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On Currents Associated with Topological Charges

We con31der n-component c1a331ca1 un1t vector—f1elds on a:D

{mey

W g dmensmnal space-tlme.‘- For D =0, .and D -, z(n-l)ﬁtoglp,;l g;gﬁl

charges exist.

We ask whether there are currents associated with these charges.
For D = n a conserved, local current is known in the literature.
Our investigation is for D = 2(n-1) in particular D = 4 and
n=3.

The results are:

a conserved current exists, but is not local; the corresponding
charge is given by Hopf's invariant of the field; the charges

are additive.

: 2 HAMBURG 52 . NOTKESTIEG 1]




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

DESY
Bibliothek

2 Hamburg 52
Notkestieg 1
Germany




*(z) dew
943 JOo siywwravaur Adojowoy eae sadaeys Teoiforodoy ayz pue (g) dew
a3 go sasseTd Adojowoy syl YITM 9oUapuodssaios auUc 03 IUO ur
8de SI03098-UCLTTOS ©SOYL'PP3O8UUODISTP ST sSP[aTy Adisus 23TUT] JoO
aoeds a8yl jeysy mwumoﬂvrﬂ sadleyos reodrdorodo) jo souslsixa SYL*uUorl
eandryuos ASasus sjrury ® jusssadaa # PISIJ 24yl 1BY] PIUNEEE oM
. - *POAIBSUOD
sae sodaeyo TestIojodoz:ssero Adojowoy ayj ofueyo 30U s20p
juswado{gAasp-amT) (uorydumsse hnv 7 UT SNONUEJUOD mﬁmﬁﬁ 8oUTG
.Amv dew ayjy Jo

sasselo-Adojowoy syl IzTJI23oBIBYD sadaeys jestForodo]

CPIUBTIBAUT N 9U3 SOABST UDTUM

® «,Mm L S e

B §® PIJIPISUCD 8g sMou Leuw 9 Iwrl Aue je ..& PIST] 2yL*uorioaloexd

rdew snonutjuc

oaﬁmh&owhmnmowzhﬁ>h oa&BEm%ﬁﬁﬁ:ﬂ
.s p .w .a. Dq-n.m..d._.lmsd.oz u.. t a...w.
1e jutrod oy3 Furppe Lq soeds [vUOTSUSWTP (1-a) syz Agrioedwoo am

on &—— X sE M..AII?.\”U!W

JT ATUc 83TUTJ 8g UEBD 3 SWI] UIATE B aq?hﬁwscﬂumh:mﬁh:oo PI®TI
. usATd e yo A91s5us Te302 eyl 4BYY Yons ST ueTSuer¥e] ayl jeYyy pue
np.mv sjuaunge alj JOo UOTIOoUNJ STONUTIUOIE wﬁ?ﬂﬂuumnu BUMESY

tm Fo (dN) srod-ygzaou ayy J03 (0°***fo‘l)=¢ o31TM 51 3o
T~

v
ﬂvv .ﬂlaé' ¥ ﬂlnwm .sﬁl.&n..h‘buh ._.do*m 2 ﬁww.xl\um

towT3-s0eds TEUOTSUBWIP ( B U0

SPTaTJ-10308a jTun jusucdwoo-u [EOTSSR[D JOPISUOD Ip
. T waiy

Y3 TM PIJBTOOESE SJUSIIND PUTF UED dUC JI3YFaym Apnis ay
. ruetd
ueade] Aue jo Aljsuumds ® 03 pPeajleETad 30U 8dv LJYL'3SOISIUT paMauad
puncy sey safgeys Teordorodol Jo A31TIqissod ayj Jaasmoy ATjusoey
*UOT1OoW JO JUBISUOD @ ST
.(W\bﬁ(\ﬂﬁ 1eys Eoﬁm.\%u:whhzo ' saysfuIng uUayz Weloayiz §,I3Y3I30N
‘uetHusade] au3 Jo AX39uWWAS TEUILJUT UE YIIM PIJBIDOSSE ST

