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Explain	newton's	first	law	of	motion	with	example

Sir	Isaac	Newton	developed	three	laws	of	motion.	Newton's	first	law	-	An	object	will	remain	at	rest	or	in	uniform	motion	unless	compelled	to	do	otherwise	by	some	external	force	acting	on	it.	For	example,	a	book	lying	on	a	table	will	remain	there	unless	some	external	force	moves	it.	A	car	travelling	at	uniform	speed	will	continue	to	do	so	unless	the
brakes	or	friction	are	applied	(force)	or	it	hits	an	object	(force)	which	slows	its	motion	or	stops	it.	In	buildings,	most	of	the	framework	is	stationary	and	must	remain	so	under	the	applied	forces.	Some	minimum	movements	called	deflection	and	deformation	(mainly	bending	and	buckling)	may	occur	under	loading.	If	movement	occurs	that	is	not	allowed
for,	structural	failure	may	result.	Buildings	are	designed	to	maintain	a	state	of	equilibrium,	which	is	the	ability	to	resist	any	external	loads	without	moving.	In	order	to	continue	enjoying	our	site,	we	ask	that	you	confirm	your	identity	as	a	human.	Thank	you	very	much	for	your	cooperation.	Resultant	forces	will	cause	acceleration,	which	can	be
described	and	calculated	using	Newton's	laws	of	motion.	Weight	is	caused	by	the	gravitational	effect	of	a	planet	attracting	an	object’s	mass.	Physicists	study	matter	-	all	of	the	"stuff"	in	the	universe	and	how	that	"stuff"	moves.	One	of	the	most	famous	physicists	of	all	time	was	Sir	Isaac	Newton.	Sir	Isaac	is	most	famous	for	explaining	gravity,	a	concept
we	are	so	familiar	with	now	it	seems	obvious	to	us.	He	is	also	famous	for	explaining	how	stuff	moves	in	his	Three	Laws	of	Motion.	Today	we	are	going	to	look	at	Newton's	First	Law	of	Motion	called	Inertia.	This	law	states	that	a	still	object	will	stay	still	unless	a	force	pushes	or	pulls	it.	A	moving	object	will	stay	moving	unless	a	force	pushes	or	pulls	it.
Gravity	and	friction	are	forces	that	constantly	push	and	pull	the	"stuff"	on	earth.	So,	when	we	roll	a	ball,	it	slowly	comes	to	a	stop.	On	the	moon,	where	there	is	less	gravity	and	friction,	"stuff"	floats,	and	keeps	floating.	Try	one	of	the	experiments	below	to	see	Newton's	first	law	of	motion	in	action.	Experiments:	Websites,	Activities	&	Printables:	You
can	ask	a	math	and	science	expert	for	homework	help	by	calling	the	Ask	Rose	Homework	Hotline.	They	provide	FREE	math	and	science	homework	help	to	Indiana	students	in	grades	6-12.	Books:	Use	your	indyPL	Library	Card	to	check	out	books	at	any	of	our	locations,	or	check	out	e-books	and	e-audiobooks	from	home	right	to	your	device.	Need	help?
Call	or	ask	a	Library	staff	member	at	any	of	our	locations	or	text	a	librarian	at	317	333-6877.	Reading	Time:	3	minutes		Many	years	ago,	Sir	Isaac	Newton	came	up	with	some	most	excellent	descriptions	about	motion.	His	First	Law	of	Motion	is	as	follows:	“An	object	at	rest	stays	at	rest	and	an	object	in	motion	stays	in	motion	unless	acted	upon	by	an
outside	force.”	Quite	a	mouthful.	What	that	means	is	that	something	that	is	sitting	there	will	continue	to	sit	there	unless	moved.	And	something	moving	will	keep	moving	unless	something	stops	it.	Still	a	mouthful.	Just	think	about	this:	When	you	are	at	a	stoplight	in	your	car	and	you	start	moving	quickly,	you	feel	pushed	back	into	your	chair.	The
opposite	is	true	if	you	come	to	a	sudden	stop,	and	you	move	keep	moving	forward,	with	only	your	seatbelt	preventing	you	from	crashing	forward.	Here	are	a	couple	of	experiments	that	demonstrate	this	very	cool	law	of	motion;	in	a	word	called	“inertia.”	Ball	Bounce	Experiment	Materials	for	the	Ball	Bounce	Experiment:	A	basketball	or	soccer	ball,	or
