
VECTOR TUTORIAL

What is a vector?  For introductory physics, a vector is an entity having the characteristics of magnitude and direction.  Since vectors are used throughout physics and engineering, we must learn how to add, subtract, multiply, and divide vectors. 
 If we take a vector v and multiply it by the scalar 3, we get another vector whose magnitude has increased by a factor of 3.  The vector’s direction does not change.  For example, 
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t.  The position vector, 
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,  is in the same direction as the velocity vector,
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.  The scalar t does not affect the direction of the vector.  A vector times a scalar always yields a vector in the same direction as the original vector.  Its magnitude will change if the scalar does not have a magnitude of one.  A vector divided by a scalar also produces a vector in the same direction as the original.
How do we add/ subtract two or more vectors that point in different directions?  How do we multiply or divide vectors that point in different directions?  We need to find the parts of the vectors that point in parallel directions and add/subtract or multiply/divide these parts.  This is best done by resolving the vectors into mutually perpendicular components.  For addition or subtraction, we can add/subtract components to find a net x or y or z component.  We can also use the east and north directions to take components, or any convenient coordinate system.  Once we have the net components of the resultant vector, we can use right triangle trigonometry to find the magnitude and/or direction(s).
Unit vectors, vectors of a magnitude of 1, are used to specify components.  
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 is a vector that ALWAYS points in the positive x-direction. 
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 is a unit vector that ALWAYS points in the positive y-direction.  
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 is a unit vector that ALWAYS points in the positive z-direction.  A 3- dimensional position vector can be written as:  
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 EMBED Equation.3  [image: image10.wmf]+  
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 x,y,z are numbers that can be positive, negative, or zero.  They can be larger or smaller than 1 or 1.  Thus, 
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 allows for all possible values for the x,y,z directions of motion.
An example in 2 dimensions is relative motion.  
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 EMBED Equation.3  [image: image29.wmf]23

. 
We can calculate the relative position vector, 
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 by finding the x and y components of the position vectors 
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 and adding them together.  We can find the magnitude of 
[image: image35.wmf]r

r

 by squaring each net component, adding them together, and finding the square of this sum. 
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The direction,
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, of the vector with respect to the positive x-axis is specified by:

 tan
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 = y/x.                    See review set 1, problem 4 
For 3- dimensional motion, the magnitude of 
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 is given by:

r = (x
[image: image42.wmf]2

 +  y
[image: image43.wmf]2

 + z
[image: image44.wmf]2

)
[image: image45.wmf]5

.

0


In the xy plane, the angle 
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 that the projection of 
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 makes with the positive x-axis is computed by:        
tan
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 = y/x.  
The angle 
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 that the projection of 
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 makes with the positive z-axis is computed by:
cos
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VECTOR DOT PRODUCT

We use the dot product to multiply or divide two vectors that point in different directions.  
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 is the angle between vectors a and b. 
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