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Cardwell. 

PH4.90t sup*,wi.or of the Blacksbufh Virginia proJeot or the Soll 

CO.'4Urt'attoa Sen1... ~or h1sd1,._, 'Upe"1410n ud tor being 

la,tWl$llt .. lla ",lag the et\l41po.slble. Also. speCial 8.pp:teoiation 

18 exten4e4 to hot •• so" 1. I. Olcwe;r- of the ~chll11c.l JInginetriag 

DepariBleat 04· ~t.$80r w. A. lIfu~ ot the neotJrical Engineering 

.to:rtI18 lou ot the .,paratus net.$la171n oonducting this 
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'1g_ I_ •. I .. UGlib.tilon G\WYe tOl'1o11 %llilCh :rued 
thlrOugh alOO .... h·81.". ..................... ., ••• 

50.44_11 oal1b' .. tloll ()~ fo:ra_poslt& hnmo. 
lo11 .. ~ .1o~ •••••••••••••• *' ••••• " •••••••••• fJ •• * '4 

'11- 1~.6~_.u a.11bfttion Olu-w to," o-p •. 1te ~re 
aQl1 .. ~~ .• It)~ ...... 11" ........ it + •••••• + .... ~ ..... ., 41: .... ~. 

_.t\-'_anOall1u:ati~a O\trw tel<' O~JC*it. 
Sctl-.25~' ,l_pe .. ,. ".If .... If ~ ... ~ •• , ... « .............. ,. .•• ., ~ «1<." 

'-True trau ,'.Ubft,,1onCu.7tVe to1" (;JCll~JOS11ie 
D~re So11-i.15.·n5~' ~10,t*$ ..... "., ........ '" 1'_" " .·to ~ 

liO .... fru. f~ calltu:~atl.n Ot.lrfe· ttl" O~I'''l'te 
80il-.... 5,15j:stl~ elQl)$'s ...... '*' .. 111 ........ \II iI<"" {f •• 



theN. w111 

or 8011 

""" ........ , ... _ " NOOrd. 'ot the total 1011 1t... .r:ter 1841n4ul.'Icm. 

tJ'uWl .. dal fit1lftl,.' h ••• bun iQ Go ... lI.te theM With the 

11; a:re poaibla to 4.t~_"+tAtl" ;rate. or 8011 lQal at t11n.ran~ 

1Jun .. e.ttultlBI • ~ftperlQ' ao~ OORelatl0D 'm1gb,' be· obtain.a 

which .W1i ltHt.4 \0 • bEttt.}' .a_l'at.n41fll ot lb.. hd..,ntal 1._ 
H"'~"\'i!Oi'M love.. lel1 movement. 

photor.ttt:e is .. 1>0881 ble 4.51'108 



and l.bo~ in thl. work. In 1919. Robert N. Olark. "'8i.t.n~ 

engineer in the Sy*,aouselntel'c$pting Sewer Board, working 

under the d1rection of Glenn n. liolme$ ,eonduetedsome 

ex;perlmenta.l work with a l'hotometer in which he attempted to 

establish a relation between 11lbt absorption and -suspended 

solids in 5$:\'Iera~. In Enilttad" G. Richardson also 

_0me resea.roh 'on the phtlifOmetel" method in conneot.1.11 with 

soil in sUBpeuten, but hi& work was never finished. 

photometer issugg$sted as a possible device that 

ctJuld be eetup to make que.nt1ty deter.m1nat1ons ot Ball in 

$UI'pen8.ion as it comes from 1011 erosion experimental plots 

by meanfJ of absor'pt:t.on of different concentrations of 

soil runoft •. !he method SUIm$d to sufficient ;posslbil1 ties 

to wutao:t an investigation of its p:ractieabl11ty. 

n.NtC. in the hope that loi 1 loa. 1ne.6ur:emtllts -1 ba 

_«. 1nthis maaner • -tud7 ot "h. photometer .a.proposed &$ 

.. 'llbjec' tor .. the.i •• 



b •• a J~.4 toward ua_plllhiq 'llft toll.iq obJeetlwel 

1. det«tR1nt t.,pnct1eabillt, tilt 

me\ho4toJr mM.mng .otlln 8Olu'1-.. 

I. 1:0 4 •• 109 • 1'1.14 .ppllc.t1<w'll of 1ih.p14o~teJ'l 

ahou14 ,~" ,~et10.1. 

5. det.~f.n. 11~t'tlnstaet:$n that hlll<ie:r U" 
et thl$ it it ehould prow lm»ftotloal. 



