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38th Edition
—__-_—__

CATALOGUE
of

WATSON MICROSCOPES

PART 1

Microscopes, Fittings and Optical Parts
for all the Biological Sciences

The Instruments described are suitable for study and research in

AGRICULTURE CyToLocy PrvysiorLocy
BAcTERIOLOGY HistoLocy PHARMACOLOGY
B1o-cHEMISTRY HycIENE PEYTOPATHOLOGY
BOTANY PATHOLOGY - ZOOLOGY

for the work of the amateur and for many technical purposes.

The complete Catalogue of Watson Microscopes is issued as Sollows .

PART 1. Microscopes, Fittings and Optical Parts.

PART 2. Microscope Accessories.

PARTS | & 2. Microscopes and Accessories.

PART 3, Objects for the Microscope.

PART 4. Metallurgical Microscopes and Accessories.

PART 5. Photomicrographic Cameras and Accessories.

PART 6. Petrological Microscopes and Accessories.

PART 7. Microscopes for Industrial purposes and specialised

apparatus.

PUBLICATIONS AND LEAFLETS

Microscope Record, pubd. three times annually, gratis
Dark Ground llumination.

Magnitiers and Mountings,

The Book of the Watson ,‘lil‘h\m‘\lik'.

Microscopes for Students and Research.

Any of the above will be sent post-free on request.
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CONDUCT OF BUSINESS

TERMS.

Prices in this Catalogue are net for Cash ; there is no Discount.
Carriage, packing and insurance are not included in these prices, but are charged extra at cost.

ORDERING.

In ordering from this catalogue the edition should be stated, viz.: Thirty-eighth Edition.
Orders should be accompanied by a remittance in full or by two London trade references.
Names and addresses of customers should be written very distinctly.

JLLUSTRATIONS in this list are intended only as a general guide to the appearance and
construction. Alterations and improvements are introduced from time to time and may necessilate
corresponding changes in the models. In every case the instruments supplied will be of the latest and
best design.

ORDERS BY CABLE.

Cable and Wireless messages may be sent at full rates by A.B.C. Code 4th and 5th editions,
Bentley’s Code, or by Code Words to be found against items in this catalogue. A quantity number
or.word should precede each code woxd. Where no quantity is stated it will be assumed that only
one article is required. A combination of code words. if the total number of letters does not exceed
ten, may be sent as one word.

Deferred cables at reduced rates are often sufficiently expeditious. Code words are not
always allowed in such cables, but the catalogue numbers may be used.

PAYMENT.

A remittance to the value of the goods should accompany the order. Where delivery of the
goods may not be immediate the remittance may be 25 per cent. of the value, the balance to be
paid against delivery. Cheques and postal or money orders should be crossed Westminster
Bank, Ltd. Postal or money orders should be pavable at General Post Office, London. Cus-
tomers residing abroad will find a banker's draft drawn on a London agent at sicht the most
advantageous method of remitting. Such a draft may be obtained at any bank. Post office orders
are also a convenient form of remittance. ’

PACKING.

Goods are expertly packed according to destination. The cost of packing is charged to the
customer.

CARRIAGE AND SHIPMENT.

Goods for the British lsles are sent by passenger train unless the purchaser desires otherwise.
For export shipments that route which appears the most secure, direct and economical is selected
unless other instructions are given. Charges for carriage and insurance are pavable by the
purchaser. ) ’

RESPONSIBILITY.

Goods in transit are at the risk of the purchaser, but every precantion in packing, selection
of route and insurance is taken before despatch. -
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INTRODUCTION

INTRODUCTION

he late William Watson, the firm of W. Watson and
Sons has become famous throughout the world for Optical Ins.truments of various kinds
including Photographic Lenses, Prism Binocul'ars. Astronomical Teles.copes and pre-
dominantly Microscopes with their many allied instruments and accessories.

The manufacture of Microscopes was undertaken by us about fifty years ago, and gradually
the Microscope Department assumed increasing proportions until it has now been for several
vears the most important in our business. We are the largest makers of Microscopes, Objectives,
and Accessory Apparatus in the British Empire.

The success that has attended our efforts is undoubtedly due to the keen appreciation which
workers show for Microscopes which enable them to express their own individuality in their work,
Objectives and Condensers which give results and afford conveniences which are unusual

Founded in the year 1837 by t

and to
and in some cases unique.

Although the Microscope is not used for recreational purposes by the amateur to the same
extent as formerly. there is still an active and growing section of such workers, and certain of our
Microscopes suit their requirements in a special manner. In fact we are the only manufacturers
in the world who cater for their needs.

Ou the other hand the Microscope is now recognised as essential in nearly every branch of
Industry. and the variety of subjects for research connected with science and the medical pro-
fession causes a continual demand for instruments for the purpose. The demand for our pro-
ductions shows a continued annual increase.

The notable advance in microscope design of the unit body and full optical bench unit
which ensure unsurpassed rigidity and durability have been an unqualified success. Full
details will be found in the Section on mechanical construction. New instruments and
accessories will be found in the present issue.

Our Works are situated at High Barnet, Hertfordshire, and present the most favourable
conditions that can be desired and modern facilities provide, for the manufacture of scientific
mstruments.  (Qur main works were rebuilt in 1910, substantial additions were made in 1914 to
1918. and in 1919. while further additions have been made in 1935/6.

