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4 Spiral

Spiral, spire, L5 to turn A I
IR . KA SR spiral S €l 1 £ 25
¥, LbAntE 0 4 J (tendrils), A
Z WU JiE % (curling arms of galaxies),
AT, P ADUE B 2 1 A i3
TiEo 25l AE A PR TR IR AR BERYD
Hk, kRS A 3R AR
W&, FERNEIEG, W STERE
ITERE, ASid X BT vortexes, spi-
rals not closed as circles (W2 JE 4> 25 1]
aAR), FHIRIERTGR, ET
FEWLEFN AR AW T IREE /Y spi-
N 2 B A s DL 7/ S
SR EZ MHER B RS M A L
izd), (N R R E RS 5
IEELL .

ST R T £ 4 T DL AR AR AR B
B r=1(0) BB, fx fE R S
TRIHERIEWRE, r=a0 , By
SRE X AR RYIRLR . R Y
G X BB E, r=re”, KRR
1638 4E— IR I AIXA &, Loga-

rithmic spirals are also congruent to

rals,

their own involutes, evolutes, and
the pedal curves (% #2125 %) 17 J 2%
i AR AR LR s AR
Y1) £ 1 2 B B0 A o B8R 28%)
(1l 14), |5 {7 ¥ £ (involute, I+t
W TR 285 #2A x=a(cos 0+
Osind), y=a(sinf-0cosb),ix & —

A~ G2 81 HE A T 9 S [ 248 1 O i 1
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7

5

B4 xEBORIERTYE W2 B Hniie

IR B LR B LR Al
I AEEF] X AR, X R %A D
FIRFE AR SN A X,

— A~ R R T A VG L 2 B
#2 g (wheel of Theodorus), 1, HY
square root spiral (7 75 # B8 jE),
ML — RV EAR=MEA
B, HE A=A K1
HI 5L H A = MIE (& 14), It spi-
ral N YeiT 2k, 51 Theodorus
of Cyrene (H:{HTEZ) 2 Jrif A Hh4D)
fEUEUERT T3 2 17 W pr AP
B TR

5 Spin & spinor

5.1 SpiniX AMid)

Spin X 4~ 5 >k B 5 1% #Y 3) 1A
spinnen, & — &Y IRIE A L T1EHY
pendere (to hang), Pendere HYfi7AE il
R %, W T appendix, dependence,
suspension %%, AL A IR, (EIE
Bfjii] spinnen, EEEMIREE W A&
M-22 25 UL e Nggk. 441, Spin-

B 15 A spider spinning a web

ner, Spinnerin, FEAEZHH T, Z54H
1., Spindel & 258, FA¥E: 4 i
Spinne 5 A& Wik . Wk S5, &
15 e — RS, A Wik, i
Z% ik A a spider spinning a web, f&
1E weben & 21 (47), Weber /&40 T,
1 Webstuhl 5t 2254, HAL, Ar
il B world-wide- web(4g 5 & www)
B web gRIE T 0. 254 /R E H
PLRYAR (18] 16), FEBLA Tl tHBL
LARIE, ik —HARERNEIL, 15
[ i A {5 {2 (Heinrich Heine)1845 4
Wy 44 5 Die schlesischen Weber (P4 B
VEEZ5 20 TN o 1 [ 7 By Poxt
I 75 E AV iH 5%, “Deutschland, wir
weben dein Leichentuch, Wir weben

hinein den dreifach Fluch. Wir we-
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ben, wir weben ({8 &, FRMN1LEIR
HIFE A, AR =FIH,
AR, AR, fEBEh, We-
ber g WLl AL, ok H IS EH LK
Wilhelm Eduard Weber (1804—
1891), $&ifHY spin ff B | spinnen
i, MEZMER., FEY5E.
“Any change makes me apprehen-
sive, even if it offers the greatest
promise of improving my condition,
and I am persuaded by this natural in-
stinct of mine that I must take heed if
I wish that the threads which the
Fates spin so thin and weak in my
case to be spun to any length (fF{A] 2
ARERLE PR, Wt A ok
T 2RO AT RE, ABES Ur 0
O, AR A iz i iy
S8 L8 SR Bk ID RE A% IE
it — LK BRI IR, BridAy T
wish that the threads which the Fates

spin so thin and weak in my case to

be spun to any length 5 A& 75 B2 A= iy

T

16 (WEEEEm L 25k

E17

TEFE R PEIEFN € AT
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REUBZR K — A,
Spontaneous, of free will, M
B {E spontaneous symmetry breaking
(B & FrPEmk 6 f AY spontaneous,
Fspin & [Al A, BEAEFIE? AndR
538 T spontaneous HY resulting from
a natural feeling, or ten-
dency ix BEE A, BUAMERMET .
Spin, spinnen, HEZRA 4R
B, B T iR . Ber
Pt i Charles Lutwidge Dodgson 4
H:, %44 Lewis Carroll, 1862 4E1F
— A E BTGz L5 E I EE L
&N R ' S (I
PR . LA Alice's adventures in
wonderland ( § % TR 22 % U 7 5%
oy ) hARBR—TT, SEE AR
Teix = F 2 A 3 16 k2

spin

impulse,

“the fairy tale he began to
spin ~ ‘all in
noon’ 7, Spin, Rk, AWM
PEBRIA , AR FIT B R A
W4tk , {540 His grandmother spun
him a yarn at the fire (I35 7€ K pil
2 fib U e ),

many fantastic tales about his adven-

the golden after-

The explorer spun

tures in the primeval forests (S &
FALAE T VF 2 5 ) AR AR AR B B
HY S AT ), AR g B i T T T

gross exaggerations and barefaced

lies (FCLHY 5 SR FIARBRER I TE )
X HE /Y G i 3 gk & spin-doctoring
(TEtE R 208, i EE
Hz 1 /> 7 spin-professoring (1 %
KBS S spin-professing (H #%%¢
FRAWE), EARAEER WA
£, EEEMPERTFRAE
2,3 T spinning, # i}¢ nothing was
more alien to his mental temperament
than the spinning of hypotheses (F-,
A g B 5t (B SCHD) Y
SRABFER 1), i AT i E AR
hypotheses non fingo ({&& A~ {ER1%).
SO A URR i SCCE X R AT
), HEAEATIX LAl T/ J Bl
PEAS

