PHYS120 Lecture 28 - Statics 28-1

Demonstrations: none
Text: Fishbane 11-1, 11-2, 11-3
Problems: 11, 15, 22, 28, 41 from Ch. 11

What's important:
econditions for no rotation and no translation
Statics

In linear kinematics, we said that for an object to be stationary, its acceleration a
must vanish. Applying Newton’s Second Law:

®
F:m%

we find that the condition for no translation of the object is

é |C§> for static equilibrium
. ! (up to 3 independent equations).
|

Newton’s Second Law for angular motion is
§[® ®
= Ia
so that the condition for no angular rotation of the object is

é -0 for static equilibrium
i ! (up to 3 equations)

Note that if the object is not rotating, then the net torque around every axis that you
choose is zero.
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Example 1

A block is pushed against a fixed point A:

< F Find the
maximum force

h before the block

rotates.
=
A

First, construct a free-body diagram. In addition to the applied force F, there is a
normal force N opposing the weight mg, and there is a reaction force f opposing the

applied force F:

d
- <« 2 ® ®
F Note, N and f act at point A
s =Y when block is about to rotate over
® T ¢ stopper.
Ol
f
. " e ®
We can use linear conditions a fi=o0
i
. " ® Ct@
to provide two conditions on N and f.
o ® ®
X - direction: f =-F
®
z - direction: N = - m% = (?v
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We impose the constraint of no rotational motion by saying that there should be no net
torque:

[e]
a {E. =0
i
out of into
plane plane
T d
W
h l
<_
F
b F = wd/h

Example 2

A uniform plank of length 6 m and weight 320 N is supported on two trestles,
each 1 m from an end of the plank. How close to the end can a man of weight 800 N
walk before the plank tips?

1-x
® ® X = closest
N1 N> distance to
/ end

w =mg = 320N 800 N (weight of man)
at cm of plank
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Forces in z - direction for static equilibrium
N; + N, = 320 + 800 = 1120

But when the plank is just about to rotate, N; = 0
P N, = 1120 N at rotation.

Torque equation can be applied at any axis. Usually one looks for the axis of rotation,

or finds a convenient axis where many { ‘s vanish.

Consider the torque about position @ :

fhet = -N1 (4) + 320(2) + N2(0) - (1-x)800
=0 =0

640 - 800 + 800x = -160 + 800x

When the torque vanishes
-160 + 800x = 0O

Example 3

A man is climbing a massless ladder leaning against a frictionless wall. If the
coefficient of friction between the ladder and the floor is m , how far up the ladder can
the man climb before the ladder slips?

N>

mg
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|
Z
N

Forces in x - direction: (magnitude) @
Forcesin z - direction: ~ N; = mg  (magnitude) (2)

Friction law: f = 1N, @

Rotation condition: mg s cosq = N,L sing @

@+@D fTN1:N2® @+@+@DN2:mng
@+® P Mmg) =N, (&

@ +(® P mgscosq=MmgLsing

_ sing
or s = ML cos q
S
o [ = Mtan q [Independent of m!]

Hence, for the person to climb the ladder all the way to s =L,

1
tanq > m

fM=06 P q ~1lrad ~ 57° /N

Variation 1 : Miggger * 0, M= 0 atwall.

f =N N1 = (Mperson + Miadder) 9 f = 1MN;
P Rotation condition is

L .
Mperson g S COSQ + Miadderd 5 €Osq = N2oL sing
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But Nz =f=1N; = Mm, + m)g

L
p g cosq (mps + mp 5) = M(mp + m)gL sing

L
p mps + my % = M(mp + m)L tang
S m
mp T * TL = M(m, + my)tanq
S mL) my
—_ = + — - —_—
b T =Mtang (1 mp 2m,

Variation 2 : Myagger = 0,M1 0 at wall

f]_:Nz N

- f2 f]_ = le f2 = mN2

mg
©) ® ©O)

[EnY

O+@® p No=mMN; (B
@ +@ P Ni=mg-MN, (&
® +®@ P Ni=mg-nNiN;
_ Mg
Ni= Tt
_ Mmg
N2 = o m
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Torque: mg S cos(q

NoL sing + foL cosq

Mmg L sing + mg L
e nf DS g boces

m nf
S'1+n“i L tanqg + +IﬁL
s _ M _
. " 1+n,¥(tanq+m) —1+mm (tanq+lT})
| s m
1. Evenif g =0 T T+ M
s 1+ I'ﬁ_
2.1~ =1, m - tang+ M
1
tanqg = ™ as before.
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