POSITION VECTOR (APPLICATION)

This ship’s mooring line,
can be represented as a
Cartesian vector.

What are the forces in the
mooring line and how do
we find their directions?

Why would we want to
know these things?
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POSITION VECTOR

A position vector is E
defined as a fixed vector T

B
that locates a point in space DJ/ : 2k
(xg— )i

relative to another point. — -

\ - y
/ “(¥g—¥4))

X

Consider two points, A and B, in 3-D space.

Let their coordinates be (X,, Ya, Z,) and (Xg, Yg, Zg),
respectively.
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POSITION VECTOR (continued)
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The position vector directed from Ato B, r,z, Is defined as
g = {(Xg = Xp) 1+ (Yg = Ya)] + (Zg = Zp)K}m

Please note that B is the ending point and A is the starting point.
ALWAYS subtract the “tail” coordinates from the “tip”
coordinates!
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FORCE VECTOR DIRECTED ALONG A LINE
(Section 2.8)

If a force Is directed along a
. .~ line, then we can represent the
g force vector in Cartesian
4 . coordinates by using a unit
vector and the force’s
magnitude. So we need to:

a) Find the position vector, r,5, along two points

on that line.
b) Find the unit vector describing the line’s

direction, U,g = (r'ag/I'ag)-
c) Multiply the unit vector by the magnitude of
the force, F = F u,5.
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QUIZ

1. The position vector 1y, Is obtained by
A) Coordinates of Q minus coordinates of the origin
B) Coordinates of P minus coordinates of Q
C) Coordinates of Q minus coordinates of P
D) Coordinates of the origin minus coordinates of P
2. A force of magnitude F, directed along a unit
vector U, Isgiven by F =
A) F (V)
B) U/F
C) F/U
D) F+U
E) F-U
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QUIZ

3. P and Q are two points in a 3-D space. How are the position
VECtors g and rqp related?

C) e = LUrgp D) reg = 27gp

4. A force vector, F, directed along a line defined by PQ is given by
A) (FI'F) rpq B) oo/feg
C) F(rpo/reo) D) F(rpo/1p0)
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Example VII

Given: Two forces are acting on
a flag pole as shown in
the figure. F3 =560 N
and F- =700 N

Find: The magnitude and the
coordinate direction
angles of the resultant
force.

Plan:
1) Find the forces along AB and AC in the Cartesian vector form.
2) Add the two forces to get the resultant force, F.

3) Determine the magnitude and the coordinate angles of F.
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Example VII (continued)

g={21—-3]—-6k}m
e={31+2]-6k}m

rap = {22+ (-3 + (-6)}2 =7m
rac = {32+ 22+ (6)12 =7m

Frg =560 (rag/ rag) N
F\g=560(21-3 J—-6Kk)/7 N
F.p = (1601 —-240)-480 k) N

Fac = 700 (rac/rac) N
Fie=700@Bi1+2)j-6k)/7 N
Fac= {3001+ 200 j-600k} N
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Example VII (continued)

Fr=Fag + Fac
={4601-40)-1080 k} N

Fr = {4607 + (-40)? + (-1080)2}1/2
= 11746 N
Fr=1175 N

a = cos(460/1175) =66.9°
B = cost(—40/1175) = 92.0°
y =c0s%(-1080/1175) = 157°
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DOT PRODUCT

We use the vector dot product to:

a) determine an angle between
two vectors and,

b) determine the projection of a vector
along a specified line.
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APPLICATIONS

If you know the physical
locations of the four
cable ends, how could
you calculate the angle
between the cables at the
common anchor?
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APPLICATIONS (continued)

For the force F applied to the wrench at Point A,
what component of it actually helps turn the bolt
(1.e., the force component acting perpendicular to
arm AB of the pipe)?
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DEFINITION

A

> B

The dot product of vectors A and B is defined as AB = A B cos 0.
The angle 6 is the smallest angle between the two vectors and is
always in a range of 0° to 180"

Dot Product Characteristics:

1. The result of the dot product is a scalar (a positive or
negative number).

2. The units of the dot product will be the product of the units
of the A and B vectors.
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DOT PRODUCT DEFINITON (continued)

1
o

Examples: By definition, 1]

1

A+B (Al + A ) + A K (Byi+ B, + B,K)

AB,+ AB, + AB,
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QUIZ

1. The dot product of two vectors P and Q Is P
defined as
0
A)PQ sin© B) PQcosH >
Q
C)PQtan© D) PQsec6

2. The dot product of two vectors results in a
quantity.

A) Scalar B) Vector
C) Complex D) Zero
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USING THE DOT PRODUCT TO DETERMINE
THE ANGLE BETWEEN TWO VECTORS

A

> B

For these two vectors in Cartesian form, one can find the angle by
a) Find the dot product, A<B=(A,B, +AB,+A,B,),
b) Find the magnitudes (A & B) of the vectors A & B, and
c) Use the definition of dot product and solve for 6, I.e.,
0 =cos?t [(A+B)/(AB)], where 0°<6 < 180°.
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DETERMINING THE PROJECTION OF A VECTOR

Al

6
a a

A,=Acosfu, _"'“ﬂ

You can determine the components of a vector parallel and
perpendicular to a line using the dot product.

