P LAMP ON. .
N —] Nl . -
’ - c ﬁ{ Ta l&nov > )
\H ! -
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TRIACS

TRE TRIAC 1S _EQUIVALENT
o JTO _TWO. . SCRs.. CONNECTED
IN _PARALLEL .. THIS. __MEAMNS

TRIALS CAN SWITCA BOTH
DIRECT . AND . ALTERNATING
S | CURRENT s .. NOTICE 7 N
TRIAC..__HAS _FWE LAYERS GATE
PLUS AN __EXTRA N=TYPE

S I REGIoN. . ALSO ___NOTE _How

e, ARG THREE  LEADS ~ MAKE CONTACT
WITH  TWO  LAYERS.

(l‘l:m MAIN TERMINAL
2 (or . AD
/|

v |Zz|viZ

3

S= mam TERMINAL
1. (oR AL)

Z

O TRIAC OPERATION — THE mo,.w.Ea!?.&é.,L..ﬁl..m:S.c_k s THAT

FoRmM A __TRIAC FACE
IN___QPPQSITE DIREC =

- IC:\ TION.S (REV&KSE~—
< e AL PARALLEL ). WHEN
I ) MT 2 USED __TO __SWITCH
HIGH { N ALTERNATING. CUR-
....... S OUTPUT P RENT, _THE TRIAQ
CURRENT N STAYS.._ ON__ONLY
_Ac P WHEN __THE _GATE
VOLT AGE — RECEIVES CURRENT,
CATE N REMOVE. THE . GATE . _
......... Low . M1l L CURKRENT _AND.. AT ...
(X CONTROL ool SWITCHES OFF WHEN.
AN CURRENT I THE _AC PASsEs ..
= e e ). JRROVGH. O VOLTS,. ..
O KINDS._QF  TRIACS — TRIACS , LIKE _SCRs,  ARE _CATE=-
| GORIZED  ACCORDING __ TD___THE . CURRENT. . THEY __ CAN. _SWITCH. _
e, TRIACS __DON'T . HAVE __THE __ VERY __H\GH __ POWER . CAPABILITY OF _
KIGH CURRENT SCRs., HERE. ARE. __TWQO  CATEGORIES: (oo
LOW _CURRENT.
i | 0 Low. __CURRENT _ TRLACS SWITCH __yP_ _ TO .
1-AMPERE AT __UP __TO . SEVERAL HUNORED .
ui . \L ........... VOLTS... OTHER __CASE _ STYLES. _ALSO _USED. .
e |MEDWUM  CURRENT.. . .
Vi N

— e THESE. TRIACS _SWITCH __UP _TO HO0=

e AMPERES AT QP TD 1,000 =UVOLTS. MANY
CASE __STYLES. . ARE___AVAILABLE.

e sy i i s o




1 _TRIAC SYMEOL — REHEMEER, THE _TRIAC IS __THE
SAME __ AS __ TwD REMER’.-.‘.F.:.—....PA&ALLEL_._._._SC&- : e

cer U S

MT2—4 ————— G INT P INIPING  MT2Z— 1

—[HOW_TRIACS AKE USED_

TRIS __ ARRANGEMENT.  SHOWS. Abw _A___TRIAC QAN SWITCH_
ON_ A LAMP___ POWERED By . HOUSEHOLD_‘_ _LINE CU.ER Em-. B
—JMOTORS __AND. OTHER D.E.V..I.C.E.S..... _CAN.__ ALSO _RE COI\JTKOLLED.._._._

e AL o3 NOLT N e NORMALLY.

| TRANSEoRMER T L7/~ e \’ T < Y

b LAMP .EUSHSU.TIQL\!_.. »~

e OPTION AL T PRIMARY.. “ecoNoAiw MT2 &= N

Ly RESISTOR..
N

-
-

e W MELAMP. GLOWS.  WWHEN. R
s 1S CLOSED. | P (N
N . < N ;;:,_PQW£K_.._.__._M.I.I.Cﬁw..,s._,. LOSED e @ﬁ

....CORD AN Ml
|}

................. MTL i
—] TION JM.DO_M_DI_A,aS.EMBLE_‘ |P111 > . .
—JAN__SQR O TK!AC wlu. s.m.‘rcﬂ_.. ._wiTHOQT A GA'TE
.,..__..S.\ﬁb_’A.L___..LF.M..W.,,T{}.l&...-.....V_Q.LJ‘A.G.E.. . Ack.o.s.s.... z'rs _OTHER __TWO.. ...(-..EAos._..
——(REACHES A CERTAIN. LEVEL . (THE. GREAKDOWN. . VOLTAGE)w .

THIS SELE= SWITCHING. . ABILITY. . MAKES . POSSIBLE  TWO=LEAD .. .. ...
e DAY RS TOR S o

| FOUR-LAYER DIODE. B —

_.....A......EQQB.?.ALAY.ER.........DJ.O‘DE...“..‘....J.S A'\J scR w:rH ouT
A _GATE. _IT _SWITCHES . DC . V.O\LT_AGE._.._.._._........ T

it A__DOIAC 1S A _THREE -LAYER. DEVICE _SIMILAR . . .
TO. A PNP_ _ JUNCTION. _ TRANSISTOR  WITHOUT A . ~
. _BASE__LEAD. T SW\TCHES __ AC VOLTAGE.

el




H. PHOTONIC S E M \CONDUCTORS

R _..Eh\_O_'[QNLC ,\s_.___ THE F _GROWING . FIELD oF ELECTRomcs_W.,“
. ._.,,mvg_wmﬁ__.ﬁ...,sa:t l.CoA&D_u_CID.&....,_., ..D..Ev.n CES _THAT _EMIT. _AND DETECT
o LIGHT.  RBEFORE  LOOKING. .. AT SOME . PROTONIC.  COMPONENTS,
CLET's  TAKE . A__QUICK LOOK _AT._ _SOME. _ FACTS. ABOUT. . LIGHT.
I wihhg,
e JLIGHT i |Mter tHere ee uienr...'|
I// |‘\\\\\

LlGHI___lS_ QQMPQ&ED

INECESSARILY  VISIBLE . . ..

oF PART!CLES
RBEHAVE __LIKE w.av.a.s,.. L OF . ENE,&G.Y... ,
AND  ONLY . ...

CALLE D PHoTO NS. THAT B
,,P.Ho.r..o_f..\_l S __ARE NO6T
THOSE. . YouU. . CAN_______

...................... SEE __ARE . COLLECTIVELY. . CALLED . LIGHAT. . PROTONS
| ARE  PRODUCED . WHEN .. AN__ ELECTRON . THAT!)s . BEEN. ...

_______________ | EXCITED T A HIGHER . THAN NORMAL ENERGY. LEVEL. .. ___

.................... JFALLS. . RACK. . TO ___ ITS. . NORMAL LEVEL .

:-__.__ ----- - ww e _: h Exczreo

R Ao — G ¥ (ELECTRONS

o L’ZZZ’ZZZ?_." .......
o VARIOUS. o) IR
LEVELS . .

B V.4

ENERG Y.

LE VEL

: N o R H AL
> . REMEMBER, . PHOTONS _ACT  LIKE WAVES. .
..THE _DISTANCE _ ReETWEEN _CRESTS IS _THE .
 MWAVELENGTH, ELECTRONS . EXCITED. TO o
. HIGHER _ENERGY. . LEVELS _ EMIT _ PHOTONS _ . . -

. WITH _SHORTER . WAVELENGTHS THAN.
_ELECTRONS __EXCITED TD .. LOWER. _LEVELS. ..

X .. Exc.n-e.n ELECTRONS CAN_____

oot RESUME _ THEIR . NORMAL.

r‘[:"’ _\_ . LEVEL. . SPONTAN EOUSL i SR

_.._.o.&., A .___._(?Aamu WATH

sscom) _PHOTON. .. THE . . PROPER _ WAVELEANSTH .
WITH. . SAME ...

___CAN STIMULATE AN _EXCITED. .
LENGTIH.. AS

PUSSESESSY

___ELECTRON. .TO. RETURN.TO ..
FIRST PHOTON 1TSS _NORMAL. LEVEL,.

b2




[0 THE ELECTROMAGNETIC SPECTRUM — \WSIBLE LIGHT. IS

A_FORM.___OF ELECTROMAGNETIC  RADIATION . THE WAVELENGTH.

e dOF  LIGHT _1S.._ SPECIFIED  IN _NANOMETERS (I1-NMANOMETER IS

A _BILLIONTH . 0F _A_METER). THE __DIAGRAM BELOW. . SHOWS

—— JTHE __RELATIONSHIP 0F _LIGHT _TD _OTHER EFEORMS. _QF ELEC—

TROMAGNET.IC RADIATION .

VISIBLE _LIGHT
< X-RAYS ;; ,,,,, ) RADIO WAVES o
<OAMMA _RAYs | ULTRAVIOLET | | [NFRARED | MICROWAVES |
>T< >Te >
i"?m .’1-'nm 1':MM 1-:mm 1LM 1-Km .
WAVELENGTH
l-pm. = 1 PICOMETER | (0,000 000 000 001 METER)
et dznm = 4 NANOMETER .. (0.000 000 001 METER)
iz pum = 2 MICROMETER (0,000 001 meTer) ., M
edd=mam = L MILLUMETER  (0.001 METER) _ THESE LINES ARE
I-wm__=1 METER. (39.37 INCHES) ONE ___MILLIMETER
o Jl-Km = 1 KLOMETER (1000 METERS) (1-wm) _ APART.
|0 THE _OPTICAL _SPECTRUM — uitRaw OLET o VASIBLE _AND. . -
] J&Mb__-._&gwmx _____ ARE TOGETHER __ _CALLED THE OPTICAL . .
,,,,,, SPECTRUM. .. HERE'S AN _EXPANDED DIAGRAM OF _THE.
. JOPTICAL  SPECYRUM & ... . I
................................... ~.GREEN.. \ %_YELLOW‘..____._._.._ 100 % . RESPONSE
. e /\ OF __THE _
N o \ <— ORANGE HUMAN EYE
...... . BLUE — / \
N / \ <— Rep __|50%
VIQLET  —=> / » \ e o
/ o \ _______ NEAR — INFKARED% ""“"'“"'”-'""'“‘“
z ' .' N : —
200 ‘mo soo LO0 .00 200 300 1000
WAVELENGTH _(NANOMETERS) .
..... | MANY. . PHOTONIC = SEMICONDYCTORS _ FEMIT __OR__DETECT _NEAR -
| ANERARED  RADIATION... . SIICON, FOR EXAMPLE., CAN OETECT .. . ..
VISIRLE LIGHT BuT [T IS MOST SENSITIVE IO . . NEAR - ..

INEFRARED AT ABouT S8R0 N, BECAUSE. .. SO _MANY

PHOTONIC . COMPONENTS  CAN.___ OPERATE IN__BOTH __ THE
L VASIBLE _AND  NEAR=INFRARED , . IT’S CoOMMON TO _REFER__.
TO_ _ NEAR- INFRARED _AS  LIGAT.
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{OPTICAL_COMPONENTS o

- OPTlCAL COM.P.Q&EN.’LS.....&OMQQCT,.- BEND_ __OR _CHANGE _THE. . __ __

.Cﬁg.&ac.rc-..kt.srm&__._oa__L_LGAI.__._.SEME_RAL,.,..,,A.BE4 VERY _IMPORTANT
N MANY. . APPLICATIONS. . OF _ _PHOTOMIC . SEMICONDUCTORS: ...

IWAVELENGTH S Y~ C® - FILTER . .. .  WAUVELENGTH

___|SOME__OR._MOST __QF AN
JONCOMING . LIGHT _RBEAM

ANOT __ RE __TRANSMITIED..

1. EILTERS __TRANSMIT N —
lonLY. A NARROW... 7/

_BAnD _of cemicar . A SRL /|

MiSsioN

TRANS=!

J2. REFLECTORS REetger 27| &7 | THOSE WITH A VERY.
o ___SMOOTH SUREACE
§ - _ (LUKE  MIRRORS).

|SOME _LIGKT . .MAY._OR__MAY. ~ M ARE CALLED. .
MIRROR. ... ... SPECULAR REFLECTORS. _

S BEAMS.PUTTERS REELECY {2y A GLASS. . MICROSCOPE .. oo
APART _oF ___AN._ _D&CO_M.L&.G..-W.,W—:VW. _ SLIDE. _MAKES A __GOOD ... _.
JLeHT  _REAM __AND  TRANSMIT ... /.,,} o BEAM. _sPurTER. (EACH .

_IME . REMAINDER Pl SURFACE REFLECTS 4%.)

4. LENSES BENO LIGHT. THE _ MOST. IMPORTAMT ARE B
> be—EOCAL Lwem,, ——

Convezg g_g__s_.“.,w\._::.F_Q‘.CAL__EO.INI_..........‘ _c_gugm ___S_

coqux ._QE___SE.S__..._.A&& ______ QETEN. . USED. . IN _ CONJUNCTION wITH  SEMI=.. .
CONOUCTOR . LIGHT  SOURCES.... AND _ PETECTORS. . FOR . EXAMPLE, THEY. .

ICAN. _ COLLECT. _AND _EFOCUS LIGHT. .ONTO. . A _MINIATURE . OETECTOR. ...

. ITRANSPARENT.  GLASS. . QR _PLAsSTIC .S
ATBAY __CconDLueT LIGHAT THE —

_JBLASS.  FIRERS.. ARE _MUCH. __Mos&..___

ITRANSMIT . SOME  WAVELENGTHS .

S OPTICAL  FIBERS _ARE _THIN, . AN
AFLEXIBLE .. STRANDS . OF RIGHLY. . . T wkscccac -
CLADDING .. .
~ CORE. ...
. LlGHI_--_,TRAMELS-__IH&QL)@H_._A_MCAQ};A&....,_._A,_..__....‘.....,‘,..,,.._
_|SURROUNDED . BY A THIN CLADDING . o
PLASTIC . FIBERS. _ARE INEXPENSIVE .

Jp——————

N GLASS is.. HUNQREDS- et
_,;; o OF TIMES GLEARER.. .
o |eeAasTe* g
IMUCH _ BETTER ___THAN.__ OTHERS.. A N 2
IRGH.__GUALITY. __FIBERS _ ARE__USED & | N S -
D SEND . TELEPHONE. CALS _ ANO . 400 S0 Goo oo 8oo Qoo 000

1ComMPUTER.  DATA_ VIA__PULSES OF LIGHT. .. .. . wmu:—. LEMGTH om)

S | '"'""'”.ﬁ.'_ﬁff.,)."f','"ffﬁ;lﬁf'f.ﬁf'f..'_jjff."ﬁfﬁ'ﬁ"_'fﬁ[_f,_ffff....jﬁ_l_.ﬂ_

ATRANSPARENT. . BOTH __KINDS




HOW._CONVEX LENSES ARE HSED 2

MANY.  _SEMICONDUCTOR . LIGHT _SOURCES. . -
AND _ _DETECTORS . ARE __EQUIPPED ZIESSN
WATH A BUNT=IN _ CONVEX __ LENS. . (7. N A
[THIS. . PAGE __ EXPLAINS __WHY. _AAD N J
SHOWS  How. __EXTERNAL _LEAS.  ARE S,
A A A A l‘l -
PSED _ wiTH __SOURCES AND DETECTORS. : U —
(.
IO THE  INVERSE SQUARE. . LAW.. 4 -
1/9s " /ey
o INTENSITY.S 1y 1/4y e S
LIGHT. .....\_.\. 1/ W —— J " Q ot
SOURCE ‘,@ , —_— .
f— N
o
EAMOUS EACT i LIG AT TRAVELS |
186,291 MWES PER._SEcOND!
l.‘
fAS._LIGHT __FROM. .__ A __VERY . SMALL . SOURCE _ SPREADS. QUTWARD, _ITS
HNTENSITY. 1S INVERSELY.  PROPORTIONAL  TO . THE . SQUARE _OF __THE
DISTANCE . _IN.__OTHER _WORPS,  I(F._THE _DISTANCE IS 3, THEN
THE _ INTENSLIY. _iS 1 /9 _THE _INTENSITY. WHEN. _THE. DISTAMNCE. 15 1 |
A__CONVEX.  LENS _ CAN _ CANCEL . THIS __INTENSITY  REDUCTION, .
(1 THE _CONVEX LENS. - .
ATHIS 1S A COLUMATED BEAM. _ o . .
L SOURCE D) R Pl -
P ,/ it} THE _ ACTUAC... BEAM _SPREADS ~
..“:,_\__ W (PWERGES).  LIKE_THLS —-\\ -
o Clews T — — — ¥
[THE _GEAM.___SPREAD  ANGLE - ¥
((THE._Q\VERGENCE) IN__RADIANS acwa. [/ -~ \\ N4
1S __THE _DIAMETER _OF _THE LIGHT \ A AWENE
\
ISOURCE _ DIVIDED . BY THE FOCAL ... . BEAM < 4 - | DiAmETER
[LENGTH _OF  THE LENS. THIS ___ DIAMETER \_ |= —A—t— §
IMEANS _ LENSES  WITH _LONGER ¥ —

EOCAL _LENGTHS GIVE NARROWER AVGHT SENSITIVE _PORTION _OF DETECTOR oo
BEAMS. (BUT LENSES WITH LONG ) : N
LFOCAL. LENGTHS  COLLECT LESS ... WITH _CAREFUL LENS PLACEMENT

LL\GHT. . THAN. __THOSE. W J.IH..._.,.SH.QRJL....w,.--.__Q;la\L___m&.__LLél-LT WITHIN __ THE
[EOCAC LENGTHS o) _DASHED __CIRCLE CAN _BE FOCUSED
CNTO T™E LIGHT SENSITIVE
P ONE _RADIAN IS, S7.3 DEGREES. PORTION. _OF THE DETECTOR.
(THERE _ARE._360° IN A CIRCLE.) __ (SURE BEATS THE INVERSE SQUARE. LAw!)
&5




SEMICONDUCTOR LIGHT SOURCES

WREN BOMRBRARDED RY Pl

&\ P .
LIGHT, HEAT | ELECTRONS . N\ L
AND___OTHER T—Eagms OF (\\B\\\ R é)';f/; v
ENERGY. ., MOST __SEMIi= NS LA R,
(CONDUCTOR . QRY ST ALS “.%.3@-,- Z o & )
WiILL _EMIT _ VISIBLE __oR / = /"’ﬁ LIGHT
INERARED  LIGHT. .. THE ELECTRONS. Yy L) _(enorons)
BEST _ SEMICONDUCTOR — .

- v {ir N { ¢
[LIGHT _SOURCES , MOWEVER, _ SEMICONDUCTOR SN

ARE PN __SUMOTION _ DIODES. . ... CRYSTAL N HEAT

LIGHT EMITTING . DIODES

THE  LI\GHT. _ EMITTING

RDIODE . CONVERTS AN

ELECTRICAL  CURRENT. .. .

L DIRECTLY _INTO LI\GHT.

TREREFORE THE _ LIGHT

EMITTING _DIoDE _(LED)

iS MORE. EEEICIENT  THAN

MANY.  OTHER  (IGHT SouRCES. =

Ol LED  OPERATION—  THE _ FCORWARD.. VOLTAGE.  ACROSS. A .

DiopE MUST EXCEED A ___THRESHOLD LEVEL __REFORE A

LJOURRENT  CAN . CROSS THE _ JUNCTION. . FOR  SILICON | WHICH .

EMITS A TINY AMOUN.T. OF NEAR-m:RAmED_., THE _THRESHOLD.

IS 0.6 VOLT. FOR __ GALLIUM. . ARSENIDE ,  WHICH EMIT.S. . CON= __

SIPERARBLE . NEAR= INERARED ,  THE _ THRESHOLD IS  1.3=VOCTS.

THIS VOLY A6.&.,,..WE.X.QI.;g_S._..._I&E.__-E.LECJ.R.OMS WHEN THE.
ELEQCTRONS _ CROSS.. _THE __JUNCTIOAN.  __AND.. QOMEBINE W.LTH

HOLE S y THEY EMIT PHOTONS.

FORWARD __ BIAS REVERSE _ RIAS.
.-‘-..',...— ————— 7 ‘ L,'— \ —
= T v A
UJ\\)\\P N N e
----- —— o ot
el 0 % - - -« | g°
[ o:g:\_ - # -.. P - o Qo }a
PROTONS. _|O ofl”’” = ~—% |5 ¢°
S ELEQTRON _FLOW NO.__CURRENT __FLOW
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0 _MORE APROUT LED OPERATION —  HERE _ARE _ SOME. . KEY

|ASPEQCTS..  OF . LED. .

OPERATION. . YOU. .  SHQULD . KANoOW. .

ABOUT s

e

|.—. 1. THE

AIGHT _EMITTED . BY. .

v
. N IJ

f AN

)NCANDESCENT LAMP

______._._C.ONTA IN S

_.THE _ LIGHT EMITTED Bv

- .,LE.D,...‘...

HRAS. A

NARROW. . . WAVE.:.._.....__. L~

J.  LENGTH. . RANGE. (THIS.. |
___BECAUSE ___THRE__ELECTRONS. .

2.

-\VH EM
S TO..CON D__U.C.T

L INGREASES .
L WHILE . THE .

L RARID

JWILK
| AND...
4 LEADS . .

e TO._CU RRE.N.T

4 THE

AN.. LED.
. THE  YOLTAGE.

OVERHK E‘AT..,. _THE .
POSSIBLY. . .
OR ..
........... CONDULUCTOR .

.. TRIS. . _MEANS.
fen FOR __TRANS M
LIGHT ...
} - CVERHEATED .
DECREASE. ..

| _BE

DAMAGED. . .

foe TRE _LER.__ARE ALL EXCITED. ... ...
L JO.THE _SAME. .

LEVEL.) .

GRAD gaLLY
CURRENT .

~MUCH. CURRENI........_._.‘
LEO. . ...
SEPARATE . THE .. .

CHIP. ...

_ PROPORTION AL .

LEDS __ ARE .

ITTING.

LED .
THE .

BEGINS .. .. ..

LEOQ. _MAY EVEN. . ..

.wAv‘E.L.EN .G.TH‘,.. N M)M..

3oo '~:oo soo o0 ‘760 goo 906

. Y e 3 88 b

MELT  _THE. . SEMi~____ ... .©O .

LIGHT ouTPuT

QVERHEATING. .

LIGHT EMlTTED BY AN -

S... DIRECTLY.
THROVGH. THE LED, .
ADEAL . ...
INFCRMATION. ...
OUTPUT.  FROM AN _
WILL _SOON . .

1 1 S

o)

20

4O .

.80 .10 120 .

_.H, THE _FORWARD __

FOR waao

CCURRENT..(MA)

VOLTAGE ... ..

WAVELENGTH (NM).

o AND  WAVELENGTH. .
[ LED _ _ARE

| THREREFORE _IT's

OF AN
L PDIRECTLY RELATED. |
NOT _ ALWAYS ... |
POSSIBLE . TO SUBSTITUTE ...

S6S..
590 .
18

e PIFEERENTY. _LEDS.

WITHoOLT |

CRAANGING .. THE

VOLTAGE ANOD.__ | .

e CORRENT. ..

MANY  DIFFERENT

| SEMICONDUCTORS. .

ARE. _WSEO. | .

L90.

| s6s  (ereen) |
CYELLOW)

(ORANGE)
640

( RED)
( RED)

(INFRARED) |
(INFRARED) |

z.2.

2.2 -3.0

22-30|
- 2.0
1.8 -2.7..

16 ~2.0.

20-25 | .

