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Coloured double and multiple stars – how much is in the eye of  the beholder?
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COVER: Eyepiece impressions of  some classic double and multiple stars, from the Larousse Encyclopaedia of  Astronomy. In reality 
the colours appear nowhere near as strong as in this illustration, and indeed over the years many observers have differed widely in 
their perception of  the colours involved. See The Colours of  Double Stars by Peter J. T. Morris and William Sheehan in this issue. 
The doubles illustrated on the cover are as follows: 1: Beta Cygni (Albireo); 2: Eta Persei; 3: Alpha Canum Venaticorum(Cor 
Caroli); 4: Beta Scorpii (Acrab); 5: Gamma Delphini; 6: Gamma Andromedae (Almach); 7: Beta Orionis (Rigel); 8: Iota 
Cassiopeiae; 9: Alpha Herculis (Rasalgethi); 10: Epsilon Boötis (Izar); 11: Alpha Scorpii (Antares); 12: Xi Boötis.

The Great Exhibition of  the works of  industry 
held in Hyde Park, London, in 1851, was the first 
of  the World’s Fairs. Among the attractions such as 
the Koh-i-Noor diamond, Samuel Colt’s revolvers, 
various musical instruments, steam hammers, and 
the first modern pay toilets, only the astronomers 
would have taken much notice of  a new device for 
making more accurate transit timings. It was 
exhibited by the instrument makers Wm. Bond 
and Son of  Boston, Massachusetts, the company 
founded by the father of  Harvard Observatory’s 
director William Cranch Bond. 

This so-called American Method of  transit 
observing was designed to eliminate the personal 
error that was unavoidably present in the 
traditional ‘eye-and-ear’ method of  transit timing. 
At its heart was a brass cylinder covered with 
paper, shown on the right of  the illustration. The 
cylinder revolved once per minute, while a pen 
traced a continuous line on it. The pen, connected 
to the pendulum clock behind, left a tick mark 
each second on the paper. To record an 
observation, the observer simply pressed a hand-
held key when a star crossed the wire in his 
eyepiece, and the pen made an additional mark on 
the paper. By comparing the observer’s tick mark 
on the paper with the ticks marking the seconds 
from the clock, observations could reliably be 
timed to a few hundredths of  a second. 

This technique was not only more accurate 
than the existing ‘eye-and-ear’ method but also 
faster, for the observer could make observations of  
wire crossings in rapid succession without having 
to count the seconds beaten out by the clock. 

ABOVE: An observer making transit timings with Bond’s recording 
chronograph. The timings were recorded on the rotating drum in front of  the 
pendulum clock on the right. This illustration comes from a volume titled 
American Superiority at the World’s Fair by Charles T. Rodgers (John J. 
Hawkins, 1852). 

For more information see Section 8 of  ‘The Liverpool 
Observatory at Waterloo Dock Part 2’ by Richard Schmidt 
and Paul Dearden in this issue.
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The Society for the History of  Astronomy (SHA) was formed in June 2002 with three main aims: 
• To provide a forum for those with an interest in the history of  astronomy and related subjects;  
• To promote the history of  astronomy by academics, educators, amateur astronomers, and local historians;  
• To encourage research into the history of  astronomy, especially by amateurs, and to facilitate its collation, inter-

pretation, preservation, publication, and dissemination. 
To implement these aims, the Society organizes regular meetings and publishes its twice-yearly SHA Bulletin and an 
annual Journal, The Antiquarian Astronomer. These provide opportunities to publish research by members and others into all 
aspects of  the history of  astronomy and related subjects. Because most members are amateur astronomers and  amateur 
historians, much of  their research is likely to be outside the scope of  professional journals. 

Papers for The Antiquarian Astronomer should contain original research, new interpretation, insights of  material in 
the public domain, or bring to a wider audience material of  limited availability or that is available only in  dispersed loca-
tions. Papers offered to The Antiquarian Astronomer should not have been previously published and are subject to external 
peer review. Back issues of  The Antiquarian Astronomer appear on the SAO/NASA Astrophysics Data System (ADS) two 
years after publication; to access them, go to http://adsabs.harvard.edu/bib_abs.html and type our official abbreviation, 
antas, into the box marked Journal Name/Code. 

The Society also publishes a Bulletin which usually appears twice per year. The scope of  the Bulletin includes, 
but is not necessarily limited to: news and developments in the history of  astronomy, meeting reports, articles, obituaries, 
book reviews, and members’ letters. Articles for the Bulletin can be on any aspect of  the history of  astronomy and are 
usually up to 2000 words in length. They normally do not contain significant new research (such research should be pub-
lished in The Antiquarian Astronomer) and are not peer reviewed. Contributions for the Observatory Scrapbook series are 
particularly welcome; these items consist of  a brief  description (typically 500 words or fewer) and an illustration of  some 
historical observatory. It is prudent to discuss contributions for the  Bulletin, particularly book reviews, with the Editor(s) 
in advance to avoid duplication. Addresses can be found on the inside back cover of  this Journal. 

Timely information, particularly about forthcoming events, both SHA and other, is communicated to members 
via the quarterly e-News, which most members will receive by email.

About the Society for the History of Astronomy

From the Editor

For over 80 years we called it Hubble’s Law – the ineluctable link between a galaxy’s distance from us and its speed 
of  recession in the expanding Universe. The term arose after two landmark papers by Edwin Hubble in 1929 and 
1931 in which he reported that redshifts of  galaxies increased linearly with distance. But a Belgian theoretician, 
Georges Lemaître, had anticipated the expansion of  the Universe in 1927 and even calculated its approximate rate 
from existing published data. Unlike the flamboyant Hubble, Lemaître was no publicity seeker. His prior insight 
was reduced to a footnote in cosmological history until 2018, when the International Astronomical Union recom-
mended that the distance–velocity relation of  the Universe be referred to as the ‘Hubble–Lemaître law’. In an elec-
tronic poll, IAU members voted four to one in favour of  the renaming. Lemaître was at last rescued from obscurity 
by international acclaim. 

But who was Lemaître? He is often described as simply a Catholic priest, almost as if  to imply that his insight 
came from divine inspiration, but he was much more than that: a university professor and a cosmologist who had 
worked with Arthur Eddington in Cambridge, Harlow Shapley in Harvard, and conversed with Hubble and 
 Einstein. His revolutionary advance was based on a firm grounding in the mathematical basis of  relativity, but his 
natural reticence, allied to his low-profile base at the University of  Louvain in Belgium, meant that he never 
received due recognition during his own lifetime. In this issue of  The Antiquarian Astronomer, Simon Mitton provides 
a timely reassessment of  the modest genius of  Georges Lemaître, now recognized as one of  the greatest cosmolo-
gists of  the 20th century. 

Astronomers talk freely of  red and blue giants and dwarfs, but how red are Antares or Betelgeuse, really, and 
how blue is Rigel? Even more difficult is judging the components in double or multiple systems, for the proximity of  
a contrasting star biases our perception. Over the years double star observers have offered some pretty subjective 
descriptions. Most inventive of  all was the great W. H. Smyth, who came up with terms more fitting of  a paint-
maker’s shade card such as cinerous, jacinth, orpiment, sardonyx, and smalt. To investigate how the human 
 element affects the impression of  double star colours our regular contributor Bill Sheehan has teamed up with 
 double-star observer Peter Morris for our cover story which starts on page 66. Also in this issue, Paul Haley looks at 
the life of  Victorian amateur Henry Cooper Key, Robert Peeling tells the story of  W. H. Smyth’s telescopes, and we 
round off  with Part 2 of  Richard Schmidt and Paul Dearden’s history of  the Liverpool Observatory. 
 
Ian Ridpath
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1. Recognition by the International  
Astronomical Union 2018 
Georges Henri Joseph Édouard Lemaître (1894–1966) 
died three days after learning from his successor at the 
Catholic University of  Louvain, the Belgian mathemati-
cian Odon Godart (1913–96), that Arno Penzias and 
Robert Wilson had discovered the cosmic microwave 
background radiation. Despite being gravely ill with 
 cardiac failure and leukaemia, Lemaître lucidly thanked 
his colleague for telling him of  this finding, which 
 confirmed the explosive origin of  our Universe, just as 
Lemaître had suggested in 1931. 

More than five decades since his passing, Lemaître’s 
reputation has risen remarkably, from near obscurity to 
widespread acclaim as the ‘father of  the Big Bang’.1 At 
the Thirtieth General Assembly of  the International 
Astronomical Union (Vienna, Austria, 2018 October 
20–31) a lively discussion was initiated by the promul-
gation of  Resolution B4 ‘on a suggested renaming of  
the Hubble Law’. This led by turns to the recommen-
dation that ‘from now on the expansion of  the universe 
be referred to as the Hubble–Lemaître law’. The pur-
pose of  the resolution was ‘to honour the intellectual 
integrity of  Georges Lemaître that made him value 
more the progress of  science rather than his own visi-
bility’. This review explores how Lemaître’s research 
from 1927 to 1946 contributed to our present picture of  
Big Bang cosmology. 

2. Early life and education 
Georges Lemaître had a fascinating and varied life in 
science. As a Catholic priest he made an intriguing aca-
demic, working in both heavenly theology and cosmical 
theory. During Lemaître’s lifetime his older contempo-
rary, Edwin Hubble (1889–1953), was idolized in the 
United States for discovering that the galaxies are 
receding, while in Britain Fred Hoyle (1915–2001) 
entertained the public and outraged professionals with 
his Steady State model of  the Universe.2 Lemaître 
knew both Hubble and Hoyle and kept on amicable 
terms with them.  

From the late 1930s until the early 1960s, observa-
tional data on the distant Universe was so sparse that 
theorists were largely free to pick and choose what 
numerical values to use for the parameters in their 
equations. Throughout this period, what we now term 
observational cosmology was mostly carried out by 
Hubble at Mount Wilson with the 100-inch (2.5-m) 
telescope until 1949 July, when he suffered a heart 
attack while on vacation. Thereafter, his protégé Allan 
Sandage (1926–2010) took over the observational cos-
mology programme with the Palomar 200-inch (5-m), 
which had been specifically designed for research on 
the most distant galaxies. 

Sandage undertook a quest to determine two num-
bers of  deep cosmological interest: the rate at which our 
Universe expands, and the degree of  acceleration in 
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Georges Lemaître and the  
foundations of Big Bang cosmology 

Simon A. Mitton

Georges Lemaître was a remarkable contributor to the advancement of  cosmol-
ogy in the heady years following the two great revolutions in theoretical physics 
in the last century: general relativity and quantum mechanics. In the past two 
decades the impact of  his key publications has advanced from very little to enor-
mous. Among other landmark achievements, Lemaître was the first cosmologist 
to estimate the rate of  expansion of  the Universe, later known as the Hubble 
constant. In 2018 the International Astronomical Union renamed the Hubble 
law as the Hubble–Lemaître law in recognition of  his foundational contribution 
to the theory of  the expanding Universe. This biographical review examines: 
 factors that influenced his approach to the philosophy of  science, particularly 
cosmology; his engagement with the network of  contemporary cosmologists; and 
the circumstances of  his withdrawal from research in cosmology and the further 
promotion of  ‘the fireworks universe’ after the early 1930s. 
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that rate. Lemaître, as well as other theorists, took the 
keenest interest in the data that had been acquired by 
Hubble and his successors because the rate of  expan-
sion and its acceleration were the only observables that 
could be used to differentiate between competing theo-
ries of  the origin and nature of  the Universe.3 
 
2.1. Family and upbringing 
Who was Georges Lemaître and what aspects of  his 
upbringing influenced his later career? His ancestry can 
be traced through four generations: his great-great 
grandfather Clément enlisted in Napoleon’s army and 
fought at Waterloo. The devout Catholic family became 
strongly patriotic after the Belgian Revolution of  1830, 
which had led to the 1839 Treaty of  London that recog-
nized Belgium as an independent and neutral country. 

The Lemaîtres hailed from Charleroi, a former gar-
rison town, positioned strategically to safeguard the 
roads to Antwerp and Brussels from the marauding 
French. By the mid-nineteenth century it had become a 
thriving, heavily polluted, industrial city with an econ-
omy based on coal mining, iron foundries, glassworks, 
and tobacco factories. Growth and trade accelerated 
after the canalization of  the Sambre river in 1828.  

Sixty years later, when Joseph-Achille Lemaître 
(1867–1942), the father of  Georges, had graduated 
from the Law School of  the University of  Louvain in 
1889, his proud father set him up in business by gifting 
him a quarry near Antwerp and glassworks close to 
Charleroi. Joseph and his wife Marguerite’s three chil-
dren (a fourth died in infancy) were raised to respect 
the tenets of  the ruling industrial class. These included 
personal dignity, professional integrity, devout commit-
ment to the Roman Catholic faith, and loyalty to the 
established institutions, civil, societal, and religious.4 

Georges, the eldest of  the children, was born on 
1894 August 17. He grew up in Belgium’s pays noir, a 
dark landscape disfigured by huge slag heaps and blast 
furnaces stretching west to the horizon. His father, an 
innovative industrialist, worked to improve the family 
glassworks business, so we can imagine that from an 
early age Georges became familiar with fiery furnaces 
and their glowing ashes.  

At the age of  10 he commenced a classical educa-
tion at the Jesuit Collège of  Sacré-Coeur, noted for its 
emphasis on academic excellence. There he received a 
thorough grounding in Greek and Latin, including 
verse and rhetoric.5 By his second year his outstanding 
talent at mathematics had become evident. 

Meanwhile his father was experimenting with new 
technique for working glass and was on the point of  a 
technical breakthrough when a major fire destroyed his 
factory. The Lemaître family faced ruin. When he sadly 
surveyed the devastation, Joseph’s top priority was to 
settle with his debtors and pay the workforce, which he 
did by borrowing from the wider family. Then he 
secured a senior management position dealing with 
commercial loans at Société Générale in Brussels, and 
the family resided in an imposing townhouse.  

Georges, by then age 16, was enrolled at the nearby 
Collège St-Michel, a Jesuit school opened in 1905, with 
extensive teaching laboratories and an enormous 
chapel. In his final year at the Collège, Georges studied 
advanced mathematics and physical sciences while he 
prepared for admission to the School of  Engineering at 
the Catholic University of  Louvain. A future career as 
a highly paid mining engineer beckoned, and he would 
be able to rebuild the family’s finances. Or so it must 
have seemed. 
 
2.2. A change of  direction 
Georges began his foundation course in engineering in 
1911 September and also signed up for a diploma 
course in philosophy. His interest in the history of  math-
ematics began about that time. He read Euclid in Greek 
and the works of  Euler, Gauss, and Jacobi in Latin. By 
the end of  his final year he had distinguished himself  in 
mathematics and physics but not in engineering. Was he 
beginning to doubt his calling as a mining engineer? 

The prosperous economy of  Belgium was critically 
dependent on the coal mines of  Wallonia in southern 
Belgium and the enormous production from the copper 

3

Fig. 1: Georges Lemaître in the early 1930s when he was at the 
height of  his fame, a few years after publishing his groundbreaking 
paper on the expansion of  the Universe. The English-language 
version of  his 1927 paper appeared in 1931. (Archives Louvain)
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mines in the Belgian Congo, where Jesuits were busy 
with establishing schools. But Georges had also devel-
oped a passionate interest in philosophy. 

He was attracted spiritually to the Roman Catholic 
priesthood but he dithered over whether to join a reli-
gious order noted for its scholarship, such as the Jesuits, 
or become a diocesan priest, which might leave him 
with a little spare time to do advanced mathematics. He 
was still mulling this over when the decision was taken 
out of  his hands by the commencement of  the Great 
War on 1914 August 4. 

 
3. Patriotic service on the Western Front 
The government of  neutral Belgium refused the Ger-
man Army safe passage to France, which compelled 
Britain, as a guarantor of  Belgium’s neutrality, to enter 
the war.6 Georges and his younger brother Jacques 
(1896–1967), both deeply loyal to king and country, 
immediately enlisted. Georges was despatched to the 
front line, inadequately armed with a French M1874 
Gras service rifle that had no magazine. It fired a single 
shot but it was an improvement on the Charleville mus-
ket that it had replaced in 1874. 

The well-drilled Wehrmacht attempted to occupy 
the whole of  Belgium in order to create a corridor 
through which they could invade northern France. 
Their troops flooded in and, by mid-October, they had 
the Belgian army bottled up in the northwest along the 
river Yser. Georges experienced plenty of  action during 
the fiercely fought battle of  October 16–30, with Bel-
gium suffering 3,500 losses and 15,000 wounded.  

The tide of  battle changed dramatically when the 
Belgians opened the sluice gates at Nieuwpoort to inun-
date the polders, forcing the Wehrmacht to abandon its 
attempt to capture the front line. Thereafter the Belgian 
Army dug in on a section of  Western Front that they 
held until 1918. Importantly, their soldiers secured 
Nieuwpoort, which would become the entry point for 
relief  supplies from America. Had they failed to do so, 
Belgium would quite possibly have suffered mass starva-
tion by 1917. 

It was a horrible four years for the infantry, living 
and sleeping in insanitary trenches. Belgium lost 
another 7,000 troops to typhus. Although Georges was 
transferred from trench warfare to land warfare on 
1915 July 3, the living conditions remained miserable. 
However, from that date on he had time to keep up  
his interest in science and delighted his comrades with 
stories of  discovery.  

Astonishingly, he not only mastered Poincaré’s Élec-
tricité et Optique, he also diligently recorded the positions 
of  his artillery battery each day on blank pages in the 
book. During his introductory course on ballistics, the 
jovial scholar politely pointed to a trigonometrical error 
in the official artillery manual. This resulted in a charge 
of  insubordination from which his army career never 
recovered: his promotion to second lieutenant was 
blocked on the grounds of  bad character. Nevertheless, 

in peacetime he merrily mingled in many reunions of  
his regiment, proudly sporting his Croix de Guerre with 
Palms (Figure 2). He was one of  only five front-line 
troops to be decorated by the Commander-in-Chief, 
King Albert I. 

Attired in his shabby squaddie uniform, Lemaître 
resumed his studies at Louvain on 1919 January 21.7 He 
dumped mining engineering and switched to an in-
depth study of  higher mathematics and physics, concen-
trating on the spectacular advances in electromagnetism 
and relativity that had been made in the previous half-
century. In 1920 July, Louvain conferred on him its 
 doctorate in science (DSc), in effect his diploma to teach 
those subjects in higher education. His discharge from 
the army came through on 1919 August 19. 
 
4. Three years of  discovery 
Having served under strict military orders for five years, 
Lemaître concluded that the enclosed life of  a religious 
order was not for him. Instead he was fast-tracked for 
ordination as a secular cleric at the liberal Grand Sémi-
naire de Malines. Here his intelligence quickly made 
the right impression on his superior, Cardinal Désiré-
Joseph Mercier (1851–1926), Primate of  Belgium, who 
encouraged the talented seminarian not only to keep 
up with the latest developments in general relativity but 
also to develop his interest in philosophy.8 

In his encouragement of  Lemaître’s scientific career, 
the Cardinal’s timing was perfect. On 1919 May 29, 
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Fig. 2: Georges Lemaître attired with his war medals in a 
characteristically jovial pose at a regimental reunion, possibly late 
1940s. On the right is his highly distinguished Croix de Guerre. 
(Archives Louvain) 



Issue 14, June 2020The Antiquarian Astronomer

Arthur Stanley Eddington (1882–1944), Plumian Pro-
fessor of  Astronomy and Experimental Philosophy at 
the University of  Cambridge, had photographed the 
total eclipse of  the Sun from a coconut plantation on 
the island of  Principe, 220 km off  the west coast of  
equatorial Africa.  

On November 6 Eddington had announced to a 
specially convened meeting at the Royal Society that 
measurements of  the positions of  stars on his eclipse 
plates had confirmed the second classical test of  Ein-
stein’s general theory of  relativity, the extent to which 
starlight is bent by the Sun’s gravitational field. 
Overnight, Eddington had soared to worldwide fame, 
and a publishing boom of  books and papers on general 
relativity followed.  

After Lemaître had mastered the technical details of  
general relativity, he spent 1921–22 writing a 131-page 
dissertation on Einstein’s physics.9 He submitted this 
review with his successful application to the Belgian 
Ministry of  Arts and Sciences for a fellowship which 
enabled him to travel overseas for three years, extend-
ing his studies of  general relativity in England and 
earning a doctorate in the United States. In just three 
years he had not only completed the seminary training 
but had also acquired a thorough grasp of  the most 
fundamental aspects of  the theory.  

Mercier ordained Lemaître on 1923 September 22. 
Ten days later he alighted at the Port of  Dover on the 
first stage of  an exceptional voyage of  academic discov-
ery that would last three years. 
 
4.1. With Eddington in Cambridge 
Lemaître spent the first of  these years in Cambridge, 
settling into fundamental research under the donnish 
tutelage of  Arthur Eddington, who was surprised by 
Lemaître’s excellent knowledge of  the intricacies of  
solving the field equations of  general relativity. At 
Cambridge Observatory, the highly decorated Belgian 
war veteran would have been somewhat in awe at the 
prospect of  working with England’s most famous paci-
fist scientist on the nature of  the Universe.10 Together 
they took up the challenge of  discovering what, if  any-
thing, Einstein’s field equations could reveal about the 
physics of  our Universe. 

Lemaître’s period of  study in Cambridge was highly 
significant for his future career in cosmology because 
Eddington was among the most distinguished astro-
physicists in the world. When Lemaître arrived on the 
scene, the second edition of  Eddington’s great text on 
general relativity was in press,11 and he was hard at 
work on another advanced monograph on the physics 
of  stellar interiors.12 

It was thanks to Eddington that Lemaître learned 
how to solve the differential equations of  relativity by 
numerical methods. In Belgium, Lemaître had received 
no instruction on astrophysics whereas, at Cambridge, 
he attended Eddington’s lectures on astrophysics, taking 
a keen interest in Eddington’s discovery that the total 

radiation from a star (absolute luminosity) was deter-
mined by its mass.13 Eddington had arrived at this  
conclusion (the mass–luminosity relationship) by con-
sidering the equilibrium of  a stable star, in which the 
force of  radiation pushing outwards is balanced by the 
gravitational force pulling inward.  

There had already been attempts to solve the equa-
tions of  general relativity when it was applied to the 
entire Universe. In 1917 Einstein himself  had been the 
first to do so, finding a solution for an infinite static uni-
verse – devoid of  motion – in which the attractive force 
of  gravity on ordinary matter is counteracted by a mys-
terious cosmological constant.14 

A different model had been proposed by the Dutch 
mathematician and astronomer Willem de Sitter (1872–
1934), but his universe was devoid of  matter. Neither 
solution approximated reality, but they did demonstrate 
the difficulty of  finding a model that would fit the facts. 
The search for such a solution became the main focus of  
Lemaître’s three years of  study abroad. 

During his Cambridge year he made an original 
contribution to the development of  general relativity by 
producing a clearer mathematical understanding of  
what is meant by the concept of  simultaneity in a four-
dimensional universe with three spatial dimensions 
measured with a ruler, and a time dimension measured 
by a clock.15 In a letter of  recommendation dated 1924 
December 24 addressed to Théophile de Donder (1872– 
1957) of  the Université Libre de Bruxelles, Eddington 
included a warm tribute to his former student: 

I found M. Lemaître a very brilliant student, won-
derfully quick and clear-sighted, and of  great math-
ematical ability. He did some excellent work here, 
which I hope he will publish soon. I hope he will do 
well with Shapley at Harvard. In case his name is 
considered for any post in Belgium I would be able 
to give him my strongest recommendations.16 

 
4.2. The measure of  the Universe 
Eddington introduced Lemaître to the interesting 
 properties of  Cepheid variable stars, particularly their 
application as ‘standard candles’ for the extragalactic 
distance scale. Lemaître learned that in 1912, at Har-
vard College Observatory (HCO), Henrietta Swan 
Leavitt (1868–1921) had established that the apparent 
magnitudes of  25 Cepheid-type variable stars in the 
Small Magellanic Cloud decreased almost linearly with 
the logarithms of  their periods.17 

Within a year, the Danish astronomer Ejnar Hertz -
sprung (1873–1967) was able to calibrate the relation-
ship between a Cepheid’s period and its luminosity, 
thus recognizing Cepheids as ‘standard candles’ for illu-
minating the extragalactic distance scale.18 In 1914, 
while  on the staff  of  Mount Wilson Observatory, Har-
low Shapley (1885–1972) suggested that the periodicity 
of  Cepheid luminosity arises because they are regularly 
pulsating.19 By 1919 Eddington had a well-developed 
thermodynamic model to account for the phenomenon 
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of  stellar pulsation, which he applied to Cepheids in a 
successful test of  his mass–luminosity relation.20 

When Shapley had been appointed the director of  
HCO in 1921, he was already the world expert on using 
periodic variable stars (RR Lyrae stars) to gauge dis-
tances in our Galaxy. He made a big push to improve 
the calibration of  the period–luminosity relation so that 
it could be used with confidence to establish the extra-
galactic distance scale. This intensive study recognized 
that there is more than one kind of  Cepheid variability 
and he showed how to recognize their differences.21 

Shapley undoubtedly laid the foundations for Edwin 
Hubble’s estimates of  the distances to spiral nebulae (as 
galaxies were then called.22 In the observing season of  
1923–24 Hubble was busy observing the periods of  22 
Cepheids in M33 and 12 in M31 with the 60-inch (1.5-
m) and 100-inch (2.5-m) telescopes at Mount Wilson.23 

   
5. Canada and the United States 1924–25 
In 1924 June Lemaître bade farewell to his new friends 
at the University of  Cambridge and returned home for 
a short break, after which he took a transatlantic liner to 
Quebec and Montreal to commence an adventurous 
year of  travels in North America. On 1924 August 3 he 
caught up with Eddington, who was about to give a 
major public lecture during the Toronto Meeting of  the 
British Association (BA).24 Eddington was by then Great 
Britain’s most prestigious physicist, on hand in Toronto 
to promote British science with a presentation on how 
he had confirmed general relativity by observing the dis-
placement of  starlight during the 1919 eclipse. 

Lemaître’s lasting impression from this conference 
was meeting Ludwick Silberstein (1872–1948), a Polish–
American physicist who had published an acclaimed 
textbook on relativity in 1912. At the University of  
Toronto, Silberstein promoted special and general rela-
tivity as new staples of  the physics curriculum. He had 
shown that, in de Sitter’s universe of  negligible mass, 
the light of  a distant object will be redshifted by an 
amount dependent on its distance and he claimed that 
his  formula was underpinned by observations of  globu-
lar clusters.25 

Establishment astronomers dismissed the idea of  a 
link between redshift and distance, but young Lemaître 
reacted favourably. Although the mathematician was 
still a novice when it came to observational astronomy, 
he became rather animated on hearing first-hand of  a 
possible link between two observables – velocity and 
distance – and general relativity.26 Lemaître became 
anxious to find out more from expert observers about 
how variable stars could be used to fathom the extra-
galactic Universe.  

A five-hour train ride took him north-west of  
Toronto, past Lake Ontario, to Ottawa, where he spent 
four weeks at the Dominion Observatory. He met up 
with spectroscopist François C. P. Henroteau (1889–
1951), a former astronomer of  the Belgian Royal 
Observatory, who had had been obtaining Cepheid 

light-curves for several years. Henroteau’s monumental 
assessment of  the observational data then available led 
him to conclude: 

Shapley’s period–luminosity relation should perhaps 
be regarded more or less as a curve of  statistical 
averages … and that the true relationship should 
involve [temperature] as well. Whether, and by 
how much, this would affect conclusions as to the 
scale of  the universe can scarcely be determined.27 

 
5.1. Working with Shapley at Harvard 
In 1924 September Lemaître crossed the border from 
Canada into the US, eagerly anticipating his year at 
Harvard University in the ‘Other Cambridge’ in Mas-
sachusetts, where he was about to learn more of  Shap-
ley’s cosmic distance scale. In Cambridge Lemaître 
resided at 1 Cleve  land Street, the rectory of  St Paul’s 
Church, hard by Harvard Square (today a private resi-
dence). On November 13 he assured Cardinal Mercier 
that he was fully participating in the religious life and 
liturgy of  St Paul’s Parish.28 

Before he could commence his studies with Shapley, 
Lemaître needed to register as a graduate student work-
ing for a PhD, but he was unable to do that at Harvard 
University because the Observatory had no teaching 
faculty and it did not offer graduate courses. Instead 
Georges registered with the Massachusetts Institute of  
Technology (MIT), with the inscription ‘Rev. Georges 
Lemaître. Belgian Fellow 1924–1925. D. Sc. Louvain 
July 1920.’ MIT did not recognize the courses he had 
followed to obtain his DSc as sufficient training to pro-
ceed to a PhD, so he was required to repeat graduate 
courses in mathematics and physics that he had already 
passed at Louvain. 

Under Shapley’s direction, Lemaître improved the 
method for calculating the period of  oscillation of  a 
pulsating star with a known mass and spectral type. To 
do that he revised Eddington’s analysis of  Cepheids in 
1919 that had verified the mass–luminosity relationship 
and he invented a graphical presentation of  four prop-
erties of  a pulsating star. The relationship between 
luminosity, period, mass, and temperature could be 
read quickly from this graph, so that if  three of  the 
properties were known the fourth could be estimated.29 

The relevance of  this result to his future research in 
extragalactic astronomy is that Lemaître’s method 
employed well-established classical physics to account 
for the numerical value of  the period in widely different 
types of  stars: short-period variables, typical Cepheids, 
and long-period variables. Astronomers could therefore 
have confidence in Cepheids as standard candles 
because the cause of  their pulsation had been clearly 
explained by the physics of  radiative equilibrium. 

 
5.2. The distance of  the Andromeda nebula 
With that contribution to astrophysics published, 
Lemaître worked on a way to fix the deficiencies of  Ein-
stein’s static universe packed with mass and de Sitter’s 
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dynamic universe devoid of  mass. He felt that de Sitter’s 
empty universe was where to start, and his first contri-
bution to theoretical cosmology appeared in 1925.  

By taking a more sophisticated mathematical app -
roach than de Sitter, Lemaître obtained a model des -
cribing a universe with a radius of  curvature that 
depended on time. It seems this may be when he first 
became intrigued by the possibility of  an expanding 
universe.30 However, the problem with his model uni-
verse was that space extended to infinity, which 
Lemaître the philosopher simply could not accept, 
because of  ‘the impossibility of  filling up an infinite 
space with matter which cannot but be finite’.31 

In the first six months of  1925, Lemaître actively net-
worked to integrate with the rather small North Ameri-
can community of  extragalactic astronomers. January 
saw him at the 33rd Meeting of  the American Astro-
nomical Society, Washington, D.C. The big event at this 
gathering was a communication, read aloud by Henry 
Norris Russell (1877–1939), of  Hubble’s latest observa-
tions of  12 Cepheids in the Andromeda nebula (M31).  

The M31 Cepheids showed precisely the same pulsa-
tion characteristics as those in the Milky Way and the 
Small Magellanic Cloud, so they were reliable indicators 
of  the distance to M31: 285,000 parsecs (930,000 light 
years).32 That result impressed Lemaître so greatly that 
he immediately decided to use his travel budget to 
improve his knowledge of  astronomy by visiting several 
universities and observatories. 

 
5.3. Reflections in British Columbia 
Following an Easter break in the Canadian Rockies, 
Lemaître made his public debut as a cosmologist on 
1925 April 25 by presenting his paper on the short -
comings of  de Sitter’s world model at a meeting of  the 
American Physical Society in Washington, D.C.33 
Lemaître made his carefully researched tour of  the 
West Coast in May and June 1925, commencing at the 

Dominion Astrophysical Observatory, British Col -
umbia, where the director John Stanley Plaskett (1865–
1941) warmly welcomed him. 

Plaskett has been largely neglected by historians, 
despite his being a highly accomplished designer of  
spectroscopes and telescopes, who custom-built the 
spectrograph for the 15-inch (0.38-m) refractor at 
Dominion Observatory, Ottawa. That was so successful 
that he began lobbying for the construction of  a 72-
inch (1.8-m) reflector. The Minister of  the Interior of  
Canada approved the project in 1913 February. The 
disk was completed and shipped by the Saint Gobain 
Company near Charleroi, Belgium, late in 1914 July, 
only a few days before the German invasion. As 
Lemaître gazed at the 72-inch reflector, then the largest 
in the British Empire, he must surely have beamed with 
pride on being informed that its mirror (1,970 kg, 0.3 m 
thick) had been cast in his place of  birth. 

However, Lemaître had sought out Plaskett for more 
than a tour of  the telescope. The Canadian astron -
omer, thirty years his senior, had enormous experience 
in spectroscopy and in determining the radial velocities 
of  stars. He had recently started an extensive pro-
gramme to obtain the radial velocities of  five hundred 
highly luminous giant stars (types O and B) in order to 
determine galactic rotation and the structure of  the 
Galaxy. Plaskett greatly enjoyed talking about his work 
in the convivial company of  scientific colleagues, and 
Lemaître learned much from him about the dynamics 
of  our Galaxy. 

 
5.4. Lick Observatory 
The next staging post on Lemaître’s ‘Cook’s tour 1925’ 
was the Lick Observatory, atop Mount Hamilton, 
about 20 km east of  San Jose, California. Its director, 
William Wallace Campbell (1862–1938), delighted the 
visitor with two admirable attractions. These were the 
36-inch (0.9-m) refractor for visual astronomy, which 
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Fig. 3: Robert Millikan, Georges 
Lemaître, and Albert Einstein at 
the Caltech Faculty Club, 
Pasadena, 1933 January 10. 
Lemaître gave a seminar on 
cosmic rays at the Mount Wilson 
Observatory, with Einstein and 
Millikan in attendance.  
Einstein started relativistic 
cosmology, Lemaître was the first 
architect of  Big Bang cosmology, 
and Millikan discovered that 
cosmic rays really are from the 
depths of  the Universe.  
(Archives Louvain) 
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had been in use since 1888 when it was the world’s 
largest before being edged out by the 40-inch (1-m) at 
Yerkes. The other was the 36-inch (0.9-m) Crossley 
reflector that dated from 1895. 

Lemaître would have been well acquainted with the 
outstanding observations on galaxies that the astropho-
tography pioneer James Edward Keeler (1857–1900) 
had carried out with the Crossley reflector.34 Keeler had 
established the importance of  using large reflecting tele-
scopes in mountain observatories for exploring the 
extragalactic Universe. He estimated that 120,000 spiral 
nebulae (i.e. galaxies) were within the grasp of  the 
Crossley reflector.  

Following Keeler’s untimely death from a stroke in 
the summer of  1900, Lick Observatory commissioned, 
at great expense, a magnificent large folio volume 
showcasing seventy-one reproductions of  his pho-
tographs.35 Lemaître probably saw this volume for the 
first time in 1923 when working with Eddington, and 
Shapley must surely have pointed him to Harvard’s 
copy. Keeler’s Plate 1 is a superb image of  the Androm -
eda nebula (Figure 4), much more detailed than the 
splendid example that the pioneer British astrophotog-
rapher Isaac Roberts (1829–1904) exhibited at the 
Royal Astronomical Society in 1886.36 
 
5.5. Radioactivity and cosmic rays 
On 1925 June 18, Lemaître made his final stopover in 
California, at Pasadena, where he met Robert Andrews 
Millikan (1868–1953), the first president of  Caltech. 

Millikan was in the midst of  a decade-long project of  
research on cosmic rays, the nature of  which was still a 
great mystery in the early 1920s.37 

In the 1910s, physicists such as Ernest Rutherford 
(1871–1937) were researching ‘radioactive emanations’ 
by examining the radioactive properties of  the Earth 
and its atmosphere.38 Evidence was accumulating for 
the existence of  a background of  ‘penetrating radia-
tion’ that could not be accounted for by emanation 
from the radium in their laboratories because it was 
ubiquitous in the open air. 

Some physicists thought that uranium in the granitic 
rocks of  Earth’s crust was the likely source, but others 
were not so sure. It was in 1912, while conducting a 
total of  seven dangerous and daring balloon flights at 
up to 5,350 metres (17,552 ft) altitude to measure the 
electrical conductivity of  the atmosphere, that the 
 Austrian-American physicist Victor Hess (1887–1964) 
discovered that this penetrating radiation was probably 
extraterrestrial.39 

When Lemaître breezed through his office door, 
Millikan was within weeks of  publicly confirming the 
extraterrestrial hypothesis.40 Millikan, who coined the 
term ‘cosmic rays’,41 had recently exam ined the evi-
dence of  the effects of  the radiation on high-altitude 
lakes, concluding that they had found ‘unambiguous 
evidence for the existence of  [very high energy] rays of  
cosmic origin entering the Earth uniformly from all 
directions’.42 

This encounter with Millikan would have provided 
Lemaître with vital first-hand knowledge of  the novel 
field of  cosmic ray physics that would come to play a 
key role in his construction of  Big Bang cosmology, and 
in particular  Millikan’s hypothesis that protons and 
electrons had materialized from electromagnetic radia-
tion, the primordial substance of  the Universe. 
 
6. Visiting Hubble and Slipher 
Lemaître also called on Edwin Hubble at the Mount 
Wilson Observatory to see for himself  the impressive 
60-inch and 100-inch telescopes that Hubble and his 
night assistant Milton Humason (1891–1972) had 
employed to measure the extragalactic distance scale. 
As we have noted, Lemaître had already attended pre-
sentations by Hubble in Washington, D.C., but now at 
last he was conversing with Hubble in the dome of  the 
100-inch. 

By this time, Hubble had Slipher’s data on the radial 
velocities of  spiral galaxies (which he used without one 
word of  thanks) and his assistant Humason had com-
menced an attack on their distances using observations 
of  their Cepheid variables. Hubble liked nothing more 
than putting on a good show for a distinguished visitor, 
although Prohibition meant there were no celebratory 
drinks.  

Returning from the west coast via historic Route 66, 
Lemaître visited the Grand Canyon and Lowell Obser-
vatory, Flagstaff, where Slipher had been obtaining red-
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Fig. 4: James Keeler’s classic photograph of  M31, the Andromeda 
spiral galaxy, taken with the 36-inch (0.9-m) Crossley reflector of  
Lick Observatory in 1899. (Publications of  the Lick Observatory  
Volume VIII, 1908) 
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shifts for a dozen years. Lemaître knew that in 1922 
February Slipher had sent Eddington the radial veloci-
ties of  41 spirals, almost all of  which were unpublished. 
Slipher was no propagandist, so Eddington had done 
him a favour by reproducing the list in section 5 of  The 
Mathematical Theory of  Relativity, with the title ‘Properties 
of  de Sitter’s spherical world’.  

When it came to interpreting those velocities, Edd -
ing ton became wary. Although he recognized that ‘the 
great preponderance of  positive (receding) velocities is 
very striking’ the absence of  velocities for spirals in the 
southern hemisphere meant the sample was biased, 
‘and forbids a final conclusion’. Nevertheless, he was 
the first theorist to understand that a more complete 
sample of  extragalactic redshifts would open up the 
theory to observational constraints. And we can see 
that Lemaître’s forensic questioning of  the observers 
and his inspections of  their facilities were positioning 
him to engage in cosmology. 

Lemaître made one further foray, a second trip to 
Yerkes, where he attended an informal reunion of  
 professional astronomers from the Chicago region. On 
that occasion he met a Cambridge postdoc, the mathe-
matician Leslie John Comrie (1893–1950), who had 
been introducing scientific compu  tational methods into 
student courses. This encounter introduced Lemaître to 
the great potential of  large-scale mechanical computa-
tion for speeding up the reduction and the accuracy of  
astronomical data.43 

 
7. The great breakthrough of  1927 
Lemaître returned to Brussels and the family home on 
1925 July 8. The following week he was off  back to 
Cambridge for the Second General Assembly of  the 
International Astronomical Union, from July 14 to 22. 
The Chancellor of  the University of  Cambridge, Earl 
Balfour (1853–1945), welcomed almost 300 visitors 
from 20 countries to a reception in the Senate House, 
following the conferment of  honorary doctorates on 
William Campbell and Willem de Sitter in a colourful 
hour-long ceremony conducted entirely in Latin (as it 
still is today).  

The following day, Eddington and his sister threw a 
garden party at the Observatory and, in the evening, 
Eddington's college, Trinity, served a magnificent con-
ference banquet, accompanied by the finest claret and 
port from its cellars. It was the first time in ten months 
that Father Georges could enjoy a decent drink in con-
vivial surroundings. He had opportunities to renew his 
acquaintance with Slipher, de Sitter, Hubble, and of  
course Eddington. For Lemaître, the IAU banquet was 
a momentous conclusion to his two years of  travel and 
study with several distinguished cosmologists, all of  
whom welcomed him as an equal.  

In 1926–27 Lemaître returned to MIT for the final 
year of  his travelling fellowship. Back in Belgium in 
1927 June he received news that his thesis had been 
approved without the need for an oral defence. And he 

was about to publish his great paper on the expanding 
Universe. 

The University of  Louvain promoted Georges 
Lemaître PhD to a professorship. From 1927 he taught 
classical mechanics to engineers and relativity theory to 
the mathematicians and physicists. His soaring break-
through in cosmology had happened remarkably 
quickly. It was propelled by his deep knowledge of  the 
extragalactic Universe.  

He had taken great care to assess all of  the observa-
tional data, to meet the observers and inspect their 
facilities, and to draw his own conclusions on their 
validity. Under Eddington’s sure guidance he had 
become adept at the mathematical formalism of  the 
general theory of  relativity. He now put his learning 
and mathematical skills to good use by considering the 
strengths and weaknesses of  the Einstein and de Sitter 
models. 

 
7.1. Friedman’s expanding universe 
Einstein had dealt with the problem of  the stability of  a 
static universe by introducing a further factor into the 
field equations – the famous (or infamous) cosmological 
constant. This ad hoc fudge term had to be extremely 
small in order to preserve the agreement between gen-
eral relativity and the observed planetary motions.  

De Sitter likewise had introduced an adjustment, so 
that from 1917 the Einstein and de Sitter universes 
were each static and finite. Although de Sitter’s uni-
verse had a redshift effect, that was a geometrical quirk 
of  four-dimensional spacetime rather than an expan-
sion of  space. When Hubble announced a distance of  
930,000 light years for M31, there was no observational 
evidence for expansion. 

With hindsight we can see that the theorists uncov-
ered the expansion first. Or, to be more precise, theo-
retical physicists discovered mathematical constructs 
that allowed a non-static universe.  

In 1922, the Russian mathematician Alexander 
Friedman (1888–1925) started with a blank page.44 He 
assumed that Einstein’s fundamental equations were 
valid, by retaining the cosmological constant fudge fac-
tor, and he did not allow himself  to be distracted by the 
contradictory nature of  de Sitter’s model.45 He focused 
on models with positive curvature in the three spatial 
dimensions, and in 1924 considered models with nega-
tive curvature as well.46 

When he allowed the radius of  the curvature to vary 
with time, the equations sprang to life, with an infinite 
number of  solutions in which the world can grow or 
shrink, according to the arithmetical sign of  the cosmo-
logical constant. With the cosmological constant set to 
zero, the universe oscillated.47 Friedman was the first to 
hit on non-static solutions that allowed the universe to 
expand, contract, collapse, and even to be born.48 He 
commented on the impossibility of  deciding what kind 
of  universe ours is because of  the inadequacy of  the 
data then available.  
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In 1923, when producing an account of  his findings 
for the public, Friedman mulled over the concepts of  
the origin of  the Universe, cyclical universes, and a Big 
Bang, without connecting those thoughts to physics or 
astronomy. He suspected such notions were mere 
curiosities.49 

Einstein issued a public rebuke of  Friedman’s solu-
tions, dismissing them as incompatible with the field 
equations.50 Eight months later he promulgated a hum-
ble retraction, agreeing that dynamic solutions were 
admissible.51 All the same, it seems likely that Einstein 
thought of  Friedman’s solutions as a gimmick without 
cosmological merit. Friedman died of  typhoid fever on 
1925 September 16, about the time that Lemaître’s 
professional career commenced. 

 
7.2. Betwixt Einstein and de Sitter 
In 1927 Lemaître’s attention returned to the Einstein 
and de Sitter models that he had first discussed two 
years earlier (Section 5.2).52 By this stage he had con-
vinced himself  that he must seek an intermediate solu-
tion that combined the merits of  both models while 
eliminating their deficiencies. To handle the complexity 
of  the analysis he made use his own choice of  coordi-
nate system, which he had unveiled in 1925 in Washing-
ton, D.C., at his cosmological debut. He was influenced 
in part by Silberstein’s approach, which he had encoun-
tered first-hand in Toronto.  

By 1927 Lemaître was convinced that our Universe 
is expanding, so at the very least he wanted to test if  the 
equations had a solution with expansion. Following Ein-
stein, he added the cosmological constant for good mea-
sure. Lemaître and Eddington considered all along that 
it played an essential role in the history of  the Universe.  

He progressed rapidly, soon hitting on a model in 
which the radius of  curvature increased with time. It 
gave a natural explanation of  Slipher’s redshifts: that 
space itself  was expanding and increasing the distances 
between galaxies. The redshift phenomenon occurs 
because the wavelength of  a photon emitted from a 
galaxy increases in proportion to the increase in the size 
of  the Universe during the time interval between emis-
sion to detection by an observer. This intuition took him 
straight to the velocity–distance relationship, formerly 
lauded as the Hubble law but now termed the Hubble–
Lemaître law following the IAU vote in 2018. 

Lemaître also calculated a value for the Hubble con-
stant, the rate at which the Universe expands in kilo -
metres per second (km/s) when the distance increases 
by one megaparsec (Mpc). Lemaître’s value, 625 km/s/ 
Mpc, was close to Hubble’s value of  ~500 km/s/Mpc. 
Lemaître was now convinced of  the reality of  the 
expanding Universe but he accepted that much 
improved data would be required to convince others. 

 
7.3. Dismissed as ‘an abomination’ 
Lemaître published his findings in 1927 in the Annals 
of  the Scientific Society of  Brussels.53 That took a great 

deal of  courage on his part because Einstein and his 
followers were still firmly attached to the static solution. 
In terms of  the formalism, Lemaître’s solution was a 
symmetrical spherical space that grew exponentially 
over time. It was identical to Einstein’s solution in the 
infinite past and it would tend to a de Sitter universe in 
the infinite future.  

Abbé Georges Lemaître, who invariably donned 
clerical dress, was quite at ease with these two infinities 
because, like Thomas Aquinas, he regarded faith (reli-
gion) and reason (science) as separate roads to the truth. 
At this time he was blissfully unaware of  Friedman’s 
solution. And Lemaître’s brilliant 1927 paper met the 
same fate as Friedman’s: the silent treatment, over-
looked by the community, despite being published in a 
reputable journal with an international circulation. 

In 1927 October Einstein participated in the 5th 
Solvay Congress in Brussels, where the main topic was 
quantum theory. Lemaître was not invited but, with 
Louvain being only 20 km from the capital, he oppor-
tunistically managed to catch Einstein’s attention dur-
ing a break. The two took a stroll in the Parc Léopold 
during which Einstein commented favourably on 
Lemaître’s mathematical competence, although he 
rejected the notion of  an expanding Universe as an 
abomination.54 And on this encounter it was Einstein 
who directed Lemaitre’s attention to Friedman’s work.  

Lemaître found the news that Friedman had already 
made the breakthrough deeply unsettling but his confi-
dence in Slipher’s data encouraged him to continue to 
work on expansion as the key to interpreting the data 
on ‘nebular velocities’. Nevertheless, Lemaître did not 
seek endorsements from Eddington or de Sitter. When 
Lemaître attended the IAU 1928 General Assembly in 
Leiden he must have engaged with de Sitter and Edd -
ing ton, but there is no hint of  this in the historical 
record. 
 
8. Promoting a brilliant solution 
Meanwhile, in 1925, Hubble had initiated a three-year 
project to estimate the distances of  24 galaxies for which 
velocities were already known. For the nearest galaxies, 
seven Cepheids were used as distance indicators, for the 
next thirteen galaxies the brightness of  their most lumi-
nous stars was used, and for the four most distant galax-
ies he used the brightness of  gaseous nebulae. It was a 
sparse sample, but it sufficed for Hubble to find the 
 linear relationship between the velocity of  galaxies and 
their distance that would eventually provide definitive 
evidence for the expansion of  the Universe prefigured 
in Lemaître’s neglected paper of  1927.55 

Hubble risked his reputation with his 1929 paper 
because of  the low quality of  the data. He felt that his 
analysis ‘supports validity of  the velocity-distance rela-
tion in a very evident matter’, and he gave a value of  
500 km/s/Mpc for the ‘distance effect’ of  the rate of  
increase of  radial velocity. Einstein, when confronted 
with Hubble’s results, which were much better than 
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those available to Lemaître two years earlier, accepted 
the expansion of  the Universe, conceding that there 
was no need for a cosmological constant.  

In arriving at his sensational conclusions, Hubble 
had employed the de Sitter model, so the debate on the 
merits of  that model and of  Einstein’s was revived. At 
the Royal Astronomical Society on 1930 January 10, de 
Sitter gave an informal presentation on the recession 
velocities of  nebulae. He noted that the real Universe 
had sufficient matter for an Einstein universe, and 
enough motion for the de Sitter universe, which sug-
gested the need for an intermediate solution.56 Edding-
ton agreed wholeheartedly and set to work on this task, 
together with his doctoral student George Cunliffe 
McVittie (1904–1988).  

When Lemaître spotted the summary of  the January 
RAS meeting in The Observatory magazine he wrote to 
Eddington drawing attention to his 1927 paper and its 
solution. Eddington was horrified when he realized that 
he had no recollection of  having received the copy that 
his former student claimed had been dispatched. 
McVittie later recalled that a shamefaced Eddington 
had shown him the letter, exclaiming that Lemaître had 
already found the intermediate solution.57 

Eddington took immediate action to publicize 
Lemaître’s breakthrough. He added a final paragraph 
to a review of  Silberstein’s book that he had written for 
Nature:58 

Three years ago a very substantial advance in this 
subject was made by Abbé G. Lemaître … [which] 

renders obsolete the contest between Einstein’s and 
de Sitter’s cosmogonies. We can now prove that 
Einstein’s universe is unstable.59 

On 1930 March 19 Eddington sent a copy of  
Lemaître’s 1927 paper to de Sitter in Leiden, adding on 
the title page that ‘This seems a complete answer to the 
problem we were discussing.’ Four weeks later, on April 
17, de Sitter wrote to Shapley about the new theory 
‘which must be somewhere near the truth’.  

In May Eddington heaped more praise on 
‘Lemaître’s brilliant solution’ that allowed ‘an infinite 
variety of  spherical worlds that are not in equilibrium’. 
He seems to have had no doubt that Lemaître had dis-
covered the expanding Universe.60 

Lemaître had shown that it might have started as a 
static Einstein universe with a cosmological constant 
and remained in such a state for an indefinite period of  
time, until its instability became manifest. It then began 
expanding in a way that grew over time and will con-
tinue indefinitely. 

 
8.1. Hubble gets angry with de Sitter 
Throughout the summer of  1930, de Sitter and Edding-
ton were promoting Lemaître’s work and referencing it 
in several publications. On May 26 de Sitter produced a 
meticulously researched analysis of  the data on the 
measured velocities and estimated distances of  nebulae, 
including a few with large velocities.61 He noted a strong 
correlation between radial velocity and distance for 32 
galaxies.  
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Fig. 5: Barbara Hoyle, Walter Baade, Muschi Baade, Adriane Fowler, Georges Lemaître, and Jan Oort relaxing on the Italian coast at 
Amalfi in 1957 May following a small conference at the Vatican on stellar evolution. Fred and Barbara Hoyle gave Lemaître a lift back to 

Belgium. Lemaître consumed vast pasta lunches and much wine, which he slept off  in the back of  the car. Barbara Hoyle was impressed that 
in Italy a Canon of  the Roman Church was never billed for his restaurant meals. (Master and Fellows of  St John’s College, Cambridge) 
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De Sitter’s paper is highly significant because of  the 
depth of  its mathematical analysis, which had far-
reaching consequences. He had extended the velocity–
distance relationship out to the point where it was 
plainly possible to discriminate between different cos-
mological models. The remarkable result he found is 
that neither Einstein’s model nor his own could be true. 
These static models, he concluded, ‘cannot represent 
the observed facts’.  

A coda at the end of  his paper adds that Eddington 
had informed him of  Lemaître’s paper ‘only a few 
weeks ago’, and that he hoped to return to ‘this inge-
nious solution in a separate communication’.  

When de Sitter’s paper landed on Hubble’s desk in 
1930 August it sparked a furious reaction. Hubble 
rebuked de Sitter for the casual manner in which the 
paper was presented, and its failing to acknowledge the 
Mount Wilson contribution to the velocity–distance 
relation. And he reproached de Sitter for lifting ‘data 
that has appeared in Annual Reports, etc’ before Mount 
Wilson had been able to work on the cosmological 
implications of  their own observations.62 

Fortunately, the two made peace within a year. De 
Sitter’s promised ‘separate communication’ came in 
1930 June.63 It was a lengthy discussion of  Lemaître’s 
solution, to which the latter replied in July.64 This pair 
of  papers appear to be the first to refer to ‘the expand-
ing universe’ in their titles. 

 
8.2. Redaction by the RAS 
The Council of  the Royal Astronomical Society sought 
Lemaître’s permission to publish a translation in their 
Monthly Notices, ‘in the honour of  giving your paper a 
greater publicity amongst English speaking scientists’. 
Lemaître personally provided the translation. In 1931 
February he received the formal letter of  invitation from 
RAS Secretary William Marshall Smart (1889–1975), a 
powerful figure in the British astronomical establish-
ment. Smart stated that the translation should be of  
paragraphs 1–72 only.65 The suppressed paragraph 73 
included Lemaître’s determination of  the coefficient of  
expansion (i.e. the Hubble constant).  

