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TABLE OF ATTENUATION AS A FUNCTION OF

VANE ANGLE FOR ROTARY VANE ATTENUATORS

(A= -40 log 10 cos 9)

Wilbur Larson

The table of attenuation as a function of vane angle gives the attenu-

ation in decibels produced by an angular displacement of the vane of a

rotary-vane attenuator assuming ideal behavior of the attenuator. The

attenuations for vane angles corresponding to the function

A= -40 log
10

cos 9 are given in the table, where A is the attenuation in

decibels and Q is the vane angle in degrees. The attenuations in decibels

are given for increments of 0. 001° for the values of 9 from zero to

89- 999° to the sixth decimal place and for the values of 9 from 89. 000°

to 89. 999° to the fifth decimal place.

The table was designed for determining the attenuation in decibels

of a rotary-vane attenuation utilizing a scale marked in degrees. Also,

the table can be used to determine correct decibel markings for a rotary

vane attenuator with a direct reading scale regardless of gear ratio. The

table can be used as an aid in analyzing the calibration data of a rotary-

vane attenuator for characteristics which include inherent error,

resettability, and gearing eccentricity.

1. INTRODUCTION

The rotary vane attenuator is considered to be the most suitable

microwave attenuator for wide -band applications because the attenuation

is theoretically independent of frequency and the phase shift variations in

the attenuator are small. The attenuation produced in a rotary-vane attenu-

ator is ideally a function of the angle formed by the position of the rotating

vane relative to the fixed vanes. In practice, departures from this ideal

behavior are usually small. The attenuation value, A, may be given in

decibels as a function of this angle, 9, by the expression 1

A= -40 log 10 cos 9 (1)
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Tables of log
10

cos Q are available 2
, but do not give the attenuation

of (1) directly. Instead, additional calculation is required. For example,

the value of attenuation in decibels for a given vane angle in degrees can

be determined from existing tables with the following procedure.

Let 6 equal 55.790°

1. A = -40 log cos 55.790°

2. A = -40 ( 9. 749 9122 558-10) from the table 2

3. A = 40(10.000 0000 000-10)

9.749 9122 558-10

4. A = 40x 0.250 0877 442

5. A = 10. 003 5097 680 db

The purpose of the table'* in this report of the function -40 log
10

cos Q

is to eliminate the calculations as illustrated above. For the value Q equal

to 55.790 , on page 118, in column one and row thirty the attenuation in

decibels is read directly as 10.003510 db.

Most commercially-available rotary-vane attenuators utilize read

out scales in decibels. However, an important problem of scale reso-

lution is present when direct decibel markings are used because the reso-

lution decreases very rapidly at high values of attenuation. If one would

like the resolution to be constant, a linear scale of the angular position of

the rotor would be required. A scale in degrees of vane rotation would

The values of the table were obtained from the log and cos subroutines

in Fortran II employing the 7090 computer. The table was thoroughly

checked for accuracy by taking first difference and by independent check-
ing at intervals with the Peters table. The values in decibels were found

to be accurate to one unit in the last place and even errors of one should

be very rare. The differences were obtained directly from the computer to

7 decimal places for Q from zero to 88. 999° and to 6 decimal places for Q

from 89. 000° to 89. 999°. For Q from 89. 500 to 89- 999° some second differ

ences were calculatedalso. The independent check with Peters' table was
performed at intervals of 0. 5° for Q from 0. 499° to 89- 999° and more
frequently for Q from 89- 500 to 89- 999°.
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meet this requirement. Then, for a rotary-vane attenuator with this kind

of scale, a table is very useful for determining the attenuation in decibels

for the scale setting in degrees. Also, the table would be useful for de-

termining the accuracy of the scale markings in decibels of a rotary vane

attenuator

.

2. TABLE OF ATTENUATION IN DECIBELS VERSUS VANE ANGLE
IN DEGREES

Assuming ideal behavior of the attenuator, this table can be used to

determine attenuation as a function of vane angle for rotary-vane attenu-

ators having a scale marked in degrees. In this table, the attenuation in

decibels versus the vane angle, Q (theta), is given in incremental parts

of one thousandth of a degree from zero to 89-999°. The range of the

angle Q is shown at the top of each page. At the left of each page, the

values of Q are listed in a vertical column in 0.010 increments. Across

the top of each page, the values of Q are listed in a horizontal row in

0.001° increments. The attenuation in decibels is given in the table to

the sixth decimal place for values of Q from zero to 88. 999° and to the

fifth decimal place for values of from 89. 000° to 89. 999°.

3. SCALE READOUT IN DEGREES

Let us consider a high-revolution readout for a rotary-vane attenu-

ator in which one revolution of the control knob rotates the vane one degree.

This would require ninety turns of the knob to obtain an attenuation change

from zero to maximum. For an attenuator with this amount of gear re-

duction, scale markings of one -thousandth of a degree are attainable. A
•A*

linear scale readout of this type has been designed and constructed atNBS.''"

4. SCALE READOUT IN DECIBELS

The dial of the rotary-vane attenuator may have either a direct-read-

ing scale of the attenuation in decibels or an angular scale of the vane

"Report by the author in preparation.
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position in degrees. To correctly place the marks on the scale for a

direct decibel readout, tables or calculations are required to determine

the angular position for each incremental value of the scale. Consider,

as an example, an attenuator with a scale attached to the drive mecha-

nism which has a gear ratio of 1Z. The scale of this attenuator is turned

three revolutions to rotate the vane from zero to 90 . The angular po-

sition of the vane corresponding to a given attenuation in decibels can be

determined with the aid of the table. For example, referring to page 45

in the table, the vane angle which represents one decibel of attenuation

is found to be equal to 19.255 . The corresponding rotation of the scale

of an attenuator with a gear ratio of 12 is 231. 060°. From the table it

also can be shown that the 50 db mark will fall at an angle of 1041. 312°

from the zero reference.

