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Scientific Inquiry and Twisted Space 

Pennsylvania Academic Standards

Science and Technology:

3.1.10.B:  Describe concepts of models as a way to predict and understand science.

3.1.10.C:  Identify patterns as repeated processes or recurring elements in science.

3.2.10.A:  Apply the elements of scientific inquiry to solve problems.

Reading and Writing:

1.5.8F:  Edit writing using the conventions of language.

1.6.8AD:  Listen and contribute to discussions.

Mathematics:

2.4.8.A:  Make conjectures based on logical reasoning, and test conjectures.

2.9.11.I:  Model situations geometrically to formulate and solve problems.

Introduction

Topology deals with the deforming, twisting, and stretching of objects.  As you perform the steps in this activity, the scientific steps of observation, prediction, testing, analysis, and conclusion unfold.  The first twisted loop in the activity is called the Mobius strip.  The looped object you obtain in the final step is called a torus knot.  These two structures can be found in the deforming, twisting, and stretching of polymer chains.

Guiding Questions

1. What is the nature of scientific inquiry?

2. On what do we base scientific predictions?

3. How do we test our scientific predictions?

Vocabulary

observation, prediction, experimentation, data, analysis, conclusion, edge, side

Materials

Paper, ruler, glue or tape, ruler, pencil, marker, and scissors

Safety

· Students should use scissors in a safe manner.
Procedure

Step A

· Cut a strip of paper with the dimensions 28 cm x 2.5 cm
· Tape or glue the ends of the strip together so that the ends overlap.  (You should have a smooth paper loop and 2.5 cm wide around).
· For our purpose, we will assume that the loop represents 10 meters.
· Mark an “A” in the center on one side of the paper strip.  Mark a “B” on the other side of the paper strip on the other side of the paper. 
· Study the loop, and answer the following question:  How many sides and edges does your paper loop have?  Predict your answers, and write them down.
To test your prediction, I want you to pretend that you have a pet ant.  If you place the ant on “A” or “B,” how far can the ant travel before it returns to its starting point?  

· (This ant is afraid of precipices so it will not go off the edge of the paper).
· Were there any surprises in this activity?
Step B

· Cut another strip with the same dimensions as above, and mark the “A” and “B.”
· Put one half twist in the paper before you connect the ends of the paper this time.  You have just created a Mobius strip.
· Study the loop, and note your predictions:  How many sides and edges does your paper loop have?
· Continue your predictions.  If you place an ant on “A” or “B,” how far can the ant travel before it returns to its starting point?  (This ant is afraid of precipices so it will not go off the edge of the paper.)  Write down your prediction. 
· Test your prediction of the number of sides.  Trace the path of the ant starting at “A” (with a pencil) and ending at “A.”  Write down the number of sides and the distance travelled.
· Test your prediction of the number of edges.  Mark a “C” on the edge of your paper with a marker, and have your ant walk along the edge; trace the path with a marker. 
· Were there any surprises?  Why did you obtain the results that you did?
Step C

· Predict what would happen if you cut the paper loop from step A, lengthwise.  How many loops would you have?
· Test your prediction.  Cut the paper loop lengthwise by first using the tip of your pencil to make a hole.  Cut until you arrive at the place you started.
· How many loops do you have?  Were there any surprises during this activity?
Step D

· Predict what would happen if you cut the twisted paper from step B, lengthwise.  How many loops would you have?  How many twists would you have?
· Test your prediction.  Cut the twisted paper lengthwise by first using the tip of your pencil to make a hole.  Cut until you arrive at the place you started.
· How many loops and twists do you have?  Were there any surprises during this activity?
Step E

· Predict what would happen if you cut the twisted paper from step D, lengthwise.  How many loops would you have?
· Test your prediction.  Cut the twisted paper lengthwise by first using the tip of your pencil to make a hole.  Cut until you arrive at the place you started.
· How many loops do you have?  Were there any surprises during this activity?
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Additional Questions

1. Is scientific inquiry predictable as you?  Use an example from the activity to explain your answer.
2. Give an example of how scientific inquiry is used to solve problems in industry?
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