Reading Guide Chapter 2   OpenStax College Physics   (2nd of 3 days) (around page 53 in pdf file)

Terms to know:  constant acceleration, kinematic equations

Learning Objectives from the beginning of the chapter in OpenStax College Physics 
2.5. Motion Equations for Constant Acceleration in One Dimension
• Calculate displacement of an object that is not accelerating, given initial position and velocity.
   **  Note by Prof. Clements   We will most often just calculate final position, not displacement.
• Calculate final velocity of an accelerating object, given initial velocity, acceleration, and time.
• Calculate displacement and final position of an accelerating object, given initial position, initial velocity, time, and acceleration.
   **  Note by Prof. Clements   We will most often just calculate final position, not displacement.
2.6. Problem-Solving Basics for One-Dimensional Kinematics
• Apply problem-solving steps and strategies to solve problems of one-dimensional kinematics.
• Apply strategies to determine whether or not the result of a problem is reasonable, and if not, determine the cause.
2.5  Motion Equations    The early part of this chapter described position, velocity, and acceleration.  In section 2.5 these quantities will be connected in equations.  There are four equations of motion that we will use.  You should be familiar with the book’s notation.  It is standard notation.  The time value at the start of the interval will be taken to be zero.  The final time is labeled t.  Any symbol with a subscript 0 is a quantity at time = 0.  The quantities without a subscript are the final values.

If the acceleration is constant the acceleration may be some positive number or zero or some negative numbers. “Constant acceleration” does not automatically mean that the acceleration is zero.  Also, some students have a misconception that if the acceleration is constant then the value of the velocity is zero.  The previous statement is not true.  

If the acceleration is a constant +5 m/s2 , then every second the velocity will increases by 5 m/s.  i.e.  Suppose the velocity is +3 m/s at time = 0.  After one second the velocity would be +8 m/s.  After two seconds the velocity would be +13 m/s.  As a check, calculate the average acceleration a = (V – Vo ) / t  using the t=0 and t=2 seconds data.

There are two basic equations of motion.  Using these two equations we can apply some algebra and develop two more useful equations.  There are four useful kinematic equations of motion.  The term kinematic tells us that we are not worrying about the cause of motion with these equations.  The kinematic equations just describe motion.

The following development of the four equations is in a slightly different order than our textbook but we will end up with the same equations of motion.

1. By definition a =  V / t  or   a = (V - Vo ) / t     Multiply both sides by t and add Vo   to both sides.    Equation 1   V = Vo  + at         
2. You should understand how equation 2.28 is found .   Equation 2.28 lets us calculate the final position if we know the initial position, the average velocity and the time.  It turns out that the average velocity can be found by adding the initial and final velocities and then dividing by 2.

X = Xo +  ½  (V + Vo) t    This is only valid when the acceleration is constant.  Why?

I will refer to this as Equation 2.

Suppose the acceleration is 4 m/s2,  the initial velocity is +3 m/s, and the initial position is 7 meters.     a) What is the velocity when t = 5 seconds?  Answer:  V = Vo  + at   
V = 3 m/s + 4 m/s2 * 5 sec           V = 23 m/s

b) What is the position of the object at t = 5 seconds?  Answer:  X = Xo +  ½  (V + Vo) t    

X = 7 meters + 0.5 ( 3m/s + 23 m/s) 5 seconds

X = 7 meters + 0.5 ( 26 m/s) 5 seconds



X = 7 meters + 13 m/s *5 seconds     Note   * indicates multiplication

X = 7 meters + 65 meters
X = 72 meters

3.   near page 57 in pdf    We can combine the first two equations by substituting for V in equation 2 with the expression for V from equation 1.  This will generate an equation that does not contain the final velocity.         Start with equation 2   X = Xo +  ½  (V + Vo) * t

Replace V with the expression from equation 1    X = Xo +  ½  ( [Vo + at]  + Vo) * t

You should use the principles of algebra to simplify this.  Tell me if you don’t get
Equation 3    X = Xo + Vo * t   + 0.5 * a * t2  
e.g.  Suppose the acceleration is 4 m/s2,  the initial velocity is +3 m/s, and the initial position is 7 meters.  Find the position at time = 5 seconds.   Treat the final velocity as unknown.

X = 7 meters + 3 meters/s * 5 sec + 0.5 * 4 meters/s2  * ( 5 sec )2 

X = 7 meters + 15 meters + 50 meters

X = 72 meters     Does this result sound familiar?

It is worth examining equation 3 for the case of acceleration = 0.  With a = 0 the equation becomes X = X0 + V0 * t    or    (X - X0 ) = V0 * t    You may recognize this as being similar to your math problems from high school  …. Distance = rate * time.   D = rt    D = rt is only valid if the rate is constant (i.e. acceleration = 0)

e.g.  Initial position = 0 meters,  a = 0, initial velocity +4 m/s, time = 3 seconds     

D = 4 m/s * 3 seconds = 12 meters
4.  We can combine the first two equations by solving for time in equation 1 and substituting this expression for t into equation 2.  You should do these algebra steps and let me know if you can’t get
Equation 4  V2 = Vo2 + 2 * a * (X – Xo)
e.g.   Suppose the acceleration is 4 m/s2,  the initial velocity is +3 m/s, the initial position is 7 meters, and the final position is 72 meters.  Find the final velocity.  Treat time as unknown.

V2 = (3 m/s)2 + 2 * 4 m/s2 * ( 72 meters – 7 meters)

V2 = 9 m2/s2 + 8 m/s2 * 65 m

V2 = 9 m2/s2 + 520 m2/s2        or    V2 = 529 m2/s2 

Take the square root of both sides and you find    V = 23 m/s .   Does this result sound familiar?

You now know the 4 kinematic equations.  These equations only give correct results when the acceleration is constant but that covers many situations that we will study this semester.  The law of conservation of energy (future chapter) will help us solve problems when the acceleration is not constant.

You should work through some of the examples in the textbook until you are comfortable using these equations.  If there is an example that doesn’t make sense ask me to go over the calculations steps in class or in my office.

2.6 Problem-Solving Basics for One-Dimensional Kinematics   (near page 62 in pdf)
Read through the suggested steps for problem solving.  I strongly recommend that you start by reading the entire problem.  Then read it again and make a sketch of the situation.  The sketch does not need to be artistic.  Sketch the objects (stick figures, boxes, circles, etc.) and select some coordinate system.  Label 0 on your coordinate system.  Use arrows to indicate velocities and acceleration.  Write down the numeric values next to the symbols we use in the 4 kinematic equations.  Know the physics concepts and select an equation that will help you towards the solution.  

For some problems you may have to use more than one equation before you arrive at the final answer.  That doesn’t happen too often in this chapter but it will be the case in general this semester.

It is also very important to check that your answer is reasonable.  For some situations you won’t know what is reasonable (e.g. speed of an electron).  Do your work by yourself and then check with a class mate to see if they have the same answer.  I allow a slight range of answers for homework and exam problems to account for differences on how students round intermediate values in the calculations.  But, I would suggest that you store intermediate results in the memory of your calculator and don’t round off numbers before you reach the final result.  Then write down 3 significant figures and circle your answer.
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