_TO._ MAKE _VARIQUS LEDS.. _(INFRARED)
_VISIRLE . LIGHT EMl'rruué LEDs

..,E.H.!,T_..,.‘,,‘U‘?,.....TD.H.A‘..MMIL.LI..WAI.T oR so oF Powen.,.

,S‘..O../,"IE ..... -

VOLTAGE | .

.1,'2._1—14 G I
1.3 -1.7 | ...

m ..... INFRARED  LEDs (LIKE . 880 NM__uN) r_s)_ L EMIT 1S oR.__IMORE

o MILOWATTS! (A FLASHLIGHT. EMITS. 10 0R._ MORE MILLIWATTS.)

e s

&7




QO KINDS _OF LEDs —  SINCE REFLECTOR
THE __LED 1S A LIGHT . SOURCE,
IT's _ RELPFUL. _TO  KNow. . WHAT S
| INSIDE __THE _PLASTIC _OR METAL
LED CASE . SHOWN HERE IS

A__TYPICAL _LED THE __HEANY

LEADS MELP ___ CONDUCT _HEAT _AWAY LED. ]
EROM.__._THE CHIP THE _REFLE CTOR CH!IP
COLLECTS . LIGHMT. _EMITTED _FROM ..
THE EDGES OF THE _CHIP. THE FLAT
e JEPOXY. 1S USUALLY. __COLORED MARK -~
] WHEN. . THE ____LED IS _A_VISIBLE B T
LIGHT. _EMITTIER. LIGHT _SCATTERING P -
PRRTICLES.  ARE . _OFTEN. . __ADDED _TO CATHODRE . ANoODE
THE _EPOXY. _ THIS _DIFFUSES. THE LEAD T"'J."EAQ_"—
LIGHT . AND CAUSES . . THE. _ _END
OF _THE ___LED _TO APPEAR _BRIGHTER \_ \_

VISIBLE _LIGRT . LEDs.

THESE __INEXPENSIVE _ LEDs _ARE ___USED _AS
INPICATOR __ LIGHATS. ... CERTAIN. RED LEDs
ARE _USED TO _ TRANSMIT.  INFORMATION. .
MOST. _ARE _ENCAPSULATED . IN __EPOXY. —

e MANY  KINDS  OF LED . READOUTS .
CAPABLE . OF _DISPLAYING. _DIGITS _AND

e MAUCH . MDRE  CURREMNT. ...

INERARED LEDS SHOULD . BE_ . CALLED
o NERA RED  EMITTING DIODES..  THEY
- ARE DSED  TO __TRANSMIT __INEORMATION. .
o THEY. _ARE  ALSD  USED IN __INTRUSION .
..... ALARMS. . REMOTE . COMTROL . DEVICES 4
ETe. .. A___SPECIAL _KIND ___CF . INERA=-.
— ReD LED 1S THE __DIOE LASER. .
SOME __EMIT __SEVERAL WATTS ' —

|0 1ep  symeoL..

BOTH. . SYMEBOLS - _
SHOWN __HERE P_IN
ARE _ULUSED. ANQOE CATHODE

NN




HOW [ EDs ARE SED

LED s CAN.___BE __POWERED ____BY __ CONTINUOUS.. CURRENT . OR

e BY __BRIEE  PULSES _OF CURRENT. . WHEN OPERATED
e CONTINUOUSLY o, THE __CURRENT _CAN __EE _ VARIED TO CRANGE
—TRE _ LIGHT OUTPUT.,

D LED  DRWE CIRCUIT —~  RECAUSE SERIES _RESISTOR (Re)

|PROTECT _THEM __FROM. __EXCESSIVE SUPPLY
] QURRENT WITH A _SERIES. RESISTOR. 1< voirrace

LEDs  ARE  CURRENT _DPEPENDENT., m
TS USUALLY NECESSARY. . TO

_—

A
[
[>)

SOME . LEDS INCLUDE A BultT ~1a

) SERIES  RES\STOR MOST ..Do_ NoT.
e TS IMPORTANT TO. _KNOW  HOW J__LED

¥

o
¥

AN

|TO _DETERMINE.  THE REQUIRED l(.WQ.HB,S.E.N.T

I1SERIES RESASTANCE  (Rs).  THE  J °= > <
| FORMULA 1S3

Re = SUPPLY VOLTAGE =— LED VOLTAGE oo Pe o V- Vied {P.112:>
_LED __QURRENT. ... Iiep

EXAMPLE . SUPPOSE.  YOU.  WANT _TO. _OPERATE A RED.__LED AT
A FORWARD __ CURRENT. (I.ep) _ OF _10-MILLIAMPERES _ FROM. _A

dS=vorT  _SuPPY. KM Miep. . iS.  1.7=vorTs. CEROM. . DATA . _SHEET).

. |THEREFORE _Rs 1S (5=-2.7/0.01 _0OR _330- OHMS.

...... L S S S

IO LED  POLARITY _INDICATOR — <
|TWO  REVERSE. = PARALLEL P [N MINUS. LED .
|LEDs _FORM A POLARITY

- VOLTAGE IS _AC. _THE. _SERIES YT S i —
| RESISTOR __MUSY _BE  wsep | [P112 > \ ProzE < _

A ¢

L INDICATOR .. _.B,OIH“.,.”.Z..E.D.,s......____G.Robun:. < AN N
_GLOW __IF.__THE __TESTED N | P ......,-,-Rg_u.s.......g.ep_)

| LMUM.___LEVELS. | I T
MAX VE - j‘ Q.

[J PULSED LED — WHEN. . OPERATED __ CONTINUOUSLY , AN

JINERARED  LED  MIGAT. HAVE A MAXIMUM. CURRENT. .. OF

1O - MILLMAMPERES. . WHEN __DRWEAN __BY RRIEF . PULSES OF ..
[CURRENT , THE SAME. _ LED MAY _SAFELY. _AQCQEPT HUGE 10= . ..
| AMPERE. __PuLSES! e
I NOTE R 7~ 2\ YOI .
A _SERIES. _RESISTOR. f o A BT R D
IMAY.. .NOT . BE_REQUIRED. .| PULSE . A I

|LE__THE _PULSES . DO GENERATOR| > D~ @

NOT.___EXCEED ___THE b AN s

SPECIFIED FOR_THE I.E_Q,_.._.l__/> ___PULSEDOUT_PUT .......
2126 )
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SEMICONDUCTOR L IGHT DETECTORS

ENERGY _ENTERING A e,
SEMICOND UCTOR CRYSTAL ROLE e EXCITED
LEXCITES. ELECTRONS _TO _ . @ ~, ELECTRON ____
e |BIGHER  LEVELS , LEAVING D N .
BERING. __ HOLES. THESE B S ~2 o, T CcRYSTAL
ELECTRONS __AND _ROLES. CAN I PN L)
RECOMBINE _ AND _EMIT PHOTONS, 25 ;W b +k ~

QR .. THEY _CAN MOVE AWAY. FROM ___  ELECTRON. ___HEAT PHOTON
ONE __ANOTHER AND _ FORM A

CURRENT.  THIS Is THE RBASIS.  OF  SEMICONDUCTOR  LIGHT

(QETECTORS.  THERE . ARE _TWO MATOR _CLASSES __QF .

[SEMICONDUCTOR  LIGHT _DETECTORS , THOSE _WITH ANO THOSE

WITROOT. PN JUNCTIONS.

PHOTORESISTIVE [\GHT DETECTORS S g 7

PHOTO RESISTORS ARE _ SEMI~ / .. @ 'jL_PJ:LQIOMS__
CONOUCTOR. . LIGHT _DETECTORS. . N RV B A it
WITHOUT AL PN JTUNCTION . 2 O N & @h ::Q: W
THEIR. _RESISTANCE IS _VERY PN t SN
HAGH. __(UP_TO _MILLIGNS. OF _OHMS) Q _PHOTORESISTOR A
[WHEN MO LIGHT IS __PRESENT. ... /* CURRENT 9
e f MR EN  JLUMINATED THEIR o

e |RES\STANCE S VERY. . LOW. R
JCHUNDREDS __OF _OHMS). .

0] _PROTO RESAISI.O.R::__QP:ERAILQNJW_...E.LE,CIRQN_-‘.E:_\ - ng
= (=

2.

TRIS. _PANEL _SHOWS _How A lproton )| @ O =CH
PROTON __CREATES A HOLE-ELECTRON| [%s 2 | b ] ._}\m.m_../_..im
PAIR. AN _EXTERNAL VoLTAGE | A ©7 1 . é. | \wore |

|WILL _FORCE THE _HOLE __AND B | note |eecTrON |
[ELECTRON _TD __MOVE. ’ 1. 2. 3

e LTTLE \ fjt\ y. —\ HicHd . I

P a
CURRENT K_\ _— :v.A_.c.uRRENIwM-mhfﬂ_l.-lGHT

12 ,mw“__— (\\/é
= () ‘/,/‘V’l - /

...... 0ol& ,
= | @ | A A‘L ______ __THE__BATTERY

- B (S XS1E " Sna N LV __PROVIDES. THE FORCE
u A. Y = TO._MOVE _THE. ELECTRONS. _

e — AND _FORM A __CURRENT,




100 MORE ABOUT. PHOTORESISTOR  OPERATION — HERE ~ARE SOME
IMPORTANT. . ASPECTS OF  PHOTORESISTOR OPERATIOAN. &

et 1. PHOTORESISTORS _MAY _REQUIRE A FEW MILISECONDS OR
MORE ___TO  EULLY _ _RESPOND TO. A __CHANGE N _LIGHT

INTENSITY  (THAT'S PRETTY._ _Stow).  THEY.  MAY REQUIRE
MANY MINUTES TO _RETURN. _TO . THEIR NORMAL DARK
| RESISTANCE _WHEN _ LIGHT. IS _REMOVED (THE MEMORY

EFFECT).
AN NAAA A
2. . THE SEMICONDUCTOR _ MOST > /\ CADMWIM
| _OETEN. ULSED  IN__PHOTORESISTORS 3 / SuLEIDE
1S _CADMIUM. _SWLFIDE , _ITS = / PROTORESISTOR .
NN NI NI NAN P e T e —
SENSATIVATY. .. TO. LledT 1S _VERY 7 / \
SIMILAR __TOD___THAT _OF _THE 5 / N\
| HumMaN__EYE! teap SutEpe M| o N ]
1S__USED  TO  DETECT IMNERA=— 300 400 500 o0 700 @00 Goo
RED  (ouT TO 3~ MICROMETERS)e o WAVELENGTH _(NM)

L KINDS  OF _ _PHOTORESISTORS—  MANY DIEFFERENT _KINDS
ARE __AVAILARBLE . IN_MOST _THE
= _ o LAGHT _ SENSITIVE . SEMICONDUCTOR . IS
: K\\ il COATED RBETWEEN (NTERLEAVED _ELECYRODES
TO  INCREASE _THE EXPOSED SUREACE
A PLASTIC. OR._GLASS. _WINDOW . MAY
. OR..MAY. . .NOT _BE __ USED.

|00 PHOTORESISTOR  SYMBOL. Q. NN
_l8oTh _SymMBOLS _SHOWN 6 AAA \) \/ /}/U\>
| HERE _ ARE _USEO. < N
HOW PHOTORESISTORS ARE _LISED o
[P114 >
—|PROTORESISTORS  ARE @ ) -
_JUSED IN_ LIGHT . CON= STy < POTENTIOMETER (1o'zERO!

_|TROLLED _RELAYS AND (7

Z\THE CURRENT METER)
el GHT_METE RS,

~

TR EIEONE Y S —— A ﬁ. R - ~ea Y RN A L OB P4t ARE B e e et e
A\ O 3 AN s R
—{B_LIGAT _METER. . (& A
_|THE ARRANGEMENT ______ © S -
_{SHOWN HERE _INDICATES Pl = D7
—tON A CURRENT. METER. ___ f=xr i Ul e
THE _ INTENSITY. _ OF CURRENT % Q:" L
LIGAT __JLLUMINATING _ o METER . JQ}‘Q &
A__CADMILUM__SULFID E T |
—|PROTORESISTOR. . -mJ_




PN JUNCTION [ IGHT DETECTORS.

PN_JTUNCTION _ LIGHT __DETECTORS o

EORM.__THE __LARGEST. FAMILLY ';“_ .

|OF . PROTONIC. _ SEMICON Q,UCJO&S.___.-{;. e RES

MOST __ARE _MADE ___FROM._SILICON.____w | =~  OF SWICON

|[AND _CAN __DETECT . ROTH VISIBLE. __L;L. PN_TUNCTION

lLicHT _AND __NEAR-INERARED. . "¢ L
oo SOO wo 700 80 Q0 1000

w E\VE LENGTH (NM)

PHOTODIODES

X ( eoOFco=co= @3\ e
ALL PN __JONCTIONS  _ARE ___LIGHT -

SENSITIVE. _ PHOTODIODES _ ARE PN - : i
JUNCTIONS __SPECIEICALLY. DESIGNED H .......... e &
EOR.__LIGHT. _DETECTION. . THEY.  ARE - & &
USED. . IN__CAMERAS . INTRUSION. ALARMS, Hl & D= =D
LIGRTWAVE _ COMMUNICATORS , ETC. =

5 Borobions oPERATION. | TP T SemmvT R 3
A_PHOTON. Wikl CREATE A pote- | YW N LI rnj | 1?" o
o _|EtECTRON _PAIR AT A PN __|_ 4L 1 L
e lzuncTiON. A _cupRReny Wit Flow | | © ||| o} | S -
\f_THE _Two SweEs of  tRe | fe 1 | |P ? _.(P }_QL_
e MTONCTION _ARE  CONNECTED.  TWO ELECTRON HOLE HOLE 4 —
OPERATING. __MODES  ARE  POSSIBLE S e

1. PROTOVOLTANC

HERE _ THE _PHOTODIODE
1S JLLuM N.A_I&DA_.N...

_OPERATION —

| BECOMES A CUR &E.N.'L-.. L SOURCE  WHEN _IT

11 = — —
f—lR NO _QURRENT
r\h\\CURRENT FLow fl
{ |« PN <~ e
. L_—__"‘_] e LJGH.T e
- I 2. PRoTOCONDU. c TWE ~
Ll T]‘LE____ o . OPERATION.—  HERE . .
_CORRENT ....THE PHOTODIODE __\S .. .. -
e S REVERSE - BIASED. A .
~L. o CURRENT _ FLOWS . WHEN
= ,...._.,_-_Ilr\.E.._..._-EN...‘.A.T.Uth'.Tl.OuN___iS ______ —
ILLUMINATED. (WHEN
eIl _DARK, A _TINY _CURRENT .
_CALLED _THE DARK .. —
= ~  CURRE NT. _WILL
= A _Flow.)
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__JOKINDS. __OF._ _PHOTODIODES o /T WINDOW

— ) SHOMIN.._ HERE __I1S. A __TYPICAL

AN A
__|PROTODIODE . MANY._ _OTHER ~—

_|CASE __STYLES _ ARE _ALSO.__USED N\

. |CPLASTIC _ROUSING., _ BUILT.= IN . Bl \\E

_JLENSES __AND _FILTERS., ETC.). L EED YD)  ean

_ITHE __MOST _ IMPORTANT __ DIS -~ = =

TINCTION 1S THE SIZE__OF \

__|THE  SEMICONDUCTOR. . CHLP. —>l _cmip  |l=—

__|SPECIALIZED _CHIP._ DESIGNS ANODE CATHODE

I MAY RE__LSED. . TO _GIVE LEAD LEAD

_|RETTER. __RESPONSE _TO_ __CERTAIN U

—JWAVELENGTHS _OF LIGHT.

....... EAMOVS.  _FACT: LEDs cCcAn

— ) SMALL __AREA . _PHROTODIODES . ]  BOTH _EMIT__AND. DETECT LIGHTI]

i e A7/ — X THESE. . PROTODIODES _HAVE _ VERY _FAST

ol , T h___ RESPONSE.__TIMES.._WHEN__USED N __THE
_REVERSE — BIASED. _ PHOTOCONDUCTIVE MODE,.

e JHQUGH __ SLOWER  RESPONOING  THAN _ SMALL

AREA. PHOTODIODES , THEIR _LARGE. _ AREA

e PROVIDES  BIGH  SENSITWITY,

|0 _PROTODIODE.  SYMBOL . | cATRODE ’j. i 4y
__|BOTH __SYMBOLS. _SHOWN._ 5 4 P

_|MERE __ARE  USED. - A — D —¢  A—{ D¢

e ! o
,_...,_E..,ANO DE

_IHOW__PHOTODIODES __ARE USED

_|PHoTODIODES  ARE 2 N .

—JCOMMONLY. . USED  TO b .#ﬁ ~ POTENTIOMETER

—|DETECT __FAST PULSES [(ZN-tz).  (TO CALRBRATE __THE
L JOF _NEAR___INFRARED |___METER)

IS
JCAS 1N LIGHTWAVE I | /—\ 114 >

_ |0 L\GHT _METER. |[
TS ARRANGEMENT. . ~EA

__|PROVIDES A BASIC o CURRENT —L| &
. |PHOTOCONDUCTIVE _MODE METER -
o JLVGHT _METER. TS

—JRESPONSE 1S _VERY LINEAR. _ . P__N




PHOTOTRANSISTORS

EMITTER BASE
e JALL . TRANSISTORS. _ARE _LIGHT | F
B - VSV PR SS—
JEVCALLY. DESIGMNED /
TO. _TAKE___ADVANTAGE _0F THIS W)
IMPORTANT . PROPERTY. LIGHT P J
N

—— JSENSITIVE  FETs ARE AVAILARLE, |
n* COLLECTOR

RUT THE MOST COMMOAN_ PHROTO~

TRANSISTOR 1S AN___NPN _TUNCTION

TRANSISTOR _ wiTH A LARGE ., PROTONS
EXPOSED  BASE REGION.  PHOTONS LN N o
[ENTERING _ THE _ RASE  REPLACE THE Q@ e-Ya
[BASE~ EMITTER _ CLURRENT _OF S |e A
OROINARY  NPN __ TRANSISTORS. — =CO=CDe=lnfln. LECTRON
THEREFORE A PHOTOTRANSISTOR V/

— |DIRECTIY  AMPLIEIES  VARIATIONS ____ NOTE: .
LIN__THE  NUMBER OF  PHOTONS.. ... .. BASE __LEAD IS _OPTIONAL.,

N— ___Two ._'!'.YPES OF
NPN  PHOTOTRANSISTORS —_ARE  AVAILARLE . ONE 1S AN NPN

OVE., THE __OTHER INCLUDES.

A ___SECOMD TO PROVIDE ~_MORE _ AMPLUEICATION, .
S i

DARK

2. PHROTODARLINGTON

| __TRANSISTOR . | N X

1 T La
o ——:—D 4

LIGHT [ =1 4 - P N" i
THIS ARRANGEMENT ' — | I coggent |/
1S VERY  SENSITIVE | 1| > !

A 1 T

BUT. AT IS SLOWER N

THAN___ORDINARY . NPA | ] I
—e | PHOTOTRANSISTORS. T e |
Born  TypEs  MAw OB o— -,

MAY NOT HAVE A RASE LEAD. \
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O KINDS . OF  PHOTOTRANSISTORS . /‘ EPOXY.
—JSHOWN . HKRERE _\S___A TYPICAL = LENS
e LOWL_COST. . NPN.___PHOTOT R AN
MANY _ OTHER __ CASE _ STYLES \\ ELAT
—JARE A0 USED (METAL CANS, Nt / MARK
GLASS LENSES, FLAT WINDOWS, » e =
—leTe). IMPORTANT: _THE _BASE S
—JLEAD  MAY _OR __MAY_ _NOT._ __RE ) !
—JPRESENT . ___ MANY _PHOTOTRANSISTOR — “—
—JCIRCUITS DO NOT. __USE _THE _ COLLECTOR EMITTIER
BASE CONNECTION., LEAD (/ ~ 4 LEAD
— BASE
=3 ﬂ P \ LEAD
ﬁ @// _& > S GLASS (QPTIONAL)
i [ U M rens
—|THESE _ARE __TYPICAL _ GHOTOTRAM.SJ STORS.
IO PROTOTRANSISTOR _ SYMBOLS.
S 1e O 1< N ¢
X /e X 2 /o
. (\%i) m.-,,_s:%g.m@z) =)
¢ B — N ._E 4 — (e
o NPN_(NO_BASE LEAD) PHOTODARLINGTONS
_HOW__PHOTO TRANSJ SIORS __ARE USED
—|PROTOTRANSISTORS _ARE ___QFTEN
—fUSED __TO _DETECT FLUCTUATING (AC)  PHOTODARLINGTON
e JLAGHT  S\GANALS.  THIS _ARRANGEMENT. _____ TRANSISTOR.™
—JUSES A _STEADY. (p¢) e
_LIGHT.__TO ENERGIZE _ (F— ), ¥
A _RELAY. .. |l.THE DioDE " )
- PROTECTS THE |
4 TRANSISTOR P ,
RELAY T FRomM_VOLTAGE | [N | — I
s = p— PRODUCED _IN Y l o ~
S = THE RE(AY. colL. | Inle | o9
<= = = 3 — NN
I | - —— — — >j_.
S AN Lgur 2~/
\\\1 . e IS
RELAY CONTACT LEADS 2 11‘1>
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%4‘"“ PHOTON

PROTOTHYRISTORS . e

——

=

N’

e

PHOTOTHYRISTORS._ARE__VARIOUS _
KINDS _OF LIGHT-ACTIVATED . %@

THYRISTORS. YOU. . CAN_THINK ___
SWITCHES.  THE . MOST IMPORTANT.

QF __THEM __AS  LIGHT- ALY
MEMRBER __OF _THE___FAMILY. 1S

THE __ LIGAT=ACTIVATED __SILICON oY\

[CONTROLLED _ RECTIFIER. _(LASCR).
LIGHT. . _ACTAWVATED __TRIACS.  ARE

B ALSO. . MADE. NEITRER AN F Do ({“-®== —
e ISWITCH __AS.__ MUCH. _ CURRENT ¥ oo —i(=
[ AS __CONVENTIONAL _ THYRISTORS.
LIGHT ACTIVATED. _ SCRs _ (LASCRs) . . o
TO._ _IMPROVE _ THEIR SENSITIWITY._TO  LIGHT, _ ANODE o
e THE __LASCR_ 1S MADE__ THINNER __THAN M =
............ STANDARD . SCRs..  _ THIS LIMITS _THE __AMOUNT . I>
R 0F  CURRENT . THEY. .CAN._ SwWwiTCH. FoR . . kY P
,,,,,,,,,,,,,,,,, HIGH . CURRENT. .. APPLICATIONS A ol PN
— _JLASCR ___ CAN _BE. _ USED _TO TRIGGER . LIGAT . IN_P | -
A____CONVENTIONAL _ ScR. o SENSITIVE NN
e AREA e
O KINDS  OF  LASCRS CATHODE __GATE
oD MOST__ LASCRs . CAN__SWITCH 0P TO A __FEW.
S T 1| _HUNDRED . VOLTS. . MAXIMUM.__CURRENT. IS _ONLY.
S A__Few _TENTHS . OF AN AMPERE.. .. ...

B e e ST PO W

ONCE  TRA\GGERED, .
__BUZZER_._REMAINS .

.GATE ..

ON. UNTIL. POWER .

PR . A -
. =) —

_RESISTOR || foo AS . INTERRUPTED. .

PIEZOELECTRIC

o BuzzERX

2 115:> B

10FE._L\GHT .

i THLS  ARRANGEMENT __ALLOWS ..
....... A LASCR__JTO _TURN _ON. .
AN_EAR __PIERCIN.G BUZZER.

