Modelling Motion With Equations
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1 Scenario Identity

· Author: Candia Morgan, Institute of Education, University of London, UK
· Subject domain: Mechanics

· Topic(s): Kinematics: velocity, acceleration
2 Activity rationale:
· Teaching and learning problems addressed: The concepts of velocity and acceleration often cause problems for students as they fail to recognise these as vector quantity with both magnitude and direction, associating them solely with speed and ‘getting faster’. By exploring motion within a microworld in which horizontal and vertical components are defined separately, they use vector concepts to determine the direction as well as the speed of motion.
· Innovation: Much conventional teaching about motion makes use of primarily static representations: definitions, equations and paper-based diagrams. MoPiX provides an environment in which students can link such representations directly to dynamic visual representations by constructing animated models, whose behaviour is determined by equations. The exploratory nature of the activities allows students to construct meanings for the formal definitions of velocity and acceleration that are firmly based in their experience. 
MoPiX provides an environment in which users may construct animated models by applying equations to objects. Equations, which may be chosen from a library or created by a user, determine the properties and behaviours of the objects.

The position of any object is defined by a pair of coordinates. By applying parametric equations that define the ways these coordinates change over time, users may cause objects to move. For example, the equation x(object_1, t)=x(object_1, t-1) + 3 will cause object_1 to move in a horizontal direction at a rate of 3 units of distance per unit of time. 

Collaboration is supported by a web-based repository of saved models. This allows students to incorporate each other’s models into their own constructions and to work together on more complex projects.

· Added value: By working on solving problems with MoPiX, students have opportunities to express and test their ideas about velocity and acceleration both informally in verbal communication with their peers and formally using MoPiX equations. Through applying equations to objects and observing the results, students can link the symbolic representation of motion with the dynamic visual feedback of the animated models. The feedback provided by running the dynamic models helps students to attach meaning to abstract symbolic equations and to recognise relationships between changes in the values of velocity and acceleration and specific changes in the motion of an object (Morgan & Alshwaikh, 2008).
The parametric structure of the equations used in MoPiX, defining horizontal and vertical components separately, offers a new way of speaking about motion. This is adopted by students even in contexts where MoPiX is not being used, allowing them, for example, to recognise that the horizontal velocity of a projectile is constant while the vertical velocity is affected by the constant acceleration of gravity (Morgan & Alshwaikh, 2008).
3 Context of implementation
· Educational Goals: 
In relation to the subject domain:

· developing fluency with equation notation

· constructing equations to define properties and behaviours interpreting equations, relating their algebraic formalism to the visual effects on the behaviour of animated models

· understanding and operating with horizontal and vertical components of position, velocity and acceleration

· understanding and using velocity and acceleration to define motion, including straight line motion, motion under constant acceleration, changes in motion

In relation to the learning process:

· collaborating in pairs

· defining and implementing planned constructions

· articulating reasoning and problem solving approaches to a partner and to a wider audience

· Which students:? 
Upper secondary school (aged 16-19)
· Students’ prerequisites: 
· familiarity with algebraic notation, the concepts of variable and equation;

· basic familiarity with the notion of velocity

· Duration: 15 school hours.
· Place: MoPiX is a web-based computational environment and access to the Internet is required.

Ideally, the scenario should take place in the students’ normal classroom, arranged in such a way that students can work in pairs, each with his or her own laptop or tablet computer.

If laptops/ tablets are not available, it can take place in a computer laboratory. Such a setting is not, however, so conducive to collaborative problem solving

· Resources and tools: MoPiX, Work sheets (included here in annexe). Electronic versions of the worksheets, with embedded live equations are available within MoPiX. Follow the link to MoPiX 2.0 for the Sessions on Newtonian Mechanics
· Types of activities: The activities include directed exploration of specific concepts, challenges that encourage students to reflect upon and extend their understanding, and open tasks that allow students to choose their own goals as they work to construct animated models. The students are expected to work collaboratively in groups of two or three. This kind of orchestration may create prosperous circumstances for discussing, forming and testing hypotheses, engaging in joint decision-making processes, developing strategies, arguing and negotiating. Students will also participate in plenary sessions that will allow them to discuss and share their ideas with other workgroup members, exchange artefacts and/or work collaboratively for a common aim.

4 Enactment of the activities

The activities are structured in three phases:

Phase 1 is a familiarisation phase, providing students with insight into the basic operation of MoPiX and, in particular, the role of equations to define the properties and behaviours of objects.

