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[bookmark: _Toc213833426]Inclined Planes | Investigation 1
Description
Are you ready to learn all about Inclined Planes? Let's start with a quick experiment with a car and some weights. 
Materials
· Board  
· Clamps 
· Long board used as ramp 
· Giant protractor 
· Wheeled car 
· String 
· Weights (250 grams and 500 grams) 
· Pulley
Procedure
1) Clamp a board on the end of the table to serve as a stop 
2) Attach a pulley to one end of the long board and lay it flat on the table. 
3) Set the wheeled car on the end by the stop board. 
4) Set up the protractor so the 90 degrees is in line with the end of the board with the car. 
5) Tie a string to the end of the car, stretch it over the pulley and tie a loop on the end of the string hanging off the end of the board and table. 
6) Ask a friend to predict what will happen if the 250 gram is suspended on the string loop. 
7) Try it. 
8) What would happen if the end of the board was raised? Can you get the car to balance? 
9) Try it again with a 500-gram weight and then the combined weights for 750 grams. 


My Results
In the space below, write your answers to the following questions.
1. What happened when you changed the weights?



2. Was your prediction correct? What do you think would happen if you had more weight?


Explanation
When the ramp is flat, the hanging force applies enough tension in the spring to accelerate the car. As the mass of the weight increases so does the height of the angle to keep the car still. For example, the 250-gram weight may hold the car still at 10-12 degrees, while the 500-gram weight needs to elevate to 25-27 degrees, and the 750-gram weight gets steeper still at 45-47 degrees.   
Vocabulary
· Inclined Planes
· Gravity
· Force
· Hanging Force
· Mass
· Tension




Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833427]Perplexing Plane | Investigation 2
Description
What does it mean to change the center of mass of an object? You can find out by doing the Perplexing Plane Investigation. 
Materials
· Large Styrofoam disc 
· Weight 
· Ramp 
· Book 
· A friend
Procedure
1) Embed the weight inside the Styrofoam disc. 
2) Set up the ramp so that one end is on a book. 
3) Have a friend predict what will happen when you place the disc on the center of the ramp. 
4) Try it. Be sure to have the weighted side so it is near the top of the arc but one uphill side of the ramp.
My Results
In the space below, write your answers to the following questions.
1. What did the disc do? Why is this odd?

2. Was your prediction correct? Why do you think this happened?


3. Where is the center of mass on the disc? How did that impact the experiment? 


Explanation
This is perplexing because it rolls uphill seeming to defy gravity. Because the disc has such little mass, the added weight on the top changes its center of mass. As the weight falls and shifts lower, the disc rolls in the uphill direction.  
Vocabulary
· Inclined Planes
· Gravity
· Force
· Hanging Force
· Mass
· Center of Mass

















Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833428]Board Walk | Investigation 3
Description
What does slope mean? Grab a friend and investigate what happens when you change the slope of a board in Investigation 3- Board Walk. 
Materials
· Long board with adjustable height
· A friend
Procedure
1) Set the board so that it is ramped with one end 8 inches higher.
2) Ask your friend to walk up the board.
3) What will happen if the board is elevated higher?
4) Have your friend describe the difference with increased heights.
My Results
In the space below, write your answers to the following questions.
1. What did your friend tell you about the increased heights? Did they find it easier or harder to walk up the board?



2. What do you think would happen if you continued to elevate the board?

3. What do you think would happen if you had your friend walk down the board instead of up? Do you think it would be harder or easier for them?


