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		Introduction

			This unit introduces the topic of vectors. The subject is developed without assuming you have come across it before, but the unit assumes that you have previously had a basic grounding in algebra and trigonometry, and how to use Cartesian coordinates for specifying a point in a plane.
Learning outcomes

After studying this unit you should:	know some basic definitions and terminology associated with scalars and vectors and how to represent vectors in two dimensions;
	understand how vectors can be represented in three (or more) dimensions and know both plane polar and Cartesian representations;
	know ways to operate on and combine vectors.



1 Using vectors to model

The main teaching text of this unit is provided in the workbook below. The answers to the exercises that you'll find throughout the workbook are given in the answer book. You can access it by clicking on the link under the workbook.


Click 'View document' to open the workbook (PDF, 1 MB).
View
                  document


Click 'View document' to open the answer book (PDF, 0.4 MB).
View
                  document
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Next Steps

After completing this unit you may wish to study another OpenLearn Study Unit or find out more about this topic. Here are some suggestions:



Differential equations (MST209_2)

Modelling static problems (MST209_4)

Science, maths and techhology






If you wish to study formally at The Open University, you may wish to explore the courses we offer in this curriculum area:



Mathematical methods and models (MST209)




or find out about studying and developing your skills with The Open University


OU study explained

Skills for study



or you might like to:


Post a message to the unit forum, to share your thoughts about the unit or talk to other OpenLearners

Review or add to your Learning Journal

Rate this unit
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OPS/js/jquery.tablesorter.js
/*
 * 
 * TableSorter 2.0 - Client-side table sorting with ease!
 * Version 2.0.3
 * @requires jQuery v1.2.3
 * 
 * Copyright (c) 2007 Christian Bach
 * Examples and docs at: http://tablesorter.com
 * Dual licensed under the MIT and GPL licenses:
 * http://www.opensource.org/licenses/mit-license.php
 * http://www.gnu.org/licenses/gpl.html
 * 
 */
/**
 *
 * @description Create a sortable table with multi-column sorting capabilitys
 * 
 * @example $('table').tablesorter();
 * @desc Create a simple tablesorter interface.
 *
 * @example $('table').tablesorter({ sortList:[[0,0],[1,0]] });
 * @desc Create a tablesorter interface and sort on the first and secound column in ascending order.
 * 
 * @example $('table').tablesorter({ headers: { 0: { sorter: false}, 1: {sorter: false} } });
 * @desc Create a tablesorter interface and disableing the first and secound column headers.
 * 
 * @example $('table').tablesorter({ 0: {sorter:"integer"}, 1: {sorter:"currency"} });
 * @desc Create a tablesorter interface and set a column parser for the first and secound column.
 * 
 * 
 * @param Object settings An object literal containing key/value pairs to provide optional settings.
 * 
 * @option String cssHeader (optional) 			A string of the class name to be appended to sortable tr elements in the thead of the table. 
 * 												Default value: "header"
 * 
 * @option String cssAsc (optional) 			A string of the class name to be appended to sortable tr elements in the thead on a ascending sort. 
 * 												Default value: "headerSortUp"
 * 
 * @option String cssDesc (optional) 			A string of the class name to be appended to sortable tr elements in the thead on a descending sort. 
 * 												Default value: "headerSortDown"
 * 
 * @option String sortInitialOrder (optional) 	A string of the inital sorting order can be asc or desc. 
 * 												Default value: "asc"
 * 
 * @option String sortMultisortKey (optional) 	A string of the multi-column sort key. 
 * 												Default value: "shiftKey"
 * 
 * @option String textExtraction (optional) 	A string of the text-extraction method to use. 
 * 												For complex html structures inside td cell set this option to "complex", 
 * 												on large tables the complex option can be slow. 
 * 												Default value: "simple"
 * 
 * @option Object headers (optional) 			An array containing the forces sorting rules. 
 * 												This option let's you specify a default sorting rule. 
 * 												Default value: null
 * 
 * @option Array sortList (optional) 			An array containing the forces sorting rules. 
 * 												This option let's you specify a default sorting rule. 
 * 												Default value: null
 * 
 * @option Array sortForce (optional) 			An array containing forced sorting rules. 
 * 												This option let's you specify a default sorting rule, which is prepended to user-selected rules.
 * 												Default value: null
 *  
  * @option Array sortAppend (optional) 			An array containing forced sorting rules. 
 * 												This option let's you specify a default sorting rule, which is appended to user-selected rules.
 * 												Default value: null
 * 
 * @option Boolean widthFixed (optional) 		Boolean flag indicating if tablesorter should apply fixed widths to the table columns.
 * 												This is usefull when using the pager companion plugin.
 * 												This options requires the dimension jquery plugin.
 * 												Default value: false
 *
 * @option Boolean cancelSelection (optional) 	Boolean flag indicating if tablesorter should cancel selection of the table headers text.
 * 												Default value: true
 *
 * @option Boolean debug (optional) 			Boolean flag indicating if tablesorter should display debuging information usefull for development.
 *
 * @type jQuery
 *
 * @name tablesorter
 * 
 * @cat Plugins/Tablesorter
 * 
 * @author Christian Bach/christian.bach@polyester.se
 */

(function($) {
	$.extend({
		tablesorter: new function() {
			
			var parsers = [], widgets = [];
			
			this.defaults = {
				cssHeader: "header",
				cssAsc: "headerSortUp",
				cssDesc: "headerSortDown",
				sortInitialOrder: "asc",
				sortMultiSortKey: "shiftKey",
				sortForce: null,
				sortAppend: null,
				textExtraction: "simple",
				parsers: {}, 
				widgets: [],		
				widgetZebra: {css: ["even","odd"]},
				headers: {},
				widthFixed: false,
				cancelSelection: true,
				sortList: [],
				headerList: [],
				dateFormat: "us",
				decimal: '.',
				debug: false
			};
			
			/* debuging utils */
			function benchmark(s,d) {
				log(s + "," + (new Date().getTime() - d.getTime()) + "ms");
			}
			
			this.benchmark = benchmark;
			
			function log(s) {
				if (typeof console != "undefined" && typeof console.debug != "undefined") {
					console.log(s);
				} else {
					alert(s);
				}
			}
						
			/* parsers utils */
			function buildParserCache(table,$headers) {
				
				if(table.config.debug) { var parsersDebug = ""; }
				
				var rows = table.tBodies[0].rows;
				
				if(table.tBodies[0].rows[0]) {

					var list = [], cells = rows[0].cells, l = cells.length;
					
					for (var i=0;i < l; i++) {
						var p = false;
						
						if($.metadata && ($($headers[i]).metadata() && $($headers[i]).metadata().sorter)  ) {
						
							p = getParserById($($headers[i]).metadata().sorter);	
						
						} else if((table.config.headers[i] && table.config.headers[i].sorter)) {
	
							p = getParserById(table.config.headers[i].sorter);
						}
						if(!p) {
							p = detectParserForColumn(table,cells[i]);
						}
	
						if(table.config.debug) { parsersDebug += "column:" + i + " parser:" +p.id + "\n"; }
	
						list.push(p);
					}
				}
				
				if(table.config.debug) { log(parsersDebug); }

				return list;
			};
			
			function detectParserForColumn(table,node) {
				var l = parsers.length;
				for(var i=1; i < l; i++) {
					if(parsers[i].is($.trim(getElementText(table.config,node)),table,node)) {
						return parsers[i];
					}
				}
				// 0 is always the generic parser (text)
				return parsers[0];
			}
			
			function getParserById(name) {
				var l = parsers.length;
				for(var i=0; i < l; i++) {
					if(parsers[i].id.toLowerCase() == name.toLowerCase()) {	
						return parsers[i];
					}
				}
				return false;
			}
			
			/* utils */
			function buildCache(table) {
				
				if(table.config.debug) { var cacheTime = new Date(); }
				
				
				var totalRows = (table.tBodies[0] && table.tBodies[0].rows.length) || 0,
					totalCells = (table.tBodies[0].rows[0] && table.tBodies[0].rows[0].cells.length) || 0,
					parsers = table.config.parsers, 
					cache = {row: [], normalized: []};
				
					for (var i=0;i < totalRows; ++i) {
					
						/** Add the table data to main data array */
						var c = table.tBodies[0].rows[i], cols = [];
					
						cache.row.push($(c));
						
						for(var j=0; j < totalCells; ++j) {
							cols.push(parsers[j].format(getElementText(table.config,c.cells[j]),table,c.cells[j]));	
						}
												
						cols.push(i); // add position for rowCache
						cache.normalized.push(cols);
						cols = null;
					};
				
				if(table.config.debug) { benchmark("Building cache for " + totalRows + " rows:", cacheTime); }
				
				return cache;
			};
			
			function getElementText(config,node) {
				
				if(!node) return "";
								
				var t = "";
				
				if(config.textExtraction == "simple") {
					if(node.childNodes[0] && node.childNodes[0].hasChildNodes()) {
						t = node.childNodes[0].innerHTML;
					} else {
						t = node.innerHTML;
					}
				} else {
					if(typeof(config.textExtraction) == "function") {
						t = config.textExtraction(node);
					} else { 
						t = $(node).text();
					}	
				}
				return t;
			}
			
			function appendToTable(table,cache) {
				
				if(table.config.debug) {var appendTime = new Date()}
				
				var c = cache, 
					r = c.row, 
					n= c.normalized, 
					totalRows = n.length, 
					checkCell = (n[0].length-1), 
					tableBody = $(table.tBodies[0]),
					rows = [];
				
				for (var i=0;i < totalRows; i++) {
					rows.push(r[n[i][checkCell]]);	
					if(!table.config.appender) {
						
						var o = r[n[i][checkCell]];
						var l = o.length;
						for(var j=0; j < l; j++) {
							
							tableBody[0].appendChild(o[j]);
						
						}
						
						//tableBody.append(r[n[i][checkCell]]);
					}
				}	
				
				if(table.config.appender) {
				
					table.config.appender(table,rows);	
				}
				
				rows = null;
				
				if(table.config.debug) { benchmark("Rebuilt table:", appendTime); }
								
				//apply table widgets
				applyWidget(table);
				
				// trigger sortend
				setTimeout(function() {
					$(table).trigger("sortEnd");	
				},0);
				
			};
			
			function buildHeaders(table) {
				
				if(table.config.debug) { var time = new Date(); }
				
				var meta = ($.metadata) ? true : false, tableHeadersRows = [];
			
				for(var i = 0; i < table.tHead.rows.length; i++) { tableHeadersRows[i]=0; };
				
				$tableHeaders = $("thead th",table);
		
				$tableHeaders.each(function(index) {
							
					this.count = 0;
					this.column = index;
					this.order = formatSortingOrder(table.config.sortInitialOrder);
					
					if(checkHeaderMetadata(this) || checkHeaderOptions(table,index)) this.sortDisabled = true;
					
					if(!this.sortDisabled) {
						$(this).addClass(table.config.cssHeader);
					}
					
					// add cell to headerList
					table.config.headerList[index]= this;
				});
				
				if(table.config.debug) { benchmark("Built headers:", time); log($tableHeaders); }
				
				return $tableHeaders;
				
			};
						
		   	function checkCellColSpan(table, rows, row) {
                var arr = [], r = table.tHead.rows, c = r[row].cells;
				
				for(var i=0; i < c.length; i++) {
					var cell = c[i];
					
					if ( cell.colSpan > 1) { 
						arr = arr.concat(checkCellColSpan(table, headerArr,row++));
					} else  {
						if(table.tHead.length == 1 || (cell.rowSpan > 1 || !r[row+1])) {
							arr.push(cell);
						}
						//headerArr[row] = (i+row);
					}
				}
				return arr;
			};
			
			function checkHeaderMetadata(cell) {
				if(($.metadata) && ($(cell).metadata().sorter === false)) { return true; };
				return false;
			}
			
			function checkHeaderOptions(table,i) {	
				if((table.config.headers[i]) && (table.config.headers[i].sorter === false)) { return true; };
				return false;
			}
			
			function applyWidget(table) {
				var c = table.config.widgets;
				var l = c.length;
				for(var i=0; i < l; i++) {
					
					getWidgetById(c[i]).format(table);
				}
				
			}
			
			function getWidgetById(name) {
				var l = widgets.length;
				for(var i=0; i < l; i++) {
					if(widgets[i].id.toLowerCase() == name.toLowerCase() ) {
						return widgets[i]; 
					}
				}
			};
			
			function formatSortingOrder(v) {
				
				if(typeof(v) != "Number") {
					i = (v.toLowerCase() == "desc") ? 1 : 0;
				} else {
					i = (v == (0 || 1)) ? v : 0;
				}
				return i;
			}
			
			function isValueInArray(v, a) {
				var l = a.length;
				for(var i=0; i < l; i++) {
					if(a[i][0] == v) {
						return true;	
					}
				}
				return false;
			}
				
			function setHeadersCss(table,$headers, list, css) {
				// remove all header information
				$headers.removeClass(css[0]).removeClass(css[1]);
				
				var h = [];
				$headers.each(function(offset) {
						if(!this.sortDisabled) {
							h[this.column] = $(this);					
						}
				});
				
				var l = list.length; 
				for(var i=0; i < l; i++) {
					h[list[i][0]].addClass(css[list[i][1]]);
				}
			}
			
			function fixColumnWidth(table,$headers) {
				var c = table.config;
				if(c.widthFixed) {
					var colgroup = $('<colgroup>');
					$("tr:first td",table.tBodies[0]).each(function() {
						colgroup.append($('<col>').css('width',$(this).width()));
					});
					$(table).prepend(colgroup);
				};
			}
			
			function updateHeaderSortCount(table,sortList) {
				var c = table.config, l = sortList.length;
				for(var i=0; i < l; i++) {
					var s = sortList[i], o = c.headerList[s[0]];
					o.count = s[1];
					o.count++;
				}
			}
			
			/* sorting methods */
			function multisort(table,sortList,cache) {
				
				if(table.config.debug) { var sortTime = new Date(); }
				
				var dynamicExp = "var sortWrapper = function(a,b) {", l = sortList.length;
					
				for(var i=0; i < l; i++) {
					
					var c = sortList[i][0];
					var order = sortList[i][1];
					var s = (getCachedSortType(table.config.parsers,c) == "text") ? ((order == 0) ? "sortText" : "sortTextDesc") : ((order == 0) ? "sortNumeric" : "sortNumericDesc");
					
					var e = "e" + i;
					
					dynamicExp += "var " + e + " = " + s + "(a[" + c + "],b[" + c + "]); ";
					dynamicExp += "if(" + e + ") { return " + e + "; } ";
					dynamicExp += "else { ";
				}
				
				// if value is the same keep orignal order	
				var orgOrderCol = cache.normalized[0].length - 1;
				dynamicExp += "return a[" + orgOrderCol + "]-b[" + orgOrderCol + "];";
						
				for(var i=0; i < l; i++) {
					dynamicExp += "}; ";
				}
				
				dynamicExp += "return 0; ";	
				dynamicExp += "}; ";	
				
				eval(dynamicExp);
				
				cache.normalized.sort(sortWrapper);
				
				if(table.config.debug) { benchmark("Sorting on " + sortList.toString() + " and dir " + order+ " time:", sortTime); }
				
				return cache;
			};
			
			function sortText(a,b) {
				return ((a < b) ? -1 : ((a > b) ? 1 : 0));
			};
			
			function sortTextDesc(a,b) {
				return ((b < a) ? -1 : ((b > a) ? 1 : 0));
			};	
			
	 		function sortNumeric(a,b) {
				return a-b;
			};
			
			function sortNumericDesc(a,b) {
				return b-a;
			};
			
			function getCachedSortType(parsers,i) {
				return parsers[i].type;
			};
			
			/* public methods */
			this.construct = function(settings) {

				return this.each(function() {
					
					if(!this.tHead || !this.tBodies) return;
					
					var $this, $document,$headers, cache, config, shiftDown = 0, sortOrder;
					
					this.config = {};
					
					config = $.extend(this.config, $.tablesorter.defaults, settings);
					
					// store common expression for speed					
					$this = $(this);
					
					// build headers
					$headers = buildHeaders(this);
					
					// try to auto detect column type, and store in tables config
					this.config.parsers = buildParserCache(this,$headers);
					
					
					// build the cache for the tbody cells
					cache = buildCache(this);
					
					// get the css class names, could be done else where.
					var sortCSS = [config.cssDesc,config.cssAsc];
					
					// fixate columns if the users supplies the fixedWidth option
					fixColumnWidth(this);
					
					// apply event handling to headers
					// this is to big, perhaps break it out?
					$headers.click(function(e) {
						
						$this.trigger("sortStart");
						
						var totalRows = ($this[0].tBodies[0] && $this[0].tBodies[0].rows.length) || 0;
						
						if(!this.sortDisabled && totalRows > 0) {
							
							
							// store exp, for speed
							var $cell = $(this);
	
							// get current column index
							var i = this.column;
							
							// get current column sort order
							this.order = this.count++ % 2;
							
							// user only whants to sort on one column
							if(!e[config.sortMultiSortKey]) {
								
								// flush the sort list
								config.sortList = [];
								
								if(config.sortForce != null) {
									var a = config.sortForce; 
									for(var j=0; j < a.length; j++) {
										if(a[j][0] != i) {
											config.sortList.push(a[j]);
										}
									}
								}
								
								// add column to sort list
								config.sortList.push([i,this.order]);
							
							// multi column sorting
							} else {
								// the user has clicked on an all ready sortet column.
								if(isValueInArray(i,config.sortList)) {	 
									
									// revers the sorting direction for all tables.
									for(var j=0; j < config.sortList.length; j++) {
										var s = config.sortList[j], o = config.headerList[s[0]];
										if(s[0] == i) {
											o.count = s[1];
											o.count++;
											s[1] = o.count % 2;
										}
									}	
								} else {
									// add column to sort list array
									config.sortList.push([i,this.order]);
								}
							};
							setTimeout(function() {
								//set css for headers
								setHeadersCss($this[0],$headers,config.sortList,sortCSS);
								appendToTable($this[0],multisort($this[0],config.sortList,cache));
							},1);
							// stop normal event by returning false
							return false;
						}
					// cancel selection	
					}).mousedown(function() {
						if(config.cancelSelection) {
							this.onselectstart = function() {return false};
							return false;
						}
					});
					
					// apply easy methods that trigger binded events
					$this.bind("update",function() {
						
						// rebuild parsers.
						this.config.parsers = buildParserCache(this,$headers);
						
						// rebuild the cache map
						cache = buildCache(this);
						
					}).bind("sorton",function(e,list) {
						
						$(this).trigger("sortStart");
						
						config.sortList = list;
						
						// update and store the sortlist
						var sortList = config.sortList;
						
						// update header count index
						updateHeaderSortCount(this,sortList);
						
						//set css for headers
						setHeadersCss(this,$headers,sortList,sortCSS);
						
						
						// sort the table and append it to the dom
						appendToTable(this,multisort(this,sortList,cache));

					}).bind("appendCache",function() {
						
						appendToTable(this,cache);
					
					}).bind("applyWidgetId",function(e,id) {
						
						getWidgetById(id).format(this);
						
					}).bind("applyWidgets",function() {
						// apply widgets
						applyWidget(this);
					});
					
					if($.metadata && ($(this).metadata() && $(this).metadata().sortlist)) {
						config.sortList = $(this).metadata().sortlist;
					}
					// if user has supplied a sort list to constructor.
					if(config.sortList.length > 0) {
						$this.trigger("sorton",[config.sortList]);	
					}
					
					// apply widgets
					applyWidget(this);
				});
			};
			
			this.addParser = function(parser) {
				var l = parsers.length, a = true;
				for(var i=0; i < l; i++) {
					if(parsers[i].id.toLowerCase() == parser.id.toLowerCase()) {
						a = false;
					}
				}
				if(a) { parsers.push(parser); };
			};
			
			this.addWidget = function(widget) {
				widgets.push(widget);
			};
			
			this.formatFloat = function(s) {
				var i = parseFloat(s);
				return (isNaN(i)) ? 0 : i;
			};
			this.formatInt = function(s) {
				var i = parseInt(s);
				return (isNaN(i)) ? 0 : i;
			};
			
			this.isDigit = function(s,config) {
				var DECIMAL = '\\' + config.decimal;
				var exp = '/(^[+]?0(' + DECIMAL +'0+)?$)|(^([-+]?[1-9][0-9]*)$)|(^([-+]?((0?|[1-9][0-9]*)' + DECIMAL +'(0*[1-9][0-9]*)))$)|(^[-+]?[1-9]+[0-9]*' + DECIMAL +'0+$)/';
				return RegExp(exp).test($.trim(s));
			};
			
			this.clearTableBody = function(table) {
				if($.browser.msie) {
					function empty() {
						while ( this.firstChild ) this.removeChild( this.firstChild );
					}
					empty.apply(table.tBodies[0]);
				} else {
					table.tBodies[0].innerHTML = "";
				}
			};
		}
	});
	
	// extend plugin scope
	$.fn.extend({
        tablesorter: $.tablesorter.construct
	});
	
	var ts = $.tablesorter;
	
	// add default parsers
	ts.addParser({
		id: "text",
		is: function(s) {
			return true;
		},
		format: function(s) {
			return $.trim(s.toLowerCase());
		},
		type: "text"
	});
	
	ts.addParser({
		id: "digit",
		is: function(s,table) {
			var c = table.config;
			return $.tablesorter.isDigit(s,c);
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s);
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "currency",
		is: function(s) {
			return /^[Â£$â�¬?.]/.test(s);
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s.replace(new RegExp(/[^0-9.]/g),""));
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "ipAddress",
		is: function(s) {
			return /^\d{2,3}[\.]\d{2,3}[\.]\d{2,3}[\.]\d{2,3}$/.test(s);
		},
		format: function(s) {
			var a = s.split("."), r = "", l = a.length;
			for(var i = 0; i < l; i++) {
				var item = a[i];
			   	if(item.length == 2) {
					r += "0" + item;
			   	} else {
					r += item;
			   	}
			}
			return $.tablesorter.formatFloat(r);
		},
		type: "numeric"
	});
	
	ts.addParser({
		id: "url",
		is: function(s) {
			return /^(https?|ftp|file):\/\/$/.test(s);
		},
		format: function(s) {
			return jQuery.trim(s.replace(new RegExp(/(https?|ftp|file):\/\//),''));
		},
		type: "text"
	});
	
	ts.addParser({
		id: "isoDate",
		is: function(s) {
			return /^\d{4}[\/-]\d{1,2}[\/-]\d{1,2}$/.test(s);
		},
		format: function(s) {
			return $.tablesorter.formatFloat((s != "") ? new Date(s.replace(new RegExp(/-/g),"/")).getTime() : "0");
		},
		type: "numeric"
	});
		
	ts.addParser({
		id: "percent",
		is: function(s) { 
			return /\%$/.test($.trim(s));
		},
		format: function(s) {
			return $.tablesorter.formatFloat(s.replace(new RegExp(/%/g),""));
		},
		type: "numeric"
	});

	ts.addParser({
		id: "usLongDate",
		is: function(s) {
			return s.match(new RegExp(/^[A-Za-z]{3,10}\.? [0-9]{1,2}, ([0-9]{4}|'?[0-9]{2}) (([0-2]?[0-9]:[0-5][0-9])|([0-1]?[0-9]:[0-5][0-9]\s(AM|PM)))$/));
		},
		format: function(s) {
			return $.tablesorter.formatFloat(new Date(s).getTime());
		},
		type: "numeric"
	});

	ts.addParser({
		id: "shortDate",
		is: function(s) {
			return /\d{1,2}[\/\-]\d{1,2}[\/\-]\d{2,4}/.test(s);
		},
		format: function(s,table) {
			var c = table.config;
			s = s.replace(/\-/g,"/");
			if(c.dateFormat == "us") {
				// reformat the string in ISO format
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{4})/, "$3/$1/$2");
			} else if(c.dateFormat == "uk") {
				//reformat the string in ISO format
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{4})/, "$3/$2/$1");
			} else if(c.dateFormat == "dd/mm/yy" || c.dateFormat == "dd-mm-yy") {
				s = s.replace(/(\d{1,2})[\/\-](\d{1,2})[\/\-](\d{2})/, "$1/$2/$3");	
			}
			return $.tablesorter.formatFloat(new Date(s).getTime());
		},
		type: "numeric"
	});

	ts.addParser({
	    id: "time",
	    is: function(s) {
	        return /^(([0-2]?[0-9]:[0-5][0-9])|([0-1]?[0-9]:[0-5][0-9]\s(am|pm)))$/.test(s);
	    },
	    format: function(s) {
	        return $.tablesorter.formatFloat(new Date("2000/01/01 " + s).getTime());
	    },
	  type: "numeric"
	});
	
	
	ts.addParser({
	    id: "metadata",
	    is: function(s) {
	        return false;
	    },
	    format: function(s,table,cell) {
			var c = table.config, p = (!c.parserMetadataName) ? 'sortValue' : c.parserMetadataName;
	        return $(cell).metadata()[p];
	    },
	  type: "numeric"
	});
	
	// add default widgets
	ts.addWidget({
		id: "zebra",
		format: function(table) {
			if(table.config.debug) { var time = new Date(); }
			$("tr:visible",table.tBodies[0])
	        .filter(':even')
	        .removeClass(table.config.widgetZebra.css[1]).addClass(table.config.widgetZebra.css[0])
	        .end().filter(':odd')
	        .removeClass(table.config.widgetZebra.css[0]).addClass(table.config.widgetZebra.css[1]);
			if(table.config.debug) { $.tablesorter.benchmark("Applying Zebra widget", time); }
		}
	});	
})(jQuery);



OPS/js/jquery-latest.js
/*!
 * jQuery JavaScript Library v1.4.2
 * http://jquery.com/
 *
 * Copyright 2010, John Resig
 * Dual licensed under the MIT or GPL Version 2 licenses.
 * http://jquery.org/license
 *
 * Includes Sizzle.js
 * http://sizzlejs.com/
 * Copyright 2010, The Dojo Foundation
 * Released under the MIT, BSD, and GPL Licenses.
 *
 * Date: Sat Feb 13 22:33:48 2010 -0500
 */
(function( window, undefined ) {

// Define a local copy of jQuery
var jQuery = function( selector, context ) {
		// The jQuery object is actually just the init constructor 'enhanced'
		return new jQuery.fn.init( selector, context );
	},

	// Map over jQuery in case of overwrite
	_jQuery = window.jQuery,

	// Map over the $ in case of overwrite
	_$ = window.$,

	// Use the correct document accordingly with window argument (sandbox)
	document = window.document,

	// A central reference to the root jQuery(document)
	rootjQuery,

	// A simple way to check for HTML strings or ID strings
	// (both of which we optimize for)
	quickExpr = /^[^<]*(<[\w\W]+>)[^>]*$|^#([\w-]+)$/,

	// Is it a simple selector
	isSimple = /^.[^:#\[\.,]*$/,

	// Check if a string has a non-whitespace character in it
	rnotwhite = /\S/,

	// Used for trimming whitespace
	rtrim = /^(\s|\u00A0)+|(\s|\u00A0)+$/g,

	// Match a standalone tag
	rsingleTag = /^<(\w+)\s*\/?>(?:<\/\1>)?$/,

	// Keep a UserAgent string for use with jQuery.browser
	userAgent = navigator.userAgent,

	// For matching the engine and version of the browser
	browserMatch,
	
	// Has the ready events already been bound?
	readyBound = false,
	
	// The functions to execute on DOM ready
	readyList = [],

	// The ready event handler
	DOMContentLoaded,

	// Save a reference to some core methods
	toString = Object.prototype.toString,
	hasOwnProperty = Object.prototype.hasOwnProperty,
	push = Array.prototype.push,
	slice = Array.prototype.slice,
	indexOf = Array.prototype.indexOf;

jQuery.fn = jQuery.prototype = {
	init: function( selector, context ) {
		var match, elem, ret, doc;

		// Handle $(""), $(null), or $(undefined)
		if ( !selector ) {
			return this;
		}

		// Handle $(DOMElement)
		if ( selector.nodeType ) {
			this.context = this[0] = selector;
			this.length = 1;
			return this;
		}
		
		// The body element only exists once, optimize finding it
		if ( selector === "body" && !context ) {
			this.context = document;
			this[0] = document.body;
			this.selector = "body";
			this.length = 1;
			return this;
		}

		// Handle HTML strings
		if ( typeof selector === "string" ) {
			// Are we dealing with HTML string or an ID?
			match = quickExpr.exec( selector );

			// Verify a match, and that no context was specified for #id
			if ( match && (match[1] || !context) ) {

				// HANDLE: $(html) -> $(array)
				if ( match[1] ) {
					doc = (context ? context.ownerDocument || context : document);

					// If a single string is passed in and it's a single tag
					// just do a createElement and skip the rest
					ret = rsingleTag.exec( selector );

					if ( ret ) {
						if ( jQuery.isPlainObject( context ) ) {
							selector = [ document.createElement( ret[1] ) ];
							jQuery.fn.attr.call( selector, context, true );

						} else {
							selector = [ doc.createElement( ret[1] ) ];
						}

					} else {
						ret = buildFragment( [ match[1] ], [ doc ] );
						selector = (ret.cacheable ? ret.fragment.cloneNode(true) : ret.fragment).childNodes;
					}
					
					return jQuery.merge( this, selector );
					
				// HANDLE: $("#id")
				} else {
					elem = document.getElementById( match[2] );

					if ( elem ) {
						// Handle the case where IE and Opera return items
						// by name instead of ID
						if ( elem.id !== match[2] ) {
							return rootjQuery.find( selector );
						}

						// Otherwise, we inject the element directly into the jQuery object
						this.length = 1;
						this[0] = elem;
					}

					this.context = document;
					this.selector = selector;
					return this;
				}

			// HANDLE: $("TAG")
			} else if ( !context && /^\w+$/.test( selector ) ) {
				this.selector = selector;
				this.context = document;
				selector = document.getElementsByTagName( selector );
				return jQuery.merge( this, selector );

			// HANDLE: $(expr, $(...))
			} else if ( !context || context.jquery ) {
				return (context || rootjQuery).find( selector );

			// HANDLE: $(expr, context)
			// (which is just equivalent to: $(context).find(expr)
			} else {
				return jQuery( context ).find( selector );
			}

		// HANDLE: $(function)
		// Shortcut for document ready
		} else if ( jQuery.isFunction( selector ) ) {
			return rootjQuery.ready( selector );
		}

		if (selector.selector !== undefined) {
			this.selector = selector.selector;
			this.context = selector.context;
		}

		return jQuery.makeArray( selector, this );
	},

	// Start with an empty selector
	selector: "",

	// The current version of jQuery being used
	jquery: "1.4.2",

	// The default length of a jQuery object is 0
	length: 0,

	// The number of elements contained in the matched element set
	size: function() {
		return this.length;
	},

	toArray: function() {
		return slice.call( this, 0 );
	},

	// Get the Nth element in the matched element set OR
	// Get the whole matched element set as a clean array
	get: function( num ) {
		return num == null ?

			// Return a 'clean' array
			this.toArray() :

			// Return just the object
			( num < 0 ? this.slice(num)[ 0 ] : this[ num ] );
	},

	// Take an array of elements and push it onto the stack
	// (returning the new matched element set)
	pushStack: function( elems, name, selector ) {
		// Build a new jQuery matched element set
		var ret = jQuery();

		if ( jQuery.isArray( elems ) ) {
			push.apply( ret, elems );
		
		} else {
			jQuery.merge( ret, elems );
		}

		// Add the old object onto the stack (as a reference)
		ret.prevObject = this;

		ret.context = this.context;

		if ( name === "find" ) {
			ret.selector = this.selector + (this.selector ? " " : "") + selector;
		} else if ( name ) {
			ret.selector = this.selector + "." + name + "(" + selector + ")";
		}

		// Return the newly-formed element set
		return ret;
	},

	// Execute a callback for every element in the matched set.
	// (You can seed the arguments with an array of args, but this is
	// only used internally.)
	each: function( callback, args ) {
		return jQuery.each( this, callback, args );
	},
	
	ready: function( fn ) {
		// Attach the listeners
		jQuery.bindReady();

		// If the DOM is already ready
		if ( jQuery.isReady ) {
			// Execute the function immediately
			fn.call( document, jQuery );

		// Otherwise, remember the function for later
		} else if ( readyList ) {
			// Add the function to the wait list
			readyList.push( fn );
		}

		return this;
	},
	
	eq: function( i ) {
		return i === -1 ?
			this.slice( i ) :
			this.slice( i, +i + 1 );
	},

	first: function() {
		return this.eq( 0 );
	},

	last: function() {
		return this.eq( -1 );
	},

	slice: function() {
		return this.pushStack( slice.apply( this, arguments ),
			"slice", slice.call(arguments).join(",") );
	},

	map: function( callback ) {
		return this.pushStack( jQuery.map(this, function( elem, i ) {
			return callback.call( elem, i, elem );
		}));
	},
	
	end: function() {
		return this.prevObject || jQuery(null);
	},

	// For internal use only.
	// Behaves like an Array's method, not like a jQuery method.
	push: push,
	sort: [].sort,
	splice: [].splice
};

// Give the init function the jQuery prototype for later instantiation
jQuery.fn.init.prototype = jQuery.fn;

jQuery.extend = jQuery.fn.extend = function() {
	// copy reference to target object
	var target = arguments[0] || {}, i = 1, length = arguments.length, deep = false, options, name, src, copy;

	// Handle a deep copy situation
	if ( typeof target === "boolean" ) {
		deep = target;
		target = arguments[1] || {};
		// skip the boolean and the target
		i = 2;
	}

	// Handle case when target is a string or something (possible in deep copy)
	if ( typeof target !== "object" && !jQuery.isFunction(target) ) {
		target = {};
	}

	// extend jQuery itself if only one argument is passed
	if ( length === i ) {
		target = this;
		--i;
	}

	for ( ; i < length; i++ ) {
		// Only deal with non-null/undefined values
		if ( (options = arguments[ i ]) != null ) {
			// Extend the base object
			for ( name in options ) {
				src = target[ name ];
				copy = options[ name ];

				// Prevent never-ending loop
				if ( target === copy ) {
					continue;
				}

				// Recurse if we're merging object literal values or arrays
				if ( deep && copy && ( jQuery.isPlainObject(copy) || jQuery.isArray(copy) ) ) {
					var clone = src && ( jQuery.isPlainObject(src) || jQuery.isArray(src) ) ? src
						: jQuery.isArray(copy) ? [] : {};

					// Never move original objects, clone them
					target[ name ] = jQuery.extend( deep, clone, copy );

				// Don't bring in undefined values
				} else if ( copy !== undefined ) {
					target[ name ] = copy;
				}
			}
		}
	}

	// Return the modified object
	return target;
};

jQuery.extend({
	noConflict: function( deep ) {
		window.$ = _$;

		if ( deep ) {
			window.jQuery = _jQuery;
		}

		return jQuery;
	},
	
	// Is the DOM ready to be used? Set to true once it occurs.
	isReady: false,
	
	// Handle when the DOM is ready
	ready: function() {
		// Make sure that the DOM is not already loaded
		if ( !jQuery.isReady ) {
			// Make sure body exists, at least, in case IE gets a little overzealous (ticket #5443).
			if ( !document.body ) {
				return setTimeout( jQuery.ready, 13 );
			}

			// Remember that the DOM is ready
			jQuery.isReady = true;

			// If there are functions bound, to execute
			if ( readyList ) {
				// Execute all of them
				var fn, i = 0;
				while ( (fn = readyList[ i++ ]) ) {
					fn.call( document, jQuery );
				}

				// Reset the list of functions
				readyList = null;
			}

			// Trigger any bound ready events
			if ( jQuery.fn.triggerHandler ) {
				jQuery( document ).triggerHandler( "ready" );
			}
		}
	},
	
	bindReady: function() {
		if ( readyBound ) {
			return;
		}

		readyBound = true;

		// Catch cases where $(document).ready() is called after the
		// browser event has already occurred.
		if ( document.readyState === "complete" ) {
			return jQuery.ready();
		}

		// Mozilla, Opera and webkit nightlies currently support this event
		if ( document.addEventListener ) {
			// Use the handy event callback
			document.addEventListener( "DOMContentLoaded", DOMContentLoaded, false );
			
			// A fallback to window.onload, that will always work
			window.addEventListener( "load", jQuery.ready, false );

		// If IE event model is used
		} else if ( document.attachEvent ) {
			// ensure firing before onload,
			// maybe late but safe also for iframes
			document.attachEvent("onreadystatechange", DOMContentLoaded);
			
			// A fallback to window.onload, that will always work
			window.attachEvent( "onload", jQuery.ready );

			// If IE and not a frame
			// continually check to see if the document is ready
			var toplevel = false;

			try {
				toplevel = window.frameElement == null;
			} catch(e) {}

			if ( document.documentElement.doScroll && toplevel ) {
				doScrollCheck();
			}
		}
	},

	// See test/unit/core.js for details concerning isFunction.
	// Since version 1.3, DOM methods and functions like alert
	// aren't supported. They return false on IE (#2968).
	isFunction: function( obj ) {
		return toString.call(obj) === "[object Function]";
	},

	isArray: function( obj ) {
		return toString.call(obj) === "[object Array]";
	},

	isPlainObject: function( obj ) {
		// Must be an Object.
		// Because of IE, we also have to check the presence of the constructor property.
		// Make sure that DOM nodes and window objects don't pass through, as well
		if ( !obj || toString.call(obj) !== "[object Object]" || obj.nodeType || obj.setInterval ) {
			return false;
		}
		
		// Not own constructor property must be Object
		if ( obj.constructor
			&& !hasOwnProperty.call(obj, "constructor")
			&& !hasOwnProperty.call(obj.constructor.prototype, "isPrototypeOf") ) {
			return false;
		}
		
