MATH 1316 - Trigonometry - Vector Facts

Something that is described by magnitude only is called a scalar. Ordinary real numbers are scalars.
Examples: the distance between City A and City B is 34 miles, the length of a table is 4 feet, the
speed of a car is 65 mph, the number of cookies in a box is 10, and the time required to drive from
Austin to Dallas is 3 hours.

Something that is described by both magnitude and direction is called a vector. Examples: the
displacement from City A to City B is 34 miles N15°W, the velocity of a car is 65 mph due South,
and the force exerted on a box of cookies by a hungry kid pulling it across a table is 8 pounds.

In publications, a vector is usually denoted by a letter in boldface type; for example, V. In
handwritten work, a vector is usually denoted by a letter with a right-directed arrow written over it;

for example, V. The magnitude of the vector is denoted |V | or “7‘ while its direction is given by

the angle "\, or 6, in standard position.

Because vectors have both magnitude and direction, they
are often represented by arrows. The magnitude of a
vector is represented by the length of the arrow and
direction of the vector is represented by the orientation of
the arrow. The drawing at the right shows a vector V for
which |V I=8and 8y = 30°.

A vector from the point A to the point B can be denoted %
AB or AB. The magnitude of AB is denoted | AB| and the

direction of AB is given by the angle “~=. Note that '
when points are used to name a vector, the starting point QP
is given first in the name of the vector. Vector AB starts

at point A and ends at point B whereas vector QP starts at
point Q and ends at point P.

The addition of two vectors can be represented by

connecting their representative arrows tail to head. The V+W

sum of the two vectors V and W, denoted V+W, is

determined by connecting the tail of the arrow W
representing W to the head of the arrow representing V
and drawing the arrow that represents V+W from the tail
of V to the head of W. Adding two vectors by \4
constructing a triangle in this manner is called the

Triangle Method of Vector Addition. The details are

carried out by using the Law of Cosines and the Law of

Sines. The sum of vectors is often called their resultant.

The opposte (or negative) of the vector V is denoted ~V and is a vector that has the same

magnitude as V, but that points in the opposite direction. V +(— V) = 0 which is the zer o vector. 0
has a magnitude of zero and undefined direction.



As with numbers, the subtraction of vectorsis defined in terms of addition of the opposite; that is,
U-V =U + (-V). After re-writing a subtraction of two vectors as an addition, you can then use the
Triangle Method of Vector Addition described previously to determine the difference of the vectors.

If sis a scalar and V is a vector, then SV is called a scalar multiple A%
of V. If sis positive, SV is a vector in the same direction as V, but

stimes as long. If Sis negative, SV is a vector in the opposite

direction of V and I9 times as long as V. In the drawing at the 2V
right, V has a magnitude of 4 at an angle of 340°. 2V is twice as

long as V and has a magnitude of 8. 2V is at an angle of 340, the

same direction as V. —0.5V has a magnitude that is |-0.5l or 0.5 0.5V
times that of V. So the magnitude of —0.5V is 2. —0.5V points in /N

the direction opposite to that of V so it is at an angle of 160G,
which is 340°-180°.

A unit vector is a vector with a magnitude of 1. The unit vector in the positive x-axis direction is
denoted i and the unit vector in the positive y-axis direction is denoted j. Then 3i denotes a vector
with a magnitude of 3 in the direction of the positive x-axis and —5] denotes a vector with a
magnitude of 5 in the direction of the negative y-axis.

A vector V can be considered as the sum of a horizontal vector
(called the horizontal component and denoted V., ) and a vertical
vector (called the vertical component and denoted V,). Itfollows A y
that IV, =1V lcos Oy and |V, [=1VIsin "y . ThenV canbe y
represented in terms of the unit vectors i and j as follows: "\

VX

V=1V, i +|V,[j=1Vlcos 6y i +1Vlsin Oy ].

2 2 . 1V
Note that IVI = /| V, [ +|V, |° and tan V_|V -
X

The notation < [V, |, IV, I >is also used to represent the vector V
with horizontal component V, and vertical component Vy. So if

V =<a,b>, then VI = \/a2 +b% and tan Oy =§ . Y b
&
a
Example: Consider the vector V = <—3, —\/§> =-3i - w/§j .
IVI= y(=3)2 + (=-V3)2 =9+ 3 =~/12 = 2+/3.
tan Oy = % = £ so the reference angle for 6,, is 30°. Because both components of V

are negative, Oy is in QIII and therefore Oy, =180°+ 30° =210°.

In terms of the components, vector operations are performed as follows:

Negative: —(ai + bj) =—ai — bj In other words, take the opposite of each component.

Scalar Multiple: s(ai + bj) = sai + sbj) In other words, multiply each component by s.

Addition: (ai + bj) + (ci + dj) = (a+c)i + (b+d)j In other words, add corresponding components.
Subtraction: (ai + bj) — (ci + dj) = (a—c)i + (b—d)] In other words, subtract corresponding components.



