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	Hook Title
	Magic Ball Pickup

	Grade(s)
	3

	Strand(s)
	Matter and Energy

	Relevance to Curriculum

(e.g., topics, expectations, big ideas, the hook addresses)
	Topic:  Force Causing Movement
Big Ideas: All movement (start, speed up, slow down, change direction, and stop) are the result of forces acting upon an object.  The movement is dependent on the direction and amount of force(s) acting directly or indirectly on the object.
OE:  

2. investigate devices that use forces to create controlled movement;
3. demonstrate an understanding of how forces cause movement and changes in movement.
SE:

2.2 investigate forces that cause an object to start moving, stop moving, or change direction
2.3 conduct investigations to determine the effects of increasing or decreasing the amount of force applied to an object
2.5 use appropriate science and technology vocabulary, including push, pull, load, distance, and speed, in oral and written communication

3.1 identify a force as a push or a pull that causes an object to move

3.2 identify different kinds of forces
3.3 describe how different forces (e.g., magnetism, muscular force, gravitational force, friction) applied to an object at rest can cause the object to start, stop, attract, repel, or change direction

3.4 explain how forces are exerted through direct contact (e.g., pushing a door, pulling a toy) or through interaction at a distance (e.g., magnetism, gravity)

3.5 identify ways in which forces are used in their daily lives

	Brief Overview (1 to 2 sentences)
	Students attempt to pick up a marble using only a cup without touching the marble with anything else. After trying to solve the problem, students will be shown how to do it by spinning the cup around and raising the marble up into the cup with centripetal force.

Students will then repeat the experiment themselves and observe the results to try and determine what phenomena are at play (forces) and what variables determine the success or failure to raise up the marble from the table.

	Materials
	· Small marble and a plastic cup (with curved sides similar to a wine glass or water glass)
· Surface to work on
· Paper/notebook to record observations and results

	Procedures (numbered step-by-step)
	1. Present the class with a challenge question: How can I lift this marble into this cup (display both to the class)?  Set the rules: I cannot touch the marble with my hand, the cup must always face open side down and the marble can only touch the inside of the cup.  

2. Allow students to try and solve the challenge (in small groups) with a cup and marble.
3. Recall the students and ask if anyone was successful.  If yes, have them demonstrate their technique to the class.

4. Demonstrate the technique of placing the cup (open side down), over the marble, and then spinning the cup around and lifting the marble up into the cup.  
5. Ask the students what they think is happening to make the marble spin.

6. State that you will lift the cup into the air and ask for predictions as to what will happen to the marble (and why you think this) when you lift the cup off of the table.
7. Raise the cup into the air with the marble still spinning around in it.

8. Ask the students why they think the marble stayed inside of the cup and did not fall out?  

9. Have the students return to their groupings and attempt to repeat the technique. (If any students are having trouble raising the marble, they can try holding the cup right side up, dropping in a marble, and then spinning the cup.  They can slowly try to rotate the cup so that it is inverted and continue with the investigation.)

10. Have the students record their predictions and observations as the carry out the challenge.  As part of their observations, have the students consider the questions in the Testing Variables and Primary Observation tables below.

Be sure students use correct vocabulary where appropriate, both orally and when recording results (e.g., push, pull, speed, distance, etc.).
Questions for consideration during activity:

· What force(s) are acting upon the object and container (are they direct or indirect forces)?  

· What is creating (the source) the force(s)?  

· What affect are the force(s) having (create movement, speeding up, slowing down, changing direction, stopping) on the object, the container? 

· In what direction is the force(s) acting? 

· Are there any force(s) present that are not affecting the movement of the object (i.e., gravity not pulling the object towards the Earth)?  If so, why are they not affecting the movement?

For all of the above, the students should also include support or evidence for their answers (i.e., why do you think…?) when they record them.

	Possible Inquiry Questions for the Lesson Investigation  (Generated by the Students and/or Teacher)

	Experimentation 

(Testing Variables)
	Tech Problem-Solving (Challenge)
	Research 

(Primary Observations)
	Research 

(Secondary Sources)

	· What might be causing the marble to move?

