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VERTICAL PROJECTILE MOTION

KEY CONCEPTS
This lesson focuses on the following key concepts:

•	 Force	of	gravity

•	 Gravitational	acceleration

•	 Equations	of	motion

TERMINOLOGY & DEFINITIONS
Acceleration due to gravity:	is	the	acceleration	experienced	by	a	projectile	due	to	the	gravitational	

force	that	acts	on	it

Gravitational force:	is	the	force	of	attraction	between	any	two	objects	in	the	universe.	In	the	case

of	an	object	on	earth,	it	will	be	the	force	with	which	the	earth,	as	the	bigger	object,	will	attract	the

object	towards	its	centre.	This	gravitational	force	is	called	the	weight	of	an	object	and	is	measured

 in Newton (N)

Height:	the	vertical	displacement	of	an	object

X-PLANATION OF KEY CONCEPTS AND TERMINOLOGIES

The Gravitational Force
The	gravitational	force	acting	on	the	object	during	its	motion	is	found	by	using	the	formula:

  F
g 
= ma  where:		 F

g
	is	the	gravitational	force	acting	on	the	object

    m		is	the	mass	of	the	object	and	
    a			is	acceleration	due	to	gravity

The	gravitational	force	acting	on	the	projectile	is	actually	the	force	of	attraction	between	the	earth	
and	the	projectile.	Thus	the	formula	on	the	law	of	universal	gravity	applies.	Therefore,	the	force	
experienced	by	a	projectile	is	the	force	of	attraction	between	the	earth	and	the	projectile	which	

can	be	found	using	the	following	formula:

  F
g 
=   

 
where:		F	is	the	gravitational	force	between	the	earth	and	the	projectile

    M	is	the	mass	of	the	earth	and
    m	is	the	mass	of	the	projectile

It,	therefore,	follows	that
  
  ma = G	 									.		From	this	equation,	it	can	be	seen	that	

acceleration	due	to	gravity,		a = G         		.			This	equation	tells	that	the	acceleration	due	to	

gravity	does	not	depend	on	the	mass	of	an	object,	but	only	on	the	mass	of	the	earth	and	the	
distance	between	the	earth	and	the	object.	
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Projectile motion
Vertical	projectile	motion	is	motion	of	an	object	in	an	up	or	down	direction.	An	object	in	an	up	or	down	
motion	is	called	a	projectile.	The	only	force	that	acts	on	a	projectile	is	the	force	due	to	gravity	(gravitational	
force).	This	force	equals	to	the	weight	of	the	object.	Since	the	movement	of	a	projectile	is	in	up	or	down	
motion,	its	displacement	is	in	a	vertical	direction	and,	therefore,	the	symbol	used	for	it	is	Δy.	All	projectiles	
experience	the	same	acceleration	during	motion.	This	acceleration	is	acceleration	due	to	gravity,	which	is	9.8	
m∙s-2	in	a	downward	direction	(towards	the	centre	of	the	earth).	

When	an	object	moves	in	an	up	or	down	motion,	it	is	said	to	be	moving	in	one	dimension.	The	following	equa-
tions	are	used	in	solving	vertical	projectile	motion	problems:

   
 
 
 
Notice that ∆y is	used	for	the	displacement	since	the	object	moves	in	a	vertical	direction.

Graphs of projectile motion
The	acceleration	due	to	gravity	for	a	projectile	is	constant	and	equal	to	g	=	9.8	m∙s-2	downwards.	This	
applies	when	a	projectile	is	moving	up	or	down.	We	must	assign	a	direction	to	motion.	It	is	usual	to	make	up	
positive	and,	therefore,	g	=	-9,8	m.s-2		The	acceleration	versus	time	graph	for	this	motion	is	always	the	same	

as	shown	below:	

 

      

            

A	stone	is	thrown	upwards	from	a	particular	height	h	above	the	ground.	A	sketch	graph	of	the	position	versus	

time	for	the	motion	of	the	stone	is	drawn	below.
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Notice from the graph that the time the stone takes to reach its maximum height above the 
ground, Δt1, equals Δt2, the time it takes to fall from maximum height and return to the point 
of projection, h. The graph below is the velocity versus time graph of the stone thrown up from 
h.

