Forces & Motion, and Simple Machines


NPES Panther Pete Science Lab – Grade 4 


	Purpose:

	The purpose of this lab is to investigate the principles of forces & motion, explore how a pulley works, and identify various simple machines within everyday household compound machines.  After this lab, students will understand that a force is a push or pull and measured in Newtons or pounds.  They will be able to apply the concepts of inertia, gravity and friction.  Students will also be able to explain how a pulley system works and what the mechanical advantage and “trade off” is when using a pulley.  Lastly, they will have a better understanding of how simple machines are found within compound machines we use every day.

	GPS Standards/Essential Questions:

	S4P3. Students will demonstrate the relationship between the application of a force and the resulting change in position and motion on an object.
b. Using different size objects, observe how force affects speed and motion. (Using a ping pong ball and a rubber ball.)

c. Explain what happens to the speed or direction of an object when a second force is applied.  (Friction is added by repeating the experiment with sand in the track.)

d. Demonstrate the effect of gravitational force on the motion of an object. (Measure the distance of balls rolling off a track, showing the effect of gravitational force on the forward motion of a lighter and heavier object.)

a. Identify simple machines and explain their uses (lever, pulley, wedge, inclined plane, screw, wheel and axle).

	Lesson Plan:

	The lesson begins with an introduction by the Science Lab Coordinator. The students will divide into four groups and rotate among four centers.  At the end of the lab, the Science Lab Coordinator will review what the students observed.

	Teachers:

	Please divide students into four equal lab groups before coming to the lab.  Also, at the beginning of the lab, please be prepared to identify any students who may not be photographed.  As a follow-up, a parent letter will be emailed to the CAT teams for distribution to the classes.



	Parent Volunteers:

	Please read this material, and arrive at the lab 15-20 minutes early to familiarize yourself with the experiment.  Your role will be to ensure safety and assist the students as they explore and experiment with the lab center concepts.  You will not be responsible for the class presentation, just your assigned center.  However, it would be helpful if you read the information provided here before coming to the lab.

	Lab Coordinator Introduction:

	As students walk in, ask them to pick up a clipboard (with a worksheet) and a pencil, and take a seat at their assigned center.  Ask students to write their names on the worksheet in front of them.  

Once students are settled in their seats, welcome them to the Panther Pete Science Lab.  Introduce yourself and the parent volunteers in the room.  

	Brainstorming/Subject Review:

	Brainstorm with students:  You are studying forces & motion, and simple machines in your classroom. Today, we will be experimenting with forces & motion and simple machines in the Panther Pete Science Lab.
I bet you already know some things about forces and motion: (Ask a few of these questions, as time allows.)

1. What is the scientific name for a push or a pull?  Force.  Did you know that we can measure force in Newtons (metric) or pounds?
2. What force is always pulling you and everything around you down toward the ground?  Gravity.  So Gravity is a Force.

3. What force resists the motion of objects, relative to each other, when the objects are touching?  (For example: bike brakes pressing against a wheel causing the bike to stop.) Friction.  So, Friction is a Force.

	Center Introduction:

	· You will be exploring more about force, motion, and friction in Centers 1 & 2 with a rubber ball, a ping pong ball, some sand and Hot Wheels tracks.

· You will talk about the principles of gravity and force as you investigate how a pulley works in Center 3.  
· Finally in, Center 4, you will be investigating simple machines and then identifying all the simple machines found within common household items.

· Note:  Students starting in Centers 1 & 2 will switch with each other after 10 minutes.  Students starting in Centers 3 & 4 will switch with each other after 10 minutes.   After 20 minutes, students who started in Centers 1 & 2 will switch with the students who started in Centers 3 & 4.

	Center 1 Description:  Forces & Motion (without friction)

	Introduction: Explain to the students that in Centers 1 & 2, they are going to experiment with the principles of mass and inertia, as well as the forces of gravity and friction.
Review these key concepts being explored in Centers 1 & 2 today:

· A force is a push or pull, and it is measured in Newtons or pounds.

· When something is moving, it will keep doing exactly what it is doing (moving or still) until a new force is introduced.  This is the principle of inertia.  
· The greater the mass of an object, the more force is required to change its state of motion or non-motion.

· When you apply a force, friction acts like a tug-of-war in the opposite direction.  

