Euler cngle and axis

Culer proveJ el oy fwo referencd sys\[elhc m R can be al(ﬂnec‘ b»/ a gmgle fo’ol-«'on about
n specipic oxis. The oxas w which the reference 5\/5"(‘»'\ most be roladed ko align withthe other one
is oa"u‘ Euler Qaxi S W\A “\e Mﬂle o)( -ch ralalion is ca”eJ Euler omgle.

T Yhic cace, let's heeat Cpo 08
L\ he '.ol\OWin‘c,, we provc Yhig S"ojremen“ 05""9 ‘Dcms. |_)me "((l'\sf.brmqlion IRS—» R:.

(et Cin be ¥he DO Hhod braasgorms  Fhe reperence  sychem f. wh 40

‘Yreliminory: Veberminant of « DCM

To prove H\e Euler(s "\wam, wt nee(! l'o compu‘e l’ka Jc"erminan‘)’ 0{. Hw. DCYY\ Slnce 0 %m i
orh\onofmq\, H\en:

Cra = Cua
This leads to:

Cre . Cia = L,
9\,: . ..CLA b L;
\Z

Jet (Can - Cua)s det (L5)
det [.C_\.:) de} [Qba\ =1
det (Cua) ded (Cuo): 1
J(A (.(_:bu\z s |

Jd: (C:l.a) = 1

> QGA'(A:B)= AeHA)JQHE) 4 A and § are cquare modvices.
> et (8) = det (47)

We saw Had e makeix  Con 1 composd lo\, Phe vechors n 94 “Pfem‘feé w 4u. Ia Qs“s. Phe
Ae\'erminan" Can \DC wmpuké v;in&:

9%’[

I{ éo. om.) é», are rta\\‘-hanae&, -H\eo\ b;o.‘ bsm-'leqo\. T%us:

b

T
'"{ \ > dhGe ey (h“_* -\:30.\
3a

b

b
de} (C): .)3.: b =+1 = AG“ [Qbm‘) = A

TV 6 Kaown Yhet i e dekerminant o} & linear kans;orww.\-\on s neaa)rive, hen it re ,L\ec‘s an

034 V\vm\oef 0{- oaxés. In on\er worés, l\’ o\han Qs H\% Oci en\-o\\-ion o{, the re.{crenct sys‘m\. Howev(f,
since we ace assuming  right-haaded coor dinate frames , then we o wob have re,fleohons.




|) ?o\alion oXis
We Nﬁa &0 prove *wo slquﬂmen‘s % slww le’ (Msls G rol'alion akiS (Euler mcis\i

@) There s an axis that any veckor a[(anul with it has the same rePregcn)ra’rion in both sycl'ems.
b) The plane perpendiculor o Hhet axis 15 mapped fo 1¥sely.

A The an@le behween vechors i the plane perpemlicu\ar fo thet axis are preserved ogler Hhe Hronsjomabion

?rggir\g ()
I_', U\ere i a rala‘»ton axis, H;en er rePregcn‘alions 0{, «® vec|~or y, a\igmé 10 Wax oxis 1 hoth

sys‘ems are Cquq‘S:

!u = \ib = \L
Thes:

gsml’o.= Yy
Cva¥ = ¥

_(:5(,\!, = L:!
[g‘.ho\" 1:-3)\-’ z O3y

Thi eqvalton has o montriviol solubion 1f and only i, (Coa- L)) is singu\or. We Kuow Het o
mq\-rw 1S S"\SV\Q( I ana 0“‘1 i} ‘\1; Ae\‘erm‘.nqwl' iS O Thus:
!

b ( G- 1) o [CD) 0 ( Lo - T
= del' [ Qu’ [Qba - 53“
= JC‘(’ [,Qb; gbc» - c_:u:

> det (8) deHB) = det(aB)

=det [ I, - Coa

cdet (L7 C) —— I,-1L]

= et [(Ly- )] — A"-%"= (a-BY
= de\' (.];3 Qba\ - J&J"[_AT)= Jejf [A\

- det [~ [ Coa- Is)
s- deb [ G- T3) — det(-A) = - det(A)
Thes:
dot (Con- T) = - det (Coa- T) = &4 (Cua- L,): 0
HCV\CQ, we {araueJ ‘H\a" ovisks ¥ ¢ Qa in which:

Cha X =Y
This means thadt N:=1 is un eigenw'w of Co asssciated to e eigenvector V.

th“\/, we ooncluJea “@l’ (mg\\»g an invariaﬂl' 0xiS in whic‘\ a“ veCl'Or a';gno(l wiH\ n\is axiS l\avc H\e
Same (epresen\-a¥'10n n bow\ coordma\e sys’rems éo\ amc.l i.,.



