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Conjuring with Mars
Two giants of Mars observation stand side-by-side on 
our cover: Giovanni Virginio Schiaparelli (1835–1910), 
who at the close opposition of Mars in 1877 saw linear 
markings on the planet’s red surface that he termed 
canali; and Percival Lowell (1855–1916), who trans-
formed Schiaparelli’s enigmatic lines into what he 
regarded as a global network of canals dug by intelli-
gent beings to irrigate a parched planet.

They were illusions – really, delusions – that danced in 
the eyepiece at the hazy limit where imagination 
supplanted perception. Percival Lowell’s vivid vision of 
an inhabited Mars, colourfully articulated in popular 
books and lectures, was one of the most romantic, yet 
hopelessly flawed, notions of 20th-century astronomy. 
Firmly entrenched in public consciousness long after it 
had been rejected by planetary scientists, the fanciful 
fiction of life on Mars foreshadowed the widespread 
belief in alien life today. Its social impact was expressed 
most famously in the public panic sparked by the 
famous War of the Worlds radio broadcast by Orson 
Welles in 1938, staged so convincingly that some 
listeners were persuaded that the Earth was indeed 
under attack from hostile Martians.

See Mars: The History of a Master Illusionist by William 
Sheehan, starting on page 12 of this issue.

Top right: Giovanni Virginio Schiaparelli, as he looked in 1880. 
Painting by Maestro G. Mandriani, made at the request of 
Schiaparelli himself and his friend Otto Struve. This portrait hangs 
in the Round Hall of the Pulkovo Observatory along with those of 
many other outstanding observers. (William Sheehan)

Right: Percival Lowell’s favourite portrait, taken about 1910 at a 
studio on Tremont Street, Cambridge, Massachusetts, where he was 
born in 1855. (Lowell Observatory)
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From the Editor

About the Society for the History of Astronomy

Welcome to Issue 9 of  The Antiquarian Astronomer, which comes to you with a slightly improved look thanks to a 
more elegant text face (Baskerville, for those interested in design niceties). The contents remain elegant as ever.

Our cover story for this issue is William Sheehan’s masterful analysis of  the psychology of  Mars observation, 
with particular focus on the mythical canals. Bill, himself  a professional psychiatrist as well as a lifelong Mars 
observer, is ideally placed to understand and explain the complex interaction that occurs between the observer’s 
eye and brain while straining to see fine detail at, or beyond, the limit of  resolution of  a telescope. This paper is 
based on Bill’s well-received presentation at the SHA’s highly successful spring conference at Greenwich on 2015 
March 28, held in conjunction with the BAA Historical Section.

We also welcome a first contribution from member Carolyn Kennett on John Bradley, the little-known nephew 
of  the former Astronomer Royal James Bradley. Carolyn is now the SHA’s survey coordinator for Dorset and 
Cornwall. And we conclude with a survey of  the life and writings of  Edwin Holmes, of  Comet Holmes fame, by 
one of  our founder-members, Anthony Kinder. Holmes’s comet created a sensation in 2007 when it flared up to 
become the largest body in the Solar System, with a coma larger than the Sun. In this regard, it had previous 
form: it had flared similarly at the time of  its discovery, to become a naked-eye object, but Holmes and his 
contemporaries could never have imagined that it would put on an even better show more than a century later.

As ever, the Editor is pleased to receive ideas for future contributions from members and non-members alike.

Ian Ridpath

The Society for the History of Astronomy 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 research by amateurs, and to facilitate its 

collation, interpretation, preservation, publication, and dissemination.
To implement these aims, the Society organizes regular meetings and publishes its twice-yearly SHA Bulletin and 
annual Journal, The Antiquarian Astronomer. This provides a medium to publish research by members and others into 
any aspect of  the history of  astronomy and related subjects. It was recognized that because most members were 
amateur astronomers and amateur historians, most of  their research would be local history and was unlikely to be 
within the scope of  professional journals. The Journal therefore provides a means by which the results of  that 
research can be shared with other individuals and groups having interests similar to those of  the Society. Papers for 
the Journal need not be restricted to local history, but 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 locations. Papers offered to The Antiquarian Astronomer should not have been previously published 
and are subject to external peer review. 

Timely information, particularly about forthcoming events, both SHA and other, is now communicated to 
members via the quarterly eNews, which most members will receive by email. The Society also publishes the 
Bulletin (Editor Clive Davenhall; newsletter@shastro.org.uk), 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.

Contributions for the Bulletin are welcome. Articles 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 published 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 in advance to avoid duplication.
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1. Introduction

June 1769 presented 18th-century astronomers with 
the last chance to observe a transit of Venus within 
their lifetimes. Transits were at that time the best 
available way to measure the size of the Solar System. 
Efforts had already been made to observe the 
preceding transit in 1761, but results were disap-
pointing because of the unexpected ‘black drop’ effect 
around the disk of Venus that affected the accuracy of 
timings. Determined to do better for the 1769 transit, 
the international astronomical community organized a 

An astronomer’s summer outing to 
the Lizard, Cornwall, 1769

Carolyn Kennett

In the summer of  1769 John Bradley (1728–1794), astronomer, mathematician, 
and nephew of  the third Astronomer Royal James Bradley, was instructed by the 
Board of  Longitude to travel to the Lizard Point on the south coast of  Cornwall. 
There he was to record the transit of  Venus on June 3 that year, and make other 
observations that would help to derive an accurate longitude of  the Lizard for the 
benefit of  shipping. What follows is a account of  the man, his journey, and the 
work he accomplished during his summer visit to the Lizard Point.

mass-participation event far greater in scale than 
anything attempted before.

Another pressing need at that time was for a 
solution to the problem of finding longitude at sea, as 
increasing numbers of ships floundered and sank 
through lack of knowledge of their true position. One 
particularly treacherous section of coastline was the 
Lizard Point in Cornwall, the most southerly point in 
mainland Britain, which sticks out into the English 
Channel. Jutting out farther still from the Lizard Point 
are the Stag Rocks and a reef which extends up to half 
a mile into the Channel.

Fig. 1: The Lizard Light-houses, Cornwall, by William Daniell (1769–1837). Date unknown. The twin towers of     
the lighthouses stand high on the cliff top, while a wrecked ship languishes on the rocks below. (Tate Gallery)
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All ships departing or arriving at English ports from 
the Mediterranean and the Atlantic pass the Lizard 
Point, making it a major hazard. Accurate coordinates 
for the Lizard Point would be of great value for 
mariners, for at that time all they had to rely on were 
rough estimates and bad charts.

Nevil Maskelyne, the Astronomer Royal, recom-
mended to the Board of Longitude in 1768 November 
that the forthcoming transit of Venus would be a good 
opportunity to make observations at the Lizard that 
would pin down its latitude and longitude once and for 
all, ‘as the observation of the transit itself affords one of 
the best methods of determining the longitude of 
places’.1 In addition, there was to be a partial solar 
eclipse the morning following the transit, which would 
provide an independent check on the measurements.

John Bradley, nephew of the former Astronomer 
Royal James Bradley, was chosen for the job.2

2. Life and work of John Bradley

John Bradley was born in 1728. There are few records 
of his early life but in the summer of 1742, at age 14, 
he was taken on as Assistant (as the post was officially 
termed) to his uncle, the newly appointed Astronomer 
Royal James Bradley, in the Royal Observatory at 
Greenwich.3 He was paid £26 a year.4

Although all mathematical instruction would have 
been coming from one of the best astronomers at the 
time, the role would have required a certain level of 
intelligence, diligence, and the ability to work long 
hours at night by oneself. It was during his time at 
Greenwich that John Bradley would have grown from 
a schoolboy into a man with excellent mathematical 
abilities.

Among the more notable work John undertook as 
Assistant to the Astronomer Royal was the computation 
of the path of the Great Comet of 1744, popularly 
known as Comet de Chéseaux.5 This comet was 
notable for developing a fan of six tails and reaching a 
apparent magnitude of −7 in the early months of 1744. 
He also observed an occultation of Venus by the Moon 
in 1751.6

In addition, while James Bradley was away in 
Oxford fulfilling his other duties as Savilian Professor 
of Astronomy, John was left in charge at the 
Observatory. One such occasion in 1752 saw John 
testing a new transit instrument to measure the 
differences in right ascension between pairs of bright 
stars. John also dealt with day-to-day correspondence 
and visitors.7 Through this he would have built up a 
reputation for reliability and trustworthiness.

2.1. John Bradley and lunar distances
In September 1756, after working as Assistant to the 
Astronomer Royal for 14 years, John Bradley made his 
last observational entry at the Royal Observatory and 

left his post.8 He had been offered the chance to travel 
with Captain John Campbell (1720–90) on HMS Essex 
to test out new tables of the Moon’s position calculated 
by the German astronomer Tobias Mayer (1723–62).

These tables, in conjunction with observations 
made using Mayer’s newly invented device known as a 
reflecting circle, could in theory be used to find 
longitude by the method of lunar distances. This 
technique involved observing the distance between the 
moving Moon and certain fixed stars to determine the 
time.

No doubt James Bradley would have influenced his 
nephew’s decision, since Bradley sat on the Board of 
Longitude and was an enthusiastic supporter of 
Mayer’s technique. Bradley had compared Mayer’s 
tables of the Moon’s position with his own observations 
and found them ‘exact enough for the purpose of 
finding at sea the longitude of a ship’.9 Encouraged by 
this recommendation, the Board of Longitude at its 
meeting of 1756 March 6 decided to conduct ship-
board trials to test the lunar distances method.10 
Campbell’s ship was one of those chosen for the trials.

John Bradley and Campbell already knew each 
other, as Campbell had been a regular visitor to the 
Royal Observatory after becoming friendly with James 
Bradley in 1747 through their mutual interest in the 
method of lunar distances.11 Campbell, a very able 
astronomer in his own right, observed lunar distances 
at Greenwich with the Astronomer Royal, and no 
doubt young John was involved too. Campbell was 
elected to the Royal Society in 1764 and became one 
of its Visitors to the Royal Observatory the following 
year.

John Bradley spent three years working with 
Captain Campbell on HMS Essex in 1757–59. During 
this time he made a great many observations to test the 
lunar distances method both with Mayer’s reflecting 
circle and an octant of the type invented by John 
Hadley.12 This led to further refinements of the lunar 
tables and improvements in the equipment used, in 
particular the development of the marine sextant to 
supersede the octant.

By 1763 John Bradley was still working at sea, this 
time as a purser on the ship the Dorsetshire, another of 
Campbell’s commands.13 In this role he would have 
handled all the money on board, as well as supervising 
the ship’s supplies.

2.2. John Bradley and the Board of Longitude
With his reputation for trustworthiness, allied to his 
background in astronomy, John Bradley was a natural 
choice by the Board of Longitude to play a role in the 
trials of John Harrison’s H4 chronometer in 1764. 
Other than the lunar distances method, chronometers 
were considered the most likely solution for finding 
longitude at sea.

John Harrison had been designing and perfecting 
chronometers for many years and H4 was the 
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culmination of his efforts. In 1764 it was due to be 
trialled for a second time to confirm the outcome of its 
successful first test. With a large reward at stake, the 
Board of Longitude wanted to ensure that no 
tampering could occur before the clock left for 
Barbados, so H4 was kept in a box with three separate 
locks, each with a different key holder. John was 
appointed one of the three shore-based key holders at 
Portsmouth who would ensure the security of H4 
before its sea trials.14

In addition, John was instructed by the Board to 
make observations of Jupiter’s moons and the altitude 
of the Sun at noon to establish the local time at 
Portsmouth as a reference for the trials. John asked for 
a small wooden observatory to be built on the South 
Bastion of the garrison at Portsmouth. This request 
was agreed by the Board.15 It was around this time that 

John would have met Nevil Maskelyne, the future 
Astronomer Royal, who was simultaneously testing out 
the rival method of lunar distances in competition with 
Harrison’s chronometer.

In 1767, after completion of the longitude trials, 
John was appointed second mathematics master at the 
Royal Naval Academy in Portsmouth under George 
Witchell FRS.16 It seems likely that a shared appreci-
ation for the lunar method of measuring longitude, 
along with John’s earlier work at Greenwich, would 
have led Maskelyne to recommend to the Board of 
Longitude that John would be an ideal person to lead 
the planned trip to the Lizard for the 1769 transit of 
Venus.17

The money for this expedition was provided 
entirely by the Board of Longitude. This was the first 
time that a expedition was paid for directly by the 

Fig. 2: Thomas Martyn’s map of Cornwall was considered the most accurate at the time of its publication in 1748. However, as the 
astronomical observations of 1769 found, its longitude for the Lizard Point, 5° 36′ west, was some 23′ too large. (Bonhams)
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Board, demonstrating the importance they attached to 
this task. All other ventures of the time, including 
Cook’s to the Pacific, were funded by the Crown.18

A total of £67 17s was released, £36 7s of which 
was for travel to and from the Lizard and Bradley’s 
expenses while there. A further £21 was for his time 
and efforts, while his assistant Nehemiah Hunt, master 
of the ship HMS Arrogant, was to receive half that 
amount, viz. £10 10s.19 Hunt was chosen as he was 
shore-bound while the Arrogant was being refitted at 
Portsmouth dockyard. As a ship’s master he would 
have had responsibility for the navigation of a vessel 
and so had the skills needed for mapping accurately the 
Lizard Point and the treacherous Stag Rocks. Also 
accompanying them on this venture were two of the 
Portsmouth Dockyard’s house carpenters, Nicholas 
Vass Jr and John Doughty.20

3. Trip to the Lizard Point in 1769

During his sojourn on the Lizard John wrote directly 
to Nevil Maskelyne rather than to the Board of 
Longitude. His letters contain a relaxed tone which 
possibly shows a level of friendship that comes through 
previous dealings between the two men. What follows 
is an account of John Bradley and his time at Lizard 
Point, taken primarily from letters John wrote to Nevil 
Maskelyne which can be found in the papers of the 
Board of Longitude preserved at the University of 
Cambridge.21

3.1. Preparations
On 1769 May 4, just a month before the transit, John 
wrote from Portsmouth with an air of impatience, 
complaining that he had still received no order for a 
ship to take him and his equipment to the Lizard. ‘I 
think it is a great pitty we were not at the Lizard now, 
for in all probability after the change of the Moon we 
may have change of weather... I have been in expec-
tation for some time to receive my instructions & 
orders... I keep myself in readiness to go at an hour’s 
notice so there shall be no delay on our account’.22

His observatory at Portsmouth, which had stood 
for five years since the H4 chronometer trials in 1764, 
had been dismantled and was to be taken to the Lizard 
for reassembly. The accompanying instrumentation 
included an equal-altitude and transit instrument (in 
one), an astronomical quadrant, and a reflecting tele-
scope of 2-ft focus, all made by John Bird, plus an 
astronomical clock with a gridiron pendulum by John 
Shelton.23 He also took a brass sextant belonging to the 
Naval Academy.

His assistant Nehemiah Hunt had a watch which, 
John reported, ‘keeps time very well. If we have a quick 
run [I] am of [the] opinion it will give us the difference 
of longitude between Portsmouth and the Lizard 
within ¼ of a degree.’24

3.2. Arrival at the Lizard
Late in the evening of 1769 May 12 Bradley and his 
team finally arrived in Falmouth after a two-day 
voyage from Portsmouth on the ship HMS Seaford 
captained by John Macbride. Captain Macbride had 
just returned from securing an inaugural settlement in 
the Falkland Islands and was commissioned at that 
time to patrol the English Channel, so would have 
been on hand to transport the small party and their 
equipment to Falmouth. Not caring to disembark that 
late in a strange town, Bradley decided to spend the 
night on board the ship.

The following morning he and Captain Macbride 
ventured ashore. John’s main concern was to find the 
best means of transporting his equipment, observatory, 
assistants, and himself to the Lizard Point. He had 
originally hoped to get as close as possible to the Lizard 
by sea, but this idea was soon quashed by the locals 
who, in John’s words, informed him that ‘it was impos-
sible for us to land our things with safety within 10 
miles of the Lizard... we were told there was a passable 
road in the summer from Falmouth to this place but I 
could not prevail on the carryer to engage to take our 
things till he was certain he could go through with 
them.’25 Clearly, the local people were not making 
things easy for their heavily laden visitor, or perhaps 
were trying to make extra money out of him by 
exaggerating the transport difficulties.

Not being able to find anyone who would assure 
him that he could get to the Lizard by road, John set 
out in a horse-drawn carriage to scout the way himself, 
returning in the evening ‘having found the road pretty 
good, a few dangerous places excepted’.26

On May 19 John wrote to Maskelyne: ‘After a good 
deal of trouble & care we have got our observatory and 
instruments safe to the Lizard at a great expense for 
carriage etc; our observatory is errected [sic] and we 
have just set up the clock.’27 He was no doubt grateful 
for the expenses that the Board had advanced him to 
pay for all this. However, his earlier fears about the 
weather were well founded. ‘We have seen neither Sun 
or horizon with any distinctness since we come here.’28

3.3. The Lizard lighthouse and its owner
There were further difficulties for the party. Set atop a 
tall cliff with no trees in the vicinity, the Lizard is 
particularly remote and exposed to the elements. 
Hence John felt fortunate that he had made a passing 
acquaintance with an unnamed gentleman in 
Falmouth who gave him an introduction to the 
proprietor of the lighthouse on the Lizard, Thomas 
Fonnereau (1699–1779).

Fonnereau was not a local man. He originated 
from Suffolk and was primarily a businessman but also 
had political leanings, becoming MP for Sudbury in 
1741. His father, Claude Fonnereau, was a merchant 
of Huguenot extraction. With wealth inherited from 
his father, Thomas Fonnereau had bought up large 
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swathes of the Lizard,29 including the land that the 
Lizard lighthouse was built on in 1751 under licence 
from Trinity House. Officers in nearby ports would 
charge ships a toll for passing the Lizard lighthouse, 
thereby funding its operation and making a tidy profit 
for Fonnereau.

The Lizard lighthouse was unusual in that it had 
twin towers which were both kept alight by coal fires. 
Between them was a small overseer’s cottage which 
would have been the only shelter outside a small cluster 
of houses at the Lizard village itself about three-
quarters of a mile away (Fig. 3). The overseer lived on 
site while the workers who kept the fires lit lived in the 
nearby Lizard village.

