Pushes & Pulls






NPES Panther Pete Science Lab – Grade 2  


	Purpose:

	The purpose of this lab is to investigate forces and motion, pushes and pulls, and simple machines.  After this lab, students will understand that a force is a push or a pull that makes an object move.  They will be able to identify 5 simple machines: inclined plane, lever, screw, wheel and axle, and pulley.  Students will learn to identify simple machines in common household tools and understand how to use simple machines to make work easier. 



	GPS Standards/Essential Questions:

	S2P2. Students will demonstrate changes in speed and direction using pushes and pulls. 
a. Demonstrate how pushing an object affects the motion of the object. 

b. Demonstrate the effects of changes of speed on an object.

Essential Questions:

1.  What can be moved by a push?

2.  What can be moved by a pull?



	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 briefly 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, focusing especially on the center activity you have been assigned.  Please arrive at the lab 15 minutes before your class is scheduled to familiarize yourself with your center experiment.  Your role will be to ensure safety and facilitate the activity with the students at your center.  The class will be divided into four equal groups and each group will rotate through your center.   You will not be responsible for the class presentation (the lab coordinator will do all group discussions).

	Lab Coordinator Introduction:

	As students walk in, ask them to take a seat at a table 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, your parent volunteers and any other faculty or guests in the room.  Tell students that this is a special opportunity for them and our parent volunteers to investigate the exciting things they are learning in the classroom.  

	Brainstorming/Subject Review:

	Brainstorm with students…You are studying pushes and pulls in your classroom.  Today in the Panther Pete Science Lab, we will be experimenting with simple machines, learning about force and work, and seeing that machines allow us to use less effort in doing a given amount of work. 

A machine can be as complicated as a spacecraft or as simple as an inclined plane.  Some machines are so simple that they don't appear to be machines at all. 
Did you know that wheelbarrows, baseball bats, seesaws, can openers and screwdrivers are simple machines?  In fact, most of us use simple machines several times everyday.  A simple machine changes the size or the direction of the effort that is being used to do work.  Simple Machines make work easier.  
There are five simple, or basic, machines:

1. inclined plane/wedge

2. lever

3. wheel and axle 

4. screw
5. pulley

Today we are going to look at several types of simple machines used in our homes and at school.  

As we said, these simple machines make work easier.  Work has two aspects: force and distance.  A force is any kind of push or a pull.  A force can be you pushing a toy car across the floor, or gravity pulling a book to the ground when you drop it.  What are some other forces that move objects?  (wind and magnetic force)  Simple machines make the pushing or pulling easier!  

· Objects at rest will remain at rest unless acted upon by a force.  

· Objects in motion will remain in motion unless acted upon by a force.



	Lab Center Overview and Directions:

	In the lab today, you will study simple machines, force and motion in four different activities.  
· In Center 1, you will learn about inclined planes and make your own screw.  
· In Center 2, you will be given a job and you have to determine which simple machine to use to do the work.  You will also experiment with pulleys.  
· In Center 3, you will examine a variety of common household tools and identify which type of simple machine it is. 
· And in Center 4, you will actually construct your own simple machine - the lever - and perform some interesting experiments with it, as well as experiment with pulleys.
You will have about 10 minutes in each center.  I will give you a 2 minute warning when it is time to finish up.  When I flash the lights, it will be time to change centers.  Please bring your clipboard and your pencil with you, and move to the next center.

	Center 1:  Incline Planes and Screws 

	Introduction:

At this center, we will learn about inclined planes and how they can be used to do work.  
· An incline plane is a sloped flat surface, or a ramp.  It is a one-part simple machine that doesn’t move.  It can make the work of lifting easier.  
· Instead of lifting a heavy object straight up, which would be very difficult, an incline plane lets you move it more easily, but over a longer distance.  
· The longer the ramp, the easier the object is to move, but it must be moved over a longer distance.  
· It is harder to push an object up a short, steep ramp, but it can be moved a smaller distance.
· Use the laminated picture of the ramps to illustrate this point.
Activity 1:
Did you know that a screw is a type of inclined plane?  It is just an incline plane, or a ramp, wrapped around a cylinder, or a pole.  Let’s see how that’s possible!

· Show the students the large model by unrolling the paper and telling them that the edge of the paper with the red paint on is like the threads of a screw.  Roll the paper around the pipe to demonstrate.

