Ch 2
Kinematics in One Dimension
Kinematics in one dimension

· Mechanics is the branch of physics that focuses on the motion of objects and the related concepts of force and energy.  There are two parts to mechanics: kinematics and dynamics.
1. Kinematics is the study of motion without regard to cause.  Kinematics is the study of how things move – how far (distance and displacement), how fast (speed and velocity), and how fast that how fast changes (acceleration). We say that an object moving in a straight line is moving in one dimension, and an object which is moving in a curved path (like a projectile) is moving in two dimensions. We relate all these quantities with a set of equations called the kinematics equations.

2. Dynamics is the study of motion with regard to the forces that cause them.  We will begin to cover dynamics in chapter 4.
Distance vs. Displacement (x or y when vertical)

· Distance d can be defined as total length moved. If you run around a circular track, you have covered a distance equal to the circumference of the track. Distance is a scalar, which means it has no direction associated with it. Displacement Δx, however, is a vector. Displacement is defined as the straight-line distance between two points, and is a vector which points from an object’s initial position xo toward its final position xf. In our previous example, if you run around a circular track and end up at the same place you started, your displacement is zero, since there is no distance between your starting point and your ending point. Displacement is often written in its scalar form as simply Δx or x. 

Velocity vs. Speed 

· [image: image1]Average speed is defined as the amount of distance a moving object covers divided by the amount of time it takes to cover that distance.
· Average velocity is defined a little differently than average speed. While average speed is the total change in distance divided by the total change in time, average velocity is the displacement divided by the change in time. Since velocity is a vector, we must define it in terms of another vector, displacement. Oftentimes average speed and average velocity are interchangeable for the purposes of the AP Physics B exam. Speed is the magnitude of velocity, that is, speed is a scalar and velocity is a vector. For example, if you are driving west at 50 miles per hour, we say that your speed is 50 mph, and your velocity is 50 mph west. We will use the letter v for both speed and velocity in our calculations, and will take the direction of velocity into account when necessary.

· Instantaneous velocity (slope of a position vs. time graph) is the velocity at a specific time during an object’s motion which is often different from the average velocity as we will see in the motion graphs.
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Acceleration 
· Average acceleration is the rate of change of velocity.  If an objects velocity is changing, it’s accelerating—even if it’s slowing down.
· Note:  At first you might think that + acceleration is speeding up and negative acceleration is slowing down – NOT necessarily.  You only have negative acceleration when the direction of the acceleration is opposite to the direction defined as positive.  It’s all about direction – not speed up or slow down.
· Instantaneous acceleration (slope of a velocity vs. time graph) is the acceleration at a specific time during an object’s motion may be different from the average acceleration as we will see in the motion graphs.
Free fall acceleration (acceleration due to gravity or g)

· In the absence of air resistance, all objects, regardless of their mass or volume, dropped near the surface of a planet fall with the same constant acceleration.  Look at the far right picture.  The feather and the rock in a vacuum chamber fall at the same rate.  On Earth that rate, the acceleration due to gravity, has a value of 9.81 m/s2, although we will usually use 10 m/s2 to make calculations easier.  In the presence of air resistance, near right picture, objects dropped will initially accelerate at g and then the acceleration will decrease to zero once terminal velocity is reached.
Motion Graphs
· Graphical analysis is a concept fundamental to physics, as well as all math, science, economics, etc. courses.  In analyzing any graph you should determine the significance, if any, of the slope (derivative) and the area under the curve (integral).  This can be done by simply looking at the units of the vertical and horizontal axis (for slope, divide the two and, for area, multiply the two).  With kinematics there are three types of graphs you will need to be able to interpret:  position vs. time, velocity vs. time, and acceleration vs. time. 

1. Position vs. time
· Analysis of the position vs. time graphs below shows that the slope Δx/Δt is velocity.  The lower left graph is linear which indicates that the slope is constant and therefore the velocity is constant (no acceleration).  The curved graph on the right indicates that the slope is changing. The slope of the curved graph is still velocity, even though the velocity is changing, indicating the object is accelerating. The instantaneous velocity at any point on the graph (such as point P) can be found by drawing a tangent line at the point and finding the slope of the tangent line.
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2. Velocity vs. time
· Analysis of a velocity vs. time graph would show that the slope Δv/Δt is acceleration.  And, unlike a position vs. time graph where the area was not significant, the area of a velocity vs. time, as shown in the figure below right, would have units of (m/s)(s) = m and is therefore displacement.



3. Acceleration vs. time
· For AP Physics B, analysis of the slope and area for acceleration vs. time graph are typically not on the exam.  Analysis would show that the slope would have the units of m/s3 (jerk) and the area would have the units of m/s (velocity).  Since the AP Physics B exam generally deals with constant acceleration, any graph of acceleration vs. time on the exam would likely be a straight horizontal line.  The lower left graph tells us that the acceleration of this object is positive. If the object were accelerating negatively, the horizontal line would be below the time axis, as shown in the graph on the right.
     
[image: image2]
Relationship among position time, velocity time, and acceleration time graphs

· Given any one of the motion graphs you should be able to sketch the other two that relate to the first.  Since AP Physics B typically deals with constant velocity or constant acceleration, the trends will be similar to the ones below.  Constant velocity must have a linear position vs. time, horizontal velocity vs. time, and a horizontal line on zero for acceleration vs. time.  Constant acceleration must have a parabolic position vs. time, linear velocity vs. time, and horizontal acceleration vs. time.  Whether the values are positive or negative depends upon the frame of reference.

Example: The graph shows position as a function of time for two trains running on parallel tracks.  Which is true?
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1. At time tB, both trains have the same speed.

2. Both trains speed up all the time.

3. Both trains have the same speed at some time before tB.

4. Both trains have the same acceleration at some time before tB.
Kinematics equations
· When acceleration is CONSTANT, three equations can be used to determine an unknown value if three other values are known.  I will typically call these equations the big three equations for uniformly accelerated motion (kinematics equations).  Note that to use an equation three variables must be known.  Oftentimes two variables are explicitly given and one is implied in the problem.  For instance, if an object ever stops for a moment, the instantaneous velocity is zero.  If an object is in freefall, then the acceleration is g.

Example: You are designing an airport for small planes.  One kind of airplane that uses this airfield must reach a speed before takeoff of at least 100.0 kph, and can accelerate at 2.00m/s2.  If the runway is 150m long, can this airplane reach the proper speed to take off?
Example:  A football game customarily begins with a coin toss to determine who kicks off.  The referee tosses the coin up with an initial speed of 6.00 m/s.  In the absence of air resistance, how high does the coin go above its point of release and how long does it take to return to its release point?
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