Activity:

· Ask the students to work in 2 groups (3 or 4 in each group). 
· Start with each group weighing one of the balls on the digital scale.  Group 1 = rubber ball, Group 2 = ping pong ball

· Note:  Use the metal containers to hold the ball in place on the scale.  Turn the scale on, place the metal container on the scale.  Press and hold the “Tare” button until the scale reads 0 grams.  Now you can place a ball inside the metal container to get its weight (mass).

· Ask each group to weigh their balls on the digital scale and record the mass of both balls on their worksheets. (Ping pong ball = 2 g, Rubber ball = 16 g).
Explain to the students the procedure for rolling the balls down the track, measuring the distance, and recording their findings in one designated column for each ball.  Tell them that Centers 1 & 2 will be run the same way with only slight differences in the forces acting upon it.  Emphasize that they must not push the ball, merely let it go at the top of the track.
· Have the students form a hypothesis (best guess) of what will happen during the experiment.  How will the different masses affect the motion of the 2 balls?  What force will carry the balls forward? (Inertia)  What forces will slow the balls down to a stop?  (Gravity and Friction) 

Data Collection: Rubber Ball & Ping Pong Ball - without friction 
Explain that for this center, students will use the same two balls as Center 2 but without friction.

· Group 1:  Rubber Ball

· Ask Group 1 to stand near the track.  Have 1 student let go of the rubber ball at the top of the track.  
· Have Group 2 students measure the distance the ball traveled (once it stops) and have everyone record this distance on their worksheets. (Column 1) 
· Note:  Each floor tile is 1 foot long.

· Repeat this process 2 more times with the rubber ball.  Group 1 students can take turns letting go of the rubber ball.  Group 2 students can take turns measuring the final distance.

· Group 2: Ping Pong Ball
· Ask Group 2 to stand near the track.  Have 1 student let go of the ping pong ball at the top of the track.  
· Have Group 1 students measure the distance the ball traveled (once it stops) and have everyone record this distance on their worksheets. (Column 3)
· Repeat this process 2 more times with the ping pong ball.  Group 2 students can take turns letting go of the ping pong ball.  Group 1 students can take turns measuring the final distance.

***When the three runs have been conducted for each ball and data has been recorded, trade students with Center 2 and repeat only the data collection process (skip the introduction discussion points). ** 

Graphing: 
· Once your second group of students is done collecting data (with friction & without friction), return to the table and have the students use the calculators to compute the average distances for the rubber ball and for the ping pong ball (with friction & without friction).  

· Record these averages at the bottom of the columns on their worksheet.  
· Now have the students use colored pencils to draw a bar graph for each of the average distances of the rubber ball and ping pong ball (use different colors for: rubber ball without friction, rubber ball with friction, ping pong ball without friction, ping pong ball with friction).  
· They should now have all of the data and graphs completed for all 4 ball scenarios.

Conclusion: Introduce the 5 laminated graphs and help the students draw conclusions using a discussion similar to the one that follows:

Show Graph #1 (Mass):  
· Question:  What have we learned about mass during this center?  
· Answer: The greater the mass, the greater the inertia carrying the ball forward. 
Show Graph #2 (Average Distance – No Friction):  
· Question:  What was your average distance for the ping pong ball with no friction?  
· Answer: Explain that their data proved that the rubber ball traveled farther than the ping pong ball on average due to its greater mass & greater inertia. 

Show Graphs #3 & 4 (Effects of Friction):  
· Question: Which distance was greater - what you measured for each ball when it rolled through the sand or without sand?  Why?  
· Answer: Friction from the sand worked against the force and speed of the ball and therefore slowed it down.
Show Graph #5 (Final Results):  
· Question: Which of the 4 experiments resulted in the ball going the farther? Why? 
· Answer: The rubber ball with no sand/friction went the farthest.  Because the rubber ball had the greater mass and there was less opposing friction with no sand.


	Center 2 Description:  Forces & Motion (with friction/sand)

	Introduction:  Explain to the students that in Centers 1 & 2, they are going to experiment with the principles of mass and inertia, as well as the forces of gravity and friction.
Review these key concepts being explored in Centers 1 & 2 today:

· A force is a push or pull, and it is measured in Newtons or pounds.

· When something is moving, it will keep doing exactly what it is doing (moving or still) until a new force is introduced.  This is the principle of inertia.  

· The greater the mass of an object, the more force is required to change its state of motion or non-motion.

· When you apply a force, friction acts like a tug-of-war in the opposite direction.  

Activity:

· Ask the students to work in 2 groups (3 or 4 in each group). 