Phase 2 focuses on using velocity to define straight line trajectories

Phase 3 introduces the use of acceleration

· Phase 1: Familiarisation
This sequence of activities introduces students to the MoPiX environment and aims at giving them the opportunity to achieve a certain level of familiarity with the environment and its functionalities as they interpret, manipulate and edit equations. Initially students are provided with specific instructions and clearly structured tasks in order to allow them to develop basic knowledge and skills for using MoPix. For this activity, the microworld is limited in so far as students are only able to use the equations provided in the library. As they become more familiar and confident with the technical procedures, they will be able to explore the equations available in the library more independently. Students then learn the formal rules for structuring equations in MoPiX by editing existing equations and creating new ones in order to create different effects. This allows them to further develop their understanding and control of the equation representational system and its relationship to the properties and behaviours of objects.

Activity 1: Introduction to MoPiX
The teacher starts by demonstrating the kind of animation that can be produced in MoPiX by loading and running a complex model (e.g. caterpillar4) from the web-based library. 

procedure:

•Go to website.

•Click load. Enter username.

•Enter the tag for the desired model (e.g. caterpillar4) (scroll through models if more than one is listed) and click select.

Explain that they will learn how to construct their own animations using this tool. ‘Flip’ an object within the model to show the set of equations defining its properties and behaviour. Teacher and students discuss what kinds of animations they might be able to construct; clarify what may or may not be possible using this tool.

Teacher demonstrates how to drag an object onto the stage and assign it properties by dragging and dropping equations and pressing play. Start with equations for shape, size, colour, rotation which have an immediately visible effect with the application of a single equation. Students follow the same procedures to reproduce the same effects.

Students follow the instructions in the first part of the worksheet ‘Introduction to MoPiX’.

Once students have tried the equations specified on the worksheet, the teacher encourages them to  try out other equations, to articulate what the effect of each equation and to inspect equations to try to understand how they produce their effect. This should include combining several equations and considering their combined effect.

At some point the teacher will judge that students are confident with the basic process of dropping equations on objects in order to achieve desired effects and that they are ready to start editing and possibly authoring their own equations.

Either individually/ to pairs or to the whole class the teacher will suggest that different colours, sizes and rotation speeds are possible. In interaction with the students, decide a specific desired effect (e.g. make the colour of an object dark purple). Discuss the values that might achieve this effect (e.g. the ratio of the quantities of red and blue colour). Demonstrate or give instructions for a student to follow: 

    * drag a copy of the relevant equation to the editor; 

    * change the value(s) as required; 

    * put away the editor by dragging to the bin; 

    * drag the new equation onto the object.

Challenge and exploration:

Students design their own object with a set of characteristics defined by equations of their choice. They follow the instructions on the worksheet to save the model. They then load their partner's model and attempt to reproduce it by choosing and applying relevant equations.

Anticipated problems: 

1) Students will expect single equations to have an immediate visible effect. For example, they are likely to expect that adding the equation Vx(object, 0)=3 to an object will make it move with a velocity of 3. Motion equations will be addressed comprehensively in future sessions so the teacher has a choice of how to deal with this problem. It may be deferred to the next session or individual students or groups may be prompted to examine the equations for horizontal motion and consider how they  (individually and together) affect the horizontal position  (x coordinate) of the object. There are two issues that need to be clarified here: 

    (i) motion is defined as change in position, implying that an equation of the form x(object, t)=x(object, t-1)+velocity is required, and 

    (ii) Vx(object, 0)=3 only defines the velocity when t=0 so a further equation defining the change in velocity over time is also required. These issue could be clarified by inspection of a complete model or by discussion of the meaning of the equations.

2) Difficulty in understanding and using multi-object equations. At this stage, it is probably best to avoid introducing multi-object equations. However, this issue may arise spontaneously as students explore the equation library. A simple example, such as joining two objects by making their x- and y-coordinates equal, may be demonstrated by the teacher - or the teacher could show how to make the x-coordinates equal and ask the students to copy this procedure and to make the y-coordinates equal. 

Activity 2: Creating and Editing Equations

Basic editing may have already been introduced as part of the 'Introduction to MoPiX' activity. If this is the case, this activity may start with creating new equations. 

The teacher invites students to suggest limitations of the equations offered in the equation library and to identify aspects that they would like to be able to change.

Possible variables that might be suggested: colour, size of objects (note shape cannot be changed as only circle/ellipse and square/rectangle are currently defined); point at which objects are joined; velocity; acceleration.
Teacher chooses one of these, e.g. colour.

