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

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

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

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

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

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

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

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

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

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

CIRCUITS o L AND e S OLDERNG. . LRONS.

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

JToANSWER . REAQUESTS. . EOR . ADDITIONAL  JNEORMATION .

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

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

| SUEEESTIONS

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

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

A PERsoOMAL _ REPLY.
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IGETTING STARTED N EIECTRONICS.

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

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

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

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

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

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

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

GOING  FLIRTHER IN_ ELECTROMICS

. HOPE. _THIS . BOOK. . ENCOL R.AGE..,;V.W‘{DU TD GD wmr’I.L.J_R'.mER IN ELECTROMICS.
IREGIN._BY. . GETTING RADID . SHACK'S “SEMICONDUCTOR . ...REFERENCE .
JAANDBOOK T AND NENGIMEER'S MINI-NOTEROOK" SERIES. READ ELEC TRON }cs et
MAGAZINES LIKE COMPUTERCRAFRT, RADIO-E(ECTROMNICS, BYIE AND. . QST.

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

ARITE. EACH MONTH FOR. COMPUTERCRAFT.  MANY OF THESE COLUMNS -
JHAVE. BEEN COMPILED. IN A .SERIES OF BOOKS . INCLUDING “THE . ...
L JFORREST MIMS _CIRCUIT. SCRAPBoOK " ( MEGRAW - RILL , 1983). AND. . . o

LEORREST MIMS! CIRCVIT. .SCRAPROOK TL. . CHOWARD. . . SAMS, 198 6)u e

) THESE  BOOKS .. SCRIBE..IN.DELAIL  SEVERAL .OFE_THE CIRCUITS. . IN..THIS
e BOOK . AND  MANY.  OTHER CIRCUITS.. . QUESTIONS? TS  BoOK. WItL. RAISE . R
MANY.L LE_ NOU  CANT. . EIND. ANSWE &sm_hwmwm&m.w&EE&KEM;ESMMASQME.\,A. mmmmm ‘ER}'M
A GOOD  LIBRARN. _FINDING. ANSWERS.. MAY. TAKE TIME, BOT  NOULL LEARN ...
MUCH . IN..THRE . PROCESS PERIAPS. . NYOoULL . EVEN. CONSIDER. ...EORMAL
e ] TRAINING.. . FOR A CAREER IN._ ELECTROMC S e
_JA_SPECIAL NQTE_TO _EDUCATORS .
e TS BOOK . CAN... GIVE _ MOUR__.STUDENTS A __BASIC KNOWLEDGE . OF s
e ELECTRONIC Sia . YOU _CAN. ASSIGN._THE. BOOK . FOR __OQUTSIDE. REARING. ...
e AND  TEST  STUDENTS _AS THEY. PROGRESS.. . QR _NYou. CAN. DEVELOP
et A TOTAL  COURSE .,  COMPLETE. WIATH. . DEMOMSTRATIONS. , EXPERIMENTS
—JAND  LECTURES. THANKS. . TO. RADIO. SHACK'S  SOLDERLESS. ... MODULAR o
e |SOCKET S, YOO AND_ . YOUR. .. STUDENTS. SHOULD RE ABLE TO.  ASSEMBLE
e TEST VERSIONS OF _ MIRTUALLY _EVERY CIRCUIT. IN . CHAPTER Qe
G100 ELECTRONIC _ CIRCUITS ). INCIDENTALLY, VOLUME.  _BUYERS  CAN )
e} BECEMWE . AL _PRICE DISCOUNT._ EROM.. RADIQ. . SHACK. _ON . THILS .  BOOK. AND ..
] ELECTROMIC.  COMPOMNENTS......SEE.... . THE. LATEST. . RARIO.. . SHACK. . CATALOG . e
—dEOR _DETAU S ... LPRICE. . DISCOUNTS. . ARE__OPTIONAL AT RADIO.  SHACK e
. |DEALERS AND FRANCHISE _ STORES.)o




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

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

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

. TO.  METAL -

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

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

FLASH(UAJLESSTHERELATWE HurMioiTY. 15 H/C-;H)

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




PUTTING ELECTRICITY TO WORK

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

- SCIENTISTS OVER. ...THE .. PAST __ _FEW _CENTURIES __ HAVE
] BEEN . ABLE.. . TO. . _INVENT HUMNDREDS . OF  GARGETS . THAT. .
| - BENERATE , STORE. _,. .. CONTROL . AND SWITCH . ELECTRICITY o .
e} THESE  _DEVICES _HBAVE. . COMBINED. ... TO CARRY. LS INTO ...

e MORKANG  WTH
o ELECTRONIC. . PARTS

e IYOOC  FIND NS
e OUT BROW D Ry N N ool o
e THESEAND e 2 e Ny

.......... OTRER . ELECTROMIC e s
o |PARTS  WORK., AND o N
e YOV LEARN  HOW ]

| TO_LUSE  _THEM ___IN
hhhhhhhhhhh MWOoRKING  ELECTRONIL |

GO OVER. _THE. .REST. ..
e GIRCUIT Sa . LIKE e OF . THLS e CHAPTER e e
e Ll GHT . FLASHERS o TIMERSy oo N o e SO b LEARNL . SOMIE i
e A PULETER S g PUGITAL . SOGIC i
o CARCWIT S o POWER.. SUPPLIES, ... x\

Sounp  GENERATORS. .. AN et
e A ANY. o OTHERS o ARTER o R N

e MO0 COMPLETE . THIS. . BOOK, ... ...
e YOO BE  ABLE O
e MDENTIEY.  AND  USE . ALL o
.......... ATRE . LORIPONENTS  SHOWN. .} [
on . TrIS.. PAGE L THEY. . L W THRE
e | IMCLUDE A TRAMS FORF1ER,. . ...| |ELECTRONICS

e DIRPES ,  RESISTORSy ) NG R
e \CAPACITORS ., ZENER ...

ELEQTRICITY . THAT Witk .

e BIME _ YOU. A SOLID.

odid EOUNDATION . FOR. FURTH
G LEARNING. AND. NYOUMLLooeee

D OUT  HOWL T e

\ o SREATE. AND. PETECT o

) e BLECTRICITY. L MUUTH

e DRDINARY.  HOUSEHOD

DIODES, TRAMSISTORS £7 D own ) o
DES, RSy f TG B B BR VIRt
VOLTAGE REGULATORS. a8 S B R Ran TRig Ty~ Q S
L lANo._nTEGRATED o L — )
CIRCUITS. i M —




|EtecTRICITY.

 ME  gEST  WAY_ TO. .
To EXAMINE.

JELEMERNT ,

-~ GELECTRONS

e ATOM
U o)
ATHE

L GIVE
L EBLECTRICAL. ...
.1 PossStgee . TO...
L L0R
L LMOST. . ATOMS. . . .
LPoSITIWVE. ..
. LCALLED A ..
AL STRAY
o ATOM. ...
LI CHARGE
I NESATIVE

ot TAROUGH. ..
AL MACOUM.
LREST. . OM A .S

B S —

IRACK TO BASICS

1S, AN ESSENTIAL. . INGREDIENT. OF

ATOM...

, NUCLEDS.
CPROTOMS AND

MATTER.

DNDERSTAND THE NATURE OF FLECTRICITY
SMALLEST COMPONENT oF. . EVERY

THAS A LITHRIUM
ATOM.. THE THIRD
NE.UTRONS)‘HH PLEST. ATOM __AETER
HRYDROGEN.  AND  HELIUM )

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

[

4 NEUTRONS.

LHAVE
- AVE.
HA.V,EW..

