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The development of artificial light in the 19th century 
 

John S. Reid 
 

This piece is based on a talk given in February 2011 outlining how lighting developed over 
the 19th century from the dim offerings of candles and oil lamps at the beginning of the 
century to the brilliance of electric light delivered to factories, streets and houses.  Gas lamps 
played their part and innovations in them near the end of the century ensured that they would 
continue to be used well into the 20th century.  The accompanying illustrations are almost all 
from 19th century sources in my personal library. The University of Aberdeen’s collection of 
historical scientific instruments provided some relevant exhibits that are not explicitly 
referenced in this text. 
 
Making light 
 
When you first think of light, you think of the Sun.  As far as light is concerned, nobody does 
it better.  Sunlight is free and available to all, in varying amounts, without lifting a finger.  It 
is true that there is an exploitation cost, such as providing windows in a house to let in the 
light, making solar cells to charge your batteries, and so on.  Exploiting sunlight does cost.  
The Sun generates energy from a sustained nuclear fusion reaction.  Nothing is ‘burnt’, in the 
chemical sense of combining carbon, or hydrogen or sulphur with oxygen.  The Sun 
obviously provides light over all the colours in the rainbow, though not in equal amounts. 
 
Making light by burning 
things has been the 
traditional method on 
Earth.  For millennia, 
the burning was simply 
the campfire.  Oil lamps 
with wicks appeared in 
Palaeolithic times, the 
oil being animal oil and 
the wick likely moss or 
lichen.  Candles seem to 
have been invented in many places from China to Rome, likely independently but probably 
not before a few hundred years BC.  Candles evolved in terms of the purity of their 
ingredients but as light sources they were, and are, more or less a dead-end development.  Oil 
lamps produced a comparable light to candles up until the late 18th century, which saw 
improvements such as circular wicks and glass chimneys that made one advanced oil lamp 
equivalent to some 10 candles.  So we arrive at the beginning of the 19th century. 
 
Caryatides illuminating an early 19th century lemonade seller 
 
/over 
 

 
Roman oil lamp Flare candle 



© JSR 2011  Artificial light in the 19th century 

 2/25

Illustration from Henri-René D’Allemagne  “Histoire du Luminaire”  
 [Alphonse Picard, Paris, 1891] 

 
Lamps were strong on ornamentation, weak on illumination.   
 
Public lighting was poor 
 

 
High oil lamps needed to be lowered to fill them, to clean the 
reflectors, trim the wicks and light them.  Larger cities 
employed a squad of lamplighters for this purpose. 
 
All that was about to change. 
 
Early Gas production 
 
Using the gas that comes off coal when it is being converted 
to coke was a development initiated by Scotsman, William 
Murdoch, who was an engineer in the employ of Boulton and 
Watt.  He began by lighting his house in 1792 but his first  
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attempts probably created quite a smell, for he realised that 
the gas had to be purified.   
 
Murdoch developed the basic concept of capturing coal gas, 
employing lime as a purifier, and storing the gas in a 
‘gasometer’ (better called a gas-holder) a telescopic reservoir, 
which was effectively the customers’ source.  In 1802 he 
applied his technique to lighting some of the Boulton and 
Watt plant in Birmingham and in 1805 provided lighting for 
the cotton works of Phillips and Lee in Manchester, replacing 
nearly 3000 candles with equivalent gas lights.  The 
impurities in the gas included hydrogen sulphide, carbon 

disulphide, carbon dioxide and often ammonia.  It soon became 
clear that to cleanse the gas needed a multi-stage purifier.  
Noxious fumes leaked out of every gas-works and they blighted 
any locality they were established in.  The first street lighting 
company in London was established in 1812 and by 1820 there 
were some 40,000 streetlamps there. 
 
Gas lamps 
 

 
 

Gas lamps for almost all of the 19th century were simply naked 
flames.  The advantages over candles were that they had wider 
flames and hence potentially gave more light.  Once the piping 
had been installed, one didn’t have to go out and buy the 

 
Wm Murdoch (1754-1839) 
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product, trim the wicks, clean up the soot, dispose of the residue or be careful not to knock 
over the light: the fuel was continuously supplied and so long as one paid the bills it didn’t 
run out.  
 
