T

T Chublar @) , we. defind “he dot reduck a;m;ng”‘wmww
concept o define nokiona oj-hhaﬂn,anﬂﬁz_,dstm awlcrb\aaam% |
RWSW,mMﬂauw$ﬂMidmmMm #Hac-uﬂ\ﬂ%mbrs}ncz,
not fuak Q"
stc €1) INER PRODUCTS i
anx&cbbu,mmmmmwm‘mw\m\whu ef-'!du_olok‘:vodw.kcnR
&Aaxbﬂw.whok:fmktsfied‘mjﬁLmhsrsinawdws)an,wiﬂenm\sﬂzuatpe.x.teuo\ﬁ\-e
nobona of M-.a&,dm:ame,maﬁe. omd }au\aumhcuﬂmla o %WJ vector sbacea -
Definthon © An Iwnex Preduck on. o veal vechr shace V' is & fumchion. dhak amociates
a vead numbey <u,v>dﬂmena&.}>drar»wobstsihvmwamﬂa-khkﬁuj&bmna
axioma ave potiyhied Jor ol vectrs W,V and W in V o all Aabns

W MM = VLS [_Sbmm.[m /%(\omj
K\'D <UrVv, WY = <Uu,wW > +<V, W> [Add&h‘\'% MW’J
(i) <ku,vs> = ke<u,v> [)-bfwauwt-] A’“‘”"J

(V) <VV> 20 awd <v,v> =0 H V=0 [Resitivily Axiom]
Aijwdﬁs\amw&minckfs@ﬂedamedudS}»u.

NOTE s defs. q\;]:.@.\uc-nf»j o veal vecker shacea . Since we 1ol have liktle need fo'r
cml:«ﬂzx mtms}xxmfrmﬂasﬁutm,‘ﬁmcmwm Khat all veckor shacea under
discnion c\m\-m!,mﬁ@%maj-m Bye QP,MVG.O-ICA in c:am‘peu( \/G.Ckb‘rs-t:a.cm

Becawse the axioma e veal ner \avaah«ck sxua; ave kased cr:lt;o‘;qhw

Hhe dod produck , Bhose fvuner fvedisck shace. ovioma will ke sattsfied awlomebically 1§ we define

the inner produck of fo0 veckors U asd v in R Ao Le | w=Cy,u,, i) & va 4% W)
<WV> = yy = WV +UM - - - b,

TS fwney ]B'@:hck s cmwanj,j called the Euclidear Swwer Produck (c:a’Y Skawdard
wamt) n R ko cmhnﬂm& ik rom okher bosiille (nex producks khat might be
alx%imd on Q' Ve ) R it Luclidean inney F-m:tu an Fuclideam wshace -

‘ hm*?w&mbmhmdbdzginamﬁmofmmw diskance m a
e preduck shace fusk s we did wikle olot products i R, Recall fom Sec §3) thak 1

quqvc\&chminEmLMh— ihea duiskesn, '
o e . o b o ot o §

Wil = Jvv
A d@V) = Jluv)l = [uV). (@-v)
Mabivated by these formudas , voe make the folﬂumn& defimibon —
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Definibon Vs o yeal ivner ‘nwluct shace , then the Norm(a-er&H..)a}qwbrv
n Vs dewoked by |1V]] amel s dafined by

Nl = [<vv> _
and e Diskauce bebom koo vectwrs is dovated by d(WV) and i defined by

dwy) = -t = | <uaw, u-v>
A vector of nom | 15 called a Unit Veckor.

M{oﬂm MMMWM&M%nMiWWdM
‘T-.nvehamjaf--&zha uwboum,‘\ﬁ&{gf&k_
TReoREM © ﬂ'“&ve‘mwcmhaw_nﬂiw‘amﬂhds}ncev,wffkk a Acalar , Hum
D WN 20 with equality H v=o.
0) hkvl = k| vit .
(i) d@,v)= div,u)
(V) dWV) 20 with eq,,ﬁl.% H u=v.
WEIGHTED EUCLIDEAN INNER PREDUTT : a .
o Alkough m&&'&naianEﬁmeki Mihmr‘m:da o R,
Yhere ove Vaviowa aﬂincahm in Whad, 1k i3 oedivable b Mmlif\j i:*::j we.vab:ma eocl kem
da'H'zmﬂﬂ
Pove 2 W,, s ik MJM,NM‘ we MHCGH

: u= (‘-h,‘-l,_,---.p Un) awadl V=M, v, - -,\W,) are veckrs ' R“J e
AL cn Lo pbaon Hhat Hee

CUVZ = WUV + W WY, 4+ = - - - WUy, ®
&I-Y'Mminm\hwlmtm Rnﬁm&muﬂwdaﬁko\&l&ﬁdmhw%mlud wik e
\J@ia&h N):IAH,‘ "'JN“.

