The Marble Rollercoaster

The Coaster

(Making Connections)

Your task is to apply physics principles learned in this unit to design, build, test, modify and analyze a model of a looping coaster.  

Building Guidelines

(a)
Size restrictions - base support must not be more than 40 cm x 85 cm and the height of the model above the base must not be more than 80 cm.  The complete coaster must be able to fit into a box that has dimensions of 50 cm x 95 cm x 80 cm.  

(b)
Magnets, electricity and other forms of energy may not be used - this is a "gravity ride" that utilizes ONLY the initial gravitational energy possessed by the steel ball or marble when lifted to the top of the ride.  Other sources of energy can be used for aesthetics (ie background lighting).   The maximum allowable voltage is 9 V DC.

(c)
The model should be a working model for a steel ball or glass marble.  This means that the steel ball or glass marble when released from the top of the first hill by the judge will travel through the entire ride, and arrive at the bottom loading platform.  (Note:  for this contest, the steel ball or glass marble is manually lifted from the loading platform to the top of the first hill to start the "ride".)

(d)
A steel ball (or glass marble) must be provided by the team so that it can be tested on judging day.  Make sure you have extra’s in case one gets lost.

(e)
The primary construction material may be wood.  Other suggested materials include wire, string, twine, doweling, toothpicks, cardboard, construction paper and glue.  The total cost of the model should be kept to a minimum.

(g)
Each competing team can have a maximum of 4 students and a minimum of 2 students.

(h) 
The coaster must have a minimum of 2 horizontal 360 ° turns and at least 1 vertical loop.

(i)
The steel ball or marble must complete the entire "ride" 1 out of 3 trials when tested by the judging team to score well. 

(j)
There must be a continuous fixed track that the steel ball or marble follows.

(k)
The track must be open for at least 80% of its total length.

(l)
The velocity of the ball must be changing (in either magnitude &/or direction) for the entire trip.  Coasters will be eliminated if the velocity remains constant for more that two seconds (this means the track should not be straight and level for more that 2 seconds of travel).  

 

Analysis Paper:

(Knowledge and Understanding, Communication, Thinking and Inquiry)

The paper should be 2 - 4 pages long, typed in 12 pt font and 1.5 spaced.  Use the analysis and evaluation questions for option #1 on page 163 as a guideline for your paper.  When I read your project, I am looking for the following:

· Your understanding about forces, uniform circular motion and kinematics and how they apply to the design of the rollercoaster.  This may include calculations, FDBs, etc. (Any calculations or diagram may be included in the appendix)

· A description of your design process.  This may be in the form of a flow chart or a log book.  The more detailed the better.  I am looking for evidence of any problem-solving that occurred in the designed process.

· A diagram or blue print of your rollercoaster.

Assessment:  You will be working in groups of up to three people.  The final mark may not be the same for all the members of your group.  A peer evaluation will be done on the day the project is due.  Make sure you choose the people you work with wisely.   You are to submit one coaster and one paper per group.  Read the attached rubric carefully.

Rollercoaster Project Checklist

Knowledge and Understanding.

	Level 3

You must have most of these points
	References are made to the following topics and applies to the design of the rollercoaster.

· Average velocity

· Acceleration

· Acceleration due to gravity

· Different forces

· Force of gravity

· Friction static/kinetic

· Newton’s laws of Motion

· Inertia

· Uniform circular motion

· Centripetal acceleration

· Apparent weight

· Clothoid loop vs. Circular loop



	Level 4

All the above plus
	The following topics are used in the description of how the rollercoaster works

· Work

· Kinetic energy

· Gravitational Potential energy

· Law of Conservation of energy

· Other physics concepts

Calculations made on the following topics

· Acceleration

· Centripetal acceleration

· Forces at work on the marble at specific points

· Average velocity

· Energy

· Banking angles

Free-body Diagram




Thinking and Inquiry

	Level 3

You must have all of these points
	· Safety – brief references to a combination of the following

· Safety when using power tools and other wood-working equipment

· Environmental safety concerns

· Planning and problem solving

· Includes a flow chart or log book of progress from brainstorming to completion

· Make references to important choices made (which material used for key components) and explains the reasoning behind the choices.

· Includes evidence of research and testing.

· Briefly includes evidence of problem solving skills.  Problems encountered and their solutions.

	Level 4
	· A more detailed explanation of all the above using the right vocabulary.

· Includes list of all the above safety considerations.

· Very detailed and logical reasoning behind all the decisions made.  References appropriate material.

· Outlines procedures used in construction and testing

· Tests different variables to achieve the best possible results.


Communication

	Level 3

You must have all of these points
	· Uses the terminology learned from the unit in the proper context and places.

