Velocity Vectors Acceleration and Gravity
Velocity
Velocity may be thought of as the speed of an object.  For example a car may be travelling at a constant speed of 60mph along the motorway.

Adding Velocity to the Saucer
If we take a look at the variables declared within the saucer class we see that we have two variables that define the position at which the sprite is drawn…
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The x defining the horizontal coordinate the y defining the vertical.
In order to make the saucer move we need to change the values of these variables.

The first step is to create a function so that we have a public move method like so…

    Saucer.prototype.move = function ()

    { }

(Remember to create this just before the last bracket of the constructor!)

We may add a call to the new method in the page lander.html like so…

[image: image2.png](function drawFrame() {
//clear the canvas for the new frame
context.clearRect(@, @, canvas.width, canvas.height);
//draw the lander
ship.draw(context);

//move the saucer

ship.move();

//get the next animation frame

window. requestAninationFrame(dranFrane) ;

DOs




Run the program.  It won’t do anything new but it shouldn’t generate any errors.

The next step is to create two new variables to store the velocity values like so…
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vx will contain the velocity for the x axis, vy the velocity for the y axis.

To apply these values to the x and y coordinates we need to modify the move function like so…

[image: image4.png]Saucer.prototype.move = function ()
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//change the x axis by the x velocity
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//change the y axis by the y velocity
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If we run the program now nothing will move as the velocity values are set at zero.

To make the saucer travel up we need to set a negative value for vy like so…

[image: image5.png]//create private variables for the x and y coordinates





Try it to make sure that it works.

If we want it to travel down to the right at 45 degrees we need to do the following…

[image: image6.png]//create private variabl





Again, try it to make sure that it works.

Vectors

For people who have seen Despicable Me you should be aware that a vector has both magnitude and direction.

Magnitude relates to how far the vector travels and direction relates to the angle of the vector.

You will probably find that many of the common assumptions about angles will be undermined at this point.

The following are examples of different vectors.


[image: image7]
The length of the line indicates how far the vector travels (the magnitude) and the slope of the line indicates the angle of the vector (the direction).

So how are the two measured / represented?

The magnitude of the vector is typically measured in how fast a shape is moving in pixels per frame.

In the first part of this work we looked at the moving square…
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The section of code that makes the square move in this case is as follows…

[image: image9.png]//create the public move method by adding it to the classes prototype
EiSquare.prototype.move = function ()
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x++ will move the square one pixel at a time.  To make the square move faster we could modify the code like so…

[image: image10.png]//create the public move method by adding it to the classes prototype
EiSquare.prototype.move = function ()
{
//change the value of the x axis for the shape
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In this case the square would move three pixels at a time. (Magnitude)

The square in this example is moving along a horizontal line.  Which in this case is zero radians. (Direction)


[image: image11]
This may seem strange at first.

We are typically taught to understand angles in terms of degrees.
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Zero degrees at 12 o’clock 90 degrees at 3 and so on.

The problem is that JavaScript doesn’t operate in these terms.

JavaScript uses the more mathematically correct unit for angles called a radian.

One radian is calculated as the distance around the circle equal to the radius.
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The other issue is that we start zero radians at three o’clock rather than 12 o’clock (as when measuring degrees)

What you will find is that you are not accustomed to thinking in terms of radians.

Fortunately there is a nice bit of code that will convert from degrees to radians.  That way we are able to concentrate on degrees whilst keeping JavaScript happy by providing it with radians.

Do remember though that even though we may still work in degrees that zero degrees starts at 3 not 12 o’clock.

So what does this have to do with anything?

Well at some point we are going to want to make a sprite travel from point A to point B at a specified speed per frame.


[image: image14]
We need to know how to perform the calculations to make this happen.

If you want the saucer to travel faster along the x axis simply increase the value of the variable vx.

OK we now have the square following a vector (per frame) like so…


[image: image15]
OK what if we wanted to make the box do the following?


[image: image16]
As we have seen above we make vx and vy the value of 1.

Now here comes the problem.


[image: image17]
The question is what values do we need to increase the x and y coordinates for a 25 degree angle with a magnitude of 1 pixel?


[image: image18]
To move the shape 1 pixel magnitude from A to B we need to know how much to add to the x axis and how much to add to the y axis.

Fortunately the clue to how this is in the diagram above.

If we join up the arrows above we end up with a right angled triangle.


[image: image19]
The nice thing about right angled triangles is that they are mathematically predictable allowing us to calculate the values of VX and VY.


[image: image20]
So step 1 some basic rules of right angled triangles

Cosine=Length of the Adjacent Side / Hypotenuse

Sine=Length of the Opposite Side / Hypotenuse

Tangent=Length of the Opposite Side / Adjacent (We wont need this formula)

What do we know?

We know the length of the Hypotenuse (1 pixel)

Cosine=Length of the Adjacent Side / 1

Sine=Length of the Opposite Side / 1

If we know the above formulas we may transform them to work out the length of the adjacent side (VX) and the opposite side (VY).

