' CUAPTER 94 o B

2CAPACITOR=—

ELECTR/C
A CAPACITOR CONSISTS OF SYMEoL
TWO CONDUCTORS SEVARATED
BY AN INSULATOR, FOR

EXAMPLE, TWO METAL PLATES

WITH AR BETWEEN THEM.

A CAPACITOR 15 CHMRGED 84 REMOVING SOME CHARGE
FRom ONE PLATE MND PLAUNG IT ON THE OTHER.

\

THE EASIEST |
WAY TO DO THig |

16 To CONNECT )
THE CAPACITOR

el
BA-“-ERY PUM% SWITCH
CHARGE FROM \ l |

ONE PLATE TO l
THE OTHER. I

l BATERY
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WHEN THE SWITCH [6 CLOSED, ELECTRILITY
- || FLOWS, BND CHPREE 15 PUMPED ONTo Tue

|

4

4
A4

-

-1 VOLTAGE . %0 e

Q=CV

\_CUARGE = CONSTANT « NoLTAGE

—|| CAPACITOR. THE AMOUNT OF (HARGE
———|l ruMRED 15 PROPORTIONML

To THE BATTERY'S tf
; +

(7€

THE CONSTANT OF PROPORTIONALITY
C 15 A NuMeeR DEPENDING O
.

€ CHARACTERISTIS OF THE
CIRACITOR- 1T 16 CALLED THE

CAPACITANCE.

J

CAPACITANCE 1S MehSUReEp IN
FARADS, MeTER MCKAEL

(791 +1867) - THE PGHER
THE CPPACITANCE, TUE
MORE CUARGE THE
CAORQOTOR CRY STORE .

r(:(x(’ACITANcc. IV ToRN,
15 DIReCTLY fRoRoRTIONAL
% e el

pD INVERSEL
PROPORTIONM “To
ThE SEPARBTION

Ge TWERN THEM.
THE BIOLER AND
CLOSER THE PLATE
TAE MORE CHMRGE
They WILL HOLD.

L




A CAPACITOR VSED M
ELECTRONICS, FOR

MIGHT BE ~AND
g WO RoLLED
ALUMINUM 4 P N
SEPARKTED 2= COMPACT
peTaice PACKAGE-
SPECIkL
CHEMICNLS
i AFTER THE CAPAUITOR 15 CHARGED, \T \
/1 CAN BE DISCONNECTED FROM The
k// : BATTERY, Mp 1T WiLL REMAIN

JUBRGED FOR MINUTES OR EVEN
< HOURS, ALTHOUGH OANRGE WILL
4L OWLY LEAK WTo THE AR.

BuT, IF | NOW
CAREFULLY V
BRING THE LEADS

OF THE CNPACTTOR '®)
TOOETER -

e GHARGE
Flows AROUND
THe WIRES

AD NEUTRALIZES
TuE PLATES.

Tw 15 CXLLED
DISLRARGING THE
CAPACITOR.™

_




(Tme 4pOWS HOW CAPACITORS CAN BE USED To STCRE

CUARGE AND EMERGY.
FOR EXAMPLE. A
PHOTOGRAPHER'S
ELECTRONIC FLAGH
UNIT HAS A LARGE
CAPACITOR To STORE
ENERGY FOR THE
FLASH TUBE. THE
BATERY TAKES
ABOUT 30 SECONDS
To CUDRGE [T V.

THEN, WHEN THE CUARGE 4 NEEDED, ALL OF \T |
DUMPED THROUGH THE FLASK TuBE i AN tRSTANTY

L

~

\

»

WHEN THE CAPACITOR ¥ CHARGED, TOSITVE AND NEGATVE
CUMRGES FACE EACH OTHER AND HOLD EACK OTHER IN
PLACE ACRO% THE WSULATOR —AND OF COURSE THERE
|5 AN ELECTRIC FIELD!

()
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IF AN ELECTRON 15 RELEASED NEAR THE NEGATIVE PLATE, THE
ELECTRIC FIELD WILL ACCELERATE IT TOWARD THE PosiTiVe
PLATE- IN FACT, F WE MAKE A SMALL HOLE N THE
POSITIVE PLATE, THE ELECTRON WILL ZIP THROUGH:

r\/

T R I O B I O

\

|/

1+

o
@biﬁxw;ﬁ@

by

T

HERE WE MAKE LP A NEW
ENERGY UNIT: THE

ELECTRON
T (eV).

e

IT' THE ENERGY OF ONE

ELECTRON IF THE PLATES ARE
CHARGED Ty ONE VOLT. \F THE
PLATES UAVE 100 VOLTS, THE
ELECTRON WiLL HAVE {00eV...