similar	bouncy	ball	a	smaller	bouncy	ball	(like	a	tennis	ball	or	a	racquet	ball).	Have	an	assortment	of	other	balls	handy	for	further	experimenting.	Procedure:	Do	this	experiment	outside	First	bounce	the	basketball	and	tennis	ball	side	by	side	to	compare	their	bounces.	Start	them	off	around	chest	height	Make	a	hypothesis	(a	guess)	about	what	will
happen	when	you	stack	the	small	ball	on	top	of	the	bigger	one	and	then	drop	it	Try	it!	It	may	take	a	couple	tries	to	line	them	up	just	right	but	the	results	are	pretty	awesome	Explanation:	The	energy	of	motion	from	the	bigger	ball	is	transferred	into	the	smaller	one.	Most	of	your	attention	is	on	the	sky-rocketing	smaller	ball,	but	if	you	look	at	the
basketball,	it	doesn’t	have	much	bounce	at	all!	Experiment	further:	Hopefully	this	will	make	you	think	of	other	things.	Like	what	if	you	switched	the	two	balls	and	dropped	the	smaller	one	on	the	bottom?	What	if	you	used	two	of	the	same	sized	ball?	A	golf	ball	on	top?	Think	of	other	things!	Penny	on	a	Card	Experiment	Materials	for	the	Penny	on	the
Card	Experiment:	a	small	plastic	cup,	a	playing	card	a	coin.	Procedure:	Put	a	playing	card	on	top	of	the	plastic	cup	Put	a	coin	on	top	of	the	card	With	a	sharp	flick,	hit	the	card	out	from	under	the	coin!	Or	pull	it	really	quickly	toward	you.	The	coin	will	drop	into	the	cup.	Explanation:	The	coin	has	inertia,	meaning	it	really	wants	to	stay	in	one	place.	If
you	move	the	card	slowly,	it	isn’t	fast	enough	to	overcome	that	force.	If	you	flick	it	quickly,	the	coin	stays	in	one	place	and	then	drops	into	the	cup.	An	object	at	rest	will	remain	at	rest.	If	you	are	brave,	put	the	card	on	your	finger	and	the	coin	on	top…	try	to	flick	the	card	out	until	the	coin	stays	on	your	finger.	It	can	be	done!	Experiment	further:	Use	a
sheet	of	printer	paper	with	a	few	heavier	(non-breakable)	objects	on	it.	See	if	you	can	quickly	pull	the	paper	out	from	under	the	objects.	Another	cool	example	of	inertia:	Put	your	hand,	palm	side	up,	next	to	your	ear.	Put	a	coin	on	your	elbow.	In	one	swift	motion,	bring	your	hand	straight	forward	and	try	to	catch	the	coin	before	it	drops.	If	you’re	fast
(and	lucky)	enough,	you	will	catch	the	coin	before	gravity	has	a	chance	to	bring	it	down.	I	hope	you	enjoyed	this	simple	experiment	and	learned	a	little	bit	about	the	first	law	of	motion	and	inertia.	If	you	have	more	questions	about	this,	or	need	tips	about	science	fair	ideas	around	this	topic	(or	others),	feel	free	to	contact	me.	Steve	Davala	is	a	middle
school	science	teacher	who	likes	to	write.	He’s	got	two	kids	of	his	own	and	subjects	them	to	these	science	activities	as	guinea	pigs.	Follow	him	on	Twitter	or	email	him	at	steve.davala@gmail.com.	Publication	details	Originally	published:	Tuesday,	11th	October	2005	Last	updated	on:	Wednesday,	7th	December	2005	Copyright	information	Body	text	-
Copyrighted:	The	Open	University	Image	'The	team	gather	round	their	camera'	-	Copyright:	Production	team	Image	'Newton'	-	Copyright:	Production	team	Image	'Newton,	portrayed	by	an	actor'	-	Copyright:	Production	team	Image	'Kathy	Sykes'	-	Copyright:	Production	team	Image	'Saucepan	radio	'	-	Copyright:	OU	The	activity	described	below	gets
everyone’s	attention!	Students	with	a	visual	impairment	benefit	from	a	chance	to	feel	the	weight	of	the	various	items	placed	on	the	tablecloth,	as	well	as	a	chance	to	examine	the	table	before	and	after	the	table	cloth	is	pulled.	Inertia	–	the	tendency	of	an	object	to	keep	its	motion	Place	a	book	on	your	desk.	Does	the	book	move?	Unless	you	push	the
book,	it	will	stay	put	just	the	way	you	left	it.	Imagine	a	spacecraft	moving	through	space.	When	the	engines	are	turned	off	the	spacecraft	will	coast	through	space	at	the	same	speed	and	in	the	same	direction.	The	book	and	spacecraft	have	inertia.	Because	of	inertia,	an	object	at	rest	rends	to	stay	at	rest.	An	object	in	motion	tends	to	keep	moving	at	a
