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LETTING. STARTED IN ELECTRONICS

WELCOME. TO. THE. WORLD. OF _ELECTROMCS., ONE OF THE FASTEST

AR OWING OF TODAY'S THIGH ~TECE FIELDS.  AND. AN _EDUCATIONAL

I ARD. EMTERTAINING. MOBRY. THIS. Book WILL TAKE YoU FROM ..

GSTATIC FLECTRICITY..TO Solib= STATE ELECTROMES.. ALONG. THE

WAY WELL COVER ELECTRICITY., ELECTROMC COMPONENT.S. AMD . INTE=

 leRATED CIRCLITS (TCs). CHAPTERS 3= SHOW. HOW. COMPOMNERNTS. .

 IARE USED.TO FORM._ELECTROMC. CIRCUITS. CHAPTER Q _GIVES PLANS

FOR_100 CIRCUITS., EACH 0F WHIcH TWE BULT AnD TESTED. "PAGE

_ARRows S (E=b
N_EUTURE  _CRAPTERS (LIKE WORKING VERSIONS OF MANY. EXAMPLE

). TRROMGHOUT.THE ROCK.REEER _YOUTO RELATED TORICS o]

T ROPE._THIS _BoOK ENCOURAGES YOU.TO GO FURTAER IN.ELECTROMICS

NDOULCAML BREGIN _EY. RULLDING  THE HUNDREDRS OF CIRCUITS (A THE e o]

N E NGINEER S Migt=MNOTEROK. .  SERIES. T HRAVE WRITTEN. FOR ..
IR ADIDSHACK .. YoUu. SHouLD ALSD READR. HOEEY ELECTRONICS

TESTING _ AMND. USING. ELECTRONIC  CIRGUITS... THAN._ . BY. SIMPL.

BOOKS. RE_SURE. TO. SEE.THE EOOKS. ABOUT. RLECTROMCS AT THE.
LOCAL LIBRARY. FINALLY., BE SURE TO CHECK. QUT THE VARIOUS o

MAGAZIMES.. REMEMBER. THIS i You WILL LEARN. MORE FROM BUILDING 4 ...
READWG oo
I ABouT. THEM.. S0 BE _SURE TD ACTHUALLY . BOILD AS MANY. OF. THE i
 CIRCUMTS N THIS  BoDK. AS. YOU CAN. QUESTIONS. D THIS BoOK. WiLL, B
 RAISE LOTS .OF QAUESTIONS. IF YOU'RE  SERIOVS. ABOUT  ELECTROMCS v
ONOUCAN. END. ANSWERS. TO. MANY. OF  YOUR. QUESTIONS AN THE i

e e MEER S Mini= NOTEBOOK. SERIES. .AND OTRER RADIOSHACK.

HORRY ELECTROMECS NEWS GROUPS  AND. . RESOURCES = INCLUDIALG o inscninremn

RADIOS HACK'S — OM.THE ANTERNET _AND.WORLD. UWIDE MEE. ..

N SPECIAL  NOTE TO EDUCATORS .

SANCE . TS BOOKR. WAS  FIRST. PURLISKED UM 1982, T . HAS HRELPED

ALY STUDEMTS. DEVELOP  AWARD. MINNING. . SCIENCE PROJECTS.

IMODULAR . SOCKETS.,.. YOU AND. YOUR  STUREMTS . SHOULD. BE ABLE

N CRAPTER A (10D ELECTROMC CIRCOITS o INCIDENTALLY. ¢
VOLUME  BUYERS ‘SBoulb.  INAUIRE AT RADIOSHACK  ABQUT. VOLUME

COME  TEACHERS ASSIGN . VARIOUS SECTIONS. OF THE .BOOK. OTHERS. e
 IOTHERS. USE _THE _ENTIRE Book. AS THE TEXT FOR _COURSES. OM. i
RASA\C. ELECTROMCS.. . TRAAMKS. TO . RADIOSHACK S SOLDERLESS 4o

D ASSEMERLE TEST. VERSIONS QFVIRWALLYEU&RYC?&CUIT

DS ooUNTS.  OA. THIS.  BoOK _AND. RADIOSHACK PARTS. ALSO SEE (i

RADIOS HACK'S. . CATALOG... (PRICE . DISCOUMTS. MAY. NOT APPLY AT ... .

RADIOSBACK. DEALERS. AND. FRANCHISE STORESY ...

CIRCULTS. 1), CHAPTERS 2-7). T HOPE YOU FIAD THIS BOOK OSEEULy ool
EDUCATIONAL _AND, ESPECIALLY, EUNL.  Eosesk Mo Mia I

TIGOING | FURTRER IN ELECTRONICS .. A
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PUTTING ELECTRICITY TO WoEK

Al MATTER _ HAS. ELECTRICAL . PROPERTIES. THAT S WRY

SCIENTISTS OVER THE PATT FEW CEMTURIES HAVE

BEEN.. _ ABLE. . TO. INVENT _ HUNDREDS OF  GADGETS . THAT

GENERATE ., STORE y CONTROL AND SWITShH.  ELECTRICITY,

THESE DEVICES HAVE CoMBinmeD T CARRY (P14 INTO . o4

N <A iF
THE N2 o : A YOURE
PAGES Vi \ N " 12 “/‘/ ANXiCUS
THAT _FOLLOW . Al . o L TO GET
Yot FIND K/ Ce) /\Uﬁ STARTED
OUT__ HBow et Y « N U/ WORKING _ WiTH
THESE. . AND é)’ \ X 2 ELEOTROMIC.  PARTS
OTHER. _ELECTRONIC SO ya AnLD. CIRQUITS, SKIP
TN

PARTS.  WORK, AND S <) ﬁl@ ABEAD. .TD. . CHAPTER

INoULL LEARN  HDW T, WHEN _ YoU. BRAVE

VA
- nxe. se. some

ATO USE _THEM N N o S

WORKING. . ELECTRONIC N\ 5O OVER. .THE. . REST
o A

CIRCUIT S LIKE oo W A QF. . THIS. . LHAPTER.

