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Chapter Description

« Aims
— lllustrate the forces in equilibrium concept.

— Identify the condition for equilibrium and calculate rigid objects in static
equilibrium.

« Expected Outcomes
— Students should be able to illustrate the forces in equilibrium concept.

— Students should be able to identify the condition for equilibrium and calculate
rigid objects in static equilibrium.

* References
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An object is in “Equilibrium” when:

1. There is no net force acting on the object
2. There Is no net Torque (we /I get to this later)

In other words, the object is NOT experiencing
linear acceleration or rotational acceleration.
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An object is in “Static Equilibrium” when it Is

NOT MOVING.
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An object is in “Dynamic Equilibrium” when it is

MOVING with constant linear velocity and/or

rotating with constant angular velocity.
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Let’s focus on condition 1: net force =0

>F=0

The x components of force cancel
SF =0

The y components of force cancel
>F,=0
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We have already looked at situations where the net force = zero.
Determine the magnitude of the forces acting on each of the
2 kg masses gt rest below.
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Condition 1: No net Force

YF, =0 and >F,=0

: SF,=0
N-mg=0
N=mg=20N

mg=20N
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Condition 1: No net Force

YF, =0 and >F,=0

YF,=0

T1=10N T2=10N T1+T2'mg:0
T1=T2=T

20N

T+T =mg
2T=20N
T=10N
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Condition 1: No net Force

ZFX: 0 Ff="2 N =2
>F,=0

60°

mg =20 N
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mg=20N

2F=0 >F,=0 T,/T =ssin 30
T2x-T1lx=0 T1,+T2,-mg=0 T="T/sin 30
T1,=T2, 2T,=mg=20N T =(10 N)/sin30
Equal angles==>T1=T2 T,=mg/2=10 N T=20N
0 e @ gtya:\;:cs:::;ubl:/llird Mokhtar
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Condition 1: No net Force

SF, =0

Note:
The y-components cancel, so
T1,and T2, both equal 10 N
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An object is in “Equilibrium” when:

1. There is no net force acting on the object
2. There is no net Torque

In other words, the object is NOT experiencing
linear acceleration or rotational acceleration.
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Torque is like “twisting force”

The more torgue you apply to a wheel the
more quickly its rate of spin changes

Torque = Fr
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Math Review:

1. Definition of angle in “radians”

AB@=s/r
_ arc length
radius

AO

2. One revolution = 360° = 2xt radians
ex: mradians = 180°
ex: m/2 radians = 90°
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Torque is like “twisting force”

The more torque you apply to a
wheel, the more quickly its rate
of spin changes
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Imagine a bicycle wheel that can only spin about its axle.
If the force is the same In each case, which case produces
a more effective “twisting force”?
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Torque is like “twisting force”

This:ane!
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Imagine a bicycle wheel that can only spin about its axle.

What affects the torque?

1. The place where the force is applied: the distance “r”
2. The strength of the force

3. The angle of the force

Torque = r . Fsing
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Imagine a bicycle wheel that can only spin about its axle.

What affects the torque?

1. The distance from the axis rotation “r” that the force is applied
2. The component of force perpendicular to the r-vector

FJ_ tor

F
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F, =Fsing F
T=(F.)(r)
T =(Fsing)(r)
T=Frsing
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Torque = (Fsing)(r) Torque = (F)(rsing)
Torque=(F,)(r) Torque=(F)(r,)

F, =Fsing

F, =Fsing
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Torque = (F)(rsing)

r, is called the " moment arm" or "moment"
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Torque that makes a wheel want to rotate clockwise Is +
Torque that makes a wheel want to rotate counterclockwise Is -

4

Positive Torque Negative Torque
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Weights are attached to 8 meter long levers gt rest.
Determine the unknown weights below

T

20N ??
20N ??
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W\kights are attached to an 8 meter long lever gt rest.
Determine the unknown weight below

e |

20N 7
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Condition 2: No net Torque

4
: Upward force
I from the fulcrum ZT’S =0
| Produces no torque
| (sincer=0)
I T2-T1=0
| T2=T1
rt=4m l r2=4m F2r2: Flrl
(F2)(4)= (20)(4)
L] F,=20N ...same as F,
F,=20N F, =272
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W\kights are attached to an 8 meter long lever gt rest.
Determine the unknown weight below

=

20N ??
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Condition 2: No net Torque
rt=4m r2=2m
T STs=0
] T2-T1=0
T2=T1
v F.r,sing, = F;r;sing;
F,= 20N (F,)(2)(sin90) = (20)(4)(sin90)

- F,=40N

(force at the fulcrum is not shown)
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W\kights are attached to an 8 meter long lever gt rest.
Determine the unknown weight below

e

20N ??
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Condition 2: No net Torque
ri=3m r2=2m
YTs=0
] : : T2-T1=0
T2=T1
F,r,sing, = F;r;5ing;
AN (F,)(2)(sin90) = (20)(3)(sin90)
- F,=30N

(force at the fulcrum is not shown)
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Conclusion of The Chapter

Statics Is concerned about the calculation of the

forces acting on and within structures that are In

equilibrium. There are two conditions applied for
the object in equilibrium; no net force acting on the
object and no net torque.
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