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Equilibrium of aParticle

« When the resultant of all forces acting on a particle is zero, the particleis &
in equilibrium.
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» Newtons First Law: If the resultant force on a particle is zero, the particle will
remain at rest or will continue at constant speed in a straightline.
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« Particle acted upon by « Particle acted upon by three or more forces:
two forces:

- graphical solution yields a closed polygon
- algebraic solution

R=Y F=0
ZFX:O ZFy:O

- equal magnitude
- same line of action
- 0opposite sense
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Examples for Equilibrium

1rIriots

0.5 m

Cable 1s in tension
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Pr(mrn4 Given: SackAweighs 20N. and

geomettyis as shown.
Find: Forcesinthe cables and weight
of sack B.
G 4

R 5 > 1. Apply Equilionum condition at Point
i o8 B Eand sove for the unknowns (Teg
! ci  2on | 8 & Teo).

4 |

° 2. Repesatthis process at C.
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42'__: ﬁ{/ « Note that the assumed directions for the forces In
' thetwo cablesEGandECare tensileinnature.

T
2 Y20 N

(b)

+ Y K=l Sn30°P— Tg-c0s45°=0
+1 3 F=Tee00530°— Teesin45°— 20N =0

Solving these two simultaneous equations for the two
unknowns, we get

Tec=386N
Tec=046N
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3

38.6 N _
Tep Now moveon to the point Cand

3 45° consider equilionum at C

Wg

(©)
Apply Equilionum Condition

+— X F=3864cos45° - (4H)Tp =0

+T T F, =(3/5)Tp+38.64sin45° — W;g =0

Soiving the first equation and then the secondwe get TH=34.2
N and W;g=47.8N.
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It is desired to determine the drag force
at a given speed on a prototype sailboat
hull. Amodel is placed in a test
channel and three cables are used to
align its bow on the channel centerline.
For a given speed, the tension is 200-N
In cable AB and 300-N in cable AE.

Determine the drag force exerted on the
hull and the tension in cable AC.
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Problem 5

SOLUTION:

 Choosing the hull as the free body,
draw a free-body diagram.

» Express the condition for equilibrium
for the hull by writing that the sum of
all forces must be zero.

» Resolve the vector equilibrium
equation into two component
equations. Solve for the two unknown
cable tensions.
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1rIricois
B'~—7 m— ‘~—l.5 m SOLUTION:
C .
= 174 h « Choosing the hull as the free body, draw a
\¢ _‘_" free-body diagram.
Flow 3
41m 15m
| wna=""-175 tanff="——= 0375
. aAm 4m
o= 60.25° p=D.5°
Tac
s ™ i\ » Express the condition for equilibrium
Typ=200 N >’ / B=20.56° for the hull by writing that the sum of
N/ all forces must be zero.
o " o
A
R=Tag +Tac +Tag +Fp =0

| (g =300 N
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 Resolve the vector equilibrium equation
two component equations. Solve for the two

LrIriohis

_’,."_l
_____ #2056 unknown cable tensions.
60,26 _,rf'a\_‘: i o ;
N Ppp =~ 200N)snE0.26° i + (200N)ooseo 26° j
\ \ |
— —(17366N)i + (9921N )j
fic = I'Acsin2056‘;)i P T coszg.56° P
. 7Q (3OON)1
Fp=19.661b
Tic=4291b FOD—FDI
= 90.56° /’ Ty =601b
— o= 60.26° ﬁ =)

Typ=401h = (A7366+ 03612 T, +Fp Y
+(9921+0988BT - 00)]
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R=0
= (-173.66 + 0.3512Tuc + Fp)
/j_j“;h — 9 Fa 00 N —|—(9921—|—09363 TAC _300)[]3

SINS IO

O This equation is satisfied only if each component
of the resultant is equal to zero

(Y F.=0) 0=-173.66 +0.3512T,c+ Fp
(> F,=0) 0=99.21+ 0.9363T,c —300

Tac=+214.45N
Fo=+98.35N
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Problem 6 A salor is being g a
boatswain's chair that S
suspended from a puley that can rol freely

v on the support cable ACB and is puled at a

N constant speed by cable CD. Knowing that a=

N T 25° and b =15° and that the tension in cable
) = CD is 80 N, determine (a) the combined
. weight of the boatswain's chair and the sallor,
(b) Intensionin the support cable ACB.
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Y SIS

Taca. ' -BON

IWXF, =0: Tycpcos15- Tycpcos 25- 80cos 25=0

Tucs =1216.15N

42Dﬂ = 0 121615sin 15+ 121615sin25 + 80 sin25 -W =0

W =86254 N
@  W=863N

(b) Tycg =1216N
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