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The Diffraction lethod of Mesasuring Krythrocytes

Pijoer has described (1,%) 2 msthod of measuring the diameters

o

of erythrocytes based on tnﬂ formation under suitable conditioas,

In Pl.]:e Ly apoparatus the 1ight
from 2 carbon arc is rendsred varallsl by a suitable lens and then
allowed to f2ll normally on a susvension of the cells. The varallel
- lidht is received on 2 second lens walch forams an image of the arc
dn an onague screen placed in ths orincinal focal plans of the lens.
Some of the risht is diffracted by the cells and is brought 10 2

focus on fhe scresn 23 2 seriss of gircular soe fira arranged con-

(3

centrically about thes image of the arc.
By measuring the radius of

one or othar of thess snscira the mean size of the cells producin

From elementary vrincinles. Pijoer derivses the

following sxorsssion for the nsan diameter of the cells :-
wa r
D

where 2z i3 the nmean diametsr,
n tas numoer of the svectrun mneagured, counting from the ceatre, M
the wave-leudgth of the lisght corrsspondingd to the varticular part
of the specirun chosen, 7 the equivalent focal length of the sscond
lens end r the radius of the spectrum. ¢ and » are sxpressad in

micra, 7 and r in wmillemetres.. The gymbols have besn slighily
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modified from the original, the betiter to correspond with the notation
to be employed later.
This formulas may be further modified to a
form similar to that used in optics by substituting for » and 7,
the angle 9 at which the diffracted 1light is inclined to the axise
»

If instead of writing -, we put sin 9, the formula becomes:-
: SR

2@.8&7?. g= n }\." . . 3 s &(1)

befween the cells, which, as he rightly volnts out, are negligible

the effscts due to them cancel out on the average.
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On the other

hand it is not admissible to treat of & collesction of discraste
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dies as though they were lines of indeterminate length and
the derivation of a formula gonnecting the mean diameter of disc with
the diffraction andle () is by no means sinnle. It is, however,
aménable to mathematical treatuent and I am indebted to Prof. C.€.
Darwin for the following analysis.
Neglecting for the mcment the -

ffect will be
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Consider the effect produced

by a single disc (Fid,1) of radiuns ¢ observed in a direction at an
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angle 0 to the normal or axis.
From an elsment of surface as, de=-

ternined by uo-o“dl:m x,y, COmes a wave proportional 1o

U[]Zxo - za/ [(PSL?% v) +(u +P cost B)dedu

whers & = 2m/y and p = £ - xsind, r, being the distance from the
centre of the disc to the point at which the spectrum-is formed.

Putting x ‘fonosFﬁ this is nearly

an
VBl p=xsi
ff 2o, s~ VR 040

= gme=tEP JO (kosin®)ndo
0
kasin®
1
= —-1kpr z4
= 2ne Z({1—= __+ Xe * +).dz
B sin ® o' 2% .42
0
Wwhers z % kaesind
o kasin®
= gmweg ¥aF T ijkasﬂne)
*sin*0
- J, (rasin®) = : g
= 2na’e ahich vanishes for J (rastnd) =0,

zasind

and which is therefors tne condition for minimum illumination.



The illumination will be at a maximum when J,(kasin®)
kasin ©
maximum, that is when szka sind) =04

To nrova that, with a hap-

hazard arranzgsnsnt of discs, the influsnce of the intervs
cancels, let thers be N centres on 1 sg.cn. say the first
Then at » distance from the centre we have for this one

gxp =Vvi(r =x,.8ind)

g~tRx.8100

=
-’

V1

£

The whole lot will giwe amplitude

(aamersinS)
and intsnsity
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Figure- 2.




t0o vanish, so th

|

disfance » is
dx where ¢ is the breadtn
1
tasrefore averads is
4
Z2 Yoo
C03Qems —
g =10
1
=
a : ﬁ
= Zagle 31N @

This vanishes on ths avsrade
since thes gidn 18 28 much oositive as nesstive and to take in the
edds valuzss would anmount to counting up the diffraction psttern of
the edge of the fisld - obviously not wanted.

Hence 1o obtain an ex-
presgion connscting dismster of cell, wave-lensth of light and anﬁlo,

of diffrnciion, the exorsssions g
navs to ve solved. Rzintroducindg
satisfy ths eauation, the foraula

st the

o the discs.

