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ABSTRACT

Tait-Bryan Angles
Required for Diagonalisation of a
Real Symmetric (3 x 3) Rank Two Tensor

The process to define the Tait-Bryan angles required to diagonalise a real symmetric
(3 x 3) rank two tensor was identified. This process is applicable to commonly
encountered tensors such as inertia tensors, rank two (3 x 3) covariance tensors, and
quadratic coefficient tensors. Tait-Bryan angles, which are any permutation of 1-2-3
rotation angles, are used to define the pitch, flap, and lead-lag angles in helicopter rotor
systems. The Tait-Bryan angles differ from the more familiar Euler angles which are
any permutation of 3-1-3 rotation angles.
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DS%

F* = 3A(y) FAT(y)

(3.
txnwu

\

|
\Au r's \Na x&:qﬂﬁw?m&.o: ?W\IX \.df .\Na \:\,k_b\manox\\amxm uv&,%? \o \\u.\ 0\.\2.:3\ h,\ \Nn Elenren 1
ro .\WI\M,OS. .

k
\»A& tndicates that the *wwsu_\wsiw.\\.os Is & G\m.}ms\L *wosmxﬁs.}v,?os oh.\m:‘smk bv\ Toxw.\\_s% *\4
tuiteal co-ordinate Sys fem .\m.\os%m He rotation sig le @ aboud te kel axrs.
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2.1.2 DeterminATioN oF TnE TRANS FORMAT 0N Mazr 1x Corresponome 7o A Specen \mo.\ﬂﬂ\o\,\

Sequence avp Associurep Komnzion Ansies

Hysical characterstes of & System,, such as gem bals, hinges, Hhe intersection of orbitsl
awd nn:v\olw\ planes, <f nn\mwf ave nafural axes \‘cs .a.\a.\‘_s% co-ovdlinade m\m\@xh and ave %xmwc:
wsed as such . The pitcd, Jlap, and lead- hg axes of o helicopdtert arficaladed rotor hub is on exan
of povticalsc taterest. The Successive otation froperty (Paperty Tt Sechon 2.1) tndicefes that 7
fotsl troas %x}»\&s can be Comprised of 3 many Q\%xm\n:\ .\wosmmewSm*..esm as desired. 74e resu/f
fotal \Eix%fo&,o: matrix, edicl is used to defme Hhe co-ordinates of & vechv or renk tue 7-

ly one n.o-oﬁ\\.x.w\m. u.\v‘\a\s %}\ms \\M 00-0.&\\:&.\3 ln B ?\:.m\@\ no-uﬁk\svxn hvxm&@iu ’s Q\me\\.:n\ Wnno.&\\v

WNSW.A.GX NNWv_
ﬂ&m s X \Omms&\n vaxk,.:.v.\\osln Q\ N\to Q\m\\m\nx\ ﬂ\n\rns.h\ N%.ws.n\wﬁ}w.\\‘.oxm Sre \\ﬂh@:,\nk \m&\o.bo

-

g 0 -Sgl[t 0 o | [Cf SeaShg -Goassg]
no= AR {0 1 o || 0 Cea Swdd
3@ 0GB

]|

0 Cndl S & (
0 -Sua Cotl| | Sp -Sn0c.g TS




A = 'A) "Ng) =

A= A()A() =

0 1 o

(R O -Saf]

I

(Bl Sl -SwBC.y]

AVAYS 0 C-B8 |

Gy Sy O
S réa CYe-ad Sud

| SmtSall -C¥Suit Cott

[ Ceg 0 -Suf
SiB8n  Cnld  CoBSud
[ SmBCnl S CoR Gl

| LY g SuyrGf -Sef
=S Car O
| Gl SR SupSufB GLf




Cap Suy 0111 6 0 ] [ Cop CodSub SuolSuy
AR UYMW T |Ser Cor 0| 0 Gl S | T[S Lot Gl S ok (
' ) o 11| 0-Sea G | | 0 -S.a Condl

thece k
L dencdes ACYRAL) dor gk =1,2,3

,
, Note thot n genersd, Mh # 70 ad U+ A (o PN o p k= 1,2,3 bl g Hk

\Coxm W\mc *N.o« Gvn\, mr\. me 2~} ts\,ﬂta \oﬁ\xox A\~ \av b\\ouw n.\n:..n:\ by \,\Q.,\swm\\\ ,\mm.\a. Q\,u \o‘\.\m

