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How	is	it	possible	to	figure	out	such	detailed	information	about	materials	on	Earth	and	in	space	based	only	on	color?	Spectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.	Before	getting	into	the	gory	details,	lets	review	some	relevant	basics	about	light	and	matter.	(If	you	know	this	already,	feel
free	to	jump	ahead.)	CalloutSpectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.End	callout	Light	Gamma	rays,	X-rays,	ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make
up	the	electromagnetic	spectrum.	(Thats	right,	the	radio	waves	that	carry	music	from	the	station	to	your	radio,	the	microwaves	that	heat	up	your	food,	and	the	X-rays	dentists	use	to	detect	tooth	decay	are	all	forms	of	light.)	Light	has	a	number	of	fascinating	(and	somewhat	odd)	characteristics	that	are	important	for	spectroscopy.	Gamma	rays,	X-rays,
ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the	electromagnetic	spectrum.	Each	band	of	light	has	a	different	range	of	wavelengths:	Gamma	rays	are	the	shortest	and	radio	waves	are	the	longest.	Get	the	full
electromagnetic	spectrum	infographic.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Waves	Light	behaves	like	a	wave.	You	are	probably	familiar	with	waves:	water	waves	that	ripple	across	a	pond,	sound	waves	that	vibrate	air	and	ear	drums,	and	seismic	(earthquake)	waves	that	cause	the	ground	to	shake.	These	are	all	mechanical	wavesenergy	that
propagates	through	matter,	causing	it	to	move	up	and	down,	back	and	forth,	or	side	to	side.	Light	waves	are	similar,	but	while	mechanical	waves	cause	oscillations	in	matter,	light	waves	consist	of	electric	and	magnetic	fields	oscillating	perpendicular	to	each	other.	Mechanical	waves	need	matter	in	order	to	propagate,	but	light	waves	can	travel
through	completely	empty	space	as	well	as	through	matter.	(If	the	idea	of	oscillating	electric	and	magnetic	fields	does	not	make	much	sense,	dont	worry.	You	dont	really	need	to	know	too	much	about	it.)	A	mechanical	wave	is	a	propagation	of	energy	through	matter.	The	wavelength	is	the	distance	between	two	consecutive	peaks	(the	highest	part	of
the	wave)	or	troughs	(the	lowest	part	of	the	wave).	On	this	graph,	the	x-axis	is	distance	and	the	y-axis	is	the	displacement	of	matter.	Get	the	full	mechanical	wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xy	graph	shows	the	displacement	of	matter	on	the	y-axis	versus	distance	on	the	x-axis.	The	y-axis	is	a	vertical	red	arrow	pointing	upward.
The	x-axis	is	a	horizontal	green	arrow	pointing	to	the	right.	The	wave	is	a	perfect	sine	curve	that	begins	at	the	origin,	the	intersection	of	the	x-	and	y-axes,	where	both	displacement	and	distance	equal	zero.	The	curve	is	exactly	two	wavelengths	long,	with	two	peaks	and	two	troughs.	The	peaks	and	troughs	have	the	same	amplitude.	A	horizontal	line
marking	the	distance	between	two	troughs	is	labeled	wavelength.Light	waves	involve	oscillations	of	electric	and	magnetic	fields	rather	than	oscillations	of	matter.	The	wavelength	is	its	color.	On	this	graph	the	x-axis	is	distance;	the	y-axis	is	the	strengh	of	the	electric	field;	and	the	z-axis	is	the	strength	of	the	magnetic	field.	Get	the	full	electromagnetic
wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xyz	graph	shows	the	relationship	between	the	strength	of	the	electric	field	on	the	y-axis	and	the	strength	of	the	magnetic	field	on	the	z-axis	versus	distance	on	the	x-axis.	As	in	the	graph	of	the	mechanical	wave,	the	y-axis	is	a	vertical	red	arrow	pointing	upward	and	the	x-axis	is	a	horizontal	green
arrow	pointing	to	the	right.	The	z-axis	is	a	blue	arrow	perpendicular	to	the	xy-plane,	pointing	out	of	the	page.	The	graph	consists	of	two	perfect	sine	waves	oriented	perpendicular	to	each	other.	Both	curves	begin	at	the	origin,	the	intersection	of	the	three	axes,	where	strength	of	the	electric	field,	strength	of	the	magnetic	field,	and	distance	all	equal
zero.	The	wave	plotted	on	the	xy-plane	is	shown	in	yellow	and	is	labeled,	electric	field.	The	wave	plotted	on	the	xz-plane	is	shown	in	blue	and	is	labeled,	magnetic	field.	The	curves	intersect	at	the	points	where	they	cross	the	x-axis.	The	waves	are	identical	to	each	other	in	wavelength	and	amplitude.	Like	the	mechanical	wave,	each	is	two	wavelengths
long,	with	two	peaks	and	two	troughs.	The	strength	of	the	electric	and	magnetic	fields	corresponds	to	each	other:	The	peaks	of	the	magnetic	field	occur	at	the	same	points	on	the	x-axis	as	the	peaks	of	the	electric	field.	One	way	to	measure	waves	is	by	their	wavelength.	Wavelength	is	the	distance	between	successive	peaks.	The	wavelength	of	a	light
wave	is	the	distance	between	peaks	in	the	electric	and	magnetic	fields.	While	that	definition	might	make	it	sound	like	wavelength	is	a	property	that	only	a	physicist	could	appreciate,	most	people	are	actually	very	familiar	with	the	concept	of	wavelength:	Human	eyes	recognize	differences	in	wavelength	as	differences	in	color.	On	the	visible	part	of	the
spectrum,	shorter	wavelengths	look	bluer	and	longer	wavelengths	look	redder.	Sunlight	that	passes	through	a	prism	naturally	separates	into	its	component	colors	in	a	very	specific	orderrainbow	orderbased	on	wavelength.	This	rainbow	is	known	as	the	visible	spectrum.	In	addition	to	visible	light,	sunlight	also	contains	significant	amounts	of	infrared
and	ultraviolet	light,	both	of	which	are	invisible	to	human	eyes.	Get	the	full	prism	illustration.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Wavelength	is	also	what	differentiates	the	various	bands	of	light	on	the	electromagnetic	spectrum.	When	people	talk	about	different	types	of	light,	they	are	referring	to	broad	differences	in	wavelength.	Gamma	rays	have
the	shortest	wavelengths	and	radio	waves	have	the	longest.	Visible	light	is	in	the	middle.	You	can	think	of	gamma	rays,	X-rays,	ultraviolet	light,	infrared	light,	microwaves,	and	radio	waves	as	bands	of	invisible	color.	CalloutHuman	eyes	recognize	differences	in	wavelength	as	differences	in	color.End	callout	Particles	Light	also	behaves	like	a	particle.	A
particle	of	light	is	called	a	photon.	Each	individual	photon	has	a	very	specific	amount	of	energy	(no	more,	no	less),	which	corresponds	to	its	wavelength.	Blue	photons	carry	more	energy	than	red	photons.	Ultraviolet	photons	carry	more	energy	than	infrared	photons.	Sometimes	photons	are	described	as	packets	of	energy.	So,	you	can	think	of	light	as
waves	or	you	can	think	of	it	as	streams	of	photons.	Astronomers	use	both	terms,	depending	on	what	they	are	trying	to	study	or	explain.	(If	you	are	confused	as	to	how	light	can	be	both	a	particle	and	a	wave	at	the	same	time,	dont	despair.	You	are	not	alone.)	The	important	thing	to	keep	in	mind	when	it	comes	to	spectroscopy	is	that	wavelength	and
energy	are	effectively	the	same	thing.	Human	eyes	detect	differences	in	wavelength	and	energy	as	differences	in	color.	Different	colors	of	light	have	different	wavelengths	and	energy.	Light	toward	the	red	end	of	the	spectrum	has	longer	wavelengths	and	lower	energy	than	light	toward	the	violet	end	of	the	spectrum.	Infrared	light	has	even	longer
wavelengths	than	red;	while	ultraviolet	has	even	shorter	wavelengths	than	violet.	Wavelength	is	described	in	units	of	length.	Ultraviolet,	visible,	and	infrared	light	are	typically	given	in	microns	(m),	nanometers	(nm),	or	ngstroms	().	(1centimeter	=	10,000	microns,	10	million	nanometers,	or	100	million	ngstroms.)	Energy	is	measured	in	electron	volts
(eV).	Get	the	full	color,	wavelength,	and	energy	comparison	image.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Matter	Matter	is	the	scientific	catch-all	word	for	stuffanything	that	has	mass	and	takes	up	space.	Matter	is	made	of	microscopic	particles	called	atoms.	Atoms	are	made	of	even	smaller,	or	subatomic,	particles	known	as	protons,	neutrons,	and
electrons.	Atoms	can	combine	to	form	molecules.	Solids,	liquids,	and	gases	are	all	forms	of	matter.	Planets,	stars,	nebulae,	and	galaxies	are	all	made	of	matter.	Rocks,	water,	air,	dust	bunnies,	giraffes,	viruses,	spinach,	coffee	cups,	and	cowboy	boots	are	all	made	of	matter.	Matter	is	made	of	atoms,	which	are	made	of	protons,	neutrons,	and	electrons.