(ra.31in9) 0, and Jz(ka.sine)

» for the values of ra.Sin ®whieh
D2C0mes
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a form very similar to Pijver's
7ith the substitution of the series of values of z/n for ths sinmple
aumbers of the soecira
The valuss of z/4r derived from the second

1,

order Bsssel function (Jp) correspond to the bright svectra,

"S

those from the first order (J;) to the intervening dark spaces.’

Thess values may be derived from tables of Bessel functions.

Those for the first five spectra and svaces are given in the Table

sloi
TABLE 1
order of Specitrum Value of z/v

Spectrum Space

2 2,879 24233
3 3,693 3+233
& 4,709 4.241
6! 2.716 D243

In the higher order spectra ths dar!
and wors accurately midway betwesn ths soscira.
Bargansius (S)

gives sinilar figures bassd on standard ovtical forms, but doss

not appear to havs adapted ths treatmsnt to a haphagzard distri-
pution of cells, preferring to measure cells from parts of the

film where they aay bs regardsd as in contact.  Under these con-



itions hs apolies Pijoer's formula. This he finds to dgiv
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d
readings that ars too high. This orocedure is oven to the ob-
a that 1t is based on assumptions that cannol easily bs

led in oracticse and restricts the parts of tne film that are.

@

available for measursnsnt,’

A
Adaption of the Principle to Practice

It is evident from the above rsasoming, that the theory under-

lying Pijoer's diffraction method is fundamentally sound although .

rror to enter his formula.
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Thers arzs also a good many noints on which Pijver's apvaratas may
be criticised, some of which, it is only fair to add, the origdin--.
ator recodnized at the outsat. Attention will thersfors be dirsct-

ad more to those nolnts whersin Pijver's own sugdssted imorove-

not very intense and hence ars difficult to see on the opaause
To ovaercomns this Pijner has steadily increased the gize
of his arc carbons to g9t more light. This csrtainly increases

tne intensity of ths spnsctra oulb it also entails other disadvant=

the ¢ain. The central imade

)
c'r

adges which more than counterbalanc:

of the arc is much bigder so that thers is mors glare and the

r
fo use the sun as an illaninant is thecoretically sound since the

lisht: from it may be taken as varallel and it is of course, far
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nore intense than aany arc. Unfortunatsly this source is far too
uncertain in this country to bs of muoh-pracﬁical-use} oming t0
the rotation of the earth some form of heliostat would De necessa-
ary to keev the imade stationary. Thse impurdity of the spesctra
obtained is far too grsat to permit of the sesing of the Fraun-
nhofer lines which Pijoer sudg@sts as a possibilityv.

‘In the ab-

sence of any suvitabls netnod of increasing ths actual intensity

=

of the spectra, it remains to find 2 more sensitive method o

Berdansius (loe cit) has
substituted ground ¢less, through which he views and measures

the spectira. He has also increased ths focal length of ths

bright snough.” In this way the size of the central imasgs of the
are ‘18 decreased and its brightnsss incrsased, while the specira
sre correspondindly clearsr.

Apart from the intensity of the
svectra, the use of any scresn for the linsar measursment of
the spectra involves a knowledgs of the focal lendth and otner
optical constanis of the second or orojsction lens to a dedres pf
aceuracy not easily obtainable , in order to reduce the linsar

a2asursuents to the trigonometrical functions of the diffraction

in view of these considerations it appears vrefsrable
to mea2sure the diffraction angle dirsctly by mesans of a telescope

providsd with- suitable rotation and andular scale.



i

This has pesn dons in the apparatus abcul to be descrivzad, in
which cartain othner inconvenisncses of the oridinal avparatus

ars 2180 overcoms, making ths arrandensant a good deal more handy

Deseription of the Diffraciometar.
The general vrinciple of the instrument is as followse
The imade of the illuminan®t A (Pigure 3) is focussed on a vinhole.
I mhich is Situaﬁgd 2% the princivzal focus of a parallelising
lens C.- The parallel beam of light emerding from C is thrown on
a totally reflecting onrism P and rsilected at righi-angles, verti=.