_PRDTOMS..
o_ _NEUTRON S

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

HAS
ELECT &Q.MS e
CHARGES ...
MORE ..

HAS. .
ANO. IS,

I ELECTRONS — FREE ELECTRONS . .
METALS, GASES. _AND |
OR. .

MOVE AT .

ATOM .
CHARGE... ..
DISLODGE ...
ELECTRONS ...
HAVE A NET e
CHARGE ...
ROSITIKE.
ELECTRON.......
A NORMAL  ATOM ., THE. . _
AL NET  NEGATIVE . ooomrese e
IS. CALLER A i B
B —

\\\\\\\ o E |

SURFACE .

ELE CTRICAL CHARGE..
,.ﬁ;.\,&.g_,:r,gwlmc.a;.m_w,gnaA RGE.
CHARGE..

A N F- G-A TIVE. ..
LPDSITA\VE
.‘,,..E-,_LEC.T R\ cm.

~ EXTRA
K ..... ELECTRON. .

PROTONS.
TO .

ONE o NEG AT
FROM oo

CAUSES

IT)s  THEN

CAN — —_4 -




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

ELECTRICAL CHARGE.

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

Wikb . RUSH N TD. Flll  THE.  "HotES ' _oR._ .. VOIDS. .

LEET BY THE _ MISSING. . ELELCTROMS. o

MIsSSIANG ELELTRON

CrHowe")

EwECTRON  ORBIT —_—

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

ERICTION )

LicH T

N

el T

CHEMICALS ..

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

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

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

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

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

PLACED o

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

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

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

POSITIVE  TONS e
oo POSLTIVE
G STATIO  ELEC T
.. TRICAL CHARGE. . .. ..

B



YOU GENERATE _ STATIC . ELECTRWATY.. EVERY  TIME  _YOU.. ...

A s et

L —"

FROM. . A . ROLL.,

i A DRIER.,

EVEN. ReEALIZE _IT UMNLESS

e | WALR . ACROSS ... A CARPET, __ PULL . _TAPE
REMOVE . NOUR_.. CLOTHING. . OR. __DRY. . CLOTHES
MUCH _OF. THE.  TIME _You. _ DoMN'T

SSRRUUOUNN N = 8 =S - - S - DRY. AND THE

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

WA

CRACKLES, POPS __AND__FLASHES.  _ITS

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

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

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

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

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

EROM.. . . TREES

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

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

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

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

PLANY.  MATTER , JNSECTS i BB PRPER

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

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




L) OPPOSITE. _AND.  LIKE CHARGES — HOW. DO _WE__KNOW
THE. COMB.___AND. . GLASS... ROD . HAVE. _ OPPOSITE. _QHARGES.? A

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

1 ] |

| *x- f
N

X/"“l\ ATTRACT

PLASTLQ* / \ /

/

NO._CHARGE. 7§ \‘\+»\

S MSE  FOAM. PLASTIC. ...

PACKING  MATERIAL,

THREAD
>

FOAM

N s
&3
- ~—

@Q)m

_LIKE.. CHARGES REPEC — = —=(3

PEMEMEBER |  UNLIKE. CHARGES ATTRACT. —

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

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

A D <——— CoppER. WIRE . NO R
_CHARGE. — #

e CORK

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

BLOMINUM
B0 e HIGH

‘b/'
| -
:s*‘j :

- 4 i CH ARG E. T

BE SURE. THE. __FOLDED. _FOM  STRIP. IS . CLEAN .  _AND _DRY.
WHEN _ NYou ToDUcH A CHARGED CEJECT. . .TO THE WIRE ,

THE _TWo. HALVES . OF  THE. . FOWI. . STRIP. . WILL BE.. GIVEM
THE SAME. CHARGE. AnND  WILL  THEREEORE.  FLY _APART.

11




[0 CONDUCTORS _ AND  INSWATORS— Nou CAnN  USE
YoUR ELECTROSCOPE T PROVE THAT _ ELECTROANS.  TRAVEL
THROV.GH SOME MATERILALS BUT . NoT _ _OTHERS. HINT . TRY
TRIS....On. A DRY . DAY ELECTRONS QAN _TRAVEL _THROUGH

e A QIS T o BUR o SDTHE . CHARGE . ON_ YoUR _ELECTROSCOPE
L, QUICKLY LEAK AAY oM Hetip DAYS.

R

cnmesmrrmmann f e B CT RO SCO PE

COPPER ,, N
—

PLAs-rlc Roa

TOUCH. . . .THE. CHARGED. ... __
ROD...TO.. THE __WiRe

AND_ THE . ELECTRO.
SCOPE . Witl  RESPOND.. ..

e X
~ Woop  BASE
\T e NYLON N\
2 N CORD TAPE -
TN LT X
Sl G I
= <e\¢‘\;}; .. N = CHARGED .
T OMS v PLasTio. _ROO
| El <t mEoTRAL FoiL P THE. . ELECTROSCOPE
Vs — i . WILL... NOT.._RESFPOMD. ...
[ \—T—~ o . WHEN. .. .THE . CHARGED
L - P

| % RoD. TDUCHES _THE

oesn——— NYLON _CORD,

r e ATHLS DEMONSTRATION. . SHOWS . THAT.  ELECTRONS. - CAN. . TRAVEL
THROU &M SOME. HATERIALS Byt NAOT OTHERS. MATERIALS.
THROVGH.  WHICH. ELECTRONS . TRAVEL . ARE. .  CONDUCTORS mee,

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

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

A

e | INSUL ATOR S INCLURE . GLASS,  PLASTIC., RUBBRER, wool, ETC.. . . .
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ELECTRICAL CURRENT

THE _ 0OMOUCTOR. — INSULATOR _DEMONSTATION

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

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

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

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

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

AS AN ELECTRICAL NN

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

TS STATIC. . STATE . ON _THE \(BQ

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

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

ORIEMTATION.  (LEAVE THE  WIRE.. COMNMEQRTED.. . .LFOR . ONLY _ AN

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

(] MEASURING CURRENT. . ELECTRICITY —

1

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

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

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

WAY. ..To0  MEASURE THE, . _QUANTLITY

QF QURRENT ELOWIN & InN A

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

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

TO. PROVIDE _HIGH.  SENSITIWVITY, THE . ZERG._._RETURN O MoVNG

WIRE 1S, WRAPPED AS A SO, . SPRING Colt




DIRECT CURRENT EIECTRICITY

AN _ELECTRICAL  CURRENT  CAMN _ ELOML 1IN EITHER QE  TWO

DIRECTIONS THRQLUGH A CONBUCTOR ., IE T . ELOWS M

ONLY  ONE__DIRECTION, WHETHER STEADILY OR IN PULSES,

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

DIRECT _CURRENMT. RERE ARE THE KEY . TERBMS.:

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

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

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

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

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

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

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

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

L POMWER (PY— THE WORK PEREORMED  BY AN  ELECTRICAL

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

TIMES 1TSS CURRENT.

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

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

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

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

AMPERE THROUVAK A RESISTANCE QE _ONE AHM. THE RESIS™

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

THE CURRENT  ELOWING THROUGH  THE  COMDUCTOR.

