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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. 



- l"I, -

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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l.'7 

a. 
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~ 

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. 




