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1. RRAEE]
WK & AR TEAR ) R e, BIE iz shid f2 v,
Wik - BT = R B RN

R IERIAZ B B H

BanRIAR R 1A, WA 3 D EMAARR 7
&, HHEN3.

HIM—ABR, 2 DFA AR, 55 ZE 4
3+3=6 MAEFR > ERIE: TP AR AEIE 5 //////’
FORFFANAE, B L ANZARGEAE, BOE BN 6-1=5. e

PRI, X R 5+3=8 A AR, T
=PI AR R AR DRI AR, A 2 AN LA, B A 3 AN AR TN A E Y 8-2=6.

4 AR AR I NIAR 75 2 6+3=9 AR SIS mBI R = mB B REFAZE, 1 3 DR,
FrLE N 9-3=6.

WRUESEHE, N AR S RIA HHE 6, £% & 6 AN LA AR L RIK G427

2. BEfkAels RFBRPER
T NI EIN, B P A bR R —— BT R &

BERALAR R [EEENIE L, FREENIA—EE AR R

FENIE EBGE —PNERC (WHRASHE D, F B ARAR R AL WRAR EAER— 5P
HIREA% AT BLRIR

Tp(t) = 1c(t) +1ep(0), [rep ()] = HHL

R RARERE S{e,, e, €5}, XAUILIERR., 6%, HMBAGT &,
ej‘ek=6jk, ejej=1, (elxez)'e3=1
BE & R HIARHERL 1y
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e, =123

Wik ZhI, BEAR R IR AE SR BEI (0224, EEKARA (FEED) A, KARERE —E LR
SH—MGEEE, FAEEHRAL,

ej(t) - e () =6y, ej)ej(t) =1,  (ef(t) x es(t)) - e3(t) =1

NifA AT S P, (R RIS A
1(t) € 1p(t) - e, j=123

B WA B3 ST AR A -

Y LR TP, 1B IARAR Hy
1 rep(t) - €(0) =7cp(0) € (0),  j =123

AN BERE WA 13 BT AR AL -

3. MR BHEAMNIER—AIZ3h

SE S B 22 BB 2R 1) AL AR AR SR R
Ry “ei-e,(t), jk=123.
N FRN DCM (Direction Cosine Matrix /7 [ R 72 HFE)
[ —NMREIEHANSH RIVBFRARR, 2R RN

a;=a-e =a-ey(t)ey(t) e =Ry(t)a;

da=Ra'

4 FRAI R AT R P IORLES
rp(8) = 7 (0) + 7ep(8)
s P FIR e
oy (6) = 1, (0) + Tep(t) - € = 1, (8) + Tep(0) - f(Def (1) - ¢

=1 (8) +7cp(0) - €, (0)e (¢) - €; = 1¢;(t) + 7cp i (0) Ry (6)
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TR AR 0 AR AR S 2

[7p(8) = RWO7p(0) + 7c (D)

E A AR RAFE S 708 (Chasles) & L.

Wi . WIS aT LA v Sedt s (K e sh ARG 2 i (0142
R HURE A, FAEREAE.

WM. BEANCHNA, A

iHﬂ=R®%ﬂm+%®®=ﬂﬂo=R@%A®+%@E@
®

= 7p(t) — 74 () = R(O)(7cp(0) — 7£4(0)) = R(t)74p(0)

= 7p(t) = R(t)74p(0) + 74 (t)

PR A o

v RMERERZhE) T AR AR
1. BT SRR

(1) %3l HE B 0 1E A2 1k
HFAERERE L (i —F O

RRT =1, RTR=1

(2) FeahHERER4T 51 5
Bk RMBE R R AL TR, CGE—EOIE

detR =1
WA LR H
RRT =1 = detR = +1
R(0) =1

PRz det R ()72 I 8] (L4 bR K fS R 45 18

(3) HEBIEREAE NRIARIZ B I SCAR PR
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9 NMEFETT, 6 MISLZAT, BN 3AEHE. BN RSP RR (01X 3 4N AR,
WL R 301 6 B L.

5 9 MFEFETTR; ()AL, T2 LR TT1E
leRkl = Sjk! detR=1

B3 77 FE A2 Sylvester 772, BIHER AR

2. A%
FAIGEHEER R =AML ST X b IR TR B — D AT e s 5 [ .

(1) BRHz %%z e Ph
SEM WA EE s, WA A CERZIND Ashm; BEREAN, NIARRE Rizsh s
TS S e 3h .

