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Preface

EpmoNDp HALLEY has often been esteemed second only to Isaac
Newton among the British men of science of his time. His long
life of public service, his bold and wide-ranging speculations,
his profound scholarship, his heroic adventures and the impact
of his robust personality upon his contemporaries have all
combined to stir the imagination of posterity and to invest his
career with dramatic interest unsurpassed in the annals of
discovery. Yet no adequate biography of Halley has ever been
published. In the two centuries and over that have elapsed
since his death, not a few have taken in hand to relate the full
story of his life and labours, but none has been spared to
complete the task.

The present volume does not claim to be the definitive
biography which must surely be written some day and which
will take full account of every scrap of relevant manuscript
preserved in a dozen libraries. What has been attempted in the
following pages is essentially an historical evaluation (more
elaborate than any previously undertaken) of Halley’s scientific
researches, particularly as these are presented in the papers
(numbering more than eighty) that he contributed to the
Philosophical Transactions, and with some account of his life
story. .

In organizing this material into a book, one is faced with the
problem of how best to bring the life story and the researches
into perspective. Sometimes a scientist’s classic investigations
represent self-contained episodes that can be caught up into his
biography at the appropriate points. Thus Newton’s scientific
career has been conceived as falling into successive decades of
preoccupation with optics, fluxions, gravitation. Or, as with
Herschel, the life story may be almost completely irrelevant
to the researches and can be presented as a continuous narrative
while the researches receive separate and systematic treatment.

With Halley, no such simplifications are possible. For over
xi
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sixty years he poured out discourses, papers, and books on an
indiscriminate variety of topics, and to discuss these pro-
ductions in the order of their dates of publication would only
create confusion. On the other hand, his communications were
generally inspired by what he was doing at the time, and they
cannot be understood if merely grouped according to subject
and studied in isolation. Some sort of compromise is necessary.
Now, as we pass from Halley’s youth into his later years,
information about his personal life becomes less abundant (or
at least I have discovered less of it). It has therefore seemed
best to begin this book in a conventional way but to lay pro-
gressively more stress upon the researches, and to group these
with some regard both to date and to subject-matter, inserting
biographical particulars where these could throw most light on
the researches.

I would here offer my grateful acknowledgments to the
various authorities who have granted me permission to
reproduce copyright material: in particular, to the Royal
Society, for allowing me to quote or summarize passages from
the Philosophical Transactions, from the Journal Book and from
unpublished papers in their possession; to the Trustees of the
National Maritime Museum for permission to examine and
make use of a file of documents relating to Halley’s nautical
activities, and to Messrs Taylor and Francis Ltd, of London,
for permission to quote or summarize material contained in
E. F. MacPike’s Correspondence and Papers of Edmond Halley,
published by them in 19387. Crown copyright material in the
Public Record Office relating to Halley’s voyages has been
reproduced by permission of the Controller of H.M. Stationery
Office. I am also indebted for permission to reproduce illustra-
tions (as indicated) to the Royal Society, the Science Museum,
the Trustees of the British Museum and of the National
Maritime Museum, and the Ronan Picture Library. I am
indebted to Lt.-Comdr. J. Dickson, R.N.R,, for valuable infor-
mation on Halley’s nautical activities.

I desire to thank the Editor of the Series, Sir Gavin de Beer,
F.R.S., for his advice and encouragement, and the executives
of the Publishers for their courtesy.

AA.

Chapter 1

Introduction

1 Halley and his Age

Thuis book is an attempt to sketch the career and to e)gplam the
scientific achievements of Edmond Halley, whqse genius, exer-
cised in many different fields of thought and action, added lustre
to the age that saw modern science launched upon its momentous
course. Halley claims a high place in the roll of British men of‘
science. He made notable contributions to astronomy and phys1(fs ;
he was an accomplished mathematician, a pioneer in geol?hys1cs
and in demography, a learned Arabist, and an intrepid navigator.
He was a friend and counsellor of Isaac Newton, \fvhose lmn}ortal
Principia he edited; and he rendered long and falthfu.l service to
the Royal Society during its formative years. Born in the Pro-
tectorate of Oliver Cromwell, he passed his youth and early
manhood under the restored monarchy of Charles II and pro-
longed his days into the Hanoverian period, dying at a good olg
age in the reign of George IL. His active career ‘fhus spanne
the period during which physical science in Britain developed
from a Baconian adventure into a scheme of interlocking concepts
and theories destined to enjoy unchallenged acceptance up to the
beginning of the present century. Halley lived, in fact, through
one of the crises of what is usually called the Scientific Revolu-
tion. This was the movement that transformed the prev.aulmg
outlook of medieval Christendom upon man and the Pvaex.'se
into something approaching the set of presuppositions w1tb Wh.lCh
the modern mind confronts the course of nature. In reviewing
Halley’s particular contributions to the many problems that
attracted his interest, we shall have to take account of h_ow things
stood at that period with each of the branches of science con-
cerned. This introductory chapter, however, may afford an

opportunity for setting the scene with some more general
1



2 CHAPTER ONE

remarks on the state of scientific knowledge and speculation at
the time when Halley was entering upon his labours.

Science, the quest for ‘systematized positive knowledge’ (in
George Sarton’s phrase), did not begin with the modern world;
the scientific attitude was fully realized in some of the Greek
investigators, though it was no more typical of their society than
it is universal in ours. The natural fruition of Greek science was
arrested by factors that have been variously assessed; but when,
centuries later, the quest was taken up again in western
Christendom, the pioneers had to start out, as best they could,
from where the Greek adventure had ended. The Greek scientific
classics were still the best available guides to the subjects with
which they dealt, and progress at first depended upon the
recovery of these texts and the presentation of them in scholarly
editions. This was the essential contribution of the Humanists of
the Renaissance, though several mathematical classics remained
to claim the editorial attention of Halley and his contemporaries.
However, Halley was born into an age which had already passed
beyond the Greek achievement to create a new world-view of its
own; this had been largely delineated by the little band of
‘giants’ upon whose shoulders Newton confessed himself to have
stood to see further than other men. Chief among these were
Copernicus, Kepler, Galileo, and Descartes; these men estab-
lished the broad cosmic setting within which the operations of
nature were conceived to proceed.

