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Chapter Description

« Aims
— To review the Parallelogram Law and Trigonometry
— To explain the Force Vectors
— To explain the Vectors Operations ( Parlaw & Cartesian)
— To express force and position in Cartesian Vectors

« EXxpected Outcomes

— Able to solve the problems of force and position vectors in the
mechanics applications by using Cartesian Coordinate System

« References

— Russel C. Hibbeler. Engineering Mechanics: Statics & Dynamics,
14" Edition



Chapter Outline

2.1 Scalars and Vectors — part |

2.2 Vectors Operations — part |

2.3 Vectors Addition of Forces — part |

2.4 Cartesian Vectors — part I

2.5 Force and Position Vectors — part |l




2.5 Position Vector

What is Position
Vector? ~ fs
L r /'—(ZB—'Z,.{}IE
(xg—x)i /Eji i

: ¥
/ © (s =¥l

X

= |tis a fixed vector that locates a point
INn space relative to another point

= A Position can be defined by its
coordinate in 3-D space

= A Position vector directed from A to B
_ — Is denoted as g
= B s the ending point and A

is the starting point | intA (. Y. Z nd B(X.. Y. Z
* Must subtract the tail el pO t ( A TN A) and ( B "B B)
coordinates from the tip

rag = {(Xg = Xp)i + (Yg = Ya)] + (Zg — Zp) k}m




Application of Position Vector

Measure the
length of cable
AB

Magnitude r
represent the

length of cable

Unit vector u = r/r V

Position vector r can
be established

r=xi+yj+zk

Measure the
direction of cable
AB

Angles a, 5,y
represent the
direction of cable
AB
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Force Vector Directed Along a Line

If a force is directed along a line

= |t can represent the force vector in Cartesian
coordinates by using a unit vector and the
force’s magnitude

¥ = Step 1: Established position vector r g

= Step 2: Established unit vector U,z = (rx/ s5)

x = Step 3: Magnitude of force F = F U,g



Example 2.12

The elastic rubber band is attached to points A and B. Determine the length and

direction measured from Ato B
= Established position vector r,,
2m_#|3m Step 2w Established unit Vector Uyg = (s M)

2|

=
< 21m v Magnitude r,g = length of the rubber band '
X
3m . :
Direction = coordinate angles of r,,
APlllm Uyg = COSa i+ CcOSPj+cosyk
()
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Solution Example 2.12

The elastic rubber band is attached to points A and B. Determine the length and

direction measured from Ato B
= Established position vector r g
= From Ato B, it's need to go -3 m in the x-

B@ direction, 2 m in the y-direction, and 6 m

2|

in the z-direction

Z2m
r z -point A (X,, Y, Z,) and B (Xg, Yg, Z5)
¥ -point A (1,0, -3) and B(-2, 2, 3)

rae = {(Xg = Xp)i + (Yg = Ya)] + (Zg — Zp) K}m

API'ITD rag = {(-2=-1)i+(2-0)j +(3 =(-3)) k}m

(a) e = {(-3)i+(2)] +(6)km
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Solution Example 2.12

The elastic rubber band is attached to points A and B. Determine the length and
direction measured from Ato B

= Established unit vector u,; = (Fas/ 'aB)
B
g = \/(_ 3)2 T (2)2 T (6)2 =/m

Magnitude = length of the rubber band =7m
Upe = (-3/7) 1+ (2/7)] +(6/7) k) } N

Uy =-0.428+0.285] +0.857 k) } N

‘ = Direction Ato B
Step 3 Ung = COSa i+ cosPj+cosyk
o = cos*(-3/7) = 115°

B =cost(2/7) =73.4°
y = cos}(6/7) = 31°
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Example 2.13

Determine the force F, in the Cartesian vectors. Given , the 420 N

Force along the cable AC
Established position vector r,

= Established unit vector u,c = (re/ ac)

= Magnitude of force F = F U,
Y
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Solution Example 2.13

Determine the force F, in the Cartesian vectors. Given , the 420 N

Force along the cable AC = Established position vector r,,
= From Ato C, it's need to go 2 m in the x-

direction, 3 m in the y-direction, and -6 m
in the z-direction

e = {21 +3) —6k}m
-point A (X,, Y, Z,) and C (X, Y, Z¢)
-point A (0, 0,6) and C(2,3,0)

e = {(Xe = Xa) i+ (Yo = Ya)] + (Zc — Zy) k}m

fac = {(2-0)i +(3-0)] + (0 —-6)k}m

rac = {(2)1 + 3)] + (-6 k}m
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Solution Example 2.13

Determine the force F,. in the Cartesian vectors. Given , the 420 N
Force along the cable AC

