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We live on a spinning planet in a world of spin”.

—Christopher Buckley

W OE L Fly [a) i ) AL PR AL B A B 9 £, To turn, roll, rotate,
curl, spin, spiral, precede, gyrate ¥ % Firvolve, N4 AR HOMI BRI A2 4
%, AR UL NEER KEhF:

B AR LA fEA Al (transla- i B, AR SR Man T R 5.1 Spin 3/~

tion) 55 #% % (rotation), X I I & L. 5.2 Spin fy%: B HL R L
B, MR R RENEEASE M 1 51E 5.3 ILAAERE T Y spin
EARIE (G AN BRASMR)., *FE) 2 Rotation 5.4 B 59 E e
R LR, i NITERERET . A 2.1 Rotateix/~i] 5.5 Isospin
HEZ, WlR4istkek, LPE:s) 2.2 BRANITR A 5.6 Spin Bk
(] R 5 1 LA LE KB 7 5 R ik 2.3 TR 5.7 Spinor
BOEFII I AJGHEE ORO4 % 2.4 Planetary rotation 5.8 AehEAHHE
. RiEKE, A AERESH 2.5 BF PRI 6 Vortex
firita, oA b AR AT & 2.6 AXHEIEARED) 7 Volvo
— 5 Bk SR A v 4 2.7 5rFEE) 7.1 Convolve
AEYEE), WREIMIRILR 2.8 AL E A —Leil i FHTE 7.2 Devolve
5 5 A PR T circle (circulate), turn, 3 Gyration 7.3 Evolve
gyrate (swive, trundle), rotate, pre- 3.1 Gyrateix/~1i] 7.4 Involve
cede, nutate, volve (convolve, de- 3.2 Gyration X ffizz) 7.5 Revolve
volve, evolve, involve, revolve), 3.3 Gyroscope 7.6 Vernation
spin (spinor), whirl (whorl, swirl, 3.4 Magnetogyratic ratio 8 4HEiE
twirl), spiral, vortex, helicity, 4 Spiral REmik, $40FRREDHAR
chirality Je & FpfirE T, T N% 5 Spin & spinor FITANC AR 2 2B L, BAREL T

D) BMEFEE—IEEENER L, —MHELSESRitFE,
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ik, HAXAERISCR, BUARARLE
MEABESRER) —BRIRTSHE
DU B P, T HAZ DR K
MEb 25—, XLt RE
M—Ff BB SRR RO R

s —E R EARE 2 M EA
CAEF R B (R CR F L 8RR 2)
WHLIZ A X bR b g
e, B gOnR A A,
Ve, IR REA )™ b ML =
Fo AR ERINBE), I
B, R RRE L ik
Z, WAL RA B iEE), #8
A 425 (turning) Y 78 52, A7 PR % 1]
NHIFE s, IR BARN, X
FEOE T SRR —— NAE/NEE N AY
i ) —— & K B A % 3 (rotation),
ML 5% 3K [ VG A T D B R R Y SR T
5, SRIBEEE B AINTSE

B SNEHESE

*
*
*

B2 JZIR% 5 Boomerang

=
e
\
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BEATPO—ARWEF A LA
forfty, B b —HE ok
() 2% % (revolution), £ F| B .0
HJ H %% (spinning, rotation), B {k%%
H O F5 A NS, precession)”,
kS A AR RN G A (8,
nutation), 5 5 1 LI H 4E 4 5% i faf
IR LM B B —FERY, ARAT
2R — 1, T ROD B EE A
dREANWEHEAND, EaE
A, AL A 2 (A S5 4 iz 2 R
R BE O AREE), SR T 285 L RE
BB ILA TR, ZEEE A g0 HE,
KT8 2 X e e 4 A (1B afe 325) A0 b
e . /R AR FE), At
4 ) AN flip (B, X R
BMA A%, GRS ST
BEL Y

FEWE R B R EE), Bl
V5 75 A A IR 2% (Waltz, 3 id] wal-
zen), PEICAHIIESRE. KRB
WK LA, HIESE 2 it A
ORERY, LA T2 8 AR
s HACP R TR
W, o (BliER) hiy “HEE
H 507 St e R ey
MR . BN BB T 55 BE
(), TREEER A e, =4E%
6] () e 2, 18 L4y Ao liE (laevo-
rotatory) 575 JiE(dextrorotatory )il ,

AR, A2 —hE T
HEARACHRR, BEX IR,
LREah ki, AR
kT, Frlih ERE S AT,
Hzae, dEMA A TSR R RE
B KEE, il fEH 1 R R
(boomerang, k%K), WE 2,
FRPRBE R N IE AR (1) I 153 1)
JAK o

Peidtie e, ARRERER, A
Bl R RE . G406 ThE

2) BRI EIRAEN, IEREA XN AER . XDERE 5, AR EEERET.
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(7 (the revolving door) ik =, %
W% ) — P REFE N SF 2= Y8 4,
U — AR AL HERIR T 9 W %
RIA T, B —ERKMITH
— k2, ANHE R TR 55—l
K TASKAIR, ZRENL . “TE,
what a fantastic transformation!” #
R D ER LU,
L RE B8 A B AR X A B 5 TR ™
e NRTER—MPEhNHR, A
AR AL, &% B ANR
Bk, HAEAJLEEE R, N
Wi =1 5T F % 2 1 IR 5 D R
o, A i SR AT S 1 B A e %
M. NRIRMEanRA%= T — it
PERIE B, S BRB Kighh—
The world began to spin when he reali-
zed-- M, RHENFGRK, hIEH
prendere qlcu in giro, AR N FE
P TREWR. R ZE, FEAY
Wt AR LS T T CHIE L)
BB “ERHEARTEK, KEAER
KA, ARL (i) N5E
“Hk L E R IR, o S BE R
7, EREXAYRIL. FEah 7R
A R B A ST, T 1 E A%
AR, S W R
e, UL “HE 2 SO,
HlE 2 A AETET, kA, ez
BRI G MR, DUERE, TIP2
Rl PR L Z 1, ARE
B, ERn, BIDh b SrH, sEsgrh
K5l swivel ) [R] JFE 25 17 swift, st
APEATER, 20154, FHEgl
B g 3 4 BIOR R /N B R TR S /)
B, Jtlmairy S e N 1 —
LA DA TG {5 H g % k2 > (spinning
it), PR hfE B 22 i i R BRI N 4
W, SRS T mik 6Ly
h (revolutions per minute) 1Y /5] 38 JiE

