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An Introduction to the Instruments of Natural Philosophy 
 
This talk introduces a personal view of the rôle of instruments in science and describes a 
range of historical scientific instruments based on examples in the Natural Philosophy 
Collection of the University of Aberdeen, of which I’m Honorary Curator at the time of 
writing.  The emphasis is on 18th century and early 19th century examples, sufficiently 
removed from current instruments that our own physics students would not recognise many of 
these historical pieces.  The talk was originally accompanied by PowerPoint slides. 
 

John S. Reid, Department of Physics, University of Aberdeen 
 
Science is based on observation 
 
I think it’s fair to say that early attempts to understand nature were based on people thinking 
about what they observed in the course of daily life, about what phenomena happened to 
come their way or they heard about.  This approach has several big disadvantages.  Firstly, in 
modern language, the quality of data is poor.  Apart from events observed frequently, the 
natural philosopher of the day was reliant on observing chance events, on oral hearsay or on 
written accounts that were overlain with prior interpretation. 
 
Pre-modern absence of culture of dispassionate observation 
 
To make matters worse, there was in early days no culture of dispassionate observation with a 
scientific ethos.  The scientific ethos requires some detachment of the observer and a 
willingness to see phenomena in isolation from their surroundings: to take an analytical 
viewpoint rather than a holistic one. 
 
For example, when you look at a rainbow 
from a scientific viewpoint you look at it as 
a phenomenon to be explained on its own, 
not as a part of the landscape.  You ask 
questions such as ‘What is the shape of the 
bow?’, ‘Why is the sky lighter within the 
bow than outside it?’, ‘How wide are the 
coloured bands?’ , ‘Why does a secondary 
bow sometimes appear and sometimes not?’ 
and so on.  In the pre-scientific era, there 
was no such ethos of isolating the 
phenomenon and asking the pertinent questions that would lead to a satisfactory explanation 
of the origin of rainbows. 
 
If you rely on what comes your way you can’t generally answer the ‘what if’ question.  Ideas 
about the workings of nature generally throw up many questions and without experiment, 
answers are very thin on the ground. 
 
Experiment is refined observation 
 
Experiment is refined observation; experiment is needed to progress science.  Experiments 
need apparatus designed to isolate the phenomenon in question and allow observation and 
measurement.  Experiments also allow repeated observations both by the same observer and 
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by others elsewhere using equivalent 
apparatus.  The sketch alongside is 
Newton’s ‘experimentum crucis’ that 
enabled him to deduce that the origin 
of the spectrum of rainbow colours 
lay in the phenomenon of refraction 
and in the nature of ‘white’ sunlight. 
 
Experiments need apparatus 
 
Experiments improve the quality of 
the information about the behaviour 
of nature that you are trying to acquire.  The detail of the equipment and its operation dictate 
that quality.  Apparatus is part of the history of science.   
 
The apparatus of the day dictates what phenomenon can be investigated and 
how good those investigations are, or have been in the past.  Surviving 
apparatus is as much part of the historical record as surviving manuscripts 
and printed works.  The fact is, though, apparatus has been underappreciated 
as historic evidence.  Since apparatus is an essential part of science, it is 
worth historical investigation.  You can analyse the operation of the 
equipment in a way that was seldom done by the people who used it and 
assess the quality of the results.  You can look at how key equipment, such 
as microscopes or telescopes has evolved.  The illustration alongside shows 
an early 18th century microscope after the design of Edmund Culpeper.  Such 
microscopes still perform as they used to do and the images can be 
examined.   Was the evolution in microscopes in response to improvements 
introduced by those who made these items? Or was it in response to those 
who commissioned these items and used them?  Or those who sold them and 
wanted to raise their sales by adding innovations?  Or, did instruments 
improve because the theory of how they work became better understood and hence 
improvement became possible, lead by theoretical understanding? 
 