WILL . TRIGGER |
LASCR.
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(SOLAR __CEILS

SOLAR _CELLS __ARE PN METAL /et

Sttty 3
Mm D.LO_D.ES_.____._..__,_,,_LD - -4 G, ﬂ/./ﬁ;.nv— e
A, LHOTR NTEY.-.. 773 B

e fWATH AN EXCEPTIONALLY FINGERS \ Seere _” )
LARGE _ LIGHT _SENSITIVE \ .
_JAREA. A _SINGLE___SILICON + a

ISOLAR . CELL. _GENERATES
105 VOLT AN BRIGHT SONLIGHT.

0. _SOLAR.__CELL _OPERATION

] §335 s
TR o s ST, 7 8,1 Sm——
AL R A )

..... o ALLCELL | . - e s e e et e

| THIS_SIZE L% IN_RRIGHT o e ANODE ... ~
GENERATES| SUNLIGHT. [ m:nmg_i_ﬁemacr
0.1 AMPERE. \ .

L KINDS  OF  SOLAR.  CELL S

e ARE _ CONNECTED . [N SERIES. _OR. PARALLEL ..

< 8 I A D O B Y Sl O P Bl il bl bt el .l 0
>

_JOUT PUT. VOLTAGE

e PARALLEL:
o QUTPUT _CURRENT.
1S SUM_OF

GELL _CURRENTS. 4. .

1S__SUM_OF CELL.
VOLTAGES

JO0.SOLAR _CELL. _SYMBOL.

.......................... ,mv

———— o rerme e — —--1 ------

.ﬁaMEM&E R,_ CELLS -
MAY._BE__P_ON _N. R

JHOW _SOLAR _CELLS ARE USED

lcAN._ CHARGE RECHARGEABLE T N
//' ,t’ V‘{*

LCELLS _ AND. . _BATTERIES. o

ARRAYS. _OF  SOLAR__CELLS s P07% ¥

... P

I

.SERLES_.C.QNNECIED\
SOLAR _CELL  ARRAY. ..~




IS INTEGRATED CIRCUITS

ECECTRONIC — CIRCUITS _ CAA y e STANOARD
RBE. __MADE BY SIMULTANEDUSLY. [ — A COMPONEANTS
FORMING. . INDIVIDUAL. TRAMSISTORS, | —/

[ DIODES . AAID.__RESISTORS OA

A SMALL CRIP __OF .  _Siacoml. |

THE ____ COMPONENTS. _ARE_CONNECTED { P

TO_ONE ___ANOTHER __MITH  ALUMINUM { f

"WIRES' __DEPOSITED. _ON____THE { 15;5 INTEGRATED
— v _J

ISURFACE.. _OF.__THE __ CHIP. __ THE CARCUIT

|RESLLT... 1S _AN.___INTEGRATED CIRCUIT.

INTEGRATED _ CIRCUITS (OR IC's). _CAN _CONTAIN ___AS__FEW _AS_ SEVERAL

ATO _AS. MANY AS _MUNDREDS . OF THOUSANDS. OF TRANSISTORS.

THEY _HAVE __MADE POSSIBLE _ VIDEQO _GAMES, . DIGITAL _WATCHES,

JAFFORDARLE . COMPUTERS __AND . MANY.  OTHER _VERY SOPH\STICATED __

PRODLLTS. . HERE s A SIMPLIFIED _ AND..  HIGHLY . MAGNIFIED VIEW

L JOF _A_.__SECTION._. OF A ___BIPOLAR _ _INTEGRATED. CIRCOIT: oo
ALUMINUM . SiLicoN 'B'ia';,oe*'"—“i T CONNECTION LEAD | / —_

__WJEJ.N.,G IR W ///

B ) o _-._—*
VS o SIMCON. DIOXIDE

et 1S A GLASS =

e o Nl LIKE__INSULATING .
.............................. 3 TN SUBSTAMCE..
,RESISTOR:: A ‘_5uau.- .......... w opam ..... _A,, PN TRANSISTOR — A PAIR
SECTION _OF P-TYPE ____ __TUNCTION o RF PN JUNCTIONS .
[SILICON. FORMS A FORMS. A o FORMS. AN _NPN .
| RESISTOR et DIOOE TRANSISTOR

OF __COURSE THE _CONVENTIONACL _ COMPONENTS __ SHOWN _BELOW.

THE _ BIGHLY. ... MAGNIFIED . _SECTION __ OF TME _IC __ARE . .

NOT. . PRAWN. _TO. THE SAME SCALE.  FOR EXAMPLE, ONE _KIND
OF _FC __INCLODES 262,144 _TRANSISTORS ON A SILICON CHIP

ONLY. _ ABWT /4 incH  SQUARE !

18




A KinDS OF _INTE GRATED CIRCUITS — INTEGRATED _ CIRCUITS

ARE  GROUPED  INTO __Two . MATOR _CATEGORIES. :

L ANALOG  (OR LINEAR). . TC's. PRODUCE.,  AMPLIEY oR RESPOND

e} IO M ARL ABLE. e MOLTAGES. ... ANALOG Te'S. _ INCLUDE MAALY.

| KINDS.  OF . AMPLIEIERS, TIMERS. , . OSCICATORS __ AND __ VOLTAGE
LEGULATORS

—de. piciTac  Cor Logle)  Te's  RESPOND  TO . OR PRODUCE SIGNALS

HAVING _ ONLY. . TWO.__ VOLTAGE __LEVELS.  DIGITAL. TC'S  INCLwupe

—MICROPROCESSORS,,  MEMORIES , . MICROCOMPUTERS AND _MANY. KINDS

QF SIMPLER CHIPS.,

e d SOME _ TC'S. . COMBINE. ANALOG.  AND._ DIGITAL . FUNQTIONS _ON A

SINGLE..... . CHIPc.. FOR _ EXAMPE . A DIGITAL. QHIP _1AY INCLUDE

A BUILT = IN ANALOG. .. . VOLTAGE . REGULATOR. . SECTIOA. AND___AN

— JANALDG . TIMER CHIP _MAY INCLUDE AN ON=CHIP. . DIGITAL
e JCOUNTER  TO . GIVE  MUCH  LONGER TIME DELAYS THAAL

POSSIBLE WATH THE TIMER ALONE..

h L

VOLTAGE | //\ /A\
el INTO _ OR AV \_//\
e
OuT. _OF / /\;/ . \
e SRR, (T — >
POWER._SUPPLY TIME TIME
—|VOLTAGE.) ANALOG. _TQC's DIGITAL. __Ic's

0 KINDS _  OF _INTEGRATED _CIReWIT PACKAGES — TG  QHIPS.
ARE  SUPPLIED __IN.___MANY. _ DIFFERENT. _PACKAGES,  BY _FAR __THE

MOST CoMMON.___ _ARE . VARIATIONS. . ... OF....H_D{E_.._DLLAL_I&:_U.ALE__EA

CoR . Rip).. THE. _DIP. IS _MADE__EROM..  PLASTIC . (CHEAP) __OR

Ceeamic_ (HORE R0BusT). _ MOST _ DIPs _ HAVE 14 __oR i PINS "
BuT THE PIa. _ Coum T . CAN._ RANGE. FEROM

N4 TO L. _RHERE'S A _TYPICAL DiP:

74 [13) fiz7] (1) [ro] [91 [8] PART

B METHORTR =8

e MAND. FAC.TDAER S

(inprcAaTES  Pin 1) 82=1983

ms.x_ MARKER ____ LOGO Oaamm)m_ O______eps_s.l,ur e ::~Qaiﬁucgnsm___

Pin. NUMRERS —iet L&) 13l W o1s) le) 17 4cq4% ueen

—|ANOTHER __TC_ PACKAGE IS _THE _T0:5 ”"”’i ~—— METAL
e \METAL _CAN.._ THOUGH _ VERY _ STURDY , IT'S___ P! CAN
- 4BEING. _REPLACED __IN__MAAY CASES_

CHEAPER PLASTIC DIPs . = LEADS
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6. DIGITAL _INTEGRATED CI\RCUITS

CIRCUITS ARE MADE. EROM _ SIMPLE _ BUUDING  BLOCKS

CALLED  GATES. . GATES  ARE . LIKE ELECTRONICALLY.. . CON=

TROLLED SWATCHES . THEY. . ARE | an,mgg__,.__.w OR. ggf
HOW_ DO GATES  WORK? _[ET'S START. _WITH_THE _BASICS ...

MECHANICAL SWITCH _GATES

THE _THREE  SIMPLEST GATES CAN __BE DEMONSTRATED _WITH

SOME.__POSHBULUTTON _SWITCHRES, A _BATTERY. . AND A LAMP.

. swit<h " Ano"  GATE.L TRE__LAMP __GLOWS _ONLY. _WHEN
SWITCHES A AND. B ARE CLOSED.
P—Y =\ THE TABLE . SUHMMARIZES. . . .THE .

GATE'S __OPERATION. . 3T's _CALLED A

e L ROTH  TABLE. .

.......................................................... A B ouT
’@n_.oe&u*swxca_s OFF OFF __OFF | OFF
PUSHRUTTON 2 CLOSED. SWITCH= ON OFF __ON_ | _ofF

=) switcues.  liamp . ON  OFF | ofF
La: — = (OFF)_____ALL POSSIBLE ON___ON ON

ON=QFE_COMBINATIONS. e

O _switern "or" GATE. THE.  _LAMP _GLOWS. _ONLY. . WHEN

SWITCH A OR  SWITCH. B __OR BorH. .

— -
~ NORMALLY. OPEN  SWITCHES A _AND B _ARE _CLOSED. ... .

< PUSHBUTTON. . HERE'S _THE _TRUTH. TABLE..

CSWITCHES

] ........... . THE __SWITCHES A B ouT
' ARE __THE__GATE'S OFF __OFF | OFF
INPUTS, THE  LEAD OFF __ON ON
) -  MWITHOUT. SWTCHES. ON__OFF ON
LAMP IS._THE . COMMON ON ON ON
L—._=¢_==.;;-_=.z= __Q(O FF) . OR . GROUND. .,LE.AD._.T§
e 4O SWATCH U NOT GATE. . THE. LAMP._NORMALLY.  GLOWS.. . _ONLY.

WHEN ___THE _SWITCH IS _OPENED IS .

= NORMALLY. CLOSED. . THE LAMP _OFF. IN__OTHER _MIORCS,.

e orvoNn . TAE "NoT’ GATE __REVERSES (INVERTS)
= SWITSH THE ___OSUAL. ACTION _OF A __ SUWITCH..
rC£j=J \Lid o HERE'S . THE . TRUTH.. TABLE.:
: LAMP. =2 I\ _THE "NoT'_GATE IS InN | ouT
‘ji:/ _(oN). o) USUALLY __CALLED THE OFE | _ON
' |VERTER. on | oF




THE _BINARY CONNECTION

IT'S. POSSIBLE. . TO_ SUBSTITUTE  THE DIGITS O AND 1 _FOR
THE __OFF __AND _ON _STATES . _OF A _SWIYCH. _THE __TRUTH _TARBLES . .

FOR._THE _GATES . ON___THE __PREVIous PAGE ___THEN_ __BECOME &+ . -

 "sR" GATE "noT" GATE

1 ouT A uT w oot

o (SRR T S

8

SN T N = — O__.
i
o

TRE. O _AND 1 IMPUT (A % s)___comsm:moys.-fokm NUM&ERS

THE __TWO  DIGIT. _(OR BIT).  RINARY. NUMBER SYSTEM. IN. D\G )TAL
ELECTRONICS . BINARY _ NUMBERS _ SERVE. _M__CQDES__IHAT RE PRESENT
DECIMAL  NUMBERS, LETTERS.  OF THE A[PHABET, VOLTAGES. . AND . .
IMANY  OTHER. _KINDS _ OF _INFORMATION. . [

DECIMAL _BINARY . BINARY-CODED O R
_DECIMAL (@ep) ..

CBINARY  FACTS

O.. c.o00b.0000
1 Co00. 0001 A BINARY 0 0% 1 15 A Qv;r

1o 0000 0010 . A PATTERN OF H. Gl'rs IS AN 189_1,5.

1.1 0000 OOI1 A PATIERN OF 8 RITS IS AGBYTE. .

100 0000 0100 e e

101 0000 0101 . BCD— EACH DECIMAL mén' 1s

110 0 o_p.o.._.o,_l_-l.o_..__.._.._ASS..Léuﬁn,_us_.-.&m.asy,.__sauwALENL_..‘..A.._‘,.A...4..A...._

Llil . 0000, .01 11 NOTE THAT LEADING ZEROS ARE .

Llooo QOO0 1000 . SHOWN. IN_ DIGITAL ELECTRONICS ... .

1001.....0000 1001 AL _BIT. LOCATIONS. ARE.OCCUPIED, .

-
O NEs N WN PO

..1010. .. 0©C0OO1 0000 S

-,
b~

1011 0001 0001 S S —

y—
~

1100 0001 0010

13 1101 . Co0ol 0011

14 1116 ooo0l _0C1OO o

15 1111 . oo0e0l 0101 >

i e e JPARALLEL] 1

BINARY... NUMB&&S_ -__C.AN_. 8e___se~-r mgoueu (FAST)
WIRES. (BUSES) ALL AT __ONCE_(PARALLEL) .
OR__A__RIT AT A _TIME (SERIAL). SHOWN

—.ARE _SERIAL __ANO__PARALLEL . SERIAL o
TRANS MISSION _OF  15...14...13...1 2. %..(SLQW) \ R,

12 o 12 14 i 15 =

L 6 o [l u—(m TG o mimLnLmL.




o JOETEN __\T'S .
e |RATHER _ THAN. . MECHANICALLY.. _ THE __SIMPLEST
. |[CONTROLLED . GATE
ISWITCHED .
HINPUT. SIGNAL
AN INPUT NEAR _0R AT GRounD (ELNARY.. O _OR__Low)..

JDESIRABLE  TO CONTROL. A GATE ELECTRICALLY
ELECTRICALLY

LUSES PN TUNCTION.  DIODE S THAT ARE_
ON..(FORWARD _BiAS) OR__QFFE (REVERSE RIAS) _BY AN
~OF _SEVERAL._.vorTs. CRINARY 1 OR__HIGH) __OR

40 DIODE.

.GATE . O Diope

TANDY
> __QUT

=> A%

AL
_{wirtH_RESPECT mooss

TO . GRoU ND) K bﬂm_.g

.'.'.ora" GATE

> OUT
CWITH _RESPECT
TO.__GROUND)

M-

e WHE N THE  INPUT. _VOLTAGE AT __ WHEN__THE

ND_ ,______._RE_SLS_Q&_.__,
(1)

.......... RESI sroa —
k)

..GROUND

-/

14

- :

‘6
AVA
LT—/

INPUT ___ VOLTAGE AT

\S__MORE __POSITI\WE

MORE POSITIVE.

_~QA&_..___B_._..lS,...,‘.. A_AND R

|THAN__GROUND, IT PASSES THROUGH __ THAN.__ GROUND,  CURRENT.. ELOWS.

. [TRE___FORWARD _BIASED. . DIODE (5)
_JAND ___APPEARS.
OTHRERWISE __THE ___OUT PUT__ IS

AAND

THE. QUTPUT Duss NOT
A __FoLdl

AM.,.'FOKW.A&D.__JIDLIA.é.E« OF. 0.6
g MOLT . THIS _ VOLTAGE . 1S _SRB=-  CI\RCOLNT. DIAGRAMS _ _FOR__EACH.
L ATRACIED FROM _THE.  _OLTPUT

_AVOLTAGE . (IN ELECTRONICS. _TARGON .
AR _SILICON. Dmpﬁ___CAQSES__AW«..WM ArouT  CIRCUIT _ DIAGRAMS _LATER.. .

FROM . THE_ _BATTERY . THROUGH THE .
AT _THE OUTPUT.. .. . . RESISTOR _T0 THE _OUTPAUT. I F
EITHER A oR _B__ IS AT _0oR

AT _OR_NEAR _ GROUND. THE . NEAR GROUND, ONE . 0R _EBOTH __

A TRUTR __TABLE 1S _VALID. _FOR ... DIODES RECOME. FORWARD. BIASED

INPUTS . OF O vorT (0 0R_Low) AWAY

A Vours (1 _or _HIGH).

AND _CURRENT. . _FLOWS
FROM __THE . OUTPUT,

A R

\ ov._.ov
LOUT oV GV
LV oV

eV _ GV

ouT
/1 OV.
S.4y
Sy
/LS. 4y

ouT
Qv

.SV
SV
S.4y

B

REACH AS__CIRCUITS _BECOME  MORE
Lo VDLTS WHEN __ HIGH COMPLICATED,  PICTORIAL . VIEWS

SECAUSE LTHE __DIODES _ REQUIRE.  _ _ARE__NOT __PRACTICAL. . THAT'S
whpy PAGE . __INTRODUCES

THIS

OF THE . TWO _ PICTORIALS. _SHOWN .
CABpue.  WE'LL_ _FIND _QUT _MORE ..

OF 0.6 ¥OLT.) _IN_THE MEANTIME, THE NEXT

PAGE SWOWS MORE _OF THEM.e.

"WOLTAGE . DROP!




TRANSISTOR GATES

—JTHE VOILTAGE _DROF_OF _DIODE. GATES MEANS _AMPLIEICATION
IS __REQUIRED. _IN_ORDER _TO GCOMMECT TOGETHER A SERIES
—CE  GATES. __WMHILE _TRANSISTORS __<AN__PROVIDE THE

L INECESSARY. _AMPLIFICATION . TRAMNSISTORS. _CAN _FUNCTION

AS  GATES! ROTH. _ RIPOLAR. _AND EIELD-EEEECT TRANSISTORS

CAN.__RE  USED. oAl THIS PAGE _ARE S HOWMN CIRCULT
PN o N

—1DIAGRAMS __FOR _SOME.__OF THE SIMPLEST _ BIPOLAR
—]TRANSISTOR _GATES., TOGETHER THEY FORM THE RESISTOR-

—|TR LSI_QR__DJ_GJLA_L__AJM__MJ__‘LQD_LAN_ACEMLLY_____*

——]

MAKE __THESE GATES. BuT THE MAIN REASON THEY'RE HERE
IS_TD__GIVE _You _AN__APPRECIATION _FOR THE INTEGRATED

CI\RCUIT. _GATES  WE'LL BE__LOOKING AT _SHORTLY vieaa

IA'NOT" GATE . (INVERTER) JN Loyt #V(BT04Y)

[WHEN. 1N 1S AT _+V.(RINARY..1 OR HIGH), L l.H I .

{TRANSISTOR Q1 . swnxcHEs__gg\v_AND_conmegs_, e A S LOK

OUT _DJ&ECTLX_TO GRoUND_(BINARY.._O_OR IN T

LOW). _ WHEN _IN_ IS _Low, Q1 SWITCHES %lxox ouT ~
f,\ Ya1

Agg_._AND M  BECOMES. Lmnousu R1) + Y.
"NoT" GATES _LIKE THIS MAKE _POSSIBLE

—{IMPORTANT . NEW _LOGIC. GATES. . . €8¢ E
0 "AND" GATE. . O"NAND" (NOT-AND) GATE
A +V S
. A R ouT 10k 9 A Blovr
__Al .. Letow L L | L 2 T
[ _Rk=HIGH (Y [ ouT L __H H .
N N4 Ho e | H
_8l . WA LH 106\ H KAl L
] / OUT  UsE _2N2222. 0OR o~ THE “NoT  EUNCTION
. ANY. _COMMON_NPN._._B _AAA /)18 ‘gunt=1n" (NO
oK g - TRANSISTOR _EOR. . 10K\ _EXTRA_TRANSISTOR
e TZ AL THMESE GATES. = REQUIRER).
O"orR"  GATE 1_2_1_._“199&__(_&.01‘. ~oR)_GATE
\ A OUT
A . L L H .
] —- Ou ke B &
. r.\wl.T L
B H R L

. Lige e "NAND"
+V FOR ALL THESE B | GATE ., THE "Nor”

GATES. _CAN._RE 10K FUNCTION 1S

+3_T0.+9. VOLTS, = YBUILT = 1N,"

8




JGATE _SYMROLS

_________________ ; &E.EO_&L--_MD.VJL\LG____._QN._HID__,.DI.G.IIAL___!NIE.G.R.AIE&_CJKCUL‘i‘,S.‘,..‘ LET

VP

oy

S LOOK AT . THE SYMBoOLS.. FOR. _THE __VARWOUS . KINDS OF GATES.
_______________ THIS. IS ALSO A GooD. . PLACE. _TD. INTRODUCE . . SEVERAL

_________________ JGATES  _WE'VE _ NbBT _YET _ ENCOUNTERED. ...

10 "excusive —oR" _GATE 0 "EXCLUSIVE = NoR" _GATE

A BlouT. e AL B OOT
TS ke WY A S0 N S—

0 Locic. GATES.  WITH.. MORE.  THAN._ TWO. . INPUTS. —. THE ..

_ICATES . SHOWN. . ABOVE. ARE. . CALLED _LOGIC CIRGUITS. BECAUSE ...

o \THEY.  _MAKE __LOGICAL _DPECISIONS. LOG IC. . GARES.  OETEN. HAVE
fMORE _THAN__TWO _ INPUTS. . ADDITIONAL _ INPUTS _INCREASE ..
|ITHE.  _DECISION.. . MAKING . POWER _©OF A GATE .. . THEY _ALSO. ..

INCREASE . TRE . NUMBER. . _OF. _ WAYS. . GATES .. CAN.BE .
CONNECTED. TO . ONE. . ANOTHER .. .TD. . FORM. . ADVANCED .

APIGITAL . LOGIC. . CIRCUITS. . HMERE _ARE.  _TWO.  _EXAMPLES S .

, -o-

_f3-mneor A scloor  Z-wpuT ¢ A eclour

_|"AND" GATE___ Lol "NAND"GATE L L LR

1

b

)

?

T
;;;:rr—::
o = = s ~

184 SR } I




{HOWEVER,  THE _INVERTER IS NOT. A __DQECISION . MAKING. .

10 SINGLE = INPUT _GATES — __THE "NOT' GATE. OR _INVERTER
1S VERY. _IMPORTANT. _SINCE. _IT. CAN..  INVERT. CREVERSE) THE
|OLTPUT EROM . ANOTHER. . GATE. . STRICTLY .  SPEAKIN 6, S

__JcireviT. (L\KE . GATES . WITH __TWO _OR ___MORE _ wpurs). LA :‘.:.f..:'.:.‘..'.:

I|CLOSE . RELATIWVE . COF - THE _ _INVERTER. ... 15. ,._.THE. UFFE@

A _NON=INVERTING. _ CIRcuVIT.  THAT _ _ISOLATES G .A.TES FROM

OTHER . CIRCLITS. _ OR ___ALLOWS  THEM._ .TD. _DRIVE _HI GH ER o
THAN . NORMAL . LOADS.  THREE=-STATE _INVERTERS _AND . .
BUEFERS . HAVE AN OUTPUT _ THAT ___CAN.. BE &,Ecr.&omcau.‘/v. B
|DISCONNECTED = FROM _THE REMAINDER _ OF THE CIRCUIT . .. ..

e fTHE  OUTPUT IS _ THEAN. _ NEITHER __HIGH.  NOR _LOW.  INSTEAD.
_____ T "FLoATSY _AND __ APPEARS _ AS. A _VERY HIGH. RESISTANCE .« . ..

O RUEEER O INVERTER . ("NoT* GATE) .

AN -0UT...

