Contest Problem Solving for Grade-9 Science to Grade-12 Calculus

Sink or Swim Curriculum Connections: 
Unit A: Scientific Investigation Skills (any grade), grade 9 math (density, volumes and areas of solids), grade 11 physics (forces), grade 11 math (curve sketching), grade 12 calculus (max-min problems)

1) Contest:  You will create a rectangular barge from a rectangular piece of laminated cardboard and predict the maximum number of 10-g masses that it can float. You are allowed to use as many staples as you wish but nothing else. You may cut, but be sure that everyone in the group agrees to this before any cutting is done because it can’t be undone!
a) On the rectangle below left, indicate where you will cut with a solid line ____ and where you will fold with a dashed line - - - - . Label the dimensions of the boat on the diagram. 


b) In the space above right, sketch a top view of what the boat will look like. Indicate what you will do with the extra material in the corners and where you will staple. 
c) Calculate the volume of the boat.
d) How many masses will you place in the barge? Explain. 

e) Describe how you will place the barge and the masses in the water.

f) What was the maximum number of masses? What could you have done better?

2) You are given a piece of Bristol board that measures 10.3 cm by 16.7 cm.

a) Find the volume if the height of the sides are 1.0 cm.  
b) Find the volume if the height of the sides are 2.9 cm. 
c) Find the volume if the height of the sides are 5.3 cm. 
d) Find a better volume. Just one, not necessarily the best.
e) Find the best volume. Explain how you did this. 
Multiple Choice Questions
1) A cup can float with more mass in it if you put the cup in

A) soapy water

B) alcohol

C) salt water

D) oil

Explain:
2) In the rectangular barge contests you should 

A) cut the material and use few staples

B) not cut the material and use few staples
C) cut the material and use many staples

D) not cut the material and use many staples
Explain:

3) A barge might hold more mass than the calculated value from the volume of a box because of

A) surface tension, extra volume at corners

B) buoyancy, extra volume at corners
C) buoyancy, surface tension



D) all three
Explain:
4) A barge might hold less than the calculated value if it

A) has unbalanced masses, is dropped 

B) is asymmetric, is dropped
C) is asymmetric, has unbalanced masses 

D)  all three
Explain:
Extended Response Questions
5) The contests have lots of restrictions and don’t let you choose your own partners. You had to calculate rather than experiment. Explain how these requirements simulate a real engineering project.

6) In group work, there are many different roles that people can assume. Which of the following describe your role best? Support your answer with examples from this contest.
a) Leader: 

Recognizes different skills and interests and uses people appropriately.
b) Manager: 

Keeps track of time, materials, people and tasks to be done.
c) Mathematician: 
Calculates important values, keeps track of data and analyses it.
d) Physicist: 

Understands how the physical theory will affect the design.
e) Builder:
 
Is skilled with tools and hands. Understands materials and how they function.
f) Graphic Designer: 
Draws clear and attractive 2-D and 3-D diagrams.
g) Inventor: 

Comes up with lots of ideas, some of which actually help.
h) Lawyer: 

Finds loopholes in the restrictions and uses them successfully.
i) Public Relations: 
Able to write and speak clearly about the advantages of each design.
j) Social convenor:
Makes the group work fun. Sees conflicts early and helps resolve them.
This contest and related buoyancy contests are described in detail at http://www.tevlin.ca/roberta/Engineering%20Contests/Barges/barges.htm  There are many guided inquiry worksheets that will help the students construct their learning. If you have questions or want the answers to the worksheets contact me at roberta.tevlin@tdsb.on.ca  There are also many more contests on the website and a description of how you can package these as a one or two-year inter-disciplinary course, IDC 3O and IDC 4U. If you are interested in starting a program like this I would be happy to assist.
Electrostatics Contests – Contest Problem Solving Grade-9 Science to Grade-12 Physics
Curriculum Connections: 

Unit A: Scientific Investigation Skills (any grade), grade 9 science (electricity), grade 11 physics (electricity, forces), grade 12 physics (fields, forces)

1) Balloon Contest: You will hang a balloon from the ceiling and you will use electrostatic forces and another balloon to give the hanging balloon the largest horizontal deflection. 

a) Draw a force diagram of the hanging balloon at maximum deflection.

b) What should you use to suspend the balloon? Explain.

c) How should you prepare the balloons? Explain.

d) How should you hold the balloon? Explain.

e) How far was your balloon deflected? What could you have done better? 

2) Container Race: You will be provided with a selection of aluminum cans, plastic bottles and balloons. You will use electrostatic forces to make a container roll down the hallway the fastest.

a) Use a diagram and words to explain why the can will roll.

b) What container should you choose? Why?
c) How will you prepare and hold the balloons? Explain.

d) What could you have done better? 
Astronomy Contests – Contest Problem Solving Grade-9 Science to Grade-12 Physics
Curriculum Connections: 

Unit A: Scientific Investigation Skills (any grade), grade 9 science (astronomy), grade 12 physics (fields, forces), grade 12 SES (planetary science)

1) Orbiting: You will be given a large piece of stretchy fabric and a selection of balls. You will try to get your ball to orbit the most times, while holding the fabric stationary. 

a) Draw a force diagram of the ball that is orbiting. 

b) Describe how you will launch the ball and why.

c) Describe how you will hold the fabric and why.

d) Describe which ball you will use and why.
e) What aspects did you realize after working with the equipment?
f) How would you implement this contest differently for grade 9 science?

More Contests: 

Chemistry:

Ecosystems:

Climate Change:

Light:










