(J PULSES ~— A _PULSE_ JS A _SUDDEN.,. BRIEF _INCREASE _ OR
DECREASE L A CLURREMT ELoul. THE LDEAL PuC.SE

WouLD HAVE An) INSTAMTAMNEOUS. . RISE AnlD F:ALL_I EuT

REAL PULSES ARE NOT SO IDEAL.,

o TDEAL. . PULSE (==)

TYPicAL Lon.% f\v e
[ “ PULSES Qo%=..=.= ~>H; = —"m\—tp ~ REAL PULSE  {—)
/ TS N
\ g : L\~ RISE_TIME
\ / ' \ AL TIME
/o v
LR p——— (/.
' RINGING T

O WAVES — A WAVE. 1S A  PERIODIC. . ELUCTUATION M. A

CLRAEMNT OR VOLTAGE WAVE S MAY. MAVE A SLIALGLE

POLALLTY. (Dc} OR.___ROTH . POSITIVE AND.  NEGATIVE. _ COMPOMNEMTS
(AL)a THERE ___ARE MAMY KinOS af WAUVES . _HERE __ARE_A

FEW) ¢

e INSNINS
VANVARYARYAVAVAVARR e
e N\ - | HgEEn

M‘_ S\NﬁWAVEDC—S!MEWﬁUEDC+S\MEWRV5MM%QUP\&E WAVE

ANIVANYAY /¢A/V°[w\/\ iéww%%
VARV S il

AAC TRIBMNGLE WAVE ... Re.LRAMP COM PLEX. SINE. WRAVE VOLCE

[ SIENALS ~— A SIGMNAL IS A PER!OD!C‘_W WAVEEOEM  THAT

COMVENS INEORMATION. THE . PROCESS .. THAT GEMNERATES ....THE

WAVE FOR 1 % CBLLED MOQULATION, SIGMNACS . Ccan.  BE .. .AC,

bC_ DR AL RIDING . ON A .DC LEVEL, THEIR. . ENEMY 1S ..

CLNOISE — ALl BLECTROMIC  DEVICES.  AND  QIRAVITS GENERATE

SKALL., LANDOM. ELECTRICHL CURREMTS. WHEA  THESE . CUREEAMTS
ARE UUwAMT’ED] THEYRE CALLED . NOLSE MNOISE AN ALSH

EMTER ELEATRONIC CIRCUITS.  BY MEAMS. . CE _THE _ELECTROMAGMETIC

WAUES.  GEMERATED .. BY. .. LIGHTNING,  AUTOmQGUE. . I6MITION.  SYSTEMS,

ELECTRIL MOTORS. AMD  PoOWER _ LINES WHILE NOJ SE MAY. . HAVE

A LEVEL . OF  ONLS e B FERL o SAULIONTHS  0F A YOLT...0R AMPERE.,

iT. 1Ay EASILY ORSCURE AN EQUALLY  Lowl  LEVEL SIGALAL.,

/\ ') 2 Pl | | - ]r\. N\ -‘ifef-f/ fiﬁi,

v N W 71717 O O W ?“J JHA
,:‘}15'

NOISE  +  SIGNAL = NOISY. SIGNAL NOISE  + SlenaL = 177




2. ELECTRONIC ~COMPONENTS

DOZENS OF OIEFERENT CAMILIE S oF PART S AND

COMPONENTS  BLOCK, SARRY ., . CONTROL., SELECT .,  STEER,
SWATCH STORE ., MANIPULATE REPLICATE oy MODULATE (e
AN EXPLOIT AN ELECT RICAL CLRRENT. THOSE THAT.

USE SEMICONDUCTIN G CRYSTALS ARE SO . IMPORTANT,

WE'LL  DEVDTE AN EMTIRE CHAPTER TO... . TAEM.

You'tt FInD TUST..  ABOUT. ALl  THE _REMAINING. PARTS

1YoU . SHOULD KANOW ABouT N THIS . CHAPTER.

WIRE _AND_ CABLE

USED TO CARRY AN ELECTRACAL CURRENT, MosT  WIRE

1S MADE EROM A LD\ RESISTAMCE METAL LIKE

COPPER.. LoL1ID WLRE s A SINGLE COMNDULCTOR. ..
STRAMDED. _WIRE 1S ... .Tko OR MORE. . TWISTED. . OR. . BRAIDED
EARE CONDUCTORS.. MOST WIRE 1S PROTECTED .BY AN
INSULATING COVERIN.G OF PLASTIC. 4 RUBEER . _OR. . LACQUER.

WIRE. W10 HAS.  BEEN. _ TINNED. . IS  EASIER . TO.  SOLPER o]

SPECIFICATIONS FOR  BARE COPPER  WIRE

GAUGE. | DIAMETER (INCHES) FE.ET’/POUND FEET /OHM
1t ..05082 12.7.9 749,006
18 04030 2032.4 186.So
20 . 03136 323.4 98.50
7.2 02535 514.2 L1.96
24 .02010 817.2 28.96
2Le .01584 1.300.0 24. 50
2.5 012 L4 L0010 15.41
0 01003 2287.0 G.69

CAELES HAVE OMNE OR . ITORE COMDUCTORS AND MORE Al =

SULATION THAN ORDINARY WIRE. COAXIAL CAELE CAN

CARRY... HIGH _ FREQUENCY.  SIGNALS (LIKE. TELEVISION).

e ]

O CAUTION! _ DALWAYS. USE._ WIRE . RATED.. FOR. .THE. .CURREMT. & |
1T 1S o CARRY.. 1FE__A WIRE IS HOT TD.  THE _ TOUCH,S :

IT'S . CARRYING. _.TOO. MUCH . CQURRENT.  USE A HEAVIER. S
GAUGE WIRE _ OR.__ REDUCE _ THE). CURRENT. OTHERWISE e o

SR WS 1T SZ:Y S WA ¥ el A
/__._.l-«—ﬁ_____,_‘,__..—ﬁ ““““““““““““““““ = '**ﬁ//’_»%\&___(‘m) M
- S pe—— S VB &

i
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SWITCHES

MECHAMIC AL SWITOHES  PERMIT. -OR  INTERRUPT. THE.  FLow. OF

CURRENT. THEY ARE ALSD USED ™ DIRECT CURRENT

Th. MARWLS POINMT.S,

[l THE _BASIC KNIFE SWITCH — THE SIMPEST . SWITCH 4ax

)
OPEN ! A Ay GLOSED & pet o T
] | | i
. o O e MBARIOWE I o~ ssmon
e =

SWITOR

o
e’ O AT Sy MROLS A . . S

THIS. IS CALLED.  AN. SPST. (SINGLEZPOLE, S‘wc;/_E-"mEow) SwiTEM,

M) MULTIPLE  CONTACT. SWITCHES ~— HERE _ABE SYMEDLS FOR

THE. MATOR Kinb.5

SPOT. —. . P SPOT  — _X’o_—

G | o—
!
b
DPST. —.  ——oT o— ——
. o
— o

SPDT = SINGLE=POLE,  DOUBLE = THROW

(THE. DASHED LINE . MEANS DPST = DOURLE=POLE, SINGLE=THROW

BOTH. SIDES. .. MOUE.  TOGETHER) .. .DPOT = DOUBLE = PoLE, DOURLE ~THROW

L] 6THER SWITCHES —

b CLOSED . (A Yan

PUSHBUTTON... USUALLY.  SPST.. NORFALLY. OPEN (NO) OR..NORMALLY.

SPRING
| T LORDES T

ROTARY .. WAEER —LIKE WITH. OME . POLE.  AnD. 2. OR. MORE
COMTALT S WAEERS ...LAN _ BE .. .STACKED. . .00 LROVIOE.  AFORE . e
POLES. . MAMY VARLATI/IONS ARE POSSIBLE. A

MERCURY, MERLURY BLOB CLOSES SWITCH.,. PosiTion SEMSITIVE. .

OTHER. MAMNY.... . KINDS.....0F... TOGGLE . ROCKER., LEVER. SLIDE,
PUSH-ON / PUSH= OFF , ICLUUNATED AN, QTHER SWITCHES. ARE .
AVAIL ARLE .

23




RELAYS

A RELAY.. IS AN ELECTROMAGNETIC SWITCH, A SHALL
CURRENT ELOWING TRROUGH A Coil N THE . RBELAY.
CREATES A MAGNETIC EIELD. . THAT .  Puills. . . ONE SULT.CH
COMTACT A GAINST OR AWAY EROM ANOTHRER.
T T MDVABLE. . CONTAST
CONTRAET.S T, .
= B ——— DETHRN  SPRING
=
& = )
&8 _
COMTACT e MOV NG LONTAST. . LEAD
LEADS , .
QoL \cmL LEADS
10 RELAY. SYMBOL—_ THE ARELANGEREMT. oOF COMNTACTS. __CAMN
PROVIDE SPST; SPDT, DPST, DEDT AND OTHER SITCH
OPERATIONS..
: ° THIS 1S THE.  SYMEOHL
p EnR A . RELAY .. IWITH
SPOT. . LONTACTS.

(1 REED SwiTeH

RELAY.S. — AN . EMNCLOSED. ...

GLASS.  TUBE. .