¥, 4THE ¥z (spinning)ATicR
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Rotation #% 4] & HUE& 2 (orbit,
loop), kK T recurrent revolution,
recycling, Ht A J& W], Circulating
motion W AU%45), 5 revolution [ 5
BEARZL, Bt (rotate) 2 (X
244 8 R MK #E 1] (recycling) Y M
&o RHZHBANBEME S E
X i 55 %% (revolve) L], EL A UELE
T TAE . AT lE # (revolution) # €1
i HCORHD, 28R T IR
o, Bl T i h 2R i
52 5

2 Rotation

2.1 RotateiX />33

Rotate, 3k [{+Hi ] iE5hid rotare,
to turn, to roll, to go around, #%zh
s&to turn, to roll, J&T turn PJATA:
WRZ 5 PNt ok . Eb4n tornado
(M), K H tonare, whirling vio-
lently (1 3), BRit¥aMA, HEH
% H rotating body, -+, wLLik
corps tournants, To roll, {XiE4si%
BES) . —AE, fEF I ETCH Eh
w3, H b— ri R i il 2 55
% cycloid, H: 2475 £ h x(0)=
a(@-sinf) , y(0@)=a(l-cos®) (K
4), Rotate [J fiT 4 1i rotating, rota-
tive, rotatory #2401, {HHEL
rotate 4 £ k42 J& %5 i7] . Rotate {
Sy K Wy By 1] 2 Lk B A i R
k., VEAA R Ehia LA H Oy
fhit , 5 spin [f] ., Rotation, #
i iE & nepiotpoen, rotate, FyfiEiE
& nepotpépopon, AT HI & &
peri-, around, £ HIRNE &,
it H
J5., [fii aphelion, apo-+helios, from
the sun, T H &4,

F i 2 23 ] B PG R S B

Perihelion, around the sun,

3) FHEEREKH.
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o, AR RS (), KR
BENA R BB 4Ry, — 4Rz (A
B, mah AGaif sk, mifre
TR, kA ARES R AE,
Flip,
change, to turn or turn over, W F
to flip pages in a book (B 11), i
BT RY spin (H E) fE— il
BRI ESX AT, HEZWNE
Ao RINIRIFFEINE — DA
o, flip iX A~ 48 1F & 3 3 AT
Y, R A BRI A — i ko R v B
f2k. Flip ol LLE MU 1D 25 0H Hr i
e, MR CERILD), 4
73 (B kA 8, e mdrns
] L 1%
sl Bk e LA R, A
PR TEFRIRBIRIET . &
ShuE Al —4E R direct motion, &
LA, Eogid ., HahkE
W, &AW
oy B & AE
MEHIES
2R [T T
1861 45, ZF i@
Wrhkk T
A on physical
lines of force 1
wix, Hdf
HL T J55% 7 ) 1R
ST, 2R
AR DN SR AN

flip, to make a sudden

Fay i B e fmde 75 171 %% ) (rota-
tion), ¢ [E 4 il % % Francois Jean
Dominique Arago % Bl — &b 7 3¢ i
R BE % 3% ZE b %% ) (rotate, {FF%id
PR, ik KB4
JEEL SRR R AR, thFRZ A
magnetism of rotation, 4R F {740
T8 S R A TE R B Bl 4 LT
FEHE T iR (eddy current),

FLI rotation & 25 i HH 4] A 1Y
th &, loop, Circle A& [R , circum-
ference, [ &, circumrotate (to turn
like a wheel, rotate), %54 Bl ik
g, i EA1E—B, Circum-
gyrate (to turn like a wheel, rotate),
REGE b g, iR circumgyra-
tion B =/~ H M E : roll, pitch
and yaw attitude angles, KHL{ESSH
AT, HESRAX=AHEBE,
SeH OO roll (BIR) s Sk b

&3 Tornado, #E{3kiy<jiE

#% + (tiny spin-
ning cells) 24 /% y
9. 1862 4F fth
SHEH T T R
5y, EH
IR T A
I, %

x=a(6—-sin0)
y=a(1-cos0)

R T

2na

4 BRESGENHEREHN L — s AL

o g VA
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T8 N 33 B B33 B A b A A B A
pitch (JFA), 5ok /e A5 G2 5 E Y
gk yaw(ffit). =A%l 510k
longitudinal () [7] (Y)Y, vertical (&
B 1) F1 lateral (fl[a1 /), T ]
WHE,

2 0 SCER i B2 ) SRR S K
R, AHERTHE., HtiA™ %
HICE RS, RS RUR A il
B, FTLATRBEAFAIA— AL
¥1 %% . Then to not know mathemat-
ics is as severe limitation in under-
standing the world (A~ {8 422 3% T
PR R U2 A 7™ ARG, 5%
5 fF 15 ik “the pleasure of finding
things out” Hr A&,

22 LT

YA Y E R E), =
i 7 ) L E e B, BRAT AR
RM—"28%8 M0, o=do/d
R, sk, WD) fmitd s
&, HAhfRA 2R, B RL
— AT AL 0+ 2nm, njgAE
BEH, X F LA SRR, E—
b, A EE L HIr<p,
XA, X, SERAIMA
KRR R, B
R FRATTA A o7 B Aok B (Bh &) A& R
=, [HfshEAE, BFRFErp,
A& virial, XANFIEN A e, S
12 BA viral 28, A T(x, p)

