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INTRODUCTION
Did physics matter to the pioneers 
of microscopy? It is a question often 
asked, and it became the title for a 
research paper that I published in 
2009. It appeared in Advances in 
Imaging and Electron Physics[1] and 
has been consulted online by well over 
10,000 scholars.

For those with busy lives, I can 
summarise the contents here: the 
answer is ‘no’. Theoretical constraints 
were irrelevant to anyone watching 
reality unfold beneath the lens. They 
might stop down a lens further than 
theory would dictate, or resort to 
off-centre substage illumination, could 
change focus during an observation 
(not something that can be published, 
but worthwhile for any seasoned 
microscopist), or might add something 
to the specimen – water, oil, glycerine 
– as the inspiration took them. 
Perhaps they improvised dark-ground 
illumination or shone light laterally 
onto the stage. Sometimes they carried 
out micro-dissection of a specimen as 
they carried out their observations.

All of this mattered; the physics 
of optics didn’t enter their heads. 
What preoccupied the pioneers was 
seeing the previously unseen. It is a 
preoccupation that I share.

INVOKING HISTORY
Academics are convinced that primitive 
microscopes provided unusable 
images. The Science Museum informs 
scholars: 

‘Many researchers refused to use 
the early microscopes because… 
aberrations and impurities in the 
lenses caused distortions, which 
led to errors in observations. Not 
much changed in basic microscope 
design over the next 200 years, but 
improvements in lens manufacture 
(such as the use of purer glass) helped 
to solve problems like colour distortion 
and poor image resolution.’[2] 

None of this is true. Lenses can 
contain particulates without unduly 
compromising image formation, and 
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FIGURE 1 An 
unusual single-lens 
microscope is 
this diminutive 
silver instrument 
attributed to Antony 
van Leeuwenhoek 
from the collections 
of the Deutsches 
Museum, Munich, 
with plates measuring 
25 x 45 mm. Its lens 
magnifies 167x 
and this design 
is similar to the 
type Leeuwenhoek 
bequeathed to the 
Royal Society, and 
which Henry Baker 
described in 1743.

FIGURE 2 Many of the 
British microscopists of the 
Georgian era used this design 
of botanical microscope, 
manufactured in London 
by Robert Bancks & son. 
Although the magnifier was 
still a single biconvex lens, 
there was a coarse adjustment 
focusing control and a concave 
substage mirror. The stage 
forceps shown were still in 
production until WWI.
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all those early lenses are liable to 
contain minute air bubbles or opaque 
specks, though good quality glass was 
always thought to be helpful. In 1983 

I came across a previously unquoted 
section of the preface to Robert 
Hooke’s Micrographia of 1665. Here he 
recommends that the reader should: 
‘take a very clear piece of a broken 
Venice Glass’ to make a lens. Glassware 
had been produced in Venice since the 
eighth century and was of the highest 
quality. The houses in Venice at the 
time were wooden, and glass factories 
were a frequent cause of fire, and so 
in 1291 the glass manufacturers were 
ordered to leave the city and settle 
instead on Murano, a group of six 
small islands in the lagoon. Glassware 
is produced there to this day. 

In 1998, with the Octavo Corporation 
of America, I was involved with the 

first digitizing of Hooke’s momentous 
book when it became made available 
on CD[3]. Hooke’s book has recently 
been made available online by several 
sources. Since the pages to Hooke’s 
preface are unnumbered his advice 
had not previously been cited, though 
scholars could now appreciate Hooke’s 
wise advice to the tyro.

Neither is it true that primitive lenses 
cause troublesome aberrations. Used 
with care – and meticulous setting 
up is here essential – I have shown, 
as Nature has reported, that they can 
create images of startling clarity[4]. 

Routine apparatus does not lend 
itself to experiments with primitive 
microscopes, so custom-built devices 
often have to be created. And it is 
unwise to put vintage instruments 
through their paces more often than 
necessary. They are delicate, and a 

replica lens gives results that are, 
inevitably, comparable with a near-
identical magnifier of great antiquity.  

ORIGINS OF MICROTECHNIQUE
The oldest surviving specimens in the 
history of microscopy were prepared by 
Leeuwenhoek in 1674, and I was asked 
to examine them in detail after I found 
them intact in 1981[5]. His hand-cut 
sections proved to be of excellent 
quality.