LIGHT . FLASHERS., TIMERS, W 2 NOu'tl  LEARN. _ SOME

AMPLIFIERS RIGITAL. £06/C BAasIG  FACTS  ARouT

CIRCVITS, .. PowWER. . SUPPLIES, k) ELECTRICITY. THAT  wWits

SOUMD . GCENERATORS AND ¢ SIVE. Yo A 506D

{
b &
MANY.. . OTHERS.  AETER \K% l’/j EDUNDATION. . EOR __FURTHER
(

You.. COHPLETE.... . THIS. . BOOK, LEARNING. . AND.. YOU'LL

Yot RE. ABLE. TG Eimtd . OuT.  How  T0

IDENTIEY. . AND.. USE. . ALL \\ CREATE AND  DETEQT

THE  COMPBONMNENTS. . SHows ELECTRICLTY. wLLTH

oN  TRIS  PAGE L THEY . o XRE OROINARY. __ HOUSE HOLD

INCLUDE A TRAMS FORIIER, ELECTRQN!CS MATERIALS.

DISPES, RESISTORS, _ AGE.. .
CAPACITORS .. ZENER /i W = e MNX )

DIODES,  TRAMSISTOKS, OO0 E oy 2us \ ,ﬁ,g zal

VOLTAGE REGULATORS. yi=1=4= EE%%SQ i r“lcn"r‘f’\ @

ARD  INTEGRATED ey — N
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RACK. _TO BASICS

ELEQTRICLITY 1S AN ESSENTIAL.  INGREDIENT 0OF  MATTER.
ATRE. BEST  WAY  TD UNDERSTAND  THE NATURE 0OF FLECTRICITY.

S T EXAMINE THE T ALLETT COMPONENT  OF EVERY

ELEMERNT o THE.  _ATOM

[\ NUCLEDS o THAS S AL LITHIUM

— \/o (PROTOMNS . AND ATOM . THE  THIRD
% B ) NEUTRONS). . SIMPLEST  ATOM _ AETER
L) ER HYOROGEN  AND HELIUM,

________ LITHIUM  ATOMS .  HAVE

/

2 FELECTRONS THAT

ENCIRCLE A NUCLEUS

\.,? <~ ELECTRON

OF 2 PROTONS AND

LATHIOM.  ATOM

“H  NEUTROMNS.

© ELECTRONS. HAVE A

@& PRoToOMS HAVE. A PoSITIVE
O . NEUTRONS BAVE N ELECTRICAL CHARGE .

NEGATIVE. ELECTRICAL CHARGE.,

ELECTRIGAL  CHARGE

O IONS ~— NORMALLY

AN

g X T R B

ATOM  HAS AN EQUAL  NUMEER

BLECTRON

b OF ELECTROMNS. .

AND  PROTOMS.

oy

THE . CHRARGES CANCEL 10
GWE  THE .. ATOM . NG . MNET N
ELECT RICAL CHARGE ... LT'5.

_NEGATIVE TON.

POSSIELE.  TD.... 2 USL0DGE ONE
LOoR - IMORE ELEQTEONS ERoM
MOST... ATOMHS. THIS _CAUSES _
THE ATOH T HAVE. A NET _ s MUISSIN G
PosITIVE CHARGE. . IT)s  THEMN / \fELE CTROA
CALLED A POSITIVE . JON... LF [ D]

A
N

A STRAY...ELECTRON.  COMEBINES.. . \
WITH. A NORMAL _ATOM , THE o S
ATOM. . HAS...A  NET NEGATIVE .
CHARGE.  AND . 1S . CALLEDR A LPOSITIVE. TON
NEGATIVE. . 108
O ELECTRONG =~ FREE ELECTRONS
CAN  MOVE AT HicH SPEED
LTHROUGH  METALS, GASES. . AND.

A VACUUM, OR. . THEXY.. .CAN

REST. oM A SURFACE .

<




[ MORE __AROUT. _FREE ELECTRONS

MAMY.  TRILLIONS

OF ELECTRONS _ CAM REST oML A

SUREACE CR.__TRAVEL

THROLGH . . SPACE OR MATTER AT

NEAR . THE _SPEED

OF LIGHT Mm,, .00 MILES PER Se__ccwo)!

42:"‘2/2‘{'.,

i 7T . J
= = /-\/'\f'\f"\f‘\/"\/"\/\ - LG st G

——

o
e puzay LT,
-z

_____®“"“"’ —t M® “”@ @

MOoVING

ELECTROMS...

[1 RESTING. ELECTRONS — A. GROUP. oF NEGATIVE.  _ ELECTRONS

BE NEGATIVELY

oM. A SURFACE CAYSES THE  SUREACE ™ B
CHARGED, SINMCE THE Bt ECTRONS. . ARE NOT..... MOKIN. G, THE

SUREACE CanN._ BE SALD 1o HAVE A NEGATIVE STATIC

R P e e P
ELECTRICAL CHARGE.

1 MOVING  EBLECTRONS . — A STREAM....CQFE

MOVIN G . ELECTRONS

15 CALLED AR ELECTRICAL CURREMT . . RESTING.  ELECTROMS |
A N NN NN AN N St el Ny

CAN . OUICKLY . FORM AN CLECTRICAL CUEBREMNT LE FLACED

NEAR A CLUSTER oF PosiTIvVE. . JOMNS. THE  PosTIWELY

CHARGER 1OMS WU_[_ ATTRACT. ....THE ELECTRONMS WHICH

WL RUSH N TO.. FlLlL. . THE " HOLES. !

oR olp.s

LEET By TH\E, r—fmsws ELELTROMNS,

MISSING ELECTROM. .

ClHOoLE!)

_ EL,EC.T’R_OA} OREIT""‘“"""/

O _MISSING  _ELECTRONS =  MELHANICAL  FRICTION,

LIGHT,.. HEAT

OB A CHEMILQAL REAQCTIOAN MAY REMOUE ELEQTROMS... FROM
A SUREACE ... THIS CAUSES THE. .. SUREACE.. TO. BE . _POSI~
TIVELY CHARGED, SIMLE THE POSITIVELY CHARGER ATOMS
L ARE AT.. . REST., THE SUREACE. . .. CAN Be  SAID...To. RAVE
A oS TIVE STATLIC FLECTRICAL CHARGE.
SRR AR P Bers A AAAAA AN A A §
FRICTION. ) ) N N/ o7 L POSITIVE. . TONS
LIGHT [ 8 \ ! ;/) \ { [x>\ \ WITH...POSLTIVE
HEAT [ NS N AN ) STATIC . ELEC -
CHEM:C’ALS_J N / ’3\.\\ o TRICAL.  CHARGE,

9




CSTATAC  ELVECTRICYTY .