?Mma (b)

Let u, be o vehor perpev\()scular Yo v, Yhab s qlsgneJ with the cododion axis of Ceo when
rcprescn}cé n 4;,.. Thos:

Qo«f !u : ng\
er\)'\@rmorez

T
T
U, Vy, : (g’bq \le:) Q»a\_l,“
T T
= gv«T,gbﬁ C_’bq Vo = Vo !o\: ng.
1,

—4

Thie ts trivial when we cemember that Cicl
e a hnww {*ranS{.&(maHon Jrha\' onl\{ d\arges
Phe basis between two  orPhonorma), rtaH-
honded cwordinate .cysmlerns,

ﬂws/ )(\r\t. F\ane fa-(enaiwlur "v \'A conllnvls perpem)icq\or fo v aﬁer ‘rke *mns'farmlion 9.,0\. gince A
is iavariont o Fhig -‘raaswm‘m, so it is s plane.

Poving (c)
Leb Vo ond Wa huo veclors w Phe plane pecpendicilr to Y. Thus.

Qo.T\_A.’m = |L_’o.| l \_‘Ju‘ w-‘g

Moreov&-;
T T
Uy W, = [(;La Ve ngWa)
T T T
: Ua' G Cua Wy = Vo' W
P29
= Ul (Wa] cos ©

3mce g’l,o. is Or"\xcmomal:

'Qq\ = ‘ le
1Wal = | Wl
Thys-

Q.bT\_A_)b < Qa.ry—)o\ = 93(]%6059. < Mlﬂme = COSé‘z Cose
L, Ma\q, belween U, and W, \:ane e Francformation,
Mﬂ\o between U, and w, o‘t)rer the rans for mation.

Tkas means h\a“' aﬂer ‘“e "mf\s}iorma)'lav\ gu» I’W ansles bgl-ween $he v&c%rs wn the p!me per pCmJicular
o VY are K‘I’" wnS’I'M‘ts,

0
\ This ts trivial when we cemember hat Cie

¢ a Linene l—rans}orma\—\on bhat onl\/ d\avges
he basis between two  orPhonorma), rfak’f-
honded coordinale ryskms.




G"““‘/l vechors alGSneé o v o do ot change fheir rq)resen)ahm agler Yhe erns,wrmLm Ceo . Vechors
pecpen Jiclae Yo v KHeep the same amgle belween them a}}er e irmsiormllon and conkinve perpenJccv\ar to v

Thus, we wncluée 'ﬂ'\w\' every oom rqoresenls o ro‘ul—ion of Phe Lmro)ma‘t sys\’em alou“ o Specitic
Oxis.

Cm Amé_ﬂ@ ro\uhon OxisS

The drechon op tre colodion oxis is the same ¢ Yhe diechon of Phe e Yer Vb
bigen valve 1. To c""‘?"}c Phis (\ireol-mm le} oo Jenvee OkSsocsale o the

Cu CIL C(;
Ceo:[Cu Ciz Cas
c&l csa CS'S

I; [ vu‘or v ¥ Q;x\ is a:ltjne.) ‘v h\e Io‘axim axis ’r\\em

Nohee that v 15 also an esscnveolor o Cea:

T
_c_bo.\i = L (gbo\ “\)
CJC. V. CIv
—ba =Zb = =% =

Tkus, we ‘\o,ve-.
(g_'ha’ gb:\! = ch\\l - Qh:\i: Y-Vv: Q;x.
L @4 Cu- G Nokiee What e mabix has Mo following Proper‘-y-.

QT: (g -G LI Cea = ’(Qh«'g’ba" =~Q
-Q

9= -4 0
w\r\m:
q - C- Cy,
qt = CSI - CIS
q; < Cn(, - 01.