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

14




USING . DIRECT CURRENT

THERE ARE S0 MANY. USES FoR . RIRECT CURRENT..  ELEC—

TRICITY NGO SINGLE ROOK CAN DESCRIERE THEM _ALL.,

HERE'S A.... PAGE OF. SEVERAL DESIGMED. . .AROUND A SINGLE

WIRE . Qotd You  CAMN

. |BASILY _MAKE. . _FROM _A (Twice ACTUAL _SIZE)
I=Y%2 1o R-INCH  SECTION TR VARV
OF _A._SODA _STRAW. _AND fé\‘:‘\"‘\\\m) ail =
AT LEAST__ 320~ FEET OF VA L AT 11 11117 I
30 .GAUGE, LACQUER e (etanetend
COATED.  WIRE. _ SECURE —_— =
THE _Coll. N PLACE  WITH TAPE ‘ X\\\
REMOVE _ INSULATION. . FROM. . ENQS OF =
Solt . WITH.EINE _SAND . PAPER , ;‘3“%\\\\\<
NS
O _ELECTROMA GNET — INSERT /":x\ ) i )
B STEEL. NANC N THE  COMg o NN, .
COMNECT  THE _LEADS TO A - frf \\\{\\\JI/‘F//_’
9= yoLT _ BATTERY., AND _THE ‘i\ N4
NAIL  WILL  BECOME. A MAGNET . A WQ’/// 2
UNTIL  THE _POWER. 1S .DIS— = 3 2

COMNECTED. (1T MAY_ _RETAIN

SOME _ MAGNETISM.L)

1A SOLENOID. — THIS 15

A " suckinNG. MAGNET.

APPLY POWMER.  ITD....LolL

AND  NAIL . WILGL  RE._ PULLED

RAPIDLY. . INSIDE. . ot B
e RN R e ) ~ o ‘3'0%0 MES-—-:W ") v
) LR T W = Py )
Coplo ] B R L=\ S Y1
SRR =) ==
(M . RATTERY i S
S+ - Ol contacTs

(1 1

T
TA[K:_ 6 [ - /\_ N“”—\»l -F

N\ P S . ()
0 MOTOR — MAYBE NOT ___ N\1>= (G S == 3V
__________ YOUR . IDEA _0F A __MOTOR, ] A
BuT. .. THIS ELEGANT. . APPARATUS Lo &-H ALUFINUDI . _FoIL
e L QUALIEIES  UNDER.__THE e
o L DICTIONARY  CEF(MITION. . USE A oY | BRSIGNMENT
_____ | LiGHT WEIGHT _ NAIL. _ SECURE A \k-f@g&mw_WE.)zgﬁLﬁ.WwMJ\NM_V_VZ.S

L onE... Lol LEAD TO  NRAM e

. ?\V > 9.1 . WORDS._ _OR _LESS
ADTIVST. KEIGHT _DE _0bih  UNTIC & vours How  THLS THING.

NRIL . TUMPS UP. AND  DOWN. LONGER LASTING}  pnrinssy  WORKS...

e




L MAKING  DIRECT. CURRENT  ELECTRICITY

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

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

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

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

ACONNECTED TOGE THER . BY. A CONDVCTOR , A CURRENT

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

< {THE .. CONDUQTOR. . ( AS ELECTRONS). THIS __KIND . _OF
|GENERATOR _IS... CALLER A WET. CELL CELLS IN.... WHICH

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

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

S—
zine *

\ T CoppER B N e
\ ) . FOlL* OR \&H emmeoo—
PC.__BOARD 7 ¢

,,,,,,,,,, PLASTIC

ElLmM % 7
HOLDER > V4

e

% ”
LEMON ""'_""‘)-r/// -

TUIcE L

Y MAGmNEstum® PAPER. . TOMIEL fody
. O LEMON TUICE Wmm

LOPPER _EOIL *

S 2 PET L PAPER ( PAPER. .

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

o PRPER.AND
RCTWATE.  WITH WATER (\0

SILVER _COIN (&)

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

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

o




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

| THROUGH A CONDUCTOR... . ESTABLLSHES A MAGMNETILL

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

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

 CENERATION . WITH A
anle  OF UWILRE AnID

A SHALL MAGOET

(TRE. _ COlL. . SHOWNM

on PAGE. 15 WORKS &

FINELY _CoMMECT

THE LEADS OF

TRE _Coll .TO

A METER | N

DESIGMNED

T SENSE

MICROAMPERES. .z
INSERT. A e

STEEL  NALL

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

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

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

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

B sMatd . DC . MOTOR e

MDbsST. .. SUCH MOTOR.S

Witlh. PRODUCE A [

POTENTIAL . DIFFERENCE t N 1

ANE UP _ TO SEVERAL .

voeT sl You. CAM . ADD = S Ldm |

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

_— ittt

[0 THERMOELECTRIC _ GENERATORS —

IF A JUNCTION. __OF . ..TWOo . DISSIMILAR

METALS 1S HEATED, A CURRE NT

WiILL BE PRODVCED COPPER WIRE

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

.

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

HEATED Ry THE ELAME oF A

MATCH. TUNMETIONS LIKE tRoN . AND

COMNSTANTAN PRCDUCE MUCH HicHAER

VOLTAGES. (THIS IS THE. SEEBECK EFEECT.)




ALTERNATING . CURRENT _EIECTRICITY

LooK. BACK AT THE. MAGNET

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

'GENERATOR Y _ON._ THE WHEN._ __ THE

L MAGNET 1S STROKED

ColL,. . ELECTRONS

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

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

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

THE Ct:m.i THE DIRECTION
FLow MAGMNET

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

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

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

JROTATIN G...

A Colt iN A MAGNETIC FIELD,

e MAGRET o ROTATION o

90°

TRIS. LS. A
/S\NE wAVE

VOLTAGE

7N |

\y
N

T/
\.1/

¥
210°

o |

l
1
H
|
I
j

ot L NJ_ ]

I
J
|
I
|
]
} .
I i
| |
..90° _180° °

QUTPUT VOLTAGE

_|RoTATING coit

VO QIAA;GWEMWNOUTPU T

AC _SINE  WAVE

1 SINE. WAVE. MEASUREMENT —

~m PEAK

/ BMS

VOLTAGE
VOLTAGE

PEAK .+

AC  VOLTAGE. s
SPEQIFIED AT A

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

U3V ALLY
VALUE

707

WORK.. FOR A SINE  WAVE

THIS. . VALUE (507070 TINES

THE PEAK . VoOLTAGE. .. . IT's

e HORSE HOLD
- RS

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

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

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

kel MJE..
VALVE ...

A CORRES PONDS

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

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

—WIRE !

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




MEASURING. . AC AND DC

You .. CAN  EASLLY B
V MEASURE. . AC _ANMD DC.....L g4,
b N NOLTAGE  AND. CURREMNT...eafernd jlr '-L . e s
WOTH AN INSTRUMENT .
CALLED THE MULTIMETER.
ANALOG.  MULTIFETER S oo s
o USE B MOVING. B0 g 8

/ CMETER.  DIGITAL  MULTI= . ... € .

