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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