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Scalar and Vectors
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Vector Operations

= Multiplication and Division by a Scalar

7/

Vector A and its negative counterpart

s Vector Addition

Parallelogram Law Triangle construction Triangle construction
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Vector Addition



Vector Operations

s Vector Subtraction

Parallelogram law Triangle construction

Vector Subtraction

*draw the vector from the head of B to the head of A



Vector Operations

s Resolution of a Vector

Rcsu ltant

A

Extend parallel lines from the head of R umpon:—:ntb
to form components
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Resolution of a vector
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Vector Operations

s Vector Addition of Forces

Sine law:
A B C

sin a sin b gin ¢

Cosine law:

C=VA2+ B2_2ABcosc




p.29, Problem 2-17

Resolve the force F, into components acting along the u and v axes
and determine the magnitudes of the components.




Sine law, :
R, - 150
sin 30°  sin 75°
B, _ 150
5in 75° sin 75%°

B,=TIL6N

F.=15N
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]

-
.‘-l-'"
i




p.31, Problem 2-29

The beam is to be hoisted using two chains. If the resultant
force is to be 600 N directed along the positive y axis,
determine the magnitudes of forces F, and F; acting on each
chain and the angle & of Fg so that the magnitude of F; is a
minimum. F, acts at 30° from the y axis as shown.

Fp Fy

10



For/minimum F..{ require

=60" Am
Fi=600cos 30°= 520N Ans
FatsiniP=300N Am
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Addition of a System of Coplanar
Forces

s Cartesian Vector
F=Fxi+Fy]
s Resultants

 —

&:ﬁ+6+€

g ‘ = (F + B +F)1
+( ly T 2y + 3y) J

; — (FRX) 1+ (FRy) J

Figure 02.16-1(a)
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Addition of a System of Coplanar
Forces

X -1
Flu 0 =tan |—
FRX
Figure (2.16-1{c)
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p.41, Problem 2-50
The three forces are applied to the bracket. Determine the range of

values for the magnitude of force P so that the resultant of the
three forces does not exceed 2400 N.
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— Fpe = LF, ;

+TF., a IF,;

Fps = P + 800 cos 60° - 3000 cos 30° = P - 2198.08

Fo, = 800 sin 60° + 3000 sin 30° = 2192.82

F = /(P - 2198.087 + (2192.82F < 2400

(P - 2198.08)" + (2192.825° § (2400) F=3000N

i ey - Y il B —

(P - 2198.08) < 975.47

=97547 S P ~ 2198.08 < 975.47
B

126N < P £ 31738N
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Cartesian Vectors

s Right-Handed Coordinate Systen
s Rectangular Components of
a Vector

¥
| 1
At
v Right-handed coordinale system.
A=Ax+Ay+Az
A, \
\." . ..-__ i v
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Cartesian Vectors

s Cartesian Vector Representation

A=Axi+Ay|+Azk




Cartesian Vectors

s Direction
oB,y ¥ [Fljﬁv%é'i? (direction cosine) f‘l:kr
A LA
COSOLZAXCOSBZy COS]/:AZ |
A A
s H =» & (unit vector) 4
A o
A A A A -
=cosa1+cosP j+cosy k /} i
< cosa+cos’B+cos’y =1 it
A=Auy
= Acosa i+ AcosP j+ Acosy k
=Ay1tA JtA K
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Cartesian Vectors

s Addition and Subtraction of Cartesnan
Vectors
R = A+B = (Ax+Bx)i + (Ay+BY)j
+ (Az+Bz)k
R'= A-B = (AX - BX)i + (Ay - By)j
+ (Az - Bz)k

s Concurrent Force Systems
F, =XF =ZRi+XF J+ZFkK
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p.55, Problem 2-84
Determine the coordinate direction angles of F, and F.

Iy
Fp=120N
F,=110N
Fy=8N 45°
}J
374 /
30°
y
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Unit Vector of F, and F, :
4 3
=i+=k =0.8i + 0.6k

u, = cos 45°sin 30° +cos 45°cos 30°j+ sin 45°k

=03536i +0.6124j+ 0.707 1k
Thus, the coordinaie direction angles F; and Fp are
cos op =1.8 ar = 36.9° Ans
COS ﬂ‘i =0 ﬂﬂ = 0{.0° Ans
cos Yy =0.6 Y =53.1° Ans
cos xp =0.3536 ap =69.3° Ans
cos B, =06124 B, =522° Ans

cos Y =0.707T1 7y =45.0° Ans



Position Vectors

» X, Y, zCoordinates &% (=% = &)

(0,2,0)
(6,-1,4)
._..C 0 .»~"~--2rﬂ->"_'£; y
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(4,2,-6)

22




Position Vectors

s Position Vector i~ % = &
to 4 A 205 £
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Force Vector Directed along a Line
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0.62, Ex.2-15,

Determine the resultant force acting at A.