~rhe photcm&ter' setll,u •• d in cQudu.ctlns this lnVtt.t1catiou 

OOiUii,ted of • pbotoeleotr1(i eell t 11gbt 80't.U!'Oe. nd,cro.&~tert 

rhffoetat and VQ1~.t.l"~ 

fwD ",pes ot ,pllot~t.r setups wen employed in ill,is 

lnvG,stisat1ou, that 1s t {l} with a"jus, .. ble light ,IGUn,e and 

Ul) w1,th atat.1Qne.n 11r)1t .C~t,. !he adjuetaba 11_" $<)woe 

',pe. lutd 'he Upt ~g.4 .\tOh ,hat 1'00:\114 be mUft4 to~ 

anti a~ 110m ,he 0,el1 b1 lIeus 01 a WOJlm gear. 1fltl1. the 

,tat1Q1lIU7 ,,.,.'ha4 all elements .'atlo_~. 

Tn. l1ght eo\wo$ an4 phot"leo'~1' eel1 CU'e'Hu:ranset in 

a bOlt ,uch tbat thE) light will pa$1 direetl:y th~ughanop.enltai 

1xrtG 'the .;paee whe:re thesmlllple18 t;o be l'laoel1 8114 ~nto tn. 0311. 

~1'h.e O~ 1118 t11$ 1$lton l'hot;ronl0 1~e.5t .. , w.hicb CGuists of a 

light S911U!ltlve GerGen of an el$tJt~,ositlve lt0tal.11'!~b&tta be~mt')t 

11s11t tal1$up,ou the' cell 8. tU:,r.ct eurrent 1s del.ivered a-t tbe:cell 

termlnAl$.Tb.ls CUJ'~llt 18 indi0 .• ted 'b, t:wa m,tOl"o ... a.ete:r$. one 

beiDa- 20-seale loo,*&r and the other a lO'O.·Bcale ~JJtt&r. fte ~:U)"'$oale 

~.JJhr !$ U$d 1;;,0 intU.~atQ th5 mr41.1ttr e:tlUent outputfl of the ceU 

while th. lOO .. ac~h m€tter l~dle.tel the 1.rt.~0r cUr'"ltt O,utpntlW. 

The 111h' $curee lea lOO.,wat 't. $lng~' base. baYCM1Vte t1pe 



;pro joct 10n la.m.p. 

volta. relulatol' ......... >I,_,~."' ... i!' a ~heostat 

was ,,16~ed tho light Clr(Ulit 

the 

"~~fHi;!!,Rft JhotOMte~ 8ettl,S 

a'b'JG.:rD1U~OJ\ ._"urements (loul4 

of cMlceutrratlotl$. 

volt_t.~. 

to 



aotlae 18 moveable. ,0.1 ttOrJ;. 

soulo. II .. seleoted .\lOb that pGDGt.'ion 'IW""""''"* ...... 

auttlelent to &1._ 4etu,tloa QC iiib-. Mlrll~~'irMef1~8P 

•• ,.,. be.waD ,he lip' .O'tU'Oe GU. _U. 
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Photo. No.l-Vi_ of l'"b.otometer Box with A4Just .. b~. 
IJ.gbt Sourae. 

Photo. No.2-View of Photometer with Stationary Light 
Source. 
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aistuo.. bet__ this pos1t1on t)t the li~~t s.~ 

tU .• "111e4_ ••• UJ!'e4,e 

pOll'1. ~:r '.ho .eN ptt;tcent. i\ _8t~_ ~l'WfJ 

witA p.,....atq •• el1 au _'.Jt tolutlon.brw.lp1. ,1.'~4 

&l&lut tuhlatlv*lt-. t'U ..... ot t.u l1.lht .... tl"Ollll the 

_" pe'NeDt&p pOaltloao'bhlM4 ... u1l.\i 4t.tille" _'el'. 

!ht, .~nt ... lli.oafteA .ea thtl i».taG1 " ot \he 

_'tilt, aiM. a , peJt eent .olutlon. '0' W$iabt. ~ OQ;Q~.lt~tfi't1~4:l 

e_a_trawl wat_ (uH •• loa sol'Ut1oa would be 

ae pr&Yloul reo,o~$ 0' ruaott itI 

~ditihf!IP a~nD_&llt tihla was 

1mla1'*'~,lrllR: Ii leu bet,,(U!~D. .1)~. to," 

1n'8ult,lna It,~rteell. Ie. __ #!t.1l 

po.it~. ;btKt IOU"_ 8_ ~4 W'lia.l 

lAns D •• flO_ea.. th1. all or 
nhlltt.M~t!;t!,~" be... S1S,ll':&OD,tl~W 

.... '~~~ .. ;.t,IJS oa 

.cl1 cd watel' _,._. 

"tI.:l,~JYD.<IUlJ' wu .aGOVAtend 8011 

41ftloul1il' 'ftS O._roOM bl 1m •• iUilon cte 804. 
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~ __ nt also h~ul to 

that it. .... ~1<0"".H'4!1i> could not beobtai:net\on 

" ceat selutlon of '011 . and nterwas plaeM ~Q'Jt1j,we~~:n 

~ oel1 nile the alit.tor Wd in operation. Ai1,.t1on RI\';,.Il.'·UJII:Ill.'U.IIo.li' 

ltlCUJflNl .. a ,.. Ugb,t abAu.);tptlon 18 .olutloa. &l thC.Ullh. 

aO-JfPtica b.~ IOIl.tan' a''':r a 1'_ m1nu.' •• ot atea4y ~""""'~f:~. 

