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i)iXrrenc*es i)etwctixn mean 5 % lelfctl--I .5 ~ a / g  
rri:rcin v;rlocs nccctssary 

for  signific;~r~(~ct 154, level 2.i? l~g/g: 	 -

tlrc niacin content of all thrcti en ilospe~ I ~ Itypes to about 
the s a ~ r ~ e  I)ctwcendegree, as indicatc.(l h j  the correlxtio~~s 
them (Table 2) .  
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Sng:rry : ~ v : ~ s y. . . . . . . . .  -t0.758:> 

Sug;rl')' : clr*~rt. . . . . . . . . .  - I ~0.79:<* 

Waxy : (lent . . . . . . . . . . .  -t 0.821 * 


With present information, the apparent rclatiorrship he 
twccrr errdosperrn type arrd niacin aontent cannot he satis 
factorily explained. Genetic lirrkagc has been suggested. 
The results reported here are not folly in :~ccord with this 
ide:l. Sngmy cndospcrn~ came into t l ~ e  cross with higb 
niacin content, and the extracted sugary scgrcgatcs wcrc 
l~ig-11in niacin. IIowever, waxy clrdosper~n came into tht. 
Cross with low niacin content, yet t l ~ e  e ~ t m c t c d  waxy 
segrcg;~tc~swere higher in niacin tllnn the waxy parent 
and also lriglrcr than the dent segregates. Also, the data 
of Cn~ucrori and Teas (3) clcarlv indicated tha t  tlre high 
niacin content of sugary Iccrnel~; was not tlre result of 
linlc?ge, since sugzary kelnels prodneed by the action of 
either of the independent genes s?ha and t lu  were eqnally 
lligli in niacin. Tl~erefore, i t  appears that  :I more likely 
explanation than lirrlcagc~ is t1r:rt there is 'a direct infln 
ence of endosprnn type on tlre niacin content of.tbc corn 
kel ncl. 

Jiichey and 1)awson (6)  have suggested that  this influ 
cncc may he r e l a t ~ d  in sonic way to tlre e f f ~ c t s  of cndo 
sperm type on kernel size. Unpublished data of thc 
present authors ir~dicatc, I ~ o w e ~ e r ,  that  there is no close. 
relationsl~ip between kcrncl size and niacin content, a t  
least in genetically sirrrilar material. As suggested by 
C'arneron and Teas (3 ' ) )  i t  appears more probable tha t  
vit:~min-cnrbohydrnte interrelations in t l ~ c  developing 
corn kernel are involved, tlronglr little is known of tlre 
specific natnre of tllese irrterrclntions. 
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Relation of Strength of Sediments to 
Water Content and Grain Size 

Parker D. Trask and Jack W .  Rolston 

Strcte of  Cal i forr~ia,  Departme*tt of Public W o r k s ,  
Divisiolz of S U ~ L  Francisco Bay Toll Crossings, 
Snrz Francisco 

Strcngtl~ of sediments is of fnnda~nental  inicrcst t,o 
gc:ologists arrd foundation enginiwrs. Water corltont 1s 
a 1):lsic 'factor affecting strength and i ~ a s  l~een used for 
rn:irry gcnrs as a, guide to tllc rclntivc strcrrgtl~ of aetli-
mcnts. M'ator corrtcnt, Irowcver, as nlarry people have 
poi~~t,.tlout, is  not an exact index, 1)ec:~use other factors 
also influence strength. Ainorrg tltcsc o t l~er  factors, grain 
size, 1)ec2use of i ts  pronounced effect upon the gcnerel 
cll:rr:rcteristics of sediments, sl~ould exert a, sigrrificani 
influence. 

