DEUTSCHES ELEKTRONEN —SYNCHROTRON

DESY 91-036
Aprl 1991

l/"-
.'// f\
e *
; : P ‘\\
A

# R
7
1

f? / "m_m P— __m‘%%

- ql-bsib

{
z
.i

3 To
-

Y

—

R

Transverse and Longitudinal Multi-Bunch Feedback Systems
for PETRA |

M. Ebert, D. Heins. J. Klute, R.D. Kohaupt, K.H. Matthiesen,
J. Meinen. H. Musfeldt, S. Patzold, K.H. Richter, J. Ritmmler
H.P. Scholz. M. Schweiger, M. Sommerfeld, J. Theiss

Deutsches Elekironen-Synchrotron DESY, Hamburg

ISSN 0418-9833

NOTKESTRASSE 85 + D-2000 HAMBURG 52



+
EaE

ARl

DESY behiélt sich alle Rechte fiir den Fall der Schuﬁrechtserteilung und fiir die wirtsomftliche
Verwertung der in diesem Bericht enthaltenen Informationen.vor.

DESY reserves all rights for commercial use of information included in this report, espncml Iy in
case of filing appllcatlon for or grant of patents.

To be sure that your preprints are promptly included in the
HIGH ENERGY PHYSICS INDEX,
send them to the following (if possible by air mail):

DESY

Bibliothek
Notkestrasse 85
D~2000 Hamburg 52
Germany




1

-2ty & 8% dn yymq 81 rqqy rendp syy, Bwdwrep wnwmreuwr Iop payigs st eseyd pajwas
young oYy pue pajsnlpe et Le(ap jasong Iadoad sy s15y -Buisssoosd [eudis x0f yun [RIjUSD
ouy st 3097y TenBrp oy, *(L1d) Burnmiy, peyeadaju] VULEL 2Y3 Aq peaeBdiy st OV 1198 24T

‘wrajsds 9y Jo juauoduros [epdip 9y; jo
mdur 913 0y yndyno Borvuw o3 jenlpe of Jopro ur wydure 23uey, spqejsnlpe ue Lq peynd
-ure 2q [ eudis oY} ‘onop ST JRY) 9I0Jeg "WOlIRZINIFIP 1of S[qeTIeRAw SI seyaung IBuls oYy Lq
pasnpord symowsesw(dstp asIaasuery jo Teuds oyy ‘sotmoajoss dn-yord oy jo yndimo syy 3y

W | U} 210U o juewade[dsip & Yis young Jod yiu [ 9% I[qR)s OsTe sem

Aypenb euds oq3 swry oures oYy 1y Y7/ (g PUNCIE JO 5jUILIN0 Young J(8uis puw jusmiaseidsip

o 10 je sTeudis wee[d> 0f Furpws| peInpel ISYINY SBAM ISIOU Y3 snyJ, -Iojoaep aswyd Iy

PUe WOI4I98 I 23 Jo HonRImi|do 37} pAUIaonoD [1] UnlsIoa I91a%3 91 1240 JusTaacadunl

urenr a1J, ‘10y09}op 9suyd € Bursn powzopad st wonsnpomsp aseqd ayy ured qp (g moge

Jo worydos Ieymmy v Bmissed Jayy prIqiy-,06 ¥ Jo yndino Iq3 ju monminpotm Iseyd oaryeiar

" juspusdsp-opngtidure ue Y speuls 31 jo ared ® 0 PIlIsfSURI) USTY SI JI1 payw[npoun spngnd
" -mre ayJ, 'oued [esijIsa puw [8juozlIoY 9T} 1o} paulqnadsl pue jds ‘psyndwwsid st jeudis
o) ZHIN 0 JO YIpuapueg ® yus zHIY 001 18 Suwayjy teyy -umoness dn-xoid Jeoryiea ory

PUR [23UOZLIOY I} §% SIAISS I0FIWOU JIqI0 MOPNQ-INo} ¥ ‘1 *Jif ur usoys st urexdeip yoolq

9], SUOTIIRIIP [BO1JIAA PUR [BJUOZIION oY) UL TEOIjUIPl L[3weu 218 SwI9ysLs Nowqpasy 21

SUOI)IBIIP BSIVASURL],

waysds yoeqpasy oyqT, ‘T

"9 g TRI) SSA] UIYJIm JURISUOD sum Fulk o1} punolw
PRINGISIP SAYITNG O[] JO AISTIJUL 9} PUT SHUSIIND 250Y) e Jjqe}s L[24e]dmon sem wreaq sy L,
“VHAH U 01 PIPs9T JU21IN0 914 51 YOIY4 VUI 9Q STM PIYDESI JUIIIND [BJ0} 3Y ],

‘a3 gg Jo Jueds ® yjm seydung gy, 10} sapown peurpngduo]
Pre asIaAsuely [[® JOF SHOIIRITP 921y [ju ul dast 007 PUROIT sBM possTde owny Fudwep oy
‘o140eap s83a48ueI) 5y Ul Lpenb pudis 31) Jo jgemasordun [erjuasss UR Iayw pur pajejduod
waaq pey woysds reurpnyiduol ayy Jayyy “{1] 191TEs PIjeay Usaq peY sUIxyss asIaAsURI) AYT

.mﬂ,oﬁuﬁmv s2113 18 10] VULHJ U PI[eIsul pue yinq
sus TrasLs GOUNG-IJINT PUBG-IPIM € ‘SUOLR}IMIN jUAIIND [winiq 243 Jo Pl 323 0} Jepic uf

‘Y g7 pUnoIR juUsLIND PlOYSIIY} $Y9 PUL D95UX ¢T SBM STIT) ABIap
9Y) TOOAIP [RUIPNFUO Y U 'YX ¢ Mofaq 350 SBM JULIIND PIOYSIIY} 91} ‘025U (] puncIe
1B PRINEELWI STM UOMISIP S8IoASURI} o7y ul owmyy A0op nepuURT Iuy ‘una jsE] FY} Jupn(]

‘Burdorep nepue] oYy puw sapow oyisered 5y Jo ToljeIndyuod [enjow
273 wo puadsp HULIIND PIOYSAIY] YL "JUSIING [BI0] 3} Supypuyy sniyy ‘senyraws Buryeis[aoow
21} 30 sopow anyieered o1y Aq WIALIP 2T SOTIIIqEISUT YOUNG-TJ[NW I ], ‘UOHOW Y2unq pajdnos
am} Wita payosuumod ST sPull _2 VYIH PUR VHILHEJ 2UI $0f UOLRTUN] £3ISUa4UI S10A3S Y

uorponpoxuy

Smqurel ‘X §HJ WoIjondUAG-UdUoIPHAlH sAYvsIna(]

s, [ ‘PRHeUIog ‘N ‘1981oMdg I ‘2{oYS ‘d'H
‘raurwany Cp I99Uory CHOM ‘PIOZYRd S (IPISISNA CH fUSURIN P
‘wesoryyrRIq “H'M 1dneqo)] @Y ‘I T ‘SURH "d "WqH ‘W

VHILAd 10§ sweysdg qruqpasg ysung-1ymy [eurpnjiduo] pue asiaasuely,

7661 Trady
£LR6-8TP0 NSSI 9£0-16 ASAA



N ub LD..F
'vev/iav 1
Lpyemmxoadde 40 omry Smdmep oyy 10 puy aa LUty ‘waysds
Foeqpeey oY) jo seipxedord Jurdumep oy sourmaatep (@) H ‘[1] 9y ut jno pajutod sem sy
~ “azIs U.—nﬂ.m.m.ﬂw»? MO mwumha..wa .n:_ng
WSUUIIO} XLIJBW J9JSTRI} ® WI SUING JO ISqUUNT sjqeiies » 1M sAv[op MM aqudssp
0y meqoxd oy} proae (1) 'she ‘montppe up ‘jueirodun sstmosdq (1) UCTIB[NIUIO] joeXI 2T}
Furdurep Suons v i1 IogjeBoy ‘suoswol [BIIUYDY J0] A1vs8a00U st Yo m ‘fe[ep [euUds wam
1230498 30 9590 21} U] "BurduTep jeewoM I} I UOLIN]OS SY} 0] FJRTIL}SI U I 3502 [Worprwld
w gorga wopemitxoxdde  1ood, @ st (g) 'bs ‘1easmopy 'sepomm meeq 23 jo (surysuod Burdmrep)
LSoruenbayuaBie, oUj ourmIsyep o3 pasn st YA {T] JOY jo uolssaadxs spduxis ayy st sy,
i L] N ’ <
(®) 0= it ) 9 £ < ()

(6) 557509 (92 4+ 115) D |

e saAnlze ouo (g) Fuwn Lyeuy puw (m)™H jo sanjonnys Ay FuBIqIUXE

) Z =4

() T=N--'0= sz\atnunhaa..u% ="y X =1y
- ey

152POUT [BINIOT PAYIPOUT JO SUIIAY VT PaAJos aq ued () suorjenba oy,

‘mpsds YOBQPIIY 9N} JO UOLIOUN] ISJSURI] [0} Y JO WLIOSURI} IILINOY Yy sajouap (m) O

om

.W.Hm..m ‘o =T is

oo —=}
(9) . 1&\,|?3~+ @) o AL = (m)"n
La(omptm -2 ~ agn(emrny® oy :

su pessardxs oq wes (m)" 5 xuyem Jugdnod sy,

-worjeys dn-yord [20] © 1% UOMIOAST YIRS Iogye

popdures juowaowidsip oseyd 212108Ip 2} JO WIOISURIY-7, 37} O} Pajelas st ?&& (g) yo0 asnwrag

