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Updated	on:	February	3,	2025	|	By:	Jameswebb	Discovery	Editorial	TeamQuantum	mechanics	may	seem	complex,	but	its	a	fascinating	science	that	governs	how	the	tiniest	particles	in	the	universe	behave.	In	this	beginner-friendly	guide,	you'll	discover	simple	explanations	for	key	quantum	concepts	and	their	real-world	applications.What	is	Quantum
Mechanics?Quantum	mechanics	is	the	branch	of	physics	that	studies	the	behavior	of	the	smallest	particles	in	the	universe,	such	as	electrons,	photons,	and	atoms.	Unlike	larger	objects	that	follow	classical	physics	rules,	these	particles	behave	in	strange	and	unpredictable	ways.A	Brief	HistoryThe	field	emerged	in	the	early	20th	century	with
groundbreaking	work	by	scientists	like	Max	Planck,	Albert	Einstein,	and	Niels	Bohr.Core	Quantum	Concepts	Explained	Simply1.	Wave-Particle	DualityImagine	light	behaving	both	as	a	particle	(like	a	tiny	solid	object)	and	a	wave	(like	rippling	water).	Depending	on	how	you	observe	it,	light	can	switch	between	these	behaviors.2.	SuperpositionThink	of	a
spinning	coin	in	the	airit's	neither	heads	nor	tails	until	it	lands.	Similarly,	quantum	particles	can	exist	in	multiple	states	simultaneously	until	observed.3.	EntanglementTwo	particles	become	linked	so	that	the	state	of	one	instantly	affects	the	other,	even	if	they're	light-years	apart.	Albert	Einstein	famously	called	this	"spooky	action	at	a	distance."4.
Heisenberg	Uncertainty	PrincipleYou	can't	know	both	the	exact	position	and	speed	of	a	quantum	particle	at	the	same	time.	It's	like	trying	to	capture	a	clear	photograph	of	a	moving	car.Why	Quantum	Mechanics	Matters:	Real-World	Applications1.	TechnologySemiconductors:	Essential	for	microchips	in	smartphones	and	laptops.Lasers:	Used	in
barcode	scanners	and	medical	surgeries.MRI	Machines:	Create	detailed	medical	images	using	quantum	principles.2.	Quantum	ComputingQuantum	computers,	unlike	traditional	ones,	solve	complex	problems	faster	using	qubits.3.	Understanding	the	UniverseQuantum	mechanics	is	crucial	for	exploring	black	holes,	the	Big	Bang,	and	particle
physics.Everyday	Applications	of	Quantum	MechanicsSmartphones:	Powered	by	semiconductors	built	on	quantum	mechanics.LED	Lights:	Emit	light	due	to	quantum	principles.Solar	Panels:	Use	quantum	effects	to	convert	sunlight	into	electricity.FAQs	About	Quantum	MechanicsWhat	is	quantum	mechanics	in	simple	terms?Quantum	mechanics	is	the
study	of	how	the	smallest	particles	in	the	universe	behave.Is	quantum	mechanics	hard	to	understand?While	some	concepts	are	complex,	breaking	them	down	into	simple	terms	can	help.Can	quantum	mechanics	be	used	for	time	travel?Current	quantum	theories	do	not	support	practical	time	travel.Quantum	mechanics	may	seem	intimidating,	but
understanding	its	principles	can	open	up	new	perspectives	on	science	and	technology.	From	smartphones	to	the	mysteries	of	the	cosmos,	quantum	mechanics	shapes	the	modern	world.At	the	smallest	scales,	the	universe	behaves	very	differently	than	the	everyday	world	we	observe	around	us.	Quantum	mechanics	is	the	subfield	of	physics	that
describes	this	bizarre	behavior	of	microscopic	particles	atoms,	electrons,	photons	and	almost	everything	else	in	the	molecular	and	submolecular	realm.	Developed	during	the	first	half	of	the	20th	century,	the	results	of	quantum	mechanics	are	often	extremely	strange	and	counterintuitive.	However,	studying	them	has	allowed	physicists	to	reach	a
greater	understanding	about	the	nature	of	the	universe,	and	could	one	day	change	the	way	we	as	humans	process	information.How	is	quantum	mechanics	different	from	classical	physics?At	the	scale	of	atoms	and	electrons,	many	of	the	equations	of	classical	mechanics,	which	describe	the	movement	and	interactions	of	things	at	everyday	sizes	and
speeds,	cease	to	be	useful.You	may	like	In	classical	mechanics,	objects	exist	in	a	specific	place	at	a	specific	time.	In	quantum	mechanics,	objects	instead	exist	in	a	haze	of	probability;	they	have	a	certain	chance	of	being	at	point	A,	another	chance	of	being	at	point	B	and	so	on.Unlike	Albert	Einstein's	famous	theory	of	relativity,	which	was	developed	at
roughly	the	same	time,	the	origins	of	quantum	mechanics	cannot	be	attributed	to	a	single	scientist.	Rather,	multiple	scientists	contributed	to	a	foundation	that	gradually	gained	acceptance	and	experimental	verification	between	the	late	1800s	and	1930,	according	to	the	University	of	St.	Andrews	in	Scotland.In	1900,	German	physicist	Max	Planck	was
trying	to	explain	why	objects	at	specific	temperatures,	like	the	1,470-degree-Fahrenheit	(800	degrees	Celsius)	filament	of	a	light	bulb,	glowed	a	specific	color	in	this	case,	red,	according	to	the	Perimeter	Institute.	Planck	realized	that	equations	used	by	physicist	Ludwig	Boltzmann	to	describe	the	behavior	of	gases	could	be	translated	into	an
explanation	for	this	relationship	between	temperature	and	color.	The	problem	was	that	Boltzmann's	work	relied	on	the	fact	that	any	given	gas	was	made	from	tiny	particles,	meaning	that	light,	too,	was	made	from	discrete	bits.This	idea	flew	in	the	face	of	ideas	about	light	at	the	time,	when	most	physicists	believed	that	light	was	a	continuous	wave	and
not	a	tiny	packet.	Planck	himself	didn't	believe	in	either	atoms	or	discrete	bits	of	light,	but	his	concept	was	given	a	boost	in	1905,	when	Einstein	published	a	paper,	"Concerning	an	Heuristic	Point	of	View	Toward	the	Emission	and	Transformation	of	Light."Einstein	envisioned	light	traveling	not	as	a	wave,	but	as	some	manner	of	"energy	quanta."	This
packet	of	energy,	Einstein	suggested	in	his	paper,	could	"be	absorbed	or	generated	only	as	a	whole,"	specifically	when	an	atom	"jumps"	between	quantized	vibration	rates.	This	is	where	the	"quantum"	part	of	quantum	mechanics	comes	from.With	this	new	way	to	conceive	of	light,	Einstein	offered	insights	into	the	behavior	of	nine	phenomena	in	his
paper,	including	the	specific	colors	that	Planck	described	being	emitted	from	a	light	bulb	filament.	It	also	explained	how	certain	colors	of	light	could	eject	electrons	off	metal	surfaces	a	phenomenon	known	as	the	photoelectric	effect.What	is	wave-particle	duality?Here	is	a	diagram	of	the	double-slit	experiment	where	electrons	produce	a	wave	pattern
when	two	slits	are	used.	(Image	credit:	grayjay	via	Shutterstock)In	quantum	mechanics,	particles	can	sometimes	exist	as	waves	and	sometimes	exist	as	particles.	This	can	be	most	famously	seen	in	the	double-slit	experiment,	where	particles	such	as	electrons	are	shot	at	a	board	with	two	slits	cut	into	it,	behind	which	sits	a	screen	that	lights	up	when	an
electron	hits	it.	If	the	electrons	were	particles,	they	would	create	two	bright	lines	where	they	had	impacted	the	screen	after	passing	through	one	or	the	other	of	the	slits,	according	to	a	popular	article	in	Nature.Instead,	when	the	experiment	is	conducted,	an	interference	pattern	forms	on	the	screen.	This	pattern	of	dark	and	bright	bands	makes	sense
only	if	the	electrons	are	waves,	with	crests	(high	points)	and	troughs	(low	points),	that	can	interfere	with	one	another.	Even	when	a	single	electron	is	shot	through	the	slits	at	a	time,	the	interference	pattern	shows	up	an	effect	akin	to	a	single	electron	interfering	with	itself.In	1924,	French	physicist	Louis	de	Broglie	used	the	equations	of	Einstein's
theory	of	special	relativity	to	show	that	particles	can	exhibit	wave-like	characteristics	and	that	waves	can	exhibit	particle-like	characteristics	a	finding	for	which	he	won	the	Nobel	Prize	a	few	years	later.How	does	quantum	mechanics	describe	atoms?In	the	1910s,	Danish	physicist	Niels	Bohr	tried	to	describe	the	internal	structure	of	atoms	using
quantum	mechanics.	By	this	point,	it	was	known	that	an	atom	was	made	of	a	heavy,	dense,	positively	charged	nucleus	surrounded	by	a	swarm	of	tiny,	light,	negatively	charged	electrons.	Bohr	put	the	electrons	into	orbits	around	the	nucleus,	like	planets	in	a	subatomic	solar	system,	except	they	could	only	have	certain	predefined	orbital	distances.	By
jumping	from	one	orbit	to	another,	the	atom	could	receive	or	emit	radiation	at	specific	energies,	reflecting	their	quantum	nature.Shortly	afterward,	two	scientists,	working	independently	and	using	separate	lines	of	mathematical	thinking,	created	a	more	complete	quantum	picture	of	the	atom,	according	to	the	American	Physical	Society.	In	Germany,
physicist	Werner	Heisenberg	accomplished	this	by	developing	"matrix	mechanics."	Austrian-Irish	physicist	Erwin	Schrdinger	developed	a	similar	theory	called	"wave	mechanics."	Schrdinger	showed	in	1926	that	these	two	approaches	were	equivalent.The	Heisenberg-Schrdinger	model	of	the	atom,	in	which	each	electron	acts	as	a	wave	around	the
nucleus	of	an	atom,	replaced	the	earlier	Bohr	model.	In	the	Heisenberg-Schrdinger	model	of	the	atom,	electrons	obey	a	"wave	function"	and	occupy	"orbitals"	rather	than	orbits.	Unlike	the	circular	orbits	of	the	Bohr	model,	atomic	orbitals	have	a	variety	of	shapes,	ranging	from	spheres	to	dumbbells	to	daisies,	according	to	an	explanatory	website	from
chemist	Jim	Clark.What	is	the	Schrdinger's	cat	paradox?Schrdinger's	cat	is	an	often-misunderstood	thought	experiment	describing	the	qualms	that	some	of	the	early	developers	of	quantum	mechanics	had	with	its	results.	While	Bohr	and	many	of	his	students	believed	that	quantum	mechanics	suggested	that	particles	don't	have	well-defined	properties
until	they	are	observed,	Schrdinger	and	Einstein	were	unable	to	believe	such	a	possibility	because	it	would	lead	to	ridiculous	conclusions	about	the	nature	of	reality.In	1935,	Schrdinger	proposed	an	experiment	in	which	the	life	or	death	of	a	cat	would	depend	on	the	random	flip	of	a	quantum	particle,	whose	state	would	remain	unseen	until	a	box	was
opened.	Schrdinger	hoped	to	show	the	absurdity	of	Bohr's	ideas	with	a	real-world	example	that	depended	on	the	probabilistic	nature	of	a	quantum	particle	but	yielded	a	nonsensical	result.According	to	Bohr's	interpretation	of	quantum	mechanics,	until	the	box	was	opened,	the	cat	existed	in	the	impossible	dual	position	of	being	both	alive	and	dead	at
the	same	time.	(No	actual	cat	has	ever	been	subjected	to	this	experiment.)	Both	Schrdinger	and	Einstein	believed	that	this	helped	show	that	quantum	mechanics	was	an	incomplete	theory	and	would	eventually	be	superseded	by	one	that	accorded	with	ordinary	experience.Even	today,	physicists	struggle	to	explain	why	subatomic	particles	can
seemingly	exist	in	a	superposition	of	different	states,	but	large	structures	like	the	universe	itself	seemingly	do	not.	Proposed	tweaks	to	Schrdinger's	equations	could	help	resolve	this	tension,	but	so	far	none	have	been	widely	accepted	by	the	scientific	community.What	is	quantum	entanglement?Conceptual	artwork	of	a	pair	of	entangled	quantum
particles	or	events	(left	and	right)	interacting	at	a	distance.	Quantum	entanglement	is	one	of	the	consequences	of	quantum	theory.	Two	particles	will	appear	to	be	linked	across	space	and	time,	with	changes	to	one	of	the	particles	(such	as	an	observation	or	measurement)	affecting	the	other	one.	This	instantaneous	effect	appears	to	be	independent	of
both	space	and	time,	meaning	that,	in	the	quantum	realm,	effect	may	precede	cause.	(Image	credit:	MARK	GARLICK/SCIENCE	PHOTO	LIBRARY	via	Getty	Images)Schrdinger	and	Einstein	helped	highlight	another	strange	result	of	quantum	mechanics	that	neither	could	fully	fathom.	In	1935,	Einstein,	along	with	physicists	Boris	Podolsky	and	Nathan
Rosen,	showed	that	two	quantum	particles	can	be	set	up	so	that	their	quantum	states	would	always	be	correlated	with	one	another,	according	to	the	Stanford	Encyclopedia	of	Philosophy.	The	particles	essentially	always	"knew"	about	each	other's	properties.	That	means	that	measuring	the	state	of	one	particle	would	instantaneously	tell	you	the	state	of
its	twin,	no	matter	how	far	apart	they	were,	a	result	that	Einstein	called	"spooky	action	at	a	distance,"	but	which	Schrdinger	soon	dubbed	"entanglement."Entanglement	has	been	shown	to	be	one	of	the	most	essential	aspects	of	quantum	mechanics	and	occurs	in	the	real	world	all	the	time.	Researchers	frequently	conduct	experiments	using	quantum
entanglement	and	the	phenomenon	is	part	of	the	basis	for	the	emerging	field	of	quantum	computing.What	is	quantum	computing?A	photo	of	a	gold	quantum	computer.	(Image	credit:	John	D/Getty)Unlike	classical	computers	that	process	data	using	binary	bits,	which	can	be	in	one	of	two	states	0	or	1	quantum	computers	use	particles	such	as	electrons
or	photons.	These	quantum	bits,	or	qubits,	represent	a	superposition	of	both	0	and	1	meaning	they	can	exist	in	multiple	states	at	once.This	superposition	enables	quantum	computers	to	perform	calculations	in	parallel	by	processing	all	states	of	a	qubit	at	the	same	time.	Furthermore,	quantum	entanglement	allows	multiple	qubits	to	share	information
and	interact	simultaneously,	regardless	of	the	distance	between	particles.While	quantum	superposition	and	entanglement	make	the	processing	potential	of	quantum	computers	much	higher	than	classical	computers,	the	field	has	a	long	way	to	go.	Currently,	quantum	computers	are	too	small,	too	difficult	to	maintain	and	too	error-prone	to	compete
with	the	best	classical	computers.	However,	many	experts	expect	this	will	one	day	change	as	the	field	advances.Are	quantum	mechanics	and	general	relativity	incompatible?An	image	of	an	'Einstein	ring'	captured	by	the	Hubble	Space	Telescope.	This	cosmic	phenomenon	occurs	when	the	massive	gravity	of	a	foreground	object	bends	the	light	of	a
background	object,	just	as	Albert	Einstein	predicted.	(Image	credit:	ESA/Hubble	&	NASA;	Acknowledgment:	Judy	Schmidt)At	the	moment,	physicists	lack	a	full	explanation	for	all	observed	particles	and	forces	in	the	universe,	which	is	often	called	a	theory	of	everything.	Einstein's	relativity	describes	large	and	massive	things,	while	quantum	mechanics
describes	small	and	insubstantial	things.	The	two	theories	are	not	exactly	incompatible,	but	nobody	knows	how	to	make	them	fit	together.Many	researchers	have	sought	a	theory	of	quantum	gravity,	which	would	introduce	gravity	into	quantum	mechanics	and	explain	everything	from	the	subatomic	to	the	supergalactic	realms.	There	are	a	great	deal	of
proposals	for	how	to	do	this,	such	as	inventing	a	hypothetical	quantum	particle	for	gravity	called	the	graviton,	but	so	far,	no	single	theory	has	been	able	to	fit	all	observations	of	objects	in	our	universe.	Another	popular	proposal,	string	theory,	which	posits	that	the	most	fundamental	entities	are	tiny	strings	vibrating	in	many	dimensions,	has	started	to
become	less	widely	accepted	by	physicists	since	little	evidence	in	its	favor	has	been	discovered.	Other	researchers	have	also	worked	on	theories	involving	loop	quantum	gravity,	in	which	both	time	and	space	come	in	discrete,	tiny	chunks,	but	so	far	no	one	idea	has	managed	to	gain	a	major	hold	among	the	physics	community.This	article	was	originally
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American	Physical	Society.	C.	(2019,	August	27).	What	is	quantum	gravity?	Space.com.	Quantum	physics	is	often	described	as	one	of	the	most	intriguing	and	challenging	areas	of	modern	physics.	Despite	its	complexity,	a	clearer,	more	approachable	understanding	can	be	achieved	by	focusing	on	its	foundational	principles.	This	discipline	delves	into
the	behavior	of	matter	and	energy	at	the	smallest	scaleatoms	and	subatomic	particles.	The	insights	gained	have	driven	advancements	in	technology,	including	the	development	of	lasers,	transistors,	and	even	quantum	computing.	This	post	offers	a	simplified	exploration	of	quantum	physics,	highlighting	its	core	concepts,	practical	implications,	and
relevance	to	everyday	life.	Quantum	physics	is	the	branch	of	physics	that	studies	the	behavior	of	matter	and	light	on	the	atomic	and	subatomic	scale.	Unlike	classical	physics,	which	deals	with	everyday	objects	and	straightforward	laws	of	motion,	quantum	physics	explores	phenomena	that	appear	counterintuitive.	The	term	quantum	originates	from	the
Latin	word	meaning	how	much,	indicating	that	energy	exists	in	discrete	amounts	or	packets.	In	simple	terms,	quantum	physics	reveals	that	the	universe	behaves	differently	at	extremely	small	scales.	Objects	that	seem	solid	and	predictable	in	everyday	life	exhibit	dual	properties	at	the	quantum	level,	acting	both	like	waves	and	particles.	Several	core
concepts	lay	the	groundwork	for	quantum	theory:	Quantization	of	Energy:	Energy	comes	in	discrete	chunks	called	quanta,	rather	than	being	continuous.	Wave-Particle	Duality:	Subatomic	entities	can	show	characteristics	of	both	particles	and	waves,	depending	on	how	they	are	observed.	Uncertainty	Principle:	Certain	properties	of	particles,	such	as
position	and	momentum,	cannot	be	measured	simultaneously	with	perfect	accuracy.	Quantum	Entanglement:	Particles	can	become	intertwined,	affecting	each	others	states	instantaneously,	even	when	separated	by	large	distances.	These	principles	might	appear	contradictory	to	everyday	experiences,	yet	they	form	the	cornerstone	of	modern	physics
