COHJEVOL {ec%hiques tn
k Powe,r elecj[roncgs

Controlling V.=V,=V. (the higher
\/ouage> ina DC/DC  converter

We consider O CdMonicaQ switchtng CQM, '\AVLH/\ a

Y\OW\LT\O\.Q QDOLOL RL “n r)o\r*o\%eg wiH\ Jc\ne Cc\(mcifor
C,) and \L:O (hence \/c: V+>. Tl'\e Owe,ra.ge \“mw\e[

le i’+ | Vc og the circwil her‘e:

| VF [ve> 0, Vc > O]
7 _
Cl.ear%, ig i, >0 then power s gLoang Srom %&S?t ‘
(kts\n \on:cuae) to rig\\t (‘Lower VOL{:Q38>, and for i, <0
Jcke,‘ direction °§ the power flow (s reversed.

Tke c,u,rren't sSowflce W\aj f‘&pf‘ese\(\"l an E‘J\ex*%j Soufce
(suc\«\ as on array o§ PV c.e.QQs) .Eg Le>O, or it
Moy re,(qrese,v\t deviations of the lsad curreal from
“fle mm“’mo.?. current gLOWLng 'H\r‘ou.glﬂ RL‘) .i‘g ie (s
Variable oround 0, We wanl to control Vc.°

' ° " Ve .
{' C\é = (g R“DL&
L¢ =—rig +'DVC~VW

Tke te.r'ms :DLO‘
ond DVc. are wnon-

L‘\f\eo«r' (rroc&ucts) .




AS E,Xplo»ine_d on P‘\B o} WEEK 3, we cawn L‘neq—-
rize a.(“ou,vxd on apera{tin% Polnt, 113 C,OV\SiAe,rcng

E\mo&ﬂ, deviations  dD, dV,,dce from the opemﬂag
()o'mt values D, V.

o) ‘oep s Leo °

D=D +dD, V, =V, +dV,,

lp = Cop +d ¢, .

Wkat we 91-3'136‘.0\ a‘oo‘le are -H\.e, Cnfut VO.Y'“ED«H&S

(V& aM\ l:e ore ALS‘\:ur\mV\CeS ac{:f.n% on J(:\(\e SJSTQW\,
while D is the contrel Enpu{f).

Tke stallﬁ Varin\o\@_i ofe VC av\o\ EO" Tke o()era‘{;ina

Poin’t VO&MQS Vco ano\ Cao (an &)e oH‘a.ine,cl S/rom

Dy, Voo Leo Lj Set"?Cng \‘/¢=O, (=0

Da
{ beg — VCO/RL ~ Do =0,

Selving this sustem Lo \
9 yste o+ e ns  (we owmit the
o\efd&s) we  oblain S‘ L C "

v 4 Dz % D

= .4 o .

Co (RL.+ r> ("eo"‘ "FP-'VM))?
)

: 2\"
o0 <RL_ r > ( rof Ryr Voo

We return bo the Ax'gger&njtic\fi e%a‘l?iows on the botlom

ofy P.l ond we write the Correspovw\,c'ng Lineacized

——

QW'\:COV\S) olso called smoll sejnal Qat/‘-wd:ionS‘:

’ . i . \
Cd\, = dig "*’,‘?“Ldvc =D, dig ~ Lo ch‘,
Lcllja'ﬁ“r'clio_‘i“boc{\/c +VCOA'D-AVG‘

._,2__.




\V‘ the §{‘ana\ar’5\ matrix gorm) we have

[+

dv] -4

....P_oj” 7 N Cenl [
S| Imre | _}_‘o.g:.:‘ o) gy,
glde 17 o e L L of Ve |1di
Do — -t ' Ve ¢
L1 LT L LAL”-» Lb o de
- W | dD |

A By B,
&——-‘—'V_'—-‘—J

L B
T‘\e. c\(\ar*ac,)terc%{m r)oljnomi.aﬂ GX A
P(5> = a\et(sf'—'AB = s* 4+ a,s + a,, where

a, =—tr — __L“ . Notice that
! ace A R.C - L. >0, A is stable,
= since a,>0
a = det A=Jd_.r 4 Do y
0 LC L. + L >O o..\na\ ao>0.

| V
The refevant ou.tpu{: is Vc = [4 O]):L.c] . The fravssge)\
%tmc\riov\ e? the SjStéV“ ? '

(s

3 -1

P=[lol¢r-aY'B, P=[PR R],

C\'\ere :’3\: [)\ O:] (SI'“AS By, E: ['\ O](SI“‘AS' B,
f‘:ing Cho, B r Do
(s1-AY'= 4|7 e

P(s) Do g4 A |7

we  oblain H\a.t - ot
P(S) = JV (S> _Leo  ®°* IE * Eozwo ‘
Dy C pe



We see that . has a zew o
r DOVCO

Z;::——vn—-ah-wu-__..__——-.

