Photomicrography

through a

Culpeper-type
MICrOSCope




odern microscopes that are used

in so many important aspects of

medical research can trace their
development back to the inspiration of
pioneers well over three centuries ago,
and to many subsequent developers. The
optics and mechanical arrangement of
the Culpeper-type instrument discussed
here were developed in the first half of
the 18th Century. The microscope is
based on the compound design of
Edmund Culpeper, who made a variety of
scientific instruments during his lifetime
in the 18th Century but whose name is
now firmly associated with the early days
of commercial microscopy. The objective
properties of our particular
specimen and how they were
. measured have been described
by Reid (submitted). The
present paper presents
photomicrographs taken
through this microscope and
comments on the quality of the
images.
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The basic materials used to construct the
microscope include brass, lignum vitae, oak,

ray-skin and cardboard.

Fig.1.Gold tooled pattern on velum; note ray-skin on outer
surface of barrel.

DESCRIPTION OF THE

MICROSCOPE

These days, people’s view of a Culpeper
microscope is likely to be through a glass case in a
museum or perhaps as an image on a web page.
Here we give a fuller description of the example

we have used for imaging.

The basic materials used to construct the
microscope include brass, lignum vitae, oak, ray-skin
and cardboard. The compound eyepiece has an
eyelens and a field lens, approximately 10 mm and
35 mm in diameter respectively. They are in
excellent condition, having survived undamaged for
over 260 years. Both are mounted in lignum vitae
and the eyelens, which can be screwed off, has a

sliding brass protective cover.
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The inner sleeve is encased in green velum
decorated with twelve vertical patterns, in six rows
of two, tooled in gold (Figure I). Horizontal dotted
lines have been inked in black on the velum with
numbers corresponding to the five numbered
objectives. Turner (1966) studied the gold tooling
on seventy |7th and 18th Century telescope and
microscope body tubes, and showed that the same
tools were used to decorate instruments that had
been signed by different makers. Thus the patterns
unfortunately don’t tell us the maker’s identity. The
gold tooling on the present microscope does not

resemble any of the examples given by Turner.

The octagonal-shaped oak base houses the
expected rectangular drawer, which has a metal
ring handle, small compartments for the five
objectives and one large compartment for
accessories. One of the extant accessories is an

empty ivory container with screw-capped lid that

Fig. 2. Rotating brass ring of specimens with two discs, one white and
one black.



Figs. 3, 4. Foraminifera, through lens 3. Larger shells are 0.34 mm across.

would have stored the talcs (mica discs) and brass
circlips to secure specimens mounted between the
talcs. The stained oak base has at its centre a
pivoted concave mirror as well as three bowed,
brass square legs that support the stage. This stage
has an aperture to fit a detachable, rotating brass
ring of specimens (Figure 2) mounted between
mica discs, plus two discs, one of ivory and the
other of ebony, to examine specimens. The stage is
secured to the outer barrel of the microscope by
three brass pillars that are extensions of the legs.
The microscope (total height 420 mm) would have
been sold in a pyramidal oak box with lockable

door but this is no longer extant.

Four objective lenses, numbered 1, 3, 4 and 5, are
housed in cup-shaped brass holders with internal
threads to allow for their attachment to the brass
holder of the lignum vitae screw-in adaptor. The
holder for objective number 2 has no lens. To have
one lens missing in the set of a working
microscope is common, for a single careless

moment is all it takes to damage an objective.

An example of a mid-18th Century Culpeper-type
microscope of the kind described here is illustrated
in Turner's book (1989) The Great Age of the
Microscope. A fine Culpeper-type microscope

similar but not identical (the sleeve has a different

pattern and the octagonal wooden base is
patterned) is the centrepiece in an advertisement
for INESCA (Invesco Fund Managers Ltd.) together
with Robert Hooke’s famous Micrographia of 1665
opened to reveal his finely detailed illustration of
cork cells. The theme to the advertisement is the
scientific approach to investment (The Daily
Telegraph, April 23, 1994, PB12). The Culpeper

microscope has acquired iconic status.