WA AE 1776 4F BRI JLATIERE 7 g5, I BE BRI T et ARE v () e 2
UEB FESHRERE = ANMRFIEE {4, A2, 253
Rd = Ad = a'RTRa = |A|%dtd B =1
RTR = 1} = 1A1* = 1} = {/12 =W

det(R—11)=0= 4 ER A, = 1}
Ay = DX B FRRAE R v A SE B R s

Ri=n, #n'=n, i#*=1
RS .

(2) HeahFE b A AL R S
# R ARG TT BN TE 55 M e, T

.

=7+enxr

=1 + Egijknjrk = (6ik + Esi]-knj)rk

0 0 O 0 0 1 0 -1 0
<10 0 -1, X210 0 0, X311 0 0
01 O -1 0 0 0 0 O

7 = (1343 + enjX;)7 = e“9%i7

5 RFEREIE

o

X1

GRAENESERL T,

7= eeanj eeanj.r-: — eean]-+--~+eanj.'-; — elpanj,'—; — e‘l[)ij?

Jit ARG B RE v A S A6
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R(P) = oW1t = ot
SR = YRR AT EEREE Rodrigues SE kA RIRE . X IERIRATH BRI =AML AR

(3) ¥eahufEmRE A
BADR S AL B R 1) 2 (A

id
0 s
A=y -X= < Y3 0 _‘P1>
2 0

FH 13- 5 o B
Ay =U(=erij),  (ADy = =26 + Py,
trd =0, trA%2 = —2y?, detA=0

= A3 +yY?A=0

siny 1
ed=1+ A+ — (1 — cosy)A?
Y P2
i
O —Tl3 le
Xp X ﬁ:(ng 0 —n1>
—Tl2 Tl1 0
A4

R(yit) = e¥¥i =1+ X2(1 — cos ) + Xz siny = 1cosp + i’ (1 — cos ) + Xz sin

nyn, (1 — cosy) + ng siny n%(1 —cosy) + cosy n,nz(1 — cosy) —n, siny

( n?(1 —cosy) + cosy nyn,(1 — cosy) —ngsiny nyn;z(1 — cosyp) + n, sin 1/))
R(p) =
nynz(1 —cosy) —nysiny nynz(1—cosy) +n, siny n3(1 — cosy) + cosy

fln
1 0 0 cosyp 0 siny cosyp —sinyp O
R.(¥) = <0 cosy —sin ¢>,Ry(1/J) = ( 0 10 >,Rz(1/)) = <sin1/) cosy 0)
0 siny cosy —siny 0 cosy 0 0 1
T 2

RCrR) =1

e Rmk, 7

R(J)E ={1+XZ(1 - cosy) +Xﬁsinl,b}7€ =k+7x (7 x E)(l — cosy) + (7 x E) sin
= (- k)i + [k — (- k)7A}cosy + (7 x k) sinyp
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IERF N EE 2D 8 BT A .

(4) fALFE AN BE 26 PEAH N
Rodrigues Z BB IR N AN, (HIFAW L PATILLEN, AaeG i R s LM
b, 1 BCH &A=

1 1
edeB = eA+B+7[A,B]+ﬁ[A_B,[A,B]]+...

H

KEAFEAA .
B TE T3NSR TN,

efr¥eerX = (148 - X)(1+& X)+0(2) =1+ -X+&-X+0(e?) = e+ % 4 9(e?)

(5) Heahhhit e ah
AL bR R AHQ € SO(3), REMFELE BN

d-Qd, M- QMQ
I 0 W A 42D R 1
R(W7) > QRYIQ™ = exp{Q(¥ - X)Q '}
kA 1

ij'Qkk'Qll’Ej'k'l' = dethjkl

detQ = 1} = Q" Qur' Qu' g’k = & = ij’Qkk’Qll’(Xj’)krl/ = (Xj)kl
RLLQj; T
= Qur' Qur Xyry = jS(Xj)kl = 0X;Q0" = Q;iX;

= Q¥ X))o =(QY)-X

FrA

[QR@WM)Q! = R(YQN)|

B R B s, Fa A XU SRR AR

3. EuLRR IZ¥

(1) & X
KT ke 2 4, #iid Wk shi8 & B Euler S50, HERIMEREE 543 i i = A5 Bh R 2 R .
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OB AR R Ge2 T AT 36 S, Oxyz — 0x'y'z';

OB AR RGETR——x N £ g0 M, 0x'y'z' — 0x"y"2";
OB bR R G0 2" £ e o

Hp

R(¢,6,9) & R,n(Y)R,/(6)R,(¢)

z=z, 4
|
|
I

BRI 3 h, BBh R M EOMA . 0 € [0,m]/E5E 3 fl 5z A,
FRONEFIA (nutation angle) ; ¢ € [0,2m) &5 3 FigeziiL it FI /A, FRONBESIA (precession
angle) ; ¥ € [0,2m) & NITASGEEE 3 Mie L A, FRNB¥ A (intrinsic rotation, spin angle) .