John reported in his letter of May 19: ‘At our first 
coming here we found no small difficulty to get some 
little shelter for ourselves in one of the appartments 

belonging to the light houses. I believe we should not 
have been permitted to have come on their ground had 
I not been recommended by a gentleman of Falmouth 
who is acquainted with Mr Fonnereau the proprietor 
of the light houses.’30

As John and his assistants settled into the spartan 
lighthouse buildings they would have realized that this 
was a working environment. The overseer had a couch 
in the cottage from which he could see both towers 
through opposing windows. At night, when he felt the 
light from the fires had become too dim, the overseer 
would blow a cow horn to tell the firemen to pump the 
bellows harder.

Although parts of Cornwall were becoming indust-
rialized because of tin mining, the effect on the Lizard 
would have been minimal. There would have still been 
pockets of people speaking the traditional Cornish 
language, along with separate customs that would have 
made the environment feel very different and remote 
from what John had been used to. ‘I find we are got 
into an odd part of the Kingdom,’ he wrote.31

The visitors would have been reliant on the 
overseer and locals not only for their food but also their 
water for there is no running fresh water on this part of 
the Lizard. John bemoaned that he could not buy a 
joint of meat ‘within less than 10 Cornish miles’ (a 
Cornish mile being equivalent to about 1.5 standard 
miles). He was also hoping for a change in the weather 
and complained of the cold (Fig. 4). Evidently they 
were not allowed to use coal from the lighthouse for he 
remarked: ‘We can get scarce any thing to burn but 
straw and turf.’32

3.4. Building the observatory
Despite the somewhat austere living conditions, John 
professed himself optimistic about their observing 
prospects. ‘I believe our observatory will do very well 
here, but when our observations are finished it will not 
be worth while to remove it from hence as it will not be 
fit to put up again & it will cost six times more than it is 
worth to get it carried back to Falmouth.’33

John instructed his carpenters to site his observ-
atory 180 yards north of the lighthouse.34 Here it would 
be located away from the seaward side of the light-
house, possibly gaining protection from the wind due 
to the shelter of the cottage and twin towers.

With his equipment installed, John started to make 
measurements whenever possible even though the rain 
and cloud remained pretty persistent. The measure-
ments at this point concern regulating his clock through 
zenith distances of the Sun and pole star; meridian 
observations of bright stars including Arcturus and 
Spica; and an observation of Jupiter’s second satellite.35

As the next week dragged on, with poor weather 
limiting his ability to complete many measurements, he 
complained that he was suffering from a ‘rheumatism’ 
that hindered his ability to move about. Meanwhile, 
the transit of Venus on June 3 was approaching.

Fig. 3:  The Eastern tower of the Lizard lighthouse, seen from the 
shore side. Next to it was the cottage in which the overseer lived,   
and where John Bradley and his expedition lodged during their time 
at the Lizard. (Trinity House)
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4. The transit and partial solar eclipse

By the day of the transit John felt that, despite what he 
termed ‘very dirty weather’, he had managed to make 
enough measurements to determine the latitude and 
longitude of  Lizard Point.36 For the latitude he had used 
the Bird quadrant of one-foot radius to take several sets 
of observations: nine meridional altitudes of  the Sun’s 
limb giving a latitude of 49° 57′ 35″; six meridional 
observations of the Pole Star giving a latitude of 49° 
57′ 23″.2; thirteen observations of Arcturus, α Coronae 
Borealis, and α Serpentis giving a latitude of  49° 57′ 29″; 
and fifteen observations of α, β, and γ Draconis giving 
a latitude of 49° 57′ 33″. Back at Greenwich, Nevil 
Maskelyne combined all 44 measurements to derive a 
mean latitude for the Lizard Point of 49° 57′ 30″.37

The longitude was to be primarily determined by 
the transit of Venus on June 3 and the partial solar 
eclipse the morning after.

4.1. Observing the transit
Only the initial phase of the transit was visible from the 
UK as it began late in the evening and the Sun set 
while the transit was in progress. Fortunately the sky 
was clear enough for John to observe the entry of 
Venus onto the Sun’s disk. The following day he wrote 
to Maskelyne:

‘The first external contact of Venus was very 
exact as my eye was fixt on that part of the Sun 
where she first touch’d, but I saw no shade 
precede the body of the planet. The internal 
contact is doubtful 4 or 5″ [as] near the time of 
that contact there appeared a confused sort of a 
light on the edge of Venus just coming on the 
Sun’s limb, but whither it was the effect of an 
atmosphere, or occasioned by the great 
undulation in the air I do not pretend to know. A 
flying cloud at that instant hindred my sight for 
about 5″ in time.’38

He continued his description in his next letter two 
weeks later:

‘I saw no shade precede the external contact, that 
the limb of Venus appear’d well defined at first 
coming on the Sun for 3 or 4 minutes time, when 
it began to appear a little jagged and continued so 
increasing till the internal contact; when quite in 
the Sun it made a very irregular figure, no part of 
the limb of any sensible length being a true circle, 
but branched[?] out in many different forms, that 
a very odd stricking[?] motion of light appeared 
about 10″ or 12″ before, & near the point of the 
internal contact such as I never saw before, 
neither do I know how to discribe it; but at the 
time [I] thought it might have proceeded from a 
great undulation in the air.’39

Had John seen what was to become known as the black 
drop effect? Similar effects to those he described had 
been reported by the Swedish scientist Torbern 

Bergman at the previous transit of Venus in 1761, and 
were attributed to an atmosphere around Venus.40 Yet 
John’s letters make clear that this phenomenon was 
new to him, and he struggled to explain it.

He considered the apparent time of the external 
contact of Venus with the Sun to be exact, at 6h 47m 
58s in the afternoon, while the internal contact was 
recorded as 7h 6m 18s with an uncertainty of 4 or 5 
seconds due to the ‘flying cloud’ which had intervened.

4.2. Observing the solar eclipse
The following morning he was able to observe the 
partial solar eclipse through gaps in the cloud. At 
maximum, the Sun was just over 50% eclipsed as seen 
from Cornwall and London. He reported in his letter 
to Maskelyne of June 4 that his measurements of the 
beginning and end of the eclipse had been very good, 
but confessed himself  ‘extreamly fortunate’ to get a 
gap in the cloud at the right time.41

He recorded the apparent time for the beginning of 
the eclipse as 06h 14m 54s and the end as 07h 57m 
17s, giving a duration of 1h 42m 23s. The measure-
ments were made with the two-foot reflector and ×120 
magnification.42

5. Final weeks at the Lizard

Other measurements he had been trying to make 
during his stay were hindered by the persistent bad 
weather.43 These included the dip of the horizon to 
determine his height above sea level, observations of 
Jupiter’s satellites, and meridian transits of the Moon. 
‘We have not had one day since we have been at the 
Lizard without some rain,’ he informed Maskelyne on 
June 4, but promised to continue work as weather per-
mitted until they left the Lizard, which his letters make 
clear he was keen to do as soon as possible.44

‘I cannot get rid of my rhumatism,’ he added, but 
struck a more satisfied note than before about living 
conditions: ‘We live very well, having a very good 
market 12 miles from hence where we send for what we 
want.’ Here he is referring to the market town called 
Helston. Daniel Defoe during his grand tour of Britain 
had paid a visit to Helston 44 years prior and was 
similarly impressed, describing it as ‘large and popu-
lous, and has four spacious streets, a handsome church, 
and a good trade’.45

Maskelyne’s reply expressed satisfaction with the 
observations that John had sent to London. On June 18 
John wrote again to inform Maskelyne that the weather 
remained poor. He continued to hope for an improve-
ment so he could finish his work, but complained that 
he was still suffering in the cold, damp conditions: ‘I do 
assure you I am so lame with my old rhumatic com-
plaint that I can scarce crawl about.’46 Unfortunately 
for John there was as yet no order for him to return to 
Portsmouth.
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5.1. More observations at the Lizard
Despite his debilitating ailment, John continued to 
make routine observations during the following weeks, 
including more measurements regarding the dip of the 
horizon which he had not been happy with before. He 
also took timings of the transits of Jupiter’s moons. ‘I 
hope you have been so fortunate as to observe the 
same transits as I have & the emersions of the satellites 
& then I think the longitude of this place will be as well 
known as any headland need to be,’ he informed 
Maskelyne on July 2.47

One unexpected difficulty in timing observations 
was hearing the ticking of the observatory clock above 
the background noise outside: ‘When the wind blows 
anything fresh from the southward it is very difficult to 
hear the beat of the clock owing to the continual noise 
the surff of the sea makes among the Stag Rocks some 
of which are not more than half a mile from us.’ 48

While the party awaited their instructions to return, 
Nehemiah Hunt had plenty of time to chart the aspect 
of the Lizard and the location of Stag Rocks relative to 
the lighthouse. The two carpenters, Vass and Doughty, 
assisted in the surveying and astronomical work. As 
John wrote to the Admiralty afterwards, ‘they were very 
servisable in removing the necessary stands etc from 
place to place in order to observe the dip of the 
horizon of the sea at different elivations, & the situation 

of the Stagg Rocks and the bearing of the principal 
head lands etc, and making a very exact survey of the 
coast for near three miles and when any astronomical 
observations were required to be made they were up 
most part of the night.’ 49

At last, nearly a month after the transit, John was 
relieved to receive a letter from Captain Robert Keeler 
of the sloop HMS Cruizer who had arrived in Falmouth 
harbour to take him back to Portsmouth. John wasted 
no time in arranging his departure. In a letter to 
Maskelyne on July 2 he wrote: ‘We propose to set out 
for Falmouth early tomorrow morning with our clock 
and instruments.’ His letter ended with the regular 
grumble: ‘I am at present in a very hobbling condition 
but hope soon to get better.’ 50

5.2. Leaving the Lizard
So with little notice and after 51 days John Bradley and 
his assistants departed the Lizard Point. They left 
behind their wooden observatory building as a shed for 
the overseer since it was not worth the trouble and 
expense of taking it with them. They also left behind a 
meridian marker on the north face of the overseer’s 
cottage. As John explained: ‘It is a white spot about 
4/10 of an inch in diameter painted round with black 
on the north side of a brick house which stands 
between the two light houses and distant from my 

Fig. 4:  Letter from John Bradley to Nevil Maskelyne from the Lizard, dated 1769 May 19. After signing off he adds a complaint about 
his health that was to become a regular feature of his correspondence: ‘The fatague I have met with and the cold weather has almost laid 

me up with the Rheumatism’. (Cambridge University Library)
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transit instrument just 518 feet; I have a lamp fixed in 
the same direction against the wall of the house by 
which I can adjust the instrument at night nearly as 
well as by day.’ 51 Sadly the building on which the 
marker and lamp were fixed is now long gone.

At this point there was a breakdown in relations 
with the overseer (who John never names, referring to 
him only as ‘the poor man’), since he had never 
received an official order from the Admiralty to admit 
the expedition as John had promised when they 
arrived. ‘He said he would never trust to any ones 
word again,’ according to John.52 Evidently the over-
seer was worried that he would get into trouble with his 
employer, Thomas Fonnereau, for allowing the astron-
omers to stay in the lighthouse without his permission. 
John requested Maskelyne to write to Fonnereau ‘both 
on my and the poor mans account’ but there is no 
record that the letter of explanation was ever sent.

John’s experience at the Lizard left its mark, both 
physically and psychologically. The day after his return 
to Portsmouth he wrote to Maskelyne: ‘My rheumatick 
complaint is something better, but I have such a 
nervious complaint I can scarce write my hand shakes 
so much. I am afraid I shall find the effects of the 
Lizard taunt for some time.’53 In the same letter he 
noted that if Maskelyne were determined that more 
observations be made at the Lizard he would write to 
the overseer to ensure that the observatory and meridian 
mark were left untouched, ‘but on no condition go’.

6. Calculating the longitude

John sent his final measurements to Nevil Maskelyne 
for him to calculate the latitude and longitude of the 
Lizard Point. Maskelyne published his results in the 
Nautical Almanac for 1771.54 From John’s meridian 
altitudes of the Sun and pole star Maskelyne calculated 
that the latitude was 49° 57′ 30″ N, very close to the 
modern figure.

For the longitude, Maskelyne used the difference in 
times of the transit of Venus on June 3 and two 
emersions of the first satellite of Jupiter on June 8 and 
15 which had been observed simultaneously at the 
Lizard and Greenwich. The differences in the times 
ranged from 20m 53s by the first contact of Venus to 
21m 52s by the June 15 emersion of Jupiter’s satellite. 
Maskelyne settled on a mean figure of 21m 00s of time, 
equivalent to 5° 15′ of longitude.55

The longitude figure was later revised in the light of 
further calculations by Nevil Maskelyne, George 
Witchell (John’s superior at Portsmouth Naval Academy), 
and William Wales (who had recently returned from 
his own transit expedition to Hudson Bay, Canada).

As calculated by Wales, four transits of the Moon 
gave a time difference between the Lizard and 
Greenwich of 20m 30s.6, while the two emersions of 
Jupiter’s first satellite gave 21m 14s.5. The time differ-

ence for the transit of Venus was calculated by Wales 
as 20m 57s.0, by George Witchell as 20m 56s.5, and 
by Nevil Maskelyne as 20m 57s.0. Finally the time 
difference for the eclipse of the Sun was calculated by 
Witchell as 20m 44s.5.

Additional calculations of the eclipse observations 
by the European astronomers du Séjour, Euler, and 
Lexell gave time differences of 20m 45s.1, 20m 59s.0, 
and 20m 51s.0, respectively. The mean of these was 
20m 52s.12, equivalent to a longitude of 5° 13′ west of 
Greenwich, slightly smaller than the initial result.56

Today’s figures have the Lizard point at latitude 
49° 57′ 32″ N and longitude 5° 12′ 54″ W, confirming 
that the revised longitude calculations were admirably 
close to the modern determination.

7. John Bradley in later years

Once settled back at Portsmouth, John Bradley 
returned to his role as second master in residence at 
the Naval Academy under George Witchell. One of his 
roles was to instruct ships’ masters in the Royal Navy 
how to use the methods of lunar distances. Among 
those he taught was Nehemiah Hunt, his assistant at 
the Lizard and still master of HMS Arrogant.57

Having taken his old observatory to the Lizard and 
left it there, John was in need of a replacement. Shortly 
after his return, John and George Witchell requested 
the governors of the Naval Academy to provide ‘a 
proper building and stone pier’ to be erected to house 
an astronomical quadrant made for the Academy by 
John Bird.58 In addition to teaching at the Academy, 
John continued to do occasional consultancy work for 
the Longitude Board.

He remained in his post at the Naval Academy for 
27 years, until his death on 1794 June 14.59

7.1. John Bradley’s children
John Bradley had three sons and one daughter. Upon 
his death his youngest son, James (1765–1820), suc-
ceeded him as second mathematician at the Academy, 
having worked for his father since leaving school.60

John’s second son, William (1757–1833), was an 
officer aboard the ill-fated HMS Sirius which was flag-
ship of the first fleet to Botany Bay but was wrecked off 
Norfolk Island in 1790. He had a inquisitive and 
scientific mind which saw him keeping a journal 
documenting his time in Australia.61 He charted much 
of the coastline around Sydney. A promontory called 
Bradleys Head on the north shore of Sydney Harbour 
is named after him.

William married Sarah Witchell, the daughter of 
John Bradley’s superior at Portsmouth, George Witchell. 
As William was away at sea for years at a time, Sarah 
and the four grandchildren who lived in Portsmouth 
were on hand to look after John into his later years. By 
the time of John’s death in 1794 William had reached 
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the pinnacle of his career, having been promoted to 
command his own ship. Sadly there followed a descent 
into madness and attempt at postal fraud which led to 
his exile in France in 1814. William spent the rest of his 
life trying unsuccessfully to design and improve a 
longitude method using an hour-glass with the hope of 
being allowed to return to England.62

His eldest son, also called John, was born in 1755 
while John senior was still at Greenwich. He worked in 
the storekeeper’s office in Portsmouth from the age of 
18 and died in 1788.63

A daughter, Mary, was born in 1771. Little is known 
about her, but she was still alive at the time of the 1841 
census, aged 70, a spinster living in Portsea.

8. Concluding notes

Thomas Fonnereau’s lease on the lighthouse was due 
to last 61 years but instead it was terminated just two 
years later, in 1771. Fonnereau had been cutting 
corners over the lighting of the twin towers. He 
continued charging people when they reached port 
even though the fires had not been visible from their 
vessels. This led to numerous complaints from ship 
owners and requests to the Crown for refunds. The 
Lizard lighthouse is the only lighthouse to have been 
removed from private ownership through court 
proceedings by Trinity House.64, 65

Trinity House continued with coal-lit towers until 
1812 when they were changed to oil lamps. At this 
time the overseer’s cottage was removed. New housing 
and offices with a covered passageway were installed, 
but the twin towers remain.

Despite the efforts of the astronomers to establish 
the precise coordinates of the Lizard, navigation past 
Stag Rocks remained treacherous. Visibility on that 
part of the coastline is often poor because of sea fog. 
Navigators would still have needed the instruments to 
make accurate observations and the skills to calculate 
their position, which many did not.

The next ship to hit Lizard point after John 
Bradley’s visit was the Hambro Arms on 1769 August 7.66 
The ship and its cargo were lost. Many more vessels 
would follow its fate.
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Mars: The history of
a master illusionist

William Sheehan

This paper presents a psychologically based history of  Mars observation. We 
introduce the way that the perception of  colours affected inferences about the 
nature of  the planet, and describe the implications of  the canals’ tendency to 
appear in brief  flashes, which severely challenged the performance of  the eye-
brain-hand system. Under such difficult conditions the effect of  the personal 
equation of  the observer looms large. We discuss a number of  observers – Huygens 
in the early days, Schiaparelli and Green in the mid-19th century, and Lowell, 
Barnard, and Antoniadi at the turn of  the last century – who achieved successive 
positions along what Schiaparelli regarded as a ‘stairway of  perception’. We have 
now reached the ultimate step in perceiving Mars, achieved through the eyes of  
robotic craft in orbit around and on the surface of  the planet itself.

1. The stairway of perception

Whenever an observer peers intently at Mars through 
a telescope, under varying conditions of seeing, a series 
of images unfolds that presents in succession the history 
of observation of the planet. Giovanni Virginio 
Schiaparelli, perhaps the greatest observer of Mars of 
the 19th century, used the analogy of a printed page 
seen at various distances; at stage A the vision was 
confused and the page appeared as a grey square; at 
stage B this view was replaced with that of geometrical 
lines; only at stage C did one begin to suspect the 
breaks and irregularities, and at stage D to read the 
individual letters.