N N ouT b L H
H H

1:1 3 STATE_-._-SUF FER

R

IN ouT Lo JB.

o

0 2-STATE TRAEEIC. COPS— 3-STATE . GATES CAAN _STbHP.

BLLS_},”.u R
wondi ONLY DATA ENTER\NG

-
-

CONTROL SORTROL CoNTROL T}\F. ...... SELECTED.. BUFFEK

— |OETEN  CIRCUITS .  MADE. FROM _GATES _EXCHANGE INFORMATION .
_J(BWARY.__O's _AND. 1's eu.co.o.s_t).... CAS Low. AND. HIGH VOLTAGE .. .. .. .

JLEVELS). __THE __INFORMATION IS . USUALLY.  SENT. OVER.  WIRES . . . )
CALLED . BUsEs. A BUS 1S LLKE ~A_ DATA RICHWAY . AT .MAY
BE ___ONE_ _WIRE __THROUGH.. WHICH.. lNFO&MATloN S _SE SEMT SERIALLY.
|(BIT_8Y. _BiT).. _OR_IT_MAY RE._UP To EIGAT. CoR_MORE) WIRES. i
THROUGH. WHICH _INFORMATION IS SENT _IN__ PARALLEL ( A _BYTE .
OR_MORE AT A TIME). IN_ _BOTH __CA.S.ES_,._,_QE...._Cou&S.E.,..._A‘-. GROUND .
IS REQULIRED . TO:- COMPLETE . THE _ CIRCULT a

e LN .,_ou.'r_......... et iN. OUT
" T — .
H

TRAFFIC__TAMS' ON__BUSES. FOR_INSTANCE &

.1 ...... N '\g]\ N (C.omt!?\OL=L.§.C‘:ETS~
ON_THE _BUS.

D 3_ STATE u.‘\.)_s/_E.&I.E.@_W...,.. e
CONTROL CON TROL IN..I._..O.U“I: B Co NTROL CQN.T,.R.O.L.].. AN }..ou‘.r.. e

K NH=2

|"x” MEANS "DOESN’T MATTER. HI-Z MEANS HIGH OUTPAUT RESISTANCE. .. . _
DATA "RIGHWANS'

- —



HOW . GATES ARE USED

GATE. S__LA&_.BE_“USED___L&DAMMALLL_QR._LMECIEDMD_QEI&E&

e JTO__FORM__A_"NETW, WA&ED_A_%%

LMDST ALl LOGIC CIRCUITS. _CAN. RE  PLACED IN_ONE OF

TWO _CATECORIES i COMBINATIONAL OR SEQUENTIAL.

COMRINATIONAL. LOGIC CIRCUITS

COMBINATIONAL . L DGIC . CIRCUILTS. _RESPOND  TO INCOMING _ DATA

(Q's _ AND_ 1's) _ALMOST. _IMMEDIATELY  AND WITHROUT. REGARD
TO_ _EARLIER EVENTS.  (THIS witi MAKE _MORE SENSE __WHEA

NOU  READ. __ABOLT. . SEQUENTIAL CIRCUITS «un). COMBINATIONAL
LOGIC.  CIRCUITS. . CAN. . BRE  VERY SIMPLE OR _IMMENSELY

COMPLICATED...... VIRTUALLY _ ANY _COMBINATIONAL _ CIRCUIT _CAN
BE _IMPLEMENTED . WITH _ ONLY._ "NAND" oR "NoOR" GATES.
e JLIKE  THESE "NAND' GATE _CIRCUITS ...
e N E“‘“ _INVERTERS
e ‘1 lNPUT__NAND . GATE
4N 1 N
.
RUFFER
..... fu N = N
] “AND" GATE NOTE ¢ H /
e I ) THESE_CIRCUITS
e D _NOT_SHOW...___ "EXCLUS\VE - OR" GATE
e o~ THE _GROUND.
N CONNECTION N\
'OR' GATE _______ THAT__MUST —
BE._PRESENT. N\ e
USUALLY.  THE
A T GROUND IS
— COMMON__.TO
*-,_._,_,_NW_E \LTJ THE __INPUT
- AND__QUTPUT. "EXCLUS\VE = NOR" GATE
S\
"NOR' GATE 1 o
N\ N\ — \)oﬂ——
) - )
R — Y




1 COMBINING _ DIFEERENT. GCATES — MHERE _ARE.__TWO
EXAMPLES 0L COMBIAMATIONAL NETWORKS THAT UsSE MORE

THAN _ONE.__KIND _OF GATE. Cga;mw;szr BoTH.____THESE
—JCIRCUITS. CAN_ ALSO RBE __MADE _ENTIRELY _EROM "NAND"GATES))
DATA __SELECTOR BINARY TO DECIMAL _DECODER

N
A ——— ) B 0 AW -0 .
A - v
J >——> ouT N ~
B —j 3 | &~ A />°*'* } N\ A B
Q ) - \ AND. / -
/\__| _paxa_ AT A or LN ¥ s ? )
L.\ | 8 1S STEERED TO. ROTH. MEAN: .
THE _QUTPUT _UNDER f \
5 CONTROL..OF _THE A NO AN - S
S R —DATA SELECT INPUT [{__conTact wa ,,,,,,,,,,
(THE "ADDRESS"). -
THIS _CIRCUIT CAN THIS. _CONVERTS __A B 0 1. 23
DATA BE __EXPANDED TO A_TWO-RIT L L L RRA R :
o SELECT: INCLUDE MANN . BANARY NumEER & H I H L AW
L SELECTS. A ___MORE _INPUTS. TO_ITS. DEQMAL RLein H.LH )
—|H SELECTS B _AND ADDRESSES. EQUIVALENT. KR HIHKW KRR L

—JELADVANCED _COMRINATIONAL NETWORKS — HERE. _ARE. _SOME
—SIMPLE  EXAMPLES FROM.._FouR __ MATOR FAMILIES _OF COMBINATIONAL
—NETWORKS. TRESE  AND MANY. _OTHER NETWORK EAMILIES . ARE
—dBVAILABLE AS INTEGRATED CIRCUITS. ROXES  LIKE THOSE _SHOWN. .

—ARE 1 06IC CIRCUIT SYMEBOLS . THAT REPRESENT _ COMPUCATED. oo .
NETWORKS _OF _GATES

— Ll MuTILEXER (DATA SELECTOR) PLEXER oo
XY —=DATA 'ssusa—1 XY =0ATA SELECTY
- v ) AN -

A X Y1 OUT A X YL INTO...

B b L | A . B I N —

C —> OuT LM B IN_ == ¢ [ = W - S

D BWoL C - D H L (S R

HoH D Ryl D . .

ENCODER DECODER I
CONVERTS _DECIMAL S.._BINARY_TD

AND _OTHER DATA . ECIMAL AND__BCD ;

2 . TO. BINARY.... Jo_  DECIMAL DIGITS .

"oR" _GATES. __ON DI\GITAL READOUTS,
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SEQUENTIAL LOGIC CIRCUITS

THRE  OUTPUT. _STATE __0OF A SEQUENTIAL _LOGIC.  CIRCUIT. 1S

DETERMINED RBY THE _PREVIOUS STATE OF THE. INPUT. 1IN

[OTHER __WoRDS,  BITS __OF DATA _MOVE THROUGH. SEQUENTIAL.

CIRCLITS _ STEP-RBRY -~ STEP. CETEN __THE DATA __ADVANCES. . ONE

STEP  WHEN A PULSE 1S _RECEWED From A "crock” (A

CIRCVIT  THAT. _ EMITS.._ A___STEADY STREAM.__OF  PULSES).  THE

EQUENTIAL LOGIC _BUILDING BLOCK. \S.__THE _ ELIP-FLOP.
HERE'S A  QUICK _ ELIP-FLOP REVIEW.:
O _THRE. _RASIC "RS' (RESET = SET) FELIP-FLOP
' S . R 1. QO

—_|ALSO_cALLED A s N Q L L | (DISALLOWED)
o _|JLATCH. THE OUTPUTS 1 [ T
o _|Ta Anp._B) ARE.__ALWAYS — A R
e JIN _OPPOSITE . STATES..... — KT; Qn H_H NO _CHANGE

(Q._MeEANS__"NoOT QL) R— 7 8% NoT @ (iFQ=0, @ =1).
|0 cLockeD RS FLIP-FLOP .. _

. . S RIQ Q
_______._tms__LAmu_l_eNQ&gs___._:j} _— L L] NO CHANGE
o |oATA AT S AND R —./ >R LML H

ONTIL_ A "crock” CLOCK [T N Y be
(oR_ENABLE) PULSE Nl A BRI (DISALLOWED)
ARRIWES. THEN ~ &  VALD. AETER CLOCK
IT_CHANGES STATES, R — — PULSE  ARRIVES.
Q"D" (pATA _oR_DELAY) _ FLIP-FLOP
DLQ QO
e ID_ELIP-FLOPS. N\ T
o |sTORE MME. | o Q KR A L
CURRENT. _0uTPUTS | — - (CR)
|RETWEEN. _CLOCK | SLOCK—¢ — ol _o 1
PULSES. ~ 1 Bl .3 11 0o
DAT A o—i VALID__AETER CLOCK
e _PULSE ___ARRIWES.
_____________ 0Tk FLIP-FLOP _
I B l T K.
ThE"TK FLp-Flop. N Ny LL I% cn—\%&éa
LLOWS. RBOTH _ ) > Q L K L H
INPOUTS. TO. BE M. .. CLOCK oL WL
i wricn  case [ Wbl "Toeere”
ITS_ QUTPUTS. "TOGGLE " . ot VALID_AETER. CLOCK.
OR _SW\TCH _STATES I+ / PULSE ARRIVES
AT _EACH CLOCK PULSE ) '
S8 -




“T" (TOGGLE) _ELIP-ELOP

OUT PUT. (1/2 INPUT RATE)

THE Q (oR.Q)_OUTPUT. .Nm'"‘" .
1S_ L Cop W) FOR _EVERY Q- | 1 J Lﬁ_q_

OTWER __INPUT _PULSE., M l_l J_::L_ ..... T S
TMEREEORE THE NPT L7 a1 [ 1 T
PULSES _ARE DIVIDED BY e

TWo.  HWERE ARE SEVERAL WAYS__ TD MAKF A'T" FLIP- FI_OP -

T CLock Q“—:-‘> L— S ap> S e

T ——Clock RIGH—

o g e ap S s

] T ______J

‘D' _ELip-Fop __CLOCKED 'RS" FLIP-FLOP TK_FLIP-ELOP

aag.a‘_s_muo_w_..__aau.& T‘D ELp- FLQPS E.Q&u__a_._._STQRAgg__kssrsrgg ...............

L,?o;
%
{
I
{

—|OR__MEMORY __THAT _ "LoAps” ( SAVE._._) ........ . H~BIT _PINARY. NIRBLE
AT INPUTS  A=D __WHEN _THE "CLOCK’ (NPUT 1S "<TROBED" o
—fPULSED) . MANY. _TYPES OF . TC. REGISTERS.  ARE. AVAILABLE .
DATA OUT— Ii\
STROBE cLock - —
| CLOCK = A

e o e B e

ro_save \ | 1° Q r
THIS

DATA o et

D == N\RBLE

[
S~ A B

O "1 eLp- ELoP. quNTF.R e coumTlD CRBA

SRS © RS 0 3o o B o TENS—

S HD\AL EOUR_'T" FLIP- FLOPS FORM A S

2 1 o | Q_r,—:t oY= 2 ) == 2 ) =
T LTI M4 [TYr Hr —LT e lo
o - o

(2]}
|
ol
II
ol
1§
!
)
\
-

EACH ‘Tt FuP FLOB Dwmas JNCQL-_LMG PULSES B_Y,_-...,..,.. .Jlroo0 1 -

Y RNV S Sy

——

fLC COONTERS, MOST _OF WHICH INCLUbE ._I ‘i

IW,OA.___AS__‘.,‘IHﬁ.._.B.LN.AR.Y...-.,..IRUI.H_._IA.ELE_.._.R&V.E.A,LSr....,...,,..J.Q ..... 11
THE _RESOLT 1S A 00O~ 1111  BINARY COUNT. 11 i1
(THE___COUNT. _RECYCLES TO. 0000 AFTER . THE _16TH__ 12 11 1.0
INCOMING. .. PULSE.) THERE _ARE _MANY. _ TYPES OF 13 11 10
A1
1

SPECIAL. _EEATURE S (COUNT UP oR DOWN, RESET, ETC.).

I e L e e YU S P S S S ———




A COMRINATIONAL —SEQUENTIAL LOGIC _SYSTEM

................. HERE’S  HOWw.  COMEBIMATIOMAL _AND _SEQUENTIAL LOGIC _ICls
e JCANL. FORM . A DECIMAL  COUNTING . CIRCULT ., A _VERY SIMPLE
DIGITAL LOGIC .. SYSTEM.
A A AN P S ) PN N

2 117:>

PULSES. . TO '\ BCD~TD= J\
................ |BE_COUNTED BRSO 7-SEGMENT] DISPLAN
— ML T COUNTER DECODER
e === %4 V
e ATHE. . BCD _ COUNTER . ADVANCES QONE _COUNT FOR. | S
. AEACH  INCOMING. PULSE.  WHEN THE COUNT E

RECYCLES

TO ..

QOD0.

REACHES 100l (DECIMAL Q), THE COUNTER
THE DECODER ACTIVATES.

THE APPROPRIATE

SEGMENTS O AN _LED DISPLAN.

.............. 2. THE  CIRCUILT _DIAGRAM
P EEII——— *S V
I - = 16
112 7 R e
N  CcOUNT N 141 7990 {1} 7448 b
......................... 2 g |9 ilg
S 7490 = COUNTER 3
........................ 244 = DECODER ... e cl® _21l¢
2 .
......................... RESISTORS. _R1-R9Q _plil élp
o \PROTECT LED DISPLAY. 101 )
__|FROM EXCESS CURRENT. .
........................ 3, THE __ACTUAL CIRCUIT
COUNT [N > &= =)
N (. — — 1
I THE. — i)
. loope il [ p—
_I"proPs". ] s |t
e emvorTs | 2] 7490 / | =
B _To %\ 3 Al 4
e S.4= VOLTS., L Dl S
. ) D s [ I 14,/ .
...................... I A | e B - &'{;‘7
] L 7 A
— TO_ COMMON. _CATHODE
e L:::_‘ = e




DIGITAL TC FAMILIES =

‘- N ) —

—|THERE ARE  MoRe THAN A R\ 2
—{DOZEN _MAIOR EAMILIES OF N\ S0
_|RIPOLAR __AND _ MOS _INTEGRATED N Sy AAR

CARCUITS.  EACHW TC  Cor "cmip") S ;
—JCONTAINS A SPECIEIC _LOGIC Al
—INETWORK _OR A SSORTMENT _OF 4011 Y )

VARIOUS (O0GIC FUNCTIONS. ~
—IHERE ARE SOME _OF _ THE A_"QuUAD" (FouR) oF

MATOR DIGITAL T¢  EAMILIE S : 2-INPUT CMOS "NAND"GATES
—d ) BlPOLAR. _DIGITAL TIC's
) 1. TRANSISTOR =~ TRANSISTOR L0GIC ( TTL OR T2L). THE LARGEST
—tAND  EORMERLY MOST POPULAR DIGITAL TC  FAMILY. CAN._ CHANGE

STATES  _MDRE  THAM 2oomooo TIMES _PER SECOND VERY

_M&MMMM__MKX S-\voLT
QUPPLY ., USES _LOTS OF pomp&,@w REQUIRE

_ML&WLWMMQQ SERIES.
THE 2404, FOR EXAMPLE, CONTAINS. __FOUR INVERTERS.

]2, LOW-POWER SCROYTKY TTL (L S). A NEWER KIND

OF TTL . TRAAT CONSUMES ONLY. .. 20% _AS MUCH  POWER.

—JORAWRACK: MORE _EXPENMSIVE _THAN. _STANDARD _ TTL. MOSsT

.__‘WLLD,ELY UsepD IS___THE 24L8 00 SERIES.,

O MOSFET  DIGITA] TC's

1. P~ AND N=-CHANNEL MOS _(PMOS AND _ANMOS). CONTAIA
WMWM_WS&QLMSE, ...... S

—jcHiPS  (MICROPRACESSORS . MEMORIES | ETC.). DRAWRACKS & FEw
—SOUNTERPARTS ) POPULAR TIL CHIPS. SLOWER THAM.  TTL.

—fMAY REQUIRE . TWO OR MORE SUPPLY. VOLTAGES. __MAY. _ BE

2. COMPLEMENTARY. _ Mos (cMOS). FASTEST GROWING —_
—JAND __MOST VERSATILE _DIGITAL TC  EAMILN.  THERE ARE ,
LMOS. __ VERSIONS _ AE  MOST POPULAR TIL CHIPS. _ONE ..
—ISERIES USES THE _SAME DES\GAN ATIOAN. . NUMEBERS. THE
JHCOH , EFOR EXAMPLE, IS THE _CMOS _EFQUWALENT _OF THE
TTL 7404, NEW RHIGH~ SPEED  CMOS.  IUST AS FAST. _AS
TThe  MOST CMOS__ HAS A __WIDE SUPPLY VDLTAGE RANGE
—JlTYPICALLY. +3 TO + 18 vOoLTs). USES LESS. POWER THAN ANY. .

—JAMPERED) DRAWRACK: MAY RE DAMAGED RY STATIC ELECTRICAL DIS~
—JCHARGE, MOST WIDELY USED ARE  74C00 AND 4000 SERIES.
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R TH E.
— lNIE..G.RAT.ED...
OFETEN. __THE _ QUTPUT.

JOVTPUT
AMARY

7 LINE AR \‘NT_E.._G...R ATED CIRCUVTS
lNPUT A N D oux.?.uI. L VOLTAGE __LEVELS OF LINEAR
C.I.R(‘_UIT,. S .. CAN.___VARY. . __OVER A __WIDE RANGE.
LVOLTAGE 1S 2ROPORTIONAL TO. . THE .
A GRAPKH. . OF INPUT. _ VERSUS ..
_ARE

MAIOR

S —

VOLTAGE .

(NPUT ) "'HEREFORE. .
(S A

STRAIGHT. (LINEAR) (INE. _ THERE
LINEAR  TCc . _ ONLY __THE

TYPES __ OF .

o ITSPEc  ARE  COVERED. _ HERE . FIRST_LET S._COMPARE _THE
e IBAS\C _ DIGITAL L\ND_.___LINEAR LCIRCUITS =
T ITHE BASIC _ LINEAR . CIRCUIT T
IA SINGLE. PIPOLAR. OR.__FIELD=- EFFECT TRANSISTOR CAN
_|runcTion  As A ..__DLGHA_L,_.,._Q,,. L LINEAR  CIRCVIT. AN __BOTH

_ _|CASES,.  THE_ TRANZIZTOR . CAN__INVERT. THE SIGNAL AT .
e lITs. INPUT.  HERE’S.  HOw __AN.___NPN__BIPOLAR _TRANSISTOR

CAN . PERFORM . ALL___FOUR FUNCTIO NS

Q1,02

_|nERE TRANSISTOR Q1 (S
o JUSED.
_JCoR_HIGH) . .
fAND _LED L IS .
L WREN
GRouUND. _CoR _tow), .

_1(RZ _CONTROLS .
_|TRROVGH  ROTH.__LEDS.) _THIS
CIRCUIT IS. THEN A COMBINED .

Q2

~RIGH m
_Low (GND)

Ry

GRAPHS O =
APPROXIMATE 1oo!<

COLLECTOR . VOLTAGE

.I_\: """""""" U  LINEAR:

/‘.\ S /....._\/__ —

H&RE ....... Q.?._._JS_ AN AMPLIE IER_ _—
THAT.  OPERATES  OVER_ _THE.
ANPUT. 1S NEAR. T 1/__.__. e LENTARE RAM.GJA&L_..,F_IZQM_._EUL!..,m.n.__
QL. TURNS __ON. ____Qf_f_ _.T.Q......F.ule,l.-.,,..,Q_L\\,,‘...._.REL-...AND ....... -
WLOMIMATED. RS _FORM A _ VOLTAGE DIVIDER .
1S NEAR. .. CUTHAT. _APPLIES . A SMALL .
Q1. TUR NS VOLTAGE _.TO. .Q.Z.f... .B.A‘S‘.E_‘_IOW._
THIS TURNS. LED .1 QFF ... KEEP Q2  SLIGHTLY. ON. EVEN.
LED 2 _TO GLOW. . WHEN __NO INPUT 1S _PRESENT..
THE CURRENT. . THIS _ALLOWS Q2 TO OPERATE _
INC AL LINEAR  MODE. AS THE. .
INPUT __VOLTAGE RISES,  LED 3 .
BRIGHTENS _AND__LEDH DiMS.

DlGlTAL

As A _SWITCH. WHEN

THE INPUT.

OFF .
AND  ALLOWS .

DGITAL RBUEFER AND INVERTER.




(OPERATIONAL _ANMPLIFIERS

JOPERATIONAL AMPLIFIERS.  (orR " op-AmMP=") Age

BY _EFAR.TRE

MOST VERSATILE __OF  LINEAR __TC's.

THEY'RE  CALLED

| COPERATIONAL" AMPLIEIERS _SINCE __THEY. WERE. _ORIGINALLY.

HENEE

IDES\GNED
[AMPLIEY _ THE. DIFFERE NCE EF TWEERN

70 DO

APPLIED 1D

VOLTAGE:

o:a S\GNALS

(AC_oR_DC) APPLIED . TO THEIR  TWO. INPUTS.

ONLY

VOLTAGE . LEVEL.

0 OP ~AMP OPERATLON:_“IL—EMQP;AMQ_MS

e AND  NON=INVERTING  INPUT.  THE

[APPLIED . TO.__THE .

INVERTING NPT

A A AN,
POLARITY _OF A VOLTAGE

IS REVERSED AT _THE

OUTPUT. _ (INVERTING INPUT. IS = j NON-INVERTING INPUT IS +.)

N

=l >— T [

—

e QUT

—INVERTING .

MODE

NON = INVERTING MODE

THE.  VOLTAGE )
ONE __INPOUT WL _BE __AMPLIFIED |E THE -
SECOND._INPUT 1S _GROUNDED _ OR __MAINTAINED AT _SOME

|0 op-AMP "FEEDBACK'— _THE _CIRCUITS. __SHOWA. APOVE _ AlLow .
MAXIMUM __AMPLIEICATION

—|THE

LOP-AMP __TOD. .
_JEVEL (oR _GAIN).  _USUALLY.
IMORE _PRACTICAL. .

QPERATE AT _ITS

THE _GAIL. .
LEVEL . BY. EEEDING .
[BACK.  TO  THE _INVERTING. (=) INPUT.

S|

-~ F eeo'e};c'\é

e} B3.0P- AMP._

e e VUV VU S ————

_INVERTING AMPLIFIER

Noy....

 GAIN = RE":/WR.L.__

gompARMog—;_wuN _OPERATED
—|EEEDCACK  REZIZTOR .. (RZ ABOVE),.
MWL SWING.

e WHEN._ _THE VOLTAGES . APPLIED TO .

—tMAKES

] D_ _.T YPE S
XL 0P~ AMP S..
. {HAVE _
\N9uT_-- RES 15:EA. NCE .
A _SINGLE _TIT¢C _MAY.

POSSIBLE .

ARE .

CAVAILLABLE.

e _..__an BT _V4 n(R2/ Rl)

THE. INPUTS
JONLY . _ABOUT. . 0,001 vorT | THIS

~MANY.._OSEFOL. ..

W‘THOUT A ......