F wh\ermore -



(C’.ba' Coa )y = Qy = O

lesdhng o the pollowtag lincar  system:

6 q; - q.,_ Vi v
45 0 q,|[%w]"]o0
q: -ql o Vs o

Lt 9209 4 a1 The, the obove hnear syshm can e writlin as:
Q'Y s - g% ¥ s Oy

Frnally, 1} duens ook et v muek be aligned with g, ie:
Y:-og Yo € R

USW“*/, ﬂ iS &Sireé H—-a'\' vy \)g (/N \Mi!‘orj vecl-al‘. ﬂ\us, H\e rolallon oK s Jtrcchoa O+ h\e 'DCm

Ql;u is:
Czs' C!z.
V..:J—_ f ﬂ_= CSI’CIZ
lq‘ Ou. - C’zl

2) Rolation angle

”em (V7 wil\ vse H\e H’legry o} lmew_lw\g&mhmé ,-o Compu\va ”\e Evler ang|e Usinj [N ﬂwme‘ﬁc
Otppmuc\n.

As we cow, o DIM can be mbrepreted a5 a linear baospormabion hat rolakes o coordinale system abod & specigic
Axis. ”owevcr, we can o\so m}rcpre'\' [ .DCM as o Imear ‘{'ravncl.o(mo\hw\ “\a* ro“a*es ;hc vecl‘ors n H¢ Sume CWfJinate
SYsl’em.

to° 20

Conclucion = the representubion op o veckor (99) 0 & coordiaale s\/sjrem obbained by rotobiag ©°abedt
an oxis € is equal o he represenbodion op another vechor (V) " bhe omginq\ wordinode system %
o‘o\mnaA b‘/ ro‘-a%'inﬂ W\e vccloi‘ \l; '@° m\wu\' '“\e sume  owxi§ ¢.



A roalion ot vechors abot the X-awms i« given by the P""‘“‘"ﬁ linear l’ran&}orml'?on:
{ 0 0
B :| 0 wd® -smQ
0 swmO® (sO

Thes, let D be the bass \‘rans.‘wrma‘rion $hat \er\sprm Pe  coordinale syslm éo\ inlo any othee et ids
X - oxis 18 q\i,neA wilh Phe rodation ais o} the DCM  Cuo. Hence, given Phe previovs digcy ssion

wnd for any U, ER3 we hawe
Vo= D" Ra(O)D v

|_’ Tran;{,orms \’h@ rtffesmlo\)'wn \-c) ""'lml’ Syshm H\a‘* I‘s X-oxi§ iS a\ignee\ wiH\ Hhe
rokakion owis o4 e DCM Cra.

%\uxes l’\\e vec\or Ly -@°, wher& 9 s %9, Ev\er awj\e )3 Qba.

— Converls Yhe represeﬂla)ﬁon back Yo 3o
e leads Yo

*
Uy = Ua =

(_"bk Vo = DT Bx(.'e)g Va
Cincg bhis equamy 1S va\ié N Y, GRS, Phen.
ch\ = DT Ex("a)'_b,

Heﬂ ce:

3 (Cha) =+ (D7 RLLO)D)
- 4r (Rx 6D T) — H(A8): fr(EA)
Iy

s he (gx -8)) -

Il 6 6
L (Ga). 4| 0 0s® O[> 206 1
0 -sw@ cosO
Fmﬁ“y:

cos 6 - ;‘;r' (gbnl“
Z

C09Q= _\_ (Cuf Co ¢ CSZ'\)
2




3) Roloton direchion

Mere we will degine the roloion dicechion and also find aa expression jor 191, Nokice Hal:
8« (Con- Gl s (DRLO)D)- (D RLLOIDY
- QT

¢ DTR,(-6)D - D" R (D —— (AK)': CTEAT
- D' [R.O) - R (60D

g} 0 0 o}
Q:-D]| 0 o wwdD
0 -2sm© O

Leb £« (2300 0 0] phen:

r

e
g = ET (— _f_'_x)P_ > Exercise 2.1-3: (Qa‘: QY‘= gog 9_"_@,,\,
-‘qx :_2‘- ‘Eﬂ B J &
g - D I* D DD = (071)"
*: (D7)
o
q N A Thig means h\al' q and € are represen]mlrons o J‘\L&m n J:Herenjr

L coor dinale sys\lems.
.

£ 15 o vecor u\ianeé with Pe olation ams represe«kcl i e selecked coordmalte
system i which ik x-oxs 15 aligned with the came rolohion axis (Eoler ais).

