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AN INVESTIGATIORN Of' METHODS FOR

THE ESTIMATION OF MEDULLATION IN

WOOL SAMPYLES.

INTRODUCTION o

In studies of medullation in New Zealand wools the need
for an accurate and rapid technique capable of giving a numerical
index for the medullation of a sample of wool early became apparent,
The matter was complicated by the fact that medullation can only
be detected by hand and eye when it exceeds a certain coarseness,
and to meet this difficulty the Benzol Test for the detection of
_hairiness was developed by Elphick. (1932)

The quantitive application of the test has proved diffi-
cult; in discussing the evaluation of the medullation revealed
BElphick has pointed out that there are three factors which must
be considered.

. (1) Tne average diameter of medulla.
(2) Tne percentage of fibres medullated.
(3) The average distance down the fibres which
medullation extends.

In order to arrive at an empirical index he estimated
by eye the average percentage of fibres medullated over the staple
and weighted the result arbitrarily according to the type of
medulla,

After using the method in work on fleece mapping,
Elphick came to the conclusion that while it was the best means
available at the time for classifying the very large number of
samples under dxaminution it could not be regarded as satisfact-
ory owing to the personal element involved, especially since the
clagsification of medulla diameter into three groups masked the
comparatively accurate estimation which could be made of the other

two factors.



Since the method used was purely empirical it was pro-
posed to relate the figures obtained to the percentage volume of
medulla determined by some absolute means. Preliminary investi~
gations on the determination of the Specific Gravity of the wool
sanples had been commenced when unforeseen circumstances com-
pelled Elphick to discontinue the work,

SOME OBSERVATIONS ON THE ACCURACY OF
: ELPHICK'S METHOD.

To obtain some idea of the nature of the problems ine
volved about 180 samples from stud Romney ram hoggets were examin-
ed using the above method., Repeats on the same samples even after
quite short intervals shewed that considerably more experience
than that gained by testing a few hundred staples would be necess-
ary before any degree of reliability could be achieved.

In order to obtain an indication as to the effect of the
personal factor, four persons experienced in wool research were in-
vited to estimate by eye the percentage 6! hairy fibres in staples
laid out in benzol. Table I shews the results.

TABLE I. ESTIMATION OF PERCENTAGE MEDULLATION BY DIFFERENT PERSONS

—Semple lumbers

Eexson L 2 _3 4
A 65 30 25 15

B 75 40 20 15

c 50 45 25 30

D 50 30 20 10

| The samples were not disturbed between the estimations
and there is reason to believe that the variation would have been
greater if similar fresh samples had been taken and teased out
separately for each person.

A staple evaluated by Elphick as 23/300, FPlate I, was



mounted in kerosene in a tray and covered with a glass plate ruled
with parallel lines. With the aid of a travelling binocular, the
number of medullated and pure fibres cutting each line was counted,
taking no account of the degree of medullation, at evexy 1/4 inch
from the tip. Table II compares the results obtained with
‘Elphick's estimates. It would appear that even with an experienced
observer the percentages esiimated do net necessarily coincide with
the actual figures. From the general appearance of the staple I
would suggest that the visual estimate of percentage is affected by
the coarseness of the medulla to a much greater extent than might be
considered probable.

TABLE <zi. COMPARISON OF ESTIMATED WITH ACTUAL PERCENTAGES.

DISTANCE MEDULLATED HNON-MEDULLATED TOTAL PERCENTAGE ELPHICK'S

FROM TIP MEDULLATED LSTIMATE
es
0.25 15 50 75 2040
05 37 132 169 2149
0.75 82 212 294 2749 60/
lioderate
1.0 150 230 S0 3945
1425 221 227 448 49,5
15 257 303 560 4640 }
1.75 254 393 647 394 10%
, : ) Slight
2.0 261 456 719 6.4 i
2429 228 517 745 3046
29 171 601 792 2240
' Repeats _
1.0 152 213 565 41,6
1e25 221 231 452 49,0

I cannot pretend to be able to improve upon Elphick's ex-
cellent treatment of the problems of visual estimation of percentage
volume of medulla, but would suggest that of the factors affecting
the figure obtained the diameter of medulla is the least easy to
estimate accurately, while the relation of diameter to volume am-
plifies any errors. ©Since ZXlphick shews that the total range of
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medulla volume per unit length varies as much as 256 times,
while in practice it is net possible to divide this range inte
more than four classes, it seems that any attempt at visual
estimation of percentage volume of medulla can never give
accurate results even assuming accurate estimation of the other
factors concerned.

It was suggested that a method of grading based on the
estimated percentages of medullated fibres at various levels in
the staple might be possible., One hundred and eight samples
from six Romney hoggets were graded using a tentative method; but
the results were not satisfactory owing to the mlcx mode of
distribution of the medulla over the samples. Until more is
known of the genetics of medullation, .md the effects of environ-
ment upon the expression of e genetic make up of the follicles,
the only sound plan is to evaluate medullation by the use of a
gimple quantitative index, %

OTHER INDICES OF THE MEDULLATION INVESTIGATIED.

The indices of medullation discussed in the present

paper are as follows 3~

Part 1. The percentage of the total fibre length
in the sample affected by medullation.

Part Il. The amount of light reflected or abserbed
by the wool when immersed in benzol.

Part 1I1l. The percentage volume of air space in the
sample estimated from accurate detemin-
ations of specific gravity.
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PLATZR X

(a) Sample evaluated by Llphick.

(b) "Thickness of spreading” standard
(300 fibres /1").

{ec) *"Percentage” standard.

(Plate la was taken by Mr. M. T. Gabriel, the
remainder of the photographs reproduced in this thesis

are the work of the author).
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PARS 1. THER PERBEZEEXIAGE OF 3HEX
TOTAL FIBRE LENGTH 1IN

THE SANPLE APF¥FECTED

BY MEDULLATION

While not of such a fundamental nature as the percentage
volume of medulla, this index offers a sound basis for estimation ;
and selection,

It has already been shewn that unaided visual estimates
of percentage medullated fibres for a given region in a staple
are apt to be inaccurate and variable from person to person;
attempts were made to devise a technique whereby udncy and
standardization could be obtained.

Since Elphick's unpublished experiments on infilling
have shewn that there is no certain way of preserving an actual
staple shewing a given degree of hairiness indefinitely, one has
to fall back on photographs of sech staninsd Jodkin, 15 el Bes
suggested that it might be possible to produce a series of
standard photographs of locks shewing zones over which the per-
centage of medullated fibres was fairly constant. Several locks
were selected and after photographizig were oouptqd in kerosene
at every 1/4 inch from the tip. (See Appendix A). Vexry marked
differences in the appearance of similar pcrcéntagu were found
to be uuqitted with differences in the thickness of spreading
the sample, making a standardization of the latter essential, and
the question arose as to the accuracy with which a given degree
of spreading could be reproduced., Attempts were made to match
the thickness of spreading of a counted staple mounted on black
velvet under a glass plate. Scoured samples were teased out
roughly with fingers, placed on black velvet and prsssed flat with
a suitable sheet of glass, the appearance being compared with that
of the standard. Small changes in thickness could be made by work-
ing the staple with one edge, or a cormer, of the glass. In making
comparisons it was found that the ave:igo size of the spaces be-



between the fibres was the best feature om which to b;-o:eg_no':
Judgment of similar thicknesses of spreading. A medium hand lens
was found helpful,

To test the accuracy of the above method and also to get
an indication as to the magnitude of the personal factor, twe
members of the College Wool Research stuff'kiudly consented to tease
out samples to be checked up by microscopic counts, Table ﬁ shews .
the results of these tests. It would appear that while a given
thickness of spreading is reproducible with fair accuracy, there is

a tendency to concentrate attention on the centre of the ata.pie.

TABLE oél’;. ACCURACY OF TEASING TECHNIQUE.

Person Lock Number Distance from

Tips.
Writer 1 13
23 240 82
258 - 265
278 288
4} 267 288
4% 261 279
2 an 290 300
288 300
290 300
wpw 3 13n 224 - 296
23 ‘ 246 282
& 250 265
: 281 288
4% 293 288
4} 295 2?9
np" 4 e 3n 218 265
4 264 -
4 274 288



A thickness of 300 fibres to the inch was considered
suitable as a basis for tentative standardization aﬁd was adopted
in all subsequent work, |

The extr-u.’q variable nature of the percentage gradient
in various samples examined made it obvious that it would be diff-
icult to produce standards with zones showing definite percentages
of medullated fibres and attempts were made to devise a means |
thcroby this pemmtage could be estimated, by comparison with
standard photographs, at a number of regions, the results to be
averaged to give the mean percentage over the staple.

A comparator whereby a slightly enlarged image of a
portion of the sample teased to standard thickness and immersed in
benzol gould be viewed in the same microscopic field as the photo-
graph did not give satisfactory results either when the images were
-made to fill apposing halves of the eyepiece field or when one
image was colored with a red filter. The apparatus, however, was
not particularly suited to the particular type of comparison.

It was suggested that greater accuracy and ease of com-
parison would result if the attention of the observer were concen=-
trated on a narrow band running across the staple rather than upon
the whole sample. A glass cover plate .m ground with coarse
carborundum leaving 1/4 inch intervals of clear glass at every
inch, WVater soluble pigment was rubbed into the ground areas, the
intention being to shew the wool clearly at the 1/4 inch window
intervals, the remainder of the plate being sufficiently opaque
to obscure direct vision, while at the same time allowing observ-
ation of the generxal distribution of medullation, €.ges ‘the
occurrence of zoning,

Similar 1/4 inch bands were marked out on the standard
and a number of samples were examined by various persons using the
apparatus but it became apparent that Jjudgment was made on general
appearance, invelving coarseness of medulla, rather than on pex-
centage of fibres medullated.
éh»e most satisfactory comparison was found to be obtain-



ed by using a grid consisting of lines etched on the cover glass
and filled with water soluble pigment. This was placed upon the
teased sample and the average distance between hairy fibres cross-
ing the various lines on the plate compared with the average
diatanc. between hairy fibres on the standard.

Using this method of estimation re:put- on the same
samples after re-teasing gave concordant results which were found
to compare favourably with the actual percentages of medullated
tibru obtained by counting under the microscope. (Table IV).

TABLE IV. COMPARISON OF ESTIMATED PEHCENTAGE OF
' MEDULLA' : Wi TU. BRCEN

Level . LOCK A. LOCK B.
Lstimated » Actual » Lstimated 5 AC

1 40 50 40 33
2 40 35 60 8y
3 40 40 80 | 76
4 35 34 90 84
5 40 36 90 82
6 40 39 60 69
7 40 40 30 41
8 30 35 20 N
9 30 35 10 12
10 25 26

11 20 18

12 10 11

In preliminary work estimations were made at 1/4 inch
intervals but in later work it was considered to be sufficient to
divide the staple length into seven equal portions,using the 1/4
inch grid,and to take the average of the seven estimations as be-
ing representative.

It would appear that a method similar to the above would
be capable of‘ expressing,with reasonable accuracy,the percentage of



the total fibre length in the staple affected by medullation,
although it cannot be regarded as established without further
checking against microscopic counts for samples invelving differ-
ent types and degrees of medullation, different counts, and in
particular a study of the number of estimations required on each
staple in order to get sufficient accuracy.

Although it has been used for routine work the tecknique
is unsatisfactory for such purposes owing to the length of time re-
guired to complete an estimation. It seems reasonable to expect
that experience in its use would suggest "short cuts" such as the
device of matching the roughly teased sample with stendards round
about the 300 Iibrqvux'k. and using an appropriate percentage
standard, rather than working to one set figure. _

It seemed desirable to exhaust the possibilities of
other methods of measuring medullation before proceeding with the
- elaboration of the technique above duenﬁed. since in all scien-
tific work it is general experience that while visual evaluations
by comparison with standards is often both simple and accurate,
these advantages are offset by the lengith of time involved.
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It was suggested that examination of wool samples in
monochromatic light might indicate further lines of investigation.
Raw and scoured wool, as well as a sample in benzol, was examined
: using various lighting. The only unusual appearance was found in
the case of illumination from a quartz mercury vapor source, under
which wool heavy in condition gave an orange flourescence. It is
possible that if the samples were dyed before viewing under the
quartz lamp differences might be observed owing to the varying
effects of dyes on medullated and non-medullated wool, and the fact
that some dyes flouresce in ultraviolet light.