L Zyg

lg Z< 0 twen the converter is easy 1o cpvd:raQ, (we
shall return to exploin this o Q;.tLQe doter). This s

the case Lo> 0, Le., the Converler ot)e,\rcd:es as
a buck (Powe’r §\0WS gfbm Qegt to rﬁgkf), I; z>0
<kcg\\t w—- [vQM\e, Zer&> then, as we shall expMoin

L{T s much wore o\i?/f»{cu.% to ng a %eool, conltroller,
This s the case ov\% i Lo < O, te, the converter

opem‘tes Qs \most

We o\exl.\/& o StM(\Lo_r QXPFQSSLOI\ gor Z tn "H’\e
Y)ar’ttcup,o,r cose. W‘r\e,n, e =0. —n'\(,s means ’H\d\t we

V&j koNe_ o rascsfor L on ‘H\e ng{? sta\e a,{' {?\ma
ope,mjcing Poan{}) So H\a'l: L'+‘<O M'\A kevxce [:60‘:0'

Now ~H\Q_ gcr'mq_‘o,o.s gor co oand éeo grom PZ. Simph&j |

. co < >'%"Veoo
“i_,

‘”“'(‘ ""“'9“ Voo .

Substi tu{:ung into  the S—orMuLa gor Z Con i:oP GS—
'H!\»S page}, we. %e,t 2 = — r + D RL.
L. L.
which (s (Asuo\% >O Since r is usw much
swmoller than R T}us last S}ormu.Qn gor 2 ns what

ULSWNQ:QS appears in the h{:erature
et Vreg be H\eLl re?e,\e_nce :‘n@v\d Sor  V_, Le,

S



one aim oSf 'Ur\,e, controller (s 1o \ma\te ezvmg-;\/;
SW\O\Q'L. Vcreg_ Maj Le Cowstavx't oY SLDW% Vav_’_tjing.

bn/\e LLoclc o\ia.érmvn 05’ H"'ﬁ ,CO“{:"DL Sfjstew‘ DES SkoWn

— , here . \n thes diaaram.
\/e,__[) v, v, reD we.  have denoled 3 «7;
e — JO | )

- 'Hte. nonQ,{neqr s‘js{:em

D C € ((’(J’W\t> cle.Sc.riLea\ bﬂ the
- C N Vs, J o\iggfere.v\{:tqe e,q,ua:};ions S-rom
Pi For the design of

, We use -‘SMQ,M ﬁignqp. Moc\eQ og

HL(’L Pb—‘“‘t', V‘Bpr‘ese\otec\ bj El‘:s {ransger guwxcjl:ton F:"‘
[R Pé-], See P'B' lhnr;oscn% o ‘l',rac\ctv\g r“eq(u.i_r‘eWLerL

Ustn? Jc\r\e Lmu-—(\ass W WQ) omA O rokqstness re-

i cement using the high-pass (ilter \/\/& » see WEEK 2,
we oblain the Souowm% standacd H& r,rolo\p,m:
dV

cref _
dV, . +l
dV de |
d Lo =t P " _k ’”QW,Q

(--—»—-""

the controller C

dD w——-———-—J
— C - y

na

| privciple, we ¢ M < ' Lion t
|73 \ YA R ) oW vy Y) mMmoryre. Ln Cmation [o)
the conttotter, such as P Qj go

ence,, this does not

Lp oOF II&) but in M experi -
Lmprove much , o 5 —



I{Z s ma 1o See "l:\f\c\t 'Hr\a ‘l‘t"au\.s_g—e)r gu.v\.cj-fow grow\

[j\::] tode ® (1+EC451<E+Pz[CZO]> (s

S(om [j\ldi] to de, I'.{ X 'Hﬂe same Lu.{? WL{L'}I o - Sigﬂ).