_ To m“u # Microscope satisfactorily requires a peculiar and special talent, which can only
be acquired with apprenticeship and long training to the work. We have in our works men who
nave been with us all their working lives. while the succession of highly intelligent and keen young
craftsmen is assured by the training received from the older men, :111& ensures the continuance 0

that outstandine 2 . . . . . ) .
ug quality and pride of craftmanship for which our instruments are justly famous:

W e are alwavs please e & . v
v+ pleased 10 receive suggestions in connection with our productions and to give

sucll communications stoed : in-
ons our most careful consideration. for we gratefully recognise that our 18

reasing success i 1n no small megs to w hom

we are indelined {or m; ure due 1o the £cnerous “"”Pvr“”("“ of our patrons,
tany valuable suggestions and kind recommendations

W. WATSON & SONs, LTD-

AN INVITATION

AL imvitslion s given
to Vsl our works :“.i';’.;lt” who may e tuterested in mi”"‘""“]" or scientific ilh”umﬂ‘“
SeHELYVe Dy appointmen at the Head Oftice, will accompany thels:
(= e e pussiouny |
[v. \r\AI.\U.\_ASUF\&llIJ ' 2
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THE COMPOUND MICROSCOPE

THE COMPOUND MICROSCOPE

The optical system of the Compound Microscope consists of Objective, Eyepiece and

Condenser.

In the Compound Microscope a real image of the object is formed by the lens-system known
as the Objective. This image is formed in air in the body tube of the Microscope at a distance of
from 6 to 10 in, from the Objective and is then rendered visible and further enlarged by the
Eyepiece. The essential optical elements of a Compound Microscope then are. the Objective and
the Eyepiece.

The effective working of the Objective depends on the proper illumination of the Object
which is under examination. For this purpose optical systems, known as Condensers. are employed

for concentrating the light.

The Microscope Stand carries the optical system. The effective working and the facility
with which objects can be viewed and measured depends on the accuracy of construction and the
mechamical conveniences with which the stand is equipped. hence the variety of different models

that are offered and described.

In this catalogue will be found a range of Objectives, Evepieces, Condensers, and Microscope
Stands, progressing in completeness of construction from the plain types which are suitable for
the work of the student, to the advanced models that are necessary for the more ambitious worker
and those who are engaged in original research, whose purpose cannot be served by anything but
the best.

There are branches of investigation which necessitate special arrangements in the design of
the Microscope stand, and models are made for such. Thus the special facilities that are uﬁ'ered
in the Microscopes that are made for the Metallurgist and Petrologist are redundant to the Bio-
logist. Separate catalogues of these are published as mentioned on page L.

Ihis microscope catalogue, as notified on page 1, is published in seven sections.

The descriptions of the optical compouneuts precede the Microscope stands, as these are

pecessary for use with all types of Microscope.

[\\', WATSON & SONS, LTD. | ' 313 HIGH HOLBORN. W G
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OBJECTIVES

OBJECTIVES

a Microscope stand may be constructed, the quality of the image seen

Howsver perfectly of suitable Objectives for the

Jection, therefore,
depends upon the lenses that are used. The se : ‘ b; -
clapss of work to be done is of the utmost importance. Consideration must be given to questions
ing distance, ability to stand high eyepieces, etc. In the

of numerical aperture, tube length, work . - '
d to give some guidance on these important points.

following paragraphs we have endeavoure

The large number and variety of the types of optical glass offer a wide choice in the com-
putations of formule. and the successful efforts of British optical glass manufacturers to meet
the needs of opticians have resulted in the supply of glass which is unsurpassed for the purpose.

Great care has been taken by us to eliminate all glasses that are likely to oxidise or
decompose. We use hard and durable types of glass, and should any of our Microscope
Objectives made subsequent to 1920 exhibit traces of decomposition at any time, we under-
take to correct this free of charge, provided that no other damage has been done to the
Objective, and it has not been subjected to misuse or injury, and is in the hands of the
original purchaser.

By constant refinement in methods of manufacture and unremitting severity of inspection
the uniform excellence of the Objectives is always maintained at the high standard that is set
for them. Only those who are conversant with the modern possibilities of optical work are
aware of the wonderful accuracy and perfection of workmanship that is called for and obtained.
The computations provide for constituent lenses of a certain thickness and curvature. These are
scrupulously adhered to. the surfaces being tested by means of ** proof ” plates, which enable
differences of less than one hundred-thousandth of an inch to be perceived, and finally when the
components have been cemented together. they are mounted in the Objective mount with the
surfaces at prescribed distances from, and accurately centred to, each other. So faithfully is this
work carried out. that the number of Objectives that exhibit defects of manufacture or adjustment
when subjected to the regular examination and testing, is very small.

Tube Length. It cannot be too strongly emphasised that if the Objective is to give its best
result it must be used with the correct thickness of cover glass for which it is

designed and with the precise tube length for which it has been adjusted. The expert eye can

detect an error in tube length of a few millimetres by the lessened defining power that results,

Our standard Objectives. especially those for students’ use, are corrected for a tube length
of 160 mm.. and the thickness of cover glass for which all our Objectives are corrected is -007 in.
(18 mm.). It must always be remembered that the depth to which the object is embedded in the
mountant  equivalent 1o an imcrease in cover glass thickness.

We are always prepared to supply any of our Objectives, corrected for any length

of tube, or to work on uncovered specimens or any specified thickness of cover glass,
without extra charge, if notice is given at time of ordering.

