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Cu'~~o(Pautcur Inrtituto, Hlicrobi~l. Physlo-

1. 7.1ROl'JTIOfl

anc.ien of u-rta1A Ua is i n ~crn to bactoriologirctse TAho
c~~~oi'~yand unetaLT'n t:=- b-- rc-Iucod to tho cxtwnt th.a.t tranna

X ~oo af CI tr cquor-,1y ad performcd at amnl or cliutiorno 089S.

~~~~incd ~ ~ -by so~~uu 'lto o calcualated as to cozn -- at,3 c:.'t4
a aortmt re.3, iuadr conntan-it conditiozo. 7ha dizncontinulty 11oul

(7) diooppor &Wd Wtrzo the olamontb of uncertainty that it intxoduceo. Ut
13 evidont that through th3 constancy of coanditiolD inl the =~di~p the
r-4* o;C gro.ith~ thorofox'. the psiolo~ical state of tho calls$ such)

a tuzre would be zn oxrtorom-3ly favorable =. object
for caormte

~eroi o'ho pwuruod in this laborato7 baveo br ought~n to put
ti11-drinil to, work (1ornod, Torrianis and DoC-orof:Cj 3$50)s arAd to
VLUUXr tho propcrtioo of continuou cultures* Ono will so* bv irbat follint

4 I hqpoo that thoa LinLcot in thim tcohriq=u ic rot 21tetd to the ob-
ain{za- of :~ nn and stablo culturc3. Continuouz ciulturos oraltitutet

Ln id o% cortain conditiozov cystoz=. in equilibriim, such thtthe vtuty of
a. Plic":onC.noa 0 o-=O W
Si=n.tlon of tin coauld thore bo doa substituted forby its =asuro of

1.11 ootio ola8:L- heitt _of eqilibriump wa woul present

.1 ccim tr' to present the gonaral proporties of thae, ontinuou
to ";-'jd C.to the rcn: ol uzing them i~n difteroat tpcz of

to b~j -'7ron tho thoorotical po.lnt of vioup in a mora rigoot
znd pro~ouna Anzor th=r I know hwzr to do* An for the tolniquo of rcoliea-

4 ton. oz winl gind laro or.3,v the dc.-crlytion of a vWr pri~tlva apparataw.j
of uhich the cole marit la cinplioitry.
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=U ra , Cero in 1 ' cOcvi, B2 CO f.C2l~ . IvenIUUCl Vinto~3 tof

conLncr, B.9 by a -h5,c a.d hq ( T, )7 whi'o, l y aor. cqun'
q~t o a ~ r -n. Of ~ mdi-u ic e-4 zt3 Cy a. ooo: tlooo(2

la= to o.czoo::1- rcv~p Vtclo (P). ~ thait tho b-ntoria falimng
;nto tlio ro tvl~clo P cecxa ±z-=diatoely t-Lo au:ltidly (b--.a*they cre
co.-ca~ca /O0?. ±'roon-m--, or'bCcotza tbD rcccptul-clo P con balm. zn anti-
Cvybic or sccrcbsioot~c). SPposc. finalt2y thzt doj.~tho'

:z3r~oi~eontaatly a&idwtxculnt tho u~uo tho homnOr'noity 6f, thn
C, :t. icm =zpcmzion a'.d of tho nutriont ctib:rt~a'nCOz ei''='olvod iL. om2ccurd

:Lz uppioz cci to acroJ- Lilhmca the cqWailbriunL bctaan tb,3 m.c~~ mdium
tho r-CO%-o-ew.,h o: tho co.,n'.aincr*

Lot :7-, bo ',.- bacterial zaz., contained in theicont.-Lner B,
29, -hoe ca -,,:!s containad in'er cta3oP ana24bo tetotbal bz.ctmri~l /.C

by dc2zini ion :,.

~-=A dr vin tith raeonce to'tine.:

i-ls -,-t, -c that:

~-- (2)

of2 tI- :zbcc:1m-G ix. ir is ehztzczh propo:'tio:.--i

(D" z:i * tho vo2.z f2.oin v;cXC ni o . - toio=ox~ V.
A. 60W- ot

9~~~r'" of ~z~..



Ico -. i"r (1),, (2), and (3) o~o obt+n!-Zz

mid In irtoeratin.,

lE vt of t.i.tev. 07 t2 - t. cd tho conoo--pondinzt
""Sth 7-2 2X1v thi bactcia2. :azu in B2 uO Can livitz:

t + D (5 azain)

SolZ the cuJltucan thi,- rato o:~ dilrtio.-O
'ho zOy.toea i.s in.f cquil wh~zd Wozi D. In thils Co=U.1aon4 ~(7c: or .;hat amaz .ounts to the za,a tho d ioitj, o' t.%c ciutura()-' --' z D.~ ,;= tt-- :o ro u ~ccur.nuatcs. in- P proportiorm.2y

-- -... oo a=-=-co a =-z. o c:;i .5,~ t0 M-, --ate, i.t ic than
pozblo11.plL.Cpa to tantllaz Culture iz.i~~t1Tat tbho

~c~i.~ ~:.L;:~ ~ ~ -~.o c~ jondig to thecxC9onnt:flt2 phazo.

3.NLD Rc.TX ."u3L-TS ~

~ ~'othof a wOUtura :L~d~i a r~d L= c-o z roditC the com-
* z- icm of th2:D*2~z -- d thCL= ce.t z'o:itionZ that rct*U~ad oz*j,

t:~t:3 0: o±rgo:f., it 1:0-1 o0, ot,-m~ T
So : Clalt,=3 in : 3~i~ z~.o.-* cz. cp.z L,

___ T- -7,.

f. ..-- ,--ia-ybcc: thi: v-u-.fo t i

th t44z.7 0~ / Ial A...,c

-1 cc2 -2vcl'a 0+



Thcoo co:-.ditdonx of opora.tio by which the' Mytemn tcnd'3 toj=-
IL Vt2-lAO eq'~i±lJ.a -2r3 p-mti 1uLZ'1y ±torestiners mid we0 chal tryr to
d~1i:-- tbima mra pociony., Lat tw cornid&r a cuflture daelopiir i an

