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Chapter 9



cQUILIBRIUM

» Statics I1s the study of what does it take to keep something staying the
way It 1s. From what we have learned already we know the net force
on an object must be zero or 1t will accelerate.

» [his is called being in equilibrium when there 1s no net force on an

object.



TO RQ U E Equilibrium: remains stationary

netF =0

However, this Is not enough to keep an object

static. The hokey stick has net force equal zero —;—"D<—F—
N both cases. But In the bottom example the Free-body diagrarm
F F

stick will rotate.

Nonequilibrium: rotation accelerates

A force that causes an object to rotate is called a et F = 0
torque. [hus we see to have equilibrium we also ' w
need the net torque on an object to be zero. o

4_ F F
F



D e

» [he torque on an object depends on force, but It

also depends on the distance that force 1s appliec

from the axis of rotation and the direction of the
force. We can write

T =rFsind

* where T is the torque and O the angle between the

force and line to the pivot point.
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Looking up properties of an |8 wheeler.

ength = |6m
height = 4m

In order for the truck to fl

mass = | 5000kg

ow much force (torque) must be applied to the truck to flip it!

-

Mg

b the torque from the force

- must be greater than the torque from the weight.

G = S

1
TR — th

1
n — §lmg

TF > Tw => chF > _dhmg => F > 4mg = 4(15000kg)(9.8m/s?) = 588, 000N

That's a tremendous amount of force and It you

see they don't rotate t
explosion In t
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watch the clip carefully you'll

N over. Since the explosio

oe mg to overcome gravr

rom the force of the wires, but there Is an
truck that flips |
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PR ari e

- She Saw Torques On A Seesaw: |he two children shown In the Figure are balanced on a seesaw
of negligible mass. (This assumption I1s made to keep the example simple—more involved examples will
follow.) The first child has a mass of 26.0 kg and sits .60 m from the pivot.(a) If the second child has a

mass of 32.0 kg, how far Is she from the pivot! (b) What is Fp, the supporting force exerted by the pivot!

m| = 26.0 \<g
r = [.6m
F — e
my = 32.0 kg Hes Tnet 0
)
:2 = ? Fp — mi1g —meoeg =0 Mmigri —megre =
p TRy
mi 20kg
fg = —7T] = 1.6m = 1.
2 yh. 1 32k om 30m

E, = myg + mag = (26kg)(9.8m/s?) + (32kg)(9.8m/s*) = 568N



1 ViR

- What Force Is Needed to Support a Weight Held Near Its CG? ror the

situation shown In the Figure, calculate: (a) Fp, the force exerted by the right hand, and

(b) FL,the force exerted by the left hand. The hands are 0.900 m apart, and the cg of the

pole 1s 0.600 m from the left hand. The pole’'s mass i1s 5.00kg.

m = 5.00kg

R = 0.600m
RRL — 011G 00k

i

=1

Fr+Fr, —mg=20
free to choose pivot
FRRRL = ngL = §

0.600m
— (5kg)(9.8m /s? — 32.7N
(5kg)(9-8m/s”) 5 500m

Ry,
RRr,

FR:mg

Free-body
diagram

Fr, =mg — Fr = (5kg)(9.8m/s*) — 32.7TN = 16.3N




Triceps

EXAMPLE 9.4

- Muscles Exert Bigger Forces Than You Might
Think. Calculate the force the biceps muscle must exert to
hold the forearm and its load as shown in the Figure, and
compare this force with the welight of the forearm plus Its load.

Fnet:O Fg — Fg —mgg —mpg =0
romegg + rgmpg —ritp =0

Free-body

et 0 38
Fp = (romag + r3myg)/m (a)
= ((16ecm)(2.5kg) + (38cm)(4.0kg))(9.8m/s5%) /4.0cm = 470N
(2.5k9)(9.8m/s%) + (4.0kg)(9.8m/s?) = 63.7TN Fl 1':8
b SE GRS { I CG

"_‘>r1 a
- P J

diagram
A
— ““w
m, = 4.0 kg
CG !
wa$ lwb
Wp
-/ yre
CG
Wi,




S IABIETEE

» Equilibrium is not the same as stability. An object can be in equilibrium, but still unstable like a
pencil balanced on 1ts point.

* For an object to be stable not only does It have to be In equilibrium, but a small change has

to bring it back to equilibrium instead of moving increasingly away from It.

stable equilibrium returns to equilibrium  unstable equilibrium pencil falls over
A t=0 Arcw =0 = Tew  Free-body
/. Free-body \ Free-body Free-body diagram

-\ diagram -\ diagram diagram fN

In \ In i N i“’

W \ W y W
‘ Pivot point Pivot point \\ ‘ LA pownt yot point
_ -~
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HOME WORK
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