and	have	been	repeatedly	validated	through	experiments.	One	of	the	most	talked-about	ideas	in	quantum	theory	is	wave-particle	duality.	This	concept	suggests	that	particles	like	electrons	can	behave	like	waves	under	certain	conditions.	Conversely,	phenomena	typically	described	as	wavessuch	as	lightcan	also	show	particle-like	traits.	A	famous
demonstration	is	the	double-slit	experiment,	where	light	or	electrons	are	directed	at	a	barrier	with	two	narrow	slits.	Instead	of	forming	two	distinct	bands	on	a	screen	behind	the	barrier,	an	interference	pattern	with	multiple	fringes	emerges,	suggesting	wave-like	behavior.	However,	if	detectors	are	used	to	determine	which	slit	the	particle	goes
through,	the	interference	pattern	vanishes,	and	the	pattern	resembles	that	of	particles.	Wave-particle	duality	underscores	the	idea	that	the	act	of	observing	or	measuring	can	influence	how	a	quantum	system	behaves.	This	principle	has	paved	the	way	for	numerous	technological	innovations	and	has	significantly	advanced	the	understanding	of
fundamental	physics.	Quantum	entanglement	occurs	when	two	or	more	particles	become	linked	in	such	a	way	that	the	state	of	one	particle	depends	on	the	state	of	the	other,	regardless	of	the	distance	separating	them.	This	phenomenon	is	sometimes	described	as	spooky	action	at	a	distance,	a	phrase	attributed	to	Albert	Einstein,	who	was	skeptical	of
its	implications.	Yet,	experimental	evidence	consistently	supports	the	reality	of	entanglement.	Entangled	particles	can	instantly	affect	each	others	states,	defying	intuitive	notions	of	cause	and	effect.	This	characteristic	is	central	to	emerging	fields	like	quantum	computing	and	quantum	cryptography,	where	entanglement	can	facilitate	ultra-secure
communications	and	powerful	computational	tasks.	In	classical	physics,	a	systems	future	behavior	can	be	predicted	if	its	present	conditions	are	known	precisely.	Quantum	physics,	however,	incorporates	probability	into	its	foundational	equations.	The	Schrdinger	equation,	a	cornerstone	of	quantum	mechanics,	describes	how	a	quantum	state	evolves
over	time	but	does	not	provide	a	definite	outcome	until	a	measurement	is	made.	The	wave	function	offers	a	mathematical	description	of	the	quantum	state	of	a	particle,	encoding	all	possible	outcomes	in	terms	of	probabilities.	Once	a	measurement	is	performed,	the	wave	function	collapses	to	a	specific	outcome.	This	reliance	on	probability	is	why
quantum	physics	can	seem	inherently	unpredictable,	and	it	distinguishes	quantum	mechanics	from	the	deterministic	framework	of	classical	physics.	Quantum	theory	has	led	to	breakthroughs	that	significantly	impact	daily	life	and	modern	technology:	Semiconductors	and	Transistors:	The	electronic	components	at	the	heart	of	computers	and
smartphones	rely	on	quantum	effects.	Lasers:	Quantum	mechanics	underpins	how	lasers	emit	coherent	light,	used	in	everything	from	medical	equipment	to	consumer	electronics.	Magnetic	Resonance	Imaging	(MRI):	Quantum	concepts	are	applied	in	MRI	machines	to	visualize	internal	structures	of	the	body.	Quantum	Computing:	Research	into
quantum	bits	(qubits)	promises	processing	speeds	far	beyond	what	conventional	computers	can	achieve.	Quantum	Cryptography:	Secure	communication	methods	utilize	entanglement	to	detect	any	eavesdropping	attempts	instantly.	Many	products	and	services	used	daily	owe	their	existence	to	the	principles	discovered	through	quantum	physics
research.	Several	misconceptions	about	quantum	physics	persist:	Misconception	1:	Quantum	physics	only	deals	with	bizarre,	abstract	concepts.Quantum	principles	are	indeed	unusual	compared	to	everyday	experiences,	but	they	are	vital	to	many	modern	technologies.	Misconception	2:	Observing	a	quantum	system	always	changes	its
outcome.Observation	in	quantum	mechanics	refers	to	any	interaction	that	extracts	information	about	a	system.	While	measurements	can	influence	outcomes,	this	is	not	unique	to	conscious	observers.	Misconception	3:	Quantum	entanglement	enables	faster-than-light	communication.Entangled	particles	exhibit	correlated	outcomes,	but	sending
information	instantaneously	across	space	is	not	feasible	using	entanglement	alone.	Clearing	up	these	misconceptions	helps	establish	a	realistic,	science-based	understanding	of	quantum	phenomena.	These	resources	present	comprehensive	and	reliable	information	for	those	interested	in	deepening	their	knowledge	of	quantum	physics.	Religions	Wiki	is
intended	to	provide	information	on	apologetics	and	counter-apologetics.	We'll	be	collecting	common	arguments	and	providing	responses,	information	and	resources	to	help	counter	the	glut	of	misinformation	and	poor	arguments	which	masquerade	as	evidence	for	religious	claims.The	complexity	of	issues	surrounding	religion	ensures	that	any	proper
assessment	requires	us	to	delve	into	a	number	of	philosophical,	historical	and	sociological	topics.	Our	ultimate	goal	is	to	provide	a	robust	and	definitive	resource	for:	atheists	seeking	responses	to	common	apologetic	argumentstheists	who	are	questioning	the	efficacy	of	their	beliefs	apologists	who	feel	that	their	"pet"	argument	is	above
reproachindividuals	of	any	philosophical	ideal	who	have	an	interest	in	religious	studies	Overview	Editing	Help	Categories	Get	involved	edit	this	site!	If	you're	interested	in	contributing	to	the	site	(in	the	non-monetary	sense),	you	must	register	first	to	get	a	username.If	you	want	to	contribute	in	the	monetary	sense,	please	see	Site	support.For	more
information,	please	take	a	look	at	these	pages:IntroductionEditing	guidelinesLayout	and	styleguideNeutral	point	of	viewIf	you're	looking	for	some	new	or	incomplete	articles	that	need	writing,	please	consider	taking	some	suggestions	from	Requested	pages.	Share	copy	and	redistribute	the	material	in	any	medium	or	format	for	any	purpose,	even
commercially.	Adapt	remix,	transform,	and	build	upon	the	material	for	any	purpose,	even	commercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follow	the	license	terms.	Attribution	You	must	give	appropriate	credit	,	provide	a	link	to	the	license,	and	indicate	if	changes	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in
any	way	that	suggests	the	licensor	endorses	you	or	your	use.	ShareAlike	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distribute	your	contributions	under	the	same	license	as	the	original.	No	additional	restrictions	You	may	not	apply	legal	terms	or	technological	measures	that	legally	restrict	others	from	doing	anything	the	license
permits.	You	do	not	have	to	comply	with	the	license	for	elements	of	the	material	in	the	public	domain	or	where	your	use	is	permitted	by	an	applicable	exception	or	limitation	.	No	warranties	are	given.	The	license	may	not	give	you	all	of	the	permissions	necessary	for	your	intended	use.	For	example,	other	rights	such	as	publicity,	privacy,	or	moral	rights
may	limit	how	you	use	the	material.	Next	time	when	a	physics	professor	says	that	the	probability	of	your	position	at	any	given	time,	in	the	whole	universe,	is	never	zero,	dont	think	he	has	lost	his	marbles.	This	is	where	we	can	start	with	an	explanation	of	the	basics	of	quantum	mechanics	for	dummies.	Spooky,	bizarre	and	mind-boggling	are	all
understatements	when	it	comes	to	quantum	physics.	Things	in	the	subatomic	world	of	quantum	mechanics	defy	all	logic	of	our	macroscopic	world.	Particles	can	actually	tunnel	through	walls,	appear	out	of	thin	air	and	disappear,	stay	entangled	and	choose	to	behave	like	waves.	According	to	Niels	Bohr,	the	father	of	the	orthodox	Copenhagen
Interpretation	of	quantum	physics,	Anyone	who	is	not	shocked	by	quantum	theory	has	not	understood	it.	Richard	Feynman,	one	of	the	founders	of	quantum	field	theory	remarked,	I	think	I	can	safely	say	that	nobody	understands	quantum	theory.	Quantum	mechanics	deals	with	the	study	of	particles	at	the	atomic	and	subatomic	levels.	The	term	was
coined	by	Max	Born	in	1924.	Though	the	theory	works	to	provide	accurate	predictions	of	phenomena	at	the	subatomic	scales,	there	is	no	real	understanding	of	why	it	works,	what	it	really	means	or	what	implications	it	has	for	our	world	picture.	Ergo,	the	best	we	can	do	is	present	you	with	the	central	mystery	at	the	heart	of	quantum	mechanics	and
show	you	the	way	its	theoretical	structure	works	to	provide	real	world	predictions.	Once	you	decide	to	go	down	the	rabbit	hole,	the	wonderland	of	quantum	physics,	will	keep	you	enthralled	forever.	So	here	we	go.	Introduction	to	Quantum	MechanicsAs	seen	by	a	layman,	quantum	mechanics	appears	to	be	more	like	a	bizarre	phenomenon	or	science
fantasy	flick,	full	of	jargon	and	complicated	mathematical	equations.	However,	it	is	easier	to	take	a	look	at	the	basics	of	quantum	mechanics,	provided	one	isnt	baffled	by	the	fact	that	every	electron	is	a	particle,	as	well	as	a	wave	at	the	same	time.	In	fact,	the	truth	is	even	stranger.	Electron	cannot	fall	on	either	side	of	the	particle/wave	dichotomy.	It	is
only	described	by	a	wavefunction	or	state	vector,	that	can	compute	the	probability	or	likelihood	of	finding	a	particle.	The	theory	sets	fundamental	limitations	on	how	accurately	we	can	measure	particle	parameters,	replacing	classical	determinism	with	probabilistic	determinism.	The	theory	describes	just	about	every	phenomena	in	nature,	ranging	from
the	blueness	of	the	sky	to	the	structure	of	the	molecules	that	make	organic	life	possible.	Quantum	mechanics	arose	as	a	superior	theory,	due	to	the	fundamental	failure	of	classical	mechanics	to	describe	several	atomic	phenomena.	With	the	discovery	of	electron,	by	J.J.	Thomson,	in	the	year	1897,	the	whole	idea	of	classical	physics	was	shown	to	be
inapplicable	at	the	atomic	level.	Classical	physics,	which	was	governed	by	Newtons	laws	of	motion	and	Maxwells	laws	of	electromagnetism,	was	used	to	define	and	predict	the	motion	of	particles.	But	this	theory	was	not	able	to	explain	the	following	three	critical	and	world	famous	experiments.Black	Body	RadiationAccording	to	the	classical	theory,	a
black	body	(any	object	capable	of	absorbing	radiation	at	all	frequencies	and	radiating	it	back)	would	emit	infinite	amount	of	energy.	This	was	not	found	to	be	true	experimentally.	The	energy	emitted	by	a	black	body	seemed	to	be	a	function	of	its	frequency,	showing	a	typical	bell	shaped	curve.	In	1901,	Max	Planck	accurately	described	the	energy
output	of	a	black	body,	by	introducing	the	Plancks	constant	(h	=	6.626068	x	10-34	m2	kg/s).	The	Planck	relation	(E	=	h	where	E	is	energy,	h	is	the	Plancks	constant	and	is	the	frequency	of	radiation),	implied	that	energy	could	only	be	traded	in	packets	or	quanta.	This	discretization	brought	in	by	energy	quanta	was	a	fundamental	shift	in	thinking,
inconsistent	with	classical	institution	of	physicists	at	the	time.	Thats	why	the	theory	came	to	be	known	as	quantum	physics.The	Photoelectric	EffectWhen	ultraviolet	light	is	shone	on	certain	metal	surfaces,	electrons	are	emitted.	This	phenomenon,	whereby	electrons	in	atoms	get	liberated	by	the	absorption	of	energy	from	incident	light,	is	called	the
photoelectric	effect.	Classical	electromagnetic	theory	predicted	that	the	number	of	electrons	emitted	and	their	kinetic	energy	is	dependent	on	the	intensity	of	light	reflected	from	the	surface.	However,	experiments	showed	that	the	energy	and	number	of	electrons	was	a	function	of	frequency.	Using	Plancks	energy	quantization	rule	(E	=	h	),	Albert
Einstein	conceptualized	light	as	a	stream	of	photons,	successfully	explaining	the	photoelectric	effect	in	terms	of	light	frequency.	Thus	light,	which	was	hitherto	known	to	be	a	wave,	was	now	known	to	have	a	dual	character	that	of	a	wave	and	a	particle.	Optical	Line	SpectraClassical	electromagnetic	theory	could	not	explain	the	optical	line	emission	or
absorption	spectra,	arising	from	gases	and	liquids.	Bohrs	atomic	model,	based	on	angular	momentum	quantization	and	quantized	energy	levels	provided	accurate	experimental	values	of	optical	spectra	for	Hydrogen,	thus	providing	further	validation	to	the	quantization	approach.All	these	phenomenological	developments	and	heuristic	theory	laid
ground	for	the	old	quantum	theory.	It	was	further	amended	by	scientists	like	W.	Heisenberg	and	E.	Schrdinger	to	form	the	new	quantum	theory	based	on	the	central	principle	of	the	wave	nature	of	matter	particles.Basics	of	Quantum	Physics	For	DummiesTo	understand	the	quantum	realm,	you	need	to	unlearn	and	unplug	yourself	from	classical
intuition	which	serves	us	well	in	the	macroscopic	world,	but	is	eminently	useless	in	here.	Let	us	peel	off	our	classical	intuition	layer	by	layer.De	Broglies	Matter	WavesExperiments	like	the	photoelectric	effect	demonstrated	particle	wave	duality	of	light.	If	light	waves	behaved	like	particles,	could	matter	particles	also	behave	like	waves?	In	1924	Louis
de	Broglie,	a	French	physicist,	hypothesized	the	existence	of	Matter	Waves	corresponding	to	every	particle,	whose	wavelength	would	be	inversely	proportional	to	the	momentum	of	the	particle.	matter	=	h	/	p(where	h	is	the	Plancks	constant	and	p	is	the	momentum)	Experiments	conducted	by	Davisson	and	Germer	at	Bell	Labs	in	1927,	conclusively
proved	the	wave	nature	of	particles.	The	duo	fired	electrons	at	a	crystallized	nickel	target	to	observe	wave-like	diffraction	patterns.	Till	date,	such	a	pattern	was	only	observed	for	light	waves.	Thus	it	was	conclusively	proved	that	particles	behave	like	waves	and	vice	versa.In	1926,	Erwin	Schrdinger	formulated	an	equation	that	described	the	behavior
of	these	matter	waves.	He	successfully	derived	the	energy	spectrum	of	Hydrogen	atom,	by	treating	orbital	electrons	as	standing	matter	waves.	Max	Born	interpreted	the	square	of	amplitude	of	these	waves	to	be	the	probability	of	finding	associated	particles	in	a	localized	region.	All	these	developments	led	to	the	establishment	of	quantum	mechanics	as
a	scientific	theory,	well	grounded	in	experiment	and	formalism.	The	wavefunction	describing	any	particle	in	quantum	mechanics	is	a	matter	wave,	whose	form	is	computed	through	the	use	of	Schrdinger	equation.	Ergo,	matter	waves	form	the	central	most	important	feature	of	quantum	mechanics.Heisenbergs	Uncertainty	PrincipleThe	more	precisely
the	position	is	determined,	the	less	precisely	the	momentum	is	known	in	this	instant,	and	vice	versa.	Werner	HeisenbergIn	its	most	non-nerdy	version,	it	states	You	cannot	know	the	position	of	a	particle	and	how	fast	its	moving	with	arbitrary	precision	at	the	same	moment.	Or,	It	is	fundamentally	impossible	to	simultaneously	know	the	position	and
momentum	of	a	particle	at	the	same	moment	with	arbitrary	accuracy.	Quantitatively,	the	principle	can	be	stated	as	follows:	x.p	h/2	(where	x	is	the	uncertainty	in	position,	p	is	the	uncertainty	in	momentum	and	h	is	Plancks	constant)	Heisenberg's	Uncertainty	PrincipleThe	fundamental	limitation	on	accuracy	is	quantified	in	the	form	of	the	Plancks
constant.	No	matter	how	accurate	your	measuring	equipment	is,	it	is	singularly	impossible	to	reduce	the	error	in	measurement	to	less	than	the	Plancks	constant.	This	is	because	a	particle	being	a	matter	wave,	is	inherently	delocalized	(spread	out	in	space).	The	more	accurately	you	know	the	position,	more	uncertain	you	are	about	the	momentum	and
vice	versa.	Generally,	the	uncertainty	principle	is	applicable	to	any	dual	set	of	complementary	physical	quantities	that	cannot	be	measured	with	arbitrary	precision.The	Wavefunction	()	Encodes	All	Particle	InformationSince	we	cannot	measure	the	position	of	a	particle	accurately,	the	entire	concept	of	a	fixed	orbit	or	trajectory	goes	for	a	toss.	You	can
no	longer	plot	the	path	of	a	particle	on	a	graph,	like	in	Newtonian	mechanics.	The	particle	itself	being	a	wave	has	its	position	spread	out	in	space.	The	entirety	of	information	about	particles	is	encoded	in	the	wavefunction	,	that	is	computed	in	quantum	mechanics,	using	the	Schrodinger	equation	a	partial	differential	equation	that	can	determine	the
nature	and	time	development	of	the	wavefunction.Determinism	is	ProbabilisticOnce	we	have	(the	wave	function)	for	a	system,	the	probability	of	a	particles	position	is	determined	by	the	square	of	its	modulus	2.	So	we	have	essentially	given	up	on	predicting	the	position	of	a	particle	accurately,	because	of	the	uncertainty	principle.	All	we	can	do	is
predict	the	probabilities.One	unnerving	consequence	of	this	fact	is	that,	until	a	measurement	is	made,	the	particle	essentially	exists	in	all	positions!	This	paradox	was	put	forward	famously	in	the	form	of	the	Schrdingers	cat	in	the	box	thought	experiment.Schrdingers	Cat	in	a	BoxThis	is	a	hypothetical	experiment	in	which	a	cats	put	inside	a	box,	with
some	equipment	which	releases	poisonous	gas,	on	detection	of	beta	particles	emitted	by	a	radioactive	source.	Since	beta	emission	is	random	by	nature,	there	is	no	way	of	knowing	when	the	cat	dies.	There	is	no	way	of	knowing	whether	the	cat	is	dead	or	alive,	until	the	box	is	opened.	So	until	we	look	inside,	according	to	quantum	theory,	the	cat	is	both
dead	and	alive!	This	is	the	fundamental	paradox	presented	by	the	theory.	Its	one	way	of	illustrating	the	way	quantum	mechanics	forces	us	to	think.	Until	the	position	of	a	particle	is	measured,	it	exists	in	all	positions	at	the	same	time,	just	like	the	cat	is	both	dead	and	alive.What	we	have	introduced	you	to	here,	is	just	the	proverbial	tip	of	the	iceberg.