We do not know what motivated Smart to censor 
the translation; perhaps he did not wish to see the Soci-
ety upset Hubble. Whatever the case, Lemaître already 
knew of  Smart from his year in Cambridge. Therefore, 
he dutifully implemented the request: the discussion 
and use of  radial velocities of  galaxies and their dis-
tances was redacted on the grounds that the data to 
hand in 1927 had been superseded.  

An ironic consequence of  Smart’s instruction was 
that the target readership of  ‘English speaking scientists’ 
thus remained ignorant of  Lemaître’s pioneering fusion 
of  observation and theory, announced two years before 
Hubble at Mount Wilson handed down confirmation of  
the velocity–distance relation. 

Much later, Lemaître came to regret caving in so 
submissively. By 1950 he felt the need to correct ‘the 

history of  this science competition’, and he wished 
there to be no doubt that the motivation behind his 
great paper of  1927 was to explain the radial velocities 
of  nebulae as a natural event ‘in a universe with con-
stant mass and increasing radius’.66 

Note that Hubble never claimed to have discovered 
the expanding Universe; in fact, he probably never 
believed in such a scenario.67 Furthermore, it would 
have been impossible for him to have discovered the 
expansion purely by observation. 
 
9. The cautious cosmic celebrity 
Thanks to the tireless campaigns of  Eddington and de 
Sitter, the Belgian priest effortlessly rose to the status of  
cosmic celebrity. The cosmologists were content that 
they now had a theory that seemed to explain the pre-
sent, and even predict the future of  the Universe. 
There was a puzzling issue about the beginning, and 
we shall come to that shortly, but after Lemaître’s trans-
lated paper appeared in 1931 March the expanding 
Universe became the accepted cosmological model. 
Lemaître, however, was conspicuously uncomfortable 
with the prospect of  basking in glory. Historians are 
divided on the causes of  Lemaître’s reticence: had he 
become bored with cosmology; or doubtful as to the 
validity of  his thinking; or shy of attention; or perturbed 
by Hubble’s prickly state of  mind? Or was he troubled 
by something else? We do not and cannot know.  

In my view, one likely trigger was his devout com-
mitment to traditional Catholic teaching on the sins of  
pride and envy, as well as the several New Testament 
parables on humility. Another factor to consider is that, 
from the late nineteenth century, there was a significant 
anti-science and anti-evolution movement in conserva-
tive circles in Rome. That would have made him reluc-
tant to proclaim  his revolutionary hypothesis of  an 
infinite expanding universe. 

With the passing of  Cardinal Mercier on 1926 Jan-
uary 23, Lemaître lost his greatest supporter in the 
Church. Mercier had been a progressive, liberal theolo-
gian, who had defended scholars at Louvain from accu-
sations of  modernism and who sought to reconcile 
traditional Catholic philosophy with rapidly developing 
scientific knowledge. Anti-science sentiment only began 
to lose traction from 1950 after Pius XII, an enthusiast 
for modern science, published a papal encyclical saying 
that the study of  evolutionary biology did not conflict 
with the teachings of  the Church.68 

 
9.1. Popularizing the expanding Universe 
In 1931 March, Humason and Hubble submitted their 
monumental paper on the velocity–distance relation for 
publication.69 This masterwork added 40 new velocities, 
and stretched the distance limit out to 32 Mpc, a spec-
tacular eighteen times farther than the 1929 paper. The 
form of  the relation (a straight line) remained the same 
apart from a small revision of  the distance scale. They 
rounded their estimate of  the Hubble constant to 560 
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km/s/Mpc, some 10 per cent below Lemaître’s estimate 
of  1927. This paper established the observational reality 
of  the velocity–distance relation but the search contin-
ued for the correct interpretation of  the phenomenon. 

On 1931 January 5, Eddington delivered an Address 
to the Mathematical Association, in his capacity as 
their President. Some three hundred teachers of  math-
ematics in secondary schools gathered at the London 
Day Training College, established in 1902 by the great 
socialist reformer and economist Sidney Webb (1859–
1947). Eddington’s lecture was the first occasion on 
which he entertained a public audience with the news 
that ‘we have recently learnt, mainly through the work 
of  Prof. Lemaître, that … spherical space is expanding 
rather rapidly’. 

To add to the fun, Eddington introduced a thought 
experiment through which he traced the state of  the 
expanding world to the time when all of  the matter and 
energy had the maximum amount of  organization, a 
state of  minimum energy. He continued, ‘We would 
have come to an abrupt end of  spacetime – only we 
generally call it the beginning.’  

Eddington and many others felt that the question of  
a ‘beginning’ lay outside the realm of  scientific enquiry, 
and Eddington certainly disliked it philosophically: ‘the 
notion of  a beginning of  the present order of  Nature is 
repugnant to me’.70 He felt that way because the nature 
of  our world is ‘far from a fortuitous concourse of  
atoms’. For Eddington the idea of  a ‘beginning’ was a 
confusion between pure physics and the theology of  
creation.  

The text of  the lecture published in Nature has a 
slightly shorter introduction than the one he gave to the 
school-teachers, in that an apologia is omitted:71 

I am afraid that the title of  my address is not quite 
explicit. It lacks that precision of  statement which 
ought to characterise the utterances of  a mathe-
matician. I have undertaken to speak to you about 
the End of  the World, but I have not told you which 
end. 

The address that followed was a deep examination of  
the concept of  ‘beginning’ rather than ‘end’, with much 
talk of  entropy and the heat death of  the Universe. 
Eddington struck a thoroughly modern note in the 
 lecture when he introduced Heisenberg’s uncertainty 
principle, published in 1927, saying that it ‘delivered the 
knock-out blow [because] it actually postulated a certain 
measure of  indeterminacy or unpredictability of  the 
future, as a fundamental law of  the universe’ (emphasis 
added). 

He continued that this fundamental uncertainty 
removed any certainty about time in classical physics. 
In the new quantum world ‘each passing moment 
brings into the world something new’ that a mere 
mathematical extrapolation could not handle. 
 
10. The fireworks universe 
Eddington’s former student strongly disagreed that the 
notion of  a ‘beginning’ was repugnant. Lemaître sent a 
brief  rebuttal to Nature in which he imagined that the 
beginning of  spacetime can be considered as the disin-
tegration of  a single quantum, the Primeval Atom.72 
This note was not a serious scientific paper – he signed 
it off  as a member of  the public writing from a private 
address.  

Lemaître’s universal quantum had been dormant 
since ‘before the beginning of  space and time’, which 
had only come into existence after the primordial entity 
had disintegrated because of  its intrinsic instability. 
Lemaître outlined the process as the division of  ‘smaller 
and smaller and smaller atoms by a kind of  super-
radioactive process’ due to the uncertainty principle. It 
was an extraordinary idea that put the early Universe in 
a quantum mechanical setting, only a handful of  years 
after the foundation of  modern quantum mechanics. 

This line of  thought, that radioactive processes were 
important in the early Universe, had been fermenting 
in his mind since his meeting with Millikan in 1926. By 
1930, Lemaître had already reached another startling 
conclusion: ‘One could admit that the light was the origi-
nal state of  matter and that all the matter … was 
formed by the process proposed by Millikan.’ 73 

Millikan was not remotely the first scholar to ques-
tion if  the Universe had begun with light. When 
Lemaître was in the seminary studying the philosophy 
of  Thomas Aquinas (c. 1225–74), he would have 
encountered the works of  Robert Grosseteste (c. 1175–
1253), who was for a time chancellor of  Oxford Univer-
sity. A medieval scholastic, Grosseteste became greatly 
admired for his insistence on the use of  mathematics in 
physics, his emphasis on empirical observation, and 
above all for his speculations about the nature of  light.74 

Grosseteste’s original research into astronomy, math-
ematics, and physics had led him to anticipate modern 
cosmological ideas. His highly original treatise on light, 
De Luce (1225), postulated that light had preceded any-
thing material, and that our world had materialized 
from pure energy exploding from a point source. It is 
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Fig. 6: Fred Hoyle, father of  the Steady State theory, talks with 
Georges Lemaître, father of  the Big Bang, in the late 1950s. 
(Master and Fellows of  St John’s College, Cambridge)
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credible that De Luce may have been one of  the inspira-
tional sources that led Lemaître to the Big Bang 
hypothesis. 

 
10.1. Cosmic rays are ‘smoke and ashes’ 
Lemaitre’s first opportunity to present a well-argued 
version of  his joined-up thinking on quantum theory 
and cosmology came in 1931 October, at a meeting of  
the British Association convened by Herbert Dingle 
(1890–1978), who worked in astronomical spectroscopy 
at Imperial College. At the time Dingle had the highest 
regard for Eddington and Einstein. Like Eddington, he 
wrote for the public in a beautiful and clear literary 
style.75 As early as 1922, he published Relativity for All,76 
and a useful textbook on modern astrophysics followed 
two years later.77 

The meeting was a great public success, attracting a 
crowd of  over two thousand, all eager to learn more 
about relativity, which was then still a highly esoteric 
subject. Dingle lined up Eddington, James Jeans (1877–
1946), de Sitter, Millikan, and several others. Dingle 
had overlooked Lemaître, but this omission was cor-
rected after an intervention by Eddington. 

Lemaître delivered his talk following an opening 
address by Jeans, who hedged his bets, suspecting that 
the concept of  an expanding universe might prove after 
all to be a false scent, with the truth lying in some other 
direction78 Lemaître’s response was forthright, trans-
parent and unambiguous: ‘The expansion of  the uni-
verse is a matter of  astronomical facts interpreted by 
the theory of  relativity … I shall not discuss the legiti-
macy of  this interpretation, as I do not know of  any 
definite objection made against it.’ 79 

From the observed rate of  expansion, he arrived at a 
‘round numbers’ age for the Universe of  ten billion 
years, consistent with the continuing presence of  
radioactive uranium and thorium in the Earth’s crust. 
Emphasizing that radioactive disintegration is a physi-
cal fact, and that cosmic rays are similar to the radia-
tion emanating from radium, Lemaître suggested that 
cosmic rays must have been released by explosive 
radioactive disintegration of  a primal atom at the onset 
of  the Universe: cosmic rays were ‘the ashes and smoke 
of  bright but very rapid fireworks’. The Fireworks Uni-
verse no less! 

De Sitter spoke next, brimming with confidence: 
‘There can be not the slightest doubt that Lemaître’s 
theory is essentially true, and must be accepted as a 
very real and important step towards a better under-
standing of  Nature.’ 80 

Eddington agreed with de Sitter that the facts indi-
cated a rapid expansion phase at the beginning of  the 
Universe, and that an age of  ten billion years should be 
acceptable to all, despite feeling that rapid expansion is 
‘so preposterous that we naturally hesitate before com-
mitting ourselves to it’.81 

The British Association meeting offered all the fea-
tures of  a public entertainment: a huge audience, world-

famous scientists using verbal communication rather 
than graphs and mathematics, and no in-depth nit-
picking questioning of  the speakers afterwards. Unsur-
prisingly, the wordy account of  the talks published by 
Nature had no significant impact on the theoretical 
physics community. 

 
10.2. ‘Speculation run mad’  
Lemaître chose to publish a full version of  his fiery 
primeval-atom model in French in Revue des Questiones 
Scientifiques.82 This semi-popular journal had been set 
up in 1877 by the Scientific Society of  Brussels, a 
Catholic organization that sought a rapprochement 
between the Church and modern science at a period of  
unrelenting anti-clericalism in France and Belgium.83 

The 1931 Fireworks Universe paper gradually dif-
fused into the minds of  cosmologists and they were not 
impressed. Eddington never accepted the Fireworks 
Universe or indeed any suggestion that the expanding 
Universe had its origin in a Big Bang. Plaskett mounted 
a withering attack on Lemaître’s ‘wonder world’, 
declaring the fireworks theory ‘an example of  specula-
tion run mad, without a shred of  evidence’.84 The 
English mathematician Ernest William Barnes (1874–
1953), a former Fellow of  Trinity College, Cambridge, 
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who might have remembered young Arthur Eddington 
as an outstanding undergraduate, remarked in a book 
on science and religion that ‘many cosmogonists have 
yet to be persuaded by … a brilliantly clever jeu d’esprit’ 
– a flight of  fancy of  Lemaître’s vivid imagination.85 
The American physicist Richard Chace Tolman (1881–
1948) of  Caltech cautioned against ‘the evils of  autistic 
and wish-fulfilling thinking’ in cosmology.86 

In the face of  such criticism, Lemaître wrote to 
Eddington that he was taking comfort from support by 
Einstein, who had become an enthusiast for the fire-
works model.87 On 1933 November 20, Lemaître 
addressed the National Academy of  Sciences on the 
evolution of  the expanding Universe. The key point he 
made was to associate a negative pressure with the 
energy density of  the vacuum, and to align the cosmo-
logical constant with that negative pressure. It was no 
longer a fudge factor – it had a physical meaning.88 

Support of  a different kind came from Edward 
Arthur Milne (1896–1950), professor of  mathematics at 
Oxford. In the 1930s Milne opened an independent 
path. He sought a different mechanism of  expansion 
and cosmic evolution that blended Newton’s mechanics 
with Einstein’s special theory of  relativity. His approach 
did not include gravitation because he rejected general 
relativity.  

By 1932 May he had his very own Milne universe, 
which began at time zero in a very small space, into 
which the galaxies (nebulae) were originally crammed 
into a very small volume. The galaxies were in a bubble 
that expanded at the speed of  light into empty space, 
each galaxy coasting along at an arbitrary velocity.89 

Milne had set off  a great philosophical debate 
among the theoreticians that lasted until 1950. Dozens 
of  papers appeared as a result of  Milne’s unorthodox 
approach and his challenge to the foundations of  
physics. Two consequences of  the community’s change 
of  focus were the almost complete neglect of  

Lemaître’s Big Bang solution and his own disengage-
ment from cosmology. 

 
10.3. Publication of  the Primeval Atom 
From 1935 until his death, Lemaître conducted 
research on cosmic rays. His taste for intellectually 
challenging mathematical puzzles led him to study the 
complex motion of  cosmic-ray particles in the Earth’s 
magnetic field. Because the equations governing such 
motion cannot be solved analytically, Lemaître became 
a pioneer of  using computers for the numerical work: 
Louvain purchased a Burroughs E101 desk computer 
in 1958, and Lemaître was one of  its first European 
users. From 1933 to 1945 he published a steady stream 
of  theoretical papers on the physics of  cosmic rays.  

A flickering flame of  interest in the expanding 
 Universe was kept alight by his acceptance of  many 
invitations to give set-piece lectures at national and 
international meetings. The published reports of  such 
gatherings, as well as coverage in popular science 
 journals, brought his cosmological ideas to a French-
speaking public. In 1945 September he fulfilled an invi-
tation to speak in Fribourg, at the annual meeting of  
the Swiss Society of  Natural Sciences, on the subject of  
the Primeval Atom hypothesis.90 

One positive outcome of  that engagement is that 
the Neuchatel educational publisher Editions du Griffon 
produced a volume in French of  three of  his lectures on 
the grandeur of  space (1929), the expansion of  the 
Universe (1931), and the evolution of  the Universe 
(1933). To these they added one on hypotheses of  cos-
mogony (1945) and the talk given in Fribourg (Figure 
7). The resulting popular book was translated into 
Spanish (1946) and English (1950).  

The book’s preface is by the Swiss philosopher and 
mathematician Ferdinand Gonseth (1890–1975), who 
highlighted two arguments for the primeval-atom 
hypothesis for which compelling evidence was present. 
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Fig. 8: Georges Lemaître, 
President of  the Vatican 
Academy of  Sciences, at the 
official opening by Pope John 
XXIII of  the 1962 Vatican 
workshop on cosmic rays. At the 
time Italy had initiated a major 
programme to observe the highest 
energy cosmic rays with sounding 
rockets and high-altitude balloon 
flights. This photograph, taken 
four years before Lemaître’s 
death, seems to be the last we 
have of  arguably the greatest 
cosmologist of  the 20th century. 
(Photograph by Thomas Gold, 
reproduced courtesy of  Carvel 
Gold) 
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These were: the presence of  radioactive elements with 
half-lives comparable to the Hubble time, and the law of  
entropy as applied to the decay of  the primeval atom.  

Lemaître’s philosophy was that of  a realist, unlike 
most cosmologists at the time: he was the first to be con-
vinced that expansion was real and that its cause must 
be sought. For a general talk to the Catholic Institute in 
Paris in about 1950 he used the title ‘The universe is not 
beyond human possibilities’.91 
 
11. Reigniting the Big Bang 
Interest in models of  the expanding Universe was 
revived by the nuclear physicist George Gamow (1904–
1968) in 1948. From 1923 he studied mathematics and 
physics in Petrograd (later Leningrad), where he 
attended Friedman’s lectures on general relativity. 
Unfortunately, his intention to work in relativistic cos-
mology was stymied by fate, so Gamow turned his 
mind to the physics of  the nucleus in his early career.  

After moving to George Washington University in 
1935, Gamow continued in nuclear physics, switching 
to theoretical astrophysics from 1938. During the mid-
1940s he changed fields again, taking up relativistic 
 cosmology by rising to the challenge of  accounting for 
the origin of  the chemical elements in the expanding 
Universe.92 

Gamow asked his talented student Ralph Asher 
Alpher (1921–2007) to investigate whether the forma-
tion of  the heavier elements could have been taken 
place in a hot primordial gas. Alpher undertook the 
daunting challenge of  solving numerically the equations 
governing element synthesis. He and Gamow concluded 
that the conditions for nuclear synthesis had lasted for 
only 300 seconds: the chemical elements had been 
forged in a hot Big Bang.93 

During his preparation for doctoral research, Alpher 
had made a systematic study of  all the papers then 
published on cosmology, including Lemaître’s recent 
book. However, Gamow and his co-workers had no 
reason to connect Lemaître’s speculative work in cos-
mology with their conclusions on nuclear processes in 
the early Universe.94 

From 1948 to 1953 Gamow, Alpher, and Robert 
Herman (1914–1997) continued their work on the con-
ditions of  temperature and density in the evolving early 
Universe during the fleeting era of  element building.95 
Alpher, aware that the intense radiation during the hot 
phase of  the beginning of  the Universe would leave a 
fossil signature, calculated that it would have cooled to 5 
K today. The cosmic micro wave background is that fos-
sil, and its actual temperature is 2.73 K. 

 
11.1. Hoyle’s Steady State theory 
In the late 1940s, cosmology was still a niche subject, 
pursued by some two dozen applied mathematicians, 
physicists, and astronomers. There was no institutional 
framework supporting the subject, and its practitioners 
were not yet organized as research groups.  

While Gamow was reformulating the Big Bang 
 theory to include nuclear physics there appeared a  
‘new cosmology’ in Cambridge, England. Fred Hoyle, 
Hermann Bondi (1919–2005), and Thomas Gold 
(1920–2004) responded to Gamow’s hot Big Bang 
model with a diametrically opposed proposition that 
soon came to be known as the Steady State theory. The 
essence of  their proposal was that the Universe had 
always existed, had the same properties and appear-
ance everywhere in space and time, and that the con-
tinuous creation of  new matter filled the void left by 
expansion. 

Hoyle in particular disliked the notion of  an initial 
cause beyond the realms of  science, which was required 
by the Big Bang, and tended to dismiss any theories 
‘requiring a state of  knowledge for which we have no 
evidence’.96 Hoyle himself  coined the term Big Bang in 
a BBC radio programme broadcast on 1949 March 28 
to describe the  model  of  the Universe as expanding 
from a primordial condition of  enormous density and 
temperature. It took two decades for the expression Big 
Bang to catch on; Hoyle never used it ‘pejoratively’ as 
Gamow falsely claimed.97 

The Steady State theory failed to attract significant 
support from the professionals despite the adulation 
with which it was received by the general public. Bondi 
commented in 1952 that ‘Lemaître’s model ... seems to 
be the best relativistic cosmology can offer’.98 Thus it 
was that from the early 1950s the Big Bang theory 
steadily gained ground, and yet Lemaître faded into the 
background, almost certainly because he had ceased to 
promote his brilliant idea.  

On 1998 September 1, The Astronomical Journal pub-
lished a spectacular paper announcing the discovery of  
the accelerating Universe. An international effort to 
measure the distances of  sixteen high-redshift super-
novae had established that they are on average ‘10–15 
per cent farther than expected in a low mass universe 
without a cosmological constant’.99 

Cosmologists ascribed this acceleration to unseen 
dark energy pervading the universe and having the 
same effect as a negative pressure – the cosmological 
constant. The excitement at the time was palpable, and 
I vividly remember my cosmology colleagues in Cam-
bridge exclaiming that ‘Lemaître’s cosmological con-
stant is inflating the universe’. 

Overnight it seemed that a huge catch-up industry 
had sprung up, with a younger generation of  cosmolo-
gists revelling in the discovery of  Lemaître’s papers. 
Over the past two decades the historian Dominique 
Lambert in Louvain has provided us with a truly excep-
tional biography of  Lemaître, while Helge Kragh of  
the University of  Aarhus has meticulously documented 
the contributions of  many observers and cosmologists 
to the foundations of  the concordant cosmology that 
we have today. From these new assessments, we can see 
that Georges Lemaître, the father of  the Big Bang, was 
arguably the greatest cosmologist of  his generation. 
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1. A surgeon’s son 
Charles Aston Key (1793–1849) was appointed Dem -
on strator of  Anatomy at St Thomas’ Hospital, London, 
in 1820 at the age of  27.1 Aston Key, as he was usually 
known, was justifiably proud of  his power and dexterity 
with the knife, skills acquired during his apprenticeship 
to the leading surgeon at Guy’s Hospital, Astley Paston 
Cooper (1768–1841), whom he eventually succeeded.2 

In 1818 Aston Key married Cooper’s niece Anne 
Cooper (1799–1894), daughter of  Samuel Lovick 
Cooper (1763–1817) who was Rector of  Barton, Nor-
folk. None of  their nine children followed their father’s 
surgical career, but two of  their sons chose religious 
vocations. This included their first child and subject of  
this paper, Henry Cooper Key (1819–79), who was 
born on 1819 May 31 at their home in Lime Street 
Square, Bishopsgate, London.3 In the heavens above 
them C/1819 N1, the Great Comet of  1819, heralded 
the arrival of  an amateur astronomer who would help 
advance telescope technology during his lifetime of  six 
decades.4 
 
1.1. Key’s early life 
Little is known of  Henry Cooper Key’s formative years. 
By 1840 his eight siblings had been born, beginning 
with his brother Astley Cooper Key (1821–88), named 
after their father’s mentor, who would achieve a spec-
tacular naval career (Figure 1).5 Four girls and three 
more boys completed the family.6 

The RAS obituary for Henry Cooper Key tells us 
that he was ‘educated at private schools, and at Christ 
Church, Oxford, where he took his degrees. He early 
showed a taste for astronomy, and while quite a boy con-
structed a telescope.’ 7 It is unknown which private 

schools were involved. A possible clue comes from mem-
oirs for his brother Astley whose education included 
Mrs Sargeant’s school at Brighton before he was six 
years old, followed by Mr Westcombe’s at Winchester, 
and a few months with Mr Mills at Hampton. Astley 
then joined the Naval College at Portsmouth, aged 12, 
which soon equipped him with training more suited to 
his muscular frame and mischievous nature.8 In contrast 
Henry was more academically gifted and probably 
remained in tuition continuously, completing his BA in 
1842 and MA in 1844. It seems probable that their 
mother Anne influenced Henry’s religious vocation. 

 
1.2. Early observations in London 
In 1837 eighteen-year-old Henry began an observing 
notebook for his astronomical work.9 The first six pages 
include fifteen entries during the month of  April with 
observations on a dozen nights including Jupiter, Mars, 
a total lunar eclipse, Saturn, Castor, Mizar, Polaris,  
ε Bootis, and ζ and ε Lyrae. His first telescope probably 
used a 2½-inch (64-mm) f/12 doublet lens.10 Magnifi-
cation was provided by pancratic eye-tubes giving a 
range of  powers.11 

Nine entries were recorded during 1837 May, includ-
ing a visit to Pierce Seaman, Upper Gower Street, to 
observe Saturn and double stars with his 3¾-inch (95-
mm) f/12 telescope by Jesse Ramsden.12 Henry refers 
to an earlier opportunity to use a larger telescope 
owned by Sir James South (1785–1867) at his observa-
tory in Kensington. It is probable that this was facili-
tated by his father who had trained with South’s 
half-brother, surgeon John Flint South (1797–1882).13 

Henry’s observations were made from both the City of  
London and further west in Walham Green, Fulham; at 
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the move to a new church brought an early end to his life. Two stained-glass 
 windows in St Mary Magdalene Church, Stretton Sugwas, survive as a memorial.
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the latter site Henry noted a close conjunction of  Mars 
and Regulus, viewing them together in a low-power 
field. Lacking dark skies in June he used his telescope to 
observe  balloon ascents, including one made by the 
pioneer balloonist Charles Green (1785–1870): ‘The 
large Nassau balloon … striped with equal stripes of  
black and a sort of  reddish yellow, the car crimson and 
gold. I saw a lady and four gents in it.’ 
 
1.3. Sir Astley’s telescope 
From 1837 July Henry was able to observe from Hemel 
Hempstead which he described as: ‘A most excellent 
place for observation. The House stands N and S and 
there is a delightful view of  the meridian.’ It seems pro-
bable that Aston and Anne Key had now purchased 
their country residence at The Heath, Hemel Hemps-
tead, enabling their son to use an excellent 2½-inch 
f/12 Dollond achromatic belonging to Astley Cooper, 
by then Sir Astley, who owned Gadebridge House 
nearby.14 

Drawings of  Saturn, meteor observing, and double-
star observation continued through the summer 
months, together with temperature results. By the 
beginning of  1837 August Henry was convinced that 
‘the best astronomical nights are in warm weather 
when there is a considerable amount of  dew, and not 
during cold, frosty weather when the stars are so 
exceedingly brilliant to the naked eye … I see the stars 
clearer through a mist.’ 

Observing from St John’s, Fulham, in 1837 October 
Henry attempted to observe the ‘grand [lunar] eclipse’ 
through gaps in the cloud, but found the arrival of  
Orion more satisfying. An ‘auroral glow’ was noted in 
November during an evening walk to church. In 1838 
January he recorded low temperatures accompanying 
heavy snowfall in London, while staying with his father 
at his London residence in St Helen’s Place, Bishops-
gate. In 1839 May Henry described his ‘one-foot glass 
made by Jesse Ramsden having a treble object glass 
1.1-inch diameter’ as ‘the finest small glass I have 
looked through.’ 15 
 
1.4. Observations during his Oxford years 
By 1843 June Henry had completed his BA at Christ 
Church, Oxford, and was working as a curate near the 
Welsh border at Mead House, Tidenham, Gloucester-
shire, not far from Tintern Abbey. He used a 4-inch 
(102-mm) f/15 Gregorian reflector by George Adams 
(1750–95) which had speculum metal mirrors mounted 
in a brass tube with magnifications ranging from ×60 
to ×158. His summer logbook entries included several 
observations of  double stars: ε Lyrae, ξ Ursae Majoris, 
α Herculis, α Lyrae, γ Leonis, γ Delphini, and β Cygni. 
Lacking a driven mount he had difficulty seeing the 
Cassini division in Saturn’s rings but Titan was 
recorded. Interestingly Key noted a ‘dark horizontal 
black spot’ on Jupiter – a significant reference to an 
early observation of  the Great Red Spot (Figure 2).16 

Fig. 1: Henry Cooper Key seen c. 1870, left, and his younger brother Admiral Sir Astley Cooper Key. The brothers chose contrasting vocations. 
One became a Victorian clergyman in Herefordshire and the other a highly successful naval officer who rose to the title of  First Naval Lord. 

They were both Fellows of  the RAS and combined forces in 1871 to establish a time-gun in Hereford for providing accurate local time. 
(Left: Herefordshire Portraits, Jakeman & Carver, 1908, courtesy of  Rhys Griffith, Herefordshire Archive and Records Centre.  

Right: Frontispiece to Memoirs of  Admiral the Right Honourable Sir Astley Cooper Key by P. H. Colomb, Methuen, 1898)
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A year later, in 1844 September, after completion of  
his MA at Christ Church, Key recorded an observation 
of  ‘Georgium Sidus’, i.e. the planet Uranus. He 
described a high-power view of  the planet as ‘a disc of  
lead colour, not well defined’, adding that it had been 
difficult to find. The following spring entries included 
several more double stars: ε Persei, α and η Cassiopeia, 
β and ξ Cephei, and 35 Cassiopeia. His last entry for 
this period in 1845 May noted ‘the annular nebula 
between β and γ Lyrae’, i.e. M57. Given the aperture, 
probable tarnishing of  the mirrors and the large central 
obstruction of  the Gregorian telescope, his description 
is not surprising: ‘very faint, hardly anything more than 
the mere figure discernable’.  

Religious duties took him to the villages of  Godmer-
sham and Challock on the North Downs not far from 
Ashford, Kent. While waiting for his own parish to be 
designated he supported parishioners across this small 
community during the winter of  1845/6. 
 
1.5. Becoming a clergyman in the 1840s 
The University of  Oxford BA required an understand-
ing of  the Gospels in Greek, the Thirty-Nine Articles of  
the Church, and Joseph Butler’s Analogy of  Religion 
(1736). Lectures on scientific subjects were available by 
the 1840s but professorial salaries were low, and popular 
lecturers like William Buckland (1784–1856) charged 
two guineas (c. £180 today) for a full course of  sixteen 
lectures in geology or mineralogy.17 Buckland linked the 
study of  rocks and fossils to the ‘deluge’ and the ‘cre-
ation’ – both subject areas that Key would revisit in his 
later years. In 1832 June Buckland had chaired the first 
full meeting of  the British Association for the Advance-
ment of  Science at Oxford. Key would have enjoyed 
Buckland’s dramatic delivery of  lectures and passion for 
scientific observation and experiment, kindling a spark 
that would bear fruit over three decades. 

For the MA degree it was necessary to sign a decla-
ration of  allegiance to the doctrine of  the Church of  
England. In the 1840s half  of  Oxford’s fellows were 
either clergymen or prospective clergymen. Key’s focus 
remained on deepening his knowledge of  the classical 
‘seven liberal arts’ – the interpretive trivium (grammar, 
rhetoric, and logic) and the factual quadrivium (arith-
metic, geometry, astronomy, and music) – underpinning 
many of  his later interests and explaining to some 
extent his argumentative nature in later life. 

One attraction for his enrolment at the University of  
Oxford might have been the possibility of  using the 
Radcliffe Observatory, which during the 18th century 
was developed by the Radcliffe Trust into one of  the 
most modern observatories in Europe. Between 1771 
and 1839 the post of  the University’s Savilian Chair of  
Astronomy, funded by the University of  Oxford, incor-
porated the Radcliffe Observer position. In 1839 the 
Trustees split the two posts. Mathematician George 
Johnson (1808–81) was Savilian Professor for three 
years followed by another mathematician, William 

Donkin (1814–69), from 1842 to 1869. Meanwhile the 
Radcliffe Observer position was awarded to Manuel 
Johnson (1805–59) whose Anglo-Catholic sympathies 
would have disgruntled Key. 

In practice the meridian and transit instruments of  
the observatory would not have suited his interest in 
double stars and planetary observation, although the 
two Dollond refractors would have been excellent to 
use.18 His dislike of  Manuel Johnson continued for 
some time and Key’s election to the RAS in 1860 was 
only after Johnson had served both his Presidential 
term and had died.19 In contrast his younger brother 
Astley became a Fellow of  the RAS in 1847. 

With forty percent of  the UK population attending 
church regularly in 1851 it is unsurprising that the 
period 1689–1901 has been described as a ‘golden age’ 
in which ‘the religious culture and polity of  Britain was 
largely defined by the sermon: Britain was a sermonic 
society in which preaching was one, if  not the princi-
pal, shared experience of  all classes and conditions of  
people’.20 It was into this world of  15,000 Church of  
England clergymen that Key sought his destiny by first 
gaining a parish of  his own. 
 
2. Rector of  Stretton Sugwas, Hereford 
When Aston and Anne Key celebrated their eldest son’s 
completion of  his MA at Oxford in 1844 they had 
every reason to feel pleased with life. Their second son 
Astley was moving rapidly through the naval ranks. 
The seven Cooper Key children still at home in The 
Heath, Hemel Hempstead, spanned ages 4 to 17, with 
their eldest daughter Anne soon to announce her 
engagement to the wealthy Henry Newton Heale 
(1814–71). Now that Henry was qualified as parish 
clergyman the estates owned by his father’s employer, 
Guy’s Hospital, would play a significant role in his 
future career. 

In 1731 the wealthy Duke of  Chandos, James Bry-
dges (1673–1744), had sold his Herefordshire estates to 
the President and Governors of  Guy’s Hospital. These 
included the principal estate of  Wilton in Bridstow, 
near Ross-on-Wye, and the estates of  Pipe and Lyde 
and Stretton Sugwas, near Hereford.21 The last of  these 
was a small parish and village located some 5½ km (3½ 
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Fig. 2: Among Henry Cooper Key’s planetary observations is this 
early drawing of  what appears to be Jupiter’s Great Red Spot made 
on 1843 June 26 using a 4-inch (100-mm) Gregorian reflector 
with a magnification of  ×160.
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miles) northwest of  Hereford on the turnpike road to 
Brecon.22 The rectory living was £300 per annum 
(c. £24,000 today) with residence and 30 acres of  glebe 
land. The church had been built in 1142 with a dedica-
tion to St Mary Magdalene. It offered a plain edifice 
with nave, chancel, and a wooden tower at the west end 
with four bells.23 

The 1831 census population for Herefordshire was 
c. 110,000 including nearly 13,000 agricultural families, 
typically with five members. Fifty years later the 1881 
census revealed the population had grown by only 
10%; in contrast the city of  London increased from 1.5 
million to 3.9 million over the same period. The county 
was divided into 221 parishes with Hereford city, 
Leominster borough, and five market towns being rep-
resented by seven Members of  Parliament. 

Stretton Rectory (Figure 3) was one of  83 in the 
county.24 The Stretton Sugwas parish population 
increased from about 180 to 270 between 1831 and 
1881, making the duties of  the incumbent rector light 
in comparison with the Anglican church average of  one 
clergyman per 900 parishioners across England.25 A 
church living of  £300 per annum provided a steady 
income of  £25 per month (c. £2000 per month today) 
with additional income from tenant farmers. 

At this time farm labourers in Herefordshire were 
barely surviving on 10 shillings per week (c. £40 today) 
of  which half  would be spent on bread. Their 
dwellings might be provided rent-free with free fire-
wood, local farm produce, and cider, but harsh winters 
or poor harvests dramatically impacted the typical lifes-
pan of  many parishioners. A life expectancy for profes-
sional men of  52 years compared with just 38 years for 
farm workers, the latter group also enduring an infant 
mortality rate of  150 in 1000 births due to conditions 
of  extreme poverty. Despite these hardships typically 80 
people attended at least one church service every week 
at Stretton Sugwas. 

The passing of  the incumbent clergyman Robert 
Hathway (1766–1846) created what seemed to Aston 

and Anne Key a golden opportunity for their eldest 
son. Guy’s Hospital duly presented Henry Cooper Key 
as the new rector to the parish in 1846 April, a position 
he would occupy for 33 years. Furthermore, on Henry’s 
death in 1879, Guy’s Hospital continued provision for 
his widow on their Wilton estate for an additional 32 
years. With comparatively light duties in his parish Key 
was able to contemplate a successful future, pursuing 
his interests of  astronomy, music, etymology, and gar-
dening as a Victorian clergyman in the rural landscape 
of  Herefordshire. 
 
3. Early days at Stretton Rectory 
The parish of  Stretton Sugwas comprised 40 inhabited 
houses with 36 families. From some tenant farmers Key 
received a tithe or ten per cent of  the annual produce 
from the fertile loamy soil which delivered wheat, bar-
ley, beans, fruit, and excellent perry and cider. His 
increased income was partly invested in improving the 
rectory gardens which were dominated by a magnifi-
cent elm tree. Maintenance and church improvement 
were completed by the end of  1847. 

The following year Key welcomed his former Regius 
Professor of  Divinity from Oxford as Bishop of  Here-
ford. Renn Dickson Hampden (1793–1868) retained 
the position for two decades during which time he 
adopted the habit of  serious seclusion. The diocese 
prospered and one benefactor was Key whose duties 
expanded in 1852 when he was appointed Rural Dean 
of  Weston.26 
 
3.1. An unexpected death 
While Key was settling into rural life, major changes 
occurred in his family. His brother Astley achieved the 
rank of  captain in 1850 and was given command of  
the steam frigate HMS Amphion three years later, just 
prior to the Crimean War. Their sister Anne duly 
became Mrs Heale at the beginning of  1849, but in the 
summer came tragedy when their father died suddenly 
during the second cholera epidemic in London.27 His 

23

Fig. 3: Watercolour of  Stretton 
Rectory showing the original St 
Mary Magdalene church at left 
and Key’s Romsey observatory to 
the right. Unknown artist, dated 
c.1870. Stretton Rectory had 
been rebuilt in 1811 as a tall 
gabled house of  brick and slate. 
The large Romsey observatory 
was added to the east of  the 
rectory in 1864. It initially 
housed a 12-inch f/10 silvered-
glass reflector (1864–7) and 
later an 18-inch f/7 silvered-
glass reflector (1867–79). 
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six remaining children at home would undoubtedly be 
well provided for but their father’s sudden passing was 
inevitably a bitter blow. 
 
3.2. Notes and Queries 
The weekly magazine Notes and Queries had begun publi-
cation at the end of  1849. Subtitled ‘A medium of  
inter-communication for literary men, artists, antiquar-
ies, genealogists, etc.’, it covered folklore, literature, and 
history. Contributions from Key appeared during 
1851–58 and provide an insight into his interests and 
opinions. 

Etymology, the study of  the history of  words, was 
one of  his passions and he enjoyed exchanging acade-
mic correspondence over the origin of  words.28 The 
broad range of  topics ranged from the types of  locust 
described in the New Testament to baptisms and Chris-
tian names; the longevity of  fruit tree grafts and the 
names of  wild plants; along with heraldry, poetry, 
music, and family trees. A musical query in 1853 May 
requested information about ‘the violin instrument-
makers of  Cremona’.29 Ten years before the founding 
of  the Herefordshire Philharmonic Society Key was 
either researching or had already purchased a Stradi-
varius violin. 

Scientific notes and queries have particularly rele-
vance. In 1851 September Key was keen to find ‘the 
best scientific work on horology … details of  the various 
movements, escapements, etc., of  astronomical clocks, 
chronometers, pocket watches, with the latest improve-
ments down to the present time.’ 30 Three weeks later he 
provided a critique of  a note on the plane of  oscillation 
of  a pendulum and announced: ‘I am myself  about to 
make experiments with a twenty-five-foot pendulum.’ 31 

Four months later in 1852 January he defended his 
assertion that ‘the impossibility of  obtaining perfect 
suspension’ effectively undermined pendulum experi-
ments, including those with Foucault’s 220-foot pendu-
lum at the Panthéon in Paris. 

A month later he declared it unlikely that the Moon 
influenced the weather, but remained curious about 
historical reports of  high rainfall and numerous thun-
derstorms in the year 1561.32 In 1852 July he reviewed 
the diffraction effects noticed by myopic people looking 
through small apertures.33 In the same month he postu-
lated an explanation for the accounts of  red stars which 
appeared to be ‘hanging on the limb’ during a lunar 
occultation, quoting his own experience of  observing 
Aldebaran in 1850 April.34 

In 1853 June Key admitted that ‘practically, I know 
nothing of  photography’, but added he was an experi-
enced user of  achromatic microscopes and believed 
that photography through microscopes would prove 
unsuccessful due to the limited depth of  field.35 His 
botanical interests were confirmed later that year when 
he requested ‘specimens of  rare ferns … to complete 
his collection’.36 Three years later he replied to a query 
on the illumination of  church towers and their photo-

graphic appearance.37 Six months later he asserted that 
beacon fires on the Malvern Hills would be visible from 
over 100 miles (160 km) away, with the probability that 
lighthouse illumination would extend beyond 15 nauti-
cal miles (28 km).38 
 
3.3. Marriage and family 
Key attended the 1853 July sale of  instruments from the 
noted clergyman-astronomer William Pearson (1767–
1847). He purchased books and three significant items: 
a brass orrery, a tellurium, and an 8-inch (200-mm) f/10 
reflector with a metallic speculum.39 Key would con-
tinue using Newtonian designs for the rest of  his life. 

From 1853 October to 1856 March the Crimean 
War dominated the news. His brother was in command 
of  the 30-gun frigate HMS Amphion, spending three 
years of  military conflict in the Baltic. Astley’s success 
earned him a Companion of  the Order of  the Bath in 
1855 July.40 Military battles were uppermost in the 
minds of  British people during this bloody campaign. 
An insight into how the Anglican Church responded is 
provided by Key’s 1855 March sermon, The temper of  the 
nation in the present crisis. A sermon addressed to a country 
 congregation.41 

On a brighter note, Henry Cooper Key married 
Ellen Arabella Whin field (1823–1912) on 1855 Decem-
ber 30. Ellen was born in Woburn, the only daughter  
of  Henry Wrey Whinfield (1791–1848) and Sarah Ara-
bella Praed (??–1834); Whinfield was rector of   Filgrave-
cum-Tyringham, Buckinghamshire.42 Their only child, 
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Fig. 4: Schoolmaster George Henry With was a close friend of  Key. 
Together they worked out how to use graduated tools to accurately 
parabolize silvered-glass mirrors. With improved the figure of  Key’s 
first 18-inch mirror in 1878. (Herefordshire Portraits, Jakeman & 
Carver, 1908, courtesy of  Rhys Griffith, Herefordshire Archive and 
Records Centre)
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Charles Aston Whinfield Key (1856–1936), was born in 
Stretton Sugwas. By the 1861 Census Henry was aged 
41, Ellen aged 38, and Charles 4; they had three ser-
vants, including a cook, nurse, and housemaid.43 Henry 
and Ellen shared interests in botany, gardening, and 
music. Their clergy family backgrounds and similar 
financial status further supported their union which 
would last for 24 years. 
 
4. Silvered-glass mirrors 
The chemical process of  depositing a layer of  silver 
from unheated silver nitrate solution onto glass had 
been discovered in the 1830s by German chemist Justus 
von Liebig (1803–73). His colleague Carl August von 
Steinheil (1801–70) founded an instrument company in 
1847 and was researching new technologies.44 By 1856 
March Steinheil had produced a 4-inch silvered-glass 
mirror.45 Compared with speculum metal glass was 
cheaper, lighter, and less brittle; the silver surface was 
more reflective and renewable without any requirement 
for refiguring tarnished metal surfaces. At some stage in 
the 1860s Frederick Bird (1816–??) in Birmingham 

became the British agent for the sale of  Steinheil tele-
scopes and accessories.46 

In France physicist Léon Foucault (1819–68) inde-
pendently produced a 3½-inch (90-mm) spherical mir-
ror in early 1857, spending six months mastering the 
silvering process. His achievement impressed Scottish 
physicist Sir David Brewster (1781–1868) during his 
1857 June visit to Paris. An invitation to present his 
work to the 27th meeting of  the British Association for 
the Advancement of  Science (BA) held at Dublin in 
1857 August enabled Foucault to inform the wider 
international community. In practice Foucault collabo-
rated with the Paris instrument-maker Marc François 
Louis Secretan (1804–67) and his engineer Friedrich 
Wilhelm Eichens (1818–84).47 

Foucault’s first reflecting telescope had a working 
aperture of  3.5 inches (90 mm) and focal ratio f/6 with 
powers to ×150. By the Dublin meeting he had com-
pleted a 6.3-inch (160-mm) f/9 mirror which Secretan 
mounted in a wooden tube for testing on his return to 
Paris. A few months later Foucault visited Sir John Her-
schel (1792–1871) at Collingwood to present him with 
a 4-inch silvered mirror. Commercial production of  
these two apertures began the following year at 250 and 
1600 francs respectively (c. £10 and £64 today). 

In 1858 July news quickly crossed the Channel that 
Foucault’s 13-inch (0.33-m) f/7 mirror had split the test 
double star γ² Andromedae, whose separation was then 
only 0″.5.48 By 1862 Paris Observatory had two more 
Foucault instruments: a 16-inch (0.4-m) f/6 mirror and 
the celebrated 32-inch (0.8-m) f/5.5; the latter instru-
ment was transferred in 1864 to the clearer skies of  
Marseille. 

A challenge had been laid down. American astron -
omer Henry Draper (1837–82) constructed a 15.5-inch 
(0.39-m) f/10 reflecting telescope in 1861.49 In England 
amateur astronomers were also keen to develop the 
exciting new technology. The main players were 
 Frederick Bird, Henry Cooper Key, Edward Frankland 
(1825–99), and George Henry With (1827–1904).50 
 
4.1. Key’s telescopes  
Between 1859 and 1869 Key produced five silvered-
glass specula with apertures from 7.5 to 18.2 inches 
(0.19 to 0.46 m). These were initially used on tempo-
rary wooden stands in the open air at Stretton Rectory. 
An equatorial mount for a 10-foot (3-m) tube was con-
structed but although a diagram was submitted to 
Monthly Notices it proved too complex for a woodcut 
illustration.51 An observatory aided observation of  dou-
ble stars and planets with his 12-inch (0.3-m) reflector 
for three years, between 1864 September and 1867 Jan-
uary, with a diaphragm often used to improve defini-
tion. Key then tackled a pair of  short-focus 18-inch 
(0.46-m) specula and mounted them on a Berthon 
equatorial inside his observatory (Table 1). 

During this period Key collaborated with two other 
Herefordshire astronomers. George With (Figure 4) had 
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Table 1 

The main telescopes used or made by 
Henry Cooper Key 

Size    F.L.     F.R.     Year        Notes 

2.5       30        f/12     1837         Pancratic eye tubes 

2.5       30        f/12     1837         Dollond achromatic; 
                                               Astley Cooper’s 

1.1       20        f/18     1839         Ramsden achromatic 

4.0       18        f/15     1843         Adams Gregorian. 
                                               Metallic speculum 

8.0       78        f/10     1853         From Pearson sale.  
                                               Metallic speculum 

7.5       82        f/11     1862–5     Key silvered glass. 
                                               Sold to Lawton (1866) 

8.0       72        f/9       1863         With silvered glass.  
                                               Sold to Matthews (1864) 

12.0     126      f/10     1864–7     Key silvered glass.  
                                               Sold to Gill (1866) 

12.0     126      f/10     1864–7     Key unsilvered glass. 

1.1       17        f/15     1864–79   Simms transit in Romsey 
                                               transit room 

18.0     126      f/7       1867–79   Key silvered glass.  
                                               Improved by With (1878).  
                                               Purchased by Perry (1880).  
                                               National Museums  
                                               Scotland (current) 

18.2     126      f/7       1867–79   Key unfinished project.  
                                               Refigured by Calver (1880). 
                                               Used by Perry then  
                                               advertised (1894) 

F. L. = focal length; F. R. = focal ratio. All figures in inches.
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been appointed to the mastership of  Hereford Blue 
Coat boys’ school in 1851 November where he was 
responsible for 140 students and six assistants until his 
resignation in 1876. Key and With met regularly to 
exchange best practice for specula work and discuss 
their correspondence with Bird and Frankland. 

Another important contact was clergyman Thomas 
William Webb (1806–85) who from 1856 was responsi-
ble for the Hardwicke parish, 24 km (15 miles) west of  
Stretton Sugwas.52 Webb had completed his BA at 
Oxford in 1830 and MA two years later; there he was 
encouraged in astronomy by Stephen Peter Riguad 
(1774–1839) whose interest in the history of  science 
ignited a similar passion in his keen student.53 

Webb had used a 3.7-inch (94-mm) f/16 Tulley 
refractor (1834) on an altazimuth stand in the open air 
to make observations (1847–57) for his Celestial Objects 
for Common Telescopes (1859). He had experimented with 
metallic specula and regularly visited observatories to 
gain experience of  a wide range of  telescopes.54 Webb 
was also a prolific writer, supplying astronomical papers 
to a variety of  journals.55 At some stage in the 1850s 
Key and Webb must have crossed paths, but their first 
recorded meeting was in 1862 May when at Stretton 
Rectory Webb was introduced to the exciting new tech-
nology of  silvered-glass mirrors. 
 
4.2. The Frankland correspondence 
A chronological timeline for the early development of  
silvered-glass mirrors in England can be derived from 
letters sent by Key and With to the chemist Edward 
Frankland (Figure 5).56 Frankland had worked with 
Liebig at Giessen, Germany, in 1849 and applied the 
silvering process to his own 7-inch (178-mm) speculum. 

With was also a chemist and began writing to Frank-
land in 1862 July about the Rosse machine (a form of  
grinding machine named after Lord Rosse):57 ‘My 
friend Mr. Key has got his into working order and is 
charmed with the ease and certainty with which the 
figure may be obtained … cost him £13.10.0 
[c. £1,080 today] … the polishing ring will take a 12-
inch speculum … the machine is powerful enough to 
polish a 24-inch.’ 58 

Three months later Key also began exchanging let-
ters with Frankland: 

I have learned from Mr. With that you have been 
trying one of  Lassell’s machines for figuring specula 
but without effect … a friend of  mine at Birming-
ham [Bird] had one a few years ago … discarded  
it for one on Lord Rosse’s principle. My own is a 
copy of  his … some considerable experience now 
with my machine, I think I am a fair way towards 
producing a true parabolic curve, complete from 
centre to circumference, in 12-inch specula.59 

Bird had recently visited Stretton Rectory and used a 
8.7-inch (220-mm) silvered-glass reflector at Key Hill, 
Birmingham; by 1863 March he had completed a 12-
inch (305-mm) f/9 mirror.60  

Key and With had the advantage of  local collabora-
tion and they developed a common testing method 
using figures on a watch dial. Pitch tools of  similar size 
to the mirror proved effective with square facets cut of  
decreasing size from the centre outwards, causing the 
centre to abrade faster than the circumference. With 
considered that an unmodified Rosse machine was lim-
ited to producing only the preliminary figure on glass 
specula and admitted: ‘My children do all the work of  
grinding and polishing, having only to work the treadle 
of  a small lathe.’61 

Key waited for clear nights [1862 December] of  
good seeing to star-test his 12-inch f/10 mirror. Writing 
to Frankland he explained: ‘On the dial at 100 yards, I 
can readily divide lines 0.01-inch apart (which equals 
0.57 arc-seconds of  space) … when the dial was accu-
rately focused, a fly settled upon it, and I found that the 
back and wings and upper part of  the legs were actu-
ally out of  focus.’ 62 

Frankland visited Hereford at the end of  the year to 
see first-hand the modifications devised by Key and 
With and purchased his own Rosse machine soon after-
wards.63 His visit to the Deanery provided additional 
delight when he performed a series of  demonstrations 
using soap bubbles to illustrate the effects of  large-scale 
surface  tension to his guests. 

With had produced two fine specula: a 5.2-inch (130-
mm) f/14 which had been star-tested on Capella at 500 
power and a 6.2-inch (157-mm) f/12. A 5.5-inch (140-
mm) f/10 was nearing completion and contributed to 
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Fig. 5: Edward Frankland was a chemist who experimented with the 
new technology of  silvered-glass mirrors after working with Justus 
von Liebig in Germany. He visited Henry Key and George With to 
learn their methods and later completed his own 7-inch mirror. 
(Wikipedia)
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an emerging international debate. At the beginning of  
1863 Key noted: ‘A regular trial between 5½-inch of  
Mr. With’s best mirror and an excellent 5½-inch achro-
matic of  Alvan Clark’s belonging to my friend Mr. 
Webb … this will be very interesting for a comparison 
between the two has never yet been made.’ 64 Webb’s 
favourable opinion of  silvered-glass specula was evident 
in his paper for the Intellectual Observer.65 

Key and With regularly exchanged ideas. Figuring 
the central portion of  a speculum proved a critical 
operation with a number of  variables affecting the out-
come: stroke length, side motion, rotation speed, and 
weight loading all required much experimentation. Key 
tried different abrasives and polishing agents, explain-
ing to Frankland: ‘I discovered that silver sand is far 
more cutting … with a 40-lb weight, I can do more in a 
day than I could with emery in a week.’ 66 Corundum 
powder proved even more effective. By 1863 March he 
believed most of  the problems were solved and submit-
ted a paper to the RAS Monthly Notices to outline the 
progress being made in Herefordshire.67 

Four miles away With was engaged on similar investi-
gations using his home-made Rosse machine. His letter 
to Frankland in 1863 February recounted: ‘I have tried 
every combination of  stroke and side motion and revo-

lution of  the tool … the mirrors have been reground 
and refigured three times, so that I may claim the expe-
rience of  nine mirrors.’ 68 Dial tests at 350 power were 
beautifully defined. ‘The foci of  the margin and centre 
are coincident in each,’ he explained. ’In a few days I 
shall commence working an 8-inch of  6½-feet focal 
length. My 5.5-inch mirrors are of  54-inch focus.’ 