constant	speed	in	a	straight	line.	Newton’s	first	law	of	motion	explains	how	inertia	affects	moving	and	nonmoving	objects.	Newton’s	first	law	states	that	an	object	will	remain	at	rest	or	move	at	a	constant	speed	in	a	straight	line	unless	it	is	acted	on	by	an	unbalanced	force.	According	to	Newton’s	first	law,	an	unbalanced	force	is	needed	to	move	the
book	on	your	desk.	You	could	supply	the	force	by	pushing	the	book.	An	unbalanced	force	is	needed	to	change	the	speed	or	direction	of	the	spacecraft.	This	force	could	be	supplied	by	the	spacecraft’s	engine.	You	can	see	the	effects	of	inertia	everywhere.	In	baseball,	for	example,	to	overcome	inertia	a	base	runner	has	to	“round”	the	bases	instead	of
making	sharp	turns.	As	a	more	familiar	example	of	inertia,	think	about	riding	in	a	car.	You	and	the	car	have	inertia.	If	the	car	comes	to	a	sudden	stop,	your	body	tends	to	keep	moving	forward.	When	the	car	starts	moving	again,	your	body	tends	to	stay	at	rest.	You	move	forward	because	the	car	seat	exerts	an	unbalanced	force	on	your	body.	After	this
lesson,	students	should	be	able	to:	State	and	explain	Newton's	first	law	of	motion.	Identify	and	give	examples	of	(types	of)	forces.	Compare	and	contrast	speed,	velocity	and	acceleration.	Apply	Newton's	first	law	to	explain	the	effect	of	applying	a	force	on	an	object.	 	NGSS	Performance	Expectation	MS-PS2-2.	Plan	an	investigation	to	provide	evidence
that	the	change	in	an	object's	motion	depends	on	the	sum	of	the	forces	on	the	object	and	the	mass	of	the	object.	(Grades	6	-	8)	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Click	to	view	other	curriculum	aligned	to	this	Performance	Expectation	This	lesson	focuses	on	the	following	Three	Dimensional	Learning	aspects	of	NGSS:	Science
&	Engineering	Practices	Disciplinary	Core	Ideas	Crosscutting	Concepts	Plan	an	investigation	individually	and	collaboratively,	and	in	the	design:	identify	independent	and	dependent	variables	and	controls,	what	tools	are	needed	to	do	the	gathering,	how	measurements	will	be	recorded,	and	how	many	data	are	needed	to	support	a	claim.Alignment
agreement:	Thanks	for	your	feedback!Science	knowledge	is	based	upon	logical	and	conceptual	connections	between	evidence	and	explanations.Alignment	agreement:	Thanks	for	your	feedback!The	motion	of	an	object	is	determined	by	the	sum	of	the	forces	acting	on	it;	if	the	total	force	on	the	object	is	not	zero,	its	motion	will	change.	The	greater	the
mass	of	the	object,	the	greater	the	force	needed	to	achieve	the	same	change	in	motion.	For	any	given	object,	a	larger	force	causes	a	larger	change	in	motion.Alignment	agreement:	Thanks	for	your	feedback!All	positions	of	objects	and	the	directions	of	forces	and	motions	must	be	described	in	an	arbitrarily	chosen	reference	frame	and	arbitrarily	chosen
units	of	size.	In	order	to	share	information	with	other	people,	these	choices	must	also	be	shared.Alignment	agreement:	Thanks	for	your	feedback!Explanations	of	stability	and	change	in	natural	or	designed	systems	can	be	constructed	by	examining	the	changes	over	time	and	forces	at	different	scales.Alignment	agreement:	Thanks	for	your	feedback!
Students	will	develop	an	understanding	of	the	relationships	among	technologies	and	the	connections	between	technology	and	other	fields	of	study.	(Grades	K	-	12)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Plan	an	investigation	to	provide	evidence	that	the	change	in	an	object's	motion	depends
on	the	sum	of	the	forces	on	the	object	and	the	mass	of	the	object.	(Grades	6	-	8)	More	Details	View	aligned	curriculum	Do	you	agree	with	this	alignment?	Thanks	for	your	feedback!	Suggest	an	alignment	not	listed	above	Students	should	be	familiar	with	the	concepts	of	mass,	properties	of	matter	(eight,	density,	volume),	and	basic	algebraic	equations.