Look at the colour equations that are available in the library. Ask how these might be changed? (The value 100 indicates full saturation with the named colour, lowering this value changes the saturation.)

procedure:

•    drag and drop the equation redColour(ME,t)=100 in the Equation Editor area at the top of the screen - the Editor appears, parsing the equation

•    change the value 100 to a smaller number  - the changed equation appears on the stage

•    drag and drop the changed equation on an object

•    ‘put away’ the Editor by dragging the equals sign to the bin - the changed equation remains on the stage and may either be discarded in the bin or may be dragged to the Equation Library to be saved for the rest of the current session.

Suggest to students that they experiment with other changes of colour equations and with combinations of colours.

Once students have grasped the method of editing, teacher proposes a construction task, e.g.:

Make a ‘person’ dressed in different coloured clothes. This could involve changing equations of size, colour, connecting two objects together, rotation.

Alternatively, students can set their own challenges.

As students work on their construction tasks, at some point it is likely to become clear that the need to locate a relevant equation to edit is slowing them down. This is the point at which the teacher may intervene with individuals or with the whole group to suggest that creating a new equation from scratch might be quicker.

Using an equation relevant to a problem one or more of the students is working on, demonstrate the creation of a new equation, e.g. Vx(ME,t)=Vx(ME,t-1)+0.5

procedure:

•    Click on New Equation - an equation template appears

•    The structure of the equation has to be defined before entering any terms so: click in the left hand side of the equation and choose Function; click on the right hand side and choose +, followed by Function in the box to the left of the + sign. The template should now have the correct structure for the desired equation.

•    The terms of the equation may now be entered into the relevant positions in the template - the equation itself appears on the stage, turning from red to black when the equation is syntactically complete.

•    Drag and drop the equation on the object and/or into the Equation Library.

•    Put away the Editor as before by dropping the equals sign into the bin.

When students complete their models, or at the end of the time available for this activity, these can be shared among the group (using Save and Load) and discussed.

· Phase 2: Straight line motion
This sequence of activities aims to develop students’ appreciation of velocity as a vector quantity with horizontal and vertical components. They initially explore the effects of various combinations of these components on the direction and speed of motion, including considering relationships between the velocities of objects moving on parallel or perpendicular paths. They are then introduced to the possibility of defining a change in velocity in order to change the direction of motion. In the final activity they are introduced to equations that define the change in velocity when an object hits a wall.  
Activity 1: Introduction to straight line motion

The teacher demonstrates dragging the basic set of equations for horizontal motion to an object (this is task I on the worksheet ‘Straight Line Motion 1’):

A minimum set of equations chosen from the library for horizontal motion is:

    Vx(ME,0)=3

    x(ME,t)=x(ME,t-1)+Vx(ME,t)

    Vx(ME,t)=Vx(ME,t-1)+Ax(ME,t)  

After setting the object moving and observing its motion, flip the object to display the equations and ask the students to explain what each of the equations is doing. Critical points to emerge from this discussion should include:

· the role of t and the difference between Vx(ME, 0) and Vx(ME,t)

· the need to specify an initial velocity

· the operationalisation of the definitions of velocity as change in position and of acceleration as change in velocity

· Ax(ME,t) has the default value of zero

It is not expected that all these points will be firmly established for all students but that the vocabulary and the forms of reasoning should be established as part of the classroom discourse to scaffold students' activity during the session and as a reference point for further teacher interventions.

Students then follow the directed tasks on the worksheet ‘Straight Line Motion 1’.

Task I asks them to reproduce what the teacher has done in defining horizontal motion but then poses some additional questions to challenge and deepen their thinking. Students may discuss these questions in their pairs or the teacher may intervene with some pairs to ensure that they engage with the questions.

Task II asks students to produce an object with vertical motion. Most students will find this straight forward as the equations are provided in the library and are essentially identical to those used for horizontal motion in Task I. They are then asked to produce an object that moves 'diagonally'. Some students may need help to get started with this as it is likely to be the first time they have considered the idea of  motion as a combination of horizontal and vertical components.

Task III initially introduces students to the equations needed to make an object draw a trace. Having tried this out, students then move on to the challenge phase of the session.

When students have completed the directed tasks, they should be encouraged to engage with the challenge to design and collaborate in constructing a pattern composed of several moving objects.
Students discuss in pairs what they would like to draw, design it, define its separate components and divide the task of creating these components between them.

The teacher may need to intervene to ensure that:

· the design itself is manageable i.e. is not too large to be completed in a reasonable amount of time

· the components of the design can be defined using MoPiX equations that the students are already familiar with (Depending on what additional equations might be required, the teacher may decide to introduce a pair of students to the new equations. However, this should not distract from the main focus of the task.)

