o CHAPTER 17 ¢

("SEVERAL THOLSMND YEARS AGO, THE GREEKS DISCOVERED Tuer )
CERTAN METALLIC ROCKS FROM THE DISTRICT OF

MAGNESIA 1 ASI: MNOR WOULD KTTRACT (RN, AN
NTTRACT OR REPEL SIMILAR ROCKS. HENCE THE NAME “MAGHET..
FRoM AMDESIA. é}'gﬁg L
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Goop THING ye,
THEY WEREN'T \WED HATE




ESTABLIGHEY THAT
MAONET, ALWRYS
HAVE TWO

POLES,

CouLey NORTH
AND 500 TR.

FURTHER 5TVDY 4 W

A

\\\ : MANSAN A LA
IE Yo AlLLoW A MAGNET To PIVOT, 115 NOJlTH PoLE 15
H \T\)HETOW THAT TFOINTS TOWPRD THE EARTH'S (GeoGRIPHIC)
ORT] -

A CONPAZS 14
JUST A MRONETIC
NEEOLE ON A
fIvOT.

e Abso NDTE TUAT UNUKE Polgs BTTRACT, WRILE
LIKE Yoles REVEL-

4\




NOW IMAGINE THAT WE HAD
SCATERED TINY COMPASS NEEDLES
ON A SHEET OF PAPER AND
BROUGHT A BAR MAGNET
UNDERNEATH THEM*

O T T T AL
=== :é' =

THE NEEDLES WILL LINE UP,
REVEALING THE BAR MAGNETS

MAGNETIC FIELD.

A5 WITH THE ELECTRIC FIELD, WE
CONNECT THE LINES ALONG THE
PIRECTION OF TUE ARROWS AND
4EE THE RESULTING MAGNETIC

FIELD LINES.

BY CONVENTION, WE AGREE THAT
THE RELD LINES EMERGE FROM

THE NORTH MAGKETiC POLE

MD POT Towseo e $OUTH
MAGNETI. POLE.

(NoTE THhT TS
MMCES THE
EARTH'S S0UTH
mpONETIC PolE

YoU WOULD FIND THAT BREAKING
THE MAGNET GENERATES TWO NEW
POLES! YOU Chn NEVER 150LKTE
A POLE FROM \T5 OPPOSITE.
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ALSO, THE
FIELD LINES
DON'T STo? OR
END, But
Phes
THROVGH THE
MAGNET FROM
S0UTK TO
NORTR
FORMING
CLosev

CURVES -




w ONTIL THE YERR

1620

EVERYONE THOUGUT
MAGNETISM AND

ElecTRICNTY?
MAGNETIS 44 1

ELECTRICITY WERE To pol WiTH
COMYLETELY EACH OTHER?
SEPARATE: SOMETHING 2

WA HA HA KA

BUT IN THAT YEAR, THE
DANISK PHYSICsT URNS

@E@STE@ (n77-1851) DISCOVERED

TUAT A COMPASS NEEDLE WAS
DEFLECTED B8Y M ELECTRIC
CURRENT.
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| EIRST, \F THE CHARGE 15 NOT
MOVING, THERE 15 NO

FORCE.

... AND THERE % NO FORCE
\E THE CHARGE 15 MOVING

A Lon]a A FIELD LIKE..

P

-BUT \F THE CHARGE 15

MOVIN@ (¢ THE
FIELD L ACRO
60MET(-\(N6'

THE FORCE ON
THE CHARGE 1o
A “SIDEWAYS" FORCE —
PERPENDICULAR TO
BOTH THE FIELD
LINE AND THE
CHARGE'S VELOCITY:

FIELD



MAGNETIC FIELDS
PROPUCE FORCES ON
MOVING CRARGED
PARTICLES . THE
FORCES ARE PER-

PO YOV
UNDERSTAND
WHAT You FEEL?

PENDICULAR To BoTd
THE VeLouty OF
THE PARTICLE AND
THE DIRECTION OF
THE MAGNETRC
FIELD.

