
Kepler’s Laws

Learning Objectives

• Emergence of modern astronomy
• Planetary motion

• The interplay between theory and observation
• The fundamental importance of observational accuracy
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Elongation

angle between a Planet and the Sun



Path of Mars



Mars Path in the Sky – Equatorial Coordinates



Mars Path in the Sky – Ecliptic Coordinates

Ecliptic Longitude
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The Ptolemaic Model



Circular and Centered Orbit



Regular Epicycles produce regular retrogradations

In reality the retrogradations vary both in position and duration.



Move the Earth from the Center



Circular Off-Centered Orbit (the Eccentre)



The Equant

Around a special point (the equant), 
the motion is uniform



The Equant



The Equant

Even for the highest eccentricity (Mercury), 
the equant reproduces the observations to less than a degree accuracy.
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The Equant



DM1 =	W Dt1

DM2 =	W Dt2

DM3 =	W Dt3

DM4 =	W Dt4

Equant Point of View







Inferior and Superior planets 
in the Copernican Model



Inferior planets : special points



Distance to the inferior planets



Superior planets : special points 







Distances to the superior planets
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Distance to the inferior planets: Ptolemaic System



Sun

Moon

Venus

Mercury

Earth



Retrograde Motion







Date	J2	
=	J1	+	687	days

Date	J1	









D – Equant
E – Centre of ecliptic (Earth)

A – apogee
G – perigee

HQK – deferent
ABG – eccentre
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2nd law	



Circular and Centered Orbit



Circular Off-Centered Orbit (the Eccentre)



The Equant

Around a special point (the equant), 
the motion is uniform
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The Circle
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The Eccentre with uniform motion
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The Eccentre with uniform motion
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The Eccentre with equant
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The Eccentre with equant
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The Ellipse
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Changing to the Sun’s Reference Frame:
Observations at Opposition



Time between Oppositions

Locating the Equant



DM4 =	W Dt4

DM1 =	W Dt1

DM2 =	W Dt2

DM3 =	W Dt3



Locating the Equant



Kepler’s solution



Best fit 
(eEq != eSun)

Best fit 
(eEq = eSun)







8	arcmin



“If I had believed that we could ignore
these eight arcminutes, I would have
patched up my hypothesis accordingly. But
since it was not permissible to ignore them,
those eight arcminutes point the road to a
complete reformation of astronomy.”

Kepler, Johannes, Astronomia Nova, 1609



Eccentric anomaly and True anomaly
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“If this wearisome method has filled you 
with loathing, it should more properly fill 
you with compassion for me as I have gone 
through it at least seventy times at the 
expense of a great deal of time.”

Kepler, Johannes, Astronomia Nova, 1609
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The Ellipse
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Equant fails at larger eccentricities

Hypothetical planet, e=0.45



Orbital Elements



Orbital Elements



Deviation True and Mean Anomaly



The analemma





Equation of Time



Equation of Time























A page from Galileo’s Sidereus Nuncius
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Planets



Elliptical orbit



Copernicus’ model



Ptolemy’s model (in heliocentric frame)



Ptolemy’s model



Kepler’s 3rd law

The square of the orbital period of a planet 
is directly proportional to the cube of the 

semi-major axis of its orbit.





Stuff close in moves fast
stuff far out moves slow