A30eyy pTaty unjuenb Jo TedTsseE[2 UT b ©291RYD POAISSUOD B A[Tens(y

UOY)ONpoII Ut I

*eAT}IIPPR 9Je
safieys LU !pPTLTJ Byl Jo juetaeaur s,Jydoy £q uaaTrd st sfaeyo
Furpuocdssgiod sYULiTeEDOT 30U ST JUG' $15IXP JUSIIND PIAIISUOD B
tage §3INERI By,
*{=u pue p= LEN2TIJLed ur A—unvmu: J0JF ST UOTIRITISBAUT JINQ
*2AMIBISITT 8UJ UT UMOUN ST JUSIIND [RIOT*POAIISUOD B U= JI0J
*sefavyo 9seYU) HITM PRIBIVOSSE S3UIJIIND IAE DIDY) JIIYJIYM NEB oM
*1sTX9 waFaeyo
TeoT8070do) A—:vaun pue u=qg Jo4'swij-soeds TEUOTSUIWIP
¥ Uo SpPIITJ=JO30sA JTUN TEITSSETD JUsUCHWOI-U JISPTEUCD BN

130BIFEQY

fanquel 3BRITSILATU I8P MNISAUJ SUOETISIOSUL JINJ INITISULIT

Ta3aay’r

Aq

Sadavy) [RITIOTOGO],

U3 1M pPOJEI00SSe Sjuaadny ugQ



‘JueTJIRAUT afned jou pue TESO] UOU

uyede ST InNQ S9AJIuD PISOTO UO PAJBIJUIOUOD ST JUSIIND BYY

8IsYIUBATE ST jusIunDd BUJ J0J BTAWIOJ IATIBUISI[E U@ A*28g UT

fpsj3onisund 8T jUadand ayj ITI‘*aeg UL

‘peonpoajur ur juetreaur s, 3doy Jo 3desuco eyjz TI'owug uf

"AI'S9g UY 995 Treys am s sarjaadord

AJTATITPRRE mvwmhackaam a3 aawvy Asyl*sdir jdoy 2u3 jJo saFaeys

I03 ATTeroadss‘sisdejur T[B sanTea se axeq yorym safaeys Teord

orodoy 1oy aTqrssod s31Inb osT® ST sTYl 30g°waiy UlTM palBIDOSSE

sasqunu uodaeq syjz dn Furppe pue sarorzged Furjunco £q Jaqunu

uodleq sasnsedw {TUO AUR*}L 0} Jdpdios piooex 1By} UOSHW JO0JDAA

B JO 0BT J0J A[[RlusumTasdXs POJINSESW 3G JOUUED UOGTINQTIFSTP

adaeys atuockieq ayj ing‘ (ao3owy wroJg ‘w'a} paInseswl 9q ued

arsijaed AIejULawaTa UR UTHILM UOTRNGTIISTP aFiwyd ‘w's ayjrpansqge

jou ST sryL*adieyds jdoy ® se Jagqunu uolaeq Jo yuryl ‘sespr X1J of

*aanjeu utr adAg gdop ays Jo saFaeys

Testderodo) Jo aouraeadde 2143 3N0 S[NJ 30UUEBD BUD S$S2TaYIIIAIN

*aduavys Jdoy 8yl UYJTM

P23 BTIV0SEE JUIILIND J[QBAIISQO Ue pury o3 ayqrssodwy soaeadde g7

'} SUT] 3B SUOTIBATIAP S3IT pue

¢Jo juswaansesw ® £Aq PIaUTWIIILP 2¢ JOUUEBD BNTBA S3T JOJ'aTqEA
-

188Q0 UB SB pPIJIIPTSUCD 8Q JOUMED JUIIIND 3] SUCSEII 858U} J0y

(7, .\mu €l

1B2UBFIGATP [r3o3 B Ly SaJueyd JUAJLIND BY]l Uayl
JM# ﬁﬂ‘Al :ﬂv JT
PFUBTIRAUT odneld 10U §T JUSLIND 8] JIIADIION
*1ay3Tatiou ST JusIaAnD

wﬂpmpowmhwcatzm*uoﬂm:oﬂuo::%HmUOAMuo:mﬂ 1@ ho>m30m
-

(1]

(185X 24 = Het\.‘ﬂftvxn ﬁ%. B pue yrmy =, !