Diamond,	for	example,	is	made	of	carbon	atoms	bonded	together	in	a	repeating	pattern.	Most	carbon	atoms	consist	of	6	protons	and	6	neutrons	in	the	nucleus,	and	6	electrons,	each	at	a	specific	energy	level	outside	the	nucleus.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Protons	and	neutrons	make	up	the	nucleus	of	an	atom,	while	electrons	reside	outside
the	nucleus.	Although	its	actually	much	more	complicated	than	this,	you	can	think	of	each	electron	as	occupying	a	particular	energy	level	(sometimes	referred	to	as	an	orbital	or	shell)	around	the	nucleus.	Electrons	are	a	bit	bizarre	in	that	they	can	jump	or	drop	(transition)	from	one	energy	level	to	another,	but	they	cant	exist	between	two	levels.	(Why
this	is	important?	Keep	reading	or	skip	ahead.)	Interactions	between	Light	and	Matter	As	you	may	have	gathered,	light	and	matter	are	intricately	linked.	Matter	gives	off	light.	Every	object	emits,	or	gives	off,	light	of	one	sort	or	another	simply	because	of	its	temperature.	Glowing	objects	like	stars,	galaxies,	light	bulbs,	and	lava	are	all	sources	of	visible
light.	Cooler	objects	like	planets,	dust	grains,	rocks,	trees,	animals,	and	icebergs	dont	glow	in	visible	light,	but	they	do	emit	significant	amounts	of	infrared	light.	Matter	can	also	give	off	very	specific	colors	of	light	depending	on	what	it	is	made	of	and	how	it	is	interacting	with	other	forms	of	matter	and	energy.	Light	and	matter	interact	with	each
other.	Matter	can	absorb	light	(take	it	in);	emit	light	(give	it	off);	transmit	light	(allow	it	to	pass	through);	reflect	light	(cause	it	to	bounce	off);	and	refract	light	(cause	it	to	change	speed	and	direction).	Get	the	full	Behaviors	of	Light	diagram.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Interactions	Between	Light	and	Matter	Graphic	titled	Behaviors	of	Light
with	five	simple	illustrations	showing	how	light	rays	interact	with	matter.	From	left	to	right:	absorption,	emission,	transmission,	reflection,	and	refraction.	In	each	illustration,	light	rays	are	represented	by	solid	red	lines	with	arrows	pointing	in	the	direction	of	travel.	Matter	is	represented	by	a	semi-transparent	purple	box.	Sketch	to	illustrate
absorption	Two	red	arrows	representing	light	rays	approach	the	light	purple	box	at	an	angle	from	the	top	left.	When	they	enter	the	light	purple	box,	the	lines	become	dotted	and	then	disappear	inside	it.	Illustration	is	labeled	Absorption:	Light	can	be	absorbed.	Sketch	to	illustrate	emission	A	red	arrow	representing	a	light	ray	points	straight-up	out	of
the	middle	of	the	light	purple	box.	Illustration	is	labeled	Emission:	Light	can	be	emitted.	Sketch	to	illustrate	transmission	A	red	arrow	representing	a	light	ray	points	straight	down	from	the	top	and	passes	straight	through	the	light	purple	box,	exiting	below	it.	The	arrow	does	not	change	as	it	moves	into,	through,	and	out	of	the	box.	Illustration	is
labeled	Transmission:	Light	can	pass	through.	Sketch	to	illustrate	reflection	A	red	arrow	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	hits	the	top	of	the	light	purple	box,	it	changes	direction	and	moves	up	toward	the	top	right.	The	two	parts	of	the	arrow	form	a	V:	The	angle	between	the	arrow	and	the	surface	of	the	light	purple
box	of	the	reflected	segment	is	the	same	as	for	the	incoming	segment.	Illustration	is	labeled	Reflection:	Light	can	bounce.	Sketch	to	illustrate	refraction	A	red	arrow	representing	a	light	ray	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	enters	the	box,	it	changes	direction,	moving	through	the	box	at	a	steeper	angle.	When	it
exits	the	box,	it	changes	direction	again,	moving	at	the	same	angle	that	it	entered	the	box.	Illustration	is	labeled	Refraction:	Light	can	bend.	Light	interacts	with	matter.	When	light	encounters	matter,	a	lot	of	things	can	happen.	A	few	are	particularly	important	to	keep	in	mind	when	it	comes	to	spectroscopy:	Some	light	is	absorbed	and	transformed
into	other	forms	of	energy.	Asphalt	is	black	because	it	absorbs	all	colors	of	visible	light	very	well.	It	heats	up	quickly	in	direct	sun	because	a	lot	of	that	light	is	transformed	into	thermal	energy	(which	is	then	emitted	back	out	as	invisible	infrared	light).	Plants	absorb	mostly	red	and	blue	wavelengths	of	sunlight	and	turn	them	into	chemical	energy	to
live	and	grow.	Light	that	is	not	absorbed	by	matter	can	be	reflected	off	it.	Snow	is	white	because	it	reflects	all	colors	of	visible	light	extremely	well.	Grass	is	green	because	it	reflects	a	lot	of	green	wavelengths	of	sunlight.	Light	that	is	not	absorbed	or	reflected	by	matter	can	be	transmitted	through	it.	Window	glass	is	transparent,	or	see-through,
because	it	transmits	all	colors	of	visible	light.	Strawberry	jello	is	red	because	it	transmits	red	light	and	absorbs	all	other	colors.	CalloutMaterials	on	Earth	and	in	space	are	continuously	emitting	and	interacting	with	light.	What	makes	one	material	look	different	from	another	is	the	way	that	different	wavelengths	of	light	interact	with	it.End	callout	In
your	chemistry	courses	and	labs,	you	have	frequently	made	use	of	various	spectroscopic	tools	to	identify	the	molecular	structure	of	unknown	compounds.	You	are	probably	familiar	with	the	idea	that	molecules	can	attain	a	higher	energy	state	by	absorbing	light:	Because	different	molecules	absorb	light	of	different	frequencies,	one	can	obtain	spectra
that	show	how	much	light	is	absorbed	by	a	particular	compound	as	a	function	of	the	frequency	(or	wavelength)	of	the	light.	Spectroscopic	data	like	these	are	sometimes	called	molecular	fingerprints	because	each	compound	has	a	unique	absorption	spectrum	by	which	its	identity	can	be	discovered.	Spectroscopy	is	an	incredibly	powerful	tool	for
investigating	the	physical	structures	of	objects	we	cannot	see	with	our	normal	vision!For	example,	heres	an	infrared	absorption	spectrum	for	an	ester:	But	what	determines	the	molecular	fingerprint?	Why	is	it	that	some	molecules	absorb	strongly	at	a	particular	frequency	of	light	while	others	do	not?	Lets	try	to	answer	these	questions	1.	As	we
discussed	inDipole	Radiation,	a	dipole	that	oscillates	emits	electromagnetic	radiation	(light).	But	how	does	the	dipole	start	oscillating	in	the	first	place?	2.	The	natural	frequency	of	a	harmonic	oscillator	is	given	by	\[\omega_o^2=\frac{k}{m}\]	In	modeling	the	molecule	as	a	harmonic	oscillator,	what	changes	to	the	molecule	would	change	the	values
ofkandm,	and	therefore	the	natural	frequency?	Could	your	reasoning	explain	why	C=O	and	C-O	absorb	light	at	different	wavelengths?	3.	The	light	we	shine	on	a	molecule	during	spectroscopy	can	be	thought	of	as	a	drive	frequency	for	an	oscillator	(the	molecule).	Lets	explore	a	driven	oscillator	with	this	Python	Simulation	in	which	a	ball	is	connected
by	a	spring	to	a	box	that	is	being	driven	periodically.	The	preset	mass	of	the	ball	m=0.1	kg	and	the	spring	constant	is	k=N/m	(you	can	copy	the	code	to	your	own	Glowscript	account	to	change	the	values).	Calculate	the	natural	frequency,	and	the	period.	4.	A	slider	bar	below	the	animation	window	controls	the	drive	frequency	of	the	box	(which	is
printed	at	the	bottom).	Increase	and	decrease	the	drive	frequency	and	observe	what	happens	to	the	motion	and	the	energy	of	the	system.	At	what	drive	frequency	(f	in	Hz)	does	the	ball	have	the	largest	amplitude	of	motion?	5.	Now	go	back	to	the	molecule	and	light.	If	the	frequency	of	light	is	equal	to	the	natural	frequency	of	the	molecule,	what	do	you
think	will	happen	to	the	molecule?	What	will	happen	to	the	light?	What	if	the	frequency	is	much	below	or	above	the	natural	frequency?	6.	If	the	graph	below	shows	the	initial	energy	of	the	molecule,	draw	what	would	change	about	the	molecule	after	the	light	wave	hits	it.	What	are	the	conditions	on	the	incoming	light	wave	in	order	for	the	oscillator	to
gain	energy?	7.Now	lets	return	to	the	absorption	spectra	that	started	this	whole	discussion.	If	the	molecule	absorbed	light	energy	at	particular	frequencies,	how	do	you	think	the	IR	spectrometer	produces	a	spectrum	like	the	one	shown?	How	is	it	that	the	spectrometer	allows	us	to	see	that	light	has	been	absorbed?	Lisa	J.	Lapidus	2016	Photons	can
travel	through	a	vacuum	forever	(or	at	least	a	very,	very	long	time)	until	they	encounter	matter.	When	photons	run	into	atoms	and	molecules,	there	are	three	fundamental	ways	in	which	they	interact	with	the	matter:	absorption,	reflection,	and	transmission.	A	concept	map	of	the	negative	feedback	process	when	radiation	is	absorbed,	transformed	into
heat,	and	emitted	as	thermal	radiation.	Start	with	the	absorbed	incoming	radiation	(highlighted	in	yellow).	Notice	that	two	processes	affect	the	objects	temperature:	one	that	warms	it,	and	the	process	that	cools	it	depends	on	the	objects	temperature.Acknowledgments:Mattea	Horne	and	Mort	Sternheim	provided	invaluable	suggestions	to	improve	this
concept	map.	Flowers	are	often	colorful	to	attract	pollinators.	The	camera	captured	the	light	reflected	from	the	leaves	and	flower	petals.	Setting	up	the	camera	to	photograph	the	wavelengths	of	sunlight	that	transmit	through	the	leaf	shows	that	green	light	passes	through	the	foliage.	Absorption,	reflection,	and	transmission	arent	the	only	ways	light
interacts	with	matter,	but	they	are	fundamental	processes.	Light	is	complicated,	as	photons	act	both	as	a	wave	and	a	particle,	so	additional	processes	are	critical	in	how	sunlight	travels	through	our	atmosphere.	The	following	are	brief	definitions	and	examples	of	these	phenomena.	Use	the	links	to	learn	about	the	processes	in	greater	detail.Refractionis
the	bending	of	radiation	as	it	passes	from	onetransparent	substance	into	another	due	to	the	different	speeds	of	the	photons	in	the	two	materials.	All	lenses	in	telescopes,	cameras,	magnifying	glasses,	glasses,	contacts,	etc.,	work	because	of	refraction.	The	refraction	of	light	in	our	atmosphere	alters	the	positions	of	the	stars	and	sun	in	the	sky.
