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Toe technique adopted v South Africa for deternining the fibre
fiteness of o ~aonple of wool, althoueh essentially thar deseribed by
Duerden (19291, has certain modifications which ave here outlined.

In the poresent contrrhuntion it 1~ intended o deal with the method
of preparing o wool <anple for mounting and with its measurement,
The vesults dealing with the <amphing of the erino Heeceo both
o and oft the Tive <heep, will he dealt with o another paper.

Prirseviton or ol Sawne ror Morsriso,

car Prclimiduary degicasiy of samples The greasy sample 1s
washed ncold henzene <o as to remove most of the nnpurities. The
cther method of mixtue i< <ubsequently used wnd this removes the
restdual 1mpurities,

(hy The cuttvng of the fiires tor wicing. -Owing 1o the
vartability 1n fibre fiveness adong the  mgth of fibres, 1t i~ necessury
that an average of severul points along the fibre bundle he 0 an,
for which purpose the method deseribed by Duerden (1929 15 bong
used. [t consizts 1o either cutiing the sawmple into fragments © g
the entive leneth of the fibre bundle, or else. removing the fragments
al equal Tnrervals of approximately o b ineh wlone the Tenpth, Malan.
Carter and van Wk (1938 showed that there was no difference
between the two methods in the case of o sall sample which was
cul at three poimnts and also along its entive length,

Methods for cutting the fragments have also heen vestigated
and those of other workers tested. Wildmean (19365, Wildman and
Dantels (19370 and later Malan, Carter and van Wik (1938) o ped
the fibre bundles hetween =trips of paper. Huberty (1938) desciibed
a method of cutting fragments with a razor blade, @ method which
it is elaimed, results o shovter and move uniform fragments. This
method was tested and 1t was found ditficult 1o cut. with a 1gle
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DETERMINATION OF F¥FIBRE FINENESS OF MERINO WOOL.

stroke, all the fragments from one region, an essential condition in
the case of raw wool, as will be clear trom the following
conslderations.

It has been shown (Bosman, 1937), that such factors as differen-
ces 1n the plane of nutrition of the sheep, period of lactation of the
ewe, ete., can cause marked differences in the fibre fineness of different
regions of the staple. Where fragments are therefore removed at
equal intervals from the staple, care is necessary to ensure that all
regions contribute the same number of fragments to the total.

After the fragments have been cut at intervals, they can quite
easily be clipped into shorter pieces with the aid of a pair of finely
pointed scissors, but for raw wool this method has the disadvantage
that e originally cut longer fragments probably contribute a
greater proportion of smaller fragments to the total than do the
shorter orginal fragments, and, if longer fragments are cut in any
special region, the result is biassed in favour of that region. If, with
Huberty’s method 1t is not possible to cut the ultimate fragments
for mounting with a single stroke of the razor blade so as to ensure
an equal number of fragments from each region, the method is not
suitable for raw wool.

In routine practice, the method of gripping the wool bundle
between the fore-finger and thumb has given very good results and
the method has been adopted for general use in our laboratories.
With practice, and the necessary cave, routine assistants are able
to use this method to better advantage than has Leen the case with
other methods. 1t has also been found that uniform short fragments
give a better mixture than do the nneven longer ones and very good
Yesults have been obtained with a little t»ldllllllg‘ Slides made by
this method have shown an even fibre distribution without any fibre
clusters on the slide.

There is a limit to the shortness of cutting the length of fibre
fragments, since the scissors distort the ends of the fragments. It
has been found that fibre lengths of from % to ¥ millimeter can be
cut with ease and give satistactory results.

The objection to this method, that several fragmients from the
same fibre are included and consequentlv that the same fihre may be
measured more often than once, has been investigated. vas found
that the bundle contains many thousands of fibres whil e number
of points at which fragments are taken seldom exceeds 1V, so that
the chance of measuring the same fibre more often than once is
exceedingly small.

MouvnrtinGg Tt FragMENTS #or MresasvrrpMENT.

