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It	was	in	1887	when	Heinrich	Hertz	was	conducting	experiments	to	prove	Maxwell’s	electromagnetic	theory	of	light,	that	he	noticed	a	phenomenon	which	is	strange.	Hertz	generally	used	a	gap	of	spark	-	two	sharp	electrodes	that	are	placed	at	a	distance	which	is	small	so	that	spark	of	electricity	can	be	generated	that	is	to	detect	the	presence	of	waves	which	are	electromagnetic.	To	get	an	even	closer	look	he	placed	it	in	a	box	that	was	dark	and	found	that	the	length	of	the	spark	was	reduced.	When	he	used	a	box	of	glass	then	the	spark	length	increased	and
when	he	replaced	it	with	a	box	of	quartz	the	length	of	the	spark	increased	further.	This	was	the	observation	which	was	the	first	of	the	effects	of	photoelectric.A	year	later	we	can	say	that	Wilhelm	Hallwachs	generally	confirmed	these	results	and	showed	that	light	which	was	the	UV	light	on	a	Zinc	plate	that	is	connected	to	a	battery	generated	a	current	that	is	because	of	electron	emission.		J.J.	Thompson	in	1898	found	that	the	amount	of	current	varies	with	the	frequency	and	intensity	of	the	radiation	that	is	used.Later	in	1908,	Lenard	Observed	that	the	kinetic
energy	of	electrons	which	are	emitted	increased	with	the	frequency	of	radiation	that	is	used.	This	could	not	be	explained	as	the	theory	of	Maxwell’s	electromagnetic	which	Hertz	proved	correct,	predicted	that	the	energy	which	is	kinetic	should	be	only	dependent	on	light	intensity	and	not	on	the	frequency.The	resolution	which	we	have	discussed	would	only	come	a	few	years	later	that	too	from	famous	scientist		Einstein	when	he	would	provide	an	explanation	to	the	Photoelectric	Effect.Hertz	Lenard	Observations(Image	will	be	uploaded	soon)To	test	the
hypothesis	of	Maxwell's	Hertz	that	is	used,	an	oscillator	which	is	made	of	polished	brass	knobs	that	each	one	is	connected	to	an	induction	coil	and	separated	by	a	tiny	gap	that	is	over	which	sparks	could	leap.	To	confirm	this	whole	thing	that	we	have	discussed,	Hertz	made	a	simple	receiver	of	looped	wire.	Its	ends	are	separated	by	a	tiny	gap	as	we	will	notice	this.	The	receiver	present	was	placed	several	yards	from	the	oscillator.	Hertz	reasoned	that	if	Maxwell's	had	the	predictions	which	were	said	to	be	correct,	electromagnetic	waves	would	be	transmitted
during	each	series	of	sparks	that	would	induce	a	current	which	is	in	the	loop	that	would	send	the	sparks	that	too	across	the	gap.	This	generally	occurred	when	Hertz	turned	on	the	oscillator	and	produced	the	first	reception	and	the	transmission	of	electromagnetic	waves.	Hertz	also	noted	that	a	conductor	which	is	electrical	reflects	the	waves	and	that	they	can	be	focused	that	too	by	a	reflector	that	is	concave.	He	found	that	the	nonconductors	generally	allow	most	of	the	waves	to	pass	through.	The	phenomenon	of	photoelectric	emission	was	discovered	in	the
year	1887	by	Heinrich	Hertz	during	the	electromagnetic	wave	experiments.	He	generally	observed	that	when	the	light	falls	on	a	surface	of	a	metal,	some	of	the	electrons	that	are	near	the	surface	absorb	energy	which	is	enough	from	the	incident	radiation	to	overcome	the	attraction	which	is	of	the	positive	ions	which	are	in	the	material	of	the	surface.Hertz	and	Lenard's	Observations	of	the	Photoelectric	EffectThis	observation	that	we	have	seen	that	is	related	to	the	effect	which	is	photoelectric	and	how	this	effect	is	proven	by	two	scientists	is	one	of	the
experiments	that	was	conducted	in	1887	by	Heinrich	Hertz	to	prove	the	theory	of	electromagnetic	light	when	he	observed	strange	phenomena	as	he	placed	two	electrodes	at	a	very	small	distance.	So	we	can	say	here	that	an	electric	spark	can	be	generated	and	he	used	a	spark	gap	to	apply	this	experiment	so	that	he	can	easily	observe	the	presence	of	waves	which	are	electromagnetic.	The	same	which	we	can	say	is	the	case	with	Lenard	as	he	observed	the	kinetic	energy	of	electrons	which	are	emitted	and	then	increased	with	the	radiation	that	is	used.	Both	of
their	experiments	show	the	different	types	of	samples	or	we	can	say	that	the	experiment	to	prove	the	same	thing	but	they	all	were	given	green	signals	and	only	when	this	was	confirmed	and	proven	by	Einstein.(Image	will	be	uploaded	soon)Every	metal	that	we	have	learnt	consists	of	certain	minimum	frequency	which	is	of	incident	radiation	below	which	no	photoelectrons	are	emitted	or	are	not	able	to	emit	this	type	of	frequency	is	known	as	the	threshold	frequency	The	increasing	frequency	of	the	beam	which	is	incident	keep	the	number	of	photons	that	are	fixed
and	this	would	keep	the	proportionate	increase	in	energy	and	also	this	increases	the	kinetic	energy	to	its	maximum	and	leads	to	stopping	the	voltage	which	is	increased.	It	is	also	generally	mentioned	that	if	the	intensity	which	is	of	the	radiation	that	is	incident	is	said	to	be	increased	when	there	will	be	no	effect	on	the	kinetic	energy	of	photoelectrons	as	kinetic	energy	depends	upon	the	frequency	that	is	of	light	and	thus,	the	level	of	energy	provided	by	each	photon.	On	the	other	hand,	we	can	say	that	stopping	the	voltage	does	not	depend	on	the	intensity	of	the
light	but	we	can	say	that	it	is	generally	provided	with	the	light	frequency	that	is	to	be	fixed	at	a	point.(Image	will	be	uploaded	soon)In	a	subject	like	physics,	kinetic	energy	is	the	energy	that	is	possessed	by	an	object	which	is	moving	or	by	its	motion.	In	other	words,	we	can	say	that	it	can	be	defined	as	work	which	is	required	by	a	body	which	is	to	accelerate	from	its	actual	position	to	the	position	it	wants	to	reach	and	the	body	which	keeps	this	kinetic	energy	until	and	unless	it	changes	its	speed.	Same	goes	with	the	case	of	accelerating	the	body	which	is	from
moving	at	a	speed	that	is	to	divert	itself	towards	the	rating	part.	It	is	said	that	the	energy	that	generally	occurs	in	many	forms	which	include	energy	which	is	chemical	or	we	can	also	say	the	thermal	energy	and	the	electromagnetic	energy	that	includes	nuclear	energy	and	rest	energy	and	many	more	can	be	added	to	this	category.	Thus,	kinetic	energy	can	be	seen	in	a	moving	object	and	also	in	the	resting	one.	PHOTO	ELECTRIC	EFFECT	Hertz,	Hallwachs	and	Lenard’s	observation	Hertz	observation	Maxwell’s	theory	of	electromagnetism	predicted	the	existence
of	electromagnetic	waves	and	concluded	that	light	itself	is	just	an	electromagnetic	wave.	Then	the	experimentalists	tried	to	generate	and	detect	electromagnetic	waves	through	various	experiments.	In	1887,	Heinrich	Hertz	first	became	successful	in	generating	and	detecting	electromagnetic	wave	with	his	high	voltage	induction	coil	to	cause	a	spark	discharge	between	two	metallic	spheres	(we	have	learnt	this	in	Unit	5	of	XII	standard	physics).	When	a	spark	is	formed,	the	charges	will	oscillate	back	and	forth	rapidly	and	the	electromagnetic	waves	are	produced.
The	electromagnetic	waves	thus	produced	were	detected	by	a	detector	that	has	a	copper	wire	bent	in	the	shape	of	a	circle.	Although	the	detection	of	waves	is	successful,	there	is	a	problem	in	observing	the	tiny	spark	produced	in	the	detector.	In	order	to	improve	the	visibility	of	the	spark,	Hertz	made	many	attempts	and	finally	noticed	an	important	thing	that	small	detector	spark	became	more	vigorous	when	it	was	exposed	to	ultraviolet	light.	The	reason	for	this	behaviour	of	the	spark	was	not	known	at	that	time.	Later	it	was	found	that	it	is	due	to	the
photoelectric	emission.	Whenever	ultraviolet	light	is	incident	on	the	metallic	sphere,	the	electrons	on	the	outer	surface	are	emitted	which	caused	the	spark	to	be	more	vigorous.	It	is	interesting	to	note	that	the	experiment	of	Hertz	confirmed	that	light	is	an	electromagnetic	wave.	But	the	same	experiment	also	produced	the	first	evidence	for	particle	nature	of	light.	Hallwachs’	observation	In	1888,	Wilhelm	Hallwachs,	a	German	physicist,	confirmed	that	the	strange	behaviour	of	the	spark	is	due	to	the	action	of	ultraviolet	light	with	his	simple	experiment.	A	clean
circular	plate	of	zinc	is	mounted	on	an	insulating	stand	and	is	attached	to	a	gold	leaf	electroscope	by	a	wire.	When	the	uncharged	zinc	plate	is	irradiated	by	ultraviolet	light	from	an	arc	lamp,	it	becomes	positively	charged	and	the	leaves	will	open	as	shown	in	Figure	7.6(a).	Further,	if	the	negatively	charged	zinc	plate	is	exposed	to	ultraviolet	light,	the	leaves	will	close	as	the	charges	leaked	away	quickly	(Figure	7.6(b)).	If	the	plate	is	positively	charged,	it	becomes	more	positive	upon	UV	rays	irradiation	and	the	leaves	will	open	further	(Figure	7.6(c)).	From	these
observations,	it	was	concluded	that	negatively	charged	electrons	were	emitted	from	the	zinc	plate	under	the	action	of	ultraviolet	light.	Lenard’s	observation	In	1902,	Lenard	studied	this	electron	emission	phenomenon	in	detail.	His	simple	experimental	setup	is	as	shown	in	Figure	7.7.	The	apparatus	consists	of	two	metallic	plates	A	and	C	placed	in	an	evacuated	quartz	bulb.	The	galvanometer	G	and	battery	B	are	connected	in	the	circuit.	When	ultraviolet	light	is	incident	on	the	negative	plate	C,	an	electric	current	flows	in	the	circuit	that	is	indicated	by	the
deflection	in	the	galvanometer.	On	other	hand,	if	the	positive	plate	is	irradiated	by	the	ultraviolet	light,	no	current	is	observed	in	the	circuit.	From	these	observations,	it	is	concluded	that	when	ultraviolet	light	falls	on	the	negative	plate,	electrons	are	ejected	from	it	which	are	attracted	by	the	positive	plate	A.	On	reaching	the	positive	plate	through	the	evacuated	bulb,	the	circuit	is	completed	and	the	current	flows	in	it.	Thus,	the	ultraviolet	light	falling	on	the	negative	plate	causes	the	electron	emission	from	the	surface	of	the	plate.	Photoelectric	effect	The
ejection	of	electrons	from	a	metal	plate	when	illuminated	by	light	or	any	other	electromagnetic	radiation	of	suitable	wavelength	(or	frequency)	is	called	photoelectric	effect.	Although	these	electrons	are	not	different	from	all	other	electrons,	it	is	customary	to	call	them	as	photoelectrons	and	the	corresponding	current	as	photoelectric	current	or	photo	current.	Metals	like	cadmium,	zinc,	magnesium	etc	show	photoelectric	emission	for	ultraviolet	light	while	some	alkali	metals	lithium,	sodium,	caesium	respond	well	even	to	larger	wavelength	radiation	like	visible
light.	The	materials	which	eject	photoelectrons	upon	irradiation	of	electromagnetic	wave	of	suitable	wavelength	are	called	photosensitive	materials.	Download	the	Testbook	APP	&	Get	Pass	Pro	Max	FREE	for	7	Days10,000+	Study	NotesRealtime	Doubt	Support71000+	Mock	TestsRankers	Test	Series+	more	benefitsDownload	App	Now	The	phenomenon	of	photoelectric	emission	was	discovered	in	1887	by	Heinrich	Hertz,	during	his	electromagnetic	wave	experiments.	In	his	experimental	investigation	on	the	production	of	electromagnetic	waves	by	means	of
spark	discharge,	Hertz	observed	that	high	voltage	sparks	across	the	detector	loop	were	enhanced	when	the	emitter	plate	was	illuminated	by	ultraviolet	light	from	an	arc	lamp.	Light	shining	on	the	metal	surface	somehow	facilitated	the	escape	of	free,	charged	particles	which	we	now	know	as	electrons.	When	light	falls	on	a	metal	surface,	some	electrons	near	the	surface	absorb	enough	energy	from	the	incident	radiation	to	overcome	the	attraction	of	the	positive	ions	in	the	material	of	the	surface.	After	gaining	sufficient	energy	from	the	incident	light,	the
electrons	escape	from	the	surface	of	the	metal	into	the	surrounding	space	and	metal	gets	more	+ve	charge.	HALLWACHS’	AND	LENARD’S	OBSERVATION	Wilhelm	Hallwachs	and	Philipp	Lenard	investigated	the	phenomenon	of	photoelectric	emission	in	detail	during	1886-1902.	Lenard	observed	that	when	ultraviolet	radiations	were	allowed	to	fall	on	the	emitter	plate	of	an	evacuated	glass	tube	enclosing	two	electrodes	(metal	plates),	current	flows	in	the	circuit.	As	soon	as	the	ultraviolet	radiations	were	stopped,	the	current	flow	also	stopped.	These
observations	indicate	that	when	ultraviolet	radiations	fall	on	the	emitter	plate(cathode),	electrons	are	ejected	from	it	which	are	attracted	towards	the	positive	plate(anode).	The	electrons	flow	through	the	evacuated	glass	tube,	resulting	in	the	current	flow.	Thus,	light	falling	on	the	surface	of	the	emitter	causes	the	current	in	the	external	circuit.	Hallwach	in	1888,	undertook	the	study	further	and	connected	a	negatively	charged	zinc	plate	to	an	electroscope.	An	electroscope	is	an	early	scientific	instrument	used	to	detect	the	presence	of	electric	charge	on	a	body.