· the pair divide the task in an equitable and practical way

Each student defines the objects for their part of the overall design, then saves their partial model.

The pair of students loads both partial models onto one machine and play it to create their complete design.

The teacher coordinates the whole class so that each pair demonstrates their completed design to the rest of the class, describing how they divided the work between them and, following any questioning from other students, explain how they constructed parts of their design. The teacher may pose a question for clarification of methods used if s/he judges any pair to have used ideas or equations that should be shared with the rest of the class.

Activity 2:Perpendicular motion

The initial problem is posed in the worksheet resource ‘Straight Line Motion Review’ given to the students.

Each student works independently to construct an object that moves in a straight line (not horizontal or vertical). If necessary, the teacher will provide support to remind students how to do this. They then save these objects and load the object constructed by their partner.

The challenge for each student is to construct a second object that moves in a direction perpendicular to that of their partner's object. Students may proceed analytically or by trial and improvement.

Possible interventions that the teacher may make if necessary to enable students to progress with the challenge:

· suggest flipping the partner's object to look at its velocity

· ask student to consider how to make an object move in the opposite direction

· suggest holding one component of velocity constant and seeing the effect of changing the other component

Once students have succeeded in constructing a model with two objects with perpendicular motion, they are asked to write a generalised statement explaining the relationship between the velocities of the two objects.

Students are likely initially to express their solutions in an operational form, e.g. 'swap the values of the x and y velocities and change the sign of one of them'. In order to develop this into a relational form the teacher will need to raise students’ awareness of alternative solutions. This can be done in discussion with individual students, with pairs and/or with the whole class, sharing the conclusions of this task. Issues that may arise in this discussion or that the teacher may wish to raise include:

· there are more than one possible solution to the task - what variations are possible? (movement in  opposite senses; movement with different speeds)

· how can the different possible solutions be incorporated into a single generalised explanation? (e.g. refer to the ratios of the horizontal and vertical components.)

Activity 3: Changing direction

Students should first create an object moving in a straight line.

They are then posed the following question (by the teacher or on a worksheet).

    What happens if you add the equations:

        Vx(ME,20)=0

        Vx(ME,30)=10

    to your original object?

The teacher coordinates discussion of answers to this question. The answers are likely to differ, especially if some students have started with objects moving either horizontally or vertically:

· original movement horizontal - the effect is likely to be seen as stopping then starting

· original movement vertical - the first equation has no effect, so students are likely to notice only one change in direction

From this discussion, two important points should emerge:

·  20 and 30 are specific values of t, so the equations will take effect at specific instants

· change in the velocity in the horizontal direction can have the effect of changing the direction of motion

Students should now be challenged to construct objects that will draw shapes consisting of straight line segments.

Can you draw a triangle?

    What about other shapes (square, hexagon, circle, …)?

They may work individually or in pairs on this task.

Initially they may attempt to draw a triangle by choosing the values of Vx and Vy by trial and error. They may need to be directed to consider the relationships between the values that determine the direction of each of the sides.

When they have successfully completed a triangle, they may choose what other shapes to attempt.

Activity 4: Bouncing balls

Up to this point, objects in motion have 'wrapped around' the screen. This is likely to have frustrated many students both because it does not connect with their experience in the real world and because, when a trace is made, it causes a messy and confusing display.

Students are asked to make an object move horizontally but bounce off the 'walls' of the screen (the vertical sides). The worksheet ‘Straight Line Motion 3 – Bouncing’ draws students' attention to two equations provided in the library:
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Having applied these equations and observed the effects, students are challenged to make an object bounce off vertical walls positioned elsewhere on the screen. In order to do this, they will have to analyse the two new equations in order to determine which parts of these would need to be changed.

The teacher may discuss the meaning of these equations with pairs or with the whole class. Possible questions for discussion include:
· what function does each of the equations have?

· what does 799 represent?

· what values does the function amIHittingASide take? (It is likely that, for many students, this will be the first time that they have encountered a truth function of this type with value 0 or 1.)

· what happens to the value of Vx (as defined by the second equation) when amIHittingASide has the value 1? 

Students then adapt their models to construct a new object that bounces vertically.

Finally students are challenged to create an object that bounces off all four edges of the screen.

Note that the vertical bouncing equations only make the object bounce off the bottom edge of the screen. In order to make it bounce off both top and bottom edges, the equations will need to be edited or new equations created. If students are having difficulties seeing how to start this process, the teacher may suggest that they refer to the structure of the horizontal bouncing equations.

· Phase 3: Acceleration
Students are first introduced to the effects of adding a constant acceleration to an object. This allows them in particular to model objects moving under the influence of gravity.

