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Dot Product (Geometric Definition)
Def.:  The dot product of two vectors 
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Exercise 1a:  Determine the dot product of each of the following pairs of vectors.
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	(ii)
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	(iii)
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	(iv)
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Hint:  θ ≈  49.3987˚
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	(v)
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Hint:  θ ≈  125.83765˚
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	Observation 1:  If 
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Observation 2:  If 
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Observation 3:  If 
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Dot Product (Algebraic Definition)
Def.:  The dot product of  two ve vectors 
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Exercise 1b :  Determine the dot product of each of the following pairs of vectors.

	(i)
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	(ii)
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	(iii)
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	(iv)
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What the Heck is a Dot Product?
The dot product is an


       on



           .

Put another way, the dot product is a


    whose input is

and whose output is a


.

Properties of the Dot Product
Theorem:  Let 
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Def.:  Two vectors 
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Angle Between Two Vectors
Def.:  From the geometric definition of the dot product, we can give the angle θ between two nonzero vectors in 
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implicitly




explicitly
cos(θ) =




θ =
Note:  Even though the angle between the zero vector, 
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, and any other vector is not defined by this definition [can you explain why?], it is convenient to extend the definition of orthogonality to include 
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Exercise 2:  Let 
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 be vectors in 
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.  Sketch the two vectors and determine the angle between them, rounded to the nearest tenth of a degree.
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Thus, θ = 


Exercise 3:  Verify the “Hint” given in Exercise 1a(iv).
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Also,  
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Thus,  cos(θ) =


and  θ =
Direction Cosines
For a nonzero vector in the plane, we measure direction in terms of the angle—counterclockwise is the positive direction—from the positive branch of the x-axis to the vector.  In three-dimensional space, it is more convenient to measure direction in terms of the angles between a vector 
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 and the three standard unit vectors.

	

	Def.:  The direction angles of 
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Def.:  The direction cosines of 
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           cos(β) =

           cos(γ) =


Exercise 4:  Derive the formula for cos(β).
Note that β is the angle between            and           .

So, cos(β) =

Exercise 5 (Section 11.3 #32):  Determine the direction cosines and direction angles of 
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Note that 
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Then  cos(α)  = 
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Projections and Vector Components
We will now consider a vector 
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 orthogonally projected onto a vector 
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(*) 
[image: image136.wmf]1

w

 =

	If k > 0, then we have the following diagram.



	cos(θ) =
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By (*),  
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Note:  If k < 0, it can be shown that 
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       Moreover, 
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Exercise 6:  Let 
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Exercise 7:  A forty-ton (including load) truck is parked on a road with a 9% grade.  Assume that the only force to overcome is that due to gravity.  Compute the force required to keep the truck from rolling down the hill.

	
	The force, 
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Work
Def.:  The work, W, done by a constant force 
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 acting along the line of motion of an object is given by
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Def.:  The work, W, done by a constant force 
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Def.:  The work, W, done by a constant force 
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 as its point of application moves along the vector 
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 is given by either of the following:


(projection form)




(dot product form)


W =






W =





















Q





P





Q





P














z








y





x








_1185266444.unknown

_1371108304.unknown

_1371108391.unknown

_1371108441.unknown

_1371108463.unknown

_1371109254.unknown

_1371109580.unknown

_1371109618.unknown

_1371109126.unknown

_1371108453.unknown

_1371108411.unknown

_1371108429.unknown

_1371108399.unknown

_1371108362.unknown

_1371108378.unknown

_1371108337.unknown

_1198424289.unknown

_1199803942.unknown

_1352121062.unknown

_1371108286.unknown

_1199804245.unknown

_1352120996.unknown

_1199804460.unknown

_1199804230.unknown

_1199803559.unknown

_1199803588.unknown

_1199803629.unknown

_1199803630.unknown

_1199803628.unknown

_1199803567.unknown

_1199803422.unknown

_1199803448.unknown

_1199803438.unknown

_1185266952.unknown

_1185268858.unknown

_1186055451.unknown

_1186219048.unknown

_1198424262.unknown

_1186056432.unknown

_1186215475.unknown

_1186056127.unknown

_1185269580.unknown

_1186055245.unknown

_1185269540.unknown

_1185268362.unknown

_1185268728.unknown

_1185268795.unknown

_1185268249.unknown

_1185268344.unknown

_1185268212.unknown

_1185266525.unknown

_1185177303.unknown

_1185183234.unknown

_1185183573.unknown

_1185185098.unknown

_1185266112.unknown

_1185185012.unknown

_1185184975.unknown

_1185183261.unknown

_1185183366.unknown

_1185183432.unknown

_1185177649.unknown

_1185177746.unknown

_1185183203.unknown

_1185177562.unknown

_1185177187.unknown

_1185177225.unknown

_1185023384.unknown

