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THE EARTH EXERTS A FORCE

ON THE MOgh, A BopY
THOUSANDS OF MILES AWM.
SIMILARLY, ONE ELECTRIC
CUMRGE EXERT& FORCES ON
OTHER CuMRGEE WAHCH ARE
CEPARATED TROM T N SPACE.

HOW CPN ONE OBJECT EXERT A TORCE ON ANOTHER
WHICH 1T 16 NOT TOUCHING? HOW (AN THE TFORCE GET
ACROSS SPACE? WOW FPSTDOES IT BET THERE?
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(D BEGINING OF THE ANSWER HELDY WhHu22y @}f)w
16 To IMAGINE THRT THE FlELDY !
EARTH FILLS SPRCE WITH

A @R AVITATIONAL
@HE\L@, IT 15 THE

FIELD (WWITEVER (T 16!) THAT
CMUSES THE FORCES ON

MPAES WITRIN AT -
SIMILARLY, A (PARGE FILLS SPACE WITH AN

ELECTRIC

RIELD.
WHEN ANOTHER
CHARGE 16 IN THE
ELECTRIC FIELD,

ELECTRIC FORCES
Act o {T!

rWE Ch VISUALIZE THE ELECTRIC FIELD BY IMAGINING THAT k
WE ARE CARRYING A SMALL POSITINE TEST CHARGE AROUND
mﬁg rm’mb Tug Elkﬁéngw OF THE FORCE O IT. HeRg RiN6o
4HINGLE POSITINE CHPRGE, AND I'M MOU(NG THE TES
CHAREE ARGUND - ‘ He T




IF WE DRAW ARROWS IN Tde DIRECTION AND \¢ WE CONNECT Tye
OF THE FOFLE& WITH LENGTH PROPORTIONM. | | \ppoms wiTw FIELD

To It5 STRENGTH, WE GET A PICTURE OF
THETéLecmc FIELD OF RINGO'S CHARGE: t';;'ﬁféw PIcTuRe

J

FIELD LINES 6IVE b VERY CONVINCING PICTURE OF ELECTRIC
FIELDS; FOR EXAMPLE, FOR TWO ATTRACTING CHARGES :

REMEMBER:
EACK URVE
SHoWS P'me EFFECr
ON A Yostive

THE FIELD LINES BEGIN AT THE POSITVE CHARGE AND END AT
THE NEGATIVE CHARGE: THE NEGATIVE CHARGE PULLS A
POSITIVE TBST CHARGE (N FROM ANY DIRELTION.
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6INCE THE ELECTRIC FIELD EKERTS FORCES ON CUARGES, THERE
16 ENERGY AS50CIATED WITH THUE PosiTioN OF A PARTICLE
THE FIELD. HERE RINGO HOLDS A POSITIE CHARGE, AND

STARTING FAR AWAY, | BRING A SMALL POSTIVE TEST
CUARGE IN CLO4% To \T.

(G

A | MOVE IN, THE CHARGE 16 REPELLED, $0 | HNE TO
EXERT FORCE To PUSH IT CLOSER. FORCE TIMES DISTANCE

BQUALS [k:: \ DO WORK ON THE TEST CAARGE.

("\WE 5MY THAT THE WORK )
BOES WO THE

RONENAE
ENERGYS

Of Te TeST CHARGE.

IF | RELEASE THE CHARGE, IT

FLIES AWAY, AND POTENTIAL ENEROY
15 CONVERTED WTO KINETIC ENERGY.
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WE WOULD LIKE TO ATTRIBUTE, THE POTENTIAL ENER(H SOLELY Ty
THE CLECTRIC FItLD OF RINGO'S (HARGE, 50 WE DWVIDE OUT my

TEST CHARGE AND WRITE:
: PerailiAl ENEREY
0 =

%oa F‘%‘W
QOTENTIAL
Aw!

Tus EQUATION DEFINES A NEW @UANTITY, THE
ELECTRIC POTENTIAL ¥ POTENTIAL MEASURES

ENERGY PER CHARGE. 175 UNITS ARE
JOULES PER CouLoMB, WHICK WE GIVE A

NAME ALL 15 OWN, THE %&‘ﬁ'

_ q JOULE
1 Volt = 1 ovioms

(3 WiTH DY NE N
W DEFWTION &8 PUY5ILS, 1T 14
UNDERSTAND THE BASIC CONCERT: : eI

I A BATTERY (5 RX
e
T 19 PREPARED
To GIVE b JOULES
OF ENERGY To EVERY
CoULomB THAT 15
MOVED FROM ONE
TERMINAL TO THE

OTHER.

- »

; S“ERE 15 ALSD A GRAITTATIONAL POTENTIAL. ¥ PE. = mgﬁ, THeN
61 =3P 9& 15 THE ABWLTY OF THE GRMITATIONM FIELD To “TRANSM(T

Eviows To MUY MASS BT BEIGKT &
21




0.K... 50 HERE'S A

pAD TS
ELECTRIC

uﬂE LD. n

?Hm‘s
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AT ﬂS A CHARGE.
N‘“ﬁWk"] 77 | MENN, \T

MVST BE SoMETRING —
MUSN' T VT

woW CAN \T
WCARRYY M FORCET
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SORRY, RINGO, OLD B0Y, BUT
You LUNE K POINT-.-
CLASS(CAL E 2 M NEER
ASWERS THOSE (QUESTIONS .
IT ONWY DE3CRIEES HOW
CHARGES PD RELDS
BEWAVE... BUT (€
You CAY KANG ON
UNTIL THE ENp OF
THE BoOK, tLL
TELL YOU A
LiTLe MSOUT
T BoR NI, CHARGEs
AND_FIELD « /
‘REALLY ARE...




