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Kepler’s	Laws	of	Planetary	Motion	
Written	by	Dr.	John	Wilson	

Introduction	
Open	 the	 app	 	 http://astro.unl.edu/classaction/animations/renaissance/kepler.html		

produced	 by	 University	 of	 Nebraska	 Lincoln.	 This	 app	 is	 a	 simulation	 that	 shows	 how	
Kepler’s	Law	acutely	describe	planetary	motion.	These	laws	are	so	well	developed	that	they	
can	be	applied	to	orbits	of	moon’s	orbiting	planets	such	as	Jupiter,	binary	star	systems,	and	
to	the	orbits	of	extrasolar	planets	around	other	stars.	

Law	1:	Law	of	Elliptical	Orbits	
Kepler’s	1st	Law	states	that	‘planets	orbit	the	Sun	in	an	elliptical	path	with	the	Sun	at	one	

focus’.	To	see	how	this	works,	click	 ‘start	animation’	button	and	then	click	on	the	tab	
labeled	‘Kepler’s	1st	Law’.	To	relate	this	to	the	ellipse	figure	you	drew	previously	click	on	
show	radial	 lines.	Now	click	on	show	empty	focus,	show	center,	and	show	semimajor	
axis.	(You	can	click	the	semi	minor	axis	if	you	want,	but	it	is	not	necessary,	and	sort	of	gets	
in	the	way	as	clutter.)	Adjust	the	orbit’s	eccentricity	(e)	by	making	e	get	larger	and	smaller.	

1.	 Describe	what	 happens	 to	 the	 shape	 of	 the	 ellipse,	when	 eccentricity	 gets	 larger	 or	
smaller?	

	

	

	

	

	

2.	Change	the	value	of	eccentricity	until	the	orbits	becomes	circular	in	shape.	What	is	the	
eccentricity	of	a	circular	orbit?	
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Be	sure	that	the	empty	focus,	center	and	semi-major	axis	boxes	are	still	turned	on	and	
then	click	“set	parameters	for”	in	the	upper-right	corner	to	select	each	planet	in	the	Solar	
System	and	click	OK.	Complete	the	second	(eccentricity)	and	third	(semi-major	axis)	
columns	in	Table	1	below.	You	will	need	to	click	each	planet	one	at	a	time	 to	view	their	
orbits.	Note	that	the	orbital	periods	will	be	calculated	later	in	the	lab	activity.	

Table	1:	Orbital	parameters	of	the	planets	in	the	Solar	System	

Planet	 Eccentricity	(e)	 Semi-major	Axis	(a)	
[AU]	

Orbital	Period	(P)	
[years]	

	
Mercury	

	
	 	 	

	
Venus	

	
	 	 	

	
Earth	
	

	 	 	

	
Mars	
	

	 	 	

	
Jupiter	

	
	 	 	

	
Saturn	

	
	 	 	

	
Uranus	

	
	 	 	

	
Neptune	

	
	 	 	

	
Pluto	
	

	 	 	

3.	Which	planet	has	the	most	circular	orbit?	Which	planet	has	the	most	elliptical	orbit?	
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During	Kepler’s	lifetime	(in	early	17th-century)	only	the	planets	Mercury,	Venus,	Earth,	
Mars,	Jupiter	and	Saturn	were	known.	Tycho	Brahe	told	Kepler	that	the	data	for	the	positions	
Mars	were	the	most	difficult	to	match	using	a	circular	orbit.	Based	on	this	information	Kepler	
selected	the	orbit	of	Mars	as	the	starting	point	to	developing	his	1st	law	of	planetary	motion.		

4.	Briefly	discuss	why	the	orbit	of	Mars	was	so	difficult	to	reconcile	with	a	circular	orbit?	

	

	

	

	

	

Before	proceeding	to	the	next	part,	click	the	‘reset’	button	near	the	top	right	corner	of	
the	app	to	refresh	the	simulation	display.	

Law	2:	Law	of	Equal	Areas	
Kepler’s	2nd	law	states	that	‘a	line	joining	the	Sun	

and	a	planet	sweeps	out	equal	areas	in	equal	times’.	
Basically	 this	 law	 describes	 how	 a	 planet’s	 speed	
changes	as	it	orbits	the	Sun	in	an	elliptical	path.	

In	 the	 lower	 left	 corner	 of	 the	 app	 click	 open	
Kepler’s	2nd	Law.	Notice	that	you	can	control	how	
long	a	sweep	last	by	adjusting	the	fractional	sweep	
bar.	 The	 default	 value	 is	 a	 sweep	 for	 1/16	 of	 the	
orbital	 period.	 Now	 click	 ‘start	 animation’	 and	
observe	how	the	speed	of	the	planet	changes.	

5.	Describe	how	the	orbital	speed	of	the	planet	changes:	A)	when	it	is	near	aphelion	(which	
is	the	farthest	point	from	the	Sun),	and	B)	when	it	is	near	perihelion	(which	is	the	closest	
point	to	the	Sun).	

	

	

	

Image:	21st	Century	Astronomy	4th	Edition	
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As	 you	 observe	 the	 planet	 approaching	 perihelion	 click	 the	 sweep	 button	 and	 the	
simulation	will	show	you	the	area	swept	out	by	the	 line	connecting	the	Sun	to	the	planet	
(1/16	of	the	orbital	period).	Repeat	this	procedure	when	the	planet	approaches	aphelion.	
Now	sweep	a	random	area	as	the	third	one.		

6.	Describe	how	the	three	areas	are	different.	Are	these	three	areas	the	same	or	is	one	
larger	than	others?	If	their	areas	are	same	or	different,	why	is	that?	(Note	that	colors	are	not	
relevant	it	is	only	where	to	show	the	three	different	areas	were	selected.)	

	

	

	

	

Before	proceeding	to	the	next	part,	click	“reset”	button	near	the	top	right	corner	of	the	
app	to	refresh	the	simulation	display.	

Law	3:	The	Harmonic	Law	
The	3rd	law	describes	‘how	long	it	takes	a	planet	to	orbit	the	Sun	is	related	to	the	planet’s	

average	distance	 from	 the	Sun’.	Mathematically	 it	 can	be	 stated	as	P2	~	a3	where	P	 is	 the	
orbital	period	in	years	and,	a	is	the	length	of	the	semi-major	axis	in	Astronomical	Units	(AU).1		
So	it	describes	the	relationship	between	the	orbital	period	and	semi-major	axis	of	the	planet	
relative	to	the	Earth’s	orbital	period	(1	year)	and	semi-major	axis	(1	AU).		

7.	Use	Kepler’s	3rd	Law	(P2	~	a3)	to	calculate	the	orbital	period	of	Mercury,	and	complete	
fourth	column	in	Table	1.	Repeat	this	procedure	for	all	the	remaining	planets.	

8.	Halley’s	comet	has	an	orbital	period	of	around	76	years.	Calculate	 this	comet’s	semi-
major	axis	in	AUs.	Show	your	works!	

	

																																																													
1	Mathematically,	tilde	(~)	means	‘approximately	equal	to’.	


