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In etud1 0 dullat1on in • d ,ro ol.s the n 

for ccurate and rapid technique capable of giTin num.erice.1. 

index tor the 

The mat tor w 

.ple ot wool rly became apparent 

fact that medullation can only 

be detected by 'hand and eye when it exceed certain co enesi,;J , 

d t et this difficult ~Pnv.ol Test for the detection o 

hairin deTeloped by ~lphic1c. (1932) 

The quo.ntitiTe application of the test has proTed diffi­

cult; in discussing the eTaluation of the medullation reTea..1.ed 

l1>hi pointed out that there are three factor 

be considered. 

(1) The average diameter ot 

( 2) The -percentage of 

( 3) The average distance do 

dul.lation extendu. 

In order to a.rri ve at 

edullc... 

edullated. 

the fibres which 

.pirical index h 

i t 

timated 

by eye the aver percentage ot fibres medullated over the ate.pl 

and weighted the result arbitraril 

dulla.. 

cordinK to the t of 

.fter using the method in nork on fleece mapp1.ur:,, 

lPhick came to the concluuion that while it was the best means 

.va.ila.ble at the time for classifying t 

.ples under examination it could not be re,-,:a.rded as sa.tisfact• 

ory owing to the personal element involved, ea~eciaJ.ly eince th 

classification or medulla diameter into three 2rou~s raaaked th 

.parativelY accurate estimation vhich could be made of the oth 

o ractoro. 
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Since the method used was PUrely empirical it was pro-

d to relate the figures obtained to the percent 

meo.ulla determined by some absolute means . Preliminary investi-

ations on the determination of the Specific Gravity of the wool 

.ples had been commenced when unforeseen circumstances t'!nm-

pclled Elphi•ck to discontinue the wo.-. • 

• 

obtain some idea. ot the nature of the problems in• 

bout 180 samples from stud Romney .ram hoggets were examin-

ed using the above method. Repeats on the same samples even a:t·ter 

quite short intervals shewed that oonaiderably mor 

han that gained by testing 8, tew hundred staples would De nece1rn .. 

ry before any degree of reliability could be achieved. 

In order to obtain an indication aa to the effect of th 

rsona.1. factor, four persons experienced in wool research ~ere in-

vi ted to estimate by eye the percentage. of hai.r.r fibres in sta1>l 

laid out in benzol. Table I -
-T. 

l 2 3 -
A 65 ~o 25 lt> 

B 15 40 20 15 

C 50 45 25 30 

D 50 30 20 10 

111e samples uere not disturbed between the estimation 

d there is reason to believe that the variation would have b 

reater if similar fresh 

parately for each person. 

.plea h 

A staple evaluated b, phi 

n t d t d out 

o. Pl y 
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and covered w1t 'l plate rul ounted in kero 

with parallel lines. 

in at 

1 the aid of a travelling binocu.lar, th 

uttin line number of medullated and pure fibr 

taking no account of the degree o edullation, at every l 

counted. 

inch 

,ble II co. .from the tip. 

lphick's eat 

bserver the percent 

res the results obtained \11th 

It would appear that ev 

otimated do not 

1th 

,ril 

erienc 

incide with 

the actual figurQ~• 

would suggest that 

the general appearance ot the etaple I 

nal estimate ot percentage i a at"fected by 

the coarseness of the medulla to a .mucb. grbater extent 

considered probablQ. 

TABLE Il. co: 

t b 

•A\l"~e ---------------------

0.25 

0.5 

0.'15 

1.0 

1.25 

l.5 

l.'75 

2.0 

2.25 . 

. ., 
1.0 

l.25 

cellent tr 

ULLA' 

15 

37 

82 

150 

221 

257 

254 

261 

228 

171 

152 

221 

'I.LATED TO 

50 

132 

212 

230 

22'7 

303 

393 

456 

51'7 

601 

3 

31 

'75 

169 

294 

380 

448 

560 

64.7 

717 

745 

772 

·5 

452 

I cannot pretend to be able to 1.mprov 

nt o:r the problems of visua.l 

20.0 

21.9 

27.9 

39.5 

49.5 

46.0 

39.4 

36.4 

30.6 

22.0 

1.6 

.o 

I Lioderat 

} 
) 

~ 
) 10. 
) SliRht 
) 

~ 

phick'a ex-

volume of medulla, but would suggest that of the !actors a.ffect1n 

the figure obtained the diameter of medulla is the lea.st easy t 

stima.te accura.te1y, while the relation o:r di ter to vol ... 

plif1es any errors. Since Elphick ah that the total range or 
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edulla. volume per unit length varies as mueb. 

hile in practice it ie not possible to divide this range int 

more than f'our classes, it se that attempt at visual 

estimation of percentage volume of medull.a. can never £1.ve 

accurate results even assuming accura.te estimation of the other 

f .actors concerned. 

It was suggested that a method of grading based on th 

estimated percentages of medullated fibres at various levels i 

the staple might be possible. One hundred and eight eampl 

from six Romney hoggets were graded using a tentative methodj but 

the results were not satisfactory owins to the complex mode 

distribution of the medulla over the sampl.ea. Until. more is 

known of the etics ot tion, d the effects o! environ-

ent upon the expression o~ enetic make up of the i'ollicles, 

the onlJ sound plan is to evaluate medu.lla.tion by the use of' a 

eimple quantitative index. 

OTHER INDICES OF T.dE iULLA.TIOli INVF.sTIGATJ.ID. 

The indices of medullation discussed in the present 

paper are as foliows :• , 

Part Y. The P. ercentaae ot the total !ibre length -

art II. 

in the sample aff'ected by medullation. 

ount of l.ight reflected or absorbed 

by the wool. when immersed in benzol.. 

Part III. The percentage volume or air space in th 

sample estimated fro curate determin-

tions of specific gravity. 
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(a) Sample evaluated by Blphick. 

(b) "Thickness of a:preading 11 standard 

(300 fibres /1",. 

( c) '"Pere en tage u s tand.a.!'d. 

{Plate l a.s taken b: r. u . T. Gabriel, the 

remainder of the photographs reproduced i is thesi 

are the rk of the author,. 

•n' r 

. ~ 

.,.:. 
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TOTAL H I 

THE SA CT :i 

BY DUL A T I O Joi• 

ihil.e not ot such a fundamental nature as the percent 

.e ot medulla, this index offers a sound basis for estimation 

d selection. 

It al.ready been n1J.unu. tha.t unaided visual estimat 

of percentage medul.lated fibres tor a ree1on in 

re apt to be inaccurate and variabl.e 

attempte were made to devise a technique 

ta.ndardization could be obtained. 

n to person; 

ereby accuracy and 

· Since Elphick' s unpublished expert. 

have shewn that there is no certain way of 

ts on inf'illin_ 

an actual 

tapl.e shewing a given degree of hairiness indefinitely, o 

to fall back on photogra.phs of such standard locks. It h84 t>een 

suggest.ed that it might be possible to produce a. aeries o 

tandard photographs of locks shewing zones over which the per­

centage of medull.ated fibres was fairly constant. Several l 

ere selected and after photographing were count~d in kerosen 

t every 1/4 inch :from the tip. (See Appendix A). Very marked 

differences in the appearance of similar percentages -uere found 

to be a.saociated with differences in the thickness of spreadi 

the samJll.e. making a standardization of the latter essenticw., 

the question arose as to the acoure.cy with which a given degr 

f spree.ding could be reproduced~ Attempts were .made to matoh 

thickness of spreading of a counted staple mounted on bl 

velvet under a gl.ass plate. Scoured samples were teaeed out 

roughly with fingers, placed on black vel.vet and prassed :flat \'Tith 

ui table sheet or glass, the appearance being compared w1 th that 

ot the standard. Small changes in thickness could be ma.de by work• 

ing the staple t1ith one edge, or a corner, of the glass. In m.akin 

comparisons it was found that the average size of the sp aces b~-
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between the fibres was the best feature on which to base one ' s 
power 

Jud.pent of similar thicknesses of spreading. A mediuw. hand len 

was :round hel.pful. 

To test the accuracy of the above method and also to get 

indication as to the magnitude of the personal factor, t· 

.bers of the College \7ool Research sta.f'f kindly consented to tease 

out sam~les to be checked up by microscopic counts. Table III she 

the results of these teats. It would appear that vhil 

thickness of spreading is reproducible with tair accuracy, there i 

a tendency to concentrate attention on the centre of the stap.le. 

ill. --
rson Lock Number 

riter l 

2 

"A" 3 

--

... 
" A 

-
Distance fro 

i:2s. 

l ·¾ll 

2 -~ 

3 

4 

2 

3 

l¾n 

2¾ 
3 

4 

4 

4 

3" 

4 

4¼ 

0 

258 

78 

6'1 

l 

290 

28 

• 

6 

6 

8 

300 

0 

290 300 

224 

250 265 

l 288 

288 

295 2'79 

8 '265 

264 2.88 

274 288 

5 2'19 
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1 esa of 300 fibres to the inch w. considered 

suitable a basis !or tentative standardization d opted 

in a.ll subsequent wo • 

The ext 

1n various sampl.e 

icul t to produ 

ly variabl.e nature of the percentage gradient 
1 ned made it obvious that it vould be d.iff-

t th 

or medullated fibres d attempts were 

howing definite percentage 

e to devise am 

whereby this percentage could be est comparison th 

sta.ndard pho.tograp: , t number of regions, the results to b 

averaged· to ve the mean perceptage over the atapl.e. 

comparator whereby tly enlarged 

portion of the sample teased to ata.ndard thicknes 

or a 

ereed in 

the pho~o-benzol could be viewed in th 

graph did not give satiafacto 

e microscopic field 

results either when the es were 

·mMe to fill apposing halves of the eyepiece field or when one 

im as colored vi th red filter. The apparatus, wcver. w 

not part1cul.arly auited to the particular type of comparison. 

It was suggested tha.t greater accuracy and ease of co.m-.. 
parison vould ·reeul t if the attention ot the observer were concen-

trated on a narrow band running across the staple rather than upon 

the vhole sample. A glass cover plate was ground with coars 

carborundum leavi 1/4 inch i rva.ls of cle :lass at eve 

inch. ater ao.luble pigment rub into 

intention being to 

intervals, the r 

ev the vool clearl 

, th 

the 1/4 inch window 

r of the plate being sufficiently opaqu 

o obscure direct vision, while at the e time allo\71 erv-

ation ui the general distribution o edullation, e.g., th 

occurrence o onin~. 

Similar 1/4 inch band re xed out on th dard 

and a number of sample ere ined by various pereone using the 

apparatus but 1 t became apparent that Judgment .ade on general 

appearance, involvin oarsen of medulla, rather than on per-

centage ot fibres medullated • 

. e moat tiefactory c rison found to be obtain-
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ed by usin rid consisting of lines etched on the cover 

and filled \ii th ter soluble pigrn.ent. Thia placed upon the 

teased samp1e and the average distance between hai fibres crosR-

ing the various lines on the plate compared with the aver 

distance between ha.i 

Using thi 

fibres on the standard • 

ethod of estimation repeats on th e 

.pl after re-tea.sin ~e concordant results which were tound 

to compare favourably with the actual percentages o .ullated 

fibres obtained by counting under t he microscope. ( Table IV). 

-T. ll• 

Level 
ctual 

1 40 50 40 33 

2 40 35 60 5'1 

3 40 40 80 7 

4 35 34 90 84 

5 40 36 90 82 

6 40 39 60 6 

7 40 40 30 41 

8 30 35 20 21 

9 30 35 10 12 

10 25 26 

11 20 18 

12 10 11 

In preliminary work estimations were made at 1/4 ·1nch 

intervals but in later work it vas considered to be sufficient to 

divide the atal)le length into seven equal portiona , using'. the l. 

inch grid, and tot the average of the seven estimationa be-

ing representative. 

It would appe~r that a method similar to the above would 

be capable of expressing,with reasonabl ccuracy , the percentage o 



the total :fibre length .in the ata:ple affected b, edullation, 

althou 

checkin 

it cannot be regarded eetabliahed ui thout further 

inst microscopic counts for samples involving differ-

ent types and degrees o edullation, dif'ferent counts, and in 

particular tu or the number or est .tions required on each 

staple in order to get sufficient accurac,. 

Although it has been used tor routine work the teol:nique 

is unsatia.factory for such purposes owing to the length of time re-

quired to complete an estimation. It eeems reasonable to expect 

that experience in its use would suggest •short cute" such a.a th 

device or- matching t 

about the 300 fibre 

standard, rather 

It ae 

other methods of 

roughly teased .ple th standards round 

·lt, and usi an appropriate percentage 

orking to one set figure. 

irable .to e.u.Mist the possibilities of 

edullation before proceeding with the 

elaboration of the technique above described, since in all scienw 

ific rk it i 

by comparison 

these advant 

eneral experience that "le visual evaluation 

th standards ia often both simpl d accurate, 

s are offset by the l th of time involved. 
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p T ll. TH T OF LIGHT 

R 0 

BY N I 

IN B 0 L. 

It was suggested that W1.wa.1.nation o ool .pl in 

onoch1·omatic light might indicate further lines of investigation. · 

Raw and scoured wool., as well as a sample in benzol, was examined 

using vartoue lighting. The only unusual ·appearance was found in 

the caoe of illumination from a quartz mercury Tapor source, under 

which wool heavy in condition gave an orange tlourcscence. It i 

possible that if the samples were dyed before viewing under the 

quartz lamp differences might be observed owing to the varyin 

effects of dyee on medullated and non- medullated wool. and the fact 

that some dyes flouresce in ultraviolet light. 

Since hair reflects considerably more light than pure 

ool when under the benzol test, it would seem that the amount of 

light reflected .might be expected to serve as an index of the de-

ree or medullation. At first sight it would appear probable that 

the amount -of light reflected 'flould be a function o! the surtac 

area or the .medulla in the sample, in which case a linear relation 

between light reflected and percentage volume of medulla. 11ould not 

obtain. A g1 ven amount of fine medulla would .have a greater sur­

face area, and hence reflect more light, than the same amount ot 

coarse medulla. There a.re such a. la.rge number of factors which 

1ght affect the amount of light reflected, however., that one can­

not establish a relation on a priori grounds. The effect of th 

internal. ,structure of the medulla upon its apJ)arent ,,.hi teness, the 

distorting effect on apparent diameter due to the cortex of the 

fibre acti ng a.a a l ens, reflection from the ends of small section 

rhen the medulla in _diacontinuousi, and probably many other factor ... , 

ould he.veto bb considered. 

Attempts were made to ure the light reflected rrom a 

moderately hairy sample in benzol, en placed in oncentrated 
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tion lantern 

it too low t 

r 

the inat 

cuoe but 

t to b 

• 

The possibility of u tilizin. to cell for the purpose 

e benzol t 

tillh;e 

{Appendix 

uld be th 

lington, 

inar.v expe 

.ount of light reflected rro le 

-t rd conditions had been proj 

ol. in 

d f 

of the literature on the subject, 

d indicated that a photo cell ot the rectifier typ 

s't sui tab1e for present p 

urteey of Standard Telephones and Cables (A'sia) Ltd., 

ston Fhotronic cell -gas ma.de availab.1.e 1·or pr 

• 
fue optical apparatu the e that used vi th th 

Lun:,ner Brodhun cubg, e 01· the brightly illuminated benzol 

t 

pl.aced 

rtu 

ocussed on the sensiti 

screen of 

nden • (See ]1
~ re I. -

::i 

,Urf 

.ot 

• 
CJ 

of 

CJ 

Th • J.i.• » • produced by th l 

'hi 

f a. l 

usin 

re• 



Tinsley potentiometer sensitive to 0.02 millivolt \u.v. 

found to be of the order of 3 m.v. for a moderately hai~ 

number of readings were taken using this apparatus ou 

found that standardization the potenti 

ev f inutes - presumably owing to changin •=•"' •, oi' 

accumulator used. 

