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PREFACE TO THE TENTH EDITION
In recent years therc have been notable advances in our knowledge of the
biology of some of the parasiies of man, and accordingly certgin sections
of the Guide have been considerably revised. In addition, refatively minor
corrections and amendments have bees made throughout the text.
I am gratcful to several of my collsagues for valuable comments and
suggcstions for the improvement of this book.

Jenuary 1977 Ww. C.



EXTRACTS FROM PREFACE TO THE FIRST EDITION

THis book is intended for the practitioner who, from time to time, will
certaiuly require to make a diagnosisin diseasescaused by animal parasites;
it s also intended for those who are taking courses of instruction for the
Diplomas of Tropical Medicine, Tropical Hygicne and Public Health. In it
w2 have endzavoured more particularly to meet the requirements of those
who have no labeoratory near them at which parasitologicai diagnosis is
undertaken,

A long experience of teaching post-graduate men and women has brought
fone to us the fact that, during a brief course in parasitology, the prac-
titioner tends o bhecome overwhalmed by the mass of n2w names and
anatumical details, and, as a result, often fails to grasp the few essential
charagtiers by which the parasites can be diagnosed.

For this reason we have presented our subject in 4 manner which will
douhbtless appear somewhat unorthodox; our aim throughout has becn to
lay cmphasis only on the pathogenic organisms, and to restrict our -
deseriptions to those characters in them which are of immediate diagnostic
value

Such definitions as we have given for classes, superfamilies, and genera,
are often curtailed so that they serve only for the parasites described in
ili: ook, and they will obviously break down if any attempt is made to
annly theim to the animai parasites in general.

We do-not feel that any apology is required for the publication of
this manual; there exists, in our experience, a demand on the part of
practitioners, for a book in which the salient characters of the commmon
pathogenic parasites of man, in any climmate, are set out in a simple and
coacise way and in which the methods of diagnosis are rapid and easily
fuired. RS

Qur thanks are duz to Professor J. W. W. Stephens, M.D., F.R.S., and
to Professor Warrington Yorke, M.i., who have been kind enough to
read through our manuscript and to make various helpful suggastions,
We wish also to express our indebtedness to Mr., David Dagnall of the
faboratory stafl of the Liverpool School of Tropical Medicine, who is
resnonsible for the great majority of the illustrations,

D. B. B.

Noveniber 1V31 i S
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A-“KNOWLEDGE of pam.ﬂtbi@gy ahd flts !echmques isigfrgreat ‘value 10 the;
médical practitioner ‘téncerncd ‘with ‘patients sufferinig from’conditions:
caused by parasites, such as malaria, amocbic dysentery, helminth -infec~:
tions and: ‘many others:: Lacking this knowledge he is compelled tomake a
diagnosis on purely clinical grounds, whereas the practitioner-whohas been.
trdained in parasitology-is:not thus handicapped;’and may be able cither to:
makc a diagnosis:on definite-parasitic findings orto' exclude & parasitic
causation of the condition. Where a parasitc is'incriminated as the cause,
treatment can be given confidently, in contrast to the. uncertainty accom-
panying tentative trcatment given in‘ignorance of: the abttual cause of the
condition. gre odf Jelitn gl ool ot

Even in circumstances where a technician'is av:ulable to make pamsho-
logical investigations, it may somctifcs be necessary forthe practitioner
t6 coiifitih the finding ‘énd check the correctricss of the-technique used.
More -importantly;afi ifidtediate diagnosis'is often-demanded when a
techniciin 1§ ot -availabl;isay in the case of a patient suffering from-sus-
pected cérebral malaria during’the night. The doctor who has learned: the
relevant ‘technigques camitakerthdinecessary specimens, prepare them, and
make in dfffmediate: examihdtion for the possible parasitic cause. If the
causdl agent is: identified treatmmt can be mstntutcd at once, possibly
saving the life of the patient.’

Today the emphasis in the medical approach to dnseasc is increasingly on
its prevention rather than its treatment, and a knowledge of the cpidemi-
ology of parasitic diseas¢ is essential to'undcerstanding how it is caused and

"'té developing soundly-based préventiverieasues... v s .. u

" In preparing this Guide we Have assimed that the reader has no expen-
ence of the subject. ‘Wc shall show: how=aniiindividual can attain a
‘considerable degree of proficieicy in the identification of parasites without

‘hdving- to “Wwait for an infected patient; and in various sections indicate
where /living material suitabléfor examination can readily be pro-
¢liréd. It ‘must . be emphasised: that the making of good films of blood
-and facces:is of® great importance. The necessary skill can be acquired
by anygnéiwillin@to*takc sufficient time and trouble, and those learning
medical parasitology are urged to practise thc techniques until they

- have mastered them, . . . .. ..