Refraction	creates	rainbows,	sundogs,	halos,	and	more	in	the	sky.Scattering	is	when	photonsdepart	from	their	straight	path	of	motion	due	to	imperfections	in	the	medium,	but	it	is	different	than	reflection.	During	scattering,	the	photon	is	fully	absorbed	and	then	emitted.	During	reflection,	the	photon	bounces	off	the	surface.	There	are	quite	a	variety	of
causes	of	scattering.	Most	notably,	scattering	produces	the	color	of	our	sky.Diffraction	refers	to	the	apparent	bending	of	waves	around	small	obstacles	and	the	spreading	out	of	waves	past	small	openings.	Diffraction	creates	the	corona	around	the	moon.Polarization	is	the	process	of	transforming	unpolarized	light	into	polarized	light.Vibrating	electric
charges	produce	photons,	and	so	the	waves	vibrate	in	all	directions.	When	waves	interact	with	matter,	their	vibrations	may	become	aligned,	creating	polarized	light.	Polarization	occurs	during	transmission,	reflection,	refraction,	and	scattering.	Some	animals	can	see	polarized	light.	The	scattered	blue	light	in	the	sky	is	polarized,	and	bees	use	it	to
navigate	and	find	food.	Butterflies	use	polarized	light	to	find	food,	locate	where	to	lay	their	eggs,	and	recognize	their	mates.Most	sunglasses	for	humans	are	polarizing	filters	that	darken	the	sky	and	block	most	light	reflected	from	the	water.	Movie	showing	the	subtle	polarization	of	light	reflected	from	the	leaves	that	butterflies	detect	to	find	where	to
lay	their	eggs.	When	photons	run	into	atoms	and	molecules,	there	are	three	fundamental	ways	in	which	they	interact	with	the	matter:	absorption,	reflection,	and	transmission.When	matter	captures	orabsorbsphotons,	the	amount	of	energy	within	the	object	increases.When	a	photonreflectsoff	a	surface,	the	amount	of	energy	within	the	matter	doesnt
change,	but	the	direction	the	photon	is	moving	does	change.When	a	photon	passes	ortransmitsthrough	the	materials	matter,	the	amount	of	energy	within	the	object	doesnt	change.Absorption,	reflection,	and	transmission	arent	the	only	ways	light	interacts	with	matter:	refraction,	scattering,	diffraction,	and	polarization	may	also	occur.	Learning
Objectives	Determine	if	light	is	absorbed,	transmitted,	or	emitted	in	a	given	interaction	with	matter.	What	happens	when	an	electromagnetic	wave	impinges	on	a	material?	There	are	a	variety	of	possibilities	depending	on	the	characteristics	of	that	material	as	well	as	the	frequency	of	the	electromagnetic	wave.	As	we	will	see,	the	material	might	not
interact	at	all,	it	might	completely	absorb	the	light	of	the	wave,	or	it	might	interact	in	a	way	that	is	somewhere	between	those	two	extremes.	Most	of	the	world	around	us	is	opaque	to	visible	light.	We	know	because	we	can	see	it!	When	a	material	is	opaque	that	means	it	absorbs	the	light.	This	means	that	the	energy	stored	in	that	object	has	increased
by	the	amount	of	the	energy	of	that	form	of	radiation.	None	of	the	absorbed	radiation	leaves	the	material	after	impinging	upon	it.	Materials	can	be	opaque	to	other	forms	of	radiation	as	well.	For	example,	our	atmosphere	is	opaque	to	most	forms	of	ultraviolet	light.	(If	it	were	not	we	would	have	even	greater	concerns	about	sunburns	than	we	already
do.)	Matter	can	also	be	opaque	to	some	forms	of	visible	light	but	not	others,	resulting	in	colors,	as	we	will	see.	Materials	that	allow	electromagnetic	radiation	to	pass	through	them	with	little	or	no	absorption	are	said	to	be	transparent.	Examples	of	some	common	materials	transparent	to	visible	light	include	most	molecules	in	the	atmosphere,	glass,
and	water.	Just	as	with	absorption,	materials	can	be	transparent	to	any	form	of	electromagnetic	radiation,	but	are	hardly	ever	transparent	to	all	forms	of	radiation.	For	example,	even	though	water	is	transparent	to	visible	light,	it	is	not	transparent	to	microwaves	or	infrared	light.	When	something	is	transparent,	the	radiation	that	enters	the	material
will	eventually	exit	the	material	with	the	same	frequency	that	it	entered.	In	the	meantime,	it	might	interact	with	the	material	in	ways	we	will	discuss	later,	but	it	eventually	exits	with	the	same	energy	that	it	entered	with.	When	radiation	impinges	on	matter	that	is	transparent	to	it,	we	say	that	the	radiation	is	transmitted.	Sometimes	materials	will
scatter	the	light	that	they	transmit.	Almost	all	transmitted	light	is	slowed	down	somewhat	when	passing	through	a	material,	and	this	can	result	in	bending	the	direction	of	the	light.	For	transparent	materials	this	bending	is	relatively	small	and	uniform.	This	kind	of	bending	is	referred	to	as	refraction.	But	some	materials	will	result	in	a	greater	change
in	direction	for	the	light.	This	is	referred	to	scattering	of	light.	This	scattering	can	either	be	diffuse	scattering	when	it	occurs	in	many	directions,	or	reflection	when	it	occurs	in	a	specific	direction.	We	will	explore	each	of	these	three	possibilities	in	more	detail	in	the	following	subsections.	Finally,	we	should	mention	the	process	by	which	a	material
releases	energy	in	the	form	of	radiation.	This	is	referred	to	as	emission.	We	will	explore	some	types	of	emission	in	more	detail	later	in	this	text,	but	it	is	worth	discussing	a	little	bit	here	so	that	we	have	this	knowledge	when	it	comes	to	our	discussion	of	color.	If	an	object	is	emitting	visible	light,	we	would	see	it	as	glowing.	We	could	even	identify	the
color	that	it	is	glowing	and	measure	the	specific	wavelength	of	this	light	with	some	simple	devices.	This	is	very	different	than	the	color	that	we	see	for	an	object	because	it	is	absorbing	light.	When	an	object	absorbs	light,	we	don't	see	the	absorbed	light	we	see	the	transmitted	light.	The	object	is	absorbing	the	colors	we	do	not	see	and	transmitting	the
colors	that	we	do	see.	When	an	object	emits	light,	the	light	we	see	is	the	color	that	is	emitted.	We	will	discuss	color	in	more	detail	later	in	this	text.	Matter	that	is	opaque	to	a	form	of	radiation	absorbs	that	radiation.	Matter	that	is	transparent	to	a	form	of	radiation	trasmits	that	form	of	radiation.	Matter	that	releases	energy	in	the	form	of	radiation
emits	that	radiation.	opaque	a	material	that	absorbs	a	particular	type	of	radiation	transparent	a	material	that	allows	a	form	of	radiation	to	pass	through	it	transmit	when	radiation	impinges	on	matter	that	is	transparent	to	it	and	the	matter	passes	along	radiation	of	the	same	frequency.	emission	when	matter	releases	energy	in	the	form	of	radiation.
