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Dot Product/ Scalar product/inner Product

Defiion1 ]
The dot product a.b of a =< a1, as2,a3 > and b =< by, b, b3 > is

a.b = a1by + asbs + asbs. )

Properties of dot product »

(1) a.a = [la]}

(2) a.b = b.a (commutative)

(3) a.(b+ ¢) = a.b+ a.c (distributive)
(4) (ma).b =m(a.b) = a.(mb)

(5) 0.a =0

(6) a.b

Oifa=0o0rb=0o0rf=7%

\
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Dot Product/ Scalar product/inner Product
Definition 2 .

The dot product of two vectors a and b is scalar a.b = ||al|||b]| cos 6,

where 0 is angle between the vectors such that 0 < 6 < 7.

b —1 a.b
cosf = 32 = 0 = cos™ .
lallTol TallTrell

<

Notes

(1) If vector a and b are parallel, then b = ca.
(2) If a =< a1, a2,a3 > and b =< by, ba, bs > are parallel, then

& _ a2 _ 43

b b bs *
(13)) Two nonzero vectors a and b are orthogonal if and only if a.b =0
(4

)ij=3ji=0jk=kj=0 ki=ik=0

\

Example 1: Find the angle between a =i — 7j + 4k, b = 5i — k.
Example 2: Show that a = 3¢ — 25 + k and b = 4i + 55 — 2k are
orthognal.

Dr. Bandar Al-Mohsin MATH107 Vectors and Matrices



Component of a along b

Let a and b vectors in V3 with b # 0. The component of a along b is

a_ ab
Compy = i )
Projection of a on b
Vector projection of a onto b is (C’ompg).”—g” = (ﬁ)(Tgn)

\

Example 1: Let a =2i+3j —4k and b =i+ j + 2k.
Find (1) Compg (2) Comp?, (3) Proj

Work done

The work done by a constant force PQ) as its point of application moves
—_— . = ——
along the vector PR is PQ).PR

Example 2: Find work done by constant force F' = 2i + 4j + k if its
point of application moves form P(1,1,3) to Q(4,6,2).
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Dot Product/ Scalar product/inner Product

Direction angles/direction cosines

The direction angles of nonzero vector a < a1, as,as > are the angles
«, B and -y with the base vector i, j and k respectively.

The cosine of these angles cos a, cos 8 and cosy are called direction
cosine of vector a defined as

|s
5

cosa = = ,
TallTl = Tal
o — a.j — a2
cos 3 = = 2 and
P=Ta = Tl
a __ _as
COS = = 75
7 = Talll&T

all*

Note cosa? + cos 32 + cosy? = 1.
Example 1: Find the direction cosines and direction angles of the vector
a = 2i + 3§ + 4k and also show that cos a? + cos 3% + cosy? = 1.
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Vector Product/ Cross Product

The vector product a X b of a =< a1, a2,a3 > and b =< by, by, b3 > is

i j k
as az|. |lar az|. l|a1 as|.
axb=|a1 as a3:b2 b3l— bl b3]+b1 b2 7.
2 03 1 03 1 02
b1 by b3

_ y
The vector product of a and b is the vector
a x b= (]lal|[b| sind)n
where 0 is the angle between the vectors such that 0 < < 7w andnis a

unit vector perpendicular to the plane of @ and b with direction given by
the right-hand rule.
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Vector Product/ Cross Product

Properties of vector product

(1)a><b— (b x a)

(2)ax (b+c)=(axb)+ (axc)

(3) (a+0b) x c = (a x ¢) + (b x c) (distributive)
(4) (ma) x b=m(a x b) = a x (mb)
(5)
(6)

(a x b).c = a.(b x ¢) (Triple scalar product)
x (b x ¢) = (a.c)b — (a.b)c(Triple vector product)

Notes:

1- a x b is orthogonal to both a and b, i.e (a x b).a=0or (a x b).b =0
2- a and b are parallel if a x b =10

3- a and b are orthogonal if a.b =0

4- The magnitude of a x b equals the area of the parallelogram. It means
that ||a x b|| = ||al|||b|| sin 6.

g _ llaxb]
5- Area of triangle ="——".
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Vector Product/ Cross Product

Properties of i, j, k

(1)ixj=k jxk=diandkxi=j
(2)jxi=—k kxj=—iandixk=—j
(B)ixi=jgxj=kxk=0

| N,

Distance of a point R to line [

_ IIPGxPR|
I1PQ
Volume of a box
V =|(a x b).c|. J
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