It	detects	charge	by	the	movement	of	a	test	object	due	to	the	Coulomb	electrostatic	force	on	it.	He	observes	that	the	zinc	plate	lost	its	charge	when	it	was	illuminated	by	UV	light.	Further,	the	uncharged	zinc	plate	became	-ve	ly	charged	when	it	was	irradiated	by	UV	light.	+ve	charge	on	a	+vely	charged	zinc	plate	was	found	to	be	further	enhanced	when	it	was	illuminated	by	UV	light.	From	these	all	observations,	he	concluded	that	-ve	ly	charged	particles	were	emitted	from	the	zinc	plate	under	the	action	of	UV	light.	After	the	discovery	of	the	electron	in	1897,	it
became	evident	that	the	incident	light	causes	electrons	to	be	emitted	from	the	emitter	plate.	Hallwahs	and	Lenard	also	observed	that	when	UV	light	fell	on	the	emitter	plat,	no	electrons	were	emitted	at	all.	When	the	frequency	of	the	incident	light	was	smaller	than	a	certain	minimum	value,	called	the	“threshold	frequency”.	This	minimum	frequency	depends	on	the	nature	of	the	material	of	the	emitter	plate.	It	was	found	that	certain	metals	like	zink,	cadmium,	magnesium	etc	responded	only	to	UV	light.	However,	some	alkali	metals	such	as	lithium,	sodium,
potassium,	caesium	and	rubidium	are	sensitive	even	to	visible	light.	The	electrons	emitted	are	known	as	photoelectrons	and	this	phenomenon	is	called	the	photoelectric	effect.	IMPORTANT	LINKS	OF	DUAL	NATURE	OF	RADIATION	AND	MATTER	Introduction	Electron	Emission	Photoelectric	Effect	Experimental	Study	of	Photoelectric	Effect	Photoelectric	Effect	and	Wave	Theory	of	Light	Einstein’s	Photoelectric	Equation:	Energy	Quantum	of	Radiation	Particle	Nature	of	Light:	The	Photon	Wave	Nature	of	Matter	Davisson	and	Germer	Experiment	The
photoelectric	effect	is	the	phenomenon	in	which	the	particles,	which	are	electrically	charged,	are	released	from	a	material’s	surface	when	they	absorb	electromagnetic	radiation.	The	photoelectric	effect	is	generally	described	using	the	example	of	a	metal	plate	on	which	light	falls.	However,	the	energy	source	can	be	of	different	types	such	as	infrared,	visible,	UV	light,	X-rays,	etc.	Moreover,	the	material	needn’t	specifically	be	solid.	It	can	be	a	liquid	or	a	gas	as	well.	The	photoelectric	effect	plays	a	significant	role	in	the	formulation	of	modern	physics	due	to	the
convoluted	questions	it	raises	related	to	the	nature	of	light.	This	article	will	explain	Hertz’s	observation	of	the	photoelectric	effect.	Moreover,	it	will	also	explain	Lenard’s	observation	of	the	photoelectric	effect.	Furthermore,	it	will	also	explain	the	applications	of	the	photoelectric	effect.Hertz’s	observation	of	the	photoelectric	effectHeinrich	Rudolf	Hertz,	a	German	physicist,	discovered	the	photoelectric	effect	in	1887.	According	to	Hertz’s	observation	of	the	photoelectric	effect,	when	a	UV	light	falls	on	two	metal	electrodes	with	a	voltage	applied	across	them,	the
light	develops	a	change	in	voltage	at	the	point	where	the	sparking	occurs.	Later,	this	hypothesis	put	forward	by	Hertz	was	cleared	by	another	German	physicist	Philipp	Eduard	Anton	von	Lenard.	Following	his	observation,	Lenard	said	that	when	the	light	fell	on	the	metal	surface,	it	liberated	the	charged	particles	from	the	surface.	These	particles	are	similar	to	the	electrons	discovered	by	JJ	Thompson	in	1897.Later,	further	research	was	carried	out	on	Hertz’s	observation	of	the	photoelectric	effect.	It	was	found	that	classical	physics	cannot	answer	the
interactions	between	light	and	matter.	Moreover,	further	research	described	light	as	an	electromagnetic	wave.	Moreover,	another	observation	was	made	that	when	light	struck	the	surface	of	the	metal,	no	time	lag	was	present	between	the	arrival	of	light	and	the	removal	of	electrons	from	the	surface.This	observation	helped	Albert	Einstein	in	1905	to	create	a	new	theory	of	light.	He	said	that	the	particle	of	light	called	the	photon	consists	of	a	fixed	amount	of	energy	that	depends	on	the	light’s	frequency.	Specifically,	according	to	Einstein,	the	light	contains	the
energy	(E)	equal	to	the	product	of	h	and	f,	where	h	stands	for	the	universal	constant.	In	contrast,	f	is	the	frequency	of	the	light.Max	Planck	made	another	discovery	based	on	the	photoelectric	effect	and	found	the	electromagnetic	radiation	produced	by	a	hot	body.	According	to	Planck,	E=	hc/λ,	where	c	is	the	speed	of	light	and	λ	is	the	wavelength.	Thus,	Hertz’s	observation	of	the	photoelectric	effect	was	the	beginning	of	the	later	discoveries.Lenard’s	observation	of	the	photoelectric	effectIn	1902,	Lenard	built	upon	Hertz’s	observation	of	the	photoelectric
effect.	According	to	Lenard’s	observation	of	the	photoelectric	effect,	the	amount	of	energy	released	by	the	electrons	increases	with	the	frequency	of	the	radiation	employed.	However,	the	hypothesis	put	forward	by	Lenard	wasn’t	appropriately	explained	because	according	to	Maxwell’s	electromagnetic	theory	(that	Hertz	proved	was	right),	the	kinetic	energy	is	only	dependent	upon	the	intensity	of	light	and	not	the	frequency.	This	theory	was	later	resolved	by	Einstein	when	he	explained	the	photoelectric	effect	of	light.Applications	of	the	photoelectric	effectThe
applications	of	the	photoelectric	effect	have	several	properties,	including	the	development	of	current	that	is	directly	proportional	to	the	intensity	of	light.	One	example	of	the	photoelectric	effect	is	the	photoelectric	cell.	Initially,	the	photoelectric	cell	was	a	phototube,	a	vacuum	tube	containing	a	cathode	made	of	metal,	containing	a	small	workpiece	that	emitted	electrons.	The	electrons	emitted	by	the	cathode	will	be	collected	by	an	anode	with	a	large	positive	voltage.	However,	the	phototubes	are	now	replaced	by	semiconductor-based	photodiodes,	which	detect
light,	measure	the	intensity,	control	other	devices	for	illumination	and	convert	light	into	electricity.	These	devices	work	at	lower	voltages	and	are	highly	used	in	industrial	process	control,	monitoring	of	pollution,	solar	cells,	imaging,	and	fibre	optics.Photoconductive	cells	are	manufactured	with	semiconductors	containing	band	gaps	which	can	be	used	for	sensing	the	photon	energies.	Some	examples	of	where	photoconductive	cells	are	used	are	photographic	exposure	metres,	automatic	switches	for	street	lights,	IR	detectors	typically	used	in	night	vision
applications,	etc.The	photoelectric	effect	also	has	its	application	in	photovoltaic	devices.	The	photovoltaic	devices	consist	of	a	p-n	junction	semiconductor.	These	photovoltaic	devices	are	used	as	solar	cells	made	of	crystalline	silicon.	They	convert	15%	of	the	incident	light	energy	into	electricity.	Solar	cells	provide	small	power	in	special	environments	like	space	satellites	and	remote	telephones.	ConclusionHertz	and	Lenard’s	observations	of	the	photoelectric	effect	have	witnessed	several	applications	for	humanity	in	the	later	centuries.	Without	Hertz’s
observation	of	the	photoelectric	effect,	humanity	wouldn’t	have	thought	about	generating	electrical	power	using	sunlight	as	the	source.	Thus,	solar	cells,	solar	panels,	solar	water	heaters,	etc,	wouldn’t	have	come	into	existence.	Hence,	to	understand	the	working	of	these	devices,	a	person	must	study	Hertz’s	observation	of	the	photoelectric	effect	as	well	as	Lenard’s	observation,	and	the	later	developments	that	led	to	more	discoveries.	previous		home		next		Ukranian			Russian	Michael	Fowler,	UVa.Hertz	Finds	Maxwell's	Waves:	and	Something	Else	The	most
dramatic	prediction	of	Maxwell's	theory	of	electromagnetism,	published	in	1865,	was	the	existence	of	electromagnetic	waves	moving	at	the	speed	of	light,	and	the	conclusion	that	light	itself	was	just	such	a	wave.	This	challenged	experimentalists	to	generate	and	detect	electromagnetic	radiation	using	some	form	of	electrical	apparatus.	The	first	clearly	successful	attempt	was	by	Heinrich	Hertz	in	1886.	He	used	a	high	voltage	induction	coil	to	cause	a	spark	discharge	between	two	pieces	of	brass,	to	quote	him,	"Imagine	a	cylindrical	brass	body,	3	cm	in	diameter
and	26	cm	long,	interrupted	midway	along	its	length	by	a	spark	gap	whose	poles	on	either	side	are	formed	by	spheres	of	2	cm	radius."	The	idea	was	that	once	a	spark	formed	a	conducting	path	between	the	two	brass	conductors,	charge	would	rapidly	oscillate	back	and	forth,	emitting	electromagnetic	radiation	of	a	wavelength	similar	to	the	size	of	the	conductors	themselves.	To	prove	there	really	was	radiation	emitted,	it	had	to	be	detected.	Hertz	used	a	piece	of	copper	wire	1	mm	thick	bent	into	a	circle	of	diameter	7.5	cm,	with	a	small	brass	sphere	on	one	end,
and	the	other	end	of	the	wire	was	pointed,	with	the	point	near	the	sphere.	He	added	a	screw	mechanism	so	that	the	point	could	be	moved	very	close	to	the	sphere	in	a	controlled	fashion.	This	"receiver"	was	designed	so	that	current	oscillating	back	and	forth	in	the	wire	would	have	a	natural	period	close	to	that	of	the	"transmitter"	described	above.	The	presence	of	oscillating	charge	in	the	receiver	would	be	signaled	by	a	spark	across	the	(tiny)	gap	between	the	point	and	the	sphere	(typically,	this	gap	was	hundredths	of	a	millimeter).	(It	was	suggested	to	Hertz
that	this	spark	gap	could	be	replaced	as	a	detector	by	a	suitably	prepared	frog's	leg,	but	that	apparently	didn't	work.)	The	experiment	was	very	successful	—	Hertz	was	able	to	detect	the	radiation	up	to	fifty	feet	away,	and	in	a	series	of	ingenious	experiments	established	that	the	radiation	was	reflected	and	refracted	as	expected,	and	that	it	was	polarized.	The	main	problem	—	the	limiting	factor	in	detection	—	was	being	able	to	see	the	tiny	spark	in	the	receiver.	In	trying	to	improve	the	spark's	visibility,	he	came	upon	something	very	mysterious.	To	quote	from