HOLSING A PAIR. . ..OF QLOSELY SPACED SWITCH _COMTACTS
1S A REED SWITCH , A _MAGNETIC FIELD WiLL
CLOSE THE COMTALT.S., THIS . L1AAKES POSSIELE A _VERY. . '
S| MPLE SPST.. RELAY.
SWITCH £ oo
/ COMTALIS Q\\\\\z \\\\
. ..REED -~ ///%:\ :
S 2 REED . _SwiTcw _SWITCH N\
REED __ RELAY i
ot CURRENT J
_MOVING COoil... METER [ mounmine |
. . P Y SCREWS :
A _Colk _ON. A PIVOT. . BETWEEN SN IR /8 /
THE __POLES . OF .. A .. U~ SHAPED se /1.7
MAGNET . WiLL. . ROTATE __ WHEN ULV | 14
A CURRENT. IS PASSED  THROUGH 8 _J
THE. . .Colb. . THIS. IS .THE PR;NQLP;@ﬁQw >
QFE _THE . .MOVING COIL HMETEER. ZERD.  _ADIUST

2k




MICROPHONE S AND  SPEAKERS

A MICROPROME COMUVERTS SOUND..  WAVE VARIATIONS  INTO

CORRESPONDING VARIATIONS A AN ELECTRICAL QURRENT,
TRE SouMD WAVE VARIATIONS ARE EiR2T CONVERTED

TO.  BACK — AND~ FORTH. . MOVEMEMTS o= A FLEXIBLE FlLM.
OR  EOIL  (OALLED A DIAPHEAGH., THESE MOVEMENT.S. . THEM
CAUSE VARIATIONS. . A ELELSTRICAL CLRREMNT. ... BY ANY
oF THE FOLLOWIMNG HMEANS. .4

[ CARBON=—— MOVEMENT  OF THE DIAPHRAGM  CHANGES. THE. PRESSURE

APPLIED 7D A CAPSOLE OF CARBoM.. PARTICLE S . THIS QCAUSES

PROPORTION AL CHANGES AN . THE RESISTANCE OF THE. CAPSULE

CIOYNAMIC— A SHall  COIE 1S MOVED  —THROUGH A MAGAKNETIC

FIELD AS THE DIAPHRAGM MOVES . THIS CAUSES. A

PROPOR TIOA AL OUTPUT. .  CURBREMNT 0 BE = GENERATED.

[0 CONDENSER™ THE . MOVIANG.  DPIAPHRAGM ALTER S THE _ DISTANCE

BETWEENMN . TWO METAL _PLATES, THE _RESULT 15, A PROPOR~

TIOMAL. . LHANGE NG THE CAPAGITANCE eF _THE PLATE S,

o D CRYSTAL — A WAFER _OF PIEZOELECTRIC  MATERIAL _ (WWICH PRODUCES o |
AL NOLTAGE  WHEN  BENT _BY  THE PRESSURE _OF SOUND WRAVES) EORMS

LTHE DIAPRRAGM.. . OR VS MECHBNICALLY . LINKED .10 THE.  DIAPHRAGM.

A %PEAKER' Qo,uVéRT's. VARIATIONS A A CLURRENT R

VOLTAGE AT SQUAMD WAVE S, THE Tuh MOST

COMMON SPEAKERS ARE .

I MAGMNETIC = SIMILAR  IN . PRINCIPLE  TD.. A DYNAMIC MICRO~

PRONE, N _FACT, A MAGNETIC . SPEAKER _CAN.  BE USED
AS B MICROPHONE.. _

[ '.c RYSTAL — SIMILAR N PRINCIPLE TO A QRYSTAL | anao—

PROME . A CRYSTAL.. . .SPEAKER CAN DOURLE AS A MMICRO~
PHONE. . :

. PIEZO. CRYSTAL .. . . e
oA 2 U% . AND_. . SUPPORTS... o /AM,,PAP_ER CORE: i
WAR Y 1 _ _ MAGNET /S
A\\g_&} “m::l;t_—- . N —~ MOVINLG.. COIL
1./, . . —ﬁ ( VOICE. CoiL)
_ = | U(l BN
CRYSTAIL i
MICROPHOMNE. MAGMETIC
PIAPHRAGM SPEARKER
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REQISTORS

RESISTORS COME (N DOZENS. OF  SIZES. _AND . SHAPES
BT THENY.  ALL DO THE . SAME _ THING. L LIMITY CURRENT,
MORE AROUT. . THAT LATER.. EIRST., LETS aFE  HOW. A
TNLICA L RESLSTOR LS MADE. 4 4
OR _RESIST
TYPICAL  CARBON.. COMPOSITION gyl
RESISTOR //'C‘j
) 5 =7
i \ / AUT.GOING
i xﬁ,@)\h’\‘//\. CURRENT
e G BC A\ TN
INCOMIN G ‘ ,Mgm‘é\ \%\ if U @ﬁx S WIRE _LEAD
CURRENT Z = \(2,\ W5 S

=CD\2\ &\ 2\ [ S CARBON. COMPOSITION

// Y e NN RN

ﬁLi/// % x<\ \'PROTECTEUE HOUSING
- Se
N S~ CoLoR_ CoDE _BANDS

Tinnpeon  coMposiTION ' 1S JusT _ A FANCY _WAY _QF DESCRIBING

POWBRERED CARRON MIXED Wit H A GLUE =~ LIKE BINDER.

THIS. . KIND _OF  RESISTOR .. 1S EASY 70 . MAKE. AND... TS
RESISTANCE CAN RE...CHANGED . FEROM ONE . RESISTOR
TO  THE.  _NEXT STIMPLY BY CHANGING THE __RATIO  CF
CARRON PARTICLES T.0 BINDER. .. MORE CARRON  GIVES

LESS RES|ISTAN CE .

[ DO~IT- YOURSELE RESISTORS — YOou CAN MAKRE A RESISTOR

2y DRAWING. A LINE WITH A SOFT. LEAD . PENGI.. . ©N. A SHEET

oF PAPER . . MEASURE THE RESISTANCE oF THE LINE
OR PoiniT S ALONG {T RY TOUCHING  THE. . . .PRORBES QF....A
MULTIMETER T0.... . ThE CINLE. . EE SWRE 0 SET.___THE
MULTIMETER. TO . IT5S HAGHEST RESISTANCE SCALE . THE
RESISTAMCE OF A SINGLE LINE MAY.  RE. _.TOO.  HIGH
TO MEASURE.. lE.. .50, DRAW OVER THE LinE A
DOZEN 08 ..S0. . TIMES. HERE's WHAT. L. MEASURED.
N\ PENOIL  LINE
\\\ _ / _ a
AN 412,000.7 . 1,800,0007 . | 2,460,000 o
/. OHMS s OHMS ;\, g OHMSeT 2T
PROBE AN L7 e v é_:’ﬁv’
. 7 > =




(0 RESASTOR

COLDR  QpDE, ~—

SEE O TROSE COLOR  COoDLE

BANDS. . ON ___THE. _ RES\ETOR  PICTORIAL 2 N REAL LIFE
THEY'RE XIND  oF  PRETTY.  BUT  THEY MHAVE A FAR
_MORE. IMPORTANT PURPOS & 4 THEY INDICATE, . THE,
RE S\STANCE OF THE . RE<ISTOR THEY. . DECORATE, .,
BERE’S  Wow !
—— COLOR oobe  BAMDS
\F/ﬁ\w
COLOR e 2. 2 (MULTIPLLER)
BLAaCK O Q 1 NOTE L SOMETINES
BROWN 1 1 10 THERE's. A FOURTH
RED 2. 2 100 BAMD. . 1T INDICATES
QRANGE 3 2. 1,000 THE. _TOLERANCE. OF
~JELLOW 4 o A 0.,.000 THE  RESISTOR S
GREEN s 5 100,000 ) _
BLUE lo e 1,000, 000 Gob = 28 %
VIDLET /) i 10,000, 000 anveER= o %
GRAY.. B 2 100,000, 00O NONE = T 20 %
WHITE 4 g (MoWE) '

X OB ACCORACY

(DOKS . ComMPLICATED

THE  FEIRST  TiREe |,

BuT  MNou’'lL QuICKLY

LEARN  How  TO USE 1T, FOR _EXAMPLE. , WHAT. S ... THE
RESISTAMCE OF A RESISTOR 0nLoR CORED . YELLOW., _
VIOLET  AmD.. RED?  NELLOW. 1S  THE FIRST  COLOR S50
THE FIRST NUMBER 1S 4., VIOLET 1S . THE _SECOND
ek GOEOR. .00 THE . SECOND.  NUMEER 15 ..7. CSINCE.  THE
VTHIRD CotoR 1S RED ., THE . HULTIPLIER IS 10O . ..
THEREFORE ,  THE  RESISTANCE IS A2 % 100 . ©OR
HI00  oHrs, KNG FOURTH CoLoR....  BAND MEANS . THE
L DCTUAL.  RESISTANCE 15 4200 * 20 S | 20.% . _OF
4700 LS 940, THEREFORE., THE  ALTURAL  VALUE _ IS
BETWEERN 2Ll AND 40 .  oHMS,
0L SURSTITUTING RESISTORS ~— WHAT _IE. _Nou.  MNEED A
(700~ 0kM. . RESISTOR BUT CAN.__ONLY. . FIND A B0~ 0HM
UMIT.2 . You  CAN _ ALMDST . ALWAYS. WSE. . ANY. . VALUE. _ [JITHIN
1O...0R....20°4 QF.  THE REQUIRED . VALUE SO._GO AHEAD . AND
WSE AT IF. A PARTICULAR  CIRCUIT.  REQUIRES MORE... ACCURACY
ToWLL. TELL  No. OF COVRSE Nou .. CAn Buicp DP. . CUSTOM
RESISTANCE S BY CONNECTING . TWD. .. 0R _MORE  RESISTORS
IN, SERIES . OR _IN_ PARALLEL .  MORE  ABour THAT .. LATER.

“sq




[0 RESISTOR SUBSTITUTION PRECAUTIONS — RESISTORS THAT

CONDUCT. LOTS. OF.  CuRRENT Can  RECOME. VERY  HoT.!