It was in 1548 that Nicolaus Copernicus had proposed to
invert the traditional Earth-centred world-picture by making the
Sun (instead of the Earth) the stationary body round which the
planets revolved. Thereby planetary theory gained greatly in
simplicity and geometrical elegance; but, despite the efforts of
astronomers, no physical phenomenon could be found to give a
decisive indication in favour of the Copernican hypothesis until
Halley’s years had nearly run their course. Meanwhile, early in
the seventeenth century, the Copernican scheme of the solar
system had afforded Johannes Kepler the clue to the discovery

of his classic Laws of planetary motion, which were to serve as
the text for Halley’s first published paper. Kepler’s third Law
links the well-determined periods of revolution of the several
planets about the Sun with their respective distances from that
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inary. Hence the dimensions of the solar system can be
:,_‘:-l:il\l::ir);t if we know the distance of a single planet from the
Sun, or even the distance between any two of the planets t}z:t
some stated time. The distance of Mars fx_'om the Earth at 3
lanet’s opposition of 1672 was determ.m.ed from .cczncex('lte :
observations made in Paris by Jeafl-].)ommlque passml an b?
Cayenne by Jean Richer, thus establishing the earliest reas9r111a le
estimate of the Earth’s distance from the Sun. News of Ric exl-( 8
expedition helped to inspire the you'thful Halley to tir}lldertafe
his voyage to St Helena; the observation that he made there o a;'
transit of Mercury across the Sun’s disc marked the beginning o
his lifelong interest in the possibility.of employing such trafr‘xst11:s
(preferably of Venus) for securing m}prov.ed estimates of the
Earth’s distance from the Sun. The specification of this l,mporfanf
quantity required an accurate knowledge of the Earth_s radius;
and here, too, Halley followed the French astronomers in under-
taking the measurement of a degree of tl.le meridian.

In Continental Europe the Copernican theory encountered
determined opposition on doctrinal grounds. It was the great
Italian physicist Galileo Galilei w.ho bfn'e the brunt. of this
opposition and who, by his discoverxes. w1.th the newly-m.ventgd
telescope and his reformation of the principles of r.nechamcs, dl.d
most to neutralize the traditional arguments against the possi-
bility of the Earth’s motion. Galileo’s telescope x:evealed sx.xrffxce
irregularities on the Moon and spots on the Sun, in con.tradlct.lon
to the ‘perfection’ that had long been claimed for celesflal bodies.
He also discovered the four principal satellites of Jupiter, wh.lch
served to show that the Earth is not the only centre of revolution
in the Universe, and the moon-like phases of Venus, which
established that this planet revolved round the Sun and not
round the Earth. .

About the middle of the seventeenth century the Copernican
scheme of the solar system was embodied in the.w1dely accepted
cosmology propounded by the French philosopher René
Descartes. His doctrine of celestial ‘vortices” was t?ught at
Oxford and Cambridge in Halley’s student days, and its influence
can be traced in the astronomer’s early papers. Alth.ough. highly
artificial and unable to stand up to experimental yerlﬁcatlon, Fhe
Cartesian system could claim to provide a plausible explanation

e



+ CHAPTER ONE

of most known phenomena, including those of organic life and
human behaviour.

It was in 1628 that Descartes retired into Holland to devote
himself to the reformation of philosophy. He proceeded to
construct in imagination the whole realm of nature, conceiving
it as a mechanism such as God could have created in order to
produce the observed phenomena. Descartes postulated matter
endowed only with the property of extension in unbounded space
and the capacity for motion. He conceived the Creator to have
arbitrarily divided this continuum into particles (not atoms) and
to have set these in motion under laws conserving always the
same quantity of what we should call ‘momentum’. No “void’, or
unoccupied space, was admissible; hence all movement was of
the nature of a circulation; and the Universe was to be conceived
as a congeries of revolving systems of particles, or vortices. The
smallest particles, constituting the element fire, collected at the
centre of these vortices to form the stars, among which the Sun
was to be numbered. Like all luminous bodies, the stars exerted
an outward pressure which, transmitted to our eyes through the
intervening medium, constituted the external physical cause of
our sensation of light. Gross particles tended to form dark spots
upon the stars: sunspots were already familiar. A star could
become completely ‘obfuscated’ in this manner; it then ceased to
exert an outward pressure, and its vortex collapsed under the
pressures of the neighbouring vortices, one of which captured
the defunct star and set it in orbit as a planet. The Earth and its
planetary companions Descartes supposed to have been intro-
duced into the Sun’s vortex in this manner. The Earth was still
the centre of a secondary vortex maintaining the revolution of
the Moon and producing the force of gravity by a mechanical
action. The Cartesian system thus embodied, and helped to
establish, the Copernican conception of a Sun-centred planetary
scheme.