Since hair reflects considerably more 1ight than pure
wool when under the henzol test, it would seem that the amount of
11@‘ reflected might be expected to serve as an index of the de-
gree of medullation. At first sight it would appear probable that
the amount of light reflected would be a function of the surface
area of the medulla in the sample, in which case a 11n§u‘ relation
between light reflected and percentage volume of medulla would not
obtain. A given amount of fine medulla would have a greater sur-
face area, and hence reflect more light, than the same amount of
coarse medulla, There are such a large number of factors which
might af feet the amount of light reflected, however, that one can-
not establish a relation on a priori grounds. The effect of the |
internal Structure of the medulla upon its apparent whiteness, the
distorting effect on apparent diameter due to the cortex of the
fibre acting as a lens, reflection from the ends of small sections
vhen the medulla is discontinuous, and probably many other factors,
would have to bb considered. |

Attempts were made to measure the light reflected from a

moderately hairy sample in benzol, when placed in the concentrated



beam from a projeetion lantern, with a Lumner Brodhun cube but the
illumination intensity was too low for the instrument to be
successfully used.

PRELIMINARY EXPERIMENTS UTILIZING A FHOTOELECTRIC CKLL.

The possibility of utilizing a photo cell for the purpose
of measuring the amount of light reflected from samples of wool in
the benzol test under standard conditions had been projected for
some time. A survey was made ot the literature on the subject,
(Appendix B), and indicated that a photo cell of the rectifier type
would be the most suitable for present purposes.

By courtesy of Standard Telephones and Cables (A'sia) Ltda,
Wellington, a Weston Fhotronic cell was made available for prelim-
inary experiments. ‘

The optical apparatus was the same as that used with the
Lumner Brodhun cube, an image of the brightly illuminated benzol
test being focussed on the sensitive surface of the cell, which re~
placed the diffusing screen of the photonctcr’by means of a large

aperture condenser., (See Figure L. ).
i)

Lo

The E. M+ F. produced by the cell was measured using a



* 38 %

Tinsley potentiometer sensitive to 0.02 milli volt (n.v.) and was
found to be of the order of 3 m.v. for a moderately hairy staple.
A number of readings were taken using this apparatus but it was
found that standardization of the potentiometer was necessary
every few minutes ~ presumably owing to changing E.d.F., of the
accumulator used.

Since the low internal resistance of the photo-cell
(7,000 ohms) obviates the use of electrostatic methods of
measurements a vacuum tube voltmeter used with a reflecting gal-
vanometer, as indicating instrument, was decided upon as the most
convenient means of measuring the cell LE.i.F. The usual circuit

(Figure 231&3 fitted up and various types of tube tried.

© &

EEC T

-

A Fhillips A.415 valve was found to give the most stable reading
on the galvanometer, |

Deflections were obtained by placing a black screen be-
tween the lens and the photo-cell and recording the "zo:ro"vde-
flection, the screen then being removed and the deflection again
recorded. Tﬁo apparatus was so arranged that the difference be-
tween these two readings was almost entirely due to light from
the wool under test.

Table V shews some of the results obtained.
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TABLE :V"_-. DEFLECTIONS OBTAINED WITH BADLY HAIRY

TIPPED SAMPLE IN THE TRAY.

Galvanometer Readings ‘ Deflection
Zexro Sexr Removy
Wool + Tray

16.7 20,7 4.0
17.2 21,2 4,0
17.2 21.2 4.0
17.6 21,5 349

Wool in tray condensed into a much smaller area

2.1 6ed 4de4
2.6 6.6 4.0
2.8 6.8 4.0
2.9 649 4.0

Wool Removed from Tray - Tray Alone

4.2 | 543 I |
4.5 546 1.1
4.5 546 1.1

; 4.8 508 110

To obtain an indication of the range of values, 2
series of graded samples was examineds; the results being shewn
in Table ﬁa deflections per unit weight of wool being calculated

as a basis of comparison.



TADLE ﬁ. PRELIMINARY DETERMINATIONS OF FPHOTO ELECTRIC

INDEX OF HAIRINESS,

Deflection Deflection

Sample Weight Deflection Due to Wool per gram
Tray enly

‘A Almost Pure " 0429 gre 1.7 0e6 23

B Hairy Tip 033 3.0 1.9 547

c do do 0e25 B " 1.9 746
Seme Sample Condensed 0,25 340 ek 746

D General Medullation 0.29 545 ded 15.1

E do do O.44 840 649 15.7

F Bad Haixy Tip 0431 9.3 8.2 27.0

G Hairy Sample 0435 1l.4 10.3 12945

The photo electriec indices are not accurate owing to
the fact that the small central bakelite area on the cell used
was insensitive to light, hence any portion of the hairiness
image tsuinz thereon would not.be rmrdodl; moreover the
illumination was not even. The results indicate, however, that
stable readings may be obtained over a wide range of values.

Table Vi1 shews the results of repeat deteminations
on some of the above staples after 24 hours, the samples being
placed as nearly as possible in their original positions in
the tray, - reasonable agreement is indicated.

1 Standard Telephones and Cables advised that cells
without the central bakelite area were being
mamufactured and were available from the U.S.A.
to special order. '
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TABLE VII. COMPARISON OF ORIGINAL AND REPEAT DEFLECTIONS

FROM STAPLES APFTER 24 HOURS.

SANPLE ORIGINAL DEFLECTIONS  HuPEAT

A 1.7 1.7
B 8.0 8.2
¥ Fed 848
G 1l.4 11,3

A photo~-cell - probably of the vacuum type - kindly
loaned by the Dominion Observatory was fitted up in the eircuit
ghewn in Figure 3, and used with the same optical arrangement as
before., Stable readings ¢ould nmot be obitained with the temporaxy
elecirical spparatus used owing to variable leakage effects, but

the sensitivity did not appear to be so great as with the Weston
cell.

Nt

7 M8

e,

CONGLUSIONS .

It appeared that a Weston Photronic cell of the type
without the centrel bakelite area, used in conjunction with a
well designed vacuum tube voltmeter, would be capable of measur-
ing the light reflected from wool under the benzol test with con-
siderable accuracy = 2 to 3%, provided that a constant source of
illumination capable of producing an even brightness over the
tray could be obtained, so that a given amount of medulla would
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give a constant deflection without reference to its position in

the traye.
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DEVELOPMENT OF RELIABLE PHOTO-ELECTRIC APFARATUS.

Apparatus similar to that already described was fitted
up save that an A615 tube was used in the voltmeter circuit. Pend-
ing arrival of a cell with clear disc from United States of America,
it was decided to study the problem of ebtaining suitable illumin-
ation using a small uniform portion of the sensitive surface of
the cell previously used.

Using a projection lantern as source of illumination, the
deflection obitained from one square inch of white paper when placed
in the position of the wool was measured and found to vary as much
as 100% in different regions of the tray. Since it was unlikely
that the illumination gradient was simple, the average of readings
obtained from symmetrical placings of the tray would not be reli-
able. '

Four 40 watt bulbs placed in bright tin reflectors did
not give satisfactory lighting.

It was thouzht that cven illumination might result if a
beam of parallel light were obtained, using a 500 watt muntratod
filament lamp as source, and thrown along the tray. A number of
arrangements of lenses and diaphraggs were tried in endeavours to
achieve these conditions, but it was not possible to combine even
illumination with high intensity.

The suggestion was made that uniform illumination might
be obtainable by reflecting the light downward on to the woel
using a plain sheet of glass through which the light fyom the tray
could at the same time reach the cell. Figure 4. Such an



arrangement was tried but found quite unsatisfactory owing to the
inefficiency of the glass as a reflector and the fact that an image
of the illuminant was formed in the tray.

EXPERTUENTS USING TRANSMITTED LIGHT.

lMeasurement of the absorbtion of light by the medullated
fibre when in benzol had not been looked upon with favour, it being
considered easier to measure large variations in ama.ll amount of
light, than small variations in a large amount of light, especially
since the Thotronic cell is considerably more sensitive to small
changes in illumination at low intensities. Jloreover fluctuation
in the source would be of greater importance in the case of trans-
mitted light experiments.

Since even distribution of incident light could readily
be obtained, however, the question arose as to whether the degree
of absortion would be sufficient to overcome these difficulties.

The possibility of using a small glass trough containing
the benzol and wool, almost in contact with the photo-cell and
illuminated with a lamp moving along an optical bench, was discar
because such a technique would involve a separate test in the ¢
ary tray if the distribution of medullation in the staple was
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recorded. From the routine point of view, the methed has
several advantages and deserves practical trial.

The arrangement in Figure 5 was set up and weighed
samples were examined, but the results were unsatisfactory be-

i

cause stable readings could not be obtained, Table VIII shews

the type of reading from "tray only", (successive readings),

TABLE VIIi. DEFLECTION PRODUCED WITHOUT WOOL IN THE TRAY.

Deflection.
From Io Zotal
- 227 11l.9 5446
- 227 11.7 4.4
- 22,7 1l.4 S4.1
- 22,9 il.1 34,0

- 23.0 ll.l 34.1
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while Table IX gives the result of tests on graded samples based on
averages of four readings for deflection. The refractive index of

TABLE Iz. ABSORBTION OF TRANSMITTED LIGHT BY MEDULLATED

SAMPLES IN BENZOLe

lection
Sample WVelght Tray Tray + Due to Deflection LRemarks
Alone Sample Sample per gram

A 0s38 3442  33.7 0e5 led - Pure
0ud7 3442  33.0 1.2 25 Hairy Tip
c 028 34,2 3346 Oe6 2.1 Small amount of
hair;
D Oedl 3442 3le3 2.9 7«1 Ln;ge amount of
hair.
A 0.2 4.2 3440 Oe2 0.8 Portion of sample
| - Ae
0.21 34,2 34,0 Oe2 049 Portion of sample
025 34,2 34,0 0.2 0.8 Portion of sample
0.36 34.2 29.0 5.2 14.5 Very hairy sample

the benzol was 1.486.

Tests of the illumination with a small piece of black card-
board in various parts of the tray shewed that the distribution of
light flux was uniform,

Galvanometer readings were taken at 10 second intervals,
the first series with the cell in darkmess and the second series with
light from the source shining direct upon the cell.

Sexies (1)s 1742, 17.3, 174, 17.4, .17.3, 1735 17445 1745,
17.4y 1745y 1704y 175y 1745y 1746y 1746, 17.6y
177 17465 1769 1747y 177, 1746



Series (ii). 21.7, 21.8, 21.8, 22,1, 22.4, 22,2, 22,1,
22.09 22425 2242y 2242y 2242y LZRedy 22,6,
23edy 22,95 2245y 22a4, 22.7y 2341y 22,5,
22e74

The swing of the galvanometer with lamps "on" was com=
pared with minor line voltage fluctuations and found to correspond
exactly, mdic#ting that the latter were affecting the ;n-ps to an
appreciable extent. The question of their elimination was dis-

" cussed with Mr, W, A. Waters, Chief Ingineer of the Manawatu-Oroua
Electric Power Board, whoe stated that the only satisfactory methods
would be the use of accumulator supply, or a generator direct
coupled to a motor with a heavy flywheel, Both of thui. however,
were not feasible owing to expense involved.

An attempt was made to estimale an average value of the
deflection by ohamizig the swing of the reading over a period of
about 20 seconds. Observations on dry wool placed over the
aperture in the screen indicated, for results based on onme pair
of readings only, that the deviation from the true value might be
as much as 5%, although fair accuracy could be obtained by averag-
ing 8 to 10 readings.

CONCLUSIONS «

Any method relying on the measurement of the light
absorbed by the medullation while at the same time retaining the
staple in the same physical condition as in the ordinaxy test,
cannot give satisfactory results since the proportion of light
absorbed to the other sources of variation in the reading is not
sufficiently high, the possibility of error being between 5 and
10% of the actual absorbtions



AFPARATUS FINALLY ADOPTED,

Since most of the difficulty experienced in obtaining
intense yet even illumination was due to the action of the inverse
square law, attempts were made to avoid thiva by the use of light
sources of large size relative to their distances from the illum-
inated surface. High power opal lamps were found to fulfil this
condition and the arrangement shewn in Plate Ila., consisting of
four 150 watt bulbs was found to be satisfactory when used in con-
Junction with the photo c¢cell without central bakelite area which
arrived at this stage. '

Various lens' systems were tried, the most satisfactory
arrangement being the original condenser together with one lens
from the oo ndenser of a pro.jection lantem,

Plate 1ia., shews the optical apparatus in its final
form with the velvet draping used to exclude external light re-
moved to shew arrangement of tray, lamps, screen, lens and cell.
A general view of the photo-electric apparatus is shewn in Flate
IIb.s; while Figure 6 shews the schematic diagram of the electrie-

al apparatus.
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Difficulty experienced in obtaining sharp limitation of
the area "scanned" was obviated by masking out unwanted portions of
-th.e image of the tray on the surface of the cell itself using
rectangular aperature 0.8" x 1,3 which, with the optical system
used, corresponded with a similar area 4" x 7" marked on the tray



within which the sample was placed.