THEREFORE ... ALWAYS USE. . . .RESISTORS HAUING.. THE
PROPER POWE R RATIN.G.. IE.__A. . . PROTECT _ YOU!RE
RULLDINLG... DOESN'T SPECIEY THE POILIER RATIN.G
FOR . 1TS. .. . RESISTORS (1.5 USUALLY . Ok T LSE

Ny oR. M2 WATT. L UNITS.

[0 SOME  RESISTOR.  SHORTHAND. — OFTEN. . YoU'Lt . SEE. RESISTORS

DESIGMATED WITH B K. OR M SUEEIY . LIRKE ST K O

10M. K. MEANS. KILO . .  AFTER. . THE . GREEK . _ORD.. FOR

1000, THEREFORE., 47K _ MEANS. H7.% 1,000  0R. 47,000.

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

THEREECRE A 1M RESISTOR HAs A RESISTANCE QF

1.%.1,000,000. OR. 1,000,000 OHMS.. SUMMING. . 4P en.

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

W= x 1,000,000 (2.2H=2.

.2.%.1,000,000 = 2,200,000 OH MSY

O OTHER . KINDS.  OF RESISTORS — _ THE. _ CARBON.
N COMPOSITION. . RESISTOR.. . IS __OMLY..  ONE __OF _ SEVERAL
MAJOR KIMNDS OF  RESISTORS.« HERE ARE  OTHERS.:

METAL Flit RES\STORS.. VARLOUS . KINDS. OF _ RESISTORS

THAT . LSE A THIN Fik OF METAL QR A ETAL. ..

PARTICLE MIXTLURE T ACHIEVE VARIOUS RESISTAMCE.S.

CARBOMN... Ellrt RESISTORS . THESE ARE FIAPE.  _RY

DEPOSITING A CARBON . .M on ... A SL2ALL CERArIIL

avEi INDER. . A SPIRAL _GROOVE __ CUT INTD. .  THE . F/IM

LSO TROLS THE LENGTH OF CARBON  EBETWEEN. THE

LEADS. ... HENCE . THE.  _ RESISTAMCE .

WIRE = WOUMND _ RESISTORS . THESE  CONSIST 0OF A
TURBULAR. . FORM WRAPPED WLTH. . COoILS OF  RESISTANCE
WIRE., THEY  ARE __VERY.. ACCURATE AND CAN . _TAKE

LOTS....OF HEAT,

PLOTHRESISTORS.., ASD  CALLED PAQTOCELLS. MADE

FROM.. A LIGHT  SENSITIVE MATERIAL  LIKE _ CADMIOM

SULEIRE. . INCREASIN G THE LIGH.T LEVE!L PECREASES

THE RESASTANCE.. L MORE AROUT. THIS LATER. .

CTHERMISTORS. . THIS Is A TEMPERATLURE SEMSITIVE

RESISTOR . INCREASING THE.. TEMPERATURE. DECREASES

THE.  RESISTANCE (N MDST CASES).

=5




O VARI\ARLE RESISTORS —
ek TO _CRANGE  THE . RES\STANCE OF A QAESISTOR ., VARIABLE.

RES\STORS ABE  COALLED POTENTIOMETER S, THEY ARE.

USED T ALTER . TBE MBLUME, OF A BARID o CPAN G E

THE. .. BRAGHTNESS  OF A LAMP. ADIUST.. THE. CALIBRATION

OF B METER . ETC. IR\MMERS  ARE  POTENTIOMETERS .
EQUIPPED WITH

OETEN  IT's  NECESSARY

A PLASTIC. . THUMRWHEEL OR A sroT
FOR. B SCREVIDRAVER 2L ADE | THEY ARE DESICGNED  FEDR
ek O CCOASIONAL  ADTYOST MENT.,
0O ResigToR SYMBOLS. 4 A\
N AN
ANAN “w (\/\/\/\/\} {\ /\/\/\J\/\
EXED. RESISTOR POTENMNTIOMETER  THERMISTOE PHOTORE s:S-roR.

How.  RESISTORS ARE DSED

O SERIES  CIRCOIT —

OETEA RESISTORS ARE CONNECTED IN
SERIES  LI\KE  THIS R1
D=
THE TomAL RESISTANCE 1S |
Lo SIRPLY _TRE_ SuM._OF _THE Ry Y. R2 Rp.=. R1 + RZ
o L IMDIVIDUAL  RESISTANCES., r—
‘ O PARALLEL  CIRCUIT.—. RESISTORS. _ CAA

ALSO EE

vy COMMNECTED AN PARALLEL.  LIKE . THIS ..

THE TOoTAL. . RESISTANMCE IS
THE PRODVBET OF THE.

é 21 x RZ2
MMWMmﬂam&ga;wsmm:gﬁg;;M;m;wpme.aw%ﬂa:w't Rl B R7 R

I 1 Rl + RZ

BN . THEIR _Suum.,

| FOR _THREE OR._MORE _IN._  PARALLEL., GO FIND _ YouR
CALCULATOR BECALISE ...
Tttt AR . ere
O VOLTAGE  ODwWiSioN — SUPER  IMPORTANT ] (r

VeaprrodS.  DETERMIWNED . BY
AND  R2.. . HERE'S  THE

RATIO oF. _R1 B ]
FORMULA . Voo

, . . &
Veyr = Vg /o RZ N U R2
\ R1 + R2) _




ICAPACITORS

TRERE ARE MANY. KINDS = OF QAPAG}TORS.; BUT THEY

ALL Do THE. Same. . THING : STORE. . ELECTRONS., THE

SLMPLEST CAPACITOR ... 1D TKIO COMDUCTORS. .. .SEPARATED

By AN INSULATIALG, MATERIAL CALLED THE DIECECTRIEC..

LIKE THIS S

T~

CONDUCTING

PLATES.

ConMECTION

LEADS TN pELEATRIC \

/

e

MM__.‘/

THE _ DIELEQLTRIC CANL.....BE......PAPER., BLasTic FH.,MF M1cA.,
Gums) CERAMIL o AiR OR. A VACL M., THE PLATES CAaAnd

BE. . _ALukisiz... DISCE. o ALUSLAIIM..... EOU  OR . A THIM. EWM
OF METAL APPLIED n QPPOS | TE SIDES.. OF A SOt D

ot DHELECTRIC .. THE OaMDUCTOR — DIELECTRIC = COMOUQTOR. .. SANDIICH

fan  BE . ROLLED ITD A OvIIMNDER OB LEET. . FLAT MARE

AROUT .. TYPES OF CAPALITORS LATER.

How. TO MAKE. . A 0APACITOR

VoLl CAN . MRKE A CAPACITOR..EROM . TWO.  _SHEET.S 0OF

ALLMINUM. . Foll, ANMD. . ONE.  SHEET ..OE _WAXED .  PAPER.. FOLD

 THE  PAPER  ARDUND.  ONE  EOW. SHEET AND  STACK THE SHEETS

LARE.  ThHiIS.

THEN Fobh . THE. .  SHEETS

EolL e Z kb BB TTHLS
\ < /. /// ,é«, “/ /;i‘—7

// . Z / /, //// . yoFolt,
. 7 , A L oo 7
Fovep A L 2L g T
PAPER. T WAXED. _ PAPER

BE. _SURE THE. FOM _ SHEETS. . .DON'T ToueH ! PREs s THE
COMNTALT.S QF A Q- 0LT. PATTERY. BRIEFLY. TO. THE
EXPOSED EADS 0E THE EouL SHEETS.. THEN
TOUC H THE PROBES .. OF A RIGH = IMPE PAN CE
MULTIMETER T U THE £l SHEETS, THE METER.
Wil INDICATE Fi SHALL VOLTAGE EnR. A FEM/
SECOADS. THE. . . VOLTAZE Wiid . THEN FALL T0.. . ZERO.
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O CRARGING A CAPACITOR — THE  MINUS  SIDE. . OF

OUR HOMEMADE CAPACITOR 1S EHARGED WHTHL. . ELECTROMS
LALMOST IMMEDIATELY. . SIMGCE RES\STORS LML CWURREMT

vou CAN S ow YSTHN THE CRARSING  TIME . BY. PLAC-

N Ec) A PESISTOR RETWEEN THE CAPACIATOR AN D

TRE Q-VoLT  RBATTERY S

-
S— o
HERE'S A ik S
o
BERTTR 0 i = GRAPH _OF.  THE < /
CHARGING  TIHME ; <o |/ _ -
©  TIME

O BlecharainG A T CAPACITOR — . THE. ELECTRONS N

\\

DISCHARGE TIHE.:

A __CHARGED CAPACITOR WILL. . GRADUALLY LEAE  THRCUGH
THE DIELECTRSG LUNTIE ROTH PLATES HAVE . AN EQUAL o
CHARGE , THE CAPACITOR . LS THEN  DISCHARGED. . THE o
COPACATOR cany . BE MSCHARGED | VERY QUC KLY gY._ . CoN =
NECTING. .. ITS PLATES TRGETHER ... OR (T can GE
DISCHRARGED HORE SLOWEN . BY o COMNECTING A
RESASTOR. . ACRDSS 3 A .

RERE'S. A o \\

R  GRAPA._OF THE i;é

<

o] “r'aMF_

T 'O SPECIFYING  CAPACITORS= THE AEBWITY TO STORE .
CELECTRONS 13 KNOwn As CAPACITANCE . LAPACITANCE. ... 1S  SPECIFIED.

IN__ FARADS. B 1-FARAD. . CAPACITOR. . COMMESTED  .TD A .  1=VOLT o

SUPPLY . WILL. STORE... (o, 280, 000, 000, 00D, 000.,.000. . (&.26.210"%)
ELECTRONS ! MDST.  CAPACITORS.  HAVE ..  MUCH . SMALLER. VALVES.

