	Dynamic Universe:  Derby Cars—Part I                               Expected Duration: 1.5 classes
     Intro. to Derby Cars, Properties of the Wood Block, Free-Body Diagramming,

     Applying Newton's III Laws of Motion; Static & Kinetic Friction.
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Introduction to Derby Cars:  You are likely familiar with the concept of racing vehicles.  There are many different aspects which must be considered when designing race cars.  Each of these affects the performance of the vehicles in one way or another.  Decades (or rather millennia) of testing by professionals and amateurs alike have helped us formulate a good idea of what characteristics have the most affect on how well a car functions.  

It is up to you and your partner to become masters of the trade throughout the next few weeks.  First, you will find out as much about the properties of your primary material (the block of balsa wood) as you can.  During this process, you will learn the skill of free-body diagramming to analyze the forces acting on your vehicle.  Also, you will have chances all throughout the current and upcoming stages to apply Newton's III Laws of Motion to your project.  Other concepts like those dealing with frictional forces, aerodynamics, momentum and so forth will also be explored.

Properties of the Wood Block:  Below, you are asked to find values for the mass, linear dimensions, and Volume.  Also, it is important to identify the outer texture of the material, where the center-of-mass is for your block, and the hardness of the material.  Answer any accompanying concept questions.
· Using a Triple Beam Balance, find the mass (in kilograms) of your wood block:

____________ kg

· Draw a rough top-view and side-view of your block, labeling the dimensions in centimeters:

	TOP VIEW:
	SIDE VIEW:


· Using the dimensions you measured above, find the Volume (in cubic centimeters) of the block:
_____________ cm3
· Look at the texture of the wood block.  Describe it (is it rough or smooth?) __________________________________________________________________
__________________________________________________________________

· How do you think this texture will affect the performance of your vehicle? ________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Ask your instructor to show you a method of finding an object's center-of-mass (the point with an object where we consider all Forces to be acting).  Draw two criss-crossing lines (lengthwise and breadthwise) on the outer surface of your derby car material to indicate where the center of mass is located (ask your teacher for assistance and verification, and do this in pencil in case of mistakes—you only have ONE block of wood for this project).
· How hard is the material?  You can test this by seeing if it is easy to make an indentation in it with your fingernail.  How do you think this property will affect your ability to construct your derby car?  ________________________________

______________________________________________________________________________________________________________________________________________________________________________________________________

Free-Body Diagramming:  Free-Body Diagramming (or FBD) is when we draw an object all by itself and sketch-in Force-vectors to represent all of the Forces acting on the body (the object).  Below, make two sketches (one in each box) of your wood block from the side-view (so we see its length in only 2-dimensions).  In the leftmost box, draw the FBD for the block when it is sitting on your desk (hint: there are two Forces acting on it).  In the rightmost box, draw the FBD for the block when it is being pushed along the desk by your hand (hint: there are four Forces acting on it, now).  Ask your teacher for assistance, if needed.
	1st:
	2nd:


Applying Newton's III Laws of Motion:  We have already discussed Newton's III Laws of Motion to some extent.  For reference and for a refresher, rewrite these laws, below:
· 1st Law:  __________________________________________________________

   __________________________________________________________

   __________________________________________________________

· 2nd Law: __________________________________________________________

   __________________________________________________________

   __________________________________________________________

· 3rd Law: __________________________________________________________

  __________________________________________________________

  __________________________________________________________

· Give an example of how you would illustrate the 1st Law using your block of wood:  ____________________________________________________________
________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

· Since the Weight of an object is defined as the Force due to gravity acting on the object because of its mass, and since Force is defined as the product of an object's mass and the acceleration it is experiencing, find the Weight of the block of wood (using Newton's 2nd Law of Motion) if the acceleration is g=-9.8 m/s2.  Note that we do not usually call Weight a negative Force in our everyday lives, but we are saying that downwards is a negative direction, here.  Also, recall that the units of Force are Newtons (1N=1kg·m/s2)

· Weight of block = _______________ Newtons

· Using Newton's 3rd Law of Motion, what is the magnitude and direction of the upward force (the Normal Force, as it is called) exerted by the table on which the block is?

· ______________ Newtons, ___________ direction

Static & Kinetic Friction:  Frictional forces are those Forces that exist because two materials are making contact with each other.  They are actually due to bonding on the molecular level.  There are two major types of friction.  The first is called Static Friction (fs) and the second is called Kinetic Friction (fk).  Static Friction branches off into something called Rolling Friction (fr), and we will discuss that during a future stage of the project.  Kinetic Friction is often called Sliding Friction, and is used to name the frictional Force present when an object is moving against a surface.
· Set a book or other object on a clear surface of your lab table.  Using the tips of your fingers, slowly begin applying a Force to the edge of the object until it starts to move.  Is it easier or harder to keep the object moving at a constant speed than to first get it moving?  _______________________

· The Static Frictional Force is present only while the object is not moving, but while you are still applying a Force with your fingertips to try to move it.  The Kinetic Frictional Force is present only while the object is in motion.  Which Frictional Force is greater—Kinetic or Static?  _________________
· Why do you think this is, based on the idea that frictional Forces are from bonding on the molecular level?  Ask your instructor for guidance if you are unsure.  ___________________________________________________________

________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Fortunately, we will not be sliding our derby cars along on their undercarriages.  In the end, of course, we will attach wheels to the body of the car—but not until we learn about different techniques and advantages to these different wheel-configurations.
The next step, as covered in Derby Cars Part II, will be to begin design of our vehicle bodies' aerodynamic properties for maximal performance.  During that phase, we will be blue-printing and then superimposing our plans onto the actual bodies of our cars (to prepare for the first true carving/construction phase).