RIGITAL-LIKE
APPLICATIONS.

1S REDUCED _TO.. A
SOME.__OF _THE. _OoUTPUT oo .
FOR _EXAMPLES

_OF__0P-AMPS— _BOTH _ BIPOLAR. _AND

SOME . _BIPOLAR _OP-AMPS .

_FET.. _op. MOSF_ET ,_,JN?UTS__._TO _PROVIDE __VERY HlGH
MANY.  DIFFERENT _OP~AMPS

93

ARE . MADE.
I CLUDE__UP_TD _FOUR__INDIVIDUAL 0P~AMPS

_THE _OUTPUT._VOLTAGE.
EULL  ON_.TO. FULL _OFF (OR VICE VERSA) . . .
DIFFER BY . ...
.M.O..D.E._ I

MQSCE.T



o |wHEN OPERATED Ac A COMPARATOR, .. THE OP=AMP . CAN
i\ BE USED Az __A TIMER .. . ALL  THAT® ‘S _REQUIRED 1S5

................... AN RG  (RESISTOR=CAPACITOR) Gl gcgn— LLIKE TRASL
.................... S — e TP~ ikt g q e s

...... B

I B D
/ S-S, S S 2

SRR | S —— / I - _LED
. + . 741 W
- = — .
TIME T~ 214

= RC CHARGING __ ‘—t——r
| Re ci\ReuiT GRAPH = _ TIMER

IN_THE CIRCUIT _DIAGRAM . (Asovr_ .-R\GHT) R1_AND.C1 FORM__AN___
e IRC CQlRCUNT.._C1 _GRADUVALLY. . CHARG Es _..TO_ _+9 _VOoLTS. . THROUGH.
....,\,,a-u..._.,_-‘.R..’.L.___._-_.\ALH.E.N-__TI'H_E_____VOLTA.G.E..h..,.,QN..-“...C..L_...,,.AE.X.CEE.D-S.....T.HE_..REE.EK NCE .
e VOLTAGE . SUPPLIED _TO _THE. . NON=INVERTING _INPUT. . . . OF THE .
e fOP=AMP, _ ITS___OUTPUT _ SWINGS. . EROM _HIGH TO.  LOW AND THE __
o ILED  GLOWS. THE TIME DELAY. . CAN._ BE CHANGED. . BY. oo
e AALTERING. THE  VALUES OF R1_AND C1 OR THE SETTING OF. . ..
RZ. DISCHARGE _C1 (USE PUSHBUTTON SWITCH) FOR NEW CYCLE. e

0 TC TIMERS — _ THE SIMPLE _ CIRCUIT. _ABOVE IS THE KEY. _
.,._._.___..-._.‘..LN.GR.EDJ.EN.TM._Q.E._....M.Q.SI,,.-,,.I‘C__._'[LHE&S..._..A..‘...MO.S:I:.,.._. INCLUDE. AN OUTPUT. .
_________________ CLIP=-FLOP _TO _GIVE  _PEEINITE . HIGH  OR_LOW. OUTPUT. . SOME ...
................... R JNC.LQDE._,_.._.,A_.__S_LMBBY_ COUNTER  THAT __ADVANCES . ONE COUNT .. .
o |PER_ DELAY. . PEROD. (OR . C.Y(.LE) _._T_\ME&_tS _RECYCLED EACH .
...................... . '.I'.l.M.E,..,..._I'):lE___C.DLLN_T___.ADMANQE,S.-...,...-..A-,._-_DE.CO_D.E9._._-A:r__....I‘HA.E. L COUMNTER. .
e |OOTPOUT_ALLOWS.  TOTAL . OELAYS _ OF .  FROM. _DAYS TO_ A NYEAR .
OR _MORE _TO _RE. . SELECTED. _ ROTH . BIPOLAR. . _AND _CMOS

e ITIMERS  ARE . AVAILABLE. SR —
[P126 > FaMoui FACT ANALOG_ R
. — COMPUTERS . USE. OP-AMPS._TO|

e FUNCT\O_ISL_G_E&ERAIORS _ _ | SOLVE. COMPLEX _EQUATIONSL |

B et

1 TMESE IC's  GENERATE  VARIOUS __.
_XINDS_ OF _QUTPUT. WAVES. SUCH .

TRIANGLE | 5 N/ N\ AS_THOSE  SHOWN. HERE. THE

ok FREQUENCY __OF THE _WAVES

Al RS NRVAVAVA CAM.__BE  CONTROLLED BY. AN

EXTERNAL RC CIRCUIT.

|
1

SQUARE.

vvv

1
i
7-;\1\1\’-9

aF-

VE

4




VOILTAGE REGUIATORS

e S C——

— |VOLTAGE _REGUILATORS _ COMVERT A VOLTAGE  APPLIED TO. THEIR
INPUT. _INTO A __FEIXED OR VAR/ABLE _(RUT USUALLY [OWER)
— JVOITAGE . _IN _MOsT A SMALL , FIXED Rﬂﬁéngmcs VOLTAGE .
(USUALLY A _VOLT OF __So)._ 1S __APPLIED _TO THE. MNON=INVERTING
INPUT _OF AN _OP~AMP. _THE REREREMCE vorTAGE (oR Vags)
IS THEN _AMPLIEIED BY._ _THE N -
RATIO 0F THE FEEDRACK AND A
INPUT _RESISTORS (THE _GAIN). Veee T S
IF_ONME __OF THE RESISTORS. | 1S >———r—;_->—V°uT
A_POTENTIOMETER, THE OUTPUT R1 1 _R2
VOLTAGE  (Mour) CAN._RE _VARIED AMA | AAA )
—FROM__Vege. TO + V. (TIHE CcrHiP = —
SUPPLY. VOLTAGE). ACTULAL T.C
REGLIATORS _INCLUDE — EXTRA BASIC VOLTAGE. gE,QU_LATO e

TRANSISTORS 10  PROWDE  Vgees

MORE POWER THAN AN OP-

AND.__TO _ALLOW. . THE CHIP _TO _DRIVE LOADS THAT REQU! @ E.

AMP ALONME —CAN DeEt\VER.

N

O IC REGUILATORS —

MANY

TNPES OF EIXED

VARIABLE

QUTPUT _IC REGULATORS

ARE _AVAILABLE. MOST

AND [P125 >

ARE INSTALLED IN__ PACKAGES

MADE _ OF METAL OR HAVING

IMETAL _TABS.  TO HELP.  RADIATE

EXCESSIVE . HEAT _INTO THE

ISURROUNDING AR, e CAOTIO N
INSTROCTIONS _ AND STAMDARD

~MANUEACTURER.

SAEETY PRECAUTIONS  MUST..

S. _OPERATING

RE _FOLLOWED FOR REST

RESULTS.

OTHER LINEAR TC's

THERE ARE NUMEROUS SPECIAL _FUNCTION LINEAR TC’s,

IDEA AN _ WHICH AN _ ON=-CHIP

MANY . OF  WHICHR _INCORPORATE 0P - AMPS, EOR _EXAMPLE S
CLAUDIO  AMPLIFIERS —  MANY _ KINDS.__AVAILARBLE., e DOME -
INCLUDE  TWO. AMPLIEIERS  ON ONE_cHIP CFOR STEREOCD.
Q. PRASE — LOCKED LOOPS— BASED _ON AN _OLD BUT CLEVER

OSCILLATOR DUPLICATES (OB . )

TO._DETECT _THE PRESENCE QF

CERTAIN._FREQUENCIES

TOUCH-TONEY TONES) AND.___TD

TRACKS) THE __EREQUENCY _OF AN _INCOMING. _SIGAMNAL.  USED. .
CLIKE
DEMODULATE. _EM_RADIO. SIGNALS. .

0 OTHER LINEAR T (s —

INCLUDRED

ARE MANY. __KINDS _QOF .

TELEVISION _AMND  COMPUTER

CHIPS __FOR.__TELEPHOMNE \
COMMOURNICATIONS., mso.r

RADIO ,
MANY_ _KINDS OF  TIc's TRAT DETECT

I TEMPERATURE o btIGHT _AND

PRESSURE,

a5




18. CIRCUIT ASSEMRLY TIP SM

P Bt s bty A it

" THERE ARE  SEVERAL WAYS  TO MAKE EITHER TEMPORARY
IOR . PERMANENT. ,.....V.EKSIONS.,....,..O_F......ELE_CT.RON.I.C LCIRCUITS . IN

THIS  CHAPTER  WEL LOOK AT _SOME. _CIRCUIT. ASSEMBLY

lTies NoL . MAY. EIND HELPEUL. . e

PT's  ALWANS . WISE _.TO. BOMD /2
JA TEMPORARY. _VERSION.._OF A /.
_jCIRCUIT . BEFORE  ASSEMBLING IT .

AN PERMANENT.  FORM . _You_ CAN

e —

I TEMPORARY _CIRCUITS B k&.,__...._..____,,._._

THEN. MAKE  CHANGES. AND FWD.  MODULAR SOCKET ﬂ_ ...... .

L jouT . How ..W.E.LL....THE.._.._C\.RC.U.IT._,.WOEKS..,\.,-W.. SRR N
{BY._ FAR . THE . MOST __IMPORTANT

JASSEMBLY. IS THE  PLASTIC

{TO KEEP . SEVERAL. ._ON YOOR . .

lIN . MINUTES. _ USE “"JUMPER" SRS AU
IWIRES .TO ‘.!,N.T.E.KCONN.E.,CI,_._..EA&I.S....,.,.CU,T.A.W‘AY ..,_SH.QW.LN,G COMMQN _______ e

oo a"c:‘:'a"n'a'a""' ’
ToolL. . FOR _TEMPORARY CIRCUIT o ooapoeeon 4 4 -

SOLDERLESS  MODULAR _BREADBOARD . ... . ..
SOCKET. _\T's A _GooD .  IDEA . . ... .

ppDD O |
‘oonbia |
0 igaoaa

n pooob |
i 4
{
{
i

WORKBENCH., THEY. .WWL LET 7
NYOU . BLILD _ENTIRE . CIRCUI’('S

o
]

. |WHOsSE. LEADS. . ARE _NOT INSERTED . . TERMINAL _CONNECTIONS .
AN THE  SAME . ROW OF TERMINALS. .. ... . S
_{TO  AVOID . .BENDING . .THEl_K..__.QI.N.S.....,..,.....,.._H.INT lNSTALL SOCKET OJ\L B

_ICAND. PRICKING YOUR. FINGERS), _ _ BASE. AND ADPD POTENTIOMETERS,

_[INSTALL. AND REMOVE IC's CAREFULLY. . BATTERY, LEDs , SWITCRES, ETC.

PERMANENT CIRCUITS 'f'f]jf.'f.fﬁ : ]f}f'_”ff_'.__.f]'f}ffff_"f._._f.__‘_:"_"f_.”:

|WiTH THE EXCEPTION _ OF _SOME VERY SIMPLE  CIRCUITS, .

AMOST. . PERMANENT . . ._.,Q\_acu..lx.s._...._,.A RE . ASSEMBLED .. .om..,.., SOME ..

AFORM  OF CIRCUIT.  BOARD e e

a PEREQRATED, BoARD comsr&ucmorg -—',_'.::','CO.M,POMENI- LEAD.SW_,__,.

O |ARE. N S,ER,‘l'_E.D,.....”..m,&OU.GH-_. _PERFORATIONS _IN. A  PHENOLIC . ..

OR S\MILAR . BDARD.  _AND __SOLRERED . _TDGETHER .ON_THE BACK .

SIDE _ OF  THE. BOARD.. . OFTEN INSULATED . CONNECTION.. WIRES
IMUST _BE __USED. . ONCE __ ASSEMBLED, "PERFEOARD' CIRCUITS

e ARE DIFFICULT . TO . REPAIR ..

. C oMPo N ENI e _SINCE. . COMPONENT.. LEADS ..

.....C.Q.N.N..EC.T ON . ARE .O.F.TEM __TWISTED __AND
_(REQUIRES SOLDER)  SOLDERED. . .




O WIRE-WRAP —  FASTEST  WAY._ TO _ASCEMELE CIRCUITS
e ATRAT USE. _MORE  THAL A  FEW _IC's. 1 SE__WIRE - WRAP_IC.

e b —

—SOCKETS  (WITH _SQUARE _CONNECTION PINS). . RBOTH _KWAND. __ AMD N
e MOTOR . POWERED  WRAPPING. _ TDOLS _ARE AVAILABLE. ___1F Nou _USE
e THE__KIND  THAT __REQUIRES . SOME _OF _THE. _WIRE'S INSULATION —

BE _REMOVED, WRAP A FEW._ TURNS. . OF INSULATED. __WIRE _AROUND

e JTRE  CONNECTION  PIN.. TD . STREMNGTHEN. . THE _ COMNAMNECTION.

T I S B E'r TER S

- f@OARp._ DIFFICULT. TO MARE CHRANGES

7T wme-mgAP__,_ﬁH, g'ﬁzd’

SOCKET EASIER _TO CHANGE .
\_/

TYPICAL BAND PDW_E&ED _.WIRE WRAPEER

RSOSSN "4 ~s o - % § — S -
2 e —— A 3 k-10 TURNS d

e oiin ey r—

~INSERT_WIRE HERE ___ - e W

MOLE _FOR. .o

WRBE ~WRAPPING |

(((I!

BTt TERMINAL U, ‘ % ﬂ x

0 PRINTED  CIRCUIT (PC) —  PROVIDES. THE NEATEST . AND. MOST

(PROFESSIONAL.. .
 REQUIRED,. ... BUT___COMPONENT.. LEADS _MUST _BE _SOLOERED. . .TO THE ...

APPEARING. .. .A,Co MPLETED _  CIRCUIT. ... SOCKETS . NOT

—{CoPPER _PATTERNS _ ON._THE . BOARD. _ THERE _ARE _MANY TYPES _OF . . ...

- 4PC__BoaRDS,

_TWO  TYPES .. USED €Y.  EXPERIMENTERS _ARE : -

L. PRE~ ETCHED PERFORATED . & m 0. soAR oS ~HAVE A __ROUND,. cO PP_ER__._____.______
..... FOIL.__SOLDER ..PAD.. AT _EACH _HOLE. .. ON. _MANY.__RBOARODS. . ROWS. O
—4ROLES  ARE

CONNECTED.. . BY . .COM MON___COPPER _ FOIL.. STRIPS ....(A,.L.,I.KF

A __SOLDERLESS. . _BREADBOARD). IT'S__ USUALLY _NECESSARY . TO. .
) JOIN _ SOME .
_.g.rsogt LENGTHS | NSULATED. . HOOKUP ___0R _WRAPPING  WIRE) e oo

m.-a&__.caE_m.cum..__..-,.;;oAA.T..m.Ae‘ . ..(._IHE...'.‘..&ESN\.STT..-.“),...,.A.',l'.'..o......,IHE.,._._..C.LEAN
[COPPER __ FolIL . .
LUNCOATED . COPPER. ..IS _THEN . CHEMVCALLY . COMPONENT. .
ETCHED _AWAY, LEAVING __BEHIND _A__FOIL
| WIRING  PATTERN.. . HOLES _ARE DRILLED
FOR . COMPONENT . LEADS. TAKES LOTS. _OF 4
ATIME . BUT _PRODUCES NEAT CIRCUITS. .

of wma _CONTACTS . ou.,.WTHE.,.B.OA&Q.__.._w.lIHm.'l.IuM,BERS’ e

2. . COSTOM

PC BOAKDS AR.E MADE ..... BY APPLYING A _TAPE I

_OF A PC. _RBOARD. __THE .




HOW TO SOLDER

GOOD . _SOLDERING. _ PRACTICES  ARE ESSENTIAL FoR___RELIABLE

B e I8

OPERATION. . OF A _CIRCUIT _ WITH __ SOLDERED. . _CONNECTIONS.

RERE. ARE SI\X __STEPS . FOR. SUCCESSFUL. _SOLPERING &

1. AL\MA}LSMMUSE_ A LOW- WATTAGE _SOLPERING. IRON (25 .70 40
WATTS). __RE SURE__TO _TIN._THE _TIP _ACCORDING. _TO _THE —
IMANUFACTURER'S  INSTRUCTION S
f s ALWANS _USE  ROSIN CORE SOLPER WHEN . SOLOERING. . .
—JELECTRONIC . COMPONENTS. _NEVER _USE ACID__CORE__SOLDER .
SINCE 4T WILL  CORRODE. .THE . SOLDERED  LEAD.
S .Sh,jamsg,._.ooﬁs NOT .. ADHE.&E TO PAINT, GREASE, OlL, WAX . __
OR. MEL‘LED.ml.N,SULAIJOM.-___REMDVE. ALL.. SUCH. . FOREIGAN. ___MATTIER
- SpATH _L_.S.O.L.\IEMI_,_,_SIEELMMQL__..O.R,..__EIN.E, <.,.,sawo.9ARE&.-._~_,ALu AYS.
e {BUFF __THE._ _COPPER. __FOIL__OF A _PC _BOARD WITH _STEEL.  _\WoOL.

BEFORE _ SOLDERING. (THE _COPPER__SHOLLP _BE _SHINY.)

4, TO_ _SOLDER,. _FIRST__HEAT THE _ comnsu_n_em__cw__ms_,someg,l_

............... _JFOR A __FEW ‘..,.§.E.com.o..s_.....ww,1mﬂ.~,nm.e __HOT TP __OF THE _IRON._ - S
LEAVNE _TRE _1RON.__IN _PLACE.  _AND..  APPLY.. . SOLDER.
________ 5 _As.t.aw_._mﬁ__soz.o E.R_..To__.FLow -_m&ouen _AND. e
AROUND _THE CONNECTION _BEFORE &EMQ.V_LNG. o O
THE _1ROMN.  DON'T _APPLY _TCO MUCH . L ;}_m,.m._m
e SOLDER ___OR .. MOVE THE _CONNECTION . P e
e JBEFORE 1T COOLS.. . i v - __POWER .. —
- S st st e e et , ’. i [P CORD
R o. KEEP THE _ IRON'S_ TIP. L
JCLEAN  AND _ SHINY.  WIPE QP o113 1) 7<— HANDLE
e ___|OFF _DEBRIS _ WITH_ A
......... IDAMP___SPONGE _OR 2 ".._.._/._.INS.U.LA_T_E_D GRIP
................ ct.om., - . Yoo
\_HEATING. .. 2 SOLPERING  PRECAUTIONS
I l\-__ELEMENI_ ..... N/ T
W Y A Ao AL HQJ‘__SOLDENNG J&o.uw______mm
VM omip 7 &P AN BURN. A _FINGER._OR
o { ( T e UEN START. A FIRE. USE CAREL
— BOARD B SR
A § 7 f 2. uupaua _THE _IRON WHEN. ...
_SoLpER N 2~~~ 0 a0\ YOOURE _NOT.__USING. 1T

fegg 1 0\

WL

ag
i

tlieen Q ]
(KOLD_PARTS N PLACE WITH TAPE) NOT WHERE YOU CAN._TRIP OVER ITe

e




|0 BATTERY.  POWER — . MANY.  CIRCUITS. USE <0  ITTLE
|POWER  THEY. CAN. _BE_ POWERED RY EBATTERIES.  THIS

KEEPS  THE _COMPLETED  CIRCUIT .. COMPACT  AND ALLOWS

POWERI N G ELECTRONIC CIRCUITS .

AT TO  BE  OPERATED.  ANYWRERE

|0 _SOLAR _POWER.—  SOLAR. CELLS.  CAN  POWER. YouR
[CIRCUITS. DIRECT LY _OR.__NOU. CAM WUSE . AN._ ARRAY _oF
| SOLAR. . CELLS  TO. . c;-\ ARGE _RE CHARGEA BLE _BATTERY.. . .

OUTPUT . VOLTAGES. . AND.. CURRENTS. . ARE __AVAILAEBLE.,

_|YOU. _CAN  MAKE  YOUR. OWN _ LINE. POWERED _ SUPPLY _ USING
AN TC  voLTAGE . REGULATOR. . .

O CAUTION — . SAF.ET..\/,‘......,SHOULD. BE YOUR F;Rs*r CONCERN .
LAMWHEN O BUILDING. . YOUR . OWN.. Lu.ue, POWERED SUPPLY. THE .
|POWER _ CORD. . MUST . RBE . PROTECTED. FROM. THE SHARP. EDGES . .

F__A HOLE _DRILLED. _.IN_. A . METAL . CABINET. CUSE A

_|PLASTIC  STRAIN.  RELIEE.). ALL. CONNECTIONS. TO THE AC. .

JLINE . MUST  BE_ INSIDE. A _ FULLY ENCLOSED _ MOUSING. !
JLEAVING . SUCH  CONNECTIONS . EXPOSED. 1S A POTENTIAL .
ASROCK  HAZARD... MAKE SURE ALL . COMPONENTS. THAT .
—|ARE __CONNECTED _To. THE = AC LINE C(SWITCHES, FUSES,
JTRANS FORMERS, £TC.) MEET OR EXCEED _THE POWER
|REQUIREMENT _OF YOUR ..CIRCUITu

ITHE_REMAINDER  OF THIS BOOK INCLUDES  MANY.  CIRCUITS
NOU  CAN . QUICKLY. . ASSEMBLE _on. A SOL osu.es S BREAD BoAR.D.....,.,,

JTHAN_ __ONE . BASTILY. ASSEMBLED. .. ... ... ..

JPROJECT..

_IsLoepy \‘ § 3%% S — o L Near
Y PROJECT

AN

O LINE  POWER — ,.THE NclM?LEST_..A. LINE. POWERED . SUPPLY IS
THE  SO- CALLED Q,g ADAPTER.. . THESE. . MOOULAR. UNITS ARE
COMPACT _AND _ EASY  .To USE. UNITS.  BAVING VARIOUS

JSUMMING _UP_ CIRCUIT ASSEMBLY -

|CHANCES _ARE. You'LlL. WANT _TO. MAKE _PERMANENT. VERSIONS
|QF _SOME. __ FOR_ _REST L RESULTS, . PLAN_ THE PROJECT CAREFULLY.
A _NEATLY.  ASSEMRBLED _ PROIECT. WILL  BE MORE. RELIABLE




Q. 100 ELECTRONIC CIRCUITS

BERE’S A COLLECTION. _OF 100 ELECTRONIC . CIRCUITS.  TWE

ASSEMELED EACH  CIRCVIT. _TO. . MAKE SORE ALL OF THEM __ WORK.

I SELECTING . AND _ SURSTITUTING . COMPONENT.S. = NOU CAN _FIND

MOST SAVE TIME

AND  MAKE A __LIST _OF WHAT _You. NEED BEFORE. . You  VISIT

RADIO._ SHACK .. (YOU_ cAN__FIND. _ CURRENT __CATALOG.  NUMRERS _IA_THE

LATEST. _RADIO._SHACK CATALOG.) IE_ A _COMPONENT. IS _UNAVAILAGLE,

TRY EISEWHERE.. SOMETIMES . NMOU __¢AN _SUBSTITUTE.  COMPONENTS.

FOR _EXAMPLE, 1T'S.  OFTEN OK _ T0 _ SUBSTITUTE _NPN . SWITCRING

TRANS\STORS ___FEOR__ONE _ ANOTHER _(2N3904.  FOR 2N2222., ETC.) ..

NEAREY VALUES 0F  RES!'STORS. _ AND . CAPACITORS .  CAN. . OFTEN. . BE

0seD (1.2 K _FOR 1K RESI\STOR ,  0.33 uF _FOR__0O.47xF CAPACITOR, .
E1¢.). ALWAYS _EOLLOW. _APPROPRIATE _VOLTAGE. AND POWER._RATINGS.!