Hertz	again	(he	called	the	transmitter	spark	A,	the	receiver	B):	"I	occasionally	enclosed	the	spark	B	in	a	dark	case	so	as	to	more	easily	make	the	observations;	and	in	so	doing	I	observed	that	the	maximum	spark-length	became	decidedly	smaller	in	the	case	than	it	was	before.	On	removing	in	succession	the	various	parts	of	the	case,	it	was	seen	that	the	only	portion	of	it	which	exercised	this	prejudicial	effect	was	that	which	screened	the	spark	B	from	the	spark	A.	The	partition	on	that	side	exhibited	this	effect,	not	only	when	it	was	in	the	immediate	neighborhood
of	the	spark	B,	but	also	when	it	was	interposed	at	greater	distances	from	B	between	A	and	B.	A	phenomenon	so	remarkable	called	for	closer	investigation."	Hertz	then	embarked	on	a	very	thorough	investigation.	He	found	that	the	small	receiver	spark	was	more	vigorous	if	it	was	exposed	to	ultraviolet	light	from	the	transmitter	spark.	It	took	a	long	time	to	figure	this	out	-	he	first	checked	for	some	kind	of	electromagnetic	effect,	but	found	a	sheet	of	glass	effectively	shielded	the	spark.	He	then	found	a	slab	of	quartz	did	not	shield	the	spark,	whereupon	he	used	a
quartz	prism	to	break	up	the	light	from	the	big	spark	into	its	components,	and	discovered	that	the	wavelength	which	made	the	little	spark	more	powerful	was	beyond	the	visible,	in	the	ultraviolet.	In	1887,	Hertz	concluded	what	must	have	been	months	of	investigation:	"…	I	confine	myself	at	present	to	communicating	the	results	obtained,	without	attempting	any	theory	respecting	the	manner	in	which	the	observed	phenomena	are	brought	about."	Hallwachs'	Simpler	Approach	The	next	year,	1888,	another	German	physicist,	Wilhelm	Hallwachs,	in	Dresden,
wrote:	"In	a	recent	publication	Hertz	has	described	investigations	on	the	dependence	of	the	maximum	length	of	an	induction	spark	on	the	radiation	received	by	it	from	another	induction	spark.	He	proved	that	the	phenomenon	observed	is	an	action	of	the	ultraviolet	light.	No	further	light	on	the	nature	of	the	phenomenon	could	be	obtained,	because	of	the	complicated	conditions	of	the	research	in	which	it	appeared.	I	have	endeavored	to	obtain	related	phenomena	which	would	occur	under	simpler	conditions,	in	order	to	make	the	explanation	of	the	phenomena
easier.	Success	was	obtained	by	investigating	the	action	of	the	electric	light	on	electrically	charged	bodies."	He	then	describes	his	very	simple	experiment:	a	clean	circular	plate	of	zinc	was	mounted	on	an	insulating	stand	and	attached	by	a	wire	to	a	gold	leaf	electroscope,	which	was	then	charged	negatively.	The	electroscope	lost	its	charge	very	slowly.	However,	if	the	zinc	plate	was	exposed	to	ultraviolet	light	from	an	arc	lamp,	or	from	burning	magnesium,	charge	leaked	away	quickly.	If	the	plate	was	positively	charged,	there	was	no	fast	charge	leakage.	(We
showed	this	as	a	lecture	demo,	using	a	UV	lamp	as	source.)	Questions	for	the	reader:	Could	it	be	that	the	ultraviolet	light	somehow	spoiled	the	insulating	properties	of	the	stand	the	zinc	plate	was	on?	Could	it	be	that	electric	or	magnetic	effects	from	the	large	current	in	the	arc	lamp	somehow	caused	the	charge	leakage?	Although	Hallwach's	experiment	certainly	clarified	the	situation,	he	did	not	offer	any	theory	of	what	was	going	on.	J.J.	Thomson	Identifies	the	Particles	In	fact,	the	situation	remained	unclear	until	1899,	when	Thomson	established	that	the
ultraviolet	light	caused	electrons	to	be	emitted,	the	same	particles	found	in	cathode	rays.	His	method	was	to	enclose	the	metallic	surface	to	be	exposed	to	radiation	in	a	vacuum	tube,	in	other	words	to	make	it	the	cathode	in	a	cathode	ray	tube.	The	new	feature	was	that	electrons	were	to	be	ejected	from	the	cathode	by	the	radiation,	rather	than	by	the	strong	electric	field	used	previously.	By	this	time,	there	was	a	plausible	picture	of	what	was	going	on.	Atoms	in	the	cathode	contained	electrons,	which	were	shaken	and	caused	to	vibrate	by	the	oscillating	electric
field	of	the	incident	radiation.	Eventually	some	of	them	would	be	shaken	loose,	and	would	be	ejected	from	the	cathode.	It	is	worthwhile	considering	carefully	how	the	number	and	speed	of	electrons	emitted	would	be	expected	to	vary	with	the	intensity	and	color	of	the	incident	radiation.	Increasing	the	intensity	of	radiation	would	shake	the	electrons	more	violently,	so	one	would	expect	more	to	be	emitted,	and	they	would	shoot	out	at	greater	speed,	on	average.	Increasing	the	frequency	of	the	radiation	would	shake	the	electrons	faster,	so	might	cause	the
electrons	to	come	out	faster.	For	very	dim	light,	it	would	take	some	time	for	an	electron	to	work	up	to	a	sufficient	amplitude	of	vibration	to	shake	loose.	Lenard	Finds	Some	Surprises	In	1902,	Lenard	studied	how	the	energy	of	the	emitted	photoelectrons	varied	with	the	intensity	of	the	light.	He	used	a	carbon	arc	light,	and	could	increase	the	intensity	a	thousand-fold.	The	ejected	electrons	hit	another	metal	plate,	the	collector,	which	was	connected	to	the	cathode	by	a	wire	with	a	sensitive	ammeter,	to	measure	the	current	produced	by	the	illumination.	To
measure	the	energy	of	the	ejected	electrons,	Lenard	charged	the	collector	plate	negatively,	to	repel	the	electrons	coming	towards	it.	Thus,	only	electrons	ejected	with	enough	kinetic	energy	to	get	up	this	potential	hill	would	contribute	to	the	current.	Lenard	discovered	that	there	was	a	well	defined	minimum	voltage	that	stopped	any	electrons	getting	through,	we'll	call	it	V	stop	.		To	his	surprise,	he	found	that	V	stop		did	not	depend	at	all	on	the	intensity	of	the	light!		Doubling	the	light	intensity	doubled	the	number	of	electrons	emitted,	but	did	not	affect	the
energies	of	the	emitted	electrons.	The	more	powerful	oscillating	field	ejected	more	electrons,	but	the	maximum	individual	energy	of	the	ejected	electrons	was	the	same	as	for	the	weaker	field.	But	Lenard	did	something	else.	With	his	very	powerful	arc	lamp,	there	was	sufficient	intensity	to	separate	out	the	colors	and	check	the	photoelectric	effect	using	light	of	different	colors.	He	found	that	the	maximum	energy	of	the	ejected	electrons	did	depend	on	the	color	—	the	shorter	wavelength,	higher	frequency	light	caused	electrons	to	be	ejected	with	more	energy.
This	was,	however,	a	fairly	qualitative	conclusion	—	the	energy	measurements	were	not	very	reproducible,	because	they	were	extremely	sensitive	to	the	condition	of	the	surface,	in	particular	its	state	of	partial	oxidation.	In	the	best	vacua	available	at	that	time,	significant	oxidation	of	a	fresh	surface	took	place	in	tens	of	minutes.	(The	details	of	the	surface	are	crucial	because	the	fastest	electrons	emitted	are	those	from	right	at	the	surface,	and	their	binding	to	the	solid	depends	strongly	on	the	nature	of	the	surface	—	is	it	pure	metal	or	a	mixture	of	metal	and
oxygen	atoms?)	Question:	In	the	above	figure,	the	battery	represents	the	potential	Lenard	used	to	charge	the	collector	plate	negatively,	which	would	actually	be	a	variable	voltage	source.	Since	the	electrons	ejected	by	the	blue	light	are	getting	to	the	collector	plate,	evidently	the	potential	supplied	by	the	battery	is	less	than	V	stop		for	blue	light.	Show	with	an	arrow	on	the	wire	the	direction	of	the	electric	current	in	the	wire.	Einstein	Suggests	an	Explanation	In	1905	Einstein	gave	a	very	simple	interpretation	of	Lenard's	results.		He	just	assumed	that	the
incoming	radiation	should	be	thought	of	as	quanta	of	frequency		hf,	with	f	the	frequency.	In	photoemission,	one	such	quantum	is	absorbed	by	one	electron.	The	most	energetic	electrons	emitted	are	found	to	have	energy	E	depending	on	the	light	frequency	as	E=hf−W,			where		W	is	a	material-dependent	constant.	It’s	worth	thinking	carefully	about		W.	The	standard	explanation	in	many	textbooks	(and	earlier	versions	of	this	lecture!)	was	that		W	is	the	minimum	work	needed	to	tear	the	electron	out	of	the	emitter	in	the	first	place:	the	work	function	(hence		W	)	of
the	emitter.		But	this	is	wrong!		The	voltage		V	provided	by	the	battery,	or,	more	realistically,	by	some	variable	voltage	source,	is	the	voltage	difference	between	inside	the	metal	of	the	emitter	and	inside	the	metal	of	the	collector.		The	photon	must	provide	sufficient	energy	to	the	electron	to	get	it	from	inside	the	metal	of	the	emitter	to	a	point	just	outside	the	surface	of	the	collector.	But	such	a	point	is	at	a	voltage	the	collector	work	function		W	coll	higher	than	that	inside	the	metal	of	the	collector!	Therefore,	the	photon	must	deliver	energy	hf=V+	W	coll	,		
where,	remember,		V	is	the	voltage	provided	by	the	battery	(or	other	source	of	emf).	On	cranking	up	the	negative	voltage	until	the	current	just	stops,	that	is,	to		V	stop	,	the	photon	frequency	is	given	by	e	V	stop	=hf−	W	coll	.			Thus	Einstein's	theory	makes	a	very	definite	quantitative	prediction:	if	the	frequency	of	the	incident	light	is	varied,	and		V	stop	plotted	as	a	function	of	frequency,	the	slope	of	the	line	should	be		h/e.	It	is	also	clear	that	there	is	a	minimum	light	frequency	for	a	given	metal,	that	for	which	the	quantum	of	energy	is	equal	to	the	work	function.
