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The electromagnetic force is given by Lorentz Force Equation (After Dutch
physicist Hendrik Antoon Lorentz (1853 — 1928))

F=q(E+uxB)

The Lorentz force equation is quite useful in determining the paths charged
particles will take as they move through electric and magnetic fields. If we also
know the particle mass, m, the force is related to acceleration by the equation

F = ma.

The first term in the Lorentz Force Equation represents the electric force F,
acting on a charge g within an electric field is given by.

F =qE

e

The electric force is in the direction of the electric field.
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The second term in the Lorentz Force Equation represents magnetic force

F..(N) on a moving charge q(C) is given by

F =quxB

where the velocity of the charge is u (m/sec) within a field of magnetic flux

density B (Whb/m?). The units are confirmed by using the equivalences
Whb=(V)(sec) and J=(N)(m)=(C)(V).

The magnetic force is at right angles to the magnetic field.
The magnetic force requires that the charged particle be in motion.

It should be noted that since the magnetic force acts in a direction normal to the
particle velocity, the acceleration is normal to the velocity and the magnitude of

the velocity vector is unaffected.

Since the magnetic force is at right angles to the magnetic field, the wo
by the magnetic field is given by

W :jF[ul_ :deLcosgo° -0

rk done
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D3.10: At a particular instant in time, in a region of space where E=0 and B =

3a, Wb/m?, a 2 kg particle of charge 1 C moves with velocity 2a, m/sec.

IS the particle’s acceleration due to the magnetic field?
Given: g=1nC, m=2Kkg, u =2 a, (m/sec), E=0, B=3a, Wh/m2.
Newtons’ Second Law Lorentz Force Equation
F=ma  —~s—— F=0(E+uxB)=q(uxB)
1 1Equating

azﬂu><B=—2aX><3ay =3a,
m 2 sec’

- il h : C m Wb*( kg m )(N m)( J )(v sec)_ m
0 calculate the units: kg sec m* \UN sec’ J CV Wb sec’

m

What

P3.33: A 10. nC charge with velocity 100. m/sec in the z direction enters a
region where the electric field intensity is 800. V/m a, and the magnetic flux
density 12.0 Wb/m#a,. Determine the force vector acting on the charge.

Given: g=10nC, u =100 a, (m/sec), E = 800 a, V/m, B = 12.0 a, Wb/m?.

F=q(E+uxB)=10x10"C [SOO!aX +100maZ x12 i ] =—4uNa,

2
Ve

m S m-a
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Consider a line conducting current in the presence of a magnetic field. We
wish to find the resulting force on the line. We can look at a small, differential
segment dQ of charge moving with velocity u, and can calculate the differential
force on this charge from

dF =dQ uxB

_ _ T u velocity
The velocity can also be written

_a
dt

szggdeB

dt

T dQ segment
u

Therefore

Now, since dQ/dt (in C/sec) corresponds to the current | in the line, we have
dF = IdL x B (often referred to as the motor equation)

We can use to find the force from a collection of current elements, using the integral

E (1 B




Magnetic Force =An-+rHnite current Elemﬁ

Let’s consider a line of current | in the +a, direction on the z-axis. For current

element IdL_, we have :

ldL, = ldz_a,. +Ib 3
dF, = 1,dL, xB..

The magnetic flux density B, for an infinite length line

of current is ~Ib %
Bl =% :uoHl

I I
Lg, D> Blzﬂola

~ 27p 2p !

H_

1

We know this element produces magnetic field, but the field cannot exert
magnetic force on the element producing it. As an analogy, consider that the
electric field of a point charge can exert no electric force on itself.

What about the field from a second current element IdL, on this line?

From Biot-Savart’s Law, we see that the cross product in this particular case will
be zero, since IdL and ay will be in the same direction. So, we can say that a
straight line of current exerts no magnetic force on itself.
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Now let us consider a second line of current parallel to the first.

The force dF,, from the magnetic field of line 1 acting on a differential section of

line 2 Is

dF, =1,dL, xB, "

The magnetic flux density B, for an infinite length
line of current is recalled from equation to be

L,

A dL,
Jfa =

_ Ml
27p

B

a

1 ¢

By inspection of the figure we see that p =y and a, = -a,. Inserting
this in the above equation and considering that dL, = dza,, we have

I I
F, = 1,dL, xB, = [ 1,0za, x an a, = [ 1,0za, x an -a

E = ’uz"jlrlllz (—ay) j dz

/~ ...................... y ,,,,,,,,
x p=Yy
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To find the total force on a length L of line 2 from the field of line 1, we must
integrate dF,, from +L to 0. We are integrating in this direction to account
for the direction of the current.

I] 12
w1, °
e 1Ko
Flz 27y ( —a, ) j dz ijr;
: fa=a,
e ) — — y
25 :uo 172 ay X‘/ pzy
2y

This gives us a repulsive force.

Had we instead been seeking F,,, the magnetic force acting on line 1 from the
field of line 2, we would have found F,; = -F,..
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In the more general case where the two lines are not parallel, or not straight,
we could use the Law of Biot-Savart to find B, and arrive at

dL, x(dL, xa

Fo =22 1,1 — ( - )
A R,

This equation is known as Ampere’s Law of Force between a pair of current

carrying circuits and is analogous to Coulomb’s law of force between a pair of
charges.
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D3.11: A pair of parallel infinite length lines each carry current | = 2Ain the
same direction. Determine the magnitude of the force per unit length between
the two lines if their separation distance is (a) 10 cm, (b)100 cm. Is the force
repulsive or attractive? (Ans: (a) 8 mN/m, (b) 0.8 mN/m, attractive)

Magnetic force between two current elements = ,Uol | |—
when current flow is in the same direction 12 21y y
Magnetic force per unit length i = /10' | 2 o
L 2y

Case (a) y=10cm

-7
F, . (47 %10 )(2_2(2) a =8 uN/m
L 27(10x107°)
Case (a) y =10cm
-7
Be e D g Nim
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