· Start with each group weighing one of the balls on the digital scale.  Group 1 = rubber ball, Group 2 = ping pong ball

· Note:  Use the metal containers to hold the ball in place on the scale.  Turn the scale on, place the metal container on the scale.  Press and hold the “Tare” button until the scale reads 0 grams.  Now you can place a ball inside the metal container to get its weight (mass).

· Ask each group to weigh their balls on the digital scale and record the mass of both balls on their worksheets. (Ping pong ball = 2 g, Rubber ball = 16 g).

Explain to the students the procedure for rolling the balls down the track, measuring the distance, and recording their findings in one designated column for each ball.  Tell them that Centers 1 & 2 will be run the same way with only slight differences in the forces acting upon it.  Emphasize that they must not push the ball, merely let it go at the top of the track.  Also, they do not need to touch the sand.
· Have the students form a hypothesis (best guess) of what will happen during the experiment.  How will the different masses affect the motion of the 2 balls?  What force will carry the balls forward? (Inertia)  What forces will slow the balls down to a stop?  (Gravity and Friction) 

Data Collection: Rubber Ball & Ping Pong Ball with Friction (sand)
Explain that for this center, students will use the same two balls as Center 1 but with friction.  Friction is a force that opposes, or acts against, motion when two surfaces rub against each other.

 **In order to keep data consistent, the center leader will need to insure that the amount of sand (1/2 cup) remains as uniform as possible for each ball run.** 

· Group 1:  Rubber Ball

· Ask Group 1 to stand near the track.  Have 1 student let go of the rubber ball at the top of the track.  
· Have Group 2 students measure the distance the ball traveled (once it stops) and have everyone record this distance on their worksheets. (Column 2)  
· Note:  Each floor tile is 1 foot long.

· Repeat this process 2 more times with the rubber ball.  Group 1 students can take turns letting go of the rubber ball.  Group 2 students can take turns measuring the final distance.

· Group 2: Ping Pong Ball
· Ask Group 2 to stand near the track.  Have 1 student let go of the ping pong ball at the top of the track.  
· Have Group 1 students measure the distance the ball traveled (once it stops) and have everyone record this distance on their worksheets. (Column 4)  
· Repeat this process 2 more times with the ping pong ball.  Group 2 students can take turns letting go of the ping pong ball.  Group 1 students can take turns measuring the final distance.

***When the three runs have been conducted for each ball and data has been recorded, trade students with Center 1 and repeat only the data collection process (skip the introduction discussion points).  

Graphing: 
· Once your second group of students is done collecting data (with friction & without friction), return to the table and have the students use the calculators to compute the average distances for the rubber ball and for the ping pong ball (with friction & without friction).  

· Record these averages at the bottom of the columns on their worksheet.  

· Now have the students use colored pencils to draw a bar graph for each of the average distances of the rubber ball and ping pong ball (use different colors for: rubber ball without friction, rubber ball with friction, ping pong ball without friction, ping pong ball with friction).  

· They should now have all of the data and graphs completed for all 4 ball scenarios.

Conclusion: Introduce the 5 laminated graphs and help the students draw conclusions using a discussion similar to the one that follows:

Show Graph #1 (Mass):  
· Question:  What have we learned about mass?  
· Answer: The greater the mass, the greater the inertia carrying the ball forward. 

Show Graph #2 (Average Distance – No Friction):  

· Question:  What was your average distance for the ping pong ball with no friction?  
· Answer: Explain that their data proved that the rubber ball traveled farther than the ping pong ball on average due to its greater mass & greater inertia. 

Show Graphs #3 & 4 (Effects of Friction):  

· Question: Which distance was greater - what you measured for each ball when it rolled through the sand or without sand?  Why?  
· Answer: Friction from the sand worked against the force and speed of the ball and therefore slowed it down.

Show Graph #5 (Final Results):  

· Question: Which of the 4 experiments resulted in the ball going the farther? Why? 

· Answer: The rubber ball with no sand/friction went the farthest.  Because the rubber ball had the greater mass and there was less opposing friction with no sand.


	Center 3 Description:  Pulleys

	Introduction:

· Today, we are going to experiment with a simple machine called a pulley.  We will learn how pulleys work, what mechanical advantage they provide and the resulting “trade off” for that advantage.  The mechanical advantage of any simple machine is that it decreases the amount of force that is needed to perform a task.  