(g) U= m oo (o= ") e = (YD
£y1dord sy qiim

00—y

) | E sM /1= (m)p

2q 0} yno suinj (m)d uorouny BYY,
1 398t Lre1jiqIe 10§

ﬁmv ?&:_ﬂ. — no3_+3v1$

smof[o (g) wozg 'Louenbaxg uoTIN[OART IB[NIID JY] 81
om ‘m fouenbag xaydwod 313 jo juatnaoeldstp asvyd a1y o WIGFsULI} 1IN0 ) Sutaq (m) &

o—=y

(a) e+ o) s X = ()

se pouyap st (@) oqeles oY, "1039%f

4

ured 51 § ‘oBuwg[oa yrad erjuszsymnona o1} 81’ pue Lousnba uoxjorysuds ayy st *y) 910H

o= ub
by = (@)"g(n)p
-x U v

soyoung pajdnos jo msjsds v £q
pequiesap aq uwas Buwz oy punore paowds L[[enbs seypung p uo Bunsw waysds YoBvQpLIY oY,

(1) - N o= {a)Mp(m) e

nolgoaaIp [eurpnjifuory

‘$3|Nsa1 [RIjUAss? Iy A[uo juasald [j1u om 539y -fz| j30dez [eroads v m
[Te4op Ul paquIdsop oq [[ta sUO3dLITp ss1aAssd) o3 w1 Butssnooy Suolys puw saorasp Jurpoe sy
pue sdn-yord Jo uvoryszieso] 2y) Surpnppm swaysls JorqPaIs) yrung-ww gy jo £1057) YT,

punoidyoeq [ed132100YJ, ‘¢

"SIJIARD Z{E) T OM} O} 18 AY (G JO 239[0A WINIIIXEW %
Surpraozd A% 01 81 uolisLAp ayy jo yndino zamod wnwnrew Y], "2 § INOQE 1 I9)jTLISTRIY
3} JO WIPIMPTIRG AYJ, "PAIR[OPOW ST [eudis IeyjituswRI) FH5 T ) jo opnyyduoe o) alogm
‘I0jeMpouI Y} 0} JUIS pUT P2y 23¢ s[eudls U} ‘Uoisieaucy ZFojwue o3 [eIBP oUy WYY

Jogrys aseyd Aousnbsyy uorjonpouis
paieel qoung ® s pur Le[ap Jqeishipe 0] $249s J39yRl AYJ, "I9[Y [ejdTp atyy I passed
-oxd st yorys ‘goung L1540 10§ 214q jesgo sseqd 3iq g ue $33RISTIT 19419AU0D (T/V 45€] AT,

dn ying usaq sey doof Joljuos sseyd srpemojne Uw

‘aseyd 30us1sye1 oy} Furranys puw saypung [[e jo jesyo aseyd weaw sy JunwaBsqur Lrendp Lg
.UU.QUMQHG..—

S® Pasil ST IO}B[[ISO 13388l VY I HJ 2Yi Wwoi ﬂdﬁwmw MO ZHIN 009 [BulajpXo uy amz (g
Jo Mjprapurg ® pue zH 08 jo Louanboxy 194uad v suy 1030395p ssuid purqproiq Burmoljo)
57,J, "IOjIUOWI UO3YNG ITO} © JO SepoIjdele oY} ut sesind dieys ssonpur [RAISUl PUOIISOUBT 9§
 Yjlm SOYOUNG () 3O Ui v 39 wwaq Y, g "By ur umoys s1 gpgT Lejy suni surgoe
oy} Bunmnp Furdwmep wesq 0] wejsds yoeqpos Teurpnyiduo] o} jo wealvip [vuUCIOUNY Y

uorraap [eurpnyifuog

ARD L
jo £Bxaue uvorpslur oyy 32 perrd § Jo ory umanxewr ¢ Suiptacsd 1syo1y uorpeyep aur Lepep
a3 Buwtpasy 2N 01 0% ZHIN ¢ WOl Y T Jo domod wnmxeut  s1oarjop Joyrduwe somod oy,

“}IUT I04R[MPOW 3} U PAUIGUIoD st ured sy pue Le[ep SUy ) ‘1YY UOHRISUEAL oY,
‘uRAlIp st pydwe Jomod ayy Isyndure

Lured, arqejsnlps e Furssed zayy 2esu T jo £ovIn0dR UV YJIA D9SU Qg UIYGM padelop oq
e gndino ey, "I93py ssed-mof qlIomIsyng 19pIo Yy, v 58 dn §[Ing st 19}]y uoryrIauadas oy,
"NVd LIF 01 ® 4q speuls Jo[eue oy Jouq

poizapsuesy st wyep [eudp oyl -weydure temod a2Yj puw JONITY Y3 JO UOIIRUIGLUOD 21} IO}
a8uw1 ruotyeaado a4 s YUK SN 0T 0% ZHIN ¢ Jo 28usr Louonbory v of (Y ¢ ' () puey
-958q 2} SPYIYS YOIy I0JR[NPOW [RYBIp 943 0} pairojsuwes; 23% vyep [eyidip sy ‘Suueyy soyv
HUamﬁnMHHrm ﬁhvmvmmvou



“BuiBurr 199y jo $903le jusIsuUBI} A posnwd
$P0TRIAYIp apryr dutin DASS00XD PIOAR 0% 10PIc Ul s1ted [JUUBYD oM} 9T} UM} BUIydIR TR
-113091e pooB sAld 09 poung A[[nyeres aIe s1ayy Y ], siwadde jsing jxou 9y} 3I10faq peInbar st
Sumyyes is8y o1 ‘BwBunr mory ‘Y3dus] su (g-gF yneqe Jo 15Ing-J1 310Ys ® st jndimo pateyy oY,

ZHW 02 F 81 YIPIapueq 3973 THW %01
1B peisued sy ssed-puwq § £q pejosrss st wniyeads ayy jo jusuodwod ZH #0T 94T

U POT Bmssovord IsqjIng 10 PSIf[Y ST UOY
-1od f>usnbsy #o[ I9YjRI © YDIGM WO ZHW 0T JO sotuomirey purgpeolq Li194 Y3iam sesind
gounq yroys st dn-yord sy3 Jo ndino sy L, (ZHI #'01) ST 06 §1 [BAIIUL WL} YOUNG-03-YIUNG
a3 o1 ‘gL 99 0Oy pepuULfUL 81 uolyriado Yungqunw YYILFJ Suanp seypung jo Bqunt o],

saegijdwgead pue saajjy-SurBula young

‘s0218ap § F st jndino puw Indu [vuls uasmiaq

yoyew eseyd ‘qp (Z JO IapIo I} ur §1 seuwe[d Yjoq Uesmlaq JIomjeu Iyy jo Fuydnodsp sy,
-A[oaiioadsal pAUIqUIO oI% S[RUSIS WOYINY IIINO PUB IPUUL I} §B [[24 58 J2M0] puw

1addn qjog ‘g - V S[PUURID [CHUSISIHP [¥01}04 PUR [RJHOZIIOY oM} aplaoid oy A[ayvtzdosdde
urefe psmwins are Yaym ‘syred (eseyd pue spnjrdure) jenbe omy ojur [euBis s Puusy> Youve
Furpyrpds srpuiquuod puw siajpids 1osod pueqprolq § UMRIUOD §IIUOINNIR JOjUOW B3 910}
-ox01], ‘seueld moneqse [ioq 30] pasn si Jojmuow [3uls suc L[uo ‘010jeq PIUOHUSW Y

jromysu Fuuiquios /Buryprdg

‘EHW $0T Jo Louenbagy [8IjUs0 5,I9A10091 3T} 18 PIYDYEID ANOIED aq JSUW SPUI Y0

*PEO] 9AT}STSOX UOIJ99YaI #0] ¥ £q PIFRUMILId} SI $DIUOCIJOS[S PUS-JUOL oY) TR0 2a%M PP
-01 ® ) saqqud [euBis [PRXw0d p oY) jo souwpadun oul WMo (g Y} O3 paUny s1 souepaduul
ney], -siogeanucy du-ysid 2yj 03 A[JP2IIp PRIUNOW U SBY JIom)U salssed v aIojerat,
..mwvﬁm0>d 2q jsnut :u.ﬁ.ﬂﬂ.& U._.ﬂ.