5.2 Spin #9224 22 F 5L

Z5 4 1Yz B AT 5k S i e
e, WMEA S B SERE R,
Spin 1 A Je 4 8 17 FAAS B 4 2 1] £
XA EE, WT aspinning top, a
spinning disk( & 17),
comes up “heads” or “tails” , A
spinning top, Rf— AR K S TR MR I
HIL T Sk T —A, & I
2 FiERRZ hiTiT i, dEH B
%, PRI S & spun up by Corio-
lis force (FE#Z =7 B H ELF] H I 5h),
BT ML mT DA R B 1% spin 11,
a butterfly that dips and spins in the
flowers (fEAEMN A | F# €. AlJE
ALTE M), Spin copter, ffi
{}j B8 helicopter it [1i7] . Helicopter,
helio-, helix, =W g, If ptero-,
=R, helicopter A& EF ML, Orni-
thopter, ornis-, & JL, ZFHEML,
H4h, a gyroplane or gyrocopter,
TR A R fiER CHL,

Spinning {4 & , K A it 4
IR A RS RO A SRS R
2/, — M i 7 i F) fast spin-
ning disk F1m b, IR T W B3

a spun coin
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R LRy, AR R
tH 2 (spun off), B TF—RBEELHE
PYEJHIHERSE X il B v Y 5 75
HEFR A spin coating (FEiR), ki
2 28 PR AT AE Hix & ik %, Spin
off, Mk —Be(ry HLM),
spin-off A& 53 ALK B Rl ™ i
1 The stars will spin out planets ({6 &
SKRHETRE), 2ITRRTERILEL,

2 d iy PRE BT Y spin, kA&
A — R ), self-rota-
Fl . H % . The earth is in

continual motion around the sun,

tion,

spinning on its axis all the time (H#hEk
MMEHGERHEE), HAEHEH
H #%).,
the sun (‘B %¢% K PH revolve B &4
spin),

years,

It spins as it revolves around

Every fifteen months to three
Mars is engulfed in a dust
storm that can last for months, and
every day there are dust devils, tor-
nado-like columns of spinning dust,
iX H Y columns of spinning dust A&#7
e AR A,
seen as a giant clock, full of spin-
ning wheels (F# B 1F&—2EER
PP, e spinning A5 HE).  HELE
IF Ty b 4 00 4R 0] £ 42 a large disk of
stars,
spinning cloud of gas, {5 & 5k H
e R, BRLR R, B
LA FE AR R Al iR . R
= F1H Jig., Black hole spins, ELL
b B R R X BLAY spin b
B, H2RML, AEM A ISR
fi# A BLARE X B spin,  H FERYE
], HC B 4 It R 4T B e R
Tl AR, o I 9 4 5 Bt ki
X B} £ (X-rays emitted by swirling
disks of matter) 45 i% 7 ¢ T 2iH B
T 1 FE (spin rate) U {5 B (1] 18), #
&, B spin i J8 195 BE ik 254

The Universe is

formed from a (much larger)

W39 - 474 (2018 4F) 9 1)

BER, e Ak
PEIA [R]85

X AT fuf A B R <Y
FAE, A S Sl shal e
WK, T AR
ER A ZRFE, A
H BE (spin) A [R]/E,  Bf-F- 75
FRFIRA % . 24 the spin
corresponds to a one quan-
tum rotation (spin X . — /> FL -]
rotation) [F} , ‘B A T Lt self-rota-
tion SEEEHINZ .
5.3 EARMFZ LT 49 spin

AR A RSHRY, W
el s BT R B S K iz
) [ 3 Bk — A spin jgh A& 3 28 1T 2R
M. Aot T SE AR B 1R SRR B e A BB
SRR PR, OERE & e = AT
HEE . 1) 2MpyEes), 2) figh
s E T, 38 AR B,
HLF A ERE SR, — A Bk
P (A. H. Compton, 1921), H—4~
R H SN, S Tt
HI5r 34655, 1925 4% Pauli 42 Hi A AH
R, SIA TR R B Ry
F VYA B FE(H e RIS C P
2k, BB s EA B Stern—
Gerlach S5 5t 22 [A) TR AL &
— R RAEARS S T o B
Wi, XA {H[AEi(two-valuedness)
EWRMEZENRZEZ—, B
Uhlenbeck F1 Goudsmit Fff T 73 Fl| Y
RGFAR L TR T AR, B
1 ] 5 %} self-rotation & M. T [Y
M JL A H J§ Uhlenbeck %I
Goudsmit Zi% 5] A B JigiX 4 internal
degree of freedom (N 2 H H &,
intrinsic degree of freedom)™, [
Ji - rr L - F 5 Y - HORD B g X
AN B ER AR — B, 1926
4, Llewellyn Thomas H B jgiX 1~
WA fRRE T A liE—HLE # A (spin—

