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MNepiexopeva KepaAaiou 28

 MayvnTikO 1Tediou euBUYypapoOU KaAwdiou
* AUvapun METASU TTAPAAANAWY KAOAWOIWYV

O Nopog Tou Ampere

* 2wWAnvos1dn Kai MNnvia

 Népog Twv Biot-Savart

 MayvnTtikd YAIKG — Ferromagnetism-
Paramagnetism - Diamagnetism

* EQappoyeg
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28-1 MayvnTiko lNedio KaAwodiou

To payvnTIKO TTedI0 VOGS

guBUYypappou KaAwdiou givai ‘

AVTIOTPOPWCS AVAAOYO TNG 1

ATTOOTAONG:

B = ;—0£ [near a long straight wire| @
T

H oTtaBepa y, ovopadeTai
OIATTEPATOTNTA TOU KEVOU KAl

EXEI TIMN
o =41 x 107 T-m/A. |

®
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OTTITIOU £X&l peUpa 25 A. INMooo eival

TO MOYVNTIKO TTEDOIO TTOU TTAPAYEI O€

amootaon 10 cm p
10 cm —o

To KATAKOPUPO KAAWDSIO EVOG T
/

AY2H

B=5.010°T

Copyright © 2009 Pearson Education, Inc.



AUo TTapdAAnAa kaAwdia atréxouv 10.0 cm
KOl PEPOUV PEUMA UE AVTIOETEG POPEG. I =
5.0 A (pe d1E0BUVON €KTOG eTITTEDOU) KA 1,
=7.0 A (popda 1Tpog 1O £1TiTredO). N60OG
gival To payvnTiko Tedio o€ amréoTaon 5
cm a1ro Kabe KaAwodlio;

ANY2ZH

B=B,+B,=(2.010°+2.810° T=4.810°T
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28-2 Auvapun MeTagu I'Iapé()\)\n)\wv KaAwoiwv

To payvnTiKO TTedio TTOU I I
TTaPAyYEl TO KAAWOI0 1 TN
0€on Tou KaAwodiou 2 ivai:

I

bl

B = Bo &y
1 2’7T d (L\
H dUvapun 1Tou aoKeEi OTO
MNKOG /, Eival l
E, = ;—i%%. [parallel wires]

Wire 1 Wire 2

Copyright © 2009 Pearson Education, Inc.



1]
MapaAAnAa :
peuMaTA, £AEN
KOAWOIWV.

AvTiITTapAaAAnAa
peUMOTA,
ATTWON
KOAWOIWV
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Op1dovTio KaAwDdIo PEPEl pevpa I, = 80

A dc. Méoco pedpa 1, atraitTeiTal oTO T —
0eUTEPO KAAWDIO TTOoU aTtréxXel 20 cm

WOoTE va aiwpeital; H TTukvoTnTa TOu d=20cm

deutepou KaAwdiou givar 0.12 g/m. l Fg .

AYZH e

,=15A
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28-4 O Noupoc Tou Ampere

O voupog Tou Ampere
OuUVvOEEl TO PEUMA EVOG
Bpoxou pe 1O
TTOPAYOMEVO HAYVNTIKO
medio:

#;B}'d? = Molena:

H oAokAnpwon
Aaupavel xwpa otnv
OKMN TOU KAEIOTOU
Bpoyou.
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Closed path made
up of segments of
length Af

Area enclosed
A by the path

Il




28-4 O Noupoc Tou Ampere

XpNOINOTTOIOUME TO VOUO TOU
Ampeére yia va BpoUpuE TO
MayvNTIKO TTEDIO
gUBUYPOUMOU KOAWOIOU:

OewpPoUuE KUKAIKO BpOXO ME
agova 1o KAAwWdIO g/ 47
gl = jﬂﬁ.dﬁ
= %B dl = Baﬁdﬁ = B(2wr).
Etropévwg B = u I/ 2nr
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28-5 2wAnvoeidn kai MNnvia

