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57%(7)57%	found	this	document	useful	(7	votes)5K	viewsThis	document	summarizes	the	results	of	an	experiment	using	a	simulation	of	electromagnetic	induction.	Key	findings	include:	1)	A	compass	needle	points	toward	the	south	pole	of	a	bar	magnet…AI-enhanced	title	and	descriptionSaveSave	Lab	EM2[Answers]	For	Later57%57%	found	this
document	useful,	undefined	מארגנים	יוזמים,	אנו	ולכן	למדע,	אנשים	בין	בחיבור	מאמינים	אנו	והעשייה.	הגילוי	חדוות	את	ולמצוא	לחשוב	לחלום,	להתפתח,	הדמיון,	את	להפעיל	אנשים	מעודדים	אנו	והחינוכית	המדעית	פעילותנו	באמצעות	במדע.	שמרתק	מה	כל	את	לגלות	הרצון	ואת	הניצוץ,	את	בלהדליק	מתמחים	אנו	למדע.	ויצמן	מכון	של	החינוכית	הזרוע	מדעי,	לחינוך	דוידסון	למכון	הבאים	ברוכים	המלאים	לפרטים	בגן	לביקור
ומפעילים	קשת	רחבה	של	תוכניות	חינוכיות.	אנו	גאים	להיות	מוקד	מקצועי	לתלמידים,	הורים	והקהל	הרחב,	כמו	גם	למורים,	אנשי	אקדמיה	ממשל	וחינוך.	סופרים	מספרים	מדע	-	הארי	פוטר	-	משחקי	בילוש	-	כשהמוח	פותר	תעלומות	בשעה	17:30	במכון	דוידסון	סופרים	מספרים	מדע	-	ההמצאה	המדהימה	של	אבא:	כשטעות	יוצרת	גאונות	בשעה	17:30	במכון	דוידסון	סופרים	מספרים	מדע	-	מעבדת	הנינג׳ות	הסודית	בשעה	17:30
לעוד	כתבות	כאן	מותר	לגעת!	מוזאון	גן	המדע	ע"ש	קלור	ברחובות	~	מוזאון	המדע	הראשון	מסוגו	בעולם	הבנוי	תחת	כיפת	השמיים	אנחנו	מזמינים	אותך	לגעת,	לשחק,	לרוץ,	להסתקרן,	ולחקור	את	תשעת	העולמות	הפזורים	על	פני	עשרה	דונמים	המלאים	בכיף,	מדע,	article	link	article	link	article	link	article	link	article	link	article	link	article	link	article	link	article	link	article	link	article	link	במכון	דוידסון
גילוי,	משחק	והנאה	לכל	המשפחה	כדור	הארץ	הוא	הבית	של	כולנו.	כוכב	לכת	שהוא	ההרמוניה	בין	אדמה	ומים,	חי	וצומח.	נצלול	למעמקי	המים,	נטפס	לצמרות	העצים,	נטייל	על	רשת	קורי	עכביש	וניגע	באדמה	לעוד	מתחמים	העולם	מלא	בתבניות	נסתרות.	אם	נפצח	את	הקוד	שבטבע,	נבין	עוד	על	העולם	שסביבנו.	באמצעות	קוד	נתכנת	במתחם	את	תנועת	המים,	את	צלילי	המוזיקה,	מראות	וצבעים	לעוד	מתחמים	האדם	הוא	יצור	חי
מדעי	מציע	מאות	סרטונים	מרתקים	ומערכי	שיעור	נלווים	המתויגים	לפי	תוכניות	הלימודים	במדעים	ובמתמטיקה	VOD	!מופלא	ומסקרן.	במתחם	נטפס	בתוך	גוף-אדם	בגובה	בניין	בן	3	קומות,	נפעיל	את	הריאות	ואת	הלב,	נזיז	את	קצות	האצבעות,	ונראה	איך	הדם	זורם,	ובעצם,	נבין	יותר	את	מה	שבתוכנו	לעוד	מתחמים	גלו	את	גן	המדע	כאן	תמצאו	את	המסלול	המדעי	המושלם	להתפתחות	אישית	ומקצועית	הפכו	כל	שיעור	לחוויה
הפכו	את	הלמידה	למפגש	עם	מומחים	מחזית	המדע!	ב"שיחות	מדע"	תוכלו	להזמין	מדענים	ומומחים	לשיחה	מקוונת	עם	תלמידים,	ולחבר	אותם	VOD-המשדרגים	את	ההוראה	בכיתה.	באמצעות	מערכת	הסינון	המתקדמת,	תוכלו	למצוא	סרטונים	ופעילויות	לפי	נושא	הלימוד,	להתאים	את	התוכן	לגיל	התלמידים	ולבחור	פעילויות	בהתאם	למיומנויות	שתרצו	לפתח	בשיעור.	לחצו	כאן	והתחילו	לשדרג	את	השיעור	הבא	שלכם!	לעמוד	ה
field	magnetic	changing	a	how	conversely,	and,	field	magnetic	a	produces	current	electric	an	how	describes	induction	of	law	Faraday's	למחקר	העכשווי	בתחומים	הנלמדים	בכיתה	למדו	על	נושא	הלימוד	שלכם	דרך	שיחה	עם	מדען	מוביל	בתחום,	שאלו	שאלות	והכירו	את	העולם	המדעי	מקרוב.	לחצו	כאן	ותעשירו	את	הלמידה,	תעוררו	השראה	ותקרב	את	התלמידים	לעולם	המדע!	לאתר	שיחות	מדע
generates	an	electric	current	in	a	conductor.	English	physicist	Michael	Faraday	gets	the	credit	for	discovering	magnetic	induction	in	1831,	but	American	physicist	Joseph	Henry	independently	made	the	same	discovery	at	about	the	same	time,	according	to	the	University	of	Texas	at	Austin.It	is	impossible	to	overstate	the	significance	of	Faraday's
discovery.	Magnetic	induction	enables	the	electric	motors,	generators	and	transformers	that	form	the	foundation	of	modern	technology.	By	understanding	and	using	induction,	we	have	an	electric	power	grid	and	many	of	the	things	we	plug	into	it.Faraday's	law	was	later	incorporated	into	the	more	comprehensive	Maxwell's	equations,	according	to
Sacred	Heart	University.	Maxwell's	equations	were	developed	by	Scottish	physicist	James	Clerk	Maxwell	to	explain	the	relationship	between	electricity	and	magnetism,	essentially	uniting	them	into	a	single	electromagnetic	force	and	describing	the	electromagnetic	waves	that	make	up	radio	waves,	visible	light	and	X-rays.	You	may	like	Related:	9
equations	that	changed	the	worldElectric	charge	is	a	fundamental	property	of	matter	that	governs	how	some	elementary	particles	in	that	matter	are	affected	by	an	electric	or	magnetic	field,	according	to	Britannica.	The	electric	field	from	a	localized	point	charge	—	that	is,	a	hypothetical	electric	charge	located	at	a	single	point	in	space	—	is	relatively
simple,	Serif	Uran,	a	professor	of	physics	at	Pittsburg	State	University	in	Kansas,	told	Live	Science.	He	describes	it	as	radiating	equally	in	all	directions,	like	light	from	a	bare	light	bulb,	and	decreasing	in	strength	as	the	inverse	square	of	the	distance	(1/r2)	in	accordance	with	Coulomb's	law,	according	to	Georgia	State	University.	When	you	move
twice	as	far	away,	the	field	strength	decreases	to	one-fourth,	and	when	you	move	three	times	farther	away,	it	decreases	to	one-ninth.Protons	have	positive	charge,	while	electrons	have	negative	charge.	However,	protons	are	mostly	immobilized	inside	an	atom's	nucleus,	so	most	of	the	electric	currents	we're	familiar	with	come	from	electrons.	Electrons