Gibe .. tuton the, _li'. tolU'li to be4e1Jtlmlatal '0 the 

pnet.loa of 'llla, ,hot .. "e" .etup _n the *1.e, _4 Ctoutno1\lGlJ, 

of ,.mplelal' p4the rolat1ft looatioD of '118 .i1lb "f!'ialli'Nl,\tt~ 

to .0.11* ~ s.ample J81' W •• I.D ortU.nal?' I in. br 3 In. 

mutua, Jv 81«_ of whieh _1'"$ 1/4 In. th1ck1l! 

oo'llt,d.Jietlmany flaws defeet~l 

solutl01l. insldectths 

Il'$ater thsn UB neQ ••• arr. the ~iJS~i'I,AGliI 

\It .... t,.u.u D. Holmes ata'teslftThe 111ht abli'lrbed tbroup a 1/2 1,. 

in a.w~ bear's a olostltr.:relatlo11$hlp to .011da 

Goncentrations ot sewaa;.tbe 11~)1t absorbed a mt'PGrA'f:.I!l~.'" 

di..thee: ad Jueta.'blo source of ,phOW.aetelt" •• 

A Mlfunngtmen1; w •• conalit\$Z1td, 'that i8.. 'the 

a. .ouna 1». a.ta:'1o~J poal tion. ~ 8,. f31osel.y 't'!4'\,ijr.nl~A"'I"! 
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OQ~:rUf't.d. flUt. 'Of ,lfboeri with the cell. wl'tll the cell and. 11tliht 

aoue.vra~ ln ites flbown ill r1,_ l}l9. Illn41!1aoto. tvlo.l. ,,1l& 

cell am'l11,hb.Ulhl ..... UN 1-1/6 in. and a.1/llu •• rtJ.,.et.1wlr • 

. t~ tile ._Pl.J.~ •. A .~_ eia..~Jl. jar ftscOMltJiu(ttd w1th elGar, 

tblc elas •• ho.. 'a08$&" 1/1 lB. __ 1"'t. ft1. Ri~i;pl. Jft" 18 .~wa 

liB ftl.~tG.l. 

~bll!E~ $l.! 'A!!!!ot!D,G"~$,lh.a tbl. pllOt .. 'etf •• ,uP bed l>~n 

to l>&. atlaf.eto17 to Ii- a std._ble "a41_o11~b..mlt~~MJ' 

wl0 .. 4, , ••• eB'·aolutloA ot.sol1 «a4 _'.P t_ ·.~t"'.Pt<""Q 

oflllbato the ;photOJle'.l'. fter!., _te, i..c.l.lbMtiri~ tll. photometco 

•• '0,"'" .~ ,$neatagersold1q$ ot8011 uj._telt. the'. 

501\1"1-. "Np~~nd Oil the 1>aall otnl«btIlUllll_ at.till" water 

Gild ~. 811' loam ,o11. Dlsotl11..awater. 810. ... O.8149n4 

u ,lie .8" pelN.ntap solutlon.S.ples were pNpa", rcr &ftl7' 1/1 

jerce.t U;J '\0 a per cent sol:utiOl1 aad 6-171 J$r oent h= a pel? 

ee~t t6 • ,.pel!' eeat solutleft.;~.a thft.ter fttt41qs _r. ta,keD 

tW$ Moh .Gil a;n4wat$r lio.lutton aoallbratla 0u~ve _& plotted 

ulnt~ tll$ •• ll-water ftt1o(~Htm4 our:re,lii.' 41aoh,aJl_ lr1" more .... ~NB 

a$ .(l0"1M".". 
f!.1~~!!!l.· .. ta A V.t&ll~n&J7 teat 'wumade ·lnordelrto 4et_.tM 

whe,h.r t_" _S Ii Q~ ..• :relatl.1l01, 'Ht\Motr.t llt)t ablo~,t1oJl aa! 

the oonoeatvatlon of th~ aoln'lon. Thi.'est \fal wn US:bli aCilthat 



n5lu/e No 1 

Ar/,0'175'eI77C'/71 o~ ?/7oloe/ecfric Cell O/7d LI9'/.7/ :J ouree 

/00 J1I~ 5/r;;g/e Ba.5e, 
ih.!lol7ette Prey' 
celioI'? Lam,P -2. 