Within this general world-view the individual sciences were
being actively pursued in Halley’s early years. Mathematics was
beginning to assume the form in which the student encounters
the subject today. Algebra was gradually taking over problems
that had previously been treated much more cumbrously by
geometry; logarithms were coming to be regarded as indices;
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~thumb methods of measuring curves or of dealing v.v1th
zz:ft?r)lflct)l:lsly—varying quantities were about to be systematized
into techniques foreshadowing the calculus. Unhk(.e most of &e
other sciences, mechanics had been nota!)ly enriched b};\ 1e
critical discussion to which it had bee.n sub.]ecte.zd_ by the Sc o% -
men of the Middle Ages. This medle\{al tradition reacht?d t (;
youthful Galileo, who introduced the mfporyant conception 0
a uniformly accelerated motion and apphed it to the case.of a
body falling freely under gravity. Gal.lleo .made some consxder(;
able advance towards the doctrine of inertia, ﬁ}'st clearly state
by Descartes but given its classic formulation in Newton’s first
Law of Motion. It was thereby laid down that a body once set in
motion would, in the absence of extemal.forces, continue moving
uniformly in a straight line. This principle s.erved Tonzlcel.h, a
disciple of Galileo, as the foundation for the science of proj ectiles;
it also showed the problem of the planetary motions in a clear
light, leading to its rapid solution at the hands of Newton.
Halley, as we shall see, was concerned with both these develop-
ments. The mechanics of gases had been brought under
investigation through the invention of the air pump, while the
barometer had cleared up the mystery of suction phenomena and
had established the role of atmospheric pressure. Physical
principles could thus be brought to bear upon the problems of
meteorology; Halley was to apply them to interpret p}.xenomen;
occurring upon a scale commensurgte with the Earth itself, an
thereby he helped to create geophysics. o .

In the late seventeenth century, heat was still widely believed
to consist of ‘calorific’ particles pervading a hot body; })ut t.hlS
view was giving place to the conception of heat as a vibration
affecting the atoms of which the body was composed. .The
invention of the thermometer by Galileo about 1590 had given
precision to the conception of ‘degree of heat’, or temperature.
Halley was to stress the importance of standardizing the
instrument. The laws of reflection of light had been known from
antiquity; the sine law of refraction, established only at the
beginning of the seventeenth century, enabled the theory of the
telescope to be placed upon a sound footing, thopgh the process
of tracing the course of the rays through .the instrument was
rendered tedious by the multiplicity of special cases. There was

2
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6 CHAPTER ONE

no satisfactory explanation of colours; and serious discussion of
the physical nature of light was only just beginning. The
velocity and the medium of propagation of sound were both
investigated by Halley and his contemporaries. The science of
magnetism was far advanced when Halley made it one of his
principal interests. The properties of magnets were known to
the ancients; the mariner’s compass had since been introduced
and its vagaries noted, and the analogy of the Earth to a huge
magnet was widely accepted. The study of electrical phenomena
was far less advanced, and Halley’s interests barely touched it.
Peripheral, too, was his contact with chemistry, geology, and
the biological sciences, though these were not excluded from his
interests.

Astronomers of the sixteenth and seventeenth centuries
usually limited the scope of their observation and theorizing to
the solar system, content to regard the stars as luminaries
attached to an immense crystal sphere having the Sun as its
centre. However, the diversity in brightness of the stars
suggested their distribution in depth at various distances from
us, while the yet bolder surmise that space might be infinite, with
no assignable centre, prepared the way for Halley’s discovery
that the stars are moving freely, and observably, in what he
conceived to be a boundless void. Interest in this little-explored
field of stellar astronomy had been quickened since the latter
part of the sixteenth century by the occasional apparition of ‘new’
stars and by the detection of variable stars and of nebulae, among
which Halley classed the two fine star clusters that he discovered.

However, Halley’s day-to-day concern as an astronomer was
not with cosmological mysteries but with practical and instru-
mental problems; and he was fortunate in being born just when
the art of observing the heavens was being revolutionized by the
somewhat belated application of the telescope to the measure-
ment of celestial angles. The substitution of telescopic for open
sights in astronomical measuring-instruments was established
by the Parisian astronomers about 1668. The new sights were
not introduced without some opposition; and Halley became
involved in the resulting controversy. Another indispensable
adjunct to the modern observatory, the pendulum clock, had been
patented by Christiaan Huygens about the year of Halley’s birth.

INTRODUCTION 7

The reformation of astronomy in the sixteenth Qenturgt:xali‘
d something of its vigour to the urgent reqtiilreme A
igators, now at length venturing into uncharted oceans
na‘gg or ex’ploration. It was of vital importance f:or thf: mariner
trabe able to fix his position at sea by determining his .latltude
:(x)ld elongitude. The latitude presented no_ special dlﬂic‘udl.tyI;
requiring only an instrument for measuring the rtrle:;in:aal
ltitude of the Sun, with tables of 'the Sun’s apparen s
:notion round the heavens. Several mstrumex.lts were available
for the purpose; Halley concerned himself with thelu('i m}p:o:/}?e

nt. and he lived to see the introduction of the }dea evice, ¢
::;eutic’:al sextant. The determination of . longltuc{f pre:;e;::’s
greater difficulties; it requires a comparison of the tr)rllam er s
local time with that of some standard mer_1d1an. No pr}ci ‘teboth "
a deeper fascination for Hall‘ey,twhonaillsi sntli\;giv}fgp\;vslth ail poth as

mer and as ocean navigator. By es |

?is):zgnl?pon the possibility of utilizing the Moon, in 1t(si r;l(;)rltl}:rllz
motion, as the hand of a clock measuring oult1 sdtan alld | fime
against the background of stars. Before this met od cou licalt)ed
to practical use it was necessary to rfzduce the Moon’s cogllp cated
motion to a rule and to determine and catalogue ;b ot
positions of the stars in the belt of the heavens traverse}:l )}r{ ‘
Moon. It was to carry out this twofold programme t lilt 1ngs
Charles II founded Greenwich Observatory, where Halley f“},f‘l
to labour as Astronomer Royal for the last twenty years of his
e ssed since Halley
Close upon three hundred years have now passed Halley
began his career of discovery. Scientists have long sm'cife pe fected
a well-tried procedure for investigating any }Anfaml lar p et'ﬁc
menon; and throughout ‘Western’ societies the hsc1en 1h
assessment of experience is generally shared even by those who
make no claim to be scientists. But in Halley’s England super};
stition was widespread; and even among men of sglence rr}lluc
uncertainty prevailed as to the correct procedure for reai( ting
valid conclusions about the world around us. Broadly speaking,
there were three competing prescriptions. for the advanc}e‘mtf?t
of natural knowledge, commended respec.tlvely by the authority
of Francis Bacon, of Descartes, and of Gal}leo. i ] thé