SPISINo W (7 ST YIIGM) PUI-JUOT I9AISD9I PIRIDOSSE 531 PUE JOJIUOUW Y} USSMYSQ SEOIOIYST
eudis sjdyynm ‘ssyrdure sgnmr ued qp (9 JO 98N VU YAYM ‘SITUGIIFG 1010399D I} IO
sBwer srmeudp yIng oy} 0y an( "IPIs 5,101D5ULOD [BIXLOD I} WOZ WYy ojut  Junjoo], Usym
seowepadmt qdiy ‘caryoedes L3q3ns ‘pusgprolq £1sa moys 1031HOW Y JO S2POIYIIR F YL

Niomysu Bunjojewr souvpaduty

‘satred [8914194 PUB [R3UOZLIOY 10 PISH ST IOHGOW U0 A[uy) asodrnd siy 10f ainjrade

a8xe] ® ayb 51 YoIYM ‘WX 2§ 31 BAPOIPIAR WOING IY3 UIIMIOQ POTWEYSIP 313 ‘9T ‘W Hg St
Iojeurelp S,I0JIIOWI 9], 'SIXV [801}IeA PUR [HHUOFNOY 29U Jo gf pouonrsad ars sapoIjosfa
Toyynq § 5] ‘Treaq UoIja[e oYy Jo ses[nd [euds yrung dn Furyord 10} pasn st 100w Tolyisod
VUIEJ 2d41-prepueys v '1070999p Ssleasuely ayy jo weadurp yaolq oYy smoys g amirg

aoqmowr dn-yo1q

I0)29)ap 983ISASURI) YL, ‘P

*I3JsURI] 95100 pUR justusdedsIp Fuunodo wmu
-xvt ‘Surdurep wnurjdo oy Surploooe Uesoyo oq 0f sui wed oy ‘eswd [euUrpnIBUO] AYY VI SV

‘JusuredR[dsIp 98I0ASTRT)}
oyy ul Y9 Apansuos Fupuodsodion syy pum 1LY aYy Aq paasiyoe Ixe a[8ug WNWIDEW
a1y Aq pouysp st Mww 10308} ured an ], -A[ealvedsal uoijrsod 1oy puw dn-yord oy e suol
-suny spujrdore on.a are Mg Mg ‘“Aousnbog uoiyeysq 9Y3 jo javd [RUCIORI A3 Y Fmg azoym

4 A X9, M9
= fn — g b g [ — nd o fy —
(s1) T N0 =4 TR soo |(oid Fm9) 8D [5G e ¥ T .

:ye (g) 0y £Fo[eue ul atae o (g) wo pesodwul SUOHHIPUOD SRS IY) IAPUN
pue s jeurpnyiBuo] @1 0} Jurpiosow pado[easp 9q uwd L1009y} 9} (21) puw {11) wo peseg

‘SHIpRI GUIYIVTT 914 $990U=p ¥ JI

¢ 4
(20 O iz -2

aaLIep ues 9uo (Q1) Woig

— u3+mm
(11) 0=3% Y

£q paqrIasep 9q UL} UWD WONOUR HOII¥jaq 323 9L,

-guny o1 I3 ‘eomweape sseyd oy st () sraga

om# @

s~

(o1) omi) = Fm !

[¢] 4q
peuyep + ewrytsenb, ay; pue ‘voppuny apnidure ay3 8p f areyM .& = 3 £q z juataderdsp
95I9ASHEBIF 2Y} 10] S[qRIIBA JAPAUG-JUBRINGY Y} SIINPOIJUL U0 PU ST} OF, ‘I0JB[[IPSC JUOW
-IeYy ® JO SUIID} TI PRYIISSP 5( TBD Wajsds N2RQPIYY Y} INOYIM SUOTIR[[80 UOXIRIA( Y],

SUOL}0RAIP 95I2ASUNL],

(eoweysar a0 tonoslur Fupmp) suorierasp aseyd FULIMIO0 LUNWUNLRUI 21} 10 w2ys4s a3 jo  Burd
-dypd,, spros auo jRYy Aum © YONS Ul PIYIJTTT 9q 0} §BY WIEd sjqesn WRWIXTWE 23} ‘I3ASM0H

"1010930p aseyd oY} JO AJIAT}ISTDS S} PUE SI}ARD YovqpeS 9q)
4q popraoad 98vyjon wmwpcRm oy Aq peutmIagep 8t . = § ured ayqissod wnwRem A,

'g uoryoes ut peurepdxe no:s.?oﬁ aseyd [enpiser ¥

st “uyy jusweseidstp aseyd 1ad s8vjjor f3tamo oty Aq peuyep JoyIEy ura® ayy st .MIM = F azog



ZHIN $'01 osTe st Lowanbayg yooo a7 ], "uoljoss
Foeqpos] FULao[[o] 4} 0} 1040 uIAY3 Furpuey lof IsYjo Y} ‘uolsIdAUOD Y /(] 10} PUR HOD
8,1040939p ST} IO} U0 ‘519981323 41Q-g OM} 0TI PIYPO[D> IR TOURG B3 JO $33Aq WP oy

Jajdnoo [eudiq
‘urm goQ'Q Jo ozts dogs u of [enbs st sty
AWOISF =
0f X Bep/AWQL X BopLIF = 20¥p
. st apnjpdure UOIRI[IIS0
uIesq W T ¥ I0f aswodsax peudis ayy ‘reanrp-O(IV 29Ut Jo (qp 0g &) 0¢ = o ursd sy puw
auBep/AmDIF = SY/ 0NV

Lyratyisuss s,1030939p Y3 Jurye],

222180p L 1F = (ww [F = 2y ey)dy

81 prrqLy eanyerpunb oy Jo Ljrargisuss woard oqy, -jmawmeow(derp oJ9z 0} payelAl
9 ¢ S Iojuom oY} UI juowese[dElp wreRq WX T T I0f g - ¥ ovuesyip opnjidure oy,

apnydue TOR[{IOSO WILRq WIRWIXSUI syioads ® 03
£31A1315U08 §,7092940p Y3 428 0} ‘ured sIAWP DIV Y} YA TONBTIQUIOD Ul ‘SMO[JR 31 jO jUOH
ut yusunysnlpe 8ues, aqJ, 's8ujjos ndur 4 ¢ 0-F o 198 st DOV 23 Jo o8uns o[uds finy oYy,

o[> younq exN $'0T Y3 Aq po1adBiry st 3] ‘syead s[eufis sy) wo swiry UOISIGATOD
oY) 998 0} Iopyo ur Levep 1988113 JJqRIIRA B SIPNIUI YIA INPOW DIV USRY 1q-§ 159) ®
£q peysrdwoose s; sesnd morjeposo young pagrdme pue pejdsiep 213 JO UOISIAANOd (/Y

oAV 1seq

‘peonpal 9q pIno? swejqold JUSISURI] Y], ‘SUOLRIX
IpIapUeq 04 onp WAy puryeq uontsod oy o} peredwod o[qeINOAL) 5q 0} paaoid sIajrmy
a3 Jo juox ut uctysod IeY], ‘PaIsn aIv SPHOAY sanyeipenb pueqpuolq oy jo syjyed ,0f
pUe ( 2Yq} ‘(] pwe O spuueyd ur sjeuBis oY) ULLMIeq UOHR[SI 06 paImbal Iy} proge o],

“wnwxew 3¢ Ipnjdure Toljeloso wesq WW T F 0} 395 seam oBmes oy
vHILAJ e 8una 9893 Juun(g -jueunenlpe 8uel, ayy £q wasoyo st HIV Y4 03 NdIN0 A 90 F
areos-[[ny poisep oYy ured soyrndure usatd v a0 SqelLIvA qp O PUT PaXY qp 0F ST ured oy,
-zoq(y ssed-so] THIN 0¢ ® £¢ po[dnoo sa8uys omy sey reyyduwre Isaup-HIV Sumoro; LYy,

9

“A[aatyoadsal g5 0g pue 3 00g jo seowepaduny gy (ssud-qaiy) 2RI 003
pue ?mdn—-koa THN 0% jo sstouanbagy Foyno yym pajsesur sr sexasydip ® sng], "paqiosqe aq 0y
symanodmos g1 xoqduy o1y 10} svmepedurt mop £q pue ‘Aowonboly ojqusn oy 10] pRO| FANSIENT
Y31y v £q pejeurmis; st Jojp[npomsp 2geyd a7y} mags pue ajeurdordde s1 zamod Butawup amy
uSYA PRARIYE 2q A[UO UvD SIYJ, 993Bop/ AW OTF ST YIIgA ‘£)TAINISUIS 383Q JOF JOJB[NPOISP
sseyd odfy aporp sawssed oqy o3 (wmqp 4 +) Iemod-pz peambas oy Jeanep sIvanp (Qd 4L

