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1795/10/06, Benjamin Rodrigues 4

1807, Jews living in France were required to modify their family name,
1808, they were required to add a name of a Christian Saint.

1811, Entrance examination for Ecole Polytechnique and Ecole Normale,
Rodrigues was ranked first (15 &%, A T1{D).

[ARTIALCARDRENSE D, LEOEDERICOAZL Tz, £h
IZDNWTIE, AFVATHHIENBHIEENWIEH, FREHL TINSIE
TOBULIA (?) o260, EWIEH, BEBAREZI T
272722 VNIF, BEBRHE. WTHIZRLIEEDT 7> A AIAZE
ERIFICERABRICEAINTEESMNS WS, HEEiEo 2RO E
NIZH AR, Université de Paris ICAZLTZ. ]

1815/06,/23, soutien pour le doctorat (19 &%), devant la Faculté des Siences
de Paris, sous la présidence de M. Lacrois, Doyen de la Faculté.

1815/06,/28, awarded a doctorate in mathematics from the Faculty of Scien-
ces of the University of Paris (/N1 KB TEAEE).

1815 ~, After the 1815 Restoration the Catholic hierarchy took control
of educational and academic institutions, and Jewish mathematicians
could not obtain teaching position (EBE HIZL D 14 Alddp
BRAHEE - FIEEICORBRIE LR o).

1816, The main part of the above thése was published in “Mémoire sur ’att-
raction des sphéroides”, Formules générales pour {’attraction des corps
quelquonques, et application de ces formules a la sphére et aux ellip-



soides, Correspondence sur I’Ecole Impériale Polytechnique, 3 (3):
pp-361-385, 1816 (which contains Rodrigues formula for Legendre
polynomials).

— between 1817-1837, no papers in mathematics were published —

1838, Journal de Mathématiques pures et appliquées, vol. 3 IZ 3 ¥E DL

ARE Q2R), TORNEIL

AR E AR T=ARSEIT 5075 OREE]

n EBOHODOEEZESLTLDHFOEE

28R (14 a)® DEREADORBAROMAREHIZEA )

GRXOEIINTNHENR, NARIE, BFUDO2 DIXUROMEIC

BORRXORERKERE, BRI OHBICEHALTREEHDTHS.)
1839, [E3E vol. 4 ICAX L IRRER, AAI

MBHRICBIT 5 EF T ORE K]

B %52 2RBEKES5 A, BRICHBESHER)

1840, [F& vol. 5 1T T2 OES) ICET 2R XFHEER (pp.380-440),
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1843/10/16, William Rowan Hamilton (1805-1865) DIETLEDFER,
fundamental formula 42 = 52 = k2 = ijk = —1.

1843/10/17, Letter from Sir William Rowan Hamilton to John T.
Graves, Fsq. on Quaternions (in printed form, 1 line about 75 letters
and total 167 lines, containing footnotes), in Collected Works.
(INEPRET I THEEL, SHRFQIE—ETHELET
L, RERBEFHNTHS.)

1851/12/17, Benjamin Olinde Rodrigues (56 %) #i%
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e Quoted from [URL1]

http://www-history.mcs.st-andrews.ac.uk/Biographies/Rodrigues.html

............ We certainly know that he did not use his first name Benjamin
and was known as Olinde Rodrigues. In fact Olinde was not one of his given
names. Rather in 1807 Jews living in France were required to modify their
family names and in the following year they were required to add a name
of French origin. At this point Olinde was added to Rodrigues names. It is



a slightly unusual name, but the explanation for this is quite logical. The
family were Jewish and wished to obey the directive yet not give Rodrigues
the name of a Christian saint. Sometimes in later life he used the name
Benjamin-Olinde.

------ He got his doctoral degree from the Université de Paris in 1815.
In that same year, restoration of the reactionary Bourbon monarchy under
Louis XVIII closed off all possibilities of a university position for Rodrigues;
one assumes that he would have preferred such a career. ---------

As a second footnote, we remark that Rodrigues has many incorrect ref-
erences to him in the mathematical literature. Elie Cartan thought that
Olinde Rodrigues was two separate people, one called Olinde and one called
Rodrigues. Several later authors, such as Temple, repeated Cartan’s error.

i¥2. Elie Cartan I3FDEE Lecons sur la théorie des spineurs 1, 1938,
® p.57 T Rodrigues DF [R5-1] DFERZRDLDIZEIHL T 5:

La formule (3) permet de retrouver les formules d’Euler-Olinde-Rodrigues.