The cut fragments are transferred to a test tube of about 2 cmn.
diameter and 6 cm. deep containing ether. The fibres are shaken,
giving a uniform dispersion of fragments which are allowed to settle.
Successive clumps, taken at random by finely pointed forceps are
placed in rows on a black cardboard where the ether is allowed to
evaporate.
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A thin laver of Kuparal mounting medinm®* (which has been
found to be superior to other mounting media such as Ce-ada  alsam,
Cedar wood oil, etc.), is spread on a glass slide and e clumps of
fragments, taken at random from the cardboard, stirred by the aid
of dissecting needles, into the Kuparal until the fragments are well
distributed.

A cover slip is finally pressed down over the slide, excess Kunaral
being removed at the edges of the cover slip by means of blo ng
paper. A few fragments of fibres are removed with the « ess Euparal,
but the remainder iz suffictently representative of the original. With
practice 1t 1s possible to use just the right amount of Euparal for a
minimum loss of fibre fragments and also for a complete abseuce of
air bubbles in the slide.

The question as to whether successive clumps of fragments - <en
from the test tube are similar, has been tested. Kach successive
clump that was placed on the cardboard, was mouuted or ~ slide and
measurements taken. The results are summarised in Ta" s 1 and 2.

Tasre 1.

The Fibre Fineness of successive Cluwmps taken from the
/

Ether Test Tube.

“Mean Fibre

Clump No. ‘ Fineness.
L m_
L 17-45
G ; 17-55
B e e ' 17-76
e 17-69
e ! 17-52
L 17-81
T e ! 17-68
B e e ‘ 17-97
S | 17-51
L0, e 17-32
2 e e e 1813
B0 e e e 18-11
L P : 17-98
5L 17-97
TasLe 2.
o : , [ S
Variance, I Standard Dev. . Loge 8.D. Z.
I
L L B s -
Between slides. .............. 2-0215 704170 2659
i (n, = 13)
Within slides................. i 1-5503 -4382 | (ny = 3486)

* The Technical Committee of the International Wool Textile Organisation
at 1ts 1939 meeting decided that for routine purposes not requiring the pre-
paration of permanent slides, cedarwood oil was preferable.

This aspect has, however, been carefully investigated in our laboratories
and it has been found that for studies of wool from production aspects, such
as in breeding experiments and others, where permanent slides for reference
purposes are essential, the use of Fuparal is preferred. Furthermore, cedarwood
oil does not give the same clear fibre outline as Fuparal.
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DETERMINATION OF FIBRE TINENESS OF MERINO WOOL,

According to Fisher, the analvsis of variance indicates no signi-
ficant difference between the variauces between and wi  in shides.
The fact that several clumps, taken at random, made up one slide,
Justifies this method of preparing slides.

An alternative method of mounting fibres was desciibed by
Malan, Carter and van Wyk (1933). The fragments were mixed in
ether in a shallow dish, excess ether was poured off and the remaining
ether allowed to evaporate. Clumps of dry fibree were shaken out
by tapping the cut fragments over the slide thai ad a thin layer of
Euparal.  Another thin layer of Iuparal was tnen placed on the
cover shp which was pressed down over the slide. It was found that,
by this method, fragments of fibres were prevented from heing forced
out with excess of FEuparal.

While this method gave satisfactory results, it has not found

fevour in our lahboratories, the reason being that dry fibres are

fficult to handle this way, and there is a possibility that the lighter,
nner fibres may he blown awav during the tapping process.

HueMiprry.

All slides are mounted 1n a room mainiained at constant
humidity and temperature, and in this way variations due to
swelling of the fibres ave eliminated. Tests were, however, made for
conditions outstde the Constant Humidity Chamber, <o as to be
applicable for cases where the controlled conditions were not avail-
able.  The test, carried out over a perind of 19 days, consisted of
cutting up a sample of wool into fragments and mixing in ether.
Clumps of fragments were placed on a black cardboard and dried in
a desiceator for a few days. The clumps of fibres were then placed
in o room where the relative humidity was determined at intervals
by a whirling hygrometer. Two slides were prepared from the frag-
ments at different humidities and, as a check on the moisture content,
a standard sample, which had been washed in ether, wus weighed in
proximity to the fragments. The results are given in Table 3.