* \3\@\.\\ 4 Qh?\r\ ?\m\. M.D\S_\.\ \\a \Qwo\tk ~thverse \v\ck\at‘. Q\ \n\n\\:\.x\t% \\m Wo,\.o.\\os w‘r%\nu %\.\Q
\&n \V.wsm\ox.‘rv.\\.os §P.\.\.\,>\ @:m\ \\a \d.Kw.\\.os m,m“e.nsam.

2.1.2.1 Cuter Ancies

m.Q\O.\ v\o\vx.os Mﬂ“iﬂ&ﬂﬂh 2rC @\r\\,\d,nk Q\ \.Nwmm. N‘\O\\!n&\@\ V.O.\Ou\\.o_\.h &\&ﬂn \\xn \?\u\ ancd \D.h
\o.\o,\\,osw Qre Vho:.\ *um Same S:Fum.\wa\ &X('s D.SL‘ *m& wﬂno:% Td.\v\sos ’s Pkorx Cne 0\..\«& o.\kn\ \?

axes, Mr?\wx. wv%\m.q QAve *\m To\w.\xos _Wx%\nn inonnm.\.m% 8»\& an m-r\m\ w.ou\v&,os m.annsnm. §n.\n Sye X

lﬁml.



m»\k\nw \o.\m.\xos mwﬁimsaﬂm &\:\N «wwnon\f\mk MX\Q\ .\vau%o,\vrv.\xoxu. and Euler wSQ\nh. NNnhn are .

m,«\ﬁ\n*\ \&0.\04&\,03 .m..ﬁmkﬂtnm mp\ﬂ»\ NI?%%O.\.}W.\U_OS mnbh\ﬂex \S%\Nh
Qs 0§\n«» o\ \d\v.\.}u)v Nx: 0\«\9.. c\ V.o.\w.\»oxv

1-2-1 2 = A(r) A (8) A@) a, By
[-3-1 Bz A PAR) M) & B, Y
1-1-2 2124 2 PA(r) ‘AQR) *A) X, Q ¥
2-3-2 24 = PA(r)*AR) M) a, By
3-1-3 o= CA() (@) @) a, g, Y
3-2-3 2% = PAl) “ne)A@) o, @y

A well kuow,, nxw_\rm\n ox su Culer rotsfion Sequence =nd associaled Euler WS%\mu l's \.\m wv%_.

N\n‘xns.\ .ﬁxh%ﬂ.\ Q\ \Nm 0\03\{¢\ OTN:,.\D\ 0\2:0&\._, Mn.\. L k\,u €35¢, .\\a Wr%ve? m\n?n:.\h are . Q
\Qs%?\t%n 0\ .\\_a Pwnms&_s% xokd .\NM ,N\ *&w 0.\&?\0\ \_Sn\\_:v.\\ox n.

) and .Q \Nm \m.lpxow\w Q\WSwrms,\
w:;% *ho meoﬂs.b\nk mvca\mﬁ kxwrw %c«.}w.\vo: (s.

.!NNI



B4 = B0 ‘MO A>R)

|\Nn Euler .\.\nvxma\o.\vrv\xos \:b*\\\y\\ ﬂx\u\nwusmk i N\nk\.ns.\nw\ %9\.:;\ \o\. a 3-1-3 Euler _\o‘\b,\\,os S
81\‘ waon:,P.mw&. mrﬁ\nx .DSQ\?«, BA\ %\ *.\ (s

{Craur-siacgsay)  (Swacar+ Cade-gsur) (SigSey)
e J>§_>%%>§T O Sy - San G ly) (SeaSay +ladi.gey) Swper)
(S50 ) - GaaSup) (NN

2.1.2.2, Tair- Bryan Ancies

.NMK'RJ\@S rotatron Sequcnces Sre comprised af Hree elemendal ﬁokox\.osu m.:mm s
s\ #e \o\o,\\.os.w ave abowd He Sdne Numbered axis. (aif - Brysn aug les ave #4e rotadion ?\f%\
sssociated witl a Tatf- Bryon rofsfion sequence, Zhere ave six 7aif- Brysu rotsdion Sequence.