AN, REERZEL FURAMOEBALRD, 75 A0B%
£, Benjamin 23H 54 (B LICHEHB SN THT 2139 D) Olinde &>
BIEEBEHITHEN. LML, Rodrigues 133D L Tld, Benjamin
%7, Olinde Rodrigues EZ& L TW5. ZOEAIIHEATERNDN, T
O EBBITRFNZH TN D EBbNS. flxd, LED E. Cartan D5
R7ZA5, Cartan i, EOFIAXHD les Formules d’Euler-Olinde-Rodrigues
Mo 5E 31T, BIAFI [R5-1] & Olinde & Rodrigues &\ D ARFTOD 2
ANOBFEEDHKETH D LB Tz, TNEZTOT IR L RFEEN
A A% (Temple iEM) WEEDIZETHS. /8 DK A Michel Duflo i
W&, EMENFICASTIEA /2 Rodrigues DX DI E—IZDNWTIHEFIC
BWFEITZ DA, TOlinde &y first name NH D T LIdHSaho
Tzl EAMNVITENWTE . 7238, Olinde N3 BT, HOBHEDSE 2
DEHEEDIT, KBV XEERBZENSBMoZHDEDIETHS (BEIT
XMNIBHEERNE (?) RIIZE2DEADM).

aAV M2, BEEOD first name 290 <2EEICIE, K 90 £#0O KA
@ J. Schur (1875-1941), I. Schur (Issai Schur) DFENH 5. BINTH
Fz (?) ATV ABRWDBHEAZR S /2T FRACL> THEICED > 2R T
HoTz. Schur DARELZHREICIIRTS5D00H 5 ([EH 5| BH).



e Quoted from review [Davis| on the book [AlOr| The Rehabilitation of
Olinde Rodrigues, AMS, 2005:

Rodrigues produced only 17:mathematical papers but wrote extensively
about social, economic, and political matters, on banking and on alleviating
problems of labor. From 1816 to 1837, Rodrigues produced no mathematical
papers. Between 1838 and 1845, he wrote eight, including one on transfor-
mation groups that some consider his chef-d’oeuvre. Taken at face value,
this is a remarkable achievement. How many of us could get back into math-
ematical shape after doing something else (writing reviews or becoming a
provost, say) for two decades? Perhaps Rodrigues was theorematizing all
along but didn’t have the time to write up his findings properly. He left no
personal papers, so we can’t tell. We can safely conjecture, though, that he
kept-abreast of the contents of the mathematical journals of the day.

aAA 3. BUERNIC website T Rodrigues 287z & 1213, B/
A NEETRNS, FJREEOH ST 1 FZBRL T DTN D O HE
MULERE STz, ZDEIZ Rodrigues IZMT 58 - BHREBETVWSHO
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DFT [R5-1) EWHondiud, KAxIKE —EED S BIcZE720T
MY EENEEREE] EWOOMHTL %, /=, Rodrigues D4 & [HEE
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Correspondence sur ’Ecole Impériale Polytechnique, 3, &W\\D DOAEL TH
TEMIZINA DM SR, FNT, Paris @ Université VII ZIBE L TWB A,
R ATd % Michel Duflo RICARTSNBLDITEKBELE. NUFOKRE
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ZRZFOREEY 1 A5 RMFI TN, 5121, Bulletin Scentifique
de la Société Philomatique de Paris, &V D XERICDWNWTHIEKEL /=48, =
NBHFHIT books.google.com THRATF T Nz, SOV TRERKEM 26
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BT I 72308 [AlOr] I ENRAMIZ S > 7 SNTHTEEL.

3. Chef-d’oeuvre i X [R5-1] #% #&.
J. Math. Pures et Appl., 5(1840), 380-440, % RNILin

Des lois géométriques qui régissent les déplacements d’un systéme
solide dans l’espace, et la variation des coordonnées provenant

de ses déplacements considérés indépendamment des causes qui
peuvent les produire;

Par M. OLINDE RODRIGUES.

WXOEZXH

37 U7z Introduction {3V, B SN 175 33 TTRHSNTWBDT,
INERAEIT section EIERT £I12F 3. & section 1215 1 FIVHES,
A F) 7 TEMNEZYAL RV () OTFIZ, BMEZIIEREOD section 43
RATWNWD., ZOBROJ A MZLTICEITS. 1 D0 section DHFIZH 1
fE, 2BEAT VYOI A MVRSHB T EMNHD, AU subsection ITH
L 5%, B (Théoréme) 121X Théreme 1.1 L EORHUNELS, F
7=, FIR (assertion) 31 Z U w72 TEMNNTNT, HOXEMNSTEESIN
TWwa EWnS BRE T AW, XL, 4 DEAFHZDIZ

Théoréme fondamental.

EWVWSFA MLDHBA, ENLREZE ITEEOERNRBEIRL L TED
NTVBRTIEFARL T, roman FETENN-HOXENEREICH TS,

Proposition, Lemme, Remarque ZFI3E<, KH7R.