N METERS.__HAVE __A DIGITAL.. .
READOUT.  THE  MULTIMETER ..o )
e 3 THE  SIMEBLE MOST b T 2
e IMPORTAMT. . ELECTROMIC o @ @ it _
e TES T I AT RUFE N T oo e T T et s

i
AZMmrmEn

HEE LI R
O

VBIEe wAaArog
T

|
f
=
S@ “Zmmixpch
@
H ST‘
WIzo wAro<

b4
i
:
1
i
!
i
i
i
i
!
i
i
£

[ ANALOG  MULTIHETER. ODIGITAL  MULTIMETER == .
LESS.  EXPENSIVE ,.  SOHEWHAT . BIGHLY. . ACCURATE .. AND. s
LESS. . PRECISE. . THAM...DIGITAL ... EASIER . ..TD . REAP ..THAM i
TYPES.. BEST _ BY _FAR...FOR. . ANALOG. TYPES. . BEST  _ EOR __.
| ORSERVING. . _THE _TREND. .0F A . FINDING. . THE _PRECISE VALUE ..
e L SLOWLY. CHANGING... . MOULTAGE. OF B VOLTAGE 4. SURRENT
CURRENT. . OR. RESISTANEE e OB RESVS TANCE oo

O SUMMING . UP.  MULTIMETERS — THEY'RE. _ INDISPENSABLE.!
EVEN _IF _You HAVE _ONLY A . PASSING. . INTEREST. . YOU .. SHOULD . i
 CONSIDER . BUYING. .. ONE. . BECAUVSE. JT. HAS . .MARY.  USES A0
THE . H OH&,OAJ THE..  JTO0B... . AND  WHEN . WORKING . WITH. .. JAPPLIANMCES .
AND _ MOTDR .. WEHICLES. ... IF.  YOURE _ SERIOVS.  ABOUT. . ELECTROMCS, ...
CONSIDER. .. BUYING. . . A .. QUALITY. . HIGH= JLIPEBANCE  HIYULTIMETER. ...
CIRCUIT  YOURE. ... MEASURING.. EAWLY.,. YOU_ SHOULD . HAVE. BOTH. . .o
LaBE  AAALDG. o BAID . D G T TN PE S oo et o

e ELECTRICTEY. . CAN KL L VE YOU o B A
WANT...TO  BE AROUND. . LON.G e N foicnn
ENQUGH. . TD ENIDY. EXPERLT e e T T e 2 N i
AAMENTING. L WITHLLELECTROMCS oSt \
| ALWAYS. TREAT . ELECTRICITY. o WIRE . i FINGER
WITH THE .  RESPECY T Y™ o~ OF
DESERVES. _WEe'LL  LOOK. oo N o FORMER
AT _SAFETY.. AGAIN_ LATER. .. .~

\ ExPERIMENTER




AN ECECTRICAC  CIRCUIT 15 ANY.  ARRANGE MEKNT. THAT. PERMITS.
et AN . ELECTRICAL . CURRENT. TO. ELOW. A CIRCUIT . CAN...BE.

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

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

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

BT

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

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

WIRE

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

S ' - OF. A _CIRCIVT. . WHICH  PEREORMS

e TN WORK 15 CALLED.  THE _ LOAD.

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

e FLOML e ELEMENT... AN, . ELECTROMAGNET, ETC..

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

e

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

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

— s THAM.....ONE. . .COMPONENT .

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

e M EN L SURRE N T P OWING

e HROUGH. ... . ONE . COMPONENT.

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

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

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

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

CONE. G OM PO MNEMNT  WITH =

et QA ABMING  EIRS T o

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

e MANY. L ELECTRIC.AL

I0 A SeERiEs- PARALLEL  ClRewT —

. - CARCUITS ARE

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

B pano Nz AL PROVIDE A

W L/ TS, o COMPLETE . PATH
WEL . NS0T RETWEEN. _THE . -
AAAAA ! PARALLEL I LIRCULIT AND TS .
L

POMIER. . SUPLLNw




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

S HOWIA LA THLS BooK HAVE BEEMN JLLUSTRATED. .IN_PITORIAL .
FORM e PLCTORIAL. . VERSIONS.....Q0F.. .. SIRCUNT. S WILL . BE DSED
N THE NEXT SEVMERAL CHAPTERS _AS WELL, LATER...IN
THE _ BooK. .. THE _ PICTORIALS VALILL. BE REPLACED. . RY. GIRCUT N
DIAGRAMS INM_ A CaReutT . DIAG.LAM PICTORIAL.  MIEWS OF.
e  COMPONENT.S ARE _REPILACED BY COMPONENT. .. . SYMBOLS.
| S—L
'*—l_— BATTERY LAMP t;L_— ti Lz L - }
e (8 ()0 B @\
L3 L4
COMPONENT SYMBOLS SERIES—PARALLEL  CIARCULT oo

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

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

AT  REST THEY  CAN....CAUSE. . BATTERIES . TO RAPIDLY ...

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

RECEwWE A DANGEROUS SHOCK. Py

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

L

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

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

(=) SI0E__DE_THE _BATTERY = L Vv ano-tav

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

ON_THE PRECEEDING.  PAGE e GROUND. S

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

le I




IPULSES, WAVES . SIGNALS _AND_ NOISE

AELECTRONICS IS THE . STUDY _ AND .. APRICATION _ OF. . ELECTRONS .
I THEIR _ BERAVIOUR . _AND.__ TREIR . EFFECTS. . TRE  SIMPLEST. AP-.

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

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

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

LAPEVICES. O WHAT . TARES .. ELECTROMICS FAR BENOND _THESE
BASIC. . APPLICATIONS. 1S . THE EASE WITH . WECH STRE AMS

| OF L ELECTROMNS. ... CAN.  BE. _ CONTROLLED . AND. _MANMIPULATED.,

S5

e S=1oLT
CELL

N
)

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

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

Ll

+

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

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

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

o JLAMP.  BERE'S A SIMPLE... WAY _TO SENMD. VOICE _OVER A RBEAM
JCF _REFLECTED LIGHT: '

ALuMiInum Foll
et ]

'

VRICE SIGNAL.
PR AN
/

W‘ A y
. =

urr ZH/ [Fii3>




() PULSES — A PULSE_ )S._A_SUODEN, BRIEF _ INGREASE. . OR
e IDECREASE. ___IN A CURRENT =370, THE IDEAL Pucse
WOl HAVE AN INSTANTAMEQUS. . RISE . ANO__ EALL , . BuT
REAL PULSES . RRE NoT..... SO IDEAL.,

~— IDEAL _PULSE (==

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

\
"RINGING" ———

bl

\%___.

e

O _WAVES — A WAVE. IS A _PERIODIC. .  EFLUCTUATION _ IN.__A

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

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

+

VANANY AYAVAVAVAS Y

e R T 7§ T . e o

ol pCe sSwE wave . DC SINE wavE . . Dt SINE WAVE AL SQUARE . _WAVUE

wwwwwwwwwww - VAR J

IAC TRIANGLE WAVE. .. DC. RAMP. . COMPGEX. SIME WAVE. ... _VOICE

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

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

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

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

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

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

NOLSE +  SIGNAL = NoISY SIGNAL WOLSE  + SIGNAL = 277
23
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2. ELECTRONIC COMPONENTS

_|you'e  Ewmo.

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

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

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

e fISE L SEMICONDUCTING . CRYSTALS. . ARE. . SO IMPORTANT.

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

IWIRE _AND _CABLE

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

o} STRANDED. WIRE IS . TWO_ _OR. . MORE . TWISTED . OR. BRAIDED ..
... BARE __ CONDUCTORS.. MOST WIRE.... 1S PROTECTED. . BY AN
e INSULATING. .. COUERING OF PLASTIC ... RUBBER _ OR. _LACQUER.
AWIRE L WHICH. . HAS. BEEMN. TINMED. . IS EASIER __ .TD.  SOLDER . oo

_SPECIFICATIONS  FOR _BARE COPPER  WIRE

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

N . " .L05082 1272.9 | 249.00!