How	is	it	possible	to	figure	out	such	detailed	information	about	materials	on	Earth	and	in	space	based	only	on	color?	Spectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.	Before	getting	into	the	gory	details,	lets	review	some	relevant	basics	about	light	and	matter.	(If	you	know	this	already,	feel
free	to	jump	ahead.)	CalloutSpectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.End	callout	Light	Gamma	rays,	X-rays,	ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make
up	the	electromagnetic	spectrum.	(Thats	right,	the	radio	waves	that	carry	music	from	the	station	to	your	radio,	the	microwaves	that	heat	up	your	food,	and	the	X-rays	dentists	use	to	detect	tooth	decay	are	all	forms	of	light.)	Light	has	a	number	of	fascinating	(and	somewhat	odd)	characteristics	that	are	important	for	spectroscopy.	Gamma	rays,	X-rays,
ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the	electromagnetic	spectrum.	Each	band	of	light	has	a	different	range	of	wavelengths:	Gamma	rays	are	the	shortest	and	radio	waves	are	the	longest.	Get	the	full
electromagnetic	spectrum	infographic.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Waves	Light	behaves	like	a	wave.	You	are	probably	familiar	with	waves:	water	waves	that	ripple	across	a	pond,	sound	waves	that	vibrate	air	and	ear	drums,	and	seismic	(earthquake)	waves	that	cause	the	ground	to	shake.	These	are	all	mechanical	wavesenergy	that
propagates	through	matter,	causing	it	to	move	up	and	down,	back	and	forth,	or	side	to	side.	Light	waves	are	similar,	but	while	mechanical	waves	cause	oscillations	in	matter,	light	waves	consist	of	electric	and	magnetic	fields	oscillating	perpendicular	to	each	other.	Mechanical	waves	need	matter	in	order	to	propagate,	but	light	waves	can	travel
through	completely	empty	space	as	well	as	through	matter.	(If	the	idea	of	oscillating	electric	and	magnetic	fields	does	not	make	much	sense,	dont	worry.	You	dont	really	need	to	know	too	much	about	it.)	A	mechanical	wave	is	a	propagation	of	energy	through	matter.	The	wavelength	is	the	distance	between	two	consecutive	peaks	(the	highest	part	of
the	wave)	or	troughs	(the	lowest	part	of	the	wave).	On	this	graph,	the	x-axis	is	distance	and	the	y-axis	is	the	displacement	of	matter.	Get	the	full	mechanical	wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xy	graph	shows	the	displacement	of	matter	on	the	y-axis	versus	distance	on	the	x-axis.	The	y-axis	is	a	vertical	red	arrow	pointing	upward.
The	x-axis	is	a	horizontal	green	arrow	pointing	to	the	right.	The	wave	is	a	perfect	sine	curve	that	begins	at	the	origin,	the	intersection	of	the	x-	and	y-axes,	where	both	displacement	and	distance	equal	zero.	The	curve	is	exactly	two	wavelengths	long,	with	two	peaks	and	two	troughs.	The	peaks	and	troughs	have	the	same	amplitude.	A	horizontal	line
marking	the	distance	between	two	troughs	is	labeled	wavelength.Light	waves	involve	oscillations	of	electric	and	magnetic	fields	rather	than	oscillations	of	matter.	The	wavelength	is	its	color.	On	this	graph	the	x-axis	is	distance;	the	y-axis	is	the	strengh	of	the	electric	field;	and	the	z-axis	is	the	strength	of	the	magnetic	field.	Get	the	full	electromagnetic
wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xyz	graph	shows	the	relationship	between	the	strength	of	the	electric	field	on	the	y-axis	and	the	strength	of	the	magnetic	field	on	the	z-axis	versus	distance	on	the	x-axis.	As	in	the	graph	of	the	mechanical	wave,	the	y-axis	is	a	vertical	red	arrow	pointing	upward	and	the	x-axis	is	a	horizontal	green
arrow	pointing	to	the	right.	The	z-axis	is	a	blue	arrow	perpendicular	to	the	xy-plane,	pointing	out	of	the	page.	The	graph	consists	of	two	perfect	sine	waves	oriented	perpendicular	to	each	other.	Both	curves	begin	at	the	origin,	the	intersection	of	the	three	axes,	where	strength	of	the	electric	field,	strength	of	the	magnetic	field,	and	distance	all	equal
zero.	The	wave	plotted	on	the	xy-plane	is	shown	in	yellow	and	is	labeled,	electric	field.	The	wave	plotted	on	the	xz-plane	is	shown	in	blue	and	is	labeled,	magnetic	field.	The	curves	intersect	at	the	points	where	they	cross	the	x-axis.	The	waves	are	identical	to	each	other	in	wavelength	and	amplitude.	Like	the	mechanical	wave,	each	is	two	wavelengths
long,	with	two	peaks	and	two	troughs.	The	strength	of	the	electric	and	magnetic	fields	corresponds	to	each	other:	The	peaks	of	the	magnetic	field	occur	at	the	same	points	on	the	x-axis	as	the	peaks	of	the	electric	field.	One	way	to	measure	waves	is	by	their	wavelength.	Wavelength	is	the	distance	between	successive	peaks.	The	wavelength	of	a	light
wave	is	the	distance	between	peaks	in	the	electric	and	magnetic	fields.	While	that	definition	might	make	it	sound	like	wavelength	is	a	property	that	only	a	physicist	could	appreciate,	most	people	are	actually	very	familiar	with	the	concept	of	wavelength:	Human	eyes	recognize	differences	in	wavelength	as	differences	in	color.	On	the	visible	part	of	the
spectrum,	shorter	wavelengths	look	bluer	and	longer	wavelengths	look	redder.	Sunlight	that	passes	through	a	prism	naturally	separates	into	its	component	colors	in	a	very	specific	orderrainbow	orderbased	on	wavelength.	This	rainbow	is	known	as	the	visible	spectrum.	In	addition	to	visible	light,	sunlight	also	contains	significant	amounts	of	infrared
and	ultraviolet	light,	both	of	which	are	invisible	to	human	eyes.	Get	the	full	prism	illustration.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Wavelength	is	also	what	differentiates	the	various	bands	of	light	on	the	electromagnetic	spectrum.	When	people	talk	about	different	types	of	light,	they	are	referring	to	broad	differences	in	wavelength.	Gamma	rays	have
the	shortest	wavelengths	and	radio	waves	have	the	longest.	Visible	light	is	in	the	middle.	You	can	think	of	gamma	rays,	X-rays,	ultraviolet	light,	infrared	light,	microwaves,	and	radio	waves	as	bands	of	invisible	color.	CalloutHuman	eyes	recognize	differences	in	wavelength	as	differences	in	color.End	callout	Particles	Light	also	behaves	like	a	particle.	A
particle	of	light	is	called	a	photon.	Each	individual	photon	has	a	very	specific	amount	of	energy	(no	more,	no	less),	which	corresponds	to	its	wavelength.	Blue	photons	carry	more	energy	than	red	photons.	Ultraviolet	photons	carry	more	energy	than	infrared	photons.	Sometimes	photons	are	described	as	packets	of	energy.	So,	you	can	think	of	light	as
waves	or	you	can	think	of	it	as	streams	of	photons.	Astronomers	use	both	terms,	depending	on	what	they	are	trying	to	study	or	explain.	(If	you	are	confused	as	to	how	light	can	be	both	a	particle	and	a	wave	at	the	same	time,	dont	despair.	You	are	not	alone.)	The	important	thing	to	keep	in	mind	when	it	comes	to	spectroscopy	is	that	wavelength	and
energy	are	effectively	the	same	thing.	Human	eyes	detect	differences	in	wavelength	and	energy	as	differences	in	color.	Different	colors	of	light	have	different	wavelengths	and	energy.	Light	toward	the	red	end	of	the	spectrum	has	longer	wavelengths	and	lower	energy	than	light	toward	the	violet	end	of	the	spectrum.	Infrared	light	has	even	longer
wavelengths	than	red;	while	ultraviolet	has	even	shorter	wavelengths	than	violet.	Wavelength	is	described	in	units	of	length.	Ultraviolet,	visible,	and	infrared	light	are	typically	given	in	microns	(m),	nanometers	(nm),	or	ngstroms	().	(1centimeter	=	10,000	microns,	10	million	nanometers,	or	100	million	ngstroms.)	Energy	is	measured	in	electron	volts
(eV).	Get	the	full	color,	wavelength,	and	energy	comparison	image.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Matter	Matter	is	the	scientific	catch-all	word	for	stuffanything	that	has	mass	and	takes	up	space.	Matter	is	made	of	microscopic	particles	called	atoms.	Atoms	are	made	of	even	smaller,	or	subatomic,	particles	known	as	protons,	neutrons,	and
electrons.	Atoms	can	combine	to	form	molecules.	Solids,	liquids,	and	gases	are	all	forms	of	matter.	Planets,	stars,	nebulae,	and	galaxies	are	all	made	of	matter.	Rocks,	water,	air,	dust	bunnies,	giraffes,	viruses,	spinach,	coffee	cups,	and	cowboy	boots	are	all	made	of	matter.	Matter	is	made	of	atoms,	which	are	made	of	protons,	neutrons,	and	electrons.