E18

spin,

2 H LR whirling disk of matter &8 X 52k

orbital coupling) B fJ [K] - 2 (the ratio
between magnetic moment and angular
momentum due to the spin is twice
the ratio corresponding to an orbital
revolution), [ figAHE &R i# 4 A1
Pz, W B Uik, B
0y e s e R T FLAT R AR
A B AL P A S B ik W R
T o JUIRAE KA bfidfie 4 fey ] B v E
TR A THE, M5k ULk TR F
AR B IX AP AR, XL
RN INRE], BlEA LA
R e AR, 1928
iR SN OR DO N TR S e APILE k
F W] B e 17 UL - AR X e BRI
TIHIRIRFFAE, Spin AP self-ro-
tation, it is truly
scribable”, & & My R 5 Xt
B ELHIRXAEL? fRIETIHRY 2
d AN W] fifi iR ? They (particles)

whatever that meant

“classically inde-

“spun”
in more exotic dimensions(}7 1 {£ &
W SrRI4E E L spin, A3 spin FI] R
R,

BLF- A BT BURRN E E SRR
fE. HTA B N B 5, AR
FR AR A A BB RS BRI 5 FEL AT A
A FN MR 5 A AR L6 R
(Bt LA HLTE Sy & AR AL (9 15 2 i
ARMZER R HIEAS NN
A, BB R A BRI 2 L
B TFHYZE BIEF ARV s FAM 2
HORE £t Sk 8 BRI 1 B = SE fEL R
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pE el

A, A RY R — R e R xR
P, HADTEYL,  H EF LA CE N L
BB LB RTERAET, B
—AINEZE, w A £
SN R, HIEMAFERE T
I 23 P TR N B S B — R
R B 23 M B A OB — T A a3 1A %
o), RRENEEFRI— RN
A PRPECARE HIA PR 4 B ook Ak
FLA-), SRSEAERTVERR P AR R A
—k, BTN ZHITIEH
“Ehoy7, EABIALBL, BTHIA
g, HECGREZEM: DKM,
MLERESE b5 2B, RBfE
X VR BERL AN B s 3) HEfR
B, RBAEGE T A E—HRYE A
g h/2 ey ar B R s BB, ke
+-47 B8 E Fermi—Dirac SE it #7%
Bose—Einstein 58 i, B g4 0 &
AATED? H eS| R BRI 2
R, EF A, Bl kA e
FriZ S, mAEAE, BiEE
e |

ER/ AR IR/ O S
M, WI2EHyisometries Skhr % RESS
R AR5 #3h0Fn
15 2n A~ & (homotopic) (holotopic,
[FERDRY, fE =22 A —A 1
e 2nfa HARGL A ™, B
Aynl2 WKL, fEREE) 4nin TR
AR WL A i A O B kL - B ok 25
AR YN IRIEMA The Classical
Group — 45 i Wk JL L A47 JL (o[ B
TEAEDGR 2R B[R] B e R s A (EAH
WA, %R h it iy fg—
A RS A RIS — 2 AR bR (B 1
fY Vierbein, PU&IBRFER), IR
{EZRTE R R SRR B 2
)% 2B, KRBT MY &R R (Vier-
bein) ) — 4~ F B i i& = (in terms of
spin)fY) H 2RI FE,

R - 1 [ A o 1 A — s i
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s PR TR I DG T A W - R e
FRfE. ARG BE AR
PRI ok e #R AR T 1A
REE . T B R R, H
R A LIBT3, L4k, w1
(1) B TERHAEVE A — el s . T4
PEHIRHE, 13317 B MY R Ger
5%, K T B lie L -2 (spintronics)
e—# R, BT — KA B e
&S, 4G spin-valve (H Jig
[i&), spin-battery ([ FEHEMh), 2545,
54 mTEFTesar

B AT R R =
KT, A A, T,
A . KRETE 1924 41 F kR
B B R R 1 £t
FeangsA . A AlEk B * =
TR =G it T h o b, fE
The story of spin —F5 5 Mk A
TR IHE, 2 1932 4 K EL
1, W% UL A BER B R
WA BRI EZE B R —HES
Ay 12 B A — v A s A% D
BT AT DA R D - 1 | i [
T S AR B B -— o
P P AL BB T AZ S Bk 8 T
JEMER v B e (R s %
IGETH AT AR R, MRSt AT 5
FTATER,

PSR A TS A
EAE T A B EAR /N — &R 4 B 1
B, WEHCT AR R BEfEL. H
RNHEEHLABE, AR,
Ak, DA S w4 B,
M 5T - #9 B e ik % 2 % 50 B g Z
A, XABIEA RILE R
—4), AR E A
5.5 Isospin

Isospin ([&]{iZJi€) A isotopic spin
W4E S, 45 25 H isobaric
spin ([F] = [ &) & A A X AP i
Isospin & L &M &, EAEEMH

JE(5 fshmA %), RS M spin
i S L RE IR AR 1AM
MR, s fEHmS, REkg
& St L AT AN ] ) 51 T
BB VR R —Fohr I PR 25
fe 1932 4R AR RS T isospin FHE
ARAR R —h PR RL R
i £ o B # Fk:, Eugene Wagner
1937 4F-1% T isospin X /™, [R L fiE
XFRPERIBT I S 3 T 5 S AR
H A B A — A R
5.6 Spin fFF A

T A AR AR
WA T —H = AaFHERE, LA
O A, ETRTGER) D
A AN, FEoRk 1) AR 2x2
FI P B s 2) P AN ASAE T 4 51 4 1
=1, BIEArl s A 0 A 4E B
3) i 2 A h R GRS, #4
L

FAUMF S Hoa=(0])
o=(y 0. e

10
(0 —i

%7(i0j; 0-1

TR R B T fa b v A g 2 A T

A, I§J$1i2x2ﬁ$ao=(é ?)—E

BB T 252 JER R PR R 2
AR HE . 8l w] FRon A B EHERERY
WA, X PO A HE B A R 1
(1, =1, =1, =1, XRIZLEIRER
X W] R S A BERL, R T —
LA BE R FAERI L ZR . A,
¥ilo, o), os, 5R %3E 1Y Clif-
ford fC B [EH, i01, ios, ioviEZSfL
B SUQ)RIE,

