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lawpe r = z tanα if` .α ,exivl hexgd ly xveid oia ziefd idz

L =
1

2
m(ṙ2 + r2θ̇2 + ż2)−mgz = (1)

=
1

2
m(ż2 tan2 α + z2 tan2 αθ̇2 + ż2)−mgz

? drepzd reaw edn .drepzd ze`eeyn z` enyx (a)

od dn`zda z, θ xear drepzd ze`eeyn

mz̈(tan2 α + 1) = mz tan2 αθ̇2 −mg, (2)
d

dt
(mz2 tan2 αθ̇) = 0, (3)

iziefd rpzd xy`k
(4) L = mz2 tan2 αθ̇

.reaw

qeicx mr zilbrnd drepzl qgia zephwd zecepzd zexicz z` e`vn (b)
.r0

lawp (2) a (4) zavdn

(5) z̈ =
L2

m2 tan2 α(1 + tan2 α)

1

z3
− g

(1 + tan2 α)
,

miiwn r0 ik lawpe r̈ = ṙ = 0 yexcp ,(5) a z = r/ tanα aivp

(6) L2/mr30 = g/ tanα.
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xehliqe` (6) i`pz mr cgi lawp ,r = r0 + δ (5) a aivp m` zrk
1 ipenxd

(7) δ̈ + ω2δ = 0

.ω =
√
3g sin 2α/2r0 zexicz mr

1/(r0 + δ)3 ≈ (1− 3δ/r0)/r
3
0 aexiwa epynzyd o`k mb1
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