· Give each student one straw, a paper inclined plane and a marker or crayon.  
· Have the students color the slope edge of the incline plane like the example.  
· The center leader should now tape the straight vertical edge of the paper to the straw, and ask the students to roll up the paper around the straw (colored edge out).  
· Tape the end of the paper.  Ask the students what their inclined plane looks like now!
Activity 2:

Now let’s try a real screw!

· Give each student a block of wood and a screw.  
· Ask them to put the screw into one of the holes and try to turn the screw into the wood with their fingers.  It’s very difficult, isn’t it?  
· Now give each student a screwdriver, and allow them to drive the screw into the wood (some students may need help getting it started).  This is much easier, isn’t it?  
· A screwdriver is also a kind of simple machine.  Explain that the pointed tip of a screw is a wedge.  Simple machines make work easier.  
· Ask students to back the screw out part way so that it is ready for the next group of students.  If the screws become too loose in the holes, the center leader can move the screws to a new drill hole.

Summary:   Simple machines make work easier.  If the effort increases, the distance decreases.  If the effort decreases, the distance increases.  Screws are a type of simple machine – they are just an inclined plane wrapped around a pole.

	Center 2:   Which Simple Machine Should You Use to Get the Job Done?

	Introduction: 

Today you are learning about simple machines.  Now we are going determine which simple machine to use to solve a problem.  The setup consists of a plastic toy barn with a hay loft.  Yellow blocks represent the hay bales.

Tell students the scenario:

A farmer has 4 bales of hay on the ground and needs to lift them up to the hay loft in the barn.  The bales are quite heavy.   The farmer has a variety of tools and resources available.

Question for Students:  How can the farmer get the hay up in the barn?
Allow students to suggest and try various solutions.  

Resources/Tools Available:
· Pulley 

· Rope

· Toy Cart

· Flat board - to use as an inclined plane

· Catapult (made of Legos)
Possible Solutions:
· Farmer could push hay up inclined plane

· Farmer could roll hay up (using wheel and axle- toy cart) inclined plane

· Farmer could pull hay up inclined plane using rope - what type of surface would be best for the       inclined plane - think about friction.

· Farmer could use the pulley and rope

· Farmer could use inclined plane and pulley together

· Farmer could use a giant lever (catapult)

 

	Center 3:  Simple Machines in Common Household Tools

	At this lab center today, we are going to look at a variety of common household tools and identify which type of simple machine it is. 

Activity 1:

Show students the model of each type of simple machine as it is discussed. 

1) Inclined plane/wedge
An inclined plane is a sloping plane for lifting heavy loads to high places.  The small weight car also has small wooden wheels (wheel and axle) and can be rolled up the incline.

The inclined plane is the simplest of simple machines because no part of it moves to make it work.  You move!  Another name for an inclined plane is a ramp!  An example of a ramp is a driveway that slants up (or down) to the house.  Other examples include: wheelchair ramps, mountain roads that zigzag or sidewalk ramps at the corner to cross the street.  

A wedge consists of two inclined planes back-to-back.  The wedge is the basis for all cutting tools - knives, razors, axes and even nails.  

2) Lever

A lever is a stiff bar that rests on a support (fulcrum).  It lifts or moves loads.

Levers are probably the most common simple machine because just about anything that has a handle on it has a lever attached.   All levers have a fulcrum.  A fulcrum is the part of the lever that lets it move.  Sometimes our hand is used for the fulcrum when we hold the machine.

3) Wheel and Axle

When people talk about inventions, the first one mentioned is always the wheel.  The wheel has been used as a useful tool for thousands of years.  There are different ways of using the wheel and axle model:

· Winding the cord to lift mass - raise the wheel and axle unit and set the boom so that it goes to the side.  Place the round end peg in the hole.  Drape the cord over the wheel and the other peg hangs down.  Rotate the round peg to wind up the cord.  This is like a crane.

· Turn the unit upside down so that it can roll on its wheel.  Move it back and forth and note how little force this takes.
The wheel and axle is a wheel with a rod (axle) going through its center.  The wheel turns around the rod or axle.  The axle may move with the wheel or separately.  

4) Screw
A screw is an inclined plane wrapped around a cylinder. A screw lifts or lowers something and holds things together.  
5) Pulley

A pulley is a grooved wheel with a rope or cable around it.  

A pulley changes the direction of the force - you pull down to lift an object up.  
Most pulleys are used because it is easier to pull down (when you can use your weight and gravity) than to pull up.  A pulley makes work seem easier because it changes the direction of the motion to work with gravity.  
A pulley really saves effort when you have more than one pulley working together.  By looping a rope around two, three or even four pulleys you can really cut down on the effort needed to lift something. 