.meoﬂ,.w.ﬁnk Tsif- %x«:w.\. *\wa%oxfw&.o}m sud 7ait- Bryan Sha \mw. These are

t&%l



quw_,T mxyw\: %o.xw.\\.os Wﬂxnsmm NMZF %\,\w: Nﬂb:a%ai:o&.os

Taif - Bryon Angles
O orderof rotation) (i order of rotation)
1-2-3 h o= A) TAB) 'MW 8,6 ¥
2-3-1 B4 = A () “A(R) A () o, 8,%
3-1-2 250 =70 ) A@) A (@) a, g, ¥
2-2-1 '22h = W) ae) A (e a, 6,y
1-3-2 BN 2 M) *AE) ‘Ao 0,8 Y
2-1-3 Hp = ) Age) (@) a6,y

Em\\ \?otx mx.w.:%\nm u* Nm»m- %w\ms Woxw.\\,os m,mNsmsmmu .wafm W.ﬂon.,w‘\nk NME\: N&s\vS B?%\& QArC

\«.\m\, \%v\ \\.v\o Qv\ .W:k \?wo\» \.w% \&\b R?\\h« 0\ Q &n\\,ﬁo\u\m\w \d‘\cﬂ %\0\.«\ &rxNL \&m \o\\ \le\ \0\.&9

WS% V\D.L m%v n.qm Sn nwnﬂowgobnm <ﬁ%.,0\n fh %\.%P.\. \PJO_\ \Nm \.,.\u\ mxwf\\m\ .\\« nwwmon»w.\nk \\W\:\p %w\@:
.\Fvswaﬁo.\s\.w\\r: ls

A= AE) A (g)'A(6)

_{9-



\.w«. \un anosk mx.wf\\m\ \Nn .kuon.\,b\nk M.l‘!{: Rw\ms \\.w:u \ol‘xw.\wox rs
3214 = “A(B) *A(e) Ale)

MNn N.m(.\o .%w\ws \.\.vshXox.?u.\s.o; x\.v.\z,\«\ .wxw..dmu,nn. ti @\ns‘.as«v\ \N}}; %o\ a \!Naw Tait- \%\\mx

\

Sequence witth associafed lart- Q‘.\P\. Q‘.m\nu %& \uv\ *.. £s

-

(trplny) (Sr 08y RC-Y +P.DG,.3 (- Call St BCa K 4+ S HSLY) ]
A = m>€»>§.i§ = |cLe%Y) (SaliBSeR+LXLY) (Ca08.BSiY A4S ACY)
S (-S0.6-8) (CmacaB)

2.2 bm.ﬂmx}}\;ﬂ\o& oF \n.o.wv.ﬂ\o\.\ \«{th..w. FROM A ;m..\mﬂ.\\n.\m:b N:m\.s\h\noh\S;ﬂ\o{ E\.ﬂ.\n?« AND Noﬂ.ﬂ\ol .Wm.m

In bﬂnx..os 2.1 and ifs W:hu.nnx.,osu\ \Rn .\\.v.‘.m\oﬂ.su.\.s.n: \rb.\z,x NH.:SW_V as \m\..xnk th\:m
m,\nn._%.nk x.o.\vxxo: Sequence A:mmc and 11s associafed u\nn%._nk ..so.«o,\_\_as Vr.m\nu d?m\:v. 74
precess can mm repyesen,fed N.\

M) = 3Ry, o))

INQI



§4 \omm:kolxx,\n\nn. \Ew\ﬁr 0* \\:W.n\?.x.w o:,\ \xa \o.Nw,\_.os Px%\mu NT?ZV %xo?b m\qn%.,mk *.&sm%.