Some of the disadvantages of gas were that the air supply that the burner introduced into the 
gas was quite critical: too little created smoke or, even worse, poisonous carbon monoxide; 
too much gives a clear blue flame with little light.  Even a properly burning flame generated a 
lot of heat, could set fire to objects accidentally brought close, discoloured decorations and 
always used up oxygen in the room.  If the flame went out but the supply stayed on, then the 
room began to fill with poisonous and explosive gas.  Still, ‘more light’ trumped almost all 
the disadvantages of gas until the advent of electric light.  Gas lamps flourished in the 19th 
century, becoming standard fittings in town buildings and town streets.  Social habits changed 
significantly and city ‘nightlife’ was born in the better-off, better-illuminated parts of gas-
light city.  The new technology brought new misconceptions too; some thinking that as a 
flame constantly emerged from the end of the pipe then the pipes must be hot.  
 
Locally, the Aberdeen Gas Light Company established our first works in Poynernook in 1824.  
It began by generating gas from oil but by 1828 they had put in facilities for coal gas, which 
sold at 15 shillings per 1000 cubic feet (about 6d per cubic metre). 
 
19th century figures report that 100 cubic feet of coal (2.8 m3) typically yielded about 15,000 
cubic feet (425 cubic metres) of gas from good coal, though there was a lot of variation.  A 
burner consuming about 1 cubic foot an hour (28 litres) gave a light of eight and a half 
candles.  It could therefore be kept going for 15000 hours on this supply or, more realistically, 
100 burners on for 5 hours a day would last 30 days on the gas produced by about 3 tonnes of 
coal, leakage of gas excepted.  I’ll say some more about gas lighting later.  [In today’s money, 
1000 cubic feet of natural gas generates 10 therm of energy (300 kWh) for a domestic price of 
about £11). 
 
Gas lighting in the Castlegate ~1870 
 

 
George Washintgton Wilson picture, courtesy Univ. Aberdeen Special Collections 
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Notice that the lights are relatively low compared with modern standards, so that they could 
be lit or attended to from the ground.  Continuously burning pilot lights were a later 
innovation. 
 
The arc lamp 
 
The arc lamp was the first electric light.  It was created by 
Humphry Davy in 1808, when he was Professor at the Royal 
Institution in London, after a generous benefactor had given him 
an enormous battery.  The arc is generated by touching together 
two carbon rods that are connected to a source of electricity 
capable of providing a current of many amps.  Once the rods 
have been touched, then they are separated a little.  The arc keeps 
going, glowing at some 3300C, brighter than several hundred 
candles, hotter than the hottest filament bulb we have today.   
 
Davy exhibiting the arc lamp in 1808 
 
Davy’s light was almost blindingly bright but his 
discovery didn’t catch on in 1808.  No-one else then 
had a battery that big (it had 2000 plates) and the cost 
of it far exceeded the value of the light, dazzling 
though it was. 
 
The arc lamp was slow to develop 

 
Batteries were 
used for 
electroplating and 
to ring bells but 
the batteries of the 
day didn’t have a 
big capacity and 
when exhausted 
had to be 
replenished with 
new chemicals.  The re-chargeable lead-acid accumulator 
wasn’t invented in its basic form until 1859 and of course 
what was going to recharge it?  By that time dynamos 
were just beginning to produce the power needed.   What 
ultimately made carbon arc lights possible on a 
commercial scale, and indeed all of the electric light 
industry viable, was the development of dynamos that 
could supply hundreds of amps.  Faraday, the discoverer 
of the phenomenon of electromagnetic induction in 1831, 
famously left it to others to develop practical applications 
of the effect.   
 
Efforts to generate electricity from mechanical motion 
began on a desk-top scale later in the 1830s and continued 
more or less on that scale for another 25 years.  It took 

Humphry Davy (1778 - 1829)

Picture by A. R. Thomson, courtesy F. 
Sherwood Taylor An Illustrated History of 

Science, Heineman 1955 
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until the 1860s before the first machines driven by steam engines of several horse-power 
(effectively kW) were tried.  They were very inefficient by modern standards but led to the 
development of electric light in high value situations.  For example, the Paris Universal 
Exhibition of 1867 demonstrated to the public a replica of an experimental electric lighthouse 
erected on the Brittany coast. 
 