IRAWIP DAV PUR J0IR[NPOWRP 8wy

Ayuesyrudis pasoiduin aq pihod oyl 28100
-03-Teudts 3 Ioye[npotzsp aseyd o173 Lq pesseroad UG st 31 2I0J9q PO MO 3Q 0F I8ING
TOUNY PRI 21} JO SJUISTRIFJI SMO[[® §I 98TRII] [NJ3sn £I9A 3q 0} pR4aocid INyeay ST, "T|o&
$¢ PolIeA og UG TWOIRIND 531 ‘MOPULM §U g4 o7} WIgia pafefap aq wed 2388 oy, "ymo jmo g
03 28[nd-J1 gounq peymr a3 Jo uonlod [rwrs ¥ 3utsone ‘j10d- I 531 S[0IUCD JRALIp 938 Ay,
‘SJUAISTRIY $SIPOW SmoYs odAy [o3IMs SIY ], "IeXMI pasueeq o[qnop pased v s1 A[fenioe goiga
potaosur st o3ed gse] v ‘zojunpowep oseyd oy Jo IoyNdure ISALP puR UL 29U} WISMIDH

sojun

‘meqy BuruBie pus A[[enprarpur sIsyimi] spolp sassed a1y
Fuserq 4q paurejurer aq pinod sy[nssl poon 3t Furpasvons stayndurs a3 syvanges L[qissod
pue ‘rojenpowap sseyd Suimorroy 913 Jo s8eyjoa Jo1me judino (] € W §[nIeI p[nom sioizs Fur
vy 0 AN HeHRIASP aseyd Auy ‘sfuel Bunynu qp 09 5Y) IPAC SN PAYDIVUI IV SOPRIFED
Iy ‘g — ¥ sPuuRD oYy usomjaq Fupyoesy aseqd poof Butasujor 1o -wmqp g jo pPAI ynd
-1N0 JURSTOD ¥ 0} S3SING-H peye[apom-apnifduwe (s oy no (s[eudis [ems 105 ured qp )
s5peIsEd Iajrum-Jayrdure pweqPROIq OM) ‘JUSLIND WIRRY U0 svuapuadep 3l yBuUMMI of,

sxagidure-aa yruyy

‘1040939p 2aryisuvs-aseqd v £( pajv[npowsp 2q o3 syndino
a4 yu uorjrIocur asuvyd B 03 PRIeATod st woryemIoput apnyduwe yndu oy i — v syndut oy
77 sowaragp opnyndure ([rews) oyy o3 [euonsodosd st woyy usamiaq s[fuw aseyd oy, (g pue
O °IB UIIGM JO 2303094 33wyjoa ndino oy} ‘puqiy sangeipenb v Jo g - v sindur o3 09 pay
are ‘sapnjydme uoryR[I2so pue jualind uc Aeuoiirodord Fuipuadep ‘speulis Fururewax oy,

. ‘[PuTeyd [PE jo
szotEnuse Ay Fmyges Aq g — ¥ S[PUURYD UISMIIQ IIWRISYIP 94 Jo wotydod (T 914 sessaId
-dns yorga ‘(uonesusdwo) 1910 PosolD) DO 243 Aq PS[[0IJUCD BIT SUOHEIASP J1qI0 O],

‘SHOTIRIASP 10 umeaq pus sapnydwre uorye([aso ‘sjusins wesq uo juapuadsp [[Iys s1e sapng
-rjdure IYJ, ‘S18INq YIUNQ [ENUIIYIP oY} A1IRd g — Y S[OUURYD {[¥313204 I0) [¢jUOZLIOY 3],

uoisIsAuod aseyd /epnydury

a8uel snmeuip qp (g 30 [0} © s2ambaa s1y ], "SUOIYRICISIP $1q10 O} anp qp O] F jo 28wt orursu
-£p Teuonippe ue sujd (SUOXINE 0T X & 0} 401 X ¢) Younq Iad yw [ o yrf o] weameq
JUSIIND Uresq LUP R [2A]-J1 LIVSEO0IT Y] 243120 0} Mo[[0] stayrduresid sstou-Mo] 189Ul INC



6

(e2) T&..ﬁm =5
8
"53ueIYa00 Fursiueaucu #91yy L[uo Aq pasI[Eal oq OS[R WD ISYYS SIYT,
(zz) “epgrg_?{ A WS (*BHuZ x g)ums .nm + dsoo} = (') £
2y am (g1) Jo peatsu] uoisseadwod Lvusnbaz v Ljdde uws am

‘frewe £Burpuodsazos sy wonyelrea () Jo oFuRd A} OUIG “[[EWS 0O} ST 'R esnBoaq patpddr aq
jouued (g1} ‘ores rempnyiSuc] ogs ul (1) sureiqo suo o8wes fousnbag siyy oy Juissed puw

X
(12) ' &EmMI Hahh&mouuﬁ&ﬁgﬁmm =1
Fupiey,
Kparpadsar ejep yndyno pue ndut oae § pue § aisym
. ’ - Q“ﬁ
“{02) &I:Hu_.rﬁw = "f
T

0} Jurpiovow I2yY-YIJd © Aq pezsess aq uwd (G]) MON
A[rIeIpgae
u9soY> 9 uwd dhuts ‘chs0d J1 roqpiye ereqd w s syIom S} PO S Py S 0 eBumr sy uy

{81) .om..kaloﬁ& uis &ougz uis mm + dhsoo} = (Be) r\m

[uonyduny I9I5URI) SUIMOTO] 2
£q peyueseader aq wes 1eyiys sseyd resrgousd & ‘oed S5I0ASWRI] S} U] "jIUR JOJR[APONL ST UL
aoupd sexey (o2su gg) q3Bue 1aynq oyy uigtim Le[sp 513 Jo suny suy v (gJq) egrys oseyd «
pue (QEQ) £e[op 19%onq Lrexiqre ue spraoxd of sey (IAIC) Hun 1997y TeaiBip a1 sl0fesey,

) BIWRISIP-T - 1d °1} JO sArp0adsaan sjyusuodwion ovqpea) 3] Jo
gosmodssl Louanboxy waard 4w sopowm 213 fre 10} jooys Smdwrep [ewiydo oY) svsueiEnd smatos
pajuesaxd oy, “oswo sereaswul) a3 wt A>usnbaxy nolyeyeq [RUOORY 3Ty pus [eurpnitBuol ays
wt Lousnbaly woajorgouds of) sajousp {5¢ ‘Bwrdurep wintmce 10§ 10%0¥f esuyd [[Riss0 JRUY
a3 oA18 03 poysnlpe oq uwd o moN 4 ‘u s3eFaqur e 0] 17 Jo ofdiynwa ' ST [u . Omu 20UIS

(s1) imzvi® (ot xa-gop-oa? () D | = (m) D
. smof[o] (F1) WOJ usYy ‘suoypucs> 20ULPLOUINs 53 0} Jmiprodoe

(1) ar-ap) - p =% |
195 oM J]
(o1) "y = Op g .

SINPOIIUL 244 9Bues Lrusnbag euorjeIedo 9Y) IBAC TWONBIAID [RUGIUIN B
sawodaq [(M)TY| 1973 qons uesoyp 2q weo O puw 47 ‘Iasamoy ‘enbrun jou ‘esinod Jo sy snyy,

(s1) (M2 + mdg - 0 = (m)g

£% USPMIM 2q SLuMle Ued (M)S ssuodsas ssuyd ayJ, "A[eanpoadsax

8

aseqd pue Lefap ={quisni{pe 27} ajousp & ‘"L puw Jy PUR 1] Uesm)aq UONE][IIE0 8y jO
soueApe ssuyd o1} SaqIIasep ¥ ‘syueuodmios Roeqpasy v Jo ssunodses sseqd oy 81 (M)E s

Aﬁﬁv qhan.lw * m..-n!&..luﬁaum.mu ‘ :Aa.ﬂl.u.;_lu:nsv m ~ = ﬁau m

9% UBYIM B UBD [ PUB g ULsmisq wILysLs }Duqpas] 2] JO UOCTOUN] I9SUBI} 9} ‘Og
81 SUOTJOUUOT U [[ 0} anp sty Lv[ep ﬁ.daoa 9113 JI "TM 9} 14 WIOI SAOUI 0} ¥P39U Yaung
2y} sury oY} svjousp d1 9IS SAYOUNQ 9T} JO U0 IOf SUONIPUCY AB[PP 2y§ smoys p aandig
"Kregssoou st fw]ep o|qeisnipe 1adord v (s1oyoty ‘dsed se1llA®RD YORQPad]) seorAep Funyospep
*dsax — FunyrIae02” 9Y) B [RALLIR Uoung pue [RUBS JO DUIPLIUIOD 97} 2A4IYIR 0) IIPI0 U]

1291y [eNIp oYL ‘g

‘1asn a1y £q jndino 5,9V (d
9Yj 1% PoJEN[BAS 2 UES SUOIJR[I9S0 TOI)RIaq 5,goung yowe :sesodand onsoudep xoy 20 (DOD)
uonprsuaduod 107 SU0 JJULS DS 1I9[98 0} pUe SIYIUNY ()Y, 93 JO YouI J0F SIUIIFYI PAISqUINt
® 395 0} UG smo[e g ‘1935113 Young-oj-young ofqess pwe aswead Lqdiy v sepracad oY

’ *1095399p Y} FUIMOJIO] HOTHIIE HOBYPID]
aq3 pur DV ‘00D ‘s1estdes ‘nQy ‘soyed g gons sejnpowT SAYISUSS-IUIT} IY) ©F PanqLY
-s1p % (s71.99°) = [vAlajul) L FP0[? UONN[0AdI Young oy pue ‘(su gg = [waseiur) IOd
¥yooe young SYJ, j1un 1583119 [e1qusd oy spes] Yorys TIJ wateds 108811y young-ynur ssu
s, VHILAJ jo 832881y omy £q pesodBury s (wejsds yoeqpas) oy puw) mojsds 1030939p oyJ,

