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PREFACE

The biographies of great Scientists are of necessity filled
with a multitude of detail, much of which is of little or no
interest to the general reader; hence the author of the present
volume has endeavoured to give a description of the lives of
some of tle most outstanding men of Science in an easy and
readable form. It is not claimed that this is the first work of such
a character, but, so far as the author knows, it is the first to deal
with the subject in a comprehensive manner, linking the Ancient
to the Modern. In order to make the story as readable as
possible, it has been deemed better to avoid a constant reference
to the dates at which the different events have occurred in the
men's lives, and to state rather the ages of the men at such times.
The date of birth and death of each Hero is, however, mentioned
in the text, and also beneath the respective chapter headings.

The author fully realises the serious disadvantage in
acquiring incorrect information, especially in one's youth, so he
has taken alpossible care to state only facts that are reliable,
and, whenever possible, to dispel popular errors that have arisen.
It has not been considered sufficient merely to retell a tale in
popular language, but it has been a matter of conscience to
authenticge all the information so far as that is possible. This
necessarily has entailed research work, which might seem to
some writers unnecessary labour for a popular volume such as
the present one, but in the past the author has felt amply
rewarded by his woskof a similar nature being recognised as
conscientious productions. There have been criticisms such as "It
is easy to see that the author has not taken for granted accounts,
usually abounding in errors, which less conscientious writers
have given." In th@resent volume there has been no sacrifice of
accuracy for the sake of sensation or effect.

The author is once more indebted to his friends Professor
James Muirp.sc.,, M.A., Royal Technical College, Glasgow, and
H. Stanley AllenM.A., D.sC,King's Colkge, London, for very
kindly reading through the whole of the presifeets; also to
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Professor Sampson, Astronomer Royal for Scotland, for reading
the chapters relating to William and Caroline Herschel; and to
Emeritus Professor John G. McKendrick for hisdly interest

in the proofsheets.

The author is indebted also to the following friends for
assistance with the illustrations: Professor James Muir, Glasgow;
the Wolf Safety Lamp Co., Ltd., Leeds; the Electric Co., Ltd.,
London; the Westinghouse Co., Lt®Giemens Bros., Ltd.; the
Poulsen Co., Ltd.
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CHAPTER |

WHO ARE HBREOES SOFENTCE

If we agree with the poet Milton that "Peace hath her
victories, no less renown'd than War," we shall have no
difficulty in appreciating the statement that there ldezoes of
Science It goes without saying that the wokroesdoes not
signify Martyrs; fortunately, there have been very few martyrs
of Science. Men need not sacrifice their lives because of their
scientific beliefs. Wherever Men of Science have been
imprisoned, and in a few isolated cases put to death, we shall
find that it has been owing tiheir conflict with the religious
beliefs of the people.

There have been martyrs of Science in other respects.
Within recent years several-bay operators, intent on healing
disease in others, have been attacked by invisible radiations
which have broughabout a slow and lingering death. Then there
have been cases of men willing that some dangerous experiment
should be performed upon them, in the hope that others might
benefit by the experience thus gained.

However, the Heroes whose lives we are about to
consider are men who have been in the forefront of the
advancement of knowledge. It is true that some of these have
had to sacrifice much; to undergo great hardships and yet fight
on. Some have had to suffer the ridicule of the wise men of their
time, andthe hatred of those who should have been their friends.
But the wordHeroesis used here in no such restricted sense,
although it is certain that every Hero of Science must have made
some sacrifice in his daily life. We may count all who have
made a greadvance in Science to be true Heroes. Of course, it
is impossible to consider the lives of all such men.
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Unfortunately, there are many of the Heroes of Antiquity
whose biographies are almost entire blanks, while among the
more modern Men of Science theaee many who have done
much useful work, but in whose lives there have been no
outstanding features which would interest the general reader. For
these reasons the Heroes selected for our present purpose are
those in whose lives we find most of generatiiast; they are all
prominent Men of Science.

Many of us, when children, received instruction in
Biblical History, being told the story of some incident in the life
of Joseph at one time, the story of Jacob at another, and the story
of Moses at anotherntie. Each story was of interest to us, but
the interest was increased greatly when we found how all these
individual stories were linked together. How old Jacob sent his
sons to Egypt to buy corn; their meeting with Joseph; his settling
his father Jacob, dsrael, in Egypt; the increasing descendants
of Israel causing a later Pharaoh to fear for his kingdom; their
consequent bondage; and the ultimate release of these children
of Israel by Moses. For the same reason | have endeavoured to
link up, so far astiis possible, the stories of the different Heroes
of Science. | have gone back to the beginning of Science, some
two thousand and five hundred years ago, and | have called a
halt at the other end, only omitting the Scientists living at the
present time.

This arrangement will help to emphasize the very long
break in the advance of Science, which lasted throughout the
Middle Ages. Indeed, we shall have to jump from the beginning
of the Christian era right on to the time of Queen Elizabeth, with
only two praminent steppingtones between.

"Up rose the herd, on his piercing eye
Sat observation; on each glance of tho
Decision follow'd, as the thunderbolt

Pursues the flash."
JOHN HOME
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CHAPTER I

BEFORE THRBE OWRI ST

The first man to adopt the title é¢thilosopherwas an
illustrious Greek named Pythagoras, who lived about six
hundred years before Christ. The title of Philosopher, which
means "Lover of Wisdom," seems more modest than the earlier
title of "wise men" whib had been adopted by the sages.

We may look upon Pythagoras as the first man to
consider things in a really scientific spirit. Of course, there were
the "seven wise men" who lived before Pythagoras, but we know
very little about them. The one whose naimebest known is
Thales, but he left no writings. All we know of him is through
guotations of his sayings made by later Greek writers; but what
concerns us at present is that we know absolutely nothing of his
life.

We know many interesting facts aboutti®goras, but as
neither he nor his disciples have left any record concerning their
own lives, we have to depend upon the writings of others who
lived many centuries later. | mention this fact because we know
how stories are apt to grow if they are handadfrom one to
another without being definitely recorded. It may be
unconsciously that the imagination adds little details, or that
some one makes a suggestion which is later on accepted as an
actual fact. Then some of the biographers of Pythagoras have
been very careless. | was amused to find one biographer, who
wrote in 1707 a most interesting account of the work of
Pythagoras, stating that this illustrious philosopher met no less a
personage than Moses when in Egypt. The mistake is very
apparent, as Moséiwed one thousand years before Pythagoras.
The contemporaries of Pythagoras would be Daniel and Ezekiel,
but there is no record of his having met these prophets.
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Although there are very many stories concerning
Pythagoras that we are bound to treat asenf@bles, the main
facts concerning his life are doubtless known. But why should
we, in these modern times, be interested in this Greek
Philosopher who lived about two thousand five hundred years
ago? It is surely of general interest that thisdatant sage
declared that this Earth was not the centre of the universe,
around which all the other heavenly bodies danced attendance,
but that our world is travelling round and round the Sun.

Even now it is difficult to realise that we are on the
surface of agreat planet flying through space with a speed a
thousand times greater than that of an express train. It is not
quite so difficult to realise the daily turning round of the Earth,
although when we watch the Sun rise in the East, mount the sky,
and set inthe West, we feel that we cannot blame the Ancients
for believing that the Sun was travelling around the Earth.

Of the men who set the Earth in motion, there is no doubt
that the name of Galileo stands out most prominently. We shall
see in a later chapter the very important part which he played,
but here we have a man living two thousand years before
Galileo, and taching the same great truth, There seems little
doubt that this theory of Pythagoras was accepted not only by his
immediate disciples, but by the great line of astronomers who
followed in several succeeding centuries.

One of the pupils of Pythagoras tatigfmat the Earth was
spinning round upon her own axis, making one revolution each
day. It does seem strange that for century after century men
should abandon these ideas, and that the revival of these old
theories a few centuries ago should have causddauciproar
as we shall see later. But our present interest lies in the life of
this early Greek Philosopher.

Pythagoras was a native of the little island of Samos in
the Aegean Sea (now the Archipelago). This island was a place
of considerable importande the time of Pythagoras. When a
youth of about eighteen years of age, Pythagoras left his island
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home to go in search of further knowledge. His travels took him
to Egypt, where he settled for many years. There seems to be
little doubt that Pythagoras mained there about twentive
years, and during that time he agedi a great deal of
knowledge.

MODELSOF THE SUN AND PLANETS
THESEMODELS SHOW THE COMPARATIVE SIZESOF THE SUN AND
PLANETS. READING FROM LEFT TO RIGHT WE SEETHE SUN, MERCURY,
VENUS, MARS, THE EARTH, THE ASTEROIDS (MINOR PLANETS), JUPITER,
SATURN, URANUS AND NEPTUNE

Some historians tell us that Pythagoras believed in the
transmigration of souls; that he believed he himself had distinct
recollections of having existed previouslyather forms. There
is a story told of how on one occasion when he saw a dog
beaten, and hearing him howl, he bade the striker desist, saying,
"It is the soul of a friend of mine, whom | recognise by his
voice."

Racier, writing more than two hundred yeago, refers
to a number of passages in the works of Pythagoras which seem
to discredit his supposed belief in the transmigration of souls,
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and Dacier suggests that it was some of the later Pythagoreans
who adopted this creed in order to assist them inr thei
reformation of the people. However, one need not be very much
surprised if Pythagoras himself did hold such views in those far
off pre-Christian days. Do we not see ideas equally ridiculous
being supported by intelligent peopleday, and after all thes

ages of enlightenment?

We do not know what creed Pythagoras taught, for the
religious part of his teaching was not made public, but it is
evident that the teaching was of high moral tone, and there are
many references which show that his disciples vdensoted to
their master and to one another. | give one story, just as it was
translated by Dacier in his old boék:

"A Pythagorean went from home on a long journey, and
falling sick in an Inn, spent all that he had. His Disease growing
more stubborn andathgerous, his Landlord, who by good luck
was charitably inclined, continued to take the same Care of him
as when his money lasted, and furnished all the Expellee out of
his own pocket. The sick Man grew worse and worse, and being
very sorry not to have whewith to satisfy his Benefactor, he
asked him Pen, Ink and Paper, writes his Story in a few Words,
puts at the bottom of it a Symbol of Pythagoras, to show he was
a Pythagorean, and recommends to his Host to post up that Paper
in some public Place as soas he had buried him. He dies the
next day, and when he was laid in the ground, the Landlord, who
expected no great matters from the bill, posted it up nevertheless
at the Gate of a Temple. Some Months passed away, and nothing
came of it. At length a Digale of Pythagoras passing that way,
read the Paper, sees by the Symbol ‘twas written by one of the
Fraternity, goes immediately to the Landlord, reimburses him all
his expences, and gives him a reward besides for his civility."

These Symbols of Pythagsrawvere sentences which
meant more than appeared on the surface. One might describe
them as disguised proverbs. Here are a few examples, with their
hidden meaning8:
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(1) "Eat not fish whose tails are blackFrequent not the
company of infamous men, whavk had their reputations
blackened by ill actions.)

(2) "Stir not up the Fire with a Sword(YWe ought not to
inflame persons who are already at odds.)

(3) "Go not in the Public Way.(We ought not to follow
the opinions of the people, but the counsékhe wise.)

(4) "Sow Mallows, but never eat them(Pardon all
things in others, but nothing in yourself.)

In these days, when the question of Women Suffrage is
in evidence, it is interesting to note that Pythagoras was the first
of the sages to emphss the importance of women, and to
admit them to his public lectures. Several women became
philosophers in the time of Pythagoras. Among these was his
own wife, and possibly her influence may have assisted the
novel movement. So we see that the modernblpro of
"Women's Rights" was existent two thousand five hundred years
ago.

Pythagoras must have been a very strong disciplinarian.
It is stated that his pupils had to serve an apprenticeship of five
years' silence, during which time they were "only torhea
without daring to start the least question, or propose the least
doubt.” I quote these instructions because some writers seem to
suppose that the five years were solitary confinement. This
mistaken idea may have arisen through a wrong translation. But
it is quite evident that during this period of silence the pupils
received constant instruction, for even when the period was
reduced in some cases to two years, the pupils were said to be
“initiated in the Sciences."

The feeling of brotherhood among thisect was
emphasised by their having one common purse. No matter how
large a fortune any member might have, it had to be thrown in
along with the others. This common treasury was looked after by
a number of chosen men called "Economists." Their business
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camcity must have been good, for if any member desired to
retire he received more than his original contribution. If a
member retired through lack of interest, a tombstone was erected
to his memory, for he was counted as good as dead, having lost a
desire fo wisdom.

The daily life of the students began with music in the
morning. Pythagoras was a great believer in the good influence
of music. Then Pythagoras led them abroad to walk a while in
some delightful places. After that they spent a quiet time in the
Temple. When they came from the Temple "they used a little
Exercise for the sake of their Health, and then din'd on a little
Bread and Honey, without Wine; when Dinner was over they
minded the Publick." Later they attended Lectures, then more
plain food, &ad so on.

One of the earlier biographers states that Pythagoras
believed "the Air was full of the Spirits he called Demons and
Heroes, whom he regarded as the Ministers of the Supreme God,
it was these Spirits or Genii that sent to Men, nay even to
Animals, their Dreams, their Diseases,.and their Health." We can
hardly suggest that this was a prophecy of the modern discovery
of Microbes, although these muataligned members of society
were existent, of course, in those-tdf days.

There is no very clearecord of the fate of Pythagoras,
but there is no doubt that all the Pythagorean schools were
willfully destroyed by fire, and that many of his followers
perished in the flames. Some say that Pythagoras himself was
burned to death in this way, but thiseses to be mere
conjecture. Most historians believe these acts to have been
brought about by the Pythagoreans meddling in political affairs;
but Dacier (1707) makes no mention of political trouble. He tells
of a young man, Cylon, who belonged to a rich gmdud
family, having applied to Pythagoras to be received as a disciple,
and being refused, the young man determined on revenge. He
spread such evil reports that there was a general rising against
the Pythagoreans throughout the country, the movementgendin
in the burning of the schools by the mob. Dacier states also that
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Pythagoras was starved to death at the age of between eighty and
ninety.

The Pythagorean schools did not disappear with their
master. Some of these schools of learning were in existénce a
the time of Alexander the Great, nearly three centuries after the
time of Pythagoras.

There was another Greek philosopher who lived shortly
after Pythagoras, and whose n@m&naxagorad is not well
known, but who ought to be of interest to us. This eadntist
declared that all matter existed originally in the condition of
atoms, and that order was produced out of this chaos of minute
atoms by the influence and operation of an Eternal Intelligence.
Remember that this Philosopher lived before the tifr@hoist!

It is of interest, also, in these days of modern Science to
find that Anaxagoras declared that all known substances were
simply aggregations of these atoms, and, moreover, that every
substance was composed of inconceivably minute particles of
the same material. This statement is of special interest because it
is so similar to our latest discovery of electrons, or inconceivably
minute particles of negative electricity, which constitute the
atoms when grouped together in miniature solar systeirheal
variety of atoms being merely different aggregations of identical
electrons, with an equivalent of positive electricity.

Anaxagoras belonged to a very wealthy family, but he
did not trouble about the fortune which could have been his; he
preferred seking knowledge. When he was still a young man he
went to Athens, and became a great teacher. It is interesting to
know that the great Socrates was one of his pupils in Athens,
although the name of Socrates will not be included in our list of
Heroes, foihe did not believe in Science.

Anaxagoras was imprisoned for stating that the, Sun was
a large ball of fire, and that it might be perhaps as big as Greece.
But it is clear that Anaxagoras did not think of a ball of
incandescent gas as we do now. He peduthe heavens as a
solid vault, while the stars were composed of burning stones
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thrown up by the Earth. It was when those stones reached the
upper regions of the heavens that they were made to burn by
their contact with the surrounding ether.

It was becase the beliefs of Anaxagoras clashed with the
religious ideas of his time that he was imprisoned. He
"contravened the dogmas of religion,” for Apollo, the favourite
god, was connected with the Sun. However, it is evident that
Anaxagoras was held in higlsteem. On his deathbed he was
asked by the Magistrates of the town what funeral honours he
desired. The old man's reply was, "Give the boys a holiday," and
for several centuries this annual holiday was held in the schools.

The next great name that intasesis is that of Aristotle,
whose influence we shall find extending through the twenty
centuries separating him from Galileo. Aristotle was the founder
of most of the Sciences. But what do we know about the man
himself? We are fortunate in having a betigraphy than in
the case of Pythagoras, whose case, again, is even better than
that of most Greek philosophers; indeed, in many cases their
biographies are entire blanks.

Aristotle was born, in the year 384 B.C., in a Greek
colony on the frontier of Maonia, where his ancestors had
lived for many generations. His father was physician to Amyntas
Il, King of Macedonia, and the boy Aristotle became intimate
with the King's son Philip. But Aristotle's father died when our
hero was seventeen years of ageniost young men of that age
there would be danger in inheriting a large fortune. It is quite
evident that Aristotle was not ruined by his wealth, although
some critics of modern times have tried to add scandal to his
great name.

Aristotle, the wealthy yath, went to Athens, the brain
and heart of Greece, his chief object being to enter the school of
Plato, who was by far the most famous figure of that day. It
seems strange to us, who can consult daily papers as to the
movements of great personages, todfithat Aristotle, on
arriving at Athens, discovered that Plato was absent. Aristotle
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had to wait three years for Plato's return. Many young men
would have found this a grand excuse for passing the time in
amusement. But Aristotle spent his time in huntiog useful
books and making an earnest study of them. The obtaining of
books in those days was something very different from our
experience. Aristotle had to pay as much as seven hundred
pounds for the works of one author.

There was one curious figure A&thens in the time of
Aristotle, and it may be of interest to remark upon this eccentric
character in passing. He was Diogenes the Cynic, who dressed
himself in the coarsest wear, lived in the plainest fashion, and
ultimately took up his residence in a tube was the son of a
banker who was convicted of debasing coin. Diogenes was
supposed to be implicated in the fraud, and he fled to Athens.
Reduced from affluence to poverty, he said that "the
magnificence of poverty attracted him." He told the peoplé tha
wealth prompted him to vice, and that poverty would aid him to
virtue. Of course, he was poor by necessity, but being poor he
made himself ostentatiously poor.

The position which Diogenes held may be realised in the
following incident. While on a visito Greece Alexander the
Great was evidently curious to see this eccentric character. The
King accosted Diogenes in his tub. "I am Alexander," said the
King. "I am Di genes," said the Cynic. "Can | do anything to
serve you?" said the King. "Yes! Stand auini between me and
the Sun," said the Cynic; upon which the King turned away,
saying, "If I were not Alexander | would be Diogenes."

It will be understood that these few remarks about
Diogenes do not claim for him the title of a hero of Science; he
is meely of interest to us here because of his living in Athens at
the same time as Aristotle. Another noted figure in Athens at
that time would be the great orator Demosthenes, who, it will be
remembered, overcame a bad stammer in his speech by
practising with pebbles in his mouth. There were many
Philosophers in Athens in Aristotle's time, but their names are
not so familiar to the general reader.
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For seventeen years Aristotle remained with Plato, and
during that time the pupil became master in many branches
knowledge. Aristotle's independence of mind led him into a
different system from that of Plato, so that at Plato's death he
was not chosen as his successor. Having been twenty years in
Athens, Aristotle left when Plato died, and took up his abode in
Asia Minor with Hermias, an enlightened prince. This man's life
had been somewhat romantic. He had begun life as a slave, then,
rising to be vizier, he ultimately became ruler himself. He, too,
had been a pupil of Plato at Athens. Aristotle married a niece of
Hermias. This prince, not long afterwards, met a cruel death at
the hands of a Greek officer, who was in the service of the
Persians. Aristotle and his young wife went to Mytilene, then the
cradle of literature. But his wife died while there.

Aristotle’'sold playmate Philip had now become King of
Macedonia, and having a son Alexander, then about fourteen
years of age, he asked Aristotle to become tutor to the boy. And
so we find Aristotle acting as private tutor to Alexander the
Great. Aristotle remaineah this post until the assassination of
his friend the King brought Alexander to the throne.

Aristotle then returned to Athens. He is said to have
received from Alexander the Great as much as two hundred
thousand pounds to spend in his researches, buoubt the
sum stated is an exaggeration. Aristotle opened a school, which
became a rival of that of his old master Plato. The disciples of
Aristotle became known as "Peripatetic Philosophers." It is very
often stated that this title peripatetic was deritiexin the fact
that Aristotle walked to and fro while lecturing. But this was by
no means an uncommon custom, as the schools were held out of
doors in shady groves. The garden or "gymnasium" in which
Aristotle taught was named "Peripatos,” signifying ceder
walks, and there is not the least doubt that it was this name of the
school which gave to his disciples the title of peripatetic. In
similar fashion we find that Plato lectured in a grove, belonging
to one Academies, and therefore named Academia, frbiohw
we have our name Academy.
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For thirteen years Aristotle lectured in his school, and it
was probably during this time that he did most of his writing,
having the assistance of his pupils. His stay in Athens was
brought to an abrupt end through the yepted death of
Alexander the Great at the early age of thivtp. The feeling in
Athens was against Macedonia, and as Aristotle was a well
known friend of the King of Macedonia, his position was a
difficult one. He was accused of blasphemy, evidentlythan
ridiculous complaint that he had raised statues to the memory of
his friend Hermias and to his young wife. Aristotle very wisely
got out of Athens before the crowd passed sentence of death
upon him, but he did not live long in his retirement, passing
away at the age of sixtiwo.

The great German Philosopher Hegel has said of
Aristotle: "He penetrated the whole universe of things and to
him the greater number of the philosophical sciences owe their
origin."
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CHAPTER Il

UNI VERSPRIOFESSORBW®F
THOUSANMEARAGO

In the preceding chapter we have seen how Alexander
the Great was tutored by the Greek Philosopher Aristotle.
Although Alexander did not become a Scientist, we have his
name connected indirectly with the great University of these
Ancient days. This was the Alexandrian Museum and Library, or
what we should now describe as a University. Alexander's
connection is that he founded the city of Alexandria, which city
soon took the place of Athens as the seat of learning.

The great University was founded by Ptolemy I, King of
Egypt, and no expense was spared in the equipment of this great
school. Its library is said to have contained seven hundred
thousand books, the literature of Rome, Greece, India, and
Egypt. This giganc library was practically destroyed during the
siege of Alexandria by Julius Caesar.

