
Announcements
From now on, the problem sets from each 
week’s homework assignments will be the 
following Wednesday.


Late assignments will not be accepted.


I will post the solutions on line after class on 
Wednesdays.


Start thinking about project ideas.


Oh - and use the online version the textbook 
for the problems (the print version is out of 
date)



SIO 247: Lecture 3

Math refresher (Appendix A.3)


What is a magnetic field?


Magnetic units


Field as the gradient of a scalar potential


A simple dynamo



• Scalars are ‘just numbers’

• Vectors have length and 
direction
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h = R cos ✓

x = h cos� = R cos ✓ cos�

y = h sin� = R cos ✓ sin�
z = R sin ✓

np.radians(angle_in_degrees)

h=R*np.cos(theta)

Python tricks
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np.sqrt(x**2+y**2+z**2)

np.arctan2(y,x)

np.arcsin(z/R)

np.degrees(phi_in_radians)

Python tricks
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Vector addition:
1) break each vector down into its components

A
x

= |A| cos↵, A
y

= |A| sin↵
2) Add the components:

C
x
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x

+B
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Cy = Ay +By

3) Convert back to:
 |C| and �



Python trick:   np.dot(A,B) if A,B are arrays
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Python trick:
C=np.cross(A,B)



f = f(x, y, z)scalar field:

vector field: F =
�!
F (x, y, z)

gradient of a scalar field: grad(f) = r(f)

topography is a scalar 
field

direction and gradient of
steepest descent is 

a vector field



Grad in cartesian coordinates:

Grad in spherical coordinates:
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Math refresher (Appendix A.3)


What is a magnetic field?


Magnetic units


Field as the gradient of a scalar potential


A simple dynamo



Start with Systeme 
International (SI)


units



http://geophysics.ou.edu/solid_earth/notes/mag_basic/
fundamental_units.htm

handy website for fundamental units:



Electric currents (i) make magnetic fields (H)

units for H:

Magnetic units in SI:

r⇥H = JMore general form of Ampere’s Law: 

“The curl of H is the current density”



Let’s bend the wire into a loop:

or several 
loops: = =

magnetic moment

units for m:

(same as H)



Ways of thinking about magnetic fields

• magnetic fields are vector fields, having both 
direction and strength

• strength indicated by how close the lines are 
together (density of magnetic flux) 

• direction indicated by directions of field lines (a.k.a. 
“lines of magnetic flux”)

m



Could measure direction of H with a compass



But how to measure field strength?

Moving charged particles (electric currents) 
make magnetic fields (H)

and also
moving magnetic fields make electric currents

Let’s call the magnetic field that induces the current 
the “induction”, B

B and H are obviously similar but they do NOT 
(necessarily)  HAVE THE SAME UNITS as we shall see



m

B

Voltmeter

velocity

l

Could measure strength of the induction field like this:

move conductor 
of length l at 

velocity v through 
field B and 

generate potential 
V 

called a tesla (T)

Faraday’s Law: 



But how are B and H related?

is the “permeability”

in free space  M = 0 and 

, the permeability of free space

units of (in SI) are nasty! 

working them out is a homework problem (1.4)



B
θ

m

compasses move in response to the magnetic field

magnetic energy

proof from dimensional analysis:  

but what moves the magnet?

remember: E = [ML2T�2
] = joule



Now let’s do it in cgs

:)



Magnetic units in cgs:
Start with concept of a pair of  magnetic monopoles with strength           

r
p1 p2

We make up a unit called “electrostatic units” (esu) for pole strength

Coulomb’s Law for the force between two electric charges,            is                                      

Adapting this to magnetic poles, we get: 

Force in cgs is dynes, so: 

So the fundamental units of “esu” are: 

Remember: 
F = [MLT�2

] = newton (SI), dyne (cgs)



What about the 
magnetic field (B,H)



p

The monopole creates a magnetic induction in the space around it

We make up a unit of field strength (H) called one oersted 
(Oe), defined as the field that exerts a force of 1 dyne on one 

unit of pole strength (an esu)

The related induction (B)         has units of gauss (G)

In cgs, the conversion between induction and field (   ) is unity 



� = pl ⇥ µ
o

Htorque on magnet:

µ
o

H

p p

l

“What moves the magnet in cgs?



Problem 1.2 is to write a python script to convert 
between the two systems
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What is a magnetic field?


Magnetic units


Field as the gradient of a scalar potential


A simple dynamo
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Unlike electrical fields (where electric charges produce 
fields that “diverge” away from the source)

there are no isolated charges (monopoles) in nature

So the divergence of B is always zero
AND, away from magnetic sources: 

B = µ
o

H
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In this special case can view
magnetic field as gradient of a 

scalar potential:

Problem 1.1:  play with these equations
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What is a magnetic field?


Magnetic units


Field as the gradient of a scalar potential


A simple dynamo



        Initial
   magnetic field

Rotation
   direction

field generated

Brass 
   axis

induced
   current



Glatzmaier and Roberts 1995

a more complicated one


