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Overview

• reminder about magnetic force on a wire

• lab write up

• setup

• making measurements

• Gauss meter



Magnetic Force on a Current Carrying Wire

Charged particles moving in a magnetic field experience a force.
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28-8 Magnetic Force on a Current-Carrying Wire
We have already seen (in connection with the Hall effect) that a magnetic field
exerts a sideways force on electrons moving in a wire. This force must then be
transmitted to the wire itself, because the conduction electrons cannot escape
sideways out of the wire.

In Fig. 28-14a, a vertical wire, carrying no current and fixed in place at both
ends, extends through the gap between the vertical pole faces of a magnet.
The magnetic field between the faces is directed outward from the page. In Fig.
28-14b, a current is sent upward through the wire; the wire deflects to the right.
In Fig. 28-14c, we reverse the direction of the current and the wire deflects to
the left.

Figure 28-15 shows what happens inside the wire of Fig. 28-14b. We see one
of the conduction electrons, drifting downward with an assumed drift speed vd.
Equation 28-3, in which we must put f ! 90°, tells us that a force of magni-
tude evdB must act on each such electron. From Eq. 28-2 we see that this force
must be directed to the right. We expect then that the wire as a whole will experi-
ence a force to the right, in agreement with Fig. 28-14b.

If, in Fig. 28-15, we were to reverse either the direction of the magnetic field
or the direction of the current, the force on the wire would reverse, being directed
now to the left. Note too that it does not matter whether we consider negative
charges drifting downward in the wire (the actual case) or positive charges drift-
ing upward. The direction of the deflecting force on the wire is the same. We are
safe then in dealing with a current of positive charge, as we usually do in dealing
with circuits.

Consider a length L of the wire in Fig. 28-15. All the conduction electrons in
this section of wire will drift past plane xx in Fig. 28-15 in a time t ! L/vd. Thus, in
that time a charge given by

will pass through that plane. Substituting this into Eq. 28-3 yields

or FB ! iLB. (28-25)

Note that this equation gives the magnetic force that acts on a length L of straight wire
carrying a current i and immersed in a uniform magnetic field that is perpendicular
to the wire.

If the magnetic field is not perpendicular to the wire, as in Fig. 28-16, the
magnetic force is given by a generalization of Eq. 28-25:

(force on a current). (28-26)

Here is a length vector that has magnitude L and is directed along the wire
segment in the direction of the (conventional) current. The force magnitude FB is

FB ! iLB sin f, (28-27)

where f is the angle between the directions of and . The direction of is
that of the cross product because we take current i to be a positive quan-
tity. Equation 28-26 tells us that is always perpendicular to the plane defined
by vectors and , as indicated in Fig. 28-16.

Equation 28-26 is equivalent to Eq. 28-2 in that either can be taken as the
defining equation for . In practice, we define from Eq. 28-26 because it is
much easier to measure the magnetic force acting on a wire than that on a single
moving charge.
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Fig. 28-15 A close-up view of a section
of the wire of Fig. 28-14b.The current direc-
tion is upward, which means that electrons
drift downward.A magnetic field that
emerges from the plane of the page causes
the electrons and the wire to be deflected
to the right.

Fig. 28-14 A flexible wire passes be-
tween the pole faces of a magnet (only the
farther pole face is shown). (a) Without cur-
rent in the wire, the wire is straight. (b) With
upward current, the wire is deflected right-
ward. (c) With downward current, the de-
flection is leftward.The connections for get-
ting the current into the wire at one end and
out of it at the other end are not shown.

i = 0 i  

i  

i  

i  

(a) (b) (c) 

B B B 

A force acts on
a current through
a B field.

halliday_c28_735-763v2.qxd  27-11-2009  16:19  Page 750

A wire carrying a current also experiences a force, since there is a
force on each moving charge confined to the wire.
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The direction of the force depends on the direction of the current.



Magnetic Force on a Current Carrying Wire

The force on the wire in a uniform magnetic field is given by:

F = IL× B

where L is a distance vector that points along the length of the
wire in the direction of the conventional current I and is as long as
the part of the wire inside the field is.