Tasrr 3.

| Mean Regain of
Relative Humidity. | Temperature. Fineness Standard
: (. Sample.

Per cent. : i Per cent.
I3, 1 320 (. 20-4 6-8
8. ? 27°C. 202 86
300 ... 29° C. 20-0 9-6
60... ... 25° C. 205 12-8
TO. 21° C. 20-6 16-2
6. 22° C. 20-8 16-9
80. . 22° C. 21-0 17-9

The difference between the values at 13 per cent. and 18 per
cent. R.H. is not significant but the difference between the values
at 13 per cent. and 30 per cent. R.H. is just significant at the 5 per
cent. prohability level. Such irregularities mayv he ascribed to
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several causes, such as the large variations in temperatu~~, the fact
that some humidities were reached under adsorption con tions and
others under desorption conditions, and the lag in taking up or
losing moisture at each humidity. The results show the necessity
for preparing the slides under contrelled conditions.

Tar INFLUGENCE 01 ETHER.

It has been stated by Daniels (1938) that e values obtained
from permanent slides made irom ether and Bup-oral  were
cousistently lower thun those made from cedar oil. an this s
attributed to the contraction of the fibres by ether.

A series of tests, using different treatments and mounting me a,
was therefore carried out.

A sample was cut into fragments which were mixed in ether.
Fibre clumps werc withdrawn from the mixture and laid a a black
cardboard in the usual way. When the ether had evaporated, every
second clump was placed in a test tube containing distilled water.
The fragments were mixed and shaken in water until all had been
thoroughly wetted. Clumps were then withdrawn and laid on a
card. Both sets of clumps, the ones mixed in ether only and the « =s
mixed in ether and water, were placed in u desiccator for 24 b rs
and then exposed to an atmosphere of constant humidity -nd tempeara-
ture. Slides were made of each set « clumps, using uparal,
the measurement of H00 fibres from each set. This procedure was
followed with two samples, the results 2ing summarise 1in Table 4.

TasLe 4.
Meax FINENESS (u). | | P
Sample .| Difference ‘ S.E.of |
pre. . Mixed in () 1 Diff. (u). | = Diff,,
Mixed in  Ether and i | §.E. of Diff.
Ether. \ washed in !
- ! ”Vgatcr. i
Vo 20012 | 19-732 ‘ 0-280 . 0-2385 | 1174

2 17-292 | 17-152 ‘ 0-140 - 001852 0-7%

The values obtained from fibres mixed in ether are not signifi-
cantly different from those mixed in ether and water (when n=5 ).

A further series of tests based on 15 pairs of slides, in which
some fragments had been mixed in ether only and some in w. :r
only, was carried out. The results are summarised in Table 5.

TaBLE .
[lo— S ——— U S — i’; S — [l R —
MEax FIBRE FINENESS OF SLIDES. ' i
— £ Difference. | S.E. of Diff. | “tr
Mixed in Ether. . Mixed in Water. ‘
o S S RO o
20-696 20-411 ‘ U-285 + 0-075 3-80
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DETERMINATION OF FIBRE FINENESS OF MERINO WOOL.

These results show a significant difference between the fibres
mixed in ether and those mixed in water. It is shown that the fibres
mixed in ether are 1 per cent. thicker than ihose ~ixed in water and
1t appears that the ether caused the fibres to swe

Tests were also made on fibres mounted in cedar wood oil and
those mounted in Kuparal. he results are given in Table 6.

TasLE 6.

