YOU

to. I :
AN 155

INTRODUCTION TO
PROCESS CONTROL

SYSTEM DESIGN

A. J. YOUNG, B.A,, B.Sc.

Head of the Central Instrument Laboratory
Imperial Chemical Industries Limited

S (%Looh\ ?L\m&d,\ ol o condied

=

LONGMANS, GREEN AND CO
LONDON NEW YORK TORONTO

@




‘CnD)wun g onuos oyl
woiy jeusis 1ndino Y3 01 PAPPE SI I USIUM UL “Z JIun 0} PIjIIusuel]
pue X jun oy3 £q parerousd st jziBis oyenrdordde ue pue querd oy
SI0JUD I 910Jaq (A () yuewale Sunosyap oul Agq X 3B PIINSBIW SI
ooueqinysip oy ‘jndino jueid oy3 ' (I'F Q) 1UeUWS[e SUN0AISP Syl
£q pejeorpur oq 01 pue jued o1 ySnoiy; ssed 01 2oUBRQINISIP 9] JO
10319 oy 10J Sunrem Jo pesisur ‘srzadde SourqINISID B AJo1RIPIWIIL
WONOE 9AIJ021I00 apraoxd 01 st 309fqo sy ‘peureidxe Apeore Sy
“1*81 81 ur umoys se pefuelie ST WalsAS JOBqDPe9J-00UBqINISIP YL

1ue[d SUIMOTIO] 9U) UI DI)Bay-dI 9q
01 aArY Kew pue [9ssaA 3581018 9y} Ut [000 Aewr jued snorasxd o JO
yonpoid oy ‘opdurexs 103 ¢ ornzrpuedxe ejdeo [BUONIPPE UI S8 [[oM SB
$1500 Suruuni [RUONIPPE S[qBIOPISLOO UI J[Nsar Azur sjue]d U99MIdq
Koedes o8e103s Jo uomsiaord oyy -seoueqimysip Addns o31e[ jO
onds ur Ajuojoejsies pajoage oq wed jonuod Guewrdibe jonuoo jo
JUSWoSUBIIB A[QRINS B AQ JI 2INIPTAAXS AIBSSS0oUUN SIATOAUL SIYT,
‘syueld om) oY) usamieq A3oedeo 98BI01S
peisur 01 st oyexr Aiddns ur soueqinisip ® 3undeode 0] QANBUISYE
a1 -s[eLeRlI MBI §)I JO ouo se jueld snomexd ' Jo wononpoxd
18101 9y} 1doooe 03 eary Aewr juerd oy ‘ejdwexs 104 ‘POJJOIIUOD 3q
JOUUED UOSBOI OWOS IOJ 1NG PAINSBOW 9 UBD YOIYM UONRIPUOD B UL
SINOOO QOUBQINSIP B USYM pasn Apjuenbery jsour sy wreyshs syl
* WI0)SAS JOBQPASJ-90UBqINISIP, B
5q 0} pres SI WojsAs [0IIU0D dY} IO[J013u0d 9y} Isisse 03 parddns a1
(suonipuos Suneiado 1eyie 10) suonrpuod £jddns Jo sjuswaInsezow
woyp ‘pokordurs st joxmos onewoine ueym Ajdde suorBISpISUOD
owres 941, *pa[[011uo0d A[eyeredas J0U 918 SUOHIPUOD 983y} JI ‘Tojerado
oy} 03 suonipuoo Kddns ur sefusyd jo suonespul opiaoid 01
8ol 1o supsy syqryxs jueid oy} woyM 95€IUBADE U 9g OS}® [[IM 11 1B}
pareaxddeaq mouim 3y “ndino jueyd oyl 1e juswele Sunolep 2yl £q
PAJeOIpUL ST 90UBQINISIP 9Y} JO 10372 Y} [IIUN USYE) 9G UBD UOKOB
9AT}ORII0D OU ‘asImIsyiQ “yueid oyl Ilue Aoyl 2.0/2G SUONIPUOD
£1ddns ur so8ueyo iojerodo oy 03 9)EOIPUI O} IOPIO UL PI[[RISUL
aq jsnw syuswnnsur og) ‘Sop dj00704/20upisip Suniqruxe jued B Jo
uoryerado [enuBL JnISse00ns 10 ey} 7' ¢ UOnoag ur paurejdxe sem 1y

MOVEaas,J-2ONVENAISIT 7°8T

' “yron 911091100 10 SUIONU0D ‘FULINSEBAUT
auo uey) axowr skojdure royjrou surroy jsofdurls I1oy] Ur 90uls swalsAs
xopdwoo Aqrresseoou jou ore Koyj, -eonoeld Ul Dposn KPP Yiog
are yorgm ‘sw)shg Surdereay pue oney uo pepuadde st 910U Y

“Jun SurjoarIod uo Jo jueunsnipe oY)
103 symn Surjonyuod juepuadspur om) Kojdure youm SwsAS ()

LOE SIWHELSAS TOYLNOD XITdNOD

"syun Sunoaix
uswnsnipe o1y 105 1un Surmszowr suo mﬂmﬁo MOE% M%H\Muwmm ()
"2peIsE) (7)
foeqpesj-ourginysicy (1)
< “ y
44019q PIqLISIp 35011 urY} pa1edndwod a1ouw Surs)sks %oamwﬁwwm
1 syuerd jo Kuofewr o3 aw swos 1oy 1NQ ‘eSn JULSIIND UI SUrd)sAs
oU} M PaUIeIqo og ued ury} suonpuod Sunerado 1usisISUod srow
PUBWISP yorym $3550001d joxju0o 03 payrersur oq woos MM swayshs
yong "uonIpuood 1ay30 L1949 30 1Y) 03 9AnR[RI SnfEA reurndo oy je
1023100 Ioyseur o13uIs B Aq ‘poureIUIBW PUB PaInsBauX ST $53001d o
SUNOoFE UONIPUOD yovd yolym UI ‘Swasks [01u00 payeidayur A
sp1emo} doys v quasardol PaqLIdsop swe)sks oy} 1Y) 12O 99 {[ImM uh ’
"PANSU0S 2q PInoys pue pioy syy ur eousuedye Suoy Jo synsox
Llig) JIBIUOD 9pEUL ST 0UQXRL YOIyM 0} szaded yr .:osmo*:mmw
U9ALS B UL pasn oq 0} wayss oy Sunsnlpe pue Sunoojes ur pue ‘suon
-eondde ouroads o suondirosop paysiqnd o1 Surpesr ur jsisse A
PaqLIOsap suIashs o) 10 uonerado oy} ureaod yorym sordiourad o_mm
oyl JO oFpa[mouy Y pasn AJuowwrod jsour o1 sr 1 mmmao.up S :a
ISOUL Passnosip ST wra)sks opeoseo oyy -swayshs xoiduwos Jjo momm
swos jo uonerodo oyy ssnosip 03 sr 1deys siyy jo esodind yr
"K10108)s13RSUN ST WI0ySKs dooy oj3urs ordus ® woly paurelqo
°q uBd> yorym Aenb jonuos ogy ;1 Auo pesn st weysks xorduwoo
® “Aresry “swonoas Surmopoy sy} ur passnosip sojdurexs Sy ur se
sjrun SunemSer x0 Sunonuos ‘Surmseswr [euonIpPE UILIUOD yorgm
swaysAs xapdwos axowr Kordurs 03 ajqeygoxd uayyo sty mwocﬁwEsmms
959U2 UJ "JUSWIAL SUN0R19p 9Y) IBSU I9)US SEOUBQINISID oy} uSYM 10
odref st juerd oyy £q paonpou Sep owr oyy usum bum.msofmm ‘syru
pagroads oy3 uryym uoneIASp oy PIOY 01 3]qeUn 9q ‘aI05a101) %mﬁm
YoM wasAs 101000 urew o) Surieius wouy poyusacxd oq jouues
SeouBqINISIp o8Ie] ‘10A9MOY ‘Sownewog ‘1T 814 £q peyensnyp
wm swo1s£s o105 Juspusdepur Sunressur £q opqissod se sudnIpuos
sunerado ayy Jo Luews se ur $30UBQINISIP SsIuUIL 03 9onoerd wow
“WO9 ST 3] "SI0UBQINISIP Y3 Jo £11ud Jo Jurod puw opmuSewr omjeu
oy} Aq pue juerd oy Jo sonsueloeIRyS oI} £q DOUILLIDIOD ST waysks
dooy ej3urs ® yyIm °lqruIRIqo Apenb jonu0s oy jey w208 us9q sey I

NOLLONJOYIN] [*Qf
SINELSAS TOYILNOD XA TIJIAOD

81 ¥HLAVHD

9A




- e € 6¢,,,2 4,2 2 surSUOD QWi Ayl yiM saSels jeiusuodxe ¥ 9say)

03 9np e[ Y3 10§ ,m\u\mwcanoP 01 POsn,2Q PINOUS w2 © ° ° ,,,2 4,2 °,2 sowp) uonoe
SATIRALIOP U SHUN (I + J) ¥ A[yeapr sours ‘asiwodwod jeonoerd eSSy, L
“-Ajuo uonoe Jeuonrodold 9AI3 01 PASNLPE 2q ISOW X asodand sipy 10 (7€ vl
pue ¢'p SUON0aS 99s) X 1B Ppajoofur JeuSis dwel B 01 I0j0W AU} JO asuodsar auy
Sunmseswr £q punoj 9q ued gy "1,y Ul 1030Ur jun SUnO2IIOdJYI PUB “Z ‘X ‘TH A
30 posodwed WISAS Y3 10J 27 — T JOONBAI (T = w2 + """+ 2 F 2+ 2 »

- ._.::_.5 mcﬁoo.ﬁoo o1 pue 7 g (@ USIMI2Q SIUI] TOIsSIt
-SUBI] Y} PUB ‘A\ PUB 11UN SUNOIIOD SU} U99MIRq wed o3 ‘THA
Jo pasodwoo woisks ayj 03 juejeambs sofeys Ioysuen Jenuouod
-X9 JO SJUBISUOD QW dY) 2IB L1 """ 2 ¢, 2 2 QI0UM o2 T 7T
T S g Y ﬁzww 39S SI X 3IUn JO QuIf} uonoe o>mw>ﬁow Eligg

g 03 9N TOIIBIASD [BlIUal0d = a@ EACHIN
—90 u011031100 renusiod e seonpoid X 18 () 20uBgINISIP deis & 01
Sipuodss110o 12udts ndino sir jey) 0s “9a0qe pauiidya se ‘pajsnipe
SI X jun Jo Iojoej uonoe Jeuonrodoid oy I —uawISnpy yopqpasy

-querd o jo weiderp wonenue)e/Ser-oseyd oY} PUB IS[OIFU0D
o Jo weiderp sseyd/ured oyy Suwsn £q ‘07 1deyDy ur paureidxe
SB ‘punoj oq 910J010Y} UBD IQ[OIU0D 2U} JO SSUMISs oYY, "wrajsks
doo] o[3urs 9y} 10J Se SWES SU) SUIBWIAI ¥ 1B PIINSBSW ISOY] ULy}
10710 $0UBQINISIP 03 WasKs 2307duroo 2yy Jo ssuodsar ) 2105019y}
pue ‘weysks doo] pasopo 19YIOUE U0 10T Op Z 1un SUIPPE 9y} pue
X uswere Sunjrwsuen
pue SJuumseaur oyl Y
1UBWRJS SULINSLAW [Uon
-ippt oyl suidwep p:io
yuan Xt aa1s 01 posnlpe
Q@ PINOYS 12]]011u0d Y]
WaIsAs Yorqpag -adurqlny
-SIp B dn Sumpes woym
—quauSHIpY  43]]04]U0D

*3}oeqpagy-aourqIMSIp 0 + d (9)
NOBQPASI-0OUBQITISIP J (9)
NORGPIDJ-IDUBJINSIP OU (T)

YA 18T "S1 JO WRISAS JO £13A003Y T8 "HIY

T0—

T T

- —i0-

Qo1y3d
—————

01
()

Had

T
0z = 0
— \' _ Ur 9SBAIOUL Q]QBISDISUOD
o\ \() ) IOA B UI S}[TSSI JoBqped)
-30URQINISID 241IDALL2D
~ @ 19T puornLodosd 1eUl InQ 952D
o\ \# [| % ruossiodosd e ing

sty ur oSrey Kroa 1o0u
o SI  JOBQPI9I-20UBQINISIP
B jpuonztodosd Jo 10910 oY)
121} smoys (o) pue (q) ‘()