\g Z<B, 'Htam Hr\e. Njaru-osf PLOt Og ‘“Pz % Qike
5hawr\ Lelow, fwzHrL a.r% (—ﬁ) %o(.ng S,mm 0° to ~9p°

bub  never 90?,&9 \pe.l»w

m (-B,)
| il Vet £3 o
Re(—"’}_) -4809 kevxc& "a has

0 tngtmﬂ:e gcu’,n mmrgﬁn.
& Tkw, y We cawn %ve'l: gbﬁc}
res u,QJlis even \a :3 C\w os‘m%

C4 ‘l:o Le o Qar%e, ne.ga{‘.ive Con~
s'lian't and CZ:O'

15 Z"»"Od 'H’ev\ 'U\e Nﬂwst rlot og "'Ez turns
§r-om ﬂfg("EZ)::Oo to ary (—B_):-“Z?Oo) see below,

lm(*@) Now he %o)m Mmorgin s
}inal:e and oy be swmw)
) Re (“E) \mktc;\n meons Jd\m't a
0) ; > Cot\'s\ian{? ConJCrbller szhno'l:
| // achieve satis factery
Pe,rgormance chl.mg o
%Oocl cou\‘l:rOUer {s now &g&m%

omcl b‘k s 'HMS %u{:um{:non 'H\at we.
\'ea.QQﬁ nee.d Hoo Con‘kroe ‘H\e,cﬂ'j .

— G —




:ﬂf\ree_w PMQS@ CV\\/QFtEX"S "“-tOPOLD%ie.S

And ope,r*ajtion,

“Iv\veri‘ex" meons DC to AC Cpnve,rfer*' (wiﬂ\ the
power Vmssi\o\j }Lowtmg either Wdﬂ), A ;Hr\rze, phase
VoLJCaﬁe <o\" cuur“r'e.wt> Mmeons Hnr‘e.e VoUTtkzcs on
tkt“&& t&rminqes that ave CCLOSQ, {:o> \oeﬂng Simu~
‘SoCAaQ ond with o ()\nase. sszCt c} 215/3 betlween
ony two of them. The power dishibution network
(in ol COwnJUn‘es> is three --pkqs:a. One Cm‘)ortan'}f
advantage of o three—phase nebwork over a single-
Y)‘unSe . ne)cwor\c s H\oit 'Ute Vjowe,r* 'lirom.s W\lH&A ovey

Yoo - phase fine s constant (o slowdy varying),
r)oWQT‘ OSCJX,Q,""

(%)

while gor a s“m%e p\mse network the
o&ef» ot twice the V\?_JEWorl& gfﬂza(u-&vxc.j <50Hz oL 6OH2),

Hﬁnoe, the '[:orcV&e ia o three- P\nase, mochine (ge,,\ne-
rq{:or* of mo‘l:or> (s Cov\s'tmxjc (or sbw% vary Lng),
Three r)kage, power disteibubion networks exsl for
more than 100 years.

A ‘khre,e,-—-[;kase inverter mow or Moy
> De,ud:ra& kine . Such o neutral lne is needed

CS we \/\IOW\'}: {30 mLLoW Qa he,ud?ro& C.m“ravic ) wlmic\\ (s

the suwm og the three thse c,u.vre,nfS.) to SLOW

back to the tnvercter. Bolanced Consumers, such as

= hc[/\ronous or Cno\uc\b:s‘on W\otors) Ao V\ot V\ee,d fa ¥

y\w‘kra&, QA:V\Q’ (b} Jckej L\ave no heu{lmﬂ, terminaa.
.-...7...._‘

no.t Provtée.




\/\/e S\r‘ww lge\,ow H\e C.Erc,cu".{: og o Lasic gmrﬁ\ase
inverjte_r> with 'H»e. opjc;ovwﬂ. cicewlt that Prvvia\eocx

Y\e,u)cm,oz lexe,. Swo\n a C,(‘,rc,u.i{: CwLH\ necd?mﬂ ,Q4m>
\s oﬁo& CQ,Q,Q,QO\ o thre,e-—*pkase gou,v"wwwe, Cm:er‘b&v:x'