Quantum	mechanics	allows	one	to	think	of	interactions	between	correlated	objects,	at	a	pace	faster	than	the	speed	of	light	(the	phenomenon	known	as	quantum	entanglement),	frictionless	fluid	flow	in	the	form	of	superfluids	with	zero	viscosity	and	current	flow	with	zero	resistance	in	superconductors.	It	may	one	day	revolutionize	the	way	computers
operate,	through	quantum	computing.	It	also	lays	the	foundation	of	advanced	theory	of	relativity,	knows	as	quantum	field	theory,	which	underlies	all	of	particle	physics.At	the	initial	stage,	you	might	find	your	brain	circuits	getting	fused,	while	trying	to	grasp	the	basics	of	quantum	mechanics.	However,	as	you	delve	deeper	into	quantum	wonderland,
into	the	intricacies	and	complexities	of	equations	and	see	the	application	in	real	life,	the	fascination	goes	on	rising,	revealing	beauty	at	the	most	fundamental	level.	The	world	is	not	just	what	is	seen	by	naked	eyes,	but	something	which	is	far	beyond	our	comprehension.	Quantum	mechanics	has	revolutionized	the	study	of	physics,	and	opened	the
gateway	to	see	new	horizons.	In	this	quantum	physics	introduction	for	beginners,	we	will	explain	quantum	physics,	also	called	quantum	mechanics,	in	simple	terms.	Quantum	physics	is	possibly	the	most	fascinating	part	of	physics	that	exists.	It	is	the	amazing	physics	that	becomes	relevant	for	small	particles,	where	the	so-called	classical	physics	is	no
longer	valid.	Where	classical	mechanics	describes	the	movement	of	sufficiently	big	particles,	and	everything	is	deterministic,	we	can	only	determine	probabilities	for	the	movement	of	very	small	particles,	and	we	call	the	corresponding	theory	quantum	mechanics.	You	may	have	heard	Einsteins	saying,	Der	Alte	wrfelt	nicht	which	roughly	means	God
does	not	roll	dice.	Well,	even	geniuses	can	be	wrong.	Again,	quantum	mechanics	is	not	deterministic,	but	we	can	in	general	only	determine	probabilities.	Since	we	are	used	to	reasonably	big	objects	in	our	everyday	life,	quantum	mechanics	and	its	laws	may	initially	seem	strange	and	quantum	theory	is	often	considered	complex.	But	for	example,
electrons	and	photons	are	sufficiently	small	that	quantum	physics	is	needed,	and	on	this	website,	we	will	show	you	that	understanding	the	basics	of	quantum	physics	is	easy	and	fun.	In	the	following	paragraph,	we	will	describe	a	thought	experiment	that	we	perform	at	two	different	length	scales:	With	bullets	as	known	from	pistols	(the	large	scale)	and
with	electrons	(the	very	small	scale).	While	the	experiment	is	essentially	the	same	but	for	the	size,	we	will	show	you	how	the	result	is	very	different.	This	will	be	your	first	lecture	in	quantum	mechanics.	Consider	first	a	machine	gun	that	fires	bullets	to	a	wall.	Between	the	wall	and	the	machine	gun,	another	wall	has	two	parallel	slits	that	are	big	enough
to	easily	allow	a	bullet	to	pass	through	them.	To	make	the	experiment	interesting,	we	take	a	bad	machine	gun	that	has	a	lot	of	spread.	This	means	it	sometimes	shoots	through	the	first	slit	and	sometimes	through	the	second,	and	sometimes	it	hits	the	intermediate	wall.	If	we	block	the	second	slit,	all	bullets	that	reach	the	outer	wall	will	have	come
through	the	first	slit.	If	we	count	the	number	of	bullets	as	a	function	of	the	distance	from	the	center	of	the	outer	wall,	we	will	find	a	curve	distribution	that	could	be	similar	to	a	Gaussian	curve.	We	can	call	this	probability	curve	P1.	If	we	block	the	first	slit,	all	bullets	that	reach	the	outer	wall	will	have	come	through	the	second	slit.	The	probability	curve
will	be	mirrored	around	the	center,	and	we	call	it	P2.	If	we	open	both	slits,	all	bullets	at	the	outer	wall	will	have	come	through	either	slit	1	or	2.	Typical	for	classical	mechanics	in	this	situation	is	that	the	total	probability	distribution	P	can	be	determined	as	the	sum	of	the	previously-mentioned	probability	distributions,	P	=	P1	+	P2.	Now	consider	the
same	experiment	on	a	much	smaller	scale.	Instead	of	bullets	from	a	machine	gun	we	consider	electrons	that	for	example	can	stem	from	a	heated	wire	parallel	to	the	two	slits	in	an	intermediate	wall.	The	electron	direction	will	have	a	natural	spread.	The	slits	are	also	much	smaller	than	before	but	much	broader	than	a	single	electron.	Consider	again	the
case	that	the	second	slit	is	blocked.	For	proper	sizes	of	the	slits	and	distance	between	the	wire	and	the	walls,	the	probability	distribution	P1	will	be	similar	to	before.	Similarly,	if	we	block	the	slit	1,	we	will	for	proper	distances	find	a	probability	distribution	P2	similar	to	before.	What	do	you	expect	will	happen	if	we	do	not	block	any	slit?	Will	we	find	a
probability	distribution	P	=	P1	+	P2	as	before?	Well,	after	all	we	said	you	may	guess	that	this	is	not	the	case.	Indeed,	we	will	instead	find	a	probability	distribution	that	has	various	minima	and	maxima.	That	is,	for	x	=	0	there	would	be	the	strongest	peak	of	electrons,	for	a	certain	+-Delta	x	there	wouldnt	be	any	electrons	at	all,	but	for	+-2	Delta	x	there
would	be	another	peak	of	electrons,	and	so	on.	How	can	we	explain	these	results?	Well,	the	explanation	is	rather	straight	forward	if	we	assume	that	electrons	in	this	specific	case	do	not	behave	as	particles,	but	as	waves.	Waves?	you	may	ask.	Well,	consider	a	plain	of	water,	and	the	same	wall	as	before	and	the	same	intermediate	wall	with	a	double	slit
as	before.	At	the	place	where	the	machine	gun	or	the	wire	where,	consider	a	pencil	punching	periodically	downwards	into	the	water.	If	you	do	this,	you	will	get	concentric	waves	around	the	point	where	you	punch	the	water,	until	the	intermediate	plain	with	the	two	slits.	Behind	each	slit,	there	will	be	a	half	circle	of	concentric	waves,	up	to	the	point
where	the	new	waves	from	the	two	slits	cross	each	other.	There,	the	waves	from	the	two	slits	can	add	up	or	eliminate	each	other.	As	a	function	of	the	periodic	punching	you	will	find	points	where	the	height	of	the	wave	is	always	the	same.	There	will	be	other	places	where	the	wave	is	sometimes	very	high	and	sometimes	very	low.	At	the	outer	wall,
these	two	phases	will	be	repeatedly	following	one	another.	The	places	where	there	is	a	lot	of	variation	correspond	to	the	places	where	there	are	the	most	electrons.	The	places	with	no	variation	correspond	to	the	places	where	there	are	no	electrons	on	the	wall	at	all.	So,	why	do	electrons	in	this	case	behave	like	waves	and	not	like	particles?	Well,	this	is
the	thing	where	you	will	not	find	a	satisfying	answer.	You	just	need	to	accept	it.	What	if	you	do	not	believe	this?	Well,	the	thought	experiment	with	the	electrons	is	rather	difficult	to	perform	with	the	proper	scale	of	all	elements	of	the	experiment.	But	there	is	another	very	similar	experiment	that	you	can	do	at	home.	Instead	of	the	electrons	you	use	the
photons	(light	particles)	from	a	laser	which	you	can	buy	for	a	few	bucks.	You	let	the	laser	shine	through	a	double	slit,	darken	the	room,	and	look	at	the	outer	wall.	And	boom!	What	you	see	is	not	just	two	light	lines	on	the	outer	wall,	but	a	pattern	of	light	line,	dark	line,	light	line,	dark	line,	and	so	on.	The	intensity	of	the	lighter	region	becomes	less	far
away	from	the	center.	It	corresponds	exactly	to	the	result	of	our	thought	experiments	with	electrons.	Why	does	the	laser	experiment	give	the	same	result	as	the	thought	experiment	with	electrons?	It	is	quite	easy:	Light	particles,	called	photons,	are	also	very	small	and	therefore	behave	quantum	mechanically.	And	like	electrons,	they	behave	like	waves
in	this	specific	situation.	As	a	side	remark,	research	has	shown	that	light	behaves	like	particles	in	another	respect:	If	one	reduces	the	intensity	a	lot,	one	will	find	single	light	spots	from	single	photons	on	the	wall.	This	means	the	light	behaves	like	particles	as	well.	One	therefore	talks	about	theparticle-wave	dualityof	photons	or	electrons.	What	do	you
wait	for?	Do	the	experiment,	and	you	will	become	a	believer	of	quantum	mechanics,	or	more	generally	phrased,	of	quantum	physics.	The	pattern	with	maxima	and	minima	is	called	an	interference	pattern,	since	it	comes	about	by	the	interference	of	the	waves	through	slit	1	and	slit	2.	It	has	been	found	that	you	only	get	this	interference	pattern	if	you	do
not	by	other	means	(some	additional	measurement	instrument)	watch	through	which	of	the	two	slits	the	electrons	or	photons	pass.	If	you	do	measure	which	of	the	two	ways	the	particles	pass	by	any	other	means,	the	interference	pattern	goes	away.	You	will	then	find	the	sum	distribution	P	=	P1	+	P2	as	in	the	classical	experiment.	A	measurement
device	for	electrons	would	typically	disturb	the	electrons.	More	precisely,	their	momentum	p	would	typically	change	due	to	a	measurement	device,	while	the	place	x	of	its	path	would	become	known	more	precisely.	In	general,	there	will	be	some	uncertainty	left	in	the	momentum	and	in	the	place	of	the	electron.	Heisenberg	postulated	that	the	product
of	these	uncertainties	can	never	be	lower	than	a	specific	constant	h:	Delta	x	times	Delta	p	>=	h.	No	one	ever	managed	to	disproof	this	relation,	which	is	at	the	heart	of	quantum	mechanics.	Essentially	it	says,	we	cannot	measure	both	momentum	and	place	with	arbitrary	precision	at	the	same	time.	We	said	that	for	proper	distributions,	you	will	find	a
similar	result	P1	and	P2	as	in	the	classical	case.	However,	for	other	sizes	one	can	achieve	an	interference	pattern	even	for	the	single	slits.	This	is	the	case	when	the	slit	is	so	broad	that	one	can	achieve	an	interference	of	the	wave	stemming	from	one	side	of	the	slit	with	the	wave	stemming	from	the	other	side	of	the	slit.	We	said	above	that	quantum
physics	becomes	relevant	for	small	particles	whereby	we	mean	thatnaturally,	quantum	effects	are	only	seen	for	small	particles.	However,the	theory	itself	is	thought	to	provide	correct	results	for	large	particles	as	well.	Why	is	it	then,	that	quantum	effects	(which	cannot	be	explained	with	classical	theory)	become	increasingly	difficult	to	observe	for
larger	particles?	Larger	compound	particles	in	general	experience	more	interaction	both	within	themselves	and	with	their	surroundings.	These	interactions	typically	lead	to	an	effect	physicists	call	decoherence	which	simply	put	means	that	quantum	effects	get	lost.	In	this	case	(for	sufficiently	large	matter),	quantum	physics	and	classical	physics	yield
the	same	result.	Now	you	may	wonder:	At	which	size	does	this	happen?.While	one	doesnt	naturally	observe	quantum	effects	in	large	particles,	ingenious	people	have	managed	to	specifically	prepare	test	environments	that	showed	quantum	effects	for	an	ever-growing	size	of	particles.	Already	1999	an	experiment	showed	a	quantum	superposition	in
particles	as	large	as	C60molecules.	A2013articlealready	claims	to	observe	quantum	superpositions	in	molecules	that	weighmore	than	10000	atomic	mass	units.	The	question	of	where	the	achievable	limit	lies,	and	whether	one	can	be	sure	that	experiments	really	demonstrate	quantum	behavior,	is	still	of	interest.	That	these	questions	are	not	finally
concluded	is	also	reflected	in	a	more	recentarticle	on	the	American	Physical	Society	site.	In	principle,	if	one	would	be	able	to	somehow	get	rid	of	decoherence	effects	in	specifically	prepared	systems,	the	theory	itself	imposes	no	upper	size	limits	on	where	quantum	effects	could	be	shown.	The	aspect	of	the	length	scale	for	quantum	physics	that	we	just
discussed	was	the	particle	size	which	typically	is	on	the	microscopic	scale.	A	completely	different	matter	is	the	length	scale	of	how	far	you	can	move	or	separate	such	particles	afteran	initial	interaction,	without	losing	quantum	effects.	You	can	view	the	two-slit	experiment	as	showingan	interaction	between	particles	at	the	slit.	If	you	tried	out	the
experiment	yourself,	you	probably	realized,	that	the	distance	between	the	slit	and	the	wall	were	you	observe	interference	patterns	can	easily	be	some	meters	not	microscopic	at	all!	Other	experiments	prepare	two	particles	in	a	special	quantum	superposition	called	entanglement	which,	by	the	way,	lies	at	the	heart	ofquantum	computation	and	then
separate	these	particles.	In	someexperiments,	it	was	possible	to	show	interactions	between	these	particles	despite	a	separation	over	many	miles.	Essentially,	if	one	measures	the	state	of	one	such	particle,	one	can	thereafter	predict	the	state	of	the	other	particle	(within	errors),	despite	the	large	separation	between	the	particles.	Arecent
experimentdemonstrated	this	entanglement	effect	over	extreme	distances.	Particles	were	sent	to	a	satellite	and	back	to	earth	a	fairly	large	scale	distance	compared	to	the	size	of	a	human.	In	this	quantum	physics	introduction,	we	told	you	that	both	photons	and	electrons	behave	as	both	particles	and	waves.	This	particle-wave	duality	is	not
understandable	with	classical	mechanics.	It	results	in	us	only	being	able	to	predict	probabilities,	while	one	classically	can	make	deterministic	predictions.	You	can	easily	test	these	results	at	home	by	performing	the	two-slits	experiment	with	a	laser	pointer.	Have	fun!	We	hope	you	enjoyed	this	quantum	physics	introduction	for	beginners.	If	you	havent
read	it	yet,	you	should	continue	with	our	articleWhat	Everyone	Should	Know	About	Quantum	Physics.	And	if	you	want	to	learn	even	more,	why	not	have	a	look	at	our	articleBest	Quantum	Physics	Books	for	Beginners?In	this	quantum	physics	introduction	for	beginners,	we	will	explain	quantum	physics,	also	called	quantum	mechanics,	in	simple	terms.
Quantum	physics	is	possibly	the	most	fascinating	part	of	physics	that	exists.	It	is	the	amazing	physics	that	becomes	relevant	for	small	particles,	where	the	so-called	classical	physics	is	no	longer	valid.	Where	classical	mechanics	describes	the	movement	of	sufficiently	big	particles,	and	everything	is	deterministic,	we	can	only	determine	probabilities	for
the	movement	of	very	small	particles,	and	we	call	the	corresponding	theory	quantum	mechanics.	You	may	have	heard	Einsteins	saying,	Der	Alte	wrfelt	nicht	which	roughly	means	God	does	not	roll	dice.	Well,	even	geniuses	can	be	wrong.	Again,	quantum	mechanics	is	not	deterministic,	but	we	can	in	general	only	determine	probabilities.	Since	we	are
used	to	reasonably	big	objects	in	our	everyday	life,	quantum	mechanics	and	its	laws	may	initially	seem	strange	and	quantum	theory	is	often	considered	complex.	But	for	example,	electrons	and	photons	are	sufficiently	small	that	quantum	physics	is	needed,	and	on	this	website,	we	will	show	you	that	understanding	the	basics	of	quantum	physics	is	easy
and	fun.	In	the	following	paragraph,	we	will	describe	a	thought	experiment	that	we	perform	at	two	different	length	scales:	With	bullets	as	known	from	pistols	(the	large	scale)	and	with	electrons	(the	very	small	scale).	While	the	experiment	is	essentially	the	same	but	for	the	size,	we	will	show	you	how	the	result	is	very	different.	This	will	be	your	first
lecture	in	quantum	mechanics.	Consider	first	a	machine	gun	that	fires	bullets	to	a	wall.	Between	the	wall	and	the	machine	gun,	another	wall	has	two	parallel	slits	that	are	big	enough	to	easily	allow	a	bullet	to	pass	through	them.	To	make	the	experiment	interesting,	we	take	a	bad	machine	gun	that	has	a	lot	of	spread.	This	means	it	sometimes	shoots
through	the	first	slit	and	sometimes	through	the	second,	and	sometimes	it	hits	the	intermediate	wall.	If	we	block	the	second	slit,	all	bullets	that	reach	the	outer	wall	will	have	come	through	the	first	slit.	If	we	count	the	number	of	bullets	as	a	function	of	the	distance	from	the	center	of	the	outer	wall,	we	will	find	a	curve	distribution	that	could	be	similar
to	a	Gaussian	curve.	We	can	call	this	probability	curve	P1.	If	we	block	the	first	slit,	all	bullets	that	reach	the	outer	wall	will	have	come	through	the	second	slit.	The	probability	curve	will	be	mirrored	around	the	center,	and	we	call	it	P2.	If	we	open	both	slits,	all	bullets	at	the	outer	wall	will	have	come	through	either	slit	1	or	2.	Typical	for	classical
mechanics	in	this	situation	is	that	the	total	probability	distribution	P	can	be	determined	as	the	sum	of	the	previously-mentioned	probability	distributions,	P	=	P1	+	P2.	Now	consider	the	same	experiment	on	a	much	smaller	scale.	Instead	of	bullets	from	a	machine	gun	we	consider	electrons	that	for	example	can	stem	from	a	heated	wire	parallel	to	the
two	slits	in	an	intermediate	wall.	The	electron	direction	will	have	a	natural	spread.	The	slits	are	also	much	smaller	than	before	but	much	broader	than	a	single	electron.	Consider	again	the	case	that	the	second	slit	is	blocked.	For	proper	sizes	of	the	slits	and	distance	between	the	wire	and	the	walls,	the	probability	distribution	P1	will	be	similar	to
before.	Similarly,	if	we	block	the	slit	1,	we	will	for	proper	distances	find	a	probability	distribution	P2	similar	to	before.	What	do	you	expect	will	happen	if	we	do	not	block	any	slit?	Will	we	find	a	probability	distribution	P	=	P1	+	P2	as	before?	Well,	after	all	we	said	you	may	guess	that	this	is	not	the	case.	Indeed,	we	will	instead	find	a	probability
distribution	that	has	various	minima	and	maxima.	That	is,	for	x	=	0	there	would	be	the	strongest	peak	of	electrons,	for	a	certain	+-Delta	x	there	wouldnt	be	any	electrons	at	all,	but	for	+-2	Delta	x	there	would	be	another	peak	of	electrons,	and	so	on.	How	can	we	explain	these	results?	Well,	the	explanation	is	rather	straight	forward	if	we	assume	that
electrons	in	this	specific	case	do	not	behave	as	particles,	but	as	waves.	Waves?	you	may	ask.	Well,	consider	a	plain	of	water,	and	the	same	wall	as	before	and	the	same	intermediate	wall	with	a	double	slit	as	before.	At	the	place	where	the	machine	gun	or	the	wire	where,	consider	a	pencil	punching	periodically	downwards	into	the	water.	If	you	do	this,
you	will	get	concentric	waves	around	the	point	where	you	punch	the	water,	until	the	intermediate	plain	with	the	two	slits.	Behind	each	slit,	there	will	be	a	half	circle	of	concentric	waves,	up	to	the	point	where	the	new	waves	from	the	two	slits	cross	each	other.	There,	the	waves	from	the	two	slits	can	add	up	or	eliminate	each	other.	As	a	function	of	the
periodic	punching	you	will	find	points	where	the	height	of	the	wave	is	always	the	same.	There	will	be	other	places	where	the	wave	is	sometimes	very	high	and	sometimes	very	low.	At	the	outer	wall,	these	two	phases	will	be	repeatedly	following	one	another.	The	places	where	there	is	a	lot	of	variation	correspond	to	the	places	where	there	are	the	most
electrons.	The	places	with	no	variation	correspond	to	the	places	where	there	are	no	electrons	on	the	wall	at	all.	So,	why	do	electrons	in	this	case	behave	like	waves	and	not	like	particles?	Well,	this	is	the	thing	where	you	will	not	find	a	satisfying	answer.	You	just	need	to	accept	it.	What	if	you	do	not	believe	this?	Well,	the	thought	experiment	with	the
electrons	is	rather	difficult	to	perform	with	the	proper	scale	of	all	elements	of	the	experiment.	But	there	is	another	very	similar	experiment	that	you	can	do	at	home.	Instead	of	the	electrons	you	use	the	photons	(light	particles)	from	a	laser	which	you	can	buy	for	a	few	bucks.	You	let	the	laser	shine	through	a	double	slit,	darken	the	room,	and	look	at	the
outer	wall.	And	boom!	What	you	see	is	not	just	two	light	lines	on	the	outer	wall,	but	a	pattern	of	light	line,	dark	line,	light	line,	dark	line,	and	so	on.	The	intensity	of	the	lighter	region	becomes	less	far	away	from	the	center.	It	corresponds	exactly	to	the	result	of	our	thought	experiments	with	electrons.	Why	does	the	laser	experiment	give	the	same
result	as	the	thought	experiment	with	electrons?	It	is	quite	easy:	Light	particles,	called	photons,	are	also	very	small	and	therefore	behave	quantum	mechanically.	And	like	electrons,	they	behave	like	waves	in	this	specific	situation.	As	a	side	remark,	research	has	shown	that	light	behaves	like	particles	in	another	respect:	If	one	reduces	the	intensity	a
lot,	one	will	find	single	light	spots	from	single	photons	on	the	wall.	This	means	the	light	behaves	like	particles	as	well.	One	therefore	talks	about	theparticle-wave	dualityof	photons	or	electrons.	What	do	you	wait	for?	Do	the	experiment,	and	you	will	become	a	believer	of	quantum	mechanics,	or	more	generally	phrased,	of	quantum	physics.	The	pattern
with	maxima	and	minima	is	called	an	interference	pattern,	since	it	comes	about	by	the	interference	of	the	waves	through	slit	1	and	slit	2.	It	has	been	found	that	you	only	get	this	interference	pattern	if	you	do	not	by	other	means	(some	additional	measurement	instrument)	watch	through	which	of	the	two	slits	the	electrons	or	photons	pass.	If	you	do
measure	which	of	the	two	ways	the	particles	pass	by	any	other	means,	the	interference	pattern	goes	away.	You	will	then	find	the	sum	distribution	P	=	P1	+	P2	as	in	the	classical	experiment.	A	measurement	device	for	electrons	would	typically	disturb	the	electrons.	More	precisely,	their	momentum	p	would	typically	change	due	to	a	measurement
device,	while	the	place	x	of	its	path	would	become	known	more	precisely.	In	general,	there	will	be	some	uncertainty	left	in	the	momentum	and	in	the	place	of	the	electron.	Heisenberg	postulated	that	the	product	of	these	uncertainties	can	never	be	lower	than	a	specific	constant	h:	Delta	x	times	Delta	p	>=	h.	No	one	ever	managed	to	disproof	this
relation,	which	is	at	the	heart	of	quantum	mechanics.	Essentially	it	says,	we	cannot	measure	both	momentum	and	place	with	arbitrary	precision	at	the	same	time.	We	said	that	for	proper	distributions,	you	will	find	a	similar	result	P1	and	P2	as	in	the	classical	case.	However,	for	other	sizes	one	can	achieve	an	interference	pattern	even	for	the	single
slits.	This	is	the	case	when	the	slit	is	so	broad	that	one	can	achieve	an	interference	of	the	wave	stemming	from	one	side	of	the	slit	with	the	wave	stemming	from	the	other	side	of	the	slit.	We	said	above	that	quantum	physics	becomes	relevant	for	small	particles	whereby	we	mean	thatnaturally,	quantum	effects	are	only	seen	for	small	particles.