YOU GENERATE  STATIC. . ELECTRWITY.  EVERY _TIME _Nou

AWALR.  ACROSS. A SARPET, PULL... TAPE.... . FROM. . A _ROLL ,

REMOVE  NOUR.  CLOTHING OR_..DRY  CLOTHES. IN. A DRIER.

MueH OF  THE  _TIME _NoU  DANMT  EVEN  REAIIZE 1T UMNLES

THE. AR 1S DRy AND THE STATIO CHARGE SUDBEAMLY

CRACKLES , POPS _ AMND. . FLASHES TS WAY. . TO. A __NEW._ HOME.

THESE _ STATIC  CHARGES. .. ARE . CAUSED. . BY. . MECHAMICAL

FRICTION .  BACK. I8 60O . B.Cu, THALES. . OF . GREECE._ _EXPER—

IMENTED. WiTH THE STAT IO ELELTRICITY PRODUCED WHEA!
e AMBER 1S RUBRED . WITH. . OOk . . T

1 _AMBER— ONCE UPON. A TIME /. 2. \ AMBER
WAy
AP FLOWING. . FROM. TREES Nl e \ "
e JHARDENED _INTO_ CLEAR. . GOLDEN NSRS N (RN
e INODULES. _WRICH WERE EVENTUALLY. \ WOOL %3 |aec, /
BURIED N THE. . EARTH.. . SOMETIMES, \ f?,}\;/c,?} /{; y _
REFORE. _JT . HARDEMED INTO AMBER, _ \ &L NP Bis
THE.  STICKY. SAP ENTOMEBED BITS. . —— 3 4. OF
OF._ PLANT . MATTER , INSECTS | a0 papeR
|AND.EVEN. . DROPETS.  OF WATER/ o885 28
A_KIND  OF NATURAL _CASTING
PLASTIC o AHBER . . IS.. _EASILY FAMOUS FACT . . THE_  ELECTRON
e ECTRIFLED. . BY.  FRICTION, (T (S NAMED AETER THE GREEK
THEA) . ATTRACTS. _ BITS _OF. _PAPER. L WORD. . _FOR . AMBER !

{) FILECTRIEIED PrASTIC . AND GAASS-*MQUM A DIASTIC  COME

THROUGH. . YouRk HAIR OM_ A DRY DAY AND. _ You'tl  TRAMNSEER

FLECTRONS.  EROM. . Nouk. HAIR . TD. THE. COME RUB A . GLASS

koD WITH . Sk R THE SYMIHETIC . ELBERS. . OFE A PAINT. BRUSH

AND  Nopll  REMIE  ELECTROMS. .. FROM. .THE.  S1455 BoTH THE

NEGATIVELY. . CHARGED COMB Aap THE. .. . POSITIVELY CHARGED

GLASS ROD wu,z_i LIKE AMRFE} ATTRACT EITs.  OF PAPER.

NOW. . LAN.  ELEOCTRIEY. . OR.. CHAPGE MAMY. . MATERIALS. . LY RUBEING

THEM. . MUTH. ... FUR. . OO, ETC. METALZ NO, THE _CHARGE. LEAKS. AWAY.

vWQMQMM&W@aJ;:,y,:ﬁgWs,ma;s?&@,%fm‘zg)m,,n.a.wm.,, LASS. ROD (RUEBED wITH SILK)
o -

]

POSITIVE

CHARGE




O 0PPOSITE. AND  LIKE CHARGES —— HOW. DO WE. _ KNOW

THE. COMEB... AND. . GLASS ..ROD. . HAVE _ _ OPPOSITE..  LHARGES 7 A

AND MLIKE  CHARGES.  ATTRACT.. .. HERE'S. . AN EXPERIMENT

ITHAT. . PROVES.  THE.  _RULE . AND. . ANSWERS. THE. QUESTION :

EUNDAMENTAL .. RULE _ OF. ELECTRICITY. 1S . LIKE. CHARGES KBEPEL o

> /) \\

| H " C_ 1
THREAD R : i X §
A

1 A\ \ ft
FOA M REPEL \ _ : ATTRACT

/
PLASTIC A N A
NP 00 @:—: S0 e O NAR =

& SR IS S

nND CHARGE...

# USE  FOAM. . PLAST.IC

PACKING. MATERIAL.,

\

" REMEMBER : UNLIKE. CHARGES. ATTRACT —

Lke onmceas rerei — = =G

7 THE ELECTROSCOPE — THE . FIRST _INSTRUMENT. . DESIGNED. .

T  DETECT.  AND. .. .MEASURE . STATIC FLECTRIGCITY Was.. .THE

I ELECTROSCOPE . ... Y00 . CAM .  EASILY. MAKE _ONE.,

\1"‘-\4“ ¢
. : *

E

¥ —
2Ly

=
+ 3

(P

* () S CoppER  WIRE "NO N

CHARGE — U]

Zo 77 < cork |
A = =) .
\L_\——:fr PLASTAC. ... L MEDIUM A
|\ e Dy BOTTLE ] CHARGE = ary
U 7}0\  ALUKLINUA g f! _
R . CHARGE — I

BE SURE _THE EQLDED Ent.  STRIP. 1S _GLEAN AnD.  DRY.

WHEN  You  TOUCH A CHARGED OBJECT. .TO THE W;RE7

THE TO. . BRALVES 0F . THE EoiL STRILP UL BE . CILEM

THE _ SAmE. . CHARGE AND.  WIke..  THEREFORE . FLY.  APART.

