John Isaac Plummer,
Colonel Tomline’s Astronomer
Part 6
A1 Aurorae
Plummer published three very different papers on aurorae.
His first paper on the subject [1869e], written and published in 1869 while he was an
assistant at Durham Observatory, dealt with the use of a spectroscope to examine the light
of the aurora. In fact, Plummer wrote the paper in two parts, the first part written on 06
April 1869 following spectroscopic observation of an aurora and the second part written
on 17 May 1869 following correspondence with Mr Huggins and observation of the
spectrum of a second aurora. The Mr Huggins who corresponded with Plummer was one
of the pioneers of astronomical spectroscopy, namely William Huggins (1824 – 1910).
Huggins constructed specialist instruments and obtained the spectra of stars and nebulae.
He was knighted in 1897 in recognition of his work and a 65km diameter lunar crater is
named in honour of him. Huggins informed Plummer that Angström and Struve (generally
regarded as the pioneers in the field) undertook similar work to Plummer in winter 186768. However, Plummer was unaware of this.
Plummer described in [1869e] how soon after midnight on 02 April 1869, he witnessed a
very fine aurora from Durham. Visually, the aurora appeared white, perhaps slightly
bluish, and not of the more common ruddy hue; there were few or no rays, but broad
sheets or waves of light succeeded each other rapidly, proceeding from the arch to a
height of about 30° from the horizon. Plummer observed the aurora with a spectroscope,
and found that the spectrum consisted of a single bright (emission) line, sometimes hazy
and sometimes well-defined. At the brightest part of the auroral arch the line was similar
in intensity to the most conspicuous line in the Orion Nebula. Plummer had difficulty
measuring the position of the line accurately, but was reasonably confident that it did not
coincide with any of the main lines in the spectrum of the Sun or of the Earth’s
atmosphere, and instead was in a similar position to the more conspicuous lines in the
spectra of Aldebaran and Betelguese. (Plummer had measured the spectrum of Betelguese
twice in February 1869 and the solar spectrum in March 1868.)
Plummer confirmed his observations on a second aurora on 13 May 1869. He described
the second aurora as of surpassing magnificence and stated that a corona was formed, and
every part of the sky for a short time was filled with streamers. A white arch formed after
the corona and arch disappeared. Some of the streamers were of a deep red colour, and
Plummer found them to exhibit a single bright spectral emission line, coincident with that
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of the white arch. (In fact, Plummer’s several measures of the position of the line were not
precisely the same, but they were within the level of measurement error that he reported on
02 April.) Plummer saw no other spectral lines in the aurora that night.
Plummer noted that the matter of the aurora must be extremely tenuous, as he was able to
observe Winnecke’s Comet (C/1868 L1) using the 165 mm (6.5") refractor of Durham
University through one of the densest streamers of the aurora with the only inconvenience
being a bright field of view.
A modern physical description of the aurora provides an easy identification of the auroral
spectral line seen by Plummer. An aurora forms when electrons emitted by the Sun collide
with atoms in the Earth’s upper atmosphere, typically at an altitude of 80 – 150 km, to
produce light. The spectrum of an aurora is usually dominated by emission lines of atomic
oxygen1: a greenish line at 557.9 nm and a dark red line at 630.0 nm. Plummer noted that
the line which he observed was similar to the more conspicuous lines in the spectra of the
red giant stars Aldebaran and Betelguese (spectral classes respectively K5 and M2), so it is
likely to have been the 630.0 nm red emission line of oxygen.
Plummer expressed his measurements of spectral lines in terms of revolutions of a
spectroscope screw, a measure that is unique to the spectroscope in question. However,
comparison with spectra obtained from other spectroscopes was possible by reference to
the position of standard lines in the solar spectrum or a terrestrial reference light source.
As a matter of good technique, Plummer noted that on each occasion when he measured a
spectrum he calibrated his measurements by reference to a sodium flame at the start and
end of his observations – this ensured that all his measurements were consistent and
comparable.
Plummer’s observation of the spectrum of the aurora was innovative. He was unaware of
the similar pioneering work undertaken slightly over a year earlier by Angström and
Struve. Plummer did not publish any further papers concerning spectroscopic
observations. In his first paper published after he moved to Orwell Park [1874d] he stated
that Colonel Tomline’s Observatory will be furnished with spectroscopic appliances
before the next apparition of the zodiacal light and he looked forward to using the
appliances. However it appears that the equipment was in fact not provided, as Plummer
made no subsequent reference to it.
Plummer wrote his second paper on aurorae, while at Durham Observatory, in response to
a report by Captain S P Oliver [1874a] in the 19 February 1874 edition of Nature. Oliver,
writing from Buncrana, County Donegal, reported seeing in the sky on 05 February 1874 a
luminous meteor cloud which he described as a broad band of silvery white and luminous
cloud extending in an arc from SE by E to NW by W, from horizon to horizon, but tapering
at the extremities. The band passed 3° - 4° above the upper stars of Orion. Oliver stated
that stars shone brightly through the cloud, and that the edges of the cloud were well
defined. Oliver noticed several meteors during the evening, one of which appeared to
1