Thus, taking stock of the situation as it appeared in 
1907, Schiaparelli wrote to a fellow scrutinizer of the 
red planet, Vincenzo Cerulli:

The first observers of Mars, to 1860, lived in stage 
A. Since this epoch, Secchi, Kaiser, and Dawes 
came near to stage B, finding some lines… In the 
years after 1877 the view produced in me and 
others was stage B – a vision apparently complete 
and accurate of single and double lines on the 
planet. Now, thanks to you, we are entering stage 
C; the naïve faith in the regularity of the lines is 
shaken, and we have the prospect of yet another 
stage, D, in which the appearance of lines will 
resolve into forms of a different order – closer to 
the true structure of the Martian surface. But will 
this, then, be the final truth? No; for of course as 
optics continue to improve, the process will 
proceed to other stages of vision, or illusion. My 

thanks to you for the progress you have realized 
along this stairway.1

I can confirm what Schiaparelli is saying here from my 
own experience of observing Mars, with many different 
telescopes, over a span of fifty years (as of the time of 
writing). I began with only a 60-mm refractor of the 
department-store variety that everyone nowadays 
regards with contempt. It cost all of $30 and gave me 
countless hours of pleasure when I was ten. It was quite 
as powerful as the best of the telescopes used by 
Christiaan Huygens – indeed, his views of the planets 
were very much like mine.

I had become passionately interested in astronomy 
in early 1964, but had had to wait until 1965 March 
for a good first look at Mars, when it came to an 
unfavourable opposition, never much closer than 100 
million km from Earth.

Despite that, the opposition was good enough to 
whet my appetite for all things Martian. I still remem-
ber ‘how little it was, so silvery warm – a pin’s-head of 
light!’ (as the narrator says of the view through 
Ogilvie’s telescope in H. G. Wells’s War of the Worlds). 
Odd, but I was not disappointed. I peered insatiably 
at that brilliant pinpoint, small in itself, already por-
tentous in its implications. As John Ruskin says in 
Modern Painters:

The greatest thing a human soul ever does in this 
world is to see something, and tell what it saw in a 
plain way. Hundreds of people can talk for one 
who can think, but thousands think for one who 
can see. To see clearly is poetry, prophecy and 
religion, all in one.2
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Mars did not, of  course, then reveal to me the 
detail it would later when I had the chance to view it 
with more powerful means. The view was decidedly 
Huygensesque. Yet little as it was, it vouchsafed some-
thing momentous to me. It was a planet, another orb in 
space; it had a disk, and I was seeing it as if approach-
ing it from the porthole of a spacecraft only a million 
miles away. That was something. Mars I had seen, and 
seen in a plain way. There was poetry, prophecy, and 
religion for me in that.

I longed to see more. If I could have seen Mars 
with a larger telescope, I did not doubt that I would 
catch a glimpse of the famous ‘canals’, with which I 
had become intimately acquainted almost as soon as I 
became astronomically literate, and in which I was at 
the time a true believer.

I had read the arguments pro and con in a number 
of books – and all of my favourite books at the time 
were books about Mars. I knew there were sceptics, 
and I knew their arguments about broken details being 
joined up by the eye. One version, called by Percival 
Lowell the ‘small-boy theory’, was based on experi-
ments done at the Royal Hospital School under the 
supervision of Edward W. Maunder and J. E. Evans.3 
But they had as little effect on me as the arguments of 
sceptics against religion to the true believer.

At that moment, my religion was astronomy, and 
I was a particular devotee in the temple of the planet 
Mars. Men like Giovanni Schiaparelli and Camille 
Flammarion were high priests. Percival Lowell was the 
high-high priest.

1.1. The books of Mars
Naturally, all the books on Mars I read contained a 
smattering of Lowell’s engaging prose, and I even 
managed to find, in the central library in Minneapolis, 
one of Lowell’s own books, The Evolution of Worlds. I was 
enthralled, of course, with the burning questions 
Lowell posed: Is there life on Mars? Intelligent life? Are 
we, or are we not, alone in the Universe?

Lowell was an able champion. The objections of 
the skeptics melted like snow when I read stirring 
Lowellian stuff such as this:

There are celestial sights more dazzling, 
spectacles that inspire more awe, but to the 
thoughtful observer who is privileged to see them 
well, there is nothing in the sky so profoundly 
impressive as these canals of Mars. Fine lines and 
little gossamer filaments only, cobwebbing the 
face of the Martian disc, but threads to draw 
one’s mind after them across the millions of miles 
of intervening void.4

I will never forget the impact of those marvellous Mars 
books on my boyish sensibility. I was far from alone. 
They, or books derivative of them such as H. G. 
Wells’s War of the Worlds or Edgar Rice Burroughs’s 
Princess of Mars, had a similar impact on many other 
readers, at the same slender age. Thus Robert S. 
Richardson would write of his experiences as a boy 
growing up in Indiana: 

Lowell’s theory of a neighboring world covered 
by canals and inhabited by intelligent beings can 
hardly fail to stir the imagination. It sounds, in 

Fig. 1: Detail from one of Percival Lowell’s maps of Mars, criss-crossed with the delicate tracery of ‘fine lines and little gossamer 
filaments’ that he drew on the planet. (Lowell Observatory)
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addition, so very plausible. I remember the excite-
ment with which I read Lowell’s Mars and Its Canals. 
I was about twelve then, and the book made a 
profound impression upon me. I believed it absol-
utely. In fact, it was inconceivable to me that 
anyone could not believe it.5

Needless to say, there were no celestial sights I was 
more eager to see than those same ‘fine lines and little 
gossamer filaments’ (Fig. 1). My eye was more acute 
than it ever would be again: I could see at least 16 
Pleiads from within the city limits and made out at 
least one of the satellites of Jupiter with the naked eye. 
I could even tell that Venus as it approached inferior 
conjunction was elongated not round, although I never 
saw the crescent as such, and doubt whether anyone 
can. I obviously had no chance at the canals with my 
60-mm department-store refractor but I could partici-
pate vicariously by reading of others’ exploits.

1.2. Science as story
Lowell himself attempted to appeal to his readers 
through the dramatic and personal way he presented 
his work, as his biographer David Strauss points out. 
‘No doubt,’ says Strauss, ‘his enthusiasm for the literary 
romances of Robert Louis Stevenson played an import-
ant role in Lowell’s conceiving of science as a story 
that could… rival the adventures recounted in novels. 
Lowell’s books thus appealed to the audience of men 
and boys who sought in literature, as in life, male 
heroes with whom they could identify.’ 6

Even though I hadn’t yet seen the canals, Lowell 
had done so, and described the seeing so vividly that 
readers such as myself ‘experienced a vicarious sense of 
participation through identification with the narrator 
or hero. Lowell insisted, for example, on the import-
ance of the scientist writing about his own discoveries, 
to provide the reader with “an aroma of actuality” that 
would in turn make him a “co-discoverer”.’ 7

2. Fine lines and little filaments

It was in consideration of the canals that I first came to 
appreciate just how much there is to ‘seeing, and telling 
what one saw in a plain way’, that Ruskin had waxed 
about in Modern Painters. This whole business of the 
intricacies of seeing has, in fact, become the overriding 
theme of all my work as a historian of astronomy. It 
has also informed, in significant ways, my professional 
work as a psychiatrist.

The first thing one notices about the canals is that 
they never appear clearly and all at once as one might 
imagine from examining the maps or globes that show 
them. Instead they show up fleetingly, and in glimpses. 
Here, for instance, is Percival Lowell’s own classic de-
scription, from Mars and Its Canals:

When a fairly acute-eyed observer sets himself to 
scan the telescopic disk of the planet in steady air, 

he will, after noting the dazzling contour of the 
white polar cap and the sharp outlines of the 
blue-green seas, of a sudden be made aware of a 
vision as of thread stretched somewhere from the 
blue-green across the orange areas of the disk. 
Gone as quickly as it came he will instinctively 
doubt his own eyesight, and credit to illusion what 
can so unaccountably disappear. Gaze as hard as 
he will, no power of his can recall it, when, with 
the same starting abruptness, the thing stands 
before his eyes again. Convinced, after three or 
four such showings, that the vision is real, he will 
still be left wondering what and where it was. For 
so short and sudden are its appearances that the 
locating of it is dubiously hard. It is gone each 
time before one has got its bearings.

By persistent watch, however, for the best 
instants of definition, backed by the knowledge of 
what he is to see, he will find its comings more 
frequent, more certain and more detailed. At last 
some particularly propitious moment will disclose 
its relation to well known points and its position 
be assured. First one such thread and then 
another will make its presence evident; and then 
he will note that each always appears in place. 
Repetition in situ will convince him that these 
strange visitants are as real as the main markings, 
and are as permanent as they.8

2.1. A microscopist at the telescope
Lowell’s friend Edward Sylvester Morse, whose lec-
tures on Japan had first inspired Lowell’s interest in 
and travels to the Far East that preceded his Mars 
obsession, spent nearly six weeks observing Mars on 
every clear night with the 24-inch (61-cm) Clark 
refractor around the time of its 1905 May opposition. 
No one has described better the process of learning to 
see the surface details on Mars than Morse in Mars and 
Its Mystery (1906). Although Morse was a microscopist 
by training, he was naive about matters Martian and 
struggled to get his bearings, as do all observers when 
they first try to come to terms with the subtle 
variegations of the Martian disk:

For years I had been familiar with different 
representations of Mars in which the surface 
features had been strongly depicted in black and 
white; in other words, photo-reliefs, or engravings 
incorporated with the printed page. I had 
unwittingly come to believe that these features 
were equally distinct when one observed Mars 
through the telescope… For a long time I had 
hoped for a chance to observe Mars through a 
large telescope in a clear and steady atmosphere. 
It seemed reasonable to me – knowing nothing 
about it – that one who had traced out under the 
microscope delicate lines and structural features 
in diaphanous membranes, who had, in fact, used 
a microscope with high powers for forty years, 
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would find it child’s play to make out the canals, 
oases, regions, etc., of Mars, as represented in the 
various publications on the subject. Professor 
Percival Lowell finally gave me the opportunity    
I so much desired… Imagine my surprise and 
chagrin when I first saw the beautiful disk of  
Mars through this superb telescope. Not a line! 
Not a marking! The object I saw could only be 
compared in appearance to the open mouth of    
a crucible filled with molten gold. Slight dis-
colorations here and there and evanescent areas 
outlined for a tenth of a second, but not a 
determinate line or spot to be seen.9

On recalling, however, his own slow progress in 
learning to see details through the microscope, and also 
taking heart from a comment by the great British 
amateur A. Stanley Williams that he had had to observe 
continually for two months before he was sensitized to 
making out the more delicate markings on Mars, 
Morse gradually grew into the work, and before long 
was achieving results of interest: 

May 14. Midnight. Saw planet for the first time. 
A beautiful luminous disk with shades of tone 
dimly visible. Southern pole cap white and seen.
May 15. Certain details sufficiently distinct to 
make out dark areas, and at times a line or two.
May 16. Occasional flashes of a few lines, while 
broad darkened area and cuneiform area on right 
visible, and, in one flash, a line supporting the 
wedge as well as basal line… I saw enough to 
make my first drawing.
May 20. Mr. Lowell informed me this morning 
that the luminous appearance around the south 
pole that I saw last night was the result of a 
snowstorm. Seeing fair. Considerable vibration of 
planet. Saw new snow field of the northern pole 
distinctly outlined and much confused markings. 
Looked in vain for spots but could not discern 
them.
May 21. Seeing clearer, and for the first time I 
made out distinctly two spots, or oases. Mr. 
Lowell informed me that Schiaparelli had never 
seen them. The snow which fell on May 19 was 
still conspicuous.
May 24. Am in despair of seeing anything when 
the others see so much. I must have an old and 
worn-out retina. In looking, lines flash out at 
times but it is impossible to locate them. I can 
certainly see more than Huyghens did, but not 
much more.
May 30. To-night markings and more particu-
larly shades seemed abundant yet so evanescent 
that only an intimate knowledge by long study 
could define them. I gave up in despair.
May 31. Saw a little more than I saw last night 
but did not see a trace of things that Mr. Lowell 
and his assistants apparently saw without effort. I 
realize that it requires a special training to 

observe the flickering evanescent markings on 
Mars.
June 5. I find a slow advance in my ability to see 
the markings though it is exasperating that the 
janitor of the Observatory [Harry Hussey] talks 
about plainly seeing certain details which he indi-
cates to me by a sketch, and looking at the region 
I can see no trace of a canal or anything else.
June 7. Seeing very good and in my observations 
tonight added another canal. It is a most difficult 
matter to catch the fleeting lines as they appear 
with startling distinctness to instantly vanish 
again.
June 9. Seeing fairly good. Could make out but 
little more. Color of regions very strong and vivid.
June 10. Seeing a little better than last night. 
Added three new canals, and these canals flashed 
out three or four times before I was willing to 
record them, and then I did not believe them till 
Mr. Lowell showed me a drawing he had made 
just before, and the two drawings corresponded.
June 12. Rather poor seeing though some of the 
dark regions came out with remarkable distinct-
ness. Every day I notice a very slight improve-
ment in detecting lines. Markings formerly made 
out with great difficulty are now instantly 
recognized.
June 13. In my observations to-night added one 
new canal and completed another, and was able 
to detect one that Mr. Lowell had not seen during 
the evening – a well-known one he says. It simply 
shows that one must continually observe as the 
lines flash out for a single instant.10

2.2. Mars through the 100-inch
Another case was Robert S. Richardson. A native of 
rural Indiana who was almost hired for the job at 
Lowell Observatory that went to the self-taught and 
(in the view of V. M. Slipher) more tractable Clyde 
Tombaugh, Richardson became a professional solar 
astronomer at Mt Wilson Observatory. He also 
became a prolific writer of popular astronomy books, 
science-fiction stories (under the pseudonym Philip 
Latham), and a celebrity astronomer at Griffith 
Observatory in Los Angeles.

Richardson wrote in Exploring Mars (1954): ‘One of 
the things I hope to do before I die is to see the canals 
clearly and sharply, as Schiaparelli and Lowell saw 
them.’ At the time he wrote this he had not done so, 
although he had a seemingly excellent chance in 1941 
October when, with Mars at a better-than-average 
opposition, he had the opportunity to look at the planet 
through a series of telescopes, each bigger than the last. 
The first was a 6-inch, the last the 100-inch Hooker 
reflector: 

I had been on Mount Wilson taking observations 
of the sun, which left me free at night to look at 
Mars with a 6-inch telescope not otherwise in use. 
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Every evening the seeing had been so poor that 
only the more prominent markings could be 
made out, to say nothing of such fine details as 
the canals. But on this evening I knew the instant 
I put my eye to the telescope that things were 
going to be different… I tried a magnification of 
about five hundred, and found the image still 
reasonably steady. Occasionally there would come 
flashes of fine seeing that made one gasp, but still 
nothing linelike. But I felt it was there, just below 
the threshold of visibility, and would be visible 
only if I had a larger telescope.11

Richardson next looked at Mars with a rather unusual 
instrument: the 12-inch lens at the top of the 60-foot 
solar tower. Still no canals! Next he managed to wangle 
time at the Newtonian focus of the 60-inch reflector, 
the masterpiece of George Willis Ritchey, a compact 
and powerful instrument I have had the opportunity to 
use myself, and to whose excellence I can testify (Fig. 2). 
Mars was ‘a beautiful sight – an exquisite little pink-
and-green globe with a bright polar cap’. Still there 
were no canals.

Finally, through the courtesy of Walter Baade, out 
for a smoke and a stroll while waiting for his 
extragalactic quarry, NGC 1285 in Eridanus, to rise, 
Richardson found himself seated in the observing cage 
of the famous 100-inch Hooker reflector. Surely now 
success? Hardly: ‘Through the 100-inch the markings 
looked more hopeless than ever.’ Richardson concluded 
that with each increase in aperture the canals ‘seemed 
as far away as before’.

Perhaps, however, Mars was simply too close to the 
Earth! When Mars was far from opposition in 1954, 
Richardson reported seeing a network of ‘bluish veins’, 
which he identified with the canals.

3. Seeing red and blue

Mediterraneans… creep
Far into red hearts of continent
In landlocked peace to drop asleep;
Continents that lie content
By bluish arms of the winding deep…

Percival Lowell, unpublished poem, Mars (probably 
1894 May/June)12

It is important to remind ourselves that the Martian 
canals did not appear in isolation. Moreover, for 
reasons I shall explain, it is unlikely they would have 
produced much of a stir had they been recorded on 
Mercury, Venus, or the satellites of Jupiter (as indeed 
they were; Lowell and his Flagstaff colleagues did 
record linear markings on all these bodies, yet no one 
paid much heed). It was only on Mars that one of the 
most curious psycho-sociological phenomena in the 
history of science could grow.

An important ingredient in all this is the very 
colour of Mars. It is the Red One, one of the few 
conspicuously red objects in the sky. At times its red-
ness can be striking, although not equally so to all 
observers.

The varying degree of apparent redness is quite 
real. This is a consequence of the eccentricity of the 
planet’s orbit, which makes its brightness fifty times 
greater when it is nearest to us than when it is at its 
most distant. When at its brightest – as in 2003 – it 
outshines Jupiter, and appears quite white, owing to 
saturation of the colour receptors of the eye. At not 
quite maximum brightness, as at the typical opposition, 
it appears wheat-coloured; at its faintest, it is a blood-
red spark. (I would add that the reddishness is likely to 

Fig. 2:  William Sheehan observing 
Mars at the modified Cassegrain 
focus of the Mt Wilson 60-inch 
reflector in 2005 October.
Observing through the same telescope 
in 1911, E. E. Barnard described 
the planet as follows:
‘There was a slight pinkish color on 
which the dark details had been 
painted with a grayish colored paint, 
supplied with a very poor brush, 
producing a shredded or streaky and 
wispy effect in the darkish regions.’
(Photo by John Fletcher)
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be more vivid to children and younger individuals, 
since the lens of the eye has not yet yellowed with age 
as it inevitably does.)

Red is the colour that most strongly seizes the 
attention and evokes the strongest emotional response. 
In fact, I would venture to say that were Mars not the 
Red Planet, its place in human imagination would not 
have loomed so large.

Through a telescope, as the disk is enlarged, the red 
fades into a more nuanced salmon-pink, and darker 
forms appear against the lighter background. As noted 
by Martha Evans Martins in The Way of the Planets, 
‘Seen through a telescope, Mars is not so red as it 
appears to the naked eye’.13 As the darker forms shown 
crudely in Huygens’s sketch begin to emerge (Fig. 3), 
other colours emerge with them, forming a more 
complex – and even more enticing and evocative – 
palette. The planet then resembles, in the different 
aspects presented to different observers, a ‘fire opal’.

