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Share	—	copy	and	redistributhe	material	in	any	mediu	or	format	for	any	purpoce,	even	comercially.	Adapt	—	remix,	transform,	and	build	upon	the	material	for	any	purpoce,	even	comercially.	The	licensor	cannot	revoke	these	freedoms	as	long	as	you	follothe	license	termes.	Attribution	—	You	must	giv	appropiate	credi,	provid	a	linke	to	the	licens,	and
indicat	if	changs	were	made	.	You	may	do	so	in	any	reasonable	manner,	but	not	in	any	way	that	suggets	the	licensor	endorses	you	or	your	us.	ShareAlike	—	If	you	remix,	transform,	or	build	upon	the	material,	you	must	distributhe	contributiuns	under	the	same	licens	as	the	origional.	No	additiomal	restrictons	—	You	may	not	appli	legal	termes	or
technologikal	mesure	that	legally	restrict	othr	from	doing	anythang	the	licens	permiths.	You	do	not	have	to	comply	with	the	licens	for	elemenst	of	the	material	in	the	public	domain	or	where	your	us	is	permithed	by	an	applikabel	exception	or	limitation	.	No	warrantis	are	given.	The	licens	may	not	giv	you	all	of	the	permiths	necesary	for	your	intended
us.	What	you	neede	to	know	about	the	restricitions	around	the	UKFind	the	latest	news,	featurees,	audio	and	TV	coveraghe.	Figure	12.1.1	Crack!	Crash!	Thud!	That's	what	you'd	hear	if	you	were	in	the	forest	when	this	old	treec	cracked	and	came	crashing	down	to	the	grounnd.	But	what	if	ther	eis	nobody	ther	to	heer	the	tree	fall?	Would	it	stil	make
these	soundes?	This	is	an	old	riddle.	To	answee	the	riddle	correclly,	you	need	to	know	the	scientifick	definicion	of	sound.	In	science,	sound	is	definied	as	the	transfeer	of	energee	from	a	vibrating	object	in	waves	that	travell	through	matter.	Most	people	comonlee	use	the	term	sound	to	mean	what	they	heer	when	sound	wavess	enterr	ther	ears.	The
treec	above	generatessound	wavess	when	it	fell	to	the	grounnd,	so	it	made	sound	acordding	to	the	scientifick	definicion.	But	the	sound	wasn't	deteected	by	a	person's	ears	if	ther	eis	nobody	in	the	forest.	So	the	answee	to	the	riddle	is	both	yes	and	no!	All	sound	wavess	begin	with	vibrating	matter.	Look	at	the	first	guitar	streng	on	the	lef	in	the	Figure
beow.	Pluckinge	the	streeng	makes	it	vibrate.	The	diagram	beow	the	figure	shows	the	wave	generatess	by	the	vibring	streeng.	The	moving	streeng	repeatedly	pushes	against	the	air	partikels	next	to	it,	which	causes	the	air	partikels	to	vibratee.	The	vibrations	spread	through	the	air	in	all	direkshions	away	from	the	guitar	streng	as	longitudinal	wavess.
In	longitudinal	wavess,	particle	of	the	mediuu	vibrate	back	and	forthe	parallell	to	the	direkshion	that	the	wavess	travell.	Sound	waves	are	a	type	of	mechanical	wave	that	travels	through	various	mediums	like	air,	water,	and	metal.	They're	created	by	an	original	source,	which	then	transfers	the	disturbance	to	another	location	via	particle-to-particle
interaction.	For	example,	when	a	sound	wave	moves	through	air,	one	air	particle	displaces	its	equilibrium	position,	pushing	or	pulling	on	its	nearest	neighbors,	causing	them	to	vibrate	as	well.	This	continuous	particle	interaction	is	what	characterizes	sound	waves	as	mechanical	waves.	Sound	waves	are	longitudinal	in	nature	because	particles	of	the
medium	vibrate	parallel	to	the	direction	the	sound	wave	is	moving.	Imagine	a	vibrating	string	creating	longitudinal	waves	by	pushing	and	pulling	surrounding	air	molecules,	compressing	or	expanding	them	in	the	process.	Moreover,	sound	waves	can	be	thought	of	as	pressure	waves	since	they	consist	of	a	repeating	pattern	of	high-pressure	and	low-