in	a	conducting	material,	such	as	a	metal,	are	largely	free	to	move	from	one	atom	to	another	along	their	conduction	bands,	which	are	the	highest	electron	orbits,	according	to	Austin	Community	College.	A	sufficient	electromotive	force,	or	voltage,	produces	a	charge	imbalance	that	can	cause	electrons	to	move	through	a	conductor	from	a	region	of
more	negative	charge	to	a	region	of	more	positive	charge,	according	to	Iowa	State	University.	This	movement	is	what	we	recognize	as	an	electric	current.MagnetismTo	understand	Faraday's	law	of	induction,	it	is	important	to	have	a	basic	understanding	of	magnetic	fields.	The	magnetic	field	is	more	complex	than	the	electric	field.	While	positive	and
negative	electric	charges	can	exist	separately,	magnetic	poles	always	come	in	pairs	—	one	north	and	one	south,	according	to	Boston	University.	Typically,	magnets	of	all	sizes	—	from	subatomic	particles,	to	industrial-size	magnets,	to	planets	and	stars	—	are	dipoles,	meaning	each	has	two	poles.	These	poles	are	called	north	and	south	after	the
direction	in	which	compass	needles	point.	Interestingly,	opposite	poles	attract	and	like	poles	repel,	so	Earth's	magnetic	North	Pole	is	actually	a	south	magnetic	pole	because	it	attracts	the	north	poles	of	compass	needles.A	magnetic	field	is	often	depicted	as	lines	of	magnetic	flux,	according	to	Florida	State	University.	In	the	case	of	a	bar	magnet,	the
flux	lines	exit	from	the	north	pole	and	curve	around	to	reenter	at	the	south	pole.	In	this	model,	the	number	of	flux	lines	passing	through	a	given	surface	in	space	represents	the	flux	density,	or	the	strength	of	the	field.	Notably,	however,	this	is	only	a	model.	A	magnetic	field	is	smooth	and	continuous	and	does	not	actually	consist	of	discrete
lines.Magnetic	field	lines	from	a	bar	magnet.	(Image	credit:	snapgalleria	Shutterstock)Earth's	magnetic	field	produces	a	tremendous	amount	of	magnetic	flux,	but	it	is	dispersed	over	a	huge	volume	of	space.	Therefore,	only	a	small	amount	of	flux	passes	through	a	given	area,	resulting	in	a	relatively	weak	field.	The	flux	from	a	refrigerator	magnet	is
tiny	compared	with	that	of	Earth,	but	its	field	strength	is	many	times	stronger	at	close	range,	where	its	flux	lines	are	much	more	densely	packed,	according	to	a	lecture	by	UMass	Lowell	physicist	Jean-François	Millithaler.	However,	the	field	quickly	becomes	much	weaker	as	you	move	away.InductionIf	you	run	an	electric	current	through	a	wire,	it	will
produce	a	magnetic	field	around	the	wire.	The	direction	of	this	magnetic	field	can	be	determined	by	the	so-called	right-hand	rule.	According	to	the	physics	department	at	Buffalo	State	University	of	New	York,	if	you	extend	your	thumb	and	curl	the	fingers	of	your	right	hand,	your	thumb	points	in	the	positive	direction	of	the	current	and	your	fingers	curl
in	the	north	direction	of	the	magnetic	field.Left-hand	and	right-hand	rule	for	a	magnetic	field	due	to	a	current	in	a	straight	wire.	(Image	credit:	Fouad	A.	Saad	Shutterstock)If	you	bend	the	wire	into	a	loop,	the	magnetic-field	lines	will	bend	with	it,	forming	a	toroid,	or	doughnut	shape.	In	this	case,	your	thumb	points	in	the	north	direction	of	the
magnetic	field	coming	out	of	the	center	of	the	loop,	while	your	fingers	point	in	the	positive	direction	of	the	current	in	the	loop.In	a	current-carrying	circular	loop,	(a)	the	right-hand	rule	gives	the	direction	of	the	magnetic	field	inside	and	outside	the	loop.	(b)	More	detailed	mapping	of	the	field,	which	is	similar	to	that	of	a	bar	magnet.	(Image	credit:
OpenStax)If	you	run	a	current	through	a	wire	loop	in	a	magnetic	field,	the	interaction	of	these	magnetic	fields	will	exert	a	twisting	force,	or	torque,	on	the	loop,	causing	it	to	rotate,	according	to	the	Rochester	Institute	of	Technology.	However,	it	will	only	rotate	so	far	until	the	magnetic	fields	are	aligned	—	that	is,	it	will	wobble	back	and	forth	instead
of	spinning.	For	the	loop	to	continue	rotating,	you	have	to	reverse	the	direction	of	the	current,	which	will	reverse	the	direction	of	the	magnetic	field	from	the	loop.	The	loop	will	then	rotate	180	degrees	until	its	field	is	aligned	in	the	other	direction.	This	is	the	basis	for	the	electric	motor.Conversely,	if	you	rotate	a	wire	loop	in	a	magnetic	field,	the	field
will	induce	an	electric	current	in	the	wire.	The	direction	of	the	current	will	reverse	every	half	turn,	producing	an	alternating	current,	according	to	the	University	of	Texas	at	Austin.	This	is	the	basis	for	the	electric	generator.	Importantly,	it	is	not	the	motion	of	the	wire,	but	rather	the	opening	and	closing	of	the	loop	with	respect	to	the	direction	of	the
