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[ Philosophy is written in this grand book — I mean the universe —
which stands continually open to our gaze, but it cannot be understood unless
one first learns to comprehend the language and interpret the characters in
which it is written. It is written in the language of Mathematics, and its
characters are triangles, circles, and other geometric figures, without which
it is humanly impossible to understand a single word of it.]

— Galileo Galilei, Il Saggiatore (1623) —
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STREHEZ RANFIRE (Galileo Galilei 1564-1642), REATFSEEERRIE A, 16 N SERYHEFE
RENERRERR, ERANEEEHBESHR. RERMEBAFNER, TIHGRESR, F
AR EERNR, Fll LRSS, BEEREERML TR, ERMBRWIERE, hER
IS Z 2 G E R B, TR Z AU, F BRI S S - RE ARG Frig
REE R EAREA SRR UMAHEE 2HZENEE, EUERMERLARAEES
Fe LR .

AR SRS, BB 8 (differential equation) BLK H ARIBRREY], HE
EARBER Henri Poincare(1854-1912) £ “RIEHEE" —S TR EH:

['The science of physics does not only give us (mathematicians) an opportu-
nity to solve problems, but helps us to discover the means of solving them,
and it does this in two ways: it leads us to anticipate the solution and

suggests suitable lines of argument. ]

B EA B S HR2E PRI philosophy TFATEEYIEER Dirac f7 S B EEMYIERTE
BB R SRR E A BRI, 4ol Ry 5 AR ARk 8 RORE A,
EARAARRAF RRZAT, C B — AR, BB EMT (example) B,
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A EAR REF, FrDGEREREES(ERE R R ERM AR AR, FER AR D F R A 2K
HHEFFEA T2 2R N AR, BT ER 2 M8 SE B B R A — KR Lk
a0, BEGEXERRAES EBER R, W e BEHEERE, B2 - HidiE
FHEMHBRERAER, AR EMERER LK (wave) FIRR. FIENMY TEHRRE—EE
i (approximation), KB EIE T #ERESH AR MEEIEEL (elliptic function). 5&M
T E B2 —E R 1970 SRR AR F 25w (soliton) AIFERM (integrable system)
FEEEKA, BAERBE—EEER-TEEER, FEANAREGELEEE—SNE

gYo

§2 $EETEEHER

R, BRE—HE,

DITREE R M (37 A T 1L p

W) i, R BT 1

— R, R E I T 0

FARIE 5 S, SR RS 5
MAR AR ( RES e i

A, AT AR HESR 2 B ) mg SRR &
mg cos QY] Emg sin 0 W5, KA
=Bl iR ) A, ME—A R B—
B /152 mgsin @ , HMEE SR

mg cos 0 mg

F = —mgsind (2.1)

S—Ti R R A LUEEE, RRABHMRINR « = L0 , MIEE o FR
LPr (LY &

w = e e (22)
HAIE S SEEER (F = ma) AT LUEH B ER HER
P20 R I
mLﬁ = —mgsinf B =t sinf =0 (2.3)

ERTAFERENE 0 ZRERME ¢ %HEE (2.3) ML, E_R—EZREIFREEND TTE (sec-
ond order nonlinear ordinary differential equation), 3&{E A2 NELKEGE, EEE 4]
BIRFEZINEENE, EERENZAER (2.1) H5FEM: BEN F RESBEHNAE 0
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FRIEEL, T2 IEGK sin 6 BCIEEG, PRI BB S i A2 fTFEE) (simple harmonic motion).
EEREBAE 0 1R/, 0 < 1, BEREESIFER, RN & EEE,
(sinf ~ 0)
_ gl _ My
F =—mgh =—mg 7 =" % (2.4)
BB AEHR/EE, 0 < 0 < 1, BEHEME o BIEKTTAAAER, EIERERER (HEt

RZOEE), HER (2.3) NELS
-0 m SEiZp-0 (2.5)

