
d"ryz aia`

mi`wihnznl dwiqit

iaewri lxbhpi`

zexidna aaezqnd R qeicx mr weyig lr repl iytg m dqn lra fexg .1
.weyigd z` liknd xeyinl liawn aeaiqd xiv .ω zizief

.mi`zn inepeled ueli` mr o`i'bp`xbld z` enyx (`)

inepeledd ueli`d z` xgap ,dreaw ϕ oeeka ziziefd zexidndy oeeikn
o`i'bp`xbld z` meyxpe ϕ = ωt

(1) L =
1

2
m(R2θ̇2 +R2 sin2 θϕ̇2)−mgR cos θ + λ(ϕ− ωt).

dibxp`d z` mb e`vn ? xnyp h m`d .h iaewri lxbhpi` z` enyx (a)
? mieey milcbd ipy m`d ? zxnyp dibxp`d m`d .E

epid iaewri lxbhpi`

h =
∂L
∂θ̇
θ̇ +

∂L
∂ϕ̇

ϕ̇− L = (2)

=
1

2
m(R2θ̇2 +R2 sin2 θϕ̇2) +mgR cos θ − λ(ϕ− ωt),

e

(3)
dh

dt
= −∂L

∂t
= λω

xy`k
(4) λ = mR2ωθ̇ sin 2θ

i"r dpezp dibxp`d .ϕ xear 'bp`xbl xliie` z`eeynn lawzn

(5) E =
1

2
mR2θ̇2 +

1

2
mω2R2 sin2 θ +mgR cos θ,

xg`n .reaw h okle onfa zeyxetn ielz `l L ik xexa .h n dpeye
dibxp`d ,ω zexidna weyigd aeaiq i"r dcear rvand 1ipevig gk lrete

Fϕ = − 1
R sin θ

∂U
∂ϕ |ϕ=ωt =

λ
R sin θ = 2mRωθ̇ cos θ ϕ oeeka hp`icxbd aikx i"r oezp gkd1
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3 2 i"r oezp dibxp`a iepiyde dreaw dpi`

(6)
dE

dt
=
dh

dt
= mR2ω2θ̇ sin 2θ.

qeicx lra dqn xqg weyig iab lr jekig `ll wilgn m dqn lra fexg .2
liknd xeyinl avip aeaiqd xiv .ω zizieef zexidna aaezqn weyigd .R

.efkxn jxc xaere weyigd z`

.o`i'bp`xbld z` enyx (`)

i"r oezp o`i'bp`xbld

(7) L =
1

2
mR2(θ̇ − ω)2 −mgR cos(θ − ωt).

dibxp`d z` mb e`vn ? xnyp h m`d .h iaewri lxbhpi` z` enyx (a)
? mieey milcbd ipy m`d ? zxnyp dibxp`d m`d .E

i"r oezp iaewri lxbxhpi`

(8) h =
∂L
∂θ̇
θ̇ − L =

1

2
mR2θ̇2 +mgR cos(θ − ωt)− 1

2
mR2ω2

miiwzne

(9)
dh

dt
= −∂L

∂t
= mgRω sin(θ − ωt).

l deey dibxp`d

(10) E = T + V =
1

2
mR2(θ̇ − ω)2 +mgR cos(θ − ωt),

'bp`xbl xliie` z`eeynne

(11) mR2θ̈ = mgR sin(θ − ωt)

E = h|ϕ=ωt e xg`n lawzn zenlyd zexfbpa oeieeyd2

lxbhpi` ,L = 1
2m(R2θ̇2+R2ω2 sin2 θ)−mgR cos θ onfa ielz epi`y o`i'bp`xbl meyxp m`3

.dEdt 6=
dh
dt sqepae E 6= h lawpe reaw iaewri
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4 lawp

dE

dt
= mR2(θ̇ − ω)θ̈ −mgRθ̇ sin(θ − ωt) +mgRω sin(θ − ωt) = 0.

(12)
,iaewri lxbhpi`l cebipa dibxp`d ,sqepae E 6= h ik `et` epi`x

.zxnyp

L = 1
2mR

2φ̇2− o`i'bp`xbld z` lawp φ = θ−ωt zllkend dhpicxewa xgap m` ,o`k mb4

dibxp`de iaewri lxbhpi` dfk dxwna .zxnyp dibxp`d oaenk exear ,onfa ielz epi`ymgR cosφ
.onfa zeyxetn dielz φ zllkend dhpicxewdy it lr s` ,mieey
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