However,the	theory	itself	is	thought	to	provide	correct	results	for	large	particles	as	well.	Why	is	it	then,	that	quantum	effects	(which	cannot	be	explained	with	classical	theory)	become	increasingly	difficult	to	observe	for	larger	particles?	Larger	compound	particles	in	general	experience	more	interaction	both	within	themselves	and	with	their
surroundings.	These	interactions	typically	lead	to	an	effect	physicists	call	decoherence	which	simply	put	means	that	quantum	effects	get	lost.	In	this	case	(for	sufficiently	large	matter),	quantum	physics	and	classical	physics	yield	the	same	result.	Now	you	may	wonder:	At	which	size	does	this	happen?.While	one	doesnt	naturally	observe	quantum
effects	in	large	particles,	ingenious	people	have	managed	to	specifically	prepare	test	environments	that	showed	quantum	effects	for	an	ever-growing	size	of	particles.	Already	1999	an	experiment	showed	a	quantum	superposition	in	particles	as	large	as	C60molecules.	A2013articlealready	claims	to	observe	quantum	superpositions	in	molecules	that
weighmore	than	10000	atomic	mass	units.	The	question	of	where	the	achievable	limit	lies,	and	whether	one	can	be	sure	that	experiments	really	demonstrate	quantum	behavior,	is	still	of	interest.	That	these	questions	are	not	finally	concluded	is	also	reflected	in	a	more	recentarticle	on	the	American	Physical	Society	site.	In	principle,	if	one	would	be
able	to	somehow	get	rid	of	decoherence	effects	in	specifically	prepared	systems,	the	theory	itself	imposes	no	upper	size	limits	on	where	quantum	effects	could	be	shown.	The	aspect	of	the	length	scale	for	quantum	physics	that	we	just	discussed	was	the	particle	size	which	typically	is	on	the	microscopic	scale.	A	completely	different	matter	is	the	length
scale	of	how	far	you	can	move	or	separate	such	particles	afteran	initial	interaction,	without	losing	quantum	effects.	You	can	view	the	two-slit	experiment	as	showingan	interaction	between	particles	at	the	slit.	If	you	tried	out	the	experiment	yourself,	you	probably	realized,	that	the	distance	between	the	slit	and	the	wall	were	you	observe	interference
patterns	can	easily	be	some	meters	not	microscopic	at	all!	Other	experiments	prepare	two	particles	in	a	special	quantum	superposition	called	entanglement	which,	by	the	way,	lies	at	the	heart	ofquantum	computation	and	then	separate	these	particles.	In	someexperiments,	it	was	possible	to	show	interactions	between	these	particles	despite	a
separation	over	many	miles.	Essentially,	if	one	measures	the	state	of	one	such	particle,	one	can	thereafter	predict	the	state	of	the	other	particle	(within	errors),	despite	the	large	separation	between	the	particles.	Arecent	experimentdemonstrated	this	entanglement	effect	over	extreme	distances.	Particles	were	sent	to	a	satellite	and	back	to	earth	a
fairly	large	scale	distance	compared	to	the	size	of	a	human.	In	this	quantum	physics	introduction,	we	told	you	that	both	photons	and	electrons	behave	as	both	particles	and	waves.	This	particle-wave	duality	is	not	understandable	with	classical	mechanics.	It	results	in	us	only	being	able	to	predict	probabilities,	while	one	classically	can	make
deterministic	predictions.	You	can	easily	test	these	results	at	home	by	performing	the	two-slits	experiment	with	a	laser	pointer.	Have	fun!	We	hope	you	enjoyed	this	quantum	physics	introduction	for	beginners.	If	you	havent	read	it	yet,	you	should	continue	with	our	articleWhat	Everyone	Should	Know	About	Quantum	Physics.	And	if	you	want	to	learn
even	more,	why	not	have	a	look	at	our	articleBest	Quantum	Physics	Books	for	Beginners?Want	to	give	your	brand	videos	a	cinematic	edge?	Join	our	visual	experts	and	special	guests	for	an	info-packed	hour	of	insights	to	elevate	your	next	video	project.	Tune	in	on	June	24	at	11amET.Register	NowEnjoy	sharper	detail,	more	accurate	color,	lifelike
lighting,	believable	backgrounds,	and	more	with	our	new	model	update.	Your	generated	images	will	be	more	polished	thanever.See	What's	NewExplore	how	consumers	want	to	see	climate	stories	told	today,	and	what	that	means	for	yourvisuals.Download	Our	Latest	VisualGPS	ReportWant	to	give	your	brand	videos	a	cinematic	edge?	Join	our	visual
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can	exist	in	multiple	places	at	once,	where	cats	can	be	both	alive	and	dead	until	you	look	at	them,	and	where	particles	miles	apart	can	instantly	influence	each	other.	Welcome	to	the	realm	of	quantum	physics	a	domain	so	bizarre	that	even	Albert	Einstein	once	called	some	of	its	predictions	spooky	action	at	a	distance.Quantum	physics	is	not	just
strange	for	the	sake	of	being	strange.	Its	the	bedrock	of	our	modern	understanding	of	nature	at	its	smallest	scales	atoms,	subatomic	particles,	and	the	very	fabric	of	reality	itself.	Without	quantum	physics,	there	would	be	no	lasers,	no	computers,	no	smartphones,	and	no	MRI	machines.	Its	the	science	that	makes	the	impossible	possible.But	quantum
physics	has	a	reputation:	intimidating,	baffling,	reserved	only	for	genius-level	physicists.	Thats	simply	not	true.	Anyone	with	curiosity	and	a	bit	of	patience	can	grasp	its	essential	ideas.	In	this	beginners	guide,	we	will	journey	through	the	quantum	world,	unpack	its	mind-bending	concepts,	meet	the	pioneers	who	shaped	it,	and	glimpse	the
extraordinary	technologies	it	has	inspired.Get	ready:	reality	is	about	to	get	weird.At	the	dawn	of	the	20th	century,	classical	physics	the	physics	of	Isaac	Newton	ruled	supreme.	Scientists	believed	they	had	almost	completely	understood	the	laws	of	nature.	But	cracks	were	appearing	in	the	foundation.One	major	puzzle	involved	blackbody	radiation	the
way	objects	emit	light	when	heated.	Classical	physics	predicted	that	hot	objects	should	emit	infinite	amounts	of	energy	at	short	wavelengths,	a	paradox	dubbed	the	ultraviolet	catastrophe.	Experimental	data	clearly	disagreed.In	1900,	German	physicist	Max	Planck	proposed	a	radical	idea:	energy	is	not	emitted	continuously	but	in	discrete	packets	he
called	quanta.	Plancks	solution	matched	the	experimental	results	perfectly	but	seemed	merely	a	mathematical	trick	at	first.Then,	in	1905,	Albert	Einstein	took	Plancks	idea	seriously.	In	explaining	the	photoelectric	effect	the	observation	that	light	can	eject	electrons	from	metal	surfaces	Einstein	proposed	that	light	itself	is	made	of	particles,	later	called
photons.	This	particle	nature	of	light	was	revolutionary	and	earned	Einstein	the	Nobel	Prize	in	1921.Thus	began	the	quantum	revolution,	where	energy	and	matter	were	no	longer	continuous,	but	came	in	tiny,	discrete	chunks.	Reality,	it	seemed,	was	quantized.One	of	the	most	bewildering	concepts	in	quantum	physics	is	wave-particle	duality	the	idea
that	particles	like	electrons	and	photons	behave	sometimes	like	particles,	sometimes	like	waves.This	was	spectacularly	demonstrated	in	the	famous	double-slit	experiment.	When	light	is	shone	through	two	narrow	slits,	it	creates	an	interference	pattern	on	a	screen	beyond	a	hallmark	of	wave	behavior.	But	when	scientists	tried	to	detect	which	slit	each
photon	went	through,	the	interference	pattern	disappeared,	and	the	photons	behaved	like	particles.Even	more	shocking,	when	particles	like	electrons	(traditionally	thought	of	as	tiny	billiard	balls)	were	sent	one	by	one	through	the	slits,	they	too	created	an	interference	pattern	as	if	each	electron	was	simultaneously	passing	through	both	slits,
interfering	with	itself.This	experiment	shattered	the	classical	idea	that	particles	and	waves	are	distinct.	In	the	quantum	world,	entities	like	electrons	and	photons	are	both	particle	and	wave	a	paradoxical	blend	with	no	classical	analog.In	1927,	German	physicist	Werner	Heisenberg	unveiled	another	cornerstone	of	quantum	physics:	the	uncertainty
principle.	Heisenberg	showed	that	certain	pairs	of	properties	like	a	particles	position	and	momentum	cannot	both	be	precisely	known	at	the	same	time.	The	more	accurately	you	know	one,	the	less	accurately	you	can	know	the	other.This	isnt	just	a	limit	of	our	measuring	instruments	its	a	fundamental	property	of	nature	itself.	Reality	at	the	quantum
level	is	fuzzy	and	probabilistic,	not	sharply	defined.The	uncertainty	principle	shatters	the	classical	idea	of	a	clockwork	universe,	where	knowing	the	present	perfectly	means	you	can	predict	the	future	perfectly.	In	the	quantum	realm,	outcomes	are	fundamentally	unpredictable.	Nature	does	not	play	out	like	a	precise	script	it	dances	to	a	tune	of
probabilities.One	of	the	strangest	features	of	quantum	mechanics	is	superposition	the	idea	that	a	quantum	system	can	exist	in	multiple	states	at	once.A	famous	thought	experiment	by	Erwin	Schrdinger	illustrates	this.	Schrdinger	imagined	a	cat	inside	a	sealed	box	with	a	mechanism	triggered	by	a	quantum	event	say,	the	decay	of	a	radioactive	atom.	If



the	atom	decays,	the	mechanism	releases	poison,	killing	the	cat.	If	not,	the	cat	lives.According	to	quantum	mechanics,	until	we	open	the	box	and	observe	it,	the	cat	is	in	a	superposition	of	being	both	alive	and	dead.	Only	observation	collapses	the	superposition	into	one	definite	state.While	Schrdingers	cat	is	a	metaphor,	experiments	on	real	quantum
particles	confirm	that	superposition	is	real.	Particles	can	exist	in	multiple	states	or	locations	simultaneously	until	an	observation	forces	them	into	a	single	outcome.Perhaps	the	most	eerie	aspect	of	quantum	physics	is	entanglement.	When	two	particles	become	entangled,	their	properties	become	linked,	no	matter	how	far	apart	they	are.If	you	measure
one	particle	and	find	it	spin-up,	the	other	particle,	instantly	and	without	communication,	will	be	found	spin-down	even	if	theyre	light-years	apart.	This	instantaneous	connection	seemed	to	violate	Einsteins	belief	that	nothing	can	travel	faster	than	light.Einstein,	along	with	Podolsky	and	Rosen,	published	the	EPR	paradox	paper	in	1935,	arguing	that
quantum	mechanics	must	be	incomplete.	But	decades	later,	experiments	confirmed	entanglements	reality,	suggesting	that	the	quantum	world	allows	for	connections	beyond	classical	space	and	time.Entanglement	is	not	only	a	fascinating	quirk	its	the	basis	for	emerging	technologies	like	quantum	teleportation	and	quantum	cryptography.Quantum
mechanics	governs	the	microscopic	world	atoms,	electrons,	photons.	Classical	mechanics	governs	the	macroscopic	world	planets,	tennis	balls,	cars.But	how	do	the	two	fit	together?	Why	dont	we	see	cats	in	superpositions	or	cars	entangled	with	each	other?The	boundary	between	quantum	and	classical	is	still	a	subject	of	intense	research.	One
explanation	is	decoherence	the	idea	that	quantum	superpositions	rapidly	collapse	into	definite	states	when	interacting	with	the	environment.	In	our	messy,	macroscopic	world	full	of	particles	and	radiation,	quantum	effects	are	washed	out	almost	instantly.Nevertheless,	experiments	with	larger	and	larger	quantum	systems	continue	to	push	the
boundary,	suggesting	that	the	quantum	weirdness	is	not	confined	to	the	micro-world	alone.Far	from	being	a	mere	curiosity,	quantum	mechanics	powers	some	of	the	most	important	technologies	of	the	modern	era.Transistors	the	building	blocks	of	computers	and	smartphones	rely	on	quantum	tunneling,	where	electrons	pass	through	barriers	they
classically	shouldnt	cross.	Lasers,	MRI	machines,	and	even	GPS	systems	depend	on	quantum	effects.Now,	a	second	quantum	revolution	is	underway.	Scientists	are	developing	quantum	computers,	which	use	quantum	bits	(qubits)	that	can	exist	in	superpositions	of	0	and	1.	A	quantum	computer	could	solve	certain	problems	exponentially	faster	than
any	classical	computer.Quantum	cryptography	promises	unbreakable	communication	by	detecting	any	attempt	to	eavesdrop	via	entanglement.Quantum	teleportation	transmitting	information	about	a	quantum	state	instantaneously	is	already	being	demonstrated	in	laboratories,	hinting	at	future	quantum	networks.Quantum	mechanics	works
spectacularly	well	in	practice.	But	what	it	says	about	reality	remains	deeply	puzzling,	leading	to	many	competing	interpretations.The	Copenhagen	interpretation,	championed	by	Niels	Bohr,	holds	that	quantum	systems	exist	in	superpositions	until	observed,	at	which	point	the	wavefunction	collapses.The	Many	Worlds	Interpretation,	proposed	by	Hugh
Everett,	suggests	that	every	quantum	event	spawns	new	parallel	universes,	where	every	possible	outcome	happens.Pilot-wave	theory,	developed	by	Louis	de	Broglie	and	David	Bohm,	posits	that	particles	are	guided	by	deterministic	hidden	variables.Each	interpretation	offers	a	different	vision	of	reality,	yet	none	has	been	definitively	proven	or
disproven.	In	quantum	physics,	understanding	how	the	world	works	remains	a	profound	and	open	question.In	the	mid-20th	century,	physicists	developed	quantum	field	theory	(QFT),	combining	quantum	mechanics	with	special	relativity.In	QFT,	particles	are	excitations	in	underlying	fields	that	pervade	space.	The	photon	is	a	ripple	in	the
electromagnetic	field.	The	Higgs	boson	famously	discovered	in	2012	is	an	excitation	of	the	Higgs	field,	which	gives	particles	mass.QFT	forms	the	basis	of	the	Standard	Model	of	particle	physics,	which	describes	all	known	fundamental	particles	and	forces	(except	gravity)	with	breathtaking	accuracy.Yet,	mysteries	remain.	Gravity	still	resists	a	quantum
description.	Dark	matter	and	dark	energy,	which	make	up	most	of	the	universe,	remain	unexplained.	The	quest	to	unify	quantum	physics	with	Einsteins	general	relativity	the	so-called	theory	of	everything	continues.Quantum	physics	doesnt	just	challenge	scientific	ideas	it	forces	us	to	rethink	the	very	nature	of	reality.Are	particles	real	before	we
observe	them?	Does	the	universe	split	into	infinite	branches	with	every	quantum	event?	Is	reality	fundamentally	deterministic	or	probabilistic?	Is	consciousness	somehow	involved	in	the	collapse	of	the	wavefunction?These	questions	bridge	physics	and	philosophy,	suggesting	that	understanding	the	quantum	world	may	also	require	understanding	the
nature	of	knowledge,	existence,	and	consciousness	itself.Quantum	physics	is	a	revolution	not	just	in	science	but	in	our	very	conception	of	what	is	real.	It	shows	that	the	universe	is	far	stranger,	more	beautiful,	and	more	interconnected	than	classical	physics	ever	imagined.From	the	smallest	subatomic	particles	to	the	vast	mysteries	of	the	cosmos,
quantum	principles	weave	through	every	corner	of	existence.	And	while	we	have	harnessed	its	power	for	technology	and	innovation,	we	are	only	beginning	to	fathom	its	deeper	implications.For	the	beginner,	quantum	physics	may	seem	like	stepping	into	a	dream	where	the	rules	are	upside	down.	But	as	with	any	great	journey,	the	more	you	explore,
the	more	you	realize	that	the	quantum	world,	bizarre	though	it	may	be,	is	the	foundation	of	everything.It	is	a	realm	where	imagination	meets	reality,	where	the	impossible	becomes	inevitable,	and	where	the	universe	whispers	its	most	profound	secrets	if	only	we	are	curious	enough	to	listen.Love	this?	Share	it	and	help	us	spark	curiosity	about	science!