wx.w.\z.x «—.:Suv %:\ns \.\n \o.\w\xos Mﬁﬂ:ms:u «:mm”_v s «wkkwmhmnn\ n \&xh u.,nn\\os @Sk \,\u bm.ﬂmn&.osu
\\QN\QS S mm ».n\\nudt\m& MY

[RA] = %3245 [RST)

?K.n.xw
1 L %nSOAnM ~\uﬂ$.%o -~ Mverse

2.2.1 Siveee Roration

Ns wmno_wm\w:nm 23& m,:\m.\..m. ﬂ:\‘mo.‘-n? ﬁmﬁﬂ \Wo\nﬁ.\\ N (n u;ﬂa.\xcs N.&v\ Shy wmolms.\w,\\.o“
Mrﬁo\\,m\nvs \k.‘mm lM\WAm ﬁb..oﬁks.:m*m W\u.\nvr Can Mm ﬁ\w.\bn.\.mws.m.nk ?:\ka\\ NY a m,.ka \m. \d\m.\\u: <&
\an axes, NN& ax/s m\ \u.\m\\.os e \um Q.%ns _\nn,k:\ Q\ \xm m&.mom\.b.\m\ \?q\ux\xw&.os ‘:.v.\w.,* C\snm

>ssociated o&,xm \&w rea! y~ = [ mex x..V\:« m\ xx:_u associafed *E&%x?.w&.? §w.\1.\4. Nﬁ m.\.s\\a ’
nv&m\m @ s w\nnx.ﬁ\.ma\ h¥ m\hko&.o: \\ww t\nwa

5 @ € [0°, 1307
¢, =360°~¢ € [1205 360°)
INN(.



ﬁxh =98 Q\ .\o\v.\\.os N\.m; \Na ms%ns_\nn\o.\. WMMOG.W‘\N% .\.:_.mr v,_ = ~v ﬁw\ tn Wnsmww\» So* 00\,59,&@

% &\\N ws\ Q\ \Nm na..o.dﬁ.xﬂ\m n,\w\m:\.. Syxes t&\muu *ka \V.WSM \0.\.30 lon ?m.\\wk rI's Q\ \Nﬁ ﬂ\mﬁ:a o\ one ¢
F \kwna N\m:aa:.\v\ \\v.\.m*of\sw,\__os ssm.\\sﬁou ) or .\\ns.\ inverses .\ox *}wrn\wcv‘nmv\ as Q\n\w.\.o\ \h\ MW:w\.oru \w
g Nwwvx 0.\ﬁu&v. In \k.,u. Case, \nn ‘.o\w.\\.ox DS%\« ’s

| ¢ = 4 (52, c.9) ‘

t«?& Sen % and Ovnm ave mw\m.sm:.\u \S:s \\q r\:u.\l,nnu w»\nn}\_»n\ Io @tmf\..osw \.wov\ \wwv\ or (
Qs .D_o.c.\o_of_w«m\ and mw = %\ %u or ¥ as w.,o.n,\ﬁuf_w.?.

2.2.2 Two Rotations

In genersl, He set of pussible fuo saghe refatrans wlpel will yield s specific Tronsformatre
matrix ts infinife. The Sxes of rotfafion are, \otncfo net necessarily coincrdental with eny of 1
co-ordinale axes. 7he axes of rotation will be cotnctdendta| wirth co-ordinate axes only If te xwwshxax.
matrix 15 of He \h:s of one of the six elemendsl Fuo rofation ws%\a x_&sﬁb.\fw\xc: matrrces,
Hhetr tmverses (or x&i\&ﬁ? as defined ux mw:o\\.esu (35) x\_\o;%m (44). for Hhese spacial cases

mo.\h the stwe snd Cosine c.m mw.nm. Q\ *\.m \tc Wt“\mm A@\ r\\v are u.\mn._\.,d ﬂ\nias‘\m Q\ .xs.n \Fvsmxasf

| |NNI



&40.\3,X WS\\ .Wnn.e.\k._\.& \»\\ .\.Nn .\?\0 WS%\&M @ ¢SL %. - ha 0%.\&&!6% &\,\nﬁ.\\\\ ,\\03.. \\‘n 2ppve
N\n?ﬂ:\h Q\ \mn .\Fvsm\h_w?m.\\.o: &xwx\\,x.