Light	below	that	frequency,	no	matter	how	bright,	will	not	cause	photoemission.	Millikan's	Attempts	to	Disprove	Einstein's	Theory	If	we	accept	Einstein's	theory,	then,	this	is	a	completely	different	way	to	measure	Planck's	constant.	The	American	experimental	physicist	Robert	Millikan,	who	did	not	accept	Einstein's	theory,	which	he	saw	as	an	attack	on	the	wave	theory	of	light,	worked	for	ten	years,	until	1916,	on	the	photoelectric	effect.	He	even	devised	techniques	for	scraping	clean	the	metal	surfaces	inside	the	vacuum	tube.	For	all	his	efforts	he	found
disappointing	results:	he	confirmed	Einstein's	theory,	measuring	Planck's	constant	to	within	0.5%	by	this	method.	One	consolation	was	that	he	did	get	a	Nobel	prize	for	this	series	of	experiments.	References	'Subtle	is	the	Lord...'	The	Science	and	Life	of	Albert	Einstein,	Abraham	Pais,	Oxford	1982.	Inward	Bound,	Abraham	Pais,	Oxford,	1986	The	Project	Physics	Course,	Text,	Holt,	Rinehart,	Winston,	1970	Life	of	Lenard	Life	of	Millikan	previous		home		next		Ukranian	Digital	Distance	Learning	Invictus	School	Integrated	Program	Find	a	Center
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ganganagar,srinagar,surat,thrissur,tinsukia,tiruchirapalli,tirupati,trivandrum,udaipur,udhampur,ujjain,vadodara,vapi,varanasi,vellore,vijayawada,visakhapatnam,warangal,yamuna-nagar	Briefly	discuss	the	observations	of	Hertz,	Hallwachs	and	Lenard.Hertz	observation:	In	1887,	Heinrich	Hertz	first	became	successful	in	generating	and	detecting	electromagnetic	waves	with	his	high	voltage	induction	coil	to	cause	a	spark	discharge	between	two	metallic	spheres.	When	a	spark	is	formed,	the	charges	will	oscillate	back	and	forth	rapidly	and	electromagnetic
waves	are	produced.	The	electromagnetic	waves	thus	produced	were	detected	by	a	detector	that	has	a	copper	wire	bent	in	the	shape	of	a	circle.	Although	the	detection	of	waves	is	successful,	there	is	a	problem	in	observing	the	tiny	spark	produced	in	the	detector.	In	order	to	improve	the	visibility	of	the	spark,	Hertz	made	many	attempts	and	finally	noticed	an	important	thing	that	small	detector	spark	became	more	vigorous	when	it	was	exposed	to	ultraviolet	light.	The	reason	for	this	behaviour	of	the	spark	was	not	known	at	that	time.	Later	it	was	found	that	it	is
due	to	the	photoelectric	emission.	Whenever	ultraviolet	light	is	incident	on	the	metallic	sphere,	the	electrons	on	the	outer	surface	are	emitted	which	caused	the	spark	to	be	more	vigorous.	Hallwachs’	observation:	Irradiation	of	ultraviolet	light	on	uncharged	zinc	plate	negatively	charged	plate	positively	charged	plate	In	1888,	Wilhelm	Hallwachs,	a	German	physicist,	confirmed	that	the	strange	behaviour	of	the	spark	is	due	to	the	action	of	ultraviolet	light	with	his	simple	experiment.	A	clean	circular	plate	of	zinc	is	mounted	on	an	insulating	stand	and	is	attached
to	a	gold	leaf	electroscope	by	a	wire.	When	the	uncharged	zinc	plate	is	irradiated	by	ultraviolet	light	from	an	arc	lamp,	it	becomes	positively	charged	and	the	leaves	will	open.	Further,	if	the	negatively	charged	zinc	plate	is	exposed	to	ultraviolet	light,	the	leaves	will	close	as	the	charges	leaked	away	quickly.	If	the	plate	is	positively	charged,	it	becomes	more	positive	upon	UV	rays	irradiation	and	the	leaves	will	open	further.	From	these	observations,	it	was	concluded	that	negatively	charged	electrons	were	emitted	from	the	zinc	plate	under	the	action	of	ultraviolet
light.	Lenard’s	observation:						Experimental	setup	of	Lenard	In	1902,	Lenard	studied	this	electron	emission	phenomenon	in	detail.	The	apparatus	consists	of	two	metallic	plates	A	and	C	placed	in	an	evacuated	quartz	bulb.	The	galvanometer	G	and	battery	B	are	connected	in	the	circuit.	When	ultraviolet	light	is	incident	on	the	negative	plate	C,	an	electric	current	flows	in	the	circuit	that	is	indicated	by	the	deflection	in	the	galvanometer.	On	other	hand,	if	the	positive	plate	is	irradiated	by	ultraviolet	light,	no	current	is	observed	in	the	circuit.	From	these
observations,	it	is	concluded	that	when	ultraviolet	light	falls	on	the	negative	plate,	electrons	are	ejected	from	it	which	are	attracted	by	the	positive	plate	A.	On	reaching	the	positive	plate	through	the	evacuated	bulb,	the	circuit	is	completed	and	the	current	flows	in	it.	Thus,	the	ultraviolet	light	falling	on	the	negative	plate	causes	electron	emission	from	the	surface	of	the	plate.	shaalaa.com		Is	there	an	error	in	this	question	or	solution?	It	was	in	1887	when	Heinrich	Hertz	was	conducting	experiments	to	prove	Maxwell’s	electromagnetic	theory	of	light	that	he
noticed	a	strange	phenomenon.	Hertz	used	a	spark	gap	(two	sharp	electrodes	placed	at	a	small	distance	so	that	electric	sparks	can	be	generated)	to	detect	the	presence	of	electromagnetic	waves.	He	placed	it	in	a	dark	box	to	get	a	closer	look	and	found	that	the	spark	length	was	reduced.	When	he	used	a	glass	box,	the	spark	length	increased,	and	when	he	replaced	it	with	a	quartz	box,	the	spark	length	increased	further.	This	was	the	first	observation	of	the	photoelectric	effect.	A	year	later,	Wilhelm	Hallwachs	confirmed	these	results	and	showed	that	UV	light	on
a	Zinc	plate	connected	to	a	battery	generated	a	current	(because	of	electron	emission).	In	1898,	J.J.	Thompson	found	that	the	current	amount	varied	with	the	radiation	intensity	and	frequency.	In	1902,	Lenard	observed	that	the	kinetic	energy	of	electrons	emitted	increased	with	the	frequency	of	radiation	used.	This	could	not	be	explained	as	Maxwell’s	electromagnetic	theory	(which	Hertz	proved	correct)	predicted	that	the	kinetic	energy	should	depend	only	on	light	intensity	(not	frequency).	The	resolution	would	only	come	a	few	years	later	by	Einstein	when	he
would	provide	an	explanation	of	the	photoelectric	effect.	J.J.	Thompson’s	set-up	(later	improved	by	Lenard)	to	study	this	effect	is	of	great	importance.	It	consists	of	two	zinc	plate	electrodes	placed	on	the	opposite	ends	of	an	evacuated	(a	vacuum	is	maintained)	glass	tube.	A	small	quartz	window	illuminates	one	of	the	electrodes	that	is	made	the	cathode.	Quartz	is	used	because	ordinary	glass	blocks	Ultra-Violet	light.	A	battery	and	a	potentiometer	exert	a	variable	voltage	across	the	two	electrodes.	The	current	in	the	circuit	can	be	recorded	using	an	ammeter	as
the	potential	and	light	intensity	change.	The	set-up	is	shown	below:	The	photoelectric	current	(same	as	the	rate	of	emission	of	electrons)	is	directly	proportional	to	the	intensity	of	light	falling	on	the	electrode.	Note	from	the	figure	below	that	with	increasing	intensity,	the	current	increases.	Also,	observe	that	as	the	voltage	has	decreased,	the	current	also	decreases.	But	to	obtain	zero	current,	the	voltage	has	to	be	reversed	to	a	certain	V​0	known	as	the	stopping	potential.	The	voltage	must	be	reversed	so	that	the	electrons	cannot	reach	the	anode.	This	is	the
maximum	kinetic	energy	an	emitted	electron	can	achieve,	Maximum	Kinetic	energy,	(e	is	the	charge	of	the	electron)	Note	that	the	stopping	potential	is	independent	of	the	intensity	of	light.	TThe	maximum	kinetic	energy	increases	with	an	increase	in	the	frequency	of	light.	With	a	higher	frequency	of	light	(ν),	the	stopping	potential	becomes	more	negative,	which	implies	that	the	kinetic	energy	of	electrons	also	increases.	All	frequencies	of	light,	however,	cannot	cause	a	photoelectric	current	to	develop.	Only	light	above	a	certain	frequency	(ν0)	can	produce	a
photoelectric	current.	This	frequency	is	known	as	the	threshold	frequency.	This	varies	with	the	electrode	material.	Also,	the	maximum	kinetic	energy	of	the	electrons	increases	linearly	with	increasing	light	frequency.	If	we	extend	the	graph	below	the	x-axis,	the	intercept	on	the	Kinetic	energy	axis	represents	the	minimum	energy	required	for	the	emission	of	the	electron;	this	is	known	as	the	material’s	work	function.	Lastly,	the	electron	emission	occurs	instantly	without	any	time	lag.	Watch	the	video	to	learn	about	Hertz	and	Lenards	Observation	of	the
Photoelectric	Effect	In	1887,	Heinrich	Hertz	made	the	observation	that	when	light	strikes	a	metal	surface,	certain	electrons	close	to	the	surface	can	absorb	enough	energy	from	the	incoming	radiation	to	overcome	the	attraction	of	the	positive	ions	in	the	surface	material.“Threshold	frequency”	is	defined	as	the	minimum	frequency	at	which	photoelectric	emission	is	not	possible.The	threshold	frequency	depends	on	the	metal	or	material	of	the	cathode.	German	physicist	Heinrich	Rudolf	Hertz	made	the	discovery	of	the	photoelectric	effect	in	1887.	(i)	The
maximum	kinetic	energy	of	emitted	photoelectrons	is	independent	of	light	intensity.	(ii)	For	each	photoelectron,	there	must	be	a	threshold	frequency	of	incident	light	below	which	no	emission	takes	place.	To	know	how	Albert	Einstein	explained	these	phenomena	in	his	Nobel	Prize-winning	work,	check	out	our	article	by	visiting	our	site	BYJU’S.	Put	your	understanding	of	this	concept	to	test	by	answering	a	few	MCQs.	Click	‘Start	Quiz’	to	begin!	Select	the	correct	answer	and	click	on	the	“Finish”	buttonCheck	your	score	and	answers	at	the	end	of	the	quiz	Visit
BYJU’S	for	all	Physics	related	queries	and	study	materials	0	out	of	0	arewrong	0	out	of	0	are	correct	0	out	of	0	are	Unattempted	View	Quiz	Answers	and	Analysis	The	story	of	the	photoelectric	effect	begins	in	the	late	19th	century.	In	1887,	Heinrich	Hertz	discovered	that	ultraviolet	light	could	cause	sparks	to	jump	between	two	metal	electrodes.	Wilhelm	Hallwachs	followed	up	on	Hertz’s	work	and	found	that	ultraviolet	light	could	make	a	zinc	plate	emit	electrons,	which	he	called	“photoelectrons.”	Fast	forward	to	1905,	a	year	famously	known	as	Albert	Einstein’s
annus	mirabilis,	or	“miracle	year.”	Among	his	several	groundbreaking	papers,	Einstein	proposed	a	radical	idea:	light	could	be	thought	of	as	being	made	up	of	particles,	or	“quanta,”	which	we	now	call	photons.	This	was	revolutionary	because	it	challenged	the	classical	wave	theory	of	light.	Einstein	suggested	that	when	these	photons	hit	the	surface	of	a	metal,	they	transfer	their	energy	to	electrons.	If	the	photon’s	energy	is	high	enough,	it	can	knock	the	electron	out	of	the	metal,	causing	the	photoelectric	effect.	This	was	a	pivotal	moment	in	physics	because	it
provided	the	first	evidence	of	the	quantum	nature	of	light.	Einstein’s	theory	of	the	photoelectric	effect	was	confirmed	experimentally	by	Robert	Millikan,	despite	his	initial	skepticism.	For	his	work	on	the	photoelectric	effect,	Einstein	was	awarded	the	Nobel	Prize	in	Physics	in	1921,	not	for	his	theory	of	relativity,	as	many	would	assume.	The	photoelectric	effect	played	a	significant	role	in	the	development	of	quantum	mechanics.	It	helped	scientists	understand	that	light	and	matter	interact	in	quantized,	or	discrete,	ways.	This	laid	the	foundation	for	modern
physics	and	technology,	influencing	everything	from	the	development	of	semiconductors	to	the	exploration	of	quantum	computing.	Hertz’s	Observations	and	the	Photoelectric	Effect:	In	1887,	Heinrich	Hertz	was	experimenting	with	electromagnetic	waves	when	he	made	a	serendipitous	observation	that	would	later	become	known	as	the	photoelectric	effect.	Hertz	was	not	trying	to	discover	this	effect;	his	primary	goal	was	to	prove	the	existence	of	electromagnetic	waves	predicted	by	James	Clerk	Maxwell’s	equations.	During	his	experiments,	Hertz	noticed	that
when	ultraviolet	light	shone	upon	the	electrodes	of	a	spark	gap,	sparks	would	jump	between	them	more	easily.	This	was	a	curious	phenomenon	because	it	suggested	that	the	light	was	somehow	affecting	the	electrical	behavior	of	the	gap.	Hertz’s	observations	were	significant	because	they	provided	the	first	evidence	that	light	could	influence	the	emission	of	electrons	from	a	material.	However,	at	the	time,	Hertz	did	not	realize	the	full	implications	of	his	discovery.	It	was	not	until	later	that	scientists	understood	that	what	Hertz	had	observed	was	the	emission	of
electrons	due	to	the	impact	of	light—a	process	now	known	as	the	photoelectric	effect.	The	photoelectric	effect	refers	to	the	emission	of	electrons	from	a	material	when	it	is	exposed	to	light.	Hertz’s	observations	were	the	first	step	in	understanding	this	effect,	which	would	later	be	explained	in	detail	by	Albert	Einstein.	Hertz’s	work	laid	the	groundwork	for	future	research	into	the	interaction	between	light	and	matter.	His	observations	were	crucial	in	the	development	of	quantum	mechanics	and	helped	to	establish	the	concept	that	light	can	behave	as	both	a	wave
and	a	particle.	Hallwachs’	and	Lenard’s	Observations:	After	Heinrich	Hertz’s	initial	discovery,	Wilhelm	Hallwachs	decided	to	investigate	further.	In	1888,	he	conducted	an	experiment	where	he	exposed	a	zinc	plate	to	ultraviolet	light.	He	observed	that	the	zinc	plate,	when	illuminated,	became	positively	charged,	indicating	that	something	was	being	emitted	from	the	plate.	Hallwachs	concluded	that	the	ultraviolet	light	was	causing	the	zinc	to	lose	electrons,	which	he	called	“photoelectrons.”	This	was	one	of	the	first	clear	demonstrations	of	the	photoelectric
effect.	Hallwachs’	and	Lenard’s	Experiment	Philipp	Lenard,	a	student	of	Hertz,	took	these	observations	further.	In	the	early	1900s,	he	conducted	detailed	experiments	to	study	the	photoelectric	effect.	Lenard	used	a	variety	of	light	sources	and	metals	and	measured	the	energy	of	the	ejected	electrons.	He	found	that	the	energy	of	the	photoelectrons	was	independent	of	the	intensity	of	the	light	but	depended	on	the	light’s	frequency.	This	was	a	puzzling	result	because,	according	to	classical	wave	theory,	the	energy	should	have	increased	with	the	light’s	intensity.
