Applied Mechanics -- Statics

Chapter 2 Statics of Particles

2.1 Introduction
two or more forces acting on particles ==> resultant
equilibrium |
force in plane (sections 2.2 - 2.11)

force in space (sections 2.12 - 14)

2.2 Force on a Particle, Resultant of Two Forces

force : point of g e
\\\$ \QY\‘
application, magnitude A\ A 20°
P et __
and direction rad el

resultant :

2.3 Vectors

2.4 Addition of Vectors

2.5 Resultant of Several Concurrent Forces
concurrent force : all forces pass

through a point

coplanar force : forces contained

in the same plane

2.6 Resolution of a Force into Components
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for each force F, there exist an infinite

number of possible sets of components, two

cases are particular interest :

1. one of the two components P is known

2. the line of action of each component is known

Sample Problem 2.1

determine the resultant of two forces P and Q

graphical solution
R = 98N a = 35°
R = 98N [/ 35°

trigonometric solution
R=P+ @ -2PQcosp
= 40° + 60° - 2x40x 60 cos 155°

R = 9773 N
sine law
sin 4 3 sin B sin A 3 sin 155°
(0] R 60 97.73
A = 15.04° a=A + 20° = 35.04°

R = 9773 N _735.04°
alternative method

CD = 60xsin25° = 2536 N
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BD = 60 xcos25° = 5438N

CD 25.36
tan4d = =
AD 54.38 + 40
A = 15.04° a =A + 20° = 35.04°

R = 2536/sinA = 97.73 N
R = 9773N _~35.04°

Sample Problem 2.2

for R = 25kN —
(a) fine T, and T, for a = 45°

(b) determine a for 7, = minimum

(a) sine law

Tl _ Tz _ 25
sin45°  sin30°  sin 105° \
T = 18.5kN L= 3kN T
- ‘2\2\ II 1
N, -
(b) for T, = minimum, 7, L T, e 25 — "
then a = 600 l,[ \\\ \\\\ //////B 2\5—
! \ /\'ﬁ\ - — "
T, = 25s5in30° = 125KkN [ X7, XY %

\

7

T, = 25¢0s 30° = 21.7kN -7 2

2.7 Rectangular Components of a Force, Unit Vectors
F may be resolved into a component F; along x-axis and a component

F, along y-axis, x and y axes are usually chosen horizontal and vertical,

respectively, they may chosen in any two perpendicular directions
, y
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%

|
unit vectors : vectors has magnitude equal 1, directed JQ_7Magpitude =1

respectively along the positive x and y axes, they may —’ :
denoted by i and j, respectively
the force F may resolved into Fy and F,
F=F+ F,

F, = Fyi F, = F,j

the scalars F, and F, are called scalars components of the force F

denoting by F the magnitude of the force F and by 6 the angle
between F and the x-axis, measured counterclockwise from the positive
x-axis, then

Fy = Fcosf Fy, = Fsinf

example 1

F=80N a=235 6=145°  _____________

F=800N

Fy, = Fcos = 800 cos 145° = - 655N

F, = Fsin6 = 800sin 145° = 459N |

F=-655i+459j (N)

example 2

F=300N 4B = (6> + 8)%* = 10m

sina = 6/10 = 0.6 cosa = 8/10 = 0.8
Fy = 300cosa = 240N

F, = -300sina = -180N

F =240i - 180 (N)

when a force F is defined by its rectangular components Fy and Fy,

the angle 6 can be obtained as
tan 0 = F,/ F
the magnitude of F can be written as

2-4
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F = (FXZ + Fy2)‘/z

example 3
F =700i + 1500, (N)
tand = 1500/700 = 2 => @ = 65°
sinf = F,/F
F = F,/sin@ = 1500/sin 65° = 1655 N

2.8 Addition of Forces by Summing x and y Components
R=P+Q0+S§

resolving each force into its rectangular components

Rl + Ryj = (P + Pyj) + (Oxi + Oy))