With anticipated he would soon be able to produce a 
6-inch (150-mm) f/6 mirror, but would first make an 8-
inch (200-mm) mirror for Key (Figure 6).69 A month 
later he reported: ‘My friend Mr. Bird of  Birmingham 
has just figured a 12-inch, for which I am about to send 
him the silvering solution … in its un-silvered state it 
splits ζ Cancri.’ 70 

Unexpected problems also arose. Key informed 
Frankland in 1863 March: ‘After having finished my 
two tools to my satisfaction, and brought up my two 
mirrors to the figuring state, I found the focus had 
lengthened so much as to be beyond my tube!’ 71 The 
tools had been imperfectly turned in Birmingham and 
he had no alternative but to wait for the correct gauge 
to be machined. 

By 1863 May Key and With had further modified 
their Rosse machines to enable epicycloidal motion of  
the tool during the figuring process.72 The improve-
ment coincided with the parabolizing stage for Key’s 8-
inch speculum for which With observed the sharp 
image of  a watch dial at 600 power and star-tested on 
Arcturus. As for planets, ‘[Jupiter] was shown covered 
with bands from equator to poles … [Saturn] appeared 
as a dusky globe suspended in a brighter ring, while the 
shadow on the ring was almost black.’ 73 

By 1863 November Frankland had successfully fig-
ured his 7-inch mirror using his modified Rosse 
machine. Key explained: ‘My own treadle is one about 
4 feet long, working on a hinge behind me, and I sit, or 
rather support myself  upon a very high stool in much 
comfort, so as to be able to read and even to write while 
working the machine.’ 74 He added: ‘Lord Rosse’s 
machine, you are aware differs from ours in the rapidity 
of  the revolution of  the face plate and of  the stroke – 
the face plate revolves twice as ours, and his stroke is 
considerably slower … I have been obliged to have an 
iron tool made in Birmingham. This I am now working 
both my 12-inch discs upon.’ Frankland had sent With 
a sketch of  his equatorial stand for his 7-inch Newton-
ian. Key remarked, ‘It is like mine in principle, only 
mine is moveable on wheels.’ 75 
 
4.3. Monthly Notices paper 
Key’s paper On a mode of  Figuring Glass Specula for the 
Newtonian Telescope, published in the Monthly Notices in 
1863, described his method for producing a true para-
bolic figure.76 Details of  his Rosse machine included: 
104 strokes per revolution of  the mirror; an oval wheel 
driving the pin of  the eccentric to give the side motion, 
with 5½ rotations of  the pin per revolution of  the mir-
ror; stroke distance of  one-third the mirror diameter 
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Fig. 6: An example of  an early silvered-glass reflector on a wooden 
stand produced in Herefordshire in 1863, probably the 8-inch f/9 
reflector which George With sold to Henry Cooper Key in 1863.  
Key then sold it to William Matthews of  Yarmouth in 1864. 
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and side motion three quarters the same; a faceted con-
vex cast-iron tool of  the required gauge with wax or 
pitch in the grooves used for rough grinding followed 
by six grades of  emery and washed rouge for fine 
grinding, with the speculum always uppermost; a pitch 
polishing tool made 1½ inches larger in diameter with 
half-inch-square facets. 

Initial testing of  the spherical figure involved mount-
ing the speculum in its tube to examine a fine watch-dial 
placed 100 yards away. A parabolic figure within a few 
hours was achieved using a graduated tool with its outer 
facets progressively reduced in size using a chisel to 
make quarter-inch squares. This procedure for a pair of  
12-inch f/10 specula was combined with dia phragms to 
test four regions of  equal area – the outer, second, third, 
and central zones. Magnifications of  ×350 and ×1000 
were used to examine the dial face to ensure exact coin-
cidence of  the focal plane of  each zone.77 

Key’s experience with achromatic microscopes 
proved invaluable in ensuring accuracy but testing was 
limited to days of  bright sunshine. Liebig’s process was 
used for silvering with a calcium chloride drying agent 
used to overcome tarnishing problems. A small glass 
flat cut from the central region of  French plate glass 
was also recommended. 
 
5. Stretton Rectory observatory 
By 1864 Key needed an observatory to house his 12-
inch Newtonian. His colleague Bird had opted for a 
brick construction and Frankland was also considering 
this material. Key confided: ‘I fear that a wooden sub-
structure would be hardly stiff  enough for my dome of  
13-feet interior diameter … I propose to cover the 
brickwork with ivy, I dread the unsightly appearance 
my observatory will have, straight in view of  my draw-
ing room windows towards the south … however the 
scientific utility must be its apology.’ 78 

In the final extant letter from Key to Frankland writ-
ten in 1864 February he expressed thanks for a copy of  
his lecture on the physical conditions on the Moon, 
which included a proposed solution for the problem of  
the fate of  the lunar oceans.79 He added, ‘the frost has 
hitherto prevented the completion of  my observatory 
but I hope this week to have everything finished and the 
telescope at work.’  

This ambition was not achieved however due to mis-
givings about the thermal disadvantages of  a perma-
nent structure. Instead he contacted fellow clergyman 
Edward Lyon Berthon (1813–99) about his new Rom-
sey design. This was a multi-sided wooden structure 
with a sloping roof, designed to be built quickly and 
cheaply, and named after Romsey, Hampshire, where 
Berthon (Figure 7) lived. 

Writing in the English Mechanic Berthon later claimed 
(1871 October) that his observatory design ‘has stood 
unscathed the storms of  eight winters … 10ft clear 
inside, twelve-sided … built of  the thinnest weather 
boards … the revolving roof  is composed of  nothing 

but painted canvas on light rafters … though the heavy 
pedestal of  the 9¼ equatorial within is founded on con-
crete in the ground the floor of  the building is raised a 
foot above the soil without any footings, so that there is 
clear circulation of  air beneath.’ 80 

Berthon’s claim that ‘the optical efficiency of  obser-
vatories is in the inverse ratio of  their solidity’ convinced 
Key, who in the spring of  1864 ordered the largest 
Romsey design Berthon could build. This was erected to 
the east of  the rectory with a 13-ft (4-m) interior diame-
ter and an adjoining 8 × 7-ft (2.4 × 2.1-m) transit room 
at a cost of  £15, equivalent to £1,200 today (Figure 8). 
The site was chosen to facilitate the best southern hori-
zon available. Key resumed his logbook entries in 1864 
September and the 12-inch was in use for three years. 
 
5.1. Accessory equipment 
Key’s logbook reveals he used 13 eyepieces and a Bar-
low lens. New Kellner designs were produced by both 
Steinheil and Dallmeyer in the early 1860s with a 40° 
apparent field and a 0.5-inch (13-mm) eye relief. He 
invested in a set of  these providing magnifications up to 
×700 with the 12-inch reflector. For his lowest power he 
used a ‘Kellner G’ wide-angle eyepiece of  2-inch (50-
mm) focus which gave a power of  ×63. He described 
the merits of  the Barlow lens to Frankland in 1863 
December: ‘My adapter is 6½-inches long … and 1¼-
inch in diameter … by sliding the concave lens … quite 
doubles the power of  each eyepiece … the achromatic 

Fig. 7: Edward Lyon Berthon, the vicar of  Romsey in Hampshire, 
designed a wooden observatory, known as the Romsey Observatory, 
which became popular with amateur astronomers. Key ordered a 13-
ft-diameter version for his 12-inch silvered-glass reflector in 1864. 
(English Mechanic)
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concave was made by J. Murrell of  Clerkenwell … it 
cost about 17/- [c. £78 today].’ 81 

Key was an experienced user of  the cobweb micro -
meter for his achromatic microscope. Henry Lawson 
(1774–1855) had successfully used this design with his 
7-inch (180-mm) f/19 Dollond refractor in Hereford 
during the early 1840s, illuminating the webs using a 
lamp placed to one side of  his telescope.82 It seems 
probable that Key experimented with this instrument 
but its 126-inch (3.2-m) focal length would have 
severely tested the accuracy of  the clockwork drive for 
double star measures. 

Diaphragm masks for reducing the speculum aper-
ture were used with both silvered and unsilvered mir-
rors. He used a 9-inch (230-mm) mask for close double 
stars and often observed in twilight to reduce effects of  
irradiation and thus benefit from smaller star discs. This 
suggests the outer zone of  his specula did not focus to 
exactly the same plane as the other three areas. 

Meridian transits of  bright stars were measured 
using a 1.1-inch (28-mm) f/15 Simms transit mounted 
on a solid pier in the north–south plane in the transit 
room. Rack and pinion focusing for a diagonal positive 
eyepiece, fitted with cross-wires in its focal plane, 
enabled the right ascension of  stars to give the local 
sidereal time. A graduated circular scale enabled the 

zenith distance to be either measured or set for declina-
tion values. Accompanying the transit instrument was a 
sidereal clock powered by Daniell cells and linked to a 
master clock in the rectory cellar.83 
 
5.2. The Astronomical Register 
In 1863 January Britain’s first journal for amateur 
astronomers was founded by Sandford Gorton (c. 1824–
79). The Astronomical Register appeared monthly until 
1886 providing an invaluable means of  communication 
for ideas, observations, and debate. Gorton described  
it as ‘a sort of  astronomical Notes and Queries’.84 Key 
became a regular contributor and took advantage of  
the private sales column to raise funds for his ambitious 
new project, which was to build the second-largest sil-
vered glass reflector in the world. 

After a brief  trial of  the 8-inch f/9 speculum made 
by With he sold this on a wooden equatorial stand for 
£27 (c. £2,000 today) to William Prest Pardo Matthews 
(1838–1922) of  Yarmouth in 1864.85 Two years later 
Key advertised for sale his smaller speculum-grinding 
apparatus, the 7.5-inch f/11 Newtonian on its altaz-
imuth wooden stand, and his 12-inch f/10 specula. 
Meteorologist William Lawton of  Hull purchased the 
portable instrument and David Gill (1843–1914) of  
Aberdeen a 12-inch speculum for Skene observatory.86 
Other items advertised included Pearson’s brass orrery 
and tellurium which Key had purchased a decade 
 earlier.87 These sales helped finance the Berthon obser-
vatory (1864) and the 18-inch project (1867). 
 
5.3. The 18-inch project 
Key ambitiously tackled a pair of  18-inch specula, pur-
chasing glass discs from Saint Gobain in Paris which 
required twice the area to grind, polish, and figure.88 
First light was in 1867 December but the second specu-
lum was never completely finished. At this time only 
the 32-inch Foucault reflector at Paris/Marseille was a 
larger instrument using silvered-glass technology. Dur-
ing 1867 Key further modified his larger Rosse 
machine to cater for the bigger specula and again 
ordered gauged tools from Birmingham. 

To enable the tube to fit within his observatory he 
had the significant challenge of  decreasing the focal 
ratio from f/10 to f/7. Figuring the outer zone of  the 
specula again proved problematic. Mirror flexure prob-
lems may not have been fully appreciated by Key 
whose glass discs were only 1 inch (25 mm) thick.89 
Assertions that the speculum silver layer would prove 
very perishable were however challenged: 

One of  these specula may be exposed in the tube 
for three years to dust and damp; may be covered 
with dew on sudden risings of  temperature, thirty 
times or oftener in the course of  each winter and 
spring, and yet shall be perfectly serviceable at the 
end of  that period, as my own experience testifies 
…. the back of  the speculum should be as bare and 
as much exposed to the outer air as possible, that it 

Fig. 8: Key housed his 12-inch f/10 silvered-glass reflector in a  
13-foot Romsey observatory (1864) and then upgraded to an  
18-inch f/7 Newtonian (1867). In the adjoining transit room he 
used a 1.1-inch Simms transit telescope and a Gill sidereal clock.



Issue 14, June 2020 The Antiquarian Astronomer30

may readily take up changes in temperature … a 
close-fitting brass cover trapping a tiny volume of  
air at the front surface works best … with the mir-
ror supported on several thicknesses of  felt … and 
suspended in a leather band … kept in position 
 laterally by two soft wood blocks.90  

 
5.4. Berthon equatorial 
Key advocated using the English design of  equatorial 
mounting but this required too much room for his 
observatory so he again approached Berthon for poss -
ible solutions. A two-ton equatorial mounting was 
designed with the metal tube rotating within a cradle to 
achieve a horizontal eyepiece position. This was known 
as an ‘equestrian’ or ‘saddle-back’ design. It used two 
counterweights to balance the tube which was mounted 
on a large polar disk made of  slate and cast iron. It had 
the advantage of  compactness and stability (Figure 9). 

Key acknowledged its suitability and cheapness but 
later regretted ‘the impossibility of  applying a really 
accurate driving clock … I am able, with care and a 
good allowance of  patience, to measure the closest and 
most difficult double stars.’ 91 
 
5.5. Hereford specula in demand 
Silvered-glass technology was beginning to make an 
impact in the UK. British instrument-maker John 
Browning (1831/5–1925) began using Hereford spec-
ula and the first With–Browning instrument was exhib-
ited at the RAS soirée in 1866 January. It used With’s 
6.2-inch f/12 speculum of  1862 and was made for 
journalist Henry James Slack (1818–96) of  Forest Row, 
Sussex, in 1864 and proved to be the forerunner of  
many fine telescopes.92 

For George With the speculum sale of  £15 pro-
duced a £6 profit margin (c. £1,200 and £480 today) 
and larger apertures were then tackled. An 8.5-inch 
(216-mm) speculum (1866) was purchased by Mr H. 
Barnes of  Upper Holloway who promptly upgraded to 
an aperture of  10.5 inches (267 mm). Both instruments 
were used by Browning who also acquired a 6.5-inch 
(165-mm) f/9 and a 12.2-inch (310-mm).93 

By 1868 With had produced eight specula of  aper-
tures between 10 and 13 inches (250 and 330 mm) and 
focal ratios down to f/9.94 His mastery of  the Key–With 
graduated-tool method of  figuring facilitated a working 
relationship with Browning, leading to international 
sales. Wishing to test British optics de la Rue ordered a 
pair of  13-inch specula (1867–8) and endorsed the sec-
ond one as of  ‘superior quality’. In the 1870s specula 
with focal ratios as low as f/6.5 were produced, along 
with apertures of  18 inches by the end of  the decade.95 
 
6. Observations in the 1860s 
Key’s logbook illustrates how his increasing aperture 
and the advantages of  an observatory affected the 
range of  observations undertaken. He never became a 
specialist observer of  particular objects, produced a 

great volume of  measurements, or even developed his 
drawing skills, but he was skilled at noticing and report-
ing small details. 
 
6.1. Saturn 
Between 1861 November and 1862 August Saturn’s 
rings appeared edge-on from Earth on several occa-
sions, encouraging amateurs to hunt for the eight 
known satellites and measure transit timings of  Titan 
and its shadow. In the spring of  1862 Key was testing 
his new 7.5-inch f/11 Newtonian on a temporary 
wooden stand, using magnifications of  ×172 to ×362. 
After a break of  17 years in his observing logbook he 
recorded on May 11: ‘Saturn’s ring plainly visible, but a 
very narrow thread. Vision not good: suspicion of  knots 
on extremities.’ 96  

The rings were ‘still plainly visible’ on the following 
night but poor seeing and then two days of  cloud inter-
rupted observing. On May 15 he recorded ‘a suspicion 
of  the lower side of  the ring … I never knew the air so 
tremulous’. Two days later Webb commented, ‘having 
seen Mr. Key’s beautiful Newtonian in the morning, [at 

Fig. 9: The rugged, compact Berthon equestrian (or saddle-back) 
mount for Key’s 18-inch Newtonian was sketched by Charles Piazzi 
Smyth when he visited Stretton Rectory in 1880 April. The f/7 
focal ratio was very ambitious in 1864 but chosen to fit inside the 
Romsey observatory. (Images courtesy of  the Royal Observatory 
Edinburgh, Piazzi Smyth Collection, 1880 Pocket Notebook, with 
thanks to Karen Moran)
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Stretton Rectory] I was anxious to make a comparison, 
as well as to see whether there would be any traces of  
the ansae, which were to disappear at 19 hours, the 
plane passing through the Sun.’ 97 

Observing from Hardwicke the same evening with a 
5.5-inch f/15 Clark refractor using powers of  ×110 to 
×460 Webb described ‘an irregularity towards the F 
[following] end of  the black stripe which crossed the ball 
… the shadow of  Titan, which had recently been seen 
on two occasions by Dawes & Lockyer.’ Webb had first 
spotted the shadow at 10h 15m and ‘perceived that it 
was grazing the N edge of  the ring … and had 
advanced about 1/5 of  the breadth of  the ball … Titan 
was near the limb, NP. There were 2 belts & 5 satellites, 
if  the object lying some way S was Iapetus, and not a 
faint star.’ Key recorded ‘a fixed star close to [Saturn]’, 
but unfortunately no further details; his logbook draw-
ing appears to include Titan’s shadow.98 
 
6.2. Mars 
Four months later Key keenly awaited the opposition of  
Mars on 1862 October 5. His visitor on September 30 
was Frederick Bird whose home-made 8.7-inch silvered-
glass reflector was then the largest in the UK (Frederick 
Bird would soon complete a 12-inch f/9 mirror). They 
observed with a magnification of  ×250: ‘Pretty well 
defined, the polar snow more inclined than it was a fort-
night ago, then nearly S, and very much diminished in 
size,’ Key wrote in his notebook.99 

On the date of  opposition Key noted ‘a striking 
effect of  the atmosphere … a ring is formed by it round 
the interior of  the disc, obscuring the edge’ (Figure 10). 
Two nights later, on October 7, ‘the ring formed by the 
atmosphere very conspicuous tonight … the limb is 
encircled as it were by a halo of  light’, adding the fol-
lowing night ‘I have no doubt that it is always seen, and 
is an effect of  Mars’ atmosphere’.100 
 
6.3. Mare Smythii 
After a delay of  a few months caused by incorrectly 
gauged tools Key resumed work on his 12-inch mirror 
in the summer of  1863. On the evening of  September 
20 at 6 pm he used the unsilvered mirror before sunset 
with powers of  ×85 to ×203 to observe the Moon a few 
hours past first quarter. His logbook entry described 

‘the limb of  the Moon to be “out of  shape”, caused by 
large depression’. In a letter to Webb he noted ‘the 
speculum being un-silvered, and consequently there 
being no irradiation at the Moon’s limb, I saw a feature 
which I have never seen mentioned in any work … 
large tracts in the Moon which are much depressed 
below the natural spherical surface … at 8 pm I got out 
my  silvered 8-inch and found the same depressions, 
only less obvious.’ 101  

Verification arrived by letter from experienced lunar 
observer Webb five days later: ‘I was perfectly free from 
the expectation of  seeing them (the flattenings); but with 
a power of  64 there they were at once.’ Webb used his 
micrometer to determine that one was slightly  concave. 

Key was disappointed to find little evidence of  them 
when he looked again on September 25, nor during the 
period from October 15 to 23, ‘but on November 14 at 
5.15 or 5 days and 10 hours after the greatest SE libra-
tion I caught the two S. depressions. That to the S  
lies between points opposite to ‘Langrenus’ and ‘Wilh. 
Humboldt’. The more northerly between points oppo-
site to ‘Langrenus’ and ‘Neper’.’ 102  

His observations duly appeared in the RAS Monthly 
Notices entitled On certain Depressions on the Moon’s Western 
Limb.103 Key estimated the largest extended more than 
35° in latitude with a depth of  25 miles (40 km). By the 
end of  the year he had concluded that they must only 
be visible briefly from 4 days 6 hours after the greatest 
southeast libration.104 Later observations by William 
Radcliffe Birt (1804–81), Wentworth Erck (1827–90), 
and Ralph Copeland (1837–1905) confirmed the exis-
tence of  the equatorial eastern limb flattening and its 
location within Mare Smythii.105 
 
6.4. Faint stars 
A year later Key sought feedback on the light-gathering 
power of  achromatic telescopes of  different aperture: 
‘The system of  ε Lyrae … just to the S of  the southern-
most of  them, I see two more stars much fainter still … 
they form an isosceles triangle … the preceding is much 
the fainter.’ He found them easy using his 12-inch 
reflector stopped down to 10 inches.106 Eighteen 
months later he returned to the same theme for the 
debate over faint stars in the Trapezium. ‘I have as yet 
seen no indication of  variableness in any of  these six 
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Fig. 10: Key repeatedly observed Mars around the time of  opposition in 1862 October with his 7.5-inch (190-mm) silvered-glass Newtonian 
and powers up to ×250. The above drawings were made on September 30, October 5, October 7, and October 8. He was particularly 

interested in the diminishing polar cap and also a bright ring around the interior rim of  the disc which he attributed to Mars’s atmosphere.
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stars … the sixth star never fails to be plainly visible 
with both my 12-inch silvered glass specula.’ 107 He 
believed the Trapezium included some nebulosity 
which might explain the variations seen by different 
observers. Key also observed the Pleiades regularly to 
record any faint stars that might show nebulosity. 108 
 
6.5. Linné 
The announcement by the German astronomer Johann 
Friedrich Julius Schmidt (1825–84) in 1866 October of  
a possible change in the crater Linné on western Mare 
Serenitatis rekindled a global interest in selenogra-
phy.109 Three months later Key asserted that ‘the oblit-
eration of  the crater Linné is now an unquestionable 
fact … the first well-established instance of  change on 
the lunar surface’.110 

He observed first with his 12-inch Newtonian, not-
ing: ‘The appearance was certainly that of  a whitish 
cloud obscuring the crater … using averted vision, I 
could plainly make out a centre or nucleus.’ 111 On 
1867 December 2 he directed his new telescope to the 
region. ‘The first evening of  using the new 18-inch sil-
vered glass speculum, violent snow storms constantly 
coming across the sky, turned upon Linné … a com-
plete shallow crater with the interior the same tint as 
the mare.’ 112  

Four months later Key enjoyed a run of  five nights 
of  better seeing (Figure 11): 

March 30 – pretty good night. Observed Linné 
with 300 & 416. The central crater in the white 
spot very distinct, it seems to open on the top of  a 
gradually rising mound, and has a raised wall 
round it throwing a distinct shadow. I estimated the 
diameter of  the crater as one half  or perhaps 4/5 
that of  the southern most of  the three in a line 
near it. 
March 31 – the crater in Linné still plainly visible 
tonight with a black shadow in it. 
April 1st – Linné still plainly visible with a black 
shadow in the crater. I feel sure the crater is 
enlarged since January 3rd, the age of  the Moon 
was 8.8 on that occasion and 8.5 on this, and the 
crater was beyond all comparison easier and more 
obvious tonight. 
April 2nd – very fine definition on the Moon, it 
bore 416 with extraordinary sharpness. Linné still 
shows its crater very obviously; the three adjoining 
craters have nearly lost their shadows, but that in 
this is still almost as plain as ever. 
April 3rd – could just discern the small crater in 
Linné; the shadow has almost entirely left it. 
Moon’s age 10.5 [days].113 

 
6.6. Eskimo Nebula 
Eighty years after its discovery by William Herschel  
the planetary nebula 45 H IV Geminorum (aka NGC 
2392) was regularly observed. Using his 12-inch specu-
lum, the nebulous star revealed to Key a faint luminous 
ring with higher powers. In the 18-inch more details 
were apparent (Figure 12):  

A bright, but somewhat nebulous star closely sur-
rounded by a dark ring; this again by a luminous 
ring; then an interval much less luminous, and 
finally at some distance an exterior luminous ring 
… the whole is almost exactly symmetrical … of  
the two luminous rings the interior is considerably 
the brighter … 510 I found the most suitable 
power … I estimated the extreme diameter of  the 
whole object at 35″… the diameter of  the inner 
ring at its brightest part as 9″.114 

Key compared his observations with those of  William 
and John Herschel, Rosse, and Lassell, and correctly 
suggested they showed an expansion of  the nebula.115 
 
6.7. Venus 
In 1868 April, With told Key of  his success using an 
unsilvered mirror to observe on Venus ‘some bright 
spots on the surface on the south side, as well as a 
bright prominence upon the limb … possibly be a 
means of  obtaining a more trustworthy period of  rota-
tion for the planet’.116 Venus was a conspicuous object 
in the evening sky during 1868 spring and when Key 
observed the planet on April 12 its phase was 62% and 
size was 20″. He reported: 
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Fig. 11: Key’s observations of  the lunar crater Linné on the nights of  
1868 March 30 and 31 with his 18-inch silvered-glass mirror. See 
text for a transcription. (Institute of  Astronomy Library, Cambridge)
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I find the best time for observing Venus just now to 
be about an hour and a half  before sunset … with 
my 18-inch silvered speculum … with the aid of  
the late Mr. Dawes’ valuable suggestion of  a perfo-
rated screen before the tube [to see] the bright 
prominence seen by Mr. With on the limb … and 
also certain specks or granulation … extremely 
faint and evanescent, and seen only by averted 
vision in moments of  finest definition … the 
planet’s limb and terminator extremely sharp with 
powers of  310 and 416.117 

Within a few days rotation of  the Venusian atmosphere 
removed the bright prominence from view. Thomas 
Hughes Buffham (1840–96) observing from Earith, 
near Huntingdon, saw only ‘various cloudy spots’ from 
April 15 to greatest eastern elongation on May 7, using 
his 9-inch (230-mm) f/9 With–Browning with a per -
forated screen.118  
 
7. Herefordshire in the 1860s 
Hereford was the last cathedral city to benefit from a 
railway connection and the telegraph. Freight transport 
had begun in 1852 with passenger trains to Shrewsbury 
in 1853 October and Abergavenny/Newport two 
months later. Connections east to Worcester in 1861 
and west to Hay/Brecon were established by the end of  
the decade. New markets for cattle and agricultural 
produce helped boost the city population to nearly 
17,000 by the 1871 census; the imminent agricultural 
depression of  the mid-1870s with falling cereal prices 
was yet to affect the county. 

On 1863 October 6, just a fortnight after being sur-
prised by the flat section of  the lunar limb, another 
unexpected event shook Stretton Rectory quite literally 
when an earthquake affected a large part of  the UK. 

With an epicentre southwest of  Hereford it registered 
5.2 in magnitude.119 Key recounted his impressions: 

The bed on which I lay was violently shaken, and 
the iron bars of  the shutters of  the room rattled 
loudly against the shutters. The sound at first 
increased rapidly with a gradual crescendo for two 
or three seconds, until the crash was felt (which 
lasted for about 1.5 seconds, and consisted of  two 
concussions), and then subsided as gradually for 
some seconds more, until it died away in the dis-
tance. It appeared to me to equal the loudest peal 
of  thunder I ever heard, but it was fuller and 
deeper and grander than thunder. In about three 
minutes afterwards a second faint rumble was 
heard.120 

For Henry and Ellen Cooper Key their financial secu-
rity ensured a comfortable life to bring up their son 
Charles. Parish duties included oversight of  the man-
agement of  Stretton Sugwas School. Ellen Key sup-
ported the teaching staff  by delivering some lessons in 
arithmetic, music, needlecraft, and scripture in addition 
to her weekly book-keeping duty. The school roll varied 
from 35 to 100 children over two decades reflecting 
both the periodic epidemics and seasonal variations in 
harvests. Key produced a summary of  each annual 
inspection report. 

For 1864 March he wrote, ‘The children are 
remarkably tidy and well behaved, appear much inter-
ested in their work; and have made very satisfactory 
progress since my last visit.’121 Health issues like whoop-
ing cough would sometimes dominate a report: ‘This 
school was closed for 9 weeks last winter through scarlet 
fever, and again an epidemic of  measles has kept 6 chil-
dren from the examination today.’ 122 In 1867 Ellen 
resorted to giving away umbrellas to those children 
coming from long distances in an effort to boost atten-
dance during a prolonged wet spell.123  

Prior to their marriage Ellen produced seven botani-
cal journals richly illustrated with her watercolour paint-
ings. The gardens at Stretton Rectory were significantly 
improved as their horticultural skills developed.124 
Microscopy was a passion they also both enjoyed, using 
the most advanced models of  achromatic microscope.125  

The Woolhope Naturalists’ Field Club had been 
founded in 1851 and provided occasional opportunities 
for ladies to accompany their husbands on excur-
sions.126 In 1865 February Henry was elected Vice-
President by the sixty club members. Field meetings to 
Builth Wells, Usk, the Black Mountains, Knighton, and 
Ross-on-Wye were organized as the rail network ex -
panded opportunities. With was also elected to the 
Woolhope Club in 1866 and in due course Key became 
President, delivering the annual address in 1871. Henry 
and Ellen published papers reflecting their interests, he 
investigating two species of  British oak tree and Ellen 
the identity of  fungi.127 

Another shared passion involved the monthly meet-
ings of  the Herefordshire Philharmonic Society (HPS), 
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Fig. 12: The Eskimo nebula (NGC 2392) in Gemini observed by 
Key with his 18-inch reflector in 1868 and ×510 magnification. 
Key saw two luminous rings and estimated their diameters, deducing 
that the nebula had expanded since the time of  William Herschel. 
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founded in 1863.128 Henry and Ellen contributed signif-
icantly to the success of  this musical ensemble over 16 
seasons which included annual concerts at the Shire 
Hall, Hereford. Key spent 11 years as HPS librarian 
responsible for obtaining the musical scores and arrang -
ing for printing of  programmes. They undoubtedly vis-
ited the wealthy landowner John Hungerford (Johnny) 
Arkwright (1833–1905) who lived at Hampton Court 
Castle, just 16 km (10 miles) north of  Stretton Sugwas 
(Figure 13).129 Both Key and Arkwright owned rare 
Stradivarius violins and were leading members of  
HPS.130 Key was also interested in the composition of  
musical scales, engaging in a lengthy correspondence in 
the English Mechanic in 1873–4.131 
 
8. Observations in the 1870s 
Two descriptions of  aurorae were published by Key 
from solar cycle 11 following the sunspot maximum of  
1870 August.132 While at Nairn in the north of  Scotland 
on 1870 September 3 he observed from the beach ‘a 
kind of  haze over the whole sky, which slightly dimmed 
the light of  the stars … towards the zenith … a number 
of  sheets of  whitish light constantly darting with a flick-
ering motion … 15° to 18° streamers … the whole sky 
was illumined by a white colourless aurora, but for an 
arc of  clear sky on the SSE horizon, bisected by the 
magnetic meridian’.133  

Seventeen months later (1872 February) at Stretton 
Rectory he witnessed a ‘wonderfully gorgeous display 
of  aurora’ while observing the zodiacal light: 

Some peculiar red clouds … a bright white arch 
extending high overhead from W to E, while a seg-
ment of  blue sky stretched low down in the SE in 
the magnetic meridian, the space between being 
filled with brilliant colours. Shortly after this a 
radiating point became very striking … at ⅓ the 
distance from the Pleiades to Capella; and then the 
folds of  gorgeous light-red, white and faint green, 
interspersed with dark shading, spread from it like 

a canopy down on all sides except in the NW … 
with one of  Browning’s small star spectroscopes 
the spectrum consisted of  a small portion of  bril-
liant red, then a bright band rather close to it, and 
then two others beyond … the maximum display 
was between 6.45 and 7 p.m.; at 7.15 it was fading 
rapidly.134 

 
8.1. Encke’s Comet 
Until the 1890s visual recovery of  periodic comets was 
normal practice. With the help of  an ephemeris Key 
first located Encke’s comet on 1871 October 20 in 
Andromeda, about 2° from M31. In his 18-inch reflec-
tor it appeared as a ‘diffuse nebulosity of  extreme 
 faintness, apparently circular; the diameter was by esti-
mation as much as 6 to 7 minutes of  arc’.135 The comet 
was followed for six weeks using powers of  ×92 and 
×142 (Figure 14). During this time ‘the comet never 
seemed to me to lose its elliptical form … I detected a 
nucleus for the first time on Nov 7th … I was able to 
trace [the train] to a distance of  about 32′ from the 
nucleus … much fainter than the main body’.136 
 
8.2. Zeta Cancri 
On nights of  good seeing Key examined star discs to 
estimate the separation of  close binaries like ζ Cancri 
AB and described whether two discs were just sepa-
rated, notched, elongated, or single.137 Following his use 
of  aperture diaphragms he proposed that at periastron 
the separation might reduce to 0″.2 since the Dawes 
limit for his full 18-inch aperture was similar (0″.25) 
and for an 8-inch was 0″.57. The idea was quickly chal-
lenged by other observers. Key had overestimated the 
quality of  his speculum and also not allowed for the 
unequal magnitudes of  the binary.138 

During 1869 he regularly observed ζ Cancri AB in 
daylight, ‘a few minutes after sunset when the star discs 
were free from irradiation and so cleaner and smaller at 
×510 power’. The ‘irradiation’ was partly caused by a 
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Fig. 13: A meeting of  the 
Hereford Philharmonic Society 
(HPS) at Hampton Court near 
Leominster, Herefordshire, the 
home of  landowner Johnny 
Arkwright, the bearded figure in 
the back row with his wife at 
upper right. Although Henry and 
Ellen Key are not shown in this 
image they played in the HPS for 
sixteen years. Henry used a trio 
of  viols and also owned a 
valuable Stradivarius violin. 
Musical soirées at Stretton 
Rectory and with the Arkwright 
family at nearby Hampton Court 
were regular events.  
(From the VIEW+ project, 
digitized by the author) 
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slightly different focus for rays from the outer zone of  
his speculum.  

By 1871 June Key had purchased a Cooke filar mic -
rometer and informed Gill: ‘I have been trying my hand 
at my first star measures upon γ Leonis and ε Bootis and 
find I do very well – Cooke’s micrometer is a very nice 
piece of  work.’ 139 Ten months later he determined a 
mean separation of  0″.582 from measures on 1872 
April 30 and May 02 together with a mean position 
angle of  169°.2 using powers of  ×500 and ×752. He 
compared his results with those of  Dawes who had 
found 0″.6 and 243° in 1865 and deduced, ‘the small 
star has thus retrograded 80° in 8 years’.140 

 
8.3. Jupiter 
In 1873 April Key reflected on the disappearance of  
coloured markings on Jupiter: 

The whole disc is now broken up into exceedingly 
faint and minute markings, which no power less 
than 500 will enable one to sketch accurately, and 
hardly any contrast of  colour is to be seen … all 
the more striking appearances that have been wit-
nessed lately, viz., the broad equatorial belt at one 
time a golden yellow, now brilliant white, and now 
for a brief  interval tinted with rose or flame colour, 
I have remarked between the years 1843 and 1856, 
with a good 4-inch Gregorian.141 

 
8.4. Radiometer experiment 
The invention of  the radiometer by William Crookes 
(1832–1919) in 1873 initiated many lines of  enquiry 
attempting to explain the motion of  the four light-
weight metal vanes. A lively correspondence in the 
 English Mechanic was underway by 1876 February when 
Key described his observatory experiment: 

During the present lunation I made several careful 
experiments on different nights in my observatory, 
placing the radiometer in the principal focus of  the 
silvered glass speculum of  my telescope, whose 
aperture is 18-inch … the light of  the moon is 
insufficient to affect my radiometer. However, a 
piece of  ordinary magnesium ribbon when burnt 
for 7 seconds at a distance of  3ft from the instru-
ment – the heat being cut off  by a large trough 
containing a saturated solution of  alum – is suffi-
cient to cause the vanes to rotate (the same way as 
for heat) pretty smartly; and, on the light being 
withdrawn, they come to rest almost at once.142 

 
8.5. Deimos 
In 1877 August Asaph Hall (1829–1907) discovered the 
two satellites of  Mars using the 26-inch Clark refractor 
in Washington.143 Mars reached opposition on Septem-
ber 5 that year and a fortnight later Key glimpsed the 
outer moon Deimos, finding that an occulting bar used 
with a concave eyepiece of  180 enabled him to ‘see the 
satellite pretty distinctly notwithstanding the brilliancy 
of  the primary’.144 Webb praised the efforts of  his col-

leagues, writing to Ranyard, ‘our friend Key has done 
well with his superb 18 in. With – seeing one satellite of  
Mars with concave lens without hiding Mars … With 
has lately made Key’s mirror give a cleaner image of   
ε Bootis than Huggins’s 15 in OG’.145 
 
8.6. Antares occultation 
The last published observation by Key was of  the 
occultation of  Antares (Alpha Scorpii) on 1879 July 28. 
This rare event had not occurred in England since 
1856 and required a clear southern horizon to enable 
the red supergiant star to be viewed. The evening 
occultation lasted half  an hour with emersion at the 
dark limb of  the 10-day-old gibbous Moon just an hour 
and a half  before it set. Despite the turbulent atmos-
phere Key observed both disappearance and reappear-
ance but made no mention of  the 5th-magnitude 
companion star.146 
 
9. Key’s final decade 
By the 1870s the 12th-century St Mary Magdalene 
church was becoming structurally unsafe and a decision 
was made to build a new one a mile away near the Bre-
con road. This increasingly dominated Key’s time and 
proved to be such a mammoth undertaking that his 
normally resilient health would ultimately fail just as 
the task neared completion. 
 
9.1. Woolhope address 
As President of  the Woolhope Naturalists’ Field Club 
for 1870 Key looked forward to a busy year. The first 
field excursion in 1870 May was to north Herefordshire 
with members travelling first by train to Kingsland. A 
new Woolhope recruit was clergyman Thomas 
Thistlethwaite Smith who had just begun as rector of  
Thruxton and Kingstone, 11 miles southwest of  Stret-
ton Sugwas. Smith had observed the annular solar 
eclipse of  1867 October from Saskatchewan while on 
missionary work.147 He was keen to acquire a telescope 
and Key advised him to purchase an 8-inch silvered-
glass mirror from With and then make up a wooden 
mounting, as he himself  had done a decade earlier. 
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Fig. 14: Key observed periodic comet Encke for six weeks in 1871 
October and November as it approached perihelion. Key used his 18-
inch reflector with powers up to ×142 and noted its elliptical form 
with a nucleus apparent from November 7. These drawings were 
made on 1871 November 5 and 8.
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Smith took the advice and began contributing to the 
Astronomical Register; three years later he was elected a 
Fellow of  the RAS.148 

Key’s presidential address to the Woolhope Club 
was in 1871 February. He began with an apology: ‘A 
somewhat serious illness in the early part of  the sum-
mer [1870] compelled me to give up work of  every 
description for a time, and leave home altogether for a 
tour of  some duration in Scotland.’ 149 His tour had 
included the Isle of  Skye in August: 

On the most interesting expedition I made … to 
the Cuchullin [i.e. Cuillin] Hills … the most sub-
lime and romantic scenery to be found in Great 
Britain, there are also the most marvelously perfect 
remains of  the ancient glacial period visible in the 
existing moraines and ice markings … well worth 
the journey of  500 miles, even if  it had to be per-
formed on foot.150 

After completing the mandatory review of  the year’s 
field excursions Key turned to astronomical matters, 
clearly linked to his recent observations at both Nairn 
and Stretton Rectory: 

The late solar eclipse … the expeditions, which 
went to the various stations in the south of  Europe 
to observe the eclipse, have returned unsuccessful, 
owing to unfavourable weather … [attempting] to 
solve that vexed question the nature of  the solar 
corona … some observers with the spectroscope 
were more fortunate … as totality approached on 
December 22nd … the continuous dark band spec-
trum gradually disappeared … and 3 bright lines 
C, D and F made their appearance, which was 
identified by means of  a the vacuum tube. In a few 
seconds C and D disappeared and 2 sharp bright 
lines were seen. One of  these is coincident with the 
bright hydrogen line F; the other is on the less 
refrangible side of  b, and is considered to be a new 
element … the very line which has been recog-
nized in the spectrum of  the terrestrial aurora.151 

His address continued with ideas of  how an extended 
solar atmosphere might link with the zodiacal light, 
auroral displays, and ‘simultaneous magnetic storms 
over the whole surface of  the globe’. Key’s growing 
interest in spectroscopy would soon lead to purchase of  
two new items from Browning: a solar eyepiece with 
two prisms and a large spectrometer.152 
 
9.2. Brothers in arms 
In 1864 Astley Cooper Key had been appointed head 
of  the navy’s gunnery department and became a ballis-
tics expert on the training ship Excellent.153 Towards the 
end of  the decade he suggested to his older brother that 
Hereford might benefit from a time gun system, despite 
its inland location 80 km (50 miles) from the nearest 
coastline. The brothers devised a plan which received a 
boost once Key began his visits to Scotland. 

After visiting Aberdeen in 1870 September regular 
correspondence with David Gill allowed the exchange 

of  ideas. In 1871 June Key wrote: ‘Your suggestions for 
the automatic firing of  our proposed time gun are 
admirable and yet simple … I have got my driving 
clock to work steadily enough to make measures … will 
you give me a sketch of  your new clock escapement – I 
long to try it’.154  

A week later Key was pleased with progress: 
The time gun scheme goes on swimmingly. The 
Astronomer Royal fully approves of  your scheme 
for an independent clock and automatic firing and 
the method of  bringing the clock to time every 
day; and has put me in communication with Cul-
ley the head telegraphic engineer at Moorgate St. 
central station … I should send my regulator clock 
to you to have an automatic contact adapted to it, 
and weights and tray for the pendulum.155 

In 1871 September Key contacted the local Council 
and received approval for the scheme: ‘A letter was read 
from the Revd. H. C. Key to The Mayor asking the 
Council for permission to place a gun to be used as a 
Time Gun at the Water Works on Broomy Hill and 
requesting the Council to apply to the War Office for a 
grant of  a Gun … [approved] … the fixing of  the same 
and its general superintendence to be placed under the 
control of  the Water Works committee.’ 156 

In 1871 November Hereford corporation received 
official approval from Devonport: ‘The Secretary of  
State for War having sanctioned the issue, on loan, of  a 
12-pdr smooth bore gun carriage & side arms, to the 
City of  Hereford to be used as a Time Gun for the City 
& surrounding district … when you will be prepared to 
receive them … any cartridges required for firing can 
be supplied to you’.157 

Two-pound charges were requisitioned and installa-
tion of  the time gun near the reservoir was completed 
early in 1872. Writing to Piazzi Smyth in 1872 August 
Key gave an update on the time-gun system: ‘The time 
gun at Hereford has been firing regularly since the 
beginning of  last February and is a great boon to the 
neighbourhood; but whether I shall be able to continue 
it is doubtful. During May last we had heavy thunder-
storms over Hereford and a cloud which discharged in 
the neighbourhood of  the gun fired the gun itself  by 
induced current.’ 158 

At the end of  1872 Key declared the scheme a suc-
cess: ‘When I established the time gun at Hereford I 
fixed upon 1 p.m. as the most useful time, as at Edin-
burgh, Glasgow, Liverpool, Newcastle, etc., and during 
the 11 months that this signal has been given it has 
proved a great boon to all classes of  people, sometimes 
being heard at a distance of  22 miles.’ 159 
 
9.3. The Deluge 
Debating the scientific evidence for glaciation across 
Europe was a controversial topic in the 1870s.160 Erratic 
boulders on hillsides, moraine deposits, and polished 
bedrock were explained both by a Biblical flood or del-
uge and by glacial action. Key had been impressed 
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three decades earlier at Oxford by Buckland’s argu-
ments but by 1868 his tutor was arguing for a catastro-
phe theory linked to an ice age.  

Earth scientists had an incomplete understanding of  
the events and timescales involved. Key had visited the 
Black Cuillin mountain ridge on Skye to observe geo-
logical evidence and in 1873 engaged in a lengthy 
debate in the English Mechanic. He was critical of  geolo-
gist Charles Lyell (1797–1875) and defended the notion 
of  a devastating flood 5,000 years earlier, possibly 
linked to a comet collision with the Earth.161 

In 1874 Key travelled to Auvergne, France, to exam-
ine both the eighty domes and craters along the chaîne 
des puys and nearby landscapes showing possible glacial 
action.162 Webb informed Ranyard, ‘Mr. Key has seen 
marvels in Auvergne – especially a human-formed 
crater – a floor containing cones, Some of  the cinder-
cones are so fresh’.163 Following his trip Key began 
researching geophysical evidence for a widespread 
flood. 
 
9.4. Transit of  Venus 
Key wrote to Gill in 1873 August: ‘I envy you your visit 
to the great [Pulkowa] observatory of  the Struves … I 
wish I could have a talk with you about the Transit of  
Venus … my friend Mr. Garbett’s proposal which has 
been before Sir George Airy … taking a series of  pic-
tures on daguerreotype silver plates at second or 2 sec-
ond intervals … silver plates are permanent and 
unalterable and will bear magnifying and micrometri-
cal measuring to an extent that would be out of  the 
question with collodion plates … Airy is right in giving 
the preference to a favorable opposition of  Mars.’ 164 

Writing again to Gill the following month he 
described part of  his trip to Greenwich to gain infor-
mation about celestial photography: 

I was introduced to Captain Tupman and he 
showed me all that was being done in the matter of  
the Transit of  Venus, but their kind of  photogra-
phy (solar) is not what I wanted; however I learned 
something and am going to Dallmeyer … all I 
want [to photograph] is the Moon and stars, star 

clusters … kindly describe your own camera, etc – 
it would assist me very considerably … I went with 
Tupman to Simms’ factory at Charlton … there 
was the Dunecht transit circle … you want to pro-
duce results superior even to those of  Greenwich, 
you are going in for perfection in the most delicate 
astronomical observations.165 

In 1874 July Key recounted his investigations of  the 
‘black drop’ effect in the English Mechanic: 

During the last 12 months I have made … many 
experiments on diffraction and irradiation phe-
nomena … I made a model of  the planet and the 
curve of  the sun’s limb, to scale, in metal… I 
placed this model in front of  the bright flame of  a 
petroleum lamp, with the planet not quite in con-
tact, but too close to admit the thickness of  a piece 
of  ordinary writing paper; I then viewed it with a 
good hand telescope with an aperture of  1.6-inch, 
by the late Andrew Ross, at a distance of  63ft. 
There appeared a strong ligament … the very 
slightest roughness or projections are sufficient to 
produce a ligament … to consider whether the 
limbs of  both the planet Venus and the sun itself  
are strictly smooth.166 

Six months later Key believed his explanation had been 
vindicated by the transit of  Venus results: 

When the results of  all the observations come to be 
subjected to a rigorous analysis, it will be found 
necessary to put on one side the observations of  
internal contact, as deficient in accuracy – being 
vitiated by the phenomenon of  the black drop – 
and to rely on other methods … the failure of  
Delisle’s method … the phenomenon in question is 
of  precisely the same nature as that of  ‘Baily’s 
beads’ in a solar eclipse. I witnessed this phenome-
non very perfectly on two occasions many years 
ago, and have a very distinct recollection of  the 
gradual elongation of  the apparently elastic liga-
ments, as the top of  the lunar mountains receded 
from the sun’s limb, till they grew finer and finer 
until they eventually disappeared. The appearance 
of  the black drop at some stations, and not at 
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Fig. 15: Key’s sketch and report 
on the figure of  the 24-inch 
silvered-glass mirror made by 
Howard Grubb of  Dublin for 
Piazzi Smyth at the Royal 
Observatory in Edinburgh.  
The wording below the sketch 
reads: ‘The centre eight inches 
(B) is approximately parabolic 
(and therefore is the only portion 
of  the speculum that can give a 
good image).’ Key judged the 
figure to be ‘unfinished ... the 
work of  a beginner’. 
(Paul Haley) 



Issue 14, June 2020

 others, may be accounted for by contact occurring 
at different points of  the sun’s limb, which in some 
places, is certainly not absolutely smooth.167 

To explain the Transit of  Venus to non-scientific audi-
ences the use of  models was quite common. In the 
same English Mechanic as Key’s quote above, Berthon 
gave details of  a model he had ingeniously devised for a 
presentation to 400 people which included an explana-
tion of  parallax effects, but which had received criti-
cism by R. A. Proctor. Key naturally leapt to the 
defence of  his friend a week later: 

I should like to say one word on behalf  of  Mr. 
Berthon’s model of  the Transit of  Venus, which 
Mr. Proctor has ridiculed … seeing the advertise-
ment, I sent for one … able to explain the methods 
to young people with sufficient clearness … 
appealing to the eye as well as the intellect … I 
think Mr. Proctor himself  will acknowledge, on 
reflection, that he has not dealt fairly with Mr. 
Berthon’s laudable endeavour.168 

 
9.5. A royal commission 
In 1875 Key became a consultant for the Royal Obser-
vatory Edinburgh to report on the optical properties of  
the 24-inch (0.6-m) f/5 Grubb silvered-glass speculum 
made for the Edinburgh equatorial at Calton Hill. 
Piazzi Smyth had campaigned for two decades to 
secure a large telescope for Edinburgh. In 1869 he 
 visited Browning (London), Argelander and Mädler 
(Bonn), Steinheil, Merz, and Lamont (Munich), and 
Foucault (Paris) to research suitable designs before 
 recommending a silvered-glass Newtonian. 

A contract with Howard Grubb (1844–1931) of  
Dublin was agreed in 1871 October (£2,350) for the 
telescope with a 15-foot dome to be installed by the end 
of  1872.169 Poor weather prevented Grubb testing the 
speculum in Dublin prior to his delivery deadline and 
Piazzi Smyth, having initially approved the contract, 
soon began a long list of  alterations needed. 

Key sent his commiserations in 1873 October after 
hearing that the silver coating was a problem: 

There should be no pinholes at all in a good film … 
I should condemn at once a film cracked as you 
describe, and glistening when looked at under side-
illumination … my 18-inch speculum … after 6 
years wear, exposed to insects, etc., and thrice 
rubbed up, there is no mark or cracking, and it is 
practically, for present use, as good as new.170 

Twenty months later Key spent two days in Edinburgh 
testing the 24-inch speculum. He considered the silver 
film could be easily restored but that the mirror was still 
in ‘an unfinished state’ (Figure 15):  

I am thoroughly convinced that Mr. Grubb has not 
mastered the methods of  giving a parabolic curve, 
or even an approximate parabolic curve to any 
speculum however small, much less to one of  the 
size and short focus of  the Edinburgh speculum … 
the figure of  your speculum, drawn roughly and of  

course immensely exaggerated is this … the centre 
8 inches (B) is approximately parabolic … the rest 
of  the mirror exhibits two other curves (A and C); 
that at A is a bungling attempt at giving a parabolic 
figure, resulting in two curves instead of  one, pro-
ducing a double image of  a clean defined margin of  
any object ... [The Edinburgh speculum] is in fact 
the work of  a beginner … [Mr. Grubb is] unaware 
to what a degree of  perfection silvered glass specula 
have been brought of  late years … the small ellipti-
cal plane mirror is not of  sufficient size to receive 
the whole of  the cone of  rays from the large specu-
lum, and must be replaced by one having a minor 
axis of  at least 4.5 inches – the present one being 
but 3.6 inches.’ 171 

Key suggested that a second 24-inch speculum should 
be funded and recommended Browning be contacted; 
the London instrument-maker would naturally have 
subcontracted this work to George With who had 
recently completed two 15-inch (380-mm) specula.172 
The Greenwich chief  assistant William H. M. Christie 
(1845–1922) became involved, despite having no prac-
tical experience of   silvered-glass technology, and arbi-
trated that Grubb need only replace the secondary.  

