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The Biot-Savart law

Jean-Baptiste Biot 

Félix Savart
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The magnitude of dB is proportional to sin(q), where q is the angle 
between the vectors ds and r.

The vector dB is perpendicular both to ds and to the 
vector directed from ds to the point of interest P.

The magnitude of  dB is inversely proportional to  r2, where r is the 
distance from ds to P.

The magnitude of dB is proportional to the current and to the 
length of ds.
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Magnetic field of a rod
P
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Infinite straight wire:
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Magnetic field of a ring
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Force between two wires
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Ampere’s law
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The line integral of Bds around any 
closed path equals µ0I, where I is the 
total continuous current passing through 
any surface bounded by the closed path.
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Magnetic field strength

( )òò
¥¥

+
=

0
2/322

2
0

0

2
Rx

dx
IRdxBx µ ( )ò

¥

+
=

0
2/320

1 y
dyIµ

InBtoroid 0µ×=

( ) 2/322

2
0

2 Rx

RIBx
+

=
µ magnetic field due to

a circular current

IsdB 0µ=×ò
!!

n – the density of turns per unit length

! " 2$% = '()* + = ,
-./'(*



Experimental Physics II - Sources of the magnetic field 10

inE kqAdE p4=×=F òò
!!

Gauss’s law of magnetism
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The net magnetic flux through 
any closed surface is zero.

Isolated magnetic monopoles 
have never been detected.
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Magnetic monopoles
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To remember!

Ø The Biot-Savart law quantifies the magnetic field created by a length 
element currying an electric current.

Ø Magnetic field created by a straight wire decreases inversely 
proportional to the distance from the conductor.

Ø Two parallel wires currying electric currents attract each other if the 
currents are in the same direction and repel each 
other if the currents are anti-parallel.

Ø Ampere’s law states that the line integral of B×ds
around any closed path is proportional to the 
enclosed by the path electric current.

Ø Gauss’s law of magnetism states that the net 
magnetic flux through any closed surface is zero.
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Magnetic field strength
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H is the magnetic field strength
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Magnetic substances

Paramagnetic Diamagnetic Ferromagnetic
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Magnetic substances

Ferromagnetism
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To remember!

Ø Magnetic moments in magnetized substances arise due to 
atomic-level electric currents.

Ø Paramagnetic and ferromagnetic substances are those made up of 
atoms having permanent magnetic moments.

Ø In diamagnetic substances the atoms do not 
have permanent magnetic moment.

Ø Ferromagnetic substances contain small 
domains having the same alignments of the 
atomic magnetic moments.

Ø Ferromagnetic materials become 
paramagnetic above the Curie temperature.
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Magnetic moment of orbiting electron
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Motion of a wheel

T
!

( ) v
dt
rdm

dt
vdrm

dt
vrdm !

!!
!

!!
´+´=

´
=

t!

w

L
! dtLd t!

!
=

jt LdrmgdtdtdL ===

j

L
rmg

dt
d

p ==
jw

dt
Ld
!

!
=t

B
!!!

´= µt L
M
Q !!

2
1

=µ

( ) BB
m
Q

Qm
B

L
g

µ
µtw º===

2/2