		// Own properties are enumerated firstly, so to speed up,
		// if last one is own, then all properties are own.
	
		var key;
		for ( key in obj ) {}
		
		return key === undefined || hasOwnProperty.call( obj, key );
	},

	isEmptyObject: function( obj ) {
		for ( var name in obj ) {
			return false;
		}
		return true;
	},
	
	error: function( msg ) {
		throw msg;
	},
	
	parseJSON: function( data ) {
		if ( typeof data !== "string" || !data ) {
			return null;
		}

		// Make sure leading/trailing whitespace is removed (IE can't handle it)
		data = jQuery.trim( data );
		
		// Make sure the incoming data is actual JSON
		// Logic borrowed from http://json.org/json2.js
		if ( /^[\],:{}\s]*$/.test(data.replace(/\\(?:["\\\/bfnrt]|u[0-9a-fA-F]{4})/g, "@")
			.replace(/"[^"\\\n\r]*"|true|false|null|-?\d+(?:\.\d*)?(?:[eE][+\-]?\d+)?/g, "]")
			.replace(/(?:^|:|,)(?:\s*\[)+/g, "")) ) {

			// Try to use the native JSON parser first
			return window.JSON && window.JSON.parse ?
				window.JSON.parse( data ) :
				(new Function("return " + data))();

		} else {
			jQuery.error( "Invalid JSON: " + data );
		}
	},

	noop: function() {},

	// Evalulates a script in a global context
	globalEval: function( data ) {
		if ( data && rnotwhite.test(data) ) {
			// Inspired by code by Andrea Giammarchi
			// http://webreflection.blogspot.com/2007/08/global-scope-evaluation-and-dom.html
			var head = document.getElementsByTagName("head")[0] || document.documentElement,
				script = document.createElement("script");

			script.type = "text/javascript";

			if ( jQuery.support.scriptEval ) {
				script.appendChild( document.createTextNode( data ) );
			} else {
				script.text = data;
			}

			// Use insertBefore instead of appendChild to circumvent an IE6 bug.
			// This arises when a base node is used (#2709).
			head.insertBefore( script, head.firstChild );
			head.removeChild( script );
		}
	},

	nodeName: function( elem, name ) {
		return elem.nodeName && elem.nodeName.toUpperCase() === name.toUpperCase();
	},

	// args is for internal usage only
	each: function( object, callback, args ) {
		var name, i = 0,
			length = object.length,
			isObj = length === undefined || jQuery.isFunction(object);

		if ( args ) {
			if ( isObj ) {
				for ( name in object ) {
					if ( callback.apply( object[ name ], args ) === false ) {
						break;
					}
				}
			} else {
				for ( ; i < length; ) {
					if ( callback.apply( object[ i++ ], args ) === false ) {
						break;
					}
				}
			}

		// A special, fast, case for the most common use of each
		} else {
			if ( isObj ) {
				for ( name in object ) {
					if ( callback.call( object[ name ], name, object[ name ] ) === false ) {
						break;
					}
				}
			} else {
				for ( var value = object[0];
					i < length && callback.call( value, i, value ) !== false; value = object[++i] ) {}
			}
		}

		return object;
	},

	trim: function( text ) {
		return (text || "").replace( rtrim, "" );
	},

	// results is for internal usage only
	makeArray: function( array, results ) {
		var ret = results || [];

		if ( array != null ) {
			// The window, strings (and functions) also have 'length'
			// The extra typeof function check is to prevent crashes
			// in Safari 2 (See: #3039)
			if ( array.length == null || typeof array === "string" || jQuery.isFunction(array) || (typeof array !== "function" && array.setInterval) ) {
				push.call( ret, array );
			} else {
				jQuery.merge( ret, array );
			}
		}

		return ret;
	},

	inArray: function( elem, array ) {
		if ( array.indexOf ) {
			return array.indexOf( elem );
		}

		for ( var i = 0, length = array.length; i < length; i++ ) {
			if ( array[ i ] === elem ) {
				return i;
			}
		}

		return -1;
	},

	merge: function( first, second ) {
		var i = first.length, j = 0;

		if ( typeof second.length === "number" ) {
			for ( var l = second.length; j < l; j++ ) {
				first[ i++ ] = second[ j ];
			}
		
		} else {
			while ( second[j] !== undefined ) {
				first[ i++ ] = second[ j++ ];
			}
		}

		first.length = i;

		return first;
	},

	grep: function( elems, callback, inv ) {
		var ret = [];

		// Go through the array, only saving the items
		// that pass the validator function
		for ( var i = 0, length = elems.length; i < length; i++ ) {
			if ( !inv !== !callback( elems[ i ], i ) ) {
				ret.push( elems[ i ] );
			}
		}

		return ret;
	},

	// arg is for internal usage only
	map: function( elems, callback, arg ) {
		var ret = [], value;

		// Go through the array, translating each of the items to their
		// new value (or values).
		for ( var i = 0, length = elems.length; i < length; i++ ) {
			value = callback( elems[ i ], i, arg );

			if ( value != null ) {
				ret[ ret.length ] = value;
			}
		}

		return ret.concat.apply( [], ret );
	},

	// A global GUID counter for objects
	guid: 1,

	proxy: function( fn, proxy, thisObject ) {
		if ( arguments.length === 2 ) {
			if ( typeof proxy === "string" ) {
				thisObject = fn;
				fn = thisObject[ proxy ];
				proxy = undefined;

			} else if ( proxy && !jQuery.isFunction( proxy ) ) {
				thisObject = proxy;
				proxy = undefined;
			}
		}

		if ( !proxy && fn ) {
			proxy = function() {
				return fn.apply( thisObject || this, arguments );
			};
		}

		// Set the guid of unique handler to the same of original handler, so it can be removed
		if ( fn ) {
			proxy.guid = fn.guid = fn.guid || proxy.guid || jQuery.guid++;
		}

		// So proxy can be declared as an argument
		return proxy;
	},

	// Use of jQuery.browser is frowned upon.
	// More details: http://docs.jquery.com/Utilities/jQuery.browser
	uaMatch: function( ua ) {
		ua = ua.toLowerCase();

		var match = /(webkit)[ \/]([\w.]+)/.exec( ua ) ||
			/(opera)(?:.*version)?[ \/]([\w.]+)/.exec( ua ) ||
			/(msie) ([\w.]+)/.exec( ua ) ||
			!/compatible/.test( ua ) && /(mozilla)(?:.*? rv:([\w.]+))?/.exec( ua ) ||
		  	[];

		return { browser: match[1] || "", version: match[2] || "0" };
	},

	browser: {}
});

browserMatch = jQuery.uaMatch( userAgent );
if ( browserMatch.browser ) {
	jQuery.browser[ browserMatch.browser ] = true;
	jQuery.browser.version = browserMatch.version;
}

// Deprecated, use jQuery.browser.webkit instead
if ( jQuery.browser.webkit ) {
	jQuery.browser.safari = true;
}

if ( indexOf ) {
	jQuery.inArray = function( elem, array ) {
		return indexOf.call( array, elem );
	};
}

// All jQuery objects should point back to these
rootjQuery = jQuery(document);

// Cleanup functions for the document ready method
if ( document.addEventListener ) {
	DOMContentLoaded = function() {
		document.removeEventListener( "DOMContentLoaded", DOMContentLoaded, false );
		jQuery.ready();
	};

} else if ( document.attachEvent ) {
	DOMContentLoaded = function() {
		// Make sure body exists, at least, in case IE gets a little overzealous (ticket #5443).
		if ( document.readyState === "complete" ) {
			document.detachEvent( "onreadystatechange", DOMContentLoaded );
			jQuery.ready();
		}
	};
}

// The DOM ready check for Internet Explorer
function doScrollCheck() {
	if ( jQuery.isReady ) {
		return;
	}

	try {
		// If IE is used, use the trick by Diego Perini
		// http://javascript.nwbox.com/IEContentLoaded/
		document.documentElement.doScroll("left");
	} catch( error ) {
		setTimeout( doScrollCheck, 1 );
		return;
	}

	// and execute any waiting functions
	jQuery.ready();
}

function evalScript( i, elem ) {
	if ( elem.src ) {
		jQuery.ajax({
			url: elem.src,
			async: false,
			dataType: "script"
		});
	} else {
		jQuery.globalEval( elem.text || elem.textContent || elem.innerHTML || "" );
	}

	if ( elem.parentNode ) {
		elem.parentNode.removeChild( elem );
	}
}

// Mutifunctional method to get and set values to a collection
// The value/s can be optionally by executed if its a function
function access( elems, key, value, exec, fn, pass ) {
	var length = elems.length;
	
	// Setting many attributes
	if ( typeof key === "object" ) {
		for ( var k in key ) {
			access( elems, k, key[k], exec, fn, value );
		}
		return elems;
	}
	
	// Setting one attribute
	if ( value !== undefined ) {
		// Optionally, function values get executed if exec is true
		exec = !pass && exec && jQuery.isFunction(value);
		
		for ( var i = 0; i < length; i++ ) {
			fn( elems[i], key, exec ? value.call( elems[i], i, fn( elems[i], key ) ) : value, pass );
		}
		
		return elems;
	}
	
	// Getting an attribute
	return length ? fn( elems[0], key ) : undefined;
}

function now() {
	return (new Date).getTime();
}
(function() {

	jQuery.support = {};

	var root = document.documentElement,
		script = document.createElement("script"),
		div = document.createElement("div"),
		id = "script" + now();

	div.style.display = "none";
	div.innerHTML = "   <link/><table></table><a href='/a' style='color:red;float:left;opacity:.55;'>a</a><input type='checkbox'/>";

	var all = div.getElementsByTagName("*"),
		a = div.getElementsByTagName("a")[0];

	// Can't get basic test support
	if ( !all || !all.length || !a ) {
		return;
	}

	jQuery.support = {
		// IE strips leading whitespace when .innerHTML is used
		leadingWhitespace: div.firstChild.nodeType === 3,

		// Make sure that tbody elements aren't automatically inserted
		// IE will insert them into empty tables
		tbody: !div.getElementsByTagName("tbody").length,

		// Make sure that link elements get serialized correctly by innerHTML
		// This requires a wrapper element in IE
		htmlSerialize: !!div.getElementsByTagName("link").length,

		// Get the style information from getAttribute
		// (IE uses .cssText insted)
		style: /red/.test( a.getAttribute("style") ),

		// Make sure that URLs aren't manipulated
		// (IE normalizes it by default)
		hrefNormalized: a.getAttribute("href") === "/a",

		// Make sure that element opacity exists
		// (IE uses filter instead)
		// Use a regex to work around a WebKit issue. See #5145
		opacity: /^0.55$/.test( a.style.opacity ),

		// Verify style float existence
		// (IE uses styleFloat instead of cssFloat)
		cssFloat: !!a.style.cssFloat,

		// Make sure that if no value is specified for a checkbox
		// that it defaults to "on".
		// (WebKit defaults to "" instead)
		checkOn: div.getElementsByTagName("input")[0].value === "on",

		// Make sure that a selected-by-default option has a working selected property.
		// (WebKit defaults to false instead of true, IE too, if it's in an optgroup)
		optSelected: document.createElement("select").appendChild( document.createElement("option") ).selected,

		parentNode: div.removeChild( div.appendChild( document.createElement("div") ) ).parentNode === null,

		// Will be defined later
		deleteExpando: true,
		checkClone: false,
		scriptEval: false,
		noCloneEvent: true,
		boxModel: null
	};

	script.type = "text/javascript";
	try {
		script.appendChild( document.createTextNode( "window." + id + "=1;" ) );
	} catch(e) {}

	root.insertBefore( script, root.firstChild );

	// Make sure that the execution of code works by injecting a script
	// tag with appendChild/createTextNode
	// (IE doesn't support this, fails, and uses .text instead)
	if ( window[ id ] ) {
		jQuery.support.scriptEval = true;
		delete window[ id ];
	}

	// Test to see if it's possible to delete an expando from an element
	// Fails in Internet Explorer
	try {
		delete script.test;
	
	} catch(e) {
		jQuery.support.deleteExpando = false;
	}

	root.removeChild( script );

	if ( div.attachEvent && div.fireEvent ) {
		div.attachEvent("onclick", function click() {
			// Cloning a node shouldn't copy over any
			// bound event handlers (IE does this)
			jQuery.support.noCloneEvent = false;
			div.detachEvent("onclick", click);
		});
		div.cloneNode(true).fireEvent("onclick");
	}

	div = document.createElement("div");
	div.innerHTML = "<input type='radio' name='radiotest' checked='checked'/>";

	var fragment = document.createDocumentFragment();
	fragment.appendChild( div.firstChild );

	// WebKit doesn't clone checked state correctly in fragments
	jQuery.support.checkClone = fragment.cloneNode(true).cloneNode(true).lastChild.checked;

	// Figure out if the W3C box model works as expected
	// document.body must exist before we can do this
	jQuery(function() {
		var div = document.createElement("div");
		div.style.width = div.style.paddingLeft = "1px";

		document.body.appendChild( div );
		jQuery.boxModel = jQuery.support.boxModel = div.offsetWidth === 2;
		document.body.removeChild( div ).style.display = 'none';

		div = null;
	});

	// Technique from Juriy Zaytsev
	// http://thinkweb2.com/projects/prototype/detecting-event-support-without-browser-sniffing/
	var eventSupported = function( eventName ) { 
		var el = document.createElement("div"); 
		eventName = "on" + eventName; 

		var isSupported = (eventName in el); 
		if ( !isSupported ) { 
			el.setAttribute(eventName, "return;"); 
			isSupported = typeof el[eventName] === "function"; 
		} 
		el = null; 

		return isSupported; 
	};
	
	jQuery.support.submitBubbles = eventSupported("submit");
	jQuery.support.changeBubbles = eventSupported("change");

	// release memory in IE
	root = script = div = all = a = null;
})();

jQuery.props = {
	"for": "htmlFor",
	"class": "className",
	readonly: "readOnly",
	maxlength: "maxLength",
	cellspacing: "cellSpacing",
	rowspan: "rowSpan",
	colspan: "colSpan",
	tabindex: "tabIndex",
	usemap: "useMap",
	frameborder: "frameBorder"
};
var expando = "jQuery" + now(), uuid = 0, windowData = {};

jQuery.extend({
	cache: {},
	
	expando:expando,

	// The following elements throw uncatchable exceptions if you
	// attempt to add expando properties to them.
	noData: {
		"embed": true,
		"object": true,
		"applet": true
	},

	data: function( elem, name, data ) {
		if ( elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()] ) {
			return;
		}

		elem = elem == window ?
			windowData :
			elem;

		var id = elem[ expando ], cache = jQuery.cache, thisCache;

		if ( !id && typeof name === "string" && data === undefined ) {
			return null;
		}

		// Compute a unique ID for the element
		if ( !id ) { 
			id = ++uuid;
		}

		// Avoid generating a new cache unless none exists and we
		// want to manipulate it.
		if ( typeof name === "object" ) {
			elem[ expando ] = id;
			thisCache = cache[ id ] = jQuery.extend(true, {}, name);

		} else if ( !cache[ id ] ) {
			elem[ expando ] = id;
			cache[ id ] = {};
		}

		thisCache = cache[ id ];

		// Prevent overriding the named cache with undefined values
		if ( data !== undefined ) {
			thisCache[ name ] = data;
		}

		return typeof name === "string" ? thisCache[ name ] : thisCache;
	},

	removeData: function( elem, name ) {
		if ( elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()] ) {
			return;
		}

		elem = elem == window ?
			windowData :
			elem;

		var id = elem[ expando ], cache = jQuery.cache, thisCache = cache[ id ];

		// If we want to remove a specific section of the element's data
		if ( name ) {
			if ( thisCache ) {
				// Remove the section of cache data
				delete thisCache[ name ];

				// If we've removed all the data, remove the element's cache
				if ( jQuery.isEmptyObject(thisCache) ) {
					jQuery.removeData( elem );
				}
			}

		// Otherwise, we want to remove all of the element's data
		} else {
			if ( jQuery.support.deleteExpando ) {
				delete elem[ jQuery.expando ];

			} else if ( elem.removeAttribute ) {
				elem.removeAttribute( jQuery.expando );
			}

			// Completely remove the data cache
			delete cache[ id ];
		}
	}
});

jQuery.fn.extend({
	data: function( key, value ) {
		if ( typeof key === "undefined" && this.length ) {
			return jQuery.data( this[0] );

		} else if ( typeof key === "object" ) {
			return this.each(function() {
				jQuery.data( this, key );
			});
		}

		var parts = key.split(".");
		parts[1] = parts[1] ? "." + parts[1] : "";

		if ( value === undefined ) {
			var data = this.triggerHandler("getData" + parts[1] + "!", [parts[0]]);

			if ( data === undefined && this.length ) {
				data = jQuery.data( this[0], key );
			}
			return data === undefined && parts[1] ?
				this.data( parts[0] ) :
				data;
		} else {
			return this.trigger("setData" + parts[1] + "!", [parts[0], value]).each(function() {
				jQuery.data( this, key, value );
			});
		}
	},

	removeData: function( key ) {
		return this.each(function() {
			jQuery.removeData( this, key );
		});
	}
});
jQuery.extend({
	queue: function( elem, type, data ) {
		if ( !elem ) {
			return;
		}

		type = (type || "fx") + "queue";
		var q = jQuery.data( elem, type );

		// Speed up dequeue by getting out quickly if this is just a lookup
		if ( !data ) {
			return q || [];
		}

		if ( !q || jQuery.isArray(data) ) {
			q = jQuery.data( elem, type, jQuery.makeArray(data) );

		} else {
			q.push( data );
		}

		return q;
	},

	dequeue: function( elem, type ) {
		type = type || "fx";

		var queue = jQuery.queue( elem, type ), fn = queue.shift();

		// If the fx queue is dequeued, always remove the progress sentinel
		if ( fn === "inprogress" ) {
			fn = queue.shift();
		}

		if ( fn ) {
			// Add a progress sentinel to prevent the fx queue from being
			// automatically dequeued
			if ( type === "fx" ) {
				queue.unshift("inprogress");
			}

			fn.call(elem, function() {
				jQuery.dequeue(elem, type);
			});
		}
	}
});

jQuery.fn.extend({
	queue: function( type, data ) {
		if ( typeof type !== "string" ) {
			data = type;
			type = "fx";
		}

		if ( data === undefined ) {
			return jQuery.queue( this[0], type );
		}
		return this.each(function( i, elem ) {
			var queue = jQuery.queue( this, type, data );

			if ( type === "fx" && queue[0] !== "inprogress" ) {
				jQuery.dequeue( this, type );
			}
		});
	},
	dequeue: function( type ) {
		return this.each(function() {
			jQuery.dequeue( this, type );
		});
	},

	// Based off of the plugin by Clint Helfers, with permission.
	// http://blindsignals.com/index.php/2009/07/jquery-delay/
	delay: function( time, type ) {
		time = jQuery.fx ? jQuery.fx.speeds[time] || time : time;
		type = type || "fx";

		return this.queue( type, function() {
			var elem = this;
			setTimeout(function() {
				jQuery.dequeue( elem, type );
			}, time );
		});
	},

	clearQueue: function( type ) {
		return this.queue( type || "fx", [] );
	}
});
var rclass = /[\n\t]/g,
	rspace = /\s+/,
	rreturn = /\r/g,
	rspecialurl = /href|src|style/,
	rtype = /(button|input)/i,
	rfocusable = /(button|input|object|select|textarea)/i,
	rclickable = /^(a|area)$/i,
	rradiocheck = /radio|checkbox/;

jQuery.fn.extend({
	attr: function( name, value ) {
		return access( this, name, value, true, jQuery.attr );
	},

	removeAttr: function( name, fn ) {
		return this.each(function(){
			jQuery.attr( this, name, "" );
			if ( this.nodeType === 1 ) {
				this.removeAttribute( name );
			}
		});
	},

	addClass: function( value ) {
		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.addClass( value.call(this, i, self.attr("class")) );
			});
		}

		if ( value && typeof value === "string" ) {
			var classNames = (value || "").split( rspace );

			for ( var i = 0, l = this.length; i < l; i++ ) {
				var elem = this[i];

				if ( elem.nodeType === 1 ) {
					if ( !elem.className ) {
						elem.className = value;

					} else {
						var className = " " + elem.className + " ", setClass = elem.className;
						for ( var c = 0, cl = classNames.length; c < cl; c++ ) {
							if ( className.indexOf( " " + classNames[c] + " " ) < 0 ) {
								setClass += " " + classNames[c];
							}
						}
						elem.className = jQuery.trim( setClass );
					}
				}
			}
		}

		return this;
	},

	removeClass: function( value ) {
		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.removeClass( value.call(this, i, self.attr("class")) );
			});
		}

		if ( (value && typeof value === "string") || value === undefined ) {
			var classNames = (value || "").split(rspace);

			for ( var i = 0, l = this.length; i < l; i++ ) {
				var elem = this[i];

				if ( elem.nodeType === 1 && elem.className ) {
					if ( value ) {
						var className = (" " + elem.className + " ").replace(rclass, " ");
						for ( var c = 0, cl = classNames.length; c < cl; c++ ) {
							className = className.replace(" " + classNames[c] + " ", " ");
						}
						elem.className = jQuery.trim( className );

					} else {
						elem.className = "";
					}
				}
			}
		}

		return this;
	},

	toggleClass: function( value, stateVal ) {
		var type = typeof value, isBool = typeof stateVal === "boolean";

		if ( jQuery.isFunction( value ) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.toggleClass( value.call(this, i, self.attr("class"), stateVal), stateVal );
			});
		}

		return this.each(function() {
			if ( type === "string" ) {
				// toggle individual class names
				var className, i = 0, self = jQuery(this),
					state = stateVal,
					classNames = value.split( rspace );

				while ( (className = classNames[ i++ ]) ) {
					// check each className given, space seperated list
					state = isBool ? state : !self.hasClass( className );
					self[ state ? "addClass" : "removeClass" ]( className );
				}

			} else if ( type === "undefined" || type === "boolean" ) {
				if ( this.className ) {
					// store className if set
					jQuery.data( this, "__className__", this.className );
				}

				// toggle whole className
				this.className = this.className || value === false ? "" : jQuery.data( this, "__className__" ) || "";
			}
		});
	},

	hasClass: function( selector ) {
		var className = " " + selector + " ";
		for ( var i = 0, l = this.length; i < l; i++ ) {
			if ( (" " + this[i].className + " ").replace(rclass, " ").indexOf( className ) > -1 ) {
				return true;
			}
		}

		return false;
	},

	val: function( value ) {
		if ( value === undefined ) {
			var elem = this[0];

			if ( elem ) {
				if ( jQuery.nodeName( elem, "option" ) ) {
					return (elem.attributes.value || {}).specified ? elem.value : elem.text;
				}

				// We need to handle select boxes special
				if ( jQuery.nodeName( elem, "select" ) ) {
					var index = elem.selectedIndex,
						values = [],
						options = elem.options,
						one = elem.type === "select-one";

					// Nothing was selected
					if ( index < 0 ) {
						return null;
					}

					// Loop through all the selected options
					for ( var i = one ? index : 0, max = one ? index + 1 : options.length; i < max; i++ ) {
						var option = options[ i ];

						if ( option.selected ) {
							// Get the specifc value for the option
							value = jQuery(option).val();

							// We don't need an array for one selects
							if ( one ) {
								return value;
							}

							// Multi-Selects return an array
							values.push( value );
						}
					}

					return values;
				}

				// Handle the case where in Webkit "" is returned instead of "on" if a value isn't specified
				if ( rradiocheck.test( elem.type ) && !jQuery.support.checkOn ) {
					return elem.getAttribute("value") === null ? "on" : elem.value;
				}
				

				// Everything else, we just grab the value
				return (elem.value || "").replace(rreturn, "");

			}

			return undefined;
		}

		var isFunction = jQuery.isFunction(value);

		return this.each(function(i) {
			var self = jQuery(this), val = value;

			if ( this.nodeType !== 1 ) {
				return;
			}

			if ( isFunction ) {
				val = value.call(this, i, self.val());
			}

			// Typecast each time if the value is a Function and the appended
			// value is therefore different each time.
			if ( typeof val === "number" ) {
				val += "";
			}

			if ( jQuery.isArray(val) && rradiocheck.test( this.type ) ) {
				this.checked = jQuery.inArray( self.val(), val ) >= 0;

			} else if ( jQuery.nodeName( this, "select" ) ) {
				var values = jQuery.makeArray(val);

				jQuery( "option", this ).each(function() {
					this.selected = jQuery.inArray( jQuery(this).val(), values ) >= 0;
				});

				if ( !values.length ) {
					this.selectedIndex = -1;
				}

			} else {
				this.value = val;
			}
		});
	}
});

jQuery.extend({
	attrFn: {
		val: true,
		css: true,
		html: true,
		text: true,
		data: true,
		width: true,
		height: true,
		offset: true
	},
		
	attr: function( elem, name, value, pass ) {
		// don't set attributes on text and comment nodes
		if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
			return undefined;
		}

		if ( pass && name in jQuery.attrFn ) {
			return jQuery(elem)[name](value);
		}

		var notxml = elem.nodeType !== 1 || !jQuery.isXMLDoc( elem ),
			// Whether we are setting (or getting)
			set = value !== undefined;

		// Try to normalize/fix the name
		name = notxml && jQuery.props[ name ] || name;

		// Only do all the following if this is a node (faster for style)
		if ( elem.nodeType === 1 ) {
			// These attributes require special treatment
			var special = rspecialurl.test( name );

			// Safari mis-reports the default selected property of an option
			// Accessing the parent's selectedIndex property fixes it
			if ( name === "selected" && !jQuery.support.optSelected ) {
				var parent = elem.parentNode;
				if ( parent ) {
					parent.selectedIndex;
	
					// Make sure that it also works with optgroups, see #5701
					if ( parent.parentNode ) {
						parent.parentNode.selectedIndex;
					}
				}
			}

			// If applicable, access the attribute via the DOM 0 way
			if ( name in elem && notxml && !special ) {
				if ( set ) {
					// We can't allow the type property to be changed (since it causes problems in IE)
					if ( name === "type" && rtype.test( elem.nodeName ) && elem.parentNode ) {
						jQuery.error( "type property can't be changed" );
					}

					elem[ name ] = value;
				}

				// browsers index elements by id/name on forms, give priority to attributes.
				if ( jQuery.nodeName( elem, "form" ) && elem.getAttributeNode(name) ) {
					return elem.getAttributeNode( name ).nodeValue;
				}

				// elem.tabIndex doesn't always return the correct value when it hasn't been explicitly set
				// http://fluidproject.org/blog/2008/01/09/getting-setting-and-removing-tabindex-values-with-javascript/
				if ( name === "tabIndex" ) {
					var attributeNode = elem.getAttributeNode( "tabIndex" );

					return attributeNode && attributeNode.specified ?
						attributeNode.value :
						rfocusable.test( elem.nodeName ) || rclickable.test( elem.nodeName ) && elem.href ?
							0 :
							undefined;
				}

				return elem[ name ];
			}

			if ( !jQuery.support.style && notxml && name === "style" ) {
				if ( set ) {
					elem.style.cssText = "" + value;
				}

				return elem.style.cssText;
			}

			if ( set ) {
				// convert the value to a string (all browsers do this but IE) see #1070
				elem.setAttribute( name, "" + value );
			}

			var attr = !jQuery.support.hrefNormalized && notxml && special ?
					// Some attributes require a special call on IE
					elem.getAttribute( name, 2 ) :
					elem.getAttribute( name );

			// Non-existent attributes return null, we normalize to undefined
			return attr === null ? undefined : attr;
		}

		// elem is actually elem.style ... set the style
		// Using attr for specific style information is now deprecated. Use style instead.
		return jQuery.style( elem, name, value );
	}
});
var rnamespaces = /\.(.*)$/,
	fcleanup = function( nm ) {
		return nm.replace(/[^\w\s\.\|`]/g, function( ch ) {
			return "\\" + ch;
		});
	};

/*
 * A number of helper functions used for managing events.
 * Many of the ideas behind this code originated from
 * Dean Edwards' addEvent library.
 */
jQuery.event = {

	// Bind an event to an element
	// Original by Dean Edwards
	add: function( elem, types, handler, data ) {
		if ( elem.nodeType === 3 || elem.nodeType === 8 ) {
			return;
		}

		// For whatever reason, IE has trouble passing the window object
		// around, causing it to be cloned in the process
		if ( elem.setInterval && ( elem !== window && !elem.frameElement ) ) {
			elem = window;
		}

		var handleObjIn, handleObj;

		if ( handler.handler ) {
			handleObjIn = handler;
			handler = handleObjIn.handler;
		}

		// Make sure that the function being executed has a unique ID
		if ( !handler.guid ) {
			handler.guid = jQuery.guid++;
		}

		// Init the element's event structure
		var elemData = jQuery.data( elem );

		// If no elemData is found then we must be trying to bind to one of the
		// banned noData elements
		if ( !elemData ) {
			return;
		}

		var events = elemData.events = elemData.events || {},
			eventHandle = elemData.handle, eventHandle;

		if ( !eventHandle ) {
			elemData.handle = eventHandle = function() {
				// Handle the second event of a trigger and when
				// an event is called after a page has unloaded
				return typeof jQuery !== "undefined" && !jQuery.event.triggered ?
					jQuery.event.handle.apply( eventHandle.elem, arguments ) :
					undefined;
			};
		}

		// Add elem as a property of the handle function
		// This is to prevent a memory leak with non-native events in IE.
		eventHandle.elem = elem;

		// Handle multiple events separated by a space
		// jQuery(...).bind("mouseover mouseout", fn);
		types = types.split(" ");

		var type, i = 0, namespaces;

		while ( (type = types[ i++ ]) ) {
			handleObj = handleObjIn ?
				jQuery.extend({}, handleObjIn) :
				{ handler: handler, data: data };

			// Namespaced event handlers
			if ( type.indexOf(".") > -1 ) {
				namespaces = type.split(".");
				type = namespaces.shift();
				handleObj.namespace = namespaces.slice(0).sort().join(".");

			} else {
				namespaces = [];
				handleObj.namespace = "";
			}

			handleObj.type = type;
			handleObj.guid = handler.guid;

			// Get the current list of functions bound to this event
			var handlers = events[ type ],
				special = jQuery.event.special[ type ] || {};

			// Init the event handler queue
			if ( !handlers ) {
				handlers = events[ type ] = [];

				// Check for a special event handler
				// Only use addEventListener/attachEvent if the special
				// events handler returns false
				if ( !special.setup || special.setup.call( elem, data, namespaces, eventHandle ) === false ) {
					// Bind the global event handler to the element
					if ( elem.addEventListener ) {
						elem.addEventListener( type, eventHandle, false );

					} else if ( elem.attachEvent ) {
						elem.attachEvent( "on" + type, eventHandle );
					}
				}
			}
			
			if ( special.add ) { 
				special.add.call( elem, handleObj ); 

				if ( !handleObj.handler.guid ) {
					handleObj.handler.guid = handler.guid;
				}
			}

			// Add the function to the element's handler list
			handlers.push( handleObj );

			// Keep track of which events have been used, for global triggering
			jQuery.event.global[ type ] = true;
		}

		// Nullify elem to prevent memory leaks in IE
		elem = null;
	},

	global: {},

	// Detach an event or set of events from an element
	remove: function( elem, types, handler, pos ) {
		// don't do events on text and comment nodes
		if ( elem.nodeType === 3 || elem.nodeType === 8 ) {
			return;
		}

		var ret, type, fn, i = 0, all, namespaces, namespace, special, eventType, handleObj, origType,
			elemData = jQuery.data( elem ),
			events = elemData && elemData.events;

		if ( !elemData || !events ) {
			return;
		}

		// types is actually an event object here
		if ( types && types.type ) {
			handler = types.handler;
			types = types.type;
		}

		// Unbind all events for the element
		if ( !types || typeof types === "string" && types.charAt(0) === "." ) {
			types = types || "";

			for ( type in events ) {
				jQuery.event.remove( elem, type + types );
			}

			return;
		}

		// Handle multiple events separated by a space
		// jQuery(...).unbind("mouseover mouseout", fn);
		types = types.split(" ");

		while ( (type = types[ i++ ]) ) {
			origType = type;
			handleObj = null;
			all = type.indexOf(".") < 0;
			namespaces = [];

			if ( !all ) {
				// Namespaced event handlers
				namespaces = type.split(".");
				type = namespaces.shift();

				namespace = new RegExp("(^|\\.)" + 
					jQuery.map( namespaces.slice(0).sort(), fcleanup ).join("\\.(?:.*\\.)?") + "(\\.|$)")
			}

			eventType = events[ type ];

			if ( !eventType ) {
				continue;
			}

			if ( !handler ) {
				for ( var j = 0; j < eventType.length; j++ ) {
					handleObj = eventType[ j ];

					if ( all || namespace.test( handleObj.namespace ) ) {
						jQuery.event.remove( elem, origType, handleObj.handler, j );
						eventType.splice( j--, 1 );
					}
				}

				continue;
			}

			special = jQuery.event.special[ type ] || {};

			for ( var j = pos || 0; j < eventType.length; j++ ) {
				handleObj = eventType[ j ];

				if ( handler.guid === handleObj.guid ) {
					// remove the given handler for the given type
					if ( all || namespace.test( handleObj.namespace ) ) {
						if ( pos == null ) {
							eventType.splice( j--, 1 );
						}

						if ( special.remove ) {
							special.remove.call( elem, handleObj );
						}
					}

					if ( pos != null ) {
						break;
					}
				}
			}

			// remove generic event handler if no more handlers exist
			if ( eventType.length === 0 || pos != null && eventType.length === 1 ) {
				if ( !special.teardown || special.teardown.call( elem, namespaces ) === false ) {
					removeEvent( elem, type, elemData.handle );
				}

				ret = null;
				delete events[ type ];
			}
		}

		// Remove the expando if it's no longer used
		if ( jQuery.isEmptyObject( events ) ) {
			var handle = elemData.handle;
			if ( handle ) {
				handle.elem = null;
			}

			delete elemData.events;
			delete elemData.handle;

			if ( jQuery.isEmptyObject( elemData ) ) {
				jQuery.removeData( elem );
			}
		}
	},

	// bubbling is internal
	trigger: function( event, data, elem /*, bubbling */ ) {
		// Event object or event type
		var type = event.type || event,
			bubbling = arguments[3];

		if ( !bubbling ) {
			event = typeof event === "object" ?
				// jQuery.Event object
				event[expando] ? event :
				// Object literal
				jQuery.extend( jQuery.Event(type), event ) :
				// Just the event type (string)
				jQuery.Event(type);

			if ( type.indexOf("!") >= 0 ) {
				event.type = type = type.slice(0, -1);
				event.exclusive = true;
			}

			// Handle a global trigger
			if ( !elem ) {
				// Don't bubble custom events when global (to avoid too much overhead)
				event.stopPropagation();

				// Only trigger if we've ever bound an event for it
				if ( jQuery.event.global[ type ] ) {
					jQuery.each( jQuery.cache, function() {
						if ( this.events && this.events[type] ) {
							jQuery.event.trigger( event, data, this.handle.elem );
						}
					});
				}
			}

			// Handle triggering a single element

			// don't do events on text and comment nodes
			if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
				return undefined;
			}

			// Clean up in case it is reused
			event.result = undefined;
			event.target = elem;

			// Clone the incoming data, if any
			data = jQuery.makeArray( data );
			data.unshift( event );
		}

		event.currentTarget = elem;

		// Trigger the event, it is assumed that "handle" is a function
		var handle = jQuery.data( elem, "handle" );
		if ( handle ) {
			handle.apply( elem, data );
		}

		var parent = elem.parentNode || elem.ownerDocument;

		// Trigger an inline bound script
		try {
			if ( !(elem && elem.nodeName && jQuery.noData[elem.nodeName.toLowerCase()]) ) {
				if ( elem[ "on" + type ] && elem[ "on" + type ].apply( elem, data ) === false ) {
					event.result = false;
				}
			}

		// prevent IE from throwing an error for some elements with some event types, see #3533
		} catch (e) {}

		if ( !event.isPropagationStopped() && parent ) {
			jQuery.event.trigger( event, data, parent, true );

		} else if ( !event.isDefaultPrevented() ) {
			var target = event.target, old,
				isClick = jQuery.nodeName(target, "a") && type === "click",
				special = jQuery.event.special[ type ] || {};

			if ( (!special._default || special._default.call( elem, event ) === false) && 
				!isClick && !(target && target.nodeName && jQuery.noData[target.nodeName.toLowerCase()]) ) {

				try {
					if ( target[ type ] ) {
						// Make sure that we don't accidentally re-trigger the onFOO events
						old = target[ "on" + type ];

						if ( old ) {
							target[ "on" + type ] = null;
						}

						jQuery.event.triggered = true;
						target[ type ]();
					}

				// prevent IE from throwing an error for some elements with some event types, see #3533
				} catch (e) {}

				if ( old ) {
					target[ "on" + type ] = old;
				}

				jQuery.event.triggered = false;
			}
		}
	},

	handle: function( event ) {
		var all, handlers, namespaces, namespace, events;

		event = arguments[0] = jQuery.event.fix( event || window.event );
		event.currentTarget = this;

		// Namespaced event handlers
		all = event.type.indexOf(".") < 0 && !event.exclusive;

		if ( !all ) {
			namespaces = event.type.split(".");
			event.type = namespaces.shift();
			namespace = new RegExp("(^|\\.)" + namespaces.slice(0).sort().join("\\.(?:.*\\.)?") + "(\\.|$)");
		}

		var events = jQuery.data(this, "events"), handlers = events[ event.type ];

		if ( events && handlers ) {
			// Clone the handlers to prevent manipulation
			handlers = handlers.slice(0);

			for ( var j = 0, l = handlers.length; j < l; j++ ) {
				var handleObj = handlers[ j ];