11




[ CONDUCTORS  AAND  INSULATORS— Nou CAA  USE

YOUR ELECTROSCOPE. . ...TD PROVE THAT . ELECTROMS.. TRAKEL

THROUVGH. .. SCME MATERLALS Bur. . NoT. . OTHERS .. HINT . TRY

THIS . on A DRY. DAV . FIFECTROMS  CAAI  TRAVEL.  THROUGH

MOIST.  AIR SO THE CHABGE . ON._ YOoUR  _ELECTROSCOPE ..o
AL, I CKLY LEAK Ai/AY oM Huyr1t o DAYS .

ELECTEOSCOPE

\ (oa COPPER . N\

e BN WIRE TAPE. -

B I N— .

t\‘h"T\“—«_H“'—'-/f"'/'j ] *‘i';“ *:1\?? CHARGED
—F o PR T PLAST.IC. . ROD
1? ng | s "
5 M “h‘\ CHARGED _Foll TOWCH. . THE.  .CHARGED . ...
A R RoD.....T0.. . THE. ... WIRE
= — , o N\ ANOD.. THE. ELECTRO - ;
[/ N | SCOPE. il RESPOND. ..

wWoop  BASE

§ NYLOA! o N\
P N CORD TAPE Py

el N ] i N

T== N7 R TN

S ——— Seavy XN\ "‘:\’:/:_ CHARCED

Plasyic. ROD

L1 THE ELECTROSCOPE

( e L 0T RESPOAD

WHEN. .THE CHARGED

e e ROD TDUCHES.  THE

e e E— NYLON  CORD,

THIS DEMONSTRATION SHOWS.. . THAT. .. ELEC r)aom 5. | (AN . TRAVEL
THROU &GH SoME FATERIALS BuT NOT OTHERS., MATERIALS _
THROUGH  WHICH ELECTROMNS . .TRAVEC  ARE . CONDUCTORS e

MATERIALS THROUE 4 WO M ELFCTRONS TREAVEL  POORLY

OR _ MoT AT ALl ARE W-

COMPDUCTORS. " INCLUDE. SJ‘LVE.E; GocD} TRon., coppgﬂ; ETC.,

INSULATOR S INCLUPE GLASS, . PLASTIC .  RUBBER, . woop., ETC,

—)
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ELECTRICAL CURRENT

JTHRE

=

D~

ILLUSTRATES

CONDUCTOR. =+ INSLULATOR. . PEMONSIATION

TWwo

OTHER

IMPORTAMT

POINTS

©
r

L\ G NN
L_\

1. A

D
= \\\
AN NN

2. ELECTRICAL

CURRENT  ELouMsS.  EROM

IMMoRILE  STATIC

N (\\

B REGIoA

oF

HiGH

CHARGE

LHARGE

FLow S

RN

QR

POTEMNTIAL

o A REGIHON

THROLGH A

QOF

LA

POTEMTIAL,

AS AN EFIECTRACAL

GonO0UE TOR \\b
AN

O

r\\

AT THREN

RESUHEQ\\O

\

CURRENT,

ITS

STATIL

STATE

ONLLLTHE

FLECTRDSCOFRE

Foit

LERAVES,

0 THRE  MAGMNETLIC

CONNEC TION —

A

CURRENMNT

FLOWIM G

THEQU GH

A

WIRE

FIELD

AROURD

THE. WIRE,

YOu

CAMMOT.

CREATES...

SEE .

THE

ELELD.,

BuT

No. SAN

WILRE

DESERVE

A IACK ET I eee M FEN

IT.5

EEEELT.

QRIEMNT.

A EOMPASS

S0

SMAGH ETIC )

ITS

NEEDLE

POINT.S

o

7 FIELD

paila N

THE

NORTH (N} MARK.

NIZ=)\

ELASHLIGHT

PLACE

A

COEPE B MILRE

SRR e

CELL. =7

OVER

AnlD

PARALLEL

N e /)

TO..THE  NEEDLE. .

TREN

COMBMECT

A

ELASHLIGHT

W\\\UJW\W/.« compazs /.
= P

CELL

ACROSS

THE

WIRE

AM‘D\— /

THE MEEDLE

WL,

MOVE

AWAY. EROM ITS  NORTH~.SouTH

ORIENTATION. . (L

EAVE THE

WIRE

LOMMECTED FOR.  ondY AN

INSTANT. TG PREVENT. . THE ..

CELL FROM._ . OVERHEATING.E) ... ...

(] MEASURING  QCURRENT.  ELECTRICITY.—

THE.  _PHYSICAL. (OR. MECHANICAL). MAGNET \ 5

MOTIDN.. 0FE. A MAGNETIC | LESS #\ MORE Py

COMPASS.  MEEQLE. I A MAGMNETIC . )

CIELD . PROVIDES. A CONVENIENT \ NEEDLE M
WAY T MEASURE _ THE. . QUANTITY \ 4

OF OURRENT ELouin & It A —

WIRE. THIS. 1S THE _BAsSIS. . QF P
e L TRE . MOVING.. SEIC. CURRENT  METER g P26 >

USED. N THE _ANALOG MULTIMETER. .. ——-—~——-l —ot

TO _PROVIDE HIGH. SENSITWITY, THE ZERG. RETURD. . S MOING

WIRE IS WRAPPED AS A SOl SPRING, COte




DIRECT CURRENT EILECTRICITY

AR ElECTRAC AL CURRBRENT CAN -FLOW. LN FITHER  OF  _TWO

DIRECTIONS TREOUGH A CONDUMLTOR . e 1T .  FLOWS 1M

ONLY..... . ONE. . DIRECTION ... MHRETHRER . STEADLLY QR..IN_PULSES,

TS CALLED. DIRECT  CURRENT . (DC). 1T S AIMPORTANT. . TO

RE ABLE T SPECIEY. THRE  GQUANTITY _AND .  POWER _OF A

DIRELT  GURRENT. RERE .ARE. . TRE KEY. TERMS.:

D CURREMNT LI~  CURRENT.. IS .THE _QUANTITY OF  ELECTRONS

PRsSIMG A _GIVEN POINT. THE UMY 0FE  CURRENT AS.. TRE

AMPERE. . ONE __AMPERE LS. 5,280,000, 000,000, 000, 000
(2B % 10"8)  EILECTRONS.  PASSING. A POINT 1N __ONE _SECOMD,

ClVOLTAGE (V or E) ==  VNOLTAGE 18 FELECLTRICAL PRESSURE. OR

AFORCE ... MOLTAGE 1S SOMETIMES REEERRED. . .TO.  AS. POTEMNTIAL.