3.1. The eye of the beholder
Most of us soon learn that colour lies in the observer, 
rather than out there in the light. Neuroscientists have 
now worked out that the brain specializes in the 
detection of contrast. This, according to Stephen 
Macknik and Susana Martinez-Conde of the Barrow 
Neurological Institute in Phoenix, Arizona, ‘forms the 
basis of all cognition, including your capacity to see, 
hear, feel, think, and pay attention. Without it, the 
world would have no boundaries and your brain could 
make no sense of itself or anything outside itself’.14 
Magicians recognize this, and capitalize on contrast 
detection in the illusion called Black Art. Explanations 
are needed to decode phenomena, and with changes of 
context a phenomenon may be seen in a quite different 

light.15 Although context gives meaning, it can also 
mislead into illusions.

When we see colours, we are sensing how infor-
mation about wavelength varies across the image, but 
we will see nothing except where there are boundaries. 
Thus colours, too, depend on context. Seen against a 
red background, a neutral patch will assume its 
complementary colour, green (or blue-green), the 
phenomenon known as simultaneous contrast. This 
was first recognized by the French chemist Michel 
Eugène Chevreul at the Gobelins tapestry factory in 
Paris, as described in his book The Principle of Harmony 
and Contrast of Colours, and their Application to the Arts 
(1839). Soon after Chevreul discovered this, it was 
being applied to good effect by the Impressionists in 
their paintings.16

The context-dependence of colours makes the 
colours of a planet seen against a black surrounding 
even trickier. Such colours correspond to what is 
referred to as ‘aperture’ or ‘film’ mode (with no grey 
content), and are not what would be seen when stand-
ing beside the planet, with familiar objects available  
for context. Thus, as seen in the eyepiece, the Moon, 
although it is actually as dark as the average asphalt 
paving surface, appears bone-white. Mars, whose 
actual surface materials are dirty yellowish-brown, 
looks yellowish-orange or, as often described, ochre.

The dark areas of Mars consist of surface materials 
of similar hue but differing reflectivity and saturation. 
If we were actually standing on the surface of the 
planet everything would appear different degrees of 
brown, but in the eyepiece the ‘unrelated’ colours tend 
to expand to fill the colour space.17 Apparently what is 
happening is that the visual system turns up the gain 
on the chroma when presented with a scene of very 
limited colour gamut. This, by the way, also plays a 
part in Edwin Land’s well-known demonstration of 
producing a wide colour gamut from a scene that really 
just contains various shades of pink – an extreme 
example of the phenomenon made use of in the old 
colour movies shot in two rather than three colours, 
which used to be known as ‘Tru-Color’ Westerns. 
Similarly, Mars has been a kind of Tru-Color Western 
for visual observers.

3.2. Blues for a red planet
The blues and greens of the dark areas of Mars were 
noted by visual observers beginning with John Herschel 
in 1830 and reinforced a much older, perhaps uncon-
scious, analogy between the markings on the disk and 
the lands and oceans of Earth. The blues and greens 
appear conspicuously in the first colour drawings and 
maps of the planet, as in the great map by John Phillips 
made in 1862–64 at Oxford18 (Fig. 4).

The gifted English landscape painter and amateur 
astronomer Nathaniel Everett Green, using a 9-inch 
(23-cm) reflector at the opposition of 1873, produced a 
marvellous set of colour drawings of Mars (Fig. 5). This 

Fig. 3: Huygens’s view of Mars, 1659 November 18. From 
Camille Flammarion, La Planète Mars, vol. 1 (1892).



20
The Antiquarian AstronomerIssue 9, August 2015

artist-astronomer made even more remarkable drawings 
and a full-fledged map with a 13-inch (33-cm) reflector 
at Madeira at the great perihelic opposition of 1877 
(Fig. 6). He had pointed out in 1873, ‘With regard to 
the dark markings of this planet, they are generally 
considered to be oceans,’ but in 1877 he added that the 
markings ‘supposed to be water’ actually appeared as 
various shades of greenish-grey and, artist that he was, 
fully recognized that these tints did not necessarily 
betray an aquatic nature but must be at least ‘partly 
due to contrast with orange’.19 (He was prudent to say 
‘partly’, for sometimes the blues are very striking, and 
in fact are quite real.)

Over the years, observers have described the light 
areas of Mars as coral, salmon, orange-pink, reddish-
yellow, red sandstone, and so on. Obviously, colour 
effects are exquisitely sensitive to seeing conditions, the 

telescope’s aperture, the size of the disk, the Martian 
season (especially the presence or not of dust in the 
Martian atmosphere) and the personal equation. The 
looming effect of the latter is well-attested in the way 
that Green’s great study of Mars was countered, at the 
same opposition of 1877 by the equally great study by 
the Italian astronomer Schiaparelli.

4. Picture or plan?

Schiaparelli was, in contrast to Green, a professional 
astronomer. He had been well-trained by Encke at the 
Berlin Observatory and Struve at the Pulkovo Observ-
atory. By the time of the 1877 opposition of Mars, he 
was already famous for his demonstration that the 
Perseid and Leonid meteor streams followed in the 
orbits of known comets. He was Director of the Royal 
Observatory of Brera in Milan, expert in the use of the 
micrometer for double-star observations, and (possibly 
relevant in the current context), a deuteranope, i.e. a 
sufferer from red–green colour blindness. Some of 
Schiaparelli’s drawings of Mars can be seen in Fig. 7.

A comparison of  Green’s and Schiaparelli’s drawings 
illustrates the ‘personal equations’ of the individuals 
better than any amount of description possibly could. 
Regarding the personal equation, the great American 
astronomer Henry Norris Russell wrote:

Between the entrance of light into an observer’s 
eye and his record of his observation, whatever 
this may be, intervenes a process of extreme com-
plexity going on in the recesses of  the brain, which 
we can follow only with difficulty, and mainly by 
its effects. In so simple a case as that when a man 
merely presses a telegraph key to record the time 
when he sees a thing happen one may be two or 
three tenths of a second ahead of another – not 
once, or by chance, but again and again – by 
almost the same amount. One man’s nervous 
system works slowly, while his neighbor, perhaps, 

Fig. 4: John Phillips’s map of Mars, made from observations in 1862 and 1864 with a 6-inch Cooke refractor at the small observatory   
near the Museum of Natural History, Oxford. (Courtesy Roger Hutchins and Oxford University Museum of Natural History)

Fig. 5: Nathaniel Green’s drawings of Mars made in 1873 May 
through a 9-inch reflector with powers of ×200 to ×400 and 
published in The Astronomical Register. (Courtesy Richard McKim)
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anticipates the event. In the far more complex case 
of  observations of  planetary details, concerning 
which all observers agree that they can be seen only 
in the best moments for a few seconds at a time, 
similar principles are doubtless to be applied.20

Something of Green’s general approach to extrater-
restrial landscapes can be gleaned from his approach to 
terrestrial ones. An art reference book notes that he was 
‘an astronomer and landscape painter who studied at 
the Royal Academy Schools and exhibited from 1854. 
His work is pleasant, if lacking in detail, and he is fond 
of greens.’21 In his own work, Hints on Sketching from 
Nature, where he emphasizes the importance of concen-
trating the attention upon a part of any general scene, 
Green insists:

Yet, even when a small part has been selected for 
study, it will be found impossible to copy the 
whole of its details. Infinity is stamped upon every 
portion of nature – an infinity utterly beyond the 
power of the eye to follow, or the hand to imitate. 
Since it is so, our aim in sketching should be to 
suggest rather than to realize. From the first choice 
of the scene to the smallest mark of expressive 
character… judicious selection is the general 
principle upon which sketching must proceed.22

How different was the approach of his Italian counter-
part. Desiring only to see whether the Brera Observ-
atory’s new 8.6-inch (22-cm) Merz refractor, ‘which 
had given such good performances on double stars, 
possessed the necessary optical qualities to permit the 
study of the surfaces of the planets’, and finding the 
result quite satisfactory, Schiaparelli determined to 
produce a map of the Martian surface detail. Green’s 
instruments had been the sketchbook and the brush, 
Schiaparelli’s the micrometer and the pencil. As he said, 

My basic plan was to describe the planet, not by 
making disc drawings or portraits of Mars based 

on eye estimates only, but by relying thoroughly 
on geometric methods. To this end I have first 
determined… the direction of the axis of rotation 
and the position of the south polar cap. In like 
manner I have measured micrometrically on the 
surface of Mars a certain number of fundamental 
points, from which to deduce the areographic 
coordinates of latitude and longitude. From these 
last, the topographical description of the regions 
in between can be inferred without too much 
uncertainty from the sketches, precisely in the 
way that a geographer finishes the description of a 
country on Earth by interpolating between the 
geometrically determined points.23

The landscape painter had produced a picture, the 
astronomer a plan. Hard as the different aspects were 
to reconcile, each captured part of the truth. The one 
was Mars from a left-hemisphere of the brain point of 
view, the other from a right-hemisphere perspective.

4.1. The colour-blind astronomer
In addition to the more marked features, the colour-
blind astronomer, uniquely sensitive to slight nuances 
in the shadings on the Martian disk and thoroughly 
trained in the use of the micrometer, made out the 
delicate markings he represented schematically as the 
tracery of canali. ‘As a record of fleeting impressions,’ 
Antoniadi was to say, ‘Schiaparelli’s stands unrivalled.’

Green, on the other hand, had produced a dreamy 
landscape where, as with his terrestrial ones, only the 
main effects were given. This was consistent with what 
he had urged on the novice in Sketching from Nature. The 
pleasure of an outline was to be derived from the 
‘harmony’ of general impressions, the subject was 
never to be bounded by the ‘arbitrary line’ but ought 
rather to shade imperceptibly into the ‘region of 
indistinct vision’.24

Fig. 6: Nathaniel Green’s map of Mars, compiled from observations made at Madeira in 1877 and published in the Memoirs of the RAS 
in 1879. Green noted on the chart: ‘The details of this chart have been compared with views of the planet by Schiaparelli, Trouvelot, 
Terby, De La Rue, Lockyer, Knobel, Christie, Maunder, Brett, Dreyer, and others. No form is introduced that has not been confirmed     

by the drawings of at least three observers.’ (Courtesy Richard McKim)
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That these two different, complementary points of 
view, appeared at the outset of the modern era of Mars 
observations is remarkable enough, and it also raises the 
interesting question – psychological or sociological – 
why the one view (Schiaparelli’s) should have come to 
achieve dominance over the other (Green’s) from the 
1890s through the 1910s.

One was that Schiaparelli’s map was more easily 
imitated. To copy an outline map required only modest 
artistic skill. Further, the nature of the instruments in 
use (mostly small refractors), combined with the canals’ 
ability to command the selective attention of so many 
observers on the basis of hard facts of the physiology of 
vision, helps account for the near-universal appearance 
of tessellated maps during these years.

However, so dominant did the Schiaparellian para-
digm become that even Green, near the end of his life, 
seems to have acquiesced to the existence of  the general 
class of markings, perhaps because by then so many 
BAA members were drawing the canals. Even so, in his 
Presidential Address to the BAA in 1897, he still urged 
adoption of the term channel instead of canal.25  By then, 
however, Percival Lowell had become the dominant 
figure on the Martian scene. Distinctions like Green’s 
were going by the board, and the spider-webs were 
sweeping all before them.

5. What spring is like on Mars

Whereas Schiaparelli’s descriptions of Mars, given in 
his technical Memoirs (of which only the first, published 
in 1878, has been translated into English), are clinical 
and colourless, Percival Lowell’s colourful prose found 
a fitting subject in the vividly coloured Martian disk. In 
1894, his first season of observing at Flagstaff, he used 
a borrowed 18-inch (46-cm) Brashear refractor. (It is 
now in New Zealand, but remains in boxes and crates, 
as I found when I caught up with it in 1999.) Here are 
some notes from Lowell’s observing log books:

June 2. None of the dark parts really darker than a 
gray.
Hellas and southern Ausonia one continuous rosy-
orange band, distinct but fainter than equatorial 
continent. The rosy-orange tint of the land much 
more striking than the green-gray of the shaded 
parts.
June 7. Nothing visible except pale-green tint of 
seas and orange of lands.
June 9. Colors superb: brilliant rose-orange and 
livid [or vivid?] bluish green.
June 15. Color of seas changed from green to blue 
with the dawn. Have previously noticed the 
change of  color of  the continental areas from 
rosy-orange to rosy-red on similar occasions of  
the turning of night into day. Our daylight, there-
fore, adds bluish light.
June 20. It is worth noting again how faintly 

differentiated are the dark markings from the light 
all over the planet.
[Lowell absent in Boston all of July and into late 
August]
August 20. Colors beautiful: continent and island 
S[outh] rose-orange, seas blue.
Cimmerium Sea greenish blue all over.
August 22. Colors of the planet those of fire-opal.
August 24. N[orth] region intense green. 

Lowell’s impressions were summed up as follows. In 
June, the high southern latitude containing the two 
Thyles and Argyre II were blue-green; by October, he 
found the same region yellowish. There were also 
numerous changes in smaller details. What it all added 
up to was, he claimed, ‘a whole-sale transformation of 
the blue-green regions into orange-ochre ones… in 
progress upon that other world’. In October and 
November, ‘Hesperia and all other markings [were] 
much fainter than at August presentation’. He added: 
‘The whole amount of the blue-green had diminished, 
and that of the orange ochre had proportionately 
increased.’ Thus, ‘Mars looked more Martian in 
November than he had in June.’ 26

5.1. A matter of tone
These changes, dramatic as they sound, were evidently 
less of tint than of tone (Fig. 8). Lowell would admit 
this in Mars and Its Canals: ‘Usually the change in hue 
seems essentially to be one of tone; the blue-green fades 
out, getting less and less pronounced, until in extreme 
cases only ochre is left behind. It acts as if the darker 
color were superimposed upon the lighter and could be 

Fig. 7:  Four faces of Mars (longitudes 0°, 90°, 180°, and 270°), 
drawn by Giovanni Schiaparelli at Brera Observatory, Milan, from 
observations made 1877 September to 1878 March, and published 
in his first Memoir on the planet (1878).
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to a greater or less extent removed. This is what was 
seen in 1894 at Flagstaff.’ 27

During that first season of observing, Lowell had 
grown convinced that the blue-greenish dark areas 
were not seas, as had been supposed, but tracts of 
vegetation. He subsequently argued that the changes of 
tint occurred as these tracts were transformed from 
spring verdure to autumn sere – although it should be 
pointed out that this deduction rested on a hazardous 
extrapolation from the state of affairs on our aqueous 
globe, where photosynthesis is carried out by green 
plants which contain the green pigment chlorophyll.

The main forms of  chlorophyll, chlorophylls a and 
b, have very strong absorption bands in the violet and 
red parts of the spectrum, but absorb very little in the 
yellow and green – hence plants look yellow-green. But 
a chlorophyll molecule with a different profile of 
absorption might equally well have been seized on by 
natural selection, in which case we might now have red 
meadows, brown glades, and purple fields, as in fact 
the French astronomer Camille Flammarion proposed; 
he thought the reddish colouring of Mars was due to 
the presence there of red vegetation, which was a 
perfectly reasonable supposition.

Lowell, with his eye for colour, was far from a 
singular case. The man who would become his canal 
nemesis, E. M. Antoniadi, not only confirmed the basic 
Lowellian colour scene but embellished it. As he wrote 
in 1924, ‘Not only the green areas but also the greyish 
or blue surfaces turned under my eyes to brown, lilac-
brown, or even carmine… It was almost exactly the 
colour of leaves which fall seasonally from trees in 
summer and autumn in our latitudes.’28 Although he 
vehemently disputed Lowell’s observations and theories 
about the canals, Antoniadi never doubted that Mars 
was the abode of abundant vegetative life – of the usual 
terrestrial (green-pigment chlorophyll) kind, apparently.

5.2. Grand illusions
The underlying basis in the colour changes was partly 
that the markings on Mars are variable, being fre-
quently obscured by yellowish clouds, regional tempests, 
and even, from time to time, planet-encircling or 
global dust storms, which have been painstakingly 
culled from the historical record by Richard McKim.

The earliest planet-circling storm, as McKim and I 
found in 2009 during a visit to the Paris Observatory, 
was documented by E. L. Trouvelot, using only a 6-inch 
refractor at Cambridge, Massachusetts, in the grand 
Martian year of 1877. Trouvelot, a skilful artist who 
had begun observing Mars months before Green or 
Schiaparelli, produced a superb record of a storm that 
became planet-circling in scope; however, it died out just 
before Green’s and Schiaparelli’s observations began.

Obviously, dust strewn around the planet will alter 
the contrast between different albedo regions and, in 
combination with the complementary colour effects 
described above, suffices to explain how the Martian 
features could vary in tint, intensity, and hue. Darker 
tints would appear bluer and greener, fainter ones 
brownish or yellow. Like the colours themselves, the 
apparent seasonal changes were – at least partly – a 
grand illusion.

But only partly. The blue color of Syrtis Major can 
sometimes be very striking, as the author has often 
noted, and shows up as such even in modern images. 
The explanation for this lies in the seasonal aphelion 
cloud belt that straddles the equator. Covering near-
equatorial markings such as the Syrtis Major, these 
white crystal clouds tend to scatter blue light 
preferentially, causing a bluish tint to the underlying 
markings in the same way that Rayleigh scattering 
makes our own sky blue. Around aphelion, it causes 
Syrtis Major to look more bluish than ever, particularly 
near the limb, where the optical thickness in the line of 

Fig. 8:  Percival Lowell’s views of Mars during his first observing season at Flagstaff in 1894, when he used a borrowed 18-inch refractor. 
The drawings were made on June 7, August 24, and October 30. The October drawing shows evidence of the dust storm that primarily 

affected Mare Cimmerium, although Lowell interpreted it as seasonal changes of vegetation. (Courtesy Lowell Observatory)
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sight is greater. Thus, the degree of  blueness will change 
with the season as the aphelion cloud belt waxes and 
wanes, so Lowell’s ‘robin’s egg blue’ does have a basis 
in reality.29

Leaving aside the changes in colour for the 
moment, we suggest that the fading of the dark areas 
that so impressed Lowell in October–November 1894 
was due to the emergence of a regional dust storm. 
Although Lowell noted the effects he failed to grasp the 
cause. He wrote: ‘Toward the end of  October, a strange, 
and, for observational purposes, a distressing phenom-
enon took place. What remained of the more southerly 
dark regions showed a desire to vanish, so completely 
did those regions proceed to fade in tint throughout. 
This was first noticeable in the Cimmerium Sea, then 
in the Sea of the Sirens, and in November in the Mare 
Erythraeum about the Lake of the Sun.’ 30

According to Lowell’s prior belief, however, the 
fading was due to the autumnal yellowing of the 
Martian vegetation. He would never admit to major 
obscurations. Other observers, including Stanley 
Williams of  the BAA and E. E. Barnard at Lick Observ-
atory, produced more assured records that show a 
large regional dust storm was indeed underway, begin-
ning in either Libya or Northern Ausonia, covering 
Mare Cimmerium, the southern deserts Ausonia 
through to Phaethontis (and part of Hellas), and at 
least thinly over Mare Sirenum, Mare Australe, and 
Aonius Sinus.31

6. Neuroscience interlude

Up to this point, we are still at Schiaparelli’s Stage B. 
We have telescopic Mars, fascinating, alluring, ambigu-
ous. By ambiguous, we mean that from the observer’s 
point of  view, the planet’s colours and details could 
potentially be explained by different underlying causes. 
The dark areas might be oceans, they might be vege-
tation, or they might be volcanic plateaus scoured of 
finer dust by seasonal winds (which, as we now know, is 
the case).