Quantum	physics	is	the	study	of	matter	and	energy	at	the	most	fundamental	level.	It	aims	to	uncover	the	properties	and	behaviors	of	the	very	building	blocks	of	nature.	While	many	quantum	experiments	examine	very	small	objects,	such	as	electrons	and	photons,	quantum	phenomena	are	all	around	us,	acting	on	every	scale.	However,	we	may	not	be
able	to	detect	them	easily	in	larger	objects.	This	may	give	the	wrong	impression	that	quantum	phenomena	are	bizarre	or	otherworldly.	In	fact,	quantum	science	closes	gaps	in	our	knowledge	of	physics	to	give	us	a	more	complete	picture	of	our	everyday	lives.Quantum	discoveries	have	been	incorporated	into	our	foundational	understanding	of
materials,	chemistry,	biology,	and	astronomy.	These	discoveries	are	a	valuable	resource	for	innovation,	giving	rise	to	devices	such	as	lasers	and	transistors,	and	enabling	real	progress	on	technologies	once	considered	purely	speculative,	such	as	quantum	computers.	Physicists	are	exploring	the	potential	of	quantum	science	to	transform	our	view	of
gravity	and	its	connection	to	space	and	time.	Quantum	science	may	even	reveal	how	everything	in	the	universe	(or	in	multiple	universes)	is	connected	to	everything	else	through	higher	dimensions	that	our	senses	cannot	comprehend.	The	field	of	quantum	physics	arose	in	the	late	1800s	and	early	1900s	from	a	series	of	experimental	observations	of
atoms	that	didn't	make	intuitive	sense	in	the	context	of	classical	physics.	Among	the	basic	discoveries	was	the	realization	that	matter	and	energy	can	be	thought	of	as	discrete	packets,	or	quanta,	that	have	a	minimum	value	associated	with	them.	For	example,	light	of	a	fixed	frequency	will	deliver	energy	in	quanta	called	"photons."	Each	photon	at	this
frequency	will	have	the	same	amount	of	energy,	and	this	energy	can't	be	broken	down	into	smaller	units.	In	fact,	the	word	"quantum"	has	Latin	roots	and	means	"how	much."Knowledge	of	quantum	principles	transformed	our	conceptualization	of	the	atom,	which	consists	of	a	nucleus	surrounded	by	electrons.	Early	models	depicted	electrons	as
particles	that	orbited	the	nucleus,	much	like	the	way	satellites	orbit	Earth.	Modern	quantum	physics	instead	understands	electrons	as	being	distributed	within	orbitals,	mathematical	descriptions	that	represent	the	probability	of	the	electrons'	existence	in	more	than	one	location	within	a	given	range	at	any	given	time.	Electrons	can	jump	from	one
orbital	to	another	as	they	gain	or	lose	energy,	but	they	cannot	be	found	between	orbitals.Other	central	concepts	helped	to	establish	the	foundations	of	quantum	physics:Wave-particle	duality:	This	principle	dates	back	to	the	earliest	days	of	quantum	science.	It	describes	the	outcomes	of	experiments	that	showed	that	light	and	matter	had	the	properties
of	particles	or	waves,	depending	on	how	they	were	measured.	Today,	we	understand	that	these	different	forms	of	energy	are	actually	neither	particle	nor	wave.	They	are	distinct	quantum	objects	that	we	cannot	easily	conceptualize.Superposition:	This	is	a	term	used	to	describe	an	object	as	a	combination	of	multiple	possible	states	at	the	same	time.	A
superposed	object	is	analogous	to	a	ripple	on	the	surface	of	a	pond	that	is	a	combination	of	two	waves	overlapping.	In	a	mathematical	sense,	an	object	in	superposition	can	be	represented	by	an	equation	that	has	more	than	one	solution	or	outcome.Uncertainty	principle:	This	is	a	mathematical	concept	that	represents	a	trade-off	between
complementary	points	of	view.	In	physics,	this	means	that	two	properties	of	an	object,	such	as	its	position	and	velocity,	cannot	both	be	precisely	known	at	the	same	time.	If	we	precisely	measure	the	position	of	an	electron,	for	example,	we	will	be	limited	in	how	precisely	we	can	know	its	speed.Entanglement:	This	is	a	phenomenon	that	occurs	when	two
or	more	objects	are	connected	in	such	a	way	that	they	can	be	thought	of	as	a	single	system,	even	if	they	are	very	far	apart.	The	state	of	one	object	in	that	system	can't	be	fully	described	without	information	on	the	state	of	the	other	object.	Likewise,	learning	information	about	one	object	automatically	tells	you	something	about	the	other	and	vice	versa.
Because	many	of	the	concepts	of	quantum	physics	are	difficult	if	not	impossible	for	us	to	visualize,	mathematics	is	essential	to	the	field.	Equations	are	used	to	describe	or	help	predict	quantum	objects	and	phenomena	in	ways	that	are	more	exact	than	what	our	imaginations	can	conjure.Mathematics	is	also	necessary	to	represent	the	probabilistic
nature	of	quantum	phenomena.	For	example,	the	position	of	an	electron	may	not	be	known	exactly.	Instead,	it	may	be	described	as	being	in	a	range	of	possible	locations	(such	as	within	an	orbital),	with	each	location	associated	with	a	probability	of	finding	the	electron	there.Given	their	probabilistic	nature,	quantum	objects	are	often	described	using
mathematical	"wave	functions,"	which	are	solutions	to	what	is	known	as	the	Schrdinger	equation.	Waves	in	water	can	be	characterized	by	the	changing	height	of	the	water	as	the	wave	moves	past	a	set	point.	Similarly,	sound	waves	can	be	characterized	by	the	changing	compression	or	expansion	of	air	molecules	as	they	move	past	a	point.	Wave
functions	don't	track	with	a	physical	property	in	this	way.	The	solutions	to	the	wave	functions	provide	the	likelihoods	of	where	an	observer	might	find	a	particular	object	over	a	range	of	potential	options.	However,	just	as	a	ripple	in	a	pond	or	a	note	played	on	a	trumpet	are	spread	out	and	not	confined	to	one	location,	quantum	objects	can	also	be	in
multiple	placesand	take	on	different	states,	as	in	the	case	of	superpositionat	once.	The	act	of	observation	is	a	topic	of	considerable	discussion	in	quantum	physics.	Early	in	the	field,	scientists	were	baffled	to	find	that	simply	observing	an	experiment	influenced	the	outcome.	For	example,	an	electron	acted	like	a	wave	when	not	observed,	but	the	act	of
observing	it	caused	the	wave	to	collapse	(or,	more	accurately,	"decohere")	and	the	electron	to	behave	instead	like	a	particle.	Scientists	now	appreciate	that	the	term	"observation"	is	misleading	in	this	context,	suggesting	that	consciousness	is	involved.	Instead,	"measurement"	better	describes	the	effect,	in	which	a	change	in	outcome	may	be	caused	by
the	interaction	between	the	quantum	phenomenon	and	the	external	environment,	including	the	device	used	to	measure	the	phenomenon.	Even	this	connection	has	caveats,	though,	and	a	full	understanding	of	the	relationship	between	measurement	and	outcome	is	still	needed.	Credit:	Joel	Caswell	for	Caltech	Science	Exchange	Perhaps	the	most
definitive	experiment	in	the	field	of	quantum	physics	is	the	double-slit	experiment.	This	experiment,	which	involves	shooting	particles	such	as	photons	or	electrons	through	a	barrier	with	two	slits,	was	originally	used	in	1801	to	show	that	light	is	made	up	of	waves.	Since	then,	numerous	incarnations	of	the	experiment	have	been	used	to	demonstrate
that	matter	can	also	behave	like	a	wave	and	to	demonstrate	the	principles	of	superposition,	entanglement,	and	the	observer	effect.The	field	of	quantum	science	may	seem	mysterious	or	illogical,	but	it	describes	everything	around	us,	whether	we	realize	it	or	not.	Harnessing	the	power	of	quantum	physics	gives	rise	to	new	technologies,	both	for
applications	we	use	today	and	for	those	that	may	be	available	in	the	future.	In	this	quantum	physics	introduction	for	beginners,	we	will	explain	quantum	physics,	also	called	quantum	mechanics,	in	simple	terms.	Quantum	physics	is	possibly	the	most	fascinating	part	of	physics	that	exists.	It	is	the	amazing	physics	that	becomes	relevant	for	small
particles,	where	the	so-called	classical	physics	is	no	longer	valid.	Where	classical	mechanics	describes	the	movement	of	sufficiently	big	particles,	and	everything	is	deterministic,	we	can	only	determine	probabilities	for	the	movement	of	very	small	particles,	and	we	call	the	corresponding	theory	quantum	mechanics.	You	may	have	heard	Einsteins
saying,	Der	Alte	wrfelt	nicht	which	roughly	means	God	does	not	roll	dice.	Well,	even	geniuses	can	be	wrong.	Again,	quantum	mechanics	is	not	deterministic,	but	we	can	in	general	only	determine	probabilities.	Since	we	are	used	to	reasonably	big	objects	in	our	everyday	life,	quantum	mechanics	and	its	laws	may	initially	seem	strange	and	quantum
theory	is	often	considered	complex.	But	for	example,	electrons	and	photons	are	sufficiently	small	that	quantum	physics	is	needed,	and	on	this	website,	we	will	show	you	that	understanding	the	basics	of	quantum	physics	is	easy	and	fun.	In	the	following	paragraph,	we	will	describe	a	thought	experiment	that	we	perform	at	two	different	length	scales:
With	bullets	as	known	from	pistols	(the	large	scale)	and	with	electrons	(the	very	small	scale).	While	the	experiment	is	essentially	the	same	but	for	the	size,	we	will	show	you	how	the	result	is	very	different.	This	will	be	your	first	lecture	in	quantum	mechanics.	Consider	first	a	machine	gun	that	fires	bullets	to	a	wall.	Between	the	wall	and	the	machine
gun,	another	wall	has	two	parallel	slits	that	are	big	enough	to	easily	allow	a	bullet	to	pass	through	them.	To	make	the	experiment	interesting,	we	take	a	bad	machine	gun	that	has	a	lot	of	spread.	This	means	it	sometimes	shoots	through	the	first	slit	and	sometimes	through	the	second,	and	sometimes	it	hits	the	intermediate	wall.	If	we	block	the	second
slit,	all	bullets	that	reach	the	outer	wall	will	have	come	through	the	first	slit.	If	we	count	the	number	of	bullets	as	a	function	of	the	distance	from	the	center	of	the	outer	wall,	we	will	find	a	curve	distribution	that	could	be	similar	to	a	Gaussian	curve.	We	can	call	this	probability	curve	P1.	If	we	block	the	first	slit,	all	bullets	that	reach	the	outer	wall	will
have	come	through	the	second	slit.	The	probability	curve	will	be	mirrored	around	the	center,	and	we	call	it	P2.	If	we	open	both	slits,	all	bullets	at	the	outer	wall	will	have	come	through	either	slit	1	or	2.	Typical	for	classical	mechanics	in	this	situation	is	that	the	total	probability	distribution	P	can	be	determined	as	the	sum	of	the	previously-mentioned
probability	distributions,	P	=	P1	+	P2.	Now	consider	the	same	experiment	on	a	much	smaller	scale.	Instead	of	bullets	from	a	machine	gun	we	consider	electrons	that	for	example	can	stem	from	a	heated	wire	parallel	to	the	two	slits	in	an	intermediate	wall.	The	electron	direction	will	have	a	natural	spread.	The	slits	are	also	much	smaller	than	before	but
much	broader	than	a	single	electron.	Consider	again	the	case	that	the	second	slit	is	blocked.	For	proper	sizes	of	the	slits	and	distance	between	the	wire	and	the	walls,	the	probability	distribution	P1	will	be	similar	to	before.	Similarly,	if	we	block	the	slit	1,	we	will	for	proper	distances	find	a	probability	distribution	P2	similar	to	before.	What	do	you
expect	will	happen	if	we	do	not	block	any	slit?	Will	we	find	a	probability	distribution	P	=	P1	+	P2	as	before?	Well,	after	all	we	said	you	may	guess	that	this	is	not	the	case.	Indeed,	we	will	instead	find	a	probability	distribution	that	has	various	minima	and	maxima.	That	is,	for	x	=	0	there	would	be	the	strongest	peak	of	electrons,	for	a	certain	+-Delta	x
there	wouldnt	be	any	electrons	at	all,	but	for	+-2	Delta	x	there	would	be	another	peak	of	electrons,	and	so	on.	How	can	we	explain	these	results?	Well,	the	explanation	is	rather	straight	forward	if	we	assume	that	electrons	in	this	specific	case	do	not	behave	as	particles,	but	as	waves.	Waves?	you	may	ask.	Well,	consider	a	plain	of	water,	and	the	same
wall	as	before	and	the	same	intermediate	wall	with	a	double	slit	as	before.	At	the	place	where	the	machine	gun	or	the	wire	where,	consider	a	pencil	punching	periodically	downwards	into	the	water.	If	you	do	this,	you	will	get	concentric	waves	around	the	point	where	you	punch	the	water,	until	the	intermediate	plain	with	the	two	slits.	Behind	each	slit,
there	will	be	a	half	circle	of	concentric	waves,	up	to	the	point	where	the	new	waves	from	the	two	slits	cross	each	other.	There,	the	waves	from	the	two	slits	can	add	up	or	eliminate	each	other.	As	a	function	of	the	periodic	punching	you	will	find	points	where	the	height	of	the	wave	is	always	the	same.	There	will	be	other	places	where	the	wave	is
sometimes	very	high	and	sometimes	very	low.	At	the	outer	wall,	these	two	phases	will	be	repeatedly	following	one	another.	The	places	where	there	is	a	lot	of	variation	correspond	to	the	places	where	there	are	the	most	electrons.	The	places	with	no	variation	correspond	to	the	places	where	there	are	no	electrons	on	the	wall	at	all.	So,	why	do	electrons
in	this	case	behave	like	waves	and	not	like	particles?	Well,	this	is	the	thing	where	you	will	not	find	a	satisfying	answer.	You	just	need	to	accept	it.	What	if	you	do	not	believe	this?	Well,	the	thought	experiment	with	the	electrons	is	rather	difficult	to	perform	with	the	proper	scale	of	all	elements	of	the	experiment.	But	there	is	another	very	similar
experiment	that	you	can	do	at	home.	Instead	of	the	electrons	you	use	the	photons	(light	particles)	from	a	laser	which	you	can	buy	for	a	few	bucks.	You	let	the	laser	shine	through	a	double	slit,	darken	the	room,	and	look	at	the	outer	wall.	And	boom!	What	you	see	is	not	just	two	light	lines	on	the	outer	wall,	but	a	pattern	of	light	line,	dark	line,	light	line,
dark	line,	and	so	on.	The	intensity	of	the	lighter	region	becomes	less	far	away	from	the	center.	It	corresponds	exactly	to	the	result	of	our	thought	experiments	with	electrons.	Why	does	the	laser	experiment	give	the	same	result	as	the	thought	experiment	with	electrons?	It	is	quite	easy:	Light	particles,	called	photons,	are	also	very	small	and	therefore
behave	quantum	mechanically.	And	like	electrons,	they	behave	like	waves	in	this	specific	situation.	As	a	side	remark,	research	has	shown	that	light	behaves	like	particles	in	another	respect:	If	one	reduces	the	intensity	a	lot,	one	will	find	single	light	spots	from	single	photons	on	the	wall.	This	means	the	light	behaves	like	particles	as	well.	One	therefore
talks	about	theparticle-wave	dualityof	photons	or	electrons.	What	do	you	wait	for?	Do	the	experiment,	and	you	will	become	a	believer	of	quantum	mechanics,	or	more	generally	phrased,	of	quantum	physics.	The	pattern	with	maxima	and	minima	is	called	an	interference	pattern,	since	it	comes	about	by	the	interference	of	the	waves	through	slit	1	and
slit	2.	It	has	been	found	that	you	only	get	this	interference	pattern	if	you	do	not	by	other	means	(some	additional	measurement	instrument)	watch	through	which	of	the	two	slits	the	electrons	or	photons	pass.	If	you	do	measure	which	of	the	two	ways	the	particles	pass	by	any	other	means,	the	interference	pattern	goes	away.	You	will	then	find	the	sum
distribution	P	=	P1	+	P2	as	in	the	classical	experiment.	A	measurement	device	for	electrons	would	typically	disturb	the	electrons.	More	precisely,	their	momentum	p	would	typically	change	due	to	a	measurement	device,	while	the	place	x	of	its	path	would	become	known	more	precisely.	In	general,	there	will	be	some	uncertainty	left	in	the	momentum
and	in	the	place	of	the	electron.	Heisenberg	postulated	that	the	product	of	these	uncertainties	can	never	be	lower	than	a	specific	constant	h:	Delta	x	times	Delta	p	>=	h.	No	one	ever	managed	to	disproof	this	relation,	which	is	at	the	heart	of	quantum	mechanics.	Essentially	it	says,	we	cannot	measure	both	momentum	and	place	with	arbitrary	precision
at	the	same	time.	We	said	that	for	proper	distributions,	you	will	find	a	similar	result	P1	and	P2	as	in	the	classical	case.	However,	for	other	sizes	one	can	achieve	an	interference	pattern	even	for	the	single	slits.	This	is	the	case	when	the	slit	is	so	broad	that	one	can	achieve	an	interference	of	the	wave	stemming	from	one	side	of	the	slit	with	the	wave
stemming	from	the	other	side	of	the	slit.	We	said	above	that	quantum	physics	becomes	relevant	for	small	particles	whereby	we	mean	thatnaturally,	quantum	effects	are	only	seen	for	small	particles.	However,the	theory	itself	is	thought	to	provide	correct	results	for	large	particles	as	well.	Why	is	it	then,	that	quantum	effects	(which	cannot	be	explained
with	classical	theory)	become	increasingly	difficult	to	observe	for	larger	particles?	Larger	compound	particles	in	general	experience	more	interaction	both	within	themselves	and	with	their	surroundings.	These	interactions	typically	lead	to	an	effect	physicists	call	decoherence	which	simply	put	means	that	quantum	effects	get	lost.	In	this	case	(for
sufficiently	large	matter),	quantum	physics	and	classical	physics	yield	the	same	result.	Now	you	may	wonder:	At	which	size	does	this	happen?.While	one	doesnt	naturally	observe	quantum	effects	in	large	particles,	ingenious	people	have	managed	to	specifically	prepare	test	environments	that	showed	quantum	effects	for	an	ever-growing	size	of
particles.	Already	1999	an	experiment	showed	a	quantum	superposition	in	particles	as	large	as	C60molecules.	A2013articlealready	claims	to	observe	quantum	superpositions	in	molecules	that	weighmore	than	10000	atomic	mass	units.	The	question	of	where	the	achievable	limit	lies,	and	whether	one	can	be	sure	that	experiments	really	demonstrate
quantum	behavior,	is	still	of	interest.	That	these	questions	are	not	finally	concluded	is	also	reflected	in	a	more	recentarticle	on	the	American	Physical	Society	site.	In	principle,	if	one	would	be	able	to	somehow	get	rid	of	decoherence	effects	in	specifically	prepared	systems,	the	theory	itself	imposes	no	upper	size	limits	on	where	quantum	effects	could
be	shown.	The	aspect	of	the	length	scale	for	quantum	physics	that	we	just	discussed	was	the	particle	size	which	typically	is	on	the	microscopic	scale.	A	completely	different	matter	is	the	length	scale	of	how	far	you	can	move	or	separate	such	particles	afteran	initial	interaction,	without	losing	quantum	effects.	You	can	view	the	two-slit	experiment	as