				// Filter the functions by class
				if ( all || namespace.test( handleObj.namespace ) ) {
					// Pass in a reference to the handler function itself
					// So that we can later remove it
					event.handler = handleObj.handler;
					event.data = handleObj.data;
					event.handleObj = handleObj;
	
					var ret = handleObj.handler.apply( this, arguments );

					if ( ret !== undefined ) {
						event.result = ret;
						if ( ret === false ) {
							event.preventDefault();
							event.stopPropagation();
						}
					}

					if ( event.isImmediatePropagationStopped() ) {
						break;
					}
				}
			}
		}

		return event.result;
	},

	props: "altKey attrChange attrName bubbles button cancelable charCode clientX clientY ctrlKey currentTarget data detail eventPhase fromElement handler keyCode layerX layerY metaKey newValue offsetX offsetY originalTarget pageX pageY prevValue relatedNode relatedTarget screenX screenY shiftKey srcElement target toElement view wheelDelta which".split(" "),

	fix: function( event ) {
		if ( event[ expando ] ) {
			return event;
		}

		// store a copy of the original event object
		// and "clone" to set read-only properties
		var originalEvent = event;
		event = jQuery.Event( originalEvent );

		for ( var i = this.props.length, prop; i; ) {
			prop = this.props[ --i ];
			event[ prop ] = originalEvent[ prop ];
		}

		// Fix target property, if necessary
		if ( !event.target ) {
			event.target = event.srcElement || document; // Fixes #1925 where srcElement might not be defined either
		}

		// check if target is a textnode (safari)
		if ( event.target.nodeType === 3 ) {
			event.target = event.target.parentNode;
		}

		// Add relatedTarget, if necessary
		if ( !event.relatedTarget && event.fromElement ) {
			event.relatedTarget = event.fromElement === event.target ? event.toElement : event.fromElement;
		}

		// Calculate pageX/Y if missing and clientX/Y available
		if ( event.pageX == null && event.clientX != null ) {
			var doc = document.documentElement, body = document.body;
			event.pageX = event.clientX + (doc && doc.scrollLeft || body && body.scrollLeft || 0) - (doc && doc.clientLeft || body && body.clientLeft || 0);
			event.pageY = event.clientY + (doc && doc.scrollTop  || body && body.scrollTop  || 0) - (doc && doc.clientTop  || body && body.clientTop  || 0);
		}

		// Add which for key events
		if ( !event.which && ((event.charCode || event.charCode === 0) ? event.charCode : event.keyCode) ) {
			event.which = event.charCode || event.keyCode;
		}

		// Add metaKey to non-Mac browsers (use ctrl for PC's and Meta for Macs)
		if ( !event.metaKey && event.ctrlKey ) {
			event.metaKey = event.ctrlKey;
		}

		// Add which for click: 1 === left; 2 === middle; 3 === right
		// Note: button is not normalized, so don't use it
		if ( !event.which && event.button !== undefined ) {
			event.which = (event.button & 1 ? 1 : ( event.button & 2 ? 3 : ( event.button & 4 ? 2 : 0 ) ));
		}

		return event;
	},

	// Deprecated, use jQuery.guid instead
	guid: 1E8,

	// Deprecated, use jQuery.proxy instead
	proxy: jQuery.proxy,

	special: {
		ready: {
			// Make sure the ready event is setup
			setup: jQuery.bindReady,
			teardown: jQuery.noop
		},

		live: {
			add: function( handleObj ) {
				jQuery.event.add( this, handleObj.origType, jQuery.extend({}, handleObj, {handler: liveHandler}) ); 
			},

			remove: function( handleObj ) {
				var remove = true,
					type = handleObj.origType.replace(rnamespaces, "");
				
				jQuery.each( jQuery.data(this, "events").live || [], function() {
					if ( type === this.origType.replace(rnamespaces, "") ) {
						remove = false;
						return false;
					}
				});

				if ( remove ) {
					jQuery.event.remove( this, handleObj.origType, liveHandler );
				}
			}

		},

		beforeunload: {
			setup: function( data, namespaces, eventHandle ) {
				// We only want to do this special case on windows
				if ( this.setInterval ) {
					this.onbeforeunload = eventHandle;
				}

				return false;
			},
			teardown: function( namespaces, eventHandle ) {
				if ( this.onbeforeunload === eventHandle ) {
					this.onbeforeunload = null;
				}
			}
		}
	}
};

var removeEvent = document.removeEventListener ?
	function( elem, type, handle ) {
		elem.removeEventListener( type, handle, false );
	} : 
	function( elem, type, handle ) {
		elem.detachEvent( "on" + type, handle );
	};

jQuery.Event = function( src ) {
	// Allow instantiation without the 'new' keyword
	if ( !this.preventDefault ) {
		return new jQuery.Event( src );
	}

	// Event object
	if ( src && src.type ) {
		this.originalEvent = src;
		this.type = src.type;
	// Event type
	} else {
		this.type = src;
	}

	// timeStamp is buggy for some events on Firefox(#3843)
	// So we won't rely on the native value
	this.timeStamp = now();

	// Mark it as fixed
	this[ expando ] = true;
};

function returnFalse() {
	return false;
}
function returnTrue() {
	return true;
}

// jQuery.Event is based on DOM3 Events as specified by the ECMAScript Language Binding
// http://www.w3.org/TR/2003/WD-DOM-Level-3-Events-20030331/ecma-script-binding.html
jQuery.Event.prototype = {
	preventDefault: function() {
		this.isDefaultPrevented = returnTrue;

		var e = this.originalEvent;
		if ( !e ) {
			return;
		}
		
		// if preventDefault exists run it on the original event
		if ( e.preventDefault ) {
			e.preventDefault();
		}
		// otherwise set the returnValue property of the original event to false (IE)
		e.returnValue = false;
	},
	stopPropagation: function() {
		this.isPropagationStopped = returnTrue;

		var e = this.originalEvent;
		if ( !e ) {
			return;
		}
		// if stopPropagation exists run it on the original event
		if ( e.stopPropagation ) {
			e.stopPropagation();
		}
		// otherwise set the cancelBubble property of the original event to true (IE)
		e.cancelBubble = true;
	},
	stopImmediatePropagation: function() {
		this.isImmediatePropagationStopped = returnTrue;
		this.stopPropagation();
	},
	isDefaultPrevented: returnFalse,
	isPropagationStopped: returnFalse,
	isImmediatePropagationStopped: returnFalse
};

// Checks if an event happened on an element within another element
// Used in jQuery.event.special.mouseenter and mouseleave handlers
var withinElement = function( event ) {
	// Check if mouse(over|out) are still within the same parent element
	var parent = event.relatedTarget;

	// Firefox sometimes assigns relatedTarget a XUL element
	// which we cannot access the parentNode property of
	try {
		// Traverse up the tree
		while ( parent && parent !== this ) {
			parent = parent.parentNode;
		}

		if ( parent !== this ) {
			// set the correct event type
			event.type = event.data;

			// handle event if we actually just moused on to a non sub-element
			jQuery.event.handle.apply( this, arguments );
		}

	// assuming we've left the element since we most likely mousedover a xul element
	} catch(e) { }
},

// In case of event delegation, we only need to rename the event.type,
// liveHandler will take care of the rest.
delegate = function( event ) {
	event.type = event.data;
	jQuery.event.handle.apply( this, arguments );
};

// Create mouseenter and mouseleave events
jQuery.each({
	mouseenter: "mouseover",
	mouseleave: "mouseout"
}, function( orig, fix ) {
	jQuery.event.special[ orig ] = {
		setup: function( data ) {
			jQuery.event.add( this, fix, data && data.selector ? delegate : withinElement, orig );
		},
		teardown: function( data ) {
			jQuery.event.remove( this, fix, data && data.selector ? delegate : withinElement );
		}
	};
});

// submit delegation
if ( !jQuery.support.submitBubbles ) {

	jQuery.event.special.submit = {
		setup: function( data, namespaces ) {
			if ( this.nodeName.toLowerCase() !== "form" ) {
				jQuery.event.add(this, "click.specialSubmit", function( e ) {
					var elem = e.target, type = elem.type;

					if ( (type === "submit" || type === "image") && jQuery( elem ).closest("form").length ) {
						return trigger( "submit", this, arguments );
					}
				});
	 
				jQuery.event.add(this, "keypress.specialSubmit", function( e ) {
					var elem = e.target, type = elem.type;

					if ( (type === "text" || type === "password") && jQuery( elem ).closest("form").length && e.keyCode === 13 ) {
						return trigger( "submit", this, arguments );
					}
				});

			} else {
				return false;
			}
		},

		teardown: function( namespaces ) {
			jQuery.event.remove( this, ".specialSubmit" );
		}
	};

}

// change delegation, happens here so we have bind.
if ( !jQuery.support.changeBubbles ) {

	var formElems = /textarea|input|select/i,

	changeFilters,

	getVal = function( elem ) {
		var type = elem.type, val = elem.value;

		if ( type === "radio" || type === "checkbox" ) {
			val = elem.checked;

		} else if ( type === "select-multiple" ) {
			val = elem.selectedIndex > -1 ?
				jQuery.map( elem.options, function( elem ) {
					return elem.selected;
				}).join("-") :
				"";

		} else if ( elem.nodeName.toLowerCase() === "select" ) {
			val = elem.selectedIndex;
		}

		return val;
	},

	testChange = function testChange( e ) {
		var elem = e.target, data, val;

		if ( !formElems.test( elem.nodeName ) || elem.readOnly ) {
			return;
		}

		data = jQuery.data( elem, "_change_data" );
		val = getVal(elem);

		// the current data will be also retrieved by beforeactivate
		if ( e.type !== "focusout" || elem.type !== "radio" ) {
			jQuery.data( elem, "_change_data", val );
		}
		
		if ( data === undefined || val === data ) {
			return;
		}

		if ( data != null || val ) {
			e.type = "change";
			return jQuery.event.trigger( e, arguments[1], elem );
		}
	};

	jQuery.event.special.change = {
		filters: {
			focusout: testChange, 

			click: function( e ) {
				var elem = e.target, type = elem.type;

				if ( type === "radio" || type === "checkbox" || elem.nodeName.toLowerCase() === "select" ) {
					return testChange.call( this, e );
				}
			},

			// Change has to be called before submit
			// Keydown will be called before keypress, which is used in submit-event delegation
			keydown: function( e ) {
				var elem = e.target, type = elem.type;

				if ( (e.keyCode === 13 && elem.nodeName.toLowerCase() !== "textarea") ||
					(e.keyCode === 32 && (type === "checkbox" || type === "radio")) ||
					type === "select-multiple" ) {
					return testChange.call( this, e );
				}
			},

			// Beforeactivate happens also before the previous element is blurred
			// with this event you can't trigger a change event, but you can store
			// information/focus[in] is not needed anymore
			beforeactivate: function( e ) {
				var elem = e.target;
				jQuery.data( elem, "_change_data", getVal(elem) );
			}
		},

		setup: function( data, namespaces ) {
			if ( this.type === "file" ) {
				return false;
			}

			for ( var type in changeFilters ) {
				jQuery.event.add( this, type + ".specialChange", changeFilters[type] );
			}

			return formElems.test( this.nodeName );
		},

		teardown: function( namespaces ) {
			jQuery.event.remove( this, ".specialChange" );

			return formElems.test( this.nodeName );
		}
	};

	changeFilters = jQuery.event.special.change.filters;
}

function trigger( type, elem, args ) {
	args[0].type = type;
	return jQuery.event.handle.apply( elem, args );
}

// Create "bubbling" focus and blur events
if ( document.addEventListener ) {
	jQuery.each({ focus: "focusin", blur: "focusout" }, function( orig, fix ) {
		jQuery.event.special[ fix ] = {
			setup: function() {
				this.addEventListener( orig, handler, true );
			}, 
			teardown: function() { 
				this.removeEventListener( orig, handler, true );
			}
		};

		function handler( e ) { 
			e = jQuery.event.fix( e );
			e.type = fix;
			return jQuery.event.handle.call( this, e );
		}
	});
}

jQuery.each(["bind", "one"], function( i, name ) {
	jQuery.fn[ name ] = function( type, data, fn ) {
		// Handle object literals
		if ( typeof type === "object" ) {
			for ( var key in type ) {
				this[ name ](key, data, type[key], fn);
			}
			return this;
		}
		
		if ( jQuery.isFunction( data ) ) {
			fn = data;
			data = undefined;
		}

		var handler = name === "one" ? jQuery.proxy( fn, function( event ) {
			jQuery( this ).unbind( event, handler );
			return fn.apply( this, arguments );
		}) : fn;

		if ( type === "unload" && name !== "one" ) {
			this.one( type, data, fn );

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				jQuery.event.add( this[i], type, handler, data );
			}
		}

		return this;
	};
});

jQuery.fn.extend({
	unbind: function( type, fn ) {
		// Handle object literals
		if ( typeof type === "object" && !type.preventDefault ) {
			for ( var key in type ) {
				this.unbind(key, type[key]);
			}

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				jQuery.event.remove( this[i], type, fn );
			}
		}

		return this;
	},
	
	delegate: function( selector, types, data, fn ) {
		return this.live( types, data, fn, selector );
	},
	
	undelegate: function( selector, types, fn ) {
		if ( arguments.length === 0 ) {
				return this.unbind( "live" );
		
		} else {
			return this.die( types, null, fn, selector );
		}
	},
	
	trigger: function( type, data ) {
		return this.each(function() {
			jQuery.event.trigger( type, data, this );
		});
	},

	triggerHandler: function( type, data ) {
		if ( this[0] ) {
			var event = jQuery.Event( type );
			event.preventDefault();
			event.stopPropagation();
			jQuery.event.trigger( event, data, this[0] );
			return event.result;
		}
	},

	toggle: function( fn ) {
		// Save reference to arguments for access in closure
		var args = arguments, i = 1;

		// link all the functions, so any of them can unbind this click handler
		while ( i < args.length ) {
			jQuery.proxy( fn, args[ i++ ] );
		}

		return this.click( jQuery.proxy( fn, function( event ) {
			// Figure out which function to execute
			var lastToggle = ( jQuery.data( this, "lastToggle" + fn.guid ) || 0 ) % i;
			jQuery.data( this, "lastToggle" + fn.guid, lastToggle + 1 );

			// Make sure that clicks stop
			event.preventDefault();

			// and execute the function
			return args[ lastToggle ].apply( this, arguments ) || false;
		}));
	},

	hover: function( fnOver, fnOut ) {
		return this.mouseenter( fnOver ).mouseleave( fnOut || fnOver );
	}
});

var liveMap = {
	focus: "focusin",
	blur: "focusout",
	mouseenter: "mouseover",
	mouseleave: "mouseout"
};

jQuery.each(["live", "die"], function( i, name ) {
	jQuery.fn[ name ] = function( types, data, fn, origSelector /* Internal Use Only */ ) {
		var type, i = 0, match, namespaces, preType,
			selector = origSelector || this.selector,
			context = origSelector ? this : jQuery( this.context );

		if ( jQuery.isFunction( data ) ) {
			fn = data;
			data = undefined;
		}

		types = (types || "").split(" ");

		while ( (type = types[ i++ ]) != null ) {
			match = rnamespaces.exec( type );
			namespaces = "";

			if ( match )  {
				namespaces = match[0];
				type = type.replace( rnamespaces, "" );
			}

			if ( type === "hover" ) {
				types.push( "mouseenter" + namespaces, "mouseleave" + namespaces );
				continue;
			}

			preType = type;

			if ( type === "focus" || type === "blur" ) {
				types.push( liveMap[ type ] + namespaces );
				type = type + namespaces;

			} else {
				type = (liveMap[ type ] || type) + namespaces;
			}

			if ( name === "live" ) {
				// bind live handler
				context.each(function(){
					jQuery.event.add( this, liveConvert( type, selector ),
						{ data: data, selector: selector, handler: fn, origType: type, origHandler: fn, preType: preType } );
				});

			} else {
				// unbind live handler
				context.unbind( liveConvert( type, selector ), fn );
			}
		}
		
		return this;
	}
});

function liveHandler( event ) {
	var stop, elems = [], selectors = [], args = arguments,
		related, match, handleObj, elem, j, i, l, data,
		events = jQuery.data( this, "events" );

	// Make sure we avoid non-left-click bubbling in Firefox (#3861)
	if ( event.liveFired === this || !events || !events.live || event.button && event.type === "click" ) {
		return;
	}

	event.liveFired = this;

	var live = events.live.slice(0);

	for ( j = 0; j < live.length; j++ ) {
		handleObj = live[j];

		if ( handleObj.origType.replace( rnamespaces, "" ) === event.type ) {
			selectors.push( handleObj.selector );

		} else {
			live.splice( j--, 1 );
		}
	}

	match = jQuery( event.target ).closest( selectors, event.currentTarget );

	for ( i = 0, l = match.length; i < l; i++ ) {
		for ( j = 0; j < live.length; j++ ) {
			handleObj = live[j];

			if ( match[i].selector === handleObj.selector ) {
				elem = match[i].elem;
				related = null;

				// Those two events require additional checking
				if ( handleObj.preType === "mouseenter" || handleObj.preType === "mouseleave" ) {
					related = jQuery( event.relatedTarget ).closest( handleObj.selector )[0];
				}

				if ( !related || related !== elem ) {
					elems.push({ elem: elem, handleObj: handleObj });
				}
			}
		}
	}

	for ( i = 0, l = elems.length; i < l; i++ ) {
		match = elems[i];
		event.currentTarget = match.elem;
		event.data = match.handleObj.data;
		event.handleObj = match.handleObj;

		if ( match.handleObj.origHandler.apply( match.elem, args ) === false ) {
			stop = false;
			break;
		}
	}

	return stop;
}

function liveConvert( type, selector ) {
	return "live." + (type && type !== "*" ? type + "." : "") + selector.replace(/\./g, "`").replace(/ /g, "&");
}

jQuery.each( ("blur focus focusin focusout load resize scroll unload click dblclick " +
	"mousedown mouseup mousemove mouseover mouseout mouseenter mouseleave " +
	"change select submit keydown keypress keyup error").split(" "), function( i, name ) {

	// Handle event binding
	jQuery.fn[ name ] = function( fn ) {
		return fn ? this.bind( name, fn ) : this.trigger( name );
	};

	if ( jQuery.attrFn ) {
		jQuery.attrFn[ name ] = true;
	}
});

// Prevent memory leaks in IE
// Window isn't included so as not to unbind existing unload events
// More info:
//  - http://isaacschlueter.com/2006/10/msie-memory-leaks/
if ( window.attachEvent && !window.addEventListener ) {
	window.attachEvent("onunload", function() {
		for ( var id in jQuery.cache ) {
			if ( jQuery.cache[ id ].handle ) {
				// Try/Catch is to handle iframes being unloaded, see #4280
				try {
					jQuery.event.remove( jQuery.cache[ id ].handle.elem );
				} catch(e) {}
			}
		}
	});
}
/*!
 * Sizzle CSS Selector Engine - v1.0
 *  Copyright 2009, The Dojo Foundation
 *  Released under the MIT, BSD, and GPL Licenses.
 *  More information: http://sizzlejs.com/
 */
(function(){

var chunker = /((?:\((?:\([^()]+\)|[^()]+)+\)|\[(?:\[[^[\]]*\]|['"][^'"]*['"]|[^[\]'"]+)+\]|\\.|[^ >+~,(\[\\]+)+|[>+~])(\s*,\s*)?((?:.|\r|\n)*)/g,
	done = 0,
	toString = Object.prototype.toString,
	hasDuplicate = false,
	baseHasDuplicate = true;

// Here we check if the JavaScript engine is using some sort of
// optimization where it does not always call our comparision
// function. If that is the case, discard the hasDuplicate value.
//   Thus far that includes Google Chrome.
[0, 0].sort(function(){
	baseHasDuplicate = false;
	return 0;
});

var Sizzle = function(selector, context, results, seed) {
	results = results || [];
	var origContext = context = context || document;

	if ( context.nodeType !== 1 && context.nodeType !== 9 ) {
		return [];
	}
	
	if ( !selector || typeof selector !== "string" ) {
		return results;
	}

	var parts = [], m, set, checkSet, extra, prune = true, contextXML = isXML(context),
		soFar = selector;
	
	// Reset the position of the chunker regexp (start from head)
	while ( (chunker.exec(""), m = chunker.exec(soFar)) !== null ) {
		soFar = m[3];
		
		parts.push( m[1] );
		
		if ( m[2] ) {
			extra = m[3];
			break;
		}
	}

	if ( parts.length > 1 && origPOS.exec( selector ) ) {
		if ( parts.length === 2 && Expr.relative[ parts[0] ] ) {
			set = posProcess( parts[0] + parts[1], context );
		} else {
			set = Expr.relative[ parts[0] ] ?
				[ context ] :
				Sizzle( parts.shift(), context );

			while ( parts.length ) {
				selector = parts.shift();

				if ( Expr.relative[ selector ] ) {
					selector += parts.shift();
				}
				
				set = posProcess( selector, set );
			}
		}
	} else {
		// Take a shortcut and set the context if the root selector is an ID
		// (but not if it'll be faster if the inner selector is an ID)
		if ( !seed && parts.length > 1 && context.nodeType === 9 && !contextXML &&
				Expr.match.ID.test(parts[0]) && !Expr.match.ID.test(parts[parts.length - 1]) ) {
			var ret = Sizzle.find( parts.shift(), context, contextXML );
			context = ret.expr ? Sizzle.filter( ret.expr, ret.set )[0] : ret.set[0];
		}

		if ( context ) {
			var ret = seed ?
				{ expr: parts.pop(), set: makeArray(seed) } :
				Sizzle.find( parts.pop(), parts.length === 1 && (parts[0] === "~" || parts[0] === "+") && context.parentNode ? context.parentNode : context, contextXML );
			set = ret.expr ? Sizzle.filter( ret.expr, ret.set ) : ret.set;

			if ( parts.length > 0 ) {
				checkSet = makeArray(set);
			} else {
				prune = false;
			}

			while ( parts.length ) {
				var cur = parts.pop(), pop = cur;

				if ( !Expr.relative[ cur ] ) {
					cur = "";
				} else {
					pop = parts.pop();
				}

				if ( pop == null ) {
					pop = context;
				}

				Expr.relative[ cur ]( checkSet, pop, contextXML );
			}
		} else {
			checkSet = parts = [];
		}
	}

	if ( !checkSet ) {
		checkSet = set;
	}

	if ( !checkSet ) {
		Sizzle.error( cur || selector );
	}

	if ( toString.call(checkSet) === "[object Array]" ) {
		if ( !prune ) {
			results.push.apply( results, checkSet );
		} else if ( context && context.nodeType === 1 ) {
			for ( var i = 0; checkSet[i] != null; i++ ) {
				if ( checkSet[i] && (checkSet[i] === true || checkSet[i].nodeType === 1 && contains(context, checkSet[i])) ) {
					results.push( set[i] );
				}
			}
		} else {
			for ( var i = 0; checkSet[i] != null; i++ ) {
				if ( checkSet[i] && checkSet[i].nodeType === 1 ) {
					results.push( set[i] );
				}
			}
		}
	} else {
		makeArray( checkSet, results );
	}

	if ( extra ) {
		Sizzle( extra, origContext, results, seed );
		Sizzle.uniqueSort( results );
	}

	return results;
};

Sizzle.uniqueSort = function(results){
	if ( sortOrder ) {
		hasDuplicate = baseHasDuplicate;
		results.sort(sortOrder);

		if ( hasDuplicate ) {
			for ( var i = 1; i < results.length; i++ ) {
				if ( results[i] === results[i-1] ) {
					results.splice(i--, 1);
				}
			}
		}
	}

	return results;
};

Sizzle.matches = function(expr, set){
	return Sizzle(expr, null, null, set);
};

Sizzle.find = function(expr, context, isXML){
	var set, match;

	if ( !expr ) {
		return [];
	}

	for ( var i = 0, l = Expr.order.length; i < l; i++ ) {
		var type = Expr.order[i], match;
		
		if ( (match = Expr.leftMatch[ type ].exec( expr )) ) {
			var left = match[1];
			match.splice(1,1);

			if ( left.substr( left.length - 1 ) !== "\\" ) {
				match[1] = (match[1] || "").replace(/\\/g, "");
				set = Expr.find[ type ]( match, context, isXML );
				if ( set != null ) {
					expr = expr.replace( Expr.match[ type ], "" );
					break;
				}
			}
		}
	}

	if ( !set ) {
		set = context.getElementsByTagName("*");
	}

	return {set: set, expr: expr};
};

Sizzle.filter = function(expr, set, inplace, not){
	var old = expr, result = [], curLoop = set, match, anyFound,
		isXMLFilter = set && set[0] && isXML(set[0]);

	while ( expr && set.length ) {
		for ( var type in Expr.filter ) {
			if ( (match = Expr.leftMatch[ type ].exec( expr )) != null && match[2] ) {
				var filter = Expr.filter[ type ], found, item, left = match[1];
				anyFound = false;

				match.splice(1,1);

				if ( left.substr( left.length - 1 ) === "\\" ) {
					continue;
				}

				if ( curLoop === result ) {
					result = [];
				}

				if ( Expr.preFilter[ type ] ) {
					match = Expr.preFilter[ type ]( match, curLoop, inplace, result, not, isXMLFilter );

					if ( !match ) {
						anyFound = found = true;
					} else if ( match === true ) {
						continue;
					}
				}

				if ( match ) {
					for ( var i = 0; (item = curLoop[i]) != null; i++ ) {
						if ( item ) {
							found = filter( item, match, i, curLoop );
							var pass = not ^ !!found;

							if ( inplace && found != null ) {
								if ( pass ) {
									anyFound = true;
								} else {
									curLoop[i] = false;
								}
							} else if ( pass ) {
								result.push( item );
								anyFound = true;
							}
						}
					}
				}

				if ( found !== undefined ) {
					if ( !inplace ) {
						curLoop = result;
					}

					expr = expr.replace( Expr.match[ type ], "" );

					if ( !anyFound ) {
						return [];
					}

					break;
				}
			}
		}

		// Improper expression
		if ( expr === old ) {
			if ( anyFound == null ) {
				Sizzle.error( expr );
			} else {
				break;
			}
		}

		old = expr;
	}

	return curLoop;
};

Sizzle.error = function( msg ) {
	throw "Syntax error, unrecognized expression: " + msg;
};

var Expr = Sizzle.selectors = {
	order: [ "ID", "NAME", "TAG" ],
	match: {
		ID: /#((?:[\w\u00c0-\uFFFF-]|\\.)+)/,
		CLASS: /\.((?:[\w\u00c0-\uFFFF-]|\\.)+)/,
		NAME: /\[name=['"]*((?:[\w\u00c0-\uFFFF-]|\\.)+)['"]*\]/,
		ATTR: /\[\s*((?:[\w\u00c0-\uFFFF-]|\\.)+)\s*(?:(\S?=)\s*(['"]*)(.*?)\3|)\s*\]/,
		TAG: /^((?:[\w\u00c0-\uFFFF\*-]|\\.)+)/,
		CHILD: /:(only|nth|last|first)-child(?:\((even|odd|[\dn+-]*)\))?/,
		POS: /:(nth|eq|gt|lt|first|last|even|odd)(?:\((\d*)\))?(?=[^-]|$)/,
		PSEUDO: /:((?:[\w\u00c0-\uFFFF-]|\\.)+)(?:\((['"]?)((?:\([^\)]+\)|[^\(\)]*)+)\2\))?/
	},
	leftMatch: {},
	attrMap: {
		"class": "className",
		"for": "htmlFor"
	},
	attrHandle: {
		href: function(elem){
			return elem.getAttribute("href");
		}
	},
	relative: {
		"+": function(checkSet, part){
			var isPartStr = typeof part === "string",
				isTag = isPartStr && !/\W/.test(part),
				isPartStrNotTag = isPartStr && !isTag;

			if ( isTag ) {
				part = part.toLowerCase();
			}

			for ( var i = 0, l = checkSet.length, elem; i < l; i++ ) {
				if ( (elem = checkSet[i]) ) {
					while ( (elem = elem.previousSibling) && elem.nodeType !== 1 ) {}

					checkSet[i] = isPartStrNotTag || elem && elem.nodeName.toLowerCase() === part ?
						elem || false :
						elem === part;
				}
			}

			if ( isPartStrNotTag ) {
				Sizzle.filter( part, checkSet, true );
			}
		},
		">": function(checkSet, part){
			var isPartStr = typeof part === "string";

			if ( isPartStr && !/\W/.test(part) ) {
				part = part.toLowerCase();

				for ( var i = 0, l = checkSet.length; i < l; i++ ) {
					var elem = checkSet[i];
					if ( elem ) {
						var parent = elem.parentNode;
						checkSet[i] = parent.nodeName.toLowerCase() === part ? parent : false;
					}
				}
			} else {
				for ( var i = 0, l = checkSet.length; i < l; i++ ) {
					var elem = checkSet[i];
					if ( elem ) {
						checkSet[i] = isPartStr ?
							elem.parentNode :
							elem.parentNode === part;
					}
				}

				if ( isPartStr ) {
					Sizzle.filter( part, checkSet, true );
				}
			}
		},
		"": function(checkSet, part, isXML){
			var doneName = done++, checkFn = dirCheck;

			if ( typeof part === "string" && !/\W/.test(part) ) {
				var nodeCheck = part = part.toLowerCase();
				checkFn = dirNodeCheck;
			}

			checkFn("parentNode", part, doneName, checkSet, nodeCheck, isXML);
		},
		"~": function(checkSet, part, isXML){
			var doneName = done++, checkFn = dirCheck;

			if ( typeof part === "string" && !/\W/.test(part) ) {
				var nodeCheck = part = part.toLowerCase();
				checkFn = dirNodeCheck;
			}

			checkFn("previousSibling", part, doneName, checkSet, nodeCheck, isXML);
		}
	},
	find: {
		ID: function(match, context, isXML){
			if ( typeof context.getElementById !== "undefined" && !isXML ) {
				var m = context.getElementById(match[1]);
				return m ? [m] : [];
			}
		},
		NAME: function(match, context){
			if ( typeof context.getElementsByName !== "undefined" ) {
				var ret = [], results = context.getElementsByName(match[1]);

				for ( var i = 0, l = results.length; i < l; i++ ) {
					if ( results[i].getAttribute("name") === match[1] ) {
						ret.push( results[i] );
					}
				}

				return ret.length === 0 ? null : ret;
			}
		},
		TAG: function(match, context){
			return context.getElementsByTagName(match[1]);
		}
	},
	preFilter: {
		CLASS: function(match, curLoop, inplace, result, not, isXML){
			match = " " + match[1].replace(/\\/g, "") + " ";

			if ( isXML ) {
				return match;
			}

			for ( var i = 0, elem; (elem = curLoop[i]) != null; i++ ) {
				if ( elem ) {
					if ( not ^ (elem.className && (" " + elem.className + " ").replace(/[\t\n]/g, " ").indexOf(match) >= 0) ) {
						if ( !inplace ) {
							result.push( elem );
						}
					} else if ( inplace ) {
						curLoop[i] = false;
					}
				}
			}

			return false;
		},
		ID: function(match){
			return match[1].replace(/\\/g, "");
		},
		TAG: function(match, curLoop){
			return match[1].toLowerCase();
		},
		CHILD: function(match){
			if ( match[1] === "nth" ) {
				// parse equations like 'even', 'odd', '5', '2n', '3n+2', '4n-1', '-n+6'
				var test = /(-?)(\d*)n((?:\+|-)?\d*)/.exec(
					match[2] === "even" && "2n" || match[2] === "odd" && "2n+1" ||
					!/\D/.test( match[2] ) && "0n+" + match[2] || match[2]);

				// calculate the numbers (first)n+(last) including if they are negative
				match[2] = (test[1] + (test[2] || 1)) - 0;
				match[3] = test[3] - 0;
			}

			// TODO: Move to normal caching system
			match[0] = done++;

			return match;
		},
		ATTR: function(match, curLoop, inplace, result, not, isXML){
			var name = match[1].replace(/\\/g, "");
			
			if ( !isXML && Expr.attrMap[name] ) {
				match[1] = Expr.attrMap[name];
			}

			if ( match[2] === "~=" ) {
				match[4] = " " + match[4] + " ";
			}

			return match;
		},
		PSEUDO: function(match, curLoop, inplace, result, not){
			if ( match[1] === "not" ) {
				// If we're dealing with a complex expression, or a simple one
				if ( ( chunker.exec(match[3]) || "" ).length > 1 || /^\w/.test(match[3]) ) {
					match[3] = Sizzle(match[3], null, null, curLoop);
				} else {
					var ret = Sizzle.filter(match[3], curLoop, inplace, true ^ not);
					if ( !inplace ) {
						result.push.apply( result, ret );
					}
					return false;
				}
			} else if ( Expr.match.POS.test( match[0] ) || Expr.match.CHILD.test( match[0] ) ) {
				return true;
			}
			
			return match;
		},
		POS: function(match){
			match.unshift( true );
			return match;
		}
	},
	filters: {
		enabled: function(elem){
			return elem.disabled === false && elem.type !== "hidden";
		},
		disabled: function(elem){
			return elem.disabled === true;
		},
		checked: function(elem){
			return elem.checked === true;
		},
		selected: function(elem){
			// Accessing this property makes selected-by-default
			// options in Safari work properly
			elem.parentNode.selectedIndex;
			return elem.selected === true;
		},
		parent: function(elem){
			return !!elem.firstChild;
		},
		empty: function(elem){
			return !elem.firstChild;
		},
		has: function(elem, i, match){
			return !!Sizzle( match[3], elem ).length;
		},
		header: function(elem){
			return /h\d/i.test( elem.nodeName );
		},
		text: function(elem){
			return "text" === elem.type;
		},
		radio: function(elem){
			return "radio" === elem.type;
		},
		checkbox: function(elem){
			return "checkbox" === elem.type;
		},
		file: function(elem){
			return "file" === elem.type;
		},
		password: function(elem){
			return "password" === elem.type;
		},
		submit: function(elem){
			return "submit" === elem.type;
		},
		image: function(elem){
			return "image" === elem.type;
		},
		reset: function(elem){
			return "reset" === elem.type;
		},
		button: function(elem){
			return "button" === elem.type || elem.nodeName.toLowerCase() === "button";
		},
		input: function(elem){
			return /input|select|textarea|button/i.test(elem.nodeName);
		}
	},
	setFilters: {
		first: function(elem, i){
			return i === 0;
		},
		last: function(elem, i, match, array){
			return i === array.length - 1;
		},
		even: function(elem, i){
			return i % 2 === 0;
		},
		odd: function(elem, i){
			return i % 2 === 1;
		},
		lt: function(elem, i, match){
			return i < match[3] - 0;
		},
		gt: function(elem, i, match){
			return i > match[3] - 0;
		},
		nth: function(elem, i, match){
			return match[3] - 0 === i;
		},
		eq: function(elem, i, match){
			return match[3] - 0 === i;
		}
	},
	filter: {
		PSEUDO: function(elem, match, i, array){
			var name = match[1], filter = Expr.filters[ name ];

			if ( filter ) {
				return filter( elem, i, match, array );
			} else if ( name === "contains" ) {
				return (elem.textContent || elem.innerText || getText([ elem ]) || "").indexOf(match[3]) >= 0;
			} else if ( name === "not" ) {
				var not = match[3];

				for ( var i = 0, l = not.length; i < l; i++ ) {
					if ( not[i] === elem ) {
						return false;
					}
				}

				return true;
			} else {
				Sizzle.error( "Syntax error, unrecognized expression: " + name );
			}
		},
		CHILD: function(elem, match){
			var type = match[1], node = elem;
			switch (type) {
				case 'only':
				case 'first':
					while ( (node = node.previousSibling) )	 {
						if ( node.nodeType === 1 ) { 
							return false; 
						}
					}
					if ( type === "first" ) { 
						return true; 
					}
					node = elem;
				case 'last':
					while ( (node = node.nextSibling) )	 {
						if ( node.nodeType === 1 ) { 
							return false; 
						}
					}
					return true;
				case 'nth':
					var first = match[2], last = match[3];

					if ( first === 1 && last === 0 ) {
						return true;
					}
					
					var doneName = match[0],
						parent = elem.parentNode;
	
					if ( parent && (parent.sizcache !== doneName || !elem.nodeIndex) ) {
						var count = 0;
						for ( node = parent.firstChild; node; node = node.nextSibling ) {
							if ( node.nodeType === 1 ) {
								node.nodeIndex = ++count;
							}
						} 
						parent.sizcache = doneName;
					}
					
					var diff = elem.nodeIndex - last;
					if ( first === 0 ) {
						return diff === 0;
					} else {
						return ( diff % first === 0 && diff / first >= 0 );
					}
			}
		},
		ID: function(elem, match){
			return elem.nodeType === 1 && elem.getAttribute("id") === match;
		},
		TAG: function(elem, match){
			return (match === "*" && elem.nodeType === 1) || elem.nodeName.toLowerCase() === match;
		},
		CLASS: function(elem, match){
			return (" " + (elem.className || elem.getAttribute("class")) + " ")
				.indexOf( match ) > -1;
		},
		ATTR: function(elem, match){
			var name = match[1],
				result = Expr.attrHandle[ name ] ?
					Expr.attrHandle[ name ]( elem ) :
					elem[ name ] != null ?
						elem[ name ] :
						elem.getAttribute( name ),
				value = result + "",
				type = match[2],
				check = match[4];

			return result == null ?
				type === "!=" :
				type === "=" ?
				value === check :
				type === "*=" ?
				value.indexOf(check) >= 0 :
				type === "~=" ?
				(" " + value + " ").indexOf(check) >= 0 :
				!check ?
				value && result !== false :
				type === "!=" ?
				value !== check :
				type === "^=" ?
				value.indexOf(check) === 0 :
				type === "$=" ?
				value.substr(value.length - check.length) === check :
				type === "|=" ?
				value === check || value.substr(0, check.length + 1) === check + "-" :
				false;
		},
		POS: function(elem, match, i, array){
			var name = match[2], filter = Expr.setFilters[ name ];

			if ( filter ) {
				return filter( elem, i, match, array );
			}
		}
	}
};

var origPOS = Expr.match.POS;

for ( var type in Expr.match ) {
	Expr.match[ type ] = new RegExp( Expr.match[ type ].source + /(?![^\[]*\])(?![^\(]*\))/.source );
	Expr.leftMatch[ type ] = new RegExp( /(^(?:.|\r|\n)*?)/.source + Expr.match[ type ].source.replace(/\\(\d+)/g, function(all, num){
		return "\\" + (num - 0 + 1);
	}));
}

var makeArray = function(array, results) {
	array = Array.prototype.slice.call( array, 0 );

	if ( results ) {
		results.push.apply( results, array );
		return results;
	}
	
	return array;
};