I 1 -
Mean Fibre Fineness (u). ‘ ‘
e S.E. of
‘ Difference. | Difference. L
Treatinent. Mounted \ Mounted
in | in Cedar
Euparal. Wood Oil.
Mixed in ether. ... 20-696 | 20-4006 0-290 | + 0-1201 2-84
i
Mixed in watcr.... 20-411 : 20281 0-130 -+ 0-0576 2-26
' |

In both cases the fibres mounted in luparal gave significantly
higher values than those mounted in Cedar wood oil, the difference
again being of the order of 1 per cent. These figures also suggest
that, when slides are made with fibres mixed in ether and mounted 1
Fuparal, the results are about 2 per cent. higher thon those mixed
in water and mounted in Cedar wood oil. In all  ese tests the
fibres were dried in a desiccator before being e: »sed to the constant

humidity conditions, so that swelling took place und  conditions of
adsorption.

Tae MEASTREMENT OF THE FIBRES.

The measurements were made on Zeiss Lanameters. The magni-
fication on the screen of each instrument was found to vary from the
centre outwards and 1t was necessary {o use only an area that could
be accurately standardised. A circle of radius 4 ¢m. wos drawn in
the centre of the screen, the magnification of fibres f: Ing within
this cirele being adjusted {o exactly 500. In routine measurements
only fibres lying within this cirele are measured.

Each slide containing the wool fragments 1s systematically read
in the manner shown in Figure A. Dotted lines represent the regions
where fibres are mieasured while arrows indicate the direction in
which the slide is moved.

Fic. A.
—_— . . . — . W
( . -~ . . . <~ . ¢ I
SLipk J
No. e e e e \
SEEEEEE SR 2
M — . —
I |
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CThere ave ten regions of measuremwent and one tenth of the
desived number of readings wre taken in each region. By thix method
measurement(s are made over the whole slide.

Axa cheek on the uniformity of the distribuiion of the frag-
ments over the =lide, the rexulis ave recorded in successive groups of
25 easurenient s,

An analysis of vaviauce 1s made comparing the vartance between
groups of 25 with the varianee within groups of 25, Cases which
oceurred in o sampling experiment durine (he measurement of 10
slides arve shown in Table 7.

Tanie 7.

, . o e - .
Comparison of Varianee hedwecw and within Groups of 25 Readings.

Casi I Case 200 Case 30 Caswe . (Case 5.

Vartance. b1 .
Mean o Mean Mean | Mean | Mean
Nquare.  Sguare.  Sguare. ' Sguare. ; Nguare,
|
e . ! [
Between groups ol 25 readings., . ] 4oSHTT 4-1002 0 3-6678 0 40997 0 403157
, |
Within eroups ot 25 readings. .. 2400 13529 4-1076 0 135102 3-9925
Toran.......... ... ) 2449 +-3722 0 4-1073 £-3241 0 3-9967

These  results  show that 1the fineness distribution  of  the
fragments over the slide is zatisfactory.

In routine practice, duplicate shides are usually made and halt
the total uwumber of readings taken from cach shide. T difference
between the slides has to conform to the demands of statistieal theory.

Tire Nosiser orF Frsrrs Muasvnren.

Since  the number of measurements  necessary from any  one
<ample depends on the variability within the saniple, the statistical
constants serve as o guide for determining the number of measure-
ments to be made. Tt has bheen shown that for Merino wool, 250
measurcments are generally sullicient to bring the permissible error
fo within 3 per cent. of the mean and although many of the samples
need less than 250 measurements, it 1s simpler and qui 1 {o weasure
250 straight off than fo mewsure o nunmber Texs than ths for a preli-
minary statisfical fest.

The procedure thus 1s to measure 250 fibres on all Merino
samples and then work out the statistical constants. It 15 very
seldom that more than this number need to be measured.

A convenient chart (Fig. B) showing the relationships between
the statistical constants and the number of fhres necessary for
measurement s used and has proved very valual . for routine work.

407






V. BOSMAN AND C. M. VAN WYNK.

Tar Huvwaxy ELEMENT AMONG OBSERVERS.

Serious differences have been noliced among different observers,
and special investigations on this aspect have been undertaken in
our laboratories. 1t has been observed that although differences
among observers are often constant, they are not vee e~s.1111V always
0.

Three sets of slides measured by four observers are here sumi-
marised, each observer measuring 125 fibres from each slide.