VOLTAGE DRoP IS _THE.  DIEEERENCE IN_ VOLTAGE  BETWEEN

VS ELOMWING, 15 VUE COMPARE  CURREMT TO . VMWATER. . EloWING

THROLGA A P;PE, THEMN. . VOLTAGE  15. . THE  WATEER. . PRESSURE.

0 POWER (PY~— THE WORK PERFORMED. RY AN _ ELECTRICAL

CURREMNT VS CALLED POMWER THE. AL 0F..  POWLER 1S THE

WATT. THE POMER...OF. A DIRECT . . LURRENT LS....L .5 VOLT AGE

TIMES 1TSS CLURBREMNT,

OReESISTANCE  (RY—. CONDUCTORS ... ARE _ NOT _PEREELT THEY

THE.  TWO._ _ENDS . OF A _CONDULTOR. THROUVGH . MUSLCH .. SUERENT . o

RESNST IO SOME. DEGREE TRE ELOW. .  OF  CURRENT ... TIhE

UNAT _OF RESISTANCE 1S THE OHM..LCO0) A POTENTIAL

DIEFE RENCE OF.  OME  NVOLT _\WILL FORLE A CURREMNT. OF ONE

AMPERE  TURROUAH. A RESISTAMCE OFE  _ONE oRM, . THE RESIS—-

TANCE  OF A CcONDUCTOR 18 1TSS,  MOLTAGE DROP DIWIDED BY

e CURRENT ELOWING THROUAEH THE. CONDUCTOR,

MR ORM.S. LAW ™ GIVEN COsuMMING . UP.  THIS. 1S
ANY. _TWO _OF THE AROVE ,. ... TRE "WATER ANALOGY!
NOU._ CAN _ FIND ..THE. .. .OTHE R _
TWO.. USING. THESE EORMULAS A WATER . LLEMEL
KNOWN . AS . ORM'S [ AW:? T _ (NOLTAGE)
T e Ky T
V=T 4R _ k wﬁﬂig—-—"TAP
I =N/R _Jﬂ (RESISTAMCE)
R=V/T )
P=NAT (©R) 2% R |t STREAM
: : . % (oURRENTY
WE'LL _REFER...IO_OHM S _LAW ROTATING TURB\@ J J}.
LATER I TBIS . BOCK sue (POWER) 8 }/
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USING . DIRECT. CURRENT

THERE  ARE

So MANY {JSES FOE DIREQCT CUREEMNT ElLEQ=
TRICITY. . NO SN GLE ROOK, [AFLYN; DESCRIER THE M ALl ,
HERE'S .. PAGE OF SEVERAL _DPESIGMED. ARQUND. A . SIKNGLE
WIRE. ...00iL You . CAN) :
EASILY.  MAKE _FROM._A (TWICE _ACTUAL SIZE)
=Y2 1o Z2-inCH. SECTION FATIS PAPVAAPANARIAN AR
0 A SopA._STRAW _AND A= W) L .x\\\\,z ==\
AT LEAST. . 30-FEET OF / .ij o, ;ifIfH/ )
20, _GAUGE., LACQUER M g
COATED.  WIRE.  SECURE = YN =
THE ol IN. PLACE _ WITH  TAPE. s PANN
REMOVE  INSULATION.  EROM. ._ENDOS OF AR
Coll WITH. EINE  SAND._ . PAPER - ‘fz\\\g

N ,

0 ELECTROMAGNET — INSERT L W=
A STEEL NAIL_IN _THE _ ColL, LIS
CONNEQST. THE . LEADS _To A G\ 4
9-voLT. . BATTERY., AND. THE Ji \ f.f/
WAL WILL  BECOME. A MAGNET ENIN'V4
UNTIL  THE.  POWER. IS . DIS= SN Al
COMNECTED. (1T HMAY. _RETAIN a N\

SOME _MAGMNETISM.)

AR
00 SOLENOID. —._ THLS. 1S R\
A SUCKING.  MAGMET.” Al
APPLY POMWER. TITD...Lolt === o
E/
AND  NAIL  witt  BE. . PULLED ¢ A
RAPIDLY  INSIDE. . ¢ b
oSN - s Ebn W P
A\ \\\\ t \n\ N Ny A4 N
IR r =TSN = )i
V=S T == % o
B { // RATTERY E%Z::/é%
- _ ﬂ/! CONTACTS r
TAPE bt /\ NAIL _ !
_ I\ .‘\ + ‘_\?-.:\ it bt
(0 MOTOR — mavee NoT. NO/((GLHNS == XV
| N L SN
YOUR... . \REA_QE. A  MOTOR, s -
RuT . THIS FLELANT APPARATUS 1) UL ALUFINDM . FOolL
T s T
QUALIEIES  UNDER . THE L,wwgﬁ hares
DICTIONARY.  DEFINITION, . USE A oY ol L ASSIGNHENT
LIGHT WEIGHT. . NRAIL SECURE & \i\y-qs" EXPLALN. AN 28
OME Coltl LEAD IO  NAIL . oY e(o WORDS. OR LESS
ADTVST  HEICGHT. OFE. Colh . UNTIL LOX;E:’LAS":SZ HowW  THIS. THING
NAIL  JUMPS  UP. _AND _ DOWNM, _ ACTUALLY.  WORKS ...
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MAKIN & DIRECT  CURRENT ELECTRICITY