// Perform a simple check to determine if the browser is capable of
// converting a NodeList to an array using builtin methods.
// Also verifies that the returned array holds DOM nodes
// (which is not the case in the Blackberry browser)
try {
	Array.prototype.slice.call( document.documentElement.childNodes, 0 )[0].nodeType;

// Provide a fallback method if it does not work
} catch(e){
	makeArray = function(array, results) {
		var ret = results || [];

		if ( toString.call(array) === "[object Array]" ) {
			Array.prototype.push.apply( ret, array );
		} else {
			if ( typeof array.length === "number" ) {
				for ( var i = 0, l = array.length; i < l; i++ ) {
					ret.push( array[i] );
				}
			} else {
				for ( var i = 0; array[i]; i++ ) {
					ret.push( array[i] );
				}
			}
		}

		return ret;
	};
}

var sortOrder;

if ( document.documentElement.compareDocumentPosition ) {
	sortOrder = function( a, b ) {
		if ( !a.compareDocumentPosition || !b.compareDocumentPosition ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.compareDocumentPosition ? -1 : 1;
		}

		var ret = a.compareDocumentPosition(b) & 4 ? -1 : a === b ? 0 : 1;
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
} else if ( "sourceIndex" in document.documentElement ) {
	sortOrder = function( a, b ) {
		if ( !a.sourceIndex || !b.sourceIndex ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.sourceIndex ? -1 : 1;
		}

		var ret = a.sourceIndex - b.sourceIndex;
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
} else if ( document.createRange ) {
	sortOrder = function( a, b ) {
		if ( !a.ownerDocument || !b.ownerDocument ) {
			if ( a == b ) {
				hasDuplicate = true;
			}
			return a.ownerDocument ? -1 : 1;
		}

		var aRange = a.ownerDocument.createRange(), bRange = b.ownerDocument.createRange();
		aRange.setStart(a, 0);
		aRange.setEnd(a, 0);
		bRange.setStart(b, 0);
		bRange.setEnd(b, 0);
		var ret = aRange.compareBoundaryPoints(Range.START_TO_END, bRange);
		if ( ret === 0 ) {
			hasDuplicate = true;
		}
		return ret;
	};
}

// Utility function for retreiving the text value of an array of DOM nodes
function getText( elems ) {
	var ret = "", elem;

	for ( var i = 0; elems[i]; i++ ) {
		elem = elems[i];

		// Get the text from text nodes and CDATA nodes
		if ( elem.nodeType === 3 || elem.nodeType === 4 ) {
			ret += elem.nodeValue;

		// Traverse everything else, except comment nodes
		} else if ( elem.nodeType !== 8 ) {
			ret += getText( elem.childNodes );
		}
	}

	return ret;
}

// Check to see if the browser returns elements by name when
// querying by getElementById (and provide a workaround)
(function(){
	// We're going to inject a fake input element with a specified name
	var form = document.createElement("div"),
		id = "script" + (new Date).getTime();
	form.innerHTML = "<a name='" + id + "'/>";

	// Inject it into the root element, check its status, and remove it quickly
	var root = document.documentElement;
	root.insertBefore( form, root.firstChild );

	// The workaround has to do additional checks after a getElementById
	// Which slows things down for other browsers (hence the branching)
	if ( document.getElementById( id ) ) {
		Expr.find.ID = function(match, context, isXML){
			if ( typeof context.getElementById !== "undefined" && !isXML ) {
				var m = context.getElementById(match[1]);
				return m ? m.id === match[1] || typeof m.getAttributeNode !== "undefined" && m.getAttributeNode("id").nodeValue === match[1] ? [m] : undefined : [];
			}
		};

		Expr.filter.ID = function(elem, match){
			var node = typeof elem.getAttributeNode !== "undefined" && elem.getAttributeNode("id");
			return elem.nodeType === 1 && node && node.nodeValue === match;
		};
	}

	root.removeChild( form );
	root = form = null; // release memory in IE
})();

(function(){
	// Check to see if the browser returns only elements
	// when doing getElementsByTagName("*")

	// Create a fake element
	var div = document.createElement("div");
	div.appendChild( document.createComment("") );

	// Make sure no comments are found
	if ( div.getElementsByTagName("*").length > 0 ) {
		Expr.find.TAG = function(match, context){
			var results = context.getElementsByTagName(match[1]);

			// Filter out possible comments
			if ( match[1] === "*" ) {
				var tmp = [];

				for ( var i = 0; results[i]; i++ ) {
					if ( results[i].nodeType === 1 ) {
						tmp.push( results[i] );
					}
				}

				results = tmp;
			}

			return results;
		};
	}

	// Check to see if an attribute returns normalized href attributes
	div.innerHTML = "<a href='#'></a>";
	if ( div.firstChild && typeof div.firstChild.getAttribute !== "undefined" &&
			div.firstChild.getAttribute("href") !== "#" ) {
		Expr.attrHandle.href = function(elem){
			return elem.getAttribute("href", 2);
		};
	}

	div = null; // release memory in IE
})();

if ( document.querySelectorAll ) {
	(function(){
		var oldSizzle = Sizzle, div = document.createElement("div");
		div.innerHTML = "<p class='TEST'></p>";

		// Safari can't handle uppercase or unicode characters when
		// in quirks mode.
		if ( div.querySelectorAll && div.querySelectorAll(".TEST").length === 0 ) {
			return;
		}
	
		Sizzle = function(query, context, extra, seed){
			context = context || document;

			// Only use querySelectorAll on non-XML documents
			// (ID selectors don't work in non-HTML documents)
			if ( !seed && context.nodeType === 9 && !isXML(context) ) {
				try {
					return makeArray( context.querySelectorAll(query), extra );
				} catch(e){}
			}
		
			return oldSizzle(query, context, extra, seed);
		};

		for ( var prop in oldSizzle ) {
			Sizzle[ prop ] = oldSizzle[ prop ];
		}

		div = null; // release memory in IE
	})();
}

(function(){
	var div = document.createElement("div");

	div.innerHTML = "<div class='test e'></div><div class='test'></div>";

	// Opera can't find a second classname (in 9.6)
	// Also, make sure that getElementsByClassName actually exists
	if ( !div.getElementsByClassName || div.getElementsByClassName("e").length === 0 ) {
		return;
	}

	// Safari caches class attributes, doesn't catch changes (in 3.2)
	div.lastChild.className = "e";

	if ( div.getElementsByClassName("e").length === 1 ) {
		return;
	}
	
	Expr.order.splice(1, 0, "CLASS");
	Expr.find.CLASS = function(match, context, isXML) {
		if ( typeof context.getElementsByClassName !== "undefined" && !isXML ) {
			return context.getElementsByClassName(match[1]);
		}
	};

	div = null; // release memory in IE
})();

function dirNodeCheck( dir, cur, doneName, checkSet, nodeCheck, isXML ) {
	for ( var i = 0, l = checkSet.length; i < l; i++ ) {
		var elem = checkSet[i];
		if ( elem ) {
			elem = elem[dir];
			var match = false;

			while ( elem ) {
				if ( elem.sizcache === doneName ) {
					match = checkSet[elem.sizset];
					break;
				}

				if ( elem.nodeType === 1 && !isXML ){
					elem.sizcache = doneName;
					elem.sizset = i;
				}

				if ( elem.nodeName.toLowerCase() === cur ) {
					match = elem;
					break;
				}

				elem = elem[dir];
			}

			checkSet[i] = match;
		}
	}
}

function dirCheck( dir, cur, doneName, checkSet, nodeCheck, isXML ) {
	for ( var i = 0, l = checkSet.length; i < l; i++ ) {
		var elem = checkSet[i];
		if ( elem ) {
			elem = elem[dir];
			var match = false;

			while ( elem ) {
				if ( elem.sizcache === doneName ) {
					match = checkSet[elem.sizset];
					break;
				}

				if ( elem.nodeType === 1 ) {
					if ( !isXML ) {
						elem.sizcache = doneName;
						elem.sizset = i;
					}
					if ( typeof cur !== "string" ) {
						if ( elem === cur ) {
							match = true;
							break;
						}

					} else if ( Sizzle.filter( cur, [elem] ).length > 0 ) {
						match = elem;
						break;
					}
				}

				elem = elem[dir];
			}

			checkSet[i] = match;
		}
	}
}

var contains = document.compareDocumentPosition ? function(a, b){
	return !!(a.compareDocumentPosition(b) & 16);
} : function(a, b){
	return a !== b && (a.contains ? a.contains(b) : true);
};

var isXML = function(elem){
	// documentElement is verified for cases where it doesn't yet exist
	// (such as loading iframes in IE - #4833) 
	var documentElement = (elem ? elem.ownerDocument || elem : 0).documentElement;
	return documentElement ? documentElement.nodeName !== "HTML" : false;
};

var posProcess = function(selector, context){
	var tmpSet = [], later = "", match,
		root = context.nodeType ? [context] : context;

	// Position selectors must be done after the filter
	// And so must :not(positional) so we move all PSEUDOs to the end
	while ( (match = Expr.match.PSEUDO.exec( selector )) ) {
		later += match[0];
		selector = selector.replace( Expr.match.PSEUDO, "" );
	}

	selector = Expr.relative[selector] ? selector + "*" : selector;

	for ( var i = 0, l = root.length; i < l; i++ ) {
		Sizzle( selector, root[i], tmpSet );
	}

	return Sizzle.filter( later, tmpSet );
};

// EXPOSE
jQuery.find = Sizzle;
jQuery.expr = Sizzle.selectors;
jQuery.expr[":"] = jQuery.expr.filters;
jQuery.unique = Sizzle.uniqueSort;
jQuery.text = getText;
jQuery.isXMLDoc = isXML;
jQuery.contains = contains;

return;

window.Sizzle = Sizzle;

})();
var runtil = /Until$/,
	rparentsprev = /^(?:parents|prevUntil|prevAll)/,
	// Note: This RegExp should be improved, or likely pulled from Sizzle
	rmultiselector = /,/,
	slice = Array.prototype.slice;

// Implement the identical functionality for filter and not
var winnow = function( elements, qualifier, keep ) {
	if ( jQuery.isFunction( qualifier ) ) {
		return jQuery.grep(elements, function( elem, i ) {
			return !!qualifier.call( elem, i, elem ) === keep;
		});

	} else if ( qualifier.nodeType ) {
		return jQuery.grep(elements, function( elem, i ) {
			return (elem === qualifier) === keep;
		});

	} else if ( typeof qualifier === "string" ) {
		var filtered = jQuery.grep(elements, function( elem ) {
			return elem.nodeType === 1;
		});

		if ( isSimple.test( qualifier ) ) {
			return jQuery.filter(qualifier, filtered, !keep);
		} else {
			qualifier = jQuery.filter( qualifier, filtered );
		}
	}

	return jQuery.grep(elements, function( elem, i ) {
		return (jQuery.inArray( elem, qualifier ) >= 0) === keep;
	});
};

jQuery.fn.extend({
	find: function( selector ) {
		var ret = this.pushStack( "", "find", selector ), length = 0;

		for ( var i = 0, l = this.length; i < l; i++ ) {
			length = ret.length;
			jQuery.find( selector, this[i], ret );

			if ( i > 0 ) {
				// Make sure that the results are unique
				for ( var n = length; n < ret.length; n++ ) {
					for ( var r = 0; r < length; r++ ) {
						if ( ret[r] === ret[n] ) {
							ret.splice(n--, 1);
							break;
						}
					}
				}
			}
		}

		return ret;
	},

	has: function( target ) {
		var targets = jQuery( target );
		return this.filter(function() {
			for ( var i = 0, l = targets.length; i < l; i++ ) {
				if ( jQuery.contains( this, targets[i] ) ) {
					return true;
				}
			}
		});
	},

	not: function( selector ) {
		return this.pushStack( winnow(this, selector, false), "not", selector);
	},

	filter: function( selector ) {
		return this.pushStack( winnow(this, selector, true), "filter", selector );
	},
	
	is: function( selector ) {
		return !!selector && jQuery.filter( selector, this ).length > 0;
	},

	closest: function( selectors, context ) {
		if ( jQuery.isArray( selectors ) ) {
			var ret = [], cur = this[0], match, matches = {}, selector;

			if ( cur && selectors.length ) {
				for ( var i = 0, l = selectors.length; i < l; i++ ) {
					selector = selectors[i];

					if ( !matches[selector] ) {
						matches[selector] = jQuery.expr.match.POS.test( selector ) ? 
							jQuery( selector, context || this.context ) :
							selector;
					}
				}

				while ( cur && cur.ownerDocument && cur !== context ) {
					for ( selector in matches ) {
						match = matches[selector];

						if ( match.jquery ? match.index(cur) > -1 : jQuery(cur).is(match) ) {
							ret.push({ selector: selector, elem: cur });
							delete matches[selector];
						}
					}
					cur = cur.parentNode;
				}
			}

			return ret;
		}

		var pos = jQuery.expr.match.POS.test( selectors ) ? 
			jQuery( selectors, context || this.context ) : null;

		return this.map(function( i, cur ) {
			while ( cur && cur.ownerDocument && cur !== context ) {
				if ( pos ? pos.index(cur) > -1 : jQuery(cur).is(selectors) ) {
					return cur;
				}
				cur = cur.parentNode;
			}
			return null;
		});
	},
	
	// Determine the position of an element within
	// the matched set of elements
	index: function( elem ) {
		if ( !elem || typeof elem === "string" ) {
			return jQuery.inArray( this[0],
				// If it receives a string, the selector is used
				// If it receives nothing, the siblings are used
				elem ? jQuery( elem ) : this.parent().children() );
		}
		// Locate the position of the desired element
		return jQuery.inArray(
			// If it receives a jQuery object, the first element is used
			elem.jquery ? elem[0] : elem, this );
	},

	add: function( selector, context ) {
		var set = typeof selector === "string" ?
				jQuery( selector, context || this.context ) :
				jQuery.makeArray( selector ),
			all = jQuery.merge( this.get(), set );

		return this.pushStack( isDisconnected( set[0] ) || isDisconnected( all[0] ) ?
			all :
			jQuery.unique( all ) );
	},

	andSelf: function() {
		return this.add( this.prevObject );
	}
});

// A painfully simple check to see if an element is disconnected
// from a document (should be improved, where feasible).
function isDisconnected( node ) {
	return !node || !node.parentNode || node.parentNode.nodeType === 11;
}

jQuery.each({
	parent: function( elem ) {
		var parent = elem.parentNode;
		return parent && parent.nodeType !== 11 ? parent : null;
	},
	parents: function( elem ) {
		return jQuery.dir( elem, "parentNode" );
	},
	parentsUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "parentNode", until );
	},
	next: function( elem ) {
		return jQuery.nth( elem, 2, "nextSibling" );
	},
	prev: function( elem ) {
		return jQuery.nth( elem, 2, "previousSibling" );
	},
	nextAll: function( elem ) {
		return jQuery.dir( elem, "nextSibling" );
	},
	prevAll: function( elem ) {
		return jQuery.dir( elem, "previousSibling" );
	},
	nextUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "nextSibling", until );
	},
	prevUntil: function( elem, i, until ) {
		return jQuery.dir( elem, "previousSibling", until );
	},
	siblings: function( elem ) {
		return jQuery.sibling( elem.parentNode.firstChild, elem );
	},
	children: function( elem ) {
		return jQuery.sibling( elem.firstChild );
	},
	contents: function( elem ) {
		return jQuery.nodeName( elem, "iframe" ) ?
			elem.contentDocument || elem.contentWindow.document :
			jQuery.makeArray( elem.childNodes );
	}
}, function( name, fn ) {
	jQuery.fn[ name ] = function( until, selector ) {
		var ret = jQuery.map( this, fn, until );
		
		if ( !runtil.test( name ) ) {
			selector = until;
		}

		if ( selector && typeof selector === "string" ) {
			ret = jQuery.filter( selector, ret );
		}

		ret = this.length > 1 ? jQuery.unique( ret ) : ret;

		if ( (this.length > 1 || rmultiselector.test( selector )) && rparentsprev.test( name ) ) {
			ret = ret.reverse();
		}

		return this.pushStack( ret, name, slice.call(arguments).join(",") );
	};
});

jQuery.extend({
	filter: function( expr, elems, not ) {
		if ( not ) {
			expr = ":not(" + expr + ")";
		}

		return jQuery.find.matches(expr, elems);
	},
	
	dir: function( elem, dir, until ) {
		var matched = [], cur = elem[dir];
		while ( cur && cur.nodeType !== 9 && (until === undefined || cur.nodeType !== 1 || !jQuery( cur ).is( until )) ) {
			if ( cur.nodeType === 1 ) {
				matched.push( cur );
			}
			cur = cur[dir];
		}
		return matched;
	},

	nth: function( cur, result, dir, elem ) {
		result = result || 1;
		var num = 0;

		for ( ; cur; cur = cur[dir] ) {
			if ( cur.nodeType === 1 && ++num === result ) {
				break;
			}
		}

		return cur;
	},

	sibling: function( n, elem ) {
		var r = [];

		for ( ; n; n = n.nextSibling ) {
			if ( n.nodeType === 1 && n !== elem ) {
				r.push( n );
			}
		}

		return r;
	}
});
var rinlinejQuery = / jQuery\d+="(?:\d+|null)"/g,
	rleadingWhitespace = /^\s+/,
	rxhtmlTag = /(<([\w:]+)[^>]*?)\/>/g,
	rselfClosing = /^(?:area|br|col|embed|hr|img|input|link|meta|param)$/i,
	rtagName = /<([\w:]+)/,
	rtbody = /<tbody/i,
	rhtml = /<|&#?\w+;/,
	rnocache = /<script|<object|<embed|<option|<style/i,
	rchecked = /checked\s*(?:[^=]|=\s*.checked.)/i,  // checked="checked" or checked (html5)
	fcloseTag = function( all, front, tag ) {
		return rselfClosing.test( tag ) ?
			all :
			front + "></" + tag + ">";
	},
	wrapMap = {
		option: [ 1, "<select multiple='multiple'>", "</select>" ],
		legend: [ 1, "<fieldset>", "</fieldset>" ],
		thead: [ 1, "<table>", "</table>" ],
		tr: [ 2, "<table><tbody>", "</tbody></table>" ],
		td: [ 3, "<table><tbody><tr>", "</tr></tbody></table>" ],
		col: [ 2, "<table><tbody></tbody><colgroup>", "</colgroup></table>" ],
		area: [ 1, "<map>", "</map>" ],
		_default: [ 0, "", "" ]
	};

wrapMap.optgroup = wrapMap.option;
wrapMap.tbody = wrapMap.tfoot = wrapMap.colgroup = wrapMap.caption = wrapMap.thead;
wrapMap.th = wrapMap.td;

// IE can't serialize <link> and <script> tags normally
if ( !jQuery.support.htmlSerialize ) {
	wrapMap._default = [ 1, "div<div>", "</div>" ];
}

jQuery.fn.extend({
	text: function( text ) {
		if ( jQuery.isFunction(text) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				self.text( text.call(this, i, self.text()) );
			});
		}

		if ( typeof text !== "object" && text !== undefined ) {
			return this.empty().append( (this[0] && this[0].ownerDocument || document).createTextNode( text ) );
		}

		return jQuery.text( this );
	},

	wrapAll: function( html ) {
		if ( jQuery.isFunction( html ) ) {
			return this.each(function(i) {
				jQuery(this).wrapAll( html.call(this, i) );
			});
		}

		if ( this[0] ) {
			// The elements to wrap the target around
			var wrap = jQuery( html, this[0].ownerDocument ).eq(0).clone(true);

			if ( this[0].parentNode ) {
				wrap.insertBefore( this[0] );
			}

			wrap.map(function() {
				var elem = this;

				while ( elem.firstChild && elem.firstChild.nodeType === 1 ) {
					elem = elem.firstChild;
				}

				return elem;
			}).append(this);
		}

		return this;
	},

	wrapInner: function( html ) {
		if ( jQuery.isFunction( html ) ) {
			return this.each(function(i) {
				jQuery(this).wrapInner( html.call(this, i) );
			});
		}

		return this.each(function() {
			var self = jQuery( this ), contents = self.contents();

			if ( contents.length ) {
				contents.wrapAll( html );

			} else {
				self.append( html );
			}
		});
	},

	wrap: function( html ) {
		return this.each(function() {
			jQuery( this ).wrapAll( html );
		});
	},

	unwrap: function() {
		return this.parent().each(function() {
			if ( !jQuery.nodeName( this, "body" ) ) {
				jQuery( this ).replaceWith( this.childNodes );
			}
		}).end();
	},

	append: function() {
		return this.domManip(arguments, true, function( elem ) {
			if ( this.nodeType === 1 ) {
				this.appendChild( elem );
			}
		});
	},

	prepend: function() {
		return this.domManip(arguments, true, function( elem ) {
			if ( this.nodeType === 1 ) {
				this.insertBefore( elem, this.firstChild );
			}
		});
	},

	before: function() {
		if ( this[0] && this[0].parentNode ) {
			return this.domManip(arguments, false, function( elem ) {
				this.parentNode.insertBefore( elem, this );
			});
		} else if ( arguments.length ) {
			var set = jQuery(arguments[0]);
			set.push.apply( set, this.toArray() );
			return this.pushStack( set, "before", arguments );
		}
	},

	after: function() {
		if ( this[0] && this[0].parentNode ) {
			return this.domManip(arguments, false, function( elem ) {
				this.parentNode.insertBefore( elem, this.nextSibling );
			});
		} else if ( arguments.length ) {
			var set = this.pushStack( this, "after", arguments );
			set.push.apply( set, jQuery(arguments[0]).toArray() );
			return set;
		}
	},
	
	// keepData is for internal use only--do not document
	remove: function( selector, keepData ) {
		for ( var i = 0, elem; (elem = this[i]) != null; i++ ) {
			if ( !selector || jQuery.filter( selector, [ elem ] ).length ) {
				if ( !keepData && elem.nodeType === 1 ) {
					jQuery.cleanData( elem.getElementsByTagName("*") );
					jQuery.cleanData( [ elem ] );
				}

				if ( elem.parentNode ) {
					 elem.parentNode.removeChild( elem );
				}
			}
		}
		
		return this;
	},

	empty: function() {
		for ( var i = 0, elem; (elem = this[i]) != null; i++ ) {
			// Remove element nodes and prevent memory leaks
			if ( elem.nodeType === 1 ) {
				jQuery.cleanData( elem.getElementsByTagName("*") );
			}

			// Remove any remaining nodes
			while ( elem.firstChild ) {
				elem.removeChild( elem.firstChild );
			}
		}
		
		return this;
	},

	clone: function( events ) {
		// Do the clone
		var ret = this.map(function() {
			if ( !jQuery.support.noCloneEvent && !jQuery.isXMLDoc(this) ) {
				// IE copies events bound via attachEvent when
				// using cloneNode. Calling detachEvent on the
				// clone will also remove the events from the orignal
				// In order to get around this, we use innerHTML.
				// Unfortunately, this means some modifications to
				// attributes in IE that are actually only stored
				// as properties will not be copied (such as the
				// the name attribute on an input).
				var html = this.outerHTML, ownerDocument = this.ownerDocument;
				if ( !html ) {
					var div = ownerDocument.createElement("div");
					div.appendChild( this.cloneNode(true) );
					html = div.innerHTML;
				}

				return jQuery.clean([html.replace(rinlinejQuery, "")
					// Handle the case in IE 8 where action=/test/> self-closes a tag
					.replace(/=([^="'>\s]+\/)>/g, '="$1">')
					.replace(rleadingWhitespace, "")], ownerDocument)[0];
			} else {
				return this.cloneNode(true);
			}
		});

		// Copy the events from the original to the clone
		if ( events === true ) {
			cloneCopyEvent( this, ret );
			cloneCopyEvent( this.find("*"), ret.find("*") );
		}

		// Return the cloned set
		return ret;
	},

	html: function( value ) {
		if ( value === undefined ) {
			return this[0] && this[0].nodeType === 1 ?
				this[0].innerHTML.replace(rinlinejQuery, "") :
				null;

		// See if we can take a shortcut and just use innerHTML
		} else if ( typeof value === "string" && !rnocache.test( value ) &&
			(jQuery.support.leadingWhitespace || !rleadingWhitespace.test( value )) &&
			!wrapMap[ (rtagName.exec( value ) || ["", ""])[1].toLowerCase() ] ) {

			value = value.replace(rxhtmlTag, fcloseTag);

			try {
				for ( var i = 0, l = this.length; i < l; i++ ) {
					// Remove element nodes and prevent memory leaks
					if ( this[i].nodeType === 1 ) {
						jQuery.cleanData( this[i].getElementsByTagName("*") );
						this[i].innerHTML = value;
					}
				}

			// If using innerHTML throws an exception, use the fallback method
			} catch(e) {
				this.empty().append( value );
			}

		} else if ( jQuery.isFunction( value ) ) {
			this.each(function(i){
				var self = jQuery(this), old = self.html();
				self.empty().append(function(){
					return value.call( this, i, old );
				});
			});

		} else {
			this.empty().append( value );
		}

		return this;
	},

	replaceWith: function( value ) {
		if ( this[0] && this[0].parentNode ) {
			// Make sure that the elements are removed from the DOM before they are inserted
			// this can help fix replacing a parent with child elements
			if ( jQuery.isFunction( value ) ) {
				return this.each(function(i) {
					var self = jQuery(this), old = self.html();
					self.replaceWith( value.call( this, i, old ) );
				});
			}

			if ( typeof value !== "string" ) {
				value = jQuery(value).detach();
			}

			return this.each(function() {
				var next = this.nextSibling, parent = this.parentNode;

				jQuery(this).remove();

				if ( next ) {
					jQuery(next).before( value );
				} else {
					jQuery(parent).append( value );
				}
			});
		} else {
			return this.pushStack( jQuery(jQuery.isFunction(value) ? value() : value), "replaceWith", value );
		}
	},

	detach: function( selector ) {
		return this.remove( selector, true );
	},

	domManip: function( args, table, callback ) {
		var results, first, value = args[0], scripts = [], fragment, parent;

		// We can't cloneNode fragments that contain checked, in WebKit
		if ( !jQuery.support.checkClone && arguments.length === 3 && typeof value === "string" && rchecked.test( value ) ) {
			return this.each(function() {
				jQuery(this).domManip( args, table, callback, true );
			});
		}

		if ( jQuery.isFunction(value) ) {
			return this.each(function(i) {
				var self = jQuery(this);
				args[0] = value.call(this, i, table ? self.html() : undefined);
				self.domManip( args, table, callback );
			});
		}

		if ( this[0] ) {
			parent = value && value.parentNode;

			// If we're in a fragment, just use that instead of building a new one
			if ( jQuery.support.parentNode && parent && parent.nodeType === 11 && parent.childNodes.length === this.length ) {
				results = { fragment: parent };

			} else {
				results = buildFragment( args, this, scripts );
			}
			
			fragment = results.fragment;
			
			if ( fragment.childNodes.length === 1 ) {
				first = fragment = fragment.firstChild;
			} else {
				first = fragment.firstChild;
			}

			if ( first ) {
				table = table && jQuery.nodeName( first, "tr" );

				for ( var i = 0, l = this.length; i < l; i++ ) {
					callback.call(
						table ?
							root(this[i], first) :
							this[i],
						i > 0 || results.cacheable || this.length > 1  ?
							fragment.cloneNode(true) :
							fragment
					);
				}
			}

			if ( scripts.length ) {
				jQuery.each( scripts, evalScript );
			}
		}

		return this;

		function root( elem, cur ) {
			return jQuery.nodeName(elem, "table") ?
				(elem.getElementsByTagName("tbody")[0] ||
				elem.appendChild(elem.ownerDocument.createElement("tbody"))) :
				elem;
		}
	}
});

function cloneCopyEvent(orig, ret) {
	var i = 0;

	ret.each(function() {
		if ( this.nodeName !== (orig[i] && orig[i].nodeName) ) {
			return;
		}

		var oldData = jQuery.data( orig[i++] ), curData = jQuery.data( this, oldData ), events = oldData && oldData.events;

		if ( events ) {
			delete curData.handle;
			curData.events = {};

			for ( var type in events ) {
				for ( var handler in events[ type ] ) {
					jQuery.event.add( this, type, events[ type ][ handler ], events[ type ][ handler ].data );
				}
			}
		}
	});
}

function buildFragment( args, nodes, scripts ) {
	var fragment, cacheable, cacheresults,
		doc = (nodes && nodes[0] ? nodes[0].ownerDocument || nodes[0] : document);

	// Only cache "small" (1/2 KB) strings that are associated with the main document
	// Cloning options loses the selected state, so don't cache them
	// IE 6 doesn't like it when you put <object> or <embed> elements in a fragment
	// Also, WebKit does not clone 'checked' attributes on cloneNode, so don't cache
	if ( args.length === 1 && typeof args[0] === "string" && args[0].length < 512 && doc === document &&
		!rnocache.test( args[0] ) && (jQuery.support.checkClone || !rchecked.test( args[0] )) ) {

		cacheable = true;
		cacheresults = jQuery.fragments[ args[0] ];
		if ( cacheresults ) {
			if ( cacheresults !== 1 ) {
				fragment = cacheresults;
			}
		}
	}

	if ( !fragment ) {
		fragment = doc.createDocumentFragment();
		jQuery.clean( args, doc, fragment, scripts );
	}

	if ( cacheable ) {
		jQuery.fragments[ args[0] ] = cacheresults ? fragment : 1;
	}

	return { fragment: fragment, cacheable: cacheable };
}

jQuery.fragments = {};

jQuery.each({
	appendTo: "append",
	prependTo: "prepend",
	insertBefore: "before",
	insertAfter: "after",
	replaceAll: "replaceWith"
}, function( name, original ) {
	jQuery.fn[ name ] = function( selector ) {
		var ret = [], insert = jQuery( selector ),
			parent = this.length === 1 && this[0].parentNode;
		
		if ( parent && parent.nodeType === 11 && parent.childNodes.length === 1 && insert.length === 1 ) {
			insert[ original ]( this[0] );
			return this;
			
		} else {
			for ( var i = 0, l = insert.length; i < l; i++ ) {
				var elems = (i > 0 ? this.clone(true) : this).get();
				jQuery.fn[ original ].apply( jQuery(insert[i]), elems );
				ret = ret.concat( elems );
			}
		
			return this.pushStack( ret, name, insert.selector );
		}
	};
});

jQuery.extend({
	clean: function( elems, context, fragment, scripts ) {
		context = context || document;

		// !context.createElement fails in IE with an error but returns typeof 'object'
		if ( typeof context.createElement === "undefined" ) {
			context = context.ownerDocument || context[0] && context[0].ownerDocument || document;
		}

		var ret = [];

		for ( var i = 0, elem; (elem = elems[i]) != null; i++ ) {
			if ( typeof elem === "number" ) {
				elem += "";
			}

			if ( !elem ) {
				continue;
			}

			// Convert html string into DOM nodes
			if ( typeof elem === "string" && !rhtml.test( elem ) ) {
				elem = context.createTextNode( elem );

			} else if ( typeof elem === "string" ) {
				// Fix "XHTML"-style tags in all browsers
				elem = elem.replace(rxhtmlTag, fcloseTag);

				// Trim whitespace, otherwise indexOf won't work as expected
				var tag = (rtagName.exec( elem ) || ["", ""])[1].toLowerCase(),
					wrap = wrapMap[ tag ] || wrapMap._default,
					depth = wrap[0],
					div = context.createElement("div");

				// Go to html and back, then peel off extra wrappers
				div.innerHTML = wrap[1] + elem + wrap[2];

				// Move to the right depth
				while ( depth-- ) {
					div = div.lastChild;
				}

				// Remove IE's autoinserted <tbody> from table fragments
				if ( !jQuery.support.tbody ) {

					// String was a <table>, *may* have spurious <tbody>
					var hasBody = rtbody.test(elem),
						tbody = tag === "table" && !hasBody ?
							div.firstChild && div.firstChild.childNodes :

							// String was a bare <thead> or <tfoot>
							wrap[1] === "<table>" && !hasBody ?
								div.childNodes :
								[];

					for ( var j = tbody.length - 1; j >= 0 ; --j ) {
						if ( jQuery.nodeName( tbody[ j ], "tbody" ) && !tbody[ j ].childNodes.length ) {
							tbody[ j ].parentNode.removeChild( tbody[ j ] );
						}
					}

				}

				// IE completely kills leading whitespace when innerHTML is used
				if ( !jQuery.support.leadingWhitespace && rleadingWhitespace.test( elem ) ) {
					div.insertBefore( context.createTextNode( rleadingWhitespace.exec(elem)[0] ), div.firstChild );
				}

				elem = div.childNodes;
			}

			if ( elem.nodeType ) {
				ret.push( elem );
			} else {
				ret = jQuery.merge( ret, elem );
			}
		}

		if ( fragment ) {
			for ( var i = 0; ret[i]; i++ ) {
				if ( scripts && jQuery.nodeName( ret[i], "script" ) && (!ret[i].type || ret[i].type.toLowerCase() === "text/javascript") ) {
					scripts.push( ret[i].parentNode ? ret[i].parentNode.removeChild( ret[i] ) : ret[i] );
				
				} else {
					if ( ret[i].nodeType === 1 ) {
						ret.splice.apply( ret, [i + 1, 0].concat(jQuery.makeArray(ret[i].getElementsByTagName("script"))) );
					}
					fragment.appendChild( ret[i] );
				}
			}
		}

		return ret;
	},
	
	cleanData: function( elems ) {
		var data, id, cache = jQuery.cache,
			special = jQuery.event.special,
			deleteExpando = jQuery.support.deleteExpando;
		
		for ( var i = 0, elem; (elem = elems[i]) != null; i++ ) {
			id = elem[ jQuery.expando ];
			
			if ( id ) {
				data = cache[ id ];
				
				if ( data.events ) {
					for ( var type in data.events ) {
						if ( special[ type ] ) {
							jQuery.event.remove( elem, type );

						} else {
							removeEvent( elem, type, data.handle );
						}
					}
				}
				
				if ( deleteExpando ) {
					delete elem[ jQuery.expando ];

				} else if ( elem.removeAttribute ) {
					elem.removeAttribute( jQuery.expando );
				}
				
				delete cache[ id ];
			}
		}
	}
});
// exclude the following css properties to add px
var rexclude = /z-?index|font-?weight|opacity|zoom|line-?height/i,
	ralpha = /alpha\([^)]*\)/,
	ropacity = /opacity=([^)]*)/,
	rfloat = /float/i,
	rdashAlpha = /-([a-z])/ig,
	rupper = /([A-Z])/g,
	rnumpx = /^-?\d+(?:px)?$/i,
	rnum = /^-?\d/,

	cssShow = { position: "absolute", visibility: "hidden", display:"block" },
	cssWidth = [ "Left", "Right" ],
	cssHeight = [ "Top", "Bottom" ],

	// cache check for defaultView.getComputedStyle
	getComputedStyle = document.defaultView && document.defaultView.getComputedStyle,
	// normalize float css property
	styleFloat = jQuery.support.cssFloat ? "cssFloat" : "styleFloat",
	fcamelCase = function( all, letter ) {
		return letter.toUpperCase();
	};

jQuery.fn.css = function( name, value ) {
	return access( this, name, value, true, function( elem, name, value ) {
		if ( value === undefined ) {
			return jQuery.curCSS( elem, name );
		}
		
		if ( typeof value === "number" && !rexclude.test(name) ) {
			value += "px";
		}

		jQuery.style( elem, name, value );
	});
};

jQuery.extend({
	style: function( elem, name, value ) {
		// don't set styles on text and comment nodes
		if ( !elem || elem.nodeType === 3 || elem.nodeType === 8 ) {
			return undefined;
		}

		// ignore negative width and height values #1599
		if ( (name === "width" || name === "height") && parseFloat(value) < 0 ) {
			value = undefined;
		}

		var style = elem.style || elem, set = value !== undefined;

		// IE uses filters for opacity
		if ( !jQuery.support.opacity && name === "opacity" ) {
			if ( set ) {
				// IE has trouble with opacity if it does not have layout
				// Force it by setting the zoom level
				style.zoom = 1;

				// Set the alpha filter to set the opacity
				var opacity = parseInt( value, 10 ) + "" === "NaN" ? "" : "alpha(opacity=" + value * 100 + ")";
				var filter = style.filter || jQuery.curCSS( elem, "filter" ) || "";
				style.filter = ralpha.test(filter) ? filter.replace(ralpha, opacity) : opacity;
			}

			return style.filter && style.filter.indexOf("opacity=") >= 0 ?
				(parseFloat( ropacity.exec(style.filter)[1] ) / 100) + "":
				"";
		}