showingan	interaction	between	particles	at	the	slit.	If	you	tried	out	the	experiment	yourself,	you	probably	realized,	that	the	distance	between	the	slit	and	the	wall	were	you	observe	interference	patterns	can	easily	be	some	meters	not	microscopic	at	all!	Other	experiments	prepare	two	particles	in	a	special	quantum	superposition	called	entanglement
which,	by	the	way,	lies	at	the	heart	ofquantum	computation	and	then	separate	these	particles.	In	someexperiments,	it	was	possible	to	show	interactions	between	these	particles	despite	a	separation	over	many	miles.	Essentially,	if	one	measures	the	state	of	one	such	particle,	one	can	thereafter	predict	the	state	of	the	other	particle	(within	errors),
despite	the	large	separation	between	the	particles.	Arecent	experimentdemonstrated	this	entanglement	effect	over	extreme	distances.	Particles	were	sent	to	a	satellite	and	back	to	earth	a	fairly	large	scale	distance	compared	to	the	size	of	a	human.	In	this	quantum	physics	introduction,	we	told	you	that	both	photons	and	electrons	behave	as	both
particles	and	waves.	This	particle-wave	duality	is	not	understandable	with	classical	mechanics.	It	results	in	us	only	being	able	to	predict	probabilities,	while	one	classically	can	make	deterministic	predictions.	You	can	easily	test	these	results	at	home	by	performing	the	two-slits	experiment	with	a	laser	pointer.	Have	fun!	We	hope	you	enjoyed	this
quantum	physics	introduction	for	beginners.	If	you	havent	read	it	yet,	you	should	continue	with	our	articleWhat	Everyone	Should	Know	About	Quantum	Physics.	And	if	you	want	to	learn	even	more,	why	not	have	a	look	at	our	articleBest	Quantum	Physics	Books	for	Beginners?Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the
nature	and	behavior	of	matter	and	energy	on	the	atomic	and	subatomic	level.	The	nature	and	behavior	of	matter	and	energy	at	that	level	is	sometimes	referred	to	as	quantum	physics	and	quantum	mechanics.	Why	is	quantum	physics	so	hard?Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the	nature	and	behavior	of	matter	and
energy	on	the	atomic	and	subatomic	level.	The	nature	and	behavior	of	matter	and	energy	at	that	level	is	sometimes	referred	to	as	quantum	physics	and	quantum	mechanics.	We	propose	six	principles	as	the	fundamental	principles	of	quantum	mechanics:	principle	of	space	and	time,	Galilean	principle	of	relativity,	Hamiltons	principle,	wave	principle,
probability	principle,	and	principle	of	indestructibility	and	increatiblity	of	particles.See	also	What	is	the	phase	constant?Who	invented	quantum	theory?Niels	Bohr	and	Max	Planck,	two	of	the	founding	fathers	of	Quantum	Theory,	each	received	a	Nobel	Prize	in	Physics	for	their	work	on	quanta.	Einstein	is	considered	the	third	founder	of	Quantum
Theory	because	he	described	light	as	quanta	in	his	theory	of	the	Photoelectric	Effect,	for	which	he	won	the	1921	Nobel	Prize.What	math	is	used	in	quantum	physics?The	mathematical	prerequisites	are	multi-variable	calculus	(as	in	Calculus	IV),	and	Linear	Algebra.	This	course	is	open	to	both	undergraduate	and	graduate	students.	It	can	be	taken
independently	and	in	addition	to	any	of	the	Physics	department	courses	on	quantum	mechanics.	Today,	every	other	thing	is	influenced	by	quantum	physics.	For	example:	Computers	and	Smartphone:	The	entire	working	process	of	computers	is	based	on	quantum	physics.	The	phenomenon	of	band	structure,	which	supports	the	modern	semiconductor-
based	electronics,	is	fundamentally	a	quantum	mechanism.Why	is	it	called	quantum?Its	right	there	in	the	name	the	word	quantum	comes	from	the	Latin	for	how	much	and	reflects	the	fact	that	quantum	models	always	involve	something	coming	in	discrete	amounts.	The	energy	contained	in	a	quantum	field	comes	in	integer	multiples	of	some
fundamental	energy.How	can	I	learn	quantum	physics?	While	the	quantum	realm	exists	in	real	life,	its	somewhat	glorified	on	screen,	as	expected,	and	theoretically,	time	travel	is	technically	is	possible	at	least	at	a	subatomic	level.Can	particles	exist	in	2	places	at	once?This	principle	of	quantum	mechanics	suggests	that	particles	can	exist	in	two
separate	locations	at	once.	Physicists	from	Stanford	University	have	now	demonstrated	the	superposition	of	a	group	of	atoms	over	a	greater	distance	than	ever	before:	54	centimeters,	or	about	1.77	feet.See	also	How	do	you	add	physics	in	Maya?Is	quantum	smaller	than	atom?The	quantum	world	is	the	world	thats	smaller	than	an	atom.	Things	at	this
scale	dont	behave	the	same	way	as	objects	on	the	scale	that	we	can	see.	Quantum	theory	is	needed	because	many	phenomena	at	the	microscopic	level	can	not	be	explained	using	classical	theory,	eg:	Photoelectric	effect,	interaction	among	elementary	particles.Are	humans	matter	or	energy?In	life,	the	human	body	comprises	matter	and	energy.	That
energy	is	both	electrical	(impulses	and	signals)	and	chemical	(reactions).	The	same	can	be	said	about	plants,	which	are	powered	by	photosynthesis,	a	process	that	allows	them	to	generate	energy	from	sunlight.What	did	Einstein	say	about	quantum	physics?Albert	Einstein	famously	said	that	quantum	mechanics	should	allow	two	objects	to	affect	each
others	behaviour	instantly	across	vast	distances,	something	he	dubbed	spooky	action	at	a	distance1.	Decades	after	his	death,	experiments	confirmed	this.	However,	a	long-studied	quantum	phenomenon,	the	Aharonov-Bohm	effect,	has	just	been	discovered	to	occur	for	gravity	as	well	as	electromagnetism.	A	greatly	underappreciated	result,	it	could	be
our	first	clue	that	gravity	is	truly	quantum	in	nature.How	many	years	does	it	take	to	become	a	quantum	physicist?If	you	seek	to	become	a	quantum	physicist,	you	have	to	complete	four	years	of	undergraduate	training.	You	also	can	complete	an	additional	two	years	of	schooling	to	earn	a	masters	degree	followed	by	five	years	of	doctoral	degree
training.How	many	quantum	fields	exist?There	are	12	known	fundamental	particles	that	make	up	the	universe.	Each	has	its	own	unique	quantum	field.	To	these	12	particle	fields	the	Standard	Model	adds	four	force	fields,	representing	the	four	fundamental	forces:	gravity,	electromagnetism,	the	strong	nuclear	force	and	the	weak	nuclear	force.	See
also	What	does	u	stand	for	in	physics?These	quantum	fields	really	do	exist	all	throughout	space,	and	experiments	not	only	show	that	they	do	exist,	but	show	us	the	magnitude	of	their	effects	as	well.	The	contributions	of	the	known	quantum	fields	to	the	vacuum	cannot	be	practically	calculated	today,	What	is	the	goal	of	quantum	physics?Quantum
physics	is	the	study	of	matter	and	energy	at	the	most	fundamental	level.	It	aims	to	uncover	the	properties	and	behaviors	of	the	very	building	blocks	of	nature.	While	many	quantum	experiments	examine	very	small	objects,	such	as	electrons	and	photons,	quantum	phenomena	are	all	around	us,	acting	on	every	scale.How	do	you	explain	quantum	physics
to	a	child?	By	spirituality,	we	mean	a	view	of	the	world	that	accepts	the	numinous	at	the	foundation	of	the	cosmic	order.	In	the	same	way,	Quantum	Physics	is	more	than	physics:	it	is	a	new	form	of	mysticism,	which	suggests	the	interconnectedness	of	all	things	and	beings	and	the	connection	of	our	minds	with	a	cosmic	mind.What	is	reality	made	of?
Reality	can	be	defined	in	a	way	that	links	it	to	worldviews	or	parts	of	them	(conceptual	frameworks):	Reality	is	the	totality	of	all	things,	structures	(actual	and	conceptual),	events	(past	and	present)	and	phenomena,	whether	observable	or	not.What	are	quantum	skills?The	seven	quantum	skills	are	ancient	and	futuristic,	scientific	and	spiritual,	simple
and	complex.	Together	they	form	a	model	that	balances	the	traditional	leftbrain	management	skills	with	new	skills	that	more	fully	utilize	both	hemispheres	of	the	brain.	See	also	What	is	the	best	calculator	for	physics?Theres	quantum	mechanics,	the	basic	mathematical	framework	that	underpins	it	all,	which	was	first	developed	in	the	1920s	by	Niels
Bohr,	Werner	Heisenberg,	Erwin	Schrdinger	and	others.	It	characterises	simple	things	such	as	how	the	position	or	momentum	of	a	single	particle	or	group	of	few	particles	changes	over	time.Can	physics	be	self	taught?You	can	self-learn	Physics	by	using	a	beginners	Physics	textbook.	Look	for	Physics	textbooks	that	have	core	Physics	subjects	like
systems	of	measurement	and	Newtons	Laws.	Some	excellent	beginners	Physics	textbooks	include	Basic	Physics:	a	Self-Teaching	Guide	and	Quicksmart	Introductory	Physics.	Page	2Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the	nature	and	behavior	of	matter	and	energy	on	the	atomic	and	subatomic	level.	The	nature	and
behavior	of	matter	and	energy	at	that	level	is	sometimes	referred	to	as	quantum	physics	and	quantum	mechanics.	Why	is	quantum	physics	so	hard?Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the	nature	and	behavior	of	matter	and	energy	on	the	atomic	and	subatomic	level.	The	nature	and	behavior	of	matter	and	energy	at
that	level	is	sometimes	referred	to	as	quantum	physics	and	quantum	mechanics.	We	propose	six	principles	as	the	fundamental	principles	of	quantum	mechanics:	principle	of	space	and	time,	Galilean	principle	of	relativity,	Hamiltons	principle,	wave	principle,	probability	principle,	and	principle	of	indestructibility	and	increatiblity	of	particles.See	also
What	makes	a	pinewood	derby	car	go	faster?Who	invented	quantum	theory?Niels	Bohr	and	Max	Planck,	two	of	the	founding	fathers	of	Quantum	Theory,	each	received	a	Nobel	Prize	in	Physics	for	their	work	on	quanta.	Einstein	is	considered	the	third	founder	of	Quantum	Theory	because	he	described	light	as	quanta	in	his	theory	of	the	Photoelectric
Effect,	for	which	he	won	the	1921	Nobel	Prize.What	math	is	used	in	quantum	physics?The	mathematical	prerequisites	are	multi-variable	calculus	(as	in	Calculus	IV),	and	Linear	Algebra.	This	course	is	open	to	both	undergraduate	and	graduate	students.	It	can	be	taken	independently	and	in	addition	to	any	of	the	Physics	department	courses	on	quantum
mechanics.	Today,	every	other	thing	is	influenced	by	quantum	physics.	For	example:	Computers	and	Smartphone:	The	entire	working	process	of	computers	is	based	on	quantum	physics.	The	phenomenon	of	band	structure,	which	supports	the	modern	semiconductor-	based	electronics,	is	fundamentally	a	quantum	mechanism.Why	is	it	called	quantum?
Its	right	there	in	the	name	the	word	quantum	comes	from	the	Latin	for	how	much	and	reflects	the	fact	that	quantum	models	always	involve	something	coming	in	discrete	amounts.	The	energy	contained	in	a	quantum	field	comes	in	integer	multiples	of	some	fundamental	energy.How	can	I	learn	quantum	physics?	While	the	quantum	realm	exists	in	real
life,	its	somewhat	glorified	on	screen,	as	expected,	and	theoretically,	time	travel	is	technically	is	possible	at	least	at	a	subatomic	level.Can	particles	exist	in	2	places	at	once?This	principle	of	quantum	mechanics	suggests	that	particles	can	exist	in	two	separate	locations	at	once.	Physicists	from	Stanford	University	have	now	demonstrated	the
superposition	of	a	group	of	atoms	over	a	greater	distance	than	ever	before:	54	centimeters,	or	about	1.77	feet.See	also	How	do	you	find	the	standard	deviation	in	physics?Is	quantum	smaller	than	atom?The	quantum	world	is	the	world	thats	smaller	than	an	atom.	Things	at	this	scale	dont	behave	the	same	way	as	objects	on	the	scale	that	we	can	see.
Quantum	theory	is	needed	because	many	phenomena	at	the	microscopic	level	can	not	be	explained	using	classical	theory,	eg:	Photoelectric	effect,	interaction	among	elementary	particles.Are	humans	matter	or	energy?In	life,	the	human	body	comprises	matter	and	energy.	That	energy	is	both	electrical	(impulses	and	signals)	and	chemical	(reactions).
The	same	can	be	said	about	plants,	which	are	powered	by	photosynthesis,	a	process	that	allows	them	to	generate	energy	from	sunlight.What	did	Einstein	say	about	quantum	physics?Albert	Einstein	famously	said	that	quantum	mechanics	should	allow	two	objects	to	affect	each	others	behaviour	instantly	across	vast	distances,	something	he	dubbed
spooky	action	at	a	distance1.	Decades	after	his	death,	experiments	confirmed	this.	However,	a	long-studied	quantum	phenomenon,	the	Aharonov-Bohm	effect,	has	just	been	discovered	to	occur	for	gravity	as	well	as	electromagnetism.	A	greatly	underappreciated	result,	it	could	be	our	first	clue	that	gravity	is	truly	quantum	in	nature.How	many	years
does	it	take	to	become	a	quantum	physicist?If	you	seek	to	become	a	quantum	physicist,	you	have	to	complete	four	years	of	undergraduate	training.	You	also	can	complete	an	additional	two	years	of	schooling	to	earn	a	masters	degree	followed	by	five	years	of	doctoral	degree	training.How	many	quantum	fields	exist?There	are	12	known	fundamental
particles	that	make	up	the	universe.	Each	has	its	own	unique	quantum	field.	To	these	12	particle	fields	the	Standard	Model	adds	four	force	fields,	representing	the	four	fundamental	forces:	gravity,	electromagnetism,	the	strong	nuclear	force	and	the	weak	nuclear	force.	See	also	Why	is	quantum	physics	important?These	quantum	fields	really	do	exist
all	throughout	space,	and	experiments	not	only	show	that	they	do	exist,	but	show	us	the	magnitude	of	their	effects	as	well.	The	contributions	of	the	known	quantum	fields	to	the	vacuum	cannot	be	practically	calculated	today,	What	is	the	goal	of	quantum	physics?Quantum	physics	is	the	study	of	matter	and	energy	at	the	most	fundamental	level.	It	aims
to	uncover	the	properties	and	behaviors	of	the	very	building	blocks	of	nature.	While	many	quantum	experiments	examine	very	small	objects,	such	as	electrons	and	photons,	quantum	phenomena	are	all	around	us,	acting	on	every	scale.How	do	you	explain	quantum	physics	to	a	child?	By	spirituality,	we	mean	a	view	of	the	world	that	accepts	the
numinous	at	the	foundation	of	the	cosmic	order.	In	the	same	way,	Quantum	Physics	is	more	than	physics:	it	is	a	new	form	of	mysticism,	which	suggests	the	interconnectedness	of	all	things	and	beings	and	the	connection	of	our	minds	with	a	cosmic	mind.What	is	reality	made	of?Reality	can	be	defined	in	a	way	that	links	it	to	worldviews	or	parts	of	them
(conceptual	frameworks):	Reality	is	the	totality	of	all	things,	structures	(actual	and	conceptual),	events	(past	and	present)	and	phenomena,	whether	observable	or	not.What	are	quantum	skills?The	seven	quantum	skills	are	ancient	and	futuristic,	scientific	and	spiritual,	simple	and	complex.	Together	they	form	a	model	that	balances	the	traditional
leftbrain	management	skills	with	new	skills	that	more	fully	utilize	both	hemispheres	of	the	brain.	See	also	What	can	I	do	with	Python	in	physics?Theres	quantum	mechanics,	the	basic	mathematical	framework	that	underpins	it	all,	which	was	first	developed	in	the	1920s	by	Niels	Bohr,	Werner	Heisenberg,	Erwin	Schrdinger	and	others.	It	characterises
simple	things	such	as	how	the	position	or	momentum	of	a	single	particle	or	group	of	few	particles	changes	over	time.Can	physics	be	self	taught?You	can	self-learn	Physics	by	using	a	beginners	Physics	textbook.	Look	for	Physics	textbooks	that	have	core	Physics	subjects	like	systems	of	measurement	and	Newtons	Laws.	Some	excellent	beginners
Physics	textbooks	include	Basic	Physics:	a	Self-Teaching	Guide	and	Quicksmart	Introductory	Physics.	Page	3Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the	nature	and	behavior	of	matter	and	energy	on	the	atomic	and	subatomic	level.	The	nature	and	behavior	of	matter	and	energy	at	that	level	is	sometimes	referred	to	as
quantum	physics	and	quantum	mechanics.	Why	is	quantum	physics	so	hard?Quantum	theory	is	the	theoretical	basis	of	modern	physics	that	explains	the	nature	and	behavior	of	matter	and	energy	on	the	atomic	and	subatomic	level.	The	nature	and	behavior	of	matter	and	energy	at	that	level	is	sometimes	referred	to	as	quantum	physics	and	quantum
mechanics.	We	propose	six	principles	as	the	fundamental	principles	of	quantum	mechanics:	principle	of	space	and	time,	Galilean	principle	of	relativity,	Hamiltons	principle,	wave	principle,	probability	principle,	and	principle	of	indestructibility	and	increatiblity	of	particles.See	also	What	is	N	units	in	physics?Who	invented	quantum	theory?Niels	Bohr
and	Max	Planck,	two	of	the	founding	fathers	of	Quantum	Theory,	each	received	a	Nobel	Prize	in	Physics	for	their	work	on	quanta.	Einstein	is	considered	the	third	founder	of	Quantum	Theory	because	he	described	light	as	quanta	in	his	theory	of	the	Photoelectric	Effect,	for	which	he	won	the	1921	Nobel	Prize.What	math	is	used	in	quantum	physics?The
mathematical	prerequisites	are	multi-variable	calculus	(as	in	Calculus	IV),	and	Linear	Algebra.	This	course	is	open	to	both	undergraduate	and	graduate	students.	It	can	be	taken	independently	and	in	addition	to	any	of	the	Physics	department	courses	on	quantum	mechanics.	Today,	every	other	thing	is	influenced	by	quantum	physics.	For	example:
Computers	and	Smartphone:	The	entire	working	process	of	computers	is	based	on	quantum	physics.	The	phenomenon	of	band	structure,	which	supports	the	modern	semiconductor-	based	electronics,	is	fundamentally	a	quantum	mechanism.Why	is	it	called	quantum?Its	right	there	in	the	name	the	word	quantum	comes	from	the	Latin	for	how	much	and
reflects	the	fact	that	quantum	models	always	involve	something	coming	in	discrete	amounts.	The	energy	contained	in	a	quantum	field	comes	in	integer	multiples	of	some	fundamental	energy.How	can	I	learn	quantum	physics?	While	the	quantum	realm	exists	in	real	life,	its	somewhat	glorified	on	screen,	as	expected,	and	theoretically,	time	travel	is
technically	is	possible	at	least	at	a	subatomic	level.Can	particles	exist	in	2	places	at	once?This	principle	of	quantum	mechanics	suggests	that	particles	can	exist	in	two	separate	locations	at	once.	Physicists	from	Stanford	University	have	now	demonstrated	the	superposition	of	a	group	of	atoms	over	a	greater	distance	than	ever	before:	54	centimeters,