B5  Ah— fTRChL fi i )
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kR, E R — AR 2 AT LATE
A iz 2 5 FRRE DL T 13 B ah ek
B IS, R Rom:. i
B G RIEREE RS, B
T T LI 2 T B s i (3 ) Y
RE B AERFERINE, &
Al LL st SRR fiE, X3 fl rotation 4
%, Mo, HEHRIOTZEL? L
A0AE AR TS R A AR 5 R R R
B0 URBIH, % S(x)e kx]
O, Op -, 0, RAEKHIY JEHE L1
B, B o &6 M@K,
0,=R(0), R(x)e k[x], #t—FE
RHERE %t i, . A R(R(0))=
R(R(6)) , WIJ5HE f(x)=0 & FH
SRR, X BRI R
(0 Feik, WBEIET, BaRe

ym o, xRk, RE
R(R(6))=R(R(0)) BT, T
A,

A U R R I, col-
linear FY, 1fi %% a2 B KIE BN A
AE i 7 8 52 4 %1 | 1Y — Fhvis Zh R
X, BRERERIETAE v,
R, M. mEEAZRAR, M
frEEEAES AN, LS
RIME Juth ., AT = 4k 28 A B9
HI~FrEH S 45 HF 5 I bb R, Eban
BRI A A 5D E AEFERE
Aty WX A ST R A 2 A 45 [a)
[F] P& (isotropy) 4"
BE, BAZ
I A& 2% 17 [
1, BrLLffah
o E ST
£ I 1 <
isometry (¢ EHY)
RETERAC
IR E, Z3 iR,
5 /Yy isometry
E TR,

IR =4 A D) %
W AFRORTE, BV E i 2h AR
W Fnge i % f s 2) Euler an-
glesihi, M=AWBLAELRS Y, —
R (@, 0, ) 4% 8 zx-z B E)
My A ERU(E S), KR AT LR
(z=x-z, x-y-x, y-z-y, z-y-z,
yx-P)FHIHIE—/ . 5 Tait—
Al UL B epz,
V-zX, Z-X-Y, X-Z-V, Z-y-X, y-x-z) ZF
Fea i — AV 3) I 4L
(quaternion), H.{kJ5ik4nF: —4
ALY T HL, A SCERFR A versor,
A3 AMSH, K& B 0-br
T, X =qxq RN
B T)o A —Mn kDY e 4ok
P e gl H R Y 4k 22 (A Y
o,

MECARIETL, Hah Bk Ek
HIZe et . Bk B — A RE, n-
AL ARG T, BE2 O(mRE; n-
AT M, B2 UmEE, a0
RFRFEANWIERERIE A 1, MR
57 e SO(m)FEFN SUMmEE . TEAS 1
o —Mi R, SUG) B—14~
AR 2) R TR NG s FeBh)— 4
B BRI ST B S A Y
ERTRLF, A TR B A
BRI S, AT RS, #eah
R MR B HRREZET,
Generators of rotations ( %% zh = &
JT), infinitesimal rotations(JC%5 /Nik

X-Z-X,

Bryan angles,

7f)), infinitesimal rotation tensor( 7¢
75 /N Bl ok )RR A . BE
WAL TR Z M1 5 INREN
KTEDHWmMA, XTX—A,
Hermann Weyl J& I k", — 14
BRGNP S5 W Rk ol R G
2% [R) H Y S 2% P 5 B A9 AN T 2 B DL
IREE. XA RERIARE I ST F6 L
RO R, ARG 2 RIRF )
MRS, R IR
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(P BE) & [R— AR T BRI KTE
A AR & . ™ Casimir SHg H 1931 48
i 1& 3C Rotation of a Rigid Body in
Quantum Mechanics %3] T 4R LAk
o)=Y 28

Wi h g it 1 Wtk Fzh i H
FEE, BRI H DT v R
FL ANk S shisah T f . C.
Truesdell 73 #7 & BLER L ) 27 H ik P
FE T 0f 2 25 4 T — Mk % B B9 TC e
K. BVFE TR B, B
Clifford ft 4, REHF AR ZE&HAIRT
¥ Zh W9 i iR 9 The operations of
geometric algebra have the effect of
mirroring,  rotating,  translating,
and mapping the geometric objects
that are being modelled to new posi-
tions (JL f] A& (o FI 4 A& AU K 4
B ERE A B R . #%5h. °F
RO, REXS LI G 2T fr
#)”, Rotation ZT>F3), Z&FMH,
AR Ao H X T & IR P Y A
], SCERIFERIRT R, KR AR
AZRIEL, BEAFBIERA,
Eb 4 v 1 48 48 A KA n ik wT
VRAAR RIS, WA ES
2.3 HHeyw LR AT

- N e 3 AT A BROR .
EE-NTEHFERNRE, KL
B EHL z,=cosf+ising , Bl FE
~ BT 0 .
(cosO+isinf)(x+iy) , 4 2| % 3h

m¢%mﬁﬁwﬂ%%(ﬂ:

(0958 —sin Gj(x] )
sinf cosf \V

ot R T D= ) B < ot 4 )
R,
RIETMICE, g=atbitcj+dk, H
it ==k =ijk=-1, fEHTTESy

xr+iyr=

Sir William Rowan Hamilton

4) KERULENE,

4938 - 47 20184F) 8 1

B bR D o R = 4R ES 4y
g=(r V). Ik Rk 4 5t b
(rl, \71)+(r2, \72):(}’1+r2, \71+\72),
(1, V)(ryy W) =(rry =V, ¥, 1V, +
X B A SR X
P, W, XA =4E%0H R
S, BCE U ORI MY ST A 3R
i, ANECRME—ME, XA
TE4e B R, IR/ TR
Atk