A

R

: il

To CONVERT eV To JouLgs, WE
USE THE DEFINTION

POTENTIAL = ENERGY  CHARGE :

1 eV = CHARGE 0F ELECTRON
X
1 VOLT
=1bxio?c x 1 J/C

=1.6x10™ Toureg
(TeaT's . 600000000 00000000016 )

A o
USING MODERN HI-TECH, WE CAN Now
ACCELCRATE QUARGES TO MILLIONS OF
ELECTRON VOLTH, BUT AT THESE
ENERGIES, ELECTRONS ARE GOING
&P&E Jg T“E.é,m OF LIGHT, AND
TIVITY THEORY MUST BE
6 DESCRIEE v, g
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o CHAPTER 150
BLECTRIC CURRENTS

TUE GRENTEST ACHILVEMENT
OF Tup \TAUAN PUYSILIST
ALESSANDRO GIUSEPPE
aToNio ANASTASID

V@Bﬁ\f@o L

FROM REMEMBERING HI%
OWN NAME, WAS TUE
\NVENTION OF THE
ELECTRIC BATTERY IN 1794

VOLTA FOUND TUAT \F You DIP : THs MEANS TUAT CUARGE
TWO DIFFERENT METALS IN A 3 "WANTS TO* MOVE FROM
CHEMICAL BATH, A DWEFERENCE : ONE METAL TERMINAL TO

W POTENTIAL WILL APPEAR : TUE OTUER. F You CoNNECTED
BETWEEN THEM. : ‘&EM \Ném k WIRE, {HPRGE
" OLp FLOW
o TUROVGH tr.
WCRE
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)

UERES A SIMALE COTPE|

“WolTAlc CELL” b‘I)AFL Z’g,‘g,‘_ \
WITH ALMOST ONE 2 ;
FULL VvOLT OF

POTENTIAL: A
LEMON WiTH TWO

NAlLs!

\OLTA ALso FOUND TUAT Y CORNECTING CELLS IN SERIES,
TUE POTENTIALL ADP UP To GNE LARGL VOLTAOES:

M FLMSULIGUT "BATTERY"

19 ACTUALLY A 4INGLE
CREMICAL CELL. M TRUE --||-——
BATERY, LIKE TUE ONE 4INGLE CELL

IN YOUR CMR, CONSISTS

OF %VERAL CELLY
CONNECTED N 4ERIES, AS —‘l | |
MPOVE. THOR ELECRICAL

5YMBOLS MRE - BATTERY
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[LET'S HODK UP A SIMPLE THE BATTERY CONTINUALLY
CIRCUIT = A BATERY WIRED "PUMPS" CHARGE AROUND THE
TO A LIGHT BULB. CRCUIT, LIGKTING THE BULR,

a :y/ L
alihl || l
—'III|I+ = |||l+

WE CAL TH( F
CHAR& Sl iy

/ \ EEEL

b NEW
ONLT CoMING

ON...

CURRENT 15 MERSURED [N CoutoMBS PER SEToND M50 KNowl f6:

amperes.

("WE OFTRN DR AV PRROW

REM. O\
ALONG THE WIRE, LEADING m %‘L"T

FROM THE BkTTER‘a‘S POSITIVE A0
TERMINAL TO THE NEGATIVE N - A
BS \F POATIVE CHARGES
FLOWED THAT wWAY. THS
16 CALLED "CONVENTIONAL
CORRENT" KS OPPOSED TO
REAL CURRENT, WthCik 15
A FLowW OF NEGA‘(‘NE
ELECTRONS IN THE 0PPOATE
DIRECTION. 1IN MOST ELECTRICAL | l l | l
.\—

&3&‘:&?”"'[[’!0%(,
—

EFeeCTS, 'meRE 1S NO WAy To

DISTINGEUISH TheseE TWO -
k?o%(eltme?-, /

(30




f“

To KEEP ALL TUESE (ONCEPTS
1N MIND» 1T HELPS TO UME
A MECHANICAL MNALDGY:

IMAGINE THAT ELECTRIC CURRENT 15 Like WATER FLOWING THROUVGH
A PIPE. THEN WE HAVE THESE CORRESPONDENCES

THE LAMP FILAMENT 15

ELECTRI C(Ty WATER LIKE A SECTION OF PiPE
COULOME oF CHARGE | LITER OF WhTER FILLED WiTd GRAVEL
AMPERE oie Livez sk T RESISTS The
BATTERY PUMP Flow OF WATER. IN FACT,
VOLTAGE PUNP PRESSURE THE FRICTION OF FLOWING
WATER EVEN HEATS Tve

WIRE Piee
L &
RAVEL! )

To GET A LARGE Flow, CuneeNT, §, EQuALS
OR CURRENT, A Hi6U VoLTMGE ¥, DIDED
PRESURE: OR VOLTAGE, BY REBTANCE R.
15 REQUIRED . 6€pR6E THE HGHER THE
OUWM (1789-1859) VOLTAGE, THE NoRe
SUMMARIZED THIS CURRENT Flows
RELATION PS THROUGHK A GIEN
RBB\cTancE -

OIS -8 i 7

(oKM'S LMW 15 NOT UMIVERS ALLY TRVE, Lt couco @s Law, Butr §§
APPROXIMATELY TRUE I MAGY B0 hronis 3 B

g



etsrance 1 messureo v QHMS.
T DEPENDS ON THE MATERIAL, THE
AREA THROUGH WHICH CURRENT
FLOWS, AND THE LENGTH
IT MUST TRAVEL.

TRINK AGAIN OF WATER FLOWING THROUGH A PIPEFUL OF GPAVELW
A SELTION QF PIPE TWICE BS LONG Hpo TWICE THE RESKTANCE.
A WIDER PIPC UAS LESS RESISTANCE, BECAUSE IT OFFERS MORE
SPACES FOR WATER TO FLOW... AND RESISTANCE DEPENDS ON

THE TYPE OF GRAVEL.

LoNG PIPE.
AT UIGH RESISTAWCE
.3"&’:-’
SHORT PIPE
Low RESISTANCE

/" NaRRow) PIPE,
HIGH
Piee, RESISTANCE

MOUTH GRAVEL, Lo RESISTANCE ROVGH GRAVEL, WIbH RESISTANCE

LENGTH PND INVERSELY PROPORTIONRL To VTS CRO4S-SECTIONR. ARER . J

LL\KENME, AY ELECTRIC WIRES RESISTANCE 15 PROPORTIONAL To (TS
I%2.




(;ND, LIKE DIFFERENT TYPES OF GRAVEL, DIFFERENT MATERIALS )

WAVE DIEFERENT INTRINAIC RESISTIVITY. Goop CoMpuctoRS
ubve LOW RESISTWITY ®
Crov6 fook CoNpycTLs
&l\o%a (lj.oo‘t:lw N LT H(OH
REGCTIUNTY - RES(STIVITY !
51LVER | PLASTIC,
GOLD, PAOER,
CoRbel, CLoTy
ALUMINUM
o . "‘\ e ©
A LAMP FILAMENT (S (You WANT
LIKELY To BE MPDE OF }{lb: IEEEETTA\I&J
TUNGSTEN, Wi uns LT
A MUCH WGHER RESISTVITY TUAT IT
TUM COPPER — HENCE A “DI4SIPATES"
HRENTER RESISTANCE TwAd( ELECTRIC
TUE SAME Stz COPPER WIRE. ENCRGY AS
LIGUT!)

Y,

REBGTVITY MAo CUANGES
Wite TE PERATURE.
For MOST MATERIMS, T
RISES SLOWLY WITH
TEMPERATURE, AS
VIBRITING MOLECULES
INTERFERE WITH THE
FLOW OF JUARGE.

1%3



FOR 50ME MATERIALS, LIKE

MERCURY AND N—UM;NUM‘
T
THE RESISTIVVTY FALLS To "
ZER@ 2 l
AT VERY COLD TEMPERMURES. 3 /
NEMZ PBSOLUTE 2ERO B
(—27%° CENTIGRADE), THESE &
MATERIALS CONDUCT
ELE(.Tkurg WITROUT VY G
TEMPERATVRE

kes\eTANcg AT ALL. THEN
THEY ARe Cptlep

No Res(STANCE'. Py
CATCH' CoL N v s
EA Sty 1 CoLD..