HLF AR B S T R
IKBLYE 5 R ihy" 0w —my =0, Hrh
HY p 4 P A TR R AR A 1 Y

. 0 o . (0 o
7 -0, 0 4 -a, 0

y= (_?; ‘(‘)] Cwobnk=(! ).

zj]) s mumy—mym; = Zﬁ'eijkmA )
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It 23 F B (A AR RT DA 3 SE A B
R, W=WWVV=(?éj,¢H£%
FEVHERL 1) F PRI RO E 2L,
KGR T AR R R

TR REVE F T LR %11 &
& spinor, y FEFE S PR ye AR 1R
T3 ERY 51 ] & 4 spinor, £
b} e 2 15 bispinor,  Spinor, X%
JiE . HEPE R 5 ARG & A e &,
HABER 5 AAE R B (R =) % R
T wmT%, NECHFIEE, &
operator—eigenfunction
structure (BLEF—ASAIE BRI ECARIEE 2R 7Y
). M, WS TRTAA S
Bt T, Bk, BUENCRER
1y, ARZHEEET, EIEmC.

Clifford {43 CO(V, @) phi%e b
Vi B RRS 5) 5% A xy tyx=2g(x, y)
[ RRE L DR Ve W ) R DR S
B, LT KR, B
ARk v B TR AR RE BT A 2 AR
K% R . ik n=2k, Cln(C)ft
B 5K Mat2k, Oy, 4n
R n=2k+1, Cln(O)FRE SRS
Mat(2k, C) @ Mat(2k, O)FH), X
NFOREMWETT AR, A,

AP UUNEERA . TEROR,
—Ar2En k- BREE, RS S
— RIS RIRST . A e R A
TERERIFR . Spin(3) 5 SU2) A iso-
morphism([a]#4)”, TI{EMHAEC LY
SU(2) B %X Hb /& Spin(3) H — /1~ &
No HHERERYZF RFRA spinor repre-
sentation, X/~ FIRHITL R PR A
spinors®,

H ig # 2 & 7~ A Spin(p, ¢),
BEEVIX A n=pt+q 23R 1Y
A TR, (REFARZE (signature)
P, QIR (BN R A5

association

EIDAAE, AR KGR, Spinp,
DI — A FoRE T LI, W5 R
fe FHIFNA T 19 Weyl spinor 7R,
1o N S T O N =R £ )
non-complexified version of C¢,, ,(R)
A—/ /N sEERoR, HI Majorana
spinor R, XL R ML K
SN ORI R s N i
Clifford f£% Cls, (R), HHe 2 fr
brim 1, EXWRIRE o, 0,,
Frp s B b i=00, , 44K,
EEEMTRE u=a0+a0, I
HITERA y@)=yuy* . Clifford £ %
Cls oR), HESARAIFRE 1, TEZCHY

B RE o, o Mo, , ZRKE
0,0, , 0,0y, 00, , BALEIRE

i=o0,0,, I, (EEHITER
T AR bR = BRIk R
w'=[pulp MR B =y,
Hrp y=cos(0/2) -ivsin(02) , XA
— A= HEI G A R R v R OFRY
el o B Z Y TEEoR).
5.7 Spinor

£ RHERESH, B2 kE
i T spinor, Jig &, XAWEE. E
&L Elie Cartan - 1913 4£ 5] A JL{f]
FH) . (EREIT R S R R,
Cartan & Bl 1 g & 42 it T #& )
— AR R, AR
IR LA AR IR, R A
spinors,, i & & Al DL AE & Bk b
GE S, MR KE R, than
Majorana spinor,

EiE 1/2 F9 3ok T L i &
IR o JEAHX R L B I R B
yRMER, £/ NEST
S, BPLTE 5 R 4-00 Rl Y
T, HALTCIS /NS 2L i T A8
i, 1920 4R AR, 2K E T

pa

77
g

5) [F] Bf f& homeomorphism, [5] % homomorphism, [5] # 42 isomorphism, 52 A 52 B #7416

morphism, Z5#5, A, REIFGE=AFI4HT “H.

6) J5k, TEIAE Y AHEE o

W39 - 474 (2018 4F) 9 1)

spinor ] LJ§#iA “spin”,

AR LB A 2 RETC 55 /N Bh
(rotation)t , JiE wm AELEPEAR 4, %
EZEAV A ERIH— L, Clif-
ford OB —4 y SRR, v 3B
PEEEE — L EN e B R &, &
—/~ Clifford 0¥ IR LE L TF
B B TR —/RoR . BeAbxd
5 5 RO B AR kB, XA e
PR HIGE AT AR A . TE =4k
ARG TE T, RFIEERE S —4
y HEFE, ER T H RRYSIR St
Jig . YRR HERE X B = AR R f
MEBELF, XAETE TR y 452
SR, R AN Ok B 5%
e, LR 5 5. (ERZEHA
TEHER, AR R A = A Rl R =
ARFIHERE ., B RN 2x2 PR
AL o BLAE I e A 1 HIAE TR R
FERTIR A SR R 22 ] I,