FAEZE Y e Eoofe i ok 2 Sk T
AR BV TTE AL 2 = 4k 2 ALY
¥, BRIV =uu, —
ALY ST RAR R RCR , ISk
#5A cos(0) , Mg S T BT i &
MR 2= T 20 f. X HLAY I
&, —HERIEE BN AT LLoy RS I
St o ARAR =2z (8] b B 8 e B #B
AR IR A — AR & u (5 3 ) Fn
—AbRE 0 (R R A, %5
W o— A = 4k 25 6 B LR
u=uitu,jtuk it 0 R,

S C op To(u,i+u,j+u.k)
BB B & X g=e

0 . . .0
cos 5 + (uxz tu,j+ u:k)smz , 1t g

B RUE T HOR#3h 0 f. 2601k
Ui, ZEIET5 X f 2 2h 120 £,
AR h R & v=itj+k, HEE
E21 [ ) B B AR B IC BSOS ¢
_1+itj+k L 1-i-j-k
T2 T °
5 2 % AR f(tli+bj+ck)»—>
u(aitbj+ck)y , i B A H
u(ai+bj+ck)u'=(ci+aj+bk) , 5kt
RETOUFAI B AR, W7 IR F 2k 120
HANRYFIES AL BEAE, (£,
VY 5T %5 45 1 B 6 5 2 Jig & (spinor),
HEEPUTCEme A T 604, 2N
2%, #AFE BIEHE,
MM A =445, Ak
ZIA: D) EIERFROREEE; 2) b

r2‘71+‘71><‘72) o

PR S R TR 3) —X
iz VY 7T AT DA% 7 DY 4 25 [A] /Y
a5 4) B AT R R, R Mk
AXAE, BT iEHY gimbal-lock
(7 0 BB UE) A, HBLTEedn
pitch~yaw~roll (ffif {1- ff AL - #1%) iX
PRI H:E) R 98, 2 pitch b #%
T 90°I5f, yaw and roll X vz At #2 []
HzE), A-THBEET. £
BT 05 RS R S
2 QML IfF ol BRI, pitch
2 90°, gimbal lock £ i B 9¢ Ak Pk
Jak,
KT HEIIFRR, 1£O0n qua-
ternions and octonions: their geome-
try, arithmetic, and symmetry—-5""
71, £ holo-icosahedral group, chiro-
icosahedral group; holo-octahedral
group, chiro-octahedral group; holo-
tetrahedral group, chiro-tetrahedral
group; holopyramidal group, chiro-
pyramidal  group;  holo-prismatic
group, chiro-prismatic group %% HiE
& XX RS E A T A R
FHIRABLRAG TS A, E
EHEREEANEALE AR, AOA
B 2 M = A s A Y R — A&
e g, BahRARA
rx(oxr) IR, BEAXFEIL,
P 1% 3% 3R B Y TT 4 —Clifford £
B xEEmMIREF R ARG AT, B
A~ 158 David Hestenes & i fib, fic A~
;7.
2.4 Planetary rotation

FRATHY A 1 A 1 K BH— 3k —
Ht R =Rk R, H5REH L
KRATERAEAR R, T R Ee AR
TASIHRRERT . H.O051 08
—RAMNFIIA SN —2Z T
R IR G & B e e ™ &
T HER B %% (rotate), v LAFAT]
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Py B I SR

FHEREMWEREARNEEIE,
JLFRERER R H % H I 1
1. KZILE1500—1528 4:[H], PiThL
{6 N\ Al-Birjandi % J& 7T
lar inertia” BEVEMRBE ML ER 465D .
3 JE (Nicolaus Copernicus) 1543 4F
Yk T De revolutionibus orbium
coelestium (On the Revolutions of the
Celestial Spheres) , {Li%H (RiF
BITIEY, AL revolution f A& 3
TRMARE, XEF 2R RRREE
4=, Bl % T Copernican Revolution,
1 J5 & Fir 18 B9 Scientific Revolution
(Bra ot 7/ 20k, X B
i revolution #s A W s 1 K A2 Bl i
S FriERHFRaRb, &L
WFSERFAE AR W ST 3 Y
Wi, BRE/EVEIE IR i =2
YLK, EHARIA A AR — A NAEF Y

“ -
circu-

E6 LLZEWEER

B 7 #bEk A Euler rotations, R=rotation, P=precession, N=

nutation
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RIEHER T8, B—ERERA
FUERIR D, IS A 1684
SRR T De motu corporum in gyrum
(s tk iz ah)—45, st H
W& gyrum, BRABE RS X AR
PLT XA, EAME gyrum F IR Y
P R

R BN — 1%
1y, BRI, Eh iR
L™, Kb FE Al St AT
T H B ok, Al W X (A
BUNREA . i R/RIBIUT BB
AW G K PH A — A~ B R g (vor-
tex) PITHE LA . 4n AR o iE B I
TR B 5 B B O Y B R R L
Hei e BT 2 10 23 % JE 3 (period
of revolution) [r] H: & FF K FH A BE &
75 B EE . Revolution ik & it i
o B, PR A TR S AR T
re-, back,

MRS58
A PHUE £ K
revolving fiJ—k
Beplit, wldi i
W A e A H i
BIALE, AT
revolution ¥ fig
hiR 7)) (to turn,
to rol )Y i, B
ITREHERE
WAL, K
0 #b Bk revolve
about each other,
[FlsF, HbFkrotate
about its axis,
spin about its
axis, T RHIA
i (revolving),
Hh, /& orbiting(the
star), J & $) Y
T Risd) =&
A X T H

iE (orbit) FIRFERY, iR Y revolu-
tion, BER VL —JEAE 365K, X
A ¥ A bR e A i A,
SRk, FTiERIREE, St
AT B A B e F bR
IR, XA R RIS AE
iR AR, B E, &R
., WEEEASCHE R, 7K
SEANEE R 88 A HhER H , B FE
WSO HhER H . siE A RIR,
TR Y 23 B JE 2 Ay 7K R R — R
A, & BRAIRAT B ¥ (retrograde ro-
tation) L5, 4 A2 5 (orbiting) K FHFY
JEHE 2247 K, (HERYH ¥ R
SRk 243 K, 1 HR - efr 2k
] rotates, EFMIE, HERZEHWER
[ 23 TGN B A ) JE DT A 27 K 7 /0N
w4345 . AR PIZARE 12
Efk(evolve) MK Rk, H 2RI IR
o) AT AR RIS RE 76 2 R IX A~
WL, EL— T, KAWL AR.
i 15 FE 7R 248 P 5% — 1 L K PH
B, A AR R PH A AR B 5 B 4T
b, RELT KA RHAEKPHZER
[T DESE5RE Sezvz) IONTIREI]:: [ N e|
WAE A%,