Aq uaatd mﬁae whpdmcwu afayo ey,
aw,
‘(a1rI®es) o= &:.\m 25NBOAG  PRAIISUOD ST

tax\m ns\.‘u
JUBIIND 3y} TeTqusjod JOo 3oToyoe UINE UIATSH

"SIy} SSAITYODE YOITUM ¥ TeTjuUsjod 3y} JoJ uorssaadxs
ITOTTdxa um 8AT¥ TTIM ap'asrooad spew ag TITM 1BY] ISUSE B UT
o0 =X A3 TUTJUT 1€ UPA® PITBA ST Amv 1eyl yons sadned 3sixs sa9ysy
jeyy smoys suo‘iForodol oreaqsdTe jo ssnbrtuyses Uhmn:mum m:ﬂmb
*RUETIRAUT adned A[jrorrdxa st >S\& moﬁam T 0# Sﬂ‘bl Yuoctg
vuroysues) afned [edol e 03 dn AJUC PAUTWII]SP BT tﬂ.wmhzoo 1))

(s) Ve-v e

1813 505w¢Awﬂmdu:muoa ® S38IX8 8IaYyl aJI0JIIIY]
AW,
() d.c

‘(arri‘oes mwmvvw>hwm=oo sT bm%.b&:

() oD $C AT 3T "

wYIBUSIIS-PTATF, 943 IONPOJIIUT oy

T,

I N

BNp %
i Tenp €371
L d

- * JO Teuoflsung

Teocofe jou mH\\ﬂh®>wzox ‘())$ 30 sessmIO hmoach: 81} SauTwWIajap

ﬁuqmvu.ﬂ—-ﬁua 18yy :onma.uu\.wanwhh:o PSAJ3SUCD € purj urede ues aug

°*SnTeA STUY

03 ezITerdads 2J0JaI2UY SN 381! k=g ST 3sagejur Teoysiyd urew Jo

“g 95eD UT JULaaIJIP @1Inb ST UorlenyTs BY3 2PUL PUTF TTTH oM
FI*I\vm:._wit 4!\..!$ c.“\....?-.!\n\w " ..........-Un ﬁ._.\m.uv\._u

H—u.ﬁm 1@ [ueBjed AQ PUnoJ SEBM JUIJLIND PIAJIISUOD TRIOT m?‘ mmmuu uy

oz ($4>4 "' 'ol‘g=g ao3 830N

(frbaohiuerieaur gdou)(§)k= ¥ ¢ crctoitgigin=a ¢ (1-u)z =q :@ 555
(#3d 3o soadap) (e Fep= b ! (eq! u=q :¥ SSED

et Lol 1sa92a93UT TTR SON[RA SEB §aje) YoTum A ofJeys [Botd

etode) B sS38TXe 2J0Yy) WHYY JO Y309 ULi3S3I23UT JO odB S3SBD OM],



s.
-] %k.-h_. €K§ uo sousy * Mé uc ucijoalfoxd osrydeadooaaaizs aujy
81 ﬁ.nu ...n.xu Wa3EAS S3RUTPIEOD T[BIO] 8yl !a[qTioBIIUCD aae __.3,.

L2 BLapNg fasiv S+ w

(c%%=<1) .
:M\ = X fends S =M
CEEYFA wu.mﬁ._:u.u.ooo Teo0T Huraeaoo uedo
{(1-'0‘0’0)=ds (L'o*0f0)= dN

M\N.h..nﬁ.Mv —Nr.. ..vé Uﬁhhn..ﬂuuw»ihm pTojTuen
ra

1pepeeu eae suoljelou awos y [erzusiod IY) JO UOTIINIISUOD oY} JI0J

w,a
(98) gy Ve- e
fETNRWIOT

uowwod 8y} s¥ uUs3lrTam aq ued (eg'ba) hﬁﬁmooﬁws\-‘w\:ﬂ\ut D) TAM oM

ﬂdﬁv .EK»W uo &uv‘\\

eyl zuzwﬁixnwuazh Py wroy-| ue IVTX8 SI8YY 80USY
*rwwaT 8,3awourog Aq ;& uo 39BXa BT J f gurtod ® 03 9[qQIIORIIUOD
ST ,m_ wo:ﬂwmmm uo 325E¥X2 5T J 219ys Aes ﬂHHcmmu Jo s3ImnsaI Sty

(%) o=qr
' TULIO T

Ang ¥ _ AN
poesoTo ¥ 5T J UIYL*DPIAIBSUCD wﬂhk&hg Owu M Tenp 8yl 327
Ay
an\-.\n\u & -M

Aq uaatd ai-wv \.ﬂ 3 J wWIoj-z oYyl OIUf \.S\ﬂ dew opm

LES]
. A W)
@Kmm Qo PRUTJIpP Josuaj OfIpIwwis-=-mads Auev 8q %uaq

TeI3u03008 oyl JO UOTFOoNIFeUoy (=

Tua.LINd wmom.onﬁ IIT

° Hﬂ.._ Jdol'H Aq pPeJIsAOISTP U22Q pevy pue
e Jo A quetaeautr gdoy peiieo mﬂ?u‘h Teaffequr eyl