1

seAlno Jo uosiredwo))
(27 = W) Apanoadsax

uonor 2AnEALISp + Jeuoniodold pue uonoe jeuonodoxd sey X 3un

oY) TAUAM SILISA0DRI 1) 9AIS () PuE (g) seAIn)) "s3381s 19JSUBI] PIIYL

L L £:0

60€ SWELSAS TOWINOD XITINOD

e LR,

P b e

Lot

Rid s L doe iy

;))/). . . J) ) . ..\ .
v_,,),y,«r,ru%x,.j,zaw@N“.ip
PUB DLOJJS 3U} U94I2Q $10JUD 20ULBGINISIP QY] $27 PUB 2 X S1ULISUOD
oD UM $a8E)s IQJSUBD) 99y) JO §3s1su0d juerd oy Jo woyshs 1u9[
-eamba oy 1 "uonoe 1 + J Y pasn sem jiun Suifjonuos oy} sased I8
Uy "((2) pue (q) seAIno) wWeyshs oeqpasy-eourqInysIp  10J pue ( ()
oAIn) uxayshs jo13u00 dooy o[8urs ® x07 19T 1y I umoys wojsks o
1 3usreambsa queld e 10) peyeInores soaIns £10A0501 saA1S 7°91 “S1g
‘Jue(d oy} yoeax Loy} 010j0q sa0UBGIN]SIT
ook 10 Aioysuen Supenuspe Jo oSmjueape o3 9ABy OS[E M
A4 PUZ X TooM1eq uonznue)e oy} Sef lejsuer; e st Jef siy) J] “juew
-0} Sunoajep oy 1e [euSis 9A10L1100 oY} JO PUB 20uBqINSIP oY) Jo
[BALLIE QU3 US032q AB[Sp 911 S0NPAI [[IA 1T SOUIS GOIIUOD ISISSE N
A5 03 X woiy Surssed ur soueqImsip o3 Aq peroyns Sey own oy
J0211p 1'g
01 X woIy Surssed ur ooueqImysip oy £q paragns Sef Mﬁ .oﬂ wmmwmm
ww xﬁwwmuomboo oy} ySnorqy g juswepe Sunoeiep 03 X woIny
suissed [euss e £q peousredxa Sey ou3 Jey; os pajsnlpe st owmn uorjoe
SAREALIOD QU UONIPUOd Sunoorrod oyp wr oSueyo Sunesusduroo
Apoexs ue sonpoid uonipuos pajjonuooun oy} ur sefueyo paure}
-S0S SNYJY, "0UBQINISIP oY) .
01 enp uonemep penusjod wayshs
o13 01 1enbe st 5 wouy reusis ]01U0D NOrQPIYY-OULQINISIT “['§] *OI]
andino a3 01 0P UOI09II0D poNgay | [T ST 1
renuajod ayp ey os pajsnf
-P® st uonoe Jeuoniodord
UL  "UONOE  QANTALIAD -
jeuonzodord aa1s o3 pasues
-le fjjensn st A jun oy,
"Se] L100124/20uBIs1p 0} Anp
Auiewr s1 juowspe sunosep
Syl pue Ay ueamiaq jueld
oy3 ur Se own oYy uoym
10 Juswae Sunoajep ay; 03 1vau st (A4) A13us 3o urod oy wpyMm sE—
[[EUIS Sau002q *y uaysm [011U0d AI0JOBJSIIES UI 1[NSII JOUTED Kjresp
1 1nq ‘dooy ey ur 1ejep yueid oyy s1m3ue ooueqQIMISIp oY) se jurod v
01 dn sesearout wroyshs 3OBQPIVJ-20UBGINISIP ST JO mmﬂqw%m or 1
‘p21da00® 9q SN yor
$30UBQINISIP 2y3 Jo oyds ur sy onoomw oyl Sﬂ@m mcoﬁmxwww
desy 01 rop0nu00 o1y Js1sse 07 posn Ajqeigord og ‘weo vmownv@&
-9oueqIn3sIp ‘woaysks dooy oIS & M t I Kx03083813%S ® J1unred
03} J[BWs 003 1 'y usypy “justuele Sunosep oy 03 Anus Jo qurod syr
woyy Surssed ur [eusSis ® £q paroyns ("v) uonenusye oy o37euoniod
-oxd st woysks dooj opSuss ® Aq uem3 £y @y 1o \..H uopmmnu
UL ueas sea 3] “(uonipuod Addns Areipisqns & ur s1mooo 20UBQINISIP
U3 USYM I0) eDIS-PUBLISD Y1 U0 A JEB SINUD ommmﬁﬂmﬁ oY) uoyMm
1wswdmbe oy 10 JuowsSuEIIE Y3 4oys 1°g] ‘Sn ur souy [Ny sy L

ATeNS AxVIQISENS ¥O ANYW3IQ
NI 3DNYE¥NLSIa

NOISZd WHISXS TOYINOD SSEOO¥L OL NOILDNQOYLNI 80¢€




)

(A1 yipueddy 93s) SpOYIRW JOII0 PUB [B11} [ENSN oY) Aq dn 398 9q UB.  2[{01IUOD
911 2]qejleAR 10U 2B SWEISEID asuodsal Aouanbaly U3 UdYMm Wozumwa uy |
. *(9°1 1 wonods 238)—("3 AN T §1,O PUT O JO UIES (2103 9L «
Q10U 0] PAISNIPE 2q IsSNW T, PUB 3 UQY) ‘@UBUOSI 03 PEI] 0} Krox
St oL oner ay3 (q) 10 ‘9812] 00) SI SIS[IOIIUOD O] Y3 JO ured [[eIoA0
2%. (8) 10310 Jey] Yons 218 KeM SIY) Ul PIUITLIAND s3unies oy I1
‘ *(1) pouad Superedo
o e (V) UOHENUSNE 9U} WOIf U0 B PUNC) 29 UEd Ty 1030%]
wonpoe jeuonodoxd o3 pue ¢ [LT ST waysks j0xu0d Arevipisqns snid
yueyd oty Jo Sey oseyd oy) yorm e porrad = T oxoum ‘L = §°q [[IA
s3ur))es ST “Pasn oq J0U P WeISeIp ured/ aseyd 2 urege eouay pus
vonoe Teidoyur + jeuontodoid sey UL)O IS[[OUOD UIBWL YL
) -weiderp ured/eseyc
uoﬂﬁowuaoo oy pue weiSerp spyy Susn ‘Surdwrep 1:2 pue X oA13
03 pejsnfpe weyy SI Io[oNUOS urewr oy "dooj [01u0d \mw%wmo.:w
snid querd oyj 105 penoid oq uweo weiseIp aoummmuﬁm\wﬁ-owmmm
oy poureiqo ejep esuodsar Aousnbaly oyl WO JUAWR[R SUNOIP
wrew oy woxy reusis oy} 03 jeuoniodord sesAjeue 9yl 03 eudis aims
-soxd e opraoid 0} ‘roprwsuel} e se (Kjuo wonoe reuonzodoxd yim)
pPosn SI IS[[01JU0D UIRW 9y} pue (A[[eprosnuis 311798 SATBA POIISIP Y}
K1eA 0} SB 0S) I9[JON}U0D AIBIPISGNS U} 03 PIJOSUUOD SI 108AT2UR
oy Jo mndno ey - e psuado st doof ey} L 11dey) Jo poylewr
oy £q “Apreyuownzodys SUOD ST SIY} J "PUNOF WS} SI dooy 1013100
Lrepisqns oyy yya juerd ogy jo ssuodser Kouenbaxy ouy ()
= L-wreigerp esuodsax
L7 fouenbeyy oy woly Apoaxp punoy oq Ued SIYY, “(OWeI OUSPISGNS
poxmbex ayy 10) Sey aseyd ;081 seA18 yoryM (1) pouad a1 1 (Py) uon
“enuoyye jueyd oyl puUY 03 AIesSe00w A[UO ST 31 20Uy PUE ‘A] noe

reuonzodoxd sey IS[[ONUCD ATEIPISQNS oy} ISASMO “ArewzoN
. -dooy AreIpisgns
oyy ur 1ueid oy jo yed oY) JO WEISPIp UOHBRUS /Sej-oseyd

ey} pUB I9[[01JU0D A1) JO WeITEIP ured/eseyd oy Sursn Surdwep 1:2

@.,_,. T pue Wi oA1§ 0} pajsnipe ISIU;SI I9[JONUOD Arerpisqns ogy, (1)

:SMOJ]O] SB POUITILISIdP 9q UBD SIS[JOIIU0D
Arerpisqns puE UEW oY} JO SIUISS QYT —SpuauISnlpy 421041100

‘Tuo3sAs JOIIU0D MO B

suzoy dooy Krerpisqns o) woyM juzprodur renonred s SIYL 43100

Sur)0o1105 oY} S3UBI-I2A0 [[IM SUONEIASD paredonue 1By 9318] 0§ JOU
ST ,D PUE D JO UIES [[eI0A0 9U} JRY} SINSUS 0 TeYE) 9q SN 3IED

* 30 (%3]) 10108] 9Y3 YIIM PIIBCIOD 93Ie 9Q »zﬁuaom

s 0 Jo (5y) 10308y uonoe [enoniodoxd oty er0jeray; (1) porsd

Sunerodo IoMO] SIT 18 TIoIsAS UIBWr oY) U «wﬂm aq 1o opoym oyl £q

peonpoxd (4y) uopenuene oY} UM parecuiod a81e] oq AjjEUrIoU

11¢€ SWHLSAXS TOYLNOD XFETINOD

S——

R

($S) "1oy ou. uoneue(dxo Ue 10T

mm 1 powed 12 doc: xeipisqus oy ur jueld oy Aq peonpoid
(*y) uonyenuane 23 poured Sunerado 110ys oyl 1y sa9139p (Pd—0g81)
03 1enba st dooj Arerpisqns oy ur seSe;s 193suey) oyy £q paonpoid Sep
sseyd oY1 1Y) IOpIO UI [fewss aq jsnwr I 38yl saydui siy . *dooj urew
oy} ur st yorgm jueid oy3 jo 1ied jpws e AJUO urejuod 0) pejurlie
Ayrewrrou sy doo| Aleipisqns oy} esneoaq Ajnouyyp ou sjuaserd
Arensn sty “Ajeanoadsar sdooj om) ous Jo spored Sunjesado oy s1e
WL ‘L o1 IRIDISQNS PUB UIBWE QY] UOIM)I] 9OUBUOSII PIOAR
03 zopio Ur ,1¢ < I PYeW 03 [21uassa St 31 washs oy Sunsnipe uy

5 I[ORUOUIBW 9] JO SWIT) UOIIOL QAIIBALIOD 91U} JUISEaIOUr
01 JuereAmba st sy fdooj joryuod oy; ur soueape sseyd Sunp
-01¢ JO 1091J3 91} SBY 9107
-212y1 pUE walsks sjoym
ay; jo poued Sunerado 2
Qul seseadep IO
IPISANS 9y

-soourqInisip Ajddns
1o 3001 o1 9[qissod se
IB] SB 90NpaI 01 ST D) 127 ”
-[0I3U0D JO UONOUN] QY L, _ r
‘wre1sAs dooj efSurs oy ur , 7 L

se Apoaurp 1un Sunoarioo oy Suruonisod jo pearsur 4(,3) I9[[01IU0D
ia%mm@sw Syl JO onpeA @omwmuv oy mubme Mum.wﬁ .wwwv \AUv:hv:ob
-u0o QU “1uswee SunoalIod 9yl 1Bau IO YINOIY) I9JUS S0UBQIn)
-s1p 1o{ewr oY) uoym weysAs dooj oiSuls B yum ojgeure;qo Ajjenb
1013100 a3 uodn Suraoxdur Jo esodind ay) sey Afjerouss wsisks sy,

"UI)SAS [0I3UQD SpBOSED '¢°81 "DIf
P

o) /

J3123123N OV
NOISSINSNY Y.L

WAISAS ZAYOSYD) €°8F

-asodind sryy 103 pasn
ST WSISAS @pBOSED ® [e1ouad ur ing ‘I°gY SI4 Ul saul[ usyolq oy} Aq
umoys juswedueire oy Suisn ‘Aiddns urew oy ur INOO0 $AOUBGINISIP
zofeur UoYM IS[JOIINOD QY] ISISSE 01 PISn 2Q PINOD welsks oy, (1)
"4y /N anoqe st ty
1ey3 yons 1urod e 1z jued Sy} IS1UL SSOUBGINISIP OfBUI woyMm [njosn
10U 2q 01 A[eYI[ ST WRISAS MOBqpPesj-oourqImisIp oyl (1) 970N
*(g) doox, £q Tre1ep ur uaAld ore weisks opeoSEd
oyl yim Daredwrod WIISAS MOBQPRJ-20UBQINISIP Syl JO safeiuea
-peSIp pue saSEIUBADE OU} MOYS 0} Pejodfes ‘sojdurexe Jeonoerd
"(79) 104
Aq Ayny DassnosIp useq SBY WRISAS MOBQPII-0OUBGIMISIP QYT
(1°81 "S1g 99s) 27 = (2 + 1) 03 Jenbs 108
SBA W1} UOJOB SANRALISD QY] 2I0JaIoy) pue 2[qiSidau oq 03 pawnsse
ore Se] worssrwsUel} pue Sunmseow oy} Uoyey ojdwexs 9y} Uy

NDISEQ WHISAS TOYLNOD SSEDQ0¥d OL NOILDAJOYLINI (I¢




Sunoeep oy1 03 Surpuodseizod (urw |-¢ = 1) oFeys 19jsue1y AUl
+ door Arerpisqns o3 ur juerd oy3 jo 31ed g3 jo asuodsax Kouonbau]
oy soAI8 wesSerp siyy (1°$81 Sl ul wesSerp osuodsar Kouonbaiy
a1 Aq uoAI3 7l JO onjeA 9y} WOI} PUNOJ ST IS[[OXUOD (feuonzodoid)
Limipisqns 9U3 JO YIPIM DuEq reuoniodoxd oyl—waisds approsn

-€'0[ UONO3G UI PIGLIosap st (I - =) ¥y Jo anJRA U} WOI] PUnoj
9q Ued YIpIM pueq reuonizodoid oy pue T "SIMUIW [L-§ 38 398 99
S0 () W} UOTIOR QATIRATIOP Y3 3By} OS ‘SIUUIW T ST uonjeredo

"¢'81 513 JO €81
wa)sAs 9PBISED I10J STUTIIPS UONOE If[0N) B1J Jo wosAs Aipisqns 103
400 UIPW JO UONPURWIG TSRl LY 7 JO UOHRURLINRG "['¢78T 'O

( S,zoE\:zE v (S3LNNIW) Q0I¥3d

— —————
[ 0T €01 S 0-2 0-b S-0
I\ I\ T 206 _
| | eo1="owyf N ;
| _ P\
- | | U~ /. mm\
| W f
_ | 7 ny
! _ 0512 ] s ¥
_ = ATN
| = )
| W // 01
, Heil 2 \
| +w o
©
I 01T W N 08
I & b\
i . 0
| m AN
\
_ o 051,
o
/, m__
oz I\ N i 4
’ MY |
AN 0T
//
o ™~ 07T
~ Ku
04T
7 S L P T
jo pouad 9y} puw L]-Q SI Am Iv g JO on[eA 9yl woelsks doof

o[Surs oy} wIgyM peurejuod jueld oy Jo weiderp uonenus}Ie/se]
-oseyd oY) 03 9anye[er uonisod [RLUASUE] Y} UL 8] "SI UL UMOYS
ST Io[jonuod 9y} jo weiserp ured/eseyd oy —wasds doo -218uig

‘01 11deyD

¥ —~ Tpe -A

UI [18I9D Ul USAIS U09q 9ABY IS[[OI3U00 9Y3 JO weiserp ureS/eseyd
oy pue jueld © Jo weiderp uwonENUL »[Gej-eseyd oy3 woIj

£i¢ SWILSAS TOMINOD XFTLNWOD

.