In addition to these coarser features, there are 
subtle details – again, who could say what they might 
be? In flashes of seeing they appear line-like. One great 
observer, Schiaparelli himself, includes them on a map 
and calls them canali (canals). Other observers follow, 
notably Lowell, Barnard, Antoniadi, etc., with varying 
results and varying conjectures as to the true state of 
the Martian world.

It used to be thought that the way the brain builds 
its models was from the bottom up, through the 
amassing of low-level cues supplied by line-detectors, 
edge-maps, and so on. Recently, the concept of the 
‘predictive’ or ‘Bayesian’ brain has become fashion-
able, building on ideas first proposed by the great 19th-
century German physiologist Hermann Helmholtz. On 
this view, perception involves a bi-directional cascade 

of cortical processing. The brain thus becomes a 
statistical organ generating hypotheses or ‘fantasies’ 
that it then tests (and if necessary corrects) against 
sensory evidence.

‘In other words,’ write Brown and Friston, ‘the 
brain is trying to infer the hidden causes and states of 
the world generating sensory information, using pre-
dictions based upon a generative model that includes 
prior beliefs.’ 32 If a percept or inference turns out to be 
different from the true causes generating the stimuli, 
the inference is said to be illusory or false.

Lowell’s ‘prior beliefs’ are laid out in rather striking 
detail in a poem he wrote early in the observing 
campaign of 1894.33 Remarkably, he would find only a 
minimal need to change these prior beliefs from then 
until his death in 1916. His ‘priors’ can be summed up 
as follows:

Mars, being smaller than Earth, had evolved more 
quickly, and arrived at an advanced state of  desiccation. 
The only significant remaining source of water was in 
the polar caps, and this water was released with the 
onset of spring each year. It was inhabited by a dying 
race which clung to survival by building a system of 
irrigation canals – the set of features that Schiaparelli 
had mapped – to distribute water around the planet. 
As this water sluiced through the system, the dry areas 
became verdant and productive with vegetation.

Despite Lowell’s certainty, Mars remained an 
ambiguous stimulus. Under the conditions in which he 
observed the planet, inferences about the true causes of 
the impressions produced through the eyepiece were 
necessarily uncertain. Lowell, however, had ‘locked in’ 
his prior beliefs early, and managed to explain away, at 
least to his own satisfaction, any inconsistencies 
(errors). This was itself a result of his personal equation. 
He was an obsessive personality, markedly lacking in 
Negative Capability; he liked things clear-cut and 
sharply delineated. Ambiguity was something he had 
little tolerance for.

7. Disambiguation statements

Although Lowell would remain at Schiaparelli’s Stage 
B (the canal stage), other observers during Lowell’s 
lifetime were ascending Schiaparelli’s stairway of per-
ception from Stage B to Stage C, and even to the 
threshold of Stage D.

Before following their progress, let’s conclude our 
comments about Stage B by throwing out a hypothesis 
of our own: the canal illusion appeared only under 
certain conditions. Clyde Tombaugh, who observed 
Mars with the same 24-inch (61-cm) refractor that 
Lowell himself used from 1896 onwards, noted that the 
canals were ‘as extraordinary as they are puzzling and 
that he had never seen anything like them on any other 
planet’s disk. He [felt] quite sure that if some of the 
critics could have seen the canals as he has seen them, 



25
The Antiquarian Astronomer Issue 9, August 2015

they would never have advanced the explanations they 
have’.34 Those explanations no doubt included the 
‘small-boy’ theory of Maunder and Evans.

7.1. Stopping down
A combination of chromatic aberration of the Clark 
lens and atmospheric seeing led Lowell to diaphragm 
his 24-inch refractor to 16 or even 12 inches. He also 
used relatively low magnifying powers of 310 to 400 
times. There were good reasons for these choices. As 
Clyde Tombaugh wrote to me:

For best definition the air cells of uniform refrac-
tion in front of the telescope should be nearly as 
large as the aperture used, and the air cells should 
be about 15 inches across. This was one of the 
reasons Lowell used 16 inches most of the time. 
The other was the serious secondary or residual 
chromatic aberration for the f/16 refractor. Lowell’s 
views were deceiving because he used too low a 
magnifying power of 310 to 400, and irradiation 
bled in on the dark stripes, etc., making them 
appear more narrow than they really were. When 
I used the same telescope parameters, as Lowell 
used, I saw the canals much as he drew them! 35

According to Tombaugh, the canals were not irrigation 
channels so much as irradiation channels – and he 
would have appreciated the pun.

There can be no disputing his testimony. Despite 
Mariner 4, whose flyby on 1965 July 14 showed craters 
but no canals and left at least one 11-year-old boy 
crushed with disappointment, the canals still exist – 
and will always exist – in the subjective realm of 
illusion, making their appearances when Mars is 
viewed under the right conditions. Thus Lowell, Earl 
C. Slipher, Tombaugh, and others using the same tele-

scope parameters saw canals (Fig. 9). And I can add 
myself to the list, since even post-Mariner 4, when I 
have used the Lowell telescope, stopped down and with 
the same magnifying powers, I too have had canal-like 
impressions, in flashes, which startled me at the time.

On the other hand, observers using different tele-
scope parameters, such as E. M. Antoniadi with the 
83-cm (32¾-inch) refractor at Meudon, at the still 
comparatively low magnifications of ×320 to ×540, or 
E. E. Barnard with the 36-inch (91-cm) refractor at 
Lick, at ×360 to ×540 (although sometimes as much as 
×1000), saw a different Mars.

Lowell and his colleagues chose the best arrange-
ment for showing the blue-green tints and the canals. 
When Antoniadi, then serving also as Director of the 
BAA Mars Section, looked into the eyepiece of 
Meudon’s Grand Lunette on 1909 September 20 he 
saw, as he recounted to his BAA colleagues, an utterly 
different kind of world unfold (Fig. 10):

At the first glance… the Director thought he was 
dreaming and scanning Mars from his outer 
satellite. The planet revealed a prodigious and 
bewildering amount of sharp or diffused natural, 
irregular, detail, all held steadily; and it was at 
once obvious that the geometrical network of 
single and double canals discovered by Schiaparelli 
was a gross illusion.36

He was harking back to what E. E. Barnard had said 
when he was observing Mars from Mt Hamilton, 1100 
km west of Flagstaff, with the great 36-inch refractor at 
Lick Observatory. Barnard obtained splendid views 
during the summer and autumn of 1894 (Fig. 11), and 
some of his sketches were made at almost the exact 
same moments when Lowell was busily sketching the 
canal system (another case where the personal equation 
of the two observers can be compared). Barnard wrote 
to Simon Newcomb on September 11:

I have been watching and drawing the surface of 
Mars. It is wonderfully full of detail. There is cer-
tainly no question about there being mountains 
and large greatly elevated plateaus. To save my 
soul I can’t believe in the canals as Schiaparelli 
draws them. I see details where some of his canals 
are, but they are not straight lines at all. When 
best seen these details are very irregular and 
broken up – that is, some of the regions of his 
canals; I verily believe – for all the verifications – 
that the canals as depicted by Schiaparelli are a 
fallacy and that they will be so proved before 
many oppositions are past.37

7.2. Observing at Lick Observatory
Having had the opportunity to view Mars with a range 
of instruments, from the 60-mm refractor I first used  
in 1965 to the great telescope Barnard used, I have    
experienced the gamut of what Huygens, Schiaparelli, 
Lowell, and Barnard experienced. My best views of 
Mars were in 2003 and 2005, with the Lick refractor. 

Fig. 9:  Mars 1916 February 10, drawn by Earl C. Slipher using 
the 24-inch refractor at Lowell Observatory ×400, showing that a 
skilful observer, under conditions similar to those employed by Lowell, 
experienced very similar perceptions of ‘canals’. (Lowell Observatory)
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As a member of a team including Laurie Hatch, 
Remington Stone, and Tony Misch in 2003, and with 
the Japanese Mars observer Masatsugu Minami joining 
us in 2005, we had, thanks to the kind auspices of Lick 
Observatory Director-emeritus Donald E. Osterbrock, 
uninterrupted weeks of telescope time to study the 
planet, under excellent conditions.

Because of chromatic aberration, we stopped the 
36-inch lens usually to 20 inches, and used either a 
Plössl eyepiece magnifying ×486 or a Plössl binocular 
eyepiece magnifying ×750. There was a marked advan-
tage to using the binocular eyepiece since, with only a 
little practice, we succeeded in fusing the images so as to 
produce a pseudo three-dimensional effect – the planet 
appeared like a globe suspended in space. Under that 
circumstance there was a dramatic increase in the eye’s 
ability to resolve detail, not least because of suppression 
by the brain of such nuisances as ‘floaters’. Higher 
powers were used occasionally up to ×1000.

Two of the observers – Hatch and Misch – were 
professionally trained artists, but neither had had much 
experience observing Mars, and were naive about the 
observational history, even the nomenclature, of the 
planet. This did not matter in the result. We attempted 
to approach the subject with something of an artistic 
temperament, taking as our preceptors Green and 
John Ruskin, the latter having recommended the 
would-be artist to:

Take the commonest, closest, most familiar thing, 
and strive to draw it verily as you see it. Be sure of 
this last fact, for otherwise you will find yourself 
continually drawing, not what you see, but what 
you know. Try to draw a bank of grass, with all its 
blades; or a bush, with all its leaves; and you will 
soon begin to understand what a universal law of 

obscurity we live, and perceive that all distinct 
drawing must be bad drawing, and that nothing 
can be right, till it is unintelligible.38

Lowell and the other canalists were on the small-
telescope side of the small-versus-large telescope debate 
of  the late 19th century. They used comparatively small 
telescopes and low powers and seemed to see Mars 
more distinctly – or at least harder and sharper – than 
those who used larger telescopes and higher powers. 
They were also guilty of drawing what they knew. Had 
Ruskin seen the drawings they produced, he would 
likely have pronounced them bad drawings, as Green 
actually did.

7.3. Artist and astronomer
I readily admit that my artistic talent is modest, so I 
cannot really say that my own drawings were good. On 
the other hand, those by Tony Misch and Laurie 
Hatch certainly were – perhaps better than any made 
since Antoniadi’s day. Laurie in particular saw the 
world of Mars as if for the first time (Fig. 12). She was 
not, however, a naive observer; naive about Mars, 
perhaps, but as a trained artist, she took her artist’s eye 
and training to the eyepiece and drew Mars as she 
might a bank of grass, with all its blades; or a bush, 
with all its leaves.

For that matter, the dome of the Great Refractor 
became a kind of makeshift artist’s studio during the 
two weeks around Mars’s close approach that we were 
there, with easels and pencils and paints and drop-
cloths all around, and many of the professional 
astronomers couldn’t resist desisting briefly from their 
research to find out what was going on.

I remember in particular Debra Fischer, the accom-
plished discoverer of exoplanets then at San Francisco 

Fig. 10:  Mars drawn on 1909 September 20 by E. M. Antoniadi at Meudon, and a near-simultaneous photograph by E. E. Barnard       
at Yerkes Observatory, showing general agreement in the representation of the features. (William Sheehan collection)
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State University, dropping by with her daughter, who 
tried her own hand at sketching Mars. We also had the 
founder of Sun Microsystems and his family up for a 
visit, as well as many others of the Silicon Valley set. 
Despite being the most high-tech of the high-tech, they 
each, to a person, seemed intrigued and even charmed 
by our old-fashioned methods and results.

After one night of superb viewing, before I dozed 
off for a few hours in the small room in which I stayed 
beneath the Shane reflector, I wrote:

Night after night, for hours on end, the planet 
appeared as if it had been painted onto the eye-
piece. Initially, the region on Mars presented to 
our view extended from Tharsis through Solis 
Lacus, across the broad expanse of Mare Eryth-
raeum, to the forked bay, Meridiani Sinus. The 
colors were subtle, and ranged (on the yellow-
brown side of the palette) from dull brownish grey 
(Hellas), to vivid ochre (Isidis) and pale ochre 
(Xanthe), to brownish (Arabia); on the cooler side, 
from blue-green (Syrtis Major) to intensely blue-
green (Acidalia) to dull olive-green (Noachis). Evi-
dently these colors – estimated by comparison with 
Munsell Color System standards – were largely 
subjective, and when isolated regions were viewed 
through a small aperture, disappeared, and gave 
way to a swath of lighter and darker browns. 
There were some broad streaky markings – for 
instance, the brightish band between Juventae 
Fons and Coprates – but nothing truly canal-like. 
Mare Erythraeum broke into an intricately striped 
and mottled expanse; along Margaritifer Sinus 
and Aurorae Sinus a series of round spots hung, 
pendant-like, and straggled into windblown wispy 
streaks. The Solis Lacus region presented a remark-
able tangle of thready wisps, splotches, and trails. 
We expended much effort in attempting to 
delineate the structure at the complex intersection 
where the Mare Erythraeum, Coprates, and 
Aurorae Sinus came together. The Coprates-
Tithonius Lacus region was heartbreakingly com-
plex; it broke up into tiny fissures, flecks, and spots, 
corresponding to structures along the intricate 
Valles Marineris canyon system. All of the desert 
regions appeared covered with bright knots, pale 
streaks and other features.

Antoniadi had believed that just such details were the 
substratum of real features that had produced, under 
imperfect viewing conditions, the illusion of the canal 
network. His testimony is not necessarily inconsistent 
with Tombaugh’s:

My experience in observing the canals is that they 
do come out in brief flashes (less than a second of 
time) when larger air-cells of uniform refractive 
index pass in front of the telescope aperture. 
These flashes are generally too short to be caught 
on the photographic plate, which requires a few 
seconds of exposure.39

Fig. 11:  Pages from the observing books of E. E. Barnard, 
containing drawings of Mars made with the Lick 36-inch refractor 
on 1894 September 3 (top) and October 22. The top image shows 
the Solis Lacus (‘Eye of Mars’) region, with Tharsis to the south. 
Barnard wrote that, despite excellent seeing, ‘I have failed to see 
anything of Schiaparelli’s canals as narrow straight lines’.
The lower drawing shows a regional dust storm in progress, evident 
in the anomalous appearance of the west end of Mare Cimmerium, 
with parts of the mare obscured; Barnard scribbled ‘beautiful orange’ 
on the drawing. Lowell made observations on the same date which 
show similar effects, but he failed to grasp that he was seeing an 
obscuration. (William Sheehan/Lick Observatory)
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8. The tachistoscope effect

Tombaugh mentions the ‘brief flashes’ in which the 
canals appeared (less than a second of time). Many 
years ago I referred to this as the tachistoscope effect, and 
the term has caught on.40 Generally, observers who 
saw canals reported their tendency to come and go in 
such brief flashes. This is another clue to the nature of 
the canal illusion.

Illusory the canals surely were. But Mars is the 
master illusionist among the planets. R. L. Gregory, 
the great British authority on perception, has written: 
‘Illusions are discrepancies from truths. All kinds of 
perceptions are subject to illusions, but generally they 
are unnoticed, except when there are marked internal 

inconsistencies, or clear departures from what is 
believed to be true.’41

In Lowell’s day, the illusory character of the canals 
was not obvious, since the canals fitted so well with the 
world of  vegetation and inhabitants that Lowell believed 
in and made so compelling for others to believe. But, as 
Gregory adds, ‘Though beliefs largely determine what 
is accepted as true... conceptual understanding seldom 
destroys perceptual illusions [because] perceptions and 
conceptions are remarkably separate in the brain, and 
so we continue to experience illusions though they are 
recognized as such, and even explained.’ 42

Even in the aftermath of all we know from the 
modern-day Mars orbiters and landers, there will still be 
times when the observer, under suitable conditions, will 

Fig. 12:  Four drawings of Mars by artist Laurie Hatch, made with the 36-inch Lick refractor in 2005 using a binocular eyepiece 
magnifying ×750. At upper left (November 1) Syrtis Major is at the centre of the disk. At upper right (November 18) the Solis Lacus 
region is shown. The lower left (November 28) shows Mare Erythraeum and Margaritifer Sinus, while at lower right (December 15) 

Mare Cimmerium and Mare Sirenum cut a swath above the center of the planet. The dark areas were greatly broken up, with subtle details 
in the deserts, but under these conditions of observation the features appeared completely natural, with no hint of a canal. (Laurie Hatch)
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be startled as the canals flash into view – something 
that is sure to evoke in even the most jaded a sudden 
exclamation of ‘Ah!’.

The illusion preyed on the old observers – and can 
still do so, when the canals deign to make one of these 
startling visitations. Macknik and Martinez-Conde write: 
‘Humans have a hardwired process of attention and 
awareness that is hackable.’ 43 Rather easily hackable, I 
might add.

8.1. The slowness of vision
One of the things that make it so easily hackable is the 
fact that vision is such a slow process. The elaboration 
of a perception from the retina where photoreceptors 
in the eye convert light into electrochemical signals, 
then from the retina via the bundle of fibres in the 
optic nerve to the brain, involves processing. In the 

visual cortex alone, that processing involves at least 
thirty different cortical regions. Such extensive pro-
cessing takes time.