B SURPRISING MUMBER OF WAYS  EXIST .  FOR __PRODUCING

DIRECT CURREMT. HERE ARE THE  BIGGIES *

L1 CHEMICAL GENERATORS — ELECTROLYTES ARE CHEMICAL

SOLUTIONS . THAT CONTAIN. o AN o JOMNG e FOR. EXAMPLE , .
DISSOLVE  TABLE _SALT . IN_ WATER _AND _TRE _SALT. wihi BREAK

DO INTO POSITIVE Senlur tOMS . AND NEGATIVE.  CHLORIME

LONS., LE L TWO PlasimiLak METAL PLATES . ARE IMHERSED

1IN THE SALT  SOLUTION, THE. POSITIVE . LONS .  WILL MIGRATE

TOMARD ENE PLATE. AND THE NEGATIVE . JONS Wikd  Mi-

GRATE TOWARD. .. . THE .. OTHER. . AF _THE . Two. . PLATES. . AEE

COMNEQTED _ TosE THER. . _BY A . CONDUCTOR., A _CURREMT

Wit FLow.  THROUGH... THE. .. SOLUTION . (AS_ _LONS). _AMD

THE . CONDUSTOR. (LAS. _ ECEQTRONS). . .THIS _KIND _ OF
GENERATOR 1S CALLED . A WET . LELL CELLS d S W HICH

THE ELECTROLYTE IS . ARRORBED. ...BY PALER fo]’3 FORHMED

INTD AL PASTE ARE CALLED ... RRY . CELLS.  HERE ARE

GOME . CHEMICAL  GEMERATORS. YOU. . CAN. MAKE . . HAVE. BN/

NALL, e zine X
% X;/\ T > CoPpPER ey
- &) pad \, | gouL? Oﬁ\y »9, yA
S add a | | PC__BOARD A ‘\:ﬁ
S S
A / PLASTIC
2Nz / Hoper | WA ]
o2 HoBEN SHOP N
LEMON ———tm S T
JVIcE o4
N ~ '-“;//74
N ZUNC OR . [
Y MAGMESfum’ PAPER TOWEL. S
+ LEMON JMC& = _
,@ _ . \-\“(’nppaa eor ™ K\_‘
v MAGNESIUM, /\ A S N
N SALT PAPER.( PAPER (=) G AN, \
OK..T0. DRY.. TOMWEL +_ SALT. WATER) O LED
PAPER. . AND _ / |
RCTIVATE  WiTH WATER, ., : SILVER . COIN. (4)
COMMNECST  Two. . OR _MORE CELLS IN M [ . I!L_
SERIES.TD. EORKM A BATTERNY. . WITH  TOTAL . ! i
VOLTAGE. EQUAL TO. SUM.OF CELL.. MOLTAGES. CELL BATTERY
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O ELECTROMAGNET.IC GENERATOR S— A  CURREMT. FLOWING.

THROUGH Ao CONDECTOR ESTAELISHES A FAGMETILC

FIELD AROUMND THE CORMDUECTOR THIS. .. .EEEECT. . MQRKS

ot WAYS SO THAT. B CURRENT WiLL . FLOw I A

COMDUCTOR WL Lo {5 MOVED THROU G M A MAGMNETIE »
FIELD., YOou . CAR EASILY PEMONSTRATE

ELECTROMAMAGNETIO CURRE AT / Fa -
GEMNERATION. . WITH. A /! t

Cpll. . OF WIRE AnD . 7 // //_“V\ AN

A SMALL  MAGMET. <Y (e N

(THE 0oL . SHOowN //zv _ A P

ON. PAGE 15 WORKS. . &==X o e N

EINEL). . CONMECT TSGR e TN
|THE _LEADS _OF P e o () NAIL

TRE Coll  TO. .. //\“‘-;/,_ A \

A METER T~ T 2L Coll

DE SIGAED | Moo AT

10 SENSE. A wa ) T0

MICROAMPERES., 7l METER

INSERT A .

STEEL. . NALL PLASTIC.  STRAW

THROUGH THE. _Coll

AKD STROKE THE MAGMET BACK AND._ EFORTH ACRNSS  THE

ColL . THE METER AL INDICATE A EEWM,. . MICED AFPEEES

EACH.... . STROKE.. THE. _POLARITY.. (PIRECTION) OF THE . CURREMT.

Willd REVERSE onl THE BACK STROKE S, WANMT. A
o e e

READY. ~ MADE GEMNERATOR?  TUST. ROTATE. THE  SHAET . OF

Ao sMpbl . DC . MOTOR.

MOST. .50 H MOTOR S _ o MOTOR

Wil PROOUCE A y 4 I\

POTEMTIAL . DIFFER ENCE L e | P
BE. UP  TO  SEVERAL W L
IvoeTs | You. CAM._ADD s N R = 1 J

A__PROPELLER _TD MAKE A V \"‘“\) \ /

o WIND.. _POWERED  GENERATOR. ="
[JTHERMOELE CTRIC.  GEMERATORS ~— U NAIL s
IF A JUNCTIOAN  OF. TWO . DISSIMILAR /\ Q/))

IMETALS 1.8 HEATEDJ A CURRE NMT.

WL BE  PRODUCED. .  LoOPPER WIRE

WERAELPED AROUMD THE __EMD. _ OF A

STEEL N AL WILL GEMNER ATE A

FEU)  THOUSAMDTHS — 0OF A oLT. AHEAN \\\{\ mﬁ
HEATED Ry . . THE FLAME . QF A /@ N WiRE
MATGCH. TURETIONS LikE LROM . AABD %\
COMSTAN TAN PRODUCE rMUucH I EHER

VOLTAGES. (THIS IS . THE SEEBECK EEFECT.) .. MATCH 7




ALTERNATING CURRENT ELECTRICITY

RBACK AT THE _ HOMEMADE SOt AND MA GAET

LOOK

" GENERATOR Y ON.__ _THE . PRECEEDING.. . PAGE WHEN . THE
MAGMET 1S . STROKED IN.__ONE DIRECTION AlLomG.  THE
COlby ELECTROMN.S IN. THE WIRE ARE MOVED I ONE
DIRELCTION AND s DIRFCT. %)RRENT 13 PRODUCED.. on
THE BALK STROKE UNLESS THE MAGMET LS . MOVED
AWAY FEOM THE oL, THE DIRECTION.. .. OF CULREENT
AFLow. .18 REVERSED THEREFOR&} LF__THE MAGMET. 1S
STROKED BACK. ... AND EQRTH ALONG THE . .COlL, A

)