Lenard’s	observations	were	crucial	because	they	challenged	the	classical	understanding	of	light	and	led	to	the	development	of	quantum	theory.	His	work	showed	that	light	must	have	particle-like	properties,	as	the	energy	of	the	photoelectrons	was	related	to	the	frequency	of	light,	not	its	intensity.	This	was	a	key	piece	of	evidence	that	supported	Einstein’s	later	explanation	of	the	photoelectric	effect	using	the	concept	of	photons.	For	students,	understanding	Hallwachs’	and	Lenard’s	observations	is	important	because	it	shows	the	scientific	process	in	action—how
careful	experimentation	and	observation	can	lead	to	the	revision	of	established	theories.	Their	work	helped	to	lay	the	foundation	for	quantum	mechanics	and	changed	our	understanding	of	the	nature	of	light	and	its	interaction	with	matter.	The	photoelectric	effect	occurs	when	light	or	other	electromagnetic	radiation	hits	a	material	and	causes	it	to	emit	electrons.	These	ejected	electrons	are	called	photoelectrons.	Imagine	you’re	in	a	dark	room	with	a	metal	plate	and	a	flashlight.	When	you	turn	on	the	flashlight	and	direct	the	light	toward	the	metal	plate,
something	interesting	happens:	electrons	start	to	leave	the	surface	of	the	metal.	This	is	the	essence	of	the	photoelectric	effect.	In	scientific	terms,	the	photoelectric	effect	is	the	emission	of	electrons	from	a	material	when	light	shines	on	it.	But	not	just	any	light	will	do;	it	has	to	be	light	that	carries	enough	energy.	These	electrons	that	are	ejected	are	known	as	photoelectrons.	Now,	you	might	wonder,	why	does	this	happen?	It’s	because	the	light	carries	energy	to	the	metal.	When	this	energy	is	absorbed	by	the	electrons,	they	get	excited.	If	they	get	excited
enough,	they	can	escape	from	the	attraction	of	the	metal	atoms	and	fly	off	into	the	space	around	the	metal.	This	is	similar	to	how	a	ball	needs	enough	energy	to	roll	out	of	a	bowl.	The	photoelectric	effect	is	a	clear	demonstration	of	the	particle	nature	of	light.	Each	light	particle,	or	photon,	carries	a	specific	amount	of	energy.	When	these	photons	hit	the	electrons,	they	transfer	their	energy	to	the	electrons.	If	an	electron	receives	enough	energy	from	a	photon,	it	can	break	free	from	the	metal’s	surface.	This	phenomenon	is	not	just	a	cool	party	trick	for	electrons;
it’s	a	fundamental	concept	that	helps	us	understand	how	light	interacts	with	matter.	It	shows	us	that	light	has	properties	of	both	waves	and	particles,	a	duality	that	is	central	to	quantum	physics.	An	experiment	to	study	the	photoelectric	effect	typically	involves	a	few	key	components:	A	light	source	that	can	emit	light	of	different	frequencies	and	intensities.	A	photoelectric	cell	or	tube	that	contains	a	metal	surface	(cathode)	and	a	collector	(anode).	A	power	supply	to	apply	a	potential	difference	between	the	cathode	and	anode.	An	ammeter	to	measure	the	current
produced	by	the	ejected	electrons.	The	Procedure:	Illuminating	the	Cathode:	The	metal	surface	is	illuminated	with	light	of	a	known	frequency	and	intensity.	If	the	frequency	is	above	the	threshold	frequency	for	the	metal,	electrons	are	ejected.	Measuring	the	Current:	The	ejected	electrons	move	towards	the	anode,	creating	a	current	that	can	be	measured	by	the	ammeter.	This	current	is	the	photoelectric	current.	Varying	the	Light:	By	changing	the	frequency	and	intensity	of	the	light,	students	can	observe	how	these	factors	affect	the	photoelectric	current.
Applying	the	Retarding	Potential:	A	potential	difference	is	applied	to	stop	the	most	energetic	electrons	from	reaching	the	anode.	The	minimum	voltage	required	to	stop	the	current	is	known	as	the	stopping	potential.	Observations:	When	the	light’s	frequency	is	increased	(keeping	the	intensity	constant),	the	stopping	potential	increases,	indicating	that	the	ejected	electrons	have	more	kinetic	energy.	When	the	light’s	intensity	is	increased	(keeping	the	frequency	constant),	the	photoelectric	current	increases,	but	the	stopping	potential	remains	the	same,	indicating
that	more	electrons	are	ejected,	but	their	kinetic	energy	doesn’t	change.	Analysis:	The	experiment	confirms	that	the	kinetic	energy	of	the	ejected	electrons	depends	on	the	frequency	of	the	light,	not	its	intensity.	The	threshold	frequency	is	determined	by	finding	the	frequency	below	which	no	current	is	observed	regardless	of	the	light’s	intensity.	The	work	function	of	the	metal	can	be	calculated	using	the	stopping	potential	and	the	frequency	of	the	light.	The	experiment	demonstrates	that	light	energy	is	quantized	and	that	the	energy	of	the	ejected	electrons	is
related	to	the	frequency	of	the	incident	light.	For	the	photoelectric	effect	to	occur,	the	incoming	photons	must	have	energy	greater	than	the	material’s	threshold	energy,	which	is	the	minimum	energy	needed	to	remove	an	electron	from	the	surface.	To	understand	the	threshold	energy	for	the	photoelectric	effect,	let’s	imagine	a	locked	door.	This	door	represents	the	barrier	that	keeps	electrons	bound	within	a	material.	Now,	to	open	this	door	and	free	the	electrons,	you	need	a	key.	In	the	world	of	physics,	this	key	is	the	‘threshold	energy’.	Threshold	energy	is	the
minimum	amount	of	energy	that	an	electron	needs	to	escape	from	the	surface	of	a	material.	Think	of	it	as	the	minimum	ticket	price	for	an	electron	to	leave	the	‘metal	concert’	and	venture	out	into	the	open	space.	If	the	energy	of	the	incoming	light	(think	of	it	as	the	currency	of	the	photon	world)	is	less	than	the	ticket	price,	the	electron	cannot	leave.	It’s	like	showing	up	at	a	concert	with	not	enough	money	to	buy	a	ticket	–	you’re	not	getting	in.	In	the	photoelectric	effect,	when	light	hits	a	material,	each	photon	of	that	light	carries	a	certain	amount	of	energy.	If
the	energy	of	the	photon	is	equal	to	or	greater	than	the	threshold	energy	of	the	material,	it	can	give	an	electron	just	the	push	it	needs	to	break	free	from	the	material’s	surface.	This	threshold	energy	is	unique	to	each	material,	much	like	different	concerts	have	different	ticket	prices.	For	example,	the	threshold	energy	for	metals	like	gold	or	silver	is	different	from	that	for	non-metal	like	selenium.	It’s	important	to	note	that	the	threshold	energy	is	not	about	the	number	of	photons,	but	about	the	energy	each	photon	carries.	So,	even	a	dim	light	with	few	photons
can	cause	the	photoelectric	effect	if	the	photons	have	enough	energy	(if	they’re	part	of	high-energy	light	like	ultraviolet).	Conversely,	a	very	bright	light	with	lots	of	photons	won’t	cause	the	effect	if	the	photons	don’t	have	enough	energy	(like	in	the	case	of	low-energy	red	light).	Imagine	you’re	at	an	amusement	park,	and	there’s	a	ride	with	a	height	requirement.	This	height	requirement	is	like	the	threshold	energy—it’s	the	minimum	you	need	to	be	able	to	go	on	the	ride.	In	the	photoelectric	effect,	electrons	are	like	people	wanting	to	go	on	a	ride,	and	the
photons	(light	particles)	are	like	the	measuring	stick	that	shows	if	they’re	tall	enough	(have	enough	energy).	The	energy	of	a	photon	is	given	by	the	equation:	\(\displaystyle	E	=	hu	\)	Here,	(E)	is	the	energy	of	the	photon,	(h)	is	Planck’s	constant,	and	(ν)	is	the	frequency	of	the	light.	There’s	also	a	minimum	frequency,	called	the	threshold	frequency	(ν0),	which	is	like	the	minimum	height	for	the	ride.	Photons	need	to	have	at	least	this	frequency	to	have	enough	energy	to	eject	an	electron.	The	threshold	energy	(E0)	is	the	energy	corresponding	to	the	threshold
frequency.	It’s	calculated	using	the	same	formula	as	above,	but	with	the	threshold	frequency:	\(\displaystyle	E_0	=	hu_0	\)	So,	the	threshold	energy	is	the	energy	of	a	photon	with	the	threshold	frequency—the	minimum	energy	needed	for	a	photon	to	eject	an	electron	from	the	material.	The	expression	for	the	threshold	energy	is	derived	from	the	energy	of	a	photon,	but	it	specifically	uses	the	threshold	frequency,	which	is	the	minimum	frequency	needed	to	start	the	photoelectric	effect.	Threshold	energy	is	a	fundamental	concept	in	understanding	the
photoelectric	effect.	It’s	the	‘price	of	admission’	for	electrons	to	be	ejected	from	a	material,	and	it’s	determined	by	the	material’s	unique	properties	and	the	energy	of	the	incoming	photons.	The	relationship	between	frequency	and	kinetic	energy	in	the	photoelectric	effect	is	like	the	relationship	between	the	color	of	light	balls	and	the	power	they	give	to	the	targets	in	a	video	game.	The	higher	the	frequency	of	the	light,	the	more	energy	it	has,	and	the	more	kinetic	energy	the	electrons	will	have	when	they’re	knocked	free.	Imagine	you’re	playing	a	video	game
where	you	have	to	hit	targets	with	balls	of	light.	Each	ball	of	light	has	a	different	color,	which	represents	a	different	frequency.	Now,	the	targets	are	electrons	that	are	stuck	until	they	get	hit	by	a	ball	of	light	with	enough	energy.	In	this	game,	the	frequency	of	the	light	ball	(the	color)	determines	how	much	energy	it	carries.	The	higher	the	frequency	(like	going	from	red	to	blue),	the	more	energy	the	light	ball	has.	When	a	light	ball	with	a	high	enough	frequency	hits	an	electron	target,	it	gives	some	of	its	energy	to	the	electron.	This	energy	is	what	allows	the
electron	to	break	free	and	fly	off	the	surface	it	was	stuck	to.	Now,	let’s	translate	this	into	the	physics	of	the	photoelectric	effect:	Frequency:	This	is	like	the	color	of	the	light	ball	in	the	game.	In	real	life,	light	comes	in	different	frequencies,	and	each	frequency	corresponds	to	a	different	color	of	light.	The	frequency	is	important	because	it’s	directly	related	to	the	energy	of	the	light.	Kinetic	Energy:	This	is	the	energy	that	the	electron	has	after	it’s	been	hit	by	the	light	ball	and	breaks	free.	It’s	like	the	speed	and	power	the	electron	has	as	it	flies	away	from	the
