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SUMMARY 


It i,.. gPlll'rally \wlil'\'('d that ob]('('t;; 
..-Ill'll a,.; \\'hol(' appll''', tOlllatop,.:, 01' 

potato('" al'(' opaqut', A('tllally th('"e 
o\)j('('t,.., and biologi('al ti":'lle in gt'n
('ml, will tran:'lIlit HlIlll' or til(' light 
faUill!! Oil tiWlll, Although the lllllount 
of li!!ht that ('un 1)(' tmn:'lllitt('11 
throllgh II 2-ind.-ditlltlC't('r apple j,: 
.~llIall, it i:-. :,ulIi('ipnt to Pl'l'lllit l'\'alu
:ltion of thp intpl'nal ('0101' undel' ('011

tt'olll'd (,ondition,.; without dalllage to 
t Itt' il'llit. ~p('('ifi('ally, Illl'a:'UI'elll('nt" 
('all Ill' nwell' to dl'tC'l'lllill(' if tIll' fll':,h 
of it n'd appll' i:: gn'l'1l 01' whitt,. 
whl'tlH'1' 01' n'lr thl'rl' j" blood in an 
<'gg, unel if the int('riol' of \>otato<'" i:, 
tl)(' 1l0l'llutl whitt' fil'::h 01' if bl'O\\'I1ing 
j" \1I'(':'('nt. Tlw III0:'t :'ati::fa('toI'Y 
Jllt'thod of nwking tl1(''':(' ('valuation,.: 
ill u pnH'tieal munnel' hH:' 1>('C'n to 
IlH'H:'lIl'(' thc' opti('nl d('n:,ity of the 
pl'odu('t at two wavelength:: and ('om
putc' tile opti('al-den:,ity dilTl'I'('I\('l', .:\ 
11l1l1I1ll'l' of in:,tl'llllll'nt,: hun' bel'n de
\'piop!'d III tIl(' In"tl'llllll'lltation 

Hl':'e,\l'ch Lahol'n.tol'Y of the r. S, Dl'
ptll'tllll'nt of Agl'iculturl' to makc such 
a Ill('a:'lll'elllent quickly, Thi" l'CPOL't 
<I(':'(,l'i\)(':, a dl':,ign that ha:, l'\'olntl 
0\'('1' U ppL'io,1 of y('tll':' in til(' u,,(> of 
"llcll in:'tl'llllll'nt:,. 

TIlt' in,.:tL'ullll'nt d(>:'(,l'i\)e<l heL'C i:, 
('Olllptl('t, pol'tnhll'. ('H::Y to U:'C', and 
ha:, gin'n \'NY I't'liubll' :'l'L'yicc, Till' 
in:'tL'Ullll'nt l'll1ploy:' intl'L'fel'C'ncc fil
tl'I''': to i:'olatl' the dc:,il'c(1; \,'avelengtll:, 
and a photoll1ctl'1' capaIJI(' of Il1cn:,ur
ing the l'xtl'(,lIlll ly low light level:, 
tran:'mitted by inta('t pl'ocluet::, 

Till' in"trulll('nt j" of ('ol1siclerahlp 
value in tilt' biologieal L'('::e,IL'('h labo
ratol'\" \){'('uu:'e nn c:'till1ation of the 
('on(,l;ntrution of piglllC'nts in fL'c:,h 
ti:':'lle ('an bC' dctC'L'll1incd without 
making an l'xtrn('t. The C'onvenienC'e 
of U:'l' ~lnd the nonclestL'lltti\'e featuL'e 
make the ill::tI'UIlll'nt useful 1'01' the 
quality {'ontL'ol lahomtol'Y and for 
l':'tabli:,hing qunlity graclC's, 
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Quality H(':«':m'h [)il'i"ion, .\!!"i('uitlll'lti Hp~('l\r('h Sp,'\'i('(' 


INTRODUCTION 

Till' intpI'iol' quality of agl'ieultul':ll 
('OlllllHHlitil''': i::: a,.: illlportant a,.: til(' 
l'xt('l'ior, if not 11101'(' :'0, :\ llH'tllo<\ of 
l'\':tillating th(' illt('l'iol' quality \\'ith
out dnlllaginp; the :::alllple would \)ell('
fit IllHl'kl'ting, and 1'(':'(':11'('11 lin,.: \)t'l'11 
c1il'('('(('d to\\,:\l'd thi,.: goal. A :,ppelro
pllOtollH'tl'i(' lIH'thod for dl'tl'l'ti Ill-!; 
blood in illluc't ('p;g:< \\'l\::: dl''':(,l'il)L'd in 
19;')3 (lj)} :\ ('Olllllll'l'('i:il dl'\'l'lo)l
llH'nt of thi:, lllPthod for :\utolllnti(' 
sorting or t'P;;!;" (22) hn::: )ll'o\'('d to lJe 
mun' 1l('(,Ul'l'.tt, and mol'(' t'('onolllieal 
tllnn hnlld ('nndling (12), ~ill1ilat' 
l'IIUipnH'llt lin:, al:::!) \)N'1l dl,\'('lopt'd 
to d{,(,et ('I'l'taill lYPl''': of hnl'tl'l'io
logi('al ~poil:lp;(' in egg::: (J6, 77), 

Lat!'r, ('xp lora tory tNt,.: i lld iet! h·d 
t.Il:lt till' tl'('hniqlll' had a pott'lltial 
nppli('at ion fol' till' {'\'aluation of thl' 
illt('l'iol' quality of hOl'ti('u\tllral 
product:' I Hi I. Thi:, bl'oad('1' appli 
('atilln I'l'q\lil'l'd :1 ilIon' l'fIil'i('nt light
lIH'n,,:ul'ing :,y:,t('1ll ht'('au,:(' a ,.:alllp\(> 
:,uc\) a,.: an appll' lr:lIl:'1l1it:, 1(',.:,.: than 
0,1 Pl'l'('l'nt of till' light falling 011 it. 

To ('xplo\'(' thi,.: kc'hniqlJ(' fUl'thN. 
(wo di,.:tinl't tYIlt',.: of in:'trulIH'l1lation 
\\'pet' !\('\'(,Iopl'd: (I) Tht' biologi(':11 
:,p<,\'l I'Ophot Ollwt l'l' for I'Pl'(ll'd i ng :lh

t itnli!' nllml)('r': in p:tr('nlhp"c\~ l'(>f(>1' (0 

ill'llI'; in Litl'ratllr(' ('itpd, illigI' l!l. 