SHALL. ... CAPALITORKS ARE SPECIELED iad PIOOFARADS (TRMLIOAHTHS

OF A FARA D) D LARGER  CAPACITORS ARE SPECILEIED AN

MICROEARADS (MH.LIDNTHQ OF....A FAF&AD\I b DM MEN G LE.:

1-FaraD. = 1F

I - MICROFARAD. .= l,,uF = ID F = 0. 000 001 F

1
O
i
N
n
#

1-PICOFARAD = 1 pFE 0.000.000.000 001 F

0 SUBSTITUTING  CAPACITORS — THE. CAPACITANCE _ SPECLEIED
FOR. MOST... CAPACITORS. . MAY. BE . FRom. 5 7D 100 %K. . AWAY..

FRoM.....THE ACTUAL...... NRLUE . THEREEORE You... . LCAMN DETEA

SUBSTATYIE. .. CLOSE . MALVES .. EOR A SPECIELED . VALUE

BE __ SURE. ... HOWEVER. .. IS E A CAPACATOR. ... RATEDR
AT _THE EXPECTED MAXLIA LM VOLTAGE. . LEVEL!




03 CAPACITOR

SUBSTITUT/ION

VARIARLE  CAPACITORS THESE

USURALLY HAVE aR MORE

MOA) ~ HMOUEALG

CAE.
PLATES

THE

AFE IxED T

CAPACITANGE . 1S . CHANGED By _ RomATING A

AND...  OMNE. _ OR [IORE MoLIA G PLATES

PRECAUTION S — You  MUST
9 AV/ MARE SURE THE CAPACITOR YOl PLANL.TD
o USE_ MEETS.__ OR._ EXCEEDS.  THE.  REQUIRED .
' 7R VOLTAGE. . RATING. OTHERWISE ITS _DIELECTRIC
AN v/ MAY _BE _ZAPPED. ._.BY. . THE. STORED _ CHARGE. . _ ..
_ / \\ THE. . MDLTIAGE RATIN.G 1S LISLALLY. PRINTED
_ J \f oM. THE CAPACITOR . V. MHEANS VoLTs... WY
\ 1oc>v] 1S WORKING . I/OLTS \/SAME muug_).
[ _KINDS OF CAPAC ITORS ~ CAPACITORS.  ARE . OFTEM. LABELED .o
ACCORDIN G To.. . THEIR PDIELESTRIGC oo THLLS YoLLY e SEL
REFEREMCES. ... D CERAMIC .y MUICA. . POLYSTYRENE _AND __ MANY
OTHERS. ALl THES E ARE FIXED. . VALULE. . CAPACITORS.
SOHE CAPACITORS HAUVE. A VARLAELE CAFPAQITY ArD
A SPECIAL CLASS OF. EIXEDL. . CAPACITORS HAS UCH
MORE CAPHCITY THAMN OTHER ...

CAPACITORS .. HERE’S __HORE G .. ..

R0

OME

SIDE. .. OF  THE . IOVABLE . PLATES o

MOUVABLE..rrin

.H,-ﬁ:,ASCREwDRwER
e

PLATE, e TERMINALS

TS, KIAD LS

USED IO TUME. THIS KIAD 1S USED

L RADID. RECEI\VERS

T,
AnG.. TRANS.=

MU TTERS. .

THE

TUME ADSCILLATORS LIRE

DIELECTRILC THOSE USED A Mo tTAL

IS .  Ssultly

AR

WATCHES. _ THEY'RE. _SMALL,

ELECTROLYTIC

CAPACITORS o LINIQUE

COXIDE. LAYER

Ind . THAT A THIN

FORMED oM OR TAN TAL LM

AL UMinIUM

Folt 15

o THE

DIELECTRIC., HUCH

THAN

HISHER CALPACITANCE

RHAVE MORE

MNON - ELECTROLY T A i THPES.,

TAR TAL LM ALLTS
CAPACITAMCE PER Vol e ArD A LORICER

LIFE THAN

AL UMINIM ELECTROLYTICS., BT THEY

CDET MORE. .

THEY HMUsST

o MDST ELECTROLY.TICS . ARE. POLARIZED .

RE COMMECTEDR INTO A CiRCULT LA THE

PROPER.

RIRECTION &

/1)

BT
E.

d

POSITIVE LEAD

o

MUST

-ﬁf.‘?

|

SQT

L0..aD MOST. .. PDSITWE

)
i

e O E G TIOMN L POINTIE

o4




O CAPALITOR SYMBOLS 2

* =i/

74 v .
I} __ AN __ 1o~
FARED . BEIXED e MARVABLE

D\AIAQN\MGE (‘MACI#’ORS CAN. STORE A CHA?_(,F EQR

B CONSIDERABLE TIHME AFTER.. THE POWER e
D THEM ) ZEER SWITCHED......2EFE.

THIS  AMARGE CAM.. BE  DANGERODS L A

. L ORGE ELELTROLYTIL CHARCED ™ ONLY

= LR 1D VOLTS tAnd  MELT. TRE _TIP OF
A SCREWRRIVER  PLACED . ACROSS LTS
TEAMINALS) HIGH. .. VOLTAGE . CAPACITORS
LIKE  THOSE LPSED. o LN TELEVISION.  SETS

L BAnD PHAOTOFELASH . URITS CAM STORE. A

LETAAL  CHARGE ! NEVER  TOUCH. . THE
PR A ] e T L

LEADS OF SUCH B CAPACITOR .

— . THE VERY.. LEAST. THE JOLT CAN

Nt THRow. . You. . ACROSS. . .A.. RooM.!

WOV CAPACITORS ARE  USED

] PARAILEL  CIRCUIT — OFTEN. . CAPACITORS  ARE . CONMNESTED IN
PRRALLEL . LIKE THIS &

THE TOTAL _GAPACITANCE. C | |

(S THE _ Sur. OF  THE Ces j;\’) Ce= CL £+ L2
INDIVID UAL.  CAPACITANCES. ¢z .

0O SERIES CIRCUIT. —  SOMETIMES CAPACITORS. _ARE CoON — .

MECTED Lis) SERIES LIRE  THIS..

THE  TOTAL  CAPACITAMCE Hq_ - .
1S THE . PRODUCT. OF THE ( SR | ¥ L2 CZ
o CAPACITANCES C—'r< Nl Cy.=
DIVIDED RY.  THEIR . SUM. L ch c1 *rcCe

“HUREE  OR.__MORE CAPACITORS N SERIES ?  HERE'S  THE

FORIALILA .o

CoZnips 11 T
it em t % ... ETC
O AND  MORE — THERE ARE . MANY OTHER  WAYS _TD.. USE

LAPACITORS. 4 SOoME . .QF WHICH — ARE  SHOWN = NEXT o .o
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RESISTOR _AND _CAPACITOR APPLICATIONS

RESISTORS AND CAPACITORS .. ARE . _THE KEY INGREDIENTS
oF MANY ELECTROAMIG CIROLITS., HERE ARE SO/E
AREASONS  WHY

CFILTER)

L) POWER., SUPPLY.. ENTER ™ A . CAPACITOR . WiLL SMOOTH

_THE ___PULSATING VOLTAGE.... EROM. .. A... POWERE

SUPPLY... INTO. A STEADY.. . DIRECT . CURRENT. (.DC) .
_ - +
* L tL b»v\
o~ W Avavaur—uJ FILTELED _ ouTPuT. VOLTAGE
o = CROUND B2
A BLTERNATING. . A

CURRE NT...(AG) RECTIEIER. . ([ORE. LATER)

D1 SPIKE _REMOVER — DIGITAL . LDGIC. . CIRCUITS.,.. WHICH  WELL

EIND... QLT . MORE. ABOUT.  LATER 4. CAM.  LYSE.. <OTS.  QOF CURRENMT:
MOMENTARILY “WHEN THEY SWITCH. .. FROM OFF. .10 QM

OR.. . KICE.. VERSA. THIS ¢an CAUSE VERY. . EBRIEF ._RuT

SUBSTAM T1AL REDUCTIONS IN __POWER APPLIED 10, MNEAREY
CLRCUITS ... THESE... . POWER. SPIKES  (OR . GUTCHES 4. .. AS .
THEY. ARE.. . SOHETINES. . CAULED) . ... CAN. _ BE.. ELIMINATED. .. ...

BY _ PLACIALG A StAcl . (0.1 mF) __CAPACITOR __ACROSS

THE .. PHWER LEADS OF . THE LOGIC CRQUIT .
4 T \[ VOLTAGE LEUVEL _
: e e YHTH ST,  CAPACIIDRE
=750 SPIKE .
ok L : VOLTALE.. .. LEVEL
I 5' N ‘tf AL TH CRPACITOR
LOGLE ‘ .
CIRCLIT, CAPACITOR. ... ECTS ik RE... MIANLATURE
BATTERY.... . THAT ... SUPPLIES PoulER
LDURING... THE SPKE .
0 AC-DC.  SELECTIVE  FINTER —. OFTEM. AN _ELECTRICAL

S1GAM AL

Wil BE RIDIN.G ATOP ... A STEADY DC . SIGAAL.

EOR L EXAMPLE o THE. . SIGN AL FROM A AIGHTWAVE

LQOoMMUMECA.TION SYSTEM MAY LODOK LikE TMIS BIHEN

IT!S DARK. ..

BuT SWAMLLERT.  CAUSES THILS.:

AL LA AAAAA
\Frgl R N el

10+

~“~STEADY DC OFFSET

[ 1'23> [

AN an O Nan
VAR AV VAV AR Y A

1 ¢ +

CAuvseD &Y SunlilcHT

A _CAPALITOR Laldd PASS THE ELileT AT IANG SIGALAL . AMND

COMPLETELY

BLOCK THE STEADY PC  LEVEL .
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C1RC CIRCUITS —

T

U¥])

QIRLVIT S

THAT COMBIME. A

_RES\STOR

(-R) AND

CAPACITOR (&)

ARE VERY FMPOR =

TEMNT .