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

30 01003 3287.0 9.69

MORE. .. IN =

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

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

<

IS

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

o AT 5 TO CARRY . LF A WIRE 15 HOT. TO. . THE.  TOUCH,De

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

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

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

:&_ (OR)




_ISWITCHES

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

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

-

OPEMN.: IE’P/ 1 7 QLOSED 3 iEQF

o MARILOUS oo e P e
—7

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

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

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

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

] PUSHBUTTON.. .USuALLY.. SPsr, NORMALLY. OPEN e No) OR NORMALLY... ...
SR SO ¢ .Lo,u_s%&Q..Ayw.u,v_(,u_v.&,_c.)

__l_f Lgﬁhhég . S
No=~ —O0 o— NC.

ROTARY .. WAEER —LIKE. WITH. . OME.. . POLE. . AND. . .-
e QONTACLT S WAEERS......CAM...  BE. . STACKED. .  TD.. PRow DE MTORE .
ot POCES . HANY.. NARLATIONS. .. ARE. POS.S'IE’LE.

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

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

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




RELAYS

A__RELAY 1S AN ELECTROMAGANETIC SWITCH., A _SHMALL

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

Ve MOVABLE . COMTACT

T

ra

= i)
CONTACT S T C
I E|S<4——RreTyurn  SPRING
N 5|1
S \E{\jm = a
COMNTACT / 1 3 \’F‘i——- MovING  COMTACT  LEAD

LEADS \

Qold coiL. LEADS

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

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

&0 THIS..  IS_ THE. SYMEoL

. 4 FOR___A. . _RELAY. . _WITH

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

IS A REED SWITCH A MAGNET.IC FIELD WiL

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

SIMPLE SPsST RELAY.,

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

A MICROPRONE CONVERTS SOUND. WAVE \/ARIATIOMS INTO

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

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

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

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

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

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

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

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

COMMON.. SPEAKERS. _ARE .

O MAGMNETIC — SIMILAR _IN._ PRINGIPLE _ TD. A OYNAMIQ M:ceo'—:“.,‘.:::
LPHONE. N _FACYT., . _A___MAGNETIC . SPEAKER __(AN. BE _USED.
AS A MICROPHONE. .,

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

PIEZO. CRYSTAL e

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

MAGMNET

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

e

i

= .|

lcRYSTAY Tl A\

IMIC ROPHONE MAGNETIC . . o




RESISTORS

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

\—_—— CARRON COMPOSITION

| oA e e N\

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

e
\-/ \\__“——' CoLorR  CoODE. _BANDS

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

POWDERED CARBON MIXED WiTH A GLUE=LIKE BINDER,

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

RESISTANCE CAN RE . _.CHANGED __FRoM ONE _RESISTOR

TC _THE NEXT TIMMPLY BY OHANGING THE RATIQO ©F

CARRBON PARTICLES T0 RINDEER . MORE cargron GILVES

LESS RESISTAN CE..

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

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

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

BANDS  ON_ THE.  RESISTOR  PICTORIAL ? IN REAL LIEE

THEY'RE KIND  OF  PRETTY. BUT THEY _HAVE A _FAR

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

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

HERE’S HOW ..

COLOR . ..CoRE....BANDS

Jo COLOR

B (MULTIPLIER)

BLALK

Q... L NOTE . SOMETINES

BROWN 10 THERE'S A _FOURTH

100 RAND.. 1T INDIATES

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

YELLOW e A0 OO T B A BB ST O

GREEN

BLUE 1,000,000 . |GOLD. = 2 S %

10,000, 000 ISMVERE X0 %
100,000, 000 . INoNE = F720%

e VIDLET
GRAY

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

WRITE _{NoNE) I

e * OR._ACCORACY o

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

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

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

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

LTHE  FIRST NUMBER A4S A oe  MIOCET. IS . THE _SECOND
L COLOR. SO _THE SECOND  NUMBER 1s__ 7. SINCE . THE

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

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

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

%

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

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

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

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




O RESISTOR SUBSTITUTION PRECAUTIONS — RESISTDRE S THAT

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

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

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

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

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

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

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

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

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

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

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

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

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

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

CARBON _FiLr. RESISTORS..  THESE . ARE __MADE __RY

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

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

o LEADS . BENCE  THE.  _ RESISTAMNCE. .

CONTROLS . THE LENGTH . OF CARBOMN .. BETUWEEN THE

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

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

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

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

TRE RESISTANCE.. MpORE. AROUT.  THiS LATER .

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

RESISTOR.. INCRE ASING THE . TEMPERATURE. DECREASES .

THE  RESISTANCE (1N MDST  CASES).
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THE.

el TO._CBANGE
e BESASTORS _ARE _ CALLED  PDTEMTIOMETERS.

VSED

RES\STANCE

RESISTORS — OFTEN iT's

NECESSARY

QF._._ A ___RES)

STOR.. VARIABLE

e,

ALTER  ThE

THEY ARFE

e THE . BRAGHT NESS OF

VOLUME. QE A, RADID N CHRANGE
THE __CALIBRATION

A

LAMP . ADIUST

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

e EAKER. RESVSTOR . POTENTOMETER .  THERMISTOR _ _  PHOTORESISTOR

How. RESISTORS ARE USED

B SERIES CIRCUIT — OFETEN RESISTORS ARE CONNECTED TN

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

SIMPLY. THE _SuM_ oF THE  Re % R2 Rep= R1 +R2Z
e AN DIVIRUAL  RESISTANCES. & e
e L PARALLEL  CIRQUIT — RESISTORS  CAN  ALSO . RBE

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

Two.. RESISTANCES _DIVIDED Ry R1 éﬂi_ Rem —
L BY _THEIR __SumM. L R1 + RZ
et EOR _THREE OR._MORE _IN_ ,.Magau. E.g.u,, Go FIND. . NOUR

QAL CLATOR BECAUSE .

Ry = e "li
R R -
— L H VOLTAGE . _OWISION = SUPER _IMPORTANT ! R1 :
e M oS DETERMINED . BY.  RATIO _OF _R1. .. .. '
Ane  R2.  HERE'S  THE . FEORMULA . Moot
Vn - = VIL] /‘ R’L \ 22
\ R1 + RZ/




CAPACITORS

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

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

BY AN _INSUWATING  MATERIAL . CALLED THE DIELECTRIC

ALIKE THIS, ¢

TN

/ CONDUCTING

cumsew ¥ PLATES.__\

\

CoMNMECTION

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

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

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

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

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

|l _How To MAKE A _caPACITOR

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

L LIKE . THLS .S

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

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

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

. -
}  FoLpEd A 42 =~ Fo. = 7 7

iy ad //_‘/// e 4 £ ot

AN

— P
PAPER . i waxep.  PAFPER

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

EXPOSED ENIDS OF THE EouL SHEETS . THEA

TOUCH THE PRORE S OF A HIGH — IMPE PAN CE

MIWLTIMETER Bt} THE oLl SHEETS. THE ME TER.

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




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

~JOUR. . HOMEMADE . CAPACITOR . . .15 QRARGED . . .\ m—{ B LECTRONS
 JALMOST L IMMEDIATELY. o SINCE _ RESVSTORS. . LIMIT. . CURRENT
e YOO CAN SLow. DOWN. . THE __ CHRARGING. TIME. . BY. PLAC- .
e NG AL RESISTOR. .. BETWEEN. ... THE _ CAPAC\TOR _AND .
TR VOl BB T E RN o

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

B DISCHARGING. . A CAPACITOR — THE  ELECTRONS... IN.. .
o A CHARGED . CAPACITOR. ... WILL. .. GRADUALLY  _ LEAK  THROUGH
o THE L DIELECTRIC . UNTIC  BoTH ... PLATES . HAVE EQUAC . ... .
| CRARGE , . THE _ _CAPACITOR |5 _THEN _ DISCHARGED. _THE _ .
L CRAPRCATOR | CAN  BE O DSCHARGED | VERY. . QuUlkeY... . B8Y. CoN-—
e NELTING  ITS | PLATES ... TOGETHER. .. OR. . AT. CAN. _ BE
e DISCHARGED  HMORE . SLOWLY. .. BY. . . . CONNECTING .
LRESASTOR | ACROSS. o e e

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

(CHARGE!

|0 SPECIFYING  CAPACITORS— THE AGLITY 0 STORE R
. ELECTRONS IS KNOWN As CAPACLITANCE . CAPACITANCE IS SPECIF/ED
~J AN FARADS . ... A I FARAD. . CAPACITOR . . CONNESTED. . m A d-volT.. .