,,:ul'ption ,.:pt'<"tl':l of intnet ~nlllpks 
(H, .1H, 19,21), and (2) abridged in
,.:tl'll1lH'nt~ 1'01' lIlaking n ::;peeitic type 
of lIH'a":lll't'lIll'lIl (1, 21, The ":pl'e
t I'OphotOllwtt'I' is n I'l'::'elll'('h tool u::'et! 
to dl'\'plop tilt' t'l'iU'l'ia 1'01' a Ilwa:;\II't'

lIlt-nl to soh'(' a sp('('i{je problem, 
~lo,.:tly, ":lIeh a Jl)eHSlll'l'l1lt'nt hns 
takell the I'orill of an optieal-dt·n,.:ity 
di 11'l'I'('Il('e h(,t\\'N'n t\\'o \\'n \,l'lcn~th,.: 
or b,. 0 n L\,\ - ,\JI) , 

~(,\'l'ral ahl'idged ill:;tl'\IIlH'nts, u,.:illg 
in tl'rfel'l'llc'(' Ii \leI's to i,.:oln te the I'C

,.:p('(·tin' \\':In'lellgth,.: for slIeh n dif
fl'I'('IH'P nINISlIl'l'llIt'lli, hn\'c hel'n 
('on,.:tl'lIeted in rSDA's In,.:tl'lIllI(·ntn
lion Ht·,.:eHl'eh Labomtol'Y, 'I'll(' dllnl-
1I1OIlOt'III'OlllH t01' ,.:ped I'OI,llOtOI1lt't 1'1' 

(I) was dc:<ignl'd to III:lk(' till' difTl'I'
l'n('(' IIW:I:<\II't'lIlcnt mpidly find yet 
IIwintaill th(' :\(h'alllagt''': of tilt' ,,:pc'('
tl'ophol<JIIw(PI' by u,.:ing IIlonoehl'o
lI1atol':; to i:<olnte the \\':1wll'ngth,.: for 
the d i fTl'I'l'IH't' 1II1'a":\I n'IIH'nts, La tl'r 
dn'C'lo)lllll'nls hnn' 1'(''':\llh'd ill mol'l' 
soph i,.:t ieH t(·d ":1Jl'drophotollll'tt'r": :H1d 
,.:illlplt'l', poriahll" nhridgt'd in111(11'(' 

,.:tl'llllwnt,.: for tilt' difTl'I'('IH't' m(,:I~\lI'('
l1\('n(,.:, A protutype of a portable 
difTl'n'I1('(' 1IIl'l1'1' \\':[,.: dp\'('loped III 

19(jO, alld lalt-r wn,.: rct\N'iglH'd, as 
r\c''':('rilwd Iw1'('. 

http:1l('(,Ul'l'.tt
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DIFFERENCE METER DESIGN 


High relinbility, l'uggccille::::;, port
ability, ('ollw'niPll(,(', and "pt'ed of 
oIWl'atioll W('I'(' ('oIl:::ilit'I'pd tllt' pl'i
mal'Y requin'l1ll'nt;; for tile ne\\' dif
f('[,('I1('(' l11('rt'l'. A ;;ingk-hptl1l1 optil'nl 
(!P,.ign, u:::ing :::inglp-\\-a \-elellgth ill
l('l'ft'l'pn(,t' filtel';; to i;;olatp tile rp:::pl'(,
t~n' \\'nn'!pngth:" wn:, ('ho:::PIl bet'au::'t' 
of it::, ::,illl;llieity, 'fhi;; "y:,tl'III !'l'

quil'('::' it lI1l'thod of ('xl'ilnllging filtl'r:, 
in til(' ligllt I)('alll, :\. 1'('('ipl'(J('ating 
<I(':-i!!;n WH:' ('oll:::ili('rpd but ab:lIHlolIl'd 
ill {a\'ol' or n I'Otating HitPI' \\'11('('\, 
IIv!'ilt anel othel';; (l3) ::,ho\\'('<1 the 
H(lI'anta,!!;(',.; of thi,.; type of optieal 
IInit in tit(' lllt'tl:'UI'pl\\('nt of loll' ('Ol\

el'lItl'atioll:' of wall'\, III pl'tl'OieUIll 
pn1dul't::', 

TIl(' difll'n'Il('(, nll'tl'l' \I'll::: dp,.;igllt'd 
ill foUl' P(tIt:,: ~:tIllpl(' e0I11pal'tIlll'nt, 
optil'al unit, ('It'etronie unit, and 
('ahilll'l, 

Sample Compartment 

A Yl'l'tieal Ii.ght pnth at til(' :;anlple 
po:::i tion i;; u::,('(l. A \I'indo\l', whieh 
pa::'::'p::, the 1110110('hl'oI1lati(' l'ndiatioll 
to illuillillnte the ::'alllplp, i" Hlll'
l'oul1lll'<I by ::,pongl' l'ulJbpl' to hold till' 
:-:alllpit', 

TIll' (,hid l't'quin'lllent 1'01' position

FIt,l'W, 1. --Th(' IlIll'ti!'ldtul'::li ditTC'I'('II('C' lllC'lpl' fol' IIl('H"lIrillg oplieal-dl'lI"ily tlif'fpl'l'II('PS 
of illt:wl ngl'il'lIltlll'nl ('olllntoditips. 
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BN ·23163 

Fl!int~: 2.-TIH' I'hyto('hl'tJme ditTl'I'[>n('c I1lPl<'1' de\'plo\ll'd fol' ~tudring phylO('hrollll', :J. 

I'igllll'nt ('on!l'olling till' phy~iologil':ll d(,\'plo!JlI1cnt of Illany plant:" 

ing thc' phototlll)(' i:, that it he pla('('d 
a:, ('11l:'l' to thl' :,alllpll' a:, pnH'tieuhl(', 
;:-;in('(' no l'l'iti('al optic'al nlint'llll'nt i,: 
I1l'c'p:':'aI'Y, tltl' pkltotuhe i,: llHlunted 
in tlip lllOyahlc' pal't of the :':lmpl(' 
C'Olllpal'tIlH'I1t at the top or tlie iIl,:tl'u
llH'nt. Dtl\'iIlg thl' llll'[l':Ul'C'lllpnt. thi:, 
lllm'abip portion of till' eOllllHu'tnH'nt 
I'(':,t:' on till' ,,:uupl(', Tid,,: f1dded 
w('ifl;llt on til(' :,ample ('omj)r('''::'p,,: tll(' 
"'\long(' ruhl)('1' to eOnfOl'lll to the 
,..happ of non:'YIl1Il1i'tl'ieul :::ampll'':. 
tllll:' pl'O\'idinfl; an (·fi'eetiw light ':('al 
at bot h t 11(' window and till' plloto
tllh('. \\'hen the plwtotllbl' hOll:,ing 
i:, l'lo:,(,d, it:, Iwight Ynril':' with the 
"iz(' of til(' :'Hm'pl(', for :;anlple:.: 2 
in(,la':' or largl'r in dianll'tel', Thu::;, 
with an appropriate rcadout dl'yiet'. 
it i:, I)():,:,ihll' to nwa"llr(' :,izc' whilc 
Illl'H:'llring till' ~ () D \':llII ('. An in

:,tnlllll'nt \\'ith a :,ampk ('ollllltll'tIllent 
of tlii:, type i:, "hOWII in figUl'l' I, 