K A B B B O s AT A B
HHE (gravity)5 EER, A AT
Tk H gravitate ix A~ 2y ia]— 5 LA
WZo JRTFRNAA AT R &
(invisible planetary system), EIRHA
AEESPSE, A& LR A+
electrons gravitate around a nucleus,

KH—171 Btk R Bt ™ = A
SRR 2 . R ZEA 2 15
Zf) (rotating) WA fk Z 25 A A R
MR A (E16), A K% Y %

25 orbit each other, 43X A~ Bk
spiral closer together (#2 Jig 3\ 5% iT)
IF, 2y %% JE W] (period of revolu-
tion) x84, FHEEIL— AL, ILARE
AEVERGR KA,
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T ) 5 R G N B AR AE
AT, WmEIMLS K AE, Bkih
B (pulsar) #& rotating neutron star,
FC e By S Ak o B (radio pulsars,
rotation-powered) — % & IR 37 2 1,
BB RS B A R TR, X
Sk BRI AL RNER R, &
NS EE MR AR T, R G 25 A
PH A SR,

RICHI 2, i SRl
1% #| precession, Precession, zf i
T ok preced, precess, 2 Hhi T
1% praecedere, 1 & & e AT (I
(21 A 3 [N 3 G =y p e
S, k), —/~AF&(spinning)
Wik, teanbes®, Heklem—
FE(ELansk B & h) ok 28 5 5 )
I, — M2 5 ke B A e S 5N D
SEHREE FL )5 1a) e E) (turn), Rt
— /T, b2 1 precession, XA
turn 4 ) VE 5k A& precede, 4nd e b2
AT AR, HAE S
ZEK 1 N Bl rotate, Sl E T,
Hb Bk {4 %% 5 (rotation), 3,45 intrinsic
#4y, BN A % (rotation, spinning)FH
precession, & 44 nutation ( Z Z),
Precession |4+ H & & H % b,
nutation 4T AL B KI5
(B 7). HbEk Ayt 2 th FR 4 prece-
ssional movement, #%— %% [# (com-
pleting a rotation) [1¥ J& #i £ 25700
4F ., Nutation, 3£ H nutare, to nod,
Rk ANENE AR E D), I
AR MEE A R A /N “FET,
2 3% B4 [E] 24 5% retrograde, R [A] |
BAT, MR EE U TR R A
BT 1Y

Jt -4 2 rpr 25 42 £ Larmor pre-
cession, WME{ERLY) T &AL
B J5 {93k, HEE N Larmor

W, o=, =5 ey
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romagnetic ratio (JER4EL), A& gy-
ration [ 7y i 15 & 7 BFs g B PNIE
HA g-factor, 1} g-factor & /4~ %R #fk
HY B IR M) , Joseph Larmor EF
(1857—1942) [ E B =< . [HE Withy
XA R A ARSI, S50
— /> AR A i e Y A4 b 2 i A
223 ) — 4%, Thomas precession 4
xR E e s B R AR IS
fEIE, Holf B e f 2 & W 3008 M 5h
mIE ARk,

TH ) 2 AR AT R PLE A
MR, AHR ROhH e B AR R E)
1,38 4% precess, Pression of orbit /&
Ak PERY R, 7K BB H A
(B BER R (B 8), it K I 4%
Hye—A~ 44 Vulean B A AT £ 1)
RO, 2 AR AR A 22 DX 0 JE
J7SCARRFTE, oK P JE BBl A 23 [l 25
i, &, HROSEURMNAAR
FIRE AL G B EW AR, H X
firBEARE B IR H T,

FTREERM, SeE A RT3
WA HIABFESE B revolve,  Fx fHi L
BB TE A IR A A e . 24 SR KB 1
DA X FE, T2 AT epicycle
(énikvkhog, upon the cycle) 1Y it 2x
S o B L i 2T T8 MY epicy-
cle-on-deferent theory, Deferent {
B, epicycle [LIRARE, HA
R AN 5 R A ] S LG . Deferent,
3k B deferre, to carry down or out,
A& #, 4nvas deferens B2 4k &
Deferent jif x& A A &¢ 3 5K (19 K A
epicycle g A& U £ deferent { [5 (
9), 4N epicycle and deferent A~ {E
RAF T LT B IE , Bk (E
epicycle | -5 _F—4> epicycle, X
Pl 5 5 15 /9 38 8l & E 5 power-
ful e, Skhbs Lenl LAt
=R, K—RkRET
REAFE I LI 47, FoRi o ik

Al WL—3
25 BT AFHESD

izg), RTINS, 5
Ty Ed R, o R R BER A A A 4
& B2 W, FREL, Dirac TN
R TSR F], s
B4, oia-an),
A(t)=¢"4(0)e™, *:zf(rotation)
P B e AL HE TR S Bl . AH

REHL o, ok AR B WA
() =e"w(0)) ., TR LT, &

EYIREPSE VR ToSHL 7S N S s
bk, RE, WELR &R
;AT AR RN, BT D%
SR A SRR A AR ST FTAE
PR RERIFOR TR, AT
AR TR, FERERT B

R Z AT IR HY AR 43 A spinor,
i 8 - & AT LA A ok A e gt

8 (TRSLH ) 2R EE

Epicycle

Deferent

&9 Epicycle and deferent {4 %
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T2 i