W e wsually bave in stock in addition 1o the lenses having standard correction, a number of
Objectiver that are correcied {for metallurgy

fur use without cover glass and others to work on
tubwe lengths of 200 and 250 mm,

Those who wish 1o wrest the best results from their equipment should from the commence-

men! famibiansc themselves with this most puportant factor of tube length adjustment in

obtaming resolution. We are always glad 1o give instruction to those interested if they will
Visil us b

W i realise that the maore the Fevagnition of qualu_| in Objoctives and m“,”}l“{u“-“" of the micro
scope 15 understond the maove the hiague ud“uu“#“ of the Watson Microse apes w ill be apprec iated

r— . — S MRS 55D S RSBS00 505 s omwannsnnerss s oo
LY WATSON & SONs, LTD. | M HIGH HOLBORN, W C. |



OBJECTIVES 7
In order that the special and unique features which are incorporated in our Objectives may
be more fully appreciated, we would submit the following remarks :—

Apochromatic Objectives. These are described on page 11. We recommend them because

both visually and photographically they are truly apochromatic,
their spherical corrections are such that the whole of their numerical apertures can be eflec-
tively used, they will stand deep eyepieces, they give brilliant crisp images. We believe them
to be the best Objectives of their type available. It is possible to focus specimens in white light
and photograph using a colour filter without change of focus.

Holoscopic Series. The lenses of this series are referred to on pages 12 and 13.

These offer wide range of Objectives from 3 in. to 2 mm., computed with exceptionally wide
effective apertures combining crisp definition and ability to stand deep eyepiecing. A feature
of this series is that in common with our Apochromatic Series the back lens is a triple combination.
These form a series of truly semi-apochromatic lenses and by the use of light screens which pass
light of one range of colour only, are rendered equal in performance to Apochromatic Objectives.

Parachromatic Objectives. For general work, which represents probably 90 per cent. of
microscopical observation. the lences of this series are supreme.

These are the lenses universally employed in teaching institutions, laboratories, routine work,
and by all not engaged on research or similar work necessitating the best optical systems available.

Certain conditions have to be satisfied, and performance that is irreproachable is maintained
by rigid inspection. In this series we offer Objectives which are recognised throughout the world
as yielding unsurpassed results. Their long working distances offer unique convenience in use.
The outstanding feature of the Parachromatic series, apart from the general excellence of per-
formance, is the adaptation of the colour correction to coloured objects on which they are
almost invariably used.

A reference is made to these important features on page 14, but we would here emphasise
the immense advantage that is conferred on the average student by the working distance of
1 mm. in the } in. Objective of this series. It enables him to work on bacteriological specimens,
counting chambers, etc., with a freedom not associated with lenses having less working distance.

The %, in. Oil Immersion Objective (** Versalic ') has the same quality in a lesser degree,
The maximum working distance is given that will allow of immersion contact being maintained
between the cover glass and the front lens of the Objective.

Coloured Objects. It has been found in practice that an Objective that mav give excellent
definition on an uncoloured object does not necessarily perform so well on a
stained specimen.

This matter has been the subject of long consideration, discussion and expeniment; our
Objectives are now corrected to vield fine detinition on coloured objects, and it will be found
that they are no less good on unstained specimens,

Flatness of Field.  Flatness of field is so often asked for that we think it desirable to mention
that this can never be obtained in other than Objectives of low power or
low aperture, and this fact applies to Objectives by all makers, The
better the quality of our Objective —the greater its numerical aperture—
the less tut the tield becumes,

= uant | . S ——
[-\\‘. WATSON & SONS. LTD, | 313 HIGH HOLBORN, W.C. i
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8 OBJECTIVES

Theoretically and practically, all microscope lenses have a curved field, a'nd with high-power
Objectives the greater the excellence of the lens, the more particularly does this become appa‘rent.
Tt is possible, by altering the focus, to view separately every zone of the field, but when a specimen
is focussed in the centre of the field, this part is absolutely sharp. Ilatness of field can only be
obtained by sacrificing the maximum sharpness at the focal point, and this produces inferior
definition. The necessities of many classes of work render as great a degree of flatness of field as
can be discreetly given desirable, and the judicious combination of that effect with the best
possible definition in the circumstances is provided.

With low powers—1 in.. } in., § in., etc., and those of less magnification, flatness of field can
be secured over nearlv the entire field. but under no circumstances can flatness of field be
produced in a high power lens of large aperture and fine quality—it is an optical impossibility,

THE CHOICE OF OBJECTIVES

The Objectives that are to be chosen will depend on the class of work that is to be undertaken.

The ability of a lens to define fine structure is associated with its numerical aperture, the
greater the numerical aperture the larger the number of lines per inch that can be divided. If the
unknown is to be investigated. and the limits of resolving power are to be available, Objectives
with the largest numerical aperture that can be obtained are essential.

The greater part of the work that is done, however, does not call for the use of such lenses.
Gencrally the aim is to see with the utmost clearness. structure which is known and probably
described. and for such. lenses of sufficient though comparatively low aperture are satisfactory.
Our Parachromatic series meets these requirements in the best possible manner.

In choosing Objectives it must be borne in mind that wide numerical aperture necessitates
reduction of working distance and increased curvature of field. As a general recommendation we
should sav that our Parachromatic series will be found to cover the wants of all those who are
engaged in work of a general educational and recreational character, but for those who desire

the best obtainable. or are doing research work, lenses of the Holoscopic or Apochromatic series
must be chosen.

An indication of the resolving power vielded by the different apertures will be realised from
the {ollowing table

Resolving power
in lines per inch.

N.A. White light. Green light.
1-37 132,082 143,170
1-30 125,333 135,854
0-95 91,590 99,278
0-85 81.949 88,828
0-70 07,487 73,152
(65 02,667 67,927
45 43,385 47,026
0-30 28,923 31,351
0-28 26,995 29,261

The attainment of this resolving power is dependent upon the use of fully achroma-
tised and aplanatised condensers, of aperture fully corrected and equal to that of the
Objective.