The break-through needed to progress electric lighting was the design of a more efficient 
dynamo.  Gramme’s machine of around 1870 was a key development, followed by that of 
Edison and related efforts.  Just one industrial scale dynamo could then supply the electrical 
needs of many people.   
 
A host of designs were implemented to solve the other problem with carbon arc lamps, 
namely to keep the arc alight in spite of the burning away of the carbons.  One such design on 
the slide shows the typical complexity of these devices. 
 
Arc Lamps Become Useful 

 
Simpler than almost all other devices was the 
Jablochkoff candle.  The two carbons were set 
parallel to each other but separated by a non-conducting paste.  A small sacrificial connection 
at the top heated on first current and started the arc.  Placing the arc within a bowl reduced the 
burning of the carbons and increased the lifetime of a pair of carbons to about 2 hours.  4 such 
carbons were placed within one bowl.  Either they could be switched externally or when one 
pair of carbons struck the current drawn reduced the voltage to below that needed to strike 
any others.  However, when the lit arc burnt out the voltage rose again and a second carbon 
struck its arc.  The light was good, but you had to work hard for it.  A typical carbon arc 
consumes about 500 W and produces light of several hundred candle power.  Most of the light 
does not come from the arc itself but from glowing carbon.  In an open environment, the 
carbons burn quickly.  In an enclosure, the oxygen is quickly consumed and the carbons last 
much longer after that. 
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At l’Avenue de l’Opéra 
 
64 lamps supplied by a single Gramme dynamo attracted intentional attention and introduced 
Parisians to a new lighting experience. 
 
The projector 
 
Projectors, or lanthorns, had been around since 
the days of the candle and oil-lamp.  They were, 
though, transformed in brilliance by the arc 
lamp. 
 
Lighting at work 
 
Outside work could be done at night.  Shown 
overleaf is building the Magazin du Printemps, 
in the centre of Paris, which would have electric 
light within.  Other illustrations show a printing 
works, weaving shed, a manufactory of 
lighthouses, a searchlight and its use at sea to 
spot icebergs (the Titanic was not the first 
vessel to hit an iceberg.  It was, though, going 
faster than 19th century vessels).  Inside works 
usually employed a mixture of arc lamps and, 
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from the end of the 1870s, incandescent lamps (more on which soon). 
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Lighthouses:  
 
In the early 1860s Dungeness in Kent carried an electric arc light.  Arc lamps used in the 
lighthouses near Le Havre in 1860s had around 1500 candle power arcs, with twin sources in 
one lamp housing to avoid down-time. 
 
Early users provided their own power 
 
At first each building or 
institution had its own 
dynamo.  Even private 
houses of the wealthy who 
wanted electricity had to 
have their own power 
source.   Some installed a 
steam engine to drive the 
dynamo in an outhouse or 
in the basement and that 
involved coal, a boiler, 
smoke, noise and 
vibration, and an engineer 
to keep it going.  Later, an 
oil or gas engine drove the dynamo, as shown on the slide, with an accumulator room to keep 
the lights going when the power source was switched off.  William Armstrong, the great NE 
of England industrialist and supporter of Joseph Swan had installed a hydro-electric plant in 
his Cragside home estate in the late 1870s.  
 
 

 
Private house lighting 
 
Above left is Cragside.  On the right: Mrs Cornelius Vanderbilt in March 1883 dressed as an 
electric light with a diamond encrusted head-dress at the Vanderbilt ball (organised by 
William Vanderbilt at their New York mansion - invitations to 1200 people).  William 
Vanderbilt was a business partner of Edison. 
 

William Armstrong's Cragside home in late 1870s 

Mrs Cornelius Vanderbilt in March 1883 
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T A Edison  
 
Thomas Alva Edison (1847 - 1931), the ‘wizard of 
Menlo Park’, figured substantially in the 
electrification not only of America but of Europe as 
well.  He wasn’t the only American with electric lamp 
patents but did more than anyone to bring the 
incandescent lamp to the public by not only inventing 
a viable lamp but by developing the entire electrical 
package from generator, though distribution network 
to wiring techniques, holders and switches. 
 