1 H 3
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HUMAN PARASITOLOGY

The methods of diagnosis referred lQ in hg PAgSY tiaay follow assume

hat routihe parasitdibgiéal Y4bdritory Services are available to the medicul
pmcuuor‘cr The greatest emphasis is, however, laid upon the methods
which he himself learns to pm..nscg?fl {pon which he will rely in the first
instance, and which require o ﬂy Stains and some simple reagents, a hand
icns and a microscope, and common laboratory equipment. In the event of
thesc methods yielding negativie results, morcelaborate cultural, serological
and other techniques may be needed. demanding the special skills and
equipment of 3. co;gp)et : labozatory; These:techniques are not descfibed,
but some o: ltgut qx}xvp[or negam'aumughostmﬁwdmgs obt‘dined py lﬁeﬂ
,ucan.dlsq §cd sl : i il

[’or the xdcuuﬁgatmph of. pamsncs, the sxzcé of ! protozoa and prﬁtb‘zbal
aS W well ¢ as %lqgw(ngbs and their.ova, are frequently given an impor-
h far greates thap is justificd by the value'of sizcids a diagribstic

5 Ot

atmmﬂv 1he, pr,x,tmoner faquires to: know 1&& rclattvu uzes of

Pohe

dual ste;ﬁ oi‘wﬂ;yndqal, psgramtcs he shoujdibear:m mimi that ‘heis deaimg
w;ﬂa hvmg axumals, qqd thezefore. that .even within a:single Species ‘con-
Siierable variation in size must be expected to occur normally: letozoa
and thexr cysts, or worms, and their cggs, show as much relative variation
i ~.|7c 3, b’i}l, hcpa :mgl t,h ir eggs.- The fixation:of living tissies’ for preser-
\«mon of‘tcn acc;.ntqatcs ditferences in size;dnd may tesult] for cXamiple, in
d’ sc-rnp«.u{ o .a lapeworm being relatively long: or broad! accerding to its
s(ate tjf expansion or contraction at the time of fixing. Is‘practice the size of
it ual cysts is of considerable diagnostic value, althdéugh' spe‘elﬁc identi-
ficktion depends on other mo"pho.pg;cal characters; on the' b‘tH han‘d
helminth eggs are identified. primarily: on:definite and striking morpho-
logical characters, and with few exceptions:-size'is’ of little- 1mﬁortafr¢e
cxcept as corroborative evidence of the identiiication. sl g
s lguibar
PAMSITRS'» S1 aesins R

bo'

HIRCA M2
oralyytys

Parasitology. is tt;e science which : deals with- parasites: “l'hev- 4t
organisms which have adapted themselves torckistence in, or oW, another
organism, the latter, which harbours the' paratite, - being 'térmed the
host. ‘Ectoparasites are those which live cutside thé bbdy‘fbndé'pamsiteé'
those which occur inside the body, of the-host. A patisite ‘may be of
anun.J natare, for example a- helminth(such as the farge ‘round \vérm
Ascaris Iumbricoides) or a protozoon (such as Plasinodium: vﬁ*av,‘bne of tite"
mataria parasites), and it is chiefly with such animal parasites’ ‘that we are
here concerned.* Tt may, further, bs {¢mporary or pcrm.ment The farvd
of Cordrlobia muu . 'mhaea ~amuscig ily— lives through .ts sm-wal stages

* This Guide deals mainly with those parasiics of man’ which can be scen

staining or an ordinary lens or microscope. Viruses, rickettsiae, bacteria and fungl are
excluded.
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in the skin of man, and only leaves the skin‘in order to continue its develop-
ment into 2 pupa and adult outside man’s body; the parasitism is thus tem-
porary and limited strictly to the farval stages. On the other hand, all the
pathogenic protozoa and belminths which we discuss here may be regard-
ed, broadly speaking, as permanent parasites; they tend to remain in the
body untileitherage or someimmunizing processor treatment removes them.

