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2.8 Force Vector Directed along a Line

* In 3D problems, direction of a force F is specified by 2 points,
through which its line of action lies.

 F can be formulated as a Cartesian vector

F=Fu
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Application
Force F acting along the chain can be

presented as a Cartesian vector
as follows.

e Establish x, y, z axes
* Form a position vector r along length of chain

e Determine the unit vector u=r/r that defines the direction of
both the chain and the force

* Finally, write

F=Fu



Example 2.13

Given :

The man pulls on the cord with a
force of 350N.

Find :

Represent this force acting on
the support A as a Cartesian
vector and determine its
direction.

1.5m

Sm
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Solution
* Coordinates: A (Om, Om, 7.5m)

B 3m,—2m, 1.5 m)

e Position vector from A to B:

r=(xg—x )i+ (yp =y )i + (25— 24)k
= (3m-0m)i + (- 2m — Om)j + (1.5m — 7.5m)k
={31—2j—6k } m

* Length of cord AB:

=y +(=2) +(-6)

7m




e Unit vector in the direction of r.

r 3i-2j-6k 3, 2, 6
u=—= =—1-—]J——Kk
r 7 A

* Force F has a magnitude of 350N & a direction specified by u.

F=Fu

= {150i — 100j — 300k} N



"
* The components of the unit vector u give the coordinate direction
angles.




Example 2.14

Given :
The force Fz =750 N acts on the hook as shown.

()5 m)

Find :

Express Fz as a Cartesian vector.
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Solution *

e Coordinates :

A(2m,O0,2m)

B [— Gj (5)sin30° m, Gj (5)c0s30° m, @j (5) mj

= B(-2m, 3.464 m, 3 m)

e Position vector:
rp=(g—x )i+ (p—y)i+ (2p—24)K

=(-2 m-2m)i+ (3.464 m—-0)j + (3 m-2 m)k
={-4i +3.464j + 1k } m



* Magnitude of ry

r, =(=4) +(3.464) + (1 = 5.385m

 Unit vector in the direction of Fy

r, -—4i+3.464j+IkK
vy 5.385

=—-0.74281 + 0.6433j + 0.1857 k

u,=

g B{<2m. 3464 m, 3 m)

A(2m, 0,2 m) Fu
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* Force F; expressed as a Cartesian vector becomes
Fp=Fpuy
= (750 N) (-0.74281 + 0.6433j + 0.1857 k)
= {-557i +482j + 139k} N



Example 2.15

Given :

* The roof 1s supported by cables
as shown.

]
!

* The cables exert forces

F,;=100N and F,-= 120N
on the wall hook at A.

.
e
i
il

1

5
||

-

T

_I
]

;i'
1
:
]
il

THE
g

rI-|_I
a1

Find :
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e Determine the resultant force
acting at A.

¥

* Express the resultant force as a Cartesian vector
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Solution

e Coordinates : A (0,0,4m)
B(4m,0,0)
C@m,2m,0)

* Express F,; as a Cartesian vector
Ip= (X — X )1+ (yp — Y + (25 20K
=@4m-0)i+(0-0)j+(0-4mk '
={4i—4k } m p

B :\/(4)2 +(—4)2 = 5.66 m Far Fac

r r fac
— — AB 4 - ¥
K., =F,u,=F, "
T'sp
B

= (100N)( 42;2‘) ={707i-707k}N /
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* Express F, as a Cartesian vector
Fye= (=X )1+ o=y + (2c - 20K
=@4m-0)Ji+2m-0)j+(0-4m)k
={4i+2j—4k}m

Fac = \/(4)2 +(2)2 +(—4)2 = 6m

r
F,c =F,cu,-=F,c [ﬁj

_ (leN)( 41+2;—4kj

= {80i + 40j— 80k } N




e Resultant force

Fr=F,p+ F,c

={70.7i - 70.7k } N + {80i + 40j— 80k } N

= {1501i + 40j — 151k } N

* The magnitude of Fp Fap
F, =+/(151) +(40)* +(=151)’ ”
=217N
B
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2.9 Dot Product

e The dot product of vectors A and B is written as A*B (read A dot
B).

e It is defined as the products of the magnitudes of A and B and the
angle between their tails.

A*"B=AB cos 0

where 0° < 0 <180° . * > B

* It is often referred to as the scalar product of vectors as the result
1s a scalar.
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d Laws of Operation

1. Commutative law

A-B =B-A

2. Multiplication by a scalar

a(A*B) = (aA)-B =A-(aB)

3. Distribution law

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



(] Cartesian Vector Formulation

* Dot product of Cartesian unit vectors
i-i=(1)(1) cos0” =1
i-j=(1)(1) cos90°=0

i-k=(1)(1)cos90°=0

* In summary,

ici=1

e Qummie
e Qi 0
[l

(@ R

i-j=0

k k=1
j k=0
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*If A=Ali+Aj+Ak and B=B,i+ B,j+ B K, then
A-B =(Ai+Aj+A k) (B,i+ B,j+B.k)
=A, B (i*i))+A B (i-j)+A, B (i-k)
+A, B (J-D+A B ,(j-j)+A, B, k)
+A, B (k-i)+A B (k-j)+AB (k-k)
* Thus, to determine the dot product of two Cartesian vectors,

multiply their corresponding x, y, z components and sum these
products algebraically.