In the event, the telescope would never be used on 
Calton Hill. After Piazzi Smyth’s retirement (1888) the 
Royal Observatory transferred to Blackford Hill (1896) 
and the 24-inch reflector was installed by Copeland, 
the Astronomer Royal for Scotland, in the 22-foot (6.7-
m) west dome. Almost five decades after its production 
the Grubb mirror was finally scrapped.173 

 
9.6. Support for Gill 
In 1877 May Key contacted David Gill to thank him 
for various repairs to his clocks and watches: 

I can assure you no-one of  your friends rejoices 
more than I do at the position you have taken up, 
as no-one regretted more than I did at the time of  
your parting from Lord Lindsay … I am reading 
your papers in the Observatory … and wish you 
complete success in your delightful trip … I myself  
have been idle as far as astronomy is concerned for 
some time past … for the past 6 months I have 
been busy in raising funds for re-building my old 
church on a new site … £2700 is a sum not easily 
got together by begging [£2500 raised so far] … 
my new spectroscope … with 2 big single 1½ inch 
prisms, object glasses rather over 1½ inch and 9½ 
inch focal length, tangent micrometer and all con-
ceivable accessory apparatus … the frame of  the 
spectroscope consists of  3 sliding tubes fixed to a 
strong gun metal plate which goes on to the adap-
tor at the eyepiece of  the big telescope with a 
 bayonet catch arrangement. The extreme length 
sticking out straight from the main tube is 23 
inches … if  you can suggest a good [counterpoise 
method] I should be most thankful … I intend to 
make plenty of  drawings of  Mars at the opposi-
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tion, in which I will be assisted by my wife who has 
a very good eye indeed.’174 

By 1878 July Key heard of  Gill’s job application: 
I was surprised and delighted to find you were a 
candidate for the office of  Radcliffe Observer … 
from your collection of  testimonials I can’t help 
thinking you will be the man … [Airy] is your good 
friend but still he might think you too young and 
propose Stone, his own chief  assistant … I have 
written to my brother the admiral to ask him if  he 
has any opportunity … to press your claims. My 
every moment for the last 4 months has been taken 
up with my new church, the building and providing 
funds – £2750 is a large sum to raise. The conse-
quence is I have hardly been in my observatory for 
I don’t know how long.175 

Six weeks later Key had just visited his brother during 
the naval review at Spithead: 

I met Sir William Thompson while I was living 
aboard the Hercules … my wife and brother-in-law 
are very old friends of  his … he evidently has hopes 
that you will be the Radcliffe Observer … now my 
church building is over I am going back to work in 
the observatory – sadly neglected for a year and a 
half. I am sorry to say I have injured my ankle in 
jumping into the steam pinnace in rough weather 
from the Hercules.176 

News of  Gill’s unsuccessful bid for the Oxford post 
reached Stretton Sugwas towards the end of  the year: 

It was what I had feared – they followed the usual 
routine, Airy’s late confidential assistant – but I 
don’t think it follows that Christie will get the Cape. 
I have at once sent off  your pamphlet of  testimoni-

als to my brother who is in London and begged to 
use any opportunity he may have to speak for you 
at the Admiralty … we have indeed Mrs. Gill’s 
book and looking forward to reading it.177 

Key wrote again two months later with news of  a small 
gift he had sent Gill: 

I sent off  a little box yesterday for you, containing 
the meerschaum pipe I spoke of, and I hope you 
will approve of  it … I have just been reading 
Sadler’s paper on Smyth’s measures, and I am 
astounded, there can be no mistake about it … I 
have marked lots of  errors in my copy – the results 
of  my own comparisons in years past. He must 
have been a most inaccurate man to say the least.178  

The exciting news of  Gill’s appointment to the Cape 
was received two days later: 

I cannot tell you how glad I am that you have got 
the Cape appointment … your testimonials did it 
… the number of  living astronomers who could 
command such might be counted on one’s fingers. 
I hope you will get Newall’s big telescope to 
accompany you … I shall tell him [my brother] to 
be sure and look you up at the observatory when 
he goes to Cape Town. I am glad you will take out 
the old pipe as a reminder of  me.179 

 
10. Death of  Key and memorial 
On 1879 December 25, five months after observing the 
occultation of  Antares, Key died from pneumonia fol-
lowing a short illness. His RAS obituary noted: 

He was much interested in other branches of  sci-
ence, such as ancient chronology, geological peri-
ods, the tidal wave in the Mediterranean, etc., and 
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Fig. 16: Upper part of  the 
memorial stained-glass windows 
to Henry Cooper Key in the 
church at Stretton Sugwas.  
They were installed when the 
new church opened in 1884  
and were paid for by a 
subscription fund organized by 
the Herefordshire Philharmonic 
Society. The firm of  Clayton and 
Bell produced two windows 
which were installed in the south 
side of  the nave facing the grave 
of  Henry in the churchyard 
outside. In the window at left a 
comet arcs above the Sun, while 
at the right the Milky Way 
sparkles above a crescent Moon.  
(Ann Haley) 
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was engaged in the last weeks of  his life in observ-
ing the periodical earth-vibrations noticed by Plan-
tamour and D’Abbadie, which he expected would 
have thrown light on obscure geological and mete-
orological questions. From careful observations 
made with accurate instruments, he believed that 
the elements from which a law might be deduced 
had been obtained.180 

In 1880 January Webb wrote to Ranyard, ‘I miss poor 
Key much. His noble 18-inch reflector and observatory 
will soon be on the market, & going I fear too cheap – if  
you should know a likely purchaser please bear it in 
mind.’181 Sale of  the Romsey observatory and telescope 
was a priority for Ellen Key as a new rector, William 
Johnson Burgess, was being appointed.182 

During the transition period she again contacted 
Webb who relayed her enquiry to Ranyard at the RAS: 

Would it be practicable to have a notice stuck up in 
our library as to these instruments? … As poor 
Key was a fellow it strikes me as feasible. I can say 
nothing about them myself  except that Key 
thought the definition of  the best mirror very fine 
indeed – and that I knew him to so scrupulously 
particular about all his appliances that they are 
sure to be first rate.183 

Fortunately help was at hand from the Astronomer 
Royal for Scotland, Piazzi Smyth, who visited Stretton 
Rectory in 1880 March. Smyth’s report on the tele-
scope, accessories, and observatory immediately led to 
another clergyman, Jevon James Muschamp Perry 
(1842–1908) from St Paul’s vicarage in Alnwick, visiting 
Stretton Sugwas in early April and purchasing all Key’s 
astronomical equipment.184 Ellen Key and son Charles 
then moved to another Guy’s Hospital property, Wilton 
House in the parish of  Bridstow, near Ross-on-Wye.185 
 
10.1. Memorial windows and legacy 
The 1880 January committee meeting of  the Hereford-
shire Philharmonic Society noted the ‘great loss the 
society had suffered in the recent death of  its hard-
working librarian’, and proposed that a subscription 
should be set up among its members to place a window 
in the new church at Stretton Sugwas.186 Funds for two 
windows were secured by the summer and Ellen Key 
was invited to oversee the design.187 To help finance the 
memorial she sold Key’s 1686 Stradivarius and com-
missioned the leading firm of  Clayton and Bell of  
Regent Street, London, to produce the commemorative 
stained-glass windows.188 

Clayton and Bell’s designs were typified by radiating 
bands of  red, yellow, and white glass with brilliant 
luminosity. The Key astronomical window including 
the Sun and corona, a crescent Moon, a comet, and 
many stars with a rainbow arc across the rectory 
 gardens (Figure 16). Formal transfer of  St Mary Mag-
dalene church within the diocese of  Hereford from its 
site at Stretton Rectory to its new location was com-
pleted in 1884 May.189 

10.2. Rediscovery of  Key’s grave 
Henry Cooper Key was buried on the final day of  1879 
in the southern corner of  the new churchyard at Stret-
ton Sugwas beneath a coffin stone with a cross. Thirty-
two years later his widow was buried alongside him, but 
after a century had passed the location of  their grave 
was unknown. 

In 1994 volunteers for the Herefordshire Family 
History Society working on the Monumental Inscrip-
tion (MI) Survey published research of  the churchyards 
of  Stretton Sugwas.190 Recorder John Edward Lewis 
mapped 249 burials in the new churchyard in 1991–2 
including B059 with its ‘mainly decipherable’ coffin 
stone made of  local sandstone. A cross along its length 
and chalice together with two Greek signs, α (the 
beginning) and ω (the end), were discerned. On the 
northern long side was an inscription, ‘in memory of  
Henry Cooper Key, M.A. / born May 31 1819, died 
Dec 25 1879 / for 33 years Rector of  Stretton Sugwas’, 
while along the southern long side was inscribed, ‘enter 
not into judgement with / thy servant O Lord.’  

The author and his wife located the grave for the 
bicentenary of  his birth in 2019, 28 years after the MI 
survey, finding most of  the inscription still legible 
beneath a layer of  moss (Figure 17). 
 
Conclusion 
Henry Cooper Key deserves greater recognition for his 
pioneering work on silvered-glass mirrors. He was an 
astute observer who fully expected to develop skills in 
astrophotography and spectroscopy during the 1880s. 
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Fig. 17: The location of  Henry Cooper Key’s grave was recorded 
during a Monumental Inscription Survey in 1994 and rediscovered 
in 2019 by Paul and Ann Haley in time for the bicentenary of  his 
birth. It lies in the southern corner of  Stretton Sugwas churchyard 
and consists of  a coffin stone with a cross. Henry Cooper Key (aged 
60) was buried on the final day of  1879 and his wife Ellen 
Arabella (neé Whinfield) Key (aged 89) was laid to rest next to him 
32 years later on 1912 December 14.  (Ann Haley)
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Instead, the demanding tasks of  fundraising and con-
struction of  a new church occupied his final years and 
limited the number of  observations possible. Supported 
fully by his wife Ellen, a good observer in her own right, 
he contributed significantly to the history of  astronomy 
in Herefordshire not least through his installation of  the 
second-largest silvered-glass reflecting telescope in the 
world. With his passing the Webb–With–Key linkage 
was broken. Five years later Herefordshire astronomy 
suffered a further setback with the death of  Thomas 
Webb. Losing two close friends was sad for George With 
who soon after sold his stock of  silvered-glass mirrors, 
ending astronomical development in the county. 
 
Acknowledgments 
Researching a local astronomer is a popular activity for 
SHA members and the writer was able to link the task 
initially to the Webb-Share project (2007–10) which cel-
ebrated the lives of  three Victorian astronomers in 
Herefordshire – Webb, With, and Key. Relevant items 
have continued to be found and a decision to write the 
paper for Key’s bicentenary seemed appropriate. I am 
particularly grateful to: Rhys Griffith, Jennifer Higham, 
Mark Hurn, Richard McKim, Karen Moran, Alison 
Morrison-Low, Tacye Phillipson, Janet Robinson, Mark 
Robinson, Sarah Strong, and William Tobin, all of  
whom have provided encouragement, access to archives, 
or responded to various queries during this project. 
Funding support was provided by: the Heritage Lottery 
Fund (Webb-Share: YH-06-01747); the Royal Astro-
nomical Society for a grant to cover imaging costs of  the 
DOG archive held by the Royal Geographical Society 
(2012–14); the Society for the History of  Astronomy for 
a grant to visit the ROE archives in Edinburgh and 
inspect the 18-inch Key/With mirror at the National 
Museum of  Scotland; and The Share Initiative for 
match-funding all the above and purchase of  original 
texts (2006–14). A special thank you to Chris and Chris 
Rowbotham of  The Priory Hotel, Stretton Sugwas, for 
the watercolour illustration of  Stretton Rectory, church, 
and observatory. The research presented here made 
extensive use of  the Smithsonian/NASA Astrophysics 
Data System; and various sources retrieved online 
through Google Books and JSTOR Digital Library. I 
also thank my wife Ann who has contributed signifi-
cantly to the many discussions about the Key family 
over the last 12 years. 
 
References and notes 
1 St Thomas’ Hospital and nearby Guy’s Hospital 

were also known as ‘The Borough Hospitals’. 
Aspiring medical students attended lectures and 
wards in both locations. In 1825 the hospitals 
separated which created an opportunity for C. 
Aston Key. In 1871 St Thomas’ Hospital relocated 
to its current Lambeth location, on the opposite 
bank of  the River Thames to the Houses of  
Parliament. 

2 Burch, Druin, Digging up the Dead: Uncovering the Life 

and Times of  an Extraordinary Surgeon (Chatto & 
Windus, 2007) describes the remarkable world of  
Astley Cooper. In addition to Cooper’s surgical 
manner Aston Key also followed his dress code and 
style; this later extended to purchasing a country 
retreat in the market town of  Hemel Hempstead, 
close to the Gadebridge estate of  his role model. 

3 Coincidentally the commercial skyscraper 
nicknamed ‘The Scalpel’, 190-m (620-feet) tall, has 
been erected close to the birthplace of  Henry 
Cooper Key. The nickname of  this building is 
linked to its angular design; it is unknown if  the 
architect knew of  the famous surgeon C. Aston Key 
who lived there two centuries earlier. See SHA 
Bulletin Issue 32 (Autumn 2019), p. 41, for 
Bishopsgate map and locations. 

4 Henry Cooper Key was christened on 1820 July 10 
at St Andrew’s Church, Undershaft, London. It is 
probable that the name ‘Henry’ was chosen in 
memory of  Anne’s brother Henry Charles Cooper 
who had been a close friend of  Aston’s before his 
early death at the beginning of  1817. Comet 
C/1819 N1, also known as Comet Tralles, reached 
first magnitude after its discovery on 1819 July 1. 
The comet was widely seen in the evening and 
morning twilight. 

5 Astley Cooper Key was born 1821 January 18. 
Aston and Anne’s second child was named after the 
famous surgeon whose training and lifestyle had so 
influenced them. Astley became Admiral Sir Astley 
Cooper Key GCB, ADC, FRS. 

6 In addition to Henry (1819) and Astley (1821), 
Aston and Anne had seven more children: Anne 
Judith Key (1825–??) who married Henry Newton 
Heale (1814–71) in 1849; Aston Powell Turner Key 
(1826–1908) who married Fanny Elizabeth Cooper, 
the second daughter of  Bransby Cooper, in 1852; 
Margaret Lyall Key (1830–1922) a spinster; Mina 
Key (1833–1911) a spinster; Katherine Cooper Key 
(1836–72); Bransby Lewis Key (1838–1901) who 
married Georgina Annie Waters in 1868; and 
Benjamin Harrison Key (1840–1920). 

7 MNRAS, 40 (1880), 199–200. 
8 Colomb, P. H., Memoirs of  Sir Astley Cooper Key 

(Methuen, 1898), pp. 2–3. 
9 Key, Henry Cooper, Observations in London, 1837–73 

notebook, 100 pages bound in leather with metal 
clasp, 155 × 103 mm, hereafter ‘Key Logbook’. 
This valuable manuscript was located at the 
Institute of  Astronomy, Cambridge, by Mark Hurn 
(2009) following an online search by the writer. It 
had been presented to Cambridge Observatories in 
1961 January by W. H. Steavenson (1894–1975) but 
lay hidden for nearly five decades. It can be 
accessed online: 
https://www.repository.cam.ac.uk/handle/1810/2
46865 

10 George Dollond (1774–1852) was producing 2¾-
inch achromats of  28-inch focus (f/12) during the 
1820s. It is uncertain whether this is Henry’s 
‘home-made telescope’ or one purchased from an 
instrument-maker. 

11 The pancratic eye-tube was a form of  zoom 
eyepiece designed by the English optician William 
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Kitchiner (1775–1827). It used four sliding tubes to 
change the magnifying power of  a telescope or 
microscope. See Kitchiner, William, The Economy of  
the Eyes (London: Hurst, Robinson & Co., 1824), pp. 
130–40. Kitchiner was also a noted cook and is 
credited with the invention of  the potato crisp. 

12 Benjamin Cruttall Pierce (1795–1858) was a 
physician friend of  Aston Key who lived at St 
Helen’s Place until acquiring significant wealth in 
1835 when the King granted permission for him to 
add the surname and arms of  the ‘Seaman’ family. 
He retired from medical practice and became a 
magistrate, with a London address at 4 Upper 
Gower Street, Bedford Square. 

13 It is unknown when Henry met Sir James South, 
but his infamous dispute with Edward Troughton 
(1753–1835) over the quality of  the English 
equatorial mounting constructed for the 11.8-inch 
Cauchoix objective would have been underway. On 
losing the lawsuit South demolished the mounting 
and advertised the fragments in 1836 December. It 
is likely that meeting South left a strong impression 
on the teenager. 
Henry was probably referring to either South’s 7¾-
inch f/19 refractor or his more usable 5-inch f/14 
achromat. For more details of  South’s instruments 
and equipment see 1870AReg..8..196, ‘The 
observatory of  the late Sir James South’.  

14 Henry found his instrument was unable to detect 
the companion to Polaris even in the darker skies of  
Hemel Hempstead. 

15 After 25 pages there is a four-year gap in Key’s 
observing log, coinciding with his time at Christ 
Church, Oxford, obtaining his BA and MA degrees. 

16 The Observatory, 3 (1880), 450–1, letter from Piazzi 
Smyth. Thirty-seven years after his observation with 
the 4-inch Gregorian Smyth read his logbook and 
found his drawing of  the ‘long oval spot’ on Jupiter, 
seen on 1843 June 26. Smyth alerted readers to this 
important early sighting, ‘somewhat similar to the 
red spot at the present time’. See also The 
Observatory, 3 (1880), p. 627, Smyth’s presentation of  
a photograph of  Key’s drawing to the RAS. 

17 Apart from Buckland the other scientific scholars 
that Key may have encountered included Charles 
Daubeny (1795–1867), John Kidd (1775–1851), 
and Baden-Powell (1796–1860). In converting to 
present-day prices, the author has made the 
assumption that costs have risen by a factor of  70 
since 1815; by a factor of  80 since 1840; and by 90 
times since 1870. 

18 During Key’s time at Oxford the Radcliffe 
Observatory had a good selection of  mural 
quadrants, transit instruments, and a zenith sector. 
The two Dollond instruments dated from 1774: a 
3½-inch and 4½-inch f/10 refractor. 

19 Key was proposed on 1860 May 11 by Webb, John 
Lee (1783–1866), and William Henry Smyth (1788–
1865). His election as FRAS was on 1860 
November 9. 

20 Francis, Keith A., and Gibson, William, The Oxford 
Handbook of  The British Sermon 1689–1901 (OUP, 
2012), p. xiii. 

21 Ten years before Guy’s Hospital purchased the 
Wilton estate at Bridstow the vicar of  the church 
during 1719–21 was James Bradley (1693–1762). 
He spent little time there as he also had a living in 
Pembrokeshire and was chaplain to the Bishop of  
Hereford. He was far more interested in astronomy 
than theology and resigned these posts to become 
Savilian Professor of  Astronomy at the University of  
Oxford in 1721. Bradley was appointed the third 
Astronomer Royal in 1742. 

22 The General Turnpike Act of  1773 led to 22,000 
miles of  turnpike roads by 1840 with nearly 8,000 
toll-gates and bars. The network ceased to be viable 
after the arrival of  the railways. Eighty-eight of  
Herefordshire’s parishes had toll-houses or toll-
bars/gates. The Turnpike Trusts included local 
landowners, clergy, and justices of  the peace. 
Charges were typically 3d (c. £1 today) for horse-
drawn wagons or carts. 

23 St Mary Magdalene’s 12th-century nave was 57 feet 
long and the west tower 15 feet square and 50 feet 
high; the 13th-century chancel was 15 feet square 
and the register began in 1733. A Norman carving 
and font was the oldest feature. 

24 In addition to 83 rectories there were a similar 
number of  vicarages with another 50 curacies. In 
contrast to a church living of  £300 for a rector a 
curate typically received one-third of  this amount. 

25 Dividing the 1831 population of  110,000 by the 
220 parishes of  Herefordshire gives an average of  
500 parishioners per parish. The parish of  Stretton 
Sugwas was roughly half  this number allowing the 
incumbent rector plenty of  opportunity to pursue 
his own interests. 

26 The archdeaconry of  Hereford comprised the 
deaneries of  Hereford, Frome, Irchingfield, 
Leominster, Weobley, and Weston. Key became 
Rural Dean of  Weston, broadly covering central 
Herefordshire north of  the City. His region 
included two rectories, ten vicarages and four 
curacies and he fulfilled a middle-management role 
for the Bishop.  

27 Asiatic cholera arrived first in London in 1822 and 
claimed 6,500 lives. In this second outbreak in 
London over 14,000 lives were lost. At the same 
time only one death occurred in Herefordshire. 
Charles Aston Key died 1849 August 23. He had 
been appointed surgeon to HRH Albert, Prince of  
Wales, two years earlier. 

28 Between 1851 August and 1858 June Key debated 
the origin of  words: ‘eisell’ in Hamlet, ‘folowed’, 
‘island’, ‘clipper’, ‘clamour’, Shakespeare’s ‘measure 
for measure’, ’belike’, ‘blackmail’, ‘bane and bale’, 
‘quarry’, and ‘quanker’. 

29 Notes and Queries, ‘Cremonas’, 1853 May 21, p. 501. 
30 Notes and Queries, no. 120 ‘Horology’ 1851 

September 5, p. 175. See also reply from H.T.E. 
September 27, p. 240. 

31 Notes and Queries, ‘Pendulum demonstration of  the 
Earth’s rotation’, 1851 September 27, p. 235, letter 
dated September 8. 

32 Notes and Queries, ‘Two Full Moons in July’, 1852 
February 21, p. 172. Key subscribed to Symon’s 
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monthly Meteorological Magazine and used a small 
weather station in the rectory garden. On 1875 
January 4 he reported on the ‘remarkable 
depression of  the thermometer on the night of  
December 30 … 24° and cloudy at 11 p.m. … the 
minimum proved to be 2.25° … 12° at 9 a.m. and 
then rose rapidly to 32° … my thermometer is a 
good one, tested at Kew, and stands in a proper 
thermometer stand at about 4ft from the ground.’ 

33 Notes and Queries, ‘Optical phenomenon’, 1852 July 
10, p. 40. 

34 Notes and Queries, ‘Lunar occultations’, 1852 July 24, 
p. 73. Key had observed the Aldebaran occultation 
of  1850 April 15, presumably with his 4-inch 
Gregorian reflector. 

35 Notes and Queries, ‘Photography and the Microscope’, 
1853 June 4, p. 556. 

36 Notes and Queries, ‘Ferns Wanted’, 1853 November 5, 
p. 441. 

37 Notes and Queries, ‘Photographic Correspondence’, 
1857 May 16, p. 385. 

38 Notes and Queries, ‘Distance at which light from a 
lighthouse might be seen’, 1857 November 21, pp. 
411–2. See also p. 476 where a contributor 
confirmed the Malvern beacon had been seen from 
the summit of  Snowdon at a distance of  105 miles. 

39 The sale of  Pearson’s collection of  ‘astronomical 
and other instruments, orrery and library of  
astronomical books from the observatory at South 
Kilworth’ was advertised in The Athenaeum 1853 July 
16, p. 842, and took place at Mr J. C. Stevens’ 
auction room in Covent Garden. Key had been 
inspired in his early years by Pearson’s A Treatise on 
Practical Astronomy vol. 2, (1829) and enjoyed owning 
astronomical models. See 1994QJRAS..35, 271–
292, ‘Revd. Dr William Pearson (1767–1847): a 
Founder of  the Royal Astronomical Society’ by S. J. 
Gurman and S. R. Harratt for more details of  the 
mechanical orrery designs which were used in 
public lectures. 

40 Astley Cooper Key’s first marriage was to Charlotte 
Lavinia McNeil in Jersey on 1856 April 28; Lady 
Charlotte died 1874 December 30. Their daughter 
was artist and author Rose Champion de Crespigny, 
born Annie Rose Charlotte Cooper Key (1859–
1935). 

41 ‘The temper of  the nation in the present crisis’ 
sermon by Key can be accessed via Google Books. 
It was delivered on Wednesday 1855 March 21 and 
published by John Masters, London. The sermon is 
based on Isaiah XLIV, 24, 25. Queen Victoria’s 
government had proclaimed the day for ‘solemn 
fast and humiliation’. 

42 Ellen had two brothers: Edward Wrey Whinfield 
(1827–1902) and William Henry Whinfield (1830–
74). Edward married Ellen Mary (1830–1901) in 
1860; they lived at Severn Grange, Claines, 
Worcestershire and had three sons. William never 
married and emigrated to New York in 1850. Their 
curate father was born in Devon to Edward Henry 
Whinfield (1756–1821) and Ellen Wrey (1756–
1827) from Somerset and worked in London, 
Wiltshire, and Bedfordshire.  

43 Charles A. W. Key (1856–1936) attended Eagle 
House School, Wimbledon; Rugby School; and 
Oxford University. 
Their servants in 1861 were: Elizabeth Herbert, 
aged 26, a cook from Bridstow; Mary Lindsay (34) a 
nurse from Alnwick who had worked for the Heale 
Family; and Elizabeth Sock (26) a housemaid from 
Clifford. 

44 The company C. A. Steinheil & Söhne produced 
large telescopes for observatories in Uppsala, 
Mannheim, Leipzig, and Utrecht. Refractors and 
silvered-glass reflectors were also produced but were 
expensive; in 1862 Steinheil’s sons started managing 
production. One example of  a Steinheil instrument 
was the altazimuth 4-inch refractor of  5 ft focus 
purchased by Wilhelm Tempel (1821–89) in 1858 
for 400 South German florins (c. £4000 today) – see 
Bianchi, Simone, et al, ‘Wilhelm Tempel and his 
10.8-cm Steinheil telescope’, Journal of  Astronomical 
History and Heritage, 13 (2010), 23–58. The 1842 BA 
meeting in Manchester included a paper by H. Fox 
Talbot, On the Improvement of  the Telescope, which 
described his visit to Steinheil in Munich to see gold 
precipitated on specula and a Gregorian reflector. 
See also Andrews, A. D., ‘Telescope Makers, part 
6’, Irish Astr. J., 23 (1996), 234–9. 

45 Steinheil, C. A., ‘On the Advantages to be derived 
from the Use of  Silver Mirrors for Reflecting 
Telescopes’, MNRAS, 19 (1858), 55–60. 

46 See 1869AReg..7..21G. David Gill ordered a 2-inch 
glass prism from Steinheil quoting Mr Bird as the 
dealer. Gill later ordered a Steinheil micrometer for 
his 12-inch Newtonian. 
John Bird (1780–1846) was a lecturer in astronomy 
at Eton College. His youngest son, Frederick Bird 
(1816–?) of  Key Hill Cemetery, Birmingham, was 
also a keen astronomer and at the suggestion of  
Webb began making silvered-glass mirrors in 1861 
April. He asked With for advice on the silvering 
process. His 12-inch speculum was completed in 
1863 March, giving excellent resolution on the 
globular cluster M13 and double star ζ Cancri. It 
was used on a Tulley mahogany stand with a 
clepsydra drive inside a 9-foot brick observatory. 
See his three papers in The Intellectual Observer 3 
(1863), 272–6; 6 (1864), 241–6; and 8 (1866), 421–
3. Bird also sent observations to the Astronomical 
Register. 
His older brother Alfred Bird (1811–78) was a 
chemist who founded the company that later 
became Bird’s Custard. Key was friends with the 
Bird family and would have been impressed by 
Alfred’s musical set of  harmonized bowls which 
covered five octaves. 

47 Tobin, William, ‘Evolution of  the Foucault–
Secretan Reflecting Telescope’, Journal of  
Astronomical History and Heritage, 19 (2016), 106–84. 

48 Foucault, Léon, ‘Description of  an Improvement in 
the making of  large Reflecting Telescopes with 
Silvered Glass Specula’, 1859MNRAS..19..186F. 

49 By 1872 Henry Draper had built a 28-inch silvered 
glass reflector which was used to obtain a spectrum 
of  Vega and lunar photographs. 

50  George Henry With (1827–1904) married Lavinia 

43



Issue 14, June 2020

Baker (1824–90) and they had five children: 
George, Alfred, Lavinia, Alice, and Elizabeth. See 
1996JBAA..106..257, ‘The life and legacy of  G. H. 
With 1827–1904’ by R. A. Marriott, but note that 
more recent research, by the Webb-Share project 
and also by Mark Robinson, has revealed an 
improved understanding of  this astronomer. 

51 MNRAS, 24 (1863), p. 125, drawing of  reflector 
mount used by Key. 

52 Webb had worked as a curate at Pencoed, Tretire, 
and St Weonards and as a minor canon/librarian at 
Gloucester Cathedral. After marriage to Henrietta 
Montagu Wyatt (1816–84) in 1843 he resumed 
curate duties at Ganarew, Monmouthshire, in 
1849–53 and again at Tretire (1854–5). Janet and 
Mark Robinson edited a biography of  Webb, The 
Stargazer of  Hardwicke (Gracewing, 2006). 

53 Stephen Peter Rigaud (1774–1839) researched the 
work of  James Bradley and Greenwich instruments.  

54 Haley, Paul, ‘Travels of  the Revd. T W Webb’, 
SHA Bulletin 19 (2009 autumn), pp. 31–6. 

55 SHA Bulletin 29 (2018 April), pp. 30–1, includes 
examples of  Webb’s papers for the Intellectual 
Observer 1862–70. 

56 The author is grateful to Mark Robinson for 
accessing this correspondence from the Open 
University Archive (hereafter, OUA) during the 
‘Webb-Share’ project in 2009. Edward Frankland 
became FRS (1853) and received its Copley Medal 
(1894). 

57 The Rosse machine was a mechanical system for 
enabling a convex tool to be ground on a concave 
speculum, using a variety of  rotary and sideways 
motions, with an abrasive or polishing agent used 
between the discs, devised by Lord Rosse. See King, 
Henry C., The History of  the Telescope (Charles Griffin 
& Co, 1955), pp. 209–10. 

58 With to Frankland, OUA letter dated 1862 July 18.  
59 Key to Frankland, OUA letter dated 1862 October 

28. William Parsons, 3rd Earl of  Rosse (1800–67) 
had constructed the world’s largest telescope at Birr 
Castle, Parsonstown, County Offaly. The Leviathan 
used a 72-inch speculum mirror weighing 3 tons; 
15-inch, 24-inch, and 36-inch reflecting telescopes 
were also produced: see Hetherington, N. S., ‘The 
Earl of  Rosse’s experiments on Reflecting 
Telescopes’, 1977JBAA..87..472H. 

60 Bird, Frederick, ‘Construction and Silvering of  
Glass Specula’, The Intellectual Observer, 3 (1863), 
272–6. For more details about Frederick Bird see 
also op. cit. 5 (1864), 241–6, and 8 (1866), 421–3. 
In 1870 Bird’s 12-inch f/9 reflector passed to 
Edmund Salter of  Manchester [1870AReg..8..59] 
but he died a year later. 

61 With to Frankland, OUA letter dated 1862 October 
28. 

62 Key to Frankland, OUA letter dated 1862 
December 1. For daylight testing Key used a power 
up to 850 with the half-polished and unsilvered 12-
inch mirror. He followed the advice of  Sir John 
Herschel in using unsilvered specula, especially for 
‘large fixed stars, and the planets Mars, Jupiter, 
Saturn, and especially Venus.’ 

63 With to Frankland, OUA letters dated 1862 
November 10 and 19, and December 2 and 10. 

64 Key to Frankland, OUA letter dated 1863 January 
3. A year later Webb borrowed an 8-inch silvered 
glass Newtonian of  72-inch focus (f/9) on a wooden 
stand for the Mars opposition of  1864. Four years 
later he had a 9.2-inch f/9 With mirror mounted on 
a Berthon equestrian equatorial inside a Romsey 
observatory. 

65 The Intellectual Observer was a series of  twelve 
volumes (1862 February to 1868 January) edited by 
journalist/scientist Henry James Slack (1818–96). 
Webb’s contributions on silvered glass specula 
appeared in: 1863 March, pp. 126–30; 1863 April, 
pp. 213–17; and 1865 June, pp. 368–73. 

66 Key to Frankland, OUA letter dated 1862 
December 18. 

67 Key to Frankland, OUA letter dated 1863 January 
6. 

68 With to Frankland, OUA letter dated 1863 
February 12. With spent the first six weeks of  1863 
working on two mirrors of  5½-inch aperture – see 
his OUA letter to Frankland dated 1863 February 
12. 

69 With to Frankland, OUA letter dated 1863 March 
11. With confirmed he was polishing the 8¼-inch 
mirror for Key. 

70 Key to Frankland, OUA letter dated 1863 March 
11. It was common practice at this time to use 
specula both silvered and unsilvered, as 
recommended by John Herschel. 

71 Key to Frankland, OUA letter dated 1863 March 
15. Both Key and With used a range of  metal tools 
machined to concave/convex curvatures. With used 
‘a beautiful set of  tools’ for making Key’s 8¼-inch 
mirror, ‘pewter tool, iron convex and iron concave, 
so I ought to do good work’. [With to Frankland, 
OUA letter dated 1863 March 11.] 

72 Key to Frankland, OUA letters dated 1863 May 9 
and With to Frankland dated 1863 May 11. 

73 With to Frankland, OUA letter dated 1863 May 11. 
He was using the full aperture and the mirror was 
unsilvered at this stage. 

74 Key to Frankland, OUA letter dated 1863 
November 29. 

75 1864MNRAS..24..125. Key was proud of  his 
telescope stand and sent a drawing of  it to the RAS 
in a letter dated 1863 November 11, but it was 
never reproduced. 

76 1863MNRAS..23..199K. 
77 With to George Calver (1834–1927), letter dated 

1893 October 12 (1909EngMech 90/307), ‘the 
graduated tools were my great agents in figuring; 
until I had fully mastered them, I was groping in 
the dark … Cooper Key and I worked together. He 
discovered the graduated tool value, I only worked 
out the matter.’ 

78 Key to Frankland, OUA letter dated 1863 
December 16. 

79 Key to Frankland, OUA letter dated 1864 February 
13. Key sent the lecture to Webb for interest. 
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80 Berthon, E. L., The English Mechanic, 19871 October 
18, No. 342, pp. 83–4, ‘on observatories’. The 
English Mechanic began publication in 1865 and Key 
became a regular contributor, often tackling 
controversial subjects. 

81 Key to Frankland, OUA letter dated 1863 
December 16. In practice Key used his Barlow lens 
to amplify ×1.5. 

82 Henry Lawson (1774–1855) made astronomical, 
meteorological, and atmospheric electricity 
observations from Hereford for the 18 years up to 
1841, before moving to Lansdown Crescent, Bath. 
His 7-inch f/19 Dollond refractor impressed Webb. 
Lawson was a friend of  Sir Astley Cooper and 
would have been known to Key, but unfortunately 
had moved from the city five years before his arrival 
at Stretton Sugwas.   

83 1880EngMech (No. 806, September 3), letter 
[17792] dated August 16 by Perry lists ‘a one and 
one-eighth inch transit instrument, with diagonal 
eyepiece, declination arc and levels … the 
astronomical clock is by Gill’, with the latter being 
installed in 1871. See also: Stott, Carole, and 
Hughes, David W., ‘The Amateur’s Small Transit 
Instrument of  the Nineteenth Century’, 
1987QJRAS..28..30,. 

84 Johnson, Peter, ‘The Astronomical Register 1863–86’, 
1990JBAA..100..62J. 

85 1865AReg..3..75. ‘Silvered Reflectors’, dated 1865 
February 15. William Matthews (1838–1922) of  
Hill House, Gorleston, Yarmouth, the son of  
clergyman James Matthews (1803–85) and his first 
wife Eliza. Matthews was known to Key through his 
maternal (Cooper) side of  the family. During 1865 
he compared the 8-inch reflector with his 4.5-inch 
f/13 Alvan Clark achromatic and then advertised 
the speculum in its brass cell in the November issue 
of  the Astronomical Register. By 1866 May he had 
purchased two more With specula, of  9.2-inch and 
10.3-inch aperture, one of  which would inspire 
George Calver to switch from the boot and shoe 
trade to mirror-making. 

86 1866AReg…4…55 and 91. Key had two ‘modified-
Rosse’ machines with a treadle to provide power. 
Advert [57] appeared in 1866 February in the 
Astronomical Register for a ‘Speculum Grinding 
Apparatus, capable of  working a 7ft. speculum: 
with tube and fittings for a 9in. Newtonian’. On the 
same page advert [66] was for his ‘Silvered Glass 
Speculum’.  
David Gill and photographer George W. Wilson 
(1823–93) used the 12-inch Key mirror to 
photograph the first quarter and gibbous Moon in 
1869 May using the collodion process; the result 
helped launch Gill’s astronomical career. See Haley, 
Paul A., ‘David Gill: clock maker to global 
astronomer’, The Antiquarian Astronomer, 8 (2014), p. 
50. Key’s second 12-inch speculum is in the 
Smithsonian Museum in Washington. 

87 Astronomical Register advert [59] in 1865 August. 
88 The 18-inch Key–With speculum is in the science 

store of  the National Museums Scotland. It has a 
polished rear surface to allow the silvering process 
to be observed through the back of  the mirror. It 

also has a groove cut into the edge for rope handles 
to be used. See also: Tobin, William, The Life and 
Science of  Léon Foucault, (CUP, 2003), p. 215. 

89 Key may not have known that the Saint Gobain 
glass discs for Foucault’s 32-inch speculum had a 
convex back to provide greater rigidity for the f/5.5 
mirror. It is probable that With realized the 
problem existed when he refigured one of  Key’s 
specula (1878) as he used 3-inch thick glass for his 
18-inch speculum (1879).  

90 1871EngMech (No. 316, April 14), p. 82, Key’s 
note ‘Specula for Reflecting Telescope’. Five years 
later Key was advocating a zinc band rather than 
leather – see 1876EngMech (No. 576, April 7), p. 
94, ‘Supporting specula’. 

91 1874EngMech (No. 480, June 5), p. 304, ‘On 
Mounting Large Newtonians’. 

92 The Intellectual Observer, 9 (1866), 277–81, Browning’s 
reflecting telescope. 

93 Charles Grover (1842–1921) became Browning’s 
assistant in 1869. George With realized the 
marketing potential and presented him with a 6.5-
inch f/10 speculum; he also asked Key and George 
Knott (1835–94) to help set up the instrument. 

94 Large specula produced by George With between 
1865–8 included: 10-inch diameters for ‘an 
Englishman in Nice’, Matthews, Barnes, Pritchard, 
and Cook; a 12-inch for Browning; and a pair of  
13-inch for de la Rue. Key supported his colleague 
by challenging any criticisms of  the new technology 
– see 1868AReg..8..182, ‘Mr Lockyer on 
telescopes’, Key letter dated 1868 July 17. He 
noted, ‘I have lately had my attention drawn to 
these amazing statements as to the ‘enormous 
superiority’ of  refractors’. J. Norman Lockyer (1836–
1920) chose not to respond to his challenger but 
significantly installed several large silvered glass 
reflectors at his observatories in South Kensington 
and Westcliff. 

95 With produced a 12-inch f/6.5 for Seabrooke 
(1872), a 10-inch f/7.5 for Konkoly–Thege (1874), 
and 15-inch specula for both Maclean and Roberts. 
Between 1876–8 he improved the figure of  Key’s 
speculum, adding the date and his signature to the 
rear of  the mirror, which is now in the science store 
of  the National Museums Scotland in Edinburgh.  
With then made a couple of  large mirrors for 
Green (13-inch in 1877 and an 18-inch in 1879). 
The first of  these was used at Madeira and the 
second became BAA Instrument No. 3; it is now on 
permanent loan to the Museum Resource and 
Learning Centre, Hereford. With also purchased 
glass for a 24-inch speculum, possibly for 
Edinburgh. 

96 Key Logbook p. XXXVII. 
97 Webb’s observing notebook (RAS archives) for 1862 

May 17, pp. 29–33, records 18 observations of  
Saturn during the first half  of  1862. He was using a 
5.5-inch f/15 Alvan Clark refractor but the 
mounting was inadequate. 

98 Key Logbook, p. XXXVIII. Key was also timing 
transits of  Jupiter’s moons, but on 1862 May 17 he 
felt the vision ‘inferior’ and so concentrated on 
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making drawings of  Jupiter and Saturn rather than 
timings. Better conditions at Haddenham enabled 
Dawes to time the transit of  Titan’s shadow with his 
8.2-inch Clark refractor using powers of  ×286 and 
×480 with a parallel-wire micrometer. See 
1862MNRAS..22..297. 

99 Key Logbook p. XLI. 
100 The author is grateful to Richard McKim for 

reviewing Key’s Mars drawings and confirming this 
atmospheric effect. 

101 Key to Webb, letter dated 1863 September 21, 
courtesy of  the RAS Library who have microfilm 
copies of  some of  Webb’s observing notebooks. 
Webb continued to be an occasional visitor to 
Stretton Rectory; for example, on 1865 November 3 
he visited both ‘Rev. H. C. Key’s splendid 12-inch 
silver-on-glass speculum ±500 and G. W.’s 10⅛-inch 
370’ and observed γ2 Andromedae, ‘two little discs 
with a strong black division … seen for the first time 
in my life’. See SHA Bulletin, 19 (2009), p. 34. 

102 Key Logbook p. XLVI. 
103 1863MNRAS..24..20, dated 1863 November 3. 

Today this region is regarded as the eastern limb of  
the Moon. Key believed the reduced irradiation 
with plain specula facilitated ‘the delicate penciling 
on the surface of  the planet Jupiter … the effect on 
the planet Saturn is quite stereoscopic’. In 1864 
Lassell observed the ‘unusually irregular outline of  
the Moon’s limb’ using his 9-inch f/12 speculum 
and estimated it extended 11° in latitude 
(1864MNRAS..24..207). Later observations were 
recorded by Birt, Erck, and Copeland – see 
1875AReg..13..297 and 1877MNRAS..37..432. 

104 Key to Frankland, OUA letter dated 1863 
December 16. 

105 Mare Smythii is a circular mare on the Moon’s 
eastern limb which appears elliptical due to 
foreshortening. Favourable libration angles reveal 
high basin ridges casting shadows across the lower 
basin floor. For more images see Chuck Wood’s 
website Lunar Photo of  the Day; the Smythii basin 
is No. 73 in the Lunar 100 list and is 38 and 49 of  
the Rükl chart. For sketches of  the region see 
Harold Hill’s A Portfolio of  Lunar Drawings (CUP, 
1991), pp. 30–36. Coincidentally the iconic image 
Earthrise includes Mare Smythii in the foreground; 
it was taken 106 years after Key’s observation from 
the Command Module of  Apollo 11 on 1969 July 
20. 

106 1864AReg..2..261, ‘Silvered glass reflector’, Key 
letter dated 1864 October 22. William Rutter 
Dawes (1799–1868) at Hopefield observatory, 
Haddenham, responded to Key’s letter 
(1864AReg..2..312, letter dated 1864 November 18) 
including a diagram of  the region. Early users of  
silvered-glass reflectors encouraged Dawes to give 
his opinion of  the merits of  the new technology 
compared with achromatic designs, but his death 
early in 1868 prevented this. 

107 1866AReg..4..134, ‘The Trapezium in Orion’, Key 
letter dated 1866 March 14. Key had not seen the 
three faint stars in the Trapezium suggested by 
William Huggins (1824–1910) using an 8-inch f/15 

Clark refractor (1866MNRAS..26..71). See also 
1866AReg..4..166 by Matthews, dated 1866 May 4, 
and 1867AReg..5..55 by Browning, dated 1867 
January 29. The debate continued for several 
decades. 

108 1880Obs..3..452, letter by George Knott (1835–94) 
dated 1880 May 10 refers to an 1864 Key 
observation of  a 13th-magnitude star near Alcyone. 

109 Sheehan, William P., and Dobbins, Thomas A., Epic 
Moon: A History of  Lunar Exploration in the Age of  the 
Telescope (Willmann-Bell, 2001) includes a good 
description of  the Linné controversy. See also Pike, 
Richard J., ‘The Lunar Crater Linné’, Sky & 
Telescope (1973 December) pp. 364–6, which 
includes the Apollo 15 photographs of  the crater. 

110 1867AReg..5..32, Key letter dated 1867 January 14.  
111 1867AReg..5..33, Key letter dated 1867 January 14. 

Confusion over the appearance of  Linné was partly 
due to changes in the illumination angle and partly 
to the resolution of  the various telescopes used. On 
the best nights a white patch with a tiny craterlet 
was visible. Apollo 15 results showed a 2.4 km (1.5 
mile) crater of  600m depth with the crater rim 
125m above the mare. Linné is a young impact 
crater surrounded by bright ejecta material. 

112 Key Logbook p. LIII–IV. Poor seeing limited 
powers to ×200. 

113 Key Logbook p. LXIV. Key’s results are consistent 
with later observers. 

114 1868MNRAS..28..154, dated 1868 February 26. 
The Eskimo Nebula is today listed as NGC 2392 
and is also known as the Clown Face Nebula. It is a 
double-shell planetary nebula. Key referred to it by 
its old Herschel number 45 H IV. Geminorum. 

115 Expansion has continued with the inner ring now 
13″ and the overall size 48″. The size is estimated at 
⅓ light year and the distance as 3,000 l.y. 

116 1868AReg..6..112, letter from Key dated 1868 April 
16. With probably received encouragement from 
Browning to observe Venus as the latter had made a 
drawing of  the planet on March 14 using a 12.5-
inch With silvered-glass mirror which showed a 
prominent limb spot. Browning displayed this at the 
RAS meeting on April 8 (1868AReg..6..106). 
During 1868 With produced at least seven specula 
of  sizes 8 to 13 inches; including a 9-inch for 
Buffham and a 13-inch for de la Rue. 

117 1868AReg..6..112, letter from Key dated 1868 April 
16. 

118 1868AReg..6..133, letter from T. H. Buffham dated 
May 11. 

119 The 1863 October 6 earthquake was the largest 
recorded in the UK for a decade; it was noted by 
Charles Dickens in Kent. Comparable magnitude 
earthquakes in the UK in recent times have been 
the 2008 Lincolnshire and the 1984 Llŷn Peninsula 
earthquakes which both caused structural damage. 
The British Geological Survey describes such events 
as ‘extremely large’ for the UK. ML is a base-10 
logarithmic scale, also called the Richter scale. 

120 1863AReg..1..167, ‘Earthquake in England’. 
121 1864 March 28, Summary of  the Inspector’s 
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Report of  Stretton Sugwas School. 
122 1876 July 24, Summary of  the Inspector’s Report of  

Stretton Sugwas School. 
123 Stretton School logbook dated 1867 February 25. 
124 Henry and Ellen Key subscribed to The Journal of  

Horticulture, Cottage Gardening and Country Gentleman. 
An example of  their approach is given in 1863 vol. 
5, pp. 25–6, ‘A sure way to success in strawberry 
growing’ which advocated a manure mulch in 
March and no watering – which apparently had 
resulted in 16 years of  success! A significant amount 
of  time and energy were invested in the rectory 
garden with ornithology another pastime, unusual 
birds like the hoopoe and golden oriole being 
occasionally recorded. 

125 Quarterly Journal of  Microscopical Science, 2 (1854), p. 
51, includes a letter from Key advocating a ‘cobweb 
micrometer’ on a Powell and Lealand achromatic 
microscope. His slightly abrasive tone precipitated 
an immediate response from president George 
Jackson (1792–1860) – see p. 129. 

126 The Woolhope Naturalists’ Field Club was founded 
in 1851 with the aim of  researching and recording 
Herefordshire’s history, natural history, and geology. 

127 Woolhope Transactions 1866 pp. 178 and 314, ‘On 
relative value of  two species of  British oaks’ by 
Henry Cooper Key, and 1867 p. 75 ‘Identity of  
Agaricus Georgii and Campestris’ by Ellen Key. 
Key later wrote about the design of  lightning 
conductors, referring to photographing the remains 
of  an oak tree in 1861. Ellen’s early interest in 
botany developed into a specialist knowledge of  
mycology, highly respected by the (male) members 
of  the Woolhope Club.  

128 The writer is grateful to Rhys Griffith, senior 
archivist at Herefordshire Archive and Records 
Centre, who located the only known photograph of  
Key and his involvement with the Herefordshire 
Philharmonic Society 1863–99: A63/IV/30–33. 
The conductor of  HPS was composer Henry David 
Leslie (1822–96) who demanded high standards of  
performance and good attendance at rehearsals. 
Leslie established national training schools for 
music which were predecessors of  the Royal 
College of  Music, founded in 1883.  

129 John Hungerford Arkwright was the great-grandson 
of  the textile industrialist Richard Arkwright. He 
inherited the large farming estate at Hampton 
Court in 1858, which grew to over 10,500 acres by 
1880 but was then increasingly sold off  during the 
agriculture depression in the late nineteenth 
century. 

130 The value of  Key’s Cremona 1686 Stradivarius was 
significant and in 1874 it was displayed at the South 
Kensington exhibition. In 1993 it was auctioned for 
£330,000 by Phillips of  London. 

131 Key had nine letters published in the English 
Mechanic on ‘The Character of  the Different 
Musical Keys’, beginning 1873 November 7, No. 
450, letter [6835–6], to 1874 March 13, No. 468, 
letter [7361].  

132 Solar cycle 11 was associated with strong auroral 
displays from 1870 September to 1872 August. 

133 1871Natur..4..121 (June 15), Key letter dated 1871 
June 6. 

134 1872Natur..5..302 (Issue 120), Key letter dated 
1872 February 6. 

135 1871AReg..9..265, Key letter dated 1871 October 
21. The ephemeris was by Hind and the comet was 
first recovered by Winnecke on 1871 September 19; 
perihelion was December 28. 

136 1872MNRAS..32..217, Key letter dated 1872 
January 1. Comet Encke’s fan-like appearance was 
regularly observed and its sunward projection 
before perihelion was agreed by the end of  the 19th 
century. 

137 Griffin, R. F., The Observatory, 120 (2000), 1–47, 
‘Paper 150: ζ Cancri C’. The history of  the visual 
triple star Zeta Cancri is reviewed in detail. The 
close pair AB has an orbital period of  nearly 60 
years. The third star C is about 6″ from AB with a 
much longer period. Magnitudes quoted in 
catalogues vary, with A = 5.6 and B and C = 6.0 
being often used. 

138 The magnitude difference is 0.4 for ζ Cancri AB. 
139 Key to Gill, letter dated 1871 June 13, DOG/48, 

Royal Geographic Society. The Gill Collection 
(hereafter, RGS) consists of  four boxes with 34 files 
with 1,000 letters consisting mainly of  
correspondence from astronomers to David Gill. 
They are designated DOG/1–DOG/192 and have 
been transcribed by the writer. The writer is 
grateful to Sarah Strong for supporting this work. 

140 1872EngMech (No. 372, May 10), p. 208. Key did 
not include any uncertainty with his measures. A 
result to 4 significant figures was not justified and 
his measures might be better expressed as: 
separation = (0.6 ± 0.1)″ and PA = (169 ± 0.5)°. 
The Cooke micrometer screw gave 1 revolution = 
10″.368 with a position circle read by two verniers 
to 0°.1 using dark wires in a bright field, according 
to Perry. 

141 1873EngMech (No. 421, April 18), letter [6002]. 
Observers including Browning, Buffham, and 
Green were commenting on the changes observed 
on Jupiter at this time. 

142 1876EngMech (No. 570, February 25), letter 
[10496]. 

143 The distance of  Mars was 35 million miles with 
Deimos at 80″ and fast-moving Phobos at 50″ from 
the planet. Key did not detect Phobos. 

144 1877Natur..16..457 and 1878MNRAS..38..363, 
Key letters dated 1877 September. Other British 
astronomers observing Deimos included Christie 
and Maunder (ROG), Pritchard (Oxford), Common 
(Ealing), and Erck (Ireland). 

145 Webb to Ranyard, letter dated 1877 September 24, 
RAS archives. Webb had used the 15-inch f/12 
refractor in 1872. 

146 1879AReg..17..215, Key letter dated 1879 August 
7. The southerly declination of  Antares limited its 
altitude. It is one of  only four first-magnitude stars 
that can be occulted by the Moon (Aldebaran, 
Regulus, and Spica are the others). Observers in 
1856 included Burr, Dawes, and Hippisley; in 1879 
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reports from Arcemis, Capron, Grover, Penrose, 
and ROG were also published. Advance details of  
the occultation were provided by Johnson (see 
1879Obs..3..84). 

147 1867 Church Missionary Intelligence, pp. 139–43, 
‘Narrative of  a journey to the plain country of  
Saskatchewan, North-West America’ [Canada]. 
Clergyman Thomas Thistlethwaite Smith lived at 
Thruxton Rectory from 1869–85. 

148 1873AReg..11A..21, ‘Tests for the Telescope’ dated 
1872 November 16, in which Smith recounts 
making his 8-inch f/8 reflector the previous winter. 
See also: 1873AReg..11A..75 and 1873..11A..233. 
His FRAS election was on 1874 January 9. Key and 
Smith met on 1870 May 24 on the field excursion 
to ‘the ancient forest of  Deerfold’ [Mortimer Forest, 
near Aymestrey] where a specimen of  mistletoe oak 
had recently been found. See Transactions of  the 
Woolhope Naturalist’s Field Club – 1870, pp. 1–30. 

149 Transactions of  the Woolhope Naturalist’s Field Club, 
1870, pp. i–viii, ‘Address of  the Retiring President’, 
dated 1871 February 23. The nature of  the illness 
was never specified. Accompanying Key’s address is 
a photograph dated 1871 April of  the massive 
‘Rectory Elm’ which stood near the Norman 
church tower; the tree was 92 feet high and 21 feet 
in circumference with a largely hollow trunk. The 
lower trunk section still exists, near Stretton Sugwas 
school.  

150 Key probably visited Loch Scavaig, accessed by foot 
from Elgol, to reach the Black Cuillin. In the third 
week of  August he was lucky to not encounter the 
infamous Skye midges. 

151 On 1870 December 22 totality was visible from 
southern Portugal and Spain, across northern 
Algeria, then crossing Sicily, Greece, Bulgaria, and 
Ukraine. American astronomer Charles Augustus 
Young (1834–1908) observed the ‘flash spectrum’ 
and the existence of  a ‘reversing layer’. The new 
coronal line was initially thought to be a new 
element, ‘coronium’, but later shown to be highly 
ionized iron (Fe¹³⁺) produced by the very hot 
corona. 

152 Popular Science Review, 1876, vol. 15, ‘at the end of  
1875 Key had two 18-inch mirrors and a Browning 
spectroscope’. He never succeeded in making 
spectroscopic observations with this instrument. 

153 Like his older brother, Captain Key had inherited a 
love of  experimental science from his father. His 
role included developing the fighting capacity of  
naval warships. Astley supported the use of  
Armstrong breech-loaders and experimented with 
projectiles, armoured decking, gun mountings, 
sliding carriages, and the training of  a highly skilled 
crew. His successes led to later promotion to the title 
of  First Naval Lord. 

154 Key to Gill, RGS letter dated 1871 June 6. Key had 
just returned from Hertfordshire where he had 
delivered the funeral service for his brother-in-law 
Henry Heale. 

155 Key to Gill, RGS letter dated 1871 June 13. 
Richard Spelman Culley (1818–1901) was 
engineer-in-chief  of  the Post Office Telegraphs. 

The telegraph had first reached Hereford in 1852 
via the Shrewsbury and Hereford Railway line. 

156 1871 September council minutes, Herefordshire 
Archives Service. 

157 1871 November 30 letter from the Control Office, 
Gun Wharf, Devonport to the Hereford 
Corporation, Herefordshire Archives Service. 

158 Key to Piazzi Smyth, ROE letter dated 1872 August 
15. Another problem was the small difference 
between London time and local time due to railway 
companies having different timetabling procedures. 
A standard time across the whole of  the UK was 
eventually adopted in 1880. 

159 1872EngMech (No. 405, December 27), letter 
[5478]. 

160 In 1879 Gerhart de Geer (University of  Uppsala) 
began examining silt deposits in Swedish lakes 
which led to the development of  varve chronology 
and the dating of  17,000 years of  geological 
activity; his findings were published in 1910. 

161 Key had eight letters published in the English 
Mechanic on ‘The Deluge’ beginning 1873 Feb 21, 
No. 413, letter [5760] to 1873 August 15, No. 438, 
letter [6497]. His defence of  the arguments of  E. L. 
Garbett covered theological belief, deposits of  the 
Nile, cometary composition, the antiquity of  man, 
and Noah’s ark. Key considered it probable that 
mankind had existed for at least 50,000 years, but 
dating before radiocarbon methods was difficult. 