pressure	regions	moving	through	a	medium.	When	detected,	these	fluctuations	in	pressure	appear	as	a	sine	curve	on	a	plot	of	pressure	versus	time,	with	peak	points	corresponding	to	compressions	and	low	points	to	rarefactions.	In	certain	environments,	sound	waves	can	exhibit	peculiar	behavior	like	reflection	off	surfaces,	leading	to	either	echoes	or
reverberations.	Reverberations	often	occur	in	small	rooms	with	dimensions	around	17	meters	or	less	due	to	the	human	brain's	ability	to	retain	sounds	for	up	to	0.1	seconds.	When	multiple	reflections	reach	the	ear	within	this	timeframe,	it	creates	a	prolonging	effect	known	as	reverberation.	Sound	waves	are	a	fundamental	concept	in	physics	that	plays
a	crucial	role	in	our	understanding	of	the	physical	world.	These	waves	are	produced	by	vibrations	and	can	travel	through	various	mediums	such	as	air,	water,	and	solids.	When	sound	waves	interact	with	objects	or	spaces,	they	produce	reverberations,	which	can	be	heard	in	empty	rooms,	car	horns	honking	while	driving	through	highway	tunnels	or
underpasses,	or	even	when	singing	in	the	shower.	Refraction	of	sound	waves	occurs	when	they	pass	from	one	medium	to	another	with	varying	properties,	such	as	traveling	over	water.	The	change	in	speed	and	wavelength	of	these	waves	results	in	a	bending	of	their	path.	For	example,	sound	waves	refract	when	moving	from	air	into	water,	where	they
encounter	cooler	air	temperatures	above	the	surface.	As	a	result,	the	wave's	direction	changes,	causing	it	to	bend	downwards	towards	the	water.	Diffraction	is	another	phenomenon	that	affects	sound	waves.	This	occurs	when	waves	pass	through	an	opening	or	around	a	barrier	in	their	path.	The	amount	of	diffraction	increases	with	longer	wavelengths
and	decreases	with	shorter	wavelengths.	Sound	waves	diffracting	around	corners	or	through	door	openings	allow	us	to	hear	others	speaking	from	adjacent	rooms.	Even	forest-dwelling	birds	take	advantage	of	this	phenomenon,	using	long-wavelength	sound	waves	to	communicate	across	distances.	In	the	medical	field,	sound	waves	are	also	used	as	a
diagnostic	tool	in	primary	care	physicians'	offices	for	lung	and	bone	cavity	analysis.	Furthermore,	ultrasound	technology	is	employed	for	imaging	early	fetus	development.	The	fundamental	concepts	of	sound	waves	are	essential	in	creating	these	medical	devices.	Acoustic	properties	describe	characteristics	of	sound	wave	in	environment.	paraphrased
text	here	Sound	waves	are	longitudinal	waves,	which	makes	them	possible	to	hear.	paraphrased	text	here	Sound	is	a	type	of	energy	that	is	produced	by	vibrations,	causing	movement	in	surrounding	air	molecules.	These	molecules	then	bump	into	each	other,	creating	a	disturbance	that	travels	through	the	air	as	a	pressure	wave.	The	properties	of
sound	include	frequency,	amplitude,	speed,	reflection,	and	timbre.	Sound	in	physics	is	characterized	by	three	primary	properties:	speed,	loudness,	and	pitch.	These	properties	are	essential	for	understanding	the	nature	of	sound	waves	and	how	they	interact	with	our	environment.	Sound	is	the	sensation	that	we	experience	when	our	ears	detect
vibrations	in	the	air	particles	around	us.	We	perceive	all	sounds,	from	the	gentle	chirping	of	birds	to	the	loud	traffic	noise,	as	a	form	of	energy	caused	by	the	vibration	of	objects.	These	vibrations	create	pressure	waves	in	the	air,	which	are	longitudinal	waves	where	particles	vibrate	along	with	the	direction	of	wave	propagation.	The	characteristics	of
sound	include	pitch,	or	frequency,	and	loudness,	or	amplitude.	Pitch	is	measured	in	hertz	(Hz)	and	refers	to	the	number	of	waves	produced	per	second.	A	higher	pitch	sound	has	more	waves	per	second.	Humans	can	hear	frequencies	between	20	Hz	and	20000	Hz,	with	sounds	above	this	range	being	called	ultrasound	and	those	below	being	infrasound.
