CHAPTER 2 KINEMATICS IN ONE DIMENSION
Kinematics - deals with the description of motion without analyzing the causes of changes in motion.
Dynamics - deals with the effect forces have on motion.

Mechanics includes both kinematics and dynamics.

Displacement - a vector drawn from the initial position to the final position.
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Xf  = Xo + ΔX    or ΔX = Xf  -  Xo

Bold Italics indicates vector quantities and all of the displacements in the preceding line are vectors.

Speed is a scalar quantity indicating how fast an object is moving but not specifying a direction.

average speed = distance/time

V = D/t

The units are often meters per second but can be any unit of distance per unit of time.

Instantaneous speed is also distance divided by time if the time interval approaches zero.

Average velocity = displacement/time

Vave = ΔX/Δt

This is a vector quantity since both displacement and velocity have a direction.
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We normally consider displacements and velocities to the right to be positive. If they are to the left, they are negative.

Instantaneous velocity is also displacement divided by time if the time increment approaches zero.

Generally we will be dealing with average speed and average velocity. "Speed" will mean average speed and "Velocity" will mean average velocity.

Average acceleration is the change in velocity per unit of time. Since velocity is a vector, acceleration is, too.

a = (Vf - Vo)/Δt

The SI unit for acceleration is m/s2.

If the acceleration is constant, the average acceleration equals the instantaneous acceleration during the motion.

We will be working with constant acceleration when we work problems.
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Consider an airplane starting from rest and accelerating to 260 Km/hr in 29 sec. Find the acceleration in Km/hr/s and in m/s2.

I will work this example in class.

Deceleration - if an object slows down, the acceleration vector is in the direction opposite to the initial velocity. If the initial velocity is positive, the acceleration must be negative. A deceleration is sometimes called a negative acceleration.
There are several equations that are useful in the study of kinematics when the acceleration is constant.

Vave = ½(Vo + Vf) is valid if the acceleration is constant.
Vf = Vo + at comes from the definition of acceleration.

If we combine the top two equations with the displacement equation involving average velocity, we get:

X = Vavet = ½(Vo + Vf)t = ½(Vo + Vo + at)t = ½(2Vot + at2)
X =  Vot +(½)at2
Example - A boat moving at 6.0 m/s is accelerated at 2.0 m/s2.

Find its displacement after 8.0 s.

I will work this example in class.

The fourth equation used in kinematics with constant acceleration is:

Vf2 = Vo2 + 2aX
In this equation it is important to get the direction of each vector correct. These positive and negative signs can be the source of errors if they are not properly assigned.
The four equations presented above contain five variables. They are displacement(X), acceleration(a), time(t), initial velocity(Vo), and final velocity(Vf). Each equation uses four of these variables. When you are solving kinematic problems, chose the equation(s) that contain the variables representing the known variables and the quantities you are trying to find.

Problem Solving Techniques

1.  Decide which direction is positive relative to a convenient coordinate origin.

2.  Remember deceleration means acceleration opposing initial velocity. Deceleration is not always negative. If the initial velocity is negative, the deceleration is an acceleration in the positive direction.

3.  If the acceleration in a problem changes at some point, solve the problem in two parts. Break it into one part before the change and one part after the change. Remember Vf for the first part is Vi  for the second part.

4.  Sometimes a problem will have two algebraic solutions. You must choose the solution that fits the situation in the problem.

5.  Always start with a drawing of the situation in the problem(this applies to all problems). 

6.  Decide which of the four kinematics equations to use by picking the equation(s) which are composed of variables representing the information given and the unknown quantity you are trying to find.

Example A motorcycle travels 120m while it accelerates at 2.6 m/s2. It then slows down at -1.5m/s2 until it reaches a final velocity of 12 m/s. How far did it travel during the two segments combined?

I will work this example in class. 
1. Draw diagram
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2. Decide on positive and negative directions

3. Choose equation(s) based on given information and quantity to be found

4. Substitute given information and solve equation(s)

5. Choose answer appropriate to the situation and assign correct units.

Freefall - an object in freefall experiences only the force of gravity. Near the earth's surface, the acceleration due to gravity is 9.80 m/s2 and is treated as though it is a constant.

Example - A stone is dropped from the top of a tall building. After 3 seconds of freefall, what is the displacement of the stone?

I will work this example in class.

Dropped means the initial velocity is zero. If the initial velocity is not zero, be very careful that the correct positive or negative sign is assigned to it. Also, at the highest point of a toss, the velocity in the Y direction is zero.

Example - A coin is tossed with an initial upward velocity of 5.00 m/s. How high does it go? How long is it in the air?

I will work this example in class.

Graphical Analysis of Velocity and Acceleration
If the distance that an object moves can be expressed as a function or relation of time, a distance-time graph can be used to present a visual description of motion.
Consider a bicycle rider who completes a trip with three different constant velocities.
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If position is plotted on the Y axis and tine is plotted on the X axis, we have a graph composed of three lines(remember all lines are straight).

The first part of the graph shows an increasing displacement from zero as time increases. If we calculate the slope of the line,

ΔX/Δt = 400m/200s = 2 m/s

we get a positive quantity equal to the velocity.

During the second segment, ΔX = 0 so ΔX/Δt = 0

During the third segment, ΔX/Δt = (-400m)/400s = -1 m/s

We have a negative velocity since the rider has moved in the opposite direction.

Remember on a distance vs time graph, the slope of the curve equals the velocity.

If the object is accelerating, the ratio ΔX/Δt is not constant. Since the slope is not constant, the graph of X vs t is not a line. If the acceleration is a constant, the curve will be a parabola. Now the velocity is equal to the slope of the tangent to the curve.
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The equation for constant velocity was X = Vot where Vo equals the slope of a line since it is constant.

Compare to Y = mX + b. m is the slope.
When an acceleration exists, the equation for position becomes:

X = Vot + (½)at2 which is the equation of a parabola.

Compare to Y = aX2 + bX + c
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