Diamond,	for	example,	is	made	of	carbon	atoms	bonded	together	in	a	repeating	pattern.	Most	carbon	atoms	consist	of	6	protons	and	6	neutrons	in	the	nucleus,	and	6	electrons,	each	at	a	specific	energy	level	outside	the	nucleus.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Protons	and	neutrons	make	up	the	nucleus	of	an	atom,	while	electrons	reside	outside
the	nucleus.	Although	its	actually	much	more	complicated	than	this,	you	can	think	of	each	electron	as	occupying	a	particular	energy	level	(sometimes	referred	to	as	an	orbital	or	shell)	around	the	nucleus.	Electrons	are	a	bit	bizarre	in	that	they	can	jump	or	drop	(transition)	from	one	energy	level	to	another,	but	they	cant	exist	between	two	levels.	(Why
this	is	important?	Keep	reading	or	skip	ahead.)	Interactions	between	Light	and	Matter	As	you	may	have	gathered,	light	and	matter	are	intricately	linked.	Matter	gives	off	light.	Every	object	emits,	or	gives	off,	light	of	one	sort	or	another	simply	because	of	its	temperature.	Glowing	objects	like	stars,	galaxies,	light	bulbs,	and	lava	are	all	sources	of	visible
light.	Cooler	objects	like	planets,	dust	grains,	rocks,	trees,	animals,	and	icebergs	dont	glow	in	visible	light,	but	they	do	emit	significant	amounts	of	infrared	light.	Matter	can	also	give	off	very	specific	colors	of	light	depending	on	what	it	is	made	of	and	how	it	is	interacting	with	other	forms	of	matter	and	energy.	Light	and	matter	interact	with	each
other.	Matter	can	absorb	light	(take	it	in);	emit	light	(give	it	off);	transmit	light	(allow	it	to	pass	through);	reflect	light	(cause	it	to	bounce	off);	and	refract	light	(cause	it	to	change	speed	and	direction).	Get	the	full	Behaviors	of	Light	diagram.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Interactions	Between	Light	and	Matter	Graphic	titled	Behaviors	of	Light
with	five	simple	illustrations	showing	how	light	rays	interact	with	matter.	From	left	to	right:	absorption,	emission,	transmission,	reflection,	and	refraction.	In	each	illustration,	light	rays	are	represented	by	solid	red	lines	with	arrows	pointing	in	the	direction	of	travel.	Matter	is	represented	by	a	semi-transparent	purple	box.	Sketch	to	illustrate
absorption	Two	red	arrows	representing	light	rays	approach	the	light	purple	box	at	an	angle	from	the	top	left.	When	they	enter	the	light	purple	box,	the	lines	become	dotted	and	then	disappear	inside	it.	Illustration	is	labeled	Absorption:	Light	can	be	absorbed.	Sketch	to	illustrate	emission	A	red	arrow	representing	a	light	ray	points	straight-up	out	of
the	middle	of	the	light	purple	box.	Illustration	is	labeled	Emission:	Light	can	be	emitted.	Sketch	to	illustrate	transmission	A	red	arrow	representing	a	light	ray	points	straight	down	from	the	top	and	passes	straight	through	the	light	purple	box,	exiting	below	it.	The	arrow	does	not	change	as	it	moves	into,	through,	and	out	of	the	box.	Illustration	is
labeled	Transmission:	Light	can	pass	through.	Sketch	to	illustrate	reflection	A	red	arrow	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	hits	the	top	of	the	light	purple	box,	it	changes	direction	and	moves	up	toward	the	top	right.	The	two	parts	of	the	arrow	form	a	V:	The	angle	between	the	arrow	and	the	surface	of	the	light	purple
box	of	the	reflected	segment	is	the	same	as	for	the	incoming	segment.	Illustration	is	labeled	Reflection:	Light	can	bounce.	Sketch	to	illustrate	refraction	A	red	arrow	representing	a	light	ray	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	enters	the	box,	it	changes	direction,	moving	through	the	box	at	a	steeper	angle.	When	it
exits	the	box,	it	changes	direction	again,	moving	at	the	same	angle	that	it	entered	the	box.	Illustration	is	labeled	Refraction:	Light	can	bend.	Light	interacts	with	matter.	When	light	encounters	matter,	a	lot	of	things	can	happen.	A	few	are	particularly	important	to	keep	in	mind	when	it	comes	to	spectroscopy:	Some	light	is	absorbed	and	transformed
into	other	forms	of	energy.	Asphalt	is	black	because	it	absorbs	all	colors	of	visible	light	very	well.	It	heats	up	quickly	in	direct	sun	because	a	lot	of	that	light	is	transformed	into	thermal	energy	(which	is	then	emitted	back	out	as	invisible	infrared	light).	Plants	absorb	mostly	red	and	blue	wavelengths	of	sunlight	and	turn	them	into	chemical	energy	to
live	and	grow.	Light	that	is	not	absorbed	by	matter	can	be	reflected	off	it.	Snow	is	white	because	it	reflects	all	colors	of	visible	light	extremely	well.	Grass	is	green	because	it	reflects	a	lot	of	green	wavelengths	of	sunlight.	Light	that	is	not	absorbed	or	reflected	by	matter	can	be	transmitted	through	it.	Window	glass	is	transparent,	or	see-through,
because	it	transmits	all	colors	of	visible	light.	Strawberry	jello	is	red	because	it	transmits	red	light	and	absorbs	all	other	colors.	CalloutMaterials	on	Earth	and	in	space	are	continuously	emitting	and	interacting	with	light.	What	makes	one	material	look	different	from	another	is	the	way	that	different	wavelengths	of	light	interact	with	it.End	callout	How
is	it	possible	to	figure	out	such	detailed	information	about	materials	on	Earth	and	in	space	based	only	on	color?	Spectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.	Before	getting	into	the	gory	details,	lets	review	some	relevant	basics	about	light	and	matter.	(If	you	know	this	already,	feel	free	to
jump	ahead.)	CalloutSpectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.End	callout	Light	Gamma	rays,	X-rays,	ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the
electromagnetic	spectrum.	(Thats	right,	the	radio	waves	that	carry	music	from	the	station	to	your	radio,	the	microwaves	that	heat	up	your	food,	and	the	X-rays	dentists	use	to	detect	tooth	decay	are	all	forms	of	light.)	Light	has	a	number	of	fascinating	(and	somewhat	odd)	characteristics	that	are	important	for	spectroscopy.	Gamma	rays,	X-rays,
ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the	electromagnetic	spectrum.	Each	band	of	light	has	a	different	range	of	wavelengths:	Gamma	rays	are	the	shortest	and	radio	waves	are	the	longest.	Get	the	full
electromagnetic	spectrum	infographic.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Waves	Light	behaves	like	a	wave.	You	are	probably	familiar	with	waves:	water	waves	that	ripple	across	a	pond,	sound	waves	that	vibrate	air	and	ear	drums,	and	seismic	(earthquake)	waves	that	cause	the	ground	to	shake.	These	are	all	mechanical	wavesenergy	that
propagates	through	matter,	causing	it	to	move	up	and	down,	back	and	forth,	or	side	to	side.	Light	waves	are	similar,	but	while	mechanical	waves	cause	oscillations	in	matter,	light	waves	consist	of	electric	and	magnetic	fields	oscillating	perpendicular	to	each	other.	Mechanical	waves	need	matter	in	order	to	propagate,	but	light	waves	can	travel
through	completely	empty	space	as	well	as	through	matter.	(If	the	idea	of	oscillating	electric	and	magnetic	fields	does	not	make	much	sense,	dont	worry.	You	dont	really	need	to	know	too	much	about	it.)	A	mechanical	wave	is	a	propagation	of	energy	through	matter.	The	wavelength	is	the	distance	between	two	consecutive	peaks	(the	highest	part	of
the	wave)	or	troughs	(the	lowest	part	of	the	wave).	On	this	graph,	the	x-axis	is	distance	and	the	y-axis	is	the	displacement	of	matter.	Get	the	full	mechanical	wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xy	graph	shows	the	displacement	of	matter	on	the	y-axis	versus	distance	on	the	x-axis.	The	y-axis	is	a	vertical	red	arrow	pointing	upward.