surface.	The	relationship	between	the	two	is	pretty	straightforward:	the	higher	the	frequency	of	the	light,	the	more	kinetic	energy	the	electron	can	have	after	it’s	hit.	This	is	because	light	with	a	higher	frequency	carries	more	energy,	and	it	can	transfer	more	of	this	energy	to	the	electron.	Let’s	derive	the	expression	for	the	relationship	between	frequency	and	kinetic	energy	in	the	photoelectric	effect.	We’ll	start	with	a	simple	analogy.	Imagine	you’re	at	a	concert	where	the	volume	of	the	music	can	be	adjusted.	The	volume	is	like	the	energy	of	the	light,	and	the
music	is	like	the	light	itself.	Now,	the	concert	has	a	rule:	you	can	only	dance	if	the	music	is	loud	enough.	This	rule	is	like	the	threshold	energy	in	the	photoelectric	effect—the	minimum	energy	needed	for	electrons	to	be	ejected	from	a	material.	We	know	that	the	energy	of	a	photon	(a	particle	of	light)	is	given	by	the	equation:	\(\displaystyle	E	=	hu	\)	Here,	(E)	is	the	energy	of	the	photon,	(h)	is	Planck’s	constant,	and	(ν)	is	the	frequency	of	the	light.	There’s	a	minimum	frequency,	called	the	threshold	frequency	(ν0),	that’s	needed	to	eject	an	electron.	The	energy	of
a	photon	at	this	frequency	is	the	threshold	energy	(E0):	\(\displaystyle	E_0	=	hu_0	\)	When	the	frequency	of	the	light	is	greater	than	the	threshold	frequency,	the	excess	energy	becomes	the	kinetic	energy	(KE)	of	the	ejected	electron:	\(\displaystyle	KE	=	E	–	E_0	\)	Now,	we	substitute	the	expressions	for	(E)	and	(E0)	into	the	equation	for	(KE):	\(\displaystyle	KE	=	hu	–	hu_0	\)	Simplifying	the	equation,	we	get	the	expression	for	the	kinetic	energy	of	the	ejected	electron	in	terms	of	the	frequency	of	the	incident	light:	\(\displaystyle	KE	=	h(u	–	u_0)	\)	So,	the	derived
expression	tells	us	that	the	kinetic	energy	of	the	ejected	electron	is	proportional	to	the	difference	between	the	frequency	of	the	incident	light	and	the	threshold	frequency.	It’s	like	saying	the	energy	to	dance	(kinetic	energy)	depends	on	how	much	louder	the	music	(frequency)	is	than	the	minimum	volume	needed	to	get	you	moving	(threshold	frequency).	if	you	increase	the	frequency	of	the	light	(go	from	a	low-energy	color	like	red	to	a	high-energy	color	like	blue),	you	increase	the	kinetic	energy	of	the	electrons	that	are	ejected.	It’s	like	using	a	more	powerful
light	ball	in	the	game	to	hit	the	targets	harder	and	make	them	fly	off	faster.	The	expression	(\(\displaystyle	KE	=	h(u	–	u_0)	\)	shows	the	direct	relationship	between	the	frequency	of	the	incident	light	and	the	kinetic	energy	of	the	emitted	electrons,	after	accounting	for	the	threshold	frequency.	The	Minimum	Condition	for	the	Photoelectric	Effect	Explained:	When	we	talk	about	the	photoelectric	effect,	there’s	a	basic	rule	that	must	be	met	for	electrons	to	be	ejected	from	a	material’s	surface:	the	light	must	have	a	certain	minimum	frequency.	This	is	what	we	call
the	“minimum	condition”	for	the	photoelectric	effect.	For	the	photoelectric	effect	to	occur,	the	incoming	light	can’t	just	be	of	any	frequency.	It	has	to	be	high	enough	to	give	the	electrons	enough	energy	to	overcome	the	attraction	of	the	metal.	This	minimum	frequency	is	known	as	the	threshold	frequency.	The	energy	of	a	photon	(a	particle	of	light)	is	related	to	its	frequency	(ν)	by	the	equation:	\(\displaystyle	E	=	h	\cdot	u	\)	where	(E)	is	the	energy	of	the	photon	and	(h)	is	Planck’s	constant.	If	the	energy	of	the	photon	is	less	than	the	work	function	(Φ),	which	is
the	energy	needed	to	eject	an	electron,	then	the	photoelectric	effect	won’t	happen.	So,	the	minimum	condition	for	the	photoelectric	effect	is	that	the	frequency	of	the	incident	light	must	be	equal	to	or	greater	than	the	threshold	frequency.	In	formula	terms,	it’s:	\(\displaystyle	u	\geq	u_0	\)	where	(ν0)	is	the	threshold	frequency.	If	the	frequency	of	the	light	is	below	this	threshold,	no	photoelectric	effect	will	occur,	regardless	of	the	intensity	of	the	light.	This	means	you	could	shine	a	very	bright	red	light	(which	has	a	low	frequency)	on	a	metal,	and	nothing	would
happen	because	the	frequency	isn’t	high	enough	to	meet	the	minimum	condition.	The	minimum	condition	for	the	photoelectric	effect	is	like	the	minimum	age	requirement	for	a	roller	coaster	ride.	No	matter	how	tall	or	eager	you	are,	if	you’re	not	old	enough,	you’re	not	getting	on	the	ride.	Similarly,	if	the	light’s	frequency	isn’t	high	enough,	electrons	won’t	be	ejected,	no	matter	how	intense	the	light	is.	Threshold	Wavelength	(λth):	To	understand	the	concept	of	threshold	wavelength	for	the	photoelectric	effect,	let’s	consider	a	simple	analogy.	Imagine	you’re	at	a
theme	park,	and	there’s	a	ride	with	a	height	marker	at	the	entrance.	Just	like	you	need	to	be	tall	enough	to	go	on	the	ride,	electrons	need	light	of	a	certain	wavelength—or	shorter—to	be	ejected	from	a	material’s	surface.	The	threshold	wavelength	is	the	maximum	wavelength	of	light	that	can	cause	electrons	to	be	ejected	from	a	material.	It’s	like	the	maximum	height	limit	for	the	ride;	if	you’re	taller	(or	in	the	case	of	light,	if	the	wavelength	is	shorter),	you	can	get	on	the	ride	(or	eject	an	electron).	In	the	photoelectric	effect,	light	is	made	up	of	particles	called
photons,	and	each	photon	carries	energy.	The	energy	of	a	photon	is	inversely	related	to	its	wavelength,	which	means	shorter	wavelengths	have	more	energy.	The	relationship	between	the	energy	of	a	photon	and	its	wavelength	is	given	by:	\(\displaystyle	E	=	\frac{hc}{\lambda}	\)	(E)	is	the	energy	of	the	photon,	(h)	is	Planck’s	constant,	(c)	is	the	speed	of	light,	(λ)	is	the	wavelength	of	the	photon.	For	the	photoelectric	effect	to	occur,	the	energy	of	the	photon	must	be	greater	than	the	work	function	(Φ)	of	the	material.	The	threshold	wavelength	is	the	longest
wavelength	(or	the	least	energy)	that	can	still	provide	enough	energy	to	overcome	the	work	function.	It’s	calculated	by:	\(\displaystyle	\lambda_{th}	=	\frac{hc}{\Phi}	\)	If	the	wavelength	of	the	incident	light	is	longer	than	the	threshold	wavelength,	the	photons	don’t	have	enough	energy	to	eject	electrons,	no	matter	how	intense	the	light	is.	This	is	why	ultraviolet	light	can	cause	the	photoelectric	effect	in	many	materials,	while	visible	light	often	cannot.	The	threshold	wavelength	sets	the	limit	for	the	longest	wavelength	of	light	that	can	still	have	enough	energy
to	eject	electrons	from	a	material.	Work	Function	or	Threshold	Energy	(Φ):	When	we	discuss	the	photoelectric	effect,	the	term	“work	function”	or	“threshold	energy”	(Φ)	comes	up	frequently.	It’s	a	crucial	concept	that	students	need	to	understand	clearly.	The	work	function	is	the	minimum	energy	required	to	remove	an	electron	from	the	surface	of	a	material.	You	can	think	of	it	as	the	‘energy	ticket’	that	an	electron	needs	to	get	out	of	the	metal	‘concert	hall’.	If	the	electron	doesn’t	have	this	‘ticket’,	it	can’t	leave,	no	matter	how	much	light	you	shine	on	it.	The
work	function	is	a	property	of	the	material	itself.	Different	materials	hold	onto	their	electrons	with	varying	strengths,	which	means	they	have	different	work	functions.	Metals,	for	example,	have	a	lower	work	function	compared	to	non-metals.	The	work	function	is	usually	given	in	electron	volts	(eV)	and	can	be	calculated	using	the	equation:	\(\displaystyle\Phi	=	h	\cdot	u_0	\)	(Φ)	is	the	work	function,	(h)	is	Planck’s	constant	(\(\displaystyle	6.626	\times	10^{-34}	)	Js\)),	(ν0)	is	the	threshold	frequency,	the	minimum	frequency	needed	to	eject	an	electron.	In	the
context	of	the	photoelectric	effect,	when	light	of	a	certain	frequency	(ν)	hits	the	material,	each	photon	carries	energy.	If	the	photon’s	energy	is	equal	to	or	greater	than	the	work	function	(Φ),	it	can	give	an	electron	enough	energy	to	escape	the	material’s	surface.	The	work	function	is	like	a	gatekeeper	for	the	electrons.	It	determines	whether	the	incoming	light	has	enough	energy	to	‘pay’	for	the	electrons’	release.	If	the	energy	of	the	light	(which	depends	on	its	frequency)	is	less	than	the	work	function,	the	gate	remains	closed,	and	no	electrons	are	ejected.	The
work	function	or	threshold	energy	(Φ)	is	a	fundamental	concept	in	the	photoelectric	effect.	It’s	the	energy	barrier	that	electrons	must	overcome	to	be	ejected	from	a	material	when	it	is	exposed	to	light.	Einstein’s	photoelectric	equation	is	a	cornerstone	of	modern	physics	that	explains	several	key	concepts	related	to	the	photoelectric	effect.	The	equation	starts	with	the	idea	that	light	is	made	up	of	particles	called	photons,	each	carrying	a	discrete	amount	of	energy.	This	energy	is	directly	related	to	the	frequency	of	the	light.	The	higher	the	frequency,	the	more
energy	each	photon	has.	Einstein’s	equation	supports	the	quantum	theory,	which	says	that	light	has	both	wave-like	and	particle-like	properties.	This	was	a	revolutionary	concept	at	the	time	because	it	challenged	the	classical	wave	theory	of	light.	The	equation	explains	how	photons	can	transfer	their	energy	to	electrons	in	a	material,	causing	those	electrons	to	be	ejected.	This	is	the	actual	“photoelectric	effect.”	It	introduces	the	concept	of	a	threshold	frequency,	which	is	the	minimum	frequency	of	light	required	to	eject	an	electron	from	a	material.	If	the	light’s
frequency	is	below	this	threshold,	no	electrons	will	be	emitted,	regardless	of	the	light’s	intensity.	The	equation	describes	how	the	kinetic	energy	of	the	emitted	electrons	depends	on	the	frequency	of	the	incident	light.	It	shows	that	the	kinetic	energy	is	proportional	to	the	frequency,	minus	the	threshold	frequency.	The	formula	for	Einstein’s	photoelectric	equation	is:	\(\displaystyle	KE	=	hu	–	\Phi	\)	Here,	(KE)	is	the	kinetic	energy	of	the	emitted	electron,	(h)	is	Planck’s	constant,	(u)	is	the	frequency	of	the	incident	light,	and	(Φ)	is	the	work	function	of	the	material
(the	energy	needed	to	remove	an	electron).	The	equation	tells	us	that	the	kinetic	energy	of	the	ejected	electron	is	the	difference	between	the	energy	of	the	incoming	photon	and	the	work	function	of	the	material.	If	the	photon’s	energy	is	just	equal	to	the	work	function,	the	electron	will	be	ejected	with	zero	kinetic	energy—it	will	just	barely	get	out.	If	the	photon’s	energy	is	higher,	the	excess	energy	becomes	the	kinetic	energy	of	the	ejected	electron.	The	photoelectric	effect	is	not	just	a	simple	emission	of	electrons	due	to	light;	it	has	specific	characteristics	that
