JavaScript Tutorial: bouncing ball
Overview
This tutorial explains a HTML/JavaScript application simulating a bouncing ball, specifically, movement in 2D of an object colliding and bouncing off of walls.  The page will display two links: one to start the ball moving and the other to stop it.  The ball will start off moving at an angle down and to the left.  When it 'hits' one of 4 walls, it reverses direction and keeps moving.  It is important to appreciate why I put 'hits' in quotation marks.  Nothing hits anything!  The position of the ball is changed incrementally in both the horizontal and vertical dimensions.  The code does a calculation to determine if the virtual position of the ball is at or past one of the walls.  If this is true, the value of either the horizontal incremental amount or the vertical incremental amount is changed in sign. That is, if the amount is 50, it becomes -50. This simulates the bouncing.  Clicking on the stop link causes motion to stop AND both incremental amounts to change in sign.
This application will make use of the following JavaScript and HTML features:

· script tag 

· function

· var

· div, a feature of cascading stylesheets (CSS)
· coding to work for different browsers

· if statement

Key Design Issues

Task: Produce animated motion
Logic:  We want an image to change position on the display screen to simulate movement.  This will be done by moving the object incrementally when a timing event occurs.
Solution:  Timing events were used for the slide show.  The code will use the setInterval function to call a function that re-positions an image.
Task: Produce incremental motion: make an image move a certain amount horizontally and a certain amount vertically.
Logic: We can keep track of the horizontal and vertical positions of an object.  Moving it involves re-positioning an image horizontally and vertically.
Solution:  The div element in cascading style sheets can be used to position objects on the screen.  One challenge is that there is browser dependent code required to identify specific elements in the HTML document.
Task: Make the ball bounce
Logic:  We can keep track of the horizontal and vertical position of an object. To make the object bounce, we produce code that compares the horizontal position to numbers representing the positions of the left wall and right wall and the vertical position to numbers representing the top and bottom walls. If the ball has hit a wall according to these calculations, we change the direction the ball will take on the next move.
Solution: We move the ball by moving it incrementally horizontally and vertically by quantities held in two variables.  When the code determines that a wall has been hit, we change the sign (if the variable is xa, we change it to be –xa).
Background
This section introduces the general topic of simulation of motion on a computer screen, describing concepts that apply to most computer programming systems.  We then go into how motion can be simulated using HTML and JavaScript.  
Geometry on the computer screen

In most computer systems, positions on a computer screen are calculated in terms of the distance from the left hand side of the screen and the distance from the top of the screen.   Actually, let us modify this to say the domain of movement is the window, not the screen.  A way of stating this is that the origin is the upper left corner, and not the lower left corner that you may remember from high school analytical geometry.  Placing the origin in the upper left corner fits the mechanics of the display. One possible unit for measuring distance is the pixel, standing for picture element, with 72 pixels to the inch.  In some systems, other units are possible, so you will need to check which unit is applicable.  The operating system keeps track of positions in terms of windows.  
To locate an image at the top, left corner, you give it (where it is not quite defined yet) a position of 0, 0.  To locate it in the middle depends on the width and height of the window. If the window is 600 by 400, meaning 600 pixels wide and 400 pixels high, then 300, 200 would be in the middle. To move this object over to the right, keeping it at the same vertical position, you could re-position it to 350, 200.  To move the object to the bottom of the window, you could keep the horizontal number at 300, and make the vertical number be around 400.  Why do I say "around"?  Because I have not specified something very important about the thing being moved around, namely where its own origin or positioning point is.  Consider the following two balls.
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The black dots represent the origin or nominal position of each ball.  The positioning within the window is of that point.  The rest of the object gets carried along with it.  So if the ball on the left (with the origin in the center) is positioned at 0, 0, some of the ball will not be visible.  In contrast, if the ball on the right is located at 0, 0, all of the ball will be visible.  The objects that you will create for HTML and JavaScript will probably resemble the object on the right.  The nominal position will be the upper left corner.  This will not be the case in Flash, where you can easily create graphics with origin at other positions.
The way to get comfortable with moving objects in display space is to do the exercise indicated below: write the minimal HTML indicated and change the position of the div object.  Do this many times.  Try to predict where the object will be.   This also will help you understand the scale of the pixel unit.
The previous comments have just been on positioning of objects. How do we do motion?  The first part of the answer is that you simulate motion by re-positioning elements over and over again.  This works in the same way that our eyes believe we see motion when we see movies or TV.  What we see are still shots shown in rapid succession.  Our eye and brain interpret the changing display as continuous motion if the time units are short enough and the displacements not too large.  The rest of the answer is that you know how to implement functions repeated over time in JavaScript: you use the setInterval function to set up a call to another function.

Dynamic HTML

The original HTML was intended for sharing information and not for fancy layout.  Cascading Style Sheets is a technology invented to improve the formatting of HTML pages. We will use CSS for positioning elements on the display. This is called Dynamic HTML. One problem is that the different browsers implemented CSS in slightly different ways.  More formally, the Document Object Model defining parts of the HTML document are not the same in different browsers.
CSS introduces a new tag called div to define for your own use. The div tag does not have any special meaning, like <b> or <table>.   You can give it a name or id and you can put things inside the div element, that is, after the <div> tag and before the </div> tag.  The div can be referenced in a style definition, to be demonstrated next.  For this example, we will use div to define what will be the bouncing ball.  The code in the body of the HTML document is

<div id="ball">
<img src="ball.gif"> 
</div>
In the head section, we define an area for styles.  For this application, there will only be one style, one that relates to the div with id equal to "ball".
<style type="text/css">

