thzjob: Pe Kepleﬁcor a Dagl

Fart 1: Lct the Gl‘aP]’] be Madc name per date

When Tgcho Brahe diedin 1601, Johannes KePler obtained the Dane’s lﬁighlg accurate Planetarg
data. A}Ctergears of research and calculations, Kepler determined that all Plancts travel in e”i[:)ses (not
circles, as had been thought since the the time of Aristotle). T he sun was one focus of the elliPtical
orbit traced out }:)3 each Planet‘ He also determined that P]anets sweep out eclual areas in equal times,
moving faster when nearer to the sun and slower when farther. Kepler was determined to find a
relationslﬁi[:) between the orbital radius of a Planet and its orbital Perioci. [From Tycho’s data, KePler

knew the numbers for the known Planets.

Planet: Mercur Venus Earth Mars Jupiter Saturn
Radius 0.39A 0.72AU 1.00AU 1.52AU S.I9AU 9.53AU
Period 0.241yr 0.615yr 1.00yr 1.88yr 11.9yr 29.5yr

To find a relationshi[:), he graPhecl Feriocl vs. Radius. Ke[:)eat his work and interPret the grapl’r.
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Kc[:)lcr toiled for years with Tyclno’s data, scarching for a connection between Radius and Feriocl.
thn he learned of Iogarithms from Kcne Dcscartcs, he tried P!otting the Planetarg data on Iog-]og
paper. Rc[:)cat his work and intcrprct the graPh.

100
o AN N o
0 BRSO R O e
0 I T s S
0 e o
e e e
10 S S — |
8 |
J0 S S S U I S U S SO SR RS
4 : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, : ,,,,,,,,,,,,,,,,,,
3 : ,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,, : ,,,,,,,,,,,,,,,,,,
20l O S (U SRR SRRRRS SRR Lo
1 l l
08 S e
05 SR (U S O N
04 | S O 151 ) RSSO OO o .
o e e
e R T e
0.]. . . . jllll . . . jllll
0.1 0.2 03 04 05 08 1 2 3 4 35 8 10

The Book of Phyz © Dean Baird. All rights reserved.



thzjob: Be Kepleﬁcor a Dag!

Part 2: What Does [t Mean? name per date

Had the graph of Period vs. Radius formed a straight line, we could apply the equation of a linear relationship,

=mx+b, to our case: T=mR+b. Had this been the case, the slope m would have been the constant of proportionality
relating orbital period to orbital radius. The intercept value b would be the orbital period of a planet whose orbital
radius is zero.

However, the plot of Period vs. Radius does not yield a straight line. The relationship between T and R is not linear.

The plot of Period vs. Radius on a log-log graph does yield a straight line. Similarly, a plot of logT vs. logR on
regular graph paper would yield a straight line. What does it mean?

It means the relationship between period and radius is a power function. The general form of a power function is

y=Cx", where C'is a coefficient and n is the exponent (power) to which x is rasied. Logarithms allow us to winnow
this equation down to something we can analyze with our understanding of the linear function. Here’s how.

y=Cx"
Take the logarithm of this equation
logy =logC+ nlogx
e e Replace “log” with * notation to reduce clutter. So logy becomes y* etc.
y =C"+nx

yFonrts CF Rearrange

This is a linear relationship of the form y=mx+b.

The slope of a plot of such a relation would give the exponent to which x is raised in its relation to y.

In our case, such a process gives the relation T*=nR*+ C, where n is the exponent to which radius R is raised in its
relation to orbital period 7.

Determine the slope of the line plotted on the log-log graph paper. Use a ruler and find the slope by forming a
triangle with the line as the hypotenuse and measuring the rise and run with the ruler. DO NOT USE
NUMBERS/MEASURES FROM THE LOG-LOG AXES.

1. What 1s the slope of the line on the log-log graph?

2. So the equation of the line on the log-log graph is 7" = R*+ C” The value of the constant Cis not
important to us at this moment, although it is not difficult to find. With this data, the value of Cis 1.

3. Translating our * notation back into log notation, we have log T = logR + logl.

4. Taking the antilog of the equation, we get T=1xR . Dropping the | from our notation, we get T=R

5. Square both sides of the equation. T2=R

This is Kepler's Third Law, the Law of Harmony. If the units of measure had been meters and seconds instead of
AU's and years, the relationship would be different only in the coefficient. The coefficient would have had a value
other than one. So in general, the Law of Harmony is written B/ 72 = K where K is a constant.

The Law of Harmony holds true for any system of satellites. The moons of Jupiter, the particles that form Saturn’s
rings, the network of satellites orbiting the earth; all satellites in a given system have a common ratio of 3/ T2.

The specific value of the ratio is different for each system. Isaac Newton pondered the reason for this, and drew a
powerful conclusion. As we shall see. Stay tuned...
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