		// Make sure we're using the right name for getting the float value
		if ( rfloat.test( name ) ) {
			name = styleFloat;
		}

		name = name.replace(rdashAlpha, fcamelCase);

		if ( set ) {
			style[ name ] = value;
		}

		return style[ name ];
	},

	css: function( elem, name, force, extra ) {
		if ( name === "width" || name === "height" ) {
			var val, props = cssShow, which = name === "width" ? cssWidth : cssHeight;

			function getWH() {
				val = name === "width" ? elem.offsetWidth : elem.offsetHeight;

				if ( extra === "border" ) {
					return;
				}

				jQuery.each( which, function() {
					if ( !extra ) {
						val -= parseFloat(jQuery.curCSS( elem, "padding" + this, true)) || 0;
					}

					if ( extra === "margin" ) {
						val += parseFloat(jQuery.curCSS( elem, "margin" + this, true)) || 0;
					} else {
						val -= parseFloat(jQuery.curCSS( elem, "border" + this + "Width", true)) || 0;
					}
				});
			}

			if ( elem.offsetWidth !== 0 ) {
				getWH();
			} else {
				jQuery.swap( elem, props, getWH );
			}

			return Math.max(0, Math.round(val));
		}

		return jQuery.curCSS( elem, name, force );
	},

	curCSS: function( elem, name, force ) {
		var ret, style = elem.style, filter;

		// IE uses filters for opacity
		if ( !jQuery.support.opacity && name === "opacity" && elem.currentStyle ) {
			ret = ropacity.test(elem.currentStyle.filter || "") ?
				(parseFloat(RegExp.$1) / 100) + "" :
				"";

			return ret === "" ?
				"1" :
				ret;
		}

		// Make sure we're using the right name for getting the float value
		if ( rfloat.test( name ) ) {
			name = styleFloat;
		}

		if ( !force && style && style[ name ] ) {
			ret = style[ name ];

		} else if ( getComputedStyle ) {

			// Only "float" is needed here
			if ( rfloat.test( name ) ) {
				name = "float";
			}

			name = name.replace( rupper, "-$1" ).toLowerCase();

			var defaultView = elem.ownerDocument.defaultView;

			if ( !defaultView ) {
				return null;
			}

			var computedStyle = defaultView.getComputedStyle( elem, null );

			if ( computedStyle ) {
				ret = computedStyle.getPropertyValue( name );
			}

			// We should always get a number back from opacity
			if ( name === "opacity" && ret === "" ) {
				ret = "1";
			}

		} else if ( elem.currentStyle ) {
			var camelCase = name.replace(rdashAlpha, fcamelCase);

			ret = elem.currentStyle[ name ] || elem.currentStyle[ camelCase ];

			// From the awesome hack by Dean Edwards
			// http://erik.eae.net/archives/2007/07/27/18.54.15/#comment-102291

			// If we're not dealing with a regular pixel number
			// but a number that has a weird ending, we need to convert it to pixels
			if ( !rnumpx.test( ret ) && rnum.test( ret ) ) {
				// Remember the original values
				var left = style.left, rsLeft = elem.runtimeStyle.left;

				// Put in the new values to get a computed value out
				elem.runtimeStyle.left = elem.currentStyle.left;
				style.left = camelCase === "fontSize" ? "1em" : (ret || 0);
				ret = style.pixelLeft + "px";

				// Revert the changed values
				style.left = left;
				elem.runtimeStyle.left = rsLeft;
			}
		}

		return ret;
	},

	// A method for quickly swapping in/out CSS properties to get correct calculations
	swap: function( elem, options, callback ) {
		var old = {};

		// Remember the old values, and insert the new ones
		for ( var name in options ) {
			old[ name ] = elem.style[ name ];
			elem.style[ name ] = options[ name ];
		}

		callback.call( elem );

		// Revert the old values
		for ( var name in options ) {
			elem.style[ name ] = old[ name ];
		}
	}
});

if ( jQuery.expr && jQuery.expr.filters ) {
	jQuery.expr.filters.hidden = function( elem ) {
		var width = elem.offsetWidth, height = elem.offsetHeight,
			skip = elem.nodeName.toLowerCase() === "tr";

		return width === 0 && height === 0 && !skip ?
			true :
			width > 0 && height > 0 && !skip ?
				false :
				jQuery.curCSS(elem, "display") === "none";
	};

	jQuery.expr.filters.visible = function( elem ) {
		return !jQuery.expr.filters.hidden( elem );
	};
}
var jsc = now(),
	rscript = /<script(.|\s)*?\/script>/gi,
	rselectTextarea = /select|textarea/i,
	rinput = /color|date|datetime|email|hidden|month|number|password|range|search|tel|text|time|url|week/i,
	jsre = /=\?(&|$)/,
	rquery = /\?/,
	rts = /(\?|&)_=.*?(&|$)/,
	rurl = /^(\w+:)?\/\/([^\/?#]+)/,
	r20 = /%20/g,

	// Keep a copy of the old load method
	_load = jQuery.fn.load;

jQuery.fn.extend({
	load: function( url, params, callback ) {
		if ( typeof url !== "string" ) {
			return _load.call( this, url );

		// Don't do a request if no elements are being requested
		} else if ( !this.length ) {
			return this;
		}

		var off = url.indexOf(" ");
		if ( off >= 0 ) {
			var selector = url.slice(off, url.length);
			url = url.slice(0, off);
		}

		// Default to a GET request
		var type = "GET";

		// If the second parameter was provided
		if ( params ) {
			// If it's a function
			if ( jQuery.isFunction( params ) ) {
				// We assume that it's the callback
				callback = params;
				params = null;

			// Otherwise, build a param string
			} else if ( typeof params === "object" ) {
				params = jQuery.param( params, jQuery.ajaxSettings.traditional );
				type = "POST";
			}
		}

		var self = this;

		// Request the remote document
		jQuery.ajax({
			url: url,
			type: type,
			dataType: "html",
			data: params,
			complete: function( res, status ) {
				// If successful, inject the HTML into all the matched elements
				if ( status === "success" || status === "notmodified" ) {
					// See if a selector was specified
					self.html( selector ?
						// Create a dummy div to hold the results
						jQuery("<div />")
							// inject the contents of the document in, removing the scripts
							// to avoid any 'Permission Denied' errors in IE
							.append(res.responseText.replace(rscript, ""))

							// Locate the specified elements
							.find(selector) :

						// If not, just inject the full result
						res.responseText );
				}

				if ( callback ) {
					self.each( callback, [res.responseText, status, res] );
				}
			}
		});

		return this;
	},

	serialize: function() {
		return jQuery.param(this.serializeArray());
	},
	serializeArray: function() {
		return this.map(function() {
			return this.elements ? jQuery.makeArray(this.elements) : this;
		})
		.filter(function() {
			return this.name && !this.disabled &&
				(this.checked || rselectTextarea.test(this.nodeName) ||
					rinput.test(this.type));
		})
		.map(function( i, elem ) {
			var val = jQuery(this).val();

			return val == null ?
				null :
				jQuery.isArray(val) ?
					jQuery.map( val, function( val, i ) {
						return { name: elem.name, value: val };
					}) :
					{ name: elem.name, value: val };
		}).get();
	}
});

// Attach a bunch of functions for handling common AJAX events
jQuery.each( "ajaxStart ajaxStop ajaxComplete ajaxError ajaxSuccess ajaxSend".split(" "), function( i, o ) {
	jQuery.fn[o] = function( f ) {
		return this.bind(o, f);
	};
});

jQuery.extend({

	get: function( url, data, callback, type ) {
		// shift arguments if data argument was omited
		if ( jQuery.isFunction( data ) ) {
			type = type || callback;
			callback = data;
			data = null;
		}

		return jQuery.ajax({
			type: "GET",
			url: url,
			data: data,
			success: callback,
			dataType: type
		});
	},

	getScript: function( url, callback ) {
		return jQuery.get(url, null, callback, "script");
	},

	getJSON: function( url, data, callback ) {
		return jQuery.get(url, data, callback, "json");
	},

	post: function( url, data, callback, type ) {
		// shift arguments if data argument was omited
		if ( jQuery.isFunction( data ) ) {
			type = type || callback;
			callback = data;
			data = {};
		}

		return jQuery.ajax({
			type: "POST",
			url: url,
			data: data,
			success: callback,
			dataType: type
		});
	},

	ajaxSetup: function( settings ) {
		jQuery.extend( jQuery.ajaxSettings, settings );
	},

	ajaxSettings: {
		url: location.href,
		global: true,
		type: "GET",
		contentType: "application/x-www-form-urlencoded",
		processData: true,
		async: true,
		/*
		timeout: 0,
		data: null,
		username: null,
		password: null,
		traditional: false,
		*/
		// Create the request object; Microsoft failed to properly
		// implement the XMLHttpRequest in IE7 (can't request local files),
		// so we use the ActiveXObject when it is available
		// This function can be overriden by calling jQuery.ajaxSetup
		xhr: window.XMLHttpRequest && (window.location.protocol !== "file:" || !window.ActiveXObject) ?
			function() {
				return new window.XMLHttpRequest();
			} :
			function() {
				try {
					return new window.ActiveXObject("Microsoft.XMLHTTP");
				} catch(e) {}
			},
		accepts: {
			xml: "application/xml, text/xml",
			html: "text/html",
			script: "text/javascript, application/javascript",
			json: "application/json, text/javascript",
			text: "text/plain",
			_default: "*/*"
		}
	},

	// Last-Modified header cache for next request
	lastModified: {},
	etag: {},

	ajax: function( origSettings ) {
		var s = jQuery.extend(true, {}, jQuery.ajaxSettings, origSettings);
		
		var jsonp, status, data,
			callbackContext = origSettings && origSettings.context || s,
			type = s.type.toUpperCase();

		// convert data if not already a string
		if ( s.data && s.processData && typeof s.data !== "string" ) {
			s.data = jQuery.param( s.data, s.traditional );
		}

		// Handle JSONP Parameter Callbacks
		if ( s.dataType === "jsonp" ) {
			if ( type === "GET" ) {
				if ( !jsre.test( s.url ) ) {
					s.url += (rquery.test( s.url ) ? "&" : "?") + (s.jsonp || "callback") + "=?";
				}
			} else if ( !s.data || !jsre.test(s.data) ) {
				s.data = (s.data ? s.data + "&" : "") + (s.jsonp || "callback") + "=?";
			}
			s.dataType = "json";
		}

		// Build temporary JSONP function
		if ( s.dataType === "json" && (s.data && jsre.test(s.data) || jsre.test(s.url)) ) {
			jsonp = s.jsonpCallback || ("jsonp" + jsc++);

			// Replace the =? sequence both in the query string and the data
			if ( s.data ) {
				s.data = (s.data + "").replace(jsre, "=" + jsonp + "$1");
			}

			s.url = s.url.replace(jsre, "=" + jsonp + "$1");

			// We need to make sure
			// that a JSONP style response is executed properly
			s.dataType = "script";

			// Handle JSONP-style loading
			window[ jsonp ] = window[ jsonp ] || function( tmp ) {
				data = tmp;
				success();
				complete();
				// Garbage collect
				window[ jsonp ] = undefined;

				try {
					delete window[ jsonp ];
				} catch(e) {}

				if ( head ) {
					head.removeChild( script );
				}
			};
		}

		if ( s.dataType === "script" && s.cache === null ) {
			s.cache = false;
		}

		if ( s.cache === false && type === "GET" ) {
			var ts = now();

			// try replacing _= if it is there
			var ret = s.url.replace(rts, "$1_=" + ts + "$2");

			// if nothing was replaced, add timestamp to the end
			s.url = ret + ((ret === s.url) ? (rquery.test(s.url) ? "&" : "?") + "_=" + ts : "");
		}

		// If data is available, append data to url for get requests
		if ( s.data && type === "GET" ) {
			s.url += (rquery.test(s.url) ? "&" : "?") + s.data;
		}

		// Watch for a new set of requests
		if ( s.global && ! jQuery.active++ ) {
			jQuery.event.trigger( "ajaxStart" );
		}

		// Matches an absolute URL, and saves the domain
		var parts = rurl.exec( s.url ),
			remote = parts && (parts[1] && parts[1] !== location.protocol || parts[2] !== location.host);

		// If we're requesting a remote document
		// and trying to load JSON or Script with a GET
		if ( s.dataType === "script" && type === "GET" && remote ) {
			var head = document.getElementsByTagName("head")[0] || document.documentElement;
			var script = document.createElement("script");
			script.src = s.url;
			if ( s.scriptCharset ) {
				script.charset = s.scriptCharset;
			}

			// Handle Script loading
			if ( !jsonp ) {
				var done = false;

				// Attach handlers for all browsers
				script.onload = script.onreadystatechange = function() {
					if ( !done && (!this.readyState ||
							this.readyState === "loaded" || this.readyState === "complete") ) {
						done = true;
						success();
						complete();

						// Handle memory leak in IE
						script.onload = script.onreadystatechange = null;
						if ( head && script.parentNode ) {
							head.removeChild( script );
						}
					}
				};
			}

			// Use insertBefore instead of appendChild  to circumvent an IE6 bug.
			// This arises when a base node is used (#2709 and #4378).
			head.insertBefore( script, head.firstChild );

			// We handle everything using the script element injection
			return undefined;
		}

		var requestDone = false;

		// Create the request object
		var xhr = s.xhr();

		if ( !xhr ) {
			return;
		}

		// Open the socket
		// Passing null username, generates a login popup on Opera (#2865)
		if ( s.username ) {
			xhr.open(type, s.url, s.async, s.username, s.password);
		} else {
			xhr.open(type, s.url, s.async);
		}

		// Need an extra try/catch for cross domain requests in Firefox 3
		try {
			// Set the correct header, if data is being sent
			if ( s.data || origSettings && origSettings.contentType ) {
				xhr.setRequestHeader("Content-Type", s.contentType);
			}

			// Set the If-Modified-Since and/or If-None-Match header, if in ifModified mode.
			if ( s.ifModified ) {
				if ( jQuery.lastModified[s.url] ) {
					xhr.setRequestHeader("If-Modified-Since", jQuery.lastModified[s.url]);
				}

				if ( jQuery.etag[s.url] ) {
					xhr.setRequestHeader("If-None-Match", jQuery.etag[s.url]);
				}
			}

			// Set header so the called script knows that it's an XMLHttpRequest
			// Only send the header if it's not a remote XHR
			if ( !remote ) {
				xhr.setRequestHeader("X-Requested-With", "XMLHttpRequest");
			}

			// Set the Accepts header for the server, depending on the dataType
			xhr.setRequestHeader("Accept", s.dataType && s.accepts[ s.dataType ] ?
				s.accepts[ s.dataType ] + ", */*" :
				s.accepts._default );
		} catch(e) {}

		// Allow custom headers/mimetypes and early abort
		if ( s.beforeSend && s.beforeSend.call(callbackContext, xhr, s) === false ) {
			// Handle the global AJAX counter
			if ( s.global && ! --jQuery.active ) {
				jQuery.event.trigger( "ajaxStop" );
			}

			// close opended socket
			xhr.abort();
			return false;
		}

		if ( s.global ) {
			trigger("ajaxSend", [xhr, s]);
		}

		// Wait for a response to come back
		var onreadystatechange = xhr.onreadystatechange = function( isTimeout ) {
			// The request was aborted
			if ( !xhr || xhr.readyState === 0 || isTimeout === "abort" ) {
				// Opera doesn't call onreadystatechange before this point
				// so we simulate the call
				if ( !requestDone ) {
					complete();
				}

				requestDone = true;
				if ( xhr ) {
					xhr.onreadystatechange = jQuery.noop;
				}

			// The transfer is complete and the data is available, or the request timed out
			} else if ( !requestDone && xhr && (xhr.readyState === 4 || isTimeout === "timeout") ) {
				requestDone = true;
				xhr.onreadystatechange = jQuery.noop;

				status = isTimeout === "timeout" ?
					"timeout" :
					!jQuery.httpSuccess( xhr ) ?
						"error" :
						s.ifModified && jQuery.httpNotModified( xhr, s.url ) ?
							"notmodified" :
							"success";

				var errMsg;

				if ( status === "success" ) {
					// Watch for, and catch, XML document parse errors
					try {
						// process the data (runs the xml through httpData regardless of callback)
						data = jQuery.httpData( xhr, s.dataType, s );
					} catch(err) {
						status = "parsererror";
						errMsg = err;
					}
				}

				// Make sure that the request was successful or notmodified
				if ( status === "success" || status === "notmodified" ) {
					// JSONP handles its own success callback
					if ( !jsonp ) {
						success();
					}
				} else {
					jQuery.handleError(s, xhr, status, errMsg);
				}

				// Fire the complete handlers
				complete();

				if ( isTimeout === "timeout" ) {
					xhr.abort();
				}

				// Stop memory leaks
				if ( s.async ) {
					xhr = null;
				}
			}
		};

		// Override the abort handler, if we can (IE doesn't allow it, but that's OK)
		// Opera doesn't fire onreadystatechange at all on abort
		try {
			var oldAbort = xhr.abort;
			xhr.abort = function() {
				if ( xhr ) {
					oldAbort.call( xhr );
				}

				onreadystatechange( "abort" );
			};
		} catch(e) { }

		// Timeout checker
		if ( s.async && s.timeout > 0 ) {
			setTimeout(function() {
				// Check to see if the request is still happening
				if ( xhr && !requestDone ) {
					onreadystatechange( "timeout" );
				}
			}, s.timeout);
		}

		// Send the data
		try {
			xhr.send( type === "POST" || type === "PUT" || type === "DELETE" ? s.data : null );
		} catch(e) {
			jQuery.handleError(s, xhr, null, e);
			// Fire the complete handlers
			complete();
		}

		// firefox 1.5 doesn't fire statechange for sync requests
		if ( !s.async ) {
			onreadystatechange();
		}

		function success() {
			// If a local callback was specified, fire it and pass it the data
			if ( s.success ) {
				s.success.call( callbackContext, data, status, xhr );
			}

			// Fire the global callback
			if ( s.global ) {
				trigger( "ajaxSuccess", [xhr, s] );
			}
		}

		function complete() {
			// Process result
			if ( s.complete ) {
				s.complete.call( callbackContext, xhr, status);
			}

			// The request was completed
			if ( s.global ) {
				trigger( "ajaxComplete", [xhr, s] );
			}

			// Handle the global AJAX counter
			if ( s.global && ! --jQuery.active ) {
				jQuery.event.trigger( "ajaxStop" );
			}
		}
		
		function trigger(type, args) {
			(s.context ? jQuery(s.context) : jQuery.event).trigger(type, args);
		}

		// return XMLHttpRequest to allow aborting the request etc.
		return xhr;
	},

	handleError: function( s, xhr, status, e ) {
		// If a local callback was specified, fire it
		if ( s.error ) {
			s.error.call( s.context || s, xhr, status, e );
		}

		// Fire the global callback
		if ( s.global ) {
			(s.context ? jQuery(s.context) : jQuery.event).trigger( "ajaxError", [xhr, s, e] );
		}
	},

	// Counter for holding the number of active queries
	active: 0,

	// Determines if an XMLHttpRequest was successful or not
	httpSuccess: function( xhr ) {
		try {
			// IE error sometimes returns 1223 when it should be 204 so treat it as success, see #1450
			return !xhr.status && location.protocol === "file:" ||
				// Opera returns 0 when status is 304
				( xhr.status >= 200 && xhr.status < 300 ) ||
				xhr.status === 304 || xhr.status === 1223 || xhr.status === 0;
		} catch(e) {}

		return false;
	},

	// Determines if an XMLHttpRequest returns NotModified
	httpNotModified: function( xhr, url ) {
		var lastModified = xhr.getResponseHeader("Last-Modified"),
			etag = xhr.getResponseHeader("Etag");

		if ( lastModified ) {
			jQuery.lastModified[url] = lastModified;
		}

		if ( etag ) {
			jQuery.etag[url] = etag;
		}

		// Opera returns 0 when status is 304
		return xhr.status === 304 || xhr.status === 0;
	},

	httpData: function( xhr, type, s ) {
		var ct = xhr.getResponseHeader("content-type") || "",
			xml = type === "xml" || !type && ct.indexOf("xml") >= 0,
			data = xml ? xhr.responseXML : xhr.responseText;

		if ( xml && data.documentElement.nodeName === "parsererror" ) {
			jQuery.error( "parsererror" );
		}

		// Allow a pre-filtering function to sanitize the response
		// s is checked to keep backwards compatibility
		if ( s && s.dataFilter ) {
			data = s.dataFilter( data, type );
		}

		// The filter can actually parse the response
		if ( typeof data === "string" ) {
			// Get the JavaScript object, if JSON is used.
			if ( type === "json" || !type && ct.indexOf("json") >= 0 ) {
				data = jQuery.parseJSON( data );

			// If the type is "script", eval it in global context
			} else if ( type === "script" || !type && ct.indexOf("javascript") >= 0 ) {
				jQuery.globalEval( data );
			}
		}

		return data;
	},

	// Serialize an array of form elements or a set of
	// key/values into a query string
	param: function( a, traditional ) {
		var s = [];
		
		// Set traditional to true for jQuery <= 1.3.2 behavior.
		if ( traditional === undefined ) {
			traditional = jQuery.ajaxSettings.traditional;
		}
		
		// If an array was passed in, assume that it is an array of form elements.
		if ( jQuery.isArray(a) || a.jquery ) {
			// Serialize the form elements
			jQuery.each( a, function() {
				add( this.name, this.value );
			});
			
		} else {
			// If traditional, encode the "old" way (the way 1.3.2 or older
			// did it), otherwise encode params recursively.
			for ( var prefix in a ) {
				buildParams( prefix, a[prefix] );
			}
		}

		// Return the resulting serialization
		return s.join("&").replace(r20, "+");

		function buildParams( prefix, obj ) {
			if ( jQuery.isArray(obj) ) {
				// Serialize array item.
				jQuery.each( obj, function( i, v ) {
					if ( traditional || /\[\]$/.test( prefix ) ) {
						// Treat each array item as a scalar.
						add( prefix, v );
					} else {
						// If array item is non-scalar (array or object), encode its
						// numeric index to resolve deserialization ambiguity issues.
						// Note that rack (as of 1.0.0) can't currently deserialize
						// nested arrays properly, and attempting to do so may cause
						// a server error. Possible fixes are to modify rack's
						// deserialization algorithm or to provide an option or flag
						// to force array serialization to be shallow.
						buildParams( prefix + "[" + ( typeof v === "object" || jQuery.isArray(v) ? i : "" ) + "]", v );
					}
				});
					
			} else if ( !traditional && obj != null && typeof obj === "object" ) {
				// Serialize object item.
				jQuery.each( obj, function( k, v ) {
					buildParams( prefix + "[" + k + "]", v );
				});
					
			} else {
				// Serialize scalar item.
				add( prefix, obj );
			}
		}

		function add( key, value ) {
			// If value is a function, invoke it and return its value
			value = jQuery.isFunction(value) ? value() : value;
			s[ s.length ] = encodeURIComponent(key) + "=" + encodeURIComponent(value);
		}
	}
});
var elemdisplay = {},
	rfxtypes = /toggle|show|hide/,
	rfxnum = /^([+-]=)?([\d+-.]+)(.*)$/,
	timerId,
	fxAttrs = [
		// height animations
		[ "height", "marginTop", "marginBottom", "paddingTop", "paddingBottom" ],
		// width animations
		[ "width", "marginLeft", "marginRight", "paddingLeft", "paddingRight" ],
		// opacity animations
		[ "opacity" ]
	];

jQuery.fn.extend({
	show: function( speed, callback ) {
		if ( speed || speed === 0) {
			return this.animate( genFx("show", 3), speed, callback);

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				var old = jQuery.data(this[i], "olddisplay");

				this[i].style.display = old || "";

				if ( jQuery.css(this[i], "display") === "none" ) {
					var nodeName = this[i].nodeName, display;

					if ( elemdisplay[ nodeName ] ) {
						display = elemdisplay[ nodeName ];

					} else {
						var elem = jQuery("<" + nodeName + " />").appendTo("body");

						display = elem.css("display");

						if ( display === "none" ) {
							display = "block";
						}

						elem.remove();

						elemdisplay[ nodeName ] = display;
					}

					jQuery.data(this[i], "olddisplay", display);
				}
			}

			// Set the display of the elements in a second loop
			// to avoid the constant reflow
			for ( var j = 0, k = this.length; j < k; j++ ) {
				this[j].style.display = jQuery.data(this[j], "olddisplay") || "";
			}

			return this;
		}
	},

	hide: function( speed, callback ) {
		if ( speed || speed === 0 ) {
			return this.animate( genFx("hide", 3), speed, callback);

		} else {
			for ( var i = 0, l = this.length; i < l; i++ ) {
				var old = jQuery.data(this[i], "olddisplay");
				if ( !old && old !== "none" ) {
					jQuery.data(this[i], "olddisplay", jQuery.css(this[i], "display"));
				}
			}

			// Set the display of the elements in a second loop
			// to avoid the constant reflow
			for ( var j = 0, k = this.length; j < k; j++ ) {
				this[j].style.display = "none";
			}

			return this;
		}
	},

	// Save the old toggle function
	_toggle: jQuery.fn.toggle,

	toggle: function( fn, fn2 ) {
		var bool = typeof fn === "boolean";

		if ( jQuery.isFunction(fn) && jQuery.isFunction(fn2) ) {
			this._toggle.apply( this, arguments );

		} else if ( fn == null || bool ) {
			this.each(function() {
				var state = bool ? fn : jQuery(this).is(":hidden");
				jQuery(this)[ state ? "show" : "hide" ]();
			});

		} else {
			this.animate(genFx("toggle", 3), fn, fn2);
		}

		return this;
	},

	fadeTo: function( speed, to, callback ) {
		return this.filter(":hidden").css("opacity", 0).show().end()
					.animate({opacity: to}, speed, callback);
	},

	animate: function( prop, speed, easing, callback ) {
		var optall = jQuery.speed(speed, easing, callback);

		if ( jQuery.isEmptyObject( prop ) ) {
			return this.each( optall.complete );
		}

		return this[ optall.queue === false ? "each" : "queue" ](function() {
			var opt = jQuery.extend({}, optall), p,
				hidden = this.nodeType === 1 && jQuery(this).is(":hidden"),
				self = this;

			for ( p in prop ) {
				var name = p.replace(rdashAlpha, fcamelCase);

				if ( p !== name ) {
					prop[ name ] = prop[ p ];
					delete prop[ p ];
					p = name;
				}

				if ( prop[p] === "hide" && hidden || prop[p] === "show" && !hidden ) {
					return opt.complete.call(this);
				}

				if ( ( p === "height" || p === "width" ) && this.style ) {
					// Store display property
					opt.display = jQuery.css(this, "display");

					// Make sure that nothing sneaks out
					opt.overflow = this.style.overflow;
				}

				if ( jQuery.isArray( prop[p] ) ) {
					// Create (if needed) and add to specialEasing
					(opt.specialEasing = opt.specialEasing || {})[p] = prop[p][1];
					prop[p] = prop[p][0];
				}
			}

			if ( opt.overflow != null ) {
				this.style.overflow = "hidden";
			}

			opt.curAnim = jQuery.extend({}, prop);

			jQuery.each( prop, function( name, val ) {
				var e = new jQuery.fx( self, opt, name );

				if ( rfxtypes.test(val) ) {
					e[ val === "toggle" ? hidden ? "show" : "hide" : val ]( prop );

				} else {
					var parts = rfxnum.exec(val),
						start = e.cur(true) || 0;

					if ( parts ) {
						var end = parseFloat( parts[2] ),
							unit = parts[3] || "px";

						// We need to compute starting value
						if ( unit !== "px" ) {
							self.style[ name ] = (end || 1) + unit;
							start = ((end || 1) / e.cur(true)) * start;
							self.style[ name ] = start + unit;
						}

						// If a +=/-= token was provided, we're doing a relative animation
						if ( parts[1] ) {
							end = ((parts[1] === "-=" ? -1 : 1) * end) + start;
						}

						e.custom( start, end, unit );

					} else {
						e.custom( start, val, "" );
					}
				}
			});

			// For JS strict compliance
			return true;
		});
	},

	stop: function( clearQueue, gotoEnd ) {
		var timers = jQuery.timers;

		if ( clearQueue ) {
			this.queue([]);
		}

		this.each(function() {
			// go in reverse order so anything added to the queue during the loop is ignored
			for ( var i = timers.length - 1; i >= 0; i-- ) {
				if ( timers[i].elem === this ) {
					if (gotoEnd) {
						// force the next step to be the last
						timers[i](true);
					}

					timers.splice(i, 1);
				}
			}
		});

		// start the next in the queue if the last step wasn't forced
		if ( !gotoEnd ) {
			this.dequeue();
		}

		return this;
	}

});

// Generate shortcuts for custom animations
jQuery.each({
	slideDown: genFx("show", 1),
	slideUp: genFx("hide", 1),
	slideToggle: genFx("toggle", 1),
	fadeIn: { opacity: "show" },
	fadeOut: { opacity: "hide" }
}, function( name, props ) {
	jQuery.fn[ name ] = function( speed, callback ) {
		return this.animate( props, speed, callback );
	};
});

jQuery.extend({
	speed: function( speed, easing, fn ) {
		var opt = speed && typeof speed === "object" ? speed : {
			complete: fn || !fn && easing ||
				jQuery.isFunction( speed ) && speed,
			duration: speed,
			easing: fn && easing || easing && !jQuery.isFunction(easing) && easing
		};

		opt.duration = jQuery.fx.off ? 0 : typeof opt.duration === "number" ? opt.duration :
			jQuery.fx.speeds[opt.duration] || jQuery.fx.speeds._default;

		// Queueing
		opt.old = opt.complete;
		opt.complete = function() {
			if ( opt.queue !== false ) {
				jQuery(this).dequeue();
			}
			if ( jQuery.isFunction( opt.old ) ) {
				opt.old.call( this );
			}
		};

		return opt;
	},

	easing: {
		linear: function( p, n, firstNum, diff ) {
			return firstNum + diff * p;
		},
		swing: function( p, n, firstNum, diff ) {
			return ((-Math.cos(p*Math.PI)/2) + 0.5) * diff + firstNum;
		}
	},

	timers: [],

	fx: function( elem, options, prop ) {
		this.options = options;
		this.elem = elem;
		this.prop = prop;

		if ( !options.orig ) {
			options.orig = {};
		}
	}

});

jQuery.fx.prototype = {
	// Simple function for setting a style value
	update: function() {
		if ( this.options.step ) {
			this.options.step.call( this.elem, this.now, this );
		}

		(jQuery.fx.step[this.prop] || jQuery.fx.step._default)( this );

		// Set display property to block for height/width animations
		if ( ( this.prop === "height" || this.prop === "width" ) && this.elem.style ) {
			this.elem.style.display = "block";
		}
	},

	// Get the current size
	cur: function( force ) {
		if ( this.elem[this.prop] != null && (!this.elem.style || this.elem.style[this.prop] == null) ) {
			return this.elem[ this.prop ];
		}

		var r = parseFloat(jQuery.css(this.elem, this.prop, force));
		return r && r > -10000 ? r : parseFloat(jQuery.curCSS(this.elem, this.prop)) || 0;
	},

	// Start an animation from one number to another
	custom: function( from, to, unit ) {
		this.startTime = now();
		this.start = from;
		this.end = to;
		this.unit = unit || this.unit || "px";
		this.now = this.start;
		this.pos = this.state = 0;

		var self = this;
		function t( gotoEnd ) {
			return self.step(gotoEnd);
		}

		t.elem = this.elem;

		if ( t() && jQuery.timers.push(t) && !timerId ) {
			timerId = setInterval(jQuery.fx.tick, 13);
		}
	},

	// Simple 'show' function
	show: function() {
		// Remember where we started, so that we can go back to it later
		this.options.orig[this.prop] = jQuery.style( this.elem, this.prop );
		this.options.show = true;

		// Begin the animation
		// Make sure that we start at a small width/height to avoid any
		// flash of content
		this.custom(this.prop === "width" || this.prop === "height" ? 1 : 0, this.cur());

		// Start by showing the element
		jQuery( this.elem ).show();
	},

	// Simple 'hide' function
	hide: function() {
		// Remember where we started, so that we can go back to it later
		this.options.orig[this.prop] = jQuery.style( this.elem, this.prop );
		this.options.hide = true;

		// Begin the animation
		this.custom(this.cur(), 0);
	},

	// Each step of an animation
	step: function( gotoEnd ) {
		var t = now(), done = true;

		if ( gotoEnd || t >= this.options.duration + this.startTime ) {
			this.now = this.end;
			this.pos = this.state = 1;
			this.update();

			this.options.curAnim[ this.prop ] = true;

			for ( var i in this.options.curAnim ) {
				if ( this.options.curAnim[i] !== true ) {
					done = false;
				}
			}

			if ( done ) {
				if ( this.options.display != null ) {
					// Reset the overflow
					this.elem.style.overflow = this.options.overflow;

					// Reset the display
					var old = jQuery.data(this.elem, "olddisplay");
					this.elem.style.display = old ? old : this.options.display;

					if ( jQuery.css(this.elem, "display") === "none" ) {
						this.elem.style.display = "block";
					}
				}

				// Hide the element if the "hide" operation was done
				if ( this.options.hide ) {
					jQuery(this.elem).hide();
				}

				// Reset the properties, if the item has been hidden or shown
				if ( this.options.hide || this.options.show ) {
					for ( var p in this.options.curAnim ) {
						jQuery.style(this.elem, p, this.options.orig[p]);
					}
				}

				// Execute the complete function
				this.options.complete.call( this.elem );
			}

			return false;

		} else {
			var n = t - this.startTime;
			this.state = n / this.options.duration;

			// Perform the easing function, defaults to swing
			var specialEasing = this.options.specialEasing && this.options.specialEasing[this.prop];
			var defaultEasing = this.options.easing || (jQuery.easing.swing ? "swing" : "linear");
			this.pos = jQuery.easing[specialEasing || defaultEasing](this.state, n, 0, 1, this.options.duration);
			this.now = this.start + ((this.end - this.start) * this.pos);

			// Perform the next step of the animation
			this.update();
		}

		return true;
	}
};

jQuery.extend( jQuery.fx, {
	tick: function() {
		var timers = jQuery.timers;

		for ( var i = 0; i < timers.length; i++ ) {
			if ( !timers[i]() ) {
				timers.splice(i--, 1);
			}
		}

		if ( !timers.length ) {
			jQuery.fx.stop();
		}
	},
		
	stop: function() {
		clearInterval( timerId );
		timerId = null;
	},
	
	speeds: {
		slow: 600,
 		fast: 200,
 		// Default speed
 		_default: 400
	},

	step: {
		opacity: function( fx ) {
			jQuery.style(fx.elem, "opacity", fx.now);
		},

		_default: function( fx ) {
			if ( fx.elem.style && fx.elem.style[ fx.prop ] != null ) {
				fx.elem.style[ fx.prop ] = (fx.prop === "width" || fx.prop === "height" ? Math.max(0, fx.now) : fx.now) + fx.unit;
			} else {
				fx.elem[ fx.prop ] = fx.now;
			}
		}
	}
});

if ( jQuery.expr && jQuery.expr.filters ) {
	jQuery.expr.filters.animated = function( elem ) {
		return jQuery.grep(jQuery.timers, function( fn ) {
			return elem === fn.elem;
		}).length;
	};
}

function genFx( type, num ) {
	var obj = {};

	jQuery.each( fxAttrs.concat.apply([], fxAttrs.slice(0,num)), function() {
		obj[ this ] = type;
	});

	return obj;
}
if ( "getBoundingClientRect" in document.documentElement ) {
	jQuery.fn.offset = function( options ) {
		var elem = this[0];

		if ( options ) { 
			return this.each(function( i ) {
				jQuery.offset.setOffset( this, options, i );
			});
		}

		if ( !elem || !elem.ownerDocument ) {
			return null;
		}

		if ( elem === elem.ownerDocument.body ) {
			return jQuery.offset.bodyOffset( elem );
		}

		var box = elem.getBoundingClientRect(), doc = elem.ownerDocument, body = doc.body, docElem = doc.documentElement,
			clientTop = docElem.clientTop || body.clientTop || 0, clientLeft = docElem.clientLeft || body.clientLeft || 0,
			top  = box.top  + (self.pageYOffset || jQuery.support.boxModel && docElem.scrollTop  || body.scrollTop ) - clientTop,
			left = box.left + (self.pageXOffset || jQuery.support.boxModel && docElem.scrollLeft || body.scrollLeft) - clientLeft;

		return { top: top, left: left };
	};

