 Chapter 3

Two Dimensional Motion and Vectors
Trigonometry 

· You will have to use trigonometry to add vectors in two dimensions.  Trigonometry is the study of triangles, and often right triangles. The lengths of the sides of a right triangle can be used to define some useful relationships, called the sine, cosine, and tangent, abbreviated sin, cos, and tan, respectively.   The Pythagorean Theorem can also be used with right triangles to find the length of an unknown side if the other two sides are known.
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Addition of vectors

· Two methods we will use to add vectors 

1. Graphically:  We can graphically add vectors to each other by placing the tail of one vector onto the tip of the previous vector (head to tail method of vector addition).  When adding vectors graphically, we may move a vector anywhere we like, but we must not change its length or direction. The resultant is drawn from the tail of the first vector to the head of the last vector and as you can see in the diagram below, it does not matter in what order the vectors are added.
                           

   
2. Addition using components of vectors
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You will soon learn that motion in the x direction (horizontal) is independent of motion in the y direction (vertical).  Vectors are often described by using only their x (or horizontal) and y (or vertical) components. A vector component is the projection or shadow of a vector onto the x- or y-axis.  The diagrams below show two alternative ways to graphically show components.
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To add vectors using components, add the x- components of all vectors to find total displacement in x direction, and then add the y components of all vectors to find the total displacement in the y direction.  Use the Pythagorean Theorem with the x and y component sums to find the magnitude of the resultant and use inverse tangent (y/x) to find the angle of the resultant.
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Determine x and y component for each vector; cos ( for x and sin ( for y

2. Add the components to determine the components of the resultant

3. Use Pythagorean theorem to find the magnitude of the resultant

4. Use ( = tan-1 (y/x) to calculate angle

· Example 1.  A hiker begins a trip by first walking 25.0 km due southeast from her base camp.  On the second day she walks 40.0 km in a direction 60.0o north of east.  On the third day she travels 15.0 km due south at which point she discovers a forest ranger’s tower.  Determine the displacement from the camp to the tower.

· Example 2.  A plane whose airspeed is 200 km/h heads due north.  But a 100 km/h northeast wind suddenly begins to blow.  What is the resulting velocity of the plane with respect to the ground?

· Example 3.  A boat’s speed in still water is 1.85 m/s.  If the boat is to travel directly across a river with a current of 1.20 m/s, at what angle must the boat head?

Subtraction of vectors

· The negative of a vector has the same magnitude but opposite direction.


[image: image1]
Multiplication of vectors by scalars 
· When a vector is multiplied by a scalar, the resultant is a vector whose magnitude is multiplied by the scalar number. If the scalar is positive then the direction of the vector is unchanged. If it is negative then the new vector points in the opposite direction.
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Multiplication of vectors

· Vectors can be multiplied by either the dot or cross product.  The dot product produces a scalar quantity and the cross product produces a vector quantity.  Each of these will be covered in more detail when we cover the physics concepts that use these operations.


Projectile motion 

· Projectile motion refers to the motion of objects that are thrown or launched into the air and are subject to gravity.  Projectiles follow parabolic trajectories.  In analyzing projectiles, ignore air resistance (unless stated otherwise) and analyze the horizontal and vertical motions separately.  Since there is no air resistance, there is no acceleration in the horizontal and the x-component of velocity remains constant for the entire time of flight.  The vertical motion is the same as a free falling object with the acceleration of gravity.  The best way to understand projectile motion is to visualize what is happening to the velocity vector components as a projectile travels along its parabolic path.  Look at the diagram below.  A cannonball is fired from a cannon on the ground pointing up at an angle θo.  At each point, we can draw the horizontal velocity vector vx and the vertical velocity vector vy.   The acceleration at all points is g and points downward.  Notice that as the ball travels along the arc, the length of the horizontal velocity does not change (remains constant), but the vertical velocity component decreases as the ball rises and increases as the ball falls. The motion of the ball is symmetric; that is, the speeds of the ball on the way up are the same as on the way down at equal heights, with the vertical velocity being zero at the top of the path and reversing its direction at that point. 
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· When solving projectile problems, motion in the horizontal is analyzed separately from the motion in the vertical because the two motions are completely independent of one another (vector analysis).  Note that the:

1. Horizontal component of velocity remains constant.

2. Vertical motion is the same as an object in free fall with the acceleration of g.

3. To determine speed at any point use the Pythagorean Theorem with the velocity vector components.

4. Time of flight for vertical and horizontal component is the same.  Usually finding time is the key to solving projectile problems since time relates the horizontal and vertical equations.

 The table below lists the equations used to solve projectile problems.

	X Component Equation
	Equations Given on Test
	Y Component Equations
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· Example 4.  A football is kicked at an angle of 37.0o with a velocity of 20.0 m/s.  Calculate the maximum height, the time of travel before the football hits the ground, how far away it hits the ground

· Example 5.  A baseball rolls off a 0.70 m high desk and strikes the floor 0.25 m away from the base of the desk.  How fast was the ball rolling when it left the desk?



































































R = A + (- B), or R = A - B
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R = A + B
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