Vectors Pure Maths topic notes

The Scalar Product

Introduction
The Scalar(or Dot Product), of two vectors a and b is written
a.b
If the two vectors are inclined to each other by an angle(say 6 ) then the product is written
a.b = |a|.|b|cosb or a.b = abcos 6

Even though the left hand side of the equation is written in terms of vectors, the answer is
a scalar quantity.

Rules

a.b = abcos 8 = b.a

when a & b are parallel, 8 =0, cos8=1,a.b=ab
(unit vectorsi.i = j.j = k.kk = 1)

when a & b are.at 90°, 68 =90° cos8=0,a.b=0
(unit vectors: i.j=j.i=0 jk=kj=0 k.i=ik=0)

if a=aji+ayj+ask and b =bji+ byj+ bsk

then

a.b = a;b; + ab, + aszb;

|a|2 =aa= alz + 322 + a32
a.(b+c)=a.b+a.c a.(b-c)=ab-a.c
(a + b).c =a.c+ b.c (a-b).c=a.c-b.c

(Aa).b = A(a.b) = a.(Ab)

coséd=

ah
l2| Ju]
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Example #1

Giventhata=3i-j+ 2k and b=2i+j-2k,
find a.b and the included angle between the vectors to 1 d.p.

ab = (3i-j+ 2K).(2i+j- 2K
w b=

=aa
=(3i-3+ 2k)(Gi—3 + 2k)
=9+1+4

=14

|a|=u"'ﬁ

[b?|=tb.b
= (Zi+]- 20021+ |- 2k)
=4+1+4
=9

[b]- 3

with & theincluded angle

substituting for  ah, |a|, |1:||
| 1

coséd = =
SJl4x3 11.225
= &=8430"

the angle between a and b1s 84.9° {1 dp)
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Example #2

What is the vector equation describing the straight line passing through the points A(-8, 1,
-2) and B(10, -1, 3)?

Find the coordinates of a point P on AB such that OP is perpendicular to AB(origin O),
hence find the distance OP to 2d.p.
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given points:  A(-E, 1, -2) E{10, -1, 3)
= AB=(-8+10)i+(1-Dj+(-2+ Dk
=2 + 0 + k
=24 + k

if r 1z the position vector for point P
the wvector equation of line 4B 15

r=a+ E(ﬁ)

a+ Ald + k)

—B+g-2k + A2+ k)

-8+3-2k + 241 + Ak

(2A-8+ 3+ (1-2Dk

~ coords. ofany point P on AR are (24-8,1, A-2)

-
I

for OP to be perpendicular to AB
OF . AE=0

=5
= [(24-8)+j+(A-2k] [ + K)]=0
= 22A-8)+ 04+ 1A~ =0

= 4i-16+4A-2=10

= 51=18

= A=3.6

substituting into coords. for P(2A-8.1,4-2)
= P(2x36-8 1, 3.6-2)
= P(-08, 1, 1.6)

OF| = {J(-0.8)%+ (1)*+ (1.6)°

= J(0.64)+ (1) + (2.56)
= 2.04939

perp. dist. between O and AR 15 2.05 (2d p)
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