" o results are given in Tables 8§ and 9.

Tanre 8.

Mean Fibre Fineness (n).

OBSERVERS,
A B o 1
Lst Set (26 slides)...................... C18-BE | 1846 18:76 | 18-69
2nd Set (43 slides)................. ... Po271d 2667 2731 2704
3rd Set (36 slides). . .................... 2362 2282 23-92 . 23-65
: i
Tasrr 9.
I)zjfpr ences between Observers A, B, (C and D (in p).
= — e T — “4 — PR — _ ‘T f— I S —
‘ B C. D
A st Sebo.............. | 0-38 - 0-0907 0-08 4+ 0-0661  ©-15 4+ 0-0765
A 2nd Set. ..., ' 0-47 £ 0-0942 —0-17 X 0-1194 0-10 + 0-1242
A, 3rd Seteeeonennei. 0-80 - 0-0847 .—0-30 + 0-0599  -0-03 = 0-0533
B. Ist Set............... i —0-30 + 0-0676 Wo £+ 0-0769
B. ond Set.............. —0-64 & 0-1263 —0 &+ 0-1280
B. 3rd Set.. S110 £ 00954 -0 = 0-0794
C. Ist Sete.......... L " S T 4 0-0496
(‘ 2nd Set... . .......... 0 - 0-092
C3rd Sete.. . 0 & 0-0450

Significant differences are in black type.

The results show that there are significant differences between
observers except between A and D, where the differences are not
significant. It 1s also shown that the differences are not constant.

An 1mportant fact, that was also established, is that, when slides
are measured continuously without the observers having a change on
to some other work and without a periodic check on the observers,
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serious differences can develop. It is shown in the t les that, 1n
general, thete is a tendency for difference between observers to be
greater in the third set of slides except between observers A and D.
A closer study of the results has led to the conclusion that a lack of
conceniration developed during the reading of the third set. This
was largely attributed to the factor of fatigue.

Special tests were also made on the systematic differences
between observers. A hundred synthetic fibres were mounted parallel
across the slide and the four observers were me  to measure the
hundred fibres cavefully at the same spots. The averages of three
such sets of readings, each taken at o different level of the shide, are
summariced in Table 10.

Tapre 10.

Differences hetween Observers on Standard Slides (1n p).

B C. D

0-267 ‘ 0-047 + {128

A, ; 0 S0-04 ! 0-14 5 —0-12 - 0:06 > —0-11
-0-15 — 0-27] — 002

S -

- 0-22) ! - 002

B. — 0-14 >—0-16 — 0-08 »--0-06
! — 012 - 013
— 0-207

. ‘ 020 %4022
0-25 )

The results of Table 10 show that the differences between
observers were small and insignificant and a closer study of the
observers showed that differences to a large degree depended on the
fact that, when the edges of the fibres, presented for measurement,
fell midway between the scale divisions on the lanameter, judgment
as to which division the measurement belonged, differed among
indivi als.  Such differences may possibly be reduced by the use of
smaller scale divisions and larger magnifications, but then in the
case of Merino wool this would tend to make measurements more
difficult because of the serrated edge of the wool fibres.

In order to inimise differences between observers in our
department dealing with fibre fineness measurements, a system was
mtroduced whereby all measurements were made by pairs of
observers. one of the pair taking half ihe required number of
readings on a slide, while the other enters the readings, the pairs
being chosen 1n such a way that the averages of the measurements of
each individual of the palr counterbalances differences between the
pair It was found that the effect of the factor of fatic 2 was con-
siderably reduced by each pair measuring the 125 readings in turn.
Frequent intervals of rest are aiso prescribed 1n the form of ~hanges
io some other type of work.
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The results now obtained from  fferent pairs of assistants are
very satisfactory, differences among ohservers being reduced to a
minimum.

> results of 42 slides are given in Table 11.

Tapry 11.

Differences between Observers—Averages of 42 Slides (in p).