(2) FHABE AR 153
AR

R,7 (IR, (OIR,(¢) = {R,r (OIR,y (YIR,(8)™}R,1 (6IR, () = R,r (OIR, (YIR, ()
= {[Rz($)R(OIR, () "H1[R,(PIR,(YIR, ()" I}R.(¢) = R, ()R, (O)R, (%)

R((}'), 0, ¢) = Rz(‘p)Rx(g)Rz(lp)

¥

cos¢p —sing O 1 0 0 cosyp —sinyp 0
R,(¢) = (sin ¢ cosg 0) ,R,.(0) = (0 cosf —sin 9) JR,(Y) = (sin Y cosy 0)
0 0 1 0 sinf cosf@ 0 0 1
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NI o
cospcosp —cosBsinysingg —cosb cosysing —siny cos sin@sinqb)

R(¢,0,¢) = <c051/) sin¢g + cos@sincos¢p cosBcosypcosd —sinysing —sinécosg
sin @ sin sin 6 cos Y cosf

R E—1, RRER R 3 BRIJT .
EAUR Iy SR O7 e FERFR AN T 1A, Euler B30 E LA X,
R(a,B,v) € R ()R, (BIR,(¥)
<cos acosfcosy —sinasiny —cosacosfsiny —sinacosy cosasin B)

sinacosf cosy + cosasiny —sinacosfsiny +cosacosy sinasinf
—sinf cosy sin f siny cosf

HAR(D) MR (@, B ) B S RIE =FITTE, SRR S E WK% R

a=a(®), B=BW) v=v{¥)
FTUAR (a, B, y) REHE HLIESO(3) -

Tait-Bryan angles i Ff T T A4 il e,
R(¢,6,9) = Rx((b)Ry(e)Rz(l/))
roll BR¥R M (Hhiml: 8D  pitch FFAA CBlilA): &) yaw Bl Clial: )

(3) BR$MASE M B A J3 17 5 JE 81 GimBAL Lock
OV L, ZHBEBACNERIG B AR, I REWAE HE, FeiBEMEsess), (B

@Fik L, 26 =0onf, SHATICIFZREGE, W HE P BOCKHARE,
ERBMEREE .

4. M THRRHEH*

(1) MU CERoR 3
B T AAALRS R AX PR R IS SRR, 8 2 RS Hn]
LAtiRNRIE . Y oeloR Hh i

o =1ih3
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S 8a + bidoR P ERIR R, JFH AT DR SR IR FUR A e, EORIER90°, i
AL AL O ML MR He Ryet®

Xf 3 4eAtla), GlHE 3 NEECRAL, AR A N REEL
xiq + yi, + zi,
iy R Gex- e 907,
iy, =iy, byis = —iy

WREHE; FHHLE? = -1, B2, Mg A

2= i3 =i = i)iyi; = —1 © i = =5 + iy
VY TCHR SRR R AL, PR R B A A B 4

H £ {a, + a,i; + ayi, + asiz|lag, aq,a,,a; € R}

a:a0+a1i1+a2i2+a3i3:a0+d'i)

Rea = a,, Ima=d-1
a* ¥ a,—ai; —ayi, —asis
PN PY e HOrH e f

ab=(a0+a'D(b0+B'i)=(aobo_&'5)+(a05+b0&+axg)'i)
VUoes s, SSHAEANRRAL, B 24 A,

(ab)c = a(bc)

2L 2
(ab)* = (aghy — @+ b) — (aoh + byd + dx b) -1 = b*a’
VO e R E U
la] & Vara = Jag P+
lab| = \/(ab)*(ab) = Vb*a*ab = \/(a*a)b*b = |a||b|
VU TS N
a!((

NPT

W
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(ab)"*=b"ta?