By considering the force on an individual charge, we derived this
equation.

FB = qv × B



Magnetic Force on a Current Carrying Wire
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If a wire is not straight or the field is not uniform, we can imagine the wire
broken up into small straight segments and apply Eq. 28-26 to each segment. The
force on the wire as a whole is then the vector sum of all the forces on the
segments that make it up. In the differential limit, we can write

(28-28)

and we can find the resultant force on any given arrangement of currents by
integrating Eq. 28-28 over that arrangement.

In using Eq. 28-28, bear in mind that there is no such thing as an isolated
current-carrying wire segment of length dL.There must always be a way to intro-
duce the current into the segment at one end and take it out at the other end.
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Fig. 28-16 A wire carrying current i
makes an angle f with magnetic field .
The wire has length L in the field and
length vector (in the direction of the cur-
rent).A magnetic force acts
on the wire.
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CHECKPOINT 4

The figure shows a current i through a wire in a uniform magnetic field , as well as
the magnetic force acting on the wire.The field is oriented so that the force is maxi-
mum. In what direction is the field?
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Sample Problem

We also want the minimal field magnitude B for to balance
.Thus, we need to maximize sin f in Eq. 28-29.To do so, we

set f ! 90°, thereby arranging for to be perpendicular to
the wire.We then have sin f ! 1, so Eq. 28-29 yields

(28-30)

We write the result this way because we know m/L, the linear
density of the wire. Substituting known data then gives us

(Answer)
This is about 160 times the strength of Earth’s magnetic field.
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Additional examples, video, and practice available at WileyPLUS

Magnetic force on a wire carrying current

A straight, horizontal length of copper wire has a current 
i ! 28 A through it. What are the magnitude and direction
of the minimum magnetic field needed to suspend the
wire—that is, to balance the gravitational force on it? The
linear density (mass per unit length) of the wire is 46.6 g/m.

(1) Because the wire carries a current, a magnetic force 
can act on the wire if we place it in a magnetic field . To
balance the downward gravitational force on the wire, we
want to be directed upward (Fig. 28-17). (2) The directionF
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Fig. 28-17 A wire (shown in cross section) carrying current out
of the page.
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Calculations: Because is directed horizontally (and the
current is taken to be positive), Eq. 28-26 and the right-hand
rule for cross products tell us that must be horizontal and
rightward (in Fig. 28-17) to give the required upward .F
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The magnitude of is FB ! iLB sin f (Eq. 28-27).
Because we want to balance , we want

iLB sin f ! mg, (28-29)

where mg is the magnitude of and m is the mass of the wire.F
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F = IL× B



Lab report

This is the final lab. There will be a lab report. The report will be
due Tues, Dec 1st.

Style of the lab report: pretend you are a scientist. Your goals:

• clearly communicate precisely what you did, and the results
you got

• let others know exactly how to repeat your experiment,
confirm your results

• give an introduction to the reader of any theory involved



Lab report

What to assume about the reader:

• they do not know what was on the instruction sheet

• they do not know what precise equipment you used

• they already know how to use all of the equipment

• they are skeptical



Lab report

The lab report should contain:

• an introduction: what are you investigating in this experiment

• the hypothesis: the theoretical predictions you are trying to
test

• a description of the experimental procedure and all equipment
used

• your data / measurements

• analysis: how well did your data agree with the predictions?
Were there any sources of experimental error? Were they
systematic or random? What would you do differently in the
future to improve this experiment?

• conclusion: Does the theory seem correct? Does your data
support it? If not, why not? If there are a few data points
that deviate from predictions, try to explain what may have
occurred. What other related questions could you investigate
in similar experiments?



Lab report

Other things:

• diagrams and tables are often very helpful

• do not make statements without evidence

• do error analysis or give percentage differences where
appropriate



Setup



Setup



Making measurements



Using the balance



The Gauss Meter

The Gauss meter probe is delicate and expensive to replace, so
when you are done with measuring the forces on the wires, bring
your magnet to the front and I will help you measure its B-field.