] SuPRY” Witk STORE. 6, 280, 000, 600, 00D, 000, 000 (628510’ 8} SR
) ELECTRONS L MOST . CAPACLITORS . HAVE _ _MUCH . SMALLER. VALYES. . ...
e DEVALL . CAPACITORS  ARE . _SPECIEIED . IN. .. PLCOFARADS (TRI'LL'OMJTHS
o OF A FARAD) AND. . LARGER. CAPACITORS. ARE. . SPECIEIED __IN._
SMICROEARADS . (MULIONTHS . OF _ A FARAD) ... SUMMING UP.S

l MtcRoFARnD E
1 PICOFARAD =

o ooo oo.z F

_.M_o 000 . 000. ooo 001 F

BSTITUTING MQ.A.R,A‘C,,.!IQQ S .. THE _CAPACITANCE. _ SPECIFIED ...,
MOST. ... CAPACITORS . . MAY.  BE __FRom .. .5 70100 %.. .. RAWAY.
TH B ACTUAL. VALUE. .. .. . THEREFORE . NYOu. CAM. . . OFTEA .o

SUBSTI.TUTE. ,Mc.,ml.,o,s.ﬁw VALUES . FOR A . _SPECIE(ED. . MALUE oo
BE  SVRE.., .. ROWEVER , . To _ USE A . CAPACITOR . RATED.

VAT THE . EXPECTED . MAXIMUM.  _ VOLTAGE  LEveL\




0 CAPAC I TOR SUBSTITUTION  PRECAUTION S —— You__MUST

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

VOLTAGE RATING. OTHEEWISE ITS  RIELECTRIC

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

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

/ \ THE VOLTAGE RATIN G 1S UsSuALLY PRINTED
J

1S WORKRING VLTS ( SAME ‘mms).

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

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

SOFE CAPACITORS o HAUVE A VARIABLE. . CAPACITY ArD

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

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

VARLABLE  CAPACITORS .. THESE. . . USuRALLY. _ HAVE. .. ONE.. OR.___ MORE

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

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

MOVABLE oo @ "< SCREWDRIVER

e MoVABLE, @

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

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

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

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

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

Foit s THE . DIELECTRIC. . MOCH HIGHER CAPACI TANCE

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

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

THEY MRsT.... . RE..

A COANECTED. INTO A ClRLAUIT N THE
PROPER DIRECTION &

e POSNTAME  LEAD.. [AMST e

OFN

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

T LONNECTION . POINT

s S =
D
(J

:===._~—_-'L:£I’YOI

3 l_‘ ————— 7 AT A A T




O _CAPACI\TOR SYMBOLS @

~

VA sl l4 .
—l \ I \ AR l “ o U -

EWXED EIXED i M ARIARLE

D WARNING | CAPACITORS . CAN . STORE A CHARGE. . FOR
e R A _CONSIDERARLE . TIME. AFTER. . THE PoWER

:L‘D'me.m WHP&&EE.N SWITCHED .. _OFE.
CTRIS L LHARGE. . CAN. . BE _ RAN eegous LA .
L AARGE ELECTROLYTIC. . CH&RGED oNLY
LLELOR 10 MoLTSs c HELT THE TP oF
SERRAO | WY 3 E.EuupP-NE& PLACED. ...,m.,,‘..‘,ﬁmctao.,s.s.m.,_u..,,_s TSM”M
_TERMINALS HiGH L MOLTAGE .. CAPACITORS

LLAKE L THROS E. LLUSE Dw TELEVISION  SETS

250 uF _PHOTOFLASW  UNITS. . CAN. . STORE. A .

e CHAP.GEJNEVERTOUCHTHE. e
uuuuuu LEADﬁ LOF L SVCH.. . A . CAPASITOR. . AT

00V

THE_VER.Y e BASY. . TRE . JOLT .. CAMN. ...

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

|HOW. _ CAPACITORS.  ARE USED.

aCl PﬁRAL,LEL . c:ec,yrr'—- Q:-tENW

. __..,camc \Togs A@g c_.,o NANESTED N
JPRRALLEL . MKE . THIS .

la sames

| THE _TOTAL  _QAPAC\TANCE v
IS THE . Sur.  0F. THE ..

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

MECTED ...

‘m&'romt- camcrmu CE o

TWo. . CAPACITANCES

DIVIDED BY  THEIR. __SUM.,

| THREE . OR.__ MORE ___ CAPACITORS . N SERIES ?  HERE'S  1mE
EaR MY LA :

-

L
eit ez r ¥ ... ETe,

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

CAPACITORS , SOME ___OF  WHICH _ARE _SHOWN NEXT o« o

o —.




RESISTOR AND. CAPACITOR . .  APPLICATIONS

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

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

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

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

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

+

R

Toan C.  FILTERED. ouTPuT VOLTAGE

Z Y AN

)

. - Cned)
(&8 o C4

i ACTER N ATING A

T GROUND

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

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

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

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

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

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

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

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

VOLTAGE &ELVEL
e LTS T LALPACITOR ...

P

S

-4 -

P

m

an

a

r

m i
£

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

”*- —i—

CIRCUIT oo KRAPACITOR. .. ACTS LIKE _MINMIATURE

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

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

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

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

1TSS . DARK ... e BT

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

& L e

~“~STEADY DC OFFSET

o
S
%4
-
=N
ol
—
2:
—~
CD
£
q{
| o+

CAuseDd BY SuNLIEHT

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

L.COMPLETELY. . BlLOCK _THE  STEADY pPC  LEVECL .




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

TanoT . THREY ARE __THE INTEGRATOR .. AND  DIEEERENTIATOR

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

COMIMN G STREAM OF WAVES O PULESES..,

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

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

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

13 AT LEAST TEN TIHES THE INTER VAL BETWEEA

INCOMIANG CYCLES OR. PLILSES. .

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

S PSS N 0 I

R .. (J\) ¢ - :_/\/\/\

—
o

[

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

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

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

b WAVES WATH LESS THAA A DESIRED AMPLITUDE. .

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

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

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

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

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

TELEVISIOMN RECEIVERS AnD 0. . TRIGAER DIGITAL
LOGIC CIRCUITS .

_;;,.M.IQ _.THE . RC TIME. CONSTANT. OF A CIRCU)T. IT's THE .

e TIME . IN  SECOMDS ... FOR . A. CHARGING. OR DISCHARGING. oo
....... | CAPAQITDR _.T0. .. GO THROUGH. 65.3% OF THE CHAMGE IN. CHARGE..
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COILS

|ECECTRONS  MOVING . THROUGH _A.. WIRE

CAUSE
ELECTROMAGNETIC  FIECD . TO . EMNCIRCLE . THE

AN
WIRE. .