In fact, oxygen atoms in the lower atmosphere are combined as molecules of O2 and scientists did not
identify atomic oxygen as such until 1925.
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come from the SE edge of the cloud – this may be what led him to describe the
phenomenon as a luminous meteor cloud.
Plummer, clearly anxious to dispel Oliver’s misconception as to the nature of what he had
witnessed, responded in the following week’s edition of Nature [1874b]. He had observed
the phenomenon from Durham, and reported to Nature that in fact it was an auroral arch
rather than a luminous meteor cloud. He reported that the arch was visible for half an hour,
crossed Ursa Major, and drifted southward before disappearing, and that it was visible in
the sky at the same time as an “ordinary” aurora, the two jointly presenting two parallel
bands of light. Plummer stated that he had observed several auroral arches, and that the
phenomenon of 05 February was the brightest and most complete example which he had
ever seen.
Plummer noted that the night was remarkably clear and that the zodiacal light was plainly
visible earlier in the evening. Few if any modern observers have witnessed the zodiacal
light from the UK, and Plummer’s description of it as plainly visible clearly highlights the
detrimental effects of modern day light pollution!
Plummer contributed his final publication on aurorae [1880e], while he was at Orwell Park
Observatory, in response to a work Aurorae and Their Spectra by Mr Rand Capron2.
Plummer considered that there was less uncertainty about the height of the aurora than was
generally supposed, and he described two methods for practical estimation of their height.
The first method relied on measuring the altitude and amplitude of auroral arches and
assuming that each arch was a circle centred on the magnetic pole. This method gave a
wide range of results, probably because not all arches were centred exactly on the
magnetic pole. However, the method was thought to give good results on average,
especially if doubtful cases were excluded. The method yielded an average height of
approximately 160 km (100 miles) for the ordinary, white auroral arch which forms some
95% of auroral phenomena visible in the UK.
The second method relied on the application of trigonometry to observations of aurorae
made at two or more separate observing stations. This method had been used in the UK
since 1843, and gave a height of 110 – 120 km (70-74 miles) for the aurora. Plummer
stated that the method was capable of producing estimates within 1.5-3 km (1-2 miles) of
the true value.
Plummer expressed doubts that auroral arches formed at altitudes below approximately
110km (70 miles). He dismissed reports of low-altitude aurorae (at elevations comparable
with those of natural objects) as not being based on accurate measurements. However, he
accepted that streamers at right angles to an auroral arch might reach to greater or lesser
heights than the arch itself.
By way of comparison, modern estimates put the height of aurorae in excess of 100km
(e.g. [1989a] 1994a]).

2

It has as yet proved impossible to obtain a copy of Capron’s work.
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Plummer reported witnessing three auroral arches during 10 years of observing, although
none from Orwell Park due to its southerly location.
As a footnote, Plummer indicated that he was quoting from memory the figures of 110 120 km (70-74 miles) as the height of the aurora estimated by trigonometric means, as he
had no library at hand to which to refer. One may detect a critical tone in this statement.
Yet in 1875, only five years earlier, Professor J C Adams had placed the library of
Cambridge Observatory at Plummer’s disposal (see section 2) – it is not clear what
happened in the intervening period: did Adams’ offer lapse, or was Plummer unable to
travel to Cambridge to use the library? At present the answer is not clear.
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A2 Plummer’s Textbook
In 1873 Plummer published a textbook [1873a] entitled Introduction to Astronomy. The
publisher was William Collins, Sons & Company, Limited of London and Glasgow. The
subtitle of the work, For the Use of Science Classes and Elementary and Middle Class
Schools, indicated its intended readership. In the preface, Plummer expanded on the aim of
the book and its intended readership, arguing that astronomy was not taught in the UK to
the same extent as on the Continent and in America, and that this was in part due to the
lack of suitable inexpensive school textbooks (which he intended his textbook to remedy).
Plummer set out lofty aims for the textbook: he aimed to imbue the youthful mind with a
love for science in its true aspect and hoped that the text would lead some to seek for
deeper knowledge in other more advanced works.
Plummer’s book naturally reflected the era in which it was written. Compared with
modern times, astronomers of Plummer’s era had a very limited understanding of the
mechanisms of the universe. Thus the textbook emphasised the description of objects and
phenomena rather than explaning the mechanisms involved. For example, Plummer
provided a good observational description of the Sun, but could offer no explanation for its
energy output and its longevity; by contrast modern astronomical textbooks, even at an
introductory level, generally provide some explanation of the physics of the Sun. The
exception to this approach was the universal law of gravitation, which astronomers had
developed to a high degree by Plummer’s era. Plummer provided a comprehensive
description of how gravity governs the motions of double stars and bodies in the Solar
System.
The majority of the textbook dealt with the Solar System; in fact only the final chapter
covered the universe outside the Solar System. In Plummer’s era, astronomers knew well
the scale of the Solar System but had little knowledge of the bodies which it comprised
and the forces which shaped it. Plummer and his contemporaries understood the Solar
System to comprise the eight major planets and their brighter moons, 125 known asteroids
(with more discoveries anticipated), comets and meteor streams. They knew almost
nothing of the composition or characteristics of the bodies of the Solar System. The
discovery of Pluto lay almost 60 years in the future and the Oort cloud and Kuiper belt
objects were unsuspected. They did not appreciate the key role that phenomena such as
gravitational resonances, magnetic fields and the solar wind play in shaping the structure
of the Solar System.
Astronomers of Plummer’s era had a very poor understanding of the large-scale features
and structure of the universe. Although they were aware that the Solar System was located
within a vast lenticular system of stars (the Milky Way or galaxy), they were unaware that
many of the nebulae visible in their telescopes were in fact similar vast galaxies of stars at
distances of tens of millions of light years. Although some astronomers speculated that
some of the nebulae might lie outside the Milky Way, the consensus view was that the
bulk of the universe was in fact contained within the Milky Way.
Plummer’s textbook lacks the colour prints that adorn modern textbooks on astronomy.
The science of photography was still young, and colour photography had not been
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invented. However Plummer clearly shared the Victorian love of geometrical figures and
his descriptions make considerable use of them. Reinforcing the target readership of the
textbook, Plummer provided a comprehensive set of questions at the end of each chapter
to enable the student to reinforce his knowledge.
The remainder of this Appendix summarises the main themes of Plummer’s textbook and
compares the ideas of the time with modern astronomical thinking. Note that the grouping
of material below differs from that in Plummer’s textbook in order to make for a concise
exposition.