 #ball {position: absolute; top: 100px; left: 200px; }

</style>
The style tag sets up a style of type text/css.  This is the only type we will use.  The particular style included is for the items of id equal to ball.  The style specification, the stuff in the curly brackets, specifies the positioning of the ball div. It is absolute positioning, as opposed to relative to its normal place in the HTML document.  The absolute positioning is 100 pixels from the top and 200 pixels from the left.  
Exercise

Before going on, create the following HTML file:

<html><head><title>bouncing ball </title> 

<style type="text/css">

 #ball {position: absolute; top: 100px; left: 200px; }

</style>
</head>

<body>

<div id="ball">
<img src="ball.gif"> 
</div>
</body></html>

Open this file in a browser.  See where the ball is.  Now change the 100px to something else and/or change the 200px to something else.  Do this many times. See if you can predict the new position of the ball each time.  Try making the left to be 800px and create a small window.  You will see a horizontal scroll bar at the bottom of the window.  
Repeat: the particular mechanics of moving objects as displayed on Web pages is unique to HTML and JavaScript.  However, the concepts of horizontal and vertical dimensions, origin and unit apply to many different programming environments, including Flash and ActionScript.

Accessing document elements
At this point, you may think you ready to start implementation. However, alas, we need to provide additional background relating to accessing the div element described earlier.  The different browsers have slightly different ways of organizing the HTML document.  The good news (in this sad state of affairs) is that the browsers all implement the following trick.  You can use an if statement to check if a feature exists. The get Obj function given here can be used to create an object that holds pointers to the element in the HTML document with the indicated name:
function getObj(name)

 { 

  if (document.getElementById)

     {

      this.obj = document.getElementById(name);

      this.style = document.getElementById(name).style;

     }

  else if (document.all)

        {                        

         this.obj = document.all[name];

         this.style = document.all[name].style;
        }

  else if (document.layers)

        {

         this.obj = document.layers[name];

         this.style = document.layers[name];

        }

}

The if statements are 'saying', do you understand document.getElementByID?  Putting this more formally, does your Document Object Model include a getElementById method for document?  If it does, then we will use it.  If your DOM does not have such a method, how about document.all?  If you understand that, then we will use that, and so on.

The usage of getObj will be to create an object that can be used to change the positioning of the div element that holds the image of the ball.  The img tag cannot be re-positioned directly.  The code to create the ball object is

var ballobj;

ballobj = new getObj("ball");
Notice that this browser specific code does not ask the question: which browser is in use.  This method of checking for the specific code accomplishes the task and you need not remember which browser uses what methods. 

Now we move on to the implementation.
Implementation

You need to do some preparation before testing any code, so you may as well do it right away.  Prepare 1 image file to be the ball or whatever picture you want to move.  You may later want to create images to be the walls that the ball bounces against.  
Open up the code you used for the positioning exercise in NotePad.
Put Bouncing Ball as the title.

Add the script tags:
<script>

</script>

In between the script tags, add the getObj function shown above.  Include the following variables:
var ballobj;

var tid;

var xa = 20;

var ya = 40; 

var currentx = 100;

var currenty = 200;
The xa and ya values are the incremental horizontal and vertical changes.  In mathematics, x is associated with the horizontal dimension and y with the vertical dimension, but there is nothing special about these names.  The only thing that matters is how they are used in your code. The values of 20 and 40 are arbitrary.  Change them to see what different values do.  

Make sure the values of the currentx and currenty variables match the values in the style specification for the div with id #ball.  

You will now write 3 functions: start, stop and move, all within the script element (after the <script> and before the </script>).   The start and stop functions use the setInterval and clearInterval functions in the same manner as in the slide show.
function start() {

ballobj = new getObj("ball");

tid = setInterval("move(xa,ya);",300);

}

function stop() {

clearInterval(tid);

xa = -xa;

ya = -ya;

}

The reversal of the xa and ya amounts is just to supply some interest to the application. You can change this to have stopping have no effect or you can  swap the two values or do anything you like.  To swap the values, you need to make use of an extra variable:

holder = xa;

xa = ya;

ya = holder;

Place the following code in the body of the HTML document.

<a href="javascript:start();">Start </a>&nbsp;

<a href="javascript:stop()">Stop </a>
What remains is to write the move function.  We propose doing this in two stages.  The code

function move(dx, dy) {

   currentx += dx;

   currenty += dy;

   ballobj.style.top = currenty;

   ballobj.style.left = currentx;

}

moves the ball by first incrementing the variables holding the current horizontal and vertical position and then storing those values in the appropriate properties of ballobj.  Because ballobj has been created as it has been, this has the effect of moving the ball.

Get this working!  If you have problems, first look over your coding.  Match up parentheses, curly brackets, pointy brackets, opening tags and closing tags. Check spelling. See if the <a> tags are invoking the start function by putting the lines

 alert("in start "+"currentx is "+currentx);
 alert(" currenty is "+currenty); 
as the first line in the start function.  Do the same for the move function, perhaps checking on the values of dx and dy.  Change the timing value to be longer (say 2000) so you have time to hit refresh to stop the action. 
Assuming you do get this working, you will notice that the code does not check hitting the walls.  Remember that there are no walls! The following code checks against virtual walls located at the top and on the left and at 250 units to the left and 250 units from the top.  Place the code in the move function the code you have already written.

if (currentx >= 250) {

    xa = -xa; }

if (currentx <=0) {

    xa = -xa;}

if (currenty >=250) {

    ya = -ya; }

if (currenty <=0) {

    ya = -ya; }

You can experiment with changing these values.

