ROBOsky.com Interactive Space Unit

Upper Grand District School Board

Grade 9
Galileo's Defense

Culminating Task:

The year is 1633. Following the publication of his book “Dialogue Concerning the Two Great World Systems” in which the nature of the universe is discussed, Galileo Galilei has been placed under house arrest, accused of heresy. He has retained you to prepare his defense for his upcoming trial at the Holy Office of the Inquisition in Rome.
Your task is to: 

· Research and describe the accepted theory of the nature of the universe of that era (early 1600’s) and Galileo’s heretical view of it.

· Using the ROBOsky telescope, reproduce Galileo’s observations that lead him to disagree with the accepted model of the universe. (Other ground or satellite based telescope images may also be used during poor weather).

· Describe how the observations refute the theory of the time and support the competing heretical theory.

· Using the above materials, prepare Galileo’s written defense and argue it in front of the Tribunal.

NOTES:

1. Students should work in teams/groups. A maximum of 6 sets of  images are provided by the ROBOsky telescope. Groups may divide the tasks amongst the individuals.

2. You may wish to have students build Galileo’s telescope as an optional subtask.

Subtasks:

Subtask #1
Divide the class into Groups. Using a variety of sources, have groups research the accepted 1633 Ptolemaic theory of the universe and the competing Copernican view highlighting how they differ from each other. 

Subtask #2
Have each group research and determine which celestial objects Galileo viewed in his telescope which supported the Copernican view of the universe (See Appendix 4). From the ROBOsky.com web site, request still photographs of 3 of these objects (see Appendix 1). Should images be unavailable due to poor weather, students can access the image archives on the ROBOsky web site.

Optional Subtask #2a
Have groups build a working model of Galileo’s telescope using materials found in the science lab (see Appendix 2). On a clear night, have them attempt to view some of the objects from Subtask #2. Students should keep a log of their observations.

Subtask #3
Using the data collected from Subtasks #2 and #2a have students describe how their observations refute the Ptolemaic view and support the Copernican view of the universe.

Optional Subtask #3a
Students may also wish to describe today’s theory of the origin of the universe and the observational evidence which supports it.

Subtask #4
Using the information they have collected, have each group write a defense brief for Galileo’s upcoming trial. This should include an opening address, call of evidence, and a closing address. (See Appendix 3 for trial format and more details).

Optional Subtask #4a
You may wish to set up a mock court and have groups argue various positions.

Appendices:

Appendix 1: Requesting a Still Photograph of a Celestial Object
To image a celestial object, it must appear at night, be in a portion of the sky visible to the ROBOsky telescope, and be bright enough to be recorded in a 120 second exposure. To request a photo a galaxy, follow this link to http://www.robosky.com Select >Rapid Login Space, enter your User Name and Password, In the left side menu bar select Request Images from the Request Items Menu. From the Image Request Details menu, select the Object or enter the Catalog and enter the Catalog Number (eg. Check M and enter 104. Optionally, you can enter the date and time you want the image taken. (Be sure to select an exposure time between .01-120 seconds. Use the default exposure unless you wish to experiment. 

Please keep in mind that images will only be taken if the weather permits. Every effort will be made to take your images on the next clear evening. As each image is taken, it will be emailed to you at the address associated with your account. Below are examples of the types of image that will be returned to you. [image: image1.png]
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Appendix 2: Making a Galilean Telescope
In 1608 the Dutch lens maker Hans Lippershey came upon a unique arrangement of lenses, which provided explorers with the ability to magnify the image of far
off objects like distant ships.  Not long after, Galileo turned this new instrument (the telescope) to the heavens and made some startling discoveries.
Materials:

To re-create the lens arrangement used by Galileo to view distant objects you will need:

1. Two double Convex lenses with different focal lengths (e.g. 15cm and 5cm)

2. A meter stick

3. One ruler

4. Two lens holders


Procedure:

1. Identify the lens with the longer focal length.  Copy this number down.  This will become the Objective Lens for the telescope.

2. 2. Identify the lens with the shorter focal length. Copy this number down.  This will become the Eyepiece Lens for the telescope.