CLORRENT JAH SR ALTERNATES N DIEECTION.  0R.  POLARITY
P A A,

PRODUCED. iT's CALLED AN ALTERNATIMG  CURRENT,

ALTERNATIALG CURREMT (Ac) 1S USUALLY  PRODUCED.  EBY
ROTATIN.G A ColL I A CMAGNETIC ELELD

MAGMET, ROTATION A TRLE LLSLLA

b < 90° ) VOLTAGE / SINE WAVE
it} | S etV AL (e o G A
CoiL NOS/ AN\ /NG f !
N —— O/ O B A S VCRNN AN N VR
O\ W4 AN T N
H_‘,,\& Ny | Nt
Un L N et et S o~
L A =TaVaVEN e 6% 90° _180°  .210°. O
DUTPUT VOLTAGE .
ROTATING Cotl VOLTAGE. OUTPuT AL SINE . WAVE
e PEAK VOLTAGE
1 SINE WAVE . MEASUREMENT. — ... .PEAK. T / BRMS . MOLTAGE
AC. VOLTAGE. . IS . USUALLY S N7 N S —
SPECQIEIED AT A VALWE o / \
EQUAL._TD  THE _ DC  UXTAGE o 2\ .
CAPARLE faY = DOIALG THE . SAME \
WHRK.. EOR. B SINE WRAVE P = e B e e _\,u_ﬁ/--—
THIS AL E (5207 TIMES PEAK. . ~
THE . PEAK.  VNTAGE. TIT.S

CALLED.  THE  RMS. (ROOT. = MEAN = SQUARE). VOCTAGE. . THE . PEAK
VOLTAGE... [ CR mmR,E,far) € 141 TIMES.  THE _RMS _ WALUE.

HOWSEHBLD LIALE VOLTAGE G SPECLEIER ALCCoRDING 0. A T8

BHS

VALUE. . THEEE,FDIZE? A HopseHorD VOLTAGE OF. . 120=1XTS

CORRES PONDS ™A PEAK YOLTAGE OF 120w 4.491 . oR . 1692 /LTS,

O WY AC 1S USED — AC IS RETTER. . SUITED _THAM..DC. FOR

TRAMNSMISSION . THROUEH LOMNG.  DISTANCE  POWER. LIMNES. A

WIRE

CARRMYING Al WLL . INDUCE A CURREMT ind A MEAREY

WIRE . THIS . iS.  THE. PRINCIPLE BEMRIND. . THE  TRANSEORMER.
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MEASURING _AC _AND DC |

N\ an

by hY

i ~ YOU  CAR.  EASILY

N

\.- < i MEASURE AL BAND DO

.

VOLTAGE AND. CURREMT

</
AR
gg
N
=1

WITH AN INSTRUMENT

7 \
CALLED  THE. MUTIMETER,. . z SRV M, S 3

e r——\'—1
l I AMALLG.,  MUWTIMETER.S i

N
A\

e _ USE. B MOVIMNG SO b i

e

M METER.. .. .RIGITAL.  MULTI=
v\=

“ZmBiRci

—7/ : / METERS. ... HAVE . A.DIGILTAL
/=
A

1S THE SINGLE MOosT

I PoRTALT.... ELECTROMIG o)

READOUT, THE . MUNTIMETER
—
€

NI Ao
WMI TP WAoo

i

&2

|

TEST INSTRUMEMNT.

O AMALOG . MULTIMETER — [ DIGITAL  MULTIMETER —

LESS . EXPEMSIE 4o SOHEWHAT e BIGHLY.  ACCURATE.. . ANMD

LESS PRECISE . THAMN. . RIGLTAL EASIER To. . READ TR AR

ATYPES, ResT By  BAR  EOR ANALOE  TYPES e BEST o FEOR e

e b QBRSERVIN G THE . TREMND.
e SEOWEY o CHAMEIAG o LA T AGE. QE A VOLTAGE. 4...SHRRE

O LA BN G JTHE EQISE \/Ar_u [=

CURREMT. . OR.  RESISTAMCE. PR RESISTANCE,

0 SUMMING 0P MULTIMETERS — THEY'RE.. INDISPEMSAGLE |

EVEN IF  YOU  HAVE. oMLY A PASSING. N TEREST N0 SO

LICOMSIDER o BUNING e OIE o BEGALEE o AT HAE e SABAIA o SIS E G o I

THE . HOME (0N THE o T OB AND . WHEN . WORKING.... MILTH.... AEPLIAMCES ...
AND .. MOTDR... MEHICLES. LE. MOURE. SERIOUS. . ABOUT. ELECTROMICS .

ONSIDER ... BOYING A QUALITY.  HIGH= IFPERAMNCE  IIULTIHETER
THAT Wit HAVE  LITTLE . OR NO.  EEFECT. . .ON  THE. DEVICE OR j

CIRCUIT _ YOU'RE . MEASURIN G . IDEALLY.,  YOU  SHOULD. . .HAVE _BOTH

THE. ArALOG ANMD HNGLTAL T PES

JELECTRICAL —SAFETY (G Say s

ELECTRICITY. QAN KILLL 1E You

WART. . T0. BE. _ ARCUMD . LOK G o s

4 . S
ENQUGH .. TD. ENIDY.  EXPERI= \ g P

MENTIN G WITH _ELECTROMES,, N

ALWANS.... TREAT. . ELECTRICITY WIRE. N o EIMIGER

Wil H THE RESPECT i OF

{ /
< N
DESERVES., e LL  LO0K /\*O"w., / \\ FORMER .

AT SAEETY AGAIN. LATER. . Tt " /N EXPERIMENTER
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ELECTRICAL CIRCUITS

AM ELECTRICAL . ClBCUIT 15 AMY AREANGEMENT. THAT. . .PERMITS

AN FLECTRICAL  CURREMNT...TD  FLOW. A CIRCUIT. . CAN...BE

AS SIMPALE AS A BATTERY COMMECTED.  TO. A LAMP. .. OR

AS COMPILICATED AS A DIGITAL COMPUTER .

