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R, FSEF, BREEHRRE, (%5 [

Herbert Goldstein, Charles P. Pool and John Safko, Classical mechanics
Landau, Lifshitz, Mechanics

HeHEEHFL (wikipedia.org)
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https://gbuphys.team/Mechanics/index.html
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o oM LHMT AAAWELE: Mathematica, Python, .....
o RNBERAIAR B H A IS T U5, RS IR SL AR 8 27 1
o HEONTYIE R G H . WEREEA SR R, R A R
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The motion of the system from time ¢; to time t2 is such that the line
integral (called the action or the action integral),

t2
I:/ Ldt,
t1

where L = T — V, has a stationary value for the actual path of the
motion

o Ji{H (stationary value): FEESEEAAT0IR /N BIARIT B AT 01 FH B AHSE
ol

dq(t)
o X TRBARAS, WHWEEEH A% B H 7 RE ) 78 E 41
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equations follow from Hamilton’s principle, as being the more important theorem.
That Hamilton’s principle is a sufficient condition for deriving the equations of
motion enables us to construct the mechanics of monogenic systems from Hamil-
ton’s principle as the basic postulate rather than Newton’s laws of motion. Such

a farmnlatinn hae advantacac: a o cinea tha intaaral T ic ahuianely invariant tn

o NIAHBELI ARG, W s R B R all, SEA S
o FWUERE: R, BE . BIR
o MBS AR, B RME
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* y(z) & = MERE, =2 NAXE
o IRECH A BRIRE — Jly(2)] FRNZE, IR y(z) AZEKEE

o ZENARSy: FRHLL y(z) TR S — ML v (), 5 XEDAN o [B5E
I P BRI 22

dy(z) = y(z) — y1(x)
2R Jy(z)] 0= LR S Sy(x) 51k J AL

0J = Jy(x) + dy] — J[y(z)]
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y (X2»J/2)

(xl’yl)

e AL, W
y(z,a) = y(x,0) +an(x), n(x1) =0, n(z2)=0

° a NEFHNSH
® y(z,0) RIEMMIFIE
e y(z) M n(z) £ HIRA T SR
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IR T2 R @ (Brachistochrone problem)

A =FPTTRERR{Z

-

AR IR AR VR S MR A A AR N I A

Ty(z)] + Z k17 &
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IR V&2 17 8 (Brachistochrone problem)

A =FPTTRERR{Z

-

AR IR AR VR S MR A A AR N I A

T[y(z)] + ¥Z bR 7 83
i RHEE 3K Tly] R ME ML, A2 53 i

6Ty} =0
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SE
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ez %tk
y=C1 sin? @
y

Y _ C, sin? 0
Ci—y Cp—Cisin?6

o= \/CTydy = tan@ - Cy sin(20)d0 = C1(1 — cos 0)do
| —

fea, 133

=tan’0, dy= C;sin(260)dd

z=C1(0 —sinf), y=Cyrsin’0
BRI — KR (cycloid)
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e — A [
f(yl(x)7y1(x)7 .. -;yl($)7y2($), .. )
Y1, Y2, ... AL SRR, B IEHAEHE

J =/1 Fun(@), 1 (@), 3 31 (@), 5 (@), . ) da

42 [ ey 2 R B
0J =0
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BT SCRFR U E G MEE R BN S HL o

yi(z,a) = yi(z,0) + am(z),
y2(z, @) = y2(2, 0) + anz(x),

H yi(x,0) & E LB
o 1, RIS AT R
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Euler-Lagrange differential equation

of doaf _,
HBEAT DA B ik

T —t

Yi —q;

(i, 9, 2) = L(gi, i, t)
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Pk B H 1% (Lagrange's multiplier)

¥

BEAEER « My, SELREKMN g(z,y) =c FERf(x, y) AR
g FHIRE.

o glx,y) = c FETHEAR ML
o AWML g(z,y) = c FREFEL f(z,y) = di V) — BRI
— 93 25 1 2 7 1) 4 LA S 1 B

0f(x,y) o dg(z,y)
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Pk B H 1% (Lagrange's multiplier)
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Xt g WIS
o dOL 0L  ~, Ofa
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e hFi=1,...,m ) 6q AL, FIFH n—m DAARZEIMSLH
e XM i=1,...,m, BATLUESEEY N MEFFELT AL

m
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ANERMCEBR TR GG IR B BRI RV, AHIEERE
L= %M(:'UQ + %) — Mgz with constraint f =2 +22—a*=0
J=L+A\f = %M(a’c2—|—22) — Mgz +A(a® + 22 — a?)
1R BHs B H 5 2
Mi—2 \z =0, Mi+Mg—2X\z=0
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A ¢ =asin6, z=acos®, M
&= —asin#0® + acosbd, = —acosh> — asinbf
RNIBF) 72
—Masin 00 + Macos 06 — 2 asinf = 0
—Ma cos 062 —Masin@é—kMg—QAacos@zO
B
Mab — Mgsind =0
Mab?* + Mgcosf —2xa =0
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Bilf: FER
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Ma 96> .
T% — Mg sinf =0
Mab® + Mgcosf — 2Xa = 0
M5 — N7 RE AT E
. 29
0* = 22 (1 — cos B
a( cos )
RN =72,