} else {
	jQuery.fn.offset = function( options ) {
		var elem = this[0];

		if ( options ) { 
			return this.each(function( i ) {
				jQuery.offset.setOffset( this, options, i );
			});
		}

		if ( !elem || !elem.ownerDocument ) {
			return null;
		}

		if ( elem === elem.ownerDocument.body ) {
			return jQuery.offset.bodyOffset( elem );
		}

		jQuery.offset.initialize();

		var offsetParent = elem.offsetParent, prevOffsetParent = elem,
			doc = elem.ownerDocument, computedStyle, docElem = doc.documentElement,
			body = doc.body, defaultView = doc.defaultView,
			prevComputedStyle = defaultView ? defaultView.getComputedStyle( elem, null ) : elem.currentStyle,
			top = elem.offsetTop, left = elem.offsetLeft;

		while ( (elem = elem.parentNode) && elem !== body && elem !== docElem ) {
			if ( jQuery.offset.supportsFixedPosition && prevComputedStyle.position === "fixed" ) {
				break;
			}

			computedStyle = defaultView ? defaultView.getComputedStyle(elem, null) : elem.currentStyle;
			top  -= elem.scrollTop;
			left -= elem.scrollLeft;

			if ( elem === offsetParent ) {
				top  += elem.offsetTop;
				left += elem.offsetLeft;

				if ( jQuery.offset.doesNotAddBorder && !(jQuery.offset.doesAddBorderForTableAndCells && /^t(able|d|h)$/i.test(elem.nodeName)) ) {
					top  += parseFloat( computedStyle.borderTopWidth  ) || 0;
					left += parseFloat( computedStyle.borderLeftWidth ) || 0;
				}

				prevOffsetParent = offsetParent, offsetParent = elem.offsetParent;
			}

			if ( jQuery.offset.subtractsBorderForOverflowNotVisible && computedStyle.overflow !== "visible" ) {
				top  += parseFloat( computedStyle.borderTopWidth  ) || 0;
				left += parseFloat( computedStyle.borderLeftWidth ) || 0;
			}

			prevComputedStyle = computedStyle;
		}

		if ( prevComputedStyle.position === "relative" || prevComputedStyle.position === "static" ) {
			top  += body.offsetTop;
			left += body.offsetLeft;
		}

		if ( jQuery.offset.supportsFixedPosition && prevComputedStyle.position === "fixed" ) {
			top  += Math.max( docElem.scrollTop, body.scrollTop );
			left += Math.max( docElem.scrollLeft, body.scrollLeft );
		}

		return { top: top, left: left };
	};
}

jQuery.offset = {
	initialize: function() {
		var body = document.body, container = document.createElement("div"), innerDiv, checkDiv, table, td, bodyMarginTop = parseFloat( jQuery.curCSS(body, "marginTop", true) ) || 0,
			html = "<div style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;'><div></div></div><table style='position:absolute;top:0;left:0;margin:0;border:5px solid #000;padding:0;width:1px;height:1px;' cellpadding='0' cellspacing='0'><tr><td></td></tr></table>";

		jQuery.extend( container.style, { position: "absolute", top: 0, left: 0, margin: 0, border: 0, width: "1px", height: "1px", visibility: "hidden" } );

		container.innerHTML = html;
		body.insertBefore( container, body.firstChild );
		innerDiv = container.firstChild;
		checkDiv = innerDiv.firstChild;
		td = innerDiv.nextSibling.firstChild.firstChild;

		this.doesNotAddBorder = (checkDiv.offsetTop !== 5);
		this.doesAddBorderForTableAndCells = (td.offsetTop === 5);

		checkDiv.style.position = "fixed", checkDiv.style.top = "20px";
		// safari subtracts parent border width here which is 5px
		this.supportsFixedPosition = (checkDiv.offsetTop === 20 || checkDiv.offsetTop === 15);
		checkDiv.style.position = checkDiv.style.top = "";

		innerDiv.style.overflow = "hidden", innerDiv.style.position = "relative";
		this.subtractsBorderForOverflowNotVisible = (checkDiv.offsetTop === -5);

		this.doesNotIncludeMarginInBodyOffset = (body.offsetTop !== bodyMarginTop);

		body.removeChild( container );
		body = container = innerDiv = checkDiv = table = td = null;
		jQuery.offset.initialize = jQuery.noop;
	},

	bodyOffset: function( body ) {
		var top = body.offsetTop, left = body.offsetLeft;

		jQuery.offset.initialize();

		if ( jQuery.offset.doesNotIncludeMarginInBodyOffset ) {
			top  += parseFloat( jQuery.curCSS(body, "marginTop",  true) ) || 0;
			left += parseFloat( jQuery.curCSS(body, "marginLeft", true) ) || 0;
		}

		return { top: top, left: left };
	},
	
	setOffset: function( elem, options, i ) {
		// set position first, in-case top/left are set even on static elem
		if ( /static/.test( jQuery.curCSS( elem, "position" ) ) ) {
			elem.style.position = "relative";
		}
		var curElem   = jQuery( elem ),
			curOffset = curElem.offset(),
			curTop    = parseInt( jQuery.curCSS( elem, "top",  true ), 10 ) || 0,
			curLeft   = parseInt( jQuery.curCSS( elem, "left", true ), 10 ) || 0;

		if ( jQuery.isFunction( options ) ) {
			options = options.call( elem, i, curOffset );
		}

		var props = {
			top:  (options.top  - curOffset.top)  + curTop,
			left: (options.left - curOffset.left) + curLeft
		};
		
		if ( "using" in options ) {
			options.using.call( elem, props );
		} else {
			curElem.css( props );
		}
	}
};


jQuery.fn.extend({
	position: function() {
		if ( !this[0] ) {
			return null;
		}

		var elem = this[0],

		// Get *real* offsetParent
		offsetParent = this.offsetParent(),

		// Get correct offsets
		offset       = this.offset(),
		parentOffset = /^body|html$/i.test(offsetParent[0].nodeName) ? { top: 0, left: 0 } : offsetParent.offset();

		// Subtract element margins
		// note: when an element has margin: auto the offsetLeft and marginLeft
		// are the same in Safari causing offset.left to incorrectly be 0
		offset.top  -= parseFloat( jQuery.curCSS(elem, "marginTop",  true) ) || 0;
		offset.left -= parseFloat( jQuery.curCSS(elem, "marginLeft", true) ) || 0;

		// Add offsetParent borders
		parentOffset.top  += parseFloat( jQuery.curCSS(offsetParent[0], "borderTopWidth",  true) ) || 0;
		parentOffset.left += parseFloat( jQuery.curCSS(offsetParent[0], "borderLeftWidth", true) ) || 0;

		// Subtract the two offsets
		return {
			top:  offset.top  - parentOffset.top,
			left: offset.left - parentOffset.left
		};
	},

	offsetParent: function() {
		return this.map(function() {
			var offsetParent = this.offsetParent || document.body;
			while ( offsetParent && (!/^body|html$/i.test(offsetParent.nodeName) && jQuery.css(offsetParent, "position") === "static") ) {
				offsetParent = offsetParent.offsetParent;
			}
			return offsetParent;
		});
	}
});


// Create scrollLeft and scrollTop methods
jQuery.each( ["Left", "Top"], function( i, name ) {
	var method = "scroll" + name;

	jQuery.fn[ method ] = function(val) {
		var elem = this[0], win;
		
		if ( !elem ) {
			return null;
		}

		if ( val !== undefined ) {
			// Set the scroll offset
			return this.each(function() {
				win = getWindow( this );

				if ( win ) {
					win.scrollTo(
						!i ? val : jQuery(win).scrollLeft(),
						 i ? val : jQuery(win).scrollTop()
					);

				} else {
					this[ method ] = val;
				}
			});
		} else {
			win = getWindow( elem );

			// Return the scroll offset
			return win ? ("pageXOffset" in win) ? win[ i ? "pageYOffset" : "pageXOffset" ] :
				jQuery.support.boxModel && win.document.documentElement[ method ] ||
					win.document.body[ method ] :
				elem[ method ];
		}
	};
});

function getWindow( elem ) {
	return ("scrollTo" in elem && elem.document) ?
		elem :
		elem.nodeType === 9 ?
			elem.defaultView || elem.parentWindow :
			false;
}
// Create innerHeight, innerWidth, outerHeight and outerWidth methods
jQuery.each([ "Height", "Width" ], function( i, name ) {

	var type = name.toLowerCase();

	// innerHeight and innerWidth
	jQuery.fn["inner" + name] = function() {
		return this[0] ?
			jQuery.css( this[0], type, false, "padding" ) :
			null;
	};

	// outerHeight and outerWidth
	jQuery.fn["outer" + name] = function( margin ) {
		return this[0] ?
			jQuery.css( this[0], type, false, margin ? "margin" : "border" ) :
			null;
	};

	jQuery.fn[ type ] = function( size ) {
		// Get window width or height
		var elem = this[0];
		if ( !elem ) {
			return size == null ? null : this;
		}
		
		if ( jQuery.isFunction( size ) ) {
			return this.each(function( i ) {
				var self = jQuery( this );
				self[ type ]( size.call( this, i, self[ type ]() ) );
			});
		}

		return ("scrollTo" in elem && elem.document) ? // does it walk and quack like a window?
			// Everyone else use document.documentElement or document.body depending on Quirks vs Standards mode
			elem.document.compatMode === "CSS1Compat" && elem.document.documentElement[ "client" + name ] ||
			elem.document.body[ "client" + name ] :

			// Get document width or height
			(elem.nodeType === 9) ? // is it a document
				// Either scroll[Width/Height] or offset[Width/Height], whichever is greater
				Math.max(
					elem.documentElement["client" + name],
					elem.body["scroll" + name], elem.documentElement["scroll" + name],
					elem.body["offset" + name], elem.documentElement["offset" + name]
				) :

				// Get or set width or height on the element
				size === undefined ?
					// Get width or height on the element
					jQuery.css( elem, type ) :

					// Set the width or height on the element (default to pixels if value is unitless)
					this.css( type, typeof size === "string" ? size : size + "px" );
	};

});
// Expose jQuery to the global object
window.jQuery = window.$ = jQuery;

})(window);
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Bristol but the x-axis pointing from Bristol to Leeds, 
in which case you would have s = 〈296, 0〉. (Infinitely 
many other choices are possible.) 


1.7 Scalar quantities: temperature, volume, energy, 
time.

Vector quantities: velocity, force, displacement, accel
-
eration.



1.8 Since (0, −3) lies on the negative part of the y-axis,

we can immediately write down the polar coordinates
−−→ 


s = 〈296, 


of −−→ 
OQ as 〈3, −π 


2 〉, so  |OQ| = 3.  


Alternatively, using the formulae 


r = (02 + (−3)2)1/2 = 3, 
sin φ = −3/3 =  −1, cos φ = 0  


gives the same results. 
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1.4 f = b, as both are of length 2 units and both point 
in the positive y-direction. 


1.5 The completed table is as follows. 


The vector −kv (k positive) has magnitude k|v| and 
direction opposite to v. 


→(d) (i) The vectors −− DC are equal in lengthAB and 
−−→ 


and parallel, and point the same way (i.e. have the same 
direction). Thus 


−−→ −−→ 
AB = DC. 


(ii) The vectors −−→ 
DA are equal in length andBC and 
−−→ 


parallel, but point in opposite directions. Thus 
−−→ −−→ −−→ 
BC = −DA (or, equivalently, −−→ 


DA = −BC). 
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2.5 


Solutions to the exercises 


1
(e)	


1 
v is a scaling of v by the positive scalar m = . 2.6 The following sketch illustrates the associative 


|v| |v| property. 
1


The direction of v is thus the same as that of v, and  |v| 
1 ythe magnitude is m|v| = |v| = 1.  


P 
3 


P 
3 


x 


c 


a 


b 


a + b 


c c 


b 


(a + b) + c 
= a + (b + c) 


b + c 


b + c 


|v| 


2.2	 a = 2i, b = −2.5i, c = 3j, d = −j. 


2.3	 (a) −35j (where |j| represents 1 km per hour). 
O 


(b)	 −112i (where |i| represents 1 mile). 


(c)	 112i (where |i| represents 1 mile). 


2.4	 (a) y 


x 


c 


a 


b 
b 


c 


a + b 


a + c 
(To evaluate (a + b) +  c, we go first to a + b (in 
the lower quadrant) and then add c. To evaluate 
a + (b + c), we go first to a (along the x-axis) and then 
add b + c.) 
The following sketch illustrates the distributive prop-
erty. 


O 


y 


O 
P 
4 


P 
4 


x 
a 


b a + b 


b 


2a 


2b 


= 2 a + 2 b 
)2(a + b 


(b) 


– b 
a + (– b) 


– b 


xO a 


b 


y 


y 


2.7	 4(a − c) + 3(c − b) + 2(2a − b − 3c) 
= 4a − 4c + 3c − 3b + 4a − 2b − 6c 


= 8a − 5b − 7c 


– ba – b 


a + b 


– b 


x 
O 


a 


bb 2.8	 (a) 2b + 4x = 7a, therefore 


4x = 7a − 2b, 


so 
7 1b.a −x = 4 2 


(b)	 n(b − a) +  x = m(a − b), therefore 


x = m(a − b) − n(b − a)

= m(a − b) +  n(a − b)

= (m + n)(a − b).
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2.9 


Solutions to the exercises 


2.13 (a) The first rule is true and the second is false 


a – b 


2a 


b1 
2 


2a + b1 
2 


– b 


a + b 


x 
O 


a 


y 


P 
4 


P 
4 


bb 


2.10 The magnitude of v is 4.7 times the magnitude 
of u. v is parallel to u, but the sense of v is opposite 
to the sense of u, i.e.  v and u have opposite directions. 


2.11 By the triangle rule, 
−−→ −−→ −→ 
AB + BC = AC, 
−−→ −−→ −→ 
CD + DA = CA. 


−→But −→ 
CA = − AC, so we have  


−−→ −−→ −−→ −−→ −→ −→ 
AB + BC + CD + DA = AC − AC = 0. 


C 


B 


A D 


−−→ −→Alternatively, −−→ 
AB + BC = AC. Hence 


−−→ −−→ −−→ −→ −−→ −−→ 
AB + BC + CD = AC + CD = AD, 


so 
−−→ −−→ −−→ −−→ −−→ −−→ 
AB + BC + CD + DA = AD + DA = 0, 


−−→since 
−−→ 
AD = − DA. 


1 


(scalar multiplication does not change direction). 


(b) The proposed rule does not hold. (Consider r + r, 
for example, where r = 〈 r, φ〉 . The proposed rule gives 
r + r = 〈 2r, 2φ〉 , whereas actually r + r = 2r = 〈 2r, φ〉 .) 
(There is an algebraic rule for adding vectors in polar 
form, but it is rather unwieldy. This is one reason why 
Section 3 introduces the Cartesian representation of a 
vector, for which there is a simple algebraic rule for the 


y 


3.5 


addition of vectors.) 


Section 3 


a = i = [1  0]T3.1 
b = 2j = [0  2]T 


c = i = [1  0]T (= a) 


d = − 2i = [− 2 0]T 


e = − i + 2j = [− 1 2]T 


f = 2j = [0  2]T (= b) 


g = i − j = [1  − 1]T 


h = 3i = [3  0]T 


3.2 (a) a = 3i + j, b = − i + 3j, c = − 3i − 2j, 
d = 3i + j (= a). 


(b) 


3.5a 


a 


3 10.5 x 


3.5a = 3.5(3i + j) = 10.5i + 3.5j, as in the diagram. 


(There are various other possible arguments!) (c) y 


4 
a + b b2.12 The vectors p, q and p + q are sketched below. 


3 


p


q 


y 


p + q P 2�3, 2 ® 


F 1 


�4, P ®  x 


a 


4 xO 1 2 3 
π5p = 〈 15, 2 〉 , − q = 〈 4, 0〉 . 


Since the directions of p and q are at right angles, a + b = (3i + j) + (− i + 3j) = 2i + 4j, as in the diagram. 
√ | p + q| = 32 + 42 = 5 and φ = π + arctan 4 = 2.498 (d) 2a + b − c = 2(3i + j) + (− i + 3j) − (− 3i − 2j)


2 3 
radians, so = 8i + 7j. √
p + q = 〈 5, 2.498〉 . Thus | 2a + b − c| = 82 + 72 = 


√ 
113.
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( )	 ( ) 


Solutions to the exercises 


3.3 (a) Given r = s, we can equate the corresponding 
components. Thus 


p + q = − 3 and  p − q = 7, 
which gives p = 2 and q = − 5. ([ ] [ ])


1 1 1
(b)	 t = u + v = √ + 


2 1 − 1 [ ] [ √ ]
1	 2 2 = √	 = 
2 0 0 


. 


√ 
Hence | t| = 2.


3.4	 (a) | a| = 2,  | b| = 3,  | c| = 1.  


(b)	 Use the formulae x = r cos φ and y = r sin φ (see 
Subsection 1.5).

First consider the vector a. The Cartesian components

of a are the numbers a1 and a2 given by
√ 


a1 = 2 cos π = 1, a2 = 2 sin π = 3.3	 3 


Thus √ 
a = a1i + a2j = i + 3j. 


Similarly for b and c: 
3 3b =	 3 cos  3π i + 3 sin  3π j = − √ i + √ j,4 4 2 2 √ 


3 i + 1c = cos π	 i + sin π j = 2 2 j.6	 6 


(c)	 We now have (	 √ ) ( √ ) 
3 i + 1a + c = i + 3j + 2 2 j (	 √ ) (√ ) 


= 1 +  3	 i + 3 +  1 j2 2 



 1.866i + 2.232j. 


3.5	 (a) The components are 


v1 = 5 cos 5π 
 3.214,18 


v2 = 5 sin 5π 
 3.83.18 


(b)	 The magnitudes are √

| a| = ((  3)2 + (− 1)2)1/2 = 2,
√

| b| = ((− 3)2 + 32)1/2 = 3  2 
 4.243.



To specify the directions, we need a reference direction. 
Using the plane polar coordinate convention, we can 
specify the angle φ with respect to the positive x-axis. 
Thus, for vector a, √



cos φ = a1/| a| = 3/2,



sin φ = a2/| a| = − 1/2, 
πhence φ = − .6 


For vector b, √ √

cos φ = − 3/(3 2) = − 1/ 2,
√ √ 
sin φ = 3/(3 2) = 1/ 2, 


3πhence φ = .4 


3.6	 Systems (b), (c) and (d) are right-handed. 


3.7	 (a) d = 2(i + j + k) − 3(2i − 3j − k) 
= − 4i + 11j + 5k, 


e = (i + j + k) − 2(2i − 3j − k) + 4(3i + k)

= 9i + 7j + 7k.
√	 √ √ 


(b)	 | d| = (− 4)2 + 112 + 52 = 162 (= 9 2), √ √

| e| = 92 + 72 + 72 = 179.



√ √

(c) | a| =	 12 + 12 + 12 = 3.
A unit vector in the direction of a is 


1 1 
a = √ (i + j + k). | a| 3 


(d)	 If a + x = b, then 


x = b − a = (2i − 3j − k) − (i + j + k) 
= i − 4j − 2k. 


Thus the components of x are 1, − 4 and  − 2. 


⎡	 ⎤ ⎡ ⎤ ⎡ ⎤ 
3 2 1 


3.8	 p = ⎣ 0 ⎦ − ⎣ 3 ⎦ = ⎣ − 3 ⎦, so  
18 − 1 19 


| p| = (12 + (− 3)2 + 192)1/2 = 3711/2 (
 19.26). 


3.9 Relative to the origin of the Cartesian coordinate 
system, the two points have position vectors i + j + 2k 
and 2i + 3j + k. Thus the vector equation of the line is 


t = (1  − s)(i + j + 2k) +  s(2i + 3j + k) 
= (1  +  s)i + (1 + 2s)j + (2  − s)k, 


where −∞ < s <  ∞ . 


√ √ 
3.10 (a)	 | a| = 22 + (− 1)2 = 5, √ √ 


| b| = 12 + 32 + 52 = 35. 
The vector a lies in the (x, y)-plane, and the angle√ φ 
that it makes with the x-axis is given by cos φ = 2/ 5√ 
and sin φ = − 1/ 5. Hence φ 
 −  0.4636 radians. 


(b)	 a + b = 3i + 2j + 5k, 


2a − b = 3i − 5j − 5k, 


c + 2b − 3a = − 4i + 10j + 8k. 


(c)	 The vector −−→ 
PQ  is equal to 2a − b. The point Q is 


the end of the vector −−→ 
OQ, which  is  given by  


−−→ −−→ −−→ 
OQ = OP + PQ 



= (2j + 3k) + (3i − 5j − 5k)

= 3i − 3j − 2k,



so Q is the point (3,− 3,− 2). 


T3.11 0 = [0 0 0] , 
Ti = [1 0 0] , 
Tj = [0 1 0] , 
Tk = [0 0 1] . 


42 







( ) 
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4.1 


Solutions to the exercises 


Section 4 4.6 a . i = (a1i + a2j + a3k) . i 
= a1i . i + a2j . i + a3k . i 


a . b = |a| |b| = a1.π 
3 
π 
6 


cos θ = 2  × 4 × cos = 4, √ 
3, Similarly, cos θ = 4  × 1 × cos = 2b . c = |b| |c|


a . j = a2 and a . k = a3. 
π 
3 +


π 
6cos θ = 2  × 1 × cosa . c = |a| |c| (Notice that this means that the components of a vec-


= 2 cos π 
2 = 0, tor are given by the dot products of the vector with the 


Cartesian unit vectors i, j, k.) 


4.7 (a) a . c = −2, a . d = −3, a . e = 0. 
Thus only e is perpendicular to a. 


(b)	 First, 
a + 2b = j + 9k. 


Now a suitable vector along the line joining the origin 
to the point (1, 1, 1) is i + j + k. The corresponding unit 
vector is u = 1√ (i + j + k). The component of a + 2b 


b . b = |b| |b| cos θ = 4  × 4 × cos 0 = 16. 


4.2	 (a) (a + b) . (a − b) =  a . (a − b) +  b . (a − b) 
= a . a − a . b + b . a − b . b 


= a . a − a . b + a . b − b . b 


= a . a − b . b 


(b) |a + b|2 = (a + b) . (a + b) 
= a . (a + b) +  b . (a + b) 


3 
= a . a + a . b + b . a + b . b in the direction of this line is 
= a . a + a . b + a . b + b . b	 u . (a + 2b) =  1√ 


3 
(i + j + k) . (j + 9k) 


= a . a + 2a . b + b . b	 = 10√ . 
3 


4.3 (a) If 2a+ 3b and ma+ b are perpendicular, then 4.8 The angle between i and v is π ,6 and that be-
(2a + 3b) . (ma + b) = 0. tween j and v is π 


2 − π 
6 = π 


3 Also, |v| = 1.5. So the . 
Expanding this expression,	 i-component of v is 


√√ 
2ma . a + 2a . b + 3mb . a + 3b . b = 0. 


Now a and b are perpendicular, so a . b = b . a = 0,  


π 
6 


3 3 33 =|v| cos 
and the j-component of v is 


= × ,2 2 4 


and they are unit vectors, so a . a = b . b = 1.  Thus  π 
3 


3 × 1 = 3 
2|v| cos 


The angle between i and w is 


= 4 .2
2m + 3  =  0, 


so m = −1.5. 
π 
3 


π 
6 


2


5 Also, |w| = 2. Moreover, 
using the formulae from the Handbook, 


π 
2 


π 
6 , and that be-+ = 


π 
6tween j and w is π − = . 


(b) |c|2 = c . c 
π 
3cos 2


= 9a . a + 15a . b + 15b . a + 25b . b. = cos  π cos 


π )3 
π 
3 


= cos(π −= (3a + 5b) . (3a + 5b) 
π 
3+ sin  π sin 


Thus, since a and b are perpendicular unit vectors, π 
3 = − cos 


|c|2 = 9  +  25 = 34, 


so |c| = 
√ 


34 (
 5.831). 


= − 1 
2 


and 


cos 5π 
6 


π )6= cos(π − 
π 
6= cos  π cos π 


6+ sin  π sin
4.4 a . b = (4  × 1) + (1 ×−3) + (−5 × 1) = −4. π 


6 = − cos 
The negative sign tells us that the angle between a and √ 


= − 3
b is between π 


2 and π radians, i.e. it is an obtuse angle. .2 


The i-component of w is therefore 
π 
3√ √ |w| cos 2


22 + (−3)2 + 12 = 14, and the j-component of w is 
= −2 × 1 = −1,2 |a| = √ √√(−1)2 + 22 + 42 = 21.|b| = 


Also, 
π 
6|w| cos 5


In summary, 


3= −2 × = − 3.2 


√√a . b = (2  ×−1) + (−3 × 2) + (1 × 4) = −4, v = 3 3 i + 3 
4 j and w = −i − 3j.4


so if θ is the angle between a and b, then 
a . b −4	 4 


cos θ = = √ √ = − √ . |a| |b| 14 × 21 7 6 
The negative sign means that θ is obtuse, so θ 
 1.806 
radians. 


4.5 
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Solutions to the exercises 


4.9 The technique here is the same for all the vectors. and the j-component of d is 
One must find the angle between the vector in question |d| cos( 2


π + α) =  −2 sin  α 
and the unit vectors i and j. (using the usual trigonometric formulae). So 
Vector a points vertically downwards, in the direc-


d = −2 cos  α i − 2 sin  α j.tion −j. Hence i and a are perpendicular, and 


a = 0i − j = −j. 4.10 As in the previous exercise, we must find the 
The angle between i and b is α, and the angle between angles between a, b, c, d and the unit vectors i and j. 


− α. Hence the i-component of b is First notice that b points in the direction i, so  b = 1.5i. 
cos α = 1.5 cos  α, Similarly, d points in the direction −i, so  d = −2i. 


2
πj and b is 


|b|

and the j-component of b is
 Also, c points in the direction j, so  c = 1.5j. 


2
π|b|


where we have used the formula 


cos( − α) = 1.5 sin  α, 


− α) (see the Handbook). So 
A


P 


P 



¼A 


A a 


y 


cos(β − α) = cos  β cos α + sin  β sin α 


to evaluate cos( 2
π 


b = 1.5 cos  α i + 1.5 sin  α j. 


2
πThe angle between i and c is + α, and the angle be-


2tween j and c is α. j 


i 


x 


y 


c 


P 


A 


A 


i 


j 


A 


The remaining vector, a, makes an angle 2
π + α with i, 


and an angle π − α with j. Hence the i-component of a 
is 


2
πcos( + α) =  − sin α,|a|



and the j-component of a is

|a| cos(π − α) =  − cos α. 


Therefore 


a = − sin α i − cos α j. 
Therefore the i-component of c is 


2
π 4.11 Here the angle between i and p is π − α, and  cos( + α) =  −1.5 sin  α,|c|


where we have used the formula 2
π − α. Therefore the i-the angle between j and p is 


cos(β + α) = cos  β cos α − sin β sin α component of p is 
|p| cos(π − α) =  −2.5 cos  α, 


2
πto evaluate cos( + α) (see the Handbook). 


The j-component of c is and the j-component of p is 


cos α = 1.5 cos  α, |p| cos(

Thus



2
π − α) = 2.5 sin  α.|c| 


so 


c = −1.5 sin  α i + 1.5 cos  α j. p = −2.5 cos  α i + 2.5 sin  α j. 


The angle between i and q is π − β, and the angle be-Finally, the angle between i and d is π − α, and the 
tween j and q is π 


2 + β. Therefore the i-component of πangle between j and d is + α. 
q is 


|q| cos(π − β) =  −3 cos  β, 


and the j-component of q is 


2 


x 


y 


P 
A 


P 
2 
¼A 


d 


A 


i 


j 


2
π + β) =  −3 sin  β.cos(|q|


Hence 


q = −3 cos  β i − 3 sin  β j.



Finally, the angle between i and r is γ, and the angle

between j and r is 2


π + γ. Thus  the  i-component of r is 
|r| cos γ = 2.5 cos  γ, 


and the j-component of r is 
|r|


Thus the i-component of d is So 


cos( 2
π + γ) =  −2.5 sin  γ. 


|d| cos(π − α) =  −2 cos  α, r = 2.5 cos  γ i − 2.5 sin  γ j. 


x 
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Solutions to the exercises 


4.12	 The i-component of a is clearly zero, while the 4.14 (a) i, j and k are unit vectors forming a right-
j-component is simply |a|. Similarly, the i-component handed system. 


while the j-component is zero. Hence of b is −|b
| j
| 


and b = −|b| i.

The i- and  j-components of c are, respectively,



a = |a k 


j 


i 


√ 
π 1√= 2  × 2|c| cos 


and 


= 4 2 


√ 
π π π 


4|c| cos( ) =  −2 sin  = − 2,+2 4 


so √	 √ 
c = 2i − 2j. 


Given that a + b + c = 0, the sum of all the i-
Thus, using the definition of the cross product, components of a + b + c must be zero, and so must the 


2
π )k = k.i × j = (|i| |j| sinsum of all the j-components. Therefore (i-components) √ 


0 − |b| + 2 = 0  Similarly, 


and (j-components) j × k = i and k × i = j. 
√



|a| + 0  − 2 = 0.
 √ 
Thus we see that |a| = |b| = 2.


4.13 For the sake of clarity, here is a diagram showing 
u, v and w (where all three vectors start at O) drawn 
in the (x, y)-plane. (The z-axis points out of the page.) 


(b) Since (a × b) =  −(b × a) for any vectors a and b, 
we have 


j × i = −k, k × j = −i and i × k = −j. 


(c)	 Since a × a = 0 for any vector a, we have 


i × i = j × j = k × k = 0. 


(d)	 (i + k) × (i + j + k) 
= (i × (i + j + k)) + (k × (i + j + k)) 
= (0 + k + (−j)) + (j + (−i) +  0) 
= −i + k, 


(i × (i + k)) − ((i + j) × k)

= (0 + (−j)) − (−j + i)

= −i.



4.15	 To compute a × b, we use Sarrus’s Rule: 


i j k i j 


y 


u 


v 


w 


π 
6 


π 
6 


xO 2 −3 1 2 −3 
−1 2 4 −1 2 


The cross products are all perpendicular to the (x, y)- −3k −2i −8j −12i −j 4k 
plane.

A unit vector in the direction of u × v is k, so  


so a × b = −14i − 9j + k.

Similarly for a × c:π 1sin k = (2  × 3 × )k = 3k.u × v = |u| |v|



The angle between u and w is zero, so

6 2


i j k i j 
2 −3	 1 2 −3 u × w = (|u| |w| sin 0) ̂ c = 0̂c = (2  × 4 × 0) ̂ c = 0. −4 6 −2 −4 6 


A unit vector in the direction of v × w is −k, so  −12k −6i 4j 6i −4j 12k 
π 1sin (−k) = (3  × 4 × )(−k)v × w = |v| |w|


so a × c = 0.6 2 


= −6k. 
Finally, for b × c: 


i j k i j 
−1 2 4 −1 2 
−4 6 −2 −4 6 


8k −24i −2j −4i −16j −6k 


so b × c = −28i − 18j + 2k.

Since a × c = 0, and neither vector is zero, the vectors

a and c are parallel. In fact, c = −2a.
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Solutions to the exercises 


4.16 A vector perpendicular to a and b is a × b, which  
we can compute using Sarrus’s Rule: 


i j k i j 
2 2 1 2 2 
4 4 −7 4 4 


−8k −4i 14j −14i 4j 8k 


so a × b = −18i + 18j. 
We are asked for a unit vector, so the obvious choice is 


1 −18i + 18j
(a × b) =  √ |a × b| 18 2 


2 
1√ (−i + j).= 


(Note that 
2 


1√ (i − j) is also a unit vector perpendicular 


to a and b. This can be obtained by considering b × a 
rather than a × b.) 


4.17 (a) No, it is a scalar. 


(b) Yes, if the angle between a and b is between 2
π and 


π radians. 


(c) If either a = 0 or b = 0, then indeed a . b = 
|a| |b| (= 0). So assume that a and b are both non-
zero. If a . b = |a| |b| cos θ = |a| |b|, then cos θ = 1,  so  
θ = 0, i.e. a and b are in the same direction. 


(d) If a . b = 0, then either a = 0 or b = 0 (or both), 
or a and b are perpendicular. 


(e) If a × b = 0, then either a = 0 or b = 0 (or both), 
or a and b are parallel (but may have opposite senses). 


4.18 (a) t is perpendicular to both r and s, and its 
sense is vertically down, i.e. into the ground. 


(b) Conversely, the sense of s × r is vertically up. 


(c) t × r is perpendicular to t (and thus in the hori-
zontal plane) and perpendicular to r, and by the screw 
rule its sense is due east. 


(d) |t| = |r| |s| sin π = 1√ 
24 


(e) t × (r × s) =  t × t = 0 
π = 1√ 


24(f ) r . s = |r| |s| cos 
π(g) s . (t × r) =  (by part (b)) |s| |t × r| cos 4 


π πsin|s|
= 1  × 1√ 


|t| |r|
× 1 × 1 × 


= cos2 4 
1√ = 1 


222 


4.19 (a × b) . a = 0 for any non-zero vectors a and b, 
because a × b is perpendicular to a, and the dot prod-
uct of perpendicular vectors is zero. 
(If a and/or b is the zero vector, then the answer is still 
zero.) 
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Introduction


Introduction


We often need to represent physical quantities such as mass, force, velocity,
acceleration, time, etc., mathematically. Most of the physical quantities
that we need can be classified into two types: scalars and vectors. Scalar
quantities are quantities, like mass, temperature, energy, volume and time,
that can be represented by a single real number. Other quantities, like
force, velocity and acceleration, possess magnitude and direction in space,
and cannot be represented by a single real number; they are called vector
quantities.


The definitive vector quantity is displacement. The displacement of a point
specifies the position of the point in space relative to some reference point.
We use the concept of displacement whenever we want to describe spatial
relationships. Consider, for example, the instructions written in blood on a
pirate’s treasure map:


Take five paces due north from the big oak tree, then seven paces due
west, and then dig down for three metres.


This is a specification of a displacement vector — the displacement of the
treasure from a reference point (the big oak tree). In fact, this particular
way of specifying the displacement of the treasure is known as the Cartesian
description of a displacement, although the pirate probably didn’t know
that. Alternatively, there is the so-called polar description of the same
displacement (equating paces with metres):


Starting at the big oak tree, dig for 9.1 paces along a straight sloping
line inclined at 19◦below the horizontal at a bearing of 54◦west of north.


This ‘distance (or magnitude) plus direction’ specification will also get you
to the treasure, although less conveniently because it is more difficult to
dig along a sloping line. These two different specifications are shown in
Figure 0.1.


19°


54°


N


3 metres


7 paces
5 paces


9.1 paces


Figure 0.1


Section 1 defines a vector and discusses ways of representing vectors in two
dimensions. Section 3 discusses another way of representing vectors, one
that easily generalizes from two to three (or more) dimensions. Sections 2
and 4 consider ways of operating on and combining vectors — that is, they
provide the fundamentals of vector algebra.
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Section 1 Describing and representing vectors 


1 Describing and representing vectors

Subsection 1.1 explains what scalars and vectors are. Subsections 1.2 and 1.3 
then explain how to denote vectors symbolically (i.e. algebraically) and how 
to show them in diagrams. Subsection 1.4 explains what is meant by saying 
that two vectors are equal to one another, which is a necessary first step 
in the development of an algebra for vectors. Subsection 1.5 introduces a 
method for representing vectors in two dimensions that can be useful in a 
variety of physical situations. 


1.1 Scalars and vectors 
A scalar is any quantity, such as mass, time, volume and temperature, that 
can be represented mathematically by a single real number (and often a unit 
of measurement). Real numbers themselves are examples of scalars, and you 
can regard the terms scalar and real number as synonymous. Examples of 
scalar quantities, quoted to some convenient degree of accuracy, are: 


the mass of the Earth, 5.975 × 1024 kilograms;

the temperature of melting ice, 0 degrees Celsius;

my current bank account balance, −153.12 pounds sterling;

pi (π), 3.141 59. . . .



A real number x is defined by two properties: its modulus |x| and its sign. The modulus of a real number 
Thus the magnitude of a scalar x is |x|. For example, the magnitude is also called its magnitude. 
of my current account balance is |−153.12| pounds = 153.12 pounds, which 
sounds a lot better since it doesn’t remind me that I’m in debt. Note that 
magnitudes are always non-negative (i.e. positive or zero). 


A vector quantity is any quantity, such as force, velocity, displacement, etc., 
that has a magnitude and a direction in space (or, in two dimensions, a 
direction in a plane). An example is the velocity of a motor car travelling 
on the M4 motorway from London to Bristol with a speed of 95 km per hour The familiar term speed is 
in a westerly direction. The magnitude of the velocity vector is 95 (dropping used to mean the magnitude 


units for convenience), and the direction of the velocity vector is due west. of a velocity. Speed is a 


Thus the specification of a vector consists of: non-negative scalar. 


(a) a non-negative real number, called its modulus or magnitude; 
(b) a direction in space. 


This unit is mainly concerned with just two vector quantities: displacement 
and velocity. Later in the course you will come across other vector quantities 
such as force, torque and momentum. Fortunately, all vector quantities obey 
exactly the same laws of algebra. Thus what you learn about displacements 
and velocities in this unit can be carried over to all vector quantities. 


1.2 Vector notation 
Vectors are denoted in printed text by bold letters, e.g. v, F. In your 
written work, you should denote vectors by drawing either a straight line or 


∼, Fa squiggly line under the letter, e.g. v, F  or v ∼.  Thus if a symbol is used  
to represent the velocity of an object, then it must be handwritten by you 
as either v or v∼ (but will be printed in the text as v). 


It is important that you learn to write vectors using the underlining: if

you do not do so, someone reading your work may not be able to tell

that you are referring to a vector. In particular, you may lose marks!
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Section 1 Describing and representing vectors 


The modulus or magnitude of the vector v is denoted by |v| or, sometimes, 
where there is no possibility of ambiguity, by v; |v| is a non-negative scalar. 