¥ (S + Syj) |

S@H O S)it Pyt O+ S

or R =P+ O+ S =23F - X
Ry =P, +Q, +S =1F,

Sample Problem 2.3

Tsc = 725 N, determine the resultant force

cos §=840/1160 = 21/29  sin 6=20/29
cos a = 3/5, sin a = 4/5, cos f=12/13, sin f=5/13
magnitude (N)  x-comp. (N)  y-comp. (N)

725 - 525 500 ‘ 500N
500 -300 - 400 S
780 720 -300

Rc=-105 R, =-200
R =Rii+Rj=-105i-200j (N)

s
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R = (105% + 200%)% = 2559 N
0 = tan' (-Ry/-R,) = tan' (200/105) = 62.3° ==

E Y"

R
=z

2.9 Equilibrium of a Particle
when the resultant of the forces acting on a particle is zero, the particle is

in equilibrium
two forces acting on a particle, it will be in equilibrium 1oN

if the two forces have the same magnitude, same line of :

100N

action, and opposite direction
Fy= 2006/

when three or more forces acting on a particle, the

particle will be in equilibrium if the force polygon is
F,=/580N

Y

closed, the closed polygon provides a graphical expression

of the equilibrium of the point
4 p Fy= géé/\/

the express algebraically the conditions for the equilibrium of a particle,
we write
o Fi=JSooN
R=2XF=0 Fam BbuN
Z(Fi+ Fj)=0

ie. TFi+XFj=0

F;=2000N
F3= Jooo M
we conclude that the necessary and sufficient conditions for the

equilibrium of a particle are

XF,=0 XF, =0 [equations of equilibrium]

for example
2 Fx = 2000 - 1000 sin 30° - 2000 sin 30° = 0
ZF = - 866 - 1000 cos 300 + 2000 cos 30°=0
these equatlons may be solved for no more than two

unknowns



Applied Mechanics -- Statics

2.10 Newton’s First Law of Motion
if the resultant force acting on a particle is zero, the particle will remain
at rest (if originally at rest), or will move with constant speed in straight

line (if originally in motion)

2.11 Problem Involving the Equilibrium of Particle, Free-Body Diagram
free-body diagram : for particle system these diagram isolate each
particle to which forces are applied and shown every force exerted on the
particle
take A as a free body

W=mg=75x981 = 736 N'

Tas Tac 736

sin 60° sin 40° sin 80°

Tag = 647N Tac = 480N
equations of equilibrium

2F, =0 Taccos30° - Tugcos50° =0

2z Fy =0 TAC Sil’l 300 + TAB sin 50° - 736 = 0
two equations can be solved for two unknowns

Thg = 647N Tac = 480N

Sample Problem 2.4
W = 8,000 N, find Tap and Tac
take free body at 4

Tae _ Tac  _ 8,000
sin 120°  sin 2° sin 58°
Tag = 8,710 N Tac = 329N
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Sample Problem 2.5

determine the magnitude and direction of

the smallest force F which will remain the

package shown in equilibrium

free-body diagram (P must L F) Y L F ‘g_/l’
W=mg=30x981 = 294N x _’9”
ST P

F=1294sin15° = 761N qa = 15°
F = 761N % 15° | ,

Sample Problem 2.6
TAB=2OON TAE=3OON

determine the drag force and T, AC

tana = 7/4 = 1.75 a = 60.26°

tanf =1.5/4=0375 B = 20.56°

Tac

take free body at 4, equilibrium condition a=6026° |
Tap=200N > B=20.56°
R = Tap + Tac + Tae + Fp = 0 . .