A2.1 Form And Dimensions Of The Earth
Plummer began his textbook in chapter one with a description of the form and dimensions
of the Earth. He provided proofs of the approximate sphericity of the Earth and described
the use of trigonometric surveying to determine its diameter. He quoted the following
values (by Airy & Bessel) for the diameter of the Earth: equatorial diameter 12,755.02 km
(7925.6 miles); polar diameter 12,712.36 km (7899.1 miles). The corresponding accepted
modern values [1992a] are respectively 12,756.272 km and 12,713.504 km. Plummer then
presented evidence showing that the Earth rotates and how its rotation is associated with
its deviation from an exact sphere. He described the effect of the Earth’s rotation on the
atmosphere, and how the movement of the atmosphere created trade winds and cyclones.
Little could Plummer have known, as he drafted the text, that some two decades later he
would be employed at Hong Kong Observatory, an institution responsible for studying the
very same meteorological phenomena! The final section of chapter 1 dealt with the Earth’s
atmosphere, atmospheric refraction and twilight.

A2.2 Position And Time In Astronomy
Plummer covered two of the most fundamental aspects of astronomy, the definition and
measurement of position and time, in chapter two. He began the chapter with a description
of the usual celestial coordinate systems: horizon (altitude, azimuth), equatorial (Right
Ascension, Declination) and ecliptic (ecliptic latitude and ecliptic longitude). Plummer
wove a description of the Sun’s apparent motion and of the seasons throughout his
description of equatorial coordinates.
He then described the principles of operation of the refracting telescope and its operation
as a transit instrument. The transit telescope and observatory chronometer were the
essential instruments of the era for measuring the RA of celestial objects. Plummer noted
that there were several errors that could affect the accuracy of operation of the transit
telescope, and that it is the duty of the practical astronomer to find out these errors and
make allowance for their effects. Unfortunately, he considered the explanation of how to
control these errors as outside the scope of the book: had he decided otherwise, it might
have eased the task of understanding his difficulties three years later with the transit
telescope at Orwell Park! (See Appendix 11.2.) Plummer then described the mural circle,
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used to measure the declination of celestial objects. He described briefly equatorial and
altazimuth mountings for telescopes and the principles of the Newtonian reflector.
He concluded chapter two with a description of time in astronomy, and an explanation of
how inappropriate assumptions about the length of the tropical year resulted in a
discrepancy between the calendar and the seasons which forced Pope Gregory to abandon
the Julian calendar and introduce the Gregorian calendar, adopted in England in 1752.
Plummer noted that the Julian calendar was still in use in Russia.

A2.3 Planetary Motions
Plummer addressed gravity and how it is responsible for planetary motion in chapters
three and eight. He began with a description of the apparent motion of the planets, and
how these were explained in ancient times by the Ptolomaic system of epicycles and
differents. He went on to describe how the work of Copernicus, Brahé and Kepler
overturned the Ptolomaic system and introduced essentially the explanation of planetary
motions that we accept today, describing Kepler’s laws in detail.
Plummer stated that Newton’s law of gravitation explained Kepler’s laws and in that sense
is more fundamental; however he did not provide details to justify this argument, as that
would have involved advanced mathematics well beyond the scope of his text. He
articulated the law of gravitation in its full generality as every particle of matter in the
universe attracts every other particle, with a force varying directly as the mass of the
attracting particle and inversely as the square of the distance between them, but in fact
restricted discussion of its effect essentially to the Solar System: in his era astronomers
had not grasped the effect of gravity in sculpting the large scale structure of the cosmos.
In chapter eight Plummer dealt briefly with gravitational perturbations within the Solar
System. He first explained the tides on Earth, detailing how the gravity of the Moon and
Sun determines their general characteristics and why the tides are highest when the Moon
is in syzygy. He then described how the gravity of the Sun and Moon results in the
nutation of the Earth’s axis and described how perturbations due to the Sun are responsible
for the main terms in the lunar orbit.
Plummer described how mutual perturbations result primarily in changes to the
eccentricity, line of nodes, line of apsides and orbital inclination of the planets. However,
the changes to eccentricity and inclination are small, and mutual perturbations do not
change the major axes of planetary orbits at all. He concluded that the Solar System was
stable, that the orbits of the planets were not jeopardised by their mutual perturbations and
that even if the Sun’s gravity were to alter, the planets would simply move into different
orbits to compensate. Plummer based his conclusion on observational evidence rather than
a rigorous analysis; he could not have envisaged the interest among astronomers in the late
20th and early 21st Centuries in using powerful, custom-built super-computers to perform
numerical investigations into the long term evolution of planetary orbits and into the long
term dynamical stability of the Solar System spanning periods of hundreds of millions of
years (see e.g. [1993a]).
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A2.4 The Scale Of The Solar System
Plummer described estimation of the scale of the Solar System in chapter three. The mean
distance between the centres of the Earth and the Sun, defined as the Astronomical Unit
(AU), is of fundamental importance to astronomy because it defines the scale of the entire
Solar System via Kepler’s Third Law (P2  a3, where P is the orbital period of a planet and
a is the semi-major axis of the planet). Astronomers customarily express the AU in terms
of the solar parallax, defined as the angle subtended by the equatorial radius of the Earth at
a distance of exactly 1 AU. (From knowledge of the Earth’s equatorial radius and the solar
parallax it is a matter of simple trigonometry to calculate the length of the AU.)
Unfortunately, attempts to measure the solar parallax directly had proven unreliable
because the Sun is too distant and its heat disturbs the atmosphere to too great an extent.
Astronomers therefore had tried to estimate the solar parallax by applying trigonometric
arguments to measures of the angular distance between the centres of the Sun and the
Moon when the latter was at dichotomy (assuming the distance to the Moon to be known).
However, this method too proved inaccurate because features on the lunar surface
prevented determination of the exact instant of dichotomy. Therefore, observers in
Plummer’s era had turned to observation of transits of Venus as a means of estimating the
solar parallax. The last pair of transits of Venus prior to Plummer’s time as an astronomer
had occurred in 1761 and 1769. Encke had undertaken a comprehensive analysis of the
1769 observations and had computed a value of the solar parallax of 8".57763 with a
corresponding mean Earth-Sun distance of 153,359,400 km (95,293,100 miles). Encke’s
values became widely accepted. However, by the early 1870s, evidence from several
techniques [2001a] began to suggest that Encke’s value of the solar parallax was too large.
For example, E J Stone [1863b] of the ROG published an estimate of 8".932 based on
observations of the planet Mars close to opposition in 1862 made at the ROG and at
Williamstown, Victoria, Australia. (Plummer in fact referred to observations of the planet
Mars in 1862, but quoted a slightly different final estimate of the solar parallax, namely
8".94.) Observers had perhaps misinterpreted observations of the transit of Venus due to
the “black drop” effect, resulting in an under-estimate of the solar parallax. Astronomers
therefore looked forward to the forthcoming transits of Venus on 09 December 1874 and
06 December 1882 to provide an opportunity to derive a more accurate value. Sharing the
general suspicion of the previously accepted value of the solar parallax, Plummer adopted
in his textbook the value 8".94, equating to a mean Earth-Sun distance 147,142,700 km
(91,430,200 miles). The modern accepted values [1992a] are 8".794144 and
149,597,870.66 km.
Plummer described Bode’s law and went on to describe a scale representation of the Solar
System expounded by Sir John Herschel. Herschel’s model represented the Sun by a globe
of diameter 60cm (two feet) and the planets out to Neptune by objects varying in size from
3