TERER Y SiE R
AR, WFoRIERE, —LHIEZR
FER 2RI A Re gl i #H
HIsk m kG 3] . X Lelwd T HYR
AP BT B ERRRIBRZ, BT
oy BT . TiE w & T L SO (p,
g, R)BE((p, 9% [H ) metric sig-
nature)f) ~H EEMR IR, XL
HE S & ABERE Spin(p, ). T A
Jig =P BT R B B e, 24
AN IEZ A — K (frame,  HEZE)F4
B 5 — M IER H— R, skEIT
FRBEIFE 2B, 52T
HEZE 23 ] (the space of frames)H 1Y %%
‘IR, (HHEGEZE (Al AN A 0% Il
B ATUAZS B — A HEZRMG b —A
B oy SEANE B AERRZE, 447k spin,
A AEL, RIS /Y B 12 1K
41, Spinor, fEHEZEHL [ 4% 2h 1F
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pE el

T, 40l tensor —#E48 4, HZ T
Hi spin BT e BIFF S . oA AL bR
(HEZR) 5L Le ) hn—2& 254 T i) i
Zii% ), Spinor HYHLEh R I B
AR, BT Ho an e E ik 24 2
B, SRHMFTREME, H—
PR WERR AL % AT homotopy
class ([AlfE3%).

Spinor f£— & 1Y & T 42 ik
HLPF NSRS, B4 T
PR 7, AR R R
B e = E WA EP A,
VEZ i 6 7 R A e B R OR
T. 1930448, Dirac % A{EBE /R
FE Tl VEFR A tangloids 5T H 4 B)
g R AR S %, Tangloid, >k
H zhiil tangle, ‘BAY[E IR 7] entangle-
ment(£42), a4k T,

7% F spinor, Michael Atiyah g
THEIHERE): ‘AT E
=, BIWREUE i, HEe
TR S, EFE e
TR T LRI AR, (B IE4n s
filg — LHIF 5 ARAE T N 247 LA i
o, fETFERRE Rt X Ak
BB R .7 XA 2 AT N LAY
. EMMIRT AR T IKHL
J5 B B B A L - AR A
BB B 28 @ PRI A B . “What
insight!”

Stern—Gerlach 52U 19 W & %5
JorU 5 0 2 ok R BEEIRE (3K 1 e Ak
SRR E IR T, fE8CF E
REsltix A% . XAERMINE,
e ARFYE?

5.8 REEFHHFIE

spin A~ [/ HY(H 5
(PN BE) %5 [B] % 2 A R I &8
inversion ( Jz &), parity ( 5= FR),
helicity (4% Jig #), and chirality (5
)% . Helicity, #fiik 2h &0 A g
A Y I, A& Hh k- 4 R Y G B

5 rotation,

. 604 -

1], Wigner BT, n-#izsim
TR B 23 (R % 201 SO(d-1)
HrAEZ RS, mkiEh ¥
K [ % Bl B9 SO(d-2) B HY helicity
LEE, b FHERF R,
WAEIB Sy HiBE R, EEE ARG
i, Bk,

6 Vortex

i T iE 3h 17 vertere, to turn,
T TR Z & -version (3L 3CTA], &
OB . R, Conversi 1V H
TRIFIEZAVEIED B 2 HRER
ARl 93 %, #B5 revolution [F]
. Hivertere Ifij 3k HY versus, verse
A& A 3L A, right versus left
(X /), afew lines of verse & JL
ITRIER, XU CRRIER
5t A& ) T 1 verse (2 & # &),
Vertere, verse, o i fiT A= H vertex
—i], BERREA, KME. A
FEAEREHRRE A, SELR
R WZ BT, & AR
NV —E+F=2h, Vit vertex fJ
Bk, Vortex, iR, WAlE, F
vertex ;& 28 A= i 5B, AT MR B
JEAEB 2 vortices, {ERRITEZ S
WIE Bk vertexes Fll vortexes, iX— i,
FRATE B SCOCBRIN S AT 3
FE A, — A/ N3N B
2> revolve around an axis, ¥ B
vortex, A vortex can be regarded as
a spinning point particle, J5 4 &
i, M vortex [
LU IR
vortex cascade (5
I i 1) & AE W
AN RS
(E19), A A%
& vortex dynamics
XWATE, IR

Karman

18RI Tikts

AFLEAR VR, KL & R 1e
A T BLRY REGE Y . IR TR TE 2
B 2E WY &AL vorticity, A& — A1
& local rotary motion at a point in
the fluid (7t HLAE s ALY R % )
W8, T AR e B
(curl), Vxv, FERZLEX LIS TS
vorticity A~ 24 % {4 & rotational vor-
texes, A AL irrotational vortexes,
SR — T curl BYBLFF & RO 51T,
vorticity tensor g KOSHRAY

Vortex iX fft 22 WLEL 510 1 4 ok
LPEROWARY . 22 w307 =5 4T i
1% & 18 A mechanical structures com-
posed of a multitude of little wheels
and vortices extending throughout
space (TEZE [A] 7 e Y K& /Nie 1
B W E). 2 5 T 5 1870 45
i 4R 2 Y I R SCEF 1 Y vortex
theory of molecules (45 Y {4 Jig B
), kT ZRIFEZZA IR R B 1S
. — /58 3 i & HL Y whirling
ring((TEBERIIR), —HFET, Wt
Z—H whirling 2%, H#&AAA
W A2 —# A . The
ring-vortices are capable of knotted
self-involutions (FFIR AV TR TR Al A& 4T
LEAZESE? ), WA E T XA ES
e A AR, BRI, 5
F-(atom) E ARy EIR, GRS
W RIR - BANEREE A, B
WAEANTHE, SHHR, LIKP
vortexes, —J5 KT, A NEE
Fgfry, ABARYER AP SR AN ] 5y
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(1, FREALAK A ailie vl AR A 251
AR, HARIX BRI RIE