Until recently, astronomers were rather blissfully 
unaware of this. The eye’s perception seemed instant-
aneous, and its vaunted speed of perception was long 
cited as the chief advantage the eye over the photo-
graphic plate in the field of planetary observation 
where speed rather than light-gathering ability was 
needed, at which the photographic plate has long 
excelled. Thus Robert S. Richardson wrote:

The trouble with photography when applied to 
the canals of Mars, is that the photographic plate 
requires an appreciable time to ‘see’ the planet. In 
the past this exposure time has ranged from about 
0.5 seconds to 5 seconds and longer. Now the eye 
does not function like the photographic plate. We 
see an object immediately or usually not at all. 
Thus, when the air is steady, we catch a glimpse 
of the canals. Then it blurs, and the canals 
shimmer and vanish. An instant later the air 
steadies and the canals flash out again.44

Richardson’s statement ‘we see immediately or not at 
all’ is sort of true. If an image is registered on the retina 
for less than a tenth of a second, it does not register at 
all. On the other hand – recalling that an image is 
made up of information – if the registration of an 
image is interrupted before the brain’s processing is 
complete, it may contain ambiguities that are not 
resolvable. This is the sense in which attention and 
awareness is hackable, and has been exploited by 
magicians for ages; everyone knows that the hand is 
quicker than the eye.

Eadweard Muybridge was the pioneer of stop-
action photographs (which indeed were quicker than 
the eye) and the developer of the zoopraxiscope for 
projecting motion pictures. He was an early explorer of 
the eye’s imperfect ability to see fast-moving things, 
such as galloping horses, and the way that the brain 
filled things in to make us generally as unaware of the 
finite speed of vision as we are of the blindspot. Only 
under specific experimental conditions are these short-
comings exposed to scrutiny.

Of course, even before Muybridge, astronomers 
themselves had discovered discrepancies among their 
‘eye and ear’ estimates of star-transits across the wires 
of  their transit telescopes. Each observer had a personal 
equation that was significantly longer than the 0.1 
second associated with the ‘reaction time’, the time 
required for a nerve impulse to go from the eye to the 
brain to the hand which touched the key of a chrono-
graph. These were quantitative observations, and the 
delays were measurable – they varied in a consistent 
way from observer to observer, forming an individual 
personal equation that could be taken into account and 
corrected for. The lessons learned from these experi-
ments were, however, largely forgotten a few years 
later when it came to Mars observations.

Fig. 13:  Colour renderings of Mars by Percival Lowell, from  
his book Mars and its Canals (1906), illustrating supposed 
seasonal changes due to burgeoning vegetation. The first shows  
the predominant chocolate-brown tints of the southern hemisphere 
winter; the second, made three months later, the lush blue-green of 
early spring. Lowell failed to understand the nature of the colour 
changes he recorded. The bluish hue of the Syrtis Major in the top 
drawing results from the Syrtis Major Blue Cloud. However, the 
other colours are due mostly (or totally) to the effects of 
simultaneous contrast, in which a neutral-coloured area takes on 
the complementary hue of its bright background.
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8.2. The basis of the canal illusion
At a conference in Milan I attended, the Italian physi-
ologist Giovanni Berlucchi stated: 

Schiaparelli aimed at describing Mars by means 
of geometrical principles and methods… It must 
be kept in mind that even under excellent 
conditions of seeing, details from Mars’s surface 
can only be glimpsed in flashes, similar to 
tachistoscopic stimulus exposures in the experi-
mental psychology laboratory. After each such 
glimpse, Schiaparelli recorded the seen image by 
quickly sketching it, hopefully before the memory 
could fade. In addition the sketches were correc-
ted and retouched at a later time upon better 
seeing conditions, so that the final maps were 
composites of many sketches performed in the 
course of several nights. Therefore potential 
sources of error were not limited to faulty 
perception, but may have had to do with false 
memories or with imprecise and unfaithful 
sketching. Already in the 19th century Helmholtz 
had shown that during a tachistoscopic exposure 
of a visual scene, one tends to see only those parts 
of the scene that are in spatial register with the 
direction of attention… In an unattended part of 
the visual field, observers reported many illusory 
conjunctions. By focusing attention on one part of 
the Mars surface during a brief moment of seeing, 
Schiaparelli may have misperceived, and thus 
erroneously sketched, illusory conjunctions on 
other, unattended parts of the planet.45

Here, then, we have the basis of the canal illusion. The 
image of Mars revealed in tachistoscope flashes of 
seeing in Lowell’s telescope was ambiguous, and the 
signal-to-noise ratio was low.

The Martian surface features were shown at too 
low temporal and spatial resolutions to reveal anything 
of the nature of the surface features except as lines (this 
was Schiaparelli’s Stage B). In larger instruments – 
those used by Barnard, Antoniadi, and the author and 
his colleagues at Lick Observatory in 2003 and 2005, 
for example – there was an increase in contrast; higher 
spatial frequencies were accessible, the signal-to-noise 
ratio was better. Thus there was a decisive improve-
ment in the level of precision, and instead of an image 
at Schiaparelli’s Stage B, these observations climbed 
the perceptual stairway to Stage C and even to Stage D. 
The information density of the images increased and 
the ambiguity decreased.

In closing, I cannot resist recalling Lowell’s invo-
cation of the ‘fine lines and little gossamer filaments 
that draw the mind after them across the intervening 
void’. They perforce draw the mind after them. After 
all, they were spun out of the mind’s own stuff.

How strange. We started out to study Mars. We 
ended up learning about the observer, our selves.
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Edwin Alfred Holmes:
His life and writings

Anthony Kinder

In 2007 periodic comet 17P/Holmes caused considerable excitement when it 
flared up by over 14 magnitudes to reach naked-eye brightness and its coma 
expanded to become larger than the Sun. Although this exceptional outburst 
generated widespread interest in the astronomical press, nothing was said 
about its discoverer, the English amateur astronomer Edwin Alfred Holmes 
(1839–1919). The purpose of this paper is to give some facts about the life of 
Holmes and his astronomical contributions. It will show that there was more to 
him than being just the discoverer of a comet.

1. Life and family

Edwin Alfred Holmes was born in 1839 January 3 at 
the family home in Bowling Green Street near the 
centre of Sheffield, just a short walk from the River 
Don.1 His parents were James Holmes (a moulder, b. 
1813) and Hannah Holmes (née Helliwell, b. 1811). 
The Census of 1871 gives his mother living with him, 
described as a widow.2

Edwin appears to have been the eldest child of six. 
His other siblings were James (b. 1842), John F. (b. 
1847), Sarah H. (b. 1849), George H. (b. 1852), Joseph 
(b. 1854). There is also mention of Jane Anne (b. 1844) 
in the 1851 Census; she might have died before the 
1861 Census.3

The census for 1851 identifies him as scholar, 
presumably at a school in Dudley, Worcestershire, 
where the family had then moved. In later census 
returns he is identified as a glass cutter (subsequently a 
glass merchant), until the 1911 census, by when he was 
72, which gives him as of no occupation and being of 
own means.

In 1864 March 24, aged 25, he married Selina 
Stevens (1844–1907), the daughter of one Thomas 
Stevens, in St Leonard Shoreditch, east London.4 They 
had one child, Ernest Alfred (1875–1949).

Holmes died on 1919 January 21 of cancer of the 
liver, aged 80.5 He was then living with his son and 
daughter-in-law at 35 Willoughby Lane, Tottenham, 
north London. His death certificate gives his occu-
pation as a former window-glass merchant. His will 
was probated on 1919 May 10, with probate Public 
Trustees.6 The monetary amount was £3412 11s 2d, a 
considerable sum at that time, not including any 

property he owned. Only three published references to 
his death have been found.7 ,8, 9

1.1. Holmes the critic
Little is known about Holmes’s personality, but a 
couple of references from this period shed some light 
on it. Arthur B. P. Mee, one of the founders of the 
BAA, writes of him as being ‘a most kindly, genial and 
helpful man... Critical himself, Mr Holmes harboured 
no malice. His letters and articles sparkled with humour 
and interest, and were invariably seasoned with sound 
practical common sense.’ 7

He appears to have had a reputation for being 
‘difficult’ at times. In a letter to Percy Molesworth, 
Annie Maunder says, ‘Mr Edwin Holmes is a very 
sweet creature... He was simply amusing until he 
discovered a comet (Holmes’ Comet which as you may 
remember, was a little bit cranky in its doings like its 
discoverer)... He was a sad thorn in the editor’s chest 
when I filled the editorial chair, and he could not be 
made to understand that the Journal could not be 
brought out the day after the meetings instead of just 
before the next.’10

Annie Maunder’s candid opinion of Holmes 
provides a different perspective to that of Mee. In 
much the same vein, Jeremy Shears notes that Holmes 
‘developed a reputation for his controversial and 
acerbic penmanship’ in his contributions to the English 
Mechanic that covered nearly half a century.11 However, 
Shears adds the observation that it is ‘not uncommon 
for people to come across differently in their writings 
from how they are in real life’. Shears includes photo-
graphs of Holmes’s instruments and observatory in 
Hornsey Rise, north London.12
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2. Holmes the astronomer

Throughout his life Holmes made a significant number 
of contributions to the Journal of the British Astronomical 
Association and the English Mechanic. In addition he 
contributed to several other publications, among them 
The Observatory magazine and the Astronomical Journal, 
but these are largely restricted to his discovery of comet 
17P/Holmes or accounts of his observations such as 
measurements of double stars. What follows relates to 
the contributions he made to the Journal of the British 
Astronomical Association (hereafter JBAA) between 1892 
and about 1917.13

We do not know when Holmes first became 
interested in astronomy, but at a meeting of the BAA 
in 1910 he mentioned that he had ‘a perfect recol-
lection’ of Donati’s Comet of 1858, which appeared 
when he would have been 19 years of age.14 In 1890 he 
became an original member of the newly created 
British Astronomical Society (later Association). He was 
then living in Essex Road, Islington, north London.15 
Holmes served as a member of BAA Council from 
1893 to 1896. He was also a member of various 
sections, including the Double Star section to which he 
was one of the first contributors.16

He resigned from the BAA in 1911 November but 
withdrew the resignation the following year, finally 
resigning in 1917 September. Why he resigned is not 
recorded in the Council Minutes. We might speculate 
that it could have been due to his age, or possibly out 
of pique at the way he was treated.  Neither of the two 
letters of resignation, nor the one rescinding his first 
resignation, exist in the BAA archives.17

2.1. Comet Holmes
Edwin Holmes is mostly remembered for his discovery 
of a comet which subsequently was found to be 
periodic and which is now designated 17P/Holmes. 
The discovery occurred on the night of Sunday 1892 
November 6. The seeing was poor and at 11.30 p.m. 
he was about to close up for the night when, as he 
wrote in The Observatory,

it occurred to me to try whether I could see the 
small comes to μ Andromedae under such con-
ditions. On swinging the telescope round from β  
I caught something nebulous in [the] finder and 
mistook it for M31. Going to the eyepiece... I 
recognized at once that it was a new comet, but 
before I could get more than a rough position 
clouds hid it.18

He immediately sent letters to E. W Maunder at 
Greenwich, W. H. Maw of the BAA, and Benjamin 
Kidd of Bramley, near Guildford, a long-standing 

friend. The clouds cleared again later and he was able 
to measure its position relative to the double star 
Struve 72, and to estimate its diameter as 5 arc minutes.

In the morning he wrote to the Astronomer Royal, 
W. H. M. Christie, who thought he had mistakenly 
observed M31 (Holmes had not mentioned his 
observation of M31 at the same time). However, the 
discovery was confirmed on the Monday evening by 
Benjamin Kidd and his neighbour James Bartlett, both 
with the naked eye.19 

Holmes announced his discovery at the Royal 
Astronomical Society’s meeting the following Friday, 
November 11. ‘In one way the discovery may be re-
garded as an accident; but if I had not been intimately 
acquainted with that part of the sky I might not have 
seen it,’ he told the meeting.20

Independent discoveries were made by Thomas 
David Anderson in Edinburgh, Mike Brown (Wilks, 
USA) on November 8, and John Ewen Davidson of 
Mackay, Australia, on November 9. E. E. Barnard 
photographed it at Lick Observatory (Figs. 2, 3). Cal-
culations showed it to have a period of 6.9 years, and 
that it had reached perihelion on June 13.21

An editorial note in the same issue of The Observatory 
in which Holmes reported his discovery speculates that 
it should have been a conspicuous naked-eye object 
about two months previously, but was not seen at the 

Fig. 1:  Edwin Holmes, photographed by Rev. T. E. Espin. The 
photograph is undated but clearly shows Holmes in advanced age. 
(Cambridge University Library)
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time.22 The reason, we now know, is that shortly before 
its discovery it had undergone an exceptional outburst 
that propelled it to naked-eye visibility, as was to 
happen again in 2007.23 The Observatory also reported    
a pre-discovery photograph of the comet taken on 
October 18 by William (later Sir William) Schooling, of 
Hammersmith, which helped with calculations of its 
orbit.24

Holmes followed the comet for nearly three weeks, 
until November 26, after which he was unable to see it 
from London.25 Like many others, he had been misled 
by the increasing size of the coma into thinking that 
the comet was approaching Earth and would brighten 
accordingly. From a diameter of 5 arc minutes at dis-
covery it had expanded to 18 or 20 arc minutes by the 
time of his last sighting. Yet orbital calculations showed 
that in fact it was receding. 

‘If we suppose it a body of gas only, there seems no 
cause for the vast expansion while going into a cooler 
climate, and if we suppose it a shower of stones, what 
cause can be alleged for their separation?’ he won-
dered.26 He wrote somewhat disparagingly about the 
wide range of sizes, distances, and perihelion dates that 

had been calculated for the comet. ‘Evidently it is not 
one of those things that have come to stay, but only to 
puzzle.’ In 1893 Holmes was awarded the Donohoe 
Medal of the Astronomical Society of the Pacific for his 
discovery.27

There is no indication that Holmes observed the 
comet on either of its next two returns, in 1899 and 
1906, when it was very faint. It was then lost until its 
recovery on 1964 July 16 by Elizabeth Roemer at the 
US Naval Observatory, Flagstaff, Arizona. Subsequent 
returns of  17P/Holmes were unexceptional until 2007, 
when it underwent the largest known outburst of any 
comet. It brightened nearly a millionfold and its coma 
became the largest object in the Solar System, with a 
diameter greater than that of the Sun. It has turned out 
to be one of the most extraordinary comets known.

2.2. A second ‘discovery’
Holmes claimed to have discovered another comet, in 
Draco, on 1894 April 9 but gave only a rough position. 
Brief  announcements appeared in the Astronomical Journal, 
Astronomische Nachrichten, and Popular Astronomy.28,29,30 
Alas, no trace of it could be found, and on April 16 it 

Fig. 2:  Movement of Comet 17P/Holmes (lower centre) from1892 November 10 to 21, photographed by E. E. Barnard at 
Lick Observatory with a wide-field 6-inch portrait lens. M31, the Andromeda spiral galaxy, is at upper right. 

From Publications of the Lick Observatory vol. 11 (1913) Plates 102 and 104, via International Comet Quarterly website.
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was announced to be a misidentification of the 10th-
magnitude galaxy NGC 6503.31,32 This must have been 
intensely embarrassing for the proud Holmes.

2.3. Holmes on comets
The only major paper by Holmes on comets appeared 
in the Journal of the BAA in 1903, concerning ways of 
visualizing a comet’s orbit. ‘There are a great many of 
us to whom the mathematical expressions do not pre-
sent a very clear picture,’ he wrote. ‘I am one of those 
who appreciate the circumstances much better from a 
sketch or model.’ 33 He then described how to make a 
paper model of a comet’s orbit relative to that of the 
Earth, giving as his example the orbit of Comet Perrine 
1898. He concluded with an appeal for uniformity in 
stating the elements of orbits: ‘The perihelion is given 
in several ways. We have it as a fraction of the earth’s 
distance, as the ordinary logarithm of this fraction, and 
also with 10 added to the index. Although these differ-
ences are very simple things to mathematicians, they are 
not so to those of us whose mathematical capabilities 
are negligible.’

Holmes read this paper at the BAA meeting in 
1903 June. In the discussion that followed, A. C. D. 
Crommelin, BAA secretary and director of the Associ-
ation’s comet section, agreed that ‘There were many to 
whom formulae did not appeal in the least, but when 
they saw the thing worked out graphically, as Mr 
Holmes had done, it did not seem so very difficult after 
all.’ 34

In a letter to the JBAA in 1910 May, Holmes com-
mented in his usual forthright style on Edouard Roche’s 
theory of cometary phenomena, as outlined in the pre-
ceding issue by F. W. Henkel, which treated a comet as 
a nearly homogeneous fluid mass.35,36 In his letter, 

Holmes dismissed the idea that comets were ‘a fluid 
mass’ and ‘nearly homogeneous’. Instead, he claimed, 
‘most writers regard a comet as a shower of stones’. He 
asked how we could account for the fact that comets 
exhibit emission lines of sodium: ‘At our distance the 
heat of the Sun will not cause sodium to exhibit bright 
lines, even in a vacuum.’ Henkel responded in the 
following issue, politely correcting Holmes’s misappre-
hensions and introducing him to the phenomenon of 
luminescence.37

3. Meteors and meteorites

Holmes contributed several papers and letters to the 
JBAA on meteors, meteorites, and dust in space, usu-
ally as a response to claims made by others. In several 
contributions he referred to calculations by Martin 
Davidson38,39 and Simon Newcomb regarding the entry 
of meteors through the Earth’s atmosphere.40,41 Holmes 
claimed that the density of the upper atmosphere 70 to 
100 miles up was too thin to allow meteors to be 
retarded or burn up on entry and that they plunge 
vertically or at least at a small incline rather than 
horizontally. In his reply to Davidson he writes that he 
is compelled to be brief ‘as I am sure the Council 
would allow me no such longitude as they have 
accorded him’, a recognition that he was regarded as 
taking up too much space in the Journal.

At the meeting of 1897 December 29, William 
Schooling (one of the BAA Secretaries) read a paper on 
behalf of its author, Frits Hopman, about the nature of 
so-called dark meteors seen passing in front of the 
Moon and Sun.42 Holmes issued a rejoinder which 
concluded that they were more likely to have been 

Fig. 3:  The distorted gas tail of Comet 17P/Holmes, photographed by E. E. Barnard at Lick Observatory on 1892 November 10.
These negative and positive enlargements were made from the same original as Plate 102 (Fig. 2, left) and bring out details in the tail. 