USRI B ALK RO DY e g, 0k = 475 AL R A (DA A 4

7 ¥ xiy + yi, + zis

" =1=q'=¢q"

XRENET e, JfH
1

-1 _~  59-1 —

qrq 547q 0

l\)lb—k

Rer’ = Reqfq~! = —qrq 14+- (qrq‘l) =

'] = lafq™*| = ||

BRRAAE, I IEAZ A,
q-Dq~t = (RP) - T

SR LD TTEL, AR AR A

1 1.
‘1=exp( lp-i)(7~?)exp(—§1,b-?) 1
=>q(?-i)q‘1=?-1+[§1/)-i,?-

q(7-Dq
! [A [4,B]] +

e"Be™ =B +[A4,B] +5;

=q# -Dg =7 i+21,b]rk[2112 ]+
= q(? i’)q_l =71+ ¢j7'k3jklil + .=

l] lk
]kl

=q@# - Dg ' =ni, - wj(X)klrkll [exp(z,b X)r] i

a@)F Da ' (y) = (RY)F) - i

qg +q9i —q5 — 45 209192 — 9093)
R(@) = 2(q1q:+q093) a§—ai+d5—a5 2(q2q5 — q0q1)

BHE 5K
2(q195 + quZ) >
2(q193 — 9092) 2(q293 + 9001) 45

-qf — 45+ 45

ALV T DM AFAE 0 — X R

U ARAE P IRAL e, AT

(019) 7 - D(q192)7" = (R(q19)7) - T
=q:14;(7 - Daz'q7" = (R(q1)R(gIT) - T

= R(q192) = R(q1)R(q)
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LAY TTH ) VL S e B AR SR N AR R CRIZSD BT AFRATT AT LAH] 28 DY s Bk 2 — 4k
A e

VU TC AR =4 (M s A o0, 1R DU o800 27 DU 2 (7 18 25 A2 Ht

(2) PHonHRsm s
&M, THHEE/,

QB IEE, W UAERRRM e Tk Ja, HERTR DU e B I —, A 4 o F 5 R ZE R
£, T DCM THE L ZifdE A svD BT,

Ot HI T IEHL
CRICEY B THENLB) A TR h AR 22 B .

=, REZ3hHIAEE

1. AEE
BAVKRE EBRT#5) . 18t > t + dthT,

R(®)7p(0) - R(t + dt)7p(0) = R(AP){R(D)7(0)}
R(t +dt) = R(dP)R(t)
R(dP) = R(t + dt)R™1(¢)
JEIP IR B —Fir B 55 N
1+X-d@ =R(t +dt)R7I(t) = [R(t) + R(t)dt]R™(t) = 1 + ROR™(t)dt
X-d@ = R(OR(t)dt
E X HEEN

d

ef

Sl

N
w

U

t

X&) = RORM™ = RORT(®)]

G # dp/de, fRIEEAR AR AR,

2. MEELMERN
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W IE 73 /DR A AL RS R RTAN

exp{d(ﬁ1 )?} exp{d(ﬁz )?} = exp{(d(ﬁ1 +dg,) )?}

AR LNE AT IN -

3. FUTECRRN AR
He P S

FEERL RN T R, RIS RS AT RE A A bR R R @ (6) = &' - T, 2RI (HEAROYRK
MBI

AR TR AT SRR IEE AR 1S Y e g () -

4. FANBSERTIAREE
IR A f R R S AR R s, Tl

R(t) = e¥®O%

N . o transpose ™ ——— e
X B(t) = RR™ =25 (=X - & = RRT]

IR FEREf Ok 3 A 50
d 1 —e2da\ |
i Y
ac® "¢ ( ad, )A
ad, o B * [4, B]
P51
adgzb-X=[a-% b-%]=(ixb)-X={(a -X)b}-X =—ab” +ba"
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N e X1 .
w = J;)? P
wx —_ . —_
(o) =9 )+ ()
TERER R X *’——;?TR HER->RT & ¢ » -, HIELL(-1)
. 1—e‘$'}?_x
= 77 P
D1\ L d—cosp o s W—sinp o o
(5) =325 D)+ < ()

5. BORTz HFE*
I SHURSE (INS) AL IS I 1 2 B A 28 v f) A 3o 8 AR 5ok B2 2 2

RIS, AR

- p-X
T
1—e¥X
¥-X 1. 5 2siny—yY@d+cosy), - .2
— =1+ - X+ -X
1—e VX 21/) 2% sinyp (w )

i Bortz J7HE (KFET 1971 4, NASA, ZERIEHRGEEEAL, Mtk 1 “RIRIMAR” . “RHERZE" ),

251n11)—1,b(1+c051/))_> .
2Y?siny Y@ xa)