field,	that	induces	the	current.	When	the	loop	is	face-on	to	the	field,	the	maximum	amount	of	flux	passes	through	the	loop.	However,	when	the	loop	is	turned	edge-on	to	the	field,	no	flux	lines	pass	through	the	loop.	It	is	this	change	in	the	amount	of	flux	passing	through	the	loop	that	induces	the	current.Another	experiment	involves	forming	a	wire	into	a
loop	and	connecting	the	ends	to	a	sensitive	current	meter,	or	galvanometer.	If	you	then	push	a	bar	magnet	through	the	loop,	the	needle	in	the	galvanometer	will	move,	indicating	an	induced	current.	Once	you	stop	the	motion	of	the	magnet,	however,	the	current	returns	to	zero.	The	field	from	the	magnet	will	induce	a	current	only	when	it	is	increasing
or	decreasing.	If	you	pull	the	magnet	back	out,	it	will	again	induce	a	current	in	the	wire,	but	this	time,	it	will	be	in	the	opposite	direction,	according	to	the	University	of	Florida.Magnet	in	a	wire	loop	connected	to	a	galvanometer.	(Image	credit:	Fouad	A.	Saad	Shutterstock)If	you	were	to	put	a	light	bulb	in	the	circuit,	it	would	dissipate	electrical	energy
in	the	form	of	light	and	heat,	and	you	would	feel	resistance	to	the	motion	of	the	magnet	as	you	moved	it	in	and	out	of	the	loop.	To	move	the	magnet,	you	have	to	do	work	that	is	equivalent	to	the	energy	being	used	by	the	light	bulb.In	yet	another	experiment,	you	might	construct	two	wire	loops,	connect	the	ends	of	one	to	a	battery	with	a	switch	and
connect	the	ends	of	the	other	loop	to	a	galvanometer.	If	you	place	the	two	loops	close	to	each	other	in	a	face-to-face	orientation	and	turn	on	the	power	to	the	first	loop,	the	galvanometer	connected	to	the	second	loop	will	indicate	an	induced	current	and	then	quickly	return	to	zero,	according	to	the	University	of	California,	Santa	Barbara.What	is
happening	here	is	that	the	current	in	the	first	loop	produces	a	magnetic	field,	which,	in	turn,	induces	a	current	in	the	second	loop	—	but	only	in	the	instant	when	the	magnetic	field	is	changing.	When	you	turn	off	the	switch,	the	meter	will	deflect	momentarily	in	the	opposite	direction.	This	is	further	indication	that	it	is	the	change	in	the	intensity	of	the
magnetic	field,	and	not	its	strength	or	motion,	that	induces	the	current.The	explanation	for	this	is	that	a	magnetic	field	causes	electrons	in	a	conductor	to	move.	This	motion	is	what	we	know	as	electric	current.	Eventually,	though,	the	electrons	reach	a	point	where	they	are	in	equilibrium	with	the	field,	at	which	point	they	will	stop	moving.	Then,	when
the	field	is	removed	or	turned	off,	the	electrons	will	flow	back	to	their	original	location,	producing	a	current	in	the	opposite	direction.Unlike	a	gravitational	field	or	an	electric	field,	a	magnetic	dipole	field	is	a	more	complex	3D	structure	that	varies	in	strength	and	direction	according	to	the	location	where	it	is	measured,	so	it	requires	calculus	to
describe	it	fully.	However,	we	can	describe	a	simplified	case	of	a	uniform	magnetic	field	—	for	example,	a	very	small	section	of	a	very	large	field	—	as	ΦB	=	BA,	where	ΦB	is	the	absolute	value	of	the	magnetic	flux,	B	is	the	strength	of	the	field	and	A	is	a	defined	area	through	which	the	field	passes,	according	to	Eastern	Illinois	University.	Conversely,	in
this	case,	the	strength	of	a	magnetic	field	is	the	flux	per	unit	area,	or	B	=	ΦB/A.Faraday's	lawNow	that	we	have	a	basic	understanding	of	the	magnetic	field,	we	are	ready	to	define	Faraday's	law	of	induction.	It	states	that	the	induced	voltage	in	a	circuit	is	proportional	to	the	rate	of	change	over	time	of	the	magnetic	flux	through	that	circuit,	according
to	Rensselaer	Polytechnic	Institute.	In	other	words,	the	faster	the	magnetic	field	changes,	the	greater	the	voltage	in	the	circuit	will	be.	The	direction	of	the	change	in	the	magnetic	field	determines	the	direction	of	the	current.	We	can	increase	the	voltage	by	adding	more	loops	to	the	circuit.	The	induced	voltage	in	a	coil	with	two	loops	will	be	twice	that
with	one	loop,	and	with	three	loops,	it	will	be	triple.	This	is	why	real	motors	and	generators	typically	have	large	numbers	of	coils.	In	theory,	motors	and	generators	are	the	same.	If	you	turn	a	motor,	it	will	generate	electricity,	and	if	you	apply	that	voltage	to	a	generator,	it	will	turn.	However,	most	real	motors	and	generators	are	optimized	for	only	one
function.TransformersAnother	important	application	of	Faraday's	law	of	induction	is	the	transformer,	invented	by	Nikola	Tesla.	In	this	device,	alternating	current,	which	changes	direction	many	times	per	second,	is	sent	through	a	coil	wrapped	around	a	magnetic	core.	This	produces	a	changing	magnetic	field	in	the	core,	which,	in	turn,	induces	a
current	in	a	second	coil	wrapped	around	a	different	part	of	the	same	magnetic	core,	according	to	Milwaukee	Area	Technical	College.Transformer	diagram	(Image	credit:	photoiconix	Shutterstock)The	ratio	of	the	number	of	turns	in	the	coils	determines	the	ratio	of	the	voltage	between	the	input	and	output	current.	For	instance,	if	you	take	a