Extensive data on the scdimerrta of San 1~'rancisco Bay 
have given the authors arr opportunity to  inr,estig;rtc Itke 
rc1:~tionslrip of strength -to grain size. nntl \\rater content,. 
More t1i:trr 400 samples of silt and cl:ry wcrc availnbl.2 
for  stntlg. S:xrrds-that is, sccli~r~errts Irnvirrg a rrredi:l~t 
diamct,c.r, I),,, greater thnn 64 y-~vcrc excluded. Samples 
were distri1)uted fairly cvcnly bct\vcel~ two Quaternary 
forn~ations separatetl hy :a11 erosion:rl diseonforlriity. 

8 S H E A R  S T R E N G T H  
(when ~ i u l ndtameter  Is 
between 0 ond I 6  m8cronr) 

100 2 0 0  - P O o  .- 'OoO 2 0 0 0  4 0 0 0  6 0 0 0scp,"R 
~ u n d rper r g  foot1 

Sctlirrrcnts of tbc upper formntiou inlnrecliately I)eneatb 
t l ~ e  ba,y I~ottorrr have I~ecn consolidated under norrnttl 
lo:~el, l ~ n t  deposits in the underlying formation Iravc: hecn 
~".econsolidaterl. Unconfined corrrpression, 1v:rter content, 
and grain-size distribytion values were drtrr~nined on all 
samples; and Atterl~erg limits, direct quick sllenr, and 
consoliclnlion values were dcterrrrined on :I lnrgr propor- 
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tion of the s;trnplea. The shear strertgth, s, as  determined 
hy direct shear tests, was fou~ld  to approxirn:~.te closely 
one-1r:tlf tlrc unronfinc& compression, qu/2. 

8anlples \\,err regregated into six groups accordirlg i s )  

grairl slm, Group 1 huvirrg a ~ n u g i  i n  medi:m ili:~mctcr 
between 1 m11l 2 p, Groul) 2, bcttween 2 :md 4 p, and so 
on, in geontrt~ic irltervals to Qronp 6, nllich r:lngcld b r  
tneerl S:! :rnd 64 p. 'Clre stlengths of all saml,l!~s nere 
then l)lotte(l :rg:~inst watdr contcnt for each gr:lin size 
gronlx A definite rel:~.tionship w.as four~d within caclr 
group, as illustratcil by Fig. 1, cvli~cl~shows the data  for 
Group 4, in \vhich [ I , ,  ranged between 8 p and 16 p. TI!(> 
slopes of the curves for all six gmin-size groups raried in 
a very regular n1:~nner. The over-all rct1:~tiolrship betweerr 
strength, \vat,er content, :md gr:~in size is  expressed hy 
the f ollo\i.irrg ecluatiorr : 

where s is tlie shear strength in l l~ /sq  f t ,  n.s dctcr~rrirlcll 
from nre;zsurcnrcnts of unconfined compressiorr, cyu/2, to 

is the water content expressed ur the mtio of tlte weight 
01' water to the weigl~t of solid consti tue~~ts,  :~nd7), i s  

the metlian ili:in~cter in microns. 

Tht cqu;ttion is expressed graphically by the family c,-t' 
corvtis allown in Fig. 2. The reliability of the t~qu:ttion 
was substantiated by comparing, for  100 random samples, 
the strength as  computed from the equation with tho 
strength as  meas~ired in tlie laboratory. ?'he ateragc 
observed strength was found to be within 5% of thc eonr- 
p~i ted  strength. The deviation4 lletween observcd a n ~ l  
c-onlp~itcd strength arc distrib~itecl according to a syni-
~netl ical  bcll-shaped probability curvc. The relationship 
docs not hold ~vcll for  grain size i n  excess of 33 w. 