Scientific apparatus is always the product of the society of its times.  That society by and 
large dictates the materials used, the appearance of the equipment and in many ways who and 
where it is used.  Many of the driving forces are ‘unwritten history’ and by examining what 
equipment was made of, how it was designed, what ornamentation and appearance the 
finished articles had and so on we get additional insight into this unwritten history. 
 
The Culpeper style microscope tells us a lot about the values of the day.  ‘The day’ was about 
1740 in this case.  Look at the instrument and you can see that aesthetic design was as 
important as functionality, in fact more so.  Look at the elegance of the shape, the ornamented 
octagonal base, the rays-skin outer barrel and the gold-tooled inner barrel, the polished top 
section showing off the skill of the turner and the exotic wood (ebony) used.  Never minding 
the optical performance, peering vertically down a tube soon becomes a pain in the neck.  
There is no focusing rack, the correct position of the objective lens simply being held by 
friction.  Clearly little effort had gone into the ergonomics of the design.  It would be some 
two centuries before ergonomics played a significant part in changing the shape of 
microscopes. 
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Apparatus generates new knowledge 
 

 
You may say that this statement is obvious but it is at the heart of scientific progress.  
Apparatus is generated by existing knowledge and through its use generates new knowledge.  
That new knowledge generates new apparatus and so on in a stairway of increasing 
knowledge.  Science in a way pulls itself up by its own bootstraps, through the medium of 
experiment with apparatus of increasing complexity.  The three illustrations show, on the left, 
a simple piece of equipment, the electroscope, that just illustrates the presence of electric 
charge; next a development that measures the amount of charge and on the right, in fact many 
evolutionary steps later, voltmeters for determining how charged wires are. 
 
Demonstration equipment 
 
The previous illustrations show an example of 
equipment that was merely meant to 
demonstrate something, the presence of charge 
in this case.   Many pieces of scientific 
equipment are invented and made not to make 
numerical measurements but simply to show the 
phenomenon. 
 
The example here shows an early 18th century 
demonstration of the expansion of metal with 
heating and its contraction upon cooling.  The iron ball when cold passes through the ring.  
Heat it up and it sits on the ring, failing to go through.  As it cools down it will eventually slip 
through the ring.  The demonstration is typical of 18th century demonstrations: direct and to 
the point, very simple, very visual.  There is an element of suspense created in waiting for the 
ball to drop through and a satisfying clunk when it does.  The demonstration links in to the 
real application of heating up cartwheel rims before they are fitted over the wooden interior 
wheel, onto which they shrink and hold themselves immensely tightly. 
 
Measuring instruments may well develop from demonstrations and often involve a large 
amount of development so that the one property that needs to be measured can be determined 
without any spurious influences.   
 
Layers of Complexity 
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This diagram tries to convey that any experiment these days employs not just one instrument 
but probably a whole range of instruments and equipment.  If you look even at one ‘piece of 
apparatus’, for example a box to supply electricity at the right voltage and current, then you 
are likely to find it has instruments within it, such as voltage and current meters, and indeed 
specialist components that if they were on their own would nicely demonstrate some principle 
of science, such as a transformer to change the mains voltage into a voltage that is more 
useful to the application. 
 
What does apparatus look like? 
 
Students who regularly take physics laboratory classes or practical classes in another science 
become familiar with some kinds of equipment.  However, equipment changes in appearance 
over the centuries and one of the purposes of this talk is to show you what historical scientific 
equipment looked like, or at least a sample of it.  I’m mainly going to draw on equipment that 
is in the University of Aberdeen’s excellent historical collection .  Unfortunately, not much of 
this collection is visible.  Some is on display in the Fraser Noble Building and some in the 
Marischal Museum. 
 
I’ve chosen 5 ‘classic’ broad fields: Mechanics, heat, light, sound and electricity, and will 
illustrate equipment from these fields.  Equipment started to be used in universities in the late 
17th and early 18th centuries, mainly as a demonstration tool for teaching.  We have no 
surviving 17th century equipment.   Since I am concentrating on early science, my pictures 
will concentrate on 18th century equipment that we have, with some examples of later pieces 
for comparison. 
 