R AR (2.5) WiEZRERGERX (2.3) WEPU#E (approximate solution), B Taylor
REAXRE

. 0 0 0

AV TE /NG O BIEL SRR R A E TRV INF GRS (2.5) REHBEEN /7R (2.3) RIFHIE L

83 BERELIZHEE

MR R (2.5)7 ER—FUREBIER, RIS PR E:E R,
3.1 BB

¥ (2.5) BEBAH

Pr g
EAENEHEM, B o(t) HoRMD, RTHEE £ 4, EREHEZEE, mH
BEGEH A e (R, EHERKE o(t) B LFETR, HESWARIEREERE

BRI ERXEERIL N B IR DAY (2.5) 2R
x(t) = Acos(wt + 0) (3.2)

cos(wt + 0) = cos d cos wt — sin d sinwt = a cos wt + bsin wt
FrENE# 6 CFAELRET (3.2) RIER. BRZKBME.(ER (3.2) HAIHEK
x(t) = Asin(wt 4+ 6) 1) HOMRERE (3.1):

—w?Acos(wt +0) = —%A cos(wt + 0)
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EW w? =4 AAER (3.1) MES
x(t) = Acos(wt +6), w? == (3.3)

A B RRIRE, BERFE, B (3.1) ARELE, ERRMGERMEZE A0, 2%
ZEARWN, W (3.1) AR =R /726 WAL !
(3.2) EMESH IR DA
x(t) =™ (3.2))

B RR A ME R ER A DA RIEEY. 1§ (3.2) RE (25)

2, 9 o 9.

m~ + T 0 = m= :E\/ZZ
FrL 2(t) = eV iy Buler ARREHEER (RBSEAEAZEHE) Rt 2(t) =
siny/g/Lt B cosy/g/Lt , REBHRAZEME (linear), Frll—MiE 28 M {88 rIRE

HE
x(t) = acos \/%t—l—bsin \/%t (3.3)
3.2 BEFEHA:

HAIFTRR LR R E R RS, R R ARE, &

dx
v=d= (3.4)
H (3.1) BB
_dv _dr g
YT T ae T L
{8 55— 77 T H SR
dv dvdx dv
R B GER (3.1) B —FEIRR M TR
dv 9 & g B
e B vdv + L:de =0 (3.6)
B2 (total differential)
Loy Lg o
d<21) + 5" ) 0
LS
1 1 L SOV R
51)2 + 5%:62 =C (BheE + fiige = HH) (3.7)
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Hep O B—HH, EEFXZAEMZRERTINEDE B K
L ds
2(dt

BT LUE B HECESR () KiE (3.8), BEAE, &fih C = 1242 (HEILH)

BEAR R

P+t =C (3.8)

v _ 9 e m
dt_\/; A% — 22, A<z <A (3.9)
EEAENHREBERZSREEE (o B o, ¢ 7 ¢, SRR, L7 L)
dx /g
[ ==V (310)

EgE AR IER K = A

(N T o m e ()~ [Ty o
sin (A)_ Lt+C B cos (A) Lt—i—C

— 4 g / . g !/
:L’—Asm(,/Et—i—C), :c-Acos(,/Et—l—C) (3.11)

H (3.3) T2V &, MHEH (3.9) BrlE o ZHEAEER A, il A S2HRE (amplitude)
R4 B B BA A5 1 BE ik 72

RS TR RETRAE RS 5 E R v = 42 SEEFTE Y, EMS HRERRINE (v,v) FEHBE
%2R (phase space). R ZREM T8 (2.5) IR —FEBA M0 TR M

FitEA

d*x g dr — vy
W‘Ffl‘: <~ {d_v_ g (3.12)
a — LT

—2- (3.13)

WHR AT LAE (2, v) FE_EHERREMS FRE (2.5). HfHE (2, v) FHEEBMHEZEM (phase space)
HeEETINAKE, 7 IEHZEHE R EERSH P HRMD R EE,
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3.3 BEEFIN:

GARTGER (2.5) RiHFEERTZR, HMMEANERENENAERES, BRNMER
[HEARYHE

d
v:d—f D RE
dv  d*z .
== I
L Ldry, B
T—2 2(dt) C BIRE(EERML)
bRtz At ERARERBZ MR F = —9 | /L (2.5) AILHER
d*x g d(lg )\ d
@ mar) s ml (3:.14)

