Lecture 8 EQUlllbr'lum
Phvsi 106 £ Stable vs. Unstable
YSICS Balance of Forces: Static Equilibrium
Fall 2006 P dP o An equilibrium point is stable if small
e L met T changes in the position lead to
Equilibrium restoring forces back to equilibrium.
Balance of Torques:
If it moves away from the equilibrium
Ny . 7o = Ll _ 0 point when displaced slightly, it is
http://web.njit.edu/~sirenko/ net = g¢ unstable.
P=o w Q D
10/24/2006 Andrei Sirenko, NJIT 1 10/24/2006 Andrei Sirenko, NJIT 2
Equilibrium Equilibrium
. o Force Equilibrium Examples
Balance of Forces: Indeterminate Equilibria )
= dP
_ dP If the force and torque equations lead Frev = - =0
Fret = dat 0 to more unknown forces than
equations, there are an infinite : =
number of solutions.
Balance of Torques:  Examples: Four-legged table ﬁ S o
Two axle trailer required to suppart L
_ dL Detailed material properties and the mass m
Toet = g = 0 history determine the forces. m
Find the force required Find the required
to pull the mass out tensions if one
to the angle @. F cable is horizontal.
P=o0
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Torque Equilibrium Examples
dL

=’ — —
Thnet — -

dt

6 A

Conditions for Equilibrium

An obiect at equilibrium has no net nfluences to cause 1t to mowe, either m translation
rlinear motion) or rotation. The basic condiions for ecuilibrium are:

See-saw type torgue balance. 1. Net =0 x and y components of force |
may be separately set = 0.
cm 5]
---------------------------------------------- é i 1 Forces left = forces right F . = f _
I 1 & Forces up = forces down. 0 dt
Supporting an extended object Mass of an extended object.
PP g Ject. 2 Net -0 The axis may be chosen for advantage |
l to eliminate some unknown forces..
. dL
' The sum of the clockwise torques is equal  The = — =
T to the sum of the counterclockwise torgues. dt
Lifting & board by its end |
Balancing the boarm.
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Balance of Forces: Balance of Torques:
Balance of Forces:
7, -9 ro =% _, P—o
net — —,, — Thnet = —— — = . — dﬁ
dt dt gravity Foet = E =10
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1. The vector sum of all the external forces that act on the
body must be zero.

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

3. The linear momentum P of the body must be zero.

4. The gravitational force F; on a body effectively acts on a

single point, called the center of gravity (cog) of the body.

If g is the same for all elements of the body, then the
body’s cog is coincident with the body’s center of mass.
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Balance of Torques:
dL

= —
Thnet —

=0
dt

10/24/2006

Andrei Sirenko, NJIT




Equilibrium of the tower of Piza

The Leaning Tower of Piza Is it really stable ?

j‘nei; = dt =0
1
h 1
: 1
1 . dL
— Taot = - =0
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Static Equilibrium  7-o

Balance of Forces: Balance of Torques:
F . = ﬂ_j =0 F .= E =0
net = o = Tnet = "3p =

n Back to Eq.
Stable vs. Unstable
Static Equilibrium
An equilibrium point is stable if small

P —— ‘n!n\ @
changes in the position lead to g l mg

restoring forces back to equilibrium. l m

Away from Eq.
If it moves away from the equilibrium )
point when displaced slightly, it is
unstable.
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Equilibrium for fun

dP
Faw = 5 =0
. dE
Tnet — dt =0

Unstable Equil.

Stable Equil.
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Equilibrium for fun

dP
Fnet = E =0
- dL
Tnet — E =0
Unstable Equil.
Stable Equil.
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Equilibrium; Stable vs. Unstable
Two Forces

Equilibrium of Mechanical
Constructions ah

o= % —0 Unstable Equil. Stable Equil. o =r =
dL
Ft:@f(] _ Tower: Thet = — =0
ne dt yllﬂki\‘ L i
L 6pancls @ 7.5m = 45m f Im—k—3m
Roof NI
- Zkip ‘30‘\{;(\‘. ; g 74\1_\
T .. Th g 8t . Ny - ¢ G
orque is in the ) . 1 st e
direction of the IO:?‘UQ d'S OPE.OS'T?% R ! -w‘f i :
alj\gular ‘I'f\e Gf\ L:lr(‘ler.c on o ﬂﬁimnj»wﬁ%mﬂ _.__”m"'j‘” A ‘ | |
displacement \e ang L
displacement 3 mge3m—p3my
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Sample Problem XIII -1
System —_ : AF‘;
’-_L'_.{ Block - N A uniform beam of lenath From the force balance we have
ﬁ— ' | g L 7 Two unknowns
— P " L and mass m = 1.8 kg is at i ’[‘ '
rest with its fends on two ¢ | F+FR-Mg-mg=0
ko scales. A uniform block Block _—Beam_ — —
TN with mass M = 2.7 kg is at F&*W’"gr i
’ rest on the beam, with its v netz
center a distance L/4 from 3 Foptoct = M1y (OXF) — (Lf4) gy — (L] 2)Gng) +(LYF,) =0

= — - the beam’s left end. What
do the scales read?