E/evatio/7 
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u.I~1iI ,1t throu;b • ~-.ll _te.e to obkU J~11.1.' of 

.J,"~"lr .~ ~ alae. fte •• ,l, .ol:G,lODIM , •• ~., tor 

IIp,,b..,tloa ftnpNpan4 •• 11, th.' •• h ,.,.'*' __ .. the 

.... vol ... -' .uoh that aao,t11' tOQW- "_1 '''~lGaa of tM sa. 

_pl. eol1ld 

tile .ole. 

_ther 8011 UU~g"'~!·1i Qontfl'a1D& paI"le1ea~8$ ta 

't!!e fTev&~ugI ,~~_ 

(t\iWe'" ,1otW • ina , 'he a"e ••• ot tho value- .tei .•• ,." 

~,.. 

A v.' M_ callb .. 1iiea oun •• _ plo,MI tJnD 'Ile __ t_ 

8;W ___ of tae .. ti __ .... With the o~lte 8011 .. ,les 



l' 

"t_' Gt.· Y01, .. 1lUiatd.ou tla the lle_r' ftdlnp_ •• 

Itu ....... by ~bI the voltap .u4 tU~ ~MiI1qa al.".I~lJ ,t.-

, .. _ ....... '.11. A ·yol ..... _Jt ftJtl·atlGIl eVt ... ,.a Jlot'.4. , 

_'8 .... _..a terl"htab.oQtl.. thelUGIO-___ '.r r •• ~A'lI!, 

Wd at.~4 'I. ,*0 _.,.libft\lcm OUfte toJt ~ _Sl.-ate!' A&~'.I&\W6 

P~tl _.on PlWtlo1ea 1'a:17t~ lneis., lb. ftker lin 811e 'VBll7:1>IEUI· 

ln ool4t». 

m •. S! F'fd'1)10ltt 1,18 ,!a ~=. .61?J!!!J~l.!!'LL: ,fhe teat on 

.. mil_ .0 .. '0 d"t ••• 
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.11.1tlolll_N NU(lft4 to'» li~t.h.~tioll."tM mew. fta41np 

.-,.ne. 



TABLE NO. I 
-r 

Calibration Data Ni th Dunmore Soil ;,\Tb.ich Passed Thru 1010 Mesh Sieve 

Soil-Water Ammeter Reading-rna. 

Ratte- % 
Voltage 

L 2 3 4 Avg. 

0.5 115 32 32 33 31 32 

1.0 18 14 14 14 14 

1.5 9 ? ? 7 7 

2.0 3.5 3.5 3.5 4 3.5 

2.5 2 1.75 2 2 2 

3.0 1.5 1.25 1.25 1.25 1.251 
I 

, I 

4.0 1 1 1 1 1 
I . 
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TABIB NO. II 

Calibration Data With Composite Dunmore Soil From 15 Per'Cent Slope 
Sample No.1 

Soil-Water Ammeter Reading~. 
Ratio-% Voltage 

1 2 3 4 Avg •.. 

0'.00 115 - - - - 100 

0 .. 50 34 34 32.5 33 33.5 

1 .. 00 16 15.5 14 ... 5 14 14 0 5 

> 

1.,50 7 6.1 4 .. 5 4 5 .. 5 

2 .. 00 3.25 2.6 1.6 2 2.25 

3.00 .75 .55 .55 .30 .55 

4.00 .20 .20 .20 .20 .20 

1~ 

• 

I 



./1 
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TABID NO. III 

Calibration Data With Composite Dunmore Soil From 15 Per Cent Slope 
Sample No.2 

Soil-Water Ammeter Reading-rna. 
Ratio-% Voltage 

1 2 :3 4 "R Avg .. 

0.00 115 - - - - 102 

0.50 38 37.5 37 36 37.3 

1.00 15 .. 5 12.5 14.25 11.75 13.3 

1.25 12,,25 11 9.6 7.7 10.1 

1.50 8.25 7.5 6.1 5 0 0 606 

1075:: 700 5.1 4.c l 110 5 409 

2000 3 0 5 2.8 2 0 5 2.0 2.7 

3.00 .60 .50 050 .. 40 .50 

4 .. 00 <>20 .15 .15 .15 .15 
'-- -



-,,-

TABLE IV 

Calibration Data With Dunmore Soil(Womposite) From 15 F'er Cent Slope 
Sample No.3 

Soil-Water Ammeter Readings-ma. 
~ 

Ratio-% Voltage 1 2 3 4 Avg. 

0.00 115 - - - - 102 

0.50 40.5 39 36 36 37.9 

1.00 14 13.75 13.3 11.75 13 .. 2 

1.25 12 10.8 10 9.75 10 .. 6 

1 .. 50 8.25 7 4 .. 8 5.5 6 .. 4 

1.75 6.1 5.3 4.85 5.6 4.96 

2.00 3.3 2.7 2 .. 4 2.2 2.6 

3.00 0.9 0 .. 6 005 0.3 Oe57 

~, 

4.00 0.2 0.15 0015 0.15 0.15 

.~. 