The	x-axis	is	a	horizontal	green	arrow	pointing	to	the	right.	The	wave	is	a	perfect	sine	curve	that	begins	at	the	origin,	the	intersection	of	the	x-	and	y-axes,	where	both	displacement	and	distance	equal	zero.	The	curve	is	exactly	two	wavelengths	long,	with	two	peaks	and	two	troughs.	The	peaks	and	troughs	have	the	same	amplitude.	A	horizontal	line
marking	the	distance	between	two	troughs	is	labeled	wavelength.Light	waves	involve	oscillations	of	electric	and	magnetic	fields	rather	than	oscillations	of	matter.	The	wavelength	is	its	color.	On	this	graph	the	x-axis	is	distance;	the	y-axis	is	the	strengh	of	the	electric	field;	and	the	z-axis	is	the	strength	of	the	magnetic	field.	Get	the	full	electromagnetic
wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xyz	graph	shows	the	relationship	between	the	strength	of	the	electric	field	on	the	y-axis	and	the	strength	of	the	magnetic	field	on	the	z-axis	versus	distance	on	the	x-axis.	As	in	the	graph	of	the	mechanical	wave,	the	y-axis	is	a	vertical	red	arrow	pointing	upward	and	the	x-axis	is	a	horizontal	green
arrow	pointing	to	the	right.	The	z-axis	is	a	blue	arrow	perpendicular	to	the	xy-plane,	pointing	out	of	the	page.	The	graph	consists	of	two	perfect	sine	waves	oriented	perpendicular	to	each	other.	Both	curves	begin	at	the	origin,	the	intersection	of	the	three	axes,	where	strength	of	the	electric	field,	strength	of	the	magnetic	field,	and	distance	all	equal
zero.	The	wave	plotted	on	the	xy-plane	is	shown	in	yellow	and	is	labeled,	electric	field.	The	wave	plotted	on	the	xz-plane	is	shown	in	blue	and	is	labeled,	magnetic	field.	The	curves	intersect	at	the	points	where	they	cross	the	x-axis.	The	waves	are	identical	to	each	other	in	wavelength	and	amplitude.	Like	the	mechanical	wave,	each	is	two	wavelengths
long,	with	two	peaks	and	two	troughs.	The	strength	of	the	electric	and	magnetic	fields	corresponds	to	each	other:	The	peaks	of	the	magnetic	field	occur	at	the	same	points	on	the	x-axis	as	the	peaks	of	the	electric	field.	One	way	to	measure	waves	is	by	their	wavelength.	Wavelength	is	the	distance	between	successive	peaks.	The	wavelength	of	a	light
wave	is	the	distance	between	peaks	in	the	electric	and	magnetic	fields.	While	that	definition	might	make	it	sound	like	wavelength	is	a	property	that	only	a	physicist	could	appreciate,	most	people	are	actually	very	familiar	with	the	concept	of	wavelength:	Human	eyes	recognize	differences	in	wavelength	as	differences	in	color.	On	the	visible	part	of	the
spectrum,	shorter	wavelengths	look	bluer	and	longer	wavelengths	look	redder.	Sunlight	that	passes	through	a	prism	naturally	separates	into	its	component	colors	in	a	very	specific	orderrainbow	orderbased	on	wavelength.	This	rainbow	is	known	as	the	visible	spectrum.	In	addition	to	visible	light,	sunlight	also	contains	significant	amounts	of	infrared
and	ultraviolet	light,	both	of	which	are	invisible	to	human	eyes.	Get	the	full	prism	illustration.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Wavelength	is	also	what	differentiates	the	various	bands	of	light	on	the	electromagnetic	spectrum.	When	people	talk	about	different	types	of	light,	they	are	referring	to	broad	differences	in	wavelength.	Gamma	rays	have
the	shortest	wavelengths	and	radio	waves	have	the	longest.	Visible	light	is	in	the	middle.	You	can	think	of	gamma	rays,	X-rays,	ultraviolet	light,	infrared	light,	microwaves,	and	radio	waves	as	bands	of	invisible	color.	CalloutHuman	eyes	recognize	differences	in	wavelength	as	differences	in	color.End	callout	Particles	Light	also	behaves	like	a	particle.	A
particle	of	light	is	called	a	photon.	Each	individual	photon	has	a	very	specific	amount	of	energy	(no	more,	no	less),	which	corresponds	to	its	wavelength.	Blue	photons	carry	more	energy	than	red	photons.	Ultraviolet	photons	carry	more	energy	than	infrared	photons.	Sometimes	photons	are	described	as	packets	of	energy.	So,	you	can	think	of	light	as
waves	or	you	can	think	of	it	as	streams	of	photons.	Astronomers	use	both	terms,	depending	on	what	they	are	trying	to	study	or	explain.	(If	you	are	confused	as	to	how	light	can	be	both	a	particle	and	a	wave	at	the	same	time,	dont	despair.	You	are	not	alone.)	The	important	thing	to	keep	in	mind	when	it	comes	to	spectroscopy	is	that	wavelength	and
energy	are	effectively	the	same	thing.	Human	eyes	detect	differences	in	wavelength	and	energy	as	differences	in	color.	Different	colors	of	light	have	different	wavelengths	and	energy.	Light	toward	the	red	end	of	the	spectrum	has	longer	wavelengths	and	lower	energy	than	light	toward	the	violet	end	of	the	spectrum.	Infrared	light	has	even	longer
wavelengths	than	red;	while	ultraviolet	has	even	shorter	wavelengths	than	violet.	Wavelength	is	described	in	units	of	length.	Ultraviolet,	visible,	and	infrared	light	are	typically	given	in	microns	(m),	nanometers	(nm),	or	ngstroms	().	(1centimeter	=	10,000	microns,	10	million	nanometers,	or	100	million	ngstroms.)	Energy	is	measured	in	electron	volts
(eV).	Get	the	full	color,	wavelength,	and	energy	comparison	image.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Matter	Matter	is	the	scientific	catch-all	word	for	stuffanything	that	has	mass	and	takes	up	space.	Matter	is	made	of	microscopic	particles	called	atoms.	Atoms	are	made	of	even	smaller,	or	subatomic,	particles	known	as	protons,	neutrons,	and
electrons.	Atoms	can	combine	to	form	molecules.	Solids,	liquids,	and	gases	are	all	forms	of	matter.	Planets,	stars,	nebulae,	and	galaxies	are	all	made	of	matter.	Rocks,	water,	air,	dust	bunnies,	giraffes,	viruses,	spinach,	coffee	cups,	and	cowboy	boots	are	all	made	of	matter.	Matter	is	made	of	atoms,	which	are	made	of	protons,	neutrons,	and	electrons.
Diamond,	for	example,	is	made	of	carbon	atoms	bonded	together	in	a	repeating	pattern.	Most	carbon	atoms	consist	of	6	protons	and	6	neutrons	in	the	nucleus,	and	6	electrons,	each	at	a	specific	energy	level	outside	the	nucleus.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Protons	and	neutrons	make	up	the	nucleus	of	an	atom,	while	electrons	reside	outside
the	nucleus.	Although	its	actually	much	more	complicated	than	this,	you	can	think	of	each	electron	as	occupying	a	particular	energy	level	(sometimes	referred	to	as	an	orbital	or	shell)	around	the	nucleus.	Electrons	are	a	bit	bizarre	in	that	they	can	jump	or	drop	(transition)	from	one	energy	level	to	another,	but	they	cant	exist	between	two	levels.	(Why
this	is	important?	Keep	reading	or	skip	ahead.)	Interactions	between	Light	and	Matter	As	you	may	have	gathered,	light	and	matter	are	intricately	linked.	Matter	gives	off	light.	Every	object	emits,	or	gives	off,	light	of	one	sort	or	another	simply	because	of	its	temperature.	Glowing	objects	like	stars,	galaxies,	light	bulbs,	and	lava	are	all	sources	of	visible
light.	Cooler	objects	like	planets,	dust	grains,	rocks,	trees,	animals,	and	icebergs	dont	glow	in	visible	light,	but	they	do	emit	significant	amounts	of	infrared	light.	Matter	can	also	give	off	very	specific	colors	of	light	depending	on	what	it	is	made	of	and	how	it	is	interacting	with	other	forms	of	matter	and	energy.	Light	and	matter	interact	with	each
other.	Matter	can	absorb	light	(take	it	in);	emit	light	(give	it	off);	transmit	light	(allow	it	to	pass	through);	reflect	light	(cause	it	to	bounce	off);	and	refract	light	(cause	it	to	change	speed	and	direction).	Get	the	full	Behaviors	of	Light	diagram.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Interactions	Between	Light	and	Matter	Graphic	titled	Behaviors	of	Light
with	five	simple	illustrations	showing	how	light	rays	interact	with	matter.	From	left	to	right:	absorption,	emission,	transmission,	reflection,	and	refraction.	In	each	illustration,	light	rays	are	represented	by	solid	red	lines	with	arrows	pointing	in	the	direction	of	travel.	Matter	is	represented	by	a	semi-transparent	purple	box.	Sketch	to	illustrate
