
SOUTH CAROLINA SUPPORT SYSTEM INSTRUCTIONAL PLANNING GUIDE

	Content Area:  
	 Fifth Grade Science

	Recommended  Days of Instruction:  2
	(one day equals 45 minutes)

	Standard(s) addressed: 5-5

	
5-5 The student will demonstrate an understanding of the nature of force and motion.

	Unbalanced Forces

	Indicator
	Recommended Resources
	Suggested Instructional Strategies
	Assessment Guidelines

	5-5.3 
Explain how unbalanced forces affect the rate and direction of motion in objects.

	SC Science Standards Support Document Resource List
https://www.ed.sc.gov/apps/cso/standards/supdocs_k8.cfm

	See Science Module 

	From the SC Science Support Document:

The objective of this indicator is to explain that rate and direction of motion are affected by unbalanced forces; therefore, the primary focus of assessment should be to construct cause and effect models of how unbalanced forces cause changes in rate and direction of motion.  However, appropriate assessments should also require students to identify the meaning of unbalanced forces and rate and direction of motion; to summarize information about unbalanced forces and how they affect rate and direction of motion; to illustrate with drawings, diagrams, or word descriptions the effects of unbalanced force on an object.


Fifth Grade
Science Module 

5-5.3
Unbalanced Forces
Lesson A 

From the South Carolina Science Support Documents:

Indicator 5-5.3:  
Explain how unbalanced forces affect the rate and direction of motion in objects.
Taxonomy Level:   Understand Conceptual Knowledge  (2.7 –B)   
Previous/Future knowledge: Students have been introduced to the concept of motion of an object in 1st grade (1-5.2).  In 3rd grade, students were introduced to the concept of motion in terms of speed and direction (3-5.2) and how motion is affected by the strength of a push and pull and the mass of the object (3-5.3). Students have not been introduced to the concept of unbalanced forces or rate of motion of objects in previous grade levels.  Students will further develop the concepts of the effect of balanced and unbalanced forces on an object’s motion in terms of magnitude and direction in 8th grade (8-5.6).  

It is essential for students to know that unbalanced forces occur when one force is greater than its opposite force. Unbalanced forces acting on an object cause the object’s motion to speed up, slow down, or stop. Unbalanced forces cause a non-moving object to start moving. Students should know that unbalanced forces affect the rate and direction of motion in objects in the following ways:

Rate of motion 
Rate of motion is the speed of the object or how fast or slow the object is moving.  Unbalanced forces can cause the speed or the rate of motion to change by increasing, decreasing, or stopping the motion.  

Direction
If the total force, everything that is pushing or pulling on the object, acting on an object is “unbalanced,” the forces acting on an object are not equal in all directions. Thus, the unbalanced force causes a change in the direction of the motion as follows:  The object moves away from the unbalanced force if it is a push, or toward the unbalanced force if it is a pull. The object will move in the direction of the greatest force acting on it. 

It is not essential for students to know that the magnitude of speed or the rate of motion being changed is called acceleration and that the concept of direction and speed of an object is called velocity. .  

Assessment Guidelines:

The objective of this indicator is to explain that rate and direction of motion are affected by unbalanced forces; therefore, the primary focus of assessment should be to construct cause and affect models of how unbalanced forces cause changes in rate and direction of motion.  However, appropriate assessments should also require students to identify the meaning of unbalanced forces and rate and direction of motion; to summarize information about unbalanced forces and how they affect rate and direction of motion; to illustrate with drawings, diagrams, or word descriptions the effects of unbalanced force on an object.

Teaching Indicator 5-5.3: Lesson A – “Unbalanced Forces”
Instructional Considerations:

This lesson is simple on one level but actually rather subtle on another.  Real understanding about the interaction of forces will probably not come for most students until much later their science education.  They can, however, begin to gain a familiarity with the concept that motions involve the interaction of multiple forces acting on an object.  

This lesson is an example of how a teacher might address the intent of this indicator. STC Motion and Design provide an opportunity for conceptual development of the concepts within the standard.

Preparation for the lesson:
1. Make copies of the two worksheets used in this lesson (attached)
2. Find a place where students can roll the balls in Explore Investigation 2.