.d 

Since the low intern resistance of the photo-cell 

(7,000 ohms} obviat 

surements a vacu 

the use of electrostatic methods of 

tube voltmeter used with reflectir al-

vanometer, 

convenient 

indicatin~ instrument, decided upo th 

0 

( 'igure ~2')was fitted up 

P. f..(.,, 

Fhillips A.415 valv 

on the galvanometer. 

uring the cell E.M.F. The usu 

d various types of tube tried. 

,, ,- - - --1---------__, 

circuit 

a found 'to ve the t stable readin 

t 

Deflection re obtained by plaoin 

tween the lens and the photo-cell and recordin 

flection, the screen then being removed and th 

black screen bP-­

the "zero" de-

deflection 

recorded. The apparatus was so arranged that the difrerenc 

tween ttleae two readinsa was a.lmost entirely due to light fro: 

the wool under test. 

le she· 0 f the results obtained. 

n 
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TABLE !• DEFLECTIONS OBTAINED ITH BADLY HAIRY 

'LE II:J 'l'.HE TRAY. 

Galvanometer Readin~s Deflection 

~ Screen Removed 

,ool + Tray 

16.7 20.'7 4.0 

17.2 21.2 4..0 

17.2 21.2 4.0 

17.6 21.5 3.9 

ool in tray condensed into a much smaller are 

2.1 6.5 

2.6 6.6 

2.8 6.8 

2.9 6.9 

wool Removed from Tray 

4.2 o.3 

4.5 5.6 

4.5 5.6 

4.8 5.8 

- Tray Alone 

4.4 

4.0 

4.0 

4.0 

1.1 

l.l 

1.1 

1.0 

To obtain an indication of the range of values, a 

series of graded samples wa.s examined. the result~ being Dhewn 

in Table VY, deflections per unit weight of wool being calcuJ.ated -
aa a basis of comparison. 
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PHOTO EL!sCTRIC 

INDEX OF IRINESS. 

Sample eight 
Dei"lection Deflection 

Deflection Due to Wool per .gram. 

Tray on.l-y 

A Almost Pure 

B He.i ry Ti:p 

C do do 

SIJille Cample Condensed 

0 .29 gr. 

0 .33 

0 . 25 

0.25 

D Generlll liedullation 0.29 

E do do 

F Bad Hairy Tip 

G .Hai r.v $ample 

0.44 

0 .31 

0.35 

1.1 

1.7 

3.0 

3.0 

3 .0 

5.5 

a.o 
.3 

l.l.4 

o. 
1. 

.l.9 

1.9 

4.4 

6 .9 

s.2 
10.3 

2.1 

5.7 

7.6 

7.6 

15.l 

15.7 

2'7.0 

9.:> 

The photo electric indices are not accurate owing to 

the fact that the small central bakeli te area on the cell used 

was insensitive to light. hence any portion of the h&iriness 

image falling thereon woul.d not1,be recordedl.; moreover the 

ill.um.ination was not even. e reau.l ts indicate, however, that 

atabl.e readings be obtained over ide range of values. 

Table VII shews the resul.ts of repeat deteminationa 

on some of the above staples after 24 houra, the samples being 

placed as nearly as 11oasible in their original positions in 

the tray, • reasonable agreement ia indicated. 

1 Standard Telephones and Cables ad.vised that aells 
vithout the central bake.lite area were bein 
manufactured and were available from the U.S .A.• 
to special order. 
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F 
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.;EISON 

l-. 

a.o 
9.;, 

1 •• 

• ~I.~ .., 

l.'7 

a. 
a.s 

1 .... 

~ 

A photo-cell - probably ot" the va.cuum type - kind.ly . 
loened by the Dominion Obbervatory was fitted up in the circuit 

hev:n in Figures, and uu~d with the 

• Stable rea.dinga uould not be obtained with t.ti.e tempor; 

electrical e.:ppara.tue uced owing to ve.riable leakage effects~ but 

the aenai ti vi ty did not appear to be so great as vi th the Weston 

cell 

-
f:.0"' T 

It appeared that 

ithout the centr r.n •• a.~.d t 

.ub well desi va.cu 

1 the light rerleeted rro 

7f'\'1 

es~on ~notronic cell of the typ 

:rea, used in conjunction vi th 

eter. would be capable o 

ool under the benzol tea 

iderabl. curacy • to 3%, provided that nat 

ur­

on­

urce of 

illumination capable of produci even brightness over the 

t could be obtained, so that a given unt of medull uld 
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Gi,ve a constant deti~~tion without reference to ita position in 

the traq. 
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1HOTO-

.pparatus l.ar to that described .fitted 

up save that 15 tub sea.. i ol ter circuit. Fenn-

i 

it 

rrival o cell th clear disc t d tee of rico., 

decided to study the problem of ,ui table illumin-

tion usin l uniro ortion of' the sens! ti ve sur.f'ace o 

the cel.l previously used. 

Using a projection lantern ource of illumination, the 

deflection obtn.ined .from one equ2.re inch of white pap pl 

in the position o~ the wool. ea.sured -and found to v .uch 

as 100% in different regions of the tra.Y. Since it was unlikely 

that the illumination gradient "-.ple1. the aver. of readin. 

obtained f'rom s 

,ble. 

etricaJ. placings o! the t ·uld not reli• 

Four 40 vatt bul.bs placed in bright tin retleotors did 

not give satisfactory ligb.tin~. 

It was thought that even illumination might resul. t i:f 

d 

eam of paral.lel light were obtained, using a 500 watt concentrated 

filament lamp ource. d thro along the trGtJ. number of 

ar ents of l.enae d dia:phrag.s were tried in endeavours to 

ch1eve these conditions, but it was not possibl.e to combine even 

illumination with high intensity .• 

The suggestion was made that unifo:ml iJ.lumination might 

be obtainable by reflecting the light downward on to the wool. 

using a plain sheet of' glass throu_gb. which the light from the tr, 

could a.-t the same time reach the ,cell. :Figure 4. Su 
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[ J 

,. 

Cl~~ I ............. ------------+------ ---

r °""".,.~ent tried but found quite unsatisfacto 

inef'fici en r the gl 

0 illuminant 

rerlector and the f 

d in the trcaiY. 

to th 

hat 

t of the a.bso1·btion of light by the medullated 

fibre wnen in benzol had not been looked ukon with tavou~, it bein 

considered easier to measure large variations in a small amount of 

light., tb.a.n small variations in a 1arge amount of light, e:Jpeciall 

since the Photronic cell is considerably more sensitive to small 

changes in illumination at l.ow intensities. Uoreover fluctuation 

in the source would be of' greater importance in the case of tranR-

tted light ~eriments. 

ince even distribution of incident light coul.d ly 

be obtained. however, the question arose to ether th 

of absortion would be sufficient 

The DOasibility of uain 

these di!fioultieo. 

all glass trough containin 

he b 

111-----' 

bee 

l wool, .ost in c 

i th a. lamp movi 0 op 

such a technique would involve a 

the photo-cell 

bench 

d 

disca:" 

ra;te t in the 

ry tray if the distribution of medullation in the staple w. 
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rou-cine point vi 

rves 

iroire o 

ined, but the resulta 

c=l 

C J 

th 

tri • 

eth 

t up and wei 

re uneati 

cause stable readings could not be obtained. Table Xill sh 

d 

the type uf read:lng from ntray 0nly 11
, (successive readings), 

-Illl• .V.V...D ,U!'.;\.1 .L.L.V.U •.L\V.UUvJalJ.I fi.LJ.fl.VV.L MVV.U J..a • .u.i.:, 

ction. 

From TO -
• z~.7 ll.9 

- 22.'7 11. 

- 22.7 11.4 '34.l 

- 22.9 11.1 34.0 

- z,..,.o .11.1 3-.. 

.... ~ .. 
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while Table IX gives the result of tests on graded ,samples baaed on 

averages of f'our readings tor deflection. The refracti Te index o 

-T y. ABSORBTION OF LIGHT -.u.uu........a.T.ED 

"l.T170L. 

eflection 
iple Weight Tray Tra;y + Due to Deflection Remarks 

one Sample Sample per gr 

A 0.38 34.2 33.? 0.5 1.3 Pure 

B 0.47 34.2 33.0 1.2 2.5 Hairy Tip 

C 0.28 34.2 33.6 o.6 2.1 Small amount o;t· 

hair. 

D o.41 34.2 31.3 2 .9 7.l Large ainount of 

hair. 

.25 34.2 34.0 0.2 a.a Portion of sample 

• 
B 0.21 34.2 34.0 0.2 0.9 Portion or sample 

0.25 34.2 34.0 0 .. 2 o.e Portion of sample 

E 0.36 34.2 29.0 5 .. 2 14.5 Very hairy sample 

the benzol ~as l.486. 

Tests of the illumination with a small piece of black card­

board in various parts of the tra..v shewed that the .distribution of 

light flux was unifo • 

Galvanometer readings were taken at 10 second intervals; 

the first series with the cell in darkDes d the second serie it 

light. fro he oource shhting direct upon the coll. 

Series (i). l'l.2, l?.3, 17.4, 7.4 17.5, 17.30 17.4, 17.5, 

17.4. 17.5 9 l?.4, 17.5, 17.5, 17.6, 17.6,. 17.6, 

17.7• 17.61 17.6, l?.7, 17.7, 17.6 



cries (ii). 21.7 

?. 5' 

3.1, 

22.? .. 

21.8 

?9. 

22.9, 

21 -

01 
"-,#..,,. .• 

''"""'. 2, 

22.5, 

22 .... , 

r"l ,-, r .... ~, 
22.4~ 

,,.4, 

22.2, 

22.7, 

2,.;,e«.>t 

22.3, 

23.l, 

,H'}.l, 

22.6 

22.5, 

The swing of the galvanometer with l.ampe "on'" was com• 

pared with .minor line voltage fluctuation~ and found to correspond 

exactly, indicating th&t the latter were a.ffect1ng the lamps to an 

a~preciabl.e -extent. The question of their elimination vas dis• 

cussed with Ur. Vl . A. w~tera. Chief Engineer o! the llana.watu-Orou 

ectric Power :Board, uho stated that the only aatis!'actory methods 

would be the use of accumulator aupply, or 

coupled to a motor th a heavy flywheel. 

ere not feasible owing to exp e involved. 

to estimat An a.tt 

direct 

oth ot, ·these, however, 

er, 

deflection by observing the swing of the reM;ng ov 

ue of the 

period of 

,bout 20 seconds. Observations on dry vool placed over th 

aperture in the screen indicated, for results based on one pair 

o:r re&d.ings only, that the deviation from the true value might b 

as much as 5%, although ta.ir accuracy could be obtained by averag-

ing 8 to 10 rea.d.ings. 

Any method relying on the measurement of the light 

absorbed by the medulla.tion while a.t the same time retaining the 

ta.ple in the same physical condition. a.a in the ordinary test, 

cannot give $at1sfa.ctory reaulto since the propo1·tion of light 

l>sorbed to the other sources or variation in the reading is not 

aufficie."1.tly high, the possibility o rror being between 5 and 

10% of the actu absorbtion. 



- -..2 -

• 

Sine et of the difficul.t ced in o bta.inin 

ntenoe yet even illuminat .,. ,,.u inverse 

uare l t 

ourcee or l i 

re ma.de t 

relati 

•oid thia by the use of light 

heir distances from the ill.1nn­

er.e found to fulfil thi ina.ted surface. High po opal 1 

oonaition and th 

four 150 t bul 

t::lollKcwent ehewn in Plat 

.found to b 

isting of 

wnen used in con-

junction with the photo cell 

rr1ved at this ata,ge. 

tb.out cer.trw. bakel± 

from the 

rioua 

ent bei 

denser o 

e o ond 

projec;tio 

la.te Ira •• Dh the opti 

ried.& th at i ot 

r th one len 

• 
tue in its fi 

ch 

i th the velvet dra.-ping ·used to exclude external light re-

rrangement or tray, lamps, screen, 1 ens e.nd cell 

neraJ. v.iew o! the photo-electric a-Ptiara.tue is shewn in Plate 

lib. !I while Figure 6 shews the schematic dia,p;ram o:r the electric-

- ,p 

PEC. 

~ R-. 
-J- Rs 

____u,,.,L.,.,--~Y< R, r fi. 
I~ 

R1. 

E.. E: l. £3 

Difficulty e.xperien-ced in obtaining sharp limitation of 

the area "scanned" was obviated bY m.o.oking out unwa.nted portions o 

the image of the tray on the surface of the cell 1 ~self usin 

rectangular aperature o.8° x 1.3tt which, vi th the ,optical syet 

used, corresponded with a similar area 4• x 7n marked on the tr 
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i thin which the sa:rrol c w~s i,la.cc'-4. 

I am i.ndcbted to Mr. J. \ia.lkcr cf the Palmerston North 

Xecim1oal. School for the loan of a Weston A. c. Voltmeter by the 

id of which the vol te.ge applied to the lamp& waa mw.n"tainea, sav 

here otherwiRe stated, .at aa close a.o J')ooaible to 226V uein 

5 ohm rheostat. 

0v1ing to the fairly high tenperature ·coeffic1.en 

.pecia.lly at low illumina.tions, the photo cell Tia.a 1mbedded in 

ticene so that any temperature cha.nae 1":oul.d not be ra.l)id. Th 

bulb of a the:rmometer was inserted into the ~iaaticene and th 

temi,erature recorded tolcen as indicating roughly the temperature 

or the ce.ll. 

The mnount o:r \iool ta.ken was deteimined by weighing the 

oured samples after conditioning in the air of the l 

.for 2 - 3 hours .. A Bung~ damped balance wa.a used!! the wei 

being recorded to three places. 

Deflections were obtained by, ta.king the dif.ference b 

" 
,, 

tween the -reading on the galvo .• , see.le with the lamps off a.nd th, 
\\ 

reacting r.i th the ltimps Ou. 

Un.leas otherwise ,stated the refractive index of the 

benzol used was 1.496 o.t 20° c. 
.i' 

~ 
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(a} 

_ITH OUTSIDE CO•~ A ~ ~ - v v = ~-

iaphr, to pr 

lens and cell. 

Condensing le 

direct 

f'ocu 

ensitive surface of the ce'll. 

f'r the latips reaching t 

i e or tne t e 

l'EC Pho1ronic cell imbedded in plasticenv. 

The 

(b) - - - - - - L VI~ De 

0 The Ol)tic .ppa.ratus. 

S .Switch to control lamp. 

1 

V:oltmeter indicating lamp voltage 

5 

7 

rheostat to control l 

.. 8 

VOJ. ta.ge • 

itivity of rough gal.vo. 

H 

'4 

10,000 

50,000 

500 

Change-ov 

r 
t i al.vo. ba.la.nci 

're!lecti 

circui 

2 

G1 

G2 

.OU 

flectin 

ff 

switch for galvano 

et 

• 
V.T. Phillips lliniwatt A 615 valve. 

ers. 

l dry cells - fil nt supply. 

60 ti • - plate 

" If • in ha.lane circui ". 

u 
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The following factors affecting the accuracy or the r 

sults obtained a.re discussed:-

(l) 

( 2) 

( 3) 

(4) 

{ 5) 

(6) 

(7) 

(8) 

(9) 

{10) 

The const the deflectiono. 