IMAGING

Photomicrography

The photomicrography camera used to image
specimens through the Culpeper microscope was
an Olympus reflex OM 10 with its lens attached,
set at infinity and with the aperture fixed at 1.8.
Images seen through the complete microscope
were recorded on liford 35 mm monochrome FP4
film of speed 125 ISO. The specimens on the stage
were illuminated via the mirror with a 60 watt
domestic light bulb housed in an ‘Anglepoise’
holder. Such a source is stronger and whiter than
the oil lamp that would have given Culpeper and

his contemporaries artificial light.

Further information was obtained by imaging a
modern version of an Abbe test slide purchased
from Carl Zeiss Ltd.
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Figs. 5, 6. Abbe test slide, through lens 3. Each band of ten lines is 0.6 mm wide.

Specimens and results

Two of the objectives, numbers 3 and 4, were
selected to judge their optical qualities. These have
focal lengths of 18.5 mm and 23.8 mm, respectively,

and numerical apertures of about 0.05. The first

Fig. 7. Proboscis (tongue) of blow-fly (blue bottle), through lens 3.
The proboscis is 1.8 mm wide.

slide contains Foraminifera of the Sub-Order
Polythatomia (Borradaile et al 1951), mostly marine
inhabitants that show several chambers of
calcareous material. These are illustrated in Figures
3 and 4 (imaged through lens number 3) and in
Figures 9 and 10 (imaged through lens number 4).
The shells from marine debris in Tor Bay Devon are

clearly resolved. The slide was prepared by Mr B.
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Darnton of Dorset. There was not much evidence
of distortion of the lines of the Abbe test slide
imaged with lens 3 (Figures 5 and 6) and lens 4
(Figure I1). Details of the proboscis of a blow-fly
in a ‘classic’ Victorian slide were imaged with lens 3
(Figure 7). The detail was also reasonably well
resolved, as was the cellular structure in a stained
transverse root section of Iris germanica in a

modern slide (Figure 8).

DISCUSSION
Bradbury (1966) and Bracegirdle (1978) appear to

be the only authors to have reported imaging an

Fig. 8.Transverse section of root stele of Iris germanica, through lens
3. The width of root stele at widest point is 1.6 mm.



Figs. 9, 10.  Foraminifera, through lens 4.

Fig. I 1.Abbe test slide, through lens 4.

object (an Abbe Test slide) through an early 18th
Century Culpeper-type microscope similar to the
one described here. Bradbury (1966) found that
the image was degraded by imperfections in the
field lens of the instrument. He used a microscope
signed ‘John Cuff’. It differs only in details from the
microscope used in the present study in having a
square wooden base with drawer, surmounted by a

circular wooden plinth on which the three brass

legs are supported. Bracegirdle's images of an Abbe
test slide showed marked chromatic aberration,

uneven illumination and pin cushion distortion.

Major improvements in the optical design of
microscopes, have included the addition of a field
lens in 1660, fine adjustment/focussing in 1672 (not
a feature on the present microscope), a concave
mirror in 1727, the introduction of an achromatic
objective in 1824, and the aplanatic objective in
1827. Van Cittert (1934) refers to (but does not
illustrate) a microscope similar to the one
described here and notes that its objectives (I-5)
have magnifications of x275, 175, 75, 45 and 30
respectively; the corresponding resolving powers
are 1/200 mm, 1/200 mm, /100 mm and /100 mm.

No data given for lens 5.

Microscopes of the vintage described here owe little
to machine manufacture and everything to hand
construction. Ve expect similar commercial models
to differ in performance but how much variability
there was in the tools of 250 years ago will only be
found out if the performance of a significant number
of similar microscopes now in glass cases or on

storage shelves are actually examined.
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If you enjoyed reading this article, take a look at
"Optical Properties of four screw-on objectives
of an early 19th century "Jones' most improved"
brass microscope" by David Jones and John S.
Reid, published in Volume 39 Part 2 (June 2004)
of The Proceedings.
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