=

Y =ao toyxw

FIAR O SRARNIAZE 3 o
/IS JEE IR T 25 v 20

2sin) —P(1+cosyp) 1 = P?
202 sin “127 720
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6. RNBFNETE
PR AR T SCARRRIN A FEEAE AR R R 7 B

X = RRT
R, ()R (@) + R, ()R (OIRT(OIRL (@) + R,($)R,(OIR,(WI)RT (W)RY(O)RL (¢)

I el

EOTH,
R,(PIRL () = §X; = ¢, - X
R.(OIRL(0) = 62, - X = R,(¢)R,(0)RL(IRL (¢) = 08, - X
R,($)R.(OIR, WIRL W)RL(OIRL () = vpé,n - X
T

5')?=(bé)z')?+é§xr')?+l/')é)zu')?

W 0 cos ¢ sin¢ sin 8
(a)y> = $é, + 08, +Pé,n = ¢ (0) +6 (sin ¢> + 9 (— cos ¢ sin 9)
Wz 1 0 cos 6

0 cos¢p singsind é
= (0 sing —cos¢sin 6) 2]

1 0 cosf P

{wx=cos¢9+sin¢sin91[}

=

W,y =sin¢ § — cos ¢ sin O P
w, = ¢ +cos By

135 AE BB A A R 2 7 1) 73 B A2
& X =R YRRJR=R'R=R"R
Xt U AR AR I 3
@-X = RRT = —RR”

WA T HSERTR >R T o ¢ > —,0 » —0, > —¢, g HRLL(-1),

w, = sinf cosy ¢ — siny §

{wl = sin@siny ¢ + cosP §
w3 =cosO ¢+ P

W, sinfsiny cosy O é
<w2> = (sin Ocosyp —siny 0) 0
w3 cos @ 0 1/ \y

FAEVHIER) Euler i231% 712 .

SR fABA R ) Euler 1830712, 19
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siny cosy

¢ / sin @ sin @ 0\ (%)
6= cosy —siny 0

P _cosHsinlp _cochosw )

sin 8 sin @

SEAFT T AL ST, (HAE0 ~ O 2RAL.

ek p2154.3,4.5

7. Rtk EERRBHER
P AT S R

7p(t) = Tep(t) + 7¢(t) = R(E)7:p(0) + 7 ()
xR E] R &,

Up (1) = R()7ep(0) + Dc (1)
= ROR(OR)7ep(0) + ¢ (t) = (@(8) - X)Fep () + Te(b)
= &(t) X 7ep(t) + Ve (t)

HEW WA R A0 R 5 2 R IR TE R
PRI I S, SEEhHERER () AR, BTE - X = RIOR(E) ™44 AT R O F5% E «

8. BRHhAIBE L
e AT ZIRIRN SR, AT 3 2%

(1 Pz, (2 ¥z CHBRRD . (3) RigEs).
WEW @(t) = ORF 4.
M3(t) # O,
Uy = @(t) X 7p4(t) + Ve (t)

HIT A R E HESE, 7o (O WHUESE. B EEIE R, 58—l () X 7o, (0) 7 A% ST & T
HTSOMRE. TRIERFEA S, UIHHEI@T, i3, EHS@) TNy RNE, X

(D #v, =0, WINHAH BR8P, + 1, B B SR
Bp(t) = B(t) X Fap(t) +0 = @ X (4 + A& —74) = 0

X I ZI WA e il A1 A 50
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(2) Hvy # 0, WRAMWKIEIRRIZZ), RIGRIRTEAT, + AQH BN, U7 7 Ok v,
Fal.

AT B S Ny A 5
ANFEARN: AR IR PP AT I3, SRR, A AEME— L.

W CoAE R AR SRR B, FRONARIRIE, FEIEASAR 2R B PR O 22 IR AR -
Bl Fii-FATIEEN, B B

fEMb: p215,4.1,4.2, 4.6

9. AMEE
TR &R, i B 52 SUN
2 def@
W=

HEWR MR E AT

WA _FAT— 15 R I 5

i _d
dp & dtp = E{w(t) X T'Cp(t) + V(;(t)}

= &(t) x Fp(6) + B() X (R@®)7ep(0)) + G (E)

= 8(t) X Pep () + @B(t) X (B(£) X 7p(£)) + dc(t)

3 W3 BINFeBh B IR R P AP Bh i I B -

. ER¥3)

1. EREKE
D) B REN

N =

-

mpif = Y ZmplB(0) X Fop () + B (O
P
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N| =

"2

E SRR Bk B

molB(0) X Fen (D] = %Z mo (7@ = @ 7op’]

I= Z mp(7lp1 — TcpTip)
P
iy

T = Eljkwja)k

PSR BE A, HEEKE N
B = fff p(x,y, Z)(T25jk - T}Tk)dxdydz

R HEhEKENR, € (B 7 REDfE - FELENHER) .