I am indebted to Mr. J. Walker of the Paluexrsion North
Technical School for the loan of a Veston A. C. Voltmeter by the
aid of which the voltiage applied to the lamps was maintained, save
where Otherwise staled, at as close as posasible to 2:36V using a
5 olhm rheostat,

Owing to the fairly high temperature coefficient
especially at low illuminations, the photo cell was imbedded in
plasticene so that any temperature change would not be rapid. The
bulb of a thermometer was inserted inteo the plasticene and the
temperature recorded taken as ;ndiaating roughly the temperature
of the cell. '

The amount of wool taken was determined by weighing the
scoured samples after conditioning in the air of the laboratory
for 2 - 3 hours. A Bunge damped balance was used, the weights
being recorded to three places.

Deflections were obtained by taking the difference be-
tween the reading on the galvo., scale with the lmps\ofi’ and the
reading with the lamps ‘one :

Unless otherwise stated the refractive index of the

i

‘benzol used was 1.496 at 20° ¢,



PLATER 1i.

(s) ZHE OPTICAL APPARATUS
WITH OUZTSIDE COVER REMOVED,

D Diaphragm to prevent direct rays from the lamps reaching the
iens and cell.

c Condensing lenses to focus an image of the test on the
sensitive surface of the cell. |

FEC Photonic cell imbedded in plasticene.

T Thcmonetei.

(b) CENERAL VIEVW.

5] The optical apparatua.'
S Switch to control lamp.
V  Voltmeter indicating lamp voltage.
Rl TS rheostat to control lamp voltagee.
e . " "  gensitivity of rough galvo.
Ry 10,000 Sl i . " reflecting
. meter. ;
R‘ 50,000 rheostat in galvo. balancing ecircuit
BSBG 500 " " " l w

2 Change-over switch for galvanometers.
Gy Rough galvanometer.
Gz Reflecting -
VoT. Phillips Miniwatt A 615 valve.
By 6 dry cells - filament supply.
60 " - - plate .
By ™ "- = in balancing eircuit.






FACTORS AFFECTING THE HELIABILITY OF THE PHOTO-ELECTRIC

INDEX DETERMINED WITH THE ABOVE APPARATUS.

The following factors affecting the accuracy of the re-

sults obtained are discussed :~-

(1)
(2)
(3)
(4)
(5)
(6)

(7)
(8)
(9)
(10)

The constancy of the deflections.

The standards used.

The effect of variations in cell temperature.

The effect of variations in lamp voltage.

The evenness of the illumination.

The effect of variations in refractive index of the
benzol used. _

The effect of variations in spreading the sample.

The accuracy with which results can be reproduced.

The range of values. '

The effect of "smokiness",

THE CONSTANCY OF THE DEFLECTIONS.

B

Under given conditions it has been found that the de~-

flection obtained is very reliable - successive readings taken al-

most invariably agree exactly while variation is seldom greater

than 0.2 cm. on the galvo.. scale.

Typical readings are shewn in Table X.



TABLE X.  TYPICAL DEFLECTIONS OBTAINED.

Deseription Seale Heading  Deflection.
From Io |
Tray alone. 134 11.0 2e4
13.5 11.1 244
B i 25
1347 11.3 244

Tray + sample shewing fair amount of hairiness.

02 842 840

0.1 8'1 800

Ol 8ed 842

Tray + hairy sample 1246 - 5.0 17.6
12¢6 - 5.0 1706

12.5 - Ded 17.6

Standard grey surface 11.7 - le2 12,9
12.4 - 004 12.8

12.5 - Oud 12.9

STANDARDS USED,
When the main part of this work was commenced, ie., the

investigation of photometric methods of measuring medullation
utilizing a photo-cell, it was hoped that it would be possible to
complete the work to the stage of constructing an instrument suit-
able for routine purposes and standardized against the results of
density determinations. It was soon realized, however, that there
would not be iutﬁgiont time to complete such a project satisfact-
orily lnd no attempts were made to construct final pemanent stand-
ards. Some remarks on this qubjcct are included in the section on



suggestions for future work. ]

To ensure that results obtained throughout ithe series of
experiments would be reasonably comparable the sensitivity was ad-
Justed by varying the placing of the lamp and the sensitivity
control R; to give a deflection of 2.4 cm., from the tray alone,
and 12,9 cme. from a standard grey enamel surface larger than the
area scanned by the eell. The latter scheme cannot be considered
altogether satisfactory but in no: case was there any marked vari-
ation in the calibration throughout an experiment. Typical re-
sults are shewn in Table Xi.

TABLE ﬁ. STANDARD READINGS OBTAINED DURING EXPERIMENT

ON EFFECT OF CHANGE IN REFRACTIVE INDEX OF

BENZOL.

Deflection Cell
- ; Tgmmrc
Grey Standard at beginning of Experiment 12,9 2040

Tray only " . " “ 2.5 2040
.. nall wy Begh 2.5 20,0
. w a5 ek i 0 2.5 2044
Grey Standard “ ! " 12.8 20.4

THE EFFECT OF VARIATIONS IN CELL TEMPERATURE.

The published coefficient of the cell indicates that fair-
ly marked errors may be introduced if the temperature is not kept
reasonably constant., An attempt was made to obtain a measure of
the possible error when dealing with low light intensities.

Table Xii shews results obtained which indicate that while cell
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_TABLE All. EFFECT OF CELL TEMPERATURE ON DEFLECTION

FROM GREY OSTANDARD SURFACE.

Temperature Lecorded Deflection from Grey Standard,
15,5° _ 13.8 cm.
1641 13.3
17.2 12,7
18,3 ‘ 12.4

temperature has a fairly marked effect on E.i.F., generated,
especially at low temperatures, no appreciable error could arise
from this source so loné as conditions remain reasonably constant.
Prior to taking a series of readings the lamps were always left
running for 5 - 10 minutes in order to allow the cell to reach a
temperature above that of the room and vhic_h would remain more or.
- less constant while readings were being taken.

g JHE EFFECT OF VARIATIONS IN LAMP VOLTAGE.

Accurate figures for the effect of change in voltage
applied to the lamps on the reading could not be obtained owing to
minor fluctuations in the formmer which prevented readings being
made closer than one volt.

Table X1il shews that provided the line voltage is maine
tained at a reasonably constant level, no great error from this
source need be axpictod.

TABLE XIII. EFFECT OF VARIATIONS IN LAMP VOLTAGE ON

DEFLECTION FROM GREY STANDARD.

Lamp Voltage Deflection from Grey Standard,
224 voltis 12,5 em
226 12,7
226 | 12.9
227 13.0
228 1343

230 1345
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It is important to note that the effects of
variations in cell temperature and lamp vol tage only become
apparent as an error in cases where the deflection is large,
‘1.0' for very hairy samples where great accuracy is not
required,

THE EVENNESS OF THE ILLUMINATION.

Yo difficulty was experienced in adjusting the position
~ of the lamps to give reasonably even illumination by altering
the angle of the lamps to the tray unt:l the deflection obtained
from a coin placed in the benzol was substantially the same
in n.l.lv prts of the tray.

in an experiment designed to demonstrate any
unevenness in the illumination, & bundle of hairy f{ibres 2"
dong and weighing 0,159 gr. was taken to represent a lock with
bad hairy tip and the deflection was recovded with this sample
in various parts of the tray.

The range of variation in the deflection was from
70 to 7.4 ems lNow had this saiple been & complete staple ‘the
0+159 gr, hair would have been associated with atl least Us4 gr
pure wool which would add only 0.9 cm to the deflection, so that
the greatest possible variation between readings due to the
effect of uneven illumination would be from 7.5 om to 7.9 em
producing & variation in the photo~electric index of from 13,5
en/gr to 14,1 em/gr or about 4per cent.

In later experiments the laups were more aax'cm.uy
adjusted to reduce this error to & maximum of about 2%,

Inherent variations in the sensitivity of various

portions of the cell m rface could not be distinguished

BHE EFFECT OF VARIATIONS IN REFRACTIVE INDEX OF BENZOL USED .

Judging from visual impressions it was expected that
thg refractive index of the benzol in which the wool was inmersed



would affect the value of the photo~electric index. . The
results given in Table X1V shew the magnitude of the variation
in deflection and photo~electric index when "benzol" of varying

refractive indeces was used.

TABLE XiV. EFFECT OF VARIATION IN REFRACTIVE INDEX OF BENZOL

ON DEFLECTION AND PHOTO~-ELECTRIC INDEX.

|
Refractive Index (20°C)1.4797 | 1.4900 1,4952 _ 1.5000
w‘ ﬁln ﬁrq Dfi DfLl. Pfli. B Bfis XRELs
grm gmm grm grm

A Pure Wool e Bed| 2e3 1aB | 049 23 | 0 2

0.714 gr
B Pure Wool lel 241 049 1.7 | 046 1.2 | 0u6 1.2

04520 )
C Few Hairs

0.465 Iod 3aD| 2l S0d | 340 22 | 30  RaX
D Slightly

haixy tip _ :

0.556 1P Seb| 3aB 2.7 | 23 23 | 132 30
E Hairy

Sample

0.476 13.8 28.5]12.7 26.8 [12.4 26.2 [12.7 26.8

Variation within reasonable limits 1.490 = 1.500

appears to have no marked effect on the result.
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These results confirm the general impression gsined

from numerous incidental exper ments made at various times while
examining samples under the photo~electric apparatus - to wit,

that sny effect of spreading is not marked, In ne case have any
large variations in the index been found to be due to asbaormal
spreading while in the cases cited above an apprecisble change in
the index occurs only when there is considerable change in the
ares covered by the samples Since in this experiment all resadings
were repeated 5 times, while in only one case was deviation in
successive readings greater than 0,2 em.y it is probable that the

dif ferences recoyded are gignificant,
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RANGE OF VALUES.

Fhotographs of some of the samples reported in Table m
are saown in Plate lll, and give & TYough idea of tue range
of values covered. The appearance of these must be regarded as
approximate only, owing to the difficulty of securing standard-
ization in the photography.

HEADINGS OBTAINED ON "SMOKY™ SAMPLLS.

I am indebted to lr. A. C. Morton for supplying several
samples of wool shewing smokiness. The results are shown in
Table XVil and an idea of the appearance of the samples may be
gained from Flate 'i:_f__f f although it is extremely difficult to

reproduce the apprearance of the samples exactly.

TABIE XVil. PHOTO-~ELECTRIC INDICES POR SMOKY SAMPLES.
(See Flate 7).

Sample Weight Deflection Deflection/ gram
1 0.187 gr 0 3 ks 8 '
2 0.232 O. 4 l. 7

3 0e245 0. 4 1. 6

4 0.353 O. 7 | 2. 0

b 0.222 O« 4 l. 8



PEAZTR Xks SANMPAAE RXANINR ED UKDEGE
THE PFPHOTO-BLEGCTRIGC
APPARATUS.

(a) PE2 2. 5 em/gr
(») PES3 10,1 » ®
(¢) PEG6 20,0 = *®
(a) PES, 28,6 *
(e) FEY 39. 6 " "
($9) Smoky Samples
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COMPARISON OF FHOTO-ELECTRIC INDICKS WITH SFPECIRIC GHAVIZY
OF BAME SAMPLE.

In the course of developing the technique of accurate
specific gravity determination for wool samples, & number of
sanples were examined un&o: the photo~electric apparatus priox to
dens ity determination being made. Sempling errors were avoided
by examining the whole of the densiiy smmples alaple by staple,
and it is interesting to note the significant variations between
locks drawn from the same bulk sample, vhxo‘h confimm Blphick's
observations as to the variability between adjacent staples.

Table XVILL gives dats relating to seven determinations
by both methods. The percentage air space was calouluved {rom
the formulas

Dg = Dy -

Alrspace %~ x 100

where Dy is the 8.6, of pure keratin,
Dy * * " of the sample measured.

Dy is assumed to be constant, This assumption is probably
correct for samples taken from the same animal, but there are

- gtrong indications of'vuution between individuals

TABLE Xyiil, COMPARISON OF FHOTO-ELSCTRIC INDEX WITH SPECIFIC
GRAVITY AND HGHCHNTAGE ALK SPAGH.

Bample VWeight Deflection Deflection lean dpeeific Approx,
; ver gmm photo~ CGravity alr spac

index, y
PBI_ 04627 1.3 21
b 04767 1.5 2.0 2.0 14299 0400
¢ 0,647 1.2 1.9
PE2, 0.472 140 24
b 0.583 1.3 2.2 2.3 1.207 0eld
e QVe682 1,7 246
PE3, 0,653 5.5 844
L) 0,548 4.9 849 846 1.278 1,88

¢ 04837 4.5 8.4
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TABLE XVIII.  (Comt'd).