Figul't, 2 :,how:, a diff('J'('11('l' mdt'I" 
de:,igll('d fol' tl ,:p('l'ifie prohll'I1I; that 
i,:, 1'01' 1I1l'a:,ul'ing thl' adi\'ity of a 
1'(,\'(,I',:ihl(' photol'en('tioll I'l'gulating 
phlllt gl'owth (9). Thl' im:tl'ulll('nts 
Ifig:', 1 and 2) UI'(' (':,:'('ntially id('nti
('nl ex('('pt 1'01' tht' :':Ullpl(' ('0111
pa I'tlll('n t. rn til(' phytol' h I'ome 
in:'tl'llllll'lIt, the :,ampll' i:, nOl'lllnlly 
n liquid 01' a :<Illall :,('('tion of ti:':<lll'. 
Tim:', a Inl'gl' :,ample C'Olllllal'tllll'nt i,; 
not 1I('('(';;:':1I'Y, but n l'OIl\'l'nil'nt 
l1Icnn:, of il'l'adinting thl' ,:ampll' with 
I'('d 01' f:tl'-I'pd light i:< cl(',:il'l'd, This 
is uC'('olllpli,:llC'd by mounting a 12
in('h-dinlllc'tpl' wliP('1 on top of the 
en\)ind. This wh('cl ('OWl':' a 4-in('h
diall1dt'1' s[llllpl(' eOll1pnl'tl1H'nt. An 
:ll'('C':::; POl't, a phototlll)t', and lamps 
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PHOTOSWITCH 'A" 

\ 
VOLTMETER 

MEMORY . .' 12, 
CAPACITORS'A<'B"' c; 0-

I 
PHOTOSINITCH 'B'/ IBOO RPM fj 

SYNC. MOTOR 

LI GHT SOURr.E 

FIGnl~; 3. TIl(' opli("(t} dp"ip:n oi tIlP difTpl"PIH'C mrl('l", illt'luding the ba;-;ie 
lit,· 1l\(,[I~lII'illg ('il"cuit. 

C'lrmC'uls o[ 

with filt(>l't' for irradiating with reel 
or tar-n'd light ('un be po,.:itionccl 
onr til(' :'tllllpl(' at' n('('<1('d. A timer 
i:, in('ludcd to rontrol the timc for the 
irradiating lamp:'. 

Optical Unit 

Figurl' 3 :,how:, til(' opti('nl unit 
!-,('}I('nmtiC'ulh". Thit' unit ('an be I'e
lllO\'pr! intn;t fl'OIll til(' instrulllent 
(fig,..J:L TIt(' filU'r \\'11('('1, mirror, ami 
1(,1;:-: Hl'(' in tl I'igid hOll"illg. ,\'h('11 
plnel'l! ill til(' ('abilll'l, thi:, hou:,ing is 
holtI'd rigidly to thl' ba:,t' and top of 
the ('abilwt. 

.\ l.iO-watt pro.it,(otion lump IA:-iA 
('(J(k I) F(' J with an in(('malrdl('C'tol' 
Wtl" :,('1£'('[('(1 fol' til(' light :'0\11'('('. Thit' 
lallljl i:< about tlm'(' tinw:, tl:' dlieiel1[ 
in l'oll('('ting light 11:' tl1(' ('onvPl1tiollnl 
lalliP and lell" "yAt'lll. A yal'iablp 
yoltagp tl'an:,fol'llH'r i:< u:,('d to powel' 
tl[(' lamp. The lamp Y()lta~(' is nor
lllally lillliu'd to 70 P('l'c'('nt of its 
mtl'rl nthit' OJ' l(',,~. At 70 PC'I'C'('nt of 
l'l\.::·d Y()lta~(', th(· I'C'qllil'l'tl lJ('at clit'"i
patio11 i:, l't'rluC'('<1 by iiO ]ll'l'C'('nt and 
till' lalllp lift' it' ilH'[,('Il:'(,cl ;iO tillH':'. 
with only a :~-I)('r('('Jlt :'HeriOt,c' in 
tIll' on'rall optic'ftl-rl('n....ity rnll~(' of 
10.0. 

The lamp illllmi~1ates a l/.l -in('h by 
~!~-inC'h slit positioned as rlot'c as 
prnrtirnble to the filter wlleeI. Eaeh 
opening in the filtC'r wheel ean hold 
hyo 2-illch by 2-inch filters with n 
total thit;kne,ss of 0.40 inch. A mirrol' 
pro\'itles a 'vertical light beam at the 
sampll' position. An [!lIens lli:'ed in 
conjunction with the DFC Inmp pro
vides a ncarly parallcl light beam. 
To illuminate u lurge uI'en on the 
s~lInpl(') as is normally done with 
large sumpll'"t sueh as apples, no 
othc'l' lpnses al'l' lW('eSSary. For :::mal1 
;:tllllpil's, :-'llpplplllental'Y" I('n:;;e:; and 
llpl'rtUl'e;.: can be u"ed. The l'elatively 
lurg<', highly H('cl',,:::ih1c samplC' rom
partment pl'rlllits con:;idl'l'able lati
tu(k in the u:,p of "p('('ial adapt('r;: for 
~11('('ifie probl('mt'. 

An optional filt<'l' slot is pl'o\'idt'ci 
abo\'(, the 1<>n:'. Filt('[':; in thi;: po:,ition 
UI'(' in tIll' h('[1111 for hoth way('
lPngth:,. ;-:;('rc('I1" 01' fI1 tel'S ('an he 
pla('('d llPl'p to nU(\nunte the light 
bpllm for mpa:;urel1l('nt:, 011 l'amplC's 
huying 10\\' opti('al den:,iti('~ 01' to 
cll'rl'PflSe thr Btray light transl11ittrd 
bv til(' intPrr0renCe filtpl's. 
'A t'ollvcni('nt l1wthod or ralibl'ating 

til(' (lifT('l'('l1('r m<'tpl' in opti('nl c\rn
"it,\, it' ineluril'c1 with thl' optic'al unit. 
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An indl'IH'll!l('nt 1,SOO-I'.p.lll. :,yn
('hronoll:' Illolor i:, uH'd to driyl' ~t 
l\'itt'('1 ('ontaining rom Ol)('ning,; ,,-ith 
('ulibl'ating :'I'l'('('n:; in t\\"o ndjnt'('llt 
0p('ning:;. Thi" unit i:, pin)tl'd :;0 it 
('an ill' 1l\o"pd to bl'ing tIlt' :'('\,('('11:' 

into titl' light hl'um 1'01' ealibration, 
In Ollt'l'ation, 1 hl' Ii Itl'l' \\'itl'('1 and till' 
["t1iilral illg \\"h('('1 rotatt' at :,ynl'hro
nou" :'P(·l·(l. "'ith prOlll'1' pha:,ing, a 
.~('I'(·('n will aplH'al' in fl'Ollt of onl' 
filtl'l' anti tlIt' il(,tIm will Ill' 1I1l0b