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

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

A QURRENT

THIS.  FIELD
AND._. ELECTROMAGMETS,

*
»

1..Cols.  RESIST RAPID . CHANGES..  IN._ _ THE . _GCURRENT. . FLowl=

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

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

SleNAL

o SLOML_SINE L WAVE T A

Jono BAST. SINE  WAVE . JUUMNUU 0000 T

SLow. SQUARE. WAVE .

-} FAST SQUARE WAVE — .

LPASSING  THROUGH. . IT. .

o} RESISTANCE . OF .. THE . EXTERMNAL .. CURREMT.
L CONNELTS .

EORETIMES A COIL el ADD.  RINGIMG. . TR A SQUARE . WAVE ..
o THIS o CAN . HAPPEWN. MWHEM. . THE o
PATH THAT

OF L LTHE . S0 S HIGH.

e DQUARE . WAVE ]

%),

fiBr BSOME. _OF . THE . ENERGY_ _.IN _THE . FIELD .. ARQUND . . A . Q0 .
J.CANL BE  INDUCED  (TRANSEERRED) ... INTD . A __ SECOND, MNEARBY. .
LQONL. . TRIS. . 1S . THE _ PRINCIPLE _OF _THE . TRANSFORMER + . .

-

3

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

______ SECONDARY,

[ S—




CJ TvypPes OF  (C0HS — THERE ARE MANY.  DIEEERENT

TNYPES OF COILS , HERE ARE SOME OF THEM =

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

0oLl S— TERMINALS *opPOSITION.  TO

CURRENT _CHANGES

ANTENNA Lol RAaDIOS OETEN USE. A CROADLY

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

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

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

SUPPRESS FLUCTUATING. SIGANALS. .. WHILE PASSING _A

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

MANY. SHAPES. . _AND. .. SI2ES.

- CONNECTION.

TABS

TRANSFEORMER , S0 _IMPORTANT WEML DEVOTE A

ComPLETE. SELTION 0. 1T,

THAT

A _APPLICATIONS,  FOR.__COILS — IN__ADDITION _TD . THOSE

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

SELECTIVELY PASS SPECIFIC FREQUENLY. BAMNDS.

O OAUTION I A :HLGH . ,HQL.TA,,G.&W_..M.,f.?()zjs.ﬁ CAMN _BE _PRODUCED

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

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

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

LAMINATED. . . IROMN.. . SHEETS. HERES A SIMPLE

TRANSECRMER ¢

SECOMNDARY

N (AMINATED. _ CORE

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

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

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

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

TO. . THE. . OTHER.

I How THEY WORK — TRANSEORMERS  HAVE THE  ABIITY

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

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

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

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

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

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

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

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

1.1 RATIO. e

: FERRED.. . UMALTERED T THE SECOMOLARY, OETEA

T &—— THE PRIMARY. VOLTAGE _AND. _QURRENT. . ARE . TRANS=. .
- __

— CALLED. . AAL .. ISOLATION . TRAMNSEFORMER.

STEP~ LP

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

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

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

b STEP=DOWNL..

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

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

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

[SOLATION.

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

Nf

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

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

l.

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

POWER _CONVERSION.

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

. w&‘mm g
=S| =,

| HIGH = VOLTAGE.. 1\
R

o USEQ. T PRODUCE é
o . IGNITION. . SPARKS =1 _ _TEstLA

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

LlG,HTSs ETC,

~

l

f

(
‘%

USED__TD_ MATCH _ THE

A ALMPE DS NCE T P AN

3 AMPLIFIER T . THAT. . DOE -

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

N __ALTERNATING _CURRENT. .. _MINATURE

TAPPED PRIMARY.

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

WINDINGS ObDED..
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L. SEMICONDUCTORS

THE MOST EXCITING AND IMPORTANT ELECTRONLE

COMPONENTS ARE MADE EROM CRYSTALS CALLED

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

AN INSULATOR,

alcicon

THERE ARE MANY. DIFFERENT SEMICOMNDUCTING MATERIALS, .

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

SILtcoN  ATOM .. ...

A _SItiConN . ATOM. ___HAS . BuT @,

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

OUTERHDST . SHELL. ., . RUT. . LT / 6O N\ ;j\:lﬁ:.ﬁcmommswmm
WOULD  LIKE. _ TO.... HALE f ) 9

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

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

b CLUSTER OF SILiCons . ATDHS

e SHARIN G OVTER . ELECTROMS

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

—— THts..._ 1S A MAGMIFIED VIEut

//‘\ it ‘ OF. A SILICON.  CRYSTAL. TD
‘\ 00.-/ KEEP. ... . THINGS SLMAE,  ONLY
A THE DUTER ELECTRONS _OF ...
(Do\ WQ ? EACH __ _ATOM. . ARE __ SHOWA.
K / \
SILLWLON. . FORHS 277 % . 0F THE.  EARTH’S. . CRUST.!L . oMLY
OXY.GEN IS MORE COMIOM. IT)s.  NEVER. . FOUMD . IN._ THE
PURE STATE. WH.EN PURLEIED. ., LTS PARK. . GRAY __In.__ COLOR.
- DU <> "SEED”
] SILICON.  AND __DIAMOND.__ A GRYSTAL____SILICOM__CAN _BE .
e SHARE  THE ... 'E'ufh'“*fliCRYST}‘H.Ww SIS BULE  GROWN . INTD..BIG . —

e L STRUCTURE . AND.

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

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

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

THATS WHY  SiLiCon  MAKERS

SPICE. ... UP THEIR SiLeon

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

GOODIES. THIS 1S . CALLED

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

e
SiLicon

SIICON. . HAS  VERY USEEYL

ELECTRONIC.  PROPERTIES.)

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

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

B

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

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

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

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

. P-TYPE. SILILCON —

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

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

[ CALLED A HOLE. TS POSSiBLE

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

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

auﬂmmwMMmmgamensaﬂmrmn_-mnm/.mm. . E\. %'
| HoLES  CAN.. MOVE. THROUGH ?

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

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

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

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

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

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

Hotes YcArey’ THE CURRENT. EXTRA .

: ELECTRON




THE DIODE
ROTH. __P-TYPE _AND MN=—TYPE SILICON _ QCONDLCT ELECTRICITY.
TRE RESISTANCE OF BOTH IYPES IS DETERMINED BY
THE PROPOR TION oF HOLES OR __SURPLUS ELEQTRON S,
THEREFORE ROTH. . TVYPES can . FuNeTion  AS. RESISTORS.
AND AHEY WiLS ComMDVET ELEQTRICITY Ind __ AMNY.  DIRECTION
BY FORMING SOME P-TYPE. _ SILICON N A CHIP OF N-—
TYPE sruc:w., ELE LTRON.S nirra FLow THLRLOVGH THE. SILICOAN
Ind ONLY OME DIRECTIOANL, THiS 1S . THE. . . PRINCIPLE OF
THE Diope . THE _P~N._ INTERFACE 1S CALLED _THE fﬁ JUNCTION,
Q HOW THE  DIODE.  WORKS — HERE'S A SIMPLIEIED
EXPLANATION 0L How A DIODE CONDUCTS . ELECTRICITY ..
IN_ONE _DIRECTION (FORWARD) __IWHILE _ BLOCKING _ THE
EL 0w DE CURRENT Inl__THE QPPOSITE DlR&m.oM&VmQ
FORWARD  RBIAS, R
O m— o) —
P . N P :
o
o of~- - - T _a_co
Ltk L_t(_ =l )
o ] ol —{— = | 2 -
S ELECTRON Flow NO
T HOLE Flow QURRENT FLow
HERE THE CHARGE RERE _THE CHARGE
FROM . _THE _BATTERY FROM. __THE _BATTERY
REPELS HOLES AND ELECTROMNS. S . HOLES AND o
TOWARD THE JUNCTION. ELECTRONS AWAY.  _FRomM
|E THE. VOLTAGE EXCEENS THE. __JUNGCTIOAM. THERE. —
OubezVorT. ( SltiCon), THEN FORE . NOD CORRENT
ELECTRONS WL CROSS CAN ELowl,
THE _ JUNCTION AnD
COMABIME . WITH HotE S, //cn-'monF
‘ A__CURRENT. THEN _FLOWS. -
f SYMANL
A TYPICAL  DIODE ~— DidDES. _ARE / /,/
ComMONLY ENCLOSED I M 7 RAEMT _FLOWS ...
CYLIMDERS... A___DARK _BAND  MARKS. — IHEN. ANORE 1S .
THE CATHODE TERMIAAL . T™E W / MARE. POSITIVE
OPPOSITE. __TERMINAL S _THE _ANODE (/// ANODE __ THAN CATHOOE,
55