Note that this value is slightly larger than the value 8".577 quoted by Plummer in the preface to his
book.
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a grain of mustard seed representing Mercury to a moderate sized orange representing
Jupiter, in orbits with a diameter up to 4 km (2.5 miles) for Neptune.
Plummer concluded his description of the scale of the Solar System by noting that the
velocity of the Earth in its orbit about the Sun was so great that it was necessary to take
account of the aberration of light due to the motion of the observer when making accurate
measurements of the position of bodies. He also described the need to allow for light travel
time when determining the position of a distant object at a specific instant.

A2.5 The Sun
Plummer described the Sun in chapter four. He gave the diameter of the Sun as 1,372,260
km (852,680 miles), close to the modern accepted value [1992a] of 1,392,000 km. He gave
extensive comparisons of the bulk, gravity, mass and density of the Earth and the Sun.
He also gave an extensive observational description of sunspots, as they had enabled
astronomers to deduce several facts about the Sun. By making careful observations of
sunspots on the solar limb, astronomers had deduced that they were depressions on the
solar surface. By tracking the evolution of sunspots across the solar disk, astronomers had
estimated the location of the solar axis and the solar rotational period. Surprisingly,
Plummer made no mention of differential solar rotation, whereby rotation at the equator is
faster than at the poles. In Plummer’s era, astronomers did not know of the solar wind, or
coronal mass ejections. However, Plummer described evidence as follows that events on
the Sun could influence the Earth: …an observation which was made by two observers in
1859. A bright mass of the photosphere was seen projected over the black nucleus [umbra]
of a spot, and, after moving with rapidity, disappeared. Simultaneously there was a great
disturbance in the direction of the magnetic needle, and a magnetic storm of great
violence prevailed for some time afterwards, accompanied by a vivid display of aurora
borealis. It is possible that the observers witnessed the aftermath of a large scale solar
disturbance. Plummer noted as a recent discovery by Schwabe the 11-year periodicity in
the frequency of sunspots, but added that attempts to demonstrate a similar periodicity in
meteorological phenomena on the Earth had been unsuccessful.
Plummer then turned to solar eclipses and how they reveal the structure of the solar
atmosphere. Figure 9 (from the frontispiece of his book) shows the total eclipse of the Sun
of 07 August 1869 illustrating clearly how it reveals the corona and prominences.
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Figure 1. Solar eclipse of 07 August 1869.
Plummer stated that astronomers believed that the Sun consisted of an opaque solid body,
visible as the nucleus (umbra) of sunspots, surrounded by a total of six atmospheric strata,
in the following order outwards from the centre:
1. A dense, non-luminous, cloudy layer visible as the penumbra of sunspots. This layer
strongly reflected the light of the next layer outwards.
2. A highly luminous photosphere, which produced the heat and light of the Sun.
3. A highly heated region of luminous metallic gases. The recently-developed science
of spectroscopy had revealed the existence of this layer.
4. The chromosphere, comprising a very hot, tenuous gas, within which prominences
sometimes occurred.
5. The self-luminous and reflective inner corona.
6. The much broader, non-luminous, outer corona or halo.
Unfortunately, although astronomers of the era had succeeded in fitting observational
phenomena into a coherent model, their lack of understanding of solar physics resulted in
the model being quite wrong.
Plummer concluded his description of the Sun by attempting to convey an impression of
its scale. He noted that the Earth received only one part in 2.4*109 of the output of the
Sun, but that even such a tiny proportion was sufficient to melt in a year a layer of ice
35 m (38 yards) thick covering the entire planet. Astronomers in Plummer’s era did not
have an explanation for the source of such prodigious energy, and in fact Plummer stated
that it is a problem upon which even speculation fails, and the question must remain to be
solved in the future. Nuclear fusion was undiscovered in Plummer’s era, and physicists of
the time could only assume that the Sun “burned” through the mechanism of everyday
combustion. They considered that a possible explanation for the longevity of the Sun was
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the arrival of fresh material in the form of meteors to replace that lost through combustion.
Plummer indicated that a layer of meteoric material 7.3m (24 ft) deep all over the surface
of the Sun each year would be required to replace the material lost through combustion
(see also Appendix 13.1). The existence of the zodiacal light, indicating the presence of a
mass of material particles surrounding the Sun, gave some credence to this theory, but
Plummer noted that the theory was far from being universally accepted.