,.;II'udl'd I'DI' til(' 011H'1' filll'l .. Thu", 
whill' ealilJl'ating, (lilt' Dr thl' follow
ing foul' ('olldi(ion" ,,-ill o(,('lIr: 

Po;;;,;jbie ('n.lilmLl ill!!; po;;ilioll:-t: 

.1 () /) () 1);,\ - (0 /)i.1\ + (') 

.1()/) () D i,\ - (0 /)).1\ + ("l 

.1()J) () D).\ + (') - () D).B 

~()J) (0 D i.\ + ("l - () Di,l\ 

:'\onllal OIH'l'lltion: 

.1 () J) = () D), \ - () D),I\ 

(' = opti('nl dC'n;;ity of :'('1'('('11 

(" = opt jc'al (kn;;ity of ;;('r('(,11 :2 

B~- lllollH'ntarily int('ITtlpting the 
[lOIn'r to th(, ('alihrating-wll(·pl-dri\'(\ 
l11otor, the o[ll'l'ntol' ('an "hift from 
DIll' cOllditiOIl to anotlH'I' in all id('nti

'~ -~~"......"""",
BN-ZJ76-1. 

fjabl(' fn::,hion, Th(' ehnllge in the 
Illdt'l' J't'ading IWltlting frol11 intro
ducing n ,,('rC't'1l into the "y:::tt'l11 i" 
(,{[lIated to till' den"ity of till' n':':pN'
tin' :'('I'('('n. TIl(' ~eketion or tht' enli
bratinl!; :,('r('('n;; dl'pcnd" upon the' "en
"itiyity at "'hidl til(' in;:trulIlcnt will 
1)(' op~'l'at('d 1ll0"t of the time, hut 
ge'lll'rally on(' :'('I'('('n "'mild he fh-e 
til11e::' :1" rkn:'l' n" tIll' otll('I', A stand
al'd, fOI'II1l'd of ('nleiulIl enl'bOn~lte 
powd('1', i" ll>'(,d to proyicl(' n el1('('k on 
tile :'tability of til(' Zl'l'O adjll:,:tnwnt. 

Electronic Unit 

TIH' photOIllNC'I' eOll"i"t" of n 
1l111ltipli('r-t~'Jll' pilototulll' opl'rate'd 
\\'ith n ('(Hl,.:tallt-~tnod('-cUIT('nt eircuit 
a" d('''('l'iiJpd in n pn'\'ioll" paper (20), 

Till' pllototul)(' i" ('ll('rgizC'(! di
rl'ctly frolll n 2,500-\', tmn"forllll'l' 
\\'ith~ut fiit('l'ing (fig, 5). The 6842 
('ontl'ol tube' bloek,.: the po,:iti\'(' Iwlf 
of tht' eledrieal ('velc' ':0 that onlY 
till' ll<'gntin' portio'l} or tht' eyell' [LJ1
[lc'nl'" OJ', til{, photo('nthod(' tl" "l1o\\'n 
in fil!;lIl'(' G, \\,ith thi" :tlTallgt'1I1('nt, 
til(' filtl'l' whl'pl lIlu,:t he driwn hy n 
"yneilrOlloll" lllotOI' with pl'Opl'1' plin,,
ing :'0 that fl filll'r npl)(':u'" in the 
li.gilt 1H':1I1l wht'n til<' phototulH' i:; 
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FIt;l HI'; ,i. ('in'ui( or (II!' di!ill'('I1<'P ltlt'tt'1' ~h()\\'ing the photOIlH'tCI', the photo~\\'itt:h, 
IlWlllor~' (,ltpl\i'itol':' (lnd \ (,ltlllPt!'\' with :;('Il;;itil'ity amI Z(,I'O ('antral;:, 

('lIl,t'i!:iz(>(l. Tid" dp"ji!:t1 ita" tlm'l' ad
nllltai!:(>" 0\'('1' till' pt'('\'iou" rlin'ct 
('UI'n'llt dt'"i,t!;tl 12/): II) Fl'\\'('1' ('Otll
POIll'llt" at'!' I't'<luil'l'd, (:21 til!' lIoi"t' 
It'\'\,1 i:, lo\\'l't', anrl (3) titl' pitototuiJt· 
i" 1I0t l'n!'l'i!:izL'ci witen t'It('t'(' j:, no li!!;itt 
Oll it: that i", dlll'in!!; titt, illtl'I'\'al 1)('
1\\'('('11 I1lt(,I'", A (. -(ill tl'tlll:,i"tol' 
!'UI'l'!'llt Hlllplifi!'1' j" mounted at titt' 
pltutotull(, !"()('kl't :'0 titat titl' f('('d
!Jilek ('i l'('tI it (a nodI' 0 I' t itt' pito(otu Il(' 
to tll(' i!:l'irl of litl' (j842 ('olltt'ol tuht,) 
Ita:- :'lIflic'it'lll l'l'''IHIIl:'(' ";I)('('d [0 folio\\' 
til(' (j()-I'yelp \'olta!!;!', 

Fiu;ut,(, 7 ,.;how:, till' optieal d('tl:,ity 
\''', a('l'('I('ratill~-\'()lta~(' ('un'C' 1'01' titi,.; 
pitotOtlH't(,I', u:,it1!! a li911 pliotutuiJl', 
TIl!' unit !'xhiilit!" an ()pti('al-clell"it~, 
I'll t1!!l' (J flO, 

'hH' al'C'('lpI'al'illg- \'oltag-l' i" att!'nu
at!'d wit!t till' (jOO K I'('"i:-:tol' anrl po
tt'lltionll'U'r H I fol' ('ontr()llin~ til!' 
voltu),!;(' tel till' llH'n:,ut'ill!!; (·in·uit :-:0 

tltat thl' ll(,Ol1 il1di('utol' li!!;ht ),!;()(':-: Oll 
1I:' r11l' pltototlllH' apPt'()t(c!tp:, it" 
dal'k-c'ul'I'NI! ('ondition, \\'11('11 till' 
in:"tl'ltll\{'t\l j" tlll'l1ed 011 tit(' fi It(·t,,, 

t\lHy app<'tll' in till' lig!tt bl'nlll 90 <It>
gn'l';' out of pha,.;p, This pila:,ing 
:-:ituati()n i:, indieated by a Iwon light 
alld (':tn be ('OtTl'dl'cl with ;:witdl t-i I. 

TIll' -1:;-\', t'l'gulatol' diode Pt'otppt:, 
thl' .I :\217;) pitotoduocliod{'s wl!ieh 
hn\'(' a ;iO-\', 1l1tlXinllll\l, Tlw:"c pitoto
clIlOelio<il';: pl'o\'ielt, low noi;:!', :-:olid
:,taU' 1'witl'!til1!!; I'DI' ('oupling titl' 
\'oltai!:(' ft'om tlH' pllOtOIlH'tCt' to tit(' 
1ll('tllOI'Y eapn('i tot':', 1'11{' photoduo
dio<1(':, \'an' 1'1'0111 about lOll ohlll" 
wl\('11 dat'k'to 1(':':' litnn 10,000 Oitlll:' 
\\'11t'1l illull1inated, Figul'l' li ,,!to\\'::: 
how tilt' t'('"i:-:tnn('(' of eac!t photo
:,witl'it \':tt'i(':' dUl'ing 011(' I'('\'olution of 
t!t(, filtl't' witel'!. )'l('elwnieal 1'witeh
ing ita:' not bcC'n ;:ati"faetot'y in ,hi;: 
pat't of til(' eit'C'uit. COttlll\lltatot':' ::tIei 
Ilutoltlotin' ht'Nli..::C'I' point::: \\'ith stn
t ion('t')' f'ontn('t:< \\'('t'(, tt'il'd, but tit(>i'O 
d('\'je(':' d('\'('lopl'<I too lllllt'il noi:'l', :\ 
('il'('lIit with tl Illl't'('Ul'y-\\,pttl'd ('011

tnd 1'('Iu~' \I'll:' d('~i!!;llt'('1 and Ita;: beel1 
u:-l'd i11 t w() 0 r til(' Ii i tf('t'('Il('(' llIt'tt'I':', 
Tlti" ;:\':'(('111 "an' "ood I't':'ltlt:,. but 
t'('qllil'(~d :'l,\,(,7:tI a;telitionnl C'ompo
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FHiem; 6.-Cul"n's . hOII·jUg the optirlll, electrical, and time l"elalion~hiJls of the' ph0

tomete'1" Ilnd photoswitch. Olle eyrie all the optical time ~rale is 1/30 ,iCC. 

nellt:;, illeiu([ing :1 l'cparntc power 
:;upply. 

Thc' in:,tI"lIllH'nt nonn:llly ('ompllt('~ 
an optieal-ripn:;ity ciifTel"cnee bctween 
two lI"anlpllgth" t [) D;>,., -- 0 DXII ) 
or 6 () D (A.\ -- All!. A :;pceial con
trol In 2) I\"a:; ineorporatc'd in the 
il1:'tl"lll\l('nt to p('I'mit an additional 
('oll1plltatioll 10l):\A --K·OD:\Il) 
\\"hpl"(' thl' vnlue of K i" Iwt\\"cen 1.0 
and 0,0. ;O-;\\iteh ;..; 3 allows till' u~('r 
to ('oll\'('rt baek to the nonnal OPPl"ll 

tion without ('hanging tIl(' yahI(' of K. 
TIl(' n'lation~hiJl lJet\\'('('11 !l{'eP]

(,I'aring yo!tap;e and optieal c\('n:;ity i:; 
n('arly lilH'Hr OVN Uw \'OltllP;P nmp;(' 
froll\ ·WO \', to 1,000 \'. TIll' ~OUI"('('
Inlllp \"ultag(' ean Ill' adju:itpd for a 
[!in'l1 k:;t to opPI'nt(' in thi:; I'llllgP. 

rnder this condition, the Yoltage::, on 
memory capacitors A and B will 
vary lincarly with the optical density 
of the !'amplc at w[\YClengths A and 
B, and the difference yoltagc \\"ill 
gi\"c 6. 0 D (AA - '\11). The 12AT7 
tube proyidcs a high-ill1pednIH'e \"olt
meter to measure the \"oltage diffl'r
('nce betwecn the memol'y enpncitori', 
so that the rcading on the meter is 
proportional to the optienl-c\en:;ity 
difl"l'r('nec. A zero eontrol with a 
maximum adju:<tnwnt equinllcnt to 
an optieal-<ien:<ity ehange of ±0.7 is 
pI'o\"idecl by the 10-\". i:,olateci d.l'. 
powcr supply and potentiometer H 4. 
Largl'l' zero adju:'tment ean be made 
by attenuating one bcam with a 
:'l'I'C'l'l1 plnc('ci in th" fi.1ll'r wlll:('1. 
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10'1(;\'11/,; 'i, {)p!i('ul 1If'lIhil,I' I'S. \'oll!l~(' ('111'\'(' or Ihi' "holollll,'[!'1' ('in'uit. i\1 1.('1'0 opli('HI 

IIt'n"II.I", til!' Inmp 11'11:< HI rull inlt'n,ily lind lin oplil'ld 1I11l'lIlllllioll ill Ihl' ~.I'l'l(,lH (no 

lill!'I''' 01' ~nlllpl!'l. WIH'n lhl' filll'l's 1I'('!'t, 111"'1'1('" ill Ihl' filll'l' wltl'!'1 IItI' 1l('('('II'I'1I1illl{ 

I ulwJ.:t' 1I'1I" aboul .sO loll:;, Wilh n :-;:llIIpll' hll\'ill!o! till opl i(,HI d(,lI~il.l' or 'I ill I hi' 
',1',11'111, 1llI'l'hlllollwlt'r would ilt' !ll ·100 rolls !llId (j 0,1>.. or nl Ihl' 1011'('1' (,lid or Ih(' 

Ii11('11 I' (loll ion of i Ill' (,UI'I'(', 

'1'11(' l"('n"iti\'it " i,; ('onll'Oll('d b,' holtl'd to a rigid fl'allil', '1'11(' fl'ont 
\'llryill).!; till' I'l'"i~'l:llll'(, ill ~l'l'il''; with and 1'l'IlI' of 1I\(' ('nbilll'l an' Itillgl'd to 
lllt'llll'll'I', :-;ix PI't'~('t l"(,llsil i\'ity po:,i IliU\'iill,' ('()l\\'l'ni('n!: al'C'('S:; to 1I)(' ill
tiol1;o; II{ ;) to I{ 101, :;('I('('[l'<I ",ith t('l'iol' of th\' instl'UIlIl'nt. :-\Witl'ltl'S 
:;",i[eh :-; '2. pl'o\'idl' i'ull-l"(,IIII' opti('lll and ('ontl'ol:; USI'i\ in till' 1l01'1ll:t1 op
(\('lIsHy I'lIfl).!;l'S fl'om O.O,j to '2,00, Olle ('ration of til(' ill:;lrlllll('lIt HI'P 
Hdditioflnl ('ontinttottsly :lIl.ill~l:lble IlI()ullll'd on tlte i'l'ont (\001' and HI'(' 
H\tlsili\'it~· ('onlt'Ol, I{ II. i" H\':lilabl(' \'('IHlily lH'c'(':;"ihI11 fol' S('I'\'i('ing, TIt(' 
on tlIP fl'OIl! palll'l to ('OIl\'I'lIil'llt I~' I'PHI' \'{,I'til'ttl Illl'llti)('I'S of til(' I'nhinl'!' 
obtain 11llV sl'lwit i\'il \' C\p:-jl'l'd ",it hin i'l':1l I l(' un till' hOI'! il'uHlll':1i difT<'I'l'Il('(' 
t hl' 1'/lIlI-((" () f 111(' in~l ;'UI IH'11 t. I\\('!('I' jlt'()\'id(' til(' support f\)1' till' 

f)\o\'ahll' PHl't of lIl(' SlIlllplc' ('Olll
P!U'lllWllt whi('1t IllOVC's on n pa I'll 1l!'1f:uhilH'l 
Ill'tlI lillkll/.'J' sO thnt lh\' photo(ull(' 

