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As o last example, we consider a system in which there are moving constrainis.
A bead of mass m slides without friction on & areular hoop of radius a. The hoop
lizs in o vertical planc which is consienined 1o rotare aboul o vertical diameter
with constant angular velocity w. There is just one degree of freedom, and inpsmuch
as we are not imercsted in the forces of consteant, we choose a single coordinate
i which measures the angle around the eircle [rom the bottom of the verticnl
divmeter to the bead (Fig. 2.9). The kinetic energy 15 then

T = i.-]m*ﬂ: = }md':m: st A (9.047)
and the potential energy is
¥ = —ugacos {9.148)
The Lagrangian function is
L &\] L= L.'H.l.!zf'rz =+ !.Hld ia® qin® 04 Riga o8 [N

The Lagrange equation of motion can easily be weitten oul, but 1his is unnecessary,
for we notice thit
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and therelore, by Eqg. (9.124), the quantity
-EL 5 - - - = bl
H = 0 Fﬁ'i'_ L o= ima* (P — imatew? sin® §—mga cos 0 = "E° {9, 1 500

is constant. The constant “E” is not the to1al energy T+ V. for the middle 1erm has
the wrong sign. The total energy is evidenily not constant o this case, (Whot
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Fig. 9 A bead shiding on o rotating hoop. i 9.0 Effective poteminl eneepy for sys-
tem shown i Frg, 99,

force does the work which produces changes in T+ V) We may note, however,
thit we cin anterpred BEq. (9.19% as o Lagrangiun function in terms of a Axed
coordinate system with the middle term regarded as part of an effective potential
energy:

V) = —=ima*m® sin® 0 —mgpa cos 0, 9.151)

The emergy according vo this interpretation is "E. The first term in " V&) is the
potential enerey associaled with the centrifugal force which must be added il we
repird the rotating system as fived. The eflfective potential is plotted in Fig. 9.10,
The shape of the potential curve depends on whether w s grester or less than a
crittcal wngulur velocily

), = (gla)t’E, 19.132)

It s left 1o the reader 1o show this, and o diseuss the patuee of the motion of the
bead in the two cases.
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