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Introduction 
The Earth’s magnetic field not only helps us find our way around the globe, but protects us from 
harmful solar radiation, stores useful information in rocks for geologists, and helps us locate 
mineral resources! This magnetic field is generated by a complex mechanism called the 
geodynamo - or earth generator! Scientists are still working to understand how the geodynamo 
functions, but great progress has been made. In this lab you’re going to create a miniature 
simulation of the process on your table top. 
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The Earth’s magnetosphere extends out into space around our planet with magnetic field lines 
going from the south magnetic pole to the north magnetic pole of the planet.  
Image: Laura Guerin, CK-12 Foundation, CC BY-NC 3.0 



 
 
Earth is made up of four major layers: the crust, mantle, outer core, and inner core. The crust, 
where we live, is the thin skin of solid rock, only about 10-40km thick. The mantle below it is 
very slowly moving hot rock that cycles up and down over about 500 million years. The outer 
and inner core are what we’re most interested in though, as they create the geodynamo. The 
outer core is a fluid - molten metals and elements such as iron, nickel, sulfur, and other 
elements. The inner core is solid metal, mostly iron and nickel. 
 

 
Due to the cooling and growth of the inner core and the radiation of heat by the planet, the liquid 
outer core is churning or convecting, much like air in a storm system. Hot metal rising, cool 
metal sinking. This metal thunderstorm creates spinning loops of hot liquid metal, which in the 
presence of even a slight magnetic field can generate small electrical currents. This is the same 
principle that is used at the power plant that powers the lights you are using right now. Where 
there is an electric current flowing, a magnetic field is created (a process described in the 
1800’s by Michael Faraday). These loops of flowing liquid metal create currents that cause 
magnetic fields. The process repeats and creates the magnetic field of the whole planet! 
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The main layers of the planet Earth: the crust, mantle, outer core, and inner core. 
Image: Laura Guerin, CK-12 Foundation, CC BY-NC 3.0 



 

 
Creating a hot ball of spinning liquid metal is not easy or safe in the classroom, so we’re going 
to do the process in reverse. Instead of creating a magnetic field, we’re going to create fluid 
motion from a magnetic field. The principle is exactly the same, except this is safe to try at 
home. This technology has also been experimented with as a way to pump materials in 
industrial plants and to drive ships in the ocean. It is called a magnetohydrodynamic (MHD) 
pump. 
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Scientists have been able to create complex computer models of how the geodynamo may 
work. This model, created by G.A. Glatzmaier and P.H. Roberts is able to replicate not only 
the main field we observe, but some of the complex variations and even magnetic reversals 
geologists have found evidence for in the rocks. 



 

Included Items: 
● Clear Plastic Container 
● 9v Battery 
● 9v Battery connector with leads 
● Neodymium Magnet 
● Aluminum Foil 
● Salt 
● Pepper 

 
WARNING!!! The included magnet is VERY strong and can pinch fingers. It is 
also brittle and will shatter if allowed to slam into magnetic surfaces. Use great 
care in handling the magnet and if broken ensure all parts are cleaned up. 
Ingestion of the magnet or it’s parts is extremely hazardous and should be dealt 
with by medical professionals immediately. 

Setup Instructions 
1. Place the magnet underneath the plastic container as shown. 

 
2. Add water until the container is about half full and add about half the packet of salt. Stir 

until the salt dissolves. 
3. Attach an approximately 1 x 2 in (25 x 50mm) foil rectangle to each alligator clip and 

secure in the container as shown in the image above. Ensure the foil is partially 
submerged in the water and the two pieces of foil are not touching. 

4. Connect the 9v battery to the connector. Notice that water begins to move! 

5 



 
5. Optionally add pepper to make the circulation easier to see. Food coloring works great 

as well. Try adding different colors to each side of the circulation and see how long they 
can stay separate. 

 
Note: The foil will be consumed during this process after several minutes. Simply attach new foil 
pieces if you want to explore more! Do not consume the water!  
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Name:___________________________ 
 

 
1. What do you observe when the battery is connected? 

____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
 

2. Does the experiment work if you take the magnet away? Why or why not? 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
 

3. What happens if you reverse the clips on the foil pieces? What if you flip the magnet 
over? Why do you think this is? 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
 

4. Why do you think we add salt to the water? 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
 

5. What do you think would happen to the Earth’s magnetic field if the outer core cooled 
down enough that it became entirely solid? 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
____________________________________________________________________ 
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