transformer	with	100	turns	on	the	input	side	and	50	turns	on	the	output	side	and	you	input	an	alternating	current	at	220	volts,	the	output	will	be	110	volts.	According	to	Georgia	State	University,	a	transformer	cannot	increase	power,	which	is	the	product	of	voltage	and	current.	So	if	the	voltage	is	raised,	the	current	is	proportionally	lowered	and	vice
versa.	In	our	example,	an	input	of	220	volts	at	10	amps,	or	2,200	watts,	would	produce	an	output	of	110	volts	at	20	amps	—	again,	2,200	watts.	In	practice,	transformers	are	never	perfectly	efficient,	but	a	well-designed	transformer	typically	has	a	power	loss	of	only	a	few	percent,	according	to	the	University	of	Texas	at	Austin.Transformers	make
possible	the	electric	grid	we	depend	on	for	our	industrial	and	technological	society.	Cross-country	transmission	lines	operate	at	hundreds	of	thousands	of	volts	in	order	to	transmit	more	power	within	the	current-carrying	limits	of	the	wires.	This	voltage	is	stepped	down	repeatedly	using	transformers	at	distribution	substations	until	it	reaches	your
house,	where	it	is	finally	stepped	down	to	220	and	110	volts	that	can	run	your	electric	stove	and	computer.Live	Science	contributor	Ashley	Hamer	updated	this	article	on	Feb.	7,	2022.Additional	resourcesBibliographyRichard	Fitzpatrick,	"Faraday's	Law,"	University	of	Texas	at	Austin,	July	14,	2007.	�Lindsay	Guilmette,	"The	History	Of	Maxwell's
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moral	rights	may	limit	how	you	use	the	material.	189	years	ago,	Michael	Faraday	discovered	electromagnetic	induction,	which	enables	generating	electrical	voltage	and	current.	The	video	below	explains	this	discovery.	In	a	series	of	experiments	he	conducted	on	August	29	and	30,	1831,	scientist	Michael	Faraday	discovered	that	moving	a	magnet	near
an	electric	wire	(or	any	electrical	conductor),	creates	electrical	voltage	in	the	wire.	The	impact	of	that	discovery	–	which	formed	the	basis	for	the	generation	of	most	of	the	world’s	electricity	–	persists	to	this	day.	Watch	a	video	explaining	that	influential	discovery:	Explanation	Michael	Faraday	was	an	exceptional	scientist	with	a	fascinating	biography.
He	did	not	attend	a	university	or	even	high	school.	Nevertheless,	he	is	considered	one	of	the	greatest	researchers	of	all	time	and	reached	that	status	through	intense	willpower	and	perseverance,	which	enabled	him	to	realize	his	genius.	One	of	Faraday’s	most	important	discoveries,	called	today	Faraday’s	Law,	is	the	phenomenon	known	as
electromagnetic	induction.	It	is	difficult	to	think	of	another	discovery	with	such	far-reaching	effects	on	modern	life,	as	it	has	made	the	use	of	electricity	inside	our	homes	possible.	In	Faraday’s	times	(1791-1867),	electricity	could	be	produced	only	by	primitive	batteries	or	the	rubbing	of	two	materials	together	to	generate	static	electricity.	Both
methods	yielded	relatively	small	amounts	of	electrical	energy	and	there	was	no	method	to	generate	electricity	on	a	large	scale.	Faraday	conducted	numerous	experiments	involving	magnetism	and	electricity,	and,	186	years	ago	this	week,	discovered	that	when	he	passed	current	through	a	coil	of	metal	wire	(an	electrical	conductor),	voltage	was
created	in	another	metal	coil	close	by	(here	is	a	link	to	Faraday’s	diary	–	a	description	of	those	pioneering	experiments	from	August	29-30,	1831,	appears	on	page	37.)	Further	experiments	soon	led	to	his	discovery	that	just	moving	a	magnet	through	a	metal	coil	was	enough	to	create	voltage	between	the	ends	of	the	metal	coil.	In	fact,	a	magnet	is	what
gave	rise	to	electricity	in	the	first	experiment	–	a	magnetic	field	was	created	in	the	first	coil	when	an	electrical	current	was	passed	through	it.	Scientifically	speaking,	we	can	say	that	changes	in	the	magnetic	flux	created	an	electromotive	force	(electricity)	in	the	coil.	(The	law’s	exact	definition	is:	“The	electromotive	force	around	a	closed	path	is	equal
to	the	negative	of	the	time	rate	of	change	of	the	magnetic	flux	enclosed	by	the	path.”)	That	law	conveys	that	on	its	own,	a	magnet	will	not	generate	electricity	when	in	proximity	to	a	coil	made	of	electricity-conducting	material;	the	magnet	must	be	in	continuous	motion,	i.e.,	there	must	be	perpetual	change	in	the	magnetic	field	next	to	the	conducting
coil	for	electricity	to	be	generated	within	it.	The	process	is	one	of	energy	conversion,	from	kinetic/mechanical	energy,	that	is,	the	magnet’s	movement,	into	electrical	energy.	The	magnet	does	not	“run	out”	of	magnetism;	neither	is	it	the	source	of	the	energy	for	the	electricity	generation	process	–	it	only	makes	it	possible.	Because	magnets	have
orientation	(they	have	two	poles),	the	magnet’s	movement	in	both	opposing	directions	near	the	coil	creates	opposing	changes	in	the	magnetic	flux	and	therefore,	opposing	electrical	currents	–	as	demonstrated	in	the	video.	Faraday	understood	that	the	easiest	way	to	create	constant	motion	is	by	rotation,	and	that	led	him	to	invent	the	first	dynamo	/