AR

Bk (un solid) D& (déplacement) IZDWNWT, FEEIZ—RAIEHLET
W3, Iabhs, BRAETWS &, 21— v RE#FH#HZ - RNIZHTT
W3, 52T, £2I213, [EER (rotation) & EfT#E) (translation) &WYD
2REREOEHND S0, NEHTHREIEIL, BEEEADAHOEREIC
HHEHERDED O BEDOHRNOERNEGETH S END00N2HEE
B<EERTAT 47 (Idée générale) TH3D. /> T, NETHBEIOEEIR
REOHEICESENS] LD 1~2):

Ainsi donc, toute translation d’'un systéme peut rigoureusement étre con-
sidéré comme une rotation d’une amplitude infiniment petite autour d’un
axe fixe infiniment éloigné et normal 4 la direction de cette translation.

On ne sera donc pas surpris de trouver ultérieurement toutes les propriétés
des translations comprises dans celles des rotations, «-----



HmmOFIEELTE, ERNOE Az, Ay, Az FE2SAIEHEES, 5
—DIRE=ARD S FE=AHNOBRBT 2ROERLED.

Idée générale de la translation et de la rotation d’un
systéme solide. 1~ 2
Du déplacement d’un systéme d’un point fize. 3

1 HZEFETA28E, T/4bb, TOROBEIDOBEERIZDNT.

Du déplacement quelconque d’un systéme solide dans l’espace.

4 ~7
De la composition des rotations successives d’un solide autour de
deux ares convergents. 8

HWWZ3ZH 5 (convergent) 2 DOBNZET AEEDEM, THOE, X
HERLETE2DOOEEBOERICTONT, THD. ZIITITTIZ SO(3)
TORBEZROEA T, TORBFEB TORBENHENTVS., TN
Rodrigues ORARTH 5. LR EBIHTS

Telle est la différence caractéristique a signaler entre la com-
position des rotations et celle des translations successives. Il y
a d’ailleurs entre des deux sortes de composition 'analogie qui
existe entre les proprétés du triangle rectiligne et celles du trian-
gle sphérique; et si 'on compare les translations paralléles aux
trois c6tés d’un triangle rectiligne, aux sinus des demi-rotation
accomplies autour des trois cotés d’un angle triédre, les valeurs
des translations et celles de ces sinus seront également propor-
tionnelles aus sinus des angles opposés aux cotés respectifs dans
le triangle rectiligne et dans ’angle triédre.

(BrR) 35 1 XETH, fOXEEZTT, TEEOSMEFTRHDEY
BUDEE) ITERLTWSY, TORIZ2EOGRICET2EME, ¥E
=% (triangle rectiligne) SERE=F (triangle sphérique) DEE DAHEL
WL TWS, ZELTHEREOSKICEL TE, B smERAgICFEELT,
A D 1/2 FERAE=ZAFONA (angle tricdre) DOEEHRE S TIN5,
RE=ZAENICEEROHEENEZ 5NTWS. BB EE> THET .

EEOHLEFRR O &L, O 2F0LETHEMERE 5?2 LOH A, B, C
ZMESA, [Eéz#h OA BV OEEA o OEEZE R(OA, o) EEL. 55—
- DOEE R(OB, 8) O&K%E

R(OC,v) = R(DB, 8) R(OA, a)

. — 65—



L9 5. [EixE OC LEEGA v IRE=AK - RE=AEz 8-> TEEL
H5.

9, ¥H OAB %, OA #8iE L THHEIVICAE o/2 EWIEILZ¥XHE
L, OB ##iE U TREHEY ICAE 3/2 FWEILZEEEORKH D OER
EBE, FNMNOC 288, DXFICHE 52 LKHRE=AN AABC 2L
5. 52 ET2H A BEBIER (KHO—H#) ZHIZ AB £E<L. AB &
AC ORTEHRE=AK TONMA (angle triedre) I «/2 TH D, BA & BC
DIEITRAL /2 THEM, FOEE, CA L CBORTHAN r—v/2 &
2%, ZTOZEDIERE, BE LT AABC 2 EFITHWTED 2@ (3R
E#RS) EEENSITIE, PEATHSND BAE, XER [Agnew], Figure
3, Rodrigues’ Construction, Z2#). Rodrigues {3 EIZ5[HL 7= 8 O#E#RES
SICEBHETICKN L EHOER BB 25X THEN, Y075 220
HEZBCERE=Z=AEC DV TONED DEBNH LD TH 5.

Composition des rotations infiniment petites. 9
Z 2T, YT E)% rotations infiniment petites X T, TDOAAKRIC
BL TRl TWa.
De la composition des rotations autour de deux ares paralléles.
10~ 11
FT72 2 DO TOEEOEM. ZHREESEL D OEEREETEEHE
DERRITIES.

