19.1	The Electromagnetic Age  -  738


	


19.2	Faraday’s Discovery  -  738


	a.	Oersted in 1819 - moving electrons create a magnetic field


	b.	Can the reverse be true?


	c.	See Investigation 19.1  Electromagnetic Induction   (761)


	d.	Faraday in 1831 - basic principle of electromagnetic induction


		1.	moved a wire through the jaws of a horseshoe magnet


			a.	electrons only flowed while conductor was moving through the magnetic field


		2.	plunging a bar magnet into and out of the core of a coil


			a.	electrons only began to flow when the bar magnet was moving into or out of the coil


		3.	touching the iron core of a coil with a bar magnet and then removing the magnet


			a.	electrons only moved through the coil when the iron cylinder was being magnetized or demagnetized


	e.	The Law: Whenever the magnetic field in the region of a conductor is moving, or changing in magnitude, electrons are induced to flow through the conductor


	f.	Faraday’s Ring - induced current only when current is changing


		1.	mutual inductance - changing current in one coil induces a current in another coil





19.3	The Magnitude of the Induced Electric Potential  -  740


	a.	Demo: Plunge a bar magnet into the core of a solenoid connected to a galvanometer


	b.	Factors affecting the magnitude of the induced current:


		1.	the number of turns on the induction coil


		2.	the rate of change, or rate of motion, of the inducing magnetic field


		3.	the strength of the inducing magnetic field


			� EMBED Equation.2  ���





19.4	The Direction of the Induced Current: Lenz’s Law  -  741


	a.	Demo - move magnet into coil


		1.	North into, North out, South in, South out


	b.	Lenz 1804-1865


		1.	when a current is induced through a conductor


		2.	the induced current sets up a magnetic field


		3.	this induced field interacts with the inducing field (either attracting or repelling it)


		4.	Demo: N-pole inserted into coil


			a.	will be an induced current - either up or down (see coil page 741)


				1.	assumption - induced conventional current is up


				2.	using right hand rule - right end of coil becomes a S-pole


				3.	if so, S-pole would attract N-pole of bar magnet


				4.	reasoned - this is impossible - produce electrical energy by itself


					a.	Law of Conservation of Energy does not allow


				5.	the flaw? - must be in original assumption about direction of induced current


				6.	new assumption - induced convention current is down


				7.	then right end of coil becomes a N-pole


				8.	N-pole of coil opposed N-pole of magnet


				9.	Work must be done to push magnet into coil against opposing fore - into electrical energy


	c.	An induced current flows in such a direction that the induced field it creates opposes the action of the inducing filed. - Lenz in 1834


	d.	sp 743	1.	determine direction of induced as magnet is moved out of coil


				2.	determine pole of magnet


	e.	pp 744	1.	show polarity of induced magnetic field and direction of induced current


					i      ii     iii     iv





19.5	Electrical Generators: AC or DC  -  745


	a.	generator - mechanical energy into electrical energy


	b.	Alternating Current (AC) Generator


		-	use left hand rule: palm -> mechanical force,  fingers -> field,  thumb -> induced current


		1.	coil of wire rotated in magnetic field of ‘field magnet’


		2.	direction of current reverses each half turn - slip ring - connects to outside


					-	direction of induced current - use left hand rule above ???


		3.	alternating current (AC) - induced current changes its direction each half-cycle


			a.	current reaches a peak when?  plane of coil is horizontal


			b.	current is momentarily zero when? plane of coil is vertical


		4.	See diagrams on page 747 - shows position of armature, coil, brushes, and slip rings


			a.	discuss: indicate that armature has current in wire


	c.	Direct Current (DC) Generator


		1.	single split ring (commutator) replaces slip rings


		2.	commutator rotates with coil, brushes stationary


		3.	brushes switch commutator segment connections each half turn


		4.	thus current always leaves through one of the brushes


		5.	See diagrams on page 747 - shows position of armature, coil, brushes, and slip rings


	d.	Maximizing the Output from AC and DC Generators


		1.	increasing number of turns on the coil


		2.	winding coil on a soft iron core (armature), to increase strength of inducing field


		3.	increase speed of rotation


		4.	by increasing the strength of the field magnet


			a.	use electromagnet, current in it produced by generator itself


		5.	get ripple effect: max to zero to max to zero etc.


		6.	wind several separate coils on the armature, equally spaced from one another





19.6	The Victory of Alternating Current: The Transformer  -  752


	a.	both AC and DC generators are equally easy to design and operate, and produce electrical energy with equal efficiency


	b.	sp 752		Calculate % of electric power wasted as heat in a transmission line given R and V


						find I=P/V, find P=I2R   loss is 25%


					Increase electrical potential from 200 to 2000 volts - loss is 0.25%


	c.	electricity produced at 10 kV


	d.	transformer: changes electric potential


		1.	current supplied to primary coil


		2.	current induced in secondary coil (mutual inductance)


		3.	number of turns indicate voltage  � EMBED Equation.2  ���  step-up or step-down transformers


	e.	Effective designing of transformers


		1.	copper coils - low resistance, to avoid power loss: P=I2R


		2.	core of high-permeability, soft, ferromagnetic material is used to decrease energy needed to change the magnetic field in the core


		3.	core given a shape and size to ensure large amount of mutual induction between the two coils


		4.	Power output = power input (ideal)


		5.	P2=P1      I2V2 = I1V1      � EMBED Equation.2  ���	


	f.	sp 755		find number of turns in secondary, and current supplied to primary


	g.	pp 756		1.	


					2.	


					3.	


	h.	How does the transformer operate?


		1.	current and potential in secondary occur due to electromagnetic induction


		2.	for induction to occur in secondary coil, must be a changing in strength and/or direction of magnetic field in core of transformer


		3.	the primary current in the coil must be changing in magnitude and/or direction


		4.	use ac current to accomplish it


	i.	Why use AC vs DC?


		1.	electrical energy is more efficiently transmitted at high voltages


		2.	high voltages can be achieved by use of transformers which can raise or lower voltage


		3.	transformers operate on AC





19.7	Distribution of Electrical Energy  -  757


	1.	need at end, 60 Hz at 120 volts


		a.	Demo: blinking NE-2


	2.	generated at 20 kV, stepped up to 500 kV or 230 kV or 765 kV, transmitted


	3.	at district transformer station stepped down to 115 kV, to 44 kV or 27.6 kV at local stations


	4.	at neighborhood station, stepped down to 4 kV and at pole to 240 V (split into 2-120’s)





assign problems - look at investigations
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