generator;	the	first	device	able	to	produce,	steady,	uninterrupted,	continuous	electrical	current	for	as	long	as	the	magnet	continued	to	rotate.	In	Faraday’s	dynamo,	it	was	the	electrical	conductor	that	rotated	and	the	magnet	was	fixed	in	place.	Since	Faraday’s	initial	discovery,	the	process	has	been	improved	a	number	of	times.	Eventually,	the	magnet
was	replaced	by	an	electromagnet	making	powerful	magnetic	fields	available,	which	means	the	production	of	a	much	more	powerful	electric	current.	However,	the	principle	remains	the	same.	Even	today,	electricity	companies	use	that	principle	to	generate	most	of	the	world’s	electricity	–	mechanical	rotation	is	converted	into	electricity.	The
differences	between	power	stations	are	usually	in	the	method	used	to	power	the	mechanical	rotation	–	fossil	fuel	engines,	coal-fired	turbines,	gas,	nuclear	power,	hydro-electric,	wind.	But	all	those	methods	still	employ	magnetic	fields	rotating	around	metal	wires	to	generate	electricity.	Today,	only	a	tiny	amount	of	electricity	is	generated	using
methods	that	do	not	use	generators	–	solar	panels,	for	example.		To	understand	why	and	how	electromagnetic	induction	actually	functions,	we	can	say	in	brief	that	it	is	simply	the	embodiment	of	one	of	nature’s	laws	regarding	electricity	and	magnetism:	Metals	contain	free	electrons	and	electrons	are	very	small	particles	carrying	a	negative	electric
charge.	When	electrons	move	relative	to	an	electric	field	(or	an	electrical	field	moves	relative	to	the	electrons	as	shown	in	the	demonstration),	a	force	called	the	Lorentz	Force	acts	on	the	electrons	and	pushes	them	in	the	direction	perpendicular	to	their	movement	and	the	direction	of	the	magnetic	field.	That	force	is	expressed	as	the	movement	of
electrons	in	an	electric	circuit	–	i.e.,	electric	current.	Name:	_Randal	Scott	Adams	Date:	_10-09-20	Student	Exploration:	Electromagnetic	Induction	Vocabulary:	current,	electric	field,	electromagnetic	induction,	magnetic	field,	magnetic	flux,	right-hand	rule,	vector,	voltage,	wind	generator	Prior	Knowledge	Question	(Do	this	BEFORE	using	the	Gizmo.)
A	wind	generator,	such	as	the	one	shown	at	left,	uses	the	power	of	wind	to	generate	electricity.	What	do	you	think	is	happening	inside	the	wind	generator	to	convert	the	energy	of	the	spinning	blades	into	electricity?	Make	your	best	guess.	_I	couldn’t	even	guess	at	how	its	done	because	I	have	no	clue	Gizmo	Warm-up	Usually	when	you	experiment	with
circuits,	you	use	a	battery	or	another	energy	source	to	create	a	current.	But	is	it	possible	to	generate	a	current	without	a	battery?	You	can	find	out	with	the	Electromagnetic	Induction	Gizmo.	In	the	Gizmo,	you	can	drag	the	wire	loop	around	or	use	the	controls	to	move	the	magnet	up	and	down.	You	can	also	rotate	the	wire	loop.	Experiment	with	the
Gizmo	to	see	how	many	different	ways	you	can	create	a	current	in	the	wire	loop	and	light	the	light	bulb.	Describe	your	findings	below.	_When	I	move	the	light	bulb	it	lights	up	Sign	up	to	view	the	full	document!	lock_open	Sign	Up	Activity	A:	Electromagnetic	fields	Get	the	Gizmo	ready:	•	Turn	on	Show	electric	field	at	sensor.	•	Click	Reverse	to	move
the	magnet	down	and	set	the	Speed	to	10	cm/s.	Introduction:	When	electric	current	runs	through	a	wire,	it	induces	a	magnetic	field	near	the	wire.	Similarly,	electric	fields	can	be	created	in	the	process	of	electromagnetic	induction.	Question:	How	do	magnets	induce	electric	fields?	1.	Observe:	While	the	magnet	is	not	moving,	is	there	any	electric	field?
_No	2.	Sketch:	Click	Forward,	and	observe	the	electric	field	display.	(Note:	This	display	shows	a	top	view	of	the	electric	field	picked	up	by	the	sensor	at	the	top	of	the	SIMULATION	pane.)	Sketch	the	electric	field	at	right.	Notice	the	electric	field	consists	of	an	array	of	arrows,	or	vectors.	Each	vector	represents	the	force	on	a	positive	charge	located	at
the	base	of	the	vector.	What	do	you	notice?	_They	move	in	a	circle	3.	Experiment:	Click	Reverse	and	observe	the	electric	field	as	the	magnet	moves	away.	A.	How	does	changing	the	direction	of	the	magnet	affect	the	electric	field?	_It	made	the	arrows	get	smaller	possibly	meaning	the	magnetic	field	was	reduced	B.	Increase	the	Speed	to	20	cm/s,	and
then	click	Forward.	How	does	increasing	the	speed	of	the	magnet	affect	the	strength	of	the	electric	field?	_The	faster	the	speed	the	stronger	the	electric	field	is	4.	Make	a	rule:	If	you	have	studied	how	currents	induce	magnetic	fields,	you	may	recall	the	right-hand	rule,	illustrated	at	right.	For	electric	currents,	the	thumb	represents	the	direction	of
positive	charge	(I)	and	the	fingers	represent	the	induced	magnetic	field	(B).	To	describe	the	electric	field	induced	by	a	moving	magnet,	you	can	use	a	“left-hand	rule.”	What	do	the	thumb	and	fingers	of	your	left	hand	represent	in	this	case?	Thumb:	_The	direction	of	the	magnet	Fingers:	_The	electric	field	Sign	up	to	view	the	full	document!	lock_open