The strange shape of the tail probably resulted from the comet’s outburst. Publications of the Lick Observatory vol. 11 (1913).
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terrestrial in origin than ‘round bodies outside the 
Earth’s atmosphere’ and in at least one case was 
probably a tumbler pigeon, a type of pigeon noted for 
performing backwards somersaults while in flight.43,44

A letter to the JBAA in 1907 contains Holmes’s 
thoughts on the amount of interstellar dust that would 
be required to cause noticeable extinction of the light 
from distant stars.45 Finally, in 1913 we find him 
questioning the validity of meteor orbits derived by the 
BAA Meteor Section director, David Booth.46

4. The zodiac and Babylonian astrology

It is frequently claimed that no astronomer believes in 
or upholds the claims of  astrology. However in the early 
years of the 20th century there was a spate of papers 
and correspondence in the Journal about this very issue, 
and while not supporting astrology per se, the authors 
did argue that a more objective view should be taken 
rather than rejecting the subject out of hand.

One of those authors was Arthur Butler Phillips 
Mee. Referring to a paper by E. Walter Maunder on 
Babylonian astrology, and the discussion that followed 
its reading at the BAA in 1911 February 22,47 Mee 
noted that ‘Mr Maunder is well known for his bitter 
attacks upon this science [sic], but is apparently unaware 
that its predictive claims form only one phase... of the 
subject. Anyone who has learnt how to cast and judge 
a horoscope can, given the time and place of birth of 
an unknown individual, arrive at an estimate of that 
individual’s character, mentality and probable destiny, 
the accuracy of which will be... marvellously exact if 
the astrologer be skilful.’ 48

‘Is Astrology founded on fact or is it not?’ Mee 
asked. ‘I am firmly convinced from several years’ 
investigation that it is. Whatever its enemies may think, 
Astrology is rapidly coming once again into favour.’

Holmes was happy to enter the fray, and once 
again found himself involved in a misunderstanding. 
While Holmes did not take such a definite stance as 
Mee, he objected to what he interpreted as Maunder’s 
claim that the 12 signs of the zodiac were ‘arbitrary 
and unreal divisions’.49 Noting that a week is devised 
from halving and then halving again the lunar month, 
‘so the 12 signs came naturally from the fact that from 
conjunction to conjunction of Sun and Moon... the two 
bodies had apparently traversed approximately one-
twelfth of the heavens or 30° among the stars... and the 
12 completed months made the twelve signs.’ 50

Maunder protested that ‘Mr Holmes appears quite 
to have misread me on both the points to which he 
refers’. In the case of the week, Maunder said, he was 
dealing with the origin of the names applied to the 
days. With respect to astrology, he continued, ‘the point 
I raised was... how the primitive astrologers found out 
that these imaginary divisions corresponded to real 
differences in the planetary influences, such as they 

allege to be in operation.... Until astrologers face [this 
question] fairly and squarely, it is absurd of them to 
speak of astrology as a science.’ 51

In a rejoinder, Holmes protested that Maunder 
‘puts questions in a manner as if I was an astrologer. I 
am not, so have no need to answer them.’ He ended: ‘I 
do not think Mr Maunder’s mode of treating this 
matter is either fair or just to himself.’ 52

5. Cosmogony

In a paper read to the BAA meeting in 1904 January, 
and subsequently published in the Journal, Holmes 
discussed the nebular hypothesis for the origin of the 
Solar System proposed by Pierre Simon de Laplace 
which, he drily suggested, should be renamed ‘the 
nebulous hypothesis’ because of its vagueness.53 

After outlining what, to him, were various objec-
tions to the hypothesis he declared with typical convic-
tion, ‘I think I am justified in rejecting Prof. [Simon] 
Newcomb’s statement that “the spectroscopic revela-
tion of the gaseous nature of the true nebulae confirms 
us in the opinion that these masses will all at some time 
condense into stars or clusters of stars”... The evidence 
does not seem to me to warrant the conception that 
nebulae are solar systems in formation, but rather that 
they consist of a gas or gases of much lower density 
than any of which we have experimental knowledge.’

His presentation of the paper at the BAA meeting 
resulted in an extended discussion, including a defence 
of the nebular hypothesis by E. W. Maunder that took 
up nearly three pages of the Journal, faithfully reported 
by the meeting recorder.54

An earlier paper by Holmes, from 1896, is also 
concerned with the origin of the Solar System, with 
particular reference to Jupiter.55 In this, he contested 
R. A. Proctor’s statement that ‘We have every reason 
to believe that [Jupiter] is made of the same materials, 
generally speaking, as our earth’. Instead, he argued, 
‘The heavier constituents of a nebula composed of 
many elements in a gaseous state would tend to form a 
nucleus first, leaving the lighter elements furthest from 
the centre.’ On this occasion Maunder, who was then 
the Association’s President, agreed with Holmes on 
several counts.56

6. Telescopes and observatories

Holmes was on surer ground with telescope optics, a 
subject in which he took a particular interest given his 
profession as a glass merchant.

At the beginning of the 20th century the question of 
reflector versus refractor was hotly debated. Holmes 
weighed in to the debate at the Association’s meeting of 
1894 November, in response to a paper titled ‘Moderate 
or Giant Telescopes: Refractors or Reflectors?’ read on 
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behalf of Leo Brenner, an eccentric amateur based on 
the Adriatic island of  Lošinj.

Brenner concluded that planets were best observed 
with refractors of 7 to 10 inches aperture (his own 
telescope was a 7-inch) while larger apertures should be 
used for difficult double stars, comets, and photogra-
phy. He made it clear that his preference was for 
refractors over reflectors.57

Brenner claimed extraordinary capabilities for his 
own refractor, comparing its performance favourably 
to that of much larger instruments. Holmes, the owner 
of 9-inch and 12¼-inch reflectors, was openly sceptical 
of Brenner’s grand claims, going so far as to say that 
Brenner could not have divided some of the pairs he 
mentioned with a 7-inch telescope as it was theoreti-
cally impossible.58

Brenner took exception to Holmes’s comments. ‘It 
does not require great courage to attack absent people, 
who are not able to answer immediately,’ he exclaimed 
in a letter to the BAA Journal.59 ‘I laugh at theoretical 
proofs.’ However, from what we know of Holmes, it is 
unlikely that he would have spoken differently had 
Brenner been present. Holmes’s doubts were vindi-
cated when Brenner went on to make claims so fantas-
tic that many astronomers concluded he was forging 
observations.60

In a paper in 1895 titled ‘Points about Reflecting 
Telescopes’, Holmes strongly recommended the use of 
a wooden tripod rather than a metal one to reduce 
vibrations, and championed the merits of wooden 
tubes over iron ones for minimizing temperature 
effects. ‘The greatest mistake in connexion with the 
reflecting telescope is using iron tubes with the idea of 
equalizing temperature,’ he wrote.61

He also joined in a discussion on methods for the 
prevention of dewing of mirrors, arguing that it was 
best to keep the mirror slightly warmer than the sur-
rounding air. He advised members troubled with dewing 
to place a bottle of warm water beneath the mirror.62

In 1891 he reported experiments on the loss of light 
passing through lenses of different thicknesses, com-
pared with reflection from a mirror, concluding: ‘A  
12-inch refractor, according to my calculation, and a 
12-inch reflector in good condition, are very nearly 
equal as to light [transmission].’ 63,64 

A few years later we find him comparing the per-
formance of refractors and reflectors for separating 
double stars, arguing that ‘the reflector will divide 
closer double stars than a refractor of the same aper-
ture, but when the stars are very unequal the heavier 
[diffraction] rings tell against the reflector.’ 65

6.1. Holmes and the mirror makers
Holmes had harsh words about professional opticians. 
‘I have found that the statements of mirror-makers as 
to the amount of correction they have given to the 
large [main] mirror are very unreliable... So far as I 
have seen, all mirrors fall short of perfect correction. 

The maker may say a mirror is within 100th part of the 
whole amount of correction required, when really it is 
25 hundredths deficient.’ He went on to describe a 
simple method for telescope owners to test the 
correction of their mirror for themselves.66,67

His criticisms were not confined to main mirrors: ‘I 
have had experience of flats from six different makers, 
and out of these only two were good. All the others 
failed to give good definition with high powers... Where 
a telescope fails to perform properly, distrust the flat.’ 
But the fault was not always with the optics: ‘I am 
satisfied that mirrors have been condemned when the 
fault was astigmatism of the observer’s eye.’ He gave a 
method for checking this, too.68

Holmes’s comments hurt the professional pride of 
the mirror maker George Calver, who responded that 
Holmes was speaking from ‘limited experience’.69 
Holmes defended his views at the Association’s meet-
ing of 1892 June and in a letter to the Journal.70,71

In 1899 we find him arguing against the use of 
plate glass for flats. ‘I have tried hundreds of pieces, 
and failed to find a really good one,’ he tells us.72

In 1900 he addressed the Association and published 
a paper discussing J. M. Schaeberle’s investigations at 
Lick Observatory on optical defects in the images 
formed by large parabolic mirrors.73,74

He also wrote on methods of stopping-down 
apertures with the purpose of estimating magnitudes of 
stars, and recommended using two pieces of sliding 
cardboard to create an adjustable aperture that could 
be expanded or contracted at will.75,76 In 1897 Mr C. 
Roberts of Aberdeen reported to the Journal that he 
had converted his Herschelian reflector into a modified 
Newtonian by the addition of a flat mounted at 45° just 
inside the tube; Holmes disappointed him by noting 
that the idea was ‘not at all new’.77

In the 1890s Holmes moved house to Hornsey Rise, 
where he built himself a back-garden observatory, 
having previously kept and used his telescope in the 
open air. He described its construction in the Journal in 
1904, noting that although it had been hastily put 
together, ‘at the end of nearly seven years [it] seems as 
good as ever’. Its total cost was just over £3.78

6.2. Holmes and vision
In one of his major papers, published in 1901, Holmes 
wrote about the limits of vision and ‘alleged extra-
ordinary instances’.79 In this he discussed three topics: 
the smallest visible area; faint objects and shades of 
colour; and the perception of minute detail. On the 
first point, he said: ‘There is no assignable limit to the 
minuteness of visible objects. It is entirely a question of 
contrast,’ giving as a familiar example the visibility of 
stars on a dark background, even though they are 
individually unresolvable.

Similarly, he thought that it was not possible to lay 
down an exact rule regarding the perception of faint 
objects or faint shades. ‘The sensitiveness of the retina 
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is a variable quantity, like the sensitiveness of  the photo-
graphic plate,’ he said. ‘Too many people see a thing if 
they know it is there,’ he added, perhaps thinking back 
to his dispute with the over-imaginative Leo Brenner.

One could be more certain about limits of reso-
lution, since ‘The nature of light restricts the power of 
the human eye just as it does the power of  the telescope.’ 
He calculated the resolving power of the human eye as 
3′ of arc and opined: ‘I think separation with the naked 
eye of objects less than 3′ apart may fairly be set down 
as self deception’. In this category he included reports 
of seeing Saturn’s rings or the crescent of Venus with 
the naked eye. He also expressed strong doubt about 
reports of Jupiter’s satellites seen with the naked eye. 
However, at the BAA meeting to which he presented 
the paper, several members referred to instances in 
which the moons of Jupiter were verifiably seen with-
out optical aid.80

Holmes contributed to a discussion of what we 
would now call the Moon illusion. He thought that the 
mistiness of the atmosphere had an effect since on clear 
evenings he had been unable to see any difference in 
size of the Sun and Moon whether they were on the 
horizon or high up.81,82

7. Observational accuracy

Holmes was an active correspondent from the early 
days of the British Astronomical Association. His first 
paper appeared in the seventh issue of the Journal, 1891 
January, questioning the extreme precision with which 
astronomical results were sometimes stated. ‘I do not 
hesitate to allege that measures and figures are often 
carried to a degree of refinement that I believe quite 
unattainable,’ he warned in his opening paragraph, 
setting the tone not only for this paper but others that 
followed.83

His wrath was attracted by, in turn: measurements 
of the diameters of the planets quoted to the nearest 
mile; the height of lunar features given to the nearest 
foot; the stated magnifying powers of eyepieces; the 
position angles of double stars, in some cases given to 
two decimal places; their separations in arc seconds 
given to three decimal places; and stellar parallax to a 
similar spurious precision, all without any stated errors. 
‘To claim an accuracy that is unattainable is to injure 
Science and bring it into contempt,’ he declared.

This was the start of a recurring theme which he 
developed in a paper on astronomical drawings. This 
paper discussed possible causes for the discrepancies 
between drawings by different observers, or even by 
the same observer at different times. He cited as con-
tributory causes the state of the atmosphere, quality 
and size of telescopes, keenness of vision, and the 
artistic ability of the observer.

Holmes suspected that the greatest variable was the 
observers themselves. ‘What, I believe, exercises great 

influence is that we form a theory consciously, or 
unconsciously, of the constitution of the object, and 
this influences our conception of what we see, so that 
often we draw, as we imagine it must be. Our pre-
conceived notions affect us.’

He suggested an experiment: ‘I should like to see an 
arrangement made for as many [BAA] members as 
possible to make a sketch on some chosen night at the 
same hour of the same object, say, the planet Jupiter. 
By this means a considerable number of sketches might 
be brought together for comparison and a decision 
arrived at as to what was the actual appearance of the 
planet at that time, and we might find out also to what 
extent individual peculiarities affected the observers.’ 84 
At the meeting at which this paper was read, E. W. 
Maunder supported Holmes’s suggestion for simultan-
eous observations not only of Jupiter but also Mars.85

At the BAA meeting in 1894 March Holmes pub-
licly criticized drawings of Jupiter made by James E. 
Keeler at Lick Observatory. Holmes stated that, in his 
opinion, the belts were not accurately placed and that a 
draughtsman who could commit so great an error was 
not to be trusted in fine detail.86,87 Keeler got wind of 
the remarks and responded tartly that ‘Such very blunt 
statements as those of Mr Holmes should be made 
somewhat circumspectly’.88

Undaunted, Holmes returned to the theme the 
following year with a paper in which he set out to 
prove the ‘utter unreliability’ of drawings as evidence 
for changes in the equatorial belts of Jupiter.89 This 
paper produced a number of comments at the meeting 
where it was read, including a lengthy one by Maunder, 
who noted that the ‘cumulative evidence’ from a great 
number of observations over many years was far more 
reliable than any single observation taken on its own.90

Holmes also warned about errors arising from the 
reproduction of astronomical drawings, noting that 
accurate copying could not be expected from either 
wood engraving or lithography.91,92

A letter from Holmes published in 1900 criticized 
drawings in the recently published report of the Associ-
ation’s Jupiter section, thereby upsetting the section’s 
director as well as the observers in question.93 A further 
letter from Holmes on the same subject in 1901 was 
followed by the stern Editorial directive: ‘As no good 
purpose will be served by a continuation of this dis-
cussion, it must now cease.’ 94

8. The Sun

Discussing E. W. Maunder’s researches on solar 
activity in 1906, Holmes prefaced his comments with a 
note that his paper should not be seen as an attack on 
Maunder’s work, ‘for which I have neither the requisite 
knowledge nor ability, nor any inclination’.95,96 This 
was perhaps a recognition by Holmes of how his 
comments were often perceived.
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At that time (1904–07) Maunder was researching 
the possible link between magnetic disturbances seen 
on the Sun (sunspots, corona, etc.) and magnetic storms 
on Earth. Although he was not the first to consider this, 
he was probably the most active supporter of the idea. 
In papers published in Monthly Notices of the Royal 
Astronomical Society, JBAA, and The Observatory, Maunder 
identified a direct connection between solar storms 
(particularly on its central meridian) and subsequent 
magnetic disturbances seen on the Earth, and demon-
strated that such disturbances occur at intervals of  about 
26 to 27 days, which is the rotation rate of the Sun.

Despite his placatory opening comments, Holmes 
questioned many of Maunder’s opinions and obser-
vations, in particular with reference to such issues as 
the place of sunspots on the solar surface, their influ-
ence upon magnetic disturbances, and even comet tails. 
Maunder gave a lengthy response in which he concluded 
that if Holmes had read the paper more carefully he 
might not have made mistakes.

Holmes was lucky enough to make spectroscopic 
observations of a solar flare the day before the major 
geomagnetic storm of 1909 September. He reported in 
The Observatory: ‘I made an attempt to see prominences, 
but getting the sun-spot on the slit I saw at once that 
when the spot-shade crossed the C line it was not dark 
but far more brilliant than the general surface of the 
Sun’.97

The topic of shadow bands during a total solar 
eclipse generated considerable interest among BAA 
members. Even though he had not seen them for 
himself, Holmes’s 1906 paper on this subject was quite 
extensive, as was the discussion at the meeting at which 
he read it.98,99 Typically, Holmes drew attention to the 
widely conflicting reports regarding their apparent size, 
spacing, and direction of movement before and after 
totality. Concerning the origin of the bands, Holmes 
spoke in favour of the diffraction theory, but closed by 
admitting that ‘the observations are not good enough 
to enable us to definitely settle this matter’.

9. Life on Mars, and elsewhere

The debate over the canals of Mars and the possibility 
of life on the red planet was a dominant issue among 
planetary observers at the start of the 20th century. 
There were two schools of thought: the anti-canal 
camp led by E. W. Maunder in the UK, and the pro-
canal movement led by Percival Lowell in the US.

Holmes was certainly not a canal supporter, and 
had criticized the pro-canal observers as early as 1891.100 
In a major paper in the Journal in 1900 he argued that 
the very name was misleading astronomers: ‘I fear the 
direction given to observation and deduction by the 
tacit assumption that the phenomena of Mars are due 
to water, all water and nothing but water, is somewhat 
injurious,’ he wrote.101

As mentioned in Section 6.2, he had strong views 
regarding the effects of defective vision on astronomical 
observations. One of the characteristics of the canals 
that was being debated at the time was their apparent 
doubling. ‘I believe the peculiarity of sight that results 
in the duplicity of so called canals, lakes, &c., is simply 
astigmatism of either eye, or instrument, or both 
combined.’

Not suffering from astigmatism himself, Holmes 
conducted some experiments with lenses to simulate 
the effect of astigmatism. In this way he was able to 
reproduce the apparent blurring and doubling of lines 
that, he said, ‘agrees very well with the description of 
the doubling of lines on Mars’.

Reprising the theme of observational accuracy that 
he had raised some years earlier (see Section 7), he 
compared drawings of Mars made virtually simul-
taneously by experienced observers, concluding: ‘They 
differ so much that I think it is impossible to say 
anything that would strengthen the case a bare inspec-
tion of them presents, yet whole chapters have been 
written upon changes deduced entirely from drawings’. 
He anticipated modern thinking when he suggested 
that more allowance should be made for effects in the 
Martian atmosphere, which Lowell and Flammarion 
did not consider a factor.102,103

He ended in teasing vein by suggesting that the 
markings on Mars were simply problems in geometry 
laid out by the purported inhabitants for us to solve.104 
‘I add nothing in support of the idea, except that it is  
at least as probable as some other explanations that 
have seen daylight,’ he wrote. This is one of the few 
examples of humour to be found in his writings.