Our present interest lies in the lives of the professors and
distinguished scholars. Some readers may be surprised to learn
that there were as many as fourteen thousdundents in this
Ancient University.

Unfortunately, we know very little of the lives of these
Ancient professors, but the first professor of Mathematics is of
special interest to us. This was none other than; Euclid, whose
Elements of Geometrwas written two thousand years ago. But
his is one of the biographies, which is an entire blank.

Among the other professors of this -fa#f time was
Aristarchus, who with the aid of Geometry attempted to
calculate the distance of the Sun and Moon from the Eargh. Hi
results were far from the truth; his geometry was right, but his
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error lay in the measurement of the angle, and that was due to
the very imperfect instruments he possessed.

Another succeeding professor, named Eratosthenes,
attempted to measure the Earimd he came remarkably near
the truth. His calculation gave the circumference as thirty
thousand miles, whereas we know now that it is about twenty
five thousand miles. We have much more accurate means of
measuring angles, but it was Eratosthenes whwatiaus how
to measure this great globe upon which we reside, and of which
we can only see a very small part at one time. This old Greek
Philosopher, at the age of eighty years became blind, and was so
wearied of life that he voluntarily starved himseleath.

Another person living about this time, whose name is
quite familiar to the general reader, was the great Greek,
Mathematician Archimedes. Although Archimedes lived at
Syracuse, Sicily, where he was born in 287 B.C., he went as a
student to this get University of Alexandria. By that time
Euclid had passed away, but other eminent men filled the
important posts of professors.

Archimedes was the devoted friend of Hiero, the King of
Syracuse; indeed, Archimedes seems to have been a relative of
the King, on whose behalf he invented many terrifying engines
of war.

To the general reader Archimedes is best known in
connection with his detection of the fraud of the jeweller who
made King Hiero's crown. It will be remembered that the King
had given a certaiquantity of pure gold to an artificer to make
into a crown, and when the crown was made, the King for some
reason or other suspected that he had been cheated. He had
suspicions that the jeweller had kept some of the pure gold and
used silver to make upe shortage. But the King could not think
of any means by which such a fraud might be detected; the
crown had the appearance of pure gold and its weight
corresponded with the amount of gold supplied by him. In his
difficulty he very naturally, consulted i scientific friend
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Archimedes. The problem puzzled the great mathematician. So
much so that his mind became absorbed by it, and on going to
the Baths one day he was doubtless trying to seek some solution
of the difficulty. His attention was attracted by ater
overflowing from his bath as he stepped into it. This very simple
occurrence suggested a plan by which he might solve the King's
difficulty, and jumping out of the bath, and without stopping to
dress, he rushed along the streets, shouting in hisemamit
"Eureka! Eureka!" (I have found it! | have found it!).

Galileo believed that Archimedes had discovered a much
more exact method of testing this matter than is given in the
story handed down by the Greeks. Galileo's explanation is that
Archimedes us# a long beam as a. balance, a piece of gold
being placed at one end, and weights added to the other end until
an exact balance was obtained. Having done this in the ordinary
fashion, he allowed the gold to dip into a vessel of water, so that
the gold wasentirely immersed. Now he found that the gold
appeared to weigh less, for it was supported in some measure by
the water. Archimedes noted the exact difference in weight. He
then repeated the experiment with a piece of silver, noting
carefully the exact diérence in weights. And again with the
crown, which was supported by the water in a manner indicating
that its density was intermediate between that of gold and silver.
The fraud was apparent. And so Archimedes was the first to
discover the laws of hydraics.

Archimedes' end was very sudden. His friend King Hiero
had died a few years previously at the age of nitety When
the Romans took Syracuse in 212 B.C., old Archimedes, then
seventyfive years of age, was absorbed in his mathematics. He
was busydrawing geometrical figures on the sand, when a
Roman soldier rushed upon him. And although Archimedes
shouted to him not to spoil his circles, the soldier cut him down.
The soldier who thus ended the life of the greatest
mathematician of Antiquity mustebheld responsible for so cruel
a deed. For the Roman general Marcellus, who was besieging
Syracuse, had given specific instructions that Archimedes and
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his house were to be spared. It is to the credit of Marcellus that
he desired this, for he was awarattthe two years' struggle in
overcoming Syracuse had been so long only because of the
ingenuity of Archimedes. And that the Roman general was
sincere in his instructions is evident, for the joy of his triumph
over the city was marred when he learnt of theath of
Archimedes. Marcellus directed an honourable funeral, and he
befriended the relatives of the great mathematician.

By the expressed desire of Archimedes, the figure of a
cylinder encircling a sphere was put upon his tombstone, to
commemorate higdiscovery of the relation between the volume
of a cylinder and sphere. When the great Roman orator Cicero
visited Syracuse one hundred and forty years later, he found the
tombstone of Archimedes overgrown with thorns and briars, and
he blamed the people 8lyracuse for neglecting the memory of
their most ingenious citizen.

Returning to our consideration of the great University at
Alexandria, of which Archimedes was at one time a student, we
come to the name of Hipparchus. We should like very much to
studythe life of Hipparchus, the real founder of Astronomy, but
unfortunately we know nothing whatever of his life. We do not
even know whether he acted as a professor in the University, or
whether he was merely a student there, but we have a record of
his astonomical achievements. As these, however, tell us
nothing of the hero himself we must pass them over, except to
remark that Hipparchus practically founded that system known
later as thePtolemaic systemwhich sought to account for the
motion of the planstwith the Earth as the central body.

This brings us to the name of Ptolemy, another great
astronomer at Alexandria, but we should remember that
Hipparchus and Ptolemy were separated by three centuries, the
former having lived about 160 B.C., and thedatabout A.D.

140. Again we find another blank as far as the biography of this
great man is concerned. One sometimes finds this great
astronomer being confounded with Ptolemy, King of Egypt, who
founded the great University of Alexandria, and who was

Original Copyright 1921 by Charles R. Gibson 13

succeded by a very long line of Ptolemies. Of course, there is
no connection between him and the famous astronomer who
followed some centuries later.

Ptolemy was also a great geographer, but it is in
connection with his planetary system that his name is best
known. As already stated, it was the older idea of Hipparchus
that Ptolemy extended and perfected. Thisated Ptolemaic
system seemed to account so well for the motions of the planets
that it held sway for the next fifteen hundred years. We shall see
later what trouble Copernicus and Galileo experienced in
displacing the Ptolemaic system.

Of course, we shall remember that while Ptolemy's
system was counted right for so many centuries, he regarded the
Earth as a stationary body in the centre, whereas réal
explanation of the Sun being the central body had been taught
more than seven hundred years previously.

Ptolemy is the last outstanding figure of this great
University of two thousand years ago, and we have seen that our
old school friend Euclid waits first professor of mathematics.
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CHAPTER IV

ROGEMBACON
1204 94

AN ENGLISH M ONK OF THE THIRTEENTH
CENTURY

To any one who has taken no interest in the history of
Science, it may seem strange to leap from the beginning of the
Christian erd or the o thousand years ago of the preceding
chapted right into the thirteenth century. But for any
connecting link between these two-tlistant periods, we have
to go to the Arabs.

We have seen that the great Astronomer Ptolemy brings
us well into the secondcentury A.D., and although the
Alexandrian University flourished till the seventh century, we
have no record of any outstanding men of Science during these
centuries. It may have been that people thought Science to have
been completed by the Ancients. Caicaally one finds people
of to-day suggesting that we have discovered all of importance
that there is to discover. In any case we have this long delay in
any further advance.

With the downfall of Rome in the fifth century we are
not surprised to find aoenplete halt in their Science, but we may
be surprised to find that it was the Arabians who took up the
subject in the eighth century A.D. Indeed, this must seem strange
to those whose ideas of these people are taken from the modern
Arab, who is generallyery unlearned, if not ignorant.

| remember, when | was a boy, being interested in
watching a number of Arab boys who were present in some
considerable force at the Paris Exhibition of 1889. It was
amusing to see them racing upon their diminutive steedsel
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very long, narrow stables; it seemed most foolhardy. It was
remarkable how they vied with one another in a most reckless
manner, but always remaining geodtured about it. The action

of those browrcomplexioned youths corresponded exactly with
Carlyle's description of the Arabs: "Something most agile,
active, yet most meditative, enthusiastic in their character, a
people of wild, strong feelings and iron restraint."”

But in the eighth century the Arabs became a most
important people. Although their huge peninsula bulks very
large on an atlas, it was not Arabia that was the true home of
Science. The Arabian Empire had extended far and wide. Not
content with capturing s towns as Jerusalem and Damascus,
they founded the great city of Bagdad, in Asiatic Turkey, a name
familiar to the young folk of modern times through the story of
Aladdin and his lamp as told inThe Arabian Nights'
Entertainments.

They also founded Car in Egypt, and the town of
Cordova, in Spain, and in all their great cities they set up schools
of learning which soon became famous. Many people, from all
civilised lands, flocked to Cordova for instruction in Literature
and Science. In this way the A kept the Sciences alive for
many centuries.

It is interesting to note that in their early days of Science,
the Arabian Monarch offered the Emperor of Greece five tons of
gold and a perpetual treaty of peace if he would allow a certain
learned philosopdr to give scientific instruction in Arabia.

During the Middle Ages the most popular books were
those that came from the Arabians, and probably among the
most thrilling books of our own childhood we should still reckon
The Arabian Nights' Entertainmentshich, although coming to
us through the French, was of Arabian origin.

The Arabs were great admirers of Aristotle, and it was
they who made the writings of the ancient Greek philosopher
known in Europe. We may find the names of many Arabian
philosopheran our encyclopaedias, but of their lives we know
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practically nothing, and even their names would not be
recognised by the majority of modern Scientists. Most of the
Arabian philosophers practised as physicians, being experts in
the properties of medicindlerbs. They were the founders of
chemical pharmacy, so that when a modern physician writes out
a prescription he is following the lead of these Arabs of long
ago.

There is one Arabian philosopher, Alhazan, about whom
we have a few particulars. He wasative of Mesopotamia and
lived shortly before our own country was taken by William the
Conqueror, which is not so very far short of one thousand years
ago, or midway between the present and the time of Christ. This
ingenious man, Alhazan, came to Egypt afféred the Kalif a
great scheme in connection with the overflowing of the River
Nile. His scheme was not practicable, and the Kalif was so
annoyed that it is probable he would have put Alhazan to death
had the Philosopher not pretended to be mad. Heesded in
keeping out of the way until the Kalif's death, whereupon he
reappeared and proved himself to be a great Scientist.

Alhazan was very much interested in Optics; he
demonstrated the phenomenon that light always travels in
straight lines, althoughhat fact was made known by Ptolemy
many centuries earlier. Alhazan was a born experimenter. He
darkened a room and then admitted a beam of light through a slit
in the shutter. If the atmosphere of the room were clear of all
dust, he should have seen onlgaich of light upon the floor or
wall, according to the position of the slit in the shutter. But if
there are dust particles floating about in the air, these serve to
reflect some of this light as it passes through the invisible air.
Alhazan was aware dhis fact, for he says "the light is made
clearly visible in the air mixed with dust.”

| may remark in passing, that in order to obtain the
photograph facing this page, it was necessary to shake a chalky
duster in the air. This photograph serves to itatst another
important experiment which was made by Alhazan. It was
known to Ptolemy, and was referred to in his early book on
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Optics. In demonstrating it Alhazan took a glass vessel filled
with water, and not being able to have dust floating throughout
the water, he added a little milk, which served the same purpose
in the water as the dust particles did in the air. In the modern
form of the experiment it is usual to replace the milk by a little
red ink or other fluorescent substance, and to use a powerful
lantern to produce the beam of light. Of course, the object of the
demonstration is to show how the beam of light is bent, upon
passing from one medium to another.

But why bring these facts about the Arabs into a chapter
entitled "Roger Bacon"? Becausete seems to me to be a clear
connection; Roger Bacon was a keen student of the scientific
writings of the Arabs, and in particular the works of Alhazan. In
this way our hero links together the Ancient and the Modern
Sciences, for although Bacon had nameadiate followers, we
may consider him as the founder of Modern Science.

The position of Science as Bacon found it was most
unsatisfactory. He tells us that he found only one teacher who
really understood Aristotle, and this one teacher was modest,
passig unnoticed, while the others, with a great show of
learning, became famous. This so aroused the indignation of
Bacon that he wrote a scathing criticism of the teachers, pointing
out that they were totally ignorant of the true foundation and
method of Sciece. It goes without saying that this did not add to
our hero's popularity. However, after having spent sixteen years
in Paris, the seat of learning, and having gained the degree of
Doctor of Theology, he returned to Oxford.

Roger Bacon, who was then abdhirty-six years of age,
became a Franciscan monk. The fame of his learning spread in
Oxford, but as he made a practical study of Chemistry and
Physics, he was supposed to be aided in his experiments by
infernal spirits, and there was a feeling of sugpicconcerning
him.

To realise what the world thought of this Scientist one
has only to peruse an old book which was translated into English
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three centuries ago under the tiflee Famous Historie of Fryer
Bacon Here we find the sort of magic with whi¢he people
credited this English monk. We are told that he was summoned
before the King and Queen to show his magic powers to them.

REPEATING AN ARABIAN EXPERIMENT OF ONE THOUSAND YEARSAGO
THE UPPERPHOTOGRAPHSHOWSA BEAM OF LIGHT BEING BENT WHEN
PASSINGFROM AIR TO WATER AND BACK TO AIR. THIS IS A REPETITION
OF ALHAZAN 'S EXPERIMENT (PAGE 42). THE APPARATUS SHOWN IS SUCH
AS IS USEDTO-DAY. IN THE LOWER PHOTOGRAPHTHE BEAM OF LIGHT IS
BEING REFLECTEDBY THE SURFACESOF THE WATER.
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This FamousHistorie relates how, by the waving of his
wand, he summoned excellent music, such as had never; been
heard before; then there came forth, from nowhere, people who
danced and then vanished away as they had come. By another
wave of the magic wand there &aped tables covered with the
richest fruits, and so on, and so on. It is even related in this
Historie that the King and Queen did eat some of the rich fruits
which had, been conjured up from nothingness.

This supposed history of Roger Bacon ends with a
description of his death in a cell, in which he had locked himself,
after making a bonfire of all his writings, the very last episode
being "his grave he digged with his owne nayles, and was laid
there wherhe dyed."

It does seem strange that people should believe such utter
nonsense, and yet for centuries Roger Bacon was considered to
be some sort of wizard. Even in the beginning of the eighteenth
century Bacon was looked upon as nothing more than an
ingenbus Alchemist, so that it is only in comparatively recent
times that a true history of Roger Bacon has been made out,
chiefly from a study of his own works.

We need not be surprised to find that Bacon sought for
the Philosopher's Stone, and that he beliealso in Astrology.
We shall find many great minds still believing in these
"Sciences" several centuries after his time. But Bacon's studies
were all serious; he did not practise Alchemy or Astrology for
any personal gain. His advance in knowledge istmeysarkable
if we consider his surroundings. The mass of the people were
quite unlearned. If a man could write, or even if he could read,
that was proof that he was one of the clergy.

Even most of the monks in Bacon's time were ignorant of
Mathematics. ld tells us most of those who applied themselves
to Mathematics in those days stopped at the fifth proposition in
Euclid, and it is interesting to note that the title by which we
knew this proposition in our schoold@y$Pons Asinorum"
(The Asses' Bridgé) was given to it in Bacon's time. It is clear
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that Bacon must have given a great impetus to Mathematics, for
we find an old monkish historian writing of one of the
Franciscan monks: "Friar Bungay was profoundly versed in
Mathematics; which was either the wask Satan or of Roger
Bacon."

Bacon had not been back in Oxford for many years when
the Head of his Holy Order interdicted his lectures at the
University, and he was sent back to Paris to be placed in
confinement under the Head of the Franciscan Ordee.tiNoD
doubt the reasons advanced would be that Bacon was not
orthodox, and that he employed magic in his experiments, but
from what happened later one may suppose the real cause to be
his open criticism of the ignorance and vice of the clergy.

For ten yars Bacon was confined in Paris, prohibited
from publishing any writings, and kept under constant
supervision. We have no details of his solitary confinement
there, but it is said that he suffered great privations, being denied
even sufficient food. It idifficult for us to realise what this
imprisonment must have meant to a man of such great genius,
who saw so much farther ahead than any of his captors. He had
given up all hope of ever communicating any further knowledge
to the world, when a request froRope Clement IV reached
him, desiring to see his scientific writings. The Pope had been
Papal Legate in England while Bacon was at. Oxford, and he had
heard of Bacon's fame; indeed, this high dignitary had desired to
see Bacon's writings at that time, bl interdict prevented his
wish being gratified. Now that he was Pope he could set aside
the orders of the Parisian dignitaries.

That Bacon was immensely pleased to receive this
request during his imprisonment is evident from a personal
description of k8 circumstances and feelings at that time, of
which he tells us in the opening chapter of one of his great
works. But he had no writings to send; he had been forbidden to
publish anything, and he no doubt believed that anything he
might write would be destyed. However, he had plenty of
scientific knowledge in his head, and he lost no time in putting
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his ideas down in writing. It is remarkable that in less than two
years he had completed three large treatises. These he wrote, of
course, in Latin, which wathe written language of the educated

at that time. He dispatched his writings to the Pope by the hand
of one of his students who is known to us as "John of London."
It was unfortunate that just about the time the manuscripts
reached Rome the Pope was takeeriously ill and did not
recover, so we have no record of what Clement IV thought of the
works. It is significant, however, that Bacon was released from
his confinement and permitted to return to Oxford.

Once more a free man, Bacon devoted all his time
scientific study, and more particularly to experimental Physics.

But Bacon could not refrain from urging the necessity of
more efficient study on the part of the monks, and in his writings
he denounced their ignorance and vices. The result of these
noble outbursts was that, after three years' freedom, he found
himself thrown into prison, and all his books condemned. For
about fourteen years he remained a prisoner, and entering at the
age of sixtyfour he would be an old man of seveseight years
before he was once more set at liberty. This last liberty was
granted at the request of several influential English noblemen.
Even at this advanced age Bacon wrote a Compendium of
Theology. He passed away about the age of fourscore years.

It is well to note tAt Roger Bacon was not the inventor
of gunpowder, nor of the telescope, although his name was
associated with these inventions for a long time. Gunpowder,
while referred to by Bacon in his writings, was known for
several centuries before his time. Thegetge was not invented
for centuries after Bacon, as we shall see when we come to
consider the life of Galileo. Bacon knew the use of optical
lenses, and he invented the magnifygigss, which, however, is
not the same as a telescope.

The first title whtch | had noted for the present chapter
was "The Two Bacons,” but | feared that many readers might
object to the inclusion of Francis Bacon as a Scientist, and |
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doubt if he fulfils the definitions with which | set out in the first
chapter. He did not addng thing of importance to our
knowledge of Science, but it is debatable how far modern
Science has been influenced by the writings of Bacon.

While Francis Bacon was a great man of letters, a famous
lawyer, and so on, that does not bring him within thepsoof
the present subject, but | do think there is a real connelating
in this way. Francis Bacon, who lived about three hundred and
fifty years after Roger Bacon, was a prominent figure in the
Court of Queen Elizabeth, and Dr. William Gilbert, who did
much for Science, was one of Queen Elizabeth's physicians at
that time, so | think it is reasonable to suppose that Gilbert
would be influenced by Francis Bacon, who declared so very
vehemently that Science was altogether on the wrong track. He
declared tht the true philosopher should not be a mere
disputant, but an experimentalist, and it is well known that
Gilbert was a great experimentalist. We should remember that at
this time public thought was divided into two classes. Science
was thought to be impsible, or it was considered to be
complete already. Francis Bacon has some claim of mention in
the present subject because of his attempted reformation of
Science, but he himself made no scientific discoveries. Under
these circumstances, | have thoughsufficient to give only a
very general outline of this great man.

Francis Bacon was born in the Strand, London, in the
year 1561, and after being taught at home he went to Cambridge,
and later to Paris. Francis was the youngest son of a large
family, and his father, Sir Nicholas Bacon, was arranging to
purchase an estate for Francis, but before this had been arranged
the old gentleman died suddenly. Although all the other sons
were well provided for by the father, they only let Francis get his
share of theresidue of the estate. In this way he was left
tolerably poor, considering his father had been so wealthy.
Francis made this poor beginning much worse by borrowing
money, with the result that he was always in debt.
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Although a Member of Parliament, he eaecd no
remunerative post from Queen Elizabeth, but in the reign of
King James he became Attorr&gneral and Lord Chancellor.
His actions when holding these high posts brought about his
imprisonment in the Tower of London at the age of sixty years,
but hs sentence was remitted. It is very doubtful if Bacon was
guilty of any real bribery, but he confesses to receiving money in
the form of gratuities when cases had been tried and the verdicts
made known. Before this time he had been raised to the peerage.

After the release from his short imprisonment, Bacon
devoted himself to his scientific writings, but his famous
Advancement of Learningras written at a much earlier date and
during one of the vacations of Parliament.

We have noted that Francis Bacon swaot an
experimental Scientist himself, although he was a very strong
supporter of the experimental method. But | think sometimes
that Bacon might have become a great experimenter had his time
not been so very fully taken up with Parliamentary and State
duties, for at the age of sixfive we find him making an
experiment, which unfortunately was indirectly the cause of his
death.

Driving in his carriage one winter day through the
Highgate district of London he wondered if snow would act as a
preservativeof animal flesh. He stopped his carriage at a
cottage, where he purchased a fowl, which, when killed, he
asked to be stuffed with snow. He himself assisted in the
operation, and during the experiment he contracted a sudden
chill, and became so seriousliythat he had to be taken to the
neighbouring house of the Earl of Arundel, where he died after a
few days' illness, being then only in his sksiyth year.
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CHAPTER V

COPERNI CUS AMMDMOHIFSE EORY
14441343

NICOLAS COPERNIKO BETTER KNOWN TO US AS
COPERNICUS

We have seen that Pythagoras taught that the Earth is not
the centre of the Universe, but that it is flying through space in a
ceaseless journey around the Sun; and Pythagoras lived before
the time of Christ. But this theory had practically eshto exist
throughout the Middle Ages, till it was revived by Copernicus in
the fifteenth century. For that reason it is known to us as the
Copernican System.