QEEAT

P

e

A

U ks

dooj a3 Ut Se] WOISSTWSUEI; PUR SULIMSBIW 9y} SUONpaI 4q 10
‘dooy A1vipIsqus 91} Ul POPN{oUl 018 SOSLIS IQJSURI; IOMIJ Jey) OS ‘T°H ( IUSWS[
Junoa3ep oys Juiuonisodor Aq poonpal oq sdeyred ued ,J, A[PANRUINY
s3umpes Is[jonuoo [ewdo JO UONRUNUISIOP oyl pue , Iondey)d
UI [IBIOD UI POQLIOSIP Uedq sey Aqreruowrrodxe weisks dooj medo
ue Jo ssuodsor Kouenbaiy oy; Surpum jo poyewr oy, “Agerrq A1oa
D9jRoIpUI ST ordwWeXd SIY} 0} POYISW 973 JO uonjeoridde o) ‘s3urzes
UONO® IS[[OIJU0S OUl SUIUIWINNPpP IO SAOGE POQIIOsSP POTIoUL
oyl AJiIe]d 01 I19DIO U—SiUawisnipy 49]]041100 Jo uonpulialaq

‘uonjor TeuonIodoid sey welsks
OpBOSED Y} UI JO[[OIIU0D AIRIPISGNS SY T, "UONOE SAIIRALISD -+ [eifejur
+ euoniodord sAry 109
Wa)sAs apBISEd 9Y} UI I9[[0I} €81 813 30
- il jueid jo [onjuod doo] 93uls I0j s3uIlIes
-U0O UIBW SU} PUB WSISAS  yonoe 1070110 Jo uonRUTMIe H8] "Dl
doof jSurs 9y} Ul J9][0I}U0D

(¥) NOILYNN3LLY INVTd
oy ojdwexe Smy} U "syun ~—

e T 0l S I-¥
000°T JO OnEIAdP [erusiod et
jeabe ®>mm 0} pue "wWIoj |

l

1

|

1

deis jo og 03 pewmsse oI
%y pue Ty seourqQIN}SIp oYL
"SOAIS W}SAS YOBD YOTHM

©
uoneredo jo poirad oy dosy 3
PUP I Y JO SWISY UL | Jsyosor g+ +a (e A N
poredwros oq {1 jue[d USAIS Joauns of =g uzﬁav.wae &
sy Suijjoniuod ur woeysks | TPors
opeoseo ® pue woisks dooy uo=y ) @
si8uis ® jo soourwrozed oy, eyl —052

(seSeys IsjsurI} OM] ISyje)

g 1 pue (uews Surjosr . . oz

-100 QYy} IvAU IO [YSNOIyy) g

v 1e jueld oy; 1ojue (°g pue Tp) seouwqinysig ¢'§T “Sn Ur umoys

woysks jusieambs oy £q pejusserdar si po[[o1juod aq 03 jueld oy L
saoupuiiofiag dooy 2]3u1g pup appasvy fo uostwduio) 1€ QI

-opdurexe Suimoioy
ou3 AQ pejeIIsn[l B ‘90urqINISIP 9y} JO A13us Jo jurod oy} pue juerd
973 JO $O1IS1I1930BIBYD 9U} uo spuadep weysAs doo] 9[Surs & jo pejsur
woysks opeoseo ' Suisn Aq pejospe SI Yomjam juouresordur oyj,

"010J9q S® :9
OT}BI 20UIPISQNS © 9AIS 01 peysnlpe oq [ doof urewr oyJ, “wa)sks
ojeidwoo oyl A UeAIS AI0A099I JO WIIO] 9U} WO 309 o[qIdndau
® sey dooj Kierpisqns sUl UI Onjel 90UapIsqns oy} ueym juejrodwr
jou st sy} fdooj Arempisqus oyi wr suidwep j:o woiy Suniedsp

91231SSA00U 1M STYJ, ' DUB 3 O UONEB[I UL SonjeA 9[qejins

NOISEd WHISAS TOYLNOD $§300¥d OL NOILONAOYINI Tj¢€




TN

HHRE

"} asn 03 5[qeIGOoId SI 3T STOTIIPUOD JeyM UL SUIPIOAP UI SISUSISIP ISISSE
Lewr wojsks opeosed oY1 jo senredord 9y; wO sejou SuUIMOI[OT SYT,

wasAS apnasv) fo asn 4of suonpucy 7€ QI

"porrad Suneredo 1e110ys oy3 jo 3[mssz ® se (g1 S1y) TV
Suiseazour £q o't ‘dooy Arerpisqns Y31 SPISINO S[TR] YOTYM 90URGINISIP
B J0J """ UI 9SBAIOUL UB $103JJ0 ta}sAs opeosed oy Aym surejdxs
OS[B J] "9OUBQINISIP B IS)JB 9NJBA POI[SIP O} UONIPUOD DI[[OIIWOD
JO UINJaI ISBJ B SPUBWIAD $50001d 9} USYM SFBJUBADR O]QRISPISUOD
® SI SIYL "Z-T 03 7- woiy juerd siy; jo uonerado jo pousd oy
§958A109p WIRISAS 9PBOSEO ) 'Y} 9j0U 0} JuBiIodWl SI J]—PoLag

‘moleq poure[dxe se ‘woneiado jo porzsd
9y} Jo 9sBAIOSp 03 onp (ueyey ojdwexe oy} ur ¢-7 “3°9) 9]qRISPISTOD
oq Aewr aseatour o syuejd owos ur ySnoyie 'y ( UI 9SLLIOUT UL
o31e] se conpoid jou se0p WeysAs oprosEd 9y; (SOUBGINISIP PUBISD
® 10J 10 uonipuod Ajddns A1erpisqns e ur soueqInISIp T 10§ “5-9) dooy
Arerpisqus oy3 opisino ‘queyd oy} UI 15}2] SI51US SOUBGINISIP O} UM
"woeysks doof o[Surs oy wey) Ajddns ur seourqinisip yead Suronpai
UL QATJO9R QIOW YONW ST WAISAS 9peOSEO oY) ‘Sny] -7 jnoqe
Aquo st s 39°q 211 Jo oner oy} (doo] Kreipisqns o1 opIsInNo) g IB
Bu110jus OUBQINISID ® 107 Inq ‘7] IN0qE st swaysks dooy ofSurs pue
opeased oy Aq weaId s, 1 " 9y} Jo onel oy (soueqimysip Ajddus &
10§ *3'9) V 1B SULIPIUL 90UBQINISIP © IO 1By} USSS 9q [[iM I[— ¥ T

(dooj urew) 7.7

8 0S opBISED
(434 9s

L€ dooy s[Surg

[apiee]

gI' Q03 | VB THI0]

(soynuru)
poliad

I'8T HIEVL

a weysks

181 °lqeL

ur pasuewwing o1e porrsd pue Iy (eni3) oyl JO ssnea Sy
‘KreArioadssr g 1e Suirojus
fppur v 18 Suraua ) 103 991 "SSI.I U UGAIS Sue SWa3sKs 9PBOSED puE
doof 9[3uis 9} 107 $9AIND KIA0DRI OY T —aounutiofiad fo uostvduior

“JIUn §UNO21I00 2Y; ;0 SUISUBI-I0A0 IO SOUBUOSSI DICAR
03 uoneoyIpow ou a1mbar weAIS sFunyes Io7 U0 9 SI0JIPYL

Ci¢c SWHLSAS TOYINOD MNIILWOD

i

A T AT M A N A8 B

AT

[e— ml \,H k3 pa—

(zzguomagsag) | (g )+1] x*v=
{doog Axerpisqns au3 Jo (L) uonersdo jo porrad

J® T2 JURISUOD QW) UM 958)S [eusuodXs O} oNp UONBOUIE) X Y = ¥y

‘suonIpuod Juneredo weAIS oU3 UI 9ATRA [0IU0D oY SurSurI-I9A0 JO
\Mw wMH snyj st o jo snjeAsy],

‘L-y PU® 7 I8 7 pUR [°G'Q] "SS1Y Aq ToAIS ¥y pue 4y Jo sonjea oYL,
Aww X AW\V = 15 '9'7 {(g pue ,1) uoneiado jo sporrad 9A130adsaI
1oy 38 sdoo] utew pue Arerpisqns oy} 03 sup (P) UONENUS}IE oY} JO

syonpoid o) £q USAIS ST SIS[[0IIU00 0M] o) Jo (L5) ureS [e103 oYL
-ojqeaidde oq jou M

19091 1 I ¢ N..O —_ 7“_..\ ?'N.
$10959 90UBUOSSI 38U} 08 ‘¢ < = = ““—uyH puv T fo ampyg
T L -

JSII OU 9AIS 0] PUNO] SBM SN[RA SIYT, °

*SUWI9}SAS 9pBISETD
pue dooj 9[3UIS JO SALI2A022X JO UosLIEdwo) 9'8Y "OLL

(S3LNNIW) 3IWiL

————
8 £ 9 S ¥ £ 4 I
[ T T T T T | 0
043005 |023U0d
\&nn.\.u\mc_m apeasoy . oo_h
— 00T
g 2suoqumisig ]
8 ‘ 9 s 5 € z T ooe
T T T —{ = ]

:::Euuo.cuuwouq

— 001

- GONk
[}
l; 00€

(€-01 =) ™=
JO onjea 9y} WOIj PUNOJ oq Ued Ty pue yipim pueq Jeuoniodoid
SYL UMW ¢/-( 3B 39S 9Q ISUUL SUI} UOIOR SAIJBAIIOD O} 9I0JOISY ],

"seynurw Z.7 se uoneredo jo pouad 9y} puB ‘ce-Q SB AW Hv%
JO onjea Y1 $3AIS (7°6°81 “S1.3) LoueSue; jo jurod syJ, (D) IS[[ONU0D
ot Jo weiSerp ured/eseyd ou) pue ‘g'g] "SI Ul g pUB (] USAMISQ
weyshs oy3 Jo 31ed oy: jo weiSerp uornenusyye/Sej-oseqd o) woig
punoj a1e (@ + I + &) 16[j011U0d Uil 9§) 103 sTUNISS WOLIOR SY L
"Ly = 7 jeU3 Os ‘suope[oso padwep [:2 10 /-
81,081 Jo Ser sseyd e soAIS yorgm (eynurur /- ) uorjerado jo porrad
og3 12 . (fw) wor-nueie eyy "¢"gl "SI Ul umoys (7'F Q) 1USWO[R

dooj 3j3urg

g 2uoqumsig

NSISZd WELSAS TOYLINOD §SE00¥d OL NOILONAO¥INI HI¢




‘seqny xoyeeyrodns A1epuoods o1} ggnory; ssed 03 Wed)s -4} 10] UYL}
s oy 03 onp ‘Sey A0O[RA[20URISID ST 3BY} PRIOU 2Q PINOUS 3
*De1001100 Ajornb
£1oA oq oroyereyy i doo] oU} SULLIUS SOUTQIMSIC "MOLIEU
oq M ;D Ie[jonuod Arerpisqns oy3 jo pusq reuonzodoxd o3 pue
1107s 9q jjis doo] Arerpisqns 9y} JO porrad oy} I0JRISY [, “UONE[[BISUL
Sunosyep ernjerodwe} U} YIIM PIIBIOOSSE ST dooy Arerpisqus 243 Ul
ofeys 1opsuex) s[qewerdde AJuo oyl “(QI'ST UONIRS 99s) Iejsuel}
1207 0] S20UE]SISAI WIY-PIMY 2} PUe saqm) Iojeoyradns Y} JO SSBUX
oy £q powrioy o5els 19jsue) S5Ie] 9T} SUFEFU0D YOI ‘G001 Ureux o4}
£q wey) dooj J01U0d A2BIPISQNS 3Y} £q Ajpidesx 910U YONUI PRjodriod
2q AIBa]o M 9831 ], "UOII0SS Lrewnnad oY) WOI] JIXe U} 18 SPOUBQING
-sip exmjerodwio) Weajs UL PRIodPal 9 JIIM SUOLIPUOD sed ur pue
1Bl UIRA)S UI Y30Q SPOUBQIMISID ‘UIBAI)S SES SWEs SUj UL or2 19323
-1odns o7} JO SUONOSS OM]) U3 OIS "91BI WTR}S YL UL seguryo O3 pue
‘ormzredura) 10 MO[y s83 UT sa5UBYD 0] 9NP 21 $DUBGINISIP 10
"TO1309S
£1epuOodes o) SISYUS JI 91033Q xoyeoyodnsep oY) UI WIS Y} Ol