W _WATSON & SONS. LTI

3
SONS. LTD_| % L3135 HIGH HOLBORN




OBJECTIVES

Where two or more Objectives are used for some particular kind of study, oue of them is
usually employed for the purpose of finding the object or detail, and this Objective should have
qualities which make it useful for searching and for a general view of the object. The nature of the
objects to be examined and the conditions under which they are viewed are therefore the factors
which affect the choice of a set of Objectives for any particular work. In view of the special
features associated with every kind of study it is impossible to give general rules which may be
applied to the selection of Objectives. It seems better to state what Objectives are actually
found most useful in different branches of Microscopy and the following list is offered as the result
of considerable experience of expert workers and in accordance with the demands most frequently

received.
Botany, Zoology and General Biology [2 in.], } in. and } in. (0-70 n.a.) Parachromatic. The
92 in. is not always included in sets, but it is a very desirable addition.

Animal and Human Histology, % in. and } in. (0:70 n.a.) Parachromatic.
Bacteriology, Serology, Haematology and Pathology, 3 in., { in. (0-70 n.a.) and ', in. Para-

chromatic.

The eyepieces which would accompany these objectives would be No. 2 (< 6) and No. 4
( x 10) or if one only were taken No. 3 (< 8).

In certain branches of these studies it may be advisable to depart from the above recom-
mendations. For the study of the Foraminifera, for instance, a 2-in. and a 1-in. Objective would
be more useful than those specified for general zoology. Again. in the study of certain organisms.
such as the Rotifera, the inclusion of the 2 in. or an even lower power may be advisable,

In Petrography the usual Objectives are 1 in. and | in. Occasional use may be made of an
immersion Objective. These may be of the Parachromatic series, but if the interference figures
from very thin sections are to be examined the extra numerical aperture of the Holoscopic 2Umm.
Objective will be useful.

In Metallurgy the 3 in. and } in. Parachromatic will be found generally satisfactory. To
ensure the finest photomicrographs it is, however, better to adopt the Apochromatic 16 ml?n. and
4 mm. For the very finest detail the 2 mm. Apochromatic may be added. Metallographic
Objectives are made in the same three series as the others, but differ from other Objec;ives in
being corrected for use on an uncovered object. They are also mounted differentlv. We
recommend that for this work a tube length of 200 mm. be used N

For original research in any branch of study in which the discovery of delicate or very minute
detail may be possible, the best Objectives which it is possible to obtain should be used. These
are of the Apochromatic series. Visibility of very delicate structure may only be possible th:ouc;h
perfect corrections in the Objective as well as to its numerical apern;re. so that ,-\pochromat:ic
Objectives of low and medium power which approach perfection so closely are of the greatest value
in the study of delicate and elusive details and particularly in Photumin.-mgraph\‘ where accurate

colour rendering is essential.

. THE AMATEUR MICROSCOPIsT. who wishes to be able to examine polvzoa one day and the

finest structure on the diatomacew the next, must necessarilv be supplied with a wid.; range of

Objectives. Usually, however, the amateur takes advantage of the lower prices of those Objeczt,ives

which are most in demand, such as the § in. and } in. Parachromatic, and adds a lower or higher
g

power as the need arises.

f‘\\'. WATSON & SONS. LTD. | o, 313 HIGH HOLBORN. W.G
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OBJECTIVES

10
d will depend upon the nature of material
f building and paving materials a 2-in, Objective (Para-
making a 2-in. and #-in. would be adequate,
ded. The same outfit would suit
t should be obtained.

For technical uses the Objectives which are to be use

to be examined. Tor the examination o
chromatic) is very suitable. For textiles and paper-
with the additions of a §-in. if more than routine work is inten
the agriculturist. but if dairy work is in view a complete bacteriological se

bt as to what Objectives should be included with a microscope for
ive the benefit of their experience in meeting
ans of specimens and Objectives what result
y serve to reveal the great possibilities of
disappointment where too

If the purchaser is in dou
any special purpose. Watson's will be pleased to g
cimilar needs and. if desired, to demonstrate by me
may reasonably be expected. Such demonstrations ma

microscopical methods for certain purposes and also occasionally save
much is expected.

DARK GROUND ILLUMINATION.

High aperture oil immersion Objectives are now available with iris diaphragms incorporated
for a small extra charge obviating the use of the funnel stop. Radial diaphragms can be fitted
.o . . =
to the iris diaphragm for Nelson’s measurement by extinction adopted by Dr. Yan Rooyen

THE PROPER USE OF OBJECTIVES.

omputed to perform at their best under given conditions.

Except the Metallurgical Objectives they are arranged to give optimum results on objects covered
mm. in thickness. and require under such conditions that the draw-tube should
If the cover-glass actually used has less thickness

Watson Objectives have been c

with a glass 0-18
be set at 160 mm. unless ordered otherwise.
tha = 1 - cas ject

an this. then. in the case of Objectives of 0-65 n.a. and more, it may be necessary to increase

:h;‘:uz‘r lr-:;t,h in order 10 obtain good definition. If the cover-glass is thicker than 0-18 mm. the
abe should be shortened for best results The adjustment is made by inspection of the image

ﬂhd not by measurement.

