Marbles, Tracks & Ramps Unit Design

Grade K
RI Statements of Enduring Knowledge - (Established Goals):  


PS 3 The motion of an object is affected by forces. 
	Related Rhode Island GSE’s 

(Understandings)
	RI Assessment Targets 
Assessment Evidence
***High Emphasis Targets

	PS3 (K-2) –7

Students demonstrate an understanding of motion by…

7a showing how pushing/pulling moves or does not move an object.

7b predicting the direction an object will or will not move if a force is applied to it.

Students demonstrate an understanding of force by…

7c showing that different objects fall to earth unless something is holding them up.


	***PS3 (K-4)-INQ+SAE –7

Use data to predict how a change in force

(greater/less) might affect the position, direction of

motion, or speed of an object (e.g., ramps and balls)


Words in bold are important for science vocabulary development, and should be used for word walls.

	
	Investigation
	Focus Questions
(Essential Questions)
	Big Ideas
(Understandings)

	1
	Ramps
	· What will make the marble roll? 
· What will make the marble roll faster?
	There is a direct relationship between the height of the ramp and the speed of the ball at the bottom of the ramp.  The higher the ramp, the faster the ball will be going at the end of the ramp.  

	2
	Ramps and Circles
	· What do you need to do to stop the ball inside the circle?
· What happens if you change the height of the ramp?

· What happens if you start the marble in different places on the ramp? 
· What happens when the marble rolls across the fabric?
· What happens when you roll the marble across the paper?
	Releasing the ball from lower places on the ramp will result in the ball going a shorter distance.  The ball stops moving because of the force called “friction”.  

Friction – the force that occurs when one object rubs against another.  Friction always opposes the motion.

Different surfaces create different amounts of friction.

	3
	Marbles and Tracks
	· How can you make the marble land inside the bucket?
· What happens if you change the milk cartons at the end of the track?

· Does the marble behave the same way on the Styrofoam track as it does on the wooden track?
· What happens if you start the marble in the middle of the tracks?
	Where something lands depends on the speed and direction it is going when it leaves the ramp. 

Steeper ramps will produce more speed.

Since the foam track is “softer” and more flexible than the wooden track, it will probably produce more friction.

	4
	Curves
	· What happens to the marble on this U shaped track? 
· What happens to the marble when the shape of the curve changes?
	The marbles moves with a back-and-forth motion called oscillation.  It finally settles in a resting position which is the low point of the track.
As the curve gets steeper, the marble will get to the bottom of the track more quickly and will lessen the distance it travels on the way back up.

	5
	Curves and Multiple Marbles
	· What will happen with all the marbles on the track?  
· What happens if you roll more than one marble down the track?
· When can you hear the marbles sliding?
· Do marbles move faster rolling or sliding?

· Can you construct a track where the marbles only roll?
	In principal, if a group of marbles is at rest at the bottom of the u-shaped ramp, and you roll x number of marbles into them, the same number of marbles should move off at the other end and the rest should remain at rest.  In actuality, this seldom happens because of the large mount of friction involved.
Marbles will move faster if they are rolling than if they are sliding.  Think of the tires on your car – you will move a lot further if your tires are rolling than if they are skidding.

To construct a track where the marbles only roll would require a surface that has a lot of friction built into it – similar to the rubber on your tires against the asphalt roadway.

	6
	Roller Coasters and Loops
	· How many hills and valleys can you include and still have the marble reach the end of the track? 
· How can you make the marble complete the loop and roll to the end of the track without falling off?
	The heights of the hills need to decrease in size to compensate for the lost energy due to friction.
The height of the starting point must be greater than the height of the loop so that the marble will have enough speed to make it around the loop, plus to compensate for the loss of speed due to friction.

	7
	Horizontal Loops
	· What makes the marble stay on the track?
· What do you need to do to make the marble complete the loop at the end of the track? 
· What happens if you change the size of the loop?
	The marble stays on the track because of a balance in forces between gravity which is trying to pull the marble down and the track which is trying to keep the marble up.
In a horizontal loop, the marble has a tendency to move off in a straight line, so the sides of the track must be “banked” to keep it moving along the track.

The faster the marble is going around a horizontal loop, the more force is require to keep it on the track so the track needs to be twisted more for faster speeds (or sharper turns).
Making the loop smaller (sharper turns) will make it easier for the marble to make it around the track.

	8
	Funnels
	· How many times will the ball circle in the funnel?
· In what direction does the marble rotate?

· In which funnel will the marble circle the longest?
	As the ball travels down the sides of the funnel, the walls push the ball into a circular path with a force that is called a “centripetal” force.  This is not really a new kind of force, but more a descriptor of the effect the force has on the ball – to make it go in a circle.
The funnel with the larger diameter will cause the marble to roll slower, so the marble will circle the longest.  Since the curvature of a larger funnel is more gradual, the force making it turn is smaller.

	9
	Jump the gap
	· How can you make the ball jump the gap without falling from the tracks?
	Where the marble lands depends on its speed which can be controlled by how high on the track it is released from, or by the angle of the end of the track.  HINT: A quick way to get a successful jump is to look at where the ball lands when it leaves the first track, and place the second track there.

	10
	Ski Jump Challenge
	· How can you make the marble land in each of the three buckets?
	The marble will go the furthest if the angle is halfway between vertical and horizontal (45 degrees).  

	11
	Mazes
	· What do you need to do to keep the marble moving on the track?
· How many different directions can you make the marble turn?
	It takes a force to change the direction of the motion of an object.
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