· How does spinning your wrist harder or faster affect your ability to pick up the marble?  How does it affect the marble after it has been picked up (i.e., does the marble spin faster, does it raise or lower within the cup)?

· What happens when you slow down how hard or fast you spin your wrist?

· How does spinning your wrist slower and for a longer period of time compare to spinning your wrist faster but for a shorter period of time?  Does it affect your ability to pick up the marble?

· What happens if you try to raise more than one marble at a time?

	· How can you apply a force to a marble to raise it in a cup without grasping it with your hand or other item?

· Can you raise the marble in the cup by spinning and then lift the cup up from the surface?  Can you rotate your hand while spinning the cup in different directions?
	· How high up can you make the marble rise in the container?

· What happens when you rotate the cup (i.e., you try to turn it right-side up) while you are spinning the marble?

· In what direction is the marble spinning?  How does this compare to the direction you are spinning your hand?

· What happens if you try to spin the cup in the other direction?

· What is affecting the direction of the marble?

· What happens to the spinning marble when you remove the spinning (i.e., remove the force acting upon it)?

· What happens to the direction of the marble if you rotate the cup in different directions while spinning the marble?


	· What is a force?

· What are the different kinds of forces?

· How does a force affect an object?

· What are the different ways a force can interact with an object?

· How are forces created?

· What forces are causing the marble to rise up and stay within the cup?

· What impact might gravity have on the movement of the marble?



	Possible Next Steps for Instruction (choose one possible inquiry question from either Experimentation, Technological Problem-Solving or Primary Research and develop possible next steps to support the answering of the question)
	What are some examples of direct forces you observe in your community that cause movement?  In what direction are they applied and what direction does the movement result in?
· Potential responses include: wind (blowing leaves, trees), cars engines (rotating tires, moving the car), running, climbing stairs, opening/closing doors, etc.

What are some examples of indirect forces you observe in your community that cause movement?  In what direction are they applied and what direction does the movement result in?
· Potential responses include: gravity (pulling falling items to the ground, keeping things on the ground), magnetic (cupboard door catches, fridge magnets), friction (dragging something), etc.

Where might you have seen similar forces?

· Potential answers include: salad spinner, graviton ride (or similarly named attraction), motorcycles/bikes/cars in a loop-d-loop stunt, spinning something on the end of a string/rope, a lasso, discus sport, etc.

Thought experiment

What might happen if the marble was a magnet?  How might it affect another magnet outside of the cup? What ideas could you come up with to use a spinning magnet?

Further experimentation

Terminology: object is the item being picked up (i.e., marble, etc.) and container is the item being used to pick the object up (i.e., cup, etc.).
What difference does the following have on the movement of the object?

· The size of the object (students will try different sized objects, such as ball bearings, ping pong balls, etc.).
· The shape of the object (students will try different shaped objects, such as dice, skittles, jacks, etc.).

· The mass of the object.
· The material the object is made of and/or the texture/surface features of the object.

· Different shaped containers (additional cups and containers of various shapes and sizes: sloped sides, straight sides, curved sides, margarine containers, square/rectangle containers, etc.) or if the inside surface of the container had sandpaper or other rough material tapped to it.
Provide students with various objects and containers as listed above to experiment with and record the outcome.  Students can create charts showing the results of: 

· different objects with the same container (e.g., same cup with different size, shape, and mass of objects)

· different containers with the same object (e.g., same object with different size and shape of containers)

· different objects with different containers (mix and match containers and objects)

	Safety Precautions
	Students will use plastic containers/cups to minimize any chance of breaking or harming feet should a container be dropped.

Students will also wear safety goggles to avoid any flying marbles (or other objects) that may spring out of cups.

Students will be reminded that this is a science laboratory/classroom and that marbles, cups or other objects should not be thrown at any time or else the students will be removed from the experiment and will observe the others from a distance.

Students will also be warned about dropping objects on the floor (such as marbles) and to be careful to pick them up and to watch out when walking around the room for such objects.  The teacher will also watcy for such objects while rotating around the room observing, questioning, and assisting students.

	Source(s)
	Idea adapted from https://www.stevespanglerscience.com/lab/experiments/marble-gravitron-sick-science