TIIP ('ahilll't fol' til(' dirTl'I'('Il('\' ,'('I 1l:1i m; Y('l'lh'nl f1'01l1 lIH' (1)('11 to 
111\'1('1' ('()ll~il'ts of nlulllillUlll ,,11('('[ I'los('t\ positioll, 
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Figlll'l' 8 "llow:; thl' rp,:pon:'e spe('(l 
and ltoi"l' 1(,\'('1 of one of the diIT(,I'
('11('(' IIH't!'I'S, With n j'(':,pon:'(' "pe('d 
() l' aboll t 1:~ "(,(,Ollt! to 90 P('I'(,PI1 t full 
..'('alp, til(' noise' le\'('1 i" equi\'al('nt to 
an opti('ul-d('II:'ity ('hnnge of o,onOi\. 

Thl'otwh 3 \,PHI'" of u,,(' the ollly 
:-('I'\'idng" lH'('('~:,aI'Y ha:, be'en an o(~
(,Il:;jollal r<'pla(,(,Il1('nt of n lamp Ol' 

\':[(,UlIlll lub(" 
The w:t\'('I('ngth rallg(' of til(' in

:;tl'Ull}('lll ii' from 400 IlIlI to 1.000 11m. 
.\lthollgh pitototlll)('s tll'(' u\'!tilahle 
that ha\'(' It 1'l':-:pon:-:e O\'CI' llloA of 
thi;.: \\"(lv('lpllgth I'(·gion. 1'01' any OIH' 
pl'obl('1ll it I:' illl[lOl'tnllt to "pipet a 

pllototuhe lIm'illg a high I'(',,])on:,:e for 
thp WH \'clc-ngth::: being mCH~llrccl, to 
maintain the n(,C(':;8al'), wide optical
den:,:ity rnngp (table 1), The elTecti\'G 
"11('('tl'al ehul'flctl'l'i:;tic of the system, 
which is a funC'tion of source', filters, 
ftnd phototube, lllU1"t be such that 
the in:'tnll)wnt Il1pa;':UI'C';': the d('nsity 
of tlw sumple at the de'sired wave
length::; for all conditions of the 
:::lUll pI(', 

Intel'i\'l'('IJ('e filters nrc rcadily 
u\'ailable for the wnwlength range 
of til(' int'tl'lllllent, For lllany prob
IPIlIS, flltl'I':' with a :'pet'tl'nl bandpass 
of 10 nm to l;j nlll al'C' aeceptable, 
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l PhutulllTH'S JI~tl't1 un· Iho!w wwtl iu fill' In"llnlllll'lIltttioll Ut'",Uirt'l, I~Hbornt(Jl'r. (Hh"l' tlilit'o; with ('filii'"' 

'.I{lI'nh!tl rlmJ'lH'tt'ri!'oittl'H {'Ull lit' liSt d~ 

~ TillS tulw lI"'t'}oi n Ihrrf'I'I~lIt 1,\ 1111 of sO('1..l't. 

~tJ'ay light alld t'xtm (mll'I' halld
IlH""('l' or till' [ilt('I'S ('1111 h(' "P)'iOUH 
lillli {at ions, pal't i('lIll1 rly 11'11('11 til<' 

ll.~('l' \\'i"lH's to Illl'aSI))'(' at a \\':1\'t'
I('ngth ill a I'('gioll of 1'('lntiYl'ly higit 
,lplictll d('Il:,ily, 

'I'll(' illstl'IIIl1t'llt i" I'Uggl'ti; IH))'llIlli 
;-;11'(';';':<''' 011 11](' ('ahilll't (f(lI' PXlIlllp1l>, 
pi('killg UJl (ltl' ill;,;It'IIllIl'llt \\,hil(' OJl
(,I'atillg) ('au:,(' 1(':,;-; thall 0,001 opli('tll 
dC'll",ity ('itllng(' ill tit(' output. Tite' 
dirf(')'('I\('(' 11]('[('1', \l'hi('h \\'l'igh;-; about 
70 pound;.;, i:, :'ltlTic'i('lllly po)'ta1J1to to 
1)(' ('Oll\'('llit'llt I~' IIIO\'(,r! 1'1'0111 ()lIP 

IlIiJOl'atOI'\' to allotil('I'. Till' inHll'U
nl('nt i::; I~\():'t (I:l:,ily h:lndlt'd by t\\'o 
PI'I';;OIl;;, Two OrH'1'n tOI';;, 01H' to 
I'('('ol'd dntn and till' OUll'l' to handle 
til(l fl'uil, ('lUI IIIPU;;1 lI'l' appll'S, 01' 
Ot\H'1' pl'odu('{:4 of :4illlilll)' ,;iZI', nt tlte 
I'HU' of (iOO P('I' !tour, An alt{'I'llHli\'e 
llH'thod i", to ,;ol'! tll(' fruit, illto 1'('\' 

(')':11 ('at('g())'i{'~ l'IIth(')' thall 10 )'('('01'(1 
data, Tn lhnt ('a~l', OIl(' IH.'I':;on ('an 
hand It' tite opl'I'ntion at: 11l'arly the 
~1\llI(' mtl', pl'o\'i(kd titPJ'(' iH n,;:;ist
:Ull'(' ill IWlIdling till' ('ontain(')',; of 
i'I'ltit. 

RESUI..TS 


UOI'lic.·ulllll"al Appliealions 

Figul'!''' \),10, II, 12, nncila :,ito\\' 
,";['\'('I'l! I it ppli(,H t i()ll~ oj' tlt(, dill'pl'l'Il('(' 
11)(,((,),. :\ddilioll:ll illJOl'lllnlioll Oil 

(\\'(oIn' tlpplif':llioll'; il" li:,t('d ill tahll' 
2, The w:t\'pll'llgllJI" :,('I(,(,(pd 1'01' l'a('il 
1ll('HI"u)'('IlH'nl aI'(' tl)(, l'I.':,ult of :1 1'('
:'(':1I'('1t ;-;Iudy on till' pat'li(,lIlal' pl'oh
kIll, lI:,illg a biologi('ul :'P('('tl'Opito
(OIlH'it'I', I)('tai I;,; 0 f t 11(';';(' :,11111 i(':, (':11) 

Ill' l'('('lIl'pd 1'1'0111 (h(' li«'I'alul'(' c'il<'d, 
Thl' dif'l'('I'l'!l('(' 111('[('1' i:-: 11:,('<1 (0 IIHlkl' 
til(' 11 1('Il:'U 1'('11 1l'1l t :,hown. It would 
not bl' pmdil'al to 11:'(' tl\(, difTt.'I'l')w(' 
HW(<'I' to dl'vl'lop :'11 tit a lIH'n';III't'IIH'nl, 