define	its	behavior.	Understanding	these	characteristics	is	crucial	for	students	to	grasp	the	concept	fully.	Here	are	the	main	features:	Instantaneous	Response:	One	of	the	most	striking	characteristics	of	the	photoelectric	effect	is	that	the	emission	of	electrons	occurs	almost	instantaneously	as	soon	as	the	light	hits	the	material’s	surface.	There	is	no	noticeable	delay	between	the	absorption	of	light	and	the	release	of	electrons.	Effect	of	Light	Intensity:	The	number	of	electrons	emitted	in	the	photoelectric	effect	is	directly	proportional	to	the	intensity	of	the	incident
light.	More	intense	light	means	more	photons	hitting	the	surface,	which	results	in	more	electrons	being	ejected.	Effect	of	Light	Frequency:	The	kinetic	energy	of	the	emitted	electrons	is	independent	of	the	light’s	intensity	but	depends	on	the	frequency	of	the	light.	Higher	frequency	light	(which	has	more	energy	per	photon)	will	result	in	electrons	with	greater	kinetic	energy.	Threshold	Frequency:	There	is	a	minimum	frequency	of	light	below	which	no	electrons	are	emitted,	regardless	of	the	intensity	of	the	light.	This	minimum	frequency	is	called	the	threshold
frequency,	and	it	is	specific	to	the	material	being	illuminated.	Energy	Transfer:	The	energy	transfer	from	the	light	to	the	electrons	is	quantized.	Each	photon	can	eject	only	one	electron,	transferring	a	discrete	packet	of	energy	to	the	electron.	Material	Dependency:	Different	materials	have	different	work	functions,	which	means	the	threshold	frequency	and	the	kinetic	energy	of	the	emitted	electrons	will	vary	from	one	material	to	another.	If	the	frequency	of	the	incident	light	is	below	the	threshold	frequency,	increasing	the	light	intensity	will	not	cause	the
photoelectric	effect.	The	electrons	simply	do	not	have	enough	energy	to	overcome	the	material’s	work	function.	Albert	Einstein’s	contribution	to	the	photoelectric	effect	is	one	of	the	most	significant	milestones	in	the	development	of	modern	physics.	To	explain	this	to	12th-grade	students,	let’s	simplify	the	concept.	Before	Einstein,	scientists	observed	the	photoelectric	effect	but	couldn’t	explain	why	light	could	eject	electrons	from	a	material	only	if	it	had	a	frequency	higher	than	a	certain	threshold,	regardless	of	its	intensity.	In	1905,	Einstein	proposed	a
groundbreaking	hypothesis:	light	is	made	up	of	particles	called	photons.	Each	photon	carries	a	quantum	of	energy	that	depends	on	the	light’s	frequency.	This	was	a	bold	step	because	it	challenged	the	prevailing	wave	theory	of	light.	Einstein	suggested	that	when	a	photon	hits	an	electron,	it	transfers	its	energy	to	the	electron.	If	this	energy	is	greater	than	the	material’s	work	function	(the	energy	needed	to	eject	an	electron),	the	electron	is	emitted	with	kinetic	energy.	He	gave	us	the	equation:	\(\displaystyle	KE	=	h	\cdot	u	–	\Phi	\)	Einstein’s	explanation	of	the
photoelectric	effect	earned	him	the	Nobel	Prize	in	Physics	in	1921.	His	work	was	crucial	because	it	provided	strong	evidence	for	the	quantum	theory	of	light,	which	was	a	radical	departure	from	classical	physics.	Einstein’s	contribution	to	the	photoelectric	effect	laid	the	foundation	for	quantum	mechanics.	It	changed	our	understanding	of	light	and	matter,	showing	that	light	has	both	wave-like	and	particle-like	properties.	Also	Read:	Electron	Emission	The	main	factors	are	the	intensity	of	the	incident	light,	the	frequency	of	the	incident	light,	and	the	type	of
material	being	hit	by	the	photons.	Type	of	Material:	Different	materials	have	different	work	functions,	which	is	the	minimum	energy	needed	to	eject	an	electron.	Metals	with	a	low	work	function	are	more	sensitive	to	the	photoelectric	effect.	Frequency	of	Incident	Light:	The	frequency	of	the	light	must	be	above	a	certain	threshold	for	the	photoelectric	effect	to	occur.	Light	with	a	frequency	below	this	threshold,	no	matter	how	intense,	will	not	cause	electrons	to	be	ejected.	Intensity	of	Incident	Light:	While	the	frequency	of	the	light	determines	if	electrons	can	be
ejected,	the	intensity	of	the	light	affects	how	many	electrons	are	ejected.	Higher	intensity	means	more	photons	hitting	the	surface	per	second,	leading	to	more	ejected	electrons.	Surface	Condition:	The	cleanliness	and	smoothness	of	the	material’s	surface	can	influence	the	photoelectric	effect.	A	clean,	smooth	surface	can	emit	electrons	more	easily	than	a	dirty	or	oxidized	one.	Temperature	of	the	Material:	Higher	temperatures	can	increase	the	energy	of	the	electrons	within	the	material,	making	it	easier	for	them	to	be	ejected	when	light	is	shone	upon	the
surface.	Light	Polarization:	Polarized	light	can	affect	the	photoelectric	effect	because	it	can	interact	with	electrons	in	specific	directions,	depending	on	the	material’s	structure.	These	factors	collectively	determine	how	readily	a	material	will	exhibit	the	photoelectric	effect	when	exposed	to	light.	Graphs	are	a	powerful	tool	for	visualizing	the	relationships	described	by	the	photoelectric	effect.	Let’s	explore	the	different	types	of	graphs	that	illustrate	the	photoelectric	equation	and	what	they	tell	us.	(i)	Photoelectric	Current	vs	Retarding	Potential	for	Different
Voltages	This	graph	illustrates	how	the	photoelectric	current	changes	with	varying	retarding	potentials	applied	to	stop	the	ejected	electrons.	For	different	voltages	of	incident	light,	the	graph	shows	a	decrease	in	current	as	the	retarding	potential	increases,	until	it	reaches	zero.	The	point	where	the	current	becomes	zero	is	the	stopping	potential,	which	is	crucial	for	determining	the	maximum	kinetic	energy	of	the	ejected	electrons.	(ii)	Photoelectric	Current	vs	Retarding	Potential	for	Different	Intensities	Similar	to	the	first	graph,	this	one	compares	the
photoelectric	current	against	the	retarding	potential,	but	for	different	intensities	of	incident	light.	Higher	intensities	result	in	a	higher	maximum	current,	indicating	more	electrons	are	being	ejected.	However,	the	stopping	potential	remains	unchanged,	showing	that	intensity	doesn’t	affect	the	kinetic	energy	of	the	ejected	electrons.	(iii)	Electron	Current	vs	Light	Intensity	This	graph	plots	the	electron	current	(proportional	to	the	number	of	ejected	electrons)	against	the	intensity	of	the	incident	light.	It	typically	shows	a	linear	relationship,	confirming	that	the
number	of	electrons	ejected	increases	with	the	light’s	intensity,	provided	the	frequency	is	above	the	threshold.	(iv)	Stopping	Potential	vs	Frequency	Here,	the	stopping	potential	needed	to	stop	the	ejected	electrons	is	plotted	against	the	frequency	of	the	incident	light.	The	graph	is	a	straight	line,	indicating	a	linear	relationship.	The	slope	of	this	line	is	related	to	Planck’s	constant,	and	the	intercept	on	the	frequency	axis	gives	the	threshold	frequency,	which	is	a	fundamental	property	of	the	material.	(v)	Electron	Current	vs	Light	Frequency	This	graph	shows	the
electron	current	as	a	function	of	the	light	frequency.	Below	the	threshold	frequency,	the	current	is	zero,	and	it	begins	to	increase	as	the	frequency	surpasses	this	threshold.	This	graph	demonstrates	the	existence	of	a	threshold	frequency	and	the	quantized	nature	of	energy	transfer	in	the	photoelectric	effect.	(vi)	Electron	Kinetic	Energy	vs	Light	Frequency	This	graph	plots	the	kinetic	energy	of	the	ejected	electrons	against	the	frequency	of	the	incident	light.	It’s	a	straight	line	with	a	positive	slope,	starting	from	the	threshold	frequency.	The	slope	gives	Planck’s
constant,	and	the	graph	illustrates	the	direct	proportionality	between	the	photoelectrons’	kinetic	energy	and	the	incident	light’s	frequency,	once	above	the	threshold	frequency.	These	graphs	provide	a	visual	representation	of	the	principles	governing	the	emission	of	electrons	due	to	incident	light,	illustrating	the	linear	relationships	and	thresholds	that	are	central	to	this	quantum	phenomenon.	The	photoelectric	effect	is	not	just	a	theoretical	concept;	it	has	many	practical	applications	that	have	become	integral	to	our	daily	lives.	Here’s	how	this	quantum
phenomenon	is	put	to	use:	Solar	PanelsOne	of	the	most	well-known	applications	of	the	photoelectric	effect	is	in	solar	panels.	These	panels	contain	cells	that	convert	sunlight	directly	into	electricity	using	the	photoelectric	effect,	providing	a	renewable	energy	source.	PhotocellsPhotocells,	or	photoelectric	cells,	use	the	photoelectric	effect	to	detect	light.	They	are	used	in	automatic	lighting	systems,	like	street	lights	that	turn	on	at	dusk,	and	in	security	systems	that	detect	when	a	beam	of	light	is	interrupted.	Digital	CamerasThe	sensors	in	digital	cameras	use	the
photoelectric	effect	to	convert	the	light	that	hits	them	into	electrical	signals,	which	are	then	processed	to	create	digital	images.	Light	MetersPhotographers	use	light	meters	to	measure	the	intensity	of	light.	These	devices	rely	on	the	photoelectric	effect	to	provide	readings	that	help	photographers	set	the	correct	exposure	for	their	pictures.	Space	TelescopesSpace	telescopes,	like	the	Hubble	Space	Telescope,	use	sensors	that	operate	on	the	principle	of	the	photoelectric	effect	to	detect	light	from	distant	stars	and	galaxies,	helping	astronomers	explore	the
universe.	Smoke	DetectorsSome	types	of	smoke	detectors	use	a	small	photocell	to	detect	smoke	particles.	When	smoke	interrupts	the	light	beam,	the	change	in	the	photocell’s	current	triggers	the	alarm.	Laboratory	EquipmentIn	scientific	research,	equipment	like	spectrophotometers	uses	the	photoelectric	effect	to	measure	the	properties	of	light	absorption	and	emission	by	materials,	aiding	in	chemical	analysis	and	other	studies.	Problem	1:	Monochromatic	light	of	wavelength	(400nm)	is	incident	on	a	metal	surface	with	a	work	function	of	(2.2	eV).	Calculate	the
