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Vectors

= Some of the things we measure are determined simply by their magnitudes.

* To record mass, length, or time, for example, we need only write down a
number and name an appropriate unit of measure.

= We need more information to describe a force, displacement, or velocity and
it is called a vector.

= To describe a force, we need to record the direction in which it acts as well as
how large it is.

* To describe a body’s displacement, we have to say in what direction it moved
as well as how far.

* To describe a body’s velocity, we have to know its direction of motion, as well as
how fast it is going
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Vectors (Cont.)

A quantity such as force, displacement, or velocity is called a
vector and is represented by a directed line segment. The
arrow points in the direction of the action and its length gives
the magnitude of the action.

DEFINITIONS x

* The vector represented by the directed line segment AB
has initial point A and terminal point B and its length is

denoted by |ﬁ|

 Two vectors are equal if they have the same length and
direction.
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Vectors (Cont.)

v is a two-dimensional vector in the plane, the component form v of is:
V= (vy,v,)
v is a three-dimensional vector in the space, the component form of v is:
v =(vy,v;,V3)

v, = horizontal component, v, = Vertical Component, and v, = perpendicular
component.

If v is two-dimensional with P(x,, y,) and Q(x,, y,) as points in the plane, then the
standard position vector v is:

V=(X— X1, Y2— Y1)
Two vectors are equal if and only if their standard position vectors are identical.



Vectors Length

The magnitude or length of the vector v = @ is the nonnegative number.

lv| = \/U12 +v5 +v5 = \/(Xz —x1)% + (Y2 = ¥1)% + (25 — 21)?

37': 0O(x5, V9, 29)
@

P(-’fls)‘h;’& (vy, vy, v3)

Position vector

EXAMPLE 1 X

Find the (a) component form and (b) length of the vector with initial point P(-3,
4, 1) and terminal point Q(-5, 2, 2).
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Vector Algebra Operations i+ o 0

DEFINITIONS

Let u = (u, ,u, ,uz) and v = (v, ,v, ,v3) be vectors with k :
scalar.

Addition:u + v = (uy + vy U, +V, U5 +Vs)

scalar multiplication: ku = (ku, ,ku, ,ku,)
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Vector Algebra Operations (Cont.)

e product ku of the scalar k and vector u:

If k> 0, then ku has the same direction as u; if k < 0, then the direction of ku is
opposite to that of u. The length of ku is the absolute value of the scalar k times
the length of u.

ku| = Vikuy)? + (kup)?* + (kuz)* = VE(ui® + > + uz?)
— \/kQ\/u12 + MZZ + M32 — |k||ll|

* The vector (-1)u = -u has the same length as u but points in the opposite
direction.

* The difference u - v of two vectors is defined by
u-v=u+(-v).



Properties of Vector Operations

Let u, v, w be vectors and a, b be scalars.
u+v=v+u
(u+v)+w=u+(v+w)

u+0=u

u+(-u)=0

Ou=0

lu=u

a(bu) = (ab)u

alu+v)=au+av
(a+b)u=au+bu



Properties of Vector Operations (Cont.)

We can take advantage of vector properties to make operations, for example:
u+ v = (ug,uy,uz) + (vy,v;,V3)

= (uy + vy, Uy + v, U3 +Vs3)

= (vy +uy,v, +uy,vs + )

= (V1 vy )+ (Uy Uy us)

=v+u

EXAMPLE 2
Letu=(-1,3,1)and v = (4, 7, 0). Find the components of
(@) 2u+3v, (b)u-v, (c) |%u|



