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LET% THiNiE TUROUGH THE FARADAY
EXPERIMENT AGAIN. | HOLD
THE LooP, RINGO THE MAGNET.
WHEN | Move, 40 DOES THE
GALVANOMETER NEEDLE.

TS 15 EMSILY YNDERSTOOD.
THE WIRE UAS CUARGES. WHeN
THEY MOVE, T HE¥ FEEL TUE
LORWAYS MAGNETIC FORCE
WHICH DRWES THEM AROUND
TUE LOOP.
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BUT WHAT ABouT WHEN RINGO
MOVES AND | STAND STILL?

WE KNOW ThaT A
CURRENT (5 INDuCED,
BUT BY WUAT?
THE CUARGES PARE
NOT INITIALLY
MOVING, %0 How

CAN THE MAGNET
AeFECT THEM 2

IF ONLY MAGNETIC AND
ELECTRIC FIELDS CAN
MOVE CUARGES , THERE
MUST HAVE BEEN AN
ELECTRIC FIELD, To0?

RINGO HAS DEDUCED WHAT
IT TOOK EINSTEIN TO
REALIZE. EINSTEW SAW
TUAT, DEPENDING ON WHO
WAS MOVING, THE CORRENT
15 SOMETIMES DUC To A

MAGNETIC FIELD AND S0ME-
TIMES To AN ELECTRIC FIELD.

nﬁ- CRANGING
MAGNETIC
HELDS CAUSE

ELECTRLC
FIELDS
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NOW AGAN... ONE MORE TIME -~ WELL Do THE FARADAY EXPERINEAT. .
BUT THis TIME N OUFTER S, 50 WE (ANT TELL WhO I$
UREALLY" MOVING. WE KNOW ONLY THAT WE PRE MOVING

@E&Aﬁfﬂ% To EMCH OTHER.

| THINK | AM STATIONARY, AND RINGD THINKS HE 15

RINGO 19 MOVING. | DETECT A STATIONARY AND | AM MOVING.
MAGNETIC FIELD, BUT IT CAN'T HE DETECTS ONLY A MAGNETIC
MOVE THE CHARGES, 40 TUERE FIELD AND MOVING CUARGES,
MUST BE AN ELECTRIC FIELD AL%0, WUICK ACCOUNT FOR THE
CAVSED BY TUE CHANGING INDUCED CURRENT.

MAGNETIC FIELD.

‘ Loy 4655 TWO FIELDS, g | RINGCO SEES b4 A MaoNETC

RINGO AND T
DISAGREE o)
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HCRE'S TUE FINAL DEMONSTRATION:  THEY REPEL EACH OTHER
WATCH CAREFULLY! | NOW CARRY  ELECTRICALLY —BUT RINGO
TWO (uARsES $\DE BY S10E SEES THEM MOVING : Two

5T DINGD- PARALLEL CURRENTS WHicH
- 20 KCTRACT MAGNET(cALLY!

BUT TO ME, THE CHARGES ARE NOW \ LET GO OF THE CHARGES.
STATIONARY, 90 | SEE ONLY THEY FLY APART
THE REPULSION.

Now THE STRANGL PART: RmGo GOT THAT? RING6O, WHO 15

SEES AN KTTRACTIVE MAGNETIC MOVING WIT® RESPECT TO ME,

‘l;oRlcg %ng'ecu ‘Frgggc“Aﬁees, MEASURES THE CHARGES! OUTWARD
WICH PARTLY OFFSETS THE ELOCITY To BE

REPULSIVE ELECTRIC FORCE— VELOITY To BE SLOWER

\
40 RINGD SEES THE CUARGLS THAN | MEASURE \T i

MOVE DPART MORE SLOWLY
THAN 1 poO!
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HERE 15 AN APPARATUS FOR MEASORING HOW FAST THE CUDRGES

FLY APART.

PULLING TRIGHER A RELEASES BLOCKS B, STARTING Clock €
AND ALLOWING CUARGES @ To FLY APART, CHARGES STRWE
Cups P, 4ToppinG Clock C.

WITH THE TUING AT REST W ¢ BUT AS WE JUST 4pw, THE
FRONT OF ME, Tut CHARGES LPEEDING RINGO 4EES A

FLY APART QUICKLY, SRy I} MAGNETC ATTRACTION THAT
© DELMs THE CHARGES' FLYING

0.01 4ETONDS - :
: DNUART.

oo Mepovres b ILOTIGER TB

TUbN | DO—5MY 0.0L SEC, FOR
Tue CHARGES o Fuy APART!

HE ALSO NOTICES THAT MY CLOK
TG Ope OMy O.01 SEC. 10 The
TiMg 1T Took W4 Clokk To )
REACH ©0.02 SE0ONOS. CDNCLOSIOW:
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WHAT 14 RINGO To THINK? EITHER THAT, OR
AS | $PEED BY, WE SEES My ﬁﬁ%ﬁgﬂ
CLOCK TICK OFF 0.01 SECONDS, g

LEAK...
WHILE HIS TiCks OFF TWICE AS

MUCH. THERE 15 0N ONE
THING HE CAN CoNCLUDE.
RINGO DECIDEZ TWNT—

MY RAPID MOTICHN
CAUSED My TIME To
CLow DOWN ¥

( THAT (5 JUST ONE OF THE WEIRD CONCLUSIONS OF ‘
RELATWVITY THEORY. AND THERE ARE MORE. ALORDING

TO EINSTEIN; A STATIONARY OPSERVER SEE5 THE
FOLLOWING EFFECTS ON RAPIDLY MOVING DBJELTS:

* TIME SLOWS DOWN
» LENGTRS DECKEASE

(N THE DIRECTION OF MOTION)
« MASSES TNCRBASE

(N OTHER WORDS —

SOME OF OUR M
CHERISHED  IDEAS faggur
SYACE AND TIME ARE
RELATIVE, NOT ABSOLUTE!
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—
WE 6aW TUAT THE EEFECT OF Timk
DILATION 16 DERWED FROM
BASIC, OBSLRVED FACTS ABOUT
ELECTRICITY AND MAGNETISK .
THE PUYSICI5TS OF THE LATE
NINETEENTH CENTURY ALREADY
KNEW THAT TUEIR E.M- EQUATIONS
DIP NOT AGREE WiTH NEWTONY
MECUANICS, AND MOST OF THEM
THOUGHT THE ANSWER WhS To
MODIFY TUE EGQUATIONS IN
50ME WRY: -

... BUT OO EINSTEIN SAW
THAT THE ANSWER WAS TO
REVISE THE VERY CoNCeRTs
OF SPACE AND TIME...
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