The wheel and axel model can also be used as a simple pulley:  raise the wheel and axle unit and set the boom so that it goes to the side.  Drape the cord over the wheel.

Activity 2:
Now have students take turns choosing an object from the bin and telling what simple machine(s) the item employs.  An item may be an example of more than one type of simple machine.  The center leader and/or the student can refer back to the models to reinforce the concept.  The items in the bin:

· Dust pan – incline plane

· Scissors – the edge of the blades are wedges; they are also an example of a lever (2 inclined planes connected by a pivot point create a lever)

· Nail – wedge

· Hammer – lever

· Pizza cutter – wheel and axle; the edge of the blade is also a wedge

· Rolling pin – wheel and axle
· Lint brush – wheel and axle
· Ice cream scoop – gears; also a lever

· Wrench – gears; also a lever

· Jar with lid – screw (inside the lid)

· Bottle opener – lever
· Tongs – levers

· C clamp - screw
· Flag and flagpole (photo) – pulley

· Stairs (photo) – inclined plane

· Slide (photo) – inclined plane

	Center 4:  Lifting with Levers and Pulleys

	In this center we are going to investigate levers and pulleys:

Activity 1:  Levers

Introduction: In its simplest form, a lever is a stick that pivots.  Levers are probably the most common simple machine because just about anything that has a handle on it has a lever attached.  The mass placed on a lever is called the load.  The point on which the lever moves or pivots is called the fulcrum.  

There are many types of levers.  We are going to construct a lever similar to a see-saw.  We are going to examine how the amount of force needed to lift the load can vary.

· Each student is provided the following materials: 12-inch flat ruler, a pencil, one or two large (1 ½”) metal washers and 15-20 smaller (7/8”) metal washers of the same size.  
· Ask the students to make a lever by placing the ruler on the pencil so that the pencil is exactly in the middle of the ruler - at the 6-inch mark.  The ruler is the lever and the pencil is the fulcrum.

· Have them place one large washer at the 12-inch mark.  This is the load.  
· Add small washers on the opposite end of the ruler until the load is lifted and the lever is balanced.  This is your force.  
· How many small washers did it take to lift the load?  Have students record this number on their worksheets. 

Students should then remove all the washers from the ruler.  

· Ask students to move the fulcrum (pencil) to the 4-inch mark.  
· Again, have them place one large washer at the 12-inch mark.  Remind them that this is their load.  
· Add small washers to the opposite end of the ruler until the load is lifted.  
· How many small washers (force) did it take this time?  Have students record this number on their worksheets.

Students should then remove all the washers from the ruler again. 

· Now ask students to move the fulcrum (pencil) to the 8-inch mark.  
· Again have them place one large washer at the 12-inch mark.  Remind them that this is their load.  
· Add small washers to the opposite end of the ruler until the load is lifted.  
· How many small washers (force) did it take this time?  Have students record this number on their worksheets.

Discuss with students:   Are more or fewer small washers (force) needed when the fulcrum (pencil) is closer to the load?  Fewer.  

Explain to the students that when they moved the fulcrum (pencil) closer to the load, the force needed to lift the load decreased, but the distance of the force increased.  There is a formula scientists use to calculate work:  Work = force x distance.

Activity 2:  Pulleys

A pulley is a simple machine that is used for lifting heavy objects or moving objects up and down or side to side.  It is a wheel that is free to turn on an axle.  It has a grooved rim that holds a cord or a rope.  Pulleys are useful because they can change the direction of the force necessary to move an object.  Using a pulley, you can pull down to lift something up!  Pulleys can also make the work of lifting a heavy object easier.  Several pulleys can be connected together to make the lifting even easier.

· The pulley station consists of 2 different pulley set-ups attached to the door of the closet:  the first is a single pulley, and the second has 3 pulleys connected.  The water bags should be filled with the same amount of water in each – between 7 and 10 pounds.

· The students may move to the pulley station, but should not touch anything until instructed to do so.  
· Show the students the first (single) pulley system.  Instead of having to lift the heavy object (the bag) up, this pulley can change the direction of force to allow them to pull a rope down to lift an object up.  It will not make the load any lighter, however.  
· Now show students the second (three) pulley system.  Explain that this pulley system will also allow them to pull down to lift an object up, but this system has 3 pulleys working together.  Do you think 3 pulleys will make it easier or harder to move the bag of water?  