Engineers	apply	basic	physics	concepts	of	inertia	and	force	in	a	variety	of	situations,	such	as	in	designing	structures	and	vehicles	of	all	shapes	and	sizes.	Understanding	these	concepts	is	necessary	to	accurately	explain	the	movement—or	lack	of	movement—of	objects.	A	force	is	a	push,	pull	or	twist	on	an	object.	All	forces	can	be	identified	as	either
contact	or	non-contact.	Contact	forces	result	from	interactions	between	objects	that	touch.	Examples	of	contact	forces	include	applied,	spring,	drag,	friction	and	normal	forces.	Non-contact	forces	attract	or	repel	objects	from	a	distance,	including	magnetic,	electric	and	gravitational	forces.	An	applied	force	can	cause	an	object	to	accelerate,	which
means	a	change	in	the	object's	velocity	happens.	The	acceleration	of	an	object	depends	on	the	force	acting	on	the	object,	as	well	as	the	object's	mass.	Sir	Isaac	Newton	stated	in	Principia	Mathematica,	a	book	he	wrote	in	1687,	that	"Every	body	persists	in	its	state	of	being	at	rest	of	moving	uniformly	straight	forward,	except	insofar	as	it	is	compelled	to
change	its	state	by	force	impressed."	(He	wrote	"every	body,"	meaning	"every	object,"	not	"everybody.")	Today	we	know	this	as	Newton's	first	law	of	motion	and	simply	state	this	natural	physical	law	as	"objects	at	rest	stay	at	rest	and	objects	in	motion	stay	in	motion	unless	acted	upon	by	an	unbalanced	force."	Let's	think	of	an	example.	Imagine	a
student	on	a	skateboard.	If	no	force	acts	on	the	student	on	the	skateboard—such	as	another	student	pushing	them	forward—then	the	student	remains	motionless.	However,	if	pushed	forward,	the	student	accelerates.	Once	moving,	the	force	of	friction	acts	on	the	skateboard	to	slow	the	skateboard	and	the	student,	until	stopped	again.	Newton's	first
law	is	also	often	referred	to	as	the	law	of	inertia.	Galileo	Galilei	first	wrote	about	this	concept	stating:	"A	body	moving	on	a	level	surface	will	continue	in	the	same	direction	at	a	constant	speed	unless	disturbed."	Simply	put,	inertia	is	an	object's	resistance	to	changing	its	motion.	The	key	for	an	object	to	accelerate	is	that	it	is	acted	on	by	an	unbalanced
force.	Typically,	objects	are	acted	on	by	multiple	forces	at	the	same	time.	For	example,	a	box	sitting	on	the	ground	is	acted	on	by	a	gravitational	force	pulling	it	down	and	a	normal	force	pushing	it	up.	These	forces	balance	so	no	acceleration	occurs.	On	the	other	hand,	an	object	falling	through	the	air,	such	as	a	parachute	is	acted	on	by	two	forces,	but
they	are	unbalanced.	A	gravitational	force	pulls	the	parachute	downwards,	while	a	drag	force	pushes	it	up.	However,	the	gravitational	force	is	greater	than	the	drag	force	so	the	parachute	moves	downward,	albeit	more	slowly	than	if	no	drag	force	was	acting	on	it.	(Continue	by	showing	the	presentation	and	delivering	the	content	in	the	Lesson
Background	section.)	Teacher	Preparation	Be	ready	to	show	students	the	Forces	and	Newton's	First	Law	Presentation	(an	11-slide	PowerPoint®	presentation)	to	teach	the	lesson.	(optional)	Have	ready	a	computer/projector	with	Internet	access	to	show	students	two	online	videos	as	part	of	the	presentation.	For	two	class	demonstrations,	have	handy
the	following	materials:	whiteboard	marker,	wooden	embroidery	hoop,	2-liter	soda	bottle	(or	Nalgene	bottle)	full	of	sand,	gravel	or	water	(for	stability),	and	2	eggs,	1	raw,	1	hardboiled.	Practice	the	demos	(slides	2	and	10)	in	advance.	Note:	Use	a	light-weight	wooden	hoop,	sometimes	called	an	embroidery	or	crochet	hoop.	Alternatively,	use	a	metal
hose	clamp	with	the	tightening	mechanism	removed.	Most	impressive	is	when	the	marker	is	only	a	few	millimeters	less	in	diameter	then	the	bottle	opening.	Any	number	of	setups	work	well;	just	get	one	that	works	and	practice	a	few	times	in	advance.	Alternatively,	show	students	an	online	video	of	the	hoop	demo;	two	website	addresses	are	provided	in