Copernicus lived about one hundred years before
Galileo, whose name is so prominent in conmectivith the
fixing of this theory in the mind of man. This was the time when
the great Christopher Columbus lived.

Nicolas Copernik was the name of our hero, but he is
best known under the Latin form of his nam€opernicus. He
was born in Polish Prussia 1473, and although his birthplace,
Thorn, was then in Poland, it is now in Prussia. We know
practically nothing of his parents except that his father was a
merchant.

When we learn that Copernicus was taught Latin and
Greek at home, we might suppose that his father must have been
an accomplished scholar, but as his father died when Copernicus
was only ten years of age it is probable that these languages
were acquired &r his father's death. This is very probable, for
the boy was then taken care of by his uncle, who was a Bishop.
At the age of seventeen Copernicus went to the University of
Cracow, which town was the old capital of Poland.
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His uncle, the Bishop, desiregtiat Copernicus should
enter into Holy Orders, but he proved an unsuccessful candidate
for a Canonry, and was sent to Rome to study. There he became
very friendly with an illustrious astronomer, who obtained for
him the professorship of Mathematics in Rem

Copernicus made great progress in the study of
Astronomy. He soon rivalled his distinguished friend and
master. After several years of successful teaching of
Mathematics in Rome, Copernicus returned to his native land
and settled down in the positiof @anon of one of the principal
churches in Poland. Here he passed a quiet life, devoting one
part of each day to the duties of his holy office, another part to
giving free medical advice, and the remainder of his working
day to study. At this time he walibe about thirtfive years of
age. He had no desire to make a great reputation for himself, nor
did he care to enter into controversy, and so he worked away on
his own account, trying to establish the theory that the Sun, and
not the Earth, was the cealtbody. He kept his manuscript to
himself, revising and reevising it year after year. It is quite
possible that Copernicus knew that the Church would not favour
his theory, and so his best plan was to prepare his book upon the
subject. This bookDe Rewlutionibus Orbium was his life
work, and was not completed until he was f$gven years of
age. But even then he did not seek to publish it. The MS. lay
dormant until a few years before his death, and only owing to the
pressure of his friends did herag to publish it. That would be
about twelve years later. In the meantime the idea had been
severely criticised by many of those who heard of the work. The
great German Reformer Martin Luther, who was then living,
thought Copernicus a fool to hold suchiropns. He was even
ridiculed on the stage at a public performance.

While Copernicus was a scholarly student, and devoted
great care to plotting out the motions of the planets, and to the
Mathematics of Astronomy, we must remember that Science had
been dad for many centuries and was only beginning to be
revived. Hence many of the arguments used by Copernicus,
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although they passed for logic in these days, would seem quite
ridiculous nowadays. For instance, Copernicus adopted the same
"argument" as Aristofl did, that the planets must move in
regular circles because the circle was the most perfect and only
natural form. For the same reason the Earth was spherical. Then
his idea of the motion of the planets was similar to the ancient
conception of the heavgnbodies being fixed in gigantic crystal
spheres which, in his theory, circled around the Sun. However,
he was the first to prove that the Earth is really a planet flying
through space just as Jupiter, Saturn, and the other planets are.
Pythagoras had sugsted this, but he had offered no proof of his
theory.

It is difficult for us to realise what a complete revolution
of man's ideas this theory required. Indeed, man's position had
been very much like that of the little child to whom everything
seems cented around itself. Everything that takes place in the
Baby's world has special reference to the Baby. Man had
imagined for ages that he was on a firmly fixed Earth, around
which all the heavenly bodies danced attendance. Now he was
asked to believe thatithgreat big world of his was in reality a
mere speck in the Universe; that he was on the surface of a
comparatively small planet continually flying through space.

This great awakening did not come really during the
lifetime of Copernicus. Indeed, he neveaw his great book
published. The first copy is said to have been placed in his hand
when he was on his dealtied, but it is very doubtful if he could
realise what it was. Then we must remember that a book which
was practically a technical treatise, wait in Latin, was not read
by the general public. A hundred years later Galileo wrote upon
the same subject in the vulgar tongue (Italian) instead of in
Latin. The reason which Galileo gave was that, although people
might have "a decent set of brains, yait being able to
understand things written in gibberish, take it into their heads
that in these crabbed folios there must be some grand hocus
pocus of logic and philosophy much too high up for them to
think of jumping at. | want them to know, that as Natias
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given eyes to them just as well as to philosophers for the purpose
of seeing her works, she has also given them brains for
examining and understanding them." But that was a century later
than Copernicus. It took the Church a long time to realise tha
this theory was the beginning of a great revolution of thought.

Immediately preceding Galileo there came one Tycho
Brahé, who did not adopt the theory of Copernicus, but whose
great astronomical observations, as we shall see in the
succeeding chapter,ed on to the establishment of the
Copernican System by Galileo.
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CHAPTER VI

TYCHBRACHE
154166 0 1

ASTROLOGER, ALCHEMIST , AND M EDICAL
QUACK , BUT A MOST DISTINGUISHED
ASTRONOMER

The name of Tycho Brahe, though foreign to us, would
not seem strange to Hisllow-countrymen in Denmark. Indeed,
the name Tycho is still used among the Danes.

In the ordinary course of events Tycho would have
become a soldier. He was born at a time (1546) when learning
was left very much to the monks. He came of a noble family
who lived on the estate of their ancestors, but the present owners
were not wealthy. It was usual that the sons of gentlemen should
devote their lives to the protection of their country, or spend
their time in hunting. For such avocation it was considenad t
no booklearning was necessary, and had the intentions of
Tycho's father been fulfilled it is probable that we should never
have heard his name. But it so happened that an uncle, who had
no family, desired to adopt one of his nephews. The uncle and
aurt were desirous of having the entire upbringing of the boy,
but so long as Tycho was the only son, his parents could not part
with him. However, there seems to have been a definite
understanding that ultimately the boy would go to the uncle, for
we find Tycho getting special instruction in reading and writing,
and later on in Latin and Literature. All this was in opposition to
his father's ideas, but the uncle, on the other hand, was a well
educated man.

After the death of Tycho's father, who left five scand
five daughters, the uncle sent Tycho to the University of
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Copenhagen. The boy was then only thirteen years of age, so he
must have been a very apt pupil, though it is interesting to note
that our own Lord Kelvin entered Glasgow University at an
earlier age even than this. Tycho's uncle's ambition seems to
have been to give his nephew a good education in philosophy
and law, so that he might be able to fill some of the great
political offices.

While Tycho was a law student at Copenhagen there was
a grat deal of talk about an eclipse of the Sun which had been
prophesied to occur on a certain, day. The interest of the people
was not a scientific one; Science was a thing of the past so far as
these people were concerned. But, according to their notions,
this eclipse of the Sun might carry with it the destiny of a whole
nation, and no doubt the Astrologers would have been busy in
framing predictions.

Of course, all this about Astrology seems strange to us,
but if we picture a people totally devoid of alhdwledge of
Astronomy, we can understand that when they found that
Astrologers were able to predict definite happenings in the
heavens, it seemed natural that they should be able to predict
also what should happen on this Earth.

When the twentyirst day of August, 1560, dawned,
there would be considerable excitement, for that was the very
day upon which the Astrologers had said the Sun would be
darkened. Tycho, now a boy of fourteen years, was one of the
anxious watchers, and when things happened inghedms just
as they had been predicted, he was carried away with
enthusiasm. He, too, would learn to predict not only what should
take place in the heavens, but among the nations also. In other
words, Tycho decided there and then that he would become an
Astrologer; a profession far removed from that of an
Astronomer. He purchased books dealing with the planetary
motions, which books would, of course, state that the Earth was
the centre of the Universe.
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We may presume that Tycho's uncle was not party $o thi
idea of the youth becoming an Astrologer, for we find Tycho, at
the age of sixteen years, being sent with a tutor to Leipzig to
extend his knowledge of law. But his hobby had a far greater
fascination for him than the study of law. All his spare time was
devoted to a study of the heavens, and all his spare pocket
money went to the purchase of books on Astronomy. Tycho
would sit up at night, presumably without his tutor's knowledge,
and study the stars. He could soon distinguish the different
planets andraice their apparent motions. With the aid of a pair of
rude compasses and a celestial globe no larger than an orange,
this youthful astronomer found that some of the accepts
calculations of the planetary motions did not agree with his own
calculations, andso Tycho resolved to devote his life to
obtaining accurate information concerning the motions of the
heavenly bodies.

To the average youth such a task would have seemed
impossible, for the whole of Tycho's training had been in
philosophy and law; he hatever studied Mathematics. But he
had reached that stage at which he could learn on his own
account, and so, without the aid of any master, he gained the
necessary knowledge of arithmetic and geometry. Tycho found
some of the predicted motions of the planso very far out, in
some cases a whole month, that he determined to make more
accurate instruments for observing. Telescopes were not
invented until the succeeding generation.

Tycho had practically completed his study of law, when
news came that his ale had died, leaving his fortune to Tycho.

Now he was free to settle in Denmark to pursue his
astronomical studies with freedom. But we are told that his
relatives and friends were not pleased that he should have
abandoned law for what seemed to thendigulous and useless
occupation; that, indeed, they made things so uncomfortable for
Tycho that he left Denmark and settled in Germany.
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We must remember that Tycho's study of Astronomy was
closely connected with Astrology; the great plague which
devastaed Europe later was believed by him to be due to the
conjunction of two of the planets having taken place in a certain
part of the heavens which had a special connection with
pestilence.

While pursuing his astronomical observations in
Germany Tycho attemdl a wedding feast. He may have
attended many more, but we know of this one because while at
this feast he had a quarrel with a felloauntryman. The
occasion of the dispute had reference to their mathematical
acquirements. Matters were evidently smootloeer for the
time, but about a fortnight later Tycho and this quarrelsome
guest happened to meet again, at some festive games. Instead of
letting bygones be bygones they revived the fdrmer quarrel. So
serious did the matter appear to them that they deéc¢aléght a
duel with swords, but how this should decide which was the
better mathematician is difficult to see. However, the fight did
not take place in the heat of the moment, but two days later. It
was a dark December evening, and one biographer states
they fought in total darkness. But surely there must have been
sufficient light to enable the combatants to see the position of
each other, or the seconds might have fared badly. However, the
result was that Tycho had his nose cut off by his opporfent
lose one's nose would not improve one's personal appearance.
And if we try to picture Tycho as described by some of his
biographers, we can well imagine that the loss of his nose would
not add to his good looks. He was of middle size, and had
"reddishyellow hair" and a ruddy complexion.

Tycho did the best he could under the circumstances. He
had an imitation nose made. This artificial nose has been
described by some as a nose of gold and silver; by others it is
spoken of as a construction of puttydaorass. His nose would
be a decided novelty in these days, and would be of general
interest. He seems to have had some difficulty in getting the
nose to remain in its proper place, for he is said to have carried
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with him a box of cement with which he cduleplace the nose
when it fell off.

While Tychowas still a young man of twentyo years,
he had a very large quadrant instrument made by which he could
make more perfect observations. The best workmen were
employed for a month making this huge instrument, which
required twenty men to carry it to fpéace of fixture.

At the age of twentfive Tycho had become famous as
an Astronomer, and when he returned to Denmark he was
received as a great man. The King invited him to Court, an uncle
provided him with an observatory and a laboratory, and for a
time Tycho became a very keen alchemist. There have been
many honest alchemists who earnestly sought to produce gold
from silver, and to discover not only a panacea for all ills, but a
tonic which should prolong life indefinitely.

Tycho worked hard in his laatory; he was an
enthusiast in everything he took up of his own accord. Upon
leaving his laboratory one night, the sky happened to be very
clear, and Tycho observed overhead a bright star which he had
never seen before. Of course, Tycho was so familitr the
heavens by this time that he would very quickly spot a stranger.
But this seemed so impossible a thing that he called his servants
out to assure him that the star was really there. He hurried off to
his observatory and noted down the exact posibibthis new
star, so that he might find out if it moved or if it were a fixed
star. Tycho's friends joked him about this new star, but he was
able to point it out to them, for it was bright as Venus at her best.
Strange to say, the new star began to dshinit remained
visible for a little more than a year, then faded out altogether.
Tycho was able to say definitely that this temporary star was
very far distant, away among the fixed stars. Other temporary
stars have appeared and disappeared in simdaioia, and we
believe these to be great masses of incandescent gas produced by
some collision or disruption far off in space. Tycho, who was
now twentyseven years of age, fell in love with a peasant girl.
He shocked the dignity of his friends by marrythgs girl who
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had been brought up in so humble a position. Some two years
later Tycho decided to remove from Denmark, so he set off by
himself on a tour of inspection on the Continent, ultimately
fixing upon Basle as a permanent residence "not only frem it
centrical position, but from the salubrity of the air, and the
cheapness of living."

Tycho returned home and made all preparations for the
departure of himself and family to Basle. Just then a messenger
arrived with a letter from the King of Denmark ask Tycho to
meet him at Copenhagen. To Tycho's great surprise the King
entreated him to remain in Denmark. He offered Tycho a certain
island where he could have peace to make celestial observations.
His Majesty presented Tycho with the sum of twenty thads
pounds wherewith to build a large observatory on the island. He
also made over to him an estate in Norway, which would yield
him an income, and in addition to all this he undertook to give
him a pension for life of four hundred pads a year. Needless to
say, Tycho gladly accepted this very handsome offer, and he
expressed the hope that by such means he might make
discoveries that would be a credit to his native land.

Tycho's observatory was a veritable castle, but it was no
plaything; Tycho put in twemgtyears' earnest work, and work
that counted much for future generations of men. He did the first
really accurate work in Astronomy, and all without the aid of
any telescope, the discovery of which we shall consider when we
inquire into the life of Galileowho was born in Italy when
Tycho was a lad of eighteen. These two great men never met. A
mutual friend recommended Tycho to write to Galileo. This he
did, but the acquaintance went no further.

We must not picture Tycho as a recluse away in his
island haene. He had always a number of students resident at the
observatory, and he had constant visitors from many different
countries. Among the royal visitors we find James | of England,
who spent eight days at Tycho's observatory. Of course, it was
King James'snarriage with Anne of Denmark that took him to
these quarters.
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The description of Tycho's house in the observatory
reminds one of the country mansion of the great French conjurer,
Robert Houdin. Tycho had invisible bells which communicated
with every par of his establishment, and with the gentlest touch
he could summon any of his pupils before him. When some
stranger was present Tycho would mutter in a mysterious
manner, "Come hither, Peter!" whereupon one of his pupils
would suddenly appear before them.this and similar ways
Tycho would mystify his visitors. Then he had a great collection
of automatic devices of his own invention, which interested all
visitors.

But there was one of Tycho's "curiosities” which must
have been very unpleasant to his gfseHe kept an idiot boy
named Lep, who lay at Tycho's feet during meals, and whom he
fed with his own hand. Tycho imagined this idiot to be
something wonderful, and no matter what guests were present,
every one had to keep quiet when this boy spokehatoTycho
might note down what the boy said. Tycho believed that the
boy's mind could foretell the future. Such scenes must have been
most distressing.

Tycho was so superstitious that if, on leaving his house,
he happened to meet an old woman or a hasewdbuld not
proceed farther, but returned immediately to his home.

In the subtitle to this chapter | have described Tycho as a
Medical Quack. This is quite justified, for although Tycho was
not a trained physician, he doctored many invalids who flocked
to his island. One must suppose that his cures were, like those of
preseday quacks, performed on persons who were
hypochondriacal, or highly imaginative and nervous persons.
However, he had invented what we should call nowadays a
patent medicine, which vgan great demand and is said to have
been on sale in every apothecary's shop in Germany.

Such things aroused the jealousy of the medical
profession, and when Tycho's great benefactor, the King, died,
leaving his young son to fill the throne, the physisidelped to
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stir up a feeling against Tycho. So many adverse things were
said about Tycho and his work that a committee, what we should
call now a Royal Commission, was appointed to inquire into the
value of Tycho's work, for he was still drawing his im@from

the State. This committee had the audacity to report that Tycho's
work was absolutely worthless and that it would be ridiculous to
allow him to draw any income from the Treasury.

Deprived of his estate in Norway, and of his pension,
Tycho was comglled to give up his great observatory, in which
he had worked and lived for twenty years. It will be remembered
that Tycho had been left his uncle's fortune, amounting to about
twenty thousand pounds, and he had doubtless accumulated
money from his famoumedicine. But all his fortune had been
spent upon his great observatory, which in all must have cost not
less than forty thousand pounds. We can understand what a
heartbreak it must have been for Tycho to be forced to abandon
all this. He had to retire ta house in Copenhagen, to which he
carried all his smaller instruments.

Not long after this Tycho determined to leave Denmark
altogether. He returned to his island and collected all the other
instruments that were movable, along with his books and
crucibdes. He hired a ship and set sail, accompanied by his wife,
his family of nine, many pupils and assistants, and a number of
servants. The plague, which was then spreading in Europe,
prevented Tycho taking up a permanent residence.

He was introduced to themperor of Bohemia, who was
"addicted to alchemy and astrology.” The Emperor gave Tycho
the choice of several castles for an observatory. In addition to
this he settled a very substantial annual pension upon him. And
so Tycho established a school at Peagwhere he employed
many good calculators as assistants. Among these assistants was
Johann Kepler, whose life we shall consider in the succeeding
chapter.

Tycho's health gave way, and he lived only four years
after leaving his happy island home in Denknatis life of
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fifty -five years was a crowded one. He was a devout man, a
great student of the Holy Scriptures, and there is no doubt that it
was on religious grounds that he did not accept the theory of
Copernicus that the Earth was not the centre oftiieerse.

One is pleased to know that Tycho's widow and family
were not left in want, for the Emperor purchased Tycho's
instruments for a very large sum of money.

The great value of Tycho's work was his making
Astronomy and accurate Science, and somegtinmore than a
mere aid to Astrology. Considering the instruments with which
he had towork, Tycho's observations are a marvel of accuracy;
he never made one careless mistake. Tycho Braché laid the
foundation upon which modern Astronomy has been builded.
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CHAPTER VII

JOHANKEPL ER
15716 30

FROM POT-BOY IN A TAVERN TO | MPERIAL
M ATHEMATICIAN AND ASTRONOMER

Although Johann Kepler was a gmdy in a tavern, his
parents were both of noble families.

But Johann got a very bad start in life. His parents had
degraled themselves; they had come down in the world. The last
straw seems to have been that Johann's father had become
security for a friend, and this friend had absconded, leaving
Johann's father to pay the piper. It was then that he sold off all of
value tha he possessed and became a takeaper, and it was
in this tavern the son worked for several years.

There was no happy home life for the boy. His mother
was a woman with a terrible temper, so much so that her
husband was glad to go abroad as a soldiest when Johann
should have been sent to school he became a victim to smallpox.
On his recovery he went to school, but after two years of
irregular attendance he was withdrawn so that he might act as
potboy in his father's tavern. He seems to have kepnat this
menial work for five years, by which time he would be fourteen
years of age. He then returned to school, but only for a very
short time, as he developed a severe iliness, while his parents, at
the same time, were both suffering from smallpox.

We see that Kepler had passed the ordinary school age
without any proper schooling. How different from Tycho Brahé
who had entered the University at thirteen years of age. But at
the age of fifteen years Keplevas admitted to a monastery
which prepared students for the University at Tubingen.
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We have been picturing this unfortunate boy without
placing him in any particular part of the world, except for the
preceding paragraph. The name Johann will probablye hav
placed him in his native land of Germany. It is usual to speak of
Kepler as John Kepler, but this has always seemed to me
unfortunate; indeed, | have found some young friends thinking
of Kepler as an Englishman. Probably this error has arisen
through thee young people only hearing of Kepler in connection
with Sir Isaac Newton's work. However, the birthplace of Johann
Kepler was a small town about ten miles from Stuttgart, and he
was born prematurely a few days before the Christmas of 1571.
He remained dieate throughout life.

His time at the University was interrupted not only by
repeated illnesses, but by family troubles. It was at this time that
the mother's violent temper drove the father to a foreign land,
where he died. It is reported that the nestlyuarrelled with
every one of her relations. It is to Johann Kepler's credit that,
despite all these troubles, he succeeded in gaining his degree of
Bachelor, coming out second in the examination.

It is interesting to note that when Kepler was about
twenty years of age he became a convert to the Copernican
theory, which brought the Sun to a standstill and set the Earth in
motion. His conversion was due to a lecture on the subject
delivered in the University. Galileo's conversion to this theory is
supposd to have taken place about this time also, but we must
remember that the surroundings of the two men were very
different. Kepler was allowed perfect freedom of thought in
Germany, whereas Galileo had no such liberty in ltaly. It is
interesting to note thhawhen Galileo first heard of the
Copernican theory, he thought it was "a piece of solemn folly."
However, we shall hear more of him in the succeeding chapters.

At the age of twentyhree years Kepler became
Professor of Astronomy at Gratz, but this Sceerwas not
accounted of much importance in these days, except so far as it
was of value to Astrology. Kepler was not physically fit to
become an Astronomer such as old Tycho was in Denmark at
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that time. Kepler suffered from weak eyes, and his delicate
congitution prohibited him exposing himself to the night air.
Neither was it as a Mathematician that Kepler excelled, but he
had a wonderfully vivid imagination, and so his strength lay in
devising theories concerning the motions of the heavenly bodies.
Somepeople think that theories are mere guesses at the truth, but
unless a "guess" or hypothesis can be supported by established
facts it is not allowed to remain. Kepler made many very wild
guesses, he has left us a record of some of these, but he did not
stp there. He put all his theories to the test. Sometimes he
thought he had established them, but when he found out some
error later, he never failed to make it known, and to demolish his
own theory.

