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[bookmark: _Toc213833328]Cruising Crew | Investigation 1
Description
How fast can you go? Grab your longboard and test to see! Does how much force you use or mass you have change how fast you are?
Materials
· Large exercise band
· 5 people (one larger)
· Bicycle helmet
· Long board, skateboard, or rolling cart
· Smart phone with accelerometer app
· Tape
· Measuring tape
Procedure
1) Have a smaller friend put on the helmet and sit on the longboard or cart.
2) Turn on the accelerometer app and tape the phone down onto the front of the board.
3) Have two additional friends sit behind the cart holding each end of the band taught.
4) Pull the rider back into the band a specified distance measured and marked on the floor with tape. This will ensure a similar amount of input force on multiple riders.
5) Release the rider and record the number on the accelerometer.
6) Repeat with a taller rider. How does acceleration compare?
7) The activity is repeated once more with a different person riding twice, once with the band pulled back a lot (more force) and once with the band pulled a little with less force. How does the acceleration compare this time?
My Results
In the space below, write your answers to the following questions.
1. How did the speed change each time? 

2. Why do you think the speed changed?


Explanation
When the exercise band is stretched, there is increased potential energy that will apply a force on the rider propelling them forward. That change in speed and direction is measured as acceleration in the app. In the first example, the person with less mass accelerated faster than the person with larger mass when a similar input force was applied. In the second example, the rider accelerated faster when a larger force was applied than when the smaller one was. This is a great example of Newton’s Second Law of Motion that describes the relationship force = mass x acceleration. The more mass an object has, the more force needed to change its speed or direction.
Vocabulary
· Potential Energy
· Force
· Mass
· Acceleration 










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


[bookmark: _Toc213833329]Net Force | Investigation 2
Description
How does force act on an object? Does it matter if the object has more or less mass? Answer these questions with a friend in Investigation 2- Net Force. 
Materials
· Foam dart gun
· Bowling ball
· Rubber ball
· A friend 
Procedure
1) Have your friend compare the mass between the rubber ball and the bowling ball.
2) Place the rubber ball on a table and ask your friend to place one hand against the ball to resist any change in motion.
3) Hold the dart gun near the ball on the opposite side and fire a dart.
4) What did you notice?
5) Now have your friend move his or her hand away and predict what will happen if the dart is fired at the ball again.
6) What if the ball is substituted with a bowling ball. What do you notice?
My Results
In the space below, write your answers to the following questions.
1. What happens when the dart is fired at the ball?



2. What is different when you switch to the bowling ball?




Explanation
This investigation helps us think about acceleration, which is the change in an object’s speed or direction. First, your friend should have noticed the difference in mass between the two balls because there is a lot more matter inside the bowling ball than the hollow rubber ball. Your friend should also be able to describe feeling the force of the dart on the rubber ball, but because he resisted the applied force, the total forces acting on the ball were balanced so it didn’t move. If we could add all the forces acting on the ball: gravity, the force from the dart, and the resistance from your friend, that sum is referred to as the net force. If the net force is balanced, there is no change to acceleration, but when an object experiences forces that are unbalanced, then the object will accelerate. Hitting the rubber ball with the dart caused it to move a little bit. However, applying the same force of the dart had little impact on the massive bowling ball. Getting the bowling ball to move would require a lot more force. Newton’s Second Law of Motion states the greater the mass of an object, the more force required to accelerate it.
Vocabulary
· Gravity
· Force
· Mass
· Acceleration 
· Net force








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


[bookmark: _Toc213833330]Cubic Collision | Investigation 3
Description
Using a ramp and different balls, see if you can figure out what happens when forces are unbalanced and how mass impacts force. 
Materials
· Short Ramp
· Blocks
· Two balls with different masses
· A cube
· Ruler
Procedure
1) Set up the ramp by placing one end on blocks.
2) Place one end of the ruler at the base of the ramp so that the other end runs away from the ramp.
3) Place a cube next to the ruler at the base of the ramp.
4) Predict what will happen when each ball rolls down the ramp and hits the cube.
My Results
In the space below, write your answers to the following questions.
1. What happens when the ball hits the cube?





