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Equilibrium and Elasticity — Chapter 13

Equilibrium
Equilibrium — two requirements: |P=a constant and L= a constant
Static equilibrium — two requirements: P=0 and L[=0 (the constants are equal to zero)
Static equilibrium — stable Fl ~ ]
unstable fl | / /
N {l/ /I l l
N [ . . 7
ILI i // Y Fy /s : s
A | i |
. Supporting
edge
(a) (b) (c) ()
The requirements of equilibrium
E. = Ci,—f If P=a constant = |F =0 (condition for translational equilibrium)
T o= i}_t If L =a constant = 7...=0[ (condition for rotational equilibrium )
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3.

Equilibrium and Elasticity — Chapter 13

. The vector sum of all the external forces that act on the body must be zero.
. The vector sum of all the external torques that act on the body, measured about any

possible point, must also be zero.

Balance of forces  Balace of torques For situations in which the forces that act on the
Fle =0 Thetx =0 body lie in the xy plane only:
F . =0 7...,=0
nety _ ney _ K net,x = O; F net,y = O; z-net,z =0
F net,z — 0 Tnet,z =0

For Static (i.e. stationary) Equilibrium the linear momentum P of an object must be zero.

The Center of Gravity

» The gravitational force Fgon a body effectively acts at a single point, called the center of

gravity (cog) of the body.

« If gis the same for all elements of a body, then the body's center of gravity (cog) is
coincident with the body's center of mass (com).

Xcog = Xcom

(for the same g every point on the object)
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Equilibrium and Elasticity — Chapter 13

4., Some Examples of Static Equilibrium

Sample Problem 13-1

System s

|
Block ‘
Beam

m

A uniform beam, of length L and mass m = 1.8 kg, is
at rest with its ends on two scales. A uniform block,
with mass M = 2.7 kg, is at rest on the beam, with its
center a distance L/4 from the beam's left end. What
do the scales read?

Scale

N~

F

net,y

-0 > F,+Fr—Mg—mg=0 (1)
Choose the rotation axis at the left end of the beam

=0 = (0)(F)-(L/4)(Mg)—(L/2)(mg)+(L)(F,)=0

net o

ol

= F.=fMg+lmg
\ —_—

12-Dec-03

Beam
bp = mg

gll ock = Mg

' =1(2.7kg)(9.8m/s*)+4(1.8kg)(9.8m/s?)
=1544 N=15N
from (1) > F,=(M+m)g—F,
=(2.7kg+1.8k2)(9.8m/s*)—-15.44 N
=28.66 N =29 N
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Equilibrium and Elasticity — Chapter 13

Sample Problem 13-2

Frictionless

! A ladder of length L = 12 m and mass m =45 kg

] leans against a slick (frictionless) wall. Its upper end
is at height h = 9.3 m above the pavement on which

‘ the lower end rests (the pavement is not frictionless).

‘ The ladder's center of mass is L/3 from the lower end.

_~ System

Fire-

h fghier |\ 1 E, A firefighter of mass M = 72 kg climbs the ladder
MES | Edides until her center of mass is L/2 from the lower end.
mg What then are the magnitudes of the forces on the

ladder from the wall and the pavement?

Choose the rotation axis at O

Tero=0 = ~(W)(F,)+(a/2)(Mg)+(a/3)(mg)+(0)(F) +(0)(F,)=0  a=\L*—h>=7.58m
F = ga(M/£+m/3) _ (9.8m/52)(7.58n91)3(;2/2kg+45/3kg) 40T N ~410 N
Fnet,x:() — FW_FPXZO pr=FW=410N
Froy=0=  Fp=(M+m)g=(72kg+45kg)(9.8m/s?) =1146.6N~1100N

Note that F_1s the static friction from the pavement. It may not be equal to the maximum value of p F .

