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1.	INTRODUCTION	

The	photograph	shows	the	
Millau	Road	Bridge	 in	 the	 South	
of	France.	At	a	height	of	270	m,	
this	 is	the	highest	road	bridge	in	
the	 world.	 Engineers	 who	 build	
bridges	 have	 a	 detailed	
understanding	 of	 forces,	 weight	
and	 pressure.	 You	 will	 meet	
these	ideas	in	this	chapter.	

	
In	this	chapter	also	we	study	causes	

of	 motion:	Why	 does	 the	 kitesurfer	 slide	
across	the	water	in	the	way	he	does?	The	
combined	 forces	 of	 the	wind,	 water,	 and	
gravity	 accelerate	 him	 according	 to	 the	
principles	of	dynamics.	

 
	

Chapter	Goal:	To	establish	a	connection	between	force	and	motion.	
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Furthermore,	 it	 is	 advisable	 to	 ditinguish	 between	 two	 branches	 of	 Physics,	

kinematics	and	dynamic:	

	
§ Kinematics:	 The	 study	 of	 how	 objects	

move.	 Motion	 is	 when	 an	 object	
changes	 position	 over	 time	 when	
compared	with	a	reference	point.	
	
	

§ Dynamics:	 The	 study	 of	 why	 objects	
move.	What	makes	an	object	move	is	a	
force.	

	
	
	
	

2.	SCALARS	AND	VECTORS 
	

§ A	scalar	quantity	is	one	that	only	has	a	size	or	magnitude	(no	direction).	
§ A	vector	quantity	is	one	that	has	a	size	and	a	direction.	

	
Some	examples	of	scalar	quantities	are:	mass	(for	example,	3	kg	of	apples);	

temperature	(for	example,	27	°C);	energy	(for	example,	200_joules).	These	
quantities	do	not	have	a	direction,	they	only	have	a	size.	
	

Force	is	an	example	of	a	vector	quantity.	You	can	push	with	a	force	of	
250	N	to	the	right	or	with	a	force	of	250	N	to	the	left.	Each	force	has	the	
same	magnitude,	but	the	effect	is	in	a	different	direction.		
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3.	WHAT	IS	A	FORCE?		

A	force	is	a	push	or	a	pull.	Whenever	you	push	or	
pull	 something	 you	 are	 exerting	 a	 force	 on	 it.	 The	
forces	that	you	exert	can	cause	three	things:	
	
	
ü You	can	change	the	shape	of	an	object.	For	example,	you	can	stretch	or	squash	a	

spring	and	you	can	bend	or	break	a	ruler.	
	

ü You	can	change	the	speed	of	an	object.	For	example,	you	can	increase	the	speed	of	
a	ball	when	you	throw	it	and	you	decrease	its	speed	when	you	catch	it.	

	
ü A	force	can	also	change	the	direction	in	which	something	is	travelling.	For	example,	

we	use	a	steering	wheel	to	turn	a	car.	
	

PROPERTIES	OF	A	FORCE:	
 

§ A	force	is	a	vector	quantity.	
§ It	is	represented	by	the	symbol	F.	
§ It	is	measured	in	the	SI	unit	in	newtons	(N)	

 

	

ü Activity	A1.	Which	one	of	these	is	a	scalar	quantity	and	which	one	is	a	vector	
quantity?	

a)	Sepeed	
b)	Velocity	
c)	Mass	
d)	Weight	
e)	Volume	
f)	Temperature	
g)	Acceleration	
h)	Force	
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THE	SIZES	OF	SOME	FORCES:	
 
The	unit	we	use	to	measure	force	is	the	newton	(N).	Large	forces	may	be	

measured	in	kilonewtons	(kN)	or	meganewtons	(MN).	A	few	examples	of	the	size	of	
various	forces	are	given	below.	