1.3 Using arrows to represent vectors 


A vector can be conveniently represented in a diagram by an arrow, i.e. a 
straight line with an arrowhead on it. The tail of the arrow may be placed 
at some fixed origin, the direction of the arrow is chosen to represent that 


We read |v| as ‘the modulus 
of v’ or ‘the magnitude of v’, 
or simply ‘mod v’. 


y 


2 


1 
π 


of the vector. In Figure 1.1, which uses the origin of the Cartesian coor- O 1 2 x 


dinate system as the fixed origin, the shorter arrow represents a vector of 
magnitude 1 in the positive x-direction, and the longer arrow represents Figure 1.1√ 


of the vector, and its length is chosen to be proportional to the magnitude 4 


a vector of magnitude 2 2 in a direction at 4
π radians (45◦) to the posi-


tive x-direction. (Note that we use the convention that positive angles are y 
measured anticlockwise.) If we decide to denote these vectors by letters a 2 
and b, respectively, then we can also put this information on the diagram, 
by writing a and b near the arrowheads, as shown in Figure 1.2. 1 


Note that in this course, and commonly elsewhere, the arrows representing 
x 


a 


b 


vectors are drawn using thick lines. This helps to distinguish vector arrows O 1 2 


from other arrowed lines such as those representing the coordinate axes 
(e.g. Figures 1.1 and 1.2) or those representing compass directions (e.g. Figure 1.2

Figure 1.3).



*Exercise 1.1 


Represent the following two vectors on a diagram by arrows: 
• vector a has magnitude 3 units and points in the positive y-direction; 


vector b has magnitude 4 units and points in the direction at
 3
π radians• 


(60◦) to the positive x-direction. 


Vector notation and the use of arrows in diagrams is now illustrated further 
by specific reference to displacement vectors and velocity vectors. 


Displacement is the position of a point in space relative to some reference 
point or origin. For example, the city of Leeds is 296 km from the city of 
Bristol in the direction of 15◦ east of north (N 15◦E). The displacement of 
Leeds from Bristol can be specified as the vector 


s = 296 km N 15◦E. 


Here the bold symbol s has been used to denote the displacement. Note that 
both magnitude and direction are specified: the magnitude of the displace-
ment is |s| = 296 km, and the direction is specified by the compass bearing 
N 15◦E. 


The displacement s = 296 km N 15◦E can be represented in a diagram by an 
arrow, as shown in Figure 1.3. The length of the arrow represents 296 km,

which may be shown in the diagram by writing |s| = 296. 


For any two points P and Q, we can define the displacement vector from 
P to Q: it is the vector whose magnitude is the distance from P to Q and 
whose direction is the direction of the straight line from P to Q. A useful 


It would be wrong to write 
s = 296 km, because the 
left-hand side is a vector 
symbol and the right-hand 
side is a scalar. 


N s 


s 


15° 


= 296


−−→notation for this vector is PQ  (see Figure 1.4). In this context the symbol 
O 


PQ  (without an arrow) represents the length of the straight line joining P −−→ −−→ −−→ −−→ 0 100 200 300
and Q, i.e.  PQ  = |PQ|. Note that PQ  = QP but PQ  =� QP (because PQ  → 


QP are in opposite directions). 
Scale (km)


and 
−−


Figure 1.3 


6 







Section 1 Describing and representing vectors 


→
Displacement vector 


The displacement vector 
tance from P to Q and whose direction is the direction of the straight 
line from P to Q. 


→ is the vector whose magnitude is the dis-PQ
−−


PQ Q 


P 


Figure 1.4 


One query may have occurred to you. What is the displacement vector of a →? Clearly its lengthPP
−−point from itself? In other words, what is the vector 


is zero, but what is its direction? The answer is that it does not have one!

We define the zero vector to be the unique vector with magnitude zero 
and no direction. It is denoted by 0. Thus we can conclude that PP  = 0. →−−


Zero vector 
The zero vector is the unique vector with magnitude zero and no 
direction. It is denoted by 0. 


Be particularly careful to 
underline the zero vector 
(0 or 0∼) in your written work! 


A constant velocity is also defined by a magnitude and a direction. For 
N


instance, in a weather forecast, a typical wind velocity might be 35 knots 
from the north-west. It is not sufficient to say that ‘the wind velocity is O 


35 knots’; the obvious question about such a statement would be ‘from 
which direction?’. The vector v representing this velocity has magnitude 35 
and direction from the north-west and towards the south-east (since the 
air is travelling in the south-easterly direction). It can be represented on a 
diagram as shown in Figure 1.5. The length of the arrow represents a wind



45° 


v 


v | = 35  


speed of 35 knots. 0 10 20 30 40 


Note that the direction of a vector consists of two attributes: Scale (knots) 


(a) an orientation, represented by the slope of the arrow in diagrams like 
Figures 1.1 to 1.5; Figure 1.5 


(b) a sense, represented by the arrowhead. 


For instance, the arrow representing the velocity 35 knots from the north-
west in Figure 1.5 is a line making an angle of 45◦ anticlockwise from the 
south direction (the orientation) and an arrowhead pointing towards south-
east as opposed to north-west (the sense). 


*Exercise 1.2 


The displacement of Birmingham from Derby is 57 km in the direction 
S 30◦W. The displacement of Leicester from Derby is 32 km in the direction 
S 45◦E. 


Draw a diagram, to a suitable scale, representing these two displacements 
by arrows. 


Exercise 1.3 


A car travelling from London along the M1 with speed 70 mph heads in the 
direction N 60◦W near Junction 14. 


Represent the velocity of the car by an arrow, drawn to a suitable scale. 
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1.4 Equality of vectors 


Definition 


Two vectors are said to be equal if they have the same magnitude and 
the same direction. 


You have seen how to represent a vector by an arrow. This definition of 
equality of vectors tells us that the two features needed to define a vector 
uniquely are its magnitude and direction. This means that any two arrows 
drawn at different places on the page but which are equal in length, parallel 
and have the same sense, can be used to represent the same vector. For 
instance, the two arrows in Figure 1.6 are each of length 2 units and point 
in the positive x-direction. They represent two equal vectors, and we write 
b = d. In other words, the arrow representing a vector does not have to be 
drawn so that its tail is at any particular point. 


Example 1.1 


Figure 1.7 shows several vectors represented by arrows drawn to scale. Find 
the vector equal to the vector a. 


y 
c 


3 b 


ef 2 


d 
1 


x–4 –3 –2 –1 O 1 2 3 4 5 6 
–1 a 


g
–2 


–3 
h 


Figure 1.7 


Solution 


We are looking for a vector that is equal in length to a (i.e. one unit), parallel 
to a and points in the same direction (i.e. the positive x-direction). There 
are two arrows (and thus vectors) other than a that point in the positive 
x-direction; they are c and h. (The arrow representing d points in the 
negative x-direction.) The magnitudes of c and h are 1 unit and 3 units, 
respectively. Since the magnitude of a is 1 unit, c = a but h �= a. 


Note that although a and c are drawn at different places in the (x, y)-plane, 
they are equal in magnitude and have the same direction, so they are equal 
vectors. 


*Exercise 1.4 


Which vector in Figure 1.7 is equal to vector b? 


y 


3



2



1



b 


d 


xO 1 2 3 


Figure 1.6 
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1.5 Polar representation of two-dimensional vectors 


This subsection introduces a systematic way of specifying the magnitude 
and direction of a vector in a coordinate system. 


You should be familiar with using a two-dimensional Cartesian coordinate 
system for specifying the position (x, y) of a point in a plane, and indeed the 
same system is commonly used for displaying vectors (as in Figures 1.1, 1.2, 
1.6 and 1.7). The plane polar coordinate system, however, is in some 
sense a more natural one for specifying vectors since it effectively regards 
magnitude and direction as two coordinates. 


Let r be a vector on a plane surface. Introduce a Cartesian coordinate 
system, and draw the vector as an arrow with its tail at the origin O, as  
in Figure 1.8. The magnitude of r is |r| = r, the distance of the tip P of 
the arrow from O. The direction of r is specified by the angle φ measured 
(usually in radians) anticlockwise from the positive x-axis. 


O 


P 


x = r cos φ 


r = |  r | 


φ 


y = r sin φ 


y 


x 


r 


Figure 1.8 


We have not quite finished the description, because a vector now has many 
representations (since rotating the line segment OP through 2nπ, where n is In fact, a vector has an 
any integer, leaves it unchanged). To avoid this ambiguity, we shall normally infinite number of 
take φ to lie in the range −π < φ  ≤ π. (Note that under this convention a representations! 


vector below the x-axis has a negative value for φ — see Figure 1.9.) 


Thus the endpoint P of a vector r is specified by the two numbers r (a dis-
tance) and φ (an angle). These two numbers r and φ are the plane polar y positive φ 
coordinates (or simply polar coordinates) of the endpoint P of the vec-
tor r, when the tail of its arrow is at O. We use the notation 〈r, φ〉 in order 
to distinguish polar coordinates from the Cartesian variety, so the vector is φ 
now specified as 


r = 〈r, φ〉. y 


You can see from Figure 1.8 that the polar coordinates 〈r, φ〉 of P are related 
to the Cartesian coordinates (x, y) of  P by the following formulae: φ 


x = r cos φ, y = r sin φ; 
2)1/2 r = (x 2 + y , tan φ = y/x. negative φ 


However, the statement tan φ = y/x does not define φ uniquely since, for Figure 1.9 
example, tan φ = tan(π + φ). To pin down the value of φ in the range 
−π < φ  ≤ π, we can use the two equations 


y 
sin φ = y/r and cos φ = x/r. quadrant 2 quadrant 1 


AIn practice, when finding the angle φ from the values of x and y, it usually 
S 


sin > 0 sin > 0 
helps to sketch the Cartesian coordinates in the (x, y)-plane so that you can cos < 0 cos > 0 
see in which quadrant φ must lie. The signs of sin and cos for angles in 


sin < 0 sin < 0 
the four quadrants are shown in Figure 1.10: you will find it useful to know cos < 0 cos > 0 


Cthese. (A simple acronym to aid the memory is ‘CAST’: starting from the T 
quadrant 4lower right, and working anticlockwise round the quadrants, the following quadrant 3 


are positive: Cos, All (of sin, cos, tan), Sin and Tan.) 
Figure 1.10 


x 


x 


x 
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Example 1.2 


Give the polar representation of the vectors a, b, e and g in Figure 1.11. 


y 


x 


e 
b 


g 


a–1 


–1 1 


2 


O 


Figure 1.11 


Solution 


In Figure 1.11 each vector is drawn as an arrow from the origin, so the 
polar representation of each vector is given by the polar coordinates of its 
endpoint. In some cases we can specify r and φ simply from inspection of 
Figure 1.11, but we shall use the above formulae in order to illustrate the 
general method. 


The endpoint of a has Cartesian coordinates (1, −1), so we have 
√ 


r = (12 + (−1)2)1/2 = 2,√ √ 
sin φ = y/r = −1/ 2 and cos φ = x/r = 1/ 2. 


√ 
Thus φ = − π radians, i.e. a = 〈 2, − π 〉. (Since − π < − π < 0, the angle 4 4 2 4 
coordinate − π indicates that a should lie in the fourth quadrant, which is 4 
confirmed by Figure 1.11.) 


Vector b is of length 2 units and points in the positive y-direction. The 
Cartesian coordinates of its endpoint are (0, 2), so we have 


r = (02 + 22)1/2 = 2, 


sin φ = y/r = 2/2 = 1 and cos φ = x/r = 0/2 = 0. 


Hence φ = π radians (which is obvious from the fact that b points in the 2 
πpositive y-direction). Hence b = 〈2, 〉.2 


The endpoint of vector e has Cartesian coordinates (−1, 2), so 
√ √ √ 


r = ((−1)2 + 22)1/2 = 5, sin φ = 2/ 5 and cos φ = −1/ 5, 
√ 


giving φ = 2.034 radians. Hence e = 〈 5, 2.034〉. (Since π < 2.034 < π, the 2 
angle coordinate 2.034 indicates that e should lie in the second quadrant, 
which is confirmed by Figure 1.11.) 


Finally, g is of unit length (i.e. of length 1 unit) and points in the positive 
x-direction. The Cartesian coordinates of its endpoint are (1, 0), so 


r = (12 + 02)1/2 = 1, sin φ = 0 and cos φ = 1. 


Thus g = 〈1, 0〉. (This is an exceptional case where the numerical values of 
the coordinates are the same in the two coordinate systems.) 


*Exercise 1.5 


Complete Table 1.1. Each row should show the Cartesian and corresponding 
polar coordinates of a particular point. If any entry is invalid, say so and 
explain why. 
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Table 1.1 


Cartesian Polar 
coordinates (x, y) coordinates 〈r, φ〉 


(0,−1) 〈1,−π 
2 〉 


(1, 1) 


〈4,−π 
4 〉 


〈6, π〉 
(−1,−1) 


〈−1, π〉 
〈108 , exp(0.1π)〉 


*Exercise 1.6 


As you saw earlier, the displacement of Leeds from Bristol can be expressed 
as s = 296 km N 15◦E (see Figure 1.3 on page 6). Express this vector in 
polar form 〈r, φ〉 using a suitable coordinate system. 


The polar representation of vectors can be a useful representation in a variety 
of physical situations, as you will see later in the course. (It is generalized 
to three dimensions in Unit 23.) 


End-of-section Exercises 


Exercise 1.7 


The following is a list of some physical quantities: temperature, velocity, 
volume, energy, force, displacement, time, acceleration. Decide which are 
scalar and which are vector quantities. 


Exercise 1.8 


What are the polar coordinates of a point Q whose Cartesian coordinates 
are (0,−3)? What is the magnitude of the vector −−→ 


OQ where O is the origin 
of coordinates? 


2 Scaling and adding vectors

This section defines two arithmetic or algebraic operations involving vectors. 
The first and simpler of these is the multiplication of a vector by a scalar, 
or scaling of a vector. The second is the addition of two vectors to give a 
third vector called the resultant of the two vectors. 


2.1 Scaling of a vector 


Consider vectors c and h in Figure 1.7 (page 8). Both vectors point in the 
same direction, but h has a length three times that of c. We say that h is 
a scaling of c by the number 3, and we write h = 3c. 
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Generally, if v is a vector and m is a positive number, then the product mv 
is a vector in the same direction as v but with magnitude m|v|, i.e.  m times 
the magnitude of v. This multiplication of a vector by a scalar is called 
scaling or scalar multiplication, and mv is called a scalar multiple of v. For  Note that there is no 
example, if v has magnitude 4 and points in the positive x-direction, then multiplication sign between 


3v has magnitude 12 and points in the positive x-direction also. This is the m and the v. In vector 
algebra the dot and crossillustrated in Figure 2.1.	 symbols are reserved for other 
products, to be discussed in 
Section 4.O O 


v x	 x3v 


Figure 2.1	 Ov 


We can also scale a vector v by a negative number. When m is negative, 
the vector mv has magnitude |m||v| and points in the opposite direction 
to v. A special case is when m = −1. Then the vector (−1)v has the same O –v 
magnitude as v but points in the opposite direction; see Figure 2.2. We 
normally write (−1)v simply as −v, i.e. (−1)v = −v. Figure 2.2 


What happens when we multiply a vector by zero (m = 0)? The above 
definitions imply that the result should be a vector with magnitude zero. 
You will recall from Section 1 that there is a special vector with magnitude 
zero, namely the zero vector, 0. Thus  0v = 0. 


Definition 


For any vector v and any real number m, the scalar multiple mv is 
the vector with magnitude |m||v| which is: 
• in the same direction as v if m >  0; 
• in the opposite direction to v if m <  0; 
• the zero vector (i.e. with unspecified direction) if m = 0.  


The multiplication of v by m is called scaling or scalar multiplica-
tion. 


Example 2.1 
(a) Let u represent the velocity of my car travelling with a speed of 30 mph 


along a straight road due north. Write down, in terms of u, the velocity 
of a car overtaking me and travelling at 45 mph. If another car is trav-


C


A B 


elling in the opposite direction to me with speed 60 mph, write down 
this car’s velocity in terms of u. F −−→(b) If ABCDEF is a regular hexagon (Figure 2.3) and, for example, AB 
represents the displacement vector from A to B, write down algebraic 
relations connecting: E D 


−−→ −−→ −→ −−→(i) AB and ED; (ii) AF and DC.	 Figure 2.3 


Solution 


(a) The velocity vector u has magnitude 30 mph and points due north. The 
car overtaking me is travelling in the same direction but has a velocity 
of magnitude 45 mph; suppose that its velocity vector is denoted by v 
(see Figure 2.4). Then v is parallel to u and has the same sense as u, Two vectors are parallel if 


45and |v| = |u|. Therefore v is just a scaling of u, i.e.	 they have either the same, or 
30 opposite, directions. 


v = 1.5u. 
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Now suppose that the velocity of the car travelling in the opposite di-
rection is denoted by w. Then w is parallel to u but has the opposite 


60sense to u, and  | w| = | u| . So we can write30 


w = − 2u, 


where the negative sign indicates the opposite sense. 


(b) The opposite sides of a regular hexagon are parallel, and all the sides 
have the same length. 


−−→ −−→(i) Thus the displacement vectors AB and ED have equal magnitudes 
and the same direction. So we have 


−−→ −−→ 
AB = ED. 


−→ −−→(ii) The displacement vectors AF and DC have equal magnitudes but 
opposite directions, thus 


−→ −−→	 −−→ −→ 
AF	 = − DC (or, equivalently, DC = − AF ). 


*Exercise 2.1 
(a) If	 d is the displacement vector from Bristol to Leeds, write down in 


terms of d the displacement vectors from Leeds to Bristol and from 
Leeds to Leeds. 


(b) If v represents the velocity of a wind of 35 knots from the north-east, 
what vectors represent the following? 


(i) A wind of 70 knots from the north-east. 


(ii) A wind of 35 knots from the south-west. 


(iii) Still air. 


(c) Relate the direction and magnitude of − 1.5v to those of v, where v is 
any given non-zero vector. Do the same for − kv, where k is an arbitrary 
positive number. 


−−→(d) If ABCD is a parallelogram (Figure 2.5) and, for example, AB repre-
sents the displacement vector from A to B, write down algebraic rela-
tions connecting: 


−−→ −−→ −−→ −−→(i)	 AB and DC; (ii) BC and DA. 


(e) If v is any non-zero vector, what are the magnitude and direction of the 
1 


vector v? | v| 


Unit vectors 


1
The vector v in Exercise 2.1(e) is a vector that has magnitude 1 and | v|
points in the direction of v. It is called the unit vector in the direction of v. 
The unit vector in the direction of v is often denoted by the symbol v̂. 


Definition 


For any non-zero vector v, the unit vector in the direction of v is the 
vector 


1 
v = v. | v| 


N 


50 
v 


40 


30 u 


20 


10 


O 


Figure 2.4 


B	 C 


A	 D 


Figure 2.5 
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Unit vectors are often used to denote directions in the plane, or in space. 


A particular example is provided by the unit vectors in the positive directions 
of the x- and  y-axes in the plane Cartesian coordinate system. These unit 
vectors are denoted by i and j, respectively, and are called Cartesian unit 
vectors. 


Figure 2.6 shows these Cartesian unit vectors and two other vectors, a and b. 
The vector a has magnitude 2 and points in the positive x-direction; b has 
magnitude 3.5 and points in the positive y-direction. The unit vector i has 
magnitude 1 and points in the same direction as a. Thus we can write a in 
terms of i by a scaling: 


a = 2i. 


Similarly, we can write b in terms of j: 


b = 3.5j. 


Any vector parallel to the x- or  y-axis can be written as a scaling of i or j. 


Exercise 2.2 


Four vectors, a, b, c and d, of magnitudes 2, 2.5, 3 and 1, respectively, are 
shown in Figure 2.7. The directions of the four vectors are defined by the 
arrows. Write down a, b, c and d as scalings of the Cartesian unit vectors 
i and j. 


y 


3 c 


2 
a 


b 
1 


–4 –3 –2 –1 1 2 3 4 x 


–1 j 


d –2 
i 


–3 


Figure 2.7 


Exercise 2.3 


Let the unit vectors i and j denote the directions of east and north, respec-
tively. Specify the following vectors as scalings of i and j. 


(a) The wind velocity of 35 km per hour due south. 


(b) The displacement of Bristol from London (112 miles due west). 


(c) The displacement of London from Bristol. 


We shall develop the 
Cartesian representation of 
vectors in Section 3. 


y 


3.5 b 
3



2



a 
1 j 


i 


O 1 2 3 4 x 


Figure 2.6 


Note that although i and j are 
shown in Figure 2.6 with their 
tails at the origin, this is not 
necessary. They can be drawn 
at any convenient position, 
provided only that they are of 
unit magnitude and point in 
the positive x- and  
y-directions, respectively — 
see, for example, Figure 2.7. 
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Section 2 Scaling and adding vectors 


2.2 Addition of vectors 
d1 


Leeds 


What is meant by the addition of vectors? Suppose that we make a journey 
from Bristol to Leeds, and then another journey from Leeds to Norwich. The 
first journey produces a displacement of d1 and the second a displacement d2
of d2. The net result of the two journeys is a displacement of d3 from Bristol Norwich 
to Norwich. This is illustrated by the triangle of displacements shown in d3 


Figure 2.8. Displacements are said to add by the triangle rule, and we write 
Bristol 


d3 = d1 + d2. The vector d3 is called the resultant of d1 and d2. Figure 2.8 
Velocities also add by the triangle rule, and so do forces, accelerations and 
all other vector quantities. Thus the triangle rule is also called the vector 
addition rule. 


Triangle rule or vector addition rule 
a + b Q 


To add any two vectors a and b: choose an origin O; draw the line b 
OP in the direction of a and with length equal to the magnitude of a;

and draw the line PQ  in the direction of b and with length equal to



O Pthe magnitude of b (as in Figure 2.9). Then a + b is the vector with a 
magnitude equal to the length of OQ and with the direction from O

to Q. The vector a + b is called the sum or resultant of a and b.
 Figure 2.9 


Note that the sum of two displacement vectors can also be written using the 
notation 


−−→ −−→ −−→ 
OP + PQ  = OQ. 


Now recall that when discussing displacements we mentioned the zero vector 
0 (representing no displacement). Once addition of vectors is introduced, we y 


need the zero vector in order to answer questions such as ‘what is i + (−1)i?’. 
Geometrically, no construction is needed when adding the zero vector, which 
obeys the rather obvious rule 


a + 0 = a. 


Exercise 2.4 O 


Three vectors a, b and c of magnitudes 3, 2 and 4 are shown in Figure 2.10. 


(a) Draw a rough sketch to show the vectors a + b and a + c. 


x 


c 


a 


b 


π 
3 


π 
4 


(b) Sketch the vector −b, and draw a rough sketch to show the addition of 
a and −b. Figure 2.10 


Exercise 2.4(b) suggests a definition of vector subtraction. To subtract 
the vector b from the vector a, we  add the vectors a and −b by the triangle 
rule of vector addition; that is, in symbols, 


a − b = a + (−b). 


*Exercise 2.5 


A vector a has magnitude 3 units and points in the positive x-direction. A 
vector b has magnitude 4 units and points in the positive y-direction. Draw 
a diagram showing the vectors a + b and a − b. 
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Section 2 Scaling and adding vectors 


Vector addition is commutative, i.e. the order in which we add two vectors 
ydoes not matter. This can be illustrated by reference to vectors a and c of 


Exercise 2.4 (see Figure 2.11). The triangle OP1Q illustrates the addition 


a + cc + a  
aP2 Q−−→ a + c, while triangle OP2Q illustrates c + a. The same resultant OQ is c c


obtained in both cases. Thus 


a + c = c + a. 


Exercise 2.6 


For the particular cases of the vectors a, b, c defined in Exercise 2.4, and O a P1 
x 


for the scalar m = 2, draw sketches to illustrate the associative property of 
vector addition, Figure 2.11 


(a + b) +  c = a + (b + c), 


and the distributive property of scaling over vector addition, 


m(a + b) =  ma + mb. 


An alternative geometrical construction for adding two vectors can be seen 
from Figure 2.11. It is called the parallelogram rule. Draw the two −−→ −−→ vectors OP 1 and OP 2 with the same beginning point O. Complete the 
parallelogram OP1QP2. Then the resultant vector is the vector −−→ 


OQ on 
the diagonal of the parallelogram. The parallelogram rule gives the same 
resultant as the triangle rule. 


2.3 Algebraic rules for scaling and adding vectors 


Subsections 2.1 and 2.2 showed how to multiply a vector by a scalar and 
how to add vectors, i.e. what is meant by mv and a + b. We  also  saw  
illustrations of the commutative, associative and distributive rules. These 
are only some of the algebraic rules for manipulating vectors by addition 
and scaling. A complete list of these rules, which apply whether or not the 
vectors are confined to a plane, is given below. 


Algebraic rules for scaling and adding vectors 
Let a, b and c be vectors, and let m, m1 and m2 be scalars. 
1 Addition is commutative: a + b = b + a. 
2 Addition is associative: (a + b) +  c = a + (b + c). 
3 ma is a vector with magnitude |m||a|, in the same direction as a 


when m >  0 and in the opposite direction when m <  0. 
4 Scaling is associative: m1(m2a) = (m1m2)a. 
5 Scaling is distributive: (m1 + m2)a = m1a + m2a. 
6 Scaling is distributive over vector addition: m(a + b) =  ma + mb. 
7 Addition and scaling involving the zero vector are as expected: 


0 + a = a and 0a = 0. 
8 Subtraction is defined by a − b = a + (−1)b. 


These rules allow us to manipulate algebraic expressions involving scalings 
and vector addition in a familiar way. 


Example 2.2 


Simplify the expression 


2(a + b) + 3(b + c) − 5(a + b − c). 


Notice that these rules say 
nothing about the 
multiplication of one vector 
by another: vector 
multiplication is defined in 
Section 4. Nor has anything 
been said about division by a 
vector: in fact, division by a 
vector is not defined. 


A more abstract approach 
would be to define a vector to 
be something that obeys 
these rules, then explore the 
consequences. This is the 
approach taken in the 
second-level pure 
mathematics course. 
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Section 2 Scaling and adding vectors 


Solution 


Strict use of the rules requires us to write the expression solely in terms of 
addition. So we have 


2(a + b) + 3(b + c) − 5(a + b − c) 
= 2(a + b) + 3(b + c) + (−5)(a + b + (−1)c) (using Rule 8) 
= 2(a + b) + 3(b + c) + (−5)((a + b) + (−1)c) (using Rule 2) 
= 2a + 2b + 3b + 3c + (−5)(a + b) + (−5)((−1)c) (using Rule 6 three times) 
= 2a + 2b + 3b + 3c + (−5)(a + b) + 5c (using Rule 4) 
= 2a + 2b + 3b + 3c + (−5)a + (−5)b + 5c (using Rule 6) 
= 2a + (−5)a + 2b + 3b + (−5)b + 3c + 5c (using Rule 1 several times) 
= (2  − 5)a + (2 + 3  − 5)b + (3 + 5)c (using Rule 5 four times) 
= (−3)a + 0 + 8c (using Rule 7) 
= (−3)a + 8c (using Rule 7) 
= 8c + (−3)a (using Rule 1) 
= 8c + (−1)(3a) (using Rule 4) 
= 8c − 3a (using Rule 8). 


However, because Rules 1, 2, 4, 5, 6, 7 and 8 are exactly the same as 
the familiar rules for manipulating algebraic expressions involving scalar 
quantities, we would usually write the solution more succinctly as 


2(a + b) + 3(b + c) − 5(a + b − c) 
= 2a + 2b + 3b + 3c − 5a − 5b + 5c 


= (2  − 5)a + (2 + 3  − 5)b + (3 + 5)c 


= 8c − 3a. 


In the following exercises, use the more succinct method. 


Exercise 2.7 


Simplify the expression 4(a − c) + 3(c − b) + 2(2a − b − 3c). 


*Exercise 2.8 


Find the vector x in terms of a and b in the following vector equations. 


(a) 2b + 4x = 7a (b) n(b − a) +  x = m(a − b) 


In Subsection 1.1 a vector was defined as a quantity having a magnitude and 
a direction. In fact, this definition is incomplete in that it does not include 
a rule for combining two such quantities. Hence a complete definition of a 
vector is as follows. 


Vectors 
•	 A vector has magnitude and direction. 
•	 Any two vectors can be added by the triangle rule. 
•	 A vector can be scaled by a real number in such a way that the 


above rules apply. 


It is a rather surprising fact that so many physical quantities — displace-
ment, velocity, acceleration, force, torque, momentum, to name but a few — 
all qualify as vectors under the above simple definition. This is one reason 
why the subject of vectors is so important. 
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Section 3 Cartesian components of a vector 


End-of-section Exercises 
y 


bExercise 2.9 


The vectors a and b are represented by the arrows shown in Figure 2.12.

The magnitudes of a and b are 4 and 6, respectively. Draw a sketch to show

the vectors a + b, a − b and 2a + 1 b.
2 


P 
4 aExercise 2.10 


O x 
If v = − 4.7u, what can you say about the magnitude and direction of v in

terms of the magnitude and direction of the non-zero vector u? Figure 2.12



Exercise 2.11 
−−→If ABCD is a quadrilateral, with AB denoting the displacement vector from −−→ −−→ 


A to B, and  
−−→ 
BC, CD, DA defined similarly, show that 


−−→ −−→ −−→ −−→ 
AB + BC + CD + DA = 0. 


*Exercise 2.12 
πTwo vectors p and q are defined in polar form: p = 〈 3, 2 〉 , q = 〈 4, π〉 . Sketch 



p, q and p + q, and give the polar forms of 5p, − q and p + q.



Exercise 2.13 
(a) Which of the following proposed general rules is true for the scalar



multiplication of a vector in polar form? (Assume m >  0.)

? 


m〈 r, φ〉 = 〈 mr, φ〉 , 
? 


m〈 r, φ〉 = 〈 mr, mφ〉 . 
(b) Does the following proposed general rule hold for the addition of vectors



in polar form?

?〈 r1, φ1〉 + 〈 r2, φ2〉 = 〈 r1 + r2, φ1 + φ2〉 


3 Cartesian components of a vector

So far we have approached vectors, and the laws of vector addition and scal-
ing, geometrically. To add vectors geometrically requires drawing diagrams 
representing the vectors by arrows. An alternative, and sometimes more 
convenient, algebraic approach to representing vectors is developed in this 
section, first in two dimensions and then in three. 


3.1 Vectors in two dimensions 
We have already seen in Subsection 2.1 how to write vectors that are parallel 
to the x-axis or y-axis as scalar multiples of the Cartesian unit vectors i y 


a 


A =  (a1, a2)and j, respectively. (Recall that i and j are the unit vectors in the directions C 


of the positive x- and  y-axes, respectively.) Of course, in general, vectors 
do not lie parallel to either the x-axis or the y-axis. However, you will see 
in this subsection how use of the rules for vector addition and for scalar O B x 


multiplication allows us to write any vector in the (x, y)-plane in terms of 
the Cartesian unit vectors i and j. Figure 3.1 


−→Consider an arbitrary vector a = OA in the (x, y)-plane, whose tail is at −→the origin O, as shown in Figure 3.1. The vector OA is called the position Note that if A were in one of 
vector of the point A, and its endpoint is determined by the Cartesian the other three quadrants of 
coordinates a1 and a2 of A, i.e. by the distances OB and OC, respectively. the plane, then one or both of 


a1, a2 would be negative. 
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Section 3 Cartesian components of a vector 


−−→ −−→Furthermore, the vectors OB and OC can be written as scalings of the 
Cartesian unit vectors i and j: 


−−→ −−→ 
OB = a1i and OC = a2j. 


Hence the triangle rule (or parallelogram rule) for the addition of vectors 
OB and 


−−→allows the vector a to be expressed as the sum of −−→ 
OC, i.e. as  


−−→ −−→ a = OB + OC or a = a1i + a2j. 


The latter is called the component form of a, and the numbers a1 and a2 


are called the i- and  j-components of a, respectively. 


When the tail of the vector a is not at the origin, its components are defined 
in an obvious way. 


y 


q2 


p2 


Q 
a 


C 


P 
B 


a2 


a1 


p1 q1O x 


Figure 3.2 


Referring to Figure 3.2, the components of a are 


a1 = q1 − p1 and a2 = q2 − p2. 


A shorter way of writing a vector in component form is as an ordered pair 
of numbers, (a1, a2), where the unit vectors i and j are not shown explicitly. 
This notation needs to be used with care because the coordinates of a point 
in a plane are also denoted in this way, and vectors are conceptually different 
from points. To avoid such confusion, in this course the column vector 
notation 


a1a = 
a2 


will be used instead. In the text, to save space, the column vector will often 
be written as a = [a1 a2]T , where the transpose symbol T here changes the 
row into a column. 


Definition 
−−→A vector a = PQ  in the (x, y)-plane, where P is the point (p1, p2) and  


Q is the point (q1, q2), has component form 


a = a1i + a2j, 


where a1 = q1 − p1 and a2 = q2 − p2, and  i and j are the Cartesian unit 
vectors. 


The component form may also be written as 


a1 Ta = or a = [a1 a2] . 
a2 


The numbers a1 and a2 are the (Cartesian) components of a. 


You may also see these 
numbers referred to as the 
x- and  y-components of a. 


This is the way in which 
many computer algebra 
packages display vectors. 
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Section 3 Cartesian components of a vector 


*Exercise 3.1 


Write each of the vectors in Figure 1.7 (page 8) in the form a = a1i + a2j 
and as a column vector. 


The magnitude of a vector given in component form is found very easily. 
For example, the magnitude of the vector a in Figure 3.2 is just the length 


2 2of the line PQ. This is found by Pythagoras’s Theorem to be a + a2. 


Magnitude of a two-dimensional vector in component form 
−−→If a = PQ  = a1i + a2j, where P and Q have coordinates (p1, p2) and  


(q1, q2), respectively, then 


2| a| = a2 + a2 = (q1 − p1)2 + (q2 − p2)2 .1 


Vectors in component form can also be added and scaled very easily, by 
making use of the algebraic rules for the scaling and adding of vectors. For 
example, 


a + b = (a1i + a2j) + (b1i + b2j)

= a1i + a2j + b1i + b2j

= (a1i + b1i) + (a2j + b2j)

= (a1 + b1)i + (a2 + b2)j.



So, to add two vectors one adds their respective components. Similarly, 


ma = m(a1i + a2j) 
= (ma1)i + (ma2)j, 


so scaling a vector is achieved by scaling its components. 


Adding and scaling two-dimensional vectors in component 
form 


If a = a1i + a2j, b = b1i + b2j and m is a scalar, then 


a + b = (a1 + b1)i + (a2 + b2)j 


and 


ma = (ma1)i + (ma2)j. 


Equivalently, using column vector notation, 


a1 + 
b1 = 


a1 + b1 


a2 b2 a2 + b2 


and 


ma1 m
a1 = . 
a2 ma2 


Exercise 3.2 


Figure 3.3 shows four vectors in the (x, y)-plane. 
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Section 3 Cartesian components of a vector 


y 


x6 


1 


2 


3 


1 2 3 4 5–4 –3 –2 –1 


c 


a 


b 


–1 


–2 


d 


Figure 3.3 


(a) Write down the vectors in component form. 


(b) Draw a diagram to verify that the scaling 3.5a is the same when obtained 
geometrically or algebraically using components. 


(c) Use the triangle rule to obtain the vector a + b. Verify that this vector 
is the same as that obtained by adding the component forms of a and b. 


(d) Find, algebraically, the components of the vector 2a + b − c. Hence find 
the magnitude of the vector 2a + b − c. 


*Exercise 3.3 
p + q −3(a) Find the numbers p and q if r = 
p − q 


, s = and r = s.7 


1 1(b) Find the magnitude of the vector t if t = u + v, where u = √ 
2 1 


1 1and v = √ 
2 −1 . 


Exercise 3.4 


The three vectors a, b and c in Figure 3.4 are specified in polar coordinates 
by 


π 
4 


y 
b 


a 


3


c 
(a) What are the magnitudes of the three vectors? 


O
x 


(b) Write down the vectors a, b and c in terms of i and j. 


(c) Obtain the vector a + c in terms of i and j.	 Figure 3.4 


π 
3 


π 
62,
 b = 3, 1,a = c =, , . 


y 


In Exercise 3.4 the vectors were given in polar coordinate form, which is 
just a systematic way of specifying magnitude and direction. The process 
of finding the Cartesian components of a vector given its magnitude and 
direction is known as resolving a vector into its components. This is j 


essentially what you did in Exercise 3.4(b). Thus given the magnitude |a|

of the vector a in Figure 3.5, and its direction φ, we can resolve it into its



a 


F 


icomponents:



a1 = |a| cos φ and a2 = |a| sin φ. Figure 3.5



Conversely, given the components a1 and a2 of a vector, we can specify its	 You had practice at doing 
magnitude and direction:	 these calculations in 


Subsection 1.5. 
2 2|a| = (a1 + a2)


1/2 , cos φ = a1/|a|, sin φ = a2/|a|. 


x 
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Section 3 Cartesian components of a vector 


You will see this idea again in Section 4. For now, note that if you wish to 
add two vectors in polar form it will be necessary first to resolve them into y 


their Cartesian components (since there is no convenient formula for vector 
addition in polar coordinates). 


Exercise 3.5 
(a) Resolve the vector v of magnitude 5 shown in Figure 3.6 into its Carte-


sian components. 


5 


v 


�P 
18 


(b) Find the magnitudes and directions of the vectors 
√ 


a = 3i − j and b = − 3i + 3j.	 Figure 3.6 


S3.2 Vectors in three dimensions 


Thus far we have discussed vectors in the plane, reaching the component 
representation of such vectors in the previous subsection. However, the 
world is three-dimensional, and few real problems are restricted to a plane 
surface. For example, starting at point A at one corner of the cube shown in B 
Figure 3.7, you can reach the opposite corner S by three successive displace-−→ −−→ −→ ments: AQ + QB + BS. In order to work with such addition of displace- A Q 
ments in three dimensions, it is necessary to introduce a three-dimensional 
coordinate system. Figure 3.7 


A three-dimensional Cartesian coordinate system 


Consider a two-dimensional Cartesian coordinate system Oxy.  Draw a third  
axis, the z-axis, through the origin O, perpendicular to both the x- and  y-
axes of the two-dimensional system. This produces a coordinate system with 
three mutually perpendicular axes, the x-, y- and  z-axes (see Figure 3.8), 
intersecting at O. Alternatively, the coordinate system can be characterized 
by three planes: 
•	 the (x, y)-plane, which contains the x- and  y-axes and is perpendicular 


to the z-axis; 
•	 the (x, z)-plane, analogously defined; 
•	 the (y, z)-plane, again analogously defined. 