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Indeed	4.5	Sitejabber	4.4	Stuck	on	a	study	question?	Our	verified	tutors	can	answer	all	questions,	from	basic	math	to	advanced	rocket	science!	Production	of	voltage	by	a	varying	magnetic	field	Not	to	be	confused	with	Magnetic	inductance.	Alternating	electric	current	flows	through	the	solenoid	on	the	left,	producing	a	changing	magnetic	field.	This
field	causes,	by	electromagnetic	induction,	an	electric	current	to	flow	in	the	wire	loop	on	the	right.	Electromagnetic	or	magnetic	induction	is	the	production	of	an	electromotive	force	(emf)	across	an	electrical	conductor	in	a	changing	magnetic	field.	Michael	Faraday	is	generally	credited	with	the	discovery	of	induction	in	1831,	and	James	Clerk	Maxwell
mathematically	described	it	as	Faraday's	law	of	induction.	Lenz's	law	describes	the	direction	of	the	induced	field.	Faraday's	law	was	later	generalized	to	become	the	Maxwell–Faraday	equation,	one	of	the	four	Maxwell	equations	in	his	theory	of	electromagnetism.	Electromagnetic	induction	has	found	many	applications,	including	electrical	components
such	as	inductors	and	transformers,	and	devices	such	as	electric	motors	and	generators.	Faraday's	experiment	showing	induction	between	coils	of	wire:	The	liquid	battery	(right)	provides	a	current	that	flows	through	the	small	coil	(A),	creating	a	magnetic	field.	When	the	coils	are	stationary,	no	current	is	induced.	But	when	the	small	coil	is	moved	in	or
out	of	the	large	coil	(B),	the	magnetic	flux	through	the	large	coil	changes,	inducing	a	current	which	is	detected	by	the	galvanometer	(G).[1]	A	diagram	of	Faraday's	iron	ring	apparatus.	Change	in	the	magnetic	flux	of	the	left	coil	induces	a	current	in	the	right	coil.[2]Electromagnetic	induction	was	discovered	by	Michael	Faraday,	published	in	1831.[3][4]
It	was	discovered	independently	by	Joseph	Henry	in	1832.[5][6]	In	Faraday's	first	experimental	demonstration,	on	August	29,	1831,[7]	he	wrapped	two	wires	around	opposite	sides	of	an	iron	ring	or	"torus"	(an	arrangement	similar	to	a	modern	toroidal	transformer).[citation	needed]	Based	on	his	understanding	of	electromagnets,	he	expected	that,
when	current	started	to	flow	in	one	wire,	a	sort	of	wave	would	travel	through	the	ring	and	cause	some	electrical	effect	on	the	opposite	side.	He	plugged	one	wire	into	a	galvanometer,	and	watched	it	as	he	connected	the	other	wire	to	a	battery.	He	saw	a	transient	current,	which	he	called	a	"wave	of	electricity",	when	he	connected	the	wire	to	the
battery	and	another	when	he	disconnected	it.[8]	This	induction	was	due	to	the	change	in	magnetic	flux	that	occurred	when	the	battery	was	connected	and	disconnected.[2]	Within	two	months,	Faraday	found	several	other	manifestations	of	electromagnetic	induction.	For	example,	he	saw	transient	currents	when	he	quickly	slid	a	bar	magnet	in	and	out
of	a	coil	of	wires,	and	he	generated	a	steady	(DC)	current	by	rotating	a	copper	disk	near	the	bar	magnet	with	a	sliding	electrical	lead	("Faraday's	disk").[9]	Faraday	explained	electromagnetic	induction	using	a	concept	he	called	lines	of	force.	However,	scientists	at	the	time	widely	rejected	his	theoretical	ideas,	mainly	because	they	were	not	formulated
mathematically.[10]	An	exception	was	James	Clerk	Maxwell,	who	used	Faraday's	ideas	as	the	basis	of	his	quantitative	electromagnetic	theory.[10][11][12]	In	Maxwell's	model,	the	time	varying	aspect	of	electromagnetic	induction	is	expressed	as	a	differential	equation,	which	Oliver	Heaviside	referred	to	as	Faraday's	law	even	though	it	is	slightly
different	from	Faraday's	original	formulation	and	does	not	describe	motional	emf.	Heaviside's	version	(see	Maxwell–Faraday	equation	below)	is	the	form	recognized	today	in	the	group	of	equations	known	as	Maxwell's	equations.	In	1834	Heinrich	Lenz	formulated	the	law	named	after	him	to	describe	the	"flux	through	the	circuit".	Lenz's	law	gives	the
direction	of	the	induced	emf	and	current	resulting	from	electromagnetic	induction.	Main	article:	Faraday's	law	of	induction	A	solenoid	The	longitudinal	cross	section	of	a	solenoid	with	a	constant	electrical	current	running	through	it.	The	magnetic	field	lines	are	indicated,	with	their	direction	shown	by	arrows.	The	magnetic	flux	corresponds	to	the
'density	of	field	lines'.	The	magnetic	flux	is	thus	densest	in	the	middle	of	the	solenoid,	and	weakest	outside	of	it.	Faraday's	law	of	induction	makes	use	of	the	magnetic	flux	ΦB	through	a	region	of	space	enclosed	by	a	wire	loop.	The	magnetic	flux	is	defined	by	a	surface	integral:[13]	Φ	B	=	∫	Σ	B	⋅	d	A	,	{\displaystyle	\Phi	_{\mathrm	{B}	}=\int	_{\Sigma
}\mathbf	{B}	\cdot	d\mathbf	{A}	\,,}	where	dA	is	an	element	of	the	surface	Σ	enclosed	by	the	wire	loop,	B	is	the	magnetic	field.	The	dot	product	B·dA	corresponds	to	an	infinitesimal	amount	of	magnetic	flux.	In	more	visual	terms,	the	magnetic	flux	through	the	wire	loop	is	proportional	to	the	number	of	magnetic	field	lines	that	pass	through	the	loop.