stopping	potential	required	to	stop	the	emitted	photoelectrons.	Solution:	First,	calculate	the	energy	of	the	incident	photons	using	(\(\displaystyle	E	=	\frac{hc}{\lambda}	\)).	\(\displaystyle	E	=	\frac{6.63	\times	10^{-34}	\times	3	\times	10^8}{400	\times	10^{-9}}	=	\frac{1.989	\times	10^{-25}}{400	\times	10^{-9}}	\)	\(\displaystyle	=	4.97	\times	10^{-19}	\,	\text{J}\)	Convert	the	energy	to	electron	volts:	\(\displaystyle	E	=	\frac{4.97	\times	10^{-19}}{1.6	\times	10^{-19}}	=	3.1	\,	\text{eV}\)	Using	the	photoelectric	equation	(\(\displaystyle	E	=	\phi	+
K_{\text{max}}	\)):	\(\displaystyle	3.1	\,	\text{eV}	=	2.2	\,	\text{eV}	+	K_{\text{max}}\)	\(\displaystyle	K_{\text{max}}	=	3.1	\,	\text{eV}	–	2.2	\,	\text{eV}	=	0.9	\,	\text{eV}\)	The	stopping	potential	(Vs)	is	given	by	the	kinetic	energy	of	the	emitted	electrons:	\(\displaystyle	eV_s	=	K_{\text{max}}\)	\(\displaystyle	V_s	=	\frac{K_{\text{max}}}{e}	=	0.9	\,	\text{V}\)	The	stopping	potential	required	to	stop	the	emitted	photoelectrons	is	(0.9	V).	Problem	2:	A	certain	metal	has	a	work	function	of	(	3.0	eV).	Calculate	the	threshold	wavelength	for	photoelectric
emission.	Solution:	The	threshold	wavelength	(\lambda_th)	can	be	found	using	the	equation	(\(\displaystyle	\phi	=	\frac{hc}{\lambda_{\text{th}}}	\)).	Convert	the	work	function	to	joules:	\(\displaystyle\phi	=	3.0	\times	1.6	\times	10^{-19}	\,	\text{J}	=	4.8	\times	10^{-19}	\,	\text{J}\)	\(\displaystyle\lambda_{\text{th}}	=	\frac{hc}{\phi}	=	\frac{6.63	\times	10^{-34}	\times	3	\times	10^8}{4.8	\times	10^{-19}}\)	\(\displaystyle\lambda_{\text{th}}	=	\frac{1.989	\times	10^{-25}}{4.8	\times	10^{-19}}	=	414.38	\times	10^{-9}	\,	\text{m}\)	\(\displaystyle	=
414.38	\,	\text{nm}\)	The	threshold	wavelength	for	photoelectric	emission	is	(414.38	nm).	Problem	3:	Light	of	frequency	(\(\displaystyle	8	\times	10^{14}	\,	\text{Hz}	\))	is	incident	on	a	metal	surface	with	a	work	function	of	(2.5	eV).	Calculate	the	maximum	kinetic	energy	of	the	emitted	photoelectrons.	Solution:	First,	calculate	the	energy	of	the	incident	photons	using	(	E	=	hν):	\(\displaystyle	E	=	6.63	\times	10^{-34}	\times	8	\times	10^{14}	=	5.304	\times	10^{-19}	\,	\text{J}\)	Convert	the	energy	to	electron	volts:	\(\displaystyle	E	=	\frac{5.304	\times
10^{-19}}{1.6	\times	10^{-19}}	=	3.315	\,	\text{eV}\)	Using	the	photoelectric	equation	(	\(\displaystyle	E	=	\phi	+	K_{\text{max}}	\)):	\(\displaystyle	3.315	\,	\text{eV}	=	2.5	\,	\text{eV}	+	K_{\text{max}}\)	\(\displaystyle	K_{\text{max}}	=	3.315	\,	\text{eV}	–	2.5	\,	\text{eV}	=	0.815	\,	\text{eV}\)	The	maximum	kinetic	energy	of	the	emitted	photoelectrons	is	(0.815	eV).	Problem	4:	A	metal	surface	with	a	work	function	of	(4.0eV)	is	illuminated	with	light	of	wavelength	(250	nm).	Determine	if	photoelectric	emission	will	occur	and,	if	so,	find	the	maximum	kinetic
energy	of	the	emitted	electrons.	Solution:	First,	calculate	the	energy	of	the	incident	photons	using	(\(\displaystyle	E	=	\frac{hc}{\lambda}	\)):	\(\displaystyle	E	=	\frac{6.63	\times	10^{-34}	\times	3	\times	10^8}{250	\times	10^{-9}}	=	\frac{1.989	\times	10^{-25}}{250	\times	10^{-9}}\)	\(\displaystyle	=	7.956	\times	10^{-19}	\,	\text{J}\)	Convert	the	energy	to	electron	volts:	\(\displaystyle	E	=	\frac{7.956	\times	10^{-19}}{1.6	\times	10^{-19}}	=	4.9725	\,	\text{eV}\)	Since	the	photon	energy	(4.9725	eV)	is	greater	than	the	work	function	(4.0	eV),
photoelectric	emission	will	occur.	The	maximum	kinetic	energy	(Kmax)	of	the	emitted	electrons	is	given	by:	\(\displaystyle	K_{\text{max}}	=	E	–	\text{work	function}	=	4.9725	\,	\text{eV}	–	4.0	\,	\text{eV}	=	0.9725	\,	\text{eV}\)	Photoelectric	emission	will	occur,	and	the	maximum	kinetic	energy	of	the	emitted	electrons	is	(0.9725	eV).	Problem	5:	Determine	the	minimum	frequency	of	light	required	to	cause	photoelectric	emission	from	a	metal	with	a	work	function	of	(3.2	eV).	Solution:	The	minimum	frequency	(νmin)	required	can	be	found	using	the	equation	(Φ
=	hνmin).	Convert	the	work	function	to	joules:	\(\displaystyle\phi	=	3.2	\times	1.6	\times	10^{-19}	\,	\text{J}	=	5.12	\times	10^{-19}	\,	\text{J}\)	\(\displaystyleu_{\text{min}}	=	\frac{\phi}{h}	=	\frac{5.12	\times	10^{-19}}{6.63	\times	10^{-34}}	=	7.72	\times	10^{14}	\,	\text{Hz}\)	The	minimum	frequency	of	light	required	to	cause	photoelectric	emission	from	the	metal	is	(\(\displaystyle	7.72	\times	10^{14}	\,	\text{Hz}	\)).	Problem	6:	If	the	stopping	potential	for	a	photoelectric	experiment	is	(3.0	V)	and	the	wavelength	of	incident	light	is	(400	nm),
determine	the	work	function	of	the	metal.	Solution:	First,	calculate	the	energy	of	the	incident	photons	using	(	\(\displaystyle	E	=	\frac{hc}{\lambda}	\)):	\(\displaystyle	E	=	\frac{6.63	\times	10^{-34}	\times	3	\times	10^8}{400	\times	10^{-9}}	=	\frac{1.989	\times	10^{-25}}{400	\times	10^{-9}}\)\(\displaystyle	=	4.97	\times	10^{-19}	\,	\text{J}\)	Convert	the	energy	to	electron	volts:	\(\displaystyle	E	=	\frac{4.97	\times	10^{-19}}{1.6	\times	10^{-19}}	=	3.1	\,	\text{eV}\)	The	stopping	potential	(Vs)	is	given	as	(3.0	V),	which	means	the	kinetic	energy
(K_max)	of	the	emitted	electrons	is:	\(\displaystyle	K_{\text{max}}	=	eV_s	=	3.0	\,	\text{eV}\)	Using	the	photoelectric	equation	(	\(\displaystyle	E	=	\phi	+	K_{\text{max}}	\)):	\(\displaystyle	3.1	\,	\text{eV}	=	\phi	+	3.0	\,	\text{eV}\)	\(\displaystyle	\phi	=	3\)	\(\displaystyle1	\,	\text{eV}	–	3.0	\,	\text{eV}	=	0.1	\,	\text{eV}\)	The	work	function	of	the	metal	is	0.1eV	Q:	Can	you	explain	why	red	light	doesn’t	cause	the	photoelectric	effect?	Answer:	Each	material	has	a	characteristic	work	function	(Φ),	which	is	the	minimum	energy	needed	to	eject	an	electron	from	the
material’s	surface.	This	energy	is	specific	to	the	material	and	is	a	measure	of	how	strongly	the	material	holds	onto	its	electrons.	The	energy	of	light	is	related	to	its	frequency	(ν)	by	the	equation:	\(\displaystyle	E	=	h	\cdot	u	\)	Since	red	light	has	a	lower	frequency	compared	to	other	colors	like	blue	or	ultraviolet,	it	also	has	less	energy	per	photon.	For	the	photoelectric	effect	to	occur,	the	energy	of	the	incoming	photons	must	be	equal	to	or	greater	than	the	work	function	of	the	material.	If	the	photon’s	energy	is	less	than	the	work	function,	it	won’t	be	able	to	eject
electrons.	Red	light	has	a	lower	frequency	and	therefore	lower	energy	photons	compared	to	blue	or	ultraviolet	light.	If	the	energy	of	red	light	photons	is	less	than	the	work	function	of	the	material,	they	won’t	have	enough	energy	to	eject	electrons,	and	thus,	no	photoelectric	effect	will	be	observed.	Red	light	doesn’t	cause	the	photoelectric	effect	on	a	material	if	its	photons	don’t	carry	enough	energy	to	overcome	the	binding	energy	(work	function)	of	the	electrons	in	the	material.	It’s	all	about	matching	or	exceeding	that	energy	threshold	to	free	the	electrons	and
observe	the	photoelectric	effect.	What	is	the	photoelectric	effect	and	why	is	it	significant	in	physics?	The	photoelectric	effect	is	the	phenomenon	where	electrons	are	emitted	from	the	surface	of	a	material,	usually	a	metal,	when	it	is	exposed	to	light	of	sufficient	frequency.	This	effect	is	significant	because	it	provided	evidence	for	the	particle	nature	of	light	and	supported	the	concept	of	photons,	which	played	a	crucial	role	in	the	development	of	quantum	mechanics.	What	is	the	threshold	energy	for	the	photoelectric	effect?	The	threshold	energy,	also	known	as	the
work	function,	is	the	minimum	energy	required	to	eject	an	electron	from	the	surface	of	a	material.	It	is	specific	to	each	material	and	represents	the	energy	needed	to	overcome	the	attraction	between	the	electron	and	the	atomic	nucleus.	Only	photons	with	energy	equal	to	or	greater	than	the	work	function	can	cause	photoemission.	How	is	the	frequency	of	incident	light	related	to	the	kinetic	energy	of	emitted	electrons	in	the	photoelectric	effect?	The	kinetic	energy	of	the	emitted	electrons	is	directly	related	to	the	frequency	of	the	incident	light.	When	light	with	a
frequency	higher	than	the	threshold	frequency	strikes	a	material,	the	excess	energy	(above	the	work	function)	is	converted	into	the	kinetic	energy	of	the	emitted	electrons.	Higher	frequency	light	results	in	greater	kinetic	energy	of	the	ejected	electrons.	What	is	the	equation	of	the	photoelectric	effect?	The	equation	of	the	photoelectric	effect,	formulated	by	Einstein,	describes	the	relationship	between	the	energy	of	the	incident	photons,	the	work	function	of	the	material,	and	the	kinetic	energy	of	the	emitted	electrons.	It	states	that	the	energy	of	the	incident
photon	is	equal	to	the	sum	of	the	work	function	and	the	kinetic	energy	of	the	emitted	electron.	What	were	Einstein’s	contributions	to	the	understanding	of	the	photoelectric	effect?	Einstein’s	major	contribution	was	his	explanation	of	the	photoelectric	effect	using	the	concept	of	light	quanta,	or	photons.	He	proposed	that	light	consists	of	discrete	packets	of	energy	and	that	the	energy	of	each	photon	is	proportional	to	its	frequency.	This	explanation	provided	a	theoretical	basis	for	the	observed	experimental	results	and	earned	him	the	Nobel	Prize	in	Physics	in
1921.	What	is	the	minimum	condition	for	the	photoelectric	effect	to	occur?	The	minimum	condition	for	the	photoelectric	effect	to	occur	is	that	the	frequency	of	the	incident	light	must	be	equal	to	or	greater	than	the	threshold	frequency	of	the	material.	The	threshold	frequency	is	the	minimum	frequency	required	for	the	photons	to	have	enough	energy	to	overcome	the	work	function	and	eject	electrons	from	the	material’s	surface.	What	is	the	threshold	wavelength	(λth)	and	how	is	it	related	to	the	work	function?	The	threshold	wavelength	(λth)	is	the	maximum
wavelength	of	light	that	can	cause	the	photoelectric	effect	for	a	given	material.	It	is	inversely	related	to	the	threshold	frequency,	and	thus	to	the	work	function,	of	the	material.	Light	with	a	wavelength	longer	than	the	threshold	wavelength	does	not	have	enough	energy	to	overcome	the	work	function	and	eject	electrons.
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