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Vectors

3.1 Vector and Scalar Quantities

A scalar quantity is completely specified by a single value with an
appropriate unit and has no direction.

Examples of scalar quantities are temperature, volume, mass, speed,
and time intervals.

A vector quantity is completely specified by a number with an
appropriate unit plus a direction. Examples of vector quantity are
displacement and velocity.

3.2 Some properties of VVectors

Equality

It is said about two vector that are equal if they have equal
magnitudes and same direction re- gard less of their starting point...
notice figure(1) (Vectors A, B,C,B’) 'éFe?qﬁal vectors and can be
written as:

“A=B=C=D
A
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figure(1)

Not vector A has starting point P1 and ending point P2, and vector B
has starting point Ps and ending point P. and we can say that:



A =B Because vector A has a magnitude equal to vector (B) and has
same direction.

Negative of a VVector

The negative of vector A is a vector that has the same magnitude of A
and an opposite direction of it... notice figure (2) The negative of
vector A is represented as A so that:

A

figure (2)

The vector and the negative of the same vector have equal
magnitudes and opposite directions.

Unit Vectors

A unit vector is a vector with a magnitude (or length) of exactly 1. It's
essentially an arrow pointing in a specific direction. Since its
magnitude is always 1, it only provides information about irection.




3.3Vectors Addition

Two or more vectors can be added together to produce a third vector that
represents the resultant of these vectors. We draw the first vector and then use a
special operation equal to . When representing this operation by drawing the
vectors, we first move the second vector, maintaining its magnitude, direction,
and position at the end of the first vector, then the second and the third as well.
After that, we perform the mathematical calculation of the resultant polygonal
shape as shown in the following examples.
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Expl/ Find the vectors sum A=(3i+4j) ; B=(-2i+5j)

A+B =(3i+4))+(-2+5))= (3-2)i+(4=5)j= i+9j

Exp2/ Find the vectors sum A=(2i-j) ; B=(-i+3j) ; c=4k

A+B+C= (2-1)i +(-1+3)j +4k= -i+2j+4k



3.4 Scalar product

The scalar produet of any two vectors A and B is defined as (a scalar
quantity equal to the product of the magnitudes of the two vectors and the
cosine of the angle & between them):

AeB=AB cosfl
We write scalar product of vectors Aand B as A= B (Because of the dot
symbol, the scalar product is often called the dot product).

® The scalar product (A ﬁ) equals the magnitude of A multiplied

by the projection of F onto A «(B cos@) as shown in the figure

below.

Properties of the scalar product:

1. Scalar product is commutative:
AeB=BA

2. Scalar product obeys the distributive law of multiplication:
Ao+ O)=AeB+ AoC

3. If4is perpendicular to B(©=90°).thende B=0.

4. If A is parallel to B (8 = 0° ), then Ae B = AB.

5. If @ =180° then A e B = —AB.

6. The scalar product is negative when ( 90°< 8 < 180°).
fei=jJej= kek=1
f.j: fek = iok:O

Two vectors A and B can be expressed n unit vector form as:

A =1A, +JA, + RA.
B =iB, +jB, + KB.
so AeB=AB.,+AB,+AB. andAeA=A".



Expl/

The vectors A and B are given by: A = 21+ 3] and B= =1+ 2j
(A) Determine the scalar product 4 ¢ B
(B) Find the angle (8 ) between A and B
Solution:
(A) Ao B=(20+3])e (—i+2])
= —2fei+2102]=3jef+3je2]
=—2+0-0+6=4
(B) The magnitude of A: 4= [AZ+ AZ = [(2)Z+ (3)2 =13

The magnitude of B : B = JBE +Bj = V(=12 + (2)? =/5
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cosd =

Dot Product Cross Product

Product of magnitude of vectors

and cos of the angle between them.

Product of magnitude of vectors
and sine of the angle between them.

In terms of vectors A and B
A-B=|A||B|cos®

In terms of vectors A and B
A-B=|A||B|sinOn

The final product is a scalar quantity. The final product is a vector quantity.

Follows a commutative law:
A.B=B.A

Does not follow a commutative law:
AxB is not equal to BxA

If the vectors are perpendicular to

If the vectors are parallel to each other,
each other, their dot result is 0.

their cross result is 0.

Asin, A.B=0 As in, AxB=0
B
AA Cross Product
R ® riCalculator




3.5 Vector Product
(Given any two vectors A and B. the vector product (4 X B) is defined
as a third vector C, which has a magnitude of (ABsin#) ).
C=A4AxB Vector product
C = ABsinf magnitude of vector product
e The vector product(z b B) is also called (cross product).
Properties of the vector product:

1. It is not commutative (A' xB=-BExA ) Therefore, if you
change the order of the vectors in a vector product, you must
change the sign.

. If A is parallel to B (@ = 0 or 180° ), then
AxB=0 and AXA=0
3. IfAis perpendicular to E (2 =90° ). then
|4 x B|- 48
4. The vector product obeys the distributive law:
Ax(B+ C)= AxB+AxC

5. The derivative of the vector product with respect to some vanable

[

o AAXB) =Hy B aixE
such as (1) is: dt(zxﬁ)_dtx §+A><dt

The cross products of the unit vectors (1, j. and K ) obey the
following rules: f X = X j= kxk=0
e iXj=k ,jXi=-k
o jXx k=1 , kxXj=-1
o KXi=3J , iXk==]

The cross product of any two vectors A and B

can be expressed in the following determinant form:

A, A,
B, B,

A A,
B, B,

A, A,
B, By

Y

*]

+K

Tk
le’ X § = Ax Ay Az =1
=1(AyB, — A,By) + j(A;Bx — AyB,) + K(A<B, — A,By)



Example):

Vector A has a magnitude of 6 units and it is in the direction of positive x-
axis. Vector has a magnitude of 4 units and lies in X y plane making an angle
30° with x- axis. Find A*B ?

Solution:
A=61+07+0K
B=41cos30+4jsin30+0k=2V37+2j
A T
C=AxB=|l6 0 o0l=12k
2v3 2 0

Discussion guestions

1. What is the negative of a vector and how is it represented?

2. What is the dot product of two vectors, and how is it
calculated?

3. How can we compare two vectors to determine if they are
equal?

4. What are some properties of the dot product?