In any picture you are looking at you see a flat view of an object from one vantage point, 
taken at one time.  It may sound almost too obvious to be saying but it’s worth remembering 
that the real pieces are 3 dimensional and in many cases have moving parts. 
 
Pay attention to such points as the style of apparatus, whether it has ornamentation or not, 
what it’s made of, how well it seems to be made (that tells you about both the client and the 
instrument maker who built it) and whether its purpose is obvious. 
 

Scientific Experiment

Collection of apparatus

Instrument A
Mechanical

Mechanical
components

Instrument B
Electromechanical

Instrument C
Electrical

Instrument D
Electronic

Electrical
components

Meters Wires, connectors
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Mechanics 
 
These items are undated.  The stands look just 
like those illustrated in books of the first half of 
the 18th century.  You might say that they aren’t 
‘scientific instruments’ but in the context they 
are.  Their purpose is to highlight what goes on 
top of them, separating it out from the rest of its 
surroundings so that attention is focused onto it.  
You may say that the plinth of a sculpture does 
the same, which it does, but context is 
everything.  Stands like these were used in 
scientific demonstrations and hence become 
‘scientific instruments’.  Notice also the 
technology and materials.  They could well have 
been made by a cabinet-maker.  Woodworking 
was a necessary skill of the scientific instrument 
make of the early 18th century.  Nowadays it’s 
more likely to be access to a plastic moulding 
machine. 
 
The sectional model of the Leaning Tower of Pisa 
both refers back to the work of Galileo in the 
previous century and illustrates the topic of 
stability of leaning structures. 
 
Inclined plane 
 
This variable inclined plane has a scale up the side 
for measuring the tilt of the plane.  It was operated 
in conjunction with models of sleds or wagons we 
no longer have that could be placed on the plane 
and dragged up by a towing string.  The towing 
string was passed over the pulley, suitably hinged 
back to get it at the right height, and down to a 
weight.  You could then see what weight was 
needed to pull objects up inclines of different 
slopes and how much difference it made having 
wheels as opposed to skids.  This was a quantitative demonstration of the late 18th century and 
could be considered a platform for experiments. 
 
Weighing 
 
The steelyard illustrates one kind of lever 
where the tradesman’s modest weight some 
distance from the fulcrum balances a larger 
weight hung on the yard nearer the fulcrum.  
The steelyard was employed by the Romans.  
Chinese balances or ‘dotchins’ showed the 
same idea developed independently by a 
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different culture.  Dotchins were used for 
weighing gold or small quantities of material (such 
as opium).  The calibrated arm of the devices is 
made of a lightweight quill.  
 
Measuring& drawing 
 
These were items for precision work in the last 
quarter of the 18th century.  The first is a precision 
1-foot ruler shown out of its box against which 
other rulers can be calibrated.  The last quarter of 
the 18th century saw the development of 
machine dividing of circular and linear 
scales that improved by a factor of 10 the 
accuracy of such scales that had formerly 
been divided by hand.  This made 
possible measurements to a precision 
never before achieved.  The second 
instrument illustrated is a pair of 
proportional dividers for use in 
surveying, navigation, technical drawing 
and such activities.  Notice that wood 
working is now used only for the boxes.  The 
dividers were made by Charles Lunan, a 
local clockmaker of high repute and 
illustrates well that the scientific instrument 
making trade changed its skill base during 
the 18th century to those artisans who worked 
to the most precise specifications in metal. 
 
Demonstration of principles 
 
Here you see a scale model of assorted pulley 
systems, all fully working, to illustrate 
the principles behind pulleys, devices 
that would have been very familiar to an 
eighteenth century audience.  The 
strings in the rear running across the 
frame acted like built-in graph paper in 
that they allowed a quantitative 
measurement of how far different bits of 
the pulley system moved when the 
weight to be lifted moved a measurable 
amount, or the applied weight moved a 
measurable distance. 
 