2
o U = L40? R, 1 £ =T+ U = §(% ) + 140 meitees, RIVE (3.7) #E

LrdeN? 1g , -
Et) 5(5) + 532 = ctem) (3.15)
B
dE dx d*x dx

9
dt dt dt? L dt

45300
FAERRE, %{?ﬁ%i@EEXK%’!ﬁﬁ%ﬁﬁﬂ’]ﬁ%% (exact solution), #5 ST RRA &t

EREFREMEMUET. EBHNBRKER L, MEEER 2 | WA UGERERFEE,
it RS EIEeE T B4 U

dr d?z g d dx lg ,
s =gl () + 3]
d
== —(T+U)
EHEEEET, R EDER T SHIEEMR, fIgE U I TG R
d*x g B
! !

T U
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__________ —1lg
B (3.15) TURS RS AN Ulz) =5%e
E#) Hamilton-Jacobi A2, B !
BTHRIIERTFESA, B C B '

|

EEHE, EERETEMHR (level :
curve), Fibli v = £ HEBA—{E :
|

|

L, A v E(t)=C
_ _ 12 19 > |
E(t) = E(z,v) = 5V T 57T 0.0) x

HEPE (z,v) FHEBEE, &
g = L E\IJIE'%O __’_

3.4 AOEE — BRE:
AT A BERRET i on T R 8 BB AT LB M =B BB 5K H. Poincare(1854-1912)
HERIBUER A. Liapunov, ZfMFELH (3.12) E—HIER
Ccll_f =1 =p(z,v), % =0 =q(z,v) (3.16)
HEWEE (r,v) RE—RFRIAREINIE (position) EHEE (velocity), EETEHBHBEMHE
FH (phase plane), ARBRMAREZ BB AME [ A4 B 2R A
(moon phase) Z &1k,

(x + Az, v+ Av) (dz, dv)

(Az, Av)

B (de,dv) 8% (z,0) -FHEZYIAR (tangent vector), MIELEM HT2ME fhis
BB (fow), B (3.16) EHREMVES—BEIRE V = (p, ¢) EAFHRE p(r,v) BE
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DERZ q(v,v), BEAES V = (p, q) BRMTLIELMD FREZED MR, % (3.16) Mz

Bk = f(x,v) (3.17)

EEAEXEFERMMLR o EHEZTUHRE, EERMA HEZER — RMKEHEMS
mEERRR (X)), REHE? RELNE S RSB HES BRERN T2 —5
32, MR EMS SR DIgiEs, RIRiE S B EBE S B, R IGE 5 8RB
(quadrature), EEAI LB IS HREERDZ XD, EF| 1881-1886 4 Poincare
B RN ER ST BB S EE BN R T, (AT EMa R e R
E—2E, WERKNEIRERHM (dynamical system) THEI T EHFHE R,

EF (3.12) B (3.13)

dv gx
dz,dv) = (v,—gx/L —=—"
(dr,dv) = (v,—g/1), =2

MRITBEGRZ, AIAY%R g/L R

1, (dx,dv) = (v, —z) BHE (r,v) kb 0. %) /‘\\/
WIELF ©,v A#iE—HER:

(dz,dv) L (z,v) FHEH EEAEHENE T&ﬂg)
TaL R, R R ’
(x,v) RYIMES (dz, dv)=(v,—gz/L)
BT L ERTEE (BREE), BCERE Bl w

FEA AT DG SR 2 &5, R
REEBHIENRE,

§4 BB

BERHASHERE (exact solution) FJLAGHE B AM, B2EHRHENREIIZEE
B RN FEEM 2T (dimensional analysis) EHEAHBEENES, HERAFEL
CARAGERYEER BN (unit) BIRT, BHEMERMAE, RAEERE (SRE) SREZEAE:

T — At () (4.1)
X — Az (fI%. HEHE) (4.2)
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R JEE B 113K E AT Eh E Y ] E e F T

dx Nz X

== (F) (4.3)
d?x Az X

= " Be (%) (4.4)