Sometimes we can discern the 
traces left behind by microscopists on 
their instruments. For example, I have 
studied the microscope used by the 
Victorian botanist George Bentham at 
Kew. It was manufactured in London 
around 1830 by the father-and-son 
firm of Robert Bancks, who also made 
microscopes of this design for Robert 
Brown, Charles Darwin, William 

Hooker and the Prince of Wales. 
The microscope is surmounted by a 
small brass block supporting the lens 
bracket, and the block on Bentham’s 
microscope is marked by numerous 
small, deep cuts, showing that he had 
used it as a support when dissecting 
botanical material.

RESULTS IN PRACTICE
In carrying out extensive experiments 
to reprise the earliest observations, 
I had access to a range of early 
microscopes hand-made by pioneers 
including Antony van Leeuwenhoek, 
Christopher Cock, Robert Bancks and 
John Cuff. Replica microscopes (and 
comparable lenses) have been made 
by Chris Kirby, Esmond Reid, Erik 
Hansen, Arie de Vink and Horace Dall.

Several thousand images in 
colour and monochrome have been 
systematically acquired, with over 
100 as live videos, and they reveal the 
remarkable ability of primitive lenses 
to generate images of high quality. 
Many of them compare favourably 
with the view offered by present-day 
microscopes. 

Most intriguing is a paradox that has 
eluded earlier investigators, and which 
was recently reported by Louisiane 
Ferlier, digital resources manager at 
the Royal Society, in describing their 
digitisation of Hooke’s seminal work. 
Many of the details in the meticulous 
engravings Hooke published could 
not have been visible through his 
compound microscope, which had 
been made for him in London by 
Christopher Cock in 1663. These 
instruments boasted a biconvex 
objective lens, and a planoconvex field 
lens near the observer’s eye. Their 
dimensions made them simple to use, 
standing upon a desk; but the lenses 
amplified the aberrations as much as 
they magnified the specimen. 

As Ferlier states, Hooke’s compound 

FIGURE 3 Displaying the components 
of Robert Brown’s microscope allows us to 
understand its method of construction. The 
largest lens magnifies 5x, the smallest 170x. 
Note that two medium-power lenses (right) 
are mounted in silvered Lieberkühn reflectors 
to permit top-down illumination, which was 
necessary for opaque microscopical specimens.

FIGURE 4 The 
stage of the Bancks 
microscopes 
supprted a mount 
for perforated sliders 
that were carved from 
ivory or bone. Each 
countersunk aperture 
contained a separate 
specimen, which 
was held between 
two circular disks of 
mica secured with 
circlips. The stage 
could alternatively 
hold a watch-glass 
for experimenters to 
study living aquatic 
organisms.

Birth of microscopy
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microscope cannot resolve the minute 
structures that he published. She 
quotes Brad Amos, using the Mesolens 
devised with Es Reid, pointing out that 
many of the finest details illustrated 
in Micrographia ‘could not have been 
visible to Hooke with the degree 
of magnification afforded by his 
microscope, and yet he represented 
[fine details] with astonishing 
accuracy.’[6]

Of course, as all microscopists know, 
it is not the degree of magnification 
that matters; the crucial consideration 
is resolution. Hooke was aware of this, 
and I found how he addressed the 

FIGURE 5A The 
author imaged 
the centric diatom 
Coscinodiscus through 
Robert Brown’s 
microscope, made by 
Bancks, at the Linnean 
Society of London. 
This lens magnifies 
32.5x and allows us to 
make out the general 
structure of the silica 
frustule.

FIGURE 5A  Under 
Brown’s high power 
lens, magnifying 
170x, we can just 
resolve the circular 
perforations that 
are characteristic of 
diatoms. Although 
these single lenses are 
of limited power, they 
were well matched 
to the study of 
angiosperm anatomy. 

FIGURE 5D The 
frustule is here 
imaged with a 
present-day Leitz 
objective. The 
radiating peripheral 
markings measure 0.2 
microns, approaching 
the resolution of a 
light microscope. 
Locating the same 
cell with disparate 
lenses is a complex 
undertaking. 