N Khat e bl Eucliceas irner Procuck 5 Ko Shecial case of the 1ighted
deaiwhm\udc in Which all e weights ave | .

Brample @  Weighted Buclidoan Diner Prechuck

LAJ: U= Lu\)“l.-) M y-,—_-_(v,,vz_) LL m n R.‘-. \f&lh M‘n\l_‘nw &L\JHQM;W

», Peduck < y,vs = 3V +2l,V,  aakitfiea Hhe four inver produck axioma,

M We l’\AV& Lu)v>

= 3wV orauy,

= 3iW vy,
;f-‘; <'4;V> = 4\’,“)
Axiom(S) - W= MWW Hew < sy,

W2 = 3(Wrvidw) +2 v,
= 33U+ Vi) + l(“;”;,"’"z.“z.)
- (3H|N|1"LHI\»1,_)+ @Vlwf?'lvz.wz_)

= LUWWY + Ly, WD
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AriomB Wefae <ku,v> = alku)y, +2k)v,
= k ('.5L\‘V1 + 1“,,\/2,)
e, <kuw,v> =k<uv>
M <vv> = vy +2(wn)
= IHLY, > with g%_.L'lﬁ ,‘H vy=V,=0,e, i v=0.
NOTE ! &k IS imborkauk o keep in mind Hak Norm M'medhﬂuiw
produck baing wsed . i the inmex produck i w,mummmw
vectors also ]
F"M'Hl» for e veckrs W=(,0) awd V=(0,1) n R" wikh Buclicdeam vner
proclucct <WVZ = WY 4V,
we have W= B lcuu> = [OO+roe) =)
ol o (um) = 1\u-v|l = ||¢,-)|

= ]4(\,—0,(\,*!»

= Joo+ ey ==

hhk‘%“**ckmaetpﬁe_wugﬂho\ Buclideam irnex }rmchd'a

LWVD = BUWY, 24V,
Thon we fave gy = Tawus

- j( o), (,0) >

= jJapm+r20) =5

awsl dlw,v) = \u-vli]
= \0,-»))

1«00, 0,-0>

I

= jsmm«-zk—\)t-\)
= il




UNLT CIRAES AND SPHERES IN INNER PRODLT SPACES .

BV > an innex preduck s\mcz,-k\«mtlu.wa’f\xhhin\/m/nhsh ) =)
iscﬂthﬁkS}:ﬁme@metQ,& s, NS
Buamble @ Uil Unik Covclea in R*

(i) swcrL Khe wnik civele in on wy-coordinate ayslem in R"mna Euclidearn ner procluct
<WV> = Wy +uVv,
() Sketck e wak civcle in an

Y- coordinate Ayskem
\m:o\ucl‘

n &Lmjna wa&km\ tucliclean inner
<'4JV>= '}é‘h\\ﬁ +‘2L|3_Vl .
._S"_L_“.‘ W H U= Y in R™ Hewe
W = <u,uy

J <(X’\j)2 L\,‘j))

= J(w)(ﬂﬂ-(‘d)(‘d) = ryr /‘
M0 he egp. o wik cirele s\ =

NV
N TR

Fre (i
D Wy =) The Unit Civelle uaing Shoudavel Euaclicoan Lune
P exbected , K grabh of Ris e 5 a cirele of vedive | conered ak Origin (See fy0)
Shigh u=009) e R, Hen

u))

J< wu >

= | <luu), b)) >

= L0k L)
JS( L)-&-41

Y ) bl
= —-X-|-——-3
I

N
4 % Null=|
Ao"duesv..af- wak cvele X Wl =)
. T -
e, Ja‘k-kqﬂ =\ 3
e Fha u)
" %+% = Ra LU