To CWANVOEIOEG gival MIa KOUAOUPO ME TTOAAEG TTEPIEAICEIC.
E@apuoélovrag To vOUOU Tou Ampere KAaTd MRKOG TOU
gIKovI(OpEVOU BpoOxou BPiocKOUME TO TTEDIO TOU CWANVOEIOOUG

Current

OOOOOOOOO OO oud

~ N . /page
. B .
; Cl—————b——————|d ;
® ® ®+® ® ® ® ®+® ® ®\Current
bL————<-—————la into
e o
B = pugonl. |solenoid]

To Tedio eKTOG owAnvoeidoug givalr MHAEN.
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‘Eva ocwAnvoeld€g £xel unKog, 400 TrepieAigEIg Kal
peUpa 2.0 A. INoéoco gival To payvnTiko TTedio oTO
KEVTPO TOU;

AY2ZH

B=1.0102T
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28-6 Nopog Twv Biot-Savart

O vouocg Twv Biot-Savart cuvoEel Tn
METOABOAN OTO pEUMO HE TN METABOAN TOU
MOYVNTIKOU TTEQIOV:

Ju,OI d? X ’I\' .
27 dB (out)

bl = 47 4

OAOKANnpwvovTag Tn oxéon
OUTH) YIO CUYKEKPIMEVEG

YEWMETPIEC BPIOCKOUUE TO
MayvNTIKO TTEDIO
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Epapupolovrag To VOUO TOU 0 P
Biot-Savart eTtTaAnO@sUoTE OTI
TO MOyVNTIKO TTEdIO
gUBUYpPOAUMOU KOAWDIOU
gival B = uyl/2nr.

dB (inward)

»|
>

S

APPROACH We calculate the magnetic field in Fig. 28-19 at point P, which is a
perpendicular distance R from an infinitely long wire. The current is moving upwards,
and both d€ and ., which appear in the cross product of Eq.28-5, are in the plane of
the page. Hence the direction of the ficld dB due to each element of current must be
directed into the plane of the page as shown (right-hand rule for the cross product
d€ % t). Thus all the dB have the same direction at point P, and add up to give B the
same direction consistent with our previous results (Figs. 28-1 and 28-11).
SOLUTION The magnitude of B will be

ol [T dysiné

B =

~
dm |-y 17

Copyright © 2009 Pearson Education, Inc.



P

dB (inward)

»|
>

~—

Mo 1 Jﬁ\: (1}’ Sin 0

S

B =

2
y=—0 T

2

where dy = df and r* = R* + y>. Note that we are integrating over y (the
length of the wire) so R is considered constant. Both y and 6 are variables, but they
are not independent. In fact, y = —R/tanf. Note that we measure y as positive
upward from point 0, so for the current element we are considering y < (. Then

, R d# R df *db
dy = +Rcsc 0df = = = - ==

sinf  (R/r)* R
From Fig. 28-19 we can see that y = —oc corresponds to € = 0 and that
y = 400 corresponds to # = 7 radians. So our integral becomes
pol 1 (7 o ! T ol
B = —— Bdo = — ol = :
a7 R L_.,S'" ‘ axR 7, T 27R

This is just Eq. 28-1 for the field near a long wire, where R has been used instead of r.
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Bpeite TO payvnTIKO TTEDIO YIA
KUKAIKO BPOXO OKTivag R Kal

e

pevpaToG 1.

APPROACH For an clement of current at the top of the loop, the magnetic field dB
at point P on the axis is perpendicular to ¥ as shown, and has magnitude (Eq. 28-5)
o I df

iB = .
‘ darr-

g\1 (in)

since df is perpendicular to ¥ so |df X ¥| = df. We can break dB down into
components dB) and dB, . which are parallel and perpendicular to the axis as shown.
SOLUTION When we sum over all the elements of the loop, symmetry tells us
that the perpendicular components will cancel on opposite sides, so B, = (.
Hence, the total B will point along the axis, and will have magnitude

B

i R R
B, = JdBcosd» = IdB— = J(’B'ﬁ.
‘ r (R + xh)?

where x is the distance of P from the center of the ring. and »* = R* + x’. Now
we put in dB from the equation above and integrate around the current loop.
noting that all segments df of current are the same distance, (R + xz)%, from
point P:

o 1 R o I R?