1

cally upwaikds through the susvension of cells B. "Here the light

is diffracted, the greater nart passing on.parallsl to the optic
axis but some going to foru the diffraction spectra in dirsctions

coressponding to the diffrsction angles.” The parallel-liﬁht is
received by a telescose T which is rotatable about a horigontal
axis which lies in ths plane of the cell suspension.” By swinging
the telescove until the desirad oart of the spectrum is in the ¢»

5

centre of the fisld the diffraction angle can be rsad off on the

The collimating systen of oinhole and lens consigts
of & brass tubs C (Figure 4) into ons end of which is screwed
an anastidgnat ohovogdrannic lens of 15 cms focal length and aper~
ture about 7/8. -This gives a parallel bsan of about 25 am diamst-.
er when used with its iris fully open, or less when the iris is
closed down. The vinhole is made at the intersecztion of two

-

peroendicular straight linss in a piecs of ferrotyos shest or
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stencil brass, and is held in the snd of a tube which slides on
the first tube, by 2 cap. Ths slidins adjustment vermits of the

at

c"i
|_
“‘-\.l
5]
ot

plecing of The vinhole accursat he princinal focus of the

‘_.l

o3¢

lens in a manner which will be described under “4djustment of the

&)
(&

S

doparatus® Delow.

The collimator is neld in a V-grooved holder H.

=]

which is oivotted about 2 vertical axis with clamp, and is provid-
2l with small levellind scraws.

The holdsr for the prism and
slide of cell susvension consists of a framework on tares level-
ling screws S, which carries a vlate-glass stags to the under
surface of which the prism is cemented with @anada balsan. The
orisn is ootically worked and the shorter sidss are sach 25 mn
The telescope T is supvorted vertically so that its optic

a¥is is verticaliyviovers tas central point of the reilecting

surface of the prisa, and so thal the image of the pinhols is
forned in the centre of its field of view when the scals S¢ rsads

ZS?O._- []

The horizontal azis of “rotation of the telescope,R 1is

gorewed into 2 ridnt-angled sxtension of the base which carries ©

iz |
Q

the codllimator and stage.” it is very slishtly tavered to ensurs

an accurate fitting and has an axial hole drilled throush it, by
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zero of the scale is in the cenire and the divisions extend to

30 dedrezs in either dirsction,’

Ad justment of the Apparaius.

1. The stage is first set vervendicular to the ovtic axds of the
telescove when this is in its central position, and lying in the
nlane of the axis of rotation of the telescovs..To carry this out:
with s sufficient desgres of accuracy, 8°'slide is 12id on the top

of the stags and viswed tnrouén the Bole in the telescovs axis.:

the margins of this hole are vrovided with cross linss which inter-
gsel in the centre of the hole. Tae sye is held accurately ceats

of the
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the far edde of the stade is on the same level as the near edde
and the linzs of sidhi Srazes along the top suriace of the slids,
wiich 1s thus ian tne plane of the telescoveds rotational axis.:
Further slighy adjusiments may nave to bs made to the rear screws.
in order to ¢et the setting auite rignts

2. ‘Ihe too surface of the stage is now levelled to the horizon

L

pirit level on it and centring tne bubble by means

2]

py laying 2

of the levelling screws of the base

GJ

3., Ths telescovs is adjustsd in the usual manmer by focussing
on a distant objset, afier which the focus is kept coanstant.:
4. The vinhole is vlaced in tns orincinal: focus of ﬁhe collin-
ating lens in the followind mannsr. A disc of finesly dround

glass is inserted into the cell for the vinhole with the ground



surface facing the lens and is held in this vosition by the cap. .
The lens, at full-aperture, is directed towards a distant oblject
and the imade of this focussed on the ground glass by moving the
sliding tube. A low powsr hand lens aids in obtaining an accurate
adjustmsnt. The ground ¢lass is now rsmoved, cars bsing taken

not to altsr the vosition of the sliding tube, and the vinhole

diaphragn inserted in its vlace, The cap is put on lightly and <
the pvinhole adjusted so that the cross lines on ths diasphradgm ars.

in continuity with those marked on the can. #Hnen this is. done

urately centraly, and in the vrincival focus of

Q

the pinhole is ac
the collimating lens.. The collimator is now out into its place
in the collimator holdsr, with the leas end facind the stade.