The Unik Cirelle uaing Lovighted Fuuclidean imer
T av«*sﬁ\ oY—-H.is. eu. s Ha eﬂﬂ:‘m’- Ao, in 5:1*01{{) ;
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TNNER PRODUCTS GENERATED BY MATRICES -
The Eucliclean. innex }m:du.:k ond the weighted Fuclidean inner Fmiuctp are ial casea
ot a geneyal chaws of irnex broducks on R called Mabsin Tmer Producks . To define s clars o
'imrimuluc.ts,idz W and V ave vectors in R that ave. exbreried in col-mh}amww\ ek A s
on tverkible vixn walvix . 3 con be sloon that it u.v s B Budideam inner breduct an R, Hua
<wv> = Au.Av ®
olao definep an ivoner praduck ; ik is called the Toner Produck on R generated by A.
. Recall from Sechion @2 that f u wd v ave in CJ‘AWU‘L{FM,M U.V canle woriblen
ad V'y 'S*rwn whych |‘)c—_fnUaJsth (DCM.Ecu}aYmpl aA
<w,vy = (AW Au

-
oY Zu,v>= V AAu — ®

E_MT&@ Mabricea Generaking |Neighted Euclrdeann Tmer Producks

The Abpmdard Buclidean emd weighted Eucliolean inney ]zmw’-ur-h

are. emm';lw a* Ma X mney

ated by the mxn idadiby malix |
a\m/sdﬁnﬂ A:lin{ww&a@\g‘udﬂ e c e e
<uv> = Tu.lv
=~ uv
omal the wdgf‘iul Buclideam mpey ‘rmd.a:_t
SWV2 = Wy + WaV, + - - = s Wy, —— )

'S genevated by the moix W o 0 ---0
A"" (0] mg, o"—o‘

— &

» . 1
O (] o—-i_u

msmbcmbjfinkmy.ﬂm AA s K nxn o\.l'aﬂm.aj mahix Whase di
enbriea ave B Weights W,u,,- -, W, and Hhen aLw'vinn ek @ Awplitien ko @) 1hen A = the
makipe in —Eam.-ﬂa@

Example @  Examle © Ronisiked

The weighled Buclidear ey \m-aula.\d' CWV Y = 3wV, +2W,V, disawssed in E:mmbﬂz@ ix
He muey P'rcrla\dc on RL&M:\{EA by

=z o
A=\, _ﬁ.]
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OTHER EXAMPLES OF INNER PRODUCTS -
‘So Sa.\', m&mon‘»’j Conelered emmﬁﬁ

wm\,maﬁ-iw\m&udsmmo}ﬁaao
Exarple @ An Drnex Preduck o Mo
@ % U adV are. Wxn Malniced , thea e

<\, 2 =‘b~l-(UTV). — O

for Hhe 1x2 Malncen by Uy - WV
U post \.“3 '-i* Qmo) V — [v} V"]
we have r u, U Vv, Vo
U V = {H‘L u::‘} E.Vb V[_‘}
UT\/ _ UV) F UV WV, U,V
T lwv T, vy WV, + W, Vv,

LUV = eee(U'V)

d‘r ey oh &h-. We Wl nas commder

. Prem @,

‘ AU, V2 = uwvi+ Wy, + LUy Vy + W\, — ®
whca\‘sw'ﬁu.dat\amd«d of-ﬁ;cawm’:molinﬁemh{win-ﬂmmmm.
o

bt U=[3] e V=i 1

Fhon <U VY =ED +@©@) +@IE)+OER)

=16
NM‘*—&MU%&’@M'\“M

W 'S
W = fevus

= [0+ U W,) +Ua)(us) + M) (uy)
HUtb = Juleuyvus v

®
)
Fore_um\sﬂa., f*— U = [3 :J
Bow  JU) = |0 @7 70" = T3
. _—
Qhualion . Gompule: ¢kv>h&nﬁim‘rndukm%‘,tﬂof_u= ;_L 4v-_—&" 1].
Selu: L fwe

<u,v> = ¢ B_ ;]Y: c;_] >
= HED +WMWE +@W+@® @)

—

= =~\+0+2+6 =%
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i p-_-_a,a,-a,x*------»-q‘,x“ sl $=b.+_\..1,-1----‘+b.,x“
mﬁﬁ&%&w%&ﬁ%sﬁm
<p:q.> = dokp +OL+ - - - - +0, by
W;Na'ma}-u\»ﬁﬁnmd\:nbhve.bﬂa‘sivm\pwkckrs
“P“ - .\“P’P’" = Yﬂ:"t’&"'q----- ey

e )
Buarple® T Erelushion Tuer Preduck on §,
P

e ()

