
WebQuest on Kepler's Laws

Introduction
Johannes Kepler developed what we now know as “Kepler's Laws” from astronomical data collected 
by Tycho Brahe—who didn't even use a telescope!  In this WebQuest you will play the role of Kepler 
as you analyze data and discover how to use the concepts of direct and indirect variation. 
Planets, comets, and other orbiting bodies travel around the sun, tracing out the shape of an ellipse 
(see below).  It is surprising, but the sun isn't at the center; rather, it's at a special point known as a 
focus.  Sometimes the long axis (a) and the short axis (b) are pretty much the same.  Then the orbit 
looks more like a circle.  Kepler's “Law of Periods” relates “a” to the total time the planet takes to go 
around the sun once—let's call it “T” for time period.

Meet Katie!  Katie is an amateur astronomer who has discovered a new comet using 
careful observation through her telescope.    You will help her calculate facts about her 
comet.

Illustration 2: Comet  
McNaught from Steve 
Crane's flickr  
photostream

Illustration 1: The path an orbiting body takes  
around the sun.



You will need to know how to use a spreadsheet for this activity.  If you don't know, ask one of your 
teammates to teach you as you go.

Goals and/or objectives
• To learn how to use physical laws and understand their limitations

• To analyze data using a spreadsheet

• To use geometric reasoning about ellipses

• To manipulate algebraic formulas for use on a computer

• To consider multiple possibilities or explanations

• To reflect critically on any calculated values

Tasks
Create a spreadsheet with planetary data to analyze.  Figure out how to analyze the data.  Apply what 
you learned to other orbiting bodies.  Answer questions.  Draw a picture.

Process and Resources
Perform the following steps and answer any questions asked.

1. Visit http://csep10.phys.utk.edu/astr161/lect/history/kepler.html to learn about Kepler's 3rd 

law, the law of periods.  Another good site is http://hyperphysics.phy-
astr.gsu.edu/HBASE/Kepler.html .  What is the law?  Why is it called a law? 
(http://en.wikipedia.org/wiki/Physical_law)  What difference do the units make in the 
equation?

2. Create a spreadsheet like the one at the bottom of http://hyperphysics.phy-
astr.gsu.edu/HBASE/Kepler.html .  Use the data from the first three columns, but write 
formulas to calculate the fourth column.  Hint: The header of the 4th column should help. 
What does “a” stand for?

3. The numbers in the 4th column should all be pretty close together.  Why are they not exactly 
the same?  Why are they different from the table on the web site?

4. Find the average of these numbers.  What does it represent?
5. Katie has studied other famous comets like Comet Halley: 

http://www.solarviews.com/eng/halley.htm .  Add this comet to your spreadsheet.  What 
orbit data do you know, and which can you calculate?  Hint: You just calculated the 4th 

column, the web page gives you one, and you can calculate the other if you can only find the 
formula.

6. Katie estimates that her comet is about 1.2x1014m from the sun and is at its maximum 
distance from the sun.  What is the semi-major axis?  What is it the value in your units?  What 
assumptions do you have to make?

7. Add Comet Katie to your spreadsheet.  Use a formula to calculate the period.  Will Katie live to 
see her comet bright in the sky?

http://csep10.phys.utk.edu/astr161/lect/history/kepler.html
http://www.solarviews.com/eng/halley.htm
http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html
http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html
http://en.wikipedia.org/wiki/Physical_law
http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html
http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html


8. Draw pictures of possible orbits of the comet around the sun. 

Evaluation
Evaluation of your WebQuest will be based on the following rubric:

CATEGORY 3 2 1 0 
Concepts Report 

illustrates an 
accurate and 
thorough 
understanding 
of concepts 
underlying the 
lab. 

Report 
illustrates an 
accurate 
understanding 
of most 
concepts 
underlying the 
lab. 

Report 
illustrates a 
limited 
understanding 
of concepts 
underlying the 
lab. 