Sugua,

'SunI $sa1 97y Furrnp SuY yrom 0} paaoid s3IMIIW HOD IO S[PUTRYD 0] YOUI UISMID( SIIUD
-xoytp sseyd pue ured jyBHs o[qeIIAUL 10} pUE UID [RIVAIS JO SUOIBIASD WIeIq JOJ jJULDYSNS
ST YOIY# ‘qp GT JO $520X3 Ul 81 o8uwes woriesuadwoo 9y ‘(pedredwr aq jou pINOYs YOIYM [0
“uanboly uolfeiaq 91} 0 paredurod MO[S) SUI HOZ 218 SHNII HOD UI0q JO SJURISTOD ULy SYT,

'0152 03 afej[oA I0IIe 573 ajesusduod Yam s ‘sIojenualye oY) O} PIIDERIE NI Jojeld
-y Sopewre Mofs 03 papdnod s1 jusuodurod-p) ] SY ], ‘sFejor 1onte (] pasodmizadns ¢ qirm
£1qissod (eufts younq suoc 5319410 LU0 31 $er) os ([rAIsjul s7f gg°s ) 198311y woynOARI-YIUNY
a[quiosras ® Lq peisdBug st 31 ndyno sy Yy Aq ueanp st O Sorewe puosss sy,

"SOUIRIIXD PIISRP

I501} UHDM)q [2AD]-PITE je Ivadde Ta sTeuBis young [Iv yeY; Yons Iojenuaiiw sjetadordde sy
§99s pUw Weaq SN} Jo suing Lurwr 1040 sedrisav ‘sayoung () TR JO TeUSIS J9SHO WINWIIUIT PR
WNIXEW 37} §1913P OO0 [BISIP oY, "PR[[TISUl SHRIIN-J () 1ULpusdspul oMy oI8 215 ],
‘BUO IFFUTIS 2T} JO [2AI] I}

0} pajunusyje st opnydwe 1981e| Y], ‘PUULRYD ORI W SI0JUNUIR JYEIIUA IIUOIJIFE Om}
S[OIFUOD JuUn D)) Y], “10} peresusduzod aq o sey advjjoa Jo11e 81y} ‘worpised Juz s Jojruowx
Y3 3% SUOHIOISIP JIq30 Jo 2590 W ‘adoporayy, ‘oBejjoa-(] posoduradns 7 Lg 23ums jndm
50V 23 2AlIpI2A0 PINOM WBA] Y3 JO 1950 $1qI0-pasof2 Jofzw Lue ‘spwudls dn-yord (feo
-1339A 10 [RJUOCZLION} OM} UMD SPOUIIaPIp spnyidure 0} 2AIJISUIS ST J0J0R9P FIY} WdULg

(D0QD) uonusuadutos jrqao paso[))



1

apo13d3[3 9} 03 AJ30IIp PAIUTO JIomiau woyesuadulod purq-moireu ojduls © 21053134,
*MO] A[PTRIPXs 24 07 SART I[qEI 27} JO SPUS J0Q IV $I040] UOMIIYSI Y} 'sTRUBS [2AS[-mO
107 ured yiy € seq syndwe 103mm 3T 1YY 30€) 2y 0f AN “AB]op S1qRe> Y} 901my LB[op ¥
s saspad oyde JpeIowed Loy 3snedaq ‘SUOIIOSYSI Y4 PIIIUTOD S ndur 1aae091 a3 03 die
yyed reudie o3 ut wopqoid Urew 2qJ, “wOLEs1 104U SYYY T SYNSIT AHATYIsTAS uorytsod eioge|
o] 4194 ¥ pragiy e wr sreudts o oq; Bunuwms £g -dn-yord yewrpnyiBuo] oYy s8 pIsn sy
‘sapoIgos]e TOYMY INo} Jo Funsisuce ‘siojmow uontsod wreaq YL Teniduo sy jo sug

a[ques puw Jauiqurod ¢ Suiyoyewr don-yorg
-g “B1,] Ul UMOYS 51 I070942p [RUpniIFuo] 21} Jo WrRISRIp Yoojq YL,

1019290p peuipnyuduwol YT, "6

- *44 9 weyy ssa 1 £OUYS HoeqPeIF 93 JO UOLOTIPAT Y Je}
gaoquerend srqy, Aeanoadsss g1 F PUT qp ¢'0 F 03 Paonpas slom ssuodssr ssvyd reoury pue
asmodsas spTyIdure JRISUCD WOL TOHTIAOD dAYDIYe 37} ‘g UOT}I9s Ul PAUI[§ho 3IMpadold woy
~ezmrnydo 213 04 onp pue sjuonodmod Hofeur oy jo sesuodsar sseyd pus apnyrdure aiy 03 sngg

‘MY T Jo teaod jndur uw Yym a3 ) ye prad § Jo
FoU wWwupcenx B eonpord SUOIEISA [RUY M) PUE 235G (¢ SI sIaYILY o7y jo aumy Bumiy Iy,

' .02 F sea astuodsal aserd TRAN] WOL UOTHEIAAP I3 'qp §'[ UWel} 559] SLa PIYITSI UITY asuods
-3 opmyTdioe jueysTod oY) WO UOHRIASP Y], ‘ZHN § PUNOIT JINII[D JURTOSIL B Bunyuesardaz
woywmqtod dr1ys-391119 9y £q peye2ausd sea YIIYM PlRY U3 JO (SPOT,, JUBTOSII ¥ Burssead
-dng £q A{urew: paAdIYO® suM SIT], "SISNOLY 914 Jo ssuodsas fousnbaxy ayy szrzeanl] 0y L1vssa00u
ses jIoyd jEeIn mo] LIea sUolosysI of} dosy 03 I9pI0 UL {j O O} paydjEL Aqnyares sem
s1expty 23 yo souepadu sndur YT, *pPray s1yudem o1} Jo UoljRInIYuUod I} PUE UOIIDNISUCD
ROUIBYPAWE 9T} I JONDLY [EM3I9A PUB [RIUOZIIOY 33 Usmidq 20UIIYIP 3rs B 5T 2197,

*(qg *Srq) 03Ty 2Y3 UIYHM Posn sem Iaquueto dings v
‘IUBIIMD POONPUI-THES 3T} jsurede [RLIAER LA19] a1y $o2301d 03 19PI0 U] '¥g F1,] ur usoys
51 2oYO0] [BIUOSHIOY 2y JO [[20 o[Furs ¢ Jo onywmieyds ST, W g0 JO YIBuIf ® yum (8 'B1)
sour] Aupep peyeuTMIIe} [[99-g popro] Ioywedsd 2311ie) 53 dn j[Ing aIe SINOD] UOTIYRP YT,

SINDTY WOLIIIPIP U, '8

“Apparyoadser Ieyd1y [851354 PUR [B4UOZIIOY dY$ BUIPSs) SPUIN [RICROD 31} 03 PIYDLE ST {5 (G
30 sowepadurt yndyno syT, ‘2HN $& PUT ZHY 007 Ussmidq afues Lousnbag oty uryits jndqno
mod wnmem ¥ Juaey govs addy ¥ ssep jo s swvyyduwre samod ssIoAsURIy omy YT

szayidure zomod ayJ, "2

uatuaanseawn £q paysijqe)ss uwsaq suy (gZ) INOARYS( YT,
“ % O oq 0} Jmo STIRg 28D SIY} UL 1030%) uomssaxddns o], 'se{duwes ussmiaq uonejodiaqur
resu] w Aq snfes pwodes o1 SuLfipowr £q paute}qo 5q ULD IIPI0 3T JO IOIRNPOU | U0 ISIY
a1y se SRS oY) ST 9n[RA V(] (PIHRAUL) PUODIS Y3 1BYY IO SH 0 snp 1w (gzg) sety1adord

1]}

oug, “fem rewanydo uw m 2N ¢ sopaq symsuoduiod Lousnbagy Fursn ospe uorpeuIqUIod Jeyrdure
-1ox21y 21} yo ssuwodser Lousnbax oyy seyojew Inotavysq sqy, ..h.lﬂ uls 1039w} 9y} 0F Surprodow
uotssaxddns apnyrydmue ue s pueqaseq 2y} SUIRIO> OB[R [wuSis JojR[NpO 24} II0PISYT,

biors g

91| SPARY3( IOJR[NPOTI T[4
Jo ndino 3y *0m saoqe syustoduros Louanbayy oy Buipyno (m} Y royy ssed-mop syy Surliddy

om T m 30p Tk ws(0m — m) X

Om < o 10} ' —

(82)

ki
(£2) .aw s (0my - 0} X K gm-212 = (") S .
. PUL 24
(92) sm?(M) 2 %\% =(Ix
Fuispy
@ & - -0-zae- (€ -+l - oo} Hex K = (s

s® wayjIm aq wes (La)y se[dures jusuradnidsp sy jo
sturag m ndino Iojenpom sy usyy ‘sreudis Ny Yy Ioy sesnd-¢ asm am Lyonduns Jog