9, 4= PP VW uome Anﬂ u.s\.m Pw (1)

uw n
T =8 TR HonS, Rw )k 24 (t)

Jo aotoyo TeToads eyl Jo juapuad
apur Jureq Jo pue Jafajur ue Buraq Jo Apaedoad ayy swvy ﬁtv\n
S o b
- f 5o dvr
(9 s vr \ 5 (#3287 (S)ok 7%
tpIUTIIpP ST nm J3AC b**.\‘ Jo feadajur ayyz aouay

. S uo ..b.:%n.i—l 38U} yYons

hqu v& 90 WIOoJ-|] UBR SISTXD SI3Y] ISUIH*IVBNS BT WIOF PISCId> Yyoea
.

nw uo j®ei) SpUry sUO*wWasvLY]l pucoas € ,weyy op Jo uorlworTdde Ag

..Quﬁh\v&a\ s «.-Qt*wﬁ- 1 PIsSOTO mﬁﬂmw.w?.v.h w.ﬁ-* wIioJ-g DPaONpuUT oul
Q=8 3ITUI smOTToF uﬂwuﬂuh W.Owo SOUTSE

7:3C

. ot ¢ §

: a*t Nm UQ WIQJ 92V JINS pawIou Iy} aq oaﬂww hU.D asooyu)
‘W uo ATTEOTIULPT

soyustuea wroj-~d ﬂomw.IE.ﬁvAQ JT ‘W pTOoFTURBW Byl uo wwroy-d

howoanmw:a mnﬁtv._ £ 1o1"sprogTURN Saw Mm ﬁzw ﬁm mmhmnﬂmenﬁ
b

Aw.?ﬁuumwk;wv *m e W .ﬁa*
. T t
] 1aowds pPIITF
uE Mm ojuo 3oeds 9JBUTPIOOD UTY nm sdew AN.Uevrumv dew pajeytoosss
8U3 f=q JIOL*UCTIONPOIFUT 2YJ UT PIGIIDEIP 58¥ USATS aq(§iypre1
Ll

[] 3ueTieAuT-FdoH oux II



(92+) o= p%-
(2p) F=g2

SUOTIBTSI DTujowoad oml 8y} poau ATuo am sSTU]

AJTaaa o] * o= \_s\qﬂwt 18T MOYUS o] wapy om 3 aw T
WA N.W‘@cvouﬁ M:w\am.u 20UTg

nr,
ﬁwbk\v o= %:-\)&M iuoTjRIaa
A3 TrBUOYOY]I0 JURTIBAUT-ZUSI0T oYy aaoxd 61 ST dajs jxsu oyl
o
o=, i
(n94) amr8 C

PTERP BU3 A0 ME[ UOT}RAISSU0D 2Uj $ITfdur (2TuM
= " > 9w,
35 Q}uﬁum\u_mt Qti:m .wwno\\l\w >
N €>($76) >+

- s -4

HULI € aaey 3snw ﬁa% ﬁ X[d3BUWTRUOTIIUNT 31] “lﬁ.‘ﬁ@ AVUEG
adant ¥ _aw,

(364) IV Rt T R

oyt E, s 7

(2exsCrg=""1

saosuay ,yfuraass praty, DTIJBWWAS =MONS B8Y] WONPOIIUT am odL3 Jdoy

rTenp s311 pue

(7%4)

1]

|43 JO FAUUS B UJrM pOIBTIDIOSSE JUSIAND & JuT fap 01 JOpJIe UT

IUALIND oY Jo HOLFOTI3sSUuU0]y {a

.Hw.vmu JOo uoranyos B o) spus] Yied uorzeadajur

UB JO @2[0UD U2Ea'jUuBTJIBAUT odnel m,ﬂs.‘.\& J0SU3] 243 282UIS j3ng

UOT3OUN] AU TEDS H ‘ured uorreadagutr s H:Q nﬁ.nu...rUU \__(

*a*r'ierjuolod oyy Jgo0J saoned jo
B0TOYD JUBILFFLP 03 puodsaddods uoFresdarur Jo syied juaxa i
X

