
mi`wihnznl dwiqit

iawri zivwpete xhp htyn

zeivnxetqpxh zgz zihp`ixepi` L m` xhp htynl dllkd .1
divwpet fε(~q, ~̇q) xy`k ,L → L+dfε/dt meyxl ozip sqepae ,qi → qi+εKi

if` ,odizexfbpe zehpicxewd ly

Q =
∑
i

∂L
∂q̇i

Ki +

(
dfε
dε

)
ε=0

xnyp lceb

o`i'bp`xbld oezp dnbec

L =
1

2
m(ẋ2 + ẏ2) + βxẏ

.

ozip ike x→ x+ εy, y → y − εx aeaiq zgz ihp`ixepi` L ik e`xd (`)
L → L+ dfε/dt meyxl

L → 1

2
m(ẋ2+ ẏ2)+β(x+ εy)(ẏ− εẋ) = L+βε(yẏ−xẋ)+O(ε2) =

= L+
d

dt
βε(y2 − x2)/2 +O(ε2)

xnyp lceb e`vn (a)

Q = mẋy+(mẏ+βx)(−x)+β(y2−x2)/2 = mẋy−mẏx+β(y2−x2)/2

zexidna aaezqnd R qeicx mr weyig lr repl iytgd m dqn lra fexg .2
.ẑ xiv aiaq ω zizief

`ed fexgd ly o`i'bp`xbld

L =
1

2
mR2θ̇2 +

1

2
mω2R2 sin2 θ −mgR cos θ,
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`id iawri zivwpete

h =
∂L
∂θ̇
θ̇ − L =

1

2
mR2θ̇2 − 1

2
mω2R2 sin2 θ +mgR cos θ,

`id dibxp`d eli`e

E =
1

2
mR2θ̇2 +

1

2
mω2R2 sin2 θ +mgR cos θ,

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

i"r oezp dibxp`a iepiyde dreaw

dE

dt
= mR2ω2θ̇ sin 2θ.

.divhiaxbd l`ivphet zrtyda xy xeyina rp m dqn lra wiwlg .3

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

L =
1

2
m(ẋ2 + ẏ2)−mgy

iaewri divwpet z` enyx (a)

h = mẋ2 +mẏ2 − 1

2
m(ẋ2 + ẏ2) +mgy =

1

2
m(ẋ2 + ẏ2) +mgy

zxnyp `id ik ewiqde dibxp`d z` enyx (b)

E = T + V =
1

2
m(ẋ2 + ẏ2) +mgy = h

miiwzn onfa zeyxetn ielz `l L e xg`ne

dh

dt
=
dE

dt
= 0.
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e h ,L z` enyxe F = −mg ipevig gk zrtyda drepz egipd zrk (c)
.exiaqd .E

(y(0) = ẏ(0) = 0, ẋ(0) 6= 0 m`) okle −g `id caekd zve`z
lawp .y = −1

2
gt2 e ẏ = −gt

L =
1

2
mẋ2 +mg2t2

e

h =
1

2
mẋ2 −mg2t2.

i"r (?recn) dpezp z`f znerl ,dibxp`d

E =
1

2
mẋ2,

.h 6= E xnelk

(ipevig gk dilr lret) zccean dpi`y zkxrn x`zn epnyxy o`i'bp`xbld
zkxrnd ly dibxp`d .zxnyp dpi`e dibxp`l deey dpi` iawri zivwpet okle

.zxnyp oaenk E = 1
2
mẋ2
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