The second part of this phase addresses the application of a force at an instant. This is effected in MoPiX by applying an acceleration at a specified value of t.

A theme throughout is the development of the concept of acceleration as change in velocity. Within MoPiX, this is modelled as a discrete change at each value of t. In the case of constant acceleration Ax(ME,t)=n, this may be considered equivalent to the continuous model of acceleration as rate of change. However, if the value of Ax is specified for a given value of t, e.g. Ax(ME,20)=0.1, this may be considered as a ‘kick’ or impulse (with mass taken to be one unit for all objects).

Activity 1: Using constant acceleration
This activity introduces students to the use of acceleration in MoPiX. MoPiX notation operationalises the definition of acceleration as change in velocity and it is this notion that is at the heart of the activity.

The vector challenge relates the MoPiX programming environment directly to a problem taken from the conventional textbook. This is intended both to enable students to understand how their work with MoPiX may support their learning within the examined curriculum and to draw their attention explicitly to the vector nature of velocity and acceleration by 'translating' between the two vector based notations.

The final group challenge allows students an opportunity for creativity in making use of the motion equations as well as prompting them to think about the forces acting on a projectile such as a firework.
Students start by constructing an object with horizontal motion, adding the acceleration equation provided in the equation library Ax(ME,t)=2. They play this model and observe the resulting motion.Following the instructions on the worksheet ‘Acceleration 1 – constant acceleration’, they edit the equation and try other values of Ax, including negative numbers. As students do this, the teacher should encourage them to describe what is happening to their models and to explain their observations in relation to the value of Ax and its role within the set of equations.

Issues that may arise:

· values of Ax that are too large or too small may make the motion hard to analyse - teacher may guide students to choose more convenient values

· when using negative values of Ax, students initial expectation is likely to be that the moving object will slow down. If too large a negative number is chosen, it may be difficult analyse what is happening. It is useful to try a value that allows one to see the initial slowing before Vx becomes zero. For example, if the initial velocity is 3, try a constant acceleration of -0.1.

The teacher should discuss with students, either individually or as a group, what effect the acceleration equation is having, drawing out the structure and operation of the equation
Vx(ME,t)=Vx(ME,t-1)+Ax(ME,t)
and relating this to the formal definition of acceleration as change in velocity.

Students then work with an object moving vertically. In this case, rather than being led through a sequence of tasks, they are challenged to construct an object that first moves upwards and then downwards. This requires that they make connections with the action of the negative acceleration encountered when working with horizontal motion.

Issues that may arise:

· as in the horizontal case, students may need guidance to choose suitable values of Vy and Ay that will make the desired up and down motion obvious

· some students may attempt to address this problem by adding separate equations for the upwards and the downwards motion. This will, of course, be effective if, for example a positive initial velocity is added and then an equation such as Vy(ME,10)=-3 to change the velocity at time t=10. Students who do this should then be encouraged to construct a second object whose motion is defined by just initial velocity and an acceleration - and to compare the motion of the two objects.

Vector challenge

Students are posed a problem presented using conventional i, j vector notation.

A particle P has velocity (3i + 2j)m/s when t = 0 and the velocity (7i + 4j) m/s at time t=20. The acceleration of P is constant. Find the acceleration.

The teacher should explain to them that this is a question taken from a standard Advanced level text book and that using MoPiX can help them to understand how to solve it.

The worksheet guides students to load a pre-prepared model which includes numerical objects that display the current values of t, Vx and Vy as the model runs. They then add the given initial velocity and attempt to find values for Ax and Ay that will produce the desired velocity at time t=20.

Issues that may arise:

· Students may initially work by trial and improvement. This can be an important stage in making sense of the situation. Eventually, however, they should be encouraged to think more analytically about the problem, thinking about the effect of the value of Ax on the value of Vx as t increases.

· This is likely to be the first time that some students have met the i, j notation. They will need to be told that the i and j components represent the horizontal and vertical components respectively.

· A further difference between the standard notation used in this question and MoPiX is the use of units in the question - not specified in MoPiX. If it seems appropriate, the teacher may wish to discuss this with students and consider what unit should be given in the answer to the question and how these might be 'translated' into the MoPiX context.

Group firework challenge

Pairs or groups of three students are challenged to construct a model of an exploding firework consisting of several small objects moving outwards from a single starting point.