5. The collimator nolder is now adjusted. An image of a not

h

v

s

too intense light source is focussed on pinhole with a bulls-

aye or other leng and the telescoo

O]

set to zero,  The collimator ..

nolder is then swung on its pivolt uatil the imagds of the pinhole

liss in the centrs of the fisld of the tslescons, the levelling
sersws of the nolder being uszd to adjust the "up and down™ pos-

ition,” The holdsr is then clamped, care being taken to easure

that the adjustmsnt is not altsred by so doing.
6. The centrs of tne fisld of the tslescons may be indicated in.

i

the usual mannser with crvoss lines in the focus of the eysnisce,
but owing to the glars from the central imade of the pinhole when
2 carbon arc is used, dagzling the ey=, it is found preferable

eni-circular dia=-
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line. To ensurs that the edds of the nalf shade is central with

the field, swindg the tslescons until the image of the pinholse

bisectsd by the onaaaﬂ adgs, Then rotates the syspisce throush
180 dedrzss.. The vinholse should remsin bisected., If 1t does not

move the telescons until it is, then the mean between the two readé
inds dives the true zero, Alternatively the half shade diaphezsa
may be adjustsd in the eyspiece by the method of trial and srror

and ss curs d in its oroper position by means of soft wax.

?Pepar’ation of Cell Suspension and Films.
Pijoer in his oridinal descrintion rscommands the use of 2

shallow wedds-shansd c2ll to contain the csllzsusosnsion, owing io

Y]
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the =as rignt thicknesss may be obtainsd.: It has, -

nowsvar, bsen found preferable with tBe avparatus dsscribed above

to use a simvle slide and cover dlass orsoaration. The most suit=.
able thickness of film is sasily ascertainsd by a faow trisls.

The.
glides on which the orevaration is made are of thin ¢lass about
3%"x2%" obtained by cutting in two of discarded vhotosraphic
auartsr-plates.” The covers ars stoubt and measure about bR G

]

To obtain a diven distribution of cells over the eXtent of the ¢l -
slide, it is obvious that the film may sither be a2 thin one of 2
relativelf'concent?ated'susoension or a thick one of a diluts
suspnension.” It has osgen found that the more satisfastory is to

nave a fair thicknesg of fluid, for in the greatsr bulk of fluid

film. The latter should not howsvsr, be so thick that the cover



slios about.

The formula derived for the size of cell is based on
2 héohaﬁard distribution but it must be remembered that the dis-
tribution over any aporeciable area of filnm is assumned similar to.
that over any other area of sufficient sigzge. Conssouently the aim
should bs to obtain a film which dives substantially the same read-
ing throushout its extent, In spits of all care slight differences
will be found. Thus, nowsver rapidly the cover'is anpleed after
the droo of suspsnsion is out on the slide, thers is a tendency
for this arsa to dive a glighitly nhigher value for the cell dia-

t0 show slishtly lower

5-'.34

meter, whils the sdges of the film ts
valuss. This is vresumably dus to tne tendsazy of the small cells.

t0 be carried further than tne larse onss by the fluid spreading

Thers is aﬂotﬁer tendency of the cells which
gseriously militates agdainst accuracy, unless stsps are taken to
control: ite This'is-the tormation of roulsaux. The'comalete
rouleaunx formation is not 50 serious as its early stades of over-

lapping for the values obtained from a film with many rouleaux

are so high as at once to arouss susmision.: A certain smount of
overlavping may, however, vul the 3va£aéa diamster up an aporeciable
out: not very consnicuous anount and render resulis auits worith-
less. This drawback is so serious that up to the present it has
not vroved vosSsibde to det reliable readings from cells in plasma,

But sven in saline there is liable to be suificient overlapping

to vitiate results and in conseguance no film should be used for



/9
measuranent until it has bsen examinsd under the microscope and

seen to be fres from overlapping of any noticsable degres.

Hgasurement.