OWHEN. A _CIRCUIT _DOESM'T. WORK. — MAKE _SURE _THE CIRCUNT IS

RECEIVING __ AREQUATE . POWER.. . \F 1T 1S OR._IFE_YOU SMELL OR .

FEEL A __HOT __ COMPONENT, IMMEDIATELY.  DOISCONNMECT THE POWER
AND__FOLLOW. . THESE STEPs : (1) RECHECK . ALL CONNEcTiONS. (s A

WIRE  MISSING? 1S AN _IC PIN RBENT? 1S A _SOLDER. CONNEQTION

BAD? 1S A _WIRE “SHORTED"? IS A D0I00E  BACKWARDS?) @) 1S A ..
[COMPONENT.  _DEFECTIWE 7 (3) SOMETIMES, ESPECIALLY WHEN POWER _
SUPPLY . LEADS. _ARE _MORE _THAN _SIX __INCHES _LONG, ITC CIRCUITS .

LWL WORK IMPROPERLY. . OR _NOT AT ALL __UNLESS. _You. . . CONNECT

______ _MAY. . . Blso BE _NECESSARY TO CONMECT A
1.70. 10 mF__CAPACITOR _ACROSS._THE _POWER LEADS . WHERE THEY

ENTER. __THE _B S THE. PUBRLISHED CIRCUIT. CONTAIN. AN ERRORY .

a SREE.I_X‘,_.‘.EJRS;T ~ BE SURE___TO_ FOLLOW _APPROPRIATE. PRECAUTIONS .

WHEN  WORKING .. WITH _AC LINE POWERED. CIRCUITS.  BE CAREFUL ...

AWHEN  SOLDERING.  CIRCUITS WITH SPEAKERS.. CAN  PRODVCE VERY ..
LOUD _SounDs.  KEEP  YOUR DISTANCE, AND DON'T CUSE HEADPHOMES..

et st s ]

I GOING  FURTHER=— TRY _EXPERIMENTING _WITH. THE _VALVES OF .
COMPONENTS __IA. RC circuiTs (P 237). TRY SUBSTITUTIN.G. OTHER
OUTPUT  DEVICES  IN.. CIRCUITS. THAT DRWE A _RELAY PIEZO BUZZER, -

e lETC, (RE _SORE __TD EOLLOW. VOLTAGE _AND. CURRENT RATINGS. USE. .
e __JOAM'S__LAW__AND, JE_NECESSARY, ADD A SERIES RESISTOR TO REDUCE .
— ICURRENT.) _BEFORE  BUNUDING A PERMANENT. .. VERSION OF A CIRCUIT, .

|GUIDE" _AND_ ™ ENGINEER'S. _ NOTEBCOK. '
QRcuIT S AND AN FORMATION . ABOUT _NEW DEVELOPMENTS, READ MY

AND TEsT A GREADBOARD VERSION. EINALLY, -

ALWAYS  ASSEMBLE

IRE SURE _TO._ RuvY._ _RADIO._SHACK'S _CURRENT “SEMICONOUSTOR REFERENCE

4

FOR MORE _ADVAMCED

CoLOMN. _("THE ELECTRONICS _SCIENTAST™) IN__COMPUTERS & ELECTRONICS.

% S




DIODE _CIRCUITS

THE _VARIOUS _ KiNDS — OF  DIODES HAVE MANY APPLICATIONS

HERE. __ARE __SOME _TYPICAL _ CIRCUITS

|SMALL SIGNAL DIODES _AND __RECTIFIERS
O VOLTAGE _REGULATOR OVOLTAGE __DROPPER e
—Di—
YN ' +V DIODES _MUST _HAVE
A R1I-SEE ZENER. DOPE T  ADEQUATE _POWER
.___Rl__g-____REGUJ.ATQR (P 102) _RATING  (P=\xTI)
D1 -
> NourZ N % 0.V > V= 0.
D1 _ZMLQAD DIOOE (S) _AND__R1 D N R
. ‘..(.Rx.)....éﬁ._.__Au_us‘r__k\mﬁ___ .............................. N V3 B A
D2 M S ___ADEQUATE_POWER S B
b RATING. . D.n_.‘¥.m._ .
On XZ 4. (See P.103) .. . 4.___,& (s 0.6V) . S
L g S —— AN e
S _LOAD ___._.&xAMPLe;.._ NI -
__JoNE _OR__MORE _SILICON. DIODES. ___(Ru) T W
_JCAN_ _REGULLATE A __ VOLTAGE A N = B4y
AN 0.b VOLT _STEPS. = -1 -

0 B L

AC ,,/- S1 (opTioNAL)

oNe L |

okl = PR[ Q j[@ v S
_'2‘.)7—'——-—..1.2..0_\/_,_,% | ‘gw..ﬁ-s v

y LOHz. . N/ L,,_._,.__tl_m N U
__|powee [ ] T o1 7T ¢n (4 yoets) oo
_Jeoro 1 L 33ooF,

...... THIS 1S A RASIC AC LINE.  OCPERATED 9 VOLT POWER _SUPPLY..

—|FOR__Low RIPPLE (SUPERIMPOSED AC AT Veur), USE LARGE .
_vALuE  For C1. fOK TO _ADD__OME OR _MORE._ CAPACITORS. (Cn) .
N PARALLEL  WITH (1 FOR _ MORE _ C AEAC.JIANCE;) CAPACITORS . ..
—MUST BAUE A DC WORKING _VOLTAGE _{wupDc) OF AT LEAST .
12 VOLTS. _RECTIFIER RRIDGE._B1__ MosT HAVE PEAK _ INVERSE —

AVOLTAGE  (PIvV) _OF AT LEAST 12 VOLTS T1 __AND Bl  MUST. HBAVE
JADEQUATE _POWER . ANO.___CURRENT _RATINGS.. (USE OHMS LAW...) o

CAUTION i YOU MUST _INSULATE OR_ENCLOSE. ALL  EXPOSED AC.
LINE _CONNECTIONS | THE _POWER _CORD  MUST BE UNPLUGGED .

IWHEN __YOU _ASSEMBLE OR _SERVICE THE. _guz_cyn- i
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[IVOLTAGE _DOUBLERS.

-

e

—+ 01

¢y I+
\ -

Oo—-+¢ OUTPUT

-

N Dz (2Viw)

INPUT T

—

Q)

<:.A,As,.éAp_::.._w_u,_u__':f.“.' - f.fﬁﬁ.

THESE CiRQU 'TS

VOLTAGE ... THRE __ QUTPUT

DIOPES.  RATED. . ‘.,,qum..h.‘m.\.c.ﬁw.

RIPPLE _ (n~o~n)  CAN . BE.
VALUES _ FOR . CI .

_APPROXIMATELY
IS 0C.
_REDUCED. ...
ANnD.__ Q2.

INCOMIN G A c
USE  CAPACITORS.. AND

INPUT  VOLTAGE, .Qur..RuI... S
BY . USING. .  LARGE

B s o e o 1 P B B P ) b B D 0 40 IO 4l B 0 b P

_DOUBLE AN

SRS PDE—

THE GBRIDGE ~ OOUBLER._ 'S

.MORE  EFEICIENT. __ THAN_ _THE
LOONVENTIONAL . AND _CASCADE |
H— DIODE .

_DOUBLERS, . _SINCE .

| ci=<" (Vi)  BRIDGE  RECTIFIERS ARE.
- _|BRIDGE T+— e AVAVLABLE o IT'S. EASY. TO_ MAKE.. .
=] v&[fﬁcsa TRIPLER O _VOLTAGE. . QUADRUPLER

INPUT

(Vin)

OUTPUT .

Q

e GVw) . .

O
ANPUT

CVm)A

—

L
if:’

ey

e

TRIPLES _AND _CONVERTS. 10 0C

AN INCOMIN G AC .
02, D1 D2 _AND D3
22V

VOLTAGE. .
RATED. AT ..

QUADRUPLES AND Q om.v&@‘r S TD__
DC.. AN INCOMING  _ AC VOLTAGE..
___ALL. _COMPONENTS . RATED. AT >2Z Vin...

[1 CASCADE __MULTIPLIER o—)jt e e I
ADD___MORE.__STAGES. EOR _.--w.,'c”""; S
MORE  MULTIPLICATION. ALL Vi I T
COMPONENTS RATED AT >2 V. 3 v M “,,___,__,__f._h..sr__-
- ouT Pur (a vm) +
102 e e R R




JZENER__DIODE CIRCUITS

O VOLTAGE _REGULATOR.

Vin

THIS  CIRCUNT  SUPPLIE.

. Py = Vs, % T,

VOLTAGE . (Vour) . TO A

I-) = PZ/V1

A _BATTERY ...

MVST

D1

N
Lt

P
2

LOAD
RLYoo

AS I,

A Vz = ZENER._ _DIODE _VOLTAGE. .

|.P2

LELZENER DIODE -POWER

EXAM PLE

4 I L. _1=__MAx1 MU Mﬁ LOAD -mcu RREM T
1Ilz = MAXIMUM ZENER. CURRENT. .
4L = CURRENT . THROUGH. R1 .

120. ..ID...-.S.Q..._MA ......... FROM.. A .9 _voLT
ABATTERY.  TO . POWER. .
AR 12 _VOLT BATTERY., . USE A
19.VOoLT, 1/2 WATT ZENER. DIODE .
R1_SHOULD BE CLOSE TO O QL .
IAND.__RATED. _FOR. AT _LEAST 015 W. .

AT FROM ]
Az v

A RADlD_.‘...“DRAWS FROM_ EXAMPLE  CIRCUI

AN_ONRESULATED . SUPPLY.  (LIKE.
Miv  CAN_VARY..BUT.._____
BE AT _LEAST 1 VOLT.
ABovE DESIRED  Vaur. . T. CAN
VARY _FROM O MA_ TO PLANNED
.......... SMAXIMUM  VALUE .. T _DOES. NoT . .
e CRANGE __J_E_.-.IA‘, ..... EALLS 0. O MA,_

FALLS,. _“JNMQT):\ER__WD R DS
THE. _REGULATOR. _ALWANYS __USES..
THE _ SAME_ _ _CURRENT,  EVEN .
SWREN . THE. _LDAD IS .
CALTION : D1 AND. R1 .
. PROPER. __POWER _RATING. ..

___OHM_S_LAW_(,E.I‘D
..................................... =

S._A.__STEADY. .. .
_LOAD _FROM

et e b

4 it e e b i

REMOVED « ..
MusT HAVE

USE
s T o

Ti

T

P -
- e L r—

D1 q v

.._,..(AVJN ). —-'.::__ . f/ZW__ B A ,NC.VouT).___._.‘::
e A DU P:L”—,}\IAVEFORM cuppee

*

.

CRL LLPPED
WAVE

— e

EQ VAL . -

e Nowt e NAN

m.f.’.flf.’fffbfi_fZ

T}:\\S . L)R.Cux:?‘_. —AS . RANDY. _FO
REDLCING.. AN
| SIGNAL VOLTAGE
[LOWER ,  MORE__MANAGEABLE

——— Y

S LCLIP )> —

__.. - —_-."

~JIN.COM \.N,G_._..‘,,..-., —

. :n-ns AS. A _SYMMET R\ CAL. Fo KM
OF _THE _ADIACENT . .. C .\.S.C.V_I_'IL.__J.I..A.....‘_,m.,\.. B

e QLIRS

BoTH.. .

~HALVES .

LOF AN

tLEVEL AT CAN _ ALSO . CONVERT . INCOMING. . WAVE EQUALLY. .

) A SINE___OR__TRVANGLE. ..

MAVE

(UF_Vz =

D1.=2D2). USE _TO .

S > T AN____AP_P_&O.X.IAMA,T,l.O.N.A...-..‘OF__-_._-_._,..?BD.IELT*__SP_E;&.\QE.RS.._.._AND.._.RHQNES_ ________ .

A __SQUARE _wAvVE.*R1: SEE
AROVE (LET I= 2 MA MINIMUM),

.OR To MAKE __SQUARE

FROM __EXCESSIWE  SIGNAL . LEVELS
~WAVES,
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_ [TRANSISTOR _CIRCUITS

lMIiGRAIE.D._.Cl.@E-_.RECELME_.MRL_ATTEMTIQ N, BUT . BOTH

RIPOIAR _AND FIELD=-FEEECT TRANSISTORS HAVE MANY APPLICATIONS.

RIPOLAR TRANSISTOR _CIRCUITS

JOUR _ GARDEN.. .

ADIUST.  R2 _FOR. ...

{ L MOISTURE ~ METER QO_MOISTURE  ACTUATED RELAY
EBC Mt o B . R +LTO+9 v
IN2222 AAA T DAA &
2N2907, R1 ! X R Lol 3)-0_»
ET¢C. 100K g 6(\\ 0-1 mA 100K 1NGQ1Y
? \é/ METER o € J— SPST
& __SENSOR. PRosgsw_ \L__RE.LAX__
) Q1 —c B i; o1
/ AN2222., R Xﬂ:&{_mzzu,*____
_l:..zu:ﬁoi ....... 2N 32904, ETC
THIS _CIRCuNT . wu.g MEASU KEMTHE._._ _THIS. CG\ReuT  CLOSES. A RELAY. .
IMOISTURE.  LEVEL OF SOl N . (L-9 v, SO0 OHM_<OIL). WHEN

.MOISTURE LEVEL _EXCEEDS A

[METER __READING . 0F 1 mA. WHEN __ LEVEL SET BY RZ. RELAY .

WL MOISTURE . IS AT __DESIRED .. __CONTACTS THEN  SWITCH . _ON
LEVEL METER.  WILL THEN_ _INDICATE. A _LIGHT OR OTHER OEVICE. .
LOWER . MOISTURE __ LEVELS. ... CAN DETECT RAIN.
O METRONOME. ] D LIGHT  FLASHER
- 49V  tbT0+9y
\
RL . . R3... 1
10|<‘.,_é~-~.% SR S \K g’. ..... e
[ W N - % 2 _w...Rl___?-..QL..._. B Q2
R IN2227  —~JE 202907 100K |2N2222 o ) _ /_aN2907
P (O ci
L@ e 80 N L F
e ARZ LN N SPKR. _R%L . + |/
sok 1t / Sek. Y. N S
]\ l -, ~
PR 1\
¢ 1 'ZZ ME. L - - L.
A__ME TRONOME. Magx:s TIME_BY._. . THIS__CIRCUIT. PRODUCES _BRIGHT

R&Q_DQ.CIN_GM__A__.QEGQLA&- ._saouﬁmca

oF "cuicks”

OR__“Pocks. ADTUST

SO, R1 __COMTROLS _ELASH RATE.

TRE CLICK _ RATE RY _ADTUSTING USE N0, 1272  0R 222  MINIATURE
o IR2 OR. _CHANGING C1's VALUE. LAMP For L.
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A0 SIREN e CLOSE._S1.__AND __THE

Rl_22x ... Sy . +¥%v SPEAKER EMITS A _TONE
AAA s THAT _ RISES IN_FREQUENCY.

oot - CAS._C1. CRARGES).  OPEN
. * K . Ry <  _S1 __AND _THE TONE FALLS.
CL _;_Qz. ................ 470 < . IN_FREavencY. (AS _c1

22uf  R3 an2222 | _~Je . DISCHARGES). _LIKE  -THIS:
41K S

et e

< Rz 4 2N290'7 c

39K B A B N Y \ \ i

SRS S SR SPKR//l_C'-OSE L OPEN.

¢
¢ _ S-S N S S

S A E—

07 mE L TN HINT: CHANGE RL . TO
. CAANGE. UP=DOWN TIME.________

e e e —

|0 MIGH VOLTAGE POWER _Sueel. ... )

t1*2 70 +9V THIS. CIRCUIT.. PRODUCES. 220 VXT.. .

[ _PULSES OF DC_ WwWHEN. POWERED
Q2 BY A__Q-vOoLT BATTERY. AT _ MWLl
JE2NZ2907 .. PRODUCE  up TD. 170 voLTS. . EFROM .o )
e A FLASKRLVGHT . CELl.  (BUT. NYOU o

e MAY. . RAVE . TD..  EXPERIMENT _MUTH.

REEN., . €4S VALVE..  THE. .
AR IFSY BLACK o CIRCUIT.  WILL. . POWER

[g“ / CAUTION:DO. ... .ONE_ . OR . MORE NEON . .
| Tti=i1720v 1 3V |

NOT. ToucH! LAMPS  THRoOUGH. . _A
TRANSEORMER ... .T1 (MAY HuM IN OSE)

e IM . SERIES . RESISTOR. .

-._.J:L.BLLLRGLAR ....... ALA RM

ALARM Soouos ANQ STAYs ON (un-nL
__._P.o.wa& 1S DISCONNECTED) MHEN . MAGNET
i SWIATCH 1S __OPENED __OR WINDOW. _EOIL

e 15 RROKEN.. . R13  SET. .TD.. MAXIMUM.
SN S ook V@1 NALUE . DISCONNECT. ONE LEAD . T

—~le 2M2222 | A2 SWITCHES /FolL.. THEN REDUCE VALVE . oo

8 (7 _OF R1 _TO _JUST _PAST.  POINT _WHERE .

teTOt12V
3

ALARM __SOUNDS. . CIRCUIT USES ONLY . .
AL.A&M 0.3 _MILLIAMPERES AT & VOLTS.
RELAY ! USE LV, S00.0.  UNIT. _WHEN
SSOPPLY. 1S =9 V. LSE12V,12008
. . e RNATO WHEN. . SUPPLY IS 12 V.
— s NOTEL S ASSEMBLE ,  INSTALL _AND.
CONGEAL _THIS _SYSTEM _ WITH _CARE.
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JUNCTION _EET _CIRCUITS

IC] ELECTROMETER

O ToUuCcH  _swiTCH

S60 | +9v._ Rl _R2 01=2&5;313_..~,....;u:_,,:...::ib_. To +9vV
~an2e19 A 33K 100K " oN \
~ — AMA AN - | / .
. £} e N/ ol seon
= =) ¥
k‘r\— O-1 mA D = —~ ). RELAY .
Nl ) METER A NV —
SHORT WIRE = R IM_ Q1L S| :_ B
/] » ) 1 —
e L CANTENNAT D QPTIONAL 1. DL .
................... / ) ____Qi__________..___.....f‘_Q.E.E.'l_-,u......._,.‘.‘!.. AN ‘u.‘.i..;F. ¢ )
. O — L..J(.--_ D
S 1 Atz v 1T
............................... - QUT DOOR s . -
v} TRIS_CIRCULT __ DETECTS  STATIC. ... AWAY _FROM__POWER _Lmes-
e | ..EL.EC.IKJ.C..IJ’J_.,ERQM..,-A._,,.C,HA&GED.-...._.._._.-..G.KD.F.ELY :mucu_"ou__com:a_c.rswxo___

|oBIECT (PLASTIC. COMB, ETC.). OVER . ACTUATE _ RELAY.  TOUCH CONTACT ___

A__EooT. AWAY.L __ADIUST R1 2 ONLY. _TO0 DEACTUATE RELAY.

14 T\MER

SO . METER.__INDICATES 1 MA. - INDOORS:
CHARGED . OBJECT NEAR "ANTENNA _ MAY BE_NECESSARY TO INCLUDE
WILL _OECREASE. METER READING. __ QPTIONAL.'0EF" CIRCUIT.

. CLAUDIO__MIXER

RESET

TIME

C1

4.7 10

A0 mF

_IRS_3

JuPTO 1.5 MInUTES - PIE20 BUZZER

DELAY._TIME.:

.lo.oh&m'r.b.»a&f

ADDITIONAL InPUTS=<- = %
SeET_S1 7O “REseT” (Buz2ER . _
WILL _SouanD).  THEN SET_S1.TO  THIS _ CIRCUIT. . ALLOAAJS__ m_o_an-..___.
e *TWME. _ RUZ2ER_WILL_BE SILENT ___ MORE) _MICROPHONES _OR _OTHER
e JUNTIE L DELAY. LS. _COMPLETE. . BUZZER _ DEVICES  TD0 . _RE__CONMNECTED TR .

SJWILL THEN  SOoUND.  INCREASE  C1  THE SAME. . AMPLIFIER . R1 AND..
JoR._R1___FOR
REDUCE _R2's_ RESISTANCE. DURING . EACH _\NPUT.  THEREFORE. RL1

~LONGER  DPELAYS...... R3 _CONTROL _ATTENUATION OF ..

RESET MODE (SPEEDS UP RESET). ___ AND R3  ARE BALANCE CONTROLS.. .

O N




X

(POWER  MOSFET _(DMOS,VMOS,ETC) CIRCUITS

IO LINEAR _LIGHT. DIMMER O AUDIO  AMPLIFIER

Q1= N-cHANNEL]. tav

POWER _MOSEET &

\

<_ Rl 4 Ry
e1 2 47k s
1 ME —~J P

- "01 A ] 4 G( \ atL___

Ll=4-6v | doNoT o | Rz ..
R3S iamp EXCEED . Oj_L . A
iMm | POWER T G

. RATING - R3 B

CHANGE.  SETTING. . OF _R2 To 1 SPKR._.
CRANGE. _INTENS lT..‘{. __COF __LAMP. _ - I
THIS. _CIRCUIT. . SHOWS. _HOW. USE TD AM PLlFY Sl 6 NALS AN Do

JPOWER. . MOSFET CAN_BE USED _ _ _TONES. __FROM.  OTHER . CIRCUITS.

|AS. A __VARIABLE _ RESISTOR.. ... .. R2 __CONTROLS . GAIN. (VOLUME).

,rfilESLiEfﬂﬁiﬂ‘.l'd.oﬁki&%iféisfi ff.f'f-ﬁrifﬁé __DELAY__ CIRCUITS -

1. OEF AFTER  DELAY. :_' 2. 0ON__AFTER _DELAY

PIE‘ZO suzza& +qy

_/CoR_PORTABLE . A _—
- RADIO, LIGHT ,ETC.), ngkz,mngsw
DO NOT. EXCEED ... bSLo S0k 21K —
_POWER RATING.. .. o X _ ]

| oF. Ql. USE oo . ey
LSERIES . RESISTOR . B I | VAN

AT X" 10 _REDWKCE

S . CURRENT THROUGH . 4|

QL _AND THE LOAD. T &

DELAY. TIME.: MINUTES 10 HOURS! &

- S e R3 Rsouces BUZZER'S_ VOLUME
CLOSE _AND_THEN_.OPEN S1_TO. -

JACT\VATE . Bu22ER.. . AFTER . C1. .. Q2 INVERTS THE STAWS OF .

IDISCHARGES._ INTERNALLY. __OR Q1. THEREFORE THE . RBUZ2ER
[ THROUGH _ R1. COPTIONAL), Q1 SOUNDS. _ AETER THE TIME

JTURNS .  OFF  AND._ SILENCES THE ____ DELAY. . IS COMPLETE. INCREASE
|Bu22ER, LONG DELAYS POSSIBLE. . C1’s VALUE TO INCREASE_DELAY.




UNIJUNCTION TRANSISTOR _CIRCUITS

: D TIME _BASE O TONE._ _GEMNERATOR.
_ 81 E 82 412 TO _+i8v +9 1O +12v o
__2N4891 i \ I

R3

ARL <
10K

2 100 RL .