7 Volvo

i T & 5 id] volvere, to roll or
turn about (& a3, ZiEl), Lban+
volve pronto mi amor (‘e [a] HE, %
), BT iR — A FREEL
R volvo (Iroll, FiR), TEAILHE
Wit 4, FEIAE 1. i volvere
FTA T BCHERIPE SCIR] . 33
il walk (7 72) & 105 & BRI &
Wo FHRHL, TEIERD walzen, HIfR
TR, BRIERZE5E, thiF T4
1Al Volvere {2 %5 ial JE2 5 volute
(W1E417]), ULT volute pump (H2jE
%), 4 ii volution, I 1% b U2 fig
. ek, BRI, ROEERSEE
A%, i volvere fNHTZRAL B A L

$5 convolve, devolve, evolve, in-

volve, revolve, ZE%E #REV5 I
o) HIRHEEE
7.1 Convolve

Convolve, convolvere, to roll

together, —i&f, —&Ks). Lban
H5 P A [m] BRI ik 2 K 428 con-
volve, a[LMEAZNFFEH, HimEE
g, A convolved PR J 4 I
X A —HE, kAT LLiE B[]
& &P RAE . PR LLZ deeply
convoluted, B[l & il 13 1R IR HY .
The statement appears convoluted,
REVIRTERSEN . R LY
i) T i, streamlines become highly
convoluted, forming a vortex (i £%
IR RS, T AUETR). Convo-
lution, {LIFAEHERI, &—AEE
HIEC AP, MBS, g &
By (f+8)(1)= [/ (D)g(t-1)dr ,
X b A& X 7 1 B B0 convolution,

XA SCHVBE BV AT eR %
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fr g ZERRRIE AR, ek

& AR 2 R T E AE
[0, o) EIEAEER (f*g)()=
[ £ (D)gle-o)dr , NIE & B il B
PLITAZ M AL BE . % bA R %5 (Green's
function) 77 #k  ZE it h & B AL, B
(WP A, BR MRy BT
L, FEREL Gy i AR o(x) 5 ZHY
Sy AR (S LAEHT AN, R4, WIS
THAEE RS f(x) iR iis A6, H
SRR A [G(x - 5) f(s)ds
7.2 Devolve

Devolve, devolvere, to roll
down or onward, & Fi&E T, de-
volve FH - responsibility or duty 7
Ja, RWITE. XFEKETHER,
u] 2% 8 development (de-velop-ment)
Fi envelopment (en-velop-ment) 3 #
fi# devolvement, Cultural devolution
IR, EEYWEENL L,
devolution +& evolution B 1 i £2 ,
8% Fl backward evolution,

7.3 Evolve
Evolve, e-volvere, to roll out
or forth, to develop by gradual

unfold to set free or give
N B,
evolve J& (F B) 1218 b =k . &
Eo Tk, MALEM T Z R A H
Ay, HugeR At E ok

I8 H € A& evolve, Duodenal ulcers

changes;;

off (gas, heat, etc),

evolve from early superficial mucosal
disease, &+ 48U I% A& B
SPIRE N TR A8 — i — AR T ok
HJ, Evolved gas analysis 4 #f 78 il
LI B O AR T R E R,
] how much heat evolved & 3¢ T i
. 7 (exothermal reaction) { & .
B, W2 eE 2 T, how
much heat is released or liberated A

AR T % /b dA, Evolve i al LA{E

S K shial ., 40 W F evolve truth
from confused evidence (M Z5 ELIIIE
A o B L)

J% %4 4F Thomas Henry Huxley
(1825—1895) /Y Evolution and Ethics
and other Essays — 35 P& %  RIH
WY ZJ5, evolution 4041 3
B LA W ALY . T, UK
R FE, KIEATHIE, X, Kiz
A0, WT “REEAK, Kt
™, T8, @7, AT H—
Btfedr, miex M EE, 87 “H
HEZ, TSR, XA Bk
WA AP T sEL T .
g Kk, 52t
FI emerge (AIREPR B 'H ik, 4k
£ 39 1 VE A= Tk F A X AN TR R R
{H emergency & 2% & d i, Z5RIA
— T+%8 H ¥k, Emerging phenome-
non T B T W%, A 07 IR
ZVEREH AR R, A
“U” £ 5 merge (mergere, im-
merse) xERAHTLAHY, (HAIE T to
develop or evolve as something new
HY R 2 EE e . 2B T S M A I
¥ 2 AT, Evolve 38 1t #219
HEEAE, T ALAEERENS, (HE
LAY B T4 volvere, Z5HH
edh) 2 LA & FE R, For evolving

astrophysical accretion disks to con-

Evolve,

centrate their mass and still conserve
angular momentum, turbulent flows
are crucial (A T fEf3{8{ fL. 35 Y AR
BEAS T B v o PR R A B = S
T, (W A B A )i O A 5% ),
W&, 1% evolving FERELER,
R BEGHRTFE—N
A RAEIMEE I 20),

Evolve 119 [a] J§ 4 17 /& evolute
(R £%), XL, %E
—eihZk, H b mibdh S
FAY BT £ B Py B it 2 (BT R e P
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Py B I SR

B 21 g IR T A T AT E
Ko ATEAR BK P Al S 36 sk

revolve 1)

Bk, B ULih g 2k L,
“ evolute, | [} evolute 3 A& — />
i, BN, Cycloid is the evolute
of another cycloid ($%£% 11 #7 &t/ FF 2%
L), the evolute of a nephroid is
another nephroid ("% £ £k /Y i Jm/FF
&R T, 5 evolute X Y i
A& involute (# FF£%), A curve is the
evolute of any of its involutes (T {i] if
2 BB A L J 2% 1 T £%).
lute 1 Ay T/ %5 1] 45 4 4 = S5 A sl ¢
BARAER,

2 involute % J% i#7 7F 2%, evo-
lute P i i £, AN, EA
k31X 9/~ 1] 55 i 7 o 5% (volve [T
RILZAENE. P, UL involute 1