I 
I 





TABLE NO.V 

Calibration Data With Composite Dunmore Soil From 5 Per Cent Slope 
Sample No .. 1 

Soil-Nater Ammeter Readings-rna. 
Ratio-% Voltage 1 2 3 4 Avg. 

0.00 115 - - - - 162 

0.25 67 65 64 62 .. 5 64 .. 6 

0.50 39 .. 5 39 38 .. 5 :33 ... 5 37 .. 6 

0.75 29 28.5 24.5 24 26 .. 5 

1.00 15 .. 5 14 .. 5 13 11.5 13.6 

1.50 6.5 6.25 6 5 5.9 

2.00 3.25 2 .. 65 2.6 1.6 2 .. 58 

3.00 0 .. 70 0 .. 55 0~40 0 .. 30 0.50 

I 
4.00 • 0 .. 20 0 .. 15 0.15 0 .. 15 0.1? I 

i 



TABLE NO .. VI 

Calibration Data With Dunmore Soil From 5 Per Cent ~)lope 
No.. 2 

Soil-;'later ~eter Readings-rna .. 
Ratio-y; Voltage 1 2 3 4 Avg., 

0 .. 00 115 - - - - 102 

o ,,25 69 67.5 66 63 66 .. 4 

0.50 40 0 5 38.5 38 35.5 38.1 

0 .. 75 29 27 0 5 27.5 22 26.,5 

1.00 15 14 .. 5 13 11..5 131l!5 

1 .. 50 8 7 .. 4 6 .. 75 4.75 6 .. 7 

2.00 3 2,,5 2.5 1 .. 5 2.4 

3.00 0.85 0 .. 65 0.50 0,,30 0 .. 57 

"If 
4~00 0.30 0.25 0., 15 0.10 0 .. 20 



TABLE NO. VLL 

Calibration Data With Composite Dunmore Soil From 5 I'er Cent Slope 
No.,3 

Soi1-Jater .Ammeter Readings-mao -, 
Ratio-,?lo Voltage 1 2 3 4 Avg", 

0.00 115 - - - - 102 

0 0 25 65 .. 5 64 63 62 63 .. 6 

0 .. 50 44 42 39 31 36 ... 5 

0 0 75 29 28 26 23 26 0 5 

1.00. 14.5 13 ... 75 12.75 12 .. 2 13 .. 28 

1 .. 50 7.25 6 .. 85 6 ... 6 5 5 6.55 

2 .. 00 3.2 2 .. 5 2.4 2 .. 2 2.58 

3.:)00 0 .. 60 0 .. 55 0,,55 0.55 0.56 

~v 
4,,00 0 .. 20 0",20 0 .. 20 0 .. 15 0 0 20 

~ 
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fJ.1ABLE Nil. VIII 

Calibration Data I:li th Composi te Dunmore Soil From 25 Fer Cent Slope 
Sample lJo~l 

Soil-Water Ammeter Readings-ma& 
Ratio-% Voltage I 2 3 4 .. vg 

0 0 00 115 - - - - 101 

0 0 25 68 66 0 5 60 66 65,,1 

0 .. 50 '38.5 38 37.5 37 37.75 

0 0 75 31 30.,5 28 21.5 2'7,,75 

1100 13 .. 8 13.75 13.25 12 .. 5 13.33 

1.50 6,,5 5.8 5.65 5 .. 5 5.86 

2.00 3.6 3.15 2.6 2,,25 2 .. 9 

3.00 0<)90 0 .. '70 0.,60 0.40 0 .. 65 

..... v 
4,,00 0 .. 20 0~20 0.20 0 .. 20 0 .. 20 



TABLE NO. IX 

Calibration Data ·~\ii th Composite Dunmore Soil From 25 Per Cent Slope 
Sample No.2 

Soil-Nater Ammeter Readings-ma. 
Ratio-% Voltage 

1 2 :3 4 Avg. 

0.00 115 - - - - 102 

0 0 25 63.5 63 62 59 62 

0.50 5 36 33.5 31 35 

0075 27.5 26 25 24.5 35.7 

1.00 14.8 13.7 13.5 1~ .. 9 '7 i 

1 .. 50 7,,1 5.75 5 0 7 5 5 .. 9 

2 .. 00 3,,4 2.55 2 .. 3 2.25 2.63 

3.00 0.65 0.65 0.50 0.35 0.54 

,,It 

4.00 0.20 0 .. 20 0.,20 0.15 0.20 



TABLE :NO.:I; 

Calibration Data 1lith Composite Dunmore Soil From 25 Per Cent Slope 
J;0.3 

Soil-Hater Ammeter !eadings-ma. 
Ratd:o-~0 Voltage 1 2 3 4 Avg. 

