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Workshop module 9 - Physics 121, Spring 2001
Angular momentum, precession, statics

I go through spurts of traveling extensively for my research. Consequently, it catches my attention when I hear

of engines falling off jet awplanes. It happens with a surpnsingly high frequency. How can an amrplane be mn
such poor shape that the engine falls off? It turns out that engines are held onto airplanes with breakaway bolts.
In certain catastrophic engine failures, these bolts will snap and the engine will fall off the amrplane .. h*.'

design. Why 1s it necessary to design such a feature into commeral aircraft? (hint- jet engines contain a
turbine, which 1s a fan that spins very fast.)

The pilot of a propeller-driven airplane decides to descend abruptly. The propeller i1s at the front of the airplane
and rotates clockwise as seen by the pilot. She lowers the nose of the airplane from a honzontal athtude to one
in which the nose is pointed well below the honzontal As she does this, the nose of the airplane also swings to
the left (as seen by the pilot). Explain why this happens. (hint: think about the cause of precession)

The Epyptian pyramids, made of a total of about 25 million tons of hmestone, were wlt enfirely with human
labor. To get some insight into how this might have been accomplished, consider lifong a "small” pyramd
stone with a weight of 20,000 N, which 15 about 2 tons (some of the larger stones actually weigh up to 70 tons).

a) Estimate the number of able-bodied people it would take to lift such a stone off the ground. Begin by
deciding how much a typical person (such as vou) can Lifi

MNow comsider lifting the stone with the following arrangement, consisting of two long levers resting on sturdy

pivol points (sometimes called fulcrums). The downward amows represent the forces apphied by the workers.
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b) Make a free body diagram of one of the levers as it is lifting the stone.  You can neglect the weight of the
lever itself.

c)  Write out the torgue equation for the lever, choosing the fulcrum as the axis of rotation.

d) How muoch force must be applied to the end of each lever in order to lift the stone at a steady rate?

Oither things to consider:

Look carefully at the sketch of the levers and the biock You'll see that the distance between each fulcrum
and the end of each lever 15 not exactly the same as the distance between the fulcrum and the edge of the

block. Which distance should be used as the lever arm of the force exerted by the biock on the lever, and
why?

What might the [imitations of a simple lever system be?

Can you determine the force exerted on the lever by the fulcrum?

You can probably stand flatfooted on the floor, then rise up and balance on your tiptoes. Why can't
vou do 1t 1f your toes are touching the wall of the room? (Try 1t!)

Consider a ladder of mass M and length L leaning against a wall at some angle [, as shown in the sketch to the
right. The bottom of the ladder is rubberized (so there's a lot of friction), but the top is bare aluminum and can
be considered frictionless.



a) Make a free-body diagram for this ladder, including a
codrdinate system.

b)  Write out the equations for static equilibrium of the ladder. M
(Indicate with a “F” on your FBD the point you are choosing to

sum torgues around, and show with an armow your choice for

the direction of a positive Lorgue. ) O

c)  In terms of the known guantities (M, L and [J), determine all of the forces exerted on the ladder by the wall
and by the foor.

Other things to consider:
Suppase someone 15 standing on the ladder. Which forces on the ladder do you expect to be
different, and will they be bigger or smaller? Show explicitly how your equations will be
modified.

For the same ladder above suppose that the coefficient of static friction between the floor and the ladder is
known to be []= 1/2.

a)  What is the maximum amount of friction that the floor can exert on the ladder? Express your result as a
multiple of the weight of the ladder (examples: = 2mg or [ = 0.25mg).
b) At what angle [] is the frictional force at its maximum?

c)  What would happen to the ladder if [] were made smaller?

Other things to consider:
The coefficient of friction between the ladder and the floor is a constant number. How then do you
explain (in words) the fact that the ladder becomes unstable as the angle [] is decreased?
Which 15 more likely to slip when leaned against the wall as in this problem, a tall ladder or a
short ladder? Assume that the ladders have the same rubber on the bottom.