2Xa = Mg(3cosf — 2)
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- 5EHEL) I (semi-holonomic constraints)

fa(qu--~,Qn;q17~--,4n;t) =0
o= p& (% WA 1EL)
Ja= Zaakdk + ao
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FERE AL : R — 2] (6t = 0) BRARRIJLITALF2
n n 8 -
Gardgr =0 — =—0qr =0

o X B R A R B Rt B LR O Z0TR (Chetaev's condition)
o MBLIW: LRI IHAE TR & L0 LU R I i D e %
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Zua afoz
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d L oL s afa
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L= gm(@* +3* +£) = Via,y,2)

AR AL

ey, z,@,9,2) =iy’ + 29+ kz =0
BREsh TR
. . OV . ov .oV
mi+py” — —— =0, mjtpr—-==0, mi-——=

ozr oy 0z

o WUANTTRE, FIUAMER 2y, 2, 1
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L= %M:'& + %M(réjf — Mg(l —x)sing with rdf = dz

:
L' =T+ \ré — i)
(SEalbrpis
Mz — Mgsing — A =0, Mr25+)\r:O, rf =i
fis

_ Mgsing jé_gsinqu é_gsinqzﬁ

A=
2 ’ 2 7’ 2r

o HOHRERREALECTED, Rk )
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Rl HER V, B L, B R

1 .2 1 -2
L=-L{®—qV, F=-R
B q av, B q

T B 52
doL_oL_ _oF

dt &G 8¢ 9
GG
.. . : R \%
Lq—|—Vf—Rq—>If—f (I+E)

WR VGG %A 1(0) =0, TTf#

V. _ryr V
Ve _v

I=
R R
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AN o B/NERTERSRAA S T8, WA EIEE, KN 0, BOE/D

1
L= §my2 +mgy, F = 3777](11)2

BE)TTHE
my —mg = —6mnay
(CEIDE Y vy
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LC circuit: an inductance L and a capacitance C.

L=-Li-L
LG
BE)TTHE
Li+ % =0
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—AMMER T . R

B JiRE

mZ+kxr=20
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o fiiihi. Kim
Lagrangian and Hamilton's principle form a compact invariant way of
obtaining the mechanical equation of motion

o HhfEME
Lo FHARR T2 77%, WTLAIRR B (Maxwell' equation), &
1%

o Z5MJZE (Structural analogy)
&1t (quantization)
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L=T(R,7) —U(r,7,...)
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Bhe
1 . 1 . 1 .
T= 5(7711 + m2)R2 + 57711""12 + 5’/71,27‘&2
1 1 mima2 .o
2(m1 +m2)R + 2my +m2'r‘
RIEIRAST — BBhETIE
. ?"J%fﬁi (reduced mass)
1 1 1

o P — FLA ]
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L= %mﬁ —V(r)= %,u(?*2 +7%0%) =V (r)

o ERXIAK, MzhENyE

&~

=rxp

o rKEMEHET L, T L &%K=E
o O Sl AANR, XN IENE) & (canonical momentum)

Po = a—L = mr?0

a9

mrf =1
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o L1r20 WRROVTIBGARE:  HAL IS 1A A A5 B A 2 B ) T

rdé

df,

dA = %r(r do)

JFEBEE e, AEARSER R A, R PHAIAT 2 A BE A4 0L ) T AR A 25
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% f(r) = -8V /or, HMHMINEREZER 5, FTLIEH]
mit — i = f(r)

mr3

=>m?'“'—fi V+li
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& f(r) = —0V /or, HFIFMERIGEHIS, L5

12
mit = s = ()

mr3
" d 12
—mr = 75 <V+ §W>

1
Ly ¢ sy, AR v s

d /1 ., 17 B
a(?’” +§mr2+v> =0

49/61



vy 37 1)

o WANSHLr F O, WA FRE TR EPIAS
o EZHFr: MAENRE
o LA — i TR

1 5 17

o
= = L =F
mr<0 =1, 2m7" + 2 +V
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‘ 9 < 12 ) dr

r=4/—(E-V—-——— | =dt=

\/m 2mr2 \/2(]3, vV — %)/m
o
tZ/T dr
o \/2(E*V727fr2)/m

A FERIFR 5y

toode
0=1 —— + 0
/0 mr2(t) +0

o WENNMEH: E,Lro,00  ATEURILEZH0G?
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HUBE R E: = r(0)
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HfzhE, A

d I d

AWINETLibesipip

[ d [ dr 12
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du m d
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V =ar"t?
A
0 =00 — / du + 0o
ug \/2ng _ 2;n72au7n71 — 2

o Mp=1,-2 -3, ZRFH =ML (trigonometric
functions) &~

* % n=5,3,0—4,—5 -7 BHEAFHNE, AT LIHGE R EL (elliptic
functions) &/~

o MIERTHIA? — {AFF2EH (Bertrand's theorem)

n=1 -2
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Summary
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Binet iﬂiﬁ_jﬁ‘%%’ ij)I«}XL V = a,r,nJrl = aui(n‘f’l):

d%u m d 2

G U=~ V(1) - 3712‘ bu= L(?j D) )
o R—AEER
o TEX/NMEMIMIE R — WAL R FER IR /NS
() = uo
A2
ma(n + 1)

—(n+2
Uo = Ug (n+2)
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BLAE RE B U B I I 5l

w(®) = uo +n(0), [nl K wuo

1. BRIt
(o + 1)~ "2 m uy D (4 2)uy "y
2. 138 n I
d*n

@‘F(n-f—?))n:o

e
1n(0) = Acos(vVn + 30 + ¢)

60/61



By e v Iy 1)
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° n=-2: Jifiglh
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o TERE T AT LUIE SR PR 837 PUE S 1, (24 2 DR AN E0E
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