Pairs/groups start by negotiating the overall design of their firework and divide the construction work between them. One way of dividing the work is for each student to take responsibility for a sub-set of the objects to be combined into the whole. Once these are completed, each student saves their contribution and then loads the contributions of the other(s) into a single model. If students are unclear about how to collaborate, the teacher should suggest this approach. There are, however, other ways of collaborating and students may be free to choose their own approach to sharing the work on this task.

The 'think' points on the worksheet provide hints to help students to get started.

· What should you make the initial velocity in the vertical direction?

· How can you make objects start off in different directions?

· What forces should be acting on the objects?
The teacher may need to direct students' attention to these questions if they appear to be stuck. 

The final question relates to one of the key learning objectives of this task: to recognise that, after the initial explosion, the only force acting on the objects is gravity. It may be fruitful to encourage students to experiment with other accelerations (including a horizontal acceleration and/or different values of vertical acceleration) and to reflect on the nature of the motion they observe when running the model.
Activity 2: Debugging Models

By working with a relatively simple model in a familiar context, built by someone else, students will have the opportunity to develop their analytical skills in a relatively unthreatening environment where they are likely to experience success.
Instruct students to load and run pre-prepared model buggy projectile
Explain that this is supposed to be a simulation of a projectile fired from a cannon.

The teacher should also run the simulation on a display visible to the whole class and coordinate a discussion of how it is behaving and how this is different from what should be expected.

Points to arise from the discussion:

· initial angle of the trajectory of the projectile - how might this be defined?

· shape of the trajectory - what is wrong with this and why?

Ask which of the objects should be examined first. (Expect students to choose the projectile as this is what is malfunctioning. It will also be necessary at some point to flip the cannon to see its angle.)

'Flip' the projectile (right click) to see the equations.

Students examine the equations defining the properties and behaviours of the projectile and discuss what the function of each equation might be.

Students edit the equations, remove and/or add equations and test the results.

Procedure:

· click on the equation to be removed and/or edited

· right click to flip back over

· drop the chosen equation on the Editor

· make desired changes and drop back on the object

· put Editor away by dropping equals sign on the bin

The (minimum) changes needed are:

· initial velocity in x and y directions (approximately 9 and 5 respectively or defined using sin and cos of the angle of elevation of the cannon)

· value of acceleration due to gravity (should be negative)

Once a correctly working model has been achieved, suggest to students that they try changing the angle of rotation of the cannon and make the corresponding necessary changes to the projectile.

In general, this will require changes in the initial velocity in x and y directions:

   Vx(ME,0)=cos(rotation(OTHER1,0))

   Vy(ME,0)=sin(rotation(OTHER1,0))
Activity 3: Applying a force to change direction

The central concept of acceleration as change in velocity is extended by considering acceleration applied at an instant rather than constantly. This may metaphorically be considered as a 'kick' given to an object that changes the speed and/or direction of its motion. Students initially observe the effects of such a 'kick'. They use similar 'kicks' to cause changes in the direction of motion of an object in order to create paths of specified shapes.
Students construct an object moving with constant velocity in a diagonal direction (i.e. with non-zero horizontal and vertical components of velocity). They then add acceleration to the object at time t=20:

Ax(ME,20)=2

Ay(ME,20)=-2

The worksheet ‘Acceleration 2 – applying a force’ proposes some questions to prompt students to analyse and explain the observed effect of these equations. The teacher should monitor these discussions or coordinate a whole class discussion. Points that should arise in the discussion include:

· the values of acceleration change the values of velocity

· the values of velocity change only once - at the designated time t=20

· motion continues in a straight line and at a constant speed unless it is acted upon by a force, i.e. the application of an acceleration

It may be useful for the teacher to introduce the metaphor of giving a 'kick' to an object.

Changing direction

Students are now challenged to use the application of acceleration at an instant in order to create paths of motion with instantaneous changes of direction. The suggested paths are:

· a right angle

· a square

· a triangle

· and finally a design of the student's own choice

Students may initially proceed by trial and error and this exploratory phase can play an important role in helping them to make sense of the effects of applying a force.

Issues that may arise:

· students change velocity directly by adding equations of the type Vx(ME,20)=3 rather than by adding acceleration equations. While this may be helpful initially to enable them to identify the desired values of Vx, the teacher should eventually direct them to use acceleration instead.

· making the motion of the object stop when it has completed the desired path. Again, the teacher should direct students' attention to the idea of using a force to stop motion rather than simply setting the velocity components directly to zero.

Group challenge

Students are challenged to form a complex model with several objects 'dancing' on different paths.

