
THE BIOT-SAVART LAW

Steady Currents; continuous flow that has been going on forever, without change and 

without charge piling up anywhere.

produce magnetic fields that are constant in time; 

In magnetostatics (and electrostatic) régime;
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The Magnetic Field of a Steady Current (line current) 

Length segment

Radial direction

Distance

 𝜇0 is the permeability of free space 

1 Tesla = 104 gauss

 The unit of magnetic field is Newton per Ampere-meter, or Tesla 

 Biot-Savart law for magnetic field is analogous to Coulomb’s law for electric field 
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The magnetic field produced by a surface current: 

The magnetic field produced by a volume current; 
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Example 5. Find the magnetic field a distance s from a long straight wire carrying a steady 

current I .

In the case of an infinite wire, θ1 = −π/2 and θ2 = π/2,
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In the region below the wire, B points into the page, and in general, 

it “circles around” the wire,

Here, the field is best represented in the cylindrical coordinate. 
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E.g.: Find the force of attraction between two long, parallel wires a distance d apart, 

carrying currents I1 and I2 .

The field at (2) due to (1) points into the page;

The magnetic force on a segment of current-carrying wire is:

The Lorentz force law predicts a force directed towards (1), of magnitude:

The total force is infinite (for infinite wire), but the force per unit length is;

Note: If the currents are antiparallel (one up, one down), the force is repulsive.
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Example 6. Find the magnetic field a distance z above the center of a circular loop of 

radius R, which carries a steady current I .

The line element 𝑑𝐥′ produces the field 𝑑𝐁 at 𝐫. 

The horizontal components of this field cancels out. 

The vertical component of this field is 

The total field, which is in the 𝑧-direction, is; 

What is the field at the center? 
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THE DIVERGENCE AND CURL OF B

The line integral is independent of 𝒔

For circular path of radius 𝑠

A straight wire with current 𝐼; 

What is the divergence of 𝐁?   𝛁⋅𝐁 = 0 What is the curl of 𝐁? Should be 𝛁×𝐁 ≠ 𝟎

because B decreases at the same rate 

as the circumference increases.
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For an arbitrary path enclosing the current carrying wire 

The field is best represented in the cylindrical coordinate 

In fact, it doesn’t have to be a circle; any closed loop that encloses the wire would 

give the same answer.

use cylindrical coordinates (s, φ, z), 

with the current flowing along the z axis;
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Hence, if there is more than a wire, each wire that passes through the loop contributes μ0 I:

Ienc stands for the total current enclosed by the integration path.

If the flow of charge is represented by a volume current density J;

Stokes’ theorem;

Ampère’s Law

(If there is no symmetry, one has to use Biot-Savart law to calculate the magnetic field.) 
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Applications of Ampère’s Law

(Ampere’s law in differential form)

(Ampere’s law in integral form)

Electrostatics : Coulomb      → Gauss,

Magnetostatics : Biot−Savart →     Ampère
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Example 7. Find the magnetic field a distance s from a long straight wire, carrying a steady 

current I

Make an Amperian loop of radius 𝑠
enclosing the current. 

Since it is an infinite wire, the magnetic field 

must be circularly symmetric. Therefore, 
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Example 9. Find the magnetic field of a very long solenoid, consisting 

of n closely wound turns per unit length on a cylinder of radius R, each 

carrying a steady current I.

Bφ = 0

For an Amperian loop outside; 

For an Amperian loop inside 

the field inside is uniform—it doesn’t 

depend on the distance from the axis.
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