Chapter 12 — Equilibrium and Elasticity

I. Equilibrium
- Definition
- Requirements
- Static equilibrium

Il. Center of gravity

lll. Elasticity
- Tension and compression
- Shearing
- Hydraulic stress

|. Equilibrium

- Definition: An object is in equilibrium if:
- The linear momenitum of its center of mass is constant.

- lts angular momenitum about its center of mass is constant.

block resting on a table, hockey puck sliding across a
fnctionless surface with constant velocity, the rofating blades of a

ceiling fan, the wheel of a bike traveling across a siraight path at
constant speed.

- Static equilibrium:

P=0, Y Objects that are not moving either in
TRANSLATION or ROTATION

block resting on a table.




Stable static equilibrium:

If a body returns to a state of static equilibrium after having been displaced
from it by a force = marble at the bottom of a spherical bowl.

Unstable static equilibrium:
A small force can displace the body and end the equilibrium.

(1) Torque about supporting edge by F, is 0
f because line of action of F; passes through

| fﬁ ; rotation axis - domino in equilibrium.
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(2) Slight force ends equilibrium - line of
: action of F;moves to one side of supporting
= Supputing edge > lorque due 1o F, increases domino
ealpn= -
. rotation.

(3) Not as unstable as (1) - in order io topple i, one needs o rotate it
beyond balance position in (1).

- Requirements of equilibrium:

P=cie— I, = dP Y Balance of forces - translational equilibrium

dli

Balance of torques — rotational equilibrium

Vector sum of all external forces that act on body must be zero.

- Vector sum of all external torques that act on the body, measured
about any possible point must be zero.

Balance of forces 2 Fg ;= Fray = Fretz =0

Balance of torques =2 Tpy ;= Teyy = Tneiz =0




. Center of gravity

= vector sum of the
gravitational forces acting on the individual body’s elements (atoms) .

cog = Body's point where the gravitational force “effectively” acts.

-This course initial assumpiion: The cenier of gravity is at the
center of mass.

Ifg!sfhemhraﬂelmmﬂsnfabndr,ﬂmﬂmbudfsﬂenﬁrﬂf
Gravity (COG) is coincident with the body’s Center Of Mass ({COM).

Assumption valid for every day objects - "g" varies only slightly along
Earth’s surface and decreases in magnitude slightly with
altitude.

Each force Fj produces a torque t on the element
of mass about the origin O, with moment am x,.
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