5. RESETTABILITY

Assuming no gear backlash or other contributing causes, the re-

settability, or operator error in setting the dial of the rotary-vane atten-

ator at one position, may be determined over the entire scale with the use

of the table. For example, during the calibration of a rotary-vane attenu-

ator, with a scale marked in decibels, it is observed that the measured

deviation in attenuation increases approximately 0.03 db when the dial

setting is set by a width of one mark on the left side of the scale mark of

20 db and that the measured deviation in attenuation decreases approxi-

mately 0. 03 db when the dial setting is set by a width of one mark on the

right side of the same scale mark. Referring to page 150, the table shows

that the vane angle which represents 20 db of attenuation is found to be

equal to 71.565°. A deviation in attenuation of approximately ± 0.03 db

at an attenuation of 20 db corresponds to a vane angle deviation of ±0. 033 .

If the marks on the entire scale of the attenuator are of equal width, the

deviations in vane angle setting corresponding to dial settings on one side
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of the mark to the other side will be of the same value. However, any-

where on the scale the corresponding values of deviation in attenuation

will follow the cos 2 law for each dial setting in decibels. The curves in

figure 1 show the limits of deviation in attenuation caused by a deviation

in the vane angle of ± 0.033 over a range of zero to 40 db. The points for

these curves were determined using the table. In practice, the re-

settability may be better or worse than the above example, depending

upon the care taken and upon the skill of the operator.

The table can be used to determine the required resettability for a

rotary vane attenuator. As an example, for an attenuation difference of

0. 1 db referenced to the zero setting of the attenuator, the resettability

must be better than ± 0. 061° for the error in attenuation difference to be

less than ± 0.002 db; or the resettability must be better than ± 0.0005°

for the error to be less than ± 0. 00002 .
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Hoeo + HOHiftn ooro<>r»f»'0", «*-i-<iH roKmrM^r-r'iMfiO Hao<iv^^^4Hii f-c^roo^coo^mo^^wo ^ooore^r^f>-r>-h-eo o^Ot-iM*<oeOf-*<*h- O(fl^rtino^»*- o, ^<> uco>0(fi<^<cioooiri who»s<*iakii(io inosOMco-s-Osor-jco +Hhf\o>u>-iaj<fo r-roo<>0(MoomrtCOsh —<co^-^r~^-r-ico^--" ajinNojincvjo-omoo co-d-c^mo-ONr-roee .tf-oirir-i.cfNconicr-m o^ohmiiii^oi'ih r"-r\ico*cini-i«oojOD no^mO'ONM'iMfl
• KijjoMoeoS'O'OO rtfyjfv fi(Ti*«}-mir. >o hM»flo*?OHHN r\jrri<»>**-in<o«op~r>- tcn^ooHHNNriO COCOCCXCOCOODCOOC^ O^C, C^C^Cs C^C> C^C, C, OC*C^^^^OOOO OOOOOOOCOO OOOiHi-4i-<*"4i—)t-*f-4

cgrgpsirMfMCMiMtNjiMfM r\i<\jr\jrgr\jr\ir\j(M<sir\j rMfsirNjcMNCMfOromci mmmcimniflnimfl MmmKiwmnmmm
NffffoiflrtOrtido o-C'<\jr~mLf\f"-r-tooco cM^ocoo^ffio^Nr-o <ofi«i^of~^CT>ffio a>o4-oc>op^^r~<B

so ine"icsi<\ji-(*H.H«"iphm <\j<f>in>ocoof\imr»o mr-i-c^cofih-iNj^co co^oon^ONHOi 4)irfiNOoacoooaoo c>iri-ir-mc, in.-ir"~f<i cmthmto>onidi/i Hh*o<ciffiONe> inNC ummhit mo it rsjo^moh-moi*-"*-

o r-fic*<4-otn>-if,-r\ico na'iAO'ONMf, «ij oifii-i^(\icomc>mo ^<Mr^fiic*^'O<0*Hf"- nico>4"o>Oi-ir~fOoo*
i uKOMcioacoo i-<rtM(<iiii>t + ifMn>o r~,r- eoooo*oN ooi-ir\j r\ir*c<i«j-^in>o>©r»f- {oo^oohhnimitiO COCCOIOOOOOoomO^C > IJ'ff'ff'ffOi^C1 0'O' C*'<T> ff J>»0>0000 CCOOOOCOOO OOOi-li-(i-l-<rH )-c^<

(vj«\j(Mrg(sip\j(\j(M(NjM fMMf\j<\i<MMp>ifMfvjfsj (NMfMfvjfNjfvjmmpofC mmcimmmmm^m nimnmrtnmnrtm

nooHBiHOH^o xoo>-<^f^f\'irCT*inm oo-o^inoB^NNin or-r-c*<"r-i©(\i*<\j t-iMOMOi-H^-c-r-co
r- a*xr-->ommmmm%o <or~c>oc>J'4"Ooo—<.i- r->-<.j-co<M<0'-i>o>-i«o rMr-m^^poor-^M oa><om*m(v<-i>-'«-<
o morn^r— roomf-tr- roa»LOf\ico^o*0'^o mc\ix«4*^f—^-or*'fri o^flc^o^o^^o r-rr>or*-«d"'"Hxinf\to>

o r— cv-co -f o* ia o >c ry h w-ix^om-^r^iNcoro CLno*0(\ip-roc*^"0 N0"-^r^r\jQ0-4'OL0i-t^ r\JX*tej*mr-'>o<\jX[*'i
• mvoop-h-xcoco HH(vjm«i^^iriA^ *onxcoov o, oohn (vj^m^sfLno^cr*^ xxc*ov o»-t^f\i<Nj*"i
O OOCOOOCOCCCOCOCDC^^ C^OOOOOOOV O 0* O*CC*0'C*C, OOOO OOOOOOOCOO 0000*-**-<i-«»-l»H*-l

pgcvj(\j<N(MrMPj<N(vj(N <\i(M(\i(N<vjpj(sj<MfsitM NNpgcjNMKiiflcim wcinmmmmdimfi romrnriifrircrimnim

lr\f^J•-l^^J^ctMO^^•*(^ p-^o- >4-i-iO(M'Ofri<M m^ot\JO-^^»c^^-r•-c^ ^HHm^^•Cl*(0+ m^r-ciHN + oooto
>o ff»(\i^HC;c^c, Q'a»oo> Oi-im^^3ooo<miaoo i-(^oo!sj^)0'S'C>^o> m*jr-onCT><o('pior-m mr^o^oor-*ir>in^^-
O X 4- O O h Mf

, C^LTi--" CO^OOIMCOBlHhfn OOrvl0»lA(MC0>r<H^ j-rtK^oh* H|» ^ HCO + HCOIANP'OW
o oMcofno^^oiri^h- r\iec^o, ino<©evr~r<> oN -*

, OLni-*r~{\jco>frO'> mworgcocftomo^ Nhmoi^o-OH^m
• inv0v0f>-r-ooo*c-oo .-•.-irMrMC'i.i-.a-mm^ ^Moof cochh <\irr>m»i->j-irimvOf"-r-- acoao'OHrtNNr.
O OOXXXXXXXOC* M3'0>0'^CIM>»» f^CC^COOOO OOOOOCOOOO OOOOi-CiH!-l!-<»J<-<

(NjrM(MfMfMM<Nt\iP>jfM M(M(Mf\jrM(MfM(vjr>jrM r\j(sicsj(N<M(Mroroir\r<> mmiflmmnffiiiiMn ni^KM<immiTi«icim

•oroojmorvtoocnx o««oni>ocO'»oc ofico>or-omc\ir\j«* o<<jLnr~^-«r-sor^r-cr-- moa, -4
- r\ir\jLooxf-

r-^LO>i-mfO(*ifnporri ^in^oc^H^^ijH mxi-<ino*xr*ixr« co + o<Jcio>*flH03 •o>rc\i>-iocxx-r--r-
rsJCD^-O^0INIC0<*-O-0 Nm + O^CItMnHH! 1foh1(^'CN^mN OOlOIMtOK-rtBUltMID LOrMO-Or^C^rrior-
<jHhmio*(Mfii-io (\jr—roo^^oin.-<r--f,j co^o-iro^rjr-mo <o*hm»i«i + o«> -ir-Nco^c^inHi^Nir^ohMticoo h h n m m * ^ ju'i >o -of^r-ooccoci-i^ <\imr<i>3'.4-in,mvor-r— oeoroooHNMmXXXXXXXXC7>C» ^O'ClfO>0, 5'C«0v 0i Ot^OCra-O-OCOO OOOOOCOOOO COOO>-li-i»-i-*i-<i-l

rg<\ir\i<\j<\j<\!c\j(\i<\i<\i f\jr\jrsjc\jr\jfMfvjfsjMisi c\jr\j<\j(\ir\ir\jrrirflc(im nmKimmKi(omdim mmninni<imninn

eo^MCiNNOoi'ioo minp-*Hr~vox^r-<o oc^L^^^r|^r^mo^-^^o rooc-c-s-ooomc* r- r- o >o c, ro >o r-i x r~
i-joo-k r~ r- c- r- r- r~ cc ocrviMinr-ocvLn KHif\c«mMvOrt<i ncomo^mf^^H c h ^ * m w i- >-i e of-mcO^O^ONOO^O -0NCMnHM^O>0M <OlOHr-*OM«100 ffl C -O «1 O O N J O («l ^•Ol^Oh*H(Oin(\l
LO^-l«0(VCOrrvO^>3-0<0 r-)f"-C\JX-$-(J> m.-(-©<\l MO(f*0>0-iNma3 .J-O-tnt-i^CNJXf^Cin OONCOmCMrO'OM
m>c>or-t"-xxc>oo HHNiM^mj-uiino >ot— f-XCT>aoo-^.-i (Mrxjci.t.i-mLn^^f— xxocroor-ifMM^xxxxxxxxa^cr oi^ere^cr<c^e, a, <T'Cr> croc^O'c^ooooo oooooooooo oooo-*>hi-<i-<—<i-i

f\jc\iM<\ic\i<\ir\j<\iivj<\i <N<\it\j(M(NiNj<M<M<sjr\j MNNMiMNmmmi'i m^ffii«imci(iifO(<in mnmn^mciMi'im

a"in<-.3-f-r<">oor<ir- ^^KMyo-firCMrm m>o<-io, c*'Hmisjrvjr'i x-r<«i-*-x.4-<\j«i-o.-i 0^av <vr--.tf-s}-O'-<xr-
mNj-rrifsr^^r-i^^^H c\jm«3-Lnh-c, pHfrivCcr' cm lo. o cv >o <-< in c it o iTHhrn^-onchLi rM c o K *o m .j- ,$• ro rr
r-»r*-roc^Lo^r»r*>cin ^-ir—ro^in^x-d-o^o ^c>mf*jxm^-(x-4-'^ r-^op^mor"-'3, or"- >fHh-j, Ha}mojo, >o
moOf-iN-f^ix^c^in —« o rv r- r*-, o> < o o h ^(vx^O'in^-ocx no, ^o>0(\K^p^ ovc.-'r^r^Xvtom^H
in-o-or-r--xxo, oN o HH^Mtoro^uMA* or-r— xco<t<oc^h>-i rvjMm-^-i-mm^^r- (ococcoor-iNNrixxccxxcoxxxp c-iMMfpfirO'^'? o-r-o^cr-ooooo cooocoocco ococ-i-'i-'i-h-J'-ii-i

r\i(\!f\l<\iC\jc\i<\j<\i<\jr\j r\ir\!<\i<Nc\jrvjc\jc\jrs)<N Osjrjc\ifsi(Njcsjrri'^irv m flftKOrocimflfinfl i^ci^fln^Wfflnci