(€)) Wnsx  (XE)p+ xp™Eoarl = po’y

n
SWAC] JURTJICADI U TeIdojur ueg se .a:mELo.u\»,‘\sﬁQﬂuTtuﬂh.s aN

Q..lum peyl pue‘ds ur L uroadsaetpourgap s g=v gﬂﬂqﬂ
%\n@.\nuﬂwt:m.&z ar Ar[eroadsa‘paurgep st m.uRT._.mu{ugltlhnﬂbmmo
QHQT"(T puefpouriop u_ﬂtho.r@ nt“@ﬂ‘.ﬂn@ﬂaﬂm

108> 8dU3IlSTSUOD

BUtmMoTloF 8yl AQ u@as s x_u‘mm o paurJap paspur st ?.mw( 1eyy
{11 ba) £q veard st T._.NVN uogloung Je[eos 8yl aJdayum
L ?,
(zo) (x6)p+ 49 =: GOV
1AQ pauTjep ST Amw.emv JOo uoranrtos ajzaiduwod ayyg,

o XA
o= N _oﬁ uay} {ds Jo pooyanoquITeu [fews ATIUATOTIINS © aq A

==z G:>_o«.. usyl 4N Jo pooyunoquiTeu Trewms ATIUSIOTIING B 8Q A

AL

187

isa13aadoad Futmol{oy 9yl SEBY YOIYM*pasn ST Me;\mm. uo sa. UoTIouUny

a? etiem yjoows ¥ UT uotinfos ajafdwos ayz osodwon o3 J3apIC ur

*3ueasuUo0d
Agex)rqae uv 03 dn POULTWIIEAP ST Q.MV.N *pPasoIo ST mm pue .

Arepunoq @ STt ﬁ.o..uuwozﬂw juspuadapur yjed st TRLFIIUT By

(b " FP@T)=x {x m\u .\.:..M = (37%)%
®

Aq usal¥d s1 ﬂ._..mv& uotjouny

IVTEIS JTqRiINs & uoyl g ur yzed uorjeadsejuy Lue sq o 38y

M.mn..mm_ WIOJ-] PRSOT2 903} Jeyl 9pnN{ouc> pue uiedv Walosyj puooas

jeY) Os'y UC 310BXE S

S,weyy ap ATdde am'Uremop TBUOTSUIUIP ©X3 B Jo q Azepunoq
e 8T Z a1249 =) :omow—awlméam._w.ﬂ_éw/nw = .ﬂlﬁ V7L uo sourg
o=(g-0)pP
PUICT POsSoTOo B pUurjy oam Gxﬂ.\prxun"w UOT3D88IBJUL AU UQ
. r - AW,
¥ no6h UCIIRCIN I LIRS

WRER  Re-WEY <> degp o yrnwe

PRUWO [ DuarIULY [ o4 A UeALY =1 ﬁﬂx.cmv Jo uorjnjyos

-



(£fe2ti=1) ¢ L5 'x 50 3wys yons amx.mx.-xv sTedny-¢ Jo €31sT5U0D

gL TIP2-C SUL™ (5 JO dN BUI YATM PITJLIUSDL SE | 4O 1@ ATBpunog

8y} jeyy yous MH T192-f & Se ¢S jussaadoa om JUITUIAUOD BT IT
fuoT}onpur LG SMOIT04 ¢ €N 95uD ayjiig=N 938} aM

+ Y4 apresino n‘n.ﬁu..ﬂv puw H..ﬁ.uu\.fn._ME

srdojowoy ® Aq poserdsa s1 .Av daavuaym paduryoun aav ALary ._«v Jo
ﬁ..?u sasse[d Adojowoy 8yl Jo SJUBLIBAUL oau ._”? sadiayo 9y3 soUIg
° H:.u .Nw Jo m.._h dnoad Adejowoy paiyl syl Jo sanjonais dnoad ayz
AJTaaa 03 PesSN ate Yargs sjusumBae swos pasu om jooaxd ay3 JIog

wd..NuQ "9t T gsadavyo jdopy Jo {3TATIITppeE, SU) MOUS MOU OM
*(hz'bo) urf)d prery sul Aq psutuwaolep edawvys jdoy ayy b 397
* ..p: SUTBWOopqns