But when considering the theories of others Kepler
sometmes became very sarcastic. For instance, when a new or
temporary star appeared, similar to that seen by Tycho Brahé
some thirty years previously, those philosophers who were
known as Epicureans put forward a theory that the new star was
due to a fortuitousoncourse of atoms. Kepler wrote a good deal
of sarcastic nonsense about this, finishing up in the following
fashion: "I will tell those disputants, not my own opinion, but
my wife's. Yesterday, when weary with writing, and my mind
quite dusty with conseting these atoms, | was called to supper,
and a salad | had asked for was set before me. 'lt seems then,’
said |, aloud, 'that if pewter dishes, leaves of lettuce, grains of
salt, drops of water, vinegar, and oil, and slices of egg had been
flying about n the air from all eternity, it might at last happen by
chance that there would come a salad.' 'Yes,' says my wife, 'but
not so nice and well dressed as this of mine.™

As Kepler was not capable of being an active observer of
the heavens, it was necessdhat he should rely upon the
observations of others in constructing his theories. For this
reason Kepler paid a visit to Tycho Brahé at Prague, to which |
referred in the preceding chapter. At that time Tycho would be
about fifty-four years of age, whil&epler would be twenty
nine. After returning home from that visit, Kepler received a
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pressing invitation from Tycho to become his assistant, and so
Kepler and his wife set out for Prague. Again misfortune
overtook our hero. He fell ill on the journey andsndelayed for
seven months. During that time all his savings disappeared, and
he had to ask Tycho for financial assistance.

Tycho and Kepler became the best of friends. They
undertook to compute a new set of Astronomical Tables, which
would entail an enonous amount of labour, but Tycho died in
that same year. Kepler was appointed to Tycho's post of Imperial
Mathematician, and he was promised a liberal salary by the
Emperor, but unfortunately the Treasury was already overtaxed
by heavy war expenses, andepder's salary was always in
arrears. Indeed, Kepler did not receive enough to keep him and
his family, and he had to set up as an Astrologer, while he
continued his real astronomical work in earnest. He was not in
earnest about Astrology; we saw that TydBrahé was a real
Astrologer, believing in his own predictions. Kepler was only an
Astrologer in the same sense as we have foiteilers at
country fairs teday; merely as a means of livelihood. There was
this difference, that the modern Astrologer nftanows nothing
of Astronomy.

Kepler did not like to resort to this means of making
money. A few years later, when he had to raise funds in a similar
manner, he wrote: "I have been obliged to compose a vile
prophesying Almanac, which is scarcely more eesgble than
begging." Kepler was scarcely ever free from money difficulties,
and it is all the more creditable to him that he did such excellent
work.

The most outstanding of Kepler's discoveries are those
truths known to the student &epler's Laws The first of these
laws states that the planets move in ellipses, with the Sun in one
focus. This was a truly great discovery. The famous philosopher
Aristotle had said that the heavenly bodies moved in circles, and
we have seen that there was no doubt iisttle's mind, for the
circle was the only perfect and natural motion. And because
Aristotle had declared this long ago, generation after generation
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accepted the statement as an established fact. Astronomers could
not get the motions of the planets toegwith a simple circular
motion. They made an elaborate system of one circle carrying
another circle. Then, believing the earth to be the centre around
which the planets moved, they placed the Earth at some distance
from the true centre in order to trycaaccount for the different
positions of the planets at different times. All this arrangement
developed by Ptolemy, and known as the Ptolemaic System, was
very much complicated.

How, then, did Kepler discover that the path of a planet
is of an oval or eiptic form? Simply by guessing one thing, and
when he found that would not do, guessing another possible
solution. But it required a strong mind to break away from the
universally accepted doctrine of Aristotle.

As we are considering only the life of Kepl we need
not detail the other two laws which he discovered. We are more
concerned about the welfare of our hero, whose scientific ardour
could not be extinguished by all the worries of this life. About
this time his wife became very seriously ill, anefdre she had
recovered, their three children were attacked by smallpox, which
caused the death of his favourite son.

There seemed little use in Kepler remaining at Prague, as
mere promises of payment of salary would not meet his
household bills. And soehset out for Austria, where he believed
he might obtain a Chair of Mathematics. On his return home he
found his wife in a very despondent condition, and not long
afterwards she was attacked by an infectious fever which proved
fatal.

Kepler felt that hisson and daughter required the care of
a mother, so he decided to marry again. He asked his friends to
select a suitable wife for him. Why he adopted this plan is not
quite clear. To suppose that it was because he was too engrossed
with his studies to troué about the details of such an affair does
not explain matters, for he had to consider no less than eleven
different candidates.
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The first candidate was a widow, who had been a family
friend, but when Kepler, who had not seen the lady for some
years, hea that she had decided in the end not to accept his
offer, his description of her was that "there is no single pleasing
part about her." This lady had two marriageable daughters, and
later on these young ladies were added to Kepler's list. His
reason forefusing one of the other candidates was that she had
learned nothing but showy accomplishments. Another was too
old, while another was "too proud of her birth and quarterings."
In one case the courtship lasted several months, but in the end
the lady jilted him.

Kepler's description of another selected candidate makes
amusing reading: "She has, undoubtedly, a good fortune, is of
good family, and of economical habits; but her physiognomy is
most horribly ugly; she would be stared at in the streets, not to
mention the striking disproportion of our figures. | am lank, lean,
and spare; she is short and thick: in a family notorious for
fullness, she is superfluously fat."

Kepler was at this time a little over forty years of age, but
he refused the eleventh sdien of his friends because of her
excessive youth. The final result was that he went back to
number five on his list, and declared that she was the one he had
really been in love with all the time. Kepler says of her: "Her
person and manners are suitalle mine, no pride, no
extravagance. She can bear to work; she has a tolerable
knowledge how to manage a family; middlged, and of a
disposition and capability to acquire what she still wants."”

Kepler had settled down with his new wife, when he
receivedthe offer of a professorship in ltaly. This offer was
respectfully declined; his reason was that he would not have the
freedom of speech to which he was accustomed. The wisdom of
this decision will become apparent when we consider the life of
Galileo in he succeeding chapter.

Kepler's financial troubles were not at an end yet, the
Government were always far in arrears with his salary.
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It is interesting to note that he dedicated one of his books
to King James | of England. But why he did so is not qulgar.
Possibly because King James had shown interest in the work of
Tycho Brahé. Of this book Kepler wrote: "The die is cast; the
book is written, to be read either now or by posterity, | care not
which. It may well wait a century for a reader, as Godweited
six thousand years for an observer." However, not long after the
publication of hisHarmonies of the WorldKepler received a
visit from the English Ambassador at Vienna, and we may
presume that this visit was owing to the dedication of the book
to King James. The Ambassador urged Kepler to take up his
residence in England, but Kepler declined this invitation. To
those of us living in these Islands it is amusing to read that one
of Kepler's reasons was that he "dreaded the confinement of an
island."One wonders if Kepler's geography were at fault.

Kepler received a very handsome offer from the Duke of
Friedland, one of the most distinguished men of that day, to take
up his residence in Silesia. At last Kepler's misfortunes seemed
to be at an end. EhDuke treated him liberally. He provided him
with an assistant for his calculations, and he presented him with
a printing press. He also obtained for Kepler a professorship.

Later we find Kepler making one more attempt to get his
arrears of pension paidy the Imperial Assembly. Probably
Kepler thought to provide for his wife and family; he was now
fifty -eight years of age. However, his mission was useless, and
this seems to have worried him. His health, never good, was
weakened by ovestudy, and he diedt the close of his fifty
ninth year, leaving his wife and seven children. They were left
very poorly off, but they would have been comparatively rich
had the long arrears of their father's pension been paid.

Kepler led a very busy life. He published hess than
thirty-three separate works, and left twetiy volumes of
manuscript. In addition to his astronomical work, he was a
pioneer in the region of Optics. He was a devout Christian, and a
serious student of the Holy Scriptures.

Distributed by Heritage History 2009



CHAPTER VIII
GALI LEGALI LEI
15646 42

THE MAN WHO MADE USBELIEVE THAT THE
EARTH GOESROUND THE SUN

Probably every one has some childhood recollections of
the story of Galileo. But, if we have made no study of his life,
we may have retained exaggerated impressionheoftortures
and imprisonments to which he was subjected for the sake of the
truths which he proclaimed. It will be of interest to consider
some of the real facts that are known about this true hero of
Science.

Galileo's father was not wealthy although tame of a
very old and noble family, many members of which had held
high positions in the Republic of Florence during the two
preceding centuries. The family name was Galilei, so that our
hero's full name was Galileo Galilei. The Christian and the
surnane are so very much alike that they remind one of first
lessons in Latin Gramm@&rMensa, Mensce. It is of interest to
inquire how this strange similarity of names came about. The
family name of the Galileis' ancestors was Bonajuti. But in the
fourteenth centry one of the family, whose name was Galileo
Bonajuti, became a famous statesman, and in order to perpetuate
his Christian name, his descendants agreed to alter their family
name from Bonajuti to Galilei.

Our hero is known by his Christian name Galileat the
similarity of the Christian and surnames is not the reason for
this. We should think it strange if we heard the great Gladstone
spoken of merely as William, or the famous Disraeli always
referred to as Benjamin. But the Italians very often predetoe
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call their great men by their Christian names, by the places of
their birth, or even by nicknames. We speak of Michelangelo,
the great painter, but how many people know that his surname
was Buonarroti? Indeed, the name Michelangelo Buonarroti
looks qute strange. We speak quite freely of the great Dante, but
the majority of people would require more than three guesses to
hit upon his family name. His name was Dante Alighieri. Then
Raphael Sanzio is better known to us by his Christian name. Of
course, lhere are other great Italians who are known by their
surnames.

Galileo's father was a learned man. He was a
distinguished writer, but his literary work must have been a
hobby, for he was a wool merchant, and required to earn his
daily bread. The native ate of the family was Florence, but
Galileo's father was resident in Pisa on account of business, and
so it happened that our hero was born in that town, which is
famous for its great leaning tower, a photograph of which is
shown here.

Galileo was born irthe year 1564, so we may picture
Galileo as a schoolboy in Italy while Queen Elizabeth and Mary
Queen of Scots were reigning in England and Scotland.

So soon as Galileo had completed his elementary
education, he was sent to a monastery to receive autjtoro
literary education at the hands of the monks. He came very near
accepting holy orders himself, but his father had other plans for
him. His first intention had been to apprentice Galileo to the
wool-merchant business, so that he might be of financial
assistance to the family. But as Galileo showed exceptional
talents, his father decided that the youth should go to the
University and study Medicine.

It is in his student days that we see the first signs of
Galileo's independence of thought. He had theaeity to
guestion some of the timt@onoured doctrines of the ancient
philosopher Aristotle. It is difficult for us to realise fully the
courage that was required to take such an unusual step. To do so
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we must keep in mind that in these days a man didtteshpt to
prove any theory by argument or experiment; it was deemed
sufficient if he could give chapter and verse in Aristotle.
Galileo's questioning spirit earned for him the title of "The
Wrangler," and it goes without saying that this title carried with
it no such honour as it did until recently in one of the great
English Universities. It is interesting to note that the modern title
has been derived from the fact that in the early days of these
examinations for mathematical degrees there was a public
disputation to test the powers of the candidate, and the
successful student was named "The Wrangler."

By the time Galileo had reached the age of twenty years
he was an excellent Latin and Greek scholar, and an
accomplished artist and musician; still, withll ahese
accomplishments he was very unpopular because of his
guestioning spirit. There is no doubt that the lad acquired this
spirit of independent thought from his father. There occurs this
passage in one of his father's books: "It appears to me tlyat the
who in proof of any assertion rely simply on the weight of
authority, without adducing any argument in support of it, act
very absurdly."

One of the most interesting incidents in Galileo's student
days was the fareaching discovery which he made wrsl#ding
in the Cathedral at Pisa. It came about in a very simple way. His
attention happened to be attracted by the swinging motion of a
large hanging lamp, which the verger had set in motion in the act
of lighting it. The lamp had probably been pulledbte side and
then let go, for it continued to swing to and fro for quite a long
time. Of course, its tandfro travel would become shorter and
shorter until finally it would come to rest. It was a very common,
everyday occurrence to which most people woylay no
attention. But this young student noticed that the lamp seemed to
take just as long to make one of its shorter swings as it had done
to make a longer swing. Indeed, he had been impressed, from his
first notice of it, with the apparent rhythmic regrity of the
motion. There were, of course, no watches in these days, but the
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medical student, by feeling the regular beat of his own pulse,
was able to determirt@at his surmise was correct.

P

THE LEANING TOWER OF PISA
FROM THE TOP OF THIS FAMOUS TOWER, GALILEO MADE HIS
EXPERIMENT OF LETTING TWO UNEQUAL WEIGHTS RACE TOGETHERTO
THE GROUND. THE RESULT OF HIS EXPERIMENT UPSETIDEAS THAT HAD
EXISTED FORCENTURIES EVER SINCETHE DAYS OF ARISTOTLE
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Galileo saw that the pendulum provided a regular
measure of time. In his day there were some very rough and
ready timekeepers, but it does not seem to have occurred to him
that his pendulum would be of any service in that direction,
although he did make ¢hsupgestion half a century later. What
appealed to him was the usefulness of such a good timekeeper in
enabling a physician to check the pulses of his patients. And so
Galileo invented what he called a "pulsilogia.” It was simply a
length of cord with a wight, so arranged that he could alter the
length of the cord conveniently.

The physician could adjust the length of cord so that the
pendulum would count out the normal rate of a man's pulse, say
about seventy beats per minute. Then it was an easy ratter
alter the length of the cord to bring the pendulum into time with
the patient's pulse, and it would be apparent whether it was too
rapid or too slow. Any irregularity in the beat could be detected
also. The axle, which wound up or unwound the cordjezhan
indicator which pointed to figures marked on a dial, and in this
way the physician could see at a glance the rate of the patient's
heartbeats. The physicians were delighted with this invention of
the medical student and the pulsilogia soon carte general
use.

While Galileo was studying medicine he became
interested in Mathematics. His father was well versed in this
subject, but at that time the Science was looked down upon by
the ltalians as a thing of very little value, and Galileo's father
purposely kept the subject away from his son, as it did not seem
to be a necessary subject for his profession.

There is an interesting story told of how Galileo was
attracted at first to Mathematics. A friend of his father was tutor
to the pages of the GrdrDuke's Court, and while the Court of
Tuscany was stationed at Pisa, Galileo went to see this friend of
the family. It is said that on one occasion, as Galileo reached the
half-opened door of the room in which this great mathematician
taught, he overhearsome problem of Euclid being explained.
Galileo listened to the exposition of this subject, which, although
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it was "as old as the hills,” was entirely new to him. It is said that
he not only remained in hiding during this lecture, but that he
returned edt day to hear more of this fascinating subject.
Whether this tradition is well founded on fact or not, it is true
that Galileo became so fascinated with Mathematics that he
neglected his medical studies, and applied to Ricci, this friend of
his father, formore instruction. The great mathematician was
delighted with the boy's aptitude for the subject, but when
Galileo's father found that the medical studies were being
neglected, he asked his friend Ricci to discontinue the lessons.
But Galileo was quite ablto continue the study on his own
account. Indeed, he made such rapid progress that his father
could not do otherwise than acknowledge that the youth was a
born mathematician. And so it was agreed that his medical
studies could be abandoned.

| think this concession says a good deal for the father's
unselfishness. He had hoped that as a physician Galileo would
be of financial assistance to the family. On the other hand,
mathematicians were so poorly paid that the professor in Pisa
University earned less ia day than any ordinary tradesman of
to-day earns in a single hour. Indeed, the salary of the Professor
of Mathematics was almost the same as any office boy gets in
his first year of business.

With all his great intellect, which had been made evident
already by the production of many brilliant essays, Galileo had a
very hard fight to gain the vacant Chair of Mathematics in Pisa,
with its lordly salary of thirteen pounds per annum. The
disregard in which Mathematics was held in Italy is emphasised
when wecompare this salary with that obtained by professors of
other subjects in the same University; these were counted in
hundreds of pounds.

But how would Galileo be received at the University,
where he had been nicknamed "The Wrangler"? The professors
were # hostile to him, with the exception of the professor of
physiology, who had been appointed since Galileo's student
days.
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We know that as a student Galileo had been bold enough
to argue against some of the theories of the great Aristotle. Now
as a profesor he was still bolder, offering to disprove one of
Aristotle's "truths" by actual experiment. The great Philosopher
had said that the time taken by an object to fall was dependent
upon the weight of the object. A t@ound weight would fall in
onetenththe time of a ong@ound weight. Galileo had argued
the matter and had come to a different conclusion. If two single
pound weights each travel at the same rate and fall side by side,
will they travel twice as fast if they are merely tied together? His
argurrent was longer than this simple statement, but it was on
lines such as these.

So sure was Galileo of his many arguments that he
invited the professors and students to accompany him to the
great leaning tower, from the top of which he could conveniently
let two different weights try an honest race. Galileo mounted the
great tower with his weights, which some writers state to have
been a onéwundredpound shot and a ofmound shot, but
Galileo was no Samson to carry a hundredweight up to the top of
an eightstory building. It is more probable that some of the
older writers, who mention a tggound and a onpound shot,
are correct. If one weight should travel even in-tereéh of the
time of the other, the difference in their times of reaching the
ground fromsuch a height would be quite apparent.

| wonder how these assembled Aristotelians felt as
Galileo climbed the tower to perform this experimental test.
Probably every one of them was prepared to have a good laugh
at the expense of the youthful professtwovhad so far forgotten
himself as to dare to question the truths of the greatest of all
philosophers; an authority of nearly two thousand years'
standing. Possibly some of the older men would be feeling glad
to have an opportunity of putting an end to wiey considered
to be very near to blasphemy.

Picture this crowd of learned professors and students, all
positive what would happen. The heavy weight would come
flying down, leaving the smaller weight to follow at a respectful
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and evetincreasing distace. That was bound to happen because
the great Aristotle had declared it to be so, long, long ago. But
the thoughts passing through the mind of Galileo would be
different. He knew what would happen because his reason told
him. No doubt there would be a eeée at the top of the tower to
see a fair start made. The race began and the suspense was
broken by the simultaneous thud of the two weights upon the
ground. It is difficult to realise what must have been the feelings
of the assembled crowd. Some writersay,."Yet the
Aristotelians, who with their own eyes saw the unequal weights
strike the ground at the same instant, ascribed the effect to some
unknown cause, and preferred the decision of their master to that
of Nature herself." | doubt if they all didaky disbelieve their

own eyes. Secretly they must have felt that their master's logic
had received a shock. Doubtless they would try all they could to
invent reasons why in this particular case the two weights did
happen to fall together. Had they hongslisbelieved their own
eyes, they would surely have set about making other
experiments to support their views. But it is very difficult to give
up ideas that have persisted for centuries. Besides, if they should
acknowledge frankly even to themselves tBatileo was right,

how many more of Aristotle's great doctrines might be false
also? Their best plan seemed to be to try and silence this upstart.
And so poor Galileo was hissed at his public lectures. The
people would feel that they could take this stafh safety, for it

was well known that Galileo had got into the Grand Duke's bad
books.

The Grand Duke had asked Galileo to tell him what he
thought of an invention which one of His Royal Highness's sons
had made. The Prince had made a model of a laydeatiic
machine with which he declared he could dredge the harbour of
Leghorn. Galileo reported that the invention was useless, and
this decision was proved to be correct when an actual machine
was tried. But the Prince was very angry with Galileo, areyev
one seemed so much against him that the young professor felt
compelled to resign his Chair.
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Through the good influence of a friend he obtained the
Chair of Mathematics at Padua University, at a salary of thirty
two pounds, or two and a half times asam as he had at Pisa.
But Galileo needed all this and more, for by this time his father
had died, and the responsibilities of the family rested upon him
as the eldest son. He did not improve matters by promising
dowrie® which were the necessary accompaamits of
marriage in those da§sfor his two sisters.

It is unnecessary to go into all the detail of Galileo's
financial troubles. It is of more interest to find that he augmented
his small salary by giving private lessons, keeping student
boarders, and bpecoming what we should now describe as a
consulting engineer. Then he opened a workshop in his house for
the manufacture of his mathematical instruments. He employed a
workman, who came to reside in his house, bringing with him
his wife and child. Galilethad to maintain them and pay a small
salary over and above.

Our chief thoughts of Galileo centre round the very
prominent support he gave to the theory of Copernicus that the
Earth goes round the Sun. Italy still held to the theory of
Ptolemy in which tbe Earth was the immovable centre of the
Universe. In his lectures Galileo still taught this older theory, but
in a letter to Kepler he writes: "Many years ago | became a
convert to the opinions of Copernicus." Then he goes on to
explain that he prefers keep silent on the subject, "so great is
the number of fools."

Galileo's fame as a mathematician had spread, and many
foreign princes and other students came to Padua to be present at
his lectures. Among these was an English student, Harvey, who
afterwaré became famous on account of his discovery of the
circulation of the blood.

But if Galileo was so prudent as to refrain from teaching
the Copernican theory, how did he ever get into trouble with the
Church of Rome? The first step that took him towargsilalic
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announcement was his invention of the telescope, and that in
turn came about in the following fashion.

An apprentice to a Dutch spectaofaker had fitted up a
curious toy in this optician's shop. The toy consisted of two
spectacle lenses so arradgthat the weatherock on a distant
church could be seen much nearer and upside down. News of
this scientific toy reached Galileo, who seems to have perceived
at once that such an arrangement might be of use in spying out
the distant heavenly bodies. Attugh Galileo did not foresee the
tremendous advance which this invention would bring about, he
is said to have sat up all night thinking out the matter and
constructing the first real telescope. But it is the inventor more
than the invention that interestis at present.

Galileo tells us that when he showed his invention in
Venice, even old men climbed the highest church towers to see
ships through his spglass. These ships seen approaching the
harbour could not be seen with the unaided vision for twosho
later.

When Galileo took the instrument to Padua University,
he found the Senate so interested in it that he presented the
telescope to them. They appreciated this gift so much that they
not only raised Galileo's salary to two hundred and twenty
pounds, but appointed him professor for the whole of his
lifetime. Perhaps it should be remarked that Galileo's salary was
not sprung from thirtytwo pounds to two hundred and twenty; it
had been increased several times, and at the time of his
presentation ofhe telescope it had reached one hundred and
fifteen pounds.

In the following chapter we shall see how Galileo's
telescope set him on that stormy road which led him to the
Inquisition.
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CHAPTER IX

L BEFORE DREADED
INQUI SI1 T1 ON

GAL I

In the preceding chapter we have seen how Galileo came
to invent the telescope, and now we wish to see how it was that
his telescope set him on the road which led ultimately to the
Holy Inquisition.

The greatest of Galileo's telescopic discoveries was his
detection of four small planets circling around that gigantic
planet which we call Jupiter. Imagine the feelings of Galileo! No
man had ever beheld such a scene before; he was "infinitely
amazed thereat." But Galileo was humbled; he gave thanks to
God, wio had been pleased to make him the first observer of
marvellous things, unrevealed to bygone ages.

