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* Definitions of the scalar product
 Basic rules




Example : Work

Movement by a constant force

Work 7 = ‘ﬁHZi‘ cos 6

Scalar product  F - a




Definition of the Scalar Product

Scalar Product

a Z;=‘aHb‘cosé’ a o

(where 0<6 <)

[Examples 2-1] Find the following dot products where |G| = 2and ‘E‘ _

(1) - (2) (3)
b b b
(1) G-b=3-2c0s60° =3
(2) G-b=3-2c0s90°=0
(3) d-b=32c0s135°=-32 :



Properties and Rules

Properties
1. Perpendicular condition a: E =()
2. Parallel condition Gb= i‘aub‘

3. Unit vectors [-j=0 l?°z7=]'-]'=l

Fundamental Rules

1. Commutative law i-b=b-d

2. Distributive law G-(b+3)=d-b+a-¢

3. Scalar multiplication (5 -p)

|

ka-b=a-k



Representation by Components

When a = (a;,a,) and b = (by,by) B
C_i'b=a1b1+a2b2 I; E—a
0
- s\
[ Proof ] O a

From the Law of Cosine

AB® = 0A” + OB* - 20A x OB x cos#
By using vectors, we have

. 2
b-a

—_

bl -2a-b

_2
=la" +

Applying Pythagorean theorem
(B —a)? +(by—ay)* = (@ +a2) + (B} +b3)-2a-b

After rearrangement

—_
—

CZ'b =a1b1 +Cl2b2



[Examples 2-1] Find the scalar product and the angle of the following two
vectors. ) )
(1) a=2,D, b=(=3,1) (2 a=(-13), b=(6, 2

___________________________________________________________________________________________________________________________________

Ans. (1) Inner product
Let the angle be &, then

\/22 +1% - \/(—3)2 +1% cos@ = -5

Therefore . |
f=———=-—F 6=135°
NN TN
YA
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> - (2) Inner product

\ [ ab=ab +ab,=(-1)-6+3-2=0
Therefore

-' y X §
: o — 0()°
-1 10 6 6 =90




Exercise

__________________________________________________________________________________________________________________________________

[Ex 2-1] Find unit vectors which are perpendicular to the vector

=3, -1)

Pause the video and solve the problem by yourself.



Answer to the Exercise

i=(3,-1)
Ans. Y |
(1) Let the unit vector be 8 3 ¥
e = (cosé, sinf) O -
From the given condition,

e-a=+3cosf—-sind =0

. tand = \/g

. 8 =60° 240°
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 Application of the scalar product




Area of a Triangle

Area B

Perpendicular line : BH

BH= |b|sin &

Therefore, the area is

S=lme=l**
2

bsin¢9=—*
=1ng
2

feosts = L.l
(a-5f

o]
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[Examples 2-2] )
(1) Find the area made by two vectors a =(a;, @) and p = (b, b,) -
. (2) There are three points A(2, 1), B(7, 2), C(4, 5). Find the area of AABC

Ans. (1) Magnitudes of vectors are
d| = at +a3  |p| =B +83
The scalar product s d-b = a,b, +a,b,
Then = b)z

1
2 \/(a1 +a3) B +b3)-(aby +axh,

S_

= %\/(51121922 + a%blz) -2a,ba,b, = %\/(albz - azbl)z = %|a1b2 - a2b1|
Q) G=AB=(72)-2) =) b=AC=(45-(2])=024)
| |
S=§‘a1b2—azb1‘=§‘5'4‘1'2‘=9 !



Exercise

[Ex2-2] There are three points A4, 1), B(5, 4) and C(2, 3) on a
plane. Answer the following questions. (1) Let ZBAC= 6. Find
cosf and sind. (2) Find the area of AABC.

Pause the video and solve the problem by yourself.
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Answer to the Exercise

[Ex2-2] There are three points A(4, 1), B(5, 4) and C(2, 3) on a plane.
Answer the following questions. (1) Let LZBAC=6.Find cos®
- and sind.. (2) Find the area of AABC.

____________________________________________________________________________________________________________________________________

Ans. (1) @a=AB=(54)-(41)=(13) b=AC=(23)-(4,]1)=(-22)
Therefore, ‘Aﬁ‘ - V12 +3% =410, C| = \/ (=2)> +2% =242

AB-AC=1-(-2)+3-2=4

From the formula, 05 — AB AC 4 c

" 10242 f : ;
Since siné@ > 0, we have \<

1 2 A
Sin9=\/1—00329 = [l-— =—

545
~|AB|AGsing =~ -Vi0-22-—- =4

J5 1

(2) AABC