the	Additional	Multimedia	Support	section.	In	advance,	make	copies	of	Newton's	First	Law	Exit	Ticket	(one	per	student).	Background	Concepts	Newton's	laws	of	motion	are	fundamental	concepts	of	macro-scale	physics.	Forces	explain	the	motion	of	objects.	A	force	is	a	push	or	pull	on	an	object,	resulting	from	an	interaction	with	another	object.	If	two
objects	interact,	then	a	force	is	always	acting	on	each	object.	Once	the	interaction	ends,	the	force	acting	on	the	objects	also	comes	to	an	end.	This	can	be	demonstrated	through	many	examples	even	as	simple	as	a	rock	resting	on	the	ground	until	it	is	pushed	by	something.	Gravitational	forces	can	be	demonstrated	by	dropping	objects.	Magnetic	forces
can	be	demonstrated	with	two	magnets.	Newton's	first	law	states	that	"an	object	at	rest	will	stay	at	rest	unless	acted	on	by	an	unbalanced	external	force."	This	concept	is	commonly	referred	to	as	inertia	and	was	first	hypothesized	by	Galileo	Galilei	in	the	late	1500s.	Newton	first	stated	this	as	"Every	body	persists	in	its	state	of	being	at	rest	or	of
moving	uniformly	straight	forward,	except	insofar	as	it	is	compelled	to	change	its	state	by	force	impressed."	This	physical	law	explains	myriad	everyday	phenomena,	such	as	why	we	wear	seatbelts.	It	can	also	be	demonstrated	by	the	movement	of	objects	in	sports—such	as	kicking	or	hitting	a	ball	or	tackling	other	players.	Forces	and	Newton's	First
Law	of	Motion	Presentation	Outline	(slides	1-11)	Open	the	Forces	and	Newton's	First	Law	Presentation	for	all	students	to	view	and	present	the	lesson	content,	guided	by	the	script	below	and	text	in	the	slide	notes.	The	slides	are	animated	so	clicking	brings	up	the	next	text/image/answer.	Objective:	To	understand	that	the	change	in	motion	(or
acceleration)	of	an	object	is	caused	by	unbalanced	forces.	(slide	2)	Introduce	the	concept	of	inertia	through	a	short	class	demonstration.	Balance	a	hoop	on	the	top	of	a	weighted	bottle,	and	a	marker	on	the	hoop,	as	shown	in	the	drawing	on	the	slide.	Ask	students:	What	do	you	think	will	happen	when	I	knock	the	hoop	from	the	bottle?	After	student
discussion	and	predictions,	quickly	knock	the	hoop	from	its	location	between	the	bottle	and	the	marker.	If	done	correctly,	the	marker	falls	straight	into	the	bottle	(as	shown	by	the	slide	animation).	Explain	that	this	demonstrates	inertia;	the	marker	resists	changing	direction	when	the	hoop	is	knocked	away.	(slide	3)	This	slide	is	a	primer	on	speed,
velocity	and	acceleration.	Even	though	the	entire	lesson	could	be	devoted	to	this	topic,	the	goal	here	is	a	quick	introduction	(or	review)	of	the	concepts.	Briefly	review	the	concept	of	speed:	speed	is	the	distance	traveled	divided	by	time.	Reinforce	this	with	an	example	problem:	if	a	racecar	is	traveling	at	120	mph,	how	much	time	does	it	take	to	travel
one	mile?	(Answer:	30	seconds.)	In	order	to	know	the	racecar's	velocity,	one	needs	to	know	not	only	its	speed,	but	also	the	direction	in	which	it	is	traveling.	We	know	the	car's	speed	(120	mph)	from	the	speedometer,	but	we	need	to	define	the	car's	direction.	Direction	can	be	a	compass	direction	(north,	south,	northeast,	etc.),	up	and	down,	or	positive
and	negative	(as	in	the	integer	number	line).	Let's	start	by	assigning	a	compass	direction	to	the	racecar.	Given	the	orientation	of	the	compass,	the	racecar	is	traveling	east.	So,	the	racecar's	velocity	in	this	case	is	120	miles	per	hour	to	the	east.	Next,	introduce	positive	and	negative	as	directions.	These	will	be	used	later	on	in	the	lesson	as	well.	In	this
case,	the	racecar's	velocity	is	now	120	mph	in	the	positive	direction.	If	the	driver	was	driving	the	car	in	reverse,	the	car's	velocity	would	be	120	mph	in	the	negative	direction,	or	-120	mph.	Use	the	speedometer	to	introduce	acceleration	as	a	change	in	velocity.	Imagine	the	racecar	initially	at	rest	(0	mph),	then	the	driver	presses	the	gas	pedal	and	the