= Established unit vector u,c = (re/ ac)
e = (2 +(3)' +(-6)' =7m

= Magnitude of force F =F U,

F = 420N U,

Fae=420{(2i+ 3j- 6K /7}N

Fac ={120i +180j-360 k } N
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Example 2.14

Two forces are acting on the flag pole which Fg = 560N and F. = 700N.
Determine the magnitude and coordinate direction angles of the

resultant force Fy
Establlshed position vector
Established unit vector

= ("aBr 'aB)

= ("aci Tac)
Magnitude of force F,g = Fyg /Uyp

Fac = Fac /Upc
= Add the two forces to get F4

= Calculate the magnitude and direction of F
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Example 2.14

Two forces are acting on the flag pole which Fg = 560N and F. = 700N.
Determine the magnitude and coordinate direction angles of the

r ltant force F.
esulta Established position vector

={2i—3j—-6k}m

rpe={3i+2j—6kim

Established unit vector

= (Yag/ "'aB
Mg = \/(2)2 + (_3)2 + (_ 6)2 =/m
u (Fac/ Tac

y e = \/(3)2 +(27 +(=6f =7m




Example 2.14

Two forces are acting on the flag pole which Fg = 560N and F. = 700N.
Determine the magnitude and coordinate direction angles of the

resultant force F = Magnitude of force
Fag = Fag /Upp

Fag =560 (rag/ rag) N
Fas = (160 i — 240 j — 480 k) N

Fac = Fac Uy

Fac= 700 (3i+2j-6Kk)/7 N
y Fac= {300+ 200 j— 600 k} N
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Example 2.14

Two forces are acting on the flag pole which Fg = 560N and F. = 700N.
Determine the magnitude and coordinate direction angles of the

resultant force Fg = Magnitude of Fr
Fag = (1601 —240j - 480 k) N

Fae= {300+ 200 j— 600 k} N

Fr=Fas + Fac
= {460 i — 40 j — 1080 k} N

Fy = +/(460) + (- 40) +(~1080)° =1174.5N
Fe=1175N |

Direction angles of Fy

o = cos*(460/1175) = 66.9°
B = cos(-40/1175) = 92.0°
vy = cos?*(—-1080/1175) = 157°
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Dot Product

= A dot product of vectors A and B can be
defined by A- B = AB cos 0

= Use to determine the angle between two
vectors and its magnitude

» |ts angle 6 is the smallest angle between the
two vectors and is always in a range of 0° to
180°

» The result of dot product is a scalar
i (+=Number)

= Units of the dot product will be the product
of the units of the A and B vectors

B AeB= (Ai+ A j+ Ak e(Bi+B, j +B,k

= AB,+ AB, + AB
iej = 0& iei =1 TR =




Application of Dot Product

p

Angle
between two
vectors

Components
of vectors

a- _u.- a
A =Acos8u
B » The components of a vector parallel and
= The angle formed between two perpendicular to a line
vectors or intersecting lines =  Component of A parallel or collinear with line
6 = cos [(A-B)/(AB)] aa’ is defined by A (projection of A onto the
0°< 8 <180° line)
Note: if A-B = 0, cos10 = 90°, A =Rt
A is perpendicular to B = |f direction of line is specified by unit vector u
(u=1),
Aj=AcosB8=Au




Application of Dot Product

sanie as u

opposite to u

A" =ACosS0Ou
= (A-u)u

= |f A|L)is negative, A

" If Ay Is positive, Ay has a directional sense

" has a directional sense

= A expressed as a vector




Application of Dot Product

For component of A perpendicular to line aa’
1. Since A = A+ AL

then AL =A - A"
2.0 =cos? [(A-u)/(A)]

then AL = Asin@
3. If A Is known, by Pythagorean Theorem

A =Acosfu




Law of Operation of Dot Product

1. Commutative law

A-B=B-A
2. Multiplication by a scalar

a(A-B) = (aA)-B =A-(aB) = (A-B)a
3. Distribution law

A-(B+D)=(A-B) + (A-D)




Law of Operation of Dot Product

= Cartesian Vector Formulation
- Dot product of Cartesian unit vectors
Eg: 1-1=(1)(1)cos0° =1 and
1] = (1)(1)cos90° =0
- Similarly
=1 J-)j=1 kk=1
1]=0 1rtk=1 k=1




Law of Operation of Dot Product

= Cartesian Vector Formulation
- Dot product of 2 vectors A and B
A-B = (AJd+A) +AK) (B + B+ B,k)
= AB,(i)) + AB,(i)) + AB,(i-k)
+ AB(-) + AB,(i-j) + AB,(i-K)
+ AB, (ki) + A,B (K ]) + A,B,(k-k)
=AB,+AB, +AB,

Note: since result is a scalar, be careful of including any unit vectors in the result