Each pair or group plans a design for their 'dance', deciding how each object in the model will change direction and/or speed and at what time such changes will happen. Pairs/groups start by negotiating the overall design of their dance and divide the construction work between them. One way of dividing the work is for each student to take responsibility for a sub-set of the objects to be combined into the whole. Once these are completed, each student saves their contribution and then loads the contributions of the other(s) into a single model. If students are unclear about how to collaborate, the teacher should suggest this approach. There are, however, other ways of collaborating and students may be free to choose their own approach to sharing the work on this task.

When models are complete, they may be shared with the rest of the class, with discussion of issues arising during the construction process.

· Assessment suggestions

The final group challenge involves the coordination of equations of velocity and acceleration of several objects simultaneously. This task could be used for evaluation purposes. Students should be informed that they should demonstrate in their designs examples of constant velocity, constant acceleration and changes in velocity and acceleration at specific moments. Their presentation of completed models to the class should include a demonstration and a verbal explanation of the equations chosen to control the motion of the model.
5 Possible extension
A number of challenges have been proposed, linked directly to the activities described above. The challenges are intended to allow students to extend the ideas met during the activities, to set their own targets, and work collaboratively to design and implement models. We do not therefore propose additional extensions, but suggest that the teacher should intervene with specific pairs of students to ensure that they are challenging themselves with sufficient ambition. This may include suggesting the use of equations involving two objects. 
6 References
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Introducing MoPiX
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Challenges:

a)  Here are some suggestions to get started:

1. Construct 5 objects with different colours

2. Change the size of an object to be 200 × 200

3. Rotate the object: rotation (ME, t) = 30

4. Rotate the object: rotation (ME, t) = 3 × t 

5. Discuss the difference between the previous two procedures (3&4)

6. Change the colour and the rotation

7. Drag a new object onto the stage, make its colour red, press play, and rotate the object while it is playing: what happens?

8. Can you make this object bigger in width and/or length while it is playing?

b)  Create an object with characteristics of your choice. Save it.

[image: image4.wmf]Saving a file: 

Click on the Save button! Dialogue text box opens requiring a Username. Enter your Username and press OK. A window opens asking for ’file description tags’. Here you have several lines to describe your model. Always start with the number of the session we are in, then add whatever words you need to describe your model. For example, if we are in the first session, here is a suggestion:

Session 1

Ball

Rotating x3, Trial 1

Loading a saved file: Enter one or more description tags or the Username of the file’s creator, then scroll through the files that are offered. Press OK to choose the file you want.

[image: image5.wmf]c) In your group, play this GAME:

1. Load each others’ objects created in (b).

2. After playing each object and without flipping it, predict what the equations of your friend’s object are.

3. Check by asking the ‘designer’ of the object.

4. Did your expectations match the test? Why not, if no?

5. Save the model combining all your group’s objects.

Straight Line Motion (1) – Velocity

I.
Making an object move horizontally 

This set of equations (Horizontal Motion Equations) will make an object move across the screen from left to right. 

Create an object and make it move.

x(ME, t) = x(ME, t-1) + Vx(ME, t)

Vx(ME, 0) = 3

Vx(ME, t) = Vx(ME, t-1) + Ax(ME, t)

You can change the way it moves by changing the equations.

Think about the equations...

What is the initial velocity (at time zero)?

Which equation might you change to make it go faster?

What could you change to make it travel from right to left?

II.
Making an object move vertically

Now try the Vertical Motion Equations. How are these similar to/different from the horizontal motion equations?

[image: image6.wmf]
Challenge:

Can you make an object that moves diagonally across the screen?

[image: image7.wmf]Challenge:

Make 3 objects start from the same departure point at the same moment; one moves horizontally, another moves vertically and the third moves diagonally. What is the relationship between these 3 objects?

III.
Leaving a trace

Choose one of the objects you have made. Add the equation:

penDown(ME, t)=1
Run to see the trace of the object as it moves.

You can change the thickness and the colour of the trace by using equations such as:

thicknessPen(ME, t)=4
and

redColourPen(ME, t)=100

Group Challenge:

As a group, plan a design formed by several lines.

Divide the work among your group, save each part, then load them all onto the same machine to combine into a single pattern.

Save this complete design, including the tags Session 2 and group.

IV Drawing shapes

What happens if you add the equations:

Vx(ME,20)=0

Vx(ME,30)=10

to you original object?

Challenge:

Can you draw a triangle?

What about other shapes (square, hexagon, circle, …)?

Straight Line Motion (Review)

[image: image8.wmf]Group Challenge:

· Each member of your group should make an object that moves in a straight line with constant velocity - NOT horizontal or vertical.

Save your model with the tags

Session 3

straight line motion

· Now load the models made by your other group members.