When	the	flux	through	the	surface	changes,	Faraday's	law	of	induction	says	that	the	wire	loop	acquires	an	electromotive	force	(emf).[note	1]	The	most	widespread	version	of	this	law	states	that	the	induced	electromotive	force	in	any	closed	circuit	is	equal	to	the	rate	of	change	of	the	magnetic	flux	enclosed	by	the	circuit:[17][18]	E	=	−	d	Φ	B	d	t	,
{\displaystyle	{\mathcal	{E}}=-{\frac	{d\Phi	_{\mathrm	{B}	}}{dt}}\,,}	where	E	{\displaystyle	{\mathcal	{E}}}	is	the	emf	and	ΦB	is	the	magnetic	flux.	The	direction	of	the	electromotive	force	is	given	by	Lenz's	law	which	states	that	an	induced	current	will	flow	in	the	direction	that	will	oppose	the	change	which	produced	it.[19]	This	is	due	to	the
negative	sign	in	the	previous	equation.	To	increase	the	generated	emf,	a	common	approach	is	to	exploit	flux	linkage	by	creating	a	tightly	wound	coil	of	wire,	composed	of	N	identical	turns,	each	with	the	same	magnetic	flux	going	through	them.	The	resulting	emf	is	then	N	times	that	of	one	single	wire.[20][21]	E	=	−	N	d	Φ	B	d	t	{\displaystyle	{\mathcal
{E}}=-N{\frac	{d\Phi	_{\mathrm	{B}	}}{dt}}}	Generating	an	emf	through	a	variation	of	the	magnetic	flux	through	the	surface	of	a	wire	loop	can	be	achieved	in	several	ways:	the	magnetic	field	B	changes	(e.g.	an	alternating	magnetic	field,	or	moving	a	wire	loop	towards	a	bar	magnet	where	the	B	field	is	stronger),	the	wire	loop	is	deformed	and	the
surface	Σ	changes,	the	orientation	of	the	surface	dA	changes	(e.g.	spinning	a	wire	loop	into	a	fixed	magnetic	field),	any	combination	of	the	above	See	also:	Faraday's	law	of	induction	§	Maxwell–Faraday	equation	In	general,	the	relation	between	the	emf	E	{\displaystyle	{\mathcal	{E}}}	in	a	wire	loop	encircling	a	surface	Σ,	and	the	electric	field	E	in	the
wire	is	given	by	E	=	∮	∂	Σ	E	⋅	d	ℓ	{\displaystyle	{\mathcal	{E}}=\oint	_{\partial	\Sigma	}\mathbf	{E}	\cdot	d{\boldsymbol	{\ell	}}}	where	dℓ	is	an	element	of	contour	of	the	surface	Σ,	combining	this	with	the	definition	of	flux	Φ	B	=	∫	Σ	B	⋅	d	A	,	{\displaystyle	\Phi	_{\mathrm	{B}	}=\int	_{\Sigma	}\mathbf	{B}	\cdot	d\mathbf	{A}	\,,}	we	can	write	the
integral	form	of	the	Maxwell–Faraday	equation	∮	∂	Σ	E	⋅	d	ℓ	=	−	d	d	t	∫	Σ	B	⋅	d	A	{\displaystyle	\oint	_{\partial	\Sigma	}\mathbf	{E}	\cdot	d{\boldsymbol	{\ell	}}=-{\frac	{d}{dt}}{\int	_{\Sigma	}\mathbf	{B}	\cdot	d\mathbf	{A}	}}	It	is	one	of	the	four	Maxwell's	equations,	and	therefore	plays	a	fundamental	role	in	the	theory	of	classical
electromagnetism.	Faraday's	law	describes	two	different	phenomena:	the	motional	emf	generated	by	a	magnetic	force	on	a	moving	wire	(see	Lorentz	force),	and	the	transformer	emf	that	is	generated	by	an	electric	force	due	to	a	changing	magnetic	field	(due	to	the	differential	form	of	the	Maxwell–Faraday	equation).	James	Clerk	Maxwell	drew
attention	to	the	separate	physical	phenomena	in	1861.[22][23]	This	is	believed	to	be	a	unique	example	in	physics	of	where	such	a	fundamental	law	is	invoked	to	explain	two	such	different	phenomena.[24]	Albert	Einstein	noticed	that	the	two	situations	both	corresponded	to	a	relative	movement	between	a	conductor	and	a	magnet,	and	the	outcome	was
unaffected	by	which	one	was	moving.	This	was	one	of	the	principal	paths	that	led	him	to	develop	special	relativity.[25]	The	principles	of	electromagnetic	induction	are	applied	in	many	devices	and	systems,	including:	Current	clamp	Electric	generators	Electromagnetic	forming	Graphics	tablet	Hall	effect	sensors	Induction	cooking	Induction	motors
Induction	sealing	Induction	welding	Inductive	charging	Inductors	Magnetic	flow	meters	Mechanically	powered	flashlight	Near-field	communications	Pickups	Rowland	ring	Transcranial	magnetic	stimulation	Transformers	Wireless	energy	transfer	Rectangular	wire	loop	rotating	at	angular	velocity	ω	in	radially	outward	pointing	magnetic	field	B	of	fixed
magnitude.	The	circuit	is	completed	by	brushes	making	sliding	contact	with	top	and	bottom	discs,	which	have	conducting	rims.	This	is	a	simplified	version	of	the	drum	generator.	Main	article:	Electric	generator	The	emf	generated	by	Faraday's	law	of	induction	due	to	relative	movement	of	a	circuit	and	a	magnetic	field	is	the	phenomenon	underlying
electrical	generators.	When	a	permanent	magnet	is	moved	relative	to	a	conductor,	or	vice	versa,	an	electromotive	force	is	created.	If	the	wire	is	connected	through	an	electrical	load,	current	will	flow,	and	thus	electrical	energy	is	generated,	converting	the	mechanical	energy	of	motion	to	electrical	energy.	For	example,	the	drum	generator	is	based
upon	the	figure	to	the	bottom-right.	A	different	implementation	of	this	idea	is	the	Faraday's	disc,	shown	in	simplified	form	on	the	right.	In	the	Faraday's	disc	example,	the	disc	is	rotated	in	a	uniform	magnetic	field	perpendicular	to	the	disc,	causing	a	current	to	flow	in	the	radial	arm	due	to	the	Lorentz	force.	Mechanical	work	is	necessary	to	drive	this
current.	When	the	generated	current	flows	through	the	conducting	rim,	a	magnetic	field	is	generated	by	this	current	through	Ampère's	circuital	law	(labelled	"induced	B"	in	the	figure).	The	rim	thus	becomes	an	electromagnet	that	resists	rotation	of	the	disc	(an	example	of	Lenz's	law).	On	the	far	side	of	the	figure,	the	return	current	flows	from	the