The etandards used. 

The effect of' variatio in cell t 

The eff'ect of variations in 1 

The evenness of e illumination. 

olt 

The effect of variations in refractiv 

benzol used. 

The effect of ·variations in apreadi 

The accuracy with which resul.te c 

The range of Va.LU-vi,). 

The effect of "amokin • 

ra-cure. 

e. 

.ind 01· th 

th :ple. 

reproduced. 

Under given conditions it has been found that the d 

flection obtained ia very reliable - successive readings ta.ken al• 

oat invariably agree exactly while variation is oeldom greater 

than o. 2 cm. . on the gal vo • . SCQ.4-v• 

Typical readings are Ghewn in Tabl-v ~• 
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!• XYPIC ............ J,;4/J. 

(tl."_1:ption Scale Heading 

rom To - -
TrSi.Y alone. 13.4 J.l.O 2. 

13.5 11.1 2. 

l.3.7 11.2 2.5 

13.7 lleu we 

Tray+ sample shewing rair amount of hairinego• 

ray+ hairy sample 

Standard grey surface 

ST. USED. 

0.2 

0.1 

0.1 

12.6 

12.6 

12.5 

11. 

12.4 

12.5 

• 
• 1 

a. 

• 5.0 

- 5.0 

- 5.l 

- 1.2 

- 0 .4 

- o. 

.o 

.o, 

.2 

17. 

17. 

l?.6 

12.9 

12.a 

12.9 

i'hen the main part of' thi ork ,.w1.1u::.u.cea., i e. , th 

investigation of photometric 

utiJ.izing a photo•cell, it 

.ods of measurin edullation 

hoped that it would be possible t 

complete the work to the stage of constructing an instrument suit­

abl.e for routine purposes and standardized against the reaul ts of 

density determinations. It 

would not be eu!!icient t 

oon rea.J.ized, however, that there 

complete such a project satisfact-

orily and no attempts were made to construct final pemE t stand• 

,rdo. ome remarks on this subj ec re included in the section on 



-

,uggestiona for future work. 

To ensure that results obtained throughout the seri 

experiments would be reasonably comparable the sensitivity was 

justed by varying the placing of the lamp 

control R3 to give a deflection of 2.4 • 

the itivit 

·rom the tr, one 

d 12. ~ C.w. rom a standard grey enamel surface larger than th 

area sc ed by the c • The .latter scheme c t be considered 

rked vari-together satisfactory but in no. case here 

a.tion in the calibration throughout an experiment. Typical re- . 

sul ts are shewn in Table xY. -
XI • s TAU.VA.I -----=-- -----------------------------

OL. 

floctio 

Grey Standard at beginning of Experiment 1 .... 

~ray only tt .. ,. • 2.5 . 
• ,0 halt' wa.v through II 2 . 

• " 0 t end of It 2. 5 &:.V• 

Grey Standard .. .. It • 12.a 20.4 

ll • 

The published coetf'icient of the cell indicates that :t'air-

errors ma.y be introduced it the t e is not kept 

reasonably constant . An attempt 

the possible errQr vhen d 

to obtain a measure of 

,h low J.ight intensitieD• 

Table XII ab.ewe results obt ed whi indicate th •hile ceJ.1 
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t 

XII. 

15.50 

16.l 

17.2 

18.3 

.perature has 
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CT OF 

F. 

rded 

l.rly .mark 

13. 

13.3 

1 .... 

12. 

ff'ect on E. ..,,1., 

rd. 

• 

enerated, 

.t low temperatures, no appreciable error coul.d aria especial.l 

from th1 ouree eo lon conditions reaain reasonably constant. 

rior to ta.king a series of readin the l ere al left 

running for 5 - 10 minutes in order to allow t: 

temperature above that of the room and which 

cell to reach a 

re or 

l constant whil n ere being taken. 

CT 

ccurate figures for the effect in volt 

applied tot lamp the rea.di could not be obtained o 

nor fluctuations in the .fozmer which prevented readings bein 

e closer than one volt. 

l'a.ble iiTI eh - that provided the line voltage i 

tained at a reasonably constant level• no great error from th1 

source need be expected. 

4n.l,ll.U~U.,. 

!.2!L.fro 

224 . volts 12.5 

226 l.2. '7 

226 12.9 

27 13.0 

28 13.3 

230 .1..,. 

to 

in-
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lt 1a important to note that the e.t·tect. a o 

T&riationa 1n cell temperature and l vol e only become 

parent a.a an erro;r 1n cu.see where the detleotlon ie large, 

1.e. :tor very hairy eaplee where great a.ccu,;aoy 1a no 

required.. 

OF 1'fl!!! 

llo dittictal aa experienced in adJuating tho pooition 

of the lam.pa to give reasonabl 

the ~le of' the lamps t.o tJle tr 

from a coin ,1ace4 1n the benzol 

in all pt. :rte of the tra:,. 

even 1llwninat ion alteri•" 

unt i i the 4eil~ct1on gbtat 
I 

euboiantif.'lly ·the &Wile 

In an experiment deaigned to d.emonetra-te 

unevenneaa in the illumination, a bundle of' hairy t'iore 

J.ons and weiei,.ins 0 ,159 gr. was taken to represent • lock witb 

bad hail'Y t1p Wld the defleotion waa recorded ~ith th18 a 

in various parts or the tx-ay. 

lbe J-ange <»t 1'&riat1un in t.he do!lection was fro: 

'7 .o to 7.4 cm. No'?" h~ this saEQ,lt: been a complete ataple ,, 

0.159 nr. hair wo~ld h~ve been aesociated with at lea.at 0,4 gr 

d 

pu1·0 wool whicbwould acid only o.s an to the detlection, so that 

the greateat poesible 11ariation betw~eu rea.dinse <1ue to ;ne 

e1·1~eot of uneven illum.tnattori would be from 1.0 cm to ?.CJ cm 

rodueing a variation in the pboto•electr1c index of from l"'. 

onvgr to 14.,l co/er o:r about 4i>er cent. 

In l•ter experiments tho l 

ad.Jueted to reduce thie error ~o 

Inherent variations i'n the 

portiona of the cell • rrace could not 

;Jt'FEc? or.l TIO.h'"S I 

:pa were mo re carefully 

o.t' abo11t ~. 

ne1t1v1ty of variou 

n&uiahcd 

I • 

Judfdne from viaual impreosiona it 

the refractive index o t' t Qenaol in which the wool 1mmex• 
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would affect the value of the photo-electric index • . The 

results given in Table Xl.V shew the magnitude of the variation 

in deflection and photo-electric index when "benzol*' of va.ry in 

refractive indeces was used. 

TABI.Jl: m. EFFnCT OF V. - -
ON DEFLECTION .tL-WJ' .uv.1.v-.t'.l~v"-'"..i.v .L.lll~• 

I 
l.4900 l.4952 1.5 1.efractive Index ( 20°c)l.4797 

S1111Ple Dfl. D:rl, .Jfl D!l. ~fl. Dfl. Dil. 
gm grm grm 

A Pure Wool 1.5 2.1 1.3 l.8 0.9 J..3 ,J.8 
0.714 gr 

:s Pure Wool l.l 2.1 I .J.9 l.7 I 0.6 l.2 Io. 
0.520 

C Few Hairs 
0.465 l.4 3.011.1 2.4 I 1.0 2.~ I l. 

D Slightly 
hairy tip 
0.556 1.9 3.4, 1.5 2.7 I l.3 2.3 I 1.1 

E Hairy 
Sample 
0.476 13.8 28.5 I 12. '1 26.8 I 12.4 26.2 112. '1 

Variation within reasonable limi 

appears to have no marked effect on the xesult. 

l. - l. 

g:cm 

l .• l 



~
 

0 



... ~l .. 

'I'heae i-etulta ot.tnt:trm. the aenera.\ impreesion s-,.ned 

from n1.11neroue 1ncident.aJ. ~eil mente 11lade at Vf.J>toua t,imea wbil~ 

ng a 

et 

,lee under th 1hoto•eleotri o 

ie not mark\1\4. 

been round t 

ratue ~ to •it, 

that ,prea41 I 

d larce yariatione in the ind 

pread1ns while in the ~asat:1 01 te4 above an aJpJ;eoi 

hen th~r• le conat<Ae~ablo o the 1ntte ccura onl 

,l"ea co,re:red b: 

et-e 1:epeat$d 3 

ple. Since in thie experi 

,,. nhll e in only one c 

,0 

0 

le ch _ 

e in the 

all :re.at 

vt•tton in 

sucoeea1ve roe.citnse ere&ter than 0. 2 

41tferenc~• recorded are aignifioa-nt~ 

•• 1 is proba.blo that tb 
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.,.,. .... v... '-'& .- ,-....u~u..., • 

h hs of a 01· the .p.J. reported in Tabie XVJ. 

are shown in ~late J.J.J., witt ~ive a rou e 

of values covered. '.rh.e appearance of tnese mu be regarded as 

,pproximate only, owing to the difr'i1; .1lty of' securing standard­

ization in the photography. 

• 

I am indebted to M.r. A. c. iiorton for supp.lying several 

samples of wool shewing smokiness. The results are shown in 

-Table XVll and an idea of the apre ara.nce of the samples mai.v be 

ained from Plate lll f although it is extremely difficult to 

reproduce the appearance of the samples exactl.Y• 

v• 

( 

J2le Weight 

1 0.187 gr o. 3 l. 6 

2 0.232 o. 4 1. 

0 . 245 o. 4 l. 6 

4 0.353 o. 7 2. 0 

5 0.222 o. 4 l . 8 



'J..' If!. 

(a} fJ E 2a_ 

(b) PE 3i 

(c) PE 61 

(d} PE un 

{ e) FE 71 

ff) Smoky S 

i 

ii 

iii 

... r 

s 

'J.' tJ s. 

2. 5 Cm/f~r 

10. l 

2v. 

&;,<..le 

39. ,~ 

l. 

• 0 

1. 

lt 

" 
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OF 

In tht oouree of developing the technique or accu 

l)ec1flc gravity determ.inat1on tor wool aaq:,lee. a nwnber o.L• 

plea were elt&mined under the photo~electric ap~aratua 

enaity dcte=1n~tion being me.do. Sampling errors were avoi~e~ 

by uwllining ~he l'lbole or tbe denel ty em plea atap1e bj' at&plot 

it ia interesting to note the eignif'icant var1a.tions oetween 

looks dr, 

observations 

rom the eamo bulk l'Q, ieh conr1 ...,_,;fllck' 

to the variability be t 

to eeven 

a. 

!nation Ta.bl 

by both methods. 

line to rllUlla 

i ves do.ta relett 

The pel'centage a.i:r apac ca.t.oul:J.ted rro 

ira;pace ~- X 100 
D,k 

where DJc ia 1he a.o. ot kerati.iu 
.. It • auur"u.• 

. D)c is assumed to be oonatant. 1'h1 8 tion :rooabl 

correct tor 1pl taken fro 

etrong indioatione of Y&riation b 

animal• but in ere 

1ndividuaJ.e 

C 

.ple \ieigb. t Deflection .Jei'lection .i....ewi .;pecl:fic 
er arm photo• Gl'avity 

lectric 
index. 

0 .027 l.3 2.1 

b o .767 1.5 2. 0 2 . 0 l.299 

C 0 .64? 1.2 1.9 

0 .4'11 J..O 2 • .1. 

b 0.583 l.3 2.2 2.3 l.297 

0 ,0 .662 l.7 2.6 

~a 0.653 5.5 8.4 

-b 0 ,548 4.9 8.9 u.o l.275 

C 0.537 4.5 8.4 

O.lr S)? 

o.oo 

0.1 

l.85 
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xvr11. (Con~'d). 
~- .... ,,plo Weigbt Deflection Deflootion Uetan 8_pecific 

per gram l}hoto• Oi-avity a1r epace 
eleotrio 

Ji 1 ' 
inttex . .. 

4a 0.519 2.6 5.0 

\) 0.480 l.9 ,.o 
e 0 ,5'12 i2.7 ,.v ' 4.4 l..29? 0 • .1 

d 0.440 l.'1 a. 
( !>Ea& 0.485 J3 •• 27. 
( 

b 0.6lS l.8,.6 30.4 
( 

( l'.E6a 0.347 9.'1 28.0 28.4 l,199 1.10 

( b 0.355 9.5 21). ~: 
• 

~~:.o? .I 0.410 21.2 51. 

b 0.426 17.7 41,5 

C 0.400 15,6 59.2 42.8 l.142 12.1 

4 0.211 ., .4 35.0 

peoific Gravit.rani ro ep~ce ax-

p.Lotted against pnoto•electx-10 ind.ex ln Fleur, 7. I UJ. 

appear ,nat there 1 definite relation between the photu• electr1c 

indc~ a4 the s,o. ot tbe e~tle, but one i ot juat11'ied in 

<hrawi 'i nal conelua.iona txo:r.a aucn a omw.l uua.4101.· {Jf eu 

nor percent. 

pcrcentae;e vc>l 

It 

ire 

'-Ii o~e~ that neitber Speoifio Gr~v1 

e in the fi 'bre is oouru.t (H•Gtn,e ot· 

or ~ed.ulla &inve 

shown t.ns,t e p~oport1on ot -ir sp 

t:J.· wiu. iil 1'1~ { l~ 26 J il!. V 

1n me.du.lla 1 e not oon 

·hen a wide r • fJUU&~o.ere(l. 

vi· ~1.iu1.-at.e caJ.1~ra.t1on o:t: 'tho :Dllot.o-electr1 c 

pa,r{t.tue. it b l. C ·1~011a on 

nt 

de1'1ned meduJ.la ;;ype, 

this. 

eoeesary iv pe-.... 

a to expreee l meaeure.oento :t.n t.eme 01' 

• 



, 

• 3t5 -

1.ESIG.N OF - -
ong the refinements which would be m~de in au 

appara~ue aestgn or routine ·wor~, several poin be note"". 

s 

:h-e ohoioe oi' au.i 1 thod of at~nderd!aation 1 

of tho utmost u (h.Jf noe calibr~tion or the a.p: 

in absolute te1,ne cal only be checked by lon d laboriou 

etbods. 

eamplea o 

incf) lntillirig ral<le out the i;os,sibili ty of uei 

ol of Jmo,m medullation aa peraument standard~• 

e have to de~1Qe an artific1 . 
d used under oond1t1one re 

examination ot wool e&JI.IDle olo 

dar<i which o 

rulinc tor th 

oseibl"-'• 

ed 

'l'hi ould involve tbe stwida1·4 being 1.1eed i reed in 

benzol in the actual tray uaed for. t 'he uumtnation ot wool a&.raplei1, 

thue avoidin rror due to iJnperfections in the tr-AJ• 

Varioue suggestiona fo~ dee1 ot· au.i table atandarde 

h~ve been made from \1 to t1.1no. 

(l} A spira.l. or Plat1nU!4 wire of epec1!io dimenaione. 

(2) 

(3) 

(4) 

Slabs ot opal &la.ea. 

lobe ot enamelled ~etal ot euitable size 

or g~ound. glo.ee, the e;:round w J;­

c ted trom benaol b.Y aome au.1 ta.bl; 
- C 

colo1.u 

(5) Photographic atandardo ouit&bly mounted to pr ot, c 
t hem trom the action 01' benaol. 

{6) Gl:lUzoa of ep$cified dimenoione oonsti-uc~od fro 
non•cor:rodible metal. 