A parasite of man-may be: quite non-pathogenic, as, for uample,
Entamoeba coli, or, on the other hand, it may be definitely pa“thogemc and
live at the expense of the tissues:and fluids of the host, as does Enramoeba
histolytica which is the cause of amocbic dysentery. The damage produced
in the host’s tissucs. by pathogenic species of animdl parasites may be
eficcted mechanically, or:be due to-the deleterious action of" metabolic
products:of the parasite, or result from theé combined action of both these
causes: Plasmodiunt vivax, a'talaria parasitej'not only dutrdys the red cells
of human:blood ini & mechanizal manner diring 1tsgrowth inside thern, but
zlso - generatesiiproduets twhich-&ive rise 1o wmptoms such®ay rigors,
Sinilarlyi Entamoebla histblytica, this' patiiogenis ageiil fa’athocbic’ dysen-
tery, causes damage to the large intestine of man. produ(:mg ulcers there
partly by its mechanical activities and partly by its histolytic products.
Extreme varjations in the degree. of pathogenicity may ocgur within those
species of parasite which are usually pathogenic to man. Thus malaria
parasitss,iwhich are:usually very pathogenic to newcomers, may be pr&.scnt
in considerable-nuitrbers in the inhabitants of endemic areas without glvmg
rise to any obvxous wnptoms On th¢’bther hand, the presence of a single
larva of Fe hm, 'cc‘u,s( aranulosus (hydatid) ov of Taenia solium (Cystxcercus
Leﬂulusdt‘) may&};; suilicient to produce fatal<results if present in a vital
Situation. iy s

The term comritensal is sometlimes applied to parasites which live on the
supertiuous fluids or solids nq the, hz()gt,‘,,@q,d are non-pathogenic; Lnta-
moeba coliis such a commensal.

Orgam' ms which have bien swallmud an d have mcn.ly passed L'uough
Ihe.‘ alim¢ 'arv cinal ina p'lsSl\é condmon but have not heen hvmg in the
hot it A4S true pumtes ..tré Trcqucntly foum in faeces; the terin coprozon.
is ‘xp slicd to them and cm() to those m'gam;nw which lnv"ule facces after
thcv ‘mu. ba cn pas sed.

\orzs ON THE Nmn_\m ATURE OF PARASITES

+1n the classification of animal parasites very numcrous -ubdmsxons ‘of
the main groups arc nccessary, and the names applied’ ‘follow certain laws,
laid down inthe Internaticnal Rules of Zoological Noinenclature, 1t js not
necessary here to do more than indicate the general printiples. The para-
sites with whichiwe deal kelong to three phvla of the animal kmgdom
namely Protorody Platyhelminthes and Nemathelminthes, and a group, of
which the exact dassiﬁcmion is undecided, ca‘Jed"_l_l"'.‘e:Spirochactalcs; these



last are probdbly more ue“x ly .al\in {6 the bacteria than to the prot020a

Each phvlum is’ d1v1ded m‘to da;Ses, 411l these in turn are divided into
< rderq famxhes ‘géticra, dnd specms "Occasionally other subdivisions are
" included, such’ a supé’[’famxhcs afd’§ ﬁ'famllms For the medical man,
howcva th» most im o{'tant Qf t‘n “names are thosc of the genus and
" the $pecies. The generxé jame Of an rfmmal parasitc consists of a single
“word, as m the genus Piasmod:um, and the specific name '6f two words,
“as in the specxcs Plasmodium vivax, the genetic name with a capital
the ‘specific namie with a small initial ictter. A varicty is expreescd “by
" three words, e.g. Pediculus humanus corporis. The name of the autﬂor
of the scientific name is written immediately after it, thhout any
pum.tudtxon after the author’s name a comma is inserted.”and then
' lhe d«tc., ﬁ)llow:d by a full stop, e.g. Onchocerca mlvulu.s Leuckart 1893.

pphed"b’" him is altered the new author’s name, vuth
4le bemg ounufe the, brackeh Thc names of gcncra and 5pcueq are

: _ : TERMINATION .- ;1. ]F’

l’hy‘um ; ” SR | : Nl T u,«mn\\:‘...'\

Chss' -t - Vs gestoided ¢

Order -idea I Cyclophyllidea... :.