FER (2.5) HiFEM ‘fo, Lo EMERYEM (dimension) LAR—HH (HEAMRZER!)
Az L

g 2
— ~ ZIA = At) ~ — 4.
AN = (BT (4.5

Fit LA AR DAL oy TR BER] 5 5 BIERE R BRI T 82 (/L /g BIEEL

Toc\/Z = T:C'\/Z (4.6)
9 g

B8 C FhOREENS, BR EEEMRE—EHEL C =2r , T =21/L/g , EEE
C = 2r WA ESRE, REEEBRAIUEBH L/g = 1, FER Pa/dt* + 2 = 0 WEZ
cos x,sin x ZAHGH FAPIEFZ 27 o

T AT DI S — &M A ERCK B BRI E (2% Polya %, “RIE2HHE

B, B EEEREMEEER, A&
T x L?, T x g° (4.7)
MEGH T = CLog’, C B—MiE (scalar), B g WREME L (B2 %ﬁ )
L¢P = L(LT?)° = LoPT~2(=T) (4.8)

EEELAERER T

{a—i—ﬁ:O N {a:%
—25=1 f=-1

Bt T oc Lig~2 & T = CLig % = C\/L/g , B T ZIHEMTUESES (3.3) %
(3.11) TR, H=ARBZEE

z(t + 2—7T):Acos {w(t—i— Q—W) +5]

w w
= Acos(wt 4 2w + §) = Acos(wt + 0) = x(t) (4.9)

B (1) 2 BHS

T=2 =92 (4.10)
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$EZS (frequency) BIEEAIRFMEZ BB
y—t_w_1/9 (4.11)

ES)iz4

2
=27ty = — 4.12
w TV T ( )

MRt HR w NYEEZRZ AHEZE (angular frequency),
BRERAAREENEARSTE g NE BT HE

s, oL B 4?2
T° =A4rm g = 9= 0 (4.13)
HBNRE L 2EE, B T MRS REREIPEENS, BHEEBEARE LAXRE ¢
#E, EHPRESENEAS NERZEETINEE, HEEHEEN AT,
§5 MEEIWE
TG 33827k, i AR (2.3). SR ¢, BEIZAES 0, Al
1 1/ do B
T= amv = —m(L dt) (B8E) (5.1)
U=mgh=mgL(1 —cos0) (fiLfE) (5.2)

\

ERAEEEERE T MUY (R TEREEREN), ERAINLEERE £ =T+U
ORFFRE R, FrLAREETIER

2
E(0,0) = 1 (Lz—f) +mgL(1 —cosf) = C = EH# (5.3)

AEBMATE (2.3) ' £ | SRE—H0,
8% 6 = 6o REBAME AIMFZEE), Ik € =0 (HE =0) Hit

C =mgL(1 — cosby) (5.4)
14
doN? g
<E> —ZE(COSQ—COSQO)
a9 (2P z€>
—4L<sm 5 s g (5.5)
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SEEREGRES, 5

t_l\ﬁf df
2\ g \/sinze0

5 — sin? g
1 /L /9 df . B
=4/ — —_— k = sin — 5.6
2\/; 0 \/k? —sin*2 2 56)
MR T = FE AR —(E5E B4R & A e i, Hi
T_1 \ﬁ [
4 2V gJo ,/kQ—sinzg’
5
L % df
T=2 —/ —_— (5.7)
\/; 0 /k? — sin? g

iBe—EMEEES (elliptic integral), FFE(F R = AREIZ ik, B0 DA% fE 2 HUg

1 0
sin— = ksinyp, — cos =df = k cos pdp (5.8)
2 2 2
H#HE 0<0<60),0<p<m/2, Filh
2k d 2,/k? — sin?(6/2
4o = —LE0PT ©/ )d<p (5.9)
/1 — kZsin? @ 1 — k2sin? @
H T E5
L (/2 d L
T = 4\/i/ Ld - 4\/iF (k f) (5.10)
g 7o 1 — k2sin? @ g 2
Hrp

® dy
Fik¢) = [ ——2

(5.11)
sin?
e H—HEREETES (elliptic integral of the first kind), T Z B
i3 1,0 13,6
T =2rn 9(14—?5111 54—??5111 5—1—) (5.12)

MRAWEE—HE T = 2m,/L/g 52 (2.5) ZHH,
M (5.3) Aliie EEDEE R B
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