A-B=AB +AB +AB,

Note: The result will be either a positive or negative scalar.
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d Applications

(1) To determine the angle formed between two vectors or
intersecting lines

* The angle @ between the tails of vectors A and B is given by

Hzcos_l(ﬂj 0" <8 <180
AB
A
g
« If A-B=0, cos!(0)=90°. . > B

— A 1s perpendicular to B.
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(2) To determine the components of a vector parallel and
perpendicular to a line.

(a) Components parallel to a line

* The component of A parallel to or collinear with the line aa

A,=Acos0
or A, = Ay,
* In vector form
A, =A,u,

* A, 1s also known as the scalar projection of A onto the line aa.



(b) Components perpendicular to a line

e The component of A that is perpendicular to line aa is given by
A =A-A,

* The magnitude of A can be determined from one of the
following two ways.

D 4 =,A -4

(i) A =A sinf

where

9=COSI(A.HAJ
A
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Example 2.16

Given :

The force F'= 100 N acts on a ring as shown.

Find :

Determine the magnitudes of the projection of the force F onto
the u and v axes.



Solution
* Projection of F onto the u axis
(F,) proj = F cos 45°
= (100 N) cos 45°
=70.7N

* Projection of F onto the u axis
(F)pro; = F cos 157
= (100 N) cos 15°
=96.6 N

Note: These projections are not equal to the magnitudes of the components of force
F along the u & v axes found from the parallelogram law. They will only be
equal if the u & v axes are perpendicular to one another.
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Example 2.17

Given :
The frame 1s subjected to a horizontal force F = {300} N.

Find :

Determine the magnitude of the components of F parallel and
perpendicular to member AB.
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Solution

e Coordinates: B ((2m,6m, 3 m)

e Unit vector 1in the direction of AB.

2+ 6
uB:rB _ 1+6j)+3k

s @ +(6) + ()

=0.2861 +0.857) +0.429 k

* Component of F parallel to AB

Fig=F-u,
= (3005 ) - (0.2861 + 0.857j +0.429k)

= (0) (0.286) + (300) (0.857) + (0) (0.429)
=257.1 N
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* Component of F perpendicular to AB

P

= /(300 N)* —(257.1N)’

=155 N
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Note : A second approach to find the component of F
perpendicular to AB

* Express I, as a Cartesian vector
F,p=Fypug
= (257.1 N) (0.2861 +0.857) +0.429k)
={73.51 +220j + 110k } N

* Component of F perpendicular to AB
F =F-F,,
=300j—(73.51 +2205j + 110k) N

={-73.51 +80j—- 110k } N

* The magnitude of F,

F. =+(=73.57 +(80)* +(=110)* = 155 N
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Example 2.18

Given :
The pipe 1s subjected to the force of F = 800 N.

Find :
* Determine the angle 6 between F and the pipe segment BA.
* The projection of F along the pipe segment BA.



Solution

= Find &

e Coordinates: A (0, Im, 0)
B (2m, 3m, —1m) o b
C (2m, 0, 0)

* Position vector of A relative to B
Ipy= (X4 —Xp)i+ (4 — yp)J + (24 —2p)K
=0-21+{-3)j+(O0-[-1)Dk
={-2i-2j+1k } m

ro =20 + (=27 +(1)° =3 m
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e Position vector of C relative to B
Ipe = (xc — xB)i + (YC — )’B)j + (ZC _ZB)k
= 2-21+0-3)j+(0-[-1Dk
={-3j+lk } m

o =3+ =vT0m

* Angle between F (or BC) and BA

Fpa ‘Tpe  _ (=2)(0)+(=2)=3)+1)1) = 0.7379

Yox Ve - (3) \/ﬁ

cos@ =

6 =425
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* Find the projection of K along BA

Fg,= Fcos 9

= (800 N) cos 42.5°

=590 N
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Note : A second approach to find the projection of F along BA

* Express force F as a Cartesian vector

u = Ysc _—3j+lk
BC For \/E
F =Fug,

— (800 N)(_3~'+lk] .

J10

—(—758.9j +253.0k) N
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* Unit vector along BA.
Ty, -2i—-2j+1k 2, 2, 1

u, =24 = =—Zi-Zj+-k
M 3 3773973

* The projection of F along BA 1is given by

Fgo= F-ug,

2 2 1
=(=758.91 +2530k) - |——i——j+—-k
( J ) ( 3 3.1 3 j

_ “”(‘%j (- 758.9)(—%) +(253.0)Gj

=590 N



