Scalar product

Let vi and vy be two vectors and let 6 be the angle between the
two vectors measured in the same plane (0 < 6 < 7). The scalar

product (or dot product) between the two vectors is

V1 -V = [|[Vill[[ve[l cos 6.

Example: Simplify vq - vo when (i) v, and vy are parallel, (ii) vq

and vo are orthogonal, and (iii) v; and vo are anti-parallel.




Geometric properties:

e Let v be a vector with components (z,y, z). The length of the

vector 1s

[Vl = Va? + 7+ 22

e Let 6 be an angle between two vectors vi and vy. Then

[vi = Vol = [[vill* + [[v2]l* = 2[|vall|v2|| cos 6

Example: Compute the distance between two points: P;(4,3,0) and
Py(—1,1,3).
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Theorem: Let vi = | y; | and vy =

21

T
V1 Vg =V]Vy = 2122 + Y1Y2 + 2122.

Example: Compute the dot product between the vectors

T T
V1=(—2 3 1) andVQZ(]. 3 2).




Angle between two vectors: Given v and vs, one can find the

angle 6 between the two vectors:
V1 -Vo

lvallllvall

cos bt =

Example: Compute the angle (measured in radians) between the

T T
vectors Vlz(—Q 3 1) and ng(l 3 2) .

Properties:

o If vi-vy >0, then 6 is acute (0 <80 < T)
o If vi - vy <0, then 6 is obtuse (§ <0 <)

o If vi-vy =0, then § = T (vy and v, are orthogonal vectors)




Properties of the dot product:

1.

.u-u=|ul|*>0.
. (ku)-v=Fk(u-v)=u- (kv)

. u-(vitw)=u-vtu-w.

Example:

lu+v[* + la = v|I* =2 (Jlu]* + [[v]])

Example: Show that the triangle with vertices A(3,—2,1),
B(5,7,0) and C'(—2,1,2) is not a right-angled triangle.