LA ( J -

L gL

5
L L L (
¢ oy e ij 4 iN
a vb 'U& n

We see that each p\nase terminal is connected to
{:\ng Low Votfa.ge side 0’3 o Coanonical swcfch‘v\g C.e%'
via H\e C,E\"cw&{'.' gome.a\ \93 C§ Omd Lg . —”fte c_a()qc_g.._
‘(Zor’ Ce and the tnductor L. are optional (é.e. the
5 9 P > Y
oy be o\‘osent). Theic role s to reduce the rcm\Qe
<5e'e WEEK 3> both in the Wum‘%& Vo3V, Y% and in the
Curre.n{ls' l:o\, ab,éc . AAG\A:I—ionQMj > their presewnce
makes the circuit easier to control , especiafly if
we wont to c,on{:reQ the VOHDQ%M on  the capact{:o\rs CS
<Lecmee, we have Qoads connecled in paraQQe@ wi o

H\ﬁe Cou(woadl:ot‘S), The inductsr Lf‘ is O.QSO o{)f‘ibnaﬁ, cmA
ils vole s to reduce the r‘ﬁpp(a curceat in i, .

.._.8...._,



Note that the DC  ciraul connecled o V+ ond V_ is
assumaa " ’(aa)cina") C.e.) CJ.C ‘ms ho aAA«IJ(:Covmﬂ connec -
tion to the AC  cirewt 5 e.xc;epjt 'Hf\rbu.g\\ the taverter,

TL\& C(.t‘cuit on er raghf edcée 0S~ our cl,aag‘ram
s anoner* C,anowicoﬁ swiba"\.{n% ce?l (\Nif\n ’Hﬂe EnAucjm

LN) WL\OSQ FO\E s ‘ko laee,r) H\e \{ou:q%;e_s on CN‘\“ ana
Cn- QCV“‘“Q This  woy, the avermaed VOU:ma@ V/;m)

——_

\/P_lD and Vpc con  vary o a s'jmme.’wic range around

zers . lhis is omQj c".wxr\or'taﬂt if ﬂle neutrall  Line
is connected o the AC side. I He neutral line
(s wm\ec{:eA_ ond ig the neubral current

CN = Gy + i+ i
kqs O DC C.omPoV\e.V\t) H\eh ‘UMS W\o:j Couyse oan

(mbalance between the Vol«fages on CN+~ and Cy. <t,e.)
Vy will be different from [V_|). 1§ the neubra) fine

(5 c,orw\ectea ‘Ju{t we C‘.o V\o'l: ex[\ect anj DC Comv)o-.
ne,v\'t Ln CN’ 'H’\@n H\e, C,.Erc,u.il? on 'H»e_ rigk{: e_Aag °§

owr Aim%ram moy be r‘e,P(ACep\ with the Wm’n%
S impLex (c'nenper> C,ErCu.it .
—n\exve, \Arb@. loe Sowme Qb%@; &(ﬁ

Powex on Hr\e tWO Fes[s{:ors)

Lut hot much stnee R s l.a.vuae.

For the structure 05 each (ndivi-
dual switch (MOSF'ET' o~ IGBT wilh
ALO&Q_) we. Fe,ger to Prr' oS- WEEK 3,

....3_....




AV\, Enve,rjter' 'S c,aQQe,ol & &JI,Jque moo\e. Cn\ze_v*\b\
i we ace controlling  the voltage on the AC side,

D\V\.A‘ o CU-X“F’QJ\.t MOJ& lnve,r'te_r ig we ove COV\J'FOLLZV\Q

H\e Current on the AC side, For examptg) ig
the AC side i connecled 1o the power disbr ¢ bulion

V\etwOr‘L, then we cannot conbrel the Vo]_{?aae, onQ_Aj
‘H»e_ Curr&nt,

A S-ew wo ras about c\'\ooséng the volues L,
CS ond the \IOHO.%J%. lel s denote +Hhe an%uﬁmu
gr'ea(u-@‘l\‘ﬁ aY ‘H\Q AC Vol.‘tag»e Sf_‘j Cdg; oww\ the
OM%,QM swi‘l:c}\.mg gnzc‘,u&wij \QJ Wy <::. .ZTC/'E‘>.
Tke O\W\‘\Qi'[?u.A\Q (9£ —\7,:@ LS aji W\oS’l: V+ Oou.'{j
it S\\pu.u be Q/ESS, to owvoid the risk e‘? SOthr‘aliob‘
A't 'U\e. S’Y‘Qa(u&hCﬂ &)g> ’H\e, Vou:a.ae on
Lo s w. L.l aad on L &t s appmxima{e%