N 89U} U0 pPBIBIIUSIUCD B §8FOTIaEd N Y Jeyl 'suesw gz Lo)
M ﬁ.v adaeyo Jdojpy

YITM U0TSUSYX0 [Tews Jo afafjaed, ® ssqiaosep § uves sgaym

?@ ..a_iv = ..a_#. ¢ Y tre oprsano $u$+

£La Ec:u....wwtmuf dew e pue néu wa SUTBWIOPYNE XoAUOD

JUTOLSTP N I0PFSUCD ap uotjreandtjuod a[orjJed N STyl aqIiossp Q],
Az....._nwv .«.U adaeyo gdoy e FurtdAzaeo ouo yowa',uorsusixe [Tews
JO Sa[0Fjaed, Jo N JOQUNU 93 TUL] ¥ JO UOTIEBNITS ®© autdewt oy
*(fzf9*ba) era peurgep

sthodaeysr gdoy aylL'pojeIjuadued ST ,2ToTiJed, sY: YITLUM uo
tv=a UTBWOpPYNS X8AUO0D ¥ apisino W dew 3URISUCD DYl ST YITYM
fyd dewr v £q poqraovsep ST ,UOTSU3lXe [rews Jo etorgaed, ardurs y
*udT213ded, e $aqraosap ($)d dew pajersa

ayy Ar1jusieatnba ao('N)$ pToTy LFious 83TUTI ® 3BUL ABS OpM

N ‘wayl

junoed 03 moy Aes 03 aavy am'{U0I}INPOIIUT Syl Ul parsedins mmv

adaeyo 1eorsdyd v se JNd20 03 ST _:.N.Uwv utr b afaeyo gdoy oYy Jr

F59aeu) JAON JO AJTATITODV AT

*PUTy 3Byl Jo ST juswedoloasp SWIY PUBRSUCTIBUIOCISUEI] SNONUTIUOD
Japun §9sseTo Adojowoy JO a8JuBITJaBAUI a8yl jo asusnbasuocs e aq
03 9nce swing p=h UoTjeRAIISUOD IFTRYUD 0:&.+mn1nW"TrVQ6E ez Jo

- 2

sasse1s Adojowoy oyl Suiurtmwasjeptadavyo Tecrforodo} B st B snyl

01

AMNV ?vvh .P¢ =b sa0jadoyy pue
@» (s bvryasexpl
AQ usaT¥ sT (unllLo) ux Kﬂ\‘c.m wHaoJ=f £3rsusap 28a1evyd 8yjz 20Ul

- [ L
925 = ppeap g L arp
ojur poddew st yrano uvayg! .n_w\.,‘nvo wioj-| wy3l oqur v dew ap
- * e
+ -
N R-TRA S i JERL BETPRN

wioj-g ays

ey (D

[P
ﬂvw.v .qx\o.\..xwo...% v T 9P U
Aq uoayd sg roa* wioji-y pacnpuft ayl
&4 _
dporere T o9
1SPRIS 9 WI0I-F wuz ¢ Wm uo A&,hcv sajeaipaves aejod Bursp
2 : )
14 Phwg * -
(27 >* mﬁsot.w 2 244 1 £q USAT? 29 & 197

*(rr*oas +c uo WI0J 2DBJJIIS PIUICU o] ST 3BY3 ysns
u 2

ﬁ.@?uh 3.9 wioJ-z © asooyd am {eGitbko) Ut yeaA¥LIUT LY 2jenyead of

(754) Jem et

¢ AjTsuep adawvys 8Y3l UFTM

(764) CLINER w.w =9

£q usatrd mﬂQth.mﬂu Jdoy auyy

.On\w\\ﬂ. :{q*egr*be) go oousnbosuod B ST ME] UOTLBAIISUOD JYL

a m -
(&8 Vawd = o
Aq paurjep s1 juaganod jdoy auyg

A,

. Wy ~ o
V%S uo ¢ C-Y Qu\_ \ FUTAFSTIRS ¥, § :o%‘é.ﬂ\ Terjuajod ®
{PIiL"30) S31STX® 843yl ‘psadosuos ST [unp sYj 3eU] YsNs'Iosusl

orajoumds-mads B sjquassadsa pue &&ano PauTIap ST ﬂ+.nus.\% asutryg

+ 0=""J1sp 3eus smorTos 37T
dnqv\ne\o :.\..-% " :u_ rof ) :3%3&
A313UepT 8yz ozxut (oft*be) Furrassug
49 ¢ #°
s ] < 2% 2 c 1..mA\=s\
(>£3) ] J
FCEE gdege
uayl urelqo aN