Semple WVelght Deflection Deflection dean Specific Approx.
ver gram photo- Graviiy gix Bpace

electric e
index
PR4, 0,519 2,6 540
B 0,480 1,9 4.0
0,872 2.7 4.7 4.4 14207  0ulb
d Os440 1.7 3.9
PES, 0,485 1.4 27.6
b 0+613 18.6 30.4
PES,  0.347 9.7 28,0 28.4 1,199 7,70
D 0.350 945 2647
PRUA 0410 .2 817
b 0,426 17.7 41,5
0,400 15.6 39,2 42,8 1,142 12,10
d 0.211 7.4 35,0

Specific Gravityand percentage ailr space are
plotted against pnoteéalnutrie index in Pigure 7. I§ woudd
appear that there im a definite relation between the photo~electiric
index @ 4 the 8.G. of the sample, but one ie not justified in
drawing final comclusions from such & Smull NUGLEr of CUUparisvns.

It should be noted that neither Specific Gravity
nor percentage air space in the fibre is an accurate measure of
percentage voluwe of wedulla since barker wud King (1936) heve
shown that the pruportion of air space in medulls is not constant
when & wide range of hair types is considered. |

For acourate calibration of the photu-eleciric |
appargtuu, it may be necessary to perform all comparisons on & |

defined medulla type, and to express all measuremenis in teime or

. thig.



Among the refinements which would be made in an

apparatus designed for routine work, several poiants may be noved.

STANDARDIZATION,

The choice of & suitable mcthod»ct standardigation is
of the utmest importance, since calibration of the apparatus
in absolute terms cm only be checked by long #d laborious
methods, Since infilling rules out the possibility of using
semples of wool of known medullation as permanent standards,
we have to devise an artificisl standard which can be calibrated
and used under conditions resembling those ruling for the
examination of wool samples as closely as possible.

This would involve the ﬁ%andaxd being used immersed in
benzol in the actual tray used for.ihc examination of wool samples,
thus avoiding any error due to imperfections in the iray.

Various suggestions for design of suitable standaxds
have been made from time to time.
(3. api&al of Platinum wire of specific dimensions.
(2) Slabs of opal glass.
(3) Slabs of enamelled metal of suitable size and colow
(4) Slabs of ground glass, the ground surface being
protected from bensol by some sultably sealed
glass cover.

{(8) Punotographic standards suitably mounted %o protect
them from the action of benszol.

{6) Geuzes of specified dimenslons constructed from
some non-¢orrodible metal.

MIBATION.

Fulvertaft and Lemon (1933) have described a method by
which fluctuations in cell output due to the effects of line
voltage vgriationu on the illuminants may be overcome, but their
_ method is only applicable where a potentiometric method of
measuring the cell B.M.P. is in use, and it is questionable
whether such could be applied where the cell cutput is low.
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The possibilities of controlling the line voltage | \

deserves further investigation.

Romain 1933 has shewn that while in rectifier type photoe
‘étum._. the total generated current is proporticnsal to the
im.uuinuti_on over a very wid e range, and is little affectied by
surrounding conditions encountered in ordinary use, the leakage
through the internal resistance of the cell is subject to
considerable variations. He points out that if the external
resistance of the cell circult, i.es that of the indicating device,
i: kept small in proportion to the internal resistance, variations
«in the external current, due to the variations in ihe internal
leakage which is in varallel, will also be small, This
condition does not, of course, obtain when & th ermionic volimeter
is used Lo measure the cell H.d.l's, since the grid & lament
resistance of the valve is always highs The question arises as
to whether a means or-mmarmont O re ututsetary from this
point of view could bo obtained, oy whether it is better to refain
the 1r esent arrangement and control the cell temperature artific~-
ially. It would appear to be & simple matter Yo place the cell
in & well lagged cnuiemro, one side of which would be formed by
the lens. Poseibly avater cooling coil might ve intreduced inte
the enclosure with advantage, or agasin, the cell o-oouhg coil
might be imbedded in some suitable substance to ensure rapid
conduction of heat from the cell to the coil,

One experimenter obtained an improvement in stability
by placing his cell in an evacuated enclosure.

) NTH i 10N«

It is practically impossible to obtain & surface which
will be absolutely dead black, i.es will absorb 1007 of tie light
which falls upon it, andit has been found that light from the
lower surface of the screen D Flate Il reaches the cell

surface by reflection in the tray, thus increasing the reading
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obtained for the tray alones lxperience in the photographing of
sasples in benzol has indicated certain lines along which this
feature could be to & large extent eliminated.

SI6 CTRICAL AT ANATUS.

¥hile no marked instability has been found to be due to
lack of sheilding of the electrical equipment, it is probable that
the building up of the appraratus into & more pemanent foym, in

whieh all batteries ete. could be readily sheilded, would result

in improved performances

Minoy improvements such us the use of & foot switeh to
‘oontm.l the illumination, the placing of the galvanometer scale
in a more convenient position, the arram gement of guides to ensure
that the tray could be meved more readily, should be efiected
in an apparatus designed for routine use.



As & result of thege investigations, it appears that a
routine instrument could be comsiructed along the lines of the
apparatus described, capable of giving results of considerable
accuracy in terms of light reflected from wool samples under the
benzol test. How closely this index is related to the pe rcentag
*roluag of medulla cannot yet be stated, but it would appear sthat 7
even if exact agreement is not obtained, the method described is
apabu of making {iner distinetions than can be made by the human
eye, and is at the same time capable of exact standardization, ﬁhul
eliminating the personal factor. :
From the point of view of time required to complete an
" sstimation, an all important factor in routine work, the photos
metric method compares very favourably with that of Elphick,
especially when it ie remembered that welghiug the sanples afier
the mipaum in benzol would considerably expedl te the treatment
-of pure wél samples, vwhich could be classed 4by 8y0s Since the
present apraratus was not specially designed for convenience in
working, no record of time taken in evaluations was kept, but
under reasonable conditions a single operator should be able to
scour, examine and weigh at least 20 » 30 sanples pexr hours

V These features should make the instrument of the

greatest value both from the point of view of the resecarch worker
requiring accurately to measure the medullation revealed in benzol,
and from that of the sheep opreeder in connection with certification

sSd1 enes.,
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PARY JiL. TER DETERMIBATION
O BPEOCIFIC GRAVITZX
OF WOOL BAMPLBES,

ANLRCDUCTION,

Since, a8 explained sbove, the light reflecied frow a
saa ple of wool in bmoi is aﬁly an empirical: index of medullatioun,
it hes to be related to the percentage volume of medulls determined
by some ofther methods TFollowing Elphick's lead, the possibility
of determining the Specific Gravity of wool samples with sufficient
reliasbility to enable acourate values to be given to the proportion
of medulla present, has been investigated. If the specific gravity
of pure wool is constant, m d it hae been generally accepled as
veing mbatantiﬁlly 80, and the specific graviiy of the medullated
sanples can be determined, s simple calculation gives the percentage
volume of alr space in the fibre and hence an indication of the
percentage volune of medulla,provided we are not deal ing with
material in which the medulls is either very coarse or very fine =
Barker & King (1926).

Owing te the fact that the investigationson photo electric
tgexmtqm and dengity technique were carried on im paraliel, the
accuracy required of the latier was not known at the comuencement
of the work, In order to have some ptandard of sccuracy at which
to aim, it was onsidered that both methods should be able to
measure the medullation of & sample recorded as about 10 on
Elphick's scale of hairiness. Such @ sample might have 404 of its
fibres medullated for an average of 204 of their lengih with
*"moderate” medullas (16/300). The proportion of the total volume
of the wool cecupied by medullas would be r%‘a and if forxr purposes
of approximate calculation we sssume that this medulla contalus
no solid matter, and that the dend ty of kcﬁtiu is 1.304 {Eing, 192¢
the densi ty of the medullated sample will be about 1,502, Thus



Thus, if differences in medullation corresponding to 10/300
are to be recognised, an accuracy in the density determinatiocn
of 04175 or better is required. Such an accuraey appears to
have been obtained by King.
it should be noted that while for purposes of general
comparison with photo~electric indices over the extreme rwmge of
hairiness the density range is large, and great precision is not
espential, for comparison over the range met with on average
snimals (0 « 10 on the scale of photo~electric indices) accuracy of
a8t least 0.1% is desirable in the specific gravity detemination.
As stated before, it was originally hoped that it would
be possible to complete thie work in the time available by the
‘ production of & photometric .tnutmoi:t suiteble for routine
purposes, and carefully utmdwdiud. It was soon realised that
such & project was impossible, and it was counsidered to be more |
pmﬁmxa to study the sources of erroexr in the technigue of
specific gravity determination with a view to their elimination in
future woik, than to spply the rough method %o the purpose of
calibrating an instrument not in ite final forms At the pame time,
it was considered dnir&blo 10 examine & 'mux number of samples by
both methods to determine the aprroximale range of values,

In the tozlowtﬁs pages a comidcr&ue smount of attention
is paid to minute details of more or less common manipulsations.
This is necessary in view of the asgcuracy requirved for il is
shewn that all weighings must be accurate within 1L milligram if a
precision of 0.4 is to be obtained in the final figure.

A study of the available litervature (Appendix C) led to
the adoption of the following tentative technique.
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Bulk pample D3 was selected from the shoulder of a welle
grown Stud Romney fleece. A few kemps and sitray medullsved
fibres were carefully removed by soxting in benszsol,
Soouring the Samples.

A method of seouring similar to that used by Roberis
1952 based on Barritt & King's procedure, was used. Alver &
preliminary rinse in benszol, the teased ssaple was extracted for
15 minutes in each of three successive lois of cumservisl Lensol
meintained at 45° ¢,

A sample of the benzol used shewed & negligible amount
‘of non volatile matter (0,0044).

After the odor of benzol had vanished, the samplcs were
extracted in distilled water at 55°C forthree changes each of
15 i&inutn duration, The sample was ringed in clear distilled
water when changing from one bath to the next.

Dryiog the Samples.

The greater part of the moisture mechanically adherxing
to the fibres was removed by pressing between cleamn filier papers
and the remainder driven off by drying at 108° ¢, for 30 minutes.
The sample was transferred to the 5.G. bottle and completely dried
by paseing hot dry air through the wool by means of & glass tlube
passing right to the bottom of the bottle.

The drying spperatus is shewn in Flate 1V a. Air from a
filter pumpy blower is pasesed through two scrubbers of sulphuric
acid, two caleium ohloride towers, a tower containing P30 5 and
is finally heated by passing through & spiral consisting of 10 feet
of 3/16th* copper tubing within the oven, A plug of wool was
plaged in the joint of the copper and glass mbxm to prevent
any scale from the tubing gaining access to the botties Constant

weight was obtainable to 0.1 mg on a 2 gr saaple (See page 3a
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It was found necessary Lo connect a 100 watt bulb
aorose the oven contacts in order to by-pass the radio~freguency
produced by sparking = d which otherwise produced disturbances
in the nearby photoselectric apparatus.

Detalls of exact temperatures and times of immersion in
the seouring liquids as well as periods of dxyinglin the oven,
were recorded in all cases.

A B0 gecs 840Gs bottle was selected and the astopper
reground, To lessen the loss by evaporation, & small glass
cap was constructed and after many fallures & method was oblained
by which it could be fitted to the neck of the bottle by an air
tight ground glass Jjoint. :

After the usual c&aaniuég the cap and stopper were dried in
aloohol and ether, the bottle itself being dried in the oven at
105°C and cooled in & dessicator prior to weighing.

The volume of the bottle was ahtaine& by filling with
freshly boiled and cooled conductivity water, adjusting at
standard temperature and weighing.

The conducivity water had been stoending in & flask of
Chances glass for about six months prior te its being used and
it has since been realised that there was m appreciable mmount
of dissolved glass., Hepeat detemminations made during the
course of the investigations did not differ appreciadly, swe
in the case of the final determination made, using fresh
conductivity water, which gave & volume lower by 1 part in 50,000.

Vincent 1934 yecords the fact that the density of water
kept in gluss vessels changes siightly due to solution of glags,
while Gilfillan 1934 and Washburn &jﬂnith 1934, record small
differences in the density of water purified from various
sources,

Brrors due to these factors were neglected for the

comparative purposesof the present investigation.
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- " Puye, erystallizabld benzene was used sud dried over
caleium chloride.

The apparatus shewn in Plate 1V was used to introduce
the dxy benzene intoc the bottle containing the dried wool. For
the first five determinations the atmosphere of the dessicator
was dried using ealeium chloryide, but from nr, Vi onwards & dry
atmosphere was maintained by the use of phosphorus pentoxide
supported above the level of the bottle in addition to calcium

chloride in the betitom of the dessicator,

Difficulty was experienced in the first determinations
owing to alr becoming entangled in the wool fibre di ring filling.
Filling under partial vacuum and boiling under reduced Fessure did
not prove satisfactory. Usually the buvbles were found to
disappear on standing for 18 « 24 bhours, The me thod finally
adopted and which proved entirely satisfactory, was to suck out the
bubbles with a syringe filled with benzene and attached to a long
hypodemmic needle. Purther, provided not more than about 1.7 gr.
of wool im taken, air bubbles seldom ceccurred, although & careful
gearch was made in every case bit‘on ingerting the stopper.