-iMiiiini«ioCNh mfO^eci + Nd-ONO Oirixu^in-OrtXh-x r\ixi«-x^r-ininx-3- r-ir-i^-xmm^-t-ixr-
cxr^^cinininmmm or-xcr.-'mLor-ocn oc^'Ooj'CMnajn o~>i-ooroc>omoro >Osrf--iOcxr-r-o-o
vOr-ir*rrioinr-)[*"'^io innM^oorjicinH f-moof^oinrsjxin »-ixtn^-)Xsj-i-(Xin'-H comrsJO^Lorvjc^^Dfrio
+ oin-JOMc0(flpj- Cv0^i»-mxj-c^Lr—i ^ n <n/<i r> ^ o^^N mco^cm^r-cMa:,^ a-in-HOiNixmo-mp-i
mosor^-f^xxa^oo HHMt\fim^sj-in>p sor^r*-xxcroo<-'—* r\i<\ica*3-*3-inino>0f- r^xcra^oo«-i^c\jrrt
xkjxxoxcoxxit- o^o, o~c?, o~c)-c>c>ct, o tM/>^cococoo ooacoooooo ooocj^-i^^-^^-i^-'

f\jrsjf\i(\csj<\jc\jf\.(\j(\f <MC\jnjr\jf\jf\JMMrsir\j r\jr\j(Njfvjrsifsjrri-**,f^fn mr.-if<"imr'tr«"ir,"imr(*ttv
,

*i mmrnrnr^po/^frirfiro

(\jx^*oxrn^HOfvo rors)rr(»C(\jO'-'«^-oA '*- h{?^HOftj'Of*ii\)^ r-f^t'-'f^moxx^o r^*niroh-*oxr\jxr^^NHO<M7^C, CP' C—i(\)(^linNC, ^fn>o 0*(\isOO^Xr\jr*-r\Jh- NW-tO^f'l^vO^H OMr^MrJOOCM>
o*0(NJxmc^in^-*r*-m o«ow«^o«o^c>Ln f-ix^p-ir-noorrto^ ofNJCT'vOfMcrinfsjcrvO f^O'Or'ioh^Hh^^(MnooHN^ao<- om<—i^C'NjX'^icr^-o -OHNfio-join^^ r\ornc^mo^6(Nif^f<,

i c^^-oorMr-roo^^o
miAvONMEajo^co ^^ryi\nto<t^in\0 sOf-r^-xxc^oO'-'—* Ni\*ir<i'j'HMf*>ooi*1 r*x^ooOi—<i—ir\jf^iXXXXXXXXXC c-d'OLTO-C^O'C^^O OOOC>C>i>0000 OOOOOCOOOO OOOO-J—<^^—<-^

<Mn.iNj(NjrMrvjrsi(M(M(\i im (\i rv cm (\; m tv, im rv- t\j nj'NiMiMrsiiNirrirri^r^ i-^r'-r^'^'-i'^.-^nr^m KKn^mmm n r- nm

^ONr^-P^o-^^ofNiO (N^H^Hmoxa, (S)^-«d" sj-NOON->oxrv!mi*«-a? hm^ loxsJ-ih^-i^-x mu">f*-i-<coNxnic>r--xom^mm^rnf^m ^L^sCf^G'Or^mr^c rnoor-ir- ^ o n u vO^h^O'^^ON'r r' c i mi -a* ffi ^ r. r\j

•4-O^CfMXvTOO<NX ^OONCOl^HNftlC vCNDiAh^sJ-fHN^- or^^O>Ctf^Of^-roo h^ON^HCO^IM^
mo^^a-oin^Hi^fNjx,-^ O'^o^nhfico^o ^H^{\j3f^^^o>o rsir^-roo^^oo^r^^ x^Oin^Kfsj'o^c
inir>or**r*-xxoN C7*o Or-*rsir\jror0sj-%j, in>o •or-r^xxoo'O"—'"-, csiMmrt-rini^vOOP- f*-xC7^o*oo<—irnrsjcsjxxxxxxxxxc* pfCf'Tr'iMMf caorffcn'occ o o o o o c c o o o oooo—1 i-i. «h khh
nJrsjcMCMrsjfvjrsjrMivrsi f\jrsjfMnjrs;fM(\j(\jf\jrsj M(\!(Niojrg(\fsjm^rn rrirrj^nr^m'nf^rri'n^ mrn^rrtm^n.-^fO^

LJ cccoccoooo ooooccoooo oocoocooco oooooocooc occooeccoo
<uj o^r\jr<i~l-invO^-xo ohnm + tkimc c-^r\J^n>J-l<^>Of-xc,, Or^(Mr"j-m-or-xc^ Ornrsiro^-Ln^r^xo^
t— oc mmmmmmminirin ^^^^oo>oo<o>o r^r^-p^r^r^r^r^r^t^-^- xxxxxxxxxx ao*(T'ff'C7, ^o, (M>ff
LUO •#•• ••••!•••• ••••••!••• • I • • I t

lai OOOOOOOOOO OOOCOOCOOC OOOOOOOOOO OOCOOOCOOO OOCCOOOOOO
i- a
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i—iMnincO^HH^O^ >0 ,OC0\'\;O0,, »-<lf\(\J<— C\] \0 ""i <\; <T f*- f\"l fv C^ sO M h N ITi *• C^ O r'. 0" t- hOO>r^NfnCrt^
oor^coo.—inimf-o {\' iroofsjm^«4"oomco f^oo^o^M^^^o co*o->i'c\f-<c^o, a:rfc-f- ^*cocc(^Ol-^^'^tr^^-c,,

h-^HCOmmoN^H ^"Of^HOOifvpnoccm (riox^c^Hooo^ryj cr,'F'-m<f)i-icO\0*d-<NJo covONrcNrHor-Lnm^o^OMhroiMAO^M r-rcioir\ONO<\jcof^c* Ln^OfMoo^c^n^h*- c\jco.j-o^i-<r~mc>in oof\co>tom-Hf'-n";
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NOOf^^oco<\'Os O'-*o pTir^tri-^coai <-ir^m'>c s
\r\ m »}• co ^ co i^ o* <3 in f** »*\j cr> c^ rv P*- in in oo *$*f\jr«ir-m(\i«a-xin'4"