The immersi i : .
suppliy ol ol 1 rlt::':ioli';l (“\s(erd\ :’i.]t:_u!w.cs'on Ob.'ect,ives ShOUId not be purchased elsewhere. A
able price. Several oils are sold for n.”--lu]n ‘UI'J“‘“."\- end fresh supplies can be sent at a reason-
index and dispersive power from u“"‘ with immersion lenses, and they differ greatly in refractive
computed for use with lh('-lh lnu-l d:tﬂa.udurd article. ‘Th('_\ may be good oils if Objectives are
immersion oils have o N.l\,.M- - = ::” i ""“"""'.“”I_\' suited to Watson Objectives. Some
of Objectives of great mumerical & '-'h the crfm'ul which is used to hold in place the front lenses
thi= defect perture.  The oil supplied for Watson Objectives is free from

ON APPROVAL.

e ordes 1o @
7 nsure satistactory selec
SRR : actory selection of Objectives, a purchaser may h Objecti !
I loul davs by ¢ ' } whiy ; -
seuding & deposit Lo cover the value ki ? - jectives for
as per list. Those who have
3 5 e an

accounl w “@inal r a L R S 3 Cphus
I owith W 1 re bol ash ‘llcd} i
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OPTICAL EQUIPMENT -OBJECTIVES 1

APOCHROMATIC OBJECTIVES

In Objectives constructed entirely with optical glass. even in those of the
finest quality such as the Holoscopic series, there remains one outstanding
defect which is inherent in the material used. namely. the so-called secondary
Spectrum. This arises from the fact that the distribution of colour in the
Spectrum produced by the various optical glasses varies with their density,
the red end being relatively too long in glasses of low dispersion, and the blue
end too long in glasses of high dispersion. the result being that when such
glasses are combined to obtain the best achromatism for the brightest part of
the visual Spectrum, both the ends of the Spectrum, namely. the red and violet,
are refracted too little or, in other words. come to a focus at a greater distance
than the middle of the Spectrum : the chief inconvenience arising from the
presence of this secondary Spectrum is that the Objectives cannot be used for
photographing in white light on ordinary plates, but will only give satisfactory
results if Orthochromatic plates and effective colour screens are used. Occasion-
ally the secondary Spectrum also interferes with delicate visual observations
because the faint halo of purple light due to it falsifies the true colour of small
detail.

In Apochromatic Microscope Objectives the removal of the secondary Spectrum depends upon the use
of fluorite. We are in possession of optically perfect fluorite and produce Objectives of outstanding merit.

In photomicrography of stained or unstained specimens the colour freedom of Apochromatic Objectives
ensures outstandingly pure results. Objectives that are truly Apochromatic can be used with a variety of
colour filters without need for refocussing.

The 16 mm. Apochromatic is not exceptional in aperture. The images given by Objectives of this
power in the Parachromatic and Holoscopic series are so sharply defined and so free from colour defects that
only the very finest performance can justify an apochromatic 16 mm. The Watson objective does not fall
short of this justification, and no images have ever been produced finer than those given by this lens.

The 8 mm. Objective offers unique convenience to the busy worker. [ts numerical aperture, 0-63, is
equivalent to that of many achromatic }” Objectives. With a range of Evepieces it is therefore possible to
use the Objective for surveying a relatively wide area and then by increasing the power of the Evepiece
to concentrate upon any given spot, examining minutely. The perfection of correction both sphenically
and chromatically will be realised when tests with X350 Evepieces are carried out. [t will be found that no
deterioration in the image takes place. This lens is as nearly perfect as possible.

With a view to making the 4 mm. Objective most generally useful its numerical aperture has been reduced
to 0-85, although it has been customary to make such an Objective to -95 n.a. Professor Conrady has shown
that the effective aperture of a dry 4 mm. Objective is limited by considerations of critical angle. relation
between R.I. of object and mountant. In addition errors inerease rapidly as the n.a. approaches 0-05, the
depth of focus becomes nil, and the tube length adjustment becomes an operation requiring extreme skill.

With the slightly lower n.a. these difficulties are reduced <o as to be almost negligible and in the 4 mm.
Apochromatic microscopists are offered a lens not only of superb performance, but easv to use.

2 mm. Objective n.a. 1:37. This aperture has been deliberately selected as being the one which permits
a relatively firm mounting for the front lens, a working distance such that an object beneath a No. 3 cover
glass may be focussed, and ability to stand high evepieces without breaking down. Finallv the whole of the
numerical aperture of the Objective can be employed. [n every way this Objective 1» unsurpassed.

Image distance

Code Equirvalent Facal length. Ininnal Power Yumerical Price.
Waord. No. nches. mm. U inches. Iperture £ . d
Match. Il 1 Io 13 U-3u
Matoa. L1o2 4 4 Jo 005
Mater. [RRUIK} 4 b U 0-83
Mathe. LLLo4 1 - 120 137 O lmmersion
Matho.* L11us : 2 L 20 1-37 i

* With iris diaphragm for dark ground dluminaton incorporated
Ihe above may be supplied corrected tor any tube length to order
For particulars of mechanical correction for cover glass thickness see page 0.

It 135 esseutisl that Colpenaaling o Hulos U l"»l‘[nm,u: be uzed with the above Ub]l‘rll\ra! e
page LY.

[ W._WATSON & SONS, LTD. | 313 HIGH HOLBORN, W C_|
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49 OPTICAL EQUIPMENT —OBJECTIVES

OB) ECTIVES—THE HOLOSCOPIC SERIES
(SEMI-APOCHROMATIC)

<how that the construction of this series of Objectives is not of the

A reference to the illustration will
ives other than those of lower power than 24 mm. depending

usual type. the correction in all Object
largely on a cemented triple back combination.

The special factors which have made these Objectives famous will be hest appreciated from the follow-

ing considerations.