'ulverta.tt and .on (1933) have describe e'thod 

hich fluctuatio in cell output due to th cts o:f ltne 

rcome, but tnetr Yoltaae va.rtat1one on the illuminant 
I 

etbod 11 onl. plicable where a potentio•etric thod of 

anurt he cell n.u.F. iD in uae, and it is queetionabl 

whether such eould be applied where the cell out~ut ie lo •• 
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poseibilitiee of cont:t"oll1ng the line volt&be 

\ deeenes t~rtber ittveetieatiort. 

CF:kf . ~ 

35 nae shewn that whilt in reotifi 

cell.o n tbEt t.o~al gonerate4 current is p~opoi·tional ~o 

' '! illwnin~tion ove~ a ver:, wiit e ta.nge• and is l.itt.1.e a.tt·eoted b. 

urroundtng conditions eno re'1 in o:r<lin· uee, the leewut,go 

throuv.h , tbe internal reui:Jtance of the cell io eubJ~c·t io 

var11;1.ti<> • Re poi out t :ii the tern conei'dera. 

rt~teta.nc 

ta ke:ot 

f tlle cell. ctrcu1t, 1 .. e. t: 

l tn proportion to the 1n 

Qf t iud.1 ce.t.ing devt 

t.ance, v~rtat.ion 
,1 

\. 

, in the externo.l cun-ent, due to the variations in the intern - . 

lea.kage :_.'flhiqh is 1n p +el,· Will l.. 1hit.l 

condi t1on doee not• o! cou:roe, obtain when a th ermion:ic vol t.motcr 

ts us ed t ure "tl1e oell E.u.:r., eincc the grid n lament 

reaiotanoe ot the valve 1 'he quet.rtion •n·1aea a 

nt more aatiataotory trom thia to whether 0 

oj.nt view Q®ld be obtained• or whether it ia b in 

the p- esent arre.ngernent and control tbe oell. ~~u:at.u.;re art,1t'lc-

tally. 

in 

It would to be a 

ell l d eneloeure, one si 

tter to plao oeJ.l 

oulc1 be fo1·m.ed 

the leno. 1bl ex-· cool'ing coil might o~ intJ"Oduced int 

the enoloeu.r 

mi&ht be imbedded in ao 

ro 

• o~ •g~1n, the cell cooling coil 

able eubeta.nce to ensure ~aDid 

cell. to the coil. conduotio 

in e~imente~ obtained an ovemeni in utabili1'y 

by placing hia cell in vaoua.tec1 enoloaurv. 

lt ie pnctioeJ.ly impoaa1ble to obtain a surtaoe which 

ill be 6b$Qlutely dead black, i • e. will &.bSOl"b 100% of It e li 

rh1oh falla upon 1 t, a nd it ha& been found tba~ light :from tho 

lover sul'f'aoe of the ecreen late ll i-ea.ooee the cell -
urtace by retleation in the tray. thus increasing the :read1 

, 
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obta.incd i'or tb~ ·t OUQ11 

indicated c 

r1enco in the photographing o 

ee.171.plos in lines a.Lon ioh tbi 

ature could be to a large extent 111•••~·"''.,."' 

/bile n 

ehe1lcli 

d :lno°'abtlt ty h en round to be d.ue to 

,h tr.1 equi t 1 l. 

th u1> of the apv.ai·atue int() • 

which ell batteries etc. oould 

in 11111,roved r.ei-.rorma.ncc 

i-eac.ilY ebeildod 

ob hat 

... or4D.. 1n 

itld reeuJ.i 

inor improvements euch ae tb.e use ot: a foot awi tc.11 t.o 

control ·the :i.llw,ination, the p10.01ng 01· t,he ga.1.v4nonu,ter ac 

in a more con•eniont pool tion. the arrm gement of guides t-o en$1,u.· 

he t,:ay could be moved ~ore readily. ehou.ld bo eti'ected 

in M a.pparatuu designed tor routine UD\'ll .• 



routine. inetru 

.ppa:ratus deee 

1n te 

benzol teat. 

.. ~'!:I • 

result ot thtse 1nve$tigat1ona, it a.ppe~ra that 

t eou e oo_ ot. Olut ·t 

ea:pable ot £iT1ng :rosulto 

of l.1ght reflected ri­

''ow cloaely thie index. i 

"QOl 

1 

.l. 

to 

_1,· t 

under 

rcent 

volumo of medull~ connot t b d., but. 1 t woul.d. ar th~t ( 
ev~n if ot obtained, the method escribed 1

ft, 

cap~ble ot m~ki iner distinotiono can b by the h\.Ullall 

• ia at the aame t1 of ex s -ca.no.ar'1i iOu t u 

l im.1ne.t in eraon .otor. 

:1rom the point. ot v1ev of tlm.e ;,equired to complote au 

eetim.ation, all important taoto;- 1n routin 

metri e method compare" Yer.:; urablY with t 

eepeci&lly wh t 1e, 't' Jler t 

th.a inntion 1n benzol would coneid 

ue 
Xll 

--,ple 

te th 

t,_J l", 

ent 

ot pure ,.,ool lee, which could be olaane4 b: • -.>inoe the 

preoent o.pparatu 

orkins , no record o 

not r convenience in 

ken in evl.i.luatt.on• wa 

under reasonable condition eingle op er~to;- Uld 

ut. 

ble to 

scour, in d 1Ul1 

Theee 

.t l 

sh:ou.l.d 

t. 20 • per hour. 

e tho 1oetrwnent of th 

ree.teat value both from tb.e 1,1oint •lew of the reoearch wor~er 

x-•quirin CUl/'&tely to u1.·e tb.e medulla.ti in benzol, 

rom th 

sm emee . 

t l.eep b ctton with ee 1 u 

I 



• GO ... 

I i11. -
0 

Q 

incv., above. ~no light rctle¢ted f ...... 
ssn plo o l is oi:ll ·· --eduJ.lat1ou, 

i to 

other 

det~J-J?tiilin 

.. o th voJ.ui:ue o 

.. 'Ii' ing El~h1ek•e ~cad, 

.;;.J;&Cifi c G~vity ·Of WOOJ.. e 

~cou~ate v&l.u~• to be gi 

lla det 

oaeibili 

ur1·101ea 

reli&ibtl i ·ty t tot l'O!)Ol'ti 

-0--· .ulla. p.reeent, h in Te• t 1&1l t 0<1. 

ha.a been 

11· the ep~citic fl:l'fil.Vi t,, 

or pure wool ie crmat 

beini sutu:,ta:nti 

sqn plea ca.n b 

voJ.ume of u 

o. ie edl.llla.t;ed 

in~, 

n the ii bre and hence 

pcl'e~ntage volu~ e ot medtilla ,pi-ovtdod 

ea the p 

1.nd1ca.t1on ot' . 
not cletil tng wi 

mu:teria.l in v;bich tb. 

rker & King (1926). 

,ull 1th er very coarse or very fi 

OWing to the -fe.ct that ~he 1nyest1gat.tio$ on fhot9 

technique •nd denoit ique 'Cfe:x-e c 

ccuracy roqui;cd ot the latt~r not imo 

01· the wor:o.. . 

·to a.ime it 

In o~der tQ have eome ot 
i~ered that. both 

on 111 al.lel• 

t tho commeno 

d o curac. 

uhould b le to 

ion o l~ recorded a.a about 10 on 

.. 

ct:-ic 

0 

,h 

lphick• e 8C irtne • uch 0. ,aa1ple might na.ve 40% ot 1 

ibree medulle.ted. to:r 

dulla (l 

of the wool occupied b. 

of appruxi oalcula tion 

dull 

or 2o;i 01· their le.r.tgt.h with 

pro~o~tion ot the totaJ. •olume 
... 
L 

be~ and tr for purp() 

aume ~hat tllin niedul.la. contai 

no solid ma.tter; and t the dens. ty of keratin is l.304 ( Kinth l '-1.> 

the dens ty ot the m.eduUa.ted - le will be abo~t 1.302. ThU 
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Tt1ue, it d1fforencee in mechu.le,tion corresponding to l.0/300 

&l"e to be recogn1eed, an ac.curacy in the denei\y detexminat1on 

of 0.1% o~ better 1e requ1 red. Such an aocu:racy appea.l'a to 

.re been obtauied by Kb1~. 

I't should be note<l tbat wbil e tor purpoaea of gen 

com:parieon with l)hoto•eleotrt c indioee over th• ext:reme i-t.11 ge ot 

hairineeo tbe density re.nae to larg~, and great :procieion te not 

eeaenti~l, tor comr,&~ioon over the r~nge met with on average 

a.Q.1.oua.,.tl {O .. lO on the aoa.le ot photo•eJ.eot;ric 1nd1oeeJ aco,u·•c.t u 

at lea.et .l~ ia, d.eaire.ble in t: 1pec11'it 

tate4 before, it wau origin 

be poaaibl to complete thie work 1n the ti 

l'li'Ti ty de1.e1:t1i 

hoped that it 

available 

tio ... 

,OUl'4 

tJi 

ro<luct1on ot a photometrio inatl'Wllent eui table tor .routio 
~ 

pur1~ee$ • a.nci. caretl.llly et.a.ma:4ieed. It waa eoqn realised t 

,ucb a ~roject waa 1mpoee1ble. and it was coneide.red to be mor 

prQfitable to etudy the eour<'es ot erroi- in the teonniquJ o 

apecifio gravity detex·mtna,tion uitb a vie• to the1r elimination 1n 

future wo rk, tha.n to ~ply the rough method to the pux-poee o 

calibrating an instrument not in tt& final f'om. At the same t1m.e, 

it waa conoidered 4o 

'both inethoda to dot.ermine th• 

In the tolloWing pagee 

r ot oamp.lea u. 

J.' value .... 

ount 01· attention 

ta paid to minute details of' more o;r lee& common ma.nipule.tiona. 

This i1;1 neceaaatr.f in view ot the aocuraey :require<i tor it. 1 

shewn that &J.l weigb.ings muet be accurate within l milligram i ·· 

precision ot 0 .1~ te to be obte.tned 1n the final £1mare. 

~udy of tbe available literature {Appenatx C) led to 

the -.doption c,f the following tentc.t1ve tecbnique. 
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:B!h:f A.lu.'"'-;ArtJ:~. 

a.tlk .ple D3 wae aelected t'rom t,be ahoulo.ex- o""'" l• 

rown st.ud Romney tleecQ. t ew kempo and s ·tr dullaiea. 

fibres we~e ca~etully removed by so~~i n benzoJ.. 

g~unnc t 

A metbod. of acou:r-ine oimilar to that uaed by Rob 0
·•· 

19~2 bueed on i$arritt & King'o procedure, w~s usuQ. Aft.$1" a 

preliininary rinue in benzoJ., the teased o&i.llple wai., e~:iia.cied ~:IJ:r: 

15 minutes in each of three aucceeei vo lc,n.e ui: cv, 

maintained at 45° c. 
A eam.ple ot the be~o1 ueed e d a negligibl .ount 

'of non volat1l tter ( 0.004%}. · 

ter the odor of berusol vaniahed, sample er 

xtraoted tn dietilled v,~ter at 55°c for~hree Cu.aou1-.. -.:su e 0 

15 minutes duration. Tho en.t11Fle ,,aa rinoed in clear dlet1J.led 

water when ch&ll6inG from one bath to the nQA~• 

,D,rxins 

The greater part ot the moisture mecb.1:Ar11cal.lY a. 

to the fibres was removed by ~reesina bet~een clean tilt 

'-DB 

r 

d the remainder dri~en off by drJing ~t 105° c. for 30 minu .. 
1'be sample waa tranafe:rred. to the s.G. bottle end oompletely dJ.•icd 

by pt bot dry il-1:r throuah the wool by meene o lase tu 

passing risht to the bottom of the bottl~. 

Thts dryi ~parc.tus i bel'ln in I>late lY a. Air 

ilter ~w:ip blo~er ie paeeed through two scrubbers of eu.l~buri 

acid, two c-.loium ohlorlde towers. a tower conta.ininE; P zO 5 and 

1e finally heated by pa.ee1ng throu ,piral cons1sti 

of 3/l6 t n• copper tubing within the oveu. 

placed in trhe Joint of the coppci- and Bl. 

luu of vool 

tubing to prevent 

e 

any sea.le f'ror.i th.e tubing gaining e.cceae to the bottle4i Cor1ata.nt 

weight obtainable to 0.1 me on r .ple (see p • 
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It .wa.e found neceeaaey to connect a. lOO wa.t.t bul 

aoi-Qae the. oven eonta.ota in ol"der to by•paa., the i-e.d.io•trequeno. 

pro~eed by eparking a.,. d which otherwise produced diot·~roanc 

1n the neeu:by photo~4leotrio appara.tuu. 

ta1la at exact tew.peratux-es and timea of immereiQn 1.n 

the e.courirm l1Q.l.l1d.a t\e well as peri<>do or drying 1n ~$ oven, 

were reoo.t:ded 1n GJ.l cf)seu. 

o ¢.c. s.o~ bottle waa aeleoted EA:nd. the stopper 

reground. To le n the loee by evapQration1 a Btlall al 

cap wae con 

by_ \1b.1ch it co~ld 

tight ground gl 

d after many .ta.Uul'ee a. method wae ol>tat.ned 

titted to the. ueck of the bottle by an e.1r 

Joint. 

Afte:r tho usµcl oleanins. the .. cap a.ud etoppor tre:,:e dried in 

aloohol a.nd 4>thei-• Ute bott'l~ itueit being dried in the oveJ) at 
I 

1os0c &nd' oooled in a ~essieator PJ'1or \o we1cllinM• 

.lli.!· 
'fbe vol· 

freehl.y boile«1 

Qf the bott;,l obtained 

d. cQol.ed .conductivity wo.\,e:r, 

tilliflt; with 

Justing at 

d 1 lntH etMde.rd tea1per~ture 

The condu¢v~ t~ ter h been otanding in • fle.ak o . 
Chane 

it h 

for allout eix mon 

•1noe been realiaed th 

prior to 1 te being uee<l and 

the;re. waa m apt:,:eci le oun 

ot diesolved eiaee. epeat deteN1nation de during the 

course of the. inveatigatione 41d no; diffe:i- tipp:rec::ia.bly, awe 

in the case ot the tin-1 datel'lll1nation ow.de, ue1ng freeh 

conduotivity~\water, wb1ch gave o. vol· 

inoent 1934 reco*a,_ th• taot 

r bY l part 1n 50,000. 

tue dw,&it..1 01· water 

kept. in slaee veaaela ehallSea s lif;'.b.tly due to eolut:1oµ or gl~• 

while Gilfillan l9J4 an<i Ws.shbum & Smith 1934• reeora B.t:lal.l 

di!terencee in the denei ty or wa.ter purified .t'rom va.:rioue 

aourcQu• 

.::,i'X'Ol'e dac to these factor re neglected tor the 

compat:at1ve ~urpoaeeor the r.reoent inveatieation. 
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{ a) 1' H E DRYING APPARATUS. 

{b} THE F I I Ii G Al)l'AilATUS 
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" ilil:'&t orysta.llt~aol, bonzene we.a used c d dried · ovel' 

C ..... ()_1\UJt chlo~tde. 