De la composition des rotations autour de d’azes fizes non
convergents en nombre quelconques. i2
R 572 (non convergent) 2 DOEHOHIE D OEEROERK. ZHIIHE
HTHS.

Examen du cas particulier des axes non convergents. 13
De la composition des déplacements successifs d’un systéme

combinés de rotations et de translations. 14 ~ 15
Equation de l'aze central. 16
Bk L ZREROEEGR OC 2 TRD 5 HER
Ezamen du cas des variations infiniment petites. 17 ~ 19

De la composition analytique des rotations autour d’azes non
convergents. 20

KO 5720 2 EDOHOED OEEOEKRICET H5ER

Composition des rotations successives autour de trois axes
rectangulaires. 21



Bl D Euler HRICY =5 (B72A12, Euler H #1213 Euler Z5RIZEEH %
LR iEzns L)

De la composition des déplatements infiniment petits successifs
d’un systéme solide. 22 ~ 23
Conditions d’équilibre de plusieurs déplacements successifs
infiniment petits. 24 (25 R&E)
BEIZE DR L (des déplacements successifs) & & TH EDNEIZRE
%, Tixbs, FEHRENERINDIFHELCDVTRT 2.

Analogie de ces lois de composition et d’équilibre avec celles
de la composition et de I’équilibre des forces appliquées a
un systéme invariable. 26
LT UK EHRE & DAL OTEHRE OB N E
H©® (L’analogie frappante) THB I EEHT 5.
De la détermination des variations des coordonées d’un systéme

solid dues & un déplacement quelconque de ce systéme,
analytiquement déduites des conditions de linvariabilité

de ce systéme. 27 ~ 32
CONCLUSION. — Lot générale de la Statistique. 33
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r & :
ZR#{BEKRF 2008 FEFIRAIKFEERBRE - BES
Fpacsk, 3RThREEE, L T, BOEXRHEGRIIHR]
EB1E (& B)

2 #EFRYE, NTHE 2 ROFTHITRIRTS
piEE (& BR)
§2.1 (& B&)

2.2 HTHERRATIER2REHTY

a—-%=3>r

4 Eﬁ (quaternion) ¢ = o+ Bi +vj + 0k (o, B,7,6 € R) DEEDIx I IEn[#
7‘;1'2!& BHEE VD) WATHE H THS. a=00Dq 24 xHELRN #M4x
RoekE H. &L, 4,5,k 3NV M2 (W.R.Hamilton,1805-65) ASRDIF
T EERBALT,

(2.1) i2=3j2 =k?=
(2:2) ij=—ji=k, jk=-kj=1i, ki=—ik=j,

T HDO R LOREETHS. 1843410 8 16 HIINIIN S OHEB®R ET
SR~ #33 1844 4 [Haml] ICHTW B2, FOEMIC, HAREOBHICH
723k % FRTEA J.T. Graves KB EE > TWT, FOIE—AY 1844 F£I2/ANT)
INTVS. 2RTTE M4 EHZ 67THTOENWHDTH S [Ham2).

47C8UE H X R EOETEREN, M(2,C) IKllDADS. FDOERK UL, ik

. 0 -1 0 2 -3 0
z—>1_<1 0), j—=J= (l 0), k—)K-(O i)’

éRJ:ﬁH‘? CHRELZ2HDTHD, MEMIC, el 33‘ I72bb, qd € H
WHL

Y(g+d) = ¥(g)+¥(d),
(2.3) { U(gd) = U(q)¥(q").

g=a+fi+vj+0k DHZRATEE G=a—-Bi—vj—06k EBE, qD/IVL%E
lgll = /@ = (@® + B + 42 + 6%)1/2
EB<E, ¢ =gl %

PIER 2.2.1. 17500 3 v {1,J,K} B3 v {i,5,k) &RBOMREREMET
TEERE.



g 2.2.2. A (2.3) ZEAE X, -, det¥(q) = ¢, ¢ =74 ZEFE.
R 2.2.3. BEFRAR (2.1) 2SEFBRAR (2.2) NE MNDZ L ERYE. HITR
ENSCRIZVENINDNE D DFANRK.
Evh. (22)=> Q1) kDWT: £F, ijk=:2=;2=4k %185, ZOMH
2y &8 22 DBE1RNS,
—~ijti =djk . —i%2=djk .y 4+y=0 .. yly+1)=0.

i, 5,k DY R £ 1 RMST, RI+Ri+Rj+Rk BRUEKE & THIZ, y # 0, D,
y+1=0. O

F 224 NIN PO AREERRLUSLBBORTIC BRH- T, TOHEDA
RSO EDIZHED DI EEhb S DIFMFEAR (2.1) THD, the fundamental
formula & HMEEINS.