(" TUE SAZE OF THE FORCE 1% PROFPORTIONAL. TO THE WIENS'TY
OF -TUg FIELD AND THE SpeeD WITH Wik TUE PARTICLE |S
(VTTING ACRO% IT. HERE

ARE 40ME_EXANPLES To :
PONDER. THIS "5106WMS, " NELOUTY
THREE: DIMGNSIONM. FORCE, ~

MORE THAN ANYTHING,

MAKES ELECTRICITY AND I -
MAGNETIEM SEEM COMPLICATED- @\ Nk

}-' — veLo(Ty /’
= 1™

FoRCe

NOTE: TUE DIRECTIONS OF THE FIELD AND -THE VELOCITY
DETERMWE & PLANE. THE FORCE 1S PERPENDICULAR TO
TRAT PLANE.
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RERE {2 A MAGNETIC FIELD
THAT WILL MAKE CHARGED
PARTICLES CIRCLE
INDEFINITELY  BETWEEN
TWO NEARBY (PPOSITE
POLE PACES:

PERPENDICU

sfolendstes ~iAg 3

ot aiief i

LT e “itiry =i
Pt "= ’

Pl s 4%, . = el 1
R el

TAIS PROVIDES JusT Tye
CENTRIPETAL FORCE
NEEDED To KELP THE
PARTICLE N CIRCULAR
MOTION'  SEEN FRom
ABOVE, IT Looks Like
THS PAMLIAR BIeTURE

fmr; MAGNETIC FIELD BETWEEN THE FACES 15 ALways B
LAR To THE PARTICLE'S VELOUITY : 4o’THe

FORCE,
PERPENDICULAR
T BOTH,
POINTS

TO THE
CENTER

OF THE
ClRCLe

THIS 19 THE BASIS
FOR TUE LARGE
PARTICLE
ACCELERNTORS piND
STORAGE RINGS .

v J
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MAGNETS EXERT FORCES ON
MOVING PARTICLES — WD,
NS OERGTED SHOWED,
MOVING CURRGES ALS0

CREATE MAGNETIC FIELDS.

TUkT'S WHKT DEFLECTED
OERSTED's COMPRSS...

DISCOVERY

SINCe THE
SYRUNE
DANGH!

CPRRYING WIRE TR
CoMPASS NEETLES:

THE NEEDLES LINE UP 1

(o EXAMINE THE SIMPLEST CASE, LET VS PASS A CURRENT- W
KT THROUGK B PLANE COVERED Wtk

N CIRCLES DROUND THE WIRE .
Tl{\E MAGNETIC

FIELD OF A CURRENT
16 (RCLES CENTERED
ON TUE WIRE AND
LAING 1N The PLAVE
RERPENDICUL AR

To e CURRENT-

—




THIS 15 KNOWN AS THE

right-hand

rule.
_

\
YoU CAN FIND THE
DIRECTION OF THE MAGNETIC
FIELD BY POINTING THE

THUMB OF YOoUR RIGKT
HAND ALONG THE DIRECTION

OF The FLOW OF PostTIvE
CHARGES. YoUuR FINGERS
CURL N THE DIRECTION

0F TUE MAONETIC FELD-

oYsLeKC
ELECTRUCANS
ARE

QARE .-

TWO PARALLEL CURRENTS ATTRACT
EACH OTHER. THE MAGNETIC FIELD
C(RCLING ERCH WIRE CMUSE FORGES
ON THE CURRENT (N THE O THER
WIRE | PULLING (T CLO%ER,

SEE IF Jou CAN CONVINCE YOURSELF
THAT THIS 15 THE RIGUT DIRECTION,
USING THE RIGKT- KAND RULE!




\F WE BEND A CURRENT- CARRYING WIRE INTD \
A CIRCLE, WE GET THis MAGNETIC EIELD®

ac] |

NOTICE THAT ONE 4IDE LOOKS JUST
Like A NORTH poLe —THe
FIELD LINES BRE COMING OUT.— AND
THE OTHER 5Dt LOOKS LIKE A
§©@m poLE, WiTH FIELD

LINES GOING W...

BY WINDING MANY TURNG,

THE MAGNETIC FIELD 15 MADE

PROPORTIONALLY LARGER. BY

WINDING TURNS ALONG R

CYLINDER , WE GET A /
WITH & MAGNETIC FIELD AN

JUST LIKE A BAR MAGNET!

e
.
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INSERTING AN [RoN /(
BAR INTO THE ColL
CONCENTRATES AND
STRENGTHENS THE
MAGNETIC FIELD,
ANpD THE RESULT 16 AN

ELECTRE"
IMAGNET.

( MAYBE You'ee GETTING (oNPusep

WiTH ALL THESE MAGNETC AND
ELECTRIC FIELDS., SUWOSE
THE RoomM WERE F(LLED
WITH THEM — HOW WNOULD
You KNow, WD oW WouLo
‘d}%u }\fyow Wik Wb

lci?

A

IN FACT, THE RooM [$§

FILLED WITH THEM. THERES
THE EARTU'S MMGNETIC FIELD,
AND TUE ELECTRIC AND
MAGNETIC FHELDS OF RADID
WAVES TUAT You (AN PuK
UP Witk AN ANTENNA.

(THE ELECTRIC FIELD OF RADIO
WAVES MOVES THE CHARGES
IN THE ANTENNA.)