Ayatiq poysijsuouop aq a4 sBuer Lousnbog oyy m sorpradoad

89] ' ,I9pI0 0IOZ JO I0JR[MPOT [23Ip,, B 213y PoqIIdsap IOJE[NPOT TRYISIP oY) [[¥° 07 aXI] oM
‘uo1jR$AS Young o[3uis sapiaoid oste aifo] 8188 y -1exrm

psoue[eq S[quop v YSnoryy paurejqo s UOLR[NpOW 31} ‘aseo siyj uf 'pappe st yjud Sojeus oe
uolRIIXas UIeaq £q sorpsouderp o4 Cyun 9y 4q paplaoxd st ured, 9) puv 935U g§ WM
AmJop ouy 9Y4 ‘moryIppr U] 193y sswd-MmO[ 9} SUrRIUOD OS[B JIUN YT, "DV Y} Y3a ..v..—_,.vwca,
14 ¥ Jo 41y 213 qya pamroprad st worszoaur pue Lousnbayy undwmes jo Suquop 7, jun
Ioye[npow [eu3p 31y Jo rerderp oo1q oYy smous ) 2Indrg ZHIN ¥OT PUR SHIN 2'C UM}
-aq afues 21} ojur payiys st pueqaseq 33 LjBurpioody ‘jusnoduror-op ayy jo pesssut feudis
ZHN $01 & SUIRqo 9U0 'Iay YjlomIayng ssed-mol I1apio 3y, v Jussed 1ayw pue Hy(q M)
jo mdino a3 3y "pios [e3SIp YovD Iaygw L[S)RIpIwIWI pios pajaeaul Uw saonpoad royenpowx
a1y (g 81} €f swyy Furpdures 57§ Unim piom [eySTp S[Buts v LJuo Jursn jo pesjsu] “wSpl
sdpund ayy smoys g sanBrg -pefjddw wsaq swy Iopempom ey v ‘THIY ¥'01 ©F ZHIW 2'$
Jo oBues Louanboyy ayjy of sjusowldsip 25I2AsTURIY U3 JO spuRQIsEq oY} YIYs 0} ISpIo UJ

Iojenpowt [edip o1, ‘9

: ‘LId

ureysds Bunury, payerdau] VY I 993 Wox sHW 0T Y1 paxool? st 1 “yndino o3 48 319 01
pue jndur ayy 3e 31q § 91 I U JO Y3FuUS] p1om YT, ss2Ippy WOHJH U 0} PapIsAUod St
pur paroq §J( Y4 oy yndur st oBue aseyd oy ], ‘sINOUJIH 2913 UL P2I0js 31w £2]qe) 3y} pue
$2518ap ¢ Jo 54918 UI PIIB[NQR) STB SHUSIIYL0D OISZ-UCU Y], SWYYH poyod-[enp pefjoluos
-Iajunod Jo dn SpRWr 8I% SIYSISRI YIS Ay, "I19pPe 913 £q pamoljo} sIofdiy[nuT 212I08Ip 331G}
Ay peuxzoprad sie suonyeorydiynu ay, T, "£e[3p je}oNq SY} 395 O} §3AII5 103s1BaI YIS 45T YT,
"wrs1derp ¥00[q I Y3 ssoys g Sy

(v2) &Ewwl === tpdse =L o=tL 0= __.H_n__nmw._ma =0



g1

“Hd 22419 SH7 2040 8T T weYy 8891 JO YLIp ™oy Buop {poyenreas Afajeiduiod 194 jou) ¢ pue uwnds
8U §'( Weyj £53] Jo 12331l ¥ 2anjue} sxyIomien Furny esoy ], "wraysks {LIH) Burur], pejeideju]
VHHH °13 q31a prered ut padopasp usaq sy Yorya ‘weisds (114) Sumorg, vuudnwﬁﬂ VUL
“Ad 293 950 9p P Yo [BY VHILEJ Ul UOIIRIO] IPAIS02T 91) J® sdYoung 2y} o9 joadses
}IA SPUCIISOTVU IWIOS URYY §93] 2 950w s[rudis 2897 JO JUIP PUR I9YYI[ 'UOIEIZAUOD SoTeus
Tendip aq3 BmredBn1y puw 1oy repSip 314 Funppo ‘ssevord uoisivauoD =ndp Joreue oy3 Fur
208811y 107 speudis Surmy payRaI-yIuUNg [RUILIXD sposu wrejsds yowqpaesy empnyrduol ayJ,

Jupury,
.haf&ﬁm.ﬁum JURISUOD B SBY JOJI333p

asaqd 543 _2,07 X 1 jo 98reys young ® o3 umo(] ‘sreyndure I9jnuI] oY) ssyeanyes Aejerdutod
[049] [eUBIs SIY], °[A9] PRINSTOUI 53 Uil JUeoarde pood ur st onjua pajorperd gsep syf,

A P20 a8wqroa ndyno oy Swiluux
. ZHIN 82 {13991y BurBuir) yyprapueq 19419081 3411092
ZH/ AT TT (peiopisuod s50] 5182 ‘sapoIidale Inoy)
Agisuap [erpoads oFejjos yndur Jearsos

ZH/ AL L KLyisuap R130ads 9Fwijon 2poroafe
wyo A0 souepadun Burdnod spoijdsls
ZH/VU 01 £ysusp eijoads Jusiand young
YV 29°0 JUILINDG WU YIUNQ
v eg juosine yead young
3,01 %X ¢ (qdung 10d) 98xeyo ysung
sd (g (wonyymiaap prepue)ys) yidust young

VadLEd =
Bumy yusiins weaq wnworew ® 103 A[dde srajomwered Sutmolor SY], ‘THIN 00G 94 0} PP

-op ses A>usnbaly 19A193I 33 ‘AIQRIIRAR ST 90URISJRI sseyd ,[RINJRT, © 9STEI0Q PUR SUOSEAI
289} 304 "dn-3qe1d saryroeder ayy Jo 213511930 IRYD sswd-Mmo] oY) Aq peuniIessp st wnipoeds ayy
(zH 00¢ = 2f) pue zemo[ 2y} 1y '=d pg IMOQR JO UOIIBIASD PIepuUe)s ¥ sawy safpung padeys
-URISENRY) Y} 9sNVI9q ZHD) ¢ W} SI0W 0} SPUIIX? s[eudis 109MUoWr ) Jo winipads ayy,

wiyoads pue s[eas| [eudig

‘{2491 9Fes ¥ 09 [eudts yndul Jojenpowt 14 syruI ospe Iyl dure oapla Ay, paplacad

usaq sey Iegrdure ospra oy o3 yndur Joeuw ssyjoue ‘sasodind jysey pus SuinossTUTIOY Iog
"juaurisnlpe med doop smoje I01ENGRYR

uy ousnbaxy Jurydims 513 Jo sauowIRy 19ydry sassarddng (zHW L = o) soyy ssed-mo| V.
‘o> Youmq PN F 0T 943 Y¥a pa1eB31y Oy (Q 09pla 35E] ' ST Isja0auod Boreue [eyBIp Sy,
‘yoes su p'( Jo sdags 9qg o1 dn m

my wr 2[qeisnlpe oxe s234q wivp o¥3 ‘98vj[oa AJTATD WNITXLTH LA SIYDUNY U }0% 0} P10
u] ‘su gg Jo sdays ur sajhq wywp pajyeeI-Tounq 23 sie[ep (g uorves 99s) gy S ey

sagydue pue 19y ssed-mo[ ‘OVd

¢l

-A[renprAIpur Foung 4oes 10} j3sgo aseyd 313 sppoued Yorym ‘uonyeredeid ui st HJY puvqprOIq
® 910Ja197 T, "Ured Yorqpasy Iy a[qrisep T jusasid pue $jULIING W] 159USNY 273 107 ueds
asmyd 29182p g 7 0y dn ppe sjoaye ssey ], “ToyNdWE I2JIUKY 3} JO UOISISATIO NI /WY 9} PUT
sSumy I0teiseooe ojerdmosnur Lressoosu yjia spooya Juipeoy L31aed 0 onp seowszayip sseyd
YRUNIFIUL 2.5% [BITILID IO "Si1ys aseyd jusnodiios S[QRPIOARTIA WO PUR §3UAING YUng 10
IojsTRl) UTeUr 91 Jo osuyd Jo remod SwiSuryd wog ayeuidio seyauNq [[¢ 04 WOUIICI SHOTY
-BLYEA 958T[J 'JUBISUOD SUULY § G0 MO[$ ¥ §21 GOO] [0I3U02 ST, "32319aU02 Soeme [e4tFIp @ wia
yyed sousIspaI 51 ur rejyrys averd oyy Buiosys £q oraz o3 [radayul sty Juysnipe pue ssypung
e o suoryerasp aseyd rerodiq ayj dn Surumuns ojeidejur reydip v s 1of[orjuod sseyd sy,

1oau02 aseyd spywmioiny

sd 1170 30 se91Bep gprgjo szts dogs v

‘21 ‘590180p g7 F 3o ofuer v ur $yfnso1 ured ussord oY, 'odwijoa wnmmreut jndino 1095939p
aseyd oy Bulmp (BN $01) ¥o0[° YoUNQ oY} WO paedBLI} 191104102 SEY }1q-8 Ue ST Sy,
-39312au02 [edip Boreuw syg 0y pay pur (2N 0€ = 2f) pareyy ssed-mof ‘pegirdure st yndino
AT @3 78 [eude o], "Iexmm paouwreq ayqnop (Wqp LT) {349] yIg v st 1o3eazep ssuyd oyJ,