Hl'atiing:4 on thp difTt')'('l1('(' 11)('('1' 
HI'P hn,,('d 011 nn :ll'\)itl':ll'\' :,('nl(' of 0 
to 100, Thi:, ('nil 1)(' ('ulil;ml'pd. Tht.' 
u;,;lIal pl'o{'pdul'(' is 10 ndju:41 til!' in
stl'ul1lC'lll:,o lhut tlIP 1'l1llg(' of H:1ll1plc':, 
Iwing ll11'a;-;I1I'('r! i", di;;plaYl'd ()\'('I' t!t(' 
filII :4('nll', \l'itit OIl(' (1xll'('lIH' ('OIHlitioll 

of (11\' Hl!nlpll' (g('n('I,:tll~' high qllal 
it~·) )'eading IWa)' 100 alld til(' (llill'I' 
('xll'(,III(' I'('nding Iwal' Zl'l'O, TitiH I't'la
lioll:,itip ('all be' I'('\'(')'::,('d iJy ('x('hang
ing [\1(' fill(')':, in till' fiite)' wlll'pi. 

10(0), thp pl'a('itl'~, l'IlI'l'I'i(';;. nnd to
llIatol'': illll':(I'nt('d in figlll'l''; 9.12, 
and 1:3, til(' lIit'f{')' ;;('all' \\,II~ lI)'iJi
t),:lI'ily di\'itkd into :,('\,('nll <'qllal 
pa)'ts and lhc· pl'Odlld ":ol,t(,d into t'O)'
I'l'sponding f'att'go),j(,';, Tn d!'tc'l'ling 
hollow itl'lut ill polalop;,;, a Jl)'('lillli 
1I:11'y tNt \l'n~ IIHld!' to d('tl'l'Il1illC' tite 
\'nlll(' on til(' IIlctl'1' ::lea Ie> to u;.:p I'm' 
:'l'pHl'tltillg till' pntntol''; info ('a[(' 
go)'ip;; with :1 lIlillilllUIII 1II1ntl){')' of 
('I'I'() 1';-;. 

Uiodlcmic'al Applit'ulions 

;\ t \\'0- \I'll \'('Iength, opti en l-dl'lIi'i ty 
difTl'I'{'IH'C IIH'HSUI'('I\Wnt :18 Illlldf' hy 
tll(' difTl'I'l'I\C'(' 1Ilt'l('I' i;; :\. ,,:!lull!>ll' 10(;1 
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0-20 


40-60 


80
100 


F(I,\ [tf,; 11,- ('(,llI'lll':' ,.orlp.! for maturity. Elhpr{a {IC'H('hC',: WPl'P hlllTP:,trd and :'ol'trd 

into il ('al!'gOl'ic''; with tl1<' riiITt'I'!'IH'I' llll'{l'l'. 'fbi, pi('[lll'l' of tiJl' ('ut jH'al'iH'" WHS (nkpll 

"Iwrll}' n[ll'l' Ilw pC'/wiIc" \\'('1'(' ;,w'\f'd, i\jC'Il:'II!'l'ntr>111- 60 D (i4011111-iOO 11m1. Full 

1i(':tiP !::, () IJ 'I'n~ilh'ily- -1.0, 
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ABOVE 

80 


70-80 


BELOW 

70 


FrO('I!f: lO,-,,/JollolI" lH'ilrt d(,teeted nondp,,{nw! In'}Y in potMO(·". p()t~d(Jl.';; \\'('re ;::or(l.'d 
wilh the dilipu'/H'(' mplpf inlo 3 ('nl{'~orip;,; prior to rllttin~ Mld Jlhoto~rnphillg. ::\!PilS
llJ'!'lIl{'nt-'::;' 0 n (800nrn-iIOnm l. Full FCilie 60 D ;:1.'1l,;;ilh·ity-O.6, 



IIi 

(O{' hi()('IH'llIi('al 1'(,,.P:tI'('h. ::\I('u:'ltt'<'
1111'111,. of til<' (,()IH'{'tHl'ation O{ "pt'f'ifl(, 
l'otllPOltlHI" (,:tn h(, llIurll' ill tbl' pn';,
t'll('(' of lllllll\' ()r1H'1' :-11 b"t all ('P:'. 

('haIH'\' lIa:, \I",;'d thi" typt' of nwa:'
Itn'IIll'lI( ('x!f'l),.i\'(,'" in rI\(, .-tlHh· oi 
! llZyllll' :,y." , ::.1:' 1\)1' tllUking oJltit'al 
lI\t':t:-lIl't'II\t'llt:- Oil "ampl\':, (,olltainin~ 
li!!:(tt-,.('utt('ring mat('I'iul" 11/1, Thp 
ill~tl'lItl\(,lttation d('\'!'loIH'd by ('hatH'!' 
r{OI Opt'I'atl':' in til\' l\('lt-ity rallgl' of 
(LO to ~.(), Thp dil1'('I'l'IH'!' IIll'tl'r wa,. 
df'\'!'lo(l(·d ttl Ol)('t'at(' O\'{,I' a 1I11\('11 
\\ idl'\' opt il'al-dl'll:-ir y l'a II\.!:\' \0.0 to 

W,O, with :-alllple:' IUI\'itlg d{'n:-l' light 
-eattl'l'ing, 

.\n illl]lOl'tallt ('11'('l't of the light 
,.('<tttl'rillg ill :'ltdl ",Implt':' i" 1111 in
('I'\'a,.\' in till' dh,t'tiw path kngth of 
till' light pa,.::-ing tht'Ollgh the :'Hlllplt' 
(.". Thi" lIlt'an:' tll,H n'IT low con
('('Iltmtioll:' of pij.';liH·ltt; ('an he 
dpt('('((,d. In addition to the' light
:'('att('l'ing ('I1'('('t, intad IJiologil'al 
ti:,,.II\' IlOI'IIl:dh' ('ontalll:' :'l'\'nal {'I1

(·I'!.!;y-ah:'ol'bini ,~lIlJ"tnl1('(''', Con::iti
l'I'alJll' att('ntiOIl 1l11I:"'t 1)(' !.!;in'll to tltl' 

:-l'\Petioll 1)1' till' W:ln'lt'nith:, u:'l'd ill 

Il(.! m, 11 \\"II! >-<1\( d"It"'I'.} 'IOW1. -IJIlf'II\(,h- III ;11'1'1<-,-. '\i'I'I(,- ill (':If'!l!!rolljl \\,,'1''' 

-, I., ".1 IlII tl", h:l-i- lIj Il:1\ illg "IJlIll':lI':tI,/t' n':ldill~- nn 1111' diri"l'n'll('p 1ll!'1('I'. )[(':\-11\'('