Steps:
1. Find the unit vector, u, along line aa
2. Find the scalar projection of A along line aa by
A= Asu,= Au + Au, + AL
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DETERMINING THE PROJECTION OF A VECTOR
(continued)

3. If needed, the projection can be written as a vector, A, by

using the unit vector u, and the magnitude found in step 2.
Al = AU,

4. The scalar and vector forms of the perpendicular component
can easily be obtained by
AJ_ — (A2 = AHZ) 72 and

A,= A-A
(rearranging the vector sumof A=A, +A)
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QuUIZ

1. If a dot product of two non-zero vectors is 0, then the
two vectors must be to each other.

A) Parallel (pointing in the same direction)

B) Parallel (pointing in the opposite direction)
C) Perpendicular

D) Cannot be determined.

2. If a dot product of two unit vectors equals -1, then the
vectors must be to each other.

A) Collinear but pointing in the opposite direction

B) Parallel (pointing in the same direction)
C) Perpendicular

D) Cannot be determined.
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QUIZ

3. The dot product can be used to find all of the following except

A) sum of two vectors

B) angle between two vectors

C) component of a vector parallel to another line

D) component of a vector perpendicular to another line
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EXAMPLE VIl

z Given: The force acting on the hook
o at point A.
F={-6i+9j+3k}kN
7 Find: The angle between the force
A vector and the line AO, and
ol % the magnitude of the
7 y - -
1 projection of the force along
Zm// the line AO.
Plan:
1. FInd g

2. Find the angle 6 = cos{(F * r,o)/(F rp0)}

3. Find the projection viaF,o =F*u,, (or Fcos©)
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EXAMPLE VIII (continued)

i o={-11+2]-2k}m
F={-6i+9j+ 3Kk} kN rAO:{(_1)2+22+ (_2)2}1/2 =3m
o W
F={-6i+ 9] + 3k} KN
2m 0
I T F={(-6)2+ 92+ 32}12 = 1122 kN

Lgm/

X

Fery=(=6)(-1) +(9)(2) + (3)(-2) = 18 kN-m

0 = cosH{(F ¢ rpo)/(F rao)}
0 = cos1 {18/ (11.22 x 3)} = 57.67°
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EXAMPLE VIII (continued)

Upo = o/ Tag = (“1/3) 1 + (213)] + (=2/3)k

Fio=Feu,,=(-6)(-1/3) + (9)(2/3) + (3)(-2/3) = 6.00 kN

Or: F,o = Fcos0 = 11.22 cos (57.67°) = 6.00 kN

<

F={-6i+9j+3k}kN
6
b

2m (0]
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EXAMPLE IX

i Given: The force acting on the pole
F=6001b at point A.

Find: Magnitude of the
components of the force
acting parallel and
perpendicular to the axis of
the pole.

Plan:

1. Find F, rg,and ug,

2. Determine the parallel component of F using F, = F ¢ ug,
3. The perpendicular component of F is F, = (F? - F, 2) 7
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EXAMPLE IX (continued)

Z roa={-41 + 4j+2k}ft
F{m/ roa = {(-4)? + 4% + 22}12 = 6 ft
A Uop=-23i + 213)+ 13k
\; F = {-(600 cos 60°) sin30° i
+ (600 cos 60°) cos30° |

+ (600 sin 60°) k} Ib
F={-1501 +259.8 ) +519.6 k} Ib
The parallel component of F :

Fi=Fe*uon={-1501 +259.8 ] + 519.6 k}» {-2/31 + 2/3 ]+ 1/3 k}
F = (-150) x (-2/3) +239.8 x (2/3) + 519.6 x (1/3) = 446 Ib
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EXAMPLE IX (continued)

- / F =600 Ib
b

F, = 446 Ib

The perpendicular component of F :
F, = (F?- F”2) %2=(600%2-4462%)"=4011b
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EXAMPLE X

Given: The 300 N force

/300: 300 N ]
‘;ﬁﬂ acting on the bracket.

Find: The magnitude of the
projected component of
this force acting along
line OA

Plan:

1. Find rg,and ug,
2. Find the angle 6 = cos™{(F * ro )/ (F X roa)}

3. Then find the projection via F5, = F ¢ u,, or F (1) cos 6
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EXAMPLE X (continued)

ron ={-0.450i +0.300 j+ 0.260 k} m
foa = {(~0.450)2 + 0.3002 + 0.2602 }1/2 = 0.60 m
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EXAMPLE X (continued)

F* =300 sin 30° =150 N

F = {-150 sin 30°i + 300 cos 30°j + 150 cos 30°k} N
F={-75i+259.8j+129.9k} N
F ={(-75)? + 259.82+ 129.92}12 =300 N
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EXAMPLE X (continued)

The magnitude of the projected component of F along line
OA will be
Foa=F *Uo,
= (-75)(-0.75) + (259.8) (0.50) + (129.9) (0.433)

=242 N
OR
Fero, = (-75) (-0.45) + (259.8) (0.30) + (129.9) (0.26)
= 1455 N-m

6 = cos {(F  rou)/(F x roa)}
0 = cos{145.5 /(300 % 0.60)} = 36.1°
Fon = Fcos© = 300 cos 36.1° =242 N
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