Explanation
As the slope of the ramp increases, your friend will discover that it gets increasingly more difficult. This is because your friend is not only pushing themselves forward, but also lifting her body higher against gravity. That effort to overcome the force of gravity requires more work, which is calculated as force x distance. However, when used for a mechanical advantage an inclined plane can reduce the work required.
Vocabulary
· Inclined Plane
· Gravity
· Force
· Mass
· Slope















Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833429]Pulling Power | Investigation 4
Description
How can ramps help us? Learn more about ramps in Investigation 4-Pullling Power. 
Materials
· A friend 
· A ramp 
· Cement blocks 
· Gloves 
· A rope 
· Measuring tape
Procedure
1) Set up the ramp and measure the height of the top. This measurement will be the target lift height. 
2) Tie a rope around one cement block and leave it at the base of the ramp. 
3) Place the second block on the floor in front of the ramp. 
4) Have a friend put on a pair of gloves. 
5) Ask them to lift the cement block to the target height. 
6) Then have them pull the block up the ramp with the rope to the targeted height. What was easier? 
7) What would happen if the ramp were raised?
My Results
In the space below, write your answers to the following questions.
1. What did your friend tell you about pulling and lifting the cement block? Was it easier to lift or pull? 



2. What do you think would happen if you continued to elevate the board even more?
Explanation
When your friend lifted the block, they had to account for all the weight of the block overcoming gravity to lift it. However, when they pulled the block up the ramp, a lot of the weight of the block is supported by the ramp so the person pulling it is only supporting some of the weight. The amount of weight distributed between the person and the ramp will change depending on how steep the ramp is. The greater the angle of inclination, the more weight the person will have to support.  
Vocabulary
· Inclined Plane
· Gravity
· Angle of Inclination
· Mass
· Slope














Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833430]Springy Surprises | Investigation 5
Description
Can ramps help us lift and move heavy objects? Let’s figure it out together in Investigation 5- Springy Surprises. 
Materials
· Plastic sandwich bags 
· Small rocks 
· Spring scale 
· Ramp 
· Blocks 
· Digital scale 
· Hole punch
Procedure
1) Fill each bag with rock and seal them closed. 
2) Use the hole punch to punch a hole in the top of each bag so it can be hung from a spring scale. 
3) Place the bag of rocks on the scale to determine the weight of the bag. 
4) Hang a bag on the spring scale and lift it vertically recording the measurement in Newtons. 
5) Place one end of the ramp on a block and place the bag of rocks at the base. 
6) Predict the reading of the spring scale when pulling the bag up the ramp. 
7) Try it
My Results
In the space below, write your answers to the following questions.
1. What happened when you pulled the bag up the ramp? Was your prediction correct?



2. What would happen if the ramp were raised? Or lengthened?



Explanation
By measuring the two methods for elevating the rocks, it is evident that using the inclined plane makes the job easier. The ramp can support some of the weight of the rocks, so the spring scale shows a reduction in the amount of work required when compared to a vertical lift of the rocks where the entire force of gravity must be overcome. The inclined plane provides a mechanical advantage.  
Vocabulary
· Inclined Plane
· Gravity
· Mechanical Advantage 
· Newtons
· Elevation
· Slope















Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833431]Static Slope | Investigation 6
Description
What forces act on objects? Let’s learn about static force in Investigation 6. 
Materials
· Adjustable incline plane 
· Block of wood
Procedure
1) Place the block on the horizontal adjustable plane. 
2) What forces are acting on the block. 
3) Raise up the ramp slightly. What forces are acting on the block now? 
4) Why doesn’t the block slide down the plane? 
5) Predict what will happen if we increase the slope even further.
My Results
In the space below, write your answers to the following questions.
1. Why do you think the block does not slide down the ramp?






2. What would happen if we increased the slope?



Explanation
At first the block is stationary. That is because the overall net force is balanced. The downward force of gravity and the upward normal force are balanced. When slightly elevated, there is still the downward force of gravity, and the upward normal force that is perpendicular to the plane, so it is no longer vertical. The third force is static friction running toward the front of the block and that is preventing the block from sliding. If there were no friction, there would be no stopping the block from sliding. Eventually when the plane is elevated further, the block will begin to slide. The static friction is no longer capable of stopping it from accelerating down the plane.  
Vocabulary
· Inclined Plane
· Gravity
· Elevation
· Slope
· Force
· Net Force
· Normal Force
· Friction










Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833432]Static Friction Reduction System | STEM Challenge
Description
Are you ready for a STEM Challenge? This time, you need to try to design the surface of an inclined plane to reduce friction. Good Luck!
Materials
· Adjustable inclined plane 
· Wood blocks 
· Foil 
· Felt 
· Bubble wrap 
· Wax paper 
· Cellophane 
· Acetate 
· Tape 
· Meter stick
Procedure
1) Select a block and use the available materials to design an alternate surface on the block to reduce the amount of friction with the plane. 
2) Set the ramp at a designated angle. 
3) Place the block at the top of the ramp and release. 
4) Measure how far the block travels off the ramp as one source of comparison. 
5) Test the blocks again to determine the lowest angle that one of the blocks begins to accelerate.
My Results
In the space below, write your answers to the following questions.
1. What did you use to reduce friction? 


2. What would happen if we increased the slope? What else do you think you could use to reduce friction even more?


Explanation
Flat objects placed on an inclined plane experience multiple forces including the downward force of gravity, the normal force that is perpendicular to the plane, and static force that prevents the object from sliding. An object on a steeper slope is more likely to slide as the static force is no longer capable of preventing acceleration. In this challenge, the key is to establish a surface that has little friction, so it will accelerate down a slope even at a lower angle.  
Vocabulary
· Inclined Plane
· Gravity
· Elevation
· Slope
· Force
· Net Force
· Normal Force
· Friction













Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833433]Energized Cars | Investigation 8
Description
How does the mass of an object and the slope of a ramp impact how far the object can travel? Find out with a friend in Investigation 8. 
Materials
· Toy cars of different masses 
· Ramp 
· Blocks 
· Level  
· Digital Scale 
· A friend
Procedure
1) Record the mass of each toy car in grams. 
2) Set up the ramp and place the cars or balls at the top. 
3) Predict which vehicle will travel the greatest distance. 
4) Ask a friend to determine what level they would like to set the ramp so that the rolling car travels a specified distance zone.
My Results
In the space below, write your answers to the following questions.
1. Which vehicle did you predict would travel further? Were you right?




2. What would happen if we increased the slope? 



Explanation
The resting car at the top of the ramp has potential energy, and once it is released that energy is converted to kinetic energy. The distance the car will travel is determined by both its mass and the ramp slope. Through experimentation, it is possible to predict a specified slope that results in the car’s stopping in a targeted zone. Considerations include the mass of the car, the slope of the plane, and the friction from the surface. 
Vocabulary
· Inclined Plane
· Gravity
· Potential energy 
· Kinetic energy 
· Slope
· Force
· Net Force
· Normal Force
· Friction












Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!


[bookmark: _Toc213833434]U Ramp | Investigation 9
Description
What happens when you use a U-shaped ramp? Will mass still matter in how far your object will travel? Use Investigation 9 to find out. 
Materials
· Matchbox car ramp shaped like a U. 
· Blocks 
· Tape  
· Measuring device 
· Different mass cars or try it with different mass balls
Procedure
1) Set the ends of the track onto the blocks and tape it in place to make a U-shaped ramp.
2) Show your friend the height at which you will release a car on one side of the track.
3) Then ask a friend to predict how high a car will reach on the opposite side before rolling backwards. 
4) Try it. What do you notice?
5) Does a car with a different mass have a similar result?
My Results
In the space below, write your answers to the following questions.
1. Was your friend's prediction correct? Why or why not?




2. What happened when you used a car with a different mass?


Explanation
A round or wheeled object on an inclined plane will roll when it is released. This is due to the force of gravity acting on the object and its potential energy converts to kinetic energy. No matter the height the object was released on one side of the track, it will never travel as high on the second side, no matter the mass of the object. This is due to the friction on the wheels causing torque and forcing them to turn or roll. As a result, the car will never attain the same height.  
Vocabulary
· Inclined Plane
· Gravity
· Potential energy 
· Kinetic energy 
· Slope
· Force
· Torque 
· Friction














Parents and Educators: use #CuriousCrew and #CuriosityGuide to share what your Curious Crew learned!
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