absorption	Two	red	arrows	representing	light	rays	approach	the	light	purple	box	at	an	angle	from	the	top	left.	When	they	enter	the	light	purple	box,	the	lines	become	dotted	and	then	disappear	inside	it.	Illustration	is	labeled	Absorption:	Light	can	be	absorbed.	Sketch	to	illustrate	emission	A	red	arrow	representing	a	light	ray	points	straight-up	out	of
the	middle	of	the	light	purple	box.	Illustration	is	labeled	Emission:	Light	can	be	emitted.	Sketch	to	illustrate	transmission	A	red	arrow	representing	a	light	ray	points	straight	down	from	the	top	and	passes	straight	through	the	light	purple	box,	exiting	below	it.	The	arrow	does	not	change	as	it	moves	into,	through,	and	out	of	the	box.	Illustration	is
labeled	Transmission:	Light	can	pass	through.	Sketch	to	illustrate	reflection	A	red	arrow	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	hits	the	top	of	the	light	purple	box,	it	changes	direction	and	moves	up	toward	the	top	right.	The	two	parts	of	the	arrow	form	a	V:	The	angle	between	the	arrow	and	the	surface	of	the	light	purple
box	of	the	reflected	segment	is	the	same	as	for	the	incoming	segment.	Illustration	is	labeled	Reflection:	Light	can	bounce.	Sketch	to	illustrate	refraction	A	red	arrow	representing	a	light	ray	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	enters	the	box,	it	changes	direction,	moving	through	the	box	at	a	steeper	angle.	When	it
exits	the	box,	it	changes	direction	again,	moving	at	the	same	angle	that	it	entered	the	box.	Illustration	is	labeled	Refraction:	Light	can	bend.	Light	interacts	with	matter.	When	light	encounters	matter,	a	lot	of	things	can	happen.	A	few	are	particularly	important	to	keep	in	mind	when	it	comes	to	spectroscopy:	Some	light	is	absorbed	and	transformed
into	other	forms	of	energy.	Asphalt	is	black	because	it	absorbs	all	colors	of	visible	light	very	well.	It	heats	up	quickly	in	direct	sun	because	a	lot	of	that	light	is	transformed	into	thermal	energy	(which	is	then	emitted	back	out	as	invisible	infrared	light).	Plants	absorb	mostly	red	and	blue	wavelengths	of	sunlight	and	turn	them	into	chemical	energy	to
live	and	grow.	Light	that	is	not	absorbed	by	matter	can	be	reflected	off	it.	Snow	is	white	because	it	reflects	all	colors	of	visible	light	extremely	well.	Grass	is	green	because	it	reflects	a	lot	of	green	wavelengths	of	sunlight.	Light	that	is	not	absorbed	or	reflected	by	matter	can	be	transmitted	through	it.	Window	glass	is	transparent,	or	see-through,
because	it	transmits	all	colors	of	visible	light.	Strawberry	jello	is	red	because	it	transmits	red	light	and	absorbs	all	other	colors.	CalloutMaterials	on	Earth	and	in	space	are	continuously	emitting	and	interacting	with	light.	What	makes	one	material	look	different	from	another	is	the	way	that	different	wavelengths	of	light	interact	with	it.End	callout	How
is	it	possible	to	figure	out	such	detailed	information	about	materials	on	Earth	and	in	space	based	only	on	color?	Spectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.	Before	getting	into	the	gory	details,	lets	review	some	relevant	basics	about	light	and	matter.	(If	you	know	this	already,	feel	free	to
jump	ahead.)	CalloutSpectroscopy	works	because	light	and	matter	interact	with	each	other	in	very	specific	and	predictable	ways.End	callout	Light	Gamma	rays,	X-rays,	ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the
electromagnetic	spectrum.	(Thats	right,	the	radio	waves	that	carry	music	from	the	station	to	your	radio,	the	microwaves	that	heat	up	your	food,	and	the	X-rays	dentists	use	to	detect	tooth	decay	are	all	forms	of	light.)	Light	has	a	number	of	fascinating	(and	somewhat	odd)	characteristics	that	are	important	for	spectroscopy.	Gamma	rays,	X-rays,
ultraviolet	light,	visible	light	(the	visible	rainbow),	infrared	light,	microwaves,	and	radio	waves	are	all	forms	of	light,	also	called	electromagnetic	radiation.	Together,	they	make	up	the	electromagnetic	spectrum.	Each	band	of	light	has	a	different	range	of	wavelengths:	Gamma	rays	are	the	shortest	and	radio	waves	are	the	longest.	Get	the	full
electromagnetic	spectrum	infographic.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Waves	Light	behaves	like	a	wave.	You	are	probably	familiar	with	waves:	water	waves	that	ripple	across	a	pond,	sound	waves	that	vibrate	air	and	ear	drums,	and	seismic	(earthquake)	waves	that	cause	the	ground	to	shake.	These	are	all	mechanical	wavesenergy	that
propagates	through	matter,	causing	it	to	move	up	and	down,	back	and	forth,	or	side	to	side.	Light	waves	are	similar,	but	while	mechanical	waves	cause	oscillations	in	matter,	light	waves	consist	of	electric	and	magnetic	fields	oscillating	perpendicular	to	each	other.	Mechanical	waves	need	matter	in	order	to	propagate,	but	light	waves	can	travel
through	completely	empty	space	as	well	as	through	matter.	(If	the	idea	of	oscillating	electric	and	magnetic	fields	does	not	make	much	sense,	dont	worry.	You	dont	really	need	to	know	too	much	about	it.)	A	mechanical	wave	is	a	propagation	of	energy	through	matter.	The	wavelength	is	the	distance	between	two	consecutive	peaks	(the	highest	part	of
the	wave)	or	troughs	(the	lowest	part	of	the	wave).	On	this	graph,	the	x-axis	is	distance	and	the	y-axis	is	the	displacement	of	matter.	Get	the	full	mechanical	wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xy	graph	shows	the	displacement	of	matter	on	the	y-axis	versus	distance	on	the	x-axis.	The	y-axis	is	a	vertical	red	arrow	pointing	upward.
The	x-axis	is	a	horizontal	green	arrow	pointing	to	the	right.	The	wave	is	a	perfect	sine	curve	that	begins	at	the	origin,	the	intersection	of	the	x-	and	y-axes,	where	both	displacement	and	distance	equal	zero.	The	curve	is	exactly	two	wavelengths	long,	with	two	peaks	and	two	troughs.	The	peaks	and	troughs	have	the	same	amplitude.	A	horizontal	line
marking	the	distance	between	two	troughs	is	labeled	wavelength.Light	waves	involve	oscillations	of	electric	and	magnetic	fields	rather	than	oscillations	of	matter.	The	wavelength	is	its	color.	On	this	graph	the	x-axis	is	distance;	the	y-axis	is	the	strengh	of	the	electric	field;	and	the	z-axis	is	the	strength	of	the	magnetic	field.	Get	the	full	electromagnetic
wave	diagram.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).An	xyz	graph	shows	the	relationship	between	the	strength	of	the	electric	field	on	the	y-axis	and	the	strength	of	the	magnetic	field	on	the	z-axis	versus	distance	on	the	x-axis.	As	in	the	graph	of	the	mechanical	wave,	the	y-axis	is	a	vertical	red	arrow	pointing	upward	and	the	x-axis	is	a	horizontal	green
arrow	pointing	to	the	right.	The	z-axis	is	a	blue	arrow	perpendicular	to	the	xy-plane,	pointing	out	of	the	page.	The	graph	consists	of	two	perfect	sine	waves	oriented	perpendicular	to	each	other.	Both	curves	begin	at	the	origin,	the	intersection	of	the	three	axes,	where	strength	of	the	electric	field,	strength	of	the	magnetic	field,	and	distance	all	equal
zero.	The	wave	plotted	on	the	xy-plane	is	shown	in	yellow	and	is	labeled,	electric	field.	The	wave	plotted	on	the	xz-plane	is	shown	in	blue	and	is	labeled,	magnetic	field.	The	curves	intersect	at	the	points	where	they	cross	the	x-axis.	The	waves	are	identical	to	each	other	in	wavelength	and	amplitude.	Like	the	mechanical	wave,	each	is	two	wavelengths
long,	with	two	peaks	and	two	troughs.	The	strength	of	the	electric	and	magnetic	fields	corresponds	to	each	other:	The	peaks	of	the	magnetic	field	occur	at	the	same	points	on	the	x-axis	as	the	peaks	of	the	electric	field.	One	way	to	measure	waves	is	by	their	wavelength.	Wavelength	is	the	distance	between	successive	peaks.	The	wavelength	of	a	light
wave	is	the	distance	between	peaks	in	the	electric	and	magnetic	fields.	While	that	definition	might	make	it	sound	like	wavelength	is	a	property	that	only	a	physicist	could	appreciate,	most	people	are	actually	very	familiar	with	the	concept	of	wavelength:	Human	eyes	recognize	differences	in	wavelength	as	differences	in	color.	On	the	visible	part	of	the
spectrum,	shorter	wavelengths	look	bluer	and	longer	wavelengths	look	redder.	Sunlight	that	passes	through	a	prism	naturally	separates	into	its	component	colors	in	a	very	specific	orderrainbow	orderbased	on	wavelength.	This	rainbow	is	known	as	the	visible	spectrum.	In	addition	to	visible	light,	sunlight	also	contains	significant	amounts	of	infrared