“[(I93SAS JO13TOD o@ao@o. J0 oqdwuexy L1 "OId
¥ILYM

IDNVEUNLSIT
FYNLYYIIWIL WYILS

YILYIHYIINS AYVYWIN

.y : L a
130] { & Ssewanwva1i |
(5735) W1 VIVFSNYYL IarQ ?.Mmm
on Mo~ So=—-= - X
¥31Y3HY3dNS3Q

sorem Surkexds £q Pa1e11od st oInjeIedie) Wesls Ay, 'SeOUEqIMSIp
ormyzIodiuo) TEs)s 1091100 03 1ejeayladns oy} JO SUOI0Ss AI1BPUodds
pue Krewad oy} weamIeq 1oyeayrednsep 2 skojdwe (g) dooy, £q
|IBIOP UI POSSTIOSID S GOTGM ‘Wie)sAs SIUY, */'8] "8L UL UAMOLS ‘s19189Y
-1adns 10710 03 perdde se wWejsAs [013U02 ormyerodwar wesss oy Aq
peprao1d ST JUSWA[® SUNOSIIO0 Sy} 18U IAJUS YOLYM S2OUBQIMSIP JO
100130 913 SUIONPAT 10] WSISAS SPLOSED B JO 8N 213 JO sjdurexe poos

apdunxg €8T

-1n900 seourqIMISIp Aroysuen) aSre Afensnun IO S3OUBQINISID
pide1 Ajensnun UOUM SAJEA JOXUOO 97} SuidurIi-1eA0 JO JSH oY}
SuLLINOUL JNOYIM ‘QUIT} UOIOE SANBALISD Suoj » 913 03 peisnipe °q
A[oyes weo IOJOIIUOD UIBUI AU} PUET USIY oq UBD S1S[0IIU00 OM] 31
JO ureS [[EIOAO O} S0USH “THNUIIXU orqrssturzed oy} PI2OX? JOU S0P

LIg SIWALSAS TOYLNOD XHIdWOD

|

e S N R A S o AT

s g T

NN AN e o e

Fhd ek B

1run Sunosi1oo Sy} O} TBUSIS 9y} SB Suoj SB IS[[0I3U0D Ulew Y3 0}
9[qE[IzAR 10NOALI0d [enualod oY) SuISeaI0op INOYIM ‘SATEA [OJJUOD
ou1 01 paydde g ued UDIYM JeUSIS 9411091400 WNWIXEW Y} HWI] O}
paduBILIE 5Q UBD 19][0JIUCD KIBIDISGNS AU JBY S LI9ISAS 9pLIsed oy jo
oS BIUBADE [BIUSPIOUL WY "Saounginsip pidp. 10 23.0] [puoispor) ()
-ponad Sunerado Suof & 9AIS 01 pua}
os pue Se[ swi; 9517] B JQIYXD SJUSWNIISUL [BOIIA[BUE JSOUI 3SNEIq
“onpoxd 9y} JO uORISOAUIOd PAINSBIW Y] ST UONIPUOD PI[[01}UOD [eul
o1 USYM 210212y} pasn Apuenbair a1e sureisAs opeose) °[0IIU0D
dooy o13urs zepun Suof sy waysks ayy Jo uonerado jo porad Y3 USYM
querd o1 ur A1789 SULISIUS SPOUBQINISIP JO 109JJ2 Y} SUISBIIP 10]
nyoesn Areinonred stweysks opeoses ay [, pored Sutiviado Suog (€)
“(1L) uoueis pue 1KoY Aq usAId st Wayshs
opeoses e urdiysuone|e1j001 oxenbs ay) 1o 10332 2y} Jo djdwexs uy
*19[]J0I3U0D KIRIPIS
-qns oY1 JO 9n[BA PAIISIP Y} Sisn{pe pue IS[OIIU0D UlBW Y} WOIJ
1euSIs OU1 SOATE09I UDIYA J1UN SY} O} 9ITAID UOISIOATUOD 3001 sxenbs 03
Ieouy ® Juippe AQ 10 ‘o[E0s IBAUI| B 9AIS O) PAUFISAD IS][01JUOD MOY
e Sursn £q 9WO0I9A0 3¢ UBD K}[NOLYIP SIYT, “MO[ 001 3G MM UIBS 9y}
[BULIOU UBY} I9UYSIY $O3BI MOY 1 A[9SIeAUO)) ‘I[nsal Arw Aj[Iqe)sur
Apuenbesuo) ~dn 198 ST WIA)SAS Y3 YOI 103 An[eA JeurIou o) MO[aq
905 Kes sojer mOf e A[QBIOPISU0D AISA 9SBIIOUI 0} SIDJ[O1JUOD o
JO ured [IBIOAC 9} 9SNED [[IM IS][0NU0D AIBIPISqUS AU} JO 9[eds 1001
renbs oy ‘ored soyuo ue £q parnseaw ‘moy st dooj A1eIpisqns 9y}
Ul WOHIPUOD PI[[OIIUOD Y] USYM JBY] I9AIMOY PIJOU 3G pInoys 11
-saueyo peof Jo 9yds ur
Surdwep 1:2 urLjuIELL O} JOPIO UL JUSLUD]D FUIIOSII0D SU3 SSLISIORIRYD
01 KIBSSO00U 10U SI I 9I0JoIY)  Wd)sAS o[ouym 9y} Jo A1Iqels o2yl
w0 1001° Arepuodss v AJuo sey AjjerousS wrasks jo1juod Areipisqns
311 JO ONBI S0USPISNS Y} UI UONEBLIBA ‘WISAs 9pEISED B uy -oner
22UoPISqNS QLUEBS 9} "3°T “[01IU0D JO A)I{IGE]S SWIES Y} UIR}GO 0} J9pIO
ur [pim pueq 1zuontodoxd jo judunsn{peal e puewep Aew.saueyd
yons wasks dooy ofuwis & ur ey} ‘91 I09deyd WOy ‘PIISqUISWAI
aq 1y 1 -axmnssaxd Ajddns Jo 10 peOJ JO SSUBYD YA SOIISIIOJOBIRYD
jueld ur seSueyo Jo 931ds Ul ‘IS]jOIIU0D UIBWE U} £q 10y PaEo AnyeA
31} 01 9S00 AXOA PAUTEIUIRL ST UONIPUOD SUNOIII0D JY} IRy} SAINSUD
1SS 2pBoseD B JO 1ajjenuod Kreipisqns Sy L "ppo] fo aduvy) (7)
: (mo1eq L8] 81 30 uonduosep
295) "9]qRISPISUO0D 9q JjIM ‘Porrad ur 95BAIOSp S SE [[3M SB “ 1A
ur asearour oy3 dooy Arerpisqns 9y3 UMM SISIUS 90uBqINISIp 9yl
“ToA2MOY ‘JT "' UI 9SB2IOUI S[Y 9q [[IM 2I9y3 1nq ‘uoreiado jo
porrad o Suiseazoap £q Ly1jenb (011000 9A0xdU [[Is [01}UOD SPEOSED
‘weysks opeases e Jo doo] KIeipisqns 9y} JO USSR JUoalep Y}
I01JE SI0YUD SOURQNISIP dU) puege] L1100[oA/20uB)sIp AjurBwt s1aryxe
1ueid B J112y) 1890 ST 3] "oy dproojasfaoupisip Suniquyxa juvid (1)

NOISId WILSAS TOELNOD SSID0¥L OL NOILDNTOYUILNI 9]¢




(IR

giﬂ)

E‘Q—\/-O\))O@ anmAvWQZou oL

-9ATI0910
$oW000q UONOE IS[OJJUOD UIBUI 29Ul 2I033q Suo] TOIBIIUAOUOD
modea oy) eonpax M doof Arerpisqns 913 ‘Kipider oseaIoul 0}
SaoUOUIII0o oImeredura) ISJISATOD Syl JI “UONIPUOd SUI021100 943
ST 9781 WEd)s oY) A[[eLIon pUE armieIodiue) I19119AUOD ST UONIPUOD
DPA[OITOD ST, *IO}ISAUOD Y3 UI IsK[eIed € JO oouesaxd oy} UI $30BRI
SINIXTWX UL “TrEaN)s e UE [IM DIXIW pUB pesizodea st pmbyy ¥
“6°8] “S1J UI UMOYS ST W)SKS JO od£3 sty Jo asn oYy Jo ojdwrexe vy
-wo1s£s opeosed oy} Jo doo] AIRIpISqnS Y3 sE Kem oures aU} U S0UBADE
oseyd S20NPONUI 31 ASNEOAq TAISAS S[OYM ST} JO wonerado Jo poued
oy Sursearosp ur sysisse doof ATeIpISqns Sy} 81 PIo1oU &g 1M 3]
“LOLISIO **r 9y} WOy Sunredep jo esuadxa oy 12 Kiessooou I
‘on[eA Pa1ISep 0} WINJRI JO SUII) 1533I0YS oY) 013 01 paIsn{pe 2q pInoys
weIsAs urewr 9y} JO OBl SOUSPISGNS PUE poued Sunerado oy} weyd
‘orqrssod se WOOS SE onjeA [2UIIOU $31 01 A1ddns K1e1pisqns 9y} wInRI
031 juepzodwur ST I JI 1By} PRIOU 2 PInoys 31 -WSIsAS ATBIDISqNS 94}
I T TR— JBUY UONS q ISTUI
WoIsAS S[0UM oY1 JO (1) POMSd 2y} 0UBUOSAI DIOA® ol "A e
dooy urew oy} Suruado Aq PeUTIISNRD “woysks opoym 2y Jo asuods
-o1 Kouenbsxy oy} WOy PoUIW
-1019D Uy} Q1B IS[[OIU0D UlBW
a1 jo sSumes uonoe SYL
-ma1A JO jutod Jeuon
-prodo UB WO} PRIBIS[O1 2G Ued
gorum esoy Jo sseoxe ur Ajddns
Kreipisqns oyl Ul suoneniong
sosneo 11 18yl ydly os jou sl
10701300 AXBIpISGNS O} JO Ured
oY) 72U} 210SUS 0] UAY®} 3G 1SN
o120 "X 18 pouado dooy AIeIpls
-qns o1 Jo siskjeue osuodser Kouenbeiy 2 1n0 Suikiieo £q punoy 9q
weo parmbar (wn} UONOE SANBALISD PUB) [IPIM PUEQ reuonzodoxd
oy -symuy paquosexd oY) WA O} SUONEIASP 20mpar 01 "Ad'd
oSre] Apuerogns & oa1d 01 181y pajsnlpe oq Isnu waysks K1vipis
-qns 9L "SyuenSn{pe I9[]0I)TOD SY3 SUIUIULINSP UL ISISSE J[1M SUIIA)
asuodsax Kouenbexy ur waysKs oy} Jo uonzxedo SY3 JO UONRISPISUCD
-ssa001d QU3
£q 10y Pa[Ied SE “UONOE 9ANBAMSD + [eiFerur + revoniodoid ARy
weo rofonyuod urewr oy -Ajddns Arerpisgns ui oSueye 2uoururrod
2 oAIS pInOM UMM ‘UON0R [BISSIUI SABY 10U PINOYS 2T TUORJE
oanyeALop + peuontodoxd 1o Jemoprodord eary PIOYS IL[[0IIUOD
£reIpIsqns 21 S0USH “onJeA [BULIOT §31 0} £1ddns Lrerpisqns 9y} uInjar
DINOYS IOJJOI}U0D AIBIPISGNS 9} SPEUI Ue2q SBY UONIRII0D S TAUM
-goripuoo Ajddns ureur oy 03 syoUns{pE Kresseosu oy Supyew

=4 4 ¢

SI To[[OIIUO0 Trewr oY) Srym ‘doo] 9y} UE 91E] SUNRIUS SIOUBQINISIP

Jusefe SUI09ep QU0
woiy Sunerodo sdoo] [0J3U0D O}
ym wesks jo opdwrexg 681 "OLI

¥ YNOJYA+ ¥IV
a3g t

LSATIVLYD | S 4

61¢ SWZISAS TOYINOQOD XZTIWOD

pEIRE TR P

s

Ul 10] 10931100 0) SI IS[[OJJUOJ ...BIDISQUS Ay} JO WOnouny oyl
-Io013u00 wWrewr ouy Aq peydde jeyl Uey? IaMIed
YOnII SATI0LR W03 [[IA IR]j013U0D ATBIPISqNS Y3 £q pordde uon
051100 3y ¢ dOO] LB SU} JO 3By} Y3im pareduwioo 1I0YS 3q M dooj
jonuoo AxeIpisqns 9yl JO pouad oyz ‘poured Sunersdo oy} je juerd
ojoum ay3 03 enp (%) UOLENUSIE Y3 Yim pereduios gews st jued
ot Jo Z 1ed oyy 01 anp (Ty) wonEnuUNe 9y} JI "oull Kddns puooss
® UI OA[EA [O1JUOD Ieyjoue $33E1edo OIUM ‘XA[[0IFUOD Krerpisqns
2 03 ose pue ‘oury A[ddns Urgwr oY} U 9ATEA [O}UOD 2 $0181200 YOIgM
$1o[[01)U0D TIRW 2y} O} PIRIWSUBI] ST UORIPUOD PI[[OXU0D Y3 JO
onJTA OU} SAINSEAUI YOIA JUSWIR[S SUII3JSP SY) WO reuSts oy,
“[B1IUSSSd
SI GOMOB 9ARORLIOD SIBIPAMI Due AeMe URI O} SOUSUIUWOD feux
ss9001d oy} urede ‘eyer Ajddns pinby oYy ur 1000 95BAIOUL USPPAS
® pUB I0}OAUOO O Ur 20B[d S9YE) UONOBAI oseyd inodea/praby
7 ‘Aprepug -peimbar s uonoe
axossion pilss on B KONy i suneiiisoiies
un1, 01 oouewwod Kew $59001d i unm i TAROOD Beer o
om ‘sdojeasp 10ds 30U ® JI -0v[d
$SOY/B) UO5}0BAI DIUWIRYIOXS A[JUS[OTA
B UorgM UI IS}IOAUOD T oG AewW
g'g7 Sig ur jued oy jo 7 1ed
oy ‘erdurexs 104 “Aienb jonpoid
10 epd oy 01 oFewep Juoa21d
01 ‘s9SBO QUIOS UI SUONIPUOD 252U}
ur poxmbeI SI UONOE 2A[021I00
pidexr K10 "g'81 314 Ul UMOYS ST
78yt juepd U3 UM JO UONIPUOD £ddns Krerpisqns e ur weld o3
To1U5 SooUBQIMISIP Uy 9onoed Ul J[qenyeA sor0xd yorym weIsks