car	begins	to	move	in	the	positive	direction.	The	change	in	velocity	is	the	acceleration.	Have	you	ever	heard	someone	declare	that	a	really	powerful	car	can	"go	zero	to	60	mph	in	(for	example)	4	seconds"?	This	description	is	a	measure	of	acceleration.	Also,	remember	that	since	velocity	consists	of	both	speed	AND	direction,	acceleration	might	entail
changing	the	speed	OR	the	direction	OR	both.	Run	through	some	practice	examples.	For	example,	"If	you	are	walking	north	at	3	miles	an	hour,	is	this	your	speed	or	velocity?	How	do	you	know?"	(Answer:	Velocity,	because	both	direction	[north]	and	speed	[3	miles	per	hour]	are	provided.)	To	make	the	concept	more	tangible,	call	on	a	few	student
volunteers	to	walk—with	increase	or	decreasing	speed—to	illustrate	the	concepts	of	velocity	and	acceleration,	including	magnitude	+	direction	/	vector	vs.	scalar	quantities.	(slide	4)	A	force	is	a	push	or	pull	on	an	object	resulting	from	the	object's	interaction	with	another	object.	That	interaction	can	be	due	to	contact	or	being	nearby,	a	distinction	we
will	talk	about	later.	Whenever	two	objects	are	interacting,	then	some	force	is	acting	upon	each	of	the	objects.	When	the	interaction	stops,	the	two	objects	no	longer	experience	any	force	between	them.	If	an	object	is	not	interacting	with	any	other	objects,	then	no	forces	are	acting	upon	it.	Forces	only	exist	as	a	result	of	interactions.	A	force	acting	on
an	object	may	cause	that	object's	velocity	to	change.	This	is	the	same	as	saying	that	forces	may	cause	an	object	to	accelerate.	(The	condition	here	is	that	the	object	must	be	experiencing	an	unbalanced	force	in	order	to	accelerate,	but	more	on	that	later.)	The	acceleration	of	an	object	is	not	only	based	on	the	force	acting	on	it,	but	also	on	its	mass.	In
the	left	photograph,	a	hockey	player	applies	a	force	to	make	the	ball	move	forward.	In	the	middle	photograph,	a	soccer	player's	foot	applies	a	force	to	the	ball,	which	causes	the	ball	to	accelerate.	Pulling	on	a	rope	in	a	game	of	tug	of	war	(as	depicted	in	the	right	image)	can	cause	an	entire	system	to	accelerate.	(Note:	This	may	be	a	good	time	for	a	tug
of	war	demonstration	to	illustrate	systems	experiencing	balanced	and	unbalanced	forces	to	further	explain	Newton's	first	law.)	As	a	transition	to	the	next	slide,	mention	that	the	three	images	all	depict	contact	forces.	(slide	5)	Introduce	students	to	different	types	of	forces	through	simple	demonstrations.	Give	brief	descriptions	of	each	type	of	force
(direct	students	to	write	these	definitions	in	their	notebooks),	and	perform	a	simple	demonstration	of	each	one.	The	goal	is	for	students	to	be	able	to	distinguish	between	contact	and	non-contact	forces	and	gain	exposure	to	the	variety	of	forces,	not	to	master	the	intricacies	of	friction	or	magnetism.	Contact	forces	are	interactions	that	occur	between
objects	when	they	are	touching.	Applied	force,	spring	force,	drag	force	and	frictional	force	are	all	different	types	of	contact	forces.	An	applied	force	is	a	force	that	a	person	or	object	applies	to	another	object	or	person.	For	example,	a	swinging	baseball	bat	applies	a	force	to	a	baseball.	A	spring	force	is	exerted	when	a	mechanical	spring	is	compressed
or	stretched.	When	an	object	moves	through	a	fluid	(such	as	water	or	gas),	contact	between	the	object	and	the	fluid	molecules	creates	a	drag	force	that	opposes	the	motion	of	the	object.	A	parachute	takes	advantage	of	drag	force	to	slow	an	object's	descent.	When	two	solids	are	in	contact,	a	frictional	force	opposes	the	movement	of	one	object	past	the