B — 3 " lf — 2
4 (R + 2P )T T 2R+ )

since [df = 2mR. the circumference of the loop.
NOTE At the very center of the loop (where x = () the ficld has its maximum value

i
B = % [at center of current loop]




28-7 MayvnTtika YAIKA —
Ferromagnetism

Ferromagnetic (c1dnpopayvnTiKa) UAIKA
gival EKeiva TTOU OEIXVOUV EVTOVO
MOYyVNTIONO OTTWG O oidNPOCS Kal TO
VIKEAIO.

Ta UAIKG aUTA aTTOTEAOUVTAI ATTO MIKPES
«MOYVNTIKEG TTEPIOXES». TO HAYVNTIKO
medio og KAOe TETOIO TTEPIOXN Eival
ATTOAUTA TTPOCAVATOAIOHEVO.
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28-7 210npopayvnTiKAa YAIKAQ

OT1av 10 UAIKO Oev £XEl
MOYVNTIOTEI, O
TTPOCAVATOAICNOG TWV
TEQIWV TWV TTEPIOXWV
gival TUXaiog.
NMNapoucoia eEWTEPIKOU
MOYVNTIKOU TTEQIOU
OMWG, TO TTEdIO0 TWV
TTEPIOX WV
TTPOOCAVATOAIJETAI
EVTOVA.
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‘Eva payvnTng teivel va d1atnpnoeEl To
MOYyVNTIOMO TOU. AUvaTtal vo OTTOMOYVNTIOTEI

gav (eoTaBel N ETTEITA ATTO KPOUOEIC.

H oxéon HeTAgU £EWTEPIKOU PAYVNTIKOU TTEDIOU
KOl TOU JOyvNTIKOU TTEQIOU TOU UAIKOU gival
TTOAU OUVOETN.
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28-8 E@papuoyeEg

OTav «yepiooupe» (OTTAiICOUME)
TO EOCWTEPIKO EVOG CWANVOEIdOUG

MayvnTIKOU TTESIOU
TToAAaTTAOCIAJETAI.

B = ul
OTTOU N MAYVNTIKNA O1aTTEPATOTNTA
TWV C10NPOMAYVNTIKWYV UAIKWV
M >> M.

OI1 NAeKTPOMAYVATEG AUTOI
YVWPEICOUV TTOAAEG EQAPMUOYEG

g

P
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Iron rod

%:Switch

I ‘\

ME OidNPO N EvTacn Tou Spring

Voltage e———

LaRid

@)

il_
- Voltage e——

Bell



H payvnTtiki
ol1aTTEPATOTNTA
£COPTATAI ATTO TNV
EVTOOT TOU ECWTEPIKOU
MayvNTIKOU TTEdiOoU.
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To @aIvOuEVO TNG 1.00}

YZTEPHZHX

E¢nyeioTe TO ZXAMa

g & By(T)

040 .80 1.20
X103 K10—3 X103
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28-10 MapapayvnTika Kal Aiopayvntika YAIKA
MapapayvnTika YAIKQ: u>u,
AlapayvnTika YAIKA: u<u,

OpioupE TN HAYVNTIKE ETTIOEKTIKOTNTAG y,,
wg €8NG:

Am = My — 1.

TABLE 28-1 Paramagnetism and Diamagnetism: Magnetic Susceptibilities
Paramagnetic substance X Diamagnetic substance X

Aluminum 23010 Copper —9.8 X 107°
Calcium 1.9 X 1072 Diamond —2.2 X 1073
Magnesium 12 <0 Gold —3.6 X 107
Oxygen (STP) 2110 Lead —1.7 X 107
Platinum 2.9 (07t Nitrogen (STP) —5.0 X 107

Tungsten 6.8 X 107> Silicon —42 %X 107°
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