The vrocess of measursment 1s extremely sinmple. The -avparatus
naving vesen nuv into adjustment an imags of the vogitive crater
1 carbon arc lamn, is projected on tne vinhole by msans
of a2 bullseys. If & plain uncorrscted bullseye is used the convex.
surface should be directed towards the lams, which may be at 3
distance of 18 inches or so.. By this means the spherical aber-
ration of ths uncorrsctsd lens is matsrially reduced and more

light obtainsd.:

lattsr should be swun<g 3 little to ons sidse, so that the imags of
the pinbole is cut out by the nalf éhada, o 1

tremely brisht and dazzles the eys badly. Tne telescoovs is now
cautiously broushi nearsr the centrs until the first spectrun is
seen, that is the ong nearest the ninhole imasge.,” It is always
necessary to vick up this svectirum to avoid counting the sovecirs
srongly.. The red and yellow will be well seen if the filw is of

suitable thickness, but the blus end is usuallv obscurad by the

glgre from the centrad imade. The slids is shifted about to
bring 2ll narts of it into the i1lluminated area, the extent of
which is easily seen on the film by the nakad and can be

S

to 3 suitable size (an sven fraction of the whole film)
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of the iris diaspnradm in the collimating lens. As the
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shifte d, the first svectrum is watched. It should not
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show any marksd alteration in diametsr in diffsrent parts of the
film, if it doss the film should be discarded and another made.
If the film is satisfactory, the telsscons should be swung furthser
out ‘until the svectrum whose diameter is reouired avpears im the
field.- The higher the ordsr of spectrum used, the more asccurats
the method, bubt in nractice therz is so much blurrind of the
svectra by the overlsoning of wave -lengths and the intensity of
the light falls off so raﬁidlﬁ; that usually the second or third
give the most satisfactory results. The desired poiant of the

spectrum is brougnt on The edde of the nalf shade which acis as

shade and the scale asain read. Tas me2an of the two readings

is the diffraction angle for light of the wave-lensgtin corresvond-.
ing to the vart of the svscirun taken. The valus of this wave=-
langtn and of the sine of thne diifraction andle sre substitutsd in
the sguation, todethsr with the aporooriats value of z/rand the

dianeter of the cells found. Headinds sh

oald be taksn over the
7hole extent of the film to avold errcors dus to unsven distrib-
ution and the mean of thess taken as the diffraction angle, About .

csisnt readings can be taken on each film on the sizge of slide and

The chief difficulty in the actual measurement lies

in the choice of the particular vart of tne svectrum.. The most
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obvious way is to use the part corresponding to the D lines but
this is by no msans easy to Jjudgs.” The spectra being caused by
a number of objscts of diffsring size are not ours and the col?
ours in conseguencs ars rather diffuse. In practice it has been
found advantadsous to measurs from that vart of the sescond svectas:
run where the ysllow vanishes as it merges on the red., If for
this part the wave-lsnstn is taken as .6;~thé
adgras very well with those found by dlr - measursnent by ovhoto-
microdranhy on ths same suspeasion.’ Tﬂlb_la somewnat arbitrary

but two considsrations supvort ite adoption.” In thne first olace

king of an'annarently too high
reading tends to compensats for this. Secondly, owing to the

£t

verlaovning of the cells, the
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nathod teonds to give valuss that ars oversistently too high.  This.

Hone the less it is very .
esirable that this disadvaniads bs removed as much.as possible.”
The most satisfactory method would oe the employment of mono=
chomatic light.” This would result in much sharper svectrs owiag
to the absence of overlavoing of wave-lendtns (excent in very

nidn order svectra) and sone certainty

as to the true wave-lensth
orresoponding to the soectrum measursd. Horsover the absence of

spectra of other colours would enable fainter higher order spectra

LA L Ol

to be used for measuremsnt, with a resulting increass in accuracy.
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It is, howsver, a matter of very dreat difficulty to obtaim
monochromatic lisnt of sufficient intesnsity to be suitable for

use with the method.” The ordimary sources are fa® too dull.. The

carbon arc with sodium cores to the elements provides anciatanse
sodium flams, but the corsd carbons are not obtainable in the
small size reguired for the 4 amopsre lamp. Tarousgh the coursesy
of the Genersl Elsctric Company, the writsr has been qablﬂi to
orocurs hollow carbons for packing with sodiunm compounds, in order
to tast the value of the sodium arc, but unfortunately they wers
not available in time to embody the results in this paper.