FIGURE 7 A 
primitive compound 
microscope similar to 
that used by Robert 
Hooke can create this 
image of the cat-flea 
Ctenocephalides. 
This is the best 
image that Hooke 
could have observed, 
though his published 
engravings include 
detail that cannot be 
resolved with such an 
instrument and we 
can deduce that he 
must have resorted 
to a single-lens 
instrument. 

FIGURE 6 The Whipple Museum, Cambridge, publishes this image of the flea Pulex, obtained with an unidentified 18th 
century microscope. Their commentary explains that clear microscopical images were not then possible. The problems often arise 
through scholars who may be familiar with the artefacts, but lack the scientific expertise to utilise them. 

FIGURE 5C Fully 
to appreciate the 
potential of single 
lenses, we here see 
Coscinodiscus imaged 
through a single lens 
ground from spinel 
by Horace Dall of 
Luton and magnifying 
400x. The structure 
of this 80 micron 
cell is resolved with 
surprising detail. 

Birth of microscopy
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problem hidden in that preface. To 
observe fine details, he abandoned 
his compound microscope and turned 
instead to a single lens.

Hooke painstakingly described how 
you draw out glass into a thread, melt 
a bead, and grind it to form a lens; and 
then, when the lens is mounted in a 
perforated metal plate, he finds that it 
will ‘magnifie and make some Objects 
more distinct then [sic] any of the great 
Microscopes.’

There is the answer – to observe fine 
details it’s the single lens microscope 

he used. And it is Hooke’s precise 
design of simple microscope that 
Leeuwenhoek started to produce, after 
seeing Hooke’s book in London.[7]

Many of the pioneers recorded 
that using such instruments was 
a troublesome undertaking – they 
require careful adjustment and 
meticulous focussing. Other 
investigators (including those from the 
BBC and Channel 4) have attempted to 
reprise these results for documentary 
programmes, and failed to produce 
usable results no matter how generous 

FIGURE 8 Robert 
Hooke’s great work 
entitled Micrographia 
was published in London 
in 1665. It is replete 
with magnificent copper 
engravings, of which this 
head-louse Pediculus 
capitis is an example. It 
includes details that would 
be visible only with a 
single-lensed microscope. 
The printed sheet had to 
be folded to accommodate 
it within the folio pages of 
his book. 

FIGURE 9 The spinel lens ground by Horace Dall generated this exquisite image of the head-louse Pediculus which I have captured 
on 35 mm Kodachrome film. Even the finest chitinous hairs are resolved. In the preface to his book, Hooke recounts in detail how to 
construct a single-lens microscope, and describes how he used it to resolve the finest details.

FIGURE 10 
Selective enlargement 
from the central 
field of a Phyllitis 
root section under a 
single-lens microscope 
demonstrates the 
problem of chromatic 
aberration. It was 
an annoyance to the 
pioneers – not rectified 
until achromatic lenses 
were manufactured 
in the 19th century. 
It did not prevent 
their making accurate 
observations, however. 

FIGURE 12 With care it proved possible to locate the identical elder-pith cells under 
a modern Olympus BH microscope and image them under the 400x objective. These 
correlated micrographs demonstrate that the fine detail which Leeuwenhoek would have 
observed compares favourably with what modern microscopists would expect to see today.

FIGURE 11 This historic demonstration shows a section of medulla from the elder 
Sambucus hand-sectioned by Leeuwenhoek in 1674, imaged by the author through the 
original microscope at Utrecht. Fine phycomycete hyphae measuring about 2 microns 
are clearly resolved, an astonishing result for one of the first microscopes ever to be 
manufactured.   

their budgets. This reminds us of 
the practical reality all pioneers 
face: no amount of investment can 
compensate for hasty or ill-considered 
methodologies.

The pioneers were investigators 
facing a new world which they were 
probing, often for the first time, yet 
without recourse to experienced 
mentors or sources of instruction. The 
results they obtained are testimony 
to their diligence, ingenuity and 
perseverance.

We can but celebrate their success, 

and admire their single-minded 
determination.

Those innovative investigators laid 
the ground-work that inspires every 
microscopist today.

Article, and references available 
online at: analyticalscience.
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