12-Dec-03 Lecture notes by Dr. M. S. Kariapper 4/10
KFUPM - PHYSICS



Equilibrium and Elasticity — Chapter 13

Sample Problem 13-3

b

Cable

m

Beam com
Rope

12-Dec-03

A safe, of mass M =430 kg, 1s hanging by a rope from a
boom with dimensions a= 1.9 m and b= 2.5 m. The boom
consists of a hinged beam and a horizontal cable that
connects the beam to a wall. The uniform beam has a mass
m of 85 kg; the mass of the cable and rope are negligible.

(a) What is the tension 7 in the cable? In other words,
what is the magnitude of the force 7,.on the beam from the
cable?

Note that 7, does not equal to 7. Take the rotation axis at O.
Teto =0 = (@)(T2) = (b)(T,) = (3D)(mg) =0

T = gb(M +1m)
a

Since 7, = Mg, we have :

_(9.8m/s*)(2.5m)(430kg+85/2 kg)
1.9m

=6093 N =6100 N
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Equilibrium and Elasticity — Chapter 13

Sample Problem 13-3

| b

o i Cable (b) Find the magnitude F of the net force on the beam from
0 the hinge.
a m Beam com Fnetx:O — Fh—Tc=O
Rope »
F,=T.=6093 N
- P Hinge N \-\@ Fnet,y = O p— Fv —mg—Tr = 0
- . F,=(m+M)g=(85kg +430kg)(9.8m/s?)
=5047 N

=(6093 N)?+(5047 N)? ~7900 N

Note that the force F does not point along the beam.
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Equilibrium and Elasticity — Chapter 13

5.  Elasticity

\%4

F
Ax
2 - — - _)D \// \( /
F / A

/ -y
\ /
\

)‘\\T/‘/\

» The stress is the deforming force per unit area, F/A.
* The strain 1s the unit deformation, AL/L, Ax/L or AV/V.
» The modulus of elasticity is defined by the equation: | stress = modulus x strain

We consider three types of deformations and define an elastic modulus for each.

* Change in length. YOUNG’S MODULUS, E measures the resistance of a solid to a change
in its length. (a)

» Shearing. SHEAR MODULUS, G measures the resistance to shearing - (b)

* Change in volume. BULK MODULUS, B measures the resistance to changes in volume. -

(c)
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Tension and Compression

Equilibrium and Elasticity — Chapter 13

Ultimate
strength

Yield
strength

Stress (F/A)

12-Dec-03

L+ AL

Rupture

Range of permanent
deformation

Linear (elastic) range

Strain (AL/L)

F AL
ATET

E is the Young’s modulus

F / A is the stress, defined as the force per unit area.
The force is applied perpendicular to the area A.
AL s the strain, or unit deformation. It is a ratio.

The Young’s modulus is almost the same for tension
and compression.

An object will deform permanently when the stress
equals the yield strength of the material.

The object ruptures when the stress equals the ultimate
strength of the material.
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Equilibrium and Elasticity — Chapter 13

Sheari
earing F o b
Ax A L
| — .
T | F * G is the shear modulus.
|  F/ A is the force per unit area.
I I
| » The force lies in the plane of the area.
L d_é * Ax/L is the strain.

Hydraulic Stress

.-"-v
F_ -5V \,\L“’/ f
| AV

*  The fluid pressure p is the force per unit area. 3

«  Bis the bulk modulus. /8 T‘\

e AV/ Vi1s the strain.
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Equilibrium and Elasticity — Chapter 13

Sample Problem 13-5

F A structural steel rod has a radius R of 9.5 mm and a length
T o L of 81 cm. A 62 kN force stretches it along its length.
What are the stress on the rod and the elongation and strain

| of the rod?
T I+ AL

The area of the end face is 7 R?

@ l_,__ rossF_ F _ 62x10°N
F A 7R? (7)(9.5x1073m)?
=22x108 N/m?

8 2
AL =(F/é4)L = (2'2);1(());1\8/1’1”]\])/(21?1”1) =8.9x10*m=0.89mm (UseE from table)

AL 89x10%m

_ -3 _ 0
7 = 0%1m =1.1x107=0.11%
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