	
- The	pull	of	gravity	on	a	fly	=	0.001	N	
- The	pull	of	gravity	on	an	apple	=	1	N	
- The	frictional	force	slowing	a	rolling	football	=	2	N	
- The	force	required	to	squash	an	egg	=	50	N	
- The	tension	in	a	rope	towing	a	car	=	1000	N	(1	kN)	
- The	frictional	force	exerted	by	the	brakes	of	a	car	=	5000	N	(5	kN)	
- The	push	from	the	engines	of	a	space	rocket	=	1	000	000	N	(1	MN)	

4.	TYPES	OF	FORCES	

Contact	forces	
The	 forces	 described	 so	 far	 are	 called	 contact	 forces.	 Your	 hand	 touches	
something	to	exert	a	force.	Here	are	some	further	examples	of	contact	forces:	

	
§ Friction	is	the	contact	force	that	opposes	objects	moving	relative	to	each	other.	

Friction	 acts	 between	 two	 sliding	 surfaces.	 Friction	 can	 also	 act	 to	 stop	
something	beginning	to	move.	

§ Air	resistance,	or	drag,	is	a	force	that	acts	on	an	object	moving	through	the	air.	
You	can	feel	air	resistance	if	you	put	your	hand	out	of	a	car	window	when	the	
car	is	moving.	A	boat	experiences	drag	when	it	moves	through	water.	

§ Tension	is	the	name	we	give	to	the	force	exerted	through	a	rope	when	we	pull	
something.	

§ Normal	 contact	 force	 is	 the	 force	 that	 supports	an	object	 that	 is	 resting	on	a	
surface	such	as	a	table	or	the	floor.	
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Non-contact	forces	
There	are	also	non-contact	 forces.	 These	are	 forces	 that	act	between	objects	

that	 are	 physically	 separated.	 Gravitational,	 electrostatic	 and	 magnetic	 forces	 are	
examples	of	non-contact	forces.		
	
§ Gravity,	the	Earth	pulls	you	downwards	whether	you	are	in	contact	with	it	or	not.	

The	Sun’s	gravity	acts	over	great	distances	to	keep	the	Earth	and	other	planets	in	
orbit.	

§ Electrostatic	 forces,	 these	 are	 forces	 that	 act	 between	 charged	 objects.	 By	
rubbing	a	balloon	you	can	charge	it	and	stick	it	to	the	wall.	

§ Magnetic	forces,	a	magnet	can	attract	objects	made	from	iron	or	steel	towards	it.	
	
	

	
	
	
	

	
	
	
	

ü Activity	A2.	What	is	a	contact	force?		Which	one	of	the	following	is	an	example	
of	a	contact	force?		

a) friction		b)	gravity	c)	magnetic	
	

ü Activity	A3.	What	is	a	non-contact	force?	Which	one	of	the	following	is	an	
example	of	a	non-contact	force?	

a) 													a)	air	resistance		b)	electrostatic		c)	tension	
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5.	FREE	BODY	DIAGRAM		

Free	body	diagrams	are	used	to	show	the	magnitude	and	direction	of	all	of	the	
forces	that	act	on	an	object.	

	
Figure	 is	 an	example	of	 a	 free	body	diagram.	Two	 forces	

act	on	the	ball:	the	air	resistance	exerts	an	upward	force	on	the	
ball,	 and	 the	 pull	 of	 gravity	 (the	 ball's	 weight)	 exerts	 a	
downwards	 force	 on	 it.	 The	 sum	 of	 these	 two	 forces	 is																		
10	N	–	5	N	=	5	N	downwards,	so	the	ball	continues	to	spead	up.	
	

	

ü Activity	A4.	Classify	the	following	types	of	forces	bellow	the	correct	picture:	
	
											Spring	force											Gravity													Applied	force										Buoyant	force	
	
								Friction	force						Tension	force								Magnetic	force											Drag	force	
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6.	BALANCED	AND	UNBALANCED	FORCES	

Balanced	forces	are	equal	and	opposite	in	direction.	

A	Balanced	force	is	a	force	in	which	the	net	force	equals	zero	and	there	is	no	motion.		
	
	

	
	

ü Activity	A5.	Draw	the	following	free	body	diagrams,	imagine	each	object	or	
mass	as	a	particle:	
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If	all	the	forces	are	balanced,	we	say	the	object	is	in	EQUILIBRIUM.	