Superfamily i ~oidea - Tacnioidea -

Iamily. : -idac ! Taeniidae

Cienus = e e d Taenia .
. Species . ! — I Taenia soliumi

aoiibros 97iz
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CHAPTERTI

THE MICROSCOPE

‘ . L F 5 = y
Berore he attempts to study the parasites, it is absolutely essential that:the
beginner should learn to use the microscope. Modern microscopes vary

considerably in form and complexity, but all work on the same basic prin- '

ciples as the conventional microscope (Fig. 1). This type of microscope is
the simplest compound microscope in general use, and has the great
advantage that it can be used with almost any form of lighting. This,
together with its relative cheapness and robustness, make it of great value
under primitive conditions, as in field stations in the tropics. The con-
ventional microscope consists of a base from which arises a short upright
pillar, and, hinged to this pillar, a body which carrics the illuminating
apparatus, the stage, the tube with iis milled screws for coarse and fine
adjustments, and the oculars and ohiectives.

The illuminating apparatus comprises a mirror having plane and concave
sides, a condenser below the stage (substage condenser), and an iris
diaphragm by which to regulate the amount of light passing up from the
mirror,

The stage is fixed to the body, and on it are placed the objects, usually
mounted on slides, which are to be cxamined. The stage, which may be
round or rectangular in shape and has a central aperture, can be sur-
mounted by an apparatus, called tl.> “mechanical stage,” for moving
the slides horizoatally.

The rube is attached to the body above the stage, and is fitted, at its
lower end, with a noscpiece into which the objectives are screwed; at
its upper end, the eyepiece, or ocular, is inserted. The tube carrying the
ocular and objective can be lowered and raised by the adjustments, coarse
and fine, for the purpose of finding and focusing the object on the slide.*
Inside the tube there is somcetimes aninner tube calicd the draw tube which
can be extended; when an inner tube is present, the ocular is fitted into the
upper end of this. On the inuer tube a scale is engraved for the purpose of
adjusting the tube-length; the length required for the lenses varics in
different microscopes.

* In some modern microscopes the body and the tube with its objectives and oculars
ate fixed and the coarse and fine adjustments are incorporated in the stage which is
therefore moveable vertically.

[~



THE MICRQSCOPE 7

Objectives. There are three objectives in general use, usually known as
the low power, high power and oil immersion objectives. These tespectively
havé focal lengths of 16mm, 4 mm and 2 mm, and magnifications of about
X 10, x 40 and x 100.

Oculars. Two of these are required’ for ordinary work, for example
a low power, X 6 ocular, and a high power, x 10 ocular, The magmﬁcdnon
obtAined by the mlcroscope is the product of the magmfymg power of the
objective and that of the ocular. Binocular compound mcroscopes or
attachients,; owmg to then.‘ complex prism equxpmcnt often mcrcasc the
maghification by a fi urther quartt.r or ha.f

THE USE OF ‘THE MICROSCOLE- SRR S

The microscope should not be used with direct sunlight as the source
of illumination; if bright diffuse daylight cannot be obtained, it is more
satisfactory to use artificial light; and if better types of artificial light are
not dvailable, good work can be done with the light of an ordmdry kerosene
lamp. The amouit of lrght reﬁected by thc mirror on to the object a!ways '
requires careful’ adjustment in order to. gct clear definition ‘of the object.
Thus, in exammmg a film’ of faeces with the low power X 10 objective, the
faécal matter cannot be seen if too much hght is admitted. The iris dia-
phragm must therefore be closed gradu’mllv until the best definition of the ,
film is obtained. When the high power X 40 chjective § is turned on to the
same object, it will be found necessary to admit more light by slight open-
ing of thc diaphragm, to obtain the best result. The same principlc of the
use of the diaphragm applies when the > 100 oil immersion is employed
after the % 40 objective. In the binocular microscope the amount of hght
reaching the eyes is reduc ed and bnghtcr nllummdtlon 1s nccded than ina
monoct lar.

In ‘using the' microscope for examinau'on' of oﬁjccts dcsctibed in this
book, tie beginner is ad sed to fack up the subqtdgu condenser and to use
the flat side of the mirror, éxcept for the specificd ObjeLiS mentioned later.
The eyepicce may be removcd long enough to adjust the mirror so that the
field of vxcw through the tube appears evenly illuminated with the iris dia-
phragm open. Subsequently the diaphragm alone should be used in order
to’ adjuit the illumihation, by opening it to increase, or clo:.mg to decrease, .
the amount of light, It should be a rule to examine microscopic objects .
first with the low power and only then to proceed to the high powers. For
example, a staincd blood film should be examined first with the low power
x 10 ObJCC[lVC, then with the high power x 40 objective, and Iastly with the
oit immersion X 100 objective. The low power will cnable one to see
microfilariae, and the high power to detect trypanosomes or rclapsing
fever spirochactes, if present; whereas all these parasites can casily be
missed if the oil immersion lens is used at once. Wet films of blood, fresh
unstained films of faeces and iodine-stained preparations of faeces should

