PART TWO-

ELECTRICITY
AND

MAGNETISM
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WE NOW TURM FRom MEQHANICS TO ELECTRICTY AND

MAONETISM. 1N MECUANICS WE USED THE BASIC PROPERTY
OF MATTER CALLED MASS. IV ELECTRICTY, THE

PhIc CONCEPT 16 CHARGE .
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MCEOC:I‘CAgéCTA - ELECTRICAL CONCEPT

NOTICE THAT MECHANILS NEVER TOLD LS WHAT MASS
REALLY 15," BUT ONLY HOW \T BEHAVES. IN THE SAME
WRY, CLASSICARL E&M TELLS VS HOW CHARGE BEHAVES,
BUT NOT WHAT IT [5.

SOMETHNG
MNBDUT A LIGHT
BRIGADE?




IT 15 ERSY TO PRODUCE A LITTLE - TLACE THE CHARGED ROD N
CQUARGE — JUST RUN A RUBBER : A HANGING 4TIRRUP AND
COMZ THROUGH YOUR HAIR,OR : phiNG ANOTHER, SIMILARLY
RU@ A RUBBER RoD WITH - (MARGED ROD NEAR — THEY

ANIMAL FUR- @EPE’LO
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BUT IF | RUB A PLASTIC Rob® FROM EXPERMENTS LIKE
WITH SILK.-. © THESE WE LEARN THAT
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RENTAIY AN

(\Tob+ 1190) NAMED THE TWD_KINDS OF
currees POSITIVE AvD NEGATIVE.
WE NOW KNOW TUAT ALL MATTER 15
MMDE OF KToMS, WHICK ARE CommSep
0F NEGATELY CHARGED ELECTRONS,
WRLING BROUND A NULLEUG OF
vositvely CHARGep YROTONS, avp
NEUTRONS, wwiat HAVE No
CUARGE.

y
HLECTRONG AND PROTONS WAE EQUAL AND OFPOSTE )
QINRGES . NORMAL KToMS WAVE EXACTLY ENOUGH
TLECTRONS To BALANCE THE PROTONS IN THE NOCLEUS,
MAKING TRE NTOM OVERALL NEUTRAL .
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L.} ..-«7/ 8UT WHEN AN ELECTRON
\ , |5 QEMOVED FROM AN
~ _-~ KoM, THE KTOM
CO==—= e ECONES A POSITNELY

CupReep TON.
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A CUARGED OBJECT WILL ALS0 ATTRACT
NEVTRAL OBIECTS. THIS RUBBER (OME,
CUMRGED NEGATIVELY BY RINGO'S UNR,
WILL PILK UP BiT5 OF PAPER.

BECOMES ELECTRICALLY

POLARIZED®

THE NEGATIVE COMB
REPELS ELECTRONS

IN THE PAPER ANL
MTRACTS THE PoaTIVE
NUCLEI OF The Kpms> -
IN THE PAPER.

SHIFT N THE
ParER' EVEN ﬁ
THOUOH 1T 15

NEUTRAL OVERALL ...
__

ﬂ'\' DOES S0 BECAUSE THE PAPER

THERE 15 A CHARGE @ To THE COMB THAN THE

... THE POS\TIVE CHARGE
W THE PAPER 15 {LOSER

NEGATIVE CHARGE. THE
YOATWE CUARGE 15 THEY
ATTRACTED MORE STRONGLY
THAN THE NEGATNE
CUPRGE 16 REPELLED!

FROM 4VCU

ORSERVATIONS, WE
DEDUCE TUPT TuE
ELECTRICAL FORCE

GROWS WEAKER
WITH DISTANCE.




rW{-L'EN You Rue THE RuggER RoD WITH
FUR, 50ME ELECTRONS PRE RUBBED
OFF THE FUR AND ONTO TE Ruezelz
%0 THE RUBBER ROD ACQUIRES A

NET NEGPTIE CUPRGE (LEPVING

THE FUR POS\TIVE) .

SIMILARLY, 5ILK RUBS ELECTRONS OFF THE PLASTIC,
LEAVING THE PLpSTIC WITH M NET POAITIVE CUARGE .
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ELECTRONS ARE ELEMENTARY UNITS OF CUHARGE, AND ARE
EPSILY TRANSFERRED FROM ONE OBJECT To PNOTHER. THEY
MAY ALSO BE PASSED ALONG THE SAME OBECT — LIk A CoPPeR

WIRE, FOR EXAMPLE.




MMTERIALS LIKE RUBRER, 6LA%4,
AND PLASTIC ARE ELECTRICAL

INSULPATORSE A==

CUARGE (AN BE RVGBED ON OR - ™ ~ 1
OFF THEIR SURFACES, BUT IT B }
TENDS To 5TICK THERE AND N RUBRER
WILL NOT MOVE EASILY o Glass
THROUGH THE MNTERIALS. CORK

BUT IN METALS, LIKE COPPER, SILVER,
AND ALUMINUM, THE ELECTRONS CAN
MOVE MROUND FREE[Y AND EASILY.
METALS ARE BLECTRICAL

CONDUCTORY.