PATHREE: T=1; + M(721 - 7,7l

EM R ESR
X T2% A EN

/= Z Tep X Mpfep = Z Tep X mp(@ X 7cp)

P P

Ji = Z EijkTep,jMpEkapWaTcpp = 2 Tep,jMpWaTcp,p (5ia5jb - 5ib5ja)
P P

— 22 —
- § mea(5iaTCP - rCP,irCP,a) - Iiawa
P

Jj = lxwg

IR ST T

SEABIRE AT DAE R AR AL AR R TH AR, thn] DAFE R RT3 AR R ik S, d ik
fEIBZ), 5T 2 [ A p (x, y, 2) BEIS (8] 384K, [ B2 T2 ARG R it b, 1 R ¥ %K.

2. WEKRENFH
PR, ISR M SO FRAERE, AT LRI SR IE SRR A .
1d = 2d
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FHELEONERESRE, FERROvER; = DA EIER (Sylvester i 1EE ) .

Bl (A A bR 2R T DL B Rl o Al RO EBMARFR R, IXIN e s B ) A B

I = diag{[l, 12, 13}

1 .
T=2 i, = hoGRERRR)
j
fENV: p216,4.10,4.13, 4.14
3. REMEK
% L8 e ML BB RE,
T ==I,w?
55— AE I sh 3 e b A
1 1,
T = Eljkijk = Eln(u 5 In = Ijknjnk
5|3k
> def T_)l
Y = —
NI
ITL = I]-knjnk

= 1 = Illxz + Izzyz + 133Z2 + lezxy + 2[13.XZ + 2123yZ
AT REVE B i T AR A5 B A ER o
TEMAERI VB R L R BIER T L RIRE R p = \/%

#2442 mk? =1, =k =./I,/m

fEV: p216,4.15
4. EREINNIEFTE
TEHEN
. t2 (1
S[lp] = J- {Eljkijk - V[t, ?Cp(t)]}dt
ty

TS
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X - @=RRT =X -d@ = (dR)RT = X - 6@ = (6R)RT

= R = (X -6p)R
1 1 —T 7> 4 — —T —
5<§Ijkijk) = E&(w Iw)=] 6w+ w' (6w
BSEaVELl e 1|
o"(6D@ = w" {Z mp[8(Tp)1 — STepitp — FCPfWCTP]] @
P
=’ {Z mp[0 -1 — SR7cp(0)7lp — FCPFCP(O)(SRT]} o
P

= -’ {z mp[8R7;p (0)7Lp + Tepilp (O)SRT]] )
Z

=—aT {Z mp (X - 6B)Rzp (00T + FepTln (OORT (X - aa)T]] @
P

—> g -\ > - S5 o - — T —
= -’ {Z mp [(X - 8@)PepTdp + Tepep(X - 65) ]}w
P

=0 (%8 i E)

JIt A
t2 - tz - . aV
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dj d -1 ‘T"_d -1 5T -1
V2w -7 = L k) - (RR) (R f)}

R—l
dt

RIR=1=>RR+RTR=0

Ld d T W
= RS = S (RY) + (RR)RY)~ Ta + @pX)ade

Ja + €apcwp]e = lop@p + EgpcWpleawa = Mg

TEREfR & (by Lagrange) A

Law, — (I3 — I))wsw; = M,
Lws — (I; — L)w,w, = Ms

{11(’:)1 -y — Bw,w; = M,

TeAN I, Euler BT RE RIS ML, AN SRR —— AT DL f g, SR AR
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-
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=
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® =]sin90 N =]COSB0
h Il 1] 3 13
FRA

L I3
_ I3 — 1 I3 — 1
Q= I w3 I J cos B,
ws+Q 1 (JcosOy, Iz—1 (1
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SRR E FRUR MRS BT H FEIR, 1 0E m3Hesh, A E AR THMEL = L, FUO/ER =

V4

., B E R L

XIPRBERRGESS 3 Rlliehe, HLEREAAL, P U FRAL
SefiE Rz e, ot pRAc .ty e B, A0 NP
ASSPEE . WRBUX PR B 2808 e i Rt sh i o A8
SCAERR, TIPS AR AR AR AR AR XK R A1 S 4
Uk

0
::::\\A PRI 5 32 775 i gh i, T4 BT H R

w, = sin@siny ¢ + cosy §
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) BRI, M.