You CAN TEST FOR MMGNETIC
FIELDS WITW A CaMphss,

OR BY 5TUDYING THE SIDEWNS
FORCES ON MovING CHARGES.
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o CUARPTER 180
DERMANRITT MAcHETS

ALL KNOWN
MAGNETIC FIELDS

RESULT FROM
MOVING BLECTR\C
CRARGES.

WHERE ARE THE CHARGES TUAT CREATE THE MAGNETIC
FIELD OF AN IRON MAGNET? Tuey ARR THE ELECTRONS W

THE IRON KTOMS ‘THEN\QEL\IE‘S!
& MINtATURE N
MAGNET!

AN ELECTRON ORBITING THE '*‘.T’IN', A
AToMic NUCLEUS 18 LikE b - EERA—
SMALL CIRCULPR CURRENT, {

%0 i PRODUCES

ORBTAL MAGNETC ¢ o
FIELD. ALSO, THE ELECTRON

61N ON IT5 OWN BX16,

GENERKTING A

SPIN MAGNETIC FIELP. ORI
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[ Most ELECTRONS IN
MTOMS WpVE THEIR
MAGNETIC FIELDS
(PNCELLED OUT BY

Tue MRONETIC FIELDS
OfF OTHER ELECTRONG. ..

gor . MAGNETIC maTeRdS —LiKE TUE METALS

M COBALT
TRON, THAT
FIELD TO EAGH A‘robl‘x. CONTRIBUTE & NET MAGNETIC

N N
. AN
FURTHERMORE,

I\ TUESE “FERROMAGNETIC" ELEMENTS, THE MToms THEMSELVES
LIE LP 40 THAT THER MAGNETIC FIELDS ALL POINT 1N THE
SAME DIRECTION. REBULT: A BIG MAGNETIC FHELD!

glecthoNic
THGCISM




BUT IF ALL THE
ATOMS ARE LINED
UP, WY AREN'T
ALL PIECES OF

IRON MAGNETIC?

ALL THE KTOMS IN MICROSCoPIC REGIONS OF THE MATERIAL,
¢aLLep DOMAINS, Do LiNg UP BUT 1N UNMAGNETIZED
IRON, THE DOMAINS ARE RANDOMLY ORIENTED. WHEN THE
IRON 16 PLACED IN A MAGNETIC FIELD, THE DOMAINS TEND
T0 LINE UP WITH THE FIELD, AND THE \RoN BECOMES

MAGNETIZED.

B RN

UNMAGNETIZED MAGNET(2ED

1bl



( SoMe METAL ALLYS ARE MAGNETICALLY “UARD" ITTAKES A )
GTRONG EXTERNAL MAGNETIC FIELD TO ORIENT THEIR DOMAING -
BUT ONCE ORIENTED, THE DOMANS TEND To 5TRY LINED UP.

AINIGORY-

AN ALLOY OF ALUMINUM, NICKEL,
COBALT, \RoN, AND COPPER, 15
VERY MAGNETICALLY WARD.
PURE IRON, ON THE OTHER
HAND 15 MAGNETICALLY “SOFT:
ERSILY MAGNETIZED, BUT
EASILY DEMAGNETIZED BY
UzEMovlna THe EXTERNAL FIELD.

THE FERROMAGNETIC EFFECT OPERATES OMy BELOW A (RIMCAL
TEMPERATURE , T70°C FOR RON. HENTING DISROPTS
MMNETIEM .

(PR%UMI\BUJ, THE EARTH'S MAGNETIGM
\$ CAUSED BY CIRCULATING
ELECTRI FIELDS IN THE EARTHS
CORE. THE EXACT MECHANISM
REMAINS A My5TERY. Do You
FIND 1T RATUER AMUSING TURT
THE FIRST MAGNETIC EFFECTS
EVER DISCOVERED ARE STILL
NOT SATISFACTORILY EXPLAINED?.

-
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CUAPTRR 190

RARARAT
INDUCTICW

For TWELVE YEARS AFTER
OERSTED'S DISCOVERY,
"ELECTRIC{ANS" LODKED
FOR THE COMPLEMENTARY
EFFECT: HOW To MAKE

A MAGNETIC FIELD PRODVCE
A CURRENT? AT LAST IN
1822, MiICUAEL FARMDMY
MADE A SUGGESTION —
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HERE RINGO THRUSTS A MAGNET
INTO A LOOP OF WIRE CONNECTED
TO A SENSITIVE CURRENT METER,
A GALVANOMETER . THE GALVANQ-
METER NEEDLE DEFLECTS

ANOTHER WAY TO WNODUCE CURRENT
I$ To PLACE A SECOND LOOP NEARBY
AND CNERGIZE \T WITH h BATTERY.
WHEN CURRENT IN THE <ECOND LOOP
15 SWITGHED ON OR OFF, A CURRENT
POLSE 15 WDUCep N Tue ARST!