& g9
‘031-»‘:0; (we hove neglected the carmc,zfar c,urran‘f)'

These Voli'a%,@ should be small (hss than AO%>
o«gHr\e (»Mse Vou:aae v, , So that rouékQﬂ)V;q%%.
This imposes an upper bound on LQ)L. "The
C.urre/vxjci rcpp\e H\rou,a\n, L can be es‘l:ima‘tecl a_f
TV, /2L (in the formula on top o p. )2, WEEK 3,
we have token V, =0 ond D=4/2) The ripple

current should be much Q&ss than ¢, , cw\o‘ this

mposes o LO\NQJ‘ loou.nal en L Tke resm)am't e~
[

fency J/QLCS should be much Q@ssw'.han, Wy » 10




Q,v\c) Q,Lso W\«ULC(A move 'u\a.n. ‘Jg', gor @L\/{ou,s
Feasons, We \r\a.ve Seen Jcha‘l; Une amy&i f:u.cle 8£
'\)(; (s & the amyxﬂ,{w Of \773;* , which ¢s  less

than V+. Heme, the e%ea)ive VOLch%e eg Vy, musk
be foss than O/“JZ)V_’. .

Eacln %\mu-p 0? 2. switches in series in
the ciccwt on p. & is  called a_ﬁﬁ% (in porti-
CULQDJ») 'Hua two Swijtc\r\es gur{:\r\esf to the rag\nt ave
colled  the neutral Qe@) Such o Qeg is usua%

sold as one um‘t, with y)roJCethon ciccuwls
tocluded (Oh%odmst oo Imak current ond too kiﬁk
VOH:OL%) ond  with the god:e drivers included
with insulotion between the Qa%xco& Sig\!\o&% tha
comes rom o processer (the PWM stg\noﬂ> and
the \Mg\“ voltage cicewt (to profecjt the r»rodessm}.

| g we have severnl flevels 0@ DC wvo U?cx%e |
o\VO\},Qo,\o\e, 'H\E«VL L{‘ S QAVaV\JEC\%QoLLS {ZO use 'l:he\m,
ij &m(\\()aiv\% o _CMkL‘Q/lZC'“fQQN'ﬁ?, C(\VG_.Y‘{:&P . Here we

5\\0.99« o\iscu.ss Some {jopo(n%ies %@« {hree,—QzVQQ

\/f —y inverters . The sim‘\(est
L (s shown \(tere) with
p C OV\«Qj the C,Cr“cu.j,’: gor
Z CT one Pkase shown
= L Contoining © switcheg
V o | of which 2 opera’r:e

Sast, the others slowly




The slow switches (wh‘c,l\ gpe,q-ute ot the
Some gm%z,wcﬂ oS ‘{:\v\.e_ AC VOU:a%e) moke
sure that the So\slc Qﬂ% is connected eithen
between \/+_ ond O o between O ond V_ .
On% the (st switches acidl heat up Cas most
power is o\ZsS‘upaf:eol o\,urang the. ’t‘(ow\gt'hov,s>.
chvavfta%,eg: The PLPPQQ hos been reduced *o
ha{ . The maximal Vo [tage that oy switch
Sees (S V+ (o\s opposea\ 1o 2\/+ in the
C,C(‘auit on  p- 8>. There s no need gov“ o
neatrod Q_Q,% and ite associated cireuwil.

A clever aQ%ernaJc‘éve Jtl\rce-—Qp,\reQ Cn\zed:er
is the neubral Pot\n't awmped Lmveche_v_‘ (atso
colled o diode c(owv\ped ‘En\zerie\r) A%ou\n we
ondy show the circwt for one Pha,se, Now we

VM | O“Qﬁ need Y swibtches per
o+

54 ()‘1052 Cas oN\OSe,o\ to 6>)
S2 V QQQ are go‘s-t ‘
P For VP = \/+ we have
,/53 L to close S1 and S2.
f S . For VP =0 we have

' to close 52 and SR,

For v() = V___ We hU\VE
The advant ages W.TN Lo S3 and BY
the '[:WO*Q,eve(),%c_lrc.ui’E on p.8 i ‘ .

arve "H\Q Same oS Sor the Pravious C-'ch_ui't(%ied
____'42._____ on {:ot’ oS this pnge).




l—-\ere is own o\Ql:erna‘Eive \Na:l 'to !DWQA a

neutral poin't c.\oumpen\ invevrter .,
On% one ng & shown.

