CHAPTER 3 KINEMATICS IN TWO DIMENSIONS
Use the same definitions for displacement, speed, velocity, acceleration, and distance that we used while discussing kinematics in one dimension.

We will solve problems for motion along the X and Y axes as though they are two separate problems. Then we will combine the results to get our final answer.
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Notice that the resultant velocity has components in both the X and Y direction. If we find these components we can combine them using the Pythagorean Theorem for the magnitude and the inverse tangent function for the direction.

Example

A spacecraft has an initial velocity in the X direction of +22 m/s and acceleration in the X direction of 24 m/s2. In the Y direction, its velocity is 14 m/s and its acceleration is  12 m/s2. Find (1) X and Vx, (2) Y and Vy, and (3) final Velocity (magnitude and direction) at t = 7 s.
Remember that t has the same value along both X and Y for this type of problem.

Projectile Motion

An object is considered a projectile if it is launched and then experiences no other forces. Of course, in an atmosphere there will be air resistance, lift, etc. If these forces are small enough to be considered negligible, the path followed by the projectile will be parabolic. 

Motion along the X axis will be related to motion along the Y axis 

through the parameter time(t).

If air resistance is no considered, the velocity along the X axis is constant since there is no acceleration in the X direction.
The equation of motion along X is:

X(t) = Vxt

Since Vx is constant, simply multiply Vx and t to find the distance traveled along X in time t.

Vy, however, is not constant since the acceleration due to gravity is -9.8 m/s2 as long as the object is near the surface of the earth.
The Y component as a function of time is governed by the equation:

Y(t) = Vyt + ½(-9.8m/s2)t2

or

Y(t) = Vyt - (4.9m/s2)t2
Positions along X and Y can be found and combined to determine resultant displacements.

Example

An airplane flies horizontally with a constant velocity of 115 m/s at an altitude of 1050 m. A CARE package is dropped. Find (1) how much time it takes to reach the ground, (2) how far it travels horizontally before it hits the ground(no parachute), and what is its final velocity(magnitude and direction) when it hits the ground.
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Another type of trajectory problem involves finding the maximum height of a projectile. Use equations of motion along the Y axis.

Example

A football is kicked into the air at a speed of 22 m/s and at an angle of 40.0° above the horizontal. Find (1) the maximum height, (2) the amount of time it is in the air, and (3) how far down the field(along X) does it go?

Part (3) is also known as the range.
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Relative Velocity

Velocity can be measured relative to any reference frame. A 

Relative Velocity

Velocity can be measured relative to any reference frame. A person walking forward in a moving train would move at about +2.0 m/s relative to a seated passenger. To a person standing on the earth outside, the walker's velocity would be equal to the velocity of the train relative to the earth plus the velocity of the person walking on the train.

[image: image4.jpg]vrg = +9.0 m/s
—_—

S oy e 5T,
-
- B —

Ground-based
observer

vpg =+11.0 m/s





Another example of the dependence of velocity on frame of reference can be seen when analyzing the flight of a commercial airliner from New York to Los Angeles.
Remember that we use the surface of the earth as our stationary frame of reference in our everyday lives because it is convenient, not because it is actually stationary.

Relative Motion in Two Dimensions

Consider a boat crossing a river. The boat's velocity will have two components. One component will be directed upstream or downstream. The other component will be directed across the river in a direction perpendicular to the current. We will usually work with the velocity of the boat relative to the river bank.
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As you can see, when the boat has a velocity relative to the current, the resultant velocity has a direction that forms an acute angle with the river bank. We can find the magnitude of the resultant velocity with the Pythagorean Theorem. We can find the direction angle with the inverse tangent function.

If we need the time required to cross the river, we divide the width of the river by the component of velocity directed at 90° to the direction of the current.

Example

A boat needs to cross a river that is 1800 m wide. Its velocity relative to the water is 4.00 m/s perpendicular to the current direction. The velocity of the water relative to the shore is 2.00 m/s downstream. Find (1) the velocity of the boat relative to the shore and (2) the minimum time required to cross the river.
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Questions p 81 2, 5, 6, 8, 9, 10, 13, 14, 15

Problems p 81 1, 3, 5 ,9, 13, 15, 17, 33, 41, 47, 49, 50, 51, 53, 62, 63, 65