0 .. 00 115 - - - - 102 

O()25 - 61.5 61.5 61 61.5 61.4 

0.,' ~. 44 42 40 35 40 

(;), 27 24 23.5 22 24.1 

1 .. 00 14.25 15.5 13.5 9.8 13.3 

1.50 7 .. 1 7.1 5.85 5 .. 75 6.45 
.. 

2 .. 00 3.5 3 .. 1 2.6 2.2 2.mB 

3 .. 00 0.65 0.55 0 .. 55 0.50 0.56 

4 .. 00 "" 0.30 0.25 G.15 0 .. 15 0.21 
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TIllIE NO .XI 

Average I{icroammeter Readings For The Slopes 

50i1-
Water Slopes 
Ratio 5% 25% 

%. 
Sample Numbers 

Average 
Sample Numbers Sample Numbers 

1 2 3 1 2 3 
Average 

1 2 3 
Ave rag 

0.00 100 102 102 101.3 102 102 m02 102 101 102 102 101~3 

0 0 25 - - .... - 64 .. 6 66,,4 63 .. 6 64 .. 9 65.1 62 6L.4 62 .. 8 

Oe50 33.,5 3' .. 3 37 Q 9 36 .. 2 37,,6 38.1 36 0 5 37,,4 37 .. 75 35 40 37,,6 

0.75 - - - - 26 .. 5 26 0 5 26 .. 5 26<;>5 27075 25 .. '7 24.1 25.9 

· 

1,,00 14,,5 13.3 13 .. 2 13 .. 66 13.6 13 .. 5 13 .. 3 13.5 13",33 13 .. 7 13 .. 3 13 .. 4 

· , 

1.50 5.5 6.,6 6,,4 6 .. 16 5 .. 9 6,,7 6 .. 55 6.,38 5 .. 86 5 0 9 6.45 6 .. 07 

2 .. 00 4~25 2.7 2.6 2.52 2.58 2.4 2.58 2.,52 2.9 2.63 2 .. 85 2.79 

I 

3 .. 00 ·'0055 0 .. 50 0.,57 0.54 0.50 O",5? 0 .. 56 0054 0.65 0 .. 54 0 .. 56 0.58 

4<»00 0.20 0 • .15 0 .. 15 0 .. 1.? 0 .. 17 0 .. 20 0 .. 20 0,,19 0 .. 20 O(J>20 0.21 O.~!O 

· 



TAnLE XII 

?er Cent Deviation of Meter Readings-Soil Nater Ratio rrom Mean 

80i1- lv';aximum Maximum % Maximum !t/aximum 
Hater Ammeter Readings Deviation Deviation -8rror 
Ratio from I'.fiean from !lea.n Error 

5% 15% 25% It/lean 30i1-Nater Soi l-Watft" 
Meter Read .. rV:eter Read .. Ratio-% Rat iO-lb 

% ma~ rna .. ma .. mae mac % % 

0.00 101.,3 102 101 0 3 101 0 5 0 .. 50 0 .. 49 - -

0.50 37.4 36 .. 2 37,,6 37.0 0.80 2 .. 16 0 .. 005 1 .. 0 

1000 13.5 13.7 13 .. 4 13.5 0013 0 .. 96 0 .. 01 1,,0 

1 0 50 6 0 38 6e 16 6.07 6020 0.18 2090 0.015 1.0 

2000 2.52 2.52 2079 2,,61 0.18 6 0 90 0,,02 1,,0 

3.00 0.54 0.54 0.58 0 .. 55 0.03 5,,45 0 0 03 1 0 0 

4,,00 0 .. 19 0 .. 17 0.21 0,,19 0 .. 02 10,,52 0 0 11 2 .. 75 

\ 
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l)I\.BLE NO. XIII 

Arbitrary Samples of Known % Compared on Meun Curve 

Actual Micro- Soil-water Deviation 
Soil-Water ammeter Ratio from % Error 

Ratio Readinr From Curve Curve 
% rna .. % % 

0 62 0 8 0",25 0 0 

0.75 25,,9 0.63 0.12 16 

0.81 17<;>0 0.86 0 9 05 6.,2 

1..25 10.1 1 .. 19 0.,06 4.8 

1.75 4 .. 9 1.65 0.10 5.7 

3 .. 10 0 .. 4 3.20 0 .. 10 3.2 



TABLE NO. XIV 

Mechanical fUlalysis of Dunmore Soil fr'::'Im 5, 15 t 25% Slopes 

Slopes % Sand % Silt % Clay 
% 

5 6 .. 0 42.,4 51 .. 6 

15 lleO 43 0 4 45 0 6 

25 130 0 454)0 42 0 0 



TABU NO. X V 

Variation of Meter Readings Due to Changes in Voltage 

Voltage Micro-amps :Micro-amp. 

119 78 77.5 

112 79 79.5 

114 81 81.5 

115 82 82 



·r/g.No. 