A2.6 The Earth And Moon
Plummer addressed the Earth, its orbit around the Sun, the Moon and its orbit around the
Earth in chapters three and five.
He first described the Earth’s orbit around the Sun, the seasons and techniques for
determining latitude and longitude on Earth. He then described four approaches which
scientists had used to estimate the density of the Earth:
 Estimate the mass of a mountain by surveying it and taking samples of its material.
Then compare the mass of the mountain with that of the Earth by measuring the
gravitational attraction of the mountain on a plumb line (referred to the direction of
stars near the zenith). Knowledge of the radius of the Earth then enabled calculation
of its density. Astronomers first used this method on the mountain of Schiehallion,
above Loch Tay in Scotland.
 As above, but estimate the mass of the mountain by comparing the period of a
pendulum at sea level and at the top of the mountain.
 Compare the period of a pendulum at sea level and down a deep mine. This
provided a comparison of the density of the Earth at depths greater than that of the
mine with the density of the shell of material on the surface of the Earth of thickness
corresponding to the depth of the mine. The density of the upper layers of the Earth
could be estimated from geological considerations, facilitating an estimate of the
density of the entire Earth.
 Cavendish’s torsion balance. This consisted of a two metre (six feet) wooden rod
suspended from its centre by a fine wire with a 5 cm (2 inch) diameter lead sphere
attached to each end. A separate suspension system held two 30 cm (12 inch)
diameter lead spheres in position each approximately 23 cm (9 inches) from one of
the smaller spheres. The gravitational attraction between each pair of large and
small spheres caused the wooden rod to rotate slightly against the twisting force of
the wire. By using a telescope to measure accurately the angle of the rod, and
knowing the torque of the wire, Cavendish estimated the force between the two
pairs of masses. He estimated the gravitational force of the Earth on one of the
smaller spheres simply by weighing the latter. By comparing the ratio of the
gravitational force exerted by the Earth with that exerted by the large spheres,
Cavendish could estimate the density of the former.
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The above methods gave an average density of the Earth of 5.67 times that of water, very
close to the modern accepted figure [1992a] of 5.515g/cm3.
Plummer described how astronomers had been able to make direct estimates of the
parallax of the Moon at widely spaced observatories (for example the ROG and Her
Majesty’s Observatory at the Cape of Good Hope) and to estimate from their observations
the average distance between the centres of the Earth and the Moon as 384,393 km
(238,851 miles). The modern accepted value [1992a] is 384,400 km.
He gave a comprehensive account of the dimensions of the Moon, its orbit around the
Earth, libration and phases. He noted that although observers had found no evidence of
polar compression of the Moon, there were suspicions that it was slightly egg-shaped, with
the thin end directed towards the Earth, since if the Moon had once had a fluid form the
Earth’s gravity would have caused it to adopt such a shape. Plummer believed that all
planetary moons kept the same face turned towards the parent planet, in the same way as
the Moon does to the Earth. Plummer noted That our satellite is destitute of any sensible
atmosphere is shown by a variety of facts,… The facts included the absence of twilight
upon the borders of the darkened hemisphere of the Moon; the sharpness of shadows on
the Moon; the lack of a bright line due to atmospheric refraction around the lunar limb
during a solar eclipse; and the sudden disappearance of a star when it was occulted by the
lunar limb. Plummer’s view on the possible shape of the Moon and his confidence that the
evidence demonstrated the lack of a lunar atmosphere deserted him later in 1873 when he
proposed in the pages of MNRAS a new theory to explain the supposed phenomenon of
projection upon the limb during lunar occultations: his theory was based on the Moon
having the form of an ellipsoid of rotation with an atmosphere of sufficient density to
refract starlight appreciably. In subsequent correspondence with Proctor in the pages of
MNRAS he confirmed his belief that the figure of the Moon was in fact an ellipsoid of
rotation which was very close to being spherical. See Appendix 5.3 for further details.
Plummer stated that the craters on the Moon were almost certainly volcanic in origin, as
their shapes were the same as terrestrial volcanoes. For many years astronomers debated
whether lunar craters were primarily caused by volcanoes or by the impact of bodies
arriving from space; nowadays the consensus of is that they are primarily caused by
impacts (see e.g. [1999a]).
Finally in his coverage of the Earth and the Moon he gave a comprehensive account of
solar and lunar eclipses.

A2.7 The Planets And Asteroids
Plummer described the planets and asteroids in chapters four, five and six. For each planet
he provided key orbital and physical data and described the known physical
characteristics. Table 15 compares Plummer’s key planetary and orbital data (converted to
SI units) with accepted modern values. The modern values are taken from [1992a] except
for the sidereal period which is taken from [1989a] (sidereal periods quoted in [1992a] in
fact appear to refer to tropical years rather than sidereal years). In the table, shading
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indicates data where Plummer’s estimate differs by more than 10% from the modern
accepted value.

Src

Planet

EquatMean
orial
Density
Radius
(g/cm3)
(km)

Mercury P
M
Venus
P
M

7.27
5.43
5.36
5.24

Earth

5.67
5.515
2.82
3.94
1.32
1.33
0.756
0.70
0.990
1.300
0.848
1.76

P
M
Mars
P
M
Jupiter
P
M
Saturn
P
M
Uranus P
M
Neptune P
M

Table 1.

