Static equilibrium

* Two-dimensional treatment only.

* Conditions for equilibrium of forces acting
on a point mass and a rigid body.

* Centre of gravity and its experimental
determination. Stability (very briefly).

— E2. Determination of C.G. of a body of any
shape.

Centre of Gravity

Centre of gravity

The (CG) of an object
is the point where the line of action of the
weight of the object passes.

move fingers towards each other
centre of gravity = fingers meet (in equilibrium)

Centre of gravity

Bend over with your legs
against wall without toppling? -

You cannot
we‘ight
Line of action of your weight
acts outside the base of your
feet and you topple over.

Determine the centre of gravity of a
lamina
1. Experimental method

plumb line G s centre
of gravity

Line of action of its weight must
pass through the centre of gravity.

Determine the centre of gravity of a
lamina
2. Mathematical method
Assume: Lamina is made up of n particles
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Determine the centre of gravity of a
lamina
2. Mathematical method
Taking moments about the y-axis,
Mg(x) = (mygq)x; + (Ma@o) X + (M3Gs)Xs + . . .
+ (mngn)xn
= Zl(migixi)

2 (m;g;x;)
i=1

X = Mg

Determine the centre of gravity of a
lamina
2. Mathematical method
If g = constant (in a uniform gravitational

field), g, =9, =g; = ... = g,= g, then
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Similarly, by taking moments about the x-axis,
é(miyi)
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Determine the centre of gravity of a
lamina
2. Mathematical method
coordinates of centre of gravity:
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Note: These are in fact the coordinates of the

centre of mass. [ [ [
Go to Go to Go to

Centre of mass

The of an object is the
point where the whole mass of the object
is assumed to be concentrated.

Centre of mass = Centre of gravity

if the object is small or it is in a uniform
gravitational field

8.28 Locating the center of mass of a

symmetrical object.
Center of mass
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Cube Sphere Cylinder

If a homogeneous object has a geometric center,
that is where the center of mass is located.

Axis of symmetry

Disk Donut

If an object has an axis of symmetry, the center
of mass lies along it. As in the case of the donut,
the center of mass may not be within the object.
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The center of mass of two particles of unequal mass on
the x axis is located at Xy, a point between the particles,
closer to the one having the larger mass.

my Xy + Mo Xo
my + my

XcM

Extending this concept to a system of many
particles in three dimensions, the x
coordinate of the center of mass of n
particles is defined to be

myx; + Moo + mgxg + +cr + my,x, %m;x;
Xcm = _
my + mo + mg + -0+ m, T
1

MOTION OF A SYSTEM OF
PARTICLES

* Total linear momentum of the system equals the
total mass multiplied by the velocity of the center
of mass.

The center of mass of a system of particles of
combined mass M moves like an equivalent
particle of mass M would move under the
influence of the resultant external force on the
system.

Find the centre of mass of the system of
particles shown.

y(m)

0 1 2 3 x(m)

A uniform piece of sheet steel is shaped as shown in
Figure. Compute the x and y coordinates of the
center of mass of the piece.

y(cm)

30

20

x(cm)
10 20 30

A water molecule consists of an oxygen atom with
two hydrogen atoms bound to it. The angle
between the two bonds is 106°. If the bonds are
0.100 nm long, where is the center of mass of the
molecule?

0.100 nm

o ———=

0.100 nm




Significance of centre of gravity

* The total momentum of a system of particles (or a
body) is equal to the total mass times the velocity
of the center of mass.

* When a body or a system of particles is acted on
by external forces, the center of mass moves just
as though all the mass were concentrated at that
point and it were acted on by a net force equal to
the sum of the external forces on the system.

¢ The center of mass of this
wrench is marked with a white
dot.

* The net external rorce acting
on the wrench is almost zero.

 As the wrench spins on a
smooth horizontal surface, the
center of mass moves in a
straight line with nearly
constant velocity.

Shell explodes

After the shell explodes, the two fragments

follow individual trajectories,
but the center of mass
™~ continues to follow the
shell’s original
\\ trajectory.
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A tug-of-war on the ice

James Rarnon

90.0kg 600kg
 — A

-10.0m Xem O +0.0m

The frozen surface is horizontal and essentially frictionless, so the
net external force on the system of James, Ramon, and the rope is
Zero.

Hence their total momentum is conserved.

Initially there is no motion, so the total momentum is zero; thus
the velocity of the center of mass is zero, and the center of mass
remains at rest.

Equilibrium and Stability
@) ®) ©

\// The higher the center
1~ of gravity, the smaller
+Area of support y i the incline needed to .
v i tip the vehicle over.
H i
Center of gravity is over - N . V- e
the area of support: car Center of gravity is outside the area of support: vehicle tips over.
is in equilibrium.

In (a) the center of gravity is within the area bounded hy the supports, and the car
is in equilibrium. The car in (b) and the truck in (c) will tip over because their
centers of gravity lie outside the area of support.

Center of
gravity

FIGURE 8.29

The center of gravity of the
Leaning Tower of Pisa lies
above its base of support,
so the tower is in stable
equilibrium.

FIGURE 8.30

When you stand, your center
of gravity is somewhere above
the base area bounded by
your feet. Why do you keep
your legs far apart when you
have to stand in the aisle of
a bumpy-riding bus?
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Types of Equilibrium

—— unstable equil.

neutral equil.

™ stable equil.

Types of equil. (of a body) in terms of
centre of gravity

L VoS

stable equil.

unstable equil.

neutral equil.

stable equil. |unstable equil. |neutral equil.

position

position of
c.g.

p.e.

movement
of c.g. when
rotated about
pivot

Stability is determined by the vertical distance that
the center of gravity is raised in tipping. An object
with a wide base and a low center of gravity is more
stable.