:}(x):. Qo+ X+ - - -- +03 3"

amd 9 =90 = byrbx + - - --irbn‘kh
Qe 'fa%nmn.h M P and F{- e Xy, - - = 2 Wy, OVE Aickinck veal numbers (CJM MW}OLH“*SD)M

<Pqy = PO gl +ho) ) + - - -+ pbu)alu)
defines am innex oo

—©
ek on Py scalled e Evaluskion Buer Preduck ak Wo,x,, -~ > -
Aﬁawﬁuﬂ@j,ﬂd:mhvmd M-H«.dak\rmdmk'\h Rha—% Yo n-kuplea

(\Dt“’)) pow), '"“ﬁ»’@h)) amsl (%(Bo),c‘,(x,)) _

S q000))

e Norm a{-m\znn-ﬂwq.?k)whﬁwkbm Bvalustion Swner Preduck is
WP = J<h P> = | theol s el s - - -+ {beun]”

Bxample @ Wording With the Evaluakion Lweer Precuct

— ®
Lt P, hove e evaluakion. ivmer at Ha boints W= -2, % =0 ad =2
Cm'nb-.ll (‘P’$> amnol “\’H %ﬁﬂa%wd) \):Fb\): > ol %:%QQ:H—X
Salukion

(ha>=

Pe2) 462 + perg @) + pey 32

(-1)1(\"?-) - (0) (]+O) 4 L}_)L() +)_)
e A A 12

s :_8

I T I (Y e YN
= | Thew1™ s he] s+ [pwo]™

—

= [ @ o+ () the = e =g
B 6) =0
= 4l \;Lb-)) = (7= 4
“Exambla (O Working With Standard Smnex Precluct an B
T have wual jnnex on pdunomials and p= 1m0+, q,= 240" are polyngmiala .
Wam fndd— 3 WPl G A G < pa>
Sdu: Gy ppii= Jpps = [0rw cor @ = 73
W 119 = [<.85 = | (2 v @ + ()"

1o [prg=3e hesbizo bzl
(i) <pg>= W@ +Cc0E@+G() = €

-

fv P= ax+axn®, g2), 622,023
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SEC ©2) ANGLE AND ORTHOGONALITY IN INNER PRODUCT SPACES .

In Sechoh@ 5 b ol:%ma\ +he vokion a}‘cmaﬂe.)w veckors in B, In this Seckion , we
will extend Buos iolzntoaw.qu Vutws.}aacm.Tku Al enghle ua 4o exkd Bhe nokion crf—d\'ki«o—
WL% as well |
CAUCHY - SCHWARZ INEQUALLTY

RM%&@M&Q%GMMV&MHMVMR s

= b ¥
nup i)
We were assured Hat Has

)
ormada s valid decanse. it llnsed §om Gouely- Schumrz
neapaliby Kk wv
S Y I )
@ veguired for Bhe nverse cosine kp.bo_ole}iug\.

k{-uMVdeminamliwhdnd:-Sha.\l,m ewws| s ivl —@
mt.—fo%dmaiwo alhmnﬁvefm»a"—&dﬂ-&}umz i""‘l}““w"d are weful t fowr —
LENT & G 2w

<WVE <l
- ANGLE. BETWEEN VECTORS

[ S h-thmﬂﬂzhhnm W andd V

M a veal inner karaukd shace |, By,
ki - MR
uui) vy

— @
Corfle©  cosine o an Avgle BehrenTir Veckns, i &
Mk R fave. tha Cuackidenss oy

Ptdutk ﬁh"ﬁa&moi'ﬂ:.maﬂggmth_,"!
= %‘3“’-1') anal V= (-2-1‘)2:3>.
.._Q;'u__.' Here  flul) = [4“,“) = J< (‘1:3;];"1)1(4,‘5,1,_2_)>

= W@ @)@ +wo) +e2)-n) =30
Wl = [<vvs> = [<@un23), G,y

—

I ron+o®+@e =in

A <u,v> < 4,%,0,-2) , (-2,1,2,3) >

NAT coag = SUV> -3
Wl v Y36 g
=g

_ -
313 J2 - 1&s

WeE2)+GIM) +1E) + ) 3 =-9
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TREOREM@) 3 UV AW are vechors in a veal inner produck space V awd i K is. any acaar,
Fhen () lusevil €l + vl [Biangle Inegualiky Jor Vecrs |
W) W) < dlw) + d(w,v)  [inngle Tnegpaliby for Dinkunces]

-ORMIGONALITY . You showld be able ko sea fom Formula @ thak i U and V ave nowzen
vechrs, hen e angle Lekrow Hum 15 =2 H <uys =0 Accordingly, e make e
Sclﬂomn.a dlefi. (Lhich s aH;L‘cha even i one or ok o Y vechrs s zex).