("THE NONDEQAUL THIRG AGOUT SUPGRCONPCToRS 16 TURT )
Ty CAV CARRY HubE CURRENTS W THOUT ANY Loss To

| WEAT. TUBSE CURRENTS (PN BUEN PERSIST FOR YEARS
WITROUT  L0%% OF ENERGY. SUPERCONDUCTORS, THOUGH EX-
fENSE, ARE USED IN PARTICLE ACCELERATONS, (MgRe SUPER:
$TRONG 'GLECTRo MAAIE TS RE@U!RE GIMNT ELECTRIC CURRENT'S.

| F“(((fn il

- £l
\"-.-’_.




l(N 1986 , SCENTISTS
DISCOVERED SEVERAL
NEW SUPERCONDUCTING
COMPOUNDS THAT LOSE
THEIR RESISTIVITY AT
Muck HIGHER
TEMPERATURES, AROUND
-180° €. THIZ MM
S0uNp CoLD, BUT

IT9 A WARM BATH
CONPARED WITH
{%OLUTE ZERO -

THESE COMPOUNDS CAN BE CHILLED WITh INEXPENSWNE
LQEUIP NITROGEN... 50 WE MAY SEE SoME AMAZING
COMMERCIAL BPPLICATIONS I\ THE COMING YEARS, 4ucH
A LEVITATING TRANS...

eI
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NOw BACK T0 OUR 4IMPLL
URCVIT, N SMALL LiGHT BULE
CONNECTED By COPPER WIRE

To b 6-\oLT BRTERY.

)

TUE LAMP FILAVGNT MIGKT WAVE & OWMS OF REAIVTAVCE, )
N WHICR CME, BY OH'S LAW, TUG ZURRENT WOULD B

i=v/R = %—Zﬁf= 1 Ampere

(COPPER WREY

S REISTANE 15 NEGLIGIBLE -

(7 125 TAN 5, oM —
CONTRIGUTING L\TTLE
To The OVERML
REFlGTRNCE *)

Yoy FORGOT
TaE RESISTANCE

0f TUE
WIRE .

THE QUESTION 15, KOW NOULD

Jou. MEAURE Tupor QUANTITIER
N TRE QRCUT? 20

4. REMOVE BuLg.
L. INSCRT FiNGER
IN S0CKET.

3. MEASURE
RESULTANT .
RMR CURL..?

\

FUNLEZS THE WIRE 19 VERY LoNG OR yERY THI.
1%b




("For 86 LITTLE AS
TEN DOLLARS, YoU
CAV By

A
MULTIMETEK
THRT WILL MEPSURE
OLTAGE, CURRENT,
AND RESI6TPMCE.

aud For $79952 You
CAY GET 4 wheet DRIVE
MD \M-FM eETE(

fo MEMGURS VOLTAGE , TOUCH THE METER's LEAVS ACROS
TUE LAMP OR BATTERY. TOWMING IT ACROY THE LAMP
nepuRE Tie VOLTAGE DROP OF THE LpMe.

14E VOLTAZE "PROP" REFERS To THE
ENERGY PER CUARGE THAT &
OONG Wo WehT MDD LIGUT.

_




IF You Toucugp THE

ek
LEADS To “TUg (OIRE NERBURGS VoL
ON TUE ShME SiDE Srerb o
OF TUE. LAME, You'D BATTERY

OFT A NERR- 20RO — |t

READG . 1T TAKES - +

ALMOST NO VoLTAGE To

PUSH CURRENT TUROUGH

A COPPER WIRE -

AND  MEPSURING ACROSS HERE
TUE BMIERY GIvER V1§ T MEASURES
VOLTASE "STEP-UP," TUE | @) Malredid
ENERGY PR UMT LUARGE PIECE 0F WIRE.
Pumbep INTo THE CIRuir
(BY THE BATTERY.

To MEASURE CURRENT vou musr
BREAK TUE CIRCOIT PND WSIRT THe
AMMCTER -

THE SAME  CURRENT 15 FLOWING EVERYWHERE 1D THi SIMpLE
CIRCUIT, PND WE MUST MAKE 1T FLOW THROUM T
AMMETER To BE MEBSURED .

-

i

|




FILAMENTS - VOLTAGE AP

- you GOULD - OR Yo
RESISTANCE” MEPSURE - CoULD USE THE

REGISTNGE CURRENT
DIRECTYS,  : (p)a X,  REpDINGS To
BTN W{H o ChLouLhTe
o Of "

Tee CIRQVT - REGISTNCE
pND TeSTNL - WK UMY
T WiTH TuE LKA
OUMMETER - '
SETTING OF TaE -

MULTIMETER. -

[T WL IS T S N T}

THESE Two MERSUREMENTS WOULD ACTUALLY GNE S0ME(DVAT
DWFFERENT REAULTS, SINCE (MMEN TRE BULB 15 N CIROLT,
TUE FILAMENT 1& AT WGH TEMPERATURE (AND HIGHER
RESISTANCE ), \WMEREAS WHEN IT 15 MEASURED WTH THE
METER, THE FILAMENT |5 COOL.