O A BASIC CiRCUIT = THLS... BASIC CIRCUIT. . COMSISTS. OF
N TN A SOURCE OF ElECTRICAL . .CURRENT
L e \-*_./\‘\
V) LAMP (A _BATTERY)., ... A LAMP AND. . TWO .
Y WIRE ﬂ / COMMECTION WIRE S, THE _PARET
\J SN
= S S OF A CIRCUIT  _WHICH  PEREORMS
— E ‘\~ WIOER K IS CALLED.  THE.. .LOAD.
ki -‘ \fy\ A A
BATTERN. . 200 HERE . THE LOAL. il S THE . LBMP,
\w—/ . m N LOTHE & CIRAUIT.S . THE LOAD
“\ = fﬂ ELECTRON CAM.EBE B MOTOR A HEATING
T Co=Co i
ELOMS ELEMENT N AN C"!_EETROMAGMET’ ETe.
O A “ERlES. CIRCULT — A CARCULT o MAY. IMNCLUDE MORE
. : - THRACS OME COMPORMENT.
PN S S Y :
e - by ey CSMITER 4 LAME, MOTOR ., EXC )i
. _+ “f\’ AT AP Ve Y _,bmps CIRCUIT 1S FORMED
S ’W\ ’ - - - ) P Ny R
o = z > e 3L A & WAL E M. LURBENT. . ELOWILN.G
%,, W %/F-‘—'% Y- THROUGH OME COMPAMENT
. - Jl L Mﬁl Flﬁ} LEIRST ELoAE THEDUGH
N ' ““""“"':J ARG TARR. CARLOWS  SHow .
e — ) DIRECTION. OF. ELECTRON. FLOW.)
0 A PRARALLEL  CIRCUIT.— A PARALLEL . CIRCUIT. iS5 __EORMED
WIE B TWO.. DR MORE
{C; < S COMPONEMTS _ARE. ... CON~
_ M , \ NECTED. SO CARRE AT
e . e e \ L ! 'r i
TN VAN o CARY B LOW THR.OU.G.H ;
T z !
L‘%ﬂ \—/) N X :)_ i\u\@ ONE COMPOMEAT AT
M e A A e T AUT. L RAVING .. EILST
- ] Jf /\ _ D CLOW.  THRO UGH
L . | = ANOTHAER j
O A SERIES— PARALLEL . CIRCUIT. == MANY. . ELECTRICAL
CIRCUITS. ARE
- et Lo bl 7 \ EOTH.  SERIES J
k ﬁ!ﬁ W\ \‘ﬁ.w‘\ :.. 1 AND PRARALLEL. ;

\‘ t vt
/@j N /C ‘ATY/C S N ALt  PROVIDE. I

F L%W },—;{L \j\L\QC:E ) E?sﬁmmﬁw: PATH

Lt B ETWEEN  THE

% N segies A PAEALL&L ) CIRCUIT _AND . iTS

Lo = POWER __SUPLLY.
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Ll ciReuiT  DIAGRAMS ~—  THUS FAR THE ELECTRICAL CIRCUITS

< Houal A TELS o BOOK . M AVE. L BEEN  UMALUSTRATED. N PICTORIAL. .

PO M, PIlCTORIAL . VERSIOMS Ak L CIRCULT. 5 Wikt BE USED
ML THE MEXT SEVERAL . CHAPTEERS . AS VWIELL LATEL AN
. THE . BooK. TRE . PICTORIALS ... JALL EE REFPLACED. . BY. GIRSULT
DIAGRAMS N A CIRCUIT . DIAG BAM.. . PICTORIAL .. VIEWS.... OF
SC0OMPONENT.S ARE REP: ACED RY COMPOMEMT. . SYMEDLS.,
+{. . ) . 1 3 : D
L RATTERY Ao LAme T Tl S S
= (8 () =B W) L)
! 11 Tz Ly
COoOMPONENT SYMBAOLS SERIES—PARALLEL  CIRCIHT

O ElEcTRIcAL H(‘)RT” CIR T = MMHEN A  WIRE 0OR OTHER

COMPONENT., SOME o ALL o oF  AMNY CURRENT IMN. . THE

CONDUCTOR. . 1S PLACED. . ACROSS.  THE. CONMECTIONS OF A |

CIRCULT MAN TAKE A SHORTLUT THROUGH.. THE  CoMDUCTOR

AT RPEST THEY.  CAMN CAUSE.. BATTERIES. .. TO  RAPIDLY

'SuerT! CleanTs SUCH.  AS  THIS. . ARE.  USUALLY. UNDESIRARLE.

LOSE THE IR CAPACITY . AMNT THENY. .. CAN.  CAUSE  DAMAGE

AT MURIN G AND. o COMPOMENT S SHORT.Y  CIRCUITS CAN

EVEN CAUSE EMNOUGH. HEAT. .TD | GNITE THE  INSULATION

on A wirel  CAUTION:  THE  WUMAN. _ RODY  CONDUCTS
L

ELECTRICITY v THERE FORE .. CAREBLESSLY TOUCH ING AN

ELECTRICAL CIRCUIT. . MAY.  CAUSE A MsHoRT! <IRCULT

LE . THE NOLTAGE AND. CURRENT ARE RIcH Emoum—;} You

MAY . RECEIV/E A DAMGEGEROUS . OR . EVEN LETHAL SHOCK

O ELEcTRICAL  "GROUND =  OME__OF TRE WIZE~ 0L THE

BC. LINE Ve CONNECTED T EALTH By AL METAL  EOD.  METAL

ENMCLOSURES  OF FELECTRICALLY POWERED DEVICES  ARE COMMACTED

TR S G ROUMD  WIRE . TS L PREVENTS A L SHOCK BRATARD.  SHOULD
P N

AL NON ~ G ADONDES  WILEE L MAKE  COMTACT. MATH  THE METAL ENCLOSURE i}

WATHOWT. . THE. . GROUMO...COMME CTIOM, A PERSOM. TOUCHING THE DEVICE

WHILE S TAMDIMG L ONM L TRE EROUNMD OR ... A IMNET ELOOR, MG HT

AARECEWE. AL DANGEROUS  SHOCK .«

GROUMD . ALSS L BREFERS. ..ID. . THE _tl‘/zV

POLMT. N AL CARCUIT AT ZERO -

UOLTAGE .. WHETHER .. OR MaT itz v e THIS. 5. GROOMND
TS CONMMECTED  To . GROUND. N y (O VOLTS). o WITH
FOR InSTAMCE, THE _MINUS TP ReseEcT. o
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