di@n%umuﬁmuozco.ua wﬂﬂﬂhwhmamn.mLo,wz_maCowumUﬁﬁﬁwa.—.Eszuv:m
- LA



z 3y
o\ = ht«v v
Nmu saafap PFurddem

Ure3laeo B SE JUBTIBRAUT &, JdOoH JO UOT3TULJaP TBUTILIO ayl o1

Pa3eTax AT8SOTD ST UOTUM UCTIBUWIOJISURI] TeIFOJUT Ue 36N MOU BM
o= =0 1
9 -0, =Yg

8r> X SENCR) 0= ¢ -,b %
=P -0,

d

rsuorjenbas om3 Aq pautwisjep ST Z ITDLD-| SIYL® Z eT0oLo-|
g 3q o) ﬁwv_w.i smnsse am ‘a*t1? .nt Aq & ajewrxcadde ap
( | S §°83aF3 watm .S
sowds aIqTJ Byl .nw>o.w.umE 2aqty B o3 ordojouoy ST g4 1A798T00uad)

. mm couwﬂohou_mmﬂ ﬂWv...? 2EBIT 8SISAUT 8yl

JWQW juted AreajTtqae 3ng uUaat® e J03 jeyy yons .nWAlmm...@

dew v £q osoT0 A{TJaRIFTQIE S1STX3 whw:auWAme."?o%QﬁE Aue o]
aseds sToym Y] JSA0 DPBINQTIFSTR ATSNOUTIUND S€ 30U pueB

BAIND-| POSOTO B U0 pPIJBRIJUIOUOCD SE PIIIPTSU0D 2aq Aevw 3daesyos
Jdoy ey3z ' wopsaay adned asyi m:«ws Aq*1ey) SMOLS 3T JISA02I0W
LJueTaIBAUT 28neS jou s puespieTJ 8Uyj Ul TBUOT3}DUNF TEDOY ® joU
€T 3USILIND BY} ey} SWITIUOD BTNWIOI MOU 913: SUOSESI O0M3 JOJ

Am—.Umv UT 3UsIdNd ayj} Jo UHOT3d1d08ap IATIBUISITR Ue SATT ap

JUaIIN) 28U} JO UCTIUTJIDSS(] PATITUISITY UV A

*soBaeys ardurs [[E Jo wns 8y} ST uorjesndryuoo ayorgJged N ayjz Jo
sdaeyo TE103 8UT UYL'SPTSTI @[IFUTS Y] Jo stIrd TBETATJIIUOU Byl
A 9 2anjos1 s,ueswayfentdoe) ,Jsyieafoi Juryosjed, wolJ sSITNSLAT YD TUM
PTI®Tl B Aq poaqraossp ST uorjeanIrjucd afoTiasd N UsaATd B JT pue

L < - T *e*T'saalejut B sanTea s2 aye} ued ‘pis
méﬁwaim.u ;I T IuT T T e} PIiavy

ous sae Spstycy g1 %o+ 'o=d 3eus serrdut sﬂ:zhﬂwom_ﬁ.wwt

aIojoaayl pue Hu‘hw X ATaerTmye _u:.mﬁr.tu ‘T purgy em ﬁriu

..Ha.*.w h H.Hvumm.‘.h.ww & eoutrg °(gz'gz-be- mouﬁhﬂ.wtﬁuﬁuw+ anuay

Zstxs .l nqwaxsv.‘xwuuaﬁ

Es*rso (Bx e Mpy by

.w =(*x" )b

eA®my aM snUL

- FX Jo uorpTurjep Aq puncj sT a.ﬂ ..uS& ATICTTUETS
(Lz"ba) era pajerss ale *L pue .r .w.uwnk \H. .\A¢ uayy,
(tx x Mx X ura_nv (x“x *x) "L hDrH.QME wou e auTyaqg

H:N ‘awc Terosds €TU} 01 peonpex aq ues ¥

ad JO 85TOUYD JI8yjlo Auy
Jzsexs £:(x \.xe__..uwu
Mﬂﬂv% so "Anksux\ruv.w :

: Q pue —Q 8TT20=qNE ﬁwﬁcmnm as004o amM

L ¥, v
q s Qi ’ v a
[*a72 1% =79 7 [gps gty
(*a @I I ) $ = (0
tAgq UsAaTd ST * prety esiorjaed-g 8yl A:N.qu wo.x g
*pauTJap oam Ndﬁ.wdd* pue N: ATIOTTHTG