;alz:i 01 d,-init 00-mouition, and mob. thaSt the Bolt 1~itn fact
ofi ermrr'h 12~ t cocc -%kra-,on of orm of the essentig- elmomentop for

o:p.:o Vao eltinA c~bone., OI 1~on (Cf. M!onody, 19L,2-3-949)/.1/ that
*in CoU!Ii a r-Odi'miu (not roxd the -I-ttm E~r'o;Th (2) Ic-, proportional to

t!:o Sx*2ta "- cont:~zevon of tho c.-ent carbofl. Ca Inous 03--o that
the rate c: Vcntzth var±oo irith the concentration of the elcment ca2rboiN\
acording to a 1-my fairly -..03. cx.Wrarmcd by the hbjperbo15.c relations

u ~ ~ A~~s. (6) thiaoo ruhcreprigt ocnrto

of thc te raal-f lntt of Uoh cora crin t a conrb. chptratovides
14ir 1.- ereats S% sa, conz;-;tari charaioteriatic of the ora2±om arA of

%Za oabt;2-co, bcirn oo~±d.rcdo

On:o~ s:jxU thats Im maoot of the kno~n ca.o3, the value of,
the co~ctu-t of "affinity41 SK In very mml compercd to the valuos of

cut-mes. Tdointo saythat the rate of Vrat is$n Prac"AOe,
indlsper'4int of tho oncenotration of the element carbon mxept whez-ft

Zat wL conzSidoz nami e~ culture devoloping in the containci' B (aige 1)
Sod by a i'czorvor conaofr.Ic a rn,-dL= of ouch cor~osition that the
concur.,tatioii of the olc'ont carbon i xctitutes the sole lUzi~ing factor
of ho Cro~uth lot 8~ bo tba carcentrotion of the J~rlting elemont In
t~u u=c modluri; Ss tUs oncentration of thic elciment ia B3 R, the corns
Cte~rt of y1634 (Cf. 1-oxiods loo alt). ~O may wites

IM:. L~Offect# tfratpthe conoontz'ation 8 of the clement In B torAd toI.

ackveCc: the bgpotbuW~ that tho. yL-t at th Mouth Iq *or-2tm*t4 ride

Pi-.C~it of Its MUe 0). Mmsu. t~ut LMW P 5uu'.

!Mmoae betimc tUs~ta doza1 and tba mrA do22otr* ft
ft-mity of, the cult=* Im &efind a tba vawl~t act S~a3 subStaft

L Tacict(3$h)4V*mA )~w/
*C, Loc. at U t m; t U-aIomJ



. .In ~~c x'placing

II

Sk -ps(8)

culture cmnnt be uaid to bo in~ equ~lt~arum ura'la and xBare
corastantalp that -is to say w1hrn o;- i "a t 0fl383

dS

8.Acocording to Ltom-T/ oqut.V-orA (4). (6) c.. (8)p tkhtco tzro
conditlo= cmn be vritten ,,3spactiv2l'a

I%/ht ~ ~ .... .....- (9

arA

r. In w~ldoxt that equ4brim is not reliicablo If D) >a3d=clu
tho Oquatio.' (10) rollld not be verif Led foi r 7 alue of IL or D* , U
z'oturas a evable equilbrim Is z~cessoz'±y attain"d it D- in, effct,
if at MV' momet =B I nfeolo to the vlum Watt~~~ ah oqust

In ponitive. A Inosanea, such tbat

II 1. ~ ~ ~ ~ U tao oatv a Aue the Cutures IMMOi'eD Tho cO Ito is w

461t O~he Invor-o o s c~d.:-TI 3C in mwto.w tot.. Vo t
oqutlibriun. Vdw UWeleI ii a E~t the VAlUe aatuisL~ngth

equ~~na(10)0 t!U=

4. 'w ~ iet o

K IN



i: ~ ~ a W. 1-:~ cAo ( to cutuo 'rc co that the ccjuzJty (Y~)

tZZC~i;5 ~ V2o r~~ .. --v~duccd i~f 8 1:; in±'rior to tho value~
~iz'yVato equztio:;I (10o). z:I, tho cqui u-briutm boing obtaineds orm

r.o-iici tha flo. a ("uh il i t b,-c:: o), the cyrstv Ovolve3 9
for th'e ' 4von, C.'aad rz cq1ibriw.i: t1obmrctcria dermity
-- t:,13 am-00.%ratica off '1,1% 1-1-itin c' awit vtalbliz tihorizelvoz at

z~vlui!! hi tt ti.x; ..t-z2 ia a- ccqual to' the rate of
CileU on Ih aC' i:- i e': Us~~ o

Ono ccs fro.-a (1.0)a that at cc.Li~irium tho cqi~tiou (9) ls

F~h o-jas tho c t-,I*o a'A±1il;~n z'cc'1ro

1,j on1 the othr !mri, U%- %lua of Ue Irmctio21

* o practically i d~zdott of -3 w~ ion'v s f o-o f -:-t

Coa r Lrr zc vaxco of St.

Sil: obcormtor. i; i~ort--. =op 1in praotU* th*L valu=e ooo
tor tha~ a *"tl ozstval.orl Spp u-LU be, a3rost im. A&Wy mob atu
than V4. va ol cTX1r4;: o 8. dt ri mpiu 8 -8 ULU U t~ba

. . ..... ,,.IAb>



4,7.

wi V 20 cZe quatio-i (9 a1lo) tould Live us thonp vith

=~4 ona sees Ctr'z would differ by on2Il 1,200 Zrom the ;-:xua vQlu*
correopordine to la into--ra u-bilr.ztior. of the ocoacrvt ccibor'.

Ui h D019 ,)D# the deazty of tho cultura$ at cq,.d2.briw2,pu*2~ze

Valov+ ould be irnformor by or27r Li-m pcrac.,:t c~il tho zL~ value*
It appera then'that izr.der th--e co-ndittiorrzo not onily is tho

prttcm~ self -r.reulating# but cl.-o tha ra.te of tr~hnV~ be ±XJ.d eb
any edcsircd value (bolmo: about O.9jz3) ::rd r.Vi-.d ovan in the coiure