Plate Va shews ihe thermostat used throughout the
experiments. A Beckman thermometer was staundavdised sc that a
reading of 3.180 corresponded to 25°C as recovded by & NeP.L.
calibrated thermometer. Provided the gas pressure remained
constant and the room was free from draughte, it was found that the
thermostat maintained a temperature constant to sbout 0.04%C.,
while for periods of 15 « 30 minutes the temperature could be relied
on to at least 0,002°C.  See ps
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The atopjered and loosely capped bottle was fixed in a
scanty lead framework to hold it in position without pressure
and distortion, and immersed in the thermostat to the level of the
base of the stoprer for at least one hour. At the end of the w
period the 1nsidc of the cap, the top of the bottle, and the atoppe,
wene-dniod wheN £5%tar paper. Evaporstion froW'bapillary was
replaced using a fine hypodermic needle attached to a glass syringe
A slight excess of benzene was added - sufficient to produce a
globule just over the opening of the capillary, this was allowed to
evaporate, and at the instant tha. the liquid was level with the to
of the stopper, the cap was dropped into place, the bottle
immediately removed from the bath, and the cap pushed hard home
preparatory to drying and weighinge.
__LQH;NQJ The Balance and Weights
Weighing was performed by the usual method of swings.
With experience, no difficulty was experienced in estimating the
turning points to 0.2 of a scale division when errors due. to
' paral lax were avoided. JNine or more turning points were always
observed, and pruiided the magnitude of the oscillation was not-
gréa;er than about 3 scale divisions, successive turning points
were found not to differ by more than 0.1 scale divisionsave for

certain excepiions discussed later.

TABLE X1X. THE SENSITIVITY OF THE BALANCE.

LOAD RoP. RePo NilR.' ™€  DEFLECTION dus fe 1 mg.

10 e 6o 7 2 9
20 = B0e B e 2 9
30 Ja e 8e 7 20 8
50 e — 7¢ 5 2. 8
70 1. 9 P 2. 8
100 14. 3 1. 5 2. 8

Table il shews the deflection produced by the addition of 1 mg.
to one pan at various loads and from these figures the balance
wags calibrated.
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The weights used were compared with N.P.L. standard weights on
two occasions during the work and corrections were made on all

weighings. Table XX shews the comparisons obtained.

TABLE XX.  ACCURACY OF WEIGHTS USED.

Standard Weight ' Routine Weight
| | 19 31 334 17 34 334
50,0000 gr. 50,0015 gr. 50,0019 oo,
20. 0000 20,0005 © 2040006
10 .0000 » 10,0003 10.0003
10,0000 10,0004 10,0005
5 .,0000 5.0003 . 540002
2.0000 2.0000 240000
1.0000 1.0000 1.0000
l.oooo' 1.0000 1.0000
1 -0000 1.0000 1.0000
045000 : 045000 045000
042000 . 041999 0.1999
0+1000(Identified) 0.0995 0.0995
0.1000 ( e - 041000 041000
0.0500 0.0500 0.0500
040200 0.0200 00200
00100 _ ; 040100 0.0100

0.0100 0.0100 00100

While the changes recorded are probably significant, the only serious
deviation occurred in the 50 gr. weight which had a small corroded
area and was not in use. ;

The weighing apparatus is shown in Plate V b.

The Routine of Weighing.

An attempt to obtain consistent weights of the bottle alone
without the use of a counterpoise failed owing to uncertain adsorptio
of a moisture film on the glass. Consistent results were obtained
by counterpoising with a similar bottle of approximately even weight,
both bottles receiving exactly the same surface treatment prior to

weighing, as follows 3=
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Using a pair of cork-tipped tongs the counterpoise was

wetted in the thermostat dipped twice into a bath of alcohol, twice
into ether, then polished with a clean linen cloth doubled to avoid
temperature conduction from the hand, and placed on thn‘balanca pan.

The bottle to be weighed was then removed from the dessicator
- or thermostat, treated in exactly the same manner as the counterpoise
and placcd on the balance pane The weights and rider were
adjusted, the resting point determined after 5 minutes, and the
weight calculated,

Buoyanecy corrections were not made on the first determinations
since it seemed that they would be unnecessary for comparative

PUrpoOsSes. See p. 52.

RESULTS OBTAINED,.
The figure obtained for the density of pure wool from

sample D 3 in determination Nr 1 was 1,305 gr/nl 25/@. but in the
light of later work it appears qertain that this value is inaccurate.
Although the greatest care was taken, it was impossible to foresee
ali the possibilities, and therg were several sources of error,
noﬁably the addition of the benzene to Lhe bottle containing the dry
Iodl. : ‘

An outstanding feature was that while the volume oi the
bottle appeared constant - sincq it contained a constanit weight of
waﬁer - 8 determinations of the weight of benzene contained varied
from 45,4685 gr to 43.4707 gr. ) On the assumption that the weight
of the wool benzene mixture was subject to the same fluctuation, the
possible error for wool demsity results based on one determination
for each benzol weighing was 0.25%, the possible range of values being
from 1.3032 to 1.35063 gw(ml 25),.

At the time it was thought that the deviations in weights
were due}to the high velatility of the benzene resulting in a variable
loss by evaporation, the cap ot'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 immediately on removal from the
thermostat and since the weight of water contained by the
bottle had been found to be constant under previous conditions
it was decided to determine the effect of cooling on this
weighing.

. Immersion in ice water for five minutes produced
too great a degree of cooling and & moisture film was found to
condense on the cold glass immediately after polishing. Cooling
in running tap water at 18° C. gave the same effect but to a
much less dsgm, the weight of bottle and water being higher
alfter such cooling than when the original method was used by &
constant amount of 1.2 m.g.

A repeat by the original method shewed that
after being subjected to a wide range of temperatures 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 affected by
prevailing atmospheric conditions. Moreover, it seemed
probable that the permissible reduction in temperature, if
marked condensation was to be avoided, would not be sufficient
to reduce the evaporation of the benzene appreciably.

Two alternative lines of attack were suggested -

(1) The use of a lower thermostat temperature.
(2) The use of a less volatile density liguid.
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Since the first dtcmtiva was quite impracticable under

prevailing weather conditions, the physical characteristics of the

other liquids recommended by King as suitable for use in determining

the density of wool were considered - Table XXl.

TABLE XXi. PHYSICAL CONSTANTS OF LIQUIDS.
Benzene Xylene Toluene Nitrobenzene
06116 06H5‘CK3) 2 06H5CH3 csnsmog
(0emap.)
Density of Weol (king) 1.304 20 1. 306 1. 306
14
Boiling Point 80, 36° 139 e 210°
200 138 200 200
Specific Gravity 0,879 0. 88 ( 0)0.855 1.2033 o
22°
(gr per 100 cee)
209 >
Viscosity 0.00649  0,00807(0) 0.0058629° .
Coeff of Expansion 124 101(m) 109 -
X10-9

Of these nitrobenzene wouia appear t¢ be the most suitable
owing to high boiling point and high S.G., giving increased accuracy,
a suitable supply was not available, however, and dcumhation nr ii
was made using Toluene as the density liquid.

A new S.,G. bottle was constructed using an improved technigue
for grinding on the cap by means of which an airtight (dry) Jjunction
could be obtained.

That the use of toluene prevented any loss by evaporation
was shewn by the fact that on several occasions there was no change
in weight of the bottle and contents vhqn left on the balance pan for
periods of up to # hour. Further, on one occasion the bottle
containing toluene was left to stand over night, and on re-weighing,
shewed a loss in weight of ‘only 0.3 mge even though the liquid had
distilled out through the eapillary and condensed on the inside of the
cap forming s ring of liquid at the level of the ground glass joint.

MASSEY AGRICULTURAL COLLEGE
LIBRARY, PALMERSTON NORTH N.Z.
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In detoxnina&ion nre ii difficulty was again experienced
in securing complete removal of air bubbles from the toluene wool
mixture and the bottle was allowed to stand for 15 hours before the
first weighing by the end of whica period all the air bubbles had
risen and the density of the wool was found to be 1.309 gr/ml. 25/5 .
Repeat weighings at 16, 17, and 18 hours from filling, shewed an
apparent increasse in density to the final figure l.315 after 18 hours.

- The weights of tqluene contained in the bottle still
shewed variability, however, and it was eviden: that some property of
the organic liquids other than volatilily was bringing about variatiouw
which did not occur when water was weighed under exactly similar
conditions.

Since the presenit methods seemed incapable of giving the
desired accuracy, the details of the detemination were examined
with a view to isolating sources of error. :

The most obvious physical property wherein benzene
and toluene both differ from water, is their coefficient of thermal
expansion, which is lhoutls times as great as the coeificient for
water.

Now for 50 c.c. of water at a temperaiure or about 25°¢
the change in volume brought about by a change in temperature of
0.01°C is 0.0061 c.C. and the error in weighing corresponding to a
deviation in the temperature of the bottle contents of 0.01°Cc from
the standard value would be approximately O.1l mg.

In the case of benzene the corresponding change in
volume is 0.0007 c.ac and the error in weighing about 0.5 mg.

Similarly, if a small proportion of the total volume of
the bottle; €.g« 2 coc. were to differ from the standard temperature
by 0.3° C., as might possibly occur if the bottle were mot thoroughly
immersed in the thermostat, the error vwould be less than 0.2 mg. for
water but nearly 0.7 mg. for benzene.

If accurate results are to be obtained in weights of a
constant volume of liquids such as benzene, possible variations in_

densl ty due to temperature effects must be eliminated, and il was
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decided to immerse the bottle as deeply as possible and to‘contxol
the ten® rature to 0.002° ¢, In actual practice, it was found
more convenient to allow the thermostat to come to its own level
in the vid nity of the standard tempe rature and to apply a small
corrvection, than to endeavour to adjust the gas regulator to maintain
a predetem ined temperature. As the correction was always small,
the prcssure.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 D is given by
the formula

D - % (1 + 0,0012/ D - 00012)
where W and M are apparent weights of water and solution, respect-
ively, required to fill the bottle.

The corrections to be made on the apparent weight of the
bottle and wntents 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 5% of the -
value of the correction could arise and since the apparent weight
of 50 ¢c benzene of density 0,88 gr/cc is 0.0524 gr less than the
weight in vag¢uo, there is the.possibility of 2.5 mg, error, For
the benzene wool mixture the error is similar, while for water
weighing§y it is véry slightly less.

~For the other weighings concerned, the 5% fluctuations in
vacuum corrections are negligible. Since the fractional weights
ardof nickel of substantially the same density as the integers, it
is permissible to subtract the apparent weight of the bottle
i.e. weights néﬁéasary in addition to the glass counterpoise, from
the weight of bottle and contents, and to make the buoyancy correctior
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
corrections rather than the corrections themselves, were important,

as pointed out by Green.
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The density of the alr is affected by three factors =

Temperature.

Pressuree.

Humidity.

Reilly Rae & Wheeler (1926) point out that a @ ange in temperature
of 59 C will alter the apparent weight of 50 cc air by 1 mg. while

& change in height of barometer of 1 cm. will alter the apparent
weight of 50 ¢c air by 0.8 mg. The effect of a change of 10% round
about 60% relative humidity is to change the weight of 100cc air by
0.1 mg. }

In all subsequent weighings the temperature of the
balance case was recorded to 0.1° by an accurate thermometer placed
near the left hand pan, while the pressure of the atmosphere was
measured with a Fortidn barometer. The possibility of erxorxr in
weighing 50 c¢¢ benzene owing to temperature corrections not being made
on the latter, is unlikely to exceed 0.1 mge.

Calculations from the partial pressure of water vapour
in the atmosphere indicated that in the case under consideration, the
possible variations could not affect theveight.i most sensiive to
errors in the bpoyancy corrections by more than 0.3 mg. so that
humidity changes were neglected.

An attempt was made to keep the humidity of the balance
case approximately constant by the use of saturated solutions to
minimise variations in humidity and to standardize adsorption of
water on to the polished glass surface.

The factors given by Kaye & Laby wvere used in making
all corrections. :

Earlier in the investigation. certain effects were noted.
which were traced to the presence of electric chaxges on the bottlies
as the result of pelishing. It was found that if a boitle were
polished and held Jjust above one pan, the attraction was sufficient
to take the pointer right off the scale - the charge being held for
over 10 minutes in a dry atmosphere. It is quite impossible to

forecast the final effect of such a charge upon the weighing, since
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mlerail objects all fall within the field of the bottle. The
difficulty was avoided by the use of crystals of Uranium nitrate in
the balance case near the'bott.le-. the charge befng diuiputod
within a few minutes. (See page however). ‘

In the weighing ol’hﬁottlu and contenis afler removal
from the themmostat, there are several factors to be considered
in deeiding upon the technigue. It is a standard rule that
objects shall not be w_cighegl when their temperature: differs from
that of the air in the Sa.lance case. The usual method of attaining
this is to leav; the object in the balance case for a considerable
time before weighing. Such a procedure also standardizes the 2
moisture adsorpiion error. it was not applicable (o the
present investigation, hovevei. owing to the volatility of the
liquid being weighed. Generally, vapour was found to distil out
through the capillary, condensing upon the inner surface of the cap
and running down to the ground glass joint where capillary forces
carried it to the outside.