MhFF AR LEZE A &1 ) A
B, —EF D EEF AR
5, HRR R R I iy AT
FEAN R FRIE T B ASAE (B RN ASAE B
lnE, =#ezsiml, BROARR, )
oy Wb VAR R KL, 2 WsT
fi—E 2 B AR R FTIR AL, FIIZ
=0, 1, 2, 3ERT: 1) 0Kk
My, 8 (s-HLiE); 2) TIkKY, x,
y, z(p-#Li)s 3) 2k, xy, yz,
x; X =y 22 =% =y (d-HLiE);
H3IRA, xvz; (F—))z; (F—3X)
v, (=3)x; (@7—x"—y)x, (42—
X =y, 27 — 3 — 3p)z(f- #
), WHIE ¢ RAA AR R
BAMSIRA 2 €14, ™ ik
R T &+ D)=
M, HWMAMEGF2 1A
Gy SEHIHC RS X AR L 9 R R R IR
W—HEBENL? M5, Rk
e HAHAR TR,
R 5 RO R N 2R B TR
—H T, HEMEX AR, ARy
Ft o 22 0k 57 Hb B UE B AR AR 2
— AR Al A A BRI R KL
FHE TR “HET, WL TR
MU F A B SEAEND 2 FU A& a spin-
ning question,
2.6 ABsFiAE )

U 24 I 28 7 18 2278 4 A 4 =
Y 5% 2 Fi boost (k. LIPF £
HSC SR PR 47 X AN 58 SRS ).
Boost & B A [\] 13 FE 1) 2 B HE 22

alternate

whorled

Z A 28 e, % b 2 L) rotation
into time, ST, kR fE A AR (i,
x), WA RRAEE, ZIEAYIE
WA XA IE 22 1908 4R 5| A /Y
TR B ZE(E, ) JAG 28 A R
[%) J ] (spatial directions), J&Rk JLH
A, R AR IR A
Hohvig 2% R AT
eI JEE I 2 4 Bl A SR AR 4 H

BEFAINII AT, IR v= v, +v,

1+v,v,/c
o J k%R g W

tgh,+tgl, .. .. ..
€OF0) =T e o %tg 7 tgg 0 K125

e @y X FhoAL B, Howh BR A 2
pseuo-euclidean 25 ] 1 {7y 4 Zh & %
W il % Zh (hyperbolic rotations), 411
RZWHRMM T —WREE), %
SCHHRE A IS5 & R Bl R R Y
JLFAIA AT REZBR L AR, X4
W RN ERE L] TR
TR, AW, TSR —TFF
YR IR DR 3 257) RN RN <O
BIAEARATHE . )7 U
— AR E SRR Tk R
IZEH BEAD R, 1, e
B HE T # rotation, A b & % iof
— > BE A2 i [R] — A 22 B AE 22
{ER D)X Fizah ik B, & MEl,
Penrose Ffl Terrell S iATREI DAL
HI AT (travelling) 1) 4t , & 8
18 7 5k 7Y skewing or rotation™* ',
Skewing, 7B}, £ skew-symmetry [
Wik

tgf=ivic ,

opposite

B0 iy, FAER, HAEMSXAERNCEE), RENAERG)
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27 T

o Al EER BA B A TER
J5 -3 A B A R ) — A4
Ptk Hoizah )y 4575 (transla-
tion), g zh (vibration), #% 7fj (rota-
tion) I libration, Libration, id] T
Bt A& equilibrium (°F ffi7) |49 libra,
R TRER . PLEh P&
X AN HRER K [ 52/, BrLA libra-
tion & — Mtk , tbans ¥, ZA
% % 18] 5 T 1] /M 25 19 5K 1B 5 5
(rocking back and forth), 4 324
2 J5 i 5t ¥ 0 B E A X i libra-
tion, BUHFER RIS, A
SCHR IR KT8, HEiiE
A librations Fy[AIRH, HorhZ — ik
A H B AT TR M B B A
— /N FE Y libration, X f# 15 H
Sext G AT T B AR A A DR
o] 5% ) . | & vibration—rotation
spectra (4% 2 — 4R 2 1) & W78 57
AT, RTHNET
ek, WA ADhE xR IE
T JU+D), (&3 R 2J+1 i,
BEINTRSR IR T il AT AAE ]
IR, (EERISERAL. DISEIR AL
A RE W B JU+ DI & 52 . PRhi
A% Bl 1 w] DA R b 25 48 A 3
—&2, £ rovibronic, rovibrational
(%% 3 — R B HY) B BE 7% . In rovi-
bronic transitions, the excited states
involve a few wave functions ({£5%z7h
—IREN PRI A, Bk B R (Gt
)LD h TR ) &
T 1L, B 51 A i rotaton (1 fif
&, ABIE, o—RTFERD
£ Coriolis force! 7£2%{lJ(HOOH) ix
A B oh BEAR A B 5
o, mRA ARSI
A&, U H B (R A AL 1
F m] e Ay, A A (R YD RE
Sy B A 4y -0l LB & rotate, I
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Coriolis force 25 512X A~k & 2

] 55 08 &

28 AT L — LB E
5) i whir,

swirl, twirl, swivel (swift), 3£ Hdb

WRIEE . WIRARE, HREHEE o

turn,

whirl, whorl,

to move rapidly in a circular
PRl %
L ATEREE, R gy-
rate (UL ) 2 H 3| swive, trundle,

Martian air contains only about 1/1,000

manner or as in an orbit,

as much water as our air, but even
this small amount can condense out,
forming clouds that ride high in the
atmosphere or swirl around the slopes
of towering volcanoes (X f <A
kRG2S 1/1000, Hix 2,
ROR—FEREBESS Bz, wim RAK
REHE LGB R R KT TiE).
Stacks of plates (in a capacitor) can
swivel so that their effective area is
variable (FL7Z% &% FF 10 26 M AT LASE 3
Phe 22 oA 2om ). B ra
alternate ( H. A= [))), opposite (¥} 4=
HJ), decussate (+ = ), whorled
(AR, Hig Atk (whorl) &%
SRR . Whorls [RIFEA
alternate whorls, BIAHABM 0 _ERYH
THIE AR nn, nR
B, —AEWE SRR, (HEH