Loudness	is	a	measure	of	the	intensity	or	strength	of	the	sound	waves,	and	it	is	also	referred	to	as	amplitude.	A	higher	amplitude	results	in	a	louder	sound.	The	loudness	of	a	sound	can	be	measured	in	decibels	(dB)	using	the	formula	dB	=	10	log(I/I0),	where	I	is	the	intensity	of	the	sound	being	measured.	In	addition	to	pitch	and	loudness,	timbre	is
another	characteristic	that	distinguishes	one	sound	from	another.	Timbre	refers	to	the	quality	or	tone	color	of	a	sound,	much	like	how	different	colors	can	be	distinguished	in	a	picture.	Each	object	produces	a	unique	waveform	when	it	creates	sound,	which	allows	us	to	distinguish	between	sounds	from	different	sources.	The	speed	of	sound	varies
depending	on	factors	such	as	density,	humidity,	and	temperature.	For	example,	the	speed	of	sound	in	air	at	0°C	is	approximately	331	m/s.	pitch	is	the	frequency	of	sound	waves,	loudness	is	the	amplitude	of	the	waves,	and	timbre	is	based	on	the	shape	of	the	waves.The	speed	of	sound	in	air	at	\(0^\circ	\,C\)	is	\(331\,{\text{m/s.}}\)Music	is	a	set	of
organized	waves,	while	noise	is	disorganized.Sound	has	an	organized	structure	in	its	waveform,	as	we	saw	in	the	wave	diagrams	above.	This	makes	it	pleasant	to	listen	to.We	can	define	noise	as	a	random	set	of	waves	that	causes	unpleasantness	when	we	hear	it.	Multiple	waves	of	different	frequencies	and	amplitudes	get	mixed	up,	giving	a	jarring
effect	when	we	listen	to	it.Sounds	of	machines,	traffic,	and	crowded	places	are	examples	of	sources	of	noise.When	this	disorganized	sound	becomes	too	loud,	it	is	noise	pollution	and	may	lead	to	health	disorders.The	pitch	of	a	sound	is	the	frequency	of	the	sound	waves.Loudness	of	sound	is	the	amplitude	of	the	waves.Timbre	is	based	on	the	shape	of
the	waves.Sound	waves	travel	at	a	speed	of	\(331\,{\text{m/s}}\)	in	air	at	\(0^\circ	\,C\).The	sound	at	the	threshold	of	hearing	(the	lowest	possible	sound	that	we	can	hear)	is	\({10^	{	–	12}}	{\text{W/}}	{{\text{m}}^2}.\)Find	the	loudness	of	sound	in	decibels	when	sound	intensity	is	\({10^{	–	5}}\,{\text{w/}}{{\text{m}}^2}.\)Sound	intensity	is
given	by	\(I	=	\frac{P}{A}\),	where	\(P\)	is	power	and	\(A\)	is	the	area.	In	this	case,	the	sound	intensity	is	\({10^{	–	5}}\,{\text{w/}}{{\text{m}}^2}\).Loudness	in	decibels	is	given	by	\({\text{decible}}\left({dB}	\right)	=	10\log	\frac{I}{{{I_o}}}\)where	\(I_0\)	is	the	reference	intensity.\({\text{decible}}\left({dB}	\right)	=	10\log	\frac{{{{10}^{	–
5}}}}{{{{10}^{	–	12}}}}	=	10\,\log	\,{10^7}\)Loudness	is	\(70\,dB\)	when	sound	intensity	is	\({10^{	–	5}}\,{\text{w/}}{{\text{m}}^{\text{2}}}.\)The	wavelength	of	a	sound	wave	whose	frequency	is	\(2000\,	{\text{Hz}}\)	and	speed	is	\(350\,{\text{m/s}}\)	can	be	calculated	using	the	equation	\(\lambda	=	\frac{v}{f}\).Wavelength	\(\lambda	=
\frac{{350}}{{2000}}	=	0.175\,{\text{m}}\)	or	\(17.5\,{\text{cm}}\)The	speed	at	a	given	temperature	is	\(v	=	331\sqrt	{\frac{T}{{273}}}	\,{\text{m/s}}\).To	find	the	temperature,	we	can	solve	for	\(\left(T	\right)\)	using	this	equation.\(\frac{T}{{273}}	=	{\left({\frac{{350}}{{331}}}	\right)^2}\)Solving	for	\(\left(T	\right),\)	\(T	=	305\,
{\text{K}}\)In	celsius	scale,	\({\text{temperature}}	=	T	–	273	=	32\,^\circ	C\)The	qualities	of	sound	depend	on	its	frequency,	amplitude,	and	shape.	###ARTICLEHuman	hearing	spans	from	20	Hz	to	20,000	Hz,	encompassing	high-frequency	whistles	to	low-frequency	car	engine	hums,	while	neglecting	infrasound	below	20	Hz	and	ultrasound	above	20