A1ddNS
A¥YIQISENS

SLIN{ DNILDZ280D) OM L ANV LIN[} ONRIASVAN BNQ 30 WALSAS 481

“DO]NSUODd 9g PINOYs
(09) 1018017 Aq 1eded ® sonoerd woIy uAYE} SIIAWEXe IYI0 10
-pourejdxe Ajsnomsrd se S[oUM e Se
wa1sks oy Jo wonzxedo o pored 9y} SSERIOD PINOM I SE 1B] OS UL
yoxu00 aacxdury AJuo PInOM Welsks 9peosed ' TH'Q 1B Sunoyue
seourqQIMISIp 104 X 18 SULSIUS Se0UBQINISIP I0F PIsealoul Ser
1100704 [20U}SIP OY) SB SROTLIUBADE 210U £iSuisezarour ar0xd pnom
woysks apeoseo oy “Se] £1100[oA[20UEBISIP SUILISOUOD T'¢"L UONAS
30 (1) 910N o1E1ISTIL PIROM WR)sAS Ul UL} o312y sem Sef oA
[oouz1SIp 2U3 wONEBI[RISUI JO 2dK) JEIUIIS B UI “I9A9MOT] ‘1 *(seInury JO
15DI0 O} JO ST 2NjeA T 950YM) S3e)s JoJSURI) SY1 A paredurod 109119
ajqiydeu 7 sey 9I10J2I9y} PuE (SPUQSS JO JOplo o) J0) siereoyadns
ur pews st Sey siyy AjeuiioN doof Areipisqns 9yl 19}Je SIN0O0

NOISZd WHLSAS TO¥YINGCD §SEDCUL OL NOILDONQOYLNI QI¢




A
-oyerd doj 9y3 payodral uwnjod wﬁ dn v:et usoaww
Sueire 0} ‘I9][0XU0D ONBl O
BUD oY) UoUm S5UBYD O} 9jBI XNUBI QYY) I0] 30 o
M%Mmm%mb %‘E vwo.« UIOIJ QUI] UOISSIISURT, ..Em ul Ke[op om\ﬁ M MM % d %ou Hﬁw%wwﬂ W
Riiite) 0 wun[oo o3 dn 9181 IN0dRA T22MIaq WNLQIIr
B T o B o £1ddns 120y ur safueyd prdel pue
so-oI Ul KB[p U3 (q) pue I9MI0G O} Al 182y UI I
wﬂmwwmm& boE.mn .Wwoouzm 11 1sureSE 91BYI[IWU SSIMISY)C P[ROM SIOIOR) OM) ERlON

3 9Bl PIJJ ¥ QuInSsse SI 31
pasn S WoISAS SIY} USUYM MOJS 3q [[IA SISUBTD 1Bl PIs) eyl P o

*$°9 ‘SUONIPUOD Ul SATUBYD
e 3y} 03 SSO 183y JO 918l pue UoNISOduIod p9) "5 DRIPUOD By
%M%wogmw u«o.« Ldmn%awuoo 0} &MM 9pBW 3G meuomm\,w%mm% %woww Mmmommww
I 3 : .
-£18SS000U SI UBL) 18 WSE SuwAiddns jo osu oD O A e o
: e AQ UWIN[Oo 943 JO uoneredo Apeals urelq
S e d w soSueyo Aq poraeduroode 9q Isni 93l
131SBI 210011} ST 1] "I9I0q O} bﬁw ns yeoy Ul e it
) 12291 0} DIsN S1 1910q Y3} 03 PACEAT
¥npeI ur $98UBYD SI0JIAY] PUB XNPII A} 2 o oy o
) U1 SUTOD JSUrESE 1nSie Uy “O)el PIJY
1eay oy} Jo 3xed rofewr oy Jey} SI S L 50 A e,
urareiurew £q 19110qQ Sy} 03 PoTf i) I
U314 OLJEJ JUBISUOD U 9BL XNGL oy} Surureur O e
-fund payroads 9y} ureiqo o3 I
P31039 9q 9103213y} UBD uE>mmm At $h e ety S
X2 93 1B “S3)BI P9 IMO] J€ s30npoId JO A
o~n§~Em€ O o < INSuS SIUY, "Po3oadyd 3Bl PIg) wunuwu
Jo) conpoxd A WWN0d 9} Y} SIN L T e
= smoads woneredas JO AOUSIOLIS 9] JIIdA O} Us 1Y
ﬁw%mw wmﬁwuwuo@m J& a7eX XnYaI AU} [OXUCO 03 2010LId TOWUID Uoq SBY 3T 4

woly ¢ 58 I8 JO 10308] © £q SIUID wo1sAs doo] wwmnNEVo\m.L Jo pourad
X s118s 0
o1eo Surye) Qg POPIOAE 9Q ISNUX SQUEBWOSSI (G) AISI 5l
apE cuntm 19 PP -(pouxad Suneredo 9y} Jo 18P0
o) Jo) s} uonoe TeIZsIul 110YS PUE PUEQ reuonxodoxd opim B yum
Jounew euriou oy ur dn 105 9Q Wed 7D (¥) wonIpuod Kisties o,

-30UBUOSAI JO JO0USISAO QAISSIOXR UT J[MSAI 10U OP Anmv N
uy seSueyo 03 Surpuodser1oo 7 "D JO SN[BA PIISIP LI SSSUTLD @
. . -JuBISUOD ST (1) MOY USUM ‘SN[BA PAIISAP
£peays ® 18 uorsward parmbar oyl YA () MOL SIORU0D T ®
: : PO[IUInY 918 SUONIPUOD OM}
1oy os dn 108 oq 1SnUW 7D YRY) USSS 3q [[i 1T .A.S Aop U1 11200
0} pajoadxe ore YoM sASURYD QUL UO spuodep 7D°'4 pue .q. ”w a
SIO[OIUOD 9Y} JO JUSWISN{PR SYL—2[[04U0D OHVY Jo juawisnlpy

“(¢7) yeynbrz £q woAIS st SWRIsAS [011U00

i ISSNOSIP DPOjIRIeD

NSNQUIOS UI JOIIUOD ONBI JO SN 9Yl JO UOISSNOSIP DA
sonsa ! -uswrdmbs jo13u00 o11309]e skojdue
PUE [011U0O OlBl SOST YOI/ WIR)SAS [01)U0D DABUIPIOOD T SGLIXSD
31 ey W 3sareur reynonied JO ST (L9) SHIBA £q xoded v oyay Ww&
a1} 0] ONEI JURISUOD B UJ 9 03 PAI[OIIUOO S o84S SIY} UI 9B x:uMp
o[ "UWN[OO TONE[USIP B [0XJUOO 01 ‘J'7 “SLY Ul UMOUS SWSAS
dooy sp8urs oyduurs oy jo oor[d U ‘PAsn 3q PINOD memro mwmw H
. 0 OUIOS MOY SMOUS YOTYM ‘J1°§] 8L Ul
PASSNOSIP SUXa)sAs JOI}U0D Y2 JO h :

pejeIsSOIL SI S0 yons Sud (99) “(c9) ‘(¥9) suwnjod uondrosqe pue
UONR[ISIP JO [01UOD 31 I SWIS)SKS OIyeI MOY JO 9sn 9y} JO paysiqnd
woaq oAey so[dUIEXe SNOISTENN ‘UIRISAS UONEBS[EINSU JUINYS UE
UI I[ed[e pUB PIOE )SeM JO SMOY Sy} IO JuB[C T UL J0B3I O3 parpddns

mm.:.zu oM} JO Smop U3 ‘gidwrexe 107 ‘eq Arwr (7) pu® (1) smorg

12¢ SWALSAS TOYLNOD XITIWOOD

PR SIS L T S

(1) moyr ynm pazedwos onjea parmbar
U JO /40y B 01 P3snfpe A[SNONUNUOO ST onjeA PAISIP 2SOUYM T
(101100 OeY 343 03 17D J1un uoyoe Jevontodoid oyy g payyrur
-sueyy st (1) moy o3 [euonodoxd [euSis v waysks [oxu00 onel Moy
€ ST YdIyM (q) §°Z "8 Jo widyshs oy g oner jueisuod B ur paure)
-UIBUI 2re SuonIpuod Junerado om} Jo sanfea ayj s9sse00xd Kueur uy

WHISAS TOYINOD OLLYY 9°8I

"waysks dooy orFus oy ur se ‘soSueys ornssoxd A1ddns 101
10 hmummmmo Peo] 03 onp sonsusjoereyo juerd ur ssSuryd 10§
1ESURdIOd 0] PISLIAIOBILYD 2Q JSRUI SAJRA [O[UOD UrBW U] (q)
PUE “I9][0L3U00 ULBW 9} AQ SA[BA J0JU0D Urew oy} Jo SurSuer
-12A0 1ueA1d O} pasn 9q JOUUED XO[ONUOD Areiprsqns oyl (®)

“JBU1 2NSAI A1) Im [ojjered ur padurlie QI SISJOIU0D
01 913 1Y} UL WaSAS OPEIST0 5U1 WOLJ SIPIP WalSAS ST, 2 210N
"(0) 311013100 Urewr sy Jo sSunyes vonoE
oy Sururwireldp oy parmbar ureigerp uonenuene/Ser-aseyd oyy
aa18 Jjim dooy A1eiprsqns pue 1ueid oy jo ostuodsar Kouanbory oy,
"19]]013U00 AIBIDISGNS QYY) UI AIESSI09UUN UOHIE SATBALISP 10 TesSojur
Syzwr 0} monrew Ajuswns sq m pueq [euonrodord oY) pue
110ys oq Ajrewrou prnoys doop Arepisqns a1 jo porad oy doog
A1erpisgns o1y jo weiSeip asuodsar Kousnbaiy oy Sursn ‘paysnlpe js1y
ST (,0) I9]]0N3U00 AIvIpIsqns
Sy L weisks opeosed oy} 10]
pakoidwra poyrewr oy £q
POUIULILOP 9 UBD SI9][011U0D
om1 oyl Jo s3upies uonoe
QUL —IuaUlISHIPY 45]]0.4jU0y

un
SUNDIII0D SUO PUR SIF[[OI3U0D Juspuadap
-UT OM] IIM WoIsAS [oXu0) "0i'g] oI

o)

plal
ONIYNSY3IW .

i ’LAI ONYEYNLSIG
v Nwl
_ 4y

|

(€9 ) suone]
-]BISUI [O1UOD I9]I0Q UL SNO
-IoWinu 1sour ore waisks Jo
od4y sty jo suoneornddy
“un Supoar1oo ojdurs oy 9jetedo 01 jrun JUIppE UB UL PAUIqUOD
‘Toram0Y ‘ST Yoes 1 Indino a1y wsks Iy} U “I9[011U0d KIerpisqns
QU3 WOIy JeUSIS 9Y3 SOUSN[IUI 10U S0P IDJJOJIUCD UIBLI 9] UIOI)
TeuSIs 2y} ‘uonoas snoraard oy} UT PAQLIOSOP WIdYSAS Sy} UI SB By SI
eouarayIp ATuo sy, "woneredo jo poyzsw pue ssodind 1y0q ur ureysks
9pBOSED B 0) YE[IUNS AI9A SI Walsks 9y} 12U} ULSS 9q J[IM 3] “1USWISIR
Su1001100 Y3 Igau SulsLIE SEOUBGINISIP JO 3090 9y} 1OBIAUNOD 0] SI
dooy Arerpisqns a3 Jo 303[qo 241 ‘0181 “S1.I ur umoys ‘wasks sy} uy

+ LIN[) ONILDI¥AOD)
ANQ OGNV SYITIOWINOD INZANHJIGN] OMJ, HIIM WAISAS §°Qf

NOISIA WHLSAS TOYLNOD $SID0¥dL OL NOILONAOWLNI 0ce




T joAS] MO] pU® YSIY Y -fadwe 10 0y A1R3eidurod awuaeq

10T 520D jossoA 93Ins Ay} Jeyl 08 pawnipe oq 1snw wasks sy, (7)
-gonyisod 9yrugep e 01 Yorq 1yZnoiq AIMols

S [ossaA 231ns 9U) UI [9A] U3 BT} OS “IS[[OIFUOD [2A] Suideroat

oy ur wonoe [213e)UI Asn 0} ATEIUBAPE UT ST I rereuss uy (1)

: suonyeordde [Te Ul IepIsuoo 01 sjurod [eIsURE

[e104%s 9B 210y} Inq ‘A[[ENPIAIPUI PSISPISIOD 2 ISTUI S520 UOBH
"UWnjod 9yl JO
wa1sks [o1u00 oY} Jo wonerado ay} 03 enp oSues o1oko Jjews pasod
-wrrzedns B YIM 9SBIIORP IO SBAIOUL MO[S 2 °q 0} paroadxs oq PInod