A0,0,4)
B(4,0,0)
Fap = 100N | = 120N C(4 9) 0)

AB = (4,0,~4)--- AB = 5.657m
= AC = (4,2,~4)--- AC = 6.0m

co S B AB
P Ew =Fw' 3
- 1% 4.0.4)
5.657
=(70.71,0,-70.71) N
AC
L / Fac EAC a FAC. A_C

120
Tae = ?(4,2,-4)

oA (0, 0, 4 m)

—~(80,40,-80) N
4 am0) S R=F,, +F..=(150.71,40,-150.71) N
. R =4/150.71% +40% +(-150.71)* =217 N

Bid m, 0,0




p.65, Problem 2-93

The chandelier is supported by three chains which are concurrent
at point O. If the force in each chain has a magnitude of 300 N,
express each force as a Cartesian vector and determine the
magnitude and coordinate direction angles of the resultant force.

O
Fpg
Fr
Fa 1.8m
B
120P 'HD?‘ 12m~yC y
7
1200
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(1.2 cos 30°i — 1.2 sin 30°%j — 1.8k)
\/ (1.2 cos 30°)? + (-1.2 sin 30°)? + (-1.8)*
= {144.1i - 83.2j — 249.6k} N

F, =300

. = 300 (~1.2 cos 30°i — 1.2 sin 30°j - 1.8k)

J (£1.2 cos 30°)2 + (1.2 sin 30°)2 + (-1.8)?
= [-144.1i - 83.2j — 249.6k} N
(1.2j - 1.8k)

J(1.2)% + (-1.8)?
= (166.4j — 249.6k} N

F, =300

F,=F,+F; +F.={-748.8k} N
F,=T748.8 N

a =90°

B =90°

y = 180°

Ans

Ans

Ans

Ans

Ans

Ans

Ans
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Dot Product

A-B=ABcos#, 0°<0<180°

A
/“1/' ., &X Work=F -r

s Cartesian Vector Formulation

AB=(Al+A ]+AK)(Bi+B,]+B,K)
= AB,+AB, + AB,
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Dot Product

= Applications

1. angle

A-B
=cos (==
0 ( AB

when 6 =90°,cosfd =0, A-B=0 = A1 B
2. components of a vector parallel and perpendicular to a line
A = Acosf=A-u
A ;A =Acosf-u=(A-u)-u
0, . NA =A-A
A = Asind
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p.72, Ex. 2-17,
Determine the parallel and perpendicular components of
the force to member AB.

A(0,0,0) B(2,6,3)
AB (2,63
AB 2?16 +32
Fa= (E'HAB)HAB

2300-2.L263)
7 7

1
=—(2,6,3
-(2,6.3)

B F={300jIN Uag =

~(73.5,220,110.2) N
F,=F-F
B , =(-73.5,80,-110.2)N

- v F,=+73.5"+220>+110.2% =257N
/ / F, =+/(=73.5)7 +80° +(~110.2)°> =154.7N

Figure (12.43(h)
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p.76, Problem 2-116
Two forces act on the hook. Determine the angle between
them.Also, what are the projections of F, and F, along the y axis?

F,=600N

Q

5 jﬂu\

X F, = {120i + 90j — 80k)N
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Fi = 600cos 120°1 + 600 cos 60° j + 600 cos 45° k
a =-300i+300)+4243k; F, = G0ON
E =100 +9%)-80k: /R = 170N

F - B = (—300) (120) + (300) (90) +(424.3) (- 80) = — 42944

*.(-42944
= Q0

= 115° A
(170) cﬁm:-] -

a =]
Sea,
Fy =F -} =(300)(1) = 300N Ans

B, =K -} =(90)()=9N Ans
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p.78, Problem 2-133
Two cables exert forces on the pipe. Determine the magnitude of the
projected component of F, along the line of action of F..

F,=30N
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Force Vector:

up, = cos 30°%sin 30% +cos 30°cos 30°) - sin 30°k
= 0.4330 +0.75§— 0.5k

F, = Ru, = 30(0.4330% +0.75) - 0.5k) N
w {12.9901 +22.5]= 15.0k} N

Unit Vector ! Oae can obiain the angle @ = 135° for Iy uingEq.i-ﬁ,
cos’a+oos’ B+ cos’y = |, with ff= 60° and 7 = 60°.The unit vector along the
line of acion of |y is

ug = cos 135% +cos 60°) + cos 60°k = -0.707Tl +0.5]+ 0.5k
Projected Component af F, Along the Line of Action of K,

(R)y =F, -ug =(12.9900+22.5) 15.0k) - (-0.7071i +0.5)+0.5%)

= { 12.990) (~0.7071) + (22.5) (0.5) + (~13.0) (0.5)
w=544 N

Negasive sign indicates that the projecuxd component (F, ) . acts in the opposite
sense of dircction w thatof ug .

The magnitide is (F, ), = 5.44 N, Ans
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