1K

P Y

B S (T (O A
lR2 L e/ 1 R a3 e/
100K ot \NH ey 100K Qi Ve

Q1L ?.msu

S e U—

8

+ Qisan4sar | . L

C1 c1

22 ﬂFw/]\

EACHA. TIME. _THE UIT.C(Q1)_ TURNS. .
ON, THE CHARGE _ON..CL _

=y
.. OR_SIMILAR .. =

h e

LOR._SIMILAR
-

| SPKR____

. i./uf?.:

THIS. CLRCLIT. IS IDENTICAL N
1S PRINCIPLE __TO _THE _ADIACENT . _
“DUMPED" _THROUGH . THE._ LED. . CIRCWT. C1 1S MUCKH SMALLER

ITHE _LED FLASHES. .
BETWEEN. FLASHES,
GLOWS. . DIMLY...

LJSET

0 oRGAN

IN__ RESPONSE. . TO SPEED. _UP THE _ CHARGE=-
_THE __LED____ DISCHARGE _CYCLE. THE RESULT
R2__CONTROLS . \S_AN__AUDIO _FREQUENCY. .. .
FLASH _ RATE . AND __CAN__RBE TONE _WHRICH. 1S _EMITTED  _BY. .
FOR._ONE _ FLASH_ _PER THE.  SPEAKER., THIS CIRCUIT
SECOND _(TIME BASE ROLE). . _CAN__RE_EXPANDED (SEe BELOW.

+Q TO+ 12V
A

R R7

5

'f___.é___m_..

E— ] ] —
— R AT T ey Co— -

R | VALUE | FREQUENCY |
1 1 1ok .| 5806 _Hz

RZ | . 18K |. 2988 Hz

| RS

R3 | 22K | . 2956 HzZ |
33K | 1984 Hz
41K 1 1393 HZ |

A uF ._zmzzz- ................ —

Re

BK Q41 _WZ_ .-.:rABL.F_ .-SL-\O\ALS. TYPICAL . FK.EQUE.NCIES.

RI L 1ooK | . 583 HZ | CHANGE _C1 _TO _ALTER THE .

R8

150K H30. . HZ | OVERALL FREQUENLY RANGE, . —
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100 RAMP _GENERATOR

Q2 SAMPLES_THE _VOLTAGE.

R ——

ON..CL_AND_QUTPUTS \T.

B U

DS A __RAMP (oR"sawTOOTH!

WAVE). R3 CONTROLS. THE

RATE AT _WHICH _RAMPS..___

2

PN S _R1 ~_R3 Q7
100 100K .. ZN2222
B2 L . ARE__PRODUCED, . .
M \e A e
— -__,az_\[ . 9 .... 7 / Q1 _..RY

_..__._Q 5{: z el SN
e OUT / .

RS A

R2 T c1
. N..H472

001.~22 mF___ 2 1K . RAMPS._SUPPLY GRADUALLY

INCREASING _\NOLTAGE TO

) S .-..M.-.m_____?_QLLZNﬂBS.L,.E.TC b MANY.__KINDS  OF CIRCVITS

TRIS _CIRCUIT PRODUCES A .

REMARKABLE VARIETY OF . )

. SOUNDS. AS SHOWN, \T___

S Rk 'cniRps' AT A RATE

< 100K < 100 DETERMINED BY R3.

Ry

220K

-l &2 EXPERIMENT WITHA VALVES
- _OF C1,R5 AND €2 FOR . i
QeNEY . MANY_ OTHER EFFECTS.

¢l

L2

) R7

47 TIufF 7

S.001MF S 470

PIEZO TWEETER
o SPEAKRER

e QL4 Q21 2NHBAL  OR__SIMILAR

[l _VOLTAGE _SENSITI\VE __OSCILLATOR.

+V (010 +18V)

1

THIS _CIRCUIT. SOUNDS. A TONE

v

2

WHEN. V. 1S _BEIOW. _Vz ©OF . ..

R1___(conTROLS
100K, . TONE)

> R2

D1. . SELECT. V2 OF D1 _EOR.___ ..

-.B2

o0 DESIRED. TURN=-OFF LEVEL,

TRIS. __CIRCUNT CcAN_ RBE USED . .

ci

....... _TO__INDICATE _WHEN _VOLTAGE
OF A BATTERY (WHICH CAN.____

BE_POWERI\NG . ANOTHER CIRCUNT)

’:’: .DQ-TIM F I/

SYTA

EALLS  BELOW. A CERTAIN .

D1

SPKR

LEVEL. THIS_ 1S AN _EXCELLENT

EXAMPLE _OF A SIMPLE, YET .

ID1: ZENER DIopE L. Q1:2N4841, ETC,  SOPHISTICATED, CIRCUIT.

109
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THX..RX.ST_Q.R__-_..C.LR..C_.U LTS

SILICON. CONTROLLED. RECTIEIERS  AND. . TRIACS.

J-lAVE

e —

——

MA.N..Y.-._.._-_AERL‘\C AT o,m_s._ __As ___SOLID-STATE _Sw I.TC.H.E_S..... B

e

[SCR_CiRCUITS

P P b ol 0t e 5 o A A T A e e e e

D LATCHING. _ SWITCH O _TesT_ CIRCUIT..
NV e S1.15 "sPRING._ Y Gv T
{ e _RETURN.TO.______ A __
U (Y S CENTER OFf" ol
e g b SL= NORMALLY .y SW\TCH.__'—',Gb\- S —
S1. o oPEN .. ST oo N CAY)
S AU R SZL-NORMALLY | .. e S —
........................ ol CLOSED ] LOAD
R1 2 . (RY .
e A S —
PRSIV U SE— s ws Posromervesre ssssssiars . — A 8 bbb b e — -
} CSCR
G [4
— Cwse. SJ. 'm TUKN ON 'EHE. .51..4 AM SPOT sw\‘rcH. .

IREMAIN _ON._ AFTER

1Sz .

SCR__AND _ SUPPLY . CORRENT .
TO . THE _LOAD. THE _ScR _witl . IS _TURNED _ ON
S1._ . is . LAMP &6LOWS.. ..
OPENED. UNLESS _THE _LOAD . POSITION,
IS. A __.DC_MOTOR.  _OR _UNTIL SAUNTED
1S _BRIEFLY. . OPENED. . _THRVS

.me..__.o_m "_POSITION, THE . ...&c.g .......... -

AND THE
IN. THE “QFrF"
CURRENT VS
AWAY._ . FROM __ ScR, . —

TURNING 1T OFF, . .

O CAPAC\TOR . DISCHARGE  LED  FLASHER _ _ _______
e ——

WHEN__THE _SCR._1S_OFF, ..

e RE 2 RY CZ2 CHARGES. THROUGH. ...

200 S 8 e RHL L WHREN  THE  SCR....

et )

IS TJURNED. _ON. . BY A ...
_PULSE. __FROM UJT_Q1, ..
..THE CHARGE IN_C1 1S .

OCOK

RAPIDLY. " DUMPED" _THROUGH. ..

+ ~ ___THE__LED. _THE SCR ..

~

L. 7 |2 (AND__LED) THEN. . TURNS __

RE
2L ME. 100 5 - OFF _SINCE _THERE A5 .

e LT —.

i NO  LONGER __SUFFICIENT .

HOADUOG C.L)RREJ\LI THE .

Q1:

ZN4891 UTT Rl CONTROLS RATE. . CYCLE _THEN REPEATS. .
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TRIAC _CIRCUNTS

QA TEST. _ClRCulT

JTO._AC

LINE Q L1
d o e UG qec M (No. 47 _LAMP)
__ﬁ:_uo_x.....__, = L3y AT OF
2 wowe RS AZ§<’\1 ‘1N LA Grows.  WHEM
POMER R1 G S4 1S __CLOSED.