3 4Bk L 3RTEERR, NIV OIS

3.1 4nHICELSD 3 RITEEDERTR

NNV REFOE, 4 XEOERZEEEBRLTWED, FOF—TD1 DI
3RIEI— Uy REM B3 ozl d2MENH- . ZhiT 2.1 §iTHHA
L7zkoi (%@ﬁﬁl D) BHREEOBHIEICEI D EWORENCLRTELZDT, £
NEFERPDOZEEZB-TZDTHS.

WiIM 4 e e =210+ 20 + 23k € H. TE3 DROEZEHE L .

I
(31) T = t(.’L‘1,.’L‘2,.’II3) = I29 -
z3

Tz \3HENRY BIVEMR, AR—-ZEHRT BOUEBERT MVOEGEBETET.

R Mz ODEIE
izl = \/3712 +zf +af

THEMS |zl = |z ZOFKFAEELE T H- 2 B3 EETTRNTHIRWT
HB NI ORI AN REEFORITHD) .

E* ORREEET BEERIL, 3 ROBERITH U = (ui5) = (ugy)i,;=; € SOB) T
oo =Uz EREIND [ [FH1],7E2R]. i,

(3.2)S0(3) = {U € M(3,R); U'U = ‘UU = E3 (BAL{T51), det U = 1}.

NIV R/ N1 D4 TEDOEE Hy = {ac H;|ja| =1} 2&D, a€ H,
KEBHITE o ooz (x € H.) &0, REZEETAEEGD ¢ € B3 A
RMeaRESELE. Hy 3RICXVBICRZOT, HRBRICES &

[ZORDHTE Hy 5 3RTHEEH SOB) NDOREMEAGEZ SN DE]



ERAAEDITHS. LHLEENSED &, THUEIKERAZEN LN I MR
5 COBITBVWE ST 0BANC4ABERA LKA EZZENTEOE K

287 ((Ham3|, [Hamd] 72E) D7, _mw COETEBENA—EDEEL L
F&>TH%. Altmann 12X 255 [Altm2] 121X, TDRIZDWT The sad truth
&7 entirely unacceptable &7 Optical illusion c‘:?b\ causing endless damage &

mn, PCRENRRAEEZENEZNSERL TH5.
ISRBEAACERERD &,

€ ..., and that Hamilton committed a serious error of judgement in basing his
parametrization on the special case of the rectangular transformation. (Z 3K

DfRE 3.1 IKTHN 2 EH

@ Thus, it is entirely wrong ever to identify a pure quaternion with a vector,
as Hamiton done in (11). ((11) KiZ3&#&)

988 3.1. a=a+Bi+vyj+oke H, %
a=cosf+sinfw, weH_, |w|=1(GeweH_NH,)
CEXXT. rcH_WZHLT, ax e HL ERB1DI21E, E3 Tz L w (BEXZ) W
PDETHFTHEIEERE. FOBESz oz =ax MHXRD B TOLH 2 — o'
13 E AT, D

T, TR4TEKIZED ELWEEGHLRIIMALE /=00, £OBEIIEEMIT
NIV 225 A U T Rodrigues [R5-1] 12k > T 1840 FIZHEA 5N T WD
MELAICISEHE SN TE .

fif8 3.2. a € H; iIZH L TRERYE
(3.3) zeH = ¢ =axa™ ! =axgec H_.

o€ Hy 3.1 D&SIZ, a=cosf+sinfw,we H_.NH,, £t&L, H_
L

(3.4) Ra): H.>z - 2' =aza e H_

BEEX, INEE LOTHME >z » 2’ € B} IKBRLZH D% 3 %3 1751 R (a)
EE->Ta' = R(a)z &&T. ||2'| = ||| (Vo € E?) 15, A=R(e) BEZT
5l (e 'AA=FE3) TH5 [TH1],7.388) #c

(3.5) det(!AA) = det(A)? =detE3 =1, .. detA=detR'(a)=

i, a ALEFEANS DmﬂoThéﬁb( Hy X 3XTEE S° LFE4HE) R'(a)

BT 5 R’(l) = By \CEEHIC Bty det /(o) = det R(1) = 1, £,
R'(a) € SO(3). £7=, |

(3.6) R'(a)R'(a') = R'(ad') (a,d’ € H))



s, Hy3a— Ra) € SOB) BHERBTHS CREDHBIKAE, R I
B H OIRTEEUERRETHS). Ra)w=w E»5 R(a)w=w. #>7T, R(a)
3w 2EETHOTHEGE w ORIDDOERRTH SN, RiIAE 20 DHERUHEE
THDIENROEBEEBTIESNS. ’

FI#R 3.3. a = cosf +sinfw,w € H_.NH,, £ ¥5%. wyv € H.NH; %
u,v,w € B3 MEFROBERBERY MVRERDEDICESD L,

(3.7) wr =w, Vvw=1u, WU=U,
(3.8) R(a)u = cos(20)u + sin(26)v,
' R(a)v = —sin(26)u + cos(20)v.
HEE {u,v,w} IKET 3 R(a) DITFIRRII,
cos(20) —sin(26) 0
(3.9) sin(20)  cos(26) 0.
0 0 1

Ebk. u=t(U1,U2,U3) HEELEBEENN &,

uy v w
Uz V2 w2
u3 U3 ws

(3.10) IR =1, &5IC M 3.6 BE.