· Allow a student to stand at the tape mark on the floor and try the single pulley one time, lifting the bag to the marked line on the door. Ask them to pay attention to how heavy the weight was, and how far back they had to walk to lift it.  
· Now the same student should try the triple pulley, lifting to the mark on the door, and again paying pay attention to how heavy the weight was, and how far back they had to walk to pull to lift it.  Each student should take turns through the activity.
Ask students:  Which pulley system made it the easiest to lift the weight?  (the 3 pulley system)  Was the amount of rope you had to pull to lift the weight the same for both pulley systems?  (No, the 3 pulley system required more rope)

Summary:  More pulleys working together can make the lifting easier, but the length of the rope to be pulled will be greater.  

	Conclusion:

	If time allows, ask students some questions about their lab activities:

What are the 5 types of simple machines? lever, inclined plane, wheel and axle, screw, and pulley 
T/F Simple machines are used to make work harder?    False - EASIER!!

T/F An inclined plane is another name for a ramp?     True 

T/F Gears are wheels with teeth?     True

T/F A seesaw is an example of a lever?     True

Thank the students for coming to the Panther Pete Science Lab.  Tell them to remove their worksheets from their clipboards and bring the worksheets with them and ask them to line up single file at the door.


	Materials:

	Overview:

· Posters of Simple Machines
Center 1:

· Paper triangles – see pattern – make enough for each student in the grade, as they will be discarded after use.
· Markers or Crayons – one for each student

· Straws – one for each student
· Clear tape 

· Large model of incline plane around a cylinder
· Blocks of wood with several starting holes pre-drilled on each side (You can put 10 or more holes in each of the 2 sides, one for each student. Sand the blocks to remove sharp edges and splinters.
· Screwdrivers – one for each student
· Wood Screws – at least one for each student
Center 2:

· Red plastic toy barn (in the closet)
· Wooden ramp

· Yellow bales of hay

· Toy plastic wagon
· Catapult (built from Legos)
· Small pulley with rope
Center 3:

Activity 1:
· Wooden simple machine models 
Activity 2:
· Dust pan
· Scissors
· Nail
· Hammer
· Pizza cutter
· Rolling pin
· Lint brush
· Ice cream scoop
· Wrench
· Jar with lid
· Bottle opener 
· Can opener
· C clamp

· Tongs
· Flag and flagpole (photo)
· Stairs (photo)
· Slide (photo)
Center 4: 

	Activity 1:


· 12” flat rulers (not flexible) – one for each student at the center
· Unsharpened pencils – one for each student at the center

· 1 ½” metal washers – two for each student at the center

· 7/8” metal washers – 15-20 for each student at the center

Activity 2:
· Pulley set-up attached to the room’s closet door (both are attached to the same door – next to each other - at the same time):
The single pulley set-up consists of the frame with a single pulley on it attached to the top of the door.  Use the handle with the shorter rope attached.  Feed the loose end of the rope thru the top of the pulley from front to back so that the loose end is closest to the closet door.  Add water to the bag (between 7 and 10 pounds – just make sure the amount of water is the same in both bags).  Securely tie the bag of water (the weight) to the loose end of the rope.  The handle is already tied to the rope – this what the students will pull.  The handle is covered with pipe insulation and wrapped with self-adhering elastic bandage.  See the photos for illustration.
The triple pulley system consists the frame with 2 pulleys on it attached to the top of the door, and the frame with no pulley attached to the bottom of the door.  Use the handle with the longer rope attached.   Add water to the bag (between 7 and 10 pounds – just make sure the amount of water is the same in both bags).  Feed the loose end of the rope thru the front pulley (the one farthest away from the door) from front to back.  Hold the loose pulley so that the metal ring is pointing towards the floor and feed the loose end of the rope from front to back thru the underside of the pulley wheel.  Now feed the loose end of the rope from front to back thru the top of the second pulley on the upper frame, and finally, securely tie the loose end of the rope to the bottom frame near the door.  Now attach the water bag (the weight) to the second pulley in the system (the one nearest the floor) using the metal ring on the pulley and the metal oval connector already attached to the water bag.  The handle is already tied to the rope – this what the students will pull.  The handle is covered with pipe insulation and wrapped with self-adhering elastic bandage.  See the photos for illustration.
If constructed correctly, the weight attached to the 3-pullley system should be noticeably easier to lift than that on the single pulley system.  

Put a horizontal strip of masking tape on the door (about at the level of the handle or a bit lower) to serve as a “lift-to” point.
Put a strip of tape on the floor to mark the point where students stand and begin pulling.