-surasAs xo[dwod jo osn ay3 Jo sejduwrexg “[1°81 Ol

39VH0LS OL
’ -— A \W, — —
12000¥d mvﬁ L/ - & wyals
WOLL08 m ;
O |
- - oYL
e W3ISAS
 — = 3QYOsY2
TULSIXIN OL (XN :QFFd) | — —
== WALSASOLYY | — — 1 T
15N00¥d dOL 1§ MOTS it T
—_——— i CEES]
T —-———0 1
I bt B
r 4_ T P, R
! o —] L —
| walsas ! 2 |“ !
" ONIDY¥3AY ) S P I,nL
v 1 !
¢ i
! “
¥ Mo i
SL¥aNt _ L ¥ESNIANO
| B}

1 —— i
¥ITIOVINOD | . ]
oNloY¥IAY '—m —m— — —— — — — — — — —

*g°d 3AIM

“Appeays Surmun ST UWN[0d oY} UM “I1°8] ‘81, Ur I0JE[NTIN0DT 9y}
03 91B[IUSIP JO MO} Ul S5UBYO UIBTI ST} ‘ordwrexs 10, "seyeurwropard
ueyyo ad4y ouo jueyd oyroads B urIng ‘pasodadns eoueqIMISIp 10 9dA1

10A® Ureuod Kewr 31 [exouel uJ "PIIOPISUOD Kynyares eq 9103919y}
jsnu pa3oadxe o 01 S0UBGINISID SY3 JO ureped SU T, "MOTINO TI S[QIS
-sturred SIE YOIy SUONERNONG SY3 AQ PUB ‘MOLUL UI SOOUEQINISID 313
JO 20UALIM00 JO Aousnbayy pue wriog ‘opmruSeur oU3 AQ PIUIIIIAISP
are s3umes O[O0 Sy} PUB [9SSAA 2I0S 97} JO SUOISUSWID SYL
€€ SWELSAS TOYINOD XETIWOD

<

o

T e SN

L

*onjeA DAISIP JuikrzA A[UBISUOD B 0} o—nmmwoammm memu_umow w%u%uwﬂwumw%ob
-U0D QU3 UIBUTRU [[I144 UOIUM SUISISAS USISOD O} AIBSSo0oUu Apuonbaiy s10ur SI 3t
DAY WISIUBYISUI-0AIDS QU UL I ONJBA DOXISIP JUpSKO2 B 18 UOIIDUOD PIj[OIIUOD sy
UIBIUIRLI O} DIUSISIP QIB SWIISAS [011U0D $59001d d0O] 9[3Uss JO AjIofeur 9L, 4
"so1dWwBXs O1I0ads sSnosIp oym (0L)
JoLQIIg pue TOSEIA Aq [Ie1ep Ul peyeer; ueaq sey wejqoid udisop
SIY Y, “POASIYOE 9q 03 MOmIno Jo sfueyd Jo oyer peymeds & yued 03
poxmbal JossaA QU3 JO OZIS SY1 20nNPal 01 ST JO[OIUOD [9AS] FulSeIA®L
o1 Suisn jo esodind oy -Io[jo1u0d B SUISN JNOYIIM ‘pormbaz se
MOIS SB 9DZUI oG UBD suonenony osay} o81e] Apusnyns 1oSSaA A1)
Funyer AQ pUB MOLUI UI SOSUBYD 0} ONP SUONEBNIONY 1NC Yjo0ws O}
SPU9] QAJZA JO[3NO PUE [0sSAA o5Ins © Jo Lluore[ngar JudIoyul oy L,
"DODUBUISD N[BA PIIISSD Y} 18 MO 9Y2 PIOY [jIA YOIym
‘ro[[onuod Moy e Jo Sumies onjea pausop 2yl isnfpe 01 I9[[01U0D
[°A9] 2Y3 107 o3uBIIR 0} o[IYM YiIom Ajensn SI 3L SAJBA [OIIU0D 9}
Jo wrzax;sdn oinssaxd ay3 ul peroadxe ore sAZUBYO 9[qBISPISUOD I]
“([9sSeA  Iopnq, 0 28Ins, 9l JeIoUed Ul 10) JOJRINIUNOOR Y}
ur saSueyo [9A9] QUl USyM 932X Moy ur 2fueyd Jjews Ajpaneredwod
© 107 S[[B0 UOIYM ‘xorjonyuod peiderur + peuonzodoxd 1o jewoniod”
-0Id puBq opIM B JO AI[BIIULSSe SISISUOD WIalsks Suidersam oyL
(-1uEISU09 pley 210J219Y)
SI J2[I0G SY3 UI [9AS] QYT -juziroduwirun oI MO[ JO 91BI S)I UI SUOH
-BMONY 9I0]9I0Y] PUE ‘JossaA 238I0)s € 0} $208 jonpord Soton.ur y 1)
“IT°S1 “S1d UI UMOYS SE ‘pasn g Uzd Wa3sks 010D [9A9] JurdeIone
Uz ‘MOr UI SEONBNION] 9[GRIIASUL 912 INO YIOOWS O, “JUBISUOD AIB
T1135 4544 9U3 UI SUOYIPUOD ISYI0 J[& PUB UONISOdoo ‘9)el Pas) dYy} JI
1UBISIOO oG ATUO [[IM JII3S IXSU QU] O 1B[[ISIP JO MOY 9y} ‘JUB)SUOD
JOAQ] OU3} SUIBIUIBUI IOJR[NUNOOR 9BJIIISID U] UO IJJJOIJU0D [9A9]
o1 31 -uoneoyund ISY}INJ JOJ UIINJOD PUOIIS B O} PIJY 9} SW0I3q
£jgzqo1d 1m jonpoxd doy oyy -yompord wojjog ormnd sonpoid 03
pepusjur st 1°7 “Sry j¢ wnjoo wonennsip oy) ‘ojdwexe 104 ssajer
fiddns ur soourqinisIp 100 yoows, 0} Aresseoeu Apuenbony st iy

TOUINOD) ONIDVYEAY L'8T

R +(69) Awm,w ‘() 2In)BIA OY) UI WAAIS QI8 9nJBA PSSP Ul
sofuryo 03 swelsks dooT Pesols JO osuodsal oy} JO sjuawleal} J[ng

(A xipuaddy 295) 100YSI2A0 %0T

moqe sa1d [ Surdwrep 1:Q7 fenyea paisep ur ofueyo dojs B 191e
j00ysIoA0 %09 ur jmsar mm Surdwep 1:o ‘sesodind jsowr 10y uon
—eunrxordde poof AUeIoWNS B 07 9BYy) USYR] o UBD JI ‘OPMS e §Y )

(1) mop ur

moos 23 pejoadxe sefueyo pider jsowr oy} woly Sunynsar J00USIOAC
oA1SS90X9 ploA® 03 981p; Apuspmyns st wajsks doo] pesopo 9yl JO
OIjBI 20USPISGRS 2} JBY] puk ‘(1) MOY ur saguryo o1joko Aue jo 1eyl

NDISTIA WELSAS TOYLNOD SSED0Yd OL NOILDONTOYLNI TTE




SOATRA OU JC  .tan;sdn

, 1 2 S Ul MOo8q
0 10940 9yl 9QISLBou d¥BW O} JOSSOA 9
posiihies Mw.% oﬂﬁmﬂuwwwmﬂ.m_m gE.anonm ST JAJBA QU °[9A9] UL muwcarm” 031 anp
MMMHMNMMWG wu@m«obmm: sanssoxd ur seSueyd Jo 231dS UI JURISTOD POLUNSSE ST Y
) -a8ueyo dejs 9jSurs ®
(4
108 (suodsal jusisuel} Sy} oD b®>om8 oy mmwwﬂwomwvbﬂmoﬂwﬁm
m 77 -seSuryo oyl I
uesexd oy} I0j ‘yuoromins oq [II
Mouuswo% a1 (q) pue o3ueyd do)s [eNpIAIPUL UB I9)® bo>oom~ moJ Mmo 1
o7 () oI SUORBISPISTO0 JuBlIodur 9T} sa8uryo de1s JO 9585 Y] U
L ety — T
B I P —
I uls® g =7 x7 us 0= "9
£q uoa1g o3ueyo [eprosnuls paurelsns e (1)
. pue ‘moyur ur sadueyo deis (1)
5 : ey
Q
‘gourirodu Arewrid JO 918 $ISBD OM ], "SUOLIPUOD a,ch ay uowowwm MM
: : . U1 Ut $o3
; ‘~ pue G ‘7l JO SULI®) UL ‘MO[UI LI
ag snur (/°g]) wonenbs O p § ] %
8, onp MOJINO 9y} UL INDJ0 [[IM YOIGM &) wzoumﬁm% oy} @r_:w Moho?o
puz g sane|al yorgm worssordxs we S9AIS {/°g]) UORENDD JO UOLBISAIU]

. W.o_¢ . + S

sy - 0t g, S =0T i S T A o
1oaey om (g°81) pue
P P 101 Sunmnsqng

(1°1) suowenbo woy (9°gY) onEndI W 7 PUT L

S (.S ﬂ%viﬂ‘%
Cr , A@ 1 )" fgap
. . :ureiqo 03 (1) uonenbe senuaILIq
’ “Tp pu® % $93BIR1 YOIyM
7
. wp 4, 12 ;mbc .
8D - s~ 0T apS T o »
T ¥ U1
:oaey oM ‘(p°g1) Pue (£°81) suonenbo woly fp Suneuiirg
. .. S PNy pue
8D - An@ : + N%v s
. . . ‘Nm» R % — NN% o
Am.w,—”v : M"@Nw ~®Nw N@NN‘ \A
; - ue (1°g]) suonenbo Sumenuaisgmp g
. E.No% M”mmwwhw Waz 03 onp 25uByd 9JBI MOY SI 3 S10UM)
. - - -3 MITNQi“\V.VH”m@
(T3n Ts GT 0

s St [9889A 9 woiy (¥y) moyino sy pue

SIWALSAS TOYINOD XdTJNWOD

o

14q woAr8 st 7 own 12 91101303 13 wolxy (A) reuSs jndino sy,

;.ma.ﬁ -
U_ A=A

mev . . . - /8 IIHV,\,!V”,.NE
R =c
:4q uaAlS st 7 owy 12 A%v yadap Jo o3ueyo Jo oyer YL

To=Tp0="9‘0=1
12 D) on[eA palsap oy} je s [949] U} usym sanjea wnuqimbe
[ERIUL WOl paInsesw a1e &y pue % oz own gz A1eAnoadsar % pue %

9 °q pmby Jo yidop oy puz saer MOYINO PUB MOPUI oY) 19
"19]j0u00 SuiSeione

(1 + &) = skojdute UOIYM Z1°Q] "S1 Jo woyshs epduuss ayy xoprsuon
"98uryd 01 peyrued oq ued [9AQ] 94 yoIgm
1940 (y7) wder 2101 om pue dep 1un xod (o) Kyoedes 1 vo'r
‘[9Ss2A oU} o suorsusump g o
SULIa} UI ‘M0N0 30 , ssauyjoows,
poywads o1 oa1f m qorym
‘ronuos SuiSerear ayy Jo (S)
ewm} uenoe [21593ur 9y pue )]
1030%) uwopoe [ewonredoxd sy

Suipuy 30 83815000 wegord oy 1,

“WIS1SAS
[onu02 Fuiersar ordwrg TI'8T "o13

€y
=T

; ("g'd 3aIm)
Aressaoou are uononisuos jo ¥ITI0ULNOD
S[BLISYBLY 12199ds usym IO Swasks LSRR

sanssaxd ySiy ur 5o ‘earsusdyo
Axan sq Kew yoym ‘$]9ssaA 93ins
Jo uBsep omroucos syurzad pue 2

oonoexd ur jueprodwr st sure)sks No\ﬂ e e = 9
SuiSerear o USISop oY1 ‘0S[y "SuoIS " gk Y
-UQUIIP S31 WO1J 3000 1B P31B[Nojed

°Q U0 sonsLISoBIRYD §)1 osneosq odumrexa SATIBIISOII UB SB [[om
SOAISS 31 90UaY 121qAIdU0D 3so]duls ) sI dooy ay3 30 11ed juerd oy y.
"POYIWL SISO oY) JO sIsBq o1y S1BJIPUL 01 9[IYM YIIOM SI 31 ‘Quot
-dmbe [onu0s pue juerd -o'1) woyshs Joxuoo 9jerdwod ® jo uSisep
saneuend a1 Jo 3x%93 oy u uoAIS opdwexe juo oy st SIy} 90uUIg

SpuaunsnIpy 127041107 pup 128524 Jo suoisuaung 11-gy

7+d —

IRRE/EY

"I9[jonu00 SuiSerear o £q popuBWap se sI

18I MOY Y] JBY) 210SUS 0] “IS]]01U0D noy Aierpisqns e Jreysur
0} S1qesiApe ST 31 wshs oy} ur mooo seSueyo arnssexd woypm €3)

"POYOBAI SI JIUWI] I9YI10

USUM 19AS] 3O [[ef 0 9S1I 1oy3any quoacid o} mys 10 pauado

ST 9AJ2A 943 J21) OS ‘Io[[OsU0D Sy) ur P33y UL1JO ST 901A9p

7

NDISZA WELSAS TOYLNCD S8ID0¥4d 0L NOILDNAOYINI vZE




7181 "S1d voneogndure oy} SSIWIUIK 0} I3PIO Ul ‘pesn 9q isnwr

Q ~
9 Jo onjeA ysiy © U} ‘a1qissod 10 ST SIUL 11 ‘paydure joU oI Kat
i I g
®
181 OS ‘G]-Q U® — I 1
g G1-0 ey} SS9 — oYBUI WIS} JO SUOU JBY) 2IOSUS 0} UTL