162 Key may well have accompanied local clergyman 
and geologist William Samuel Symonds (1818–87) 
who was born in Hereford, became a founding 
member of  the Woolhope Club (1851), and was 
responsible for the parish of  Pendock, 
Worcestershire. Symonds made regular visits to the 
Auvergne district and also had published Notes on the 
geology of  Herefordshire (1865). Volcanism was of  great 
interest at this time – Mount Vesuvius had erupted 
violently in 1872 April. 

163 Webb to Ranyard, RAS letter dated 1874 July 28. 
164 Key to Gill, RGS letter dated 1873 August 25.  
165 Key to Gill, RGS letter dated 1873 September 20. 

George Lyon Tupman (1838–1922) observed the 
transit of  Venus from Honolulu. John Henry 
Dallmeyer (1830–83) developed the rapid 
rectilinear camera lens. The Dunecht Simms transit 
circle was an 8-inch f/13 instrument. 

166 1874EngMech (No. 486, July 17), letter [7827]. Key 
again suggested that irradiation problems were best 
reduced using unsilvered specula. 

167 1875EngMech (No. 512, January 15), letter [8606]. 
This is the only reference to Key observing solar 
eclipses, probably those of  1847 October 9 and 
1858 March 15. 

168 1875EngMech (No. 513, January 22), letter [8654]. 
Key disliked Richard Anthony Proctor (1837–88) 
and William Noble (1828–1904), both leading 
figures in the RAS. Berthon’s description of  his 
model was in letter [8609]. At this time public 
lectures were a popular way for working men to 
access scientific topics. The opening of  the ‘free 
library’ in Broad Street, Hereford, was in 1875 
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October 9. 
169 Howard Grubb had produced metallic specula for 

observatories in Melbourne (48-inch, 1869; 12-inch 
1870), Tulse Hill (18-inch, 1870), and Daramona 
(12-inch, 1871), but this was his first silvered-glass 
speculum. Grubb overestimated his abilities to 
produce a parabolic curve in glass and Piazzi Smyth 
was expecting a ‘Foucault-quality’ figure in an f/5 
system.  

170 Key to Piazzi Smyth, ROE letter dated 1873 
October 16. 

171 Key to Piazzi Smyth, ROE inspection report, letter 
dated 1875 May 13. 

172 Evidence suggests that With did purchase glass for a 
24-inch project (probably for Edinburgh) but was 
never commissioned.  

173 In 1887 a disillusioned Smyth made his final report 
to the Royal Society for Edinburgh – see Proc. of  
RSE vol. 15, pp. 11–21, ‘The Edinburgh Equatorial 
in 1887’ – but chose not to criticize the speculum. 
Instead he cited the four major problems as the 
bulky size of  Grubb’s equatorial, forces acting on 
the delicate clock drive, awkward observing 
positions with exposure to wind and cold, and 
inadequate spectroscope provision. With hindsight 
Smyth should have been less smitten by ‘aperture 
fever’ and opted for a 18-inch f/6 reflector as the 
largest instrument possible in a 15-foot dome. 

174 Key to Gill, RGS letter dated 1877 May 28. Gill 
had been made redundant by Lord Lindsay and 
moved to London from Dunecht. Key purchased a 
‘model spectroscope’ from Browning for £15 
(c. £1,350 today) with two dense glass prisms, two 
eyepieces, rack motion to telescope, and tangent 
screw motion to vernier. Key’s total cost (£50, 
c. £4,500 today) included accessories, one of  which 
was a McClean’s spectroscope from Browning to 
show both astronomical and chemical spectra. 

175 Key to Gill, RGS letter dated 1878 July 8. 
Clergyman Robert Main (1808–78) had succeeded 
Manuel Johnson as Radcliffe Observer in Oxford in 
1860. Key raised £2750 for his new church 
(c. £250,000 today). 

176 Key to Gill, RGS letter dated 1878 August 19. 
Physicist Sir William Thompson (1824–1907) 
became Lord Kelvin in 1892. HMS Hercules (1868) 
was a 14-gun screw broadside ironclad of  9,300 
tons under the command of  Admiral Key during 
the time of  the Russian war scare (1878). 

177 Key to Gill, RGS letter dated 1878 December 5. 
Edward James Stone (1831–97) had been chief  
assistant at Greenwich before his transfer to the 
Cape observatory to succeed Thomas Maclear in 
1870. His appointment as Radcliffe Observer left 
the Cape post vacant. 

178 Key to Gill, RGS letter dated 1879 February 20. 
Herbert Sadler (1856–98) had criticized Smyth’s 
Celestial Cycle (1844) in 1878 and believed he had 
copied some double star observations from earlier 
catalogues. 

179 Key to Gill, RGS letter dated 1879 February 22. 
Key had sent Gill a meerschaum smoking pipe that 
he had bought in his student days at Oxford in 

1839 and not used for 30 years. David and Bella 
Gill arrived in the Cape in 1879 May. The 25-inch 
f/14 Cooke refractor owned by Robert Stirling 
Newall (1812–89) had been installed at Ferndene, 
Gateshead, in 1870 but was little used in 15 years. It 
was offered for loan to Gill but transportation costs 
were prohibitive. In 1891 the telescope moved to 
Cambridge and today is located at Pentele 
observatory in Greece. 

180 1880MNRAS..40..199. Emile Plantamour (1815–
82) was a Swiss astronomer and director of  Geneva 
observatory for 43 years. In 1878–9 he was 
investigating earth tides and seismological 
oscillations of  soils. Antoine Thomas d’Abaddie 
(1810–97) was also using geophysical experiments 
including gravimetric surveys. 

181 Webb to Ranyard, RAS letter dated 1880 January 
8. 

182 William Johnson Burgess (1815–86) was rector at 
Stretton Sugwas from 1880 June 23 to 1883. He 
found the rectory in a fairly run-down condition but 
made only minor alterations. His successor was 
George Edward Ashley (??–1904), appointed 1884 
January 12, who in 1900 extended the rectory by 
building a wing in black-and-white style with 
hanging tiles. 

183 Webb to Ranyard, RAS letter dated 1880 March 
16. Arthur Cowper Ranyard (1845–94) was 
secretary and William Henry Wesley (1841–1922) 
assistant secretary of  the RAS. 

184 1880EngMech (No. 806, September 3), letter 
[17792]. Perry had used a 3-inch refractor and a 
6½-inch Calver silvered-glass reflector and planned 
to upgrade to a 12½-inch Calver equatorial 
instrument when Smyth returned from Hereford 
with his report. He considered it ‘an opportunity, 
occurring perhaps once in a lifetime, of  being 
equipped with every requisite for astronomical 
research, too precious to be missed’. Perry visited 
Calver in Chelmsford on his return home for Key’s 
two mirrors to be tested. The ‘A’ 18-inch mirror, 
refigured by With two years earlier, was pronounced 
an ‘exceptionally fine one’ and Perry initially used it 
for double-star tests. The unfinished ‘B’ 18¼-inch 
mirror was ‘only perfect over the interior 14 in.’ 
and Calver was asked to refigure the surface. By 
May Perry had re-erected Key’s Romsey 
observatory at its new site in Northumberland and 
was getting good results for η Coronae, μ2 Herculis, 
δ Cygni, and ε Bootis. In August Calver’s mirror 
was installed and Perry used this speculum for his 
subsequent work. See also letter [19680] by Perry, 
‘on the climate of  Northumberland as regards its 
fitness for astronomical observations’. 
1894 EngMech (No. 1512, March 16), letter 
[35979]. Perry advertised the 18-inch Key/With 
mirror for £75 and used the 18¼-inch Key/Calver 
mirror, equatorial, and observatory until 1894. His 
double-star measurements (1880–3) had been 
praised by Burnham and he believed fully justified 
silvered-glass reflectors being useful for this work. 
The 18-inch Key/With mirror is today in the 
National Museum of  Scotland’s collection.  

185 The 1881 Census records Ellen (68) living at Wilton 
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House (now the Castle Lodge Hotel), adjoining 
Wilton Castle, with six servants. Charles Key (24) 
was then a ‘graduate BA Oxford’. Visitors include 
Ellen’s sister-in-law Georgina Annie Key (nee 
Waters), who had married Bransby Lewis Key in 
1868, and their nine-year-old daughter Alice Mary 
Key. 
The 1991 Census records Ellen (78) with three 
servants and her two grand-daughters Dora, 5, and 
Vera, 2. Almost no information on the 33 years 
Ellen spent at Wilton House has been uncovered to 
date. Following her death in 1912 she was laid to 
rest at St Mary Magdalene church in Stretton 
Sugwas, with her husband Henry Cooper Key. 

186 General and Committee meeting of  the 
Herefordshire Philharmonic Society 1880 January 
20, from Minute Book 1870–90, held by 
Herefordshire Archives Service, reference 
A63/IV/31/1. 

187 HPS Minute Book, 1880 July 28 meeting. The 
wealthy Arkwright made the largest contribution in 
memory of  his close friendship over two decades. In 
1884 February Ellen Key was elected an honorary 
member of  HPS, presumably following installation 
of  the memorial windows. Ellen, with her brothers 
Edward and William Whinfield, also donated a 
stained-glass memorial window in 1848 for their 
grandfather William Praed (??–1833) and uncle 
William Tyringham Praed (1780–1846) who were 
in politics/banking; their uncle’s will had included 
£45,000 (c. £3 million today) to them. The chancel 
memorial is in the east window of  St Ewinus 
church in Lelant, Cornwall. 

188 John Richard Clayton (1827–1913) and Alfred Bell 
(1832–95) founded their company in 1855 
employing over 300 people in their most prolific 
period in the 1870s. The two windows were 

installed in the south side of  the nave facing the 
final resting place of  Henry and Ellen Key. 

189 The London Gazette, 1884 July 18, p. 3276. The 
application was made on 1884 April 12 and seals 
witnessed on May 15 with Ellen Key and new 
rector George Ashley adding their seals to those of  
the Ecclesiastical Commissioners. Three weeks later 
Ellen’s role as School Manager also ended with her 
last visit to the school on June 9. 

190 Herefordshire Family History Society, Monumental 
Inscription (MI) Survey 185.250, pp. 1–58, 
‘Herefordshire: Stretton Sugwas (Old and New)’. 
Online access from 2014 February; accessed 2019 
January by the author. 

191 The writer and his wife located the grave for the 
bicentenary of  his birth in 2019, 28 years after the 
Monumental Inscription survey, finding most of  the 
inscription still legible beneath a layer of  moss 
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1. Early life and naval career of  W. H. Smyth 
William Henry Smyth (1788–1865) was born in West-
minster, London, the son of  Joseph Brewer Palmer 
Smyth (1737–88), an American from New Jersey who 
emigrated to England after he lost his possessions dur-
ing the American War of  Independence. Joseph died in 
Quebec during an attempt to recover his land. William 
Henry’s mother, Georgiana Caroline Pilkington (1758– 
1838), remarried to the American-born portrait painter 
James Earl (1761–96) with whom she had two further 
children, Phoebe (1790–1863) and Augustus (1793–
1838), who both became artists. 

Smyth avoided the civilian career his family had 
intended by joining an East India Company private 
warship as an ordinary seaman in 1804.1 The ship 
(including the crew) was purchased by the Royal Navy 
in 1805, thereby starting Smyth’s naval career.2 By 
1810 he had risen to the rank of  midshipman and was 
in command of  a gunboat, Mors-aut-Gloria, in action 
against French forces at the siege of  Cadiz in 1810–11.3 

Smyth’s enthusiasm for astronomy, he said, arose 
from his naval background: 

Certain official duties with which I was charged, 
and other considerations, conspired to make me 
desirous of  examining the heavens with better 
means, and greater attention, than the nature of  the 
service I had been upon, permitted: and this inclina-
tion received its sharpest spur at the close of  1813, 
when I accidentally assisted Piazzi in reading some 
of  the proof  sheets of  the Palermo Catalogue.4 

The Italian astronomer Giuseppe Piazzi (1746–1826), 
director of  the Palermo Observatory, is best known as 
the discoverer of  the first asteroid, Ceres, but his main 
work was in the field of  positional astronomy. Piazzi’s 
Palermo Catalogue contained the positions of  7,646 stars 
determined with the highest accuracy for the time. 

Smyth never really explained how he first came to 
meet Piazzi, but he was involved on ‘a confidential mis-
sion to the Court of  Naples’ and was in the capital, 
Palermo, on the night of  1814 February 19.5 Their first 
meeting was most likely at the Neapolitan court, and 
their friendship continued for many years. 

Smyth helped Piazzi with the second edition of  his 
catalogue which was published in 1814. ‘I cannot forget 
his emphatic expression on putting a final correction to 
the last proof-sheet, in 1814,’ recalled Smyth. ‘ “Now,” 
said he, “my astronomical day is closed!” ’ 6  

Later, Smyth relied heavily on the Palermo Catalogue 
when making his own observations, using Piazzi’s desig-
nations to identify double and multiple stars that were 
without Bayer or Flamsteed numbers in his Bedford 
Catalogue of  1844.7 

Smyth remained on naval service in the Mediter-
ranean, based around Naples and Sicily (The Kingdom 
of  the Two Sicilies as the area was then known), until 
1824. He was promoted to Commander in September 
1815, confirming his continuing role in the peacetime 
navy after the fall of  Napoleon at Waterloo. 

Throughout this period, he was mostly engaged in 
cartographic operations, charting much of  the Medi ter -

The story of the Lee Equatorial 
and Smythian telescopes 

Robert Peeling

By modern standards the telescope that came to be known as the Lee Equatorial 
was not particularly large, with a clear aperture of  just 5.9 inches (150 mm). 
However, when it was completed in 1830 it was for a time one of  the largest 
refractors in regular use in the United Kingdom. The instrument acquired its 
 present name when the Royal Observatory at Greenwich purchased it from the 
estate of  Dr John Lee in 1869. The observational work of  its first owner, Captain 
(later Admiral) William Henry Smyth, was of  considerable influence in the 
development of  amateur astronomy in Britain and elsewhere in the second half  
of  the 19th century. Less influential, but also important because of  its connec-
tion with the same owner, was the so-called Smythian telescope, an earlier and 
smaller refractor used by Smyth when he began observing. This paper describes 
both instruments, how Smyth came to commission them, and their subsequent 
history after they passed out of  his ownership until their separate acquisitions by 
the  Science Museum in London.
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ranean coast around Italy, the Adriatic, and North 
Africa. He initially commanded the brig Scylla and then 
the sloop Aid, which was renamed Adventure during a refit 
in Britain in 1820. Smyth also seems to have undertaken 
diplomatic and intelligence missions at various times.8 

Smyth was promoted to Post Captain on 1824 Feb-
ruary 7 and Adventure was paid off  in November of  that 
year, which was the end of  his sea service. In accor-
dance with the custom of  the time, Smyth continued to 
draw half-pay for the remainder of  his life as a reserve 
and a retired officer. Due to his continuing position as a 
naval reserve officer, he was still promoted whenever his 
name reached the top of  the list in seniority for his cur-
rent rank, eventually becoming an Admiral in 1863. 

Smyth married Eliza Anne Warington (1788–1873) 
in 1815 in Naples. She was the daughter of  Thomas 
Warington (1765–1850), a British merchant and some-
time consul there. She is sometimes referred to as 
Annarella, the Neapolitan diminutive form of  her 
name, but Anne is used on her memorial and grave at 
St John’s Church in Stone near Aylesbury (Figure 2). 

Piazzi became godfather to the Smyths’ second son, 
Charles Piazzi Smyth (1819–1900), later Astronomer 
Royal for Scotland. This was an interesting choice, 
since Piazzi was a Catholic priest and British naval offi-
cers of  the time were legally required to be members  
of  the Church of  England. The Smyths had two other 
sons who both achieved high distinction: Sir Warington 
Wilkinson Smyth (1817–90), a geologist, and Sir Henry 
Augustus Smyth (1825–1906), an army officer. 
 
2. The Smythian Telescope 
After Smyth’s retirement from active service in 1824 
the family moved to Bedford and it was there, at 6 The 
Crescent (Figure 3), that he started to create his own 
observatory where he would realize his aspirations in 
astronomy dating from that meeting with Piazzi over a 
decade before. Smyth was already a member of  the 

Astronomical Society of  London (later the Royal Astro-
nomical Society), having been elected in 1821,9 the 
year after it was founded. Smyth was in London at that 
time because his ship, the Aid/Adventure, was refitting. 

The Museum of  the History of  Science in Oxford 
has an early illustration of  Smyth’s Bedford observatory 
entitled A Half-pay Officer’s Work-shop, not 1,000 miles from 
London.10, 11 The drawing is dated 1829, before Smyth’s 
acquisition of  the Lee Equatorial telescope. The image 
is important because it shows Smyth’s earlier, smaller 
telescope, which was a 3¾-inch (95-mm) refractor of   
5 ft (1.5 m) focal length. The instrument still exists and 

Fig. 1: William Henry Smyth 
with his wife, Anne. Lithograph 
by Richard James Lane, after 
Eden Upton Eddis, 
c.1861. Smyth appears to be 
holding his RAS Gold Medal, 
awarded in 1845 for The Cycle 
of  Celestial Objects published in 
1844. Smyth was promoted to 
Rear Admiral in 1853, Vice 
Admiral in 1858, and Admiral 
in 1863. 
(National Portrait Gallery 
D22527) 

Fig. 2: Memorial to Admiral and Mrs Smyth, St John’s Church, 
Stone, Buckinghamshire. (R. H. Peeling)
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is part of  the Science Museum collection (object num-
ber 1988-197) where it is described as the Smythian 
Telescope. 

Confusingly, the term ‘Smythian Telescope’ was 
more recently used by the RAS librarian Peter Hingley 
when referring to a variant of  the English equatorial 
mount used for the Lee Equatorial.12 The original 
Smythian telescope was on a distinctly different type of  
portable equatorial mounting.  

Smyth provided a more detailed sketch of  this 
mounting in his book The Cycle of  Celestial Objects Contin-
ued at the Hartwell Observatory to 1859, better known as 
Speculum Hartwellianum, published in 1860 (Figure 4).13 In 
it he wrote proudly: ‘From having made numerous sug-
gestions to ensure its full efficiency I must be allowed to 
dwell a moment longer on this beautiful instrument; 
especially since – for the manner of  its equipment – it 
has obtained the designation of  Smythian’. 

Despite the name, Smyth was not the design’s origi-
nator. The mounting of  a telescope by Ramsden, 
 Dollond, and Miller in 1769 is strikingly similar,14 and 
the same type of  design was also illustrated in 1829 by 
William Pearson (1767–1847) in his Introduction to Practi-
cal Astronomy, contemporary with Smyth’s example.15 

The distinctive features of  the mounting are an hour 
circle with a declination circle mount above. Beneath 
the hour circle is an adjustment arc to obtain polar 
alignment. In the case of  this particular instrument the 
name ‘Smythian Telescope, Hartwell House, 1829’ is 
engraved on the lid of  the mahogany accessories box, 
an acknowledgement of  Smyth’s previous ownership 
when it came into the possession of  John Lee (1783–
1866) in 1829.16 
 
2.1. Description of  the Smythian telescope 
In his book Speculum Hartwellianum Smyth named the 
makers of  the instrument and described its accessories. 
According to Smyth the instrument had been specially 
constructed for him by the English instrument maker 
Charles Tulley (1761–1831) who traded at Terrett’s 
Court, Islington, from 1825 to 1830.17 

However, Jon Darius, Senior Curator at the Science 
Museum, stated in 1988 that the instrument actually 
carries the mark of  the London instrument maker 
Thomas Charles Robinson (1792–1841) of  38 Devon-
shire Street, Portland Place.18 Robinson traded from 
that address from 1825 to his death in 1841, being suc-
ceeded by Henry Barrow under the name Robinson 
and Barrow. 

One possible resolution of  this apparent contradic-
tion is that Robinson could have been engaged for the 
mechanical work, including the tube, and so signed it. 
Sub-contracting among the London instrument makers 
of  the time was not unusual. Smyth certainly rated 
Robinson highly enough to call him an ‘ingenious 
artist’ in connection with the supply of  a set of  
prisms.19 Smyth praised the quality of  this telescope 
and its portability in Speculum Hartwellianum. 

There is no information in the Science Museum’s 
technical file about the nature of  the objective lens, 
although Kevin Johnson of  the SHA, who was able to 
inspect it, states that it is an achromat, but the origin of  
the crown and flint glasses is unknown.20 

Tulley was an apprentice of  either Peter Dollond 
(1731–1820) or Benjamin Martin (1705–82), and he is 
reputed to have bought Martin’s tools in 1784 after 
Martin’s death. Peter Dollond invented the triple achro-
matic lens in 1763 and he had right of  first refusal over 
the best optical flint glass produced in Britain which 
makes the possible relationship with Tulley more signif-
icant. The business started by Martin and continued by 
Tulley was, incidentally, the start of  the company that 
would eventually become Broadhurst Clarkson and 
Fuller.21 

This small portable telescope was only a first step. 
Smyth seems to have kept his observations with this 
instrument to himself. No published observations made 
with it by Smyth appear in the Philosophical Transactions 
or Monthly Notices of  the Royal Astronomical Society from 
1826 to 1829. 

In 1829 Smyth bought a 6-inch (150-mm) diameter 
objective glass from Sir James South (1785–1867) for 
£220 after South had obtained a 12-inch (0.3-m) lens 
from the French maker Robert Aglaé Cauchoix (1776– 
1845). Smyth used this lens as the basis for a new, larger 
telescope for the Bedford Observatory.22 
 
2.2. The Smythian telescope at Hartwell 
With his larger refractor on order, Smyth transferred 
the Smythian telescope to his friend John Lee (Figure 5) 
for use at the latter’s private observatory at Hartwell 
House near Aylesbury in Buckinghamshire. It is not 
clear from Smyth’s account whether he sold the tele-
scope to Lee or gave it to him, although it was most 
likely a sale (as with the Lee Equatorial later). 

There is no evidence that Smyth was at all wealthy, 
despite his naval pension. He certainly welcomed addi-

Fig. 3: W. H. Smyth and his family lived at 6 The Crescent, 
Bedford, from 1824 to 1839. Smyth built his observatory for the 
Cycle of  Celestial Objects in the back garden. (R. H. Peeling)
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tional income, as seen in a letter to Lee in 1852 record-
ing the bequest he had received from the artist J. M. W. 
Turner (1775–1851) in gratitude for Smyth’s efforts to 
get Turner elected to the Athenaeum club in London. 
The bequest consisted of  £200, a gold watch, and a 
Poniatowski gem. Smyth wrote to Lee, ‘it is not improb-
able that I shall expend the money to his memory’.23  

In 1857 Lee loaned the Smythian telescope to 
 Norman Robert Pogson (1829–91), then an assistant at 
the Radcliffe Observatory in Oxford, ‘to use in the 
hours he was able to glean from official duties’.24 With 
this instrument, Pogson discovered the asteroid Hestia 
on 1857 August 16 (he granted Smyth the honour of  
naming the new body). 

In the Speculum Hartwellianum Smyth records Pogson’s 
glowing opinion of  the telescope’s quality: ‘The 
Smythian telescope … defines small stars so admirably. 
The companion of  Polaris, and other more difficult 
tests, stand out in a clear sharp style which puts to 
shame certain larger object-glasses I have been in the 
habit of  using.’ 25 

At the start of  1859 Pogson was appointed to the 
post of  astronomer at Lee’s private Hartwell Observa-
tory. He published prolifically in the Monthly Notices of  
the Royal Astronomical Society on variable stars and aster-
oids during his relatively short time there. 

2.3. The Smythian telescope goes to India 
Pogson’s term at Hartwell ended in 1860 October 
when he took up the post of  government astronomer in 
Madras (now Chennai), India, where he remained for 
the rest of  his life. It appears that the on-loan Smythian 
telescope went to India with him. 

After Pogson died in 1891 he was succeeded at 
Madras by the Scottish astronomer Charles Michie 
Smith (1854–1922), and the telescope passed into his 
possession. According to the Science Museum notes, on 
Smith’s death the telescope was presented to the British 
Astronomical Association by his widow.26 This is con-
fusing since Smith never married. Smith’s unmarried 
sister Lucy joined him as his housekeeper in 1911, by 
when he had moved to the Kodaikanal Solar Observa-
tory, but she died six months before him. 

Smith bequeathed his ‘considerable fortune’ to his 
sister Bella.27 It must be assumed that it was this sister 
who made the gift to the BAA. 

 
2.4. Acquisition by the Science Museum 
The telescope remained in the collection of  the BAA 
until 1988 (Figure 6). It was valued for the BAA by 
Sotheby’s that year at £2,500 to £3,500.28 A number  
of  instruments from the BAA collection were sold by 
public auction around this date but in the case of  the 
Smythian telescope it was felt that, because of  the 
provenance, it might be of  interest to a museum. 

Accordingly, on 1987 February 17, the then curator 
of  instruments at the BAA, Ian Ransom, wrote to Jon 
Darius at the Science Museum offering the instrument 
to the museum before considering other options for 
sale.29 On 1988 February 10 Darius wrote an internal 
memorandum to the Museum’s director recommend-
ing purchase of  the telescope but also noting that some 
components were in poor condition and some conser-
vation work would be required.30 At the bottom of  the 
memorandum is the handwritten note ‘Approve pur-
chase at £5,000’.  

Also in the Science Museum’s technical file are the 
Acquisition Form31 which indicates that the telescope 
was actually in the hands of  the Museum from 1987 
April 24 (presumably for the examination reported by 
Darius) and an invoice from the BAA, marked as hav-
ing been paid 1988 March 7.32 

The Smythian telescope was kept in the Science 
Museum’s store at Blythe House at Olympia in west 
London. At the time of  writing it is being transferred to 
the new National Collections Centre at Wroughton, 
near Swindon, which is due to open in 2023. 
 
2.5. The accessory box for the Smythian telescope 
Accompanying the Smythian telescope is a mahogany 
box of  accessories labelled ‘Smythian Telescope, 
Hartwell House, 1829’. The contents, as listed in a 
handwritten note included in the Science Museum’s 
technical file,33 tally with Smyth’s own, less rigorous, 
listing in the Speculum Hartwellianum. The accessories 

Fig. 4: Smyth’s sketch of  the equatorial mounting for the Smythian 
telescope from Speculum Hartwellianum (1860). The lower scale 
sets the polar alignment. The angled disc set the right ascension, and 
the upper half-circle is for declination. (R. H. Peeling)
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include sets of  eyepieces which were custom made for 
use with the telescope; Smyth wrote that their magnify-
ing powers ranged from 20 to 800 times.34 The notes 
from the Science Museum identify engraving markings 
for powers between 70 and 350 times and says that they 
are two-lens achromatic eyepieces. 

The kit also includes two Herschelian wedges for 
solar observation, a terrestrial eyepiece, a cometary eye-
piece, and a filter wheel with five filters and a thread to 
take an eyepiece (Smyth mentions coloured glasses) 
which would have been used for planetary observations. 

The series of  prisms which Smyth mentions for 
 double-star measurements are not explicitly identifiable 

in the Museum inventory but are probably what is 
described as a ‘post positional micrometer’ by Robin-
son. Smyth does state that the prisms were made by 
Robinson. There is also space for one of  Dollond’s rock 
crystal micrometers,35 given to Smyth by William Pear-
son (who struggled to make it work), and for the 3¾-
inch objective lens. 
 
3. The Lee Equatorial 
Smyth’s refractor of  9 feet focal length, now known as 
the Lee Equatorial, became the workhorse for his 
observations for the second volume of  his Cycle of  Celes-
tial Objects, better known as the Bedford Catalogue. Pub-
lished in 1844, it contained observations of  850 double 
stars, clusters, and nebulae.36 

This volume was the forerunner to Celestial Objects for 
Common Telescopes by Thomas William Webb (1807–85), 
first published in 1859 and dedicated by Webb to the 
by-then Vice-Admiral W. H. Smyth.37 Hence Smyth’s 
work is, arguably, the first popular sky guide published. 
Indeed, Webb states in part three of  his work, in the 
chapter entitled ‘The Starry Heavens’, that he exam-
ined all the 850 double stars and nebulae of  the Bedford 
Catalogue, and only retained those which seemed to pos-
sess sufficient general as well as scientific interest, along 
with a number of  other objects largely taken from F. W. 
G. Struve’s Mensurae Micrometricae, usually referred to by 
Smyth as the Dorpat catalogue.38 

The telescope’s current name arose when it was pur-
chased by the Royal Observatory at Greenwich from 
the estate of  John Lee in 1869. The name Lee Equator-
ial appears in the Royal Observatory’s records and 
again when it was donated by the Admiralty (who 
funded the Observatory) to the Science Museum in 
1929.39 The Greenwich historian Derek Howse used 
both the names Lee and Smyth equatorial to refer to 
the same instrument.40, 41 

We have already seen in Section 2.1 how the oppor-
tunity to create this instrument was made when Sir 

Fig. 5: John Lee, a lawyer who inherited the Hartwell estate, was 
Smyth’s patron as well as friend. Their closeness is remarkable since, 
in contrast to the seafaring Smyth, Lee was a campaigning teetotaller. 
(Lithograph by T. H. Maguire, 1849.Wellcome Library no. 5489i) 

Fig. 6: The Smythian telescope before its sale to the Science Museum. The telescope unscrews into two halves (left). One of  the slow-motion 
handles depicted in Figure 4 can be seen. In additional to a set of  eyepieces, the smaller box contains micrometers and filters. (Bob Marriott)
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James South offered Smyth his 6-inch-diameter lens 
blank in 1828. Smyth’s account in his 1844 Prolegomena 
is ambiguous as it appears to imply that he only bought 
the blank for the flint component of  the achromatic 
doublet from South.42 However, in his 1851 book Aedes 
Hartwellianae he makes it clear that what he bought 
from South was, in modern terminology, a complete 
optical tube assembly (and corrects the date to 1829 
October) by quoting a letter he received from South: 

I have brought with me from the continent a piece 
of  flint-glass, upwards of  twelve inches diameter, 
which I am going to have made into an object-
glass. I recollect having promised you the refusal of  
my six-inch one, in case I resolved to part with it; 
such is now my intention. If  therefore you are 

desirous of  having it, pray let me know, as till I 
hear from you I shall not say anything about it to 
any one else. I do not mean to part with it for less 
than £220. You will also remember that it has no 
stand, its clear aperture is 5.9 inches, its tube is of  
brass unpolished, it has a finder of  large dimen-
sions, is provided with illuminator and light-regu-
lating apparatus, and has no eye-pieces. I believe it 
to be Tulley’s chef  d’oeuvre; of  this however it 
becomes me to speak with caution, as the instru-
ment is new.43 

Smyth engaged George Dollond (1774–1852) to build 
the mounting around the optical tube and it is his name 
rather than Tulley’s which can be seen on the telescope 
today. Dollond also supplied a set of  eyepieces. Unusu-
ally Dollond’s name appears on the strap securing the 
tube to the mounting rather than in the common posi-
tion at the tailpiece of  the tube. 

Figure 7 compares the tailpieces of  the Lee equator-
ial with a 4¼-inch diameter instrument by Tulley in the 
possession of  the author. Stylistically the machining of  
the brass in both examples is similar and provides cir-
cumstantial support for the maker of  the Lee telescope 
tube being Tulley.  

The telescope no longer has a finder scope. Several 
historical images are available which show a finder fit-
ted to the underside of  the main tube (Figure 8) and it 
is specifically referred to in South’s letter to Smyth. The 
estimated aperture of  the now-vanished finder is about 
2 inches. 
 
3.1. The mounting of  the Lee telescope 
The mounting of  the Lee telescope is an example of  
the English equatorial mount. Smyth explains in Aedes 
Hartwellianae that ‘The principle that of  Mr. Jonathan 
Sisson’s equatorial-sector, as described by Dr. Vince; in 
which an artificial polar-axis is placed parallel to that of  
the earth, with the hour-circle adjusted perpendicular 
to it, and a true collimation ensured’.44 The principal 
feature is a long, polar axis between solid piers around 
which the telescope can swing in right ascension, as 
seen in Figure 9. The telescope is secured to the polar 
axis by an orthogonally mounted axis allowing the 
instrument to move in declination. 

In some variants of  the English mount, the tube is 
supported from both sides. In others, such as the Lee 
Equatorial, the tube is supported from one side only. 
One disadvantage of  the English mount is that it is dif-
ficult (although not necessarily impossible with Smyth’s 
instrument) to observe objects close to the celestial pole. 

The telescope built for Smyth by Dollond was not 
the first instrument to use the English mount. The first 
of  all seems to have been the Shuckburgh equatorial 
built for Sir George Shuckburgh (1751–1804) by Jesse 
Ramsden (1735–1800) in 1788, coincidently the year of  
Smyth’s birth.45 Dollond repeated the design for 
Smyth’s equatorial telescope in mountings that he 
made for a number of  other British clients; of  these, 

Fig. 7: Comparison of  tailpieces of  the Lee Equatorial (bottom) and 
a 4¼-inch Tulley telescope owned by the author (top). The machined 
form is very similar and the focusing mechanism appears to be the 
same. The drawtube is pulled in or out for coarse focus and the 
focusing wheel with an internal mechanism is used for fine focus. 
(R. H. Peeling)
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Smyth specifically mentions George Bishop (1785–
1861) and Lord Wrottesley (1798–1867), noting that 
they are ‘not only mounted on the same model, but are 
actually furnished with hour and declination circles cast 
from the moulds which were cut for me’.46  

Smyth was undoubtedly an important influence in 
the designs selected by British astronomers such as 
these, occupying as he did their social and intellectual 
circles. Other examples of  mountings similar to the Lee 
equatorial may be found at Edward John Colling-
wood’s Lilburn Observatory, Northumberland, and 
Henry Lawson’s observatory in Bath.47, 48 

Smyth was particularly influential in Isaac Fletcher 
(1827–79) adopting this design for his 9½-inch (240-
mm) Cooke refractor at Tarn Bank in Cumbria (still in 
use at the Ward Observatory at Wanganui in New 
Zealand).49,50 The Smyth family visited Fletcher in 
Cumbria and witnessed the casting of  the polar axis in 
the Fletcher family’s foundry at Lowca near White-
haven. Smyth’s daughter Caroline Mary Smyth (1834–
59) sketched the fiery scene, and her sketch was 
published in Speculum Hartwellianum.51 

The construction of  the polar axis of  the Lee equa-
torial is described by Smyth as follows: 

The body of  the axis resembles, in shape, a large 
anchor stock: it is made of  four mitred slabs of  
well-seasoned mahogany, on Sisson’s plan, strongly 
braced together by screws that pass through them 
to interior brass squares, and terminating in large 
bell-metal pivots, through the shoulders of  which 

fine holes are drilled for the admission of  air; its 
length is thirteen feet by ten inches square in the 
middle, and eight at the ends.52 

The construction is substantial. The Science Museum’s 
technical file reports that the main telescope (taken 
here to mean the tube and polar axis) weighed 240 kg, 
as recorded in notes made in preparation for displaying 
the instrument in the Winton Gallery in 2016.53 

The large cast-iron frame (Figure 10) carrying the 
bearing at the top (north) end of  the axis weighed a 
hefty 70 kg. It was originally on a stone pier with a brick 
foundation, while the southern end was supported on ‘a 
polished metal centre, imbedded in a stone pier on the 
south side’.54 Presumably the ‘centre’ is mounted within 
the brass frame that lies under the hour circle at the 
 bottom of  the polar axis (Figure 11). 

Figure 12 shows how the tube assembly was attached 
to the polar axis through the brass work making up the 
declination control. The slow-motion control is effected 
by an articulated rod (at the bottom of  the image) oper-
ating a worm gear engaging with teeth on the outer 
 circumference of  the three-foot diameter brass wheel. 
There appears to be a locking bolt on the worm gear-
ing to allow the slow motion to be released to allow the 
observer to easily move to a new object. The rim of  the 
wheel is divided with a scale to show the declination the 
telescope is pointing at. Smyth himself  states that the 
circle was ‘put into slow motion by a spiral spring-
clamp and tangent-screw, and which, by its vernier, is 
divided to every 10″ [arc-seconds].55 

57

Fig. 8: The 5.9-inch (150-mm) Lee Equatorial installed on an 
English mounting at John Lee’s observatory at Hartwell House, 
Buckinghamshire, c. 1850. Note the finder placed under the main 
tube. (From Speculum Hartwellianum, Plate II)

Fig. 9: The same telescope on display in the Winton Gallery at the 
Science Museum, London, in 2017. The astronomical clock in the 
background is by the London clockmaker Benjamin Lewis Vulliamy 
(1780–1854).  (R. H. Peeling) 
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The tube is secured at the centre and at two other 
points is braced by brass strips attached to the brass 
wheel. The centre clamp is inscribed ‘Dollond London’. 
A small lead counterweight is fitted just inside the outer 
circumference which corrects for imbalance in declina-
tion. The axle for the declination axis extends right 
through the polar axis and there is a lead counterweight 
positioned on the other side of  the polar axis (Figure 
12), although this is a more recent addition. Smyth says 
that his counterweight was a spherical ball and that he 
thought about replacing it with a co-mounted telescope 
but abandoned the plan due to interference between the 
two instruments.56 

The photographs also show evidence of  small 
wooden plugs fitted along the edges of  the polar axis, 
confirming the box construction described by Smyth 
and later by Fletcher.57,58 It is clear from Figure 12 that 
the objective lens is not in place, so this is simply the 
empty optical tube. 

The controls for right ascension are at the southern 
(lower) end of  the polar axis and very similar in layout 
to the declination (Figure 13). This time there are divi-
sions visible on the right ascension circle which is the 
same size as the declination circle. Of  this circle Smyth 
says: ‘The hour circle is of  the same metal and magni-

tude with the declination one; it reads both time and 
space, and is fitted with a very efficient clamp, and also 
an endless tangent-screw, on a wormed edge of  1440 
notches, each one minute in value, to which a clock-
work motion can be applied.’59 There is a brass shaft 
connecting the worm assembly to the telescope’s clock-
work drive. 
 
3.2. Clockwork drive 
The clockwork drive for right ascension was designed 
by Richard Sheepshanks (1794–1855) and given by him 
to Smyth. This was reputedly the first such drive imple-
mented in Britain. It was driven by a weight hanging 
below the floor of  Smyth’s observatory at Bedford (the 
cable can be seen to the right in Figure 13). The speed 
of  the drive was regulated by the governor that can be 
seen in the top of  the photograph. 

In Speculum Hartwellianum, Smyth described its opera-
tion as follows: ‘As the force on the train increases the 
velocity of  the balls of  the governor, they expand, or 
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Fig. 10: Cast-iron frame mounting bearing at north pole of  the axis. 
The black iron trapezoid would have been fixed to the top of  the 
stone-and-brick north pier in the observatory. (R. H. Peeling) 

Fig. 12: View of  the counterweight for right ascension, left on the 
polar axis. Note the absence of  the objective lens. (R. H. Peeling) 

Fig. 11: Attachment of  tube assembly and control of  declination. 
The strap securing the telescope tube to the mounting bears the 
inscription ‘Dollond London’. (R. H. Peeling) 
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further fly out, and thereby increase their moment of  
inertia or resistance to motion’.60 Sheep shanks referred 
to the governor as a ‘conical pendulum’ because the 
rod of  each ball describes a cone as it revolves. 

Smyth said that the speed could be adjusted to 
match sidereal, solar, and lunar motion and this may 
have been the function of  the black-handled lever pro-
jecting to the right beneath the governor (right-centre 
in Figure 13). This function seems more likely than it 
simply being a clutch to engage or disengage the drive. 
It is not obvious what the mechanism was for winding 
up the drive weight. 
 
3.3. The accessory box 
As with the Smythian telescope, there is an accessory 
box associated with the Lee telescope held in store by 
the Science Museum (Figure 14). The box is of  pol-
ished wood (mahogany) and on the lid is a small, octag-
onal brass plate with the two crests from Smyth’s coat 
of  arms inscribed, and beneath that, ‘Capt. W. H. 

Smyth R.N. 1830’. The crests correspond with the coat 
of  arms to be seen on the southeast wall of  St John’s 
Lodge (now Stone House), his house near Aylesbury, 
and on Smyth’s memorial in the north crossing of  St 
John’s Church, Stone. 

On the front of  the box a wooden flap labelled ‘Key’ 
has been added. Behind this is stored a small metal key 
to the lock of  the box. Attached by a few links of  chain 
to the key is a brass tag inscribed ‘Lee Equatoreal’. The 
wording on the tag suggests that the flap was added 
when the telescope and its accessories were bought by 
the Royal Observatory. 
 
3.4. The objective lens  
When the Science Museum acquired the telescope 
from Greenwich in 1929, they sent the Tulley objective 
lens for examination by the English optician William 
Herbert Steavenson (1894–1975). His handwritten 
report dated 1929 August 18 and a typewritten tran-
script can be found in the Science Museum’s technical 
file for the Lee Equatorial.61  

Steavenson pointed out that the clear aperture is in 
fact only 5.8 inches and not the 5.9 inches claimed by 
Smyth. The focal length was determined as 8 feet 8¼ 
inches rather than the rounded-up 9 feet usually used 
when describing this telescope. This gives a focal ratio 
of  f/18. Chromatic aberration was described as well-
corrected and no astigmatism was detected. In his con-
clusion Steavenson wrote: ‘This is a fine old object glass 
and could, I think, still be considered first class as 
judged by modern standards’. The lens was at that time 
very nearly 100 years old. 

The eyepieces, made by George Dollond, are in a 
range of  powers from ×22 to ×416. Smyth labelled his 
eyepieces by power rather than focal length, which is 
practical as they were designed for use with his 9-ft tele-
scope only. Examination of  the eyepieces by the author 
suggests that the configuration is Ramsden’s. This con-
clusion was reached because with the ×22 eyepiece the 
visible surface of  the bottom lens is plane rather than 
curved. This can be used as a differentiator from the 
Huygenian design, which was the only real alternative 
available at the time, where the bottom face should 
show a visible curve. Further eyepiece designs did not 
appear until the Kellner in 1849 and the Plössl in 1860. 
Unfortunately, the brass dust cap seemed to be seized to 
the observing end of  the eyepiece, so it was not possible 
to remove it and inspect the lens at that end.  

Using the focal ratio of  f/18 taken from Steaven-
son’s report, the actual focal length of  the various eye-
pieces in the back row of  the box can be calculated, as 
given in Table 1. 

 
3.5. The crystal micrometer 
Visible in the bottom-right corner of  the box in Figure 
14 is an example of  George Dollond’s spherical crystal 
micrometer which he made for Smyth. As mentioned 
in Section 2.5, Smyth had previously owned another 
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Fig. 13: The right ascension controls and clockwork drive.  
The RA wheel would have been attached to a brick support (the 
Northumberland Telescope is similar). The drive mechanism is the 
original one built by Richard Sheepshanks. (R. H. Peeling) 

Fig. 14: The accessory box for the Lee Equatorial containing the 
5.9-inch objective lens and various eyepieces. (R. H. Peeling, 
with permission of  the Science Museum, London)
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smaller version of  this type of  micrometer for use with 
the Smythian telescope. The design was described by 
Dollond in the Philosophical Transactions of  the Royal Society 
in 1821.62 In modern usage, rock crystal would imply 
clear quartz, but this was not the material used by 
 Dollond. For him, rock crystal was in fact Iceland spar, 
a transparent form of  calcite which is a mineral form of  
calcium carbonate. Dollond used Iceland spar because 
of  a specific optical property of  calcite crystals known 
as double refraction, caused by way the ions of  calcium 
and carbonate are arranged in the crystal. 

The crystal is said to have birefringence, which means 
that the index of  refraction of  the crystal is different for 
light rays of  different polarization. Double refraction 
occurs when a ray of  unpolarized light passing through 
the crystal divides into two rays of  perpendicular polar-
ization directed at different angles. Hence objects 
under unpolarized light seen through the crystal appear 
to be doubled. The key to Dollond’s micrometer is that 
the separation of  the two images through the crystal 
changes as the angle of  viewing alters. 

At the core of  Dollond’s micrometer was a polished 
sphere of  Iceland spar which could be rotated in an 
axis orthogonal to the light path through the crystal. 
The sphere formed the final lens in the optical system 
before the light entered the observer’s eye. There was 
another field lens at the front of  the micrometer. Dol-
lond orientated the axis to the crystal planes so that 
rotating the crystal sphere would vary the separation of  
the birefringent images. 

Dollond claimed that the separation of  a double star 
was linearly related to the angle the crystal was turned 
to. However, William Pearson, who had one of  these 
micrometers, disagreed.63, 64 Eventually he seems to 
have given up trying to calibrate the micrometer to 
measure star separations.65 Pearson even went so far as 
to assert that George Dollond himself  did not know 
how it worked.  

It was assumed that Smyth solved the problem but, 
if  so, any written description from him is absent. The 
issue is that the relationship the measurement depends 
upon is definitely non-linear.66 A clear description of  
how the instrument is actually used to make a measure-
ment of  a double star has not been found by this 
author. All that is clear is that, due to the birefringence, 
a double star will appear as four images which can then 
be changed in separation or even merged into a pair of  
images by rotating the crystal.  
 
3.6. The Sadler controversy 
Concerns over the reliability of  measurements made 
using this type of  micrometer seem to have contributed 
to an unfortunate episode known as the Sadler contro-
versy, after its main protagonist. In 1879 the English 
double-star observer Herbert Sadler (1856–98) accused 
Smyth of  dishonesty before the RAS in the reporting of  
his measurements of  double stars but supplied no real 
evidence.67 

The Astronomer Royal, Sir George Airy, resigned 
his post as Vice-President of  the RAS in protest when a 
motion of  his condemning Sadler was not adopted.68 
Smyth was vindicated in an 1880 paper by Edward Ball 
Knobel (1841–1930) which compared his measure-
ments with later ones by the noted American double-
star observer Sherburne Wesley Burnham (1838–1921) 
and found them to be accurate.69 

In addition, in the Bedford Catalogue, Smyth had rated 
the quality of  his measurements on a scale of  1 to 10 
with 1, in his words, ‘representing near worthlessness’. 
Sadler had focused his criticism solely on measurements 
Smyth had rated in this low-accuracy class. Sadler was 
forced to resign from the RAS as a result of  the scandal.  

Smyth’s micrometer at the Science Museum is shown 
in Figure 15. The knob on the left rotates the sphere of  
calcite which can be seen in the centre of  the blackened 
eyepiece cup. The blackening is to reduce stray reflec-
tions and has simply been painted onto the brass. The 
plate around the knob has a scale. The scale is a part 
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Table 1 

Power and corresponding focal length of   
eyepieces for the Lee Equatorial 

Power                   Focal length 
                             Inches     mm 
 
22                          4.74         120 
50                          2.09         53 
60                          1.58         40 
93                          1.12         28 
118                        0.88         22 
157                        0.66         17 
240                        0.43         11 
416                        0.25         6 

Fig. 15: Smyth’s spherical crystal micrometer made by George 
Dollond. (R. H. Peeling with permission of  the Science Museum)
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circle and appears to be divided into degrees which reit-
erates the point that some sort of  calibration curve was 
necessary to convert the position of  the calcite sphere 
into a star separation in arc-seconds. The horizontal 
scale, orthogonal to the eyepiece tube, is also calibrated 
in circular degrees. An adjustment thumbwheel and 
vernier scale can be seen for use in measuring the posi-
tion angle of  the pair of  stars being observed. 

This was not the only micrometer in Smyth’s posses-
sion. In the Bedford Catalogue there are references to 
using what must have been a filar micrometer. Given 
the calibration difficulties noted above, it seems very 
likely that the majority of  the measurements in the 
 Bedford Catalogue were not made with this spherical 
 crystal micrometer. Other micrometers belonging to 
Smyth for use with the Lee Equatorial have not sur-
vived. The other micrometer in the Museum associated 
with this telescope was commissioned by the Royal 
Observatory after Smyth’s death. 
 
3.7. A cracked solar filter 
There is one other separately catalogued item in the 
Science Museum’s collection which was definitely asso-
ciated with the Lee Equatorial when it was in Smyth’s 
possession – a glass solar filter,70 shown in Figure 16. 
The filter was originally of  smoked glass, although little 
trace of  the smoking is visible today.  

The brass frame (c. 75 × 20 mm) has been poorly 
engraved with the following inscription: ‘This Glass was 
broken by the Rays of  the Sun emerging too intensely 
from the Eye tube of  Capn W H Smyth’s 9 ft Teles-
cope.’ This type of  filter was fitted into a slot ahead of  
the eyepiece, although no corresponding slot for this fil-
ter can be seen among the accessories associated with 
Smyth held by the Science Museum. 

Like many astronomers, Smyth observed the Sun 
from time to time. The standard technique at the time 
was to use dense filters mounted at the eyepiece end of  
the telescope. This meant that all the energy of  the sun-
light was focused into the glass, which generated 
intense heat. Not infrequently, filters failed in use, at 
severe risk to the astronomer’s eyesight. This is indeed 
what happened, and the filter failed while Smyth was 
using it with the 9-ft telescope (i.e. the Lee Equatorial), 
fortunately without any harm to his eyesight. 

Smyth recounted his experience in the United Services 
Journal71 and later copied the same text into Volume 1 
of  his Cycle of  Celestial Objects (the Prolegomena).72 Smyth 

admits to fault in failing to stop down the telescope 
aperture before using it, and also makes the startling 
and erroneous claim that William Herschel lost the 
sight of  an eye in the same way. 

The filter was probably given by Smyth to the United 
Services Museum who may be responsible for the poor-
quality inscription. The Science Museum’s catalogue 
entry mentions Smyth’s connection with the United Ser-
vices Institution which suggests that this was the route 
by which the object came into their collection. The 
object’s catalogue number indicates acquisition in 1918. 
Unfortunately, there seems to be no technical file associ-
ated with the filter so the history cannot be checked. 
Smyth was a founder member of  the United Services 
Institution (now the Royal United Services Institute) and 
donated a number of  objects to their museum, includ-
ing the (supposed) walking stick of  Sir Francis Drake.73 

A possible alternative route is that this item could 
have been donated as part of  the Settle Lee Estate, a 
large group of  material given to the Science Museum 
in 1938 when the English businessman and philan-
thropist Ernest Edward Cook (1865–1955) acquired 
Hartwell House and sold off  the contents.74 The Sci-
ence Museum object number, however, seems to indi-
cate acquisition in 1918 and not 1938.  
 
3.8. Observations for the Bedford Catalogue and transfer of  the 
telescope to Hartwell 
From observation dates in the Bedford Catalogue we can 
tell that Smyth began work with his 9-foot telescope 
around 1830 May 21. The last observation for the cata-
logue was on 1843 October 8. There are no observa-
tions in the January of  1836 or 1838 (poor weather, or 
was Smyth away on business?), but otherwise observa-
tions were recorded throughout the year between 1830 
May and the end of  1838. 

In 1839, things changed. After early April there are 
few observations, and these are almost all in September 
and October. For 1840 and 1841 and until 1842 May 
there are no records at all. The telescope was clearly 
not being used. Apart from one observation in May, the 
few observations recorded in 1842 are all in July and 
early August. Then there is another gap until 1843 Feb-
ruary. Observations continue for another six weeks and 
then there are just a few before the final one recorded 
in the Bedford Catalogue. 

The explanation for the gap between 1839 to 1841 is 
that Smyth was not in Bedford. He had been employed 
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Fig. 16: Smyth’s damaged 
smoked-glass solar filter. The 
concentrated sunlight has blown a 
hole through the glass at right. 
Little trace remains of  the 
filtering smoke layer.  
(R. H. Peeling, with permission 
of  the Science Museum, London) 
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by the Second Marquess of  Bute as Dock Manager for 
the brand-new West Bute Docks in Cardiff. During 
1840 the whole family seems to have joined him in 
Cardiff  and the Bedford house was let by Smyth to a 
Captain Ruddock.75 The family’s move is documented 
by the 1841 Census which shows Anne Smyth and some 
of  their daughters present in the St John’s parish of  
Cardiff. Smyth was not in the house on census night. 

Sometime in 1841, Smyth was fired by Lord Bute 
for ‘dishonesty, inefficiency and dilatoriness’.76 Accord-
ing to Sugden, the Smyth family did not come back to 
Bedford at all.77 He believed that by this time the obser-
vatory had already been demolished by Captain Rud-
dock. The evidence for this contention is a large-scale 
survey of  Bedford in 1841, which includes all out-
houses but on which there is no trace of  the distinctive 
keyhole shape of  the Bedford Observatory. 

If  all this is correct, then Smyth must have sold the 
9-foot refractor to his friend Dr John Lee and cleared 
the instruments from the observatory in 1839/40 when 
he let the property. The date of  dismantling appears 
confirmed in Speculum Hartwellianae by the following: 

Dr. Lee, who had frequently made use of  my great 
telescope, and was well acquainted with its high 
qualities, became a candidate for its possession 
when the materials for my intended astronomical 
work should be completed. This arrangement was 
the sooner made, because a future continuance of  
its use in prosecution of  certain sidereal inquiries 
was most kindly and considerately conceded to me. 
When, therefore, my round of  observations was 
complete, and other affairs called me into Glamor-
ganshire, my telescope was promoted from its 
humble location at Bedford to the splendid tower 
of  Hartwell.78 

In Smyth’s RAS obituary, the date for dismantling the 
observatory is given as 1839 and also confirms the sale 
of  the telescope to Lee.79 

The obituary is signed with the initials I.F. There are 
two possible solutions for who I.F. was. Chapman sus-
pects Lee using a Latinized version of  his original ini-
tials as John Fiott.80 This author’s suspicion is that the 
writer was the Cumbrian ironmaster Isaac Fletcher to 
whom Smyth’s daughter was engaged before her 
untimely death (see Section 3.1). George Frederick 
Chambers (1841–1915), who edited a revised edition of  
the Cycle of  Celestial Objects in 1881, says in the Preface 
that Smyth had chosen Fletcher as his editor for the 
updated work but was prevented from doing so by 
becoming an MP in 1868 and his suicide in 1879.81 
Either Lee or Fletcher was close enough to Smyth to 
have known whether or not the 5.9-inch refractor had 
been a gift or a sale. 