Newton’s cradle 
 
Devices like this on a smaller scale are marketed today as a business toy.  This was clearly a 
significant demonstration in its day, illustrating the principles of conservation of momentum.  
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The device is large enough for a substantial class to 
see it in action.  Our version is almost certainly a 
composite from different eras but the dark wooden 
base, the ivory balls and the ornamentation on the 
pillars suggest a late 18th or early 19th century origin.  
The cradle seems more like an invention of 
Christiaan Huygens than Isaac Newton. 
 
Balance & Pressure 
 
On the right you have a small version of the 
Madgeburg hemispheres experiment made famous by 
Von Geuricke.  The hemispheres held together are 
evacuated through a hole in one of the 
handles and the tap turned to keep in the 
vacuum.  Two people cannot pull them apart 
against the pressure of air on the outside (or 
one person who has hooked the opposite 
handle around a peg).  Let air in to the 
hemispheres and they are easily separated. 
 
The other curious piece is a conical bucket 
suspended just above its centre of mass.  It 
hangs point down because its centre of 
gravity is above its suspension axis.  When filled with water its 
centre of mass rises above the suspension and the bucket tips over 
and self empties.  By itself it illustrates the inter-relationship 
between the support of an object and its centre of mass.  It also 
illustrated the modus operandi, as they would no doubt have put it in 
the 18th century, of a particular kind of Middle-Eastern waterwheel 
that used conical buckets. 
 
Frictionless wheels 

 
Actually these are 
described as 
‘friction wheels’ 
in the manuscripts of the times but they 
illustrate a form of low-friction bearing on 
which the central wheel runs almost 
effortlessly.  I’ve included them here 
because they illustrate superb late 18th 
century workmanship that any clockmaker 
would have been proud of.  They still work 
amazingly well in spite of having had no 
conspicuous maintenance for over 200 
years.  The large central wheel rotates 

freely on its axle that is supported by two smaller wheels on each side.  I believe the piece 
was made in-house at Marischal College by Professor Copland , who was a skilled mechanic, 
possibly with the help of his assistant in the 1780s.  The low friction bearing was an integral 
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part of a larger piece of equipment known as Atwood’s machine’ that was used to measure the 
acceleration of falling bodies. 
 
Heat 
 
Mention 
‘heat’ and 
you probably 
think of a 
thermometer 
as being the 
relevant 
scientific 
equipment.  
Shown here are two special thermometers.  The one on the 
right is Leslie’s differential thermometer that has two bulbs, 
one black and one clear.  The central tube is half filled with 
liquid and the rest is air.   If Leslie’s thermometer is 
exposed to a source of heat radiation, then the black bulb 
absorbs more energy and heats up hotter, depressing the liquid on the black side.  Therefore 
this thermometer allows one to investigate heat radiation.  Notice the elegance of the device.  
Elegance was an issue in the early 19th century, not nearly such an issue in the 20th century. 
 
The solar thermometer on the left is a later 19th century development for measuring solar 
radiation.  The black bulb is now enclosed in an outer bulb to protect it from wind outside and 
the black bulb is connected to a regular mercury in glass thermometer.  The stand can no 
longer be described as ‘elegant’. 
 
The final piece is a late 18th century demonstration 
piece to show that different metals conduct heat at 
different rates.  The rods you see are covered in wax.  
They meet at the centre of the ring.  This centre 
point is held over a gas flame and as the heat is 
conducted outwards the wax drops off the rods, at 
different places for the different metals.  It’s 
brilliantly direct and visual, typical of 18th century 
demonstration apparatus.  I challenge you to think of 
a more effective way of showing heat conduction. 
 
Mirrors and Lenses 
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Mirrors and lenses are the stuff from which optical instruments are made.  Understanding how 
they work is a pre-requisite to understanding optical instruments.  The 3 items above are all 
the kind of equipment that you could well have found in the first half of the 18th century, 
although I’ve no provenance for these particular examples.  Notice the cabinet-maker’s 
materials and technology, supplemented by some skill in glassware and mirror making that 
could equally have been applied to ornamental furniture. 
 