2. EHESHRIIEZEZ)
TS, G NG FEM A K, TR LI E I IR 2 s SR A

wo = 7.27221 x 107 5rad - s~

e, HAPJ7mie] DL,
1 5 s — > >
L= Emr2 +mi- (0 x7)=V(7)

1
H= ﬁ{ﬁ —m(@ XM} +V(t7)
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—FRPATEHER (7 2R 77 [ A e ], R db yy s,
HMEFE IR EoyzH (ENU A8h5) o HBER B AN

@ = (0, wy cos By, wy sin B,)

Horhgy B brE i (B 5D R4 .

WRAGEI Y,
1 > Y — -
L=Emr2+mr-(wxr)—mgz
H—1 p —m(@ x )} +
—%{p—mw )} +mgz
3. MAH

B TEA A AR
HY ENU A4,

AR R B R E .
Jo S RELI AR AHIE I R 2 4L,

-

1 .
Em?2+ng=E:dt= |d7|

m
2(E —mgz)
Y AERE RN

Z2 Z2 . Z2
fﬁd?:f m(?+axf).d?=f (VZm(E —mgDd#| +m(@ x 7) - dF)
Zq Z Z1

1

=f (VZmE —mg T+ 27 +y7 +m@ x7) - 7'} dz
AR YAELE S A NER IE T, wollix, x,y, y¥R/NE, RTERE S,
“podi~ [ VImE —mgD) (14 2x2 4 Ly 6o (zx' — ) d
J;lp' r~f21{ m( —mgz)< +§x +§y >+mw0cos o (zx —x)} z

HFTEIL, AR

22 Z2 1
Wix,y] = f p-di = f {EwIZm(E —mgz)(x'? + y'?) + mw, cos 8, (zx' — x)} dz
zZ1 z

1
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FIF Lagrange HEZE T () Maupertuis JE I, #HiE RN
i{\/ 2m(E — mgz)x' + mw, cos 6, Z} = —Mmw, €os B,
dz
%VZm(E —mgz)y' =0

BT AR B st i L T AR AR R A

x(z=0)=0, y(z=0)=0, E=0

Kl

{w/ 2(—gz)x' = 2wy cos b, z

y'=0

2V2 —z3
X =——wycosf, [—
3 ’ 9

y=0
HAERIAE, & —/NERTEFIIE 100m OB FH R,
0, = 31.8584°, g = 9.7947 m/s>

EIENITEN

1

2 2h3\2
§w0cost90 7 = 0.0186m

gr2): AR, AT TR G 2=
GR>] e AR 2 ] 0 S5 T EE SRV A 1) ) A AL

il A%
PIHLENU A845 . WEERITIEER EI, BT TARBR R A 484K, #R7E(0,0, DAL, LHTiFE
X2+y2+(z-0D)?=0P=x>+y?+2z2 =2z

PR RBARBIN x, y /N, BRI R Rz A 2 BN,
1
— (42 2
z =" +y%)
PLICE N TR R 2 M/ W 8w /N, HH R x, yISEkET, & 0d il

1 . .
L=§m?2+m?~(5><?)—mgz
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1
= Em(J'CZ + 9%+ 2%) + mwy{x(ysin0, — z cos §,) — x(y sin§, — zcos 0,)} — mgz
1 1m
~ Em()'cz + y?2) + mw, sin 6, {xy — xy} — ETg (x2+y?)
VE Lk pEAR 4
Px = MX — mwg sinf, y, py = my + mwg sin 6y x
1 Im
H = poi+pyy = L = 5m( +37) + 572 (% + y7)

1

i . 2 1mg
= %{(px + mwy sin 6y y)? + (py, — mw, sin 6, x) } + ET(xz +y2)

1 1
=z (p2+p2) + Sm (% + w§ sin 90) (x% +¥%) + w, sin b, (ypx — xpy)

i
1 1 w9 . g
Ho=%(Pf+p§)+zmw2(x2+y2). w? §T+w§sm90z7
H' = wysin 6, (ypx - xpy) = —w,sinfy L,
H=H,+H', [Hp,H'1 =0
GIELSE