2. Does the ball with more mass make the cube move farther? Why?


Explanation
The forces acting on the stationary cube are the force of gravity and the normal force from the table. Because the net force is balanced, there is no acceleration. However, once the rolling ball collides with the cube, the forces are unbalanced, and the cube will move a measurable distance on the table. The more massive ball pushes the cube further. The net force acting on an object and the object's mass determine how the object will accelerate.
Vocabulary
· Gravity
· Force
· Normal Force
· Mass
· Acceleration 
· Net force















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


[bookmark: _Toc213833331]Propelling Cars | Investigation 4
Description
Ready to make a car and do some testing? Have an adult help you use power tools and learn more about how mass affects force. 
Materials
· Four 2 x 4 wood blocks (each six inches long)
· 8 plastic wheels
· Nails
· Two ¼" dowels, each one and a half inches long
· Rubber band
· Drill & drill bit
· Spring or spring-loaded bifold door peg
· Tape measure
· Meter stick
· A friend
Procedure
1) Tack four wheels to each block with the nails to make two rolling cars.
2) Drill a hole in the front end of one of the blocks and insert the spring so that half of it sticks out the front. Set the car aside.
3) On each side of the second car centered between the wheels drill a ¼” diameter hole ½ inch deep and insert the dowels.
4) Take the two cars and line them up beside the meter stick.
5) Have a friend predict what will happen when the fronts of the cars are pushed together so that the spring is compressed and released.
6) What do you notice?
7) Now stack a third block on the car with the side dowels and stretch a rubber band from one dowel over the block and secure it to the second dowel.
8) Have your friend predict what will happen when these cars are pushed together and released.


My Results
In the space below, write your answers to the following questions.
1. How do the traveled distances of the cars compare? 


2. What if a second block is added to the stack?


Explanation
In the first example, the cars traveled a similar distance because the masses of the cars were similar and the input force from the energy of the spring was the same. In the next example, although the input force was the same, the mass was greater in the stacked block. As a result, the more massive car travels more slowly and a shorter distance than the single block. This is a good example of Newton’s Second Law of Motion. When the same pushing force is applied to two objects, the object with less mass will accelerate more.
Vocabulary
· Gravity
· Force
· Normal Force
· Mass
· Acceleration 
· Net force



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


[bookmark: _Toc213833332]Bashing Blocks | Investigation 5
Description
In Bashing Blocks, have an adult help you with power tools to learn more about acceleration, force, and mass. 
Materials
· Five 2 x 4 wood blocks (each six inches long)
· Two ¼" dowels, each one and a half inches long
· Rubber bands
· Drill & drill bit
· ¾" spade bit
· ½" screw eyes
· Tape measure
· Meter stick
· A friend
Procedure
1) Drill a ¾" hole in the front end of each block so that the screw eyes can be screwed in and recessed. Set one car aside.
2) In the center of each side of the second car drill a ¼” diameter hole ½ inch deep and insert the dowels.
3) Connect three rubber bands together by looping them back on themselves and attach the ends to each screw eye in the front of the blocks.
4) Take the two blocks and line them up beside the meter stick.
5) Have a friend predict what will happen when the blocks are stretched apart to the ends of the meter stick and released.
6) What do you notice?
7) Now stack a third block on the block with the side dowels and stretch a rubber band from one dowel over the block and secure it to the second dowel.
8) Have your friend predict what will happen when these blocks are stretched apart and released.


My Results
In the space below, write your answers to the following questions.
1. How do the speeds compare between the blocks? 


2. What if a second or third block is added to the stack?

Explanation
By stretching the rubber bands a similar distance each time, the input force could be controlled. In the first example, the blocks traveled at a similar speed and distance before colliding. This was evident because they collided in the middle of the meter stick. In the next example although the input force was the same, the mass was greater in the stacked block. As a result, the more massive stack accelerated more slowly and traveled a shorter distance than the single block. Again, as the mass increased with the stacked block it traveled less of a distance along the meter stick than the single block. This is a good example of Newton’s Second Law of Motion. When the same pulling force is applied to two objects, the object with less mass will accelerate more and travel a greater distance.
Vocabulary
· Force
· Normal Force
· Mass
· Acceleration 