When they left Cardiff, the family probably initially 
moved to London, most likely at 3 Cheyne Walk, 
Chelsea, until their new home at St John’s Lodge in 
Stone near Aylesbury was ready. St John’s Lodge was 
within walking distance of  John Lee’s house and estate 

at Hartwell. It was here that the telescope was installed 
in a new dome, built as early as 1838, in an observatory 
that was connected directly to the south-east corner of  
the main house by converting a window of  the library 
into a doorway.82 

This would explain the sparseness of  the remaining 
observations in the Bedford Catalogue in 1842 and 1843: 
Smyth had access to the telescope but was having to 
make special trips in order to use it. There is a hint that 
this is the correct explanation in Speculum Hartwellianae: 

It so happened that, in the summer of  1842, my 
son Captain Henry Augustus Smyth, of  the Royal 
Artillery, then a cadet in the Military Academy at 
Woolwich, accompanied me to Hartwell, whither I 
was repairing to re-measure some sidereal objects.83 

This date is a good match with the resumption of  
observations seen in the Bedford Catalogue during 1842 
July/August. Smyth and others continued to use the 9-
ft equatorial (now the Lee Equatorial) at Hartwell until 
his 70th birthday when he decided it was time to cease 
serious observing. To commemorate the occasion, on 
1858 June 19 Smyth wrote a poem entitled ‘A farewell 
to the double star γ Virginis, at the epoch of  1858’.84 
The other well-known astronomer who would certainly 
have used the telescope was Norman Pogson during his 
residency at Hartwell between 1859 and 1860. 
 
4. The Royal Observatory, Greenwich 
After Lee’s death in 1866 his heir wasted little time in 
dismantling and demolishing the observatory and there 
are no traces left at Hartwell House in the present day. 
In 1869 the telescope was offered to the Royal Obser-
vatory by Samuel Gorton, a solicitor acting for Edward 
Dyke Lee, the heir of  John Lee. All the correspondence 
was handled personally by the Astronomer Royal, Sir 
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Fig. 17: The Lee Equatorial set up at Greenwich before being sent to 
Egypt for the 1874 transit of  Venus. (Cambridge University Library)
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George Airy. The original letters are in the RGO 
archive; the Science Museum technical file for the tele-
scope contains copies. 

Airy initially replied to Gorton on 1869 May 22 
offering £150.85 Gorton made a counterproposal at 
£250.86 This intriguing series of  letters haggling over 
the price continued. In the end it seems that Airy went 
directly to the heir and the deal was closed in October 
at £200.87 

It seems likely that the telescope was kept in storage 
at Greenwich until it was shipped to Egypt for the 1874 
transit of  Venus (Figure 17). For this event it was 
equipped with a new split-lens eyepiece micrometer by 
Troughton and Simms, which is held by the Science 
Museum.88 The telescope was then dispatched to 
Jamaica for the 1882 transit of  Venus.89 Observations 
were successfully made in Jamaica of  ingress and egress 
but no detailed record, or the observer’s name, have 
been found. The expedition was led by Ralph 
Copeland (1837–1905).90 

In 1884 the Lee Equatorial was loaned to the Uni-
versity of  Hong Kong and it returned to Greenwich in 
1919. The report of  the Director of  the Royal Obser-
vatory Hong Kong for 1914 states that in April of  that 
year the Lee Equatorial, which had been dismounted 
for many years, was returned to Greenwich.91 Perhaps 
the Great War delayed the actual return and explains 
the discrepancy in the two dates. 
 
5. The Science Museum 
In 1929 the Royal Observatory donated the telescope to 
the Science Museum in London. This was proposed in a 
letter from the Astronomer Royal, Sir Frank Watson 
Dyson (1868–1939), to the Director of  the Science 
Museum, Colonel Sir Henry George Lyon (1864–1944), 
on 1929 October 10.92 It may have been exhibited 
 during the inter-war period in a gallery in the original 
 Science Museum building. The telescope was displayed 
from the 1960s until 1987 in an astronomy gallery.93  

Since 2016 December 8 the Lee Equatorial (object 
number 1988-197) has been on display in the Winton 
Mathematical Gallery at the Science Museum. What is 
on show to the public is the empty optical tube assembly 
together with the equatorial mounting and clockwork 
drive. The objective lens, eyepieces, and other acces-
sories were in store at Blythe House when they were 
examined by the author in 2018 August. 
 
Conclusion 
Admiral William Henry Smyth was much more than 
the author of  the Bedford Catalogue of  deep-sky objects. 
He was also an influential voice in the development of  
not just the Royal Astronomical Society but also a num-
ber of  other learned societies developing in Victorian 
times. At the centre of  an international network of  
astronomers he was a point of  cross-communication of  
observations and ideas. This makes the two telescopes 
he used for his own observations and the subsequent 

paths the instruments followed of  great interest, involv-
ing some well-known astronomers from the period and 
key astronomical events. Eventually the two telescopes 
moved from the ownership of  single individuals (Smyth 
and Lee) and ultimately came together again in the 
 collection of  the Science Museum, London. 
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1. The discovery of  the personal equation in 
astronomy 
The fact that the world looks different to different 
observers is ancient wisdom. Nevertheless, it is not so 
easily grasped. Children, and most adults, look at their 
individual point of  view as if  it were universal. It takes 
quite a subtle insight to arrive at the understanding 
expressed by Francis Bacon in 1620: 

Man’s sense is falsely asserted to be the standard of  
things: on the contrary, all the perceptions, both of  
the senses and the mind, bear reference to man 
and not to the universe; and the human mind 
resembles those uneven mirrors which impart their 
own properties to different objects … and distort 
and disfigure them.1 

In astronomy, the recognition of  subjective effects in 
observations arose sooner than in most other disciplines, 
partly because of  the need for extreme accuracy.2 

In the seventeenth and eighteenth centuries, obser-
vatories like the Royal Observatory at Greenwich and 
the Paris Observatory were devoted to positional 
astronomy for the purposes of  timekeeping and naviga-
tion. An observer’s task was to listen carefully to a clock 
beating seconds, and to register the exact moment a 
star drifted across a wire in the field of  the telescope.  

The grail of  positional astronomy was to determine 
star positions precisely, corrected for all possible sources 
of  error, so that they formed a fixed reference frame 
against which the motions of  the Moon and planets 
could be accurately determined – and on such motions 

depended methods for determining longitude. For stars 
whose positions were already well known, their time of  
meridian passage allowed the determination of  the 
local sidereal time, and setting of  the observatory 
clocks. Any errors in their calibration thus propagated 
through all the work of  the observatory. 

What became known as the ‘eye and ear’ method 
used to observe transits of  stars across the wires of  a 
telescope was introduced by James Bradley (1693–
1762), the third Astronomer Royal, who succeeded 
Edmond Halley in 1742. Bradley introduced a series of  
vertical wires in the field of  the telescope, and the dis-
tance of  a star from one of  the wires was estimated in 
terms of  the ratio of  two beats of  a clock heard imme-
diately before and after the star crossed the wire. 
 
1.1. The personal equation claims an unwitting victim  
Bradley’s method assumed that seeing the distance 
from the wire and hearing the beat of  the clock would 
occur simultaneously. On the face of  it, the application 
of  the method seemed completely straightforward, free 
from any element of  human subjectivity (the ‘uneven 
mirror’ of  the individual mind). 

However, the fifth Astronomer Royal, Nevil Maske-
lyne (1732–1811), found troubling discrepancies between 
his timings and those by his young assistant David 
 Kinnebrook (c. 1772–c. 1802), leading to the latter’s 
 dismissal from the Observatory in 1795. Maskelyne 
believed himself  to be making measurements accurate to 
0.1 second, whereas Kinnebrook’s timings were routinely 
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Double stars have played an important role in the history of  astronomy, and 
formed a leading area of  research in the 19th century. In addition to measures of  
their separations and position angles, from which their orbits and masses could 
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to be related to their temperatures and spectral types. However, different 
observers differ markedly in their subjective estimates of  colours. The present 
paper is an effort to come to terms with the numerous factors involved in colour 
estimates of  stars, and to consider systematically those made by a subset of  lead-
ing observers of  bright double stars, including some of  historical importance 
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half  a second later, and increased to 0.8 sec.3 
Only later did the German astronomer Friedrich 

Wilhelm Bessel (1784–1846) look into the matter and 
discover that, in fact, even the most experienced and 
trustworthy observers (such as himself  and his col-
leagues) differed in their measures, and that these per-
sonal equations, which seemed to be entirely outside an 
observer’s voluntary control, had to be characterized 
and corrected for.4 

With the birth of  experimental psychology, it became 
clear that the personal equation involved significant 
complications concerning both reaction time and visual-
auditory processing. Switching from one sensory chan-
nel (say the visual) to another (auditory) typically took 
around 300 milliseconds, and depending on whether 
one went over from hearing to seeing or from seeing to 
hearing explained a significant part of  the effect. 

In the Greenwich case, Maskelyne, who recorded 
transits earlier than Kinnebrook, went over from seeing 
to hearing; Kinnebrook did the reverse, and suffered 
for it. Edward Walter Maunder (1851–1928), a later 
assistant at Greenwich, wrote in 1900 that ‘Kinnebrook 
has a right to be regarded as one of  the martyrs of  
 science’.5, 6 
 
2. Seeing colours in double stars 
There is another example in which the personal equa-
tion enters profoundly into a class of  astronomical 
observations, although it has yet to be adequately anal-
ysed, partly because of  the extreme complexity of  the 
effects. This involves visual estimates of  observers of  
the colours of  double stars, the subject of  the present 
contribution. 

The visual perception of  star colours involves 
numerous physiological and psychological effects, so it 
is not easy to determine how objective observers’ esti-
mates of  star colours are.7 To disentangle these subjec-
tive effects is nearly hopeless without an absolute 
standard against which to compare the colours 
described. Now, of  course, star colours have been quite 

closely related to spectral type and thus to the tempera-
tures of  stars, but such a standard did not exist when 
many of  the visual estimates of  double-star colours 
described here were made. 

Quantitative indices of  colours (such as UBV) have 
been devised that correlate with the spectral types of  
stars. Hence we can compare estimates by visual 
observers with spectral-type data for stars, and then 
define the observer’s personal equation from the residu-
als between their subjective estimates and spectral type. 
This is the subject of  the present paper. Although much 
more data are needed to explore this problem fully, we 
believe that enough is available to announce a few ten-
tative findings as well as to indicate directions for fur-
ther research. 
 
2.1. In the eye of  the beholder 
Before we proceed further, it is important to emphasize 
what is not at first entirely obvious. Although many of  
us (especially physicists) may assume that colour is a 
property of  electromagnetic radiation, it is in fact a 
property of  the human visual system. That is, colour 
lies within the observer, not in the light. 

Even Isaac Newton (1642–1727) recognized this, 
stating 

if  at any time I speak of  Light and Rays as 
coloured or endued with Colours, I would be 
understood to speak not philosophically and prop-
erly, but grossly, and according to such Concep-
tions as vulgar People … would be apt to frame. 
For the Rays to speak properly are not coloured. In 
them there is nothing else than a certain Power 
and Disposition to stir up a Sensation of  this or 
that Colour.8 

Colour thus belongs to the broader category of  visual 
science, an interdisciplinary area including psy-
chophysics, physiology, biochemistry, neuroanatomy, 
and so on.9 

By way of  background, it should be pointed out that 
there are actually two kinds of  light-receptors in the 
eye: rods and cones. The rods are sensitive to low levels of  
light, and thus are responsible for night vision (scotopic 
vision). They register only shades of  grey, and are con-
centrated away from the fovea, the central area of  the 
eye that is responsible for acute vision. This is the rea-
son astronomers use averted vision to register faint 
objects. The cones are involved with daylight vision 
(photopic vision), and are responsible for colour vision.10 

It was not until the early 19th century that the 
Young–Helmholtz tri-colour theory of  colour percep-
tion was worked out. This postulated that the eye has 
three types of  receptors each sensitive to red, green, or 
blue light, and the idea of  three colour receptors 
(cones) involved in the physiology of  colour vision was 
established.11 

Although the basic idea continues to be accepted it 
is by no means the whole story, but we cannot consider 
the subject more fully here; suffice it to note that differ-
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Table 1 

W. H. Smyth’s list of  star colours

Amethyst 
Apple green 
Ash colour 
Beet hue 
Cinerous 
Cherry colour 
Cobalt 
Creamy 
Crocus 
Damson 
Dusky 
Emerald 
Fawn coloured 

Flushed 
Garnet 
Golden hue 
Grape red 
Jacinth 
Lemon-

coloured 
Lilac 
Livid 
Melon tint 
Orpiment 
Pale 
Pearl colour 

Plum colour 
Radish tint 
Rose tint 
Ruby colour 
Ruddy 
Sapphire 
Sardonyx 
Sea green 
Silvery 
Smalt 
Topaz 
Vanilla tint
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ences in sensitivity of  the three colour receptors under-
lie the various types of  colour blindness. The most 
common, male red-green colour blindness or deutera-
nopia, was first recognized by the chemist John Dalton, 
and affects some of  the astronomers discussed below. 

An added complication is that people not only per-
ceive colours differently, they use different terms to 
describe these colours. Hence the problem becomes 
one of  semantics, related to the size and precision of  an 
individual’s colour vocabulary. A common problem, for 
instance, is to call ‘gold’ a colour; this word is fre-
quently used by observers of  the colours of  double 
stars. However, the Committee on Colorimetry of  the 
Optical Society of  America has called it confusing, 
since although gold is yellowish it also (unlike most 
ordinary surfaces) has a metallic lustre.12 Other similar 
examples surely abound. 
 
2.2. Colours in the sky 
The colour that we see an astronomical object depends 
on its context. Celestial objects are faint (other than the 
Sun, Moon, and brightest planets) and, as noted above, 
under low light levels the human eye uses the rods 
which have poor colour discrimination. Hence at first 
glance nearly all stars appear white. The number of  
things in the sky whose colours are evident with the 
naked eye is actually very small — Mars, Betelgeuse, 
Aldebaran, and Antares, for instance, are all somewhat 
reddish. 

Also, the reported colours of  star pairs are influ-
enced by their mutual contrast – specifically, the colour 
of  the brighter primary can cause the dimmer sec-
ondary to appear a complementary colour. For exam-
ple, next to a bright red star the secondary will appear 
greenish; next to a blue star, yellowish. 

Furthermore, the colours of  objects seen in isolation 
against a black surround are perceived in what physiol-
ogists call ’aperture’ or ‘film’ mode. This is, of  course, 
how stars and planets are usually seen against the dark 
sky in a telescope eyepiece. It is important to note that 
the detected signals are not perceived directly; they are 
processed by the eye and brain so that what we actually 
perceive are colours along the dimensions of  
black/white, red/green, and yellow/blue.13 

The black/white mechanism explains why unrelated 
planetary or stellar colours seen in the telescope show 
no black content: adaptation to the black surround 
drives this channel towards white. This is why the 
Moon appears bone-white in the telescope even though 
it is actually as dark as the average asphalt paving sur-
face. Similarly, Mars looks yellow-orange when it is 
really yellowish-brown.14 The same considerations 
apply to brighter stars seen in this way. 

 
2.3. Colours through a telescope 
In addition to these factors involving visual physiology, 
telescopes introduce other factors that affect the per-
ception of  colours. This is particularly the case with 

refractors, as were used by many of  the great 19th-
 century double-star observers.  

The colour of  a star or planet is affected by a refrac-
tor’s optics even if  it has an achromatic lens. This is 
because of  chromatic aberration, also known as colour 
fringing, i.e. the inability of  a lens to focus all the 
colours to a single point. As a result, a bright star or 
planet appears as a series of  concentric blue, yellow, 
and red images, with the specific colour seen depending 
on how the eyepiece focuses this light. The star or 
planet image thus appears swathed in a haze of  unfo-
cused colour, rather like the Moon on a misty night. 

Observations of  bright stars by observers using 
achromatic refractors (especially shorter ones, with 
focal ratios of  8 or less) tend to be purple-tinged; due to 
simultaneous contrast, a companion star would thus be 
expected to exhibit the complementary colour yellow. 
Only observations of  the colours of  double stars made 
with reflectors or apochromatic refractors are entirely 
above suspicion. 

In addition to these problems, there are a number of  
historical issues involved. Has our description of  these 
star colours changed over time? Have well-known 
observers displayed a systematic bias in their descrip-
tions? In particular, it seems worthwhile to compare the 
description of  famous 19th-century observers with 
modern descriptions. 

Apart from any personal or physiological differences 
of  individuals regardless of  their era, there are two 
instrumental reasons why we might expect differences. 
Several leading 19th-century observers used refractors 
which suffered chromatic aberration unlike modern 
apochromatic refractors and catadioptric telescopes. All 
these factors collectively contribute to observers’ per-
sonal equations for the colour descriptions of  double 
stars. 
 
3. A colourful history  
Apart from physics and physiology, the way observers 
describe colour is itself  a fascinating and complex 
topic. The British Prime Minister and classicist William 
Gladstone (1809–98) raised the question of  whether the 
Greek poet Homer was familiar with the colour blue, 
which is also largely absent from the Bible. However 
Homer’s description of  a ‘wine-dark’ sea is, strictly 
speaking, a reference to it looking like wine or wine-like 
(οἶνοψ πόντος) and is not necessarily to its colour 
although its meaning remains mysterious. Blue is men-
tioned in the Bible as the colour of  indigo pigment 
 .(תֶלֵכְּת)

More interestingly for our present discussion is the 
description by the ancient Greeks, Romans, and even 
one early medieval text of  the bright star Sirius as 
being red, although this is likely to be a mere artefact of  
its being observed at low altitude, through a dense layer 
of  the Earth’s atmosphere; many ancient writers 
described Sirius as blue which is close enough to our 
own observations. 
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With the exception of  Venus the planets are clearly 
coloured, and the ancients linked them to the then-
known metals presumably because of  these colours. 
The English popular astronomy author Richard A. 
Proctor (1837–88), writing only a few years after Glad-
stone, found a conundrum here. He refers to a passage 
in Chaucer’s Canterbury Tales which succinctly states the 
distribution of  the metals among the planets: 

Sol gold is, and Luna silver we threpe; 
Mars iren, Mercurie quicksilver we clepe; 
Saturnus led, and Jupiter is tin, 
And Venus coper, by my fader kin 

Proctor continues in a note: 
No satisfactory explanation has been given, so far 
as I know, of  the distribution indicated above. That 
the two most valuable metals should be assigned to 
the sun and moon needs no explanation; the sil-
very light of  the moon, and the yellow or red light 
of  the sun whenever it can be viewed by the naked 
eye, make the distribution still more appropriate. 
On a different principle one can understand why 
quicksilver should be assigned to Mercury … On 

other principles the association of  Mars and iron 
may be explained … The association of  lead with 
Saturn may be explained on similar principles: the 
protoxide of  lead (or Massicot) is of  a pale yellow 
colour, somewhat resembling that of  the planet; or 
one may imagine lead assumed as the representa-
tive of  the dull, slow-moving Saturn … Why tin 
and copper should be assigned respectively to 
Jupiter and Venus is not very obvious.’15 

In modern times, the engineer and foundryman James 
Nasmyth, observing Mercury and Venus in the same 
field, described Mercury’s appearance as ‘dull as lead’, 
while Venus resembled ‘clean silver’.16 
 
3.1. What’s in a name? Quite a lot 
Observers in the 18th and 19th centuries used a wide 
range of  colour terms. William Herschel (1738–1822), 
one of  the first systematic observers of  double stars, 
commented on the problem of  assigning colours to stars 
in the preface to his Catalogue of  Double Stars of  1782: 

Here I must remark, that different eyes may per-
haps differ a little in their estimations [of  star 
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Table 2 

List of  23 bright double stars selected for this study 

Star                          IAU name           Code                    prim      sec           sep (″)          RA               Dec (°) 

Eta Cas                     Achird                   STF 60                 3.5          7.4            13.2              00 49.1           57 49 
65 Psc                                                     STF 61                 6.3          6.3            4.1                00 49.9           27 43 
Psi-1 Psc                                                 STF 88                 5.3          5.6            29.7              01 05.7           21 28 
Zeta Psc                                                  STF 100               5.2          6.3            22.9              01 13.7           07 35 
Gamma Ari              Mesarthim            STF 180               4.5          4.6            7.4                01 53.5          19 18 
Lambda Ari                                            H 5 12                  4.8          6.7            37.1              01 57.9           23 36 
Gamma And             Almach                 STF 205               2.3          5.0            9.8                02 03.9           42 20 
32 Eri                                                     STF 470               4.8          5.9            6.9                03 54.3        −02 57 
Delta Ori                  Mintaka                STFA 14               2.4          6.8            56.2              05 32.0       −00 18 
Gamma Lep                                           H 6 40                  3.6          6.3            95                 05 44.5        −22 27 
Epsilon (8) Mon                                     STF 900               4.4          6.4            12.1              06 23.8           04 36 
Iota Cnc                                                 STF 1268             4.0          6.6            30.5              08 46.7           28 46 
32 (Hev.) Cam                                        STF 1694             5.3          5.7            21.4              12 49.2           83 25 
Alpha CVn               Cor Caroli            STF 1692             2.9          5.5            19.3              12 56.0           38 19 
Zeta UMa                Mizar                    STF 1744             2.2          3.9            14.6              13 23.9           54 56 
Kappa Her               Marsic                  STF 2010             5.1          6.2            27                 16 08.1           17 03 
Alpha Her                 Rasalgethi             STF 2140             3.5          5.4            4.6                17 14.6           14 23 
95 Her                                                    STF 2264             4.9          5.2            6.3                18 01.5           21 36 
Theta Ser                  Alya                      STF 2417             4.6          4.9            22.3              18 56.2           04 12 
Beta Cyg                   Albireo                  STFA 43               3.2          4.7            34.7              19 30.7           27 58 
Gamma Del                                           STF 2727             4.4          5.0            9                   20 46.7           16 07 
Xi Cep                      Kurhah                 STF 2863             4.5          6.4            8.0                22 03.8           64 38 
Delta Cep                                               STFA 58               4.1          6.1            40.6              22 29.2           58 25
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colours]. I have, for instance, found, that the little 
star which is near α Herculis, by some to whom I 
have shewn it has been called green, and by others 
blue. Nor will this appear extraordinary when we 
recollect that there are blues and greens which are 
very often, particularly by candle-light, mistaken 
for each other.17 

Unfortunately, Herschel does not give additional details 
about the identities — or, indeed, the sexes — of  the 
observers, which would have been useful. He concludes:  

It is difficult to find a criterion of  the colours of  
stars, though I might in general observe that Alde-
baran appears red, Lyra [i.e. Vega] white, and so 
on; but when I call the stars garnet, red, pale red, 
pale rose-colour, white inclining to red, white, 
white inclining to blue, blueish white, blue, green-
ish, green, dusky, I wish rather to refer to the dou-
ble stars themselves to explain what is meant by 
those terms.18 

Although physiological differences between observers’ 
eyes are relevant to colour perception, the subjectivity 
of  language itself  tends to mask them. Some 19th-
observers such as Herschel and F. G. W. Struve (1793–
1864) were clearly linguistically limited (or simply 
conservative), and restricted themselves to a handful of  
colour terms; others, notably W. H. Smyth (1788–
1865), preferred to flower-up their descriptions, and did 
so to an almost absurd degree. 

Struve used only ten basic colours, ranging from 
egregie albae — very white — at one end of  the scale to 
aureae, golden, and rubrae, red, at the other. Paul Murdin 
has noted that he evidently had difficulty distinguishing 
blue stars from white, but most stars fitted into his ten 
basic colours — although occasionally, he had to resort 
to mixed colours, such as olivaceasubrubicunda (pinkish-
olive).19 

The latter term has been clarified by Brian Skiff, 
who noticed that every one of  the stars so described is a 
K giant, and Skiff  (who, like Struve, is colour blind) 
‘could confirm that that’s exactly what K giants look 
like, kind of  a muddy olive-green and brick-orange 
colour at the same time’.20 Giovanni Schiaparelli 
(1835–1910), also colour blind, used the same terms — 
muddy olive-green and brick-orange — to describe the 
albedo markings on Mars.  

In contrast to Struve’s rather chaste list, Smyth took 
matters to the opposite extreme. His colours not only 
betray a huge (if  somewhat inexact) colour vocabulary, 
but an extensive knowledge of  vegetables, fruits, and 
gems, perhaps derived from his experiences as a sea 
captain. 

For instance, he uses the term ‘vanilla tint’, which 
refers not to the colour of  white ice-cream but to the 
tawny or chocolate colour of  the vanilla bean he would 
have encountered on his travels. Table 1 contains 
Smyth’s list of  over three dozen star colours, although 
just what he meant by most of  these descriptions must 
remain uncertain. 

3.2. The grass (and stars) really may look greener 
Men and women see colours differently, presumably for 
evolutionary reasons. This has repercussions in visual 
astronomy as well as everyday life. 

Leaving aside for the moment the matter of  red-
green colour-blindness, it has been shown that across 
most of  the visible spectrum males require a slightly 
longer wavelength than do females in order to experi-
ence the same hue.21 Since longer wavelengths are asso-
ciated with ‘warmer’ colours, an orange may appear 
redder to a man than to a woman; likewise, the grass 
always looks greener to women than men, to whom 
verdant objects appear a bit yellower. Women have so 
far made up a very small percentage of  double-star 
observers, a current exception being the American 
amateur Sissy Haas. 

In addition to these considerations, there are still 
others: the observer’s age is important, as the lens tends 
to yellow with age, and so colour observations by older 
persons will be affected accordingly. Stars will appear 
yellower, as if  they are being viewed through a yellow 
filter. 
 
3.3. Double star colours: some empirical results 
Here we turn to a more specific discussion of  the 
colours of  double stars. We have chosen 23 pairs which 
are suitable for future study by modern observers but 
were also recorded by our 19th-century predecessors 
(see Table 2). All these pairs are on the Astronomical 
League’s list of  100 finest double and multiple star 
 systems.22 

What colours have been seen in this group of  bright 
doubles by observers over the last two centuries? We list 
our findings in Table 3. For the earlier observers we 
have chosen Smyth, who is clearly reporting his own 
observations, and the English amateur William Sadler 
Franks (1851–1935) who published his observations in a 
series of  papers in the Monthly Notices of  the Royal Astro-
nomical Society between 1915 and 1919. 

We have also included colours given in the 1881 (or 
1894) edition of  the famous observing guide Celestial 
Objects for Common Telescopes, but only when it is clear 
that the colours were those reported by its author, 
Thomas William Webb (1807–85). When more than 
one report is available, preference is given to reports 
from the 1850s when Webb was using a small refractor. 

Among the few readily accessible modern observers 
who report their own observations is Sissy Haas in her 
book Double Stars for Small Telescopes.23 Others are the 
Dutch observer Bob Hogeveen, published on his web-
site,24 and the English observer Peter Morris, one of  the 
authors of  this paper.25 

The most striking thing about Table 3 is that there is 
more disagreement between the modern observers 
than the earlier ones, despite the fact that the modern 
observers use fewer colour terms. By our reckoning 
Smyth and Webb agree on 16 pairs. This is not surpris-
ing; Webb used Smyth’s guide as a starting point for his 
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own book, and where he agreed with Smyth’s descrip-
tion he simply retained it or made minor changes. Even 
in the relatively late 1881 edition, Webb used exactly 
the same wording as Smyth for nine pairs. Franks 
observed 14 of  these 16 pairs. He agreed with Smyth 
and Webb on ten pairs (if  we allow bluish-green to be 
the same as green). 

By contrast Haas, Hogeveen, and Morris agree on 
only seven of  the twenty-three. Haas and Morris agree 

on one more, and Haas and Hogeveen agree on two 
more. Hogeveen and Morris agree on three more, mak-
ing a total of  ten all told. There are a mere three stars 
where all the observers agree on the colours and they 
are all yellow and blue (Beta Cygni, Iota Cancri, and 
Delta Cephei).  

The older observers saw Gamma Arietis as a white 
and coloured pair even if  they could not agree on what 
colour the secondary was, but all the modern observers 
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Table 3 

Colours of  the 23 selected doubles as observed by six astronomers, 1840–2015 

Star               Smyth                Webb                  Franks               Haas                    Hogeveen       Morris 

Eta Cas             pale white                yellow &                  pale yellow &          yellow &                    deep yellow           yellow  
                         & purple                  pale garnet               ruddy purple           almond brown          & red                    & purple  
65 Psc                both pale yellow      both pale yellow      both yellowish-        both citrus orange     both white            both yellow- 
                                                                                           white                                                                                        white 
Psi-1 Psc            both silvery white    flushed white           white & bluish         both straw yellow      both white            pale green & 
                                                          & pale white            white                                                                                        pale rose tints 
Zeta Psc            silver white              white & greyish       yellowish-white        both goldish white    both white            yellow & lilac  
                         & pale grey                                                & lilac 
Gamma Ari      bright white             very white &            very white &           radiantly white          both white            both silver-white
                         & pale grey              yellow-white             bluish-white 
Lambda Ari      yellow-white            yellow & greenish    —                            white & silvery          yellow & bluish     yellow & blue 
                         & blue                      (or bluish) 
Gamma And    orange &                 deep yellow             golden yellow          citrus orange &         golden-yellow       yellow & blue
                         emerald green         & sea-green              & greenish-blue       whitish deep blue      & blue-white 
32 Eri                topaz yellow            topaz & bright         yellow &                  grapefruit orange     deep yellow &      yellow & 
                         & sea green              green                        bluish-green            & silvery-blue            bluish-white          bluish-green 
Delta Ori          brilliant white          pale green & pale    pale yellow &          yellow-white             yellow-white         yellow-white
                         & pale violet            violet or lilac            fine blue (77)           & bluish white           & white                 & purple 
Gamma Lep     light yellow              pale yellow              —                            sun yellow                 yellow & light       yellow & blue
                         & pale green            & garnet                                                   & brick red                orange 
Epsilon Mon     golden yellow          golden yellow          yellowish-white       white & silvery          yellow & white      yellow-white  
                         & lilac                      & lilac                      & lilac                                                                                      & blue 
Iota Cnc            pale orange             pale orange             yellow & blue          sun-yellow                 yellow & blue        yellow & blue
                         & clear blue             & clear blue                                              & royal blue 
32 Cam            both bright white     pale yellow,              yellowish-white       both lucid white        both white            both white
                                                          pale violet                & lilac 
Alpha CVn       flushed white           white or yellowish   yellowish-white       white & bluish          blue-white            white & blue
                         & pale lilac               & tawny or lilac       & fawn or                sea-green                   & light yellow 
                                                                                           pale ruddy 
Zeta UMa        brilliant white          brilliant white          white &                   both green white       both white            both white
                         & pale emerald        & pale emerald        greenish-white 
Kappa Her         light yellow                light yellow, pale        pale yellow                grapefruit-orange       yellow & yellow      yellow & blue
                           & pale garnet             tawny or garnet         & dull orange            & whitish scarlet 
Alpha Her        orange & emerald   orange &                 orange &                 orange-red &            deep yellow          yellow & blue
                         or bluish green        bluish green             bluish-green            bluish turquoise         & white 
95 Her              light apple green     light apple green     greenish-white        both pure gold          yellow & white      yellow & yellow
                         & cherry red            & cherry red            & ruddy-white 
Theta Ser          pale yellow &          pale yellow &          both pale yellow      both brilliant             white                    pale green & 
                         golden yellow           golden yellow                                           white                          & yellow-white     pale blue tints 
Beta Cyg           topaz yellow            golden yellow          —                            citrus orange             golden-yellow       yellow & blue
                         & sapphire blue       & smalt blue                                             & royal blue              & blue 
Gamma Del      yellow &                   yellow &                   golden yellow          both grapefruit         both yellow           yellow &
                         light emerald           pale green                & greenish-blue       orange                                                     bluish-green 
Xi Cep              both bluish               white & tawny         yellowish-white       lemon white              white &                bluish-white 
                                                          or ruddy                   & ruddy lilac           & royal blue              deep yellow           & red-purple 
Delta Cep         orange tint               deep yellow             —                            vivid citrus orange    yellow & bluish     yellow & blue
                         & fine blue               & cerulean blue                                       & deep royal blue
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see the secondary as white. 95 Herculis was a veritable 
fruit salad for the older observers, being apple green 
and cherry red to both Smyth and Webb (Franks was 
more cautious but still saw it as a greenish and reddish 
pair), whereas two of  our modern observers see it as 
two yellow stars, a difference which is hard to explain. 

It is helpful to look at groups of  stars with similar 
colours. As we have seen there is general agreement 
about most yellow and blue stars, of  which Albireo is 
the most famous example. Most observers have seen 
Gamma Andromedae as a deep yellow and blue, but 
Smyth considered the secondary to be green. Lambda 
Arietis is also usually considered to be yellow and blue, 
but Haas sees it as white and silvery.  

The older observers were more inclined to see green 
than their modern counterparts. Smyth and Webb saw 
Gamma Delphini as yellow and green (Franks saw the 
secondary as greenish-blue), but Haas sees it as an 
orange pair and Hogeveen as a yellow pair. By contrast 
Morris agrees with Franks.  

Similarly the 19th-century observers regarded 32 
Eridani as topaz yellow and green (again Franks prefers 
bluish-green for the secondary), but Haas sees it as 
orange and silvery-blue and Hogeveen as yellow and 
bluish-white. Once again, Morris agrees with Franks, 

which is striking as he had not seen Franks’s papers 
when he made his observations. Bluish-green/greenish-
blue was a favourite tint for Franks, being recorded for 
five separate stars. 

Rasalgethi has a bluish-green secondary according 
to all but one of  the observers (Haas calls it bluish 
turquoise); Morris sees it as simply blue, but is willing to 
concede it may be bluish-green. As we have already 
noted, Herschel said that the secondary was seen as 
either green or blue. By marked contrast Hogeveen sees 
the secondary as white.  

The earlier astronomers were also more inclined to 
see stars as being purple or lilac. Webb recorded three 
examples of  a purple tint, Smyth four, and Franks no 
less than five. A good example was Epsilon (8) Mono-
cerotis, which was described by all of  them as yellow 
and lilac. Both Smyth and Webb saw Zeta Piscium as 
yellowish-white and pale grey, although Franks regarded 
it as silver white and lilac. By contrast, Haas and 
Hogeveen never see purple, at least in this selection  
of  doubles, while Morris lists four stars having a purple 
or lilac secondary. Morris agrees with Smyth and Webb 
that Delta Orionis has a violet (or lilac) companion  
and with Franks (yet again) that Zeta Piscium has a lilac 
secondary.  
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Table 4 

Simplified colours of  the 23 selected doubles observed by the six astronomers 

Star                          Smyth              Webb              Franks             Haas                Hogeveen       Morris 

Eta Cas                       W P                    Y R                   Y P                     Y oth                  Y R                    Y P 
65 Psc                         Y Y                     Y Y                   Y Y                     O O                   W W                  Y Y 
Psi-1 Psc                     W W                   W W                 W B                    Y Y                     W W                  B R 
Zeta Psc                      W Gr                  W Gr                 Y P                     Y Y                     W W                  Y P 
Gamma Ari                W Gr                  W Y                  W B                    W W                  W W                  W W  
Lambda Ari                Y B                     Y G                  —                       W W                  Y B                     Y B 
Gamma And              O G                    Y G                   Y BG                  O B                    Y B                     Y B 
32 Eri                         Y G                    Y G                   Y BG                  O B                    Y B                     Y BG 
Delta Ori                    W P                    G P                    Y B                     Y B                     Y W                   Y P 
Gamma Lep               Y G                    Y R                   —                       Y R                    Y O                    Y B 
Epsilon Mon              Y P                     Y P                    Y P                     W W                  Y W                   Y B 
Iota Cnc                     O B                    O B                   Y B                     Y B                     Y B                     Y B 
32 (Hev.) Cam           W W                   Y P                    Y P                     W W                  W W                  W W 
Alpha CVn                W P                    W P                  Y R                     W BG                 B Y                     Y B 
Zeta UMa                  W G                   W G                  W G                   G G                   W W                  W W  
Kappa Her                 Y R                     Y R                   Y O                    O R                    Y Y                    Y B 
Alpha Her                  O G/BG            O BG                O BG                 O BG                 Y W                   Y B 
95 Her                        G R                    G R                   G R                    Y Y                     Y W                   Y Y 
Theta Ser                   Y Y                     Y Y                   Y Y                     W W                  W Y                   B G 
Beta Cyg                    Y B                     Y B                    —                       O B                    Y B                     Y B 
Gamma Del               Y G                    Y G                   Y BG                  O O                   Y Y                    Y BG 
Xi Cep                       B B                     Y R                   Y P                     Y B                     W Y                   B P 
Delta Cep                   O B                    Y B                    —                       O B                    Y B                     Y B
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A particularly interesting set of  stars are those which 
are white pairs, that is to say doubles that most 
observers would agree are basically white. Some obser -
vers, such as Hogeveen, refuse to record colours when 
no strong colour is present. But other observers, includ-
ing Webb and Morris, strive to find tints in these stars 
and teasing out what these shades are can be difficult.  

In the 1881 edition of  Celestial Objects Webb remarked 
of  32 Camelopardalis: ‘Some diff. 1852, 3 7/10 in.: pale 
yel? pale viol.? not quite a match, 1863 5½ in.’ Mizar, a 
white pair, has been recorded as being greenish-white, at 
least in the case of  the secondary.  

Theta Serpentis is another good example. The older 
observers all saw the two stars as pale yellow, but Haas 
is certain it is a brilliant white pair. Morris has seen dif-
ferent colours at different times, but has settled for pale 
green and pale blue tints. Hogeveen agrees with the 
older observers that the secondary is yellowish.  

Similarly Franks saw Psi-1 Piscium as white and 
bluish-white, while Smyth said they were both silvery-
white which we take to be a very pale shade of  blue. By 

contrast Haas sees them as straw (i.e. fairly pale) yellow 
and Morris as having pale green and pale rose tints.  

In the case of  32 Camelopardalis most observers 
have seen the pair as white, but Franks saw them as yel-
lowish-white and lilac. As we have seen, Webb found it 
a difficult pair, but settled for pale yellow and pale violet 
in agreement with Franks. Finally, it is striking that 
nearly all the observers regarded 65 Piscium as a pale 
yellow pair, but for Haas it is citrus yellow, whereas for 
Hogeveen it is white. 

 
3.4. Does fashion play a role? 
To simplify matters, let’s just look at the colours all 
these observers recorded, ignoring fine distinctions and 
the white in colour-white descriptions (see Table 4). 
Smyth observed 11 yellow stars, 7 green stars, 6 blue 
stars, 5 orange stars, 4 purple stars, two red stars, and 
only one blue-green star (which he also described as 
green). Smyth also saw two grey stars.  

Webb observed 17 yellow stars, 7 green stars, 4 red 
stars, 4 purple stars, three blue stars, one grey star, and 
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Table 5 

Colours of  the selected doubles as predicted from their spectral types 

Star                     Code Spectral     Colour                                   B−V                  Colour 
                            type 

Eta Cas                  STF 60 F9/K7           white-yellow/orange                  0.57/1.39*          white-yellow/orange 
65 Psc                    STF 61 F0/F2            white/white-yellow                    0.37/0.44            white-yellow/white-yellow 
Psi-1 Psc                STF 88 A0/B9           blue-white/blue-white               0.00/−0.05         blue-white/blue-white 
Zeta Psc                 STF 100 A7/F7           white/white-yellow                   0.29/0.49            white-yellow/white-yellow 
Gamma Ari           STF 180 A0/A0           blue-white/blue-white               −0.03/−0.03      blue-white/blue-white 
Lambda Ari           H 5 12 F0/F7            white/white-yellow                    0.31/0.48            white/yellow-white 
Gamma And         STF 205 K3/B9.5        yellow-orange/blue-white          1.37/0.03*          orange/blue-white 
32 Eri                    STF 470 G8/A1          yellow/blue-white                      0.93/0.07*          yellow/white 
Delta Ori               STFA 14 O9.5/B2.5    blue/blue-white                         −0.22/−0.16*     blue/blue-white 
Gamma Lep          H 6 40 F6/[K3]        white-yellow/yellow-orange       0.52/1.11            white-yellow/yellow 
Epsilon Mon         STF 900 A8/F5           white/yellow-white                    0.21/0.46            white/yellow-white 
Iota Cnc                STF 1268 G8/A2          yellow/white                              1.01/0.05*          yellow/blue-white 
32 Cam                 STF 1694 A0/A0           blue-white/blue-white               0.03/0.00            blue-white/blue-white 
Alpha CVn            STF 1692 A0/F2           blue-white/white-yellow           −0.06/0.34         blue-white/white 
Zeta UMa             STF 1744 A1/A2           blue-white/blue-white               0.06/0.18            blue-white/blue-white 
Kappa Her            STF 2010 G7/K0          yellow/yellow                             1.07/1.26            yellow/yellow-orange 
Alpha Her             STF 2140 M5/G5         red/yellow                                 1.60/0.79            orange-red/yellow 
95 Her                   STF 2264 A2/G5          blue-white/yellow                      0.17/1.01            white/yellow 
Theta Ser              STF 2417 A5/A5           white/white                               0.19/0.22            white/white 
Beta Cyg                STFA 43 K2/B8           orange/blue-white                     1.09/−0.10         orange/blue-white 
Gamma Del          STF 2727 F8/K0           white-yellow/yellow-orange       0.50/0.95*+       white-yellow/yellow 
Xi Cep                  STF 2863 A2.5/F8        white/white-yellow                    0.36/0.57            white-yellow/white-yellow 
Delta Cep              STFA 58 G2/B8           white-yellow/blue-white            0.87/0.07            yellow/blue-white 

Spectral types and B−V values marked with an asterisk (*) are from Brian Skiff ’s database; the other B−V values are from the Tycho data.  
+The Skiff  database has been used here as the Tycho data do not match the spectral types.
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one blue-green star. He described only one star as 
orange, presumably seeing the others as yellow. Observ-
ing three fewer pairs, Franks recorded 16 yellow stars, 5 
purple stars, 4 blue-green stars, two green stars, two red 
stars, two orange stars, and just one blue star.  

Of  the moderns, Haas has observed 10 yellow stars, 
10 orange stars, 7 blue stars, and two blue-green stars. 
The only green stars she records are the greenish-white 
stars of  Mizar. Hogeveen has observed 18 yellow stars, 
7 blue stars, one red star, and only one orange star. He 
has not observed any green stars. Morris has observed 
19 yellow stars but no orange stars (he has seen some 
orange stars, notably the orange pair of  61 Cygni, but 
not in this group). Of  the other colours, Morris has 
seen 13 blue stars, four purple stars, two blue-green 
stars, and one red star. The only green star in Morris’s 
list is a tint rather than a definite colour. 

So we have a definite decline in the number of  
green stars which were common for Smyth and Webb 

but are now not observed at all. Franks marks the 
beginning of  this process as he shifts from green to 
blue-green. Red is also declining, with none for Haas 
and only one for Hogeveen and Morris, compared with 
four for Webb. Purple could also be in decline with 
Haas and Hogeveen seeing none, although Morris has 
seen four. Orange is very much an individual matter 
with Smyth and especially Haas seeing orange (rather 
than yellow), while Webb, Franks, Hogeveen, and Mor-
ris do not.  

All this suggests that fashion plays a major role in 
which colours an observer sees. It is now a quasi-scien-
tific truism that stars cannot be green so observers will 
veer away from choosing green as a colour and plump 
for either blue-green or blue (or curiously yellow).  

There is probably also a tendency to believe that 
stars cannot be purple. The Victorians were very inter-
ested in red stars, as shown by Hind’s red star (R Lep-
oris) and the red star catalogue of  John Birmingham 
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Table 6 

Comparison of  spectral type colours with the simplified colours reported by the six observers 

Star                      ‘Scientific’     Smyth           Webb            Franks          Haas            Hogeveen   Morris 
                             colour 

B−Vs                     similar 

Psi-1 Psc                 B-W/B-W         W/W               W/W              W/B-W          W-Y/W-Y      W/W             W-G/W-R 
Gamma Ari            B-W/B-W         W/YW            W/W-Y          W/B-W          W/W             W/W             W/W 
32 Cam                  B-W/B-W         W/W               W-Y/W-P       W-Y/P            W/W             W/W             W/W 
Zeta UMa              B-W/B-W         W/W-G           W/W-G          W/W-G          W-G/W-G     W/W             W/W 
Theta Ser               W/W                W-Y/Y            W-Y/Y           W-Y/W-Y      W/W             W/W-Y         W-G/W-B 
Xi Cep                   W-Y/W-Y         B-W/B-W       W/R               W-Y/P            Y/B                W/Y              B-W/P 
65 Psc                     W-Y/W-Y         W-Y/W-Y       W-Y/W-Y      W-Y/W-Y      O/O              W/W             W-Y/W-Y 
Zeta Psc                  W-Y/W-Y         W/grey            W/greyish      W-Y/P            W-Y/W-Y      W/W             Y/P 

Primary B−V      higher  

Gamma And          O/B-W             O/G                Y/G                Y/B-G            O/B               Y/B-W          Y/B 
32 Eri                     Y/W                 Y/G                 Y/G                Y/B-G            O/B-W          Y/B-W          Y/B-G 
Iota Cnc                 Y/B-W             O/B                 O/B                Y/B                Y/B                Y/B               Y/B 
Alpha Her              O-R/Y              O/G or B-G    O/B-G           O/B-G           O-R/B-G       Y/W              Y/B 
Beta Cyg                O/B-W             Y/B                 Y/B                —                    O/B               Y/B               Y/B 
Delta Cep               Y/B-W             Y-O/B             Y/B                —                    O/B               Y/B-W          Y/B 

Primary B−V      lower  

Eta Cas                   W-Y/O             W/P                Y/R-W           W-Y/P            Y/brown        Y/R               Y/P 
Lambda Ari            W/Y-W             W-Y/B            W-Y/G-W      —                    W/W             Y/B-W          Y/B 
Gamma Lep           W-Y/Y             W-Y/G-W       W-Y/R           —                    Y/R               Y/O               Y/B 
Epsilon Mon          W/Y-W             Y/P                 Y-W/R           Y-W/P            W/W             Y/W              Y-W/B 
Alpha CVn            B-W/W            W/P-W           W/P               W-Y/R-W      W/B-G          B-W/W-Y      W/B 
95 Her                    W/Y                 G/R                G/R               G-W/R-W     Y/Y                Y/W              Y/Y 
Gamma Del           W-Y/Y             Y/G-W            Y/R-W           Y/B-G            O/O              Y/Y               Y/B-G 
Delta Ori                B/B-W              W/P                G-W/P-W      W-Y/B           W-Y/B-W      W-Y/W         W-Y/P 
Kappa Her             Y/Y-O              W-Y/R-W       W-Y/R-W      W-Y/O           O/R-W          Y/Y               Y/B 
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which was suggested by Webb and revised by Espin. 
Hence it would have been natural for them to observe 
stars as red, especially the secondaries. 

By contrast modern observers see Albireo and its 
winter counterparts (Iota Cancri and HJ 3945) as the 
archetypical double stars and are therefore predisposed 
to see doubles as yellow and blue. This also fits into the 
‘scientific’ view that yellow is typical of  K-type stars (as 
in the case of  Beta Cygni A) and blue is characteristic 
of  hotter O or B stars (as in the case of  Beta Cygni B). 
Chromatic contrast is also cited as a ‘scientific’ reason 
why doubles are often yellow and blue. 

If  one takes the scientific approach which appears to 
govern the colour choices of  at least some modern 
observers, we arrive at Table 5, where we have tabu-
lated both the spectral type and B−V values. When in 
doubt, we have taken the colours predicted by the B−V 
value rather than the spectral type. 

The most striking result of  this analysis is that eight 
stars have more or less equal pairs regardless of  how 
their colours are perceived. Yet if  one looks at Table 6 
which compares the scientific results with the observed 
colours, this is not the case for the reported colours. 
The earlier observers saw only 8 pairs out of  a possible 
24 as being the same colours, although the differences 
seen were often slight. By contrast, the modern 
observers see 16 out of  24 as being the same colour, 
and without Morris’s reports, the contrast would be 
even greater. 

The one outlier for all the moderns is Xi Cephei, 
perhaps suggesting that the catalogued B−V values are 
incorrect as they are out of  kilter with the spectral 
types. We have divided the other pairs into those in 
which the primary’s B−V value is higher than that of  
the secondary (e.g. Albireo) and those where the pri-
mary’s B−V value is lower than the secondary’s (e.g. 
Gamma Delphini).  

In the former group, nearly every observer reported 
the pairs as orange or yellow and blue. The older 
observers saw the secondary of  Alpha Herculis as green 
or blue-green while the moderns see it as turquoise or 
blue (with the exception of  Hogeveen who observed it 
as white), even though it ‘should’ be yellow according to 
its spectral type.  

Furthermore, in three cases the secondary is blue-
white according to its B−V value so the fact it is 
reported as blue may also be a result of  the contrasting 
colours effect. The secondary of  Albireo, which is 
famously cobalt blue, should actually be perceived as 
silvery-white.  

The contrast effect is even more striking when the 
B−V values are reversed. In such cases the eye should 
see the secondary as being more yellow than the pri-
mary, but fails to do so. The result is a secondary colour 
such as purple (as in the case of  the ‘Easter egg’ star, 
Eta Cassiopeiae), red, green, or brown. 

Indeed Kappa Herculis, a yellow–orange pair, can 
be seen as yellow and blue, as it is by Morris. Further-

more Joseph Kaznica and his group at the Mount 
Cuba observatory in Delaware recorded Lambda Ari-
etis as being blue and yellow on a photographic image, 
but most of  our visual observers see this pair in the tele-
scope as being yellow and blue, a complete reversal of  
the colours.26 

It is striking that out of  54 possible pairs, anything 
resembling the correct colours (and in the correct 
colour order) is found only in seven cases, all by mod-
ern observers and in particular by Haas. Remarkably, 
the ‘scientifically’ blue primary of  Delta Orionis is seen 
as yellow-white by all the modern observers, plus 
Franks among the older group. 

 
4. Conclusions and further research 
Our general conclusion is not a surprising one. 
Although individual observers differ markedly in their 
descriptions of  colours of  double stars (i.e. they have 
different personal equations) they also broadly follow 
the B−V colour indices. As noted by Paul Murdin in 
one of  the few previous attempts to address the colour 
problem in double-star observations, ‘educated obser-
vations of  star colours with the unaided eye have about 
the same accuracy as spectral typing stars into the 
seven letter classes OBAFGKM’.27 

Some of  the differences are intriguing. We have 
already mentioned the effect of  red–green colour 
blindness, which affected some celebrated observers 
such as F. G. W. Struve (who, although perhaps the 
greatest observer of  double stars of  the first half  of  the 
19th century, we have not included in our tables 
because he was colour blind). 

An intriguing question is whether the results might 
have been different had there been more women in the 
sample. Unfortunately, Haas is the only woman double-
star observer included so it is difficult to draw broad 
conclusions, but the fact that in certain cases she tends 
to see stronger yellows than male observers is worth 
noting – as is the fact that she performed best in our 
sample in seeing the correct colours and in the correct 
colour order. This is interesting, and may have an evo-
lutionary basis. 

Physiological research suggests that women do 
indeed possess a consistent advantage over men when it 
comes to seeing colours accurately. Thus, across most of  
the visible spectrum males require a slightly longer 
wavelength than do females in order to experience the 
same hue. Also, men are less adept at distinguishing 
among shades in the centre of  the colour spectrum, i.e. 
blues, greens, and yellows. Women in general tend to 
be better able to describe colours.28 

Men, on the other hand, according to the same 
researchers, excel in detecting fine detail and rapidly 
moving stimuli. This would presumably include fine 
features on planetary surfaces, revealed swiftly and sud-
denly in moments of  steady seeing (‘tachistoscope 
flashes’).29 In both cases, it is presumed that the differ-
ences are related to the different roles of  males and 
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females in our evolutionary past (a hunter-gatherer 
existence). Hence many aspects of  the personal equa-
tion related to double-star colour observations and 
planetary detail may be hard-wired from our evolution-
ary past. 

Further research of  this kind, especially including 
women observers, is needed. It is clear that systematic 
comparisons of  observers in different categories of  
astronomical observations can help us refine our knowl-
edge of  the personal equation, and teach us as much 
about the observer as about what is being observed. 
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The Liverpool Observatory at  
Waterloo Dock 

Part 2: Greenwich on the Mersey 

Richard E. Schmidt 
and Paul Dearden

In the 2019 issue of  The Antiquarian Astronomer we discussed the founding of  the 
Liverpool Observatory and its placement at Waterloo Dock in 1843 (hereinafter 
Paper I). The fortunate selection of  John Hartnup as its director ensured that 
the primary functions of  the Liverpool Observatory, rating of  chronometers 
and an astronomical time service, were discharged with enterprise and profi-
ciency. Hartnup’s astronomical prowess gained the attention of  the Harvard 
College Observatory’s director William C. Bond, who enlisted Hartnup’s aid in 
a series of  chronometric expeditions aimed at extending the longitude grid of  
Europe to North America by way of  Liverpool. This paper looks at the extra -
ordinary effort involved in that undertaking before delving into the various 
enterprises of  Hartnup’s observatory: telegraphic time dissemination, chron -
ometer testing and improvement, astronomical contributions, and meteorologi-
cal observations. The original architectural plans for the Observatory are 
presented for the first time in print. 