9.1. Communicating with Mars
Holmes returned to the theme of communication with 
Mars in a paper the following year. This opened in a 
manner typical of Holmes’s style with a reference to 
the ‘sensational rubbish of magazine writers, and the 
extravagancies of newspaper paragraphists’ when 
writing about the possibility of communicating with 
other planets.105 The subject had recently come into 
the news with reports of a bright spot on Mars that 
some had tried to interpret as artificial.106

In his paper, Holmes argued that ‘There is an 
inherent improbability on the evolutionary theory that 
two planets should at the same epoch be in the same 
stage of development.’ On the other hand, ‘Mars may 
be swarming with life and yet none of it of an intel-
lectual character.’ His points sound remarkably like 
those still made today about the existence, or other-
wise, of advanced extraterrestrial beings.

At that time, the options discussed for signalling 
between Earth and Mars were limited to bright lights 
and large markings on the ground. ‘We may regard 
any artificial light of sufficient intensity to be 
impossible, and any of sufficient dimensions to detect 
its shape as still more impossible,’ he wrote. Moving on 
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to the possibility of electrical signals between the 
planets, even if we could receive them, how would we 
be able to interpret them, he wondered, since the 
Martian ‘language’ would have nothing in common 
with any earthly tongue.

At the BAA meeting at which Holmes read this 
paper the President, G. M. Seabroke, suggested that all 
newspaper editors should read it to counteract the 
‘rubbish in the newspapers’ regarding this issue.107

9.2. Life beyond the Solar System
Mars was not the only place where the possible exist-
ence of life was discussed by Holmes and his contem-
poraries. In 1903 March the respected naturalist Alfred 
Russel Wallace had published an article in the 
Fortnightly Review titled Man’s Place in the Universe in 
which he argued that the Solar System was at or near 
to the centre of the Universe, from which he deduced 
that life on Earth was not coincidental but a unique 
product of some supreme intelligence.

Needless to say, many scientists, and particularly 
astronomers, were highly critical of Wallace’s essay. 
Maunder published a six-page summary and rebuttal 
of  it in the Journal.108 Holmes commented at the meet-
ing at which Maunder presented his paper, taking what 
would today be called a ‘subjective view’ of the issue. 
In his view, we did not know what conditions were 
necessary for life elsewhere, and that to assume or 
suggest conditions would have to be the same on Earth 
was possibly misleading. It was, he thought, quite 
incomprehensible that, among all the countless millions 
of suns, there should not be planets around some that 
had life on them.109

10. Stars, galaxies and the Universe

Holmes was an industrious observer not just of planets 
but also deep-sky objects, particularly double stars. In 
1899 he published a paper recounting his experiences 
of observing 423 pairs or multiples throughout the 
preceding year.110 He reported a number of apparently 
new companions and some new pairs, as well as 
changes in position angle and separation.

He went on to highlight what he termed the BAA’s 
‘complete failure’ to form a Double Star section, 
expressing the opinion that ‘the first requirement for 
the success of a double star section is that it shall be 
strictly confined to members who are not also Fellows 
of  the Royal Astronomical Society’. The criticism seems 
somewhat unfair as Holmes was himself one of the 
founder members of the section, and had published his 
first measures in 1894.16

After Holmes had presented this paper at the BAA, 
the President, W. H. Maw, chided him for making 
remarks about the double-star section that ‘were, per-
haps, a little personal’, adding that he did not think 

that being a Fellow of the RAS should prevent anyone 
from being a suitable member of the section.111

For all his misgivings, Holmes did not cease observ-
ing doubles, publishing in the JBAA in 1900 a list of 
329 pairs he had observed in the preceding year.112 
After Holmes’s death, T. E. Espin published an edited 
catalogue of his doubles in the Monthly Notices of the 
RAS.113

The following year Holmes turned his fire on an 
article that had appeared in the science magazine 
Knowledge regarding streams of stars, written by one    
Mr Wesley; this was probably William Henry Wesley, 
a founder member of the BAA, who was Assistant 
Secretary of the RAS and living in rooms on the top 
floor of Burlington House.

‘That a number of stars in streams or lines, curved 
or otherwise, should be connected by nebulosity in the 
form of wisps or long extended patches, has always 
appeared to me something astounding,’ Holmes wrote. 
‘The stars are presumably in rapid motion... What 
then would become of a nebulous wisp connecting a 
dozen or more of stars in line?’ 114

Wesley was at the BAA meeting at which Homes 
first read his paper, and replied that his original article 
was intended to draw attention to the dark patches 
among a great crowd of stars, which he put down to 
absorption.115 In this case, it seems that Holmes had 
got the wrong end of the stick.

Holmes also had harsh words for a paper in JBAA 
in 1902 by Gavin J. Burns of Weymouth about the 
distribution of double stars116 which he witheringly 
dismissed as ‘defective’.117

In 1910 J. A. Hardcastle presented a paper at the 
BAA about moving clusters.118 The meeting report 
published in JBAA did not contain a diagram that 
Hardcastle had referred to, and Holmes felt that many 
readers would require an explanation of it.119 In typical 
fashion, he then went on to dispute some of the figures 
used in the paper.

Hardcastle responded that it was not normal to 
reproduce diagrams in meeting reports, but included it 
in his reply.120 Hardcastle said that he could not accept 
Holmes’s claim that common motion of stars was due 
to our own motion rather than that of the stars. ‘I feel 
sure that Mr Holmes does not reflect the opinion of 
our leading astronomers when he casts such wholesale 
doubts on the spectroscopic evidence,’ he admonished. 
‘It would be a great pity if those Members who do not 
happen to see the more professional astronomical 
papers should be left with the impression that this work 
is quite unreliable.’ Here, Holmes had strayed too far 
out of his depth.

Not all Holmes’s contributions were combative in 
nature. In 1893 he recommended to the Association 
that its members undertake a survey of the star fields of 
Cygnus mentioned by T. W. Webb in his book Celestial 
Objects, which Webb himself was never able to under-
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take. ‘I think this Association would do useful work, 
and would honour itself, as well as honour the memory 
of  Mr Webb, by endeavouring to do something towards 
fulfilling the task he indicated,’ wrote Holmes.121

Holmes’s ‘Note on Temporary Stars’ published in 
1901 provides an interesting insight into possible 
causes of novae before the birth of nuclear physics.122 
According to Holmes, ‘There is a general acceptance 
of the theory that temporary stars are the result of 
collisions in some form or other, but not, I think, 
uniformity of opinion as to what are the particular 
bodies which collide.’ He listed six possibilities: star 
with star; meteor stream with star; meteor stream with 
meteor stream; meteor stream with nebula; nebula 
with nebula; star with nebula. His preference was for 
the sixth and final idea, that of a star colliding with a 
nebula, although this was questioned by A. C. D. 
Crommelin at the meeting where Holmes read his 
paper.123

This is not the only occasion when Holmes showed 
an interest in novae: at the meeting of 1911 March he 
reported his observations of the spectrum of the 
recently discovered nova Persei (now GK Persei), and 
recommended that observers use a prism rather than a 
cylindrical lens to get the best results.124

In 1902 December Holmes read a paper on stellar 
magnitudes, inspired by the recent increase in bright-
ness of Betelgeuse.125 ‘Practised astronomers are not in 
agreement as to the sequence in magnitude of even the 
half dozen most prominent stars visible in our latitudes. 
How doubtful must be the determination of fainter 
stars,’ he wrote, once again highlighting his concern 
with accuracy in astronomical data. He also drew atten-
tion to the effect of  star colours on magnitude estimates.

At the meeting, Isaac Roberts commented that he 
was always struck with ‘the shrewdness, the truthful-
ness, and the boldness’ of  the remarks made by Holmes, 
and how well they bore close criticism ‘provided the 
critic had qualified himself to express a reliable 
opinion’, which Roberts thought he had in this case. As 
well as Roberts, G. F. Chambers and G. M. Seabroke 
largely agreed with Holmes’s comments, in particular 
respecting photography and colours.126

Turning to other types of deep-sky object, Holmes 
in 1896 reported his observations of Herschel IV 37, 
now better known as the planetary nebula NGC 6543 
in Draco. As in so many of his papers, he began by 
pointing out discrepancies in the work of others, such 
as widely divergent measurements of its diameter and 
even disagreements as to its shape and colour. The rest 
of the paper is largely a comparison of his observations 
with those made by others. He ended by speculating 
on its nature.127

Prompted by a passage in Agnes M. Clerke’s System 
of the Stars, Holmes speculated on the distance, size, and 
structure of the globular cluster M13.128 In 1917 he 
commented about dark marks seen on photographs of 
M51, rejecting the possibility of it being composed of 

‘vast streams of gases, which where they are hottest, 
appear black and opaque, because they are too hot to 
be luminous, and become incandescent as they cool. 
And if this nebula is really then compared to its length 
and breadth it could not possibly condense into a 
globular cluster’.129 This was to be his last contribution 
to the Journal.

Holmes also dabbled in cosmology. In a short note 
titled The Limits of the Universe published in 1897, he 
referred to a letter from the Irish astronomer W. H. S. 
Monck which discussed whether the Universe was 
finite or infinite.130 In this he raised what we would 
now term Olbers’ paradox. ‘We are told that an 
infinite system of stars would result in the sky being 
everywhere as bright as the Sun,’ he wrote, going on to 
propose a solution: ‘In our own neighbourhood space 
teems with dark bodies in the shape of minor planets, 
nebulous bodies, meteors, and dust. There is no reason 
to suppose the vicinity of the sun has a monopoly of 
these bodies... However small, and however thinly 
scattered, these dark bodies, they obstruct light and act 
like an interstellar fog... Like our terrestrial fogs they 
eventually interpose a blank, impenetrable wall, and 
thus practically limit the universe.’ 131

Sixteen years later he returned to the theme in a 
paper poetically titled ‘The Star-Plated Sky’, in which 
he attempted to calculate how many stars would be 
needed to cover the whole sky. The number he ended 
up with was 22,130 septillions.132

11. Miscellaneous interests

Various published letters and meeting reports, not all 
referenced here, reflect Holmes’s wide range of 
interests, not solely about amateur astronomy but also 
the organization of the BAA itself. Examples include 
the temperature at Algiers during the total solar eclipse 
in 1900 May;133 the colour of  the Earth’s shadow during 
the partial lunar eclipse of 1892 May;134 refreshments 
at meetings;135 and the election of members as part of a 
discussion on proposed rule changes.136

In 1903 he wrote to the Journal about the pro-
duction of lantern slides, recommending suitable types 
of paper for delicate drawings.137 At the Association’s 
meeting in March 1903 he recommended that the 
BAA should obtain slides of the 12 surviving presidents 
for posterity. ‘The time might come when the Associ-
ation would look upon the portraits of our first Presi-
dents as being very valuable,’ he said prophetically.138

He gave an account of his use of the spectroscope, 
making clear that he was not proficient but that his 
purpose was as much to stimulate those more pro-
ficient as it was to help those less so. He said he hoped 
that clearer and simpler explanations could be 
provided to help those new to the subject.139,140 He also 
gave a simple diagrammatic method of converting 
hour angle and declination into azimuth and altitude, 
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valuable for users of altazimuth instruments such as 
himself.141 In 1906 he described his experiences in the 
use of stereograms.142,143

A letter titled Stars in Daylight was a response to a 
paper by Rev. W. F. A. Ellison with the same title. Here, 
Holmes was critical of a number of Ellison’s compari-
sons of the performance of the eye relative to telescopes 
of various aperture.144

In the early years of the BAA, the Journal contained 
a section dealing with queries sent in by members with 
answers by others. A query about rime frost on mirrors 
brought a response from Holmes for more information 
about the material the tube was made of, what it was 
standing on (presumably concrete, grass, or other sub-
stance), and whether it was exposed when not in use. 
He proceeded to give some general pointers to avoid 
the problem.145

In 1910 he discussed the apparently increased 
brightness of the night sky towards the horizon, which 
Gavin Burns in The Observatory had referred to as 
‘earthlight’.146 Burns attributed it to ‘a luminous stratum 
at a moderate distance from the surface of the earth’. 
Holmes, though, simply put it down to what we would 
call light pollution.147

The only paper of a historical nature that Holmes 
published was an account of the life and work of John 
Bird (d. 1840), a peripatetic astronomy lecturer and not 
to be confused with the famous instrument maker of 
the same. Bird started as a carpenter, but after con-
structing a tellurian and an orrery he became a full-
time lecturer on astronomy, which he did over all the 
kingdom, including at Oxford and Cambridge and 
before members of the Royal Family. He also taught 
astronomy to the Marquess of Douro (later second 
Duke of Wellington).148

11.1. Holmes and the planets
Concerning Venus, Holmes opened by stating, ‘The 
discussion about the period of rotation of Venus shows 
a tendency to become slightly acrimonious’, before 
introducing the two opposing schools of thought: one 
which supported a rotation period synchronous with 
the orbital period around the Sun, and the other a 
period of rotation similar to that of the Earth, namely 
24 hours. He appeared to be acting as a sort of peace-
maker, saying that both parties should respect the 
other’s view, even in disagreement. Holmes concluded 
with the recognition that astronomers of the time knew 
no more about Venus than did Cassini over 200 years 
previously.149

One of his longest papers, taking up nearly six 
pages of the Journal, concerned the planet Neptune. 
This was an attempt to ‘collect in one place such data 
and information’ as he could find about the planet as 
seen through a telescope. As to be expected, Holmes 
first referred to what he saw to be erroneous comments 
by previous writers, such as R. A. Proctor’s claim that 
it was possible to see that Neptune was not a star using 

a 2-inch telescope. He referred to observations made 
by Johann Galle, Ormsby Mitchel, and Herbert Sadler 
concerning the planet’s observable disk. He also noted 
an observation by Lalande in 1795 who saw a ‘star’ 
that moved over a period of three nights without 
realizing what it was. He concluded with a table of 
observers and the instruments they used, with their 
measurements of the diameter of the planet, and 
various remarks.150,151

Holmes trained his fire on a different target in 
1907, following the discovery of  the first Jupiter Trojan, 
1906 TG, now known as Achilles. Despite not being a 
mathematician, Holmes felt justified in questioning 
whether the positioning of this asteroid really did 
confirm the existence of what we term Lagrangian 
points, which clearly perplexed him. ‘I find it difficult 
to realise how TG can possibly maintain a constant 
angular distance from both Jupiter and the Sun,’ he 
wrote.152

In 1915, Holmes, analysed published observations 
of the transit of Mercury that had occurred the pre-
vious November. Various anomalies had been reported, 
including a white spot, a halo or penumbra which 
some attributed to an atmosphere, and even an appar-
ent elongation of the planet. Some of these observa-
tions were made with apertures as small as 2 inches, 
and Holmes remarked cuttingly: ‘When a man with a 
2-in goes out determined to see something new, he is 
pretty sure to succeed’. He concluded that all these 
reported oddities were due to optical effects and that 
there were no abnormal appearances to account for.153

Meeting reports occasionally refer to papers by 
Holmes which do not appear to have been subse-
quently published, an example being one that he 
presented in 1898 May on the aberration of light. He 
particularly wanted to know whether the motion of   
the Earth should result in aberration loops rather   
than aberration circles and ellipses. Crommelin and 
Seabroke responded to Holmes’s presentation, but as 
the paper itself was not published it is not possible to 
comment on the issues Holmes raised.154

12. Holmes’s legacy

One of Holmes’s papers still has particular relevance 
today, even though it is over a hundred years old.155 In 
what sounds like an echo of Walt Whitman’s famous 
poem When I Heard the Learn’d Astronomer, he wrote: 
‘When the ordinary reader has crammed himself with 
periods, and distances, and speculations, he is still at a 
loss, when confronted with the night sky, and cannot 
bring his book learning to bear upon his personal 
observations.’ In the meeting report Maunder said that 
‘Mr Holmes had hit upon a real blot on many of their 
astronomical textbooks, viz., that they did not 
sufficiently describe and explain the actual appearances 
presented to them in the sky’.156
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Today, we might argue, things are worse. How many 
books on astronomy, avowedly for the amateur, show 
the night sky as they would actually see it through a 
telescope? Most books are now illustrated with ‘pretty 
pictures’ taken with CCDs using large telescopes. Those 
just developing an interest in astronomy can become 
disappointed and even disillusioned when they cannot 
see the same things themselves. How many newcomers 
have been so discouraged as to give up altogether?

This can also be said of amateur societies who seem 
more interested in having lectures about topics such as 
astrophysics and space probes which have little, if any, 
direct relevance to the amateur. In my opinion, the 
books of Patrick Moore and James Muirden written in 
the 1960s and 1970s which are aimed at the amateur 
are of greater value. I still use my old copies, even 
though they are out of date in many ways.

Conclusion

The main purpose of this paper was to uncover some 
of the previously unknown personal details of Edwin 
Alfred Holmes. A secondary purpose was to show that 
Holmes should not be known as just for his comet 
discovery. He appears to have been a complex man, 
and in his contributions to both the BAA Journal and 
the English Mechanic he displayed a somewhat acerbic 
and combative character.

Holmes is a good example of a person for whom a 
great deal is known about his astronomical work, but 
relatively little about his life and personality. We have 
none of his personal correspondence or diaries, so we 
must rely on published sources. There may be letters in 
archives such as the RGO and RAS which might shed 
some additional light. What is obvious is that, although 
himself an amateur, Holmes did not shrink from 
criticising professional astronomers, even in their own 
field of specialism, such as Maunder regarding the Sun 
and Mars.
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Erratum 
The Antiquarian Astronomer Issue 8, April 2014

On page 107 of  The Antiquarian Astronomer no. 8 
(‘Identifying the stars on Johann Bayer’s chart of the 
south polar sky’ by Ian Ridpath), the second paragraph 
in column 2 should read:
“In the Introduction to his book, de Houtman stated 
that his motives in making this second survey and 
publishing the catalogue were to ‘serve all sailors, who 
navigate south of the equinoctial line and are of 
interest to all lovers of astronomy or the mathematical 
arts’. Here, perhaps, we can see something of the same 
spirit as in the young Edmond Halley, who was to 
make a follow-up survey of the southern skies from St 
Helena three-quarters of a century later.”
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