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1) When an object is Immersed (fully or partly) in & fuid (or gas), it experiences an upward ‘buoyant'
force equal to the weight of the fuid (gas) displaced by the object.

For the following questions, when relevant, use the equation pay(y) = poe V¥, to model the volume mase

density of the Earth's atmoephere, whnlmmﬂmchmwmmmdy-lhahdm-bwu
the Earth's surface.

. Write the (exact) diffe equation that ibes the motion of the

*» 1a) (5 points) Suppose s small hot-air balloon (of volume mass density p) 8 released into the
atmosphere. halloon.

SRy
Lm

_7‘1+%(|—L 15

at"

o 1b) (5 points) At what height will the balloon be in equilibrium?
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2) The spring and shock-absorber combination attached to the front wheel of a motarcyle constitutes a
damped oscillating system. If you were to push down on the handlebars of & cycle and relesse them, you

might observe vertical oscillations that could be described by the differential aquation:

dy  ody g
F+BE+U°”-D

Suppose you push down on the front ond of some old motorcycle and observe that it cscilltes with a period
T and bas an amplitude thas thas falls from A to fAin N lete cycles.
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® 2b) (10 points)  Whas is the natural (angular) frequency for the system (uy) In terms of the obssrved

data?
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® 1¢) (10 points) Define Jy = y— eq, WHET® Yeq I8 the relation you found in part b. Execute a change of
wariables in which you re-write the differential equation from part b in terms of dy, (Hint: the second
derivative of a constant iy zero).
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* 1d) (10 points) Suppose dy is rather small compared to H. Show that the balloon will cecillate
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* 2) (10 points)  Recall that the amplitude of a driven mass-spring system is given by:

Y
A =
Vi - ap

Near what angular frequency would the cycle’s front end have to be driven in order to make it oscillate
with large-amplitude vibrations?
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® 2d) (5 points) Now, keeping in mind that an unbalanced tire may exert & sinusoidal driving force on
the suspension, what speed should you avold if the frout tire on the motorcycle bas a rudius 7
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3) Lu the picture shown sbove, there is & free-rolling cart, on which & barrel, of height A, dismeter D, open
on oue chd, bas been mounted. There is also a one-stringed harp fashioned from a wire of mass M and
length L, tied-off ac both ends, hanging Jow from a nearby support.

The harp 1 phucked so that it resonates at it's N harmonic and the cart is given a good push
path that will take it directly under the harp. It is noted that ns the cart approaches the harp, the

resonates in & mode that has P intermediate nodes. A8 it recedes, the barrel resonates in an mode that
Q) intermediate nodes.
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* 3a) (3 points) Which is larger,  or Q7 Why?
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 3b) (15 points) How fast is the cart moving? Semt  Veno - Vsce
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® 3c) {10 points) What is the tension i the string?
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