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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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TEADHR AL TR, R HEAEIE

At EIRFEOE « MR,
RGP RO Y 2 42

bRit: BIRE T HAE V. Sk H
L =T — V. B
H=T++V

Tk IR AR, w2

H 3 R AL, LIRS SR
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HEHIH: n A ZEbRER IR
2n MBbREITE (n JyEEED

o LT CRrf i) /P10 3 LT CHf
N/ ARTIND

PR A IREGIEA — EN
Tk B EIHER - SR

MRS EEPNET 1 FIFERIR (causality) fid, TMiZET i/
AR 2 s BRI 20 AT 70 5 e A B R 1) B B8 (teleology)
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o o EFENEER
PR (Inertial or Galilean system)

o e ToR—MRTHNERE, v RoRHEE

dr
v="g ="
* ZhE
p=mv
o i
d*r

¢ ar
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o o EFENEER
PR (Inertial or Galilean system)

o e ToR—MRTHNERE, v RoRHEE

dr
v="g ="
* ZhE
p =mv
o i
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\

PR L S, WHCRIREL (fluxion)
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o Nl AT — e R

o HE G EMT

B K A2 E R, K OV SE R, K WZIR A TEE P R, B
X T K RIARERE v, AT K A5 7

r(t) = ro(t) + ()
r(t) = x(t)i +y(t)j +z(k, r'(t) =2'()i' +y ()" + 2 (K,

/]\
2 R e AN I a) ) 52 5

11/54



AEBIE AR
N K" RT3l

wXr

KRA 5 Ry, B oL Ry

12/54



AEBIE AR

T K ARMEERE

Dr’ dT,—i—wxr’
Dt dt
piprYs
= Dotwxr) =m0 DO eul
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P EMNT K /&L,
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FLHE BFR] 77 (Coriolis force) (LA FA-4H)

Maximum deflections at the pole

Northern § . .
Hemisphere E/I'Jeflectmn to right

_______________________________ 30°N

Equator
No deflection at equator

_______________________ 30°S
Southern | Deflection to left
Hemisphere |

A4

"""""""""" 60°S

SP
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L=rxp
46 (torque, or moment of force)

N=rxF
X AR
g(7'><p):v><mv—|—7'><ip:er

dt dt

Xl
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RF 77

o FRNPRSF T (conservative)
o QRSP IR T Bx A, SRR ORI 28 R %
o ORF I A T BN TE L MR R

Wiz =V — Vo
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Helmholtz decomposition

K (HHER : fr?

TR R B AT LR
|[F=-Vo+VxA|

* VO FONLNE, iz
Wz i 51713
* V x A FNTHEDS, MR
ish
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fF -dr=0
® FRATRSE ] (conservative)
AR AT AR B R A, TR
e #AEE (potential, or potential energy)

F=-VV(r)

V(r) AME—, EEFBARE IR
o DR IR T AR, HBRGE RN S R
o QRSN A R B RITE L mOAR R

Wia=V1 =V,
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FriFRS N (Multi-Particle System)

FHNE TR FOSRARGNN Fy

F© Fk'

o F\9 Fmsh )

o Fy FR% j MRLTIEING S « MRLT I

o AR = EAMIFIE I (weak law of action and reaction): %K. &Il
Fji = —Fy
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Jit R 5t

FriFRS N (Multi-Particle System)

RENEFATZAIN FO5FRNAA F;

F©

o o

/@v?\ﬁ

©

i
—> B N
F{ 4111 (external force)
my

—> 5, ¥ Gintemnal force, {/iIF i)

((117:2 Zmiri = ZFI(E) =+ ZFJZ
i i @7

o F{ %rst)s

o Fy FR% j MRLTIEING S « MRLT I

o AR = EAMIFIE I (weak law of action and reaction): %K. &Il
Fji = —Fj;;
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FriFRS N (Multi-Particle System)

FHNE TR FOSRARGNN Fy

F© Fk'

1) m,

(%22 Zmi"'i = ZFi(e) + ZFji
i i i

o F\9 Fmsh )

o Fy FR% j MRLTIEING S « MRLT I

o AR = EAMIFIE I (weak law of action and reaction): %K. &Il
Fji = —Fy
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FriFRS N (Multi-Particle System)

FHNE TR FOSRARGNN Fy

F© Fk'

1) m,

&S = 3R

o F\9 Fmsh )

o Fy FR% j MRLTIEING S « MRLT I

o AR = EAMIFIE I (weak law of action and reaction): %K. &Il
Fji = —Fy
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(e) — (e
dt2 Z F =F

0

ﬁiu\m%zsb'%%ﬁﬁaé 1M A 3 AN e A2 B
BEP=Y,m=MIE

g

Do maTy

R= SR

Conservation theorem for the linear momentum of a system of par-
ticles: if the total external force is zero, the total linear momentum is
conserved
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fzhE

Z’r‘i X Pi ZZ%(’M Xpi) :LZZri XF‘i(e)_i_Z'ri x Fj;
7 7 ]

i

o A ZE = SEA RIS IE R (strong law of action and reaction): ZEK. kAl
A5
o SABE
dL

NG
dt

Conservation theorem for total angular momentum: L is constant in
time if the applied external torque is zero

25 /54



Jil R B R

Center
of mass

dR  , dv}

r=r+R, v,=v+wv, v=g ViT g
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Center
of mass

L:;Rxmm+¥r§ XmiviJerirf- x v+ R X %;mw&
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Center
of mass

L:R><M'U+Z'r;-><p;

o BMEIRORE: FRERETEROKMEIE + SFLEsIR MR
o L T S s R ER

26 /54



:%Zm“’?:%Zmi(vr&-'vé)-(v—kv;)
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o I R T IBh e
o LLRLIEBNIBIRE
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o UIRAN IR 1, BIa] LRIR A RE A
2 o 2 2
;/1 F; 'dri:—;/l vi%'dri:_;‘/il

o R Fy; WRMRTA, B LS =gaimr
Vij = Vij(Iri —73))