o^ co-to^ifiMCo^H^^ ^Mor'^vOouMfiir in^r^xo^r-iroinr-o rO'OOmr-CNj%Of-<*o«-i P
,~mov LncviO,,'NOi"',ii-<crx

o *t-4"r^on.-^fsifNj(\j»-)^ ^^-i'^oooooo oocoow-jfh — fsj (\j(NjfTir<,)rO'J--j-minsO op-r-xo^o^c.-<r\jcsj
o mc^HNf^^LCHN florin. .p^-mo^m—Hp*- m s in. ^ s m cp> in h h m o^ m .-» r- (*> cr in .-i h- fnos in.-'r-mONO<\)co
• (vfvjro^^-ininsor^^- coccCv_~Or-ti-<c\jrrim ^j-insOsosNx^a o o h n n rri rr ^ it. ir, -o>ohccoa, ooH-i
o r-r*-r*-i*-rfc-^r-r''-r*-r- nni-u.cocococococo xxxxxxxxxco o^o*c*os cro>oos c>cr ^os o^c*o,,>c,'Ooqo

rnr^(^ri"iromrr>i",*)mrci f<"tror<i—*r<"ir<"irr»rorAivi rofOrorOf^f^r^mroro rorctcororon^rnrnr^r^ f^n*)f<*ifOrn(^'4'<,
'4-*J-

<-im^O{M»or\j(\j'4-co in m r*- r\j a* o* <\j r- in m x«a-f\.-r<"ir*-r<"t_ii-r),orrt (\!<d-ooininp*»c\joor<i x*OP-o*OinNOOP*-%o
co c^o^MxinM^o <r^o ris ^<;oinmLr iftOMJOOHf. l"\ko p"i>oo^mr-^-o<-i*o<-< Ofsixin^xinnox
o coccar. M^oo^iAin irLnmvj-sj-sj-sd-^^-sj- «j- vr »t <f >r in it. in in o «cooffc-oja"- a, o, c c-JHNn^stinoo
o rsjcosTONOf\co<-o*0 fsiccNi-t.orsjco-d'ONO nco^o-o^co^O'C csjx*tOsO<\1 co^ois* roo-'inwr-mc^m^h-
• <Nf\in>i->^inm>oh-r*- coccooc-'r-i^.irofO •4"^invfl^M,-co^os oOHfvMfn^^min vOsOhcocco-^OHH
o r«-p*-r-p*p*-p^p— r-r— p- r-f-r^^xxxxcox coojcoaxmcocococc o^CN 0*crG*ocr-t>o*ox c^occtoo^ct-ooo

rAfAmr^f^ipomr^mm i^nfiniti^ronron ^^nmmrrirfifflrow fOfiffirft^^ffiro^i^ m^fO(ff«^fn«i-^^

in c* in <r in c> «o m «o h p^r-e^r^i-^orAXinin x^j^mHaO'fc c^^m<M«-icocoirir. p- f\jOi-)^oooc<^crco
h- cT-^-O-onionmroo^P^- •*$- r\, o s cc r- o in in in in^p-coo^i-trvinr^o fyj^c-fONHinoiro »o<\jco^<-<p*-*d-njop'-
o (SiMNHHocco1 ^ cm> o » x 13 cc » i) a xxxxxo^ooc^o oooHHN(Mf^,ri N- <•!*-> in o r"- r- co o> cr> o
o <Nx*d-o*Of\Jx^rc*in HK^o«inHNma, m -"NmcMnHhrnco Nro^o^Mco^c^ rvco^-ONOCNj^i-sror-
• (\i r\i m -^ <t Li m o ^ I

s- fflcoiro'CHHWM^ sj-^-inm-^r^r^cocoo^ o o h m ^ ^ t ^t in in sj^oi^wkcc^ghh
o p^-r-r^-h-^-f^f^r^r^r*- p*-p*-r~p*coxxccxx cocccococococoxcoco o-'OO^oo^c^co^oc* c^oo^cn ct'C, o,,*ooo

mrncn^^mroromro ron^Ti^nrnr^mfn rommmcor^rrr^rcirci m n n r ^ ^ /^ n tn ri mm^frimnf^st^^

o-^oxcr^oxcr^ oo^cmtNj^HfOcomm romo*-*-4'CN r»-cocN;co Nor*-»-Hcop*C'rr, oo<\i r^-^rmr-m^tvjm^o
xC omoonjCintNcrp- inc\ji-<oxr-'Oinmin in sOP^ccaorysfrp-o c\jino^c\j%ooinoinc ir\**t— met— -t>-ior*-
o r^sONO'^nLn<)--4->4, frir^ i^ir<>rofM(\jc\j<Nj(Nj(\jf\j <N(\jCNj(Nj CN^m r<i ro ro m *d--4">tf*inLnsO*ors-P,-x cno^^OHHMnrfi-j
o HhffitMTHM^tMn Hh-mc^inHNmc'in HM^cMn'HNfficMn HNncMnHN^tMn i-ip^mo>ocNico<*-OxO
• (Nifsir^r^Nj-mm^sCh- co co co^CHHrvjcvfO ^^a-min^cr^r-cocoo^ ooHHiNrnmsj-sj-m OsOh-cocoa, cr, C'-H^-1

o r-r-r-p-p-r-p'-r-r^r- r-NhhcDcococococo xxcoxxxxxxx a4 ^c*oc^oN CN , o' ^^c^o>^o, a, oco
f^mmr^r^f^p^mmpo rorOfPip>"irorr»fnfOrom mmroroffir^mfor^co mmmroc^mmmrrim fonrorrinn^^^-t

uj in co-<f- t\i n o w h rs; so nji-<r\!\C''n<K'srxinin N^oorvKin^Pin fn»j-co-d-rn>j-coininr^ r-ta>'?, HvO'J,
inco<-fM