'ho .ai>»c-e.tue ehewn in l?lato IV WN used to 1n~roau -
the d:17 benatme tn'to the bot.ti• cont&i.n1ns ibe <ltied wool. 

the tii'e.t !i.ve. d.eterminatione the , atmoaphere ot \be 4eea1oat,or 

dried .,uatna oalotum , chlortae, bat trom ·nr.· vi· o:nwarda a dt'j 

' atmoephete wa., ~in tamed by the uae or phoer,horu 

upp~rtecl .above. the level ot the bo tUe tn ad.di tion to oalc:i 

c?Uoride J.n the bottom of t: 

tficulty wa11 ~et1cnQed. 1n the. ti rut detei·mtnationa 

ins ~o air 'becoming ent.a1)6lod 1n tbe liOOl fibre d\ ring tilling. 
1i' .' 

Fill 1ne . under .pa.r~i~ vaouutti anti ·b01l1ng uridet- s,eduoed yesoure di 

not r; rove eat:lete.ctory. • Ueua.1.ly the bUbblea we 

41s·a1>:i,eaJ'. on etanding t9r 18 - 24 houn, •. Tho ste tbod t1naJ.l 

p'ted ano. wh10b. proved entirely eatiafactory, wQ to 8UCK UU" .. 

I 

bub'blea vi th 'f.\ syringe tilled w1 th benzene anci at taohed to e. lo 

odemic needle. l#"\lrthe.r,· Dr<>'f'i de<l.. not more tllan about 1. ~, sr. 

or wool were taken, air bubble:.1 ael<loin occurred, a.l."t.b.ough a carei'u 

earoh vae made in every caso before· ineerting the stopper. 

·late Va. abews the tbermonte.t u.&ed tb~utsn<>u 

exper1Plen ta. A 'BeC'lana.n thermometer was etand$J'd1soci ao tbat • 

reading ot 3.150 corresponded to 25°c ·au recorded .... b 

thermometer. !'l;'ovi dec:l the • a•o preasu 

c~netant and. the roo:o was tree from c1,~iht1,h 1 t 

thermoetat maintained. a tempcre,tui-e con1t1-an1. w aoo1.n. v-.v•- y• • 
' 

'Wllile fo:t p eri od.a ot 16 • 50 mtnutee the tempe:i-ature couJ.cl be t:eli 

011 to a.t least o.oo~lo. See· P• 



P L A T E V • 

( a) TH THE 0 ST AT. 

(b) THE BA LA N C E. 





- 45 -

The stoppered and loosely capped bottle wa ixed in 

scanty lead framework to hold it in position without pressur 

and distortion, and immersed in the the tat to e l~v.el 

base ot the opper for at least o hour. t tne ena. o e 

period the inside o he cap, th pot the bottle, and 

ere dried with filter paper. rut.ion the .1 Ou Ctlpl .La,:.t· s 

replaced using a fine hypodermic needle attached to a. glass · a 

A slight excess of benzene was added - aut'!icient to l}roduce a 

globule just over the opening of the capillary, this was a.lloued 

evaporate, and at the instant tha~ the liquid was level ~ith th 

of the stopper, the cap was dropped into p.l.a.ce, the bottl 

ediately removed from the bath, and the oap pushed hard no 

preparatory to drying and weighin 

IDG:HING: _ 

--eighing was perrormed by the usual method of swi,.."'-1. 

ith ex-nerience, no diii'iculty wa.a experienced in estima. 

·turning pointn to 0.2 of a. sec.le division when erro:,;a due . to 

12aral 1-..x were avoided .• lUne or more tui·ning points t7erc al 

baerved, and provided the magnitude of the oscillation was not 

reater than about 3 scale divisions, successive tumi 

ei·e t·ound not to differ b:v more than 0.1 scaJ..e divisi 

certain exceptions discussed later. 

T. o;.:- THE 

LOAD R.P. .1;1.l'._WA~tt.1 .:... g 
\,,..._. UV·.....,_ 

10 9 . 6 6 . 7 2. 

20 10. 3 ~ 7. 4 2 . 9 

30 u . 5 a.? · 2 . 8 

50 10. 3 7. 5 · 2 . 8 

70 ll. 9 9 . l "'. 
100 14. 3 11. 5 we 

h 

1) 

Table ill - shews the def lection produced by the addition of l .wr.• 

to one pan at various loado and from these figures the balance 

was calibrated. 
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The weights used were compared with N.P.L. sta.ndar i n 

two occasions during the nork a.n\4 corrections ,. ere made on all 

ighin • Table he the c rieons obtained. 

xx. ACCURACY OF DEIGHTS UOAlh -
dard Weight Routine Weight 

19 :1 :34 
50.0000 gr. 50.00l.~ gr. ..>Ve VV.1,.';7 gr . 

20. 0000 , 20.0005 .20 . 00 

10 .0000 10.0003 10.0003 

10 .0000 10.0004 10.ooo~ 

5 .0000 5.0003 5.0002 

2 .0000 2.0000 2.0000 

l .0000 1.0000 1.0000 
. 

1 .0000 1.0000 1.0000 

1 -0000 1.0000 1.0000 

0.5000 0 .5000 0.Ll000 . 
0.2000 0.1999 0.1 

o .1000(Identified) 0.0995 0.0995 

0.1000 ( • ) 0.1000 0 .1 

. 0 300 0.0500 0.0500 

0 .0200 0 . 0200 0.0200 

0.0100 0.0100 

0.0100 0.0100 0 . 0100 

ile the changes recorded are probably .significant, t,he only seriou 

deviation occurred in the 50 gr. weight which had a small corroded 

area and was not in us~. 

The weighing apparatus is shown in Plate y b • 

. outine __ of e1ghing. 

An attempt "to obtain consistent i s t bottle alo 

ithout the use of a countecyoise iled ouing to uncertai socyti 

of a moisture film on the gl • Consistent result 

by countel'J'oising with a similar bottle of appro a.tel 

ere obtained 

ven wei 

both bottles receivin 

eighing, as follo~s :-

ctly the same surface treatment prio1· to 
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Uain pair ot cork-tipped ton the counterpoise w 

tted in the thermostat dipped ice into th 01~ cohol, twic 

into ether, then polished with a clean li~en cloth doubl t ,Void 

temperature conduction from the hand, placed on b • 

The bottle to b eighed wa.a then removed from the deesicator 

· or thermostat, treated in exactly the e manner the countel'l)oi 

and placed on the balance pan. 'he weights 

.djusted, the resting point determined after 

igb.t calculated. 

d rider uer 

inut , d th 

Buoyancy corrections 1,7ere not made on the first determination 

ince its 

l)Urposes. 

d that th 

Seep. 52. 

ould be unnecessary for comp tiv 

.. ....._..., ___ .., -~ .................... . 
he figure obtained for the densit. ui·e ol 1·1·0 

.ple D 3 in determination Nr · i l.305 gr/ral , but in th 

light of later work it U.l)pea.rs certain th 

A1thouP.h the greatest care s ta.ken, it 

11 the possibilities, and ther ere sever 

notably the addition of the ben t 

ool. 

va..1.ue is i 

impossible to ror 

ourcea of error, 

ttlc coutaini 

An outstanding feature s that ~hile the volume of th 

d 

bottle appearetl constant - sine it con'ta.in~d constant ip.,ht of 

ter - 8 determinations of th eight of benzene contained vari 

from 4S.4685 gr to 43.4707 gr. On th .ption t th i 

of the uool benzene mixtur subject to the fluctuation, th 

possible error for wool density results baaed on one determination 

for each benzol weighin 

r1·om 1. 3032 to l. 3063 _ 

t the time it 

as 0.25%, the possibler 

s thou~t that the deviati 

-r values 

in wei 

• 

i 

were due to the high volatility of the benzene resul.ti in a va.riabl 

loss by evaporation, the cap of the bottle not being a perfect fit. 
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It seemed possible that such an error could be 

reduced by cooling the bottle inmediately on removal from th 

thermostat and since the wei~ht of' water contained by the 

bottle had been round to be constant under previous conditions 

it was decided to determine the effect of cooling on this 

wei~hing. 

Irzmersion in ice water tor five minutes produced 

too great a. degree of cooling and a moisture film was found to 

condense on the cold i?la.ss 1nmed1a.tely a.f'ter polishing. 

1n running tap uater at 1a0 c. gave the same effect but to 

much less deo:ree, the weight of bottle and water being hio:her 

a.fter such cooling than when the original method was used by a 

constant a.mot.mt ,of 1. 2 m. g. 

A repeat by the original method shewed that 

after being subjected to a wide range or ten:peratures the 

volume of' the bottle remained constant. 

It seemed reasonable to suppose that the cooled 

figure would be on the whole less reliable than the uncooled 

figure since the latter would be less likely to be a:rrected b: 

prevailing atmospheric conditions . Moreover, it seermd 

protable that the permissible reduction 1n temperature, if 

narl<ed condensation was to be avoided, would not be suf":!'icient 

to reduee the evaporation of the benzene appreciably. 

10 altemative lines of attack were sug~ested -

(1) 'Ihe 'Use or a lower thermostat temperature . 

(2) 'tho use of e. less volatile density liquid. 

\ 
' 
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Since the first alternative quite impracticable under 

prevail in eather conditions, the p ical chai·a.oteriatic h 

other liquids recommended b. in suita.bl.e r u in deteralini 

the density of wool were considered - Table 

'HYSIC 

Density ot Vool (king) 

Boiling Point 

Specific Gravity 

olubility in Water 
(gr per 100 cc.) 

Viscosity 

Coeff of Expansion 
no-5 

enzone 

C6H6 

1.304 

ao. 35° 

2"0 0.8'79 

0 . 07 -
2 0 

20° 
0.00649 

124 

• 

{C¾,2 
oluene Nitrobenzene 
C6H5CH3 C6l!5N-2 

(o.m.p. 

!142° 
139 
158 

o. 8 

insol. 

1 • 306 

lllo 

200 
(0)0.866 

insol. 

l. 3 

210° 

l.2033 ~ 
40 

• i,)l. aol. 

0.00807(0) 0 . 00586"'00 -
lOl{m) 109 

Of tne ni~rooenzene vou~a- ap to be the most suitable 

.G., givine increased accuracJ, owing to hi boiling- point d hi 

a suitable eup_pl not available, however, and deterwination nr ii 

waa de using Toluene the density liquid. 

n Si!G• bottl com,tructed using an improved technique 

for grinding on the co.p b. eans of wbich airtight ( dry unction 

could be obtained. 

the use of toluene prevented lo ev ration 

was shewn by the fao ·t that on several occasions there was no change 

in weight of the bottle and contents when l e:ft on the balance pan for 

periods of up to~ hour. Further, on one occasion the bott 

containing toluene s left to stand over night, and on re-vei Dr-,t 

hewed a lose in weight of onl .3 • even tnou the liquid had 

distilled out throu the caDillary and condensed on the inside of the 

, cap forming a ring ot liquid a.-t the level or the ground glass Joint. 

MASSEY AGP -CUL'.l'URAL COLLEGE 

LIBRl>RY, I'ALMEltSTO.N ~ORI'H 'N,Z. 
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In determination nr. ii difficulty w n experienced 

in securing complete removal of air bubbles from the lue \WOl 

mixture and the bottle was allowed to stand for l ours before th 

irst weighing by the end of whi pe1·iod all the air bubbles h 

risen and the density of the wool was found to be 1.309 gr/ml. 2 

epea.t \veighings 16, 17, and 18 hou1.·s fI'om t'illing, shewed an 

,pparent increase in density to the final :r igure l.3lti after l 

. The weights of toluene contained in the bottle still 

she\7ed variability, .however, and it was evident; t.na. 

the orRanic liquids other than volatilil bringin 

wbich did not occur when water was 

concU tiono. 

Since the present metho 

ighed under exa.otl 

seemed incapable o 

e proper"t 

bout vari 

imila.r 

ivin 

desired accuracy, the details of the determination were examined 

i th a. vi to isola.ti sources of error. 

The et obvious physical ~ropert rein benzene 

h 

a.nd toluene both differ frOlil wa.ter, is their coefficient of 'tb.e1·.naJ. 

e.xpa.:11sion, which ie a.bout 5 times as great as the coei"ficient. 1·01: 

ter. 

Now for 50 c. c. of water at a. temperature u:f u.bou"l~ i:!o0 c 

the change in volume brought a.bout by a change in temperature of 

0.01°c ia 0.0001 c.c. and · the error in weighing corresponding to 

deviation in the temperature of the bottle content 

the standard value would be approximately 0.1 mt'-.• 

In the case of benzene the corresponding c 

.... l. ..,C fro 

e in 

volu is 0.000? c.c. and the error in weighing a.bout 0.5 • 

Similarly, if a. small proportion of the total volume of 

the bottle, e.g. 2 c.c. were to differ f1·0 he st rd tempera;ture 

by 0.3o ., ight pos8i bly occur ii' the bottle were no .h, 

immersed in the therm.ootat, the error ,;;ould be less th 0.2 • or 

water but nearly 0.7 • for benzene~ 

If accurate results are to be obtained in weights or a 

constant volume of liquids such as benzene, :possible variations in 

densi. ty due to temperature effects must be eliminated, d i s 
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decided to immerse the bottle as deeply as possible and to control 

the tenie rature to 0.002° c. In actual practice, it was found 

more convenient to allow the thermostat to come to its own level 

in the vi <i. ni ty of the standard tem:12 rature and to apply a small 

co:;r,rection, than to endeavour to adjust the gas regulator · to maintain 

a predete:mined temperature. As the correction was alw~vs small, 

the pressure of wool in the bottle or other source of error in the 

value of the actual coefficient of expansion of the bottle contents, 

would have a negligible effect. 

Green, 1908, in connection with determination of density of 

solutions, has pointed out that the true density Dis given b 

the formul• 

D - (1 + 0.0012/ D - 00012) 

where and are apparent weights of water and solution, respect-

ively, required to fill the bottle. 

The co:rrectiona to be made on the apparent weight of the 

bottle and <D ntents in order to eliminate the buoyant effect of the 

air, were investigated. It was found that if the density of the 

air of the balance case was taken as constant, an error of 5fa of the 

value of the correction could arise and since the apparent weight 

Qf 50 cc benzene of density 0.88 gr/cc is 0 . 0524 gr less than the 

weight in v~uo, there is the possibility of 2.5 mg. error. For 

the benzene wool mixture the e·1·ror is similar, while for water 

weighin it is very slightly leas. 

For the other weighings concerned, the 5% fluctuations in 

vacuum corrections are negligible. Since the fractional weights 

arEt<>f nickel of substantially the same denai ty as the integers, it 

is permissible to subtract the apparent weight of the bottle 

i.e. weights necessary in addition to the glass counterpoise, from 

the weight of bottle and contents, and to make the buoyancy correctio? 

on the difference. Had the fractional weights been of 

Aluminium, this would not have been possible. 

It was obvious that the possibility of variations in the 

correctionsmther than the co~rections themselves, were important, 

as pointed out by Green. 
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The density of the air is affected by t.n.ree :tac 

Temperature. 

resau ........ 

Hu.midi t.,. 

eilly Rae & '\7heeler (1926) point out that a mange in temperature 

t 50 C will al. ter the apparent weight of !>J cc i.i. r by l mg • ..ihile 

change in height of barometer of l cm. will alter the apia rent 

eight of 50 cc c:.dr by 0.8 mg. The effect of a change of 10% round 

about 60% relative humidity is to ch~e the "weight of 10.., cc .l.ir b.' 