' The
other method of obtaining avoroximately moanochromatic lisht is
0 use a source of wnite lisht, such as the ordinary carbén arc,
and to filter this lignht by means of suitable celour sereeas. In

this cass also, it is not easy to find a very satisfactory means, -

@)

for the:ordinary colour scresns which dive a sufficiently sharp

T

"eut" in the svectrum, are 80 denss and reduce the intensity even

0]

of the wave-lendgths thai ars passed, so materially, that they'nre~

11, The most oromising line
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of investidation hers i1s the use of cells containing coloured

0f which is eagily controllable.
The best of thoses exanined uvp to the prasent is the colour filter .
of Zettnow, used hhlf'strangth.' Ths solution used consists of
32% coover nitrate and 3% ¢hromic acid in water, and is used in a.
thickness of 5 mm. This filter gives a fairly sharo cut. The

rad below A= 8400 ﬁ U, and all wave-lensths shorter than M= 5200
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are held back, while the imtermediats wave-lengths are paésed
with sufficient'intensitV to be:visible in the second or third
order sovectra. The sagisstipart to read when usiag tais filter

is the last-of the red, thers being loss scattersd lignt at the

that thers is abundent scovs for iamprovemsnt in the method along

thess linzs and the outlook is sufficiently oromising.

Pas following results ars added to illustrate the use of

the "diffractoneter". In all casss the end of the red of the
sscond order snsctrum was taken, usiang the Zettnow filter. For
tais vart, A= .84y and the value of z/m is 2.58. -For conveniesnce
of -tabulation and calculation the formula (2) vads 8, is re-
arrangad and becomnss,

d.= & hoeoseo 6 z/m\ baving the value 1.7

1. ‘Phe influsnce of hypotonicity of saline on the diameter of
human erythrocytes.

The dilutions of salins are made uo

from 2 stock solution of 1% sodium chloride.. A series of tubss
1s pul: ud each containing 0.25 cc of two=days-old guinea pig

- £

)
serum, The serum prevents the assumotion of the Coughian forp



serunm had no apparsaot action on the cells, obher. than those de-
sired. The nscessary gusntities of stock saline and water wers
added to give a total volume of 2 cc after 0.5 cc of blood wes

run in. The resulting fidures are tabulated in Table idl.

S’aline' o Diffracticn Angle © cosscl - a (p)
0.85 11" 20" 5.02 8,53
0.60 12° 80" 1482 7.85
0.50 140" 4,13 7.02

0
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above fidures that the diameter of
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It is svident from -
the human red cell diminishes as tne tonicity of the medium falls.
This confirms the findings of Ponder and Millar (4) using direct.

buman ervihrocyites

—h

photomicrogravny for the measurement o

ided evidence of the correciness of

o)
Q.

hypotonic plasma, and is

\\3
U_?

ot

a theoretical discussion on the subject by Ponder (5). The

)

latter shows mathematically that, assuming the human erythrocyte.

o be of the nature of 2 balloon, that is a thin membrane en=-

()
;_r
W

oging a fluid or semi-fluid substancs, 2 slisht incresse inm

2]
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volume of the contents will bs followed by a decrease in the

soguatorial dismster, which is that always referred to under the

tern "diameter" when dealind with red celis.

Such a reaction is
inconceivable on the ayooti s that the red cell is & sponge=-
like mass of stroma, iw the intersticss Qf which the hasmogdlobin

is contained, unless the holders of this hyvothesis are vrepared
to assume a very special and improbable structure of the stroma
in order to sxolain it. This they are evidently not willing to

t

in
o

dc, since the mors orominsnt work by them on this point, sesk
1

pts

(@)

show that the diameter of the red cell: increasses ®ith aan inecress

m

It ig clainmed, therefore,
that the evidence available points irresistibly to the fact that

-

the manmalian ervithrocyie must be regarded a

in

a bag of fluid, as
maintained by Schwann and Schafer, and not as a soonde-like body

as Rollett and his sunvoriers contend.:

"2. The influence of isotonic saline on the shape and diemeter

of the nhuman eryithrocyte,



mammalian erythrocytes are suspénded in isotonic saline solutions

they first agsume the shape of spheres, On-standing or on the

addition of 2% of serum, the cells resume their normel discoid
Celis were suspended in 0.85% sodium chloride and measured

by the diffractoneter im the state of spheres, ellivscoids and

also in the normal disc form, the shaves be 1ﬁg checked by direct .

copical examination of the actual films measured. The

ros
results are contained in Table III below.