PIRE 3.4. g H ITx L, PRI HHEEITED

% q" q2
(3.11) equ=gm—_-1+q+2_!+...

EBLE, we H_-NH; TxHL,
(3.12) exp(dw) = cosf +sinfw (0 € R).
Evb. ww=w?=-1 |

FROEEDOERTOEERT > ME, a = exp(fw) — R'(a) = R'(exp(6w))
Tld 0 > 20 EAEB2HBICRE>TWEIETHS. IR, a = exp(fw) &
—a = exp (0 + m)w) EMNEUERITE R'(a) = R(-a) 25A2ZEICREL,
KRR R A8 2:1 OXMS (Bl (1)) THEIEZFRT S, NIV b IIREE
—HOBEEITHoTHETH 0 0 DHBEBBIEK T o2 E>THS.

GEEDHEIIEDE, NN P IOV TRERBET IV I-IIVBRICELDXEIK
72o 7. Altmann 3ZZD—R&E LTI DREFZRBEETOI Y 7 AN H %258
3. TOWAORREZBHLH S RN,

O EATZHD (operators) &

@ ERINSHD (operands)

BATNHEC AT TH DS TNEMNRFEINEOBERTH 5.



FBEBRZONLEZRATHENII R ORANL - < DRBVNABHENZN
N, TR 1 DWKIEENZTARAROKFNERIE, 2DIc3EE (EH) 2

O DD o (talic &)

@ D7=DIZIE ¢ (boldsymbol)
ETARREEEIIEEEBATHEDEZDIIENWTBVERR, OEWTHDHE
DOEBIBEFBOOIBIZELVWAHRNEFEINTNLEIDOTDHS.

WTNIRBEIBRLXIIROBEBEREREE.

EH 3.5. B H, I3 RTHRAEFEHHTHERTSHD, BERE R : H; — SO(3)
WHEERESZS. #£->T, H, \3EEE SOQ) OBEHKBER THS. o

i

Mg 3.6 (HAMAR) . u,ve H. XT3 E3 OXT#E u = t(uy,uz,u3),v =
Y, ve,v3) &L, TORNEE (u,v) := uyv1 +ugve +usvs EEHEL, u-v = (u,v)
&b,

(3.13)f UV = —-uU-v+uxo,
" I, uxv:=bi+byj+bkec H_,

U2 V2
uz vs

upr v
us v3

ur M
Uy V2

(3.14) by =

bl b

E3.1.1. FTEBIN ul o DRI PR uxv T3 x3 FTHEE->TE
<&, ROESITEARTVWEBIZETS:

1w v
J u2 v
k us v3

U Xv =

M 3.7. ROBBAZEHATL :

(3.15) uXv=~-vxu, (uwxv)lilu (uxv)lo.

3.2 [EED Rodrigues /8T A—F—~[CLBBRREBELAK

epwe H (we H.NH,) [CXBEEDHRR.

3 KTTZEM ES OFAE 1D B ABOEE p IS T EERYS 5 2 EHBIER
INTWS, EE#E v |v) =1, BOEYOERCEREOHEE ¢, &T5&,

(3.16) a=exp(3¢w) € Hy

EBFE, Ra)=p. 277U, we H_.NH{ 13 we BTG Zhicky—i&%
D3I RTEER p & gw e H TNIA—F—KRL, p=p(jow) £EL. Ih%
Bl#: p ® Rodrigues R EIER. ZORMRIE, VWS Euler ALK 2R (X
B [EH 1), 7.6 IBR) OXSCNATA—F—ITTNENLZW. LU TRFMIZIZ
1liTH5. '



3.8 ERILIMICLED &, jw O ¢ KHIREMA D E/STA—F —i2l]
NEANETSD. #-T, NFIA—F—EHELTH_ 2&0, THAAKIZIZ1
MRBIITIE 111 TEARW] REPABRTH 2.

o I5K2DDEEDHE p(Low)p(d'w') = p(3¢"w") KBEWT, j¢"w” &%
0 Low, L' TEH T
(3.17) (cos(%gb) + sin(%gb)w) (cos(%qﬁ’) + sin(-lz-gb’)w’) = cos(%qﬁ") + sin(%qﬁ")w"
ZATEMAE H CRIHEEEDICEETHIEILV. FRN2 DOREROFEICHT