All three philosophers revolted against the claim o

owe



8 CHAPTER ONE

medieval Schoolmen to be able to discover truths about nature
through the logical analysis of Aristotle’s scientific treatises.
Bacon appealed from ancient authority to experience. He
proposed that the circumstances of the occurrence, or the non-
occurrence, of each type of natural phenomenon should be
tabulated; analysis of the results should enable the underlying
cause of the phenomenon to be tracked down. Standing at the
opposite extreme from Bacon’s almost mechanical interrogation
of experience, Descartes formed the ideal of building up science
by valid inferences from axioms clearly apprehended to be true,
so that scientific theories should carry the same conviction as do
mathematical propositions. Experiment played but a subordinate
role in his system, being used to investigate particular details
which, within the same general scheme of things, might have
been different if the Creator had so willed. Lastly, the seventeenth
century saw the adoption, in physical science, of the practice of
operating with concepts capable of being specified in quantitative
terms (as a velocity is expressible in feet per second ). These
concepts were woven into hypotheses from which could be
inferred (often by mathematical deduction) consequences
capable of being verified (or falsified) by experiment. This type
of procedure is exemplified in the work of Galileo and of Newton,
though Baconian and Cartesian influences are also manifest.

Bacon dreamed of an institution for organized scientific
research; and he was one of the first to recognize the immense
contribution that scientific knowledge might make to improving
the lot of mankind. His vision was consciously realized, in some
degree, in the establishment of the Royal Society, whose
founders liked to think of themselves as his disciples, and with
the activities of which Halley was to be associated for more than
sixty years. The Royal Society was one of several such academies
that arose in seventeenth-century Europe, partly in revolt
against the scholastic discipline of the medieval Universities,
partly to enhance the prestige of their parent states.

It seems to have been about the year 1645 that a small group
of those interested in the new ‘experimental philosophy” began
to make a practice of meeting together once a week at Gresham
College, in the City of London, or at some other convenient
rendezvous (Pl 4a). Banning political and theological contro-

INTRODUCTION 9

versy, they would discuss recgnt discoveries and cux:rent
scientific problems. Close relations seem to have .efmsted
between the Gresham College circle and outside practitioners,
particularly in the fields of navigation and naval :_:ld.mlm.stratlon.
After three or four years, the little company was divided into two
groups through the removal of some of its 'members to Qxford,
where they formed an independent society. Following the
Restoration of King Charles II to the thrqne, and with his
encouragement, steps were taken to constitute the London
group as a formal Academy. The Rf)yal Society of London for
improving Natural Knowledge was, in fact, vn:u}ally constituted
on 28 November 1660, though its title and privileges under its
Royal founder were first established by Charters granted in
1662 and 1663. In the spirit of Francis Bacon, the four_lders
sought to promote a fruitful interchange between pure science
and current technical practice, though the Society’s ‘Baconian
period was to be succeeded, in Halley’s later years, by a
‘Newtonian’ one. ,
So much, then, by way of a general survey of Halley’s
scientific inheritance. How he entered into it and enlarged its
borders will be related in the following pages.

2 A Note on Sources

Primary sources for the life of Edmond Hal}ey are:

The article in Biographia Britannica, iv (1757), Q4~94«fjf.,
probably written by Thomas Birch, or perhaps John Machlr,x,
which contains some information communicated by Halley’s
son-in-law, Price. .

A manuscript memoir of Halley, probably by Martin ‘Folkes,
found in the Bodleian Library at Oxford and transcr-'lbed by
S. P. Rigaud, which may have been intended to su}?ply mf"orma-
tion for Mairan’s ‘Eloge de M. Halley’, published in the
M¢émoires de I’ Académie Royale des Sciences ( Histoire), Paris,
année 1742, 172fF. .

Important letters and papers by Halley included, togeth.er
with much valuable information relating to the astronomer’s life
and work, in E. F. MacPike’s Correspondence and Pa.pers of
Edmond Halley (Oxford, 1932; London, 1937), in which the
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! _ . . .
. above-mentioned manuscript memoir was also first printed,

} together with Mairan’s Eloge.

l‘\:‘ Valuable secondary sources are, E. F. MacPike, Hevelius

» 1987), and the article by Agnes

M. Clerke in the Dictionary of National Biography. Other

| Flamsteed and Halley (London

sources will be indicated in the following pages.

Chapter 2

The Boy Astronomer

1 Birth, Parentage, and Education

Tue boroughs and wards of London preserve many names of
what were once villages and hamlets lying beyond the old city
boundaries. What we know today as Haggerston, a densely-
populated district of East London, formerly consisted of little
more than a country house, situated in the parish of St Leonard,
Shoreditch. About the middle of the seventeenth century this
residence became the family home of one Edmond Halley, a
prosperous soap-boiler with a town house and business premises
in Winchester Street. He was the son of Humphrey Halley, a
citizen of London variously described as a haberdasher and a
vintner. Of his more remote ancestry nothing is known with
certainty, though John Aubrey connects the Halleys with a
Derbyshire family of the same name. In 1656 Edmond Halley
married Anne Robinson, and at least three children were born
of the marriage. A son, named Humphrey, died abroad about
1684 his sister Katherine probably died in infancy. Another son
was called Edmond after his father; and it is with his life and
achievements that we shall be concerned in the following pages.
There is some uncertainty as to the precise date of the boy’s
birth. He seems to have grown up in the belief that it fell upon
29 October 1656 (8 November, according to the New Style);
but this date is not confirmed by any known baptismal record, and
it follows so closely upon the date of his parents’ marriage, on
9 September 1656, at the fashionable church of St Margaret’s,
Westminster, as to prompt the surmise that his birth may have
occurred exactly a year later, in 1657. But perhaps his parents
reckoned their married life from an earlier, civil ceremony.
Edmond was a promising boy; and his father, anxious that he