of r,±- ±± mperorfrnt -dtlioub. s ujoctiant the~ dr.=itz
of the culture to qppr,,.cicble vzrzeionse Vmxhc~ ao ez-pecinflly the
a.ilar propmrtioc of a ofrurtn rst,-,.' which c.-tablizh

* interest in continuouz culturecS; n the p~rz~zrcph3 tb.at folol Omm
will see Thow theso properties can bo ured with pzof~.t for tie stwdy
of aom* t'piccl .orob3.r-= of r~orobi32. pbyziolo~r

0. APPMLTIOZ! TO SiO' P2.LM3

C?' MICROIAL FPISI0LOM
Et1ation betwetz late of Orotith crA
the Conentrntion of a Liiitimng Zlo=i

Sstudy of tbis ralatloa oo~titutcz cvident~y o~of the cost
i=-,diata applicz-tior3 of Itho tat~h 4quo of cc:r.ti= =~ culturo. ~O
for rcuch a ehudyv w.,. u4.3±coa culturez in =-.!I= ar.3zon cr.-
coi~terez er.-v di~ffcultiez tbat L~c4 to ictk valiuo * the mofltants

*of &=fti4ty 7h in =z" Co'c'S .e canoe * -trmtIOz as thbe
lir.ti:n V~ec~ 5 i ibo cultur; a fox~4 In the so= of
cturatiot. Tha proble= oo--dzto i"'n of intinr.- the o atrto

%'A tbo sU~w cle.A.zn at ccntcnt and =07 wzak VeVlaea. Bez, 1
* the ~,ult Obtsind atotionflJ Wa a coti=aU= oultw who the

lojrt MUis lecs than tha :4 Vmft r2a~hitop tbat is to =q In a,
.104 r -0&1atc ~ytz .0 t4a ._ :

.0 1-. . ~ a~ t OCO.c A j the, o'44A= t act that theo -
4 f ".4 a U, &Zdq,1ai.,nt 4utad. UImC=~ the cc it.-tion a

* . cr~ V~btht tho ':L .swt b*±-4' utudlzd a*to te=-~ inr4-4 -"aj
o~: ta.tor of the z t (O:C. on this vubjcotp W.o4 2.a

* .~ .~..,. ~ .~t3it is ::At t 0fo * inevdtcba '"nqs that
th, 4 .er fq=. of the relation h ba Xt.= In aocsz 3=,f = t
aut=ioc that a vtziho a1bru be obtained fars U2Ach am wq mites



7 ~ ~ fr .. ~ ... ~ of a Lzaturcrcd-on cuxavc, - ii-hch,

Th* ... c., 01,j th" oc~.1cr.!:n Z tho 21ic ,
01 :: ~it hnc.t'lzn of~ t*ho form of rco 'iatiofl

n~~ro 1ooz r~cz.- n tant -bi: ct- ir-, bcia ppiab

*~~C -..- -

Z..2 pLoi-c, vroi th i dozv-o of S.. by dc,,-n llxr vci,6 groe

-~ p I~ion varlt crzi O £-a-1%y Cn Zcant~ ca

az.ccap 1t"FCo (9 ~1o zlzo)c rectun to

esfi cz to co-dzcrdtror tho ocado (9u (7) -. e=

toi ~ 1- "ay1 thc~ sctorn (9r ~iof)~ peq atio (7)zr~i
-tha ZrcI of in,~zc indpicpqzi ~~~ccn o~c

s, : o4't pcdrl of -*h. rt e U I-oter L

*..6w~o 4- iont todoc--,r

*th. a ,o -~ of czo:Q- - co.-,ct - Coul.d =c.a co~:~

2i:>'~ ccicon wlz n. Crowt czintd by

': fi -ab1l

C o

Z. t -

Best Available Copy



d~o of a34of fez- d £foro ratoo of utoPora
"a of the ozors of thQ relation betwoon the rate of gz'o~h and

it ri no b forgotten~, thnriethod isntJustified
uxr1era thel yield iS indcpcrdsnt of tho concontration of tba alemnt,
Thl!e is 'a scoond nhypothoeo- of indspande=1 =cau could prove faulty
izhon the cotneentratio.- of tho alement varica much, -or whon it becoie:
voy ir~.bwich !r.v pai al, the casefor tht lirctneementa In~
cqloryi~itun Oneic !.UwpreIootcasJaef e.* th subcta.n emnti

tj o dtLzt onzj~ntic cystco.- tilth ve, ife-red. corztan,'z
affizity could not give thi o yiU-ds at st'on- n twa cnetain
1.7h1 :sOlution of this difficulty coraxists, n coqp:.pO,.Z tho modlun c0 that
th* ILiiting factor will be a nutrient sou~rce ofher than that of urhich

6- otei~ tho yield. 7he equation (Y)p horz e cM'q Tmation
-(p-c), is not r dMrcd LE~S "%M-0 1V that* It is still naessary,
hoovar$ that the concentration So of the alpmm~t studied not bo chosen
too2=Cro,* in orderi -Lel S)ES ma~y be =esurabla 4dth precisions xor too

rxs~,so that S ramn.~ tLZgc szough zo that its variations may bo
on~iderad a Without effeete

Vie varlations of yiel.d cz a function of the concentration of oine
olor,3oat can havas in ccrltoin canOcs a particular interest* R =-o agaiin

- ~ the device ic k-plIcable of 1imitLng the rate of growth by an .1e.Tiont
othe&r than that of whidch the yi old is baiing studied* D being =ntd. od() cenataet, on dstcx-ieac 6 by docaes for differazt-vglu.; of S0 .

0,-, knows f inaflly that the yiold of bacterial grwth ic a function
* of th: teporatura (Cf. Umonod, 19142, p 1.06). But it is not possible,

*by the iuaue tacnI~qu3,:!- to ctudy tVtis alfect independnty of tho
conotAtnt variziorz of tha Crouth rate. The contiuous n=k culture