The loss from this_uource wag later found to be very
variable, but most troublesome in cold weather, since the
condensation was then more rapid and changes in wcight of 0.5 mg.
have been observed in 5 = 10 minutes in some cases. Ii was
obﬂ.'oul that the actual weighing must be performed very soon after
removal from the thermostat and before the bottle could reach
room temperature, thus allowing the possibility of convextiion
currents within the balance case. It seemed unlikely that the
effect of these would be appreciable in any but ths coldest
weather.

If the cap of the bottle were not always airtight a
further factor to be considered would be the contractiom in
volﬁm of the benzene after the removal from the themostat -
often of the order of 0.5 Ge. If air were admitted under the
capy ,variationa would be appreciable.

- The possibility of error in volume of the bottle due to
difference in temperature between the glass of the neck and the

stopper was considered, but it wyg
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found that a temperature difference of 10°C would only resalt
in a volume error of 0.0001 c.c.

Errors due to inaccurate adjustment of the level of
liguid in the ecapillary are unlikely since a change in level of
Os © mems would only changc the volume by 0.0004 CeCo

It was decided to investigate the accuracy obta;nad
using the refined technigue. ’

The weight of the bottle empty was found to be constant
to 0«1 mg. provided the étmosphere of the empty bottle was in
equilibrium with tﬁat of the balance case. After polishing, the
bottle reached correct weight within 3 minutes of being placed
1n. the balence case and there wes no significant chenge in weight
during the succeceding ten minutes.

It is interesting to note that during observations
covering some 4 months no chance deviation greater than 0.1 mg. in
the weights necessary to counterpoise the bottle empty has been
observed.

Figures obtalned on different days for weight of water
contained in the bottle are shown im Table XX11.

Hote: In the tables which follow, the following symbols have
been u.sod‘in connection with weighings :-

Wa - Weight of bottle contents in air (gr).

h - Barometric P. in mm. mercury.

T -~ Temperature of balance case.

i @

1

Temperature of thermostat as recorded on Beckman
thermometer., -
G' - Density of air of balance case X10 O gr per C.c.
¢ = Corrections on aspparent weights in 10th of mg
for buoysncy and temperature.
W, - Weight of contents of bottle in vacuum at

thermostat temperature T of 250,
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TABLE XXIl.  WEIGHT OF WATER CONTAINED IN THE BOTTLE
AT 25° C,
Day wa U T G* ¢ W,
Mon. 52,2589 764 17.6 3.140 1221 567-1 5243154
Wed. 5242595 759 19.9 3.130 1204 559-2 52.3152
Sate. - 52.2588 764 20.1 3.170 1211 56242 52.3152
Volume of bottle 52.4685 ml.

while similar data for Benzene weighings are shown in Table XOCLIL.

TABLE XXITI. WEIGHT OF BENZENE CONTAINED IN THE BOTTLE

Day

Fri.
Sate

AT 25° C.
Wa, h T T+ g . c Wy
45,5915 754 1640 34150 1211 571 0 45,6486
45,5915 758 175 3¢146 1211 571.2 45,6488

Weights taken on Thursday for which h was not known, all agree
within themselves if h is assumed to be 755 mm.

Thurs. 45.5920 755(7) 19.0

L

34160
45,5916 7556 19.5 = 34170
45.5923 755 1942 34152
Density of Benzene 0.870021

1201 5655  45.6490

1199 565,10 4546491

1200 565 1 45.6490
per ml. 25%°/,0.

might have ocecurred.

To get an indication of the range of values, a grossly
medullated sample was selected for the next determination.

In the second determination the weight of the wool had

increased slightly at the final weighing, and it was thought possible
that slight decomposition similar to that observed by Raynes, 1927,

During the drying of sample nr iii

investigations were carried out which indicated that moisture was
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being picked up by the dried wool while cooling in the

dessicator. Owing to danger of fracture the bottle had not

been stoppered until it was removed cool from the dessicator

for 'eighim. thus 1 rmi tting the absorption (;fn 33? E:f:%::: Oxi'uent o
especially since the use of phosphorus pentoxide in drying the

- wool would givebetter dessication than the calcium chloride used

in the dessicator.

It was found possible to obtain reliable ® nstant weight
within 0.1 mg by stoppering the bottle with a sound soft corxrk on
removal from the oven, and during cooling in the dessicator. See
Plate V.

Table XX1V records the results of the wool benzene
weighings and the apparent density of the sample at various lengths

of time after filling the bottle (Nr iii).

TABIE XXiV. DENSITY OF Sa PIE Nr iii.

Weight of dry sample in vacuo 1.7481

Weight of wool and benzol contained
in the bottle at 25° C.

Day Time Wa B T e G' ¢ Wy Density
of ba-;plc
25%o
Wed. 1750 45.7931 771  19.3 3,151 1225 575,0 45,8506 0.9839
Thur.1335 45,8040 770 18,0 3,157 1229 575,4 45.8619 0.9911
1457 45.8063 769 1845 3.151 1225 575,0 45.8638 0.9924
2245 45.8079 769  17.5 3.150 1232 580,0 45.8659 0.9937
Fri. 1325 45,8130 767 19.3 3,157 1218 572,4 45.8706 0.9968
1708 45.8125 766 2045 3.167 1212 569,9 45.8703 0.9966

Sat. 1545 45.8190 766 21.7 3150 1209 568,0 45,8758 1.0002

The apparent density of the hair is lower tham was
expected. In view of the fact that the filling was not considered
satisfactory, it is almost certain that the low value was due to
the r esence of airbubbles among the opaque fibres. Later deter-
ninatiox;s on other sanples would indicate that the density of this
san ple should be nearer l.lgr/ml but time has not been avails ble
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to repeat the estimation.

Sever_al,, factors were suggested as posaible causes of

-~ the gain in weight of the benzene -wool mixture indicating a

gain in density of the fibres.

(1) Contamination of fibre with moisture dissolved by
the benzene at the epcning of the capillaxy, the
benzene acting as a "carrier" for the water which
became concentrated in the fibre.

{(2) A fgg’.etrat- of the benzene into the a4 r spaces of

- the medulla. At the end of the determination, a
number of fibres were examined under the ni’éroacope
and some infilling was observed extending as much g
1/4" into the ends of the medulla, It cannot be
said whether this infilling would be sufficient to
cause the gain in density observed.

As a check on the scouring technique, the ban.zene from

the S, G. bottle was filtered into a ta Tred glass dish, a
further 50 cc of fresh benzene being used for washing. The
residue obtained on evaporation and dxying was not significantly
greater than that obtained in a blank determination on fresh
benzene indicating that all benzol soluble matter had been removed
.in the preparation of the sample. ' ;
Further deteminations were carried out on pure wool
gsanples. As .it was thought Just possiblie that some of the .
inerease in apparent density — in Table XAV might be due
to absorption of benzene by kmtin,nf was allowed to soak in
benzene for 18 hours before ta.king' the first reading, while f_o::
nr V the first reading was taken just tw hours aftax filling» the
bottle.  The results are shown in Tables X&V and Vi, @md at
the tjmé the concordance of the initial figures was deemed to
prove that there was no absorption of benzene by the wool and that
the igrease was due to moisture gained by the wool in the manner
described. Later work has m bstantiated this latter conclusion,
although it seems almost certain that the actual density figures

were erroneous, md most of the sudden rise in density was due to
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See Pe

TAgin XXV, APPARENT DENSITY GF SAMPLE Nr iv (pure wool) .

Weisht of Wool in Vacuo 2.,9847 gr.

Weight of Wool & Benzene contained in bottle at 25° C.

Day Time Va n T T @* o Wy  Density

: of Wool
25/4 «

Fri. 1545 46.3700 768 214 3,137 1213 567.6 46.4261 l.2908
1718 4643693 768  21.1  3.140 1211 567-5 46.4255 1.2904

Sat. 1710 46.3785 768  20.0 3.147 1217 569-1 46.4353 1.2983

Mon. 1711 4643811 761  20.6 1.138 1205 564~6 46.4369 1.2996

Tue. 1320 4643807 756  22.5 3.157 1189 556+4 4644367 1.2994

Weds 2048 46.3802 761 1847 3.181 1212 566+15

46.4383 1. 3004

TABLE XXV1. APPARENT DENSITY OF SAUPLE Nr v (pure wool).

Weight of Wool in vacuo
Weight of Botile @ d Wool aud Eenzene

1.7075

Day Time W, TE R e sansity of
Mom. 1715 46,1486 771 22.0 3.162 1214 56,3+ 46,2054 1.2909
1926 4641486 771 21.2 3,173 1217 56.9 + 4642066 1.2942
2350 454510, 772 19.9 3.181 1223 57,3+ 46,2008 1.2042
Tues,1029 1.5
46,1508 774 20,8 3.153 1223 57.3+ 46,2083 1.2948
1547 46,1514 773 21.0 3,158 1221 5701+ 462089 1.2948
2356 46.1513 773 19.3 3.183 1228 B7.5+ 46,2104 1.2965
Wed. 1633 46.1528 772 22.2 3.157 1214 56.9 + 46,2101 1.2062
Sat. 1610 46,1536 768 21.6 S.175 1211 5607+ 4642115 1.2978
Sat. 1430 46.1595 768 17.9 3.178 1226 57,4+ 46,2183 1.3055

dAth,

l.4
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It was thought possible that the w%do tefperature range
night have resulted in some ch.mge in volume similar to that

recorded for thermometer bulbs, and the weight of benzene

contained in the bottle was re-detemmined. Table m shews the
results which are in agreement with those previously obtained
(Table XXI11) indiecating that no appreciable change has occurred
in the volume of the bottle.

TABME XXVil. WEIGHT OF BENZENE CONTAINED IN THE

BOTTIE,
Wy h T 7 ! c W,
45,5904 766  18.3 3.170 1222 574+10  45.6488

Bottle dried in oven at 105° for 1 hour cooled and weighed
then determination of benzene weight repeated immediately
45.5911 765 18.3 3.155 1220 574+ 3 45.6488

Sidgwick, 1920, has pointedout that Calcium Chloride does unot
give perfect dryness when used for dehydration of benzene, at its
freezing point benzene in contact with Calcium Chloride still
retaing about 9% of its total waterp phosphorus pentoxide, however,
gives complete dryness although if left in contact with any but
the purest benzene for any length of time , a dark coloration is
produced.

To obtain the S.G. of dry wool, the benzene must be dried
with pheosphorus pentoxide as it passes into the bottle, while
the atmosphere of the filling apparatus must be thoroughly
dessicated. To obtain these conditions in the next detemmination
Nr vi, therefore, the liquid was passed through a tube containing
glass wool and fresh phosphorus pentoxide before entering the
bottle, while a shelf was constructed in the dessicator above the .
level of the bottle, and on this further phosphorus pentoxide

was laid in glasswool.
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The figure obtained for the 3.G. of the saaple was
1.2890 gr/ml 25°% .

At the time the detemination was mde, the lower valye
was deemed to indicate more complete dehydration of the wool.

An attempt was made to determine the S.G. of .the benzol
ftrom the bottle after the determimm tion, in order to detect any
change due to the phosphorus pentoxide but tahe result was consid-
ered inacourate owing to the use of an unsuitable bottle which did
not'"illow.complete immersion in the thermostat.

A further S.G. determination (nr vii) on pure wool, usimg

exactly the same technique as pnvidu.ly. save that the phosphorus

‘ pentoxide in the fi lling apm ratus was not fresh, ;lthough :I.f.
appeared to be in good candiiion, gave the figure 1.2973 gr/ml 25 0/4.

The sudden jump in value of S.Ge. frbm 1.2890 gr. per ml. to
1.2973 gr per ml. for wool firom the same source, was very surprising,
and it was decided to repeat the determination on the identical
~saple of wool, redrying without removing same from the bottle.
‘The figure obtained was 1.2972 gx/ml 25/,.

The excellent agreement obtained was taken to indicate
that the figures were aigpific&nt. Several auggeaiions were
advanced to account for the increase in S5.G. |

(1) The phosphorus pentoxide was exhausted and giving up
water to the benzene.

(2) Something from the phosphorus pentoxide has passed
through with the benzol and contaminated the wool, changing its
density. The ;11ter1ng arrangement and the size of the jet were
such as to make the passage of a solid particle practically
impossible. | 3

(3) There was an actual difference in the original density
- of the wool possibly brought sbout in the course of the scouring
or drying procedure.