When dealing with the wide-angled pencils and consequent greal angles of incidence which occur
in microscope Objectives. the usual methods for correcting chromatic and spherical aberration prove in-
adequate : their shortcomings lead to the presence in Objectives, produced by their use, of heavy residuals
of aberration. known to microscopists as spherical zones, and as spherical difference of chromatic aberration
The former of these defects leads to the formation of untrustworthy images, because the required hase:
relation of the light forming the image is falsified. whilst the chromatic residual prevents the takri)n f
presentable photographs of objects: for it amounts 10 this, that the Objective although tolerably free f% ;
spherical aberration for the visuallv strongest ravs. is affected with heavy spherical aberratio); fi l(:m
colour~. such as those acting most strongly on a photographic plate. . er ot

In the ihqu-mpu- Objectives both these defects are minimised ; the spherical correction is carried
to high }Iwrlr-rnnn by so determining the data that the rays which are geometrically united in the focus
arrive there in exactly equal phase and are thus i ati

\ s in the relation theoretically d i
e N il v demanded, but not hitherto
r“l.'"-d» ;n practice. 1:1? exceptionally perfect spherical correction attained in this mam;er has often been
noticed by expert workers and render the Holoscopic Objecti
, \ sscopic Objectives extremely valuable i
vations. for 1t reduces the possibility of spurious images to a minimum ’ Sha

Similar perfectic s been aimed at i .
Holoscopi (Tﬁv’:-(‘t:.\:‘“ :}:‘IIH::;:'L;'l\""-;li"” S sonenition SiEiksioatic sbiérmtia, Kins rendering the
e P il >|.|'( u-1g very excellent photographs of microscopical objects, and in
S rocsion aimd ot and . ilﬂ!'\.\dr.\» to adopt ENTIRELY NEW TYPES of Objectives to realise the

1d 1o produce Objectives equal to the best Apochromatics, except in freedom from

secondanr colour

These Objectives i i
i excelle::" b:::‘:lghly .praused by expert workers who have purchased
them per{ nce with deep-power Eyepieces, large solid illuminating

Cones, annular and dark-field i inati
g Id illumination, and the yielding of exquisite photographic

They mest 1d
L 1 needs of the orginal
4 Al N e i
g stigator, and all who would possess the best optical means
b =

i e fullest possible manne:

Vhr numencal a u aled 1> r I)e
| aperture stated 1> the (U ARA TEED r € !
o v AN LD MINIMU M ] 1 [d s€:
4 or each Objectiv The 1 J '
3 enses may

trusted Lo have the ma VIUg Jrow W Y p v l 1t focus
Llviug power ( f
£ ithun o sMaLl wreentage ) corres L
i SM . ) v N 1 e equivaler
N 1 g 8§ ')Ul]dlll‘. to lh juivi

Ziven iu thr List
All Lenses k> acTiee w i W we SO - W re under-correcte
i s> i > acTies inh the exce
Lk cplion of the lo po T lense as noted 1 l d d
s€=, as < elOW, & 0 d

lar chiromaty difleren tagn ¥ 'y ah N lo-
Lu Loer o ragul ! it Ul werelore be sed QI b \) U
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by Lhr '\’-lhhiuu.u[.h Ju sl Hjeclay « " . :
! ludney L L s b r(‘pl)l\ mg
) ive M Foscupnst Fequinng the mnaximum &
. r wl
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Land theat wishes satisbicd with ths Jons

sm‘ Note ¢ The thiee Ubyecuves
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OPTICAL EQUIPMENT -OBJECTIVES 13

The Holoscopic Objectives were designed to provide a series of Ohjectives of high numerical aperture
whose performance would be equal to that of the most outstanding Apochromatic Objectives, except in
freedom from secondary colour.

We cannot stress too highly the perfection of the spherical corrections of these Objectives. High-power
Eyepieces can be used without any deterioration of the resultant image.

The apertures are such that in conjunction with low-power Eyepieces a comparatively wide field can
be surveyed and any local structure more carefully examined by deep Eyepiecing.

The Objectives can be corrected for any desired tube length between 140-250 mm.
These Objectives must be used in conjunction with the Holoscopic series of Eyepieces.

When used in conjunction with colour screens, no difference between these and Apochromatic Objec-

tives will be observed.

Special Features.

Watson Holoscopic Objectives were designed to meet a demand by expert
microscopists for Objectives which would have a greater ratio of numerical
aperture to magnifying power than is to be found in any other Objectives.

The advantages of this feature of Holoscopic Objectives are : —
1. A greater range of useful magnifyving power.

2. A greater working distance for anv given numerical apertare.

3. Ability to compensate for the effect of different thicknesses of cover-
glass by small changes of tube-length.

|
‘ Equivalent [’;)l::;urfnﬁ::"
Code | N Focal Length. calculated Numerical Tube Pric
Word. ‘ o for an image Aperture. Length. VRS
distance of
Mm. In. 10 snches.
| | ' o £ . 4
Matin. | 11301 75 3 ' 0-11 200
Matri. | 11302 50 ’ 2 5 017 200
Matol. | 11303 35 | 1} 8 019 200
Medium and Hixh Powers. From stock for 6 inch (160 mm.) and 8 inch
(200 mm.) tube length
-~ .
Maryl. 11304 25 L Lo 0-30 200
Matte. 11305 1o 1 L3 043 200 & [ov
Matoc. 11306 12 ) 20 005 200 & loo
Matry. 11307 8 { 30 063 200 & oo
Matro. 11308 6 | 15 935 200
Matur. 11309 + | ol 095 200 & Low
Maude, 113010 s | il 120 137 200 & 160
llllllll DR TRV

Maud.* LESO1L : 1a. 20 t-47 20 & 160

" “Ilh e ‘h-ll-hx'-xéin Ut pur ated tur use n dark ground :“lnlnu.&h--ll.