Tas = -200sin 60.26° i + 200 cos 60.26° J Yy
Tar =3@

= -173.66i + 99.21j (N)

Tac = Tacsin20.56° i + Tyc cos 20.56° -
= 03512 Tuci + 0.9363 Trcj

Tae = -300j (N)  Fp = Fpi

ZF.=0 -173.66 + 03512 Tac + Fp = 0
ZFy =0 9921 + 0.9363 Tac - 300 = 0

. Ty =214.45 N
two equation solve for two unknowns B=2056 /’
=20.56°

Tp=300N

a=60.26°

TAC = 21445 N FD = 08.35 N Ty =200N
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FORCES IN SPACE y

2.12 Rectangular Components of a Force in Space

F=Fh+Fy

F, : vertical component of F

F; : horizontal component of F
Fy = Fcosf, F,= Fsinb, B

F, may be solvedin Fy and Fy

Fy = Fycos ¢ = F'sin 6, cos ¢
Fy = Fysing = F'sin ,sin ¢
F=F + F,+F,
= Fi +F,j + F.k
F* = (04) = (OB) + (OCY* = Fy* + Fy!
F? = (ODy + (OE} = F? + F/
F = [F2 + F}? + F2*

Fx = Fcos b, Fy, = Fcos 0, F, = Fcos 6,
Os, Oy, 0, are the angles between the force F and the x, y, z axes,
respectively, the cosines of 6, 6,, 8, are known as the direction cosines of

the force F

F2 + F? + F? = F? cos’0, + F* cos’d, + F* cos’O,

F? = F?[cos?f, + cos’f, + cos®d,] '

Fyj :

2 2 + 2 = £
thus cos’d + cos’f, + cos’f, = 1 ¥ A (Magnitn de=1),

cos 6,j
_ . . Y /]

= F(cosb,i + cosb,j + cosb, k)

cos .k

=FA l;_,.»' cos B,i

Fk 1

{
|
l
|
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A is a vector of magnitude equal 1 and of the same direction as F with

Ax = cos B, Ay = cosb, Jz = cos,
and A+ AR+ AR =1
example 1
F = 500N 0. = 60° 6, =45° @, = 120°

Fx = Fcosf, = 500 cos 60° = 250 N
Fy = Fcosfy = 500 cos 45° = 354 N
F, = Fcosf, = 500 cos 120° = -250 N
F =250i+ 354 - 250k (N)

example 2
F. = 20N F, = -30N F, = 60N
F=[F+ F? + F7% = [(20) + (-30)* + (60))]* = 70N
cos O = Fy/F = 20/70 => 0, = 73.4° [.'F,>0 ..0x < 90°]
cos Oy = F\/FF = -30/70 => 6, = 115.4° [".'F, <0 ..6,>90°]
cos O = F/F = 20/70 => 6, = 31.0° [."F,>0..6,<90°]

2.13 Force Defined by its Magnitude and Two Points on its Line of Action

MN = di +dyj + d k

(dvi + dyj + dyk) v

where d is the magnitude of MN

d = (dXZ + dyZ + dZZ)’/z

z

F
F=FA="—(di+dj+dk
d
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dx d z
F.=F— F,=F—> Fo=F%
d d d

Fy  d d, ,

cosfy = — = — cosf, = —~ cosf, = il

F d d d

2.14 Addition of Concurrent Force in Space
R=%XF
Rii + Ryj+ Rk =Z2Z(Fi+ F,j+ F,k)
=XFi+2XFj+XFk

R = L F, R, = X F, R, = X F,
and R =R+ R>+ RH”
R, R R,
costy = — cosf, = = cosf, = —
R R R

Sample Problem 2.7
tension force on AB is 2500 N

determine Fy, Fy, F, and 6,, 6,, 0, at A4 o

A(40, 0, -30) B(0, 80, 0) |

the components of vector 4B which has the same « Sl

direction as the force F

Yy

AB = (0-40)i + (80-0)j + [0-(-30)] &
= .40i + 80j + 30k (m)
AB = [40% + 80% + 30%]* = 943 m

