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28-1 MayvnTiko lNedio KaAwodiou

To payvnTIKO TTedIo EVOG

gUBUYpPOMMOU KaAwSiou eival ‘
AVTIOTPOPWC OVAAOYO TNG 1
ATTOCTAONG:

o 1

B = .
27 ¥

[near a long straight wire|

H otaBepa uy, ovopadetai
OIATTEPATOTNTA TOU KEVOU KAl
Ho =4 x 107 T-m/A. |



To KAOTOKOPUPO KOAWDIO EVOG
OTTITIOU £XEI peUpa 25 A. I6oco gival |
TO MAYVNTIKO TTEOIO TTOU TTAPAYEI O€

amrooTaon 10 cm P
10 cm —o

SOLUTION According to Eq. 28-1:

B = g | _ (4 2 1077 T-m/A)(25 A) 50 % 10T
2arr (27 )(0.10m)

or .50 G. By the right-hand rule (Table 27-1, page 716), the field due to the
current points to the west (into the page in Fig. 28-2) at point P.
NOTE The wire’s field has about the same magnitude as Earth’s magnetic hield,
s0 a compass al P would not point north but in a northwesterly direction.
NOTE Most electrical wiring in buildings consists of cables with two wires in each
cable. Since the two wires carry current in opposite directions, their magnetic
hields cancel to a large extent, but may still affect sensitive electronic devices.
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AUo TTapadAAnAa kaAwdia atréxouv 10.0 cm
KOl @EPOUV PEUMA UE AVTIOETEG POPEG. |, =
5.0 A (e d1evBuvon eKTOG eTTITTEOOU) Ka |,
= 7.0 A (popa 1rpog 10 £TTiTredO). NNdCOCG
gival To payvnTiko Tedio o€ arréoTacn 5
cm o1ro KGABe KAAWOIO0;

The midpoint is 0.050 m from each wire, and from Eq. 28-1 the magnitudes of B,

and B, are
oy, (4w X 1077 T-m/A)(5.0 A) .
= = = 20 % 107°T;
Ry 27(0.050m) ’ 0T
wol, (47 x 1077 T-m/A)T.0A) .
B, = = = 28 X 10T,
. 2y 2w (0.050 m)

The total lield 1s up with a magnitude of
B =B +B =48 x107T.
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28-2 Auvaun Metagu I'Iapé()\)\n)\wv KaAwoiwv

To payvnTikO TTedio TTOU T I I
TTAPAYEI TO KOAWOIO 1 TNV
0€on Tou KaAwodiou 2 givai: l\
>)
|
g - Mk
, = :
29 d LL\
H dUvapun 1Tou aoKeEi OTO
MNKOG /, givai l
_ B Bk .
2 = 5 £y, [parallel wires]

Wire 1 Wire 2
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1]
NMapdaAAnAa :
pPEUMATA, EAEN
KOAWOIWV.

AvTtiTrapaAAnAa
peUMATA,
ATTWOoN
KOAWOIiWV



Op1Z6VTIO KAAWDIO PEPEI GUVEXEC I, =80A

pevpa I, =80 A. lNMooo pevpa l, T —_—
ATTAITEITOI OTO OEUTEPO KAAWDIO TTOU

atréxel 20 cm woTe va aiwpeitar; H d=20cm

TTUKVOTNTA TOU OEUTEPOU KaAAwdiou l Fpg .

givar 0.12 g/m

mg
APPROACH If wire 2 is not to fall under gravity, which acts downward, the
magnetic force on it must be upward. This means that the current in the two wires
must be in the same direction (Fig. 28-6). We can find the current [, by equating
the magnitudes of the magnetic force and the gravitational force on the wire.
SOLUTION The force of gravity on wire 2 is downward. For each 1.0m of wire
length, the gravitational force has magnitude

F = mg = (012 % 107 kg/m)(1.0m)(9.8 m/s’) = 1.18 % 107N,
The magnetic force on wire 2 must be upward, and Eq. 28-2 gives

. pg 1) 1
F =12y
27 d

where d = 0.20m  and I, = 80 A. We solve this for [, and set the two force
magnitudes equal (letting £ = 1.0 m}:

= 15 A,

Dard ( ,r:) 27r(0.20 m) (1.18 % 107 N/m)

f, = —_
S (47 > 107" T-m/A)(80 A) (1.0 m)

.y
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28-4 O Nopog Tou Ampere

O vopog Tou Ampere
OUVOEEI TO PEUMA EVOG
Bpoyxou pe 1O
TTOPAYOMEVO NAYVNTIKO
TedIo:

%E'dz = Modend:

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

Area enclosed
A by the path

1




28-4 O Nopog Tou Ampere

XpNOIJOTTOIOUME TO VOMO TOU
Ampere yia va BpOUpuE TO
MOYVNTIKO TTEDIO
EUBUYPOAUMOU KOAWOIOU:

OewpoUue KUKAIKO BpOXO HE
agova To KOAWOIO 5/ 41

gl = i)ﬁ'd?

= %B al = Bﬁgdf = B(2wr).

EtTTopévwg B = uyl/2nr




28-5 ZwAnvoegidn kai lNnvia

To owANVvoEIdEG gival M1 KOUAOUPO ME TTOAAEG TTEPIEAISEIG.
E@apuélovrag To vVOUOU TOU Ampere KaTd JRKog Tou
gIKovi{OEVoU Bpoxou Bpiokopal To TTEDIO TOU CWANVOEIdOUG

Current

@@@@@@@@@@M"W’f

il EEES
B

c,-----»------,d

® 02 ®+® ® ®*® ® ®\Current

nto
] 0 . page

Y Y ‘

B = ponl. [solenoid]

To Tedio eKTOG owAnvoeldoug givar MHAEN.
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‘Eva cwAnvoeidég £xel unkog 10 cm, 400 TrepIEAigeIg
Kol peupa 2.0 A. NMéoo gival To payvnTiko TTedio OTO
KEVTPO TOU;

APPROACH Wec use Eq. 28-4, where the number of turns per unit length is
n=400/0.10m = 4.0 % 10¢: m™%

SOLUTION B = ponl = (47 X107 T-m/A)(4.0 X 10°m™)(20 A)= 1.0 X 1072 T.
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E@papuolovrag To VOO TOUu Ampere
BpeiTe TO HAYVNTIKO TTEDIO NECO KA
£¢w aT1ro 10 toroid (OAKTUAIOEIOEG
TTNVIO) CWANVOEIOEC TTOU EXEI
AUYIOTEI O€ KUKAIKO OXNHA.

APPROACH The magnetic field lines inside the toroid will be circles concentric
with the toroid. (If you think of the toroid as a solenoid bent into a circle,
the field lines bend along with the solenoid.) The direction of B is clockwise.
We choose as our path of integration one of these field lines of radius r
inside the toroid as shown by the dashed line labeled “path 17 in Fig. 28-17a.
We make this choice to use the symmetry of the situation, so B will be
tangent to the path and will have the same magnitude at all points along the
path (although it is not necessarily the same across the whole cross section of
the toroid). This chosen path encloses all the coils; if there are N coils, each
carrying current /[, then [, = NI.

SOLUTION (a) Ampere’s law applied along this path gives

fijﬁ'fﬂ - ”Ll‘ft'ncl
B(2mr) = pyNI,

where N 15 the total number of coils and [ 1s the current in each of the coils.
Thus
fo NI

2y

Fa

B =




The magnetic field B is not uniform within the toroid: it is largest along the
inner edge (where r is smallest) and smallest at the outer edge. However, if
the toroid is large, but thin (so that the difference between the inner and
outer radn is small compared to the average radius), the field will be
essentially uniform within the toroid. In this case. the formula for B reduces
to that for a straight solenoid B = pynl where n = N/(2mr) is the number
of coils per unit length. (b) Outside the toroid, we choose as our path of
integration a circle concentric with the toroid, “path 27 in Fig. 28—-17a. This
path encloses N loops carrving current [ in one direction and N loops
carrving the same current in the opposite direction. (Figure 28-17b shows
the directions of the current for the parts of the loop on the inside and outside
ol the toroid.) Thus the net current enclosed by path 2 i1s zero. For a very
tightly packed toroid. all points on path 2 are equidistant from the toroid
and equivalent, so we expect B to be the same at all points along the path.
Hence, Ampére's law gives

I}EE*{IE = Mo denc

B(2ar) = 0
or
B = 0.
The same i1s true for a path taken at a radius smaller than that ol the toroid.

