Bob Brown, CCBC Essex                      
Math 253 Calculus 3, Chapter 11 Section 4
3

Cross Product
Many applications in physics, engineering, and mathematics involve determining a vector in three-dimensional space that is orthogonal to two given vectors.  In this section, we will study a product that will yield such a vector; it is called the cross product and is also known as a vector product.
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.  The cross product of 
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       , is defined as the determinant of the following 3x3 matrix:
That is, 
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Exercise 1a:  Compute 
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Exercise 1b:  Is the cross product a commutative operation?  Explore the answer by computing 
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Thus, we see that the cross product operation is



;  it’s
Note 2:  The cross product is defined only for

	Note 3:
	input
	output
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Algebraic Properties of the Cross Product
Let 
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 be vectors in three-dimensional space, and let c be a scalar.
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Geometric Properties of the Cross Product
Let 
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 be nonzero vectors in three-dimensional space, and let θ be the angle between 
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Def.:  The volume of a parallelepiped with vectors 
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The proof of the first algebraic property is found on page 793 in the textbook, and the proofs of the other properties are assigned as textbook homework problems.
Exercise 2 (Section 11.4 #64):  Prove the second geometric property.  (For the proof in the 
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 direction, we will assume that the third geometric property listed on page 2 has been proved.)
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Given that 
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 are scalar multiples of each other, it follows that
Then 
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