should have the benefit of a good education, sent him to St Paul’s
1



12 CHAPTER TWO

School, which Dean Colet had founded in the City of London in
1509 with the aim of fostering the ideals of the New Learning.
We do not know in what year Halley entered St Paul’s. It may
well have been in the time of Samuel Cromleholme, who held
the office of High Master from 1657 to 1672. The problem is
complicated by the consideration that the old School was
completely destroyed in the Great Fire of 1666, and the new
building which arose upon the same site was not opened until
April 1671. It is not clear what happened to the scholars in the
meantime, though Cromleholme is known to have opened a
school at Wandsworth during the interval. On the other hand,
we are told that Halley became Captain of the School at the age
of 15, a rank which even he could hardly have attained im-
mediately upon his arrival as a new boy. So that it seems
probable, especially if he was in fact born in 1656, that he
entered the school in the days of Cromleholme.! However,
Halley’s biographers link his name with that of Thomas Gale,
who succeeded to the office of High Master in 1672. Born in 1636
at Scruton in Yorkshire, Gale was educated at Westminster and
proceeded thence to Cambridge, where, in due course, he was
appointed Regius Professor of Greek. A few months later he
exchanged his Chair for a schoolmaster’s desk and ruled St
Paul’s for 25 years, becoming Dean of York in 1697. He died in
1702. Gale was one of the most distinguished scholars of his day,
with wider interests which especially fitted him to tend the
ripening genius of his most famous pupil. The passing years were
to bring them together again: in 1677 Gale was elected a
Fellow of the Royal Society; he later served on the Council of the
Society, and when he and Sir John Hoskyns were appointed to be
its Secretaries, they chose Halley as their Clerk.

As a scholar at St Paul’s, Edmond excelled in the study of
classics and of mathematics (which in those days included some
acquaintance with astronomy and navigation); and it was there
that he made his earliest recorded scientific observation, measur-
ing, in 1672, the variation of the magnetic compass; this result
he later published in a list of such determinations. His interests
had already turned to astronomy when, in the summer of 1673,

! See M. F. J. McDonnell, 4 History of St. Paul's School, London, 1909, and The
Annals of St. Paul’s School, privately printed, 1959.
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he entered Queen’s College, Oxford, as a Commor}er, taking
with him a ‘curious apparatus of instruments’ provided by his

father.

2 First Scientific Paper

Halley was still an Oxford undergraduate when his first scientific
paper appeared in the Philosophical Transactions, of which Henry
Oldenburg, the Secretary of the Royal Society, was the editor
and publisher. It was a contribution to the problem of determining
what are called the elements of the orbit of a planet.

Johannes Kepler had announced in 1609 that the planet Mars

Fig. 1 A planet’s elliptic orbit.

revolved in an ellipse, the Sun occupying one of the two foci of
the curve. He went on to establish that the other planets,
including the Earth, also describe elliptic orbits having the Sun
as a common focus. Now ellipses differ in size and in shape; and
the astronomer needs to be able to specify the length of what is
called the major axis AA?! of a planet’s elliptic orbif, and t_he
eccentricity (CS:CA) which measures the proportional dis-
placement of the focus S from the centre C of the curve (Flg: 1).
In determining these quantities, astronomers who strictly
followed the ideas of Kepler had to take account of his second law
of planetary motion, that the radius vector SP, :joining the Sun
S to a planet P, sweeps out equal areas in equal times. Howev?r,
by the middle of the seventeenth century it had been found easier
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to substitute some other condition for Kepler’s second law, as,

for example, that a planet revolves with a uniform angular
velocity about the vacant focus H of its elliptic orbit—the focus
not occupied by the Sun. This is very nearly true when the
orbit is of small eccentricity; and in 1656, the reputed year of
Halley’s birth, Seth Ward, an Oxford astronomer, had pub-
lished a book on geometrical astronomy in which he adopted this
simplifying assumption as the basis of his method for determining
a planet’s orbital elements. The object of Halley’s paper was to
show how three determinations of a planet’s position at noted

Fig. 2 Determining the Earth’s orbit.

times would suffice to solve the problem without any physical
assumptions except that the planets described ellipses about the
Sun in a common focus and in known periods of rotation (Phal.
Trans. (1676), 11, 683fF.).

Halley’s method was based upon the principle that, as the
Earth revolves in its annual course round the Sun, the terrestrial

observer sees his motion reflected in the apparent motion of a

neighbouring planet. He first shows how to establish the Earth’s
orbit. Choose a time when the Sun S and the Earth A lie in a
straight line with one of the outer planets, preferably Mars, or,
more strictly, with the foot P of the perpendicular drawn from
the planet to the plane of the Earth’s orbit (Fig. 2). Determine
the planet’s apparent place in the sky. Allow an interval of time
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to elapse equal to the mean period required fox: the planet to
complete a circuit of the heavens (its sidereal period) ; for MaErs
this is 687 days. The planet will by then have returned to its
initial position at P while the Earth, which completes nea'rl.y two
annual revolutions in that time, will have reached the position B.
Observation serves to determine the three angles of the trlang}e
PBS (in particular the angle BSP), and therefore the ratio
(SB: SP). The same procedure, twice repeated, after fl{rther
intervals of 687 days, when the Earth is at C and D respectively,
defines the distances SC and SD in terms of SP, and the cor-
responding angles CSP and DSP. .