% Rodrigues DA [R5-1] THZ. ZONRREBENICHA =AKEO AR ITEM
TBHH, —HROBIIROBED !

cos(3¢") = cos($¢) cos(5¢') — sin(5¢) sin(3¢ )w - w’,
(3.18) sin(3¢")w” = cos(3¢)sin(3¢)w’+cos(34')sin(3¢)w+
+sin($¢) sin(3¢" )w x w'.
¥ 8.9. ZIT, ¢, BEHMPOEZOE L SELIL, LoB2RED
Pw' = w4+ pw. IHIT, w,w WEVWETZE, B 1KLL
(3.19) ¢ =+, w” = Hw + w').
(F1 F7—AIXBERITIZI S LA N]

¥ 3.10. RE=AK ABC OWNA% o, B,v, L% a,b,c; EH%Z S; BRO¥ERE
ZpEThHE,

(3.20) IREBE a+B8+v-—7m=5/p?>0,
AR, ¥ p=1,
(3.21) FaAT sina _ sinb _ sinc
sina  sinf  siny’
cosa = cosb cosc + sinb cosc cos «,
(3.22) EL YN cos b = cosc cosa + sinc cosa cos f3,
cosc = cosa cosb + sina cosb cos7,
cosa = — cos 3 cosy + sin 3 sin~y cosa,
(3.23) ENV AN cos 8 = — cosy cos o + siny sin a cos b,
cosy = —cosa cos 3 + sina sin 8 cosc,

(3.24) EFREAN sinb cos<y = cosc sina — sinc cosa cos 3,

sina cos 8 = cosb sinc — sinb cos ¢ cos a,
sinc cosa = cosa sinb — sina cosb cos~y.

¥ 3.11 (2008/08/23 EM). AKX (3.21)-(3.24) KBWTKE, WOEIZ (X
MOMINER THZDT) P77 > Tiatd. p=17120OT, TNEAEE -
T5. 2EAWE, WAB OEX cld, c¢=ZAOB (O BERROFL).

W OEEN S kAKX (3.18) OFE 1R, RE=ZAEDOLRK (3.23) DFE3
ANSFENS (TN Rodrigues DFER) . £,

a=%¢, B=%¢,7 ’)’:’/T—%Cb", CZZAOB, cosc=w - w.



@ Euler BI2& % 3 RTEIGDRTEBRBNEES.

SIRBUFDHAEENY MLE e1,er,e3, ETD. ez ZEEREET 5440
DAE O TOREEE g3(0) EEL, FEIRIC, ¢200),01(0) EEET S &,

cos@ —sind 0 cosf® 0 siné 1 0 0
g3(0)=1|sinf cosf® 0}, g:(0)= 0 1 0 |,q0(0)=({0 cosd —sinf

0 0 1 —sinf 0 cos@ 0 sinf cosH

B3 OREZDLETEROMEE p lIRDEDICHKRTES.
93()92(0)g3(¥) (-mr<p,Pp<m 0<60<7)

cosp —sing 0 cos® 0 sinf cosy —siny 0
s1n<p coscp 0 0 1 0 sinyY cosy O
1 —sinf 0 cosf 0 0 1

cos¢c0s9cosd) —sinpsiny - sinpcos @ cos — cos psiny sinBcosd))

cosp cosfsiny + sinpcosy —singcosfsiny + cosypcosy sinfsiny
—cosysind sinsin@ cosf

3.3 NI bO#IEE, Euler &R &E Rodrigues RRD
LEER

04ﬁﬁémwTBKiﬁﬁ%iTéétAiwFytéctﬁﬁtom1m%
AR, IS5y YAk
http:// members fortunecity.com/ Jonhays /clifhistory.htm

WS DEREGHL L D. ;0)7'D70)£Jonhaysﬂ‘c® REEN B HT 5 &,

..... At age 17, I had read about Hamilton in Men of Mathematics*V) by Eric
Temple Bell (1883-1960). Bell devotes a chapter to Hamilton and praises his early
work, but makes him appear*? to be a drunken recluse who fudged something
called “quaternions”. This prejudiced me (and others) and diverted my search
until the following occured.

i¥ *1) Amazon TR2 &, ZOXRIL608 HH Y, HAIRIIYIAK 1937, paperback
19€6, Simon & Schuster #1, $12.24. HRD 3 AOBFELEEFEHE L /214, 17,18,19
HEDOHK 30 A\OBEZDOEREITONTENTNS,

T 42) COXHEHIRZERTBHE, (K%, 4xER2bDETHE LIFkAE<
NOMBTA, EENBEICTHEL TS| E125. book review 2 Ld&, I
DEOHBIRIEZELUTHEEMNRVEML TNEEZADHDEDI L.