lu in o^HNm^^rooN in^nrXNCir, mm inof^xov cnj^'»oos CviinxcNjsQo^j-o^^c* ino^m^vo^iocoo
ci c ^hooo> c*'Xxxxp*- t*-p*-p*\o>CsO<0-c*o*o vco^doop-p— p<-r*-p- aocococer-ooow^ (\jmfn-4->tinNCNM
O o h r> m x -f o o N cc >f o*cf\jffi-fooMX-f o^fMco«fo»oNco^ oonjx^'-'p-fnoin —ip-mcx in"-<p-rncr'in

couj • csj(\jmri>3-inin*OsOP*- coco^cOHH^Mfn ^stininsor-vxxc oo-h—'nir^'-n^^in ^-ohNxoO'OC^jo o r-p»-r-p»-p-r,h-P*-p*-p^p- p-r^-r^-r^xxxxxx xxxxxxeoxxx ^aco'O^croao (M?(>^^^a, ooo
uj ••#•••• • •••••• ••••••••
CDCT mnnf^fnfirnr^pn^ mmmmmm. mmmm f>rcin"ircirr>mrncorOni m^^nmropfifftfrim rriprl rrimronnf,rt>*-'4--d-
i-O ^ir-l^^^^^^r**-, ^rA^rtr-ir^r*^^, -.^-h^^^.-H^H^.-I ^J,_(_H_l ^.-«rHiH.-)<-l f_|^ PH_ll^_|^_|,Hi-'

UJ «

O m Or^coNor*-oin-4-inx >fr^^x N*nm^'Oin p-r-io^a0r-ivo«4-^p*.c\j o*-«'4-ocro<foc^'-H %or^c\jLnoP-xoo>f
<i -a- i—'NOi-Hr-roo^orooh- irr^'-HC*xr,^>Dininir Lo-<Gscr^c, or\j*d"sOOs Mnccwino^c roc^ vj-c^ocxc^incNjOf^m

Z o in^-4-rnr<imfvjcNj(Nj^-i ^--.-ioooocco oocoo^r-*r-i —<t-( (NjnjfNjfOfri^-^'^-Lnin op-p-xxoo —<^rsi
— O O 0>0(\J»COvOWXv* Ov0(NXs3-OO(NXst o >o W X <f C >0 N X ^ C>OnJCC^OOMX^ OOfSjX>tOM^Crin

i— • ^(^Jfflro^flnlno-c^ oocco^o^Hfvjroffi *tf-.4-min^r*-p-xxo oc<-H*-*ojrnr^<j--j-in ^of-p-xa^o^oorH
z o p-r^p-p^p-r^r^r-r-p- p- p^ r- p- >-o x co x cc x xxxxxxxcoxx oo>cr4 cos cr, c7

, ooN o^ ^o^o-ctcm^ooo
o o
»-iO ^m^f^fnrOfnfnrif^ mp^frjr^^ror^prtfrifri cicirOffi^^^rid^ fomromcorommf'fO fifir^mr^^ro^^^tf-

t- O r-4 _l H r-l pH .-C -J ~l ^ r-l rH r* r-< -f .-H ^ ,H r-l r-l rH p-. rH W pH f-* P-i ^ *M ^- r^ ^ r-* r-< ^ W ^ W W ^ r-l W r-4 p-4 ^ ^ ^- .-I p-I ^ -«

z>m mh-fsJoorAo^r^r-rH oinoo^m^rmo-oin r-^-ixr^-o-rrotNj^c^ r--co.-<r^in*oo^vOinNO of^-^oxroocr^XNO
2«o f*> i-ionjx^OxDmox in^HCcchoininLn invOsOf*-Ci Cfv^-sCco h sj- © h in (^ ro co m oo <ro^iTp-icoinnjoO'j-
uj o o^coxr^h-r-NONO^oin ininin>^*c*--«T«4,

'>d'»4"-4" <*t^^sj"ininininm vOo^or'-^-^-xxo^c* ooHtsjM^^^m^
r-s; o cin-ihrooinnh^ C^tn^-^moin^p*-'Ti oin^r-crio^ir-Hr-rn OLn^r-mo^in^r*--*^ oof\Jco^Ov0^co<-
t— O • r-<<\i<"rim*$'*d-in>oop*- p^xo^ocOf-tcvrMm no^tininosor^xxa4 00f-iHf\jNfi^-d-in vO'CP^f^xo^ooOf-'
<t or. o ^-r-r^r-h-p'-h-h-r-f^ h-r^r^-r-oexxxxx xxx-^xxxxxec xcc^os o^crcr«cr, c>c?- C'Ocaooo^ooo

LL • •••• ••••*••••• •••!•••* •••••• •«•••••••«
fifnmmn'ifrmpri'Tim mffi'<N n^r'fn^(^(^ mmfn^romn^r^ffi cin^^npifififfiro mm mmmmm^^'t

< pH^,^,-!^^.^.-!.-!,^ ^^h^p-i^^^h-h^i^i r-i^i^^^n*^^^^ P-H^^p-4r^t—*—I—^^-ti—t^-C ^^^^,-1^-1^^^^
h-
uj arNjr-^^r-cNioom o>i"*-r*--Hr-invOo^OLn vOOr-oxmocrtMr*- ^ifiNnHMnHC^H inr-iO(\iomi^s0-HX
x nj rHf-r\x<ror--d-r-ix in^Hoa^\ooinin in\o<;r^xo<Nir^sOx i-H«d- r-<-ttn'7>cnxr\jx rooinp-4r*-»d*<-<xoro
h- o ^nnhh^oooo oc^o^c^comxxxx xxxxxc^o^o^o>o^ ooo<-tf-^p-i(\j(\;mf<i >j-^ino*or*-xxo^o

o o>mr--r-f<>o^inr-ir*-(\i x^OvOiMO>i-o*0(M x*i-oof\ix<roND(\i o m. i-Hh-poom#-«r*-c^ o^inHr-p^oirHN^-
• f-t(Njrr)m-4"*4-in. oor^- r-xcros oo.-if\'(Mm m^-ininsO-or-xxo ooH^njNrn-j-^in invor^r-xcoc, oOi-(
o h-r^h-r^r-p-r*-r*-p^r- r-r-r^p-cocoxcoxx xxxxxxxxxx xo^ocrcro^c^crG^o croo^^a^oo^ooo

rrirorr)fr.romrriforfm rn r^ ^ mm m m m m m rOfoi^fOfnmfnfnrom mmromcofompomrr; ffimmmmmM^^^