    

Notice from the graph that when the stone reaches its maximum height, its velocity becomes 
zero. Also notice that the velocity with which the stone reaches the point of projection 
equals the velocity with which it was projected. However, the two velocities are in opposing 
directions. Thus if the velocity of the stone in the upwards direction is taken to be positive, 
its velocity as it falls back to its point of projection will be negative as shown in the graph.

X-AMPLE 1
An	object	is	thrown	upwards	with	a	velocity	of	24,5m∙s-1	and	takes	5s	to	return	to	the	thrower’s
	hand.	Use	the	information	to	sketch	the	following	graphs:

	 	 a)	 Displacement	vs	time

	 	 b)	 Velocity	vs	time

	 	 c)	 Acceleration	vs	time

X-AMPLE 2
A	boy	standing	on	top	of	a	building	throws	a	ball	vertically	upwards	from	a	position,	3,5	m	above	the

ground	with	an	initial	velocity	of	10	m∙s-1.	Ignore	the	effects	of	air	resistance	and	answer	the	

following	questions.

	 	 2.1	 What	is	the	magnitude	and	direction	of	the	acceleration	of	the	ball.

	 	 2.2	 Calculate	the	maximum	height	reached	by	the	ball	above	the	ground.

	 	 2.3	 What	was	the	velocity	of	the	ball	at	its	maximum	height?

	 	 2.4	 Calculate	the	time	taken	by	the	ball	to	reach	its	maximum	height.

	 	 2.5	 How	much	time	did	the	ball	take	to	reach	its	maximum	position	and	back	to	the	

	 	 	 position	from	which	it	was	thrown.

	 	 2.6	 Calculate	the	total	time	taken	by	the	ball	to	reach	the	ground.

	 	 2.7	 Calculate	the	velocity	with	which	the	ball	hits	the	ground.

	 	 2.8	 Draw	a	rough	sketch	of	the	velocity-time	graph.	Show	relevant	points	on	your	

	 	 	 velocity	and	time	axis.	

VERTICAL PROJECTILE MOTION
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X-ERCISE
1.	A	boy	stands	at	the	edge	of	a	high	cliff.	He	throws	a	stone	vertically	upwards	with	an	initial	velocity	of	

9,8	m∙s-1.	The	stone	strikes	the	ground	at	a	point	below	the	cliff	after	3,5	seconds.	The	velocity-time	graph

below	was	obtained	from	measurements	made	during	the	motion	of	the	stone.

GRAPH OF VELOCITY VS TIME

Use	the	information	on	the	graph	to	answer	the	following	questions:

	 	 1.1	 Calculate	the	acceleration	of	the	stone	between	times	t	=	2	s	and	t	=	3	s.

	 	 1.2	 At	which	time(s)	is	the	stone	moving	at	a	speed	of	5	m∙s-1?

	 	 1.3	 After	how	many	seconds	does	the	stone	reach	its	highest	point?

	 	 1.4	 Determine	the	height	of	the	cliff	from	which	the	stone	was	thrown.

	 	 1.5	 Using	the	top	of	the	cliff	as	the	initial	position	of	the	stone,	sketch	the	position-time	graph	

	 	 	 for	motion	of	the	stone	from	its	highest	point	until	it	reaches	the	ground.	Only	indicate	

	 	 	 relevant	time	values	on	the	x	–axis.
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ANSWERS
	 	 1.1	 10	m∙s-2	downwards	(Note:	graph	is	not	accurate	enough	to	read	9,8	m.s-2)

	 	 1.2	 Time:	0,5	seconds	after	being	thrown;	1,5	seconds	after	being	thrown

	 	 1.3	 After	one	second

	 	 1.4	 31,25	m

	 	 1.5
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