The incandescent lamp 
 

 The incandescent lamp that we’re 
now familiar with isn’t a development 
of the carbon arc but something 
different, based on a different 
principle.  Edison was one of the great 
technological inventors.   Both he and 
Joseph Swan in England had 

developed a viable lamp using a carbon filament.  
Swan used carbonised cotton as his filament; 
Edison after much experimenting used 
carbonised bamboo.  Neither of them had 
invented the concept of a filament light, which 
was over 30 years old, but they had both 
overcome the problem that the filaments used to 
burn out very quickly.  
 
The solution was to evacuate the glass bulb with 
one of the new high vacuum Sprengel mercury 
vapour pumps.  Edison and Swan’s carbon 
filaments were made in different ways and the 
bulbs fitted into the electrical circuit by different 
fittings.  In spite of this, with some compulsion 
they joined forces to commercialise their ideas 
under the Ediswan banner.  It was Edison in his 
huge development factory who did most to 
advance the carbon filament bulb.  Edison and 
Swan more or less had the monopoly on the 
supply of ‘glow lamps’ for 14 years from 1879.  
Others, such as Hiram S. Maxim were able to reach the market through they’re own patent 
developments. 
 

T. A. Edison 

Swan 
Edison 

Sprengel vacuum pump 
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Interior lighting 
 

 

Arc lamps, some delivering 1500 candle power and run from 1000 V supplies, were fine for 
outdoor work but much too bright for interior use.  The light could not be delivered in small 
quantities.  Incandescent lamps were developed to compete directly with interior gas lamps.  
Standard bulbs of 30 cp (candle power) were brighter than gas but didn’t dazzle; they 
involved no flame, no sparks and were notably steady.  Edison demonstrated them running 
under water and switching them on and off hundreds of times at will – no matches were 
required.  They either worked or they didn’t, unlike a gas flame that could burn improperly 
and poison the atmosphere.  Many people complained of headaches when working for hours 
in gas-light rooms.  That didn’t happen with electric light.   
 

The competition between gas and electricity was begun on 
an unequal playing field, for the gas infrastructure was all in 
place whereas the electric infra-structure had not properly 
been invented, never mind being in place. 

 
Making a Swan light bulb 
 
The stages (follow the diagram left to right). 
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0) The glass-blowing machine provides consistency of size and shape 
1) Platinum wires to which a carbon loop is secured are fused into a glass stopper (1) 
2) A glass tube 9 inches long and 0.8 inches in diameter (4) is blown into two bulbs (5) 
3) The stopper is placed in one of these bulbs (2) 
4) The stopper is fused to the bulb (3) in a flame 
5) The bulb (6) is exhausted, presumably through the thin apex tube 
6) The apex tube is heated and cut off, leaving the bulb (7) 

 
Dynamos Provide Public Electricity 
 

In the late 1880s and early 1890s 
municipalities began installing generators to produce public electricity.  Many bought out 
existing suppliers that had been established with private capital.  Aberdeen’s first power 
station was opened in 1893.  It was the first power station in the country built by a 
municipality.  
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Aberdeen’s street lamps in Union Street 
 

 
This photo was taken just into the 20th century.  Notice that the electric lights are much higher 
than gas lights, providing light over a bigger area; they are totally enclosed and hence 
filament bulbs, more secure against the weather than arc lamps.  Some shops have external 
electric lights. 
 
Medicine 
 

Electric light drove the 
expansion of the provision 

of electric supplies for the last two decades of the 19th century.  The 
reason was not a lack of imagination about what could be done with 
electricity but simply that electric motors and electric heating used 
too much power and electricity was expensive.  However, there 
were many applications of electric lights that couldn’t be done with 
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gas lights. 
 

  
At the theatre 
 
Electric light didn’t just 
make stages brighter, it 
transformed stage 
practice.  In brighter 
light, actors didn’t need 
to exaggerate their 
movements and 
expressions to be seen 
clearly; make-up was 
toned down; new stage 
effects were dreamed up 
such as the appearance 
of ghosts (a favourite) 
created by the reflection 
of a brightly lit person 
out of sight reflected in a 
large glass sheet, or costumes that glowed with miniature lights.  Stage lighting could be 
much more sophisticated and controlled off-stage. 
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The Paris Opera was an early adopter of electric 
light, even before there was a municipal supply.  
This slide shows their generator. 
 