All this is very much on the lines of Kepler’s technique for
determining the elements of a planetary orbit by reference to
another planet which is ‘kept stationary’ by spacing out the
observations at intervals equal to its sidereal period. Halley’s
problem, however, was to determine the major axis and the
eccentricity of the Earth’s orbit from three focal radii SB3 SC,
SD. Assuming SB> SC> SD, take B and C as the two foci of a
hyperbola having its transverse axis equal to SB—SC; and take
C and D as the foci of a second hyperbola with transverse axis
equal to SC—SD. Let the branch of the first hyperbola having
B as its internal focus intersect the branch of the second having C
as its internal focus, in F. Join FB, FC, FD. Then (from well-
known properties of the hyperbola and the ellipse)

FC—FB=SB—SC (the transverse axis), and
FD—-FC=SC—SD

Hence, SB+FB=SC-+FC=SD-FD, which establishes F as
the second focus of the Earth’s orbital ellipse and defines the
length of its major axis, while SF, the separation of the foci,
defines the eccentricity. )
Halley now employs a corresponding procedure to establ}sh
the elements of a planet’s orbit. Let S be the Sun, ASB the major
axis of the Earth’s orbit, and P the projection of Mars, as
before (Fig. 8). Observe the positions of S and P from the Earth
at K, and again from the Earth at L after the lapse of 687 days
when the planet has returned to the same position. Knowing now
the direction of the axis ASB, Halley obtains the angles ASK,
ASL, and he calculates SK and SL, using what we now call the
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‘polar equation of a conic’. Solve the triangle KSL for KL, and
the angles SKL, SLK; thence solve the triangle KPL for LP, and
the triangle SPL for SP, which is then to be corrected for the
inclination of the orbit of Mars to give the planet’s true distance
from the Sun in length and direction. Two other such pairs of
observations are needed to give, in all, three positions of the
planet in its orbit, to which Halley’s former procedure can then
be applied to find the major axis and the eccentricity.

Halley concludes his paper with an algebraic treatment of the

P

8
Fig. 8 Determining a planet’s orbit.

problem under discussion. His undergraduate effort may perhaps
be classed as brilliant geometry rather than useful astronomy.

8 Friendship with Flamsteed; early observations

While he was still at Oxford, Halley exchanged letters with
another young astronomer, John Flamsteed (PL 38). The
careers and the interests of the two men were to be closely linked
in after years, though the promise of their early friendship was
unfortunately not to be fulfilled. Born in Derbyshire in 1646,
Flamsteed was about ten years older than Halley. His education
was interrupted and he was thrown on to his own intellectual
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resources by the constitutional ill-health which was to dog him
through life. His interests set strongly towards astronomy; and
he introduced himself to the circle of the Royal Society by
computing an almanac of celestial events .for the year 1670 and
sending it to Lord Brouncker, the Society’s first President.
Invited to London, Flamsteed was introduced to Sir Jor.las Moore,
Master of the Ordnance and a mathematician, who lived at the
Tower of London and who furnished him with instruments to
equip his little north-country observatory and spoke often of
him to King Charles II. .

It was therefore natural that when, in 1674, the Royal Society
set about founding an observatory to match the one lately
established in Paris, Moore should summon Flamsteed to
London to take charge of the project. However, while the merits
of various sites (including Chelsea and Hyde Park) were under
discussion, the course of events was changed through a French-
man’s claim to have solved the long-standing problem of finding
the longitude at sea. The proposal involved utilizing tl}e Moop
as the hand of a great clock measuring out standard time as it
traces out its monthly course against the background of the
fixed stars. Flamsteed was appointed a member of the com-
mission set up to consider the feasibility of the plan. He argl-led
that it was impracticable both because the complicated motion
of the Moon was not correctly shown by the current lunar tables,
and because the places of the stars, to which the Moon’s position
was to be referred, were not accurately known either. When this
report was shown to Charles II, he ‘startled’, in Flamsteed’s
phrase, and commanded that the deficiencies should be.made
good in the interests of navigation. By a Royal warrant issued
on 4 March 1675, the King appointed Flamsteed ‘Our Astro-
nomical Observator’ at asalary of 4£100a year. On Sir Christopher
Wren’s recommendation, Greenwich Hill was chosen as the
site of the new Royal Observatory, the construction of which was
sanctioned by a warrant dated 22 June 1675. The foundations
were laid in August of that year, and the building was completed
and Flamsteed installed by the following July. (Pls. 5 and 6.)

There is evidence that during the summer of 1675 Halley
spent much time with Flamsteed at the Tower, where Moore
resided, and at Greenwich, where the new Observatory was
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under construction; also they were seen together at various
coffee-houses. Flamsteed acknowledged Halley’s co-operation in
observing two lunar eclipses which occurred in 1675, one on 27
June (‘the ingenious youth, Edmond Halley, an Oxonian, was
present at these observations and greatly assisted them by his
diligence’), and the other on 21 December (‘Edmond Halley
observed it in London in Winchester Street’—in vico Wintoni-
enst).!

During the summer of 1676, Halley at Oxford and Flamsteed
at Greenwich independently observed the course of a large
sunspot across the Sun’s disc, making daily measurements of its
position by means of micrometers. Such observations help to
determine the period in which the Sun completes one rotation
upon its axis, and the direction in which, and the amount by
which, this axis is inclined to the plane of the Earth’s orbit. The
two sets of measurements showed good agreement, and they
were published by Flamsteed. They indicated a rotation period
of 25 days, 94 hours; but more confidence could have been placed
in them if the sunspot had not unfortunately broken up in mid-
passage (Phil. Trans. (1676), 11, 687f.).

