Chapter 4  Motion in Two Dimensions
Position and Displacement
The position of an object is described by its position vector
The displacement of the object is defined as the change in its position.
In two-or three-dimensional kinematics, everything is the same as in one-dimensional motion except that we must now use full vector notation. Positive and negative signs are no longer sufficient to determine the direction.
Average Velocity is the ratio of the displacement to the time interval for the displacement. The direction of the average velocity is the direction of the displacement vector. The average velocity between points is independent of the path taken. This is because it is dependent on the displacement, which is also independent of the path.
Instantaneous Velocity: The instantaneous velocity is the limit of the average velocity as t approaches zero. As the time interval becomes smaller, the direction of the displacement approaches that of the line tangent to the curve. The direction of the instantaneous velocity vector at any point in a particle’s path is along a line tangent to the path at that point and in the direction of motion. The magnitude of the instantaneous velocity vector is the speed. The speed is a scalar quantity.
Average Acceleration of a particle as it moves is defined as the change in the instantaneous velocity vector divided by the time interval during which that change occurs. As a particle moves, the direction of the change in velocity is found by vector subtraction.
Instantaneous Acceleration is the limiting value of the ratio as t approaches zero. The instantaneous equals the derivative of the velocity vector with respect to time.
Kinematic Equations for Two-Dimensional Motion
When the two-dimensional motion has a constant acceleration, a series of equations can be developed that describe the motion. These equations will be similar to those of one-dimensional kinematics.
Motion in two dimensions can be modeled as two independent motions in each of the two perpendicular directions associated with the x and y axes.
Any influence in the y direction does not affect the motion in the x direction.
Various starting positions and initial velocities can be chosen.
Projectile Motion
An object may move in both the x and y directions simultaneously.
The form of two-dimensional motion we will deal with is called projectile motion.
Assumptions of Projectile Motion
The free-fall acceleration is constant over the range of motion.
-It is directed downward.
-This is the same as assuming a flat Earth over the range of the motion.
-It is reasonable as long as the range is small compared to the radius of the Earth.
The effect of air friction is negligible. With these assumptions, an object in projectile motion will follow a parabolic path. This path is called the trajectory.
The vertical velocity is zero at the top. The acceleration is not zero anywhere along the trajectory.
If the projectile experienced zero acceleration at the highest point, its velocity at the point would not change. The projectile would move with a constant horizontal velocity from that point on. 
Uniform Circular Motion
Uniform circular motion occurs when an object moves in a circular path with a constant speed. The associated analysis model is a particle in uniform circular motion. Acceleration exists since the direction of the motion is changing. This change in velocity is related to acceleration. The constant-magnitude velocity vector is always tangent to the path of the object.
Changing Velocity in Uniform Circular Motion
The change in the velocity vector is due to the change in direction. The direction of the change in velocity is toward the center of the circle. 
Centripetal Acceleration
The acceleration is always perpendicular to the path of the motion. The acceleration always points toward the center of the circle of motion. This acceleration is called the centripetal acceleration. The direction of the centripetal acceleration vector is always changing, to stay directed toward the center of the circle of motion.
Tangential Acceleration
The magnitude of the velocity could also be changing. In this case, there would be a tangential acceleration. The motion would be under the influence of both tangential and centripetal accelerations. The radial acceleration comes from a change in the direction of the velocity vector.
Relative Velocity
Two observers moving relative to each other generally do not agree on the outcome of an experiment.
However, the observations seen by each are related to one another. A frame of reference can described by a Cartesian coordinate system for which an observer is at rest with respect to the origin.
Acceleration in Different Frames of Reference
[bookmark: _GoBack]The derivative of the velocity equation will give the acceleration equation. The acceleration of the particle measured by an observer in one frame of reference is the same as that measured by any other observer moving at a constant velocity relative to the first frame.