other.	When	a	textbook	is	slid	across	a	table,	it	is	the	frictional	force	that	slows	down	its	motion.	Non-contact	forces	are	interactions	that	occur	even	when	a	distance	exists	between	objects.	Examples	of	non-contact	forces	include	magnetic,	electric	and	gravitational	forces.	With	each	of	these,	objects	need	not	be	touching	in	order	to	experience	a	non-
contact	force	between	them.	For	example,	a	magnet	can	attract	or	repel	another	magnet,	causing	a	change	in	motion	without	the	magnets	touching.	Similarly,	an	electrically	charged	balloon	can	make	person's	hair	stand	up	without	touching	the	hair.	And,	as	Isaac	Newton	famously	proposed,	an	apple	falls	to	the	ground	and	the	moon	revolves	around
the	Earth	due	to	the	action	of	a	gravitational	force.	In	all	of	these	cases,	the	strength	of	the	force	depends	on	the	distance	between	the	objects.	While	looking	at	all	the	force	examples	illustrated	on	the	slide,	ask	students:	What	forces	might	engineers	use	to	their	advantage?	How	might	they	do	this?	For	example,	engineers	take	advantage	of	drag
forces	when	designing	parachutes.	(slide	6)	Introduce	Newton's	first	law	of	motion	by	helping	students	translate	Newton's	original	language	into	"sixth	grade	language."	Make	sure	students	do	not	confuse	"every	body,"	meaning	"every	object,"	with	"everybody."	Have	students	translate	Newton's	wording	into	the	more	common	definition:	"Unless	an
unbalanced	force	acts	on	an	object,	an	object	at	rest	stays	at	rest	and	an	object	in	motion,	stays	in	motion."	(slide	7)	An	object	only	accelerates	if	an	unbalanced	force	acts	on	it	(net	force	≠	0).	If	the	forces	acting	on	an	object	are	balanced	(or	no	forces	are	acting	on	the	object),	then	the	object	maintains	its	velocity	(if	non-zero).	Reinforce	the	concept
with	examples;	ask	students	to	explain	how	each	picture	on	the	slide	illustrates	Newton's	first	law	of	motion.	The	pyramid	is	a	massive	object	that	does	not	move;	no	unbalanced	forces.	In	space,	when	astronauts	move,	they	continue	moving	(think	of	footage	from	the	international	space	station).	If	a	biker's	front	wheel	hits	a	barrier	(such	as	a	log	or
curb),	they	will	fly	over	the	handlebars.	(optional)	Discuss	the	invisible	bicycle	helmet,	a	cool	engineering	invention,	and	show	a	3:36-minute	video	about	it.	The	video	can	be	interpreted	to	demonstrate	Newton's	first	law	in	the	event	of	a	bike	crash;	video	at	.	(slide	8)	Provide	an	elementary	explanation	of	vectors,	with	the	emphasis	being	that	forces
are	additive.	Use	the	animated	diagram	on	this	slide	as	an	example	of	unbalanced	forces.	Begin	with	a	discussion	of	the	integer	number	line,	which	students	have	seen	in	math	class.	Then	orient	that	line	vertically	with	positive	pointing	down.	Consider	the	umbrella	shown	on	the	slide;	a	3	N	force	acts	in	the	negative	direction	and	a	7N	force	acts	in	the
positive	direction.	The	two	forces	acting	upon	the	umbrella	are	unbalanced	because	they	do	not	add	to	zero.	Because	the	force	of	air	resistance	is	less	than	the	force	of	gravity,	a	net	force	in	the	positive	direction	results,	and	the	umbrella	accelerates	in	that	direction.	Move	into	a	discussion	of	air	resistance	and	what	would	happen	in	its	absence.	In	a
situation	with	no	air	resistance,	if	two	objects	are	dropped	from	the	same	height	at	the	same	time,	they	hit	the	ground	at	the	same	time.	(optional)	Show	students	the	47-second	video,	Feather	&	Hammer	Drop	on	Moon	of	an	Apollo	astronaut	doing	a	demo	on	a	space	walk	in	1971	at:	.	This	is	an	example	of	what	happens	when	no	drag	force	exists;	the
hammer	and	feather	hit	the	ground	at	the	same	time,	as	predicted	by	Galileo's	theory	that	all	objects	in	a	given	gravity	field	fall	at	the	same	rate,	regardless	of	mass—in	the	absence	of	resistance	of	the	medium	through	which	they	fall.	(slide	9)	Return	to	the	concept	of	inertia.	Inertia	was	first	described	by	Galileo	Galilei,	"the	father	of	modern	physics."