^"O^xmemmn'O ^c^o^cvxNCp^CNOin vOc^inp^-pHcof^-c4 ^- (\j»-»^*0N r*-r**<-'soinin cMn^vOOhNC©^o
^-i t\( rfc-rAx^r-(r-'4*r-ix sonr-joxp^osoinin inNCsOr^xoi-iroLnOT i-f-j-r^-o^-xmh-cNjr- rsjx>i-or*fnoMnfO
o p«-Os0inL^iri-4"-j-*rr^ mtninf^rvifsjrNjcNjfNjrNj c^c^c^p^cvmmmmm vt^stinininoop^r*- xxooCf-ifsifNjrn*3-
o x^Ovonjx-j-o-onj to^ooinco^o^cnj x^o-omx^onqm x^o-flrvj^-j-o-OM xsTOP-'^a^in'-^r-fo
• HfsjfOfn^^invOsor- p^xoo^oop-'CNjcNirri rri-j-inin^^or-xxo^ ooHHroMT't-j'm insor^r-xxo^oo<-H
o p'-r^r^p-r-r-r-r-p^r*- r»-r*-p^p*xxooxxx xxxxxxxxxx xa>cv o> cro>s CT'0>c"o o^oo^a^^^o^ooo

rOf^POromrrirorriivico romrf.rnmrpmpnrof^ Mnnmnrn^^foro rnmror*". mrorornrorn nrororonfo^^^^

Oi-Homcsj^-C'so-ox mi-ti-t^-a^f^-x-^p^in vOO^NO-d-oosOinr^-p^ oxhiti^^ohoo j-oxawo^Hinm
c; njxfoo^in'-<p*-vr'-HX o -t n c ..> -o -o in in inmor-ccOf-iroinx ornr*"C>txc\jr^<\ir*- roX(ricsOfOOP,"'4- fM

o rHooa^oo^xxxr* r-r-r—h-sOOONCOsO sDsOO-OsOP^p^p^p^p* xxxo^oo'Oo<-('-i rsjrsjr^m^-ininsop^x
o cx^om. rHp*-mc^in--i p»fnomHN^c>inH p^-rnc^in^-ip»-fnox in^-t hfrioMn^N^o^nj o^O'ONX>to«OfM
• HtNifonsP-tinm^p- hxx^^OHHNm m^-4*invOsOr-p*-xox oooHMfsiro^-tin insOp-p-xxooc—<
o r"-r-p*-r-p*-p*-Pw h-r*-r*» p-p«-r*-r^xxxxxx xxxxxxxxxco xoo, coc>o, t>0N ^ o^p^co^^ooo

nrOffl^rnmrOfOfO^ romrnromr^rommm mmmmmmmmmm foronrofo Wffimrtin mmrrifrimrorn^-^^-

-H GO
LL COOOOOOOOO OCOOOOOOOO (DOOOCOOOCO oooccoocoo ooocooocco

<uj Oi-Hcsjro^-inor*-xo OHfyjmvi-inoNxt> o-iNm^insor-cocT' on(>jffi>t^«ohxo OHNffi«tin^hxc>
r-K! oooooooooo .-i.-tf-i^-H.-iiHpHi-frH <Ncvr\]<\ifsj(\jf\!f\jrsj(\j mmiTifr,mfOrnmrnrn ^^>4->d--4"^, '4-^-^^
UJO #••••••••• ••• ••••>•••• • • •

XUJ OOOCOOOOOO OOOOOOOOOO OOOOOOOOOO' oooooooooo oooooooooo
r- Q
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t--.-ia>a><\iOOvoi--o >o u>r-i-iaooooinmf><o r\jc-«ir\r\i»Hmcoiriin co^MflOenN + BjO >0Cv
«J

- <*i<, h-4, <ilir\O
a> c-o-a-r^fitNMfv.'mm ^inNoiomioeor!* cor\i>00iriOif\o>ofM oomNO'44NOeor- <ointnininv\4^nfi
o m^ui^r^coo-Orttvj fci^-in«cooCT>o-<fi-4- tr\h»coo-tf<i.a-.or-ff> ON^ifiNffHrt** oooN4'<o<BO(Ni<rh-
o <fo>fl(M(D^oM»i^ ir\—ii*-«>e>ui(\jco>j-o ONOK\rtM»i(MrH oo-^o<0(Maoin>-(r>ro o^^iNco^Oh- ma« i*i

• r\imm<4-«s-ir, >o>or*-f*- oo<»oohmm«i* «tinm*or^r-oococ*o OHNNmin^mmiC omsoovoohhiaI
o oooooooooo ooo~4-xt-i.-ii-irJ.-i ~ixi~irt~(~(x(~(rtN <M(\jr\j(M(\i<\icg<\it\)f\i NNCMfMOjmmfnrom

^<->f^-««-<J-^<-<-«J- ^^<*-<t«t.»--4-«S-^-«*' •4, <*-*^->t**-l'<*,

<t <»-^<-*^-^<*, 4- '** *^-<t^«J-^, *<J, 4''*'

