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30.1 - THE BIOT—SAVART LAW bl <ign ooild
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Application of Biot and Savart Law

ExaMPLE 30.1 Magnetic Field Surrounding a Thin, Straight Conductor
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Magnetic field direction

The right-hand rule for determining the
direction of the magnetic field
surrounding a long, straight wire
carrying a current. Note that the

magnetic field lines form circles

around the wire.
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Example 30.2 Magnetic Field Due to a Curved Wire Segment
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Figure 30.5 (Example 30.2) The magnetic field at O due to
the current in the curved segment ACis into the page. The
contribution to the field at @ due to the current in the two

straight segments is zero.
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Example 30.3 Magnetic Field on the Axis of a Circular Current Loop
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P o

dB, =X

Figure 30.6 (Example 30.3) Geometry for calculating the
magnetic field at a point Plving on the axis of a current loop.
By symmetry, the total field B is along this axis.
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(a) Magnetic field lines surrounding a current loop.

(b) Magnetic field lines surrounding a current loop, displayed with iron filings.

(c) Magnetic field lines surrounding a bar magnet. Note the similarity between
this line pattern and that of a current loop

Slide 20 Fig 30-7, p.931



Ex: The magnetic filed due to electric current in a long straight wire having
100 A and at a distance of 2 mm is:

o d
QT

B_

Ex: The magnetic field at 10 m from a long straight conductor currying 3 A is

i d

B —_
QT

Ex: Two cables have the same diameter . The first one is carrying 20 A only
and the second one is carrying 100 A . Theratio B1/B2 is :

i d
2

B_
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Ex: A current 3Ais passing a wire and if the resulted magnetic field was 2 T .
Then the diameter of this filed will be
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EXAMPLE 30.4  The Magnetic Field Created by a Long Current-Carrying Wire
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B(2mr) = pyi
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Example 30.5 The Magnetic Field Created by a Toroid
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30.4_~ THE MAGNETIC FIELD OF A SOLENOID
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Figure 30.17 The magnetic field S
lines for a loosely wound solenoid. *

Slide 32



X—!

Slide 33

Ix\"

NS

O §

DC

)OI

S

AN

[———— === 77777

-
A

—

———
.

igdle llu (pa (g 9Sh lell) caldd)
L) gl 983 dual i 4y yila !
Aladly LAl g e Moy JSadl LS
Laliiiag Lgd Luwblita Yiaa Algi
bobd J4 Jo 95y dilall Jal
Loy cilall jgaal 4y))ge dafioes
aa dldl zold Jaadl s
(eublinal)  Jlaal) Bad Glualg
LS sl 088 ol calal) JAN
gAlly Jsall LS alall jlecall
1,2,3,4 A $13a) Aa)) 0 0sShy

O Al



b C d a

fB.ds+JB.ds+JB.ds+fB.ds=u0i
d

a b C
AIaA ) (e LIS faa s ilal) A& Jlaad) o Lag s
A gasa ilall JA1a B puuliial) Jlal) (98, dlliS
¢ ke g ghud Jalsil) dad o< cd g ab (o besall
)
c

fB.dS=fB.ds=des=u0Ni
b

= Bl = Ni

Slide 34



AN 9 GERal Jbwadl Gabe sall Joba | o Cua
be Jbwall Lgo ging oAl cldll) dae
L Ni
[
s Ol n el Jsh Baag S & cldllf saad Gay 131

B =

B = p,ni

cilall JAN nhalinal) Jlaal) o) iy Adalaall 638 (g
S iy g Ll Ak e g el Gl dae o Adley
alal) Jala olsal)

Slide 35



) Jlia

sl 5l e Jal eblinal Jlaall 523 Cauea

3A Ak b4 e Ledie 48] 1000 (e s 5225 50cm
:Jall

B = p,ni

1000

o= X3 =754 x10 3T =75.4G

B=4ntx 10"’

Slide 36



Slide 37

Y Jla

Caad Hal JS& e 481 3000 4ildl aae P PARE PR
J\_\.\j\ Hlase Led 60cm @Ju\j 50cm UJA\J]\ oJ.Lé
d\AAGk; d)..a;ﬁg_ﬂ.d\@oj\f\ ?JM\ Ls—;’\"’)él\
el N e é 0.03T o ylaas Lf.u.\.b\_\u
:Jad)

Wo N1

B =
2T

4t x 1077 x 300 x i

0.03= 0.5+ 0.6
2n(———)

i =275A




Ex: A long solenoid (n= 1200 turns/m) has a current of a 30 A in its winding
.the magnitude of the resulting magnetic filed at the centre point on the axis
of the solenoid is

J.;IL‘l'F
B = L) JE' = .Lu'.,ﬂﬂf

Ex: If a solenoid of 0.5 m length , having 10000 turns , curries a current of 10 A
the magnetic filed inside its is :

J.;IL‘l'F
B = L) JE' = .Lu'.,ﬂﬂf

Ex: If asolenoid of 1 m length having 30000 turns curries a current of 2 A,
the magnetic filed Inside is

J.;lxlir
B = L) {,} I = .Lu'.,ﬂ'.iif
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30.2 -~ THE MAGNETIC FORCE BETWEEN TWO
PARALLEL CONDUCTORS
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30.5 _~ MAGNETIC FLUX
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EXAMPLE 30.8  Magnetic Flux Through a Rectangular Loop
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30.6 _~ GAUSS’S LAW IN MAGNETISM
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SUMMARY

The Biot-Savart law says that the magnetic field 4B at a point P due to a length
element ds that carries a steady current [ is

[ds X 1
qgp="2t0 37T
dar ye

(30.1)

where po = 47 X 1077 T-m/A is the permeability of free space, ris the dis-
tance from the element to the point P, and r is a unit vector pointing from ds to
point . We find the total field at P by integrating this expression over the entire
current distribution.

The magnetic field at a distance « from a long, straight wire carrving an elec-
tric current [ is

B = Mol (30.5)
27ra

The field lines are circles concentric with the wire.
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The magnetic force per unit length between two parallel wires separated by a
distance a and carrving currents /; and /s has a magnitude
I'g _ molils

¢ = oma (30.12)

The force is attractive if the currents are in the same direction and repulsive if
they are in opposite directions.

Ampere’s law says that the line integral of B-ds around anv closed path
equals g/, where [ is the total steady current passing through anv surface
bounded by the closed path:

#iﬂ cds = gl (30.13)
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Using Ampere’s law, one finds that the fields inside a toroid and solenoid are

NI
p=L"" (oroid) (30.16)
2
N _
B = mo =g I= ponl (solenoid) (30.17)

where N is the total number of turns.

The magnetic flux ®p through a surface is defined by the surface integral

(I)HE JE'H’A (30.18)

Gauss’s law of magnetism states that the net magnetic flux through anv
closed surface is zero.
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