[\\ WATSON & SONS, LTD. 313 HIGH HOLBORN, \\.C.ﬂ
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OPTICAL EQUIPMENT -OBJECTIVES
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OBJECTIVES—THE PARACH ROMATIC SERIES

i v Objectiv dium aperture
i i ts satisficd by Objectives of mec \pert
e - workers find all their requiremen . i Sy e
Universities, Schools }ndhm":;ﬂ::l: :cpvnure is effective and the p"f“rmnm-‘lr‘ltr:lv:sR:]:"o\ e i““'_ureg
e llluu‘P“w ‘;lwle ‘:ic‘s:ri:l are of their tvpe in all respects unsurpassed, whi y als
isted in the Parachroma L heir t)
‘\:-‘l:;rh“:nlke them uncqualled for general work.

in design and performance of microscope Objectives are dep;‘ndem not only upon the skill of the mathe-
y < sign . | i -
mlli:igl‘!‘::l'; al{‘so (;xpon the types and quality of the aptical glass available

by the English
tical glass produced at the present time
glnsl: :;:3; ;;o:;:‘nclni‘nk;::l’i‘:;’g:t}';:tngsny insgtances superior to that made elsewhere.

Full adventaze of these improvements has been taken by Watsons’ technical department.

J i i i ign i i d wherever
i ity i i i Unceasing research in optical design is carried on an
B finality in optical comstruction. L  des
-’Ir":dl\-a::o- are ihdiratsd the Objective is recomputed. Thus the compu?gt»mn,:rnd formulz to which many of
r;:-: (;bwrn\-ex are made show a distinct advance since the last catalogue was issued.

GENERAL NOTE. . - .
The following features are common to all the (\bjcrli\-rs in this series

The spherical and chromatic corrections are <uch that they can be used in conjunction with high-power eyepieces
without breaking down.

The whole of the numerical aperture of each Objective can be utilised

providing always that there is a sufficient
contraxt between the refractive index of the mountant and the refractive index of the specimen. :

LOW POWERS ¢ in to { in.).

Low-power Objectives are mot distinctly sensitive to correction for tube 1ength. and may g.engrnlly be used
between 160 and 250 mm. without material depreciation in definition. A wide range of magnifying power can
therefore be obtained with such Objectives. Further,

flatness of field which cannot be imparted in Objectives of high
power s an outstanding feature of these low powers.

MEDIUM POWERS - (i in. 10 { in.).

Thexe Obpectives are exceptionalls
# long working distance between the

tme in performance, and all of them hav

e the special and unique quality of
frout lens of the Objec

tive and the object under examination.
The | in. o the Ubjective of medium

produee « lens of outstanding merit of th

power with which Laboratory work generally is
*tandard of

v power is 20 keen that exce

done, and the competition to
excelience 1t would be impossible to sell it at all.

pting it be to the universally demanded high
Ther §

Obyective of the Parachromatic series h
oeeasions been ordered to replace samilar lenses of othe
ation i teacking institutions

har corrections similar 1o
with twe

as found universal favour.
r makes,
It is, 10 faet, the ideal 1
those of the Apochromatic.

Not only has it on numerous
but its manv advantages have led to its standard-
ype of Objective for all classes of medium-power wqu. (}l
and is classed as semi-Apochromatic. The same lens is ;mn"!t
numerical apertures, \iy 70 and -80. The great feature of it is that the former has unusually
detance of | mm. The field is relatively flat, It will, in fact, be found flatter than many other
cqual aperiurs

diflerent
long working
Objertives af

The abithin 1

examine obrcls
L G

boun 16 workers
Coarredion, hoth (g

with thick covering zlasses c.g. Haemacvtometers with our } in. has prov_rll lﬂ;_
This docs ot cause the racnifice of other important qualities—in fact its .P('I'rl‘_(‘llDDJOI
“phienical and chromutic aberration. renders jt exceptionally fine in performance. This, allied with
Gielance. mehes 11 superior 1o ans ather lens produced at the present time for all who use their
iestitments on other than spealiy mounted specimens, and it particularly appeals to Students, Laboratory workers,
aie pond lfc ’

str greatl working

Whiose inlerestied 4

." OBJECTIVE FOR UNCOVERED
Maar

The usva Ao
Lk

OBJECTS.

exanunation of blood films Becessitate the viewing of uncovered ,p‘.“‘“;:mi
provides lor & cover-glass and, consequently, when an object is examined withou
Te meot u very @

cueral demand Watsons have designed a | in. Objective for the use
techtunan whick 1> coprreq ted Tor use an uncovered specimens.

o osleinin

irchnique ane Tajuc
§ 4 Objeotyve
deliilion mus! delornwiale

of Wi metallurzst ang

OIL IMMERSIONS

These are guade i three aghilications

abd four Ly pes
FETLAL: alinunl af tolagical wark aud wia 1,
vl aEETiGIC U Y4 b hept low

Wl (Camal |

Fhe 2an 00 lmmession is intended for those who do &
combine 1y ane Objectine the qualities of the § in. and the ;' 0
stop for the examination of living ,!\u.nharlﬂl'-
ordinery Dark Groung Tlumination as it stands.  Workers who
lomiersiog Shyectines will be astonished at the brilliant debmtion
vor of the lens of 0 S ocuch that it can be used nd\nula_-.'i't'u’l.‘
e Havmac, Lallicler

Lhe mames

"0 that 1y
o

weed for
Biedinii - powe

use of a funpel
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7 Gdai Lo ke wsr of
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OPTICAL EQUIPMENT—-OBJECTIVES 15

%" OIL IMMERSION.