To elucidate these difficulties, it was decided to repeat
the determination by the original method without passing the
benzene over phosphorus pentdxide. The shelf was, however,
retained in subsequent experi ments. A density of 1.2953 gr/ml. 25,
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was obtained,

It would appear that while the wool may have received some
moisture from the Py05 this would not account for the whole of
the effect. There was very slight increase in dry weight of the
sanple of wool, whigh might be taken to indicate & gain of a small
quatity of matter from the drying agent. Since this matter must
have passed into the wool in solution in the benzene, a repeat using
the original method should give a lower result,; since the clean
$cnsene usedin the last determination might be expected to remove
the greater part of the foreign substance. A further determination
gave slightly lower dry weight of wool supporti ng such a suggestion,
but the final S.G. was mibstantially the same - 1.2956 gr/ml. 25/, =~
indicating that whatever was removed from the wool affected both
weight and volume to the same extent.

) In view of these facts, ma actual difference in density of
the original sample appeared at the time to be the most likely source
of the dltcrépancy between detem ination nr vii and previous resultis,
and it was decided to examine pure wool taken from a widely different
region on the same fleece in the hope of finding a fairly large
deviation.

Accordingly a sample of britch wool, shewing slightly hairy
tip, was taken and all medullated fibre shewing in the boﬁz,ol :z:'fg
stored.

The density of the pure wool was found to be 1.2960 gx/ml 25?1
After the first determination, the sample was re-dried and a repeat
determination made, giving the figure 1.2959 gr/ml 25/4

In oxder to get an indication of the density of the original
sample, the medullated portions were scoured and added to the wool
already in thebottle. Deteminations of these (ix) gave 142912 gx/n
25°/ and a repeat of 1.2913 gr/ml 25J.

‘The results from determinations(viii) ad(ix)are of great
importance in that they shew that the difference in S.G. between
pure wool and a sample containing only a small amount of hair is
measurable since the sample D3 would have been given a value of
20 « 30 by Elphick and gives a photo-electric index of 2.3 Since
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the latter method is capable of making at least 4 grades between
such a sampfg Eﬁh pure wool, an accuracy in the density detemminat-
ion of 1 in the 3rd decimal is necessary if the two methods are
to be comparable, thus confirming the theoretical considerations
advanced on pe 40,

| Between determinations ix and ixa the stock of benzeune

used for the determinations was replenished. Data on the new

stock is given in Table XXV11l. The fact that there is good
agreemnent between ix and ixa indicates that determinations made
using the new stock should be comparable with previous resulis.
At this time, alsoc, the volume of the bottle was checked and found

to be in good agreement with values previously obtained.

TABLE XXVill.  WEIGHT OF BOTTLE AND WATER,

W W, ot G* c Wy

54.0010 52,2586 758 18.9 3.185 1206 560¥4 52,3150
WEIGHT OF BOTTLE AND BENZENE,

47.3340 45.5916 754 17.1 3.173..1207 568 + 11 45,6495
47.3334 45.5910 755 17.3 3.180 1208 569 + 15 45.6494

SeG e« of Benzene - 0,870036 gr per ml,

- The search for variations in the S.G. figure forx

different wools was continued with examination of wool from bulk
sample P E I. The wool was slightly stronger than the previous
pure wool sample, but had poor character, and a trace of medullation
Fhoto-electric index about 1l.8.

The density determination (Nr X & Xa) gave the figures
1.2985 and 1.2987 gr/ml 25/. |

In view of the fact that the sample is slightly
medullated, it would appear highly probable that the deunsity of the
keratin in sample P E I is slightly greater than that in sample D5.



The fact that no significant difference in 5.G. was found
between two pure wool samples from widely separated points on
the body of one animal, casts doubt on the conclusion that the low
values obtained in the case of nrs iv & v are due to actual
differences in the density of the wool. Accordingly the greater
part of the wool from nr v was re-examined, giving the figures
1.2959,L2983, 1.2983 gr/ml. 254, which are the first of a series of
unsatisfactory results attributed to low room temperatures.

A complete discussion is reserved until later, but it may be fairly
safely assumed that the values ob£ainod for iv and v were

due to high room temperature, and that the later values are the more
nearly accurate.

| A further sample P E2 fom the same animal as P E 1 was now
examined. The photo~electric index for this sample was 2, 3
Density figures obtained were 1.2982 and 1.2973 gr/ml 25/ - ' the
agreement not bcing;:ood as previously obtained.

It was déeidod to investigate the irregularity with a-viev to
eﬁtinuting the magnitude of the possible error.

The data available seemed to indicate that irregular weights
were found associated with low room temperature aad also with an
apparent instability of the balance ia weighing, thougnt pussibiy teo
be due to convection currents.

To control the first possibility, a new 5.G. botitle possessiig
a longer neck was selected a.nd fitted with an airtight cap as before.
In previous work the S.G. bottle had been immersed in the thermometer
to & level slightly above that of the lower end of the stopper,
deeper immersion not being possible owing to the danger of wetting the
lower edge of the cap. Vith the new bottle immersion to about 3/16"
ineh above the level of the base of the stopper was possible, thus
lessening any error due to a cooled surface layer of water in the

thermostat in very cold weather.
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Data obtained with the new bottle are shewn in Table XilX,

The last two benzene weighings were taken with the bottle well
immersed, and the stirrer driven vigorously, the density of the
benzene calculated from these being identical with the value obtaime d

previously and confirmed several times during the investigations.

TABLE X0UX, WEIGHTS OF WATER AND BENZENE CONTAINED IN BOTTLE 49

at 25°C.
Va h < T’ G' c Wy
Vater 52,0726 745 14.5 3.140 1202  555.1 52,1280
Benzol 45.4308 745 14.3 3 150 1203 = 564 45.4872
" same
day 45.4309 745 14.0 3.170 1206 566 ¥ 45,4881
10
" game
day 45.4304 748 15.4 3.150 1207 566 45.4870
Water
next :
day 52.0709 763 15.2 3.140 1229 568~ 52,1276
i ; . 1
dgy 52.0712 761 15.4 3.160 1226 566 + 52,1279
1
Benzol "
dyy 45.4290 759 18.7 3.160 1210 566 + 45,4861
| 5
45.4286 759 18.5 3.165 1211 567 + 45.4861
' 8

Volume of Bottle - 52,2807 ml.

Density of Benzene) -~ 0.870036 gr per ml.
from last two results)

Determination Nr xii was repeated using bottle nr 49 giving
& density of 1.2962 md 1.2963 gr/ml 25 /,+ It appeared as if the
thermostat had not been bringing the temperature of the bottle to

exactly that recorded on the thermometer, and for the remaim er of the

investigations the bulb of tne iatier was placed close to the bottlie,
both being in the direct wash from the stirrer, which was driven
vigorously.

At one stage it had been thought just possible that variatiouns
vin the scouring technique might induce variations in the density of
the wool samples. Such effects could only be due to variatiouns in

the extraction with distilled water, since the



amount of matter removed from a scoured sample by benzeune is
negligible (p. ), while the concordance of repeat results
shew that even prolonged. soaking of the scoired sampie in benzene
has no measurable effect on i.f.s Specific Gravity. A sample of
wool from D3 was taken and scoured as usual in benzene, but given
twice the normal time in distilled water, i.e. 3 changes each of
30 minutes duration. Yo significant difference from the values
Previously obtained for DJ samples was apparent. Although the
greatest care was taken to avoid a.ny exrror due to insufficient
temperature control, several of the resulis shewed rather wide
divergence and it seemed possible that the error assock ted with
low temperatures was due to other factors besides deviation from
the standard temperature at the time of capping the bottles

- The possibility of uneven expansion of the balance arms
asaociatqd with a wide tempmture range in the laboratory, was
considered and in subsequent determinations some 20 pairs of
veighingn_ were made by the ngthod of Gauss. The 4iftorcnces
between apparent weights takpn with the bottle on opprosite pans
for loads of 45 - 47 gr. varied from about 0.2 mg to 0.7 mg being
greatest for the right hand pan, indicating that the deviation was
not due to heating of that side of the beam above the warm
bottle. In some cases the bottle was re-weighed on the original
pan to prove that the variability of the difference was not due
to evaporation of the liguid.

No conneciion was found between balance case tempcrature
and the magnitude of the dot;ection.

A ft_u'ther series of 20 pairs of weighing was made in
investigating the possibility of error due to converxtion curreats.
After removal from the thermostat, the bottle was first weighed |
in the ordinary manner, immediately placed in water just below room
temperature for 3 minutes, then dried and weighed as before.

The "eocoled®™ weight was the greater in every case by
amounts varying from 0.4 to l.4 mg., but the possibility of
- evaporation loss reduces the value of the resultis. No

correlation with balance case temperature was found.
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The phenomena agsociated with static changes on the
bottle vefe also investigated. Under suitable conditions these
could be detected on the bottles after compietion of the weighing,
5 - 6 minutes after polishing, and such & condition was found to
kbe associated with apparent instability of the balance; frequently
the swing was found to increase in magniiude arter reiease vi tae
beum. The use of a very siightly humid cieth for polishing
was found to be the simplest means of aveiding marked charges
.on the bottles. Differences in apparent weight of up to 0.4 mg
were found on discharging the bottles over Uranium nitrate, but
the change in weight was not disassociated from effects due to
gradual cooling of the bottle contents in all cases.

These investigations were carried out during
determinations nr xiii (PE 4) xiv ( PE3 ) xv ( PE 7 )
x¥i (PE5&6 ).
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GENERAL SUMMARY OF DENSITY FIGURES.

: )
Number  Demsity 25/, Remarks.

i 1.305 ) Based Pure Wool. 1lst determmination.

ii 1,309 mp- " " Determindtion using toluene.

weights ~ ‘

iii 0.,9839 Very hairy sample. Air in bottle (?).

iv 1.2908 Pure Wool In accurate

v 1.2909 v . .

vi 1.2890 " % Po05 used to dry the benzene.
vii 1.2973 i G " .t SR "
viia 1.2972 Repeat on vii.
viib  1.2953 " " % lo. F,05 used to dxy benzene
viie 1.2956 . TR g N .
viii 1.2960 Pure Vool from hairy tipped staple.
viiia 1.2959 Repeat on vill,

ix 1.2912 Nr viii together with hairy poxtion of
the staple.

ixa 1.2913 Hepeat on ix.

x 1.2985 ‘Almost Pure Wool. P E I.

Xa 1.2987 Hepeal on X.

Va  1.2959 Repeat on Nr V

Vb 1.2983 " S

Ve 1.2983 . el

xi 1.2982 Sample P E 2 using bottle Nxr 2.

xia 1.2973 Repeat on xi.

xib 1.2962 " “ % wusing bottle 49,

xie 1.2964 " - A . »

ixii 1.2960 Pure VWool. Extra scouring. Average

value. 6 Deteminations.
xiii 1.2971 PE 4 Average value .
7 Determinations.
xiv 1.2743 P E 3 Average value 4 determinations.
xv 1.1432 ¥ E 7 Average value 4 determinations.
xvi 1.199 PES5 &6 One determination.
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GENERAL DISCUSSION.

In reviewing the results rrennted with a view to
evaluating the reliability of the method, one is struck by the
large number of variable factors whic¢h must be standardized and
frm the point of view of investigation of technical method it is
fortunate that the work was spread over a long period of time
invelving exﬁreme seasonal conditions. _

The writer is convinced that the failure to achieve the de-
" gired degr«f of accuraecy in the earlier determinations and also '
toward the latter end of the work was due to lack of oontrolled
ro'on tmpmture affecting a large number of minor factors.

At the time when detemminations iii, iv, v, and vi, were
made in February 1934, the room temperatures were exiremely high.
In the case of iv a :éough thermometer near the thnermustat regiswred
slightly over 25° C. md it is significant to note that for the
initial weighing in these four determinations the temperatures
recorded in ‘thc balance casep, located in the coolest part of the
room, are the highest observed. One has no hesitat.}ion in stating
that the bexiunc wool iixturc '#a nét at the standard temperalure
at the time of capping the bottle due rrobably to a wamxm surface
layer of liquid in the thermostat, together with inadequate
stirring. The fact that weights of benzene contained in the
bottle taken about the same time, but on cooler days, agree with
later v;luesA. confirms the above conclusions.

Agreement shewn by repest determinations in the case of
nrs vii viii ix x xi b & ¢, together with agreement between
contemporary determinations of the density of the benzene, make it
nighly probable that these results are significent to sbout 0,05 % -~
the chances of over 6 successive close agreements in paired results
boiné due to" mere coincidence are remote. Under these c¢ircum-
stances, it seems highly probable that while the density of
pure wool for samples from one fleece is substantially constant,
i.ee about 1.296 gr/ml., the density of pure wool from another
animal (sample P E 1) is greater by a aimiﬁcmt amount ,
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especially since a slightly ﬁeduliated san ple from the same

fleece has a density of 1.296 gr/ml. Further, from & third very
hairy animal, & sample P E 4 shewing a fair amount of discontinuous
medulla (¥ E imiex 3.5 ) had a specific gravity of 1.207 gr/ml.
indicating that if pure wool were obtainable from this sample, the
specific gravity would be even greater than that of the other pure
samples examined.