The item on the right is an early 19th century anamorphic mirror, 
illustrating not just that a cylindrical mirror gives a distorted 
picture but if you are really clever you can draw a distorted 
picture that the mirror will make normal.  This is ‘science fun’, a 
theme that ran through demonstrations of phenomena from the 
18th century alongside more serious applications.  Science fun 
can trace its pedigree back to magic and tricks, developed to 
entertain, to deceive, to show power and not particularly to 
demonstrate any form of science at all. 
 
Telescopes 

 

 
When you think of optical instruments, you’ll surely think 
of telescopes.  In science, telescopes and astronomy go hand-in-hand and astronomical 
telescopes have a different job to do than, for example, telescopes used for naval or army 
purposes.  The telescope on the left is a small ‘Gregorian’ astronomical telescope, named after 
the 17th century inventor of the reflecting telescope, James Gregory.  Gregory came from 
Drumoak, near Aberdeen, was a student at Marischal College and one of the most brilliant 
mathematicians of his age.  Gregorian telescopes were very popular amongst the telescope 
buying aristocracy of the 18th century.   
 
In the display in the foyer of the Fraser Noble building you can see a mid-eighteenth century 
Gregorian telescope by the Scot James Short, probably the most famous maker in the world at 
the time (~1735 – 1768).  Short was ahead of his day in having a one-product factory.  
Gregorian telescopes were his business.  He was one of the very first people to introduce 
specialisation of labour in commercial production; for example, one person to cast the mirror, 
another to grind the mirror, one to make the telescope stand, one the body tube and so on.  
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This was decades before Adam Smith advocated specialisation as the route industrialisation 
should follow. 
 
The telescope in the centre, made no later than 1770, hasn’t a splinter of wood on it.  It ushers 
in the age of high-precision positional astronomy, having built-in two very precisely 
calibrated circular scales to record the tilt and slew of the telescope.  Indeed when machine 
division of circular scales was developed by Jesse Ramsden in the 1780s, the scales on this 
particular telescope were re-divided by Ramsden himself.  Of course Tycho Brahe in the 16th 
century was deeply concerned about positional astronomy and had the very best instruments 
of his day but, not having a telescope to aid his sight, he didn’t need scales to the accuracy 
that telescopic observation demands. 
 
No instrument maker was going to sustain a telescope making business selling just to 
observatories in the 18th and 19th centuries – there weren’t enough observatories.  The private 
owner was essential for commercial solvency.  The final telescope shown above is made by 
Ross of London for the amateur, for the gentleman observer to wheel out onto his patio on a 
starry evening. 
 
Microscopes 
 
Few scientific 
instruments 
have contributed 
so much to the 
advancement of 
science and 
medicine as the 
microscope.  It 
was Robert 
Hooke more 
than anyone in the mid 17th century who showed the power 
of microscopy.  However, microscopes as instruments did 
not approach the limits of what could be achieved in 
principle until after the middle of the 19th century, 300 
years after Hooke.  Our picture shows a comparatively 
simple box microscope that could be taken into the field, set 
up on the lid of its box, as shown and used by a botanist, zoologist or medical person.  The 
microscope optics is provided by a single lens.  Very effective compound microscopes are a 
post 1840 development.  The other picture shows a late 19th century development by Ross of 
London in a box that is full of accessories. 
 
Sound 
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The science of sound - acoustics - is mainly a 19th century development and historical 
equipment correspondingly typically 19th century.  Here you see a basic siren wheel on the 
left and on the right a much more elaborate double siren driven by compressed air.  This 
double siren was invented by the great scientist Hermann von Helmholtz, who wrote an 
influential book on acoustics and was highly respected for his work in physiology and 
physics.  The double siren became the standard acoustic signal generator if its day.  
 