or	about	1.77	feet.See	also	What	is	the	value	of	k	in	vacuum?Is	quantum	smaller	than	atom?The	quantum	world	is	the	world	thats	smaller	than	an	atom.	Things	at	this	scale	dont	behave	the	same	way	as	objects	on	the	scale	that	we	can	see.	Quantum	theory	is	needed	because	many	phenomena	at	the	microscopic	level	can	not	be	explained	using
classical	theory,	eg:	Photoelectric	effect,	interaction	among	elementary	particles.Are	humans	matter	or	energy?In	life,	the	human	body	comprises	matter	and	energy.	That	energy	is	both	electrical	(impulses	and	signals)	and	chemical	(reactions).	The	same	can	be	said	about	plants,	which	are	powered	by	photosynthesis,	a	process	that	allows	them	to
generate	energy	from	sunlight.What	did	Einstein	say	about	quantum	physics?Albert	Einstein	famously	said	that	quantum	mechanics	should	allow	two	objects	to	affect	each	others	behaviour	instantly	across	vast	distances,	something	he	dubbed	spooky	action	at	a	distance1.	Decades	after	his	death,	experiments	confirmed	this.	However,	a	long-studied
quantum	phenomenon,	the	Aharonov-Bohm	effect,	has	just	been	discovered	to	occur	for	gravity	as	well	as	electromagnetism.	A	greatly	underappreciated	result,	it	could	be	our	first	clue	that	gravity	is	truly	quantum	in	nature.How	many	years	does	it	take	to	become	a	quantum	physicist?If	you	seek	to	become	a	quantum	physicist,	you	have	to	complete
four	years	of	undergraduate	training.	You	also	can	complete	an	additional	two	years	of	schooling	to	earn	a	masters	degree	followed	by	five	years	of	doctoral	degree	training.How	many	quantum	fields	exist?There	are	12	known	fundamental	particles	that	make	up	the	universe.	Each	has	its	own	unique	quantum	field.	To	these	12	particle	fields	the
Standard	Model	adds	four	force	fields,	representing	the	four	fundamental	forces:	gravity,	electromagnetism,	the	strong	nuclear	force	and	the	weak	nuclear	force.	See	also	What	are	the	physics	tools?These	quantum	fields	really	do	exist	all	throughout	space,	and	experiments	not	only	show	that	they	do	exist,	but	show	us	the	magnitude	of	their	effects
as	well.	The	contributions	of	the	known	quantum	fields	to	the	vacuum	cannot	be	practically	calculated	today,	What	is	the	goal	of	quantum	physics?Quantum	physics	is	the	study	of	matter	and	energy	at	the	most	fundamental	level.	It	aims	to	uncover	the	properties	and	behaviors	of	the	very	building	blocks	of	nature.	While	many	quantum	experiments
examine	very	small	objects,	such	as	electrons	and	photons,	quantum	phenomena	are	all	around	us,	acting	on	every	scale.How	do	you	explain	quantum	physics	to	a	child?	By	spirituality,	we	mean	a	view	of	the	world	that	accepts	the	numinous	at	the	foundation	of	the	cosmic	order.	In	the	same	way,	Quantum	Physics	is	more	than	physics:	it	is	a	new	form
of	mysticism,	which	suggests	the	interconnectedness	of	all	things	and	beings	and	the	connection	of	our	minds	with	a	cosmic	mind.What	is	reality	made	of?Reality	can	be	defined	in	a	way	that	links	it	to	worldviews	or	parts	of	them	(conceptual	frameworks):	Reality	is	the	totality	of	all	things,	structures	(actual	and	conceptual),	events	(past	and	present)
and	phenomena,	whether	observable	or	not.What	are	quantum	skills?The	seven	quantum	skills	are	ancient	and	futuristic,	scientific	and	spiritual,	simple	and	complex.	Together	they	form	a	model	that	balances	the	traditional	leftbrain	management	skills	with	new	skills	that	more	fully	utilize	both	hemispheres	of	the	brain.	See	also	How	do	you	find	the
distance?Theres	quantum	mechanics,	the	basic	mathematical	framework	that	underpins	it	all,	which	was	first	developed	in	the	1920s	by	Niels	Bohr,	Werner	Heisenberg,	Erwin	Schrdinger	and	others.	It	characterises	simple	things	such	as	how	the	position	or	momentum	of	a	single	particle	or	group	of	few	particles	changes	over	time.Can	physics	be
self	taught?You	can	self-learn	Physics	by	using	a	beginners	Physics	textbook.	Look	for	Physics	textbooks	that	have	core	Physics	subjects	like	systems	of	measurement	and	Newtons	Laws.	Some	excellent	beginners	Physics	textbooks	include	Basic	Physics:	a	Self-Teaching	Guide	and	Quicksmart	Introductory	Physics.	What	is	quantum	physics?	Put	simply,
its	the	physics	that	explains	how	everything	works:	the	best	description	we	have	of	the	nature	of	the	particles	that	make	up	matter	and	the	forces	with	which	they	interact.Quantum	physics	underlies	how	atoms	work,	and	so	why	chemistry	and	biology	work	as	they	do.	You,	me	and	the	gatepost	at	some	level	at	least,	were	all	dancing	to	the	quantum
tune.	If	you	want	to	explain	how	electrons	move	through	a	computer	chip,	how	photons	of	light	get	turned	to	electrical	current	in	a	solar	panel	or	amplify	themselves	in	a	laser,	or	even	just	how	the	sun	keeps	burning,	youll	need	to	use	quantum	physics.The	difficulty	and,	for	physicists,	the	fun	starts	here.	To	begin	with,	theres	no	single	quantum
theory.	Theres	quantum	mechanics,	the	basic	mathematical	framework	that	underpins	it	all,	which	was	first	developed	in	the	1920s	by	Niels	Bohr,	Werner	Heisenberg,	Erwin	Schrdinger	and	others.	It	characterises	simple	things	such	as	how	the	position	or	momentum	of	a	single	particle	or	group	of	few	particles	changes	over	time.But	to	understand
how	things	work	in	the	real	world,	quantum	mechanics	must	be	combined	with	other	elements	of	physics	principally,	Albert	Einsteins	special	theory	of	relativity,	which	explains	what	happens	when	things	move	very	fast	to	create	what	are	known	as	quantum	field	theories.Three	different	quantum	field	theories	deal	with	three	of	the	four	fundamental
forces	by	which	matter	interacts:	electromagnetism,	which	explains	how	atoms	hold	together;	the	strong	nuclear	force,	which	explains	the	stability	of	the	nucleus	at	the	heart	of	the	atom;	and	the	weak	nuclear	force,	which	explains	why	some	atoms	undergo	radioactive	decay.Over	the	past	five	decades	or	so	these	three	theories	have	been	brought
together	in	a	ramshackle	coalition	known	as	the	standard	model	of	particle	physics.	For	all	the	impression	that	this	model	is	slightly	held	together	with	sticky	tape,	it	is	the	most	accurately	tested	picture	of	matters	basic	working	thats	ever	been	devised.	Its	crowning	glory	came	in	2012	with	the	discovery	of	the	Higgs	boson,	the	particle	that	gives	all
other	fundamental	particles	their	mass,	whose	existence	was	predicted	on	the	basis	of	quantum	field	theories	as	far	back	as	1964.Conventional	quantum	field	theories	work	well	in	describing	the	results	of	experiments	at	high-energy	particle	smashers	such	as	CERNs	Large	Hadron	Collider,	where	the	Higgs	was	discovered,	which	probe	matter	at	its
smallest	scales.	But	if	you	want	to	understand	how	things	work	in	many	less	esoteric	situations	how	electrons	move	or	dont	move	through	a	solid	material	and	so	make	a	material	a	metal,	an	insulator	or	a	semiconductor,	for	example	things	get	even	more	complex.The	billions	upon	billions	of	interactions	in	these	crowded	environments	require	the
development	of	effective	field	theories	that	gloss	over	some	of	the	gory	details.	The	difficulty	in	constructing	such	theories	is	why	many	important	questions	in	solid-state	physics	remain	unresolved	for	instance	why	at	low	temperatures	some	materials	are	superconductors	that	allow	current	without	electrical	resistance,	and	why	we	cant	get	this	trick
to	work	at	room	temperature.But	beneath	all	these	practical	problems	lies	a	huge	quantum	mystery.	At	a	basic	level,	quantum	physics	predicts	very	strange	things	about	how	matter	works	that	are	completely	at	odds	with	how	things	seem	to	work	in	the	real	world.	Quantum	particles	can	behave	like	particles,	located	in	a	single	place;	or	they	can	act
like	waves,	distributed	all	over	space	or	in	several	places	at	once.	How	they	appear	seems	to	depend	on	how	we	choose	to	measure	them,	and	before	we	measure	they	seem	to	have	no	definite	properties	at	all	leading	us	to	a	fundamental	conundrum	about	the	nature	of	basic	reality.This	fuzziness	leads	to	apparent	paradoxes	such	as	Schrdingers	cat,	in
which	thanks	to	an	uncertain	quantum	process	a	cat	is	left	dead	and	alive	at	the	same	time.	But	thats	not	all.	Quantum	particles	also	seem	to	be	able	to	affect	each	other	instantaneously	even	when	they	are	far	away	from	each	other.	This	truly	bamboozling	phenomenon	is	known	as	entanglement,	or,	in	a	phrase	coined	by	Einstein	(a	great	critic	of
quantum	theory),	spooky	action	at	a	distance.	Such	quantum	powers	are	completely	foreign	to	us,	yet	are	the	basis	of	emerging	technologies	such	as	ultra-secure	quantum	cryptography	and	ultra-powerful	quantum	computing.But	as	to	what	it	all	means,	no	one	knows.	Some	people	think	we	must	just	accept	that	quantum	physics	explains	the	material
world	in	terms	we	find	impossible	to	square	with	our	experience	in	the	larger,	classical	world.	Others	think	there	must	be	some	better,	more	intuitive	theory	out	there	that	weve	yet	to	discover.In	all	this,	there	are	several	elephants	in	the	room.	For	a	start,	theres	a	fourth	fundamental	force	of	nature	that	so	far	quantum	theory	has	been	unable	to
explain.	Gravity	remains	the	territory	of	Einsteins	general	theory	of	relativity,	a	firmly	non-quantum	theory	that	doesnt	even	involve	particles.	Intensive	efforts	over	decades	to	bring	gravity	under	the	quantum	umbrella	and	so	explain	all	of	fundamental	physics	within	one	theory	of	everything	have	come	to	nothing.Meanwhile	cosmological
measurements	indicate	that	over	95	per	cent	of	the	universe	consists	of	dark	matter	and	dark	energy,	stuffs	for	which	we	currently	have	no	explanation	within	the	standard	model,	and	conundrums	such	as	the	extent	of	the	role	of	quantum	physics	in	the	messy	workings	of	life	remain	unexplained.	The	world	is	at	some	level	quantum	but	whether
quantum	physics	is	the	last	word	about	the	world	remains	an	open	question.In	this	quantum	physics	introduction	for	beginners,	we	will	explain	quantum	physics,	also	called	quantum	mechanics,	in	simple	terms.	Quantum	physics	is	possibly	the	most	fascinating	part	of	physics	that	exists.	It	is	the	amazing	physics	that	becomes	relevant	for	small
particles,	where	the	so-called	classical	physics	is	no	longer	valid.	Where	classical	mechanics	describes	the	movement	of	sufficiently	big	particles,	and	everything	is	deterministic,	we	can	only	determine	probabilities	for	the	movement	of	very	small	particles,	and	we	call	the	corresponding	theory	quantum	mechanics.	You	may	have	heard	Einsteins
saying,	Der	Alte	wrfelt	nicht	which	roughly	means	God	does	not	roll	dice.	Well,	even	geniuses	can	be	wrong.	Again,	quantum	mechanics	is	not	deterministic,	but	we	can	in	general	only	determine	probabilities.	Since	we	are	used	to	reasonably	big	objects	in	our	everyday	life,	quantum	mechanics	and	its	laws	may	initially	seem	strange	and	quantum
theory	is	often	considered	complex.	But	for	example,	electrons	and	photons	are	sufficiently	small	that	quantum	physics	is	needed,	and	on	this	website,	we	will	show	you	that	understanding	the	basics	of	quantum	physics	is	easy	and	fun.	In	the	following	paragraph,	we	will	describe	a	thought	experiment	that	we	perform	at	two	different	length	scales:
With	bullets	as	known	from	pistols	(the	large	scale)	and	with	electrons	(the	very	small	scale).	While	the	experiment	is	essentially	the	same	but	for	the	size,	we	will	show	you	how	the	result	is	very	different.	This	will	be	your	first	lecture	in	quantum	mechanics.	Consider	first	a	machine	gun	that	fires	bullets	to	a	wall.	Between	the	wall	and	the	machine
gun,	another	wall	has	two	parallel	slits	that	are	big	enough	to	easily	allow	a	bullet	to	pass	through	them.	To	make	the	experiment	interesting,	we	take	a	bad	machine	gun	that	has	a	lot	of	spread.	This	means	it	sometimes	shoots	through	the	first	slit	and	sometimes	through	the	second,	and	sometimes	it	hits	the	intermediate	wall.	If	we	block	the	second
slit,	all	bullets	that	reach	the	outer	wall	will	have	come	through	the	first	slit.	If	we	count	the	number	of	bullets	as	a	function	of	the	distance	from	the	center	of	the	outer	wall,	we	will	find	a	curve	distribution	that	could	be	similar	to	a	Gaussian	curve.	We	can	call	this	probability	curve	P1.	If	we	block	the	first	slit,	all	bullets	that	reach	the	outer	wall	will
have	come	through	the	second	slit.	The	probability	curve	will	be	mirrored	around	the	center,	and	we	call	it	P2.	If	we	open	both	slits,	all	bullets	at	the	outer	wall	will	have	come	through	either	slit	1	or	2.	Typical	for	classical	mechanics	in	this	situation	is	that	the	total	probability	distribution	P	can	be	determined	as	the	sum	of	the	previously-mentioned
probability	distributions,	P	=	P1	+	P2.	Now	consider	the	same	experiment	on	a	much	smaller	scale.	Instead	of	bullets	from	a	machine	gun	we	consider	electrons	that	for	example	can	stem	from	a	heated	wire	parallel	to	the	two	slits	in	an	intermediate	wall.	The	electron	direction	will	have	a	natural	spread.	The	slits	are	also	much	smaller	than	before	but
much	broader	than	a	single	electron.	Consider	again	the	case	that	the	second	slit	is	blocked.	For	proper	sizes	of	the	slits	and	distance	between	the	wire	and	the	walls,	the	probability	distribution	P1	will	be	similar	to	before.	Similarly,	if	we	block	the	slit	1,	we	will	for	proper	distances	find	a	probability	distribution	P2	similar	to	before.	What	do	you
expect	will	happen	if	we	do	not	block	any	slit?	Will	we	find	a	probability	distribution	P	=	P1	+	P2	as	before?	Well,	after	all	we	said	you	may	guess	that	this	is	not	the	case.	Indeed,	we	will	instead	find	a	probability	distribution	that	has	various	minima	and	maxima.	That	is,	for	x	=	0	there	would	be	the	strongest	peak	of	electrons,	for	a	certain	+-Delta	x
there	wouldnt	be	any	electrons	at	all,	but	for	+-2	Delta	x	there	would	be	another	peak	of	electrons,	and	so	on.	How	can	we	explain	these	results?	Well,	the	explanation	is	rather	straight	forward	if	we	assume	that	electrons	in	this	specific	case	do	not	behave	as	particles,	but	as	waves.	Waves?	you	may	ask.	Well,	consider	a	plain	of	water,	and	the	same
wall	as	before	and	the	same	intermediate	wall	with	a	double	slit	as	before.	At	the	place	where	the	machine	gun	or	the	wire	where,	consider	a	pencil	punching	periodically	downwards	into	the	water.	If	you	do	this,	you	will	get	concentric	waves	around	the	point	where	you	punch	the	water,	until	the	intermediate	plain	with	the	two	slits.	Behind	each	slit,
there	will	be	a	half	circle	of	concentric	waves,	up	to	the	point	where	the	new	waves	from	the	two	slits	cross	each	other.	There,	the	waves	from	the	two	slits	can	add	up	or	eliminate	each	other.	As	a	function	of	the	periodic	punching	you	will	find	points	where	the	height	of	the	wave	is	always	the	same.	There	will	be	other	places	where	the	wave	is
sometimes	very	high	and	sometimes	very	low.	At	the	outer	wall,	these	two	phases	will	be	repeatedly	following	one	another.	The	places	where	there	is	a	lot	of	variation	correspond	to	the	places	where	there	are	the	most	electrons.	The	places	with	no	variation	correspond	to	the	places	where	there	are	no	electrons	on	the	wall	at	all.	So,	why	do	electrons
in	this	case	behave	like	waves	and	not	like	particles?	Well,	this	is	the	thing	where	you	will	not	find	a	satisfying	answer.	You	just	need	to	accept	it.	What	if	you	do	not	believe	this?	Well,	the	thought	experiment	with	the	electrons	is	rather	difficult	to	perform	with	the	proper	scale	of	all	elements	of	the	experiment.	But	there	is	another	very	similar
experiment	that	you	can	do	at	home.	Instead	of	the	electrons	you	use	the	photons	(light	particles)	from	a	laser	which	you	can	buy	for	a	few	bucks.	You	let	the	laser	shine	through	a	double	slit,	darken	the	room,	and	look	at	the	outer	wall.	And	boom!	What	you	see	is	not	just	two	light	lines	on	the	outer	wall,	but	a	pattern	of	light	line,	dark	line,	light	line,
dark	line,	and	so	on.	The	intensity	of	the	lighter	region	becomes	less	far	away	from	the	center.	It	corresponds	exactly	to	the	result	of	our	thought	experiments	with	electrons.	Why	does	the	laser	experiment	give	the	same	result	as	the	thought	experiment	with	electrons?	It	is	quite	easy:	Light	particles,	called	photons,	are	also	very	small	and	therefore
behave	quantum	mechanically.	And	like	electrons,	they	behave	like	waves	in	this	specific	situation.	As	a	side	remark,	research	has	shown	that	light	behaves	like	particles	in	another	respect:	If	one	reduces	the	intensity	a	lot,	one	will	find	single	light	spots	from	single	photons	on	the	wall.	This	means	the	light	behaves	like	particles	as	well.	One	therefore
talks	about	theparticle-wave	dualityof	photons	or	electrons.	What	do	you	wait	for?	Do	the	experiment,	and	you	will	become	a	believer	of	quantum	mechanics,	or	more	generally	phrased,	of	quantum	physics.	The	pattern	with	maxima	and	minima	is	called	an	interference	pattern,	since	it	comes	about	by	the	interference	of	the	waves	through	slit	1	and
slit	2.	It	has	been	found	that	you	only	get	this	interference	pattern	if	you	do	not	by	other	means	(some	additional	measurement	instrument)	watch	through	which	of	the	two	slits	the	electrons	or	photons	pass.	If	you	do	measure	which	of	the	two	ways	the	particles	pass	by	any	other	means,	the	interference	pattern	goes	away.	You	will	then	find	the	sum
distribution	P	=	P1	+	P2	as	in	the	classical	experiment.	A	measurement	device	for	electrons	would	typically	disturb	the	electrons.	More	precisely,	their	momentum	p	would	typically	change	due	to	a	measurement	device,	while	the	place	x	of	its	path	would	become	known	more	precisely.	In	general,	there	will	be	some	uncertainty	left	in	the	momentum
and	in	the	place	of	the	electron.	Heisenberg	postulated	that	the	product	of	these	uncertainties	can	never	be	lower	than	a	specific	constant	h:	Delta	x	times	Delta	p	>=	h.	No	one	ever	managed	to	disproof	this	relation,	which	is	at	the	heart	of	quantum	mechanics.	Essentially	it	says,	we	cannot	measure	both	momentum	and	place	with	arbitrary	precision
at	the	same	time.	We	said	that	for	proper	distributions,	you	will	find	a	similar	result	P1	and	P2	as	in	the	classical	case.	However,	for	other	sizes	one	can	achieve	an	interference	pattern	even	for	the	single	slits.	This	is	the	case	when	the	slit	is	so	broad	that	one	can	achieve	an	interference	of	the	wave	stemming	from	one	side	of	the	slit	with	the	wave