Ho & [, Ho(to, x(t0), ¥ (o), Px (to), Py (to)]
H' & [ H' (to, x(t0), ¥ (o), Px (to), Py (t)]
L, = [ x(t)py (to) — y(to)px(to)]
[F L] = (- X)F = exp{h - L} 7(to) = R(P)7(te)(%51)

fEt = to + i, ARBRIEAL RN

(;8) = exp{cD) (igg) = exp{cf) (igg) = exp{efly) exp{—wp sin 0 7L,) (;gg)

TAARIT, PR FHIE R . BT Coriolis JMIsEN, FEALFBR, 43P EUHA R
HeL Al AT o, sin ORI 1 eds . 2 IEHLIX, e — 2

21
= 45h28min

wg Sin 6
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fif % #RANEZIHHESH

H Euler %[, Cayley-Klein Z%{. Hamilton %%, XS E LEIFETSO03)HE5SU(2)
BERFZS

(1) 2 4EP5E FER IR
Pauli #E [ 5E XN

a=(1 o)o=( 3)u=0 )
L2 (GRS SR RG] = X IR 5% R e A,

00y = GjxLyxz + €10y

g; O 0
5],71(] = ifjkl?l Ad []]l.]k] = iSjkL]l

)

[Aitk, HH Baker-Hausdorff A3, SO(3) = {R(J]) = e“'f@}‘%SU(z) = {u(lﬁ) — et
sEAME GHRRZ) o ATLAH 2 e I R i3,

'ﬂ%%&mw

u= (_Cll)* f*), aa*+bb* =1

u@ - Hul=RW7r) -7
1 .
/E (a®> + a*®> — b? — b*?) —%(a2 —a?+b%2-b?) —(ab+ a*b*)\
R =i 1
>R kz (a* —a** —b*+b*?) E(a2 + a2 +b*+b*?)  i(a’h* — ab)}
a*b + ab” i(a*b — ab*) aa* — bb*

(2) EULER %
MHF

u(lﬁ) =e 2V = cos%lzxz —i(6-n) sin%
cosf—in sing (—=iny—n )sing
2 3072 v 2

. Y Yoo
(—in, +ny) sin— cos> + ing sin—

BT LA 5133 Euler 2% (Goldstein 3ed., p155)

— _ . 32 _
€ = cosz, ej = —n;sin— ey +ec=1,

4 i’iu=((cl Z) detu=1=ad—bc=1lutu=1=ab* +cd*=0,lal>+|c|>=1,|b]>+|d|?=1. 0=

d(ab* + cd*) = (1 + bc)b* +cld|?> = b* + c(|b|? + |d|?) = b* + ¢ = ¢ = —b*. 0 = b(ab* + cd*) = a|b|?> +
(ad—1d*=a(b|*+|d|?) —d*=a—d*>d =a".
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ey ties e, tie
u= , ,
_32 + lel eo - le3

X N R B AR R R
ef+ef—ef—ei 2(eje; +epez) 2(ee3 — egey)
R(eg,e1,e5,e3) = | 2(ese;—eges) ef —ef+ef—ei  2(ee; +eger)
2(ese3 + egey) 2(ee3 —egey) ef—ef —ef+ej

(3) CAYLEY-KLEIN %]
(Goldstein 3ed. P155)

uZCXﬁ) uesSU@Q)ed=ay=—-p,a6 -py=1

y &
ek
@Syt (@ -5y —af 4y
R(@p.y.0) = %aﬂ—62—32+yﬂ %m2+62+ﬁ?+ﬁ) —~i(y6 + ap)
BS — ay i(BS + ay) as + By
(4) PUIcH

Hamilton Z 3 RIHE Pauli %5 FE 5T B 2 U T3k,

def

q = qo + quiy + q2iz + q3i3
I GREISES WL

i = =8k + gy
55 Pauli R IR SR N LR

O'jO'k = Sjk + igjklo—l

i, & —ig;, FTLA
b . .
go (5. ) a=d—asi  b=-g—aq

u(P) = cos%lzxz —i(Z-7) sin% =qy = Cos%,qj =n sin%, lql> =1
B 3 47 1A 4 3l 5 ARSI 1 DY T O B, RS B0t N2 DY T U i
e S VYT R R N
ai+ai—a3—ai  2(q192—q0q3)  2(q193 + qoq2)

R(@)=| 2(q192+9093) a6—ai+a5—a5 2(q205 — qoq1)
2(q193 — q092) 2(q293 + 90q1) 4§ —aqf — 45 + 43
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