Stage light regulator and an example of one of the new foyer lights (above). 
 
The ghost illusion 

  
The cyclorama 
Not quite the theatre but theatrical in its own way was the cyclorama of the 1890s, a 
panoramic display that re-created a scene in the round using an array of projectors.  In a way 
this was a pre-cursor to the Imax experience and to planetaria. 
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Limelight 
 
While on the topic of theatre lighting, I should 
mention that much earlier in the 19th century, 
limelight had been adopted to provide an intense 
spotlight.  A piece of lime (CaO) was heated in an 
oxy-hydrogen flame.  It glowed intensely, creating 
the floodlight of the times.  The invention of the 
limelight was made by the now forgotten Lt. 
Drummond and applied by him during the Ordnance 
Survey of Ireland and Scotland in 1826.  Others 
quickly realised its value and not for nothing did the 
stars of the theatre want to be 'in the limelight'.  
Limelight was therefore a form of gas light.  The 
slide shows a limelight apparatus in the University’s 
scientific instrument collection. 
 

Another gas lamp, not iilustated, is the 
carbide lamp, invented in the 1890s.  It 
filled a niche for a portable lamp 
before the days of electric torches.  The 
chemical reaction between calcium 
carbide (CaC2) and water generates 
acetylene (C2H2) which burns in air 

with a bright yellow flame.  Carbide lamps also particularly appeared on bicycles and early 
motor cars for about a quarter of a century. 

 
I’ll also mention while on this break from electricity that a 
development of the 1860s onwards was the kerosene or paraffin 
lamp.  It became particularly popular in rural areas where neither 
gas nor electricity had penetrated.  The fuel came from 
petroleum, the first wells for which were sunk in the 1850s.  It 
was essentially a variant of the oil lamp, using a thinner and 
more volatile oil.  It produced a light comparable to a gas lamp. 
 
Domestic lighting 
 
Small electric lamps had the advantage that they could be moved 
to where they were wanted, unlike gas lights. 
 
 Carbon filament bulbs weren’t very efficient, meaning that the 
fraction of electrical power consumed that appears as light was 
small (less than 1%, though this figure wasn’t advertised), and in 
spite of the Sprengel pump they also didn’t have the lifetime we 
now expect from a light bulb.  The filaments lasted a reasonable 
time but the carbon evaporated and deposited a black film on the 
inside of the bulb.   
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The bulbs were manufactured in 
clear glass and their narrow 
filaments could cast sharp, hard 
shadows.  Such lighting is not 
flattering to personal appearance 
and electric lighting was not 
welcomed in households as 
enthusiastically by women as it 
was by men.  Another aspect of 
brighter lighting is that it showed 
up the dust more and dust seen is 
dust that had to be removed, 
creating more housework, at least 
for the housemaid. 
 
Innovation 

 It’s worth saying again that the 
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entire infrastructure of electric supply had to be invented 
and it was done in a couple of decades (1880 – 1900): 
everything from bulb fittings, to switches, fuse-boxes, 
distribution boards, connectors and much more.   
 
Lamp fitting  
 
This would not look out of place today in an up-market 
lighting shop. 
 
Generation and distribution 
 
Edison was a fierce promoter of DC and exaggerated the 
likelihood of electrocution with AC.  His carbon filament 
bulbs had a high resistance and needed a much higher  
 

voltage than was commonly supplied by batteries.  He chose 110V as his supply line, perhaps 
over influenced by his own propaganda on the dangers of high voltage.  On both these counts 
he made less than optimal decisions.  A much better decision of his was to try to distribute his 
power via subways and not overhead cables. 
 
Battery room 
 
One advantage of DC was the ability to use batteries to smooth the supply over a moderate 
downtime of the generator for whatever reason.  Every DC power station had a substantial 
room of lead-acid accumulators.  It is a technology we are likely to see returning in the 21st 
century as we shift to intrinsically variable renewable sources of energy. 
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AC distribution 
 
DC was fine 
when the urban 
consumer was 
close to the 
urban generator 
but transmission 
losses, 
particularly with 
the currents 
involved in a 
110 V supply, 
became 
significant over 
distances of only 
a few miles.  
Edison certainly 
didn’t have it all 
his own way, for 
in the States 
Westinghouse 
was a strong promoter of AC, aided by the mercurial and prolifically inventive Nikolai Tesla.  
The solution was to transform the 110 volts to a much higher voltage for transmission and 
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then transform down again.  The losses in the two transformers were much less than the low 
voltage transmission losses.  Remember that transmission losses depend on the square of the 
current so dividing the current by 10 reduces transmission losses to only 1%. 
 