at Q rI.i-d ratea por.-d.ts atbain=mat of thic result in certain con.
ditionz., Let =. suppoz~ that, by regulation of tOhou low tes th*

* rate of ro;7ta of a cultura is fix..d at a value al±ght2lj lesa tha.'i
the ±=iixri rato correspending to a riven tomporaturoo Svpposa that

thi zieritu.ro it; fairly fa-,r fromi t.h optimum. This culItra could
bo brought to wnq to-mooratura at uhich the m~aimnm rate Is cup orior

toLzatertha/d tihe fin-ed r=o rato# without nodifying tho PgroWth
rate 4 o o Fdvjcnt how-overs' th-At ho ioreaco of teoratura is

nifeuted in 'v suh cg:-ditiormp by a variatIon (in coneral a
al Zut 'qo0. the cnocntration of -cquilibrium or the limiting elemante

'O.o :;'; evctually ta. - accoun t Cie ofect of dilution dlxcisuaed
teprac, in- pa ritqN iss and to vvoi d it by such moo=s that the

lini~~g ~ nif not be that, for t~l ch oneo scodko to daterme the
3deld v, a flnction of to.Tcraturos

TP josvibilityr of dissociati:%-, iLn a cor'tain meas re tw pbyvio-
logical9 pheonccza# both funations of t,., scatre cntttsn o
=2s of the more i:%terasting aqpplieations of the mothod. Toc shall rturn

Q to thint6pic pr"entUy0
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V.,. ctuay of tho P-; izf iprocezz o,- sjmthosiz, cueh *-,a th
:Corr-r,:tor of an e-pro or ct7.*or cc12131 co=twuen,* involvev grava
d*ffcnticos, 2nd of an2 Spr-a z=oit inh~erc-ntl in tho phenomenor itse1fo

C~:in f t~odifficulties hocrevr aerise from the tec~'.iayes of
cv-lt~o. *Zo supae'zionz t=z-d rnonpVro~icra'dn,-, c=anot bo uned
is itr ;*L/'f co-c--z 'r~ phc.-o.-zon bound, even

izarc2Y.2 to groitii. B zc ~ th. pm pcr.tics of tbh-,o; 6-Opcrzio=-,
Thich con -dl v-c'idblc, ccu~L~ndaterns.d nbro d;va~
C-IuC, chs"zx-rO r~pidly wilt tn-ce -A cultwe' in process of grot ca-~ot
bc coz-s-Idorcd -.~zoo~e~' t~be E--cmccV in tho co='zo of the
c;:po,-:1-tiaI phazo,0 oftc-n too briofc: for th c nn~of the oznt
41=0 thc como-ition of. th1o zcI.- inodific4 very rapidly dur-Ing lthiv

phazo. inally, tIC corntiuzi va-Iation of the bactewrial daczity durinz,
tho cyp~ricr~t introdu~cs cn ad itona-I difficulty. Tho zzo of covntinuous
cultiuac thz-:t one can r t i dofirnito~y in Q Meza~ oiz, ~te

Co;.-2irmouz cultmrc. pro.=Ont ED=~ ta typo' of epr other
re al'Y1c adatarOC0 -Tx 10-0 Lirat plazct, to ricaswo' tho ratw of a

of a z tz!Z of cquW)ritzi, irztcd of ncanuring --t succcze'iVO int==.al
* the accuulation of a sub.-tlaziec. In tho seccord place, tho control of

J. I rta of~ tI pcmt ru~ of the doLree of' dcpo--dcro (or of
'~-d-'~)o.- tho roaction of qmth--zis -,=A,= coneidcratior., with

r~p-cWto the rcezc of o~nthczlz in coblzation.e*902 ZUl tocGthor-T'./*

it op othcn ___

o::..~. oa' cotzuu thlin' coula~d in gL-t t~oro'i~ ihe con'et

o- I~f-rcC<- :ted. opcration.. Aiaai a celIuLlar constituen-'t, Zs an. cr.=o
for ==-alo3  'V. lay bcactnria in tho courze of gro;.jtLi Zr in

~~L- ?ZCD bc * I.t th qun-'.tiVty of Z in the containei Bs
Z, t~ qa~.icl- Of Z Ln &.0 ZrCCzCpt:clc? PS -d Zt the cotzl quantity.

~ho~o;t oZ i. t-*ao Zautc2c? I- ven by-:

Z& -

~~%A Vz "0 0-4a dilarteo ution.

Best Available Comy



3.1

- . .1, -o 0, t,

~.~,(2), orid rz it :!rzo TI- fow-- -V3 z;V a
0'. tZ! or itio-1s o'& -1.'" r;%diun:, f Z3 , Ovztu2.1:! of lensa rato of [;o-th,
01 a.A .~.- ~Otc. t-hI is to czt.bii~h a~ I.Ooth-2 oy,, thu mschanisr
CT~ tcrata'.0- oi tUm~oc: of ~~tc~iby 1which +;hO t13e-r-c Z i-
cle 0" .Gd 7c quZ.iw!.i W.Iw can. caf.ureicJ czz acco-rdam

~o to .nim co2cctko ry d4Af~C e~ So= ~. %0.v~ irt-z
a-zido ccriv2L cacs thtit -rouaid b- cc-~ to .6pi10 by p~oz ,

Z bca hao'Vt ictwhc cq=orczz-u r.ld 12 orv gt-o = z~ -It ? t*=? ..- l/ co.-t~

X' ba tha -zcto, cd frcto

%4oaq c4-- (U)$'~ (12) andz~ (13) .ot e' z' hat -.o cz C~uzt ato-riG

izcsr h=Z :,ra s , -:. l7

-Z .*. -1: - : ±..... ' -. -

A~C'.'ThZ 0'Lt b.o O- W..-

~ .: ~ J. c~c'*Cz,-ouldtuet ~~t ~,

Best Available Copy



12

~. ~ L-~t hat o:o .Icz- to tucdr tho cfi'cmt on the

of Z,. o- p viscras ~ocnt ia ras -di a. ~S bo tb.o