The same lens is made in two types—the ** Versalic” with a numerical aperture of 1-28 and the * Utility *’
with a numerical aperture of 1-25.

In conformity with the usual rule these are called ¢, in., but the magnifying power and focus is actually that of
n yin. in each instance,

Both these lenses have a flatter field than other first-class Objectives of similar type. They also have a long work-
ing distance. In the case of the ** Versalic " it is -43 mm. Although this is so very considerable, the maintenance of
oil contact is perfect.

An important featr<e of the ** Versalic ”” Objective is that the front lens is held in position by a metal bezel and
is not dependent on cet :nt, as usually prevails in other 0il Immersion Objectives.

The probability of the front lens being displaced by pressure or other circumstances does not arise in this instance.
The front lens {9 tixed in a manner which renders it practically immovable.

#4” OIL IMMEKSION.

For the Cytologist, high magnification is sometimes even more important than high resolving power. The 4 in.
0il Immersion Objective has been introduced to meet this need. The numerical aperture is 1-30. and it can be used
in conjunction with the deepest eyepieces, giving a range of magnification up to 2000 diameters.

i” WATER IMMERSION.

This is specially designed for the Ecologist and all wishing to examine specimens without previous preparation.

It can also be used for specimens in alcohol, but the setting of the front lens cannot be guaranteed for a long period.

#" WATER IMMERSION.
The demand in recent years for a lens of this type has led to the introduction of this Objective. It will be found
very useful to the Biologist, Zoologist, and other workers.

Low-power Objective. Medium-power Objective. 01l Immersion Objective.
2in, to }in, \in. to } in. & in.

Focal Length.

i(’{ad‘e‘ No. ';:::::: Numerical Price
[ .
ord. = - w10 in. {perture. £ s dl
Maund 11501 } Lo 3 )-u8 )
Mauso 11502 3 75 ) )09
Mavis 11503 2 30 o 15
Mawle 11504 1y 33 B 17
Mawke 11505 1 25 12 »21
Manxil 11506 i 16 13 )28
Mavon 11507 ) 12 0 >34
Maypo 11508 t o A2 0-08
Maxon 11509 § b L) (T
Maxbu L5010 3 b 03 > 70
Mazar 115011 ) 4 ' 080
Meado 115012 i 1 34 )38
il [mmersion §
Meage 115013 i -4 ) )4
Mealt LIsuld Lo Ltiliey 14 W 3
Meala 115015 o Veeaalic ‘0 4
Mexte L5016 ! 0 0
Water lmmerzion
Mewat LESuL7 i Te (.
Mxwat LESoLs W
* Thia Objective is fue wor du wavuvaced rpevimons, such as blood-ilma,

§ 115 il : t
LISu1Y Extra forins disphragm invacpurated in suuat abviating use af tunnel stop in dark ground dlamination

§ The peive includes s ail bottle anit capply ot wl
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e OPTICAL EQUIPMENT - OBJECTIVES

OBJECTIVES FOR SPECIAL PURPOSES
TANK OBJECTIVES

cerics of three Objectives has been developed.
isms which are anchored to aquatic plants

jects immersed in water a
In use, the front lens must be sub-

For the examination of obj ite
Thev will be found of great use for the study of living organ
or to such as will creep about the bottom of a small beaker or tank.
merged below the surface of the water. . o . .
g\'q-rh'mal illumination can be used with marked success with these Objectives and details elucidated

which would otherwise be unnoticed.

o e |

Focal Length. - Price.

Code Word. No. . £ s d.
m. mm.
Mauge 11601 1 ! 25
Maule 11602 2 16
] 12

Maumo 11603

VARIABLE POWER OBJECTIVES

For elementary schools and for work where relatively low magnifications are required a variable
power Objective has been designed.  The initial power of the Objective is varied by altering the separation

of the combinations. A rotating collar is fitted for this purpose.

Code Word. Neo. Focal Length, Initial Power. ( £ P:ice.
— : S NI f(—
Mealk 11604 1}in. to 3 in. | 8to 15 |

PHOTO-MICROGRAPHIC OBJECTIVES
HOLOSTIGMAT SERIES

; These Objectives are mpumvd with the R.M.S. Objective thread, will fit any standard microscope, and
2ve an irs diaphragm and scale.  They are for use without eyepieces, and for penetration and colour
correction they are unsurpassed. the definition being needle sharf) to the edge of the plate.
No
Buar! 11605 1 . focal length /3
Baant 1160 2. focal lau;:l,h fio
Bibsi« 11607 3 an. focal length 16

“ARGUS” OBJECTIVES

To meet the de {

mand . B X .
g tahays ‘«minu :m xpensive Objectives of low power the * Argus " series has been dpygl]t’d.
) . | sene: consists of an Achromatic . e . B ; est
delinrd dmage ablanable from such g combination ‘ d"“l'hl and pves llll’ most hnllmul ﬂ“d bes

£ s d

Facal Lenguh

Cod: Wa A\ .
) Initial Power Numerical . Price.
b mm Aperture. L s
Myalr Lloot y . - —
Mavur 11600 a bt J 007
Mavg Linoio | ot 5 011
My ) ] | = b 013
Mavia 1] i ; 10 015
‘ O i- -
- o 017
Condiary bo usual praciice this . -
€ Uhjeciive cansints uf 1wy Acvhromatiscd doublets
e e et

-y
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