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


[bookmark: _Toc213833333]Confectionery Catapult | STEM Challenge
Description
Get ready for a STEM challenge! Can you create a marshmallow catapult?
Materials
· Large popsicle sticks 
· Rubber bands 
· Plastic spoons 
· Large marshmallows 
· Mini marshmallows 
· Digital scale 
· Meter stick 
· Calculator
Procedure
1) Stack a group of popsicle sticks together (3, 5, 7, etc.) and rubber band the ends together. Set it aside. 
2) Take two additional sticks and rubber band them together on one end. 
3) Take the stack of sticks and slide them in between the pair of sticks pushing the stack toward the rubber banded end. This becomes the fulcrum point and can be adjusted by sliding it one way or another. 
4) Secure the fulcrum in place by securing additional rubber bands in the “X” formation. Be sure to twist the rubber band before going around each leg of the “X”. 
5) Once secured, slide the fulcrum closer to the rubber band on the pair of sticks. 
6) Place the spoon on the top of the upper stick and rubber band in place. The rubber band should be placed at the top of the spoon handle just below the bowl. The base of the spoon handle should be captured by one of the rubber bands there. This will be the launcher. 
7) Find the mass of the assorted marshmallows. 
8) Experiment with different mass marshmallows by pulling the spoon downward a similar amount each time and releasing it. 
9) How far did each marshmallow travel? Conduct numerous trials and calculate the average distance each marshmallow traveled. 
My Results
In the space below, write your answers to the following questions.
1. Which marshmallow went the shortest distance? Which went the farthest distance? Why?



2. What do you think this experiment is trying to show?



Explanation
By pulling the spoon down a consistent amount, it will result in a similar applied force each time. Therefore, the only variable that should be changing is the amount of mass in each launch. According to Newton’s Second Law of Motion, because the smaller marshmallow has less mass it had a larger acceleration. This was evident by the greater distance the smaller marshmallow traveled compared to the more massive marshmallow.  
Vocabulary
· Gravity
· Force
· Normal Force
· Mass
· Acceleration 
· Net force
· Fulcrum



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


[bookmark: _Toc213833334]Forceful Scooters | Investigation 7
Description
It’s time for some fun with scooters! What will you learn about force in Investigation 7- Forceful Scooters? 
Materials
· Floor scooters
· Different size friends
· Smart phone with accelerometer app
Procedure
1) Ask a friend to push another small friend on a floor scooter while holding a smart phone with an accelerator app open.
2) Have them do it a second time pushing a larger friend.
3) What did the person who was pushing notice?
4) What did the riders notice while watching the accelerator app?
My Results
In the space below, write your answers to the following questions.
1. Which friend was harder to push?




2. Which friend went farther? Why?


Explanation
At first, the accelerator app shows no acceleration, because the forces are balanced, but once a force is applied, the overall net force is unbalanced, and it displays the acceleration. Pushing a more massive person requires a much bigger push or force to get them accelerating. Similarly, a small force will lead to a shorter distance traveled compared to a greater applied force leading to an increased distance traveled. Newton’s Second Law of Motion states Force = Mass x Acceleration.
Vocabulary
· Gravity
· Force
· Mass
· Acceleration 
· Net force














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


[bookmark: _Toc213833335]Bumping Bowling Balls | Investigation 8
Description
Take two bowling balls that have different masses and do some investigating in Investigation 8. 
Materials
· Suspended 16-pound bowling ball
· Suspended 8-pound bowling ball
· Wood stand
· Rope
· Box
· Measuring tape
Procedure
1) Hang the two bowling balls side by side in the wood frame. They should hang just above the floor.
2) Set the box up in front of the 8-pound ball.
3) Pull the ball back a specified distance and let it swing into the box.
4) How far did it travel?
5) Predict what might happen when the 16-pound ball strikes the box.
6) Try it. What did you notice?
My Results
In the space below, write your answers to the following questions.
1. What happens when the bowling ball hits the box?



2. Does the ball with more mass make the box move farther? Why?




Explanation
In this example, the mass of the box is constant, and at first the overall net force is balanced so it is motionless. The force of the bowling ball is different, however, with the 16-pound ball striking with twice the force. A larger net force on an object causes a larger acceleration. In this case the box accelerates more quickly and travels further. Newton’s Second Law of Motion states Force = Mass x Acceleration.
Vocabulary
· Gravity
· Force
· Mass
· Acceleration 
· Net force
















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