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

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

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

2. B THE FORWARD _ CURRENT _ BECOMES _ /JZ=N
| EXCESS\WE , THE  SEMICONDUCTOR _ QHIP ¢/ dﬁ

MAY _ 0RAcK OB MewT !  AND  THE T

COMTACTS MAY SEPARATE . e THE N N
_lemip  Me(TS ., THE _ DIODE.  MAY.. SUDDENLY. ... @@/’
L comover N ROTH. . DIRELTIONS o THE . &= A

RESULTING __HEAT _MAY __VAPORIZE __THE /

eHipl N r\\; ) !

d //

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

VOLTAGE IS EAIRLY Hiél—lﬁ THE SUDDEN

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

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

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

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

SMALL. . SIGNAL.. .

/. SMALL _SIGNAL__DIODES.  ARE _ USED 1O

aad

TRANSEORM.....LOW._ CORRENT. . AC __TO DC, DRETECT

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

POWER . RECTIFIER.

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

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

1 GH- . MORE CURRENT. THEY ARE.. INSTALLED ..
TN LARGE METAL PACKAGES... THAT _ SOAK _UP.. . _

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

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

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

THIS MEANS ZEMER . DIODES AN FUNCTION. . _LIKE

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

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

2= WOLTS . TO. . 200-104TS __ _ARE Avmm BLE.

LIGHT = EMITTING.

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

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

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

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

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

PROTODIODE.,

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

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

PLAaSTIC WIND ow THROUGH wWHIcH. THE LIGHT

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

H6




HOW.__ DICDES ARE _USED

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

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

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

RECTILEIERSS

] BALE - WAVE  RECTIFIER

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

) FOLL~WAVE _ RECTIEIER

\mo‘l\>

e —S——g
THIS. 4-DiooENETWORKY

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

RECTIEIES. _BOTH  BALUVUES
PR -,

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

MORE _AROUT _THE DIRECTION _OF CURRENT ELOW

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

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

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

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

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

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

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

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

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

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

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

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

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

SEMACONDUCTORS.,

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

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

‘"I7\g




THE TRANSISTOQ

TRAP\\%ISTORS A SEM!QOM-,_

DULTOR ...

D.E.V..lCE.,f' mW)TH"I’HREE

LEADS. . A CVERY. L CSMALL

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

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

SWATCRES. ... THERE . .

OTHER _.Twho.  LEADS., ...

AMPUEIERS ..
ARE _.TWO . ..

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

§J.EQL AR ... _AnD

| BlPOLAR T RANS! STORS

ADD A ‘SECOMD ,Tuwc:r!o

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

GET A 3-LAY ER e SILLCON

ATHE. .. SANDw\cA LBE . ElTHE.R
NPN._ PN P "-‘..,l'-w!.IH.E.R WAY,

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

A FAVQET ..

THE CURRENT .

Movin G .
THE _THREE  LAYERS..

O BIPOLAR. TRAMS\ST&R o%rzﬁwom-—

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

JHEEMtTTEﬁ ” P: T N

ESAS E_. YERY Y - THAN IN o BID
SLoLLEC TO&,
WILL . CAUSE .. A ..

BASE. . CURRENT ...

SQOLLECTOR .

CURREMNT....

AT A e 18 e

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

A COLLECTOR [ ... [0

EM"TTER

LouTeuT
BLECTRON . ...
+

TRANSISTORS . CAN :

LS4 MDMJLCH .

THROUGH. .o,

B \GG ER FORCE

f:/._

EM\TTE R

OR...GATE ... . THAT _CONTROLS. e

r

BASE

n/

.TH E TH REE
ErM Lrvr&)?m —
HAS. . FEWER... ..
THEREFORE .
UCH

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

BASE ...

LA ‘,rE K S.
AND.
DoBING....

LARGER. ...

ATOMS
SMALL.
EMITTER —. .

‘oFA

COLECTOR . ...
THAM. ...

EMITTER —

EASE _{_.A

p-SURRENT

EH u:r'rfig

RURREMT




) MORE  ABOUT  RIPOLAR  TRANSISTOR  OPERATION — DIODES. . AMD

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

2..T00 . MUCH cugaewr WILL _ CAUSE A

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

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

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

 TRANSISTOR T BECOME HoT AND OPERATE

12, 100 HMUCH __ CURRENT oR . VOLTAGE _MAY

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

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

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

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

| CONNECT. A TRANSISTOR _BACKWARDS.

SMALL SIGNAL.  AND. . SUWITCHING .

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

e TO L ARIPELEY,  LOW  LEVEL. . SIGNALS«

SMALL. . SIGNAL TRAMNSISTOR S ARE USED. oo

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

e SWITCH NG TRAMNSISTORS ARE. __DPESIGMNED .t

L. SenE TRANSISTORS. . CAN __ BotH  AMPLIEY. ...
CAND  SWITCR. L EQUALLY  WEL e

. .MHlE-ﬂ WWF&Z,ﬁQUE NCY.

2y POWER  TRANSISTORS _ARE. .. ..
USED  IN_ BIGH _ POWER. . o
. AMPLIEIERS AnD POWIER s
i SUPPLIES. . LARGE _SIZE . AND . ...
EXPOSED . METAL SURFACES.. KEEP .

f ﬁ B BlGH - FREQUENCY  TRANSISTORS

| OPERATE AT _ RADIO, TELEVISION

\u AND _MICROWAVE FREQUENCIES, THE

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




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

OF . HOLE. ELOow.
COLLECTOR () E
A, 4,

X VT : o E

BASE ()50 P 0 | g =0 N e ~—\ )
N N VAL ¢ P N ¢
‘EJ MNEN LU‘ PNP
mmmmmmmmmm EMITTER (E) ¢
e JHOW . RIPOLAR . TRANSISTORS . ARE._USED

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

SN CORRENT. . ELOWS
ATRANSISTOR

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

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

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

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

ARISCUSSLON. APPLIES. . TD. A _TRANSISTOR .
LJEROUND

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

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

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

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

] A_RIPOLAR TRANSISTOR

SWITCH

lP.lO'?)

\\lf/

CV —

k)

SUED)

BASE BASE

S —
ramm!
¢

ON

T
n

RESISTOR.D

o= il

RESISTOR 5
'4

S——

OK JO_VSE RESISTOR,

PIE20BUZZER, ETC.

LS
N

P

N
£y

=
{ E

GROUND N PLACE OF LAMP.

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

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