<
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be covered with a coverslip, and sxmuar]y examined in secquence with the
low power and then the fugh pOWCI‘ObjCCUVC .otherwise important pdtho-
guu(. ‘parasites may not be discovered. . '

“For dry filmis; say of blood, tissue smears, and puncture fluids, Wthh
have been stained and which are being examined without a coverslip,
eXamindtion w:th‘ﬂié Iower power dnd oil immersion objectives is carried
out ifi thie vrduiafy way, but the high power X 40 objective will only give
satisfactdty results'if the filmi is cleared by spreading over it a thin layer of
xvlol or 1mmersxoh oil. The low power is used first in order to. detect the
presencé “Of SudK orgalii$ms as microfilariae, and the remamdej‘ of the
examination is made with the higher powers. R

FINDING AND FOCUSING

In using the low and high powers, the objective is first lowered to slightly
less than the working distance® from the 'microscope slide, after having
arranged the illimination to the best advantage. While looking down the
microscope the tube is now gradually raised by rotating the coarse adjust-
ment milled head till the object corres into view. This is then focused
carefully, using the fine adjustment. The X 100 oil immersion lens
requires great care, especially in trying to find individual objects in films.
A small drop of iramersion oil is plac:d on the centre of the coverslip,
or directly on the fi'm if there is no ~overslip, and the . X 100 objective
is lowered carefully with the coarse ¢ 'justment ¢ill it enters the drop. In
order to do this, if the left hand is usc 1 for rotating the milled head, the
downward progress of the lens is watc' 2d from the right side with the eye
held Ievel with the front of the descencing lens until its contact with the
drop is seen to be etiected; at the mon.ent of contact-a sudden little flash
occurs as the oil spreads out on the lens. Then, looking down the tube of the
ffﬂic“rbscope, the tube is moved very slowly up with-both-hands on the coarse
‘adjustment heads; if the object dédes not come into-view, the tube is now
very cautiously lowered, with small downward and smaller upward move-
ments alternatcly, till it is scen. It is necessary to ascertain, by early and
repeated practice, what degree of closure of the diaphragm gives the best
definitions for each power of objective with unstained-and stained films, as
the attainment of a proper degree of illumination is:of the utmost impor-

_tance. When a structure has been found with a low power, and it is desired
“to turn on a higher power, the object under examination must be arranged
by "Fno»ement of the mechanical stage so'that it lies ekactly in the centre of
the (18 ld unless it is so centred before the'high power is turned on, it will

* T he working distance is not the same as the focai length of the objective. It is much

less: about § mm for the » 10 objective and about I'mm for the < 40 objeetive
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ot be found in the high power field, Thg,objectives should be arranged on ..
tm nosepiece so that when they are rotated clockwise they swing into -
position in-drder of increasing maguification, i.e. x 10, X 40;landix 100.

Inpassing to the examination of specimens 'with the oil immersion
objective, it is advisable to rack up the microscope tube a little before-the
x 100 objedtiveiiscrotated into position. If this«s’ not done the objective
may touch the ‘mic¥escope slide as it is rotated (the working distance of
an oil immersio@bjéctive may be as little as 0-2 mm) and the ‘objective, +i
the microscope slide, or both may be damaged. When it is invposition, the <
objective may safely be kwvered into! the drop of oil. In general; it isfin="
advisable to us¢ an oil imtirsion objective with wet preparations, especi- i
ally films of facces, as réldtive movements of the objective and:the micro- 1!
scope slide are apt to move the coverslip, and the object sought foriisi:
thereby displaced. Wet preparations will dry out during lengthy examina-
tiony; this can be prevented by ringing the co»ershp round its edges: with
inelted paraftin wix applicd with a heated wire [()d

EXAMINATION OF GrOss OBIECTS

Fer such things as tapeworm scgments or smalf wotais which have been
cleared in pure liquid carbolic acid, a small magnification-onlyis required;
and usuaily a good hand lens, X 6or x &, is all that is negessdry. However,
it the microscope is used for examining such large .objecis, the condenser
should be racked down ard swung out of action, and’a Low power objective
and a low power ocular used with the concave antfacevcf‘ the mirror, which
then serves as the condenser. ;