Siderial Period of
Axial Rotation
(d h m s)

2,382.6
2,439.7
6,043.9
6,051.9

24h 5m 30s
58d 15h 30m 32s
23h 21m 23s
243d 0h 14m 24s
(R)
6,377.5
23h 56m 4.09s
6,378.1
23h 56m 4.10s
3,959
1d 0h 37m 22.735s
3,397
1d 0h 37m 22.663s
71,125
9h 55m 21.3s
71,492
9h 55m 29.9s
57,858
10h 29m
60,268
10h 30m 0s
26,573
25,559
15h 36m 0s (R)
30,722
24,764
18h 25m 55s

Mean
Orbital
Radius
(*106
km)
56.958
57.909
106.432
108.209

Siderial
Period
(days /
years)

Orbital
Eccentricity

87.969d
87.969d
224.701d
224.701d

0.206
0.206
0.007
0.007

147.142
149.598
224.201
227.939
765.554
778.298
1403.564
1429.394
2822.548
2875.039
4419.661
4504.450

365.256d
365.256d
687d
686.980d
11.862y
11.862y
29.457y
29.457y
84.014y
84.010y
164.5y
164.793y

0.017
0.017
0.093
0.093
0.048
0.049
0.059
0.056
0.047
0.046
0.008
0.009

Comparison of Plummer's data with modern values.
“P”=Plummer, “M”=modern. “R” = retrograde rotation.

Plummer’s data for the major planets is generally in fair agreement with modern accepted
values. The exceptions are:
 Axial rotation periods for Mercury, Venus, Uranus and Neptune. These planets lack
pronounced visual surface features and astronomers of Plummer’s era were
therefore unable to estimate their rotation periods accurately.
 Density of Mercury. The planet has no satellite and astronomers were therefore
forced to estimate its density from its effect on passing comets, a technique which
did not produce accurate estimates.
 Densities of Uranus and Neptune. Inaccuracies here may be ascribed in part to
general difficulties in Plummer’s era of observing such distant planets.
 Equatorial radius of Neptune. The planet is so distant and difficult to observe from
the Earth that it presents a very minute disc (never larger than 2".3) and astronomers
in Plummer’s era were unable to estimate its equatorial radius accurately.
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 Orbital eccentricity of Neptune. When Plummer drafted his text, Neptune had been
known for less than 30 years4 and since its discovery had progressed through only a
small fraction of its orbital path; therefore astronomers did not know its orbital
parameters with the precision that we enjoy today.
Astronomers in Plummer’s era had only a minimal knowledge of the physical constitution
and composition of the planets, other than the Earth, and Plummer took only a page or so
to describe each. Only three planets (Mars, Jupiter and Saturn) show evidence of
consistent features in modest telescopes and Plummer provided an illustration of each.
Planetary photography was not well developed at the time, so his illustrations are sketches,
reproduced in figure 10. The sketches show considerable detail, and appear to be the
product of a practised observer; however Plummer did not name the astronomer
concerned. (The sketches are not thought to be Plummer’s handiwork, as he made only
one reference in his published papers [1874d] to sketching at the eyepiece – namely the
sketches of Comet III 1874 (Coggia’s first comet) which he sent to the RAS Library in
1874.)
Mercury
Plummer wrote: …very little is known of its physical constitution. Its lustre is most
brilliant, and effectually hides its features; but it is believed to possess a dense cloudy
atmosphere… Observers had reported seeing mountain tops through the supposed
atmosphere, from which they had estimated its rotation period. Unfortunately, the
astronomers of Plummer’s era were quite wrong: Mercury possesses no appreciable
atmosphere and its rotation period is very different from the early estimates. (Due to the
difficulty of observing surface features on Mercury it was not until 1964 that Gordon H
Pettengill and Richard B Dyce used radar to show that the rotation period of the planet is
58.6 days (exact value in table above) locked into a 3:2 resonance with the planet’s orbital
period.) Plummer also noted that Mercury undergoes transits across the solar disk, and
explained as an effect of irradiation the black drop effect, which is often visible around the
times of internal contact of a transit.
Venus
Plummer emphasised the brilliance of the planet, claiming to have observed it at noon and
to have seen it cast a shadow at night. He reported that, as with Mercury, astronomers had
detected mountains protruding through a dense atmosphere, and to have estimated from
them a rotation period. Unfortunately, again the estimates were badly wrong and it was not
until the modern era of radar mapping that astronomers were able to obtain accurate
estimates of the rotation period.
Mars

Neptune was discovered on 23 September 1846 by Johann Gottfried Galle and Heinrich D’Arrest at the
Berlin Observatory.
4
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Plummer wrote some five years before Asaph Hall’s discovery of the two moons of Mars5
and therefore stated that Mars had no moon. From Mars’ distance from the Sun, Plummer
knew that the intensity of solar radiation on the planet was only 43% that on the Earth.
However, despite this, Mars’ polar caps were not greater, in relation to the size of the
planet, than those of the Earth and they grew and receded in a similar fashion to those of
the Earth. Plummer concluded that Mars must enjoy a temperate climate similar to that of
the Earth, and must be covered by a very dense atmosphere or be composed of material
which retained the solar heat very effectively. Plummer noted that permanent markings
and conspicuous diversity of colour upon the disc of the planet clearly indicate the
existence of continents and seas; but, curiously enough, the larger portion of the surface
would appear to be land. Plummer attributed the red glow of Mars to the soil of its land
masses, which he speculated was probably similar to red sandstone on Earth.
Asteroids
Astronomers in Plummer’s era had identified and calculated orbits for 125 asteroids. He
gave the approximate limits of the asteroid belt as defined by the orbits of Flora and
Camilla, orbiting the Sun at the following mean distances respectively: 323,127,000 km
(201,273,000 miles) and 523,856,000 km (325,509,000 miles).
Plummer stated that an early theory to explain the asteroids, namely that they were the
remnants of a large planet which had exploded or had been subject to a collision, was
largely discredited. The then current theory was that a large ring (similar to the rings of
Saturn) had existed between the orbits of Mars and Jupiter, but that it had somehow lost
structural integrity and disintegrated into the bodies known as asteroids.
Jupiter
Plummer wrote that Jupiter is certainly surrounded by a dense cloudy atmosphere,
capable of strongly reflecting the solar light. The dark belts are, in all probability, rifts or
fissures in the clouds, exposing the surface and caused by violent permanent winds, more
or less resembling our own sub-tropical trade winds. Plummer also mentioned the
phenomena of small round bright spots which he conjectured might be masses of cloud
hanging around the summits of mountains, and small round dark spots, which were also
occasionally visible, which he thought could be the mountain-tops themselves, unobscured
by cloud. Plummer did not mention the Great Red Spot – although it was observed
intermittently from at least circa 1700, it was as late as 1879, when it was surrounded by
white clouds and was very well defined, that it first attained particular prominence among
astronomers.
Plummer devoted four pages to a description of the motions of the Galilean satellites, what
phenomenon they would present to a hypothetical observer on the surface of Jupiter, and
how Roemer used them to estimate the velocity of light. Although astronomers generally
credit Galileo Galilei with discovering the satellites, a German observer, Simon Marius,
who claimed to have observed them before Galileo, suggested the names Io, Europa,