Inertia	describes	the	same	principle	as	Newton's	first	law	of	motion	but	was	stated	as	"A	body	moving	on	a	level	surface	will	continue	in	the	same	direction	at	constant	speed	unless	disturbed."	(slide	10)	Conduct	another	simple	class	demonstration;	use	two	eggs	to	demonstrate	inertia.	Spin	both	a	hardboiled	egg	and	a	raw	egg.	Stop	each	with	your
finger,	then	quickly	let	go.	The	hardboiled	egg	remains	still,	while	the	raw	egg	spins	again	(the	yolk	kept	spinning	inside	the	shell).	Explain	to	students	that	the	(unseen,	soft)	yolk	continued	to	rotate.	(slide	11)	Review	the	concepts	from	the	day's	lesson.	Conclude	the	presentation	with	a	quick	review	of	the	key	concepts,	as	listed	on	the	slide,	with
blanks	for	students	to	supply	the	answers.	The	take-home	message	for	students	is	that	unbalanced	forces	cause	an	object's	motion	to	change.	Recap	that	a	variety	of	different	forces	exist,	and	that	engineers	consider	and	take	advantage	of	these	forces	in	their	designs.	Conclude	the	lesson	by	administering	the	exit	ticket	and	homework	assignment,	as
described	in	the	Assessment	section.	acceleration:	The	amount	of	change	in	an	object's	velocity.	force:	A	push,	pull	or	twist	of	an	object.	inertia:	An	object's	resistance	to	changing	its	motion.	Newton's	first	law:	Unless	an	unbalanced	force	acts	on	an	object,	an	object	at	rest	stays	at	rest	and	an	object	in	motion	stays	in	motion.	speed:	The	distance
traveled	divided	by	time.	velocity:	The	speed	and	direction	of	an	object.	Pre-Lesson	Assessment	Predictions:	In	conjunction	with	the	inertia	hoop	demonstration	(slide	2),	ask	students	what	they	think	will	happen	to	the	marker	once	the	hoop	is	snatched	away.	Expect	students	with	an	understanding	of	inertia	to	predict	the	marker	to	fall	straight	down,
while	those	unfamiliar	with	inertia	to	predict	the	marker	to	be	pulled	in	the	direction	in	which	the	hoop	was	removed.	Student	answers	reveal	their	base	knowledge	of	the	concept.	Post-Introduction	Assessment	Embedded	Questions:	Informally	gauge	students'	depth	of	understanding	by	their	responses	to	questions	throughout	the	Forces	and
Newton's	First	Law	Presentation	slides	and	script.	For	example,	on	slide	8,	expect	students	to	be	able	to	identify	the	forces	acting	on	the	umbrella.	Lesson	Summary	Assessment	Concept	Review:	At	lesson	end,	ask	students	the	six	review	questions	on	slide	11.	Ask	them	to	supply	the	answers	for	the	blanks	in	the	sentences.	Student	answers	reveal
their	comprehension	of	the	concepts	presented.	Exit	Ticket:	As	a	final	exercise	for	the	day,	have	students	fill	in	the	blanks	on	the	Newton's	First	Law	Exit	Ticket.	Use	this	exit	ticket	after	full	review	of	the	relevant	properties	of	matter—mass,	weight,	density,	volume—and	after	covering	the	topic	of	forces	and	Newton's	first	law.	The	questions	require
students	to	distinguish	between	speed,	velocity	and	acceleration.	Review	students'	answers	to	gauge	their	individual	depth	of	comprehension.	Homework	Experiment	Planning:	Assign	students	to	design	an	experiment	that	would	test	whether	an	object's	motion	depends	on	the	forces	acting	on	it	and	its	mass.	In	doing	so,	direct	them	to	consider	what
they	learned	in	this	lesson,	including	the	various	types	of	forces	that	can	act	on	an	object	and	the	demonstrations	they	observed.	Remind	students	to	think	through	all	the	forces	that	will	be	present	in	their	experiments	and	how	they	might	test	the	effect	of	an	object's	mass.	Since	the	experiment	will	not	actually	be	performed,	encourage	students	to	be
very	creative	in	its	design.	This	homework	helps	prepare	students	for	the	next	lesson	on	Newton's	second	law.	Coming	Up:	After	presentation	of	the	next	lesson	on	Newton's	second	law,	a	homework	assignment	is	provided	as	an	attachment	to	that	lesson,	Newton's	First	and	Second	Laws	Homework,	in	which	students	demonstrate	what	they	learned
from	both	lessons.	Louviere,	Georgia.	"Newton's	Laws	of	Motion."	2006.	Rice	University.	Accessed	April	1,	2014.	"Newton's	Laws."	2014.	Physics	Tutorial,	The	Physics	Classroom.	Accessed	April	1,	2014.	The	contents	of	this	digital	library	curriculum	were	developed	by	the	Renewable	Energy	Systems	Opportunity	for	Unified	Research	Collaboration
and	Education	(RESOURCE)	project	in	the	College	of	Engineering	under	National	Science	Foundation	GK-12	grant	no.	DGE	0948021.	However,	these	contents	do	not	necessarily	represent	the	policies	of	the	National	Science	Foundation,	and	you	should	not	assume	endorsement	by	the	federal	government.	Last	modified:	July	13,	2021
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