The Grand Duke of Tuscany became so interested in the
discovery of Jupiter's satellites that Galileo determined to call
them by the Grand Duke's family nain®edicid and so these
planets were christened the Medicean Stars. Not long after this
Galileo was invited to become Mathematician and Philosopher
to the Court of Tuscany at Florence. This was a post that he had
desired, because it would give him time to mafurther
investigations.

The interest in Galileo's new stars was not merely local.
The Court of France was quite excited about the matter. The
French Queen was one of the Medici family; she had married
King Henry IV of France. We are told that when aesebpe
from Galileo arrived at the Palace, the Queen was so eager to see
the moon's appearance through the telescope that she did not
wait for the instrument to be placed in position, "but went down
upon her knees before the window, thereby greatly astiogis

Original Copyright 1921 by Charles R. Gibson 34

the Italian gentlemen who had brought the telescope into the
Royal presence."”

We learn from a letter of Galileo's to the private secretary
of the Duke of Tuscany, that the French Court had been very
anxious that Galileo should name some heavenly bédy their
King. Galileo did not make this fact known until after the
assassination of Henry 1V, and his reason for quoting from the
letter was to show what an honour was supposed to be connected
with his discovery.

The part of the letter from the Frdn€ourt which refers
to this royal request reads thus: "The second request, and the
most pressing | can make you is, that when you discover some
other beautiful star, you would call it by the name of the great
Star of France, by far the brightest in ak tharth; and rather by
the name of Henry than by the appellation of Bourbon, if it so
please you. By so doing, you will do a very just, right, and
proper thing; you will gain renown, and likewise lasting riches
for yourself and your family. Of this | carssure you on my
honour. Therefore, pray discover as soon as possible some
heavenly body to which his Majesty's name may be fitly
attached.”

But what had the professors and students of the old
Aristotelian school to say to this new discovery of their despi
philosopher? They tried to prove in their own fashion that the
new planets did not exist. Here is one of their arguments, set
forth by a great astronomer of Florence. There were only seven
apertures in the heddwo eyes, two ears, two nostrils, and one
mouth; and again, there were only seven metals, and only seven
days in the week, therefore there could be only seven planets.
Another argument was that as the supposed planets were
invisible to the naked eye, they could exercise no influence on
the earthand being useless, they therefore did not exist.

Others argued that the new planets could not exist
because Aristotle had made no mention of them. One great
mathematician declared that before the new planets could be
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seen they must first be put insideetlielescope. Professors
refused to be convinced, declining to look through a telescope.
When Galileo was told of the death of one of these obstinate
professors, he said, "He did not choose to see my celestial trifles
while he was on earth; perhaps he wibw he has gone to
heaven." One should admire Galileo for granting such a violent
opponent so good a restHptace.

Galileo was very sarcastic in his reply to the many
arguments offered against the existence of the new planets. He
said the arguments wes® weighty, that had he heard of them
earlier he would have been bound to acknowledge that only
seven planets could exist, but now that he had actually seen the
four new planets he did not consider the arguments sufficiently
strong to destroy the heavenbodies. Even some of those
Aristotelians who did look through the telescope at Jupiter's
satellites declared that the whole affair was a huge deception;
while the telescope was good enough for examining terrestrial
objects, it was altogether false and gese when applied to the
heavens. Galileo made several important astronomical
discoveries, and these were spoken of as Galileo's "celestial
novelties." Other astronomers who had obtained telescopes laid
claim to having discovered some of these thingsree@alileo,
but there is no doubt that Galileo was first in each case.

He determined to go to Rome and show his new
discoveries. He was received as a great man. A commission of
four scientific members of the Roman College reported that they
were convincedf the truth of Galileo's discoveries. The Pope,
Paul V, assured Galileo of his goeudl, and before Galileo left
for home he had a large number of admirers in Rome. However,
when he published a book dfloating Bodies he had all the
Aristotelians up inarms against him. But how did Galileo get
into serious trouble with the Church of Rome?

Galileo's old pupil Castelli was now Professor of
Mathematics in the University of Pisa, Galileo's first post.
Castelli was forbidden to teach that the Earth wenndothe
Sun. Nevertheless, he was a faithful disciple of Galileo; indeed,
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it was his very faithfulness that brought trouble upon his master.
Castelli was at a dinngrarty at the table of the Grand Duke of
Tuscany, and among the guests was a brother poofet® was

an outand-out Aristotelian. This man tried to poison the mind of
the Dowager Duchess. He said that although Galileo's
discoveries about the heavenly bodies were true, yet he was
wrong entirely in supposing that these proved that the Earth
went round the Sun. He declared that to say so was in direct
opposition to the Holy Scriptures, and that therefore the Church
was in danger. The Dowager Duchess asked Castelli what he had
to say in the matter. This faithful follower of Galileo did his best
to keep the Bible out of the discussion, but this was impossible,
as the question to be answered was whether or no the new
doctrine about the Earth's motion was compatible with the Holy
Scriptures. Castelli succeeded so well in defending Galileo's
doctrine tha all the guests agreed with him, only the Dowager
Duchess opposed him, while the Aristotelian professor who had
raised the question took no part in the argument.

Castelli wrote a long letter to his master Galileo, telling
him what had occurred at the darparty. A complete copy of
this letter is given in an Appendix at page 333. It was in answer
to this letter that Galileo penned the letter which ultimately got
him entangled with the Holy Office. As this letter is of special
interest also, a copy of i given in the Appendix, immediately
following Castelli's letter. The idea of the letter is fairly well
summed up in a sentence which Galileo used on another
occasion: that the Bible was intended to teach us not how the
heavens go, but how to go to heaven

There is no doubt that Galileo intended his letter for his
friends' private satisfaction only. But it seems doubtful if Castelli
recognised it as such; indeed, some historians say that he had
many copies made so that they might be circulated widely, his
object being to convince others of the great truths. On the other
hand, Galileo seems to have believed that a copy of the letter
was obtained by treachery and handed to certain monks.
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A Jesuit, preaching at one of the cathedrals in Florence,
attracted th attention of the people by taking as his text what
was intended as a pun on the name of Galileo Galilei, the
astronomer, and a thrust at his followers and their telescopes:
"Ye men of Galilee, why stand ye gazing up into heaven?" The
first head of his genon was that mathematics was a diabolical
art, and the second was that as mathematicians were the authors
of every heresy, they ought to be exiled from all Christian States.
Galileo wrote about this to one of the high dignitaries of the
Church, with whomhe was very friendly, and this holy father
replied that he was greatly mortified that a Dominican should
have committed such a piece of foolery, and that he would
endeavour to get the preacher to retract what he had said from
the pulpit.

The matter did noend in so simple a manner. For this
preacher, Father Caccini, was called to Rome to be guestioned
by the Holy Office. Needless to say, this enemy of Galileo did
all in his power to blacken our hero's character. The Holy Office
listened to what was in ri#g mere hearsay among the monks.
Soandso had once told him that another person had said this
and that. This saealled evidence, along with a copy of the ill
fated private letter from Galileo to Castelli, were the beginning
of Galileo's trouble with theloly Office.

Galileo went to Rome thinking he could set matters right.
The authorities appeared to be quite friendly to him, but Galileo
could see that all was not right. However, he was not prepared
for what was to come. The official experts of the lsgion
were asked to report upon Galileo's doctrines. They declared that
his statement that the Earth moved round the Sun was "false and
absurd philosophically, and formally heretical, inasmuch as it
expressly contradicted the doctrine of the Holy Scresi

The Inquisition instructed Cardinal Bellarmine "to
summon before him the said Galileo and admonish him to
abandon the said opiniod'that the Earth moved round the Sun.
Galileo promised to obey. There the matter seemed to end, and
soon afterwards Giso returned to Florence.
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A few years later Cardinal Barberini, a personal friend of
Galileo, was elected to the papal throne. He took the title of
Pope Urban VIII. An influential friend urged Galileo to travel to
Rome in order to congratulate the Popepierson. Although
Galileo was not at all strong he made this journey, and was
amply repaid by the very cordial reception he got. When Galileo
left Rome, the Pope wrote a most generously worded letter
regarding him to his patron the Grand Duke of Tuscawigh
reference to the Copernican theory that the Earth moves round
the Sun, the Pope said "the Church had not condemned this
system; and that it should not be condemned as heretical, but
only as rash.”

About a dozen years later (1630) Galileo completad hi
great work, which is known as thBialogue on the Two
Principal Systems of the Worldrhe two systems were the
Ptolemaic Systepat the centre of which was the Earth, and the
Copernican Systenat the centre of which was the Sun. Galileo
once more journgd to Rome in order to get permission to
publish this book. The manuscript was carefully read by the
officers of the Church, and their permission was given to print
the book, provided a suitable preface and conclusion were
inserted. The purpose of thesems to have been that it should
be made clear to the reader that the idea of the Earth going round
the Sun was purely hypothetical.

Galileo left Rome, promising to make these stipulated
additions.

A serious outbreak of plague prevented Galileo sending
back the amended manuscript to the printers at Rome. He asked
permission to have it printed in Florence, and this was granted
provided that Galileo sent the preface and conclusion to Rome to
pass the €nsor. This high official seems to have detained the
manuscript of these beyond all reasonable time. But at last the
great book was published (1632) and Galileo sent copies of it to
his followers throughout Italy. Those for Rome were delayed on
account ofthe plague. But not long after the arrival of the book
in Rome a communication was sent to the Inquisition by a Jesuit.
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The result of this was that Galileo's publisher was ordered to
suspend the publication and to send to Rome all copies which he
had in hs possession. But by that time there was not a single
copy left.

Poor Galileo! He had obtained full permission of the
Church to publish his great work, and now these same
authorities withdraw the book. But why should Galileo's
personal friend Pope UrbanllVturn against him? Some of the
earlier historians have blamed Galileo for wantonly defying and
insulting the Church in his dialogues, but not only did he refrain
from any such imprudence, he inserted many reservations simply
to please the Censor.

The dea of writing in dialogues was very old and not
uncommon.

Galileo had three speakers in his book. One of these he
called Salviati after an old personal friend long deceased. This
speaker advocated the Copernican theory, while another of the
speakers, whhwas a hafconvert, and who had many objections
to raise, was nameSflagredo after another personal friend who
had died some time previously. The third spokesman was named
Simpliciq after one of Aristotle's contemporaries and supporters.
He raises all he Aristotelian difficulties in accepting the
Copernican System. This man shows up very poorly as
compared with the two others, and, indeed, he appears a
simpleton.

Galileo's enemies, the Aristotelians, led the Pope to
believe that Galileo had willfully yt this Simplicio into the
dialogues to represent the Pope. These enemies were able to
point to some arguments used by Simplicio which were those
suggested by Pope Urban himself. Galileo brought up every
argument he could think of against the Copernicaoryy but
needless to say, he was not so ungrateful as to willfully insult the
Pope. But the Pope believed the evil suggestion, and he was
furious. He was easily persuaded to take action against the book.
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The Duke of Tuscany thought there must be some
misunderstanding, as Galileo had obtained full permission to
publish the book. The Duke ordered his Ambassador at Rome to
call upon the Pope and explain matters, but he had a bad
reception, and at this interview the Pope spoke of Galileo as "he
who did not far to make game of me." Some writers have not
been willing to accept this version of what took place, saying
that all along the Pope had the best of feelings towards Galileo;
that it was merely the doctrine, and not the man, that concerned
him. However, it is difficult to accept this suggested
interpretation.

Galileo was then accused of deliberately transgressing
the command laid upon him sixteen years previously: to abandon
the idea that the Earth goes round the Sun, We must remember,
however, that in thénterim the Holy Office had given Galileo
permission to publish the very book over which all this trouble
was now being made. The Pope himself was aware of the
command to abandon the theory; indeed, he was one of the
Cardinals who had had to investigdbte imatter, and, moreover,
he was an unwilling party to the command.

Galileo's case was handed over to the Inquisition, and he
was ordered to appear at Rome within the next month. But our
hero was in very indifferent health, and now well advanced in
years.Besides these disadvantages, there was a great risk of
plague, which had broken out again, so that travelling was
dangerous. We can sympathise with the old man trying to put off
the evil day. He offered to submit himself to the Archbishop,
who was the Ingisitor in Florence. But the Pope insisted on
Galileo going to Rome to appear in person before the Inquisition
there. There was further delay on account of illness, but
ultimately Galileo set out in a litter, or betlair, provided by
the Grand Duke.

Three weeks later Galileo arrived in Rome, not to be cast
into prison, but to remain in comfort at the Embassy, the only
condition laid upon him being that he stayed indoors. There was
a long delay of about two months before the old man was
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brought before thereaded Inquisition. It is to the Pope's credit
that even during the trial he did not allow Galileo to be treated as
an ordinary prisoner; he was never placed in a prison cell, much
less a dungeon. And we should remember that it was the custom
to put prin@s, prelates, and noblemen in the dungeons while the
trial lasted. While Galileo could not be allowed to return to the
Embassy each evening, he was housed comfortably in the
building of the Holy Office; his doors were not even required to
be locked.

Galileo's friend the Ambassador urged him not to attempt
to defend himself, and so our hero recognised that discretion was
the better part of valour. Some writers have deplored Galileo's
lack of courage. They have drawn comparisons between him and
the Christiamrmartyrs. But surely the cases are in no way similar;
there was no question of conscience. Had Galileo elected to be
burned at the stake, his cause would not have been helped
forward one bit. His cause was not one that called for any such
sacrifice. Whethea man believes that the Earth goes round the
Sun, or the Sun round the Earth, will not affect his spiritual
welfare.

At Galileo's first appearance before the Inquisition he
defended himself in so far that he declared he did not consider
that he was didzeying his previous admonition by writing the
book which had brought him there. The Inquisition insisted that
the admonition said "not to teach in any way whatever, verbally
or in writing." Galileo was surprised at this reading of the
admonition of sixteeryears ago, but anxious to end matters as
soon as possible, he replied, "It may be so, but | do not
remember it." But unfortunately the poor old man did not
content himself with that. He proceeded to try and convince his
judges that his book argued as muthavour of one system as
the other; indeed, that its arguments favoured the old idea. Of
course, we know that the intention of the book was to defend the
Copernican theory, and that fact must have been quite apparent
to the Inquisition. This put Galileim a bad position; it made the
duties of the Inquisition more difficult. There is not the least
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doubt that the Inquisition desired to make the trial as easy as
possible for the aged philosopher.

The Commissargieneral, who was one of the judges,
proposedprivately to the others that he should be allowed to
point out to Galileo that he was hurting his own case in denying
the real purpose of the book. This was agreed to, and after some
kindly argument the goebearted judge persuaded Galileo to
confess higrror. Hence at the next trial we find Galileo making
a humiliating confession.

At a further trial Galileo was commanded to deny the
doctrine that the Earth is not the centre of the Universe, and that
it moves. His reply was: "I do not hold, and have meid, this
opinion of Copernicus since the command was given that | must
abandon it. For the rest | am here in your hands; do with me as
you please." No doubt we have a feeling of disappointment, but
we must remember that this abjuration was arrived deary of
actual torture being resorted to should he refuse to recant. The
popular story that as Galileo rose from his knees he muttered,
"But nevertheless it moves," is acknowledged now to be quite
absurd. No doubt many of us thought it quite ridiculousaxe
our schooldays.

The Inquisition felt that it was necessary to pronounce
sentence of perpetual imprisonment. Galileo had gone contrary
to the teachings of Holy Scripture, at least so they thought or
pretended to think. However, his imprisonment was ofery
lenient order. He was allowed to reside in that villa in the garden
of which he had years before shown his "celestial novelties” the
Cardinals and others. Of course, the whole affair must have been
a very great punishment to the aged philosophgrwe have a
very different picture from that of actual torture and
imprisonment in secret dungeons.
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CHAPTER X

AGLI MPSEGAOFI LBSBRI VALEFE

In tracing the story of Galileo, in the two preceding
chapters, | have avoided purposely much that istefest in his
private life, in order to make the different steps towards the
Inquisition quite clear. There are some points of interest,
however, which throw further light upon the character of our
hero.

Some readers may have wondered how Galileo got
alorg, while Professor of Mathematics at Pisa, on the small
salary which he received. He tells us that he gave public lectures
on his own account; he gave private tuition, and he kept as many
as twenty students as boarders, looking after the housekeeping
himsdf. It is interesting to note that the late Lord Kelvin's father,
Professor Thomson, had to resort to public lectures on his own
account when he became Professor of Mathematics in Glasgow
University. The reason for the small salary in this case was that
the retired professor had the first claim on the salary, and there
was not much left for the new professor. But we shall hear
something of Professor Thomson when we come to consider the
life of his distinguished son, Lord Kelvin.

In Galileo we find the samie@genious mechanical ability
as in Lord Kelvin; both employed workmen to manufacture and
sell instruments which they had invented.

We have remarked already that part of Galileo's financial
difficulties was due to the payment of dowries promised to his
two sisters' husbands. His brother was also a burden upon him;
not only did he fail to pay his share of the dowries, but he
required assistance for himself and his family. Then Galileo had
to provide money to place his two daughters in a convent. One
of thee girls, whose religious name was Sister Maria Celeste,
was a great favourite with the father. That the father and
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daughter were very much devoted to one another is abundantly
clear from the corrggndence preserved by Galileo.

THE HOME OF GALILEO GALILEI.
GALILEO IS ONE OF THE MOST INTERESTING HEROESOF SCIENCE THE
STORY OF HIS LIFE IS TOLD IN CHAPTERSVIII, IX, AND X.
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Maria Celeste was always wondering in what way she
might be of any assistance to her "very illustrious and most
beloved lord andather," as she so often styled him. We hear
very little of the other sister, who seems to have been wanting in
the devotion of Maria Celeste, who was a great comfort to her
father. Galileo preserved all her letters, and although his letters
to her were pbably destroyed at the convent upon her death
there, we can see from Maria Celeste's replies that her father's
letters were very much prized by her. On one occasion she
writes, "l put by carefully the letters you write me daily, and
when not engaged witimy duties | read them over and over
again. This is the greatest pleasure | have."

Sister Maria Celeste was so very grateful to her father for
every attention paid to her that one is inclined to think she had in
mind the fact that she had no legal clainomiher father. Her
mother had lived with Galileo without any marriage ties, and
when she married another, evidently with Galileo's gwok
she left the two daughters and the one son with the father. But
Maria Celeste was a very real daughter to heefatmer distress
at his misfortunes is most pathetic. When news came that
Galileo was free to leave Rome Maria Celeste wrote: "l wish |
could describe the rejoicing of the Mother and Sisters. On
hearing the news Mother Abbess and many of the nuns ran to
me, embracing me and weeping for joy and tenderness."

Galileo was known personally to those in the convent
through his visits to his daughter. They even asked him on one
occasion to mend their convent clock (a primitive timekeeper)
and to help them in oth&rays.

Galileo's son Vincenzio was often a great worry, as well
as a cause of considerable expense. The selfishness of the son is
in sorry contrast to the daughter's devotion. But one is pleased to
find that Vincenzio was attentive to his father in hid age. It
was Vincenzio who drew the flan of a pendulum clock according
to his aged father's dictation. But before the idea could be carried
out Galileo died, and strange to say, the son did not make any
use of the idea till seven years later. Unforturyatehile he was
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engaged in this first attempt to construct a pendulum clock he,
too, fell ill and died. It was some five or six years later that the
distinguished Dutch scientist Huygens constructed the first clock
controlled by the regular tandfro swing of a pendulum.

These few incidents give us a glimpse of Galileo's private
life. We cannot wonder that at times he became despondent
under the treatment he received at the hands of the Inquisition.
While he was not subjected to physical torture, we tin
suffering under the great restraint put upon him. On one
occasion we find him cursing the time he has devoted to these
labours, and regretting having given so much of his results to the
world. "I feel even the desire to destroy for ever, to commit to
the flames, what remains in my hands. Thus | should satisfy the
burning hate of my enemies. These thoughts aggravate my
numerous physical sufferings, and cause me persistent
insomnia."

It is of interest to note what great personages were living
in our owncountry while Galileo was playing his important part
in Italy. We saw in the preceding chapter that while Galileo was
a schoolboy in Italy, Queen Elizabeth and Mary Queen of Scots
were reigning here. But they had both passed away before
Galileo's troubledegan, for at the time he invented the telescope
James VI of Scotland had become James | of England. Even he
had died before Galileo was in serious trouble with the
Inquisition, so that Charles | was King of England at the time of
Galileo's death.

Among he great personages who lived here during
Galileo's lifetime were Shakespeare, and, of course, Lord Francis
Bacon. Also the famous Dr. William Gilbert, who was the first
to make a serious study of those phenomena which are classified
under the title of Elericity and Magnetism. It is interesting to
find that Galileo, in his dialogues, gives great praise to Gilbert,
for we know that Bacon, on the other hand, sought to belittle
Gilbert's great work.
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Our worldfamous poet John Milton visited Galileo in his
captivity in Italy. This was long before Milton became blind; he
was then a young man of twestine years. Galileo by that time
was totally blind, and had reached more than the allotted span,
being about seventive years of age. When Milton addressed
the Lords and Commons against the proposed licensing of
printed books, he made mention of his visit to Galileo in his
captivity.

It is interesting to note that in the year in which Galileo
died the great English scientist Sir Isaac Newton was born.

Galileos great mind was active to the very last, despite
his constant sufferings. Some of his enemies sought to prevent
Galileo's friends burying the philosopher's body in consecrated
ground, but this permission was granted, on the understanding
that the great palic funeral, which had been arranged, should be
abandoned. The Pope requested also that the proposed public
monument should be cancelled. But modern Italy has done much
to amend matters. In 1841 an exquisite temple of Galileo was
opened; the cost of thislonument is said to have been forty
thousand pounds. Since then the Scientific World has done
public homage to his name on three occasions. First on the three
hundredth anniversary of his birth, then on the tima@edredth
anniversary of his first lecturm Padua, and more recently on
the tercentenary of the invention of his telescope. All these great
international commemorations should help us to realise how
very much we owe to this great Hero of Science.