= The, fosi\-w(', ro\q‘r\on direckion 15 ohtaraed \o\{ e dicection op 4 using $he ngl&-\nam) cule.
Thes, we have:

IE \]g’q T DOeTs (e : (Usin® < ) 25008 = igis 2an@ y 05O <o’
Ty

Assummg Pk Pe colabion Birechion  oloout q ollows Yhe right-hawd role, Phen:

[ Cn - C'sz. ]
ZSi"e T
;| La-Cis | nssuming - Sia G+0' => Vvi._| ( Coa- .—w)

2sin B 21n®
CH, - Cz\

l' 2sin O

<

T\Ms Solu"itm (S Unique I{_ we lrmilw

0°¢ O <180° —— (Vohce ot (¥, 8): (-Y,-8)- (-v,360°-0)

L I—a T\w S‘lnﬁU‘.qu\‘Y w\\m 6- \80° w\u be »\rmé\eé m H\l’. J,ouow(aﬁ.
T 6:-0°, hen no rotation \\a\o{:emé. Ta Ps cose, the Boler axis is vadeyined.




/Qe\a\mm\mp between DCMe nd Evler av\g\{, and axis

Wb W\“ S\\o'u wm “\(’_ {,ONO\UMS W\Q" l{ “\L DCM Cm \/\as H\C Eu\er axis L omd the Eoler w\qle
B, then we con wnate

M= e ® I, r (-cos®yyT - cin@ v ¢ Cya

Evefy vec‘0r U, com be c\ecompogec\ ko Par" pam“e\ by, ad o paA- parpendiculor b5,

Radios A%y e

/\ Q) = (—]#ll + 9"_[—
Y,
7 e B
J
o 7 f\/o)ﬂce Yhot %o S
N— Y.l= 151510 R
U I!,xu,lc v, H‘.l_.lsmcb- 100510 b= 10,40

- L

1, % (L x U\ = lx,\lz,xg,\ sm%o 1% x Yl 1G]

The veclor 97 that is obained by fo)m‘inﬁ U, about Yhe Eolec vechr v, by - @ can be
o‘o‘aineé us io\\ows

LS *
U= Wyt Yy =

(%-Y)Y, — sinO ¥,xY -~ s © Y x(%xU)

We showed thot 5= Uy, thye

Ug= Uas (V-UDY - s1nOY" Uo - cos© Y ¥ VXY,
v -y,

> Remember Yhot Yoz V=V
Do Sin@Y*U, - cos © (VY-I)Y, —> V¥V*. vul-T,
U - SINO Y Ue - cosOVY U, + CosOU,

s O Ly v (1-cos® YYT - sin Qv+ ] U,

Hence , we hawe:

1

[ws 6 :_E.; + (l— Cos OV VT Sme\_/"]g
Qbm Qc.

<

<

1)

Cince those eqw‘i\-ies are valié Yy € Qz, }hen:

M2 xBOI+ (1-0sO)W - cinOY = C\,

i" \\ = _1go°

Now we can .}tna On expression  for Yhe Eoler Male when O = 1§0°. /-\ssw\‘m3 ok w-[v. v, V;]TZ
A

Cpes C0S ‘0" 1 T, ¢ (- cos 10°) vy - Sip/ROV e - Ty g vy
AVACR I AVAVSRFAVAA Cu Ci Cys

_C_'bo. = ViV, Z\I:-\ Z\Il\/l = | Cu Ciz Con EE— Qly('h =Y \_/T ‘£3
z—\'l V; A V! Z.VS'-‘\

C&l CS& CSX



Fma“\/, ij €7 %0, Do

\fl = ¢ 1!-Cl\ \fl__ : l"ctz \[3 Y l!-cgg
Z Z J Z

W\\E(e H&Q SisnS con Le Ol:)-\rainec\ f.mm: 1.:.\ his case | no‘ic{ et
.Qw'- NAARS .I=3
ViV = Cn = Gy

A Ciz = C3,
2VoVg = Cez = Cae

%onvS'- m 18 méeea awn Of\honormo\l ma\‘rix

T
mm - [cose L+ (- cos®)yyT- smay} [o,se 1, 4 (rees@)uyT - sin&y¥]

<

[cos® T, + - c0s@) W™~ 5100v*] [00s@ L, + [k eos @)yyT - sin&y¥] — (4+B): AT+ &

-
>

[Cose L, 4+ (i- cos®)yyT- smay] [me I, 4 (boss@)yyT+ sin0yr| —s "L y¥

> (ws' O I, (Cos&oosléhxf - wsdsind V™
+*
(c0s® - cos® )wy™ + (I- (056)zgnggf + (sinQcos®-snB) Y y\lf