@u = Avrc Abi@~ ﬁ)@v Q
V= A (S, CaP) (6
txmwa AM\ aund rM\ = bm» %» X. Qs bﬁ\k\o%fﬁ\m.

2.2.3 Tiree [CoTarions

In Subseclion 2.2.1, Single Rotation, if was noted Thaf iu geners! there uere fus princip
, aud for \m\?n,. o specific frows for madian
and thal Hus %?«2\ axis ox §\vk,o: vould mq no.,saxkn:.\o\ witl one Q\ 44e co-orclina te 4\2\9&
only if the Hronsfbrmstion matlrix ts of the form of one of the Hree elemental tronsformafion »
ss defined by Eguslion (30), (33) ov (36). 7his lstler veguivemend mesns thof ta addition fo sstis
Fhe orthonormality reguivement (i.e., Property 2 1n Section 2.1) the appropriafe diagonsl rust de 1d

\o.\w\sosu_wmo:.\ a N..xnk QXS CN\_K n,ol&q\ox\ \o

mﬂt?~ .\o one and 4&% x.os.‘. Pﬁ?\ﬁej_o? o\l_m- b?,wwosL @\nfnx.\u §$u\ wm. ?\nx.\\.mP\\\ m\Nsw\ \6 Un.A

INWI.



.m.,:wman«ao: N,N.N\ 7o \No\w\\.osm\ \,\ was noted that i %mrn\‘w\ *mm\.n vas 3ahn \:\\»:.\\ e\ \&o
\,Sm..\\.os u.m\m P\\»nm ﬁe\\mh\ucxk .\o\ .W.\L\o.w \q\x&«» a m.\mQ..N\,n .x.&su\aw:\:w.\\cs \so,\l.x\ aund xm

% fhe coresponding fwo axes of rofalion would Le cotmcidendal with ascocieded ca-ordinate sysfe
axes only if the fronsformation melrin ts of He form of one of the stx elementsl fus votadion o
' Fransformation wadroces defined by Egustions (35) throug! (44), This latler vegquivemenl neons
in oddifion fo satisdying He orthonsimalify veguivement, the apprpriste off- disgonal element mu
tdeatically egusl fo gero. for fhree sugle rotolions, there ts also sa tulinify of Three sugle vor

w.n.\m r\mxnm ﬂewsuu\osk No\ .wsxkﬁ k?.m_.sa\ - u\mn..%.,n .«wwsu%oﬁfw.\_.os EO.\_\; &Sk\w.m ' .\\.o \:%.
Cases He axes { rotafion sve nod smnmawnﬂﬁ.\»\ Coincidend{al with s~y of the no-o.‘.k\sw,k« axes,

dvre, koim_\n\ ho m;\qu..v\ \.nNE..\a\xnsKh on m\« m.\ns..«s.\u u\ \\m \xﬁthﬁ&ﬁfﬂ.\\.o: S:w.\.l,\« 0*\&? .\xo: m...r
u\ .\Rm u\\hoxoﬁt_w\ﬁ\\ n.@s\\\wo:. NNTw Mmens \N:w.\ \o.\ a2 %%mn.%m& *?W»u%ostaa.\.os Sav.sw.\« Q *\.-61

Mwﬂsas?a v:.l. ﬁi\w,\sasw ww‘.oc.\ axes Ck\nm Qe 00;2&&:.\@\ tﬁ\m ..wwwon!wxo& ﬁb-oz&im*m n\m\n.: QXe.
\‘.& wﬂ\mn.\.nk and *N.m Dﬁﬁ%@h%q.‘,k..s@ Wo.«u.«xos DSdTu \a.\nﬂt&.xﬁ\ —\nww,\K\nnu u\ \mm \uﬁnwﬂsn.m wrk\o.\.

@Dmﬂtnm a\. VSWA.J,X ﬂ\nr..ns.\.h F\N0uﬂ <°\9nu. avre @QQ-O WSL\O_\. One ., ﬁmhﬂ QQSQ\\\\.OSM Qe SUMmmAFIS

m& \ot .