THEY ARE

THE

BOTH THE

SE CARCUITS

ARE

INTEGRATOR
PO e
USED

AMD %FEEEMT/AT‘OQ-
D RESHAPE AR A -

OOMING

STREA M OF

WRAVES

OR P SES.,

THE. . .PROD

UeT.  OF R

JAY X DI &

N THESE,

CILRCULTS )

CALLED

THE

Re. . Tim
L e P W e

£

CoMSTEAT .
g ]

Eog THE CIRCLIITS

SEOWIA

EELOW ’

THE

R& _.TLME

CONSTANT. .. (An. SE a:zuns)

13 AT

LEAST TEM

TIMES

THLE, INTEE VAL EETUIEEAN

INCOMMING

CYOLES

QR

Pl SES «

1

INTECRAT.OR .

HERE'S

A

EAS.IG RE INTEGRATOR &

LN

+

Yy

LD~

T

L

St OULT

SR I B N

R

.

6 + o

LONLNLN

OUT.

—r
-

L&

THE

INPUT

_PULSES

ARE

SPEEDED  UP, . THE

OUTPLT

WAVEFORMS

{ DETEN
b

QALLED

A

MO

REACH THE

iR EoLL

HEILGHT

( AMPUITUDE) 1T
LW y

SAWTOOTH ) bl

SMWBABVES.

THERE

QESIGN

AN

AMPLIEIER

THAT. . IGNORES

W,

LESS

THAM..

A DESIRED AHPLITUDE .

FORE., .. THE

INTEGRATOR

CAN EUNCTION AS A

EILTER

WH O

PASSES

LOMLY SIENALS RELo

CERTAIN . .

FRE Q LENCY.

2 DIEFERENTIATOR .

HERE'S

A BAsIC . RC DIFEERENTIATOR

N

Nel¥yy

Fin ¥
<

¢

———
-

O 0 O

IN

01T TJ\ ‘\ J\

YYY

THIS

CLRCUNT PROD

WCES

SYMPETRICAL

Q UTP(JT WAVES

AWLET

SHARP Pos)

TIVE . AND

NEGATIVE PEAKS . IT’s

USED

TR MAKE

MNARROIL

PULSE

GEMERATOR S FoR

TELEVISIOA

RECEBIVERS

Anid

T0.. . TRIGGER DIGITAL

LOGIC

CIRCUITS .

-1 MORE ABOUT R—=C — Npu.  WILL

o THE
ATImE . IN.

RC TIME

CAPAQITDL TD. GO THROUGH. ©5.3%. ¢

CONSTANT  OF A CIRCLT. .

A CHARGIA G, .
OF THE CHANGE. .

OFTEN SEE REFERENCES.

OR.  LISCHARGIN o oeeeosenssssvimrn
IN_ CHARGE oo
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A ELECTRONS  MOVING  THROU GH A W IRE CAUSE AN

ELECTROMAGNETIC . FIECD ENCIRCLE. . THE ... JWIRE..

NS YO KO FROM CHHPTER Ls _PA&;}NC WA CURBENT

TRROUGH.....A WIRE  THAT'S... BEEAN _ _ WRAPPED . AS A __Colt

lP1S).  CREATES AN BUEN.  STROMGER FIELD. THIS.  FILELD

A MAKES . POSSIBLE ... SOLENOIDS o MOTORS . AMD.  ELECTROMAGMETS. ...

ColLs.  HAVE. . QTHER . IMPORTAMT .  ROLES .,  TOO.:

:L Coms LRESIST  RAPID

CHANGES. 1K THE CURRE MNT FLOWS

InE, .n,,d,,V...maousH THEM WHILE EREELY PASSING STEADY

A.,..W.ycu,aa\, CURRENT. . HERE ARE___SOME EXAMPLES. .

 SlemAL LN oM ouT

SLQW SH\!E. WAVE. /\/\f JW /\N

" siow sauare wave— J L1 L] ——Q’Tﬁﬂ»—

,rAﬁT S’NE WAVE.""

..,H.FA s7._sevare wave = JUUIIUT =08

CSORETIMES A QoL Wl ADD. . RINGIMG . TD A SQUARE _ WAVE

CRESVSTANCE. . OF  THE . EXTERAMNAL. . CUORRENT PATH THAT

LLCONMECTYS  THE . EADS. . OF. . . THE Aot {s HicH.,

%uQu A [2 - W A V E - m I_U B el A e g o .1 n;, -y¥

H THIS 15 RINGING ===
NEN N

e BOME. . OF  THE. ENERGY. . __IN__THE. . FILELD. . ARQJJNQ B BOL
LCAN. BE._ INDUCED. (TRANSFEERRED) . INTO A.__SECOND , NEAREY

CQIL . THIS 1S . THE PRINCIPLE  OF. THE _TRANSFORMER.

P

e .
i - -\\

“““ %54‘ R VAVAY

<
i
o‘“\’\;{ b ouT

S ECOMNDARY....

LN e
T~ ELD
THE INPLT, S1DE of THE TRAMNSEORMER ) CALLED
THE PRIMARY, THE. QUTPUT . SIDE 13 CALLED THE

1A




] 7vyYPES OF (IS —— THERE _ARE MANY _DIFFERENT
TYPER OF aniL s, HERE ARE SOME OF THEM :
L U TUNING CDIL, . RADIOS.. . USE .. VARIODS COILS ™ HELP
SELECT A DESIRED TIEN AL . TUMIN G COMNS ARAVE
A SERIES OF TAPS OR A OWARLE CORE 30
THEIR MTANQE*? HEMCE RESONANT. FREQUENSY, .CAN
BE CHANGE D, f\\
TYPLOAL . e (ORE. _ ADIUST MEMT. SCREW
TUMNING > g
COolL. \,D S . TERMIMALS R EOSIT IO TO
% YT WILKLQEN G CURRENT. CHAMOES
AMTENMA . CDIL . RADIOS OFTEN LIE A BROADLY
TUNED Lol ™ Prok QP RADIC.. SIGAMN ALS .
TYPICAL FERRITE
AMTENNA < GpRE
0. oib (BAR-SHAPED)
co —7 (==~ caps
CHOKE , JSED IN  MAAMY. CIRCUITS TD. . LIMIT 0R
SUPPRESS FLUCTLATIMNMG. LSIGNALS WL E PASSING. .. A
2TEADY CLRRENT, CHOKES ARE AVRILARLE IN
MANY SHAPES AND SIZES.

. .‘\’-EMCLOEFD _
otk CoOllLs
- COWINDINGS ™)
'%W .
] e
py g
TABS  ~? — A
TRANS FORMER., 30 IMPORTANT WEML DEVOTE A

COMPLETE. SELTILON O [
(M APPLICATIONS FOR COILS =~ IN__ _ADDITION _TD.. . THOSE
LLRE ADY DESCRIBED , ApiL S ARE WSED N EILTERS
THAT SELECTIVELY PASS SPECIFIC FRERUENCY. .. BANDS.
7 CAUTION ! A NIcH VUTAGE. PULSE _CAN.  EBE PRODRUCED
N A CHOKE WHE A THE CUREENT ELOMIAG. THE UG
T = INTERRUPTED. BE  CAREFUL.
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ITRANSEORMERS

TRANSFORMERS ARE A MAJTOR ...CLASS QF. .COILS.
HAVING

TWO QR MORE WINDINGS USOALLY

WRAPRPED

AROLUND A QOMMOM QCORE . MADE _ FROM

LAMINATED LROAN SSHEETS., HERE S A SIMPLE

TRANSEORMER &

% SECONDARY

PRIMARY. |

!
i

£y (\/\f\f‘\*

A
[y
i

il

N L AMUNATED  CORE

IE

THE

CURRENT FLOWIN & THROLIG M THE PRIMARY. G0l

15

ELUCTURATING g THEM A QURREMNT. o ML BE. . INDUCED ...

INTD

THE

CURR ErIT

SECONDARY ... WINDIN.G. A . STEADY.. (.Dg)
WHLL MOT..... BE. . TRANMSEERRED.. FROM .. ONE ColL

o THE

OTHER..

C1 How "THE.Y WORK TRANS FORNMERS HAVE _THME Agzu-ry

PouER

TRANSEORM. . VU TAGE. .. AND  CQURRENT ys) HIGHER .. .OR
L EOWER. L LEVELS..  THEY DO . MNST 4 OF.  COURSE. ... CREATE .
EROp NOTHIN G, THEREFORE. ., IE A TRANSFORMER

BOOST.S

THE. . VOLTAGE OF A SlerAL . (T.. . REDUCES..

iTS

A

QURRENT .. AND. IF IT CUTS THE VOLT AGE  OF
SIEMAL 4 1T RAISES ITS CURRENT. N OTHER

WoRpS ,

THE _ PolER FEOWHAL G ERDMA A TRAMSEoRHER

A CANNOT . EXQEED. . THE. . IMNCOFING.. POWERL

O TURNS

RATIO ~— THE _RATID COF.  PRINARY.  _ TH _ SECONPIRY

TULMS

DETELMINMES A TRAMNS FoRHEfz‘s VOLTAGE RAT /0 e,

TL RATIO oo

o JHE  PRIMARY  VOLTAGE . AND.  CURRENT. .. _ARE TRANS =

FERRED UMALTERED TD.  THE SECONPARY, DETEA

CALLED Anl [S0L ATION TRANSFORMER. .

THE VOLTAGE 1S  INCREASED By THE.  JTURNS.  RAT.