Wn3-o7ztixl'.c tblz =11:0.9 0-z Wuz 0zio o temc.~.zn act-oz,
Of thL.z V." nimlo z zir' hJotelczjl Posib o: t .- tht
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C*;ppO% .'0" th:top kcpir~g tbc6 carmi hypotheri,- za to tho
O:Mcct~ of tho vciaL ~~o 1 to oritiblih tho aupplceiontary

.o I- th a th~~~z± uoc.~y~eo~o onds~±o that
itzAJ rut ±0 at each iz~tcat pro-pOtio . To t,.ho Concentration of the

u~arco2i-n t,, colic t ho hypothotic~i aqation, b corms~:

- (2,3b)

=-nziz ra zornin acbovo loacic to tho follaing colutlon for tho
-.tato of c,..uXoriz:

ix (B)

'1ho firvxativo curvc.O o.6Z- a ~f to of D ---A of Sp according
1.0q~to (S) aro ,-,ivon by £giio2 v.-4 3. Orno -c-c thatu thco cuz'vc-

a~ c:' r~ -1o from -Unozo & ~o- tho firzt .3ptei ,{i0ocata-.
2 '4 4 c -Ca~maz, coa 1in !:I '- Z., 230 a 2.:-cn £uftOton of

i.i: "ho glow rato iz~rcaz-cs boyond cmo.--:n v--lucc, the subz-tarca Z iz

(,jo aov zu7b:,'-'--cz faflz balox a 15am.tczd valao. Suppo.Oing
- ~ttn'~ cz-crim-n-C c-.Iot bo don for the critical va-.V of D =nd of Sp

~-',l~-tWn ooid pc'rit dictination botaac- tho o~pcrizrcnt--i rasults
tha ~~dv.z= c'a qaion "' ci' cation Bo 5:a m-a no of Z

Zor di£fcrmnt izlu.:: of to at3 ,zd of Via concc~tatZ-o=. of the activo
z~t:~Chould thiz .'ALUt z±nto -.~otha-r th3 proeczs; of on.

0.2'z± V: tO etiun Z ±0 or i.-. 'nl C;v= fro Lcociatod withs or

Into ocion: (3.:z) and (l3b) p 0 s a
v b-t;a th -- to of prca an t.o rato of

-- o :'1tic 0tcz co=It:ryp th
ntuOf tXz; rc is ±0 ir.-tl pro,-oi-on~2. to tho rmto of grou.thp p,

D azc .d ui~p~ fr-ci tho7 colztions sipco in a colf-rcgulatc4
Z.j;~ D * .c cquation A -,alotl 1zona:

E ~ +K (BI)
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1il thon porelit tio Clio~ limit. ~ idt
of, the h z of LIpzn.ernczu

J-3 have Gn.,po:;w t.i = frt. for r- ater i)..iy the. t2: cpzvC*
/Or, z'ator-TrJo t4.0toao yizi ~ ~ ppO~~2t

'C~ concnation, of tha ?h-ativa xabtacou: S& C c~zu:21;-z zazo
th ca~ol rnoro prb0,,u~ ti-. 2 .o action w;ould b cza'. :L- nztt.=2
Itu rato wioul.d no longer then ha p~ot~o1to SS lout to a fwu :ztion Of
S tbat -uould c=, razz tho~ phono zron ot --atur.tion ch.-ractecristic: OC

*onzy.atic rcctiorze. If, -6o ezr-c, otc =dopt. -o f - -- on th-
form of thD cquation of 1. alio-: 0= a or f t

in. 'Wh'Ich. V rcprespent.s. th :nn x~d 5- the conztnt of z'L_.7jr
*tho cq7;ationm (A) arx (B) b-cormo z'ospctca;.:C

1()VS WDr)

!uiil ba wcccn vii. dISScu. -Va cuato (AD) W~4 (BU) .I-aj

'W-o~~_ wmwrcia ojcue htcnntb ofzdiith on~ aanothws' noz,

izsvrhtithe of tho h0o=*Zoo-u cqti. (A) and (B.~o 7n* wi-
zau b-d on t hzc- conjccttrcs C3u1d Vac- != prizcile _eVzrato thc:o

~rlfp zd of zz: -,rzr!.abl th. conco-ntration of t4ntws

Gyon Zo :)Lroc-.3 / d.~ o tlz-Itht tho rate of --vjth uould
boi ozoi of tlhe dt :c:~noxz a c ii~trloitrl

Cr -_ ~v~±t0z ... - ae a co::-.t rata, could bo,
ur,.; A _-O. an-, i:r 0nO ofj reactio.n of tr-4.-h.Sq

=.',:o = zY oth.r zon~z o %"?C- 2z4ca CqcVAi:,2
0 to or-z -I' C;Ori; Of Bu ::bC_

z~~cotozhc L;:tho:~xoof th! o, *ic z _-f a.2~ co".-
zt~ ~ co4.-U, s, IV culAusc b to eq ±ir

rz 16LI-ction,. o--: divzrcc vzrlabioz, tlz of topropc-icz o.' the. reactiom

*~ ~ ~ ~ ~ h _ ,Y i.ac n Ora( a) ~iaro-- cro -Lo c~~c I~otw)
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1 ;.ti ywc'.La Of tU.z ith; d aofpl o2brivma, 'hould .to =-kc
ix Zic:10~ ah. cio cuV~io 1A itzoLf eqal. wo:0l arzi

b o-tkr tin-Z- cu:Lturop -o =-=u*=-. of. tho acc-xvatelon
-f dic-~ 3 of a1 co.I9-zzl -- a ac~no

.la or4-r for th-3 an:~. of ill czort' =1eaod to be 3 t.* ufic,1

Si-I n~z=r =el iik. &ufl.=~ thho cor tl.or; ol curt.ra (rate of
4Ath "2.4 ?rtc4cztc~o ~i~ do not~ vz- in tho courco of

t7~I I ar~ 'L-to~oLt e ro;o.z. mqation.
- :.' * - .t da

* ~ dt
i r th 0C n U, won (1 -) b y U tc I v1ucs dr~r.- fro-a (12) a:-d tho by~ol%"hotica1

qin (13 o: f:

r , ~ .cZ.z a ~to of ":"'Or th-j: vo-ifyr-ji., 2-p1t-

co:;~t':tc. ba f_=,~o~z ~~ con~cantftion o_ cquiibriumm Z.
~~~n -: :2~ Z4 t: choz-on co-ii-.. ad th" :L3v~ izmoozzLt,

