8.) A beam of length “L” is pinned at an angle © a quarter
of the way up the beam (i.e., at L/4). Tension in a rope
three-quarters of the way from the end keeps it
stationary. What is known is:
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cm,beam beam

a.) Draw a f.b.d. identifying all the forces acting on the beam.

b.) What must the tension in the rope be for equilibrium?
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c.) Use the Parallel Axis Theorem to derive an expression for the
beam’ s moment of inertia about the pin.

d.) The rope is cut and the beam begins to angular accelerate downward. Derive an
expression for the beam’s initial angular acceleration about the pin?

mg
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e.) What is the initial acceleration of the beam’ s center of mass?

f.) The beam rotates downward. What is its angular velocity as it passes through the

vertical? (Note that I've done some geometry for you—this probably won’t be the case
on the test.)
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g.) What is the velocity magnitude of the beam’s center-of-mass at that point?

I

h.) What is the beam’s angular momentum “L” about the pin at that point?
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b.) What must the tension in the rope be for equilibrium?

As usual, this is a “torque about the pin” T, =Tsin¢
problem with the angular acceleration equal
to zero. Using “r-perpendicular” on the
‘mg” term, and “F-perpendicular” on the
tension force, we can write:
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/17/ 4717/ mg Il t (TL) (5): IpiM I, = %COSO
—mg (/ZL/COS Gj +(Tsin (1))(/%/) =10
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T=
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c.) Use the Parallel Axis Theorem to derive
an expression for the beam’ s moment of
inertia about the pin.

I =1, +md’
1 LY
= —mL’ +m(—)
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d.) The rope is cut and the beam begins to angular
accelerate downward. What is the beam’s initial
angular acceleration about the pin?

o 12g(cos6)
7L

linel of mg
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e.) What is the initial acceleration of the beam’s

center of mass!?
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f.) The beam rotates
downward. What is its
angular velocity as it passes
through the vertical?

Nl
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f) (con’t.) (See sketch on the previous page.)

) KE, + YU,  +>XW,.= DKE, +> U,

0 +mg £+£sm9 + 0 = (llmmz) + 0
4 4 2P
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g.) What is the beam’s center-of-mass velocity at that point?

Knowing @, you can easily determine v.

ch = rcm(D

h.) What is the beam’ s angular momentum “L”
about the pin at that point!?
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