	
	
Unbalanced	forces	have	a	greater	force	in	one	direction.	An	unbalanced 

force	is	a	force	in	which	the	net	force	is	greater	than	zero	(Fnet	>	0)	causing	motion. 
400N	-	300N	=	100N	an	UNBALANCED	force	with	MOTION	going	in	the	direction	of	
the	greater	force	in	this	case	to	the	left	or	toward	team	A.	
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A	net	force	is	the	vector	sum	of	the	forces	acting	on	an	object	

	

	

7.	MASS	AND	WEIGTH	

	
	
Weight	 is	 the	 name	 that	 we	 give	 to	 the	 pull	 of	 gravity	 on	 an	 object.	 Large	

objects	such	as	the	Earth	produce	a	gravitational	field,	which	attracts	masses.	Smaller	

ü Activity	A6.	Fill	the	blanks	in	the	below	table:	
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objects	exert	gravitational	forces	on	each	other,	but	these	are	too	small	to	notice.	
	

ü Near	the	Earth’s	surface	the	gravitational	field	strength,	g,	is	9.8	N/kg.	
ü This	means	that	each	kilogram	has	a	gravitational	pull	of	9.8	N.	
ü The	weight	of	1kg	on	the	Earth’s	surface	is	9.8	N.	

	
To	calculate	weight	use	this	equation:	
	
Where:	
• weigh	is	in	newtons,	N	
• mass	is	in	kilograms,	kg	
• gravitational	field	strenght	is	in	acceleration	units	m/s2	(g=9,8m/s2	constant	value)		
	

Since	the	value	of	g	is	constant	(9.8	m/s2	near	the	Earth’s	surface)	the	weight	of	
an	object	and	the	mass	of	an	object	are	directly	proportional.	

	

																														 	
So	if	your	mass	 in	kilograms	goes	up	or	down,	your	weight	 in	newtons	will	go	

up	 or	 down	 in	 the	 same	 proportion.	 The	 mass	 of	 an	 object	 remains	 the	 same	
anywhere	 in	 the	 Universe.	 The	mass	 of	 an	 object	 is	 determined	 by	 the	 amount	 of	
matter	in	it.		

However,	 a	 50	 kg	 mass	 would	 have	 a	 different	
weight	on	the	Moon,	
where	the	gravitational	field	strength	is	1.6	m/s2.	

The	 weight	 of	 an	 object	 can	 be	 considered	 to	 act	
through	 a	 single	 point.	 This	 point	 is	 called	 the	 centre	 of	
mass	 of	 the	 object.	 The	 weight	 of	 an	 object	 can	 be	
measured	 with	 a	 spring	 balance,	 which	 is	 calibrated	 in	
newtons.	
 

ü Activity	A7.	Click	on	this	link	and	calculate	the	weight	and	the	mass	of	the	boy	
in	each	place.		

http://www.educaplus.org/game/masa-y-peso	
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8.	LAWS	OF	NEWTON	

8.1	WHO	WAS	SIR	ISAAC	NEWTON?	
 

In	1665,	shortly	after	getting	a	bachelor’s	
degree	at	Cambridge,	Newton	was	forced	to	
return	to	his	home	because	of	the	Grat	Plague.	
During	the	next	18	months	he	formulated	most	of	his	scientific	discoveies,	including:	
the	development	of	his	three	Laws	of	motion,	the	Law	of	gravitation,	the	intion	of	the	
calculus,	the	dispersión	of	light,	the	building	of	a	reflecting	telescope,	and	so	on.	That	
short	period	was	probably	the	most	creative	period	in	the	history	of	man…	and	it	will	
never	be	repeated!	
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8.1				1st	LAW	OF	NEWTON	

Isaac	 Newton	 first	 proposed	 the	 following	 law	 of	 nature	 to	 attempt	 to	 describe	
objects	in	motion:	
“	Every	object	continues	either	at	rest	or	in	constant	motion	in	a	straight	line	unless	it	
is	acted	upon	by	a	net	force	“		
the	 statement	 about	 objects	 at	 rest	 is	 pretty	 obvious,	 but	 the	 “constant	 motion”	
statement	doesn’t	seem	right	according	to	our	everyday	observations.	