Original Copyright 1921 by Charles R. Gibson 41

CHAPTER XI

THEGREA® RSAANEWTON
16427 27

We have seen that as Galileo was called off this world's
stage, Sir Isaac Newton was ushered on, the death of the former
occurring in the same year as the birth of the latter, which was in
1642.

Judging by appearances the infant Newsaemed to
have but a poor chance in this world; he was so very small and
so delicate. Indeed, he had such a slender hold on life that two
women, who were sent to a neighbouring house for some
medicine for the infant, did not expect to find him alive ogirth
return. Newton used to tell how he had often heard his mother
say that when he was born he was so small that they might have
put him into a quart mug. His father had died a few months after
marriage, at the age of thirgyx, so that our hero was boam
orphan. The widowed mother named the infant Isaac after his
deceased father.

The manothouse of Woolsthorpe (Lincolnshire), in
which Newton was born, had been in the possession of the
family more than a hundred years. It produced only a small
income, &out thirty pounds per annum, leaving out of account
what could be made by working the farm.

When Isaac was still a child his mother was married to
the Rev. Barnabas Smith, rector of a neighbouring parish. Isaac
was left under the care of his maternalngimother, who saw
that he got as good an education as could be got in the
neighbouring villages. At the age of twelve he was sent a little
farther afield, to Grantham. Although this town was only half a
dozen miles distant, it was necessary for the bdyotrd in the
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town, so that he might attend the Grammar School. He boarded
with an apothecary named Mr. Clark.

Isaac had not distinguished himself at school, unless by
being very often in the lowest place in his class, but from what
follows we shall see #t he cannot have been taking any very
serious interest in his lessons; probably his mind was engrossed
in other thoughts. But one day, as he was on his road to school, a
schoolmate gave him a very nasty kick in the stomach,
whereupon Newton challenged they to fight. The duel came
off in the churchyard, and Newton proved the victor, but not
content with this physical victory, he determined to get above
this boy in his class. By applying his mind to his lessons, Isaac
not only surpassed his antagonistt soon found himself at the
top of the school.

Had Newton lived at the present time he would, | fear,
have been unpopular, for he did not join much in his
schoolfellows’ games, although he found plenty of time to
construct models of machines and othertgeances. He made
an excellent working model of a large windmill that was being
erected in the neighbourhood of his school. Among the other
things that he made there was a wateck. The idea was, of
course, a very old one; he allowed water to dropragalar rate,
and as the level of the water in the cistern fell, a wooden float
operated the hand of the clock. Rough and ready as all such
"clepsydras” were so far as keeping good time, the inmates of
the apothecary's house often peeped into Isaac'sdrado see
what time it was. Houglasses, or as they are more descriptively
named sanglasses, were the most common tkeepers in
those days.

As Newton had a definite hobby he would never find
time to hang upon his hands. He was keen in everythiwgiah
he worked, being described as "a sober, silent, and thinking lad."
It is refreshing to see a glimpse of innocent mischief in this
seriouslyminded boy. He had shown his playfellows how to
construct paper kites, and in what manner they would fly best.
He had also constructed paper lanterns to hold candles and light
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the boys to school on dark winter mornings. This led to the one
little piece of mischief recorded of his boyhood. Knowing that
the country folk were very suspicious about comets, Newton tied
one, of his lanterns to the tail of a kite, and put this up in the air
on a dark winter night; he succeeded in terrifying the villagers.

One occasionally sees, in the windows of Hfadciers,
small mouseanmills in which a live mouse gives motion by
running in a sort of treadmill. It is interesting to note that this
was invented by Isaac Newton in his boyhood. According to one
learned French writer, Newton called his mouse the Miller,
"because it directed the mill, and ate up the flour as a real Miller
might do."

When Newton was fourteen years of age his-féper
died, and his mother returned to the manouse. As Isaac had
now reached the age at which most boys were ready for work,
his mother thought it was time he should begin his
apprenticeship to arming, and so he returned home from
Grantham.

Although Isaac's twicgvidowed mother was now Mrs.
Smith, | shall continue to speak of her as Mrs. Newton. She had
the small income derived from Woolsthorpe, and a larger
income (about eighty pounds per anpuinom a neighbouring
estate which she possessed, but it was necessary to increase the
annual income by farming the land around the mdmooise. At
the same time, we must remember that money went much farther
in those days.

As Isaac would be the proprietof Woolsthorpe it was
natural to take for granted that he was to be a farmer. With this
object in view he was sent to Grantham on each market day,
under the care of an old and trusted msarvant. But Isaac made
a shockingly bad apprentice. As soon aytreached Grantham,
and had put up their horses at the Saracen's Head Inn, Isaac left
the old servant to look after the marketing, while he himself
went off to his old lodging in the Apothecary's house, to spend
his time among the chemist's stock of bgolad remaining
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there until called for on the return journey. The young master's
conduct must have been very disappointing to the old servant. It
would be hopeless to teach him anything about marketing;
indeed, sometimes the old man did not succeed imngelis

pupil to reach Grantham. On these occasions the wmaild
instructor had to be content to leave the boy under a hedge by
the roadside with some book of study, and on the return from the
Grantham market he would find Isaac still buried in his book.

| have no doubt that this trusted old servant would feel
compelled to inform Mrs. Newton that Isaac would never make a
farmer. Indeed, she must have foreseen this herself, for when she
sent Isaac to the fields to watch the sheep or cattle, he would
perch lmself under a tree, intent on some book, or keenly
interested in making some model, quite oblivious of the fact that
his charges were wandering among the corn. Some parents
would have taken the books out of the boy's reach, and insisted
that he must attehto his duties, but Mrs. Newton acted more
wisely; the boy was not reading for amusement, he was thirsting
for knowledge. We may presume that she consulted her brother
who was rector of a neighbouring parish, for it seems to have
been the boy's uncle wheuggested that the idea of farming
should be abandoned, and that Isaac should return to Grantham
to be prepared for college.

Isaac still found time for working with his hands. Having
made close observations of the shadows produced by the Sun on
the frontof the apothecary's house, he set about constructing a
sundial. It was quite an ordinary thing for the country people to
consult "Isaac's dial "when they wished to know the time. Of
course, sundials are of very ancient origin, but dials had to be
made to git the place and situation. Isaac had no knowledge of
how to adjust these to the latitude of a place, and so he depended
entirely upon his own observation. He erected two similar dials
on the manehouse at Woolsthorpe, and one of the stones of the
wall upon which the dial was carved is now preserved in London
by the Royal Society, not because of any scientific novelty, but
because of its sentimental value.
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Newton used to tell, in later life, how he remembered the
great storm that occurred on the day dmol Oliver Cromwell
died? The force of the wind was very great, and Newton had
attempted to measure it in a rather ingenious manner. First he
jumped with the wind, marking off the longest distance he could
cover. Then he jumped against the wind, makingirailar
measurement, and afterwards comparing the difference between
these longest jumps. When his companions were surprised at his
saying that any particular wind was a foot stronger than any
wind he had measured before, he would take them to see the
marks of his jumps. Of course, there was a very large personal
eguation entering into any such measurement.

At the age of eighteen years Isaac was sent to Trinity
College, Cambridge, at which college his uncle had been a
student. It may be noted in passingttCambridge had not been
long inclined to Mathematics; it was only in the beginning of the
seventeenth century that the University authorities showed
themselves specially interested in Mathematics.

Newton did not take any distinguished place in his
college classes. His schooling had been inferior to that of the
majority of his fellowstudents. But Newton had made a name
for himself in the small world which he had left at Grantham.
We are told that on the day on which Newton left the public
school, in ordeto go to Cambridge, the old schoolmaster, with
the pride of a father, placed his favourite pupil in the most
conspicuous place in the school, and, with tears in his eyes,
having made a speech in praise of Newton's character and
talents, held him up to ¢éhschool as a proper object of their love
and imitation.

We know practically nothing of Newton's first few years
at Cambridge, but two recorded facts show how very easily he
mastered a new subject. His clergyman uncle had given him a
book on Logic while B was at home, and so thoroughly had
Newton mastered this subject that when he attended the lectures
on Logic at college, his teacher was surprised to find the lad was
further advanced than he himself was. This teacher invited
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Newton to attend a series lettures he proposed giving to some
Gentlemen Commoners. And in order that the youth might be
able to follow the lectures his teacher advised him to read
Kepler's Optics. Here we have a very direct link with our hero of
Chapter VII, who had died only twedvyears before Newton's
birth. Newton mastered Kepler's book so thoroughly that when
the lecture time came his teacher found the student was
conversant already with all that he could tell him.

About three years after Newton's arrival at Cambridge,
he happned to be at a fair which was held on the outskirts of the
town. There he bought a book on Astrology, in which he came
upon a geometric figure which he could not understand. In order
to find out the meaning of this figure he bought a book of
Euclid, and #&er glancing through it until he found what he
required, he cast it aside, surprised that any one should trouble to
demonstrate so many truths that were so-edtient. Some
readers may be a little surprised at Newton's verdict, for in our
schooldays aumber of the problems did not seem to us so very
Q.E.D., which symbols, although signifyingquod erat
demonstrandumwe pretended to read "quite easily done."
Indeed, we sometimes used this translation in a rather sarcastic
sense. But Newton himself fourmlt later that the problems
were not all so very selfvident as to require no explanation, for
when he was examined for a scholarship, the Professor of
Mathematics (Dr. Barrow) formed a very poor opinion of
Newton's knowledge of Euclid. And at a later ipdrin life
Newton writes: "l regretted having applied myself to the works
of Descartes (Geometry), and other algebraic writers, before |
had considered the 'Elements of Euclid' with that attention which
so excellent a writer deserved."

When twentytwo years of age Newton took his B.A.
degree, but evidently without taking any prominent place in the
examination list. In this same year (1665) the college was
dismissed because of the Great Plague, which in the autumn cut
off sixty thousand people in Londonoak. It was during this
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vacation at his own home that Newton saw the historic apple fall
from the tree.

| remember, when | was a boy, listening to a lecture on

Newton. The lecturer was an amateur, and he sent us away with
the idea that it was Newton whasdovered gravitation or, in
other words, that it was he who first suggested that apples fell
down because the Earth attracted them and all other bodies to it.
| wonder how the other members of the audience felt when they
found later that gravitation was et known long before
Newton's time, and that his discovery was of far greater interest
because he extended the idea of gravitation far beyond the
compass of this Earth. He suggested that it was the same
attractive force which bound the Moon to the Easdhg the
Earth and the other planets to the Sun.

The story of the falling apple has been disbelieved by
some writers, because Newton did not mention it to the scientists
to whom he stated his first ideas of Gravitation. Newton himself
did not record the ety, but that is not very convincing evidence,
for he might not consider such an apparently trivial affair to be
of general interest. But the story was confirmed by Newton's
niece, who lived in his household for the last twenty years of his
life. She toldVoltaire that the story was true, so that our only
guestioning of this evidence could be whether the niece ever got
the story confirmed by her uncle, or whether she herself believed
the story because she had probably heard it so often. Sir David
Brewster aw the apple tree in 1814, and took away part of its
roots, but in 1820 the tree was so decayed that it was cut down,
the wood being carefully preserved thereafter.

The truth seems to be that Newton, then about twenty
three years of age, was sitting undlee apple tree, thinking
about the forces of Nature. He was well acquainted with
Descartes' ideas of the planets being carried round in whirlpools
of a spaceervading fluid, each having its own eddy by which it
was impelled and kept in position. Probabiys theory, though
long upheld, would appear too fanciful to Newton, because he
had calculated by means of Kepler's Laws (mentioned in Chapter
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VII) that a central force at the Sun would account for the motion
of the planets at their respective distancHse falling apple
would suggest to him the idea that the common force of
gravitation might extend beyond this Earth, and so he sought to
apply its laws to the whole Universe. But when he calculated
what the pull of Gravity would be at the distance of Mhaon,

he did not get his figures to agree with observed facts regarding
the velocity of the Moon, and so the great philosopher laid the
matter aside. Indeed, he seems to have been quite satisfied that
his idea was a mistaken one, for he, tells us latérthgave no
further thought to the matter, nor did he even mention his idea to
any one.

After Newton had remained at his country home for
about two years, the Plague had so far abated that he returned to
Cambridge. He would have little time for any onigi research
work till he passed his final examination for his MA. degree. In
this examination he came out tweitkyrd on the list. It is
difficult for us to realize that such a great genius as Newton
should not have been an easy first in all examinatibreeed,
one is inclined to surmise that the great thinker did not give his
undivided attention to the subjects for the examinations; he
would be more concerned in acquiring knowledge that might be
more useful to him, than what was of temporary interest t
enable him to pass an examination. It is evident that for some
years his studies covered a very wide field.

Dr. Barrow, the Professor of Mathematics, was so
impressed with Newton's mathematical powers, that he decided
to secure Newton's election to tlhair, while he himself
resigned and devoted his energies to the study of Theology.
Newton, in this way, became professor at, the age of twaxty

The name of Newton is very prominent in connection
with the subject of Light, and it is evident that hel Inaastered a
great deal of that subject before he became Professor of
Mathematics. For while Dr. Barrow still occupied that important
Chair, he had written a book on Optics, and he had asked
Newton to read the manuscript for him. Young Newton had been
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ableto make some important suggestions, but some parts of the
subject were still primitive. A single quotation from Dr.
Barrow's book will show the ideas of colour which he and
Newton entertained at that time. "The blue colour of the sea
arises from the whiteess of the salt which it contains, mixed
with the blackness of the pure water in which the salt is
dissolved."

It was the duty of the Professor of Mathematics in these
days to lecture once a week on such subjects as Astronomy,
Geography, or Optics, andeMton took Optics as the subject of
his early lectures. These lectures contained a great deal of
original research, but he did not publish them until after his
election to the Royal Society of London, which was a few years
later.

There is preserved an amesting letter written by
Newton about this time, and as it throws some light upon his
character, a few quotations will be of interest. A young
gentleman, who was going abroad to see the world, had written
to Newton asking advice. A few of the generaksulaid down in
Newton's reply are these: ". . . It is the designe of travellers to
learne, not to teach. . . . If you bee affronted, it is better in a
forraine country, to pass it by in silence, and with a jest. . . .
Your credit's ne'er the worse whenuyeeturn into England, or
come into other company that have not heard of the quarrell.
But, in the second case, you may beare the marks of the quarrell
while you live, if you outlive it at all. . . . Such excuses as
thes® 'He provok't mee so much | couldtrforbea® may pass
among friends, yet amongst strangers they are insignificant, and
only argue a traveller's weaknesse."

Then in a long list of things to be observed by the
traveller, we notice that Newton had some belief in Alchemy, for
one instruction to the young man is: "l you meet with any
transmutations out of their own species into another, as out of
iron into copperout of any metall into quicksilver, . . . those,
above all, will be worth noting, being the most luciferous.” And
again he says: "There is in Holland énBorry, who some years

Distributed by Heritage History 2009



since was imprisoned by the Pope, to have extorted from him
secrets (as | am la) of great worth, both as to medicine and
profit, but he escaped into Holland where they granted him a
guard. | think he usually goes clothed in green. Pray enquire
what you can of him, and whether his ingenuity be any profit to
the Dutch. You may enqurif the Dutch have any tricks to keep
their ships from being all worreaten in their voyages to the
Indies."

In laying down the general rules in this letter Newton
remarks that his friend will no doubt have considered many of
these already "but if any of them be new to you, they may
excuse the rest; if none at all, yet is my punishment more in
writing than yours in reading."”

The foregoing letter is sometimes referred to as having
been written by Newton to "a young friend." It is true that the
friend wasyoung, but Newton was one year younger. | remark
upon this because, if one reads this celebrated letter by itself, one

is apt to picture Newton as a man of advanced years, whereas he

was only twentysix years of age at the time he wrote this letter.

We hae some interesting information concerning
Newton's life at college, written in the year in which Newton
died. It was written in a letter by the son of John Wickens; the
father had been Newton's chambatow at college for about
twenty years. The follomig extracts from this letter will be of
interest: "My father's intimacy with him came by mere accident.
My father's first chambefiellow being very disagreeable to him,
he retired one day into the walks, where he found Mr. Newton
solitary and dejected. Upoentering into discourse, they found
their cause of retirement the same, and thereupon decided to
shake off their present disorderly companions and chum
together, which they did as soon as conveniently they could, and
so continued as long as my fathelysthat College.

"I have heard my father often say that he has been a
witness of what the world has so often heard of Sir Isaac's
forgetfulness of food when intent upon his studies; and of his

Original Copyright 1921 by Charles R. Gibson 4€

rising in a pleasant manner with the satisfaction of halingdou
out some proposition without any concern for a seeming want of
his night's sleep, which he was sensible he had lost thereby.

"He was turning grey, | think at thirty, and when my
father observed that to him as the effect of his deep attention of
mind, ke would jest with the experiments he made so often with
quicksilver, as if from thence he took so soon that colour.

"We have been the dispensers of many dozens of Bibles
sent by him for poor people, and | have now many by me sent
from him for the same ppose, which as it shows the great
regard he had for religion, | cannot but desire that by you it may
be made public to the world."

Then we have some interesting records also written at the
time of Newton's death by one of his assistants. This writer, Dr.
Humphry Newton, evidently not a relative, was with Sir Isaac
during the time he wrote his woffdmousPrincipia, at which
time Newton was about forfjve years of age. The following
are a few extracts from this letter. "His carriage was very meek,
sedate and humble, never seemingly angry, his countenance
mild, pleasant, and comely. | cannot say | ever saw him laugh
but once, which was at that passage which Dr. Stukeley
mentioned in his letter to your honour, which put me in mind of
the Ephesian philosoph, who laughed only once in his lifetime,
to see an ass eating thistles when plenty of grass was by." The
occasion to which the writer refers was when Sir Isaac asked a
friend, to whom he had lent Euclid, what progress he had made
in that author, and hoWwe liked him. He answered by desiring to
know what use and benefit in life that study would be to him.
Upon which Sir Isaac was merry.

The writer of the letter goes on to relate how Newton
kept so very close to his studies that he took no exercise,
thinking all hours lost if not spent in study. He had few visitors,
but he took delight in their company when they spent an evening
with him. "When invited to a treat, which was very seldom, he
used to return it very handsomely, and with much satisfaction to
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himself." He was so very intent upon his studies that "oftimes he
has forgot to eat at all, which when | have reminded him he
would reply 'Have I?' and then making to the table, would eat a
bit or two standing, for | cannot say | ever saw him sit at table by
himself.

"He very rarely went to dine in the hall, except on some
public days, and then if he has not been minded, would go very
carelessly, with shoes down at heels, stockings untied, surplice
on, and his head scarcely combed."

One is not surprised tedrn that Newton was often very
absertminded; he was so absorbed in study. His assistant says:
"At some seldom times when he designed to dine in the hall, he
would turn to the left hand and go out into the street, then
making a stop when he found he hadd®a a mistake, would
hastily turn back, and then sometimes instead of going to the
hall, he would return to his chamber again. In his chamber he
walked so very much that you might have thought him to be
educated at Athens among the Aristotelian sectl believe he
grudged the short time he spent in eating and sleeping. . . . He
was very charitable, few went emgtanded from him."

Dr. Stukeley, who was a personal friend of Newton,
although fortyfive years younger than our hero, has left us many
anecates concerning Newton. From one jotting in the doctor's
diary it is evident that Sir Isaac could not have been a musical
enthusiast. The doctor happened to remark that he had just been
to an opera, whereupon Newton said that he had never been at
more thanone; "the first act he heard with pleasure, the second
stretch'd his patience, at the third he ran away."

Then the learned doctor gives us some illustrations of
Newton's absennindedness. When he had friends to entertain,
if he went into his study to feh a bottle of wine, there was
danger of him setting to work and forgetting all about the
waiting friends.

On one occasion when he was riding home he led his
horse up a hill, and when he desired to remount, he found that
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his horse had slipped the bridend gone away without his
perceiving it, and he held only the bridle in his hand all the
while.

We have seen from the letter of Sir Isaac's assistant that
the Philosopher was very careless about his dress and personal
appearance. It was quite natural thanan whose mind was so
absorbed in study, and who even grudged time spent in eating,
should find little time to get his hair cut regularly, or to spend
time in looking after his clothing; there was no affectation in
Newton. Dr. Stukeley confirms Newtortarelessness of dress:

"He would go out, and would have walked the length of a street
before he noticed he was not dressed, and therefore had to hasten
back to his home quite ashamed."

On one occasion Dr. Stukeley called to see Newton, who
happened to heas usual, absorbed in some problem in his study.
The visitor waited, possibly thinking that Sir Isaac would not be
long, as his dinner was already served on the table. After waiting
a very long time the learned doctor, becoming both impatient
and hungrysat down at, the table and ate the chicken prepared
for Sir Isaac. After a further spell of waiting the great
Philosopher put in an appearance, and having greeted his friend
he sat down at the dinr@ble. On finding nothing but bones he
merely remarkedhat he had quite forgotten that he had already
dined. It was too bad of the younger man playing this trick upon
Sir Isaac; no doubt he quieted his conscience by the knowledge
that his old friend was very guilty of neglecting his food.
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CHAPTER XII

MOREABOU B RSAANEWTON

In most writings dealing with the life of Sir Isaac Newton
the greater part of the space is occupied with his works. It is true
indeed that "We live in deeds, not years; in thoughts, not breaths;
in feelings, not in figures on a dia(Bailey); but it is a little
disappointing to find so little about the man himself.

In the opening chapter, and elsewhere, it was made clear
that our present interest lies in the lives of these heroes, but it
will be necessary to touch upon two very pmoemt parts of
Newton's work, so that we may form a clear conception of his
greatness.

His extension of the laws of Gravity to the whole wide
Universe is the most prominent of all his works, but his
researches in the subjectlaoght are of immense imptance to
Science. To the general reader the most noteworthy discovery
which Newton made in Optics, and which is understandable
without any scientific training, is the composition of Light. It
was he who advanced the theory that Light is a combination of
different rays producing different colour sensations, and that
white light is a mixture of all these.

It is true that Newton's idea that Light was a projection of
infinitesimally small corpuscles had to be abandoned long
afterwards, but | believe his contporaries were more
responsible for the existence of this theory than Newton was. He
did not wish to make any "guess" as to the physical nature of
Light. This is made quite clear in hidypothesis which he
communicated to the Royal Society. He explains tha reason
why he has advanced this theory is because he has observed "the
heads of some great virtuosos to run much upon hypothesis," and
because some people seemed incapable of understanding his
theory of Light when put in an abstract form, whereas the
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readily understood it when he used this hypothesis , he therefore
made use of it. Then he adds: ". . . | shall not assume this or any
other hypothesis, not thinking it necessary, . . . yet while | am
describing thisto avoid circumlocution and to represt it more
convenientlyl shall speak of it as if | assumed it and proposed it
to be believed." He further states that he is not willing to answer
objections against this idea.