3. Read over the “It is essential for students to know…” part of the Support Guide (copied above) carefully.

4. Decide if you want students to work in pairs or small groups.  Have each student complete the worksheets but allow them to perform the activities (Except for Investigation 1) in their pairs or groups.

5. Students should put their worksheets in their notebooks at the end of the lesson.
Misconceptions:

None at this level.
Safety Note(s):

Safety must be emphasized at the beginning of the school year and reinforced with every lab activity.  Students should understand that safety is everyone’s responsibility.

Lesson time:

2 days (1 day equals 45 minutes)
Materials Needed:
  
Work sheet (Force Problems) for each student


Work sheet (Using Force on a Moving Object) for each student

One or more bottles of waterless hand sanitizer

A ball (tennis, ping pong or small rubber ball), one per pair or small group

Focus Question(s):
1. What are unbalanced forces? 

2. How do unbalanced forces affect the change in speed and direction of motion of objects?
Engage:
1. What have we learned about forces thus far? (Let students share what they recall from previous classes.  This will provide a good opportunity for formative assessment and reinforcement.)
2. How do forces affect the motion of objects?  (Students do not need to get the correct answers to this question, but the more they know at the beginning of the lesson, the better the reinforcement potential of the lesson. Possible correct answers: forces can push or pull, forces can speed up or slow down motion, forces can change the direction of moving objects.)
3. Today we are going to learn that more than one force can influence the motion of an object.  
Explore:

Investigation 1: Hand Contest – Pushing/Pulling

1. Ask the students to put their hands together in front of them palm to palm with their elbows straight out to the sides.

2. Ask them to try each of the following mini investigations and record their observations in their notebooks. Ask them to push
a. harder with their right hand.  What happens?

b. harder with their left hand.  What happens?

c. equally with both hands.  What happens?

Investigation 2: Changing Speed and/or Direction with Forces
1. Tell the students that they will be rolling the ball across the desktop (or on the floor) at a SLOW speed.  

2. Go over the directions for the worksheet attached “Using Force on a Moving Object”.

3. They will begin by starting the ball rolling slowly. Once they have the ball moving ask them to see how many ways they can change the direction or speed of the ball while it is moving by touching it with their fingers or a pencil.  The worksheet will provide them will specific challenges. They may be able to provide more than one way to meet the challenge.  Possible Answers: They can speed up the ball (pushing it from behind), change its direction (pushing it off center or in a direction other than the direction it is going), slow it down (touching it on the opposite side), and stop it (touching it from behind). If they do not touch the ball, they can blow on it to change its speed and/or direction. 

4. Ask them to write their observations on the worksheet and put the worksheet in their notebooks.  

Explain:
1. Be aware that really understanding the concept of using more than one force to change the motion and/or direction of an object will probably not be obtainable for most of your students.  If they can begin to get the general idea of the interaction of forces, however, you will have been successful. 
2. The Hand Contest investigation is a special situation where we are focusing two forces that may be balanced (the same amount of force) or unbalanced (one force is greater than the other).

a. Ask them what they know about the word “balanced.”  If you need to give some examples of things or situations that are balanced and those that are not balanced. (Balancing a pencil on the end of their finger, balancing on a skateboard, balancing on a bicycle, etc.).
b. Go over the results from the Hand Contest with them.  (When there are two opposing forces pushing on an object, if the forces are the same, there will be no change in movement.  If one force is greater, there will be a change in movement in the direction that the greater force is pushing.

c. Help them create a simple diagram for each of the three hand situations using arrows to show force.  They can show the size of the force by making the arrows different sizes and/or by labeling the arrows bigger, smaller.  See a sample diagram below.  (Diagrams do not need to be artistic or detailed. They should, however show the direction and size of the forces.)



Equal forces, no change in movement
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(Possible Break for Day 2 Here)
3. Ask students to get out their “Using Force on a Moving Object” worksheet and draw a diagram for at least two of the challenges.  

4. When they are through drawing, let them share their drawings with their group or partner.  Reinforce the idea that any diagram that clearly communicates the forces involved is probably fine.