Ferranti’s AC generator 1890 
 

 
In the UK, Sebastian de Ferranti promoted AC and his Deptford power station completed in 
1890 was the first recognisably modern power station, generating 800 kW of high voltage 
(10 kV) AC.  The age of small, local, low-voltage power stations promoted by Edison would 
not last more than a few decades. 
 
New infrastructure 
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As the frontiers of what could be done constantly pushed out, so new technology was needed 
to make it happen.  The slide illustrates three of many innovations.  The Elihu Thomson 
power meter for AC was developed around 1889 and you’ll recognise it as very close to the 
common domestic power meter still in use.  This was the same Thomson who with fellow 
school-teacher Edwin Houston founded the Thomson-Houston Electric Company that became 
one of the three top electric light provides in the States.  Thomson, English by birth, was a 
prolific inventor, as were several in the burgeoning electrical industry, with almost 700 
patents to his name all told. 
 
Niagara falls project 
 

 
The Niagara falls ‘Cathedral of Power’ re-introduces the third member of the dominant US 
trilogy of lighting companies, George Westinghouse.  The Westinghouse Electric Company 
had made a name for themselves in providing prolific illumination at the World’s Columbian 
Exhibition, 6 miles out of downtown Chicago, in 1893.  Their secret weapon was Nikola 
Tesla, remembered now by many as an electrical showman but in fact a designer of AC 
alternators and equipment who was second to none at the time.  The Niagara falls power 
station had three 5000 horsepower Tesla polyphase motors that supplied AC power to the city 
of Buffalo, some 26 miles distant.  The public were getting used to neighbourhood power 
stations supply power to buildings around the local blocks.  The 26 mile delivery of 
megawatts ushered in a new age in 1896, the first shoot of what would grow into the 
electricity grid.  
 
Electricity versus gas 
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Carbon-filament bulbs were not particularly brilliant 
 As mentioned, less than 1% of energy expended appeared as light, though it was a 

higher % than with gas lights! 
What they didn’t do was their selling point 

 produce a large amount of heat 
 use up oxygen in the room 
 gradually blacken walls and pictures 
 present a constant fire hazard when lit 
 create a carbon monoxide poisoning hazard with a faulty burner 
 create a fire, asphyxiation or explosive hazard when the supply leaked 

 
It may seem that gas manufacturers might as well extinguish their flames and go home.  That 
was not to happen. 
 
Resurgence of gas lighting 
 
Just before the end of the 19th century, Carl Auer von Welsbach 
developed his gas mantle that transformed the effectiveness of gas 
lighting.  Previously, gas lighting had simply used a naked flame.  Try 
reading a newspaper in a dark kitchen by the light of a gas cooker 
flame.  On reflection, perhaps don’t.  You’ll probably move the paper 
so near the flame as to risk setting it on fire.  It’s not quite a fair test 
of a gas light flame, which is made more useful by the presence of 
incandescent un-burnt carbon particles.   Gas lamp burners were 
designed to produce a yellow flame.  The same light enhancement 
process occurs in every candle flame.   Because of the conspicuous 
defects of gas light flames, others beside Welsbach also tried to 
develop a gas mantle.  It was Welsbach’s version, though, that 
became adopted all over the world.  His mantle was essentially a 
small cotton sock impregnated with rare earth oxides.  When the 
mantle was first used, the cotton burnt away leaving a thin shell net of 
hardened oxides that glowed intensely white in the gas flame.  
Welsbach found that just 1% of cerium oxide added to a base of 
thorium oxide gave a particularly bright source.  The mantles used in 
Calor gas lights today are, as far as I know, close to the original idea.  
The fabric is now synthetic and the oxides are coated to increase their 
hardness. 
 