· Pulleys were invented in ancient times, more than 2,000 years ago, and are still an important simple machine used today.  A pulley is typically an object that is round with a smooth groove around its outside edge for a rope to fit in. (Show example of large pulley.)
· The rope through the groove of a pulley moves smoothly and evenly, without catching, so there is very little friction to oppose the force of your pull. 
· For a pulley, the weight of the object you are lifting should be greater than the force you apply to pull on the rope.  In other words, the pulley helps you lift a greater weight with less force than you could on your own.
· A pulley transfers a force along a rope, so that a rope with one or more pulleys can allow someone to lift a heavy load with a smaller amount of force. 
· A pulley also allows us to pull downward (instead of upward) which is an easier, more comfortable direction.
· In this experiment, you will use a spring scale to measure the amount of force (in Newtons) needed to lift these weights.  We will start with one pulley and then increase the number of pulleys the rope passes through to 2 pulleys and then to 4 pulleys.

Set-Up Instructions:  The 1 Pulley System should already by set up.  Follow these instructions below to setup the pulleys for each trial.  (See also “Assembly Instructions” for Ropes & Pulleys.)
1 Pulley System:  Clip the yellow string to the top of the bottom pulley block and pass the string over the middle pulley on the top pulley block.  Be sure the 2 cord stops are resting against the top pulleys.
2 Pulley System:  Clip the yellow string to the bottom of the top pulley block.  Pass the string around the middle pulley on the bottom pulley block and back up over the middle pulley on the top pulley block. Be sure the 2 cord stops are resting against the top pulleys.
4 Pulley System:  Clip the yellow string to the bottom of the top pulley block and pass the string around the right-side pulley on the bottom pulley block and back up over the right-side pulley on the top block. Then continue back down, passing the yellow string through the left-side pulley on the bottom pulley block and back up over the left-side pulley on the top pulley block, making 4 pulleys in total. Be the 2 cord stops are resting against the top pulleys.
Activity:

· Starting with the 1 Pulley System, have one student hold the end of the spring scale and pull downward on the yellow string to slowly lift the bottom block of weights up until the bottom of the block reaches the steel pin on the pole. 
· The student should then hold the string there while all measurements are taken, taking care not to let go of the string.

· Another student should read the spring scale measurement in Newtons (N) – this is the input force. 
· Have another student slide the upper of the two cord stops to the top of the yellow string to rest against the pulley again.  
· Ask a different student to measure the distance between the two cord stops in centimeters using the tape measure.
**Note:  It is important that the students pull the spring scale downward NOT out or the pulley system will tip over.  Please keep the extra weights on the base of the pulley stand as a precaution.**
· Have the students record both the input force measurement taken from the spring scale in the 2nd column on their worksheet.  Also have them record the distance between cord stops on their worksheet in the 3rd column for the 1 Pulley System.
· Now arrange the 2 Pulley System.  Have different students pull the yellow string with the spring scale and take measurements, etc. as before.  
· Have the students record these new measurements on the 2 Pulley row of their worksheet. 
· Repeat with the 4 Pulley System, but allow room for the greater length of string pulled..
Look at the recorded data with the students and help them draw the following conclusions:

· The more pulleys used, the less input force needed.  HOWEVER…
· The less input force needed, the longer the distance of string pulled.

Explain that with simple machines you gain a greater mechanical advantage, but there is a “trade-off”. 
· With a pulley, the trade-off is distance (or the amount of rope needed). 
· So, if two pulleys are used together, the amount of force required to lift an object is cut in half, but twice the amount of rope is needed to raise the object to the same height.

	Center 4 Description:  Simple & Compound Machines

	Introduction:

· A simple machine is a single mechanical device that changes the direction or magnitude of a force.  
· Simple machines help people work faster, easier, and more efficiently. 
· Who can name examples of simple machines?  Pulley, inclined plane, wedge, screw, lever, and wheel & axle.  
Demonstration:

· You will investigate a pulley in great detail in Center 3, so let me show you 5 other simple machines and discuss them briefly.  (Demonstrate how wooden models work.  If time allows at the end, let students try models.)
1. Inclined Plane - A flat surface whose endpoints are at different heights. By moving an object up an inclined plane rather than completely vertical, the amount of force required to raise the object is reduced; however, the distance the object must travel is greater.  Examples:  a ramp, a set of stairs, a slide at the playground
2. Wedge – Similar to an inclined plane, a wedge can be made of either 1 or 2 inclined planes put together.  A wedge is a triangular and portable shaped tool with a sharp edge at the end that separates objects, lifts an object, or holds an object in place.  Examples: a door stop, an ax, a push pin or nail
3. Screw – An inclined plane wrapped around a cylinder. A screw lifts or lowers something and holds things together.  Examples:  meat grinder, corkscrews, adjustable legs on appliances

