'CHAPTER 23¢

MAYWELLS EQUATIONS
AN@ LU@HT (AND Hou')
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=15 TEGNICALLY SPEAKING, THE ELECTRIC AND

MAGNETIc FIELPS ARe VECTOR FIELDS -
FIELPS WITH A MAGITUDE AND DIRECTION
AT EVERY PONT. TO DESCRIBE A VECTOR FELD,

DIVERGES,
(DIVERGENCE
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You MUST SPECIFY HOW THE FIELD SPREADS OUT 0R
AND HOW 1T CIRCLEZ AROUND, OR CURLS.
AND (URL ARE MATHEMATICAL TERMS.)

IN 1873, JAMES CLERK

MARWELL

WROTE DowN

FOUR EQUATIONS
WHICH SPECIFY Tuc
CURL AND DIVERGENCE
OF THE ELECTRIC AP
MAGNETIC FICLDS .




MAXWELL'G FIRST EQUATION 1%
GAUbHS LAW. VT 9p4o THAT
ELECTRIC FIELD LINEZ
PIVERGE FROM POSITVE

(HARGE> AND CONVERGE
TO NEGATWVE CHARGES .
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THE SECOND EQUATION 1
FARADAY'S LAW: ELECTRIC
FIELD LINES CURL AROUND
CHANGWG MAGNETIC FIELDS.
CHANGING MAGNETIC FIELDS
INDUCE ELECTRIC FIELDS.

MAGNETIC

! FIELD

BLECTRIC
FIELD

THE TUIRD EQUHTION 4pNS THAT
MAGNETIC FIELDS NEVER
DIVERGE OR CONVERGE. THE
ARYS 60 (N CLO%ED (HRVES.
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FINMLY, THE LAST EQUATION
Mo THKT MAGNETIC RELD
LINES CURL AROUND ELECTRIC
CURRENTS. WE HAVE SEEN
THAT A MAGNETIC FIELD CIRCLES
AROUND A CONDUCTING WIRE.
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-.AND HERE
MAYWELL HAD
A CRITICAL
BRAINSTORM!
(A ELECTRICA
GTORM, OF
CouRee")




Ao You 4EE, THE EQUATION®
EXPRESS LAWS TUAT CAME To
MAXWELL FROM OTHER SOURCES.
BUT MAXWELL'S GENIUS WAS
TO 4EE TUAT LAW #4 WAS
INCOMPLETE-

CONGIDER A CAPACITOR BEING
CUARGED. A% THE CURRENT FLOWS
TO THE (APACITOR PLATES, A
WAGNETIC FIELD RINGS THE WIRE.

BUT WHAT T BETW
Syl ABOU EEN THE

4, 1+

No MAGNETIC FEELD HERE?

DOES THE FIELD
5TOP ABRUPTLY
BETWEEN THE
PLATES, WHERE
THE CURRENT 5Tops?
MAXWELL 4AID —

MAXWELL FET THAT NATURE
DISLIKES DISCONTINUITIES. AL%o,
HE REAZONED TUAT IF CHANGING
MAMGNETIC FIELDS INpUCE
ELECTRIC FIELPS (FARPDRY ), THEN,
SYMMETRICALLY, CUANGING ELECTRIC
FIELDY MIGHT INDVCE MAGNETIC
FIELDS. THERE WAZ NO EVIDENCE
FOR T4, OF JOUR%E, BUT..-
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| Thut, MAKWELL AVDED AN CXTRA

TERM TO W9 FOURTH ECQUATION,
SHVING TUAT MAGNETIC FIELDS
AL50 CURL. AROUND CHANGING
ELECTRIC FIELDS. TS TERM
GENERATES A MAGNETIC FIELD
BETWEEN THE CAPAUTOR PLATES
F5 TUE ELECTRIC FIELD BUILDS UP.
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SOME YERRS LATER, THIS
MAGNETIC FIELD WAS DETECTED.




50, WITHOUT FURTUER ADO, HERE ARE

FAWRLL'S RONATIONS

IN FULL-BLOWN MATHEMATICAL NOTATION
70 TURILL AND INTIMIDATE You!

> DENATY ; E =ELECTRIC FIELD) 5895 B
,/ K\j \ DIVERGES OUTWARD FRoM PLUG CRARGES
' 'j AND INWARD To MNUS LHARGES.

,'\\ij VE =4p (.f‘(‘ ORESK “RHO" = CAARGE

(B - macrETIC FIELY)

Lty B CORVS AROVND NGOG B FIELDS.
(¢ = $PEED OF LIGHT)
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DIVERGES , AUNNYS LOORS NROUND:.

= 4% L d__E_
VXB - "Z-I + C d/t
o6 B CURLS AROUND CORRENTS

(T = CURRENT DENSATY) AND
CihNGING B FIELDS .
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TUAT ONE LITTLE TERM

APDED TO MAXWELL'S FOURTH
EQUATION HAD AN UNEXPECTED
PAYOFF — ANp A B1G ONE.
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BUT THE MAGNETIC FIELD
15 AL9O CHANGING —4p

IT INDUCES MORE ELECTRIC
FIELD, Witk INDUCES
MORE MAONETIC HELD...

(FAES

\MAGINE A 5INGLE ELECTRIC CUARGE BENG VIBRATED:

IN THE SPACE NEAR THE
VIBRATING C(HARGE, THE
CHARGE'S ELECTRIC FIELD &
CHANGING, 40 | T 1nDUCES A
MAGNETIC FIELD CURLING
AROUND T
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THE RESULT 16 A

WAE

OF FIELDS RIPPLING
OUT FRom THE.
VIBRKTING

CHARGE —AT TUe
SPEED OF LIGHT,
MCORDING TO
MAXWELLYS
CNLCULATIONS!
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(" ~
MAXWELL HAD
A FLASR OF

JLLUMINNTION!

00 0 LIGHT

TSz,

) (o,

\ M GNEETIC
WAVE.

500N MNPTERWARD, HERTZ AND OTUERS DD INDEED PRODL(E
LONG ELECTROMAGNETIC WAVES FRoM WIGGLING CHARGES —
MNP DETECTED THEM AT A D\STANGE FROM THE SOURCE!

[T WASN'T LONG BEFORE. A
WHOLE 4PECTRUM OF THESE WhES
WA FOUND — FRoM RADI0 WAVES
o MUCROWNES To INFRARED T
\I51BLE LIGHT To ULTRNIOLET T
X-RIY4 DD NUCLEAR GAMMA
RAP(KTION- N FOUR QUKW
MAXINELL NOT ONL SOMMAR\LED
ELECTRICITY AND MIONETISM, BUT
hL5o ENCOMBeSED LIGKT AND
ORTICS! NoT &Y