5. Talk through their results one challenge at a time.  The answers will be very similar to the force concepts in the Hand Contest above.  Be aware that once the ball is moving it will exert a force on what ever it touches. The force exerted by the ball should be one of the forces they will need to mention in their explanations.  Be sure to point out where the forces are in their drawings if they omit them. 
6. Here is a simple rule for forces that may help.  If something is changing the rate or the direction of its movement, a force is involved.
Extend:

1. Distribute the “Force Problems” work sheet.

2. Go over the directions with the students.  Ask the students to work individually to answer the first problem.  

3. Give them about 5 minutes to work alone then let them work in pairs or groups to compare answers.

4. Go over their answers to Problem 1.  Start by having one or two students put their diagrams on the board.  (You will want them to realize that the bus wheels moving forward will have force.  The brakes will have a force in the opposite direction.  If the force applied by the brakes is stronger, the bus will slow down and stop.  If the force applied by the brakes is just a little stronger, the bus will slow down.  If the forces of the two were exactly the same, the bus would come to a sudden and dangerous stop.  A good review question would be “what kind of force do the brakes apply to the wheels”?  This would be the force of friction. You might mention that the force of friction can make the brakes very hot.)
5. Allow the students to work in pairs or groups to complete the other two problems.

6. Go over the results starting with having a sample diagram of the situation drawn by the students.
Problem 2a: (If the force of the fence is equal to the force of the dog that is leaning against it, the forces would be balanced and neither the fence nor the dog would move. The two forces would be balanced.)
Problem 2b: (If the force of the dog were really strong and the force of the fence very weak, the force exerted by the dog could be bigger than the force of the fence and the fence begin to move. The two forces would be unbalanced.)
Problem 3: (Kayla’s kick will speed up the ball.  It could even change its direction.  Two forces don’t always have to work against each other -- they can work together.  The force due to gravity affects the ball just like it affects everything on earth.  The effect of gravity and the friction of the ball against the grass would slow the ball down until it stops.
Using Force on a Moving Object
Direction: For each challenge, start the ball moving first and then try to meet the challenge while it is moving.  Be aware that the moving ball will exert a force in the direction that it is rolling. 
	Challenge: Can you make the ball
	What is the size and direction of the force you used?
	What happened?

	Go faster?


	
	

	Go slower without touching the ball?

	
	

	Change direction?


	
	

	Stop?


	
	


Force Problems
Directions: Each of the situations below has two forces that are pushing against each other.  For each situation, draw a simple diagram to show the forces that are working.  Your diagram does NOT have to be beautiful (stick figures or outline drawings will be fine) but it should show objects and the forces.  You can write on this sheet or, if you need more room, you can draw in your science notebook. The easiest was to represent a force is to use an arrow (() facing in the direction of the force.  After you have drawn the diagram, answer the questions at the end of your directions. 

Problem 1: The bus driver pushes on the brakes of the bus to slow it down.  Draw a simple diagram to show how the force of the brake and the force of the forward motion of the bus are affecting the motion.  Which force do you think is greater?  What will happen when the two forces are the same? 
Problem 2: A man has put up a fence to keep his dog in his yard.  His dog pushes against that fence.
a. Draw a simple diagram that shows the force that the dog would put on the fence and the force that the fence would put on the dog if the fence were really strong and the dog was small. Which force would be strongest?  Were the forces balanced? Would the fence move?
b. Draw another diagram that shows the force that the dog would put on the fence and the force that the fence would put on the dog if the fence were really weak and the dog was huge.  Are the forces balanced? Which force would be strongest?  Would the fence move?

Problem 3: The soccer ball is rolling toward the goal.  Kayla runs up behind the ball and kicks it into the net for a score.  Use a simple diagram to show the two forces that are acting on the soccer ball after Kayla kicks it.  What will happen to the speed of the ball after she kicks it? When you have two forces, do they always work against each other?  (Extra challenge question:  What affect does the force of gravity have on the ball when it is rolling?)
Standard 5-5: The student will demonstrate an understanding of the nature of force and motion. 





Indicator 5-5.3: Explain how unbalanced forces affect the rate and direction on motion in objects. 
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