0.1 • 

In a.ll subaequent ffeigb.ings t t erature of the 

balance cas 

near the left h 

recorded t .1° b: .ccura.tc tne~ 

pan, while th 

easured \7ith a Fortin barometer 

resaure of the 

The poasibilit 

laced 

.oephere 

error in 

weighing 5 J cc benzene O\Vi 

on the latter, is unlikel. 

o temperature corrections not bei 

o exceed :O.l • 

Calculation rom the p resoure o a.ter vapour 

e 

in the atmosphere indicated that in the case under consideration, the 

possible 1·iationa could not ~ C ight enu:tive t 

errors in the uuoya.ncy corrections b. r • • 0 

humidity c es were neglected. 

t t s e to keep the humidit the ba..L 

luti case v.A.wQtely co ant by the us f d 

inimiae varill.tions in humidi 

ter on to the polished Rl 

The factor 

all coi·rectiono .. 

iv 

ndardize adso~tion o 

surface. 

by Ku.ye & Laby ere used in 

e 

Earlier in the inveati ion ,. certain e C re noted 

hich were traced to the presence of elect1•ic on the tl.e 

as the result of polishing. It nas found that if a bottle were 

polished a.nd held just above one pan, the attraction ,,a.a suf:f'icien 

to ta.lee the pointer right off ·the sea.le - the charge being held :ror 

over 10 minutes in a dry atmosphere. It is quite impossible 

forecast the final effect of such a charge upon the weighing, since 
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numerous objects all fall uithin the field the bottl,... 

dii'ficulty wa.s avoided by the us cryet Uruni itr 

the balance ce..ee near the bottles, 'the ,e. e bei 

however,. 

discipated 

within a! minutes. {Seel' 

In the weiglling ofhgottles d ,contents e em.oval. 

e 

from the th, ostat, there a.re eeveral factors to be ,considered 

in deciding upon the technique. It is 

obJects shall not be weighed \7hen thei:r t 

s a.rd rule that 

eraturet <iiffera from 

in 

that of th ir in the balance case. 'J.'he usual hod of ining 

this is to leave the object in the balance case ,for a. considerable 

time before weighin6• 

oisturc a.dsor.}Ji.ilon error .• 

uch procedure so ana.ardizes the 

it was uot ~p~licabi o th 

present investigation, however, owin o the volatility o e 

liquid being weighed. Generally, vapour s found to distil out 

tbrou the capillary, condensing upon the inner surface of the ca 

and runni down to the ground glass joint whe oa.J>illa.ry i'o rcee 

carried it to the outside. 

The lose fro his source ater found to be ver. 

variable, but most troublesome in cold weather , since the 

condensation s then more rapid d changes in -.eight of o.o mg. 

It hate been observed in 5 - 1,0 minuteG in aome c 

obvious tha. t the actual. weighing must be pe-rro d very soon after 

removal from the ther. tat and before e bottle could reach 

room temperature, thus allowing the possibility of convex:tion 

currents within the balance case. It seemed urJ.ike h 

effect ot thes 

weather .• 

·ould be appreciable in any but the coldes 

I! the cap of the bottle were not always airti 

further factor to be considered would be the contraction in 

vol of the benzene ter the ranoval f .ro he the 

the 

often of the order of O.5 ue. If a.1.r re admitted under the 

cap, variations would be appreciabl,... 

1'he possibility o:r error in volume the bottle due to 

difference in temperature bet~een the glass of the ne 

st0PP8r was considered, but it 

and the 
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found that a. tempera ·ture dif.f ere nee of 10°c v.ould only resu.L t 

in e volume error of 0.0001 c.c. 

rrors due to inaccurate adJus tment of the level o.f 

l 1qu id in the 00,p 1llary are unlikely since a ohrui in level of 

o. 5 m. m. would only che.nge the volume by o. 0004 c. o. 
.ii 

It was decided to investigate the accuracy obtained 

using the refined· teahnique. 

The weight of the bottle empty was fou~,d to be constant 

to 0.1 mg. provided the atmosphere of the 

equilibrium with that of ·the balance case. 

pty bottle was in 

fter polishing, the 

bottle reached correct weight within 3 minutes of being placed 

1n the balance case and there was no significant change in we lght 

du.ring the succeeding ten minutes. 

lt is interesting to note thot during observations 

covering some 4 months no chance deviation greater than O.l mg. in 

the weights necessary to · counterpoise the bottle empty has been 

observed. 

Figur obtained on different days for ight of water 

contolned ln the bottle are shown in ble xx1l. 

ote: - In the tables which follow, the followi symbols haw 

been used in oonncction with weighings :-

.a - ~·eight of bottle contents in air {gr). 

h - Barometric P. in • mcrcu.cy. 

T - Temperature of balance case. 

T·1 ·-- Temperature of thermos tat as recorded. on Beckman 

thermometer. 

G' - Density of air of balance case .XlO -G per c.c. 

C - Corrections on apparent weights in 10th of mg 

for buoyancy and temperature. 

v - ,:eight ot contents of bottle in vacuum at 

thermostat temperature T of 25°. 
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TABLE xxfi". EIGHT OF WATER CONTAINED IN THE BOTTLE -
AT 25° C. 

Da_y .. a h T T' G' C 

on. 

Wed. 

Sat. 

52. 2589 764 17 . 6 

52. 2595 759 19. 9 

52. 2588 764 20.1 

Volume or bottle 

3 . 140 

. 130 

3 . 170 

122.l 

.120 

1211 

567-1 52. 31 

559-2 52. 3152 

562+2 • ul52 

52. 4685 ml. 

while similar data :for Benzene wei~hinS?s are shown in Table .I\.A.L.LJ.• 

TABLE XXIII. BENZENE CONTAINED IN THE BOTTLE 

AT 25° '-' • 

l)a,y Wa h T 'T' G' C "V 

Fri. 45. 5915 754 16. 0 3 . 150 1211 571 0 45. 648 

Sat. 45. 5915 '758 17. 5 3 . 146 1211 57,i. 2 45.6488 

ei~hts taken on ThursdB3 for which h was not known , all D.!!rce 

ithin t hemselves it h is assumed to be 7 55 wui. 

Thurs . 45. 5920 755(?) 19. 0 3 . 160 1201 565. 5 45. 6490 

" .15. 5916 755 19 . 5 3 . 170 1199 565. l 

ti .d.". 5923 755 19 . 2 3 . 152 1200 565 l 45. 6490 

Densit y or Benzene 0 . 870021 per ml. 25°/,,o. 

To aet an indication of the ran,re of' values , rossly 

dul le.ted sample _was selected for the next determination. 

In the second determination the weight or the wool h 

increased slif?htly at the final weighing. and it was thought possible 

that slif;tht decomposition similar to that observed b 1927 , 

mi o:ht have occurred. During the drying of sample nr iii 

investif?ations were carried out which indicated that moisture was 
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being picked up by the dried wool while cooling in tne 

dessicator. ng to danRer of fracture the bottle had no 

been stoppered until it was removed cool f1•ow. the des~icatQr 
(in the deasicator 

for weighing 1 thus 11:1 rmi tting the absorption \lf any muiature pr eseut 

especially since the use of pho aphorus pen·toxi in dryi the 

wool would givebetter dessication than the calcium chloride ~ned 

in the dessicator. 

ithin O.l 

removal fr 

late Yb• 

~t was found possible to obtain reliable 

by stoppering the bottle with sound so 

n t wei 

ork on 

the oven, d duri cooli in the dessica.tor. s 

Table XXlV records the results of the 

weighines and the apparent densi of tne ple 

enzene 

various length 

of tiI!le after filling the bottle (Nr iii,. 

1'ABJE xxiv • ·-

ay Ti-· 

ed. 1750 

Thur.1335 

145? 

245 

l"l. • 1325 

1708 

Sat. l545 

DENSITY 0 

eight of dry sample in v 

ight of wool and benzol c 
in the bottle at 25° c. 

a F. T J."' 

45.7931 771 19.3 3.151 

45 . 8040 770 18,.0 3.l57 

45.8063 769 18.5 3.151 

45.8079 '769 17.5 3.150 

4 5.8130 767 l.9.3 3.15'7 

45 .8125 '166 20. 5 3.167 

45.8190 766 21.7 3 . 150 

ill 

0 

ined 

G' 

1225 

1229 

l.225 

1232 

l2J.8 

121.2 

1209 

l. l 

C V 

5?5,0 45.8506 o . 9839 

575,445.8619 o.~911 

575,045.8638 0.99' 

580,045.8659 0.993 

572,4 45.8706 o,. 

569,945.8703 

568,0 45,875U l• 

'he api;arent density of the ha.ir is lower thw w 

expected. In vi of the tact that the :rill in snot considered 

satisfactoryt it is almost c 

the p: eaence of airbubbles a. 

ina.t:ions on other ean pl 

in th&t lo 

the opaque fibres. 

ue due to 

Later deter-

ould indicate that the density of thi 

ssn ple should be nearer l.lgr/ml but time has .not been a.va.i.h ble 
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.to repeat the estimat1on . 

Several factor res est 

th n in weight of the benzene -wool 

s poasibJ.e c 

mixture indicati 

f 

in in densit f ' th ibres 

(1) Contamination of fibr ith moisture dieeolved oy 

o:r the capj_lle..ry, the 

(2) 

the benzene at the opvu4~lt'. 

benzene a.ctin s a "carrier" for the 

became concenti·ated in the :ti bre. 

~enetrat- of the benzene into the 
ion 

the ued.ullaa At the end of the ae 

er which 

p s of 

number of fibres were examined under th 

, a 

icroscope 

a.nd oome infillin s observed ex.tending ao much cE 

l/4" into the ends of tb.e dullQ,. 

said whether thia infilling would b 

cause the gain in den~ity oooerved. 

It cannot be 

urficient to 

s a check on the scouring technique., the benzene :fro 

the S. G. bottle was :f'il tered into o. tt. ree1 glass dio.LL, 

.furthc.r 5_; cc of fresh benzene being used fo .r ,vashing. T 

residue obtained on evaporation and dr..ving was not eignificantJ. 

reater than that obtained in a blank detennination on tr 

benzene indicating that all benzol soluble matter had been removed 

in the p1·e:parat'ion of the 

urther dete:cnination ere carried out on pure wool 

lco 

incr e in 

sit wae thought just possible that so or th 

.t be du 

t 

arent density sbo 

of benzene by kerat1 
iv 
r 

'·'ble~ 

a..Ll d to BO J..n 

benzene for 18 hours before ta.king the first r ina, while t' 

nr v the :first readinrt was taken .iust t ter filling the 

bottl~. The results ere aho in 

the time the concord e of the initial fiRur as d 

d at 

ed to 

prove that there wa.a no absorption of benzene by the wool and that 

the inrea.oe 

described. 

al.thou it se 

re erroneou 

due to moisture gained by the wool in the manner 

te:r work has bstantiated. thia J.a.tt 

a.unost certain th th ct-ual de 

d moat of the sudden rise in denei t · 

conc.lusion., 

~ieure 

duet 
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poor te.mperature control. See P• 

TA"RT~ xxv. APPARENT DE.1EI1'Y GF SAMPLE Nr iv ~ 1,ure wool) • - -
eight of Uool in Vacuo 2 . 3847 gr. 

cipJlt of 'Uool & Benzene ,conta.1.ned in bottle at 25° C. 

::;;,.y Time Wa h T T' o• ,c 
y 

of \Io 
25/4. 

,i. 1545 46.3700 '768 21 . 4 3.13"/ 121.3 56?.6 46 . 4261 l. 

1?18 46 . 3693 ?68 21 .• l 3 .• 140 l2ll 567- 5 46 .• 4255 

t. 1710 46.3785 '168 20.0 3.147 l2l7 569-l 46.435 

n .• l 171 1 46.3811 761 20.6 l.138 1205 564~6 46 . 4369 1.2°~~ 

~ue. 1320 46.3807 756 22.5 3,.157 1189 556+4 46 . 11367 1.2 

ed. 2048 46.3802 761 18. 7 3.181 1212 566+1 5 
6. '.tv83 .1 . 3oor, 

TABLE ffiI. - IlT ~l. V \ pU.1.;;; .. 

"eight of Wool in vacuo l •. 707 

t of :Bottle at d \7ool &10. J:$enzene 

Day Time Wo h T T' G' Cmg \1 D.ansity of 
V Wool 2514 

on. 171 5 46. 1486 771 22.0 3.162 121.4 5o;g + 46.2054 1.290 

1926 46 . 1486 7?1 21.2 3 . 173 121'1 56.:J + 46.2066 l.204 
1.1 

2350 46 .,1510 ?72 19 . 9 3.181 1223 57.3+ 46.2098 1.2942 
Tues . 1029 l . 

6.1508 774 20 . a 3.153 1223 57.S+ 46.2083 
,.2 

1347 46 . 1514 ?73 21.0 3 . 158 1221 5? . l -r 46 . 2089 

• 
2356 46.1513 773 19 . 3 3.183 1228 5?.5+ 46.2104 1.2965 

1.6 
ed . 1633 46 . 1528 ?72 2211 2 3 . 15'1 1214 56.9 + 46.21.01 

. 4 
Sat. 1610 46 . 1536 768 21.6 3. 175 1211 56.7+ 46 . 2115 l.2978 
?th . 1.2 
Sat. 1430 46.1595 ?68 17,9 3.178 1226 5?.4+ 46 . 2183 l.3055 
!Ith. 1.4 
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It uas thought possible that thu . lQe te:..ii ura'ture 
of bottle 

ight have reeul ted in eome change in vu.Lu . .1e ul1.1ila.r to that 

recorded for thermometer bulbs, and the weicht of t>enze 

contaJ.ned in the bottle was re-dete1mined. Ta. ble XXV'll shews th 

hich are in agreement with those prcvioualy obtained 

( 11able XXlll) .indicating that no appreciable change has occurred 

11 the volume o~ the bottle. 

l.l. WEIGHT OF BEDZENE CO -
• -

a h T T' G' C -v 

45.5904 ?66 18.3 S.170 1222 574+10 45 • 

.Bottle dried in oven at 105° i'or l hour cooled and veighed 

then determination of benzene weight repeated i.mmediatel 

45.5911 765 18.3 3.155 1220 5'14+ 3 45. 6488 

Sidewick, ~920, has pointedout that Ca.lei Chloride doe 

iv errect dryne en used for deb.Ydrati 

freezing point benzene in contact with C i 

or benzeng, 

Chloride still 

it 

reta.ina a.bout 9% of its toto.l ter. phosphorus pentoxide, however, 

giv 

the J.)U 

complete dryness 

t benzene for a 

produced. 

obtain the s.G. 

thou 

l 

dr. 

i~ left in contact with iU 

,h of ti , dork colo·ra.tion i 

l, b u ri 

horua pentoxide 

the atmosphere of the !illi 

it p into e bottle, 

thorou 

ext 

i 

,ppa.ratus must 

d icated. '
1
0 obtain the i h i 

r vi herefore, the liquid passed through a tu 

lass wool d :rresh phoephorao pentoxide before enterinP. th 

ion 

i 

bottle, while a shelf uas constructed in the dessicatox ove the 

level of e bottle r and on this further phosphorus pento.xiae 

la.id in glo.ssnool. 
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The fi mire obtained for the s.G. uf the uaai,J.e wa 

0 
25 to. 

t the time the detez:nination e, la.Yer valve 

was deemed to indicate 

An attempt 

.re comp~ete dehydration of ,the wool. 

e to determine the s.G. of the be 

ttom the bottle after the det ion, in order to detect 

l. 

ch e due to the phosphorus i:e ntoxid bu 

ered ina.caurate owing to the use of an unaui ta.bl 

result 

ttle 

conaid­

ich did 

not ' allow complete immersion in the the • 

further s.G. determination (nr vii) on pure ~ool, usi 

exactly the same technique as previously, save that the phosphoru 
' 

pmtoxide in the ft lling apia ratus wao not freoh, although it 

appeared to be in good condition, gave the figure 1.2973 gr/ml 

The sudden jump in value of S.G. from .l.2890 gr. per ml. to 

1. 3 gr per • for uool f:rom tb ource, ver. rprisi 

nd it decided to re 

sa:ple of uool, redryi 

t the deter mination on the identic 

ithout removing same ~rom the bottle. 

