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2(a) This question was a bit confusing, however if you think about it for

a little bit you will see that part (a) does make sense.

Clearly if we pull on m3 with a very small force, since there is no
friction between mga and the ground, the blocks will begin to move
with very small static frictional forces holding them together. Even-
tually the external force will be large enough to cause the other two
blocks to slide relative to the bottom one. However, there are two
very different possible outcomes. Either m; will slide off of my while
me moves along with mgs held on by static friction between ms and
m3 (mg3 and mq basically behave like one block and m; slides off of
them) in which case the problem no longer makes sense because now
my will be on top of m3 and we have no idea what the coefficient
of friction between m; and mg is, or the top two blocks will remain
fixed together by static friction between m; and ma and they will
slide off as a whole unit; this is the only way in which the question
makes sense.

Knowing that m; and ms slide off together we can now treat them as
one object of mass mj + mg and we can ask, what is the minimum
force needed to pull ms out from under this composite block, or
equivalently, what is the maximum force we can exert on mgz before
the other two blocks start to slide relative to mg.

If the other two blocks begin to slide, that means that the accelera-
tion of m3 in the horizontal direction, a, is larger than the maximum
horizontal acceleration that can be imparted to the other two blocks.
The only force that can be exerted on the other two blocks (treating
them as one big block) is the frictional force between block mg and
mgs and the maximum value that frictional force can take is us N,
where N is the normal force exerted on the composite two block sys-
tem by mg. N is clearly equal to (my + mg)g since gravity and the
normal force are the only two forces that act on the top two blocks
in the vertical direction, and since the blocks do not move in this
direction they must cancel one another.

So the maximum force that can be exerted on the top two blocks
is pa(mi + ma)g which imparts an acceleration of uzg to the top
to blocks. Thus as soon as the acceleration of the three blocks as
a whole reaches this value the top two blocks will begin to slip.
The horizontal force exerted on the three blocks as a whole is just
Foyt cos @ and thus the acceleration is




Feyy cos
a = ———
mi -+ my +m3

by Newton’s second law. The blocks begin to slide when a = pag,
and this happens when

Fextcos
mi+mg+mg Y

mi1+mo+m
o Foy = pag(mi 2 3)
cos @

Hence the minimum force necessary to be able to pull ms out from
under the other two blocks is

Fooo— p2g(my + mg + m3)
min =
cos
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Problem 4 — (25 points)

A mass m is attached to a pole by two massless strings as shown (panel a). The length of
the strings and their horizontal separation along the pole are all L. The mass is circling
the pole with a speed v that is high enough to keep the strings taut at an angle 8 = 60°.
The acceleration of gravity g points downward on the page. The direction of rotation is
counterclockwise, but this doesn’t matter.

a) (Spts) Draw the free body

diagram for the mass. Panei a Panel b
b) (5pts) Find the tensions T; and &
T, for each string. YN/ ¥ %
¢) (5pts) What is the magnitude )L
and direction of the acceleration I3 N/

of the mass at the instant shown? @m i
d) (5pts) We now cut one string. ‘"&
The mass will be revolving around as a conical pendulum (see panel b) at an angle 9,
where 6 is the angle the string makes with the vertical to the pole. Calculate the velocity
and the period of the ball.

e) (5pts) If we now let the mass m swing around the pole (panel c) how will its velocity
change? Describe how this case differs from d)?
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