Evo-
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evolute X — %} g £ 2
AR e 2. N
By, ok R, B
Hh
H, ks, B
A~ 2 evolute,
lute [N % 13 2] T evo-
lute, T1fj evolute ¥} &
B3 T involute—— A
KixPpflik, Hm
PG EGER AR, A%nEH
ORI NAERRE] TR
HRSEE THEL, %R
WS TH#FL” B, EZ4
LA RETCx BZ 4R AL

7.4 Involve

A~ 2 involute;

Invo-

Involve, involvere, toroll, 5]
HEmTE, &A, 4nfog involved
the shoreline (¥t & & WE T il 5 2%),
— A 45 involving virtual history and
analogy(fil A T REF9ANZELL), some-
one is involved in conspiracy (5 A
BN THIERER), %%, WD)
B2 X 3k, to involve is to wind
spirally, to coil up, #4ii]involution,
WEAXE. W&, Nig. NE.
WL EELEE ) B %5 1d involutional, i
S AEHIAY, 4ninvolutional depres-
sion and anxiety (¥ 4 # 1A 5 £
&), fETH BRI ARIESH, evolution
A&TJFJ5, involution j&3€ 5., %2 bk
1A anti-involution FU 1, F5EA%L
KA () =f(r)f (x) (B R EH
o PR (e L A 4 3 2 D OC R
flxey)=f(x)f(y), RMHTHE
5 N R) 8, —/)~ involutory BRI
H S s, B f(f(x)=x ., 8
FJE B2 R R ol=0=0)=

(1) (1)), [X 4 involutory

W, FELML T 5y, Sy Tl e ) 4
IRAIRRE, VRN ) 2 R GE I 1%

-io,0,0,=1= (

A n AL a5y, i H. in in-
volution, BE[Iix &% —FH 4y [;----- I,
WA MR FES[L, [1=0, T invo-
lution £ self-involution {1555

7.5 Revolve

re + volv-

Revolve, revolvere,

ere, = HJ& to turn over in the mind;
reflect on (ERAE L, HREL M),

to cause to travel in a circle or orbit,
to cause to rotate, or spin around an
axis (52 L sl F #%5h) , to recur
at intervals, occur periodically (7 H
3. Revolve iy H ¥ & k& H
Hit | £eE R, BT revolving fund
(1#3hH 4, one person about whom
her world had revolved (Ft: A & i f
WA TR, WryE.0F), scien-
tific life that does not revolve around
Nobel prize (/¢ 5 {5 S EL HU R
), %% The Universe revolves
around me (FH L LK), BLLA
AR EARAIEES. LT
FE KL, FATTEER BX HERY K PHEEM:
ERIDHLIE (F121), Revolve, x&—ff
ge, LT ANBRRI—FhEh1E, It (dis-
cussion of equilibrium state of gas in
gravity) revolved around a mysterious
entity called “phase space”, iXH)i&
iR T h b P e
— HAEF A BT, 1ER L
WA — PS5, Revolt &k H
revolve () %41 2 —, JX#L. #3h,
J T childish revolt K £ 1F %/ T iEiE
RNAKR, Bk, WARRE.” 4
i revolution FY# WIL % 2 — A H
fir, WU AN “HEE,
st~ R BT (R K5 EE) )
HLRY X A 1A ok B 15 7 15 Y revolu-
tion, Revolutionary 2 B 8K
A% H [ (bringing up radical change),
counterrevolutionary NI & I, &l & 44
AR LR SO A A S
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A5 R i i AR A N i
iz, EARAE TIMEMANE.
Revolution, 7 b &4, A sur-
face of revolution, & B — 4% il £
5 il % ) (to revolve continuously
around a wire) 5 2| 1Y i A (18 22) ,
TS v BT AL ZE A A 2R (A R R —
A~ SER TR 42 5k A a solid of revolu-
tion, The surface of revolution of
the catenary curve, the catenoid, is
a minimal surface, specifically a
minimal surface of revolution (H2:%%
25 10 >R 1 8 B ot 12— A de /i
R, e hEi /i), ek
MR RS, b
— A ETRERERHE—L
N6 T i B D ) B8 R B R
£, 22— PERTKCER 6
fiabr.

EN % Fris 35 a revolutive action
IS, 4508 B Eh o2 AW A
5 RH, AR,

7.6 Vernation

iR vernation (4% &), H[I

YA

y/)
N

E23 AR

L LR DR S TP Y e
volute, Circinate vernation (34 R #f
1) (& 23), 4 convolute vernation
(—hAMFHLGEES ), A
involute vernation, fij involute ver-
nation HY J% [fi A& revolute vernation %]

A4 evolute vernation, FiHR,

8 i

Y E R RiEE), B
et 5%s) ., 5Fate, #%
MEE I, EIEEE L, sk
TEWIE &R, i A& g,
HRIRz: “cogito, ergo sum (F &
HRAE), XU AR, Bz T
fEZ b, XEF BN YA volvo,
ergo sum (FjjE i L fE)! MR T
15, MREDABEANTYHEST
1o e s NUBERY, BIAHR,

HTEE & Rl Hah#Fon
IS BB, L HE NI
). MR ET HY. BT,
POocs . & MR UL R (R R
W, AENAERTHER, BiF
BEEREEY., ERENRELE
B WARARIEA RN, NITHY
AR 5 R BAT SCHYIN IR &
X SCE L, TR TR AR
1B, SRR AR RIS, A
RE MR IR I 1 B UHIE 48 & Fh % 5)