· Essay is easy to read and has a good flow.   Has a proper easy format.

· Uses proper referencing techniques.

· Includes an appendix that has a rough diagram or blue print.  Important components are labeled.

· Includes a log book in chart or flow chart format.



	Level 4

Includes all the above plus the following
	· Uses scientific terminology learned outside the unit, but can still be understood by a grade 12 physics student.  The easy must not be too wordy or too technical.

· Includes graphs of experimental data that was recorded during the experiment.

· Any calculations with proper units and good form.

· Blue prints are drawn to scale and/or have actual measurements.

· Detailed list of materials 

· Other pictures that could be used to explain task.

· Style is in a format like a proposal to a company


Performance Task Rubric: Rollercoaster

The Product

	
	
	Level 4
	Level 3
	Level 2
	Level 1
	Level R

	Making Connections
	The Product
	Marble completes the course without any assistance.
	Marble completes the course with assistance
	Marble does not complete the course.

	
	
	Rollercoaster has a realistic, exciting and safe design


	Rollercoaster has a realistic, safe design
	Rollercoaster has a workable design
	Rollercoaster has a design that is too extreme and dangerous

	
	
	Shows exceptional creativity and originality
	Shows creativity and originality
	Shows some creativity and originality


	Shows little creativity and originality
	Shows no creativity or originality

	
	
	Exceeds design criteria to exact expectations


	Meets design criteria and follows all the rules
	Partially meets design criteria
	Meets design criteria in a limited way
	Does not follow any of the rules.

	
	Applying Knowledge

(Evidence in the product)
	Demonstrates an insightful understanding of the required concepts, principles, laws and theories
	Demonstrates a complete understanding of the required concepts, principles, laws and theories
	Demonstrates a partial understanding of the required concepts, principles, laws and theories
	Demonstrates a limited understanding of the required concepts, principles, laws and theories
	Demonstrates no understanding of the required concepts, principles, laws and theories


The Written Component

	
	
	Level 4
	Level 3
	Level 2
	Level 1
	Level R

	Communication
	Communication of ideas
	Communicates information and ideas with a high degree of clarity and precision
	Communicates information and ideas with a considerable clarity and precision
	Communicates information and ideas with moderate clarity and precision
	Communicates information and ideas with limited clarity and precision
	Communicates information and ideas with no clarity and precision.



	
	Use of scientific terminology, symbols, conventions and standard units
	Uses scientific terminology, symbols, conventions and standard units with a high degree of effectiveness
	Uses scientific terminology, symbols, conventions and standard units with a considerable effectiveness
	Uses scientific terminology, symbols, conventions and standard units with moderate effectiveness
	Uses scientific terminology, symbols, conventions and standard units with limited effectiveness
	Uses scientific terminology, symbols, conventions and standard units inappropriately



	
	Use of various forms of communication (essays, flow charts, graphs, diagrams,…)
	Demonstrates extensive command of various forms
	Demonstrates considerable command of various forms
	Demonstrates moderate command of various forms
	Demonstrates limited command of various forms
	Does not attempt to use different forms of communication.



	Thinking and Inquiry

(log book)
	Application of the skills and strategies of scientific inquiry.  (initiating, planning, performing, recording and problem solving)
	Evidence of the  application of all or almost all the skills and strategies of scientific inquiry
	Evidence of the application of most of the skills and strategies of scientific inquiry
	Evidence of the application of some of the skills and strategies of scientific inquiry
	Evidence of the application of few of the skills and strategies of scientific inquiry
	Shows no evidence of he skills and strategies of scientific inquiry

	
	
	Considerable evidence of effective problem-solving techniques and workable solutions
	Evidence of effective problem-solving techniques and workable solutions
	Some evidence of effective problem-solving techniques and workable solutions
	Limited evidence of effective problem-solving techniques and workable solutions
	Shows no evidence of effective problem-solving techniques and workable solutions



	Knowledge and Understanding
	
	Demonstrates thorough understanding of concepts, principles, laws and theories
	Demonstrates considerable understanding of concepts, principles, laws and theories


	Demonstrates some understanding of concepts, principles, laws and theories
	Demonstrates little understanding of concepts, principles, laws and theories
	Does not demonstrate understanding of concepts, principles, laws and theories

	
	
	Demonstrates thorough and insightful understanding of relationships between concepts
	Demonstrates considerable understanding of relationships between concepts
	Demonstrates some understanding of relationships between concepts
	Demonstrates little understanding of relationships between concepts
	Does not demonstrate understanding of relationships between concepts

	
	
	Extends explanations 

(answers the what if questions)
	Uses own words in explanations
	Uses some of his/her own words in the explanation
	Repeats and/or copies other words


Can’t remember who gave this to me!