Number of Possible Conditions .?\ Axes Cotnct dence _U«M.Mko.} to
11—,39,%0.— \»SQ_A QLPOSQW_S‘W?*.V\ G%ﬁ!k-m&osp~ Dav.&osd_ Qb 0,».,6.\. Wvg.
Rotstion Sets nnft, sns,ni clewents elements ad axes Cotn
W?,u_p \_sﬁn Niw.?.os N .v\nu Four Zevos One Owe Zo
MPﬂe»ﬁxm&
Two \.Té? \&o.\m.\xos Hs?.slm Yes Oue Zevo Nowe Co
m,ﬂﬂtﬂs?mu.
7l ree k:% [ \No.\m.\..o: HS?SZNA Yes Noue Zosa v\muu

Se quences

2.2.3.1

Evter Avciss

§~ m\wp\ns 10.\0*3: WS%\Q caum mw;f_\\ m.m m\nkm\::.xmc\ Nﬁof *&m @\m?.m:.\h ox .\\m thoh\w.\mm m;x\n.‘
*\Nt.n.%u.s?w fon §w‘\1w. \H 1= V2 Nkerso\ﬂy ﬂﬁ:b»\n.‘. an NGX m:S\Q\ *WWSMXOKTQ$.cS EW‘\.\.,X. km\xsnk h\

mW&w.k,os Nu\‘wv .NNn \nNE_wQ\ WSN\PA are *

INMI



R = @dl.?ﬁuwv

There are 130 \152\0\ values Ox %» %. and %N.

%. < ﬁoay »onv
B,= 3c6°-B, € [190°,360")

B =

Select one Q\ Hese values s.m.» either %. or %Nv and _Pwon.nn.k.

Aaund

Chn,wﬁ

- e >w_ l\wa
@ =4 S ?L
Ps o Aw
Y = A S8 3 S8
Ae = TPA(L3) = SwBSaY
hw = **A(2,3) = SR G X
Ay = *A(31) = Sed Suf

Ile



A = 23A(3,2) = — Go@Sn B

32

Az = *PA(3,3) = (B
J m\»&ro.\\,osm mﬂbv nd ﬂ\va have w~,s%S\w3.$_mn &Kmx % = M \NQQQ %o.\ M€ N\sx\nqn\u‘w .

W 2.2.3.2  TAIT - Bryan ANéLes

7} e 7act - %\\DS \ox.w\xos WSQ\QM Can mn.w”\.\»\ %a “\m\mﬁ‘r\_sm% 4\.\0.‘: \xm W\N&amS\m 0\ \\.& Phnon\,b,\mk 7
Xwgn\oxso,\\ds matrrX. \? An mxmr‘.\\n\ Consider \mm wPX Ns.*o\m.‘%.wr \.»bsu\u\_im&,o.\. fb\l.x \?_

rﬁ\m»v\\,os ©1). 7he requived bx%\ﬁ, are !

B = S"(Ay)

7here ave \to \I.sn.,\.w\ values s\ %\ %\ and %N .
B € mNﬂow 90%)
B=1] g, = 130°-8, € [90° 270°)

.mM\mn« OneC &m \&ahw <0\$mu N.\_.m..u NZRQ.. %_ Oor %NV DS% %Tommm&.
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l>w~ >ww

R - k‘n- O.dm 9 Q«\v@
WSL
| A, A
! /\, - \b.so Q\vm 9 h&%
tﬁ@ﬁﬂ a9
Ay = AL = GBGY
har = A1) =GB SaY
Ay, = A1) = SwB
Asa = wp_\iwywv = |b:Qm.$%

Ay = PA(3) = Cel GB

mw\\&.\\.osm NN*& aund Nﬂwv \_m.(m wxs%:\.w\\\\.nh ?\\m: \% = NN\X + NvNN%QoV \9\ n € mx_:.\nwn\mw

Ile




2.3 Basic ProverTies of e CHARACTERISTic EQUATION OF A Rear Symmetric (3 xwv
RAnk Two TENSoR

It given & Yeal Symmetric (3x3) rank fuo tensor a@
Vdo die ds ] [di die s
\@u doy oy s diz da d23
Az oy, o dis Olpa x&.