OV puB 1030219p ased

rsuoryeizdo [rurzou Jurnp [orguos sseyd sneurone
10} pue juswdolsasp Fupmp sjusunsnlpe [enuet 0} pssn st pus Mo[s st §ied odUaIafeI 9}
ut Iaqqys aseyd ayf ‘juesrodoar st £ouenbay PURQIPIS UOIJOIYIUAS 1B [243] ISTOU 38R M0]
® 28N ‘$a191ARD urem oY} 1o} Isyrduwre 1emod woxysApy [edy o1y} IesU UL} Fem [ ‘posn
usaq sBY I09R[|S0 sy VYLEJ °U) WO [euBis pmo) TN 009 ® ‘ousisjer sseyd sy

ied adusaajeyy

‘sopnyridure aoyBiy sy oyndure pucdros Butmol[o] su3 ‘eFurl UL B UL
apuydure young woy juspusdepur sjusternseam aseyd 398 03 wpio uy -Lypenjound young
213 syuassidar soueIs)a1 sHIN 00S Y3 03 1oodsas yita Poiya jo sseyd sy ‘ysing zH 008 ®
o} ses[nd YoUNG MOIIBU 913 SWIOISURIG o[y FwFur sarnossucsy oy, wqp O weyy ey
sapnjdeoe eudts sjruny 91 gnq ‘s[rudis [[ews 0] qp g1 Jo ured ¥ svy Ioyijdure Jo4Iuul] 4SIy I T,

"£ouanbagy Butateo
-21 9y aa0qe Lousnbag uonyriades young aq3 jo sormowrrey zaydly pajuvsun o3 sessazddns
yorgs (EHI 099 = 2f) 199y ssvd-Mo[ IR[NQN} B SI UIRGD I3AIA031 2Y3} JO JUITHSTS J5IY STJ,

UIBYD JIAIIFY
"[Puun} oYy spisyno woor juswmdmba

o3} o9 speule Aoqzn o7y maﬁoom o]qed TBrXEOD odqohmm yout g/y, Juo] m gF ® sI 9[qed IYF,
‘padopdius uasq suy $10493UN03,




o1

*UCLIE[NPOTT PURGIPLE J[QNOP B §8 U] 37} 0} Palisfeuen ! TeuBis RORQP9Y oY} 2HN Z a0[g
‘ureaq 914 07 joadsal Yira sseqd
1onLIRD ZH-1 943 JO juennisulps oy Y popwis weysds [eurpnyiiuo] ayy jo jusunsnlipe oy g,

waysds peupn)iuory
‘91T () [[8 0} yradsar
QjlM BUOHRI[I080 UCIFRIS] JO HONLYIIYS INTUWINE 10 SISYILY uoryoalur a3 Jo juaunisnlpy ‘g
Smdmep spow [reIsA0 189q 10} sjusurzsnlpe £Rap pus aserjd jo oany aulg ‘g
(SOPOUI TETRION,, TESI1IdA PUE [BJUOZHIOY (€ JO UCHBIXH L

sasu ga jo Buneds B qiis
(sepunq (F jo ded v Yila sUOLBIO 08) segoung () Jo Bul[[y younq-Hmur € Jo uorjoalur g

§UI [ pUR ¥ (g Teos}aq $jULIIMD Yaunq 2(3uls 1of Jusmgsnlpe ay; jo Junprayy) 'g
wnmm_a.dﬁ wnmncen 1o} Lepsp ouy pue aseyd jo jmeunsnlpy ‘P
SUOTYe[|I9S0 [ed13IoA PUR [}UOZIICY JO TONBINXY ‘¢
fupap yodoid ayy Junyges £q juemysnipe 13onq pue Burwiry 1941340070 g
qaunq a(duis ® Jo uonvs(uy "1
SI)sAs 2SIIASIRL],

watps Fuimofop Y3 03 Surpios
-o% peutlopied saem swixsds reqpad) [eurpnyBuo] puw ssIaAsUERT} 2y Jo jusunsnlpe YT

aduemtaojiad ‘Il

‘s337dnoo [puonanp £q (sepmsaes) seul]
Futpeay Ly1avo 2y Jo gno pardnod st reuBts sapares aqy ‘doof 213 UO ssauRNPUl 3uTpeo] WEA]
sgaxddns 0} I9PI0 U] "UOHBINPOTT 373 FPUSNYUL JOU §30P doof 314 jeyj os sasw (0T St I[[OI}
-U02 Y} JO JURIBTOD W} YT, "IPIYS sseyd Aq aserd aat1red a1y soBueyo [YoIYM IS[OIJU0I-]
® 0y pop pue xoyy ssed-mo] ZHY T © Aq Paieyy st [eudts aseqd oyJ, -yoxTwr pasueleq Iq
-nop ® ¥ 0TI ZHIN 002 PAqUOP ¥ 3O sseyd oy yilm peredwoo st aseyd Iaired Ay

‘(g1 '81) y3Fus] opmBases JutBueyd £q pus
woysipy o3 U1 pevnpoid syyizp sseyd FULMOD0 9y} [SIUED OF PI[RISUL 8 doo[ [o13uo2 aseyd ¥

[0a71I0D 3seyd

-ZH ¢ Jo ofwe: o1} 190 ssuodsal aswyd oYy 10} QT pue spnyrdure ayy 10}

qp°T T moqe s1 wajeds [rutpnyrduoy [ej04 a1y} Jo ssuodsar Louenbol] 1MaUI WO UOLRIASD 37T,
‘qudut 10jBMpow

ay yu Ioemenbs we Aq pajesuaduwod st ssuodsa1 fousnbayy a1y Jo uoIojsip Jupynsar syJ,

[t

‘ZHIN 2 2A0qe uonw[npow pueqapis-e(duis v pue sy I Mo[3q UolE[RPOT PURQIPIS-S[qNOP
® TIR)qO 9M ‘PI0JAI0Y], TOES] OY} O PalIajsuwly st pueqepts saddn ey djue ZHK g 24a0qE
sarouenbaly WOTIRIRPOTY 30} HOHPUIqUIOD A}1Awd-noTsATY 313 Jo osuodsal Aouonbaxy oy 04 snp
‘freurd ‘wone[mpom spnyj[dule pURIPIS-3[GNOD ¥ 0} PAHILATION ST HOLEMpPOW aseqd oY} pue
poulqIIEesal 2xe S[RUBIE I91ITED oMy 1) INdino SY} 1Y ‘sagidure py-sse> aq3 4q payndwe aq
ey §OTDTRIq Jotzres payernpom sseyd oy ‘s1} 30y Teudis YovgpPes) a4y 4q peyRmpom sseyd
Jmd-ysnd, ueyy exe osoy], seYpuerq [eulls om) OJUT ISLLIVD ST} syrds puqiyq ,06-qP £ V

‘(g1 "Btg) porjdde sea uolyE[npomt Jo TS
[ewads ® ‘uoazedy Yy aaup 04 swoydure H-sse]I- A4 00T S[qe]IeAT 33 JO ST IR 0} 13PI0 U]

J0j8[nNpoul puUBqapIs-a|qnop L,

-uojed]y oy Jo Jopunossl jndm 31y oy pajdnod sea (11 Fig) 107eU0saT T21

-X®00 [[39-g a]qeUNY ® ‘Yloows Ajjusplyns ssuodses sseyd puw spnytdoe a1y daoy oy opIo uf
"OATVA

s morpeiadood ur ¥ (42 Jo ndino 1amod v 1w ZHW T O} PSEIIOUL SEM YPLMpTeq YT,
* AT 00% Jo samod jndino ue pus s ¢ $POQE Jo ipLapueq emrdue ue

qHa OATVA ™08 {08ZT MA) B013sAD PUeG-s01IRU PSYIPOW ¥ 4q papraoad st ramod-3x o1y,

uox3sAp YT,

~xo8unid @ £q ZHIW §'9001 03 ZHI ¢'€68
woxy ajqueuny st £5uenbexy jusuossl A, 1 = F Jo juaniyscd Jujidnod jndur ue pue s131dnod
Surdwep pajeunuie) 44 001 = "y 1019%) T 0} PIOnpal seM I0I0R] SIYL 0O0SLY = O 3O
10308 A37enb [BINIPE B M SIO}PUOSIT [998 S8OUTEYS [[20-1 $9 dn jmq 21w s AT

