Properties of vector Addition and Scalar Multiplication

Let u, v, and w be vectors and let c and d be scalars. Then the following properties are true.

1l utv=v+u 2. (u+v)+w=u+(v+w) 3.u+0=u
4 u+(u) =0 c(du) = (cd)u 6. (c+du=cu+du
7. clu+v)=cu+cv 8. 1(u)=u, Ofu)= 9. |lcv|l = [cllIvll

Unit Vectors

In many applications, it is useful to find a unit vector that has the same direction as a given nonzero vector v.

To do this, you can divide v by its magnitude to obtain

U = unit vector = — = (i) v
vl ]

Note that u is a scalar multiple of v. The vector u has a magnitude of 1 and the same direction as v. The vector

u is called a U(\H' vector _an '”\QS‘/WCO"IO’\ _&JL_

Ex: 4 Find a unit vector in the direction of v = (7, —3) and verify that the result has a magnitude 1.
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You Try: Find a unit vector in the direction of v = (6, ~1) and verify that the result has a magnitude 1.
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y The unit vectors (1, 0) and (0, 1) are called Shndﬂrd un ;+

and are denoted by i= (1, 0) and j = (0, 1) as shown in Figure

2t 6.19.
These vectors can be used to represent any vector ¥ = (v, v3).

"j'-'(O‘ 1 17 = <171, Uz) = Ul(l,o) + Uz(O,l) = U{i + ij

The scalars v; and v,are called the horizontal and vertical components of V.

1=(1,0)
) i v,1 + v,] is called a linear combination of the vectors 7 and J.

Any vector in the plane can be written as a linear combination of the

Figure 6.19
standard unit vectors 7 and J.

Ex: 5 Letu be a vector with initial point (5, 2) and terminal poig?(-l -1). Write u as a linear combination of
the standard unit vectors i and j. _

Coonporant &rm:—d<-3-s) -l~1>—_
< -8, =3
Egr-3j )

You Try:' Let u be a vector with initial point (-2, 6) and terminal point (-8, 3). Write u as a linear combination

of the standard unit vectors i and j.

uz {~3,8) v: <2)-‘>
Ex: 6 Letu=—3i+'8jandv=2i—j.Find2u—3v. = <-3.%> -3 {Q."\)

= <-(’\‘b> ~ <(p.’-‘5>

F\&Lﬂﬂ | <""'q> |

YouTry:  Letu=i-2jandv=-3i+2j. Find Su-2v. | ’
w: &),-2) v-€-3,2D
5<1,-25-23<-3,3)
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Direction Angles

If u is a unit vector such that 8 is the angle (measured counterclockwise) from the posit
terminal point of u lies on the unit circle and you have

ive x-axis to u, then the

u=(x,y) = (cos8,sinf) = (cosf)i + (sinb)j see Figure 6.20

The angle 6 is thed\ rec_-hog of the vector u.

Suppose that u is a unit vector with direction angled. If v = ai + bj is any vector that
i makes an angle @with the positive x-axis, then it has the same direction as u and v =
4 xeos lvil{cos®, sin8) = I|v||(cosO)i + ||v||(sind);.

Since v = ai + bj = ||v||(cos0)i + ||v||(sind)j, then the direction angle 8 for v is
determined from

P
Tom
-
=

B

Jal =1 _ sin6 _ |vllsiné _ b
Figure 620 tand " cos6 llvlicose — E
Ex: 7 Find the direction angle of each vector. a.u = 3i+ 3j b.v=3i—-4j

a) 3,3 b) -
<. ‘ fane= 2 ' <3747
> ‘ez -4

:‘hl\-‘ ‘) O~ 3 3
99 = LIGOJ( i-qel:’\““’\(-i\

'3

3,

6= -53.13°
. 360

(© = 306,879

You Try: Find the direction angle of each vector. a.v= —6i+6j ‘b= ‘—7i.— 4j

B <-7,~4>
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Horz. comp. |IV]Icos®  vert comp |IVIISInG

The velocity of a moving object is a vector because velocity has both magnitude and direction. The magnitude

of velocity is speed.
Bearing is the angle that the line of travel makes with due North, measured clockwise. Bearing and the

~
k direction angle are not the same angle! e — dw\ec-hm ‘C.

Ex. 8 A DC-10 jet aircraft is flying on a bearing of 305° at 520 mph. me com.ponent form of the velocity
moanttude

of the airplane. N
= “\l“ = 520 mph o= \45°

v llsne >
| >

2%8°
<\\\l- \\ cos© y B

& 520 cos 45, 520 10>
\<"‘*2‘5- 90, 29% -?-(a}l: -425.961 + 298.2%)

Ex: 9 Find the component form of the vector that represents the velocity of an airplane descending at'a speed

of 150 miles per hour at an angle 20° below the horizontal.
“\[ “ < 15D mqh
o
6= 200

-
' e L

isvces 200, 15DS10280>

< —14o0. 95, — 51 30>

—140. 945 L — 51.30)
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Ex: 10 An airplane is traveling at a speed of 500 miles per hour with bearing Odf 33(?d'rljcliir:)?lgot?11(}zoaf'f, E};e
plane encounters a 70 mph wind in the direction N 45° E. Find the ground speed and di p 1

Daarm !}
v

1*") Draw a diagram.

2" Find the component form velocity of the airplane without the effect of wind. (a)
3') Find the component form velocity of the wind alone (b)

4™) The true velocity of the airplane (with the effect of wind), in component formisv=a+b
5™ The ground speed is the magnitude of v.

6™) The direction of the airplane should be given as a bearing. So, find the direction angle, then convert the

direction angle to a bearing.
(”P;:_ <500 cos\20, 500510 \20 >

T

0= -250 . Y»3.01 >
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