i2-iC 2 c~.t;:;: CL' czcL- tha Z-. 7Prclicall21y, 3 izc,-)_=n

~:1.c~-it itOf an cou-"'r obti~ i the Civcn cor~Iitbicz
oi~~0Jti., Zt cOz-2±"ti.-on of c;%ilibri., r

.- 4027:1canlo i cu2..&z a fxdcflrl,, cccz-ion

L$~-~ >~T~ ~ ~ -** u,,all,;h of e~~rnz.combinebiorz

*c tc.:-L.lG=

x h~ ro2- "-' ~o z.p icaticr. Of the tcc U3cj

ta sLf L-2.. ~cdc~-ir1: 01 fo:r :L-1 C.p kCo n u-

-~~~~~0 * c0"'i c'C " ' ~ '''

a. (.*....~i : at.c- ~ of g~:-:h ol th-. coofLficionrts of
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A. EQuIP;.1a'7

T:, praodLn thcoroaticl docopzt are b.d on quito rioo.
* ~-o di±rtio=o of,. tao conditions of c121~or. %: vcad ba vz-n to z&to

=.iply 11- litorj if tha mparrge.t2 coniditllo=z ejit; tco 4ec=Zibl
4fromatb~ dzf' ito=* Vhzriorz vc-ry caifcorr.b'~ "I'o f p~ ca:-

be inar~cd tht =dortd17 izould pcrz4.t
mlir-ioni ofr coz4-4tiom suf icienat ccc. to t-he toratic:1 emizn-

cisc. I ce1describe he ocnly ore. Viim cozbl1z 21= zez
* ticaU7y by IF.-&VO E.

o;;ost ,ortent. condition ioh zoot of tho cult-=c u1tuoieb
f, II tho notion of Ucconon a Aof o b of t~''tn ~~o

v.roald bo pa~xoi7. It n :! nccec-c-y thaa that tho ciilt~o bo -tizrd coz-
tnIuc22 LVID au~horztppooro- to ican cotnit~-,bu. did't v VO5 0
en~tly, =0 rapidly ait is --tcwzOY iot,- cRii ib id u t: th

g ~ ~ ba acmvc ,wA rju:cz that tilO razio O h ~fot
.6,- -z- I thC3 cz2 chaozcn, the culti1=0 Co.nthhL--r is a.

rown-l-bot-ITcd f-lasks B, flxcd adc~rc on a ztating,1 nuporlt. 7=3
* - c~p.c5.tyof thefilack iun i~uo lit --- for a cultizo va1=o of 100toi0c.