7) AUEEAN AR, RS, ZRRIIMDE LS E A
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(] 5 bt 475 i 5 19 B O e i O 4
RN, XA BEAN L R X FR
P RS GERERE RV, 1%
£ F . B KK Felix Klein T
1895—1896 4 [i] FF 4& 3¢ T rotating
bodies FY Y, X AL FIZ A E
185 T P4 % A {y Uber die Theorie
des Kreisels (FEMRERIEY., XPIfLK
IAEDE 1345 2 h B Hi#E1E, W=
5 HE B A A RS B % ol N A 1k
HRADA N, BYpEEH R 7
T =AU RN E A2
R, RTHEMM N A AL
AR, St s T anf b P % g
(R, AEAPHIL T W T . 4% T okAY
WG, T2 B 4N i) ] 13 Sir
William Rowan Hamilton [ Elements
of Quaternions, William J. Thompson
Wy Angular momentum, Hermann
Weyl #J The classical groups, Elie
Cartan 1Y) The theory of spinors, H7k
% — BB B The story of spin, V. L
Armold B Mathematical methods of
classical mechanics, L), [ William
Kingdon Clifford #[1 Leonhard Euler
I, XRL2RES A CHRIK,
AMERLZN, WA PR revolving
door Z5 P4 EP LRI SELD 2 5],

B T KA HLr . &
HLI TS il By R A R, B
T e 2 W i s 2 B 2%
R RV RGN, Ty, ZER
REA S 45 R — R REVFAF 22
SETAR D RIE D) iR
N, e BHLAIRIE I [ 24 2 T8 & A4
ARG, FETEN,
B 3K FE B A () 0L SE LR A
Mo RANHLIER AR EE, BEMLEE IR
A1ox e it B (i) TR 4 B 2 i )
B ERG? RAnE B EHLR M
AN S8 A ] B AR e MR h ) 4 RO
MG LRI R L —F R,
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pE el

%

L UG Th & & a4, Wik
(zhudi) 3, fEFREK, RPA T
MG RMASESILB AL, S
“PRix R e (zudn) eIt 2 117 B
(zuan) N EZRID, MRS, X
s, SR SCIE NI S A S
57T,

2. I EREE, (EAlEY 5 (R
B, CWIEY, &AL A RARAIS 2%

%, BbE TSR, GE. BB, @il
ARHE,

3. 3¢ T spin and rotation FY §i
R, JRFGERERE R,

4. A Lok R AT LL
B i IR (spinor formalism),

5. W 2h IR fri ok, ik
iR A =%l 1) BRAT; i) APE
i) AR, BRI FIN
s, BRI —A
SRR R, —E AL S,
+& Olinde Rodrigues #5H T 44 sh I IE
T iR

6.5 T MU T B an i Fon k% 5,

PIRF R IEF B ML

AR YT H—ie s R R AL Al
Z: [ Simon L. Altmann, Rotations,
quaternions and double groups, Ox-
ford university press (1986), AbFE =
A 3 2 B9 P R IR AR SCHK, SRR
0. Jo 3o 5 — K Rodrigues [19 ¢
B, Aok TR, B TE
ERNHITR, FEICERBIAR
7

i). Leonhard Euler, Problema al-
gebraicum ob affections prorsus sin-
gulars memorabile, Novi Commentarii
Academiae Scientiarum Petropolita-
nae 15, 75—106(1770).

ii). Olinde Rodrigues, Des lois
géometriques qui  regissent les
déplacements d' un systéme solide
dans 1' espace, et de la variation des
coordonnées  provenant de ces
déplacement considérées indépendant
des causes qui peuvent les produ-
ire, J. Math. Pures Appl. 5, 380—
440 (1840).

7. kT e, HiEARE
w2 AW B . 25 Roger
Penrose, Angular momentum: An app-
roach to combinatorial space-time, in
Quantum Theory and Beyond, edited
by Ted Bastin, Cambridge University
Press (1971).

8. BB 25 1k KL LE 8% ) A 1 %%
5. DARREHORE ), W H %
Al L. Frig)E ey gk RO
WEhE”, sHIEL, bAEA
XHEHY A, B HE T iz 3k
FEX AR H 2

9. e — w2 R A
IR, =422, E—AT5
fish, R ECPm Lk s A e .
FEZE AR — A5 ot — i <
i, ST AA . HEEIES
KYh, MTRESHV, Vv, vor-
ticity, —fRAZA%E.

10. PHITEHINE F XS A spinor,
A EL T 6048,

FER ] 1280 R F A, P IRE RS —HRBIHARLT LA T E 100N 2R&E, wE ks, L

BRA RN A IPAGE, SIS BARrE: 1) B SR AW IR ; 2) B AR AR A RIER ., RAIK Y
RFWALTT; 3)RAEAREYIDN,; HBRAALFRAWIEN; 5)FHIR AL — i Rk & SHrBLes kR F L ;
6) K % 094 BT AIE A RN T L AA R 7) BASEBEHK, B—ATHRIIRFTHOAALRZ S V55
LR, =&,

ERE “HEPRIKFT RIlehidal, EXAEMRT PR HFRFTHOBE, RAAFME, B2
BB % 0 AR BT HF Ao PR e AR AT R, B E AR b, PR MEZIR, S 1256
REZHM—BLE, —EORZ, RABRBIEETTACH —LEA,

Rt (4h3m) e EWa Lh0FEHIE, ROEARTIERFFH TIOR8 4, Bt (BE) %3
WERF, LEEFHE S FRRRABER . BB, St (WBRFXIFF) e, SR, LR 7
ey, REAFI PO AMR, HRRAGEERATHRSE R, HEXERRN, MEFTHNZHHTEN . AEHTL
A AR E T R A AT AR R ZARRART o AR A H P R AR R0 R TR B, OF Bkt M ANt IR E
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