 

	
	

	
	
	
	

Newton's	First	Law	of	Motion	(Inertia	Law)	
An	object	at	rest	stays	at	rest	and	an	object	in	motion	stays	in	motion	unless	the	
object	is	acted	on	by	an	unbalanced	force.	
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CURLING	&	INERTIA	

	

	
	

8.2					2nd	LAW	OF	NEWTON	

The	 first	 law	describes	what	happens	when	no	 force	acts	on	an	object.	 The	 second	
law	 describes	 the	 response	 of	 the	 object	 to	 a	 force	 being	 applied	 we	 know	 that	
different	 objects	 respond	 differently	 to	 the	 same	 magnitude	 of	 force:	 push	 a	
shopping	trolley	and	push	a	freight	train	have	very	different	responses.		
	
“	The	acceleration	of	an	object	is	directly	proportional	to	the	resultant	force	acting	on	
it	and	inversely	proportional	to	its	mass.	The	direction	of	the	acceleration	is	the	
direction	of	the	resultant	force”.	

	

	

INERTIA	AND	MASS	

ü Inertia:	the	resistance	an	object	has	to	a	change	in	its	state	of	motion.	
ü The	more	mass	the	more	inertia	
ü As	mass	increases	the	more	an	object	resists	change	in	its	motion	
ü Mass	(kg)	is	the	measure	of	inertia	
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According	to	Newton's	Second	Law	of	Motion,	the	net	force	acting	on	a	body	equals	
the	product	of	the	mass	and	the	acceleration	of	the	body.	The	direction	of	the	force	is	
the	same	as	that	of	the	acceleration.	In	equation	form:	

	

	

ü F	=	forcé	applied	to	an	object	(N	=	Newtons=	kg	·m/s2)	
ü m	=	object’s	mass	(kg)	
ü a	=	acceleration	(m/s2)	

	

	

	

Newton's	Second	Law	of	Motion	(Acceleration	Law)	
When	a	force	acts	(pushes	or	pulls)	on	an	object,	it	changes	the	object’s	speed	
or	direction	(in	other	words,	it	makes	the	object	accelerate).	The	bigger	the	
force,	the	more	the	object	accelerates.	
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8.2					3rd	LAW	OF	NEWTON	

 
What	is	the	third	law	of	motion?	

§ For	every	action	forcethere	is	an	equal	and	opposite	reaction	force	
§ Two	different	objects	and	two	different	forces	(equal	but	opposite)	
§ Forces	always	occur	in	pairs	
§ Also	known	as	The	Law	of	Force	Pairs	

	
	

ü Activity	A8.	How	much	horizontal	net	force	is	required	to	accelerate	a	1000	kg	
car	at	2	m/s2?	(Sol:	2000N)		
	
ü Activity	A9.	A	net	force	of	10	Newtons	acts	on	a	box	which	has	a	mass	of	2	kg.	
What	will	be	the	acceleration	of	the	box?	(Sol:	5m/s2)	
	
ü Activity	A10.	A	net	force	of	15	N	is	exerted	on	a	fiizzy	drink	bottle	to	cause	it	to	
accelerate	at	a	rate	of	5	m/s2.	Determine	the	mass	of	the	bottle.	(Sol:	3kg)	

	



_________________________________________________________________________________________________________						
José	Manuel	Sánchez	Hernández																																																																																																																																												
Antonio	José	Lechuga	Navarro	
	

17	

	

	

	 	

	

	

								  

	

	

	

	

Newton's	Third	Law	of	Motion	(Action	-	Reaction	Law)	
When	 a	 force	 acts	 on	 an	 object,	 there’s	 equal	 force	 (called	 a	 reaction)	
acting	in	the	opposite	direction.	This	law	is	sometimes	written	that	“actions	
are	equal	and	opposite”.	
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LAWS	OF	NEWTON	SUMMARY	
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In	the	table	below	write	down	the	keywords		learned	from	the	unit	with	their	meaning.	

key word meaning key word meaning 
	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	
	

	 	 	

	