ZE 2-14-tevz~ is u~aud for -the-t =uch culture. - Vaao c~bbr-oviatioa
cc ia ppom-n inr, tho toze. as cm3 . - rr/ A motor, It, -Inprts to thc flckb ~ ~~ -pccd of roteion of the orde-r of 20t ~Otr o i~io h

otr.i~obtrc-aL-od io vary onsr~Zatic: * t thiz; spood, tho dicpcrzion of a
* c3.rc--o of dye iintroda~d Lzxto tYho liq"4 d; in, p-rcct~c-"'y izet

Am~tin 2zoud by 1,h-- liquld film thtcovers tho Createar part of tho
L iterior murZaco of tlic flask1. 'ihe bcct distribution of thin; liiiuid fiL2=
in cbt; --.cd 7-,hcn ha =-iz of rotat-ion m=kc ca miZlo of 3 to 1.d !L-ian
".-,;n -'ho hoZ..c8 n tlia il.-tration, th- nce-.; of tha flek cpcarz
to be tIted utr..m J

T-a mcyrdiu.14. im nroev in a ra-=:-o , Lor7 Za£oo'(orc)~/
in tin nctnco . txinpieccl :z:il e-Ths :L,50 r.ato=z abovo tho

zi&-Lid leval of the0 zph~rical -H., idh-0-=03 tbrough11 a
rz rtlfbo an~d a coil,! /fow"~ Sj~)--c-d .0. a CleOc ailr

* tuba ?ou i Itorn -u-n,~icha on.z:z1 n o.-Et pincttclor
-bin. Me.'~- c- ;c- ic cho-f-2n of cush dnyorthz& tho c

0lt dct c:zd In 6btai=zd .;hx2n the ed of ela& pi.p-t ic abowut 1 motor
baouti,. 4-01-! -Lh rccx4or

QL- -,Lyn 'ho cajz.22c = to -uhich it in attnciicd-V/ 0: thu,
4'c'2ii:ty tbl ~~''-~~ytoxL Vho m-c''--':'r of' U

* :~o~.-w.2.y±h cvz~r&tha lsvea. of hicrxtd in -;ha rcev Ir '2he ttc;
c 2 '-4:1 br o-atc L(d: bytc) pOrmits a prcie e of 0~.
I'J..; zato WuitA1r tho 2141 of a rozoaaph.

3est Available Copy



NOT REiPRODUCIBLE;

All

L ~ ql L'

O~ & ~ > C .'.~ ;% -/ 
-

%\ .=. *,;A l

:T,

..
D : !- T .

* -o

B);~j Pa Prd o

B e t A v ia., 
C p



2:-.- volvzz* oZ qi nmirand o~txj ~t~rU
AlmW rate& Vmn a to a fidL4.loni (eog. oIVIMP.&- tuba (22) a:-4ir,-
ISa a woptaole P. fri v4.hb Us fraid a sfliit vcufr2 ard whoro

;I is the Rproduo1tx acco lzt~o Thu con.Aant volii* does niot d--po4A *ray oi
the onfc.; tubhe 22 but alzo on t~h cpood of rotation, w~hich dtcr=1nos
tha tk 5"-sn by no =r, ncgliglblom of thc 34IUc S" Zn noro~o

keep accoiwt of this effect ora dqterrairc the volio by vei~ht atoL'

t=2=bm too.rz irzoz tbo choci cc:-41t4on

Sho systi 1=2m&= ~ in fr& gdtioi a teaz fittod wMt a
cottmo =itor tbrou&h vtc1h tho &L- (or =ny ota v vJo~pr!to g~zoom
mtxttzn) is led itto tho Ohoic nlrk oxstor havine p~wad thbou& a
vaabing na-k coetdzi-.g vat =,. kai xciltiout (E) 4nd S=*upli
tube (Pr) caim CfUi~ cozlts the &rJcco

Vw zorct of the cpho=.cl nuk is protected by a r~iw mbod pleco

j i~ .of lA=s cloacd br r o -U or tbrou~i vW~ob the tthoo o

th pa~ o mm,.~~rttoe in s a coalerilised kop a the &u~v

1ia, te pwidis thah tc' i sr2yi ~d 8tC2274
%;A op$C-"Soa flxk S. ile Uo~g tube, I ith a Soultwo at

*~~a, f tri~ utq=o-Fj ofr oownodg. "&= i32W~ rate11 b
~Mso anwbub

taken by attabSln 4= .ipr n3.%& to fte Ud of the Ube bo

W~toerQt ~ o b~wr c faa roato*1 ate twbea o4
Lb. 1 tSt US bmccpcot" o*ob'-4 1 a

2. :T-4 blotor "- dotajtW a&tLg~3irian~tiVw

sub uoo fto W.-'== (=tolleIlil
** at W~o fo io&AVIGY basoo=(at

AUth*' JS: tc:ilQti. ltmo O. Wjoj 003 ' to 0 rc0l),it
I*;._ 7W WA~ t. oI d,~ao q~2bta