In the same volume of the Transactions, Halley published his
observations of an occultation of the planet Mars by the Moon
on 21 August 1676 (ibid., 724). On such occasions the Moon, in
its orbital motion round the Earth, passes between us and the
planet, or other such celestial object, and temporarily hides it
from our view. If the instant of occurrence of such a ‘celestial
signal’ is determined at two different stations, the difference in
the local times gives the difference of longitude of the two
stations. Halley timed the instants of the planet’s disappearance
and reappearance in Oxford time; a subsequent comparison
with the corresponding local times of these phases recorded at
Greenwich and at Danzig showed (when allowance was made
for lunar parallax as between the three observing-stations) that
the longitudes of Greenwich and Oxford differed by 1° 15’ and
those of Greenwich and Danzig by 18° 41’ ( the modern estimated
differences of longitude are 1° 16" and 18° 40’ respectively).

Halley’s three papers, on planetary orbits, on the sunspot, and
on the occultation of Mars, were all published in the Transactions

1 See Phil. Trans. (1675-6), 10, 871, 498.
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6. Before the year was out, he had left .Oxforfi without a
degree and had set off for St Helena, the lonely island in the south
Atlantic, withno less ambitious intention thzzm that qf catalogulpg
and charting the stars of the southern celestial hemisphere which
are invisible from Europe.

for 167




Chapter 38
The Southern Tycho

1 The Heavens Surveyed

THE construction of a star catalogue is bound up with certain
conventions about representing the positions of celestial objects
on the sphere of the heavens; and it depends upon a certain
technique of astronomical observation. Some brief explanation of
these matters is called for at this point by way of introduction to
Halley’s expedition as well as to the more mature achievements
of his lifelong endeavour for astronomy.

The stars scattered over the night sky show a tendency to
form irregular groups which catch the eye of the observer. In
pre-scientific ages these star groups, or constellations, were
woven into the web of mythology and received the names of
heroes, monsters, and familiar objects which their outlines were
thought to resemble. Such a celestial nomenclature, associated
with Greek legend, is still of service to astronomers. The con-
stellation figures show so little change with the lapse of the ages
that the Greeks could conceive the stars as fixed like studs to a
solid sphere. And they sought to define and record the positions
of the principal stars on this sphere in much the same way as
geographers fix the positions of places upon the Earth by
specifying their longitudes and latitudes. The doctrine of a solid
celestial sphere was to prove physically untenable : it was Halley,
in fact, who, early in the eighteenth century, finally shattered it
by establishing the independent motions of certain stars in space.
However, it has proved convenient to retain the Jiction of a
celestial sphere, of indefinite radius, upon which the stars, what-
ever their actual distribution in space, are represented by their
projections as viewed by a centrally-situated observer. And on this
convention astronomers have continued the practice, begun by
the Greeks, of recording the positions of selectedclasses of stars.

20
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Briefly, this procedure consists in selecting some great circle
OMN of the celestial sphere (Fig. 4), choosing an origin O
upon it, graduating this primary circle in angular measure, and
locating its two poles, P and P! (which are 90° from every point
on the great circle OMN). To locate the star S, a sefondary
great circle PSP! is drawn passing through S and cutting the
primary circle in M. Then the position of S is determined
uniquely by specifying the arcs OM, MS (or, equivalently, the
angles OCM, MCS which these arcs subtend at the centre C of
the sphere). The primary co-ordinate is measured eastward;

P

%D

Pl

Fig. 4 Defining the position of a star upon the celestial sphere.

secondary co-ordinates, measured towards P or towards P!, are
distinguished by means of a sign convention.

The Greeks selected as their primary circle the ecliptic, the
path which the Sun appears annually to trace out through the
heavens; they chose as origin the equinoctial point the passage
of the Sun through which marks the beginning of spring. Since
the middle of the seventeenth century it has been more usual to
take the celestial equator (the trace of the Earth’s equator upon
the celestial sphere) as primary circle, with the equinoctial point
again as origin. The latter system is related to the polar axis
about which the celestial sphere appears daily to revolve; the
measurement of time is therefore involved in the determination

3
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of a star’s position, and the clock becomes an essential adjunct to
the telescope.

Closely bound up with these conventions for defining the
positions of celestial bodies, there developed a practical technique
for measuring the angles and arcs involved. The Greeks
established a type of astronomical instrument which has survived
in principle to our own day. The fundamental operation of
precise astronomy is to determine the angle PEQ subtended at
the observer’s eye E by two given points, say two stars, P and
Q, or, equivalently, to measure in units of angle the arc P’Q’ on
the celestial sphere (Fig. 5). An instrument designed to carry
out this operation must consist essentially of a graduated circle

Fig. 5 Measuring a celestial angle.