Report 
illustrates 
inaccurate 
understanding 
of concepts 
underlying the 
lab. 

Procedures Procedures are 
listed in clear 
steps. Each 
step is 
numbered and 
is a complete 
sentence. 

Procedures are 
listed in a 
logical order, 
but steps are 
not numbered 
and/or are not 
in complete 
sentences. 

Procedures are 
listed but are 
not in a logical 
order or are 
difficult to 
follow. 

Procedures do 
not accurately 
list the steps of 
the 
experiment. 

Drawings/Di
agrams 

Clear, accurate 
diagrams are 
included and 
make the 
experiment 
easier to 
understand. 
Diagrams are 
labeled neatly 
and 
accurately. 

Diagrams are 
included and 
are labeled 
neatly and 
accurately. 

Diagrams are 
included and 
are labeled. 

Needed 
diagrams are 
missing OR are 
missing 
important 
labels. 

Variables All variables 
are clearly 
described with 
all relevant 
details. 

All variables 
are clearly 
described with 
most relevant 
details. 

Most variables 
are clearly 
described with 
most relevant 
details. 

Variables are 
not described 
OR the 
majority lack 
sufficient 
detail. 



Data Professional 
looking and 
accurate 
representation 
of the data in 
tables and/or 
graphs. Graphs 
and tables are 
labeled and 
titled. 

Accurate 
representation 
of the data in 
tables and/or 
graphs. Graphs 
and tables are 
labeled and 
titled. 

Accurate 
representation 
of the data in 
written form, 
but no graphs 
or tables are 
presented. 

Data are not 
shown OR are 
inaccurate. 

Calculations All 
calculations 
are shown and 
the results are 
correct and 
labeled 
appropriately. 

Some 
calculations 
are shown and 
the results are 
correct and 
labeled 
appropriately. 

Some 
calculations 
are shown and 
the results 
labeled 
appropriately. 

No 
calculations 
are shown OR 
results are 
inaccurate or 
mislabeled. 

Analysis The 
relationship 
between the 
variables is 
discussed and 
trends/pattern
s logically 
analyzed. 
Predictions are 
made about 
what might 
happen if part 
of the lab were 
changed or 
how the 
experimental 
design could 
be changed. 

The 
relationship 
between the 
variables is 
discussed and 
trends/pattern
s logically 
analyzed. 

The 
relationship 
between the 
variables is 
discussed but 
no patterns, 
trends or 
predictions are 
made based on 
the data. 

The 
relationship 
between the 
variables is not 
discussed. 

Appearance/
Organization 

Lab report is 
typed and uses 
headings and 
subheadings to 
visually 
organize the 
material. 

Lab report is 
neatly 
handwritten 
and uses 
headings and 
subheadings to 
visually 
organize the 
material. 

Lab report is 
neatly written 
or typed, but 
formatting 
does not help 
visually 
organize the 
material. 

Lab report is 
handwritten 
and looks 
sloppy with 
cross-outs, 
multiple 
erasures 
and/or tears 
and creases. 



Conclusion Conclusion 
includes 
whether the 
findings 
supported the 
hypothesis, 
possible 
sources of 
error, and 
what was 
learned from 
the 
experiment. 

Conclusion 
includes 
whether the 
findings 
supported the 
hypothesis and 
what was 
learned from 
the 
experiment. 

Conclusion 
includes what 
was learned 
from the 
experiment. 

No conclusion 
was included 
in the report 
OR shows little 
effort and 
reflection. 

Conclusion
Thank you for helping Katie to figure out the period of her comet.  Calculations like these are 
necessary when calculating the orbital periods of satellites of 
Earth too.  The website http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html offers clues on 
how the formula might change if the focus of the orbit is the Earth instead of the Sun.  We might 
need to know how far away from the Earth the satellite should be so that it orbits in roughly 1 day (a 
geosynchronous orbit).  

http://hyperphysics.phy-astr.gsu.edu/HBASE/Kepler.html
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