'J.' firoire obtained was l.2972 gr/ml • 

:he excellent reement obtained ta.Ken indicate 

that the figures were significant. Several suggestions ~ere 

advanced to account fo .r the increase in S.G. 

{l) Tht! phosphorus r,e ntoxidc was exhausted and e:i ving u 

·ater to the benzene. 

{2) Something from the phosphorus pentoxide has passed 

throuE7Jl uith the benzol and contamina.teu the uool, changing it 

density . The filtering arrangement and the size c,f tbe jet. wer 

such as to make the ~asaage of a solid p;1.rticle practic 

.possibLi:a 

( 3) There was an actual dil'ference in the original denai 

of the wool possibly brought about in the course of the scouri 

or drying procedure. 

To elucidate these difficulties. it was decided to repeat 

the determination by the original method vi thout passing the 

benzene over phosphorus i;>entoxide. The shelf was, however, 

retained in subsequent expeliments. A density of l.2953 gr/m.L. 251 
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a.s obtained. 

It would appear that Vlhile the wool ~ have received some 

the P2 OF. thi ould not account for the oleo moisture fr 

the effcc "• There was<>..very s1ight increase in d 

sanple of wool, igh might be taken to indicate 

eight o:f the 

.ain of a aw.all 

q~c:CJtity of matter from the drying agent. ince this tter must 

have passed into the wool in solution in the benzene, a repeat usi 

the original method should give a lower result. since the clean 

benzene usedin the last determination 

the greater part of the foreign substance. 

t be expected to remove 

!urther determination 

gave slightly lower dry weight of wool supper~ auch a suggestion, 

but the final S.G. was ai batantia.l.ly the same - l.2956 gr/ml. 25J'. ... 

indicati that whatever wa.s removed from the wool affected both 

eight and volume to the same extent. 

In Vi of these facta, Cl actual difference in densi 0 

the original sample a.p:peared at the time to be the most likely source 

of the d'iscrepancy between detem ina.tion nr vii and previous results, 

and it was decided to examine pure wool t&k 

region on the sa:ne fleece in the hope of finding 

idel ifi'erent 

fairly J.arge 

deviation. 

.ccordingly a sample of bri tch wool, shewin1 

tip, was taken and a.ll medullated fibre shewing in the benzol 

stored. 

The dmsity of the pure wool vas .found to be l.2960 gr/ml. 2 

After the first detemination, the sample was re-dried and a repeat 

determination ~ade, giving the figure 1.2959 gr/ml 25, 4 • 

In order to get an indication of the density of the original 

sample, the m.edulla.ted portions uer coured and added to the wool 

already in thebottle. Detenninations of these (i x) 

G5°i and 4 repeat of 1.2913 gr/ml 254• 

he reeul ts from determinations( viii) m d( ix) a.re or great 

importance in that they shew that the difference in ,S.G. bet\1een 

pure wool d a sample containing only a small amount of hair i 

measurable since the sample DS would have been given a value of 

20 - 30 by Elphick and gives a photo-electric index of c.. Since 
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the latter ..:ieihcd is capable of ma.kine at lea.a~ 4 graaes betr.een 
as D3 

uch a sw~, le ll.tl- 1 pure '\7ool, an accuracy in the density determi 

ion or l in the 3rd decimal ia necessary if the two methods ar 

o be comparable, thus confi:rming the theoretical consideration 

va.nceCl on p. 40. 

Between determinations ix. and ixa tne 

used for the determinations r.a.s replenished. Data. on the ne-

ock is given in Tablo XX:Vlll . The fact that there ia good 

recment between ix aud ixa indicates that determinations made 

usinR the new stock should be comJ)a.rable ~i th previous reoul "'H 

his time, also., the volume of the bottle \1a.G checked and 

to be in good agreement with values previousl.y obtained 

V'll.l. • 

a h T T' G' ..., 
"V 

54.0010 52.2586 ?58 18.9 3.185 1206 56J?4 52. 3.150 

IGHT 01•' --•-- ............ __. .. .. ...• 

7.3340 45.5916 '754 17 • .l 3.173. 1207 568 +. 11 45 . 6495 

47.3334 45.5910 755 l?.3 3.180 1208 569 +.15 45.6 

s.G. of Benzene - o . 8'70036 gr per ~-

The search ror variations in e S.G. figure ror 

different wools 

le P I. 

continu 

·l1he \vool ,. 

.ith 

aJ.ightl 

pure wool sample, but l.a d poor character, 

Photo-electric iudex a.bout 1 • ...,. 

The densi det ina.tion (Nr 

1.2985 and l.2 25I. • 

r 

ion o--"· 

r th 

l :from bul 

he previuu 

d trace o dulla.ti 

) ve the firoir 

In view of th ct that the sample is sli l 

medullated, it would appear highly pxobable that the d ity of th 

keratin in sample PE I is slightly greater than that ins le 
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T fact that no significant difference in S.G. ound 

between two pure wool a lea fro ide.l epa.r d poin 0 

the bo~y of one a al, ca.uts doub.t on the conclusion that the l 

values obtained in the case of nr. e :iv & v a.re due to actual 

differences in the density of the wool. Accordingly the greater 

pa.rt of the wool from nr v was re-examined, givi 

l . 2959 ,1.":::983, l.2983 gr/ml. 25i, which are the first of a. serie 

unsatisfactory reoul ts attr.i buted to !2E. room temperatureg. 

A complete discussion ie reserved until later, bu~ it may be fair. 

a1·e1.y s d that the values obtain for iv d er 

due to hiRh room temperature, d that the lat va.l.uee are the mor 

nearly accurate. 

·urther aample P E2 fJD m the same animal as P E 1 uo.s no 

examined •. The photo-electric index for thie sample was 2. 3 

enei ty figures o~btaiued. were 1.2982 and l.2~ ?J gr/ml 25/4. ' 
. th 

as 
g1•eement not beinc/ good aa previously obtained. 

It uas decided to investigate the irl'egulari ty with a vie\7 to 

itude o he possibl rror. :tinr: the 

be da.t ilable seemed to indicate t· irre r ight 

re f'oun cia~ed with lov roo 

apparent instability of the balance iu 

be due to convection current~. 

p 

ignin 

d a.:Lao vith 

hougn~ possibly to 

To control the first possibilitJ, 

longer neck elected fitted wi 

new s.G. 
an airti 

In previous work the S.G. bottle had been immersed in 

ttle pos 

ca 

the 

to o. level .slightly above that of the louer end 01· the stoppe ... , 

si 

efore. 

deeper immersion not being possible owing to the dw:112:er of uetti 

louer edge of the cap. Vii th the neu bottle immersion to about 

inch above the level of the ba.oe of the stopper was possible, i.nu 

lessening any error due to a cooled surface layer of ~ater in the 

thermostat in very cold uea.ther. 
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a.ta obtained with the new bottle are shewn in Table XAlA.. 

;the last two benzene weighings wc1·e taken with the bottle well 

immersed, and the stirrer driven vigorously, the densit f e 

benzene ca.lcu.lated from these being identical with the value obtaiu~d 

previously and confirmed several times during the investigations. 

T 1~IGH TS J.i!1 

a 

~ater 52.0726 

Benzol 45.4308 

fl Same 
day 43.4309 

same 
day 45.4304 

ater 
next 

d~ 52.0709 

" lt 

d$.~ 52.0712 

Benzol 11 

d'ff 45.4290 

45.4286 

h 

745 

745 

745 

?48 

763 

61 

759 

759 

-

14.5 

14.3 

14.0 

15.4 

15.2 

15.4 

18.7 

18.5 

Volume of Bottle - 52.2807 ml.. 

4-

- .... ... .. v 

3.140 l.202 555.l 52.l~o 

3t 150 1203 564 45.4872 

3.l'70 1206 566 ~ 45.4881. 
l 

3.150 l.207 566 45.48?0 

3.140 1229 568- 52.1276 
l 

3.160 1226 566 + 52.1279 
l 

3.160 1210 566 + 45.4861 
5 

3.165 1211 567 + 45.4861 
8 

ensity of Benzene) 
from last two results) 

0.870036 gr per • 

Determination Nr xii was repeated using bottle nr 49 givin 

a. density of 1.2962 md l.2963 gr. 25 /
4

• It a.ppea:i:ed as if the 

thermostat had not been bringing the temperature of the bottle t 

exactly that recorded on the thermometer, u.nd for the remaini er of ·tne 

investigations the bulb ol tue .Lli.tt.er e piacea close to the bott~e, 

both being in the di;rect wash from the sti1•rer, which was driven 

vigorouely. 

• At one et age it had been thought just :poaei ble that varia.t.io 

in the scouring technique might induce variations in the density of 

the wool samples. Such eifects could only be due to variations in 

the extraction with distilled water, since the 
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amount of tter removed from a scoured sample by benzene i 

negligible (p. ) •:, uhi.Le e co: ea.t :result 

h 

has 11.J 

even pro ed soa.kiug tue ccour n benzene 

ea.aura.ble e:rfcc nits Specific Gravity. 0 

ool from D3 wa.e ta.ken and acoured a.a usual in beuzone, but given 

twice the no1,nal. time in distilled wa.tar, i.e. 3 chan,~e$ ea.c. 

O minutes duration. lTo significant di:n:erence 1·rom me vaJ.ues 

r,reviouely obtained for D3 samples was apparent. Al though the 

rea.test cs.re waa ta.ken to avoid a:ny error due to insufficient 

temperature control, several of the xesu1ta shewed rather wiae 

divergence a.nd it se d possible that the error sociJ. te ith 

low temperatures was due to other :racto:rs besides d ro 

tanda.rd temperature et time or ca.ppin he ... t • 

The possibility of unev ot: e oa.lance 

asooc1ated with a wid perature range in the laboratory, \78.S 

considered and in subsequent determinations some 20 pairs ot 

eigbings were c.a.de by the method • lhe di ences 

between appo.reu eights i th the bottle on p 

for loads of 45 - 47 gr. varied rrom out • to o., . 'L ei 

greate for the right hand pan, indicating that the via.tion 

not due to heati o~ that side of the b :bove the wa 

bottle .• In aooe cases the 'bottle wi1.s re-\7eighed on the Ol'iRina.l 

prove that the riability of the differenc not du 

eva.porat.lon of the liq,uid. 

and the 

No connec t ion wa.s found between balance case temperatu1·e 

gnitude of the deflection. 

A further eeries of 20 pairs of veighi de in 

investigating the pooaibili o:f error d o conve~tion curr 

After removal fran the t, the bottle 

in the ordinary manner., immediately pl~oed in 

s first 

r ijust 

ighed 

low ro 

temperature for 3 ra.inutes, then dried an 

The "cooled eight 

.4 to 1. 

th r 

eighed as before. 

er in every c b. 

ounts varyi fro 

evaporation loss :reduces t 

., but the possibili 

he resultQ. 

correlation With balance case temperaliux· 1:aa found. 

0 

• 
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The phenomena associated with static ch on the 

bottle were also investigated. nder suitable condltio 

could be detected on ,:;he bottles after compl.eti he 

hes 

ighi 

5 - 6 minutes a:tter polishing, and such a condition was found to 

be associated with apparent instability of the balance; frequentl 

the swing was found to increase in magnituae a.I'ter re~ease uf tu 
eam. :L'he use of a very slightly humid cloth for po.11s 

ound to be the simplest means of avoidi 

. on t.he bott.ie,H i:fferenc 1n apparent i of up • 

were found on diacha.r,d the bottl over Urani nitrate , bu 

the chanRe in weight was not disassociated from effects duet 

re.dual cooling of the bottle contents in all caaeg. 

These investigations were carried out durin 

determinations nr xiii (PE V ( m ) xv ( ) 

:xvi (P 5 6 }. 

t 
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i 

ii 

iii 

iv 

V 

Ti 

vii 

viia 

viib 

viic 

vii.i 

viiia 

ix 

ixa 

X 

xa 

Va 

Vb 

Ve 

xi 

xia 

xib 

.xic 

xii 

xiii 

xiv 

xv 

xvi 
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0 

l.305 i Baaed 
on a.pp-

l.309) arent 
ight 

0.983 

l.290 

l.2909 

1.2890 

1.2975 

1.2972 

l.2953 

1.29 

1.2960 

1.2959 

l.291 

l.2913 

1.2985 

l.2987 

1.2959 

1 .• 2963 

1.2983 

1.298 

l.297 

1.2962 

1.2964 

1.2960 

l.2971 

l.2'743 

l. l432 

1.19. 

Pure Wool. l 

It II 

• 

el'Ulina.tion. 

ina.tion usi toluen .... 

Very hairy s ..... Wi,/ ... \;:. r in bottle (?,. 

re uool In accurate 

ll u 

n 05 u o d e b ne. 

• It II 

Repeat on vii. 

" lio. 05 used to dry b 

1t " u II ff 

'Ur l from hail"'Y tipped staple. 

epeat on vlll. 

r viii together wi 
the staple. 
peat on ix. 

ai 

oot Pure vool. P E I. 

pea t on x. 

epeat on 1ir 

II n 

" 

__ or-cion of 

Sample PE 2 uaing bottle lir 2. 

ton xi 

II ft " uair.g bottle~~-

" ff " It 11 

re \"Jool. Extra scouring. Average 
value. 6 Determinations . 
4 Average value .. 

et~liii.uu.~iv.uu .. 
3 Average value 4 determinations. 

vera.{3e va.J.ue 4 determina~iuUJ.J• 

E 5 & 6 One determination. 

n 
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In reviewing the results presented with a vie 

evaluating the reliability of th 

large numQer of variable factors 

thod-, one io struck by th 

h:h must be 2 da.rdized ~ 

fr the int of view of investigation of technical me d it is 

fortunate that th~ work was spread over a long period of time 

involvin~ extTeme ,_ona.J. nditions. 

The vii. ter is convinced that the failure to achieve the dP-

ired degree of ·aocura.cy ·in t : 

tov.:a.;r.'d the lat tor end of th 

room temp era tu re a.f.f ectin, 

rlier det inations and also 

s due to lack of . cont:;,:olled 

number of minor ractoru-

.,.t the time wben detenninationa iii, iv, v, vi, were 

a.de in 11eb1:ua.ry 1934~ the roo emperatures we hi 

In the case or iv a rou ther.r-1ometer ne the -cnerwu 

slightl ver 25° c d it is significant to no~e e 

initial weighing in these four determinations the ure 

recorded in the balance case, located in the coolest part of the 

• 

ed. 

om, are the highe5t observed. One hae no hesitation i ta.tin 

that the benzene wool mixture was not at the standard temperature 

at the time of capping the bottle due probably to a waxm surface 

la.:v-er of liquid in the thermostat, together with inact.equa.te 

stirring. The fact that weights of benzene contained in the 

bottle ta.ken a.bout the same time, but ou cool.er day0, agr 

later values, confirms the above conclusiono. 