stemming	from	the	other	side	of	the	slit.	We	said	above	that	quantum	physics	becomes	relevant	for	small	particles	whereby	we	mean	thatnaturally,	quantum	effects	are	only	seen	for	small	particles.	However,the	theory	itself	is	thought	to	provide	correct	results	for	large	particles	as	well.	Why	is	it	then,	that	quantum	effects	(which	cannot	be	explained
with	classical	theory)	become	increasingly	difficult	to	observe	for	larger	particles?	Larger	compound	particles	in	general	experience	more	interaction	both	within	themselves	and	with	their	surroundings.	These	interactions	typically	lead	to	an	effect	physicists	call	decoherence	which	simply	put	means	that	quantum	effects	get	lost.	In	this	case	(for
sufficiently	large	matter),	quantum	physics	and	classical	physics	yield	the	same	result.	Now	you	may	wonder:	At	which	size	does	this	happen?.While	one	doesnt	naturally	observe	quantum	effects	in	large	particles,	ingenious	people	have	managed	to	specifically	prepare	test	environments	that	showed	quantum	effects	for	an	ever-growing	size	of
particles.	Already	1999	an	experiment	showed	a	quantum	superposition	in	particles	as	large	as	C60molecules.	A2013articlealready	claims	to	observe	quantum	superpositions	in	molecules	that	weighmore	than	10000	atomic	mass	units.	The	question	of	where	the	achievable	limit	lies,	and	whether	one	can	be	sure	that	experiments	really	demonstrate
quantum	behavior,	is	still	of	interest.	That	these	questions	are	not	finally	concluded	is	also	reflected	in	a	more	recentarticle	on	the	American	Physical	Society	site.	In	principle,	if	one	would	be	able	to	somehow	get	rid	of	decoherence	effects	in	specifically	prepared	systems,	the	theory	itself	imposes	no	upper	size	limits	on	where	quantum	effects	could
be	shown.	The	aspect	of	the	length	scale	for	quantum	physics	that	we	just	discussed	was	the	particle	size	which	typically	is	on	the	microscopic	scale.	A	completely	different	matter	is	the	length	scale	of	how	far	you	can	move	or	separate	such	particles	afteran	initial	interaction,	without	losing	quantum	effects.	You	can	view	the	two-slit	experiment	as
showingan	interaction	between	particles	at	the	slit.	If	you	tried	out	the	experiment	yourself,	you	probably	realized,	that	the	distance	between	the	slit	and	the	wall	were	you	observe	interference	patterns	can	easily	be	some	meters	not	microscopic	at	all!	Other	experiments	prepare	two	particles	in	a	special	quantum	superposition	called	entanglement
which,	by	the	way,	lies	at	the	heart	ofquantum	computation	and	then	separate	these	particles.	In	someexperiments,	it	was	possible	to	show	interactions	between	these	particles	despite	a	separation	over	many	miles.	Essentially,	if	one	measures	the	state	of	one	such	particle,	one	can	thereafter	predict	the	state	of	the	other	particle	(within	errors),
despite	the	large	separation	between	the	particles.	Arecent	experimentdemonstrated	this	entanglement	effect	over	extreme	distances.	Particles	were	sent	to	a	satellite	and	back	to	earth	a	fairly	large	scale	distance	compared	to	the	size	of	a	human.	In	this	quantum	physics	introduction,	we	told	you	that	both	photons	and	electrons	behave	as	both
particles	and	waves.	This	particle-wave	duality	is	not	understandable	with	classical	mechanics.	It	results	in	us	only	being	able	to	predict	probabilities,	while	one	classically	can	make	deterministic	predictions.	You	can	easily	test	these	results	at	home	by	performing	the	two-slits	experiment	with	a	laser	pointer.	Have	fun!	We	hope	you	enjoyed	this
quantum	physics	introduction	for	beginners.	If	you	havent	read	it	yet,	you	should	continue	with	our	articleWhat	Everyone	Should	Know	About	Quantum	Physics.	And	if	you	want	to	learn	even	more,	why	not	have	a	look	at	our	articleBest	Quantum	Physics	Books	for	Beginners?	For	more	information,	see	the	Wikipedia	article:	Quantum	mechanics	In
physics,	quantum	mechanics	is	a	theoretical	framework	describing	the	behavior	of	energy	and	matter	at	small	scales	(typically	no	larger	than	small	molecules).	Quantum	mechanics	is	a	fundamental	branch	of	physics	with	wide	applications	in	both	experimental	and	theoretical	physics.	Nearly	all	fundamental	classical	theories,	including	classical
mechanics	and	electromagnetism,	have	quantum	counterparts	from	which	the	classical	theory	can	be	derived.	The	notable	exception	is	general	relativity.	Quantum	mechanics	provides	accurate	descriptions	for	many	previously	unexplained	phenomena	such	as	black	body	radiation	and	stable	electron	orbitals.	Quantum	mechanical	behaviors	are	rarely
observable	at	macroscopic	scales,	but	dominate	atomic	and	subatomic	physics.A	number	of	religious	arguments	employ	quantum	mechanics	or	moreover	a	general	lack	of	understanding	in	quantum	mechanics	as	an	argument	for	religious	claims.	Misconceptions[edit]Scientists	do	not	understand	quantum	effects[edit]While	it	is	true	that	there	are
some	quantum	phenomena	that	are	not	yet	well	understood	(as	in	any	branch	of	science),	quantum	mechanics	is	not	much	more	mystifying	than	other	branches	of	physics.	Nuclear	power,	lasers,	transistors,	and	computational	chemistry	and	materials	science	are	only	some	of	the	technologies	that	have	relied	on	precise	predictions	from	quantum
mechanics.	In	some	cases	the	predictions	of	quantum	mechanical	theories	have	been	experimentally	verified	to	absurd	precision.Quantum	mechanics	does	have	a	reputation	for	being	esoteric,	for	a	few	reasons:It	is	largely	based	on	advanced	mathematics	(which	makes	it	less	accessible).It	reveals	particles	to	have	a	wave-like	nature,	which	makes	the
theory	less	intuitive	from	the	perspective	of	someone	familiar	only	with	classical	phenomena.The	uncertainty	principle:	for	some	types	of	experiments,	one	cannot	calculate	precise,	certain	results,	but	only	the	probabilities	of	various	possible	results.	As	an	example,	a	particle	moving	towards	a	photographic	plate	may	be	in	a	wave-like	state	that	is
spread	out	and	has	no	particular	position.	It	behaves	deterministically	and	we	can	predict	this	state	exactly	as	it	changes.	However,	once	it	interacts	with	the	plate,	it	will	produce	a	dark	spot	in	only	one	location,	which	cannot	be	predicted	with	complete	certainty	in	advance.	Physicists	are	still	investigating	how	interacting	with	macroscopic	objects
(like	measurement	devices)	can	force	a	particle	to	have	a	specific	position	(or	momentum,	or	spin	state).	Entanglement:	two	particles	can	become	"entangled",	in	which	case	interacting	with	one	will	change	the	state	of	the	other,	no	matter	how	far	away	it	is.	It	turns	out	that	quantum	uncertainty	prevents	the	transmission	of	useful	information	using
entanglement	alone.	However,	it	is	possible	to	use	classical	and	quantum	channels	together	to	send	encrypted	messages	or	to	facilitate	quantum	computing.While	these	features	of	quantum	mechanics	can	be	both	fascinating	and	frustrating,	none	undermine	scientists'	confidence	in	the	validity	and	usefulness	of	the	theory.	Unfortunately,	these	are	the
very	features	exploited	by	pseudo-scientific	ideas,	which	attempt	to	borrow	credibility	from	mainstream	science	by	co-opting	terminology	and	exploiting	the	ignorance	of	laymen	about	what	quantum	mechanics	actually	says.Quantum	mechanics	describes	how	thought	or	consciousness	affects	(or	generates)	matter[edit]To	put	it	bluntly,	quantum
mechanics	ignores	thought	and	consciousness	completely.	There's	no	spot	in	any	equation	or	algorithm	to	plug	in	any	information	about	what	people	are	thinking.	The	misconception	that	consciousness	has	been	somehow	been	proven	to	affect	quantum	phenomena	is	usually	based	on	one	of	the	following.Poorly	controlled	experiments/cherry-picked
data[edit]Example:	Masaru	Emoto	claims	that	water	crystals	can	be	made	more	or	less	beautiful	simply	by	positive	or	negative	thinking	directed	at	the	water.	He	attempts	to	demonstrate	this	by	exposing	water	to	various	messages,	freezing	the	water,	and	picking	photos	of	water	crystals	that	he	thinks	will	illustrate	his	point.	No	independent
researcher	has	been	able	to	replicate	these	results	in	a	properly	controlled	experiment,	and	Emoto	does	not	consider	himself	a	scientist.	He	has	profited	considerably	from	selling	books	and	other	products	such	as	special	"Indigo	Water"	based	on	this	questionable	research.Effects	of	measurement[edit]	For	more	information,	see	the	Wikipedia	article:
Observer	effect	(physics)	It	is	well-established	that	changing	which	properties	of	a	particle	are	measured	changes	the	apparent	behavior	of	the	particle.	This	has	led	to	statements	such	as	"Just	the	act	of	observing	a	particle	changes	it,"	or	more	radically,	"Matter	has	no	existence	independently	from	our	minds."	But	in	fact	this	attitude	is	misguided	in
(at	least)	two	ways.Firstly,	there	are	many	experiments	in	which	the	uncertainty	principle	is	not	relevant,	where	the	outcome	of	an	experiment	can	be	predicted	precisely	in	advance.	The	uncertainty	principle	has	a	precise	mathematical	meaning,	and	does	not	simply	state	that	all	quantum	measurements	are	unpredictable.Secondly,	in	order	to	see	the
effects	of	different	measurements,	one	needs	to	change	the	measurement	apparatus	itself,	and	it	is	this	change	which	appears	to	affect	the	results,	not	the	mental	state	of	the	researcher.	In	other	words,	particles	only	behave	differently	when	measured	because	researchers	have	to	hit	them	against	something	in	order	to	measure	them.	It's	how	the
experiment	impacts	the	particle	that	matters.	Whether	or	not	some	conscious	entity	is	watching	the	experiment	is,	as	far	as	we	know,	irrelevant.Interpretations	of	quantum	mechanics[edit]The	"measurement	problem"	is	one	of	the	longest-standing	conundrums	in	quantum	mechanics.	When	a	quantum	system	is	measured	(i.e.	information	about	the
system	is	amplified	and	made	macroscopic),	this	phenomena	is	described	by	a	unique,	probabilistic	event	that	cannot	be	derived	from	otherwise	deterministic	theories	of	quantum	mechanics.	That	is,	one	must	add	a	new	axiom	to	quantum	mechanics	solely	to	describe	measurement.	It	is	not	obvious	why	this	should	be	necessary,	and	the	interpretation
of	this	feature	of	quantum	mechanics	has	been	contentious	since	the	early	years	of	the	theory.There	are	dozens	of	proposed	interpretations	of	quantum	mechanics	that	attempt	to	address	this	problem,	including	some	that	claim	that	the	consciousness	of	the	observer	is	key	to	the	process,	rather	than	the	physical	apparatus	itself.	Unfortunately,	most
interpretations	of	quantum	mechanics	have	either	been	proven	wrong	(including	Albert	Einstein's	favorite,	a	local	hidden	variables	theory),	or	else	cannot	be	scientifically	verified	because	they	provide	no	testable	predictions	(other	than	the	trivial	prediction	that	quantum	mechanics	is	itself	accurate).One	of	these	interpretations	may	be	correct,	but
since	we	know	of	no	way	to	test	them,	it	is	not	appropriate	to	assume	any	of	them.	Because	of	this,	it	is	wholly	inappropriate	to	claim	that	any	of	them	prove	anything	about	consciousness.	Unfortunately,	this	has	not	prevented	some	physicists	from	claiming	that	quantum	mechanics	demonstrates	dualism.	It's	important	to	realize	that	the	opinions	of	a
few	notable	scientists	on	a	contentious	subject	do	not	carry	the	same	weight	as	established	scientific	consensus,	particularly	when	many	of	these	scientists	concede	that	they	are	approaching	the	subject	philosophically	rather	than	using	the	scientific	method.	After	all,	Einstein's	own	interpretation	of	quantum	mechanics,	based	on	his	personal
conviction	regarding	local	realism,	turned	out	to	be	demonstrably	false."Quantum"	as	a	buzzword[edit]This	one	is	a	favorite	of	Deeprak	Chopra,	who	discusses	"quantum	healing",	a	practice	that	no	actual	quantum	physics	seems	to	have	been	involved	in	creating.	However,	people	who	have	very	little	idea	of	what	quantum	mechanics	really	says	will
tend	to	assume	that	"quantum	healing"	is	somehow	based	on	actual	physics.	This	perpetuates	misconceptions	about	what	quantum	mechanics	really	says.Essentially	all	alternative	medicine	products	that	use	the	word	"quantum"	do	this,	as	well	as	many	claims	regarding	the	effects	of	meditation,	prayer,	or	trances.	Even	if	it	were	true	that	meditation
and	prayer	could	produce	miraculous	results,	there's	no	reason	to	suspect	that	this	has	anything	to	do	with	quantum	mechanics	until	someone	can	actually	demonstrate	a	connection	between	quantum	effects	and	conscious	thought.	The	use	of	the	word	"quantum"	seems	to	be	a	marketing	ploy	for	these	practices,	products,	and	printed	materials,	since
scientific	terms	make	dubious	practices	appear	more	credible.Quantum	mechanics	shows	that	we	(humanity,	or	the	whole	universe)	are	all	interconnected[edit]In	a	very	trivial	sense,	we	are	all	interconnected.	Humanity	is	organized	into	societies	that	are	all	in	contact	with	each	other	on	the	planet	Earth.	We	all	came	from	matter	in	the	same	accretion
disk	that	formed	the	solar	system,	and	way	before	that	the	same	matter	was	packed	into	a	very	tight	space	during	the	Big	Bang.	But	that's	not	what	is	usually	meant	by	this	claim.	This	claim	instead	is	used	to	suggest	that	human	beings	can	metaphysically	influence	events	at	a	distance,	or	to	posit	the	existence	of	a	universal	consciousness	(i.e.	to
support	pantheism).This	idea	is	often	supported	by	simply	using	"quantum"	as	a	buzzword,	but	the	phenomenon	of	entanglement	is	another	source	for	this	claim.	Entanglement	between	particles	allows	them	to	share	information.	For	example,	measuring	one	particle	in	a	particular	way	can	change	the	possible	results	that	one	could	get	when
measuring	the	properties	of	a	different	particle	at	a	great	distance.	Albert	Einstein	famously	called	this	"spooky	action	at	a	distance".However,	in	order	for	entanglement	to	be	involved	in	conscious	action	(or	conscious	thought),	it	would	be	necessary	for	entanglement	to	transmit	some	kind	of	useful	information.	This	is	actually	not	the	case;	quantum
uncertainty	always	prevents	this.A	classical	analogy	would	be	this:	Suppose	that	person	A	is	in	one	room	and	person	B	is	in	another.	Person	C	tells	them	that	she	will	randomly	flip	a	coin	and	send	A	the	result.	Then	she	will	tell	B	the	opposite	(i.e.	heads	if	the	coin	came	up	tails	and	vice	versa).	A	and	B	will	both	know	what	the	other	person	has	been
told	(they	share	information),	but	they	have	no	way	of	communicating	using	this	information.In	fact,	it	is	even	more	difficult	to	use	entanglement	to	transmit	information	because	if	particles	interact	in	the	wrong	way	with	macroscopic	objects,	they	are	effectively	"measured"	and	lose	some	of	their	quantum	mechanical	properties	such	as



entanglement.There	are	still	some	potential	applications	for	having	two	particles	entangled	at	a	distance.	One	can	use	the	entangled	particles	as	a	way	of	sharing	an	encryption	key,	for	instance.	But	this	sort	of	phenomenon	is	hardly	a	convincing	mechanism	for	a	metaphysical	process	like	psychic	communication	or	a	global	consciousness."Everything
is	energy."[edit]More	a	general	physics	claim	than	one	specific	to	quantum	mechanics,	it	is	nonetheless	occasionally	claimed	that	"Quantum	physics	has	shown	that	everything	is	made	of	energy."	Actually,	nothing	in	physics	is	made	of	energy,	because	energy	is	not	a	substance,	but	rather	a	conserved	quantity.	Just	as	nothing	is	"made	of"	70	liters,	no
one	is	made	out	of	a	certain	amount	of	energy.	Nor	is	anything	made	out	of	charge,	momentum,	or	angular	momentum.	Those	are	simply	properties	of	objects	and	systems.It	is	true	that	mass	and	energy	can	be	converted	into	one	another	and	thus	it	can	be	useful	to	think	of	mass	as	just	a	form	of	energy.	However,	nothing	is	made	of	mass	either.
Things	are	made	out	of	matter,	which	is	a	generic	name	for	all	physical	substances	and	not	a	quantity.	Nothing	is	made	out	of	mass,	which	is	way	of	quantifying	matter	but	is	not	a	substance	any	more	than	volume	or	total	charge	are	substances.Things	which	we	think	about	as	being	"made	of	energy",	like	light	or	electricity,	are	generally	made	up	of
particles	just	like	everything	else.	There's	no	scientific	definition	of	energy	that	can	support	this	vague	idea."The	God	Particle"[edit]This	is	a	colloquial	name	given	to	particle	called	the	Higgs	boson	in	a	popular	science	book	by	the	same	name.	While	the	book	is	a	generally	accurate	overview	of	theoretical	physics	(as	it	was	in	the	early	90's),	the	name
it	gives	to	the	as-then	hypothetical	Higgs	boson	is	misleading.	The	Higgs	field	would	be	responsible	for	giving	mass	to	all	particles	which	have	non-zero	mass,	which	is	a	fairly	important	role,	but	which	does	not	necessarily	have	anything	to	do	with	a	God.	The	name	is	a	poetic	metaphor	which	is	built	up	during	the	book,	and	has	nothing	to	do	with	the
real	properties	of	the	particle	or	the	search	for	it.Anyone	who	claims	that	the	Higgs	boson	has	some	bearing	on	the	existence	of	God	almost	certainly	has	no	idea	what	the	Higgs	boson	actually	is.Quotes[edit]"I'm	getting	rather	tired	of	Christian	arm	chair	physicists	waving	their	hands	around	in	the	air,	muttering	about	the	"mysteries	of	QM"	and
invoking	a	similar	mystery	for	their	god.	If	God	were	understood	as	well	as	quantum	mechanics,	we	would	have	already	miniaturized	him	and	put	him	in	a	device	to	carry	around	on	our	wrists.""	Ozy666	(About	Atheism/Agnosticism	forum)"It	didn't	matter	that	the	machine	had	been	switched	off,	the	wizards	said.	It	existed	in	plenty	of	other	presents,
and	so	worked	here	owing	to	a	lengthy	sentence,	which	[]	had	the	words	like	"portal,"	"multidimensional,"	and	"quantum"	in	it,	"quantum"	being	in	it	twice."	Terry	Pratchett,	Going	Postal	

What	is	quantum	physics	in	simple	words.	Quantum	physics	explained	simple.	What's	the	definition	of	quantum	physics.	Quantum	physics	simple	explanation.	Quantum	physics	simply	explained.