Dc.&mhon TS0 vectrs W and v inm\w}raduct*camc%@vw F<uvr=o.

e v, o opigead gt e st fr o e

e Ve U= (11 aned V= (1,-1) are Orbhagonal with repeck 40 Euclicenss ey
Mud‘ on R* e, <UV> = WY +4,Vv;, ; Ance
<WV>= (W +()E=D
= O
Hovener, they are ok OrH‘adomﬂ Wikh vesbeck 4o vaeiodded Cuclioleas innex )araa'ucl'
defined by SWV2 2 3V 21y, Ale

<WV> = 3w +20) (=)
=\ %o

M O’W\fm in M,,
Sher thak the mabrices U=f} 9] anal Lo ’;,] we Ortegonal it My, hay

ey preduck cefined in Sec. @) (Emhhh@) .
Salu: e u= [! o] V_[o L

[ 1o o

LYV 2 U +(0)@) +U)(©o) + 0I(o)

- 0

TR, the ymatnzes U 2V ave Orthiomonal
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Examble @ OTH.caonop Vectars in £

\
bak P m&-lwwd Cb%,?"‘ L\D(’UW)O‘K qkdﬂ_d-P-k and ql_x"'

Find 1B 191 and phor sk pox avad ¢ =3 are Ortagonal velakive to given
i:m'( ‘a-roo\uc.t
S

& ' £ 3 ) o
I = <ppr1™ = [fxna] = [xon :X—(L)ﬂ} - |

2
, = =173
- = PR /o L Vo o "TiE _ =y
91 = [uwp] = [-S'x X dx] :{Lx dx} = L(_“S__ )_'] - J_S._
! .
Mas 4 pegr = S,,XX o= E\foh = [’_‘;’]\ S _‘ZLU)"— «»1] = o

Since < p,4,> =0, the vechns P-x anadl 9, =% ave Oy&aammlvdahuh%\m‘xww«

MEREM D) Generalized Theorem o Rybagoras

¥ W and v ave Oroganal veckors. in Mmm‘awchdspaa Fhen
v = e pven®
\Q_mmkﬂﬂ_@ Wi o+ Fyﬁaﬂm), m P

In i‘:mm}ab_@ we dhosed Haat ‘;v-'x anal §,= =x" are vaoaam»l mﬂm\ao.dko mhey
e <pq>= ['P(U‘Lmo\x on P, .
|

Np+ql = NI g™
Thwa -Smm *he cm‘au:h)um n Ex.am‘:h @, we Pave

Mprat= (15 +(1%)

2

6
=, + = ‘

s s
We_ can check Hlis reault by divect m\'z.dvq‘}'!dh an —
Wpran™ = < prq, p+g >
|
B S () (x4 n™) dx
=\

S‘ (W 2x®+ 2T dx

=1
= \
3 Y x
X A, 24

14 "
I3
n

11

S S
[\\)3— ] % —‘)-_[\\JL'—(-I)L'J +J§[_U> - (1]

% |6
O = = — -
¥ s

N
3
= %
T3 iy
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SEC (63) GRAM - SCHMIDT PREXESS ; (IR~ DECOMPOSITLON
TIn many problema irw::!vina veckor s}»mm\mum sdver is free to homse any baais

y*.-m.h“www,mwmo}apzﬂm
is often qreatly siwedbgclmiva abasts. fn 1oick the veckors ave oThepomal to one avether.