$31)1ABD YT,

"AX 09 ST wEsq 5y} I0J S[qu(ieAw 5FI[0A WNTIIXEU 31} SUOIPUOD 5} I2pU[}

*satyIawd 513 Jo s1a7dnod Surdwep pue ndur 913 302901d 0f J9pIo W T OOT ©%

posra st remod JI [ewurxew sy £1a3es Jog "Ypwa 3 §°G 51 82131ARD BY; Jo sduvpdWI Junys YT,
*PRO[ Y} WO

noxjsAy o11 2[dNODAP 0} JPPIO UL UOIYSATY oY} PUL SIFTABI 21 UIVAGS] PI[RISUL §1 JOYR[NDID

‘ureaq a3} 0} PILIY
-sme1y ¢1 owRmMpour spusndure 3y Jo pusqapls saddn ayy Luo ‘uoneuIqos L3rivs-uonisiyy
a1} JO IPLAPUR S} 0} OV "SAVATD IVPI Y} SAAMP YA WONSAR] FHD T MF 042
e spasj neyy judyno ayy, () I0FUNPOU pUBCIPIS-IGNOP B §B ISLIRD ZPE) T U Jo apny
-dme a3 seyernpom {feulis yovqpesy) jusmeoeidsip young feurpniiduc] oy} 10} reudis Yy,

-yo>eqpesy eurpuyiSuo] o3 10§ Weysds-J1 oy jo wreaderp Yoolq S sM0ys OT sindig

wajsds-3I 2], ‘01

‘spuaunzadxs PUE LOIEINRMINIISTL UrBeq 10} (3DUISYRT TONN[OART) SIDYIBW | YIUN,,
srgquysnipe pue (2N H'01) (P00 YOUNG SIATPP PUR s19qy [9l3do sasn 4] "BaIR VHIH/ VYL



A

pesofa dool ypeqpes) ¢ spowr [emion,, e jo Surdwep feurpnytduog LT "3

uado doo] yoeqpes] ¢ Spow ?Egod_L 2 jo Fumdurep (euwrpnyrBuory
posol» doo[ yoeqpes; ‘Jurdurep ﬂoqq.ﬁ 313u1s [Rju0ZLIOH

uado doof yoeqpes; ‘Surdwep young 2(3uts rejuoziroy

doof [o33ucy aseyd o1y 10} ureidep yeorg

JOJRNPOW PURGIPIS-FIANOP 3} JO UreIBuIp Yoo[H

1azirenbs eowOd [[92-¢

washs 31 ZHD T Y} Jo weideip ojg

10329%0p Teurpnjtduo} a1y jo Saumd% 01g

Ioqursyd dLijs 9Yj pUL 19)P1Y [RJUCELICY Y3 JO DIIBUISYDE !
Jojenpotd [eIBp 274 Jo urexderp yooig :

vopRMpOw [epiBip 93 Jo uonRIST(]

3931y [eHB1p 973 jo weiderp yooig

wagsAs YorQpP2d) 21} 10§ SUCIIpUd Lea(]

J030239D I8IsASURI} 97} 1O —Hﬁwuwdmﬂ. F¥orolyg -

wWa)sds Xouqpea] [eurpnirduol a4 Jo weadwip yoolyg

91

g1

Pl

e1

gAS

11

01

‘6

g

v

g4

By
"By
gt
T
Bl
g
g
Rt
819
Rt
Sy
‘g
“Big
Bg

B

wisyshs YoRQPIIY F812A8URI] 31 Jo wwadep Yoorg 1 By

suorydey sandiyg

(086T) 22-08 ASEQ “1dneyoy 'qy [g]

91
peystiqnd 9q o3 “y10dex g ‘ydneyey Qg (2]
(6861) L9168 ASTQ “T* 12 sweH q [1]

S90UaJIa)oYy

jdiaosnuey
a1y Surpeal L[ngares 10f Jdip 'S 03 PRYQEpUI 21v s1oYjNe Ay A[eUl] sUIeysAs YR pasy 3
dn o5 03 £1v55905U sUOIIpUEd [BIUAWIIAdXS 5Y) I9PUN VYT A Fuljerodo Ul 3TRD SNONUIIUCD
ey} 10§ 1SMarRy Y 0} PUB ‘MBI FUIYDRUI I} PUR YU ‘I OF [WjeyeIS aIv SIOYIME Y],

FJUOUIIFPI[MOUNIY

“1z0dez sryy w1 paquaserd our oy3 Guore penunuos are Buti-_a-yHAH
o} 10y os[e smxsyshs Woeqpady Y3 Adod oy sarjlatiow oYy 210JRXNYT, "VYHH MY 93 poudisop
sua1Ind oYy Fmyowsa pujeisdo A[nssaans uasq 24wy LA 10) swmessds auqpesy oyl

uorsnpuo) ‘Z1

“wo1j0eyel zamod Jo ssTEIRq SI399TWISURSY URTI oY) JO Lo-Udiims, v 4q
poruedUIod0T SE0] JURIING SLJRUIRID ® 0} SPRA] Ajyeipawil] sjyusuodmos Joeqpasy ags jo 2uo jo
aIn(re} B ‘eawre}sul I0] 'PIOYSAIY} 240G (T J0JOE] T $8 $3921>d0 O JI SUIYIVLL AOYM Y} 10]
pepasau st ared YBIY ‘sjusiing gIIy 1B S[qeis sea Weaq 213 YBnoyyy ‘0 ¢ weyy ssof sea Fuur oy
PUNOIT PRINQIIISIP SHYIUNG SY} JO TONRITRA S3ISULIuL a1} PuR 2fqe)s Ajaja[dumos ses ureaq oYL,
‘YW g¢ JO JUSIIND YOUNQ-[J{NKI B J% PIATLIe o 'pojsnlpe usaq pey smojsds Yorqpos] [[B 9PV

‘sastl Qg seM SUOLIPUOD [puclyeIzdo Jopun sspotu Y} [ I0f
poyouer Jurdurep wnwxXeur 1y, "ured Yy v o} FuIpes| PIsEIIdUL 3¢ PINOd SAPARD Jorq
-pas} 5Ty 03 paazssuery 1omod ndino o1y ‘pasoiduy pey umnoRA S} YV 28w Qg 4ojRq
s1 ourty Surdurep oy ], ~doo] yreqpea) ot jo aInpaoord jusurisuipe 31} 1998 SPOW IIRE I} JO
froop oy smoys L1 s ‘eswr (g punole st swly Furdwep oy, Buidwep youqpssf ynoyiTm
ApowW [emuoy,, [RuIpnyduo] ¥ Jo Awoap oYy smoys g SInBLg ‘9IsW ([ jnoqe st (swmy Lwd
-p mepue,,) swiy Fudirep [eIngey 9y Arys 29w ()1 mo[aq st amty Surdurep jseioys 3y,
‘Aoatyoadser (U0, puv Jo, FoRYPOS] Y} Yjla UOHBIIIXD Younq S[Tuls [eInozLIoY ¥ Jo Ledop
a3 moys g1 "Big pue $1 ‘31 ‘(1) woxyy wmouwy sy LT "Big 0% $1 T UT UMOYS 2T@ SNSRI BT,

g)Insaa [Bpuswradxyg

“fousnbsy Furpuodsarios oy uo [euds Ja

pared v £q poyaxe sem wreaq 9Ny ¢ SIPONI JeurIon,, Jo seulr) Butdurep Y} 2INSYIT 0} IIpI0 Uf
*o8RD 9SIFASUEI) 31[) Ul s® papaavoid om potniojtad useq pey sty Yy

‘ZHIN Z 2a0qe pue ao[aq sspow 1of Surdmep joe1109 sepiacid usyy suny sIyJ,

‘ppujdme woryeyisso wnwrcew 10} asvyd oy Buizrmtizdo wiejsds JI J2vqpady Y)Y BIA

young S(FuIE ® I0] PIYIOX? IIE TUOHR[[IDS0 UOIOIY2uLs J1 punoy st aseyd Io111ed 1021100 ST,
‘£]I0 UOHR[NPOW PURGIPIS-21qNOp 2y} 4q pousnyul oq [[i4 young 3[8urs ® s10J210Y,



Main

Cavities

Feedbock

Cavities

PICK UP

500 MHzZ

1GHz

KLY

KLY

-]
* £
& b
8 a p
= W ow
]
< MW ja— 7 o
3 &
E 2
]
:
24
3 &
oq o
-4
3
£ "
[E Ed
o M
o
2
=
¢
400 ...m_
5
£
2 5]
z E BT
syt | l54s
DAm W%m
g .ulvPO
=] = o
ﬂ i
=
i
Tu
e
i

S00MHz

block diagram of the longitudinal feedback system

Fig. 2

wayshs Mopgpas asJaasunyy 3y} jo woaboip syooig I .m_n_

FEPLIT vd
I I I
o TanoeeTpoege -

~J

{unb) jdwo 18ysC0q
Apgap jo aun} auly

ZHWOL J341y Bas

UOISJaAl0D fojouD

ZHWOL --- G- ZHWS ... 0 @ JOD|npow
asoyd pup ADj3p 124909

voiozijiBip

‘|[dwo |, abuo.

ZHIW OE - JiPImpuDnq
soiuodIa)e dn->od

dn-3oid uopng ¢

ava

‘PON

i41a

'.:‘

(B




PICK-UP MCNITOR RECEIVER FRONT-END
r LI E—

tg+m-T 2nT +1g+ T,

Te =nT +tg ., tg > 1
condition for coincidence of signal and bunch arrival

m-n)T -ltg-ta !

Ty=

o
v

-

n

a

=

)

o

(=) t
Al
IO
T -
% 1]
i3
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Fig. 14: horisontal single bunch damping, feedback loop open Fig. 15: horisontal single bunch damping, feedback loop closed
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