There are three reasons why mantles are so much better than a simple flame.  First, the oxides 
are opaque, unlike the flame.  Secondly, they become hotter than a naked gas-light flame 
because the burner is designed for complete combustion of the gas.  Thirdly, the oxides emit 
more light than you would expect of a body at the temperature they are at, because of the 
phenomenon of luminescence. 
 
The gas mantle prolonged the use of mains gas lights by some 50 years in places.  There were 
still many gas street lamps in Britain by the middle of the twentieth century.  The gas industry 
should have been reeling from this attack by electric light on its flawed product but in the 
event town gas production continued to rise almost uninterrupted.  Its saviour was not really 
the gas mantle but the rise of gas usage for domestic cooking and, to some extent, heating. 
 
How efficient are lamps? 
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The term ‘candle power’ is loosely used 
these days with the implication that it is a 
measure of the total light output of a 
device.  It’s not.  It’s a measure of the 
light output into unit solid angle (an area 
of 1 m2 at a distance of 1 m from the 
source).  The modern unit is the candela.  
However, the illumination standard for 
much of the 19th century was a ‘standard 
candle’ of a particular size made of sperm 
whale fat and burning at a specified rate.  
Illumination standards throughout the 19th 
century in the UK were controlled by the 
Gas Commissioners and they replaced 
this standard in 1898 by Vernon 
Harcourt’s wick free standard pentane 
lamp.  The modern candela is now 
defined in terms of illumination per 
steradian and realised though a tungsten 
filament lamp and standard filters. 
 
The luminous 
efficiency of 
different sources is 
quantified in a 
photometric 
laboratory.   The 
basic procedure in 
the 19th century was 
to compare the 
distances of different 
lamps from a solid 
body so that they 
produced shadows of 
the same greyness.  
If lamp A produced 
the same shadow as 
lamp B when it was 
twice as far away 
then it must be 4 
times as intense. 
 
On to the future 
 

The end of the 19th century saw both serious research into the 
quantitative laws that governed radiation from hot bodies and 
the development of metallic filament lamps.  The two were 
connected since it turned out that by far the most significant 
factor controlling radiant efficiency was the temperature of the 
filament.  Metals like osmium, tantalum and tungsten have very 
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high melting points and can in principle be run many hundreds of degrees hotter than a carbon 
filament (which doesn’t melt but evaporates quickly before its melting temperature is 
reached).  Unfortunately they are hard, brittle and can’t in their immediately refined state be 
drawn into filaments.  Welsbach produced the first commercial metal filament lamp in the late 
1890s using osmium for the filament.   The filaments were fragile and osmium is much more 
expensive than platinum.  The sequel to Welsbach’s work takes us into the 20th century with 
osmium/wolfram (tungsten) alloy filaments (the origin of Osram lights) and later, tungsten 
filaments that were the staple for the rest of the 20th century. 
 
[One added characteristic of metal filament lamps is that you need a much longer filament to 
achieve the same resistance and hence pass the same current.  In one way this is an advantage.  
A short but manageable length of filament can be made just as hot from a low voltage.  
Hence, torch bulbs, car lamps, miners’ lamps and lamps of all sorts operating at 2 – 12 V 
become possible.] 
 
19th century Geissler Tubes 
 
These tubes that may or may not be 19th 
century are in the University historical 
collection.  They highlight that studying 
discharges in gases was a significant area of 
science for the last 40 years of the 19th century. 
 
Gas Discharge Tubes  
 
Gas discharge tubes are sealed glass tubes containing an electrode at either end and a low-
pressure gas within.  They were investigated extensively in the second-half of the nineteenth 
century.  They set the scene for the 20th century development of fluorescent lights, which are 
based on low-pressure mercury vapour discharges, and discharge lamps such as sodium street 
lighting. 
 
Finale 
 
The difference in artificial lighting 
between the beginning and the end of 
the 19th century was much greater than 
the corresponding difference in the 20th 
century. Much of what happened in the 
20th century can be seen as a 
development of what had been started in 
the 19th century.  It was a tremendous 
era for innovation, invention and 
change.  The field of lighting illustrates 
very well the ingenuity and 
opportunities available then.  I hope I 
have conveyed some of that in this talk. 
 
JSR 