5

Hall discovered Phobos and Diemos in 1877.
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Ganymede and Callisto. Galileo disputed Marius’ claim to have first observed the
satellites and accused him of plagiarism. For many years therefore astronomers referred to
the satellites simply as Jupiter I, II, III and IV to avoid crediting a possible plagiarist with
their discovery. Plummer adopted this convention. It was as late as 1975 that the scientific
community officially accepted the names Io, Europa, Ganymede and Callisto [1997c].
Saturn
Plummer concentrated in his description of Saturn on the planet’s rings. He stated that
astronomers had discovered three rings (the A, B and C rings) and quoted their thickness
as certainly not more than 250 miles [400 km], and in all probability very much less.
Nowadays, astronomers recognise six main rings (A-G) and have identified a huge number
of individual narrow ringlets. The modern accepted value of the thickness of the rings is
several tens of metres [1999a].
Plummer stated that the rings revolved around a point some 725 km (400 miles) distant
from the centre of the globe of Saturn. Historically, observers have differed greatly over
whether the rings revolve around the centre of the globe or are offset from it. For example,
Alexander [1962a] noted that Barnard, observing at Mount Hamilton in 1894 and 1895,
concluded that the rings were centred on the globe but that Lowell and Slipher, observing
in February – May 1915 estimated the centre of the B ring as offset respectively 1700 km
and 520 km from the centre of the globe6. Modern textbooks generally take the view that
the particles forming the rings of Saturn are in circular orbits around the centre of the
globe - for example, see [1983b] (which notes also that the particles of the B ring do not
follow Keplerian orbits, and that the distance of the outer edge of the B ring from the
centre of Saturn varies by approximately 140km).
Plummer acknowledged that the rings could not be solid, as differential rotation would
create internal stresses which would shatter a solid body; he inclined toward the view that
the rings were composed of small solid bodies each in an independent orbit around the
planet.
Plummer noted that astronomers had discovered eight of Saturn’s moons, but that they
knew very little about them.
Uranus and Neptune
Both planets are so far from the Sun that astronomers of Plummer’s era knew very little
about them. Plummer noted that Uranus was accompanied by four faint satellites, and that
Neptune possesses one minute satellite, and possibly another7.

6

Alexander quotes the offsets as 0".24 and 0".075 at a standard planetary distance from Earth of 9.53885
AU.
7

In fact, it was not until 1949 that G P Kuiper discovered Nereid, the second moon of Neptune.
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Figure 2. Mars, Jupiter & Saturn from Plummer’s textbook.

A2.8 Comets
Plummer described comets in chapter 7. He first gave a general description of comets and
their significance to sky-watchers of old and then detailed their structure in terms of the
usual coma, nucleus and tail.
He then described the typical development of the tail as a comet approached the Sun.
Astronomers in Plummer’s era did not know of the solar wind and therefore Plummer had
no explanation for the way in which the Sun appeared to repel the tails of comets. Indeed,
the observational evidence must have been confusing, as Plummer noted that on approach
to the Sun a comet appeared to emit material in the form of a tail, and that as the comet
subsequently receded from the Sun it appears to absorb again the matter that it has
emitted. However, he clearly believed in this case that appearances might be deceptive, as
he noted later: it further seems almost inconceivable that the matter thus emitted [the
cometary tail] can be collected again by the feeble attraction of a comet. Plummer
adduced some evidence which revealed the connection between the Sun and the tail of the
comet, for example, that the great comets in 1680 (C/1680 V1 or Kirch's Comet) and 1843
(C/1843 D1), both of which were sun-grazing, exhibited enormous tails, and that shortperiod comets generally appear less bright at each succeeding apparition. However, he did
not make the intellectual leap necessary to associate the solar heating of the comet during
its perihelion passage with the outgassing of material lost to the comet and dispersed into
the Solar System.
Plummer described two demonstrations of the tenuous nature of comets. Observations of
close approaches of comets to Jupiter’s moons and to Mercury revealed no measurable
perturbation of the motion of the latter bodies thus demonstrating that the mass of a comet
must be very low. The ability to observe faint stars through the tail and coma of a comet
demonstrated that the material of those parts of the comet must be extremely tenuous.
Plummer stated that comets shone by reflecting sunlight and through self luminosity, the
latter mechanism having been revealed by spectroscopic observations. Astronomers
nowadays understand that comets shine purely by reflecting sunlight. Plummer did not
provide details of the spectroscopic observations which supposedly demonstrated self
luminosity, but the misunderstanding was likely associated with the highly complex nature
of the spectrum of a typical cometary nucleus.
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He noted that observations showed that Encke’s Comet, discovered by Pons in 1786, was
slowly spiralling into the Sun. Encke had proposed an explanation for this in terms of a
resisting medium throughout the Solar System, rare enough not to perturb significantly the
orbits of bodies such as planets, but dense enough to retard the motion of tenuous objects
such as comets.
Finally Plummer noted that astronomers had discovered an apparent connection between
some comets and meteor showers. An annual meteor shower is associated with an annulus
of small particles in orbit around the Sun, in a path which crosses the Earth’s orbit: when
the Earth crosses the annulus, its gravity pulls particles in the vicinity into its atmosphere
where frictional heating causes them briefly to become incandescent, and some to become
visible. For the more prominent meteor showers, astronomers had been able to estimate
the position of the radiant, which in turn yielded an estimate of the orbital parameters of
the annulus of meteors. In this way astronomers were able to associate the orbital
parameters of meteor particles with known comets. Plummer detailed two associations
made in this way which were known at the time: the Leonid meteors with comet
55P/Tempel-Tuttle8 and the Perseid meteors with comet 109P/Swift-Tuttle9.