equipped with a radial pointer turning about the centre and
directed towards a star with the aid of sights. The plane of the
circle is brought into coincidence with the plane determined by
the observer’s eye E and the two stars P and Q whose separation
is required. The pointer is then directed to each of the two stars
in turn, and the difference of the two scale readings gives the
required angular separation of the stars. The principal Greek
and medieval astronomical instruments worked on this plan, and
so did those of the great sixteenth-century Danish observer
Tycho Brahe, who, however, introduced great improvements in
the graduation, sighting, and mounting of the instruments. His
technique was followed in all essentials by Halley’s friend and
older contemporary, Johannes Hevelius of Danzig. '
Now the finite resolving power of the human eye imposes a
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natural limit upon the accuracy with Yvhich celestial angles can
be estimated in this manner. By this is meant that‘lf the angle
PEQ is less than about 2 minutes of arc, the two points P.and Q
will appear one and the same to the normal eye; t}.lus all estimates
of celestial angles made in this way are necessarily subject to an
uncertainty of about the amount stated. However, about th.e time
when Halley first took up astronomy, the telescope was beginning
to be consistently employed to magnify t‘he angles under which -
the eye sees distant objects, thus proportlonately restricting the
limits within which those angles could be estimated. Thus a
telescope magnifying sixty-fold enabled an uncertainty of 2
minutes to be reduced to one of 2 seconds.. This improvement was
effected by substituting the telescopic. sight for the open s1ght
previously in use; it was usually equipped to de-aﬁne a precise
direction by mounting a pair of threads or wires, intersecting at
right angles, in the focal plane of the object glass of the instru-
ment, where the images of distant objects are formed. These
wires, being in the same optical plane as t}§e images, were infocus
for the same adjustment of the eye when viewed through the eye-
piece, another advantage which they possessed over the open
sight. Alternatively, when the objects .w.hose.angular separation
was required were simultaneously visible in the field of the
telescope, the measurement could be made by means of a micro~
meter, usually consisting of wires movable in the focal plane of
the instrument. '

Some early trials of the telescopic sight and .the micrometer
were made by a young English observer, William Gascoigne,
about 1640; but these devices were first established about 1668
by the astronomers of the newly founded Académie des Sciences
in Paris. In the course of his youthful travels, Halley was to
become acquainted with these Parisian astronomers. Meanwhlle,
Johannes Hevelius maintained a lifelong opposition  to the
introduction of telescopic sights; and this gave rise to a contro-
versy in which, again, it was Halley’s lot to be.come involved.

The places of the stars upon the celestial sphere, whethgr
determined with the unaided eye or by means of telescopic
sights, are eventually recorded in a star cat_alogue. Th.ls is
normally drawn up in parallel columns VthCh Tespgctlv.ely
contain, for each selected star, a brief indication of its situation



—

T . s o e,

24 CHAPTER THREE

in its own constellation (or other identifying label), the two
angular measurements which define its position upon the con-
ventional sphere, and some indication of its relative brightness.
When the ecliptic is chosen as primary circle, the two spherical
co-ordinates (OM and MS in Fig. 4) are known respectively as
the celestial longitude and latitude; when the star is referred to
the celestial equator they are called the right ascension and
declination.

The tradition of historic star catalogues began with that drawn
up by Hipparchus of Rhodes in the second century before Christ
and edited by Ptolemy of Alexandria some three centuries later.
Hipparchus classified his selected stars according to their
brightness on a scale which was to provide the basis for the
modern system of stellar magnitudes. This catalogue had no
rival in antiquity and the Middle Ages except, perhaps, that of
the fifteenth-century Tartar astronomer Ulug Begh; but in

Halley’s student days the best available star catalogue was that

compiled towards the end of the sixteenth century by Tycho
Brahe and revised by his disciple Johannes Kepler. However, the
introduction of telescopic sights rendered all previously-compiled
star catalogues obsolete; and the construction of a more accurate
catalogue, based upon telescopically determined star places, was
one of the principal aims in view when the Royal Observatory was
established at Greenwich in 1675. The stars to be observed there
were predominantly those of the northern celestial hemisphere.
However, following the discovery of the Cape of Good Hope and
the establishment of trade routes through southern waters, it had
become possible, and necessary for navigation, to list and locate
the stars which surround the south celestial pole. This task had
indeed been attempted by certain sixteenth-century mariners, but
only in crude fashion even when judged by the standards of pre-
telescopic astronomy. The deficiency was now to be made good
by an Oxford undergraduate only just entering upon manhood.

2 Expedition to St Helena

The earliest hint of Halley’s project of observing the southern
stars is perhaps to be found in a letter that he sent to Henry
Oldenburg, Secretary of the Royal Society, in July 1676. He had
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heard that the French astronomer Jean Richer was soon to
ublish a book about his astronomical expedition to Cayenne to
observe the planet Mars at its opposition of 1672. He wondered
whether the book would contain a catalogue of stars of the
southern hemisphere.

For if that work be yet undone, I have some thou.ghts to undertake it
myself, and go to St Helena, or some other convenient p}ace, where the
south pole is considerably elevate, by the next East India Fleet, and to
carry with me large and accurate instruments, so as to be able to make
a most accurate sphere of fixed stars, and complete our globes through-
out: nor will that be all; but by comparing observations made there
and here, the proportion of the Moon and Earth, with'th-eu' distance,
will be more exactly, than any other way, found. But if it be z.lhjeady
done, I would not then meddle with it, though I would very w-lllmgly
do something to serve my generation; and here I can do nothing but
what will be rendered wholly inconsiderable by the greater accurateness
of the three great promoters of the astronomical science in our age [he
is alluding to Hevelius, Cassini and Flamsteed]].

A month later, sending his paper on planetary theory to Olden-
burg, he writes : ‘Let me understand what you hear from France
about the southern stars . . . and if here there be any appearance
of encouragement for my friend that will go along with me’
(S. P. and S. J. Rigaud, Correspondence of Scientific Men of the
Seventeenth Century, Oxford, 1841, i, 228, 242). .

The results of Halley’s expedition were embodied in a cata-
logue of the southern stars dated 1679. This will be described in
due course; but reference is made to it here because the Preface
affords the most authentic account we have both of the concep?ion
and of the accomplishment of the young astronomer’s bold design.
We will tell the story largely in his own words, translated freely
from the Latin.

From my tender years [he writes] I showed a marked bent towards
mathematics; and when, about six years ago, I first devoted myself
wholly to astronomy, I derived so much pleasure and delight from its
study as anyone inexperienced therein could scarcely b.eheve. I was
carried along by such a mental impulse that in a short time I had ex-
Plored all the intricacies of sidereal science, so remote from the per-
ception of the ordinary r