rotating	arm	through	the	far	side	of	the	rim	to	the	bottom	brush.	The	B-field	induced	by	this	return	current	opposes	the	applied	B-field,	tending	to	decrease	the	flux	through	that	side	of	the	circuit,	opposing	the	increase	in	flux	due	to	rotation.	On	the	near	side	of	the	figure,	the	return	current	flows	from	the	rotating	arm	through	the	near	side	of	the	rim
to	the	bottom	brush.	The	induced	B-field	increases	the	flux	on	this	side	of	the	circuit,	opposing	the	decrease	in	flux	due	to	r	the	rotation.	The	energy	required	to	keep	the	disc	moving,	despite	this	reactive	force,	is	exactly	equal	to	the	electrical	energy	generated	(plus	energy	wasted	due	to	friction,	Joule	heating,	and	other	inefficiencies).	This	behavior
is	common	to	all	generators	converting	mechanical	energy	to	electrical	energy.	Main	article:	Transformer	When	the	electric	current	in	a	loop	of	wire	changes,	the	changing	current	creates	a	changing	magnetic	field.	A	second	wire	in	reach	of	this	magnetic	field	will	experience	this	change	in	magnetic	field	as	a	change	in	its	coupled	magnetic	flux,	d	Φ
B	d	t	{\displaystyle	{\frac	{d\Phi	_{B}}{dt}}}	.	Therefore,	an	electromotive	force	is	set	up	in	the	second	loop	called	the	induced	emf	or	transformer	emf.	If	the	two	ends	of	this	loop	are	connected	through	an	electrical	load,	current	will	flow.	A	current	clamp	Main	article:	Current	clamp	A	current	clamp	is	a	type	of	transformer	with	a	split	core	which
can	be	spread	apart	and	clipped	onto	a	wire	or	coil	to	either	measure	the	current	in	it	or,	in	reverse,	to	induce	a	voltage.	Unlike	conventional	instruments	the	clamp	does	not	make	electrical	contact	with	the	conductor	or	require	it	to	be	disconnected	during	attachment	of	the	clamp.	Main	article:	Magnetic	flow	meter	Faraday's	law	is	used	for
measuring	the	flow	of	electrically	conductive	liquids	and	slurries.	Such	instruments	are	called	magnetic	flow	meters.	The	induced	voltage	ε	generated	in	the	magnetic	field	B	due	to	a	conductive	liquid	moving	at	velocity	v	is	thus	given	by:	E	=	−	B	ℓ	v	,	{\displaystyle	{\mathcal	{E}}=-B\ell	v,}	where	ℓ	is	the	distance	between	electrodes	in	the	magnetic
flow	meter.	Main	article:	Eddy	current	Electrical	conductors	moving	through	a	steady	magnetic	field,	or	stationary	conductors	within	a	changing	magnetic	field,	will	have	circular	currents	induced	within	them	by	induction,	called	eddy	currents.	Eddy	currents	flow	in	closed	loops	in	planes	perpendicular	to	the	magnetic	field.	They	have	useful
applications	in	eddy	current	brakes	and	induction	heating	systems.	However	eddy	currents	induced	in	the	metal	magnetic	cores	of	transformers	and	AC	motors	and	generators	are	undesirable	since	they	dissipate	energy	(called	core	losses)	as	heat	in	the	resistance	of	the	metal.	Cores	for	these	devices	use	a	number	of	methods	to	reduce	eddy
currents:	Cores	of	low	frequency	alternating	current	electromagnets	and	transformers,	instead	of	being	solid	metal,	are	often	made	of	stacks	of	metal	sheets,	called	laminations,	separated	by	nonconductive	coatings.	These	thin	plates	reduce	the	undesirable	parasitic	eddy	currents,	as	described	below.	Inductors	and	transformers	used	at	higher
frequencies	often	have	magnetic	cores	made	of	nonconductive	magnetic	materials	such	as	ferrite	or	iron	powder	held	together	with	a	resin	binder.	Eddy	currents	occur	when	a	solid	metallic	mass	is	rotated	in	a	magnetic	field,	because	the	outer	portion	of	the	metal	cuts	more	magnetic	lines	of	force	than	the	inner	portion;	hence	the	induced
electromotive	force	is	not	uniform;	this	tends	to	cause	electric	currents	between	the	points	of	greatest	and	least	potential.	Eddy	currents	consume	a	considerable	amount	of	energy	and	often	cause	a	harmful	rise	in	temperature.[26]	Only	five	laminations	or	plates	are	shown	in	this	example,	so	as	to	show	the	subdivision	of	the	eddy	currents.	In
practical	use,	the	number	of	laminations	or	punchings	ranges	from	40	to	66	per	inch	(16	to	26	per	centimetre),	and	brings	the	eddy	current	loss	down	to	about	one	percent.	While	the	plates	can	be	separated	by	insulation,	the	voltage	is	so	low	that	the	natural	rust/oxide	coating	of	the	plates	is	enough	to	prevent	current	flow	across	the	laminations.[26]
This	is	a	rotor	approximately	20	mm	in	diameter	from	a	DC	motor	used	in	a	CD	player.	Note	the	laminations	of	the	electromagnet	pole	pieces,	used	to	limit	parasitic	inductive	losses.	In	this	illustration,	a	solid	copper	bar	conductor	on	a	rotating	armature	is	just	passing	under	the	tip	of	the	pole	piece	N	of	the	field	magnet.	Note	the	uneven	distribution
of	the	lines	of	force	across	the	copper	bar.	The	magnetic	field	is	more	concentrated	and	thus	stronger	on	the	left	edge	of	the	copper	bar	(a,b)	while	the	field	is	weaker	on	the	right	edge	(c,d).	Since	the	two	edges	of	the	bar	move	with	the	same	velocity,	this	difference	in	field	strength	across	the	bar	creates	whorls	or	current	eddies	within	the	copper
bar.[26]	High	current	power-frequency	devices,	such	as	electric	motors,	generators	and	transformers,	use	multiple	small	conductors	in	parallel	to	break	up	the	eddy	flows	that	can	form	within	large	solid	conductors.	The	same	principle	is	applied	to	transformers	used	at	higher	than	power	frequency,	for	example,	those	used	in	switch-mode	power
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