The italics in the foregoing quotations are mine; | am
desirous of emphasigy the ideas with which Newton set out,
for we shall see in a later chapter how the Scientists of a later
century cried out when Thomas Young dared to declare Light
itself to be merely waves in the ether of space. Young's
undulatory theory was acceptedelgtbut at that time a scathing
criticism was poured upon him, because he said these flying
corpuscles did not exist. | think it is not generally understood
that Newton laid no stress upon these corpuscles; their invention
was merely to please the "virtwuss who insisted upon
something graphic.

In urging this defence of Newton, | do not suggest that
Newtonever thought for a moment that Light itself consisted of
ether waves. | am not overlooking the fact that he would have a
very real difficulty in accepting such a suggestion, for the waves
which he pictured were longitudinal like those of Sound,
whereas Lght consists of transverse waves, such as those on the
surface of water. What | maintain is that Newton personally did
not care for the corpuscular idea. Speaking of it in another place,
he says, "To avoid dispute, let every man here take his fancy."”

It should be noted in passing, that Newton invented a
reflecting telescope, a class of instrument which will be referred
to later in connection with Herschel.

Early in the preceding chapter we saw that Newton had
tried, but had failed, to prove his idea titatvas Gravity which
held the heavenly bodies in their fixed orbits. He had calculated
the effect of Gravity at the distance of the Moon, and he found
that the resulting figures did not agree with observed facts, so he
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laid the matter aside without evenmiiening it to any one.. This

was when he was about twetityee years of age. When he was
forty years of age he heard of a new measurement of the Earth,
which would materially affect his former calculation. The result
of his new calculation was that hedheery evident proof that it
was our old friend Gravity that was the pulling force in the
whole wide Universe. It is difficult to realise that Newton should
put the papers away in his desk and tell no one of his great
discovery, and yet that is just whatl dhappen. It may be that he
wished to avoid any controversy, and either publish the papers
later or even to leave them to be published after he had gone; but
these are merely guesses at his reasons. The way in which his
discovery became known is of intete

About two years after Newton's solution of the problem,
it so happened that Sir Christopher Wren, well known to us as
the architect of St. Paul's Cathedral, in London, was discussing
with two friends the possibility of the motion of the planets
beingdue to a force obeying the inverse square law. The idea
had occurred to these men quite independently; they knew
nothing of the papers lying in Newton's desk, or of his early idea
in the garden at his home. Sir Christopher's two friends are of
interest tous. One was the astronomer Edmund Halley, whose
name is familiar to us in connection with "Halley's Cornet,"
which he had discovered shortly before the time of this meeting
with which we are dealing. The visit of this comet to the
neighbourhood of our plat so recently as 1911 attracted a good
deal of attention. The other friend was Robert Hooke, a very
learned man, who anticipated Newton in some points.

What interests us at present is that Sir Christopher Wren
and Halley both acknowledged they could fint any way of
proving the idea of Universal Gravitation, but Hooke said that he
had done so. Halley tells us that Sir Christopher thereupon said
that he would give them two months to show him a proof, "and
besides the honour, he of us that did it shdxalde from him the
present of a book of forty shillings.” As nothing came of this
challenge, Halley went to Cambridge to consult his friend
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Newton upon the subject. Without telling of the discussion in
London, Halley merely asked what would be the curveritzesd

by the planets on the supposition that they were controlled by a
force obeying the inverse square law. When Newton replied off
hand that it would be an Ellipse, Halley was greatly surprised,
and asked him how he knew it, whereupon Newton told fer th
first time that he had worked the matter out, and that he had
proved also beyond a doubt that it was Gravity that linked the
Solar System together. Newton looked for the papers which he
had placed in his desk two years earlier, but he could not find
them However, he promised to send them to Halley, and he did
so.

During this visit of Halley to Cambridge, Newton had
shown him the manuscript of a tract which he had entiiled
Motu, and which dealt with the subject of celestial motion.
Halley asked thathis might be sent to him also, so that he might
have it recorded in th&ransactions of the Royal Society is
interesting to note that the secretary who acknowledges the
receipt of this was the young man (Aston) to whom Newton had
written the letter ofadvice on travelling some fifteen years
earlier; which letter is referred to at page 117. This tRxet
Motu was the forerunner of the truly great book which Newton
wrote later, and which is known throughout the scientific world
as Newton'®rincipia.

Newton sat in the House of Commons for one year,
during the reign of William and Mary. He was Member for
Cambridge University, and he conscientiously looked after the
interests of that great seat of learning with which his life is so
intimately connected. Hevould be about forty years of age at
that time.

Two years later he became very seriously ill, which is not
surprising considering the vast amount of bnaork he did,
without taking a proper amount of sleep or food. When thinking
of his constant toil, e is apt to forget how very delicate he was
in infancy. It is remarkable that his health held out so long, but
John Wickens, his chambggllow for twenty years, tells us that
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Newton sometimes suspected himself "to be inclining to a
consumption,” and thdte mixed for himself certain medicines
at such times.

It is generally believed that Newton's mind became
deranged at this time, and while no one could be greatly
surprised if his brain did suffer from the severe strain put upon
it, there seems good reasto doubt that there was ever more
than a nervous breakdown.

The cause of the malady was generally ascribed to the
loss of valuable manuscripts in the fire which occurred in his
laboratory. This wetknown story runs thus: "Newton had a
favourite littledog called Diamond. One winter's morning, while
attending early service, he inadvertently left his dog shut up in
his room; on returning from chapel, he found that the animal, by
upsetting a taper on his desk, had set fire to the papers on which
he had wtiten down his experiments; and thus he saw before
him the labour of so many years reduced to ashes. It is said that
on first perceiving this great loss, he contented himself by
exclaiming, 'Oh, Diamond! Diamond! thou little knowest the
mischief thou hast a@he." But the grief caused by this
circumstance injured his health and, if we may venture to say so,
for some time impaired his understanding.” In another version of
the same story, instead of quietly rebuking the poor dumb
animal, we are told that his et@ment was so great that every
one thought he would have run mad when he saw what had
happened, But there seems to be very substantial evidence to lay
on the other side.

In a letter written by Newton's assistant, to whom | have
referred already, he givess the following information, which is
direct evidence and not mere hearsay. "He kept neither dog nor
cat in his chamber, which made well for the old woman his bed
maker, she faring much the better for it, for in a morning she has
sometimes found both dier and supper scarcely tasted of,
which the old woman has very pleasantly and mumpingly gone
away with."
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The foregoing statement seems to me to take the whole
value of the previous evidence away. Even although the story of
the accident contains the naroé the dog, and the words of
Newton's rebuke, it must go in the face of this firahd
evidence. And if we have to discard such an apparently exact
story, why not the inexact statement of the mental malady?
There are some letters of Newton which are sspgoto be
proof that his mind was affected at this period. | have read them
very carefully, and | am quite convinced that many a person,
suffering merely from a nervous breakdown, has written much
stranger letters. Newton's own statement, written atithatto a
friend, is another piece of evidence in support of the theory of a
nervous breakdowns. He wrote. "I am extremely troubled. . . . |
have neither ate nor slept well this twelvemonth.” No mention of
sudden grief at the loss of papers.

To this day sidents at Cambridge are told how there
were two holes cut in the door of Newton's chamber: one hole,
much larger than the other, for the use of his cat, the smaller one
for the convenience of the kitten. The joke is, of course, that the
kitten required arsaller hole to pass through the door than did
its mother. But | fear this amusing story must go also in the face
of the direct evidence quoted. Indeed, it would be difficult to
realise Newton taking care of a dog or a cat, he was so
unmindful of himself. Wiat he required was some one to take
care of him. We have good reason to believe that the reason why
Newton never married was a financial one. When he was an
inmate of the apothecary's house at Grantham, there were several
girls residing in the householdnd the boy Isaac was very good
in amusing them and in making playthings for them. One of
these girls remained a friend of Newton throughout life, and at
the age of eighty years she admitted to another friend of Newton
that the great Philosopher would hawarried her but for his
small income and the smallness of her portion. This lady, whose
maiden name was Storey, was twice married, but Newton, as we
have seen, remained a bachelor to the end.
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Newton was in his eightfifth year at the time of his
death,which occurred on the 20th of March, 1727. He presided
at a meeting of the Royal Society in London on the second day
of March, but was taken ill the following day, so that his last
illness was of less than three weeks' duration. He suffered great
pain, whch he bore without a murmur. He was buried in
Westminster Abbey, where one can see the monument erected in
his memory. During his last illness some friends were testifying
to the great esteem in which he was held in the world, but
Newton replied: "I know at what | may appear to the world; but
to myself | seem to have been only like a boy playing on the
seashore, and diverting myself in now and then finding a
smoother pebble or a prettier shell than ordinary, while the great
ocean of truth lay all undisconexl before me."

The eminent poet Pope, who was about forty years of age
at the time of Newton's death, wrote the following epitaph,
which was placed on an iron tablet put upon the wall of the room
in which Newton was born.

"Nature and nature's laws laidhn night,
God said 'Let Newton be' and all was lig

There has been so very much of interest in Newton's life,
directly bearing upon Science, that | have not touched upon the
time when he became Master of the Mint, at the age offfifgy
which wasafter the serious illness to which special reference has
been made already. It is of importance to note that, contrary to
statements made upon the Continent, Newton's mental powers
remained unimpaired to the end. At the age of seviargyhe
was returnig one evening from the Mint, when he received a
copy of a mathematical problem sent to this country by Leibnitz
"for the purpose of feeling the pulse of English Analysts." It was
5 p.m. when Newton received this problem, which was
presumably a very sevetest to the most expert mathematicians,
but the aged Philosopher, after a busy day in making
arrangements concerning the coinage of the country, was able to
solve this problem set by the famous German mathematician.
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In closing it may be of interest to note that Newton lived
in no less than six reigns. He was born a few years before
Charles | was beheaded; he lived through the inglorious reign of
Charles 1I, and the intervening Commonwealth of Oliver
Cromwell; also thereign of William and Mary, at whose
coronation he was present: the twelve years of Queen Anne, at
whose hands he received his knighthood, upon the occasion of
her visit to Cambridge; and the slightly longer reign of George I,
at whose Court Newton was allvknown figure; but George I
had only entered upon the first year of his prosperous reign in
the year of Newton's death.

Queen Caroline, wife of George Il, seems to have been
of a scientific turn of mind. While she was Princess of Wales she
used to prpose such difficulties to Newton "as none but himself
could answer to her satisfaction”; and she was often heard to
declare in public, that she thought herself happy in living at the
same time and conversing with so great a man.
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CHAPTER XIlII

BENJAMFRIANKL I N
1 76a6 90

"H E SNATCHED THE LIGHTING FROM THE SKIES
AND THE SCEPTRE FROM T YRANTS"

We have firsthand information concerning the life of
Benjamin Franklin, for although he did not publish an
autobiography, he wrote down the story of his life in threnfof
a very long letter to his son.

While it is true that Franklin rose "from printer's boy to
first Ambassador of the American Republic,” | think that
statement by itself is apt to give an impression of even a humbler
origin than was the case. His fativeas weltto-do, and came of
a family of some account. Benjamin tells us concerning his
ancestors that "they lived in the same village, Ecton, in
Northamptonshire, on a freehold of about thirty acres, for at least
three hundred years, and how much longeuld not be
ascertained."”

Franklin leaves us an interesting wqmdture of his
greatgrandfather, which shows that his ancestors were made of
proper stuff. This greagrandfather lived during the reign of
Queen Mary, at a time when there were persecsifperpetrated
by Popery. The old gentleman kept his Bible in a safe hiding
place and yet in a position very convenient for reference. He
turned a footstool upside down and then tied the open Bible
within the bottom of the stool, so that the book was mdde
entirely when the stool stood upon its legs. While reading to his
family, with the upturned stool on his knees, one of the children
would keep watch lest an officer of the Spiritual Court should
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come along, and on any alarm being given, the stool was
immediately placed upon its feet again.

Benjamin's father, who had been a wdgér in this
country, emigrated, about the year 1682, to that part of America
then known as New England, but Benjamin, who was the
fifteenth in a family of seventeen, was not bdithtwenty-five
years later. Although he was born in Boston in 1706, he was a
British subject, the Americans being then but colonists of Great
Britain. New England was still young, the father of Benjamin's
mother having been one of the first settlerthat part.

In the New World Benjamin's father commenced
business as a candle and so@mufacturer, on a small scale.

Although Benjamin had only two years' schooling, which
was between the age of eight and ten years, he must have
received good tuition &m his father, for he was able to read
before he went to school. He tells us that his father always made
it a point that the tablealk was of interest and instruction to the
children. There was never any discussion of their food; that was
strictly prohibted. Even if the food was not to their minds, or
was extra pleasing, or was not well cooked, no remark whatever
was to be made. Benjamin tells us that with this good training he
found in later life that he was quite indifferent to what kind of
food was sebefore him. He found this a great convenience in
travelling; he did not envy those whose delicate tastes were often
bringing them into conflict with the innkeepers. This avoidance
of thinking about the food became such a habit with Franklin
that he says'Indeed, | am so unobservant of it, that to this day |
can scarce tell a few hours after dinner of what dishes it
consisted.”

Another habit formed by Benjamin was to waste no time.
No doubt he was taught this by his father, for he showed signs of
this halt at a very early age, as we may gather from the
following incident. When a child he felt that the very long graces
which his father said before and after meals occupied a good
deal of time. One day, while the little fellow was watching the
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winter's meabeing salted and stored away in casks, he asked his
father if it would not do to say grace over the whole lot once for
all as it would save a lot of time.

His father had desired at first that his youngest son,
Benjamin, should be a clergyman, but with tiepenses of
bringing up a family of seventeen he did not care to go to the
further expense of a college training. At ten years of age
Benjamin was put into his father's business, but the cutting of
wicks and the pouring of molten wax into candieulds dd not
interest the boy. After two years of such work he told his father
that he disliked the business, whereupon his father very wisely
offered to find him some business which should be more
congenial. But it is often no light task to determine for what
business a boy is best suited, and so his father took Benjamin' on
his walks with him, to let the boy see different tradesmen at
work, and that he himself might observe the boy's inclinations.
There was some thought of apprenticing him to a cutler, but the
fees demanded seemed to the father unreasonable. He had
observed that all Benjamin's pockabney was spent on books,
and that the boy had a decided bookish inclination, and so it
occurred to him that the printing trade would be a congenial one
to Benjamin.An older brother had been set up in business as a
printer, and so it was arranged that Benjamin should become an
apprentice to him. The apprenticeship was to be a very long one,
for Benjamin, who was then twelve years of age, was not to be
free till he cane of age.

Benjamin found the work very congenial, especially as
he could borrow copies of the books from other apprentices.
Sometimes he was required to return these books by the
morning, but on such occasions he would sit up the greater part
of the night till he finished the book. Later on a merchant who
frequented the printingffice offered Benjamin the use of his
large library.

During his early apprenticeship Benjamin became a
vegetarian; the idea was suggested by some book he had read,
but the reahdvantage that Benjamin saw in this diet was that the
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meals were more easily eaten, leaving more time for reading,
and the cost of the food was less, so that he had more pocket
money for buying books. When his purse was not long enough
to meet his demanaf books, he would sell those he had read
and buy the new ones.

While Benjamin was thoroughly interested in the printing
business, he was not very happy in it, for his brother was often
unkind to him. Benjamin was only a stepbrother to his master,
their father having been married twice, but one can only surmise
from what follows that Benjamin's stepbrother was jealous of the
boy's quickness in learning.

After Benjamin had served a few years of his
apprenticeship, it so happened that his stepbrother b&gan
publish a newspaper, the second in New England. People had
tried to dissuade the brother, as they considered one newspaper
quite sufficient for New England. Those who wrote the news for
this paper were in the habit of meeting at the printing office to
discuss matters. The youthful Benjamin, then only fifteen years
of age, thought he would like to try his hand at writing articles.
He knew very well that his brother would not allow him, and so
he wrote in a disguised hand and pushed the anonymous
manuscrip beneath the door of the printing office after closing
hour. He heard the journalists discuss his production next day,
and the verdict was very encouraging; indeed, it was the general
opinion that the article had been written by some “etiwn
man of leaning. This and other similar articles were published,
and at last Benjamin informed his stepbrother and the journalists
that he had been the anonymous author. The journalists were
genuinely interested in him, but the stepbrother was exceedingly
displeasedand thought the boy was far too vain.

Benjamin's position in the printing office was by no
means improved by the foregoing incident, but it so happened
that his brother got himself into trouble with the authorities for
publishing some political offencdpr which he was sent to
prison for one month, and he was deposed from the editorship of
the newspaper. Benjamin took charge of the business in the
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absence of his brother, and on his return it was arranged that
Benjamin should edit the paper, but he arsddnother could not

work peaceably together. Benjamin had already served five
years of the long apprenticeship into which his father had led
him. There were another four years still to serve, although
Benjamin was already an expert printer, and so the lad
determined to cut short the continual unpleasantness. His only
hope was to take French leave, and so he embarked upon a ship
sailing for New York, meantime selling his books in order to pay
his passage and give him a little cash in hand.

The New York pmter to whom he applied for work told
him that he had no work, but that his son in Philadelphia might
require assistance. Benjamin went off to Philadelphia by ship,
and after a stormy voyage arrived at the printing office, to find
that the printer's fathewhom he had seen in New York had
travelled on horskack and had arrived in Philadelphia before
him. The son had no work to offer him either, but the father took
Benjamin over to the opposing firm, where he found
employment.

Not long after Benjamin hadotjto work in Philadelphia,
the husband of one of his sisters spoke to the Governor of the
province concerning the lad. The Governor, on hearing of
Benjamin's abilities, suggested that he should set up in business
on his own account as he would soon oigtdtre other printers,
whose work was very inferior. Benjamin made a voyage home to
ask his father for the necessary capital. While on this visit home
Benjamin related his adventures to an old chum, Collins, who
thereupon determined to go also to Philadelplt was agreed
that Collins should go by land to New York, and await Benjamin
there, who would follow by ship as soon as his father had come
to a decision. But his father considered Benjamin was too young
to be in business for himself. However, he pised that if the
lad had saved some money by the time he was twenty years of
age, he would help him out with the rest of the capital. While at
home Benjamin visited the printing office of his stepbrother,
who disliked him the more because he had been ssftte
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Benjamin set out once more by ship for New York, but
this time with the good wishes of his parents and friends. When
he reached New York he found his friend Collins awaiting him.
During all the years that Franklin had known Collins he had
been a tbughtful and studious lad, especially expert in
mathematics. But now he found that Collins had taken to
brandydrinking, and Franklin was horrified to hear that Collins
had not been sober a single day since his arrival in New York.
To make matters even wam, Collins had been gambling, all his
money was gone, and he was in debt for his lodgings. Poor
Franklin, who saved every penny he could towards buying new
books, had to pay up Collins's debts and his passage from New
York to Philadelphia.

In Philadelph& Franklin found that Collins was a burden
on his hands. The lad, although provided with excellent
recommendations, could not get work as a clerk. Franklin says,
"Whether they discovered his drainnking by his breath or by
his behaviour, he met with nauscess in any application, and
continued lodging and boarding at the same house with me, and
at my expense." Frequent quarrels arose, as Collins would not
mend his ways, and their friendship ended in the following
manner. When out on the river one day vatime other young
fellows, Collins refused to row when it was his turn to do so.
Franklin insisted that Collins should do his share of the work,
although the others were willing to let him off. Collins then
ordered Franklin to row in his place or he wotidfow him
overboard. Franklin still insisted that Collins must row,
whereupon Collins went forward and struck at Franklin, who
described his own actions in the following words: "When he
came up and struck at me, | clapt my head under his thighs, and
rising, pitched him head foremost into the river. | knew he was a
good swimmer and so was under little concern about him."
Franklin kept the boat out of Collins's reach until he saw that the
swimmer was thoroughly tired, when he took him into the boat,
but all pretence at friendship disappeared after that. A little later
Collins left for the West Indies.
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We have noted that Franklin had become a vegetarian,
and it is rather amusing to learn how he returned to an ordinary
diet. He tells us that during one of theyages between Boston
and Philadelphia, the crew caught some excellentfistg
which when fried smelt most appetising. His vegetarian
principles determined that he should eat nothing that had been
alive, the idea being that it was not right to massauweefish,
which had done no injury to deserve death. But when Franklin
saw some of the fish being opened, and he espied a quantity of
small fish in the stomachs of the cods, he argued that if the fish
ate one another he had a perfect right to eat thems@edded
Franklin's vegetarianism.

While Franklin was employed by the printer at
Philadelphia, the Governor of the province offered to set him up
in business for himself. The Governor told Frankiivat he
would give him letters of credit whereby he could purchase a
printing press in England, and at the same time gain some useful
experience in a London printing office. Franklin got ready to sail
for England: a very great undertaking in these daysmwie
voyagers were dependent upon the wind to carry them to their
destinations.

Franklin could not understand why the Governor made
SO many excuses for delay in giving him the necessary letters of
credit. In the end he was told that if he went on balaedship,
which was about to sail, the Governor would send the letters
down to the ship in the mdiag and the captain would hand
them to him on the voyage. The lad believed this promise, but
before he reached England he found that he had been most
cruelly deceived; there was not a single letter of any kind for
him. And so the youth was stranded in London, to make the best
he could of it for himself. Some readers may wonder what object
the Governor could have in behaving in such a manner to young
Franklin.But have we not seen people act very similarly in these
more modern days, with the sole object of making themselves
agreeable and important by their proposed assistance?
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However, Franklin soon got employment in a large
printing office in the City. He logled in the street still called
Little Britain, and next to his lodgings was a sectwand
bookshop, whose owner was good enough to let Franklin have
the use of many books. Later on he found employment in a still
larger printing office, where he was not temt to do just as
much work as the other employees.

