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What Is Magnetism?
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William Gilbert and the Science of Magnetism
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Sir William Gilbert lived in England in the 1500s. He is remembered today for his investigations into
electricity and magnetism. In fact, he is sometimes credited with founding the science of magnetism.
He published descriptions of his many investigations in a book called De Magnete or “On the Magnet.”
In this book, he described carrying out many investigations using lodestone in the shape of a sphere, or
“little Earth.” Through his experiments, Gilbert became the first person to describe magnetic attraction
in terms very similar to the way modern scientists describe a magnetic field.

Gilbert was the first to use the terms magnetic pole and magnetic force. He showed through
experimentation that a magnet exerts a force through a distance—a force that does not involve
touching. He showed that the strength of a magnet could be increased if pieces of soft iron were added
at the magnet’s poles. He also showed if an iron magnet is red hot, the magnet loses its magnetism.
Another notion he advanced was that Earth itself is a giant magnet. This is an idea that modern scientists
know to be true.

1.
Who was William Gilbert, and when did he live?
2.
What book did he publish on magnetism?
3.
What did Gilbert show about magnetic force?
4.
What did he prove about magnets and heat?
5.
What notion about Earth did he advance that has proven true?
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Magnetic Fields

[image: image12.png]


[image: image13.png]



Magnetic Properties of Elements

Ferromagnetic materials are made up of regions known as domains. Within each domain, the magnetic
fields of all the atoms are lined up in the same direction. When exposed to a magnetic field, the domains
tend to line up with the field. Due to the existence of domains, ferromagnetic materials are easily
magnetized. Their ease of magnetization is represented by a large whole number. (This number is a ratio.
It has no units.)

Paramagnetic materials do not have magnetic domains, and their atoms tend to line up individually with
a magnetic field. For this reason, paramagnetic materials are much more difficult to magnetize than
ferromagnetic materials. Their ease of magnetization is represented by very small numbers.

Diamagnetic materials have no magnetic domains. Therefore, their atoms do not easily align with a
magnetic field. Their ease of magnetization is represented by very small numbers. However, they are
different from paramagnetic materials because their atoms align in a direction opposite to the magnetic
field.
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	Material
	Ease of Magnetization

	Iron
	approx. 1,000

	Silver
	−20 millionths

	Cobalt
	approx. 170

	Magnesium
	13 millionths

	Aluminum
	17 millionths

	Chromium
	180 millionths

	Nickel
	approx. 80

	Gold
	−28 millionths


1.
Which materials are ferromagnetic? Explain.
2.
Which materials are paramagnetic? Explain.

3.
Which materials are diamagnetic? Explain.
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Electromagnetic Force


A Turn for the Better

There are many ways to increase or decrease the strength of an electromagnet. Two of these involve
electric current and the coils of a solenoid. How are these factors related to each other, and what is the
total effect produced by varying them? The unit used to determine the result of this relationship is the
ampere-turn. The ampere-turn is a measure of the strength of an electromagnet. An ampere, or simply
an amp, is a unit of electric current.
The table below shows the results of varying the number of turns of a wire around a solenoid and the
current through that wire. All other factors stay the same.
For Items 1 and 2, fill in the blanks in the table with the correct value.

3.
What is the relationship in the above table between current and
turns as they relate to the strength of an electromagnet?

4.
There are 200 turns of wire around an electromagnet. The current in
the wire is 6 amp. You want to increase the strength of the magnet
to 1.5 times its present strength. What are two changes you can
make to achieve your goal? Show all your calculations.

5.
The current leading into an electromagnet with a strength
of 800 ampere-turn is reduced by the electric company from
20 amp to 10 amp. What can you do to keep the strength of the
electromagnet constant? Show all your calculations.
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Electricity, Magnetism, and Motion


Where’s the Action?

Although you probably cannot see most of them, you are surrounded by electric motors. They are
found in such products as vacuum cleaners, electric drills, elevators, washing machines, air conditioners,
factory robots, and huge railroad locomotives. Electric motors help warm and cool your home and keep
industries humming.

As you can tell from the list above, the devices vary greatly in size and function. But whether large of
small, whether cleaning or cooling, their actions are controlled by the same thing, the electric
motor.


1.
What part of the hair dryer does the motor move?

2.
Describe what happens as the hair dryer takes in cool air from one
end and blows out warm air from the other.

3.
Which of the appliances listed in the first paragraph above is most
like a hair dryer? Explain your answer.

4.
Suggest how an electric motor can help keep a home warm.
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Electricity From Magnetism


Stepping Up and Down

You can determine the characteristics of a transformer and discover whether it is a step-up or a step-
down transformer, how many wire turns there are in either the primary or secondary coil, and what the
voltage is in either of the coils. To find the voltage in the secondary coil of a transformer, you need to
use the following equation:
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Vp equals the voltage in the primary coil, Vs equals the voltage in the secondary coil, Ns equals the
number of wire turns in the secondary coil, and Np equals the number of wire turns in the primary coil.

To find the voltage in the secondary coil in A below, multiply the number of wire turns in the secondary
coil by the voltage in the primary coil. Divide the result by the number of wire turns in the primary coil.
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The number of wire turns can also be calculated using another form of the equation. To calculate the
number of wire turns in the secondary coil, use the following equation:
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1.
Drawing B: What is the number of wire turns in the primary coil?
Secondary coil?

2.
Drawing B: What is the voltage in the secondary coil?

3.
Is the transformer in drawing a step-up or step-down transformer?

4.
Drawing C: How many wire turns are in the primary coil?

5.
Drawing C: How many wire turns are in the secondary coil?

Read the passage. Then use a separate sheet of paper to answer the questions that follow.





The table below shows the ease of magnetization for several materials. Read the�passage and study the table. Then use a separate sheet of paper to answer the questions�that follow.





Read the passage and study the table. Then complete the table and use a separate sheet�of paper to answer the questions that follow.





Current (amp)�
Turns�
Electromagnetic�Strength (ampere turn)�
�
2�
125�
250�
�
5�
125�
625�
�
12�
100�
1,200�
�
12�
200�
2,400�
�
14�
250�
1.�
�
2.�
300�
4,800�
�






The diagram below shows a hair dryer where the electric motor is the key part. Read�the passage and study the figure. Then use a separate sheet of paper to answer the�questions that follow.





Read the passage and study the drawings below. Then use the drawings and a separate�sheet of paper to answer the questions that follow.
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