(PNOTHER FAMILISR ELECTRICAL UNIT 15 THE

WA‘T ) THE uNT oF a

fOWER o DEFINED AS
Y erR wit of
TIME, \T MEAGURES

WOW FAST ENERGY 15
PRODUCED OR CONSUMED.
PoweER pPLKS ALLO T
MECRRNCKL SY6TEMS,
M I A POWERFUL CI,
ORICK CNY DLELERATE
RMIOLY . A RIGH- 00608
LIGKT BuLg Puts ouT
Ak LOT OfF LIGWT

PER SE0\D- B,

= 8y peewtiop, A WATT 15 oMe
JOULE PER SECOND —%0 e
CA RELATE WATTS To VOLTS
PND AMES -

JOULES .
PowER = WATTS - =3

JOULES . COULOMES _

CoULomg S5Co D
VOLTS x AMPS

e



The PRo VOLT
e CDUOEZTRE;VT A

P V|

WKTTS = VOLTS x AMPS

VD WO
WOR4IN'
ARouND!

rlN THE CME (€
OUR &-OUM BULB
NTTACUED To A

6 -NpLT BRTTERY,
We UMNE- ONE hMP
0F CURRENT, PND
TG QpweR 1©

P = 6 vours x { ame

= b WATTS,

S

4]



sCUARTER 168
CERIES Ao DABDALEL

T NoWw PUT THREE N T L A
EQUAL LIGHT oS N - ‘ ’

SERIES wr

A BNTTERY. THIS
MEANS TuBy ARE
WIRD> TOLETHER
ONE AFTER THE
OTHER.

- BY OUR MECHRNICAL RNALOGY, w
EACK LAMP FILAMENT 15 LikcE

A GRAVEL-FILLED SECTION OF PUPE.

NOW THE CURRENT KM THREE TIMES

AS MUCH GRIVEL To FLOW THROUGH —

REASTANCE 1§ INDEPENDENT
WHicH 16 REALY NoT THE CASE,

SINCE TEMPCRATURE CE THG TILAMENT DEQENDS STRN6LY ON CORRENT,
1Yo

2WE ARE MSSUMING THAT A LAMPY
OF CURRENT THROVGH THE LAMR,



TRIPLING TRE RESISTANCE
MEARS THAT ONLY ONE QD
TUE CURRENT (AN FLOW.
THE CURRENT MUST BE
TUe SAME IN EACH L\GHT,
OF COURSE: THERE 1§
NOWWERE ELSE FOR Tug
CUARGE TO GO, AWD \T
DOBSN'T ACCUMULATE 1N
THE QIRCUIT-

WHEN | Tout THE LEADS OF )
A VOLTMETER ACROSS ONE
THE LAMPS, THE VOLTAGE DRoP
RCROSS Twe LAME 15

ONE THKIRD o€ THE BATTERY
VOLTAGE -

THE LAMPS DIVIOE UP THE VOLTAGE, AMD THE SUM OF THE
VOLTMGE R0PS ACROSS THE SERIER CoMPONENTS MuST EQUAL

THE BATTERY VOLTAGE.
V3 Vi V/s

f-n’ S N
Vv

4%



(0 TUE MORE GENERAL CASE, WITH UNEQUAL RESISTANCES IN SERIES,
THE VOLTAGE
V, V. V; DROPS V,\V,, AND
V, RePRESENT
ENERGY CONSUMED
BY THE LAMPS, ¥
ENERGY CONVERTED
FRoM ELECTRIC
ENERGY INTO
LIGUT PND HERT.