His fellow-workers, of whom there were about fifty, had
formed the habit of drinking ale at their work; indeed, an
alehouse boy was in attendance at the printing office to receive
the men's orders. Asr&nklin did not follow their custom they
nicknamed him the "Watekmerican." But it occurred to some
of them later that this Waté&merican could do more work than
they could, despite their six pints of ale drunk during working
hours. They remarked alsoathfor three halpence he got "a
large porringer of hot watagruel, sprinkled with pepper,
crumbled with bread, and a bit of butter in it." This seemed a
much better bargain than did a pint of beer, and many of the
printers followed Franklin's example.

One day when on the Thames with a boating party
Franklin swam from Chelsea to Blackfriars, performing many
feats of activity, both upon and under the water. Owing to this
event he received an invitation from the Chancellor of the
Exchequer to teach his sorto swim, and this request was
accompanied by an offer to set Franklin up as a swimming
master in , but the kind offer did not tempt the young printer.

During the eighteen months spent in the London printing
shops, Franklin had remained on intimate tewith a merchant
who had been a felloywassenger on the long voyage from
America. Franklin speaks very highly of this gentleman. He tells
us that the merchant had formerly been in business in London,
but things had not gone well with him and he had bemsetbto
ask his creditors to accept part payment of their accounts as a
settlement of his indebtedness. After this he had emigrated to
America, where he had been very successful, and he was in
London at this time to purchase a large consignment of goods fo
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his store. On his return to London he had invited all his old
creditors to dine with him. They were very pleased to accept the
invitation, as they owed him no grudge; and when they expected
nothing but the evening's entertainment they were greatly
surprsed to find, when the plates of the first course were
removed, under each man's plate a bank order not only for the
remainder of the old debt, but with interest added to date.

This very honest merchant offered to take Franklin back
to Philadelphia and tgive him good employment in his store
there. Franklin, who would be about twenty years of age at that
time, accepted the kind offer, and they set sail together. This was
in the month of July, and the voyage across the Atlantic, which
takes us about one wedook them nearly three months, as they
did not land in America till the month of October. While
Franklin was employed in the store, his master was taken
seriously ill and died, whereupon the youth returned to his
printing business. Franklin himself had very serious illness
about this time, so serious that he did not expect to recover, and
even wrote out his own epitaph, which was as follows

THE BODY OF BENJAMIN FRANKLIN
(LIKE THE COVER OF AN OLD BOOK, ITS CONTENTSTORN
OUT AND STRIPPEDOF ITS LETTERING AND BINDING)

LIES HERE, FOOD FORWORMS
YET THE WORK ITSELF SHALL NOT BE LOST

FORIT WILL, AS HE BELIEVED, APPEARONCE MORE
IN A NEW AND MORE BEAUTIFUL EDITION

CORRECTEDAND AMENDEDBY THE AUTHOR

Fortunately there was no occasion for the use of the
epitaph. Franklin became manager of the printing office in
which he had worked before leaving for London. He improved
the business immensely, teaching every printer the best way of
doing his work. He sheed his master also how he could mould
new type for himself and thus save much time and delay in
getting it from England. So soon as the master thought that he
had learned all he could from Franklin, he told the young man
that as his wages were too high beuld go. One of the
apprentices in the printing office followed Franklin and
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suggested that they might set up in business together. As this
lad's father was willing to buy a printifgress and type for
them, the matter was easily settled.

While waiting for the press and type to come from
London, Franklin got a pressing invitation to return to the
printing office to assist with an important and difficult order for
papermoney. Franklin made the first copg@ates ever made in
America for the printing othe papeimoney, and these were a
great success. When, at last, the prinrpngss arrived from
across the seas, the two young men set up in business. They soon
had plenty of work, requiring to work both late and early in
order to keep up with the demanthey started a newspaper
which also proved a success. But unfortunately Franklin's
partner did not act wisely. He was scarcely ever sober, and he
made a very poor printer. Not long after their beginning business
this lad left Philadelphia to go to farminghere he might be out
of the way of temptation. The printing business flourished
exceedingly, and in the midst of a very active life Franklin found
time to take a leading part in a Debating Club and in the
formation of a Library, which was the first lendi library in
America.

About this time he married a Miss Read, in whose
father's house he had lodged in his early days in Philadelphia, in
which town he still was. Miss Read's first impression of the boy
Benjamin Franklin was rather amusing. She happeoebte
standing at her father's door on that morning when Franklin first
set foot in Philadelphia. Being practically a runaway; he had no
travellingbox, and as he passed Miss Read his pockets were
bulging out to an enormous extent, being filled with suticlas
as shirts and stockings. What added to the ridiculous picture was
the fact that he had just purchased some bread, and getting much
more than he had expected, he was busy eating one very large
roll, while he had another one tucked under each arne Hoes
not seem to have been at first sight, but before Franklin left for
London they were lovers. However, during Franklin's absence
the girl married a young man, who did not turn out a success. He
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deserted the young wife, and died somewhere abroadkliaran
had kept up a friendly correspondence with the Read family, and
now that he was established in business he married the young
widow.

When Franklin was twentgix years of age he published
his famous Almanack, which he continued to publish for a
quarte of a century. This annual publication was known
throughout the civilised world as "Poor Richard's Almanack." It
received this title because Franklin wrote a preface to it each
year, signing it "Richard Saunders." The early prefaces were
written in a verypathetic tone, as though Richard were adopting
this form of livelihood as a last resort. This publication
contained so much good sense and so much interesting general
information, which was not easily obtained in those days, that it
soon became very famsand was translated into several foreign
languages.

These old Almanacks make interesting reading, the style
of some parts reminds one of the ancient symbols of Pythagoras,
to which | referred in Chapter II. For instance, here is one of
Poor Richard's saygs: "It is hard for an empty sack to stand
upright.” (It is difficult for a man in want to act always
honestly.)

After ten years' absence from Boston, Franklin paid a
visit to his home, where he received a very warm welcome. It is
interesting to learrhiat on this visit he and the stepbrother, under
whom he had learned printing, became perfectly friendly. This
brother had fallen into Hhealth and could not hope to live long.
Benjamin offered to look after the brother's son and to train him
for businessOn Benjamin's return to Philadelphia he prospered
so well in business that he was able to devote a good deal of
time to public affairs. He became Clerk to the Assembly of his
Province (Pennsylvania), and also filled the position of Deputy
PostmastefGeneal. By the time he had reached fetiyo years
of age, he was able to leave his printing business in the hands of
his partner, and to devote himself to public affairs and to
philosophical studies.
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CHAPTER XIV

FRANKLAN &I ENTI ST

By the time BenjamirFranklin had reached middle age
he had become the bdgiown and most important man in
America; but what interests us at present is his connection with
the scientific world.

We have to pass over the greater part of his later life,
which was devoted to sgng his country as American Minister
in London, and later at the Court of France. We must also pass
over the important part he played in the transition of America
from being a British colony to a sajbverning countr§ the
United States of America.

Frarklin had been such a constant reader from childhood
that he must have come to know something of Science as then
understood, but his first serious study of a scientific subject
seems to have been on the occasion of a visit paid to Boston by
Dr. Spence, of &tland. That was in the year 1746, at which
time Franklin would be about forty years of age. Dr. Spence
showed Franklin some of his electrical experiments, and it is
supposed that Franklin bought the apparatus from the lecturer at
the close of his visit.

Not long afterwards Franklin wrote a paper on "The
Sameness of Lightning with Electricity,” and this was
communicated to the Royal Society of London by one of its
members. It is generally stated that the learned members laughed
at the idea. But this canhde quite correct, for the idea of
lightning being a huge electric spark was by no means new; it
had been suggested a generation earlier, and the sameness had
been remarked upon by great men, such as Sir Isaac Newton.
Franklin's paper does not set fortietidea as new, but he was
the first to propose a method of proving the idea. It was he who
suggested means of tapping the supposed electricity of -storm
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clouds, and bringing it quietly to earth. There is no doubt that it

was the boldness of this idea whiamused the learned members

of the Royal Society, and we can sympathise with them; it would

appear to be quite ridiculous.

BENJAMIN FRANKLIN AND HIS SONEXPERIMENTINGWITH LIGHTNING.
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The gentleman who had communicated Frarklivold
suggestion to the Royal Society had faith in the American
statesman's ideas, and he took steps to have it published. It
appeared inThe Gentleman's Magazinand also in pamphlet
form. A copy of the pamphlet was received by some French
Scientistswho followed out the idea on the lines suggested by
Franklin. By means of an iron rod placed at a considerable
height, they succeeded in drawing electricity from stotouds.
Before news of this successful experiment had time to reach
Franklin, he had berme impatient waiting for the completion of
a high spire from which he intended making his experiment. In
the meantime it occurred to him that a kite might serve to carry
up the conductor even to a greater height.

When Franklin and his son went out to tkhis
experiment they must have felt the importance of the trial; it
would either confirm or contradict a worffdmous suggestion.
There were thundeslouds about, but they passed without giving
any sign of electricity at the metal key attached to theoérnide
string tethering the kite. Franklin held this himself by means of a
silk handkerchief which was to act as a womductor. He tells
us that he had almost despaired of success, when suddenly he
observed the loose fibre of the string to move towardsract
position. He then presented his knuckle to the key, and received
a strong shock accompanied by a bright spark. His bold idea was
proved to be possible. He repeated the experiment, charging a
Leyden jar, and making other w#hown electrical
experments.

Other experimenters made similar experiments with
kites, and with iron rods placed high in the air. No one intended
bringing a lightning discharge down the kite string, but it is
apparent that they were running some risk. One experimenter,
who useda metal wire in place of the wetted kite string, found
that with this better conductor he got results which alarmed him;
an enormous flash occurred, accompanied with a deafening
report, and producing a hole in the ground. The iron rod set up
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by a Russiarprofessor was struck by lightning, and he being
near the free end of it at the moment received a fatal shock.

Franklin suggested the idea of placing pointed
conductors on high buildings, leading a wire direct to earth, in
order to protect the building agat lightning. People were very
slow to adopt this novel suggestion, although many of them were
very anxious to protect their houses against lightning, some
superstitious folk going the length of placing an innocent leek
upon the roof as a protection. Omé the early lightning
conductors had to be removed because the peasants in the
neighbourhood insisted that its presence had brought about such
a dry summer that their crops had been wasted.

Many years later a Londoner tried to detract from
Franklin's lghtning conductors by declaring that conductors
placed low down were far more effective than if placed high in
the air, and further that round knobs were far superior to sharp
points. The man who advanced this theory gave a demonstration
of some experimest with round knobs at the Pantheon in
London. Many people supposed these experiments to support the
man's declaration, but some Fellows of the Royal Society came
along and showed the matter to be absurd. Had the experimenter
been sincere we could owe hino grudge for putting another
theory in opposition to Franklin's suggestion, but it is quite
evident that he was not honest in the matter, for when three
scientists made experiments in the Pantheon to decide the
matter, this man, although present, refusetbok at them or to
attempt any reply.

When word was sent to Franklin concerning this weuld
be detractor, along with the information that at this man's request
the King had got the pointed conductors taken down from his
palace and round knobs put up e®d, Franklin replied in a very
characteristic letter, from which the following is a quotation: "I
have never entered into any controversy in defence of my
philosophical opinions; | leave them to take their chance in the
world. If they are right, truth andxperience will support them;
if wrong, they ought to be refuted and rejected. Disputes are apt
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to sour one's temper, and disturb one's quiet. | have no private
interest in the reception of my inventions by the world, having
never made, nor proposed tokmathe least profit by them. The
King's changing his pointed conductors for blunt ones is
therefore a matter of small importance to me."

We saw in a preceding chapter how Sir Isaac Newton
was worried by spending so much time in supporting his
philosophi@l opinions; he would certainly have had more peace
of mind had he acted in the same way as Benjamin Franklin, but
such an attitude is very difficult to maintain, and Newton felt it a
duty to support his theories.

Franklin's great feat in "snatching thghtning from the
skies" is the one thing which stands out most prominently in his
scientific career, but he did much valuable work to advance the
then youthful science of Electricity. He set forth improved
theories of electricity; he dispensed with theadf two separate
fluids and devised the singfliid theory. It was he who applied
the terms positive and negative to electrical theory, and he made
important discoveries in connection with the Leyden jar. A
generation ago we departed from the idea sfilatle fluid, and
came to think of electricity as a mere condition of things, but
now we are quite convinced that the early idea was correct;
indeed, we have proved beyond doubt that electricity is a real,
existing thing.

At present we are interested lmetman more than in his
science; it is sufficient for our purpose to know that he was a
hero of Science. Witness the testimony of the illustrious Dr.
Joseph Priestley, whose life we shall consider in the succeeding
chapter. In hisHistory of Electricity Priestley wrote of
Franklin's work: "Nothing was written upon the subject of
Electricity which was more generally read and admired in all
parts of Europe.”

When Franklin was resident in England as American
Minister, he made an extensive tour on the Continehere he
was warmly welcomed by all the men of science. In France he
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was introduced to Louis XV, and was elected a member of the
famous Academy of Science. Previous to this he had been
elected an honorary Fellow of the Royal Society of London, and
had received honorary degrees from several Universities in
Great Britain, as well as in America. In London he was made
welcome in the houses of all the great people. He had among his
acquaintances such men as Adam Smith, the famous political
economist, David Hme, the great historian, and Dr. Joseph
Priestley, already mentioned. Franklin was an interested
spectator at the Coronation of George lll.

The later years of Franklin's life were spent in Paris as an
American Minister to the Court of France. It is difflt to realise
how a man of his age could get through the work which he did.
One extract from his diary will give us some idea of the busy life
he led outside of his political duties. At the date of this entry our
hero was over seventwo years of age.December 13th, 1778.
Paris. A man came to tell me he had invented a machine, which
would go by itself, without the help of a spring, weight, air,
water, or any of the elements, or the labour of man or beast, and
with force to work four machines for cuttingbacco; that he had
experienced it; would show it me if | would come to his house,
and would sell the secret of it for two hundred louis. | doubted it,
but | promised to go to him in order to see it.

"A Mons. Coder came with a proposition in writing, to
levy six hundred men, to be employed in landing on the coast of
England or Scotland to burn and ransom towns and villages, in
order to put a stop to the English proceedings in that way in
America. | thanked himand told him | could not approve it, nor
had | any money at command for such purposes; moreover, that
it would not be permitted by the Government here.

"A man came with a request that | would patronise and
recommend to Government an invention he haderely a
hussar might so conceal his arms and habiliments, with
provision for twentyfour hours, as to appear a common
traveller; by which means a considerable body might be
admitted into a town, one at a time, unsuspected, and afterwards
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assembling, surge it. | told him | was not a military man, of
course no judge of such matters, and advised him to apply to the
Bureau de la Guerre. He said he had no friends, and so could
procure no attention. The number of wild schemes proposed to
me is so great, anddii have hitherto taken so much of my time,
that | begin to reject all, though possibly some of them may be
worth notice."

Franklin says in another place: "It is amazing the number
of legislators that kindly bring me new plans for governing the
United Stags."

"Received a parcel from an unknown philosopher, who
submits to my consideration a memoir on the subject of
elementary fire, containing experiments in a dark chamber. It
seems to be well written, and is in English, with a little tincture
of French idom. | wish to see the experiments, without which |
cannot well judge of it."

These were the interruptions in a single forenoon. In
reading these extracts from Franklin's journal one wishes he had
told us what he found out about the wonderful machine
mentoned in the first paragraph. It certainly reads like a fraud. It
is interesting to note in connection with the paragraph last
guoted, that the unknown philosopher turned out to be no less a
personage than the wicked Marat, one of the most infamous
charactes of the French Revolution, and who was in a great
measure responsible for the cruelties and massacres which took
place some fourteen years later than the date of Franklin's
correspondence with him.

No matter how much one believes in every person having
a distinct hobby, one would be willing to allow that such a
crowded life as that of Franklin left no room for a hobby. And
yet we find that he amused himself sometimes in composing
light essays, and printing them himself by means of a small set
of types ad a press which he kept in his house.

Sometimes Franklin wrote very amusing articles, such as
the following, which was addressed to "The Authors of the
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Journal of Paris," and was signed "A Subscriber." The title of
this article, which is given in full irhis Memoirs, is "An
Economical Project for Diminishing the Cost of Light." In this
racy article he explains that he had recently seen a new lamp
about which there had been some stir. He says that he suspected
that the cost of oil in the new lamp was spitbportional to the
amount of light given. But he had gone to bed puzzled over the
new lamp as he fell asleep. He was wakened by an accidental
noise at six o'clock in the morning, and he was surprised to find
a flood of bright light in his room. At firstehthought that it must

be due to some of those new lamps about which he had been
puzzling, but on getting up to seek the origin of the light he
found that one of his domestics had omitted to close the shutters
on his windows and that the light came frore tiising sun. He
goes on to pretend that he has made a great discovery, and that
one scientist stoutly denies the possibility of the light being due
to the Sun at so early an hour, which was presumably spring or
summer time. This imaginary scientist deekarthat as there
could be no light from the Sun and therefore no light that could
enter the room from without, it is evident that the open shutters
had merely allowed the darkness to escape. Franklin continues in
apparently sincere fashion to dilate upas dreat discovery, the
conclusion of which is that instead of burning tons of candles at
a late hour at night, a much cheaper light was to be got from the
early morning sun; just the idea of the recent Daylight Saving
Bill. Franklin works out the annuabsing per annum that would

be possible by such means in Paris. He says that if people find
any difficulty in rising at so early an hour, the church bells could
all be tolled, and if any people should prove obstinate "let
cannon be fired in every street twake the sluggards
effectually.” Once more he proclaims his original discovery.
"Possibly some may say the Ancients knew that the sun rose at
certain hours; | do not dispute it, but it does not follow they
knew he gave light as soon as he rose. This i$ idlaim as my
discovery."”

In looking over Franklin's correspondence | was
surprised to come across the following diagram, showing a pair
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of spectacles arranged for long distance and for reading. In his
letter, Franklin explains that he had found twdedént pairs of
spectacles to be very inconvenient, so he had taken them to an
optician and got the lenses cut in two and fitted into one frame as
shown above. "By this means | wear my spectacles constantly, |
have only to move my eyes up or down.” We allefamiliar

with a recent adaptation of the same idea, but it is of interest to
find that the idea originated with Benjamin Franklin about on
hundred and fifty years ago.

DISTANCE DISTANCE

READING READING

Many eminent scientists were living at the same time as
Benjamin Franklin, whee long life closed only ten years before
the dawn of the nineteenth century. At Sir Isaac Newton's death
Franklin was twentyone years of age, he was still a young man
when our next three heroes (Priestley, Cavendish, and Herschel)
were born, and he livetbr some time after the births of the
three heroes who succeed these in the following pages (Dalton,
Young, and Humphry Davy).

While Franklin was in Paris he was one of the scientists
appointed by the King of France to investigate the claims of
Mesmer, he founder of Mesmerism, then known as Animal
Magnetism. Mesmer was a German physician, who claimed to
work wonderful cures by means of his newly discovered animal
magnetism, a power which he professed to transmit to his
patients. Mesmer had met with grespplause and profit in
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Germany, and was beginning to succeed equally well in France
when the King caused this scientific inquiry to be made.

The report drawn up by Franklin and the other members
of this Commission was not to the liking of Mesmer. It \hés
custom to use apparatus by which he professed to produce the
animal magnetism. One method was to place the patient beneath
a mesmeric tree, whereupon he fell into the trance. The report of
the investigators stated that it seemed probably that about one
person in every ten could be mesmerised, but that the outward
magnetism did not exist; it was entirely a case of working upon
the imagination of the patient.

Franklin's committee took some of the patients, and after
blindfolding them pretended to pladeetm under the mesmeric
tree, whereupon they fell into the mesmeric state although the
tree was not near them. Then they placed these blindfolded
patients directly beneath the tree, but led them to believe that
they were not near the tree, and the result that the tree had
no effect. The conclusion of the report was that Mesmer's cures
were a fraud except in special cases where imagination was of
assistance, and that his declaration of having discovered animal
magnetism was a complete fraud; it was singphgflex action of
the mental upon the physical.

Mesmer ultimately fell into disrepute and was forced to
retire, but he has had many imitators. The subject reappeared at a
later date in its proper form under the title of "Hypnotism."

In dealing with thelater part of Franklin's life, chiefly
from the Science side, we are apt to overlook how extremely
active he was up to the last. He was consulted on every political
guestion which was of importance to America. Science was
therefore a hobby with him. Untihiddle age he was a very
active business man, a maspeinter, and during the long
remainder of his life he was a very busy politician. But Science
was more than an ordinary hobby with him; he was a born
philosopher, and he has made a lasting name fosdif in the
Science of Electricity. We have seen how the old gentleman
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amused himself composing and printing breezy essays, and in
addition to this he was a keen chesayer. He tells us that one
evening in France he sat at chess from 6 p.m. till sunrise

When Franklin was eighty years of age he retired from
his duties at the Court of France and returned to his native land.
He had proposed doing this some years earlier, but those in
authority urged him to remain. He has left us an interesting diary
of his journey and voyage. He set out from Paris in a litter
suspended between two mules with the muleteer riding another.
Some days he was on the road so early as 5 a.m., and yet he
speaks of the journey as a comfortable one. It was a sort of
triumphal march,for he was met at different points by the
nobility, military officers, and representatives of learned
societies.

On arriving at Havre, after a six days' journey, he had ten
days to wait before his ship was ready to sail across the English
Channel. After eaching Southampton he had another delay, but
we must not think of him as an impatient old man, for he tells us:
"I went at noon to bathe in Martin's salater hot bath, and
floating on my back, fell asleep, and slept near an hour by my
watch, without siking or turning, a thing | never did before, and
should hardly have thought possible. Water is the easiest bed
that can be made."

At last he set sail for America during the end of July, to
land on the other side of the Atlantic in the middle of September,
a very slow voyage as things go nowadays, but a whole month
shorter than one of his earlier crossings. During that earlier
voyage he wrote in his diary: "For a week past we have fed
ourselves with the hopes that the change of the moon (which was
yesterday would bring us a fair wind." Imagine being becalmed
on the Atlantic for a whole fortnight! We may realise what sort
of passenger ships were in use in Franklin's day by an incident
which he relates. On one occasion the captain of the ship had
been boastig, before leaving port, that his vessel could beat all
comers. But after putting out to sea his ship was overtaken by
another vessel of similar size. The captain of Franklin's ship,
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