TABLE 111

Shape Diffraction Angle © cosec © ‘ a (1)

Soheres 16" 0" 3.832 .15

Ellivsoids 18" 30" 4,28 7.28

Discs 11 0" 5.24 8.90
These results show that when a red cell assumes the Gough-

isan foram of 2 sohers, it does 80 without change of volume. The

volume of a sohere of diameter 8,15 1is =aporoximately 108 vUDlOf&
nhich is the volume of a red cell 6f diamster 8.9 if the cell ig
taken to be an ellivsoid of rotation: (

‘The Goughian
chande is very difficult or impossible to reconcile with the
stroma concention of the erythrocyts, for the changs, since it
involves no alteration of volume, cannot be considered due to

swellind of the cell and being reversible, implies an extraordinary
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elagticitv of the hyvothetical stroma. Gough considers it due
to alterations in surface ftension, to which adgency he algo at-
tributes the bi-concave shape of the normal erythrocyte. HE

doegs not sugdes

o

in what manner this can take place, nor does

£

. ! & : b S
Norris (1) whose viws he supports, enter into any details as

1o the mechaniswm of the aciion of surface tension. It is by
no means essv to €se how the action or surfacs tension can lead
to any other but the spherical form, and until more accurate and.

fuller information ig available éoncerning tne naturs of the
menbrane of the srythrocvte, it seens uvnlikely that any satis-

factorv exolanatis

t}

n of this very important ovhenowmsnon will be
forthconind,
In view of the fact that the ervthrocvte must be
considerad as 2 balloon-like body, the ti-concave shape is 2x-
v

tremely difficult to sxoplain. There seens no e

w
i—h
]
—
l_l

lv fa2iled to reveal anvthing of the sort, even when th
goerture of hidhly corrected immsrsion objectives is used, 2s
nas been shown oy the writer in other paver (1), 1% seens,
therefors, that, for the orasént, one mugt postulate a2 definite
structure in the membrans itself which is capable of resisting
the straing impesed on it.,” Thnese straing are produced by stres
due to the fact that the surface is not ot 2 minimum for the
enclosed volume and ars of the order of 2.5 x 10‘55 ergs (Ponder /2

#hat tnis structure may te cannot bs sugdested in the light of
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present knowledse of the erythrocyite and its membrane.

Se The mean diameter of the red celle of the sheep.

purvoses of this sxverinment the cellg were sugpen nded in 0.85%
sodium chlorids, the films being examined under the microscope

to sexcluds the ovresence of the Goug¢n vhenomenon. The results of .
measuring two different suspensions from different enimals are

given in Table IV.

TARLE IV
0% Diffraction Angle © cosec O a (u
1 1820 3.18 D+d2
2 18 40" 3e12 5¢30
These values adree very wsll with thosesusozlly acceptsd, when

cells refer to the dried cell and ncc to the fresh. The fisures
are a littls on the high side, but this is the inhserent tendency
of the method owing to the liability to overlavoing of the cells,

which may be overiooked wnhen vresent tc 2 slighi eztvent, unless.

Conclusions

The strendth of the suspension and the size of the fields
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aré .
measured are such that about one million cells,averaded at each

0]

reading of the instrument 2nd sight readings are taken on sach

prevaration. It is this oower of averading very larde numbers
in a short spece of time, that forms the chief advantade of the.
method,” Chandes in size, provided 2ny alteration in the extent

of overlsopind oi the cells can be avoided, which is vsually the

=

can be followed with great raoidity and with an asccuracy
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owing to the tendsency 1o overlapring which nas -been emphasised

nct, in the writer's cvinion, be vlaced any fimer than £ 0.4 y;

On the other n2nd, the

5 e

method shows oromise of imorovemsnt in this respect, a

=

may be claimed that, even in it resgent imperfect state, the
mayv b lazimed that, even in its orese perfect state, ©

The expenses of ilis ‘reseerch were nartly dejyrayed by a
grent from ithe Earl of Horay Fund. The work waes carried out

guring the tenure of a Cernenie Resecrch Bechclarship.
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