H gk aE e (510),
3 Gyration

3.1 Gyrate X A~79)

¥z, rotate, EIENIXTRLE)
i hyopiCo (Yopo omd), Topw, gy-
ro-, giro-, LA FiAs A HBLAE R
& FIES A, BNG — &4,
Greek gyro or gyros (yopoc), #fEzC
% (), n Turkish gyro, + H-H:
K% (8, EBE. BRI b

W39 - 474 (2018 4F) 8 1)

Gyropanne — ii] (¢
), e
P (K 1), Gi-
ropode, = [l 22 %
R, BIRPF
i 42 (18 1), 815
& Girokonto MY & ik
Pk, T e AR
Giro, B AFIEz B
i) girare, £41d] giro,

girata, it &% %,

RS {8 N7

fare un giro in

machina (AL 450 T p C

— &), fare una gi-
rata in barchetta (X
M — ), g
rasole (& Kk PH %S , Ve

n] H 3%), essere in Gyro Motion
giro ({f{il), essere gy,

nel giro (& & A
N), mettere in giro
una chiacchiera (5% iR =), %5,
VG JE S 15 /) 5 3 A gire, gire a la
derecha (f5 #%), gire a la izquierda
(£ 4%%), Girar obre si, %} R 331
autogyrate, self-rotation, 5= & /&
HEHE . BlE. 4AYIE L De
motu corporum in gyrum, 3L —
%24 On the motion of bodies in an or-
bit, I hi T 1Y in gyrum B %A
T in an orbit, Gyro, gyre X &1 {E
gexrhth— R AR EE, &
LY gyroplane or gyrocopter, A& JiE
FCHL, gyre @iFImAIRGGE, KOF
7F _E g H B — ) trash vortex (B
i ), #& a gyre of marine debris
particles, X & EUEULARLE R T
PSP RE S ORISTIIRING -3 AN 2) /2N
) —k,

4 1A gyration  H # i 15 B 8
AL, Buler {55 cosx, sinx

Bounce Motion

Gyropanne (giropanne) 5 giropode

{ A 3%

A X
A

B

{ XX

5 2
0900

gXA ] ':'r
"lu'l!lu'l"u"'l'l'.unt.-

G

Drift Motion

<7

T4 3% T 1Y gyro motion, R ¥ %) # % v ) bounce
motion ([a15#), LA K & 775 LI T R

MBI, M (cosnfd+isinnb)=
(cosO+isin®) Hk, 4 0=xin, (&
B RKFLARTLARIF, £ R
4 n-1, n-2, n-3--FRH 0 A,
SRIG LR, 555, X—&EL %
2%, W&iJLIN A mathematical gyration,
Such mathematical gyration seem,
to modern tastes, unorthodox (iX ¥
I ESR 2, DLBLARRY & W M
w, BUARMRIES). "

YL gyrate, [q] rotate AN [a] A&
WA Hy . Gyrate, LPEMIE ., JiE
¥, WAETEZTM. Rotated XS,
AL gyratef& 1, Eb4n Johnson %
TR FI Y o 2 i, 3k 92 F
Horbgh A7 gyrate JEZRRY, ELan62
M Y gyrate rhombicosidodecahe-
dron, trigyrate rhombicosidodecahe-
SAESEE R EE B AT
Fr 2 1 - 2 7 g 7% 1) (gyrating

i

dron, 4%,
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folding polyhedron hypercube and
making it gyrate), I —4~ A\ EiE
Rz AR R ., Alas, EEAX
MEED.

JCAERELE S R i (B8, Homik
i 2 1 3t (votate)— /> 15 % 4 B 5 Bk,
IELLRY A, X R EL GO A iR
P, AR BRI R IEEE—
AELR G, ik gyration, JXAE—
AR,

518 2272 45 W TR 2% R TR
—J5 Wiz dhETE, ki)
(rotation), %N %3 [A] A% B b A& #4 2y
FR, i 72 i sk 4 T ) gyrovector,
gyrogroup HJ # 2 T , Gyrovector,
sk A& AU JLAAT R Y vector (Gyrovec-
tor, a hyperbolic geometry version
of a vector), Higyrate, X 5| A—4>
id] gyr, gyr is the gyrovector space
abstraction of the gyroscopic Thomas
precession, defined as an operator
on a velocity w in terms of velocity
addition: for all w, # BF u fin%% zh
U 53 BE v It 2 vV i Wi A i 1&
W, Lu, U), Lv, V), &
A BIEN Lu, ULy, V)=
L(u@Uv, gyru, Uv]UV) . IX Lk
$2# K E 74 T (& . Lorentz transfor-
mation-wiki F[I gyrovector space-wi-

ki), .

Gyroscope
frame

Spin axis

Gimbal Rotor

Bl13 AN = 5l SC 484
BT FERRI

. 534 -

3.2 Gyration X AY15 3

— AT, ZHEHE, K
5 A R £k (helix), X ARz Bh
|l g, o WA R
small-scale oscillations, or gyro mo-
tion, & w=eB/m [ & 4 & A
R, BIWEL 58 BT by B A fr
kL, #74 gyrofrequency, 41 [F]
I AFAELYy, WL frSS Blinad, W
Yy L 1RV F 25 5 ke fL Aer O 1%
., Bk ExB/| Bl (H12). failk
4 2 4 cyclotron frequency (4 [n]
TEMAR), Ve RS B AR AL T
BT, [FI I8 F e — A e A AL
Y, ke kAR, BDRTIEMRY
cyclotron resonance, #J3 7E HL i 1%
FH S T, 2l 5] gyration
oY A MR, S - R A B
VIR
3.3 Gyroscope