S

CORD T1 33 SL L1 _DOES NOT GlLow
OO WHEN _S1 1S _OPEN
—JCAUTION

~~~~~ TRIACS . ARE _DESIGNED _SPECIEICALLY _FOR AL QOPERATION.
—JBE __SURE.__TO ORSERVE __COMMON._ . _SENSE __SAFETY. WHEN

—JWORKING  wniTH . _HOUSEHOLD  LINE __GURRENT ! MAKE SuRe
—ALL CONNECTIONS TO AC LINE ARE INSUCATED OR. ENCLOSED.

A LIGRAT  DIMMER. . CIRCUITS

D1 __1N914
TO_AC N ) L1
LINE Q =l o l.ora R2 (N0, 47 LAMP)
¥ PRI S S sec Ao ook S100. oMl
1) 120V b3V N, BUIN
,/ COHz C “DI‘M - =} 82. |
| PoweR e [ I\ AL
__lcoro T1 o\ Vay /\ _TRiAC
01 haalt c /1At
THE _UTT__OSCILLATOR _SWITCHES T LOYIME__ S R3
—|ON__THE TRIAC, AND_THUS 100
THE _LAMP, AT A _RATE
_JCONTROLLED _BY R1 Qi _2NY4891 oR _SIMILAR__UIT

12,120 _vorT. . DIMMER

THIS. 1S _HOwW _MANY HOUSEROLD

-~ DIMMER . SWITCHES ARE . MADE.
I~ JR1__TRACIAZ L1 _CAN_BE UP TO. 100 WATT
L1 2.2K _ (120.VOLT) LAMP. _USE MHWEAT
AC G Al SINK__ON_TRIAC IF 1T RECOMES
e LINE  OIM T 2 RZ A HOT. THE __DIAC 1S5 A
120.V) 500K " BIDIRECTIONAL TRIGGER DIODE. ..
= N CAUTION: THIS _CIRCUIT MUST BE
o1 £ = '\ ____FULLY ENCLOSED AT ALL TIMES
duF 50y | UAC b WHEN__POWER.__1S__APPLIED !

<
T~
<= =

= INSULATED ENCLOSURE =
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PHOTONIC _ CIRC LHTS” R

CIRCUITS u_sw.ﬁ__.u.?.ﬁczromxc COMPONEMTS ARE. AMO_&G :ma

IMOSY _ VERSATILE __AND __ INTERESTING. .  OF _AlL _ CIRCUITS.

e JLAGHT EMITTING D\ODE (LED) CIRCUITS
_ear [OILED  DRWE _ ClRCUIT I
Y 0o s o IR e et

A SERIES. RES\STOR . L&Mﬂ_g ASSuME \/ou WANT

S R

*‘\f..___mu;r__ae USED._ 1O TO _OPERATE A _RED._LED AT. A ___
_FORWARD _ CURRENT (T .e0) OF

_LIMIT._CURRENT.
10. MA. _(OR _0.01_AMPERE)

Rs €. THROUGH AN _LED. ...
FROM. . A 5 VOLT .

JLED.

(EXCEPTIONS.: CERTAIN | SUPPLY.
. POLSE CIRCUITS. _AND.____ THE _DOATA __SHEET _FOR _THE LED
_LED. VOLTAGE ..

_IC_LED DRWERS.) _  __ LISTS. AN
*7 1.7 voLTS. THERE—

e R (Nigo). . OF .
Rs.= tV=(Vieo) FORE  Rg 15 (5-1.7)/.01 08 ___

— I LED 32.O-OHMSO AR o e v

0 VARIABLE __ BRIGHTNESS LED I

+V _ADTUST R1_TO ALTER CURRENT.

1

R THROUGH THE LED, THUS

_NARYING TS BRIGHTNESS. R S

 MUST BE USEP  (SEE. ABOVE). ..

(= POLAR \TY

IN D.l CATOR . .. SR
THlS ClRCUlT lN D!CATES.__THE___.

| ]

LED 1 .. POLAR\TY. _OF A _ VOLTAGE. Rs .
‘ _MuUsT RE_VSED (SEE_ ABOVE).

+
_OFF._

_OFF .
oN

Ac (%)
........ ON
| ON__ .

| PRORE.. / /. ..........
(TO. UNKNOWN.
POLARITY.)..

e ————r—ansg

INDICATOR.. S

O TRI-STATE _POLARITY. .

RZ Tl-\lS-‘ls A_ MQRE._._.ACOLQ&FUL

............... VERSION . OF  THE.  _CIRCUIT _ABOVE..

I

: et Mo L COLOR -
v |\PROBE M " LED2 DL T L b | RED
L CGREEN) ANRIM. T T GREEN __|

_NELLow™ |

b s

1R1= Vin=(Viep24 0.6)

Rl + RZ . V‘N - VLE°1_ o

S SN 1.3 A _TWO-CHIP LED USED, .
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(1 DUAL _LED FLASHER

FLASH.

N EACH _CIRCVIT __THE LED(S)

BE
..Rs FOR. EACH _LED, .

f o AT s ___IDENTICAL

o _FLOP_THAT. TRIGGER S
REPEATEDLY. ..
B ARE _GENERAL...PURPOSE _PNP.__ . ..

S e _TRANSISTORS. . (.zN 3906, 2N2907, .. ..
e ETC)._R1_AND _R2. S

__THE_ cu RAENT__TD. THE LEDs.

o CWRICH._ FLASH  ALTERNATELY). .
e ANCREAS\N G THE _VALVUES _OF .
AND. C2 WLl
CRATE e

e THLS -CLKCUJI AS CALLED A

_FREE - RUNNING. M.U.LT..!.VI.SK.A,TOR..A
ITSELE .
QI AND. Q2. ...

LlMlT’

GLOWS

_WREN___V+ REACHES. I P
THE BREAKDLOWN _VOLTAGE.

(V2) OF ITS. ZENER.  + ViED. !
SURE._TO. USE._INDIWIDUAL

FACING. _ PAGE.) THE CIRCUIT. ..

AT _RIGHT _PROVIDES A _BAR-. DL

GRAPH __READOULUT. . _WHEN

ZENERS WITH PROGRESSIVELY. LEDL

MIGHER _ Vz ARE USED.. .

A
I
D1
LED1
B

Rim) F—’LASHER LED

LCONNECT. ZENERS .

IN_SERIES

Y Y

FOR _WIGHER _TOoTAL Nzo .

+ RELAY.

? DT

RA ...l
J1ooKk. | an

(ApTosT | . .
, RATE) —

Y mat

Ll b

S e
Sy .
E Qi o e

-1

R

LED

J.E!-..F.\il-LEK e

L RELAY.} .
_Soof, | .

% RV

- ACTUATES A
e B LAMPL

S— ,,IHE-WELA;H.E.KW LE.D

¢ bV . "'-':' _______
,,,,, e SAMPLE __PULSE

RELAY. AND,.
IS NEEDED. TO .. ..

. KEEP THE VOLTAGE TO. THE . i,
FLASHRER _LED NEAR 5 VOLTS. ... .

D1..

mcwDEs

B BOWLT-IN. IC THRAT FLASHES .

_THE LED _ SEVERAL TIMES. EACH .
___semmm_.mts CIRCUIT. _SHOWS. .
31-- ._.-__._._HOW_ID__‘U\E_" TRIS_ . FLASH .
CVIA Q1) 10 FORM AN __ULTRA- . .
GENERATOR _THAT. .. .. ...
IN TURN,

Slow_THE . ..

RATE,

1z



JSEMICONDUCTOR LIGHT DETECTOR._CIRCUITS

IO L\GHT METER _ CIRCUITS
{1, PHOTORESISTOR Z..SOLAR. _CELI
AA ;J(A |
................................. -...10O0K ,L" ,L +
....................... 2 (CAUBRATE) ___0-1. __.______Si_icm.mmm)-_____o_ Y
e | TTANS MEIE& METER
A NRY _I- i :
.1CdS ' gy SOLAR. .CELL.. COR _PHOTODIODE _OR
- PHOTORESISTOR PROTOTRANSISTOR _COLLECTOR = BASE)
A LIGRT.  ACTUATED. _RELAY.  CIRCUITS
11, _PROTORESISTOR 2. PHOTOTRANSIS TOR
4 e g A AR A b s s 3 I . —— + q v
R, __+.QV Rl is semsmvrcv Q1 LS NeN
e JAKL . CONTROL. ... Z?kv o PHOTOTRANSISTOR .
........... c e,
4
EACYN \ ”\L¥‘ N ’""v_*"f”“"";
............ - _.%Z —0 1 Q2 € - v:
RS ar__|° E—o RLE>S  2N2222 . g RELAY
........................ 4K ’ZJ\L?.Z?.L_( RELAY 100K - |} 5008 69y
................................... - . 5000, 6=9v =
R L RESPONDS _FASTER _THAN  PHOTO=~
N RELAY REMAINS._ACTUATED. FOR ____ RESISTOR._CIRCUIT. _NO DELAY
. _[BRIEF TIME _AFTER LIGHT REMOVED. WHEN  _LIGHT IS REMOVED.
O LUEKT . _DEACTUATED _ RELAY. . CIRCUITS
............... 1. PROTORE SIS TOR 2. PHROTO TRANSISTOR
+9y
Ri_1s_SeEnsiTuTY_ Rl R1 _\S_SENSILTIVITY
CONTROL. 100K j CONTROL .
r-’é —J
IIENYS A
P (Y TN, VA i
~— 4 AN2222. o
— — "\U\/ p RELAY
RELAY ’(;?’]E b S00 0, -9y
S Soo.n_ =9V -}.-
SR S = RELAY 1S ACTUATED \WHEN Q1 15
................... RELAY LAS__ACTUATED __ONLY WHEN DARK. LIGHT ON Q1 OFEACTUATES ..
___________________ THE. _PHOTORESISTOR 'S _DARK. RELAY. CALIGRATE WiTH RZL,
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O AUDIRLE  LIGHT __PRORE S
— X122y sy 1 acad
AAA T (LN o1 CELLS
e RL Q. T2 I1N91Y
o P\ L.8K _ 2N390L ] E A CONNECT LEADS TO CELLS
A gy d ___m_@_m.ﬂ.._mfmrﬂ.ﬁunm SOLDER
g [ WS N R ON_CELL.  CONTACTS AND.
s QL) E y : MIRE LEADS. _ TDucH
et Temzio4) .| a9 N WIRE _ TD  CONTACT _AND
e L ME SPKR 03, (L) HEAT __UNTW. SOLDER.
................ R | AN MELTS. KEEP LEAD STWL
S -L o - WHIE _ SOLDER HARDENS
e JTRIS . IS AMONG ms. ...... MDST -
....... ENTERTAINING . CIRCUITS. IN_TAIS.__USE.__NINE CELS TD. CHARGE TWO .
e \BOOK . VARIOUS _ PNP.__AND NPN .. NACADS.. CORRENT FROM SOLAR ... .
o JTRANSISTORS .. CAN_BE USED FoR .. CELLS. . MUST NOT EXCEED MAXIMUM

— Q1 _AND Q2. ..
THE  SPEAKER . INCREASES ___IN_____CAN MON\TOR CURRENT . BY . -
JFREQUENCY . AS. _ _THE INTENSITY. . CONNECTING MULTIMETER BETWEEN
OF _LIGHT. oM. THE PHOTORESISTOR __ NICADS. AND D1, INSERT. __SERIES

INCREASES., |
L TRY _THIS: .
e {PRRY. . ROOM ...
e JTO A _SERIES. _OF _CLICKS...
~JSHINE _BEAM_._FROM...

_THE _TONE FROM.____CHARGING RATE._FoR NICADS! You

VERY SENSITAVEL  RES\STOR _oR REMOVE SOLAR CELL .
OPERATE. CIRCUIT INA 1D _REDUCE CURRENT, D1 _KEEPS

UNTIL. TONE. . SLows. ... . NICADS _FRoM. DISCHARGING .
THEN .. THROUGH _ SCLAR CELlsS (WHEN

DARK).. . SoLAR CELLS ARE FRAGILE

SOLDER. _AND MOUNT WITH CARE

FLASHLIGHT ON. ..
TRE _PROTORESISTOR cuwiiiii,

[=) ‘.L_\_GH‘[ MT UATED. LATCA]NG.M._ CLRCU.JI‘S

™ RELA_‘L_ I zL LED. (Mm_)_j,_&uzzag

A\.ﬁ__

tav. rav +Qy IHESE _ _clRculTs.  SAS
1 ARE _ACTUATED QY. LASCR.
S14 LIGHT. . arem. (MAY.
) S1 TD._ SWITCH VARY)
e LASCR __OFE.
Ak RZ S) SOME_LASCR S .
1K 28R  ARE _MORE LIGHT . .
A SENSITIVE _THAN
LASCR M LASCR _OTHERS. MOST.
T 1O\S WL TRIGGER
B S S \ N _RESPONSE _TO
I &L% o _LED. Y R1. ..%,,mm.wm,.,m.._,8.1_- L\GHT _EROM
YK HaK } L 47K CAMERA STRORE
R ; — L (XENON _ELASK .
J_.. .]_, L UNIT).
s




__________ ADIGITAL . TC  CIRCUITS

DIGITAL. ._ICS__A&E___ VERY. . EAS.
OF _ TTL_ __AND __CMOS. . . CIRCUITS |

-To _USE. . HERE S

e —

A_ — SELECTJON

TTL _CIRCUITS

e |V OPERATING . REQUIREMENTS R e
S 1. POWER SUPPLY. MUST NoT EXCEED 4, FORCE OUTPUTS _OF_UNUS ED_GATES_

. 5.25 voiLTs. SEE _PAGE 125 OR USE: "R' T0 SAVE POWER. (EXAMPLE:.

UNUSED "NAND'= MAKE ONE INPUT W)

oL 18001 >t 5. AVOID _LONG WIRES. IN_CIRCUITS.

ul B - . CONNECT. . 1. TD. 10 uF _CAPACITOR

R = LvoLT f—qf: e BCROSS._POWER. _LEADS WHERE THEY

............. 4T BAITERY. . J1mE {1 uE ENTER . CIRCUIT. S

B ‘T > GND__ T CONNECT 0.1 uF_CAPACITOR.

JES— ACROSS. _POWER _PINS __OF _EACH

2 INPUTS  MUST NOT.__EXCEED +S28 V. . TTL. CHIP_ N _ MULTI=CHIP CIRCUITS.

P INPUTS  SHOULD  ALWAYS GO . 8. REMEMRBER, TTL USES. MUCH

i |SOMEWHERE _(NOT_LEET “FLOATING'). _ MORE _CURAENT. THAN LS _OR CMOS. .

0D FLiP-FL

[0l

.. O clockeDp “RsS" F

FLIP-FLOP

Q=0 WHEN ENAELE_LE) AS.. meak____Eumcnous__A_s-,_‘:Rs FLIP_EL.O.P WHEN.
NO CHANGE  WHEN _F 1S LOW.

ENABLE (E) 1S HIGH,

|0 DuAL LED FLASHER.

+Sv

0 TONE _GENERATOR

+5v
1 A

4.1K

A 4 LEDT

AAA

R ] /1\ [

_.R2 - RL
; 47K S 43K | 21C 1404 <L ¢z .

_— VW e A el LA _ILEDZ | AAA_L3 " . 7
S h4co M, J‘T\J { -

VAYAYAN 7 SPEAKER __EM\TS
) RH = LEDs FLASH AT _2HZ = CHRHZ  TONE  WHEN. .
S R 1x WHEN C1=02=47uF, LLLi=C02 = O1mF.
_— Ale R




30710 9 SECOND. (QRMINUTE) TIMER .
R3-RG }
+5v R2 4720 o
. 1 3 alsy L
N 8 4y 5 RY R
R1 S 12 1 1
1M 171 588 Si 7490 11| 7448 RS A .
314 o 9 1| or 1 AAAS .
R2 M LS 90 4 LS 48 Ré R
1K 2 2 8 2 10 AAA_Si ol -
1 e 3 R7 =
.| 11 A 9 AM_SI NN R
;1& C1 H 7 R8 VRN .
0.1.— 100 4F 1S AAA_E s -
! 10 Q9 D}S
~ 14 ANA_S S
__|cLOoSE _S1_AND PUISES FROM. THE . p 1 1
__|555 _wilL_BE _COUNTED__BY THE V4
740, THE 7448 CONVERTS. THE. COMMON =
e |BCD  OULTPUT _FROM. . THE. . 7480 .. CATHODE .| . .
e JINTO _T-SEGMENT._DIGITS _ON__AN T-SEGMENT.
o {LED _DISPLAY.. _ADIUST R1_AND CL  DISPLAY. |
.. \FOR.__DESIRED. . _PULSE _RATE. _TO
. IADD___ADDITIONAL _DIGIT : -
A AN TRIS _BASIC  CIRCUIT . ..
555 > 440 A 4ug = WAL COUNT _PULSES
i g FROM __OTHER CIRCUITS. .
ELIMUNATE 5858
AN A — AND __APPLY  PULSES . ..
...... Tlasso [ X tawel 2 1T (5.VOLTS_MAXIMUMY ...
S T0._J4490.
— | DWIDE ~RY =5 __COUNTER 3 ODWIDE=BY =10 COUNTER .. . ...
A
5 [11 |1‘1 5 _
Nt 7490/ 1w it 7490 / 12 N0
N 74L5 90 IN 74L5 90
[t 3 Je |7 % ey e
e |PIVIDES _INCOMING._ " TRAIN" oF ___ DWIDES _INCOMING "TRAIN" oF . .
PULSES  BY. 5. _OK T0__VSE . PULSES BY 10. OK To USE . .
AT _INPUT. _OF  CIRCUIT . ABOVE, AT __INPUT OF CIRCWT ABOVE,
117 )




ACMOS. _CIRCUNTS

D.,Q.RE.B_AfrJ..Né. —REQUIREMENTS  CAHANDLING PRECAUTIONS

S 1. THE _POSITIVE _POWER_TO A 1. PLACE CMDS _TCs. PINS DOwWN
e JCMOS_CHIP (Vo) CAN_RANGE _EROM ON__AN _ALUMINUM _FOIL__SHEET OR
............ t2 10415 (oR+18) VOLTS USE TRAY . WHEN__THEY _ARE_ NOT_IN_A

POWER. _SUPPLIES. ON_ PAGE 125  CIRCUIT _OR _PROPERLY. _STORED.

S lOR._A__BATTERY _(BEST).: 2, NEVER. _STOoRE _CMOS TCs N

I S ~ NONCONDUCTIVE _ PLASTIC "Snowl,”
oo =Vop—— TRAYS . BAGS _OR FOAM. .. PLUG

______________ +1 o - THEM__AN___CONDUCTIWE _EDAM _OR

| 2D BATIERY AR 2R EOAMED _PLASTAC __WRAPPED _ IN

— =T.(3 .15 voLrs) ImME L LLuF  ALUMINUM EOIL,

S >GND_.__ 3, AVOID _USING _AN__AC LINE

o B POWERED IRON _TO SOLDER PINS

Z.L&?u TIS... Musr N o; EXCEED. Vop.. . QF _CMOS TCs. VUSE _IC SOCKETS,
3 ALL . UNUSED..

ANPUTS MUST GO WIRE-WRAP. _0R__BATTERY POWERED

................. .T_O.-‘.,V‘oow,..O.R..‘. _GN,.D......._( _17_ ). N IRON,
R H. NEVER _APPLY. AN_INPUT._SIGNAL 1O 4. DRAIN__STATIC CHARGE _ON._YOUR
S AN, _UNPOWERED . CMOS.. CIRCUIT, BOOY. .. BY__TOUCHING GROUNDED OBJIECT.
D BouncELESS  SwitcH D SINGLE__LED 'GATED' FLASHER
e R e Moy - \K
- Vo _Ri,R2: 100K FLASA = 1HZ AAA—
1 14 ';9 LED. ..
———O IN - iA \As j— W\A“ NN
qur f 4011 J e,
T4 N MA_Y N Lzoj M < 100K 4.7uF
' PRovIDES "CLEAN' L | o e CADD._INVERTER BETWEEN PIN.
. koGIc PULSES. B IFLASA 4 AND LED FOR. L= OFF.).

I0"ong-sHoT"

TDUC.H. _SwiTeH . DO DUAL LED _FLASHER

e ]OF . OUTPUT  PULSE. . .

_Aook._22m Voo LEDs__ELASH Voo ik
- o~ ss‘.c.ma..-____AuERNMELxWAM.x Bz, b aaA
114 14 ; 5 \— 41K _1_1 1]'{\_A I’E.J iy “4/1_
i MR MY — ML ] e N e
.................... T wwr et T '
R TOUCH _THE o~ ¢1,02: 32 uE
- INPUT, 41K ST :-L
M l\r\‘* CONTACTS T " '\A"T I';L \ jIQ__‘____
:%_Z:,,____ __T0__GET. L A o 2
—— A R -1 VB AAA
(1 CONTROLS _LENGTH. =

QUTPUT
e PULSEL CHANGE (1 AND C2 TO CRANGE RATE,




Vo

X
I MINL RADIO TRANSMITTIER D"GATED" TONE _ GENERATOR
*qvy ANTENNA —> ﬁss AT _LEAST Voo gz *
o iy . 180 0 WHEN Vo= qv. AN
qy I e 4011 IN o—J1/g 2 IL:/., " - -
. .
231 R2 210 100 oF""" 7 —=]7ou L'qof: .......
10K 4.7k )FIXED OR VARIAGBLE RI_ < 2 S S
- 0K 2 took OLuf
1 % 10/ {
St A s aa (NI
Tc2 2Ry =L RY IN | ToNE | SPRR 1 e\F \/
.01 mF jmox ) 2ok L_| oFF J__ /T\..Qt
B | on ~/ N\ w22z

SENDS . TONE. . TOo_ NEAREY RADIO.

TONE el

AND ._A.M_._-_QQM.I.&Q_L.A.“,M..“.-..

WIRE FOR __ANTENNA.

ITUNE _RADIO.__AND /OR Q1 TO HEAR  VALVES  SHOWN. G LV,.E.,.MILS mz
I TONE . _USE__INSULATED. TOQL _TO
NE _C1. C2 CONTROLS _TONME  TONE FREQUENCY. R2_CONTROLS .. .
[FREQUENCY, VSE 1-2 FEEYT OF  VOLUME. INPUT CAN _RE SWITCH
(Vpo /[ GND) OR LOGIC _SIGNAL..

O STANDARD _TOUCH Swit¢B . D LINEAR %10 AMPLIFIER

100K 220 \€ D) Von I
AAA AAA R1: 1M Y GAln= R2/RL
1 1Y RZ._10.M 114 e e et
H N3 L RN 3
;151\) z o—i- ST > / ’ HW s T
7 r - I e P A . 4 g i+
;7._/ ’ TOMCH ,/ °‘_1l_ ¢4 < 'Er e
=. . RELEASE Z __O1uFl  AAARZ .
e AHEN  THE ENARLE INPUT () 1S THIS. 1S A _NON-OIGITAL ROLE .

[RIGH,  THE CIRCUIT. RESPONDS.  FOR A DIGITAL GATE., .

e e P 4 8

O FREQUENCY GENERATOR OLAMP _ELASHER
Yon R1__CONTROLS RATE 15 ~iKHz Voo wAopy b AMP S
1 EREQUENCY. AS__SHOWN \ SN S
. 1y = . 14 ’/\:(\T R
] ﬂ‘% e - (o fotwn } e i
- CCZ20 N A1 ) B—
R1 — R% el R1 — 4 S R
100k S 1M 1 uf 100K c1 POWER. =
1 l 4.7MF | MOSEET
] " K" PULSES To C1 __AND _Ri__CONTROL RATE, OK
— JOTRER __CMOS _ CIRCULITS. TO _USE SEPARATE SUPPLY FOR LAMP.
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HEADS

I Y-

kst f 3

(G

S HAK

=
F_

Y0 0F |

1O RANDOM. . NUMEER . GENERATOR.. o

o LED_ READOUT. _ARRAY .
................. BINT:  +9v o R ) B R Y T o . Y
o lncREASE 1 | NIV A AN A ASI A WA ACWANIA:
.................. [T_4.7 umE BN SN T SR NN S— R
................ AND  LEAVE. | 11 19 le Is 1 20 |7 412 3 -
e IS1.CLOSED e R -
——— JTO_ _MAXE 4 e 4017 - ~
.............. dSEQUENTIAL. b
e\ FLASHER. | _
................... [ S S L. S -.._........ft{-._._-._._‘.:.-... ‘........._...‘......_.m.-_...‘...\ls E 8._,.._
S |y AR W YNy = _
Z 14011 4011
o i s CLOSE. . S1__AND_ALL LEDS WILL _R2Z. S
MR < ~ L A Qi . GLOW. _DIMLY. _OPEN__SI1__AND _ |tK
CHAk. L | 470pF. . RANDOMLY.  SELECTED LEO wil {1
e GLOWN .

. g

RELAYS, ETC..

USE_To__Actunare T3V

0. 1-OF-4 SEQUENCER.
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ID_MODEL___RAILROAD. .

CROSSING

FLASHER

LIGHTS

+V ¥ " RR_TRACK +ay / 1 \Y —
vV, SR e AN L AAA_ B _— s i i
N 9P (T Vot | e | Rl_a%._!y; Qs ]
o N R TN 100k 1k A Y _
S - L ¢ A LEDZ
WD ( ] 7 ............... . .// ¥
= e e =)l __ai,a42: NeN P 1T B
S.::.M ol evototRansisTOR. [ N2 L 1 NGa) )
\ Q3.: POWER_MOSEET_ 4 o Lefon/m 1
s, SFSP e 13020 ANY._SMALL SR3 | %Bﬂ ......... SO
“\\(% TPz Yoz _LAMe (R use 10K 41K 4uE TS
L2 T I LEDs

A/ INFRARED
€ AND SERIES RESISTOR)

Q1 _OR_Q2.. . LEDs
K1 _AND Q2. FROM_ . ROOM. LIGHTS

A _PROGRAMMA BLE

ILEDS. _ELASH. ALT_F_RNM ELY W}\E.N _IRAIWN. _BREAKS _LIGHT BEAM _TO_ EITHER . :
CONTINVE.  ELASHING  UNTIL TRAIN. . PASSES. SHIELD .
WITH. 1" HEAT SHRINK TUBING.

_GAIN__OPERATIONAL . AMPLIEIER -

R/8..

7

B R

AAA

Re .

FQR D.E.'TA‘LS SEE

"THE FORREST MIMS. . .

1

R

. Ri2 |

R

Voo..

MANUAL CONTRQL"
[CONNECT. TO. EACH .|
INPLT A SWITCH
TO

AND_ A

PAVAVANRR 12

47 K. RESISTOR . 1D
GROUND,

AEPLY
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e e =S

A

Voo

Do
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e S S

14

B
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1 _ALL_ON — ALL_ OFF _SEQUENCER
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T —

B
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. _._.._R,xu .......... Qoo
Ry FROM__R._TO R/J1S.
~TYPICAL. R

CQNTROL Sl GNALS
|I\).Q.U.IS.-...TO.,.‘.AL.T,.ER

. +9y L CARQUAT. ScRAPBOOK® . .
4l b (e 21-23)
SR R . 799N Vw,_ [
q 3l A5 R
SR S S q., ........ .007_. _.v,,\,__(RF / RLM) ..........................
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AT_.._,__._____._.._..

1..70 1111 VARIES

Re 10Kt oo

13

S

Voo
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e MSE W
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B . (O3 & S

S
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e HOID
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1

1
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(A..B..C..
THA _LEDs FOR . .
4,6,70,  EYE-CATCRING _DISPLAY. . .
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oesa.s\.x,!o.u,,n-gQNu,ec:_...J?m__.__...._.__.__
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[LINEAR TC CIRCNITS

YOV CAN_ MAKE AN __AMAZING. . VARIETY _OF
JLINEAR . ICs. HERE ARE A FEW. OF THE MANY POSSIRILITIES &

CIRCVITS

WITH

|OPERATIONAL _AMPLIFIER (OP-AMP)_ CIRCUITS

IO Auplo._ _AMPLIF)

eER

1S_PREAMOLIEIER  (RZ_SETS GAIN)

. e 741
1 i ~.~-,_3Z______3.&__IS_P_QWEL_AM.?AJ..§.!E.&
+ 100K &
o IIN o Met R *qyv DK TO R3 . i/
..................... | \_____._..L,.f__xx enA,. . Juse 2 10k 3N Nes -l
e N 4_-.7%‘-_.9‘7}4&&,_-_“ By e
e JOYNAMIC_MICROPHONE % 1+ 4 W OP-AMPS| VOLUME 2 '4((?.. h -
__|RADIO, ETC. _TRY Y T ALso. 1Y 1oouE
__|ALSO wiTH_C1RCuITS -v T
JBRELOW ... = B SPKR_

wf.f:l MIXER

CADIEEERENCE _AMPLIFIER

100K 1ok
IN 1o AAM__ AAA .
+9.v
2 A
100K _—';‘_,,‘7 e {5 out
AAA 31y
o R look. .2 -qv
_ISEVERAL _SIMULTANEOUS. _INPUTS. Qo INi. = IN21S
|UsE._WITH_ AUDIO. _AMPLIEIER  ABOVE. — __AMPLIEIED,
R IO LG HTWAVE  VOICE. TRANSMITTER
t9v
. |MIC_\S_CRYSTAL 0
lor erecterETX* ¥Rep |1 R1 R2. Rs ) g8
. MicroproNE. 1/ |.1uF S0k 1M 1K S 7220
__|LED.IS INERARED | MIC VA AAA . 9 —Je
o ITYPE. UsSE.LEnsl ) | A% c2 )
...................... o Focus. LIGHT L62s) | eamn | 2 N |9 10 ME oL D/
__|FROM_LED inTO.__T. gty S anzaz | AN
o INARROW _RE AM. 3 | a7 N Re . ;1 B
—fTO TEST . PLACE 2 50K T AR
o |RADIO _EARPHONE AAA AAA ADTUST. FOR < ;/
_INEAR MICROPHONE. R3 RY BEST__SOUND.__ < R1 LENS
..................... ADIUST RI_AND S.tK S.bK QUALITY. 1K
e Re FOR _BEST =

RECE\WER SOUND. SEE “THE FORREST MIMS_ CIRCUIT SCRAPRooK' (pp. 35-42).




L PERCUSSION _ SYNTHESIZER _ (BELL, DRUM, ETC.) .

- SET &’L-_AND RSMAT CENTER

g2 XV 1 V¥VR3 POSITIONS.  ADTUST R4 TO TusT .
iM T.001 — | 1M PAST. _POINT _WHERE _OSCILLATION
R4 | .00SuF STOPS....CLOSE  S1. ADIUST RZ, .

T R3_AND_R4_AND TRY AGAIN. N

R1 c2 ——»3 ey~ TIME._YOU'LL HAVE AN _ELECTRONIC
10K Q01 mF | .OOL MF | BELL ,.DRUM ., RBONGO, ETC. .. ..

S1 =0 N oY

'LJ‘ PRESS 741 > t——————WV—y

_AND i - ...4__._m ¢4 RS |
RELEASE) -qv __.Jm._-iox_._.

)L L\GHT _SENSITIVE . _UP-DOWN _TONE _GENERATOR .
""" - . PHOTORES\STO E\m/_’_ T -'“ T
e J tav N/ ey BALANCE

m..,1:1LLGAMA.\LE.___mLMUMQtlo_Ns.-..,_g.eéié:\:iza,a..... )

. tav WILL. DETECT. VOIE. .
OR TONE MOOULATED . . .
< RL___ et | Rx_Cz | o MIGHT_ BEAM. USE
< 100K AE M AWl ) LENS FOR_MORE . . .
) I© AAA :E ............. RANGE. _ KEEP . -

L. |  DETECTOR.AWAY
- . FROM SUNL\GHT«. .. .. ..

3

ﬂ/.

\
A
C

\
I3
\+
£\

H SOLAR -
: Q1._CoRr) | CELL ) 10K 86 2
LENS. | VOLUME | L w7
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COMPARATOR _CIRCUITS

.......... MONITOR

O L\GHT LEVEL INDICATOR .

+6 T0 + 1SV

+

qv

r-

(OTOtv\

e
- z.oo.x..%‘

h

PHOTORESISTOR

A

RZ

PIEZOBUZZER N _|*

7 1.2k

U

Y Lep

O
QL2 N2222 \-..j
c

WHEN  THRE INPUT VOLTAGE. IS

Q, THE LED GlowsS. THE LED

SWITCHES  OFF \WHEN. THE

INPUT

BUZ2ER _SOUNDS. MHEN LIGHT —

IO BARGRAPH VOLTAGE INDICATOR 1" WinDow.' COMPARATOR ...

IVoLTAGE _RISES. _TO A LEVEL . FALLS TO LEVEL DETERMINED RY .
_IDETERMINED  BY R1. _EXCHANGE . .. R2. REVERSE _CONNECTIONS TO
CONNECTIONS.  To. PINS 2 AND 3 PINS. 2 AND 3 TO _SOUND TONE
_ITD._REVERSE. _OQOPERATING __MODE, . WHEN LIGAT INCREASES. . ..

+9V

+9v

PROTORESISTOR

A

- SR2

Tes_ o6

=

10K

< . _lQK__.g_LK“M.-

P

4+ .y ”

339

>

R3

iy
PO _NQY..

AR
K L. .4

7 LED 1K 100K SURSTATVIE
.. |R3 YU 1A AAAL N I B 7= LS .
. ik g « |27y, . _§/349—, Tl ) .
RE - 12 Q1 >—1¢
R 91 LED 1K S R1_S Ry N2222
___________________ Ry | U LA AAA 1M 10K
® 3 oyl Sl ol
2 Rg = LED.1 _LEDZ .
....... 24 +\ LED. 1K J— —
RS __ ;5/;\13 IV SET_R1_TO. CENTER. POSITION. .
____________________ 1K %. ol ¥, TURN._OFF. LIGHTS. AND_ROTATE. ..
......................... I - L R2__TUST  PAST _POINT. WHERE
....... e Oyt OK _TO USE LED 2 _ GLOWS.  CIREUIT _WILL
IN_ o | L 741, ETC, THEN. RESPOND _LIKE . THISH ...
(R18 R3 _CONTROL RESPONSE)
__ILEDs GlLow N SEQUENCE AS . DARK - > LIGHT .
o INPUT  VOLTAGE RASES . R1 LED 1 = OFF. . €= ON—=> OFF
- ICONTROLS  SENSITIVITY. LED 2 = ON -~ — OFF — > ON
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.,\Z.QLIAGE._-_RE.G,U.LAI.QR__CJR_C.LL\I_S-____,,.

To AC ..
LINE 5

JNSE

JAND_
OR._._ENCLOSED.!

POWER

DL E\XED . 0UTPUT _ LINE  POWERED s UPPLY..

|BECOMES .
LAPPLY . SILICONE. .
HEAT

ITO_ . AC ..

ICORD
................................. _(S_E& BELOW)

Al

T1

A

| .EiA}.AR lA;BL‘E . ;o Q.T_é.wr

gt A b ot e e ke

—-o!

--PR}

SINK. .

415 AMPERES. AT THE RATED OUTPUT . .
PROPERLY  HEAT SUNK..
_TRANSFORMER. _ RATED
-...PROPER . VOLTAGE . AND_ _CURRENT. .

JREcuLATOR witl "snuT _Down".
OVERREATED..
_.COMPOUND .

S1

FOR .

Pow ER

AT __THE

You  MUST.

_BETWEEN. TAB
ALl CONNECTIONS ..
LINE __MUST _BE._INSULATEPR _

IF . THE CHIP. ... .
EEST RESULTS .

TOMEAT SINK

05—

L8122 12 \MoLTs
L2818 = 15 VouTs

‘,_K./_E&J,DG‘EN..._&EC.II FIER .
o e .
L :.‘+ -
ez 4 T78XX ) VL NMewr .
L .

4 2Peca = i

/ AmF .
[ =
| THlS aA SlC Su PﬁLy._,wlLL-_DELWF.R. ...... Y E_._‘I'.O___.____KEEU.LATOR ,IC..._ e
e 18085 = 5. VOLTS -

18xx |

|
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CAUTION ;...

i20v

bOWZ TN

"f BRI DGE RECT!FIER

R’L

S ANSOULATE .

T1

(F...

Nopr-

AMINIMUM,  R1 . MAY NOT._BE_ARLE TO 7.
ACRIENE  SUFEICIENTLY.  LOW. _RESISTANCE.) N\ &

IT1 _SHoulD HAVE. 25 vocT (OoR_RIGHER).
|SECONDARY.
|AMPERES

ITHIS __ADJIUS IABLE_
FROM 1.2 .70 .27
1.5 _AMPERES. Rl ConTROLS
NOT. . GO.TO 1.2 VOLT .. .. . ..

.DoES .

o L SEE __RELOW)....
OR .
L AENCLOSE _CONNECTIONS. . ..

AND..

c1,¢2 B S
2000 €, S0V | |

SRRt =1V i S
ST OROUND.
...... JOPERATED. _CIRCWITS. [

B 2YVZ 2 S (i

SUP.PLY JAILE
VOLT. S ..

QEL\VE@

VnuT '

.-SI?K

N QUT.
ATUP_TO____ e S /

(CASE).

_BE_RATED _FOR 2.\ QS
OR._MORE. R



JTIMER CJRC.U ITS

A0 BASIC

11‘iER. S

_-..___onmé:éﬁé T G E NE R MOR

Di 02.. mqw

T —

_|Press

D1

3~
Vi

.W.+9V

;ZL%S:Tff;5“~W"~W~NM,m.fffjjmjjuuu_;:-m 3

{100

LC2

1QME

'H’T”iﬁF

———
-—

ASTART. .

N
. UNTIL.
. |RY __AND.

|OF _ TIME._ DELAY.. ..
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WALl
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o JLARGE. .
L ALONG..
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_|Qpuse

N

)

_*S

BE ACTUATED. ...

ELAYS. .

Re. QL 2wam

Sl MOMENTAULY To

LYCLE.  REL A.‘/..... A
CPULLED . ...
CNYCLE 1S COMPLETE.. .
C1  CONTROL .
USE ...

TIMING .

CIRCuIT. ..
TO...

CGENERATOR. .. .

IO MAS Ve

A

2

t:)

B85

RZ.

i B 2 L LIS P TTV T TVINT I

L

e ORLL

LENGTH. ...
VERY. ...

NEGATAVE. SR

PRESS
EMITS
AND
FOR. _SEVERAL
AND R4 . CONTROL. .
CONTROLS  FREQUENCY. .
1S5S ONLY. SSS .
MUCH ..
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PELAY...CA

A |
I

Sl AND  THE SPEAKER .
A TONE. RELEASE S1 .. .
THE TONE CONTINUVES. . . .
LS -

C LsSE
USES _TOO
CURRENT.)

D LED TONE TRAMSM\TTEK
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’1'?0

H [

"lSSS

*

R]. CONTROLS“..,A. B
e _F_R.E.QU.EMC.X...‘._..‘.
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- RATE
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o1 mF
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N A L A Y S Y LA YR AT PSP A R A Y R YT Sy e bbbt i ek eV
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..............
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_CONTROL RATE. .
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ADIGITAL _LOGIC .s;l_mwls_.,_E,rs.t______.,....&.E.c.a\v‘eg.i.t...“._”.m S



_JOLGHT / DARK  DETECTOR e
+4v
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TONE FREQUENCY
8 L WHEN ST 1SN
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7| 555 N S1a. 00 | SPEAKER _EMiTs A
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_....._D 5 - STATE —'IONE--GEMER_A_IOR,W”N _D__Ey REMN-AL;\R.L-\ e
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