
Arvind Borde / PHY12, Week 5: Magnetism

Magnets and Magnetic Fields

1

Magnetism closely parallels electricity. Just as there

are two types of charges, positive and negative,

there are two types, of magnetic “poles” called

north and south.

Like poles repel, unlike attract.2

Big difference: Electric charges can be isolated,

but magnetic poles appear not to be.

Some materials, such as iron, cobalt and nickel

show strong magnetic effects. They are called

“ferromagnetic.”
3

As with the electric field, the “magnetic field,” ~B,

is an important concept.

Magnetic field lines are drawn from north to south:

1) Direction of the field is tangent to field line.

2) Density of lines is proportional to field strength.

Unit of magnetic field is the Tesla. 1T=1N/A·m.

An older unit was the Gauss: 1G=10−4 T.

4

But, unlike electric fields, you can sprinkle iron

filings and “see” the magnetic field lines.

5

(1) What’s the biggest magnet you know? Earth.

(2) Is Earth’s magnetic field stronger at the equa-

tor or at the poles, and why?

Poles (∼ 0.6G vs ∼ 0.3G at equator), because of

greater density of field lines at poles.

(3) Does the north pole of your compass point to

the north pole of Earth’s inner magnet?

No, to the Earth’s “actual” south pole.
6

ADDITIONAL NOTES

1

1



Week 5, Slides 7–12 Arvind Borde

There’s an angular differ-

ence between the direc-

tion of the north com-

pass needle and geograph-

ical north pole (defined

by rotation axis), called

the magnetic declination.

In the U.S. it can vary

from 0◦ to 20◦.7

A uniform magnetic field

is one that has a fixed

magnitude and direction

at each point.

The field between two

wide magnetic poles is

roughly uniform near the

center.
8

Currents and Magnetism

Magnetism and electricity go hand in hand:

A current creates a magnetic field.

9

You use the right hand rule to figure out the di-

rection of ~B:

10

This works for curved currents as well. For exam-

ple, the field lines for this ring:

11

Magnetic Force on a Current

Currents not only create magnetic fields, they feel

magnetic forces:

There’s a right hand rule for this, too.
12
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That RH rule gives the direction of the force.

The formula for the magnitude is based on the

observations that the force is

F also varies with the angle between the current

and the field.13

The magnitude is

I: current (A)

`: length of the wire in the field (m)

B: magnetic field (T)

θ: angle between current and field.
14

(4) A 12 cm wire carries a 30A current at an an-

gle of 60◦ to a uniform 0.90T field. What is the

magnitude and direction of the force on the wire?

F = IlB sin θ

15

Magnetic force problems are essentially 3D.

You have the current going one way, the magnetic

field another, and the force a third.

Yet we only have 2D pages/slides. (Life sucks.)

Here’s what we’ll do:

Out of page: �
Into page: ⊗

16

(5) Given that F = IlB sin θ, for fixed I, ` and

B, what are the minimum and maximum forces at

what angles do they occur?

17

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
I−−−−−−−−→ θ = 0◦, F = 0−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ ~B

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
I←−−−−−−− θ = 180◦, F = 0−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

x

I

⊗ �
F = I`B

y I
Green arrows show currents; black direction of ~B
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(6) A current carrying wire experiences a force in

a magnetic field. What would the current have to

change by for the force to halve?

Current also has to halve.

(7) If a wire starts off perpendicular to a magnetic

field (i.e., θ = 90◦, so max F ), what would θ have

to change by for the force to halve?

We need sin θ = 1/2. So θ = 30◦.
19

(8) A power line carrying 10A runs west-east at

the equator. What is the force that 100m of the

line will experience due to the magnetic field of

Earth?

20

(9) Label this diagram with

magnetic forces that may

be at work.

Forces on L and R cancel.

Net force is downward.

21

(10) If this downward force is 2.29× 10−2 N and

the current is 0.345A, what is the magnitude of

the field?

22

Magnetic Force on a Charge

A charge q moving with ve-

locity ~v at an angle θ with

a magnetic field ~B feels a

force whose magnitude is

Direction is obtained from

the RH rule.
23

(11) A charge, q, is placed at rest near a magnet.

What’ll happen to it (magnetically)?

It will keep resting. You need v 6= 0 for a magnetic

force to be felt.

(12) A charge, q, is shot into a constant magnetic

field parallel to the field lines. What magnetic

forces will it experience?

Zero. Because θ = 0◦ or θ = 180◦.
24
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−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
±q•→ θ = 0◦, F = 0

•
↓
�+q −q

•
↓
⊗−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→F = qvB

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→ ~B

−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→
−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→F = qvB

←•± q θ = 180◦, F = 0
⊗
↑•
+q −q

�
↑•−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−−→

Purple arrows are directions of charge motions;

black are direction of ~B.

25

Electron in a Uniform Magnetic Field

If its initial velocity is ⊥ to ~B, it will move in a

circle.
26

(13) What is the magnitude of the magnetic force

the electron experiences? Equate that to the cen-

tripetal force and get the radius of the circular

path.

27

(14) As B increases does r go up or down? Why?

r decreases – more bending.

(15) As m increases, does r go up or down? Why?

r increases – more inertia.

28

Magnetic Field of a Straight Wire

We’ve talked about the direction of the

field. The magnitude is

B =
µ0

2π

I

r

where I is current, r radial distance from

the wire, and µ0 = 4π10−7T·m/A is the

“permeability of free space.”
29

(16) What is the field at P if the wire carries a

current of 17A?

30
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Magnetic Force between Straight Wires

Force on wire 2 caused by wire 1:

F =
µ0

2π

I1I2

d
`2

where I is the current, d the dis-

tance between the wires, and `2

the length of wire 2.
31

Directions of the Forces

32

(17) The wires in a 1.5m cord are 2mm apart and

carry a current of 5A. What is the force between

the wires?

33

Odds and Ends

1) The microscopic origins of ferromagnetism:

Microscopic domains each “a magnet” that can

be aligned by an external influence.
34

2) Why do magnets attract the unmagnetized?

For example, iron filings: The external magnet in-

duces an alignment of the internal domains of the

filings, their north to the external magnet’s south,

leading to a mutual attraction.35

3) How do these internal magnetic domains arise?

You’d the think there are moving charges inside

the basic constituents of matter. . .

(18) Are there? Duh, yes. . . electrons in atoms.

36
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