· For each object, construct another object that moves in a perpendicular direction. (You may flip to see the equations if this helps.)

Save your completed model with the tags:

Session 3

perpendicular

· Explain the relationship between the velocities of objects moving in perpendicular directions.

Straight Line Motion (3) – Bouncing 
Make an object move horizontally. 

Will it ever stop or change its direction? What happens when it hits the edge of the screen?

The object will wrap around the screen unless you let it know when it is hitting a side – and what it should do when it hits a side. Drag these two equations onto your object.

[image: image2.png]anlHiingASIde(ME, 1) = (x{ME, 1) 5 0) or (1(ME, )2 799) and (Vi(ME, % 0)
VAOME,

O IHitingASide(ME, 1= 1) X (Vi(ME, = 1) + Ax{ME, t~ 1)) + aniHitingASIde(ME, 1~ 1) Vi(ME, t= 1) X -1




· [image: image9.wmf]Make an object move horizontally between two vertical walls (try different positions for the walls). Discuss, predict and construct.
· Make an object move vertically that will bounce off the floor. Discuss, predict and construct.

[image: image10.wmf]
Challenge:

Can you make an object that bounces off all the edges like a snooker ball?

Acceleration 1 (constant acceleration)
Construct an object to move horizontally and add the equation:

Ax(ME, t) = 2
· Change the 2 in this last equation to different values. Play the model each time and notice what happens.

· Try using negative numbers. What do you notice? Why does this happen?

‘Just as the velocity tells you how the position of a particle changes with time, the acceleration tells you how the velocity changes with time’ (M1, p. 29)

· Now make an object that accelerates in a vertical direction.

Notice that the equation Ay(ME,t)=-0.98 for acceleration in the vertical direction has an effect similar to that of gravity (gravity = - 9.8 m/sec2).

· Make an object that first moves upwards and then moves down. 

· Save this model.

[image: image11.jpg]



Challenge: Understanding velocity and acceleration as vectors
adapted from ex. 16 p. 29 M1

A particle P has velocity (3i + 2j)m/s when t = 0 and the velocity (7i + 4j) m/s at time t=20. The acceleration of P is constant. Find the acceleration.

· Make that object move using MoPiX! 


Load the model test-accel
Add equations to the red circle to make it move with the given initial velocity.

The numbers on the right hand side will change to indicate the value of t and of Vx and Vy. (Flip these numbers to see how they work.)

Save your model with a different name.

Group Challenge: Make an exploding firework

[image: image12.wmf]
· Plan what you would like your explosion to look like

· Construct several small objects with different colours. Share the work between you.

· Add equations of horizontal and vertical motion to them so that each object will move in a different way.

Think:

What should you make the initial velocity in the vertical direction?

How can you make objects start off in different directions?

What forces should be acting on the objects?

· Make all your objects start from the same place (set values of x and y at time 1) and press play to see the explosion.

· Save your firework.

Acceleration 2 - applying a force 
Construct an object that moves diagonally with constant velocity.

What is the acceleration of this object?

Add the equations Ax(ME,20)=2 and Ay(ME,20)=-2 to your object.

Describe the way the object moves. Use penDown(ME,t) to see more clearly. 

Can you explain what happens?

What are the x and y components of the velocity of the object before time t=20 and after time t=20? 

What are the x and y components of the acceleration of the object for 


(a) t<20, (b) t=20, (c) t>20?
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Challenge: Applying a force to change direction

Adapt the process above in order to draw:

[image: image14.wmf]
· a right angle

· a square

· a triangle

· a design of your choice

Think:

What force do you need to apply to an object in order to make it stop?


Group Challenge: “Dancing objects”
Plan a “dance” formed by several objects moving on different paths.

What kinds of changes of direction will the objects make?

(What forces will need to be applied to make this happen? At what values of t?)

Share the construction of the objects between you, then load them all into a single model and play.

Save your joint model.

Equations of object1:


y(object1,0) = 422


x(object1,0) = 225


x(ME,t) = x(object1,t−1) + Vx(object1,t)


Vx(object1,0) = 3


Vx(object1,t)= Vx(object1,t-1) + Ax(object1,t)


Ax(object1,t) = 0


y(ME,t) = y(object1,t−1) + Vy(object1,t)


Vy(object1,0) = 9


Ay(object1,t) = -.098





height(object1,t) = 60


width(object1,t) = 60


appearance(object1,t) = Circle


greenColourPen(object1,t) = 100


penDown(ME,t) = 1


thicknessPen(ME,t) = 6
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Save each of these.





Include ‘Session 5’ as one of the tags you use to name each model.
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