111(1i' ',() f) "O(jUIJI S ()/J S101l1ltl. FIIJI -(':li(' .:. () f) _('n-lti\lt."~1.0, 

http:ti:,,.II
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l 
i 

1 

J 
FI("H~; 12.- H,·" I:llt t'11I'111I'~ ~"ll,d ('Ji' :onllllH',I'lUlill pi/!llll'lllnIIOIl, (,llI'rri,,:, of III(' 

':\lOllflllon'Il!'\' Hlri, 1.\' \\HI' IIlP:!'I"',,d lind ,ort(·d inlo;j I'lIl['/!ol'i(>" al hal'\'t'"ltillll', 'I'll(' 

..t"'ITlf" Wf't'I· pit ll'd, f'lIlIlH'd, and ~1()1( d fot' abuut 5 1l1Onth,,; tlH'1l t hp "Ull- \l'PI'P OP('IIP.! 

alld tl", ,'III'n'i, .. WI'J'[- I'Ioo101!1':I1'1H,d, ':\k:I~I1I(>IIIf'III"-"':' U D !5!JOIIIll--(i20 III1J),Fnll 
",:\1,. ...:. () J) ~1·n"itidt~'-~1.5, 

FII.t IU, I:j, .}lti,'(' IIi 10Illalll'" lloat \1'(.(,(' ~OI'I{'" flit' inll'l'nat ('olot'. ,\I'IPI' hal'l'(',1 ill/!, 

tIJlHat"f" \\11" ~Ol'1td iulo 10 t'at'·!.,[()l'i.,,, with i1I1' dd1'('i'('tH'(' tllPII'I', E:II'h I'lIt(>/!OI'Y \\'11" 

,1111f'"d and 'alllpl, .., "I'llif' Hltt'm:I1!' ('atl'/!ol'i(" :II''' ,100\\'11 h(·n·, "if'\\'!''' px!('l'tlall~', U 
i," of II .. tfJllIutfJ('~ ill tllf' f'Ut!')!II!,,\' 10-20 "ollid hun' I){,pn ,-III"I'd :t~ ['1111", hilt oth('I'~ 

III tim I ~:ItIH' "at"!.!flIY "JlI"'all't! IIlI' ~:I"\f':I~ ~[)IIl{' ,,f tit .. tOII1:1tOf'~ ill II", !10-100 (':ltl'

!.(fJi\" ;-;nJ.~, «III lit Itl~!" ,'11011 of till' ['III tOlU:ltO \'I'rifi"d tI", f'ra 111:1 tifJlI 111:1111' h,\' i1I1' 

.hri'lf tI.,[· 1111'1.,(, ':\I[':t~lIl1'IIIf'nl--"':' () I) <62011 1I1--6iOIl 111 I, Full :"':lI!' 6. () I) '!'tl,i
til 11,\'-0,;), 

a dill'('I'(,I)('(' lIH'a,..III'PIIWllt ,.0 tltt' ('on 1l('1l<lill~ 011 \\'hi('h fOrtli til(' pil-(lIll'lIt 
('('lIlmtioll oj Ill!' :-UiJ:-t:UH'P III qlll':' i,.. ill, Thi" pi~1I1l'lIl ('onll'O]': ('('I'lain 
lion PaIl hI' p\'aillatl'd 111 a \'alid l!I'O\\,th ('harnd('l'i:,!i(':" :,ueh ll:' l!:l'I'
11 WIlT1£' \', III in:t liOll, flo\\'('l'i nl!:, and l'lolll!:a lion, 

III tl\(' l':-:'I L\'" Plant Phv"joIO!!\' oj IlIallY plnllt,:, 
Pioll('!'rin~ H('''!'lUTll Labol'atory, t'I;(· By 1I1!':l1l:' o( a hiolo!!;ieal :,p('('tr()
dif1'('I'('!WP llll't('r Ita:' pro\'p£! to he ]lhotollt('t('r, it \\'n:, l'l'whli:,hl'c1 t hat a 
nn ('XI1'(,I1I(,1\' \1:-1'1'\11 tool ill d\(· "tilth ...:. () I) t ()(iOn 11l-7:30n iii 1 111('a':\lI'l'

of phyt()('ltl:OIlH', Phyt(witroIl1(' i:, 'il 1I1('lIt ('ould Ill' ll:,('<1 to a:':'ay thl' J'('

l'<'\'p!',.ihll· pil!ItH'lIt tltat ('xi:~t,. in two \'l'l'~ihility of phytoehl'ollH'.· That i:" 
iOrlll,.; it ('all II(' ('hall!.!;(·d fl'OIil Oil!' IIH'Il:'IIl'('IlH'nr:, an' IIHHk aftl'l' illullli
forlll til tllP otltC'1' !J\' illtllltiuatillg it lIatinj! lh(, :'ample with l'l'r\ li~ht and 
\ritl! n'd li!.!;ht or f;ll'-I'('t! light. 'r!l'- with fal'-J'('d Ii~ht; thl' dilr(,I'('I1('(' lw
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t\\'('(-n the Illl'H"UJ"('lllents ::'('n'(':, H.:' 
the inc/px of the Heth'ity of phyto
('hI'onH', This i.:' nonnalh' l'l'fl'ITc(\ to 
asb. [60l) (6GOnm-=-730nml]. 
Th(';;(' Ill('a:'W'Cllwnt.:' ('an I'('udil\' be 
made on thtl phytodlI'Ol11t· difr('I~('n('e 
l\1('t(' I' (fig. 21, ~in('t' fn';;h ti;;su(' ('an 
b(' u,:ed in the in,:trUI11C'Ilt, man\' 
plant IllHt('l'ial:, weI'(' ('\'tt!Uilt('d a:' 
pott,t1tial ,.:our('(',: of phytoehrollw. 
'I'll(' I)(,,,t :'Olll'C'C tUl'Iwd out to be 
dark-gl'O\l'!1 ;;t'p(l/in),!;':, ;\. typi('ul 
.:::. I ~ (I DInt/up fOI' a L;)-('Ill.-thit'l~ 
:'aIlIpl(' or (ltu·k-l.!;rowI1 ,:(,(,tlling" I': 

0.03. The cOIltcntratioll of phyto
ehrOIlll' in "u('1! a :,amplc is in the 
ordpL' of 5 x 1O.~ :'II (6). 

The difIcl'('IWC Illcter wai; u.:'ed in 
the ]lrocpdurl' for cxtracting phyto
ehrOllle (251 ",hel'l' a. meaHlr('mcnt 
to dett'('t phytoehrolllc ('0111<1 be lIla(1c> 
on the original tisslf(', a ,:u;;pension of 
the ground ti;;.:'ul', thi, ('xtrn('t. Of' the 
l'('"idul', FUf'th('I'IIlOl'(', the in,:tf'uml'nt 
hn:: 1ll'l'1l ust·d to OI;':('I'\'l' ('hange,; in 
tile pigIlll'llt in li\'l' intaet ti,,::,ul' n:: :l 
fUlletion of ('1!HIlge:' in illumination . 
tPIllI)('rntuf'(', tiIlH', atlllo,:ph(,I'(" pte. 
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