Equilibrium
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Equilibrium occurs when an object is not accelerated and is not rotating.

In order for an object to be in equilibrium the following two conditions for equilibrium
must be satisfied:

First Condition of Equilibrium is satisfied when the sum of the forces acting on an
object equals zero in all directions, ZF= 0. 6/e<—,< -0

/g‘la,éj =Q
Second Condition of Equilibrium is satisfied when the sum of all torques acting on an
object about any axis perpendicular to the plane of the forces equals zer@
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Static Equilibrium occurs when an object at equilibrium is at rest.

Dynamic Equilibrium occurs when an object at equilibrium is moving in a straight line at a
constant speed.

Concurrent Forces are aligned such that the line of action of each force acting on the
object passes through a common point. If the forces are concurrent, only the first
condition of equilibrium (ZF = 0) is needed to solve the problem.
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Non-concurrent Forces are aligned such that the line of action of each force does not pass
through a common point. The result is a net torque which tends to cause the object to
rotate. If the forces are non-concurrent, and yet the object is i ium, then both
conditions of equilibrium are required to solve the problem (2F=0 and Zt=0)
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Problem Solving Skills
1. Draw an accurate diagram locating the forces acting on the object

or systems of objects.

2. Draw a free body diagram locating the forces acting on the

object(s) in question.
3. Resolve each force vector into x and y components.

4. Apply the first condition of equilibrium (2F,=0, ZF,=0) and solve
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the problem.
1) Calculate the tension in the two cords used to support the 200 kg
chandelier.
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2) Three forces are applied to a tree sapling, as shown below, to stabilize it.
If F1=282N and F,=355N, find F3 in magnitude and direction.
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Find the tension in the two wires supporting the traffic light shown below.
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A bag of cement weighing 325 N hangs in equilibrium from three wires. Two of the wires make
angles 81 =60.0° and 6, =40.0° with the horizontal. Assuming the system is in equilibrium, find
the tensions Ty, T, and Tz in the wires
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The system in the figure below is in equilibrium. The angles are
0; = 58° and 6, = 15°, and the ball has mass M = 2.3 kg.

(a) What is the tension in string ab?
(b) What is the tension in string bc?
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The system below is in equilibrium, with the string in the center exactly horizontal. Block A
weighs 25 N, block B weighs 55 N, and angle is 36°. ey
(a) Find tension Ti. T Cpsd

(b) Find tension T». 3 F«1 o T Cos X’ =95
(c) Find tension Ts. Ti=05 - 32.90
(d)_Find angle . @‘

Lh=o Tsing 712

Ti> 30.9 (53¢ %/w

{ BeoTyon@ =13/
5

Reo Tyeosg = S5 B2SS
1080

REe s
bintr= (3L = (337
s ——
Ta= S =579W
szl T 7

Equilibrium Page 5



Formulas and Identities

Tangent and Cotangent Identities
mw_sma “e-@sa
cos sin @
Reciprocal Identities
G(a-; Sula-;
sin @ cscd
secd ! cosé !
" cosé “secd
coté
Pythagorean Identities
sin’ f+cos’ f=l
tan’ §+lesec’ &
l+cot’ fmcsc’ &
Even/Odd Formulas
sm(-8)=—sind  csc(—6)=—ccf
cos( ) =cosd sac(—8) =sech
tan(—8)=—tamé  cot(-8)=—cotd
Periodic Formulas

If nis an mnteger.
sm(f+2xn)=sinf csc(f+2rn)=cxcd
cos(6+2xn)=cosfd sec(f+2xn)=sech
tan(f+an|=tmé cot(f+mn)=coté
Double Angle Formulas
sin(268)=2sinfcosd
c0s(28)=cos’ §-sin’ &

-2cos" 8-1

-1-2sin" &
2tané
1-tan’ &

Degrees to Radians Formulas

If x 1s an angle in degrees and r1s an
angle in radians then
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Half Angle Formulas

si.n’e-%(l-cos(w))
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1-cos(26)
“1+cos(29)
Sum and Difference Formulas
sin(@ §)=sinacos FEcosasin§
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cos(az f)=cosacos Frsinasinf
tana*tan §
lztanatan §
Product to Sum Formulas

tan(a 2 5) -

sinasin f -+ cos(a - §)—cos(a+ f)]
cosacosﬁ-%[cos(a—ﬂ)*’ws(a*ﬂ)]
sin@cos =~ sin(a+ 8)+sin(a—0)]

cosasin -%[sin(a+ﬂ)-m(“ -9)]
Sum to Product Formulas
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A reminder: To find a component of tension:
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But sometimes you have the component and you want to find the
tension of the wire.
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