Agreement shewn by repeat determinations in the case ot 

nrs vii viii ix X xi b & c, together with agreement 

contenJ.I)orary determinations of the density of the benzene, make it 

highly probable :that theGe results are significant to a.bout 0.,.05 

the chances of over 6 euccessive close 

being due to mere coincidence a.re r e :iote. 

roe s 1.n paired reeul ts 

Under these circum-

stances• it seems highly probable th hile the density 

pure wool for sam1les from one :fleece is substantially constant , 

i.e. about 1 . 296 gr/ml., the density pf pure wool fmm another 

a.ni {sa.mple E 1) is greater by a. significant .ount, 
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especially since a slightly medullated sanple from the same 

fleece has a density of l.296 gr/ml. Further, !rom a thi1'd ver. 

hairy animal, a sample PE 4 shewing a fair amount of discontinuous 

edulla. (1 E imex 3.5 ) had a specific gravity of .1..~in grnau .• 

indicating that ii' pure ,7ool uere obtiiino.ble f'rom this sample, th 

specific gra.vity would be even greater than that of the other pure 

8 lea e. ined. 

Theue ts n.x·e interesti in the.t do.ta. on the specific 

ravity of pure wool fr individual a.ls no~ hitherto been 

recorded; Kine g'ives t·igures for different types o p 0 idel: 

va.r,ying origin, but does not record the presence or abseno 

slight ounts of dullation. 

It should be noted that the present results are not 

directly comparable with those of King l1ho based his calculations on 

apparent r.eighta nnd the density of water at 25° c. 
1th reference to the inconsistent results obtained i 

July and August 1934, it is unfortunate that the a.nomaliee did not 

~pear a~f ficiently early to allow a complete study to b 

factor \Vhich vra.s not standardized in theoe and in the J.ater o:r t.ne 

c_Q_r.ie:i.s_t_ept _ result_s was the force ueed in im erting the otopper. It 

is possible that a small error might arise from this source. 

The writer inclines to the view 'that the aeviatione 

ere more prob due to .L d variable room tempera~ures rectin 

a number of independen~ factor ong whicn be not.ea.: 

(l} Convection currents within the balance case due to the 
warm bottle. 

{2) Effect of low room temperature upon the tem~erature 

( 3) 

(4) 

control attained in the thermostat. 

Effect of temperature dif"ference between bottle a.nd 
tmosphere on moisture a.d.eorbtion a.nd condensation on 

the glass surface. 

Small changes in the relative lenP:tha o:f' the b--.-.a.,.,,~, u.A,,1,1,&g• 

In further work on the density of Ylool and hai.r, it 

would be advisable to house the theimos tat s.nd balance in a room 

here the temperature would be more even, and, if possible, of 

constant humidity. 

It should be noted that the variations discussed above 
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would not affect the comparison of the results with photo-electric 

indices, in the first place since the accuracy required in these 

cases of gross hairiness is not great, while the deviations are 

small, and secondly, since in aea.rching for the source or error, 

the determina.tioll3 concerned -wc1·e :repeated aeveral times. 
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GENERAL SID 

1. Studies or Elphick's visual method or evaluatin£? med.u-

llation revealed the Benzol Test shewed that the re-

sults obtained were subject to considerable variation. 

2. An investi~tion or the sources of error sum:?ested 

thod.s of standardization result~ in a tentative 

technique capable ot accurately express1n dullation 

in terms of the percent of the total fibre lenrtth in 

the sample a.rrected.,but the technique is not sui'ted tor 

routine work 

" • Prelimina.:cy eA-periments with a photo-electric cell i.z?.­

d1ca.ted that it would be possible to measure the amount 

of li~ht ref' lected from wool in benzol, under standard 

conditions, with considerable accurdCN• 

• Attempts to sure the li~ht absorbed ol in, ~benzol 

;ve unsati'Sfactor.v results . 

5. Arter experiencing considerable difficulty 1n obtaining 

ork.a.ble ,rattls suitable illumination of the sample 

a.s constructed capable of measurin 

from the test> within a ~iven solid 

the liaht reflected~ 

le, in terms or 

lva.."lometer deflection per E.tra.m of wool. 

6. Factors eotin'? the reliability of the result were in-

vestiaa.ted and 1t was round that even with temper, 

apparatus the error.:; did not exceed 2,c. 

7. For ei~ht comparisons a linear relationship was round to 

exist between the photo-electric index ot hairiness and 

•'-\ 

the percent ir space calculated from accurate measure-

ents of the speoific gravity or the sa.mplt; . 
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a . A detailed investigation was nade of the sourees or 
rror in tho dete:rmination of the specific gravity~ 

wool samples l,lY pyknometr1c methods with a view to apply­

ing the perfected method to acourate calibration of the 

photo-electric instrument. 

9. It was found nossible to reduce the error to o.05~. 

10. Duriru? t,he investi~tion pure wool samples :from three 

different fleeoes were exa."Dined and for these three rieeccs 

the specific gravity of pure wool was round to va.ry direct-

ly with t 

fleece. 

ree of hairiness 1n other parts of the 

\ 
;•,._ 
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~PENDIX A. 

!.• Count on Lock 2. Plate Vla • 

Line Distance Total Total Non- Total. 
from ti~ lledullated Medullated Fibres Hedul.la.ted 

l o. 00 11 46 l 47 98 

2 0.25 135 25 160 b4.4 

3 o. 5 251 45 296 84. 

4 0.'75 368 59 427 86.2 

5 l. 0 3'18 69 44'7 84.6 

6 l.25 367 102 469 78.3 

'1 l. 5 375 143 518 72.4 

8 1.75 324 193 51? 6''1.7 

9 2. 0 307 259 566 54.l 

10 2.25 220 309 529 41.6 

11 2. 5 194 356 550 35. 

12 2.75 181 3'19 560 v""• 

13 3. 0 124 446 570 21.8 

l.4, S. 25 56 471 530 10.6 

15 3. 5 52 518 5?0 9.l 



-
Table ii. Count on Lock 3 Plates Vl band Vl c. 

Line Dist_ance Total l'otal Total 
from ti.I?, Medulla ed Non-.iledullated Fibres Medullated 

l o.oort 97 50 140 69 

2 0.25 333 92 425 78 

3 o. 5 519 59 578 90 

4 0.75 

5 l.O,:. 699 36 735 95 

6 1.25 740 59 799 93 

7 1. 5 622 162 784 79 

8 1.75 600 206 806 74 

9 2.0; 533 271 804 66 

10 2.25 505 335 840 60 

11 2. 5 531 398 929 57 

12 2. '75 4'70 433 903 52 

13 3.0 445 405 850 52 

14 3.25 413 441 854 48 

15 3.5 404 532 936 43 

16 3. 75 355 582 937 38 

17 4. 0 293 658 951 31 

18 4.25 244 707 951 26 

19 4. 5 l.75 745 920 19 

20 4.75 170 759 929 18 

21 5. 0 123 777 900 14 

22 5.25 107 12 
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PLATE VI". 

(a) Lock Nr 2 in benzol at standard thickness of 

spreading (300 fiores / 1a). 

(b) Lock N·r 3 in benzol at 2 x 

thickness. 

the standard 

( c) Lock Nr 3 in benzol at standard thi cit ness of 

spreading. 
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During the last few years, numerous de/I/ices have been 

described in which the photo-electric effect, i.e. the fact that 

hen light falls on certain metals it causes them to emit electron 

at a rate proportional to the total. a.mount of light without regard 

to its distribution over the emitting surface, has men utilized .in 

photometry. Generally, the cell has been used to indicate bal.anc 

in null methods. By various optic devices, beams from the 

unkno nd from the standard source of il ina.tion, are allo~ed 

to fall on the cell in rapid succession, arra.n ent bei 

introduced into one b 

the output of the cell r 

'here i intensity c e va.riea. u 

ins constant. n this way errors du 

.l 

to ch es in the constants of the photo-eel re eliminated. sine 

it is used an .a.n indicator only, just a gal -v:.a.nometcr be us 

to indicate conditiono of balance in a Wheatstone bridge circui ., • 

In some cases, direct ad-in ea.sureme 

de using an electrometer, or a thel'Jllionic valve 

have been 

.pli.f'i er and 

.here the -pho ,~o-alvanometer, as the indicating instrument. 

electric current is large, and where gre p reci si on is not reQuired 

a galvanometer can .be used in the cell circuit directl 

The difficulty with most of the above devices lies in 

the f ta.c t that generall.y speaki he null methods involve el rat 

expensive optical apparatus. while even to utilize di .rect 

readin thods requires the resources of a physical la.bora.tor.Y• 

During th~ laat two years, however, it has been uhewn 

that photo-cells of the rectifier type can be utilized very simply 

f light measurements of cneraJ. laboratory type. 

LI 

A revie as made of the literature available on th 

subject of rectifier type cells, shewin~ that th re o:r consider 

reater sensitivity than the types previously available hile 

they have the added a.dvant of robustness ·:- a very necesea.r. 

consideration in apparatus designed for routine work. Furthei·, 



ver 00° . ' 
- 77 -

provided t~e cells are not subJected tot 

high humidity, or high voltage, the reapo 

high degree of accuracy over long peri 

,pera.ture;.) 

e remain it to 

of ti ( Goodwin, l~., 

..... cen'tly Anderson, 1934, '1orking on measurements or the u1 tra.violet 

output of quantity mercury - arc lamps, states that for the 

rectifier cells tested in his laboratory over a period of three 

years, no appreciable loss in sensitivity hao been indicated. 

Hampson & Richards, 1934, quote tests ma.de at the National Physical 

l:x>ratory giving the same. conclusion. 

These facts are of importance .in that neither complica"te 

optical apparatus nor ultra.-sensi tive measuring ins.trumcnts ar 

necessary as is the case with vacuum or 

ccurate measurements are required. 

s filled cells uhere 

e, 1932, has successfully used rectifier type ceLl 

, l , describe devic in a microphotome~er 

er.1bodying a selenium 

factors. 

rectifier cell for measuring reflection 

lverta.ft Lemon, 1953, investigated a lar 

different types of photo-cell in conuec~ion 

opacity of bacterial cultures (indica.tin 

i t11 me 

the gr 

number 01' 

urem.ent on 

h rate of tne 

• 

organisms) d found that cells or the rectifier type eave far the 

ost satisfactory results. 

containing the culture bet 

cell, measuring the E .U.F. 

potentiometer. 

~he method used was to place the tuue 

en a standard light source and the 

encrated by the latte it id 

Stor: ichevsky, 1933• successfully measured the li 

absorbed by petroleum oils using a Photl:>ni c cell, which according 

to Wood , 1933, ie of the selenium rectifier (vorterwa.nd) typg. 

~he cell wao placed immediately behind a trough containing the 

liquid to be examined and exposed to light from a lamp movabl 

along an optical bench. The distance of the lamp from the trough 

aDd cell was altered to give a standard deflection on a galvanometer 

connected with the latter, and the absorption of the liquid calculate, 

from the inverse square law. 
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,ui te recently Hampson Richards ha.ve us ed a. ..... 

pair of rectifier cells to measure the whi tenesa of fabrics.. · One 

cell ·was exposed to a small area of the unknown fabric while the 

other wa.s exposed to light £rom a standard white surface or 
variable area, both etandard and unknown being illwninated from 

the s~e source. The a.rea of the standard surface -was adjuste 

until the output of the two cells balanced. 
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c. 
OF u.1-...,.v.i..i: .i.v u-.un.v J..L.L ,,~ .L.1-'U\,..&..i...L.U.i .iilU\..t.~ .. ~~• 

The literature available on the accurate determinati 

o:r specific Gravity of textile material.a is not extenaiTe. 

de .Mosenthd.. , 1907, examined the density of cotton and 

nitrated cotton in water, using 100 c.c. Regnault pyknometers. 

Air was removed, after the addition of uater to the cotton, b. 

boiling under reduced pressure. The failure of the water to 

riae in the neck of the pyknometer under the bell jar 

pump upon exhaustion or to fall when air admitted, 

the air 

taxe 

as an indication that a.ll th ir had been ,removed. 

Some deteuninations vrere de usin enzene out the 

results \,ere not coneidered very reliable o,ving to the high 
o:f 

coefficient expansion of that liquid. 

For wool, cotton etc., Reilly Rae & \'iheeler, l9~v. 

euggest the use of volumenometer methods depending on the deter-
. 

mlnation of volume of a given enclosure of air by noting the 

a.l teration in pressure required t<? increase or decrease that 

volume by a known a.mount both before a.nd after the introduction o 

the solid under examination d claim an c:.ccurac. UJ) to 0. • 

ing, 1926, in an excellent ;per on the SJJecif i c 

Gravity of wool d its relation t e~ling and aorbtion in ter 

d other liquids, ~oints out tha.t figures obtained by previou 

rkers differ owing to the fact that attention h not bee 

paid to abeorption by the wool of the densi liquid ile tne 

regain has not been specified. 

He determined the Specific Gravity of dry wool in 

large number of liquids a.nd concluded that the var.vine vaJ.ues 

obtained were due to absorption by the :fibre - an apparent densi 

only being obtained owing to varying contraction of total. volume 

of wool and liquid. The ef!ect was .found to be at a minimum 

with benzene-s toluene, ni trobenzene and olive oil : of thes~, 

benzene found to be the most suitable liquid for Reneral use. 

Determinations ma.de usin hie liquid ve the s:pecific avit. 

f 1'/001 l.304, 25/25 
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d no appreciable variation a round in wool rrom widely 

differing source 

ith medullation. 

ave where lower vaJ.ueu re obtained ociatie 

mith regard to techniqu 

tha.t minute details could not be given 

loyed, it is uni'ortunat 

if!R t pac tion.,. 

The sample for investi extracted in oxhlet appara'tus 

with pure·aicohol and the s. G. bottle containing the wool dried at 

102 °c. in a vacuum dessicator under reduced pressure tu constant 

weight. The liquid appears to have been introduced into the bott.Le 

under partial vacuum in order to a.void air bu'bblea which readi.l.y 

become entane.:led in the ffbrea. 

vidson, 1927, determined the specific volume o 

cotton cellulose in water, toluene and heliwn. For the determin-

ation in liquids the cotton was dried in an ordinary S.G. bottle at 

110°0., weighed, covered with liquid at about 50-c., a.nd the a.ir 

removed by boilinR under reduced pressure. The temperature was 

adjusted in a thermostat, the etopper was inserted~ and the bottl 

iped and v,eighed. The procedure of boiling out and ~cighi 

as repeated until oo nata.nt weip;h s obtained. The 

n found to b f great precision, es:peciall ith 

owing to their high coefficient of expensio 

evapora.tio.u. 

nd the loes 

The determination in Helium was made usi 

volumenometer, the accuracy being of the order of o.5l"• 

thod 

ic liquidu, 

Elphick 1933, determined the density of some sa..11~l.e 

tops in benzene using a. 50 c.c. s. G. bottle to which a. rougbl 

round cap was fitted to retard eva:Roration. The ~ool was dried 

in the bottle at 105 ° C. usin current of dry air. 

ter weighing, the bottle with the ol l d 

slightly tilted in a small vacuum dessicator a.nd benzene dried over 

Calcium Chloride was allowed to drip slowly onto the inner lip of the 

neck whence it ran gently do the aide of the bottle; the level 

•Of the benzene rose it wetted the ool and generally carried all the 

ir before it. 

".nipula.tion with 

Any small bubbles which r 

:lass rod. 

ine ere removed b: 

'·• 
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1·he temperature wa.s adjusted. in a thermoatat, the cap fitted, 

and the whole cooled in the cold ter, then wi ped and placed 

in the ha.lance caoe for 2 minutes before wei~hin,~. 
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