S0 there is no field exterior to a very tightly wound toroid. It 1s all inside the
loops.
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28-6 Nopog Twyv Biot-Savart

O vouocg Twv Biot-Savart ocuvdEegl Tnv
METOARBOAN OTO pEUMA HE TN METARBOAN TOU
MOYyVNTIKOU TTEQIOV:

dB = 5 dB (out)

da ¥

OAoOKAnpwvovTag TNV
ox£on auTtn via
OUYKEKPIMEVEG YEWMETPIES
BpiOKOUME TO HOYVNTIKO
medio



Epappolovrag Tov VOMO TOU g
Biot-Savart eTtaAn@gvoTe TO
MOYyVNTIKO TTEDIO
EUBUYPOAUMOU KOAWODIOU

B = uyl/2ar.

P
>3 dB (inward)

-
(]
A

=

i

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 1s moving upwards,
and both € and ¥, which appear in the cross product of Eq. 285, are in the plane of
the page. Hence the direction of the field 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
df * 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

I (™ dvsing
p - fal (7 dynd

-
re

47
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0 P s
= (o< R >3 dB (inward)

»|
>

—

I [™ dyvsin#
P ﬂf_rl dysiné
47 |,

S

2
¥ = =00 F

-

where dy = df and ' = R* + y°. Note that we are integrating over y (the
length of the wire) so R 1s considered constant. Both y and # are variables, but they
are not independent. In fact, y = —R/tan . Note that we measure y as positive
upward from point 0, so for the current element we are considering vy <= (0. Then

. R d# R d# > dp
dy = +Resc?0dp = — = —— = 22

sinff  (R/r)? R
From Fig. 28-19 we can see that v = —oo corresponds to # = 0 and that
v = +oo corresponds to # = 7 radians. 5o our integral becomes
B pol 1 (7 N Py 1 N B P 1
B = e HL_“sdeH = dﬂ_ﬁmsﬂ” = 9R

This is just Eq. 281 for the lield near a long wire, where R has been used instead of r.
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Bpeite TO payvnTiKO TTEDIO YIA
KUKAIKO BpOX0 aKTivag R Kal
peUHATOG .

APPROACH For an element of current at the top of the loop, the magnetic field 4B
at point P on the axis is perpendicular to ¥ as shown, and has magnitude (Eq. 28-5)

pg 1 df

T
dqrr-

]

dB =

since df is perpendicular to ¥ so |df X ¥ = df. We can break dB down into
components d B 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
[ R R

B = B = |dBcos¢p = | dB— = | dB———7"

: J v J r [ (R? + x?)

where x is the distance of P from the center of the ring. and r* = R* + 1. 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* + x° }' from
point P:

B:

po R J " = o I R?

47 (R* + & }' AR + ,r]l

since J'fif = 27 R, the circumference of the loop.

NOTE At the very center of the loop (where x = () the field has its maximum value

I
B = 't;—:q [at center of current loop]




Bpeite TO payvnTikO 1TEdIO TOU
OXNMATOG

APPROACH The current in the straight sections produces no magnetic field at
point C because df and r in the Biot-Savart law (Eq. 28-5) are parallel and
therefore df x t = 0. Each piece df of the curved section of wire produces a
field 4B that points into the page at C (right-hand rule).

SOLUTION The magnitude of each dB due to each df of the circular portion of
wire is (Eq. 28-6)

g I df
47 R*

dB =

where r = R is the radius ol the curved section, and siné in Eq. 28-6 is
sin 90° = 1. With r = R for all pieces df, we integrate over a quarter of a circle.

[ o 1 o (1 ) py
B = B = { = —27R| = .
J B = R Jd 47R2 N4 SR
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28-7 MayvnTIKA YAIKA —
Ferromagnetism

Ferromagnetic (c1dnpopayvnTIKA) UAIKA
gival EKEiva TTOU OEIXVOUV EVTOVO
MOYVNTIONO OTTWG O 0idNPOCS Kal TO
VIKEAIO.

