Rad 160 – Radiographic Physics
Unit 6 Electric Generators and Motors
I.  Electric Generator (Dynamo)
	A.  Definition – a device that converts mechanical energy to electric energy by 				electromagnetic induction.
		* Makes electricity by using mechanical energy and electromagnetic induction.
	B.  Electromagnetic Induction
		1.  Creating electricity in a conductor as it cuts through magnetic flux.
	C.  Two Types of Electric Generators
		a.  AC (alternating current)
		b.  DC (direct current)
	D.  Essential Components of an AC Generator
		1.  Electromagnet – sets up the necessary magnetic field.
			a.  Must be strong: the stronger the magnetic, the closer the flux lines, it 					can cut more lines per second and create more electricity.
			b.  Called a field magnet
		2.  Armature – a loop of wire (the conductor) that rotates mechanically in the 				magnetic field.  The mechanical energy to turn the loop can be supplied 				by:
			a.  water – a dam
			b.  steam – turns turbines
			c.  physical work – a hand crank
		3.  Slip Rings – metal rings attached to each end of the armature.  Allows the 				armature to turn.
			a.  Feeds the induced current through the brushes to the external circuit (it 					sends the current produced from the armature to the circuit).
			b.  Permits the external circuit to remain  stationary while the armature 					rotates.
		4.  Brushes – structures that rest firmly upon the slip rings of an AC generator.
			a.  brushes are the connection between the slip rings and the external 					circuit.
			b.  Brushes allow the slip rings to rotate while maintaining constant 					contact with them.
	E.  Operation of an AC Generator
		1.  Mechanical energy is used to rotate the armature in a magnetic field, thus 				inducing a current to flow.
		2.  The current produces is a varying current (AC) and its direction depends on the 			position of the armature as it moves in the magnetic field.
		3.  The current supplied to the external circuit moves in one direction and then the 			other (AC), causes a sine wave pattern.
	F.  Sine Wave Pattern
		1.  How AC is illustrated (drawn on paper):
			a.  cycle – represents one complete revolution of the armature.
			b.  example
		2.  Frequency -  the number of cycles per second measured in Hertz.
			a.  1 cycle/second = 1 Hertz
			b.  60 cycles/second = 60 Hertz
			c.  In the US, the electricity supplies is 60 cycles/second.  There are 					sixty revolutions of armature per second.
		3.  Alternations – ½ of a complete cycle.
			a.  There are 2 alternations per cycle (up, down).
			b.  There are 120 alternations per second flowing with a 60 cycle current.
			c.  Alternation is basically flowing in the other direction.  
			d.  example
		4.  Root Mean Square Value
			a.  also called effective
			b.  that direct current which has the same heating effect in a resistor as the 					AC in question
	G.  Advantages of AC over DC
		1.  AC is needed to operate transformers (these are common in x-ray equipment)
		2.  With DC, more power is lost (in the form of heat) as it is transmitted thru a 				conductor.
		3.  AC is cheaper to produce.
		* Why does current change direction?  Because the armature first moves up 				through the flux lines and then down through them, so according to the 				Left Hand Rule, the current changes directions.
II.  Electric Motors
	A.  Definition – a device that converts electrical energy to mechanical energy.  The 			current is made to do useful work.
	B.  Motor Principle – a current carrying conductor in an external magnetic field 				experiences a force directed at right angles to the plane formed by the current and 			the field.
		1.  Right Hand Rule - The thumb and first 2 fingers of the right hand are held at 				right angles to 	each other:
				a.  index finger – shows the direction of the magnetic flux
				b.  middle finger – the direction of the induced electron current
				c.  thumb – the direction the conductor is moving 
	C.  Two Types of Electric Motors
	1. DC Motors
	2. AC Motors
	a. synchronous
	b. induction
III.  AC Motors
	A. Synchronous
1. AC is fed to the armature causing it to rotate in the external field magnets.
2. No need for a commutator ring. Uses slip rings instead.	
B.  Induction Motor
	1.  What rotates the anode in an x-ray tube.
		a. Instead of an armature there is a rotor which is an iron and copper bar 				that will be induced to rotate.
		b. Surrounding the rotor but not touching it is the stator which is a hollow 				rod with electromagnets attached in its walls.
		c. AC supplies the electromagnets in sequence producing a changing 				magnetic field.
		d. Eddy currents are induced in the rotor (because of the surrounding 				changing magnetic field).
			 * Eddy Currents – swirling currents of electricity within an iron 					core.  Not useful for lighting homes, etc. because they are 					not a flowing current.  Not very powerful.
		e. A magnetic field is created around the rotor (now has electricity).
		f. The magnetic field around the rotor attempts to align itself with the 				surrounding stator field and rotates.
IV.  Summary
	A.  Eddy currents are induced to flow in the rotor and its associated magnetic field 			attempts to align itself with the stator field.
B.  Circuit Measuring Devices: measures current and voltage
	1. Galvanometer – measures amperage or voltage in a DC circuit.
	2. Electrodynamometer – measures amps or voltage in an AC circuit.
Objectives:
1.  Discuss the essential components of an AC generator.
2.  Explain the operation of an AC generator.
3.  Draw and define the sine wave pattern for an AC generator.
4.  Explain the advantages of AC generator over DC.
5.  Explain the operation of an AC induction motor and how it is important to x-ray production.
6.  Define the term electrodynamometer.
Readings:
C & A, Chapter 4, pgs 70-76.
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