1. At sea 
At half-past noon on 1855 August 22 the first massive 
waves broke against the steamer RMS Asia, tossing 
teacups, saucers, crew, and passengers alike as the ship 
began rolling heavily.1 One week out of  Boston and 
bound for Liverpool carrying 154 passengers, the bar-
quentine-rigged Asia was one of  the Cunard Line’s 
largest paddle-wheel steamers at 280 feet long with a 
41-foot beam (Figure 1). Twin 400-hp steam engines 
churned 27-foot side-paddles into a roiling sea.2 

Among the first-class passengers were Harvard 
Observatory astronomers Phillip Sidney Coolidge 
(1830–63) and Charles Wesley Tuttle (1829–81). As the 
ship began to rock, their first thoughts were to race to 
the captain’s stateroom on the main deck where they 
had stored a precious cargo of  45 marine chronometers. 
These special timepieces in their gimballed cases and 
outer boxes had to be kept running non-stop and pro-
tected from shock and disturbance on their 5,000-km 
voyage to the Liverpool Observatory. Their purpose 
was noble: the establishment of  the zero point of  longi-
tude for the entire North American continent. 

Making light of  the peril, Coolidge gleefully 
recorded that ‘Mr. Tuttle fell down on deck and wet his 

new coat thoroughly, to my great delectation’.3 Upon 
reaching the stateroom the astronomers were relieved to 
find unharmed the seven large boxes stacked on wooden 
stairs they had built over the stateroom sofa. Each box 
contained up to six chronometers in cases. To the right 
an eighth box occupied the upper of  two single berths. 
It was carefully placed down on the floor. 

RMS Asia rolled heavily through the night and into 
the next day, August 23. The log of  the voyage records: 
‘Steamer shiped [sic] a sea. Water in state room. Bot-
tom of  box 8 wet … worst day for chronometers since 
the expedition started.’ 4 The chronometers in box 
number eight were moved up to the lower berth. Winds 
increased in the afternoon and evening.5 Safe docking 
in the River Mersey was still three days away. 
 
2. The quest for longitude 
By the late 1840s the quest for longitude on the Ameri-
can continent was propelled by a convergence of  tech-
nical developments. Among these were the availability 
of  accurate and transportable chronometers, the 
growth of  the Atlantic steam-packet service, the devel-
opment of  the electric chronograph, and the rapid 
growth of  the North American web of  galvanic tele-
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graph lines. This was an 
era of  rapid expansion of  
the U.S. Coast Survey’s 
North American geodetic 
campaign under Superin-
tendent Alexander Dallas 
Bache (1806–67). 

Astronomical observa-
tions compared across tele-
graphic lines within the 
United States could pro-
duce relative longitude dif-
ferences with probable 
errors of  a few hundredths 
of  a second of  time. But 
all attempts to determine 
absolute transatlantic longi-
tudes from observations of  
Moon culminations, eclipses and occultations, and by 
the transportation of  chronometers, yielded a range of  
values about one hundred times less certain. 

Bache (Figure 2) was determined to tie the Ameri-
can longitude grid to that of  Great Britain and Europe, 
but he needed an ‘American Greenwich’. He soon 
found it at the Harvard College Observatory in Cam-
bridge, Massachusetts, under director William Cranch 
Bond (1789–1859) (Figure 3) and two of  his sons, 
astronomer George Phillips Bond (1825–65) and clock-
maker Richard Fifield Bond (1827–66). 

The firm of  William Bond & Son was founded in 
Boston in 1793 by the elder William Bond (1754–1844), 
watchmaker, gold and silversmith, and jeweller who had 
emigrated from Plymouth, Devon, in 1777. Bond’s firm 
remained in business in Boston for 184 years, irrevoca-
bly entwined with the timekeeping of  the Harvard 
 College Observatory up to 1866 and retaining a strong 
commercial and scientific link with England. 
 
2.1. Chronometric longitudes 
The measurement of  longitude difference by trans-
portation of  clocks was first proposed in the year 1530 
by the Dutch mathematician and cartographer Gemma 
Frisius (1508–55).6 Frisius noted that certain ‘skilfully 
constructed’ clocks could be easily transported and 
would run constantly for over 24 hours, and could be 
used to measure longitude differences. One simply 
needed to observe the exact time by astrolabe at one’s 
starting point, then ‘go forward without stopping’ for 
15 or 20 miles, and make a second time observation at 
the end point to compare with the clock, whose offset 
would now be the longitude difference. 

By the 19th century longitude determination by 
transportation of  chronometers was widely practised. 
Royal Navy Captain William Fitzwilliam Owen (1774– 
1857) published in 1827 his Tables of  Latitudes and Longi-
tudes by Chronometer of  Places in the Atlantic and Indian 
Oceans.7 In a nearly month-long voyage from Rio Janeiro 
to Simon’s Town (Cape Town), South Africa, Owen was 

able to determine the 
 longitude of  Devil’s Peak, 
 differing from modern 
coordinates by only four 
nautical miles.8 
 
2.2. Linking the continents 
By the mid-1840s Bond’s 
Cambridge Observatory 
had become the de facto 
prime meridian for North 
America, its position bet-
ter established than any 
other place in America. ‘It 
now becomes our duty,’ 
wrote W. C. Bond, ‘to 
form the connecting link 
which shall bind us in 

closer harmony with the observatories of  the Old 
World.’ 9 As his son George Bond explained, the way to 
do that was by the transportation of  chronometers, ‘thus 
to complete to the Western Continent the great chain of  
Chronometric Longitudes already extending by the 
labors of  European astron omers from the Central 
Observatory at Poulkova to the island of  Valentia on the 
western coast of  Ireland’.10 

To tie the Observatory’s longitude to Greenwich, in 
1843 William Bond turned to the British mail steamers 
that sailed weekly from Liverpool via Halifax, arrang-
ing access to their chronometers through the auspices 
of  the U.S. Coast Survey.11 He chose chronometers 
whose daily rates had been recorded at Liverpool. After 
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Fig. 1: The Cunard line paddle steamer RMS Asia was used to 
carry chronometers across the Atlantic to check the time difference 

between Boston, Massachusetts, and Liverpool. (Illustrated London 
News, 1850 May 25, collection of  author) 

Fig. 2: Alexander Dallas Bache, superintendent of  the U.S. Coast 
Survey 1843–67, financially supported the transatlantic exchange of  
chronometers to determine the longitude difference between the 
observatories at Harvard and Liverpool. (Library of  Congress)
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applying their average rates of  gaining for the duration 
of  the sea voyages, Bond obtained each chronometer’s 
true time offset from his own mean time clock. 

From 1843 July to the end of  1848, the steamers’ 
chronometers yielded hundreds of  measures of  Cam-
bridge’s longitude, which were reported annually to 
Bache, and whose mean in 1848 was 4h 44m 33s.1 west 
of  Greenwich, within 2 seconds of  the modern value. 
But the scatter of  measurements was large; for 1847–48 
the range of  228 longitudes was 70 seconds of  time, 
with standard deviation 12 seconds. Bond concluded 
that defective measures of  time at Liverpool were to 
blame, and he resolved to improve matters. 
 
3. John Hartnup is enlisted 
Superintendent Bache understood that Bond’s longi-
tudes were based only on westward voyages, there 
being no one at Liverpool providing time comparisons 
at that end. In Paper I we quoted Bond’s letter to Bache 
of  1849 March 12 concerning the participation of  the 
Liverpool Observatory’s director John Chapman Hart-
nup (1806–85) in the chronometric expedition: 

My patience having been totally exhausted in fruit-
less efforts to induce the person having charge of  
rating the steamers chronometers at Liverpool to 
interest himself  in the subject of  the determination 
of  our differences of  Longitude, I wrote to Mr. J. 
Hartnup, Director of  the new Observatory at Liv-
erpool [early in 1849], stating my difficulties and 

proposing an alliance with him for the purpose of  
ascertaining the difference of  Longitude between 
Greenwich and Cambridge by means of  chrono -
meters transported in the Liverpool steamers. Mr. 
Hartnup entered heartily into the plan.12 

Bond certainly knew Hartnup by this time, for five 
years earlier, in 1844, he had sent another son, Joseph 
Cranch Bond (1823–60), to England to study under 
chronometer-maker John Hutton (fl. 1830–68), and in 
October of  that year Joseph made transit observations 
with Hartnup.13 

The ‘person having charge’ who Bond referred to 
above was not Hartnup but rather the Liverpool 
chronometer-maker Richard Hornby (1789–1849). As 
Bond wrote to Sears Cook Walker (1805–53), assistant 
in the longitude department at the U.S. Coast Survey: 

As I have now abandoned all hope of  inducing Mr. 
Hornby to give us the Liverpool times and rates of  
the chronometers where they were deficient … as 
no doubt the time has often been given erroneously 
at Liverpool, we cannot rely upon them for a close 
determination of  the Longitude.14 

Hartnup immediately sprang into action, writing back 
to Bond in 1849 February: 

On the receipt of  your letter I immediately applied 
to Mr. Aikin (Chairman of  the Observatory Com-
mittee) for permission to rate the chronometers 
free of  the usual charge. This request was granted, 
as has always been the case for scientific purposes. 
I also wrote to the Astronomer Royal informing 
him of  your desire, & he immediately answered my 
letter expressing himself  much pleased at the pro-
posal, and he pointed out its advantages in a letter 
intended, if  necessary, to be laid before the direc-
tors of  the steam packet company. I also wrote to 
Mr. Sheepshanks, who requested me to ask you to 
make a formal application to the Royal Astronomi-
cal Society for assistance, and he would do all in 
his power to forward our object … A good series of  
experiments will be very interesting & will proba-
bly throw some light on the performance of  
chronometers at sea. Change of  temperature is doubtless 
the chief  cause of  variation of  rate in all well-made 
chronometers … We have very superior means of  
testing chronometers here & it is quite astonishing 
to see how they change their rates & how nearly 
the sea rates agree with the land rates when an 
allowance is made for temperature.15 

A remarkable symmetry can be seen between John 
Hartnup and William Bond. Both were experienced 
astronomers heading observatories, and both were 
accomplished in chronometry. At the age of  21 Bond 
made the first American seagoing chronometer, and 
now owned a successful clock and chronometer shop 
near the docks of  East Boston. Hartnup designed a 
novel temperature-compensating balance for marine 
chronometers and later showed the Royal Greenwich 
Observatory how temperature trials should be con-
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Fig. 3: William Cranch Bond. As well as being director of  the 
Harvard College Observatory in Cambridge, Massachusetts, he also 
operated the family firm of  Wm. Bond and Sons established by his 
father. (Portrait at Harvard Observatory, photo by author)
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ducted. Both men would become pioneers in time dis-
semination by magnetic telegraph, and both would 
later be succeeded as observatory director by a son. 
 
4. The 1849–50 U.S. Coast Survey Expedition 
Confident of  Hartnup’s support, Bond wrote again to 
Bache in 1849 March proposing an ambitious experi-
ment. Fifty chronometers would be selected in London, 
packed in ‘cases of  a peculiar construction holding nine 
each’, and carried to Greenwich for comparison. Then 
they would be taken to Euston railway station, carried 
to Liverpool, and compared by Hartnup, who would 
care for them until their steamer trip to Boston. On the 
day before the transatlantic sailing, a tug would move 
the chronometers to the steamer, and on that evening 
Hartnup would observe his list of  clock stars with his 
transit, sending his observations with the chronometers. 
The chronometers would be compared frequently on 
the passage and records kept of  barometric pressures, 
temperatures, and humidity in the cases.16 

Bache willingly supported Bond’s proposal, for the 
U.S. Coast Survey wanted reliable longitude data to 
update the Boston Harbour navigational charts, among 
other things. Some changes were made to Bond’s origi-
nal plan; most significantly, chronometer transports 
from Greenwich to Liverpool were deemed unneces-
sary. The longitude of  Liverpool had been accurately 
established in 1844 September as part of  Airy’s expedi-
tion to measure the geodetic arc between Greenwich 
and Valentia in the west of  Ireland.17 Hence Liverpool, 
not Greenwich, would be the eastern terminus. 

Richard F. Bond (Figure 5) sailed for London via 
Liverpool in 1849 April to select chronometers for the 
expedition, and to make arrangement for their safe 
transportation and passage through the Liverpool 
 Customs House. He selected five different types of  
chronometer balances, including Hartnup’s, Hutton’s, 
Barraud’s, and Earnshaw’s.18 These were subjected to 
extreme temperature trials at Harvard. Richard formed 
an amiable relationship with the Hartnups, particularly 
with eight-year-old John Jr. Writing to William Bond in 
1849 November, Hartnup closed with the request ‘Pray 
remember us very kindly to Mr. R. F. Bond. My little 
boy frequently talks about him.’ 19 
 
4.1. Allowing for personal equation 
The measurement of  longitudes by transportation of  
chronometers requires that the chronometers are accu-
rately set on time at the start of  the journey and com-
pared to true time at the end. An error of  one second 
of  time in longitude would equal a distance error of  
1,122 feet (342 m) at the latitude of  Cambridge, Massa-
chusetts. Considerable effort was required to keep 
errors to a minimum. 

The observatory clocks at Cambridge were set from 
visual observations of  the transits of  fundamental stars 
compared to audible beats from the transit clock or 
chronometer. The delay in reaction time, known as the 

personal equation, for the ‘eye-and-ear’ method was 
different for each observer. For example, compared to 
W. C. Bond, G. P. Bond observed later by 0s.142; T. H. 
Safford earlier by 0s.015; and P. S. Coolidge later by 
0s.029. An experienced observer’s personal equation 
was essentially constant.  

The relative personal equation between two observ -
ers could be measured by joint observation of  star tran-
sits at the same telescope. The first observer timed a 
given star over the first three wires of  the transit instru-
ment, then the second observer timed the same star on 
the last three wires. They switched order for the next 
star, and made numerous comparisons, wires being typ-
ically 20 seconds of  time apart at the celestial equator. 

Prior to his 1849 trip to London, Richard Bond had 
made numerous comparisons of  his personal equation 
with that of  his father. At Liverpool in April and June, 
Richard’s personal equation observations with Hartnup 
gave, as the mean of  a large number of  trials, the per-
sonal equations between W. C. Bond and Hartnup to 
better than one hundredth of  a second.20 

Time comparisons among the expedition mean 
solar chronometers were ordinarily made by comparing 
half-second beats with chronometers running at side-
real rate until the beats were heard to coincide. The eye 
watches one dial and the ear listens to both clocks. Such 
coincidences of  beat occur every three minutes. Bond, 
though, preferred using a comparison chronometer set 
to gain 12 minutes per day, providing a coincidence 
with the half-second beats of  the expedition chronome-
ters once every minute.21  Bond observed such coinci-
dences to an error of  only ±0.004 seconds, a factor of  
ten better than timings by direct comparison. 
 
4.2. Preparing for sea voyages 
In 1849–50, the U.S. Coast Survey sponsored 16 
transatlantic passages between Boston and Liverpool, 
resulting in 183 longitude measures.22 Great pains were 
taken to obtain transit observations for local time from 
clock stars; if  the weather was unfavourable at the time 
of  the steamer departures, the chronometers were kept 
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Fig. 4: Harvard College Observatory in Cambridge, Massachusetts, 
seen on the letterhead of  the firm of  William Bond and Son, 1847. 
(Harvard Collection of  Historic and Scientific Instruments)
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back for a later sailing. Numerous transit observations 
were made to determine azimuth error, the intervals 
between the wires, the level error of  the axis, and 
changes in the figure of  the pivots. Collimation of  the 
middle wire was measured at both reversals of  the tran-
sit from observations of  meridian marks. After compar-
isons with local time were made, the chronometers 
were taken by ‘easy carriage’ to the steamers, a distance 
of  six miles from Cambridge and two at Liverpool. 

On board, the chronometers in their cases and boxes 
were housed in a stateroom for the sea voyages which 
lasted ten to fourteen days.23 Prior to each voyage, and 
at its end, the error and rate of  every chronometer 
employed was found for an interval as near as practica-
ble to the length of  the voyage.24 At sea, one of  the 
ship’s officers wound the chronometers daily.  

On 1850 August 24 George Bond reported the 
results to the American Association for the Advance-
ment of  Science at New Haven: 

The resulting longitude of  Cambridge, using a 
difference of  meridians of  Liverpool & Green-
wich of  0h 12m 00s.11, is 4h 44m 30s.1 West, being 
one second and nine tenths less than the previously adopted 
value, and intermediate between the longitude by 
eclipses & occultations and that by moon culmi-
nations. Nearly the whole uncertainty rests with 
the rates of  the chronometers during the twelve 
or fourteen days which elapsed between the last 
comparisons at the station at one extremity of  the 
line and the first at the other.25 

 
4.3. An unexpected problem 
The results from the 1849–50 expeditions were marred 
by the disturbing fact that the eastward passages yielded 
longitudes that were 2¾ seconds of  time in excess of  

the westward passages.26 As William Bond described it, 
‘In winter [this difference] amounted to five or six sec-
onds, probably owing to a defective temperature correc-
tion of  the chronometers, as I found many of  them 
going rather wild at extreme cold, but I would rather 
not have this spoken of  as an established fact.’ 27 

Bond felt that this difference appeared ‘too uni-
formly to be the result of  accidental errors of  the 
chronometers’. To investigate this discrepancy, he sug-
gested that the next expedition must include clock com-
parisons at sea ‘and for this purpose they should be 
accompanied by some one who is familiar with their 
construction, and tendencies’.28 Bache would heartily 
endorse this suggestion in the following year. 

Hartnup’s participation in the American expeditions 
reflect his generosity of  spirit towards scientific enter-
prise. Despite the demands of  his own chronometric, 
astronomical, and meteorological duties (to be elabo-
rated below), Hartnup committed many hours of  
observatory service to the international endeavour. 
Bond could not offer him monetary compensation. 
‘That there will be a strong cooperation on the other 
side [of  the Atlantic] I have no doubt,’ he confided to 
Bache, ‘but I should prefer to have it come in voluntar-
ily without even a hint on our part.’ 29 

Bond never failed to recognize Hartnup’s contribu-
tions, writing to him on 1850 February 18: ‘I cannot 
express how much we feel obliged to you for the unwea-
ried assistance which you have so constantly afforded us 
in the chronometric expeditions. What we shall be able 
to do next season must depend upon the action of  
Congress, as the supplies are voted every year and the 
whole attention of  that body is engaged in discussing 
the slavery question without at present the least 
prospect of  agreement.’ 30 
 
5. Reversals 
As Bond prepared for a new chronometric expedition 
to be undertaken in the following year, 1851, a dis-
agreement over observing procedures threatened to 
derail the entire project. It began with a review by 
Bache’s assistant in charge of  longitude, Sears Walker, 
who found that his strict standards for transit observa-
tions were not being followed to the letter.  

In particular, U.S. Coast Survey procedures called 
for repeated reversals of  the transit as a check on colli-
mation errors whenever clock stars are observed. 
Although Bond agreed to follow Walker’s demand, he 
took exception to this requirement: ‘I may here state 
my opinion that the frequent reversal of  a large transit 
instrument, after you have well determined the amount 
of  the collimation correction, is not merely useless but 
is absolutely injurious.’ 31 

Hartnup declined to subject his transit to frequent 
reversals, concerned about the risk of  damage to the 
pivots and satisfied that observations of  both north and 
south marks was equally effective. When Bache was 
informed he became irate, writing to Bond in 1850 
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Fig. 5: Richard F. Bond was noted for his innovative mechanical 
brilliance, culminating in the Liverpool Observatory’s Bond regulator 
No. 395, which over five months in 1867 showed an extreme 
variation of  only three hundredths of  a second. (Courtesy Joyce Bond)
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October that ‘in this respect, I would prefer making a 
station at Liverpool independent of  his [Hartnup’s] 
observatory’. 

Bond was stung by this remark, delaying his 
response to Bache until mid-December: 

I have long considered this proposition because I 
felt unwilling to raise a hasty objection to it. In the 
first, Mr. Hartnup is considered one of  the best 
observers in Europe, and the observations which 
he has so liberally supplied to us last year appeared 
to me perfectly satisfactory… 
I would not propose it and if  such a course is to be adopted I 
cannot participate in it. I have no more doubt than Mr. 
Walker has that the reversal of  a transit instrument 
is requisite to the determination of  its collimation 
error, but this may be carried to an injurious excess 
more particularly with large instruments.32 

Bond hoped that the matter would die, but Bache, 
known for his uncompromising attitude to precision, 
was unappeased.33 When pressed again by Bache in 
1851, Bond wrote to Hartnup, expressing his despair: 

In regard to the repeated reversals of  our transits 
on circumpolar stars, I do not know what we shall 
do. The Superintendent of  the Coast Survey is 
very anxious that it should be done, and yet under 
the circumstances it appears impossible, tied as we 
are to a certain day, that it should be done at the 
time of  the last comparison of  the chronometers, I 
see no alternative for us but to reverse our instru-
ments whenever we have a favourable opportunity, 
and observe above and below pole, and carry the 
time back or forward by the transit of  a zenith star. 
I have exhausted my rhetoric on Prof. Walker on 
this subject. He acknowledges the efficiency of  
north and south marks. But the other method is 
the Coast Survey practice with smaller instru-
ments. For my own part I have greater confidence 
in good north and south marks that have been 
determined by a long series of  observations of  a 
single night. But it is the Coast Survey practice 
which must guide us it seems.34 

By the final chronometric expedition in 1855, Bond 
and Hartnup had relented, making reversals on clock 
stars to satisfy Bache.35 
 
6. The 1851 expedition 
The transatlantic expeditions resumed in 1851 with a 
new set of  37 chronometers, two aneroid barometers, 
and three Troughton & Simms boxwood thermome-
ters, selected by Richard Bond.36 Between July and 
October three transatlantic voyages were made from 
Liverpool and two from Boston. Bond’s assistant T. 
Sheppard Homans (1831–98) took charge of  the 
chronometers at sea and Hartnup made local time 
observations at Liverpool.37 

The results from 1851 increased the longitude of  
Cambridge by one-third of  a second west, but the 
results from the eastbound passages now exceeded 

those of  westbound passages by 3.3 seconds of  time.38 
George Bond attributed the disparity to imperfect 
knowledge of  the temperatures on board during the sea 
voyages. He derived an expression for the temperature 
correction to longitude based on ‘a large number of  
chronometers’ which predicted how their rates were 
affected in a positive sense for the westbound passages 
and negatively in the opposite direction. 

In his 1854 report to the U.S. Coast Survey George 
Bond offered that ‘there is no reason to doubt’ that the 
temperature disparity of  longitudes from east and west 
voyages ‘might be completely eliminated in future 
expeditions by means of  an accurate thermometric 
record’ of  the chronometers while at sea, combined 
with experimental determination of  each chronome-
ter’s temperature coefficient.39 The following year’s 
voyages would do just that. 
 
7. Chronometer Z 
With over a decade of  experience behind them, the 
Bonds now proposed the ultimate transatlantic expedi-
tion for 1855. Joseph Bond met with Richard Sheep -
shanks (1794–1855) in London and ordered five of  his 
standard thermometers.40 From 1855 March to Decem-
ber, fifty select chronometers underwent prolonged 
temperature trials in the heated cabinet of  the Obser-
vatory library and in the cooled basement at Harvard 
College Observatory. 

Richard Bond came up with an ingenious way to 
obtain precise and continuous temperature measure-
ment at sea. His ‘thermometric chronometer Z’ was a 
modified Bond & Sons chronometer number 147 with 
an uncompensated balance wheel. An all-brass balance 
rim and arms replaced the bimetallic steel and brass 
balance of  a temperature-compensated chronometer. 
The going rate of  the thermometric chronometer was 
very sensitive to temperature, changing its rate by six 
seconds per day for each 1° F change in temperature. 
Following extensive calibration of  rate against tempera-
ture at Harvard Observatory it was placed aboard ship 
with the longitude chronometers, where it proved to be 
‘incomparably more reliable’ than the accompanying 
self-registering mercury thermometers. And while ther-
mometers gave only a few measures of  temperatures 
per day, Chronometer Z in effect provided a continuous 
monitoring of  diurnal temperature effects by means of  
its varying rate.41 
 
8. The spring governor and electric clock 
By far the most revolutionary aspect of  the 1855 chro-
nometric expedition was the introduction of  Bond’s 
recording chronograph, called the ‘spring governor’ 
after its motive clockwork (see illustration on the inside 
front cover). Designed to eliminate the personal equa-
tion of  the ‘eye-and-ear’ method, Bond’s chronograph 
consisted of  a brass cylinder covered with paper, with a 
glass ink pen that traced a continuous line, slowly mov-
ing laterally as the cylinder made precisely one revolu-
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tion per minute. An electromagnet on the pen allowed 
each second to be marked on the paper when connected 
to a specially wired clock. An ivory block was also 
wired-in which allowed an observer to mark the times of  
transit observations by a key press. With its companion 
electric clock, this so-called American Method of  transit 
observing was introduced in England at the 1851 Great 
Exhibition in Hyde Park, London, and was demon-
strated at the 1851 July meeting of  the British Associa-
tion at Ipswich in the presence of  Prince Albert.42, 43 

With a pair of  electric clocks and spring governor 
chronographs connected by telegraph, observers could 
precisely measure the difference in time and hence of  
longitude by observations of  the culmination of  a star. 
For example, if  Greenwich and Liverpool were con-
nected to a pair of  these devices, when a star crossed 
the meridian at Greenwich its time from the Greenwich 
observer’s key would register on both of  the spring gov-
ernors. Twelve minutes later the star would be marked 
at Liverpool and transmitted simultaneously to both 
cylinder papers, making time marks which could be 
read off  to small fractions of  a second. 

In 1855 July, Bache ordered one spring governor 
(cost $500) and an electric clock to be installed in the 
Liverpool Observatory by Richard Bond.44 To relieve 
Hartnup of  making all the local time clock compar-
isons and the transit observations, Harvard Observa-
tory astronomer Phillip Sidney Coolidge was placed in 
charge of  the expedition. 

Coolidge, a grandson of  Thomas Jefferson, was 
appointed assistant to the Harvard College Observatory 
in 1854, and became a remarkable planetary observer 
with extensive experience in transit observations for the 
Harvard Zone Catalogues.45 Bond wrote: 

Mr. Sidney Coolidge, a volunteer assistant at this 
Observatory, is willing to take charge of  the 
chronometers on the voyage and to observe tran-

sits at both Liverpool and Cambridge. With this 
view he is now in practice of  observing by the dif-
ferent methods, and also of  comparing chronome-
ters, this will settle the question of  personal 
equation, and as he is very careful, able, and zeal-
ous, and never “sea-sick”, we may expect to have 
careful comparisons of  the chronometers and 
accurate readings of  the thermometers.46 

As Bond noted, ‘Mr. P. Sidney Coolidge received no 
pecuniary compensation for his unwearied services, he 
is perfectly satisfied, however, and can well afford to be 
so.’ 47 

On Richard Bond’s first chronometric trip to Liver-
pool in 1849 his eight chronometers had been held up 
at the customs depot for two days and he was ultimately 
required to hire customs house agents and post bond 
assuring that they would leave the country within six 
months. For the 1855 expedition Bond took special care 
to ease the chronometers through customs. He sent 
Hartnup a letter for Nathaniel Haw thorne, author and 
U.S. Consul at Liverpool, along with a certificate from 
the U.S. Treasury Department documenting the official 
nature of  the chronometers. And he asked Hartnup to 
meet with the Liverpool Customs Officer regarding 
past endorsements of  the expeditions.48 
 
9. The transatlantic crossings of  1855 
On 1855 June 5, 42 chronometers in seven boxes in the 
charge of  Richard Bond and Sidney Coolidge were 
taken on board the Cunard steam ship RMS America, 
which sailed from Boston for Liverpool at noon the 
 following day. Throughout the 12-day voyage Bond 
established the stateroom temperature history by mak-
ing twice-daily time comparisons of  the ‘thermometric’ 
chronometer Z (see Section 7), with two standards, an 
eight-day chronometer, Hutton No. 320, and a 56-hour 
chronometer, Hutton No. 272.49 The readings of  ten 
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Fig. 6: Chronograph sheet made at Liverpool Observatory on 1855 July 20. The horizontal pen traces contain time ticks at  
one-second intervals with additional ticks marking observations of  clock stars as they crossed the wires in the telescope eyepiece.  

The sheet is headed ‘Compar[ison] of  chronometers by R. F. B. [i.e. Richard F. Bond]’. The note ‘S.C obs.’ at top denotes that Sidney 
Coolidge was the observer. In lines 5 and 6 at top left Coolidge noted ‘3 first wires lost by smoke from a steamer’. (Harvard Archives)
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mercury thermometers and two aneroid barometers in 
the stateroom were also recorded. 

By June 10 the stateroom temperature had fallen to 
56° F. Bottles and a stone jug of  hot water were placed 
with the boxes and a carpet was thrown over them to 
keep them warm. On June 15 and 16 the ship was hit 
with squally weather. ‘Ship has been very unsteady for 
the last 24 hours,’ reported Bond.50 

The RMS America reached Liverpool on June 17 and 
the chronometers were at the Liverpool Observatory by 
9 p.m. Richard Bond installed the spring governor and 
electric clock, and made the first comparisons of  41 
chronometers by the ‘electric method’ on 1855 July 19, 
a process that took 55 minutes. Sidney Coolidge made 
the transit observations for local time, as he had at 
Cambridge before the start of  the voyage. He recorded, 
to 0.01s, the timings over seven wires of  seven clock 
stars: η Dra, α Her, α Oph, γ Dra, δ UMi, 51 Cep s.p., 
and β Lyr. On the following night, as Coolidge 
observed clock star α Leonis, he noted ‘3 first wires lost 
by smoke from a steamer’, a victim of  Liverpool Obser-
vatory’s low elevation on the River Mersey (Figure 6).51 

 
9.1. Second and third voyages, and a larger ship 
Bond and Coolidge were not happy with the cramped 
quarters of  the stateroom on the RMS America, and 
waited at Liverpool until the departure of  the larger 
Cunard steamer RMS Asia on July 21. At 1 p.m. 48 
chronometers were loaded on board. The Asia reached 
the banks of  Newfoundland on July 29 and Boston at 
noon on August 2. 

The third voyage, again on the RMS Asia, left Boston 
on 1855 August 15 with 45 chronometers under the 
care of  Coolidge and Charles W. Tuttle, former second 
assistant at Harvard and brother of  the comet discov-
erer Horace P. Tuttle.52 Tuttle was an experienced 
 transit observer, having worked on Harvard’s Zone 
Catalogues and observed for the 1851 chronometric 

expedition. Wooden steps that fit over the captain’s 
stateroom sofa had been made for the boxes, and these 
were loaded on the RMS Asia at 4 p.m. on the after-
noon before it sailed. 

The seas turned rough on August 22 (Figure 7), as 
described in Section 1.  After its uncomfortable  passage 
the ship and its valuable cargo arrived at Liverpool on 
Saturday, 1855 August 25 at 9:30 p.m., and the chrono -
meters reached the Observatory at 1 a.m. on Sunday.53 

On Monday, each of  the chronometers was com-
pared with the 12-minute comparator chronometer X, 
and X itself  was compared with the Liverpool sidereal 
clock and with the spring governor clock. Transit obser-
vations were made by Hartnup and Coolidge that 
night, August 27, and on the next three nights with the 
spring governor and electric clock. Level, azimuth, and 
collimation readings on Polaris were made on August 
30, when the transit instrument was reversed from ‘illu-
mination East’ to ‘illumination West’. 

Hartnup again made level observations, and the list 
of  observed clock stars that night gives an indication of  
how busy the observers were: δ Aql, α Vul, μ Aql,  
γ Aql, α Aql, β Aql, c Sgr, β Cap, ε Del, α Del, α Cyg,  
ι UMa, θ Cap, 61 Cyg, ζ Cyg, α Equ, α Cep, θ Uma, 
and ε Hyd. Every night in Liverpool was clear enough 
for observations. 

 
9.2. Fourth, fifth, and sixth voyages 
On September 1 fifty-one chronometers were taken on 
board the Cunard ship RMS Africa, sister ship to the 
Asia, which departed Liverpool at noon for Boston. This 
voyage was uneventful, beside the force 6 winds that 
blew on September 8. The chronometers arrived at the 
Cambridge Observatory at 1 p.m. on September 12. 

On the afternoon of  September 25 Coolidge per-
formed ‘electric comparison’ of  the chronometers in the 
Library/Chronometer Room at the Cambridge Obser-
vatory. That night he returned to the Observatory to 
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Fig. 7: RMS Asia rolling in a 
beam sea 1850 August, one week 
after its departure from Boston,  
in a sketch attributed to Sidney 
Coolidge. At left is an overhead 
view of  the ship with the port and 
starboard paddles labelled P and 
S. At top is a sketch of  the ship’s 
port side. At bottom are three 
views of  the rolling of  the ship in 
a beam sea. In the centre the port 
paddle wheel is lifted out of  the 
sea, and at the right, waves crash 
over the starboard deck. (Harvard 
Archives)
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obtain ‘a large number of  transits of  stars’. Just after 
noon the following day the fifth voyage commenced 
with 50 chronometers on board the Africa, in the care of  
Coolidge and Josiah Foster Flagg (1835–1928), a gradu-
ate of  Harvard and a future civil engineer. 

The RMS Africa docked at Liverpool on October 6 at 
4 p.m. On the following evening Hartnup made transit 
level observations on the South mark, reversed the 
instrument, and re-levelled. Clock stars were observed 
by Coolidge, and Hartnup made transit observations of  
Jupiter and its satellites. The chronometers were com-
pared using the spring governor and electric clock. 
Weather allowed clock star observations on October 8, 
9, and 10. On the 11th clock comparisons were made. 
Flagg made transit observations on the morning of  
October 12. 

The RMS Africa left Liverpool for Boston on October 
13 at 11 a.m. Winds blew hard on the 16th and 19th but 
the voyage was routine. The Africa reached Halifax 
 harbour on October 24, and Boston on October 25 at  
9 p.m. Flagg and Coolidge arrived at the Observatory at 
11 p.m; the 52 chronometers arrived at the Observatory 
the next morning at 11 a.m., whereupon Coolidge com-
menced their comparisons with the electric clock.54 
 
9.3. Calculating the longitude 
William and George Bond worked for six months 
reducing the data from the 1855 chronometric expedi-
tion to derive the longitude of  Cambridge Observatory. 
In 1856 January William reported his preliminary com-
putations to Samuel Hein (1822–86), disbursing agent 
of  the Coast Survey:55 
 
Eastbound crossings (Cambridge to Liverpool)      4h 44m 30s.833 
Westbound crossings (Liverpool to Cambridge)     4h 44m 30s.726 
Mean                                                                       4h 44m 30s.779 
 
William added that the previous chronometric expedi-
tion of  1851 had given a mean longitude for Cambridge 
of  4h 44m 30s.66. 

George Bond then finished his own analysis, apply-
ing temperature corrections and assigning separate 
weights to each of  the 52 chronometers on each of  the 
six voyages. On 1856 April 29 he wrote to Bache with 
new values of  the longitude, now increased westwards 
by over a second from the 1851 expedition and also 
from William’s results:56  

 
Eastbound crossings (Cambridge to Liverpool)       4h 44m 31s.97 
Westbound crossings (Liverpool to Cambridge)       4h 44m 31s.80 
Mean                                                                        4h 44m 31s.88 
 
In the Harvard Archives copy of  G. P. Bond’s letter to 
Bache, crossed out is the passage ‘it is somewhat star-
tling to obtain a concluded longitude differing by over a 
second from that of  the expeditions of  1848–49–51’.57 

Bache was also taken by surprise, writing back on 
May 7: ‘Has any mistake occurred in copying seconds 

of  longitude, as the letter of  Jany. 10 gave 30 instead of  
31 for the whole number of  the seconds, and the pre-
sent result differing more than a second from the previ-
ous one could naturally have suggested a remark.’ 58 

George Bond responded: ‘I should not have antici-
pated that the application of  temperature corrections & 
the assignment of  relative weights could have caused so 
much of  a discrepancy, and was yet less prepared for the 
comparison with previous chronometric results which 
are also about a second less than that for 1855.’ 59 He 
pointed out that the average temperature correction in 
1855 amounted to nearly one second of  longitude.60 

To find out if  that explanation held true, Bache 
enlisted his assistant in charge of  the Coast Survey’s 
computing office, Julius Erasmus Hilgard (1825–90), in 
an examination of  the 1855 longitude results. Hilgard 
noted to Bache: ‘It is singular that Mr. B. makes no 
remark on the difference of  more than a second of  the 
result he communicates from the previous one. With 
reference to the Boston harbour chart this leaves us 
uncertain still, for so large a difference requires some 
examination.’ 61 

In his memorandum of  1856 October, Hilgard 
found that while the average temperature correction, 
‘independent of  signs and weights’, was +0.93 seconds, 
the average effect ‘having regard to signs and weights’, 
−0.17 seconds, was ‘insensible’. He concluded: 

On the whole it is apparent that the average sea 
rates have not been sensibly different … from the 
shore rates; and no results can be deduced from the 
voyages of  1855 that is not at least 1s larger than 
that of  any former year. If  the results of  1855 are 
too large, we must assume that by some causes not 
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Fig. 8: Errors in longitude between Harvard College Observatory 
and Greenwich from various determinations, compared to the U.S. 
Coast Survey 1897 final value 4h 44m 31s.046 measured by 
transatlantic cable (the zero line). The eastward (upper) and 
westward (lower) chronometric results are shown with connecting 
lines for 1848–55. The earliest measurements are astronomical, 
from eclipses, occultations, and lunar culminations, as are two 
overlapping 1861 values. The values from 1866 onwards are 
telegraphic measurements by undersea cable – the immediate 
improvement in accuracy is obvious. 

Error in Harvard–Greenwich longitude 1839–72
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operating on previous voyages, the chronometers 
have equally gained in going East and lost in going 
West, so as to give too large a longitude, without 
the average rates giving any indication of  error.62 

When the first measurement by transatlantic cable was 
made in 1866, its west longitude differed from the 1855 
results by −1.04 seconds, closer to the 1851 results 
 (Figure 8).63 

Neither William Bond nor any of  his sons lived to see 
that happen. In 1866 February, clockmaker Richard lay 
dying, at age 38. At his bedside was a clock escapement 
of  his design, ‘his dying legacy to the scientific world’, at 
last complete. His father-in-law, Reverend Joseph Hart 
Clinch, Sr. (1806–84), described the scene: 

He could whisper, almost with his dying breath, “it 
is perfect.” And when his eyes were closed in 
death, the attention of  the sorrowing friends who 
stood or knelt around his bed, was turned from the 
motionless form beside them to the regular pulsa-
tions of  the almost living instrument which he had 
called into action, recording the passing away of  
moments, which, for him, were no more to be 
numbered on earth … This escapement is to be 
immediately attached to an astronomical clock 
which the firm are now manufacturing for the 
Observatory in Liverpool, England.64 

Still, Bond and Hartnup’s chronometric expeditions 
firmly established the longitude of  the Cambridge 
Observatory as ‘the primary meridian of  the greater 
portion of  N. W. America, inasmuch as the longitudes 
of  most other places have been referred to it’, as Find-
lay’s Directory for the North Atlantic Ocean, declared forty 
years later, in 1895.65 
 
10. Keeping Greenwich Time at the Liverpool 
Observatory 
Hartnup was a vocal proponent of  the establishment of  
his observatory as the sole reference in Liverpool for 
Greenwich Time: 

The Greenwich time obtained from various cele-
brated chronometer makers who had transit 
instruments of  their own, had been found to differ 
from the correct Greenwich time sufficiently to 
cause a wreck … The scientific public and intelli-
gent shipmasters will never have confidence in 
either time-balls or clocks, which are not placed 
directly under the control of  the officers of  an 
astronomical observatory.66 

The Liverpool Observatory was equipped with two 
astronomical clocks made by the celebrated firm of  
Robert Molyneux, Liverpool, each accurate to better 
than one-fifth of  a second per day.67 The bill for these 
clocks totalled £105.68 

One of  the clocks kept sidereal time, which would 
be set by transit observations. The second clock kept 
mean solar time. When the seconds of  the two clocks 
coincided, by coincidence of  beats, Hartnup could 
determine the error of  the mean time (solar) clock. 

Hartnup conceded that this method of  keeping correct 
Greenwich Mean Time was ‘roundabout and compli-
cated’, but defended it because it was accurate.69 

Hartnup noted that the clocks could only be relied 
upon for short intervals to keep time to the precision 
required for rating chronometers. To that end, he 
reported that the clocks had been checked with transit 
observations a total of  965 times in five years, so that 
the average interval for which the clocks ran free was 
under two days.70 
 
11. The Liverpool Observatory time ball 
For the benefit of  the shipping trade, on about 1845 
January 20 Liverpool Observatory commenced provid-
ing Greenwich Mean Time to the Port of  Liverpool by 
the dropping of  a signal ball daily at one o’clock, as 
had the Royal Greenwich Observatory since 1833.71 
This notice, signed by John Hartnup, appeared several 
times in the Liverpool Mercury in that month: 

Masters of  Ships and the Public generally are 
informed that the Signal Ball on the top of  the 
Observatory recently erected on Waterloo Dock 
Pier Head, is dropped daily at one o’clock Green-
wich Mean Time, being Twelve Minutes and Two-
tenths of  a Second before One o’clock at this 
Observatory.72 

Hartnup later explained that he had chosen to drop the 
time ball at one o’clock GMT ‘For the sake of  unifor-
mity … so that the two signal balls, at Greenwich and 
at Liverpool, drop at the same instant’.73 

Testimonials to the utility of  the time ball came from 
various steamship owners and operators. Hartnup told 
this anecdote to the Observatory Committee in 1851: 

The captain of  a ship bound to the East Indies, 
while lying in the river just previous to sailing, 
found by an observation of  the time ball that the 
error of  his chronometer on Greenwich time had 
been given wrong by just one minute. He immedi-
ately brought his chronometer on shore in a boat, 
and on finding at the Observatory that his observa-
tion was correct, he expressed himself  much grati-
fied that the authorities of  Liverpool had supplied 
him with the means of  detecting an error which, 
undiscovered, might have proved of  serious conse-
quence to him.74 

Despite the installation of  the signal ball, and its promi-
nent position, there were still many casual requests for 
the correct time, chiefly, Hartnup explained, by ‘profes-
sional raters of  chronometers, who either miss the time 
for observing the ball, or have not confidence in their 
own observations’.75 Hartnup generally accommodated 
these requests: ‘We have never refused to give the time 
when applied to in this way, but as the duties of  the 
Observatory have of  late much increased, we have, 
when applications have been very frequent by the same 
persons, requested that they would learn to observe the 
drop of  the ball, and this request has been generally 
complied with.’ 76 
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12. Sympathetic clocks and remotely con-
trolled time balls 
By the time that Hartnup addressed the Literary and 
Philosophical Society of  Liverpool in November 1852 
time balls were old technology. He was by then in pur-
suit of  the power of  the magnetic-electric telegraph. As 
he explained: 

Galvanic currents can … be transmitted along a 
conducting wire, either by an electric clock or by 
an ordinary astronomical clock, and, by causing 
the currents thus transmitted to excite magnets, the 
hands of  any number of  clocks, placed in the cir-
cuit, may be made to move simultaneously with 
the hands of  the primary clock… 
From the experiments which have now been tried 
at Greenwich and in London, there cannot be a 
doubt of  the practicability of  making one primary 
clock work several secondary clocks at the distance 
of  four or five miles. Therefore, if  one clock at the 
Observatory were made to show correct time, as 
determined by astronomical observations from day 
to day, other clocks, placed in different parts of  the 
town, might be connected with it, and all the 
clocks so connected would show precisely the same 
time as the clock at the Observatory.77 

Hartnup felt that Greenwich Time could be delivered 
to other parts of  Liverpool by electromagnetism. The 
Scottish inventor Alexander Bain (1811–77) had laid 
the foundations for this work in his 1840 patent sug-
gesting the use of  electromagnetism as a maintaining 
power to clocks. In Bain’s design a seconds-beat pendu-
lum driven by a key-wound spring makes contact on 
each swing closing a circuit from a battery to a dial 
advanced electrically. But his method was flawed 
because the attractive and repulsive forces of  the mag-
nets were brought to bear directly on the pendulum.78 

Charles Shepherd Jr (1830–1905), a London engi-
neer and clockmaker, installed a master clock at Green-
wich Observatory in 1852 that operated four slaved 

electrical impulse dials (Figure 9). Hartnup noted that 
this electric clock was far superior to Bain’s clock, as the 
maintaining power was transmitted to the pendulum by 
a spring, so the varying power of  the battery was not 
communicated directly to the pendulum.79 

In 1852, Hartnup began to ponder the possibility of  
using electricity to drop a time ball at some distance 
from the Liverpool Observatory. He noted: 

Up to the present time signal balls have necessarily 
been erected near to observatories, but it is now 
found practicable, by the agency of  electricity, for 
the astronomer to drop a ball at a considerable dis-
tance from the Observatory … Already a time ball 
is in due course of  erection at Charing Cross, 
much elevated above the Thames as to be visible to 
vessels below bridge, and to a large portion of  
London. This ball … will be dropped by the 
astronomers at Greenwich, simultaneously with 
the ball on top of  the Royal Observatory by a 
shock of  electricity. I mention this circumstance to 
the Committee because I believe that at no distant 
date, the importance of  an extensive diffusion of  
accurate time will be found to be so great, that the 
authorities of  Liverpool, as well as London, will be 
induced to erect a signal ball in a more conspicu-
ous place than can be found in the immediate 
neighbourhood of  the Observatory.80 

 
13. The Electric Telegraph Company time ball 
On 1852 August 28 the Electric Telegraph Company 
(ETC) in London installed an electrically released time 
ball on its headquarters at Charing Cross. Six feet in 
diameter, made of  zinc and painted red, it was 
dropped on a twenty-foot pole synchronously with the 
Greenwich Observatory time-ball. The following year 
ETC installed a similar time-ball at its main office on 
Castle Street, Liverpool — timed from Greenwich, 
200 miles (300 km) away, rather than from the Liver-
pool Observatory:81  
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Fig. 9: Charles Shepherd’s Gate 
Clock at the entrance to the Royal 
Observatory Greenwich c.1870. 
This clock was the first to display 
Greenwich Mean Time to the 
public, and is a slave mechanism 
controlled through electrical 
pulses driven by Shepherd’s 
master clock, situated inside the 
building. In 1960 the clock was 
reinstalled on a new wall a few 
metres to the right (downhill) 
from its original position 
(Courtesy Graham Dolan)
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A staff  rises from the roof  of  the building to the 
height of  40 feet, which is surmounted by a neat 
design, below which are marked the four cardinal 
points, a gilt vane indicating the course of  the 
wind. The time-ball is painted crimson, with gold 
and black zones; it is six feet in diameter, and is lib-
erated at one o’clock, falling ten feet down the 
pole, thereby indicating the exact time at Green-
wich and Charing Cross. The ball is hoisted up to 
its place by machinery, and held there by a small 
iron fastener, opposite to which is a bar of  iron, in 
the centre of  a coil of  wire, the wire being con-
nected to a battery … By passing the electric cur-
rent along this wire, the iron becomes highly 
magnetic, and this, attracting the small bar which 
holds up the time ball, frees it from obstruction, 
and it falls instantaneously.82 

Hartnup closely monitored the performance of  the 
ETC time ball, and when it experienced operational 
problems he complained to Airy at the end of  1853 
that it was becoming a serious navigational hazard.83 
Furthermore, Hartnup’s critical observations were 
reported in the Mercantile Marine Magazine under the 
heading ‘Caution to Captains’: 

It having been suspected that the Electric Time-
ball, recently erected in Castle Street, Liverpool, 
and connected with Greenwich Observatory, failed 
considerably in giving the correct Greenwich Time, 
Mr. Hartnup, of  the Liverpool Observatory, 
undertook to note, on three different occasions, the 
errors of  this professed mean time exhibitor. The 
results are given as follow: 
December 17, 0m 7.2s slow; December 19, 0m 
19.1s slow; December 20, 1m 21.0s slow. 
As Mr. Hartnup very justly observes, ‘in such a 
great mercantile port as Liverpool, those who pro-
fess to give Greenwich Time in so public a way as 
that of  dropping a Signal Ball, should be held 
responsible by the authorities for its accuracy’.84 

The time ball ceased operation for four months as ETC 
telegraph engineer Josiah Latimer Clark (1822–98) 
struggled to improve its fault monitoring. Clark could 
not explain the errors, telling Airy that he could 
‘scarcely believe them … I fear the matter must remain 
a mystery’.85 Hartnup’s criticism led directly to the 
development by ETC engineers Clark, Samuel Alfred 
Varley (1832–1921), and Airy of  the ‘return signal sys-
tem’, an essential feedback confirming the reliability of  
the Greenwich time system. 
 
14. The Magnetic Telegraph Company clock 
By 1855 the Liverpool Observatory had begun to con-
trol clocks elsewhere in Liverpool. Hartnup was unable 
to negotiate a satisfactory contract with ETC, in part 
due to his published criticism of  their time ball.86 He 
turned instead to their competitor, the British and Irish 
Magnetic Telegraph Company (MTC), who agreed to 
cover the expense of  running telegraph lines from the 

Exchange Building to the Observatory and to erect a 
public clock on the Exchange in return for the Obser-
vatory’s regulation. 