and	ultraviolet	light,	both	of	which	are	invisible	to	human	eyes.	Get	the	full	prism	illustration.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Wavelength	is	also	what	differentiates	the	various	bands	of	light	on	the	electromagnetic	spectrum.	When	people	talk	about	different	types	of	light,	they	are	referring	to	broad	differences	in	wavelength.	Gamma	rays	have
the	shortest	wavelengths	and	radio	waves	have	the	longest.	Visible	light	is	in	the	middle.	You	can	think	of	gamma	rays,	X-rays,	ultraviolet	light,	infrared	light,	microwaves,	and	radio	waves	as	bands	of	invisible	color.	CalloutHuman	eyes	recognize	differences	in	wavelength	as	differences	in	color.End	callout	Particles	Light	also	behaves	like	a	particle.	A
particle	of	light	is	called	a	photon.	Each	individual	photon	has	a	very	specific	amount	of	energy	(no	more,	no	less),	which	corresponds	to	its	wavelength.	Blue	photons	carry	more	energy	than	red	photons.	Ultraviolet	photons	carry	more	energy	than	infrared	photons.	Sometimes	photons	are	described	as	packets	of	energy.	So,	you	can	think	of	light	as
waves	or	you	can	think	of	it	as	streams	of	photons.	Astronomers	use	both	terms,	depending	on	what	they	are	trying	to	study	or	explain.	(If	you	are	confused	as	to	how	light	can	be	both	a	particle	and	a	wave	at	the	same	time,	dont	despair.	You	are	not	alone.)	The	important	thing	to	keep	in	mind	when	it	comes	to	spectroscopy	is	that	wavelength	and
energy	are	effectively	the	same	thing.	Human	eyes	detect	differences	in	wavelength	and	energy	as	differences	in	color.	Different	colors	of	light	have	different	wavelengths	and	energy.	Light	toward	the	red	end	of	the	spectrum	has	longer	wavelengths	and	lower	energy	than	light	toward	the	violet	end	of	the	spectrum.	Infrared	light	has	even	longer
wavelengths	than	red;	while	ultraviolet	has	even	shorter	wavelengths	than	violet.	Wavelength	is	described	in	units	of	length.	Ultraviolet,	visible,	and	infrared	light	are	typically	given	in	microns	(m),	nanometers	(nm),	or	ngstroms	().	(1centimeter	=	10,000	microns,	10	million	nanometers,	or	100	million	ngstroms.)	Energy	is	measured	in	electron	volts
(eV).	Get	the	full	color,	wavelength,	and	energy	comparison	image.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Matter	Matter	is	the	scientific	catch-all	word	for	stuffanything	that	has	mass	and	takes	up	space.	Matter	is	made	of	microscopic	particles	called	atoms.	Atoms	are	made	of	even	smaller,	or	subatomic,	particles	known	as	protons,	neutrons,	and
electrons.	Atoms	can	combine	to	form	molecules.	Solids,	liquids,	and	gases	are	all	forms	of	matter.	Planets,	stars,	nebulae,	and	galaxies	are	all	made	of	matter.	Rocks,	water,	air,	dust	bunnies,	giraffes,	viruses,	spinach,	coffee	cups,	and	cowboy	boots	are	all	made	of	matter.	Matter	is	made	of	atoms,	which	are	made	of	protons,	neutrons,	and	electrons.
Diamond,	for	example,	is	made	of	carbon	atoms	bonded	together	in	a	repeating	pattern.	Most	carbon	atoms	consist	of	6	protons	and	6	neutrons	in	the	nucleus,	and	6	electrons,	each	at	a	specific	energy	level	outside	the	nucleus.	Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Protons	and	neutrons	make	up	the	nucleus	of	an	atom,	while	electrons	reside	outside
the	nucleus.	Although	its	actually	much	more	complicated	than	this,	you	can	think	of	each	electron	as	occupying	a	particular	energy	level	(sometimes	referred	to	as	an	orbital	or	shell)	around	the	nucleus.	Electrons	are	a	bit	bizarre	in	that	they	can	jump	or	drop	(transition)	from	one	energy	level	to	another,	but	they	cant	exist	between	two	levels.	(Why
this	is	important?	Keep	reading	or	skip	ahead.)	Interactions	between	Light	and	Matter	As	you	may	have	gathered,	light	and	matter	are	intricately	linked.	Matter	gives	off	light.	Every	object	emits,	or	gives	off,	light	of	one	sort	or	another	simply	because	of	its	temperature.	Glowing	objects	like	stars,	galaxies,	light	bulbs,	and	lava	are	all	sources	of	visible
light.	Cooler	objects	like	planets,	dust	grains,	rocks,	trees,	animals,	and	icebergs	dont	glow	in	visible	light,	but	they	do	emit	significant	amounts	of	infrared	light.	Matter	can	also	give	off	very	specific	colors	of	light	depending	on	what	it	is	made	of	and	how	it	is	interacting	with	other	forms	of	matter	and	energy.	Light	and	matter	interact	with	each
other.	Matter	can	absorb	light	(take	it	in);	emit	light	(give	it	off);	transmit	light	(allow	it	to	pass	through);	reflect	light	(cause	it	to	bounce	off);	and	refract	light	(cause	it	to	change	speed	and	direction).	Get	the	full	Behaviors	of	Light	diagram.Credit:	NASA,	ESA,	L.	Hustak	(STScI).	Interactions	Between	Light	and	Matter	Graphic	titled	Behaviors	of	Light
with	five	simple	illustrations	showing	how	light	rays	interact	with	matter.	From	left	to	right:	absorption,	emission,	transmission,	reflection,	and	refraction.	In	each	illustration,	light	rays	are	represented	by	solid	red	lines	with	arrows	pointing	in	the	direction	of	travel.	Matter	is	represented	by	a	semi-transparent	purple	box.	Sketch	to	illustrate
absorption	Two	red	arrows	representing	light	rays	approach	the	light	purple	box	at	an	angle	from	the	top	left.	When	they	enter	the	light	purple	box,	the	lines	become	dotted	and	then	disappear	inside	it.	Illustration	is	labeled	Absorption:	Light	can	be	absorbed.	Sketch	to	illustrate	emission	A	red	arrow	representing	a	light	ray	points	straight-up	out	of
the	middle	of	the	light	purple	box.	Illustration	is	labeled	Emission:	Light	can	be	emitted.	Sketch	to	illustrate	transmission	A	red	arrow	representing	a	light	ray	points	straight	down	from	the	top	and	passes	straight	through	the	light	purple	box,	exiting	below	it.	The	arrow	does	not	change	as	it	moves	into,	through,	and	out	of	the	box.	Illustration	is
labeled	Transmission:	Light	can	pass	through.	Sketch	to	illustrate	reflection	A	red	arrow	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	hits	the	top	of	the	light	purple	box,	it	changes	direction	and	moves	up	toward	the	top	right.	The	two	parts	of	the	arrow	form	a	V:	The	angle	between	the	arrow	and	the	surface	of	the	light	purple
box	of	the	reflected	segment	is	the	same	as	for	the	incoming	segment.	Illustration	is	labeled	Reflection:	Light	can	bounce.	Sketch	to	illustrate	refraction	A	red	arrow	representing	a	light	ray	approaches	the	light	purple	box	at	an	angle	from	the	top	left.	When	it	enters	the	box,	it	changes	direction,	moving	through	the	box	at	a	steeper	angle.	When	it
exits	the	box,	it	changes	direction	again,	moving	at	the	same	angle	that	it	entered	the	box.	Illustration	is	labeled	Refraction:	Light	can	bend.	Light	interacts	with	matter.	When	light	encounters	matter,	a	lot	of	things	can	happen.	A	few	are	particularly	important	to	keep	in	mind	when	it	comes	to	spectroscopy:	Some	light	is	absorbed	and	transformed
into	other	forms	of	energy.	Asphalt	is	black	because	it	absorbs	all	colors	of	visible	light	very	well.	It	heats	up	quickly	in	direct	sun	because	a	lot	of	that	light	is	transformed	into	thermal	energy	(which	is	then	emitted	back	out	as	invisible	infrared	light).	Plants	absorb	mostly	red	and	blue	wavelengths	of	sunlight	and	turn	them	into	chemical	energy	to



live	and	grow.	Light	that	is	not	absorbed	by	matter	can	be	reflected	off	it.	Snow	is	white	because	it	reflects	all	colors	of	visible	light	extremely	well.	Grass	is	green	because	it	reflects	a	lot	of	green	wavelengths	of	sunlight.	Light	that	is	not	absorbed	or	reflected	by	matter	can	be	transmitted	through	it.	Window	glass	is	transparent,	or	see-through,
because	it	transmits	all	colors	of	visible	light.	Strawberry	jello	is	red	because	it	transmits	red	light	and	absorbs	all	other	colors.	CalloutMaterials	on	Earth	and	in	space	are	continuously	emitting	and	interacting	with	light.	What	makes	one	material	look	different	from	another	is	the	way	that	different	wavelengths	of	light	interact	with	it.End	callout	
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