THUS. A i85, TVRNS. . RATIO .. Ml  BOOST . SzVOUTS.

AT THE . . PRIMABRY.  INTD. . 285~ volTsS AL _THE SECOMPARY.

STEP= DO,

]

THE MOLTAGE 15 . REDUCED _EY THE . TUEMS. . RBATID. ...

=

=

THUS A S 1 TURMS  RATIO Witd  pRopP 26 ~Voirs AT

—

THE PRIMARY. TO. . S-VOLT S AT . THE . SECONMDARY.
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O TRANS FORMER TYPES. AND. _APPLICATIONS — HERE ARE

SOHE OF _THE . [MAJDR

TRANS FORI7TER TYPES. 3

SoLATION.,

F FERRITE. COP..CORE

USED 10 1SOLATE.

DIFFERE NT PART.S

£

OF A CRcwT . AND

T _PROVIDE  PRDTEGTION

EROM FLECTRICAL. SHOCK.

STANDARD. L1:1..

MiadATURE. L 1

150LATION..

1504 ATION

POWER.  CONVERSION ..

LETEM..... MEED

. ™ REDULE o

POWER EINE

o ISABLE  LEVEL e NTHATY.

COMPANY

POWER TRANSEORMER

TRANS FORMER

T HIGH - VOLTAGE..

Vo a8

v \‘\

o GMITIEN . SPARKS ...

,-/[( AuTO MOTIVE IN GASDLIME.. BrGIMES. .

=0 lemiTion

| o cow

- coli
ALSD . USED . Th... POWER =
TV. PICTURE  TUBES., =

SoME.. . LASERS., MEOM

LIGHTS; ETC.,

(
\|

AudDiO.,

LSED T MATCH THE

e o e
7

CF....AN

v

I0.. THAT.. OF

I B Ry 3 S

" A MICROPHOME ., SPEAKER
F-2

i3
e IR OTHER DEVICE

X S pposITION. TO.THE. FLOW. OF

g8

CALTERNATING. . CURRENT,

MIMLATURE

TALPED  PRIMARY

o BNSD SECOMDARY

NoTe

WINDINGS CBRED .

LEADS OF TRAMNSEORMERS. . ARE _ COLOR
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S . SEMICONDUCTORS

THE  MDST. EXCITING. __ AND  IMPORTANT _ FLECTRONIC

COMPONEMNTS ARE MADE FROM CRYSTALS CALLED

s R MG ONOVC TOR S, LREPENDING . ON . QERTAIN. . CONDITION.S.,

B SEMICOMNDUCTOR QAN Acy LIKE A CoNPUCT OR  OR

A INSULATOR.,

ULICON

TRHERE . ARE.  MANY..  DIEEERENT  SEMICONDUCTING MATERIALS,

BuT REICON. THE MALN INGREDIEMNT eF SAND. )

THE HOST POPULAR.

St CON  ATOM

A _SILICon . ATOM HAS RLT oM
FOUR.  ELECTRONS. ... LTS O o) :
OUTER MDST... . SHELL o . BUT. . .IT - /\ “\_«,—,,EL&QIRQNX& I
WouLD LIKE . . ID HAVE. | 7
EIGHT .  THEREEORE., A MRCLEUS /h+\y ‘é‘}}sums
SILICON. _ AToM WLl LINK O e
(4 oN
UP.. WITH. __Fou@ __ 0F . _ITS. S -0
MEIGHEORS 0. SHARE  ELECTRONS. \F_,/O
\ Nl DN ' A _CLUSTER _OF . SKiCon  ATDHS
@ \gg’ 883 _SHARING OUTER.  ELECTROM.S
=/ / L FOR LS A REGLLAR. . ARRANGE-
\00< 0< \O O/ MEMT CALLED R0y sTAL
@ 8 0,0 8 (g& - TS 1S5 A MAGMNIFIED _ VIEw
= N P OF . A SILICON _CRYSTAL. TD
(‘)o"’/ ) ng-"‘": 00.... KEEP THINGS. S’IHFZE, MLy
__\/4 VAT, THE OUTER ELECTROMS oY
(fzf\ g(@\ 0 (.\ff\ EACH . AToM..  ARE __ SHOWA.
N/ i N/ NS
SILICON..  FORMS. 277 %. . 0F. THE. . EARTH’S  cpoust!  omety
OXNGEN. IS MORE O OM.S IT)s O NEVER . FOUND IN._THE
Purg. . STATE. WHEN Pmumea7 LTS DARK.  GRAY. Il . . COLOR.
SILICON  AND  DIRMOND Tjs CP.Vs-rAL USILIcoN CAn. BE
SHARE. THE. . SAME. CRYSTAL <-~Sou¢.ﬁ_ GROWAL. _INTD.. . BIG
STRUCTURE _ AND. _OTHER ) L Mocren CRYSTALS. IT's. CuT
\LLy.. PROPERTIES. RBur ¢ i =2 siitow NTD. WAEERS. FOR
Ww@ — . olLitoN 15 NoT 32 Ul il ?2 e MARING  ELECTROMIC
_TRANSPARENT. ~= o 2,8%°F PARTS ., )
R Y
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O SILICON RECIPES — PurRpg siicos  ISN'T.  VERY USEFRUL.

THAT'S _ WHY __SitiCon.  MAKERS

SPICE UP THEIR Sie1con

Z RECIPES  WIUTH. . . A DASH.  OF

PHOSPHORUS o BOROM. ... . OR QTHER

GOODIES . THIS . 1S CALLED

DOLIMG THE SILCOM., WHE N
PN

= B GROWN . INTO... CRYSTALS, LOPED e,
swacon QN s SILLCON. .. HAS __YERY  YSEEUL
| = L ELEQTROMIC . PROPERTIES o]

D P ¢ A SPICED SKICON LOAF —.  BOROA.. . PHOSPHORUS. AND

CERTAIN OTHER ATOMS CAN .. T8I WITH SiLicoa ARTomMms., T

FORM CAY STALS.. HERS'S THE.. CATCH : A_ . Bogoa) . ATOM
HAS  ORNLY TMEEE _ ELECTEON IA) ITS OUT.ER SHELL . ANID
A PHOS PHORUS ATOM HAS FiyE ELECTROMS IA) IT.S
OVTER __SHELL, SHLCOR) W T EXTRA PHOSPHOROS ELECTROMNS
1S CALLED _ N= TYPE SILLCOM (NENEGATIVE). SHACOA.  WITH
AN et Ny \ 7
b ELEQTROMN. .. DEFICIENT EORON ATOMS. 15 CALLED. P-TYFPE

stedcons. (L= Pos:nu&).

O P- TYPE . SIICON— ... . N
A BoRON. ATOM. N A _CLUSTER (80} 8 (90)
OF.  SILICON  ATOMS..  LEAVES..A N fg N/ 7
b VACAMT.  ELECTRON OP,EMU\JG ) (Y O
CALLED A... HOLE.. ITS  POSSIBLE u\ vt e b
FOR__AN __ELECTRoM. ... FRomM. A 50 \d bornd
NEARRY. ATom. . T0. "EFarL’ _InNTO \t’/ ?\ ﬁ
THE. . ROLE.. THEREFQRE.,.....THE A% 0
HOLE . MAS. __ MOVED oA NPT
NEW.  LOCATION REMEMEER., 90) . ¢ (00
HoLEs  CAN. MOVE THROUGH. ... [ &/ PN .
L SILLICON ( TUST__AS_BUBBLES HOLE. A zorom AToM.
MDVE.  TH.ROVGH. . WATER) [SUCoN  ATomMs|
PHOSPHORUS. . ATOM ... ).\
O MN-TYPE__ SILICON — N Y\
A PHOSPHORUS. . ATOM. . 1A A {00\ &8 /50 8 oo\ .8 (o0
CLUSTER. DOF _..SiLicoMN  ATOMS ‘\“‘J \‘::’_/ R \U}j ] @
DOMATES . AN . EXTRA _ELECTRON oo O‘(\/ : .:‘\-v.ﬂc.»_/ /OG,;\/ e
THAS... . . EXTRA ELECTRON N
CAN _ MOVE _ THROUGH. . THE <Y, W . W Bm
CRYSTAL _ WITH. . COMPARATIKE e PN T ? é..
L4 B 7 )
EASE. [N OTHER.. WORDS., \nc/ DO e O T oo
N=-TYPE _SILICON  CAN _ CARRY ’ N ;
AN, ELECTRICAL . QURRENT . .. ... @/3 o0\ 8 (o8 (5D
BuT SO0 CAN._ P=-TYPE __Siticons! _ W//Q = ﬂ N/ U\ M
HotEs " CcARRy” THE CURRENT. . . EXTRA.
ELECTRON




THE DIODE

BoTH. . P=TYPE AND N~ TYPE  SILICON CONPRUCT. ELECTRICITY,
THE RESISTAMNCE OF BOTH TYPES 1S DETERMINED. EBY
THE PROPOR TION OF HOLES OR SURPLUS ELEQTRON S,
THEREFORE RoTH. . TYPES CANL . FUNCTION.  AS  RESISTORS.
AND TREY WLL CONDURT ELEQLTRICITY I AN DIRECTION
BY . FORMING SOME P—TYPE. SILICON. In. A CHIP OF N~
TYPE SlLicont , ELEQATROM S WLl EL.0i8d THEOUG H THE. . SILICon
Ia) anLY OME DIRECTION., THIS 15 THE.. . .PRINCIPLE OF. . ..
THE _ DIODE .  THE P=N_INTERFACE. IS . CALLED _THE PN _ TUNCTION,
Ll e S S L SO C b,
QO HOW._ THE  DIODE.  WORKS — HERE'S A _ SIMAIEIED
EXPLANATION OF How. A DIODE... CONDUCTS ELECTRICITY
(N ONE. . DIRECTIOMN (Fofa_w;q,eo) WHILE _ BLOCKING. THE !
£LOW OE CURREMNT AL THE QLPOSITE. . RIRECTION. (Rﬁyﬁﬁsg)
FORWARD  RBIAS REVERSE RIAS
U _J ) \ ] ‘,
P N N P |
S
o é‘w—- _ u T =0 __
=1 o gl - Dl =17 ] > Ogh=
o Oo‘— - — - m el Q)
S ELECTRON_FlLOW NO .
TP HOLE. FLow CURRENT.  FLow
HERE THE CHARGE BReRE  THE CHARGE
FRoM THE EATTERY FRoM THE. . BATTERY
REPELS  HOLES AND ELECTRONS ATTRACTS  HOLtES ANP
PRl e PAAPAALALAAAN
TOWARER . THE JUNLTION, ELECTRONS AWAY ERom
£ THE. . VOLTAGE . EXCEEDS THE  TUNGCTION.  THERE -
O.L=-VoLT <%H.,«!CON\}J THEN FORE . ND CORRENT
ELECTRONS ... WILL . CROSS CAN FLOW.
THE  JTUNCTION AND /
COMBIME.... WITH HOLES, //cnmonf—‘-
AL CURRENT THEMN. . ELOWS. //
SYHBROL.