Elix)
JZ_ VVZJ—V VIJ—*FZ'J'
RN I#5

2
*/ (ViVij - dri + V; Vi - drj)
1
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o UIRAN IR 1, BIa] LRIR A RE A
2 o 2 2
;/1 F; 'dri:—;/l vi%'dri:_;‘/il

o R Fy; WRMRTA, B LS =gaimr
Vij = Vij(Iri —73))

Elix)
JZ_ VVZJ—V VIJ—*FZ'J'
RN I#5

1 2 1 2
PN ASTRIEE YNNG
ij Y1 i,j 1
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o MFAR, ST LR

Wiz =V — Vo

o T+ V syl
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ZYURAN AR

N
mit; = Y Fu+F, i=12..,N

J=La#i
e JEEHHIEs)
N
mir; = Z F;;+ Ff + R;
j=1,j#i

R; ZARIES @ BRI 48 2 LR 20
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#)5 (Constraints)

58% (holonomic) ZJH

flri,re,...5t) =0
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#)5 (Constraints)

58% (holonomic) ZJH

f(T'l,T'Q,. .o

#5
o WK FAER AN A
o [IA_E A R
o IR
o R FLET I/ b T 2 B)
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Z13 (Constraints)

FRRBARBEYRAIOEH

AL RN ; OERAN R

N MR RS, FAE b D EBAR

fi(Tl,T'Q,...,TN,t):O, i:l,Z,...7k

e HH¥: 3N —k
o i AT EM 3N + k A Ti R
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YR TTREAURELE A K, B A R
fri, v, . e P, ., PN E) =0

A 2R
o W LIRIMBATRNE, WL R BLAR. W

T1 — T2 = o

e JE5EH (nonholonomic) Z5
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v=oa¢, & =wvsinh, ¢§=—vcosh
(SE
dz —asinfd¢p =0, dy+acosfdep =0
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21K

v=oa¢, & =wvsinh, ¢§=—vcosh
(SE
dz —asinfd¢ =0, dy+acosfdy =0

AR DRI f(2,y,0,9) RERZANLFENX - FBLH
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AP

ably assumed that any constraint, if present, is holonomic. This restriction does
not greatly limit the applicability of the theory, despite the fact that many of the
constraints encountered in everyday life are nonholonomic. The reason is that the
entire concept of constraints imposed in the system through the medium of wires
or surfaces or walls is particularly appropriate only in macroscopic or large-scale
problems. But today physicists are more interested in atomic and nuclear prob-
lems. On this scale all objects, both in and out of the system, consist alike of
molecules, atoms, or smaller particles, exerting definite forces, and the notion of
constraint becomes artificial and rarely appears. Constraints are then used only
as mathematical idealizations to the actual physical case or as classical approxi-
mations to a quantum-mechanical property, e.g., rigid body rotations for “spin.”
Such constraints are always holonomic and fit smoothly into the framework of the
theory.
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7" SLAAFR (generalized coordinates)

o ZyRUERFALSR i AN RA LM
o BB N MFARAR, Z3 EADTELAR, HHEN s =3N -k

T = 7‘1(‘]17(]27 cee 7TS;t)
T2 = 7'2((117(]27 cee 7TS;t)
TN = TN(Q17q27~~~77”83t)

® q1,q2,...,qs NHOAREE
o I A R I REARIAE UL _E B )5 FE
o ¢ N EFREAAFMEEN
T~ SCARRRER IR s dEasTa], BRI 25 1]
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IEBADUREEE (D' Alembert's principle) Flfzk& I H 772
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REALF% (virtual displacement)

5 AL SEINS 22 A B AR R L RS A AR R TC IR MRS, BRORZT RIAE L
I L2 P R 72
o i ori FRoREEALES
o AN, SIMABAR, ERIFFEATEL (6
o BAIRA—ELIRRE, ERARAFHMEEX

Wikipedia: In analytical mechanics, a branch of applied mathematics
and physics, a virtual displacement (or infinitesimal variation) dr shows
how the mechanical system'’s trajectory can hypothetically (hence the
term virtual) deviate very slightly from the actual trajectory of the system
without violating the system’s constraints.
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o FRALIR
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AW R R P ANTUR RIS ) T TR 2
F' + R, —myit; = 0
NIEE]
5W:ZE(E> -5ri+ZRi -5r¢72mii‘i-6ri =0

FEBARLR T, ARGV 132
ZFi(E) . 51”1' =0

REDNRE: RGP BT, SR R RETN
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A EEAIE N

0 — dn Z 87‘1 p 87'1

or;
(ST-; = - (5 i
. g q;

® JEE: or; WA Ot FHIRIN
81'2-
ZE‘ 0ry = ZE co—0g = ZQ]’@]’
i i,j 9g; j
Zpi SO0r; = Zmﬂ‘z : %&1
i 0

50 /54



& LR R

51/54



& W DUR JR
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Rk BA DUR B3 (D' Alembert’s principle)
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WRRFLFZTEEEN), T DA B — LT AR 2 4R
d [/oT oT
dt <87q]> a% - QJ
MBS URRR F, = -V, V, " Xh

Bn or; vV
F; - = A\ — ——
@ = Z Z dq; 9q;

B BT

afory or-v)
dt \ 9¢; dq;

»

51/54



Rk W H O

BT V ARBT T SGERE g, T
d (6(T7V)> _aT-v) _,

dt a4, 9g;

o FitBHH®E (Lagrangian, WIHi[CE): L=T -V

d (oL _ oL _,
dt \ 9¢; dq;
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Summary
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