3. If the focal length of each lens must be measured then use the following technique:

a. Hold the lens near the floor above a piece of white paper.

b. Slowly adjust the height of the lens until an image of the overhead lights appears focused onto the white paper.

c. Hold the lens steady and use the ruler to accurately measure the focal length.  This is the distance from the floor (white paper) to the lens, in centimeters.

d. Insert each lens into the lens holders.

e. Attach the Eyepiece Lens and holder to one end of the meter stick at about the 5 cm mark.

f. Attach the Objective Lens and holder to the meter stick so that the two focal lengths overlap.  For example if the Objective Lens is 15 cm and the Eyepiece Lens is 5 cm, then the two lenses should be less than 20 cm apart on the ruler.

g. Point the telescope out the window to a far off tree or other object.  DO NOT LOOK AT THE SUN UNDER ANY CIRCUMSTANCES.

h. With your eye at the Eyepiece Lens look through your telescope.

i. If necessary, slightly adjust the separation between the lenses to focus the image being viewed.

j. Take all due precautions for the equipment if this lab is to be done at night and outdoors.  Please note that no night time celestial objects are a danger for viewing.

k. Now it is possible to see exactly what Galileo saw over 350 years ago.  Try looking at the moon, or at Venus, Jupiter, Saturn, or the Beehive Cluster if available.

l. Clear Skies!

Appendix 3: Conducting a Mock Criminal Trial
To set up a criminal trial you will need a Prosecutor (Crown Attorney), Defense Lawyer, Defendant (Galileo), Judge, Jury (12 people), witnesses and evidence.

General Court proceedings follow the following steps in this order:

A- PROSECUTION

1. Opening address by the Prosecution
i. Naming of the Defendant.
ii. Reading of the Charge.
iii. Outline of the type of evidence that they will present.
iv. Prosecution’s theory demonstrating that there was intent to commit a crime and that a criminal act was committed.
2. Presentation of Evidence (Jury is not allowed to discuss the evidence yet)

i. Physical Evidence.
ii. Call of the Prosecution’s witnesses and cross-examination of witnesses by the Defense.
3. Close of Prosecutions case

i. Setting out of evidence.

ii. Demonstration that there was intent to commit a crime and that a criminal act was committed.
B-DEFENSE
4. Opening Address of the Defense
i. General comment that no crime was committed by the Defendant.
ii. Outline of the type of evidence that they will present.
iii. Defense’s theory demonstrating that there was no intent to commit a crime and that no criminal act was committed.

5. Presentation of Evidence. (Jury is not allowed to discuss the evidence yet)

i. Physical Evidence.
ii. Call of the Defendant (Galileo) to testify.
iii. Call of the Defense’s witnesses and cross-examination of witnesses by the Prosecution.
iv. Call of Expert Opinions and cross-examination of Experts by the Prosecution.

6. Close of Defense’s Case

i. Setting out of the evidence.
ii. Demonstration that there was not intent to commit a crime and that there was no criminal act committed.
C- CLOSING ADDRESS TO THE JURY

7. Defense’s Address to the Jury
i. A “roadmap” is laid out to prove the Defendant’s innocence.
8. Prosecution’s Address to the Jury

i. A “roadmap” is laid out to prove the Defendant’s guilt.
D- JUDGES CHARGE TO THE JURY

9. Review of evidence and summary of the position of both the Defense and Prosecution.

10.  States the law.
11.  Instruct the jury how to apply the law to the evidence (examples may be used).
E- DELIBERATION OF THE JURY

12. Jury is sequestered (sent away to a location with no contact to the outside world).

13.  Jury deliberates (jurors talk among themselves) until a unanimous decision is reached. Jurors are not allowed to discuss their deliberations with anyone at any time (now or future) or they are guilty of a criminal act. If they cannot reach a unanimous decision then there is a hung jury and the case must be retried with a new jury. 
14.  A president or foreperson is elected to inform the court of the jury’s decision.
15.  Verdict is read. 
Appendix 4: Galileo’s Objects
Under the Ptolemaic view of the universe the sun, moon, and planets were perfect, unblemished spheres.  All of the celestial bodies god created in the universe are visible to the naked eye.  All celestial objects orbit the Earth.

When Galileo used the telescope to view the universe he witnessed objects that shattered the accepted view of the world.  He saw:

1. Sunspots on the sun

2. Craters, mountains and shadows on the moon

3. Venus appearing with phases, just like the moon

4. Moons circling Jupiter

5. Appendages around Saturn

6. Many more stars in the Beehive Cluster than could ever be seen with the naked eye.

Interpretation:

Points 1 and 2 point to a universe with imperfections (blemishes) not a very god-like image.

Points 3, 4, and 5 point to evidence that bodies can orbit other celestial objects.  If this is the case then we can not be sure that all celestial bodies orbit Earth.

Point 6 shows that there are hidden treasures in the universe worthy of exploration.  If god can hide stars from us in the Beehive Cluster then what else lies hidden from our view?
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