B. . b.

Al .= 0-030 1 0-0737 0-015 - 0-033 |« 0-093 | 0-06537

B. 0013 P 0-0891 1 0 0-123 1 0-0879

. L0-108 1 0-0693

These differences are below the possible error due to sampling.
The system whereby pairs of olservers tuke measurements of the
same slide serves as a check on the observers and a system of enfry
of the results has been instituted whereby the results can be som-
marised at a glance. '

In addition, duplicate slides are usually made of the samte Ie
of fragments and it was found that, when one observer of a pair
makes half the required number of measurements from one slide and
the other observer the remainder on the other slide. the making of
the slides as well as the ohservers are under eontrol.

Trae Werenr-rexerit METHOD OF DETERMINING IIBRE FINENESS.

Tt has been suggested (Wilsdon, 1938) that in cases where errors
are likely to occur belween the measurements of differer  observers.
the weight-length method should he used for arbitration purpeses.

A comprehensive set of tests was carried out on samples of
Merino wool for ascertaining the relative merits of the weight-length
method and the projection or microscope method.

The following conclustons were arrived at:—

I. The weight-length method depends on determinations of fibre
length as straight fibre length. Tn this respect tests have shown thal
different observers obtain different results on the same saniple of
wool and even on the same fibres, due to a personal element. Because
of this the weight-length method cannot be said {o he more reliable
than the projection method.

2. 1n the weight-length method (Roberts, 1930) it 1s assumed
that the specific gravity of all wool is constant at 1-30. It has,
fhowever, been found that there is a variation of 1-3 per cent, in the
specific gravity of South African wool (van W: and Nel, 1939).
On a Merino wool, therefore. with a fibre fineness of 20x, errors of
up to 0-14p mayv accrue from the assumption that all wool has the
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saine specific gravity. The weight-length method is, thevefore, at a
disadvantage unless the specific gravity of each sample  analysed,
s also determined. This, however. is impracticable.

3. ALl wool samples do not adsorb moisture to the same degree
van Wik, 1939) hence the use of a standard <ample for dry weight
determinations will give rise {o error.

4. The weight-length  method  gives o weight-hiassed result
Roberts, 1930) while the microscopic o ~ projection method gives a
fength-biassed result (Wildmau, 19-)(») and i1 has been innnd that
the two methods do not give the sane measurement.

The weight-length method ix bused on the dry fineness of the
fibres when the dry weight is obtained.  Determinations on 56 Merino
wool samples by the two methods showed thai the microscopic method
gave values which were 5 per cent. higher than those obtained by
the W(*ig‘hi,—leng{h method, the Tatter heing on the dry weight basis.
This diffevence i< presumably due to the swelling of the fibres with
adsorption of moisture.

[f the weight used is based on a certain humidity and tempera-
ture, errors will he introduced by differences in the snecific gravity,
wmoisture adsorption and swelling of the different  -pes of wool.
factors which have to be controlled where extreme accuracy iz needed.

S I the case ot Merino wool the average weight of w fibre from
a 3-inch staple is about 04 milligrams. This necessitates the
counting of a large number of fibres for the weight-length determina-
fions, to ensure any degree of accuracy in the weighing.

SUMMARY.

The technique for determining the fibre fincuess of a sample of
wool as used in Soutlhe Africa 1s outlined.

The methods of cutting the fibre bundle into fragments and the
mounting of these on a shide are desceribed.

The effect of relative humidity during the pr aration of the
slide shows the necessity for controlled moisture aud temperature
conditions.

The effect of the ether used for ixing the wool fragments and
the Kuparal mounting medium are  scribed.

The method of measurement, the system of recording the results
and the number of fibres to be measured in Merino wool are recorded.

The question of the personal errors of different observers has been
~tudied.  The diffecrences between observers are not necessarvily con-
stant, the factor of futigue being of speciul importance. Methods for
reducing these errors to o minimum arve deseribed.

The weight-length wmethod for determining fibre fineness,
suggested  for arbitration purposes, 1z discussed and difficulties
peculiar to this method are enumerated.
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