ORTHOGONAL AND ORTHONORMAL. SETS | Recald from Sec €2 thak ko vecks in B s’
\avauluc).-s\mco.ooremd o be On iF Buiv nex

broduck s zevo. e follising definib
extonds Hhe nokion of Orbhagonsliky ko ek of veckos in on frner produck space .
Dedinikion, AMG}M«MMMM@M;WMMQMH ko be
ofh\pam,.[ ;‘f«ﬂl‘:ﬁm:{-disﬁrmkwdﬁrsihﬁn&a&mor)dwaaml.
Pn oekhomonal hek in1ohicl. each veckor fian nem | 15 aaicl 1o be Orblonormal
Bxample ®  An Ovhogenal Set in &

Showr bhak Yhe pet S:{u.,uuu_,,ﬁ s O’tkkoaamnj , Where W, =(0,),0), uz—:-_u,o,\),uf—(\,or')
and assume that ﬁmwmmaww.

S e tave W= 001,00 , W (Loot) |, U= 0,0,-1)
Nevs

MU, > = @UW+W@ +@U) = o
CUpUL > = @M + @+ ©)(=1) =0

& <UWLMU,> = W) +@e)+W)(-1) =0

Honce the et of vechrs S = U, u,,u.5 s omaaoml.

NORMALLZAT ION Lt}Vhavmm}winmiw\wa&ck*L,Mik{o’biSM
Il = “-‘%[uvn = =y

o — e i s

Nkwmmimﬁ;kri;mwmx#m—wmmm&m@lbumw




Example & me&{‘

The Eudiidean norma "1’ Hhe vectos in f:mm}aﬂad) are

W = \<u,u> = | @@+ W+ ©0 =)
M)l = J<wu> = low + @@ +moy =2
W)l = Jeus = [OOT @© + hen = 52
Consequently |, hcxrvmllizinﬂ U, U, and U, Welds
V= u_|ti—,n W = + (&n0) = (6),0)
e wos k e) =(fe )

- .L,(\,o,-l) :(]’5. 3_1>

= 2w =
A TR
Ne can verify that Hhe sob = =YV, Va X is Ovlonomal by A&Mn.a Hhat

(VPV;_>::.(V1,V3> ‘_‘(vz,v5> = O
anl V) = W) = WVa)) =1,

) Ay wdicuar vectors aye Lineary indebendemt because nsither is
o Acalay rudbple of B clur and i Rz‘,anﬁﬁmenm-znommdﬂg }uwo&rmmmhmrﬂg
iwmmmmm%mmwa}mmmwwm mkex*mnsiuama
lihm'rmbimhlmcfi the oty M).Tu-fdﬁmémaﬂmem-aemmﬂimﬂm obseyvekions —
Wieorem O ¥ S‘:{V,,V;,"‘:Vnﬁ i an Or - d%m‘zc:rovec}ursih&himuw
S}:ﬂt-e.,"&u\ﬁ-. sef S i b mle.‘mdmt Simnh&ww‘rs&"-ru!,ix fulﬁmx' Hat
. N Orthonennal pek s, finesrdy independant .

ORTHONORMAL BASLS © In am inney lpredluck > & basis comaisk’ of orbhonormal veckors
is called an Ovkuoneymal Gaais . A -g-qwuﬂa'ur m’»ﬁ a}-m\oviﬂ-onarmmm s Xhe Atandard
qu‘s:gcr Rnhﬁﬁsmeutudmfhwhmh.ck:

e=(Le0,--,0) €.=©,0,---,0), - - -

E:um&@ Am Orbonsrma] Raais
R WA Brordpe b Tn Example B, \oe slrced thak Kue vectors

V= (61,0 Vo= L g = (L, e
| ( ’) ) ¥ (RAOJJ_‘__) QM.J V&"(J‘S_’OJ I;-)

Eavm an Orheonormal et Lol resbect ko Mo Ruckideas fryrer }rm&ud: on &,
%Tﬁwmh@,i’l\mzmhvu—sam e hmm-p-j ihd.-.}au..olw} st avd since R 3 Hoee -
. . . ST'£V|:VL:V33 5 an OY'MM‘EW Rs.




(e

CoORDINATES RELATIVE TO ORTHONORMAL. BASLS .

om,m,\j-tpu\:nmq\«er:tar U as a lineay combinabon ot daois vechrs S-.:sypvz,-"a\&'}
\'Skbca\wt'tlm\mc.b(eq,.‘. W=V 4+ GV + - - - - +GW,

o o L’mrmgatem omd Aelwve MW"&W ﬂ,‘,_f;u_ﬁ";ieuh il wee, B
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