Length of the Adjacent Side = Cosine * Hypotenuse

Length of the Opposite Side = Sine * Hypotenuse

Or 

Length of the Adjacent Side = Cosine * 1

Length of the Opposite Side = Sine * 1

To convert the angle from degrees to radians (which JavaScript needs to know) we apply the following formula.

Radians = Degrees * PI / 180

So 25 degrees translates to 0.4363323129985824 radians

So…
Length of the Adjacent Side = Cosine(0.4363323129985824) * 1

Length of the Opposite Side = Sine(0.4363323129985824) * 1

Gives us…

0.9063077870366499 = Cosine(0.4363323129985824) * 1

0.42261826174069944 = Sine(0.4363323129985824) * 1

Therefore…

vx = 0.9063077870366499
vy = 0.42261826174069944
Try plugging in the values to see if you get a 25 degree angle.

OK at this point you are probably thinking that this will be a real pain to have to calculate this each and every time!

Fortunately the computer will carry out most of the donkey work for us.

Create a new JavaScript file in your classes folder called vector.js
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Now copy and paste the following code into the class

//this class allows you to set a vector passing direction in degrees and magnitude in pixels
//it has two public properties VX and VY which give us the calculated velocities for x and y axis
//constructor
function Vector(Degrees, Magnitude) {

    //private member variables for vx and vy
    var vx = CalcVX(Degrees,Magnitude);

    var vy = CalcVY(Degrees, Magnitude);

    //public read only property for VX
    Object.defineProperty(this, 'VX',

    {

        get: function () {

            return vx;

        }

    })

    //public read only property for VY
    Object.defineProperty(this, 'VY',

    {

        get: function () {

            return vy;

        }

    })

    function CalcVX(Degrees, Magnitude) {

        //convert degrees to radians
        var radians = Degrees * Math.PI / 180;

        //calculate the vx value
        return Math.cos(radians) * Magnitude;

    }

    function CalcVY(Degrees, Magnitude) {

        //convert degrees to radians
        var radians = Degrees * Math.PI / 180;

        //calculate the vy value
        return Math.sin(radians) * Magnitude;

    }

}

The class allows you to pass two parameters to the constructor during instantiation.  This then calculates the values for vx and vy making them available to other objects via the read only public properties VX and VY.

Within lander.html add an entry to the HTML 5 so that it knows the script exists like so…

<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/saucer.js"></script>
        <script src="classes\keycode.js"></script>
        <script src="classes\vector.js"></script>
        <script>
Next create an object based on the class…

        <script>
            //this function will always be executed when the page loads
            window.onload = function () {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //new instance of the Saucer class
                    ship = new Saucer(),

                    //create a new instance of the vector class
                    vector = new Vector(25,1);
We now need to modify the class saucer.js.

First set the default values of vx and vy to zero…
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Next create a new public function in the class saucer.js like so…

//public method to set the vector of the square
Saucer.prototype.setVector = function (vector)

{

    //set vx
    vx = vector.VX;

    //set vy
    vy = vector.VY;

}
Now we need to call the setVelocity method in lander.html to set the velocity of the ship based on the vector.

Here is the full code for the load event of the page…

            //this function will always be executed when the page loads
            window.onload = function () {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //new instance of the Saucer class
                    ship = new Saucer(),

                    //create a new instance of the vector class
                    vector = new Vector(25,1);

                //set the vector for the ship
                ship.setVector(vector);

                //function to handle keyboard events
                function KeyboardEventHandler(event) {

                    //if the up arrow is pressed
                    if (event.keyCode == keycode.UP) {

                        //activate the thrusters
                        console.log("Activate thrust");

                    }

                    if (event.keyCode == keycode.LEFT) {

                        //go left
                        console.log("Go left");

                    }

                    if (event.keyCode == keycode.RIGHT) {

                        //go right
                        console.log("Go right");

                    }

                    if (event.keyCode == keycode.DOWN) {

                        //kill engines
                        console.log("Stop thrust");

                    }

                }

                //add a listener for the keydown event
                window.addEventListener('keydown', KeyboardEventHandler, false);

                (function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the lander
                    ship.draw(context);

                    //move the saucer
                    ship.move();

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                })();

            }
Run the page and you should see the ship travel at a 25 degree vector of 1 pixel per frame.

Play with different vectors to send the ship in different directions.

Once you have played with it for a while comment out the line applying the vector as we won’t need it for the next set of examples

                //set the vector for the ship
                //ship.setVector(vector);
Acceleration

Acceleration (deceleration) is the change in velocity/speed over time.

When a car starts its journey the speed was 0mph in accelerating from 0 to 60 there is a change in both acceleration and speed.  Once it reaches constant speed the acceleration is zero whilst the velocity is a 60mph.  The same is also true when the car slows to a halt, both speed and acceleration decrease.

To add acceleration to the saucer we will do two things.

1. We will add some value to the variables vx and vy

2. We will create a new acceleration class alloing us to re-use the code again and again

Adding acceleration to the saucer we add a suitable value to the vx and vy variables.