WUAT WE CALL “ELECTRICITY" 15
JUST A FLOW OF ELECTRONS.
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* CARDRUL MEASURCMENTS BY CHARLES w

§\:\”/, : @@@[’:@M@ (1736-1806) ESTABLISHED

THAT THE ELECTRIC FORCE DECREASES
WITH THE SQUARE UF THE DISTANCE,
g\ T LIKE GRANITY- CoLLome's LAW FOR

plal0 ELECTROSTATICH FORCES 15 VERY Mud
. 3 LIKE NEWTONS LMW OF GRMITY:

rZ

_¥ELBcTRosTATC MERNS TokT THE CUARGES ARE STATIONARY,

IN Coutomg's EQUATION, ( Mo g ARE THE VALUES OF
THE CHARGES, ¥ 16 THE DISTANCE BETWEEN THEM, AND
K 15 A CONSTANT, LiKe G FOR GRAVITY. IN 5TAMDARD
UN\T6| K=9X|09.
TRE UN'T OF
CHARGE 14 The

COULCHE,

Kk GINGLE ELECTRON
UPS A (HARGE OF
—e =1bx107"?
ColLoMES.

JusT How
SIMLAR PRE
THE
GRMTATIONAL

AND
gLeciRoSTRTiC
FORCES T



ALTHOUGH THE LAW OF ELECTROSTATIC FORCES SEEM$ VERY
SIMILAR To THE LAW OF GRMITY, THERE ARE MAJOR DIFFERENCES
BETWEEN THEM. FOR
EXAMPLE, GRMITY
ALWAYS ATTRACTS,
BUT ELECTRICAL
FORCES (AN ELTHER
KTTRACT OR REPEL.
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ALSO, ELECTRICAL FORCES ARE VASTLY STRONGER THAN
GRAITATIONPL FORCES. F A (MERE!) HUNDRED BILLION
ELECTRONG \WERE MOVED FROM A PLASTIC RoD To A RUBEBER
ONE, THUERE |5 A PERCEPTIBLE ATTRACTION BETWEEN THEM.
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"’1;;7 eveN WiTH AL {0 (=10 BiLLIoN) ATOMS N THE ROD

PULLING GRMNATATIONALLY, THE MOST SENSITIVE  INSTRUMENTS
WOULD WAVE TROUBLE DETECTING \T'
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(MARGE 15 CONSERVED — \
THE NET CWARGE, THE
4UM OF THE NEGATIVE

AND POSITNE CHARGES IN
AN 150LATED SYSTEM
CANNOT CHANGE.
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(WHEN THE NEUTRAL RUBBER WAS

| CUARGED BY THE ANIMAL FUR, THe +
PoSiTIVE CHARGE ON THE FUR MATcHes  +
| THE NEGRTVE AWROE ON THE RuBBLR .)
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IT IS POSSIBLE TO
CREATE PAIRS OF

CHARGES FROM

\\3



(’;((9 15 DONE & PosroN - \
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i w GAMmp TRY \\,II:_/
PARTICLE OF LIGHT. AVAVAN

WHEN A GAMMA RAY
PrSSES NEMR AN
NToMIC NOCLEVS, tT
MM CREPTE TWO
TARTICLES — A
NEGKTIVE BLECTRON
AND A €05ITWE
POSITRON. THEE
TWo Mma LATER
ANNIHILATE EACH
OTRER, TRODUCING
MORE GAMMA

L\?MG.

BUT No KNOWN PRYSICAL PRo(EZS CAM CREKTE OR
TESTROY A SINGLE CHARGE!




A O&ccc OF ELECTROSTATIC APPARATUS You (AN MAKE FOR
YOURSELF 15 AN

ELECTROPHORUS.

et

STYROFOAM CUP

«— |NSULATING
BhSE

YOU'LL NEED A PLASTIC PLATE FoR THE BASE AND A METAL
PIE PLATE WITH AR INSULATING HANDLE, 5Py A STYROFOAM
¢ue, GLUED TO IT-

RUB THE BASE WITH SILC, FUR, | | Now PLACE TAE METAL PLATE
OR WoOL, TO CHARGE |- ON THE BASE, AND Toycs Tue
s W PLATE WITH YouR FINGER .
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LIFT TRt PLATE OFF THE NOW Y0u CAN DRAW A SPARK

OFF THE
BASE BY THE NSULATING i CKLEKLATE Wetd YoUR

HANDLE. —_—
LY

|  OR You CAN PRODUCE A

FLASK IN R RLV0RESCE
L(gur TBE. W
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INTERESTING FEATURE OF THIS EXPERIMENT \$ THAT You (AN
RECHARGE THE PLATE BY TOUCKING 1T WITH YOUR FINGER
REPEATEDLY, WITHOUT FURTHER RUBRING OF THE BASE.
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HOW DOES T WORK 2 WHERC DOES THE ENERGY OF THE SPARK
LCOME EROM IF THE CHARGE O THE BXSE 15 NOT 0SeD UP2

(THe BASE 15 CHARGED POSITIVE )

BY RUBBING. WHEN TUE PLATE
1$ PLACED ON THE BASE, IT
ACTUALLY TOUCHES 'T IN ONWY

4INCE THE BASE 15 Ay INGULATOR,
VERY LITTLE CHARGE FLOWS.
BUT WHEN You ToucH THE
METAL, ELECTRONS IN YOUR
00y, ATTRACTED BY THE
YOATWVE BASE, FLow ONTO Ty

YLATE,
CUARGING T
. NeGKTUE.
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(wu& BoDY SERVES AG PP )
ELECTRICAL GROUND,
A RESERVOIR OF POGYTINE
AND NEGNTWE CUARGES -
HWNCE e (PARGE ON THE
PLATE COMES> FROM You,
THE EXPLRIMENT
CAN BE
CPEATED
\NDERNITELY .

AND WHERE DOES THE SPARK'S
ENERGY CoME FROM? 1T CoMES
FROM THE EXTRA FORCE
You MUST EXERT TO LIFT

THE NEGATWE W

TLATE AWAY
FROM THE