* the s~~ a In %:er J& Ua~i.!~i ~Q ~~~Vth%= mluaIs*c h n~sat~
tot* W

*a 4=. 1
tk 2 U*W.4C1A111t6' Qt
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2.c nodi~L ~1x~zdtho voumien Dand c*=q=nt1y
t:..J to of &Iutioxts t~w In diutpL± the cqid-

rt U therca~ Y-4003SM tha.t thoy bs eCiaf snou&
ga t ;* caiUzjt to ba r-an±t~blos or su o~ictly ripacd to
pcrn:4t~ ,c 4.sta .c4; iia to rot=~ to cpilibrium. V1I=0 it
i-s not "40ij~ cz.fot *~u caip~la"Z at a ic1 dcZfrd Lzpw
Lttt(A ti . o: a at-zto of =42ou lbrzka) arA

ca -.;IQt adnav -wovcx' tLx2 uprodilct In ad of adirect

2 "m IX3.: b=-co th-3~ c±3 dapnrco of tUs UxAitn~r .at cam
Ei a t.att~r cf az~ iVqr =co~.- Adraqato trzatmont waut thus

ba zppi: =Lic~ ost off±3caacus =r4 tho znoat gazeny
2pi~1o0 o=U as iholdIx-l the c=zO3* =~ oi'ucha ices
4& . n. rL.'- of contVr i-ntioz* vi th±3 aparatuw o mnt

zzr to bcvo rnot obs'vd w~s 1ir1cvet.
:1~ tho COX==o of nua.ooiu SiC zeca: of Painois Idth a =d

* dunU=~o of r,=-- or ac4 x boase Mmzprz'tus do~a'lbad =a
wot on-.iiwd for a pw noi-t @pci'tian.

VO ~ ~ A C=U = a 1l"W&

1. Wso o o o a bsotu~l altvra at a ooxte &4tMr,

of DOc4WZO 0 Uw ~On at c0za t

Pw amo a a.t=m to ba In it~b,± , in ri3 s=O0B7 A it.
* ~ :uc iiff .id tho WWto of Mdi-3u.o ( at vbm at o 2.r par awit of

U-a to4 vd1v' dt twltwi) be ~2 to th =to of cz'oth (*zu of
Uvs=Pa LAW) ziua±4aA 4 ~the w M tS*±ent 0. f~c±n~giith

of 2)9 +'3 zcaul oa bj rttd3izdI n tz 4tttotant LOA (8) b~ &OtUTig
th rate of Wxttioni co thew it, he1wns ths Wn=L= wnta at awtutQAs

V*li 1z =t-bU it ca= to nal d w-27 b7 =2
coiA~i1.C Jt~s$ b)by U2.WCtt*± thetwe Mwu unil St boc=~

C afdlutioz b~d-C tS-d i~at a, 1ozr wal than tbat tt~ b-21 -wc3 -%.%

ist!i34~~ hMotano of o 0a l t* a co:=*~o
Sby tbo rate of dats (nmcaai qxt=*

A



2* S.~l- 'th a 0Z~ c1uturo ± -acif - o,- cyi
ths ~ ~ ~ ~ PCC a4 irn" ,z i ri =-e:.. ao of fid'' thc zca of

ro.th at axy dCzi-_a~ Va1'uo bClo] tho M!ua XiOvcri -.orcm-, tho
rato of : o-t bpc;mo-ioo, ai qc-ti~ 0i~f',___

±2fit' it zhia CU.r1l7 o1 t: =Ou pozborp-cc!c.O
oth'rDaCtit jx '-cocm-t, -&o cco thacv-c t1'za ,

o-on. fortwc-np in t'ao A.oooto f ftOt~

tio-It rao f :i acotimw=i cuitu=, i obt3.±zd by ths

Poi the rnatri .. tb ltini- factoz; , of It;cfc=on t:he, comocliion
=d~c tho motecblizr of tho bzctvc'i:-o otce.. /A'-th3?' s

3. Thz..oadatrcCz-l'Z cl~ a to the
3~ to Uc~ of roccns, Cd-zto ~z thO ?2.at~l /0 __oitm O

ofoc oli1z or gitor_ =.to .- ~o_ ass' t th r tizi or r-r

ofclua cozlla io-,:; -tCo.~, ec~d ~ teho co. rd~ =f cd
L~citt? -I t at ozsc ofY' ~y.hi io'l. vcd. Tho oac;rxto OfCc

3Xbr'l.ibiz .car.z (eha io o go..h ~ o h. tL
coi-.cent~atq; oa ial bo2~jo w.ttv~) ons ot fnton co= dzo

ao?/i~z o~oi odt tc of the prffect of uthcCLo invlab.Zo e

cai t-ho spcd of' tho xystcra o--:r mctionoby uhich thic, co itz~ti
cleo--A Xd 7;- nsvbliod of equi).ibi-.n cvidont2yr pc Crtc - thoct4c2.

x~ PZotialndaIlVfC:O polls __wrim of torticc . -odols

co=-±:zrit. in m c=. tho tochrniquto xZ cor.;Luomo c-jJ~t-=, a-picd
to t"ho ut '. of th:cso difficult poiz pc. tho ',-aiming o.f a
fcw C.,-,rccr- of frco:1o2n. !:a~tor Bu herc "Zzlunth "siii
ca.ti-o' Of thc0C~cm rvhmiac:d not crnte ,m i2:3.l:-zon thet

tho thnati~ ~dcl. of a oz of sy:ehvir' -.ould 1'2 071Y .pta

?o:~tcti~nOf a~Of phTh~:2 co is =0 fc~ zx: oo that

i~c o~z~ t 0 ho~. of
13M- ttO-.tL .-ck0 .oro i oz'idablo and mora

* ~ ~~~~~~~~ Y-.-t5z ~.~~di - ~cj~ ' cu,-=ion* Gno h--n. S£oz

mC' noQ 0: 1:C in th-. -ui' co:~o~

. . . . . . . ..~ ~ -.. 0'

2sata of OCtoT.

~ -c . Olzato.n~z bo Corz-idercd ina. came-j, if itA bo n-ot
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