_.Vol fag~-ifNlIc'/:o gm'p- J<ar/afio!7. .. C(.I.I" vt:: 

. , 
i 

7..7.'--_________________________ _ 
110 III I/,c Jld J/fl lid' 



TABLE NO.. XVI 

Data on the Effect of Particle Size on Light Absorption 

Particle Soil-Water Meter Readings 
. 

Size Hatio 
(},~esh ) % 1 2 3 4 Avg. 

7 10 0.50 49 48 46 42.5 46.4 

7 20 & L 10 40 35 33~5 32.5 37.0 

740&L20 39 33.5 33 31.5 34.3 

7 60 &: L 40 36.5 34.5 32.5 28.5 33 

780&LSO 34.5 33 32.5 32 33 

7100& L 80 36 35 34 34 34.8 

L100 
\1 

36.5 35 35 35 35.4 



TABLE NO.. XVI I 

Data on Light Absorption Variations Due to Color: of Soil 

Soil % So1n. Ammeter Readin~. 
Class 1 2 3 4 Avp:,. 

Orange 0.50 58.5 57.0 55.5 55.0 56.5 

Ceoi1 51.0 50.0 50.0 42.0 48.3 

Iredell 49.0 48.5 48.0 4~} .0 48.1 

Dunmore 
, 

40.0 39.0 37.0 36.0 38.0 



X. ~_~th. we 82!"1'I1t_rt .. ple. with the "lUN teken 

from the oalibration 0\1"$, .1 ahCim.l. Flg. 10.1, .na.~e. ahuw. 

t.hat a 4,ot1nlte relatiouhi, be'.en'heeo.eat:ratlon or 
solutl01l and l1W1'h abaorptlcn ext.te. 8.ota1 :pGHmttageusolu1d.OllS 

weft and 0.69 .bl1. from th. ~u"e the WG1'G as 

wlt:tl1n 

Wh~Ul 

d._ire4. 

doflta obtac1nd with the CotIPOli'. WIi_ijf.'Iln17 

8011 5, 15. and 25 :per C$nt .lopee, 81 ,1.n 
Wd a_need a tinal ft1_, a, td-fttt in !fable. .iiI. a 

tN •• @c.llb:ratlen.cune 'fItlS 4ftltn U ah_a 1ft B. tl,. 

V 1s _anoalib:rat1on euft'e on o:J1'd1u.:t1 \fhl1. ftl. a 
11 tbe,~ on logar1 tludcs__ pepu.... ':lbe._ (lOru;81d'ffttted so11 

au.,a" Solu1ions ~ve :red. tbatplotte. iii ata1lht It •• on 

lOlarithlllt "",Ut •• 'enable4_"G aQotll .. ;. ",ult. to~ the '".I~V;"'­

))eftentas. ,01",,·108. 

~,*l..18Q Pl"."". the .. ~, 4ev1atloa ad Ildl11tmi 

oell\ d.vlat,iDB of "'e meter ~tt1qs .. tu oat aolution 

... val.a. comparil'll OOltDlUJ7 .f!m4 9 tM 

$tat .. Dt. dl'l.vn'n (1) di,tlUed water 



or the photometer readings ftI 0.49 cent .nd thi.$ error 

no eX"ror in th$ value of' tbeso11-weter rat1o(~) i (I) 

solutiQn a l1a;If'r£~·\!JiI. enol!' of 

1:n t11. aImir.mF readll11a onl, ~w t\ ttaximua a.'iil'!t.-l_* 

ulue tlu~ lI&i.1.-1Ifj~a'Qir mtlo(~), 

eOtlll:tO,J~18jOtl$ $how 4et1n1 tell an ap]~e;Cl1Ibl.. er:rol" 1n 

mAl~A~ read11l1J;J a much li~~l40,;ll;,'l!ii·~ 

water ratio. 

so11-

presents arbltral7f weft 

t01t light aosorptlon. tn. _1~er ,J. 'Q'I/l"~""~1i;;I 

r.S~.:r;Nd to meG o\tWe obi.tlling ~tle as 

fA enGok tht aCCtJ;Mr:y of tb18 Mthod 

~.'~UHltS. The lu_a, .~r ,. with the 0.15 per .$nt 

solution, ,hi. errol' Wd· oent, from the value.· 

b$·a'tr1bllitd to wing • ,or:roG~lon faotor on 

lOO-Hale micro._ .. teJ.-. ( This I_oter selootel due to. 

and was not correctly 

"" .... "'fUll<lM.li"~ .1as 



Wllloh 11 ood14oN4wl thill ,the aCG~:tac, d.81nd. 

labl. pH •• uta 'he Mohaatoal analye1. of the ~. 