+5InBcos® v* « (5in O - sinbes® ) L yTV* - sinl@ VX ¥X
=

l—> TV oo (v"y) = - (v )
’(\.L = _O_sx\
VAR VAVAT o

< <& K

3

2 006 0. Ls + CosBUT - 05O VYT - ws% R co}@/\i\_l,f~ cos/zé/!\_/,f F VYT - 2@6’\,
rcostg T 4 sine,cée\i" - sin’® (wWT-1.)

cos’® T - cosQ VYT ¢ YY" - sin'GuyT sin®° I,
p A
[cof@ * Sihze] P AVARE [ $in‘® + wsze)g\_ﬂ

[

!
=
w
-‘—
<L
1<
A
\
<
<
-
"n
H

Cwhich means Yhat M is orthonormal.

(,ﬁnglgsign: wt s\\owea ‘h\m\' We samé m{.om\q)-ion \n )’M 'DCW\ can ‘oq, deccn)oca \77' H\e Eulee

axis ond  the Eyler angle. Thos, 0-4\\[ 3 ‘)armejrers ure Mecessary-


Ronan Arraes Jardim Chagas


h (‘:‘ n | axi
Svposc M\KJ’ we Kv\aw H\e Eu\er an \(I, aml Axig (‘Ln 6'\ H\a" *roms}orms i,\ mlo é; &ml ‘)’hc

Coler qn:)\e and  Oxis Vi, 67) thet *fawcprﬂ\s 4y mbo .4;( : Usms Fhat ‘mi,orma\n‘ov\. we shew i
hf\e {_o“owms \rww '\'0 o\g\-am \\13, 93\ Mwsl' vyramsiorms ‘19\ m‘ro ic [OOmPOSQ() I‘o\u)n'o's),

We Waw ‘()/\al:

Qca = ch Cro = [CL Ly« [1- ¢V, - sz\.’:][c\ I, + (- ¢)v, v - S.l’«‘]

wheee: €, = s 6
C,: ws 6,

Thue, we Ynow that Ye Eoler oma\e of Ci Can be oumpu‘eé Vsing:
2¢ 41 = de Gens b {[Cl—];s o (RS VAVAIERES | (% AR Y A VRASE VA |

2 S;r[C. G Ty ¢ (Com GCIVIY - 56V e (e - G Yo Yo + (-0 U-Cal Yp NIV W (S,Ce - SV VIV
SC8NE + 6sem ST ¢ S S LX)

Usmj ot & (&A v ﬂ'_B_) - ot (A)+ ﬂ I (8)

2C4) = ey b (T (Coa-Cie) be (WvM) - g 0t (W) £ (G- 6L e (¥ + (-CU-Ca) e (vovdiewd)
Plsice-50 ¥ (Na YT V) = €Sa de (WX) o (CSe =S 4 (MEXYT) + 5,8, b (N )

|—> Ly vi=(x yed), i€ el bhen

0t . Xoxy x2
+f(\.’_ﬂ‘- fl-2 0 ¥ [=0 )= te LA [ x"+\/z+ 2t=1
\/ -X 0 Xy \/E ZZ

24 l2 3CC+Cr-Cly v Ci-Glv (1-Ci-Co ¢ |e (Vo Mty Vs (siceron) de (T v X)
¢ [C| Sa- Sz) ,('r L\lcx.\L\-’-‘) + S gz {'r’ (.\!—7‘-‘\_,!‘)

L’ USmS Mol ke (AT®)= & (84D

+r(YL\-'1TY‘Y'T): fe k‘\lur\_fz. VTV = ke lC;‘\= Cy
cos = Cq, wheee T 15 Ihe angle bebween Mo and Y.

Mobice Hrat  y (a8)<helsn) 4 LABN: 4(EA)

be (v b (v YT ) = e ()]s e [ vl (vw,)] = 4o 6
Perpendicolac Yo Yo

U VR SV VAD TR O [ AVAIVEVA (VA TR P VAN RSO | R N [ B

~————

Pcrpmawvlo( )‘0 Y,



2Cs4\= CiCotC +Co + L=Ci-Cu ¢ CGCCT + &2 o (NEWX)

> Using Yo [x w1 and erDxe e 2] been:

(@) (A '\/I V) %z, '\7'7. ‘zu?c?.'\l'|\h ‘ ¢
+e (.Y—Lx\ilx\) = 4 2 O %% 0 %tk ° "t -XX,
Yi =% O JLY. %2 O - g =YY - Xty

z - Z%(Zz - Z\{,\/b - le)(z = -2 k\.’_\‘r\,l-b) T - Z C(')Qr‘\?- 'ZCIF

2081z CC v CivCy + ([~ C-CutCC) Cf + SiSe (-2¢q)
:CCt CGikCe ¥ (1-CI-C) CY - 28 % Ca

Tkvs, we \/\o\ve:

Tcos0q +! = 050, cx Oz ¢ 05O, + 05O, + {1- ws©,)(1- cos®) CosP - 2 $1n O, gin By cos T

Usrns \xal{- cms\es, we con obtain @ stmpler  &xpression. Wememher Fha:

cos O - ZCoSle-i sinG. 2sinQ s @
12 z
Thus:
2cos G341, Z[Zooslﬁa_\‘n:‘icm’g_,_\
2 2

wsO. cosO; +cos® ¢ cosOs . [ZCOSQ- ‘)L ws & _ \\ . 200801+ 20080,

L
-“lCosQ'wSQz—ZC//ét—ZCO @z/(*lco/é +27({ -1
A

= Ycos’ O cos Qz _1

¢ gin —i‘ S e;.l
2 2 2 t 1 1\ [ NT“ )
(1- 0t @) (1~ cos Oz) Cosff',k?_ - C cos Q\)(z,-z_cos @) s P - Y (I- cos @)(1« Cos _Qz)coS’F
l ¢ 2 z

4 smt B sint O cost Y
Ll b

-25t8s1nB s P = - 850G cos B sin D s S oo T
2 L 2 z

Ugmﬁ bhose resul}s, gne com see bt

Yy Cos _9J / L( cos O 6: s S ez, / 6 COS@I CGS_Q_Z Slne\ LIOQ COS(“ Usin C—)- N er. COS’P (+4 )
[ l B

oS’ 93 - o0& cos Q_c _2cosS ws& sin@ sin Oz ws’6‘+ Sin° @, Sm_v, cos*
2 2 '3 Z Y2 L 2 L 2



ws'Os . [0 s @ - <in@ sin®: wsP|
2 2 z 3 3

s O .+ (cos_% s & _ sin & sin € cos’ﬁ’)
2 z 2 2 3

To remove Hhic a,m))iﬂvil\/, nohce that O3 =0 f @, :0::0. Thes:
0sQs - ws O 05 &
Z

- Sm_@ SMQ!- Cos'ﬂ‘
2 3

e L

’fke Eu\er oaxis @3 Cun be Com‘)uk'é vsins \L\uaL
®

. I (Ch-Cea) Y snS5 £ O.
Zsiﬂ9'3

K
Z.S'W\Qs\_fgs Cen - C

Zea Zco =

(a6 Ty ¢ (G- GCIWYT - 5,60V (G- GCDY, YT + (-0 L-C v TN (S,C - SN

ST
-C| Q-L\_J_: + \C(S;" Sz\ \.{2‘ \il\.‘qT v S St\irz‘\.’,\*] -
(e Ty ¢ (Com Gl - 5,6V 40 L)Y, N7 + (1) L) ¥, YT T (S - STV
SCiS T+ (0iSm SN YT ¢ SIS XV

ZS“‘ 63 1; =C i ]—:3+(CZ%'L) Y-l\.,:lr ¥ S CL\.I_’: r (.c-(’gve'/'jyz\!—l-‘ + (l-Cﬂ(l-C-A M\\if\!z‘irf—(S.Cz,-Sz’)!r\_’»Y.
$C S LE TS -S) N Y b 55 WS - ¢f Ty - (G- CelVu + 516,
—(c.-c/.cdvzw = (1FC-CD YT = [5G - SV X, Y « s ¥
~(GSe- 5 VXN YT - SeSe VAV

r
LA

25""\93\_/.3'( . LS YTy [l—C\“l‘Cz)[\_L Al

T
v =t \LL\L:. - l;\.f_{f\l\‘!j] <+ [QICL~§.) [“!\w\-’—t \_,-: - !;\L:\_’_f]
XY VA (A=Y | BV A P VAVAN BN R AT

L Nokie thalk:

1) I{, W= &>, bhen we \30;-(— o bT Thos, no krce 1—%0\"'-
T
-\L(x\-f«z\-’—zT - —1\LJ \.!lx = - (\_In “\.[1.\ YJ + \.’—z \./.: v

-

S (AAVA ASSVE (EA)
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