College Physics: Building Concepts

Margaret Scora, Teacher at Msgr. Paul Dwyer CHS in Oshawa ON
Margaret.scora@dcdsb.ca

The College Physics course is often neglected and left to the individual teacher to create interesting and meaningful projects that help students investigate physics concepts. I am sharing several labs and projects that I hope will help. Feel free to modify them to suit your needs and style.


1. Hydraulic Arm: Using K’Nex ™ to build concept connections in hydraulics, force, motion and levers.
I presented this topic at a workshop at OAPT in May 2017. A note and assignment are attached below.

2. Penny Catapult: Using K’Nex ™ to build concept connections in energy, forces and levers.
I presented this topic at a workshop at OAPT and there is a newsletter article on the website dated October 30, 2015 entitled Energy and Motion: Connections in a K’Nex ™ catapult. 
Download the assignments for 
SPH 3U 
SPH 4C 

3. Cartesian Diver: A simple and enjoyable exercise to reinforce concepts of density and pressure. 
I just decided to add this to the list as I have played with this one a lot and the students have a lot of fun playing with this toy and rediscovering concepts they learned in the bathtub as a child. 
Download the assignment for SPH 4C 

4. Physics on Ice: An easy field trip to the ice rink to reinforce concepts involving motion and forces.
I presented this topic at an OAPT workshop and there is a newsletter article on the website dated February 6, 2016. Assignment for 3U, 4C and 4U are already  attached to that article along with a video.





Building a Hydraulic Arm from K’Nex ™

WHY DO IT?
As you are all well aware, it is very important to have our students engaged in the classroom in order for deep learning to occur. We have 90 classes each semester and it is never enough to develop all the skills and learn all the concepts to the depth we would like. I could spend an entire semester on the kinematics/dynamics and energy portion of the course and never get bored! (or bore the students). Short building projects can help engage the learner and develop those hands-on, creative, collaborative and critical thinking skills that a 21st Century STEAM student needs to advance in today’s society.
Many modern suburban student have very little building experience. If they were lucky, they had LegoTM…. but they “followed the instructions”. Or they built a castle in elementary and their parents made the drawbridge. The need for physical engagement in learning concepts is very important no matter the age of the student. It helps to point to a part of a real object when quantifying stuff. 3D is better than 2D, and hands on beats paper and video anytime! They really need the problem solving that comes along with building.
STEM Education must provide opportunities for students to solve problems and apply content through an integrated approach to learning. And In order to be a self-motivated learner you must be able to use tools and seek out appropriate information.  Knowledge is constructed when all of these things merge together and students are able to construct new ideas and solve problems within context.  Building a hydraulic arm intrinsically involves many of these skills. I have created a scaffolded worksheet that delves into many of the curriculum required concepts to help the learner build their knowledge! I hope that my hydraulic arm exercise meets some of these expectations! Though I am sure there is room for improvement (let me know if you do improve it!).
[image: ]
K’Nex ™ is a supremely easy to use building toy. I never give out any instructions other than to show them how two pieces snap together and how to use the pieces to make something spin about an axis. You could use balsa wood and popsicle sticks or even pencils with a bit of wire instead of K’Nex ™. It all depends on your comfort level. Also, once you use the K’Nex ™ for one thing you will find other uses such as making a catapult (see my article October 30, 2015 on Energy and Motion: Connections in a K’Nex ™ Catapult) or a car… elastic powered or add a solar panel and take it outside!






THE BUILD
THE GOAL of this project is to build an arm that grabs and lifts an object (I used toy cars) 15 cm, then rotates to put the object down about 15 cm away from start location. Releasing the object is also part of the project. A bonus would be to make another degree of freedom such as a slider or second joint (articulation) like an elbow.

1. [image: ]Building the “gripper” or hand seems to be the most challenging and what they build will depend on what item they have to pick up.  Some examples: a slide grip, slide grip with tape or magnets, allowing a car to roll onto “hook” or platform, and the most like a hand is the scissor type grabber. I encourage the use of valves to help keep the gripper closed. Making certain that there is no air in the system is also important. If ranges of motion are exceeded at all air bleeds into the system and pressure is lost.

2. [image: ]There are a variety of ways lifting the object. The entire platform can be lifted, or just pulling or pushing up the arm. The biggest problem is not to make the arm and claw too heavy. Counterweights are useful but the K’Nex pieces can only support so much weight before bending.
3. To rotate the they could have a base for the arm that is fixed on one corner, or on wheels, and then apply a force on the other corner. OR the arm could be on a vertical post grounded in an axle of some sort like this one.
4. This example is very minimalist!16 pieces of K’Nex! Yet, it accomplishes the task set for it. Notice the post rotation and the lack of a gripping hand but rather a rotating “catcher”.
[image: ]
5. This one is NOT a minimalist design, very tippy.
6. Please note, a good supply of elastics, cable ties, hot glue and duct tape are essential components of any building based lesson. These are all easy to use in a classroom. For the Hydraulic Arm, syringes, tubing, stop valves and T-connectors can be ordered from various places (Advance or Kidder) or even a medical supply company. 

7. NOTE: For all of these projects you could just use balsa wood, dowels, popsicle sticks or even wooden pencils!

[bookmark: _GoBack]DOWNLOAD the assignment for SPH 4C
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