O A TvYPlcAL DIODE —  DHpEs. ARE //%

OO MMONLY.  ENCLOSED. . IN... SHALL... . GLASS . .

Qy RAENT... FLOWS. .o

CYLINDERS. ., A DARK BAND MARKS - | WIHEM.  ANODE. LS

THE  CATHODE  TERMIMAL.. THE //T\\ // MORE  POSITIVE

OPPOSITE . TERMINAL IS THE ANODE  // ANGDE  THAN CATHODE,
pre i /4
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O DIODE. OPERATION — You. ALREADY. .. KNOW. . A DLODE. . .IS

LILE Anl ELECTROMIC. ... ONE= WAY. _ MALVE. . IT)s  Ir1PORTANT. ..
0 LUADE RSTANE SOME  AODAVTHoN AL ASPELTS OF DIDDE
CPERATION, HERE  ARE....SOME KEY ONES 2

1. A DIODE . WLl NQT .. CONDUCT.  UNTL.  THE. FORWARD

VOLTAGE REACHES A CERTRIN THRESHQLD POINMT, FOR

SHLICOR DICOES THIS VOLTAGE is AEOUT . Ol = OLT .

- L/ You  7ven
\ I o~ N\ mE_on g
i“' 5, 15,1 P = o (@@\ o =
‘A v/ \ N o o

Y

P — o

. T —
S / You ’REA\\

N\ N\ S g -7
G B B el (¢ N (V0 N\ _TURN ~0FE/)
A / i\ N e S
N — S

=SS ' ;

e e - jl

| _ - . BRAY:
72 |IE_ THE  FORWARD. _ _CURRENT. _ BECOMES A=
EXCESSAWE. ,  THE . SEMICONDUCTOR. .. IR et dﬁ
MAY  CRACK QR MELTL . AND THE . _
conTACTS  MAY.  SEPARATE. . |F  THE ¢
CHIP.  MELTS. .. THRE _ DIGDE . HIAY.  SUDDENLY @/’

CONDUCT. . IN. _ RBoTH . DIRELTIONS. THE . .-;:{?f{ad

RESULTING HEAT MAY. . . VRAPORIZE THE. \

cripl u AV

\\ \ \ "//
2,700 MUCH REVERSE VOLTAGE witd _
_CAUSE A . DIOopE ™ CONDURT IA %
THE .. WRONG DIRECTION.. SINCE. THIS . /\//(/l BB A

VOLTAGE ) FAIRLY ] g A , THE SUDDEN

st

CRRRENT SURGE MAY. . . ZAP . THE DICRE . 7
b S
(] SUMMING. . UP.  DIODE. _ OPERATION—.__ Le 203 -
THS . GRAPH.. SUMS. UL _ DIODE &
OPERATION, (IT'S. APPROXINATE..) //
Ve = FORWARD _VOLTAGE VR <= . >V F
Ve = REVERSE . VOLTAGE | [ \
Ie = FORWARD. (URRENT BN, 0.6=VOLT
Te = _REVERSE. .. GCURRENT _%Cc; ?ﬁ (siticon)
/‘/Ctl:)\ IR
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[0 TYPES  OF DIODES =— MANY _ DIFEERENT. . KINDS. _ OF

DIOPES ARE AVAILARLE HERE ARE SOME .. OF THE

MAJDE TNPES: ..

SMALL.. SIGNAL..

TRANSEORM. ... kO CURRENT AL . TO DC, DETECT ... ...

/ IMALL  RIGMNAL MODE S ARE USED a0

e L DEHODULATEY. RADIO. . SIGNALS .\ MULTIALY. MOLTAGE 5 oo

PEREDRM LOGIC 4. ABSORE. .. MOLTAGE.. . SPIKES.,  ETC.

POWER  RECTLEIER.

5 _
A‘é/ EUNCTIONALLY IDENTICAL  TD SMALL. _SIGNA

_ U\WJ\? DIODE S, PowER RECTIFIERS. . QAN HAMDLE

HOGH . MORE  CUBRENT..... THEY . ARE  _INSTALLED
N LARGE METAL _ PACKAGES THAT  SDAK. P

e BACESS O MEAT  AND  TRANSEER AT DA METAL

HEAT  SIAK., DSED  MAMKLY.  IN _ PoER SUPPLIE S ,

THE  ZEAFER  DIODE (5. RDESIGAED ™ HAVE A

SPECIFIQ. . REVERSE  BREAKDOWN  ( CONDUOTION) VOLTAGE.

TS HMEAMS ZEMNER DIDDES QAN FUNCTION LIKE

v A UDLTAGE. . SENSITIVE. SWITCR. . ZENER  DICDES . . i

HAVING .. BREAKDOWN _VOLTAGES . (Vz). OF ERONM. . ABOUT
RoVoLTS. . TR 200 WoLTS.  ARE. . AVBILABLE .

LIGHT — EMITTING.,

// = BALL_ DIODES.. EMIT. SomE. ELECTROMAGNETIC . RADI-
. f‘;, ATION _WHEN.  FORWARD __ RIASED.  DIODES. MADE

FRom . CERTAIN. SERICOMDUCTORS . (ALKE. GALIM

4 . ARSENIDE PHOSPMDE} EMIT. ... . CONSIDERABLY.... MORE

RAMATION _THAN.. . .SILCom. DIODES. . THEYIRE CALLED

LIGHT = EMITTING . . DIODES. . (ALEDS).

.PHdTom oDE.

% DIoDES RESPOMD . SoME.  DEGREE WHEN

o) fL-LpMmATEbiBYL#GAT,DLDBE.SDE&‘&MEDMSPErM
CAF1CALLY. o DETECT. . LIGHT ARE GALLED

PROTODIODES. THEN INGLUDE A GLASS CR

PiasTic WIND ow THROLIGH WHICH  THE LIGHT. .

ENTERS.. . OFTEA. __THEY . MAVE. . A _LARGE. , EXPOSED e
TJUNCTION REGION ., SILICON.  MAKES . GO00D  PHOTODINDES.,

Ho




HOW. _DIODES  ARE._USED.

I CHAPTER G You'tt  SEE.. HOW  VARIOLS.  TYPES.  .OF_ RIORES. _ARE

USED WAL MARLY APPICATIONS FOR Mo HERE _ARE  TWO..QF

THE  MOST.  IMPORTANT. RplES  EOR ..SMALL.. . SIGMAL. DIODE.S AND

RECTIFIERS:

(O HACE - WAVE _RECTLEIER

N A

) /\U/\U _;C:@:m_*/\ /\ AN Qmaut.ﬁﬂmm (ALY

Do St SIGNAL (OR_VOLTAGE)
AL AN y DG OUT \S RECTIFIED INTO.A
HALE. OF . SIGAAL SINGLE __ PoLARLVEY... L DEY
1S BLOCKED SIGNAL. (OB VOLTAGED.
(D FULL=WAVE. . RECTIEIER £
|p101 >
x-?(\Qr THES. _H=Di00E *NETWORK!
VANV < >';/\/\/\/\ (R _RRIDGE. RECTIEIER)
- \/ \/ 4&53( RECTIFIES. . BOTH.. BALUES
AC N "T"“"J - Do OF AN AC SIGMAL.

MORE AROUT THE DIRECTION OF CURRENT FlOW

AN ELECTRICAL _ CURRENT .. 19, THE  MOVEMENT. OF. ELECTRONS THROUEH

A CONDUCTOR 08  SEMICONDUCTOR . SIMCE.. ECECTRONS . MOVE. ERQOM

A NEGATIVELY.. . CHARGED T A POSITIVELY...CHARGED REG!DM7 WHY

DOES. . THE ARROWREAD N A DIODE L SYMRBOL COINT AN THE

OBPOSITE.  DIRECTION? _THRERE.  ARE _TWO REASOMNS

1. REGINAING.  WITH  RENTAMN __ERANKLIN, IT. WAS TRADITIONALLY

ASSOUMED  ELE CTRICITY. . FLOWS. . FROM _..A__PDSITWELY . CHARGEDR ..TO A

MEGATWELY CHARGER REGIoON.. . THE DISCOVERY. .. 0E THE . ELECTROM

CORRECTED  THAAT. . CBUT. MOST.. ELECTRICAL..CIRCUIT. DIAGRAMS. TDDAY.

STILL  EOLLOW. . THE ALD TRADITION.  IN. WHICH. THE . PosSITIWWE. POWER

COOY CONNECTION. IS  PLACED.. ABOVE  THE NEGATIWE CONNECTION
DS \E GRAVITY _ SOMEROW  IMELUENCES. THE. . FLOW. _OF A CURRENT.)

2N AL SEMICONDUCTOR . AS..SHOWAMN. _CON PAGE..H4.,. . HOLES. . ELOW

W THRE  DIRECTIDN OPPOSITE. THAT OF ELECTRON. _FLOW.. .1T'5

TREREFORE  CoMMOMN. .. REFER...TR. POSLIIVE CURRENT _ELOW A
Pt e r ot
CEMILCOMNDUCTORS.

FOR . ACCURALY ,  IN_THIS.  BOOK. "CURRENT .FLOW. L REEERS. .To. ELECTROM
ELOM)., RoT  WE'RE  STUCK  WITH.  SYMBots THAT INDICATE HOLE FLOW.
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THE TRANSISTOR

TRANMSISTORS ARE SEMICON-

DUCTOR.. .DEVICES WOTH. THREE

LEADS, A VERY  SMALL

CURREMRT . OR VOLTAGE AT __OME

LEAD CAM COMT DL 28 MLCH

LARGER, CURREMT FLOMIALG

THROUGH THE OTHER TW. LEADS.,

LTHIS O MEARS TRANSISTORS.....CAN

LRE . ULSED AS AMPLIEIFES AniD

SULTCHES. THERE ARE TWE

MAIN FAMILIE S OF JTRAMSISTORS:

BIPOLAR Anib ElELD = EEFECT.
PR e sl T PN )

RIPOLAR _TRANSISTORS o ABASE

ADD A SECOMD.  TusmcrtionN  To A / -

PN SUNCTION.  DIODE . AND YU e PN PN T
GET . A B-/AYER  SILICON _ SANDWICH. ) f

TRE _SAnpuncs CAM EE EITHEER \ . e EASE. /

NPN__ OR.._PNP, _ EITHER . WAY, EMITTER . o) . COLLECTOR . . |
THE. MIDDLE  LAYER . ACTS . LIKE o ﬂ \

A FAYRET. . OR. _.GATE _ THAT _COMTROLS... )/ ¥

THE . .CHRRENST. _  MOVING. . THROUGH.. === S N B N S S » B (@n—‘“
THE.... THREE  LAYERS.

1 RBIPOLAR  TRANSISTOR  OPERATION — THE. THREE _LAYERS.. OF. A

EIPOLAR . TRANSISTOR . ARE . THE .  EMITTER ,  BASE . AMD. . CHLECTOR

THE BASE 5. VERY. . THIAN AND HAS  FEWER DoPING. . ATOMS THAN
P e W g Mo L

THE.  EMUTIER . AND SOLLECTOR.. ... . THERE FORE A VERY SrALL  EMITTER -

GBASE  CLURREMT. .. Wikl . . CAUSE A ucH.  LARGER. . EtITTER —

COLLECTOR CURREMT. 0 ELoW.,

COLLECTOR

ReEs(sTORS. A\ -

o

ff::ffiff:.,ffff”f""f"ffff.,ii_ff; \( ] coueeron |75 ampisien VAN I

OUT PUY

; - L
INPUT P | Base QUARENT BASE ol h o CURRENT
CLURRENT] v M| EMITTER : e FLow

o T LOUT YT THE.. . BRESISTORS

e oo ELECTRON PROTECT.  THE

+F& ELEcTRoA ¢ FLOW > TRANSISTOR...FROM -
& FLOW \ by TOO.. MUCH. . LURRENT |

L U \ / \‘M | {wmm CAN  CAUSE __EMITTER

- o | j - CEXCESSIVE HEAT\

I

&




[l MoRE  AROWT  RIPOLAR . TRANSISTOR . OPERATION —

1S MERY... . SMALL .

DICOES. AND
TRAMSASTORS SHARE SEVELAL. KEY FEATRESA
1. THE . BASE = EMITIER .. JUNCTION.  (OR DIODE) .o bl . T COMDOCT
YNTW.  THE FORWARR VOLTAGE ExcCEEDRS L abas MOLT.
| L
2. T00  HUCH. CURLEMT. . WILL CAUSE A o)
TRAN SIRTOR.. ™ BECOME HoT. AMD OPERATE e',d@@ %
IMPROPERLY .. IE .. A TRANSLSTOR .S . HOT HaY/N
WHE M TOUAHED . DISComMEST. THE . PouIER /”TT
0. 4T j an
yd
2..TJ00 . FLCH CURRENT OR VOLTAGE . MAY (/Q:///
DAMAGE.  OR._. PERMANENTLY. . DESTROY... THE PN e
SEMICOMOUCTAR CHIP THAT.... FORMS...A Q@ 2N
TRANSLSTOR TE . THE CHIP.  ASN!T. _ HARLED, - )
IT.5 TLMY COMMNECTION WIRE.S MAY MELT //
GR SELARATE EROM THE CHLP MNEVER g
COMNECT A _TRANSISTOR .. BACKWARDSY
O RINDS OF  TRANSISTORS — MANY DIEEEREMT .. KINDS . OF
TRAMSISTCRS ARE AVAILAELE HERE _ARE EXAMPLES. ...O0F
THE, MRS IMPORTANT.
SMALL _SIGNAL AND  SUMTCHING..
“= SMALL  SIGNAL . TRANSISTORS ARE. . USED
[ dn ) I TO.  AMPLIEY. _ LOW. LEVEL _ SIGANALS,
/ ‘ W SWIATCHIN & TRAMNSISTORS ARE _DPESIGMED
N R TO. RE.__OPERATED . FLULY. . .ON . _OR... QFF.
LSOME.  TRAMSISTORS.  CAN _ BoTH  AMPLIEY
AND. SWITCH. . EQUALLY.  WELL,
PoWER .,
=N e @M £O oW ER. . TRAMSISTORS. ARE
&l - USED. N HIGH _ POWER
! i _V AMPLIEIERS __AND__ POWER
Vi U]” SUPPLIES,  LARGE  SIZE.  AND
. EXPOSED. . METAL. . SURFACES KEEP .
TREM __COOL.
HIGH ~ FREQUENMNCY.
afln BlEH - FREQUEMNEY.  TRANSISTORS
=2 OPERATE . AT . RADIO, . TELEUISION
Li H AND __MICRO W AVE FREQUENCIES, THE
% BASE.  REGION.. IS YERY. THIN __AND
THE _ ACTUAL...CHRIP
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U RiPOLAR.  TRAMISISTOR SYMBOLS —  ARROWS . POINT IN. DIRECTION ...
OF  Wole  ElLaow., -

COL.LVEC';E‘OR L) 2
N /ﬁ>‘_ - B / }T B N
RASE ()74 P B Al ) a=0 N e 4+—| )
N "8« P NG
T MN.EBS LDJ NP :
EMITTER.LEY C

HOW  RIPOLAR  TRANSISTORS  ARE USED

WHEN THE  BASE  OF._ AN NPN _TRANSISTOR. .15 . GROUNDED. L0 VOLTS )y

NG CURRENT . BLOWS. _ FROM. _ THE . EMITTIER .T0. THE COLLECTOR ( THE

TRAMNSISTOR. . iS oee" Y. \F THE BASE. 15 . FORMARD — BIASED BY. AT

LEAST O VOLT, A CURRENT._ WILL. _ FLOW FROM. THE . EMTTER. TO . .|

TUE  COLLECTOR  ( THE. TRAMSISTOR. .S "ON").  WHEN OPERATED. IN

LONLY. THESE TWO . MODES. THE  TRANSLSTOR FUNCTIONS . AS. A _JMOTCH.
it THE BASE 18  EFORWARD — BIASED , THE EMITTER=COLLECTOR. CURRENT.

WILL  BOLLOW . MARIATIONS Ind A MUCH SMALLER EASE CUREREMNT

THE  TRANSISTOR . THEN . EUNCTIONS As AN AMPUF,LEJE- THLS
DS CUSSION..  APPLIES TD AL TRANSISTOR. N MWHICH.  THE EMITTER. IS THE

G ROUND CONMECTION.  EOR _ ROTH._TRE. INPuT AND.  _OOTPUT. . AND. S

CALLED ...THE %M*FM\TTEQ CIRCUIT.. SoME  SIMPLIEIED . COMMONT
EMITTER  CIRCUITS. ARE. . SHowMN. . BELOW. S0 YOoU. . CAMN_SEE .. Yow

THEY . ARE USED _IN..REAL CIiRCULTS, EACH EXAMPELE REEERS...ID

A TYPICAL . WORK NG APPLILC ATION L CHACTER 9. P
. _ _ [P.az >
T A BRiPOLAR.  TRAMNSISTOR .. . SWITCH ) ~
\P.107>
” | [+V Tl
S i< — DR
C%D » BASE : BASE [ Rr
RESISTOR 5 ¢ & QEF RESISTOR ...l rL. onN
J/_ 2] N N
N OK.TO.LSE. RESISTOR, N
| E T pPlezoBuzzER, ETC. ET
GROUKD I N PLACE CF LAMP, i
OMLY. TWO. INPUTS.  ARE _ POSSIALE 1  GROUND. (.0 VOLTS) AND._  THE

POSITWE. . BATTERY. . NOLTAGE  (+. M) THERE EORE  THE  TRAMNSISTOR

19...DEE OR....ON A TVPICAL ZASE . RESISTANCE 1S . 5,000..10

10.000.. OAMS. (\F THE RESISTOR. 1S REPLACED. BY. . A __VWIRE, . THE
IAME  CAN  BE  SWITCHED ON 0R OFF FROM.A. CONSIDERABLE OIS TANCE.)
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