SWITCH
L iy, Y-

s
ehTeRY

N'T 1T MIRACULOUS, ENERGY

L5

WHEN THE MAGNET 15 HELD
STILL, THe METER REGISTERS
NO CURRENT,

BUT WHEN THE CORRENT (N THE
SECOND LOOE 16 STEMDY, ND
CURRENT (& INDUCED N THE
FIRST LooP.

CURRENT Flawd (v 2.
80T NoT 1V 1.

—A
4.
g Xﬁ 0
AN

FARADNY DeESCRIBED THiS

INVISBLY GETTING ACROSS M(Mv THAT EMF
SPACE E‘b:ﬁ@ R Oe §OR SHORT !
NoT
e MOTIVE
EORGES
ARE GENCRATED 1N
THE WIRE WHENevgR
MAONETIC FIELD
LINES CUT ACRO%S
Tee WiRe.




r'_

THE MAGNETIC FIELD MOVES ((

OR THE WIRE MOVES WITH
RESPECT TO THE MAGNET. Q N

1T DOESN'T MATTER WHETHER m W
222) =
- = \

L j

15 EQUWVALENT To

=Y

|\resg—

WHEN THE MAGNET 16 THRUST : IN TUE CASE OF TW0 WIRE LooPs,
INTO THE LODP, \T5 FIELD @ WHEN CURRENT 15 FIRST TyRNED

LINES CUT ACR0% THE WIRg, : ON IN ONE LOOP, MAGNETIC
2 FIELD Lives BuILD VP, CuTTING

?,ENER?ET(’ AV EME THAT © s THE OTHER LOOP AND
oDV :
ROD A CURRENT. . PROUCING M EME-

D\TTo WHEN THE LOOP 1$ )
MOVED OVER THE MAGNET. : SWATCH
> WUEN TUE CURRENT 15 SWITCHED
* OFF, THE FIELD LINES COLLAPSE,
AGAN CUTTING ACRDSS
THE LOOP.




YESS... Now LETS
gg&;l }Nm( THE
MPORTANT
RESEARCH... How
LuMps N ThE SkuLL
AFFECT CRIMINAL
TENDENCIER,., ..

&LTHOUGH FARADN'S PISCOVERY Whg AT FIRGT RECEIVED WITH
INDIFFERENCE, TODAY ALL OUR ELECTRIC POWER 1§ GENERNTED

BY MOVING GIWNT COILS OF WIRE NEAR MAGNETS |

[T 15 PSTONISHING THAT JUST BY ARRANGING '-lﬁ=
COPPER AND STEEL IN A HYDROELECTRIC PLANT,  Hoiped—
FALLING WATER CAN ROTATE TURBINES WHICK L

GENERATE ENOUGH ELECTRICITY TO POWER
CITIES HUNDREDS OF MILES Ay
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(et 6TUpY FARADAY'S EXPERIMENT FURTHER. WHEN WE MOVE THE\
MAGNET NEAR THE LOOP, GENERATING CURRENT, WHERE DOES THC

ENER@Y Core From To Move THE OALVANOMETER NEEDLE?

Ul WHEN THE [NDUCED CURRENT FLOWS
N THE WIRE, IT MAKES A MAGNETIC

A EICLD. THi5 MAGNETIC FIELD MUST

Qs £ st i) RESIST THE MAGNET'S MOTION, %0

WORK 16 DONE IN MOVING IT.

CURRENT'S

WHEN RINGO THRUSTS THE pors oy e
NORTH POLE OF THL MAGNET e Hek @
\NTo THE LOOP, THE CURRENT \N a

MUST FLOW IN B DIRECTION N) N =SS
To MAKE A NORTH POLE — @
Il

LREPELLING TUE MAGNET. oo

f

TS 15 KNOWN AS

LENTS LAW:

\NDUCEp CURRENT FLOWS
IN A DIRECTION To
OPPOSE THE CHANGE THAT
PRODUCED 1T.

(LENT'S LAW 15 A CONSERUENCE oF

ENERGY CONSERVATION. A (£ =

USEAUL APPLICATION \5 THE 0
MAGNETIC BRAKE user Q@ DD[
IN TRoLLEYS- AN ELECTROMAGNET

15 PLACED NEAR THE TRACK. Qa y

THEN THE CURRENT 1N THE

ELECTROMMONET INpUCES

M s, _AS
sL0 € TRoLLEY.
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