Strc>ngth naturally is  influenced by factors othcr tlran 
water content and $ram sizc. Among thesc other factors 
the rrrineral content, particnlarly the type of clay ruin- 
carnls, conceivably conld be significant. Rov-ever, in n 
restricted area such as Xan Francisco Bay, the newly dc-
posited sediments could be presumed to  be relatively simi- 
lar i n  mineral and clay composition. This inference i s  
supported by the fact  tha t  when the Attert)erg limits are 

plotted ort tlre plasticity chart (.I), the points lie in :i 
straight arrd narrow band parallel to and slightly above 
the "A" line. Apparently, clay and other lnirterals 
\vould have relatively littltx cffect upon t,hc over-all rcln-
tioilsllil)~ Iletween strength, \vat,er conl.ent, and grain size 
in the s:rrnples studied. 

I*:~c:tors :rfTc~c'ting strrt~gtl i  to sonre esterlt :ire niubually 
it el:^. 1V;itc:r content of sedi~nents varies in-
versely \%-it11 grain sizo (": Also, the pl;isticity index 
of the snmplc~s frorn Snn Francisco R:ry varies inversc l~  
with gra.in sizr. The cquation for  the rel:~.t.ionslrip is:  

7>,.= 23 ( 2  -- T ~ O ~ ~ ~ I I ; , , ~  

vlrere I,,,is tile pl:~sticitr iridcx n.nd I f ,  is  the 1nedi::n 
~li:in~ctr~r in niic.rons. t~sl)rc~sseii ('onseqnently, i t  follo~rs 
illat irl tlie seclin~crrts st.~iilirtl, t l ~ etlrrec prirrcipal vari:tl]lcs 
:~ffrcting strc~rrgth-\r;rter (:ontent, grain size, and n1inrr:ri 
c:o~ril~ositioir-aw not completely indcpenilerlt variables. 

I'urtlrer s t i ~ i l ~ ,p:nticulnrly of .~e(linlents in other are:is, 
is nee~lcarl ill ordrr to nppmisse the rigrritie:rrrec of thc r.in-

lritionslrip I)t~t\.i.c~cnstrc~rigtll, water cont,ent, and gr.:riu 
~ i z c ,:IS ohscrred in sctlirnents of S:m Francisco Ray. Tirr 
tl;rt:r, ol~t:iiirc~d thus far,  liowcvcr, indicate tha t  tl~ch cZon!- 
7::irisoll of unc~onfinc~~l corrrprc~ssion with hot11 m:~ter con- 
tent and grain size 1n:I.y give a 1)ctter undcrst:mding o f  
tllc, strc:ngtlr of scdinrents than comparison with rz-nt-1. 
content alone. 
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Interchangeable Pencil-Type 

Georg v. BkkBsy 

Psycho-Acoustic Laboratory, Havuard University 

Thc author is  engaged in perforn~ing operations on tlrr~ 
wehlear pahi t ion  of tlre inner ear, a working area of 
less than 3 sq mnl. Hecnusc the area is  so small and 
speed is  so essential in ol)erations on living tissue, most 
:rvailable micromanipulators have proved unsiiitahlc for 
this work, cven thorigl~ they :ire quite adequate fo r  nnn- 
tomical disscetion. They are too large and cl~irnsy, rc- 
(~u i r e  too nlany conrplic:lted ~~d jns tmcn t s ,and do not 
pennit quick i~~ttrc.hanyc of s~irgical  instruments. 

'in ideal solution would 1)e to have several small, pc.11- 
14like micro~ua~iipul:~tors, one fo r  each of the nccess:ily 
.iiirgical instmmcnts. Tlrt, mo~elnents of a handle vco~ild 
I)e tr;~rrsniitted to  the tip, ))lit greatly retluccil in m:rgni- 
tude. Thc carrier for  the nianil~ulators should be sim1)lc 
c~rrough to perrnit quick anil easy interchange of manipn- 
Iators. Thus the instrume!its could be brought to t h r  

This re\rnrcll nits c:luried out a t  the Psycho-Arou\tic. 
I,:tbor:~tory, EIarvnrd I'niversity, under contract with ~ h ,  
Ti. S. Navy, Office of Naval Researell (Contract N3ori-76. 
1'ro.ic.c.t NR147-201, Report No. PNR-75). 