=
)

3 ¢ B
q 50w 9280 ‘serouenbaly JO IQUIRU B JO SIOUBGIMSIY 21e 2I10u2 JI
‘ICTIBNUSI}R SUIES 973 10 9pBUI 3G U w 9

I gcia T
q3 109D q oneI oY) IoffBwS Y3 ‘S ) JO
ME? a7} J9MO] S, "SeOUBQIMISIP MO[UIL JO UONRATRHE D o1mber 9
° ! ;

AI3 0} POJOS[as 2q UEd § Pejoedxe ST 2OUBQINISIP o1j0ko suo AJuo 31
- - oA

“1S9[TBWIS ST § pUB ‘] = 10

o)
={—)8o1 U .
0= Asv [ USYM SINOOO voneogndiue 1537218 SYL "DSQHAWE SI

emey € < ﬁs
souzqIMIsIp oY1 91 ‘L < 8 °6T-0 > o So ueyMm 1By} ULSS 9q [[IM 3]
- Kouanbeiy pue sprjydure JIUN JO 20UBGINISIP AMOTUL UE O} Suipuods

-0IX00 MOJINO UL UONBLIBA [BPIOSTULS Io owgmmﬁw = %poroym ! \asv
< 13 ol ¥=2 ER ey
\ @
oy jsureSe penord st 59 501 141°81 -S1d up—2ouUnqunIsIq [OPIOSHULS
MEB@Q JOIIUOD [9AQ] SUISEIdAR
ul UONBLIBA MO[UI [EPIOSNUIS IOJ
SyI| pOqUIosaId UYL SUOLBLIZA
1eA9] dooy| 03 onel Furdurep ay? JO

“LUIR)SAS
mohmg 1oA9] SuiSeIisA® Ul ‘MOUUI
Mw mwvcmno %«Eogﬁw apnyjdure Jrun

WpUOdSaII0od MOUINO U U T
TON0aJes A3 10) SaAIN) “THI"8T "OX - s ol Rte
” D TYI81 O 11050 30 (36) opmdwry 17181 O
29017 He
@201
- L ———

/’.\Q Fbuu o
50—
N/ N

! S-0 0 5.0— - / /

= So-

m o.U=3 307 . V/
_ /,. 0

50 ! 50
St .o\

. 0
D pue  Jo senyeA 9y} WOlj punoj uoy} st ‘[ossoa

Il &=

sty qars 9yeredo 03 “IS[[01IUOD oy Jo [P pueq [euoniodoxd oy
. "z pue | ‘6.0 ‘ST
101 Nﬂ mH S1J JO SPAINO JO 39S IOMO] QU3 UL 7¥® jsurege ouﬂoqw
oI® %gO¥®™ JO SNJEA Y7 PUE D JO Swior Ul ‘rosseA 931ns “sopreus th
s be

S

LTE SIWHLSXS TOYINOD XdTIdWOD

"A XIPUIG ¢ S &

0,

10 9sn 24} yroczed [ii YOTUM Ty 10 2nreA oY} SUMLIRP O3 put Aem

14 %4

.1 o
oures 9y1 Ul 1943 9431 3O SUOTB][I0s0 23 IODISUOD O} ST dois Xeu 9y L
-(onoqe (§°81)

D
suorsserdxe U 7 PUT g QUIUIINNAP ™ PUE 9 10 sonyeA PajoRIds YL

-gs3001d oY) JO SPIRU Y} W O3 fipider Apusoyns

10 §IN000 QOUEBGINISIP JOOUE 210J0q KEMe 1D SUONLIINSO o (@)
-mogur uf pa1oadxd saSueyo dois oy} 10 NUWIXEW

payads T 10 §590X0 U1 S 10U []iA MOPINO UI sooueqmsip Yed ()

=2
1981, 08 UISOYD 3q UED ue> pUR  JO SSN[EA SIAIND os9U1 WO
* Jo saenjea 1o o3uel
o1 (@) 1suede penold a1e A0gul ur (] = Tp) SourqIMSID days

1
£ Summoyjo] (y 0@ PUE &g jo senfeA €1°81 Q1 u—2ounqnisid da1S

@ —arer =1L

- g udAIS SI weysks oy Jo (1) powad Suneredo QYL

ez o) : .
(g8 7 =3m.ﬂ.nww5,~%\,«us

7181 814 3O walshs 2yl JO srojemuered 2y} JO suel ul
-wersks ay3 Jo () onEl Suidurep 2y} pue (") Kouanbeyy [eIMEL
sy JO Swie} Ul Anustueaucd 3SOUW pajueserd 9q UED suonenbs
ssey £a poyuasaidel
waisks ayy Jo SousLdl
—opreyd Ay} 3Byl pUnos w (1 = Tg) moput ur I5ULLD
2q T 3 ‘poynsuod
ore SYIOM 25313 JX «(6)
uoyuriiey Ag PU® (zL)
nwg s g £q 101u0d
cgeo01d uwo s$Y00q Ul
[le}op UL Passnosip st
pue $1X31 7RO} BIURUIBLL
prepuzis a3 Ul UQAIS ST
(1'g7) pue (5'81) suon

-gnba jouonnjoseyL
Moy
4no 9y} U dUBQINISIP
mopul Sy JO uonedy
-rudewt juonbesuoo pue
0oUBLOS310] PES] oYM
SuoTIpuod 243 03 uoAIl
5q 1SnW UONUANE 1pnonted puz uO1BIAPISUOD jupprodur 9y} e

SUOTIPUCD 21818 Kpeays o) MOgUL U ~Zurypo o1kd © JO 2580 A uy

-ura)sAs 0IIUOD [9AJ] SuiSeloA®
doys Summoliod

(3g) joAd1 30 pue (°g) mOFIn0 T osueyD "€1'81 O

NOISEA WHELsAS TOYLINOD §sa00ud Ol ZOHPUDOO&.:/: 9T¢




{TROL SYSTEM DESIGN

5 of so much experience of

rrecting units will have too
‘eetric multiloop systems of
nion to the performance of
‘ore that attention shall be
wnits—particularly of flow

namic characteristics of the
istenn, Therefore it is only
dy in a very approximate
«es shotter the difficulty of
alty has been overcome it
api ¢ titative design of
1, a4 .0 advaniage, on a
10s have been developed to
Alti-loop systems will how-
an acurate knowledge of
ocess to be controlled.,

y cannot be truly described
“ the push of a button and
~+ push of the button closes
s of corrosion, erosion,
i¢ a host of other problerms
it can be built. Since the
industries ave evagaged in
o lme to worry about the
siency of automatic control
corrosion is perhaps most

s confrol system design,
nds o « development of
dynamic characteristics of

isibility of the Instrument
Com the instrument user on
~ocess characteristics must

> an understanding of the

1
L.

Wity

BIBLIOGRAPHY

1. Baumann, K., ‘Heat Engines’, Proc. I. Mech, Eng., 160, 1, 1949, 61,
2. Ritchie, E, G. and Kirov, N. Y., ‘Performance of a Lancashire Boiler,’
Proc. 1. Mech. E., 162, 1, 1950, 27.
3. The efficient use of Fuel, H.M.S.0., London, 1944, p. 84,
. Tustin, Automatic and Manual Control, Butterworths, London, 1952, p. 202
. Toop, G. H., *The Application of Open Loop Controls®, Instrument Engineer,
(Geo. Kent Ltd., Luton, England), 1, 3, April 1953, 49
. Ivanofl, A, ‘Theoretical Foundations of the Automa
Temperature’, J. Inst, Fuel, 7, 1934, 117,
. Westcott, J, ., ‘The Frequency Response Method : its relationship to tran-
sient behaviour in control system design’, Trans. S.7. T.,4,3,Sept. 1952, 113.
. Takahashi, Y., ‘Transfer Function Analysis of Heat Exchange Processes’,
. Ref. 4, 235.
Farrington, G. H., Fundamentals of Automatic Control, Chapman & Hall,
London, 1951,
10. Farrington, G, H., ‘Theoretical Foundations of Process Control’, J.LE.E.,
94, pt. 11, 1, 1947, 23.
. Farrington, G, H., ‘Automatic Temperature Control of Jacketed Pans’,
Trans. SI.T., 1, 1, Jan. 1947, 2.
Hartley, H., ‘The place of chemical engineering in modern industry’,
Chemical and Process Lngineering, 34, 8, Aug, 1953, 230.
- Rutherford, C. 1., “Practical application of frequency response analysis to
automatic process control’, Proc, I. Mech, E., 162, 3, 1950, 334,
Ziegler, J. G. and Nichols, N. B., ‘Optimum Settings for Automatic Con-
trollers’, Zrans, ASM.E., 64, Nov. 1942, 759,
15. Callender, A., Hartree, D, R, and Porter, A., “Time Lagina Control System’,
Phil. Trans, Roy, Soc., 235, () 1936, 415,
16. Aikman, A, R. and Halsall, J. R., “ A portable instrument for process contro]
analysis’, Inst. Praciice, 5, 7, 1951, 393, and &, 12, 1951, 793,
17. St. Clair, D, W., Erath, L. W., Gillespie, S. L., ‘Sine-Wave Generators’,
Trans. A.S.M.E., 76, 8, Nov. 1954, 1177.
18. Williams, . C, and Uttley, A. M., ‘The Velodyne’, J.IE.E., 93, Pt. 1ia, 1,
1946, 1256,
19. Carlisle, S. S., Contribution to discussion of paper of Ref, 7 above.
20. Ream, N. S. ‘The Calculation of Process Control Settings from Frequency
Characteristics’, Trans, ST, 6, 1, March 1954, 19,
21. Young, A.J., Process Conirol, The Instrument Publishing Co. Inc., 1954, p. 21.
22. Bane, W. T., ‘Design Charts for an On-Off Control System’, Trans. ST, 5,
2, June 1952, 52,
Takahashi, Y., ‘Interference of Two-Position Controllers L LS.A. Conference,
Sept. 1954, Paper 54-41-1.
Sartorius, H. (p. 421), Oldenbourg, R. C. (p. 435), Oppelt, W. (p. 449), Ref. 4.
23. North, J. D., *The Human Transfer Function in Servo-systems’, Ref. 4, p.473.
Bartlett, F., ‘Human Control Systems’, Zrans. ST, 3, 3, Sept. 1951, 134,
24. Gilliland, R., ‘Flectronic Control Systems®, Iustrunents and Automation, 27,
12, Dec. 1954, 1962,
25. Janssen, J. M. L., “Analysis of Pncumatic Controllers’, Ref, 4, p. 189.
26. Gould, 1. A. and Smith, P. E., ‘Dynamic Behaviour of Pneumatically
Operated Control Equipment’, (Part II), Instruments, 26, 7, 1953, 1026.
217. Zicgler, J. G. and Nichols, N. 13, ‘Optimum Settings for Automatic Con-
trollers’, Trans. A.S.M.E., G4, 1942, 759,

3n

[T = N

tic Regulation of

w0 9 o

— — s
[ 1) —

.
-

@




BIBLIOGRAPHY

27. (continued)

Hazebroek, P. and van der Waerden, P. L., “Theoretical Considerations and
the Optimum Adjustment of Regulators’, Trans. A.S.M.E., 12, April
1950, 309-322.

Ford,R. L., ‘Determination of Optimum Process Controller Settings and the
Confirmation by Means of an Electronic Simulator’, Proc. I E.E.,101,2, 80,
April 1954, 141-155.

Oldenbourg, R. C. and Sartorius, H., ¢ A Uniform Approach to the Optimum
Adjustment of Control Loops’, Trans. A.S.M.E., 16, 8, Nov. 1954, 1265.

Wolfe, W. A, <Controller Settings for Optimum Control’, Trans. A.S.M.E.,
73, May, 1951, 413.

Jones, S., ‘The Determination of the Best Form of Response for a Servo
when an Extraneous Random Disturbance is Present with the Error

Signal’, Ref. 4, p. 139.
Sartorius, H., ‘Das Optimierungsproblem in der Regelungstechnik’, Kege-

[ungstechnik, 1, 1953, 74.

Altenheim, H.J., ¢ Optimale Regelung einer Regelstrecke mit Ausgleichsgrad,
Anlaufzeit und Totzeit’, Regelungstechnil, 1, 1953, 232.

Janssen, J. M. L., <Control-System Behaviour Expressed as a Deviation
Ratio’, Trans. A.S.M.E., 76, 8, Mov. 1954, 1303.

28. Bergen, S. A., ¢Ppeumatic Force Balance Tnstrumentation®, Inst. Practice, &,

4, 1954, 312.

29. Kirk, D. B., ‘Nozzle Flow Characteristics in Pneumatic Force-balance

Circuits’, Trans. A.S.M.E., 70, 2, 1948, 111.

30. Moore, C. B., “The Solution of Tnstrumentation Problems by the Pneumatic

Null-Balance Method’, Tnstruments, Sept. 1945.

31. Clarridge, R. B, ‘New Transet Tri-Act Controlier’, Taylor Technology, 3,

3, 1950, 8.

32, Aikman, A. R. and Rutherford, C. I, “The Characteristics of Air-operated

Controllers’, Ref. 4, p. 175.

13, Williamson, L, ‘Theory and Design of Compound-action Pneumatic Con-

trollers® Trans. S.I.T., 6, 4, Dec. 1954, 162. .
34. Boundy, J. R. and Bergen, S, A, CAn Electronic Process Controller’, Proc.

LE.L., 98, Pt. 11, 1951, 609.