Hartnup reported to the Town Council in 1855 
 January: 

In the office window of  the company is placed one 
of  Henley’s Electro-Magnetic Clocks, having a 
beautifully large dial, with hour, minute and sec-
ond hands, which may be well seen from the 
Exchange Flags. The seconds hand of  this clock is 
moved forward simultaneously with the vibrations 
of  a pendulum at the Observatory, by the trans-
mission of  an electric current; so that the clock at 
the Observatory being made to show correct time, 
the clock at the Exchange, which beats simultane-
ously with it (being once set right) must also show 
correct time.87  

Furthermore, the Exchange Clock was designed to 
report its correctness back to the Observatory at the end 
of  every minute, and it could be adjusted remotely from 
the Observatory by means of  two finger keys, ‘one of  
which, on being pressed down, should the clock from 
any cause be too fast, prevents the electric current from 
passing, and consequently stops the clock in the 
Exchange-buildings until the finger-key is raised and the 
current again transmitted: the other key is used to send 
additional currents, should the clock be too slow’.88 

Hartnup was pleased with this arrangement, which 
proved successful enough for him to declare the follow-
ing year that ‘should it be thought desirable, clocks may 
be erected in any part of  the Town or Docks, and their 
performance so controlled from the Observatory as to 
cause them all to show correct time.’ 89 

Hartnup described the Exchange Clock at the 1857 
meeting of  the British Association: 

This clock is worked by our normal clock at the 
Observatory; and as the seconds’ hand, at the end 
of  each hour, falls upon the sixtieth second, the 
first blow of  the hammer of  the Town Hall clock 
breaks upon the ear, much to the admiration and 
astonishment of  a large number of  persons who 
congregate daily to witness this novel performance. 
The normal clock at the Observatory is an ordi-
nary astronomical clock, the contact-springs of  
which are so slight as not to interfere sensibly with 
its performance. It will be seen, therefore, that by 
placing a good astronomical clock in any building, 
a turret or any other clocks may be connected and 
their movements controlled by it, and a degree of  
accuracy secured which has hitherto not been 
attained.90  

The Exchange Clock was also used by merchants to 
discover errors in the time of  falling of  the ETC time 
ball controlled from Greenwich. Hartnup complained 
to Airy of  timing errors of  up to a minute in 1858 
March and 1859 August. ETC engineers reviewed their 
records and could only identify six failures to drop in 
six weeks, attributing some failures to thunderstorms. 
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Only one error in timing was acknowledged by ETC. 
Airy insisted to Hartnup that the ETC time ball showed 
only ‘the most perfect assurance of  accuracy’, conclud-
ing ‘I think there is great reason for believing that there 
is no foundation for the unspecified rumours of  the 
erroneous dropping of  the Ball’.91 

One day in 1857 June Hartnup counted 425 people 
comparing their watches with the magnetic clock 
between 9.30 a.m. and 4.30 p.m., an average of  more 
than one a minute.92 By 1862 the numbers had nearly 
tripled.93 Hartnup reportedly declared: ‘Of  all the 
methods which have been adopted in Liverpool for the 
dissemination of  accurate time, the seconds’ clock, 
which is controlled from the Observatory, appears to be 
the most highly appreciated by the public.’ 94 
 
15. The Town Hall clock 
In 1857, the chairman of  the Observatory Committee 
asked Hartnup to investigate the possibility of  control-
ling the notoriously unreliable Town Hall clock from 
the Observatory – a clock described as ‘a rickety old 
piece of  mechanism, which used previously to stop 
sometimes, by the action of  the wind upon the hands’ 95 
and ‘a notorious fugitive of  real time’.96 

Hartnup explained the difficulty of  regulating such 
a large instrument before describing the method that he 
eventually used successfully: 

Mr. R. L. Jones of  Chester, who has for some years 
been experimenting on electrical clocks, has 
recently discovered a method of  controlling the 
movements of  any ordinary clock by the transmis-
sion of  a current of  electricity through a coil in the 
bob of  the pendulum … In the present case the 
wire which connects the Town-Hall clock with the 
Normal clock at the Observatory is about one mile 
in length, and the controlling power is so great that 
a single cell of  a Smee’s battery charged with very 
weak acid is sufficient to control the movements of  
the Town Hall clock … The Liverpool Town Hall 
clock is the first large public clock to which this 
beautiful invention has been applied, and the result 
is, that the first blow of  the hammer at each hour 
of  the day is correct, even to a small portion of  a 
second of  time.97 

Robert Lewis Jones (c. 1806/7–??), station manager of  
Chester railway station, was a pioneer in synchronizing 
clocks. His interest was perhaps born of  a singular 
tragedy. On 1851 April 30, a horrendous collision 
trapped 1,600 rail passengers in the mile-long Sutton 
Tunnel between Chester and Warrington, resulting in 
nine deaths and dozens of  injuries. At the subsequent 
inquest, railway management was found considerably 
negligent. The absence of  accurate time was reported 
to have hindered the inquest.98 

In his patent No. 702 of  1857 March 11 (‘Improve-
ments in Regulating Clocks by Electricity’), Jones modi-
fied Bain’s system of  sympathetic pendulums. A 
mechanical master clock provided the electric pulses to 

keep the pendulums of  his ordinary key-wound clocks 
in step. The bob of  these key-wound clocks consisted of  
a coil sliding over two permanent magnets. The electric 
pulses received from the master clock kept these sec-
ondary clocks in harmony with his master clock.99 Jones 
used the tower clock of  Chester as master clock provid-
ing the electric pulses to control his secondary clocks.100 

In 1858 February Hartnup reported that ‘the old 
turret clock on the top of  the Town Hall, about a mile 
distant from the Observatory, still continues to strike 
with as much accuracy, and much more certainty, than 
it is possible to drop a time ball’.101 The novelty of  Liv-
erpool’s clock regulation by electricity was considered 
newsworthy for years afterward.102 
 
16. The Victoria Tower time ball 
The time ball on the Observatory was not high enough 
to be visible from many of  the Liverpool docks. On 
1853 August 24 Hartnup addressed the Observatory 
Committee of  the Town Council on the need for a 
more prominent time ball. He pointed to the need for 
navigators to be able to check their chronometers once 
they were on the ship, as a guard against disturbances 
from ‘injury or want of  care in taking them on board’. 
Hartnup explained that clocks with second hands could 
not be seen from a great distance, hence the necessity 
for time-signal balls: 
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Fig. 10: The Victoria Tower at Liverpool Docks had a clock dial on 
each of  its six faces and a time ball on top, more widely visible than 
the time ball on Liverpool Observatory. From Herdman, W. G., and 
Maples, J. O., Views of  Modern Liverpool by William Herdman, 
Liverpool (1864). (By permission, S. P. Lothia Collection)
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The situation of  our signal-ball … is not a good 
one for this purpose; but a place might be found 
along the line of  docks from which a time-ball 
would be seen for some miles from the mouth of  
the Mersey. The top of  the Victoria Tower is a situ-
ation well adapted for a time-ball … we could drop 
it from the observatory, by the transmission of  a 
galvanic current, with the same precision as we 
now drop the ball at this observatory.103 

The Victoria Tower is a conspicuous hexagonal tower, 
looming 95 feet (29 metres) high at the former entrance 
to the Salisbury Dock (Figure 10). It was designed by 
Jesse Hartley (1780–1860), dock surveyor, and com-
pleted in 1848. In 1860 February the six dials on this 
tower, each eight feet (2.4 metres) in diameter, were 
connected electrically to the Observatory’s normal 
clock, using Jones’s method, and a large time ball man-
ufactured by George Forrester & Co. was installed on 
the top of  the tower, to be dropped simultaneously with 
the Observatory time ball at 1 p.m.104 

Interestingly, after the previous difficulties with the 
ETC time ball, the Astronomer Royal Airy recom-
mended that this time ball be controlled by the Liver-
pool Observatory rather than directly from Greenwich: 

I do not know precisely what is contemplated at 
Liverpool in reference to the proposed new time-
balls, but remarking that there is at the Liverpool 
Observatory a first-class transit instrument, used 
by an accomplished and long experienced 
observer, and remarking that the longitude of  the 
Liverpool Observatory from Greenwich has been 
determined with great care, I should think it pru-
dent (in order to avoid the difficulties incidental to 
a long line of  telegraph) to drop the balls by gal-
vanic current from the Liverpool Observatory.105 

Hartnup related the success of  this project in his report 
of  1862: 

This clock has now been successfully controlled 
from the Observatory for upwards of  two years, 
and the first blow of  the hammer at each hour of  
the day indicates Greenwich mean time. On a 
calm day the striking of  this clock can be heard at 
the Observatory, and we frequently compare it 
with the Normal Clock … The time which sound 
takes to pass from the clock to the Observatory is 
two seconds and six tenths, and so perfectly does 
the small clock at the Observatory control the large 
one at the Victoria Tower, that no sensible differ-
ence between the calculated and observed time can 
be detected.106 

In addition, to monitor its performance more precisely, 
the Victoria Tower clock sent a current to the Observa-
tory every minute, where it deflected the needle of  a 
delicate galvanometer, and the deflection of  this needle 
could be measured against the beating of  the Normal 
clock. ‘I am not aware that any clock so large as this 
was ever before made to perform with such marvellous 
accuracy,’ declared Hartnup proudly.107 

The time ball atop the Victoria Tower was described 
in the Liverpool Daily Post in 1860 February: 

The new iron ball at the Victoria Tower … will 
require the attention of  someone at the tower for a 
few minutes, at one o’clock, every day, to wind the 
ball and to arrange the levers, for the clock to drop 
it. The ball is 5 ft. 6 in. in diameter, and when 
raised to the top of  the mast, it is 134 feet from the 
ground. The accurate dropping of  this ball will 
not, as is the case with most time balls, be affected 
by any interruption in the passage of  the electric 
current at the instant of  one o’clock each day. The 
clock at the tower being controlled by electricity, is 
made to drop the ball by a mechanical arrange-
ment; and, in the event of  an accident to the wire 
of  such a nature that no current would pass, even 
for half  an hour, the clock being carefully regu-
lated, will scarcely vary more than two or three-
tenths of  a second from correct time.108  

 
17. Rating chronometers 
Hartnup explained this important function of  the 
Observatory in a seminal paper of  1863 titled ‘On the 
Performance of  Chronometers’: 

When the Observatory was first opened the gen-
eral impression was that giving accurate time to 
the Port was all that would be required; but as it 
was well known that the rates of  some timekeepers 
at sea differed from the rates obtained on shore, we 
were instructed to receive them at the Observatory, 
in order, if  possible, to find out the cause of  these 
differences.109 

Hartnup soon became the foremost authority on the 
rating of  chronometers, and this aspect of  the Observa-
tory’s work was arguably the most diligently attended 
to. Rupert Gould, in his classic book on marine 
chronometers (1923), wrote: ‘In many points (including 
the provision of  an oven for testing chronometers in 
heat, whose temperature could be accurately controlled 
and altered at will), the [Liverpool] Observatory was, 
for a long time, considerably in advance of  Greenwich 
in matters relating to chronometer testing.’ 110 

The chronometrical department of  the Liverpool 
Observatory was opened to public use in the summer 
of  1844 and Hartnup began testing chronometers 
belonging to North American packet ships, which were 
returned to the Observatory the following winter after 
voyaging to New York and back.111 

He found that their sea rates had mainly agreed 
with the previous summer rates. But once back in the 
Observatory, the chronometers began to speed up, with 
gains up to four seconds per day. It happened that the 
chronometer room, like the adjacent transit room, was 
unheated. In summer it had been near 60° F, but now 
in winter the temperature of  the chronometers hovered 
around 40°. Hartnup moved the chronometers to his 
living quarters, where again at 60° F the chronometers 
regained their original rates. 
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Moving them back and forth between the unheated 
and heated rooms, Hartnup was impressed with the 
‘very great regularity and consistency’ of  the changes of  
rate: ‘I became satisfied, from a few more experiments, 
that the chronometers ordinarily employed in the mer-
chant-service were imperfectly compensated. I applied 
to my committee [the Mersey Docks and Harbour 
Board], and obtained leave to have an apparatus made 
for testing chronometers in heat, which, when finished, 
was perfectly satisfactory.’ 112 
 
17.1. The ‘hot box’ 
Hartnup’s ‘hot-box’ was developed by Alfred King 
(1797–1867), engineer to the Liverpool Gas Company, 
and was completed about the year 1861 for the newly 
built chronometer room (see Section 24): 

For extreme cold the chronometers were exposed 
to the open air on the north side of  the building; 
for all other temperatures they were either placed 
in the chronometer-room or in the heating appara-
tus. This apparatus is heated with hot air produced 
by the burning of  gas … and any definite tempera-
ture from that of  the room to upwards of  one hun-
dred degrees may be kept for any required time, 
with a variation not exceeding two or three degrees 
in twenty-four hours.113 

With the hot-box, Hartnup became convinced that 
change of  temperature was the main factor in errors 
attributed to rates: 

When a chronometer had been exposed to a tropi-
cal climate and returned to the Observatory in the 
Winter, a great change of  rate might take place, 
but if  that same chronometer was [then] exposed 
to a temperature of  between 80 degrees and 90 
degrees, produced by artificial means, the rate 
which it had in the tropical climate would be 
restored with an astonishing degree of  accuracy. I 
am satisfied that a change of  temperature pro-
duces a greater change of  rate in chronometers 

employed in the merchant service than any other 
known cause.114 

As Roger Kinns explains in his history of  time service at 
Glasgow, ‘A few seconds of  time represents a significant 
error in longitude. In 4 seconds of  time the Earth 
rotates 1 minute of  arc, which corresponds to a nautical 
mile at the equator and half  a mile at latitude 60°. A 
chronometer error of  only ten seconds could be critical 
to a navigator trying to avoid hazards such as reefs.’ 115 

By 1863 Hartnup had accumulated the errors and 
rates at sea and on shore of  1,700 chronometers, on 
voyages ranging from a few weeks to more than a year. 
He found that the average errors of  longitude, in geo-
graphical miles at the equator, ranged from 6 miles on 
voyages of  one month to 136 miles on voyages of  12 
months. The worst 10% of  the chronometers showed 
errors of  25 miles over one month and up to 524 miles 
over 12 months (Figure 11). 

Hartnup noted that ‘in a large majority of  cases 
these discordant results arise, not so much from the dif-
ference in quality of  the instruments, as from the 
method which is almost uniformly employed of  obtain-
ing the rates on shore, and calculating the errors of  
Greenwich time at sea’, attributing these large errors to 
‘the practice generally adopted … to use the same rate 
for all climates and for long periods of  time.’ 116 

At the 1854 meeting of  the British Association held 
in Liverpool, Hartnup explained the fallacy of  assum-
ing a uniform rate for a chronometer on a voyage: 

For chronometers employed in the merchant ser-
vice, the average change of  rate caused by chang-
ing the temperature from 40° to 60° F is seven 
seconds a day … the rates of  chronometers now 
employed in the merchant service are so much 
affected by change of  temperature as to render 
them very unsafe, and even dangerous instruments, 
in the hands of  captains who are unacquainted 
with the facts which I have so imperfectly devel-
oped in this brief  notice.117 

Hartnup reported that the Observatory had provided 
tables of  temperature effects on going rate to the own-
ers of  300 chronometers: ‘I am not aware of  the exis-
tence of  any other establishment in the world in which 
captains of  merchant ships can obtain any information 
relative to the variation of  the rates of  their chronome-
ters in different temperatures.’ 118 
 
18. Hartnup’s compensation balance 
The errors produced by temperature changes in the 
rates of  chronometers at sea arose from two main 
causes: an alteration in the elasticity of  the spring, and a 
change in the dimensions (and therefore in the moment 
of  inertia) of  the balance. The first compensation 
 balance was invented by the French clockmaker Pierre 
Le Roy (1717–85) in about 1765, and by 1785 it had 
become an essential requirement of  any chron ometer.119 
There were several different forms of  compensation 
 balance, some of  which had been patented, and in 1849 
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Fig. 11: Errors in longitude for 1,700 chronometers compiled by 
John Hartnup, illustrating the accumulated error in distance over 
voyages of  various duration. In the case of  the worst chronometers, 
the longitude error could amount to over 500 miles after a year.

Error in longitude of 1,700 chronometers (Hartnup, 1863)
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Hartnup, armed with his data on chron ometer rates, 
put forward his own design for a compensation balance. 

After a number of  experiments in conjunction with 
Liverpool chronometer maker William Shepherd 
(c. 1809–53), Hartnup reported in 1849 that he had 
‘attempted to improve the going of  chronometers in 
temperatures which greatly differ, by giving a new con-
struction to the balance’.120 Hartnup felt that his posi-
tion at a public institution precluded him from 
patenting his device, choosing instead to provide his 
design freely to instrument makers. 

In 1849 three of  William Shepherd’s chronometers, 
numbered 222, 228, and 230 were fitted with Hartnup 
compensation balances and tested over six weeks at the 
Liverpool Observatory in temperatures ranging from 
30° to 105° F. Hartnup presented tables of  rates com-
paring Shepherd 222 with its standard balance and 
with Hartnup’s balance (Figure 12): 

Between the trials with the old and new balances, 
the chronometer was not cleaned. Nothing what-
ever was done to it, except the detaching of  the old 
balance from the spring, securing the new one to it, 
and adjusting the weights of  the new balance, so as 
to effect the compensation. The variation of  rate 
due to extreme temperature in this chronometer 
with the ordinary balance is about the quantity 
which I have usually found in good chronometers 
from a similar change of  temperature.121 

Following this trial, Hartnup sent the chronometers for 
testing at Greenwich.122 Those results were not so 
favour able, with Shepherd 228, 230, and 222 ranking 
9th, 32nd, and 41st out of  48 chronometers (Figure 
13).123  

Hartnup suspected that Greenwich had failed to 
keep the chronometer faces properly horizontal, and 
suggested as much in the 1849 June 8 Monthly Notices: 
‘The trial does, however, show that the chronometers 
did not go so steadily at Greenwich as at Liverpool; and 
I can account for this in no other way than by suppos-
ing that it arose from the chronometers being taken out 
of  their gimbals, which I now understand was done at 
Greenwich.’124 

Airy at Greenwich was incensed by Hartnup’s criti-
cism, and complained haughtily to the Monthly Notices 
editor Richard Sheepshanks: ‘We know perfectly well 
the importance of  placing them level, and never plant 
them in the way he conjectures. The fact is that one or 
two of  the chronometers were far from good.’ Airy 
assured Sheepshanks that he was testing many forms of  
compensation balance, ‘some of  them in my opinion 
better devised than this. Is every one of  these makers to 
be allowed to make his complaints in the Monthly 
Notices? … This thing must be stopped at once.’ 125 

Sheepshanks responded with a notice in the 1849 
November 9 Monthly Notices that was unequivocal in 
defending Greenwich: 

Mr. Hartnup has thrown out a suggestion that the 
indifferent rate of  chronometers, W. Shepherd, 222 

& 230 (fitted with Mr. Hartnup’s new balance), 
might be due to mal-position during trial (the 
maker had left pins at the bottom projecting below 
the base rim). Since the publication of  that number, 
the Editor of  the Monthly Notices has, by the 
favour of  the Astronomer Royal, been permitted to 
inspect the arrangements of  the chronometer-room 
at Greenwich, and to see the various contrivances 
adopted there to give every chronometer a proper 
assiette [sitting position], whatever the form of  the 
base may be. The Editor is now convinced that Mr. 
Hartnup’s hypothesis is not tenable, and he takes 
some blame to himself  for not inquiring into the 
matter before publication.126 

Worse yet for Hartnup, when Shepherd 222 was resub-
mitted to the 1849 Greenwich trials and tested for 23 
weeks from January to June, it ended up last in order of  
merit among all 31 chronometers. The 1849 Green-
wich results revealed compensation failure at low tem-
peratures. 

The most discordant chronometer rates occurred 
during the six-week period from 1849 January 13 to 
February 24, when the chronometers were exposed to 
the open air at a north-facing window.127 Seven of  the 
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Fig. 12: Variations in the going rate of  chronometer Shepherd 222 
fitted with the Hartnup balance at a range of  temperatures, as 
tested by John Hartnup at Liverpool Observatory.

Fig. 13: Greenwich temperature trials of  chronometer Shepherd 222 
fitted with a Hartnup balance compared to the top-performing Eiffe 
662 and the median-rated Webb 5128.

Greenwich temperature trials 1849

Hartnup temperature trials of chronometer Shepherd 222



Issue 14, June 2020The Antiquarian Astronomer

31 chronometers under test showed their greatest 
change in rate during those weeks, while nine chron -
ometers exhibited a maximum slowing of  rate. It is 
very likely that their oil had been thickened by the 
cold.128 Excluding those weeks, Shepherd 222 outper-
formed the median-ranked chronometer, Web 5128. 
 
19. William Bond tests Hartnup’s balance 
Seeking further testing, Hartnup looked to New Eng-
land where William Cranch Bond at the Harvard Obs -
erv atory offered to test the Hartnup balance. In 1849 
December, Hartnup sent to Bond five William Shep-
herd chronometers (222, 227, 230, 250, and 258) with 
Hartnup balances. ‘Your balances shall have a fair trial,’ 
wrote Bond, ‘although I must confess that I have little 
confidence in the Rates of  any Chronometers remain-
ing unaltered at our extreme temperatures.’ 129 

Writing to Bond in 1849 December, Hartnup ex -
pressed his gratitude and his wishes: 

I do not know what conveniences you may have for 
testing in heat, but if  you can try the chronometers 
through a long range of  temperatures … you will 
convey a very great favour on me … I should like 
for you to witness their performance in a tempera-
ture as high as 110° … As I have never witnessed 
the performance of  chronometers in so low a tem-
perature as you get, I cannot tell what the effect 
may be on their performance. Possibly the oil may 
freeze and stop the chronometer, in which case I 
think it would be advisable to try your Fish Oil, 
which I understand is not so much affected by cold 
as the oils used in this country.130 

The Harvard Observatory temperature trials of  the 
Shepherd chronometers 222, 227, 230, 250, and 258 
with Hartnup balances commenced on 1849 December 
31.131 Over seven weeks Bond subjected them to below-
freezing temperatures on the balconies of  the Great 
Refractor dome, to above 90° F in his ‘warm room’, 
and to moderate temperatures in the Observatory’s 
study and library. This trial produced far more pleasing 
results, in agreement with Hartnup’s testing, as shown 
in Figure 14. Only Shepherd 250 showed inadequate 
temperature compensation in cold temperatures. 

Bond was impressed with Hartnup’s balance, telling 
him: ‘These, with one exception, evince a decided 
improve ment on the usual construction of  Balance’.132 
Hartnup’s warning about the pivot oils proved true on 
February 5/6 when the oils in three of  the chrono -
meters turned ‘hard and tallow’, even stopping number 
258.133 

On the morning of  1850 February 18 Bond sub-
jected the Shepherd chronometers to a vibration testing. 
After comparing the chronometers to the Observatory 
Mean Time Clock, Bond took them, in the carriage 
usually employed for their transport, on a journey of  14 
miles out and back on rough roads, equal to about three 
trips to the steamers at Boston. None of  them exceeded 
a fraction of  a second of  error.134 

Hartnup’s balance, however, never came into wide-
spread use. As Hartnup himself  admitted, ‘the disad-
vantage of  the new balance is, so far as I know, merely 
in the additional trouble of  construction. Mr. Shepherd 
thinks that it requires at least twice the labour of  the 
ordinary balance’.135 But at least 28 chronometers with 
Hartnup balances (manufactured by various makers) 
were submitted to the Greenwich trials over the next 
two decades from 1848. Only five ranked in quality 
above the 75th percentile; the mean ranking was at the 
47th percentile.136 

Puzzled about the ranking of  chronometers at 
Greenwich, Edward Rigg (1850–1933), assayer in the 
Royal Mint, wrote in 1879: 

A point that is worthy of  notice, illustrated in a 
marked manner by the annual reports of  
chronometer trials at Greenwich, is the fact that no 
one form of  balance has succeeded in establishing 
itself  as invariably better than others; and even bal-
ances that are known to be among the best often 
figure low in the list. The frequency with which this 
is to be noticed is hardly explicable, unless we allow 
that … when the performance of  a chronometer is 
exceptionally good, the path of  the compensating 
weights happens to accord with the several influences 
by which the movement of  the balance is modified. 
The composition of  the brass, the fineness of  the 
steel, degree of  hammering, smoothness of  acting 
surfaces, play of  pivots … and, above all, the nature 
of  the oil — all these points may have an infinitesi-
mal effect which cannot be isolated or neutralized; 
and thus a balance whose compensation is perfect 
in one instrument may not give satisfaction in 
another, although made by the same workman.’ 137 

 
20. Testing meteorological instruments 
In a paper presented to the Historic Society of  Lan-
cashire and Cheshire in 1853, Hartnup reported on the 
testing of  barometers and thermometers for the mer-
chant marine at the Liverpool Observatory.138 Barome-
ter testing was carried out using an airtight chamber, 
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Fig. 14: Temperature tests of  Shepherd chronometers 222, 227, 
230, 250, and 258 with Hartnup balances, undertaken at Harvard 
Observatory by W. C. Bond in 1849–50.

Tests of five chronometers with Hartnup balances at Harvard
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inside which was a standard barometer to which those 
to be tested were compared. The pressure in the cham-
ber could be varied by means of  an air pump, and the 
barometers under test could be read through glass win-
dows in the chamber. 

One problem was that the vernier scales on the 
barometers could not be physically manipulated, as this 
would involve opening the chamber. Hartnup relates 
the ingenious way that this problem was overcome: 

At a distance of  some five or six feet from the air-
tight chamber a vertical scale is fixed. The divi-
sions on this scale correspond exactly with those on 
the tube of  the standard barometer. A vernier and 
telescope are made to slide on the scale by means 
of  a rack and pinion. The telescope is armed with 
two horizontal wires, one fixed, and the other mov-
able by a micrometer screw, so that the difference 
between the height of  the column of  mercury and 
the nearest division on the standard, and also of  all 
the other barometers placed by the side of  it for 
comparison, can be measured either with the verti-
cal scale and vernier or micrometer wire.139 

The number of  barometers tested in this way at the 
Observatory were far fewer than the number of  
chronometers tested – only 70 in the four years between 
1853 and 1856.140 However, Hartnup defended the 
value of  this service, noting that ‘the errors are often so 
large that … the advantage (of  testing) is of  no small 
importance to captains, as we meet with some barome-
ters which read half  an inch and upwards too high, and 
others which read as much too low’.141 

The testing of  thermometers was fairly straightfor-
ward, as Hartnup explained: ‘For the freezing point, 
the bulbs, and a considerable portion of  the tubes of  
the thermometers, are immersed in pounded ice. For 
the higher temperatures, the thermometers are placed 
in a cylindrical glass vessel containing water of  the 
required heat, and the scales of  the thermometers to be 
tested, along with the standard with which they are to 
be compared, are read through the glass.’ 142 

Most thermometers were so accurate that few were 
rejected, but Hartnup did mention one particular 
source of  error that arose when a captain may have 
broken a thermometer, and taken it for repair to an 
optician, who would simply fit a new tube to the old 
scale. Hartnup said that in such cases ‘we occasionally 
meet with thermometers which require corrections of  
four or five degrees and upwards, with contrary signs at 
the two extremes at which we test them’.143 
 
21. Meteorological observations  
Liverpool was not only an astronomical observatory but 
also a meteorological one, charged with measuring and 
recording atmospheric pressure, wind speed and direc-
tion, temperature, humidity, and rainfall. The earliest 
meteorological instruments installed were supplied by 
Richard Adie (1810–81), a local scientific instrument 
maker who had been involved in the initial site-testing of  

the Observatory.144 These instruments included maxi-
mum–minimum and wet–dry bulb thermometers.145 

The first instrument installed in the Observatory for 
measuring atmospheric pressure was a standard barom-
eter of  Newman’s construction.146 The barometer and 
a ‘Rutherford’s register thermometer’ were placed in 
the chronometer room, ‘conveniently placed for obser-
vation, and carefully protected, by their position and 
latticework, from … external influences’.147 The other 
meteorological instruments were placed in the transit 
room.  

Hartnup shared with his friend Alfred King, engi-
neer to the Liverpool Gas Company, his ‘desire to see a 
powerful mechanical arrangement for recording con-
tinuously, by means of  a pencil, the variations in baro-
metric column on a greatly enlarged scale.’ 148 In 1853, 
King built a small trial barometer to show the princi-
ple.149 Hartnup was so impressed with the device that 
he asked King to develop and supervise the construc-
tion of  the full-size instrument (Figure 15).150  The local 
firm of  J. G. Lancaster built this barograph under 
King’s supervision and it entered daily use at the Liver-
pool Observatory in 1863.151 
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Fig. 15: King’s self-registering barograph, installed at Liverpool 
Observatory in 1863. An iron barometer tube, floating in a mercury 
cistern and counterpoised by a pulley and weight, rises and falls with 
changes in atmospheric pressure. Clockwork rotates a recording 
cylinder against a pencil. (The Engineer, vol. 31, 1871, p. 21)
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21.1. Anemometers and rain gauges 
In 1849 Hartnup advised the Observatory Committee 
that ‘our chief  deficiency in instrumental means is that 
of  anemometers, to record the force and direction of  
the wind. These, according to the estimation of  the 
Astronomer Royal, would be about £60’.152 

The following year, 1850, Hartnup reported that the 
Observatory’s original Whewell anemometer was ‘inef-
ficient’, and recommended that a superior instrument 
should be ordered from Mr Osler of  Birmingham at  
a cost of  £150. Some members of  the Committee 
opposed the expense, noting that the Observatory ‘was 
costing them at present above £200 per annum’, and 
suggesting that the Observatory be turned over to the 
Dock Committee for the benefit of  the ‘ship-owning 
interest’. Liverpool merchant John Bigham moved to 
disallow the anemometer. 

Richard Hornby, the chronometer maker, came to 
Hartnup’s rescue, pointing out that the Council had 
already authorized the purchase of  the anemometer 
but it had been found to be incomplete and imperfect, 
and the question was whether they should have a com-
plete one or not: ‘It was generally admitted that the 
Observatory here was a honour to the town; it was con-
ducted in a manner which had reflected great credit 
upon Liverpool (applause); and for the sake of  £150, 

he thought it was scarcely worthy of  the town not to 
sanction such a purchase.’ 153 

Then the benefits which the Council derived from 
the town dues on shipping were mentioned: ‘If  one ves-
sel was wrecked entering the port under any circum-
stances whatever, the loss to Liverpool in town dues on 
that alone would be half  the cost of  the proposed 
instrument,’ and Bigham withdrew his opposition.154 

In the autumn of  1851, a recording anemometer 
and pluviometer (rain gauge), of  a type which had been 
in use at Greenwich since 1841, was purchased from 
Abraham Follett Osler (1808–1903) of  Birmingham 
(Figure 16). Thirty feet above the Observatory roof, a 
2-by-2-foot pressure plate faced into the wind. A cup 
anemometer measured wind velocity. Below on sheets 
of  paper the wind pressure, speed, and direction were 
continuously recorded.155  

A ‘rain gauge of  Howard’s construction’ stood ‘30 
feet above the ground, and it exposes to the rain a sur-
face of  397.6 square inches’.156 Hartnup described the 
self-recording mechanism of  the gauge in detail: ‘The 
collected water passes through a tube into a glass vessel; 
the glass vessel is made to descend by the weight of  the 
water, and in its descent, a pencil is carried with it. 
When a quarter of  an inch of  rain is collected, the glass 
receiver discharges itself  by means of  a modification of  
the syphon, and the pencil ascends to the zero line.’ 157 

Readings from the meteorological instruments were 
taken at 2 o’clock Göttingen Mean Solar Time (13:20 
GMT) until the end of  1849 June, when 13:00 GMT 
became standard.158 Hartnup described in 1866 the 
busy work of  the meteorologist: 

The velocity and direction of  the wind, and the fall 
of  rain, as derived from the self-registering 
anemometer and rain-gauge, are tabulated for 
each hour of  the day, and hourly readings are 
taken from the tracing produced by the self-regis-
tering barometer. The results thus obtained are 
tabulated, and the mean reading at each hour of  
the day is taken at the end of  every month. The 
ordinary meteorological observations obtained by 
means of  the standard barometer, thermometers, 
hygrometers, &c., are taken at eight and nine a.m., 
and at one, three, and nine p.m. daily.159 

He went on to itemize the rather surprising range of  
organizations who made use of  the results: 

A telegram containing the corrected readings of  
the barometer, wet and dry thermometers, strength 
and direction of  the wind, and general state of  the 
weather for the proceeding 24 hours, is forwarded 
daily at eight a.m. to the Meteorological Depart-
ment of  the Board of  Trade. Weekly meteorologi-
cal observations are forwarded to the Mersey 
Docks and Harbour Board, and to the medical 
officers of  health for Liverpool and Birkenhead. 
Monthly and weekly meteorological observations 
are forwarded to the Registrar-General of  Births, 
Deaths and Marriages; and a tracing of  the record 
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Fig. 16: Osler’s self-registering anemometer/pluviometer, developed by 
A. Follett Osler for the Birmingham Philosophical Institute in 1835, 
kept a record of  wind speed, direction, and rainfall on a single piece of  
paper. The Liverpool instrument differed somewhat in design, with a 
vertical recording cylinder and revolving hemispherical cups.  
(Negretti and Zambra, A Treatise of  Meteorological Instruments, 
London, 1864, p. 123)
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produced by the self-registering barometer, 
together with an account of  the hourly strength of  
the wind, &c., are supplied daily to the Liverpool 
Underwriters’ Association. 

Towards the end of  1853 a self-registering tide gauge 
was installed; it had been planned for 1852 but a report 
on it was delayed ‘chiefly in consequence of  the long-
continued and severe illness of  Mr. Hartnup’, who 
recovered by 1852 October.160 
 
22. Lunar photography 
John Hartnup was one of  the first astronomers to 
experiment with taking photographs of  the night sky. 
William Cranch Bond created great interest when he 
displayed a daguerreotype of  the Moon by the Boston 
photographer John Adams Whipple (1822–91) at the 
Great Exhibition of  1851 in Hyde Park, London, fol-
lowed by presentations for the Royal Society in May 
and for the British Association of  Science at Ipswich in 
July, where it was admired by Prince Albert. 

But photography in early Victorian England had 
been stymied by British patents held by William Henry 
Fox Talbot (1800–77) and Richard Beard (1801–85) for 
the daguerreotype and calotype processes that were 
freely available in the rest of  the world. Fortunately, in 
1851 the Englishman Frederick Scott Archer (1813–57) 
freely published his new ‘wet collodion’ process, which 
produced an immensely more sensitive glass photo-
graphic plate.161 

Warren De la Rue (1815–89) adopted Archer’s col-
lodion process to produce a successful image of  the 
Moon in 1852.162 The British Association then offered 
a prize for the best lunar photograph to be taken in 
Britain, with a notice appearing in the Liverpool Photo-
graphic Journal in 1854 January. In that month, James 
Alexander Forrest (1815–1904), Secretary of  the Liver-
pool Photographic Society, asked Hartnup if  he would 
like to collaborate on producing a photograph of  the 
Moon. Hartnup readily agreed. 
 
22.1. ‘The Moon as no one had seen it before’ 
After a few teething troubles, a number of  photographs 
were produced by members of  the Liverpool Photo-
graphic Society with Hartnup’s expert assistance, as 
Forrest related: ‘The most excellent specimens were 
obtained by the guidance of  Mr. Hartnup’s steady hand 
in addition to the clockwork movement, while his eye 
was kept on the finder with a micrometer eyepiece of  
good power, crossed with fine wires, by which he could 
maintain the position of  a given point in the field. The 
time for taking these pictures varied from thirty seconds 
to three minutes.’ 163 

The Moon images were rather small, just 1.35 
inches (34 mm) across, but nicely detailed when magni-
fied with a magic lantern: ‘Our first attempt was to 
enlarge it on the screen to twenty-five feet diameter … 
We beheld the crater of  Copernicus, which is almost 
invisible in the original, six inches in diameter, with its 

shadow beautifully delineated … we looked with 
delight on seeing for the first time on the surface of  the 
moon as no one had seen it before.’ 164 

Forrest and Hartnup, assisted by Photographic Soci-
ety members Dr John Baker Edwards, George R. Berry, 
John Thomas Towson, and John McInnes, obtained 150 
‘portraits’ of  the Moon by 1854 June. When enlarged 
213 times ‘they had every part of  the definition made 
out with the most marvellous exactness; so much so that 
they had the volcano, Tycho, among others, magnified 
to ten inches in diameter, and they could clearly see the 
light travelling across’.165  

Hartnup suggested a method to produce stereo-
graphic pictures of  the Moon by photographing it 12 
hours before full and 12 hours after. ‘We put these 
impressions into the stereoscope, and looking through 
which the moon appeared a perfect ball.’ 166 Hartnup 
exhibited ten images of  the Moon at the meeting of  the 
Royal Astronomical Society on 1854 June 9. George 
Airy, the President, never one for excessive praise, ‘took 
occasion to point out the imperfect definition of  the 
inequalities on the bright limb of  the moon, and 
remarked that this was a defect of  photographic repre-
sentations, which placed them in strong contrast with 
the results of  direct observation’.167 

On 1855 February 9 the Council of  the Royal Astro-
nomical Society reported that photographs of  the Moon 
had been shown at a meeting of  the British Association 
in Liverpool the previous September which were said to 
have ‘outstripped all other attempts made elsewhere’, 
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Fig. 17: Full Moon photographed with the 8½-inch equatorial 
telescope at Liverpool Observatory by John Hartnup and James 
Forrest in 1854 September and exhibited at the meeting of  the 
British Association in Liverpool that month. (Transactions of  the 
Historic Society of  Lancashire and Cheshire)
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and ‘to have superseded all maps of  the moon now in 
existence’ (Figure 17). The RAS Council expressed con-
fidence that ‘an experimenter of  Mr. Hartnup’s zeal and 
capacity … will bring this art speedily to perfection; and 
that we shall soon have portraits of  the moon painted by 
herself, and in which the drawing and effect are per-
fectly true … If  any change is going on in our satellite, it 
may thus perhaps be made sensible in time.168 
 
22.2. William Crookes photographs the Moon 
An interesting description of  the process of  lunar pho-
tography at the Liverpool Observatory was provided by 
none other than William Crookes (1832–1919), discov-
erer of  the element thallium and inventor of  the 
Crookes tube and radiometer. In 1855 Hartnup pro-
vided Crookes access to the 8½-inch (216-mm) equato-
rial telescope at Liverpool Observatory to experiment 
with photographic chemistry, resulting in a number of  
successful images. 

Crookes described the procedure in a paper read to 
the Royal Society in 1856 December: 

The eyepiece was removed, and in its place the 
body of  a small camera was attached, so that the 
moon’s image might fall upon the ground glass or 
sensitive film in the usual manner … I succeeded 
in taking dense negatives in about four seconds, 
with the temperature of  the room below freezing 
and the moon at a considerable distance from the 
meridian. 
The modus operandi of  taking the picture was as fol-
lows: - The telescope having been moved until the 
moon’s image was in the centre of  the focusing 
glass, the water-mill [Siemen’s Chronometric Gov-
ernor clock drive] was turned on and the dark slide 
containing the sensitive collodion plate was substi-
tuted for the ground glass. Mr. Hartnup then took 
his station at the finder, and, with a tangent rod in 
each hand, by a steady and continuous movement, 
kept the point of  intersection of  the cross wires sta-
tionary on one spot on the moon’s surface. When 
the motion was most perfectly neutralized, I 
uncovered the sensitive plate at a given signal and 
exposed it, counting the seconds by means of  a 
loud-ticking chronometer by my side.169  

As with Hartnup’s attempts, the image of  the Moon so 
obtained was too small, of  1.35 inches (34 mm) diame-
ter, to be useful directly. It had to be re-photographed 
into a magnified positive, and re-photographed again 
into a magnified negative. This process was so fraught 
with difficulties of  contrast and problems with dust par-
ticles, wrote Crookes, that in the end ‘each negative 
[was] the representative of  a month’s work and upwards 
of  a hundred failures’. 

Crookes concluded: ‘I doubt if  much better pho-
tographs of  our satellite can be taken by the way I have 
pursued. The future of  lunar photography lies in 
another direction … the magnifying must be conducted 
simultaneously with the photographing, either by hav-

ing the eyepiece on the telescope, or better still, by hav-
ing a proper arrangement of  lenses to throw a magni-
fied moon image at once on the collodion.’ 170 
 
23. Astronomical observations 
In Paper I we briefly described Hartnup’s astronomical 
work. George Airy had designed the Liverpool equator-
ial with a massive mount and four-foot reading circles 
providing the finest ‘extra-meridional’ ability of  any 
telescope.171 This ability to make precise astrometric 
measurements of  objects with nearly the precision of  a 
transit instrument was particularly of  value for newly 
discovered objects that were already past the meridian 
at the end of  evening twilight. 

Even before the Liverpool equatorial became opera-
tional, in 1847 August, Royal Astronomical Society 
Secretary Sheepshanks was encouraging Challis at 
Cambridge to turn over minor planet astrometry to 
Hartnup ‘on the principle of  division of  labour’.172 
Challis was perennially beleaguered with burden some 
meridian observations, and welcomed Hartnup’s parti-
cipation. 

Cambridge before 1870 had no transit circle, and 
the Great Northumberland refractor lacked a declina-
tion circle.173 Hartnup’s equatorial, by contrast, had 
precise right ascension and declination circles, eliminat-
ing the need for more complex reductions. The Liver-
pool Observatory and its director were highly regarded 
nationally and internationally, as evidenced by the 
Reports of  the Council of  the Royal Astronomical 
Society in 1851 and 1852: 

In the determination of  extra-meridian phenom-
ena … the Liverpool equatoreal [sic] is, we believe, 
at present unmatched. Such is the truth and steadi-
ness of  the mounting, that Mr. Hartnup can almost 
always employ stars of  comparison from the 
Greenwich 12-year catalogue, and thus produce at 
once complete and accurate determinations.174 
The Liverpool Observatory … maintains its repu-
tation as the most trustworthy authority for extra-
meridional observations, for immediate use. The 
excellence of  his equatoreal enables Mr. Hartnup 
to compare all his objects with one or more per-
fectly well-determined stars, so that he obtains at 
once what an observer less completely equipped 
(that is, almost every other observer) may wait 
months to obtain.175 

When Manuel John Johnson (1805–59) put the new 
Repsold heliometer under trials at Oxford in 1850, he 
sent Hartnup a list of  38 double stars to be observed for 
comparison with the Liverpool equatorial and wire 
micrometer.176 And when the French astronomer Yvon 
Villarceau (1813–83) computed an orbit for the minor 
planet Victoria in 1851 he relied only on the Paris 
meridian observations and the extra-meridian observa-
tions of  Hartnup: ‘My reasons for this preference are,’ 
he explained, ‘the great accordance of  the Paris obser-
vations … and that Mr. Hartnup, whose observations 
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also agree well together, has referred the planet to well-
determined stars.’ 177 

In communicating the orbital elements of  his sev-
enth minor planet, Calliope, discovered 1852 Novem-
ber 16, John Russell Hind (1823–95) wrote: ‘For this 
early knowledge of  the planet’s orbit we are mainly 
indebted to the observations of  Mr. Hartnup, of  Liver-
pool; and it is only one of  the instances where astron-
omy has benefitted by the establishment of  the fine 
observatory in that town.’ 178 

Hartnup readily confirmed William and George 
Bond’s discovery of  the inner crepe ring of  Saturn, and 
the observations by William Rutter Dawes (1799–1868) 
and William Lassell (1799–1880) of  a division in Sat-
urn’s outer ring (seemingly what is now known as the 
Encke Gap).179 The Monthly Notices of  the RAS, 1852 
April, footnoted its first page with this notice: ‘Owing 
to very serious illness, Mr. Hartnup has not been able to 
make his usual contributions to the present Number. 
He is, however, happily recovering’.180 No explanation 
of  his illness was given. 

With the growing demands of  chronometer trials 
and meteorological observing, and lacking an assistant, 
it was inevitable that Hartnup could devote only limited 
time to astronomy. In 1855 February the Council of  the 
Royal Astronomical Society noted Hartnup’s recent 
appointment to the Board of  Trade, for the issuance of  
instruments for the port of  Liverpool, and sounded a 
note of  caution regarding yet another duty stretching 
Hartnup’s time: 

It must, however, be clear that in directing the 
attention of  the Liverpool astronomer to so many 
objects, some of  them must be neglected, unless 
due provision be made and assistance given. Some-
times, through thoughtlessness, more work is 
imposed on a willing man than human force can 
sustain; and we may venture that the limit, in Mr. 
Hartnup’s case, has already been attained, and 
cannot be exceeded safely.181 

When the American astronomer Maria Mitchell visited 
the Liverpool Observatory in 1857, she described the 
equatorial as ‘almost unused’: ‘Mr. Hartnup’s observa-
tory is for nautical purposes … but they make no regu-
lar series of  astronomical observations, other than 
those required for the commerce of  Liverpool.’ 182 
 
24. The Observatory extension 1860 –61 
Hartnup reported to the Royal Astronomical Society in 
1859 that the testing of  chronometers had become ‘a 
business of  considerable magnitude’, and that it would 
soon become necessary to build a new and much larger 
room for testing chronometers.183 His existing chrono -
meter room was deficient in another regard, too: there 
was no provision for controlling the temperature.184 
This meant that ‘chronometers could only be tested 
during six or seven months of  the year through the 
range of  temperature to which merchant ships are 
 generally exposed’.185 

By 1860 The Mersey Docks and Harbour Board 
had nearly tripled the chronometer testing fee to 
twenty-one shillings, and as the demand for testing con-
tinued to rise, the Board agreed to building improve-
ments.186 At the Royal Astronomical Society meeting 
on 1861 February 8, a building extension to the Liver-
pool Observatory was announced: 

Mr. Hartnup has been engaged in alterations, now 
nearly completed, which have been progressing 
during the past nine months. A new chronometer-
room, library and computing-room have been 
added to the establishment. In the former, every 
possible care has been taken to render it as perfect 
as practicable for testing and ascertaining the rates 
of  chronometers in different temperatures … The 
room can be warmed by hot-water pipes, which 
are carried under the floor, but this will not often 
be required, as there are in the room two warm-air 
chambers which will hold upwards of  one hundred 
chronometers each. The tops of  these warm-air 
chambers are made of  plate-glass, so that the 
chronometers standing in their boxes, with the lids 
open, may be compared as frequently as desirable, 
and their rates in different temperatures ascer-
tained without moving them.187 

The new chronometer room was nearly two and a half  
times the size of  the old one. Hartnup’s ‘hot-air appa-
ratus’ for the new chronometer room was ‘on a more 
convenient principle, and on a much larger scale’ than 
previously (see Section 17.1). The new arrangements 
meant that chronometers could be tested accurately in 
five weeks.188 
 
25. The Observatory relocates to Bidston Hill 
With the end of  the American Civil War in 1865 came 
a resurgence of  transatlantic commerce, and the Liver-
pool Docks soon entered a period of  expansion. The 
Council of  the Royal Astronomical Society reported in 
1865 February that extensive works in the vicinity of  
the Observatory were interfering with its routine opera-
tion and that it would shortly have to move.189 

Hartnup had originally hoped that it could be 
moved as short a distance as possible, but any site 
nearby might in a few years be required for dock exten-
sion, in which case the Observatory would have to 
move again. In the end it was decided to remove the 
Observatory to  Bidston Hill, at an altitude of  about 
200 ft (60 m) on the west side of  the Mersey where 
there was an existing lighthouse and telegraph station 
along with two acres of  land.190 

The design of  the new observatory, three miles to 
the west of  Waterloo Dock, was assigned to the crew of  
George Fosbery Lyster (1821–99), successor to John 
Hartley (son of  Jesse Hartley) as Engineer-in-Chief  of  
the Mersey Docks and Harbour Board.191 Construction 
began in 1864, encountering considerable delay from 
the excavation of  stone from the site to form the under-
ground level and foundations. 
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25.1. The chronometer room at Bidston 
The new observatory provided, among other improve-
ments, a chronometer-room capable of  testing ‘between 
two and three hundred chronometers’ simultaneously.192 
Hartnup described this facility in 1878: 

The chronometer-room at Bidston is on the ground 
floor … and under this room there is a cellar twelve 
feet deep. Both chronometer-room and cellar can 
be kept warm during the winter by means of  hot 
water pipes. In the chronometer-room there are 
two openings in the floor six feet by twelve each. In 
each of  these openings a sheet-iron span roof  air-
tight chamber is placed. The span-roof  of  each 
chamber is covered with a skeleton frame, on which 
the chronometers are placed, and this frame is cov-
ered with a nearly airtight chamber having six 
plate-glass lids, to be opened for winding or remov-
ing the chronometers … The bottom of  each sheet-
iron chamber is level with the ceiling of  the cellar; 
and it has six holes, under each of  which an ordi-
nary gas burner is placed … This enables us to 
keep a uniform temperature to within one or two 
degrees for a week, and it may be changed at plea-
sure to any temperature above that of  the room. A 
cellar twenty-four feet below the surface has been 
provided, in which the temperature does not vary 
more than one or two degrees on each side of  55° 
throughout the year.193 

Hartnup moved into his new observatory residence on 
1866 December 22, doubtless to celebrate Christmas in 
the family’s new home. 
 
25.2 One final chronometric expedition 
The Observatory’s removal to Bidston necessitated a re-
determination of  its longitude, latitude, and elevation. 
The four-inch transit had been sent to Troughton & 
Simms in London for repairs and refurbishment, and in 

its place a transit instrument borrowed from the Royal 
Astronomical Society was installed on its old piers. 

On 1867 January 23, just days before the old observ-
ing rooms were to be pulled down, the new transit 
room at Bidston was completed, and the Troughton & 
Simms transit installed. Two days later, a brief  ‘chrono-
metric expedition’ took place. The final transit observa-
tions were made at Waterloo Dock to determine the 
clock errors of  sixty chronometers, which were then 
transported to Bidston for repeat observations that 
same evening. The new meridian was found to be 17.04 
seconds of  time west of  the old one, at a longitude of  
3° 4m 17s west of  Greenwich.194 Rotating the transit to 
its prime vertical piers, as described in Paper I, the lati-
tude of  the new site was observed to be 44 seconds of  
arc south of  its former site, and by simultaneous obser-
vations of  ten barometers, its elevation was found to be 
175.26 feet (53.42 m) higher.195 

Soon, telegraph lines were strung from the new 
Observatory to the quay opposite the Prince’s landing-
stage, where a new seconds clock would be erected.196 
Without delay the old red sandstone observatory at 
Waterloo Dock was demolished, to be replaced by a 
small clock tower and harbour master’s building. 
 
26. The death of  John Chapman Hartnup 
Hartnup successfully oversaw the relocation to Bidston, 
and continued his work as he had in Liverpool. He 
remained director of  the Observatory until 1885, when 
he resigned due to ill health. Hartnup moved to Lon-
don with the objective of  seeking medical advice, but 
died suddenly on 1885 October 20.197 

His obituary in the Monthly Notices of  the Royal Astro-
nomical Society paid tribute to his work: 

Enough has been said to show the great amount of  
labour bestowed by Mr. Hartnup on the subject of  
marine chronometry. The highest authorities have 
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Fig. 18: Bidston Observatory 
and lighthouse, Birkenhead, 
1913. Bidston Hill, overlooking 
the entrance to the River Mersey, 
was a noted picnic spot but 
acquired new status with the 
opening of  the new Liverpool 
Observatory in 1867. The 
lighthouse, at left of  picture, was 
built in 1873, replacing an 
earlier version that had been in 
operation there since 1771. 
(State Series Liverpool postcard, 
State Publishing Co., Liverpool) 
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spoken in strong terms of  the utility of  the work 
done at the Liverpool Observatory in testing 
chronometers for the mercantile marine. Sir G. B. 
Airy, K.C.B., when Astronomer Royal, repeatedly 
alluded to the importance of  this work.198 

Henry Watt, Vice President of  the Mercantile Marine 
Service Association, also praised Hartnup’s work, and 
concluded: ‘We would bid our farewell to Mr. Hartnup 
in the well-known words: “A good man has gone, and 
the world is the poorer by one good man” ’.199 
 
27. Bidston denouement 
Hartnup was succeeded by his son, John Jr, who himself  
died tragically on 1892 April 21 when he fell from the 
roof  of  the Observatory while making meteorological 
observations.200 He was succeeded by William Edward 
Plummer (1849–1928), who had been First Assistant at 
Oxford University Observatory since 1874. Plummer 
remained director of  the Liverpool Observatory until 
his death. 

Plummer was forced to oversee the decline in astro-
nomical research at the Observatory, in part as a result 
of  the increased use of  photography in astronomical 
research. The cost of  modernization of  the astronomi-
cal equipment, developed back in the 1840s, would have 
been prohibitive, so the Observatory began to concen-
trate its efforts in other areas. Timekeeping, the rating of  
chronometers, and meteorology remained important. In 
1897, a seismograph was installed in the cellars, sig-
nalling the first step towards the increasing study of  
oceanography and geophysics at the Observatory.201 

The Liverpool Observatory as an independent facil-
ity came to an end in 1929, when it was amalgamated 
with the Liverpool Tidal Institute, with Joseph Proud-
man (1888–1975) as director and Arthur Thomas 
 Doodson (1890–1968) as Associate Director, thereby 
beginning a new chapter in the history of  science and 
technology on Merseyside.202 

In 2004 the Proudman Oceanographic Laboratory 
moved from Bidston Hill to the University of  Liver-
pool. Bidston Observatory was sold at auction 2015 by 
the Natural Environment Research Council to property 
developer Bidston Observatory Development Ltd who 
planned to turn it into an ‘arts hub and museum’.203 
That plan failed in 2016 and the property was sold to 
the present owners who operate as The Bidston Obser-
vatory Artistic Research Centre.204 
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Erratum 
On page 21 of  The Antiquarian Astronomer Issue 13 
(Schmidt and Dearden Paper I, 2019), in reference 86 
the date should be 1865, as in the text, not 1855.
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Drawings of  the Liverpool Observatory by T. J. Kilpin, 1842–46 
In Paper I we related the history surrounding the establishment and early years of  the Liverpool Observatory at 
the Waterloo Dock Pier-head. There we erroneously credited Jesse Hartley, Surveyor to the Dock Trustees, as 
architect of  the Observatory, but have since discovered that the Observatory plans were actually drawn by Thomas 
Johnson Kilpin (c. 1805–82), under the direction of  Joseph Franklin (1784–1855), architect and surveyor to the 
Corporation of  Liverpool.205 The original ink-on-linen plans are reproduced on the following pages courtesy of 
John Winrow, Books Boxes & Boats Maritime and Archive Research.

Above: Elevations of  the Liverpool Observatory at Waterloo Dock. 
At left is the side of  the building, 38 ft wide, which faced the River 
Mersey. At right is the front elevation, 86 ft long. A separate entrance 
to the right of  the Observatory dome led to the navigation school 
which had its own instrument pier on the roof. The building was of  
red sandstone. This drawing, dated 1842 (no month given) and 
signed by Joseph Franklin, notes that the masonry foundation 'is 
already constructed’. John Tomkinson, a noted Liverpool builder,  
was prime contractor for the Observatory (Paper 1, p. 8).

Left: North–south section through the Observatory dome. The top  
of  the dome stood 11 ft above the pilaster. The telescope shown is 
notional only – actual selection of  an instrument was still three years 
away. Drawing dated 1842 July 28 and marked ‘Approved by the 
Observatory Committee’. 
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Ground floor of  the Observatory, here termed ‘Principal story’, 1842 November. The equatorial and transit piers are aligned to the meridian.  
The main entrance (at lower right) led to two parlours, the library, kitchen, and stairs up to the chamber story (see top drawing on p. 107).  

The school entrance was to the east of  the dome. Notes added 1843 January point out the flat roof  ‘for the purpose of  being used for 
Observations’, and a brick pier to the schoolroom roof  ‘for a base for artificial horizons’. Sewer lines to the river and utility tunnels are also shown. 
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Left: Chamber story, so named because it contained the bed 
chambers. Four lodging rooms were reached from a central 
staircase, as were the chronometer room, transit room, and 
equatorial dome. A second staircase to the north of  the dome 
rose from the school entrance on the ground floor. The 8.5° 
offset of  the meridian is clearly seen in the orientation of  the 
transit pier. Drawing dated 1843 January. 

Above: Plan of  the instrument pillar showing the meridian line. 
The equatorial pier was built on top of  a disused clough shaft pier, 
formerly used for propelling waste water through underground 
shafts. The east–west lines of  the Observatory appear to be aligned 
with the sides of  the old pillar, the true meridian being 8.5° to the 
west of  the building facade. Drawing dated 1843 April.

Below: Plan of  the equatorial piers. At left is the view from above; 
at right is the north–south cross-section. The north pier was 8 ft 
high and the south pier 3 ft high with a triangular cross-section. 
Drawing dated 1845 September 3. 
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Roof  plan, 1843 March. The first plan, from 1842 July 28, proposed a steep gabled roof  over the navigation school. This was revised to provide a 
gently sloping roof  with a raised parapet and instrument pier for rooftop instruction. Note the meridian line from north to south (left to right) shown 

by the transit roof  opening adjacent to the dome. Two areas marked ‘Yard’ are open courtyards that gave access to coal bins, scullery, and water 
closets reached via lobby ‘a’, to the east of  the dome. Details of  ceiling joists and chimney heights were added by architect Joseph Franklin. 
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