3 Foia= ME
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Fo=3Mg+img

= 1027 kg)(@.8 ms)+ 1(1.8 kg)(9.8 m/s*)
=1544 M= 15 M.

Fi=d +m)g - F,
=(27kg+1.8kg)® 8 m/s*)-1544 N
= 2866 N 29 I
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Gyroscope

One typical type of
gyroscope 13 made by
suspending a
relatively massive
rotor inside three

spin  1ings called gimbals.

axis  Mounting each of
these rotors on high
quality bearing
sutfaces isures that
very hittle torque can
be exerted on the
inside rotor.

Gyroscope

angular
momentum

The rapidly spinning
inner wheel will maintain
its direction in space

if the outside framework
changes.

Dynamic and Static
Equilibriums are L=lo
different |

S
Ab‘ Direction of

Is this rotating
wheel stable ?

The change in the
| angular mementurm

Tension is perpendicular to
T=mg the angular momentum

AL
fr =lo.= At
R P
~. The vector direction
of the torgue is
along the axis about
which the system

m
gl 1 would rotate if it
were starting from
Lever arm for rest and subject to

torque due to that torque alone.

Frictionless

Cighter
% com

Ladder
com

Sample Problem XIII -2

el
Fire-
\

\

A\

\ y »
-~ System

Fire-
fighter

¥

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
v, rests (the pavement is not
frictionless). The ladder’s center of
mass is L/3 from the lower end. A
firefighter of mass M = 72 kg
—+—2"— climbs the ladder until her center of
mass is L/2 from the lower end.

“ What the are the magnitudes of the
forces of the ladder from the wall
and the pavement?

T} Ladder
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T=mg
Fl'lCtllJDl]]CSS y
—t a=JF -7 =756m Sample Problem XIII -3
“‘\ Fw [ b =
\ o a2 A safe of mass M = 430 kg is hanging by
L a rope from a boom with dimensions
_ _ e Y0588/ s w45 5) | a=1.9mand b =25 m. The boom consists
Liod VRG-S im of a hinged beam and a horizontal cable that
ighter ry =407 N =410 I .
\ connects the beam to a wall. The uniform
Mgy N TR F_F =0 ' beam has a mass m = 85 kg. The masses of
e w P the cable and the rope are negligible.
I_F.F \\\ (4] ¥ = 7
-~ F,=F =410 ﬂ'— a) What are the tension T, in the cable? In
wal2 7 | other words, what is the magnitude of the
@ ®) K = 0 A force T, on the beam from the cable?

Torque balance for the point O
— (D) + (a/2)(dg) + (a/3)(mg)
+HOUF, )+ (O F, ) =0y

Py —Mg-mg=0,

F, = (M +m)g = (72 kg +45 kg)(9.8 m/s")
=1146.6 M= 1100 M

b) Find the magnitude F of the net force on
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the beam from the hinge.
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“What 13 the tension Tc i the cable?

. ) X /
Cable

m_ e Beam com
Rope Beam

3 ) mg

¥ ") ) f'yl.

Hinge

v

(a) (b

(@)(T)) - BT - (Ab)mg)= 0. n-2208

_©s8 mfs* Y25 m)(430 kg +85/2 kg)

1.9m

= 6093 N= 6100 N.
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Find the magnitude 7 of the net force on the beam from the hinge.

- h -

Cable
8 y T.
8
m = Beam com I
Rope Beam
&mg'
P ‘ F,
Hinge
M [ ; o — x
\ Fy -
Fnet,x =0as
(a) (b F-T.=0
F,=T =6093 1
|
F-mg-T,=0
F = (n+ M)g = (85 kg+ 430 kg)(9.8 mis*)
= 5047 I0.
i
_ 2 2
10/24/2006 Andrei Sirenko © = 7 P

= J(6093 1T)? + (5047 N)? & 7900 N.

d d 1.5d
I |

m B mE &

QZ#8 m=5kg d=2m

*Show all forces acting on the beam.
Mass of the beam is zero

*Write the force and torque balances

*Calculate M to keep the whole system
in equilibrium
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Sample Problem XIII -4

A rock climber with mass m = 55
kg rests during a “chimney climb”, “«a
pressing only with her shoulders ! 3’
and feet against the walls of a )
fissure of width w = 1.0 m. Her i |

N

center of mass is is a horizontal = b
distance d = 0.2 m from the wall |

o /1
against which her shoulders are V N : .J !
pressed. The coefficient of static R F o nit J y
Fedle

friction between her shoes and the
wall is g = 1.1, and between her

shoulders and the wall itis 4, = 0.7.  3) What is the minimum horizontal push
To rest, the climber wants to on the walls?

minimize her horizontal push on the

walls. The minimum occurs when b)  For that push, what must be the

her feet and her shoulders are on the vertical distance h between her feet

verge of sliding. and her shoulders if she is to be stable?
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