CARE OF THE chaosc,ors

The microscope should be kept in«ts.box when not in use.: lf 1t is in
fairly constant service itaust be prosected, during intervals.of work, from
dust and also from strong light; edpecially dnithe tropics. This can be done
by-wrapping arouiid it a-cleawduster large epeugh to peotect the condenser
andimirror. After useg theoil should be wiped off the immersion icns
which iscleaned:-witha drop of xylol, and dried with lens tissue, a silk cloth
or:soft handkeichief kept for the purpose. In clzaning cculars, objectives, .
or the surface of the substage condenser, it is advisable not to rub them ina:
circular manner butiwipe across them; it is cssential that the cloth should
be clean and free from particles of grit. Alcohol must not be used for -
clzanin 1 Jenses as it dissolves the cement in which they are set.

Dirt on lenses, condenscrs and objectives. If, on Zm)kmg down the.
raicroscope, dirt is seen, locate it as follows: =

{2) Nove the slide by means of the mechanical stage; if the dm*‘movea
it is on the ebject, or slide, L

L

w g ol . (3 Vg
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(b) If the dirt does not move, rotate the eyep)ccc while iooking steadily
down the mxcroscope 1f the du‘t now move», lt is elthcr on or m the
svpiece, i b
() If neither of these tests mdv:s the dnrt “then it is either on the’
cofidenser; ‘or on, or in, the ObjCCthC w:pe ‘the condenscr and ob;ccme
cléan’; nf this ‘fails, unscrew the ObJCCtlvé from the noscpiece, and wipe
the upper sutface of ‘the lens gently with'a soft handkerchief; breathing
into the objectavc will, as a rulé, only make the dust particles stick more
firm!y and should be avoided. The component parts of the ob_;ectwc lenses
shpuld not be unscrewed ‘except as a last resort, and only in cases ‘where
sending it to a ‘maker js impossible. In order to prevent dust pdssm" mtd
the tube, an ocular should always bekeptin it,
Ofting. The friction surfaces of the moving parts of the microscope
and mechanical stage should be’ oxléd \ery sparingly with a little thin
machine oil from time to time. "~

‘.nl,' _‘; {3 § (0 SR

MEASUREMENT OF Microscoric OBJECTS

The unit of microscopic measurement is the one-millionth part of a
melre, i.e. 0001 mm, and it is called oné mwron and written luin.
The measurcment is most easily carried out by the usc of a microneter
placed in the eyepiece. Thxs ocular micrometer 'c'oh"sists of a disc of glass
with a scale éngraved on it. “This disc is placed in an eycpiece, restmg on the
internal stop or diaphragm and pos:.mncd 50 that the numbers on the
disc can be read; if necessary, the stop 15 then moved up ordown a little un-
til the scale is in focus. Special micrometer eyepizeces are proc urable, htted
witl: a scale and an arrangement by which the scale can be focused ac-
curately. When the disc is in proper position and focus, the divisions and
aumbers on it can be easily read on logking down the tube of the micro-
scope. So that the ocular mmroqetur 11 be used to measure objects it is
caiibrated by compdrmg it \th q stdgc mwromt.ter which i is a microscope
<lide that has'divisions of ‘a Lnovsn valuc in microns cngrav ed on it. The
scale on the stage mxcrometer ‘consists usnaliy of i mm divided into a hun-
dred parts, so that each division is cqudl to a hunurndth part of a

1il[irm.tre ,fe. 01 mm - 10em (Fxg o -
ahbranon of the ccular microméter with the aid of the bld‘ mi»i'b?
meter is carried out as follows: thn bcular micrometer baving becn n'.ux-d
it the selected evepiece, the stage micrometer stide is put on the mu,ro:cope
stage und the scale en it is focused. There are now two scqles in fr\cm, that
~f the ocular and that of the stage micrometer (Fig. 2). These are super-
m‘pucd onc on the othur, sc that onc of the lincs of lhe ocular micrometer
seufe cojncides sxavtly with a line on'ths stage micromater scale; a sccond,
noint 1s then selected, as far away’ from the "rxt‘ '»omt as possible,
Fere thure is another pair of linés wiich ¢ \‘..J\ coingide. The numbers

/