4. Lever - A rigid bar that rotates around a fixed point called a “fulcrum”.  A lever is used to lift a heavy weight with the least amount of effort or force.  Examples:  scissors, see saw, shovel, wheelbarrow, pliers
5. Wheel & Axle - a large wheel secured to a smaller wheel or shaft, called an axle. When either the wheel or axle turns, the other part also turns.  Examples:  ferris wheel, roller skates, wagon wheels
· A complex or compound machine is made up of two or more of these simple machines that work together for its operation.  
· All machines, both simple and complex, have a “mechanical advantage”.  How much easier and faster a machine makes your work is the mechanical advantage of that machine. 
· In science terms, the mechanical advantage is an actual number indicating how much a machine multiplies your effort/force.  For example, if you use a lever to lift a load of 3000N, using an effort of just 300N, the mechanical advantage of the lever would be 10.
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Activity:
· Explain to the students that they will be looking at 4 different compound machines and trying to identify the simple machines that make up each one. 
· Let’s start with the apple peeler/corer/slicer and do that together.  Then, with your partners, you will work to identify the simple machines that are part of a pencil sharpener, a tricycle/bicycle and a can opener.
· Put an apple onto the end of the shaft and demonstrate how the apple peeler/corer/slicer works.  
· Help the students identify the 4 different simple machines used in the apple peeler/corer/slicer and record it on their worksheet.  (Refer to your worksheet answer key for assistance.)  
· After completing this first compound machine together, have the kids work in groups of 2 or 3 and give each group one of the other 3 compound machines to start with.  
· Ask them to identify each of the simple machines comprising the compound machine and record each one on their worksheet along with where the part was found.  If time is short, work together as a group to identify the simple machines in the other 3 compound machines.
· Assist the groups as needed.  Then, have the groups switch their compound machines and repeat the process until they have finished with all of them.

	Recap:

	S4P3. Students will demonstrate the relationship between the application of a force and the resulting change in position and motion on an object.   
Essential Questions:

1.  How is force described and measured?

2.  How do forces affect motion?

3.  What is a “mechanical advantage”?
4.  Name some simple machines and their uses.



	Materials:

	Center 1 (No Friction):
Plastic block support for the ramp
3 pieces of straight Hot Wheels track connected together
1 ping pong ball
1 rubber ball (must be the same as Center 2’s ball)

1 digital scale
2 calculators

2 cups filled with colored pencils

Tape measure

Blue painters tape – for marking off distance on the floor.  Place a piece on the floor every 5 feet from 5’ to 30’.  Note: Each floor tile is one foot long.
Black Sharpie – write distances on pieces of tape (5 feet, 10 feet, etc.)
Broom – will need to sweep floor in front of tracks between labs to clear dirt/debris

Set of laminated Graphs #1 - 5
Center 2 (Friction):
Plastic block support for the ramp
3 pieces of straight Hot Wheels track connected together
1 ping pong ball
1 rubber ball (must be the same as Center 1’s ball)

1 digital scale
2 calculators

2 cups filled with colored pencils

Sand – measure out ½ cup of sand
Tape measure

Blue painters tape – for marking off distance on the floor.  Place a piece on the floor every 5 feet from 5’ to 20’.  Note: Each floor tile is one foot long.
Black Sharpie – write distances on pieces of tape (5 feet, 10 feet, etc.)
Broom – will need to sweep floor in front of tracks between labs to clear dirt/debris

Set of laminated Graphs #1 - 5
Center 3:

Rope & Pulley system: “Cambridge Physics” stand

3 square steel weights – screw these on to the bottom pulley block of the pulley stand
5 square steel weights & base – put these on the physics stand so that it will not tip over

Yellow string with a loop/knot and 2 cord stops attached
Spring scale

Tape measure
Center 4:

Wooden examples of 5 simple machines: inclined plane, screw, lever, wheel & axle, wedge
Apple peeler/corer/slicer

Apples

Can opener

Pencil sharpener

Toddler bike

Simple Machines poster (hang on wall near center)