These facis are interesting in that data on the specific
gravity of pure wool from individual animals has not hitherto been
recorded; King g'ives figures for different types of %top of widely
varying origin, but does not record the presence orxr ;bipnce of
slight mou’tu of medullation.

It should be noted that the present rualts are not
directly comparable with those of King who based his calculations on
appn.tent weights and the density of water at 25° Ce

With rcfcr#nce to the inconsistent results obtained in
July and August .19.'54. it is unfortunate ﬁhat the anomalies did not
appear sufficiently early to allow a 'eempleto study to be made. A
factor which was not standardized in these and in the later of the
congigtent results was the force used in im eriing the stopper. It
is possible that a small error might arise from this source.

The writer inclines to the view that the deviations
were more probably due to low aad variable room temperatures affecting
& pumber of independent raciors imong whicn may be noted 3

{1) Convection currents within the balance case due to the
warm bottle.

{2) Effect of low room temperature upon the temperature
control attained in the thermostat.

{3) Effect of temperature difference between bottle and
atmosphere on moisture adsorbtion and condensation on
the glass surface. :

(4) Small changes in the relative lengths of the balance amms.

In further work on the density of wool and hair, it
would be advisable to house the thermostat and balance in a room
where the tcnpmtuu 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 photeo-electric
indices, in the first place since the agcuracy required in these
cases of gross hairiness is not great, while the deviations are

small, and secondly, since in searching for the source of error,

the determinatioms concerned were repeated several times.
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GENERAL _SUMMARY.

l. Studies of Elphick's visual method of evaluating medu-
llation revealed by the Benzol Test shewed that the re-
sults obtained were subject to considerable variation.

2. An investigation of the sources of error suggested
methods of standardization resulting in a tentative
technique capable of accurately expressing medullation
in terms of the percentage of the total fibre length in
the sample affected but the technique is not suited for
routine work.

3« Preliminary experiments with a photo-electric cell in-
dicated that it would be possible to measure the amount
of light reflected from wool in benzol, under standard
oendiuona; with considerable accuracys.

4. Attempts to measurs the light absorbed by wool in benzol
gave unsatisfactory results.

5. After experiencing considerable difficulty in obtaining
suitable illumination of the sample a workable apparatus
was constructed capable of measuring the light ,re’rlocteiéx\
from the test, within s given solid angle, in temms of ' %
galvanometer deflection per gram of wool;.

6. Factors affecting the reliability of the result were in-
vestigated and it was found that even with temporary
apparatus the errorsdid not exceed 2%.

7. For eight comparisons a linear relationship was found to
exist betwecn the photo-electric index of hairiness and
the percentage air space calculated from accurate measure-
ments of the specific gravity of the sample.
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8. A detailed investigation was made of the sources of

error in the determination of the specific gravity of
wool samples hy pyknometric methods with a view to apply-
ing the perfected method to accurate calibration of the
photo-electric instrument.

It was found possible to reduce the error to 0.05%.

During the investigation pure wool samples rm three
different fleeces were examined and for these three fleeces
the specific gravity of pure wool was found te vary direet-
ly with the degree of hairiness in other parts of the
fleece.
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APPENDIX A. DATA RELATING TO COUNTS OF STAPLES AND

PRODUCTION OF STANDARD PHOTOGRAPHS «

Table i. Count on Lock 2. Plate Via .
Line Distance Total Totdl Non- Total 7

from tip Medullated lMedullated Fibres Medullated
5 0, 00" 46 3 47 98
2 0425 135 25 160 84.4
3 Ou 5 251 45 296 84.8
4 0,75 388 9 427 8642
5 s P 378 69 447 84.6
6 1.25 367 102 - 469 7843
7 I 375 143 518 = 72.4
8 1.75 324 193 517 677
9 2, 0 307 259 566 54.1
10 2,25 220 309 529 41.6
11 2. 5 194 356 550 3543
12 2.75 181 379 560 32.3
13 3. 0 124 446 570 21.8
is a25 - 56 471 530 1046 -
15 3. 5 52 . 518 570 9.1
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Table ii. Count on Lock 3 Plates VL b and VI c.

Line Distance Total Total Total %
from tip Medullated Non-lMedullated Fibres liedullated

1 0.00" 97 50 140 69
2 0.25 333 92 425 78
3 0. & 519 59 578 90
5 0.75

5] 1.0. 699 36 735 95
6 1.25 740 59 799 23
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
b5 2. 5 531 398 929 57
12 2. 75 470 433 903 52
13 3.0 445 405 - 880 52
14 3425 413 441 854 48
15 345 404 532 936 43
16 3475 355 582 937 38
17 4, O 293 658 9561 31
18 4,25 244 707 9514 26
19 4. 5 175 745 920 19
20 4.75 170 759 929 18
21 5. 0 123 777 900 14
22 5.25 107 12



PLATE

(a)

(b)

(e)

Lock FEr 2 in benzol at standard thickness of

spreading (300 fiores / 1%).

Lock Nr 3 in benzol at 2 x the standard
thickness.

Lock Nr 3 in benzol at standard thidkness of

spreading.
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PENDIX B SOME NOTES ON PHOTO - CELLS IN GENERAL AND

THEIR UTILIZATION 1IN PHOTOMETRHY .

During the last few years, numerous dewices have been
described in which the photo-electric effect, i.e. the fact that
when light falls on certain metals it causes them to emit electirons .
at a rate proportional to the total amount of light without regard
to its distribution over the emitting surface, has e en utilized in
photometry. Generally, the cell has been used to indicate balance
in null methods. By warious optical devices, beams from the
unknown and from the standard source ofillumination, are allowed
%o fall on the cell in rapid succession, an arrangement being
introduced into one beam whereby its intensity can be varied until
fhe output of the céll remaing eonstant; In this way errors due
to changes in the constants of the photo-cell axe'elininatéd, since
it is used as ﬁn indicator énly, Jjust as a galvanometer may be used
t0 indicate conditions of balﬁnce in a Wheatstone bridge circuit.

In some cases, direct reading measuremenis have been
made using an electrometer, or a thermionic valve amplifier and
galvanometer, as the indicating instrument. Where the photo-
electriec current is large, and where great pisoilion is not required
a galvanometer can be used in the cell circuit directliy.

. The difficulty with most of the above devices lies in
the fact. that generally speaking the null methods involve elaborate
and expensive optical apparatus, while even to ufili:o direct
reading methods requires the resources of a physical laboratory.

During the last two years, however, it has been shewn
' that photo-cells of O Eeskitier type can be utilized very simply

for light measurements of a general laboratoxry type.

LITERATURE «

A review was made of the literature available on the
subject of rectifier type cells, shewing that they are of considerab
greater gensitivity than the typea previously available, while
they have the added advantage of robustness T a very necessary

consideration in apparatus designed for routine work. Further,
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provided the cells are not subjected to temperatures over 50° Ces
high humidity, or high voltage, the response remains constant to
& high degree of accuracy over long periods of time (Goodwin, 1933)
Recently Anderson, 1934. working on measurements of the ultraviolet
output of quantity mercury - axrc lamps, states that for the
rectifier cells tested in his laboratory over a period of three
years, no appreciable loss in sensiﬁivity has been indicated.
Hampson & Richards, 19354, gquote tests made at the National Physical
Laboratory giving the same conclusion.

These facts are of 1mportanéc in that neither complicated
optical apparatus nor ultra-sensitive measuring instruments are
necessary as is the case with vacuum or gas filled cells where
accurate measurements are required.

Lange, 1932, has successfully used a rectifier type cell
in a microphotometer while Bergman, 1933; describes a device
embodying a selenium rectifier cell for measuring reflection
factors.

Pulvertaft & Lemon, 1933, investigated a large numberxr of
different types of photo-cell in connection with measurement on the
opacity of bacterial cultures (indicating the grov th rate of the
organisms) and found that cells of the rectifier type gave by far the
most satisfactory results. The method used was to place the tube
containing the culture hetween a standard light source and the
cell, measuring the E.i.F. generated by the latter with a Cambridge
potentiometer,

Story & Kalichevsky, 1953, successfully measured the light
absorbed by petroleum oils using a Fhotonic cell, which according
to Vood, 1933, is of the selenium rectifier (vorterwand) typee.
Tﬂc cell was placed immediately behind a trough containing the
liquid to be examined and exposed to light from a lamp movable
along an optical bench. The distance of the lamp from the trough‘
and cell was altered to give a standard deflection on a galvanometer
connected‘vith the lattier, and the absorption of the liquid calculate

from the inverse square law.
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Quite recently Hampson & Richards have us_ed a
pair of rectifier cells to measure the whiteness of fabrics. One
cell was exposed to a small area of the unknown fabric thile the
other was exposed to light from a standard white surface of
variable area, both standard and unknown being illuminated from
- the same source. The area of the standard surface was adjusted
until the output of the two cells balanced.
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AFPENDIX C. SOME NOTES ON METHODS FOR THE DE ATION

OF SPECIFPIC GRAVITY OF TEXTILE MATERIALS.

The literature available on the accurate determination
of Specific Gravity of textile materials is not extensive.
l de Mosenthad , 1207, examined the density of cotteon and
nitrated cotton in water, using 100 c.c. Regnault pyknometers.
Air was removed, after the addition of water to the cotton, by
boiling under reduced pressure. The failure of the water to
rise in the neck of the pyknometer under the bell jar of the air
pump upon exhaustion or to fall when air was admitted, was taken
as an indication that all the air had been removed.

Some determinations were made using benzene but the
results were not considered very reliable owing to the high
coetficien:fexpanaion of that ligquid.

‘ For wool, cotton etc., Heilly Rae & Wheeler, 1925,
suggest the use of volumenometer methods depending on the deter-
mination of volume of a given oncloau}c of air by noting the
alteration in pressure required to increase or decrease that
volume by a known amount both before and after the introduciion of
the solid under examination and claim an accuracy of up to O.ljk.

King, 1926, in an excellent paper on the Specifiec
Gravity of wool and its relation to swelling and sorbtion in water
and other liquids, points out that figures obtained by previous
vorkers differ owing to the fact that attention has not been
paid to absorption by the wool of the density liquid while the
regain has not been specified.

He determined the Specific Gravity of dry wool in a
large number of liquids and concluded that the varying values
obtained were due to absorption by the fibre - an apparent densitly
only being obtained owing to varying contraction of total voluume
of wool and liquid., The céfect was found to be at a minimum
with benzene, tolucne, nitrobenzene and olive o0il : of these,
benzene was found to be the most suitable liquid for general use.

Determinations made using this liquid gave the specific gravity

of wool as 1.304, 25/25
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and no appreciable variation was found in wool from widely
differing sources save where lower values were obtained associated
with medullation.

With regard to technique employed, it is unfortunate
that minute details could not be given owing to space limitations.
The sample for investigation was extracted in a Soxhlet apparatus
with pure alcohol and the S. G. bottle containing the wool dried at
102 °C. in a vacuum dessicator under reduced pressure to constant
weight. The liquid appears to have been introduced into the bottle
under partial vacuum in order to avoid air bubbles whigh readily
become entangled in the fibres.

Davidson, 1927, determined the specific volume of
cotton cellulose in water, toluene and helium. For the determin-
ation in liquids the cotton was dried in an ordinary S.G. bottle at
50PN Pelihids sevired with liquid at about 50°C., and the air
removed by boiling under reduced pressure. The temperature was
idduated in a thermostat, the stopper was inserted, and the bottlie
wiped and vweighed. The procedure of boiling out and weighing
was repeated until a constant weight was obtained. The method was

not found to be of great precision, especially with organic liquids,
| owing to their high coefficient of expansion and the loss by
evaporation.

The determination in Helium was made using a
volunenometer, the accuracy being of the order of 0.5/

Elphick 19335, determined the density of some samples of
- tops in benzene using a 50 c.c. S. G. bottle to which a roughly
ground cap was fitted to retard evaporation. The wool was dried
in the bottle at 105 9 C. using a current of dry air.

After weighing, the bottle with the woel was placed
slightly tilted in a small vacuum dessicator and benzene dried over
Calcium Chloride was allowed to drip slowly onto the inuer lip of the
neck whence it ran gently down the side of the bottlejas the level
-of the benzene rose it wetted the wool and generally carried all the
air before it. Any small bubbles which remained were removed by
manipulation with a glass rod. ;i
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The temperature was adjusted in a thermostat, the cap fitted,
and the whole cooled in the cold water, then wiped and placed

in the balance case for 2 minutes before weighing.
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