A2.9 The Stars
Plummer described the astronomy of stars in chapters three and nine. He noted that the
stars are not distributed evenly throughout the sky, but are concentrated in the zone of the
Milky Way galaxy and that the most probable explanation for this is that the Sun is
situated towards the centre of a mass of similar bodies which collectively have the shape
of an immense, irregular lens.
Astronomers had attempted to estimate the distances of stars by measuring their
parallaxes. However, there were very significant practical difficulties with this approach
because even using the diameter of the Earth’s orbit (almost 300 million km) as baseline,
parallaxes proved too small to estimate for all but the nearest stars. However, despite the
enormous practical difficulties in obtaining precise measurements of minute angles, by the
time of Plummer’s publication, astronomers had succeeded in obtaining satisfactory
estimates of the parallax of approximately 10 stars. He drew attention in particular to 61
Cygni, the first star to have its parallax measured (by Bessel, in 1838). He quoted its
distance as 9.3 ly and its absolute proper velocity as 2060 million km per annum. By way
of comparison, the equivalent modern values, calculated from data in [1989a] are 11.1 ly
and 2670 million km per annum respectively.
Plummer stated that in no case did the observed annual parallax of a star exceed 1", and
that in the case of the star thought to be nearest to the Earth, Alpha Centauri, the annual

8

Plummer referred to the comet as Tempel’s comet …which had been visible in the year 1866.

9

Plummer referred to the comet as a comet observed in 1862.
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parallax was measured as 0".9158, equating to a distance of 3.5 ly; the modern value
[1989a] is 4.3 ly.
Plummer noted that, at least in regard of the Milky Way, there is neither limit of distance
nor of number to the fixed stars and that each successive increase of optical power brings
into view fainter and fainter specks of light, to which we are obliged to attribute greater
and greater distance. This is a topic that he returned to five years later in response to
publications by other astronomers (see Appendix 14).
Plummer explained that by surveying proper motions over the population of stars at large,
astronomers had determined that the entire Solar System was in motion in the direction of
Pi Herculis at a velocity of 240 million km (150 million miles) per annum. The
corresponding modern value is 615 million km per annum [1989a].
Plummer noted that some 6000 double stars were known of which some 650 were known
to be true, gravitationally interacting, systems. He speculated that many others will
probably, in the course of some years, be added to the number. This was a prescient
remark, but he could not have foreseen the situation at the beginning of the 21 st Century,
when it is generally accepted that the majority of stellar systems comprise two or more
gravitationally-bound components. He noted that double stars provided a test of the law of
gravitation outside the Solar System.
Plummer pointed out that in some cases the components of a double star shone with
contrasting colours – he speculated that the inhabitants of a planet orbiting such a system
would enjoy days of variously-coloured light. He provided some evidence from the
historical record that stars could change their colour, e.g. Sirius and Tycho’s star of 1572.
The physics of novae and supernovae were not known in Plummer’s era, and he referred to
them as temporary stars. He stated that there had been approximately 20 recorded
instances of such stars, and that relatively little was known about them. However, in the
most recent instance of a temporary star, in 1866 in Corona10, spectroscopic observations
had indicated that the increase in brightness was associated with the ignition of hydrogen.
Plummer next considered variable stars. He described the variety of phenomena exhibited
and then distinguished three main types of variable: long period variables such as Mira
(Omicron Ceti), eclipsing variables such as Algol (Beta Persei) and irregular variables
such as Eta Argus (Eta Carinae in modern designation).
Plummer noted that several thousand star clusters existed, which telescopes of appropriate
power could resolve into stars. However, some clusters resembled clouds and defied all
attempts at resolving into stars even with very fine telescopes on nights of good seeing.
Such irresolvable objects were termed nebulae and he indicated that they were at extreme
distances from the Earth. He listed several forms that the nebulae could take, such as

10

The star is now designated as a recurrent nova, T CrB, also known as the Blaze Star. It is usually of
brightness magnitude 10, not visible to the naked eye. Twice it became bright enough to be seen without
optical aid: first reported in 1866, it reached magnitude 2; in 1946 it brightened again and reached
magnitude 3.
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elliptical (e.g. Andromeda), planetary disk, convoluted spiral forms and irregular. The
nebulae were found near the poles of the Milky Way, whereas resolvable star clusters in
the main were found in the plane of the galaxy. Plummer noted that if some star clusters
were thought of as galaxies similar to the Milky Way, their distance would be enormous,
several thousands of light years. He forecast that improvements in optical instrumentation
would be necessary to elucidate the true structure of the irresolvable nebulae.

--- To be continued ---
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