THE ToTAL ENERGY CONSUMED By THE LAMPS MusT ERUAL THE
ENERGY PRODUCED B4 THE BRTIERY, S0 THESE VOLTAGE
DROPS MUST ADD TO THE BATERY VOLTAGE. TS 15 CALLED
THE LooP TUEOREM, OR KIRKHKOFF'S FIRST LAW:

S

IN SERIES, EACH OF THE TUREE EGPUAL
LAMPS GETS ONE-THIRD TuE CURRENT
THAT A SINGLE LAMP WoUuLD GET
WHEN CONNECTED ALOME To THE
BATTERY, AND AT ONE-THIRD THE
VOLTAGE. $INCE POWER 1S VOLTASE
TIMES CURRENT, EACH BULB 1S
ONE-NINTH AS BRIGHT AS e
ONE BULB ColNGcTep Mokl 7272

* REMEMBER, VOLTAGE 16 ENERGY PER CHARGE.
l4y



r Now LET'S CONNECT THE BULBS 1N PARALLEL : )

EAGH LAMP |5
CONNECTED
DIRECTLY To THE
BATERY, WiTH
NO OTHER BuLB
INTERVENING.

TS WhY EVERY BULB GETS A FULL DOSE OF VOLTAGE, AND
SHINES WITH IT$ NORMAL BRIGHTNESS. THIS 15 THE WAY
A HOUSE WOULD NORMALLY BE WIRED 50 THAT EVERY
KELECTRK FIKTURE GETS FOLL HOUSE VOLTAGE.

IN THE PARALLEL <WCUIT,

ve CURRENT ws
To DPVIDE AND FLOW
TUROUGH THE TUREE
BRANCHES.

WHERE DIP A PARALLEC
TRAT 0CToRw |\ UNvgRser
CoME FRoM? )

%)

—

BUT TUE ToAL RESISTANCE OF TUC CIRCUIT 1S ONE THRD
THAT OF ONE BULB — THERE |5 THREE TIMES AS MUCH
"AREA OF GRWEL" T FLON TUROUVG!. THIS MAKES 1T EASIER!
THEN, BY ORM'S
LAW, TWREE TIMES
M MUCH CORRENT

(N BLop
THE ClReon 1) f“
WHOLE -




To UM UP, IN PARALLEL EACH COMPONENT GETS TUE SAME
VOLTAGE , AND DRAWS h CURRENT i WVERSELY VROPORTIONAL
To (TS RESISTANCE, BY OHNS LAN |=‘I/R :

b
8.4
- . . . ; . Rl
— i 1 3 .
v -:_ R\ R]_ i R; ‘1 =vﬁz
T |y

3
e . ®

” WHAT 16 THE CURRENT N DIFFERENT PARTS OF THE GRCOT?
TWE CURRENT FLOWING WTO ANY JUNCTION 1N THE CIRCOT
MUST EQUAL THE SUM OF THE CURRENTS FLOWING OUT-
CURRENT 15 TWE FLOW OF CHARGE, WHICH 15 CONSERVED -

i o+l I3

- > ) THE RESULT 1S CNAED
L, i, THE JUNCTION
1 THEQREM, ok
= <R, SR, SR, KIRCHHOFE'S
T 2 (ECOND LAW:
—i;"i; .‘3 al

THE CURRENT FLOWING LISTO A
QUNCTION EQUALS THE SOM 0 =

THE CURRENTS FLOWING OUT.

146
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/“_ERF 15 AN INTERESTING - W

PARADBX

I'M GDING TO HOOK up A
60 -WATT BULB AND A
100-WAT BuLB IN SERIES.

THE 60 WRTT
BULB 1$

BRIGHTER"
WHAT'S GOING
ON HERE?

>

FIRGT, REMEMBER THAT TUE WATT RATINGS ARE 600D ONLY
IF THE BULBS ARE PLUGGED IN ALONE, NOT [N 4ERIES.

HOW MUCH VOLTAGE
DOES EACH BULB (N

IN SERIE,

Ll;E'J DIVIVE SERIES GET? BOTH
b BULBS GET THE _
SAME CURRENT i
50 ORM'S LAW

V=iR om

TUE VOLTAGE DROP




[ Now THE THE 100-
£0- WATT BULB WAT BuLB, %
WAG GREKTER WITH LESS -

RESIGTANCE: RESISTANCE,
WHEN PLUGGED DRAWS
IN ALONE, MORE
IT DRAWS CURRENT
LESS CUORRENT WHEN PLUGGED
AND GLOWS IN ALONE-
LE%
BRIGHTLY.
VU -
pot N SERIES, T
THE QO-WiktT  ° e
HIGHER
RESISTANCE, GETS
MORE

so Tue AcTuAL poweR P=Vi DeLweRep TO LACK LAMP
16 HIGHER FOR TUE €O- WATT BULR THAN FOR TUE 100!

Vg5 ov PON'T
KpE To TELL
NEVER WERE
ANY Dox...