35. Boundy, J. R, “Flectrical Telemetering and Automatic Process Control’,

FElectronic Engineering, 25, 302, April 1953, 154.

36. Redding, R.J.,‘Intrinsic Safety’, Electrical Times, 124,327 Gth Aug.1953,235.

Boundy, J. R, ‘Electrical telemetering and process control’, Klectronic
Engineering, 25, 302, 303, April and May 1953, 154, 198.

17, Roper, C. G, ‘Electrical Transmitting and Transducing at Process Measure-

ments’, Instraments, 25, 3, March 1952, 338.
Roper, C. G. and Engleberger, J. F., “‘Jlectro-mechanical D.C. amplifier’,

Electronics, 20, 11, Nov. 1947, 117.

38. Davis, B. 1., ‘An Flectronic Control System for Industrial Control Applica-

tions’, Instruments, 24, 1951, 642.

39. Klepp, E. C., ‘Recent Developments in Instruments’, J. Inst. Fuel, 25, Jan.
1953, 295,

Klepp, E. C., ‘Elliott Trimode’, Elliott House Journal, 1, March 1951, 20.

40. Octker, R. ‘Finneuer elektropneumatischer regler’, Feinwerktechnik, 55,

1951, 217. ’

41, Oppelt, W., ‘Binige Niherungsformelm zur Berechnung von Regelvorgin-

gen’, Trans. Inst. & Meas. Conf., Stockholm 1952, p. 419.

42. Dushkes, S. Z. and Cahn, S. L., ¢ Analysis of some hydraulic components

of Regulators,” Trans. A.S.M.E. 14, May 1952, 595.
43. Howe, W. H.,Some Recent Developments in Process Control’,Refl. 4,p.217.

s

AR s

i
{
!
?

44, Aikmar
Perfo
45, McAda
46. Iberall,
J. of
Moise,
47. Bradne
618.
48. Aikmai
p. 20
49. Profos,
gang
50. Carslay
Uniy

51. Prinz,
follo

52. Behar,
691.

53. Hornft
A.S.

54, Aikma
cher

55. Zieglel
trol’

56. Walto
57. Rocky
58, Brock:
1950

59. Balls,
60. Ziegle
on i

Ziegle

48,

61. Fishw
Ma

62. Porter
159

63. Youn
I 1

64. Tivy,
Rej

Boyd

leu

65. Reidc
pla

Tefke

Prc

66. Yarg
Pr

67. Wall
. co.

1°

68. Brov
W

[




GRAPHY

1’. .., ‘Theoretical Considerations and
vuistors’, Trans. A.S.M.E., 12, April

aim Process Controller Settings and the
‘onic Simulator’, Proc. I.E.E., 101, 2, 80,

‘A Uniform Approach to the Optimum
ans. AS.ME., 76, 8, Nov. 1954, 1265.
1+ Optimum Control’, Trans. A.S.M.E.,

> Rest Form of Response for a Servo
sturbance is Present with the Error

blem in der Regelungstechnik’, Rege-

sinen’ Astrecke mit Ausgleichsgrad,
vechiik, .4 1953, 232,

Biehaviour Expressed as a Deviation
v. 1954, 1303.

ace Instrumentation’, Iust. Practice, 8,

teristics in Pneumatic Force-balance

0!8 1.

nentation Problems by the Pneumatic
; Scpt. 1945.
«t Controller’, Taylor Technology, 3,

“The Characteristics of Air-operated
m Compound-action Pneumatic Con-

i 162,
ilectronic Process Controller’, Proc.

ag and Automatic Process Control”,
11953, 154,

cal Times, 124, 3222, 6th Avg.1953,235.
ag and process control’, Electronic
May 1953, 154, 198.

and Transducing at Process Measure-
52, 338

Hlect echanical D.C. amplifier’,

sstem for Industrial Control Applica-
L Instraments’, J. Inst. Fuel, 25, Jan.,

House Journal, 1, March 1951, 20.
isclier vegler’, Feinwerktechnik, 55,

1 zur Berechnung von Regelvorgéin-
‘kholm 1952, 5 419,

iysis of some hydraulic components
“ay 1952, 595.
ats in Process Control’, Ref. 4, p. 217.

RN

o R R

BIBLIOGRAPHY 373

44. Aikman, A. R., MacMillan, J. and Morrison, A. W., “Static and Dynamic
Performance of Tndustrial Thermometers’, Trans. S.I.T., 5, 4, 1953, 138.

45, McAdams W Y., Heat Transmission, McGraw Hill, New York, 1954

46. Iberall, , ‘Attenuation of oscillatory pressures in instrument lines’ .
J. ofResem ch of N.B.S., 45, July 1950, 85.

Moise, J. C., ‘Pneumatic Tr'msnussnon Lines,” J.L.S.A., 1, April 1954, 35.

47. Bxadnel M., ‘Pneumatic Transmission Lag’, Instruments, 22, 7, July 1949,
618.

48. Aikman, A. R., “The influence of measuring and transmission lags’ , Ref. 4,
p. 205.

49. Profos, P., ‘Die behandlung von regelproblemen vermittels des frequenz-
ganges des regelkreises’, Diss, E.T.H., Zurich 1943.

50. Carslaw, H. S. and Jaeger, I. C., Canducnon of Heat in Solids, Oxford
University Press, 1947,

51. Prinz, D. G., ‘Contributions to the theory of automatic controllers and
followers’, J. Sci. Inst., 21, 4, 1944, 53.

52. Behar, M. F., ‘The primary elementlesponse Instriunents, 21, 8, Aug. 1948,
691.

53 Hornfeck, A. J., ‘Response characteristics of thermometer elements’, Trans.

e SIVIE 71, Feb. 1949, 121

S,

chemical plant’ Trans. A.S.M.F., 16, 8, 1954, 1313,

" ss, Zleglm 1. G. and Nichols; N. B, Valve Characteristies-and-Process-Comn="

trol’, Instruments, 22, 1, 1949, 75.
56. Walton, H. R., ‘Control Valves: Design’, Trans. S.1.7., 5, 1, March 1953, 10.
57. Rockwell, R. A ‘Valve rangeability’, Instruments, 25, 8, 1952, 1074,
58. Brockett, G, F., ‘Correlatlon of Valve Sizing Melhods Insr/uments 25, 6,
1952, 752.
59. Balls, B. W., ‘Control Valves: Application’, Trans. S.L.T., 5, |, March 1953,
20, /=
60. Ziegler, J. G.Wde Coutrol Systeins™ Proc. Texas A. & M. Symposium
on Instrumentation, Jan. aylor Technology, 6, 3, 1954, 18.
Zicgler, J. G, ‘ Anevaluation of Cascdde Control Systems”’, O:I & Gas Journal,
48, April 1954, 95,
61. Plsh\wck W., ‘Time-lags in Thermometer Pockets’, Trans. S.I.7., 4, 1,
March 1952, 29,
62. Porter, A., ‘Basic principles of automatic control syslems Proc. I. Mech. I
159, 1948 25,
63. Young, LI, ‘Control of Boilers fired by Solid Fuels in Suspension’, Proc.
1. Mech. E., 166, 1, 1952, 91.
64. Tivy, V. V. St. L., ¢ Automatic Control of } ractionating Columns’, Petroleum
Refiner, 27, 11, Nov. 1948, 123.
Boyd, D. M. (Jnr ), Fractionation Instrumentation and Control’, Pefro-
leum Refiner, 27, 10 and 11, Oct. and Nov. 1948, 533 and 594,
65. Reidel, T. C., ‘How to instrument the fractionation section in fuel pxocessmg
plant’ Orl & Gas Journal, 52, 51, 26th April, 1954, 136.
Lefkowitz, 1., ‘Completely Automatlc, Control System for the Distillation
Process’, Instruments, 25, 6, June 1952, 773.
066. Farquhar, J. C., ‘Some aspects of cascade and multi element control systems’,
Proc. 3rd World Petroleum Congress, Sect. 6, Reprint 7.
67. Wallis, S. W. J. and Simpson, R. F. C., ‘Concept and practice of coordinated
control systerns’, Proc. I.S.A., st International Congress, Philadelphia,
1954, Paper 54.9.1
68. Brown, G. S. and Campbell, D. P., Principles of servo- mechamsms, John
Wiley, New York, 1948.

54 Aikman, A. R -“Frequéncy 1esp5ﬂ§e analysis and contlollablhty ofﬁ\@;‘\w

R A anar AN

REREA S kp &

RS i

A e
R

VLG POV L)




374
69.
70.
71.
72.
73.
74.

75.

o
—_—

83

84.

85

86.
87.

88,

89.
90.
91.
92.
93.
94,

95.

BIBLIOGRAPHY P

Chestnut, H. and Mayer, R. W., Servomechanisms and Regulating Systent
Design, John Wiley, New York, 1951,

Mason, C. E. and Philbrick, G. A., ‘Mathematics of surge vessels and
automatic averaging control’, Trans. A.S.M.E., 63, 1941, 589.

Hoyt, P. R. and Stanton, B. D., ‘Use of field test data for control system
analysis’, Instruments, 26, 8, Aug. 1953, 1180.

Smith, E. S., Automatic Control Engineering, New York, 1944.

Farquhar, J. C., ‘ Automatic Cornbustion Control’, Trans. S.I.T., 6, 1, 1954,29.

Box, G. E. P. and Wilson, K. B., On the experimental attainment of optimum
conditions’, T. Roy. Statistical Soc., 13(B), 1, 1951, 1.

Davies, O. L., Design and Analysis of Industrial Experiments, Oliver and
Boyd, London, 1954.

Clarridge, R. E., ‘An improved pneumatic control system’, Trans. A.S.M.E.
73, April 1951, 297.

Toop, G. H., ‘A Technique for Minimizing Overshoots in Discontinuous
Processes’, Inst. Practice, 6, 6 April, 1951, 297,

. Dickenson, B, W. and Brooks, R. M., ‘Neutralisation of Acid Wastes’, Ind.

Eng. Chem., 42, 4, 1950, 599.

. Schoenemann, K., ‘The Chemical Yield in Continuous Processes’, Dechema

Monograph Band, 21, 1952.

. Coulson, J. M. and Richardson, J. F., Chemical Engineering, Pergamon Fress,

London, 1954.

Fishenden, M. and Saunders, O. A., An introduction to Tleat Transfer,
0.U.P., London, 1950. }

Gee, R, B., Linton, W. H., Maier, R. E. and Raines, J. Vv., ‘The Use of
Computers in Kinetic Calculations’, paper presented at A.T. Chem. Eng.
Conf., Washington, March 1954, Tech. Section, No. 6.

Report of A.LE.E. Feedback Controls Systems Comimittee, Electrical
FEngineer, 10, October 1951, 905.

Philbrick, G. A., ‘Unified Symbolism for Regulatory Controls’, Zrans.
A.SM.E., 69, Jan. 1947, 47,

Young, A. J. ‘The Development of Automatic Process Control’, Trans. Insi.
& Meas. Conf., Stockholm, 1952, p. 428.

¢ Automatic Control Terminology’, Trans. A.S.M.E., 14, 6, June 1952, 436.
[Report of Terminology Comumittee of A.S.M.E. (LR.D.)].

Young, A.J., ‘A.S.M.E. and B.S.I. Terminologies for Process Control’, Proc.
1.8.A., 1st International Congress Philadelphia, 1954, Faper 54-TRD-10.

Chaplin, A. L., ‘Some application factors affecting the regulation of pH in
Industry’, Instruments, 22, 7, July 1949, 579.

“Trends in Computers: Automatic Control and Data Processing’, Proc.
Western Computer Conference, Los Angeles, Feb. 1954, published by
A.LE.E., New York.

Cross, R. E., “Trends in Machine Tool Automation’, Inst. & Automation, 27,
5, May 1954, 768.

June, A. S., ef al., “The Automatic Factory—a critical examination’, 8 parts,
Inst. & Automation, 27, 9 (p. 1476) to 2 (p. 277) 1955.

Dicebold, J., Automation, D. van Nostrand Co., New York, 1952.

Metral A. R., Revue Générale de Mecanique, Vol. 34—sce particularly
“Machines Universelles ou Machines Spéciales ou Machines Transferts’,
34, 17, May 1950, 155. ’

¢ Automation in American Industrial Plants’, Report of IL.R.—11,072, U.S.
Dept of Commierce, Office of Technical Services, Washington, D.C., 1954.

Redding, R. J., ‘Electronic Process Control in an Oil Refinery’, Inst. Practice,
6, July 1952, 597. Also Marchment, W. T\, J.1.S.4., 1, 3, March 1954, 22.

Stewart, L., ¢ Electronically Controlled Refinery,” Inst, and Automation, 27,
12, Dec. 1954, 1949. :

Action
(see controller ac
Action settings, 12
Action times, 96
Analogous electric:
Analyser, 83
Analysis of—
controller, 100, 1
plant, 3, 33, 81, :
Asyrameiry, 338
Attenuation, 69
normalised, 70
Automatic control,
advantages of, 17
econoimics of, 9
Automatic factory,
Averaging control,

BounnAry layer re:
cal nlation of, 23

CAscADE system, 3(C
comparison with
Characteristics of—
closed and open |
controllers, 89, 1(
distribution stage
exponential stage
flow and pressure
‘n’ exponential st
plant, 1, 30, 70
Closed loop,
block diagram of
definition of, 21
operation of, 114
recovery after dis
312, 321, 326, :
Complex control sy
Compound action
(see Controller ac
Computer, 341, 368
Condition
(see Controlled a1
Continuous control
closed loop chara
open loop charact
operation of, 110_
Continuous oscillati
maintenance of, 1
Control equiprent,
definition, 20
selection of, 339