® FUUT7YAM FOXEDHEEIZ, Altmann DFF A T v 7 [Altml] 5
ROESTHALTNS (THERERBEHITELD) !

. On p. vii, “... rotation operators are often obtained as by-products of the
angular momentum operators in quantum mechanics. Partly as a result of this
approach, rotations are then parametrized by means of the familiar Euler angles,
which suffer from three defects:

) |



e they are not always unique,

e they are very cumbersome to determine in the finite rotation group (point
groups), and

e they do not provide a scheme for the multiplication of rotations.

An entirely different approach to rotation is possible, which was introduced by
Olinde Rodrigues in 1840 but which has never been used. The rotation operators
in this approach are obtained by entirely geometric method, which .... leads most
naturally to the parametrization of rotations by parameters that coincide with
quaternions. These parameters are

e unique, [(FAFAIIC 1:1]

o exceedingly easy to determine,

and — because they are quaternions — they provide an algebra that

e permits the multiplication of rotations in a simple way.

At the same time, and most importantly, these parameters

& determine unambiguously the phase factors that appear in angular momen-
tum representations for half-integral quantum numbers. [FFH#§]

This result leads to

& a rigorous formulation of the representation of the rotation group, either

as projective representations or
by means of double groups. ”

& T2 CEESEAFMICEEICT S & X3, B ¢ kT 3R

Q(t) ZWOES. Q(t) OREMIMS LQ(t) = Q) DI/ MagTRRRBELN
%5 (CE41B8H).

4 KA 3RTEEDEBDSEBEICAESIIZE ENE
web-site £V D5/H : D.C. Agnew, Finite Rotations, 2006.
() #EkPBRFCEVTIEIROE D BB L TERORRIZEETH S :

o LU—hrFU hZ VAT, HE¥EICR-> T/ L —h2ERTHDITH
RAPLEREICTSMEERE L TRRT 5. |
o JMZFIZBNTIZ, Newton OEEHEXOEMEIR ZFHOBEMEEER M

ROBEREDEFRERERTIDICHE, CNRBATHEOBREFTEICHED.
o MBFETIE, MEBENERRMNS ENIFETNNZEELTZDIC2 D0ME
i D “difference” 2 BLTANENRD 5.
(Q) avBa—%—-U574v02R,
FAZEHEREt, TEHRESHE, MEBRLEOH R
€ FORICEuler B2AWVWA LE (HE) IcX0oh5

BEE 1. 2D00REREHETTEIDREEREEZEE, £ Euler HOFHENDR
LW, ET20017F%2EHE, ZOMEEHE, TO Euler AEEERLEE.



B#2. 5 LEFABEOREQFMAL RV, HPEETH Buler AITIIX
EREFND-ID, BENELLDTS.

® TN ERRT B-DICH, Rodrigues I2E 2 /LA 1 D48 Hy /AW
FEENESTHS. Hizliwe B o we H_ (|u] = |[w] = 1) OED OfkE
¢ DERUEE z - p(isw)z (in B3 13
(4.1) H_ >z — exp(3¢w)x exp(3ow) ™
= (cos 3¢ +sinjpw)x(cos 3¢ —sinjpw) € H_,
EEMD. MBZLREOHNETE, ¢,w 3KHt 28500 T, L0 H. TD
mEn% Qt) &&E<.

8 4.1, FE Q) OB O) = %Q(t) WATHAOND :

s

(4.2 Q(t)a:=Q(t)((<'j>7,v+2sin2 Towx w) x a:)
g ZR wl—ww=-1 OFLEt TEATEE,

(4.3) ww+ww =0 . wlw (inH), ww=wxw,
d d 1 .
A Et—exp(%dnv) = Ei(cos 56 +sinfpw) =

= (—— sin %d) + cos %(ﬁw) %d) + sin %dnb = exp(%d)w) %(ﬁw + sin %dnb,

. d d
WA EQ(t)w = (—ﬁexp(%¢w)wexp(—%¢w)

= %(exp(%¢w))wexp(*%¢w) + eXP(%d”w)w%(exp(—%(j,w))

= exp(%dmz)(%-('j)) (wz — zw) exp(—ipw) +
+ exp(3 pw) ((cos 1o —sinlgow)sinlowa+
+z (- sin %d) w) (cos %d) + sin %d) w)) exp(—%drw)
= exp(36w)(¢ w x x) exp(—zow) —

—exp(3¢w) -sin’ ¢ (wwz + T w w) exp(~Sow) (use (4.3))

:Q(t)((q‘sw+2sin2 1w x w) x a:)

(4.2) RiL, BOBEHETBE,

d

CO ClOm

(t))a: = (%(ﬁw—’r%in2 %d) %w X w) X .

(LT & ®)
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