V, o—¢— ‘
- ‘
.Sy The swikhes 53 and S,
C == %o-—-{ ’iogf,&er aSe o ‘aiabrec_lionqo
W ¢ . ‘
52.
C£= qzo__‘ This potnt
is the arbu;na‘
V_ 6§ the common

driver of 53)5,',

A very Prow\tSEng new OJirechon én (Mg\\
\:o\,’m%e DC inverters are the MODULAR

MULTILEVEL CONVERTERS invented by Lesnicar
SR and Marquardt in 2003.

v On()j one ,Qe,g s s‘r\aww.
Lo Eoch submadule SM can
Swil—oq\ ‘oetwe,e_v\ \)Qna o
@,rm_

5‘(10("{: ci,rcu.it or an O\Ppmxi—-

Mo\teﬁﬂ conla nt Vo L‘Eqae

Source, ‘{:\(\Q

The sub-

one AC’ . -
mo dules do Va-( p\\ase 'Sl(V\Y\QQS{? s\-(uc
hott gene- L. '(:u're, 99’\, SM
rate or \
mbz;r;r (\:mj SM q °"""l ‘Tﬂ\ej ovre
5}"\ 3 o—| swikehed
sLoij -

- o T 13—



For single - phase inverters, the wmost common

JCO(NDLO%j s the H bridge, consis‘ling of 2 legs:
‘V;-c

i —De,nojcmg \ =V_‘_"\{_J we

| c
| (——GV,:\;,L o_{ zee umt/ the voltage be-
( ween Vi, and Vpb oy be

V o—— \/;900,. —Vc,'_n’lMA)WQCD\V\
%ev\em’te on AC %ig\nqﬂ, -\_/rm-'-\_/r:l) ({:L.e a\reraae@l S\'gﬂd}

that has an amplitude of ap to V. (os opposed to

\/¢/2 gor eack Q&g og H\e ctrcm{: on PS) 05 Course,
to 33{3 an mver’fer, we also haVe to connect a capact—
tor C between \/+ and V. P and an inductor L in series
with either the terminal V[m or with \{ob'

\/\/e can bWJZA on aner{:er usf,n% seve.ra,Q c«w\Qpe,n-»

o\en't DC Voulqg‘e, Sowrces ond H Lréc\ges) as shown

below (suc‘n on inverter usuqﬂ% "l:rcmsge,rs power Srom DC
'{:O AC, or L{: @e,hexodte,s OV\Qﬁ \"Q.Dac'tﬁ\le PoW&(‘), \[\Ie ha\(g

OnQ»j drown ohe P\mse
[~ Va. og. a POSSiLb three -
\o‘mse inverter. There

are  many a\i_ggée,v‘en'}, Possi~
kiQA"‘:i‘,es Sor s\r\arlng 'H/te
voltage (and ‘hence the po-
: we,r) Letween {:he H \orid—

‘ 1 \ ___| ges., One is to share e,?AAQ,Q:y.
" T H i Anol’,ker Possi‘oi’ujtj is to di-
L_;” vide the totol (smuso“ulaﬂ)

average VOL’l:a.ge (nt’o wwu\j

s\v\aQQow (‘ec.’tanSQAs, and each H \"“50\36’, %?_V\Qf‘oi‘:es one such
rec’Cm\%\.e, in each ho&s—-Wave) hence  slow swifching. M’}""




WQ S\f\ow ‘Ufu,g he,re, a:%su.m&né t‘r\a't we ow%

hOVe %@UF‘ H bf’iAae,S (A Sevrcies :
l? . The sinusoidal curve is
;\)’C::::”” - W._.ﬂ-.-m..p ‘H'\Q‘ AQSZFEA ou,'tpuft \joL‘kc%e'
. :
2VC- "'/ s o
0 Y -7
"‘“‘"‘”*V
R
The outpuk voltage of the first H bridge
\g ' e Z’
vy U

‘—n\@/ O%’I;(\,ui VoL’l’,’qge og 'H‘ue SecoﬂA H \o\rto\ae:

VcT"' o
O

CL&\I%)%@’L more I“I bf“&claes) the ar)proxiwml%ov\ 9}
fﬂ\e Sine woawve 99353 be ter. ‘—)L
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