To do this we will create a new class file called acceleration.js like so…
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Add the following code to the class file…

function Accelerate(Gravity) {

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;

    //variable to store the gravity value
    gravity = Gravity;

    //public read only property for AX
    Object.defineProperty(this, 'AX',

    {

        get: function () {

            return ax;

        }

    })

    //public read only property for AY
    Object.defineProperty(this, 'AY',

    {

        get: function () {

            //return the acceleration on the y axis + gravity
            return ay + gravity;

        }

    })

    //public method for vertical thrust
    Accelerate.prototype.VThrust = function (Thrust) {

        ay -= Thrust;

    }

    //public method for horizontal thrust
    Accelerate.prototype.HThrust = function (Thrust) {

        ax -= Thrust;

    }

    //public method to halt all accelaretaion
    Accelerate.prototype.Halt = function () {

        ay = 0;

        ax = 0;

    }

}
We will now implement this class in the HTML 5 page lander.html and in so doing link the code into the keyboard event handlers.

First tell the page that the class file exists…

<body>
    <canvas id="canvas" width="400" height="400"></canvas>
        <script src="sprites/saucer.js"></script>
        <script src="classes\keycode.js"></script>
        <script src="classes\vector.js"></script>
        <script src="classes\acceleration.js"></script>
        <script>
Next create an object based on the new class file…

            //this function will always be executed when the page loads
            window.onload = function () {

                //create a reference to the canvas
                var canvas = document.getElementById('canvas'),

                    //access the 2D drawing API
                    context = canvas.getContext('2d'),

                    //new instance of the Saucer class
                    ship = new Saucer(),

                    //create a new instance of the vector class
                    vector = new Vector(25, 1),

                    //create a new acceleration object
                    acceleraton = new Accelerate();
Best to run the program at this point to make sure there are no errors.

Implementing the Event Handler
Next we need to modify the code for the event handler such that it responds to the key presses and sends suitable values to the object.

Like so…

                //function to handle keyboard events
                function KeyboardEventHandler(event) {

                    //if the up arrow is pressed
                    if (event.keyCode == keycode.UP) {

                        acceleration.VThrust(.01);

                    }

                    //if the left arrow is pressed
                    if (event.keyCode == keycode.LEFT) {

                        acceleration.HThrust(.01);

                    }

                    //if the right arrow is pressed
                    if (event.keyCode == keycode.RIGHT) {

                        acceleration.HThrust(-.01);

                    }

                    //if the down arrow is pressed
                    if (event.keyCode == keycode.DOWN) {

                        acceleration.Halt();

                    }

                }

Lastly we need to send the acceleration object to the saucer.

Firstly create a new public method in the saucer.js class file…

    //public method to set the vector of the saucer
    Saucer.prototype.accelerate = function (Acceleration) {

        //set vx
        vx += Acceleration.AX;

        //set vy
        vy += Acceleration.AY;

    }
Now call the method from the web page…

                (function drawFrame() {

                    //clear the canvas for the new frame
                    context.clearRect(0, 0, canvas.width, canvas.height);

                    //draw the lander
                    ship.draw(context);

                    //move the saucer
                    ship.move();

                    //apply the acceleration to the ship
                    ship.accelerate(acceleration);

                    //get the next animation frame
                    window.requestAnimationFrame(drawFrame);

                })();
Try the program and you should be able to fly the ship up, left and right.  Pressing the down arrow kills the acceleration but there is one big problem.  There is no option for acceleration downwards. This leads nicely to the final stage - adding gravity.

Gravity

If we are being accurate gravity is the attraction between bodies.  The planet Earth exerts a gravitational pull on the Moon; the Moon exerts a pull on the Earth.  

From the point of view of standing on the Earth gravity is mostly about falling.

In the game we are creating our ship will be flying over a landscape and one thing it will do without the engines running is fall to the ground.

The thing about the effect of gravity is that it is incremental.  As an object falls it gets faster and faster (a maximum speed is eventually reached but for simplicity we will ignore that small point of actual physics!)

The increasing speed as the object falls results in downward acceleration.

To simulate this we will need to modify the acceleration class such that we have the option of applying a value for gravity.

The first part of the class we will change is the constructor.
By adding a parameter to the constructor we may specify a value for gravity when we create an instance of the object.  Zero would represent no gravity greater values would represent stronger forces of gravity.

Modify the constructor like so to implement the new parameter…

function Accelerate(Gravity) {

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;
If we have defined a parameter in the class we need to make sure that it is present when we instantiate the object.

Modify the web page lander.html like so…

                    //create a new acceleration object
                    acceleraton = new Accelerate(.001);

We want to be careful about the strength of the gravity.  .001 seems to work OK but you may want to tweak it for stronger or weaker gravity.

The next step is to record the value provided so that we may use it elsewhere in the class…

    //variable to store ax and ay
    var ax = 0;

    var ay = 0;

    //variable to store the gravity value
    gravity = Gravity;
Lastly you need to add the gravity value to the returned value of AY.  This means that even if there is zero acceleration in any direction the gravity value will always be applied forcing the ship down.

Run the program and don’t press any keys.  If everything is working the ship should gradually drift down the screen accelerating as it goes.

Once you are convinced that the gravity is working correctly try flying the ship using the arrow keys.
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