Any point P can be represented uniquely by its perpendicular distances from The x-axes shown in 
the (x, y)-, (x, z)- and (y, z)-planes. These distances, called the (Cartesian) Figures 3.8 and 3.9 are meant 
coordinates of P , are shown in Figure 3.8. to point out of the plane of 


the page. 


R 


C 


A 


B 
O 


P 


Q 


S 


x-axis 


y-axis 


z-axis 
(y, z)-plane 


p1 


p2 


p3 


y 


z 


O 
321 


1 


2 


1 


3 


4 


2 


(2, 3, 4) 
P 


x 


Figure 3.8	 Figure 3.9 
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Section 3 Cartesian components of a vector 


QP , RP and SP are perpendicular to the (x, y)-plane, (x, z)-plane and 
positive z(y, z)-plane, respectively. 


yWe denote the point P by the ordered triple of coordinates (p1, p2, p3), where 


p1 = SP = OA, 
x 


p2 = RP = OB, 


p3 = QP = OC. 
y 


For example, the point (2, 3, 4) is shown in Figure 3.9. 
xWhen drawing Figure 3.9 it was necessary to choose one of two possible ways 


for the positive z-direction to be defined; these are shown in Figure 3.10, 
where in both cases the y-axis is meant to point into the plane of the page, 


positive zaway from you. 


The usual convention for relating the positive directions of x, y and z is given Figure 3.10 
by the following rule, called the right-hand rule. The right hand is held 
with the middle finger, first finger and thumb placed (roughly) perpendicular 
to each other, and the other two fingers closed (see Figure 3.11). If the 
thumb and first finger are pointing in the directions of the positive x- and  
y-axes, respectively, then the middle finger is pointing in the direction of 
the positive z-axis. 


Alternatively, you can think of Figure 3.9 as showing a corner of a room 
(with the z-axis pointing upwards). If you are standing in the corner facing 
outwards, then the left-hand edge of the floor is the y-axis, and the right-
hand edge is the x-axis. A coordinate system defined in this way is called 
a right-handed system. Only right-handed systems will be used in this 
course. The systems drawn in Figure 3.9 and the top of Figure 3.10 are 
right-handed systems. 


positive z-direction 


positive x-direction 


positive y-direction 


Figure 3.11 


An alternative definition of the same positive z-direction is given by the 
screw rule, stated as follows. Suppose that we are turning a screw into 
a piece of wood; then a clockwise rotation makes the screw move into the 
wood (see Figure 3.12(a)). If we turn the screw in the sense from x to y 
as shown in Figure 3.12(b), then the direction in which the screw moves is 
along the positive z-direction. 


For the rest of this unit the screw rule will be used to characterize a right-
handed system, but you should use whichever rule you find easier to apply. 


screw 
moves 


in 


clockwise 
turn 


(a) 


z 


turn x to yx y 


(b) 


Figure 3.12 
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Exercise 3.6 


Decide which of the sets of perpendicular axes in Figure 3.13 define right-
handed coordinate systems. 


x 


y 


z 


O 
y 


x 


z 


O 
z 


y 


x 


O 
z 


y 


x 


O 


(a) (b) (c)	 (d) 


Figure 3.13 


(The x-axis points out of the plane of the paper in (a) and (b). The z-axis 
points into and out of the plane of the paper in (c) and (d), respectively.) 


The component form of three-dimensional vectors 


The algebraic representation of vectors can be extended to vectors in three 
dimensions, such as in Figure 3.14. The vector a, drawn from the origin O, is  
the position vector of point A with three-dimensional Cartesian coordinates 
(a1, a2, a3). A third Cartesian unit vector k is introduced to represent the 
positive z-direction. We now have three Cartesian unit vectors, i, j and k, 
which are perpendicular to each other. The vector a may thus be written 
in component form as ⎡ ⎤ 


a1 
Ta = a1i + a2j + a3k or a = ⎣ a2 ⎦ or a = [a1 a2 a3] .



a3



y


z


x 


O	


j 


k 


i 


k
a 


A 


j


a1 


a3 


a2 


iDefinition 


The position vector of a point A relative to the origin O of three- Figure 3.14 
dimensional space is the displacement of A from O, i.e. the vector 


−→ a = OA. 


The i-, j- and  k-components of the position vector a are the coordinates These may sometimes be 
a1, a2 and a3 of the point A, respectively. referred to as x-, y- and  


z-components. 


The components of vectors not based at the origin are defined similarly, as 
follows. 


Definition 
−−→A vector a = PQ  in three-dimensional space, where P is the point Note that the component 


(p1, p2, p3) and  Q is the point (q1, q2, q3), has component form form may also be written as 
a1



a = a1i + a2j + a3k,
 a =	 a2 
a3where a1 = q1 − p1, a2 = q2 − p2, a3 = q3 − p3, and  i, j, k are the or


Cartesian unit vectors. The numbers a1, a2, a3 are the (Cartesian) Ta = [a1 a2 a3] . 
components of a. 
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Section 3 Cartesian components of a vector 


As in two dimensions, the operations of vector algebra can be expressed in 
terms of components. 


Adding and scaling three-dimensional vectors in component 
form 


If a = a1i + a2j + a3k, b = b1i + b2j + b3k and m is a scalar, then 


a + b = (a1 + b1)i + (a2 + b2)j + (a3 + b3)k 


and 


ma = (ma1)i + (ma2)j + (ma3)k. 


The magnitude of a vector in terms of its components a1, a2, a3 can be found 
2 2using Pythagoras’s Theorem (see Figure 3.15). The length ON is a + a2,1 


and OA2 = ON2 + NA2. But  OA = | a| , thus  


2 2| a| = a2 + a2 + a3.1 


A 


x 


y 


z 


a 


N 


a3 k 


O 
a 2


1 + a 2
2 


a1 


a1i 


a2 a2 j 


a3 


Figure 3.15 


This can be summarized as follows. 


Magnitude of a three-dimensional vector in component form 
−−→If a = PQ  = a1i + a2j + a3k, where the points P and Q have coordi-


nates (p1, p2, p3) and  (q1, q2, q3), respectively, then 


2| a| = a2 + a2 + a2 = (q1 − p1)2 + (q2 − p2)2 + (q3 − p3)2 .1 3 


*Exercise 3.7 


Given vectors a = i + j + k, b = 2i − 3j − k and c = 3i + k: 


(a) express d = 2a − 3b and e = a − 2b + 4c in component form; 


(b) find the magnitudes of the vectors d and e; 


(c) evaluate | a| , and write down a unit vector in the direction of a; 


(d) find the components of a vector x such that a + x = b. 


Exercise 3.8 ⎡ ⎤ ⎡ ⎤ 
1 2



Find the magnitude of the vector p = 3  ⎣ 0 ⎦ − ⎣ 3 ⎦.

6 − 1
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Section 3 Cartesian components of a vector 


Vector equation of a straight line 


One useful application of position vectors (in two or three dimensions) is in 
obtaining a vector equation of a straight line. 


Example 3.1 


Find the position vector of a point T lying on the straight-line segment PQ  y

(see Figure 3.16) in terms of the position vectors of P and Q.



Solution 
− →Let T be any point on PQ  (see Figure 3.16). The position vector OT of T



relative to the origin can also be written, using the triangle rule, as

− → −−→ − → 
OT = OP + PT .  
− → −−→Now PT  = sPQ, for some number s, and the point T traces out the line O



segment PQ  as s varies from 0 to 1. Thus the straight-line segment PQ  is

described by the vector equation Figure 3.16



P 


Q 


T 
p 


q 


t 


− → −−→ −−→ 
OT = OP + sPQ  (0 ≤ s ≤ 1).



−−→ −−→ − →
Writing p = OP , q = OQ, t = OT , and noting (using the triangle rule) that −−→ −−→ −−→ 
PQ  = OQ − OP = q − p, this equation can also be written as 


t = p + s(q − p) = (1  − s)p + sq (0 ≤ s ≤ 1). 


Note that if the parameter s in Example 3.1 is allowed to range over all the

real numbers (−∞ < s <  ∞ ), then the point T traces out the entire straight

line of which PQ  is a segment. Also note that the ideas in Example 3.1 are

easily extended to three dimensions.



Vector equation of a straight line 


If P and Q are any two distinct points on a straight line in space, 
with position vectors p and q, respectively, with respect to some given 
origin, then the vector equation of the straight line is 


If 0 ≤ s ≤ 1, then the 
equation represents only the 


t = (1  − s)p + sq (−∞ < s <  ∞ ), 


where t represents the position vector of any point on the line. line segment PQ. 


*Exercise 3.9 


Write down, in component form, the vector equation of the straight line on

which lie the points with Cartesian coordinates (1, 1, 2) and (2, 3, 1).



End-of-section Exercises 


Exercise 3.10 


Let a = 2i − j, b = i + 3j + 5k and c = j − 2k. 


(a) Find the magnitudes of a and b, and describe the direction of a. 


(b) Find the vectors a + b, 2a − b and c + 2b − 3a in component form. 


(c) What is the endpoint Q of the displacement represented by the vector 
2a − b if (0, 2, 3) is its beginning point P? 


Exercise 3.11 


Write the vectors 0, i, j and k as column vectors in three dimensions. 


x 
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Section 4 Products of vectors 


4 Products of vectors



So far in this unit we have defined two algebraic operations: vector addition 
(by the triangle rule) and the scaling of a vector. The addition of vectors can 
be usefully applied only to two vectors representing the same type of physical 
quantity. For example, the addition of a displacement and a velocity has no 
physical meaning. However, vectors representing the same or different types 
of physical quantities can be combined in operations that are called the dot 
product and the cross product. They are called products because in some 
respects they behave like ‘multiplications’ in the algebra of real numbers. 
Dot products and cross products of vectors have numerous applications in 
geometry, mechanics and electromagnetism. 


In this section the dot product and cross product are defined geometrically 
and also in terms of components of vectors. The dot product of two vectors 
is interpreted in terms of projecting a shadow of one vector onto another, 
and is applied to the problem of finding the angle between two vectors or 
lines. The cross product of two vectors is interpreted as a vector whose 
magnitude is an area. Both dot and cross products can be used in problems 
involving finding the areas of plane figures and the volumes of solid objects. 


4.1 The dot product 


Definition 


The dot product of two vectors a and b is 


a . b = |a| |b| cos θ, 


where θ (0 ≤ θ ≤ π) is the angle between the directions of a and b (see 
Figure 4.1). 


The product a . b is read as 
‘a dot b’. 


b 


θ 


, i.e.  when  θ is a 


The dot product of two vectors is a scalar quantity, i.e. it is a real number: 
a . b is the product of the three scalars |a|, |b| and cos θ. So the operation of 
the dot product combines two vectors to define a scalar, and for this reason 
the dot product is also called the scalar product. The angle θ lies in the 
range 0 ≤ θ ≤ π: the value of a . b is positive for 0 ≤ θ < 
2


π 


an acute angle; the value of a . b is negative for
 2
π < θ ≤ π, i.e.  when  θ is 


obtuse; the value of a . b is zero for θ = 


It is important, when writing a dot product, to make sure that the dot 
between the vectors is clear. 


2
π , i.e. when θ is a right angle. Figure 4.1 


a 


b 


P 
6 


P 
3 


1 


2 


4 


*Exercise 4.1 


Three vectors a, b and c of magnitudes 2, 4 and 1 units, respectively, lying 
in the same plane, are represented by arrows as shown in Figure 4.2. The 
angle between the vectors a and b is 3


π radians, and that between the vectors c 
b and c is 6


π radians. Use the definition of dot product to find the values of

a . b, b . c, a . c and b . b. 


Figure 4.2 
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Section 4 Products of vectors 


This exercise demonstrates two important properties of the dot product. 


(a) If two vectors a and b are perpendicular to each other (i.e. the angle 
π π 


2 = 0, 
between them is radians), then since cos 2 


2
π = 0.a . b = |a| |b| cos 


(b) The dot product of a vector with itself gives the square of the magnitude 
of the vector, i.e. 


a . a = |a| |a| cos 0 = |a|
2 .



The converse of (a) also holds: if a and b are two non-zero vectors such

that a . b = 0, then the definition of the dot product tells us that cos θ = 0; 

therefore θ =
 2


π and the vectors are perpendicular.



In the product of real numbers, xy = 0 implies that either x or y (or both)

is zero. In contrast, for the dot product, a . b = 0 gives an extra possibility:

either a or b (or both) is the zero vector, or the angle between a and b is



2
π radians. 


Properties of the dot product 


The following are some important properties of the dot product of two vec-
tors. They include the rules for manipulating dot products in algebraic 
expressions. 


Properties of the dot product 


Let a, b and c be vectors, and let m be a scalar. 
1 a . b is a scalar. 
2 a . b = b . a, i.e. the dot product is commutative. 
3 a . (b + c) =  a . b + a . c and (a + b) . c = a . c + b . c, i.e. the  dot  


product is distributive over vector addition. 
4	 (ma) . b = m(a . b) =  a . (mb), i.e. a scalar can be ‘moved through’ 


2 


a dot product. 
5	 If neither a nor b is the zero vector, then a . b = 0 if and only if a 


is perpendicular to b. 
6 a . a = |a| . 


These properties can all be 
derived from the definition of 
the dot product, but the 
derivations are not given here. 


The following example shows how these properties can be used to simplify 
expressions. 


Example 4.1 


Expand the expression x . y, given that x = 2u + v and y = u − 5v. Cal-
culate its value when u and v are perpendicular unit vectors. 


Solution 
x . y = 2u + v) . (u − 5v) 


= (2u) . (u − 5v) +  v . (u − 5v) (Property 3) 
= (2u) . u + (2u) . (−5v) +  v . u + v . (−5v) (Property 3) 
= 2(u . u) − 10(u . v) +  v . u − 5(v . v) (Property 4) 
= 2(u . u) − 9(u . v) − 5(v . v) (Property 2) 


Now u . u = |u|2 = 1 and v . v = |v|2 = 1 when u and v are unit vectors. 
Furthermore, u . v = 0 when u and v are perpendicular vectors. So when u 
and v are perpendicular unit vectors, we have 


x . y = 2  − 0 − 5 =  −3. 
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Section 4 Products of vectors 


*Exercise 4.2 
(a) Expand the expression (a + b) . (a − b). 


2 2(b) Expand the expression |a + b| . Recall that |a| = a . a. 


Exercise 4.3 


Given that a and b are perpendicular unit vectors: 


(a) find the value of m such that the two vectors 2a + 3b and ma + b are

perpendicular;



(b) find the value of |c| if c = 3a + 5b. 


Finally, a word of caution: (a . b)c is not in general the same as a(b . c). In general, if m is a scalar 
The vector (a . b)c is a scaling of c by the number a . b, whereas a(b . c) is a  and a is a vector, we can 


scaling of a by the number b . c. Clearly these two vectors are not generally write ma or am as 
convenient, although ma iseven parallel, let alone equal. For example, if a = b = i and c = j, then more usual; thus a(b . c) 
means the same as (b . c)a.(a . b)c = (i . i)j = j but a(b . c) =  i(i . j) =  0. 


The component form of the dot product 


We saw in Section 3 that an arbitrary vector a in three dimensions may be 
expressed in terms of the Cartesian unit vectors as ⎡ ⎤ 


a1 


a = a1i + a2j + a3k = ⎣ a2 ⎦ . k



a3



With this representation, vector addition and scaling become simple alge-
braic operations without any reference to diagrams. The definition of the 
dot product was expressed in terms of the magnitudes of two vectors and j 


the angle between them. We shall now see how to express the dot product 
in terms of components of vectors. 


i 
First observe that, by definition, i, j and k are unit vectors and are perpen-
dicular to one another (see Figure 4.3). Thus: Figure 4.3 


i . j = j . i = 0, i . k = k . i = 0, j . k = k . j = 0;  Note that for the 
right-handed system shown, 


i . i = 1, j . j = 1, k . k = 1. the unit vector i points out of 


If two vectors a and b have component forms a = a1i + a2j + a3k and the plane of the page towards 


b = b1i + b2j + b3k, then the dot product of a and b may be written as 
you. 


(a1i + a2j + a3k) . (b1i + b2j + b3k). 


We can now apply Properties 3 and 4 of the dot product and the above rules 
for combining i, j and k to this expression to obtain a very simple formula 
for the dot product of vectors in component form. Specifically, we have 


(a1i + a2j + a3k) . (b1i + b2j + b3k) 
= a1i . (b1i + b2j + b3k) +  a2j . (b1i + b2j + b3k) +  a3k . (b1i + b2j + b3k) 
= a1i . b1i + a1i . b2j + a1i . b3k 


+ a2j . b1i + a2j . b2j + a2j . b3k 


+ a3k . b1i + a3k . b2j + a3k . b3k



= a1b1(i . i) +  a1b2(i . j) +  a1b3(i . k)

+ a2b1(j . i) +  a2b2(j . j) +  a2b3(j . k) 


+ a3b1(k . i) +  a3b2(k . j) +  a3b3(k . k)

= a1b1 + a2b2 + a3b3.
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Section 4 Products of vectors 


This extremely important formula is worth remembering. 


Component form of the dot product 


If a = a1i + a2j + a3k and b = b1i + b2j + b3k, then 


a . b = a1b1 + a2b2 + a3b3. 


*Exercise 4.4 


If a = 4i + j − 5k and b = i − 3j + k, show that a . b = −4. What does the 
negative sign tell us? 


The angle between two vectors 


The component form of the dot product has an important application in 
calculating the angle between two vectors. You have already seen that if 
a . b = 0 and neither a nor b is zero, then a and b are perpendicular. For 
instance, if a = 2i − j and b = 2i + 4j, then a . b = (2  × 2) + (−1 × 4) = 0, 
so the angle between a and b is
 π 


2 radians. In general, the equation defining

the dot product of a and b, i.e. a . b = |a| |b| cos θ, gives the following simple 
expression for finding the angle between a and b. 


Angle between two vectors



The angle θ between any two non-zero vectors a and b is given by



a . b a1b1 + a2b2 + a3b3 cos θ = = √ √ ,
2|a| |b| a2 + a2 + a2 b2 + b2 + b2 


1 3 1 2 3 


where 0 ≤ θ ≤ π. 


Example 4.2 √ 
(a) Find the angle between the vector a = i + 3k and the x-axis. √ √ 
(b) Find the angle between the vectors a = i + 3k and b = 3i − 2j + 3k. √ √ 
(c) Show that c = −2 3i + 2k is perpendicular to a = i + 3k. 


Solution 


(a) The direction of the x-axis is the same as the direction of i, and the 
angle θ between a and i is given by 


a . i a1 1 1 
cos θ = = = √ 


1 + 3  
= 


2 
. 


a| |
Thus the angle between a and the x-axis is 


|
a| |i |
π 
3 radians. 


√ √ 
(b) We have |a| = 1 + 3  =  2,  |b| = 3 + 4 + 9  =  4  and  


√ √ √ 
a . b = (1  × 3) + (0 ×−2) + ( 3 × 3) = 4 3. 


Therefore the angle θ between a and b is given by 
√ √ 


4 3 3 
cos θ = 


2 × 4
= 


2 
, 


so θ = π 
6 radians.
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Section 4 Products of vectors 


(c) To test whether a and c are perpendicular, we calculate their dot prod-
uct: √ √



a . c = (i + 3k) . (−2 3i + 2k)
√ √ 
= (1  ×−2 3) + (0 × 0) + ( 3 × 2) 
= 0. 


Since a . c = 0 and a and c are non-zero vectors, c is perpendicular 
to a. 


*Exercise 4.5 


Consider the vectors



a = 2i − 3j + k and b = −i + 2j + 4k.



Find the magnitudes of a and b, and the angle between them.



Resolving a vector into components 


The dot product has a useful geometric interpretation. 


*Exercise 4.6 


If a = a1i + a2j + a3k, find the values of a . i, a . j and a . k. 


The solution to Exercise 4.6 shows the important fact that the i-component

of any vector a may be found by taking the dot product a . i. The j- and  


P 
u


Q 


a A



k-components can be found similarly (by taking dot products with j and k,

respectively).



We can also find the components of a vector in other directions. Suppose
−→that a vector a, represented by OA, makes an angle θ with a unit vector u

(see Figure 4.4). Draw the line AP perpendicular to the direction of u. O



Then the distance OP is seen from simple trigonometry to be |a| cos θ. Now 

observe that the dot product of a and u is Figure 4.4



a . u = |a| |u| cos θ = |OP | (since |u| = 1). 


The distance OP represents the component of a in the direction of u.	 Note that a . u will be 
negative if θ >  π , i.e. if P and2 
u lie on opposite sides of O. 


Definition 


The component of a vector a in the direction of an arbitrary unit

vector u is a . u.



*Exercise 4.7 


Consider the vectors



a = 2i − 3j + k and b = −i + 2j + 4k.



(a) Which of the following vectors is perpendicular to a?



c = −i + j + 3k, d = −2i + k, e = −i − j − k.



(b) Find the component of the vector a + 2b in the direction of the line

joining the origin to the point (1, 1, 1).
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Section 4 Products of vectors 


Resolving vectors will be a vital technique in subsequent units, and some-
times you will need to be able to resolve a vector into components in di-
rections other than horizontal and vertical. For example, suppose that two 
forces, N and W, are acting at a point on an inclined plane (see Figure 4.5). 
These forces can be represented by vectors, and you will see that it may be 


N j 


convenient to take axes as shown, with i pointing up the plane. It is then W 


necessary to be able to resolve N and W into components along and per-
pendicular to the plane. Figure 4.5 


The dot product method of obtaining components always works, but a ge-
ometric view is also useful. This follows because the component of a vector 
a in the direction of a unit vector u is 


a . u = |a| cos θ, 


where θ is the angle between a and u. We summarize the method as a 
procedure. 


Procedure 4.1 Resolving a vector into components 


Given a vector a and a unit vector u, to find the component of a in 
the direction of u, do the following. 
•	 Find (usually from a diagram) the angle θ between a and u (with 


0 ≤ θ ≤ π). 
•	 The component of the vector a in the direction of the unit vector 


2
π 


u is |a| cos θ. 
•	 If necessary (for example, if θ >  ), use the trigonometric formulae 


from the Handbook to simplify the result. 


The following example uses Cartesian unit vectors that are not horizontal 
and vertical. 


Example 4.3 


Suppose that the unit vector i points up a plane which is inclined at an angle 
α to the horizontal, and the unit vector j is perpendicular to the plane, as 
shown in Figure 4.6. Find the i- and  j-components of the vectors N and W. 


Solution



It is easy to resolve the vector N into its component form: 


N = 0i + |N|j = |N|j. 
W i 


j 


N 


A 


P¼
¼A 


A 


P 
2 �¼A 


For the vector W, we note from the geometry of the diagram that the angles Figure 4.6 
between W and i, and  W and j, are given by 2


π + α and π − α, respectively.

Applying Procedure 4.1 twice (with u = i and then u = j) allows us to 
resolve W into its component form: 


j 


i 


v 


P 
6 


P 
6 


w 


2
πW = W cos( + α) i + |W| cos(π − α) j



cos α j

|


= −|W
| 


sin α i − |W
| | . 


*Exercise 4.8 


The two-dimensional vectors v and w in Figure 4.7 have magnitudes 1.5 
and 2, respectively. Resolve v and w into their i- and  j-components. 


Exercise 4.9 
Figure 4.7 


In Figure 4.8 the point P lies on a line making an angle α with the x-axis. 
The vectors a, b, c, d have magnitudes 1, 1.5, 1.5 and 2, respectively, and 
point in the directions shown. 
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x 


y 


a 


b
c 


d 
P 


A 


i 


j 


Figure 4.8 


Resolve each of these vectors into their i- and  j-components. 


*Exercise 4.10 


Figure 4.9 shows a configuration similar to Figure 4.8, but with the unit 
vectors i and j aligned along and perpendicular to the line, respectively. 


x 


y 


a 


b
c 


d 
P 


A 


i 


j 


Figure 4.9 


Resolve each of the vectors a, b, c and d into their i- and  j-components. 


*Exercise 4.11 


The vectors p, q and r in Figure 4.10 have magnitudes 2.5, 3 and 2.5, 
respectively. Resolve p, q and r into their i- and  j-components. 


x 


y 


j 


B i 
A 


G 


p 


q 
r 


j 
a 


i 


PFigure 4.10 b 
4 


Exercise 4.12 


The sum of the two-dimensional vectors a, b, c in Figure 4.11 is the zero vec-
tor, and |c| = 2. By resolving the vectors into their components, determine c 


the magnitudes of a and b. Figure 4.11 
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4.2 The cross product 
You have seen that the dot product of two vectors is a scalar (i.e. a real 
number). In contrast, the cross product of two vectors is a vector, whose 
direction is perpendicular to both. The cross product has numerous appli-
cations in geometry and mechanics, as you will see later in the course. 


Definition 


The cross product of two vectors a and b is



a × b = (|a| |b| sin θ) ̂ 
c, 


where θ (0 ≤ θ ≤ π) is the angle between the directions of a and b, and  


The product a × b is read as 
‘a cross b’. 


ĉ a and b


turn 
a to b 


a 


b 


θ 


direction 
of screw’s 


motion 


c ̂ 


is a unit vector perpendicular to both , whose sense is given 
by the right-hand screw rule as shown in Figure 4.12. 


to a


a 


b 


θ 


d
^


turn 
b


The order of writing down a and b is very important. According to the

screw rule, b × a is a vector in the direction opposite to a × b. Figure 4.13

shows what would happen to the screw in Figure 4.12 if we turned from b

to a: it would ‘unscrew’. The unit vector ̂
d in the direction of b × a is in

the opposite sense to ̂ d = −̂
c, i.e. ̂ c. Hence Figure 4.12 


d = −(|b| |a| sin θ) ̂b × a = (|b| |a| sin θ) ̂ c = −(a × b). 
direction 


of screw’s 
motion 


*Exercise 4.13 


Three vectors u, v and w lie in the (x, y)-plane. Their magnitudes are 2, 3 


The angle θ between two vectors a and b lies in the range 0 ≤ θ ≤ π, so  
sin θ ≥ 0 and hence |a| |b| sin θ ≥ 0. So the cross product of a and b is a 
vector with magnitude |a| |b| sin θ and direction defined by ĉ. The direction 
of ĉ is the direction in which the screw in Figure 4.12 would advance when 
turned from a towards b through the angle θ. Notice that ĉ is not defined 
if a and b are parallel or if a or b is the zero vector; but in these cases 
|a| |b| sin θ = 0 so we take a × b = 0. The cross product is also called the 
vector product, which stresses the fact that a × b is a vector. 


and 4 units, respectively, their directions make angles
 ππ and
 π radians,,6 3 6 
respectively, with the positive x-axis, and they have positive j-components. 
Use the definition of the cross product to find the vectors u × v, u × w and 
v × w. 


Exercise 4.13 illustrates an important property of the cross product. If two

vectors a and b are parallel, then the angle θ between their directions is zero

or π radians, so the cross product of a and b is the zero vector, because the 
magnitude of the vector, i.e. |a| |b| sin θ, is zero. The converse also holds: if 
a and b are two non-zero vectors such that a × b = 0, then the definition 
of the cross product tells us that sin θ = 0; therefore θ = 0  or  θ = π, and the Figure 4.13 
vectors are parallel. We can also deduce that 


a × a = 0 for any vector a. 


So we can test for perpendicular vectors by using the dot product and for 
parallel vectors by using the cross product. 


Properties of the cross product 


The following are some important properties of the cross product of two 
vectors. They include the rules for manipulating cross products in algebraic 
expressions. 
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Properties of the cross product



Let a, b and c be vectors, and let m be a scalar.

1 a  × b is a vector.

2 b  × a = −(a × b).

3 a  × (b+c)=(a × b)+(a × c) and  (a+b) × c =(a × c)+(b × c),



i.e. the cross product is distributive over vector addition. 
4 (ma) × b = m(a × b) =  a × (mb), i.e. a scalar can be ‘moved 


through’ a cross product. 
5 If neither a nor b is the zero vector, then a × b = 0 if and only if 


a and b are parallel. 
6 a  × a = 0. 
7 In general, a × (b × c) �= (a × b) × c. 


These properties can all be derived from the definition of the cross product, 
but the derivations are not given here. Note in particular Property 2: the 
cross product is not commutative — the order does matter. 


The component form of the cross product 


*Exercise 4.14 
(a) Show that i × j = k, j × k = i and k × i = j. 


(b) Calculate j × i, k × j and i × k. 


(c) Calculate i × i, j × j and k × k. 


(d) Expand and simplify



(i + k) × (i + j + k) and  (i × (i + k)) − ((i + j) × k).



The cyclic pattern of the products i × j, j × k, k × i and of the products 
i × k, k × j, j × i, as demonstrated in Exercise 4.14, can be remembered 
using Figure 4.14. For example, if we go round the circle clockwise starting 
at i, we have  


i × j = k, j × k = i, k × i = j. i 


However, if we go in an anticlockwise direction, the cross products are neg-
ative: 


k j 
i × k = −j, k × j = −i, j × i = −k. 


If two vectors a and b have component forms a = a1i + a2j + a3k and Figure 4.14 
b = b1i + b2j + b3k, then the cross product a × b may be written as 


a × b = (a1i + a2j + a3k) × (b1i + b2j + b3k) 
= a1i × (b1i + b2j + b3k) 


+ a2j × (b1i + b2j + b3k) 
+ a3k × (b1i + b2j + b3k) (using Property 3) 


= a1i × b1i + a1i × b2j + a1i × b3k 
+ a2j × b1i + a2j × b2j + a2j × b3k 


+ a3k × b1i + a3k × b2j + a3k × b3k (using Property 3) 
= a1b2(i × j) +  a1b3(i × k) 


+ a2b1(j × i) +  a2b3(j × k) 
+ a3b1(k × i) +  a3b2(k × j) (using Properties 4 and 6) 


= (a2b3 − a3b2)i + (a3b1 − a1b3)j + (a1b2 − a2b1)k (using the results above). 
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Section 4 Products of vectors 


We highlight this important formula. 


Component form of the cross product 


If a = a1i + a2j + a3k and b = b1i + b2j + b3k, then 


a × b = (a2b3 − a3b2)i + (a3b1 − a1b3)j + (a1b2 − a2b1)k ⎡ ⎤ 
a2b3 − a3b2



= ⎣ a3b1 − a1b3 ⎦
.

a1b2 − a2b1



This formula is not easy to remember or use. For this reason, simpler meth- Another quick way to 
ods have been devised, such as the following, which is known as Sarrus’s evaluate cross products is to 


Rule. Given two vectors a = [a1 a2 a3]T and b = [b1 b2 b3]T , draw  a  use determinants. This 
method is introduced in tableau with i, j and k in the top row, then repeat i and j. In the second Unit 9 when we discuss 


row do the same with the components of a, and in the third row with those determinants. If you already 
of b. Then following the diagonal lines as shown, and multiplying the en- know this method, then we 
tries, gives the corresponding components of the cross product a × b, which suggest that you continue to 


are the elements on the fourth row of the tableau. use it. 


i j k i j 
b b " b " 


"
" 


b b" b" 
b " b " b " b " b " b " a1 a2 a3 a1 a2 


"
" b " b " b


b" b" b
" " b " b b b2b1 


" b2 
" b b3 


" b b1 
b


"
"


" 
"


"
" 


"
"


" b
b


b
b


b
b


b
b


b" " " b b b 


−a2b1k −a3b2i −a1b3j a2b3i a3b1j a1b2k 


(The diagonals pointing to the right yield positive terms, while those point-
ing to the left have a minus sign.) 


Example 4.4 


If a = 2i + j − k and b = i − 3j + 4k, find a × b. 


Solution 


Since a1 = 2,  a2 = 1,  a3 = −1 and  b1 = 1,  b2 = −3, b3 = 4, the formula 
above gives 


a × b = ((1 × 4) − (−1 ×−3))i

+ ((−1 × 1) − (2 × 4))j



+ ((2 ×−3) − (1 × 1))k



= i − 9j − 7k.



Alternatively, using the tableau, we have 


i j k i j 
b b " b " 


"
" 


b b" b" 
b " b " b " b " b " b " 2 1 −1 2 1 
"


" b " b " b
b" b" b


" " b " b b" " b " b b


" 
1 


"
−3 4 1 −3



" " 
"


"
" b


b
b


b
b


b 


b
b


b
" " " " " b b b 


−k −3i −8j 4i −j −6k 


so a × b = i − 9j − 7k, as before. 
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Section 4 Products of vectors 


*Exercise 4.15 


If a = 2i − 3j + k, b = −i + 2j + 4k and c = −4i + 6j − 2k, find a × b, a × c

and b × c. From your results, what can you say about a and c?



*Exercise 4.16 


If a = 2i + 2j + k and b = 4i + 4j − 7k, find a unit vector whose direction

is perpendicular to the directions of both a and b.



We close the section, and the unit, with some useful geometric applications 
of the cross product. The following example is the first step. 


Example 4.5 


Any two non-zero and non-parallel vectors a and b define a parallelogram, 


b 


θ 


a 
as shown in Figure 4.15. Express the area of the parallelogram in terms of 
a × b. Figure 4.15 


Solution 


The area A of the parallelogram defined by the two vectors a and b is 
the same as the area of the rectangle of height |b| sin θ and width |a| (see 
Figure 4.16). Thus A = |a| |b| sin θ, and this is the magnitude of a × b. So  


A = |a × b|. 


a
b 


θ 


b sin θ 


a 


Figure 4.16 


Area of a parallelogram 
The area of a parallelogram with sides defined by vectors a and b is 
|a × b|. 


b 


|a × b|. 


a 


This idea is easily extended for the area of a triangle. Any two non-zero,

non-parallel vectors a and b define a triangle (see Figure 4.17). The area of

this triangle is half that of the corresponding parallelogram, so it is
1 


2 


1 
2 


Area of a triangle 
The area of a triangle with sides defined by vectors a and b is |a × b|. Figure 4.17 


Using the formula for the area of a parallelogram, it is easy to find the 
volume of a parallelepiped (see Figure 4.18). This is given by A parallelepiped is like a 


distorted brick. All of its 
volume of parallelepiped = base area × vertical height h faces are parallelograms. 


= |(a × b) . c|. 
Here we have made use of the fact that the base is a parallelogram (assumed 


b 


to be in the (x, y)-plane) defined by the vectors a and b. The base therefore 
has an area equal to the magnitude of a × b. Now the vertical height h 
is the component of the vector c in the direction of the Cartesian unit 
vector k pointing vertically upwards, i.e. it is the z-component of c, given  
by c . k = k . c. So the volume of the parallelepiped is |a × b|(k . c). But 
the vector product a × b points vertically upwards and can therefore be 
expressed as |a × b|k. Hence the volume of the parallelepiped is 


|a × b|(k . c) = (|a × b|k) . c = (a × b) . c. 


Of course, the scalar (a × b) . c can be negative if one of the defining vec-


h 


a 


Figure 4.18 


The scalar quantity 
tors a or b is chosen to be in the opposite direction to the one chosen in (a × b) . c is an example of a



Figure 4.18, or if the order of the cross product is reversed. The modulus scalar triple product.



signs in the formula |(a × b) . c| ensure that the volume comes out positive.



c 
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Outcomes 


End-of-section Exercises 


Exercise 4.17 
(a) Is a . b a vector? 


(b) Can a . b be negative? 


(c) What is special about a and b if a . b = |a| |b|? 


(d) If a . b = 0, what can you say about a and b? 


(e) If a × b = 0, what can you say about a and b? 


Exercise 4.18 


Suppose that the vectors r and s are directed towards north and north-east, 
respectively, and define r × s = t. 


(a) What is the direction of t? 


(b) In what direction is s × r? 


(c) In what direction is t × r? 


(d) If |r| = |s| = 1, what is |t|? 


(e) Calculate the vector t × (r × s). 


(f)	 If |r| = |s| = 1, what is the value of r . s? 


(g) If |r| = |s| = 1, what is the value of s . (t × r)? 


Exercise 4.19 


Find the value of (a × b) . a for any non-zero vectors a and b. 


Outcomes 
After studying this unit you should be able to: 
•	 understand the meaning of the terms scalar, vector, displacement vector, 


unit vector and position vector, and know what it means to say that two 
vectors are equal; 


•	 use vector notation and represent vectors as arrows on diagrams; 
•	 use the plane polar coordinate representation of the magnitude and di-


rection of a vector, and convert between the polar coordinates and the 
Cartesian coordinates of the endpoint of a vector drawn from the origin; 


•	 scale a vector by a number, and add two vectors geometrically using the 
triangle rule (or the parallelogram rule); 


•	 resolve a vector into its Cartesian components, and scale and add vectors 
given in Cartesian component form; 


•	 calculate the dot product (scalar product) and cross product (vector 
product) of two given vectors; 


•	 determine whether or not two given vectors are perpendicular or parallel 
to one another; 


•	 determine the magnitude of a vector and the angle between the directions 
of two vectors; 


•	 write down the vector equation of a given straight line; 
•	 resolve a vector in a given direction; 
•	 manipulate vector expressions and equations involving the scaling, ad-


dition, dot product and cross product of vectors; 
•	 use the cross product to determine the area of a parallelogram or triangle. 
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