Example 2.15

The force are acting on the hook at point A. Determine the angle
between the force and the line AO, and the magnitude of the projection

of force along the line AO = Established position vector
Z

F'ao

F={-6i+9j+3k}kN = Established dot product
Fer,,

Jo
0 =cos{(Fer,)/(F ry)}

2m (0]
/ y
1m
7

/ = Magnitude of the projection of force, F,q

X Fao=F°®u,, Or Fcos0

Communitising Technology



Solution Example 2.15

The force are acting on the hook at point A. Determine the angle
between the force and the line AO, and the magnitude of the projection

of force along the line AO = Established position vector
i ro={-1i+ 2j—2k}m

F={-6i+9j+3k}kN 2 2 2
Fno =\/(_1) +(2) +(_2) =3m
F={-6i+ 9j + 3k}kN

o 8L

2m 0 y F=(-6 +(3)° =11.22m
.

Established dot product iej = 0& iei =1

2m / |
x/ Step 2 Fe rAO - Ax Bx + AyB + Asz

Ferypo=(=6)(-1)+ (9)(2) + (3)(-2) = 18 KN-m

0 = cos{(Fer,,)/(F ry)} 0 = cos{18/(11.22 x 3)} = 57.67°
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Solution Example 2.15

Magnitude of the projection of force, F,,

Fro=F°eu,, Or Fcoso

Upo = Tag/ Theg = (1/3) 1 + (2/3)] + (-2/3) k

Fao = F *U,o = (- 6)(—1/3) + (9)(2/3) + (3)(—2/3) = 6.00 kKN

@
\/

Fro = FcosO = 11.22 cos (57.67°) = 6.00 kN




Example 2.16

The frame is subjected to a horizontal force, F = {300j} at point B.
Determine the components of this force parallel and perpendicular to

the member AB Established position vector
Established dot product
{3001}N

F,;=FcosO= Feu,

Express in Cartesian form:
= Parallel component

=  Perpendicular componet

N A=A+ AL
then AL = A - A"
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Solution Example 2.16

The frame is subjected to a horizontal force, F = {300j} at point B.
Determine the components of this force parallel and perpendicular to

the m;emberAB = Established position & unit vector

g _ 2i+6]+3K

. B= . |~

Al Bl (2 +(6)° + (3
lm_ =0.2861 +0.857] +0.429k

Step 2, dot
Fag = F|cosé product

— F.ug =(3007)-(0.286 +0.8577 +0.429K )
= (0)(0.286) + (300)(0.857) + (0)(0.429)
= 257.1N

®)



Solution Example 2.16

The frame is subjected to a horizontal force, F = {300j} at point B.
Determine the components of this force parallel and perpendicular to

the member AB . . .
: Since result is a positive scalar, F,g has
the same sense of direction as ug.
B F=(300j)N Express in Cartesian form:

T

3m = _ — 1
l—'” FAB - ‘FAB‘UAB

= (257.1N)(0.2861 +0.857 ] +0.429K
@ ={73.51 +220] +110k}N

Perpendicular component

—s —_

F, =F—F,, =300] —(73.51 +220] +110k)
={-73.51 +80] —110k}N
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Solution Example 2.16

The frame is subjected to a horizontal force, F = {300j} at point B.
Determine the components of this force parallel and perpendicular to

the member AB
| Magnitude can be determined

From F_ or from Pythagorean
2 i Th
= eorem

3m
l—)’

A= A" + Al,
then AL = A - A"

|-

= /(300N }? - (257.1N Y
—155N




Example 2.17

The pipe is subjected to force, F = 800 N at point B. Determine the
angle 8between F and pipe segment BA, and the magnitude of the
components of force F, which are parallel and perpendicular to

the member BA

&1
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Solution Example 2.17

For angle 6

rea = {-2i - 2j + 1k}m
rac = {- 3j + 1kIm
Thus,

coSH = Fon " Toc (_ 2)(0)+ (— 2)(— 3)+ (1)(1)

Fonlfec| 3J10
=0.7379
0=42.5°

Express in Cartesian form:
= Parallel component
= Perpendicular componet

)

g 3
(535K
3 3 3
‘IEAB‘ = IEUB

—(-758.97 + 253.012)-(— QH(— gjﬂ(
=0+506.0+84.3
= 590N




Solution Example 2.17

Checking from trigonometry,

Fue| = |F|cos® — 3,
=800c0s42.5°N 4 S
= 540N : —)

Magnitude can be determined
From F_

F||=F|sin@ =800sin42.5° = 540N

Fol=IFf - [Ff
Magnitude can be determined from F
or from Pythagorean Theorem o= \/ (800)2 _(590)2
= 540N
-




Conclusion of The Chapter 2 part Il

 Conclusions

- The Force and Position vector have been identified and
determined in the mechanics

- The Dot Product has been implemented in determine an
angle between two vectors
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