The small item in the centre is a Chladni plate, for 
illustrating how plates and surfaces vibrate when 
emitting sound.  This was a late 18th century device 
invented by Ernst Chladni who can be considered a 
founder of the modern science of acoustics. 
 
The other item is a harmonium.  Is it a scientific 
instrument?  This particular one was part of the 
equipment used in the University by Professor 
David Thomson, an noted authority on acoustics, in 
the second half of the 19th century.  In a small 
church, a harmonium is not a scientific instrument.  
When used to demonstrate the principles of 
acoustics, it becomes one. 
 
Electricity 
 

On the left you see an 
early form of 
electrostatic generator, in 
a style that would have 
been familiar to some at 
least by the middle of the 
18th century.  The 
electricity was generated 
by rubbing a pad against 
a glass ball.  It’s the same 
principle as charging up 

your comb by running it through your hair.  The equipment is simple but it doesn’t generate a 
lot of electricity.   
 
Above right is the Head of Despair - a wooden head with hair 
attached that could be charged up by an electrostatic machine so that 
its hair stood on end.  You make the hair of real people stand on end 
by charging up their whole body but care is needed if you are to 
avoid giving them an electric shock in the process.   
 

The 19th century saw the 
invention of current electricity.  
On the right is a very primitive 
electric motor of the 1820s: the 
red pivoted magnetised bar 
rotates when a current is passed 
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down through it.  On the bottom left (above) is a collection of three small electric motors of 
the 1880s, demonstrating how motors had begun to develop from simply demonstration 
objects to commercially useful devices. 
 
Measuring electricity 
 
Electrical measuring instruments evolved hugely over the 19th century.  Indeed the units we 
use of amps, volts and ohms were all 19th century creations.  I’ve chosen to end with some 
20th century instruments.  I hope you can see why the style and materials used suggest that at 
least 3 of them must be 20th century instruments.  There were chart recorders in the 19th 
century but they didn’t have the look and feel of the one shown. 

 
 
In the passing I’ve raised quite a few issues with 
scientific instruments and given only some answers.  A 
good number of enthusiasts simply like the look and feel 
of scientific instruments, just as others like the look and 
feel of sculpture or paintings.  That adds an extra 
dimension to the topic.  Such people, and I’ve met many, 
are not hugely interested in the science behind it all.  
They admire scientific instruments as man-made objects, 
created for highly specialised reasons, intricate, subtle; objects of both function and beauty.  I 
certainly wouldn’t knock this perception.  People so inclined are very active in the 
preservation of historical instruments and are keen to document instrument history.  This is 
another hare you can chase. 
 
Questions to ponder 
 

 What defines equipment as ‘scientific’? 
 Are scientific instruments simply tools? 
 What factors determine the accuracy of ‘scientific’ measurements? 
 Is science of the day limited by the scientific equipment available? 
 Do scientific instruments evolve because of commercial pressures or advances in 

science? 
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Measuring instruments haven’t been developed only for the purposes of scientific 
investigation.  Some have origins directly in commerce and daily living of society.  I’m 
thinking here about clocks for measuring time, balances for comparing weights, sextants, 
theodolites and navigational instruments, sophisticated drawing instruments for tracing out 
complex curves or ensuring that diagrams were drawn in the correct perspective to the correct 
scale.  There are ‘scientific instruments’ that are produced in bigger numbers for use in daily 
life than they are for use in labs.  I’m thinking of barometers and thermometers, as far as 
historic instruments are concerned, and nowadays we have cameras of all kinds, telescopes 
and binoculars, and so on.  In short, it is not simply the kind of instrument that defines it as 
being ‘scientific’ but the use to which it is put.  Clearly the margins defining what is or is not 
a scientific instrument are drawn shadily with a soft pencil. 
 
Instruments have fascinated me as a practising scientist for a long time.  They have made the 
achievements of science far transcend those of thought alone.  The evolution of instruments 
has been one of the defining features of civilisation and culture.  Anyone who has dismissed 
the subject has missed out on one of the great human stories. 
 
JSR 
 
 
 
 