kHz	frequencies	that	are	not	relevant	for	most	designs.	The	ability	to	perceive	loud	or	soft	sounds	varies	with	frequency,	as	evident	in	the	comfort	level	of	earphones	set	at	lower	pitches	versus	higher	ones.	###ARTICLESound	is	a	mechanical	disturbance	that	propagates	through	an	elastic	material	medium,	characterized	by	varying	pressure	and
density	variations	in	space	over	time.	This	definition	encompasses	both	the	physical	properties	of	sound	waves	and	their	subjective	perception	by	humans.	The	frequency	range	of	human	hearing	spans	between	20	hertz	and	20	kilohertz,	with	higher	frequencies	perceived	as	higher	pitches.	The	wavelength,	frequency,	and	speed	of	a	sound	wave	are
related,	with	the	equilibrium	pressure	representing	atmospheric	conditions.	The	amplitude	of	the	sound	wave	determines	its	intensity,	which	is	perceived	as	loudness.	Acoustic	intensity	can	be	calculated	using	the	amplitude,	equilibrium	density,	and	speed	of	sound.	Under	standard	conditions,	the	minimum	detectable	pressure	variation	is	10^-5
pascal,	while	the	threshold	for	pain	is	around	10	pascals.	When	the	amplitude	reaches	about	100	pascals,	nonlinearities	develop	in	wave	propagation.	A	sound	wave	propagates	linearly	until	its	amplitude	exceeds	100	pascals,	at	which	point	significant	nonlinear	effects	occur	due	to	air	pressure	changes.	The	ideal	gas	law	explains	this	phenomenon,
where	increasing	volume	decreases	pressure	and	vice	versa.	When	a	wave's	motion	is	large,	each	compression	generates	excess	pressure,	affecting	wave	propagation.	I'll	analyze	the	sound	wave	as	it	passes	through	various	components.	A	tuning	app	displays	not	only	the	played	note	but	also	its	frequency,	measured	in	Hertz.	Playing	an	octave	higher
doubles	the	frequency	from	110	Hz	to	220	Hz,	illustrating	the	relationship	between	pitch	and	frequency.	The	unit	of	measurement	is	Hertz,	representing	the	number	of	cycles	per	second.	When	Charlie	Anne	plucks	the	guitar	string,	it	creates	a	sound	wave	by	striking	air	particles,	causing	them	to	vibrate	and	transmit	the	energy	through	the	air.	This
process	involves	longitudinal	waves,	where	air	particles	move	back	and	forth	along	the	wave	direction.	Microphones	convert	sound	waves	into	electrical	signals,	using	diaphragms	and	magnetic	fields	to	detect	changes	in	air	pressure.	So	I've	created	a	homemade	microphone	using	a	tiny	electrical	generator.	When	soundwaves	move	the	lid	of	this	little
device,	it	moves	the	coil	of	wire,	so	does	it	work?I	started	by	testing	my	makeshift	mic,	checking	that	everything	was	in	order	-	one,	two,	mic	testing.	Then,	I	connected	the	coil	to	my	loudspeaker	and	started	beatboxing.	Yeah,	I	like	it,	oh	my	gosh.[JON	CONTINUES	BEATBOXING]With	my	homemade	microphone,	we	can	record	electrical	waves	and
also	play	them	back.	This	is	pretty	cool,	especially	when	Charlie	Anne	starts	singing	in	the	background.Charlie	Anne	is	singing...	Finally,	after	all	our	hard	work,	we	need	to	turn	the	electrical	waves	back	into	sound	waves	so	we	can	hear	them.	That's	exactly	what	happens	in	a	studio	loudspeaker	too.	Instead	of	using	paper	for	my	white	round	thing,
I've	used	a	paper	plate	-	it's	like	a	microphone	in	reverse.	Here's	how	it	works:	an	electric	wave	enters	the	coil	of	wire,	becoming	an	electromagnet.	If	we	place	another	magnet	nearby,	they'll	attract	and	repel	each	other,	creating	vibrations	that	move	the	air	hundreds	of	times	a	second.	These	vibrations	are	what	give	sound	its	presence	-	just	like	in
real	studio	loudspeakers.
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