Ta UAIKG auTd a1tTOTEAOUVTOI ATTO MIKPEG
«MOYVNTIKES TTEPIOXES». TO HAYVNTIKO
medio og KAOe TETOIO TTEPIOXN €ival
QTTOAUTA TTPOCAVATOAICHEVO.
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28-7 Z10npouayvnTika YAIKA

OT1av 10 UAIKO OgV £XEl
MOYVNTIOTEI, O
TTPOCAVATOAIOHOG TWV
TTEQIWV TWV TTEPIOXWV
gival TUXaioG.
NMNapouoia eEWTEPIKOU
MOyVvNTIKOU TTEQIOU
OMWG, TO TTEDIO TWV
TTEPIOX WV
TTPOOCAVATOAIJETAI
EVTova.

| |
1/
-

+l¢




‘Evag payvATnNG TEiVEl va dIATNPNOEI TOV
MOYyVNTIOMO TOU. AUvaTtal va OTTOMAYVNTIOTEI
gav (eoTaBei N ETTEITA ATTO KPOUOEIG.

H oxéon METAEU €EWTEPIKOU HAYVNTIKOU TTEdIOU
KOl TOU JayvNTIKOU TTEOIOU TOU UAIKOU gival
TTOAU OUVOETN.
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28-8 EqapMoOyEG
OTav «yepiooupye» (oTTAicoupe) yron rod =
TO EOWTEPIKO EVOG OCWANVOEISOUG Wﬁ%m _©
L€ OidNPO N £vVTaon Tou Spring <
MOyVvNTIKOU TTEdioU
TTOAAATTAOQCIAETO. %:Switch

| eomrre— |

Voltage e———

B = ul
OTTOU W €ival N HOYVNTIKA
OIATTEQPATOTNTA TWV ]
O10NPOHAYVNTIKWYV UAIKWYV M. VAV

M >=> M.

[—
O1 NAEKTPOMAYVATEG AUTOI Pl
yvwpilouv TOAAEG eQappoyég 2 Voltage e——

v

@)
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H payvnTtiki
olaTTEPATOTNTA
COPTATAI ATTO TNV
EVTOON TOU EEWTEPIKOU
MOyVNTIKOU TTEdIOV.
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1.20

1.00

0.80

0.60

0.40

0.20

B (T)

| | | 1 | | BO (T)
0.40 0.80 1.20
X10-3 X103 X103



EmitTAéov, TO ETTOYOUEVO

medio, e€apTaral amo TNV 1.20} B (T) b
«1oTOpPia» TOU UAIKOU. Eav 1.00F ¢

APXIKA TO UAIKO fTavV 0,507
OTTOMOYVNTIOMEVO, TO 60F

MOYVNTIKO TTEdio MTTOPEI Va 040

augneei, va pelwbei, va o 1Y [ B
AVTIOTPAPE(, KAl I 0 040 .80 1.20

. . -3 410-3 %103
dladikaoia auTtn va X1072 K10~ X10

gmmavaAaupaveral. H
YPOAPIKNA TTAPACTACT) TTOU
aTTeIKOVI(el TNV d1adIKATIiO f
aQuTAH ovouaAdleTal e
KUKAOG/BpOXOGC UCTEPNONG
EVOC PEPOMAYVATN.
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28-10 MapapayvnTika Kai AiapayvnTika YAIKA
MapapayvnTtika YAIKA: u>u,
AlapayvnTiKa YAIKA: u<u,

OpiCoOUpE TNV HAYVNTIKA ETTIOEKTIKOTNTAGS ¥,
WG €4NG:

Im = Hlpy—1.

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

Aluminum 230 10T Copper —9.8 X 107°
Calcium 1.9 X 107 Diamond —2.2 X 107°
Magnesium 12 <0 Gold —3.6 X 107
Oxygen (STP) all v e Lead —1.7 X 107°
Platinum 2.9 X lort Nitrogen (STP) —5.0 X 107

Tungsten 6.8 X 107> Silicon —42 x 107°
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