1f11t loa 8011 t~ 'he th •• Ilo:pea. fte ~Ut8 of sud, silt 

8.n4 olar vati.o" only .11ptly ill tbe .amp1e'.~ 

!'able "t..V shou 01eu11 that tke le~n variation 1n 

vo1' __ or ll€:llt 80~. inputs.va C1 appreoiable 8l!TO'P in 

~ii';,ft'" ~ad1ngs (I 

tbe actual so11 ~ttM.J)le W4S _':!UntNd tor 

abflOl"pt,lol1 and tound 10 be 1n ~a:t; $fttOr 

the data in Tables to 

ab$orptiotl. 1'ablem, 1 t t$ evident that theaMUGX* 

pI.:tt1ele, gree.ttiJt lIU the Ught absorptlon J hut 8S 

',""":.".~',"'-~.JI,_",_ 01H b.c~ veryaa*ll the 11,ght absc)Jrptlo11 b&Oame 

MarlJ ooruJ'Oat. From Table XVII 1t j.s evident that the 4u-ke·r 

~ soil _4 watelf aolutloa the snatll~ we' the 11pt abaol!ptlon. 

the ~ft 8011 wa 'uk brown.Oecll .... yellowlCih-b:rown. 1_4ell 

_- 8i'aY. whl1e".Itl_ O:t*u.ga .. o..p a4 in 0010:'. ft. dark broe 
"'('~:;,':; 

f)o11ottered the gNaHlt 11{!;b.t 1.'b80I1tt:ton whl1. the ftd 8011 

otteNd th • .-11e.t a ... t of l1ti;'hi absorption. 



Ig.,.10IU 

(1) !he. pho'~Ui' 1. tm 8.0'0"»,&'8 u.44epeadalle leviee 

tott._u»t_ Upi ebaQl'pt1Ql1- b1 ,ubl! aoil and wet. I" soluti(l8' 

Wh.. loll partiel.. •• of ~11 cOA,"a,,' ,l.e..!h. .',tl: 
mail. with the 8011 that 11&4 ,. ••• , tbrough a lOo-._b .1eft 

pro",.' thi.. fact, alao t the .st. ~a.. w1 tb '1M soil 

ftJ!!! 8;oou;rate l"e8Ul:tl. 

(I) e.~posl"e r~tt 8011 $.8.,le6 t"1) 

ha.,. c'ontainth'1 puttlcleset a,pHximatCtl, the ,sa. 8tS •• 

18 'Dr De aOC~C1 of tb, :tt.,ulte obtai,yd, t.lll.ls 'Ioil. 

ayer.. eUGt'th.ls tWing tille CO~LttEU. 

was lAsa tban 6 per e~at. 1ll1s error ~ otalu8'd 

the ot ftlllflS ~w1 th ttl€) arbt tftry .W'J.ll;Y<I..'!l:1CD 

w.re tor l1ih't absGr;ptl()1\. 

volt~ 

i8 .hOWU that 

aPPfttla'ble .=-r~.. in 
un Pvtlo1e 

kfJp"b uout.lIt 

vu1at1oQ.'ia tm voltal. an 

_te~ Ha41D68. 

h._. all e.ppnolab1e .ttt," on 11~t 



ehaorptloa. .. _ll •• '1tt. 8011partiele tbe ,~'.r w •• the 

I.b,oltp1i1 on. 

(5) color of the ,$'011 haa all aPllftOl.ble .tt • .,t $)3. 

atllorptio,n. ~i:h. darker tbe so11 ln 0010,.. 'the •• 

11,bt absorption. 

tavestlp'1cn is a p%'$11mlna17 o~er 

~t faotors ea.tertnc into ,this I1$W 

nr'Ii!i!'V1t:'iUO.il1 Ul:llnve$t1pt~d Fc\le;~. It llbellevedresulta 

.1~t17 o\)talnet 4GtaOastrate ~elbi,11t1es tb~ 11,b~ 

tlbsQ,rptiQh tor dertemin1_ susJ$llde4, ti011. watered 

1 t ho)e4 'tbat sufficient intenst _saroused to -.~.~~~.., 

oth$rl O8l'T1on further 111v.st1,atlons of prolf~1111l1 

:ru,~ .tu41.. Ihould be 41Note' tftU4 e11m1natilll enwoll1l 

pJ'C,4*ledbJtile 'Yat71D8 slleand oole,.. ot 8011 ",,»,*101aa. a 

."lQrtl,lter 18 _plo,.. 'he Golc:r taetor -1 be .ltmiate4. 

ttet1al •• UfJi:estlou ce be -.4. in 1'.1.tl~ to fU'u", .'uti •• 

Cll JIlrilo1e 819 •• ~m th1s In ... 'laatloa it 1. probable tut 

.\u41 •• were made witb 10il1 of a a.fiatt. ~benleal .~aly$1s 



11 •• 

uv ... ~q J ",W4lliFUQj D. t !)I(jl'1ml~!l~rA1JtCjR of ~~t~>pm~.uJlD W"iOl'~"",.41_ i:n ~~!u~r~ 
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~wt1Ju]:tia e~d~filson; :PllClfTE)OI3LlS 




