Rad 160 – Radiographic Physics
Unit 4 Magnetism
I.  Magnetism
	A.  Definitions
		1.  Magnet – an object that has the ability to attract iron and other magnetic 				materials to itself.  Every magnetic has a magnetic field around it.
		2.  Magnetism – the invisible pull of a magnet.
			a.  Only materials containing iron, steel, cobalt, and/or nickel are attracted 					by a magnet.
			b.  Alloy – two or more metals or a metal and a non-metal mixture.
	B.  Three Main Types of Magnets
		1.  Natural – naturally occurring magnets
			a.  Earth – has magnetic field because it spins on an axis (a compass points 				north)
			b.  Lodestone – magnetic because it has laid in the earth’s magnetic field 					for many years.  Made of iron oxide.  (In the early days, lodestone 					was used for making compasses for navigation.)
		2.  Artificial Permanent
			a.  Hard steel – usually shaped like a bar or horseshoe, that has been 					artificially magnetized.
			b.  Compass – the needle of the compass is an artificially permanent 					magnet on a pivot that detects magnetic materials.
		3.  Electromagnets – a temporary magnet made of wire wrapped around an iron 				core.  When electric current is conducted through the wire, a very 					powerful magnetic field is created.
			* A crane at a junk yard that lifts old cars.
	C.  Two Fundamental Laws of Magnetism
		1.  Every magnet has two poles, one at each end.
			a.  North pole
			b.  South pole
			c.  The poles are where the magnets force is the strongest. 
		2.  Like magnetic poles repel each other and unlike poles attract each other.  				(Similar to the Law of electrostatics.)
	D.  Observed Reactions of Magnets
		1.  Breaking a magnet results in each fragment becoming a whole magnet with a 				north and South Pole.
		2.  Heating or hammering a piece of steel while it lies near a magnet causes the 				steel to become magnetized.
			* It is thought that the heat or the pounding jolts the molecules of the steel 					and they can easily line up their magnetic domains and become 					magnetized.
		3.  Stroking an iron bar repeatedly with one end of a magnet causes the bar to 				become magnetized.
	E.  When is a Material Considered Magnetized?
		1.  The atoms making up material like iron and steel resemble mini-magnets.
		2.  Orbital electrons in the atoms of magnetic materials spin around the nucleus in 				pairs and in the same direction giving the atoms a north and a south pole. 
		3.  Lining up these mini magnets (all the north poles pointing in one direction and 				all the south poles in the other) magnetizes the material.
	F.  Terms
		1.  Magnetic dipoles – a magnetic moment created by the electron pair.
		2.  Magnetic domains – when many atoms are aligned to produce a larger 					magnetic field.  (C & A, p 61-62)
			a.  The earth spins around on an axis just like the electron pairs that spin 					around the nuclei of magnetic materials.
			b.  The earth has a north and south pole just like the atoms of magnetic 					materials.
			c.  If the poles of these atoms are lined up (all the norths in one direction 					and all the souths in the other) the material is considered 						magnetized.
			d.  Only materials containing iron, steel, cobalt or nickel can be 						magnetized.  
		3.  Nonmagnetized magnetic elements – magnetic materials whose magnetic 				dipoles are in a state of disorder (they are not lined up).
		4.  Magnetized magnetic elements – the dipoles are aligned with all north poles 				pointing in one direction and the south poles in the opposite direction.
		5.  Nonmagnetic elements – electrons spin in different directions so no magnetic 				dipoles are created.  These elements can never be magnetized.  Ex.  Wood, 			glass, copper
	G.  Magnetic Fields
		1.  Definition – a zone of force surrounding a magnet.
			a.  The field consists of lines of force or magnetic flux.
			b.  The more closely spaced the lines of force are, the stronger is the field.
		2.  Characteristics of Lines of Force
			a.  They move from the north pole to the south pole of a magnet in the 					space surrounding the magnet.  Within the magnet they are 						directed from south pole to north pole.
			b.  Lines repel each other when they are in the same direction and attract 					when in the opposite direction.
			c.  The field is distorted by magnetic materials but not affected by non-					magnetic materials.  
	H.  Magnetic Induction
		1.  The temporary magnetizing of a nonmagnetized material by bringing it into the 			field of a magnet.
			a.  The end of the nonmagnetized material takes on the opposite polarity 					from that of the magnet pole it is placed near.
			b.  When the iron is removed from the magnetized field, its domains 					becomes jumbled again = demagnetized.  
	I.  Magnetic Permeability and Retentivity
		1.  Permeability – how easily materials can be magnetized by magnetic induction.  			How easy it is to line up the magnetic domains of a material.  
		2.  Retentivity – the ability of a material to resist demagnetization once removed 				from the field that magnetized it.  
		3.  Rules
			a.  Usually, a metal that is easily magnetized is easily demagnetized.
				* ex. Soft iron – high permeability, low retentivity
			b.  Metal that is hard to magnetize is hard to demagnetize.
				* ex. Hard steel – low permeability, high retentivity
				* Hardened iron can become permanently magnetized.
	J.  Magnetic Classification of Matter
		* How it behaves when brought into a magnetic field.
		1.  Ferromagnetic
			* easily magnetized (high permeability) ex.  Iron, cobalt, nickel
		2.  Paramagnetic
			* very low permeability, not easily magnetized.  Ex platinum
		3.  Non-magnetic
			* cannot be magnetized because their electrons all spin in different 						directions.  Ex. Wood, glass, plastic
		4.  Diamagnetic
			* repelled by a magnet (because of the atomic structure of the material)  
				ex beryllium and bismuth
	K.  Detection of Magnetism
		1.  Magnetic compass – the magnetic needle is deflected when brought into the 				field of a magnet.
			a.  The south pole of the needle turns toward the magnets north pole 					(opposites attract).
			b.  Vice versa, the north pole of needle turns toward magnets south pole.
Objectives:
1.  Discuss the properties of magnetism.
2.  State the laws of magnetism.
3.  Define magnetic field and magnetic flux.
4.  Discuss the domain theory.
5.  Explain the characteristics of lines of force.
6.  Relate the electronic spin of an element to its potential magnetic properties.
7.  Explain the principle of magnetic induction.
8.  Differentiate between magnetic permeability and retentivity.
Readings:
C & A, Chapter 4 pgs 60-64.
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