Dot produck =D @ "umber
11.3: Cross product =) & vector

REVIEW: Determinant of 2 X 2 and 3 x 3 matrices.
A determinant of order 2 is defined by
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or copy the first two columns onto the end and then multiply along each diagonal and add those
that move from left to right and subtract those that move from right to left:
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¢« THE CROSS PRODUCT IN COMPONENT FORM:

Given a = {aj, ay, a3} and b = (by, by, b3). Then the cross product is :
a x b = {asby — asby, asb; — a;by, a1bs — ashy)

REMARK 1. The cross product requires both of the vectors to be three dimensional vectors.

REMARK 2. The result of a dot product is a number and the result of a cross product is a

VECTORI!!

To remember the cross product component formula use the fact that the cross product can be

represented as the determinant of order 3:
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EXAMPLE 3. Ifa=(-2,1,1), b= (3,5,0), and ¢ = (—4,2,2) compute each of the following:
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Properties:

kY
axa=_0
axb=-bxa
(va) x b=ax (ab)=alaxb), aeR
ax(b+c)=axb+axc
(a+b)xc=axc+bxc

EXAMPLE 4. Show that if a and b are parallel then a x b = 0
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¢ GEOMETRIC INTERPRETATION OF THE CROSS PRODUCT:
Let # be the angle between the two nonzero vectors a and b, 0 < # < 7. Then

’@ |a x b| = |a| - |b|sinf =the area of the parallelogram determined by a and b;
2. a x b is orthogonal to both a and b;

3. the direction of a x b is determined by “right hand” rule: if the fingers of your right hand

I curl through the angle 6 from a to b, then your thumb points in the direction of a x b.

-0 ‘-(".*
\/,‘.pk.‘
a»&w”




FACT!: alb < axb=0.
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EXAMPLE 5. Guwen the points A(1,0,0), B(1,1,1) and C(2,-1,3).Find

(a) the area of the triangle determined by these points.
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(b) Find a unit vector n orthogonal to the plane that contains the points A, B, C. )
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e SCALAR TRIPLE PRODUCT of the vectors a, b, ¢ is

-
a

a-(bxc). = hurmbLY

Note that the scalar triple product is a NUNMBER.
FACTS:

l.a-(bxc)=(axb)-c
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2. If a= (ay,az,a3), b = (b, by, b3) and ¢ = (¢1,¢5,¢3) thena- (b xc)=| b, by by
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3. la- (b xc)| = the -t-‘ohw’,e of the/f?mﬂefepiped determined by a, b, c.
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EXAMPLE 6. Determine if the vectors
=(0,-9,18), b=(1,4,-7), c={(2,—-1,4)
are coplanar?= |.@. H‘“‘ be in the same Pld-ﬂQ.
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