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• Lorentz Force

• Magnetic Force on a Current-Carrying Wire

• Magnetic Force between two Closed Circuit

• Magnetic Force on a Volume Distribution of 
Current



The Lorentz Force

•



Example: The Hall Effect

•



Example: Magnetohydrodynamic Generator

• Magnetohydrodynamic (MHD) generator is a large scale 
application of the hall effect.

• It converts part of the kinetic energy of a hot gas direcly 
into electric energy

• A hot gas enters on the left at a

velocity of the order of 1000 m/s

• It contains salt such as (K2CO3)

that ionizes readily at high temp.

• The temp. approaches 3000 K0

• Conductivity is about 100 S/m

• Positive ions curve downward and electrons upward

• The resulting current I flows through the load resistance R

• The advantage of MHD generator is that comprises no 
moving parts except for the gas



•



•



Magnetic Force on a Current Carrying Wire

• A stationary wire of cross section A carries a current I in a 
region where there exist a megnetic field B originating 
elsevere

• The wire contains N charge carriers per cubic meter drifting 
at a velocity v, each one of charge Q.

• An element of length dl of a wire contains ANdl charge  
carriers. Then the magnetic force on dl is

• The magnetic force per unit length is therefore IxB

• The total magnetic force on a closed circuit C carriying a 
current I and lying in a magnetic field is



Example: Floating-Wire Hodoscope

• The floating-wire hodoscope is a device that simulates the 
trajectory of a charges particle in a magnetic field.

• Say a charged particle of mass m, charge Q and velocity v
follows a certain trajectory in going from a point a to a 
point b in a magnetic field.

• A ligth wire carring a current I, 

fixed at a and going over a pulley 

at b, in the same magnetic field, 

as in the figüre, will follow that 

trajectory if 

• T is the tension in the wire



• Suppose the beam is normal to B as in fig. (a)

• Rt is the radius of curvature of the trajectory

• Suppose the wire is also normal to B as in fig(b)

• The element dl, with a radius  of curvature Rw

is in equilibrium if the outward magnetic force 

BIdl just compensates the inward component  

of the tension force T:

• The two radii are equal if 



Magnetic Force between two Closed Circuits

• The magnetc force exerted by a current Ia on a current Ib

is given by

• To Show that Fab=-Fba, first

• Then, rearranging terms,

• This integral is zero because b is closed and



Force between two paralel Currents

• Without integration, we can calculate the force per unit 
length between two long paralel wires bearing current

• At the position of Ib, Ba is μoIa/2∏D in the direction shown 
in the figüre

• The force on a unit length of wire

b is thus

• The force is attractive if the 

current flow in the same direction

and repulsive otherwise.

• This force is normaly negligible



Magnetic Force on a volume Distribution of Current

• Consider a small element of volüme of length dl paralel to 
J and of cross section of dA, as in figure.

• The magnetic force on the

element is 

• The force per unit volume is

• The total magnetic force on a 

given distribution of conductiing

currents occupying a volüme v is