” h—ﬁu ? v.w 1uayg,

Gy e R WP

. Y -
rQ wA-x .s..vxv Anx Moy ¢ Y @ 1 auTgeq
Txwhryso

wE Fy 5y HoTUM Jog syadny-¢ asoyl suUTEIUOD _.D

1 MH Jo wQ [[20=-qns B uo paurjsp st Adojowoy tetroads B MON

ﬂuﬂ *dnoad ueTfaqe ue ST Ao.ﬁMun.wv

e ween

-*Qvt.wnh‘.*.woﬁum.w nﬁmh eJ¥ 1eul yons * Jo Hﬁu sassetos Adojowoy

1Te Jo 3as mzuﬁ.—wvn._.__. ur o uorjeorITdIjTnw B saonpul uoTtiedade sTUI,

Fatxs g (% BRI .
- Cxn)($o'9) = Cx

103084 JTUR . uaATF v Aq pautuwasjap feFaeyo TeorSorodot ayz JI
1xa3deyo sTyY] jo Laewuns jaoys e ST JUTMOTIOJ 2UlL

° XD quInu ﬁww

wnjuenb axry.eBaeyo e juessadea 3ydtw Lsyz 1'Yl UoTIsSaFZns aun .h - ﬁnx apr. \—.KNu ..*
sjaoddns asdajuyr ue sdemye sae safaeyo Jdoy jeyyr Azaadoad ayg .hn pautgep sT B uorjeworTdraTnuw v
Wnﬁ-Hnun\.f pue +W «— H ﬁ saey usyjy sp°(z°bs) Aq-dsax
aje3 ued sedaeys JdoH Nlﬁu Uﬂl_. S3TUTJUT 2TT4LD waﬁ WU = aoutg _ﬂ__-uw..:.ﬁur P spTaTT %m&m:m ma._::.u 07 pegeTag sdew oMY} 8q ﬁai Quﬁpwﬂ

L4
sdsox * ..% + £q PAUTMISLIP safaeyo Jdopy

rsasFojur TR wmsﬁmb se

Duﬂ_.. uu.xlsl YoIys I0F stedny-{ surejuoo mHn. Azepunoq 3yl

Zl b

WL LR R W 1

I RTTTR R et



"ajou sTY3 JoO
UcIsasa TBUTF &2yl o3 sjuswsdacadwt Furdroy pue SIUTY’SUOTSSNIS TP

arqenyea syj'uorstasadns eurgy 8y3l JOJF yoONW Adsa NORVK'SH NUBYZ T

T UBWATPI THOUNDY

» L] 1xe1 paepuess syy uy se
PAUTIOP DHB O='d U0 pPojuIlussucs €T msau% uorjouny- % eyy oaaym

4
W$7C gFe e
Uy e (® =m %p
(92838 ] g el Pue
Aq ATeTo1Td¥e usatd aae 3\&% SUOTINYIIISTP 143 Hmm.vwv UITH
A

I T9A SUOT}OUNY pezIledsusn ‘moTTUIG*H n‘pueiien’n I .Nu
ﬁ ﬁﬂw.v qnn@v\ﬂkw\\.n.% .b\‘ccmv\huu hv

{SL61 3utadazd) F 4 F.g aouay pue
SjUuRpPUSOEI(] WNlUBND ‘p._"mzv pue sdurvy [BOTSSERID ¢ UEWITOH*S ku vew:ﬂ b‘bx?w; }TUI SMOTTOF 3IGIZT uUC 0= Xp Iduyg
i
uuBWIIY enbreaqadiy o18ocjodoy ap sjuawaTqd ¢ worTTapon‘'o [¢ Z Fame,
{ ) [ a0, v, Ze

5 2 7F wan
(€961 edpraquen) Aaosyl Adojowoj[ 03 UCTEONPAGUT * UOFTTIH'r'd [

(1€61)*2Co* FOT “uuvwien * gdowri (] v el Ly, te a4 op( = el
(€961 *d'V) SUIcy TeTIUSISIIL] ° SJIASPURTL*H Hmu S utejqo am IRrjuajod wﬂbﬂu Jo sausuoduios 8yl JIIAO Buruung
1/94 dAHL‘fangyead ‘Agcayg v \8 Ahr lt Sdnws a8
. , frH b wé :.mn mé o, ¢ ws\.:.h
PI8T4 UP soRxryp TeoTdoredol ‘TJBUS D UTOMPUTIYSS K*Tuesed'v [i] =2 da

1A 2 aTDAo-)

EEEREERT)
AL Y3 U0 PIJWAIUIDUCD AR YO TUMMH .W- SUOTINQTIFS TP QUTIIP MON

7a

hl £l