= - -

The kawon*ms,w.\»n NN:m.\..oS Is km%_.sma\
A&: lyv Qrw LE.

bﬂ* \0% |\/m,wv = 0 Oor mﬂS:\W\ms.\\\ Q&N AQ\NN.'YV &Nw
l_w lNu Aﬁ\uw lyv

N
G

b.&mwn [ 1 o 0
mvu (s \Nn Nw\«wv \,kns.\a.W ?m&‘\,x 0 ! J
o0 0 | .*




m.m:w.\\.ox (77) con be expressed as

\/w - H~yﬁ + HNV/ I..—.U
Q&mﬁm
H. = ﬂﬁﬁo@v = Q\: t kNN +kuu

LNN o?.w lwu clia

1, —+

il

das  dss dis |

1, = %anuw IALNNVH.,. dudsz !A&_w%. + dudaz — AQ?P%.

%: L.N Q?u
I, = Unkﬁ.@v =|diz &NN Q?b
fl_u Q&Nﬁ %ww

=0

d
+.
diz

mN@_\mn..\m.\_.h;\\n W\Nkwx\.,os

diz A

du \

1la = L:kﬁ'kwu +* Nk;k.w %Nw = Q~:A&va~ !Q\NN m&_wVlewu mk.ﬂvﬁ

[i ) T2, and I3 ave twvaviawts under admissible trans formedions o% H@

...Nbl



Stnce o@ )s real w\?:.n.xl.n\ km Yoo\h v:u V,N» and yw o* mwrw«\.os mmmvw.xn real, Mm:v\:us m.wm
Cain %a @An.\aumn& ln a mo\:. ) P&»n& *\R nssﬂmw: \h ave Kn«?ok P\ ,Rm _\do.\w v m.\mn..ﬂb.am\\\u

O, !y_vmylyvxylyww = O (
or NNS:\W\Q:Q\\ He tnvavriants L, , NN\.WS,\\ L, D*v mW:w.\M.os va Lecome

H_ = v.. 4 yN + v,.w AA
1, = Mz + AshF A, (1
Hw = y.v,Nyw C

M\,xom NQA Yooxh e\ W\:v.&.ox \N%v ave \ﬁxotr Nu Mm ‘snP\» \&m \Nq\kvt\.s.w W\mﬂ\,\sn. Q&hxn m&tw.\,os md\r.\\o\,.\u
] Iy ﬂ\r_\\o\nh\ \o \ﬁ.\n?\:\,sa \\m p\@\tna 0\ \*\\ y\l ) WS% \/n.w‘ \h\l,\m\ N\ y NN )
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3.0 RESULTS
L \\«.nnu,u, \0 Q\n\\_:a *hn .lec %\\os \G.\m,\\os wt_%\nh ?&R& “\\,w%o:m\&.m a Tnv\ n\»&x\.m.\ln.

ronk tfwo tensor £ was identified and is described herein. The livst step in Hyis process s
| Ka\ﬂ\:‘:,xa &n Q,%ns Sw\wn.m Q\ b‘ Na (s S CComp \&,\n& b&,k .&m \Sénnu.h anhn\\wm.k M\ mwv.w\\.,esw
\k.&:%\ N%Q aud mW:w,\\,oxu, \%M& R\ow%h \%Ww.
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U e elgen volues ave all distinct \\wn.\ if \f* \f.um ».w%v,\ V\ or if 3 # A, , & 8,8
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Z 1 \/\ =), # \/w\ X ond B coun be determmined M\ the \éomm\?\a Aescribed m\ ,ﬁ&s

Q.w\v N&T%.%\ N\.www and V' is indeterminate.
3. Hx A=A, = A3, &, B, sud & are all indeterminate.

m:\ He other Tait- %_\\vs \s\v\.es Sequences \\.n. 2- w- 3-1-2, 3-2-1, 1-3-2, sud 9l =1
\én@k&dﬁ similar 1o Hat used qﬁ_\ the [-2-3 sequence mk«&sv:k can readily be defined.
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