Bnoocicooooo ^intf-oiniNOoKi oo<o^>—:r->ocoe\j«>c <\ip-ir\>oo*ir\^>ooi>- f»o>ificri(rii^(*i(\j*o9
oo vOin^mwHr-ixNN m^rmi^^—i-rf-om .oo-i'O^rocomc^'J'O t^mof^-4-(M©cor»ui ^rtrtcimn + inflh
a f-coo'C'-icMfisj'tc-o nx-co—ifri^-inh-oo O'rtfgmirooo'rtm 4'«o^Hnirt4)coo N^^ocooN^^ao-
o mo^ir>rg«o«i-o-o<Moo <*-o>orria>in~(r-ff>o inMO-fl-o-OMeoirii-i r-f>c>m(vjoo<*-o<Ofli ciri»Hr»^o<©c\iootn
• NNn**^ooM>- (ocO'OOHNiNjmm 4-inin>cr"-r-coeoa>o o>x.Ht\(fnfi<*- ifim>o «r-coa9'OOHHM

>

O OOOOOOOOOO 000-Hr-l-i~l~lrHrH 1-i <-t,-|r-i-li-l~(i-i.-ieM (\Jpg<\ICNNrg<\l(\lC\Jf\l NNNNNCimmmm
*^-*4-'4-^-*«t'4, «<- ^*<l--J-*s|-vr*«J-^ •J-*>l-^-^<9-^'«J-^^- •i-*.*-*-.*'.*-*'**-* *<(-^^-'4-^**>**

c^-e-ir-irnoovoo^io r^sfoo-l-roi/^or-r-c* ^Nm*NrtiMM<ini u^ooocoiNr-^or——<co eooinftf<>i«Of\i»«Mr»
r>- >o*m(Mr-ioooo-H Nm^iocoomineH ma<mr-(Mt,-fvj|»-wo^ mc\jooir\fnooo<omM MNHHHHNm^in
O HMM^-ui-OhOOTO HNfl + l/>M JON fO-«-'Or-0>0<Nr01A-0 DOOHmuiNeOON* 4 00ON^4C0O (NT*
o tfi(MnHhKio'^-«! j-O'fiNeo^oomo' m-Hr-rftc*'OogcD>*, o sO<Tic>iritx|^mO\©c\i oo*rtr>"f0ff>if\fvjoo<f
• r\iovj"^>l''4-iriiri>cr-r^ (ccpoohnncihi •*min >OsOh-oooocr>o OiH«-i(\imm*i/\ir\'0 ^NWCOCCOh-in
O OOOOOOOOOO 000~l-lrHr-l~(rH~i .Hi-lt-li-'i-tiHrtixI^pg (M<M(NMr\JCM(Nf\JfM<N t\l<\J(\J<\jOJ<Mmmmrn

*.j-**«i-***^<f ^<-*>l-***<*-** -a--*-*^***-*-^** ^-'t^^^t't-t^-'*'* •a
, <t-*-**>», -4, '4, *s(-

MOMN*o«'0\Oo>>r <\jmr^ro.-mr-.j-.4-so •-ico~<(Nf»->ot,-.-icor- c + HH^oiofrKi » » h bmh ki « n o « ifi

vO uimMHo^ c^ca -Hr>.'roinr--Oi r-i^-r^o *P-'-'>ootrio«Oi-i(» roor-<*--<o^«^"ff|~< Ooa<ff<o>ff>©<-'CM<,n
o iror^cooc-o —

i
rv ** in 1oM»c>CM(<i<->o i^coo~ifi^->or^o^C r>j.a-irir>-ff>OPsi'4-<ooo O(Mmir\r-0>(N<*S0«0

o No-j-o^iMO-inHi-. rno^m-Hr^^ovOfvjaa +om<)0>iphm'io >©f\joo-tof^n~<uit-< oo<i-o«fsia)U>-<h-ci
• t\j oj m .$• si- ir\ it, >o c- i>- mia'oO'J NNf|im •4'iiMr'0.oMBmo> o o«-i«-| fM<'piflv^stu'\*o *^-eocoo»c>o~<"HrM
O OOOOOOCOCO 000-H>-<*-li-I.Hr-l,-l ^<rt-lxlr--l~lpJ-l<\J (\J<\Jf\J{\JC\l(\l(\J<\l<\l(\l (N(NJPg(M(M(MCIPP>lflW

-j--t-t^--i->a->r-j-J-J- <t-**.t^->3->a-<i->t'4- a-*-*-******* •*
, -*<*->», -», '*<*,

'*>i->4- ****+'«****
nh-tminC'O'OaD't h w l", —< p —imxc m r-i^mr-rOi-((\iin(sjx< mp-*-i-h-rsi©i-i^-i-( 0««i<1WI(\hoio*
J'IMHOCMESIISCOO' OH(V*«l«)OmOO' N*O*0>*5, '4

, OO (MOOlflMO'P-lfirflxtO O^OOI^-^-h-lxOJOOO—<

c^c^ogc^f^^-m^r- cox<<Nmsl' >Dr-ooc .-iMsfm-oeo^r-im^" >ono, hn*«ooon fiinh-c>rHpnif\h»0—I-i^oj;r\ui'to>o r\i0"in—< r~ ro o^ in —< r- ^-o>0(siia^-op-mCT< mHN^ooNoui" r-f>o*ir\f\joosf©i— <*>

(Mrsjt^, ^•^inir.~or~-f- coiDO'OoxHNf. ro •4-inm^vor-coxff-CT'' o~«~'f^(*>j'i^'4'ift* >o^-r»-co^o>o«Hi-< cvjOOOOOOOOOO OOO—'.-'i-'.-iWi-ir-l ~ixir-l~H^~i~lx<-H—c (\J<\l<\Jf\|{MfM(MM<\lfM NNNN NNmrdHKH
-a-j-j-^-^-^-^-sj-** ^-^sj-^.t^st-*^^ j-<i-^-*-**^-*Nt-t a-.t-t-t*-*'.**"*-*' •i'^-^-<«, *^^«r«t*

inffin + inf^^Dn o-t^-o^r-xt\ieot>-o< -t —iOHiooor~OvOir\ lOohMJ' + Nd'ON oiM<tnmi/io.oO'N
fo^ccrcri^i^i^r-x o-o~'<\^->oo^^-'^-i^ .-incror-rj^-rrioo* or>moM«ci^ff'CO NfliiMairiftic*^^
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