1
a=28 (-40i + 80/ + 30 k)
AB 943
2500 , ,
F=FJl=""(40i+80j + 304
94.3
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F=-1060i + 2120/ + 795k  (N)
ie. F,=-1060N F, =-2120N F,=-795N

F 1060
cosby=—=-—— = @O, =115.1°
F 2500
F. 2120
cosfy = = =_""r = §, =320
F 2500
F, 795
COoS 02 = —_— — = 02 = 71.50
F 2500

Sample Problem 2.8
Tap = 8.4 kN Tac = 12kN

determine R at A

A(16,0-11) B(0,8,0) C(0, 8, -27)
AB =-16i + 8j + 11k (m) AB =2Im
AC = -16i + 8j - 16k (m)AC = 24m

AB 8.4

Tap = Ta 2as = Tas = (-16i + 8j + 11k)
AB 21
=-64i+ 32j+ 44k (kN)
AC 12
Tac = Tacrac = Tac = (-16i + 8j - 16k)
AC 24

=.8i+4j-8k (kN)

R=Tw+ Tag=-144i + 72j - 3.6k (kN)
R = [(-14.4% + 7.2 + (-3.6)%]* = 16.5kN

the direction cosines of the resultant are

X 14.4

cos O = i = c— => § = 150.8°
R 16.5
R 7.2

cosfy = —==—" = @ =64.1°
R 16.5



F=-
re. Fy = -

cos 0,

cos 6,

cos 6,

Sample Problem 2.8
Tas = 4200N  Tac = 6,000 N

determine R

A(5,0,-4)
AB =
AC =

Tag =
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10607 + 2120/ + 795k  (N)
060N F,=-2120N F,=-795N

Fx 1060

=Z=._" = @, =1151°
F 2500
F 2120

=2=""" = ¢, =32°
F 2500
F, 795

=Z="-" = §,="715°
F 2500

C

o l Tae = (6000 NI Ay

at A4
B(0,3,0) (0, 3,-9)

_5i+3j+4k (m) AB=5/2m
_5i+3j-5k(m) AC=,/F9m

AB 4,200 .
TABAAngAB = (-5i+3j+4k)
AB 5/2
22969.9i + 17819 + 423759 k (N)
AC 6000
—TAC/?.ACZ'TAC = (-5i+3j-5k)
AC v 59

-3905.7i + 2343.4j - 3905.7k (N)

R =T + Ths = -6875.6i + 41253 - 15298k (N)
R =[RE+ R>+ RY* = 81629N

the direction cosines of the resultant are

cos 6,

Ry 6875.

R BBS = g0
R 8162.9
R 4125.3

e O N Y
R 8162.9
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R, i
cosf, = =2 = D28 o080

R 81629 -

2.15 Equilibrium of a Particle in Space
a particle A4 is in equilibrium if the resultant of all the forces acting on

A is zero, i.e.

R=ZF=0 = XFK=0 XZF,=0 ZXF,=0

Sample Problem 2.9
m = 200 kg W = 1962 N

determine P, Tag and Tac

A(12,2,0) B(0,12,8) C(0,12,-10)

%

AB =-12i+10j + 8k (m) AB = 12.86m
Ang = AB/AB = -0.0933i + 0.778j + 0.622 k
TAB = TAB /1AB = -0.0933 TABi + 0.778 TABj + 0622 TABk

AC =-12i+ 10j - 10k (m) AC = 14.19m
dac = AC/AC = -0.0846 i + 0.705j - 0.705 k
Tac = Tac Aac = - 0.0846 Taci + 0.705 Tacj + 0.705 Tac k

P=Pi W=-Wj
equilibrium condition on particle 4

SF=0 Tap+Tac+t P+W=0
TF,=0 -0.0933Txs - 0.0846 Tyc + P =0
SF, =0 0778 Tas + 0.705 Tac - 1962 = 0
YF,=0 0.622Tag - 0.705Tac = 0

three equations for three unknowns

P =235N Tag = 1402 N Tac = 1238 N
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