A — FFI i gyration 4 BEL A i
%, M gyroscope, 1& i A Gyros-
kop, B # T & #r & Kreiselapparat
(%415 45), Gyroscope x5t T4 s
T ydpog + oxomém 1 Y 1], T A
FEREE), IUBERIFAL, FEWYL,

WE B2 3Lk A top+gimbals (FE U5
LA~ T 16 32 49),

axis of the turning (spinning) wheel

gyration,

rotation on one

produces rotation of the third axis (—
A~ spinning 4[5 £ 8 — A~ Rl 0 5% 5)
RTEHEGE = Rir ), gyro-
scopic effect), XA&Feigizzh iy
Hefili, Gyroscope HYHAREEFyf X Ff
iy, o lE] & — /> spinning wheel or
disc (KIEMIHET), A A rotor (4%
1), I ERAEEE = A gimbals (05
IS 29), FHABAY IS W] S 480 pivotal
axes (%), ELAEHS T spinning Y
Hh, B EAEH (B 13), HIMER
75 I 32 B i 32 #% (gyroscope frame)
Mo F5 M X BRI Rt TR %

7 B Y J¥ (degrees of freedom of
rotation), [AIoh Mz & SFE, XA
RELRIIE rotor (YER A1 ANAE , T TR
FEH MIRE ). PRk, gyroscope A&
AT DA OR A5 B 1) sl o 0 ook
M AT, A FIFEMEL S i —A~ E K
F Al B K ANl 7k 2F . Gyro-
compass RE R M EK B 4% I8 5 1E
b 7517, Gyrocompass a] Ff 15 14

5 — -2 AU, gyroscope 15 % A
1743 48 % WA whirling speculum (%%
B ). AR L L gy-
roscope A& Johann Bohnenberger |
1817 4l ERY, A — /> rotating
massive sphere (K it &4 8 Ek)., 2
DA K R #e3h Bk, A A% 5
BB E G, TR E P, R
OIS N BEZ LR, TR JRo
H e A 5% ) Y (rotating,  spinning),
6 5 L sk AR ok 2 TR AT L
5 . 1832 4F Walter R. Johnson fig
T A, HrEZ—A rotating
disc, 1852 4%, ¥ [ #yHi % K (HF+
( Léon Foucault) 413X # #Y &5 44 JH T
W B hER L B SR UG B, TEALRA.
B ORFER L) 10 53 BhA B ] LA 52
W9t , ##2h gyroscope, F (i
ok, (HRH LB R R L B 1Y
75 16 JLPASBE SN PR SE R iz 2 (B 4n
TCE FEMRAL I HbER AL S i A2 . Hb
BB LI 2= L iy, (EHbIE -
S A BRER B R TR BRI 23
FRIEE:, atas ARk, Hk®E
Z gimbals——UL T R M X 1R
wH M, WFRPERSLE Sh R
IS ESE M), 2RI
SR 3

HER B OB A KR FE R (L,
B Mg mAetk 2, H2R
AR BAFT A R 51D /R ER Y HE
BOR B K b L, HbER L —
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BAE B (precess) &, HJH M2
26,000 4,

4 i A I Sagnac 2808 Y SE
2LTPBHPEIE{L, Gyrolaser, or laser
gyroscopes, 3k - Sagnac ¢ vz, H[I
AR 505 ) 3d ek — 4 3 A A R 3R
B A — N RHMT fok BER AR L
Z o IR W HIR B IR LA R A2
BAFAE, (H& A 3T
WUk A (Michelson-Morley S255) &
I, B B A SENG 3 Georges Sagnac
REENIAREEN, XAA R
HA TR SE 5 AR 28 A % 1R R SR
LA fe—— B R
A . R,

3.4 Magnetogyratic ratio

Gyromagnetic ratio, FE % bk ,
1, FR magnetogyric ratio, JIS Kk 2%
VERUHANELL , & — LA 4 [
HAAHEMLE., —428mpk
-, BRI AN T A A S 4y
i By, W H gyromagnetic ratio

7:%%, At BB B —2f . Gyro-

magnetic ratio 1, #% H >k 5 B i 1Y
g-factor, 4 FRATIR 1B AR HY
JiE Wi ELI, REAEFN M Bh ROk B N B
A TE. LAR-FAB, y.=gu/h,
Ho iy g-factor, 45 MEAH 6 18 1
N, g=2(1+a22n+--) , Ikhing
TR — M, kR R R
B 7 HY g-factor 1% A 2, K3
SUl PR =l A O & DA -

ihy"0,y=mcy v 1Y 1% 5 5 5 e
& 0,»D,=0,-ed, , B X5
Wi M, 5 FE

B o P
[ﬁv +ﬂB(L+2S) B:|¥/ ih ot

W5 RE (B s m I A & D
J5 B % e R A 2 5 2 bad
move?), FEATANMIMRPER A &1
HLZh . $E 1 L 1 1Y g-factor
L 0e I (5 & 7L sh B2 it
RREER, FFEENCE R R
12007, XX e DR 3512
T A REFR R, R nE AR it
BRI ST, RSk & 2t
FAER A PR ZERIR, Kb X
T2 3wl AN 2 R 1L R b 2 L
KRR A B SRR A, T
HRAR, DIMASREACH
Wehfe /N 12 2 )5, 2) A
[ A R S 96 1 2 [AD 0 ff 25 7/ s
B 12402 )5, (HaXFEERTEA
., REENL, wmEIEH,
XAREREXAG? B TRERE
Pk & U, BT Y i€ #é bb g=
5.58, W T TiE R Lk g=— 3.83,
AR IR T A TR T 2
R FTA BHE 12811, ABix
J -5 v i W L ek AN 4T AR
B JEkmEigts 1. R
AR mAEEA R T, B
TEAAS MBIk, & a
MNABBRVBZA I E T2
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